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Introduction 

Based on the deliberations of the technical .;;essions on Emerging Steel Technologies held 

during the Materials Week of ASM-lnternational at Cincinnati, Ohio, USA on October 21 - 24, 

October, 1991, the aim and objectives of this study are to present ;, a nutshell and outline the 

current emerging technologies in the iron and sterl industry and as a con~quence on its 

product/mix and raw materials development. The applications of the new emerging technologies 

in the steel industry, both in the developed and the devdoping countries have gained importance 

owing to current pattern of global steel growth and market re-orientation. 

In recent years some of the emerging steel technologies have taken root and seen industrial 

scale applications while others proclaimed from the house tops and lauded at international 

gatherings have dropped out by the wayside. Thus the task of pruning, analyzing, recommending 

and applying the most optimum technology, particularly for developing countries has not been easy 

and it has been up to international organizations such as UNIDO to do this search and research 

and promote the most techno-economical viable technology to the developing countries. These 

efforts place a high premi1.tm on technical and industrial ingenuity. The developed countries have 

of course, set the pace for the transfer of emerging steel technologies to the developing countries, 

successfully in the same case and not so successfully in others; the failure and scrapping of the 

PUROFER Direct Reduction Piocess Cosigua, in Brazil and its dismantling in the country of its 

origin itself, i.e., Germany, is an illustration of the latter . 
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This study is also aligned to the deliberations of the Materials Week of ASM-lntemational 

particularly its Exhibition of Materials Processes and Material Products held October 21 - 24, 1991; 

the outline of this Exhibition is added further on in this study. 

However, the basic core and theme of this study center around the iron and steel industry, 

the vast panorama of which presents a challenging spectrum of new and emerging technologies, 

some proven, others proclaimed so, while some are still in embryonic development stages. 

It is difficult in this study to say the last words on the subject; the global steel pattern is 

today changing fast with the developing world emerging as a major steel producer. UNIDO Lima 

Declaration of 1975 pointed to the fact that the •Developing Countries• constitute 70% of the 

world's population and product less than 7% of the world's industrial output. UNIDO Lima 

Declaration reiterates that the developing countries should remedy this imbalance, by increasing 

their industrial production to at least 25% of the total world production by the year 2000. It was 

also pointed out that this share cannot be achieved for every industry. However, some industries 

were targeted for this optimum percentage; steel was one of them. How far have UNIDO Lima 

Declaration and Target been achieved for the steel industry? This lends itself to n1ultiple 

interpretations and conclusions. An attempt will be made here to do so and in such an analysis, let 

us look at the global steel scenario and part played by the developing countries in its development. 

2 
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Major steel producing countries from 1981 - 1990 are shown in the following Table 1 

(Production in Million Tons). 

Table I 

Major Steel-Produdne Countries, 1981-1990 
(million tons) 

•F.G.R.. - Prior to Unification 

Country 1981 1983 1986 1989 1990 

I. USSR 148.S 152.S 160.S 160.1 154.3 

2. Japan 101.7 97.2 98.3 107.9 110.3 

3. United States 109.6 76.8 74.0 88.8 88.9 

4. China 35.6 39.0 52.2 61.4 67.2 

5. Germany, Fed. Rep.• 41.6 35.7 37.l 41.l 38.4 

6. Italy 24.'I 21.8 23.0 ~5.2 25.4 

7. Republic or Korea 10.7 11.9 14.S 21.9 23.l 

8. Brazil 13.2 14.7 2!.2 25.0 20.6 

9. France 21.2 17.6 17.7 18.7 19.0 

JO. United Kingdom 15.6 15.0 14.8 18.8 17.9 

World Total 708.4 662.S 713.2 784.3 766.9 
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1990/89 
Change 

-3.6 

2.2 

0.1 

9.4 

-6.4 

0.9 

5.7 

-17.7 

1.7 

-4.7 

-·2.2 



• 
Table 2 shows the world crude steel production 1981-1990 . 

• TABLE2 

CRUDE STEEL 1: Production (thousand tonnes) 

A~"" 

country or artai 1981 1982 1!183 t'IU ·~os t!!;G ,,,, 1918 1989 I~ 

• WORLD 708J85 645067 66251• 711085 718824 713246 735028 778196 78040 766892 

DEVELOPED UAAKET 
ECONOMY COUNTRIES 395568 331373 3357111 36123• 365036 341182 3•8881 378365 382817 377CMS 

AMERICA 12403 79529 89593 118659 9472• 88133 9560 105555 10030 10~038 
C.a~.a 141111 11865 121132 1'699 14637 140111 1'737 141166# 15458# 12100 

• Unrled SI.ales 109613# 67655# 76i61# 83940# llOC5':: I i4032# 8')1176# 90649# 118852# 1189111# 

EUROPE 152498 137264 135979 1'8584 149619 139219 139239 1-51461 153503 149'23 
ff C 139862 12!082 123131 13'482 13569.t 1251" 125958 131.t26 139578 136.tTO 
Belgtum-Luxemt>curg 16167 13502 13450 152117 1'628 13420 13085 1'683# 14687# 14953 
Denrn.arlc 612 560 493 5411 5211 632 605 650# 624# 609 
France 212511 111417 17582 19005 1111115 17670 17432 111598# 18692# 19017 
Germany. Feder.ai Republic of 41610 358110 35729 39389 40.£97 37134 362•11 41023# 41073# 3843' 
Greece S09 933 11611 972# 1007# 1010 9()11 959# gsr;# 8116 
Ireland 33 61 141 166 203 208 220 271# 324# 326 • llaly 2'-1'l'l 24003 21811 24062 23998 22985 221119 23762# 25216# 25'39 
Nelherlands 5H2 4354 4477 57311 5519 52113 5082 55111# 5681# 5'16 
Por11.-ga1 SS5 507 685 697 684 721 732 1111# 761# 677 
r;-.,rn 128!!6 13160 13009 13497 14193 111182 11691 111186# 12765i# ~:705 
United Kingdom 15573 1370S 149116 15121 15;42 14769 17136 190651# 111799# 179011 

"EFT~ r;GJ5 1;1e2 ::i.!!J :..::c2 ::;;.~s 13!'.:5 IJ:'SI r4::Js f3S75 12!;53 • Austria ..:555 -'253 .!.!.11 .:;:.-; .:"-~) .:.;·~~ <);)I 4550~ •715: •291# 
Finland 24:19 ;~;o :~16 ;ljj.! :s~s ;s:6 :66a 2;~3:; :921# 2861 
Norway 847 768 876 915 g.:.i 83G 851 910# 61811 376# 
Sweden 3770 3'.>00 4210 4705 ~e13 A715 •595 4779 •69"2# 4455# 
Sw11zer1anj 9J' 836 835 978 :;~; 1015 866 988 916 970 

SOUTH Al'AICA 8991 8J20 700.S 77J2 8507 9055 8836 8709 9567 8738 

ASIA 101790 99637 97252 1C5676 105J81 98J85 11862~ 105780 108009 110451 
Israel 1U 87 83 92 100 110 116 99 100 120 • 
Japan 101676 99550 97169 105584 105281 98275 98513 105681# 10790911 110331 

OCEANIA 7856 662J 5891 658J 6805 6990 6534 6860 7408 7395 
Aus1ra11a 7635 637111 5657:1 6J03ff 6578:1 6703# 612511 6•00# 680011 6630# 
New Zealand n1 252 23• ;so 227 787 409 460 6CS 765 

pEVELOPING COUNTRIES • "ND TEAAITOPIES 65470 67522 716JO 7982J 86471 91007 99769 109362 11'16• 112'71 

AFRICA 2653 2967 JOOO 2900 3715E 3512 J961 4'10E .. 130 3005 
Algeria 557 868 950 1080 uu USO 1533 1412 1042 1050 
Egypl 1015 1074 979 928 1078 1013 1433 2025 2011 Ht# 
Uaurl!anla 10 10 5 5 711 S# 7# SE SE SE 
Uorocco 5 5 ' ' SE 6E SE SE SE SE 
Nigeria n 90 182 229 371 13.111 13711 139# 21 J# 220 • Tunisia 173 101 163 166 !GO 181 11111 162 197 200 
Zimbabwe 691 S38 '547 •23 731 67• 597 60~ 59'11 579 
Olner Alrica 180 175 70 f;S 5~E •9 61 60E 65 6S 

/IMERICA 2n91 27065 289U 3l46S JG".lll J76SI )9488 421711 42548 38647 
Argentina 2576 2900 2942 2547 ~939 324211 360311 3624# 3893# 3621 
Brazil 13226 13000 14671 18395 70•54 '21228# L'2228tl 241;57# 25017 20582 
Chile 644 492 618 692 689 706 no 899 1113 773 • Colom1:>1a •02 •n •A2 507 S31J 632 600 712 106 710 
Cu1:>1 JJO JOI JS• 31~ 40A 4, 1 •07 363 43211 3•0# 
Me••CO 7GOS 1or,o 6917 ; •82 729!) n:s:t 1r.~211 780511 7'.7011 9675# 
Peru J(,4 272 n9 'J' JG~ JS~/: .ClO# lGJ# 397 28• 
Tr1n1d,1d .and Tob.190 ,5 '19 :110 172 1r,4 JJI 3118 JGJ 347 380# 
Uru•1u1y u 70 •I; ., )() JI 30 29 J!) JO 
v::··~zueta ?OJO iue n'o '770 Jn'» 1.1~} 1n:i1 31G5/I 294?/I 3177 
Olho:r .l\rnet1ca !OS 101 AS !)4 SG 85 1111 99 92 TS 

I ---·- ·--···- ---- --·-• 
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CRUDE STEEL 1 : Production 

(:oncluded) 

R~1on 
1981 cour"llry or ~rtai 

ASIA J1550 
Bangladesh 134 
Hong Kong 80 
ln:::tia ~0397 

lnc!ones1a 621 
Iran. lsla!'Tl1t Republic of 565 
ua1ays1a 210 

Myanmar 45 

Pak1Sli!n 10 

Pl11hppir.es 4CO 

Qatar 469 
Republic of Korea 10753 
Saudi Arabia 150 
Singapcye 26J 
Syrian Arab Republic .coo 
Taiwan Province ol China 3157 
Thailand 312 
Turkey 2.:=s 
United A•ab Emirates 145 

Other Asia ,,4 
EUROPE J976 
Y•..:gosrav1a 3J~r:.!! 

COUNTRIES 
IN EASTERN EUROPE 206127 

c•Jtgana :'.-tS2 
C:ecnos1ovak1a IS~71 

Germa.iy (former Germa:i Dem. 5'ep.) 7,57 
Hungary JG.!6 

Poi and 1r,719 

Rorr.an1a 13025 

USS~ U8S17 

SOCIALIST COUNTRIES 
OF ASIA 41220 

China 35500 
:)emocrat1c People's Re;>ubhc or Korea 5500 
Viel Nam 120 

TABLE2 

1982 198J 1994 1985 

JJ740 35552 39226 42745 
78 58 88 122 
80 120 120 120F 

10237 102J7 105.£9 11936 
69J 98J 1171 1J7.C 
550 734 854 8J6 
215 350 350 400 
40 :10 20 20E 

120 300 750 750 
J70 200 250 250 
495 .C69 478 5JJ 

11758 11915 1J034 13540 
150 275 842 1106 
359 305 362 365 
400 100 100 70E 

4152 50J1 5241 5306 
244 381 l.47 425 

3183# 3834# JJ30::1 4862# 
1SO so SC SOE 
456 190 190 180 

J950 4134 4232 4.SBO 
355:;~ .::J.:;; .:-:J::: .!.:i;o~ 

203552 210025 214153 21402J 
:5s0 2625 ~878 2!l26 

15000 15024 14831 15036 
n5o 7219 7573 7640 
3720 3611 3751 36.:7 

14794 16236 16553 16126 
1305S 12593 141.37 1J735 

1471S3 152511 154'.iJ1 15.!65J 

•7620 •S140 •9775 Sl2S4 
37000 39040 ,3,75 •6794 
5500 6100 6:ioo 5500 

120 

• 1 Crude sru1· raw form of srul musu•td al !ht lirsr sl•Qt or soh d1hcahon. P•crpr for '•Qu•cl sltrl cashnQ 

• 
5 

• 

(thousand tonnes) 

1996 1!!97 1969 198!! 1~90 

45325 50953 58286 62984 67211 
116 120 120 120E 1::'.0E 

120E noE 120E 1~E 150E 
12197 13121 UJC9 14429 1.!606 

1729 2059 1850 2303# 2600 
8J8 8J9 978 1081 12:'.)() 
450 600 iCJ 800 sco 
J2# JOE JOE JO!: JOE 

900 1000 1200 1200E 12COE 
209# 261# 252# 400E 400E 
507 492 527 51!5 571 

145'5 16782 19118 2187J 2J126 
1100 1365 1614 1810 ~8JJ 

J90 441 432 495 489 
70E 60E 60E 30# 70# 

5545 5915 8288 9047 9554 
450 53.£ 535 55CE 600E 

59271; iC4.!# 7983# 7901# 93:'.2~ 

SOE 40E .:oe 40E -'GE 
uo 130 130 140 uo 

4519 4357,; 44!!7# 450'.'# J1'i08<=' 
.!S ~ ~!': ..! ,.- ~:: .:.: n:;:: .:.:,_;: ."; ::--:~:: 

121G49 :124JG8 zz~zoe 21909!.' 20J:JS 
2898 J". v•• :350 2S'.}J : ~S~# 

15112 15~16 :5379;1 15J65i: 1.:e13 
7967 52~3 8133 7829 5587 
3; 15 3!3~2 355C# 3305 ~JO:? 

1714.i 17 ~ .!6 16e85# 15C!J.s 1 J.553 
14276 14952 14J14# 14415# !l754# 

160537 1619J.5 ~63037# 160092# 1s.::as11 

58008 63010 :;6261 68:160 74241 
52208 56260 59431 61430 57;.'1 

6600 5;30 6830 6630 7000 
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Table 3 shows the global sponge iron (ORI) production world wide . 

• TABLE3 

SPONGE IRON (ORI)' Production 

• (thousand tonnes) 

R~o·o" 
•~91 1!187 1!183 I 1!19~ 

counlry or .3'P.I ''es 1!186 1!197 1988 1999 1900 

• WORLD 709J 7283 7797 9192 10900 12654 IJG39 IJOOJ 155941 17092 

DEVELOPED MARK[T 
ECONOMY COU~TRIES 2270 tl8J 870 1180 1560 2070 1900 2060 2189 2292 

AMERICA 1500 S70 s.so 620 880 850 940 1060 996 1122 
Canaoa 960 soo 540 500 7•0 690 730 110 705 l32 
ur,,led Sr.ires 540 10 120 lJQ 1GO 210 290 291 390# 

• EUROPE 490 350 90 120 100 170 200 270 JSJ JIO 
EEC 480 320 70 100 100 170 200 270 353 JfO 
Germany. F~era1 Repubhc or 480 320 70 100 100 170 200 270 353 310 

CHA fO JO 20 20 . 
Sweden 10 30 20 20 . . . 

SOUTH AFRICA 120 100 80 270 410 790 840 730 c·~ 860 

• OCEANIA 160 160 160 170 170 260 - - -
New Zealand 1GO 160 160 170 170 2GO 

DEVELOPlllG COUPHRIES 
ANO TERRITCRIES 561.S 6103 6907 76.S2 9009 99J.S 10399 IOOGJ 11705 14010 

l.FRICA BO 160 !50 :;c 1!J t;:O ~02 10!0 IJJ1 
:;·;pt :J ":o :;-o e·-" 710 
Libyan Ara=> Jamar11rrya 90 500 • N19er1a eo 160 150 ;;o 110 uo 132# 13J 121 

AMERICA 4664 ~JBJ 5397. 5J92 5638 5976 6.S62 5869 6450 7750 
Argentina 830 890 !JSO 910 '.l?O 950 TOJO 1067# 1:s ~ 1035 
Brazil '30 230 250 750 290 JCO 200 19511 25~ 260 
Me:iuco 1720 1510 1500 1450 t.154 1310 1560 1617 22J7ff 2540# 
Peru 5411 43# 27# 62# '4# 5611 5211 49# 50 JO 
Trinidad and Tolat>go 190 2d'l 260 240 no 360 490 593 695 800# • Venezuela 1640 2170 2390 24~0 2'340 ~!:J:O 3120 23•6# 2044# 3085 

ASIA 960 1140 1J50 2100 J150 J718 JJ27 J292 I •215 •11211 
lncJ1a 20 JO AO 80 90 U8# 17711 19511 3GO 750 
Indonesia HO 440 570 7~0 100') IJCO 1030 980 121011 1410 
Iran. Islamic Republic or 30 AO 300 
Iraq 100 200 170 
Malaysia - •O 520 580 590 A27# 6~• 620 

• Myanmar 10 10 10 JO JO 20 20 20 20 
Qatar •60 450 3~ 500 •90 A90 470 495 53• 574 

Saudi Arabia 10 350 730 !l'.JO 1110 1040 1075 1~07 1085 

COUPHRU:S 
IN EASTERN EUROPE . 20 J70 420 750 12GO 1680 1700 1690 

USSR - 70 370 A2Q 750 1260 !680 1700 1690 

----- - -- - -------- ------ ---- ----

• 

• 
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Figure 1 shows the world production of iron ore, pig iron llnd crude steel 

nGUREI 
WORLD PRODUCTION OF IRON ORE, PIG IRON ANO CRUDE STEEL 

IRON ORE 

WORLD PRODUCTION 

l ----···-·· -····-· ..... ..····- -
...... -··-.... ······· 

- 173.7 

o .. , M2 lllJ ... ... .. , - --
PIG IRON 

WORLD PRODUCTION 

J___ -·--·----'--............................ 

I 
····-··· ·-···-· 531.7 

-i:: • 
2 ... 
0 . 
i:: 
.Q 

i 

0
11111 512 ~ 51• IHS 516 .. , 11111 •I "'° 

CRUDE STEEL 

WORLD PRODUCTION 

·· ...... .!.. ....... . 
I I 1 ... -····· · ········· ········· 166.1 

.................. ········· ······· 

l 
2 ... 
0 

········World 
- - - - Or.eloped Market·Econorny Co>•mtritl 
• - - Oevelopin<; Coun1rit1 
-- --\.:ounlriu of f.u1ern Europe 
- - SoclaliSI Coul'ltrin of Aai1 

---r-- ___ 377.0 

7 

PROO_UCTION SHARE BY ECONOMIC GROUPS 
Gt 

281 

211 

2111 

PRODUCTION SHARE BY ECONOMIC GROUPS 
"' 

lJ/ 

81 

1990 

PRODUCTION SHARE BY ECON:l~AIC GROllPS 
1/ 

II 

IJJ 

~Developed Market-Economy CountriH 
f::J ["le.eloping Countri11 
0 Countries of E11trrn Europe 
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Table 4 shvws the growth of steel production in developing countries, from 1983-1990 and 

depicts the share of developing countries including China and other Asian CPEs to be 22.8% in 19~. 

In some q~arter such as th<; International Iron and Steel Institute, China and Asian CPE countries are 

not grouped amongst Developing Countries; however, it is a matter of opi.1ion and interpretation - the 

statistics speak for themselves. 

Table 4 

Share of Developin& Countries in Global Steel Production 

i 

1990 1989 1988 

Industrial Cts 389.6 395.4 391.2 
E.C.(12) 136.5 140.1 137.8 
United States 88.7 88.9 90.7 
Japan 110.3 107.9 105.7 

Developing Cts 101.2 101.9 97.6 

Western World 490.8 497.3 488.8 

USSR & Other 204.6 219.6 224.6 
CMEA* 
Asia:l CPEs§ 74.2 6.83 66.0 

Total CPEs 278.9 287.8 290.6 

World Total 769.6 785.1 779.4 -
Den loping 
Countries, 
China & Other 
Asian CPEs as 
percentage of 
world total (%) 22.8 21.7 21.0 

• Council for l\f ucual Economic Assistance 
§ Centrally Planned Economics 

1987 1986 1985 1984 

360.8 352.l 374.3 375.6 
126.5 125.9 B5.7 134.4 
80.9 74.0 80.1 83.9 
98.5 98.3 105.3 105.6 

87.8 80.6 76.9 70.1 

448.6 432.7 451.2 445.7 

224.8 222.2 214.6 214.7 

62.8 58.8 53.3 50.0 

287.6 281.0 267.8 264.6 

736.2 713.7 719.9 710.4 

20.4 19.S 18.1 16.9 

8 

1983 88/90 
Change 

% 
·-

343.8 -1.5 
123.2 -2.6 
76_8 -0.2 
97.2 2.2 

63.1 -0.7 

406.9 -0.7 

210.5 -6.8 

46.l 8.8 

256.6 -3.1 

663.S -2.0 

16.S S.ll 
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In 1990 world demand for steel was less buoyant than in 1989, but remained relatively high. 

Worldwide crude steel output declined to 767 million tons, 2.2 percent below the preceding year. The 

weakP.i:!..,g of the steel market largely reflected the sharp contraction of steel consumption and 

production in Latin America (-9% ), as well as in the Soviet Union and Eastern Europe as a whole 

(-7% ). In contrast, the expansion of steel t~roduction in Asia continued, with remarkable increases in 

China, the Republic of Korea and Japan. 

Almost 50% of the world steel output is produced in developed market-economy countries, 

where total production reached 390 million tons in 1990, 1.5% below 1989. This slight decline resulted 

from the deceleration of econcmic growth in industrialized countries and consequent automotive 

industry and construction. In Japan, the largest iron ore importer, crude steel production in 199~ 

increased for the fourth consecutive year, exceeding 110 million tons ( + 2.2% ), the highest level for 

the last decade. The Japanese economy was positively influenced by the high level of domestic steel 

demand, sustained the dynamism of the building and industrial machinery sectors, which both 

increased by more than tOo/c, followed by a 5% increase in the automotive industry . 
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Table 5 depicts the major steel producing countries, 1989 and 1990 . 

TABLES 

The Major Steel-Producing Countries, 
1989 and 1990 
million metric tons crude steel prOC:uction 

Country 1990 1989 
R•nk Tonn•g• Rank Tor.nag• 

USSR 1 154.4 1 160.1 
Japan 2 110.3 2 107.9 
United States 3 88.9 3 88.8 
PR China 4 67.2 4 61.6 
FR Germany 5 38.4 5 41.1 
Italy 6 25.5 6 25.2 
Republic of Korea 7 23.1 8 21.9 
Brazil 8 20.6 7 25.1 
France 9 19.0 10 18.7 
United Kingdom 10 17.8 9 18.7 
India 11 15.0 14 14.6 
Czechoslovakia 12 14.9 ~ 1 15.5 
Poland 13 13.6 13 15.1 
Spain 14 12.9 16 12.8 
Canada 15 12.3 12 15.5 
Belgium 16 11.4 17 10.9 
Taiwan (AOC) 17 9.7 19 9.0 
Rorr.ania 18 9.7 15 14.4 
Turkey 19 9.3 22 7.8 
Mexico 20 8.7 ~o 7.9 
South Africa 21 8.6 18 9.3 
OPR Ko1ea (E) 22 7.0 23 6.9 
Australia 23 6.7 24 6.7 
German Dem. Rep. 24 5.6 21 7.8 
Nethe;lands 25 5.4 25 5.7 
Sweden 26 4.5 27 4.7 
Austria 27 4.3 26 4.7 
Argentina 28 3.6 29 3.9 
Yugoslavia 29 3.6 28 4.4 
Luxembourg 30 3.6 30 3.7 
Venezuela 31 3.2 32 3.2 
Hungary 32 2.9 31 3.6 
Finland 33 2.9 33 2.9 
Indonesia (E) 34 2.6 35 2.4 
Bulgaria 35 2.4 34 2.9 
Egypt 36 2.1 36 2.1 
Other Countries 18.4 17.9 

World Tot•I no.1 785.5 

This table lists all countries producing more than two million metric tons of cruc!e steel 
in eilh,1r year shown. 
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Table 6 shows the largest steel producing companies in the western world . 

TABLE6 

The Largest Steel-Producing Companies, 
1989 and 1990 
million metric tons crude steel output 

1990 1989 1990 1989 
1 28.8 1 28.4 Nippon Sleel 31 3.6 31 3.7 ARB ED 

2 23.3 2 23.0 USINOR SACILOR • 32 3.5 16 3.4 Tokyo Steel 

3 16.2 3 15.5 POSCO 33 3.5 25 4.4 USIMINAS 

4 13.8 4 14.2 Brihsh Steel 34 3.4 54 2.3 Nucor 

5 12.4 5 12.9 usx 35 3.4 32 3.6 Klockner-Werke 

6 12.1 6 12.3 NKK 36 3.1 42 2.8 Saarstahl 

7 11.5 8 11.4 ILVA 37 3.1 41 2.9 AHMSA 

8 11.1 7 11.6 Thyssen 38 3.0 33 3.6 Mannesmann 

9 11.1 11 11.0 Sumitomo 39 2.9 34 3.5 CSN 

10 11.1 10 11.0 Kawasaki 40 2.8 46 2.6 SSAB Svenskl Stal 

11 9.9 9 11.1 Belhlehern Sleel 41 2.7 40 2.9 SIDOR 

12 8.8 12 8.5 SAIL 42 2.6 39 3.1 COS IPA 

13 7.4 13 7.7 LTV 43 2.5 49 2.4 North Siar 

14 6.6 15 6.5 Kobe Steel 44 2.5 27 4.3 Srelco 

15 6.3 14 1.0 tSCOR 45 2.5 44 2.6 Rouge Sleet 

16 6.1 16 6.3 BHP 46 2.4 53 2.3 Turkish Iron and S1ee1 Works 

17 5.6 17 6.0 China Sreel 47 2.4 48 2.4 Gerdau 

18 5.2 21 4.9 Nalional Sleel 48 2.4 51 2.3 Toa 

19 5.2 18 5.4 Hoogovens 49 2.4 47 2.4 Rautaruukki Oy 

20 4.8 19 5.0 Inland Sleel 50 2.3 43 2.7 Weirton 

21 4.8 20 5.0 Armco 51 2.3 50 2.3 TISCO 

22 4.3 26 4.4 Cockerill-Sambre 52 2.3 55 2.3 Wheeling -Pillsburgh 

23 4.3 22 4.6 Krupp Stahl 53 2.2 56 2.2 Nakayama Steel 

24 4.2 24 4.4 Preussag •• 54 2.2 60 1.9 A~OMINAS 
25 4.1 28 4.1 Hoe sch 55 2.0 37 3.3 CST 

26 4.1 23 4.5 Voesl·Alpine Slahl 56 2.0 58 2.1 SOM I SA 

27 4.0 30 4.0 ENSIOESA 57 2.0 59 2.0 Oa1do Sleel 

28 3.8 38 3.3 SI OMAR 58 1.9 57 2.1 Co-Steel 

29 3.8 29, 4.0 Dofasco 59 1.9 52 2.3 Un11ed Engineering Steels 

30 3.6 35 3.4 Nisshin Sreel eo 1.8 61 1.8 Godo Steel 
'--

• 1989 figure includes output of plants in FR Germany 
1990 figure includes ouiput of plants in FR Germany and the United Slates 

•• formerly Peine·Salzgiller 
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Table 7 shows the aude steel production by different processes. 

TABLE7 

Crude Steel Production by Process, 1990 

Production Open 
million Oxygen El.;,ctric Hear1h Other 

melric:tons 'Y. % 'Y. 'l'. 

Belgium 11.C 90.9 !U . . 
Oenmarlt 0.6 . 100.0 . . 
France IC?.0 71.6 28.4 . . 
FR Germany JS.• 81.5 18.5 . . 
Greece 1.1 . 100.0 . . 
Ireland 0.3 . 10U.0 . . 
Italy 25.5 •3.9 56.1 . . 
Luxembourg 3.6 100.0 . . . 
Netherlands 5.C 95.7 C.3 . . 
Ponugal 0.7 •7.9 52.1 . . 
Spain 12.9 C3.2 56.8 . . 
United Kinodom 17.8 73.8 26.2 . . 
EC Total 136.8 69.0 31.0 . . 
Austria •.3 91.C 8.6 . . 
Finland 2.9 8C.1 15.9 . . 
Norway o.c . 100.0 . . 
Sweden c.5 60.9 39.1 . 
Turkey 9.3 •0.4 53.2 6.5 . 
Yuaoslavia 3.6 47.5 30.5 22.0 . 
Other W. Europe 2•.9 58.2 36.1 5.6 
Toral W. Europe 161.7 67.3 31 !! 0.9 . 
Canada (1) 12.3 63.3 36.7 . . 
Unired Slates 88.9 59.6 36.8 3.6 
Japan 110.3 68.6 31.C 
Australia 6.7 92.0 8.0 
New Zealand 0.8 62.7 37.3 . 
South Africa 8.6 53.5 35.2 . 1.3 
Total Industrial Cls. 389.3 66.1 32.7 1.2 0.0 
Argentina 3.6 5C.6 '4.6 0.8 . 
BrazU 20.6 74.0 23.8 . 2.2 
Ctiile 0.8 9•.3 5.7 . . 
Mexico 8.7 CO.It 51.1 8.1 . 
Peru 0.3 37.2 62.8 . . 
Venezuela 3.2 0.0 90.6 9.• . 
India 15.0 Cl.3 27.5 31.3 
Republic of Korea 23.1 68.9 31.1 . . 
Taiwan !AOC) 9.7 57.7 '1.5 . 08 
Tolal Westem Cls.· •7•.2 6C.7 33.0 2.2 0.1 
Bulgaria (E) 2.• 50.0 co.o 10.0 . 
·czec:hoslovakia 14.9 C7.7 13.2 39.1 . 
German DR (E) 5.6 34.3 31.4 3C.O 0.3 
Hungary 2.8 50.7 7.1 •2.2 . 
Poland 13.6 52.9 18.0 29.1 0.0 
Rcmania (E) 9.7 54.4 23.9 21.7 . 
USSR 154.-' 35.2 13.0 51.7 0.0 
Tot. Eastern Europe 203.4 38.6 14.7 46.7 e.o 
Total .. 677.6 56.8 27.5 15.5 0. 1 

(1) Oirygen figure includes Open Hearth. 
•·The coun!nes included account lor 96 per cent of tolal Wesrern World output 
···rte countries included account lor 88 per cent or total World output. 
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Table 8 shows the continuously cast steel output and its ratio to crude steel output - woridwide. 

TABLES 

Continuously-Cast Steel Output, 1988 to 1990 

I mllllon metric ton3 % crude steel output 
1988 1989 1990 1988 1989 1990 

Belgium 9.9 10.0 10.5 88.0 90.9 91.7 
Oenm;:irk 0.7 0.6 0.6 100.0 100.0 100.0 
France 18.0 17.5 17.9 94.0 93.7 94.3 
FR Germany 36.3 36.9 35.1 88.5 89.8 91.3 
Ireland 0.3 0.3 0.3 100.0 100.0 100.0 
llaly 22.1 23.7 24.2 92.9 94.1 94.8 
Lu11embourg 1.3 1.2 1.2 34.2 33.5 34.1 
Nelherlands 4.2 4.9 5.1 75.6 87.1 93.5 
Portugal 0.4 0.4 0.4 46.9 51.4 54.6 
Spain 8.8 11.0 11.5 74.4 86.0 89.0 
Uniled Kingdom 13.4 15.0 14.9 70.5 80.2 83.6 
EC (11) 115.2 121.6 121.7 84.1 87.8 89.6 
Austria 4.4 4.5 4.1 95.5 95.7 95.9 
Finland 2.6 2.7 2.8 93.9 94.0 97.8 
Norway 0.5 0.4 0.4 53.4 60.3 92.7 
Sweden 4.0 3.9 3.8 83.0 82.3 85.8 
Turkey 6.8 6.4 7.7 84.6 82.3 82 2 
Yuooslavia 2.8 2.9 2.5 61.9 64.7 70 2 
Other West. Europe 21.0 I 20.8 I 21.3 82.2 82.5 I 85.4 
Tolal West Europe 136.1 I 142.4 142.9 83.8 87.0 89.0 
Canada 10.3 11.8 9.4 69.3 76.1 76.7 
Uniled Slales 55.5 57.6 59.6 61.3 64.8 67.1 
Japan 98.4 100.9 103.7 93.1 93.5 93 g 
Ausrralia 4.6 5.4 5.4 71.5 80.0 81 5 
South Alrica 6.2 6.9 6.4 69.6 73.4 7J 7 
Total Industrial Cts. ' 311.1 324.8 327.4 80.0 82.9 JU~ 

Argen11na 2.5 2.9 2.7 68.2 73.2 74 l 
Brazil 12.1 13.5 12.0 49.0 53.9 58 s 
Chile 0.0 0.0 0.0 1.7 2.0 22 
Me11ico 4.3 4.6 5.3 55.9 58.1 612 
Venezuela 2.9 2.5 2.0 78.7 78.3 6' 0 
Repubhc of Korea 16.9 20.6 22.2 88.3 94.1 96 1 
Taiwan (AOC) 7.8 8.4 9.4 93.6 93.1 96 1 
Oarar 0.5 0.6 0.6 100.0 100.0 100 0 
Tolal Western Cls." 358.0 377.9 38~.7 78.2 sq_ l....J4 ... 1. 

BUigaria (E--:i 990) 0.4 0.5 0.4 15.5 15.5 
Czechoslovakia 1.3 1.4 1.7 8.7 9.2 
German DR (E: 1990) 3.2 3.2 2.3 39.6 4LO 
Hungary 2.3 1.8 1.8 63.2 5t.4 
Poland 1.9 1.2 1.0 11.1 7.7 
Romania 4.5 4.9 3.5 31.5 34.2 
USSR 27.1 27.6 27.7 16.6 17.3 
Total East. EuroP.e 40.7 40.6 38.4 18.2 18.5 
To111 .. 398.7 418.5 424.1 58.5 61.1 

• The countries included account for 96 per cent ol lotal Western World output 
.. The counlries included account for 88 per cent ol lotal World output. 

13 

15' 
11 s 
" ' 6' 2 

70 
36 s 
17. 
11.I 
'4• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

In 1982, it took 10.59 manhours to produce a metric ton of steel in the USA while the Japanese 

took 10.1 manhours. Today the USA manhours per ton of steel have drcpped to 5.4 manhours/ton 

of steel compared to 5.6 manhours/tor. of steel made in Japan. These manhours are further dropping 

appreciably to produce a ton of steel. 

Figure 2 shows the capit.tl investment expenditure by the iron and steel industry in various 

countries . 

FIGURE? 

Capital Investment Expenditure by the Iron 
and Steel Industry in Various Countries, 
1986 to 1990 
r.i.llion USS al exchange rares ruling on Seprember 1 each year 
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Table 9 depicts the steel production of different country during the fU'St 6 months of 1991. 

TABLEt 

• 
Raw Steel Output 

• ('(XX) tonnnl 

Jun-91 
Januaty ·June 
1990 1991 ~changf 

Belgium 966 5.942 5,960 +0.3 
Denmark 63 305 359 +17.7 

• France 1,723 9,983 9,860 ·12 
West Germany 3,361 19,388 19,898 +2.6 
Greece 80 532 516 ·3.0 
Ireland 25 170 157 ·1.6 
llaly 2,087 13,5311 12,995 -c.o 
Luxembourg 299 1,783 1,672 ~.2 
~therlands 417 2,684 2,459 -8.4 
Portugal 51 382 241 ·36.9 • Spain 1,050 6,526 6,415 ·1.7 
United Kingdom 1,44" 9.338 8,405 ·10.0 

EC Tow 11.566 70,572 68,937 ·2.3 

AUsma 359 2,218 2,163 -2.5 
Finland 222 1,456 1,473 +0.5 

• Ncrway 45 185 224 +21.0 
Sweden 344 2,447 2,288 -6.5 
Turkey 784 4,620 4,541 ·1.7 
Yugoslavia 180• 1,944 1,248 ·35.8 
Canada 1,085 7,355 6.560 ·10.8 
United States 6,147 44,676 38,457 ·13.9 
Argentina. 235• 1,730 1,449 ·16.3 
Brazil 1,705 10,121 10,957 +8.3 • Chile so· 331 444 +33.9 
Mexico 655• 4,299 4,280 -0.4 
Venezuela 210• 1,611 1,555 ·3.5 
Oatar 50• 278 282 +1.6 
Saudi Arabi~ 164 666 951 +9.8 
India 1.289 7,440 8.1)26 +7.9 
Taiwan 730• 4,592 4,876 +6.2 • South Korea 2,163 11,344 12,855 +13.3 
Japan 9,332 54.058 56,453 +4.4 
Australia 460 3.182 2.735 +14.0 
South Africa 840 4,255 4,755 +11.7 
Nigeria 15 104 60 -42.~ 
Zimbabwe 54 298 238 -20.2 

• Total 35 countnes 38.784 2j9,992 235,808 ·1.7 

Czecl'lostovakia 1.100· 7,627 6.398 ·1.7 
East Germany 313 3.604 1,1J05 -49.9 
Hungary 190• 1,501 1.~ ·Uil.5 
Pola net 910· 7,047 s.m ·14.I 
U.S.S.R. 12.000· 79, 162 70,755 ·10.5 
ChiM 5.610· 32,298 33.649 +~.2. • T otil 41 counll"ies 58.907 371,231 356.22_1 _ :Cb 

l.l.SJ 
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Labor productivity measured in terms of tonnes of steel produced per man year has been 

reported in 1989 to be the highest for Pohang (South Korea) at 612 tonnes, NSC-Jc.pan at 392 tonnes, 

Kawasaki-Japan at 352 tonnes, Usiminas Brazil at 109 tonnes, etc. These figures are being 

continuously upgraded in the developed and developing countries alike. 

Current Status and Commercial Potentials of Smdi-Reduction Ttthnolo&ifs 

In reviewing the current status iilnd commercial potentials of smelt-reduction technologies, one 

has perforce to identify and outline the main basis and reasons which led to their development in the 

farst place and present thereafter how far such developments and newer processes have technologically 

been suc.cessful and commercially remunerative/c..~ptable. Proclaiming a new technological process 

or process route in itself is the background ,of a plethora of such processes mushrooming ov.er the 

globe, can substantively mean or contribute very little in the long run. One has to look for and analyze 

the reasons/origin of the new processes/technologies before proceeding further . 

One of the main reasons/causes which has led to a train of newer processes involving smelt 

reduction technologies, proven or still embryonic, is the •coke• for operating the iron blast furnace and 

the metallurgical grades of coking coals needed to produce blast furnace coke in the literally high/tall 

coke ovens and the high capital costs required to build them. Add to these capital costs, the costs of 

applying environmental pollution control measures to a capital intensive coke oven battery, and the 

story is complete to dev,.,op smelt reduction technologies based on non-coking coals to produce iron 

and steel from iron ores. The current capital costs of building a new coke oven battery at a green field 

site or of a brown field installation, could be in the range of 300-400 USS per annual ton capacity 

depending upon the extend of raw material's cost:; and the cost!> of auxiliary materials handling. by

product's recovery and environmental control mandatory provisions . 
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Sudt a new coke oven battery wou!d need about 100 USS to operate it and about 70-dS USS 

per annual ton for financial charges. and the coke would base to sell at 140-150 USS per tor. to reach 

the break-even point. 

From the existing/operating coke ovens, in the early part of 1989, the FOB market coke prices 

have ranged up to 125 USS per ton and for spot market overseas coke prices have ranged up to 135 

USS per ton at the loading point excluding the freight and !ransport charges for the escalating CIF 

prices. With such a •coke• scenario, the race to develop technologies to do away with the metallurgical 

coke, was on, hurtling one process after another in rapid succession based on smelt-reduction 

technologies u:;ing non-coking coals, with each newer process proclaiming to be the winner. The 

resulting succession and procession of smelt-reduction processes/technologies have yet to fully establish 

their industrial acceptance for commercial scale operations. Other hybrid processes based on steel 

scrap with or without the use of electric power using coal. oxygen, oil and hydrocarbon gases are 

achieving significant industrial scale applications. Pulverized coal injection to the iron blast furnace 

has also gained considerable success and commercial acceptance. Meanwhile, concentrated efforts are 

being made worldwide to develop dir'!ct steel making including the USA where AISJ has initiated 

cooperative efforts to develop direct steel making. 1 

In the case of mini steel plants based on electric arc furnaces, with the applications of new 

technologies such as scrap preheating. water cooled panels, eccentrir. bottom tapping. oxyfuel burners, 

ladle refining and computerized process control, etc., the electric arc furnace capacity could be 

inc-reased substantially and power consumption reduced equally without increases in installed 

W.A. Tony - AJSJ Proceeds with Direct Steel Making Plan, Iron and Steel Maker, June 1989 -
pp. 21-22 
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!nnsformer capacity. Badische-Stahlwerke (BSW) recently estimated that electric arc furnace 

operations could achieve a production e<>st savings of up to 30 USS per ton by following BSW 

practice/technology.1 

It is also fully possible that the applications of thin slab casting CSP - compact strip production 

by Schloemann-Siemag and advancement in rolling operations mill permit mini steel plants to diversify 

into Oat products . 

In the background of these success stories of mini steel plants, let us see how far the smelt-

reduction technologies have developed to date to obtain hot metal (liquid iron) directly from iron ores 

and non-coking coals as also other hybrid technologies to obtain liquid steel from hot metal and scrap 

diarges in various proportions - EOF, KMS and KS processes, etc. 

The increasing applications of submerged arc electric furnace smelting operations in open slag 

baths in rectangular furnaces with six ele .trodes coupled with ladle metallurgy deserve full attention . 

This then is the background ar.d introduction to this study which deals with complex and 

controversial suhjects with the hope of not being misunderstood at the same time . 

Jn doing so, no attempt will again be made to list all the smelt reduction processes that have 

been announced so far ir. having developed from laboratory to pilot plant scale and possibly attempted 

on industrial scale operations; these have been listed at many international conferences/seminars 

without in most cases providing full clues as to their industrial scale success and applications . 

1 K. H. Klein and G. Paul, "Reflections on the possihility and limitations of cost savings in electric arc 
furnace steel production" - Iron and Steel Maker, January 1989 - pp. 25-34 . 
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Current Status of Smelt-Reduction Ttthn"locies 

It will neither be possible nor desirable to discuss each and every ne..-ly announced process; 

the lists are formidable and so is the task of doing so. Some of the newly announced processes are 

no longer heard of or reponed upon in terms of their funher progress to date even by the sponsors 

of the processes themselves; processes such as the ELRED, INRED fall into the latter categories 

without any industrial plant set up therefor . 

The analyses of such newly emerging technologiesl.2 were furnished by the writer in earlier 

symposia and conferences. Supplementary to these presentations, a most recent3 development relates 

to the British Steel and Hoogovens collaborating in a development in which the blast furnace is literally 

split. The heanh of the blast furnace becomes a two chamber melting pot, wherein panly reduced iron 

ore and coal are reacted with oxygen injected from a top lance. The molten metal flows over into a 

seconcJ chamber and is tapped intermittently using conventional blast furnace technology. Gases from 

the melting chambers are cleaned and cooled to a temperature suitable for injection into the top pan 

of the hearth where direct reduction of the iron ore takes place. The cost comparison of the CBF 

(converted blast furnace) of the natural blast furnace is furnished in Table 10 . 

2 

Techno-Economic Considerations for Establishment of Steel Industry Based on Direct 
Reduction Technology for Stronger Production by B. R. Nijhawan, UN - ECE - Seminar, 
Amsterdam, May 1983. 

Direct Reduction Processes for Sponge Production Economics and Technology by B. R. 
Nijhawan, AISU - Symposium, Septemher 1984. 

Devdopments in British Steel, Dr. R. Baker, lronmaking and Steclmaking llM - UK, 1989 • 
Vol. 16, No. 3, pp. 145-149 . 
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Table 10 

Cost Comp3risons - £s/ton of hot metal 

Item CBF 

Hot Metal 45 

Desulphurised Hot Metal 485 

Liquid Steel Cost 57 

Capital Charges 29 

Maintenance Costs 13 

Overall Cost of Liquid Steel 99 

Figure 3 shows Hoogovens No. 3 Blast Furnace 
Conversion to CBF 

chain convryor 

fer hot ORI---. 
paddlr valvr 

BF 

48 

50 

60 

37 

18 

115 

- mrltrr.'gasirirr 

4'400mm 

HOoOOY•n• no. 3 blest furnace con 1erslor1 to CBF 
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Smelt reduction processes of Kawasaki, Krupp Coin, etc. have also not been reported in terms 

of their industrial scale applications/installa:i .. 11s in recent years . 

Concerning the Corex process, the industrial plant/project of Wierton in United States has 

been cancelled a couple of years b:!ck while the industrial scale results at ISCOR's Pretoria works in 

South Africa have recently beea summed up in the latest paper1 presented during the AISE 1990 

Annual Convention, October 90 vide the conclusions quoted herewith from this paper. 

The Corex technology has proven its commercial maturity in an industrial sized plant. 

For this 300,000 ton/year hot metal plant, a contract was signed in April 1985 N!tween ISCOR, 

South Africa, and the consortium Deutsche Voest-Alpine/Voest Alpine. 

After the initial operating campaign from August 1988 to February 1189, and the following 

period of debugging, the plant was restarted on November 10, 1989. Within four weeks, the plant was 

brought up to full capacity and based on excellent availability, considerably higher than 90%, very good 

metallurgical results have been achieved. Based on a 100% nol"-coking coal mix, the hot metal had 

the usual blast furnace quality. With a 100% pellet feed, the production could be increased by 20 to 

25% vs. 100% lump ore feed . 

Consequently, on December 23, 1989, ISCOR officially took over the plant and integrated it 

into its production line of Pretoria works. 

The EOF - Eneri:y Optimizini: Furnace 

The Energy Optimizing Furnace (EOF) has been developed at the Companhia Siderurgica 

PAINS located in Divinpolis, a town in the Shte of Mines Gerais in Brazil. The main features of the 

Corex - Now a Production Plant at ISCOR Pretroia Works, Rolf Hauk, Deputy Director, and 
Jurgen Flickenschild, Vice-President, Corex Technology, Deutsche VoPst-A:pine 
lndustricanlagcnbau GmbH, Dusseldorf, Germany 
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EOF are the following as shown in the attached diagram: 

1. 

2 . 

3 . 

The furnace shape is compact with a small surface area to reduce heat losses. 

The submerged injection tuyeres and the after burning of CO to C02 above the bath 

with oxygen and air and oxy-fuel burners results in a very high heat flux and release of 

95% of the chemical energy in the bath and over the bath. 

The scrap preheater is of a unique design, located above the reaction vessel so that the 

waste gases pa!>s directly from the furnace through the scrap to the exhaust system. 

4. The furnace is provided with a replaceable bottom which permits quick turnaround 

during the campaigns and results in very high furnace availability . 

5. Water cooled side walls and roof which replace refractories and as a result reduce costs 

and increase furnace availability. 

6 . A very intense rate of bath oxidation reduces heat losses, increases r:;aergy efficiency 

and increases productivity. 

7. Provision is made for the introduction of carbon and lime and other solid materials so 

that advantage can be taken of many variations in the raw materials . 

These important design features, robust and practical construction, have enabled PAINS to 

have 24 heats in 24 hours with liquid charges of hot metal to scrap in the ratio of 50-60%. The PAINS 

furnace set up in 1983 is of 28 ions capacity. An additional EOf furnace has been set up at PAINS 

in Brazil with a capacity cf 30 tons in March 1988. 

An 80 tons capacity EOF plant is being set up at Tata Steel, Jamshedpur in India, which will 

yield an annual liquid steel output of 600,000 tons. Another EOF plant of 60 tons capacity at 

Companhia Siderurgica Aliperti (CSA) went into operation in mid-1988 . 
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Additionally, a 40 tons EOF plant for all steel scrap operation has been ordered at the end of 

1988 by Ocean States Steel Corporation at Rhode Island ir. USA with a capacity of 250,000 tons/year 

of Lquid steel 

Figure 5 shows the EOF Scheme. 
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Figure 5 - EOF {Energy Optimizing 
Furnace) Scheme 
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Diado Steel Company's Procns 

Diado Steel Company in Japan has recently developed a new non-electric steel scrap melting 

reactor /furnace process1 depictc!d in Figure 6. It is operated using a carbonaceous material and 

oxygen as the energy source . 

The reactor has a pre-heating room above a melting furnace. The iron bearing materials are 

pre-heated by the exhaust gases from the melting furnace and then charged into the melting furnace 

A co-axial tuyere and a single tube tuyere are provided at the side wall in the bottom of the 

furnace. Oxygen gas is introduced through the co-axial tuyere at a blowing rate of 400 N/min and 

nitrogen gas is introduced as a coolant through the outer slit at a blowing rate of 100 N/min. Tne 

single tube tuyere is used for carbon power injection (particle size - 0.4 mm) carried by nitrogen at a 

blowing rate of 300 N/min. Although the fine coal powder which contains volatile matter up to 30% 

can be used as a carbonaceous material, graphite is used in order to avoid the complex phenomenon 

caused by the combustion of carbon and hydrogen contained in the volatile matter. The melting 

furnace is equipped with another tuyere at the upper pan of the furnace to introduce oxygen. This 

tuyere is made in a single tube structure with its tip in alumina. As such, the tuyere is free from 

oxidation and very stable against the high temperature of the furnace. About 50% of the Co gas 

generated in the iron bath is converted into C02 through the post combustion by the 0 2 blown into 

the upper part of the furnace. Iron and steel scrap is first charged into an antechamer at the top of 

the melting furnace through a belt conveyor. The antechamber is separated from the preheating 

chamber by a door so that the scrap can be charged without di~turbing the air tightness of the furnace 

Melting of Direct Reduced Iron in a Non-Electric Power Scrap Melting Furnace, Trans of the 
Iron and Steel Institute of Japan, Vol. 2R, No. 12, 19RR, pp. 1014-1020 . 

26 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

system. Oiarging of the scrap can be completed very quidcJy. The preheating chamber is separated 

from the melting furnace by 2 doors. 

The lower door lined with refractory material shuts off the radiant heat from the inside of the 

furnace to protect the operating mechanism of the upper door from high temperature. Most 

interesting results have been obtained by Daido steel with 100% scrap charge using the liquid heel 

method 

Figure 6 shows the schematic illustration of a Daido React'Jr . 

Sc•8P •ORI 

O~t col lcctor 

O,. C. Nr 

7igure 6 - Schematic Illustraticn of 
a ~ew neactor 
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Qpen Slac Barh Smeltinc In Rtttancular Submemd ARC Fumac;e 

While smelt-reduction processes have been figuring in the lime light without any tangi'ble 

industrial scale success and commercial acceptance so far, there have been developments in sm~lting 

pre-reduced materials in open slag bath submerged arc furnace with rectangular hearths with 6 self-

baking electrodes.1 

Cold smelting in submerged arc smelting furnaces started in 1925 in Norway, in 1937 in Finland 

and in the late 1950's with major industrial installations in Norway (Moirana) and Venezuela (Sidor) . 

These plants entailed high power consumption, about 3000 kWH per ton of iron smelted. Then came 

the Skopje (Yugoslavia) plant 1966 and the Highveld Steel-Witbank in 1968 in South Africa using hot 

pre-reduced feed from rotary kilns to circular submerged arc smelting furnaces employing three 

electrodes. Relevant details of the operations of these two plants were furnished by the writer at the 

Third Interregional Symposium on the Iron and Steel Industry organized by UNIDO in Brazil in 1973.2 

f~ter the start of the Skopje plant in 1968, serious operational problems and hazards were encountered 

leading to elplosions in tl".e Elkem electric submerged arc smelting furnaces which thereby led to the 

closure of the six rotary kilns in 1971 for more than a decade. Early 1980, the operations were 

resumed and some highlights of the pre-1971 operations and post-1980's performance are furnished 

below. 

During 1968-1971, sr.rious decrepitation and degrad."ltion of the dried lignite took place in the 

rotary kilns. The hot pre-reduced charge contained excessive lignite fines which led to explosions in 

.2 

The direct-steel-smelting process - M. Driemeyer, W. Reichelt, and E. Wagner - Mannesmann 
Demag, Huettentechnik - UN-ECE Seminar, May 1983 - Netherlands - Stcd/SEM.9/R.16 

An appraisal of some of the direct reduction processes for the production of sponge iron - B. 
R. Nijhawan - UNIDO • ID/WG.146/118 
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the Elkem submerged arc smelting fomaces due to extremely poor permeability of the burden and 

pressure build up therein. For more than 10 years the rotary kiln plant operations were moth-balled 

until the early 1980's when the Skopje plant operations were resumed with reportedly better results 

which are outlined herewith from a recent paper.1 

The iron ore used at Skopje is basically siderite-chamosite with some hematite-magnetitie 

limonitised ore from Tajmiste mines of the following analysis: 

% 

Fe tot 41.46 

Fe+~ 27.7 

Fe+ 3 14.06 

Si02 13.65 

Cao 3.25 

MgO 0.95 

Al20 3 5.51 

p 1.0 

s 0.23 

Moisture 2.0 

lignite technology at the Skopje iron and steel works - UN-ECE Seminar 1983 -
Stcel/SEM/9/R.15 - held at Noordawijkerhont - NL 
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Lignite used is in two granulations lS-30 nun and 30-60 mm and of the following chemical 

composition. 

15-30mm 30-60mm 

Fixed C 37.18% 38.10% 

Vol 47.86% 48.95% 

Ash 14.98% 1284% 

s 1.55% 1.37% 

H20 24.:x>% 262% 

There are 6 rotary kilns. 95m long with inner and outer diameters of 4.15m and 4.S5m 

respectively with a speed of 0.55 rpm. 

The ore, limestone anj dolomite are added in exact proportions at the inlet of the kiln while 

the lignite is added through lignite scoop feeders arranged along the second half of the kiln. 

Depending upon the requirements, coke is added at the inlet of the kiln or through the lignite scoop 

feede1s. Heat necessary for the reactions to tak.e place in the kiln is provided by burning fuel oil 

through a central burner located at the outlet of the rotary kiln and by the combustion of volatiles 

lil>erated from the lignite. The air needed for combustion of the volatiles is injected through secondary 

fans placed on the kiln shell through 36 air blowing pipes built into the rotary kiln. The waste gases 

flow counter current to the charge. The heat of the flame and heat released by the combustion of the 

volatiles and Co created in the reduction zone, enable the charge to reach a temperature of IOSOOC. 

There are 5 submerged arc electric furnaces supplied by Elkem with transformer ratings of 34.5 

MVA for 3 furnaces and 45 MVA for the other two. The inner diameter of the furnace is t5m and 

Soderberg electrodes are of 1.9m diameter . 
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The hot pre-reduced charge has th~ following analysis: 

% 

Fe tot 40.53 

Fe+ 2 33.97 

Fe+ 3 1.8 

Fe Met 4.n 

Si02 1326 

eao 12.24 

MgO 2.96 

Al2<>3 5.81 

Co2 2.56 

Fixed C 5.59 

s 0.41 

The pig iron smelted from this hot pre-reduced charge from one furnace gives a daily 

production of 250-300 tons with power consumption of 1530-1550 KWH/t and electrode consumption 

of 10 Kg/t. 

When using cold charge of iron ore and coke with ilO pre-reduction, daily output is 150-170 

tons of pig iron with power consumption of 3200-3300 KWH/t and electrode consumption of 22 Kg/t. 

Thus with a hot pre-reduced charge, the pig iron production is increased by 40% and electrode 

consumption reduced by 50% compared to unreduced cold charge. 

Highveld (Withank-South Africa) has now 7 submerged arc electric smelting furnaces (4 x 45 

MVA, one 63 MVA and 2 x 33 MVA) with 13 rotary kilns which yield over one million tons of pig 

iron annual!: Highveld has developed a process to smelt hot pre-reduced charge at levels of about 

60% pre-reduction. The power consumption is around 1200 KWH/t and electrode consumption from 
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6-8 kgs/t of iron. The main objective of Highveld is to produce pig iron with 3.3 to 3.8% C with 

adequate metalloids for oxygen steel making and optimum recovery of vanadium from the hot metal 

in shaking oxygen ladles prior to steel making. The high titania content of the pre-reduced charge and 

flux required to reduce S and P res1.alt in 700 kg of slag per ton of iron. The titania rich slag is 

discarded. 

QIT is operating open slag bath electric iron smelting furnaces in Sorel. Canada, and Richards 

Bay, South Africa for smelting cold feed of iron bearing titanium ores to produce high grade titanium 

( > 80%) slag for paint pigment with molten iron as a by-product; the Richards Bay Plant is smelting 

beneficiated beach sands for the same products. These open slag hath smelting furnaces are equipped 

with 6 in-line semi-baked graphite electrodes of 600 mm diameter. These furnaces are cold fed with 

ore and carbon with precaution taken to avoid slag foaming. Chrome-magnesite suspended or arched 

roofs last up to one year despite the severity of operating conditions, corrosive titanium slags, radiated 

heat and heavy volumes of high temperature hot gases . 

Open Slag Bath SmPlting With Hot Pre-Reduced Charge in Rectangular 
Submer;:ed Arc Electric furnaces With Six In-Line Soderbere Electrodes 

New Zealand Steel Company had been operating a direct reduction rotary kiln to produce a 

92% metallised product from ilimenite beach sands. The pre-reduced/metallised finely grain-sized (45-

212 µm) sand product was fed cold hut continuo•!sly into conventional electric arc steel making furnace 

to produce liquid steel along with high volume of slag and equally high power consumption . 

During 1985, the New Zealand plant put up 4 rotary kilns for pre-reduction and adJition of 

the hot pre-reduced matallized products to tw J, 69 MVA rectangular submerged arc smelting furnaces 

to yield 720,000 tor.s of pig iron annually. The new rotary kilns which are 65 m long x 4.5 m diameter 

wcrc upgraded to increase the bed area which improved the transfer of heat from the gases to the 

charge. The pre-reduced product metallised 70-80%, along with the char, was charged hot into the 
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rectangular electric smelting furnaces to produce pig iron with power consumption ranging from 850-

950 KwH/ton of iron at an input of 25-30 MW. The electrode consumption is very low at 2.5-3.5 Kg 

per ton of iron . 

Th'!Se rectangular smelters have six electrodes 1.32 m diameter which are stronger and less 

prone to fracture. In the open slag bath smelting. the electrodes are immersed in the slag whose 

resistance determines the power consumption. The open bath furnace is operated at higher effective 

resistance than conventional circJlar submerged arc smelting furnace since the electrodes are not 

affected by the conductivity of the charge. The rectangular furnace can accept fine grain sized feeds 

without agglomeration. In an orthodox circular submerged arc furnace, the electrodes are subjected 

to severe physical strains when the burden slips during ta?ping whereas electrodes in the open bath 

furnaces are not subject to these physical shocks with minimized thermal effects. Desulphurization 

is effected through fluxes charged into the rotary kiln and/or to the smelter furnace. 

A highly metallised >90% hot continuous feed into the open bath furnace could reduce power 

consumption to 500-600 KwH/ton of iron with a single furnace producing about 2500 tons of metal 

daily. 

Even semi-steel containing 0.2-0.5% C could be produced which can be further refined in a 

ladle furnace with a small transformer to produce high qualiry steels . 

A key advantage of the rectangular submerged arc furnace is that it does not have the 

drawbacks of a batch process involving thermal stresses, and low cost Soderberg electrodes can be 

used . 
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In India, in a recent trial, smelting of sponge iron fines has been undertaken in a circular 

submerged arc furnace to produce high quality low phosphorous pig iron. The sponge iron fines 

analyzed the following: 

Fe tot 

FeM 

c 

s 

p 

Sl02 

Al20 3 

FeO 

Cao 

-6 + 3 mm 

Percentaee 

90.48 

80 

0.2 

0.017 

0.058 

356 

2.98 

13.47 

0.51 

-3mm 

84.72 

70.10 

0.68 

0.064 

0.08 

5.32 

4.12 

18.81 

0.69 

The pig iron smelted from these sponge fines gave phosphorous values as low as 0.02 - 0.03% 

with sulphur ranging from 0.005 -0.02%, carbon up to 3.5%, Si up to 0.7% and manganese up to 

0.09-0.06% . 

The power consumption was of the order of 1100 KwH/t of iron smelted. The FeO content 

of the slag was 2-4% showing abnormally low iron losses with slag basicity of 1.8 . 

The hot metal produced was an ideal feed for the production of SGI-spheroidal graphite iron -

ductile iron for high quality castings. 

Elkem has built a plant at Tyssedal in Norway for the production of 100,000 tpy of "Semi-Steel" 

(partly refined pig iron) and 210,000 tpy of high titania slag. The pre-reduction kilil has been supplied 
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by Allis-Chalmers and the cyclinderical 3 Soderberg electrode submerged arc furnace is supplied by 

Elkem. Iron bearing titaniferous ores will be pre-reduced in the rotary kiln. The cold pre-reduced 

sponge is charged into the Soderberg submerged arc furnace to produce •semi-Steel• partially refined 

pig iron and high grade titania slag. The semi-steel is then further refined in a ladle furnace tc 

produce high quality steel. 

Thus this submerged arc open slag bath smelting technology coupled with pre-reduction open 

up possibilities of producing semi-steel and then finished steel to be much more attractive and 

pragmatic than the current smelt-reduction processes, at the present stage of their development, can 

justifiably claim. 

Processes based on the above technological pattern such as the •combismelt" developed by 

Lurgi jointly with Demag faU into the category of potentially viable industrial projects. 

The RHF Iron l\fakine Process ffastomet Proc~ 

The RHF1 iron making process (Rotary Hearth Furnace) consists of mixing and pelletizing iron 

ore and coal fines, drying the pellets on a grate, pre-reducing the dried pellets on a rotary hearth and 

then charging the hot pellets in a submerged arc furnace (SAF) operating with an open slag ba!h. Hot 

metal is tapped into ladles in batches, at intervals dependent upon the requirements for down stream 

steelmaking. The SAF can also serve as a hot metal reservoir if so required since it can hold up to 

4-5 he urs of production. Carbon content of the hot metal can be controlled from 0.1 to 3.5% . 

Desulphurization is very effective in the SAF as also in the ladle using lance injection of Cac; or 

magnesium based reagents . 

1 Direct from Midrex-4th Quarter 1989 Report, pp. 6-10. RHF is now termed FASTOMET Process 
by Midrex . 
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The hot reduced pellets from the RHF are continuously melted in the SAF whose operations 

are independent of the RHF. 

By charging the quantity of carbon and lime in the charge, hot metal chemistry can be adjusted 

within the following limits: 

Carbor 0.1 - 3.5% 

s 0.05 - 0.15% 

Si 0.1- 0.6% 

p 0.01 - 0.05% 

Temperature 1400 - 160Cl°C 

The hot metal can be refined if it has high C content in the BOF /LD oxygen steel making . 

If the hot metal is of low carbon content, it can be refined into high quality steel through ladle 

metallurgy /refining. If normal cast/merchant iron is required, it can be granulated or cast in the pig 

casting mach;ne. 

RHF-Fastonet process can utilize effectively mill scale undersized sinter fines, coke breeze, flue 

dusts, etc. in producing supplemental hot metal and steel. Trie key, however, is the pre-reduction 

followed by SAF technology operating with open slag bath as advocated earlier in this paper. 

It will not be out of place to mention that direct reduction processes based on gaseous and coal 

reductants have in recent years made significant industrial progress particularly in developing countries . 

Aftt:r the full success of UNIDO sponsored demonstration plant for the production of sponge iron 

using non-coking coals at Paloncha in India with an initial capacity of 30,000 !ans/year raised to 60,000 

tons/year through a second kiln, there have been 6-7 new Indian projects in various stages of 

implementation while two c~>al based industrial sponge plants have been completed and started 

operations in India. These new plants have been based on SL/RN and Krupp CODIR processes in 

India and the gas based new Indian sponge flants of ESSAR and Grassim are based on Midrex and 

HYL III respectively. Identical progress is being made in Venezuela about the expanding role of 
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Midrex while HYL m has consolidated and expanded its capacity in the Mexico (Sicartsa plant). Ami 

yet in t~c developed/advanced countries, the sponge plants are closed or moth-balled. 

The lists of DR/sponge plants released periodically by Midrex and other agencies depict the 

rosy and dismal status of the DR/sponge plants in the developing and developed countries respectively . 

It is stressed that much patience is called for in advocating new technologies and processes and 

pressing them through to industrial adolescence and commercial acceptance. The revoludonary 

technologies and developments in electric arc steelmaking practices, equipment, plant operations and 

results achieved in recent years for Mini Steel Plants worldwide, are tributes to such dogged patience 

and exercise. The plants and processes thai have fallen by the way side such as at Inchon in South 

Korea, Purofer in Brazil, Armco in USA, etc. have been the casualties in the global progress of direct

reduction/sponge production technologies and industrial plants now operating successfully. 

A Word of Caution 

In the case of some of the emerging relatively new technologies that have still to cut their 

ind.istrial teeth, attempts are made to empirically e:drapolate their production costs on industrial scale 

even when there is no industrial plant yet installed to prove or disprove their industrial sale techno

economic data and implied performance. In the maze of vastly conflicting data and in the wake of 

current economic depression in some industrially well developed parts of the world, one is left to his 

own pragmatic analyses to suit particular markets ~nd raw materials and derive his own conclusions . 

And today, of course, the customer /client is not supposed to be always right. 

Furthermore, the cost data for a specific process calculated for a particular country /region do 

not lend tht!mselves to universal/globdl acceptance. There are ~ome excellent papers/reports recently 

published providing the economic data and production costs to cover most of the newer 

technologies/processes, proved technclogies and well established processes under trials on pilot plant 
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scale; in the case of the latter, commercial cost data have been extrapolated albeit without any 

commercial plant operating anywhere. The point(s) one would seek to emphasize is that economic 

study of newer processes/technologies today presents a fast and vastly changing spectrum and can by 

no means be accepted universally for all countries, for all conditions/environments and for all the time 

to come. 

During the last few years several international conferences/symposia have been held in the 

developing and developed countries on the above subjects. Some processes that had until recently 

withst.>od the onslaught of the critics, have finally dropped out while others have proved their 

mettle/ground and are finding increasing applications/acceptance. 

Puh·erized Coal Injection in the Blast Furnace for l!'C:1 Smeltin&/Production 

The 1980's have seen wide spread adaption of pulverized coal injection (PCI) in the blast 

furnaces in Japan which enables costly coking coals to be replaced with lower grades of pulverized coal. 

PCI has heen in fact, widely employed in most of the steel producing countries of the world. After 

pulverization of the coal, injection lances blow it into the blast furnace through the tuyeres. Over 120 

kgs of coal per ton of hot metal are injected through the tuyeres of the blast furnace. The injection 

of pulverized coal with the blast furnace is now a well established technology. The rate of PCI has now 

been raised to 150 Kg/ton of hot metal and even 180 kg/ton of hot metal has been undertaken in 

Europe. The use of 200 kg of coal per ton of hot metal and even 300 kg appears achievable with only 

moderate changes in the blast furnace practice such as 0 2 enrichment of the air blast. PCI is now 

undertaken very widely in the developed steel producing countries as also developing countries such 

as India, China, South Korea, etc. Oxy-coal injection at the Cleveland Iron Works in the UK with 

oxygen injection directly at the tuyeres have shown outstanding results with coal injection exceeding 

220 Kg/thm . 
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Some Latest Smelt Reduction Technoloeies in Experimental Stam Only 

The processes ourlined here are operating on Pilot Plant Stage and have not so far come into 

commercial production stages. AISI Direct Steelmaking project has taken a lead in direct steelmaking 

investigations. A pilot plant has been set up in June 1990 with the following objectives: 

Elimination of coke ovens. blast furnace and agglomeration plants 

Operational flexibility 

Simplification of facilities 

Scrap melting 

Lower capital costs 

Minimum pollution 

The U.S. Department of Energy is heavily subsidizing the AISI project. The pilot plant consists of a 

pear shaped vessel holding liquid iron. Iron ore pellets, coal and flux are continuously fed into this 

vessel while oxygen is blown in through a lance to burn the coal which produces the requisite heat and 

chemical reactions for iron ore reduction. The aim is to produce liquid iron containing 3.5% carbon 

which can then be refined bv oxygen to produce steel. 

Since 1988, eight major steel producing companies in Japan along with the Japanese Coal 

Mining Research Center has err.harked upon a Direct Iron Ore Smelting Process (DIOS). Should the 

development work prove successful in all its aims, the following results could he expected using the 

DIOS process. 

Brings flexibility in the choice of raw materials because of the direct use of iron ore and coal. 

Better response to changes in production demands. 

Reduced capital and operational costs. 

Higher flexibility in the generation of energy . 
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Reduction of energy consumption and reduced C02 generation by the use of non-coking coal. 

which is a fuel containing appreciable content of hydrogen. 

Hl smelt process, after 6 years of operation is a small pilot plant. is now in the process of 

establishing parameters for design. construction and operation of a 100.000 ton/year plant to establish 

its commercial feasibility. If the current efforts for larger scale operations succeed. further intensive 

work will be needed to install a commercial plant with a capacity 0-5 million ton/year capacity for the 

production of molten iron . 

Jumbo Coke Makinc Reactors 

In Europe. coke making technologies are poised to take a strident leap into a new advanced 

system called •Jumbo Cokemaking• Reactor with capacities around 2 million tons/year or more from 

a single battery of reactors. According to current plans. these Jumbo Cokemaking batteries will 

become available in the second half of the 1990's. The two experimental reactors now being developed 

by Deutsche Montain Technologies, Essen in Germany in collaboration with Ruhrkolhe AG are 

scheduled for operations in 1992-1993. The new cokemaking technology is environmental friendly and 

can use coals of inferior grade than those high grade coking coals used at present. Jumbo coke ovens 

will produce a better coke with much higher coke yield and lower energy consumption. It is also 

claimed that Jumbo coke ovens will lead to an overall effective cost reduction of 20% compared to the 

operating costs of conventional coke ovens currently in use. The productivity will be 150 tons of coke 

per reactor. The thermal efficiency of Jumbo coke oven reactors will be as high as 70% compared to 

only 38% in the case of conventional coke ovens. 

The experimental technologies outlined above have still to cut their industrial teeth and 

industrial scale upgrading may take several years to come. 

Figure 7a shows the simplified flow steel for the HJ smelt process as developed at the HJ 

Smelt Research and Development facility in Kwinana, W. Australia . 
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Figure 7c - Experimental Smelting Reduction 
Furnace {NKK, Fukuyama Works) 

Figure 7b shows the concept of IlSF's smelting reduction process (DIOS process) and 7c 

depicts the Experimental Smelting Reduction of NKK, Fukuyama Works. 

Thin ~lab Continuous Castin& 

S~fS·CSP Technolou 

NUCOR plant at Cra\\fordsville, Indiana, USA has changed the outlook of many concerning 

flat rolling and continusous casting.1'.'UCOR broke into the black in 1990 just one year after its start· 

up in 1989. Now it operates at its maximum capacity and the yield of the finest quality sheets reached 

higher than 80%. The manufacturing cost of hot rolled coil in July 1991 was 267 USS per ton which 

is lower by USS 50 to 100 per ton compared to the conventional slab casting in integrated steel ~ills . 

There are about 400 employees only for the annual production of 0.8 million tons of hot rolled coil 

and 0.35 million tons of cold rolled coil. It takes a total only of 3.S hours from charging scrap and 
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sponge DRI, etc. in the electric arc furnace to the finished hot rolled coil. NUCOR has many 

ambitious plans for upgrading and expansion. Hot rolling mills will have another rolling stand (Sth 

stand) and a hot dip galvanizing line will be installed in 1992 The second NUCOR plant for compact 

strip production (CSP) - one million tons annual capacity is under installatiion at Hickman in 

Arkansas; it will produce 1 million tons of hot rolled coils with 2 DC electric arc furnaces and a 6 

stand hot rolling mill. The thickness of the hot rolled coil will be 1.8 to 2. 7 mm with maximum width 

c,f 1500 mm. NUCOR, Cra\\fordsville thin slab caster is selling its rolled steel coils at an amazingly 

low price. The present base price for 1000 ton buyers of hot rolled coil is $260 per ton (actual weight 

basis) and for cold rolled coil is only $360 per ton. The steel is offered on a uniform basis in the 

domestic and international market, i.e., the F.O.B. price for the steel is the same for all. NUCOR, 

Cra\\fordsville does not freight equalize under any condition. 

A typical conventional flat products plant employs 4 to 6 manhours of labor per ton of fla~ 

product produced and shipped while 1'.'UCOR thin slab caster utilizes only 1-5 manhours per ton of 

shipment; the manhours required for producing rolled hot coil is only 0.7 manhour per ton of 

shipment . 

The fine grain structure of the steel from the outer edge to the center, due to rapid 

solidification in the thin dab caster permits it to have above average drawing characteristics. The 

metallurgical characteristics of the liquid steel have been good, reflecting the plant's modem 

steelmaking practices and ladle metallurgy practice. 

ORI/sponge has been used at NUCOR up to 20% of the metallic charge in the EAF shop -

ORI/sponge has been imported frcm USSR, Venezuela, et. at CIF cost of 120$ per metric ton . 

ORI/sponge with its very low residuals is an excellet feed for NUCOR EAF and prodLces high quality 

steel for the ladle metalluray operation . 
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Figures 8a, 8b, and 8c show the basic principle of the CSP technology and its comparison with 

the conventional plant and the growth of the monthly production of NUCOR-Crawfordsville, Indiana 

in USA based SMS-CSP technology, respectively. 

NUCOR's second :bin slab/flat rollmg plant at Hickman, Arkansas will be similar to the 

Crawfordsville plant. The thickness of the cast slab 40-50mm; cast at a speed of 4.5 meters per 

minute. 1ne Arkansas mill will have 6 f mishing stands which will permit the production of the strip 

to a thickness of 0.071 inch (1.775 mm) and a possible 0.067 inch (1.675 mm). Hickman will utilize 

D.C. electric steelmaking furnaces. 

By the year 2000, 4 to 6 thin slab casters may be operating in the USA and Canada. The 

annual hot 1 oiled coil capacity of these mills could be around 4 million tons and possibly 7 million tons . 

NUCOR's second thin slab casting/flat rolling mill now under construction at Hickman, 

Arkansas with a capacity of 1 million tons per year will start up in 1993. It will have six - 4 high hot 

rolling stands . 

Geneva Steel at Geneva Vineyard, Utah, USA is installing a unique continuous center from 

SMS Concast, that will produce a slab that is 12C.'" wide with a thickness of 2" to 10". The slab will be 

directly in-line rolled to hot rolled coil or flat. TI1e capacity of this plant which will replace ingot 

producing facilities will be 2.5 million tons per year. 

Chaparral Steel (USA) is considering a breakthrough facility with a capacity of 0.8 million 

tons/year which will produce hot rolled coils about 50" wide. The thin continuously cast slab will have 

an initial thickness of about 80 mm (3.15 incies) and may still be connected to the continuous caster 

while being rolled. Hot rolled coil will be as thin as 0.03 inch (0.75 mm) which is probably thinner 

than any other hot strip milJ in the world. Thus, there will be a continuous strip of steel from the thin 

slab center through the hot strip mill and into the down coiler. Only after the coil has reached a 

sufficient size will the sheets be cut - a remarkable mill indeed . 
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Figure Sb 
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J\fannesman-Demae Huttentichnik CMDHl I.S.P, 

Thin Slab Mill (Cremona • Arvedi - Italy) 

At the end of 1991, Cremona will have a steel plant offering a 100 ton, Demag AEF for 

slag free eccentric bottom tapping as well as a 100 tons ladle furnace. These facilities will, for 

the frrst time ever. make hot strip on ISP installation (in-line-strip production) in special 

stainless and carbon steel grades. The ISP is a joint development of Arvedi and Mannesman

Dewag for a new future oriented technology. The capacity of this new line will be 0.5 million 

tons/year. The technical highlights of the ISP plant are: liquid steel will be cast and over a 

length of only 160 meters processed into hot strip with a minimum thickness of 1.2 mm and 

widths ranging from 650-1330 mm. Such compact design is enabled by the first large scale 

application of cast rolling technology with the aid of which the thickness is reduced during 

solidification from 60 to 40 mm and immediately after :.olidification from 40-15 mm. The 

salient features are favorable low capital costs compared to other thin slab casting lines without 

cast rolling technology, minimum transformation energy costs and optimization of surface quality 

and mechanical properties. While the SMS-CSP process uses a thin slab plant to produce a 2" 

thick slab for subsequent hot and cold rolling in a 4-stands - 4-high hot strip mill and a reversing 

4-high cold mill, the MDH-Arvedi technology produces a 2" slab in the mold but immediately 

rolls it down to a half that while the strand core is still mo!ien and then completes the process in 

the high reduction and finishing strands. MDH-Arvedi ISP entry into the near-net shape 

casting/continuous processing line differs from the SMS-CSP technology in several w~ys. MOH 

mold has parallel faces all the way, a feature MOH claims yields less strand deformation and 

other benefits. Immediately below the mold, in-line powered rolli: start slab-thickness reduction 

while the strand core is still molten, doing it in small increments to avoid solidification problems. 

Exiting the mold, the strand is dcscaled, straightened, induction heated to equalize the 
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temperature and sheared before further processing. All sheared slabs are heated to rolling 

temperatures in another induction furnace fed by an insulated roller table and then are sent to a 

coiler furnace called a Cremona Box. Plate grade material is removed from the system at this 

point while sheet grades are again descaled and rolled to final dimensions in the four finishing 

stands. Total length of the Cremona (Arvedi) plant is 590 feet, a shade longer than NUCOR, 

Cra\\fordsville normalizing furnace alone. Both SMS-CSP and MOH-ISP supply high degrees of 

automation with their installations, including hydraulic automatic gauge control and other 

sophisticated features. 

Alleghany Ludlum Corporation (US) is the leading US specialty steel producer and 

Voest-Alpine Industrieanlagenbau (Austrian) mill builders are getting their joint venture directly 

cast-carbon and stainless steel strip plant called Coilcast/Conroll ready for an early 1992 

commissioning at Lockport, New York (USA). Both companies say strip mill investment and 

operational costs can be slashed by 75% by eliminating even more processing steps than the thin 

slab route. Thus in 1988, Allegheny Ludlum combined forces with Voest-Alpine which had been 

working along similar lines, most notably w.ith Sweden's A VESTA AB on a thin slab caster for 

stainless steel, to take advantage of each company's developments. The prototype coil cast 

machine is being installed by Voest Alpine at Allegheny's Lockport plant which has 3-15 ton 

electric arc melting furnaces, an AOD vessel and other melt" tg and refining unib. The caster is 

designed to produce up to 45,000 pound coils in thickness up to 0.12 inch (3 mm) and up to 48" 

( J 220 mm) wide. 

SMS-CSP technology corresponds in rrinciple to that of conventional continuous casting 

process even though the strand never stops moving until it exits the hot mill and is coiled; SMS 

system involves a casting machine, a reheat furnace and a rolling train. Although the caster 

mold is unique in being shaped like a semi-flatted funnel at the top to accommodate a 

suhmergcd nozzle, it straightens out down its length so that a slab with parallel faces emerges 
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from the bottom. An abbreviated bending radius, which helps the caster (a low head machine) 

leads to a straightener and a shear that sends the 1.97" thick (50 mm thick), 53 inches wide 

(1335 mm) slab into a long (.537 feet at Crawfordsville) soaking furnace connecting the caster to 

the hot strip mill. In the mill's, 4 continuous 4-high stands, slabs are reduced to a thickness 

range of 0.010" (2.S mm) to 0.50" (12.7 mm) and coiled at 24 tons maximum weight. Thicker 

product is sold as coiled plate while strip is marketed as hot coil and/or pickled and cold rolled 

for thinner gauges. Bas!!d on a rated capacity of 800,000 tons/year, the plant cost $265M to 

NUCOR or $331 per ton capacity. However, NUCOR's second plant at Hickman, Arkansas 

(US) with 1 million tons/year capacity will cost 300 million dollars, i.e., $300 per ton capacity 

installed . 

Every major steel proJucer in Japan has been involved in one or more thin slab, strip or 

thin strip near net shape continuous casting R & D programs. Japan has at least 26 such 

undertakings in a worldwiJe total of 81 followed by USA with 15 and Germany with 11 despite 

rumored Japanese concern about finished product quality. The Pilot Plant at Buschhulten 

(Germany) of SMS-CSP technology started producing thin slabs in 1985. The signing of a plant 

supply contract in September 1989, when confirmed into a firm order, will make Taiwan's Yieh 

Loong Group, the first "post-NUCOR" electric steel maker to opt for CSP-SMS thin slab 

casting . 
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Table 1 0 depicts the NEAR-NET shape casting facilit:es in Europe. 

• Table 10 
Near-Net-Shape Casting Activities In Europe 

• Table 10. Near-net-shape casing activities in Europe 

COUN'IllY PRO.: ESS COMPANY THICK.'lESS WIDTII SCALE R'R.'iACE STA1l1S 
(MM) (MM) 

Single Roll Voest-Alpinc O.S/1 250 Hot model St Allegheny co-

• AUSTIUA Twin roll 
np. started 89 

Yoest-Alpine o..s.a 250 Ho1 lllOdel 
Oscillating mold Yoest-Alpine 80 1290 Pilot 

Single JOO Irsid (Eu~b) O.S-U 200 Hot modd ~ q-8 t 
Twin roll Occim l.S/12 200 Hot model 300 k& stopped 7S 

FRA.'liCE Twin JOU lrsit' 10/2 :O:IJO Hot modd 300 q-8t 
Twin JOO Irsid-Occim 1.S-S 800 Prototype scans 91 • Belt & roll OausthaJ Univczsity S/10 1SO Hotmodd soo k& Started 89 
Hueleu twin belt Krvpp Stahl 2(M() 400 Pilot stopped 86 
Oscillating mold Mannesmann Demas 2S 1900 Piloc 220 t 
Oscillating mold SMS Buschhuttcn 60-40 1600 Pilot 
Ose. mold + rolls Thys.scn/SMS/U + S 40-10 uoo Pilot started 89 

GER.\IA.'"Y Roll IL roll Krvpp Stahl, VDM 2 600 Prote>type 10 t staned 89 

• Sir:gle roll 
Single roll 

Knipp Stahl, Siegen 2 Hot model Started 89 
Thys.scn Stahl <' 200 Hot model 60kg 

Spray asti ng Mannesmann Derr.ag 1S 800 Prototype 
Twin roll MPI 2 100 Research 
Twin roll -aw 1 110 Re.search 
Twin roll Th~-s.scn Stahl/IBF l·S 1SO Hot model ;oo k& 

Twin roll • T..;n roU 
CSM S-25 ISO Hot model 300 k& 
CSM S-25 400/700 Prototype 4-20 t Started 89 

rTALY fwin roll Dani"'. Hot model 
Oscilla1ing mold Danie. so 1750 Pilot JO t 
Osalla1ing mold ~di/MOH 1S 1330 Industrial Incl. 4 Stans 91 

rolling 
stands 

• Oscillaung 
SWEDEN Twin mold 

mold Avesta/Yoest-Alpine 1870 ltO Industrial Started 89 
ABB Royal Inst. Tcchn. Hot model 

S\\ TrZERLA.. '\'O Twin roll C.Oncast Service Design ----
Horizontal Ira in Bri1ish S1eel 1S-7S soo Prototype 4 t 

U. ICINGOOM Twin roll+ slurry British Stul 2 76 Hol model 2SO k& 

• Twin roll + slurry Briiish Steel 3 400 Proiotype 4 t 

• 

• 



• I 
Figure 11 depicts the NEAR net shape casting processes in Europe . 

• 
Process Product thickness 

• [fJJ SO mm 

Thin slab casting 

~ 2510 50 mm 

• Casting press rolling J0 1510 25 mm 

~~ 5to10mm 

• ~ 1to5mm 
Strip casting 

8f3 1to5mm 

• 8' <3mm 

\ap/ 
S;::ray casting m 10 to 40 mm 

-• Figure 11 Near-net shape casting processes in Europe 

• The CPR-Casting Press Rolling process is a joint development of Thyssen, USINOR-

Sacilor and SMS. The principle of the CPR process is shown in Figure 12. It consists of a 1.0 

meter long mold of SMS type and immediately below it, 2 press rolls which are meant to close 

• the liquid pool by mechanical force and withdraw the slab from the mold. A bending roll then 

pushes the thin slab with a 2.3 meter radius curve to enter into an unbending unit which is also 

• 
power driven. Casting speed in the mold is of the same magnitude as the CSP technology. In 

principle the 2 press rolls weld together the 2 shells solidified on the broad faces of the mold 
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Figure 12 

,.....Tundish 

u 

Figurel2. The casting press rolling (CPR) process 1 

and to hot work the thin slab and roll it down to a thinner gauge. A secondary water spray 

cooling and a support of the shell by a grid are provided between the mold and the press rolls to 

limit bulging and protect the equipment. Such a caster is in principle capable of producing .35 

to 0.50 million tons/year. The Ruhroet Pilot Plant installed in the steel shop is fed by a 30 ton 

ladle tapped from the BOF /LD converter. It is capable of casting 1200 mm wide thin slabs. 

The product is collected on a 130 m Jong runner table. Started in May 1989, this Pilot Plant has 

been in use continuously with carbon and stainless steels. The developing countries would be 

well advised to study these developments and judiciously apply them in their own countries such 

as for example Taiwan's Yieh Loong Group is doing to apply for the SMS-CSP technology for 

thin slab casting and rolling for ~lab products . 
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Danieli has already built a conventional slab caster for Feng Lung Steel, Taiwan. where 

it is possible to cast 1220 mm wide slabs down to a thickness of 75 mm (3 inches). For thinner 

1986. Danieli is designing 4 plants with eat"h unit having a capacity of 0.6 million tons/year of 

~ot strip, using a thin slab caster (50-75 mm) thidc slabs, an equalization furnace and an in-line 

hot strip rolling mill. 

Secondaiy Stee! Making/Ladle Metalluro 

Wnilst world steel production figures have not kept pace and fulfilled world steel 

forecasts made during the last decade and more by multiple agencies, in meeting the steel 

quality requirements in terms of clean steel and homogeneous chemical composition, the world 

steel has made remarkable progress mainly through secondary steel making/steel refming and 

ladle metallurgy processes and innovations. 

Important secondary steel making processes developed during the last few decades are 

vacuum degassing. vacuum oxygen decarburization, vacuum circulation and the ladle metallurgy 

operations. So revolutionary have been the developments leading to a diversity of multiple 

operations, their permutation and combination and multiplication of their nomenclature and 

trade names, that one tends to lose all perspective and attempts to standardize and rationalize 

the technology. Here th~ theme is everyone for himself and the concepts of secondary steel 

making processes and plants are based on local conditions, market demands and quality control 

specifications. 

Not only have vacuum degassing plants and ladle furnace equipment and plants been 

designed and set up but also combinations like VD, VOD and LF plants and a host of other 

titles signifying breakthroughs, are leading the trade. 
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Shifting of metallurgical technologies to secondary refining processes with logical plant 

:r::! cq;;ipar:cr:: rda:cd dc....-elopments the wur:d uvei, ti.ave icJ io lhc gcncrai t.-unnotation oi 

Secondary Metallurgy or secondary steel making/steel refining. 

Secondary Metallurr;y 

Metallurgical criteria of second metallurgy are based to meet the following demands: 

Upgrading the degree of purity to highest standards 

Lowering the impurity and me:alloids contents 

Uniform molten temperature cvntrol 

Fully homogeneous chemical composition 

Upscaling the yield figures 

Downscaling the energy consumption figures 

Relieving the primary melting units of doing final refining and finishing 

operations 

The objectives of secondary steel making including ladle metallurgy operations are: 

Effective quick desulphurization, decarburization and deoxidation with minimum 

metallic and alloying elemental losses. 

Effective degassing of hydrogen, oxygen and nitr.Jgen 

Optimum alloying and recovery figures 

Find homogenization of the melts and resultant finished products 

To achieve the above requirements, ladle metallurgy is applied based on: 

Gas stirring by argon/nitrogen lances 

Scrap and alloying clem~nts additions 

Aluminum wire injection 

Powder injcctants of Ca, Si, CaO, CaF2, CaC2, etc. 
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Top slag additions 

Temperature and oxygen activity measurements 

Tnc iist is nardiy compiete. The options cover newer technology and treatment 

schedul~s such as degassing of pouring stream, casting under vacuum, and induction stirring. 

There :S a justification for each process as a link in the overall production chain. 

The most suitable process and the optimum and efficient plant configuration in each and 

speci..fic case has to be determined in the planning phases by combining appropriate plant 

modules and technological expertise. 

A broad spectrum of cost effective ladle sealing and tank processes are furnished 

herewith in Figures 13 through 18 . 
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Ladle degassing 
Lae.e clei;ass;ng is a ve~sa:1fe tool for 
sKor.cla"Y s:eeima1t1ng During treatmen1 
lhe !adle rs seai~ Wtth a vacuum tign1 
cover or. ai:e•natrve!v. piaced into a vacuum 
ta:Ut. w.:n L"le assis:anc~ of an uo-ro-<late 
men gas s:rrnn; svs:em me b~Utd steel is 
agr:ated el!1::1ent:y to procluce homogenisa
tion 1n te:r.ce·a:ure and anfvs•s At the same 
time lhe reactive surface area is increased 
a:"d res;..I:s not only 1n re=uced l"ydrcgen. 
O•\i;e'I a'lC: r.1:rcgen !eve's. t:ul also 1n low 
s1.:1::r.:..r c:r.:en: ot :r.e hourd s:eet 

s~-..::a• ff2~'::$ 

• Savrr.; 1n :ac 10 :a:: :•mes 
• Ver.; 10"" hycrogen values after short 

1~ea::nen1 11mes 
• Desu:;:i!'\unsa:ror. down 10 ve'V low ieve!s 
• Va:::.n.;m decarbur:sa:icn down 10 less 

tnan C C02% C 
• E•ce::::·::r.ft::, g::od se:::ara11cn of non

rr.e:a::,c rr.c1us.cns. ne~::e c:ean steel 
• :.c:.::.:.cn cl a::cy ~a:eria•s !or vac"um 

me:a::vg•ca1 trearmentS 
• A::r.1e-.e~ent of t1;n: analvt1ca1 

tolerances 
• ci-.e-:-:·::a1 ancl :~er~a1 t:c...,cc;!!n:sa:1on 
• Sa""c"ng. re...,::e·a:u·e and E~.1;: mea

Su'E"'e"r under vacuum 
• Low 1r.·.es:me"lt ccst 
• High a-.a1:atJ.:1ry with few maintenance 

effort 
• P:;ss•l:l•''l'Y to moo \r to a vacuum O•ygen 

de::a,o.msa:.cn or ar:: t-.ea:1ng plant 

Figure 13 

Arc heating (ladle 
furnace and VAD
vacuum arc degassing) 
Arc heating/ladle furnaces mc:ease tne pro
duCtMty of the melting furnace. their our· 
pose is to ard 1empera1ure and anatvsJS 
control VACMETAL offer a plant conf1gura-
1ion wh1Ch JS cost-benel1c1a1 nor only from a 
Cl•Oduct1on and maintenance pem1 of view 
t:u: a1so rn avarfabrhty 
The VAO unrt offers bo:h heating and 
C:e;ass1ng of the hQu•O steel Currenllv ladle 
!,..,.,a::es are used 1n conrunc:ron w1tn elec
tric arc me111ng furnace and basic oxygen 
s:ee,n-.ak1ng piants when rapid seouencing 
c' cas:s rs reau1red They seNe 10 ccnirot 
t:-e e•ac:rng tempe,a!ure reouiremenis 
w~ .. cn are essen11a: for success!ui con11nuous 
cast.!'l; ;::racrrces V.lCMETAL ins:al!ahoos 
a'e acniev•ng 48 cas:s rn se-:;"ence 1n two 
cavs. 1nc,eas.n9 s:ee•o:ant prcduc:rv1ty and 
1~·cu;n;::u1 Ladle fumaces can ac: as l'lold
•:'19 furnaces or bl.Allers rn the scnedul1ng of 
heavy cas:.r.;s or forg.r.gs. 1=ar.1cularly 
when :ne mei11ng furnace caoacrtv is limit-
ed 1n tonnage. In order to avoid ;::1clr.-up of 
S?Ses frcm tne atmcs::nere the 1ee.,.,1ng of 
:~e s:eel takes place 1n vacuum er under 
cirore::llon of inert gas Sl'lroud1ng 

~~·al fraturcs 

• :nc·ease 1n produCtlVl!Y of the steel-
maiung furnace 

• O"erall saving 1n ccsts of productron 
• >mcroved illOy rKovery 
• :..a::::e and vacuum me:allu•g•cal 1reat· 

me..,t of sreel by alloy additions 
• E•ac: analvs1s con1rol 
• .lci-.. evement of exce11e..,1 de;•ees of 

c'eanness 
• Lc,,.est feve1s of hydrogen. oxygen and 

sul;::hur 1n !tie steel 
• E.11ac1 iemperature con1ro1 
• Sampling. temperaiure and EMF mea· 

surements in vacuum . 
• u~e as holding furnace 1n·order to avoid 

backcharg1ng when cerays occur at con· 
l•..,uou~ cas1ing mach11•ie 

• Scec•al design of •acuum arc heating 
e-:CJ.pment without electrode arms 

e H 0 yh Mating rarn 
• i-'tcJf•n" and vacuum 1rea::'Tlen1 w•lhoul 

1n:ermeci.are 1ac:1e transfer 

VACMETAL- vacuum 
oxygen decarburisation 
process in ladle (VOD) o 
in converter (VODC) 
The t:loWtng of oxygen under vacuum con 
dr:io'IS offers a l!me and cost saving 
metnod for the production of stainless. co• 
rcs•cn- and heat-resrstant steels. which are 
c,t!.cu!: or 1mocss1:::1e to produce wi1h con 
ve'l:•.:ira1 me!!"lods 
Tr.e ac::"ca:ion of vacuum merarrurgv is 
e,,:-,a.,cec !::y :ne use o! oxv;e.., refining 
The s0g,.,i!1can: fea: ... re ct tnrs precess rs It\• 
cosr-Oe..,ei1c:a1 product-en of high cnrome 
s:eels with ve'V low carbon. n1rrogen and 
t!yclrccen levels 
Ar:::~e' a;::::·ica:ron o1 1~,5 r::·c::ess :s the 
t-ea:·ng of low a,.,d me::l•i.;~ a!ioy stee!s by 
the 0•1dat1on o! a:umrn:um. caroon a:id 
srhcon 

s~~~lf'!'a~ 

e Vacuu~ Ce::artiurisatron frcrr.. .. 1r.ualfy 
anv 1n1t·a1 ca•:::cn level 

• C:.n:rc.'.eC acn1evement of extre.,.,ely lov . 
ca·oon nitrogen. hydrogen and sulphur 
contents 

• :.c•.,e.,e...,ent of oual:t.es with exacting 
s;::'!'::,;.::a:1ons for exa:'T1cle hrgh<hro-
rn, ... m ccn:a.r:.ng steer g•a:ies wrth C + !'. 
lf'SS tt'.an 150 c pm. 

• 5,.,..,a i c"lrcrn•um loss. hence low 
re::uire~en:s fer re~ ... c1ng rea;e".tS and 
s:a;'ormers 

• L"!e ct low cos: ferro alloV' 
• .:.: .. e.e...,ent ol ti;nt c!":emrcal analvsis 
• E•a::: :e-:-.~era:.,re control 
• S•;.,,f,cant increase 1n prod1..C11v1ry of 

s:ee.mao.r.g furnace 
e Ft>juc:.:;n '" ~:e<e,maitong costs 
•Versa: :.ry o' ::'ant - can ee used arso for 

ladre deg.l~s·ng and for heating of casts 

56 



• 

• 

• 
• 

• 

• 

• 

• 

• 

• 

• 

• 

BV-ladle to ladle stream 
degassing 
This precess rs a variation of r!'le BV-!>tream 
de;assing process In thrs ins:ance tl'le steel 
is teemed rnro a second ladle under 
vacuum. 
The favoi.;raore de;ass1ng cond•tions result 
in exrreme!y low hydrogen and oxygen con
tents. At t:'le same trme the nitrogen level rs 
reduced considerably Wi:!'I t:ie elrminarron 
of de!e!eno1.s cases me cleanness of the 
steel rs improved Teeming of the steel rs 
carrred out rn air or rn a shrouded atmo
sphere without appreciable absorptron of 
gases. During degassing analytical correc
tions can t:e earned out by addrtrons of 
deoxrdatrO'l and a!!oy ma!enals. Features 
of !hrs process are savrno;s rn alloys and 
achievement of the desired properties rn the 
steel grades produced 

~!fP,arures 

• &:remely low hydrogen level 
• Rapid oxygen removal by vacuum carbon 

decx1datron 
• Vacuum decarbunsat1on down 10 less 

ll'lan 0.004 % C. 
• Achievement of tight analysis tolerances 
• Low rnveSL"Tient costs 
• Simple eQu1pment handlrng. 

In line w1!h the BV ·buildong-block· svsrern 
the pra,.,r can be adaoted tor lad!e degas
s•r-; ard r:i1re 10 rn')ot stream degassrng 
11'\d can Cle converted to a VOD (Vacuum 
oxy1;en de::arburrsatron) rnstallatlOtl . 

Figure 14 

BV-ladle to mould 
stream degassing 
The s:eel rs teemed directly from ladle into 
the mould under vacuum. This method is 
r::ar:.c;;.;rarly apphcable for the production of 
heavy forging rngots. Steel from one or 
from ~everal furnaces can be brought 
together and teemed rn vacuum under the 
same advantageous condrtrons. 
The favourable degassing environment of 
the BV~adle to mould stream degassrng 
process results rn the lowest hydrogen 
levels whrch can be achieved technologi
cally . 

Sce=1al features 

• Extremely low hydrogen content down 
to less than 1 p.p.m. 

• Avoidance of macro- and micro-inc:lu
srons 

• Normal tap-temperature 
• Commercial productron of the largest 

forgrng ingots 
e Ingot wergnts from 5 t to 550 t 
• No need to remove hydrogen by anneal-

ing. 

In lrne wrth the ·burld1ng-bloc1c· system of 
the BV-stream degassing process the above 
plant can be used for ladle to ladle stream 
de-;ass1ng and for simple ladle degassing 
and can be converted to a vacuum oxygen 
decarburrsatron rnstanarron. 
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BV-tap degassing 
This variation of the BV-stream degassing 
process 1s normally used 1n ele:::trrc arc fur
nace shops where space is at a premium. 
The degassing treatment is carried out 
dunng the tapping of the electric arc fur
nace. 
Here again the favourable stream degassing 
condrtrons result rn low hydrogen. oxygen 
and nitrogen contents and in an improve
ment of cleanness. 
The teeming of the degassed ladle is car
ried out in atmosphere or with inert gas 
shrouding. with neglrble gas prck"p from 
the atmosphere. 
Special f 0 aturcs 

e Low hydrogen levels 
• Rapid oxygen removal by vacuum carbon 

deoxrdat•on 
• Vacuum decarburrsation down to less 

than 0.004 % C. 
• Achrevement of tight analysis tolerances 
• Shon distances between operatrons 
• Low investment costs 
• Simple equipment 
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DH-process 
The OH-vacuum degassing process is 
one of the batch type processes. 
The hqu1d steel •S treated in a vacuum 
vessel via a single nozzle. The cast to 
be treated flows from the ladle into 
the treatment vessel where a vigorous 
reaction takes place exposina a larqe 
hQu1d surface area to the vacuum. the 
degassed portion of the steel is return-
ed to the ladle with considerabie momen
tum. The sequence is repeated rapidly 
untrl the t~tal ladle contents is degassed. 
The teeming cf the degassed steel is 
carried out in air or with inert gas 
shrouding without a;::prec1able pick-up 
of gases from the atmosphere. 
This process is independent of free
board 1n the ladle and virtually inde
pendent of the slag layer from t'le fur
nace. It is. therefore. an ideal ladle 
metallurgical tool for secondary steel
making. The evolved practices lead to 
best pcss1ble cleanness level and 
lowes_t carbon contents. This type of 
plant is particularly suitable for works 
with high tonn.,ge throughput. 

180 I DH...,acuum plant al 
Ille Fhcen1x Works of 
Hoescll Werke AG 

OH-v,acuum plant lor 80 I 
CHIS 

Special featyres 

• Rat1onalrsat1on of steel plant produchon 
• Effective hydrogen reduction 
• Rapid oxygen removal by vacuum 

carbon deox1dat1on 
• Vacuum decarbunsat1on to levels as 

low as 0 002% C. 
• No need to tap slag free from furnace 
• Short treatment times 
W indcµe.-u.it-11l of free.Qoarci in iadie 
• low temperature losses 
• Achievement of narrow chemical 

a~lysis and temperature ranges 
• High recovery yields - with varying 

amounts of airoy additions made 
during the vacuum metallurgical 
treatment 

• Accurate recarburisat1on under vacuum 
• Effective mixing 
• Thermal homogenisation 
• Excellent separation of non-metallic 

inclusions leading to highest degree 
of cleanness 

• Good refractory perfo.-mance. 
The following process variations are 
available: 
OH-process with argon injection. 
OH-process with oxygen blowing 

. , 

.., 

FIGURE 15 

'. ~· .. c;,:· ... , ... 
' ~- l ' 

::;)" ... "·""' 
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·• 

; · .. . .,. 
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Vacuum 
circulation 
process 
The 1tacuum circulation process repre
sents another type of batch operanon 
Compared with the OH-process this 
type of plant u!<:!S two nozzles. The 
hQu1d steel is induced into the vacuum 
vessel by rn:ecting argon into one of 
the noules. The dissolved gases and 
argon are then released in the vacuum. 
The treated steel returns continuously 
to the ladle via the other nozzle. The 
teeming of the degassed steel is car
ried out in air or with inert gas shroud
ing without appreciable pick-up of 
gases from the atmosphere. 

..... 

, .. 

Scec1a1 featyres 

• Rat1onahsa11on of steel plant produc· 
lion 

• Effecove hydrogen reduction 
• Rapid oxygen removal by vacuum 

carbon deox1dat1on 
• Vacuum decarbunsat1on to lowest 

values 
• No need to tao slag free from fur-

nace 
• Short treatment times 
• Independent of free-board in ladle 
• Low temperature losses 
• Achievement of narrow chemical 

analysis and temperature ranges 
•High recovery yields with va(\· ~g 

amounts of alloy add1t1ons maoe 
di;ring tne vacuum metallurgical 
treatment 

• Effective mixing 
• Thermal homogenisation 
• Excellent separation of non-metallic 

inclusions 
• Good refractory performance 

300 t OH-vacuum plant 

. "'°'" 
"'. 4\, 1" 

.· 
~- .l~: -.r. \ l , '.c. ~ .. 

... ~.'. "\ ·_ I 

FIGURE 16 

Vacuum c1rcula11on plant 
for 100 t casrs at Ug1ne 
Ac1ers 1n France 
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Desulphurisation 
Pig Iron Desulphurisation 
lance 1nject1on w11h mixt:.ires of CaC2. Mg. 
Mg/CaC2 or Ca0/CF2. This in combination 
with the Hoesch-deslagging process. 
Special fHtures 

• lmp0ttant tool of ladle-metallurgy 
• '=~!!-~~~~-~ ::::.;!;~;.;;~:;v.~ 

compcunds 
• Reduction from high initial S contents 
• Final sulphur level less than 10 ppm 
• Simcre eQ..iipment 
• Lew investment costs 
• Efficient deslagging in shortest possible 

time 
• Low iron losses 

.. ~, 
. ~ .. 

. - ,;· 

Steel Desulphurisation 
The desulpl"lurisa11on of ltourd sreet is 
acM1eved by either lance in1ecr1on or Cored 
wire feeding cf calcium bearin9 comPQunds 
or with the additional lime together with in
tensive argon stirring. 
Other acolica11ons of rhi~ 111NO nf nb"' -

analvsis trimming and incfusic ') nodificauon 
bv means of in1ection or cored wire add•· 
tions of allaying comPQunds. 
Special features 

• Significant role in secondary 
steelmaking 

• Simple eQu1pmerit 
• Low invesrment costs 
• Finar S conrenrs less than 20 ppm 
• Aflcying under inert gas shrouding -

good recovery of affoy1ng elements 
• btce:rent separation of non-metallic 

ind us ions 
• Cleanness improvement 
• lnclus1on-mod1fication 

··--- -· -:-. -· .. _,; . --
.... • .... :. ·,··,-:-

.. · 
~ -~~:;::'.- ;-

. -. ·-. ·.- ·-
·A.'"' .. ~ 

. , ~' .~ ') ii r 
~ • ) ll 
I l ll J. .l .. .) ,, 

).)t .•. 
• ,,, 
t 

' l. ,. 

... " 1 
; . '] ... : .. ft.~ ... _:"!l l 

-~ ,~ ... - .... --1.4 
,-;./.: . . " ·-

, .. , . 

FIGURE 17 
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~ 
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CAS/CAS-OB and CAB Processes 
These processes are acpl1ed in secondary sreel~k1ng for the treatmenr of n::in-hydrogen 
sens1:1ve sreeis. for which vacuum treatmenr is not essential. 

CAS 
(CO"'OOS•loOft Ac!-Dv 
x.>ite ...,_.,,, e .. oc..ng P-1 

Oeox1da11on reagents c:nd alley1ng com
pounos are added ro rhe hc:u1:! sreet under 
exclusion of rne atmosonere w1rh1n a !'"'
t1a:rv 1mme,seo bell shaped hood. 

Special features 

• Alloying under ex:lus1on of air 
• Gocc recovery of ailoy1ng elemenis 
e ~n.evemen: cf t1gnt analysis l1m1tS 
• Gooa secara11on of non-metallic 

inclusions 
• Good deg,ee of cleanness from oxides 
• Snor. treatment rimes. low 1emperarure 

lesses 
• Low 1nves:ment and running COStS 

CAS-08 
(Camocs.1'°" ....,.u_, 1>t x- Af9C"' 
e..ooi"'I: ""'"".,..,a._ S-...01 
This mocMication offers the add1t1ona1 fac1h
IV to the CAS pro:ess to rehear the hqu1d 
~~~ ~.I ~!'."".: =~ ~:: ;:;;..-.•v.::-. !;:"'.:::. ~:o:.,-.w 
rares from 5 ·c - 15 ·c / min are possabie. 
Special features 

• Temperature c:onect1on of the 
ladle content 

• Avoidance of return castS dull! to low 
te..,perature 

• Allaying uncer exclusion of air 
• Good recevery of alloying elementS 
• Achievement of r1gn1 ana1ys1s l1m1ts 
• Good sepa~atron of non-metallic 1nc:lu

s1ons 
• Good de;ree of cleanr.ess from 01udes 
• Short rrea1menr times. low temperature 

losses 
• Low anvesrment and running costs 
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CAB 
n=--~ 
8..aaiong Ptocm1 

This inert gas bubbf:ng process leads to me 
improvement of oxide c!eanness under the 
ex1;iu~1un oi air or teQu1d sre..<s 1n sandslunc 
or semi-silica hneo IJdles. -

Special features 

• Gooo separation of non-metallic 
11•clus1ons 

• lmprovemenr in cleanness 
• •:-nprovemenr ci aium1n1um recovery 
• Exact achievement of cas:1ng remperaturi 
• Short rreatemeot times 

FIGURE 18 
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ladle refining processes has been relentlessly pursued. The aim of these ladle refining processes 

• is to efficiently minimize/remove non-metallic inclusions and impurities such as sulphur, 

phosphorus, oxygen, nitrogen and hydrogen. As a result, the proportion of total convener 

(BOF /LF) steel production undergoing secondary refining and ladle metallurgy since 1988 has 

• amounted to over 70% in Japan. Additionally, by optimizing the continuation of va:-ious types 

of ladle refining, it has been rendered possible to effectively reduct! impurities of levels Jess than 

20 ppm of carbon, 10 ppm of phosphorus, S ppm of sulphur and 8 ppm of oxygen . 

• Tundish Metallurc,y 

In continuous casting processes, the quality of steel cast is affected by the tundish. 

• Hence various measures have been applied to prevent molten steel streams from reoxidizing and 

to make non-metallic inclusions float up and to stabilize the casting temperatures. To prevent 

reoxidation of molten steel during teeming, a long nozzle is placed between the ladle and the 

• tundish over the molted steel. Additionally, a slag detector is attac'.1ed to the ladle to prevent 

slag carry over into the tundish. Tht! tundish is filled with argon gas thereby preventing steel 

reoxidation. Tundish dams control the flow of molted steel and make the impurities float up. 

• In the tundish, filters remove the impurities contained in the molten steel and minute bubbles of 

inert gas are injected into the tundish to promote the floating out of the impurities . 

• 

• 
62 
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Figure 19 shows the Tundish refining for upgrading steel purity . 

Refractory Sealing 
I 

Figure 19 - 'I\mdish Refining for 
Improving Steel Purity 

Controlled Rolling Technoloa 

Strength, toughness, high yield strength and weldability are qualities which are basic to 

steel including steel for welded construction. However, more serious are the service conditions, 

the tougher the material requirements become. To keep up with these demands, addition of 

expensive elements such as nickel, annealing in the off-line process and heat treatments such as 

quenching and tempering have been employed. These steps, however, increase production costs, 

production time, and lower productivity. 

The remedy to these problems, Thermo Mechanical Control Process (Thf CP) was 

developed. This is designed to reduce the alloying elements added through optimum controlled 

rolling and controlled cooling which impart high toughness and high strength and results in 

!:ignificant lowering of production costs and energy consumption. These measures have borne 

fruit in the production of high toughness and high strength steel ( 400,000 tons) which was used 

for the large diameter steel pipe for the Trans-Alaska oil pipe line and has lc:d on to other 
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applications as well. These controlled and accelerated cooling systems are now extensively 

employed in Japan, the USA and other countries . 

A variety ol high strength formab)e steel sheets with transformation-induced plasticity 

(TRIP) characteristics, which will facilitate the use of thinner mateiial for auto '><>dies, have 

been developed for mass production/consumption. It is claimed that these TRIP steels have 

been able to compete successfully with aluminum alloys, plastics and composites in the weight 

reduction areas. Vibration damping steel sheets for automotive applications, wherein steel 

sheets are being produced by rolling together a thick layer of visco-'!lastic polymer sandwiched 

between two outer steel sheets, have also been developed for superior performance reliability of 

the auto bodies. Apart from automotive applications, these vibration damping steels are finding 

other useful consumer applications. 

In 1965, only 1% of the world steel was continuously cast. Today this figure is 60%. 

Over 82% of aU steel produced is now continuously cast in the western world. In conventional 

slab casting, slabs are cast 200-250 mm thick and hot rolled in a number of steps to the final 

strip gauges. Thin slab casting and thin strip casting are now being developed. In this strip 

casting, steel is cast even closer to finished product size from 1 to 6 mm. A major problem is 

that high casting speeds are necessary if reasonable strip production rates are to be achieved. 

Yoest-Alpine and Allegheny Ludlum have joined to market a technology for casting strip as thin 

as '.l mm. A prototype is expected to be operatior.al by 1993. 

Another method of thin strip casting is spray forming, ir: which atomized molted metal is 

sprayed on the substrate metal strip and then compacted; it is also known as the Osprey process 

or the Sw;insea process. 

These developments are now dynamically changing steel production, rolling and 

furnishing operations and will lead the steel industry to high productivity, lower production costs 

and highest possible yield figures. 
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Intelligent Processing and EApert System, Automation 
and Computerized Operation or the Steel lndusta 

A large number oi Expert Intelligence Systems are now comprehensively applied in the 

steel industry. The Japanese Steel Industry initiated intelligent processmg systems in the mid-

eighties and today it is applying •artificial intelligence•, Al systems for multiple operations in the 

Japanese Steel Industry is as depicted in Figure 20. 

On a larger scale, AISI in the USA is initiating a Joint Industry-Government Research 

Project to develop Intelligent Processing Systems that will permit the steel industry to control 

the steel making processes based on the ability of a super computer to instantly sense the 

changes in the chemistry of the hot metal and steel, beginning from the blast furnace to steel 

production and to the rolling and fmishing lines. Alerted with the sensor data, the computerized 

system then urgently adjusts the process variables and reschedules the operations. Sensors that 

report the real time conditions will be playing a much greater role in the intelligence processing 

systems fc. the sted industry. Special efforts are directed to develop specific types of sensors 

for use in Multiple Expert Systems including su;>er-intelligent sensors. The umbrella term for 

the technology dedicated to smartening up the computers is the artificial intelligence which 

mimic humans experts. 

United States companies that reportedly have Artificial Intelligence Systems in operation 

and/or i.1 advanced development stages, include the USS Division of the USX Corporation, 

Bethlehem Steel Corporation, LTV Steel Company, ARMCO, the Timken Company and the 

Inland Steel Company. The A 1 system most significant today is Scheduling. For improved 

scheduling can improve productivity while greatly reducing inventory holding costs. At one 

ro!Er.g :nill, only 20% of the steel producing on any given day was ready to be shipped to the 

cu~tomcr and all the rest was inventorized - an expensive and costly practice and costly 

warehousing. A 1 Scheduling Systems which make a sizeable dent in this inventory can pay for 

themselves many times over. Several United States firms and most Japanese steel firms have 
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Number or Process Computers lnsbDcd 

Process Computers Introduced. 
by Procrss (as of Jt..~UIUY 1990) 

0th~ 
117 (9.4'1e) 

Raw i.taterials 
72 (5.1'1•) 
I 

I 

Slabbinr;, cu:. 
J37 (11.0'1•) 

Note -Of oil pnxessa, 1TJ11in1 accounts /or J4,,, of tis. procm 
··ccmputtn USl1 in tht stttl industry. .. ''·: : .' ; . 
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Number of Basiness Computers lcsblled 

171 

160 

150 

15116 '17 'I& '19 

Use of Busines.s Computers 
by Type of Operation (as of January im) 

Desir;n aad 
Teclutic:al 
Calculations 
4.l'Tt 

Personnd and · 
Labor 2.5,, . ............. .,.,,:--
r~ciii·a;d 
Cose Calculalions 
4.6'Tt 

Figure 21 

Others 
15J'l• 

.. -
Order Bookin&. UMI 
Sales. 9.91PJ 
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scheduling systems in operation. USS has developed a plate mill scheduling thereby assisting 

the plate mill schedulers to generate, evaluate, simulate and modify schedules to balance a 

number of factors such as the slab thiclmess, plate gauge. the finishing process, the work roll 

conditions and others. Upon receiving the data from a corporate mainframe i!omputer, a 

personal computer develops a program that allows for the addition, deletion and resequencing of 

tlae slabs to help create an optimal production schedule. The Japanese steel industry staned 

field tests on Al for the purpose of production process automation in 1983. Niffon Steel has 

applied expen systems for iron making. hot rolling, steel making. transponation, power plant 

regulations, surface treatments, bar and rod operatior.s, crld rolling, plate roUing, etc. Figure 21 

shows the current situation in Japan . 

The Japanese led the way in •Just in Time• inventory management advocated by W. E. 

Deming, ar. American statistician and management expen whose ideas about quality control 

helped revolutionize Japanese manufacturing industries after World War II. Deming was not 

heeded in the USA until the last decade when Deming's ideas and practices were 

imported/reimported from Japan to the United States. Many United States companies had to 

learn some painful lessons before they came to believe in Japanese methodology and applied it 

fully to save a crisis situation amounting to going out of business. "Just in Time" defines and 

makes possible other technologies such a KA1'.'BAN, a system of organizing the work place, 

continuous quality improvement and reduced times for making product and technology changes. 

Other Japanese technologies include employee involvement in decision making and 

responsibility for quality anci high productivity. The benefits are incredible. If you do not have 

to carry so much inventory, you do not have to pay interest on the funds blocked in the 

inventory, nor does one have to build warehousing to store the inventory. Associated with the 

"Just in Time• technique, is employee commitment. Production flow is simplified and problems 
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are detected •Just in Time•. •Just in Tune• technologies advocated by an American are central 

to the Japanese and have now been adopted by the United States industri~ albeit much 

delayed. , 

Pohanc Steel - Sourh Korn 

The Pohang Iron and Steel Company's (POSCO) main corporate systel:T' allows 

executives to monitor any stage of the steel production process, from raw materials on the dock 

to the temperature of the blast furnace in the steel plant. To aa:omplish these tasks. the 

computer system automatically updates 70% of the data used in tracking some 60,000 items for 

cost control. At the head office in Pohang. POSCO has a F ACOM M380Q for general 

administration while the steel plant itself runs a FACOM 380R for production/process control 

A FACOM M360 is used for sales and marketing. The new Kwangyang works of POSCO has 

an IBM 3090-ISE, a 3090 and c. 3081. The mainframes in Kwangyang. Poh1ng and Seoul are 

connected with a 4800 bits per second link. Nearly 600 PCs are connected to the mainframe 

via IAN links. Production is controlled by a Digital V AX8650 at Pohang and an IBM 3500 at 

Kwangyang. A total of 79 computers monitor and control all vital stages of the production 

processes and coordinate the flow of materials from the start to the end of the steel making 

process. UPI Computer's steel making process control software is used. POSCO has spent an 

average of 0.11 % of its sales revenue on the IS over the years of 1986 through 1989 which is 

about $2.47 for a ton of steel produced at the Pohang works. POSCO maintains that the 

expenditures are about equal to Nippon Steel and other top Japanese producers who arc 

POSCO's closest competitors . 

In the United States, the US steel makers are upgrading producti\'ity and efficiency 

through computer-integrated manufacturing (CIM) in which the computers determine optimum 

material flow through refining and processing facilities and track steel down through each 

operation. With CJM based tracking technology, mills can better control costs, reduce in-plant 
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m\.'Cntory and cut the amount of material handling chore5 they must perform along the way, all 

productivity enhancers. 

Gfn~-a Slttl CVS> 

GenC\-a Steel in Vineyard, Utah (USA) plans to install a continuous casting facility to 

produce thiclc slabs and also thin slabs. C ~ncva is th fJSt U.S. steel producer to announce the 

installation of a thin slab caster at an integrated steel plant. The new caster will be designed to 

produce conventional slabs 10" thick to support Geneva's exisLing product mix. Jn a •quick 

change• schedule, the machine will convert from a thick slab to a 2• thin slab. The casting 

machine ~ill be connected to the existing rolling mill to allow direct rolling of the slabs without 

the need for reheating unlike NUCOR at :•s Crawfordsville, Indiana plant in the United State5. 

Geneva Steel expects that the combined Q-BOP, caster and direct rolling technologies will 

improve finished product yield, reduce enery and labor costs, increase throughput capacity and 

improve metallurgical and surface quality of the mill's finished product mix. 

The future product mix of the steel industry will have to be oriented toward the 

production of special and super grades of steel of super purity. The acceptable limits of 

metalloids in these super grades of steel will be very low, e.g .. for line-pipe steel, ~ulphur level is 

around 0.005t;'C and phosphours lower than 0.002%. By the year 2000 AD, it is expected that 

the sulphur may be as low as 0.0015%. 

All such super refined1ents will be met by specialized emerging steel technolgoes, aided 

by computerized process control at each and every level and full use of automation and 

instrumental quality control measures which will pay good dividends. 

Kawasaki has been ahle to capitalize their knowledge of the steel industry. CJM, in 

building management system for a greenfield site like KSE Finsider /Siderbras j<'=:it venture, 

Companhia Siderurgica de Tubarao, 500 KW northeast of Rio de Janeiro, in Brazil. 

Information dissemination systems is a sector that is growing faster than th.· steel industry. 
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Micro-allond HSL~ Stttls 

In the last 2-3 decades, micro-alloyed high strength low alloy steels (HSLA) are 

preferred for a wide variety of structural applications Dual Phase (DP) are special class of 

HSIA sheet steel characterized by high strength, durability and formability. The properties 

make them attractive in automative applications as complex shaped and flat rolled products and 

in line pipe applications at low temperatures. In contrast, TRIP (transformation induced 

plasticity) steel constitute a new class of highly alloyed, ultra high strength, meta stable austenitic 

steels with greatly increased durability and toughness. As a result, they find applications as 

special flat rolled products and wires, etc. 

Conrlusions 

Developing countries have to progressively apply the latest technological innovations to 

their steel industry such as computerized contolled operations, thin slab casting. Energy 

optimized furnace operations, secondary steel making and ladle metallurgy, continuous casting. 

etc. to ensure both qualitative and quantitative upgrading Energy consumption per ton of 

steelmade will have to be reduced to conform to international figures. 

Energy consumption in the Japanese steel industry (1980-1990) and it comparison with 

other steel producing countries are illustrated in Figures 22 and 23 . 
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Figure 24 depicts the continuous casting rates of major steel producing countries and 

shows that South Korea. a developing counta. has a continuous casting rate/ratio higher than 

the USSR and the United States. Other developing countries can well follow and emulate the 

highly progressive and efficient steel industry in South Korea today while in 1966-1967, South 

Korea had practically no steel industry at all worth talking about. 

Continuous C:a.slia& lbca of Major Couabies, 
1980-1989 
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(/IS/ ca/1:11/arilJn /ormula) Figure 24 

Since the energy crisis of 1970, U.S. steel makers have cut their energy consumption by 

over 35%. As electric power, natural gas, coal and other fuels rival labor as the most expensive 

component for producing a ton of steel, their consumption has been cut down considerably. The 

Japanese steel making have led the way in this respect since Japan had to import almost all of 

its oil or fuel supplies. In 1990, two-thirds of all steel made in the United States has been 

continuously cast while in 1980; it was only one-third. Japan now links 94% of its steel as 

continuously cast. Jn Indiana, which produces ovt"r half of all steel produced in the United 
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Enrr:r Consumplioa b7 die Slttl Industry. 
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• 
States, all the integrated steel plants like LlV Steel Co., Inland Steel, Bethlehem Steel and USC 

• Corporation's Steel Division or also the Mini Steel producer NUCOR, Crawfordsville, Indiana 

handle the steel through continuous casters. 

Table 11 depicts per capita apparant steel consumption for different countries and shows 

• the disparity between developing countries and the developed world while Table 12 shows the 

crude steel production by major steel producing countries. 

Figure 25 graphically illustrates the crude steel production country wise from 1980 

• through 1990 and shows that while the USSR has the highest steel production in the world and 

yet it has the lowest continuous casting rate/ratio in the world with the exception of 

Czechoslovakia . • Figure 26 depicts the reported steel production costs for different countries from 1980 

through 1990. 

• A technical document of this type under preparation cannot claim to have said the last 

words on the complex subject of the iron and steel industry which is worldwide full of anamolies, 

contrasting performances and output, and different technologies; these technologies are being 

• steadily upgraded, pruned and conditioned to suit individual countries. The steel technology is 

undergoing dynamic groMh and pragmatic applications. Such technological developments and 

emerging processes have to be judiciously applied in the developing world . 

• The point to be emphasized is that techno-economic study of the emerging technologies 

and processes presents today a fast and vastly changing spectrum that can by no means be 

accepted universally for all countries developing and developed and for all times to come. And 

• that is where U.NJ DO's role is of strategic and paramount importance and value to the 

developing countries through formulating and implementing technical assistance programs and 

' 

• projects with a view to enable developing countries to select and appropriateJy apply the most 

judiciQ..1,15~....Q!>lLmullJ and ap_p_rQ.Priate technology to their steel industry. 
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In conclusion, a mention is made of a reported scenario of the steel ~dustry in the year 

2020 AD when it is claimed there would be radical changes in store for the steel industry . 

Twenty years into the next century, radical changes will take palce in the steel industry, 

e.g., the following: 

a. 

b. 

c. 

d. 

Direct steel making - from raw materia!~ to liquid steel 

Near net shaped steel product mix 

Ultra modern continuous finishing of the finished product-mix 

Further downstream integration and assembly of finished products 

By 2020 AD, customers will be demanding products that are undreamt of today with 

perfect u.1iformity, chemistry, surface finish, strength to weight raio and corrosion resistance . 

Injection moulding and rapid solidification would be employed using new high temperature 

ceramics. Electro-magnetic liquid shape forming technology will replace the •spray" and •freeze• 

operation of rolling mills . 

Computerization will take over decision making from memory about variables such as 

temperatures, gauges, shapes, surface quality, etc. 

By 2020 AD, the steel industry will be envirnnmentally friendly with very little wastages 

and discards. All inclusive recycling of the steel plant wastef. and by-products wilJ be the order 

of the day resulting not only in producing •cJean" steel hut also ensuring "clear.er" environments . 

The developed countries <>nd those developing will have to pool their resources of raw 

materials, technology updating and transfer, joint ventures in multiple fields of research and 

development and industry, etc. !f these goals are to he achieved. UNIQO wilLhave to plliu 

k11(!ing part to conlill!l.<ll!.cW.J!~hjt:ve the ahove goals an.d....D~ectives. 

Ar~.no~J~Jlgcments 

In accordance with the "Ierrl}s of Ref ere nee" covering the "Special Service Agreement• 

entered into between UNIDO and the writer, this paper /document is hased essentially on the 
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deliberations of the Technical Sessions on •Emerging Technologies of the Steel Industry - New 

Materials and Steel Product-Mix•, held dudng the Materials Week of thE ASM Jnemational at 

Cincinnati (21-24, October, 91) and which had been organized by the writer as the Program 

Organizer for ASM-Jnternational, aligned of course to the requirements of UNIDO for technical 

assistance to the developing countries, based on the writer's experience and observations 

Bibliographic Referer.ces to the Exhibitors and the Exhibitions held during 22 to 24 October. 

1991 of the Materials Week of ASM International are contained in Appendices A and B of this 

document/paper. 

The writer wishe! to thank UNIDO for facilitating the expression of his views and 

technical data presented herewith. ASM has also organized during the Materials Week, the 

Materials Exposition and Steel Treatment Exhibition. The list of exhibitors for the Materials 

Exhibition along with a brief outline of the Exhibits are shown in Appendix A. 

The list of Exhibitors for the Heat Treatment Exhibition along with a brief outline of the 

Exhibits are shown in Appendix B. 
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• APPENDIX A 

ltlATERIA.LS EXPOSITION EXHIBITOltS 
(as of 9120191) 

1000 HoJometrix, Inc. 1506 Naval Research~ • 1001 Nano Instruments, Inc. 1509 Bowser-Momcr, Inc. 
1002 Anatech Ltd. 1510 Martin Marietta Ene~~)'Ster!ls 1004 American Weldin~stitute 1511 Bureau of Mines/U.S. pl of lnlerior 1005 Textron Specialty teria1s 1513 National Institute of Standards & Technology 1006 Title III Program Office (NI Sn ln1 Codonics, Inc. lS15 National Institute of Standards & Technology 1203 Phili~ Electronic Instruments Co. ~sn 1205 AJ. uck Coil:iy 1520 ech International • 1209 Metalworking eclinoJogy. Inc. 1522 Shiva Technology 1210 MMA Laboratories 1526 Battelle 1216 Leica Inc. 1527 Charles Evans & Asscciates 1217 While Engineering 1529 ISM Technologies, Inc. 1220 Anter Laooratories, Inc. 1530 Aerobraze 1221 New Mexico Advanced Materials and 1533 UES, Inc. 

Manufacturing Technology Col'ISCll'tium 1534 Inco Alloys International, Inc. 
1223 Baikowski International 1535 Struers, Inc. • 1225 American Welding Society 1602 Penton Publishing 1228 Buehler Ltd. 1608 E S Microwarc 1229 DuPont Co. 1610 Orbit Scarcia Service 
1231 David Sarnoff Research Center 1611 Ceramic Industry 1233 Theta Industries Inc. 1612 c~ Development Assn. 1234 ABB Autoclave Systems 1613 s. 
1303 VDM Technologies ColJ). 1614 MPD Netwvrk/SlN International 1309 Technology For Energy Cmp. 1615 k formation On Demand, Inc. • 1310 South Bav Technology 1617 Di~ Information Serv.ces, Inc. 1311 Crystalite· Corp. 1619 AS faterials Information 1312 Noran Instruments, Inc. 1620 Ir.formathn Han:-.Jing Systems 
1313 M~S lnspeftion Inc. 1622 Allied-Si~ 1314 C Zeiss, Inc. 1623 Material "d 
1315 SA TEC SLstems, Inc. 1621 ISO S~trum 1320 Mar-Test nc. 1625 IQS, nc. 
1321 Union Carbide Advanced Ceramics 1626 Astro Met, Inc. • 1322 Ricerca. Inc. 1627 Olympus Cor t'CJration-lndustrial 1323 Materials Anal}1ical Services, Inc. Fibcroptics Div. 
1326 Metal Samples Co .. Inc. 1630 Tensile Testing 
1327 The ElcctrofJel Mfg. Co. Ltd. 1632 A VS Industries 1328 Span~ Speci'ilty Metals 1633 NewA~ Industries Inc. 1329 E.A. ischi,me Instruments, Inc. 1634 AECL esearch 1330 Kaiser Rollmet 1734 Vacuum Furnace Sys1ems Corporation 
1331 Princ~lon Camma-Tech, Inc. 1735 Geller Microanalyt1cal Laboratoiy • 1334 Instron Corporatio:J 1737 Anderson Laboratories 1404 Thermo Electron!fecomet 2101 Edison Welding Institute 1408 Nikon Inc .• Instrumenl Group 2103 CWC Textron 
1409 Schenck Pegasus Co!J>. 2105 HeL'lerington. Inc. 1413 Sherrill Gordon Limiled 2106 Micromeri1ics 
1414 J.W. Lemmens, Inc. 2108 Sheny Laboratories 1416 Poco Gr~hite. Inc. 2110 Interfakcn Techl1ology 
1417 Charles . Kawin Co. 2111 Duffers Scienlific, Iilc. • 1420 National Forge Company 21i6 Leco Corpora1ion 
i421 Unitron Inc. ITl Process Products Co~ration 1423 Orlon Ceramic Foundation TT3 Poli~hing Spccial1ies o. 1427 Ceracon, Inc. Tfl Griff Machine Products Co., Inc. 1428 MTS Systems Corp. IT4 Wolper1/Probat 1429 guestar c~. ITS Kellermann Manufacturing Co. 1431 .C. Technologies TI7 Freund Puhlishing H:>use 
1432 Optra, Inc. TT8 Metron Technolofn • 1433 Implant Sciences Corporation IT9 Jnsitht Scientific nc: 1434 ElcctroScan Co1p1Jrat1on ITIO S.S. . Technologies 1435 Haynes ln1crna11onal, Inc. ITll Metallc'l Engineered Ma1erial Corporation 
1436 AnJly1 icaJ Assoc iatcs. Inc. IT12 Elmdz.s 
1503 Lawrence Livermore National Laboratory 
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19911\IATERIALS EXPOSmON EXHIBITS SUB-COUMfITEE 

Mr. Ronald D. Mukle, Chairman 
CinciMati, OH 

Mr. Bill Anderson 
Wilson Instruments 
BinghamlOn, NY 

Ms. Susan J. Am:nauh 
Tensile Testing 
Cleveland. OH 

Ms. Claudia Beitinger 
Poc:o Graphite, Inc. 
Decatur. TX 

Ms. Kristina Bjorksten 
Ricerca. Inc. 
Painesville, OH 

Mr. Todd A. Bonesteel 
Duffers Scientific, Inc. 
PoesteujJ, NY 

Ms. Beverly Borak 
ASM lntemaiional 
Materials Parlt. OH 

Ms. Maria Braungart 
Lei.:a Inc. 
Buffalo, NY 

Mr. John D. Coyle 
Unitron Inc. 
Bohemia. NY 

Mr. Charles K. Deak 
Analytical Associates Inc. 
Deb'oit. Ml 

Mr. James Eagan 
Panax USA Corp. 
Southfield. Ml 

Ms. Jennifer C. Evans 
American Welding Institute 
Knoxville, TN 

Mr. James M. Greenleaf 
Grunlcaf Corporation 
Saegertown. PA 

Ms. Kathleen O"Hara Hendry 
Ir.,uv.-. Corpor•tion 
Canton, MA 
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Mr. David Henrib 
South Boly Technology. Inc. 
San CJemenrc, CA 

Mr. Herbert S. Kalish 
Adan.as Metals 
Kenilworth. NJ 

Mr. Kent H. Kohnken 
Technical Ceramics Labs 
Alphuetta. GA 

Mr. Tun Lamb 
Aero braze 
CinciMati, OH 

Ms. Renee M. LettieR 
Anter Laboratories Inc. 
Pittsburgh. PA 

Mr. David Lurie 
Industrial Heating & CeramiL Industry 
Troy, Ml 

Mr. William Miller 
GM Research Lab - Metallurgy 
Warren, MI 

Mr. Eric Pearson 
LECO Corporation 
Brighton, MI 

Mr. Jim Stone 
Inco A.lloys International 
Huntington, WV 

Ms. Carolyn V\lll 
TMS 
W arrendale, PA 

Mr. Paul Warren 
CWC Textron 
Muskegor.. Ml 

Ms. Peg Weir 
ASM International 
Materizls Park, OH 

Mr. Gary G. Witt 
Ford Motor Company 
Dei..-bom, Ml 

Mr. William G. Wood 
Parker Corporation 
North~ille, MI 
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ABB Al'TOCLA YE SYSTEMS 
INC. (Columbus. Ohio) 
Booth #1234 -- features laboratory. 
pilot plan! and production-sized hol 
(HIP) isos1atic and cold (CIP) 
isostatic pressing equipment. as well 
as highlighting new advances in 
HIP technology such as: oxygen 
environment HIPping. worlzone 
dilalometers. high temperature 
measurement systems. unifonn 
rapi'1 cooling (HIP Quench). and 
complete computer-based conlrols. 

Also on <!isplay will be components 
made from silicon nitride with ABB 
Cerama • s encapsulation/HIP 
technology. ABB Cernma also can 
provide products such as: silicon 
nitride milling media. ceramic 
mixers. or programs for 
development of customer products 
from advanced ceramic materials. 

AECL RESEARCH (Chalk Rfrer 
laboratories Chalk Ri\'er. 
Ontario. CANADA; Whiteshel/ 
laboratories - PinaK·a. Manitoba. 
CANADA) 
Booth #163" -- features Neutron 
Diffraction. a nondestructive 
technique. that can measure residual 
stress gradients and texture within 
the bulk of engineering 
component~; Internal Friction and 
Surface Topography 
Characterization (services and 
custom systems); and Ionizing 
Radiation for curing. cross-linking 
and grafting of advanced 
composites. and for producing 
plastics with unique properties. 

AEROl:R.\ZE (Cinrinnati. Ohio) 
Booth #1!30 -- description not 
3\ ailahlc at tim;: of printing. 

A. ,J. Tl'CI\ CO'.\f PA~\' 
( Rrool.ftrld. C onnertirut) 
Booth #1205 features 
elcctroforming. a process for 
fahricating metal parrs by 
eleclrodcposirion in a plating hath 
over l hasc for:n or mandrel which 
is suhscqucntly removed. 

The advantages are faithful 
reproduction within one micron. 
without sfuinkage or distortion 
associated with other metal fonning 
techniques. Since the mandrel is 
produced as an outside surface. 
exb'emely complex and accurate 
interior configurations can be 
achieved. 

The process is limited IO copper 
and nickel, but due to refined 
crystal structure. superior physical 
properties are achieved over 
wrought. Complete manufacturing 
services including design assistance. 
quality .:onb'ol to mil spec. 
electroforming. plating, CNC 
machining. soldering and assembly. 

Al.LIED-SIGNAL (Morristown & 
Parsippany. New Jersey) 
Booth #1622 -- features advanced 
development materials including 
new high temperature ceramics. 
BLACKGLASn1• SPECTRA™ 
fihcrs. METGLASTM magnetic. 
solder and hrazing alloys. and the 
new HT A - High Temperature 
A!uminum alloys. The high 
temperature ceramics and 
BLACKGLAS have found uses in 
engine components. SPECTRA 
SHIELD composites have 
estahlished wide use in hallistics 
protection (annor. helmets. etc.) as 
well as such diverse areas as 
sailcloth and cut resistant gloves. 
METGLAS foils and HT A alloys 
arc produced using Allied's rapid 
solidification technology. The 
amorphous structure of METGLAS 
alloys puts them among the softest 
magnetic materials in existence for 
present and emerging applicarions. 
Thr same process ;1pplied to 
brazing and soldering alloys 
produces unique filkr metals with 
more superior technical 
performance than conventionally 
produced alloys. The aluminum 
alloys. HT A. possess light weight, 
greater Mr~ngth and corro~ion 
resistance at high lcrnpcraturcs 
versus alloys prcsl.'nlly u'cd. most 
nolahly Alloy 8009. 
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AMERICAN WELDING 
ISSTITUTE (Knonille, 
Tennessu) 
Booth #1004 -- features a non
profit organization that provides 
services to the welding and joining 
industry. Services include. but are 
not limited to. the following list: 
Equipment evaluation. quality 
control, customized software, 
mechanical testing. etallurgita: 
analysis. onsite trouble shooting. 
failure analysis and specialized 
training development of Welding 
Procedure Specifications. A WI 
personnel will be available in the 
booth to discuss A WI services as 
well as demonsb'ate software 
developed by A WI. Software 
featured at the booth will include a 
new release of 
FERRITEPREDICTOR which 
predicts ferrite content in weld 
metal u~ing L~e new WRC 1988 
Constitution Diagram. 

A ~f ER IC AN \\' E LIH ~ G 
SOCll:TY (Miami. Florida) 
Booth #1225 -- features information 
on A WS codes. standards and 
specifications: technical literature; 
Welding Journal; Annual 
Convention and Show; Certified 
Welding Inspector program; 
educational seminars/conferences 
and mcmhcrship. 

A:-\ .. \1.YTICAI. ASSOCIATES. 
1:-\C. (Detroit, Mirhigan) 
Booth #1436 ·- features complete 
Metal Testing Services. including 
(a) Chemical Analysis: 
determination of Major. Minor. and 
Trace Element-; and Gases in 
Metals; (h) Physical Testing: 
Hardness & Tensile Properties. 
Rend Tests. Proof Loads. etc.; (c) 
Metallurgical Testing: 
Microstruclures. Plating thickness. 
Minohardncss. Grain si1.e, Failure 
Analysis. etc. (d) Corrosion Testing: 
Salt Spray, Humidity, lnh:rgranular 
Corrosion Su~cp1ihility. etc.: (e) 
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Technical Pholography: Regular, 
Micro. Macro. under visible, IR. or 
UV lighting; (0 Special Melting 
Services: Melting of Samples or 
experimental Alloys (up to 17 lbs) 
in a vacuum Induction Melling 
Furnace. 

Analytical Associates is an A2LA 
accredited Laboratory (in the 
Chemical and Mechanical Fields of 
Testing. including Fastener 
Testing). - Expert Witness and 
Consultation services also available. 

ANATECH LTD. (Alexandria. 
Virginia) 
Bonth #1002 features 
CA~1DIAM™. a hard carbon 
coating for wear resistance and 
chemical inertness. HUMMERS™ 
for thin film deposition for research 
and failure analysis. AIM 2.0 ion 
mill for thinning samples for TEM 
and Ltie IG-50. or Scm broad beam 
ion source for surface modification 
of materials and ion enhanced 
deposition. 

A~DERSO~ LA RORA TORIES, 
I:"C. (Greendale. Wisconsin) 
Booth #1737 -- features materials 
testing to AMS, ASME. ASTM. 
A WS. GM & Military Standards. 
Chemical analysis utilizing 
spcctrographic. as well as traditional 
wcl methods. Mechanical testing 
including T Y & E. Charpy "U & 
V" notch to -321"F. Failure 
Analysis employing optical and 
scanning electron microscopy 
(SEM). Heat treat evaluation, 
p!ating composition and thickness. 
Corrosion (salt spray & humidity) 
testing. We are a General Motors 
and Pratt & Whitney approved 
laboratory. 

A~TER LABORATORIES INC. 
(Piusburgh, Pennsylvania) 
Booth #1210 features 
dilatometers. thermal conductivity 
units. 
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ASM/MATERIALS 
INFORMATION (Materials Park, 
Ohio) 
Booth 11619 - dcscriplioo not 
available al time of printing. 

ASTRO MET, INC. (Cincinnati, 
Ohio) 
Booth #1626 - features custom 
ceramic wear components; foam 
and porous ceramics; and metal 
structures. setter plates. kiln 
furniture. 

A VS INDUSTRIES (Ayer, 
Massachusetts) 
Booth #1631 -- dcscriplioo not 
available al time of printing. 

BAIKOWSKI INTERNATIONAL 
(Charlotte, North Carolina) 
Booth #lll3 -- description nol 
available at time of princng. 

BA TTELLE (Columbus. Ohio) 
Booth #1526 -- features research. 
development, and engineering 
services providing product design 
and manufacturing ent;:neers wilh 
design. manufacturing. and 
materials technology to create 
leading edge products at 
competitive cost Battelle's 
services pcnnit existing operations 
to be more efficient. economical. 
and environmenlally compatible. 
Battelle · s innovative technologies 
include electronic ceramics; 
photonic materials: super-insulating 
aerogels; ceramic. metal. and 
polymer matrix com!lQsites; wa1:te 
minimi1.ation; batlery development; 
service life improvement 
methodologies; life cycle and 
environmental impact analysis; and 
corrosion sensors and corrosion 
research. 

BOWSER-MORNER, l~C. 
(Dayton, Ohio) 
Booth #1509 -- features Bowser
Momer, Inc.. who will be 
discussing their Research. 
Dcvelopmenl. and Product Testing 

Capabilities 
Materials, 
Composites. 

for High 
Ceramics. 

Alloy 
and 

Bowser-Morncr will featute these 
capabilities f~ the Automotive. 
Aerospace. and Nuclear Industries. 
Of special intcrst will be Bowscr
Momer's Corrosion Control plan 
for users of High Alloy Materials 
such as 304L. 316L. and C-276. 
This program can help assure that 
companies are using heats of 
materials with consistent corrosion 
properties. 

BUEHLER LTD. (Lake Bluff, 
Illinois) 
Booth #1228 -- features their 
complete line of sample preparalioo 
cquipmenL microscopes. hardness 
testers. an image analysis system. 
laboratory furniture. aPd related 
consumable supplies for the 
microstructural analyst. Included 
will be the ISOMET™ 2000 
Precision Saw. ABRASIMATIC:- 2 
Automatic Abrasive Cutler. 
SUPERMET• 2 Grinder. 
SIMPLIME"I4 3 Automatic Electro
Hydraulic Mounting Press. 
ECOME"I4 4 Variable Speed 
Grinder/polisher. AUTOME"I4 3 
Microprocessor Controlled Power 
Head. and a select line of TECH
MEl4 Laboratory Fw-niture. 

The highlight of the exhibit will be 
the new ALBRECHT Fully 
Automatic Sample Preparation 
System. Preparing samples in a 
fully automatic sequence from 
planar grinding lo final polishing. 
this system can produce more lhan 
300 spccimcr.s in eight hours. This 
breakthrough in sample prepararion 
technology comhines statc-of-lhe-art 
rohotics. mic, 'lprocessors. user 
definahle softwar ... logic and touch
screen controls with lhe 
rcvolurionary BUEm.ER DIALOG• 
sample prcpararion procedures. 
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BUREAU OF MINES/U.S. DEPf. 
OF l~TERIOR (Washington, DC) 
Booth #1511 -- description not 
a"·ailable at lime of printing. 

CARL ZEISS, INC. (Tlromwood, 
Ntw York) 
Booth #1314 -- features a line of' 
microscopes. the inverted 
AXIOMA T™ and AXIOVERTnl 
metallographs and the upright 
AXIOPLAN™ microscope. All 
feature new JCS optics. 

The metallograph, stereo 
microscope and the VIDAS™ 
Image Analysis System are 
incorporaled inlO a convenient work 
station "M.A.R.S:. Stare of the art 
video delivers hardrnpies in ~ior 
and allows for viewing by multiple 
users. 

C.C. TECHNOLOGIES 
(Columbus, Ohio) 
Booth #1431 -- features C.C. 
Technologies' engineering and 
research capabilities. C.C. 
Technologies is an engineering and 
research firm specializing in 
corrosion, corrosion control, 
evaluation of materials propenies, 
materials selection, and design and 
development of instrumentation and 
engineering software. 

C.C. Technologies has the 
capabilities to perfo:m most 
corrosion and materials properties 
related testing. We arc staffed with 
highly trained Ph.D. scientist~ and 
profc~sional engineers who are 
nationally and intemJtionally knoY.n 
research and engineering leaders in 
the fields of corrosion, fracture 
mechanics, and corrosion control. 
With this expertise, C.C. 
Technologies maintains a 
knowledge of the statc-of-lh('-.:.ut 
tt.:chniqucs in corrosion and 
materials science, which permits the 
highest quality research, testing, 
engineering, desi1;:n, failure analysis, 
and remaining life prediction to be 
performed. 
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CERACON, INC. (Sacramento. 
California) 
Booth #1427 - feature> the 
Ceracon Process™. The Ceracon 
ProcessTM is a qU3.Sl-isostJtic, hot 
consolidation technique which 
utilizes a proprietary granular 
material as a pressure transmiuing 
medium (PTM). For fabrication o~ 
pans, a cold iso-pressed or 
mechanically pressed preform is 
prchcatcd and immersed in the hot 
PTM. Forming fully dense, near 
net slnpc parts in a matter of 
seconds, the Ceracon Technology 
provides industry with a cost 
effective solution to producing 
suucturally sound parts in MMC, 
intermetallics. ferrous and non
ferrous alloys, refractory metals, 
engineered plastics and more. 
Preservation of rapidly solidified 
microstructures, ultra fine grain and 
carbide sizes. enhanced mechanical 
properties, and prevention of 
interfacial reactions arc just a few 
of the technology's benefits. 

CERA\llC l:"Dl'STR\' (Solon. 
Ohio) 
Booth #1611 -- features copies of 
the magazine and subscription 
infonnation. 

CHARLES C. KA WIS CO. 
(Broadview, Illinois) 
Booth #1417 features a 
metallurgical testing lab. 

CHARLES E\"ASS & 
ASSOCIATES (Redwood Cit>" 
California) 
Booth #1527 •· features Charles 
Evans & Associates, who has 
recently e:ihanced it~ analytical 
capabilities by adding a new JEOL 
200kcV TEM, a JEOL Field 
Emission S~M. and a VG Gloquad 
to ito; already large suite of 
analytical instrumentation. Charles 
Evans & Associates is a complc1e 
analytical laboratory spcci:ililing in 
trace level and surface an:ilysis. 

CODOSICS, INC. (Middleburg 
Heights, Ohio) 
Booth #1201 -- description not 
available at time of printing. 

COPPER DEVELOPMENT 
ASSN. (Greenwich. Connecticut) 
Booth # 1612 -- fcarurcs copper data 
center. Copper SelecL 

CR\'STALITE CORP. (Marina 
Del Rey. California) 
Booth #Ell features 
MASTERSYSTEM Metallographic 
Sample Prcpa.-ation System Product 
line featuring the:! 
MASTERSYSTEM-600 Variable 
Speed Grinder/Polisher, the 
MASTERSYSTEM-800 Variable 
Speed Grinder/Polisher, and the 
MASTERSYSTEM-1000 Vibratory 
Polisher. Also ft'aturcd are 
diamond and CBN grinding and 
polishing products and 
Mctallographic sample preparation 
con-' um ables. 

CWC TEXTRO'."I (.\tuskegor., 
Michigan) 
Booth #2103 -- features steel 
castings. 

DA \'ID SAR'.\OIT IU:SE.\RCll 
CE,TER (Prinreton. New Jerscyj 
Booth # 1231 -- fca1ures the David 
Sarnoff Rcsear~·h Center which has 
been a ~uhsidiary of SRI 
International since 1987, and wa' 
formerly the corporate research 
lahormory of the RC A Corporation. 
Wi1h :1lmo~t 50 years of experience, 
we provide an extensive a.'Tay of 
rcsi:arch, development, and 
engineering sen·iccs and a track 
rernrd of s111:ccss for advanced 
m:iteriab k;1ding to advanced 
products. Technology area~ 

hi!!hligh1ed in our e>.h1hi1 include: 
Sl·mironductor Technology, 
Op!IK'kl'lronic \fatl·ria1', Electronic 
P;Kkaging, 1.mnin,·.;cent and 
Di~pby Mall'rials, Failure Analysis, 
Thin Film Tl·rhnology, Organic 
Ekl.'lr1mic J\.tt1aiab. Surface and 
ln1afal'L' Sl· i1•111.:c, (\:ramK and 
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Metal Matrix Composites. Sol-Gel 
Technology. Pl~ma Proc~ing. 
Powder Technology and Processing. 

Technical Representatives will be 
available to discuss how the Sarnoff 
Center C31l help your organization 
improve existing products or creale 
new products through advanced 
materials technology. 

DIALOG Jr-;FORMATION 
SER\lCF..S, 1r-;c. (Palo Alto, 
California) 
Booth #1617 -- features providers 
of computer dial-up access to the 
largest collection of information 
available to the public. Subject 
coverage includes reference to all 
significant technical publications -
conference papers. technical journal 
articles. patents -- a~ well as 
product press relcao;es. Cumpany 
directories produced by Dun & 
Bradstreet. S1andard & Poors. and 
others are also available. Dialog 
also offers instant access to leading 
newspaper and industry-specific 
newsletter articles. Data produced 
b~· the Materials Information service 
of ASM - Mctadex. Engineered 
Materials. and more -- arc available 
on DIALOG. 

l>l'FFERS SCIE!'iTIFIC, I~C. 

(Poestenkill. NeK· York) 
Booth #2111 -- features state-of
the-art metallurgical process 
simulation ·· including equipment 
for simulation of hoc dcformalion. 
mul1i-s1and rolling. continuous 
ca.~ling. welding. and continuous 
strip annealing. Applic:ations 
engineers will be available to 
discuss how laboratory simulalions 
can produce suhs1an1ial savings in 
lhe research lab and on the 
production floor. 

DU PO!"a CO. ,Wilmington, 
Dela.,.,·are) 
Booth #1229 .. descriplion nol 
;;.vailahle at time of printing. 
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EDISOS WELDING INSTITUTE 
(ColwnbllS, O:jo) 
Booth UIOI - features the 
resource dedicated to improving 
U.S. manufacturing through 
materials joining tecl>nology. 
EWI's goal is IO enhance the 
bottom-line performance and 
competitiveness of its over 200 
member companies through 
improved quality, increased 
productivity, reduced cost. and 
extended product life. 
Representing a broad range of 
joining needs, EWI engineers apply 
an in-depth knowledge of materials 
and their performance as they are 
affected by each specific joining 
process. For instance. EWI has 
developed a new multi-mode 
varistraint testing machine to better 
characterize the weldability of 
metals and their alloys. A model of 
this machine will be on display at 
the booth. 

01hcr materials/joining related areas 
fea1urcd will include ferrous metals. 
advanced alloys and composites. 
ceramics and plastics. 

E.A. FISCHIONE 
ll\STR t'!\IEl\TS, I!'llC. (Export, 
Pennsyfrania) 
Booth #1329 -- features a series of 
TEM related products. Specimen 
preparation instruments in..lude the 
Twin-Jet Electropolisher. the 
FIM/FEM Micro Polisher. the 
Digilal Dimpling Griudcr, and the 
Model 2000 Specimen Prep System, 
a siate-of·!he-art microprocessor 
based dimpling grinder. Also 
displayed will be SEM and TEM 
Specimen Holders for cus1om 
applications. 

El.ECTROSCAN 
CORPORATIOS (Wilmington, 
Ma.uachusells) 
Rooth #1434 •• foaturcs the 
Environmental Scanning Electron 
Microscope (ESEM). The ESEM 
opens the door to an uncli:plored 
world or microscopic phenomena 
unrcachahle wilh the high vacuum 

SEM. An historic breakthrough in 
electron beam instrurnentatioo, the 
ESEM brings unprecendentcd 
power to bear "ll'I any micro
analytical problem. Insulators such 
as plastics. paper. ceramics. or glass 
are easily imaged without the need 
of applying a layer of artificial 
coatings. Observe Md record 
dynamic processes. such as 
hydration/dehydration, absorption, 
melting, corrosion and 
crystallization. The ESEM's unique 
electron optics and revolutionary 
secondary electron detector make 
short work of observing even the 
most difficult specimens under 
·impossible· conditions. 

ELMDAS (Pennsyfrania Furnace, 
Pennsylvania) 
Booth #1712 -- description not 
available at time of printing. 

E S MICROW ARE (Hamilton, 
Ohio) 
Booth #1608 -- features TAPP. a 
personal computer database of 
structural. thermochemical. and 
physical propcny data for over 
I 0.000 solid. liquid and gaseous 
compounds. Properties include 
crystal structure. density, specific 
heat. enlhalpy and free energy of 
forma1ion, elastic moduli, thermal 
expansion. viscosity. and thermal 
conductivity. Properties are 
displayed in a spreadsheet format at 
temperatures input hy the user. The 
program also includes phase 
diagrams for over IOOO binary 
metallic and ceramic systems. 
Navigalion with icons and menus 
provides simple anJ ra1lid access to 
the data. TAPP runs on both 
Macinlosh and Windows platforms. 

FREl.'l\D Pl'BLISllll\C. HOl'SE 
I.TD. (Tel A\'fr, Israel) 
Booth #TT7 •• features a puhlisher 
of more th~ IO journals in the 
malerials sciences and technology 
and in chemislry. We also publish 
hool.s in lhc same fields. We offer 
co-puhlishing. co-production and 
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cooperative distribution services for 
new books and journals as well as 
translation and printing services. 

GELLER MICROANAL \TICAL 
LAP.ORATORY (Peabody, 
Massachusetts) 
Booth #1735 -- features analytical 
services. metallographic products 
and x-ray standards to the scientific 
communify. 

Analytical services include SEM. x
ray analysis (with both energy and 
multiple wavelength dispersive 
spectrometers). quantitative 
metallography. conventional 
metallography. and surface analysis 
using Auger electron spectroscopy. 

Products include the patented 
"Counter-Rota-Cutter"; attachment 
for low speed metallographic saws 
(Buehler. LECO. and Struers) 
which increases cutting speed. 
improves surface finish. extends 
cutting dcplh 2X. and allows for 
thin sectioning of difficult to cut 
materials. Also offer~J are 
reference materials for Auger. XPS. 
X-ray and microprobe techniques. 
and the V ACU-STORR high 
vacuum dessicators with holding 
times of 5 years. 
<iRIFF \IACIU:\E PRODUCTS 
co., l~C. (Pittsburgh. 
PennS)frania) 
Booth #TT4 features grips. 
holders. bolt testing fixtures and 
accessories to fit all makes and 
models of testers manufactured by 
Tinius Olsen. Satec. MTS. Instron. 
Riehle. United and more. 

That's all we've ever made, which 
gives you two significant 
advantages: 
1. Our product~ are a~ good 

or better as any you 'II 
fine'. 

2. Our prices beat the 
OEM's, usually by al least 
10%. 

Griff also reconditions worn grips 
and custom makes others for hard 
to handle applications. 

Griff stocks what we sell and offers 
the faslest turnaround available on 
out of stock items. 

HA YNES INTERN A TI ON AL, 
INC. (Kokomo, Indiana) 
Booth #1435 features a 
technology-oriented company 
devoted primarily to the 
development and manufacture of 
high-performance nickel-. cobalt
and iron-base alloys for severe 
corrosion and high-temperature 
service. The Company also 
produces titanium-base alloys used 
as seamless tubing in 
aircraft/aerospace applications. 

Major facilities are in Kokomo. 
Indiana. where there are advanced 
melting. remelting and hot- and 
cold-rolling facilities. A facility for 
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producing bolh seamless and 
welded tubular products is located 
in Arcadia. Louisiana. A complete 
facility for processing billet. bar, 
shapes. rod and wire is located in 
Openshaw, England 

HETHERINGTON, INC. 
(Ventura, California) 
Booth #2105 -- features hydrogen 
and high vacuum furnaces for 
precision brazing. metal injection 
molding. ceramic injection molding, 
sintcring. metallizing ceramics. Hot 
presses. bar sintering systems and 
powder debinding apparatus. 
Furnace accessories: work racks. 
work handlers. work loaders. See 
ad on page this page. 

HOLO:\IETRIX, INC. (Bedford, 
Massachusetts) 
Booth #1000 -· features thermal 
conductivity/diffusivity instruments. 

Sintering, metallizing, bra~ing ceramics 
Cofiring and controlled atmospheres 

( 805) 658-8111 

Fax: (805) 658-8985 

• Size Lab to 50 cu ft 
• 750 ·c to 3000'C 
• Reliable repeatable and 

uniforrr ~suits 

• Top loading 
• Bell-style production 
• Hot presses 
• Hor11ontai front-ri~e~1ng 

HETHERINGTON 
t 

h1gn ff:r'.pe~Jf1Jfe t1»~i1~g syc.tr·rn:, 
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IMPLANT SCIENCES 
CORPORATION (Dam·trs. 
Massachusttts) 
Booth #1433 -- features a wide 
range of ion implantation products 
and sen·ices. In addition to direct 
ion implantation. the company 
offers ion beam sputter coating and 
ion beam mixing services to the 
aerospace, medic.al/dental. 
metalworking and semiconductor 
industries. 

Also offered is a computer-based 
pin-on-disk system which simulates 
and measures sliding wear and 
friction. The ISC-200PC tests 
virtually any combination of metal. 
plastic. composite, glass or ceramic 
substrales. The unit consic;ts of a 
gimbaled arm with pin auached, a 
fixture which accommodales disks 
up to 3" ir. diameter. an electronic 
force gauge and a computer chart 
recorder. 

Wear testing services are also 
available in a controllc<! laboratory 
environment. 

INCO ALLOYS 
l~TERNATIONAL, INC. 
(/luntington, West Virginia) 
Booth #1534 -- features a wide 
variety of high-perfonnance nickel 
alloys including the MONEL. 
INCONEL. and INCOLOY series. 
Special emphasis will be given to 
more recent alloys devclopmenls 
such a!> INCOLOY alloy 925. 
INCOLOY alley 800HT. INCONEL 
alloy 625LCF. INCONEL alloy 
725. INCO alloy 25-6MO. and 
INCO alloy MS 250. 

Shown in the booth will be samples 
of such innovative producrs as 
inrcmally finned tuhing. with 
inrcmal fins lhat can increac;c the 
1.0. surface area by more than 10% 
without increasing the O'J:side 
diameter. Materials for 
wallpapering and cladding lesser 
malerials for corrosion resisrance in 
pollulion control cquipmenl will he 
present. 
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Mechanically alloyed ah:minum
lithium aircraft forgings and other 
mechanically alloyed products will 
also be featured. 

INFORMATION 
SERVICES 
Colorado) 

HANDLING 
(Engltwood, 

Booth #1620 -- features CD-ROM 
Information Services from IHS. 
You can &cccss full-text industry 
standards. military specifications 
and vendor catalogs right at your 
own personal computer. Full-text 
standards are available from many 
organii.ations. including ASTM. 
ASME and UL. All of IHS's 
Infonnation Services are fully 
indexed so that you can locate the 
exact information you need. 
whether you know the document 
number. title or subject matter. IHS 
lnfonnation Services are updated 
regularly so you are always 
accessing the most current 
infonnarion available. 

INFORMATION ON DEMAND, 
INC. (McLean. Virginia) 
Booth #1615 fealures 
Infonnarion On Demand. Inc. 
(100). who locales and retrieves 
full-text copies o: any publicly 
available document. JOT ~eels in 
the retrieval and dl .;ry of 
s1andards and specifications. NTIS 
reports. U.S. and non-U.S. patents. 
conference proceedings. and journal 
articles. 100 als.J has special 
arrangements in place to provide 
documenl delivery for SCAN C2C. 
the only company in the United 
States to provde. in English. 
compelitive information from 
Japan ·s leading scienrific journals. 
To place an or r, call and a.sk for 
Cus1ome1 Service. 

INSIGHT SCIF:NTUlC INC. 
(Simi Valley. California) 
Booth #TT9 -- features transparent 
braJ.ing fwnaces with advanragcs m 
process development ar.d small 
pans production. Outer tube of 
furnace is transpatcnl fused quartz 
wilh an advanced thin film coating 

that reflects heat back into the 
fwnace core while simultaneously 
allowing an unsurpassed view of 
processe.s occuring within. The 
operator can visually monitor the 
process and make adjustments while 
it is taking place! Direct 
monitoring improves efficiency and 
increases understanding. 

Also featured are Cool Windows for 
the furnace OEM and the furnace 
user. They reflect heat while 
transmitting visible light. allowing a 
clear view of the furnace core. 
This eliminates hot window 
hazards. decreases 0-r:ng 
temperatures. reduces cooling 
requirements. and allows larger 
windows to be designed into the 
furnace without creating coldspots 
in lhe hot zone. 

Insight Scientific also manufactures 
furnaces for crystal growth, optica: 
fiber drawing. and thennophysical 
property measurement. 

INSTR ON CORPORATION 
(Canton, Massachusetts) 
Booth #1334 -- features a Model 
4502 test instrument wi1h the nt!w 
HRD (High Resolution Digital) 
Extcnsometer and the new 2 kip air 
grips perfonning R & N testing 
with the Series IX KYN Program. 
Also exhibiting a Model 8501 with 
a multi-channel data acquisition 
board and modular grips showing 
low cycle fatigue. The new high 
tempcra1ure Howmel extensometer 
(lemps. to I200'C) for TMF 
(lhennal mecha!!ical testing) will 
also be shown. Malerials testing 
software will also be shown. 
highlighting the new FLAPS PLUS 
(Windows-based) program. This 
program for advanced fatigue 
tc~ting includes a tesl previewing 
function. real-time graphic~. 
calculation lihrary and post-test 
processing spreadsheet capability. 
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INTERLAKEN TECHNOLOGY 
(Eden Prairie, Minnesota) 
Booth #2110 -- features compuler 
con1rolled servohydraulic ma1erials 
resting instrumenls. PC based 
sof1ware provides complele control 
for the full range from advanced 
dynamic lests to lensile tests. Full 
range of accessories include grips, 
fixlures. exlensometers, data 
acquisilion systems. environmental 
chambers and furnaces. 

IQS, INC. (C/e\•e/and. Ohio) 
Booth #1625 -- fealures an 
innovative organi?.ation specializing 
in quality assurance consulting, 
training and software. IQS has 
extensive experience in assisling 
companies in lhe steel and heat 
lreat induslries meel aulomotive and 
military requirements. 

ISM TECHNOLOGIES, INC. 
(San Diego. California) 
Booth #1529 -- fcarures Advanced 
Industrial Surface Modifica1ioo 
technology, including tl>e MEVVA 
series of Meial Ion Implanta:ioo 
Systems. These are !he only 
syslems suitable for produc1ion 
level processing. Industrial Surface 
Modificarion wirh MEVV A Mera! 
Ion Implaniation Systems is used 
around lhe world to increase wear 
resistance. reduce friction. inhibil 
cocrosion. and harden. It can be 
used on metals. ceramics. plasrics 
and other materials. As an 
example, the process has bcne 
shown to incrca~e tool insert life by 
as much as a factor of five. ISM 
provides both ME VY A Metal Ion 
Irr.planlation equipment and 
Industrial Surface Modification 
Services . 

ISO SPECTRUM (Columbus, 
Ohio) 
Booth #1624 •• description not 
available .it time of printing. 

J.W. 1.EMMENS, INC. (St. 
wuis. Mi.uouri) 
Booth #1414 ·· features non
dcstrucrive 1esring instrument~ to 

measure elastic materials properties 
and damping. Based on the 
Impulse Excitation Technique 
(IET). the fundamental resonant 
frequ~ncies of an object vibrating in 
a flexural. torsional or longitudinal 
mode are detennined and displayed 
in digital form. From lhese 
frequencies, Young's Modulus. 
Shear Modulus and Poisson's Ratio 
can be calculaled. 

From the decay curve. the damping 
factor is calculated and the 
logarithmic decremen• is shown in 
digital form. 

For visco elastic materials, a 
differenl technique - Dynaliser - is 
used to obtain Young's Modulus 
and damping values. See ad on this 
page. 

KAISER ROLP.fET (ln·ine, 
California) 
Booth #1330 -- features Precision 
hollow Shapes by Cold Roll 
Extrusion. 

Kaiser Rollmet has manufactured 
prec1s1on seamless cylindrical 
shapes for aerospace, defense and 
commercial applications utilizing 
the proprietary Roll Extrusion 
process. since 1967. This unique 
room temperature metal-forming 
technology is ideally suited for 
production of lhin-walled, complex 
cylindrical shapes in diameters from 
4 inches up to 72 inches. Virtually 
any deformable metal is suitable 
including aluminums. metal matrix 
composiles. titaniums, i•iconels, 
precipitation hardening steels 
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Elastic properties of materials-modulus 
of elasticity. modulus of rigidity. Poisson's 
ratio. and damping-are measured nonde
structively with the Grindo-Sonic system. 

0 

J. \\'. LE\1\lENS, INC. 
10801 Pear Tree Lane 

St. Louis. MO 63074-1450 
Tel. 314-427-3884 Fax. 314-427-6051 
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through zirconiums. Practical 
tolerances on diameters and wall 
thicknesses are +/-.OOr with 
lengths up to 24 feet attainable. 
Complete-to-print capabilties for 
rocket motor cases. launch tubes. 
pipe and liners for pressure vessels. 
Quality systems per MIL-I-45208A 
and ASME NCA-3800. 

K E L L E R M A N N 
MANUFACTURING CO. 
(Wauconda, Illinois) 
Booth #TT5 -- features close 
tolerance. high quality aluminum. 
lead. zinc and ZA alloy permanent 
mold castings. Specialize in small 
to medium volume production. 
Castings from ounces to 50 lbs. 
Cast-in metal inserts. heat elements. 
and cal-rod capabilities. 12 
proprietary molding machines up to 
28 x 40 x 36 which combined with 
our in-house tool room eliminate 
design constraints of draft. coring 
and undercuts. Secondary 
operations include heat treating. 
filing, deburring. conventional 
machining and NC/CNC machining 
centers. A single source 
responsibility from die design 
through secondary operations. 
finishing and assembly. Process 
<.ontrol system ensures repeatability 
Jf quality from run to run. 

LA\\ R E:\CE 
!'l'ATIO,AL 

Ll\"ER:'\10RE 
LABORATORY 

(Lii·emwre, California) 
Booth #1503 -- features The 
University of California. which 
operates the Lawrence Livermore 
National Laboratory (LLNL) for the 
U.S. :::>cpartmcnt of Energy (i10E). 
Rcprescntati •cs fron LLNL will be 
available to discuss technologies, 
patent licensing opportunities. and 
the possihility for collahorative 
'Urangcmcnts with the Lab in 
several important area<;, including: 
non-destructive evaluation 
technology, coatings. supcrplasticity 
of materials. composites technology, 
process modeling. and m;i: ·rials 
development and characteri1.ation. 
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LECO CORPORATION (St. 
Jostph, Michigan) 
Booth #2116 -- features the LECO 
2001 Image Analysis System with 
automatic stage for unattended 
operation. Additional instruments 
on display include the CM24A 
Automatic Cut-off Machine. PR35 
Automatic Mounting Press. AP300 
Automatic Polisher, 
LECO/OL YMPUS PMG-3 Inverted 
Metallograph. SZH Stereo 
Microscope. M400-Gl 
Microhardness Tester. and V 1 OO-C2 
Macrohardness Tester. See us at 
The Heat Treat Show in the 
adjacent Booth #700. 

LEICA INC. (Deerfitld, Illinois) 
Booth #1216 features a 
demonstration of exciting new 
products for materials science: 
Cambridge Instruments Q570 Image 
Analysis System. from Leica. and 
the Stcrcoscan 260. general purpose 
Scanning Electron Microscope with 
life time 3-D imaging and 
measurement capabilities. The 
Wild Leitz Aristomel Universal 
Materials Rescarci~ Microscope. 
microscope accesso;ies whic:t 
include heating ~tages. 
micr;,nardness tester anJ fully 
automated photomicrographic 
system. Stereo Microscopes and 
Macroscopcs. 

MAR-TEST l~C. (Cincinnati, 
Ohio) 
Booth #1320 -- features their 
capahilitics in the mechanical 
testing of metals, composites. 
intcnnetallics. ceramics, and other 
advanced materials. Extensive 
facilities and specially designed test 
equipment account for unusually 
quick turnarounds of any size test 
programs in the areas of low cycle 
and high cycle fatigue. thermal
mcchanical fatigue. cyclic crack 
growth. and numerous other test 
methods. 

MARTIN MARIETTA ENERGY 
SYSTEMS (Oak Ridgt, 
Tenntssu) 
Booth #1510 description not 
available at time of printing. 

MATERIAL AID (Windsor, 
Ontario, CANADA) 
Booth #1623 -- features an 
inexpensive computer-aided
learning package which teaches 
elementary concepl'> of materials 
science. It has been designed for 
freshmen engineering students, and 
developed as a supplement to 
lectures and textbooks. It has the 
advantage in that it can make use of 
dynamic illustrations such as 
dislocations moving or x-rays being 
diffracted. The person learning can 
use the modules over and over in 
privacy. The learning package will 
be valuable for executives. 
technicians and salespersons who 
want to improve their technical 
background in topics sach as the 
heat treatment of steels. New 
modules. just coi.1pleted on X-ray 
diffr:iction and diffusion. will be on 
display al the show. Sit down and 
try this novel teaching tool. 

MATERIALS A~AL\'TICAL 

SER \'ICES, l~C. (Raleigh, North 
Carolina) 
Booth #1323 features a 
laboratory committed to quality 
materials analysis. Experienced 
analysts arc employed to cover a 
wide variety of materials problems. 
In-house services include: SEM. 
TEM. FTm. STM, XRD. and 
Optical Microscopy. Specialized 
services such as SIMS. XPS. and 
AES arc also available. 

:'\fETAL SA \11'1.ES CO .• l~C. 

(Munford, Alahama) 
Booth #1326 -- fcarurcs 1.:st 
specimens for materials c .. ·aluation. 
which will he displayed in a variety 
of materi<1ls and d'imensions. Other 
products/services 'include fasteners. 
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insulators, NOT reference kits, 
corrosion probes, a quality control 
department based on Mll.-I-
4:208A. and a complete high aech 
machin~ shop utilizing CNC 
equipmenr with CAD/CAM 
capabilities. Machining of exotic 
and difficult alloys with laser and 
EDM technclogy is offered, as well 
asm. precision grinding, finishing 
and heat-treating. Metal Samples 
expanded operations this year by 
opening Alabama Research and 
Development Corp. for conducting 
medical. aerospace. and corrosion 
research projects. The company is 
the recipient of a U.S. Federal grant 
for one of its medical projects. 

METALLO:'ll 
MATERIAL 

ENGl!'IEERED 
CORPORATIO!'l 

(Pawtucket, Rhode Island) 
Booth #TTll -- features clad 
metals. 

METALWORKING 
TECll!\OLOGY, INC. 
(Johnstown, Pennsyfrania) 
Booth #1209 -- features MTI. who 
provides technical metal·Norking 
services to industry and 
govemmenl Its goals are to 
develop high quality solutions 
enabling industry to produce net 
shape parts and !heir manufacturing 
processes correctly the first lime, 
wilhin an efficient. environmentally 
safe and cost-competitive manner. 
MTI operates the National Center 
for Excellence in Metalworking 
Technology (NCEMl) for the U.S. 
Navy Manufacturing Program. In 
support of this role, MTI has 
developed expertise in the following 
technical areas: Powder 
Metallurgy, Casling. Forging, 
Extrusion, CIC. To support these 
efforts. MTI conducls advanced 
computer simulations with data 
collected from its stale-of-the-art 
malcrials 1esting machines'. MTI's 
support for small business. in 
addition. will expand considerably 
with iL~ operalion of the prototype 
C ALS Shared Resource Center 
(CSRC). The CSRC should 

facilitate the improved economic 
competitiveness of small 
manufacturers. 

METRON TECHNOLOGY 
(Boulder, Colorado) 
Booth #TTI -- features a new line 
of hand-held and bench-wp 
industrial instr Jments for heat 
monitoring, thennal analysis and 
data acquisition. Digital data 
analysis and storage is now an 
opportunity for heat treating and 
materials developmenL The 
THERM products range from 
economical pyrometers to multi
channel data collection units which 
can utilize almost any type of 
thermocouple. RID. thermistor or 
infrared sensor and have analog or 
RS-232 outputs. The instruments 
are designed to provide versalile 
solutions for operations and quality 
cor.trol within lhe materials/metals 
industries. METRON will provide 
free lilerature and have working 
demonstration instruments on hand. 

MICRO\fERITICS (Norcross. 
Georgia) 
Booth #2106 -- features particle 
size analy1.ers. B E.T. Surface 
Analyzers which mea~ure surface 
area and pore volume distribution. 
and Gas Pycnometers wnich 
measures the absolute density of 
powders. solids. and liquids. 

!\f\1 A LABOR A TOR I ES 
(Jluntington Beach, California) 
Booth #1210 -- features MMA 
Lal'lfiratories. who currently tests for 
over 1500 companies throughoul 
the U.S. for: Chemical Analysis. 
Physical Testing. Metallurgical 
Evaluation. NOT, Fatigue, Failure 
Analysis. Stress Rupture. 

MPD NETWORK/STN 
11\'.TER~A TIONAL (Columbus, 
OhioJ 
Booth #1614 -· fcalures prc..viders 
of access lo over 100 of the world's 
most valuable scientific/lechnical 
datahascs. The Materials Property 
Data (MPD) Nelwork. exclusive to 
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SlN, gives easy online access to 
worldwide sourtes of numeric data 
on maierials property research and 
engineering. The MPD Network is 
the only service offering malerials 
property data in one convenient 
place. Find answers to difficult 
maierials prope11y questions via the 
MPD search system, designed 
specifically for the maierials science 
community. 

MQS INSPECTION INC • 
(Woodlawn, Ohio) 
Booth #1313 -- features the largest 
NOE/QA service organization in the 
United States. Headquartered in 
Chicago, MQS maintains 23 full 
service facilities nationwide 
providing leading edge inspection 
services to the power generation 
industry. aerospace, pelro/chem, 
defense and aulomotive. As the 
MQS reputation and client list has 
grown. so have the number of 
advanced services now being 
offered. Personnel plus state of the 
art equipm'nl and facilities. permits 
complele metallurgical and 
chemical analysis. welding. 
mechanical testing. machining. 
chemical etching and cleaning. 
~oupled with our ever expanding 
NDE capabilities. MQS lias become 
a center of excellence that has 
helped thousand;; of companies 
become more productive. 

MTS S\'STE\1S CORP. (Eden 
Prairie, Minnesota) 
Booth #1428 -- features dynamic 
test systems. software and 
accessories from its Material Test 
Division. a static test syslems, 
sofi ware and accessories from its 
Sin1ech Division. 

l'IA!\0 l:\STRl1!\1E~TS, l:'<IC. 
(Knon·ille, Tennessee) 
Booth #1001 ·- fealures the NANO 
INDENTERntlI. Ullra-low load 
indenlalion testing makes possible 
the de1ermina1ion of mechanical 
properties from surface layers less 
than 2000 A thick. Hardness. 
elastic modulus and time-dependent 
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SITE 
KUl~TltlG? 

STlltT V:ITH US! 
PacifiCorp Electric Operations is one of the nation's largest and low
est priced suppliers of industrial electricity, and we're looking forward 
to meeting you at the 13th Heat Treating Conference and Exposition 
to discuss that new plant or company relocation. We 11 show you why 

Wyo~ng is ideal for a heat treating * PACIFl(ORP 
operation: abundant power, favorable ELECTRIC oPERAToNs 

• RICFlC POWER l./TAH POWER 
tax structure, productive work force, s w 

. TAIT ITH US. 
moderate wages. And we11 assist you, one- "'1--: 

on-one. to find a site that meets your specific 
nreds. Qurstions? Call Barry Beausoleil 

r.__/~ .• 
!-----

~ ·, -
toll-free today'. 1-800-221-0720. 

properties can be e;;tracted from 
real-time load-displacement data 
which the NANO INDENTERT""II 
obtains with resolutions of 75 nN 
and 0.04 nm, respectively. Spatial 
resolution of 0.4 µm makes possible 
determination of these properties 
from extremely small, well-defined 
regions within a sample. The 
NANO INDENTER™II is totally 
automated to run all experiments 
unaltended in order to assure 
complete thermal and vibrational 
stability of the system, yielding 
very accurate, consistent data. 
Typical application areas to date 
have been sub-micron thin films. 
ion-implanted layers, multi-phase 
material~. interfaces in composites, 
and hulk materials in a wide variety 
of metals, ceramics and polymers. 

NATIO~AL 1-"0RGE COMPANY 
(Andover, Ma.uachusetts) 
Booth #1420 -- features the latest 
technologies and equipment for the 
hif,h pressure industry including 
Hot Isostatic Presses, Cold Isostatic 
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Presses (weC bag & dry bag). 
Quartz Crystal Growing Systems. 
Chemical Reactors, Deep Well and 
underwater simulators. 

NATIONAL INSTITUTE OF 
STANDARDS&TECHNOLOGY 
(NIST) (Gaithersburg, Maryland) 
Booth #1513 and 1515 -- features 
an agency of the U.S. Commerce 
Department's Technology 
Administration. Its mission is to 
strengthen U.S. industry's 
competitivene~s. advance science, 
and improve public health, safety. 
and the environment. 
NIST is a major center for 
materials research as wen as an 
important source of reliable 
materials infonnation. New re
search thrusts include intelligent 
processing of materials, high per
formance composites and ceramics, 
atomization of metal powders, HIP, 
llnd intennetallics. Major NIST 
programs in Standard Reference 
Data include phase equilibria, 

corrosion, tribology, properties of 
ceramics and com-posites, crystal 
structure, and surface science. 

NAVAL RESEARCH 
LABORATORY (Washington, 
D.C.) 
Booth #1506 -- features "Materials 
- Fabric for a Strong Navy", de
picting twenty-two areas of current 
materials resean:h. 

NEW AGE INDUSTRIES, INC. 
(Willow Grove, Pennsylvania) 
Booth #1633 -- features hardness 
testing instruments for testing 
according to the Rockwell, Brinell 
and Microhardness test methods. 
On display will be portable, bench 
and production units all with digital 
readout, built in statistical software 
and RS-232 output for printer or 
computer interface. Of special note 
will be our MT-90 Production. 
Microhardness Testing Svstem. 
Capable of doing automatic and 
fully programmahle microhardness 
tests, the MT-90; can do effective 
case and decarburi7.ation studies in 
only 2 minutes. Also on display 
win be our Ma~ter Calibration/ 
Hardness Calihration Test Blocks, 
the only test blocks currently 
available ir1 the U.S. that offer 
traceability to established inde
pendent international hardness value 
standards. The highlight of our dis
play will be our new Brinell Optical 
Scanning System. the B.O.S.S. 
which is a fully automatic Brinell 
scope. Available as a PC based or 
portable hand held unit, the 
B.O.S.S. automatically reads Brinell 
impressions. and calculates the imp
ression diameter and Brinell hard
ness value in under 2 seconds. For 
over forty years New Age Industries 
has been a leader in the field of 
hardness testing and a stop by our 
booth will clearly demonstrate why. 
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NEW MEXICO ADVANCED 
MATERIALS AND 
MANUFACTURING 
TECH,OLOG\" CO,SORTIUM 
(los Alamus. New Mexico) 
Booth #1221 -- features research 
anJ development material and 
material processing. 

l'"IKO!'I INC., INSTRUMENT 
GROUP (Me/\'ille. New York) 
Booth #1408 -- features Nikon 
Model QM-2 High Temperature 
Microhardness Tester, Nikon Model 
SMZ-U Stereo Research Micro
scope. Nikon Microphot-FXL Uni
versal Research Microscope, Nikon 
Epiphot lnvened Metallograph. 

!"ORAN INSTRU!\IE,TS, INC. 
(Middleton. Wisconsin) 
Booth #1312 -- features the 
Voyager. the latest in x-ray 
microanalysis technology providing 
image and chemical data from 
samples in a scannirg electron 
microscope . 

OLY\1Pl'S CORl'OR.-\TIO'· 
J:\DlSIRL\L FlllHWl'TICS 
DI\". (lake Success. New York) 
Booth #1627 -· features Flexible 
Fiberoptic Borcscopcs (Fiberscopes) 
with interchangeable tips and four
way tip angulation. Rigid 
Borcscopes. Miniborescopcs. Light 
Sources plus full Video and 
Photographic accessories arc 
available for internal remote visual 
inspection. Accurate comparisons 
can be made with photographic 
records of prior inspections to 
determine whether there has been 
crack growth or other progressive 
changes. Monitoring m;ichinery 
photographically is far bcllrr than 
comparative opinion about the 
conJitions of components. 

01"1 RA, INC. (Bnerly, 
Ma.uachuulls) 
Rooth #1432 -- features the Laser 
Extcnsometer 3000, a non
conlacting, optk:al extensomerer that 
does not require markings. targets. 
or preparation of the sample 

surface. This extensometer 
provides 5 microinch resolution and 
works equally well on ceramic, 
composite, metallic. and plastic 
materials. The Laser 
Extensometerwill monitor 
specimens enclosed in a chamber 
and is suited for applications 
combining ·high temperatures (> 
2500"C), rapid cyclic fatigue, 
vacuum, radiation, and corrosive 
vapors. 

ORBIT SEARCH SERVICE 
(Mclean, Virginia) 
Booth #1610 -- features an 
international leader in online 
information services. We provide 
users with access to over 100 
databases heavily concentrated in 
the areas of science and technology. 
We will be providing live online 
searches on our extensive files 
covering materials. plastics. rubbers, 
ceramics and metallurgy. Stop by 
our booth with your search topics 
and we'll show you how ORBIT 
Search Service can pro .. ·ide you 
with the critical il'lformation you 
require while at the same time 
saving you money and more 
imponanlly time! Or if you can't 
make it by our booth call us toll 
free for more information. 

ORTECll l'TER"'ATIO,AL 
(Mississauga, Ontario, CANADA) 
Booth #1520 •• features an 
independent technical consulting 
and contract R&D org;11uzation. 
Bu'iiness and technical viewpoints 
can be applied simultaneously to 
client's needs ;'1 areas including 
process and produd development, 
materials selection, formulation. 
evaluation and specification testing 
for industry and government. 

Ol(f O:'li CERA\tIC (ll/esrerville. 
Ohio) 
Rooth #1423 -- features thermal 
analysis testing instruments 
including dil:itometers for 
measuring thermal 
expan\ion/shrinkage from -170 to 
I 60<r and a thermal 

diffusivity/conductivity analyzer for 
continuous measurement of thermal 
diffusivity/conductivity of materials. 

Also features. Testing and Analysis 
Services - a wide range of materials 
testing to understand the behavior 
of ceramic materials. 

Other products nffered by Orton 
include pyrometric cones and bars 
for measuring heatwork during 
firing and programmable 
temperature control systems for use 
with electric kilns. 

PA Y'E El'\GINEERI'.'IG (Scoll 
Depot, West Virginia) 
Booth #808 (in Heat Treating 
Show) features Payne 
Engineering. who has been 
recognized since 1959 for technical 
leadership in design and 
manufacturing dedicated to Solid 
State Motor Controls and SCR 
Power Controls. They will display 
the industry's most complete range 
of these products. Motor controls 
include: SE!'ffROL EM3 series 
reduced voltage "Soft Stancrs". the 
award nominated I IDZ/EZ Solid 
State Relays designed to replace 
mercury displacement switches. and 
heavy duty series I IR Reversing 
Starters. Also featured: SCR 
Power Controls. designed for 
manual or remote signal operation 
for complete control in process 
heating applications up to 1200 
amps at 480 volts. Free Literature 
and Applications Puhlications. 

PE:'liTO!'\ l'l'BLISlll:'li<; 
(Clerc/and. Ohio) 
Booth #1602 features 
complimentary copies of. and 
information on. PENTON 
PURLISlllNG'S Metals Group 
Trade J\faga1.ines: :n MET AL 
PRODUCING. :B NON-FERROUS 
EDITION, FORGING. FOUNDRY 
MANAGEMENT & 
TECHNOLOGY. CASTING 
l>ESIGN & APPLICATION. 
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PHILIPS ELECTRONIC 
INSTRllMENTS CO. (Mahwah, 
NeM: Jersey) 
Booth #1203 - features scanning 
electron microscopes. 

POCO GRAPHITE, INC. 
(Dtcatur, Tuas) 
Booth #1416 features 
polycrystalline synthetic graphite. 
bulk materials and finished parts. 

POLISHISG SPECIAi.TiES CO. 
(Ntl4·port News. Virginia) 
Booth #1T3 features a 
manufacturer/distributor of 
polishing. cutting and inspection 
equipmenL • Ultra Tee MFG: 
Polishing machines and cutoff saws 
for industry and research. • Oarlc 
Taylor: Miniature 
diamond/co~ventional band-saw. • 
Crvstalite: Diamond laps. polishing 
films. compounds. and slurries. • 
PSA: Inspection microscope. 
specialized polishing services. A 
full polishing lab is exhibited. 

PRINCETON GAMMA-TECH, 
INC. (Princeton. New Jersey) 
Booth #1331 -- features the 
IMAGIST™. a SUN™ workstation 
based system featL .ing advanced 
image processing and analysis 
capabilities for optical microscopy 
and video based analysis. and the 
IMJXTM system. with 
comprehensive EDS X-ray analysis 
and digital imaging capabilities for 
SEM. TEM and STEM. The 
Omega SLS™ a two atmosphere 
light element detector will also be 
on display. 

PROCESS PROI· UCTS 
CORPORA TIO!'ll (N. Andover, 
Massac husttts) 
Booth #1Tl -- features stale of the 
an rapid thermal processing systems 
modular constructed IO integrate 
reduced pressure and mass now 
Modular integration of PECVD
RTP-RIE-Magnatron Sputlering-Ion 
Beam Cleaning-Dcposition-ECR 
Technology-RTCVD. 

CLEARLY 
YOUR GLASS EXPERTS 
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$em.Com ,~a manufacru,er of ~per.1atry gt;i~ses and gtass· 
ce•am1c p•ol1ucrs We can prov11'1e cu~rom melhng of your 
f0rmulal1on or Cl'!velop a compo~1!1on lo mpef your 
reQu"emcnt•, • Pu,,,de•ed. Fr1fled o• C;,sf Prc,duc!s Av<1ilable 
• H"J~ Purify • O;it;i 8.1',<J of Over 10 000 Cornpu<,1f1ons 
• cc,mpr,•,1!1(Jn OPvP.:opmenr • Full R,v1gp of Glass Se;ilanrs 

WITH NEARLY 200 YEARS OF COMBINED EXPERIENCE 
IN GLASS TECHNOLOGY MELTING & PROCESSING 

Ql!ESTAR CORP. (Ne..., Hope, 
Ptnnsy/\·ania) 
Booth #1429 -- description not 
available al time of printing. 

RICERCA, INC. (Painen·illt, 
Ohio) 
Booth #1322 -- features a variety of 
analytical services provided by 
Ricerca for the materials industry. 
All major analytical techniques are 
included. as well as SEM. TEM and 
optical microscopy; elemental 
analys~ by ICP. AAS. and HGA: 
XRD and XRF; physical testing 
such as BET. particle sizing.a nd 
image analysis. One-oo-one 
personal consultations ensure that 
results and inreq.-etations are 
communicated in a meaningful and 
confidential manner. 

SAE (Warrtndalt, Ptnnsyfrania) 
Booth #1613 -- fealures hands-on 
product demonstrations of 
malcrials-related software packages 
(AMSearch® & UNSearch®). on
line and CD-ROM databases. and 
display of related publications. 
AMSearch is an electronic index 
allowing efficient access to 
document listings for over 2.500 
Aerospace Marerial Specifications 
(AMS). UNSearch - Version 2.0 is 
time-saving soflware for 
electronically searching data on 
over 4.000 metal alloys by chemical 
composirion (exact or range). 
common trade name (alloy). UNS 
designation. society designarion. 
federal specification. milirary 
specificarion. or internal (company
specific) informarion. SAE is the 
publisher of thousands of rechnical 
papers. man" specialized hooks. 
hundrr!ds of srandard-;, numerous 
reference volumes. software. and 
on-line daraba.~s. 

S.\l'EC S'tST.:\IS, l~C. (GrO\'t 
Ciry, Pennsytl'ania} 
Booth #1315 -- fc.alures a wide 
variety of mechanical equipment 
available from SA TEC for an 
cfricient approach to marcrials 
1.:s1ing in today's market 
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A faligue rated Servo-Hydraulic 
load frame coupled with the MA TS 
II PC-based automated control 
system offeis the utmost in case of 
operalion. accurate and reliable 
data. ar.d repeatable test execution. 

SATEC's Table Top Model TSOOO 
Electro-Mechanical Universal Test 
System: This system integrates 
load frame. control console and 
drive unit into one compact package 
offering a space efficient and 
economical test machine to perfonn 
tesling applications. such as tension. 
compression, flexural. bend and 
shear. 

LinkPac Acquisition and Control 
System for Creep and Stress
Rupture Testing: This system 
acquires thermocouple and strain 
data of many types and ranges for 
automating Creep and Stress
Rupture testing labs. LinkPac 
offers disk storage. report 
generation. alarm management. 
multitasking software and real-time 
graphical mcJnitoring of test 
conditions. 

SCllE'ICK PE<;Ast·s CORP. 
(Troy. Michigan) 
Rooth #1409 features a 
Hydropuls® PSA material 1es1 
system and S56 Digital Controller. 
The latest version of FMR. a 
general purpose material testing 
application with icon driven 
software will be demonstrated. 

SllUUUTT <;OIWO:" 1.1\llTED 
(Fort SalkatcheM·an, Alberta, 
CANADA I 
Rooth #1413 features 
manufacturers of a wide range of 
highly spcciali1cd metal powders. 
A unique precipitation process 
cnahlcs Sherrill to supply metal 
powders wirh controlled panicle 
siie and surface morphology. 
These producl~ arc used in the 
aerogas turbine industry as 
ahr.1d;1hle seal materials. in the 

electronics industry as conductive 
fillers and ft>r indusuial wear 
material applications. 

Most or the specialty material 
prodticts manufactured by Sherritt 
were developed in Sherritfs 
Research Centre.. Following from 
this tradition. Sherritt formed 
Westaim Technologies Inc. in 1990. 
W estaim is lhc largest single 
advanced materials initiativt. ever 
undertaken in western Canada. 
dedicarea to the research. 
development and commercialization 
of new products and processes. It 
is a cooperative research venrure 
managed and led by Sherrin 
Gordon Limited. in cooperation 
with the Cal'!adian federal 
government and the province of 
Alberta. 

SHERRY LABORATORIES 
(Muncie. Indiana) 
Booth #1108 fea1ures 
Mel:tllurgical Tesli'!,&: Chemistry 
analysis. failure analysis. 
me1aJlography. weld qualificalion. 
tensile. creep/slree rup;!1re. 
hardness. microhardr.ess. 
hardenabili1y. case depth. 
embri11lemen1. sah fog. SEM-EDS. 
metaJlographic examination. 

Environmcnlal Tes1ing: Organic & 
inorganic. waler analysis. 
wastcwa1cr. groundwa..;1e. solid and 
ha1.ardous wasle, GC/MS. ICP. AA. 
sampling. discharge moni1oring. 
asheslos. TCLP. foundry wa.;1e 
charac1eriza1ion. wasle oil 
c harac 1cri1.a1 ion. 

Slll\'A lECll'iOU>G\' (Clay. 
Ne14' York) 
Booth #l5ll -- descripiion nol 
availahle at time of prinling. 

SOL'Tll RAY TECll'.\Ol.OG\' 
l~C. (San Cltmtnte. Cal1f.Jrn1aJ 
Booth #1310 •• fcalures sample 
prepararion equipment for the 
following applica1ions: I) Lapping 
& Polishing; 2) Crys1;1l Orient;tlion; 
~) TEM Sample Preparation; 

ME SHOW DIRECTORY 

4) Damage Free Sample 
Preparation; 5) Cutting & 
Sectioning (Wire Saws &: Low 
Speed Diamond WhccJ Saws). 

NEW PRODUCTS on display 
include: • Ion Mill for TEM 
samples • UltraSonic Curter • 
Lapping/Polishing Machine 
XTEMClamp. 

Applicarions engineers will be 
available to address specific sample 
preparalion requirements. 

SPA!'liG SPECIALTY METALS 
(Butler. Pe1111syfrania) 
Booth #1321 -- fea1ures large 
picture panels displayed on a back 
wall featuring our Metals mill 
capabilities in producing nickel-iron 
alloys for the EMIJRA shielding 
in1ustry. and a vanadium-cobalt 
alloy for the acro~e industry. 
We also maice a\·ailable our mill"s 
equipment for service work on 
cuslomer supplied ma1erial. 

S.S.B. TECH~OLOGIES 
(Martinsl'il/e, New Jersty) 
Booth #TTlO -- fea1ures table-top. 
ponablc. solid stale RF Genera1or 
for healing processes in industry 
and research. A large frequency 
range from SO kHz to 1000 kHz 
allows a variely of applicalions. A 
L5 kw unit is on display bul uni1s 
10 20 kw will be available. 

STRl'FRS, ISC. (Westlake. Ohio) 
Booth #1535 -· fcalures a complete 
line of metallographic sample 
prcparal ion cquipmenl and supplies. 
On display will be our totally 
aulomarcd grinding and polishing 
system. PREPAMATIC. The 
operator places rhe samples in the 
machine. sclccls a preparation 
program. and the prcpara11on 
process he gins. From this point on. 
ahsolurcly no Ofll'r.llor in1crven1ion 
is required to prepare high quality 
~pecimen:::. Jn addirion. we will 
also display our au1om;11ic cul·off 
machine. EXOTOM; our hcnch-lop. 
cut-off mad11ne. DISCOTOM-2; 
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our precision cut-off machine, 
ACClITOM-2: our new. autamalic, 
compression mounting press. 
PREDOPRESS: and our new. 
bench-top grinding and polishing 
system. ROTOPOL/FEDEMA T. 
Please visit us in booth 1535 for a 
demonstration and IO learn more 
about our preparation methods. 

TECHSOLOG'i FOR ESERGY 
CORP. (Knon-illt, Ttnnessee) 
Sooth #13G9 -- features residual 
stress analyzer. product and service. 

TE!'\SILE TESTISG (Clt1·t/and. 
Ohio) 
Booth #1630 -- features our 
Metallurgical Laboratory Services. 
This year we arc highlighting 
FRACil.'RE TOUGHNESS through 
our presentation at the attendee 
briefing sessions. 

This is one of our many services 
including: HOT TENSILES to 
2000"F. STRESS RL'PTURE. 
CHEMICAL ANALYSIS 
(Spectrographic & Lcco). TESSILE 
TESTING (to 300.000 lbs.). 
CHARPY IMPACT (to -320"F). 
WELD QUALIFICATIO:'ll. HEAT 
TREAT CAPABILITY. JOMINY 
END-QUENCH HARDEN
ABILITY. METALLURGICAL 
SERVICES. METALLOGRAPHY. 
MICROHARD:-..'ESS. FAILURE 
ANALYSIS. SAWING & 
MACHI!':ING Test Specimens. We 
are accredited by A2LA in the 
mechanical & 1:hemical field along 
with \'arious others in the nuclc.1r. 
automoti\'C. and aircraft industry. 

Our newest service is SALT 
SPRAY. 

TE\TROS SPECIAl.T\' 
~1AlERIAl.S (loK·tll. 
Ma.uarhu.utts) 
Rooth #JOOS •• d.:scription not 
availahlc at time of printing. 
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THE ELECTROFUEL MFG. 
CO. LTD. (Toronto, Ontario, 
Canada) 
Booth 11327 - features equipment: 
hot press. dilatometcr. sintering 
furnace. (Advanced ccnnaics). TIB. 
silicon nitride. BN Fibres. BN 
Solids. 

THERMO 
El.ECTRO~iTECOMET 
(Wilmington, MassachMSttts) 
Booth #1404 -- fealures •Precision 
Machining • Near Net Forging • 
E.D.M. • E.B. Weld • Stamping • 
Fonning • Certified Welding • 
Specialized Fabrications •Chemical 
Vapor Composites • Metal Matrix 
Composites. 

THETA ISDUSTRIF..S INC. 
(Port Washington. Nt'I'.' York) 
Booth 11233 features 
COMPUTERIZED 
DILATOMETERS FOR 
THERMAL EXPANSION 
MEASUREMENT: 1200°c 
Dilatronic I. 1700'C Dilatronic V. 
Computer Systems. Sensors. 

DILATOMETER FOR 
METALLURGISTS: Dilatronic Ill 
- Quench Dilatometer for phase 
transfonnation and defonnation 
studies. and alpha measurement. 
Dilatmnic X - Powder metallurgy 
dilatometer to 1600"C. 

FLASH DIFFUSIVITY 
APPARA1US: Conductronic IV 
for thermal conductivity 
measuremenL<; with pulse lao;cr and 
alignment laser. Data processing. 
From -ISlY'C to 2IOO'C. 

HIGH TEMPERATURE 
VISCOMETERS FOR 
RHEOLOGICAL STUDIES: 
Rheotronic 1/11 rotatir.g "'i'iComelers. 
I IOO"C and 160CY'C. Rheotronic Ill 
parallel·plate. I IOCJ'C. Rheotronic 
IV bending heam. 1 IOO"C. 
Rheotronic VII m1a1ing. IROO'C. 
Rheotronic XII high 1empcra1ure 
mul1i·instrumen1 system. 

TITLE III PROGRA\I OFFICE 
(Dayton. Ohio) 
Booth #1006 -- features an exhibit 
that de:.cribcs the purpose of lhe 
Title Ill Program, current projects. 
project lifecycle. project locations, 
Title Ill contractors. -the necessary 
combination·. project screening 
criteria. Title Ill Program 
objectives. stages of contract 
perfonnance. purchase c:>mmitment 
requirements. and unique program 
aspects. 

l'ES, ISC. (Da.:ton. Ohio) 
Booth #1533 -- features 1) 
Precision High Quality Friction and 
Wear Coatings. 2) ProCASTfM -
The Professional Casting Simulation 
System 

l'SIOS CARIHl>F. AD\'ASCED 
CERA\11CS (Lakewood. Ohio) 
Bootb #1321 -- features machinable 
ceramic romposites. high purity 
ceramic powders. chemically vapor 
deposited , CVD) shapes and 
coatings. Powders include: BN. 
TiB:. B,C. AJN. and p:t>-cordicrite. 
CVD products include: P)TOlyt.ic 
Bl". P)wlytic Graphite. Si;N,. SaC. 
and metal carbide coatings (NbC. 
TaC. ZrC) 1.1.·hich protect graphite 
from ahlation. erosion. and 
chemical attack. Also a\'ailable is 
a line of boron ni1ridc spray and 
paints. Luhricious. inen. and non
reactive. BN coatings arc useful as 
re1case agents. lubricants. and 
~;o1cc1ive coatings in a wide \'ariety 
0( processes. 

..,, mo' l'\C. (8ohenua. NtK' 
York) 
Booth #1421 ·· fca1urcs new 
Vcrsamct-3 Mcrallograph with all 
new super plan infinity corrected 
ohjcclives offering hrightfield. 
darHicld. polari1ed light and 
Nomarski in the ~1me compact 
optical system. Also. shown will 
he Uni11on's new Imaging Sys1cms 
dcsi~ned 10 meel the specific nec.ds 
of the uo;cr. its complete line of 
Mc1allurgil"al Micro'\Copcs. new 
Sll'rl'O Mii:roSCoJl\:S. Me;L~uring 
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Microscopes. CCTV and 
microscope accessories and optical 
com~nlS for OEM applicalions. 

\"D!\t TECHNOLOGIES CORP . 
(Parsipp:iny. Net>.· Jersey} 
Booth 11303 - fearures corrosion 
and high temperature rcsiSlanl 
nickel base alloys and special 
stainless sreels. Several new alloys 
have been developed recently for
thc chemical. pulp & ~. 
petrochemical. oil & gas 
producrion. aild marine industries: 

with twice the nickel con1ent. 
Alloy 24 a high chromium. 
mangancs. very high ni1rosen 
conwmng super stainless steel 
possessing a unique combination of 
corrosion. erosion and wear 
resistance. 

\":\Cl'DI 1-TR'\ACE S\"STE'.\IS 
CORPORA TIOS (Soudmon. 
Pennsyfrania} 
Booth #17J.I -- fearures a new 
tiorizonlal Model HL36BH Vacuum 
Furnace. This furnace will show a 
different approach in lhc dcsigr: of 
a round gr.iphile hOl zone and an 
external ·combined can· 
blower/lk:ar exchanger arrangement . 
The new design wiU imrrove 
cooling efficiencies and will be 
easier 10 mainrain. 

Alloy 59 has the highest pining 
resistance equivalenl number of the 
Ni-Cr-Mo family of alloys. 
Alloy 48 is an age hardenable alloy 
for sour gas service. 
Allov 31 wirh high chromium 
molybdenum and nitrogen addi1ions 
has corrosion rcsisunce of alloys 

WHITE El'llGINEERING 
iNewtoM:n. PennsyfraniaJ 
Booth 11217 -- dcscriplion not 
available al time of printing. 

WOLPERT/PROBAT 
(Lud.,.·igshafen!Rhein. Germany} 
Booth #1T4 -- fc;ilures malcrials 
lcsting equipmcnl. hardness. lensile. 
impacl. compression . 
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The Metals & Alloys Index Book 
for Materials Research 

." .. ··~-r ..::-· :1 ~ 'i":- ... ·:Y.:: ~c·s \,\; ~ ... a :.,_ s .... ~ .. ...., -e~d , j":: :: ~ tA.--o 1"va J:J~.J e 1r'\ ~l>-\.e .. s:,, 'J es 1:s 2i'Ja~ :a 
~ :'". s~ r.::_· :"" c' '"".' ~· .. :· o: a .. '0 ... sc 0' a ~Y-ai:Jt"": ..:a' '2"':'"'_, a~ ·s s .....-. ~ .. :::- :•·3: ::/ P~3"S:, .... d"'d V d"S 
a·':! ~:a -L~ T .. r .. ">J·j ~.--.e·3 s ~ .. ~ · J,-s ! .... Je• 5.YJ• 15 ~-c-) :r·,eJ :")tic ,.S?:! ... .Jt~::,..:"'·JL":"·,.,. 0' ... 

- --· .• • ~· :-- ...... ~, t'r'e P2,.·.,:i~· D ~·3·.::: 0""' ~.·c. PJF T··..:-'c ~re 'C\;" :..-:J~ .. t~S rr1c • ·s~ !\.v::· P".J'- ~ea 
·• :-f~· "?; ·• ~~ ~ v.~~j s d' 1·.J .A, 2r'S PJ~ a--.j ~·1c 'C'"'J ....... 3 ~"c ..:G...,:a .. s.1::.iP.='~ .... 3 :ld:a 
• The Alpha~tical Formula Index t'··~3·, '.:•s·~",c· a e-:'.• es cc':1 ··5 a c; ,c~ f e....,c~· .~a:::.- .i 

~··:· _1 f::_i .. r"Y'\ .jc·jc' !~ ~.Js r. eni:r.es fe;r :i' r·.c::·· ~ .J .. 1er-1~ r--a~er j ~ .. ·,::::: !:-:s>'T"c· \ ~ea..J.r3 :"·c 
.... :Jf.?• a s~"a 3•-!- 1 ;~e fon,-1a: for f~~c e.e~·e·': X "'S s,J~ej ("1f"'""' ,:3 • .-..,:i .. -.. ~'J3i: crt'" ~~,;s be ~~sc0 
r ... 1°,' :1, .. • '·:.'l'<J', eas,er 

• The Pearson Symbol Code Index ~:as a· e·::· i'~ ~ .. a. 'VO·:. Pea··>.:· S·,--·oc o•,Jc· H<'."CC. 
~, , ... . ~·~, .. ~· (d' rJ·::. ·,'."ca c/ t'l,'? 1.j·e'.a > .,.... ~ .... 3 5 ... c ... 5~",,~~ .... t: ... a·.·:i ! ~i,.,_· "~...i ::::o,.,..,~,cre !~c.· 

.-:r ·"-.- - ( . ... ,.;_.·.·:, 3 ..... 1J 1d'"i. :e ~a·a•T,c•e·s Tr t~ j .. t·· a·e s .;c"· ~o· :· ,~ ~:-:· ::.1"J C'\.~~a Da~d sc~~.··9 

~-- ~ -1 .• ·~·· j_,, ."d· corrirJd"'SC1~s 

• TheCommonNamt:slndexr.>f'"n·:-,~·,.::s<, ·.-• ... , .. - ··30•,._, .. ···~· ~.,·:1 .·3.'3 ',i!~:css .• c' 
c;· -i • ·;·· .,... ... ... ...... ~ ..... ~.-: ~r ... 0 ~C" :1r.r)·.:1r'' .~·.· ~~; :1.-r__, :: a -. -~ t .i· .••. , ... : • _,-.) ·,·\ ... , .. ... c) ':. • ...... ~ ... 
n • t~'J • 1·" t"', :· <l• "t) ... C fJ .. /·id ?'·~" hJ1 r·•: ·• ;•'-l ,,•3 :~ .:.J.:.;r ( ,-.~J .. ...:::.:o,,u .•. ,-.',, ".d'~:_.~., 

t"" ~ z .. ::i· ·h· ... ·:,' :'" d' a'r,.) t>C ~:1,::,"j rif""(" 

• Th~ !itrukturocricht Symbol Index r>' ,, 1.·. c ··:· • . ., .. ,..,,., .. ·-:; t ....... ,~,,. s·· .. •• ."t•·•,- .. : 
S.··••1 ,c· '!H,•~1.·.1r),~·;•Pf'~'',-.1• S.·•·!W ; r.·JC)•• 1-~ /f"~':,~"' .. ,.(•t'·:, T•·r, ·.~t'• 1·1c 1,,(1C,:, 

~· ,t' 1 .''.1 '.J't• ,_)'',;\,'. r s·',• 0 ,'~·t·:-···s~··r,. . t..ttJ\··~· d··, _::·r1.r 'l..1. .. :~·,rr t("',f( 1 

f1t•t·. ;•, ..... ! •."1t~''·• .... ~.1.,r~ rl 'ri:.'ud'./'C 

ic:1>1> 

Price ~ 750.00 
For information contact: 

International r.entre for Diffraction Oat• 
1601 Parle L.1n~, Swarthmor~, PA 19011 
USA (!US) 328-9400 7elcx: 84i170 
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ME PRODUCT/SERVICES INDEX 

F.~Gll'\EERED MATERIALS 
Applications.'Design 
AJlied-Signal . . . . . . • . . . . . . . . . • . . . . . . 1622 
Banellc . . . . . . . . . . . . . . . . . . . • . . . . . . . 1526 
David Sarnoff Research Center .......... 1231 
Union Carbide Advanced Ceramics ....... 1321 

Characteri1.ation!Property Testing Equipment 
ABB Autoclave Systems Inc. . . . . . • . . • . . 1234 
Allied-Signal ....................... 1622 
Banellc .......•................... 1526 
C. C. Technologies . . . . . . . . . . . . . . . • . . 1431 
David Sarnoff Research Center .....•.•.. 1231 
E. A. Fischione Inslruments. Inc. . . . . . . . . . 1329 
Geller Microanalytical Laboratory ........ 1735 
Instron Corp ........................ 1334 
Interlaken Technology ................ 21 W 
J.W. Lemmens. Inc ................... 1414 
Leco Corp. . ....................... 2116 
Lcica Inc .......................... 1216 
Micromeri1ics . . . . . . . . . . . . . . . . . . . . . . 2106 
MTS Systems Corp. . . . . . . . . . . . . . . . . . . 1428 
Nano Instruments. Inc ................. 1001 
Process Products Corp. . . . . . . . . . . . . . . . . ITl 
South Bay Technology Inc. . . . . . . . . . . . . . 1310 

Coating' 'Surface \lodification 
Battelle .......................... . 
David Sarnoff Research Center ......... . 
Freund Putilishing House Ltd. . ......... . 
Geller Microanal}1ical Laboratory ....... . 
Process Products Corp. . .............. . 
Sherrill Gordon Ltd .................. . 

Composites 
Allied-Signal ...................... . 
Battelle .......................... . 
Ceracon. Inc ....................... . 
Edison Welding Institute .............. . 
Freund Puhlishing House Ltd. . ......... . 
Union Carbide Advanced Ceramics ...... . 

f"uttin~ Tools 
Ba Itel le .......................... . 
Polishing Spcciallics Co ............... . 
Sou1h Bay Technology Inc ............. . 

\f;1krial' fRa" & \fonufocturedl 
Allied-Signal ...................... . 
Sherrill Gordon Ltd. . ................ . 
Union Carhidc Advanced Ceramics ...... . 

PnK·c,,in;,: 'Fariration Equipment 
ABB Autoclave Syslems Inc .......... . 
Bau cl le .......................... . 
Ceracon. Inc ....................... . 
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1526 
1231 
lT7 
1735 
ITI 
1413 

1622 
1526 
1427 
2101 
lT7 
1321 

1526 
lT3 
1310 

1622 
1413 
1321 

1234 
1526 
1427 

Process Products Corp. . . . . . . . . . . . . . . . . ITI 
South Bay Technology Inc. . . . . • . . . . • . . . 1310 

Refractories 
Freund Publishing House Ltd. . • • • • • . . . . . TT7 
Union Carbide Advanced Ceramics ....... 1321 

Sttondary Processing (grinding) 
Polishing Specialties Co. . . . . . . . . . . . . . . . 1T3 

Wear Components 
Ceracon. Inc. . . . . . . . . . . . . . • . . . . . . . . . 1427 

Electronic Materials 
Banelle . . . . . . . . • • . . • . . . . . . . . . . . . . . 1526 
Sherrill Gordon Ltd . . . . . . . . . . . . . . . . . . 1413 
Thermo Electron Corp - Tecomet . . . . . . . . 1404 

Mttal Matrix 
Aluminum lntermetallics 
Ceracon. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1427 
Edison Welding Instilute ............... 2101 
Freund Publishing House Ltd. . . . . . . . . . . . TT7 
Kaiser Rollmct . . . . . . . . . . . . . . . . . . . . . 1330 

Magnesium 
Freund Publishing House Ltd. 

l'roduct'Process De,·elopment 
Ceracon. Inc ....................... . 
Edison Welding Institute .............. . 
Kaiser Rollmet . . . . . . . . . . . . . . . . . . . . . 
Process Products Corp. . .............. . 

Testing 'Characterization 
Bauelle .......................... . 
Bowser-Momcr. Inc. . ............... . 
C. C. Technologies ................. . 
Duffers Scientific. Inc. . .............. . 
Edison Welding Institute .............. . 
E. A. Fischionc Instrument~. Inc. . ....... . 
Geller Microanal}1ical Lahoralory ....... . 
Instion Corp ....................... . 
Interlaken Technology ............... . 
J.W. Lcmmens, Inc .................. . 
Lcco Corp ........................ . 
Lcica Inc ......................... . 
Micromerilics ..................... . 
MTS Systems Corp .................. . 
Nano Instruments. Inc ................ . 
rolishint Specialties Co. . . ........... . 
Ricerca Inc ........................ . 
Sou1h Bay Tcchno!0p.y Inc ............. . 

lT7 

1427 
2101 
1330 
ITI 

1526 
1509 
1431 
2111 
2101 
1329 
1735 
1334 
2110 
1414 
2116 
1216 
2106 
1428 
1001 
1T3 
1322 
1310 
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l\tt'fal'i (High Performance) 
Super Alloys 
Ceracon. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1427 
Freund Publishing House Lrd. . . . . . . . . . • . TI7 
Edison Welding Instirurc ........•.•.... 2101 
Inco Alloys lnlemtional ............... IS34 
Kaiser Rollmer . . . . . . . . . . . . . . . . . . . . . 1330 
VDM Technologies Corp. . . . . . . . . . . . . . . 1303 

High-allo~·'corrosion resi.'ifotnf alloys 
Ceracon. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1427 
Edison Welding lnstirurc ............... 2101 
Freund Publishing House Lrd. . . . . . . . . . . . m 
lnco Alloys ln1emtional ............... IS34 
Kaiser Rollmcr ..................... 1330 
VDM Technologies Corp. . . . . . . . . . . . . . . 1303 

Srainll''S allm·s 
Ceracon. !nc. ·. . . . . . . . . . . . . . . . . . . . . . . 1427 
Edison Welding lns1i1u1e ............... 2101 
Freund Publishing House Lrd. . . . . . . . . . . . TI7 
Kaiser Rollmer ..................... 1330 
VDM Technologies Corp ............... 1303 

Tc;ol slel'IS 
Ceracon. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1427 
Freund Puhlishing House Lid. . . . . . . . . . . . lT7 

Olhtr hi;.!h p...rformance allo~s 
Ceracon. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1427 
Edison Welding lns1i1u1e ............... 2101 
Freund Puhlishing House Lid. . . . . . . . . . . . lT7 
Spang Specially Metals . . . . . . . . . . . . . . . . 1328 

Olhl'r high lrmpt·rarurl' m;1ltrials !niobium, 
1ung,h"n. ere.I 
Ceracon. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1427 
Edison Welding lns1i1u1e ............... 2101 
Freund P11 hli~hing House Lid. . . . . . . . . . . . TI7 
Kaiser Rollmel ..................... 1330 

.\lurn;num allO\~ 
Allied-Signal . : ..................... 1622 
CerJcon. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1427 
Edison Welding Jn,1i1u1e ............... 2101 
Freund Puhlishing House Lid. . . . . . . . . . . . TI7 
K;u,er Rollmel . . . . . . . . . . . . . . . . . . . . . I BO 
Kclkrmann Manufacruring Co. . . . . . . . . . . ITS 
UES. lr.c .......................... 1533 

·1 ilanium allo~·s 
Ceracon. Inc. : . . . . . . . . . . . . . . . . . . . . . . 1427 
Edi~on Welding ln~ritutc ............... 2101 
Freund Puhli,hing House Lid. . . . . . . . . . . . TI7 
Kai<;cr Rollmcr . . . . . . . . . . . . . . . . . . . . . 1330 
UES. Inc .......................... 153.3 
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Orher nonferrous alloys 
Ceracon. Inc. . . . . . . . . . . . . . . . . . . . . . . . I ~27 
Edison Welding lnstirurc ............... 2101 
lnco Alloys lnlcrnlional ..•..•......... 1S34 
Kellermann Manufacrwing Co. . . . . . . . . . . ITS 
Spang Specially Merals . . . . . . . . • . . . . . . . 1328 
VDM Technologies Corp. . . . . . . . . . . . . . . 1303 

Sled 
Ceracon. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1427 
Edison Welding lnstilulc ............... 2101 
Kaiser Rollmcr . . . . . . . . . . . • . . . . . . . . . 1330 
VDM Technologies Corp. . . . . . . . . . . . . . . 1303 

Applicarion!Jdesign 
Allied-Signal . . . . . . . . . . . . . . . . . . . . . . . 1622 
Battellc ....•...................... 1S26 
Edison Welding Ins1i1u1e ............... 2101 
Kellermann Manufacrwing Co. . . . . . . . . . . ITS 

Charactt'ri1.a1ion.'properry testing 
Allied-Signal . . . . . . . . . . . . . . . . . . . . . . . 1622 
Ballellc ........................... 1526 
David Sarnoff Research Center .......... 1231 
Duffers Scientific. Inc ................. 2111 
E. A. Fischione Instruments. Inc. . . . . . . . . . 1329 
Geller Microanal}1ical Laboratory ........ 1735 
lnsrron Corp. . . . . . . . . . . . . . . . . . . . . . . . 1334 
ln1crlaken Technology ................ 2110 
J.W. Lcmmens. lnc ................... 1414 
Lcco Corp ......................... 2116 
Micromeritics ...................... 2106 
!\ITS Systems Corp. . . . . . . . . . . . . . . . . . . 1428 
Nano Jns1rumen1s. Inc. . . . . . . . . . . . . . . . . 1001 
Polishing Specialties Co. . . . . . . . . . . . . . . . TT3 
Ricerca Inc. . . . . . . . . . . . . . . . . . . . . . . . . 1322 
Sou1h Bay Technology Inc .............. 1310 

C'oarinJ!' \urface m11difo·31ion 
Bauelle . . . . . . . . . . . . . . . . . . . . . . . . . . . 1526 
Ceracon. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1427 
David Sarnoff Research Cenrer . . . . . . . . . . 1231 
Freund Puhlishing House Lrd. . . . . . . . . . . . lT7 
Process ProducL~ Corp. . . . . . . . . . . . . . . . . ITI 

.\nahliral "·nicl'~ 
Allied-Signal . . . . . . . . . . . . . . . . . . . . . . . 1622 
BowS1:r-Momer. Inc .................. 1509 
C. C. Technologies . . . . . . . . . . . . . . . . . . 1431 
David Sarnoff Resc.1rch Center . . . . . . . . . . 1231 
Geller Microanal)1ical r.ahora1ory ........ 1735 
Micromcritics ...................... 2106 
Nano ln~;rumcnt~. Inc ................. 1001 
P<lli~hing Spccial1ics Co. . . . . . . . . . . . . . . . m 
R1ccrra Inc ......................... 1322 
S<'tllh Ray Tcd1nology Inc .............. HIG 
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Po"dl'rl'd !\ft'tals 
llot'Cold hostatic Presses 
ABB Au1oclavc Systems Inc. . . • . • • . . . . . 1234 
Ceracon. Inc.·. . . . . . . . . . . . . . . . . • • . • • . 1427 
Spang Spt..'Ci31ty Metals ....•.•...•...•. 1328 

lmplantt'd Tooling 
UES. Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 1533 

Lab Sintt'ring Machine 
Process Products Corp. . . . . . . . . . . . . . . . . lTI 
Spang Specially Metals . . . • . . . . . . . . . . . . 1328 

!\1Khanical Testing 
Bandle . . . . . . . . . . . . . . . . . . . . . . . . . . I 526 
J.W. Lcmmcns. Inc ................... 1414 
Lcica Inc. . . . . . . . . . . . . . . . . . . . • . . . . . 1216 
MQS lnspl:ction . . . . . . . . . . . . . . . . . . . . 1313 
~ITS Syst~s Corp ................... 1428 
Nano Insiruments. Inc ................. 1001 
South Bay Technology Inc .............. 1310 
Spang Specialty Metals . . . . . . . . . . . . . . . . 1328 

Po" der :\tom i1.ott ion 'Consolidation 
Ceracon. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1427 
Sherrill Gordon Ltd. . . . . . . . . . . . . . . . . . . 1413 

Rl'..,tarch 
Battelle . . . . . . . . . . . . . . . . . . . . . . . . . . . 1526 
Ceracon. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1427 
Da"id Sarnoff Rescarch Cemer .......... 1231 
Geller Microan:il}1ical Labora1ory ........ 1735 
Sherrill Gordon Lrd. . . . . . . . . . . . . . . . . . . 1413 

T l'~ting Charac11:ri1;1ti11n 
Battrlle . . . . . . . . . . . . . . . . . . . . . . . . . . . 1526 
Bowscr·Momer. Inc. . . . . . . . . . . . . . . . . . 1509 
Buchler Ltd. . . . . . . . . . . . . . . . . . . . . . . . 1228 
C. C. Technologies .................. 1431 
David Sarnoff Rcscarrh Cenre; . . . . . . . . . . I 23 I 
Duffers Scienrific. Inc ................. 21 II 
E. A. Fi.;chione Jn.;rrumenl~. Inc. . . . . . . . . . 1329 
Geller Micro;mal}1ical Lahorarory ........ 1735 
ln<ilron Corp. . . . . . . . . . . . . . . . . . . . . . . . 1334 
ln1erlakcn Technology . . . . ........... 2110 
J. W. Lemmens. Inc. . . . . . . . . . . . . . . . . . . 1414 
Lcco Corp ......................... 2116 
Leica Inc .......................... 1216 
P.1icromeri1ics ...................... 2106 
MTS Sysrems f'rirp. . . . . . . . . . . . . . . . . . . 1428 
Nano lnsrmmenls. Inc ................. 1001 
Polishin~ Spccial1ies Co. . . . . . . . . . . . . . . . m 
Ricerca Inc. . . . . . . . . . . . . . . . . . . . . . . . . 1322 
Soulh Bay Technology Inc .............. 1310 
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Rtinforct'd Comp~it~'Pla<litics 
Ada,·an-:t'd Composite Miinufilcturing 
Allied-Signal • . . . . • • • • . . . . • . . • . . . . . . 1622 
Ceracon. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1427 
Freund Publishing House ltd. . . . . . . . . . . . TI7 
Process Products Corp. . . . . . . . . . . . . . . . . lTI 
Thermo Electroo Corp - Tecomet . . . . . . . . 1404 

Analytical Services 
Allied-Signal . • • • . . . • . . • . . . . . • . . . . . . 1622 
Bandle . • • . • . . . . . . . . . . . . . . . . . . . . . . 1526 
Bowser-Momr.r. Inc. . ................ 1S09 
David S:unoff Research Center .......... 1231 
Geller Microanalytical Laboratory ••...... 1735 
Riccrca Inc. . • . . . • • . . . . . . . • . . . . • . . . . 1322 
South Bay Technology Inc. . . . . . . . . . . . . . BIO 

Fibers 
Allied-Signal . . . . . . . . . . . . . . . . . . . . . . . 1622 
David Sarnoff Research Center •......... 1231 

Mattriab Charilctt'ri1A1tion Ttsting 
Allied-Signal . . . . . . . . . . . . . . . . . . . . . . . 1622 
Banctlc . . . . . . . . . . . . . . . . . . . . . . . . . . . 1526 
Bowscr-Momer. Inc. . ................ 1509 
C. C. Technolocies .................. 1431 
Da"id Sarnoff J.;escarch Center .......... 1231 
Freund Publishing House Ltd. . . . . . . . . . . . TI7 
lnstron Corp. . . . . . . . . . . . . . . . . . . . . . . . 1334 
ln1crW:en Technology ................ 2110 
J.W. Lemmcns. Inc ................... 1414 
Leco Corp ......................... 2116 
Lcica Inc .......................... 1216 
Micromcritics ...................... 2106 
fl.ITS Systems Corp. . . . . . . . . . . . . . . . . . . 1428 
Nano lns1rumen1s. Inc. . . . . . . . . . . . . . . . . 1001 
Polishing Spcci3I1ics Co. . . . . . . . . . . . . . . . m 
Process Products Corp. . . . . . . . . . . . . . . . . ITI 
Ricen:a Inc. . . . . . . . . . . . . . . . . . . . . . . . . 1322 
South Bay Technology Inc .............. 1310 

Olher 
AECL Research ..................... 1634 
·- R & D 
Allied-Signal . . . . . . . . . . . . . . . . . . . . . . . 1622 
-- Meul Malrix Com(l0si1cs 
Analcch Ltd ........................ 1002 
-- Hard Camon Coalings 
Edison Welding lnslilule ............... 2101 
-- Joining 
Orhil Search Service ................. 1610 
-- On-line Jnformarion 
Poli.;hing Special1ic~ Co. . . . . . . . . . . . . . . . m 
-· Grinding and lnspcclion 
Thermo Ekrlron Corp - T~·omct . . . . . . . . 1404 
.. eve 
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PP.OCESSF.S 
llc:;il Treating 
Allied-Signal . . . . . . . . . . . . . . . . . . . . . . . 1622 
Kellcrrnann Manufacturing Co. . .... _ . . . . 1T5 

!H:_:!rri::I Cuti in;; 'Remo,·al 
Cuhide Tooling 
Thermo Electron Corp - TccOfl'ICt ........ 1404 

Controls 
Payne Engineering . . . . . . . . . . . . . . . . . . . 1735 

Implanted Tooling 
ISM Technologies. Inc. . . . . . . . . . . . . . . . . 1529 

\fachining 
Tensile Testing . . . . . . . . . . . . . . . . . . . . . 1630 
Thenno Electron Corp - Tccomct ........ 1404 

\ft-r:il Forming (Foq;ing. Casting. Sumping} 
Ca,tings 
Banellc . . . . . . . . . . . . . . . . . . . . . . . . . . . 1526 
Kellcnnann Manufacturing Co. . . . . . . . . . . 1T5 
UES. Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 1533 

Cont rob 
Payne Engineering 1735 

For!.!in:.:' dfor. Cold. Warm1 
Ceracon. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1427 
Thermo Electron Corp - Tccomet . . . . . . . . 1404 
UES. Inc .......................... 1533 

Hot f":,fa!ic Pre"in~ 
ABB Autoclave Systems Inc. . . . . . . . . . . . 1234 
National Forge Co. . . . . . . . . . . . . . . . . . . . 1420 
UES. Inc .......................... 1533 

lmpbntnf Toolin~ 
ISM Technologies. Inc ................. 1529 

Wirt h1rrn' ,\. Sr;impin:!' f('u,toml 
Thermo Elccrron Corp - Tccomc: ........ 1404 
UES. Inc .......................... 1533 

~urf .. •·-~111rl~!ir:.r_li11n 
.\11 :l_di1.1I S,nin:" 
Charle .. Evans & ,'.s'iOC ................ 1527 
David SamoH Resc;in:h Center . . . . . . . . . . I 23 I 
Geller Microanalytical Laoorarory . . . . . . . . 1735 
MQS Inspection ..................... 1313 
Nano ln~rrumcnrs. Inc. . . . . . . . . . . . . . . . . 1001 
Ricerca Inc ......................... 1322 
Sourh Ray Technology Inc. . . . . . . . . . . . . . 13 JO 
UES. Inc .......................... 1533 
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Coaling E ·;- luatioo 
Banellc . . . . . • . . • . • . . . . . . . . . . . . . . . . 1526 
David Sarnoff Rescan:h Center .......... 1231 
Geller Microanalj1ical Laboratory ..•..•.• 1735 
South Bay Technology Inc ....•......... 1310 

C\'D 
David Sarnoff Research Ccnler .......... 1231 
Process Products Corp. . . . . . . . . . . . . . . . . lTI 
UES. Inc ....•..................... 1533 
Union Carbide Ad~anced Ceramics ....... 1321 

Grinding, Culling, l'Ura .. onic Drilling 
E. A. Fi'ichione Instruments. Inc. . . . . . . . . . 1329 
Geller Microanal)1ical Laboratory ........ 1735 
Kellermann Manufacluring Co. . . . . . . . . . . TI5 
Lcica Inc .......................... 1216 
Meial Samples Co .• Inc. . . . . . . . . . . . . . . . 1326 
Polishing Specialties Co. . . . . . . . . . . . . . . . 1T3 
South Bay Technology Inc .............. 1310 
Struers. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1535 
Thermo Electron Corp - Tecomct . . . . . . . . 1404 

Ion lmplanl.alion 'Jon Enhanced 01."po.,ilion 
Anatech Ltd. . . . . . . . . . . . . . . . . . . . . . . . I 002 
Charles Evans & Assoc ................ 1527 
Da\'id Sarnoff Research Center . . . . . . . . . . 1231 
Implanr Sciences Corp. . . . . . . . . . . . . . . . . 1433 
1$M Technologies. Inc ................. 1529 
Process Products Corp. . . . . . . . . . . . . . . . . lTI 
UES. Inc .......................... 1533 

~fort-rial, Char;ll·fl'ri1.a1ion 
AECL Research . . . . . . . . . . . . . . . . . . . . . 1634 
Bartcllc . . . . . . . . . . . . . . . . . . . . . . . . . . . 1526 
C. C. Technologies .................. 1431 
Charles E\'ans & As!;OC ................ 1527 
David Sarnoff ResC.lrch Cenrer . . . . . . . . . . 1231 
Duffers Scienrific. Inc. . . . . . . . . . . . . . . . . 2111 
E.. A. Fischione lnstrument'i. Inc. . . . . . . . . . I :.29 
Gelkr Microanal)1ical Laooratory . . . . . . . . 1735 
MTS Systems Corp. . . . . . . . . . . . . . . . . . . 1428 
Nano lns1rumcn1s. Inc ................. 1001 
Process Product'i Corp. . . . . . . . . . . . . . . . TTI 
Ricerca Inc. . . . . . . . . . . . . . . . . . . . . . . . . 1322 
Sourh Bay Technology Inc. . . . . . . . . . . . . . 1310 
UES. Inc .......................... 1533 

Prnln fi\ r Coat in;.:' l>n d11pmt•n1 
Anarcch Ltd. . . . . . . . . . . . . . . . . . . . . . . . I 002 
Ceracon. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1427 
David Sarnoff Rcsc;1rch Center . . . . . . . . . . 1231 
ISM Technologies. Inc ................. 1529 
Process Producrs Corp. . . . . . . . . . . . . . . . . TTI 
UES. Inc .......................... 1533 
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Surface integrity 
David Sarnoff Research Center .•........ 1231 
Freund Publishing House Ltd. . . . . . . . . . . . TI7 
Process Products Cori> ...•...••........ TII 
UES. Inc. . . . . . . . . . . . . • . . . . . . . . . . . . 1533 

\hiding and Joining 
Adhesi\es; Sealants 
Edison Welding Institute .....•.....•... 2101 

Heam \\' elding 
Edison Welding Institute ............... 2101 
Thcnno Electron Corp - Tecomet ........ 1404 

Compadon Welding Pnxlucts for !'liickel Alloys 
Inco Alloys IntemtionaJ .............•. 1534 

Pulse Welders 
Edison Welding Institute ..•............ 2101 

Simulation Equipment 
Duffers Scienlific. Inc. . ............... 2111 
Edison Welding Institute ............... 2101 

Olher 
ABB Auloclave Sys1ems Inc. . .......... 1234 
-- Hor Isos1a1ic Pressing 
Allied-Signal . . . . . . . . . . . . . . . . . . . . . . . 1622 
-- Brazing & Sol~ering Alloys 
American Welding Socie1y ............. 1225 
-· Publica1ions on Welding 
David Sarnoff Resea."t:h Cenler .......... 1231 
··Adhesive R & D 
Edison Welding Ins1i1u1e ............... 2101 
-- Tolal Qualily Joining 
Inco Alloys ln1em1ional ............... 1534 
-· Welding Products for Casi Irons 
Instron Corp. . . . . . . . . . . . . . . . . . . . . . . 1334 
•• Thennal Mechanical Fa1igue Tesl Sys1ems 
Meral Samples Co .• Inc ................ 1326 
·· Welding Services 
Orbil Search Service ................. 1610 
-· On-line Infonnalion 
Union Carbide Advanced Ceramics ....... 1321 
·· S1op Off Coatings 

snn1n~~ 

~n-11l1ing 
bilruc AnalJSL'i 
American Welding lnslitute . . . . . . . . . . . . . 1004 
Analylical Associates. Inc. . ............ 1436 
Bauelle . . . . . . . . . . . . . . . . . . . . . . . . . . . 1526 
Bowscr-Momcr. Inc. . . . . . . . . . . . . . . . . . 1509 
C. C. Technologies .................. 1431 
Charles Evans & Assoc ................ 1527 
Geller Microanalytical Laboratory . . . . . . . . 1735 
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MMA Laboralories • . . • . . . . . . . . . . . . . . 1210 
MQS Inspection ..•.................. 13!3 
ORIBC.H IntemalionaJ . . . . . • . . . . . . . . . . 1520 
South Bay Technology Inc .............. 1310 
TEC ..•.•.•.............•........ 1309 
Tensile Testing . . . . . . • . . . . . . . . . . . . . . 1630 

Laboratory Set-Up 
American Welding Institute . . . . . . . . . . . . . 1004 
Analytical Associates. Inc. . ....•....... 1436 
Banellc ........................... 1526 
C. C. Technologies .................. 1431 
Leco Corp. . . . . . . . . . . . . . . . . . . . . . . . . 2116 
Lcica Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 1216 
MMA Laboratories . . . . . . . . . . . . . . . . . . 1210 
Polishing Specialties Co. . . . . . . . . . . . . . . . 113 

Material" Engineering/Characterization 
AECL Resean:h ..................... 1634 
Battelle ........................... 1526 
Bowser-Momer. Inc. . . . . . . . . . . . . . . . . . 1509 
C. C. Technologies .................. 1431 
Charles Evans & Assoc ................ 1527 
Duffers Scientific. Inc ................. 2111 
Geller Microanal}1ical Lahora1ory ........ 1735 
Micromeritics ...................... 2106 
MMA Laboratories . . . . . . . . . . . . . . . . . . 1210 
ORTECH Iniemational ................ 1520 
Ricerca Inc. . . . . . . . . . . . . . . . . . . . . . . . . 1322 
South Bay Technology Inc. . . . . . . . . . . . . . 1310 
UES. Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 1533 

\ktalforming 
ORTECH In1emalio11al ................ 1520 
UES. Inc .......................... 1533 

Proc~,'Product Dnelopment 
American Welding Institute . . . . . . . . . . . . . 1004 
Bauelle . . . . . . . . . . . . . . . . . . . . . . . . . . . 1526 
C. C. Technologies . . . . . . . . . . . . . . . . . 1431 
Ceracon. Inc. . . . . . . . . . . . . . . . . . . . . . . . 1427 
David Sarnoff Research Center .......... 1231 
Kellennann Manufacturing Co. . . . . . . . . . . TT5 
Metal Samples Co .. Inc ................ 1326 
ORTECH Jntemational ................ 1520 
Ricerca Inc. . . . . . . . . . . . . . . . . . . . . . . . . 1322 
TEC ............................. 1309 
UES. Inc .......................... 1533 

Surfarc Enginl·cring'Moctifirntions 
Batrclle . . . . . . . . . . . . . . . . . . . . . . . . . . . 1526 
lmplanl Sciences Corp. . . . . . . . . . . . . . . . 1433 
ISM Technologies. Inc ................. 1529 
Mclal Samples Co .. Inc. . . . . . . . . . . . . . . . 1326 
ORTECH lntcmalional ................ 1520 
UES. Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 1533 
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Technical Reports 
American Welding Society ............. 122S 
Danelle .........................•. 1S26 
Bowscr-Momer. Inc. . . . . . . . . . . . . . . . . . 1509 
C. C. Technologies .................. 1431 
Charles Evans & Assoc. . . . . . . . . . . . . . . . 1S27 
Geller Microanal}tical Laboratory . . . . . . . . 173S 
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Bowser-Momer. Inc. . ................ 1509 
C. C. Technologies .................. 1431 
Geller Microanalytical Lahoratory ........ 1735 
Materials Analytical Services ........... 1323 
MQS Inspection . . . . . . . . . . . . . . . . . . . . . 1313 
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ORTECH Inremational . . . . . . . . . . . . . . . . 1520 
Ricerca Inc. . • . . • . . . • . . . . . . . . • . . . . . . 1322 

En,·ironmental 
Bowscr-Momer. Inc. . . . . . . . . . . . . . . . . . 1509 
Gener Microanalytical Laborcatory ........ 1735 
ORTECH Inremational ......•.....•... 1520 

l\falerials Charac1eriza1ioo 
AECL Research . . . . . . . . . . . • . . . . . . . . . 1634 
Allied-Signal . . . • . . • . . . . • . . . . • . . . . . . 1622 
Analytical Associa1es. Inc. . . . . . . . . . . . . . 1436 
Bowser-Momer. Inc. . . . . . . . . . . . . . . . . . 1509 
C. C. Technologies .................. 1431 
David Sarnoff Research Center .......... 1231 
Geller Microanalytical Labora1ory . . . . . . . . 1735 
Materials Analytical Services ........... 1323 
Micromeritics ...•.................. 2106 
MQS Inspection . . . . . . . . . . . . . . . . . . . . . 1313 
ORTECH Inlcmat.ional ................ 1520 
Orton Ceramic . . . . . . . . . . . . . . . . . . . . . . 1423 
Ricerca Inc. . . . . . . . . . . . . . . . . . . . . . . . . 1322 
South Bay Technology Inc .............. 1310 
Spang Specialty Metals . . . . . . . . . . . . . . . . 1328 
UES. Inc .......................... 1533 

!\faterial~ R & D 
Bowser-Mamer. Inc. . ................ 1509 
C. C. Technologies .................. 1431 
David Sarnoff Research Center . . . . . . . . . . 1231 
Edison Welding Institute ............... 2101 
Geller Microanal}1ical Labora1ory ........ 1735 
Materials Analytical Services ........... 1323 
MMA Labora1ories . . . . . . . . . . . . . . . . . . 1210 
MQS Inspeclion . . . . . . . . . . . . . . . . . . . . . J3 J3 
ORTECH In1emalional ................ 1520 
South Bay Technology Inc. . . . . . . . . . . . . . U 10 
Spang Specially Metals ................ 1328 
UES. Inc .......................... 1533 

\1rda;ankal Te.,ting 
Allied-Signal . . . . . . . . . . . . . . . . . . . . . . . 1622 
Analy1ical Associates. Inc. . . . . . . . . . . . . . 1436 
Bowser-Momer. Inc. . ................ 1509 
C. C. Technologies .................. 1431 
David Sarnoff Research Center . . . . . . . . . . 1231 
Edison Welding fnstilute ............... 2101 
Leica Inc .......................... 1216 
MMA Lahora1ories . . . . . . . . . ........ 1210 
MQS Inspection ..................... 1313 
Nano fns1ruments. Inc. . . . . . . . . . . . . . . . . 1001 
ORTECH fn1emational . . . . . . . . . . . . . . . . 1520 
Orton Ceramic . . . . . . . . . . . . . . . . . . . . . . 1423 
Ricerca Inc ......................... 1322 
Spang Specially Metals . . . . . . . . . . . . . . . . I 328 
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Tensile Testing . . . . . • . . . . . . . . . . . . . . . 1630 
UES. Inc. . • . . . . • . . . . . . . . • . . . . . . . . . 1533 

Metallography 
Allied-Signal . . . . . . . . . . . . . . . . . . . . . 1622 
Analytical Associares. Inc. . . . . . . . . . . . . . 1436 
Bowser-Mamer. Inc. . . . . . . . . . . . . . . . . . 1509 
C. C. Technologies .................. 1431 
Edison Welding Institulc . . . . . . . . . . . . . . . 2101 
Geller Microanalytical Laboralory ........ 1735 
Leica Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 1216 
MMA Labora1ories . . . . . . . . . . . . . . . . . . 1210 
MQS Inspection ..........•.......... 1313 
Nikon Inc .• Instrument Group . . . . . . . . . . . 1408 
ORlFCH International ................ 1520 
Polishing Specialties Co. . . . . . . . . . . . . . . . TIJ 
South Bay Technology Inc. . . . . . . . . . . . . . 1310 
Spang Specialty Metals. . . . . . . . . . . . . . . 1328 
Tensile Tesling ..................... 1630 
UES. Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 1533 
Unitton Inc. . . . . . . . . . . . . . . . . . . . . . . . 1421 
Analytical Associates. Inc. . . . . . • . . . . . . . 1436 
Bowser-Mamer. Inc. . . . . . . . . . . . . . . . . . 1509 
C. C. Technologies .................. 1431 
Geller Microanalytical Laboratory ........ 1735 
Leica Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 1216 
MMA Laboratories . . . . . . . . . . . . . . . . . . 1210 
MQS Inspcclion . . . . . . . . . . . . . . . . . . . . . 1313 
Nikon Inc .• Insirument Group . . . . . . . . . . . I408 
ORTECH In1emationaJ . . . . . . . . . . . . . . . . 1520 
Polishing Specialties Co. . . . . . . . . . . . . . . . m 
Sou1h Bay Technology Inc .............. 1310 
Spang Specialty Metals ................ 1328 
TEC ............................. I309 
Tensile Testing . . . . . . . . . . . . . . . . . . . . . 1630 
Theta Induslries. Inc .................. 1233 
Unib'on Inc. . . . . . . . . . . . . . . . . . . . . . . . 1421 

MicroanalJsis 
Bowser-Momer, Inc. . ................ 1509 
Geller Microanal}1ical Lahoratory ........ 1735 
MMA Lahoratorics .................. 1210 
MQS Inspection . . . . . . . . . . . . . . . . . . . . . 1313 
ORTECH fn1emational ................ 1520 
Ricerca Inc. . . . . . . . . . . . . . . . . . . . . . . . . 1322 
Sou1h Bay Technology Inc .............. 1310 
Spang Specialty Metals . . . . . . . . . . . . . . . . 1328 
Tensile Testing ..................... 1630 
UES. Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 1533 
Unitron Inc. . ...................... 1421 

M irro,copes 
Analytical Associates, Inc. . . . . . . . . . . . . . 1436 
Bowscr-Momer, Inc. . ................ 1509 
C. C. Technologies .................. 1431 
David Sarnoff Research Center .......... 1231 
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Geller Microanalytical Laboratory ........ 1735 
Lcica Inc. . . . • . . • . . . . . . . • . . . • . . • . . . 1216 
MMA Laboralories . . . . . . . . . . . . . . . . . . 1210 
Nikon Inc .• Instrument Gl'Ol•'l . . • . • . . • . . . 1408 
ORTECH International . . . . . . . • • . . • . . . . 1520 
Polishing Specialties Co. . . . . . . • . . . . • . . TI'3 
Riccrca Inc. . . . . . • . . • . . . . . . • . . • • . . . . 1322 
Spang Specialty Metals ........•....... 1328 
Unitron Inc. • • . . . . . . . . . . • . . . . . . . • . . 1421 

SondestructiH: Testing 
Bowscr-Momcr. Inc. . . . . . . . . . . . . . . . . . 1509 
C. C. Technologies . . . . . . . . . . • . . . . • . . 1431 
MMA Laboratories . . . . . . . . . . . . . . . . . . 1210 
MQS Inspection ..................... 1313 
Olympus Corp.-IFD . . . . . . . . . . . . . . . . . . 1627 
Orton Ceramic • . . • . . . . . . . . . . . • . . . . . . 1423 
Ricerca Inc. . • . . . . . . . . . . . . . . . . . . . . . . 1322 
TEC ............................. 1309 

Seutron Radiography· Inspection 
AECL Research ............•.•...... 1634 
MQS Inspection . . . . . . . . . . . . . . . . . . . . . 1313 

Shockl\'ihration 
Bowser-Momer. Inc. . . . . . . . . . . . . . . . . . 1509 
ORTECH International ................ 1520 

Thc:m1;il \1c:t:hanical fe,ting 
Bowser-Momer. Inc. . ................ 1509 
C. C. Technologies .................. 1431 
ORTECH International ................ 1520 
Orton Ceramic . . . . . . . . . . . . . . . . . . . . . . 1423 
Ricerca Inc. . . . . . . . . . . . . . . . . . . . . . . . . 1322 
Theta Industries. Inc. . . . . . . . . . . . . . . . . . 1233 
UES. Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 1533 

Thc:rmal C'oncfucti\·ity 
ORTECH International ................ 1520 
Orton Ceramic . . . . . . . . . . . . . . . . . . . . . . 1423 
Theta Industries. Inc .................. 1233 

Thrrmal E\pan .. ion 
ORTECH International ................ 1520 
Orton Ceramic . . . . . . . . . . . . . . . . . . . . . . 1423 
Spang Specialty Metals . . . . . . . . . . . . . . . 1328 
Theta Industries. Inc .................. 1233 

X-l~a.\ l>irl"radion Te,ring 
Bowser·Momer. Inc. . ................ 1509 
David Sarnoff Research Center . . . . . . . . . . 123 J 
ORTECH International ................ 1520 
Orton Ceramic ...................... J.t23 
Ricerca Inc ......................... 1322 
Spang Specialty Metals ................ 1328 
TEC ............................. 1309 
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Other 
Haynes International. Inc. . . . . . . . . . . . . . . 1435 
- Manufacturer of superalloys for the heat treating. 
aerospace and chemical industries. 
Hetherington. Inc. . .................. 2105 
- Furnaces. Hydrogen&. Vacuum 
Information Handling Services •.•....... 1620 
-- CD-Rom Information Services 
Information On Demand. Inc ...••..•.... 1615 
- Document Retrieval and Delivery 
lnstron Corp ..•..................... 1334 
-- Materials Testing Software Extensometcrs 
IQS. Inc ..•..•..................... 1625 
-- Quality Assurance Consulting. Training. and Software 
Lawrence Livermore National Laboratory ... 1503 
-- Non-destructive Evaluation Technology 
-- Superconducting Mzterials Technology 
- Coatings 
-- Process Modeling 
-- Materials Development Characterization 
-- Process Development 
-- Supcrplasticity of Materials 
-- Composites Technology 
Material Aid ....................... 1623 
-- Educational Software 
Metal Samples Co .. Inc. . .............. 1326 
-- Test Specimen Machining 
Orbit Search Service ................. 1610 
-- On-line Information 
Orton Ceramic . . . . . . . . . . . . . . . . . . . . . . 1423 
-- Thermal Properties Analysis 
Polishing Specialties Co. . . . . . . . . . . . . . . . TT3 
-- Grinding and Polishing 
Princeton Gamma-Tech Inc ............. 1331 
-- Image Analysis for Materials Analysis 
Ricerca Inc ......................... 1322 
-- Elemental Analysis (IBP) 
-- X-Ray Fluorescence 
S.S.B. Technologies .................. TTJO 
-- Induction Heating 
-- RF Generator 
Struers. Inc. . ...................... 1535 
-- Metallograptiic Laboratory Testing 

OTllER --·--
A. J. Tuck Company ................. 1205 
·- Metal Forming 
-- Elccir-1fom1ing 
South r .. y Technology Inc .............. 1310 
-- Sample Preparalion FAjuipmcnt (Transmillion Electron 

Microscope (TEM) and Scanning Electron 
Microscopy (SEM)) 

Title Ill Program Office . . . . . . . . . . . . . . . 1006 
-- Government 
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• BEAT D.EA.TING Ulll•rrt:JSS APPENDIX B 
,_ t(fQOt91} 

I EnllloaM>MI. Inc. {UdJlilt) 340 Naliaml Veamn Pndlim 702 Leybold V8C8111D ,,._ 1Dc. 
3 Abboa FIU'MCC ~ 342 Tnnsmua Cc:wparllim 703 Leybold Jdcaa IK. 
.5 Cincinnarj SutrZao 400 IDdoc:ID-"nlo & 704 Bcavtmalic. I&. 
9 Triroa So~ Ille. 401 Tenual IK. ~~~--13 All Trend CCllponliaa 404 IDdnr"Jh:a• '9.1.111. 

• 15 ~Ille. 405 ~ral ladUCDGD, -. 709 AGAGu 
17 e11 TJUtinJ Nchlalt 408 G lndac:IDlaell 710 Clcvdllld E«*ic lab. 
19 Ca~ntec lmlnllrCDll. Im:. 409 HalnmlRoliicaa 714 Oakl.uid Metering Lc.dm 
21 Tc edync Hasrings-Ra,.ut 414 Lepd Catpcallim 715 CakaJb. Inc. 

JOO AialnJD MuufKlllriD&. 1K. 41.S Scc:ulW.-ick 116 nrr Divisioll. Dowa MiJ1ias Co.. 
103 Buehler Ud. 411 Badltr~ Ud. 
104 New WddDC:licm 419 Liad~lkal Tl'AliJI& Co. 717 Foc:nter I~ Im:. 
1m Panlo...,/Mol~ ~ 424 Edip& 711 Them AllilDCC Co. 
108 Mctallwerk ansee 425 Ai~Sllhl. Im:. 719 lrcon Div/Sq- D Co. 

• 109 Eurolhc:nn Corpordon 421 am.. Specialty Mmla 724 Walmil CorponlioD 
I 12 Zircu Producu; Inc. 429 Cenlorr and VK11am lndUAia 72S Induction Tootina. Jac. 
1 I 3 Ellr.ch Thcnnal S ylfmll Carp. 432 Hess-MAE, lac. 728 Consol.idaltd En&ineerin& Coqlny 
114 Lucifer Fumaca.. Jae. 433 Alm Ipsen lndulriel 729 AACC{T.aooa 
llS Advaco 436JDQ~ 731 Radiant Heat Corpanlica 
116 Tocco Division 431 v- ube lndll51ria. i.e. 733 Sheler Corporation 
117 Wcin:ester Pol~c lm1illm 439 Gttal LakC1 Carboo-Spccilhy 734 V Ol1ck Industries I.Ill. 
119 Mikron lns1n1n1mt Co.. lac. ~ 736 Gautschi Nanh America, lac. 
120 Tocco.Inc:. 440MagnaeQ.& 740 Gnnvillc-Pbillips Ccmpay • 121 The Mcial Worts lndUSlrial 442 Acn:o Amcriam A11oJs 741 Hai Truling Magllline 

Fumaca 443 Alhcni-Mmin lndmtrial ~ 742 Thcrmco lnslnUnent Cmpomioa 
123 Amox Gu Gciaalln Co. 743 Alpha l lnd~clion Semce Cain 
125 AiJUI Gua .500 Leeda A: Nordllllp 800 Siemens Energy .I: Automllioa. lac. 
129 Rolled All~ SOI Staawood ~ 801 Anafa21: Measurement ii: Conad 
13 I Union Carbide Industrial Giia SOS F111111CC Ccnlrill Calp. 802 Bone Froaricr ~J 
133 Kinney Vacuum 506 Ainn a. l>rER'ein ?I· Co. 803 Mew Trealinf, lnc: 
134 Process TechnoloSJ Inc. 508 Pacific Industrial Flll'll&Z Co.. 804 Penna-flame ndustria, lac. 

• J3S Jacbon Tnnsfonner Compuy Divi.sioa of Detra C.orp. 806 Scniry ~uipment Cap. 
136 Drayton Probe SyslltmS, Lid. 509 The Kuda.I CaplFuraKc Prodacu 808 Payne &.&iflcczinl 

(lnstrunx:n~ & Ted'.noloSY, Inc:.) Divilioa 809 Uniled TcsliEfc Systana, Inc. 
200 E. F. HoughlOn .I: Co. Sl4 ~ lndUSUia, lac. 110 Riclwdsoa ecsroaiCI Ud. 
202 Telcvac Division of The ~cb SIS anoir EJccu-o.Iloys ~ 112 Alnor lnstrumenl Co. 

Co. Sii Huntcrdoa Transfonnc:r IJ4 Noble Industrial FanllCC 
204 ln1anational Technical Ceramics, 519 Industrial Heal Rcaway F.qaip.. 115 Metro Scale Ccmpay, Inc:. 

Inc. Inc. 818 Data~ 
206 Kurt J. Lester Co. 520 M.G.P. Inc. 819 Salem 

• 207 Hca1balh Corp. 524 V ac:-Acro Intmiationll IDc:. 820 Weaver Industries, Inc. 
208 Vacuum Rcseudl Corp. S25 A).u Ecctric ~y 822 T-M Vacuum ProduclS Inc. 
209 Pyronics, Inc.. S28 Fiber Materilla IDC. 82S The Furnace Bdt Co. Lid. 
211 Econco 529 Aunosphcre FUJDa(lC Ccmpay 827 Luxa-on Corp., Acaifiber Div. 
213 B .t B Induct.or .t Transfanner 532 Kraulbamet Brauoa 829 DNF Vacuum Equipment Semce 
214 Honcywdl 533 lndusaial Hcati.n~ Mqazinc Co. 
215 Wolfson Heat Truuncnt CcnrR S3 7 Como Industrial uipmcnl, Inc. 830 Rapid Technologies. Inc. 
217 Inspcc 538 Thermll-Basic, Inc: 831 Manning U.S.A. 
218 Leybold Ta:hnologies Inc. 539 7.edmatk Div. Qui&Jey Co. 833 Fuel Conservation Services Inc. 

• 219 Siemens Componenis, Inc. 540 Me!al-Lab, lac. !134 Daron Rogcn Manufacturing Co. 
221 Equotip Associates S41 l.llvac Sinku Rilto, IDc:. a;s CF Industrial Furnace 
223 Gruenberg Oven Comp111y 543 Mew Trulin& Insliiure 900 Cooley Wire Producis Mr&. Co. 
224 Kolene Corporarion 544 Chameleon Applic.aDon Sof~ 901 Sandtel Inc. 
225 Custom Elr.ctric Mfa. Co. 600 Holcroft 902 Williamson Corp. 
227 Waukee Enginecrina Company, Inc. 601 Hauck Manufactllrinc Company 904 Liquid Air Corporanoa 
228 Surface Combustion, Inc. 604 Contour Hllrdeniq 905 MKS lnstrumenis, Inc. 
231 Maryland W= Bclu Inc 605 Williams Co. Inc. 906 The Carborundum Company 
232 G·M Enicrprisa 608 Acaitham, Inc. 907 Thermal T«hnology Inc. 
233 Coors Ceramict Company 609 Maralhon Moniton IDc:. 909 Will Colmonoy Corporalion 
300 SBS Corporalion 614 Slokes Vacuum Inc. 910 Deii:ch lndusuies 
301 Air Products and Chemicals, Inc. 61 5 P.ut Precilioa Inc. 911 Oil e Sys1ems 
304 Lindbc'I" A Unit of General Si&nll 618 K. J. Law Enpnc:cn, Inc.. 91Z Win:o Inc. 
30S L .I: L~ial Furnace Co. Inc. 619 Aju Ma~c Corpor.rioa 914 MVAK Tcchnoloiies. Inc. 
308 Roloc ilalloy 624 Rad~c ·oa 915 Graphite Die Mold Inc. 
309 Elutric Furnace Co. 625 PSI llCl'IY 916 Elruk Sys1ems, Div. of IPM. Inc. 
311 Sierra Vict.ar Co., Inc. 628 MG lndutria 917 Wallow 

• 314 Part Chemical Company 629 MPI Furnace~ 920 Onspcc. Inc. 
317 Inland Vacuum Industries Inc. 630 Cona-ol Conc:epu, 921 Evey F~inecrin& CompM)'. Inc. 
318 Industrial Teslin& Labs. Inc. 632 JMS Soulhc:aat 922 A·Lab arp. 
319 Kloeckner JonOll of America, Inc. 633 Cas!alloy Corponlioa 923 FMJ 
:i24 .. H!rr Cmsolida~ Industries 638 Can-Ena Sales (1985) Lid. 
32S Total Trac Sys1ems Jnc. 639 Pillu lndustriCI NOTE: additional Heat Treatinc 
327 Mager Scientific, Inc. 642 Nerumi Co. Lid. u hi bi IS un be viewed 111 die 
328 J. J_ B~kcr C~y 643 Pillar Industries - Maryland concumnl Maieriala 
329 Polycarbon lnc./S1a;ri Corporation Divi.sioa E•~sition - Pl.AN TO 

1
vrsrr 

• 333 Gas Research lnstilllfe 700 Le.co Corponrion Tl 1-.SE eooms. TOO. 
334 Pro:c:clion Con1rols, Inc. 701 C. l Haye1 Ille. 
338 Dependable Foundry F..quipment 

Co. 
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HEAT TREA Tr.liG Dl\1SION SALES & MARKETING CO,fl\llTTEE 

Mr. Eric Manos. Chainnan 
Buehler UK Ltd. 
Coventry UK 

Mr. Dave Rinz, Vice Chairman 
Vacuum Furnace Systems Corp. 
Soudenon, PA 18964 

Mr. Larry Bruder 
Lei ca 
Deerfield. IL 60015 

Mr. Joseph Ciarlonc 
Kolene CO!JX>ration 
Detroit, MI 48223 

Mr. Mike Doerr 
K.J. Law Engineers, Inc. 
Novi, MI 48050 

Mr. Rohen P. Driscoll 
Buehler Ltd. 
Lake Bluff, Il.. 60044 

Mr. Bill Girdwood 
Surface Combustion Inc. 
Maumee, OH 43537 
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Mr. Doug Glenn 
Seco/W arwick Corporation 
Meadville, PA 16335-3618 

Mr. Dante A. Iacovoni 
Lindberg/Unit of General Signal 
Blue Island. IL 60406 

Ms. Susan Ketterlinus 
Honeywell, Inc. 
Fon Washington. PA 19034 

Mr. Paul Miller 
lnductohcat 
Madison Heights. MI 48071 

Mr. David F. Simion 
Robotron 
Southfield. MI 48086 

Mr. Ernest Walen 
Heatbath Corporation 
Indian Orchard, MA 01151 
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AACC/ZIRCOA (Solon, Ohio) 
Booth 1729 -- fcalllreS 
AACC!ZIRCOA. Prepare now for 
I992's tighter qualily 
requirements ... our Mode! 1992 
Carbon Control System. with dual 
setpoint capabilities. offers you the 
followir:g ad\1u11agcs: • improves 
product quality • improves process 
efficiency • provides air purge 
sensor 1eehnology • offers boost 
and diffuse capability • one-year 
sensor warranty• two-year sysrem 
warranty. 

.. Jmprove your heat processing 
efficiency by networking your PCs 
inw a powerful data acquisition 
and control system Take 
complete control over your heat 
processing variables - temperature, 
time, aunospherc and other 
fuoctions. This automated syslCIJ'I 
frees you IO manage multiple heal
related process cpcrations through 
multila.-;king - wherever there is a 
worlcstations 

PRACTICAL ATMOSPHERE 
CONTROL SOLUTIONS. 

ABAR JPSE'.'\ l'.'\Dl'STRIF~~ 
( F easterville. PeMSJlvania) 
Booth #433 -- fcaiures a pan of 
the S 1.6 billion TI group. They 
offer you the opponunity lo 
benefit from the world's most 
dynamic thermal processing 
research and engineering 1alent in 
the industry. New product 
introductions include: Vacuum 
Dcoiling, an environmenially safe 
ahemati,·e for pan-; cleaning and 
the Gas Fired Ion Nilridcr, a 
unique gas fired vacuum furnace. 
Additional fcarured products 
include: Advanced Atmosphere 
Furnace Systcms ~nd our 
TurboTrcatcr, MetalMastcr, and 
Convection Vacuum Furnaces. 

ABBOlT FURNACE 
COMPANY (St. Marys, 
PellllSJlwmi..1) 
Booth •3 - a'"catures Abbott, who 
offers a variety oC ..:ustom 
designed continuous heal lrca! 
lines. Abbott incorpor3les 
creativity, quality and exp.!rience 
inlO it's manual, semi-automated, 
and fully-automated heal treat 
lines w meet cusuxnec needs. 
Abbou's heat trealCIS range in size 
from 6. cube inside working area 
(tool room) to continuous heat 
beating lines capable oC 1000 lbs 
of product per hour. Ancillary 
equipment includes pans washers, 
and/or, draw furnace/ovens. 

ACCUTHERM, INC. 
(Paraskala. Ohio) 
Booth "°8 -- features two of lhe 
many types of heal trcating 
furnaces manufactured by 
Accuthcrm. Units displayed show 
the results of constant quality 
advancements within lhe furnace 
manufacturing indusuy. Modem 
digital controls and multiple 
varieties of ceramics and metals 
used within the newly designed 
furnaces give wear resistance 
where needed and light weight 
efficiency where permissible. 

This display shows that even small 
heat treating furnaces arc sicpping 
inro the fuwre. 

AccomPJnying photos show many 
of the more sophisticated furr.aces 
de~igncd and manufactured by 
Accutherm. 

AD\'ACO (Westmin.stu. 
Maryland) 
Booth #115 •• features complete 
rebuilding services for mechanical 
vacuum pumps, roots-type 
blowers. diffusion pumps, 
cryogenic pumps, and Helium lcalc 
detcctoi-s. Extensive 
refurbishment techniques will be 

TE SHOW DIRECTORY 

introduced which allow for 
complete pump overh:tul ro 
original manufacturer's 
specifications without replacement 
of major pans. A one year 
warranty will be offered for an 
rebuilding secvices. 

AF.RCO A'.\IERICA~ ALLOYS 
INC. (Detroit, Michigan) 
Booth #.a.a2 -- descripti<m not 
available al time of pinting. 

AGA GAS (Cleveland. Ohio) 
Booth #709 -- features Flexair 
family of atmosphere systems and 
technology for heat ueating 
applications: hardening, 
carburizing, ferrous and non
ferrous annealing, Lazing, 
simcring and nitrocarburizing. 
Highlighted will be die 
NITROFLEX™ system for 
gaseous fenitic niuocarburizing. 
Also featured will be the 
NitroPRIME™ PSA and 
Membrane systems for generating 
nitrogen. 

AICHELl~-ST AHL, JSC. 
(Kingsville. ,\fissouri) 
Booth #425 ·- features photo 
CO\'cragc of our broad spccuum 
produce line of furnaces and 
companion maierial handling 
equipment We will have an 
experienced team available at all 
times to discuss equipment and 
processes. Specially featured in 
our booth will be the AICHELIN
FOCOS program for furnace 
operation control and optimization. 

Also fcarured will be our 
FLEXICLEA!'I washer system 
which is designed lo replace 
sol\'cnt wa-.hers and degreasers, 
while remaining ecologically 
frirndly. 
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AIRCO GASES (MWTay Hill. 
NewJusq) 
Booth #125 -- features industrial 
gases and advanced technologies 
for lhc heal treating/brazing and 
metalworking processes.. We offer 
niuogcn, hydrogen, argon, beiium 
and special gases and advanced 
cryogenic and non-cryogenic 
(PSA/mcmbranc) on-site 1tilr0gcu 
generators; atmosphere 
technologies for reducing coolirie.. 
rates, removing carbon deposili-:'.'! 
in annealing, bright aanealing. 
h~g for forging, conirolled 
oxidation, hardening IDd 
carburization; consulting and 
uouble-shooting senlccs. In 
addition, we are inlTOducing the 
TEL-TANK which is a 
sophisticated relcmetty sy~m and 
the AIRCO HYDROGEN 
ATMOSPHERE systems (AHA), 
used for lhc advanced furnace 
designs. 

AIR PRODUCTS ASD 
CHE'.\llCALS, ISC. (Al/t11town. 
P tn!IS'j iv Olli a) 
Booth #301 -- fealUreS Air 
Producl • s inuoduction of a new 
line of PURIFIER™ heal treating 
atmospheres that will enable a 
large percentage of atmosphere 
users IO improve the quality of 
their products wilhout increasing 
the overall cost. 

AJAX El.ECTRIC C0'.\1PASY 
(Huntingdon Valley. Pt11nsylva11ia) 
Booth #525 -· fealures applicalion 
and service engineers, who will be 
on hand IO discuss fealures of 
cusiom designed heat treat syslems 
integrating atmosphere, fluidbcd, 
and salt heating technologies wilh 
isothermal quenching, Advanced 
process control and data 
acqui,ition • Salt recovery • Water 
addi1ion • Elcctrict'J control 
systems • Surface cleaning 
equipment for complete removal 
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of pain~ plastics. scale. ceramics, 
CIC. wilh f!C'USWy salts and 
chcmic:als. 

AJAX MAGNETH~RMIC 
CORPORATION {W01Tt11, Olrio 
Booth 1619 - features induction 
heat trcaling e.quipmcut and will 
show a skid-mounled lift and 
rotate pick and place hardening 
sySlall wilh computer conlrOI and 
Q.C. 

A-I.AB CORP. (Dayton, Olrio) 
Booth 1922 - fcanues a full 
strvice mctall:irgical testing 
laboratory providing ledmical 
evaluation in Nondestructive. 
Mechanical Testing, Chemical 
Analysis, Machining, 
Metallography, Failure Analysis, 
and SEM services. 

A-Lab is a member of the 
American Council of Independent 
Laboratories and olhcr 
professional affiliations. 

ALHER~-!\tARTIN 
l'Dl'STRIAL FURSACE CO. 
(Troy. Michigan) 
Booth #443 - description not 
available at lime of printing. 

ALL TREND CORPORATJOS 
(Ft. laudtrdalt, Floritk.) 
Booth #13 -- fcalllreS: • Vacuum 
furnace on display in limited 
operation;• "ToolTreateR" Model, 
2400'F for High Speed Sicel; • 
Featuring new "Hillfue" long.life 
Moly wire heating elements; • 
low cost manual operation for 
proccs.'iing small lots IO 
specifications; • Provides 
immediate cus!Om service for 
commercial heat treaters; • Docs 
small jobs of High Speed Steel 
profi!ably; • Photographs and 
li1erature of full line of vacuum 
furnaces;• Standard sizes from 6" 
x 12" !O 24" x 48", all rapid 
quenching. 

ALNOR IN~RUMENT CO. 
(Sl:om. Illinois) 
Booth 1112 - fealUrCS lheir 
Dcwpointer and rugged line of 
portable Pyrometers. In additim, 
Alnor is offering a IO'I discount 
coupon on calibration or repair of 
any Alnor- insuwncnt IO anyone 
sropping and compleling u 
industrial inSlrumcnl survey. 

ALPHA I ISDUCTION 
SER\1CE CE!\TER (Cobunbus, 
Olrio) 
Booth 1'743 - features a complete 
lnducuoo Service Ccuaer 
specializing in lhe repair, 
reconditioning and design of 
Induction Coils, Transformers. 
Special Tooling, Quick Change 
buss, Aux ConcentralOrS, Fleld 
Service Technicians, Comrol 
Systems, Power Supplies, and 
Turn Key Induction SyslClllS. 
Sales engineers will be available 
IO answer questions and to help 
solve any of your Induction 
Service Problems. Complete 
literature describing the full line of 
services as well as samples and 
phoiographs of equipment will be 
on display. 

A'.\10X GAS GE,ERA TORS 
(lbuisvill~. Ktntucky) 
Booth #123 ·- fcarures a complete 
line of nitrogen generators lhat 
will produce nearly any flow, 
purity and pressure required for 
heat treating needs. The Amox 
process simply filters compressed 
air through a molecular sieve ID 
provide up to 99.9% pure niirogen 
wilh a dew point below -100 
degrees F. Nitrogc.1 cylinder 
filling s1a1ions arc availablr, lOO. 
You can make your own nitrogen 
al a fraction of the cost of buying 
expensive high pressure cylinders 
or bulk liquid. Sec Amox at 
boot:1 # 123 for more information 
about making your own nitrogen 
from compressed air! 
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ASAF AZE MEASl"RE\1E!\T &: 
CO:'\TROL (Sanla Cruz. 
Califorllia) 
Booth llOI -- foalllreS cornrols 
and SPC software for 
Trmpcmurc. Carbon Potential. 
Dew Point. Gas Aows. Belt 
Speeds and Olher heat tteatin~ 
processes. 

The 1/4 DIN ANAFAZE 8LS-CP 
pro\-ideS 8 fully indepcndcm dual
OUlpUl PIO loops wilh conuol and 
dirttl rtadoul of 'i carbon 
po1tntial, Dew Poinr. probe 
MiUi\'OllS, as well as process 
remper:nures in degrees F or C. 
The ramp and soak feature allows 
fully a•Jtomatic boost-diffuse 
carbonizing. To save time. you 
can scrup lhc system parameters 
from 8 jobs SIOfcd in lhe conttol's 
prolCCtCd memory. 

Buih in serial interface allows 
' :muollers IO be lhc key clement 
for computer supervised da!a 
acquisition and conuol system. 
A. -..;AF AZE offers 
CARBOSSOFf, an easy lO use 
menu driven software package. 
that allows process setup. process 
overviews, batch plot L""Cnding 
\l;ilh print outs, and data stor:ige in 
Lotus compatible filt ~ for SPC 
functions . 

A T\IOSPllERE tTRSACE 
CC'\IP..\S\' (H'i.rom. Michigan) 
Booth #529 -- features a family of 
universal integral quench batch 
systems; mesh bell systems, 
pu~her carburizcrs, roller hcanh 
systems, cast heh ronvcyor 
systems, micro processor based 
conl!ol syslCms. all types or 
austcmpcring systems. 

R:\IHlER-COL\fAS (lovts 
Park, Illinois) 
81K1th #418 -- features 
"rocc:ss/IA.:mpcraturc conlrollers 
offering options such a'\ digital 

communications, aUIO-IUning and 
lnsta-Sct9 recipe saoragc. New 
products incl•Jdc tbc MSQ 1/4 
DIN single ;zone ~ess/ 
tcmpcr.llurc conuoDer with fronl 
panel .:ccss for a., lO 16 process 
re....-ipcs and uploadldownload 
capabilily wilh lns1a-Sct 16K 
memory card. Also new is a 
CIMAC- Series multi-mnc 
~onlrollcr/programmcr wilh lhc 
capabilily for COllll'OI oC up IO 
cighl ~pcraturc conuol 
zones. Inclucbf are sensors.. 
carburizatior. control and recorder 
products and ilt!oonation on 
power conlrOllcrs, actuawrs and 
valves. Conrrols will be 
ncrwortt.d fealuring lhc Baibcr
Colman CIMAC Supervisory 
~ 

B & B INDUCTOR &: 
TRANSFORMER (Clev~land. 
Ohio) 
Booth lllJ - description not 
available at time of printir.g. 

BEA VER~IA TIC, INC. 
(Rodford, Illinois) 
Booth '704 - fearurcs internal 
quench, temper, vacuum, car 
bouom. box. bell. and roller hearth 
furnaces. As well as washers, 
generators, frecu:r/chillcrs, and 
other specialized unilS. We also 
offer services such as furnace 
re1ro-fitting, conversions. and 
complete twnkey installations. 

80'.\E FROSTIER CO!\IPASY 
(Brigluon, Colorado) 
Rooth '802 •• features induction 
heating systems • from very small 
size 2.5 Kw, IO 1000 Kw. 
Frequencies lO 25 KhZ. C-:.nplete 
lum key system:; for HEAT 
TREAT. BRAZ.OS Power units 
for low power. A JOKw unit is 
only 24" x 24" x 24". 
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Bl"EHLER LTD. (LaU Bbl/I. 
flliMis) 
Booth 1103 - fealUrCS a complete 
line of sample preparation 
cquipmcnr. microscopes, hardness 
testers, image analysis systemS 
and related consumable ~pplics 
fw the microstrucnnl analysL 

Highlighting lhc exhibit will be 
lhe ECOMET® 3 Variable Speed 
Grinder/Polisher interfaced with 
lhc AlITOMET® 3 
Microprocessor Conuollcd Power 
Head and MEil.AP"" 1 
Programmable Fluid Dispensing 
System for automatic high volume 
sample preparation applications. 
This system. when combined with 
lhe BUEHLER DIALOG® 
methods of sample preparation. 
will pro\·idc superior preparation 
results, a dramatic reduction in 
prepare1.ion time, and a drastic 
savings in consumables when 
compared lO conventional 
preparation mclhods. 

CALCARR, l'.'\C. (Rancocas, 
New Jtrsey) 
Booth #715 -- features quality 
assurance cenificate B & 5750 
PT2, 1509002, manufacturt.d in 
Scotland. Carbon bonded carbon 
fiber, for use in high temp vacuum 
sintering, aerospace, crystal 
growing, advanced composite, 
high temperature graphatizing, and 
heat treating applications. We will 
show a cylinder as well as 
samples of our material. Stop by 
and discuss your ap;>lication. 

CA'.\-E'.\G SALES (198SJ LTD. 
(Niagara Falls. On1arw. 
CANADA) 
Roolh #638 -- features a complete 
range of heal processing 
equipment for the trcatmcnl or 
fcrmu~ and non-ferrous metals. 
Whether you n~-cd a hasic box 
furnace, and ch·11ically-hca1ed or 
gas-fired Ouid11cd lx'd system, a 
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high efficiency •-ailing beam. a 
high volume cast belt line or a 
tum key continoous mesh belt 
carburizing line complete widt 
loader, quench, wash and draw 
furnace, •·c would like IO aaJk 
widt you. 

CAPl,TEC ISSTRUME!'t.TS, 
ISC. (Ramsey, New Jersey) 
Bootll 119 - fealUrCS ponable and 
on-line non-coniact pyrometers to 
cover applications up ro 4500"F. 

Ponables feature the HOTSHOT 
two-color ratio pyrornerer which 
mates emissivity-independent 
measurcmenlS from 1100" to 
4500"F and is immune from the 
effCCIS of smoke and dirty sight 
gla.u windows. 

Fixed units include ruggedized 
sensors and transmiuers for OEM 
use as well as complete insuumcnt 
systems for furnace applic:atioos. 
The RA TIOSCOPE models offers 
two-color performance from 400" 
to 4500'F in a variely of 
co1ifigurations. Other models 
have extremely compact size with 
fiber optics for ins1allation in tight 
locations. 

CAPITAL l'Dl~CTIO'.\, ISC. 
(Sterling I/eights, Michigan) 
Bootn #405 -- description not 
available at time of printing. 

CASTALLOY CORPORATIO~ 
(Waukesha, Wisconsin) 
Booth #633 -- features Castalloy's 
quality line of cast belts, trays, 
fixtures and other high alloy heat 
resislant Ca.\tings, specifically 
designed for optimum performance 
in your heat-treating furnaces. 
This booth will also feature a 
comple1c pictorial display of 
Ca\lalloy Corporation's modem 
facility, quality control procedure.~ 
and va:ious representative 
ca~tings. 
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Sales pcrsoone1 from all swes. as 
well as our tr.clmical Slaff, 11rill be 
available ID answer your questions. 

CEl\TORR AND VACUUM 
ll'liDUSTRIES (Feasurville. 
POlllSJlwlllia) 
Booth 1429 - fealUrCS a pan of 
the S 1.6 billion TI group. They 
offer you dtc opportunity to 
benefit from the world'$ most 
dynamic dtcrmal processing 
research and engineering talent in 
the indusl:y. New product 
introductions include: The M6 l 
Furnace, a high temperature 
vacuwn or conbOllcd aunosphcre 
research furnace. Additional 
fC3lwcd products include: The 
System VII/Super VII, a 
multipurpose vacuum metallurgical 
furnace and our 2A Geuering 
Furnace, a high temperature gas 
purifier fumacr. sySlem. 

CH ISDUSTRIAL FURSACE 
(H'ilmington. Nonh Carolina) 
Booth #835 -- description not 
available at tine of printing. 

CH . .\\U:u:os APPLICA TIO:'li 
SUHWARE (El Toro, 
California) 
Booth 1544 -- description not 
available at time of printing. 

C. I. HA YES INC. (Cranston, 
Rhode Island) 
Booth 1701 -- features vacuum 
and atmosphere furnaces for heat 
treating, brazing, sintcring, 
annealing, tempering and gla~-to
metal sealing. 

CISCfSSATI SUB-ZERO 
(Cincinnati, Ohio) 
Booth #5 -- features a display of 
state-of-the-an low tcmpcralure 
steel treating c.quipment. The 
booth will be manned by faciory 
sale.~ engineers who will pro\'idc 
technical information for other low 
temperature applications. 

CLEVELAND ELECTRIC 
LAn. (Twinsburg, Ohio) 
Boo•b #710 - description DOl 
available at time of printing. 

CLIMAX SPECIALTY 
METALS (CkvrltllUJ, 0/rio) 
Booth 1421 - features samples of 
molybdenum bar, rod, sheet and 
plate as well as tungsten sheet, 
plate and foil A rcprcscntative 
profile of extrusion samples to 
reflect large diameter tubes, solid 
shapes and coils from large 
difficult-to-extrude malerials.. 

CO::'\IO ISDUSTRIAL 
EQUIP::'\IE1'T, IN'C. (Kalida, 
Ohio) 
Booth #537 -- fealUrCS Filters cl: 
Filiration Equipment For Quench 
Oil. 

Now you can have clean oil a!! 
the time. TempcralUrCS up to 425 
deg. F. Como Patented Filter 
design produces maximum dirt 
holding capacity & efficient 
carbon remo\'al. Filters & 
Filiration Equipment for all 
quench fluids. Recycling 
Equipment also available. 

Distribuior: ConWTt ination 
Control Specialists, Inc., Kalida, 
Ohio. 

CO:'liSOLIDA TED 
E'.\Gl'.\EERl:'liG CO'.\IPANY 
(Kennesaw {Atlanta/. Georgia) 
Booth #728 ·· fcalures a pictorial 
display with accompanying 
l•terature, which will provide an 
overview of CEC's complete line 
or both sundard and custom 
engineered furnaces, systems and 
ovens. Featured equipment wiH 
be carho11om, roller hearth, drop 
bottom, box, pit and ccntinuous 
hdt furnaces, as well a'i a wide 
range of custom furnaces and 
ovens for the heat treating, 
aluminum, steel, ceramics and 
composires ir.d11~1rics. Sec ad on 
inside front cover of Heat Treat 
section. 
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CO~TOl'R HARDESING 
(lndianopolis. Indiana) 
Booth #604 -- description not 
a"-ailablc at time of printing. 

CO:'\TROL CO~CEPTS, INC. 
(Minneapolis. Minnesota) 
Boolh #630 -- features a 
manufacaturer of SCR power 
controllers inicndcd for industrial 
process heating appl~ 
Zero-cross and phase-angle 
conuollers with current ratings 
from IO to 1000 amps for either 
single or three-phase applications 
are in stock for immediare 
shipment. Controllers are 
available for demanind 
applications; variable resistance 
loads lilce silicon carbide, graphite, 
molkybdenum disilicide loads, 
transformer coupled loads using 
Scou-T transformers, and 
induction heating applications. 

Theory of operation and 
application of zero-cross and 
phase angle controllers will be 
discussed and dcmonstraied. A 
unique feature called "Sync
Guard" which reduces 
synchronous operation of zero
cross controllers will also be 
shown. 

COOLEY WIRF: PRODl'CTS 
!\IFG. CO. (Schiller Park. 
Illinois) 
Booth #900 -· features heat & 
corrosion resistant fahrications and 
w:re cloth. Fearurcd will be a 
pressure welded basket and liner, 
round bask.ell> and their lifting 
posts for nuidized beds and an 
assonmcnc of woven wire cloth. 

COORS CER..\\11CS 
CO!\tPA'\' (Golden. Colorado) 
Boolh #233 •• features Coors 
CerJmics Company, who offers 
Thermal Process Components or 
~fo!t::n Mrt:ils for applications 
such a~ casring tips, chC'kc valves, 

launder!, submCJSible pumps, 
mixing blades, emcrsion tubes and 
pump linings. Marcrials available 
include silicon carbide, aluminum 
tiaanare and silicon nilride. 

CUSTOM ELECTRIC MFG. 
CO. (J.i\·onia, Michigan) 
Booth #225 - description not 
available al time of printing. 

DATAPAQ (Wi!mington, 
MassachuMus) 
Booth 1811 -·features leaders in 
the field of lt'mpcraturc 
measurement and analysis. They 
will introduce the only 
temperature monitoring and 
analysis sysrem a'ailablc for long 
duration, high remperalllrc, 
conveyorizcd furnaces and lcl>rs. 
Furnace Tracker r .; ... 
complerc lempe! .••• u:: profiles of a 
variery of procc;ses including heat 
treating, aluminium and \'acuum 
brazing, use of quench, r.cmpcring 
lehrs. and many other unique, long 
duration, high rcmpcrature 
procedures. 

DA \'TO!': ROGERS 
\l..\Sl'FACTl'RISG CO. 
(Minneapolis. MinMsota) 
Booth #834 -· features Dayton 
Rogers. Now you can 
automatically bend sheet meral 
pans, bars and rounds up 10 24" 
long to within ±.002". Dayton 
Roger's new computer-driven 
"Smart Press" eliminaies the 
guesswork of traditional 
straighiening with jigs and 
fi11tures. 

By bending with a brain instead of 
brawn, ovcrbcnding and breakage 
arc vinually eliminated. Cycle 
time takes ju.c;t seconds, af1.er set 
up. Best of all, a "Smart Press" 
operates eac;ily by an unskilled 
worker after minimal training. 
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DEPESDABLE FOUSDRY 
EQL'IP'.\IE'.\T CO. (Tualalin, 
Oregon) 
Booth #331 - features 
photographs of heat processinf 
equipment manufaclllred at tt "r 
Tualatin. Oregon facility. 
Highlighted will be Auic! 
furnaces Carbottom furn_ 
Roller Hearth furnaces, Drop 
Bouom furnaces and Con
veyorized furnaces. Literalllrc and 
information will be available dis
cussing and describing the cuswm 
built equipment manufactured by 
Thcnna1 Products Division. The 
booth will be manned by 
personnel e11pcrienced in CUS· 
tomizing equipment to individual 
needs. Cost comparisons are 
a\'ailable depicting the efficiencies 
of custom fined equipmenL 

DESPATCH ISDUSTRH ~ 
(.\finneapolis. Minnesota) 
Booth #910 •• features various 
O\'ens and furnaces ranging from 
small standard units to large 
custom inst.allations. Particular 
focus is gi\·en to Aluminwn 
Solution Heat Treat Systems 
including :x>lymcr quench systems. 

D'>F \'.-\ClT\I EQl'.IP!\IF:ST 
SER\ICE CO. (iJohemia. New 
fork) 
Boolh #829 •• features field k.ak 
testing of all vacuum processing 
c4uipmcm and furnaces. Pius, 
repair and rebuilding of leak 
detectors and vacuum pumps. 

On display will be a heavy duty 
leak test · vacuum puJT p cart, for 
use in heat treating en •ironments. 

J>IU \'TO'.\ PRO HE SYSTEMS, 
I.TD. (l'\STRDIE\TS & 
·n-.cll'\01.0G\', l'C.> 
(,\'apa~·ille. lllirwis) 
Hooth #136 ·· features 
dcrnon~tration~ of lahoratory and 
porr;1hlc QUE~CHAL YZERs . 
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Tbcsc systems char..ctcrize 
qucnchants via cooling curve 
analysis. The laboratory systan is 
in use world wide by qucnchant 
suppliers and users of oil and 
aqueous polymer qucnchants. The 
portable model extends the 
capability to the shop floor and in
&ank testing. Comprehensi~ 
software is available for displaying 
cooling cmvcs/cooling rate !:urvcs 
on lhc CRT. Key numeric values 
arc generated for process conb'OI 
and limits can be set for a1:10malic 
alann when exceeded. Extensive 
da1a storage pennits r.asy 
comparison of prvious cooling 
ClUVCS. 

ECLIPSE INC. (Rockford, 
Illinois) 
Booth #424 -- features process 
heating cquipmem and systems. 

ECOSCO (Woodland, 
California) 
Booth #211 -- description not 
available at time of printing. 

E. F. HOt:GHTOS & CO. 
(\'allej Forge, Pennsylvania) 
Booth #200 -- fealures Aqua
Qu~nch aqueous pol}mer, which 
cools like oil and leaves dry easily 
cleanable film. Aqua-Quench 
3600 aqueous polymer is based on 
polyelhyloxazoline. This series of 
products has cooling rates similar 
lo lhose of quenching oils, bul has 
lower drag oul than conventional 
glycol quenchants and a residual 
film aflcr processing thal is 
complcrely dry. There's no 
slickiness on workpieces, 
machines, furnaces or shop floors. 

Advanragcs are: • no pclroleum 
oil smoke or fire ha1..ard • pans 
clean eac;ily • non-polluting to 
aunospherc or plant r.nvironmenl • 
cosl is lower (Aqua-Quench 3600 
series arc conccnuatcs) • less 
disiortion than with olhcr polymer 
quenches • can be used to quench 
high hardcnability alloy steels • 
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reduced insmanc:e premiums. less 
fuc prolCCtion equipmenl. and DO 
quench oil fire downtime. 

ELECTRIC FURNACE CO. 
(Sakm, 0/rio) 
Booth •309 - features 
infonnatioo on the facilities. 
personnel. and products of Electric 
Furnace Co. We Custom design. 
manufacture, and install batch and 
continuous fuel fired and dccttic 
furnaces and auxiliaries for 
annealing, brazing, carburizing, 
hardening, sinlering and tempering 
of ferrous and non-ferrous 
castings, faucners. forgings, 
stampings, strip and tubing in air 
or special atmospheres. 

EL!\1K SYSTEMS. DIV. OF 
IPM, INC. (Fairfield, New 
Jersey) 
Booth 1916 - fealURS: 

• high temperature vaculDD or 
controlled atmosphere furnaces 
wilh temperatures to 3000 degrees 
C and vacuum levels to 10 -8 
Torr, for heat treating, sintcring, 
brazing, ceramic to metal joining, 
annealing, degassing, stress 
relieving, aging, lempcring, 
carburizing, hardening. ceramic 
metalizing, glass processing, cu:. 

• Oil free, ultra clean infrared 
healed vacuum ovens to 750 
degrees C and 10 -8 Torr for 
delicate and supcrclean processing. 

• Oil free vacuum pumps and 
pump systems. 

• Temperature recorders for heat 
trc.ating applications. 

El.TECH THERMAL 
SYSTEMS CORP. (Streetsboro. 
Ohio) 
Booth #J J3 -· fea1ures the 
compleb: lir.e of industrial burners, 
flame monitoring devices, gas 
control valves and pressure 
regulalors manufactured by 
Kromschrocdcr, AG of 

Osnabrueck, Germany. Eltcch has 
a license to r..30ufac1ure and sell 
all Kromschroeder burners and 
another license to sdl only all 
other Kromschrocdcr combustion 
components and provide service in 
the U.S .• Canada and Mexico. 

E1'THO!'llE-Ol\U, INC. 
(UDYLITE) (New Haven, 
Co11Mclic111) 
Booth U - features a major 
supplier of specialty chemicals to 
the metal finishing industry. They 
will feature CUPRAL ™.a non
cyanide copper platin& process for 
heat treat Stop-off. CUPRAL 
plates a pure copper deposiL Its 
dense. non-porous grain structure 
means lhinr.er deposits can be 
used. Distribution and adhesion 
exceed cyanide systems. Process 
control is simple. There is no 
carbonate build-up, no carbonalc 
trealmenL 

EQUOTIP ASSOCIATES 
(Denver, Colorado) 
Booth #221 -- features lhe NEW
EQUOTIP portable hardness 
testers with a large LCD display 
on which all !nformation is visible 
at a glance. The hardness value 
"L" is aulOmatically com·erled and 
displayed lo olher hardness scale 
values such as HRC/HB/HSJHV. 
The conversion tables for 
commonly used materials 
previously supplied in tabular 
form arc now imegraled in lhc 
mea.c;uring device. As the 
electronics sense which type of 
impact device is connected, 
conversion always lakes place 
according to the correct tables. 

El 'ROTllERM 
CORPORA TIO!'/ (Reston, 
Virginia) 
Booth #109 -· fea1ures a 
manufacturer of controls and 
control solutions for the heat 
trc.ating industry. On display wdl 
be lhc 90 series of low cost 
instruments including lhe FM 
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appuvcd 93 alarm uniL The 900 We also fabricate ceramic Fl\U (Surrey, United Kingdom) 

• series features Eurolhenn's new insulation boards as well as woven Booth #923 - description not 
carbon potential controller and blankets. lapCS and gaskets. available at lime of pmting. 
valve positioncrs. Also 
demonstrated will be Eurothcnn's In addition to developing a FOERSTER INSTRUMENTS, 
line of quality SCR produclS. reputation for marcrials ingcuily INC. (Pittsburgh. PeMS)lvania) 
New products displayed will and fine crafasmanship, FMI offers Booth #717 -- features Magr.aiest 
include Eurotherm's PC3000-A competitive pricing, off-lhe-shelf S, an instrument employing 

• complete control solution for the deliveries and extensive lechnical magnetic induction lo measure 
heal treating indusuy. and engineering support services. materials properties of metals such 

as hardness, case depth, alloy and 
EVEY ENGll'\EERING FLINN & DREFFEIN ENG. tensile strenglh. Multiple 
CO'.\IPANY, ·~c. (Vineland, CO. (Nonhbrooic, Illinois) frequency operation wilh 
New Jersey) Booth #506 - foarurcs regression analysis provides 
Booth #921 -- features Evey photographs and brochures which unprecedented test accuracy and 

• Engineering Company, lhe enc illustrate customed engineered heal repeatability. Extremely easy 
source for all of your vacuum processing systems, automatic recalibration and set up changes 
needs. Our factory trained service handling equipment and inlf'grated are features of the instrumenL 
personnel can rebuild your present process controls. Booth atiendants Test reporas, memory storage, 
vacuum system to meet original will discuss and help solve hea: computer interface are integral 
equipment specifications. We processing applications or pans of the instrumenL 
warehouse a large inventory of conversions of equipment from 

• new and rebuilt vacuum eleclrically healed to gas fired- Fl'EL CO:'\SER\'ATION 
equipment for direct replacement, radiant tube healed sysrems. SERVICES INC. (Newnan, 
system upgrade or new Georgia) 
installations. Our complete stock FLUXTROL Booth #833 -- features low 
of maintenance items, fluids, parts MANUFACTURING, INC. thermal mass kiln linings 
and accessories will help you lO (Troy, Michigan) materials. 

• insure the optimum uptime on Booth #100 -- features 
your vacuum equipment Call demonstrations of how flux field H'R~ACE CO:\TROL CORP. 
Evey for all your vacuum needs. concentrators improve induction (Brookfield, Wisconsin) 

heating processes. Booth Booth #SOS ·- features the 
FIBER '.\IA TERI A LS ISC. auendanlS will be available lO Accucarb probe series. These 
(Biddeford, Maine) discuss your particular induction probes are a new generation of 
Booth #528 ·- features a leading problem and offer guidance on carbon/oxygen sensors developed 

• manufacturer of high temperature how lo properly utilize lhe specifically for the heat treating 
carbon and graphite insulation and Auxtrol products. The induction industry. Applications include: 
structural ma1erials for heat heating industry is turning to normal carburizing, High 
treating furnaces. Auxtrol to increase production temperature carburizing, rotary 

ra1es, reduce energy consumption furnaces, siniering of powder 
FMI produces <.:arbon and graphite and improve heat patterns. meials and endothennic 
felts as well as ligh~wcight and generators. Microprocessor-based 

• durable rigid carbon insulation Auxtrol Manufacturing, Inc. has carbon control systems and a 
boards and cylinders. Accessories produclS designed for all popular uniquely designed Atmosphere 
include graphite coatings, induction frequencies on display at Control sys1em for an 
adhesives and foils as well as this boolh along with inductors i.~ndothcrmic Ga'i Generator 
cordage and woven fabrics. For showing typical applications. An System w;n also be exhibited. 
furnace fixutring, fastener, additional display will be devoted 
structural and heating clement to various inductors with GA~: RESE.\RCll l~STITUTE • applications, FMI manufactures meiallurgical samples of heat (Chic.11:0. Illinois) 
advanced carbon composites that patterns produced by them. Rooth <''333 •• features a private, 
:i~~ i.:p to 10 times stronger than r.nt-for·profit membership 
monolithic graphite . organization rcpre,;enting all 
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segments of the natural gas 
industry. Its purpose is to plan, 
manage and develop financing for 
a gas-related research and 
de,·elopment (R&D) program on 
behalf of ilS members and their 
customers. 

GRI will be featuring models 
pho10graphy. and technical papers 
from ilS industrial utilization R&D 
area - projects such as an Ion
Ni!riding Vacuum Furnace. 

GAUTSCHI :'\ORTH 
AMERICA, INC. (Charlotte, 
North Carolina) 
Booth #736 -- features heat 
treating furnaces for the aluminum 
industry. 

G-!\1 E~TERPRISES (City of 
Industry, California) 
Booth #232 -- features !heir "state 
of the an" vacuum hot zone 
design including their patented 
heating clement support and 
locking nozzle. 

Information on the new G-M 
com·ectivr heated pressure quench 
vacuum fornace will be available. 
In addition, G-M will display 
s~ndard product lines for 
aluminum solution treat, hydrogen 
retort, controlled atmosphere wi:h 
integral quench, conveyors, and 
core burnout for the investment 
ca<;ting industry. G-M Enterprises 
will demonstrate its national 
service availability in combustion 
analysis, helium leak detection, 
instrumentation service and 
calibration, furnace certification in 
compliance with all military, 
aerospace and airframe 
requirements. 

GR.\,\"ILLE-l'lllLLIPS 
CO\ll'A'\' (Boulder, Colorado) 
Booth 1:740 -- features an 
improved vacuum gauge. 
Convectron gauges from 
Granvillc-Philiips provde high 
resolution pressure mea,urement 
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from atmosphere to I millitorr 
with a sbgle gauge bJbc and 
controllez. Their wide useful 
range and highly predictable 
performance make Convectron 
gauges an excellent replacement 
for typical limited range, sow 
response. drift prone thermocouple 
and Pirani gauges. 

Excellent repeatability helps avoid 
two problems that may be caused 
by gauges prone to calibration 
drift. These are: (I) Product 
defects if processing is started at 
too high a pressure. (2) Cycle 
time delays, the equivalent of 
downtime, which can result while 
waiting for a non-repeatable gauge 
to indicate a desired pressure 
when the actual pressure is already 
sufficiently low. 

Series 275 Gauge Controllers are 
available with either digital or 
analog readout, adjus1able pressure 
set points, extended range to )()"' 
Torr, and no-display versions for 
external interfacing and computer 
control. 

GRAPHITE DIE MOLD INC. 
(Durham, Connecticut) 
Booth #915 -- description not 
available at time of printing. 

GREAT LAKES CARBON -
SPECIAL TY GRAPHITE 
(Briarcliff Manor, New York) 
Booth #439 -- features machined 
items of various Specialty 
Graphite medium and finegrain 
grades serving the heat treating 
and m<sterials markets, including 
heating clements and rods, 
sintering boats and trays, vacuum 
furnace guides, and furnace 
insulation and furniture. Sales and 
Technical representatives will be 
available to assist in the selection 
of proper graphite grades and to 
discuss specific customer 
requirements. Specialty Graphite 
products have been developc<l lhal 
meet challenging m1u.~cments 

associated with new technologies 
related to heat treating in the 
aerospace, advanced ceramic, and 
nuclear industries among othezs. 

GRl;E~BERG OVEN 
COMPANY (Williamsport, 
Pennsylvania) 
Booth #223 -- description not 
available at time of printing. 

HALMAR/ROBICON 
(Columbus, Ohio) 
Booth #409 -- features 
Halmar/Robicon, who will 
introduce two demonstration 
models of their new 
microprocessor-based SCR Powez 
Co;;trol and new I OOOHz Power 
Supply. The new µP Control 
provid,.s the benefits of two-way 
digiu.. communication for 
centralized process control. The 
IOOOHz Power Supply eliminates 
problems associated with 
harmonics and power factor. 

Halmar/Robicon will also display 
models from the largest selection 
of standard SCR Power Controls 
with UL listings and CSA 
cenifications, small 100 and 200 
SSR-typc Controls and examples 
of custom-designed controls for 
special applications. 

IL\llCK ~IA,CFACTLJRING 
C0,1PA~Y (Lebanon, 
P enn.rylvania) 
Booth #601 •• fc.alures lhe SVG 
Super Velocity Gas Burner, which 
is designed for a wide variety of 
applications that benefit from 
combustion gac;es recirculation, 
increased efficiency and improved 
lempcralure u!!iformity resulting 
from the name's high exit 
velocity. The SVG fires any clean 
industrial fuel gas. The air 
staging design produces low NOx. 
The air staging also eliminates 
tlwrmal shock, allowing the burner 
iile lo remain cool. The SVG 
operates over a -w;dc range of 
rat;os and pressures, from 30% 
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excess fuel to cover 3000% excess 
air. The SVG can operate with 
preheated c->mbustion air 
temperatures up lo fOOF. Burner 
control may be achieved by pulse 
firing, cross-connected ratio 
control or fuel-only control. 

HEA TBA TH CORP. 
(Springfield, Massachusetts) 
Bocth #207 -- features a complete 
line of metal treating products as 
well as a patented ncn-cyanide 
carburizing sail, a barium-free 
pack carburizing compound and a 
non-toxic, water soluble 
carbur.zing stop-off compound. 

HEAT TREATING 
MAGAZINE (Carol Stream, 
Illinois) 
Booth #741 -- features current 
issues of HEAT TREATING, the 
magazine of the thennal 
processing industry, which will be 
distributed FREE to attendees. 
Subscription qualification cards 
will be available. Business and 
editorial staff members will be 
present. 

HE:\ T TREA Tl:'\G :\ETWORK 
(Cle~·cland. Ohio) 
Booth #17 -- features a not-for
profil network of industry, 
government and academia that 
identifies, develops and transfers 
heat creating technology lo its 
industry members and broadly 
markets the resulting ne~ 
capabilities. 

Visit thr HTN booth to learn how 
you could benefit from the 
leverage of HTN re•~urces 
(monetary and personnel) and take 
a proactive role in the only 
treating technology transfer 
organization in the U.S.A. 

HESS-MAE, INC. 
(Edwardsburg, Michigan) 
Booth #432 -- features two 
Operator-Assisted Straightening 
Presses. One will be a 40-Ton 
Conventional Stroke-Controlled 
machine. The Olher will be a 16-
Ton Electronic Stroke-Controlled 
machine. The r.ew Electronic 
Str0ke-Controled version offers 
joystick actuation, three 
independently adjustable depths, 
crack detection, automatic anvil 
selection and automatic depth 
selection. There will also be a 
video featuring a microprocessor 
based amomatic straightening 
system with continuous cycle t.:me 
optimization. These precise 
machines offer savings Jy 
reducing case depth re·~uirements, 
therefore, decreasing grinding 
times, reducing rough sizes, and 
lowering sludge removal costs. 
Productivity is enhanced through 
precision depth control and the 
addition of automated functions. 
Two hand operation improves 
operator safety. 

HOLCROFT (Livonia, 
Michigan) 
Booth #600 -- features a 
recognized leader in the 
manufacturing, selling, and 
servicing of high-quality furnace 
equipment Innovative product 
designs, with cost-efficiency and 
customer satisfaction in mind, 
have propelled Holcroft to the top 
of the heat treating industry. This 
pioneering spirit is evident in th~ 
equipment we have developed for 
carburizing, carbon restoratior •• 
neutral hardening, tempering, 
annealing, spheroidizing, sintering, 
an~ various other heat treat 
operations. 

Establi~hed in 1916, Holcroft 
specializes in custom and standard 
furnace designs and offers a 
commitment to high prodvct 
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standards. Numerous international 
patents attest to our ability to meet 
any l.hallenge presented by 
controled atmo~-phere heat 
treaunem. 

HO:'\EYWELL (Fort 
Washington, Penns)'lvania) 
Rooth #214 -- features control 
products and systems designed to 
m~t the control and infonnation 
mana~:ment requirements for 
todJy's thennal processing 
applications. 

Products which are modular and 
cost effective fer both unit process 
application and optionally as the 
foundation for integrating thennal 
process equipment with plant 
management systems. These 
include Lcaderlinc: Controllers and 
Recorders, the Series 9000, Loop 
and Logic Control Sy~tems and 
Honeywell's new Series 7800 
Burner Control System. 

m '\TEarno' 
TR.\'.\SFOR\IER CO\tPA'l;Y 
(Flcmin[?ton .. \"ew Jerse)') 
Rooth #518 •• features Hunterdon 
Transfonner Company's full range 
of water cooled transfonners. 
chokes and coils for line and 
medium frequency induction 
heating and melting applications al 
the 1991 Heat Treating Exposition. 

The Hunterdon Variable Reactance 
Transformer (\'RT) will be 
demon~tratc:I. All Hunterdon 
VRT's arc warranted for five 
year~ against defects in 
v.orkmanship and materials, and 
of .:r many unique advantages for 
supplying controlled low voltage. 
and high current power. 

ti\\ c; l'\l>lTTOllEAT 
(Ccrmunyj 
Hooth #408 -· features a 
ckmonstration of their their 
1Jori1ont.al $(anner, a compact, 
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self-contained continuoLS feed 
heat treating system for general 
purpose applications. Exhibit also 
includes ST A TIPOWER power 
supplies for induction heating 
applications. A ST A TITRON 
Transistorized R.F. Induction 
Power Supply (eliminates 
oscillator tube) wilh integral heat 
station and a UN!SCAN II single 
spindle scanning machine which 
combines the sub-systems of 
ST A TIPOWER 25kHz solid-state 
inverter, heat station. N.C. scanner 
and recirculating systems into a 
single unified structure will be 
shown. A working operator 
terminal with diagnostic screen 
will also be featured. 

J!\DllCTJON TOOLING, INC. 
(North Royalton, Ohio) 
Booth #725 -- features design and 
manufacture of specialized case 
hardening inductor tooling for the 
Automotive, Heavy Equipment, 
Bearing and Aerospace industry. 

A sister company, Induction 
Tooling Sales, Inc., is a stocking 
distributor of FERROTRO~. an 
induction flux field concentrator 
macle by The Polrmer 
Corporation. Additional 
affiliations: MSI Automation -
Induction robotics, L.C. Miller -
RECOIL it; and flexible induction 
power cables, Zion Industries - 2: 
SCA!\~. hydraulic parts handler 
for induction, and lnd:.:ctoheat -
U:'\IPOWER~ 30 kHz 5-20 kw 
power supplies. 

l!\Dl'CTOllEAT, INC. 
(.\.fadisor1 lleighrs, Michigan) 
Booth #.WO ·· features a broad 
range of induction heating 
equipment 

Inclu:toheat's exhibit will 
dcrnomtr.ite their Horizontal 
$;::.i:~r.~r. a comp~a.:t, self-contained 
continuous feed heat treating 
sy~tcm for general purpose 
applications. Exhibit also includes 
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ST A TIPOWER power supplies for 
induction heating appliQltion. A 
STATITRON Transistoriud RF. 
Induction Power Supply 
(eliminates oscillator tube) with 
integral heat Slation and a 
UNISCAN II single spindle 
scanning machine which combines 
the sub-systems of ST A TIPOWER 
25kHz solid-stale invener, heat 
station, N.C. scanner and 
recirculating systems into a sin~le 
unified structure will be shown. 
A working operator terminal with 
diagnostic screen will also be 
featured. 

INDUCTOHEAT PTY. LTD. 
(Australia) 
Booth #404 -- features a broad 
range of induction heating 
equipmenL 

Inductoheat's exhibit will 
demonstrale their Horizontal 
Scanner, a compact, self-contained 
continuous feed heat treating 
system for general purpose 
app'.'cations. Exhibit also includes 
ST A TIPOWER power supplies for 
induction heating applications. A 
ST A TITRON Transistorized R.F. 
Induction Power Supply 
(eliminates oscillator tube) with 
integral heat station and a 
UNISCAN II single spindle 
scanning machine which combines 
the sub-systems of ST A TIPOWER 
25kHz solid-stale invrrter, heat 
station, N.C. scanner and 
recirculating systems into a single 
unified structure will be shown. 
A working operator tenninal with 
diagnostic screen will also be 
featured. 

J~DUSTRIAL H£A TING 
MA<iAZINE (Troy, Michigan) 
Booth #533 -- features Industrial 
I/eating Magazine, which is 
recognized worldwide as the 
leading source of authoritative 
information on thermal technology 
as it relates to practical 
applications. Industrial I/earing is 

read and referenced by top 
corporate-level technical directors 
and management-level engineers 
who are responsible fer the 
application and conttol of high 
temperature heating in primary 
and processing industries. 

INDUSTRIAL HEAT 
RECOVERY EQUIP., INC. (El 
Cajon, California) 
Booth #519 -- features a 
manufacturer of water cooling 
systems including Air-Cooled 
Systems, Closed Evaporative 
Systems, Open Evaporative 
Systems and Chillers. The display 
umt is a compound cooling sys1em 
to produce cool water for furnace 
shells, doors and gas coolers while 
also providing a chilled water 
source for the dif~JStion pump and 
electrical components. This 
compound system allows an Air
Cooled Heat Exchanger system to 
be used in all areas of the counby 
to totally eliminate water 
consumption. 

rrnUSTRIAL TESTl:'liG LABS, 
I,C, (St. Louis. Missouri) 
Booth #318 -- description not 
available at time of printing. 

l'EXl~CORPORATED 
(Ransomville. New York) 
Booth #436 -· fea!ures radiant 
tubes made of a special composite 
material (silicon-silicon carbide). 
These composite tubes offer high 
temperature capability (up to 
2450"F) and exceprfonally long 
life. !his new material eliminates 
the creep (sagging) commonly 
experienced with nickeVchrome 
alloys and the thermal shock 
failures common with mullite 
radiant tubes. These tubes have 
hcen prove~ to offer superior 
performance and durability in a 
wide variety of heat treat 
processes and atmospheres. A 
unique, all n::w pi!tented 
manufacr•Jring process allows 
these high pcrfonnance tubes to be 
competitive in price with ordinary 
metal tubes. 

• 
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INLAND VACUUM 
INDUSTRIES INC. 
(Chllrchville, New York) 
Booth #317 -- features the 
industry lea<ier in the manufacture 
and distribution of high vacuum 
pump fluids. We have built its 
solid reputation upon manufacture 
of the highest quality products, 
just-in-time delivery, and technical 
service. Our vacuum pump fluids 
are carefully distilled through 
vacuum distillation technology IO 
remove any trace impurities and 
volatile components that affect 
ultimale pressure. Our most 
recent new product, the Inland 
Excellin high vacuum grease, is an 
excellent lubricant yet provides 
lead tight sealing in many vacuum 
applications. Inland Vacuum aims 
to deliver not just a product but IO 
deliver the personal attention you 
deserve. Inland's commitment IO 
customer satisfaction is 
guarameed. 

I~SIGHT SCIE~TIHC INC. 
(Simi Vulley, California) 
Booth #lT9 (Materials Expo 
Side) -- features transparent 
brazing furnaces with advantages 
in process development and small 
pans production. Outer tube of 
furnace is transparent fused quartz 
with an advanced thin film coating 
that reflecL~ heat back into the 
furnace core while simulr:incously 
allowing an unsurpas~ ~iew .:>f 
processes occuring within. The 
operator can visually monitor the 
process and make adjustments 
while it is taking place! Direct 
monitoring improves efficiency 
and increases understanding. 

Also featured are Cool Windows 
for the furnace OEM and the 
furnace user. They reflect heat 
while transmitting visible light, 
allowing a clear view of the 
furnace core. Thi~ eliminates hot 
window ha1.ards, dc:rcases 0-ring 

temperalures, reduces cooling 
requirements, and allows larger 
windows to be designed into the 
furnace without creating coldspots 
in the hot wne. 

I: 1sight Scientific also 
manufactures f~ces for crystal 
growth, optical fiber drawing, and 
thermophysical property 
measuremenL 

INSPEC (Ca"ol/1on. Taas) 
Booth #217 -- features 
information on Inspec's newest 
products, a vacuum carbide 
sintering furnace and the first in a 
line of box furnaces. Also 
featured is a live display of 
Inspec's Furnace Control System 
based on the GE Fanuc Line of 
PLS'S. 

INTERNATIONAL 
TECHNICAL CERAMICS, 
INC. (Ponte Vedra, Florida) 
Booth #204 -- features 
manufacturers of high temperature 
ceramic coatings and furnace 
repair materials which reduce fuel 
costs, increase productivity, and 
protect equipment. These 
products are quickly and c.asily 
applied by your in-house labor to 
brick, fiber, refractory, or metal 
surfaces. Also manufacture 
unique fiber modules for 
replacement doors, walls, ceilings, 
which have outside surfaces that 
are comfonable to touch. Burner 
blocks and other custom ceramic 
products available. Per::onalized 
attention given to customer 
requirements. 

IRCON DIV/SQVARE D CO. 
(Niles, /llinnis) 
Booth #719 -- features Maxline 
Temperature Monitoring and 
Control SyslCm, which can 
monilor and control temperatures 
of one or two separate processes. 
All:>ws operation within ranges 
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from 0 IO 6500'F, 0.5% accuracy 
and adjustable response times 
from 0.025 to 60 seconds. 
Modline Plus Fiber Optic Infrared 
Thcnnometer to measure 
temperatures from 350"F to 
6500"F within 0.75% accuracy. 
Focusable reirnaging lens 
withstand temperatures of 400°F 
without cooling. Ideal for 
difficult-to-reach or obstructed 
targets. 

Also featuring Ultimax Ponable 
Infrared Thennometer for 
temperature ranges from -50 to 
5400"F. Accuracy of 0.5% of 
indicated value. 

JACl\SO:'IJ TRAl"SFORMER 
C0'.\1PA~\' (Tampa. Florida) 
Booth #135 -- features a cross 
section of .. JACKSON QUALITY 
MAGNETIC DEVICES". Open 
and encapsulated - water cooled 
and air cooled - rectangular and 
toroidal designs, isolation, auto, 
potential and current Transfonners 
- Reactors - Transinductors -
V.l.T. - Integrated Magnetics will 
be on display. 

Design ratings from 5 Va to 
15,000 ha - single and three 
phase - d.c. to 450 khz. The main 
feature will be a working model of 
the new (patent pending) 
JACKSO~ VARIABLE 
1~1PEDA~CE TRA!'\SFOR~1ER 
.. V.1.T." The V.I.T. is an 
integrated magnetic device which 
provides rcliahlc and efficient 
s1epless power to such items as 
elccric furnaces, load banks, 
plating power supplies, etc. 
Kilowatts of power can be 
controlled from minute signals of 
4-20 milli:unps or from 0-10 volL~ 
d.c. Sec ad on page H62. 
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J. L. BECKER COMPANY 
(Livonia, Michigan) 
Booth #328 - features heat treat 
equipment and component pans. 

J'.\IS SOUTHEAST (Sta1esville. 
Nonh Carolina) 
Booth #632 -- features custom 
manufacturers of thennocouples 
and RTD's for heat 1reating 
applications. Our thennocouple 
calibrations include the following 
types: K, R, S, B, W5, W, J, T, 
E, arvt N We offer all types of 
sheath material from 316 stainless 
steel to Inconnel to tantalum. 

JMS also manufactures high 
temperature RTD's for 
temperature up to 1475"F. 

JMS also offers special coatings 
on our sensors or our thermowells 
for both high temperature 
applications and for corrosion and 
abrasion resistance. 

Other products include ceramic 
protection tubes, transmiw•.rs, 
thermowells, wire, and a wide 
array of industrial temperature 
measurement insuum~ntation. 

We welcome the opportunity to 
help you with any applications 
from standard to unique. Our 
qualified engineering staff will 
help you solve any temperature 
measurement problems. 

1\1,,EY \'ACLT'.\f (Canton, 
Massachusetts) 
Booth #133 -· features the Series 
2000 range of mechanical vacuum 
pumps and systcms, which are 
suitable for use on Heat Treating, 
Hardening, Melting, Coating, and 
Metallizing Furnaces. 

The new Series 2000 KT-840 will 
be introduced. This pump of 840 
m1

1i1r \SOCdm), joins the Series 
2000 line which also includes 27S 
m1/hr (160 cfm) and SOS m1/hr 
(300 cfm) pumps. This latest 
generation of rotary piston pumps 
have quiet, vibration free 
operation, force fcro luhrication 
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and integral oil mist eliminator, in 
an attractive, contemporary 
package. Kinney Vacuum 
boosters extend capacities up to 
22,000 m3/hr, and with unique 
Vapor Handling Systems make the 
most advanced and complete line 
of mechanical pumps for vacuum 
furnace applications. 

K. J. LAW ENGINEERS, INC. 
(Novi, Michigan) 
Booth #618 - features our 
complete line of Eddy Current 
Nondestructive Testing 
Insuuments for Heat Treat 
Verification, Chemical 
Composition, Alloy Mix 
Identification and Surface Crack 
Detection for Ferrous Metals; and 
for Conductivity Nondestructive 
Testing of Non-Ferrous Metals. 
InlrOducing the new Verimet• 
7000 Compul.erized Hardness and 
Alloy Tester. See ad on page 
H45. 

KLOECK~ER IO~OS OF 
A'.\IERICA, INC. (Charlotte, 
North Carolina) 
&ooth #319 -- features the latest 
in lonilriding and Ioncarburizing 
equipment A demonstration unit 
will show the plasma glow of an 
lonitriding System. In addition, 
actual pans and photographs of 
installations world wide will be 
displayed. 

Manning the booth will be factory 
experts who can discuss 
applications, testing and complete 
systems. Evaluation and cost 
estimates will be provided by 
these gentkmen as they relate to 
your products. 

KOi.ENE CORPORATIO~ 
(Detroit, Michigan) 
Booth #224 ·· features Kolene 
Corpori\tion who, for a half 
century, has served lhe mcial 
producing and metalworking 
industries with innovative 
tr~hnologies for cleaning, 
dcscaling and improving the 
performance of metal componcnL'i. 

In the past, our most successful 
products have emerged from lhe 
solving c,f specific problems. 
Today, Kolene has expanded the 
philosophy even further as we 
seek out new challenges to be met 
by our more than 50 years of 
experience and expertise in molten 
salt bath technology. 

This year KolenP. is inlrOducing a 
new, cost effective, cyani~ free 
nitriding process called KOLENE9 
NU-TRIDEno. 

KRAt;TKR..\\IER RRASSOS 
(Lewistown, Pennsylvania) 
Booth #532 -- features the MIC 2 
portable hardness tester and 
Hocking Eddy Current Equipment 
for metal sorting and crack 
d~tection. In addition, Uluasonic 
thickness gauges and flaw 
detectors will be shown. 

KURT J. LESKER CO. 
(Clairton, Pennsylvaniaj 
Booth #206 -- features vacuum 
pumps, fluids, gauges and 
hardware, RGA, Gas Sampling 
Systems. 

LECO COl{PORA TIO' (St. 
Joseph, Michigan) 
Booth #700 -- features the new 
LECO AMH-100 Automatic 
Microhardness Tester which 
combines automatic operation and 
methodology in conformance to 
ASTM E384-89. Additional 
instrumenL~ on display include the 
CMl5 Cut·off Machine, FR32 
Automatic Mounting Press, 
VPl50/AP50 Semi-Automatic 
Polisher, Olympus PME-3 
ln\'erted Mctallograph, SZ Stereo 
Microscope, M400-G 
Microhardncss Tester and RT240 
Rockwell and Superficial Tester. 



Easy, economical 
eddy current testing 

W.tf~~=v;i~:;;?o~£?;2~:~~k7~:n;;;r·~~}h::;~:~;:] 
process for case depth, core hardness or through hardness ... 
without damaging a single part. This new eddy current instrument 
from K.J. Law Engineers gives you the flexibility of computerized 
inspection with an easy-to-use software package. 

Highlights: 
...I "Quick-read" graphics display 

...I Minimal operator training 

...I In-line, off-line audit or lab inspection 

...I Communicates with SPC programs 

:t Stores up to 25 different part set-ups 

The Verimet 7000 is just one of many K.J. Law solutions to 
quality inspection challenges. Come see a den1onstration 

at the Heat Treat Exposition. 

K·J ·LAW 
INGINEEIS,'INC. 

Booth 618 

NOT Products Division 
42300 W. Nine Mile> Road 
Novi, Ml 4fU75-4103 
Phone>: (800) 521-524.5 
Fax: 013) J47-3.14.5 
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LEEDS &: NORTHRUP (Nords 
K'ales. PennsylvOllia) 
Booth #500 -- features new 
MlCROMAX 2, a small process 
control system with 
exceptionally large benefits for 
heat treaters. For example, 
MICRO~fAX 2 standard features 
include temperature conttol, 
ramp/sook programs, carbon 
po&ential conlrOI, and balch 
reponing. Also, cycle history 
stored en hard disl and magnetic 
r:ipe, and current furnace 
J. !tformance presented on CRT 
lrend displays or on a 
SPEEDOMAX 25000 Strip Chan 
Recorder. MlCROl\.tAX 2 
hardware design puts control 
processing on lhe shop floor next 
lO lhe furnace, wilh local and 
remote supervision. Furnace 
operation can be managed with a 
MICRO~tAX 2 l\.fanagcmcnt 
Station. a personal computer or a 
MICROMAX 2 Local Station. 

LEPEL CORPORA TIOS 
(Edgewood, New York) 
Booth #414 -- features a wide 
range of Induction Heating Power 
Supplies and Equipment. A line 
of 100~ Solid State R.F. Power 
Supplies. A self contained 
induction heal treating system for 
general purpose applications. A 
new ~mini-scanner" for scanning 
of small pans and "closed-loop" 
heat exchangers and water 
recirculacors will be displayed. 

LE\'ROLD l:'\FICO:'li l~C. 
(East Syracuse. New York) 
Rooth #703 -- fcacures its full line 
of va:uum product instrumen1ation 
and will demonstrate how it 
delivers !he absolute qualicy 
required for heal-treated metals by 
minirni1.ing contamination in a 
vai.:uum furnace. QX2000 RGAs 
dch:.:t contaminants or leaks in lhe 
V:''.:'U 1Jffi rrocrss cm·ironmenl 
before these unwanted residual 
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gases cause severe embritdcmenl. 
rendering enl.in: loads useless. 
Leybold lnficon vacuum gauge 
conlrOUcrs combine measurement 
iechnologies for controlling 
vacuum furnace pressure from 
atmosphere through lhe entire 
process range. The l.R..100 PLUS 
helium leak dcleCIOr fmds even 
the smallest leaks in vacwm 
furnaces, muring maximum up
time. 

LEYBOLD TECHNOLOGIES 
INC. (Enfield, Co:urecticut) 
Booth n11 - features lhc new 
Lcybold Durfcrrit GmbH which 
was formed in April of 1991 by 
joining the Durfcrrit heat ll'Cal 
furnace activity of Degussa AG 
and the metallurgical systems 
dcparunent of Leybold AG. 

The new company supplies heat 
ucaters with vacuum fumaccs for 
the brazing, annealing, hardening 
and sintering of metals and metal 
powders as well as salt bath and 
controlled atmosphere heal treat 
furnaces. 

Lcybold Durfcrrit also provides 
vacuum induction, vac1Jum arc. 
elcctroslag, electron beam, plasma, 
precision casting and metal 
powder atomization furnaces to 
lhe vacuum mciallurgical industry. 

LEYBOLD VACUUM 
PRODUCTS INC. (Export, 
Pennsylvania) 
Booth #702 -- features a full 
range ;>f vacuum pumps and 
pumping systems for the Heat 
Treating lndusuy. 

LISDRERG HEAT TREA Tl:'\G 
CO. (Rolling Meadows, Illinois) 
Booth #419 -- description not 
available at time of printing. 

LINDBERG, A UNIT OF 
GESERAL SIGNAL 
iK'atertown. Wiscon.sin) 
Booth #304 - features produas 
designed for industrial heal 
ucaters and researchers that arc on 
the leading edge of tempcracure 
technology. Specialized Lindberg 
products like afterbumerslcalalytic 
converters can help reduce bc8l 
treating emissions on present 
systems • ,r provide a cost effective 
alternative to vacuum systemS. 
Also shown will be a new line of 
laboratory furnaces wilh patenred 
LGO heating modules 
incorporating Moldathcrm• 
insulation/element camposite. 

LIQLlD AIR CORPORATION 
(K'allllll Creek, California) 
Booth #904 -- features industrial 
gases and processes for annealing, 
neutral hardening & brazing. 
Processes !:; ·ludc the proprieiary 
ALNAT FC system for automatic 
prevention nf dccarburizalion. 

Also displaying technology to 
shonen gas quenching cycles. 

Liquid Air is a total gas supplier. 
Providing nitrogen. aron, hydrogen 
and helium and now offering on
sile PSA~1cmbrane gas generation 
systems, A..OAL. 

L &: L SPECIAL Fl'RSACE 
CO. l~C. (Astori. Pennsylvania) 
Rooth #305 ·- features its line of 
standard and custom heat treating 
furnaces, ovens, and quench tanks. 
These include box carburizing and 
neutral hardening furnaces, 
tcm~ring ovens. annealing 
furna.:cs, batch hydrogen furnaces, 
car bouom furnaces. shuttle, 
conveyor, pusher, integral quench 
furnaces, bell-car furnaces, dual 
chamticr tool room furnaces, tube 
furnaces (with uniformities up lO :t 
2T). top loading furnaces, forging 
furnaces, bo:JJ. iurnaces, agitated 
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quench rants. eu:. Boch gas IDd We stock and disulllute our own resis1ance to c:artuizalion. 
electric. All atmospheres me brand oC me&allmgical lab oxidation. lhennal sucs:s IDd 
utilized indudir.g hydrogen and conswnab1es. Nitoo opDcal thermal fatigue. 
nittogen/methanol. Temperaures equipnent and Shimadm 
from 300"F (I SO"C} to 31 OO"f microbarmcss tesacrs. MARA THOS MOr-.lTORS INC. 
(1700"C). (CincUutati, Olrio) 

In Michipn md Nonhem Ohio. Booth l609 - features lhcir 
The principles of lhe company Mager is lhc rcpresenlalive for complerc line of process cootrol 

• will be on hand to discuss specific Nikon hlsUumems. Stop by our insuumcnration. oxygen sensors. 
customer n:quircmenrs. boolh and see lhc opcical and dara acquisitioo softwuc 

perf ectio.l of lhc New Niblo systemS. Fearured ircms include: 
LUCIFER FVRSACES, INC. SMZ-U Sraeo and Microphol SA 01 probe. 3-gas Infrared 
(M'arrillgton. Pennsy/Wlllia) Miaoscopes. Be sure IO pick up progr.unrnable aanospherc and 
Booth 1114 - features a one oC our meWJurgical temperature conuol sr-tans. 
longillldinal half-section of a Dual consumables c:aralog. vacuum furnace conbOI sysu:ms. 

• Chamber Atmosphere Muffle including ii direct pin for pin 
Furnace. This unique dispiay ENJOY 1llE SHOW! compatible replacemenr. for lhc 
offers the viewer a derailed I<><* at Honeywell TIOO. MMI will also 
the inrcrioc construction of a MAGNA TECH, INC. feature lhcir complcrc line of PC 
furnace. The show model is (BaiLNlotj. Iowa) base.d processing modeling. and 
designed with a IO"H x IO"W x Booda l440 - description DOl data acquisition software. 
24 "L muffle for use with available • lime of printing. • conuollcd atmospheres in lhe MARYLAND \\1RE BELTS 
upper chamber. The lower MANNING U.S.A. (Morristown. INC. (Church Creek. Maryland) 
chamber is complete wilh a New Jersey) Booth 1231 - features lhe fasrest 
Slainless sic.~I liner and fan Booth 1131 -- feacmcs a heat growing mcral belt manufaclUrer 
assembly for circulation and treating company that provides in North America. Maryland 
remperature unifonnity. Lucifer technical services and equipment offers custom made metal belting 
Furnaces offers lhe widest to lhc power generation. petro for use i!l heat treating. • selection of Dual Chamber models chemical. and fabrication carbur.zing. sintering. quenching, 
for use with or without protective indusaies throughout the world. as well as other material 
atmospheres. while providing lhc We offer a wide variety of handling/processing applications. 
mcst chamber sizes. temperature knowledge and expertise in the Specialties include guaraniecd 
ranges. and optional equipment to field or heat ueating by doing a delivery times, which if missed, 
meet the cuslOmer's requirements. wide array of wort at remoie waive all charges ro the 

• locations (on site) or supplying customer • lhe belt is free! 
Ll"XTRO~ CORP., equipment that can be either Licensed travelling engineers arc 
ACCl"fllJER DIV. (Beaverton. porrablc or pennanenL The available ro go on site to 
Oregon) methods of heating used by customer's locations and assist in 
Boob #827 • description not Mannings U.S.A. are induction. installation, tracking or belt 
available at time of printing. high or low voltage electrical design. Finally, the "Aat Seat" 

resistance. and high velocity belt is available which has been 

• ~!AGER SCIE:'\TIFIC, INC. combustion . time proven to offer the least 
(Dex;er, Michigan) stretch and truest tracking of !!!.r 
Booth #327 -- features Mager ~1ASOIR ELECTROALLOYS metal bell 
Scientific, who welcomes you to CORP. (Elyria, Ohio) 
the 13th Hear Treating Booth #SIS •• features new Stop by and pick up information 
Conference. As a supplier ro the modem alloying techniques to on your free belt. 
heat treating industry since !961, produce TMA Microalloys heat • we arc proud ro be a strong resistant castings such as belts, METAL-LAB. INC. 
supporrcr of AS M International. fixtures. radiant tubes, baskets, (Sturtevant, Wisconsin) 

rcLOrt, drive drums and related Rooth #540 ·• fratures 12 vacuum 
Magi:r Scientific is a s:rvice furnace hardware with superior furnaces (2 of which arc Ion 
oriented supplier of Mcl.lllurgical Nitridcrs and 2 others are the most 
laboratory supplies and equipment advanced 5-Rar and 6-Bar vacuum 

• 
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f~ produced in lhc world). involved. Samples of lnstiture !\llKROS INSTRl~tL'T CO., 
25 rempcring furnaces. 6 publicalions and mcmbeiship INC. (Wyckoff. New J~rsey) 

' aunosphcrc furnaces as well as infonnalion will be available a Booth •119 - features pcxtablc 
cryogenic capabilities. This Slale- the exhibit widl Slaff and Institute and stationary infrared 
of-the-an equi!Jment is housed in a members who will mswer thennomctas ... fiber optic 
modem 33.<XX> sq. ft. facility that questions. tcmpc:raturc ttansmiuers for non-
was specifically designed for Contact lemper.ll.ac measurement 
mold. lOOI &: die and specialized METRO SCALE COMPANY, ... blackbody sources for cali-
vacuum heat lreating. Qualified. INC. (M~lvir.llol~. Michigan) bration of infrared thcnnomclers. 41 
knowledgeable and expcrienccd Booth 1115 - fcaturcs a Weight 
personnel. coupled with the most Conuollcd Furnace lmding MILLF.R COSSOLIDA TED 
advanced equipment available. System. which utilizes a Tine IXDt:~IRIES (Dayton. Olrio) 
assures thar. the highest quality Vibralory Fce.dcr' System to Booth UM - dcscriplion not 
standards in the industry are conuol lbslhour CldCring the available al lime of printing. 
mainlaincd for our customers furnace. Controller continuously 
around the world. Tomorrow's monirors feed rate ro maintain a !\IKS IXSTRUME'.\TS, INC. • Vacuum Technology Today. 99'.i or beuer feed accuracy on (Andover. Massac~tts) 

most pans. Accepts lbs,ibour and Booth nos - features vacuum 
MET ALL WERK PLAT\ SEE pan information lhrough keypad. and gas flow 
G'.\tBH (Tirol. Ausrria) remore compurer or bar code measuring/controlling insttumcnts 
Booth #108 -- description not scanner. Data is logged on a high and gas analyzing and dclectir!g 
available al time of printing. speed thermal priilrer and/or instruments al the Heat Treating • remote compauter. Maintains Exposition in Cincinnati. Ohio on 
MET AL TREATING, INC. Job/Part Totals. Inlerfaces to most Oc:IOber 22-24, 1991. New 
(Cincinnati. Ohio) process controllers. Monirors products on display include a 
Booth #803 -- features custom zone tcmpcralllrcS and belt speeds. combination Pirani/cold Calhodc 
heat 1reating of merals - specialists gauge controller and a quadrupole-
for lOOls. dies & high speed steel :\IG l'.'\DVSTRIES (Valley based panial pressure transducer. 
etc. Our processes include salt Forg~. P~MSJlvania) A wide range of Pirani. • bath. vacuum. aunospherc Booth 1628 -- features advanced thermocouple. and hot calhodc and 
controlled batch & continuous furnace atmosphere technology for cold cathode gau~cs will also be 
production furnaces, deep frceu the Heal Treating and exhibited. MKS Baratron• abso-
capabilities of 300"F etc. metalworking industries. We offer lute pressute transducers are used 

on-site gas gcncralion plants, built in processes requiring accurate 
MET AL TRF.A Tl:'\G storage and distribution systems, vacuum measurement and control 
l~STITLTE (NtptUM Btach, and cylinder supply systems. MKS Mass-Flo"' products are used • Florida) Merallurgical consulting services for the electronic measurement 
Booth #543 •• features the and engineering assisrancc are and control of gases from I seem 
international trade association of available to customers. Hardware to 200 slm (425 scfh). 
commercial heat treating featured al Ille show will be a 
companies comprised of 360 PSA nitrogen on-site gas \IPI 1-TR~ACE CO\IPA'.'\\' 
members throughout the United generation system. MG Industries (Fort H'aynt, Indiana) • States, Canada, Europe. Central wants to be yout "Panner in Booth #629 -- features a manu· 
and South America, Taiwan, and Technology"! facturer and re-builder of 
South Africa. Industrial Furnace Equipment with 

\f.G.P. ISC. (Womelsdorf, design. in-house manufacturing 
Its purpose is to foster a healthy Pennsylvania) and field construction ca9ability. 
business climate for contract heat Booth #520 •• description not Equipment lines include Car-
treaters. Members benefit via available al time of printing. h<inoms, Roller Hearths, Tip-Up • programs geared to the Furnaces, Belt Furnaces and batch 
governmental, managerial, equipment featuring the 
ma:kcting, statistical and safety SC'."CASE, SUNDRA W and 
areas in which the companies arc SU!'iW ASH lines. 

• 
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MPI is also the supplier of the 
parented Mart VIU. direct-spark. 
ignited. recuperative radi3nl tube 
bumec. 

The booth display will feature lhe 
MPI burner and examples of 
rcttnt projects complered by MPI. 

l'\l\'AK TECHSOLOGIES, INC. 
(Easr Han.over, NA! Jersey) 
Booth 1914 - features a full 
range of vacuum pump services 
a.'ld products. From vacuum 
pump rebuilding, IO pans and new 
equipment.. MV AK Technologies 
is the source for vacuum pump 
services. Visit our booth and 
expcricnce the qualicy scnice and 
1«hnology you hav~ been looking 
for. 

NATIOSAL \' ACUUM 
PRECISIOS (Mal11trn, Ohio) 
Booth #340 -- features N.V .P., 
who offers rebuilding services for 
vacuum pumps including piscon 
pump, 'lracuum blowers and 
boosters, and vane pumps . 

We arc an authorized service 
cemcr for Stokes Vacuum and 
Kinney Vacuum. 

N.V.P. also rebuilds the following 
\·acuum equipment: Leybold, 
Alcaccl. Edwards, Welch, Ralzers, 
Roots Dresser. MD Pneumatics. 
Galileo, Precision, Varian and 
olhcrs. 

N.V.P. also manufactures a 
complete line of varnum pump 
oils for these pumps and 
distributes 702, 7~. and 705 
silicones for diffusion pumps. 
Reclamation services for silicone 
nuids arc also available. 

Used and rebuilt vacuum pumps 
for purcha~ or rl!ntal arc also 
aviiilo.sLk fur KV.P. 

NETUREN CO. LTD. 
(Columbia. MDTJl4Nl) 
Bootla "41 - features induction 
healing t.quipmcnL 

NEW AGE INDUSTRIES. INC. 
(Willow Grow. PtllllSJIVOllia) 
Bootla •1633 (Mataials Expo 
Sick) - features hardness testing 
inslrumenrs for testing according 
10 lhe Rockwell. Brinell and 
Microhanlness test mcdlods. On 
display will be portable. bench and 
production units all with digital 
readout. buih in Slalistical software 
and RS-232 ourput for prin1er or 
compuler inacrface.. Of special 
DOie will be our MT-90 
Production Micniiii(lllCSS Testing 
System. Capable of doing 
automatic and fully programmable 
microhardness tests. lhe MT-90; 
can do effective case and 
decarburiDbon slUdies in only 2 
minurcs. Also on display will be 
our Master Calibration/Hardness 
Calibration Test Blocks, lhe only 
lest blocks currently available in 
lhe U.S. lhal offer uaceabilicy co 
csl2' 'ishcd independeru 
in1.emational hardness \ctlue 
standards. The highlight of our 
display will be our new Brinell 
Optical Scanning System, lhe 
B.O.S.S. which is a fully 
automatic Brinell scope. 
Available as a ~ based or 
portable hand held unit. the 
B.0.5.S. automatically reads 
Brincll impressions, and calculates 
lhe impression diameccr and 
Brinell hardness value in under 2 
seconds. For over rony years 
New Age Industries has been a 
lc.adcr in lhe field of hardness 
ccsting and a scop by our booth 
will clearly demonstrate why. 

~EW WELDUCTIOS 
(Farmington I/ills. Michigan) 
Rooth #104 -- features ilS new 
line of energy efficient ceramic 
cube oscillators and solid stale RF 
Induction Heating power :i>upplics . 

TE SHOW DIRECTORY 

A complete lnduct.icn Hardening 
System which utilizes lhe new 
products will be on display. 

!':OBLE l'."Dl'STRIAL 
FUR~ACF. (East Windsor. 
Co11McliC111) 
Booth #814 -- fealllrCS pictures, a 
banner and a small furnace model 
approx. 2 1(1.' high x 2 t(l.• round 
and a few alloy model fLXIW'eS to 
set on a table. The model furnace 
"'-ill also be on a table and will 
weight approx. 200 pounds. 
Noble fwnace is a manufacturer of 
heal treating furnaces for lhe 
aircraft industry. 

OAKLASD METERING 
LOADERS (NA! Baltimore, 
Michigan) 
Booth 1714 -- features lheir loader 
for use with bell, rotary and 
shaker hearth furnaces. The 
loader has three moving steps 
designed to reciprocate along a <IJ' 
slope. The number of pans 
discharged from one scep to the 
next tends co become uniform. 
dcli\'cring a practically constant 
number of pans for each stroke. 
The loader comes in sizes from 
six co % inches wide. Cuswm 
designs arc also a\'ailable. 

Used with lhcir integrated 
designed dumpers and weigh 
bucket systems, pans flow is 
maintained at lhc optimum 
discharged race. 

Oil.Pl.RE SYSTE\1S 
(RC1rk[ord. Illinois) 
Rooth #911 -- fc.atures a 
purification process, a 
revolutionary :.tcp in oil 
reclamation tc.chnology, that 
removes contaminants down to 
~uhmicron size from a wide 
variety of indu~lrial oil without 
afkcling the additi\'CS lhat protect 
your process. Additionally, 
Oilpure Systems reduces 
emulsified water ~low 100 pans 
per million and removes oxidation 
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by-products. With the capability 
of purifying 10 IO 50 gallons per 
hour. Oilpurc S yslCmS reduces 
waste handling and new oil 
purchase costs. lowers cquipmcn1 
maintenance, and mcelS 
environmental mandales. 

OSSPEC, ISC. (\'i/la Part. 
llliNJis) 
Booth 1920 -- features a full 
service Conlr3Ctor with over fifty 
years of combined experience in 
all phases of the Heat Treating 
industry. Our services include 
installation, con,·ersions, design, 
including instrumentation, 
updafr1g. fabrication, modification, 
troubleshooting, repair and 
rebuilds .xisite or off, process and 
electrical piping and refractory. 

PACIFIC ISDt:STRIAL 
FLRSACE CO., DIVISIOS OF 
DETREX CORP. (Southfi~ld. 
Michigan) 
Booth #SOS -- fc:atures complete 
furnace systems for Aging, 
Annealing. Brazing, Carburizing. 
Hardening. Hoc Forming, 
l'\ormalizing. Sintcring. Solution 
Treating, and Te;1.pcrirg. 
Capabilities of complete turnkey 
installations. computer controlled 
systems, rcno\'ation of existing 
furnaces, and integrated 
automation to meet Purchaser's 
requirements. 

Experienced enginer1s available to 
evaluate your fu:-nace 
requirements. 

P.\RK C!IE\11CAL CO\H'ASY 
(Detroit . .'.f ic hi gan) 
B<K1lh #314 -- ka1urcs Park's 
compkre line of heat trca1ing and 
aluminum bra1ing salts, oils, and 
synthc1ic qucnchants. 1. 's year 
Park in~oduces the new<. 
additions to our product line -
t\("~<'bk~ ~r:11ini; Flux and 
Aluminum Casting Salt. 
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Also fcablred will be the Holden 
Furnace Division of Part 
Chemical Company. Specializing 
in the manufacturing fo molten 
salt bath equipment and replace
ment pans, Holden has had an 
established rcputalion in the beat 
treating business for many years. 
In order IO meet the needs of all 
heal IJ'Calers, thc Holden Furnace 
Division also offers a wide array 
of quality used cquipmcoL 

PARK PRECISION INC. 
(Birmingl-.am. MiclrigiJll) 
Booth UIS - features induction 
heating repair. replacement 
service, prototype inducaor 
development. complCIC 
refurbishing service for all types 
and makes of induction heating 
equipmenL 

PARTLOW/MOL YTEK CORP. 
(New Hartford, New York) 
Booth #105 -- features ARC 4100 
Analog Circle Chan Recorder. 
MRC 7000 Microbased Circle 
Chart Recorder, MIC 8200 i>ual 
Display Temperature Controller, 
Molytck 2702 Multipoint 32 
Channel Recorder, Molytek 3702 
Recorder and Molygraphics Full 
Color Data Acquisition Display 
Software. New product<; to be 
ir.1.wduced at this show: SIXPAC 
-- 6 Channel Strip Chan Recorder. 
Al'ALINE -- 2 Channel Analog 
Strip Chart Recorder. See ad on 
inside front cover of Materials 
We.ck section. 

PA \'SE ESGINEF.RISG (Scott 
Depot. West Virginia) 
Booth #808 -- features Payne 
Engineering who, since 1959. has 
been rccogni1.cd for technical 
leadership in design and 
manufacturing dedicated to Solid 
St.ate MOlor Controls and SCR 
Power Controls. They will 
display the industry's most 
compl..:te range of these producL'i. 
Motor controls include: 
SENTROL EM3 series reduced 

voltage ·Sort Staners·. the award 
nomirwed 11 DZ/EZ Solid S&ale 
Relays designed IO replace 
mercury displacement swirches. 
and heavy duty series HR 
Re,rersing Stancrs. Also fea1ural: 
SCR Power Controls, designed for 
manual or remote signal opcralion 
for complete control in ~ 
heating applicatioos up to 1200 
amps at 480 \"olts. Free Liacrature 
and Applications Publicalioos. 

PESSA-FLA~IE ISDUSTRIES, 
INC. (7Lli~nople. P~nn..rylvania) 
Booth #804 -- features Case 
Hardening services. Featured will 
be lhc ·uni-Max case· roll 
hardening process whereby surface 
hardening and 1epth arc controlled 
by computers which allows proof 
of heal tr.:.atment through graphs. 
Another Penna-Flame advantage is 
their dcv.:lop.nent of knowing case 
depi.h (N.D.T.) utilizing the Pcnna
Flame Case Depth Meler. On 
display will be several cross 
section samples of \l<Orkpieccs 
which have been certified by 
testing laboratories. 

PILLAR ISDl'STRIES 
f.\fonomonee Falls. Wisconsin) 
B<K•th #639 -- features. among the 
equipment displayed, a 
demonstration of induction case 
hardening of small shafts. This 
syst~m includes a :-tigh frequency 
induction generator, Lift/Rowe 
fixture, and automatic robotic 
loading with complete PLC 
control. 

Beyond conventional heating 
systems, Pillar designs custom 
power supplies a~ well as specialty 
work handling equipment all 
engineered to your specific 
application requirements. 

Cckhrating over a quarter of a 
ccnt:ury of pionl·aing and 
technology adv;1m:cmcnL'i in the 
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induction industry. Pillar rcprc
senlS the manufacturers interests in 
quality. profits and cUSIOmcr 
leadership in their specific area of 
the industry. 

PILLAR ISJ>USTRIES -
MAR\'LASD i>l\1SION 
(ColUMbia, Marylond) 
Booth #643 - fcarurcs a Vertical 
Scanning unit wilh PLC and SPC 
capabilities and programmable 
microprocessor. Also an operating 
equipment Diagnostics system will 
simulate the ease and quick deter
mination of trouble-shoing pro
duction. 

Pillar offers both RF and solid
sutc indu::tion systems and has 
de,·elopcd dramatic innovations 
for meeting the needs of lhe 
industry. 

Pillar's quaner of a century of 
pioneering and technology ad
\·anccmems in the induction indus
try. pro\'ides a solid foun-dation 
that is demonstrated in equipment 
engineered for quality and 
reliability. 

POLYCARROS I~CJSIGRI 
CORPORATIOS (\'alenica. 
California) 
Booth #329 ·- features a wide 
\'ariely of carbon and graphile 
insulation materials for high 
temperature applications, including 
soft fell products and fibergraph 
rigid graphaile felt. These poly
carbon materials arc ideally suite I 
for \'acuum furnace appli-caitons. 
Also on display arc Sigri 
Corporation· s product lines. 
including monolithic graphite and 
carbon-barbon materials for fur
nace, fumbiturc, hc.tting clement, 
and structural appli·cations. Also 
a\ailabk from Sigri arc coating 
materials. Polycarbon, Inc. is a 
subsidiary company of Sigri Corp
ora1.io.1, and the com·bined product 
lines offer a unique 101.al package 
of graphite ancl related materials . 

PROCEDYNE CORP. (Ntw 
Bnmswid:, Ntw Jersey) 
Booth l705 - fearures advanced 
gas fired fluidiz.cd bed heat 
treating systems. The palCnted 
SJ A Heating Manllc. dcvek>ped 
under contract to Gas Research 
Institute, provides heat transfer 
rar.cs equal to electrically hcared 
mantles and uses twin bed heat 
recuperating burners for increased 
energy efficiency. Information on 
the field rest performance, 
supported by Michigan Consol
idated Gas Company will be avail
able at lhc booth. 

Also featured arc Proccdync 
automared fluidized bed heat 
treating systems lha1 can be 
incorporared directly into 
automared manufacturing cells. 
These systems process multiple 
pans and multiple heat treatmenlS 
in a single line and can handle 
production rcquiremcnts up to 
10,000 pounds per hour. 

PROCESSTECHSOLOGY 
I:"tC. (Mentor. Ohio) 
Booth #134 -- features lhe Process 
Tc.chnology line of electric 
immersion heaters, heating and 
cooling coils and tempcra'.'Jfe 
controls as well as their elec1onic 
temperature indicator and amp 
hour mcoer. Protcc brand heaters 
and heal exchangers are available 
in standard and custom 
configurations. 

Customer service personnel are 
available to offer advice on 
applications, installation or heater 
operation. A combined total of 
100 years experience can be found 
in our Sales/Service Department. 

PROTECTIOS CO:'liTROLS, 
INC. (Skokie. Illinois) 
Booth #334 -- features a complclc 
line of single and muhi-bumer 
PROTECTOFIER Combustion 
Safeguards for supervision of fuel 
fired burners. 

This type of electtonic safety 
control to monitor fuel fired 
systems is rnandalay to comply 
wilh National, State and Local 
safety codes. 

PSI ENERGY (Colwnbus. 
Indiana) 
Booth #625 -- features PSI 
Energy. Indiana's largest invcsur 
owned electric utility serving 
central and southern Indiana. The 
industrial sales team of PSI worts 
with ilS industrial customers and 
manufacturers of electric process 
equipment in a pannecship to: 
improve productivity and quality; 
increase profitability and increase 
efficiencies lhrough better energy 
utilization; all of thlS to maintain a 
competitive edge for lhe customer. 

PYR0:\1CS, INC. (Ck~land. 
Ohio) 
Booth #209 -- features a 
recupcrati\'e indirect fired system 
thal deli\'ers preheated combustion 
air to a scaled no1.zle mix burner 
providing a burner efficiency in 
excess of 60%. The sysiem may 
be supplied wilh either ceramic or 
metallic radiant tubes. Stainless 
and heal resistant tubes meet 
I 800"F furnace design temper
atures for heat treating 
applications. Silicon Carbide 
tubes arc available for 23ocrF 
furnace processes. This new 
rralerial pro\'idcs the benefit of 
long lube life over a wide range of 
process temperatures. 

Pyronics, Inc. will also exhibit 
cheir complcce line of burners, 
regulators and associated 
combustion and combustion 
safeguard products. 

PYIHHEK, l~C. (Trenton, New 
Jersey) 
Hoolh #15 -· fc.alures insulacing 
materials. 
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RADIANT HEAT applications. The company offers SALEM CORP. (Piasburgh, 
CORPORATION (Roseville, a full range of power triodes PellllSJlvania) I 
California) ranging from under 1 kW 10 450 Booth #819 - features Salem. 
Booth 1731 ·- features a new kW. who is widely known for 
customized conuolcr for precise providing engineering services and 
control or heat treating S)'SlemS Richardson has jusl added equipment or lhe highest quality. 
and processes. conuoling up IO microwave power gcncrarors and They will introduce a Shoo Tune 
128 zones wilh alarms and flying lead RF tubes to its already Cycle (STC) Furnace offering high 
automatic shutoff features. extensi-..c inventory or electron prodoction and quality • tubes. power semiconductors and stabilization. The multi-purpose. 
R..\DYJ'\E CORPORATION capaciiors. Popular types or fully automatic and energy-saving 
(Butler, Wisconsin) industrial replacement components Salem-Daido STC Furnace 
Booth #624 -- features two will be displayed. including performs full annealing, stress 
vertical scanning systems; a small Powercx SCRs; Scmtcch power relief and carbon restoration. It 
dual position unit accommodating semiconductors. Ward Leonard processes steel wire coil, wire rod 
parts up to 20 pounds and a resistors, Ampcrcx, EIMAC, ITI, coil, bar, pipe and parts for cold • medium duty unit capable of Nationa! and Philips power tubes; forging. 
accommodating parts up to 300 M/A-COM, RF Gain and SGS-
pounds. Both scanners Thomson RF uansistors; and Salem also designs, constructs and 
incorporaie versatile, fle~blc and Comet, Cornell Dubilier and High installs monitoring and conuol 
cost-effective control systems, the Energy capacirors. systems for lhe processing 
larger system with user friendly industries. Configurations range • computer control for simultaneous ROLLED ALLOYS from personal computer based to 
variation or power. speed (Te~ranct, Michigan) large hierarchical integrated 
acceleration and deceleration rates. Booth #129 - features a major ~ystems. The software system can 

supplier or high performance be custom-designed and 
Radyne's Quality Assurance wrought heat and corrosion programmed to fit a customer's 
system is also shown; the latest resistant alloys to industry. Their needs. 
version of !his popular addition to exhibit pictorially reviews several • any induction heating system applications in which their alloys SA'.\DTEX l'.\C. (Union City, 
incorporating online SPC data are used. Additional information California) 
C"'lllection and real time non- on their alloys, the pictured Booth #901 -- features high 
destructive testing with system applications plus many more is temperature textiles. The 
inhibit capability. available from their exhibit SANDTEX and COOPERKNIT 

representatives. fabrics arc strong and flexible and 
RAPID TECll'.\OLOGIES, 1NC. arc tmly unique in providing • fNcwnan, GeorRia) ROLOCK/CALALLOY thermal insulation in a wide 
Booth #830 -- ieatures custom (Fairfield, Connecticut) variety of high temperature 
designed gas fired rapid heating Booth #308 -- features a wide applications. The Knitled 
forging furnaces. range of nickel-base alloy construction of COOPERKNIT 

fabrications such as muffles, allows complete flexibility in 
RICllARDSO'.\ rctort'i, lift post fixtures, serpentine insulation design, conforming to 
ELECTRO'.\ICS LTD. (LaFox, trays, work carriers. special flat or curved surfaces and other • Illinois) fixturing, mesh screens & trays, complex shapes !hat require 
Booth #810 -- features a leading samples of vacuum liner thermal insulation. 
international supplier of electronic rebuilding techniques, lightweight 
componenL" for industrial molybdenum fabrications, heating The COOPERKNIT cloths offer 
applications. They will feature RF clements, atmosphere equipment an excellent alternative to asbestos 
tubes for low power dielectric and thermocouple assemblies. and other insulation materials and 
heating applications and high can be used without the health and 
power induction heating hygiene preca111ions that are 

frequently mandated when using 
these products. 

' 
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Grnrral 
furnacrs 

lacuum 
lurnaas 

Aluminum 
fum•ICt'5 

I>ir C astm,I( 
furnacrs 

\'<111/arc>us 
.\tdtm,i: luman·s 

Seco/\~ar\l\/ick Furnaces 
For nea,.iy a ceri~11r'1 SPc.<. Vw'arw ck r1ci 1 .~.rr.a hPar 
P'(JCeS~· ~r; furr1(1(J.•S d~Ci r, ,·(', '0! "'1S ~lrl ,;(• ~)(•r .. (·(1 as rhc 
srandard of f!•U· •!n'.e 1•.ur.o 1 •• n•· Thu·,r: !cim.' ;ir..., rr• 
The ~,,_.cir prou:'.'.-.•'•Q .nclv,try cic•nr,,., •"rl[jf: Seco 
War't.•C>. as rr1e f,'1f:S! cv;tom r:•irJ-n•:eren fumcices 
1n tr1e world 

/; id.111 i' ·,·, 1ffl'r, 11 ... / "•'i .,,,,\' .. u1 ,1'/ tu;11>, ,f '1,·,1 t /''' ,, , ...... ,,,.\ 
r11m.1, ,., t/;1,111;.:h 1•11r ''"'' ~.·11 ,,,,.,,,,, .. /''•\111111 We II 

p:an anrl lav our vo11r f1,rni'3ce 

~\11!1" f1" ·•ur ,,,~,. (11-.!1 1111 

I 'l,'\llll'Ol'1l I 11"l•lti' \'Ll"'li·m .. 
h111 hUr( 11r 11lfl 

814·724·1400. 
'irct1 l\iml'ir~ c .. ,.,,,,,.,,;.,,, 
.Juo .\f,·1.,·1 St11·1·1 

\ r,.,,,1, ·r//.- /'.'1 1~ l l; llSA 
f,11 811 .- .'.J 1-111~ 

' ' 1
1
1 ....... ,... ... ·'• 

de·, r;n f:·i~:·neer rJu (J and .w,!rt ·'. c0rr:r:ere 
1r.C'l1·:1 "0 s:A:r: o' rr1c-i1rr c O'T:f' ;!(" :2d conrro 

S7'Sfen1'.",l 1!~1 S'r-10 r: ~)c 1 1.rct: r;;-.i,pn'~:.·rJ ·; i ai rons·apr. 
atJ:f' s.1;1riqs ro you 

We procJuce 1.'iL.a., C•W i !~fH' c,I r''"'! ~1rocess1ng 
furnace Q•!" 1 t:r c1 <i!f""i(l' .ptit~ft': \.rl;'t1LJfT. a!r Hn1nurn 
prcict:sc, noriferrrJtJ:, n.r- r nq r1'1(1 <1 t1 ..... :t· of at,,.. 1:Jry, 
equ1prn(•ri! ')·:· lJI !1nq a!~".(;' .. ' )~1r·u·· Ot ,, .craror~) 

If ')"Od 11..drlf CO'r ~, ~~!,-. ',rtr1'."Jac.~,(Jr1 1n 'yOur nexr 
furn~1rc ~.,rJt• .... ,it,., S0cn \/Vd'W 1C"'-
Wr·cl i1~f' trJ tH· pi'lrt 
of your ream 
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COOPERKNIT, an amorphous and offers same day quotations of interference gases. OXYMA T 5 
silica knitted fabric, can be used at custom designed heat exchangers. offers a unique application of the • steady state temperatures up to paramagneti:: Quinke principal for 
2000 degrees. SHELER CORPORATION 0 2 analysis. The analyzer has no 

(Sterling Heighls. Michigan) moving pans and the sensor is 
SBS CORPORATION Booth #733 -- fcanucs Induction never in contact with the sample 
(RocMster, Michigan) Heat-TR'.al Tooling - Inductors gas. 
Booth #.300 -- features SBS and Related Equipment; New (any 
Corporation's introduction of its make): Rebuild (any make): SIERRA \1CTOR CO .. INC. • revolutionary "Sludgebuster" Complete Design and Redesign (St. Charles. lllir.ois) 
quench oil cleaning systems. Also !iervice: Cortsultant Service; Booth #311 -- description not 
featuring our complete line of Transformers (any .,take); Billet available at time or printing. 
process control equipment and Forging Coils; 24-Hour 
including heating, cooling, Emergency Service. We warranty ST ASWOOD CORPORATION 
circulating and cleaning of our Rebuilds to get the same (Oak Creek, Wisconsin) • c;uenchants. production life as our New Booth #501 -- features Stanwood 

Inductors. Quality and Service At Corporation, a manufacturer of 
SECO/\\' ARWICK (Meadville, A Fair Price Since 1%0. heat and corrosion alloy 
Fennsylvania) fabrications and castings. As a 
Booth #415 -- features a company SIEMENS COMPONE1'TS, supplier IO the heal treating 
~iih nearly a cl!ntury of INC. (lselin. New Jersey) industry, Stanwood offers furnace;; 
experience designing and building Booth #219 -- fcanucs an replacement pans such as fans, • industrial heat treating, processing, extensive line of generator tubes radiant tubes, muffles and retorts 
and melting equipment. including the new "Mega Power" as well:... rod baskets, corrugated 
Seco/Warwick Corporation will be Genei-atcr Tube (l¥1odel #RS 3700 t.vxes, serpentine and/or cast trays 
graphically displaying some of its CJ), a new water cooled Metal- and fixtures. 
more impressive furnace systems. Ceramic triode for frequencies up 
These systems include aluminum to 30 MHz, producing oscillator STOKES \'AClT!\f INC. 
process furnace systems. vacuum power up lo 1.25 Megawatts. (Philadelphia, Fennsylvania) • furnace systems, general heat Power ranges from 1.9 KW to Booth #614 -- features Model 
treating furnace systems, and 1.25 Megawatts provide flexibility 615-BP high vacuum blower 
melting furnace systems. in selecting the most appropriate which incorporates an autom:.tic 

power for a specific application. recirculating by-pass with the field 
Custom engineer~< roller hearth Available from stock, the tubes proven Stokes 6 I 5 blower -- This 
furnace syi.tems will be are offered with a pro-rated, one by-pass allows the blower to Slarl 
highlighted as will custom year or 4,000 hour warranty. from atmosphere -- thus resulting • designed and programmed ir. significant reductinn of 
computer control systems. From SIF.\1ENS ENERGY & pumpdown times. Also on display 
start to finish, Seco/Warwick will AUTO!\tATION, INC. will be twc models of the new 
highlight its tum-key furnace (Alpharetta, Georgia) Windror vane pump line rangfug 
program which includes Booth #800 -- features Process in size from 1.5 IO 7.4 cfm. In 
installation and s1ar1-up, Gas Analyzers for measuring addition, a n~w solid state control 
troubleshooting, and equipment furnace atmospheres and panel specifically designed for • maintenance. Sec ad on page environmental emi~~ions. mechanical booster systems will 
H53. ULTRAMAT 5 and ULTRAMAT be available. 

21(22 models utilize advanced 
SE\TR\' EQUP\1ENT CORP. NDIR (Non Dispersive Infrared) Sl'HFACE C0\1Bl'STION, 
(Oconnmowoc, WiJconJin) technology for measuring C02, J:'iC. (Maumee, Ohio) 
Booth #806 -· features Plate Heat CO, CH4, NH,, etc. IO insure Booth #228 •· features a • Exchangers and Packaged Cooling proper moniioring of heat treating cckhration of 40 year.; of 
Waler Systems. A standard 100 atmospheres. Both units feature lc~hnical ar.d market leadership by 
KW sy<•t.cm will he on display IO the patented Siemens micro-flow 1hc Allca~e,. Ratch lngetral 
demonstrate the space savings sensor for excellent sensitivity and Qu~nch Furnace. A model of the 
provided by Sentry's compact the double layer deteclOr for high Ultracase,., the latest technology in 
Brazed Pla1e Exchanger. Sentry selectivity in the presence of this family of furnaces will be 
concentrates on the OEM market • 
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Services & Support 

• Regional Sales Support 
• Genuine Replacement 

Parts 
• Computer Controlled 

Inventory 
• Technicai Support 
• Rebuild & Retrofit 

Capabilities 
•Start-Up Supervision 

(New & Existing 
Equipment) 

• Installation Services 
• In-Plant or On-Site 

Turnkey Capability 
• R & [' Facility 
• Full Ali, 'allurgicc;I Lab 

for Analysis 
• Production Process 

Testing 
• Field Ser.1ices 

• Alternate Fuel 
Conversions 

• Atmosphere Controls 
• Direct & Indirect 

Fired Recuperation 
Retrofit Packages 

• Eqwpment Relocation 
• Equipment Safety 

Updating 
• Electric Heating 

Conversions 
• 32.000 Square Foot 

Warehouse dedicated 
to Replacement 
Parts Inventory 

• Emergency St11pments 
from Inventory 

• Applicat1of' 'Proce.c;s 
Engmeermg 

® I -·~/.v, /•.-:" • ""' '"", • ,, • •• I ~- •• ·• , !, •· 

Surface' Combustion, Inc. is not just a furnace supplier to the metals industry. From the initial 
contact with our dedicated sales engineers through our extensive aftermarket support, Surface 
offers a variety of services to help our customers maximize the value of their capital investment. 
~- .. 
. . / :. ; r: . . ! '/ .. 

I 
_,..~~rf:c~·;:~ on~·of th~-:nost diverse product offerings in the industry. Since Surface 

manufactures such a wide range of batch and continuous systems, we propose equipment 
only after carefully comparing quality, metallurgical, and production requirements with the 
various process, material handling, and equipment alternatives available. 

-,,.-: !" 

-· .. ,, 
. 'I I ' I I . ('' '/ . -: .... __ ; . ..-~·). - ·---

Surface has been a leader in high temperature processing technologi~s for over 75 years. 
Continued dedication to research and development offers our customers access to extensive 
lab and technical capabilities, as well as the latest trends and advancements in thermal 
processing. 

Contact Surface for all your thermal processing requirements . 

@ Surface· Combustion 
1700 Indian Wood Circle 

P 0 Box 428 
Maumee, Ohio 4:J537·0428 

(419) 891·7150 
FAX (419) 891-715 
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displayed. A video presentation 
will feature the Allcase in addition 
to providing background on 
Surface Combustion's history, 
exlX"rience, capabilities 
(engineering, manufacturing and 
service) and products. Photos and 
literature of equipment including 
Allcase, vacuum, ion, continuous, 
batch furnaces and atmosphere 
generators will be shown and 
available. An extensive array of 
Surface'!: .onuol systems will also 
be available for demonsuation. 
See ad on page H55. 

TELEDY\E HASTI~GS-
RA YDIST (llampton, 'lirginia) 
Booth #21 -- features the Model 
HVM-172 which iS a new Digital 
Thermocouple Vacuum Gauge 
with a range of ::ither 0-20 TORR 
or Q.:!Q millibar. The unit is 
packaged in a 1/8 DIN module 
and incorporates a 3-1/2 digital 
LCD readout. An optional 
mounting kit is available to allow 
mounting of the instrument in an 
existing pane: cutout for a 
Hastings ~fodel VT Vacuum 
Gauge. 

The small, reliable gauge lUbc 
uses the time-tested Hastings 
thermopile ~cnsor for optimum 
accuracy and stability. 

TELE\'..\( lll\.ISIO~ Of THE 
FJU:I>LRICKS CO. 
(lluntin;.:don Valley, Penn.rylvania) 
Booth #202 •• features a modula!' 
vacuum gauge with either analog 
or microprocc~sor-ba~cd digital 
displays. 

Telcvac is presenting a new 
modular vacuum controller whid1 
incorporates integrated modules 
for mca>uring a wide pressure 
range. Module~ arc 
int.:rchangeahlc hetv:::cn the 
;in:1IP!.' and digital vcrsir-:i and can 
be rl'placcd without removing the 
in•arumcnt from its mounting. Up 

H56 

to 12 stations of measurement are 
possible. The digital version has 
RS232 communication and 
microproccs.~r cootrol. 

TE~AXOL INC. (Milwaukee. 
Wisconsin) 
Booth #401 -·description not 
available at time of printing. 

THE CARBORUNDUM 
CO\IPAN'Y (Niagara Falls. New 
York) 
Booth #906 -- features two 
produ~t lines from Carborundum 
electronic materials and suuctural 
ceramics group. 

Globa.r9 silicon carbide heating 
elements provide even heat to 
3000"F. Widely used for over 60 
years these elements are adaptable 
to many designs. Three piece 
consuuction has center heating 
section while cold ends allow 
efficient connection points. 
Hexoloy• silicon carbide furnace 
components provide unusual 
resistance to high temperatures. 

THE ITR!\ACE BELT CO. 
LTD. (Mississauga, Ontario, 
Canada) 
Booth #825 -- description not 
available at time of printing. 

THE KA!\THAL CORP. 
Hl~!\ACE PRODUCTS 
DI\'ISIO' (Bethel, Conr.ecticut) 
Booth #509 -- features 
Molybdenum disilicide heating 
clements, Silicon Carbide healing 
clements, iron.chrome-aluminum 
product~ wire and strip healing 
clements. APM, Superthal and 
high temperature radiant tubes. 

TllE \1ETAL WORKS 
l'.\Dl'STRIAL HiR'.\ACES, 
l'.\C. (Oak Park, MiclUgan) 
Rooth #121 -· features 
information on the types of heat 
treating cq~ipment they 

manufacture, including salt bath, 
atmosphere and fluidized bed 
furnaces. There will also be 
information on data acquisition 
and Data Record 'n PloL 
Members of The Metal Works will 
be on hand to demonsuate Data 
Record 'n Plot and answer any 
product questions. See ad on page 
H57. 

TllER\1..\L-BASIC, INC. 
(South Windsor, Connectic141) 
Booth #538 -- features Continuous 
Mesh Belt Heat Treating Systems, 
Batch and Continuous Annealing 
Fuma~es, Brazing Furnaces, 
Sintering Furnaces, Austcmpering 
Systems, Pit Furnaces, Batch and 
Continuous Parts Cleaning 
Systems, Atmosphere Generators 
and their new Multi-Belt & Multi
Hearth Dedicated Heat Treating 
Systems for Cellular and JIT 
Manufacturing. 

A!so featured will be the 
rebuilding, redesigning and 
upgrading of existing equipment 
and control systems. 

THER\1 ALLl..\!\Cf·-: CO. 
(Detroit. Michigan) 
Booth #718 -- description not 
available at time of printing. 

TllER\1:\L TECll~OLOGY 
l:\C. (Santa Rosa, California) 
Booth #907 -· features furnace 
systems for high tcmperatur\! 
material!> processing and 
development 

Refractory met.al furnaces reaching 
3000"C or 10·9 torr arc available 
for high purity testing, materials 
development, brat.i11g, co-firing 
and heat treating. 

Graphite furnaces for operation to 
2800''C or higher arc used for 
CVD, sintering, rC<iction bonding, 
and graphitizing. 
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THE BEST THING TO HAPPEN IN CREAIDTE DESICN 
SINCE Da 17.VCE JS HAPPENING AT THE JIETAL ll'ORKS TODAI'! 

-· I condition monitoring and control. SPC and CW applications 1t is 

Data llt>cord ·n Plot··. Dara R1•cord ·n PllJI. an ·il'Ple .\lanntosh • 

<:ompatiblt> <"Dmputt>r. gathrrs. rrconJs and pluls dara such as 

cuo/1ng cunrs u•rr TIT d101grams. Dilta Rrn>rd ·n t>/ot also 

cunrrols . .fumares. molars. _fans. /1quid _flun. at musphrn-. etc. 

. i . - . 
' .iurnmarrd or harch. armosphrn-. sail or 

"GATA lllECOllO-. ~ 

<>>= --»• cr•:-.-·--,·1 
'1111d1zf'C/ l,.·d THE METAL WORKS has a 

In fumare and compurrr sysrrms. 

the blacksmith is ~uur assurance 

of a quality product from 

THE METAL \\'ORKS. 

+ f. hral rrrarm.i: syslrm drs1gnrd to kl'f'/> you 

I f ahrad of rhr competition. 

r:r--,-•.. 
I ,... ,., 

""-'.. . 
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• t 

I ~ 

J la ,,. 

I . 
tr' \._ I "'~ 
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)I TOTAL ENVl-MENTAL 

--------------~ CONTllOI. SYSTEMS 

~f .rnur h1•at tr1•&Jtin/; s_n•ll•m d1•.'>i/;ns arf' 

not as c·r1•atfrf' a.'> .1nur product r1·c111ir1•s, lhf'." 

ma.r rr1•ulf' all sorts c~f /11Y11Jl1•ms. 

Thi• /J1·1111t,1 c~fa srst1•m.from THE METAL 

\\"ORKS is tlwt our c11'1ti,.;n10 m11tc·h }'Our 

r1·1111irnn1•nt10 al a prkf' tlwt 111111 'I c·ausf' }'Oii 

11rol1lf'ms: 

.\'al11raf1.1·, 111• o.ffl•r 11 l11r/;l' rnrirty o.f 

alrno1tpl1f'r1• and salt bath .f11rrwt·f'11 and 

11.1·101f•ms. 

"1•plt• .md ,,,,. 1,,,.1,· 111.11.11 ;frt' n·.tt.•''''''"rl 11,ult·1,,,,,.1r., .. o( ~111/1· t omp111rr. 
/111' \f,11111111 .. 11 ,fllrf ,,,,.,..,,., \\t 1t1•r .lft' tr ,.,f,.,,,,,, l' of ·\/11il1· ( 11m1mt1•r. Im 

ATllOSPHEllE 
FUllNACES 

So. 11·/1rn .n111 c·hCJllSt' .a·our nf'~I hf'at 

tr1•atit1/; 1tp•t1•m c·all on thf' 1-r1•ati1f' df'Ni/;ns 

c~f THE !\IETAL \\'ORKS. 

,1 1 iclr<1 rni1•11 c~f 11 H.1 .'>t1·m frCJm THE 

!\1ET:\L \H>RKS ;,. arnila/111· "11"" r1·1111f'st. 

Join us at the ASM Heat Tn:ating 
Conference at Booth # 121 

;.!!JOO h·m f111k f'11rk ~1.h1.c.tr. 1"'.!17 
·tit ~ •. ,., h:'nt tA\ tit ·,.-·, • .. ,7 ,1 

1/w 1wrfi·1 I /1ft·ntl " ( 11·.u/1111 "' ,111,/ 11•1 1,,111/11,i: 1 
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Silicon carbide and moly dicilicide 
furnaces for temperatures up to 
l 900"C are available for 
development and testing of oxide 
based materials. 

Thermal Technology is the 
recognized leader in the design 
and manufacnire of \'Cry high 
temperature laboratory, research 
and development, and production 
furnace systems. 

THERMCO I~STRU!\tEl\T 
CORPORATIO~ (LaPorte, 
Indiana) 
Booth #742 -- features their gas 
mixing system for furnace 
abnosphcres. The Thermco gas 
mixing sysiem for 
hydrogen/niuogen features digital 
hydrogen analysis and the 
necessary alarms and conirols to 
me.ct the latest l\'FP A 86C 
standards. The Model 8300 for 0-
2000 SCFH nowrate will be on 
display. Thermco will also 
display their portable and 
stationary gas analyzers for 
measuring hydrogen. 

THT DJYISIO~. DOWA 
!\11'.\l~G CO., LTD (Tokyo. 
Japanj 
Booth #7!6 -- features Japan's 
leading manufacturer of gas 
carburizing furnaces. They will 
be exhibiting ZEROTIME 
han!ening and Fl~"E CARBO* for 
gas carburizing applications. 
Separate chamber-type continuous 
furnaces omit the cooling zone of 
conventional suaight-through 
furnaces, replacing it with a 
scparat.c chamber with enhani..ed 
abnosphere comrol, superior 
temperature uniformity, minimum 
pan distortion. and shorter cycle 
times. 

Fl:\E CARBOs is a completely 
r1.:\I. gas .:arburi1ing process which 
produces a strongly active 
carfl11ri1ing gaswithin the furnace 
chamber itself. replacing the n~ 

H58 

for an cndochcnnic gcncralOr or 
nittOgen/methanol system. Car
burizing time is reduced. Oper
ating cost is I~. and fatigue 
strength of parts is enhanced. 

T-M VACUUM PRODUCTS 
INC. (Cinnaminson. N~ Jersey) 
Booth 1822 - ft.atures a full line 
of high vacuum furnaces, vacuum 
ovens and custom systems. The 
•t.;~~ :::.c!'.· vacuum fumaces are 
packaged fully integrated miao
processor control systems. Star;
dard horizontal ~·•rnaccs (2400"F) 
and laboratory vero..31 furnaces (to 
4000'F) are basic manual systems. 
The tool room furnace with gas 
quenching is automatic. 

Hot wall oven systems up IO 
600"C 8S standard, CUSIOm 

designed systems and shelf ovens 
are available. 

Standard hot wall vacuum ovens -
horizontal or vcnical - provide 
temperatures up IO 600"C and 
si1es to 16 cu. fl Custom 
designed special or shelf heated 
systems are available. 

Additional products include 
standard and custom glove box 
systems, gas purifiers and conuols 
for assembly and/or welding. 

TOCCO, INCORPORATED 
(Madison Heights, Michigan) 
Booth #120 -· features lhc 
unveiling of a new generation of 
INDUCTRON microprocessor
bascd, solid state power suppI;es 
at the Heat Treat Show. These 
voltage-fed power supplies deliver 
from I to IO kHz with power 
output from 30 to 1,000 kW. 
TOCCO's new user-friendly 
control features built-in diagnostic 
routines, visual display operator 
prompting and RS-232 
compatibility with off-line 
computer systems. System 
features can be tailored IO 
indi\·idual customer conuol n~ds. 

TOCCO also will demonstrate a 
new self-contained vertical scan 
induction heat treating system in 
Cincinnati. This compact system 
incorporates a microprocessoc 
conuolled INDUCTRON power 
supply, TOCCO uaclc scanner and 
quench recirculating and cooling 
system on a common base. 
TOCCO's patented TPH gear 
profile hardening system also will 
be dcmonstraled. 

TOCCO Dl\lSION (Madison 
H~ights, Michigan) 
.Jooth #116 -- features TOCCO 
·QUALilY PLUS" services for 
induction heating, that includes 
new replacement part 
manufacturing, repair field service, 
JIT programs. laboratory process 
development, commercial heat 
treating. metallurgical services, 
and equipment training. 

TOT AL TRAC SYSTEMS INC. 
(Albany, Indiana) 
Booth #325 -· description not 
available at time or printing. 

TRASS'.\1ARES 
CORPORA TIOS (Carteret, New 
Jersey) 
Booth #342 -- features EITEL 
RP-25 Straightening Press with 
advanced PSC scn·o-hydraulic 
stroL:e control for straightening 
shafL<;, tubing, nat stock, etc. 
Capable fo handling up to 120 
p;;ns per hour with a TIR within 
.CX>r. Equipped with a patented 
control, JJl:rmiuing to set the ram 
stroke to the exact bending depth 
required, elimina1ing lhe hit-or
mis:> technique typical of pressure 
controlled straightening and can be 
expertly handled by unskilled 
operators. This fc.'.lture virtually 
eliminates wao;te or breakage of 
hardened pans, inhibits 
ovcrhcnding. and cxpediiCS 
production. 
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WOLTER Auromalic Crack 
Detection t;nit for automatic 
detection of cracks d!!..ri.ng 
straighiening, thus eliminating the 
need IO magnaflux. 

TRITON SOFTWARE, INC. 
(Gl~n Mills, P~nnsy/vania) 
Booth #9 •• features the Triron 
Heat Treat Control and 
Infoml3tion System. This 
advanced networked heat lrCal 
control system from Triton 
Software, Inc. effectively 
combines supervisory control, 
opcralOr interface, and relational 
database processing. The system 
offers thermal recipe management. 
real-lime and historical trending of 
load TCs or PVs, hisrorical job 
records, and alarm handling. It 
uses a distributed real-time multi
laSking operating system IO control 
and '1Cquire data from the process. 
This allows all key personnel. 
from management through 
operations, to simultaneously 
access real-time and hisrorical 
information via local '10d remote 
computers. 

Powerful, yet uscr-frit:ndly, the 
Triton Sys1em features high
resolution color graphics, pop-up 
windows and one-key-stroke 
commands. Trends can be seen in 
zoom or pan views with real-time 
tcmperJture data displayed 
concurrently wi•.h the setpoint 
profile. Setpoint prnfiles may be 
crca1ed from recipe generation 
sere.ens with unlimi1ed numbers of 
ramp. soak, cool, ;snd quench 
segmenL~. A simple "English-like" 
Recipe Language takes the 
confosion out of programming 
single-loop controllers. 

The database uses a standard 
Structured Query Language (SQL) 
interface so that complete 
t:i·;:o~i;:a! job information can be 
quickly recalled and repons, easily 

gcneralCd. The system platform 
uses IBM or IBM compallble 
pc.sonal compulCIS and may 
interface IO single-loop coolrollcrs 
and PL.Cs from a ,,-aricty of 
manufaclUR:rS. 

UL VAC SINKU RIKO. INC. 
( K~nn~bwrl. /rf aiM) 
Booth #541 -- fcatw'CS two of the 
Sinku Riko broad ranges of 
thermal instruments and rclared 
products available for use in 
research, development and 
production of materials. 

QHC-P610-C Infrared Gold 
Image Laboratory Furnace -
for very precise rapid heating 
and cooling of specimens IO 
nocrc in clean environments. 
MS-El-S/10 Mircoscopc High 
Temperature Heating System -
for observation of surface 
phenomena IO l 500"C using a 
gold image furnace as the heat 
source. 

Other laboratory and larger scale 
applications of these energy and 
time sa,·ing infrared Gold Image 
Furnace Systems, using parabolic 
and elliptical renector arrays, will 
be illustrated. 

l:SIOS CARBIDE 
l~Dl'STRIAL GASES INC. 
(Danbury, Connecticut) 
Booth #131 -· features Lindc's 
total gas supply, technology, and 
service for the heat treating 
industry. Linde's nitrogen supply 
capabilities include the NitroGEN 
membrane systems, which provide 
gas up to 99.9995% oxygen-free. 
A membrane unit is displayed. 
Representative~ arc available to 
discuss supply and now control 
sys1cms for hydrogen, argon. 
helium, methanol, and propylene 
for furnace atmospheres. 
Personnel are also on hand to 
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discuss Lindc's technology for 
atmosphere processes, abnospherc 
stabilization. fluid bed 2ftd vacuum 
furnace quenching. Linac services 
include system design. field 
engineering support. process 
enluation, trouble-shooting, and R 
& D assistance. 

D•ITED TESTISG SYSTEMS, 
ISC. (Woodstock, Georgia) 
Booth #809 -- features the 
following: 
I) A UHT-10 Tru-Blue Hardness 

Tester with "Sman" Tru-Bluc 
SPC software package. 

2) A URF-1 Tru-Bluc 
"rockwelfat" conversion 
package for semi-obsolete 
hardness testers. 

3) A SFM-30 "Smart I" 
Computer Controlled 
Unive."Sal Testing Machine. 

t:PTOS 11'\DUSTRIES, INC. 
(Roseville. Michigan) 
Booth #514 -- features Upron 
equipment photographs and 
product li1era1ure on molten salt 
bath furnaces. specially furnaces, 
metal finishing syslems, and 
automation pan handling systems. 
Key mar.agemenl and engineering 
personnel will be available IO 
discuss \'arious types of heat 
treating, brazing. descaling. pain; 
stripping, and metal finishing 
equipment 

\'AC-AERO l'liiTER~ATIO~AL 
I~C. (Oahille, Ontario, 
CANADA) 
Hooth #524 ·· fca1ures 
manufJdurcrs of high technology 
vacuum furnaces including both 
vcnical and horizontal gas 
quenching, aluminum brazing, 
vcnical direct oil quenching 
(highligh11:d in exhibil video) ion 
nilricling c11s1om designs. 
Retrofits, and a~sociatcd ancillary 
equipment. 
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\' ACUl1\I H'RSACE 
SYSTE\IS CORPORATION 
(SoudLrton, Pennsylvania) 
Booth #1734 (Matuials Expo 
Sid~) - features a new horizonlal 
Model HL36BH Vacuum Furnace. 
This furnace wi:I s.'lcw ! different 
arpro:ich in the design of a round 
grJphilC hot zone and an ex1emal 
·combined can· blower/heat 
exchanger arrangement. The new 
design will improve cooling 
efficiencies and will be easier IO 
mainl3in. 

\'AClT\I RESEARCH CORP. 
(Pimburgh. Pennsylvania) 
Booth #208 -- features low cost 
digital Pirani and diaphragm 
gauges for pressures from 10-5 
Torr to 1500 Torr and 200 PSIG. 

. . 
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Digital Pirani Gauges 
Easy-To-Read Digital Displays 

2 Set Points For Alarm Or Control 

Vacuum From 10·5 to 1500 Torr 

Pressure Gauges To2000 PSIG 

CombinationGauges ;30" Hg· 100 PSIG 

Linear Oto 2 Veit DC Analog Output 

Panel, Portable, Bench Mount Styles 

Aluminum gate and angle valves 
with pons from 2 inch lO 36 i.'ICh. 
ANSI. ISO JIS and QF flanges 
available. 

Totally oil free roughing pumps. 
16 and 32 CFM with ultimalc 
psC.:$!.•re of 10 milliaorr. 

Low COSl recorders fOI' 
temperature pressure and vacuum. 
4 inch and 10 inch charts. 
Optional digital display. 

Complete line of Panel mCICrS, 

current transformers and ponable 
tcsl equipment bcckman. H-P. 
Y cw and CGS Thermo Tics. 

EIL Test Equipment See ad on 
this page. 

~ 
Dry Vacuum Pumps 

$9,925.00 
Oil-Free. U!traclean Evacuation 

Zero Hydrocarbon Contamination 

Two Models Are Available: 
16or32 cfm (450 or900 Vmin.) 

Evacuation With Ultimate Pressure 
Below 20 Microns (0.026mbar) 

Operates Over 10,000 Hours With 
No Maintenance And No Oil 

Ideal for Roughing or Backing Cryo, 

\'AClll7\I Tl'BE ISDUSTRIES, 
ISC. (Brod1on. Massac~as) 
Booth #4..'8 - features 
pholographs of reconditioned 
induction heating units and rebuild 
oscillator tubes. 

\'ORTEK ISDl'STRIES LTD. 
(l'ancouver, Brilish Colwnftia, 
CANADA) 
Booth #734 -- features 
Whi1clight .. Surface Treaunent fOI' 
the first time in North America 
Large-area surface melting and 
heal treatment are achieved by an 
intense beam of light from a 
powerful lamp. Case hardening. 
consolidation of powder coatings 
and surface remelting of cast iron 
wili be displayed. Engineering 
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High Vacuum Valves 
High Conductance; 2-36 inch Ports 

No Leaks! Testedto 1x10·9 stdcdsec 

Fail Safe; Closes If Power Lost 

High Speed; Fast Open and Close 

MadP. In USA; Fast Factory Support 

Easy to Repair.Minimum Downtime 

Turbo & Ion Pumped Systems ANSI, OF, KF, JIS, ISO Flanges 

(YRC J Vacuum Research Corporation• 2401 Smallman Street• Pittsburgh, PA 15222 USA 
~ _ Call Toll Free (800)426-9340 •Telephone (412)261-7630 • FAX: (412)261-7220 t:vRc 1991 
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staff will be on hand IO discuss 
details of the Whi1eligh1"' process 
and ilS application IO specific jobs. 
Performance and cost comparisons 
IO flame. induction. e-beam and 
laser treatments will be shown. 

WALL COl.MOSOY 
CORPORA TIO~ (Madison 
Heights. Micitigan) 
Booth #909 -- features contract 
services in heal treating and 
brazing. plasma and lhennal 
spraying, and precision machining 
and fabrication. Facilities in lhe 
U.S., Canada and Europe opera1e 
some of lhe largest commercial, 
pro1ective atmosphere furnaces 
(including vacuum), up to 120 
inches in diameter. 

Also featured will be Nicrobraz• 
products for high-lemperalurc 
brazing, including nickel base 
filler met:Js in powder. paslC, 
sheet, transfer tape and rod form; 
applicator systems; and brazing 
stop-offs. fluxes. and blasting grit. 

Wall Coln . .:>noy offers a three-day 
course in '"Modem Furnace 
Brazing". Held t-'·ice a year, lhe 
next workshop in Nov. 12-14, 
1991. The course instructors arc 
led by Robert L. Peaslee. 
American Welding Society Fellow, 
in\'entor of nickel base brazing, 
and 1991 recipient of the Comfon 
A. Adams Award. 

WAL'.\111. CO'.\IPA~Y (Troy. 
Michigan) 
Booth #724 -- features design and 
manufacture of heat and corrosion 
alloy fabrications. Furnace 
equipment includes romplctc 
product line of radiant tubes, 
rccuperators. rq;encrators, heating 
clcmenL~. mufncs and retorts. 
~fetal processing equipment in
cludes cornpktc product line of 
r,i..: fr .lffiC ha.skeL~. ~u:rugatcd 
boxes, sc:-pentine trays and 
fix tu res and pho<ipha1'! harrel 
assemblies. Repair programc; for 
furnaces and proce:.sing 

cquipmenL Engineering and 
manufaclllrC of automaled loading 
systems. Equipmcnl includes 
product line of Walmil Ram 
Loaders and Walmil Pans Dum
pers, enhanced with optional 
compurer connolled weight 
systems. 

WA TLOW (St. Louis. Missouri) 
Booth 1917 -- fcalllrCS Wallow's 
ramping controls with data logging 
capability. The Series 942 1/4 
DIN con1rol represenlS the 
company's newest addition lO ilS 
thermal system component line 
offered to the heat treating 
industry. 

To demonstrate the conlrOl's 
ramping capability, il will be 
connected to a serial printer 
tracking setpoinl and process 
variables. A masler/sl:-ve con1rol 
configuration will also be 
showcased. 

Other Wallow thennal sys1em 
componenlS to be displayed 
include a \"ariety of powerful 
induslrial healing elemenlS with 
capabilities lo 2200"F; SCR power 
controllers. and Wallow Gordon's 
lempcrature measurement 
products, including mineral 
insulated lhennocouples and bulk 
wire. 

The new Wallow Gordon product 
catalog will be given free to show 
visitors. 

Engineers will be available lo 
assist visitors wilh integrating each 
Watlow component into a 
successful heat 1reating system. 

WAl"KEE ESGJ~EERJNG 
(0\1PA~Y. l~C. (Milwaulcce . 
WiJconsin) 
Rooth #227 -· features lhe New 
Nitrogen-Methanol System for 
precision control of Nitrogen and 
Methanol used lo make synthetic 
Endothermic gas within heal 
treating furnaces. The Waukee 
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Nitrogen-Methanol System offers 
a COmj>lele diagnostic package 
indicating normal and abnormal 
process conditions. The system 
also incorporates automatic purge 
cycles, easy set-point connol and 
four run modes. The system is 
easily integrated with additive gas 
conlrOI systems, auxiliary alarms, 
data loggers, chan recorders and 
other data acquisition cquipmcnL 

Also featured will be lhe Waukcc
Tronic and Valve-Tronic 
electronic Ao-Meler and flow 
control valve, compressors, mixors 
and the "Heat Treaters Friend", lhe 
complet eline of Waukee Ao
Meters. 

WEA \'ER I'.\'Dl'STRIES, INC 
(Denver, Pennsylvania) 
Booth #820 -- features machined 
graphite and carbon. Custom 
molded urethane. 

WILLIA\fS CO. INC. 
( Piusburgh. Pennsylvania) 
Booth #605 -- description nol 
a\'ailablc at time of printi;1g. 

WILLJA'.\ISO' CORP. 
(Concord. Massachusetts) 
Booth #902 -- description nol 
available at time of printing. 

\HLSO's I'STRt.:\1ESTS, 
J'C. (Binghamton. New Yorlc) 
Booth #708 -- features Wilson 
Instruments who will be 
cclctirating 70 years in the 
materials testing industry lhis year 
with several new products to be 
featured. Wilson products will 
range from their new Microficial 
II Hardness Tester and Ponable 
Brindl Hardness Tester to their 
most recent designs in Rockwell 
Hardness Tester, Tukon Series 200 
Minoharclness Te<iters, lhe 
Automatic XY Traversing Unil 
and Hardness Test Bloch and 
accessories. All Wilson hardness 
testers completely conform to 

H61 



/ 
I 
\_ 

HTE SHOW DIRECTOR 

ASTM Standards, your assurance 
of the most precise calibratioo 
standards in the world. 

WIRCO IN'C. (Avilla. Indiana) 
Booth #912 ·- description not 
a"·ailatlle at time of printing. 

WOLFSON HEAT 
TREA T!\IENT CE!\TRE 
(Birmingham. England) 
Booth #215 -- features England's 
focal point for information, advice 
and education on all aspects of 
industrial heat treating. Wolfson 
Heat Treatment Centre will 
highlight its publications now 
a"·ailable worldwide. These 
include the intemationally
renowned quarterly "Heat 
Treatment of Metals". the only 
British journal devoted exclusively 
to industrial practice and 
innovation, and the series 
"Guidelines for Safety in Heat 
Treatment". 

WORCESTER POLYTECHNIC 
INSTITUTE (Worcester, 
Massaclumas) 
Booth 1117 -- features Wort:ester 
Polyteehnic Institute's Cenrcr for 
Intelligent Processing of Materials. 
They will be announcing the 
formation of a new Laboratory of 
Carburization Heat Treatment 
Studies. The new effon will focus 
on the development of a novel 
model-based adaptive control 
system for a wide variety of 
industrial carburization heat 
treatment processes. The 
interactive computer model will be 
available at the Heat Treat Expo 
for your examination and testing. 

ZED!\fARK DIV. QUIGLEY 
CO. (Dover, Ohio) 
Booth #539 -- features the 
Company's line of Refractory 
products including Fireclay, Hi
ALumina, Insulating Brick and 
Fired Shapes. Also featured will 
be Z.Cdmark's new line of 
Monoliths Products including Low 
Cement Castables, Conventional 

Castables. Lightweight Casiables, 
Gunning Mixes, Monars. Patches 
and Ramming Products. 

ZIRCAR PRODUCTS, INC. 
(Florida. New Yori:) 
Booth #112 -- features a 
manufacturer/fabricator/Jntcmation 
al marketer of high performance, 
high temperature fibrous ceramic, 
therm31, ci..:ctrical and structural 
insulation products. These 
products consist of various fiber 
types such as Zirconia, Alumina, 
Alumina Silica and other 
Refractory Oxide compositions. 
Product shapes include fibers. 
powders, papacrs. felts, cloths, 
com9<Jsite shapes, engineered 
insulation assemblies, heating 
clements and accessories are also 
avzilable. 

ZIRCAR's products are used in 
various industries. Some 
applications include: furnaces, 
electrical components, battery 
separators. sensors. laser!, 
reactors, lighting, and other 
specialized applications. 
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J:~::r-:.:::;r~ r\liagnetic Devices are made to last. And are made to order. 

VJ&tll features designed for -- and with -- our customers. 
At Jt::::--:S8if tf1at's how VJe work - WITH YOU - TOGETHER as a TEAM. 
we at JRCKSON C:o more than make quality Magnetic Devices. 

VJE rJ;Ar\!UFACTURE SOLUTIONS!!! 
Special/sts In Developing, Designing And 
Manufacturing Ouality Magnetic Devices! 

Transformers, Integrated Magnetics, Reactors, 
variable Impedance Transformers .... and more. 

Air or water cooled· Open or Encapsulated· Single 
or 3 Phase . DC to 450 KHZ. 5 VA to 15,000 KVA 

core Styles 
• Stacked 
• wounel 
• Toro1e1a1 

core Materials 
•Air 
• Iron 
• Ferrite 

TYpe 
• lsolatton •Auto 
• Potential •current 
• Scott T • Zig Zag 
• Rectifier • cons 
• ChOke • Reactor 
• Saturable core 
• VIT • variable Impedance 
• VRT ·variable Reactance 

Application 
• Induction Heating 
• Resistance Heating 
• Metting 
• Forging • Weldlng 
• Furnace • Inverter 
• Power • Laser 
• o.c. Drives 
• Electro·Platlng 

JRCl{S0'"1t I RANSFORMER co. 
560~ w. Crenshaw St. Tampa!_F~~3634. _FAX: (813) 8~~--4317. TELEX 529376. (~1~) 884·-~8-~!_i 
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---------------------------------nTPRODUCTS/SERVICESINDEX 

ATMOSPHERES ASD GENERATORS 
Atmospheres 
AGA Gas. Inc. . . . • . . • . . . . • . • • . • . . • • • 1(1) 
Airco Gase . . . . . . . . . . . . . . . . . • • . . • . . . 125 
Air Products and Chemicals, Inc.. • . . . . • . . . 30 I 
Can-Eng Sales Lui. . . . . . . . • . . . . . . . . . . . 638 
Coors Ceramics Company . . . . . • • • • . • • . . . 233 
G-M Enterprises .........••...•.••.•• 232 
Lindbccg, A Unil of General 
Signal ....................••••••• 304 
Liquid Air Corporation . . . . . . . . • . • . • • . . . 904 
L &: L Special Furance Co., Inc .....•...•. 305 
MG Induslries . . . . • . . . . . . . . . • • . . . • • . . 628 
Union Carbide Industrial Gases Inc ......... 131 

Gas Generators 
AGA Gas, Inc. . . . . . . . . . . . . . . . • . . . . • . 109 
Aichelin-Stahl, Inc. . . . . . . . . . . . . . . • . . • . 425 
Amox Gas Generalors . . . . • . . . . . . . . • . . . 123 
Almosphere Furnace Company • . . . . • . • • . . 529 
Beavennatic, Inc. . . . . . . . . . . . . . . . • . . . . . 704 
Can-Eng Sales Ltd. . . . . . . . . . . . . . . . . . . . 638 
Coors Ceramics Company . . . . . . . . . . . . . . . 233 
C. I. Hayes Inc ....................... 701 
Electric Furnace Co. . . . . . . . . . . . . • . • . . . . 309 
G-M Enicrprises . . . . . . . . . . . . . . . . . . . . . 232 
Lindberg, A Unil of General Signal ........ 304 
Liquid Air Corporalion . . . . . . . . . . . . . . . . . 904 
MG Industries . . . . . . . . . . . . . . . . . . . . . . . 628 
MPI Furnace Co. . . . . . . . . . . . . . . . . . . . . . 629 
Onspcc Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 920 
Pacific Industrial Furnace Co. . ........... 508 
Rolock/Calalloy . . . . . . . . . . . . . . . . . . • . . . 308 
Seco/Warwick Corp. . ................. 415 
Surface Combu~lion, Inc. . .............. 228 
Thermal-Basic, Inc. . .................. 716 

:\itroi;:en ~itrogen-,lethanol 
AGA Gas, Inc. . ..................... 7<YJ 
AIR PRODUCTS Ai~D CHEMICALS, INC. . 301 
Am<'x Gas Generalors ................. 123 
Coors Ceramics Company ............... 233 
Liquid Air Corporation ................. 904 
L & L Special Furance Co., Inc. . ......... 305 
MG Industries . . . . . . . . . . . . . . . . . . . . . . . 628 
Therm Alliance Co. . .................. 718 
THT Division, Dowa Mining Co. Ltd. . ..... 716 
Union Carbide Industrial Gases Inc. . . . . . . . . I 31 
Waukee Enginrcring Co., Inc ............. 227 

C0\1POt"'\DS A~O SOU'TIOSS 
Cleaning Solution~Compounds 
Coors Ceramics Company ............... 233 
Hcatbath Corp. . . . . . . . . . . . . . . . . . . . . . . 207 
Kolcne Corporation . . . . . . . . . . . . . . . . . . . 224 
Pacific Industrial Furnace Co ............. 508 
Qll(·nching, Oils 
Coors Ceramics Company ............... 233 

E. F. Houghton &: Co. . . . . . . . . . . . • . . • . . 200 
Part Chemical Company .........•..•.. 314 

Quencbants, Synthetic 
Coors Ceramics Company . . . . . . . . • . . . . . . 233 
E. F. HoughlOn &: Co. . . . . . . . . • . . . . . . . . 200 
Part Chemical Company ............... 314 

Salts, Heat Treating 
Coors Ceramics Company . . . . . . . . . . . . . . . 233 
E. F. Houghton &: Co. . . . . . . . . . . . . . . . . . 200 
Healbath Corp. . . . . . . . . . . . . . . . . . . . . . . 207 
Kolenc Corporation . . . . . . . . . . . . . . . . • . . 224 
Part Olemical Company ............... 314 

FURNACES A'°D HF.AT SYSTEMS 
Atmosphere Furnaces (Gas Fired, Oil Fired, 
Electric) 
Abbott Furnace Company . . . . . . . . . ......• 3 
Acculhenn, Inc. . . . . . . . . . . . . . . . . . . . . . . 608 
Aichelin-Stahl, Inc. . . . . . . . . . . . . . . . . . . . 425 
Ajax Electric Company ................. 525 
Aunosphere ~urnace Company . . . . . . . . . . . 529 
Beavennatic, Inc. . . .................. 704 
Can-Eng Sales Ltd. . . . . . . . . . . . . . . . . . . . 638 
Consolidaled Engineering Co. . . . . . . . . . . . . 728 
Coors Ceramics Company . . . . . . . . . . . . . . . 233 
C. I. Hayes Inc ....................... 701 
Dependable Foundry Equip. Co. . . . . . . . . . . 338 
Eleclric Fumace Co. . . . . . . . . . . . . . . . . . . . 309 
Elnik Sysr.cms, Div. IPM. Inc ............. 916 
AiM & Dreffcin Engineering Co. . ........ 506 
G-M Enicrpriscs ..................... 232 
Inspec ........................... 2'. 7 
Leybold Technologies Inc. . ............. 218 
Lindberg, A 'Jnit of General Signal ........ 304 
L & L Special Furance Co., Inc. . . . . . . . . . . 305 
Lucifer Furnaces. Inc. . . . . . . . . . . . . . . . . . . 114 
Mannings U.S.A ...................... 833 
MPI Furnace Co. . . . . . . . . . . . . . . . . . . . . . 629 
Onspec Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 920 
Pacific Indu~trial Furnace Co. . . . . . . . . . . . . 508 
Salem Corporation . . . . . . . . . . . . . . . . . . . . 8 I 9 
Seco/Warv.ick Corp ................... 415 
Surface Combustion, Inc. . .............. 228 
The Metal Works Ind. Furnaces Inc. . ...... 121 
Thermal-Basic, Inc. . .................. 716 
Therm Alliance Co .................... 718 
THT Division, Dowa Mining Co. Ltd. . ..... 716 
Upton Industries, Inc ................... 514 

Batch (Hox) Furnace 
Abhou Furnace Company ................. 3 
Accul.herm, Inc ....................... 608 
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Aichclin-Slahl, Inc. . ...••.....•..••••• 425 
Beavennatic, Inc. . . . . . . . . . . . . . . . • . . . . . 704 
Can-Eng Sales Ltd. . • . . . . . . . • . • . . • • . • . 638 
Consolidalcd En~i:ieering Co. . . . . . . • • . . • • 728 
Coors Ceramics Company ......•.••...•. 233 
Dependable Foundry Equip. Co. . . . . . • • . . • 338 
Desparch Industries ..........•..•.•... 910 
Ek~lric Funiace Co. . . . . . . • . . . . . . • . • . . . 309 
Elr;k Systems, Div. IPM, Inc ........•.... 916 
G-M Enterprises . . . . . . . . • . . . . . . • . . . . . 232. 
Inspec .........•................. 217 
Lindberg, A Unit or General Signal . . • . . . • • 304 
L & L Special Furancc Co., Inc. . •......•• 305 
Lucifer Furnaces, Inc. . . . . . . . . . . . . . . . . . . 114 
MPI Furnace Co. . . . . . . . . . . . . . • . . . . . . . 629 
Onspec Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 920 
Pacific Industrial Furnace Co. . . . . . . • . . . • . 508 
Seco/Warwick Corp. . ...............•• 415 
Surface Combustion, Inc. . . . . . • . . . • . . . • • 228 
The Metal Works Ind. Furnaces Inc. . .••.•• 121 
Thennal-Basic, Inc ...............••..• 716 
Thenn Alliance Co .................... 718 
Thermal Technology Inc. . .............. 907 
HIT Division, Dowa Mining Co. Lid. . ..... 716 
Upton Industries, Inc ................... 514 

Chemical Vapor Deposition 
Elnik Systems, Div. lPM, Inc ............. 916 
Seco/\\'arwick Corp. . ................. 415 
Thennal Technology Inc ................ 907 

Continuous Furnaces 
Abbott Furnace Company ................. 3 
Accuthenn, Inc ....................... 608 
Aichclin-Stahl, Inc. . .................. 425 
Ajax Electric Company ................. 525 
Atmosphere Furnace Company . . . . . . . . . . . 529 
Beavennatic, Inc. . . . . . . . . . . . . . . . . . . . . . 704 
Can·Eng Sales Ltd. . ................•. 638 
Consolidated Engineering Co. . . . . . . . . . . . . 728 
C. I. Hayes Inc ....................... 701 
Dependable foundry Equip. Co. . ......... 338 
Despatch Industries ................... 910 
ElcCLric Furnace Co. . . . . . . . . . . . . . . . . . . . 309 
Flinn & Drcffein Engineering Co. . ........ 506 
G-M Enterprises ..................... 232 
Lindhcrg, A Unit of General Signal ........ 304 
L & L Special Furance Co., Inc. . ......... 305 
Lucifer Furnac~s. Inc. . . . . . . . . . . . . . . . . . . 114 
MPI Furnace Co ...................... 629 
On~pcc Inc .......................... 920 
P::=ific !nd:.!strial Furnace Co. . ........... 508 
Sakm Corpor.ition .................... 819 
Scco/Warwick Corp. . ................. 415 
Surface Combustion, Inc. . .............. 228 
The Met.al Works Ind. Furnaces Inc. . ...... 121 
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Thcnnal-Basic, Inc ...•.............•.. 716 
Therm Alliance Co .................... 718 
TIIT Division, Dowa Mining Co. Lid. . . . . . . 716 
Upton Indusuies, Inc ................... 514 

Electron Beam s,·stems 
Lcybold Technologies Inc. . ............. 218 

Fluidized Bed Slstems 
Ajax Electric Coinpany . . . . . . . . . . . . . . . . . 525 
Can-Eng Sales Lid. . . . . . . . . . . . . . . . . . . . 638 
Coors Ceramics Company . . . . . . . . . . . . . . . 233 
Dependable Foundry Equip. Co. . . . . . . . . . . 338 
G-M Enterprises . . . . . . . . . . . . . . . . . . . . . 232 
Lindberg, A Unit or General Signal . . . . . . . . 304 
Proccdyne Corp. . . . . . . . . . . . . . . . . . . . . . 705 
The Metal Works Ind. Furnaces Inc. . ...... 121 

Induction Heating Systems 
Ajax Magnethennic Corporation .......... 619 
Alpha I Induction Service Center . . . . . . . . . 743 
Bone Frontier Company . . . . . . . . . . . . . . . . 802 
Coors Ceramics Company . . . . . . . . . . . . . . . 233 
Fluxtron Manufacturing Inc. . . . . . . . . . . . . . 100 
HWG Inducioheat . . . . . . . . . . . . . . . . . . . . 408 
Inductoheat, Inc. . . . . . . . . . . . . . . . . . . . . . 400 
Inductohcat Pty. Ltd. . ................. 404 
Induction Tooling, Inc .................. 725 
Jackson Transformer Company . . . . . . . . . . . 135 
Lepel Corporation .................... 414 
Lcybold Technologies Inc. . ............. 218 
Mannings U.S.A. . .................... 833 
Park Precision Inc ..................... 615 
Penna-Flame Ind. Inc. . ................ 804 
Pillar Industries Ltd. . . . . . . . . . . . . . . . . . . . 639 
Thennal Technology Inc. . .............. 907 
Tocco, Div .......................... 116 
Tocco, Inc: .......................... 120 
Vacuum Tube Industries, Inc. . ........... 438 

Jon ~itriding'Carhuri1.ing Furnaces 
Aichelin·Stahl, Inc. . .................. 425 
Can-Eng Sales Ltd. . .................. 638 
Consolidated Engineering Co. . . . . . . . . . . . . 728 
Coors Ceramics Company ............... 233 
C. I. Hayes Inc ....................... 701 
Inspec . . . . . . . . . . . . . . . . . . . . . ..... 217 
Kloeckner Ionon of America.Inc ........... 319 
Lindberg, A Unit of Gcncrnl Signal ........ 304 
L & L Spcdal Furancc Co., In(;. . . . . . . . . . . 305 
Scco/Warwick Corp. . ................. 415 
Surface Comhustion, Inc. . .............. 228 
Vac-Aero International, Inc. . ............ 524 
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Laboratory Furnace 
Accuthcrm, lnc. . ..................•.. 608 
Can-Eng Sales Lid. . . . . . . . . • . . . . . . . . • . 638 
Consolidatcrl Engineering Co. . . . . . • . . . • . . 728 
Dependable Foundry Equip. Co. . . . . . . . . . . 338 
Despatch lndUSlries . . . . . . . . . . . . . . . . . . . 910 
Elnik Systems, Div. IPM, loc ......•...... 916 
G-M Enaerprises . . . . . . . . . . . . . . . . . • • • . 232 
lnspcc .........•................. 217 
Kloeckner Ionon of America.Inc ........•.. 319 
Lindberg, A Unit of General Signal ......• 304 
L & L Special Furance Co., Inc. . . . . . . . . . . 305 
Lucifer Furnaces, Inc .................•. 114 
Park Chemical Company .......••...... 314 
Thermal Technology Inc ...........•.... 907 
T-M Vacuwn Products, Inc. . .•..•...•... 822 
Vac-Aero International, Inc. . ............ 524 

Salt Bath Systems 
Aichelin-Srahl, Inc. . .................. 425 
Ajax Electric Comp.my .... , . . . . . . . . . . . . 525 
Can-Eng Sales Lid. . . . . . . . . . . . . . . . . . . . 638 
Coors Ceramics Company ............... 233 
G-M Enierprises .....•..............• 232 
Kolcne Corporation . . . . . . . . . . . . . . . . . . . 224 
Leybold Technologies Inc. . ............. 218 
Park Chemical Company ............... 314 
The Metal Works Ind. Furnaces Inc. . ...... 121 
Thennal-Basic, Inc .................... 716 
Upton Industries, Inc ................... 514 

Sintering Furnaces 
Abbott Furnace Company ................. 3 
Accutherm, Inc ....................... 608 
Aichelin-Stahl, Inc. . .................. 425 
All Trend Corporation .................. 13 
Can-Eng Sales Ltd. . . . . . . . . . . . . . . . . . . . 638 
Coors Ceramics Company ............... 233 
Electric Furnace Co .................... 309 
Elnik Systems, Div. IPM, Inc ............. 916 
G-M Enterprises ..................... 232 
Inspc.c ........................... 217 
Leybold Technologies Inc. . ............. 218 
Lindberg, A Unit of General Sig~al ........ 304 
L & L Special Furance Co., Inc. . ......... 305 
Lucifer Furnaces, Inc. . . . . . . . . . . . . . . . . . . 114 
Onspcc Inc .......................... 920 
Pacific Industrial Furnace Co. . ........... 508 
Seco/Warwick Corp. . ................. 415 
Surface Combustion, Inc. . .............. 228 
Thermal-Basic, Inc. . .................. 716 
Th.:rmal Te<:hnology Inc. . .............. 907 
T-M Vacuum Products, Inc. . ............ 822 
Vac.Aero Jntematior:al, Inc. . ............ 524 
Vacuum Furnace Systems Corp. . . . . . . . . . 1734 

-uT PRODUCTS/SERVICES INDEX 

Tool Hardening/Tool Room 
Abbon Fum'lCe Company ................. 3 
Accutherm, Inc ....................... 608 
Aichelin-Srahl, Inc. . . . . . . . . . . . . . . . . . . . 425 
Ajax Electric Company . . . . . . . . . . . . . . . . . 525 
All Trend Corporation . . . . . . . . . . . . . . . . . . 13 
Can-Eng Sales Lid. . . . . . . . . . . . . . . . . . . . 638 
Consolidatcrl Engineering Co. . . . . . . . . . . . . 728 
C. I. Hayes Inc. . . . . . . . . . . . . . . . . . . . . . . 70l 
Dependable Foundry Equip. Co. . . . . . . . . . . 338 
Elnik Systems, Div. IPM, Inc .......•..... 916 
Kloeckner Ionon of America.Inc ........... 319 
Lindberg, A Unit of General Signal ........ 304 
L & L Special Fur.!!!Ce Co., Inc. . ......... 305 
Lucifer Furnaces, Inc ................... 114 
Park Chemical Company ............... 314 
Seco/Warwick Corp. . ................. 415 
Surface Combustion, Inc. . . . . . . . . . . . . . . . 228 
The Metal Works Ind. Furnaces Inc. . . . . . . . 121 
Thermal Technology Inc. . .............. 907 
T-M Vacuwn Products, Inc. . ............ 822 
Upton Industries, Inc ................... 514 
Vac-Aero International, Inc. . ............ 524 
Vacuum Furnace Systems Corp. . ........ 1734 

Vacuum Furnaces 
Aichelin-Stahl, Inc. . .................. 425 
All Trend Corporation . . . . . . . . . . . . . . . . . . 13 
Beavennatic, Inc ...................... 704 
Coors Ceramics Company ............... 233 
C. I. Hayes Inc ....................... 701 
DNF Vacuum Equipment Service Co. . ..... 829 
Elnik Systems, Div. IP~1. Inc ............. 916 
G-M Enterprises ..................... 232 
Inspcc ........................... 217 
Kinney Vacuum . . . . . . . . . . . . . . . . . . . . . . 133 
Lcybold Technologies Inc. . ............. 218 
Seco/Warwick Corp. . ................. 415 
Surface Combuslion, Inc. . . . . . . . . . . . . . . . 228 
Thennal Technology Inc. . .............. 907 
T-M Vacuum Prollucb, Inc. . ............ 822 
Upton Industries, Inc ................... 514 
Vac-Aero Intcrna1ional, Inc. . . . . . . . . . . . . . 524 
Vacuum Furnace Sys1cms Corp. . ........ 1734 
Vacuum Research Cofll ................. 208 

Al'XIU ·\RY EQI '11'\IE'\T :\'\I> Sl'PPLl£S 

Alloys, lkat Rr~i~tant 
Castalloy Corporation . . . . . . . . . . . . . . . . . . 633 
Climax Srx'.Cially Metals ................ 428 
Coors Ccr;1mics Company ............... 233 
G·M Enterprises ..................... 232 
Rolled Alloys ....................... 129 
The Kanthal Corporation . . . . . . . . . . . . . . . 509 
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Therm Alliance Co. . . . . . . . . • . • . . • • . . . . 718 
Walmil Company ............••.•••... 724 

Belts 
Abbott Furnace Company ..........•...•.. 3 
Atmosphere Furnace Company . . . . . . • . . . . 529 
Can-Eng Sales Lid. . ...............••. 638 
Casialloy Corporation . . . . . • . . . . • • • • • . . . 633 
Coors Ceramics Company . . . . • . . . • . . . . • . 233 
G-M Enterprises .............•....... 232 
Maryland Wire Belts Inc ...........•.... 231 
Polycarbon, Inc .....................•. 329 
Scco/Warwick Corp. . ............•.•.. 415 
Therm Alliance Co. . .........•........ 718 

Baskets, Roxts, etc. 
Abbott Furnace Company ...•............. 3 
Casialloy Corporation . . . . . . . . . . . . . • . . . . 633 
Cooley Wire Products Mfg. Co ......•..•.• 900 
G-M Enterprises ...•............•.... 232 
Great Lakes Carbon-Specialties ......•.••. 439 
Inspec .........................•• 217 
Rolock/Calalloy . . . . . . . . . . . . . . . . . . . . . . 308 
Seco/Warwick Corp. . ................. 415 
Stanwood Corporation .......•......... 501 
Therm Alliance Co. . . . . . . . . . . . . . . • . . . . 7 ! 8 
Walmil Company ..................... 724 

Burners 
Can-Eng Sales Ltd. . .................. 638 
Coors Ceramics Company ............... 233 
Eltech Thermal Systems Corp ............. 113 
G-M Enterprises ..................... 232 
Hauck Manufacturing Co ................ 601 
MPI Furnace Co. . . . . . . . . . . . . . . . . . . . . . 629 
Onspcc Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 920 
Pyronics. Inc. . ...................... 209 
Thermal-Basic. Inc.. . . . . . . . . . . . . . . . . . . 716 

Controllers 
Abbott Furnace Company ................. 3 
AACCfZIRCOA ..................... 729 
Anafaze Mea~urement & Control .......... 801 
Barber-Colman ...................... 418 
Control Concept, Inc ................... 630 
Eurotherm Cotporation ................. 109 
Halmar/Robicon . . . . . . . . . . . . . . . . . . . . . . 409 
Honeywell ......................... 214 
Jnspcc ........................... 217 
Leeds & Northrup . . . . . . . . . . . . . . . . . . . . 500 
Lcpcl Corporal.ion .................... 414 
f\iKS Instruments, Inc .................. 905 
MPI Furnace Co ...................... 629 
Onspcc Inc ........................... 920 
Payne Engineering .................... 808 
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Partlow/Molylek ..................... 105 
Thcnnal-Basic, Inc. . ......•........... 716 
Wallow Electric Mfg. Co ................ 917 

Coils, lndudion 
Ajax Magncthermic Corporation .......... 619 
Alpha 1 Induction Service Center . . . . . . . . . 743 
Bone Frontier Company . . . . . . . . . . . . . . . . 802 
Auxtron Manufacturing Inc. . . . . . . . . . . . . . 100 
HWG lnductoheat . . . . . . . . . . . . . . . . . . . . 408 
Inductoheat, Inc. . . . . . . . . . . . . . . . . . . . . . 400 
Inductoheat Pty. Ltd. . . . . . . . . . . . . . . . . . . 404 
Induction Tooling, Inc. . . . . . . . . . . . . . . . . . 725 
Jackson Transformer Company . . . . . . . . . . . 135 
Lepe) Corporation .................... 414 
Mannings U.S.A. ..................... 833 
Parle Precision Inc ..................... 615 
Pillar Industries Ltd. . . . . . . . . . . . . . . . . . . . 639 
Sheler Corporation . . . . . . . . . . . . . . . • . . . . 733 
Tocco, Div. . . . . . . . . . . . . . . . . . . . . . . . . . 116 
Tocco, Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 120 

Controls, Furnace Atmosphere 
AACC/ZIRCOA ..................•.. 729 
Abbott Furnace Company ................. 3 
AGA Gas, Inc. . . . . . . . . . . . . . . . . . . . . . . 709 
Aichelin-Siahl, Inc. . .................. 425 
Air Products and Chemicals, Inc ........... 301 
Anafaze Measurement & Control .......... 801 
Barber-Colman ...................... 418 
Can-Eng Sales Ltd. . .................. 638 
Eltech Thermal Systems Corp. . . . . . . . . . . . . 113 
Furnace Control Corp. . ................ 605 
G-M Enterprises . . .................. 232 
Inspec ........................... 217 
Kun J. Lesker Co ..................... 206 
Leybold Inficon Inc .................... 703 
Marathon Monitors Inc. . ............... 609 
MG Industries . . . . . . . . . . . . . . . . . . . . . . . 628 
MKS Instruments, Inc. . ................ 905 
MPI Furnace Co ...................... 629 
Onspec Inc .......................... 920 
Rolock/Calalloy . . . . . . . . . . . . . . . . . . . . . . 308 
Siemens Energy & Automation. Inc. . . . . . . . 800 
Surface Combustion, Inc. . .............. 228 
Thermal-Basic. Inc. . .................. 716 
T.ermco Instrument Corporal.ion .......... 742 
Union Carhidc Industrial Gases Inc ......... 131 
Waukee Engineering Co .• Inc ............. 227 

Controls, Compulerizfd 
AACC/ZIRCOA ..................... 729 
Abbou Furnace Company ................. 3 
Aichelin-Stahl, Inc. . .................. 425 
Ajax Electric Company . . . . . . . . . . . . . . . . . 525 
Anafaze Measurement & Control .......... 801 
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Barber-Colman ............•.....•... 418 
Can-Eng Sales Ltd. • . • • . . . . . . . . . . . . • • . 638 
Daiapaq .............•.......•••.•• 818 
Eltech Thermal Systems Cap ....•...••... 113 
G-M Enterprises ..•.............••.•• 232 
lnspec ......................•..•. 217 
Leeds & Northrup . . . . . . . . . . . . . . . • . . . . 500 
Marathon Monitors Inc. . . . . • . . . . . • . • • . . 609 
MPI Furnace Co. . . . . . . . . . . . . . . . . . . . . . 629 
Partlow/Molytek . . . . . . . . . . . . . • . . . • . . . 105 
Pyronics. Inc. . ...................... 209 
Salem Corporation .....•..•.......•.•. 819 
Surface Combustion, Inc. . . . . . . . . . . . . . . . 228 
Thermal-Basic, Inc ..............••.•.. 716 
Tocco, Inc. . . . . . . . . . . . . . . . . . . . . . . . • . 120 
Vacuum Furnace Systems Corp. . . . . . . . . . 1734 

Controls, Fuell Air Ratio 
Abbott Furnace Company ...•.....•.•...•. 3 
Anafaze Measurement & Con1rol .......... 801 
Barber-Colman ...................... 418 
Can-Eng Sales Ltd. . . . . . • . . . . . • . . . . . • • 638 
Eltech Thermal Systems Corp ........•.... 113 
G-M Enterprises . . . . . . . . . . . . . . . . . • . • . 232 
Inspec ..................•........ 217 
Leeds & Northrup . . . . . . . . . . . . . . . . . . . • 500 
Onspcc Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 920 
Pyronics, Inc. . . . . . . . . . . . . . . . . . . . . . . . 209 
Thermal-Basic. Inc. . .................. 716 

Controls, Temperature 
Abbott Furnace Company ................. 3 
Anafaze Measurement & Control ......•... 801 
Barber-Colman ...................... 418 
Can-Eng Sales Ltd. . . . . . . . . . . . . . . . . . . . 638 
Capintec Instruments Inc. . . . . . . . . . . . . . . . . 19 
Datapaq ........................... 818 
Elnik Systems, Div. IPM, Inc ............. 916 
Eurothenn Corporation ................. 109 
Flinn & Dreffein Engineering Co. . ........ 506 
G·M Enterprises ..................... 232 
Honeywell ......................... 214 
Inspcc ........................... 217 
freon/Square D ...................... 719 
JMS Southeast ....................... 632 
Leeds & Northrup . . . . . . . . . . . . . . . . . . . . 500 
Mannings U.S.A ...................... 833 
Marathon Monitors Inc. . ............... 609 
MP! Furnace Co. . . . . . . . . . . . . . . . . . . . . . 629 
Qn<;pcc Inc .......................... 920 
Payne Engineering . . . . . . . . . . . . . . . . . . . . 808 
Panlowflvfolytek ..................... 105 
Process Technology ................... 134 
Pyronics. Inc. . ...................... 209 
Rolock/Calalloy ...................... 308 
Thermal-Basic, Inc. . .................. 716 
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Upton Industries, Inc ................... 514 
Vacuum Furnace Systems Corp .......... 1734 
Wat!ow Electric Mfg. Co ................ 917 

Fixtures 
Castalloy Corporation . . . . . . . . . . . . . . . . . . 633 
Climax Specialty Melals . . . . . . . . . . . . . . . . 428 
Coors Ceramics Company . . . . . . . . . . . . . . . 233 
G-M Enterprises . . . . . . . . . . . . . . . . . . . . . 232 
Great Lakes Carbon-Specialties . . . . . . . . . . . 439 
Lepel Corporation .................... 414 
Leybold Vacuum Products .............. 702 
Rolock/Calalloy . . . . . . . . . . . . . . . . . . . . . . 308 
Stanwood Corporation ................. 501 
Tocco, Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 120 
Upton Industries, Inc ................... 514 

Freezers/Chillers 
Beavermatic, Inc. . . . . . . . . . . . . . . . . . . . . . 704 
CinciMait Sub-7.ero ..................... 5 
Kun J. Lesker Co ..................... 206 
Lepe! Corporation .................... 414 
MG Industries . . . . . . . . . . . . . . . . . . . . . . 628 
Penna-Flame Ind. Inc. . . . . . . . . . . . . . . . . . 804 

Furnace Parts (Fans, Radiant Tubes) 
Abbon Furnace Company ................. 3 
Aichelin-Stahl, Inc. . .................. 425 
Atmosphere Furnace Company . . . . . . . . . . . 529 
Beavennatic, Inc. . . . . . . . . . . . . . . . . . . . . . 704 
Can-Eng Sales Ltd. . . . . . . . . . . . . . . . . . . . 638 
Castalloy Corporation .................. 633 
Climax Specialty Metals ................ 428 
Consolidated Engincc .1g Co. . . . . . . . . . . . . 728 
Coors Ceramics Company . . . . . . . . . . . . . . . 233 
Electric Furnace Co. . . . . . . . . . . . . . . . . . . . 309 
G-M Enterprises . . . . . . . . . . . . . . . . . . . . . 232 
Great Lakes Carbon-Spc.:ialties ........... 439 
Inspec ........................... 217 
Kinney Vacuum . . . . . . . . . . . . . . . . . . . . . . 133 
Lcpel Corporation .................... 414 
Leybold Vacuum Products .............. 702 
Lindberg, A Unit of General Signal ........ 304 
Lucifer Furnaces, Inc ................... 114 
MPI Furnace Co. . . . . . . . . . . . . . . . . . . . . . 629 
Polycarbon, Inc. . . . . . . . . . . . . . . . . . . . . . . 329 
Pyronics, Inc. . . . . . . . . . . . . . . . . . . . . . . 209 
Rolock/Calalloy . . . . . . . . . . . . . . . . . . . . . . 308 
Salem Corporation . . . . . . . . . . . . . . . . . . . . 819 
Seco/Warwick Corp. . ................. 415 
Stanwood Corpvra1ion ................. SOI 
Surface Comhus1ion, Inc. . .............. 228 
The Carhorundum Company . . . . . . . . . . . . . 906 
The Kamhal Corporation . . . . . . . . . . . . . . . 509 
Thermal-Basic, Inc. . . . . . . . ........... 716 
Therm Alliance Co .................... 718 
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Tiff Division, Dowa Mining Co. Lid ....... 716 
Upton Industries. Inc .......•••........• 514 
Walmil Company •........•..........• 724 

Heating Elements 
Abbott Furnace Company ..........•...... 3 
Ajax Electric Company ........•...•••.• 525 
Bcavcnnatic. Inc. . . . . . . . . . . . . . . . • . • . . . 704 
Can-Eng Sales Lid. . . . . • . . . . . . . . . . . . . . 638 
Climax Specialty Merals . . . . . . . . . . . . . . . . 428 
Coors Ceramics Company . . . . . . • . . . . . . . . 233 
Elnik Systems, Div. IPM, Inc ............. 916 
Great Lakes Carbon-Specialties ........... 439 
lnspec ...•....................... 217 
Lindberg, A Unit of General Signal ........ 304 
Mannings U.S.A. ..................... 833 
Onspec Inc .......................... 920 
Polycarbon, Inc. . . . . . . . . . . . . . . . . . . . . . . 329 
Process Technology . . . . . . . . . . • . . . . . . • • 134 
Rolock,iCalalloy . . . . . . . . . . . . . . . . . . • • . . 308 
Seco1Warwick Corp. . ................. 415 
Siemens Components, Inc ............... 219 
The Carborundum Company . . . . . . . . . . . . . 906 
The Kanlhal Corporation . . . . . • . . . . . . . . • 5()1) 
Thennal-Basic, Inc. . ...............•.. 716 
Therm Alliance Co .................•.. 718 
Thermal Technology Inc ................ 907 
Tiff Division, Dowa Mining Co. Lui. . ..... 716 
Vacuum Furnace Systems Corp .......... 1734 
Walmil Company ..................... 724 
Watlow Electric Mfg. Co ................ 917 

P<mer Supplies 
Abbott ~urnace Company ................. 3 
Ajax Magncthcnnic Corporation .......... 619 
Alpha 1 Induction Service Center . . . . . . . . . 743 
Barber-Colman ...................... 418 
Bone Frontier Company . . . . . . . . . . . . . . . . 802 
Control Concept. Inc. . . . . . . . . . . . . . . . . . . 630 
Halmar/Robicon . . . . . . . . . . . . . . . . . . . . . . 409 
HWG lnductohcat .................... 408 
Inductoheat, Inc. . .................... 400 
Inductoheat Ply. Ltd. . ................. 404 
Inspec ........................... 217 
Lepe! Corporation .................... 414 
Mannings U.S.A ...................... 833 
Park Precision Inc ..................... 615 
Payne Engineering . . . . . . . . . . . . . . . . . . . . 808 
Pillar Industries Ltd .................... 639 
Richardson Electronics, Ltd .............. 810 
Tocco, Div. . . . . . . . . . . . . . . . . . . . . . . . . . 116 
Toci:o. Inc .......................... 120 
Upton Industries, Inc. . . . . . . . . . . . . . . . . . . 514 
Vacuum Furnace Systems Corp. . ........ 1734 
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Recuperators 
Aichelin-Stahl, Inc. . ......•........... 425 
Aunosphere Furnace Company . . . . . . . . . . . 529 
Beavermatic, Inc. . . . . . . . . . . . . . . . . . . . . . 704 
Can-Eng Sales Lui. . . . . . . . . . . . • . . . . . . . 638 
Coors Ceramics Company . . . . . . . . . . . . . . . 233 
Ainn & Dreffein Engineering Co. . . . . . . . . . 506 
G-M Enterprises ..................... 232 
Lindberg, A Unit of General Signal . . . . . . . . 304 
MPI Furnace Co. . . . . . . . . . . . . . . . . . . . . . 629 
Onspec Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 920 
Pacific Industrial Furnace Co. . . . . . . . . . . . . 508 
Pyrunics, Inc. . . . . . . . . . . . . . . . . . . . . . . . 209 
Surface Combustion, Inc. . .............. 228 
Thermal-Basic, Inc. . .................. 716 
Therm Alliance Co. . . . . . . . . . . . . . . . . . . . 718 
Tiff Division, Dowa Mining Co. Ltd. . ..... 716 

Straightening Presses 
Dayton Rogers Machine Prod. Div. . ....... 834 
Hess-MAE ......................... 432 
Penna-Harne Ind. Inc. . . . . . . . . . . . . . . . . . 804 
Transmares Corporation ................ 342 

Thermocouples 
Abbott Furnace Company ................. 3 
Ajax Electric Company . . . . . . . . . . . . . . . . . 525 
Alnor Instrument Co ................... 812 
Barber-Colman ...................... 418 
Can-Eng Sales :.ti!. . . . . . . . . . . . . . . . . . . . 638 
Coors Ceramics Company ............... 233 
Datapaq . . . . . . . . . . . . . . . . . . . . . . . . . . . 818 
DNF Vacuum Equipment Service Co. . ..... 829 
Inspec ........................... 217 
Lindberg, A Unit of General Signal ........ 304 
Mannings U.S.A ...................... 833 
Onspec Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 920 
Park Chemical Company . . . . . . . . . . . . . . . 314 
Rolock/Calalloy . . . . . . . . . . . . . . . . . . . . . . 308 
Seco/Warwick Corp. . ................. 415 
The Kanthal Corporation . . . . . . . . . . . . . . . 509 
Thermal-Basic, Inc .................... 716 
Upton Industries, Inc. . . . . . . . . . . . . . . . . . . 514 
Vacuum Furnace Systems Corp. . ........ 1734 
Watlow Electric Mfg. Co ................ 917 

l"\STRl "\IF'\T.\TIO'\ 
C.:arhon Sm~or' Ch~ ~~·n l'rohes 
AACC{lIRCOA ..................... 729 
Abbou rurnace Company ................. 3 
Aichelin-Stahl, Inc ................... 425 
Barber-Colman . . . .................. 418 
Can-Eng Sales Ltd. . . . . . . . . . . . . . . . . . . . 638 
Coors Ceramics Company ............... 233 
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Furnace Control Corp. . . . . . . . . . . . . . . . . . 605 
G-M Enterprises . . . . • . . . • . . . . . . . . . • . . 232 
lnspec ....•...................... 217 
Marathon Monitors Inc. . ............... 600 
:MPI Furnace Co. . . . . . . . . . . . . . . . . . . . . . 629 
Onspec Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 920 
Rolock/Calalloy ...................... 308 
Siemens Energy & Aulomalion, Inc. . . . . . . . 800 

Dew Pt.inters 
Abbott Furnace Ccmpany ................. 3 
Aichelin-Stahl, Inc. . .................• 425 
Alnor Instrument Co ................... 812 
Anafaze Measurcrr.ent & Control .......... 801 
Can-Eng Sales Ltd. . . . . . . . . . . . . . . . . . . . 638 
Furnace Control Corp. . . . . . . . . . . . . . . . . . 605 
G-M Enterprises ..................... 232 
Kun J. Lesker Co. . . . . . . . . . . . . . . . . . . . . 206 

lnfr:ired Instruments 
Aichelin-Stahl, Inc. . .................. 425 
Anafaze Measurement & Control .......... 801 
Barber-Colman ...................... 418 
Can-Eng Sales Ltd. . . . . . . . . . . . . . . . . . . . 638 
Capintec Instrumenis Inc ................. 19 
Coors Ceramics Company . . . . . . . . . . . . . . . 233 
freon/Square D ...................... 719 
Lcco Corp. . . . . . . . . . . . . . . . . . . . . . . . . 700 
Marathon Monilc'::. inc. . . . . . . . . . . . . . . 609 
Siemens Energy & Automation, Inc. . ...... 800 
Watlow Electric Mfg. Co ................ 917 

Flow \leters 
Abbou Furnace Company ................. 3 
An1faze Measurement & Control .......... 801 
Can-Eng Sales Ltd. . .................. 638 
G·M Enterprises ..................... 232 
Kun J. Lesker Co. . . . . . . . . . . . . . . . . . . . . 206 
MKS Instruments, Inc. . ................ 905 
Onspcc Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 920 
Teledyne Hastings-Raydist ............... 21 
Union Carbide Industrial Gases Inc. . . . . . . . . 131 
Waukee Engineering Co., Inc ............. 227 

Rl·corders 
Abbott Furnace Company ................. 3 
Anafaze Measurement & Control .......... 801 
Barber-Colman ...................... 418 
Can-Eng Sales Ltd. . .................. 638 
Dawpaq ........................... 818 
Elnik Systems, Div. IPM, Inc ............. 916 
G·M Enterprises ..................... 232 
Honeywell ......................... 214 
inspcc ........................... 217 
l<un J. Lcsker Co ..................... 206 
Leeds & Northrup . . . . . . . . . . . . . . . . . . . . 500 
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Mannings U.S.A. ..................... 833 
Partlow/Molytek ................•.... 105 
Vacuum Research Corp ................. 208 

PUBLIC A TIOSS 
Heat Treating Magazine ................ 741 
Wolfson Heat Trealment Centre ........... 215 

TESTING EQl'IP\IENT 
DiagnostictSPC Instrumentation 
Anafaze Measurement & Control .......... 801 
Datapaq ........................... 818 
Kun J. Lesker Co. . . . . . . . . . . . . . . . . . . . . 206 
Tocco, Inc .......................... 120 

Hardness Testers 
Buehler Ltd. . . . . . . . . . . . . . . . . . . . . . . . . 103 
Datapaq ........................... 818 
Equotip Associates .................... 221 
Foerster Instruments, Inc ................ 717 
K. J. Law Engineer, Inc ................. 618 
Krautkramer Branson . . . . . . . . . . . . . . . . . . 532 
Leco Corp. . . . . . . . . . . . . . . . . . . . . . . . . . 700 
Mannings U.S.A ...................... 833 
Penna-Flame Ind. Inc. . . . . . . . . . . . . . . . . . 804 
Wilson Instruments, Inc ................. 708 

!\f etallographic Eq u i pn11:n t'Sup plies 
Buchler Ltd. . . . . . . . . . . . . . . . . . . . . . . . . 103 
Lcco Corp. . . . . . . . . . . . . . . . . . . . . . . . . . 700 

light 1\faroscopl·s '\Jrtallographs 
Buchler Ltd. . . . . . . . . . . . . . . . . . . . . . . . . 103 
Lcco Corp. . . . . . . . . . . . . . . . . . . . . . . . . . 700 

l"DT Instruments 
Foerster InstrumcnL~. Inc. . . . . . . . . . . . . . . . 717 
K. J. Law Engin~r. Inc ................. 618 
Krautkramcr Branson .................. 532 
Penna-Flame Ind. Inc. . ................ 804 

UniHrsal Testing \tarhines 
Cincinnait Sub-Zero ..................... 5 
Wilson lnstrumcnLo;, Inc ................. 708 

Image Analpers 
Buchler Ltd. . . . . . . . . . . . . . . . . . . . . . . . . 103 
Lcco Corp. . . . . . . . . . . . . . . . . . . . . . . . . . 700 

REFR·H"TOIUES 
AACC{LlRCOA . . . . . . . . . . . . . . . . . . . . . 729 
Coors Ceramics Company ............... 233 
G·M Enterprises ..................... 232 
Great Lakes C'arbon-Spct'ialties ........... 439 
International Tedinical Ceramics Inc ....... 204 
Lindberg, A Uni! of Grnaal Signal ........ 304 
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Mannings U.S.A .......•.......•.•.••• 833 
MPI Furnace Co. . . . . . . . . . . . • . . . . . • . . . 629 
Onspec Inc. . . . . . . . . . . • . . . . • • • . . . • . . • 920 
The Kanthal Corporation ............•.. 509 
Ze.dmark Div. Quigley Co .•...•.......•• 539 
Zircar Products, Inc .............•...... 112 

CO\l\tERCIAL HEAT TREATISG SERVICES 
Atmosphere Furnace Company . . . . . . . . . • • 529 
C. I. Hayes Inc ....................... 701 
Induction Tooling, l:ic .................. 725 
Kloeckner Ionon of America,htc .•..•...... 319 
Mannings U.S.A. ...•.............•••• 833 
Penna-Flame Ind. Inc. . . . . . . . . . . . . . • . . . 804 
Tocco, Div ........•..........•..•... 116 
Wall Colmonoy Corp. . ................ 909 
Worcester Polytechnic Institute .......•••• 117 

Heat Treating 
Aichelin-Stahl, Inc. . .................. 425 
Atmosphere Furnace Company . . . . . . . . . • • 529 
Cincinnait Sub-1.ero ...............•..... 5 
Electric Furnace Co. . . . . . . . . . . . . . . . . . . • 309 
HWG lnductoheat . . . . . . . . . . • . . . . . . . . . 408 
Inductoheat, Inc. . . . . . . . . . . . . . . • . . . . . . 400 
Inductoheat Pty. Ltd .................•. 404 
Induction Tooling, Inc .................. 725 
Kloeckner lonon of America.Inc. . . . . . . . . . . 319 
Mannings U.S.A. ..................... 833 
Metal-Lab, Inc. . ..................... 540 
Miller Consolidated Industries ............ 324 
Penna-Flame Ind. Inc. . . . . . . . . . . . . . . . . . 804 
Thermal-Basic, Inc. . .................. 716 
Tocco, Div .......................... l 16 
Vac·Aero International, Inc. . ............ 524 

Testing 
Datapaq ........................... 818 
D:-..'F Vacuum Equipment Service Co. . ..... 829 
Induction Tooling, Inc. . ................ 725 
Klocckr1er Ionon of America.Inc ........... 319 
Miller Consolidated Industries ............ 324 
Penna-Flame Ind. Inc. . ................ 804 
Tocco, Oiv .......................... 116 

Others 
ADVACO .......................... 115 
·· Vacuum Pump Rebuilding 
AGA Ga~. Inc. . ..................... 709 
•· l"itrogcn PSA and Membrane Systems 
·· Oxygen PSA Systems 
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AJax Electric Company . . . . . . . . . • . . . . . . . 525 
-- Materials Handling Systems 
-- Data Management & Coantrol Systems 
- Prewired Control Centers 
Caicarb . . • . . . . . . . . . . . . . . . . . . . . • • . . 7 l 5 
-- Vacuum Furnace Insulation 
Climax Specialty Metals . . . . . . . . . . . . . . . . 428 
-- Molybdenum Mill Products for Vacuwn Furnaces 
Como Industrial Equipment, Inc. . . . . . . . . . . 537 
-- Filtration of quench oil and recycling of 

wash tank solution. 
Consolidated Engineering Co. . . . . . . . . . . . . 728 
-- Furnaces, Drop Bottom, Roller Hearth, Carbonom 
Control Concept, Inc. . . . . . . . . . . . . . . . . . . 630 
-- Silicon Controlled Rectifiers (SCR) 
DNF Vacuum Equipment Service Co. . ..... 829 
-- Leak Testing Service 
-- Leak Detector Repair & Rebuilding 
-- Vacuum Pump Repair 
Drayton Probe Systems Ltd. (Instruments & 
Technology, Inc.) ..................... 136 
-- Quenchant Testing Equipment 
Enthone-OMI. Inc ....................... I 
-- Specialty chemicals for non-cyanide copper 

plating for stop-off 
Gas Research Institute . . . . . . . . . . . . . . . . . 333 
-- R&D organization representing natural gas 

industry, & 115 customers 
Great Lakes Carbon-Specialties ........... 439 
-- Specialty Graphite 
Heat Treating Network 
-- Technology Transfer 
Induction Tooling, Inc. . . . . . . . . . . . . . . . . . 725 
-· Aux Field Intensifiers 
lndustnal Heating Magazine 
•• Publishers 
Industrial Heat Recovery 
Equip, Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 519 
•• Water Cooling Systems 
Inland Vacuum Industries, htc ............ 317 
-- Vacuum Pump Fluids 
-- Reclamatit,n Service 
·· Custom Distillation 
International Technical Ceramics Inc ....... 204 
•· Ceramic Coatings 
Jackson Tr • .rnsformer Company . . . . . . . . . . . 135 
-- Transfonners 
·- Integrated magnetics 
·• Rccsctors 
Kinney Vacuum . . . . . . . . . . . . . . . . . . . . . . 133 
-- Vacuum Pumps 
Kurt J. Lesker Co ..................... 2U6 
•• Vacuum Pumps 
-- Gauges and Harc!ware 
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Leeds & Northrup . . . . . . . . . . . • . • • . • . . . 500 
-- pH/ORP Analyzers 
Leybold Inficon Inc. . . . . . . . . . . . . . . . • • • • 703 
-- Process Monitoring & Diagnostics 
-- Residual Gas Analyzers 
-- Vacuum Gauges 
-- Hedlium Leak Deiectors 
Leybold Vacuum Products .......••....• 702 
-- Vacuum Pumps 
-- Vacuum Pumping Systems 
L & L Special Furance Co., Inc. . • . . . • • • . . 305 
-- Quench Tanks 
Mager Scientific, Inc. . . . . . . . . . . . . . . • . . . 327 
-- Video Imaging & Measuring Equipment 
Metro Scale Company, Inc ............... 815 
-- Automated Loading Systems 
Miller Consolidated Industries . . . . . . • . . . . . 324 
-- Environmental Testing 
-- Metal Finishing 
MKS Instruments, Inc. . . . . • • . • . . . . • . . . . 905 
-- Vacuum Instrumentation 
-- Vacuum Hardware 
-- Gas Analyzer Systems 
MPI Furnace Co. . . . . . . . . . . . . . . . • . . . . . 629 
-- Custom Engineering Servic~ 
MVAK Technologies, Inc ..............• 914 
-- Vacuum Pump Services 
-- Vacuum Pump Fluids 
-- Parts 
-- Equipment 
National Vacuum Precision Inc ............ 340 
-- Rebuilding of vacuum equipment 
-- Vacuum pump oils . 
Oakland Metering Loaders .............. 714 
-- Metering Loaders and Dumpers 
OilpureSystems ...................... 119 
-- Filtration & Purification Systems 
Onspcc Inc. . . . . . . . . . . . . . . . . . . . . . . . . . 920 
-- Sales & Service 
Park Chemical Company ............... 314 
-- Luminous Wall Furnaces 
Park Precision Inc ..................... 615 
-- Repair and Replacement Service 
Partlow/Molytck ..................... 105 
-- Data Acq•1isition Systems 
Penna-Flame Ind. Inc. . . . . . . . . . . . . .... 804 
-- Surface Hardening 
-- Flame Hardening 
Polycarbon, Inc. . . . . . . . . . . . . . . . . . . . . . . 329 
-- Insulating Materi:tfs 
-- Coatings 
-· Ca:bon-Carbon Materials 
Process Technology ................... 134 
-- Electric immersion heaters 
-- Heating/cooling coils 
Protection Controls, Inc ................. 334 

HT PRODUCTS/SERVICES INDEX 

-- flame safeguards 
PSI Energy . . . . . . .....•............ 625 
-- Energy l\.1anagement 
Pyronics, Inc. . ...................... 209 
-- Combustion Safeguard Systems 
Richardson Electronics, Ltd. . • . . . . . . . • . . • 810 
- RF tubes 
-- SCRs 
-- Power semiconductors 
-- Vacuum, ceramic and oil-filled ~apacitors 
-- General statement: electronic components 
Sentry Equipment Corp. . . . . . . . . . . . . . . . . 806 
-- Heat Exchangers 
- Cooling Water Systems 
Siemens Components, Inc. . ............. 219 
- Metal-Ceramic Triode Generator Tubes 
Stokes Vacuum Inc ...•....••...•...•.. 614 
-- Vacuum Pumps 
Surface Combustion, Inc. . . . . . . . . . . . . . . . 228 
- Incinerators 
-- Pyrobatch Furnaces 
Teledyne Hastings-Raydist ............... 21 
-- Vacuum gauges 
-- Controllers 
-- Thermocouple gauge tubes 
Thermal Technology Inc. . . . . . . . . . . . . . . . 907 
-- Glass Fiber Drawing Furnaces 
-- Crystal Growing Furnaces 
-- Indoction Melting Furnaces 
Therrnco Instrument Corporation .......... 742 
-- Hydrogen Gas Analyzers 
T-M Vacuum Products, Inc .............. 822 
-- Vacuum drying/processing ovens 
Transmares Corporation . . . . . . . . . . . . . . . . 342 
-- Automatic Crack Detection 
Union Carbide Industrial Gases Jnr ......... 131 
-- Industrial Gases 
Vacuum Research Corp ................. 208 
-- Vacuum gauges 
-- Vacuum valves 
Vacuum Tube Industries, Inc. . ........... 438 
-- Rebuilt oscillator tubes used in RF induction 

heating units 
-- RF tube welding units & heat sealing 

units 
Vonek Industries Ltd ................... 734 
-- Whitclight beam systems 
Wall Colmonoy Corp. . . . . . . . . . . . . . . . . . 909 
-- Commercial Brazing services in protective 

atmospheres 
-- Brazing procluct~/scrvices 

-- nickel ba~e filler metals 
-- brazing aids & equipment 

Waukee Engineering Co., Inc. . • . . . . . . . . . . 227 
-- Nixors 
-- Blenders 
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-- Compressors 
-- Elecuonic flow conliol valves 
Worcester Polytechnic Institule ........... 117 
-- Planning and Modeling 
Zircar ProdLtcts, Inc .................... 112 
-- High temperature fibrous ceramic insuation 
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