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DeJ. HAINS,
Hains Engineering Company Limited,
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I. Symopsis of Process

1. The SL Direct Reduction Process is the result of the co-operative efforts of
The Steel Company of Canada Limited, Hamilton, Onterio, Cansda, and the LURGI
Gesellschaft fuer Chemis und Huettenwesen mebeH., Frankfurt/Main, Germeny, The "SL"
traede name is derived from the first letters of the STELCO and LURGI trade names,

2. The process can use high-grade iron ores or iron concentrates which have been
egglomerated into the form of pellets.  The iron ore or the pellets are fed into a
rotary kiln elong with coal and dolomite. The coal is used as a reductant and as e
source of supplemental heat. The dolomite serves as an interface and absorbs sulphur
which msy 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 ere possible without fusion of the materials within the kiln, One of
the features of the SL kiln is mantlg burners. The burners are supplied with nir and
gas and the total mix is combusted in the kiln. The burners act as a source ‘of heat
and in eddition enable the control of the temperature and the composition of the gas
atmosphere within the kiln. The contrcl so exercised is ncourate and temperature

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

time. The reduced iron, commonly referred to as sponge iron, is discharged vin e
gastight chute from the reducin; kiln inte a rotary ooolor vhere the eponge, umburns
char apd dolomite are cooled and discharged vin an eirtight seel to a conveying system,
The discharged product generally has & temperature of 65°C and is non-pyrophoric. By
means of sereening and dry magnetie separation, the non-magnetic nroducts sre
separated from the magnetic products, namely sponge iron.  The non-magnetie products
can be further separated to recover the char and this char returnad to the system,
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1I. Progess History apd soplication
4Le 1In 1958, The Steel Company of Canada Ltd. commenced a programme of investigatirg
direct reduction nrocesses nnd based on their survey of existing processes came to the
conclusion thet there wero serious tachnical and economic shortecomings in the available
processes. Al this time, they contected the LURGI Companies and it was determined
that mutusl interests existed. An rgreement wss entared into and trials commenced
in the autumn of of 1959, using the Lursi »ilot plant kiln in Frankfurt, The
successful results of these preliminery tests werranted the building of = semi-industrial
unit in Hemilton, Onterio, Canzde, which started oreration in the spring of 1961 The
recent aversge vroduction rate is spproximately 100 net tons sponge per day.
5. The SL-sponge iron product produced since 1961 has been used: ‘ H
as in pilot blast furnace testa:
be for electric furnsce steel making:
¢ 88 a coolent for oxygen steal meking;
d. for cupola melting tests:
es as a precipitant for copper solutions.
ITI. Raw Materdals ond thelr Praparation
6o Irop Ors ,
In the LURGI pilot plent in Framkfurt, Brazilisn ore and Vanesuelan ore has
been crushed and screensd so that the +i " <13" material was fed directly to the kilm,
" At the Steel Company of Crnada in Hemilton the basic maerial, which has been used, is x
a magnetite ore which ls crushed, ground =nd concenirnted so that the concentrates ﬁi
contain epproxiuately 66-68% Fo as Fa30 4° These concentrstes are pelletised and
indurated at the mine snd the hardened pellets are transported to Hamiltom for chergimg
into the kiln. These pelletc are screened to reject the -i" and +5/8%.  The quantity
which has been rejected as over snd undersisze hos been very small, indicating good
control of the pellet size =t the mine.
7. Cosl
The 'coal can vory from“anthrrcits to lignits and should have non-ooking
charncteristics. A desiinble feature is to have the softening temperature of the
csi of the eonl us high os possidle.  The coel is usuelly crushed to -6.68 millimeters,
the dolomite or limestome is usuelly crushed to ~3.327 millimeters. These raw materiels
are received ond pleced in storage bins and ere discharged from the storage bins by mears
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of weigh feeders which are programmed and can be individually adjusted from a
remotely situated centrsl control panel. The welghing devices sre fully integrated
8o that the totsl weight and ratio of pellets to cosl to dolomite is kept.

IV. Prosess Rawloment

8. The following deseription of the SL Process equipment is besed on the
Hamilton plent of the Steel Company of Canadee The LURGI Compenies in Frankl'm't/&in.
Germany, were responsible for the design cnd supnly of the process equipment, To
mininize personnel, the plant wes fully instrumented ~nd practically all of the
operations cutomated and eontrolled remctoly from = sinple eontrol centar. In
addition to being highly automated, the nlant wes designed to nrovide the maximun of
vroocess date,

9. The plant has been described by M. J.G, Sibakin in his paper entitled:
"Development of the SL Direct Reduction Process™, however, it is worth-while to again
describe ‘the equipment (). The plant consists of four sections: rav materiel
handling system, main kiln, rotary eccler and finished products handling system. A
schematic layout of the plant may be seen in Fig. 1.

1O, The rew materisle consiating of pellets, dolomite snd coel, are brought to
the plant by rail end truek and sare conveyed to their respective storage bins,
Pellets and dolomite are screened to remove the oversiszed and wndersised particles
prior to their entering the bins. From the storage bins, the materials are fed
continuously, by meens of weighing feeders, in the desired portions onto a common
collecting conveyor. The materials then pass through a rotary gate-feeding mechanism,
which prevente escape of the kiln gases, down a feed spout into the kiln.

11. The kiln, excluing the two stationary heads, is 115 feet long, has an
internal diometer of about 74 feet and can be rotated st a constant speed over a wide
range of speeds. It is lined with a double course of refractory bricks, making
lining thickness of about 84 inches.

12, Ten burners are mounted on the shell of ‘he kiln, The burners ars svealy
spaced with each offset in succession from the next by 72 degrees. The air and ges
for the burmers enter separatc manifolds from opposito ends of the kiln. The transfer
of gas and nir from the stationery kiln heads to the roteting menifolds 1s eccomplished
' through eircular cavities enclosed by inner and outer labyrinth seals, The bearing
surfaces of the seals are lubricated with a suiteble grease having ¢ drop point of
350°F. One exial burner is located at the discharge end of the kiln,
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13. The materials gradually movo through the hoi kiln, until they are discharged
and drop through - bricklined trensfer chuto onto ~ stone box which diverts them into
the cooler. At this point, the meterlals ars ot n iemperature of about 109000, but

soon cool to about 65°C during pusscge through the rotary cooler.

14. The rotary cooler is mounted below the mein kiln., It in 65% feet long,
has on outside dlometer of £ feet end con be rotaoted at o ernstant sneed cver a wide
speed rangec. Only the first 28 eot of this cooler aro refractory lined. VWater
sprays are directed against tho out~r shell surface zlong the unlined longths The
etmospherc of the rotery cooler ronsiats casentially of geses from the main kiln and

prevent reoxidation of the reduced iron.

15, Both the main kiln end rotary cooler slope ai nn sngle of about 2 degroes .%{

fror. the horieontal.
16« The muterials discherge from the rotery cooler via another gute mechanism

and ere comveyed to the product binse  Tho matarizls cre separated by means of &
scroen and two drum magnetlc soperators into throe nroducts: ecarse spongs iron (plus
3/16 inches), fine sponge ircn (minus 3/1¢ inchos) nnd non magneie mixture of
caleined dolomite ond eoal char.

17. The gases gencrated in the nrocass flow counter-eurrent to the stationary
charging hend snd into two multiclone dust collectors. Tho relatively dust free gases
ore then discharged through o short stack, The prassure of the gess in the kiln is
regulated by means of sdjusteble louvres and cn exhous: fan. Plonte for the ;
production of 700 and 1000 tuns of sponge per dey arc sresontly being designed, ‘*i
V.  Oparation .

18, In all endothermic cheuical reactions i: ia sdvantogoous to have the
roection temporature as high =3 ;0ssible to obtnin the maximum results. The con-
trolling temperature in tha SL Procesc is the lowest softening tomnerature of the
verious materiale of tho chargo usede A3 = general practice the gas volume is kept
constent and the cir admission «i ernch burner is variod %o secommodate the materisls
in process and tho temperature profil~.  The exit gasecs are snalyzed continuously
and gonarally contoin less than 1.0¢7 totnl combustihles (hydrogen + carbon monoxide).

19« During ihe prst two yeors of ouneration there hes besn no ringing in the kiln
which 1r indicetive of the exeellent tomnercture e.ntrol sveilsble. A tyvoical

Fl

cerver-ture profile of o 140 pet torn Lont is indiested in Fig. 2.
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20s The tost datr for five 140 net ton per day ond one 150 net ton per dey runs
are detciled in Appendix I,
VI. Dtddigatdon of SL Spongp

21, Test results from tho United Stotes Burccu of Mnes Exnerimental Flest
Purnace at Bruceton, Pe., indicato that substantisl inerasses in hlast furncea
productivity snd much lower cokc rates een e obteined by the use of prereduced
pellets. A maximum decresnse in ccke rato of 44% rnd or inerease in production rete
ol 55% were obtained by incrossing the rverrgo iron contont of the burden from
66.19% to 86.49% Fo by removel of 95% of “he cxygen in tho iron minersls (b)s

22, The sponge iron produet has beon usod in severzl differcnt electric aru
furnace steel making operations, making both normal corbon steel and low and high
alloy steels. 7

23, In one steel plant nll tie electric furnace test heats were cast through the
continuous casting process. This process roquires a ladle temperature of about
1660°C for most gredes of steel, which is about 50°C above normal ingot pouring
temperatures. The power consumption for :hese taste wes therefora about 50~100
KH/ton above most other electric furnnce operating results due to the additional
thermel requirements of the steel for continuous cast application,

2, PFrom the melting of 325 tons of SL pellets nnd 40 tons of SL briquettes in
a 4700 K.VoAs furnace vith up to 80 per eent of the charged material consisting of
SL sponge iron, the following conclusions were made:

e. SL sponge iron significently improves the clectric furnace produstion
of medium carbon steels through the scquisition of better control over
the melt-down analysis of the éteel. A deorease of up to 20 per cent
in ihe finishing time for test heat mey be realised using Sl pellets.

be The number of charges required to reach the furnace melting capacity
are deoroased 50 per cent with the increase in charge density provided
by SL pellets. Thie provides r decrecse of up to 11 per cent in total
power consumption nnd sn inerense of about 10 per cent in the production
rete,

Ge Th'ragﬂumtut%toiopwo-totbhoam;u by 3L iron in
the electric furnace is technivally feasible and will improve operstions
over the long run.
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de It is estimated thet o productivity increase of up to 40 per cent and
nover asving of up to 20 per cent over normel practice, may result from
an efficient continuous charging overation utilizing SL pelleta.

AP ———

25, Tleciric furncce dota from anotior plant test run on 3L sponge pellets and
sponge briquettes are shown ir Appendix II -nd indicate favoursble compariscne wiin
scrap,
26, If the SL plent is in closc rroximity to the electric furnace, then sponge |
pollets mey be considered. If a long stornre life is roquired, then the SL pellete i
?
|
|

should be briquetied.

27. SL aponge has been used in » smrll-sczle eleciric induction furnace with
axcellent resulic and further work in this direction 1s suggested.

28, Lerge-scole tests have been eonducted in Hemilton on the use of SL sponge
iron pellete os = geran substitute in the LD steel moking operction. It is con-
templated under certain condiiions to replece seren with its wide range of composition

and price with n materiel of known comrosition at - relatively fixcd price. It is
also considered that SL snonge rellots or hriquettes can e hondled easier than serap
through the existing flux hendling system and cherged by grevity Lo the LD vessel.

29, In the tests, un to 15% pellels ns sernn substitute have been charged after
ignition without difficulty. '

30s Totol pellot edciticna of up to 20% geve smooth opsration during the blowing
cycle,

31. The vellets gave be'.ter cooling control and ere slighliy more efficient than
»ggular nerep.

| 32, Based on the sctisfactory performance of the pellets fuiur:s tests will be
designed for faster snd mora continuous SL sponge cdditions, prriicularly for sdditions
ofter ignition. The operzting perscnnsl antieinate trials uaing‘SL sponge as & com-
plete substitute for serap.
33, A porticl summory of some of the test d-ta is showm in Aupendix 1II,
VII. Investment Costs ,
3%  Assuring the relleis cre nvellable and delivered to the reduction plant along 7

wilhh the necossary conl ond dolomite or limestone, then the investment costs for
recelvine those raterials, the process equipment nnd sesarating the magnetics from the
non-uipnoties, including the prigquetiing of the megnoties to rscure their long storege

1ite, wily vrey weiwen 2500 -nd 1l.5 cer annurl ton of erp-elty denending on the

s
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VIII.Qperatdng Costa

35, Tho operating costs are best illustrated in Fig, 3 as » percentege of the
total cost per ton of spong..

IX. Egepomic Developments

36, In highly industrialived areas tho SL Process csn produce sponge iron with
known cheracteristios and chemical anslyses, suitable for electric furnace melting to
make the highest quality alloy steels. !

3. In certain areas of industrial countries, whare scrap commands e high price, ] 3
due to ‘ransportation distences, local iron deposits con be worked oconomically to ]
produce ¢ substitute iron melting stock. In industriel creas where an increase in pig
iron production is required, the use of partially reduced pellets will permit higher
() retes of xroduction without additional blest furnaces or an increase in the mmber of
ccke ovena. The use of partinlly reduced pellets in blast furncces will be the next
step of beneficliation of the blast furnace burden, after the production possibilities
of indureted pellets or self-fluxing sinter have been exhausted.

38, In non-industricl countries, tho SL Process will permit the production of
stoel withott the capital requirements of coke ovens and blast furnaces. The SL
Process wil. clso permit the use of local non-coking coals of various renks. «

3. Trom a capitel cost point of viow where new ‘ron or steel production plants
1 ere being sonsidered, or wherc existing iron production must be incroased, the SU
Process 1s nighly competitive and worthy of closest exmmination by potential and ourvent
) steel producers.
e Balarsnses
(a) suBAXIN, J.0.

Rt e
) Y 1
g G agid. o N

avel pomont. e 3L Direct Redugtion Proogss Preprint, Genersl
Hating, The Amorican Iron and Steel Instituto, New York, May 23,
1962, 42 ppe

(b) MELONER, N.B. Smalting Prexeduged

Tventy-Fourth Annual Mining Symposium, University of Minnesota
and Annuel Meeting of Minnesote Section, AIME 1963, pp 47-%1.
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APPENDLY 11,
MELIING TESTS
SL_EELLETS AND ERIQUETIES
CHARGE MATERIALS (Pounds) Control SL 6
4-23-62 42462
Mill Bnds - Crops 2 000 2 000
R.R, Wheels (3.5%) 2 100 3 50
Railroad #1 5 000 10 000
Auto 27 400 10 600
Bundles 9 000 3 400
SL Pellets - 16 80
SL Briquettes - -
% s 36.4
Total Serap - 45 %0 46 320
Burnt Lime : 500 500
Carbon - -
Linmestone - -
Ore 600 -
Burnt Lime 650 4%
Limestone 500 400
All Other (incl, Alloys) 333 m
.
To Melt Total Charge 9 200 9 X0
Power on to Taep 10 900 10 &0
480
%Totd Charge 450 450
Power on to Tap 533 a3
D ACTUAL 1) medted 1h s 2h 1
Charge to Tap 3b 1m o
Tap to Tap 3h 3 3h a6m
| Gharge %o a1l melted 1h m 2h 1
Charge to Tap 3h o1m 3h om
Power on to all melted 1b w2 2h oom
Power on to Tap 2h sm 2h 3sm

090D INGOTS PRODUGED (ToNs) 2,42 20,65

STEEL/SYMP.1963/
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SRl SIRE _ STEEK
¢
Mn
P
s
54
£u
Total Charge (T)
Yield (%) .
Yicld 5 » 86.8% SL
291% &

*  86.8% motallio Fo

Control
4-23-62

0,31
{}. 58
0,019
0,033
0,13
0¥

22,75
9C,0

90,0

SL-6
4-24 62

4,31
0,56
0.030
0,030
Cel2
Ge23

23.16
89.5

91.5

Control
¢ 3925

0,30
0,58
0,015
0,038
0,10
0.32

Ry

s

C 3926

0,16
0450
0,000
0.032
0,09
0,09

23.00
87.1%

97:9%
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Ract lo. 66 204 66 306 66 340
Totel cherge pounds 239 500 R76 80 257 000
leight SL 24 000 41 000 48 000
SL % of charge ic 15 20
&dded with sercp 10 - 5
Aftor ignition - 15 15
Serap weight & 800 X wo 20 8
% serep 17 10,8 8.1
Total coolent 62 400 68 000 - 63 000
% eoolont 2% 2%e5 2445
Hot motal weight 177 100 209 900 193 oo
% hot metal _ i 5.7 75.2
Feo oporation sparking , il : " il

Sleg Muid Fluid Fluid
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