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I»  Synopsis of Procesa 

1. The SL Direct Reduction Process is the result of the co-operative efforts of 

Ihe Steel Company of Canada Limited, HamUton, Ontario, Canada, and the LUROI 

Gesellschaft fuer Chemie und Hüttenwesen m.b.H., !¥ankfurt/Main, Germany.  The «SL» 

trade name is derived from the first letters of the STELCO and LUROI trade names. 

2. The process can use high-grade iron ores or iron concentrates which have been 

agglomerated into the form of pellets.  The iron ore or the pellets are fed into a 

rotary kiln along with coal and dolomite.  The coal is used as a reductant and as a 

so-arce of supplemental heat.  The dolomite serves as an interface and absorbs sulphur 

which may be driven off from the coal or the iron bearing materials. 

3. Due to the mechanical construction features of the SL kiln very high reaction 

temperatures are possible without fusion of the materials within the kiln.  One of 

the features of the SL kiln is mantle burners.  The burners are supplied with air and 

gas and the total mix is combusted in the kiln.  The burners act as a source of heat 

and in addition enable the control of the temperature and the composition of the gas 

atmosphere within the kiln.  The control so exercised is accurate and temperature 

profiles of plus or minus a few degrees centigrade are attainable over long periods of 

time.  The reduced iron, commonly referred to as sponge iron, is discharged via a 

gastight chute from the reducing kiln into a ratify ooelor where the epooge» «bur* 

ehir and dolomite are cooled and discharged via an airtight seal to a conveying system. 

The discharged product generally has a temperature of 65°C and is non-pyrophoric.  E?r 

means of screening and dry magnetic separation, the non- magnetic products are 

separated from the magnetic products, namely sponge iron.  The nonmagnetic products 

can be further separated to recover the char and this char returned to the system. 

GE. 63-13526 
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11.  ftMw H jjgfflar, ma. ^pijsâLiap. 
4. In 1958, The Steel Company of Canada Ltd. commenced a programe of inveftigaitei 

direct reduction processes and based on their survey of existing processes earn to the 

conclusion that there vero serious tachnical and economic shortcomings in the available 

processes.     At this tine, they contacted the LURGI Companies and it was determined 

that mutual interests existed.     An igreenent w,is entered into and trials commenced 

in the autumn of of 1959» using the Lurcri pilot plant kiln in Frankfurt.      The 

successful resultn of these preliminary tests warranted the building of a semi-induitrlal 

unit in Hamilton» Ontario, Canada, which started operation in the spring of 1961.     Tb* 

recent average production rate is approximately 100 net ton« sponge per day. 

5. The SL-sponge iron product produced since 1961 hai been used: 4M 

a*    in pilot blast furnace tests; 

b. for electric furnace steel making?, 

e. as a coolant for oxygen steel making; 

d. for cupola melting tests: 

e. as a precipitant for copper solutions« 

In the LUTiGI pilot plant in Frankfurt, Brazilian ore and Vaneauelan ore bat 

been oroshed ani screened so that the +i H »l£* material wa» fed directly to the trilli» 

At the Steel Company of Cenada in Hamilton the basic material, «hieb has been ueed, le 

a magnetite ore which is crashed, ground and concentrated so that the concentrates 

contain approximately 66-68$ P© as Fe-0. mese concéntrete« are palletised and 

indurated at the mine and the hardened pellets are transported to Hamilton for cherfta«; 

into the kiln. These pellets are screened to reject the -i* and •S/SS*. The quantity 

which hfis been rejected as over md under sise has been very «Ball, indicating good 

control of the pellet sl?e at the mine. 

?• &a 
The coal can vary from*anthrrcita to lignite and should have non-ooking 

characteristics.     A desinole feature is to have the softening temperature* of the 

-sh M* thf co-1 as high r.s possible.      The coel is usually crushed to -6.68 millimeter«. 

UM dolomite or lirsestone is usually crushed to -3.327 millimeters.     These raw material« 

arc rr-oivod ind placed in storage bins and are discharged from the storage bin« by 
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of weigh feeders which ar© programed and can be individually adjusted from a 

remotely aituated central control panel.     The weighing devices are fully integrated 
so that the total weight and ratio of pellets to cosi to dolomite is kept. 

8. The following description of the SL Process equipment is based on the 

Hamilton plant of the Steel Company of Canada.      The LURGI Companies in franWurt/Main. 
Germany, were responsible for the design and supply of the process equipment.     To 

minimise personnel, the plant vrs fully instrumented and practically aH of the 

operations automated and controlled remotely from a «ingle control center.     In 

addition to being highly automated, the plant was designed to provide the maxima of 
process data. 

9. The plant has been described by tf% J.G. Sibakin in his paper entitled; 

"Bevelopment of the SL Direct Reduction Procese», however, it is worth-while to again 
deeeribe the equipment (ah      The plant consists of four sections     raw materia 

handling system, main kiln, rotary cooler and finished products handline system,     * 
schematic layout of the plant may be seen in Pig. 1, 

10. The raw materials consisting of pellets., dolomite end coal, are brought to 
the plant by rail and truck end are oonveyed to their respective storage bins. 

Pellets and dolomite are screened to remove the overaiaed and »derailed particles 

prior to their entering the bias.     From the storage bias, the materias are fed 

eonUnuottsly, by means of weighing feeders, in the desired portions onto a common 

collecting conveyor.    The materials then pass through a rotary gate-feeding mechanism, 
which prevents escape of the kiln gases, down e feed spout into the JeUn. 

11. The kiln, excluding the two stationary heads, is U5 feet long, has an 

internal diameter of about 7* feet and can be rotated et a constant speed over a wide 

range of speeds.     It is lined with a double course of refractory bricks, asking a 
lining thickness of about &§- inches. 

12. Ten burners are mounted on the shell of the kiln.     The burners are evenly 

spneed with each offset in succession from the next by 72 degrees.     The air and gas 

for the tamors enter separato manifolds from opposi to ends of the kiln.     The transfer 

of gas and air from the stationery kiln heads to the rotating manifolds is accomplished 

through circular cavities enclosed by inner and outer labyrinth seals.      The owing 

surfaces of the seals are lubricated with a suitable grease having a drop point of 
350 F.     One axial burner is located at the discharge end of the kiln. 
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13. The materials gradually movo through the hot kiln, until they are discharged 

and drop through ? brieklined transfer chuto onto .?. atone box which diverts them Into 

tho cooler.      At this point, the meteríais are at r. toraoerature of about 1090°C, but 

soon cool to about 65" 0 during passage through the rotary cooler. 

14. Ilio rotary cooler is mounted below the nein kiln.     It ir. 65^ foet long, 

has an outsido diameter of f feet and can be rotated at c. constant speed over a wide 

speed rango.      Only tho first 28 Teofc of this cooler aro refractory lined.     Water 

sprays are directed against tho outer shell surface ¿long the unlined length.     The 

atmosphere of the rotary cooler consists assentially of gases from the main kiln and \ 

prevent reoxidation of tho reduced iron. j 

15«   Both tho main kiln and rotary eooler slope at in angle of about 2 degrees        Ét| 

fror, the borlfontal. 

lé.   The materials discharge from the rotcry cooler via another gate mechanism 

and are convoyed to the product bins.     Tho materials are separated by means of a 

screen and two drum magnetic separators into thro© products';   coarse sponge iron (plus 

3/16 inches), fine sponge iron (minus 3/l6 inches) and non magnetic mixture of 

calcined dolomite and coal char. 

1?.   The gases generated in the proa osa flow counter- current to the stationary 

charging head and into two sultielone- dust collectors.     Tho relatively iust free gases 

are then discharged through a short stack.     The pressure of the gas in the küß is 

regulated by means of adjustable loovrer. and an ©xhaus': fan.     Plants for the 

production of 700 and 1000 tunj of spenga per day are presently being designed. ^Pl 

18. la all endothermie chemical reactions it is advantageous to have the 

reaction temperature as high as ; «edible to obtain the maximum results.      The ooo- 

troUiag teaperaturo in the SL Procese is tho lowest softening tanneroture of tee 

various materials of the charge used.     Jus a general practice the gas volume is kept 

constant and tho air admission at each burner in varied to accommodate the materials 

in process and tho temperature profilo.     Tho exit gnaos are analyzed continuously 

and generally contain less than l.o;; total combustibles (hydrogen + carbon monoxide). 

19. During 1!K> past two year:; of oner it ion there has bean no ringing in the kiln 

which i.* indicative of tho oxeellont  temperature control available.      A typical 

,er.noi"ture frailo of a U¿- not ton t-r-t in indicated in Fig. 2. 
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20. The tost dntr for five HO not ton por day end one 150 net ton per day ras 
are detailed in Appendix I. 

21. Test results from tho United St?tos Bureau of Minos Experimental Hest 

Furnace at aruceton, Pa., indicato that substantia incloses in blast furnace 
productivity and much lower coke retos ou\ be obtained hy th« uso of prereduoed 

Palets.     A maximum deereaae in ceke rato cf U$ ma an increase in production rate 

of 55$ were obtained by increasing the r.verr.go iron content of the burden from 

66.19* to 86,49$ Po by removal of 95Í of the oxygon in tho iron minerals (b). 

22. The sponge iron product has beo« usod in several different electric ar« 

furnace steel making operations, making both normal eerbo» steel and lev and high 
alloy steels. 

23. In one steel plant oil the el oc trie furnace teit heats were east through the 

continuous easting process.     This process requires a ladle temperatale of about 

1660 C for most grades of steel, which is about 50°C above normal ingot pouring 

temperatures.     The power consumption for ¿hese taste was therefore about 50-100 

KMR/toa above most other electric furnaee operating results due to the additional 

thermal requirements of the steel for continuous easting appiieation. 

24. Prom the melting of 325 tons of SL pellets ma 40 tons of SL briquettes in 

a 4?80 K.V.A. furnace with up to 80 per eent of the charged material consisting ei 
SL sponge iron, toe following conclusions were made; 

a«   SL sponge iron significantly improves the electric furnaee production 

of medium earben steels through the acquisition of better control over 

the melt-down analysis of the steel.     A decrease of up to 20 per cent 

in the finishing time for test boat may be realised using SI pellets. 

h»   the number of charges required to reach the furnace »siting capacity 
are decreased 50 per cent with the increase in charge density provided 

by a pellets.     This provides a decrease of up to 11 per cent In total 

power consumption and m inórense of about IO per cent in the production 
rate. 

a.   me regular replacement uf 30 to 50 oer oent of the scrap by & iron in 

the electric furnaee is technically feasible and will improve operations 
over the long run. 

iÂaaMaahfla 
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d.   It is estimated that a productivity increase of up to ¿0 per cent and 

power saving of up to 20 per cent over normal practice, may result from 

in efficient continuous charging operation utilizing SL pellets. 

25»    Electric furnace dota from another plant teat run oc 3L sponge pellets and 

sponge briquettes are shown ir. Appendix II :¡nd indicate favourable comparisene wilh 

serep. 

26. If the SL plant is in closo proximity to the electric furnace, then sponge 

pellets racy be considered. If a long storne© life is raquired, then the SL pellet« 

should be briquetied. 

27. SL sponge has been used in n small-scale electric induction furnace with 

excellent results and further work in this direction is suggested. Él ( 

28. Large-scale tests have been conducted in Hamilton on the use of SL sponge 

iron pellets as a scrap substitute in the LD steel making operation.      It is con- j 

templated under certain conditions to replace scrap with its wids range of composition 

and price with r, mat arici of known composition at a relatively fixod price.     It is 

also considered that SL spongG pellets or briquettes can be handled easier than scrap 

through tho existing flux handling system and charged by gravity to the LP vessel. 

29. In the testa, up to 15$ pellets an scrap substitute hava been charged after 

ignition without diffioulty. 

30. Total pellot additions of up to 2055 gave smooth operation during the bloving 

cycle. 

31. Tho pellets gave bettor cooling control and are slightly more efficient than W I 

regular ncrap. 

32. Based on tho satisfactory performance of the pellets future teste will be 

designed for faster and mora continuous SL sponge additions, particularly for additicne 

after ignition.     The operating personnel anticinat© trials using SL sponge as a eon- 

pieto substituto for scrap. 

33. A partial summary of some of the teat drta is shown in Appendix III. 

VII. Investment. Coats 

34. Assuming the pellets are rvailablo and delivered to tho reduction plant along 

with tho noeoscr.ry coal and dolomite or lineston*,. thpn the investment costs for 

raeoivinf  Uiu.io retori als,  the procer, ¿ equipment and neoarating the magnetics from the 

qon-•;..-.fnosier-,   including  !-he brique' linr •••£  the nr,gnotiC3 to radure thoir long storage 

li'Y, vilj  vry  or" wo on    25.ut> -ni   I.'.-*   ver r.nnu-'l  :.on of c-p'-.eity defending on the 

•   ^ • ,'   q-.r.'.. 
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35. The operating coats ore best illustrated in Pig, 3 es a percentage of the 
total cost per ton of spongj, 

36. In highly industrialised areas tho SL Process can produce spenge iron with 

known eharaeteristios and chemical analyses, suitable for eleetrie fornace melting to 
make the highest quality alloy steels. 

3".   In certain areas of industrial countries, where scrap commands a high prioe, 

due to transportation distances, local iron deposits can be worked economically to 

produce t substitute iron melting stock.     In industrial areas where an increase in pig 
Iron production is required, the use of partially reduced pellets will permit higher 

retes of production without additional blast furnaces or an increase la the number of 

ecke event.     The us« of partially reduced pellets ia blast furnaces will be the next 

step of benefioietion of the blaut furnace burden, after the production possibilities 

of indurated pellets or self-fluxing sinter have been exhausted. 

30.   In non-industrial countries» the SL Process will permit the production of 

stesi without the capital requirements of coke ovens and blast furnaces.     The SL 

Process wit also permit the use of local non-coking coals of various ranks. 

39.   ?rom a capital cost point of vlow where new 'ron or steel production plants 

are being considered, or where existing iron production must be incroaaed, the SL 

Process is lighly competitive and worthy of closest examinât ion by potential sod current 
s«eel prcducors# 

(a) SI BAHN, J.O.     De vai orami af the SL ftjyefffr fisjaetip^ froftiff« Preprint, General 

Masting, The Aneriean Iron and Steel Instituto, Mew York* Miy 23, 
1962, 42 pp. 

(b) «LOBI, N.B.      Smalti*? rr«r«Jx*»d ¡>^,tg fr ^ flmjr«^«! J3Bff| fglttttf • 

Twenty-Fourth. Annual Mining Symposium» ttiiversity of Minnesota 

and Annuel Meeting of Minnesota Section, AIM 1963, pp 47-51. 

j~. .i .¿¡¡¿¿n ¿jüüü 
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MATERIALS  (Pounds) 

MOI Ends * Crops 
R.R. Wheels (3.5#) 
Railroad #1 
Auto 
Bundles 
SL Pellets 
SL Briquettes 
% SL 

Total Serap 
Burnt Line 
Carbon 
Or« 
Limestone 

flip MATWRTAT.fi 
^^^^^^^^'^'^'^P^^^a^a^a^pajajajfc 

Ore 
Burnt Lia» 
Limestone 
All Oth«» (SMI* IUey§) 

EHRL 

To Halt Total Charge 
toner on to Tap 

fi£ÜM£.lfi& 
To Malt Total Charge 
Power on to Tap 

TIMS- ACTy/fr 
Charge to all melted 
Charge to Tap 
Tap to Tap 

nm-M fetpg Mm) 
Charge to all melted 
Charge to Tap 

m um mm wjmm 
Power on to all melted 
Power on to Tap 

QflOP IHQOTS PRODUCED fa»S) 

m m 
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Control SL 6 Control ft 
4-23 62 4-24*62 C 3925 O 3926 

2 000 2 000 2 000 1000 
2 100 3 500 2 100 2 100 
5000 IO 000 5 000 _ 

27 400 10 600 2d 900 3 500 
9 000 3 400 7 500 

- lé 820 . -,. «. 
. ... 38 TOO 

36,4 .... •4*1 

45 500 46 320 45 500 46 GOO 
500 IDO ».. -- 

1 100 1000 

600 

500 
333 

450 
400 
370 

400 
200 
474 

400 

556 

f 
j 

Î 
i 
1 

9 200 
10 900 

9300 
10 600 

9 200 
U 400 

9 200 
11 500 

450 
533 

450 
513 

442 
548 

499 
574 

1 
1 

1» 52» 
3° 12» 
3a 38» 

2*13» 
3» 04« 
«R ejm 

í 57» 

3° 20» 

1¡> 53« 
3« 02» 

i 
i 

i 

1B 47* 
3* 01» 

2» 13» 
3« .04» 

lh 54a 

2h 57« 
lh 53» 
3» 02« 

lh 36» 
2» 57a 

2h 00» 
2h 35» 

ln 52» 
2» 55» 

l»Si» 
3&00« 

20.42 20.65 20.82 20.03 

jifii^***^. 
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PjP£<¡"3ffi¥   ;    SÎËËiL % 

m 
p 
s 
SI 

i*l ¡TALLI C YIELD 

Total Charge (T) 
ïiold (%) 

* 

ïiold % " 86,ast a 
• v 93 56   SL 

Control 
4-23-62 

SL-6 
4-24 62 

Control 
C 392? 

SL 
C 3926 

0.31 
0.58 
0.019 
0#0?3 
0.13 
o»3f 

0,31 
0.56 
0.030 
0.030 
W»1Z 

0,23 

0.30 
0.58 
0.015 
0.038 
0,10 
0.32 

0,16 
0,50 
0.0^9 
0.C3" 
0.09 
0,09 

22.75 
90.0 

23*16 
•9*5. 

IM» ; 
••¿M© 

9C.0 Ä»f 
•fMf.- 

*     86,8* ne tallio Pe 
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ÄÜHOLiÄ 

gg&ftfêggfi musoimi* mm g ¡mm 

tiè 

Koct Us« 
To tel ©herg© pounds 
'/©ight &L 
SL Í of charge 
Added with scrr.p 
Al'tor ignition 
Scrap weight 
% scrrp 
'fctnl coolent 
/•' coolent 
Hot motel weight 
£ hct aetol 
Fee operation sparking 
Slcg 

66 204 
239 500 

24, 000 
10 
lu 

40 800 
17 

624OC 
26 

177 100 
74 
m 

fluid 

66 306 
276 80û 
41 000 

15 

15 
30 000 

10,8 
68 000 

24*5 
209 900 

75.7 
»a 

fluid 

éé 340 
257 QUO 
46 coo 

20 
5 

15 
20 800 

8.1 
63 000 

24*5 
193 000 

75.2 
NU 

Fluid 

»t 
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