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Introduction

Based on the deliberations of the technical sessions on Emerging Steel Technologies held
during the Materials Week of ASM-International at Cincinnati, Ohio, USA on October 21 - 24,
October, 1991, the aim and objectives of this study are to present i1 a nutshell and outline the
current emerging technologies in the iron and steel industry and as a conszquence 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 developing 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
eiforts place a high premium 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 Process Cosigua, in Brazil and its dismantling in the country of its

origin itself, i.e., Germany, is an illustration of the latter.




This study is also aligned to the deliberations of the Materials Week of ASM-International
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 nuultiple
interpretations and conclusions. An attempt will be made here to do so and in such an analysis, let

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




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

(Production in Million Tons).

Table 1

Major Steel-Producing Countries, 1981-1990

(million tons)

*F.G.R. - Prior to Unification

Country 1981 1983 1986 1989 1990 1990/89
Change
1. USSR 1485 1525 1605 160.1 1543 -3
2. Japan 101.7 972 983 1079 1103 22
3. United States 109.6 76.8 74.0 88.8 88.9 0.1
4. China 35.6 39.0 522 614 672 94
5. Germany, Fed. Rep.* 41.6 35.7 371 41.1 384 -6.4
6. Italy 248 218 23.0 52 254 0.9
7. Republic of Korea 10.7 119 145 219 23.1 5.7
8. Brazil 132 14.7 212 25.0 206 | -17.7
9. France 212 17.6 17.7 18.7 19.0 1.7
10. United Kingdom 15.6 150 14.8 18.8 179 -4.7
I World Total 708.4 6625 7132 7843 766.9 -22 ;i




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

TABLE 2
1 -
CRUDE STEEL ': Productlion {thausand tonnes)
Rennn
Country or area 1941 1982 1293 1964 1955 1956 1997 1968 1989 1290
WORLD 708385 | 645067 | 662514 711085 718824 713246 715028 778196 784340 | 766892
DEVELOPED MARKET
ECONOMY COUNTRIES J95568 331373 35719 367234 3650136 Ja1782 J4gant 378365 JB2817 | 377045
AMERICA 128433 79529 89593 98659 94724 8812) 9564} 105555 1042320 10:038
Canada 14811 11865 12832 14699 14537 14081 14737 148668 | 154588 12100
Umled States 10961341 676S5#| 767614 | 839404 | B80CS 4| 40324 878764 90649H| 6868524| eagisy
EUROPE 152498 137264 135979 148584 149619 139219 139239 151461 153503 | 149423
EEC 139862 | 125082 | 123231 134482 | 135654 | 125714 | 125958 | 137426 | 139578 | 1365470
Belgrum-Luxembeurg 16167 13502 13450 15287 14628 13420 13085 | 148834| 146874| 14953
Denmark 612 560 493 548 528 632 60S 6504 6244 609
France 21258 18417 17582 19005 18815 17670 17432 185964 | 186924 19017
Germany, Federai Republic of 41610 35880 35729 39369 40497 37134 36248 410234 410734 38434
Greece S09 933 2868 9724 10078 1010 908 9594 9564 806
Iretana 33 61 141 166 203 208 220 r24F:] 3248 326
italy 247177 24003 21811 24062 23998 22985 22819 237624 25216H| 25439
Netherlands 5472 4354 4477 5738 5519 5283 5082 55184 S681H4 5416
Portugal 555 507 688 697 684 721 732 811§ 7614 6717
€ aun 12896 13160 13009 13497 14193 11882 11691 118864 127658 22705
United Kingdom 15573 13705 14986 15121 15722 14759 17136 190652 18799% 17908
EFTA 12635 12182 12749 12102 235 13225 13281 1335 13525 12653
Austria 2655 £282 L2219 2273 £53) e by 2301 45508 47154 4281%
Finland 2422 210 2216 632 2338 2536 563 27634 9113 2861
Norway 847 763 876 915 218 836 8s1 9104 6784 3764
Sweden 3770 3200 1210 4706 813 4716 4585 4779 46928 44554
Swilzeriang 93¢ 836 813s S78 387 1075 866 088 816 970
SOUTH AFRICA 8991 8320 7004 7132 8507 9055 8836 8709 9567 8738
ASIA 101790 99637 97252 1CSG78 105381 98185 98629 105780 108009 | 110451
israet 114 a7 8] 92 100 110 116 99 100 120
Japan 101676 93550 97169 | 105584 105281 98275 98513 | 1056814%| 1079094 110331
OCEANIA 7856 6623 5891 6583 6805 6990 6524 6860 7408 7395
Austraia 7635 63714 56574 63034 65784 6703% 61254 64008 68004 66304
New Zealang 21 252 234 <80 227 287 409 460 6C3 765
PEVELOPING COUNTRIES
AND TERRITORIES 65470 67522 71630 79823 86471 91007 98769 109362 114164 | 112471
AFRICA 2653 2867 3003 2900 J71SE 512 3961 4410E «130 3005
Algena 557 864 950 1080 1414 1450 1533 1412 1042 1050
Egypt 1015 1074 979 928 1028 1013 1433 2025 2011 8814
Mauritania 10 10 5 5 28 SH 8 SE SE L1
Morocco 5 5 4 4 SE 6€ SE SE SE 5€
Nigeria 2 90 V82 229 n 1344 1374 1304 2134 220
Tunisia 173 107 163 166 160 181 188 162 197 200
Zimbabwe 691 538 547 423 731 674 597 602 5924 579
Other Alrica 180 175 70 GH] S4€ 49 61 60E 65 6S
AMERICA 27293 27065 28944 11465 36031 7654 9488 42179 42548 28647
Argenting 2526 2900 2942 2647 2939 32420 36038 36244 389348 3621
Brazil $3226 13000 14671 18335 20454 2122841 222284 ) 24RS7H] 25017 20582
Chile 644 492 618 692 £89 706 720 899 813 773
Colombia 402 422 482 $07 5310 632 690 712 706 710
Cuba 330 plo}} 354 18 40R a1 402 363 4324 3408
Mexico 7605 7060 6917 7482 7299 72254 16424 786054 1e701 8G75H4
Pery 364 272 299 kA1) 368 RMLTH 400K 4634 37 284
Trimdad and Tobago 45 219 210 172 164 N Jas 363 347 kL) }
Uruguay 14 20 46 41 19 3 30 29 39 o
\'creruela 2030 2278 2320 2710 anss 1402 VWA 31654 29424 3
Othsr America 105 109 AS 94 86 A5 “J 29 92 15
)




CRUDE STEEL!: Production

TABLE 2

(zoncluded)
(thousand tonnes)
Region
country or area 1981 1982 1983 1984 1985 1286 1087 1968 1982 1200

ASIA 31550 33740 35552 J9226 42245 45325 50953 58286 62984 67211
Bangladesh 134 78 58 88 122 116 120 120 128 120€
Hang Kong 80 80 120 120 120F 120E 120E 120 150€ 150
ingdia <0397 10237 10237 10549 11936 12197 13121 143C9 14329 12856
ingonesia 621 693 983 1171 1374 1729 2059 1850 23034 28630
Iean, istamic Republic of 565 550 734 854 836 838 839 978 1081 1220
Malaysta pale) 215 350 350 400 150 600 7CJ 8%d SCO
\Myanmar 45 40 2 A 20E 2% 0E 30E 30¢ 30€
Pakistan 10 120 300 750 750 S00 1000 1200 1200E 1200€
Phulippines 4Co 370 200 250 250 2094 2618 2524 400E 400E
Qatar 469 495 469 478 533 so7 492 527 585 571
Republic of Korea 10753 11758 11915 13034 13540 145°5 16782 19118 21873 23126
Saudi Arabia 150 150 275 842 1106 1100 1365 1614 1810 1833
Singapore 263 358 30s 362 365 390 441 432 495 489
Syrian Arab Republic 400 400 100 1c0 70€ 70E 60E 60€ 304 704
Taiwan Province ol China 3157 2182 5331 5241 5306 5545 5315 8288 9027 9554
Thailang 312 244 381 247 425 450 534 535 55C€E 6C0E
Turkey 242 31834 3834% 43324 46624 59275 70448 79834 79014 €322%
United Arab Emirates 145 150 50 sC 50€ SOE 40E 208 408 <0E
Cther Asia 412 466 190 180 180 140 130 130 14 140
EUROPE 2978 2350 4134 4232 4480 4519 43572 4:87% 4502% J508=
Yugcsiavia 3z 33574 IR ES 42228 24808 2533 e D a2 2500 aenaei

COUNTRIES

IN EASTERN EUROPE 206127 203552 210025 21425) 2140231 221649 224268 224208 219099 | 203135
guigana o482 2580 2825 2878 2926 2898 244 2350 2333 8l
Crecnhosiovakia 15371 15203 15024 14831 18036 15112 15216 153793 154655 12813
Germaay (former German Dem. Rep.) 7467 7250 7219 7573 7840 TSHT 5243 8133 7829 5587
rungary 546 3720 617 arse 2647 318 3632 3558C% 32325 2262
Polang 15719 14794 16236 16553 16126 17144 1744 163854 15054 13553
Romania 1332 13055 12553 13437 12735 14276 14362 133144 144154 a7544
USSR 148517 § 147153 | 152511 154239 154653 | 160537 161935 | 1630374 160092%| 1547864

SOCIALIST COUNTRIES

OF ASIA 41220 42620 45140 49775 53254 58808 63010 56261 68260 74241
China 355600 37000 39040 43475 46794 52208 56280 55431 61430 6741
Democratic Peopie’'s Repubiic of Kored| 5500 5500 6100 6300 5500 6600 6730 6830 6830 7006
Viet Nam 120 120 . . - - . - .

Crude steel' raw form of sieel measured al the first stuge of soh dification, ewcept for Liguid steel casting




Table 3 shows the global sponge iron (DRI) production world wide.

SPONGE IROM (DRi)' Production

TABLE 3

(thousand tonnes)

Regron j
Country or area 1981 1962 1983 1994 1285 1986 1987 1968 1969 1990
WORLD 7094 7283 1797 9192 10908 12654 13639 13803 15594 17992
DEVELOPED MARKLT
ECONOMY COUNTRIES 2270 118 B70 1180 1560 2070 1900 2060 2189 2292
AMERICA 1500 570 540 620 880 850 940 1060 996 1122
Canadga 960 500 540 500 740 690 130 770 705 732
United States 540 70 - 120 140 160 210 290 291 3904
EUROPE 490 350 90 120 100 170 200 270 53 310
EEC 480 J20 70 100 100 170 200 270 353 310
Germany, Federal Republic of 480 320 70 100 100 170 200 270 353 310
EFTA 10 Jo 20 20 - - . -
Sweden 10 30 20 20 . - . .
SOUTH AFRICA 120 100 20 270 410 790 840 730 2] 860
OCEANIA 160 160 160 17C 170 260 - - - -
New Zealand 160 160 160 170 170 60 -
DEVELOPING COUNTRIES .
AND TERRITCRIES 5624 6103 6907 7642 2008 9334 10399 10062 11705 14010
AFRICA - 80 160 150 w0 123 6:0 002 1020 133t
Zgyot :d 270 770 817 710
Libyan Arad Jamaniniya - . . . . . S 500
Nigeria ) 169 150 <30 110 140 1324 132 121
AMERICA 4664 £u83 5397, 5392 5Gi8 5976 6462 5869 6450 77150
Argentina , 80 890 950 910 390 950 1040 10674 LA 1035
Brazil 230 230 250 250 290 aco 200 1954 259 269
Mexico 1720 1510 1500 1450 1454 1370 1560 1617 22374 254034
Peru 544 434 274 624 4a4p 564 524 494 50 30
Trinidad and Totabgo 190 214N 280 240 220 380 450 593 695 8004
Venezueia 1640 2170 2390 2480 2640 2920 3120 23484 20444 3085
ASIA 660 940 1350 2100 3150 s D27 3292 4215 4929
India 20 30 40 80 20 148% 1774 1954 360 750
indonesia 470 440 570 740 1009 13C0 1030 280 12104 1410
Iran, Istamic Republic of . . . - 30 . . . 40 300
Iraq - - . - . 100 200 170
Malaysia - - 40 520 580 590 4274 644 620
Myanmar 10 10 - 10 0 30 20 20 20 20
Qatar 460 430 390 500 490 490 470 495 534 574
Saudi Arabia - 10 350 730 290 1170 1040 1075 1207 1085
COUNTRILES
IN EASTERN EUROPE - - 20 370 420 750 1260 1680 1700 1690
USSR - ___J - 20 370 420 750 1260 1680 1700 1680
- VN SOUNUUNUI S PP Fp——

Sponge iron of DRI primary lron produced through direct reduchion, withnul swcesding the malting (emperature




Figure 1 shows the world production of iron ore, pig iron and crude steel.

FIGURE 1
WORLD PRODUCTION OF IRON ORE, PIG IRON AND CRUDE STEEL
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Table 4 shows the growth of steel production in developing countries, from 1983-1990 and

o depicts the share of developing countries including China and other Asian CPEs to be 22.8% in 1990.

In some quarter such as the International Iron and Steel Institute, China and Asian CPE countries are
not grouped amongst Developing Countries; however, it is a matter of opiaion and interpretation - the
statistics speak for themselves.

Table 4

Share of Developing Countries in Global Steel Production

1990 | 1989 | 1988 | 1987 | 1986 | 1985 | 1984 1983 88/90

Change
%
Industrial Cts 389.6 | 3954 | 3912 | 360.8 | 3521 | 3743 | 3756 | 3438 -15
E.C.(12) 136.5 | 140.1 | 1378 | 1265 | 1259 | 12357 | 1344 | 1232 -2.6
United States | B88.7 88.9 90.7 80.9 74.0 80.1 83.9 768 -0.2
Japan 1103 | 1079 | 1057 | 985 98.3 1053 | 1056 | 972 22

Developing Cts | 1012 | 1019 | 97.6 87.8 80.6 76.9 70.1 63.1 -0.7
Western World | 490.8 | 4973 | 488.8 | 448.6 | 432.7 | 4512 | 445.7 | 406.9 -0.7

USSR & Other | 204.6 | 219.6 | 224.6 | 224.8 | 2222 | 2146 | 2147 | 2105 -6.8
CMEA*
Asian CPEs$§ 74.2 6.83 66.0 62.8 588 533 50.0 46.1 88

Total CPEs 2789 | 287.8 | 290.6 | 287.6 | 281.0 | 267.8 | 264.6 | 256.6 -3.1

World Total 769.6 | 785.1 | 7794 | 7362 | 713.7 | 7199 | 7104 | 6635 -2.0

Developing
Countries,
China & Other
Asian CPEs as
percentage of
world total (%) | 22.8 21.7 21.0 20.4 195 18.1 16.9 16.5 5.0

* Council for Mutual Economic Assistance
§ Centrally Planned Economics




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
weakening 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 sroduction 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 1999
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 10%, followed by a 5% increase in the automotive industry.




Table 5 depicts the major steel producing countries, 1989 and 1990.

TABLE §

The Major Steel-Producing Countries,
1989 and 1990

million metric tons crude steel procuction

Country 1990 1989 |
Renk | Tonnage | Renk Tor.nage
USSR 1 1544 1 160.1
Japan 2 1103 2 107.9
United States 3 88.9 k] 88.8
PR China 4 67.2 4 61.6
FR Germany 5 38.4 5 411
haly 6 25.5 6 25.2
Republic of Xorea 7 231 8 21.9
Brazii 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 13 151
Spain 14 12.9 16 12.8
Canada 15 12.3 12 15.5
Beigium 16 11.4 17 10.9
Taiwan (ROC) 17 9.7 19 9.0
Romania 18 9.7 1S 14.4
Turkey 19 9.3 22 7.8
Mexico 20 8.7 20 7.9
South Africa 23 8.6 18 9.3
OPR Koiea (E) 22 7.0 23 6.9
Australia 23 6.7 24 6.7
German Dem. Rep. 24 5.6 21 7.8
Netheslands 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 36 a0 3.7
Venezusla b)) 3.2 2 3.2
Hungary 2 2.9 K} 3.6
Finland 33 2.9 k] 2.9
Indonesia {E) 34 2.6 35 2.4
Bulgaria 35 2.4 4 2.9
Egypt 36 2.1 36 2.3
Other Countries 18.4 17.9
World Total 770.1 785.5

This table lists all countries producing more than two million metric tons of cruce sieel
in @ither year shown,
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Table 6 shows the largest steel producing companies in the western world.

TABLE 6

The Largest Steel-Producing Companies,
1989 and 1990

million metric lons crude steel output

1990 1989 1990 1989

1128.8| 1{28.4| Nippon Sleel 313.6] 31}3.7| ARBED

2 ]23.3] 2123.0] USINOR SACILOR | 32 | 3.5| 36( 3.4| Tokyo Steel
3[16.2| 3]15.5{ POSCO 3313.5] 25| 4.4] USIMINAS

4 |13.8] 4 |14.2] Britsh 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 Saarstaht

7111.5] 8|11.4{ILVA 37 ]3.11 41| 2.9] AHMSA

8(11.1] 7111.6; Thyssen 38 13.0 33| 3.6 | Mannesmann

9 [11.1{ 11 |11.0] Sumitomo 39{29| 34|35|CSN

10 [11.1} 10 (11.0| Kawasaki 40 [2.8| 46|2.6| SSAB Svensk! Stél
11| 9.9] 9{11.1] Bethlehem Sleel 4112.7| 40] 2.9| SIDOR

12] 8.8{ 12| 8.5| SAIL 42 12.6| 39|3.1] COSIPA

13| 7.4|13| 7.7|LTV 4312.5| 49| 2.4| North Star

14| 6.6/ 15| 6.5 Kobe Steel 44 [ 2.5| 2714.3] Stelco

151 6.3| 14! 7.0} ISCOR 4512.5| 44| 2.6 Rouge Steel

16| 6.1{161 6.3 BHP 46 | 2.4 53| 2.3| Turkish lron and Steel Works
17| 5.6{17 | 6.0| Chwna Steel 47 | 2.4 48| 2.4| Gerdau

18| 5.2| 21 ] 4.9 National Steel 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 Sieel 5012.3| 43 2.7 Weirton

21| 4.8/ 20| 5.0] Armco 5112.3] 50]2.3| TISCO

22| 4.3| 26 | 4.4| Cockerill-Sambre 52| 2.3| 55| 2.3| Wheeling-Pittsburgh
23| 4.3( 22| 4.6| Krupp Stahl 53 (2.2] 56| 2.2| Nakayama Steel
24| 4.2(24 ] 4.4| Pieussag *’ 54 [2.2| 60| 1.9] AGOMINAS

25] 4.1(28 | 4.1| Hoesch 55(2.0{ 3713.3|CST

26| 4.1{23| 4.5 Voes!-Alpine Stahl | 56 (2.0| 58] 2.1 SOMISA

27| 4.0/30| 4.0| ENSIDESA §7 12.0| 59| 2.0{ Daido Steel

281 3.8{38' 3.3]| SIDMAR 58 11.9] 57| 2.1| Co-Steel

29| 3.8|29| 4.0| Dofasco 59 11.9( 52| 2.3{ Unied Engineering Steels
30| 3.6{ 35| 3.4} Nisshin Stee! €0 1.8| 61 1.8| Godo Steel

* 1989 figure includes output ol plants in FR Germany
1990 figure includes oujput of plants in FR Germany and the Uniled Siates

°* formerly Peine-Salzgitter
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Table ? shows the crude steel production by different processes.

TABLE 7

Crude Steel Production by Process, 1990

Production Open
million Oxygen Eluctric Hearth Other Total
metlric tons % % % % %

Beigium 11.4 90.9 9.1 - - 1C0.0
Denmark 0.6 - 100.0 - - 100.0
France 12.0 716 28.4 - - 100.0
FR Germany 38.4 81.5 18.5 . - 100.0
Greece 1.1 . 100.0 - - 100.0
Ireland 0.3 - 10v.0 . . 100.0
Rtaly 255 439 56.1 - - 1000
Luxembourg 3.6 100.0 - - - 100.0
Netherlands 54 95.7 43 - - 100.0
Portugal 0.7 479 521 - . 100.0
Spain 129 43.2 56.8 - . 100.0
United Kingdom 17.8 73.8 26.2 - - 100.0
EC Total 136.8 69.0 31.0 - - 100.0
Austria 43 91.4 8.6 - - 100.0
Finland 29 84.1 15.9 - - 100.0
Norway 0.4 . 100.0 - . 100.0
Sweden 4.5 50.9 R | - - 1000
Turkey 9.3 40.4 §3.2 65 - 1000
Yugoslavia 3.6 475 30.5 220 - 100.0
Other W. Europe 24.9 58.2 36.1 5.6 - 100.0
Total W. Europe 161.7 67.3 318 0.9 - 100.0
Canada (1) 12.3 63.3 36.7 - - 100.0
United States 88.9 59.6 6.8 36 - 100.0
Japan 110.3 68.6 14 . - 100.0
Australia 6.7 92.0 8.0 - - 100.0
New Zealand 08 62.7 373 - - 100.0
South Africa 8.6 53.5 35.2 - 1.3 100.0
Total Industrial Cts. | 389.3 66.1 32.7 1.2 0.0 100.0
Argentina 36 54.6 44.6 0.8 - 100.0
Brazil 20.6 740 218 - 2.2 100.0
Chile 0.8 94.3 5.7 - - 100.0
Mexico 8.7 40.8 51.1 8.1 - 100.0
Peru 0.3 7.2 62.8 . . 100.0
Venezuela 3.2 6.0 90.6 9.4 - 100.0
India 15.0 413 275 1.3 . 100.0
Republic of Korea 23.1 68.9 N - - 100.0
Taiwan (ROC) 9.7 57.7 41.5 - 08 100.0
Total Western Cls.” | 474.2 654.7 33.0 2.2 0.1 100.0
Bulgaria (E) 2.4 50.0 40.0 10.0 - 100.0
‘Czechoslovakia 14.9 47.7 13.2 9.1 - 100.0
German DR (E) 56 343 14 340 0.3 100.0
Hungary 2.8 50.7 7.4 422 - 100.0
Poland 136 52.9 18.0 29.1 0.0 100.0
Rcmania (E) 9.7 54.4 219 21.7 . 100.0
USSR 154.4 35.2 13.0 51.7 0.0 100.0
Tot. Eastern Europe| 203.4 38.6 14.7 46.7 c.0 100.0
Total** 677.6 56.8 27.5 15.5 0.1 100.0

(1) Oxygen ligure includes Open Hearth,
*-The counines incluged account for 96 per ceni of lolal Weslern Worid output.
“></8o countries included account for 88 per cent of total World output.
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Table 8 shows the continuously cast steel output and its ratio to crude steel output - woridwide.

TABLE 8

Continuously-Cast Steel Output, 1988 to 1990

milllon metric tons % crude steel output
1988 1989 1990 1988 1989 1990
Belgium 99 10.0 10.5 88.0 90.9 91.7
Denmark 0.7 0.6 0.6 100.0 100.0 100.0
France 18.0 175 17.9 94.0 93.7 943
FAR Germany 36.3 36.9 35.1 88.5 89.8 91.3
lreland 0.3 0.3 0.3 100.0 100.0 100.0
lhaly 22.1 237 24.2 929 94.1 9.8
Luxembourg 1.3 1.2 1.2 34.2 335 4.1
Netherlands 4.2 49 51 75.6 87.1 93.5
Portugal 0.4 0.4 0.4 46.9 514 54.6
Spain 8.8 11.0 11.5 74.4 86.0 89.0
United Kingdom 13.4 15.0 149 70.5 80.2 83.6
EC (11) 115.2 121.6 121.7 B4.1 87.8 89.6
Austna 44 45 4.1 95.5 95.7 959
Fintand 26 2.7 28 93.9 94.0 g78
Norway 0.5 0.4 0.4 §3.4 60.3 92.7
Sweden 4.0 39 cN: | 83.0 82.3 8s.8
Turkey 6.8 6.4 7.7 84.6 82.3 822
Yugoslavia 2.8 2.9 2.5 61.9 64.7 702
Other West. Europe 21.0 20.8 21.3 82.2 82.5 85.4
Total West. Europe | 136.1 142.4 142.9 83.8 87.0 89.0
Canada 10.3 11.8 9.4 69.3 76.1 76.7
Uniled Slates 55.5 57.6 59.6 61.3 64.8 67.%
Japan 98.4 1009 103.7 93.1 935 939
Australia 46 5.4 5.4 ns 80.0 81s
South Alrica 6.2 6.9 6.4 696 73.4 737
Total Industrial Cts. | 311.1 3248 327.4 80.0 82.9 84
Argentina 25 2.9 2.7 68.2 73.2 743
Brazil 12.1 13.5 12.0 49.0 53.9 58 %
Chile 0.0 0.0 0.0 1.7 2.0 22
Mexico 4.3 4.6 5.3 55.9 58.1 612
Venezuela 29 2.5 20 78.7 78.3 640
Republic ol Korea 16.9 20.6 22.2 883 94.1 96 1
Taiwan (ROC) 78 8.4 9.4 93.6 93.1 96 1
Qatar 0.5 0.6 06 100.0 100.0 1000
Total Western Cis.* | 358.0 377.9 385.7 78.2 81.2 84,1 .
Bulgana (E: 1990) 0.4 0.5 0.4 15.5 15.5 154
Czechoslovakia 13 1.4 1.7 8.7 9.2 119
German DR (E: 1990) 3.2 3.2 2.3 39.6 41.0 41
Hungary 23 1.8 1.8 63.2 51.4 642
Poland 1.9 1.2 1.0 11.9 17 l0
Romania 4.5 49 35 1.5 34.2 3 )
USSR 27.1 27.6 27.7 16.6 17.3 7
_Total East. Europe 40.7 40.6 J8.4 18.2 18.5 180
Total ** 398.7 | 418.5 424.1 58.5 61.1 “e

* The countries included account for 96 per cent of total Western World output
**The counlries included account for 88 per cent of total World oulput.
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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 capital investment expenditure by the iron and steel industry in various
countries.

FIGURE 2

Capital Investment Expenditure by the iron
and Steel Industry in Various Countries,

1986 to 1990
rullion USS al exchange rates ruling on September 1 each year
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Table 9 depicts the steel production of different country during the first 6 months of 1991.

TABLE 9
Raw Steel
tonn
January - June
Jun-91 1990 1991 % change
Belgium 966 5942 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 +26
Greecn 80 532 516 -30
kreland 25 170 157 7.6
Raly 2,087 13538 12,995 40
Luxembourg 299 1,783 1.672 6.2
Netherlands 417 2,684 2,459 8.4
Portugal 51 382 241 -36.9
Spain 1,050 6.526 6415 -1.7
United Kingdom 1,444 9.338 8.405 -10.0
EC Total 11,566 70,572 68,937 2.8
Austria 359 2218 2.163 25
Finland 222 1,456 1.473 +0.5
Norway 45 185 224 +210
Sweden 344 2447 2,288 4.5
Turkey 784 4,620 4,541 -1.7
Yugosiavia 180° 1.944 1,248 -35.8
Canada 1,085 7,355 €.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 80" 331 434 +339
Mexico 665* 4,299 4,280 0.4
Venezuela 270* 1,611 1,555 3.5
Oatar 50° 278 282 +1.6
Saudi Arabiz 164 666 951 +98
india 1,289 7,440 8026 +79
Taiwan 730" 4,592 4,876 +6.2
South Korea 2,163 11,344 12,855 +133
Japan 8,332 54,058 56,453 +4.4
Australia 460 3,182 2735 +140
South Africa 840 4,255 4755 +11.7
Nigeria 15 104 60 42.5
Zmbabwe 54 298 238 -20.2
Total 35 countries 38.783 239,992 235,808 1.7
Czechosiovakia  1.100° 7.627 6.298 -1.7
East Germany 313 3.604 1,305 499
Hungary 190° 1,501 1,208 <195
Poland 910° 7.047 5998  -14.9
USSR 12,000° 79,162 70,755 -10.6
China 5.610° 32,298 33649 +42
Total 41 countries 58.907 371,237 356,221 4D
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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-Japan 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.

urrent Status and Commercial Potentials of Smeli-R ion Technologi

In reviewing the current status and 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
first place and present thereafter how far such developments and newer processes have technologically
been successful and commercially remunerative/acceptable. Proclaiming a new technological process
or process route in itself is the background,of a plethora of such processes mushrooming over 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 olast 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 poliution control measures to a capital intensive coke oven battery, and the
story is complete to develop 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 US$ per annual ton capacity
depending upon the extend of raw material’s costs and the costs of auxiliary materials handling, by-

product’s recovery and environmental control mandatory provisions.
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Such a new coke oven battery would need about 100 USS$ to operate it and about 70-35 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 fr=ight and transport 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 using 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 AISI has initiated
cooperative efforts to develop direct steel making. *

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, eccentric: bottom tapping, oxyfuel burners,
ladle refining and computerized process control, etc., the electric arc furnace capacity could be

increased substantially and power consumption reduced equally without increases in installed

W.A. Tony - AISI Proceeds with Direct Steel Making Plan, Iron and Steel Maker, June 1989 -
pp. 21-22
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wransformer capacity. Badische-Stahlwerke (BSW) recently estimated that electric arc furnace
operations could achieve a production cost savings of up to 30 USS per ton by following BSW
practice/technology.!

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 flat 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
charges 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 ard introduction to this study which deals with complex and
controversial subjects with the hope of not being misunderstood at the same time.

In 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.

! K. H. Klein and G. Paul, "Reflections on the possibility 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 Technulogies

It will neither be possible nor desirable to discuss each and every nev.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 reported upon in terms of their further 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 technologies'? were furnished by the writer in earlier
symposia and conferences. Supplementary to these presentations, a most recent’ development relates
to the British Steel and Hoogovens collaborating in a development in which the blast furnace is literally
split. The hearth of the blast furnace becomes a two chamber melting pot, wherein partly reduced iron
ore and coal are reacted with oxygen injected from a top lance. The molten metal flows over into a
second chamber and is tapped intermittently using conventional blast furnace technology. Gases from
the melting chamoers are cleaned and cooled to a temperature suitable {or injection into the top part
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.

Techno-Economic Considerations for Estabiishment 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, September 1984.

3 Developments in British Steel, Dr. R. Baker, Ironmaking and Steelmaking 1IM - UK, 1989 -
Vol. 16, No. 3, pp. 145-149.
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Table 10

Cost Comparisons - £5/ton_of hot metal

Item CBF BF
Hot Metal 45 48
Desulphurised Hot Metal 485 50
Liquid Steel Cost 57 60
Capital Charges 29 37
Maintenance Costs 13 18
Overall Cost of Liquid Steel 99 115

Figure 3 shows Hoogovens No. 3

Blast Furnace

Conversion to CBF

[Fe=

chain conveyor

; ' 0
for hot ORI
= ' paddie valve

L
-
Tapping vessel : : —
\ i_N
e ool -
casthovse floor N S li § 0al-0, lance
N-. _N .
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Hoogovens no. 3 blest furnace conerslior, 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/installatiuns in recent years.

Concerning the Corex process, the industrial plant/project of Wierton in United States has
been cancelled a couple of years back while the industrial scale results at ISCOR’s Pretoria works in
South Africa have recently been summed up in the latest paper' 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 between ISCOR,
South Africa, and the consortium Deutsche Voest-Alpine/Voest Alpine.

After the initial operating campaign from August 1988 to February 1789, 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% non-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 - Energy Optimizing Furnace
The Energy Optimizing Furnace (EOF) has been developed at the Companhia Siderurgica

PAINS located in Divinpolis, a town in the St:te 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 Voest-Alpine
Industricanlagenbau GmbH, Dusseldorf, Germany
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EOF are the following as shown in the attached diagram:

1.

2.

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 CO, 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 pass directly from the furnace through the scrap to the exhaust system.
The furnace is provided with a replaceable bottom which permits quick turnaround
during the campaigns and results in very high furnace availability.

Water cooled side walls and roof which replace refractories and as a result reduce costs
and increase furnace availability.

A very intense rate of bath oxidation reduces heat losses, increases ~nergy efficiency
and increases productivity.

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 89 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 hquid steel

Figure 5 shows the EOF Scheme.
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Diado 1 Company’s P

Diado Steel Company in Japan has recently developed a new non-electric steel scrap melting
reactor/furnace process' depicted 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 part 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 CO, through the post combustion by the O, 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 disturbing the air tightness of the furnace

Melting of Direct Reduced Iron in a Non-Electric Power Scrap Melting Furnace, Trans of the
Iron and Stecl Institute of Japan, Vol. 28, No. 12, 1988, pp. 1014-1020.
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system. Charging of the scrap can be completed very quickly. 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 Reactor.

Scrap * DRI

Dust collector

Tigure 6 ~ Schematic Illustraticn of
a New LReactor
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Open Slag Bath Smelting in Rectangular Submerged ARC Fumnace

While smelt-reduction processes have been figuring in the lime light without any tangible
industrial scale success and commercial acceptance so far, there have been developments in smelting
pre-reduced materials in open slag bath submerged arc furnace with rectangular hearths with 6 self-
baking electrodes.!

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 19732
Aditer the start of the Skopje plant in 1968, serious operational problems and hazards were encountered
leading to explosions in the 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, serious decrepitation and degradation of the dried lignite took place in the

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

The direct-steel-smelting process - M. Driemeyer, W. Reichelt, and E. Wagner - Mannesmann
Demag, Huettentechnik - UN-ECE Seminar, May 1983 - Netherlands - Steel/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 furnaces 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.!

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
Fe + 2
Fe+3
Si0,

CaO

Moisture

%

4146

271

14.06

13.65

325

0.95

5.51

10

0.23

20

Lignite technology at the Skopje iron and steel works - UN-ECE Seminar 1983 -

Steel/SEM/9/R.15 - held at Noordawijkerhont - NL
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Lignite used is in two granulations 15-30 mm 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% 12.84%
S 1.55% 137%
H,O 24.30% 26.2%

There are 6 rotary kilns, 95m long with inner and outer diameters of 4.15m and 4.55m
respectively with a speed of 0.55 rpm.

The ore, limestone and 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
feeders. Heat necessary for the reactions to take 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
liverated 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 1050°C.

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 15m and

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

%
Fe tot 4053
Fe + 2 33.97
Fe +3 18
Fe Met 477
Sio, 13.26
Ca0O 1224
MgO 2.96
ALO? 5.81
Co, 256
Fixed C 5.59
S 041

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 ao 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 (Witbank-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 result 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 bath 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 Smeliting With Hot Pre-Reduced Charge in Rectangular
Submerged Arc Electric Furnaces With Six In-Line Soderberg Electrodes

New Zealand Steel Company had been operating a direct reduction rotary kiln to produce a
92¢z metallised product from ilimenite beach sands. The pre-reduced/metallised finely grain-sized (45-
212 um) sand product was fed cold but continuorsly 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 addition of
the hot pre-reduced matallized products to tw ), 69 MVA rectangular submerged arc smelting furnaces
to yield 720,000 tors of pig iron annually. The new rotary kilns which are 65 m long x 4.5 m diameter
were 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.

These 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 circalar 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 tapping 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 >909 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 quality 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:

-0+ 3mm -3 mm

Percentage

Fe tot 90.48 84.72
FeM 80 70.10
c 0.2 0.68
s 0.017 0.064
P 0.058 0.08
SIO, 3.56 532
ALO, 2.98 4.12
FeO 13.47 18.81
CaO 0.51 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 kiln 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 fall into the category of potentially viable industrial projects.

The RHF Iron Making Process (Fastomet Process)

The RHF! 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 bath. 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 hcurs of production. Carbon content of the hot metal can be controiled 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.

! 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 REF are continuously melted in the SAF whose operat;ons
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 0.1-35%

S 0.05 - 0.15%
Si 0.1-0.6%

P 0.01 - 0.05%
Temperature 1400 - 1600°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. 1f 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. The 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.
After 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 tons/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 cval 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 plants of ESSAR and Grassim are based on Midrex and

HYL. IIT respectively. Identical progress is being made in Venezuela about the expanding role of
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Midrex while HYL III has consolidated and expanded its capacity in the Mexico (Sicartsa plant). And
yet in the 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 revolucionary
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
industrial teeth, attempts are made to empirically extrapolate 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 and 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 themselves to universal/global acceptance. There are some 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 ail 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
withstood the onslaught of the critics, have finally dropped out while others have proved their
mettle/ground and are finding increasing applications/acceptance.

® Pulverized Coal Injection in the Blast Furnace for T=ca Smelting/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.

4 PCI has been 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 O, 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.




Some Latest Smelt Reduction Technologies in Experimental Stages Only

The processes outlined 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 by oxygen to produce steel.

Since 1988, eight major steel producing companies in Japan along with the Japanese Coal
Mining Research Center has embarked upon a Direct Iron Ore Smelting Process (DIOS). Should the
development work prove successful in all its aims, the following results could be 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 CO, generation by the use of non-coking coal,
which is a fuel containing appreciable content of hydrogen.

H1 smelt process, after 6 years of operation is a2 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 Making 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 1990s. 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 friendiy 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 209% 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 709z compared te
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 H1 smelt process as developed at the H1

Smelt Research and Development facility in Kwinana, W. Australia.
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Figure 7c - Experimental SmeTting Reduction
Furnace (NKK, Fukuyama Works)
Figure 7b shows the concept of JISF’s smelting reduction process (DIOS process) and 7c
depicts the Experimental Smelting Reduction of NKK, Fukuyama Works.
Thin Slab Continuous Casting

SMS-CSP Technology
NUCOR plant at Crawfordsville, Indiana, USA has changed the outlook of many concerning

flat rolling and continusous casting. NUCOR 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 US$ per ton which
is lower by US$ 50 to 100 per ton compared to the conventional slab casting in integrated steel mills.
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 3.5 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
of 1500 mm. NUCOR, Crawfordsville thin slab caster is selling its rolled sieel 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,
Crawfordsville does not freight equalize under any condition.

A typical conventional flat products plant employs 4 to 6 manhours of labor per ton of flat
product produced and shipped while NUCOR 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 clab caster permits it to have above average drawing characteristics. The
metallurgical characteristics of the liquid steel have been good, reflecting the plant’s modern
steelmaking practices and ladle metallurgy practice.

DRI/sponge has been used at NUCOR up to 20% of the metallic charge in the EAF shop -
DRI/sponge has been imported frcm USSR, Venezuela, et. at CIF cost of 1208 per metric ton.

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

steel for the ladle metalluray operation.




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 thin slab/flat rolling 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. The Arkansas mill will have 6 finishing 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 rolled 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 120" wide with a thickness of 2" to 10". The slab will be
directly in-line rolled to hot rolled coil or flat. The 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 inches) 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 mill 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 - a2 remarkable mill indeed.
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Mannesman-Demag Huttentichnik (MDH) 1.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 éccentn'c bottom tapping as well as a 100 tons ladle furnace. These facilities will, for
the first 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 solidification 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 mclien 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 ways. MDH
mold has parallel faces all the way, a feature MDH claims yields less strand deformation and
other benefits. Immediately below the mold, in-line powered rolls 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 descaled, straightened, induction heated to equalize the




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,
Crawfordsville normalizing furnace alone. Both SMS-CSP and MDH-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 with Sweden’s AVESTA 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 1g and refining units. 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"
(1220 mm) wide.

SMS-CSP technology corresponds in principle 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

submerged 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" (2.5 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. Bascd 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 producer 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 worldwide 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.




Table 10 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

COUNTRY PROCESS COMPANY THICKNESS WIDTH SCALE FURNACE STATUS
MM) MM)
Single Roll Voest-Alpine 0S5/1 30 Hot model 5t Allegheny co-
op. started 89

AUSTRIA Twin roll Voest-Alpine 058 250 Hot model

Cscillating mold Voest-Alpine 80 1290 Pilot

Single roll Irsid (Eurcka) 05-12 200 Hot model 00kg8t

Twin roll Qlecim 15/12 200 Hot model 300 kg stopped 75
FRANCE Twin roll Issid 10/2 2% Hot model 300 kg-8t

Twin roll Irsid-Clecim 155 800 Prototype starts 91

Belt & roll Qlaustbal University 5/10 150 Hot model 500 kg started 89

Hazelett twin belt Krupp Stahl 2040 400 Pilot stopped 86

Oscillating mold Maanesmano Demag 25 1900 Pilot 20t

Oscillating mold SMS Buschhutten 60-40 1600 Pilot

Osc. moid + rolls Thyssen/SMS/U + § 40-10 1200 Pilot started 89
GERMANY Roll & roll Krupp Stahl, VDM 2 600 Prototype 10t started 89

Sirgle roli Krupp Stahl, Siegen 2 Hot model started 89

Single roll Thyssen Stahl <! 200 Hot model 60 kg

Spray casting Mannesmann Demag 15 800 Prototype

Twin roll MP] 2 100 Rescarch

Twin roll IFW 1 110 Rescarch

Twin roll Thyssen Stahl/IBF 1.8 150 Hot model 100 kg

Twin roll CSM 525 150 Hot model 300 kg

Twin rol! CSM 5-25 400/700 Prototype 420¢ started 89
ITALY Twin ol Danie” Hot model

Oscillating mold Danic 50 1750 Pilot 30¢

Oscillating mold Arvedi/MDH 15 1330 Industrial Incl. 4 stans 91

rolling
stands

Ogillating mold Avesta/Voest-Alpine 1870 & Industnal started 89
SWEDEN Twin mold ABB Royal Inst Techn. Hot mode!
SWITZERLAND Twin roll Concast Service Design

Horizonul train British Steel 15-75 500 Prototype 4¢
U. KINGDOM Twio roll + slurry British Steel 2 76 Hot model 250 kg

Twin roll + slurry British Stee} 3 400 Prototype 4t
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Figure 11 depicts the NEAR net shape casting processes in Europe.

| Process Preduct thickness
@ S0 mm
Thin slab casting
@ 2510 50 mm
Casting press rolling C@ 15to 25 mm
%’ O] 51010 mm
%\ 1to S mm
Strip casting
GYD  twsm
+ <3mm
Spray casting ( A\i 10 to 40 mm
I

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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Press rolis

Bending roll

e
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Figurel2. The casting press rolling (CPR) process )

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 long 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 slab products.




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
sections, Danieli has heen developing a thin slab caster, using 2 P3ot Plant at Udine (iialy) since
1986. Daﬁieh’ is designing 4 plants with each unit having a capacity of 0.6 million tons/year of
hot strip, using a thin slab caster (50-75 mm) thick slabs, an equalization furnace and an in-line
hot strip rolling mill.

Secondary Stee! Making/Ladle Metallurgy

Whilst 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 refining 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 the 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

A

and cquipment rclated dovelopmicais the woild over, have icd iv the general cunnoiation of

Secondary Metallurgy or secondary steel making/steel refining.

econdary Metallu

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 cuntrol

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 nitrogen

Optimum alloying and recovery figures

Finz! 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 clements additions
Aluminum wire injection

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

- Temperature and oxygen activity measurements

The iist is hardiy compiete. The options cover newer technology and treatment
schedulzs 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
specific case has to be determined in the planning phases by combining appropriate plant
modules and technological expertise.

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

herewith in Figures 13 through 18.
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Figure 13

Ladle degassing

Lacle cegass:ng is a versadie tool for
seconcary sieeimaking Duning reatment
the lacie 1s seaied with a vacuum tgnt
cover 0. 3iternatively, piaced into 3 vacuum
tank. With the ass:stance of an up-to-date
mert gas surnng sysiem the hqud steel s
agitated elliciently (o0 procuce homogernsa-
uonin temperaivre and anlysis At the same
ume the reactive surface area 1s increased

~¢ resulis not only in recuced hydrcgen.
Cxvgen ang niircgen leve's. tut 2is0 in low
suizryr coriens of the hquid steel

Spesa fean pres

@ Savingn t:ap to 127 rmes

® Very icw hycragen values after shon
trea:ment umes

® Desu:phurisauor down [0 very low ievels

@ Vacuum decarbur:saisn down (o fess
han{C02%C

@ Excecrcraly good secaraucn of non-
medi:C Inc'us.cns. hence clean steel

@ Acz.uen cf 3oy metenais for vacuum
me:aiurgical treatments

@ Acrievement of ugnt analyucal
tolerances

@ Cre~:c2' and thermal hemogenisaton

® Samzing. temgeratuce and EMF mea-
screment unger vacuum

® Low invesiment cost

® High ava:ab.lity with lcw maintenance
effont

® Possitihity 1o mog-ty to 3 vacuum oxygen
decarbunsalen or are heatng plant

Arc heating (ladle
furnace and VAD-
vacuum arc degassing)

Arc heaung/ladle furnaces increase the pro-
ducuwity of the melung furnace:. thesr pur-
pose 1s 10 aid temperature and analysis
control VACMETAL offer a plant configura-
ton which 1s cost-benelicial not only from a
production and mantenance pomt of view
tur 3180 1 avaiabiity

The VAD unit offers both heating and
cagassing of the ilguid steel Currently lagle
furnaces are used in CONUNCUON with elec-
nic arc metung furnace and basic oxvgen
si2eimaking piants when rap:c seguencing
¢’ casis 1s required They serve 10 ccntrol
{~e exacung temperature requirements
wh.Ch 3re essentai for successiui continuous
casing pracuces VACMETAL insialtauons
are achieving 48 casis n sequence in two
Cavys. inCreasing sieein.ani prccuctivity and
thrcughcut Lacle furnaces can act as hoig-
ing turnaces or bu'ters in the scheculing of
heavy castngs or forgngs. paricularly
when the meiting furnace capacity is himit-
ed in tonnage. In crder 10 avoiC gick-up of
gases Ircm the atmeschere the teeming of
he steel 1akes piace n vacuum or under
grotection of inert gas shrouding

Scecal fearyres

@ ncrease in productinty of the steel-
maing furnace

® Cverall savingin ccsts of production

® improved alioy recovery

® Lazle and vacyum metallurgical treat-
ment of steel by alloy acaiuons

® Exac: analysis control

@ Acrievement of exceilent degrees of
c'eanness

® Lcwest leve's of hydrogen. axygen and
suichur in the steel

@ Exact temperature control

@ Sampling. temperature angd EMF mes-
surements in vacuum .

@ Use as holding furnace in‘order 10 avord
backcharging when celays occur at con-
inuous cashing machine

® Spec:al design of vacuum arc heaung
e u.pment without eiectrode arms

@ H.gh heating rates

@ ~ecating and vacuumn lreaiment without
wniermed.ate lacle transfer

VACMETAL - vacuum
oxygen decarburisation
process in ladle (VOD) o
in converter (VODC)

The tlowing of cxygen under vacuum con

diuons offers 2 tme and cost saving

method for the production of stamniess. cor

res:on- ang heat-resistant steels. which are

c:fficult or impossitie te produce with con

veqiaral methads

Tr.e acgncaton of vacuum metaillurgy 1s

ennhancec by the use of oxygen refiming

The s:gnrficant feature cf this process s the

cost-beneiic:a product:cn of high chrome

sieels with very low carban. nirrggen and

Hycdrcgen levels

Arcirer aczncanon of this process s the

rearng of low and medium 3oy stee!s by

the oxic¢atien of aluminium, carbon and

sihcon

Scec-al teatyres

@ Vacuum gecarbunsation frem wirtually
any nit3i carsen level

® Conirc.'ec acnievernent of extremely lov.
carbon nitrogen. hygrogen and sulphur
contents

@ Acr:esement of qualities with exacting
scec:i.cauons. for example. tughchro-
mium cerianng steel graceswith C + A
lesstran1S0cpm.

® Smai chremium loss. hence low
resuirements 1r recducing reagents and
s:azlormers

@ Lce cfiow cost ferro alloys

® ~2- ecement of Lght chemical analysis

® Ex32itemperature control

® Signuficantincrease n produclivity of
stee.maning furnace

@ Feluchonn cleeimaing Cosis

@ Versarity o' o'ant - can be used also for
lagle cegi<sing and for heating of casts
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BV-ladle to ladle stream
degassing

This prceess is a variaton of the BV-stream
degassing process. in this insiance the steel
is leemed 1o 3 second ladle under
vaCuum.

The favourable degassing conditiens result
in extremely low hydrogen and oxygen con-
tents. At the same tume the mitrogen level i1s
reduced cons:derably. With the elimination
of dele'erious cases the ¢leanness of the
steel 15 improved Teemung of the steel s
carned outn air or in 3 shrouded atmo-
sphere without appreciable absorption of
gases. Cuning degassing analyucai correc-
uons can te carr:ed out by additions of
deoxidauon and alloy matenals. Features

of this process are savings in 3lioys and
achievement of the desired properties in the
steel grades produced.

Specia! featyres

® Exiremely low hycrogen level

® Rapid oxygen removal by vacuum carbon
decxidation

@ Vaéuum decarbunsation down 1o less
than 0.004% C.

® Lchievement of tight analysis tolerances

@ Low investment costs

® Simple equipment handhing.

in tine with the BV “building-biock” systermn
the piant can be acapted for ladle degas-
$inj 2rd 1adie 10 g0t stream degassing
and can be converted to 3 VOD (Vacuum
oxygen dezarbunsation) installation.

BV-ladle to mould
stream degassing

The steel 1s teemed directly from ladle into
the mould under vacuum. This method is
parucutarly apphcable for the producuon of
heavy forging ingots. Steel from one or
from several furnaces can be brought
together and teemed in vacuum under the
same advantageous conditions.

The favourabie degassing environment of
the BV4adie to mould stream degassing
process results in the lowest hydrogen
levels which can be achieved technoiogi-
cally.

Scesial featyres

@ Exremely low hydrogen content down
toless than 1pp.m.

® Avoidance of macro- and micro-inclu-
sions

® Normal 1ap-temperature

® Commercial production of the largest
forging ngots

@ ingot weights from 5 t10 550 t

® No need 1o remove hydrogen by anneal-
ing.

In hne with the "building-block” system of
the BV-stream degassing process the above
piant can be used for ladle to ladle stream
degassing and for simple ladle degassing
and can be converted (0 3 vacuum oxygen
decarburisation instaliation.

BV-tap degassing

This variation of the BV-stream degassing

process 1s normally used in eiectnic arc fur-

nace shops where sgace is at a premium,

The degassing treatment is carried out

during the tapping of the electnc arc fur-

nace.

Here again the favourable stream degassing

cenditions result in low hycrogen. oxygen

and nitrogen contents and in an improve-

ment of cleanness.

The teeming of the degassed ladle is car-

ned outin aimosphere or with inert gas

shrouding. with neghble gas pick-up from

the atmosphere.

Special featyres

® Low hydrogen leveis

® Rapid oxygen removal by vacuum carbon
deoxidation

® Vacuum decarburisation down to less
than 0.004% C.

® Achievement of ught anaiys:s tolerances

® Short distances between operations

® Low investment costs

® Simple equipment




DH-process

The DH-vacuum degassing process 1s
one of the batch type pracesses.

The Iquid steel s treated in a vacuum
vessel via a single nozzle. The cast 10
be treated flows from the ladle into
the treatment vessel where a vigorcus
reaction takes place exposing a large
hquid surtace area to the vacuum. The
degassed portion of the steel is retum-
ed 10 the ladie with considerabie momen-
tum. The sequence is repeated rapidly
unui the totai lad'e contents is degassed.
The teeming cf the degassed steel is
carnied outin air or with inert gas
shrouding without agpreciable pick-up
of gases from the atmosphere.

This pracess is independent of free-
board in the ladle and virtually inde-
pendent of the slag layer from the fur-
nace. It is. therefore. an ideal ladle
metaliurgical tool for secondary steel-
making. The evolved practices lead to
test possible cleanness level and
lowest carbon contents. This type of
plant is particularly suitable for works
with high tonnage throughput.

Special features

@ Ranonalisauon of steel plant production

©® Etffective hydrogen reducton

©® Rapid oxygen removal by vacuum
carbon deox:dauon

® Vacuum decarburisation to levels as
lowas 0.002% C.

® No need 1o tap slag free from furnace

@ Short treatment times

& independent of iree-board in iadie

® Low temperature losses

® Achievernent of narrovs chemical
analysis and temperature ranges

@ High recovery yields - with varying
amounts of alloy additions made
duning the vacuum metallurgicat
treatment

@ Accurate recarburisation under vacuum

® Effective mixing

@ Thermal homogenisation

@ Excellent separation of non-metallic
inclusions leading to highest degree
of cleanness

® Good refractory performance.

The following process vanations are

available:

DH-process with argon injection,

DH-process with oxygen biowing

180 t DHwvacuum plant at
the Phcenix Works of
Hoesch Werke AG

FIGURE 15
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V_acuum
circulation
process

The vacuum circulation process repre-
senis another type of batch operauon.
Compared with the DH-process this
type of plant uses two nozzles. The
hquid steel is induced into the vacuum
vessel by imecting argon into cne of
the nozzies. The dissolved gases and

argon are then released in the vacuum.

The treated steel returns continuously
10 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 appreciatle pick-up of
gases from the atmosphere.
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Specral featyres

@ Rationalisauon of steel plant produc-
von

® Elfecuve hydrogen reducton

@ Rapid oxygen removal by vacuum
carbon deoxidauon

@ Vacuum decarburisation to iowest
values

® No need 10 tap siag 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 van--g
amounts of alloy additions maae
dunng the vacuum metallurgical
treatment

@ Effective mixing

@ Thermal homogenisation

® Excellent separation of non-metallic
inclusions

® Good refractory performance.

300 t DH-vacuum plant

-

mq"«'m plant at Usiminas in Ipa-

FIGURE 16

Vacuum circulation plant
for 100 t casts at Ugine
Acers in France

100 t Vacuum circutation

camg UNG. Brazil




Desulphurisation

Pig lron Desulphurisation

Lance injection with mixtures of CaC,, Mg,
Mg/CaC; or CaO/CF,. This in combination
with the Hoesch-deslagging process.
Special features

@ important tool of ladle-

® Cocr-eanros dooion,
compounds

® Recuction from high initial S contents

® Final sulphur leve! less than 10 ppm

@ Simple eguipment

©® Lcw investment costs

@ Efficient deslagging in shortest possible
ime

1
@ Low iron losses
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Steel Desulphurisation

The desulphunsation of hqurd steet is

achieved by either lance injection or cored

wire feeding of calcium bearing compounds

or with the additional lime together with in-

tensive argon stirning.

Other applications of this fune af nlant are

analysis rimming and inclusic 1 modification

by means of injection or cored wire addi-

tions of alloying compounds.

Special features

® Significant role in secondary
Steeimaking

® Simpie equipment

® Low invesiment costs

® Final S contents less than 20 ppm

® Alloying under inert gas shrouding -
good recovery of alloying elements

® Excellent separation of non-mezailic
nclusions

@ Cleanness improvement

® Inclusion-modification
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* CAS/CAS-0OB and CAB Processes

These processes are applied in secondary steeimaking for the treatment of non-hydrogen
sensiive steeis. for which vacuum treatment 1s not essentiai.

o . C )

CAS

{Composinon Agrustment by

Sedeq Asgon Buboing Process)
. Deoxidation reagents and alicying com-
pounas are added to the hquid steel under
exclusion of the atmosahere within a par-
tiaily immerseq beli shaped hood.
Special features

@ Allaying under exclusion of air

® Gocc recovery of ailoying elements

@ Ach.evermen: Gf ught analysis heruts

® Gooo seoaration of non-metallic
inclusions

@ Good degree of cleanness from oxides

® Short reatment 'imes. low temperature
lcsses

® Low invesiment and running costs

CAS-0OB

(Comocsnon Agiustment by Sealsa Argon

Budohng Process and Osygen Biownng)

This mod.ficaton offers the addironal facili-
ty to the CAS process to reheat the hquid

et by maans of 58 Shygan 3nse Mastuy

rates from 5°C - 15°C / min_ are possibie.

Sopecial features

©® Temperature correction of the
lagie content

® Avaidance of return casts due to low
temperature

® Alioying uncer exclusion of air

® Good recovery of alloying elements

® Achievernent of ught anaiysts himuts

® Cood separauon of non-metalhic incly-
sions

® Good degree of cleanness from oxides

@ Short treaiment times. iow temperature
losses

® Low investment and running costs

("Cacpes™ Argon

8ubbiing Process)

This nen gas bubbiing process leads to the

improvement of oxice cleanness under the

exciusion Of air of lequid stev's in sandslung

or semu-silica ined lagles.

Special features

@ Good separation of non-metallic
nclysions

@ Impravement in cleanness

® improvement of aluminym recovery

® Exact achievement of casung temperatur

® Short treatement tmes

FIGURE 18
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To keep up with the increasing demands of super hish prade steels, the development of
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 converter
(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 various types
of ladle refining, it has been rendered possible to effectively reduce impurities of levels less than
20 ppm of carbon, 10 ppm of phosghorus, 5 ppm of sulphur and 8 ppm of oxygen.

Tundish Metallurgy

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 attached to the ladle to prevent
slag carry over into the tundish. The 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.



Figure 19 shows the Tundish refining for upgrading steel purity.
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Figure 19 - Tundish Refining for
Improving Steel Purity

Controlled Rolling Technology

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 stepss, however, increase production costs,
production time, and lower productivity.

The remedy to these problems, Thermo Mechanical Control Process (TMCP) 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
significant 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 led 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 of high strength formable steel sheets with transformation-induced plasticity
(TRIP) characteristics, which will facilitate the use of thinner material for auto Sodies, 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 all 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 1to 6 mm. A rajor problem is
that high casting speeds are necessary if reasonable strip production rates are to be achieved.
Voest-Alpine and Allegheny Ludlum have joined to market a technology for casting strip as thin
as 2 mm. A prototype is expected to be operational 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 Swansea 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.




Intelligent Processing and Expert System, Automation
and Computerized Operation of the Steel Industry

A large number of Expert Intelligence Systems are now comprehensively applied in the
steel industry. The Japanese Steel Industry initiated intelligent processing systems in the mid-
eighties and today it is applying "artificial intelligence®, A1 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 finishing 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 steel industry. Special efforts are directed to develop specific types of sensors
for use in Multiple Expert Systems including super-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 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 A1 system most significant today is Scheduling. For improved
scheduling can improve productivity while greatly reducing inventory holding costs. At one
rolling mill, only 209 of the steel producing on any given day was ready to be shipped to the
customer and all the rest was inventorized - an expensive and costly practice and costly
warehousing. A1 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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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 thickaess, plate gauge, the finishing process, the work roll
conditions and others. Upon receiving the data from a corporate mainframe computer, a
personal computer develops a program that allows for the addition, deletion and resequencing of
the slabs to help create an optimal production schedule. The Japanese steel industry started
field tests on A1 for the purpose of production process automation in 1983. Niffon Steel has
applied expert systems for iron making, hot rolling, steel making, transportation, power plant
regulations, surface treatments, bar and rod operations, ccld rolling, plate rolling, 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 expert whose ideas about quality control
helped revolutionize Japanese manufacturing industries after World War II. Deming was not
heeded in the USA unti} 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 KANBAN, 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 and 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 Time" technologies advocated by an American are central
to the Japanese and have now been adopted by the United States industries albeit much
delayed. |,

Pohang Steel - South Korea

The Pohang Iron and Steel Company’s (POSCO) main corporate system 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 accomplish 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 FACOM 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 3090-18E, a 3090 and < 3081. The mainframes in Kwangyang, Pohang and Seoul are
connected with a 4800 bits per second link. Nearly 600 PC’s are connected to the mainframe
via LAN links. Production is controlled by a Digital VAX8650 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 are
POSCO’s closest competitors.

In the United States, the US steel makers are upgrading productivity 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 CIM based tracking technology, mills can better control costs, reduce in-plant
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inventory and cut the amount of material handling chores they must perform along the way, all
productivity enhancers.
Geneva Steel (US)

Geneva Steel in Vineyard, Utah (USA) plans to install a continuous casting facility to
produce thick slabs and also thin slabs. C :neva is the first US. 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 exisiing product mix. In a "quick
change” schedule, the machine will convert from a thick slab to a 2" thin slab. The casting
machine will be connected to the existing rolling mill to allow direct rolling of the slabs without
the need for reheating unlike NUCOR at i*s Crawfordsville, Indiana plant in the United States.
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
producticn 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, sulphur level is
around 0.005¢¢ and phosphours Jower than 0.002%. By the year 2000 AD, it is expected that
the sulphur may be as low as 0.0015%.

All such super refineinents 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 able to capitalize their knowledge of the steel industry. CIM, in
building management system for a greenfield site like KSE Finsider/Siderbras joint 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 the steel industry.

70



ficro-alloyed HSLA
o 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
HSLA 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

i steels with greatly increased durability and toughness. As a result, they find applications as
special flat rolled products and wires, etc.
Conclusions

®

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.

o 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

o shows that South Korea, a developing country, has a continuous casting rate/ratio higher than
the USSR and the United States. Other developing countries can well follow and emulate the
highly pregressive and efficient steel industry in South Korea today while in 1966-1967, South

e
Korea had practically no steel industry at all worth talking about.

Coantiguous Casting Rates of Major Ct'mnuis,
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Since the energy crisis of 1970, US. steel makers have cut their energy consumption by
over 35%. As electric power, natural gas, coal and other fuels rival lator as the most expensive
P 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
Yy Yy p

continuously cast. In Indiana, which produces over half of all steel produced in the United




Energy Consumption by the Steel Indusiry,

1980—1990
(mil. Kcal/ton of
crude steel produced)
) 4149
Real Specific Energy Consumption® 143
(right scale) J
47
146
B .
¢ 143
o 445 o S8 w0 g
(mil. tdns coal equiv.) -§ 144
ol 967 438 5 a3
108 3
(]
— 67.60 69.41 70.40--.l
5| &3 e
PY 60 == oot [B7 _I
9 {153 |is7
112 :
T ] .- g
23 e 1531
w}|UR 283 .s§
e S ‘EE
aps 23
& [ 58
b AL =
R < (3
. ol 4
o [E
R ,'; "_;
8 b d W o .
1980 '8 *86
@ Noie These figures represen: energy consumption by the steel

incustry, exxluding the coke-making and Jerroalloy-
producing sectors.
*Total energy consumption by the steel industry divided
by crude sieel production.

Real Specific Energy Consumption ig
Major Steelmaking Countries, 1989

® (Ind=x)
. 140
Figure 22 135 Japan=100
[ ]
1o}
w| 12
® 120} AN E
ﬂ g,'; Ty L. s
gl 1E (= = |8
= .3 - X
o} Z 1 = ARG
N =] g 1o (|2
R R S
e 100 - BlE] R 12 1%
AL % ®
A a5 [ L4y
4 05 13 = |8
”,ﬁ il 28 ‘é’ g
¥ 15 15s] (58] )
2 ¥ F 5
) PEg

Source: estimated from 1IST data,

23
P 73 Figure




States, all the integrated steel plants like LTV 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 growth 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 UN1DO'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 appropriate)y apply the most

judicious, optimum_and appropriate technology to their steel industry.
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Per-Capita Apparent Crude Steel Consumption (kilograms crude steel)

RS e AT 1980 o 331981 21982 < | 51983 ~f- 1984 =] - 1985 =] %1986 [ T1987 ~f Tr988 <[ 1989
France . M2 323 315.7 2719.5 2820 | 2685 2622 | 2664 303.9 3128
FR. Germany 5652 $28.6 4529 @924 501.6 505.1 5015 | 4% | sma 576.1
Spain L 246.7 263 29.1 1956 | .1832 174.4 b2l X} 2316 2709 3180
United Kingdom 285.0 285.4 269.5 260.9 253.7 253.5 261.1° 263.1 306.5 304.2
EC. Toal . s 337.6 3244 3158 320.1 315.8 3237 319.4 375.6 386.2
United States .~ ... | S02.4 560.4 362.5 024 414 a3 394.4 416.0 4498 4122
Japan S 6764 | _604.6 586.3 $502 619.6 607.1 §715.7 619.7 7064 | 753.8
Bzl @ il g 972 8.6 6.1 | 805 88.5 1049 105.9 812 84S
Mexico R B % 159.6 119 8.0 95.5 98.0 8.1 79 | m2 86.1
Veneuela 186.3 166.5 186.1 103.0 124.5 102.2 147.4 176.3 184.9 138.2
Towal Latin America 103.1 93.6 79.2 62.5 72.6 7.9 78.3 81.1 739 713
Toial Africa 216 2.1 19.7 19.0 18.6 20.7 22.6 17.7 16.8 15.6
fran 918 69.6 100.0 1333 1013 1217 879 109.7 861 95.6
Ing 146.3 106.6 30.4 0.7 8.2 63.6 282 40.7 38.4 487
Saudi Arabia 335.7 376.5 589.9 516.1 425.4 364.5 233.1 208.6 228.0 186.5
Toa! Middle East 149.1 138.6 173.0 184.1 163.5 162.1 103.5 103.8 95.0 95.0
India 162 20.3 19.7 16.1 18.9 192 200 226 239 24.7
Repubiic of Korea 1600 | . 1932 194.0 2159 262.1 2158 293.2 3576 369.1 4186
Taiwan (ROC.) 3554 | 3067 | 2749 308.0 3201 3280 4027 4119 $84.6 701.0
Thailand 428 38.8 50.4 62.2 459 53.6 42 50.4 58.3 64.0
Towal Asia 29.2 318 | 328 318 327 33.2 35.0 39.9 43.! 410
Czschoslovakia s71109 | <7385 |- 7284 7251 | 7082 7170 | 7204 707.4 | 6939 | 7044
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Romania ~552.8 -| -5207. | s259 .| 4924 5238 493.4 .| 5323 | :ss03 | -s»2 §21.3
USSR. (E) (566.1 | -563.5 . 556.7 0| 5782 15794 | 5663 | 576.4 575.7 7| Ts80.3 | - s818
Ctina 436 39.0 40.2 50.6 8. 68.3 721 66.3 63.5 63.0
World Total | 1621 | 1572 1424 142.8 151.0 149.4 | 1476 148.0 153.0 151.1
E=estimate
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Crude Steel Production by Major Steel-Producing Countries,

1990
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Crude Steel Production by Country, 1980—1990
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In conclusion, a mention is made of a reported scenario of the steel industry 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. Direct steel making - from raw material. to liquid steel

b. Near net shaped steel product mix

c. Ultra modern continuous finishing of the finished product-mix

d. Further downstream integration and assembly of finished products

By 2020 AD, customers will be demanding products that are undreamt of today with
perfect uaiformity, 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 "sprav” 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 environmentally friendly with very little wastages
and discards. All inclusive recycling of the steel plant wastes and by-products will be the order

of the day resulting not only in producing "clean” steel but also ensuring "clearer” environments.

The developed countries 2nd 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 be achieved, UNIDO will have to play a

leading part to continuously achieve_the above goals and ohjectives.

Acknownledgements

In accordance with the "Terms of Reference” covering the "Special Service Agreement”

entered into between UNIDO and the writer, this paper/document is based essentially on the

77




deliberations of the Technical Sessions on "Emerging Technologies of the Steel Industry - New

Materials and Steel Product-Mix", held during the Materials Week of the ASM Inernational at

Cincinnati (21-24, October, 91) and which had been organized by the writer as the Program
Organizer for ASM-International, aligned of course to the requirements of UNIDO for technical
assistance to the developing countries, based on the writer’s experience and observations

Bibliographic References 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 wisher 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.

78




MATERIALS EXPOSITION EXHIBITORS
(as of 9120191)

1000  Holometrix, Inc.
1001  Nano Instruments, Inc.
1002  Anatech L.
1004  American Welding Institute
1005  Textron Specialty Materials
1006  Title I Program Office
1291  Codonics, Inc.
1203  Philips Electronic Instruments Co.
1205 AJ. Tuck Com_lpa.ny
209  Metalworking Technology, Inc.
1210 MMA Laboratories
1216  Leica Inc. )
1217 White Engineering
1220  Anter Laboratories, Inc.
1221  New Mexico Advanced Materials and
Manufacturing Technology Consortium
1223 Baikowski International
1225  American Welding Society
1228  Buehler Lud.
1229  DuPont Co.
1231  David Samoff Research Center
1233 Theta Industries Inc.
1234  ABB Autoclave Systems
1303 VDM Technologies Corp.
1309  Technology For Energy Corp.
1310  South Bay Technology
1311  Crysualite Corp.
1312 Noran Instruments, Inc.
1313 MQS Inspection Inc.
Carl Zeiss, Inc.
1315  SATEC Systems, Inc.
1320 Mar-Test Inc. .
1321  Union Carbide Advanced Ceramics
1322 Ricerca, Inc.
1323 Materials Analytical Services, Inc.
1326  Metal Samples Co.. Inc.
1327 The Electrofuel Mfg. Co. Lud.
1328 Span%Spccmty Metals
E.A. Fischione Instruments, Inc.
1330  Kaiser Rollmet
1331 Princeton Camma-Tech, Inc.
1534 Instron Corporation
1404  Thermo Electron/Tecomet
1408  Nikon Inc., Instrument Group
1409 Schenck Pegasus Corp.
1413 Shemritt Gordon Limited
1414 J.W. Lemmens, Inc.
1416  Poco Graphite, Inc.
1417  Charles C. Kawin Co.
1420  National Forge Company
i421  Uniton Inc.
1423 Orton Ceramic Foundation
1427  Ceracon, Inc.
1428  MTS Systems Corp.
1429 8ucslar Corp.
.C. Technologies
1432 Optra, Inc. .
1433 Implant Scicnces Corporation
1434 ElectroScan Corporation
1435 Haynes International, Inc.
1436 Analytical Associates, Inc.
1503  Lawrence Livermore National Laboratory
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ABB AUTOCLAVE SYSTEMS
INC. (Columbus, Ohio)

Booth #1234 -- features laboratory.
pilot plant and production-sized hot
(HIP) isostatic and cold (CIP)
isostatic pressing equipment, as well
as highlighting new advances in
HIP technology such as: oxygen
cnvironment HIPping. workzone
dilatometers, high  iempcrature
mcasurement  systems,  uniform
rapid cooling (HIP Quench). and
complete computer-based controls.

Also on display will be components
made from silicon nitride with ABB
Cerama’s encapsulation/HIP
technology. ABB Cerama also can
provide products such as: silicon
nitride milling media, ceramic
mixers. or programs for
devclopment of customer products
from advanced ccramic matcrials.

AECL RESEARCH (Chalk River

Laboratories - Chalk  River,
Ontario, CANADA; Whiteshell
Laboraiories - Pinawa, Manitoba,
CANADA)

Booth #1634 -- fcaturcs Neutron
Diffraction, a nondestructive
technique, that can measure residual
stress gradients and texture within
the bulk of engincering
compaonents; Intemal Friction and
Surface Topography
Charactenization  (services  and
custom systems); and Ionizing
Radiation for curing, cross-linking
and grafting of advanced
composites, and for producing
plastics with uniquc propertics.

AEROLRAZE (Cincinnati, Qhio)
Booth #1530 -- dcscription not
available at ume of printing.

A. J. TUCK COMPANY
(Rrookfield, Connecticut)
Booth #1208 --
clectroforming. a  process  for
fabricating mectal  parts by
electrodeposition in a plating bath
over 2 base form or mandrel which
is subscquently removed.

features

The advantages are faithful
reproduction within one micron,
without shrinkage or distortion
associated with other metal forming
techniques. Since the mandrel is
produced as an outside surface,
extremely complex and accurate
interior configurations can be
achieved.

The process is limited to copper
and nickel, but due to refined
crystal structure, superior physical
propertics are  achieved over
wrought. Complete manufacturing
services including design assistance,
quality control to mil spec,
electroforming.  plating, CNC
machining, soldering and asscmbly.

ALLIED-SIGNAL (Morrisiown &
Parsippany, New Jersey)

Booth #1622 -- features advanced
development materials  including
new high temperature ceramics.
BLACKGLAS™, SPECTRA™
fibers. METGLAS™  magnelic,
solder and brazing alloys, and the
new HTA - High Temperature
Aluminum alloys. The high
temperature ccramics and
BLACKGLAS have found uscs in
engine components. SPECTRA
SHIELD composites have
established wide usc in ballistics
protcction (armor, helmets. ctc.) as
well as such diverse areas as
sailcloth and cut resistant gloves.
METGLAS foils and HTA alloys
arc produced using Allicd’s rapid
solidification technology.  The
amorphous structure of METGLAS
alloys puts them among the softest
magnctic materials in existence for
present and emerging applications.
The same process  applied 10
brazing and soldcring  alloys
produces unique filler metals with
morc superior technical
perdformance  than  conventionally
produced alloys. The aluminum
alloys. HTA, possess light weight,
greater strength  and  comosion
resistance  at  high femperatures
versus alloys presemtly used. most
notably Alloy 8009.
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AMERICAN WELDING
INSTITUTE (Knoxville,
Tennessee)

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., etallurgicai

analysis, onsite trouble shooting,
failurc analysis and specialized
training development of Welding
Procedure Specifications. AWI
personncl will be available in the
booth to discuss AWI services as
well as dcmonstrate software
developed by AWI.  Software
featured at the booth will include a
new rtelease of
FERRITEPREDICTOR which
predicts feirite content in weld
metal using the new WRC 1988
Constitution Diagram.

AMERICAN WELDING
SOCIETY (Miamd, Florida)
Booth #1225 -- features informnation
on AWS codes, standards and
specifications; technical literature;
Welding Journal; Annual
Convention and Show; Certified
Welding Inspector program;
educational  scminars/conferences
and membership.

ANALYTICAL  ASSOCIATES,
INC. (Detroit, Michigan)

Booth #1436 -- fcaturcs complete
Meial Testing Scrvices. including
(a) Chemical Analysis:
determination of Major, Minor, and
Trace Eiements and Gases in
Metals;  (b) Physical  Testing:
Hardness & Tensile  Propertices,
Bend Tests, Proof Loads. eic.: (¢)
Mctallurgical Testing:
Microstruciures, Plating thickness.
Microhardness, Grain size, Failure
Analysis, etc. (d) Costosion Testing:
Salt Spray. Humidity, Intcrgranular
Corrosion Susceptibility, etc.: (e)
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Technical Photography: Regular,
Micro, Macro, under visible, IR, or
UV lighting: (f) Special Melting
Services: Melting of Samples or
experimental Alloys (up to 17 Ibs)
in a vacuum Induction Melting
Fumace.

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
CAMDIAM™_ 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 the 1G-50, or Scm broad beam
ion source for surface modification
of matenals and ion enhanced
deposition.

ANDERSON LABORATORIES,
INC. (Greendale, Wisconsin)
Booth #1737 -- fcatures materials
testing to AMS, ASME, ASTM,
AWS, GM & Military Standards.
Chemical analysis utilizing
spectrographic, as well as traditional
wet methods.  Mechanical testing
including TY & E, Charpy "U &
V" notch to -321°F.  Failure
Analysis employing optical and
scanning clectron  microscopy
(SEM).  Heat treat evaluation,
plating composition and thickness.
Cormrosion (salt spray & humidity)
testing. We are a General Motors
and Pratt & Whilncy approved
laboratory.

ANTER LABORATORIES INC.
(Piitsburgh, Pennsylvania)

Booth #1220 -- fcatures
dilatometers, thermal conductivity
units.
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ASM/MATERIALS
INFORMATION (Materials Park,
Ohio)

Booth #1619 - description not
available at 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
fumiture.

AVS INDUSTRIES
Massachusetts)
Booth #1632 -- description not
available at ime of printing.

{Ayer,

BAIKOWSKIINTERNATIONAL
(Charlotte, North Carolina)
Booth #1223 -- description not
available at ime of printing.

BATTELLE (Columbus, Ohio)

Booth #1526 -- features rescarch,
development, and  engineering
services providing product design
and manufacturing enzineers with
design, manufacturing, and
materials tschnology to create
leading edge products at
compelitive  cost. Battelle's
services permit existing operations
to be more efficient, economical,
and environmentally compatible.
Battclle's innovative technologies

include electronic ceramics;
photonic materials: super-insulating
acrogels; ceramic, metal, and

polymer matrix comnosites; waste
minimization; battery development;
service life improvement
methodologies; life cycle and
environmental impact analysis; and
corrosion scnsors and  corrosion
rescarch.

BOWSER-MORNER,
(Dayton, Ohio)

Booth #1509 -- fcaturcs Bowser-
Momer, Inc., who will be
discussing their Research,
Development. and Product Testing

INC.

Capabilities for High Alloy
Materials, Ceramics, and
Composites.

Bowser-Momer will featute these
capabilities for the Automotive,
Aerospace, and Nuclear Industries.
Of special interst will be Bowser-
Momer’s Corrosion Control plan
for users of High Alloy Matenals
such as 304L, 316L, and C-276.
This program can help assure that
companies are using heats of
malenials with consistent corrosion

properties.

BUEHLER LTD. (Lake Bluff,
Illinois)
Booth #1228 -- features their

complete line of sample preparation
equipment, microscopes, hardness
testers, an image analysis system,
laboratory fumiture, and related
consumable supplies for the
microstructural analyst. Included
will be the ISOMET™ 2000
Precision Saw, ABRASIMATIC® 2
Automatic  Abrasive Cutter,
SUPERMET® 2 Grinder,
SIMPLIMET® 3 Automatic Electro-
Hydraulic Mounting Press,
ECOMET® 4 Variable Speed
Grinder/polisher, AUTOMET® 3
Microprocessor Controlled Power
Head, and a select line of TECH-
MET® Laboratory Fumniture.

The highlight of the exhibit will be
the new ALBRECHT Fully
Automatic  Sample  Prcparation
System. Preparing samples in a
fully automatic scquence from
planar grinding to final polishing.
this systcm can produce more than
300 specimens in cight hours. This
breakthrough in sample preparation
technology combings state-of-the-an
robotics,  mic, WProcessors,  user
definable software logic and touch-
scrcen  controls  with  the
revolutionary BUEHLER DIALOG®
samplc preparation procedures.




BUREAU OF MINES/U.S. DEPT.
OF INTERIOR (Washington, DC)
Booth #1511 -- description not
available at tme of printing.

CARL ZEISS, INC. (Thornwood,
New York)

Booth #1314 -- features a line of
microscopes, the inverted
AXIOMAT™ and AXIOVERT™
metallographs and the upright
AXIOPLAN™ microscope.  All
feature new ICS optics.

The metallograph, sterco
microscopc  and the VIDAS™
Image Analysis System are
incorporated into a convenient work
station "M.AR.S.". State of the art
video delivers hardcopies in coior
and allows for viewing by multiple
users.

C.C. TECHNOLOGIES
(Columbus, Ohio)
Booth #1431 --
Technologies’ engincering  and
rescarch  capabilities. CcC.
Technologics is an engincering and
rescarch  firm  specializing  in
corrosion,  corrosion  control,
evaluation of matcrials propertics,
materials selection, and design and
development of instrumentation and
engincering software.

features C.C.

C.C. Technologies has the
capabilitics 1o perform  most
corrosion and matcrials propertics
related testing. We are staffed with
highly trained Ph.D. scicntists and
profcssional engincers who are
nationally and intcmationally known
rescarch and engincering leaders in
the ficlds of corrosion, fracture
mcchanics, and corrosion control.
With this  cxpertise, C.C.
Technologies maintains  a
knowledge of the statc-of-the-art
tcchniques  in corrosion  and
materials science, which permits the
highest quality rescarch, testing,
engincering, design, failure analysis,
and remaining lifc prediction to be
performed.

CERACON, INC. (Sacramento,
California)

Booth #1427 -- feature; the
Ceracon Process™. The Ceracon

Process™ is a quasi-isostatic, hot
consolidation technique  which
utilizes a propnetary granular
material as a pressure ransmitting
medium (PTM). For fabrication of
pans, a cold iso-pressed or
mechanically pressed preform is
prcheated and immersed in the hot
PTM. Forming fully densc, ncar
net shape parls in a matter of
seconds, the Ceracon Technology
provides industry with a cost
effective solution to producing
structurally sound parts in MMC,
intermetallics, ferrous and non-
ferrous alloys, refraclory metals,
enginecred plastics and more.
Preservation of rapidly solidified
microstructures, ultra fine grain and
carbide sizes, enhanced mechanical
properties, and prevention of
interfacial reactions are just a fow
of the technology’s benefits.

CERAMIC INDUSTRY
Ohio)

Booth #1611 -- featurcs copics of
the magazinc and subscription
information.

(Solon,

CHARLES C. KAWIN (CO.
(Broadview, Illinois)

Booth #1417 -- feawres a
metallurgical testing lab.

CHARLES EVANS &
ASSOCIATES  (Redwood Ciry,
California)

Booth #1527 -- fcatures Charles
Evans & Associales, who has
rccently enhanced its analytical
capabilitics by adding a ncw JEOL
200keV TEM, a JEOL Ficld
Emission SCM, and a VG Gloquad
to its alrcady large suilc of
analytical instrumentation. Charles
Evans & Associates is a compleie
analytical laboratory specializing in
trace level and surface analysis.
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CODONICS, INC.
Heights, Ohio)
Booth #1201 -- description not
available at uimc of printing.

(Middleburg

COPPER DEVELOPMENT
ASSN. (Greenwich, Connecticut)
Rooth #1612 -- fcatures copper data
center. Copper Select.

CRYSTALITE CORP. (Marina
Del Rey, California)
Booth #1511 -- features

MASTERSYSTEM Mectallographic
Sample Prcparation System Product
line featuring the
MASTERSYSTEM-600 Variable
Speed  Grinder/Polisher, the
MASTERSYSTEM-800 Vanable
Speed Grinder/Polisher, and the
MASTERSYSTEM-1000 Vibratory
Polisher. Also featured are
diamond and CBN gnnding and
polishing products and
Mecuallographic sample preparation
consumables.

CWC TEXTRON  (Muskegon,
Michigan)
Booth #2103 -- fcatures steel
castings.

DAVID SARNOFF RESEARCH
CENTER (Princeton, New Jersey)
Booth #1231 -- fcatures the David
Samoff Rescarch Center which has
been  a  subsidiary  of  SRI
Intermational since 1987, and was
formerly the corporate  rescarch
laboratory of the RCA Corporation.
With almost 50 ycars of experience,
we provide an extensive aray of
rescarch,  development,  and
cngincering services and a track
record of succeess for advanced
material:  leading 1o advanced
products. Technology  arcas
highlighted in our ¢xhibit include:
Scemiconductor  Technology,
Optaclectronic Materials, Electronic
Packaging, Luminescent and
Display Materials, Failure Analysis,
Thin Film  Technology, Organic
Electronic Materials, Surface and
Interface Science, Ceramic and
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Mectal Matrix Composites. Sol-Gel
Technology. Plasma Processing,
Powder Technology and Processing.

Technical Representatives wi!l be
available to discuss how the Samoff
Center can help your organization
improve existing products or create
new products through advanced

materials technology.

DIALOG INFORMATION
SERVICES, INC. (Palo Alo,
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 ali
significant technical publications —
conference papers, technical journal
articles, patents -- as well as
product press releases. Company
directories produced by Dun &
Bradstreet, Standasd & Poors, and
others are also available. Dialog
also offers instant access to leading
newspaper and  industry-specific
newsletter articles. Data produced
by the Materials Information service
of ASM - Mectadex. Engincered
Maierials. and more -- arc available
on DIALOG.

DUFFERS SCIENTIFIC, INC.
(Poestenkill, New York)

Booth #2111 -- featurcs state-of-
the-art  melallurgical process
simulation -- including equipment
for simulation of hot deformation,
multi-stand  rolling, continuous
casting, welding, and continuous
strip  anncaling, Applications
engincers  will be  available to
discuss how laboratory simulations
can produce substantial savings in
the rescarch lab and on the
production floor.

DU PONT CO. (Wilmingion,
Delaware)
Booth #1229 - description not

vailable at time of printing,
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EDISON WELDING INSTITUTE
(Columbus, 0. o)

Booth #2101 - features the
resowce dedicated 1o improving
U.S. manefacturing through
materials  joining technology.
EWI's goal is to ecnhance the
bottom-line  performance and
compcetitiveness of its over 200
member companies through
improved quality, increased
productivity, veduced 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 mulli-mode
vanstraint testing machine to better
characterize the weldability of
metals and their alloys. A model of
this machine will be on display at
the booth.

Other materials/joining related areas
featured will include ferrous metals,
advanced alloys and composites,
ceramics and plasucs.

E.A. FISCHIONE
INSTRUMENTS, INC. (Export,
Pennsylvania)

Booth #1329 -- features a scries of
TEM related products. Specimen
preparation instruments inciude the
Twin-Jet  Elcctropolisher, the
FIM/FEM Micro Polisher, the
Digital Dimpling Grinder, and the
Modecl 2000 Specimen Prep System,
a statc-of-the-art microprocessor
based dimpling grinder.  Also
displayed will bc SEM and TEM
Specimen  Holders  for  custom
applications.

FLECTROSCAN
CORPORATION (Wilmington,
Massachuseits)

Booth #1434 -- fcatures the
Environmental  Scanning  Elcctron
Microscope (ESEM). The ESEM
opens the door to an uncxplored
world of microscopic phenomena
unrcachable with the high vacuum

SEM. An historic breakthrough in
electron bcam instrumentation, the
ESEM brings unprecendented
power to bear Hn any micro-
analytical problem. Insulators such
as plastics, paper, ceramics, or glass
are easily imaged without the need
of applying a layer of artificial
coalings.  Observe and record
dynamic processes, such as
hydration/dchydration, 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 (Pennsylvania Furnace,
Pennsylvania)

Booth #TT12 -- description not
available at time of printing.

E S MICROWARE
Ohio)

Booth #1608 -- features TAPP, a
personal computer database of
structural, thermochemical, and
physical property data for over
10,000 solid, liquid and gaseous
compounds.  Properties include
crystal structure, density, specific
heat, enthalpy and frec encrgy of
formation, elastic moduli, thermal
expansion, viscosity, and thermal
conductivity. Properties  are
displayed in a sprcadsheet format at
iemperaturcs input by the user. The
program also includcs phase
diagrams for over 1000 binary
metallic and ccramic  systems.
Navigation with icons and menus
provides simple and rapid access to
the data. TAPP runs on both
Macintosh and Windows platforms.

(Hamilion,

FREUND PUBLISHING HOUSE
LTD. (Tel Aviv, Israel)

Booth #TT7 -- fcaturcs a publisher
of more than 10 journals in the
malcrials scicnces and tcchnology
and in chemistry, We also publish
books in the same ficlds. We offer
co-publishing, co-production and




cooperative distribution services for
new books and journals as well as
translation and printing services.

GELLER MICROANALYTICAL
LABORATORY (Peabody,
Massachusetts)

Booth #1735 -- features analytical
services, metallographic products
and x-ray standards to the scientific
community.

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 spced,
improves surface finish, extends
cutting depth 2X, and aliows for
thin sectioning of difficult to cut
matenals. Also offercd are
reference materials for Auger, XPS,
X-ray and microprobe techniques,
and the VACU-STORR high
vacuum dessicators with holding
times of 5 years,

GKIFF MACHINE PRODUCTS
CO., INC. (Pitisourgh,
Pennsyivania)

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,
Richle, United and more.

That's all we've ever made, which

gives you two significant

advantages:

1. Our products are as good
or belter as any you'll
find.

2, Our prices bcat the
OEM’s, usually by at lcast
10%.

Griff also reconditions wom grips
and custom makes others for hard
to handle applications.

Griff stocks what we sell and offers
the fasicst turnaround available on
out of stock items.

HAYNES INTERNATIONAL,
INC. (Kokomo, Indiana)
Booth #1435 -- featwes a

technology-oriented company
devoted primarily to the
development and manufacture of
high-performance nickel-, cobalt-
and iron-base alloys for severe
commosion and high-tcmperature
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 both scamless and
welded tubular products is located
in Arcadia. Louisiana. A complete
facility for processing billet, bar,
shapes, rod and wire is locaied in
Openshaw, England.

HETHERINGTON,
(Ventura, California)
Booth #2105 -- features hydrogen
and high vacoum fumaces for
precision brazing, metal injection
molding, ceramic injection molding,
sintering, metallizing ceramics. Hot
presses, bar sintering systems and
powder debinding apparatus.
Fumnace accessories: work racks,
work handlers, work loaders. See
ad on page this page.

INC.

HOLOMETRIX, INC. (Bedford,
Massachuseits)

Booth #1000 -- features thermal
conductivity/diffusivity instruments.

(805) 658-8111
Fax: {805) 658-8985

“

Sintering, metallizing, brazing ceramics
Cofiring and controlled atmospheres

@ Size Labto 50 cu ft

* 750C 10 3000°C

e Religble. repeatatile and
uniform ssults

* Top loading
 Bell-style production

® Hot presses

o Horizontal front-ppening

HETHERINGTON

high temperature heating systems

4171 Maewet 5 Ventrg CA 9390
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IMPLANT SCIENCES
CORPORATION (Danvers,
Massachusetts)

Booth #1433 -- features a wide
range of ion implantation products
and services. In addition to direct
ion implantation, the company
offers ion beam sputter coating and
ion beam mixing services to the
aerospace, medical/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 ftests
virtually any combination of mesal,
plastic. composite, glass or ceramic
substrates. The unit consists of a
gimbaled arm with pin attached, a
fixture which accommodates disks
up to 3" in diameter, an electronic
force gauge and a computer chant
recorder.

Wear testing services are also
available in a controlled laboratory
environment.

INCO ALLOYS
INTERNATIONAL, INC.
(Huntington, West Virginia)

Booth #1534 -- features a wide
varicty of high-performance nickel
alloys including the MONEL.
INCONEL., and INCOLQOY senes.
Special emphasis will be given to
more recent alloys developments
such as INCOLOY alloy 925,
INCOLOY allcy 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 products as
intcmally finned  tubing. with
internal fins that can increase the
1.D. surface arca by more than 10%
without increasing the oiiside
diamecter. Materials for
wallpapering and cladding lesser
malcrials for corrosion resistance in
pollution control equipment will be
present.
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Mechanically alloyed aluminum-
lithium aircraft forgings and other
mechanically alloyed products will
also be featured.

INFORMATION HANDLING
SERVICES (Englewood,
Colorado)

Booth #1620 -- features CD-ROM
Information Services from IHS.
You can access full-text industry
standards, military specifications
and vendor catalogs right at your
own personal computer. Full-text
standards are available from many
organizations, including ASTM,
ASME and UL. All of IHS's
Information  Services are fully
indexed so that you can locate the
exact information you need,
whether you know the document
number, title or subject matter. THS
Information Services are updated
regularly so you are always
accessing  the most  current
information available.

INFORMATION ON DEMAND,
INC. (McLean, Virginia)

Booth #1615 -- features
Information On Demand, Inc.
(I0D), who locates and retricves
full-text copies o. any publicly
available document. 10T ~cels in
the retrieval and d¢ .y of
standards and specifications, NTIS
reports, U.S. and non-U.S. patents,
conference proceedings, and journal
articles. 10D also has special
arrangements in place to provide
document delivery for SCAN C2C,
the only company in the United
States to provide, in English,
compclitive information  from
Japan’s leading scientific journals.
To place an or r, call and ask for
Customer Service.

INSIGHT SCIENTIFIC INC.
(Simi Valley, California)

Booth #TT9 -- {catures transparent
brazing fumnaces with advantages in
process development and small
parts production.  Outer tube of
fumace is transpascnt fused quartz
with an advanced thin film coating

that reflects heat back into the
fumace core while simultaneously
allowing an unsurpassed view of
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 Window's for
the fumace OEM and the fumace
user. They reflect heat while
transmitting visible light, allowing a
clear view of the fumace core.
This eliminates hot window
hazards., decreases O-ring
temperatures, reduces cooling
requirements, and allows larger
windows to be designed into the
fumace without creating coldspots
in the hot zone.

Insight Scientific also manufactures
furmaces for crystal growth, opticai
fiber drawing, and thermophysical
property measurement.

INSTRON CORPORATION
(Canton, Massachusetts)

Booth #1334 -- features a Model
4502 test instrument with the new
HRD (High Resolution Digital)
Extensometer and the new 2 kip air
grips performing R & N ftesting
with the Series 1X KYN Program.
Also exhibiting a Model 8501 with
a multi-channel data acquisition
board and modular grips showing
low cycle fatigue. The new high
temperaturc Howmet extensometer
(lemps. to 1200°C) for TMF
(thermal mechanical testing) will
also be shown. Malcrials testing
software will also be shown,
highlighting the new FLAPS PLUS
(Windows-bascd) program. This
program for advanced fatigue
testing includes a test previewing
function, rcal-time graphics.
calculation library and posi-test
processing sprcadsheet capability.




INTERLAKEN TECHNOLOGY
(Eden Prairie, M:nnesota)

Booth #2110 -- features computer
controlled servohydraulic matenals
testing instuments. PC based
software provides complete control
for the full range from advanced
dynamic tests to tensile tests. Full
range of accessories include grips,
fixtures, extensometers, data
acquisition systems, environmental
chambers and fumnaces.

1QS, INC. (Cleveland. Ohio)
Booth #1625 -- features an
innovative organization specializing
in quality assurance consulting,
training and software. IQS has
extensive experience in  assisting
companies in the steel and heat
treat industries meet automotive and
military requirements.

ISM  TECHNOLOGIES, INC.
(San Diego, California)

Booth #1529 -- features Advanced
Industrial Surface Modification
technology, including the MEVVA
serics of Metal lon Implantation
Systems.  These are the only
systems suitable for production
level processing. Industrial Surface
Modification with MEVVA Metal
Ion Implantation Systems is used
around the world to increase wear
resistance, reduce friction, inhibit
comosion, and harden. It can be
used on metals, ceramics, plastics
and other matcrials. As an
example, the process has bene
shown to increase tool insert life by
as much as a factor of five, ISM
provides both MEVVA Mcial lon
Implantation equipment and

Industrial Surface  Modification
Services.
ISO SPECTRUM  (Columbus,

Ohio)
Booth #1624 -- description not
available at time of printing.

JW. LEMMENS,
Louis, Missouri)

Booth #1414 -- fcaturcs non-
destructive testing instruments to

INC. (S1.

measure elastic materials propertics
and damping. Based on the
Impulse Excitation Technique
(IET), the fundamental resonant
frequencies of an object vibrating in
a flexural, torsional or longitudinal
mode are determined and displayed
in digital form.  From these
frequencies, Young's Modulus.
Shear Modulus and Poisson’s Ratio
can be calculated.

From the decay curve, the damping
factor is calculated and the
loganthmic decrement is shown in
digital form.

For visco elastic malerials, a
different technique - Dynaliser - is
used to obtain Young's Modulus
and damping valucs. See ad on this

page.
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KAISER ROLLMET
California)

Booth #1330 -- features Precision
hollow Shapes by Cold Roll
Extrusion.

(Irvine,

Kaiser Rollmet has manufactured
precision 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 thin-walled, complex
cylindrical shapes in diameters from
4 inches up to 72 inches. Virtually
any deformable metal is suitable
including aluminums, metal matrix
composites, titaniums, iaconels,
precipilation hardening steels

Elastic properues of materials—modulus
of elasticity. modulus of rigidity. Poisson’s
ratio. and damping—are measured nonde-
structively with the Grindo-Sonic system.

O

AR

J. W LEMMENS, INC.

10801 Pear Tree Lane
St. Louis, MO 63074-1450

Tei. 314-427-3884

Fax. 314-427-6051
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through  zirconiums. Practical
tolerances on diameters and wall
thicknesses are +/-.002" with
lengths up to 24 feet attainable.
Complete-to-print capabilties for
rocket motcr cases, launch tubes,
pipe and liners for pressure vessels.
Quality systems per MIL-1-45208A
and ASME NCA-3800.

KELLERMANN
MANUFACTURING CO.
(Wauconda, Illinois)

Booth #TTS5 -- 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 Ibs.
Cast-in metal inserts, heat elements,
and cal-rod capabilities. 12
propnetary 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. Sccondary
operations include heat treating,
filing, debumng. conventional
machining and NC/CNC machining
centers. A single source
responsibility from die  design
through secondary  operations,
finishing and asscmbly. Process
control system ensures repeatability
2f quality from run to run.

LAWRENCE LIVERMORE
NATIONAL LARORATORY
(Livermore, California)

Booth #1503 -- fecatures The
University of California, which
operates the Lawrence Livermore
National Laboratory (LLNL) for the
U.S. Department of Encrgy (DOE).
Representatives fron LLNL will be
available to discuss technologics,
patent licensing opportunities, and
the possibility for collaborative
arangements  with the Lab in
several important arcas, including:
non-destructive evaluation
technology, coatings, superplasticity
of malterials, composites technology,
process modcling, and mat-rials
development and chasacterization,
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LECO CORPORATION (St
Joseph, 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/OLYMPUS PMG-3 Inverted
Metallograph, SZH Stereo
Microscope, M400-G1
Microhardness Tester, and V100-C2
Macrohardness Tester. See us at
The Heat Treat Show in the
adjacent Booth #700.

LEICA INC. (Deerfield, Hlinois)
Booth #1216 - featwes a
dcmonstration of exciting new
products for materials science:
Cambridge Instruments Q570 Image
Analysis System, from Leica, and
the Stereoscan 260, general purpose
Scanning Electron Microscope with
life time 3-D imaging and
measurement capabilities.  The
Wild Leitz Anstomet Universal
Materials Rescarcir  Microscope,
microscope  accessoiles  which
include heating stages,
micronardness  tester and  fully
automated photomicrographic
system, Stereo Microscopes and
Macroscopes.

MAR-TEST INC. (Cincinnati,
Ohio)
Booth #1320 -- featurcs their

capabilities in the mechanical
testing of mectals, composites,
intermetallics, ceramics, and other
advanced materials.  Extensive
facilitics and specially designed test
equipment account for unusually
quick turnarounds of any size test
programs in the arcas of low cycle
and high cycle fatigue, thcrmal-
mcchanical fatigue, cyclic crack
growth, and numcrous other fest
mcthods.

MARTIN MARIETTA ENERGY
SYSTEMS (Oak Ridge,
Tennessee)

Booth #1510 -- description not
available at time of printing.

MATERIAL AID
Ontario, CANADA)
Booth #1623 -- features an
inexpensive computer-aided-
leaming package which teaches
elementary concepts of matenals
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 leaming can
use the modules over and over in
privacy. The leaming package will
be valuable for executives,
technicians and salespersons who
want to improve their technical
background in topics such as the
heat treatment of steels. New
modules. just completed on X-ray
diffraction and diffusion. will be on
display at the show. Sit down and
try this novel teaching tool.

(Windsor,

MATERIALS  ANALYTICAL
SERVICES, INC. (Raleigh, North
Carolina)

Booth #1323 -- fcatures a
laboratory committed to quality
materials analysis.  Experienced
analysts arc employed to cover a
wide varicty of matcrials problems.
In-house secrvices include: SEM,
TEM, FTIR, STM, XRD, and
Optical Microscopy. Specialized
services such as SIMS, XPS, and
AES arc also available.

METAL SAMPLES CO., INC.
(Munford, Alabama)

Booth #1326 -- fcatures (28t
specimens for matcrials cvaluation,
which will be displayed in a variety
of matcrials and dimensions. Other
products/services include fasteners,




insulators, NDT reference kits,
corrosion probes, a quality control
department based on MIL-I-
4:208A. and a complete high tech
machinc  shop utilizing CNC
equipment 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-reating. 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.

METALLON ENGINEERED
MATERIAL CORPORATION
(Pawtucket, Rhode Island)

Booth #TTIl -- features clad
metals.

METALWORKING
TECHNOLOGY, INC.
(Johnstown, Pennsylvania)

Booth #1209 -- features MTI, who
provides technical metalworking
services to industry and
government.  Its goals are to
develop high quality solutions
enabling industry to produce net
shape parts and their manufacturing
processes correctly the first time,
within an efficicent, environmentally
safe and cost-competitive manner.
MTI operates the National Center
for Exccllence in Mectalworking
Technology (NCEMT) for the U.S.
Navy Manufacturing Program. In
support of this role, MTI has
developed expertise in the following
technical areas: Powder
Mcirallurgy, Casting, Forging,
Extrusion, etc. To support these
cfforts, MTI conducts advanced
compuler simulations with data
collected from its statc-of-the-an
materials testing machines. MTI's
support for small business, in
addition, will expand considerably
with its opcration of the prototype
CALS Shared Rcsource Center
(CSRC). The CSRC should

facilitate the improved economic
competitiveness of small
manufacturers.

METRON TECHNOLOGY
(Boulder, Colorado)

Booth #TT8 -- features a ncw line
of hand-held and bench-tp
industrial instruments for heat
monitoring, thermal analysis and
data acquisiion.  Digital data
analysis and storage is now an
opportunity for heat treating and
materials development. The
THERM products range from
economical pyromelters to mulli-
channe! data collection units which
can utilize almost any type of
thermocouple, RTD, thermistor or
infrared sensor and have analog or
RS-232 outputs. The instruments
are designed to provide versatile
solutions for operations and quality
contro} within the matenals/metals
industries. METRON will provide
free litcrature and have working
demonstration instruments on hand.

MICROMERITICS
Georgia)

Booth #2106 -- featurcs particle
size analyzers, BE.T. Suriace
Analyzers which measure surface
arca and pore volume distribution,
and Gas Pycnometers which
measures the absolute density of
powders, solids, and liquids.

(Norcross,

MMA LABORATORIES
(Huntington Beach, California)
Booth #1210 -- features MMA
Laboratories, who currendy tesis for
over 1500 companies throughout
the US. for;: Chemical Analysis,
Physical Testing, Mectallurgical
Evaluation, NDT, Fatigue, Failure
Analysis, Stress Rupture,

MPD NETWORK/STN
INTERNATIONAL  (Columbus,
Ohio)

Booth #1614 -- featurcs providers
of access to over 100 of the world's
most valuable scientific/tcchnical
databases. The Maicrials Property
Data (MPD) Network, exclusive to
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STN, gives easy online access to
worldwide sources of numeric data
on materials properiy rescarch and
engineering. The MPD Network is
the only service offering materials
property data in one convenient
place. Find answers to difficult
materials property questions via the
MPD scarch system, designed
specifically for the materials science
community.

MQS INSPECTION INC.
(Woodlawn, Ohio)

Booth #1313 -- features the largest
NDE/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, petro/chem,
defense and automotive. 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~nt and facilities, permits
complete metallurgical and
chemical analysis, welding,
mechanical  testing, machining,
chemical etching and cleaning.
Coupled with our ever expanding
NDE capabilities. MQS has become
a center of excellence that has
helped thousands of companies
become more productive.

MTS SYSTEMS CORP.
Prairie, Minnesota)

Booth #1428 -- features dynamic
test systems, software and
accessorics from its Material Test
Division, a stalic fest systems,
sufiwarc and accessorics from its
Sintech Division.

(Eden

NANO INSTRUMENTS, INC.
(Knoxville, Tennessee)

Booth #1001 - fcaturcs the NANO
INDENTER™II.  Ultra-low load
indentation testing makes possible
the determination of mechanical
propertics from surface layers less
than 2000 A thick. Hardness,
clastic modulus and time-dependent
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SITE
RURTING?

STERT WITH 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. Well show you why

Wyoming is ideal for a heat treating % PAC'FICORP

operation: abundant power, favorable
tax structure, productive work force,
moderate wages. And we'll assist you, one-
on-one, to find a site that meets your specific
needs. Questions? Call Barry Beausoleil

tollfree today’ 1-800-221-0720.

properties can be extracted from
real-ime load-displacement data
which the NANO INDENTER™II
obtains with resolutions of 75 nN
and 0.04 nm, respectively. Spatial
resolution of 0.4 pm 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
unattended in order to assuse
complete thcrmal and vibrational
stability of the system, yiclding
very accurate, consistent data.
Typical application arcas to date
have been sub-micron thin films,
ion-implanted layers, multi-phase
materials, interfaces in composites,
and bulk matcrials in a wide variety
of mctals, ceramics and polymers.

NATIONAL FORGE COMPANY
(Andover, Massachuselis)

Booth #1420 -- features the latest
technologics and equipment for the
high pressure industry including
Hot Isostatic Presses, Cold Isostatic
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Presses (wef bag & dry bag),
Quartz Crystal Growing Systems,
Chemical Reactors, Deep Well and
underwaler simulators.

NATIONAL INSTITUTE OF
STANDARDS & TECHNOLOGY
(NIST) (Gaithersburg, Maryland)
Booth #1513 and 1515 -- fcatures
an agency of the U.S. Commerce
Department’s Technology
Administration. Its mission is to
strengthen U.S. industry’s
competitivencss, advance science,
and improve public health, safety,
and the environment.

NIST is a major center for
matcrials rescarch as well as an
important source of reliable
malcrials information. New re-
scarch thrusts include intelligent
processing of matcrials, high per-
formance composites and ceramics,
atomization of metal powders, HIP,
and intermetallics. Major NIST
programs in Standard Rceference
Data include phase cquilibria,

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 research.

NEWAGE 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 programmable microhardness
tests, the MT-90; can do effective
case and decarburization studies in
only 2 minutes. Also on display
will be our Master Calibration/

Hardness Calibration Test Blocks,
the only test blocks currently
available in the U.S. that offer
traceabilily t0 established inde-
pendent intemnational hardness value
standards. The highlight of our dis-
play will be our new Brinell Gptical
Scanning System, the B.0.5.S.
which is a fully automatic Brinell
scope. Available as a PC based or
portable hand held unit, the
B.0.S.S. automatically reads Brinell
impressions, and calculates the imp-
ression diamcter and Brinell hard-
ness value in under 2 seconds. For
over forty ycars NewAge Industries
has been a leader in the field of
hardness testing and a stop by our
booth will clearly demonstrate why.




NEW MEXICO ADVANCED
MATERIALS AND
MANUFACTURING
TECHNOLOGY CONSORTIUM
{Los Alamos, New Mexico)

Booth #1221 -- features rescarch
and development material and
matcnal processing.

NIKON INC., INSTRUMENT
GROUP (Melville, New York)

Booth #1408 -- fcatures 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 Invertcd Metallograph.

NORAN INSTRUMENTS, INC.
(Middleton, Wisconsin)

Booth #1312 -- features the
Voyager, the Ilatest in x-ray
microanalysis technology providing
image and chemical data from
samples in a scannirg clectron
microscope.

OLYMPUS  CORPORATION.
INDUSTRIAL  FIBEROPTICS
DIV, (Lake Success, New York)
Booth #1627 -- features Flexible
Fiberoptic Borescopes (Fiberscopes)
with interchangcable tips and four-
way tip angulation, Rigid
Borescopes, Miniborescopes. Light
Sources plus  full Video and
Photographic  accessories  are
available for internal remote visual
inspection. Accurate comparisons
can be made with photographic
records of prior inspections 10
determine whether there has been
crack growth or other progressive
changes.  Monitoring machinery
photographically is far beticr than
comparative  opinion about the
conditions of components.

OFPTRA, INC,
Massachusells)
Booth #1432 -- featurcs the Laser
Extensometer 3000, a non-
contacting, optical extensometer that
docs not requirc markings, targets,
or preparation of the sample

(Beverly,

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 -- fecatures an
intemational  leader in  online
information services. We provide
users with access to over 100
databases heavily concentrated in
the arcas of science and technology.
We will be providing live online
scarches on our extensive files
covering matenals, plastics, rubbers,
ceramics and metallurgy. Stop by
our booth with your scarch topics
and we’ll show you how ORBIT
Search Service can provide you
with the cntical irformation you
require while at the same time
saving you money and more
importantly time! Or if you can’t
make it by our booth call us toll
free for more information.

ORTECH INTERNATIONAL
(Mississauga, Ontario, CANADA)
Booth #1520 -- features an
indcpendent  technical  consulting
and contract R&D organization.
Busincss and technical viewpoints
can be applied simultancously to
client’s needs n arcas including
process and preduct development,
matcrials sclection, formulation,
cvaluation and specification testing
for industry and govemment.

ORTON CERAMIC (Wesierville,

Ohio)
Booth #1423 -- fcaturcs thermal
analysis  testing  instruments

including dilatometers for
mecasuring thermal
cxpansion/shrinkage from -170 to
160XY and a thermal
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diffusivity/conductivity analyzer for
continuous measurement of thermal
diffusivity/conductivity of materials.

Also features, Testing and Analysis
Services - a wide range of materials
testing 1o understand the behavior
of ceramic matenals.

Other products offered by Orton
include pyrometric cones and bars
for measuring heatwork during
firing and programmable
temperature control systems for use
with electric kilns.

PAYNE ENGINEERING (Scott
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
Powcer Controls. They will display
the industry’s most complete range
of these products. Motor controls
include; SENTROL EM3 series
reduced voltage "Soft Starters™, the
award nominated 11DZ/EZ Sohd
State Relays designed to replace
mercury displacement switches. and
heavy duty serics 11R Reversing
Starters.  Also fcatured: SCR
Power Controls. designed for
manual or remote signal operation
for complete control in process
heating applications up 1o 1200
amps at 480 volts. Frec Literature
and Applications Publications.

PENTON PUBLISHING
(Cleveland, Ohio)

Booth #1602 -- fecatures
complimentary  copies  of, and
information on, PENTON

PUBLISHING'S Moctals  Group
Trade Magazines: 33 METAL
PRODUCING, 33 NON-FERROUS
EDITION, FORGING, FOUNDRY
MANAGEMENT &
TECHNOLOGY. CASTING
DESIGN & APPLICATION.

Mma3




ME SHOW DIRECTORY

PHILIPS ELECTRONIC
INSTRUMENTS CO. (Mahwah,
New Jersey)

Booth #1203 -- features scanning
electron microscopes.

POCO GRAPHITE, INC.
(Decatur, Texas)
Booth #1416 -- features

polycrystalline synthetic graphite,
bulk materials and finished parts.

POLISHING SPECIALTIES CO.
(Newport News, Virginia)

Booth #TT3 -- features a
manufacturer/distributor of
polishing, cutting and inspection
equipment. ¢ Ulta Tec MFG:
Polishing machines and cutoff saws
for industry and research. - Clark
Taylor: Miniature
diamond/conventional band-saw.
Crvstalite: Diamond laps, polishing
films, compounds. and shwries. -
PSA: Inspection microscope,
specialized polishing services. A
full polishing lab is exhibited.
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YOUR GLASS EXPERTS

Sem-Com is a3 manufacturer of specially glasses and glass-
ceramic products We can provide custom meiting of your
formulation or develop a3 composition o meet your
requrements < Pundered. Frifted or Cast Products Available
* High Purty « Data Base of Over 30000 Cornpositions
« Compowtion Development « Full Range of Glass Sealants

WITH NEARLY 200 YEARS OF COMBINED EXPERIENCE
IN GLASS TECHNOLOGY MELTING & PROCESSING

PRINCETON GAMMA-TECH,
INC. (Princeton, New Jersey)
Booth #1331 -- features the
IMAGIST™, a SUN™ workstation
based system feat.ing advanced
image processing and analysis
capabilities for optical microscopy
and video based analysis, and the
IMIX™ 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 PROVUCTS
CORPORATION (N. Andover,
Massachusetts)

Booth #TT1 -- features state of the
art rapid thermal processing systems
modular constructed (o integrate
reduced pressure and mass flow
Modular integration of PECVD-
RTP-RIE-Magnatron Sputtering-Ton
Beam  Cleaning-Deposition-ECR
Technology-RTCVD.

CLEARLY
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QUESTAR CORP. (New Hope,
Pennsylvania)

Booth #1429 -- description not
available at time of printing.

RICERCA, INC.
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
analyses by ICP, AAS, and HGA:
XRD and XRF; physical testing
such as BET, particle sizinga nd
image analysis. One-on-one
personal consultations ensure that
results and intcrpretations are
communicated in a meaningful and
confidential manner.

(Painesville,

SAE (Warrendale, Pennsylvania)
Booth #1613 -- features hands-on
product demonstrations of
materials-related software packages
(AMSearch® & UNSearch®). on-
linc and CD-ROM databases, and
display of related publications.
AMScarch is an electronic index
allowing efficient access to
document listings for over 2.500
Acrospace Material Specifications
(AMS). UNScarch - Version 2.0 is
time-saving software for
clectronically scarching data on
ovcer 4,000 metal alloys by chemical
composition (exact or range),
common trade name (alloy). UNS
designation, society dcsignation,
federal  specification,  military
specification, or intermal (company-
specific) information.  SAE is the
publisher of thousands of tcchnical
papers, manv specialized  books.
hundrmds of standards, numcrous
reference volumes, software, and
on-linc databascs.

SATEC SYSTEMS, INC. (Grove
Ciry, Pennsvivania)

Booth #1318 -- fcaturcs a wide
vancty of mechanical cquipment
available from SATEC for an
cfficient approach to matcnals
testing in today’s market.




A fatigue rated Servo-Hydraulic
load frame coupled with the MATS
II PC-based automated control
system offeis the utmost in ease of
operation, accurate and reliable
data, ard repeatable test execution.

SATEC's Table Top Model T5000
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 perform
testing applications, such as tension,
compression, flexural, bend and
shear.

LinkPac Acquisition and Control
Sysiem for Creep and Stress-
Rupture Testing:  This sysiem
acquires thermocouple and strain
data of many types and ranges for
auvtomating Crecp and Stress-
Rupture testing labs. LinkPac
offers disk storage. rcport
generation, alarm  management,
muliitasking software and rcal-time
graphical meanitoring of  test
conditions.

SCHENCK PEGASUS CORP.
(Troy, Michigan)

Booth #1409 -- fcatuwres a
Hydropuls® PSA maicnal test
systiem and S56 Digital Controller.
The latest version of FMR. a
gencrai  purpose  material testing
application with icon dnven
software will be demonstrated.

SHERRITT GORDON LIMITED

(Fort  Saskaichewan, Alberia,
CANADA)
Booth #1413 .- fcatures

manufacturers of a wide range of
highly specialized metal powders.
A unique precipitation  process
cnables Sheritt to supply metal
powders with controlled particle
size and surface morphology.
These products arc uscd in the
acrogas fturbine industry as
abradable scal matenials, in the

electronics industry as conductive
fillers and for industrial wear
material applications.

Most of the specialty material
products manufactured by Shemitt
were developed in  Shermitt's
Research Centre. Following from
this tradition, Sherritt formed
Westaim Technologies Inc. in 1990.
Westaim is the largest single
advanced materials initiative ever
undertaken in western Canada,
dedicated to the research,
development and commercialization
of new products and processes. It
is a cooperalive rescarch venture
managed and led by Shemit
Gordon Limited, in cooperation
with the Canadian federal
government and the province of
Alberta.

SHERRY LABORATORIES
(Muncie, Indiana)

Booth #2108 -- features
Mcitallurgical Testing: Chemistry
analysis, failure analysis.
metallography, weld qualification,
tensile, creep/stree  rupiure,
hardness, microhardress,
hardenability, case depth,
embrittlement, salt fog. SEM-EDS,
mectallographic examination.

Environmental Testing: Organic &
inorganic, waler analysis,
waslcwater, groundwaste, solid and
hazardous waste, GC/MS, ICP, AA.
sampling., discharge monitoring,
ashestos, TCLP, foundry waste
characterization, waste oil
charactcnization.

SHIVA TECHNOLOGY
New York)

Booth #1522 -- description not
available at time of printing.

(Clay,

SOUTH BAY TECHNOLOGY
INC. (San Clemente, Califorma)
Booth #1310 -- fcaturcs sample
preparation equipment for the
following applications: 1) Lapping
& Polishing; 2) Crystal Oricntation;
3) TEM Sample Prcparation;

ME SHOW DIRECTORY

4) Damage Free Sample
Preparation; 5) Cutting &
Sectioning (Wire Saws & Low
Speed Diamond Wheel Saws).

NEW PRODUCTS on display
include: + lon Mill for TEM
samples - UlraSonic Cutter -
Lapping/Polishing Machine -
XTEM Clamp.

Applications enginecers will be
available to address specific sample
preparation requirements.

SPANG SPECIALTY METALS
(Butler, Pennsylvania)

Booth #1328 -- features large
picture pancls displayed on a back
wall featuring our Metals mill
capabilitics in producing nickel-iron
alloys for the EMI/RFI shiciding
industry, and a vanadium-cobalt
alloy for the acrospace industry.
We also make available our mill’s
equipment for service work on
customer supplicd material.

S.S.B. TECHNOLOGIES
(Maritinsville, New Jersey)

Booth #TT10 -- fcatures table-top.
portable, solid statc RF Gencrator
for hcating processes in industry
and rescarch. A large frequency
range from 50 kHz to 1000 kHz
allows a vancty of applications. A
1.5 kw unit is on display but units
10 20 kw will be available.

STRUERS, INC. (Westlake, Ohio)
Booth #1538 -- features a complete
line of metallographic sample
preparation equipment and supplies.
On display will bc our totally
automated gnnding and polishing
system, PREPAMATIC. The
operator places the samples in the
machine, sclects a preparation
program, and thc preparaiion
process begins. From this point on,
absolutely no operator intervention
is required to prepare high quality
specimens.  In addition, we will
also display our automatic cut-off
machine, EXQOTOM: our bench-top,
cut-off machine, DISCOTOM-2;
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our precision cut-off machine,
ACCUTOM-2; our new, automatic,
compression mounting  press,
PREDOPRESS: and our new,
bench-top grinding and polishing
system, ROTOPOL/FEDEMAT.
Please visit us in booth 1535 for a
demonstration and 1o leam more
about our preparation methods.

TECHNOLOGY FOR ENERGY
CORP. (Knoxiille, Tennessee)

Booth #1309 -- features residual
stress analyzer, product and service.

TENSILE TESTING (Cleveland.
Ohio)

Booth #1630 -- features ow
Metallurgical Laboratory Services.
This year we are highlighting
FRACTURE TOUGHNESS through
our presentation at the attendee
briefing sessions.

This is one of owr many services
including:  HOT TENSILES 1o
2000°F. STRESS RUPTURE,
CHEMICAL ANALYSIS
(Spectrographic & Leco), TENSILE
TESTING (to 300,000 Ibs.).
CHARPY IMPACT (10 -320°F).
WELD QUALIFICATION, HEAT
TREAT CAPABILITY. JOMINY
END-QUENCH HARDEN-
ABILITY, METALLURGICAL
SERVICES, METALLOGRAPHY,
MICROHARDNESS. FAILURE
ANALYSIS, SAWING &
MACHINING Test Specimens. We
are accredited by A2LA in the
mechanical & chemical ficld along
with various others in the nuclear,
automotive, and aircraft industry.

is SALT

Our newest  service

SPRAY.

TEXTRON
MATERIALS
Massachusets)
Booth #1008 -- description not
availablc at time of printing.

SPECIALTY
(Lowell,
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THE ELECTROFUEL MFG.
CO. LTD. (Toronto, Ontario,
Canada)

Booth #1327 -- features 2quipment:
hot press, dilatometer, sintering
furnace, (Advanced cermaics), TiB,
silicon nitride, BN Fibres, BN
Solids.

THERMO
ELECTRON/TECOMET
(Wilmingion, Massachusetts)
Booth #1404 -- features « Precision
Machining » Near Net Forging -
E.DM. - EB. Weld ¢ Stamping »
Forming « Certified Welding -
Specialized Fabrications « Chemical
Vapor Composites » Metal Matrix
Composites.

THETA INDUSTRIES
(Port Washington, New York)
Booth #1233 -- features
COMPUTERIZED
DILATOMETERS FOR
THERMAL EXPANSION
MEASUREMENT: 1200°C
Dilatronic 1, 1700°C Dilatronic V,
Computer Systems, Sensors.

INC.

DILATOMETER FOR
METALLURGISTS: Dilatronic III
- Quench Dilatomeier for phase
transformation and decformation
studies, and alpha mcasurcment,
Dilatronic X - Powder mctallurgy
dilatometer to 1600°C.

FLASH DIFFUSIVITY
APPARATUS: Conductronic 1V
for thermal conductivity
mcasurcments with pulse laser and
alignment lascr, Data processing,
From -150rC to 2100°C.

HIGH TEMPERATURE
VISCOMETERS FOR
RHEOLOGICAL STUDIES:
Rheotronic I rotating viscometcrs,
1100°C and 1600°C. Rhcotronic 111
parallcl-plate. 1100°C. Rhceotronic
IV bending beam, 1100°C,
Rheotronic  VII rotating, 1800°C,
Rheotronic X1 high temperature
mulli-instrument system.

TITLE III PROGRAM OFFICE
(Dayton, Ohio)

Booth #1006 -- fcatures an exhibit
that de:cribes the purpose of the
Title 111 Program, current projects,
project lifecycle, project locations,
Title IIT contractors, “the necessary
combination”, project screcning
criteria, Title 1II Program
objectives, stages of contract
performance, purchase commitment
requircments, and unique program
aspects.

UES, INC. (Da ton. Ohio)
Booth #1533 -- features 1)
Precision High Quality Friction and
Wear Coatings. 2) ProCAST™ -
The Professional Casting Simulation
System

UNION CARBIDE ADVANCED
CERAMICS (Lakewood. Ohio)
Booth #1321 -- fcatures machinable
ceramic composites. high purity
ceramic powders, chemically vapor
deposited \CVD) shapes and
coatings. Powders include: BN,
TiB.. B,C. AIN. and pre-cordicrite.
CVD products include:  Pyrolytic
BN. Pyrolytic Graphite. Si)N,. $i1C.
and metal carbide coatings (NbC.
TaC. ZrC) which protect graphite
from ablauon, erosion, and
chemical attack.  Also available is
a hinc of boron nitride spray and
paints. Lubnicious, inert, and non-
reactive, BN coatings are uscful as
re'case  agents, lubricants, and
~iolcctive coatings in a wide varniety
of pracesscs.

UNIFRON INC,
York)

Booth #1421 -- features new
Versamet-3 Mctallograph with all
ncw super plan infinity comected
objectives  offering  brightficld.
darkficld, polanised lLight  and
Nomarski in the samc¢ compact
optical sysicm. Also, shown will
be Unitron’s new Imaging Sysicms
designed to mect the specific needs
of the user, its complete line of
Mctallurgical  Microscopes.  new
Stereo Microscopes, Mcisuring

{(Bohenua, New




Microscopes, CCTV and
microscope accessories and optical
components for OEM applications.

VACUUM FURNACE SYSTEMS
CORPORATION (Souderton,
Pennsylvania)

Booth #1734 -- fcatures a new
horizontal Model HL36BH Vacuum
Fumace. This fumace will show a
different approach in the desigr. of
a round graphitc hot zone and an
external “combincd can”
blower/heat exchanger arrangement.
The new design will improve
cooling cfficiencics and will be
easier to maintain.
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VDM TECHNOLOGIES CORP.
(Parsippany, New Jersey)

Booth #1303 -- features corrosion
and high temperature resistant
nickel base alloys and special
stainless steels. Several new alloys
have been devcloped recently for
thc chemical, pulp & paper,
petrochemical, oil & gas
production, and marine industries:
Alloy 59 has the highest pitting
resistance equivalent number of the
Ni-Cr-Mo family of alloys.

Alloy 48 is an age hardcnable alloy
for sour gas service.

Alloy 31 with high chromium
molybdenum and nitrogen additions
has corrosion resistance of alloys

ME SHOW DIRECTORY

with twice the nickel content.
Alloy 24 a high chromium.
manganes, very high nitrogen
containing super stainless  steel
possessing a unique combination of
corrosion, erosion and  wear
resistance.

WHITE ENGINEERING
(Newtown, Pennsylvania)

Booth #1217 -- description not
available at time of printing.

WOLPERT/PROBAT
(Ludwigshafen/Rhein, Germany)
Booth #TT4 -- features matcnals
testing cquipment, hardness, tensile.
impact. compression.

The Metals & Alloys Index Book

for Materials Research
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ME PRODUCT/SERVICES INDEX

ENGINEERED MATERIALS

Applications.Design

Allied-Signal . ...... ... ............ 1622
Battelle . .......... ... ... 1526
David Samoff Research Center .......... 1231
Union Carbide Advanced Ceramics ....... 1321
Characterization'Property Testing FEquipment
ABB Autoclave Systems Inc. . .......... 1234
Allied-Signal . ... ... ............... 1622
Battelle . . . ....... ... ... ... ..., 1526
C.C. Technologies .................. 1431
David Samoff Research Center ... ....... 1231
E. A. Fischionc Instruments, Inc. . ........ 1329
Geller Microanalytical Laboratory ........ 1735
InsronCorp. ...........coeiii. .. 1334
Interlaken Technology ................ 2110
JW.Lemmens. Inc. .................. 1414
becoCorp. . .ovev v 2116
Leicalnc. . ... ... ... ... ..., 1216
Micromeritics ...................... 2106
MTS SysiemsCorp. .................. 1428
Nano Instruments. Inc. . ............... 1001
Process ProductsCorp. ................ TT1
South Bay Technology Inc. . ............ 1310
Coatings Surface Modification

Battelle . .. ..... .. .. ... ..., 1526
David Samoff Rescarch Center . ....... .. 1231
Freund Publishing House Ltd. . .. ..... ... ™
Geller Microanalytical Laboratory ........ 1735
Process Products Corp. . ............... TT1
ShemittGordon Ltd. ... ............... 1413
Compaosites

Allicd-Signal . ...................... 1622
Battelle . .. ........ .. ... ... ..... 1526
Ceracon.Inc. ....................... 1427
Edison Welding Institute . .. ............ 2101
Freund Publishing House Lid. ... ... .. ... 7
Union Carbide Advanced Ceramics ... .. .. 1321
Cutting Tools

Battelle . .. ........ ... ... ..., 1526
Polishing SpecialtiesCo. . .............. ™
South Bay Technology Inc. . ............ 1310
Materials (Raw & Manufactured)

Allied-Signal . ...................... 1622
ShemttGordon Ltd. ... ... ... ....... 1413
Union Carhide Advanced Ceramics . .... .. 1321
Processing 'Farication Fquipment

ABB Autaclave SystemsInc. ... ... ... .. 1234
Battelle . ............ ... ........... 1526
Ceracon, Inc. ....................... 1427

Mes

Process Products Corp. . ...............
South Bay Technology Inc. . .. ..........

Refractories
Freund Publishing House Ltd. . ... .......

Union Carbide Advanced Ceramics

Secondary

Processing (grinding)

Polishing SpecialtiesCo. . ..............

Wear Components
Ceracon,Inc. ............ ...t

Electronic

Materials

Battelle . .

.........................

Metal Matrix

Aluminum

Intermetallics

Ceracon. Inc. . ..... ... ... ... ...,
Edison Welding Institate . .. ............
Freund Publishing House Lid. . ... .......

Kaiser Roll

met

Magnesium
Freund Publishing House Ltd. . ..........

Product Process Development
Ceracon,Inc. .......................
Edison Welding Institute . ..............

Kaiser Roll

met

Process Products Corp. . ...............

Testing'Ch
Batielle . .

Bowser-Momer, Inc.
C. C. Technologies

aracterization

Duffers Scientific. Inc. . ...............
Edison Welding Institute . ... .. .. ... .. ..

E. A. Fisch

Geller Microanalytical Laborsatory

ionc Instuments. Inc. .........

InsbonCorp. . ......................
Interlaken Technology . ... ............
JW.Lemmens, Inc. ..................

Leco Corp.
Leica Inc.

Micromeritics

MTS Systems Corp. . .................
Nano Instruments, Inc. . ...............

Polishing S
Riccrca Inc

necialtiesCo. . ... ... ........

TT1
1310

1321

1427

1526
1413
1404

1427
2101

1330

1526
1509
1431
2111
2101
1329
1735
1534
2110
1414
2116
1216
2106
1428
1001

1322
1310
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Metals (High Performance) Other nonferrous alloys
Super Alloys Ceracon.Inc. . ........ ... . ... ..... 1427
Ceracon.Inc. . ..........evinannnn. 1427 Edison Welding Institute . .. ...._....... 2101
Frcund Publishing House Lad. .. ......... gy Inco Alloys Intemtional ............... 1534
Edison Welding Institute . .. ............ 2101 Kellermann Manufacturing Co. .......... TTS
Inco Alloys Intemtional ............... 1534 Spang Specialty Metals . .. ... .. ........ 1328
KaiserRollmet ... ................ 1330 VDM Technologies Corp. . ............. 1303
VDM TechnologiesCorp. . ............. 1303
Steel
High-alloy/corrosion resistant alloys Ceracon, Inc. . ... ... ... ... ..... 1427
Ceracon.Inc. . .. ........ ... . ...... 1427 Edison Welding Institute . _ ... ... ....... 2101
Edison Welding Institute ... ............ 2101 KaiserRollmet ..................... 1330
Freund Publishing House Ltd. ........... Im VDM TechnologiesCorp. . ... .......... 1303
Inco Alloys Intemtional . .............. 1534
KaiserRollmet . ....... .. ........... 1330 Applications/design
VDM Technologies Corp. ... ... .. ...... 1303 Allied-Signal . ...................... 1622
Battelle ... ......... ... ... ....... 1526
Stainless alloys Edison Welding Institute . . .. .. ......... 2101
Ceracon.Inc. . .. .. .. ... ... ........ 1427 Kellermann Manufacturing Co. . ......... TTS
Edison Welding Institate . .. ... ......... 2101
Freund Publishing House Ltd. ... ........ uvi Characterization'property testing
KaiserRollmet ..................... 1330 Allied-Signal . ... ................... 1622
VDM Technologies Corp. ... ........... 1303 Battelle . . ... ... .. ... ... ..., 1526
David Samoff Research Center . ......... 1231
Teol steels Duffers Scientific. Inc. . ............... 2111
Ceracon.Inc. . .......... ... ........ 1427 E. A. Fischione Instruments, Inc. ......... 1329
Freund Publishing House Ltd. ... ... .. ... 7 Geller Microanalytical Laboratory ... ... .. 1735
InstronCorp. ......... ... ........... 1334
Other hizh performance alloys Interlaken Technology ................ 2110
Ceracon.Inc. ....................... 1427 JW.Lemmens.Inc. . ................. 1414
Edison Welding Institute . ... ........... 2101 LecoCorp. . oovee v 2116
Freund Publishing House Lid. . .. ........ ™ Micromenitics . . .................... 2106
Spang Specialty Metals . ... ............ 1328 MTS SystemsCorp. . ................. 1428
Nano Instruments. Inc. . ............... 1001
Other  high temperature  materials  (niobium,  Polishing Specialties Co. . ... .. ......... TT3
tungsien, efc.) Ricercalne. ... ... i, 1322
Ceracon.Inc. ....................... 1427 South Bay Technology Inc. . ............ 1310
Edison Welding Insutute . ... . ........ .. 2101
Frcund Publishing House Lid. . .. .. .. ... 17 Coatings surface madification
KaiserRollmet .. ................... 1330 Batwelle .. ... ... ... . L 1526
Ceracon.Inc. .......... ..o, 1427
Aluminum alloys David Samoff Rescarch Center . ... .. .. .. 1231
Allied-Signal ... ... ... ... ..., ... 1622 Frcund Publishing House Ltd. . .......... ™
Ceracon.Inc. . .......... ... .. ... ... 1427 Process Products Corp. . ... ... . .. ... .. TTI
Edison Welding Institute . ... ... ... .. .. 2101
Frcund Publishing House Lid. . .. ..... ... L Analstical services
KancerRollmet . .................... 1330 Allicd-Signal . ...................... 1622
Kellermann Manufacturing Co. ... .... ... TTS Bowser-Momer, Inc. . ... ... ... ..... 1509
UES.Irc. ... 1533 C.C. Technologies ... ... ... ... 1431
David Sarnoff Rescarch Center . ... .. .. .. 1231
Titanium alloys Geller Microanalytical Laboratory . ... .. .. 1735
Ceracon, Inc. ................0uunu, 1427 Micromeritics . .......... ... 2106
Edison Welding Institte . .............. 2101 MNano Inciruments. Inc. . ... ... ... 1001
Frcund Publishing House Id. ... ...... .. ™ Pohshing Specialties Co. . ... ... ... .. .. T3
KaiscrRollmet . .................... 1330 Ricercaldne. ... oo 1322
UES.Inc. ... ... ... ... ...... 1533 Scuth Bay Technology Inc. .. .. ... ... ... 1316
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Powdered Metals
Hot'Cold Isostatic Presses

Reinforced CompositesPlastics
Adavan-ed Composite Manufacturing

ABB Autoclave Systems Inc. . .......... 1234 Allied-Signal . ... .. ... .. ........... 1622
Ceracon.Inc.-. .. .. . ...ciioanann 1427 Ceracon. Ilc. . ... ... ... ... 1427
Spang Specialty Metals . .. ... ... . ..., 1328 Freund Publishing House Ltd. . ... ... . ... ™
Process Products Corp. . ............... TT1
Implanted Tooling Thermo Electron Corp - Tecomet . ... .... 1404
UES.Inc. ... ..o, 1533
Analytical Services
Lab Sintering Machine Allied-Signal . ... . ............. ... 1622
Process Products Corp. ... ............. TT1 Battelle . ...... ... . ... .. ...... 1526
Spang Specialty Metals . . . ............. 1328 Bowser-Momer, Inc. . ......._......... 1509
David Samoff Research Center . ... .. .. .. 1231
Mechanical Testing Geller Microanalytical Laboratory . ....... 1735
Battelle . .......... ... ... ... 1526 Ricercalnc. ... ... .. .. ....... 1322
JW.Lemmens.Inc. .................. 1414 South Bay Technology Inc. ......._ ..... 1310
Leicalnc. ... ...t 1216
MQSInspection . .......... ......... 1313 Fibers
MTS SystemsCorp. . ................. 1428 Allied-Signal . ... .. ... ........... ... 1622
Nano Instruments. Inc. . ............... 1001 David Samoff Research Center .. ........ 1231
South Bay TechnologyInc. . ............ 1310
Spang Specialty Metals . .. ............. 1328 Materials Characterization Testing
Allied-Signal . ...................... 1622
Powder Atomization Consolidation Battelle . . ........ ... ... ... ..... 1526
Ceracon,Inc. .......... ... ......... 1427 Bowser-Momer. Inc. . ....... ... .... 1509
Shemitt Gordon Ltd. . .. ... ............ 1413 C.C. Technologies .................. 1431
David Samoff Kescarch Cenier . ... .. .. .. 1231
Research Freund Publishing House Lid. . . ......... ™7
Battelle . . ...... . .. ... ... ... ..... 1526 InsronCorp. .................... ... 1334
Ceracon.Inc. . ...................... 1427 Intcrlaken Technoiogy . ............... 2110
David Samoff Rescarch Center . ......... 1231 JW.Lemmens.Inc. .................. 1414
Geller Microanalytical Laboratory ........ 1735 LecoCorp. ... i, 2116
Shemitt Gordon Lid. ... ... ... ... ..., 1413 Leicalnc, .......... .. .. .v..... 1216
Micromenitics . ..................... 2106
Testing Characterization MTS SystemsCorp. .. ................ 1428
Battelle . .. ........ ... ... 1526 Nano Instruments. Inc. . ............... 1001
Bowser-Momer, Inc. . ................ 1509 Polishing Specialties Co. . .............. m
BuchlerLid. ....................... 1228 Process Products Corp. .. .............. TT!
C.C. Technologies .................. 1431 Ricercalnc. .. ........... .. ... .... 1322
David Samoff Rescarch Center ... ....... 1231 South Bay Technology Inc. .. ......... .. 1310
Duffers Scientific, Inc. . ............... 2111
E. A, Fischione Instruments. Inc. ... ...... 1329 Other
Geller Microanalytical Laboratory ... ... .. 1735 AECLRescarch .. ....... ... ... .. .... 1634
InstronCorp. . ...................... 1334 -R&D
Intcrlaken Technology . ... ... ........ 2110 Allied-Signal . ...._ ................. 1622
JW.Leminens, Inc. ........ ... ...... 1414 -- Mctal Matrix Composites
LecoCorp. oo 2116 AnatecchLdd. ... ....... ... ... ..... 1002
Leicalne, ... .. .. ... L, 1216 -- Hard Carbon Coatings
Micromernitics . .. ... ... .. 2106 Edison Wclding institote . . ............. 2101
MTS Systems Corp. .. ... ... 1428 -- Joining
Nano Instruments, Inc. . ............... 1001 Orbit Scarch Service ................. 1610
Polishing Specialtics Co. ... ............ T3 -- On-tinc Information
Ricercalnc......................... 1322 Polishing SpecialtiesCo. . .............. ™m
-- Grinding and Inspcction
Thermo Electron Corp - Tecomet .. .. ..., 1404
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PROCESSES

Heat Treating
Allied-Signal ... ... ...... ... ... 1622

Kcllermann Manufacturing Co. . ......... TTS

Material Cutting Removal
Carbide Touling

Thermo Electron Corp - Tecomet . ....... 1404
Controls

Payne Engineenng . ... ............... 1735
Implanted Tooling

ISM Technologies. Inc. . .. ............. 1529
Machining

Tensile Testing . .................... 1630
Thermo Electron Corp - Tecomet ...... .. 1404
Metal Forming (Forging. Casting. Stamping)
Castings

Bamtelle . . ... ............... ..., 152
Kellermann Manufactuning Co. .. .. ...... TTS
UES.Imnc. ... ... i, 1533
Controls

Payne Engincening ... ................ 1735
Foreines «Hot, Cold, Warm)

Ceracon.Inc. . .......... ... ... .... 1427
Thermo Electron Corp - Tecomet ... ... .. 1404
UES.Inc. ... ... o 1533
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National ForgeCo. . .................. 1420
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Nano Instruments, Inc. ... ............. 1001
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UES.Inc. ...... ... i, 1533
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Geller Microanalytical Laboratory ........ 1735
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Process Products Corp. . ... ... ........ TT1
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David Samoff Rescarch Center . ..... .. .. 1231
Implant Sciences Corp. . . .............. 1433
IEM Technologies. Inc. . . ... ... ....... 1529
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UES. Inc. ......... ... ... ... 1533
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624 Rjnd ne ion
625 PSI
628 MG Industries
6%(9) ?:ﬂ’l Furewe y
6 ontrol Concepts,
63% JCMS Southeast
633 Castalloy Corporation
638 Can-Eng Sales (1985) Lud.
639 Pillar Industries
642 Netren Co. L.
643 Pillar Industries - Maryland
700 Xl.)l::ong:rpal
tion
70} C. L Hayes Inc.

APPENDIX B

702 Leybold Vacuum Products Inc.
703 Leybold Inficon Inc.
704 Beavermatic, Inc.

710 Cleveland Electric Lab.

714 Oakland Melering Loaders

715 Calcasd, Inc.

716 THT Division, Dows Mising Co.

717 Foerster Instruments, Inc.

718 Therm Alliance Co.

719 Ircon Div/Square D Co.

724 Walmil 3

728 Consolitaid Engineering Company
ant Heat )

733 Sheler ion

734 Vortek Industries Lud.

;343 Gam.scg North America, Inc.
GI'IIIVI C-Phnlp W’

741 Hea: Treating Magazine

742 Thermeo Instrument

743 Alpha 1 Inducton Scrvice Center

800 Siemens & Automation, Inc.

801 Anafaze Measurement & Control

802 Bone Frontier

803 Meul Treau'nf. Inc.

& g:nm-lgqm ndusties, Inc.

n ¥ t

808 l’ny:'ey Er Sprment Comp

809 United Testng Syseems, Inc.

810 Richardson Electronics Lid.

812 Alnor Instrument Co.

814 Noble Industrial Fumace

815 Metro Scale Company, Inc.

818 Daua

819 Salem

820 Weaver Industries, Inc.

822 T-M Vacuum Products Inc.

825 The Fumace Belt Co. Lid.

827 Luxton Corp., Accufiber Div.

829 goNF Vacuum Equipment Service

83G Rapid Technologies, Inc.
831 Manning US.A-
833 Fuel Conservation Services Inc.
834 Dayton Rogers Manufacturing Co.
855 CFl Indusmal Fumnace
900 Cooley Wire Products Mfg. Co.
901 Sandtex Inc.
902 Williamson Corp.
904 Liquid Air Corporation
ggg ',l'"KSClmboru nu'Ch:nw
he Carl ndum

907 Thermal Technology Inc. Y
909 Wall Colmonoy Corporation
910 Despatch Industies
911 OilPure Systems
912 Wirco Inc.
914 MVAK Technologies. Inc.
915 Graphite Die Mold Inc.
916 Elnik Systems, Div. of IPM, Inc.
917 Watlow
T

1 Evey Engineering Company, Inc.
922 A-Lab Cz ¢ P
923 FMJ
NOTE: additional Heat Treating
exhibils can be viewed 1n the
concurrent Materials
Exposition -- PLAN TO VISIT
THESE BOOTIS, TOO!
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Mr. Eric Manos, Chairman
Buehler UK Ltd.
Coventry UK

Mr. Dave Rinz, Vice Chairman

Vacuum Fumace Systems Corp.

Souderion, PA 18964

Mr. Larry Bruder
Leica
Deerfield, IL. 60015

Mr. Joseph Ciarlone
Kolene Corporation
Detroit, MI' 48223

Mr. Mike Doerr
K.J. Law Engineers, Inc.
Novi, MI 48050

Mr. Robert P. Driscoll
Buchler Ltd.
Lake Bluff, IL 60044

Mr. Bill Girdwood

Surface Combustion Inc.
Maumee, OH 43537
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Mr. Doug Glenn
Seco/Warwick Co tion
Meadville, PA 16335-3618

Mr. Dante A. Iacovoni
Lindberg/Unit of General Signal
Blue Island, IL 60406

Ms. Susan Ketterlinus
Honc%wcll. Inc.
Fort Washington, PA 19034

Mr. Paul Miller
Inductoheat
Madison Heights, M1 48071

Mr. David F. Simion
Robotron
Southfield, MI 48086

Mr. Ernest Walen
Heatbath Corporation
Indian Orchard, MA 01151




AACC/ZIRCQA (Solon, Ohio)
Booth #729 -- featres
AACC/ZIRCOA. Prepare now for
1992°s tighter qualitly
requirements...our Mode! 1992
Carbon Control System, with dual
setpoint capabilities, offers you the
followirg advantages: = improves
product quality » improves process
efficiency » provides air purge
sensor technology = offers hoost
and diffuse capability * one-year
Sensor wariranty * lwo-year sysiem
warranty.

...Improve your hcat processing
efficiency by networking your PCs
into a powerful data acquisition
and control system Take
complete control over your heat
processing variables - temperature,
time, atmosphere and other
functions. This automated system
frees you to manage multiple heat-
related process eperations through
multitasking - wherever there is a
workstations

PRACTICAL ATMOSPHERE
CONTROL SOLUTIONS.

ABAR IPSEN INDUSTRIES
(Feasterville, Pennsylvania)
Booth #3433 -- fcatures a parn of
the $1.6 billion TI group. They
offer you the opportunity to
benefit from the world’s most
dynamic thermal processing
rescarch and engincenng talent in
the industry. New product
inroductions include: Vacuum
Deoiling, an environmentally safe
altemative for parts cleaning and
the Gas Fired lon Nitrider, a
uniquc gas fircd vacuum fumace.
Additional featured products
include: Advanced Atmosphere
Fumace Systems and our
TurboTrecater, MctalMaster, and
Convection Vacuum Fumnaces.

ABBOTT FURNACE
COMPANY (St Marys,
Pennsylvaniit)

Booth #3 - Jeatures Abboit, who
offers a variety of custom
designed continuous heat treat
lines. Abbott incorporates
creativity, quality and expenence
into it’s manual, semi-automated,
and fully-automated heat treat
lines 10 meet customer needs.
Abbott’s heat treaters range in size
from 6 cube inside working area
(100l room) 0 continuous heat
veating lines capable of 1000 Ibs
of product per hour. Ancillary
equipment includes parts washers,
and/or, draw fumace/ovens.

ACCUTHERM, INC.
{Pataskala, Ohio)

Booth #608 -- features two of the
many types of heat treating
furmaces manufactured by
Accutherm. Units displayed show
the results of constant quality
advancements within the furmace
manufacturing industry. Modem
digital contols 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 fumaces are stepping
into the fuwre.

Accompunying photos show many
of the more sophisticated furmaces
designed and manufactured by
Accutherm,

ADVACO (Westminster,
Maryland)

Booth #118 -- featurcs complcte
rcbuilding services for mechanical
vacuum pumps, roots-type
blowers, diffusion pumps,
cryogenic pumps, and Hclium Icak
detectoss. Extensive
refurbishment techniques will be
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introduced which allow for
complete pump overhaul ©
original manufacturer’s
specifications without replacement
of major parts. A one year
warranty will be offered for ail
rebuilding services.

AFRCO AMERICAN ALLOYS
INC. (Detroit, Michigan)

Booth #4432 -- descripticn not
available at time of printing,

AGA GAS (Cleveland, Ohio)
Booth #709 -- features Flexair
family of aitmosphcre systems and
technology for heat treating
applications: hardening,
carburizing, ferrous and non-
ferrous annealing, t.azing,
sintering and nitrocarburizing.
Highlighted will be the
NITROFLEX™ system for
gascous ferritic nivocarburizing.
Also featured will be the
NitroPRIME™ PSA and
Membrane systems for generating
nirogen.

AICHELIN-STAHL, INC.
{Kingsville, Missouri)

Booth #425 -- fcawres photo
covcrage of our broad spectrum
product line of furnaces and
companion material handling
cequipment. We will have an
experienced tcam available at all
times to discuss cquipment and
processes.  Specially featured in
our booth will be the AICHELIN-
FOCOS program for furmnace
operauon control and optimization.

Also {caturcd will be our
FLEXICLEAN washer system
which is designed to replace
solvent washers and degreasers,
while remaining ccologically
fricndly.

H33




HTE SHOW DIRECTORY

AIRCO GASES (Murray Hill,
New Jersey)

Booth #125 -- features industrial
gases and advanced technologies
for the heat treating/brazing and
metalworking processes. We offer
nirogen, hydrogen, argon, heiium
and special gases and advanced
cryogenic and non-cryogenic
(PSA/membrane) on-site ritrogen
gencrators; atmosphere
technologies for reducing coolir,,
rates, removing carbon depositi_n
in anncaling, bright annealing.
hes:ing for forging, controlled
oxidation, hardening and
carburization; consulting and
trouble-shooting services. In
addition, we are introducing the
TEL-TANK which is 2
sophisticated telemetry sysiem and
the AIRCO HYDROGEN
ATMOSPHERE systems (AHA),
used for the advanced furnace
designs.

AIR PRODUCTS AND
CHEMICALS, INC. (Allentown,
Pennsylvania)

Booth #301 -- features Air
Product’s introduction of a new
line of PURIFIER™ heat treating
atmospheres that will enable a
large percentage of aimosphere
users o improve the quality of
their products without increasing
the overall cost.

AJAX ELECTRIC COMPANY
(Huntingdon Valley, Pennsylvania)
Booth #52§ -- features application
and scrvice engincers, who will be
on hand to discuss features of
custom designed heat treat systems
integrating atmosphere, fluidbed,
and salt hcating technologics with
isothermal quenching, Advanced
process control and data
acquisition « Salt recovery » Water
addition ¢ Electrical control
systems ¢ Surface cleaning
equipment for complete removal

of paints, plastics, scale, ceramics,
eic. with necessary salts and
chemicals.

AJAX MAGNETHZRMIC
CORPORATION (Warren, Ohio
Booth #619 -- features induction
heat treating equipment and will
show a skid-mounted lift and
rotate pick and place hardening
system with computer control and
QC.

A-LAB CORP. (Dayton, Ohio)
Booth #922 -- features a full
service metallurgical testing
laboratory providing technical
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 other
professional affiliations.

ALHERN-MARTIN
INDUSTRIAL FURNACE CO.
(Troy. Michigan)

Booth #3443 .. description not

available at time of printing.

ALL TREND CORPORATION
(F1. Lauderdale, Florida)

Booth #13 -- features: ¢ Vacuum
fumace on display in limited
operation; * "ToolTreatcR™ Model,
2400°F for High Speed Steel; °
Featuring new "Hillfire™ long-life
Moly wire heating elements; «
Low cost manual operation for
processing small lots to
specifications; ¢ Provides
immecdiate cuslom service for
commercial heat treaters; * Does
small jobs of High Speed Steel
profitably: » Photographs and
literature of full line of vacuum
fumaces;  Standard sizes from 6"
x 127 10 24" x 48", all rapid
quenching.

ALNOR INSTRUMENT CO.
(Skokie, Illinois)

Booth #812 - features their
Dewpointer and rugged Line of
portable Pyrometers. In addition,
Alnor is offering a 10% discount
coupon on calibration or repair of
any Alnor instrument 10 anyone
stopping and completing an
industrial instrument survey.

ALPHA 1 INDUCTION
SERVICE CENTER (Columbus,
Ohio)

Booth #743 — features a complese
Inducuon Service Center
specializing in the repair,
reconditioning and design of
Induction Coils, Transformers,
Special Tooling, Quick Change
buss, Flux Concentrators, Field
Service Technicians, Control
Systems, Power Supplies, and
Tum Key Induction Systems.
Sales engineers will be available
1o 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
photographs of equipment will be
on display.

AMOX GAS GENERATORS
{Louisville, Kentucky)

Booth #123 -- features a complete
line of nitrogen generators that
will produce ncarly any flow,
purity and pressure required for
heat treating needs. The Amox
process simply filiers compressed
air through a molecular sieve to
provide up to 99.9% pure nitrogen
with a dew point below -100
degrees F. Nitrogea cylinder
filling stations arc available, t00.
You can make your own nitrogen
at a fraction of the cost of buying
cxpensive high pressure cylinders
or bulk liquid. Sce Amox at
boot1 #123 for more information
about making your own nitrogen
from compressed air!




ANAFAZE MEASUREMENT &
CONTROL (Sania Cruz,
California)

Booth #801 -- features controls
and SPC software for
Temperature, Carbon Potential,
Dew Point, Gas Flows, Belt
Speeds and other heat treaung
processes.

The 1/4 DIN ANAFAZE 8LS-CP
provides 8 fully independent dual-
output PID loops with control and
direct readout of % carbon
potential, Dew Point, probe
Millivolts, as well as process
temperatures in degrees F or C.
The ramp and soak feature allows
fully automatic boost-diffuse
carbonizing. To save lime, you
can setup the sysiem parameters
from 8 jobs stosed in the contol’s
protected memory.

Built in serial interface allows

- antrollers to be the key ciement
for computer supervised data
acquisition and control system.
ANAFAZE offers
CARBONSOFT, an easy to use
menu driven software package,
that allows process setup, process
overviews, batch plot tending
with print outs, and dala storage in
Lotus compatible files for SPC
functions.

ATMOSPHERE FURNACE
COMPANY  (Wizom, Michigan)
Booth #529 -- fcatures a family of
universal integral quench batch
systems; mesh belt systems,
pusher carburizers, roller hearth
systems, cast belt conveyor
systcms, micro processor based
control systcms, all types of
ausicmpenng sysiems.

BARRER-COLMAN (Loves
Park, llinois)

Booth #418 -- fcatures
process/iemperature contsollers
offcring options such as digital

communications, auto-tming and
Insta-Set® recipe storage. New
products include the MSQ 1/4
DIN single zone process/
temperature controller with front
panel access for up to 16 process
recipes and upload/download
capability with Insta-Set 16K
memory card. Also new is a
CIMAC™ Series multi-zone
controller/programmer with the
capability for control of up 0
eight processAemperature control
zones. Included are sensors,
products and information on
power controllers, actuators and
valves. Controls will be
networked featuring the Barber-
Colman CIMAC Supervisory
system.

B & B INDUCTOR &
TRANSFORMER (Cleveland,
Ohio)

Booth #213 -- description not

available at time of printirg.

BEAVERMATIC, INC.
{Rockford, Illinois)

Booth #704 -- features internal
quench, temper, vacuum, car
bottom, box, belt, and roller hearth
furnaces. As well as washers,
generators, freezer/chillers, and
other specialized units. We also
offer services such as fumnace
rewo-fitung, conversions, and
complete tumkey installations.

BONE FRONTIER COMPANY
(Brighton, Colorado)

Booth #802 -- fcatures induction
heating systems - from very small
size 2.5 Kw, 10 1000 Kw.
Frequencies 10 25 KhZ. Cz.aplete
turn key sysiems for HEAT
TREAT. BRAZOS Power units
for low power. A 10Kw unit is
only 24" x 24" x 4",
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BUEHLER LTD. (Lake Biuf,
Hiirois)

Booth #103 - features a complete
line of sample preparation
equipment, microscopes, hardness
testers, image analysis systems
and relaied consumable supplies
fur the microstructural analyst

Highlighting the exhibit will be
the ECOMET® 3 Variable Speed
Grinder/Polisher interfaced with
the AUTOMET® 3
Microprocessor Controlied Power
Hcad and METLAP™ 1
Programmable Fluid Dispensing
System for automatic high volume
sample preparation applications.
This system, when combined with
the BUEHLER DIALOG®
methods of sample preparation,
will provide superior preparation
results, a dramatic reduction in
preparadon time, and a drastic
savings in consumables when
compared to conventional
preparation methods.

CALCARB, INC. (Rancocas,
New Jersey)

Booth #715 -- features quality
assurance certificatc B & 5750
PT2, ISO9002, manufactured in
Scotand. Carbon bonded carbon
fiber, for use in high temp vacuum
sinlering, acrospace, crystal
growing, advanced composite,
high (cmpcerature graphatizing, and
heat treating applications. We will
show a cylinder as well as
samples of our matcnial. Stop by
and discuss your application.

CAN-ENG SALES (1985) LTD.
(Niagara Falls, Oniario,
CANADA)

Booth #638 -- fcatures a complete
range of heat processing
cquipment for the treaiment of
ferrous and non-ferrous metals.
Whether you need a basic box
furnace, and clecuically-heated or
gas-fired fluidizcd bed sysiem, a
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high efficiency walking beam, a
high volume cast belt line or a
tum key continucus mesh belt
carburizing line complete with
loader, quench, wash and draw
fumace, we would like to talk
with you.

CAPINTEC INSTRUMENTS,
INC. (Ramsey, New Jersey)
Booth #19 — features portable and
on-line non-conlact pyrometers to
cover applications up to 4500°F.

Portables feature the HOTSHOT
two-color ratio pyrometer which
makes emissivity-independent
measurements from 1100° to
4500°F and is immune from the
effects of smcke and dirty sight
glass windows.

Fixed units include ruggedized
sensors and transmitters for OEM
use as well as complete instrument
systems for fumace applications.
The RATIOSCOPE models offers
two-color performance from 400*
to 4500°F in 2 varicty of
coufigurations. Other models
have extremely compact size with
fiber optics for installation in tight
locauons.

CAPITAL INDUCTION, INC.
(Sierling Heights, Michigan)
Bootn #40S -- description not
avaiiable a1 ume of printing.

CASTALLOY CORPORATION
(Waukesha, Wisconsin)

Booth #633 -- fcawres Castalloy’s
quality line of cast belts, trays,
fixtures and other high alloy heat
resistant castings, specifically
designed for optimum performance
in your hcat-treating furnaces.
This booth will also feature a
compleic pictorial display of
Caswlloy Corporation’s modem
facility, quality control proccdures
and various representative
castings.
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Sales personnel from all states, as
well as our technical staff, will be
available 0 answer your questions.

CENTORR AND YACUUM
INDUSTRIES (Feasterville,
Pennsylvania)

Bouth #429 -- feares a pan of
the $1.6 billion TI group. They
offer you the opportunity to
benefit from the world’s most
dynamic thermal processing
research and engineering talent in
the industry. New product
introductions include: The M61
Fumace, a high temperature
vacuuin or controlled atmosphere
research fumace. Additional
featured products include: The
System VII/Super VII, a
multipurpose vacuum metallurgical
fumace and our 2A Gettering
Fumace, a high temperature gas
purifier furnace system.

CFI INDUSTRIAL FURNACE
(Wilmington, North Carolina)
Booth #835 -- description not
available at ime of printing.

CHAMELEON APPLICATION
SOFTWARE (E! Toro,
California)

Booth #544 -- description not
available at ume of printing.

C. 1. HAYES INC. (Cranston,
Rhode Island)

Booth #701 -- features vacuum
and aumosphere fumnaces for heat
treating, brazing, sintering,
anncaling, tempering and glass-to-
metal scaling.

CINCINNATI SUB-ZERO
(Cincinnati, Ohio)

Booth #S -- features a display of
statc-of-the-art low temperature
stcel ueating equipment. The
booth will be manned by factory
sales engincers who will provide
technical information for other low
ternperature applications.

CLEVELAND ELECTRIC
LAB. ({Twinsburg, Ohio)
Boo*h #710 -- description not
available at time of printing.

CLIMAX SPECIALTY
METALS (Cleveland, Ohio)
Booth #428 -- features samples of
molybdenum bar, rod, sheet and
plate as well as tungsten sheet,
plate and foil. A representative
profile of extrusion samples to
reflect large diameter tubes, solia
shapes and coils from large
difficult-to-extrude matenals.

COMO INDUSTRIAL
EQUIPMENT, INC. (Kalida,
Ohio)

Booth #537 -- features Filters &
Filration Equipment For Quench
Oil.

Now you can have clean oil a!l
the time. Temperatures up to 425
deg. F. Como Patented Filter
design produces maximum dirnt
holding capacity & efficient
carbon removal. Filters &
Filtration Equipment for all
quench fluids. Recycling
Equipment also available.

Disuibutor: Contamination
Control Specialists, Inc., Kalida,
Ohio.

CONSOLIDATED
ENGINEERING COMPANY
(Kennesaw [Atlanta], Georgia)
Booth #728 -- features a pictorial
display with accompanying
I'terature, which will provide an
overview of CEC’s complete line
of both standard and custom
engincered fumaces, systems and
ovens. Featured equipment will
be carbottom, roller hearth, drop
bottom, box, pit and continuous
belt furnaces, as well as a wide
range of custom fumaces and
ovens for the heat treating,
aluminum, stccl, ccramics and
composites industrics. Sce ad on
inside front cover of Heat Treat
scction.




CONTOUR HARDENING
(Indianapolis, Indiana)
Booth #604 -- description not
available at time of printing.

CONTROL CONCEPTS, INC.
(Minneapolis. Minnesota)

Booth #630 -- features a
manufacaturer of SCR power
controllers intended for industrial
process heating applications.
Zero-cross and phase-angle
controllers with current ratings
from 10 to 1000 amps for either
single or three-phase applications
are in stock for immediate
shipment. Conwollers are
available for demanind
applications; variable resistance
loads like silicon carbide, graphite,
molkybdcnum disilicide loads,
transformer coupled loads using
Scou-T transformers, and
induction heating applications.

Theory of opcration and
applicaton of zero-cross and
phase angle controllers will be
discussed and demonstrated. A
unique feature called "Sync-
Guard™ which reduces
synchronous operation of zcro-
cross controllers will also be
shown.

COOLEY WIRE PRODUCTS
MFG. CO. (Schiller Park,
Hlinois)

Booth #900 -- fcatures heat &
corrosion resistant fabrications and
wire cloth. Fearurcd will be a
pressure welded basket and liner,
round baskets and their lifting
posts for fluidized beds and an
assortment of woven wire cloth.

COORS CERAMICS
COMPANY (Golden, Colorado)
Booth #233 -- fcatures Coors
Ceramics Company, who offers
Thermal Process Componcents or
Meltzn Metals for applications
such as casting tips, chcke valves,

launderx, submersible pumps,
mixing blades, emersion tubes and
pump linings. Matenials available
include silicon carbide, aluminum
titanate and silicon nitride.

CUSTOM ELECTRIC MFG.
CO. (Livonia, Michigan)
Booth #225 - description not
available at time of printing.

DATAPAQ (Wilmington,
Massachuseus)

Booth #818 -- features leaders in
the ficld of temperature
measurement and analysis. They
will introduce the only
tempcerature monitoring and
analysis system available for long
duration, high temperature,
conveyorized fumaces and Ichrs.
Fumace Tracker p— =~

complete tempe: _..ac profiles of a
variety of processes including heat
treating, aluminium and vacuum
brazing, use of quench, tempcering
Ichrs, and many other unique, long
duration, high tempcrature
procedures.

DAYTON ROGERS
MANUFACTURING CO.
(Minneapolis, Minnesota)
Booth #834 -- features Dayton
Rogers. Now you can
automatically bend sheet meial
parts, bars and rounds up 10 24"
long to within £.002". Dayton
Roger's new computer-driven
"Smart Press” climinates the
gucsswork of traditional
straightening with jigs and
fixtures.

By bending with a brain instcad of
brawn, overbending and breakage
arc vinually climinated. Cycle
time takes just scconds, after st
up. Best of all, a "Smart Press”
operales casily by an unskilled
worker after minimal training.
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DEPENDABLE FOUNDRY
EQUIPMENT CO. (Tvalasin,

Oregon)
Booth #338 -- features
photographs of heat processing

equipment manufactured at t+:r
Tualatin, Oregon facility.
Highlighted will be Fluid
fumaces Carbotiom fum.
Roller Hearth fumaces, Drop
Botiom fumaces and Con-
veyorized furnaces. Literature and
information will be available dis-
cussing and describing the custom
built equipment manufactured by
Therma: Products Division. The
booth will be manned by
personnel expenenced in cus-
tomizing equipment 10 individual
needs. Cost comparisons are
available depicting the efficiencies
of custom fitted equipment.

DESPATCH INDUSTRIFS
(Minneapolis, Minnesota)

Booth #910 -- features various
ovens and furmaces ranging from
small standard units 1o large
custom installations. Particular
focus is given 10 Aluminum
Soluuon Heat Treat Systems
including polymer quench systems.

DNF VACUUM EQUIPMENT
SERVICE CO. (Bohemia, New
York)

Booth #829 -- fcawres field leak
testing of all vacuum processing
cquipment and furmaces.  Pius,
repair and rebuilding of leak
detectors and vacuum pumps.

On display will be a heavy duty
Icak test - vacuum pur p cart, for
usc in heat treating environments.

DRAYTON PROBE SYSTEMS,
LTD. (INSTRUMENTS &
TECHNOLOGY, INC.)
(Naperville, Hlinois)

Booth #136 -- fcatures
demonstrations of laboratory and
portable QUENCHALYZERs.
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These systems characterize
quenchants via cooling curve
analysis. The laboratory systcm is
in use world wide by quenchant
suppliers and users of oil and
aqueous polymer quenchants. The
portable model extends the
capability to the shop floor and in-
tank testing. Comprehensive
software is available for displaying
cooling curves/cooling rate curves
on the CRT. Key numeric values
are generated for process control
and limits can be set for ar:tomatic
alarm when exceeded. Extensive
data storage permits easy
comparison of previous cooling
curves.

ECLIPSE INC. (Rockford,
Hiinois)

Booth #424 -- features process
heating equipment and systems.

ECONCO (Woodland,
California)

Booth #211 -- description not
available at ume of printing.

E. F. HOUGHTON & CO.
(Valley Forge, Pennsylvania)
Booth #200 -- features Aqua-
Quench aqueous polymer, which
cools like oil and leaves dry easily
clcanable film. Aqua-Quench
3600 aqueous polymer is based on
polycihyloxazoline. This series of
products has cooling rates similar
to those of quenching oils, but has
lower drag out than conventional
glycol quenchants and a residual
film after processing that is
completely dry. There's no
stickiness on workpieces,
machines, fumaces or shop floors.

Advantagcs arc: * no pctroleum
oil smoke or fire hazard « pans
clcan easily « non-polluting to
aunospherc or plant environment »
cost is lower (Aqua-Quench 3600
scrics arc concentrales) « less
distortion than with other polymer
quenches ¢ can be used to quench
high hardcnability alloy steels ¢

reduced insurance premiums, less
fire protection equipment, and no
quench oil fire downtime.

ELECTRIC FURNACE CO.
(Salem, Ohio)

Booth #309 -- features
information on the facilities,
personnel, and products of Electric
Furnace Co. We custom design,
manufacture, and install batch and
continuous fuel fired and electric
fumaces and auxiliaries for
annealing, brazing, carburizing,
hardening, sintering and tempering
of ferrous and non-ferrous
castings, fasteners, forgings,
stampings, strip and tubing in air
or special

ELNIK SYSTEMS, DIV. OF
IPM, INC. (Fairfield, New
Jersey)

Booth #916 -- features:

* high temperature vacuum or
controlled atmosphere fumaces
with tcmperatures to 3000 degrees
C angd vacuum levels 1o 10 -8
Torr, for heat treating, sintering,
brazing, ceramic to metal joining,
annealing, degassing, stress
relieving, aging, lempering,
carbunizing, hardening, ceramic
metalizing, glass processing, etc.

« Oil free, ultra clean infrared
heaied vacuum ovens to 750
degrees C and 10 -8 Torr for
delicate and superclean processing.

* Oil free vacuum pumps and
pump systems.

« Tempcrature recorders for heat
trcating applications.

ELTECH THERMAL
SYSTEMS CORP. (Streetsboro,
Ohio)

Booth #113 -- features the
completw lire of industnial burmers,
flame monitoring dcvices, gas
control valves and pressure
regulators manufactured by
Kromschrmeder, AG of

Osnabrueck, Germany. Eliech has
a license to rmanufacture and sell
all Kromschroeder burners and
another license to sell only all
other Kromschroeder combustion
components and provide service in
the U.S., Canada and Mexico.

ENTHONE-OMI, INC.
(UDYLITE) (New Haven,
Conneciicut)

Booth #1 -- features a major
supplier of specialty chemicals to
the metal finishing industry. They
will feature CUPRAL™, a non-
cyanide copper plating process for
heat treat siop-off. CUPRAL
plates a pure copper deposit. Its
dense, non-porous grain structure
means thincer deposits can be
used. Distribution and adhesion
exceed cyanide systems. Process
control is simple. There is no
carbonate build-up, no carbonate
treatment.

EQUOTIP ASSOCIATES
(Denver, Colorado}

Booth #221 -- features the NEW-
EQUOTTP portable hardness
testers with a large LCD display
on which all information is visible
at a glance. The hardness value
"L" is automatically converted and
displayed to other hardness scale
values such as HRC/HB/HS/HV.
The conversion tables for
commonly used materials
previously supplied in tabular
form arc now integrated in the
measunng device. As the
clectronics sense which type of
impact device is connected,
conversion always takes place
according to the correct tables.

FUROTHERM
CORPORATION (Reston,
Virginia)

Booth #109 -- fcatures a
manufacturer of controls and
control solutions for the heat
treating industry. On display will
be the 90 scrics of low cost
instruments including the FM




approved 93 alarm unit. The 900
series features Eurotherm’s new
carbon potential controller and
valve positioners. Also
demonstrated will be Eurotherm’s
line of quality SCR products.
New products displayed will
include Eurotherm's PC3000-A
complete control solution for the
heat treating industry.

EVEY ENGINEERING
COMPANY, INC. (Vineland,
New Jersey)

Booth #921 -- features Evey
Engincenng Company, the cne
source for all of your vacuum
needs. Our factory trained service
personnel can rebuild your present
vacuum system (0 meet original
equipment specifications. We
warchouse a large inventory of
new and rebuilt vacuum
eguipment for direct replacement,
system upgrade or new
installauons. Our complete stock
of maintenance items, fluids, parts
and accessorics will help you to
insure the optimum uptme on
your vacuum equipment. Call
Evey for all your vacuum needs.

FIBER MATERIALS INC.
(Biddeford, Maine)

Booth #528 -- features a lcading
manufacturer of high temperature
carbon and graphite insulation and
structural matenials for heat
treating furnaces.

FMI produces carbon and graphite
felts as well as lightweight and
durable rigid carbon insulation
boards and cylinders. Accessorics
include graphite coatings,
adhesives and foils as well as
cordage and woven fabrics. For
fummace fixutring, fastener,
structural and hcating clement
applications, FMI manufactures
advanced carhon composites that
ar2 up to 10 umes stronger than
monolithic graphite.

We also fabricate ceramic
insulation boards as well as woven
blankets, tapes and gaskets.

In addition to developing a
reputation for matenals ingeuity
and fine craftsmanship, FMI offers
compelitive pricing, off-the-shelf
deliveries and extensive technical
and engineering support services.

FLINN & DREFFEIN ENG.
CO. (Northbrook, Illinois)

Booth #506 -- features
photographs and brochures which
illustrate customed engineered heat
processing sysiems, automatic
handling equipment and integrated
process controls. Booth attendants
will discuss and help solve hea:
processing applications or
conversions of equipment from
clectrically heated to gas fired-
radiant tube heated systems.

FLUXTROL
MANUFACTURING, INC.
(Troy, Michigan)

Booth #100 -- features
demonstrations of how flux field
concentrators improve induction
hecating processes. Booth
attendants will be available to
discuss your particular induction
problem and offer guidance on
how to properly utilize the
Fluxtrol products. The induction
heating industry is turmning 1o
Fluxtrol to increase production
rates, reduce energy consumption
and improve heat patterns.

Fluxtrol Manufacturing, Inc. has
products designed for all popular
induction frequencics on display at
this booth along with inductors
showing typical applications. An
additional display will be devoted
to various inductors with
metallurgical samples of heat
paticms produced by them.
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FMJ (Surrey, United Kingdom)
Booth #923 -- description not
available at time of printing.

FOERSTER INSTRUMENTS,
INC. (Piusburgh, Pennsylvania)
Booth #717 -- features Magnatest
S, an instrument employing
magnetic induction to measure
materials properties of metals such
as hardness, case depth, alloy and
tensile strength. Multiple
frequency operation with
regression analysis provides
unprecedented test accuracy and
repeatability. Extremely easy
recalibration and set up changes
are features of the instrument.
Test reports, memory storage,
compulter interface are integral
parts of the instrument.

FUEL CONSERVATION
SERVICES INC. (Newnan,
Georgia)

Booth #833 -- features low
thermal mass kiln linings
materials.

FURNACE CONTROL CORP.
(Brookfield, Wisconsin)

Booth #505 -- features the
Accucarb probe series. These
probes are a new gencration of
carbon/oxygen sensors developed
specifically for the heat treating
industry. Applications include:
normal carburizing, High
temperature carburizing, rotary
fumaces, sintering of powder
mctals and endothermic
gencrators. Microprocessor-based
carbon control systems and a
uniquely designed Atmosphere
Control system for an
i-ndothermic Gas Generator
System w.ll also be exhibited.

GAY RESEARCH INSTITUTE
(Chicago, Hlinois)

Booth #333 -- fcatures a private,
not-for-profit membership
organization representing all
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segments of the natural gas
industry. Its purpose is to plan,
manage and develop financing for
a gas-related rescarch and
development (R&D) program on
behalf of its members and their
customers.

GRI will be featuring models
photngraphy, and technical papers
from its industrial utilization R&D
area - projects such as an Ion-
Nimding Vacuum Fumnace.

GAUTSCHI NORTH
AMERICA, INC. (Charlotie,
North Carolina)

Booth #736 -- features heat
treating furnaces for the aluminum
industry.

G-M ENTERPRISES (City of
Industry, California)

Booth #232 -- feawres their "state
of the art” vacuum hot zone
design including their patented
heating element support and
locking nozzle.

Information on the new G-M
convective heated pressure quench
vacuum fomace will be available.
In addition, G-M will display
siandard product lines for
aluminum solution treat, hydrogen
retort, controlled aimosphere with
integral quench, conveyors, and
corc bumout for the investment
casting industry. G-M Enlerprises
will demonstrate its national
service availability in combustion
analysis, hehium leak dcetection,
instrumentation scrvice and
calibration, fumace certification in
compliance with all military,
acrospace and airframe
requircments,

GRANVILLE-PHILLIPS
COMPANY (Boulder, Colorado)
Booth #740 -- fcaturcs an
improved vacuum gauge.
Convectron gauges from
Granville-Philiips provde high
resolution pressurc mcasurcment
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from atmosphere to 1 millitorr
with a siagle gauge tube and
controller. Their wide useful
range and highly predictable
pcrformance 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 causcd
by gauges prone to calibration
drift. These are: (1) 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-repcatable 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, adjustable pressure
set points, extended range o 10*
Torr, and no-display versions for
extcrnal interfacing and computer
control.

GRAPHITE DIE MOLD INC.
(Durham, Connecticut)

Booth #915 -- description not
available at time of printing.

GREAT LAKES CARBON -
SPECIALTY GRAPHITE
(Briarcliff Manor, New York)
Booth #439 -- fcatures machincd
items of various Specialty
Graphite medium and finegrain
grades serving the heat treating
and matcrials markets, including
heating clements and rods,
sintering boats and trays, vacuum
fumacc guides, and fumace
insulation and furniturc. Salcs and
Technical representatives will be
available to assist in the sclection
of proper graphite grades and o
discuss specific customer
requisements.  Specialty Graphite
products have been developed that
mecet challenging requ.-cments

associated with new technologies
related to heat treating in the
acrospace, advanced ceramic, and
nuclear industries among others.

GRUENBERG OVEN
COMPANY (Williamsport,
Pennsylvania)

Booth #223 -- description not
available at time of printing.

HALMAR/ROBICON
(Columbus, Okhio)

Booth #409 -- features
Halmar/Robicon, who will
introduce two demonstration
models of their new
microprocessor-based SCR Power
Control and new 1000Hz Power
Supply. The new pP Control
provides the benefits of two-way
digita. communication for
centralized process control. The
1000Hz Power Suppty eliminates
problems associated with
harmonics and power factor.

Halmar/Robicon wili also display
modcls from the largest sclection
of standard SCR Power Controls
with UL listings and CSA
certifications, small 100 and 200
SSR-type Controls and examples
of custom-designed controls for
special applications.

HAUCK MANUFACTURING
COMPANY (Lebanon,
Pennsylvania)

Booth #601 -- fcatures the SVG
Super Velocity Gas Burner, which
is designed for a wide variety of
applications that benefit from
combustion gases recirculation,
sncreased cfficiency and improved
temperature uniformity resulting
from the flame’s high exit
velocity. The SVG fircs any clean
industrial fucl gas. The air
staging design produces low NOx.
The air staging also climinates
thermal shock, allowing the bumer
iile to remain cool. The SVG
operates over a wide range of
ratios and pressures, from 30%




excess fuel 10 cover 3000% excess
air. The SVG can operate with
preheated combustion air
temperatures up to 800F. Bumer
control may be achieved by pulse
firing, cross-connected ratio
control or fuel-only control.

HEATBATH CORP.
(Springfield, Massachuset:s)
Bocth #207 -- features a complete
line of metal treating products as
well as a patented nen-cyanide
carburizing salt, a bariun-free
pack carburizing compound and a
non-toxic, water soluble
carburizing stop-off compound.

HEAT TREATING
MAGAZINE (Carol Stream,
Ninois)

Booth #741 -- features current
issues of HEAT TREATING, the
magazine of the thermal
processing industry, which will be
distnbuted FREE to attendees.
Subscription qualification cards
will be available. Business and
editorial staff members will be
present.

HEAT TREATING NETWORK
(Cleveland, Ohio)

Booth #17 -- features a not-for-
profit network of industry,
government and academia that
identifics, develops and transfers
heat treating technology to its
industry members and broadly
markets the resulting new
capabilitics.

Visit the HTN booth to lcam how
you could benefit from the
leverage of HTN resources
(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 other will be a 16-
Ton Electronic Stroke-Controlled
machine. The rew Electronic
Stroke-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 automatic straightening
system with continuous cycle tme
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 operaticn improves
operator safety.

HOLCROFT (Livonia,
Michigan)

Booth #600 -- features a
recognized leader in the
manufacturing, selling, and
servicing of high-quality fumace
equipment Innovative product
designs, with cost-efficiency and
customer satisfaction in mind,
have propelled Holcroft to the top
of the heat treating industry.  This
pioncering spirit is evident in the
equipment we have developed for
carburizing, carbon restoratior.,
ncutral hardening, tempering,
anncaling, spheroidizing, sintering,
ang various other heat treat
operatons.

Established in 1916, Holcroft
specializes in custom and standard
furnace designs and offers a
commitment 1o high product
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standards. Numerous international
patents attest to our ability 10 meet
any challenge presented by
controled atmosphere heat
treatment.

HONEYWELL (Fort
Washington, Pennsylvania)
Booth #214 -- features control
products and systems designed to
meet the control and information
manas>ment requirements for
today’s thermal processing
applications.

Products which are modular and
cost effective fcr both unit process
application and optionally as the
foundation for integrating thermal
process equipment with plant
management systems. These
include Leaderline Controllers and
Recorders, the Series 9000, Loop
and Logic Control Sysiems and
Honeywell's new Series 7800
Bumer Control System.

HUNTERDON
TRANSFORMER COMPANY
(Flemington, New Jersey)

Booth #518 -- fcawres Hunterdon
Transformer Company's full range
of water cooled transformers,
chokes and coils for linc and
medium frequency induction
hcating and meltng applications at
the 1991 Hceat Treating Exposition.

The Hunterdon Variable Reactance
Transformer (VRT) will be
demonstated.  All Hunterdon
VRT’s arc warranted for five
years against defects in
workmanship and maicrials, and
of or many unique advantages for
supplving conuolled low voltage
and high current power.

HWG INDUCTOHEAT
(Germany)

Booth #408 -- fcatures a
demonstration of their their
Horizontal Scanner, a compact,
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self-contained continuous feed
heat treating system for general
purpose applications. Exhibit also
includes STATIPOWER power
supplies for induction heating
applications. A STATITRON
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
STATIPOWER 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.

INDUCTION TOOLING, INC.
(North Royalion, Ohio)

Booth #725 -- features design and
manufacture of specialized case
hardening inductor toling for the
Automotive, Heavy Equipment,
Bearing and Aerospace industry,

A sister company, Induction
Tooling Sales, Inc., is a stocking
distributor of FERROTRON?®, an
induction flux ficld concentrator
made by The Polymer
Corporation. Additional
affiliauons: MSI Automation -
Induction robotics, L.C. Miller -
RECOIL?; and flexible induction
power cables, Zion Industrics - Z
SCAN?®, nydraulic parts handler
for induction, and Inductoheat -
UNIPOWER? 30 kHz 5-20 kw
power supplies.

INDUCTOHEAT, INC,
(Madison Heights, Michigan)
Booth #400 -- fcatures a broad
range of induction heating
cquipment.

Inductohcat’s exhibit will
demonstrate their Horizontal
Scanner, a compict, sclf-contained
continuous feed heat treating
sysiem for gencral purpese
applications. Exhibit also includes
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STATIPOWER power supplies for
induction heating application. A
STATITRON 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 STATIPOWER
25kHz solid-state invener, 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.

INDUCTOHEAT PTY. LTD.
(Australia)

Booth #404 -- features a broad
range of induction heating
equipment.

Inductoheat’s exhibit will
demonstrate their Horizontal
Scanner, a compact, self-contained
continuous feed heat treating
system for general purpose

app: cations. Exhibit also includes
STATIPOWER power supplies for
induction heating applications. A
STATITRON Transistorized R.F.
Induction Power Supply
(eliminates oscillator tube) with
integral heat station and a
UNISCAN 11 single spindle
scanning machine which combines
the sudb-systems of STATIPOWER
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,

INDUSTRIAL HEATING
MAGAZINE (Troy, Michigan)
Booth #533 -- features Industrial
Heating Magazine, which is
recognized worldwide as the
lcading source of authoritative
information on thermal technology
as it relates to practical
applications. Indusirial Heating is

read and referenced by top
corporate-level technical directors
and management-level engineers
who are responsible for the
application and control 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
unit is a compound cooling system
to produce cool water for furnace
sheils, doors and gas coolers while
also providing a chilled water
source for the difZusuon pump and
electrical components. This
compound system allows an Air-
Cooled Heat Exchanger system to
be used in all areas of the country
to totally eliminate water
consumption.

INDUSTRIAL TESTING LABS,
INC. (St. Louis, Missouri)

Booth #318 -- description not
available at time of printing.

INEX INCORPORATED
(Ransomville, New York)

Booth #436 -- features radiant
tubes made of a special composite
material {(silicon-silicon carbide).
These composite tubes offer high
temperature capability (up to
2450°F) and exccptionally long
life. This new material eliminates
the creep (sagging) commonly
expericnced with nickel/chrome
alloys and the thermal shock
failures commion with mullite
radiant tubes. These tubes have
been provea to offer superior
performance and durability in a
wide varicty of heat treat
processes and atmospheres. A
unigue, all now patented
manufacturing process allows
these high performance tubes to be
competitive in price with ordinary
metal tubes.




INLAND VACUUM
INDUSTRIES INC.

(Churchville, New York)

Booth #317 -- features the
industry leader in the manufacture
and distribution of high vacvum
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 to
remove any trace impurities and
volatile components that affect
ultimate pressure. Our most
recent new product, the Inland
Excellin high vacuum grease, is an
excellent lubricant yet provides
lead tight sealing in many vacuum
apphications. Inland Vacuum aims
to deliver not just a product but to
deliver the personal attention you
deserve. Inland’s commitment to
customer satisfaction is
guaranteed.

INSIGHT SCIENTIFIC INC.
(Simi Valley, California)

Booth #1T9 (Materials Expo
Side) -- features transparent
brazing furnaces with advantages
in process development and small
parts production. Outer tube of
furnace is transparent fuscd quartz
with an advanced thin film coating
that reflects heat back into the
furnace cor¢ while simuliancously
allowing an unsurpassc. view of
processes occuring within. The
operalor 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 fumace OEM and the
furnace user. They reflect heat
while transmilting visible light,
allowing a clear view of the
furnace core. This climinates hot
window hazards, decreases 0-ring

temperatures, reduces cooling
requirements, and allows larger
windows 0 be designed into the
fumace without creating coldspots
in the hot zone.

Isight Scientific also
manufactures furnaces for crystal
growth, optical fiber drawing, and
thermophysical property
measurement.

INSPEC (Carrollton, Texas)
Booth #217 -- features
information on Inspec’s newest
products, a vacuum carbide
sintering fumace and the first in a
line of box fumaces. Also
featured is a live display of
Inspec’s Fumace 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
ccramic coatings and furnace
repair materials which reduce fuel
costs, increase productivity, and
protect equipment. These
products are quickly and casily
applicd by your in-house labor 1o
brick, fiber, refractory, or metal
surfaces. Also manufacture
unique fiber modules for
replacement doors, walls, ceilings,
which have outside surfaces that
are comfortable to touch. Burner
blocks and other custom ccramic
products available. Personalized
attention given 1o customer
requircments.

IRCON DIV/SQUARE D CO.
(Niles, lllinois)

Booth #719 -- featurcs Maxline
Tempcrature Monitoring and
Control System, which can
monitur and control temperalurcs
of onc or two scparalc processcs.
Allows operation within ranges
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from 0 10 6500°F, 0.5% accuracy
and adjustable response times
from 0.025 to 60 scconds.
Modline Plus Fiber Optic Infrared
Thermometer to measure
tempceratures from 350°F to
6500°F within 0.75% accuracy.
Focusable reimaging lens
withstand temperatures of 400°F
without cooling. Ideal for
difficult-to-reach or obstructed
targets.

Also featuring Ultimax Portable
Infrared Thermometer for
temperature ranges from -50 to
5400°F. Accuracy of 0.5% of
indicated value.

JACKSON TRANSFORMER
COMPANY (Tampa, Florida)
Booth #135 -- features a cross
scction of "JACKSON QUALITY
MAGNETIC DEVICES". Open
and cncapsulated - water cooled
and air cooled - rectangular and
toroidal designs, isolation, auto,
potential and current Transformers
- Reactors - Transinductors -
V.LT. - Integrated Magnctics will
be on display.

Design ratings from 5 Va to
15,000 kva - singlc and three
phase - d.c. 10 450 khz. The main
feature will be a working model of
the new (patent pending)
JACKSON VARIABLE
IMPEDANCE TRANSFORMER
"V.ILT." The V.LT.is an
integrated magnetic device which
provides reliable and efficient
stepless power to such ilems as
cleciric fumaces, load banks,
plating power supplics, etc.
Kilowatts of power can be
controlled from minute signals of
4-20 milliamps or from 0-10 volts
d.c. Scc ad on page HG2.
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J. L. BECKER COMPANY
(Livonia, Michigan)

Booth #328 -- features heat treat
equipment and component parts.

JMS SOUTHEAST (Statesville,
North Carolina)

Booth #632 -- features custom
manufacturers of thermocouples
and RTD’s for heat treating
applications. QOur thermocouple
calibrations include the following
types: K,R,S,B, W5, W,J, T,
E,and N We offer all types of
sheath material from 316 stainless
steel 10 Inconnel to tantalum.

JMS also manufactures high
ternperature 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, transmitters,
thermowells, wire, and a wide
amay of industrial temperature
measurement instrumentation.

We welcome the opportunity to
help you with any applications
from standard to unique. Our
qualificd enginecering staff will
help you solve any temperature
measurement problems.

KINNEY VACUUM (Canion,
Massachusetts)

Booth #133 -- features the Series
2000 range of mechanical vacuum
pumps and systems, which are
suitable for use on Hcat Treating,
Hardcning, Melting, Coating, and
Mectallizing Fumnaces.

The new Scries 2000 KT-840 will
be introduced. This pump of 840
m’/ir (300cfm), joins the Serics
2000 line which also includes 275
m’fhr (160 cfm) and 505 m’*thr
(300 cfm) pumps. This latest
gencration of rolary piston pumps
have quiet, vibration free
operation, force feed lubrication
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and integral oil mist eliminator, in
an attractive, contemporary
package. Kinncy Vacuum
boosters extend capacities up to
22,000 m*hr, and with unique
Vapor Handling Systems make the
most advanced and complete line
of mechanical pumps for vacuum
furmace applications.

K. J. LAW ENGINEERS, INC.
{Novi, Michigan)

Booth #618 -- features our
complete line of Eddy Current
Nondestructive Testing
Instruments 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.
Introducing the new Verimet®
7000 Compuierized Hardness and
Alloy Tester. See ad on page
H45.

KLOECKNER IONON OF
AMERICA, INC. (Charlotte,
North Carolina)

Gooth #319 -- features the latest
in Ionitriding and lIoncarburizing
equipment. A demonstration unit
will show the plasma glow of an
Tonitriding System. In addition,
actual parts 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
cstimates will be provided by
these gentlemen as they relate (0
your products.

KOLENE CORPORATION
(Detroit, Michigan)

Booth #224 -- fcatures Kolene
Corporation who, for a half
century, has served the metal
producing and metalworking
industries with innovative
technologics for cleaning,
descaling and improving the
performance of metal components.

In the past, our most successful
products have emerged from the
solving of specific problems.
Today, Kolene has expanded the
philosophy even further as we
seek out new challenges 10 be met
by our more than 50 years of
experience and expertise in molien
salt bath technology.

This year Kolene is introducing a
new, cost effective, cyanids free
nitriding process called KOLENE®
NU-TRIDE™.

KRAUTKRAMER BRANSON
(Lewistown, Pennsylvania)

Booth #532 -- features the MIC 2
portable hardness tester and
Hocking Eddy Current Equipment
for metal sorting and crack
dztection. In addition, Ultrasonic
thickness gauges and flaw
detectors will be shown.

KURT J. LESKER CO.
(Clairion, Pennsylvaniaj
Bocth #206 -- fecatures vacuum
pumps, fluids, gauges and
hardware, RGA, Gas Sampling
Systems.

LECO CORPORATION (St
Joseph, Michigan)

Booth #700 -- fcatures the new
LECO AMH-100 Automatic
Microhardness Tester which
combincs automatic operation and
mcthodology in conformance to
ASTM E384-89. Additional
instruments on display include the
CM1S Cut-off Machine, FR32
Automatic Mounting Press,
VP150/AP50 Scmi-Automatic
Polisher, Olympus PME-3
Inverted Mctallograph, SZ Stereo
Microscope, M400-G
Microhardness Tester and RT240
Rockwell and Superficial Tester.




Easy, economical
eddy current testing

‘A/ith the Verimet®* 7000, you can quickly monitor the heat treat
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:
3 “Quick-read” graphics display
- Minimal operator training
J In-line, oft-line audit or lab inspection
<1 Communicates with SPC programs
3 Stores up to 25 different part set-ups
The Verimet 7000 is just cne of many K.J. Law solutions to

quality inspection challenges. Come see a demonstration
at the Heat Treat Exposition.

Booth 618

" L ”
PP PIRE D T P s

TS NDT Products Division
K-J:LAW 42300 W. Nine Mile Road
. [CECTIIETEA Novi, MI 48375-4103
‘ Phone: (800) 521-5245
Fax:(313) 347-3345
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LEEDS & NORTHRUP (North
Wales, Pennsylvania)

Booth #500 -- features new
MICROMAX 2, a small process
control system with
exceptionally large benefits for
heat weaters. For example,
MICROMAX 2 standard features
include temperature control,
ramp/soak programs, carbon
potential control, and batch
reporting. Also, cycle history
stored cn hard dish and magnetic
1ape, and current furnace

} >rformance presented on CRT
trend displays or on a
SPEEDOMAX 25000 Strip Chart
Recorder. MICROMAX 2
hardware design puts control
processing on the shop floor next
to the furnace, with local and
remote supervision. Furnace
operation can be managed with a
MICROMAX 2 Management
Station, a personal computer or 2
MICROMAX 2 Local Station.

LEPEL CORPORATION
(Edgewood, New York)

Booth #414 -- fcatures a wide
range of Induction Heating Power
Supplics and Equipment. A line
of 100% Solid State R.F. Power
Supplies. A sclf contained
induction heat treaung system for
general purposc applications. A
necw "mini-scanner” for scanning
of small parts and "closed-loop™
hcat exchangers and water
recirculators will be displayed.

LEYBOLD INFICON INC.
(East Syracuse, New York)

Booth #703 -- fcatures its full linc
of vacuum product instrumentation
and will demonsuate how it
delivers the absolute quality
required for heat-treated metals by
minimizing contamination in a
vacuum fumace. QX2000 RGAs
deicet contaminants or leaks in the
vacuum process environment
before these unwanted residual
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gases cause scvere embrittiement,
rendering entire Joads useless.
Leybold Inficon vacuum gauge
controllers combine measurement
technologies for controlling
vacuum furnace pressure from
atmosphere through the eatire
process range. The UL100 PLUS
helium leak detector finds even
the smallest leaks in vacuum
furnaces, assuring maximum up-
tme.

LEYBOLD TECHNOLOGIES
INC. (Enfield, Connecticut)
Booth #218 -- features the new
Leybold Durferrit GmbH which
was formed in April of 1991 by
Joining the Durfernit heat treat
furnace acuivity of Degussa AG
and the metallurgical systems
department of Leybold AG.

The new company supplies heat
treaters with vacuum furnaces for
the brazing, annealing, hardening
and sintering of metals and metal
powders as well as salt bath and
controlled aitmosphere heat treat
fumaces.

Leybold Durferrit also provides
vacuum induction, vacuum arc,
electroslag, electron beam, plasma,
precision casting and metal
powder atomization fumaces to
the vacuum metatlurgical industry.

LEYBOLD VACUUM
PRODUCTS INC. (Export,
Pennsylvania)

Booth #702 -- features a full
range Jf vacuum pumps and
pumping systems for the Heat
Trcating Industry.

LINDBERG HEAT TREATING
CO. (Rolling Meadows, Illinois)
Booth #419 -- description not
available at ume of printing.

LINDBERG, A UNIT OF
GENERAL SIGNAL
{Watertown, Wisconsin)

Booth #304 -- features products
designed for industrial heat
treaters and researchers that are on
the leading edge of temperature
technology. Specialized Lindberg
products like afterbumers/catalytic
converiers can help reduce heat
trealing emissions on present
systems *,r provide a cost effective
alternative to vacuum sysiems.
Also shown will be a new line of
laboratory fumaces with patented
LGO heating modules
incorporating Moldatherm®
insulaton/element composite.

LIQUID AIR CORPORATION
(Walnut Creek, California)

Booth #904 -- features industrial
gases and processes for annealing,
neutral hardening & brazing.
Processes it. ‘lude the proprietary
ALNAT FC system for automatic
prevention of decarburization.

Also displaying technology to
shorien gas quenching cycles.

Liquid Air is a total gas supplier.
Providing nitrogen, aron, hydrogen
and helium and now offering on-
sitc PSA/Membrane gas generation
systems, FLOAL.

L & L SPECIAL FURNACE
CO. INC. (Aston, Pennsylvania)
Booth #30S -- features its line of
standard and custom heat treating
furnacces, ovens, and quench tanks.
These include box carburizing and
ncutral hardening fumaces,
tempering ovens, anncaling
furmaces, batch hydrogen furnaces,
car bottom fumaccs, shuttle,
conveyor, pusher, integral quench
fumaces, bell-car furnaces, dual
chamber tool room furnaces, tube
furmaces (with uniformitics up 10 1
2°C). 10p loading fumaces, forging
furnaces, box furnaces, agitated




quench tanks, etic. Both gas and
electric.  All atmospheres are
utilized including hydrogen and
nitrogen/methanol. Temperatures
from 300°F (150°C) 10 3100°F
(1700°C).

The principles of the company
will be on hand to discuss specific
customer requircments.

LUCIFER FURNACES, INC.
(Warrington, Pennsylvania)
Booth #114 — features a
Jongitudinal half-section of a Dual
Chamber Atmosphere Muffle
Furnace. This unique dispiay
offers the viewer a detailed look at
the interior construction of a
fumace. The show model is
designed with a 107H x 10°W x
24°L muffle for use with
conuolled atmospheres in the
upper chamber. The lower
chamber is complete with a
stainless stc2] liner and fan
assembly for circulaiion and
temperature uniformity. Lucifer
Fumaces offers the widest
selection of Dual Chamber models
for use with or without protective
atmospheres, while providing the
most chamber sizes, temperature
ranges, and optional equipment (o
mect the customer’s requirements.

LUXTRON CORP,,
ACCUFIBER DIV. (Beaverion,
Oregon)

Booh #827 - description not
available at ume of prinung.

MAGER SCIENTIFIC, INC.
(Dexier, Michigan)

Booth #327 -- fcatures Mager
Scientific, who welcomes you to
the 13th Heat Treating
Conference. As a supplier to the
heat treating industry since 1961,
wc are proud 0 be a strong
supporter of ASM Intecrmational.

Mager Scicentific is a scrvice
oricnted supplicr of Meigllurgical
laboratory supplics and equipment.

In Michigan and Northem Ohio,
Mager is the representative for
Nikon Instruments. Stop by our
booth and see the optical
perfectioa of the New Nikon
SMZ-U Stereo and Microphot SA
Microscopes. Be sure t0 pick up
one of our metallurgical
consumables catalog.

ENJOY THE SHOW!

MAGNATECH, INC.
(Bettendorf, Iowa)

Booth $440 — description not
available at time of printing.

MANNING US.A. (Morristown,

New Jersey)

Booth #831 -- features a heat
treating company that provides
technical services and equipment
to the power generation, petro
chemical, and fabncation
industries throughout the world.
We offer a wide variety of
knowledge and expertise in the
field of heat treating by doing a
wide array of work at remote
locations (on site) or supplying
equipment that can be either
portable or permanent. The
methods of heating used by
Mannings U.S_A. are induction,
high or low voltage electrical
resistance, and high velocity
combustion.

MANOIR ELECTROALLOYS
CORP. (Elyria, Ohio)

Booth #518 -- features new
modem alloying techniques to
produce TMA Microalloys heat
resistant castings such as belts,
fixtures, radiant tubes, baskets,
retort, drive drums and related
fumace hardware with superior
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. 0 carbrizas
oxidation, thermal stress and
thermal fangue.

MARATHON MONITORS INC.
(Cincinnati, Ohio)

Booth #609 — features their
complete line of process control
instrumentation, oxygen sensars,
and data acquisition software
systems. Feawred items include:
O, probe, 3-gas Infrared
programmable atmosphere and
temperature control systems,
vacuum furnace control systems,
including a direct pin for pin
compatible replacement for the
Honeywell 7700. MMI will also
feature their complete line of PC
based processing modeling, and
data acquisition software.

MARYLAND WIRE BELTS
INC. (Church Creek, Maryland)
Booth #231 -- featurcs the fastest
growing metal belt manufacturer
in North America. Maryland
offers custom made metal belting
for usc in heat treating,
carburizing, sintering, quenching,
as well as other material
handling/processing applications.
Specialties include guaranteed
delivery umes, which if missed,
waive all charges to the
customer - the belt is free!
Licensed travelling enginecrs are
available to go on site to
customer’s locations and assist in
installation, tracking or belt
design. Finally, the "Flat Seat”
belt is available which has been
time proven to offer the least
suretch and truest tracking of any
metal belt,

Stop by and pick up information
on your free belt.

METAL-LAB, INC.

(Sturtevant, Wisconsin)

Booth #540 -- fcatures 12 vacuum
fumacces (2 of which are fon
Nitriders and 2 others are the most
advanced S5-Bar and 6-Bar vacuum
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furnaces produced in the world),
25 empenng fumaces, 6
atmosphere furmaces as well as
cryogenic capabilities. This state-
of-the-art equinment is housed in a
modcem 33,000 sq. fi. facility that
was specifically designed for
mold, tool & dic and specialized
vacuum heat treating. Qualified,
knowledgeable and experienced
personnel, coupled with the most
advanced equipment available,
assures that the highest quality
standards in the industry are
maintained for our customers
around the world. Tomorrow's
Vacuum Technology Today.

METALLWERK PLANSEE
GMBH (Tirol, Austria)

Booth #108 -- description not
available at ume of printing.

METAL TREATING, INC.
(Cincinnati, Ohio)

Booth #803 -- features custom
heat treating of metals - specialists
for wols, dies & high speed steel
etc. Our processes include salt
bath, vacuum, atmosphere
controlled baich & continuous
production furnaces, deep freeze
capabilities of 300°F eic.

METAL TREATING
INSTITUTE (Neptune Beach,
Florida)

Booth #543 -- fcatures the
international trade association of
commercial heat treating
companics comprised of 360
members throughout the United
States, Canada, Europe, Central
and South America, Taiwan, and
South Africa.

Its purpose is to foster a healthy
business climate for contract heat
treaters. Members benefit via
programs gearcd o the
governmental, managerial,
miketing, statistical and safety
arcas in which the companics are
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involved. Samples of Institute
publications and membership
information will be available at
the exhibit with staff and Institute
members who will answer
questions.

METRO SCALE COMPANY,
INC. (Melvirdale, Michigan)
Booth #815 — feamres a Weight
Controlied Fumace Loading
System, which utilizes a Three
Vibratory Feeder System to
control Ibs/hour entering the
fumace. Controller continuously
monitors feed rate 10 maintain a
99% or better feed accuracy on
most parts. Accepts Ibs/hour and
pant information through keypad,
remote computer or bar code
scanner. Data is logged on a high
speed thermal printer and/or
remole compauter. Maintains
Job/Part Totals. Interfaces to most
process controllers. Monitors
zone temperatures and belt speeds.

MG INDUSTRIES (Valley
Forge, Pennsylvania)

Booth #628 -- features advanced
furnace atmosphere technology for
the Heat Treating and
metalworking industnies. We offer
on-site gas generation plants, bulk
storage and distribution systems,
and cylinder supply sysiems.
Mcuallurgical consulung services
and engineering assistance are
available to customers. Hardware
featured at the show will be a
PSA nitrogen on-site gas
generation system. MG Industries
wants to be your "Partner in
Technology™!

M.G.P. INC. (Womelsdorf,
Pennsylvania)

Booth #520 -- description not
available at ime of printing.

MIKRON INSTRUMENT CO.,
INC. (Wyckoff, New Jersey)
Booth #119 — features portable
and stationary infrared
thermometers . . . fiber optic
temperature transmitters for non-
contact lemperatare measurement
. . . blackbody sources for cali-
bration of infrared thermometers.

MILLER CONSOLIDATED
INDUSTRIES (Dayton, Ohio)

Booth #324 — d&scnpuon not
available at ime of printing.

MRS INSTRUMENTS, INC.
(Andover, Massachusetts)

Booth #905 -- features vacuum
and gas flow
measuring/controlling instruments
and gas analyzing and detecting
instruments at the Heat Treating
Exposition in Cincinnati, Chio on
October 22-24, 1991. New
products on display include a
combination Pirani/cold cathode
gauge controller and a quadrupole-
based partial pressure transducer.
A wide range of Pirani,
thermocouple, and hot cathode and
cold cathode gauges will also be
cxhibited. MKS Baratron® abso-
lute pressure transducers are used
in processes requiring accurate
vacuum mcasurcment and control
MKS Mass-Flo™ products are used
for the electronic measurement
and control of gascs from 1 sccm
10 200 slm (425 scfh).

MPI FURNACE COMPANY
{Fort Wayne, Indiana)

Booth #629 -- fcatures a manu-
facturer and re-builder of
Industrial Fumace Equipment with
design, in-housc manufacturing
and ficld construction capability.
Equipment lines include Car-
bottoms, Roller Hearths, Tip-Up
Furnaces, Belt Fumaces and batch
cquipment featuring the
SUNCASE, SUNDRAW and
SUNWASH lincs.




MPI1 is also the supplier of the
patented Mark VIII, direct-spark
ignited, recuperative radiant tube
burner.

The booth display will feature the
MP1 bumer and examples of
recent projects completed by MPL

MVAK TECHNOLOGIES, INC.
(East Hanover, New Jersey)
Booth #914 -- features a full
range of vacuum pump services
and products. From vacuum
pump rebuilding, to parts and new
equipment, MVAK Technologies
is the source for vacuum pump
services. Visit our booth and
experience the quality service and
technology you have been looking
for.

NATIONAL VACUUM
PRECISION (Malvern, Ohio)
Booth #340 -- features N.V.P,,
who offers rebuilding services for
vacuum pumps including piston
pump, vacuum blowers and
boosters, and vanc pumps.

We arc an authorized service
center for Stokes Vacuum and
Kinnzy Vacuum.

N.V.P. also rcbuilds the following
vacuum equipment: Leybeld,
Alcatel, Edwards, Welch, Balzers,
Roots Dresser, MD Pncumatics,
Galilco, Precision, Vanan and
others.

N.V.P. also manufactures a
complete line of vacuum pump
oils for these pumps and
disuributes 702, 704, and 705
silicones for diffusion pumps.
Reclamation services for silicone
fluids arc also available.

Uscd and rebuilt vacuum pumps
for purchase or rental are also
avaiisble for N.V.P,

NETUREN CO. LTD.
(Columbia, Maryland)

Booth #642 — features induction
heating equipment.

NEWAGE INDUSTRIES, INC.
(Willow Grove. Pennsylvania)
Booth #1633 (Materials Expo
Side) — features hardness testing
instruments for testing according
to the Rockwell, Brinell and
Microhardness test methods. On
display will be portable, bench and
production umits 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
System. Capable of doing
automatic and fully programmable
microhardness tests, the MT-90;
can do effective case and
decarburization studies in only 2
minutes. Also on display will be
our Master Calibration/Hardness
Calibration Test Blocks, the only
test blocks currently available in
the U.S. that offer traceability to
est2' lished independent
inicrnational hardness value
standards. The highlight of our
display will be our new Brincll
Optical Scanning System, the
B.0O.S.S. which is a fully
automatic Brnell scope.
Available as a P based or
portable hand held unit, the
B.0.S.S. automatically reads
Brinell impressions, and calculates
the impression diamcter and
Brinell hardness valuc in under 2
scconds. For over forty years
NewAge Industrics has been a
lcader in the ficld of hardness
tesung and a stop by our booth
will clearly demonstrate why.

NEW WELDUCTION
(Farmington Hills, Michigan)
Booth #104 -- fcaturcs its new
linc of encrgy efficicnt ccramic
tube oscillators and solid statc RF
Induction Hcating powcer supplics.

HTE SHOW DIRECTORY

A complete Inducticn Hardening
System which utlizes the new
products will be on display.

NOBLE INDUSTRIAL
FURNACE (East Windsor,
Connecticut)

Booth #814 -- features pictures, a
banner and a small fumace model
approx. 2 1/2" high x 2 1/2" round
and a few alloy model fixtures to
sct on a table. The model furnace
will also be on a table and will
weight approx. 200 pounds.

Noble fumnace is a manufacturer of
hecat treating furnaces for the
aircraft industry.

OAKLAND METERING
LOADERS (New Baltimore,
Michigan)

Booth #714 -- features their loader
for use with belt, rotary and
shaker hearth fumaces. The
loader has three moving steps
designed to reciprocate along a 60°
slope. The number of parts
discharged irom onc step 1o the
next tends to become uniform,
dclivering a practically constant
number of pans for each stroke.
The loader comes in sizes from
six 1o 96 inches wide. Custom
designs are also available.

Used with their integrated
designed dumpers and weigh
bucket systems, parts flow is
maintaincd at the optimum
discharged rate.

OILPURE SYSTEMS
(Rockford, Illinois)

Booth #911 -- fcatures a
purification process, a
revolutionary step in oil
reclamation technology, that
removces contaminants down (o
submicron size from a wide
varicty of industnal oil without
affccuing the additives that protect
your process.  Additionally,
Oilpure Systems reduces
emulsificd water below 100 parts
per million and removes oxidation
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by-products. With the capability
of punfying 10 w0 50 gallons per
hour, Oilpure Systems reduces
waste handling and new oil
purchase costs, lowers equipment
maintenance, and meets
environmental mandates.

ONSPEC, INC. (Villa Park,
Itlinois)

Booth £920 -- fcatures a full
service Contractor with over fifty
years of combined expenence in
all phases of the Heat Treating
industry. Our services include
installation, conversions, design,
including instrumentation,
updating, fabrication, modification,
troubleshooting, repair and
rebuilds onsite or off, process and
clectrical piping and refraciory.

PACIFIC INDUSTRIAL
FURNACE CO., DIVISION OF
DETREX CORP. (Southfield,
Michigan)

Booth #508 -- features complete
fumace systems for Aging,
Anncaling, Brazing, Carbunzing,
Hardening, Hot Forming,
Normalizing, Sintering, Solution
Treatung, and Te.npering.
Capabilitics of complete tumkey
installations, computer controlled
systems, renovation of exisung
fumaces, and integrated
automation to mect Purchaser’s
requirements.

Expcricnced engineess available to
cvaluate your furnace
requirements.

PARK CHEMICAL COMPANY
(Detroit, Michigan)

Booth #314 -- featurcs Park’s
complete line of heat ueating and
aluminum brazing salts, oils, and
synthetic quenchants. 1. °s year
Park introduces the newe
additions to our product line -
Nocolok® Brazing Flux and
Aluminum Casting Salt.
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Also featured will be the Holden
Fumace Division of Park
Chemical Company. Specializing
in the manufacturing fo molten
salt bath equipment and replace-
ment parts, Holden has had an
established reputation in the heat
treaung business for many years.
In order w meet the needs of all
heat treaters, the Holden Furnace
Division also offers a wide array
of quality used equipment.

PARK PRECISION INC.
(Birmingkam, Michigan)

Booth #61S -- features induction
heating repair, replacement
scrvice, prototype inductor
development, complete
refurbishing service for all types
and makes of induction heating
equipment

PARTLOW/MOLYTEK CORP.
(New Hariford, New York)

Booth #105 -- features ARC 4100
Analog Circle Chart Recorder,
MRC 7000 Microbased Circle
Chart Recorder, MIC 8200 Dual
Display Temperature Controller,
Molytck 2702 Multipoint 32
Channel Recorder, Molytek 3702
Recorder and Molygraphics Full
Color Data Acquisition Display
Software. New products to be
intoduced at this show: SIXPAC
-- 6 Channel Sinp Chart Recorder,
ANALINE -- 2 Channel Analog
Surip Charnt Recorder. Sce ad on
inside front cover of Maicnals
Week section.

PAYNE ENGINEERING (Scou
Depot, West Virginia)

Booth #3808 -- featurcs Payne
Engincering who, since 1959, has
been recognized for technical
icadership in design and
manufacturing dedicated o Solid
Statc Motor Controls and SCR
Power Controls. They will
display the industry’s most
complete range of these products.
Motor controls include:
SENTROL EM3 scrics reduced

voltage "Soft Starters™, the award
nominated 11DZ/EZ Solid State
Relays designed to replace
mercury displacement switches,
and heavy duty series 11R
Reversing Staners. Also featured:
SCR Power Controls, designed for
manual or remotc signal operation
for complete control in process
heating applications up to 1200
amps at 480 volts. Free Literature
and Applications Publications.

PENNA-FLAME INDUSTRIES,
INC. (Zelienople, Pennsylvania)
Booth #3804 -- features Case
Hardening services. Featured will
be the "Uni-Max Case” roll
hardening process whereby surface
hardening and depth are controlled
by computers which allows proof
of heat treatment through graphs.
Another Penna-Flame advantage is
their development of knowing case
depih (IN.D.T.) utilizing the Penna-
Flame Case Depth Meter. On
display will be several cross
section samples of workpieces
which have been certified by
tesung laboratones.

PILLAR INDUSTRIES
{Monomonee Falls, Wisconsin)
Booth #639 -- fcawres, among the
equipment displayed, a
demonstration of induction case
hardening of small shafts. This
system includes a high frequency
induction generator, Lify/Rotate
fixture, and automatic robotic
loading with complcte PLC
conuol.

Beyond conventional heating
systems, Pillar designs custom
power supplics as well as specialty
work handling equipment all
cngincered 10 your specific
application requirements.

Celebrating over a quarter of a
centiury of pioneenng and
technology advancements in the




induction industry, Pillar repre-
sents the manufacturers interests in
quality, profits and customer
leadership in their specific area of
the industry.

PILLAR INDUSTRIES -
MARYLAND DIVISION
(Columbia, Maryland)

Booth #643 - features a Vertical
Scanning unit with PLC and SPC
capabilitics and programmable
microprocessor. Also an operating
equipment Diagnostics system will
simulate the easc and quick deter-
mination of trouble-shoing pro-
duction.

Pillar offers both RF and solid-
state induction systems and has
devcloped dramatic innovations
for meeting the needs of the
industry.

Pitlar’s quarter of a century of
pioneering and technology ad-
vancements in the induction indus-
try, provides a solid foun-datuon
that is demonstrated in cquipment
engincered for quality and
reliability.

POLYCARBON INCJSIGRI
CORPORATION (Valenica,
California)

Booth #329 -- fcatures a wide
varicly of carbon and graphite
insulation materials for high
temperature applications, including
soft felt products and fibergraph
rigid graphaite felt. These poly-
carbon materials are idcally suite 1
for vacuum fumace appli-caitons.
Also on display are Sigri
Corporation's product lines,
including monolithic graphitc and
carbon-barbon materials for fur-
nace, fumbiture, heating element,
and structural appli-cations. Also
available from Sigri are coating
matenials. Polycarbon, Inc. is a
subsidiary company of Sigri Corp-
oration, and the com-bined product
lines offer a unique total package
of graphite and related malerials.

PROCEDYNE CORP. (New
Brunswick, New Jersey)

Booth #705 -- feamres advanced
gas fired fluidized bed heat
treatng systems. The patented
SJA Heating Mantle, developed
under contract to Gas Rescarch
Institute, provides heat ransfer
rates equal to electrically heated
mantles and uses twin bed heat
recuperating burners for increased
energy cfficiency. Information on
the field test performance,
supporied by Michigan Consol-
idated Gas Company will be avail-
able at the booth.

Also featured are Procedyne
automated fluidized bed heat
treating systems that can be
incorporated directly into
automated manufacturing cells.
These systems process multiple
parts and multiple heat reatments
in a single line and can handie
production requirements up to
10,000 pounds per hour.

PROCESS TECHNOLOGY
INC. (Mentor, Ohio)

Booth #134 -- features the Process
Technology line of electric
immersion heaters, heating and
cooling coils and temperaure
controls as well as their electonic
temperature indicator and amp
hour meier. Protec brand heaters
and heat exchangers are available
in standard and custom
configurations.

Customer service personnel are
available to offer advice on
applications, installation or hcater
opcration. A combined total of
100 ycars experience can be found
in our Sales/Scrvice Department.

PROTECTION CONTROLS,
INC. (Skokie, Illinois)

Booth #334 -- featurcs a completce
line of single a2nd multi-bumer
PROTECTOFIER Combustion
Safcguards for supcrvision of fucl
fircd bumers.
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This type of electronic safety
control to monitor fuel fired
systems is mandatory to comply
with National, State and Local
safety codes.

PSI ENERGY (Columbus,
Indiana)

Booth #625 -- features PSI
Energy, Indiana’s largest investor
owned electric utility serving
central and southen Indiana. The
industrial sales team of PSI works
with its industrial customers and
manufacturers of electric process
equipment in a partnership to:
improve productivity and quality;
increase profitability and increase
efficiencies through better energy
utilization; all of this to maintain a
competitive edge for the customer.

PYRONICS, INC. (Cleveland,
Ohio)

Booth #209 -- features a
recuperative indirect fired system
that delivers preheated combustion
air to a scaled nozzle mix humer
providing a burner efficiency in
excess of 60%. The system may
be supplied with either ceramic or
metallic radiant tubes. Stainless
and heat resistant tubes meet
1800°F furmace design temper-
atures for heat treating
applications. Silicon Carbide
tubes arc available for 2300°F
furnace processes. This new
material provides the benefit of
long tube lifc over a wide range of
process temperatures.

Pyronics, Inc. will also exhibit
their complete line of bumners,
regulators and associated
combustion and combustion
safcguard products.

PYROTEK, INC. (Trenton, New
Jersey)

Booth #15 -- fceatures insulating
matenials.
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RADIANT HEAT
CORPORATION (Roseville,

California)
Booth #731 -- features a new
customized controler for precise

control of heat treating systems
and processes, controling up 10
128 zones with alarms and
automatic shutoff features.

RADYNE CORPORATION
(Butler, Wisconsin)

Booth #624 -- featres two
vertical scanning systems; a small
dual position unit accommodating
parts up to 20 pounds and a
medium duty unit capable of
accommodating parts up to 300
pounds. Both scanners
incorporate versatile, flexible and
cost-cffective control systems, the
larger system with user friendly
computer control for simultaneous
variation of power, speed
acceleration and deceleration rates.

Radyne’s Quality Assurance
system is also shown; the latest
version of this popular addition to
any induction heating system
incorporating online SPC data
cnllection and real time non-
destructive testing with system
inhibit capability.

RAPID TECHNOLOGIES, INC.
(Newnan, Georgia)

Booth #830 -- fcatures custom
designed gas fired rapid heating
forging fumaces.

RICHARDSON

ELECTRONICS LTD. (LaFox,
Nlinois)

Bouth #810 -- fcatures a lcading
international supplicr of electronic
components for industrial
applications. They will fcature RF
tubes for low power diclectric
heating applications and high
power induction heating
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applications. The company offers
2 full range of power triodes
ranging from under 1 kW 10 450
kW.

Richardson has just added
microwave power generators and
flying lead RF tubes to its already
extensive inventory of electron
tubes, power semiconductors and
capacitors. Popular types of
industrial replacement components
will be displayed, including
Powerex SCRs; Semtech power
semiconductors, Ward Leonard
resistors, Amperex, EIMAC, ITT,
Nationa: and Philips power tubes;
M/A-COM, RF Gain and SGS-
Thomson RF transistors; and
Comet, Comell Dubilier and High
Energy capacitors.

ROLLED ALLOYS
(Temperance, Michigan)

Booth #129 -- features a major
supplier of high performance
wrought heat and corrosion
resistant alloys to industry. Their
exhibit pictorially reviews several
applications in which their alloys
are used. Additional information
on their alloys, the pictured
applicauons plus many more is
available from their exhibit
representatives.

ROLOCK/CALALLOY
(Fairfield, Connecticut)

Booth #308 -- features a wide
range of nickel-base alloy
fabrications such as muffles,
retorts, lift post fixtures, serpentine
trays, work carriers, special
fixturing, mesh screens & trays,
samples of vacuum liner
rebuilding techniques, lightweight
molybdenum fabrications, hcating
clements, atmosphere equipment
and thermocouple assemblics.

SALEM CORP. (Piusburgh,
Pennsylvania)

Booth #819 -- features Salem,
who is widely known for
providing engincering services and
equipment of the highest quality.
They will introduce a Short Time
Cycle (STC) Fumace offering high
production and quality
stabilization. The multi-purpose,
fully automatic and energy-saving
Salem-Daido STC Fumnace
performs full annealing, stress
relief and carbon restoration. It
processes stecl wire coil, wire rod
coil, bar, pipe and parts for cold
forging.

Salem also designs, constructs and
installs monitoring and control
systems for the processing
industries. Configurations range
from personal computer based to
large hierarchical integrated
systems. The software sysiem can
be custom-designed and
programmed to fit a customer’s
needs.

SANDTEX INC. (Union City,

California)

Booth #9C1 -- features high
temperature textiles. The
SANDTEX and COOPERKNIT
fabrics arc strong and flexible and
arc truly unique in providing
thermal insulation in a wide
varicty of high temperature
applications. The Knitted
construction of COOPERKNIT
allows complete flexibility in
insulation design, conforming to
flat or curved surfaces and other
complex shapes that require
thermal insulation.

The COOPERKNIT cloths offer
an cxcclicnt altemmative to asbestos
and other insulation materials and
can be uscd without the health and
hygicne precautions that are
frequently mandated when using
these products.
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Sceco/Warwick Furnaces

For neariy a century, Secc Warw ck nabotra heat
processnglurnaces and oy’ eims Ma e sorved as the
standard ol esce entewornd wae Thisefam ar w.th
the heat processing ndustry acknow edge Seco
Warw:ck as the hinest custorn engineered furnaces
in the world

Today ive ofter costsaicmges i all bupes of het Processiy
tirstces through ouer turi key tirma e provnem. We bl
Fran and lav out vour turnace

Woeate tor our mese Crston
Pougmcered Furmace Systems
Pronlire or call

814-724-1400.

Seco Waneick Corporation
00 Mereer Street
Meadoille PA 10335 LIS A
Fav 815724 1407

desgn engneer by ang nsta o compete
nCuang stale-olthe-art compeiter 2od contro’

Systems It sng e source responat 4 al conager
abie savings 1o you

We produce v riua by €0y Iype Gf heat processing
furnace genera alrmosphere vacuum alumingm
process nonferroun et egandat, e ol auxaary
equipment onaing atrr.gaphione (Jerreorators

Hoyou wan! Cormp ote qanstaction in your next
furnace speaity Seco Warwick
Wed ke 1o be part
of your team
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COOPERKNIT, an amorphous
silica knitted fabric, can be used at
steady state temperatures up to
2000 degrees.

SBS CORPORATION
{Rochester, Michigan)

Boothk #300 -- fcatres SBS
Corporation’s introduction of its
revolutionary "Sludgebuster”
quench oil cleaning systems. Also
feawring our complete line of
process control equipment
including heating, cooling,
circulating and cleaning of
Guenchants.

SECOWARWICK (Meadville,
Pennsylvania)

Boouth #415 -- features a company
wiith nearly a century of
expenience designing and building
industrial heat treating, processing,
and melting equipment.
SecofWarwick Corporation will be
graphically displaying some of its
more impressive furnace systems.
These systems include aluminum
process furnace systems, vacuum
furnace systems, general heat
treating furmace systems, and
meltung fumace systems.

Custom engineere( roller hearth
fumace systems will be
highlighted as will custom
designed and programmed
computer control systems. From
start to finish, Scco/Warwick will
highlight its tum-key furnace
program which includes
installation and stari-up,
troubleshooting, and equipment
maintcnance. Sce ad on page
HS3.

SENTRY EQUIPMENT CORP.
(Oconnmowoc, Wisconsin)

Booth #806 -- fcatures Plate Heat
Exchangers and Packaged Cooling
Walcr Systems. A standard 100
KW sysiem will be on display to
demonstrate the space savings
provided by Sentry’s compact
Brazed Platc Exchanger. Sentry
concentrates on the OEM market

H54

and offers same day quctations of
custom designed heat exchangers.

SHELER CORPORATION
(Sterling Heights, Michigan)
Booth #733 -- features Induction
Heat-Treat Tooling -- Inductors
and Related Equipment; New (any
make): Rebuild (any make);
Complete Design and Redesign
Service; Consultant Service;
Transformers (any make); Billet
and Forging Coils; 24-Hour
Emergency Service. We warranty
our Rebuilds to get the same
production life as our New
Inductors. Quality and Service At
A Fair Price Since 1960.

SIEMENS COMPONENTS,
INC. (Iselin, New Jersey)

Booth #219 -- features an
extensive line of generator tubes
including the new "Mega Power”
Generater Tube (Model # RS 3700
CJ), a new water cooled Metal-
Ceramic triode for frequencies up
10 30 MHz, producing oscillator
power up to 1.25 Megawatis.
Power ranges from 1.9 KW to
1.25 Megawatts provide flexibility
in sclecting the most appropnate
power for a specific application.
Available from stock, the tubes
are offered with a pro-rated, one
year or 4,000 hour warranty.

SIEMENS ENERGY &
AUTOMATION, INC.
(Alpharetta, Georgia)

Booth #800 -- features Process
Gas Analyzers for measuring
fumace atmospheres and
environmental emissions.
ULTRAMAT S and ULTRAMAT
21722 models uvtilize advanced
NDIR (Non Dispersive Infrarcd)
technology for measuring CO,,
CO, CH,, NH,, eic. to insure
proper monitoring of heat treating
atmospheres. Both units feature
the patented Siemens micro-flow
sensor for excellent sensitivity and
the double layer detector for high
sclectivity in the presence of

interference gases. OXYMAT §
offers a unique application of the
paramagnetiz Quinke principal for
O, analysis. The analyzer has no
moving parts and the sensor is
never in contact with the sample
gas.

SIERRA VICTOR CO., INC.
(St. Charles, llirois)

Booth #311 -- description not
available at ime or printing.

STANWOOD CORPORATION
(Oak Creek, Wisconsin)

Booth #501 -- features Stanwood
Corporation, a2 manufaciurer of
heat and corrosion alloy
fabrications and castings. As a
supplier to the heat treating
industry, Stanwood offers furnace
replacement parts such as fans,
radiant tubes, muffles and retorts
as wel' o rod baskels, corrugated
tuxes, serpentine and/or cast trays
and fixtures.

STOKES VACUUM INC.
(Philadelphia, Pennsylvania)
Booth #614 -- fcatures Model
615-BP high vacuum blower
which incorporates an automatic
recirculating by-pass with the field
proven Stokes 615 blower -- This
by-pass allows the blower 1o start
from atmosphere -- thus resulting
ir significant reductinn of
pumpdown times. Also on display
will be twe models of the new
Windror vane pump line ranging
in size from 1.5 o 7.4 ¢fm. In
addition, a ncw solid state control
pancl specifically designed for
mechanical booster systems will
be available.

SURFACE COMBUSTION,
INC. (Maumee, Ohio)

Booth #228 -- features a
cclebration of 40 ycars of
technical and market Icadership by
the Allcase® Baich Ingetral
Quench Fumace. A model of the
Ultracasc®, the latest technology in
this family of furnaces will be
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Surface has one of the most 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

Services & Support

» Regional Sales Support « Alternate Fuel

e Computer Controlled
Inventory

» Technical Support

* Rebuild & Retrofit
Capabilities

 Start-Up Supervision
(New & Existing
Equipment)

e Installation Services

e In-Plant or On-Site
Turnkey Capability

*R & C Facility

e Full M. allurgicel Lab
for Analysis

» Production Process
Testing

« Field Services

various process, material handling, and equipment alternatives available.
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Surface has been a leader in high temperature processing technologies 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.

SC Surface' Combustion

1700 Indian Wood Circle

P.O. Box 428

@ Comporny Trawio »anzdntrcimor [ om vem  J,or

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.

Conversions

e Atmosphere Controls

e Direct & Indirect
Fired Recuperation
Retrofit Packages

e Equipment Relocation

» Equipment Safety
Updating

e Electric Heating
Conversions

* 32000 Square Foot
Warehouse dedicated
to Replacement
Parts Inventory

* Emergency Shipments
from Inventory

e Applicatior ' Process
Engineering

Maumee, Ohio 43537-0428

(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,
experience, capabilities
(engincering, manufacturing and
service) and products. Photos and
literature of equipment including
Allcase, vacuum, ion, continuous,
baich furnaces and atmosphere
generators will be shown and
available. An extensive array of
Surface’s .ontrol systems will also
be available for demonstration.
Sce ad on page H5S.

TELEDYNE HASTINGS-
RAYDIST (Hampion, Virginia)
Booth #21 -- features the Model
HVM-272 which s a new Digital
Thermocouple Vacuum Gauge
with a range of cither 0-20 TORR
or 0-20 millibar. The unit is
packaged in a 1/8 DIN module
and incorporates a 3-1/2 digital
LCD readout. An opuional
mounting kit is available to allow
mounting of the instrument in an
existing pane: cutout for a
Hastings Model VT Vacuum
Gauge.

The small, reliable gauge tube
uses the time-tested Hastings
thermopile sensor for optimum
accuracy and stability.

TELEVAC DIVISION OF THE
FREDERICKS CO.

(Huntingdon Valley, Pennsylvania)
Booth #202 -- features a modular
vacuum gauge with cither analog
or microprocessor-based digital
displays.

Televac is presenting a new
modular vacuum conuroller which
incorporates integrated modules
for measuring a wide pressure
range. Modules are
interchangeable betveeen the
annlog and digital versica and can
be replaced without removing the
instument from its mounting. Up

to 12 stations of measurement are
possible. The digital version has
RS232 communication and
microprocessor control.

TENAXOL INC. (Milwaukee,
Wisconsin)

Booth #401 -- description not
available at time of printing.

THE CARBORUNDUM
COMPANY (Niagara Falls, New
York)

Booth #906 -- features two
product lines from Carborundum
electronic materials and structural
ceramics group.

Globar® 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
construction has center heating
section while cold ends allow
efficient connection points.
Hexoloy® silicon carbide furnace
components provide unusual
resistance to high temperatures.

THE FURNACE BELT CO.
LTD. (Mississauga, Ontario,
Canada)

Booth #825 -- description not
available at time of printing.

THE KANTHAL CORP.
FURNACE PRODUCTS
DIVISION (Bethel, Connecticut)
Booth #509 -- features
Molybdenum disilicide heating
clements, Silicon Carbide heating
clements, iron-chrome-aluminum
products wire and strip heating
elements. APM, Superthal and
high temperature radiant tubes.

THE METAL WORKS
INDUSTRIAL YURNACES,
INC. (Oak Park, Michigan)
Booth #121 -- features
information on the types of heat
trcating equipment 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 demonstrate Data
Record 'n Plot and answer any
product questions. See ad on page
HS7.

THERMAL-BASIC, INC.
(South Windsor, Connecticut)
Booth #538 -- features Continuous
Mesh Belt Heat Treating Systems,
Batch and Continuous Annealing
Fumaces, Brazing Fumaces,
Sintening Furnaces, Austcmpering
Systems, Pit Furnaces, Batch and
Continuous Parts Cleaning
Systems, Atmosphere Generators
and their new Mulu-Belt & Multi-
Hearth Dedicated Heat Treating
Systems for Cellular and JIT
Manufacturing.

Also featured will be the
rebuilding, redesigning and
upgrading of existing equipment
and control systems.

THERM ALLIANCE CO.
(Detroit, Michigan)

Booth #718 -- description not
available at time of printing.

THERMAL TECHNOLOGY
INC. (Santa Rosa, California)
Booth #907 -- features fumnace
systems for high temperature
materials processing and
deveclopment.

Kefractory metal fumaces reaching
3000°C or 10 1orr arc available
for high purity testing, matenals
development, braszing, co-firing
and hecat treating.

Graphite furmaces for operation to
2800°C or higher arc used for
CVD, sintering, rcaction bonding,
and graphitzing,
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If your heat trealing svstem designs are
not as creative as your product requires, they
may create all sorts of problems.

The beauty ofa system from THE METAL
WORKS is that our designs match your
requirements at a price thatwon't cause you
problems!

Naturally, we offer a large variety of

So, when yvou choose your next heat
treating system call on the creative designs
of THE METAL WORKS.

A video review of a system from THE
METAL WORKS is available upon request.

Join us at the ASM Heat Treating
Conference at Booth #121
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Silicon carbide and moly dieilicide
fumaces for temperatures up to
1900°C are available for
devclopment and testing of oxide
based materials.

Thermal Technology is the
recognized leader in the design
and manufacture of very high
temperature laboratory, research
and development, and production
fumace systems.

THERMCO INSTRUMENT
CORPORATION (LaPorte,
Indiana)

Booth #742 -- features their gas
mixing system for furnace
atmospheres. The Thermco gas
mixing system for
hydrogen/nivogen features digital
hydrogen analysis and the
necessary alarms and controls o
meet the latest NFPA 86C
standards. The Model 8300 for 0-
2000 SCFH flowrate will be on
display. Thermco will also
display their portable and
stationary gas analyzers for
measuring hyvdrogen.

THT DIVISION, DOWA
MINING CO,, LTD (Tokyo,
Japan)

Booth #716 -- featurcs Japan’s
leading manufacturer of gas
carburizing fumaces. They will
be exhibiting ZEROTIME
hardening and FINE CARBO?® for
gas carburizing applications.
Scparaie chamber-type continuous
furnaces omit the cooling zone of
conventonal straight-through
furnaces, replacing it with a
scparate chamber with cnhanced
atmosphere control, superior
temperature uniformity, minimum
pant distortion, and shorier cycle
times.

FINE CARBO? is a completely
now gas carburizing process which
produces a strongly active
carburizing paswithin the fumace
chamber itsclf, replacing the need
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for an endothermic generator or
nitrogen/methanol system. Car-
burizing time is reduced. Oper-
ating cost is less, and fatigue
strength of parts is enhanced.

T-M VACUUM PRODUCTS
INC. (Cinnaminson. New Jersey)
Booth #822 -- features a full line
of high vacuum furnaces, vacuum
ovens and custom systems. The
"hieh 208" vacuum fumaces are
packaged fully integrated micro-
processor control systems. Starni-
dard horizontal fvmaces (2400°F)
and laboratory verti al furnaces (10
4000°F) are basic manual systcms.
The ool room fumace with gas
quenching is automatic.

Hot wall oven systems up to
600°C as standard, custom
designed systems and shelf ovens
are available.

Standard hot wall vacuum ovens -
horizontal or vertical - provide
temperatures up to 600°C and
sizes to 16 cu. ft. Custom
designed special or shelf heated
systems are available.

Additional products include
standard and custom glove box
systems, gas purifiers and controls
for asscmbly and/or welding.

TOCCO, INCORPORATED
(Madison Heights, Michigan)
Booth #120 -- features the
unveiling of a new gencration of
INDUCTRON microprocessor-
based, solid state power supplics
at the Heat Treat Show. These
vollage-fed power supplies dcliver
from 1 1o 10 kHz with power
output from 30 to 1,000 kW.
TOCCO'’s ncw uscr-friendly
control features built-in diagnostic
routines, visual display opcrator
prompting and RS-232
compatibility with off-linc
compuler systems. System
fcatures can be wailored to
individual customer control nceds.

TOCCO also will demonstraic a
new sclf-contained vertical scan
induction heat treating system in
Cincinnati. This compact system
incorporates a miCroprocessor
controlled INDUCTRON power
supply, TOCCO track scanner and
quench recirculating and cooling
sysicm on a common base.
TOCCO's paiented TPH gear
profile hardening system also will
be demonstrated.

TOCCO DIVISION (Madison
Heights, Michigan)

Jooth #116 -- featres TOCCO
"QUALITY PLUS" services for
induction hecating, that includes
ncw replacement pant
manufacturing, repair field service,
JIT programs, laboratory process
development, commercial heat
trcating, metallurgical services,
and equipment traming.

TOTAL TRAC SYSTEMS INC.
(Albany, Indiana)

Booth #325 -- description not
available at ume or printing.

TRANSMARES
CORPORATION (Carterer, New
Jersey)

Booth #342 -- features EITEL
RP-25 Suaightening Press with
advanced PSC servo-hydraulic
stroke control for straightening
shafts, wbing, flat stock, eic.
Capable fo handling up 10 120
parts per hour with a TIR within
.003". Equipped with a patented
control, permitting to sct the ram
stroke to the exact bending depth
required, eliminating the hit-or-
miss technique typical of pressure
controlled straightening and can be
experdy handled by unskilled
operators. This feature virtually
climinates wastc or breakage of
hardened parts, inhibits
overbending, and expediies
production.




WOLTER Automatic Crack
Detection Unit for automatic
detection of cracks duning
straightening, thus eliminating the
need to magnaflux.

TRITON SOFTWARE, INC.
(Glen Mills, Pennsylvania)

Booth #9 -- features the Triton
Hcat Treat Control and
Information System. This
advanced nctworked heat treat
control system from Triton
Software, Inc. effectively
combines supervisory control,
operator interface, and relational
database processing. The system
offers thermal recipe management,
real-ume and historical rending of
load TCs or PVs, historical job
records, and alarm handling. It
uses a distributed recal-time mult-
tasking opcrating system to control
and acquire data from the process.
This allows all key personnel,
from management through
operations, to simultaneously
access real-time and historical
information via local and remote
computers.

Powerful, yet uscr-friendly, the
Triton System features high-
resolution color graphics, pop-up
windows and onc-key-stroke
commands. Trends can be seen in
zoom or pan vicws with real-lime
temperature data displayed
concurrenly with the sctpoint
profile. Setpoint profilcs may be
created from recipe generation
screens with unlimicd numbers of
ramp, soak, cool, and quench
scgments. A simple "English-like”
Recipe Language takes the
confusion out of programming
single-loop controllers.

The database uscs a standard
Suructured Query Language (SQL)
interface so that complcte
Rizierical job information can be
quickly rccalled and reports, casily

generated. The sysiem platform
uses IBM or IBM compatible
pe.sonal computers and may
interface to single-loop controllers
and PLCs from a vaniety of
manufacturers.

ULVAC SINKU RIKO, INC.
(Kennebunk. Maine)

Booth #541 -- features two of the
Sinku Riko bruad ranges of
thermal instruments and related
products available for use in
research, development and
production of matenals.

*  QHC-P610-C Infrared Gold
Image Laboratory Furnace -
for very precise rapid heating
and cooling of specimens to
1300°C in clean environments.

+ MS-E1-5/10 Mircoscope High
Tempcrature Heating System -
for observation of surface
phcnomena to 1500°C using a
gold image furnace as the heat
source.

Other laboratory and larger scale
applications of these energy and
time saving infrared Gold Image
Fumace Systems, using parabolic
and elliptical reflector arrays, will
be illustrated.

UNION CARBIDE
INDUSTRIAL GASES INC.
{Danbury, Connecticut)

Booth #131 -- features Linde’s
total gas supply, technology, and
service for the heat trcating
industry. Linde’s nitrogen supply
capabilities include the NitroGEN
membrane systems, which provide
£as up to 99.9995% oxygen-frcc.
A mcmbrane unit is displayed.
Representatives are available to
discuss supply and flow control
systems for hydrogen, argon,
helium, methanol, and propylenc
for fumace atmosphceres.
Personnel are also on hand to
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discuss Linde's technology for
aunosphere processes, atmosphere
stabilization, fluid bed 2~d vacuum
furnace quenching. Linge services
include system design, field
engincering Support, process
evaluation, trouble-shooting, and R
& D assistance.

UNITED TESTING SYSTEMS,
INC. (Woodstock, Georgia)
Booth #809 -- features the
following:

1) A UHT-10 Tru-Blue Hardness
Tester with "Smart”™ Tru-Blue
SPC software package.

2) A URF-1 Tru-Blue
“rockwelfit” conversion
package for semi-obsolete
hardness testers.

3) A SFM-30 "Smart 1”
Computer Controlled
Universal Testing Machine.

UPTON INDUSTRIES, INC.
(Roseville, Michigan)

Booth #514 -- features Upton
equipment photographs and
product litcrature on molten salt
bath fumaces. specialty furnaces,
metal finishing systems, and
automation part handling systems.
Key maragement and engineering
personnel will be avaitable o
discuss various types of heat
treating, brazing, descaling, paini
stripping, and mctal finishing
cquipment.

VAC-AEROQO INTERNATIONAL
INC. (Oakville, Ontario,
CANADA)

Booth #524 -- features
manufacturers of high technology
vacuum fumaces including both
ventical and horizontal gas
qucnching, aluminum brazing,
vertical direct oil quenching
(highlighted in exhibit video) ion
niriding custom designs.
Rewrofits, and associated ancillary
cquipment.
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VACUUM FURNACE
SYSTEMS CORPORATION
(Souderton, Pennsylvania)

Booth #1734 (Materials Expo
Side) - features a new horizontal
Model HL36BH Vacuum Fumnace.
This furnace wiil show a different
approach in the design of a round
graphite hot zone and an exicrnal
“combined can” blower/heat
exchanger arrangement. The new
design will improve cooling
efficiencies and will be easier 0
mainiain.

VACUUM RESEARCH CORP.
(Pitsburgh, Pennsylvania)

Booth #208 -- fcalures low cost
digital Pirani and diaphragm
gauges for pressures from 10-5
Tor 10 1500 Torr and 200 PSIG.

Aluminum gate and angle valves
with ports from 2 inch to 36 inch.
ANSI, ISO JIS and QF flanges
available.

Toually oil free roughing pumps.
16 and 32 CFM with ultimate
prezsure of 10 millitorr.

Low cost recorders for
temperature pressure and vacuum.
4 inch and 10 inch charnts.
Optional digital display.

Complete line of Panel meters,
current transformers and portable
test equipment beckman, H-P,
Yew and CGS Thermo T/cs.

EIL Test Equipment. See ad on
this page.

VACUUM TUBE INDUSTRIES,
INC. (Brockion, Massachuseits)
Booth #438 -- features
photographs of reconditioned
induction heating units and rebuild
oscillator tubes.

VORTEK INDUSTRIES LTD.
(Vancouver, British Columbia,
CANADA)

Booth #734 -- features
Whitclight™ Surface Treatment for
the first time in North America.
Large-arca surface melting and
heat reatment are achieved by an
intense beam of light from a
powerful lamp. Case hardening,
consolidaticn of powder coatings
and surface remelting of cast iron
wili be displayed. Engineering

2 SetPoints For Alarm Or Control
VacuumFrom 10510 1500 Torr

Pressure Gauges To 2000 PSIG

Linear Oto 2 Veit DC Analog Output

Panel, Portable, Bench Mount Styles
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CombinationGauges:30"Hg- 100 PSIG
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Digital Pirani Gauges | Dry Vacuum Pumps | High Vacuum Valves
Easy-To-Read Digital Displays $9,925.00 High Conductance: 2-36inch Ports

Oil-Free, Uiraclean Evacuation
Zero Hydrocarbon Contamination

Two Models Are Available;
160r32cfm(4500r900min.)

Evacuation With Ultimate Pressure
Below 20 Microns (0.026 mbar)

Operates Over 10,000 Hours With
No Maintenance And No Oil

Idealfor Roughing or Backing Cryo,
Turbo & lon Pumped Systems

Vacuum Research Corporation « 2401 Smallman Street « Pittsburgh, PA 15222 USA
Call Toll Free (800)426-9340 « Telephone (412)261-7630 » FAX: (412)261-7220

NoLeaks! Testedto 1X10° std oc/sec
Fail Sate; Closes if PowerLost
High Speed;Fast Open andClose
Made In USA; Fast Factory Support
Easyto Repair,Minimum Downtime

ANSI, QF KF,JIS, ISOFlanges
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staff will be on hand to discuss
details of the Whitelight™ process
and its application to specific jobs.
Performance and cost comparisons
to flame, induction, e-beam and
laser weatments will be shown.

WALL COLMONOY
CORPORATION (Madison
Heights, Michigan)

Booth #909 -- features contract
services in hecat treating and
brazing, plasma and thermal
spraying, and precision machining
and fabnication. racilities in the
U.S., Canada and Europe opcraie
some of the largest commercial,
protective atmosphere fumnaces
(including vacuum), up to 120
inches in diameter.

Also fcatured will be Nicrobraz®
products for high-temperature
brazing, including nickel base
filler met:Is in powder, paste,
sheet, transfer tape and rod form;
applicator systems; and brazing
stop-offs, fluxcs, and blasting gnt.

Wall Coln.onoy offers a three-day
course in "Modem Fumnace
Brazing™. Held twice a year, the
next workshop in Nov. 12-14,
1991. The course instructors are
led by Robert L. Peaslee,
Amcrican Welding Socicty Fellow,
inventor of nickel base brazing,
and 1991 recipicnt of the Comfort
A. Adams Award.

WALMIL COMPANY (Troy,
Michigan)

Booth #724 -- fcaturcs design and
manufacture of heat and corrosion
alloy fabrications. Fumace
equipment includes ~omplete
product line of radiant tubes,
recuperators, regencrators, heating
clements, muffles and retorts.
Metal processing cquipment in-
cludes complete product line of
rod frame baskets, cuTugated
boxes, scrpentine trays and
fixtures and phosphate barrel
assemblics. Repair programs for
fummaccs and proccessing

equipment. Engineering and
manufacture of automated loading
systems. Equipment includes
product line of Walmil Ram
Loaders and Walmil Parts Dum-
pers, enhanced with optional
computer controlled weight
systems.

WATLOW (St. Louis, Missouri)
Booth #917 -- features Watlow's
ramping controls with data logging
capability. The Series 942 1/4
DIN conuol represents the
company'’s newest addition 1o its
thermal system component line
offered to the heat treating
industry.

To demonstrate the control’s
ramping capability, it will be
connccted to a serial printer
tracking setpoint and process
variables. A master/slove control
configuration will also be
showcased.

Other Watlow thermal system
components to be displayed
include a variety of powerful
industrial heating elements with
capabilitics to 2200°F; SCR power
controllers, and Watlow Gordon's
temperature measurement
products, including mineral
insulated thermocouples and bulk
wire.

The new Watlow Gordon product
catalog will be given free to show
visitors.

Engincers will be available 1o
assist visitors with integrating cach
Watlow component into a
successful heat treating system.

WAUKEE ENGINEERING
COMPANY, INC. (Milwaukee,
Wisconsin)

Booth #227 -- featurcs the New
Nitrogen-Mcthanol System for
precision control of Nitrogen and
Mecthanol uscd to make synthetic
Endothcrmic gas within heat
treating fumaces. The Waukee

HTE SHOW DIRECTORY

Nitogen-Methanol System offers
a complete diagnostic package
indicating normal and abnormal
process conditions. The system
also incorporates automatic purge
cycles, easy set-point control and
four run modes. The system is
casily integrated with additive gas
control systems, auxiliary alarms,
daia loggers, chart recorders and
other data acquisition equipment.

Also featured will be the Waukee-
Tronic and Valve-Tronic
clectronic Flo-Meter and flow
control valve, compressors, mixors
and the "Heat Treaters Friend”, the
complet eline of Waukee Flo-
Melers.

WEAVER INDUSTRIES, INC
(Denver, Pennsylvania)

Booth #820 -- features machined
graphite and carbon. Custom
moldcd urethane.

WILLIAMS CO. INC.
(Pitusburgh, Pennsylvania)
Booth #605 -- description not
available at ume of printing.

WILLIAMSON CORP.
(Concord, Massachuseits)
Booth #902 -- descniption not
available at time of printing.

WILSON® INSTRUMENTS,
INC. (Binghamion, New York)
Booth #708 -- fcatures Wilson
Instruments who will be
celebrating 70 years in the
malterials testing industry this year
with several new products to be
featured. Wilson products will
range from their new Microficial
I1 Hardness Tester and Portable
Brincll Hardness Tester to their
most recent designs in Rockwell
Hardness Tester, Tukon Serics 200
Microhardness Testers, the
Automatic XY Traversing Unit
and Hardness Test Blocks and
accessorics.  All Wilson hardness
testers completely conform to
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ASTM Standards, your assurance
of the most precise calibration
standards in the world.

WIRCO INC. (Avilla, Indiana)
Booth #912 -- description not
available at time of printing.

WOLFSON HEAT
TREATMENT CENTRE
(Birmingham. England)

Booth #218§ -- featurcs England’s
focal point for information, advice
and education on all aspects of
industrial heat reatng. Wolfson
Heat Treatment Centre will
highlight its publications now
available worldwide. These
include the internauonally-
renowned quarterly "Heat
Treatment of Metals™, the only
British journal devoted exclusively
to industnal practice and
innovation, and the series
"Guidelines for Safety in Heat
Treatment”.

WORCESTER POLYTECHNIC
INSTITUTE (Worcesier,
Massachuserts)

Booth #117 -- features Worcester
Polytechnic Institute’s Center for
Intelligent Processing of Materials.
They will be announcing the
formation of a new Laboratory of
Carburization Heat Treatment
Studies. The new effort 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.

ZEDMARK 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 Zedmark's new line of
Monoliths Products including Low
Ccement Castables, Conventional

Casuables, Lightweight Castables,
Gunning Mixes, Moitars, Paiches
and Ramming Products.

ZIRCAR PRODUCTS, INC.
(Florida, New York)

Booth #112 -- features a
manufacturer/fabricator/Intcrnation
al marketer of high performance,
high temperature fibrous ceramic,
thermal, cicctrical 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,
compositc shapes, engineered
insulation assemblies, heating
clements and accessories are also
avzilable,

ZIRCAR’s products are used in
various industries. Some
applications include: fumaces,
clectrical components, battery
scparators, scnsors, lasers,
reactors, lighting, and other
specialized applications.
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4 JACKL :3 d niagnetic Devices are made to last. And are made to order.
| Vith features designed for -- and with -- our customers.

At JF.:?\EON' that's how we work - WITH YOU - TOGETHER as a TEAM.
We at JACKSAN do more than make quality Magnetic Devices.

— Ve RRAnNUFACTURE SoLuTioOnSs!

Specialists In Developing, Designing And
Manufacturing Quality 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 Type Application
¢ Stacked » Isofation « Auto e Induction Heating
* Wound * Potential  Current * Resistance Heating
¢ Toroldal e Scott T 2ig Zag * Melting
* Rectifier o Colls * Forging » Welding

Core !w:'terials * Choke * Reactor o Furnace « Inverter
: lrc';n * Saturable Core o Power « Laser
« Ferrite e VIT - Variable impedance e« D.C. Drives

* VRT - Variable Reactance <« Electro-Plating
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ATMOSPHERES AND GENERATORS

Atmospheres

AGAGas, Inc. .............cieann.. 709
AirroGase ..............ciivnennnnn 125
Air Products and Chemicals, Inc.. ......... 301
Can-EngSalesLd. ....... ... _...... 638
Coors CeramicsCompany . .............. 233
G-MEnterprises ...........cvueceennn 232
Lindberg, A Unit of General

Signal ... ..., 304
Liquid Air Corporation . .. .............. 904
L & L Special Furance Co.,Inc. .......... 305
MGIndustries .............cevuuuunnn 628
Union Carbide Industrial Gases Inc. ........ 131
Gas Generators

AGAGas,Inc. ...................... 709
Aichelin-Swahl, Inc. ... ................ 425
Amox Gas Generators . ................ 123
Atmosphere Furnace Company ........... 529
Beavermatic,Inc. ... .................. 704
Can-EngSalesld. ...... ............. 638
Coors Ceramics Company . .............. 233
C.LHayesInc. ........... ..., 701
Elecric Fumace Co. ... ................ 309
G-MEnterpnises . ...t 232
Lindberg, A Unit of General Signal ........ 304
Liquid Air Corporation ... .............. 904
MGindustries . .............c.coouo... 628
MPIFumaceCo. . .................... 629
OnspecInc. .........cveevnna... 920
Pacific Industrial Funace Co. ... ......... 508
Rolock/Calalloy ..............coveu... 308
Seco/Warwick Corp. .................. 415
Surface Combustion, Inc. . .............. 228
Thermal-Basic,Inc. ................... 716
Nitrogen/Nitrogen-Methanol

AGAGas, Inc. ...................... 709
AIR PRODUCTS AND CHEMICALS, INC. . 301
Amox Gas Generators ... .............. 123
Coors Ceramics Company . .............. 233
Liquid Air Corporation . .. .............. 904
L & L Special Furance Co., Inc. .......... 305
MGiIndustries . .........ccovvrennene.. 628
Therm Alliance Co. . ... ..o 718
THT Division, Dowa Mining Co. L.id. ...... 716
Union Carbide Industrial Gases Inc. ........ 131
Waukee Engincering Co., Inc. . ... ........ 227

COMPOUNDS AND SOLUTIONS
Cleaning Solutions/Compounds

Coors Ceramics Company . .............. 233
HeatbathCorp. .......... ..o, 207
Kolene Corporation ................... 224
Pacific Industrial Fumace Co. ............ 508
Quenching, Oils

Coors Ceramics Company . .............. 233

HT PRODUCTS/SERVICES INDEX

E.F.Houghton & Co. ................. 200
Park Chemical Company ............... 314
Quenchants, Synthetic

Coors Ceramics Company . .............. 233
E.F. Houghton & Co. ................. 200
Park Chemical Company ............... 314
Salts, Heat Treating

Coors Ceramics Company ............... 233
E.F Houghon& Co. ................. 200
Heatbath Corp. .........ccouonneon.... 207
Kolene Corporation ................... 224
Park Chemical Company ............... 314

FURNACES AND HEAT SYSTEMS
Atmosphere Furnaces (Gas Fired, Oil Fired,
Electric)

Abbott Fumace Company ........ ........ 3
Accutherm, Inc. . ..................... 608
Aichelin-Suahl, Inc. ................... 425
Ajax ElectricCompany . ................ 525
Atmosphere “umace Company ........... 529
Beavermatic,Inc. . ................... 704
Can-EngSalesLud. ................... 638
Consolidated Enginecring Co. ............ 728
Coors Ceramics Company . .............. 233
C.LHayesInc. ...................... 701
Dependable Foundry Equip.Co. .......... 338
Elecric Fumace Co. ... ................ 309
Elnik Systems, Div. IPM, Inc. . ... ........ 916
Flinn & Dreffein Engincering Co. . ........ 506
G-MEnterprises . ..., 232
Inspec ... . ... ... 217
Leybold Technologies Inc. . ............. 21
Lindberg, A Unit of General Signal . ....... 304
L & L Special Furance Co., Inc. .......... 305
Lucifer Fummaces, Inc. .. ................ 114
Mamnings USA. . .................... 833
MPIFumace Co. . .......... ... ... ... 629
OnspecInc. . ......... ... ... ... 920
Pacific Industrial Furnace Co. . ..... ... ... 508
Salem Corporation . ... ................ 819
Scco/Warwick Corp. . ................. 415
Surface Combustion, Inc. ............... 228
The Metal Works Ind. Fumaces Inc. . ... ... 121
Thermmal-Basic, Inc. ... ... ..., 716
Therm Alliance Co. ... oo oo oo 718
THT Division, Dowa Mining Co. Lud. ...... 716
Upton Industries, Inc. .. ....... ... ... 514
Batch (Box) Furnace

Abbott Furnace Company . ................ 3
Accutherm, Inc. . ..................... 608
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HT PRODUCTS/SERVICES INDEX

Aichelin-Saahl, Inc. . ....... ... ... ... 425
Beavermatic,Inc. . ......... ... .. ..L 704
Can-EngSalesld. _.................. 638
Consolidated Er_ineering Co. ............ 728
Coors Ceramics Company . .............. 233
Dependable Foundry Equip. Co. .......... 338
Despatch Industries . .................. 910
Elevtric Fumace Co. . .. .o oo viinaeet 309
Elr'k Systems, Div.IPM, Inc. . ........... 916
G-MEnterprises .........occnuveennn. 232.
Inspec ... i it e et 217
Lindberg, A Unit of General Signal . ....... 304
L & L Special Furance Co., Inc. . ......... 305
Lucifer Furnaces, Inc. .. ................ 114
MPIFumaceCo. .............oovnt.. 629
OnspecInc. ..., 920
Pacific Industrial Furnace Co. ............ 508
Seco/Warwick Corp. .................. 415
Surface Combustion, Inc. . .............. 228
The Mecial Works Ind. Furnaces Inc. . ...... 121
Thermal-Basic, Inc. . .................. 716
Therm Alliance Co. ... ... oot 718
Thermal Technology Inc. ............... 907
THT Division, Dowa Mining Co. Ld. ...... 716
Upton Industnes, Inc. . ................. 514
Chemical Vapor Deposition

Elnik Systems, Div. IPM,Inc. ............ 916
Seco/Warwick Corp. . ................. 415
Thermal Technology Inc. ... ... ... ..... 907
Continuous Furnaces

Abbout Furnace Company ................. 3
Accutherm,Inc. .. ... .. ... ... 608
Aichelin-Stahl, Inc. . .................. 425
Ajax Electric Company ... .............. 525
Atmosphere Furnace Company . .......... 529
Beavermatic, Inc. . .. ... ... ... ... ..., 704
Can-EngSalesLud. ................... 638
Consolidated Engincering Co. ... ......... 728
C.LHayesInc. ...................... 704
Dependable Foundry Equip. Co. . ......... 338
Despatch Industries . .................. 910
Electric Fumace Co. . ... .. oo ie ot 309
Flinn & Dreffein Engincering Co. ......... 506
G-MEnterprises . .......coivunnnn.. 232
Lindberg, A Unit of General Signal ... ... .. 304
L & L Special Furance Co., Inc. . ......... 305
Lucifer Furnaces, Inc. . .......... ... ... 114
MPIFumaceCo. ... .................. 629
OnspecInc. ..o, 920
Pacific Industrial Fumace Co. . ..., ..... 508
Salem Corporation . . .................. 819
Seco/Warwick Corp. .................. 415
Surfacc Combustion, Inc. . .............. 228
The Metal Works Ind. Fumaces Inc. . ...... 121
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Thermal-Basic, Inc. ................... 716
Therm Alliance Co. . .................. 718
THT Division, Dowa Mining Co.Ld. ...... 716
Upton Industries, Inc. . ................. 514
Electron Beam Systems

Leybold Technologies Inc. . ............. 218
Fluidized Bed Systems

Ajax Electnc Company . . ............... 525
Can-Eng SalesLud. ................... 638
Coors Ceramics Company . .............. 233
Dependable Foundry Equip. Co. .......... 338
G-MEnterprises . .................... 232
Lindberg, A Unit of General Signal . ....... 304
ProcedyneCorp. ..................... 705
The Metal Works Ind. Furnaces Inc. . ...... 121
Induction Heating Systems

Ajax Magnethermic Corporation .......... 619
Alpha 1 Induction Service Center . ........ 743
Bone Frontier Company . ............... 802
Coors Ceramics Company . .............. 233
Fluxtron ManufacturingInc. . ............ 100
HWG Inductoheat . ................... 408
Inductokeat, Inc. . .................... 400
Inductohcat Pty. Led. .................. 404
Induction Tooling, Inc. . ................ 725
Jackson Transformer Company ........... 135
Lepel Corporation . ................... 414
Leybold Technologies Inc. .............. 218
Mamnings USA. . ... ... ... ....... 833
Park PrecisionInc. . ............ ... ..., 615
Penna-Flame Ind. Inc. . ................ 804
Pillar Industries Ltd. . ... . .............. 639
Thermal Technology Inc. ............... 907
Tocco,Div. .. ... ..o 116
Tocco, Inc. . ... .o 120
Vacuum Tube Industries, Inc. ... ......... 438
Ton Nitriding'Carburizing Furnaces
Aichelin-Swahl, Inc. . ............... ... 425
Can-EngSaleslLid. ................... 638
Consolidated Engincering Co. ............ 728
Coors Ceramics Company . .............. 233
C.LHayesInc. ...................... 701
Inspec ... e o 217
Kloeckner Tonon of America,Inc. ........ .. 319
Lindberg, A Unit of General Signal . ..... .. 304
L & L Special Furance Co., Inc. .......... 305
Scco/Warwick Corp. .. .. .............. 415
Surfacc Combustion, Inc, ............... 228
Vac-Acro Intemnational, Inc. .. ........... 524




Laboratory Furnace

Accutherm, Inc. . .. ... ... ... ....... 608
Can-EngSalesLid. ................... 638
Consolidated Engineering Co. . ........... 728
Dependable Foundry Equip. Co. .......... 338
Despatch Industries ... ................ 910
Elnik Systems, Div. I[PM,Inc. . ........... 916
G-MEnterprises . .............ccoun.. 232
Inspec ... ... i 217
Kloeckner Ionon of Amenicane. .......... 319
Lindberg, A Unit of General Signal _ ....... 304
L & L Special Furance Co., Inc. .......... 305
Lucifer Fumaces, Inc. .. ................ 114
Park Chemical Company ............... 314
Thermal TechnologyInc. . ......._...... 907
T-M Vacuum Products, Inc. ............. 822
Vac-Aero Intemational, Inc, ... .......... 524
Salt Bath Systems

Aichelin-Stahl, Inc. ......... .......... 425
Ajax Elecric Company . .. ... ..ooeun... 525
Can-Eng SalesLid. ................... 638
Coors Ceramics Company . .............. 233
G-MEnterprises . .......co0vuenennn.. 232
Kolene Corporation . .................. 224
Leybold TechnologiesInc. .............. 218
Park Chemical Company ............... 314
The Metal Works Ind. Fumaces Inc. . ...... 121
Thermal-Basic, Inc. ... ... ... ... ..... 716
Upton Industries, Inc. . ................. 514
Sintering Furnaces

Abbott Furnace Company ................. 3
Accutherm, Imc. ... ... ... ... . ... 608
Aichelin-Sahl, Inc. . ........ ... ... .... 425
All Trend Corporation . ................. 13
Can-EngSalesLid. ................... 638
Coors Ceramics Company . .............. 233
Electric Furnace Co. . ... ..o ool L 309
Elnik Systems, Div. [IPM, Inc. ............ 916
G-MEnterprises . .........coovvvnan.. 232
Inspec ... .. . 217
Leybold Technologies Inc. . ............. 218
Lindberg, A Unit of General Signal . ....... 304
L & L Special Furance Co., Inc. . ......... 305
Lucifer Fumaces, Inc. . ................. 114
Onspeclnc. . ... ., 920
Pacific Industrial Fumace Co. ............ 508
SecoWarwick Comp. . ..........vvn... 415
Surface Combustion, Inc. ............... 228
Thermal-Basic, Inc. . ... . ... ..o, 716
Thermal Technology Inc, ..o oo L Lo 907
T-M Vacuum Products, Inc. ............. 822
Vac-Acro Intemational, Inc. . ............ 54
Vacuum Furnace Systems Corp. . ........ 1734

HT PRODUCTS/SERVICES INDEX

Tool Hardening/Tool Room

Abbott Furnace Company . ................ 3
Accutherm,Inc. . ... .. ... .. ... ... ... 608
Aichelin-Stahl, Inc. ................... 425
Ajax ElecticCompany . ................ 525
All Trend Corporation . ................. 13
Can-EngSalesLdd. ................... 638
Consolidated Enginecring Co. . ........... 728
C.LHayesInc. ...................... 701
Dependable Foundry Equip. Co. .......... 338
Elnik Systems, Div. IPM, Inc. . ........... 916
Klocckner Ionon of AmericaInc. . ......... 319
Lindberg, A Unit of General Signal .. ...... 304
L & L Special Furence Co., Inc. ..o oo L. .. 305
Lucifer Furnaces, Inc. . ... .. ............ 114
Park Chemical Company ............... 314
Seco/Warwick Corp. .................. 415
Surface Combustion, Inc. . .............. 228
The Metal Works Ind. Fumaces Inc. . ...... 121
Thermal Technology Inc. . .............. 907
T-M Vacuum Products, Inc. ............. 822
Upton Industries, Inc. . ................. 514
Vac-Aero Intemnational, Inc. .. ........... 524
Vacuum Fumace Systems Corp. .. ..., ... 1734
Vacuum Furnaces

Aichelin-Stahl, Inc. . .................. 425
All Trend Corporation . ................. 13
Beavermatic, Inc. . ........ ... ... ..... 704
Coors Ceramics Company . .............. 233
C.LLHayesInc. ... ... ... ........... 701
DNF Vacuum Equipment Service Co. . ... .. 829
Elnik Systems, Div. IPM, Inc. . ........... 916
G-MEnterprises . .........c.ooenne... 232
Inspec ... ... 217
Kinney Vacuum . ... .................. 133
Leybold Technologies Ine. . ............. 218
Scco/Warwick Corp. . ................. 415
Surface Combustion, Inc. . .............. 228
Thermal Technology Inc. . ... ... ... ... 907
T-M Vacuum Products, Inc. . ............ 822
Upton Industries, Inc. . ................. 514
Vac-Acro Intemational, Inc. . ............ 524
Vacuum Furnace Systems Corp. . ........ 1734
Vacuum Rescarch Corp. .. .............. 208

AUXILIARY EQUIPMENT AND SUPPLIES

Alloys, Heat Resistant

Castalloy Corporation . . ................ 633
Climax Specialty Metals ... ... ... .. ... 428
Coors Ceramics Company .. ............. 233
G-MEnterprises . ....... ... ..., 232
Rolled Alloys . ...................... 129
The Kanthal Comporation .. ............. 509
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HT PRODUCTS/SERVICES INDEX

Therm Alliarce Co. . .................. 718
WalmilCompany . .................... 724
Belts

Abbott FumaceCompany ................. 3
Atmosphere Furmace Company ........... 529
Can-EngSalesLid. ................... 638
Casualloy Corporation . .. .........co0e... 633
Coors Ceramics Company . .............. 233
G-MEnterprises ............c00nuen.. 232
Maryland Wire BeltsInc. . .......... .23
Polycarbon, Inc. . .. ................... 329
Seco/Warwick Corp. .................. 415
Therm Alliance Co. ................... 718
Baskets, Boxes, etc.

Abbott Furnace Company ................. 3
Castalloy Corporation . .. ............... 633
Cooley Wire Products Mfg. Co. . .......... 900
G-MEnterprises . .................... 232
Great Lakes Carbon-Specialties . .......... 439
Inspec . ... .. 217
Rolock/Calalloy . ..................... 308
Seco/Warwick Corp. . ................. 415
Stanwood Corporation . ................ 501
Therm Alliance Co, ... ... oot 718
WalmilCompany . .................... 724
Burners

Can-EngSalesLud. ................... 638
Coors Ceramics Company . .............. 233
Elicch Thermal Systems Corp. ... ......... 113
G-MEnterprises . .................... 232
Hauck Manufacturing Co. . .............. 601
MPlFumaceCo. . . ................... 629
OnspeclInc. ..., 920
Pyronics,Inc. ........... ... ... ..... 209
Thermal-Basic, Inc. . ............... .. 716
Controllers

Abbott Fumace Company . ................ 3
AACC/ZIRCOA ... ... ..., 729
Anafaze Mcasurement & Control ... ... .. .. 801
Barber-Colman ...................... 418
Conwol Concept, Inc. . ................. 630
Eurotherm Coiporation . ................ 109
Halmar/Robicon . .. ................... 409
Honeywell .......... ... . ........... 214
Inspec . ..., 217
Leeds & Northrup ... ..o iile s 500
Lepel Corporation . ................... 414
MKS Insvruments, Inc. .......... ... ... 905
MPlFumace Co. ............cvuuenn. 629
Onspec Inc. .. ... Aottt 920
Payne Engincering . ................... 808
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Partfow/Molytek ..................... 105
Thermal-Basic,Inc. ................... 716
Watlow Electric Mfg. Co. ............... 917
Coils, Induction

Ajax Magncthermic Corporation . ......... 619
Alpha 1 Induction Service Center ......... 743
Bone Frontier Company . ............... 802
Fluxtron Manufacturing Inc. . ............ 100
HWG Inductoheat . ................... 408
Inductoheat,Inc. ..................... 400
Inductoheat Pry. Ltd. .................. 404
Induction Tooling, Inc. . ................ 725
Jackson Transformer Company ........... 135
Lepel Corporation . ................... 414
Mannings USA. . .................... 833
Park PrecisionInc. . . .................. 615
Pillar Industries Ltd. . . .. .. ............. 639
Sheler Corporation . ................... 733
Tocco,Div. .......... ... ..., 116
Tocco,Inc. .. ... ... 120
Controls, Furnace Atmosphere

AACC/ZIRCOA ...............cc.... 729
Abbott Furnace Company . ................ 3
AGAGas,Inc. ...................... 709
Aichelin-Stahl, Inc. . .................. 425
Air Products and Chemicals, Inc. . ......... 301
Anafaze Mcasurement & Control . ....... .. 801
Barber-Colman ...................... 418
Can-EngSalesLd. ................... 638
Eltech Thermal Systems Corp. ... ......... 113
Furnace Conwrol Corp. . ................ 605
G-MEnterprises . ................... 232
Inspec ... ... ... ... .. 217
KurtJ. LeskerCo. .................... 206
Leybold InficonlInc. . . ................. 703
Marathon Monitors Inc. . ............... 609
MG Industries . ...................... 628
MKS Instruments, Inc. . ................ 905
MPIFumaceCo. ..................... 629
OnspecInc. ............. ..., 620
Rolock/Calalloy . ..................... 308
Sicmens Encrgy & Automation, Inc. ....... 800
Surface Combustion, Inc. . .............. 228
Thermal-Basic, Inc. . .................. 716
T .ermco Instrument Corporation . ......... 742
Union Carbidc Industrial Gases Inc. ........ 131
Waukee Engincering Co., Inc. ............ 227
Controls, Computerized

AACC/ZIRCOA . ... ... ... ..., 729
Abbott Fumace Company . ................ 3
Aichelin-Sahl, Inc. ................... 425
Ajax Electric Company . . ............... 525
Anafaze Mcasurement & Control . . ........ 801




Barber-Colman ...................... 418
Can-EngSalesLtd. ................... 638
Dalapag ........c.ciiiirrnnnnnnannn 818
Eltech Thermal Systems Corp. . ........... 113
G-MEnterprises ...........iiiiinnnn 232
Inspec ... ... ... 217
Leeds & Northrup .................... 500
Marathon Monitors Inc. ................ 609
MPIFumaceCo. ..........ccvnunn... 629
Pardow/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, Fuel/Air Ratio

Abbott Furnace Company . ................ 3
Anafaze Measurement & Control . ......... 801
Barber-Colman ...................... 418
Can-EngSalesLud. ................... 638
Eliecch Thermal Systems Corp. . . .......... 113
G-MEnterprises . .................... 232
Inspec ... .. 217
Leeds& Northrup .................... 500
OnspecInc. .....oooiviiiiiniinn.. 920
Pyronics,Inc. ......... ... .. .. ...... 209
Thermal-Basic,In¢c. ................... 716
Controls, Temperature

Abbott Fummace Company ................. 3
Anafaze Mcasurement & Conwrol .......... 801
Barber-Colman ...................... 418
Can-Eng SalesLtd. ................... 638
Capintec Instruments Inc. . ............... 19
Datapag ........covvrriueneennnnen. 818
Elnik Systems, Div. IPM, Inc. ............ 916
Eurotherm Corporation . ................ 109
Flinn & Dreffein Engineering Co. ... ...... 506
G-MERICIPFISES . .....c0vvvvevvneenns 232
Honeywell . ........................ 214
Inspec ... 217
Ircon/Square D ...................... 719
JMS Southeast . .............couinl... 632
Leeds & Northrup . ................... 500
Mannings USAA. ..................... 833
Marathon Monitors Inc. . ............... 609
MPI Fumace Co. ..................... 629
OnspecInc. ... iiinnnnn... 920
Paync Engincering ... ......cintu .., 808
Pariow/Molytek ..................... 105
Process Technology . .......ovveenn.... 134
Pyronics, Inc. .......... ... 0. .. 209
Rolock/Calalloy . ..................... 308
Thermal-Basic, Inc. . .................. 716

HT PRODUCTS/SERVICES INDEX

Upton Industnies, Inc. . ................. 514
Vacuum Fumace Systems Corp. ......... 1734
Watlow Electric Mfg. Co. . ... ........... 917
Fixtures

Castalloy Corporation . ... .............. 633
Climax Specialty Metals .. .............. 428
Coors Ceramics Company . .............. 233
G-MEnterprises ..................... 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
Cincinnait Sub-Zero . .................... 5
KurtJ.LeskerCo. .................... 206
Lepel Corporation .................... 414
MG Industies ................... ... 628
Penna-Flame Ind. Inc. ................. 804
Furnace Parts (Fans, Radiant Tubes)

Abbout Fumace Company . ................ 3
Aichelin-Stahl, Inc. ................... 425
Atmosphere Fumace Company . .......... 529
Beavermatic, Inc. ..................... 704
Can-Eng SalesLud. ................... 638
Casualloy Corporation . ................. 633
Chimax Specialty Metals . ... ... ........ 428
Consolidated Enginee g Co. ............ 728
Coors Ceramics Company .. ............. 233
Electric Fumace Co. . ... ............... 309
G-MEnterprises . .............. ..., 232
Great Lakes Carbon-Specialties . .......... 439
Inspec ... ... 217
Kinney Vacuum . ... .................. 133
Lepel Corporation . ................... 414
Leybold Vacuum Products .. ............ 702
Lindberg, A Unit of General Signal . ....... 304
Lucifer Fumaces, Inc. . ... .............. 114
MPI Fumace Co. ..................... 629
Polycarbon, Inc. . . ........ ... ......... 329
Pyronics,Inc. ................ ...... 209
Rolock/Calalloy . ..................... 308
Salem Corporation . . .................. 819
SecofWarwick Corp. .................. 415
Stanwood Corporation .. ............... 501
Surface Combustion, Inc. .. ............. 228
The Carborundum Company ............. 906
The Kanthal Corporation .. ............. 509
Thermal-Basic, Inc. . ..... .. ... ....... 716
Therm Alliance Co. . .................. 718
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HT PRODUCTS/SERVICES INDEX

THT Division, Dowa Mining Co. Lud. ...... 716
Upton Industries, Inc. . ................. 514
WalmilCompany .. ................... 124
Heating Elements

Abbott Furnace Company . ................ 3
Ajax ElectricCompany . .. .............. 525
Beavermatic, Ime. .. ... ... ... ... .. 704
Can-EngSalesLd. ................... 638
Climax Specialty Metals . . .............. 428
Coors Ceramics Company . .............. 233
Elnik Systems, Div. IPM,Inc. ............ 916
Great Lakes Carbon-Specialties . .......... 439
Inspec ... ... . 217
Lindberg, A Unit of General Signal ........ 304
Mannings US.A. . .................... 833
OnspeciInc. ..........civvirinnnnnn.. 920
Polycarbon, Inc. ...................... 329
Process Technology ................... 134
Rolock/Calalloy ...................... 308
Seco/Warwick Corp. .................. 415
Siemens Components, Inc. .............. 219
The Carborundum Company ............. 906
The Kanthal Corporation ............... 509
Thermal-Basic,Inc. ................... 716
Therm Alliance Co. . .................. 718
Thermal Technology Inc. . .............. 907
THT Division, Dowa Mining Co. L. ...... 716
Vacuum Fumnace Systems Corp. ......... 1734
Walmil Company . .................... 724
Watlow Elecric Mfg. Co. . .............. 917
Power Supplies

Abbott Fumnace Company . ................ 3
Ajax Magnethermic Corporation .......... 619
Alpha 1 Induction Service Center . ........ 743
Barber-Colman . ..................... 418
Bone Fronter Company ................ 802
Control Concept, Inc. . ................. €30
Halmar/Robicon . .. ................... 409
HWG Inductoheat . ................... 408
Inductoheat, Inc. .......... ... ....... 400
Inductohcat Pty. Ltd. . ................. 404
Inspec  ...... ... ... . .. ... 217
Lepel Corporaion . ................... 414
Manmnings USA. . .................... 833
Park PrecisionInc. . ................... 615
Payne Engincering .. ........... ... 808
Pillar Industries Lud. . .. ................ 639
Richardson Electronics, Ld. ............. 810
Tocco,Div. .. ... 116
Tocco, Inc. ..., 120
Upton Industries, Inc. .. ................ 514
Vacuum Furnace Systems Corp. ......... 1734
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Recuperators

Aichelin-Swahl, Inc. .. ................. 425
Awmosphere Fummace Company ........... 529
Beavermatic, Inc. . .................... 704
Can-Eng SalesLud. ................... 638
Coors Ceramics Company . .............. 233
Flinn & Dreffein EngineeringCo. ......... 506
G-MEnterprises . ..............u.... 232
Lindberg, A Unit of General Signal ........ 304
MPlFumace Co. ...........cc.conn.. 629
OnspecInc. ............ oo, 920
Pacific Industrial Fumace Co. . ........... 508
Pyronics,Inc. ........ .. .. .. ..., 209
Surface Combustion, Inc. . .............. 228
Thermal-Basic, Inc. ................... 716
Therm Alliance Co. ................... 718
THT Davision, Dowa Mining Co. Lid. ...... 716
Straightening Presses

Dayton Rogers Machine Prod. Div. ........ 834
HessMAE ... ..................... 432
Pennma-Flame Ind. Inc. ................. 804
Transmares Corporation . ............. .. 342
Thermocouples

Abbott Furnace Company . ................ 3
Ajax ElectricCompany . ................ 525
AlnorInstrument Co. . ................. 812
BarberColman ...................... 418
Can-EngSales _td. ................... 638
Coors Ceramics Company . .............. 233
Daapag ............ ..., 818
DNF Vacuum Equipment Service Co. ... .. 829
Inspec ... . . 217
Lindberg, A Unit of General Signal . ... .. .. 304
Mannings US.A. . ... ... ... ... .... 833
OnspecInc. ....... ... ... ... ........ 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 Fumace Systems Corp. . ........ 1734
Watlow Electric Mfg. Co. . .............. 917

INSTRUMENTATION
Carbon Sensors Oxsgen Probes

AACC/ZIRCOA . .................... 729
Abbott Furmace Company . ................ 3
Aichelin-Suhl, Inc . ..., ... ... .... 425
Barber-Colman .. ................... 418
Can-Eng SalesLud. ... ................ 638
Coors Ceramics Company . .............. 233




Furnace Control Corp. ................. 605
G-MEntemprises . ............coiunn.. 232
Imspec ... . e, 217
Marathon MonitorsInc. . ............... 609
MPIFummace Co. .................o... 629
OnspeclIne, ... ..o i, 920
Rolock/Calalloy . ..................... 308
Siemens Energy & Automation, Inc. ....... 800
Dew Pcinters

Abbott Furnace Company . ................ 3
Aichelin-Stahl, Inc. . .................. 425
Alnor Instrument Co. . ................. 812
Anafaze Measuremrent & Control . . ...... .. 801
Can-EngSalesLid. ................... 638
Fumace Control Corp. ................. 605
G-MEnterprises ..................... 232
Kurt J.LeskerCo. .................... 206
Infrared Instruments

Aichelin-Stahl, Inc. ................... 425
Anafaze Mcasurement & Control . ......... 801
BarberColman ....... ... ... ........ 418
Can-EngSalesLid. ................... 638
Capintec Instruments Inc. . ............... 19
Coors Ceramics Company . .............. 233
Ircon/Square D . ..................... 719
LecoCorp. .. . .ovi i 700
Marathon Monitc~inc. .............. 609
Siemens Energy & Automation, Inc, ... .... 800
Wadow Electric Mfg. Co. . .............. 917
Flow Meters

Abbott Fumace Company . ................ 3
Anafaze Mecasurement & Control . .. ... .. .. 801
Can-EngSalesLid. ................... 638
G-MEnterprises . .................... 232
KurtJ.LeskerCo. .................... 206
MKS Instruments, Inc. . ................ 905
OnspeclInc. ... .. 920
Teledyne Hastings-Raydist . .............. 21
Union Carbide Industrial Gases Inc. ... ... .. 131
Waukee Engincering Co., Inc. . ........... 227
Recorders

Abbott Fumace Company . ................ 3
Anafaze Measurcment & Contro! . .. ..., ... 801
Barber-Colman . ..................... 418
Can-EngSalesLud. ................... 638
Daspag ............ .. .. 818
Flnik Systems, Div. IPM,Inc. ............ 916
G-MEnterprises ..................... 232
Honmeywell ......................... 214
INSPEC . e e 217
KuntJ LeskerCo. .................... 206
Leeds & Northrup . ..., 500

HT PRODUCTS/SERVICES INDEX

Mamnings USA. . ...... ... . ... ..... 833
Partlow/Molytek ..................... 105
Vacuum Rescarch Corp. . ............... 208
PUBLICATIONS

Heat Treating Magazine ................ 741
Wolfson Heat Treatment Centre . ... ....... 215

TESTING EQUIPMENT
Diagnostic/SPC Instrumentation

Anafaze Mcasurement & Control . .. ....... 801
Datapaq ............. ... o, 818
KurtJ.LeskerCo. .................... 206
Tocco, Inc. ... ... ... 120
Hardness Testers

BuehlerLtd. ........................ 103
Datapaq ............. ... ... ..., 818
Equotip Associates . . .................. 221
Foerster Instruments, Inc. . .............. 717
K. J. Law Engincer, Inc. . ............... 618
Krautkramer Branson . . ................ 532
LecoCorp. . ... 700
Mannings USA. . .................... 833
Penna-Flame Ind. Inc. ............. .... 804
Wilson Insvuments, Inc. . ............... 708

Metallographic Equipment'Supplies

BuchlerLud. ........................ 103
LecoCorp. ....... ... i, 700
Light Microscopes Metallographs

BuchlerLud. ............. ... ........ 103
LecoComp. .o oo 700
NDT Instruments

Focrster Instruments, Inc. .. ............. 17
K.J. Law Engincer, Inc. .. .............. 618
Krautkramer Branson . ................. 532
Penna-Flame Ind. Inc. ................. 804
Universal Testing Machines

Cincinnait Sub-Zero . ......... ... ..., 5
Wilson Instruments, Inc. . ............... 708

Image Analyzers

Buchler Lud. ........................ 103
LecoCorp. ... oo 700
REFRACTORIES

AACC/ZIRCOA ... .. e 729
Coors Ceramics Company . .............. 233
G-MEnterprises .......... .. ... ... ... 232
Great Lakes Carbon-Specialties ... ........ 439
International Technical Ceramics Inc ... . . ., 204
Lindberg, A Unit of General Signal . ... . ... 304
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HT PRODUCTS/SERVICES INDEX

Mamings USA. ................c.... 833
MPIFumace Co. .........ciivvennnnn 629
OnspecInc. ..., 920
The Kanthal Corporation ............... 509
Zedmark Div. Quigley Co. .............. 539
Zircar Products, Inc. . ... ... .. ..l 112
COMMERCIAL HEAT TREATING SERVICES
Atmosphere Furmace Company ........... 529
C.LHayesInc. ...................... 701
Induction Tooling, Iac. ................. 725
Kloceckner Ionon of AmericaInc. .......... 319
Mannings US.A. ... ... ... .. nn.. 833
Penna-Flame Ind. Inc. ................. 804
Tocco,Div. . .o vii i 116
Wall Colmonoy Corp. ................. 909
Worcester Polytechnic Institute ........... 117
Heat Treating

Aichelin-Stahl, Inc. ................... 425
Awmosphere Fumace Company ........... 529
Cincinnait Sub-Zero . . ..........cihevnn.- 5
Electric Fumace Co. . . ... ..o vvvivivnnn. 309
HWG Inductoheat .................... 408
Inductoheat,Inc. . .................... 400
Inductoheat Pty. Ltd. ... ............... 404
Induction Tooling, Inc. ................. 725
Kloeckner Ionon of Americalnc. .......... 319
Mannings USA. . ......... ... 833
Mewl-Lab,Inc. ...................... 540
Miller Consolidated Industries . ........... 324
Penna-Flame Ind. Inc. ................. 804
Thermal-Basic, Inc. ................... 716
Tocco,Div. . ... i e 116
Vac-Aero Intemational, Inc. ............. 524
Testing

Datapag .......c.vvviivivirniennnnn., 818
DNF Vacuum Equipment Service Co. ...... 829
Induction Tooling, Inc, ................. 725
Klocckner Ionon of America,Inc. . ......... 319
Miller Consolidated Industries . ........... 324
Penna-Flame Ind. Inc. ................. 804
Tocco, Div. .. ... e 116
Others

ADVACO . ... e 115
-- Vacuum Pump Rebuilding

AGAGas, Inc. ...................... 709

-- Nitrogen PSA and Mcmbrane Systems
-- Oxygen PSA Systems

Ajax Electric Company . ................ 525
-- Matenals Handling Systems

-- Data Management & Coantrol Systems

- Prewired Contro!l Centers

Calcarb .......... ... ..., 715
-- Vacuum Fumnace Insulation

Climax Specialty Metals ................ 428
-- Molybdenum Mill Products for Vacuum Fumnaces
Como Industnial Equipment, Inc. . ......... 537

-- Filration of quench oil and recycling of
wash tank solution.

Consolidated EngineeringCo. ............ 728
-- Furnaces, Drop Botiom, Roller Hearth, Carbotiom
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 Lid. (Instruments &

Technology, Inc.) ......... ... ... .. .. 136
-- Quenchant Testing Equipment
Enthone-OMI, Inc. . ..................... 1

-- Specialty chemicals for non-cyanide copper
plating for stop-off

Gas Research Institute . ................ 333

-- R&D organization rcpresenting natural gas
industry, & 115 customers

Great Lakes Carbon-Specialties . .......... 439

-- Specialty Graphite

Heat Treating Network

-- Technology Transfer

Induction Tooling, Inc. . ................ 725

-- Flux Field Intensifiers

Industmal Heating Magazine

-- Publishers

Industrial Heat Recovery

Equip,Inc. ... ... ... ... ... L. 519
-- Water Cooling Systems

Inland Vacuum Industries, Inc. ... ........ i

-- Vacuum Pump Fluids

-- Reclamation Service

-- Custom Distillation

International Techaical Ceramics Inc .. ... .. 204
-- Ceramic Coatings

Jackson Transformer Company . .......... 135
-- Transformers

-- Integrated magnetics

-- Reactors

Kinney Vacuum . . .................... 133
-- Vacuum Pumps

KurtJ. LeskerCo. ... ... .. ... 206
-- Vacuum Pumps

-- Gauges and Hardware




Leeds & Northrup ............. ..., 500
-- pH/ORP Analyzers
Leybold InficonInc. . .......... ... ..., 703

-- Process Monitoring & Diagnostics
-- Residual Gas Analyzers

-- Vacuum Gauges

-- Hedlium Leak Detectors

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

Mewo Scale Company, Inc. . ............. 815
-- Automated Loading Systems

Miller Consolidated Industries ............ 324
-- Environmental Testing

-- Meual Finishing

MKS Instuments, Inc. ................. 905

-- Vacuum Instrumentation

-- Vacuum Hardware

-- Gas Analyzer Systems

MPlFumaceCo. ................c.... 629
-- Custom Engineering Service

MVAK Technologies,Inc. . ............. 914
-- Vacuum Pump Services

-- Vacuum Pump Fluids

-- Parts

-- Equipment

National Vacuum PrecisionInc. ... ..... ... 340
-- Rebuilding of vacuum equipment

-- Vacuum pump oils

Oakland Metering Loaders .............. 714
-- Metering Loaders and Dumpers

QOilpureSystems . ..................... 119
-- Filtration & Purification Systems

OnspecInG, . .ovvn e i e e e i e 920
-- Sales & Service

Park Chemical Company ............... 314
-- Luminous Wall Furnaces

Park PrecisionInc, ... ................. 615
-- Repair and Replacement Service

Partlow/Molytek . .................... 105
-- Data Acquisition Systems

Penna-Flame Ind. Inc. ........... ..... 804

-- Surface Hardening
-- Flame Hardening

Polycarbon, Inc. ... ................... 329
-- Insulating Materiuls

-- Coatings

-- LCarbon-Carbon Malcrials

Process Technology ... ... oL ..... 134

-- Electric immersion heaters
-- Heating/cooling coils
Protection Controls, Inc. . ............... 334

HT PRODUCTS/SERVICES INDEX

-- Flame safeguards

PSIEnergy ..... ... c.ieevieraennnn. 625
-- Energy Management

Pyronics,Imc. . ........ ... ..., 209
-- Combustion Safeguard Systems

Richardson Elecuronics, Ltd. ............. 810
— RF tubes

-- SCRs

-- Power semiconductors

-- Vacuum, ceramic and oil-filled capacitors

-- 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

-- Pyrobaich Furnaces

Teledyne Hastings-Raydist ............... 21
-- Yacuum gauges

-- Controllers

-- Thermocouple gauge tubes

Thermal Technology Inc. . .............. 907
-- Glass Fiber Drawing Fumnaces

-- Crystal Growing Fumaces

-- Induction Melting Furnaces

Thermco 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 Inc. . . ... ... 131
-- Industrial Gases

Vacuum RescarchCorp. . ............... 208

-- Vacuum gauges

-- Vacuum valves

Vacuum Tube Industries, Inc. . ........... 438

-- Rebuilt oscillator tubes used in RF induction
heating units

-- RF tube welding units & heat scaling

units
Vontek Industrics Lud. . ... .. ......... ... 734
-- Whitelight bcam systems
Wall Colmonoy Corp. . ................ 909

-- Commercial Brazing scrvices in protective
atmospheres
-- Brazing products/services
-- nickel base filler metals
-- brazing aids & cquipment
Waukee Engineering Co., Inc. ............ 227
-- Nixors
-- Blenders
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-- Compressors

-- Elecuronic flow conuol valves

Worcester Polytechnic Institute . .. ........ 117
-- Planning and Modeling

Zircar Products, Inc. . ....... .. ... ...... 112

-- High temperature fibrous ceramic insuation









