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SUMMARY 

Hif^e
+
SL/mí pr?CSS" 1S  CaFable °f Processing a wide variety of ore*, usinp manv 

^^n«Z5?oV1B W0CeSS t0  the  COmmerClal  Stage ^  SeVeral *«*"•" - 

faoiiSn: ^:^ih-: ^Lr^frrnt rraking and steeim^ 
ics, of utilizing   -•—.-- teasnlality,  and to  determine the econom- 

have been carrier. 
LD converter,   and   ine elertric'íc  furnace! 

íio  Pponpe  iron  product  of  the  SL/RN procpp* 
lt   in the,Wa!!  Jurnace»  the electric smelter ,^7^0^,^ 

.ro-x-tiF. evolved   from the continuous charging of SL/RN 
,ne electric  arc  furnace.     In this process the melting of 

The SL  steelrnak:i, 
sponge  iron pellet;;;  ir. 
the pellets  and  the-   reï'nuw of the  «VTPPI   hn+h  +.-i•     1 *--••—>»   ««. unhung OI 
significantly reduce, ^     ,^      0 !       t      " "fl ^ S1• taneously,  thereby 
instances, the  energy   m<\ eVr"^    7 ?        Refractory consumption and, in some 

scrap operation;n'0^Le;T¡ f 0 ^^ ^ "^• ^ ^ the ^ 
nace and basic  oWen et,n  h^t^ ^      eel  ^ant  ^"^sting of blast  fur- 
direct reduction tíwi¿¿ eCcÙcLfr"'    ^ COmb"ati• of an SL/RN 
appears to have  »  econom:,  advantage in mÏÏy  locations! 8teelmak-S P^ess 

paper issued under the same  title as ID/WG.14/?. 
*    This is a summary of a 

id.68-I874 
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INTRODUCTION 

through thi°?r?pS03* steelmaki»e "»«y be expected through the SL/RN direct reduction process. The 
products of this process have been successfully tested 
in a number of iron and steelmaking processes but th* 
real success, economically as well as ?echnicaUv nas 
been achieved in the continuous charging or SL/RN ' 
sponge iron into the electric arc furnace-the basis 
of the SL steelmaking process. 

• _,      A flowing need exists in the steelmakina 
industry to obtain a better return on investi than 
is possible using traditional steelmaking faSuitieS 
í¡;e;^laSt frnaCeS in combi^tion with Sxygeî open ' 
hearths or LD converters. The economics of traditional 
steelmaking operations are such as to demand large-sized 
equipment, both initially and for expansion, so fha? 
capital investment is high and, in some cases, 

îb^;haf?Cltï may be * Problem until the market can 
absorb the steel at the higher production rate.  On 
w?th0^!r^an? ' îhe JL/RN Process, in combination 
with the SL steelmaking process, offers the advantages 
of lower capital investment, the ability to ta;lor the 
initial plant capacity to the size of the market, and 
expansion m smaller increments. 

The SL/RN process is the result of development 
work by two groups of companies.  The SL group—The 
Steel Company of Canada, Limited, Hamilton, Ontario, and 
Lurgi Gesellschaft fur Chemie und Hüttenwesen, Frankfurt 
Germany--developed a kiln process based essentially on  ' 
the reduction of high grade iron ore concentrates1 

Concurrently the RN group-Republic Steel Corporation, 
Cleveland, Ohio, and National Lead Company, New York, 
New York — developed a process based essentially on the 
reduction of low grade iron ores''01.  It was realized 
that a process worthy of wide application would result 
it the two processes were combined.  Such a combination 
was effected in 1964, and the Lurgi Company is acting 
as the world-wide agent for the combined process. 

During the various development stages, four 
K?* I51*?*! were built' t<?st results have been 

published-1  . A photograph of the semi-commercial pilot 
plant located at The Steel Company of Canada, Limited, 
m Hamilton, is shown in figure 1; it can produce 136 
metric tons of iron per day in a kiln having a volume 
of 12c cubic metres.  Three commercial SL/RN plants are 
under construction and will be in operation in 1969. 
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rpfprr , +
Tne Product from the SL/RN process, commonly 

•?I+  ï° as,?Pon>Te iro»> ^as been widely tested in a 
variety of applications.  About HOO0 net tons were 
used in a commercial blast furnace, resulting in a 
significant increase in production and decrease in coke 
Iti  li  ! -  teStS have been successfully conducted in 
í•fÍe?  1C Smelter' the hot fcl^t cupola, the basic 
oxygen furnace, and the electric arc furnace.  The 
electric arc furnace work culminated in the SL 
steelmaking process.  The development work on this 
process involved the production of about 6000 tons of 
litt     T J*at   Dointly financed by the SL proup and 
Pickands Mather Company, Cleveland, Ohio. 

, ....   . This Paper describes the SL/RN process.  The 
utilization of its product in the blast furnace, electric 

dîscu^d
CUP?la' and basic Owen furnace is briefly 

discussed along with some of the economic factors which 
influence these applications.  The SL steelmaking 
?••fS 1£\describ*d i" terms of its operation, 8 

improvements over the existing all-scrap practice in 
electric arc furnaces, and its economics. 
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THE  SL/RN PROCESS 

Raw Materials 

The basic raw materials  for the  SL/RN mw^ee 
are  iron ore,   coal  and flux.    The  iron ore  is redded ?o 
metallic iron by reaction with the  carbon in the S as 
they move  together  through  the kiln.     The flux 
limestone or dolomite,  acts  as a scavenger foí'the 
sulphur released  from the  fuels and/or the ore. 

take  a v-rJïîv^V** fee?  f°r the  SL/RN Process can take  a variety of  forms.     It can be  as  a lump ore nr 
as an agglomerated  iron ore  concentrate in the  form of 

TÍfn^nf P:-letS.°r gr^en  balls   (unfired peïLÎs) 
Iïth^!P      tl0n of íhe ir0n ore is  carried out using 
methods common to the mining industry  as indicated in 
the flow sheet  m  figure   2.     Four examples of ore 
«processed by the  SL/RN process are  shown in Table I. 

Table  I   shows  that a wide range of iron ore 
can be reduced  in the SL/RN process.     Similarly to the 
blast furnace    the   SL/RN process performs better with a 
dust-free,  uniformly-sized and high-purity ore,  than 
with  an  irregularly-sized,   low-grade  ore.     The 
titanomagnetite,  difficult to process   in a blast  furnace 
can be reduced by this process for feeding directly into' 
the steelmakmg  furnace.     The sulphur content of the ore 
is usually low,   but  even  medium-sulphur •e     as   ¿n tne 
case  of the magnetite ore  of Table   I,   can be 
desulphurized during reduction so that  the resultant 
product is suitable  for iron and steelmaking. 

. A wide  range of coals from anthracite  to 
lignite can be used  in the process.     The main criterion 
m coal selection  is that  the ash softening temperature 
must be higher than the temperature  used in the rotary 
kiln so that the coal ash does not fuse during its 
passage through the  kiln.     The chemical compositions of 
three possible types of coal are shown  in Table  II. 

.... Coals of  different classifications  contain 
different percentages of volatile matter and, as this 
part of the coal represents a substantial fuel value, 
it is burned in the process as completely as possible 
to minimize fuel consumption. The sulphur content of 
the coal is usually less than one percent and at this 
level  it can be readily controlled by the flux addition. 
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the fluv Jll  ?^ì"»estone or dolomite can be used as 
Th! ¡ÎÏ  Ì ïuUctle 0r no limitation on the quality. 
The size of the flux, usually less than one millimetre 
is smaller than that of the ore and the coal.        * 

Description of the Process 

tn  thn n The process is best described with reference 
to the flow sheet illustrated in figure 3.  The iron 
ore, prepared in some agglomerated form as discussed in 
the previous section, is fed onto a p^eheati• •?e 

tïroueh fheeLdXhfSted *?"  the rjt»y Wln^rl drawn 
to ?hfolì      ?h   T and transfer th"r sensible heat 
into Ihl     V*The Pleated ore is then charged directly 
Ì?ÌK  Î :   ry klln-  The use of a Preheating prate 
although not-essential for most ores, increases the 
lPnaì£gJ ÍÍC1!-?y of the Process and shortens tî,P 
length or the kiln required for a given caDacitv 
Furthermore, when the ore used in fhe SL/R^process is 

to Itr/nTtVJtrCn  balìS' the Plating grate servis to strengthen the green balls, thereby minimizing the 
amount of fines generated by breaKage^n ?íe •?ar£ kiln. 

tha ...   
T*?e Preheated iron ore moves slowly throueh 

ìht  £ot\??der the influence of  kiln rotation and slope 
i•n nL    f?S°Sl ilowing counter-currently to the 
iron ore, continue to heat the ore as it travels 
through the kiln  At temperature (1050° to 1180°C)  the 

tie  cS re?LtS WlthJhe rcduci^ ««es generated by coal   The overall reduction reactions may be 
expressed by the following equations: 

Faxny < v c + xFe + v  COo 
2 2 

Fex0y 
J- yH2 •* xFe + yF^G 

In addition to being the reductant the rnfli 
also supplies tho fuel to heat the kiln char«  A? iL 
end of the kiln opposite from „here the  ore fs'chaígeS 

niu^rat^d E:c?Äaily ínt0^ ¿olì the kil" F 

ÏÎTrîrea^VirÎ1"" ^^   ^ ^^m t^r / £d   in   the   form of gases which  are  drawn  through 
ÍoLtiíe   -ïtî"     Ced >draft-     The  easefî  fo•*d  by the       * volatile   natter,   rich  m   fuel  value,   are  burned when 

the   -Vh^t/he^ 
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precisely controlled by regulating the amount of 
combustion air entering along the kiln.  The 
temperatures within the kiln,' measured by means of 
thermocouples, are carefully controlled to avoid fusion 
in the bed while being kept sufficiently high that the 
ore is reduced as quickly as possible. 

Since the heating of the kiln depends upon the 
volatile matter of the coal, supplemental fuel must be 
provided if low volatile coals, e.g. anthracite, are to 
be used.  A wide range cf auxiliary fuels may be used, 
including natural gas, fuel oil, or high volatile coal. 
The natural gas or fuel oil can be added through the 
combustion air ports thus converting the air ports to 
burners. 

The kiln discharge, containing reduced ore, 
burnt fluy and char (coal minus volatile matter and 
some carbon), spills continuously into a rotary cooler 
connected +o  tne kiln by means of a gas-tight chute. 
A slight pesitive pressure in the kiln forces sufficient 
amounts of reducing gases into the cooler that the 
reduced product is cooled under a non-oxidizing 
atmosphere. 

The product, discharged from the cooler 
through a gas-tight sealing device, is conveyed to the 
product separation system.  Becaise of its relatively 
larger size and magnetic property, as compared to the 
char and burnt flux, the sponge iron is separated from 
these materials bv screeninp ^nH m^orii>fi'n cnr,3^r>-t- ; ~n 
The sponge iron is sent to the ironmaking or steelmaking 
furnace; the non-magnetic flux and char ^re further 
separated by fine screening.  The sulphur-ladened burnt 
flux, because of its finer size, is concentrated in the 
minus one millimetre fraction and is rejected from the 
system along with some very fine c]\   r and coal ash.  The 
plus one millimetre char still contains a substantial 
amount of useful carbon and is recirculated back to the 
kiln as 'recycle char'.  This char, fed into the kiln 
together with the preheated iron ore, supplies the 
carbon for reduction at the charge end of the kiln where 
the carbon from the fresh coal is not available. 

Energy Consumption 

The energy consumption in the SL/RN process 
depends upon many factors, including the ty;>e and 
quality of the coal and ore, the kiln size and refractory 
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Îîirfîg,t?nd the e^ficiency of the operation.  As a 
guide, the approximate fuel requirement and heat 
utiT^T  °f the prOCeSS' P- «trie ton ox cíe when 
using different types of coal, are shown in Table III? 

coal is uJdb1^ iIX i¡?dicat" that, when anthracite 
to be addPd lr   :  du?lliar-y fuel such as natural gas has 
eLl   ïh     supplement the volatile matter in the 
oiher hind I!f b

t
ltUmi— and lignite coal, on the 

heSt ^nc ' S?   •X  re(3ulre auxiliary fuel; the process 
heat consumption with th.se coals, however  is higher 

^eV^^TV^ ÍS USed becau"^e8cSÍgSSibie 
ou? o/Sw?n byf

thes* mwe reactive coals are swept 
With a ïuitÎAÎÏ îef?re they can b* completely burned 
silt•  S;;table heat recuperator in the kiln exhaust 
heaíer¿cove?:dgaSeS C°Uld Pr0bably be bu•ed •«  the 

which Table:tT?ï0?odhbe S°Ínted °Ut that the ore uP°n 
pellets  These  11??38 ln *he form of indurïted 
more diffi n?r.,P  fS haVe a denser structure and are 
screened   " £ r?du?e than are Sreen balls or 
Table m ?¿A 

T5e fuel and heat consumptions shown in 
foì%l^lhll%°tlt; ^!gher than those -q--d

in 

Properties of SL/RH Sponge  Iron 

major portan If^l^TeTÜZ+f/^'X••• the 

pellets containing  less ?h•„ lr°n oxide!   red"ced 
can be produceTcons! teîïS.^oTSiï"8^1 ^ 
resuî?anf-"ntdining C8 ^eent^on^fredíced" "hi• 
~"u& ^r^^^^^iei^r "• iron oxide,  the  remainder nf    L       n       íUal  oxygen as 
When  sponge  iron   iTLl^ pío5SSe§e¿¿eíifi«fi8^6' 
steelmaking purposes,  abou? one percent  of ÌÌÌ?/0? 
oxygen  is deliberately retain**  ?n  S       of residual 
was  found to providencia £ l^1 ^tnT^ tMS 

steelmakmg furnace,  as will  be  expían Íateí? 

mainly u^hS"'^"*^6^0'•6 SPOí8Í Ír0n depends 

As   it   is  possible  ro contro?t¿ ?•   fed  t0  the   kiln« 
normal  mining  and   benefica ÎÏV"?1^ °f the ore  bV 
iron  is  usually qui?e  insistenttfchn^ues.  the  sponge 
Sponge  iron is  generalîy low In t       che•lcal composition, 
phosphorus,  copper!  îin    e?c  lnT!

ramP ^ement^  such as FF     ,   um,  etc.     It  is often referred  to 
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as a 'virgin metal' since, unlike scrap, it has not been 
contaminated with tramp elements from some previous 
steelmaking operation.  The purity and consistent 
composition of the sponge iron make it an attractive 
feed material for ironmaking and steelmaking furnaces. 

The SL/FN pellets are malleable and, 
consequently, are   much more resistant to degradation 
during transportation and handling than are oxide pellets. 
This is evidenced by the very high average tumbler index 
of greater than 99 percent plus 1/4 inch.  The compression 
strength, too, is a measure of malleability, rather than 
of rupture as is the case with oxide pellets.  Reduced 
green balls average about 105 lb./pellet in compression; 
reduced oxide pellets average about 2H5 lb./pellet. 
During the numerous tests with sponge iron, no problem 
was encountered concerning the physical strength of this 
material. 

Apart from colour, SL/RN pellets possess 
virtually the same appearance as oxide pellets, but the 
bulk density is about 100 to 115 lb./ft3 as compared to 
130 to mo lb./ft3 for oxide pellets.  They are not 
abrasive to chutes or .onveyors, are easily handled by 
magnets, and flow readily through bins, chutes, and 
pipes.  Their flow characteristics are well suited to 
various standard types of volumetric or gravimetric 
feeders and conveying devices.  Hence, SL/RN sponge iron 
pellets are most amenable to continuous feeding techniques. 

The SL/RN sponge iron is highly resistant to 
oxidr^ion in air unless it becomes wetted.  By keeping it 
dry, sponge iron has been stockpiled for over one year 
and thousands of tons have been transported by rail to 
various cities in North America and shipped to points in 
Europe without any appreciable change in composition.  In 
a commercial operation, this material would probably be 
shipped in covered railroad cars, water-tight compartments 
in ships or, if the reduction plant is located adjacent to 
the ironmaking or steelmaking facilities, on covered 
conveyor belts. 
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UTILIZATION  OF  SL/RN  SPONGE   IRON 

Blast  Furnaces 

iron  is  r.iioH,ÎSt,fUrnaCe  feed which  contains   sponge 
¿sin,  SL/tl  ^n  a     prereduced  burden'.     Prereduced  burdan- 

of  Canada,   Lifted,   aboutie  íonf OJÌL/^euS^ 
wereeused   m  the  commercial  blast   furnace described   in 

diviHoH   •   Jhe^test   in  the  commercial   blast  furnace  was 

SSe~«-^Ä^Ä^i       s ine effect  of natural  pas   iniectim   in  +-H0 K  
Ai\P^-LxeTS • 

with a  prereduced  burri•  „le? m  the blast  furnace 

test  perPiodsdaUreedoutUHnendW?n  T^bleT^"     "*   f°U' 

constant  a^oL^bLÎh^^lhoErSrîeïf Esther 
¡SS voíSmedÍbfí:stenm^síetWeen,tÍ:   vî"^^^^ 
were adiustPd Ì«       moisture *nd time-off-wind.     These 
determine  íhd    V  co"stant  operation   in order to uetermine  the   independent  effect  of  +-v,Q  „~ . 
the production rate  and  fue    raïe of  îhe  ÏTJt  ì*0"  °n 

which are  shown  in  Table  Vl7 furnace, 

can be  madlln^okV!^  anf »r0f\
f^  imP~•ts 

pellets  are  chared  as  parof SH^Vf* When  SL/RN 

During the  test  fhe  cokfrate wis  reduced fb?•\bUrd'n- nr a^>^"+-   «   ">         .- :. au reaucea  by  20.H   percent 

¿urdínT  A'fuíther'lr.Líe  KT*   T"""  ir°"   în ' ** 
when natural gas wasinierted  iÎîo ruke

t
rate "«  realized 

rewards  from ^«"«"¿n^^ta/ï^rih^  ^ no auxiliary  fuel  waq  MQ«H     
x£,bomewnat  lower than when 

the  blast  fLíace  increased  Z 2?"?"  metal  P^uction of 
Percent  per  10  percent^tllÍLlrL^tt SÄ*   9 

offers  the^osïiSiîity^^inc^Ssi^^^r  "ïT" 
capacity of  a  plant  without  ?he  ríaior  ÍL^Í ^l*1 

associated  with  the   constmr^?L    I       investment 
and coke ovens  complu      M?ÍÍ°"h°í  *1 

neW blast  furnace 
produce  the   sponpe   iron  i¡ U    7  ü'1   1S  needed  to 

been pointed out  previSusîv ïhJ Process,  it  has 
other than  expens?STcoS coaî TI IT* °J,°°al • 
purpose.     Depending  upon  tLTolllTonìttìlnt "Z ^ 
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SL/RN kiln—blast furnace combination to produce iron 
for steelmaking, could off ex- a distinct economic 
possibility. 

Electric Smelter 

In some parts of the world the blast furnace 
cannot be used for ironmaking because suitable iron ore 
and coking coals are not available.  As an alternative, 
electric smelting furnaces are used to produce pig iron 
for steelmaking furnaces.  Significant improvements in 
electric smelting furnace operation can be achieved if 
the iron ore is first reduced in the SL/RN process.  For 
example, when an ilmenite ore was reduced 80 percent, 
prior to being charged to an electric smelter, the 
production rate was increased and the power consumption 
decreased from 3100 to 1500 KWH per metric ton of pig 
iron.  A plant utilizing this principle is even now 
under construction in Korea.  The flow sheet of this 
plant is presented in figure 5. 

Cupola 

SL/RN sponge iron has been tested as a 
replacement for scrap in the commercial hot blast cupola 
for the production of pig iron and cast iron.  The 
replacement of scrap by the sponge iron was as high as 
100 percent with the sponge iron as briquettes and 70 
percent with the sponge iron as pellets.  Despite these 
high feed rates, the sponge :ron was melted without 
creating excessive windbox pressure or adversely affecting 
the operation of the cupola.  Compared to the operation 
with scrap, a higher coke rate was necessary, primarily 
to melt the higher proportion of gangue in the sponge 
iron.  For making cast iron, the increase in coke rate 
was about 1 to 5 percent per 10 percent of sponge iron 
in the charge. 

The major advantage of using sponge iron is 
that it is a high purity material of known chemical 
composition.  By using this material, the composition 
of the iron produced from the cupola can be controlled 
more closely and comprises lower percentages of residual 
elements than the iron made from scrap.  The level of 
various residual elements in the cast iron produced 
using SL/RN pellets is shown in Table VII. 



ID/WO. ]/)/S 
Page   j /+ 

sponge   iroÎ^nO^idc•îath%;C0n0"î?8  °f  ut*"*in,: 
is  a  favourable   factor  lui   t^Wt'^  f  the  Pro^t 
adverse   effect  as  compared   !^%£1',her  co*e   rate  has  an 
scrap.      The   «t   i     ort" 1  econor"^   of   Jsing 

appear  to   be  the  avlIT-*   M t ' Cratlons >   however, 
suitable   raw material s^r.    Un     h"5"   °f   SCraP"     If 

iron  at  a   cost   below  tha^ of   s¿r"%h°  Pr0dU^  Sp°n*e 

iron  should   be  economa   1     v '   the   USe  of  ^nPe 

LD Converter 

charged inîo'i^eîcîîî^sic^11'' ^l^  haS been 
scrap replacement.  A? a oenp? S?!" furnace as a 
percent of the charge îhïîn       addition of about 70 
the sponge iron    ^ h 0

L?°perated smoothly and 
than scrap. Kore quZtivTt^l       T* eff"ient coolant 
not available due io the   fi Hi  results, however, are ro Tne limited nature of the test. 

pon 

Electric Arc Furnace 

SL/JU, .ponS'iíSri^Sr^íí^ «£ utilization of 
culminated in the rW-iîL   S I    aro furnace has 
process«-"  TM, n^ ^T f-   the SL steelmaking 
the continuous ríar?in/írípH,kln,Í ?rOCess is bas^ u 
electric arc furnace in ?* £*   ed lron °re into the 
that melting and refirunr  re^r^f ^ at SUCh a •te 
The majority of the develóme nt^í °Ut sir•ltaneously. 
The Steel Company of  clnl^tl  W°-k ^  «'ducted at * 
Alberta.  Addition"  tes^s ^v^V0^8 Ín Ed•nton, 
steel companies in North America nn^^f made at oth^ 
furnace.  At the time thi* rln     different sizes of 
another major test 1, h   P per Was bein^ Prepared 
furnace, the largest U-PH ?í ^°"ducted on a 150 ton 
Table VIII show^+f  Í   t0 date with this process - <m onows the chararfpníef^ ^ ^   Í process. 
furnaces used to dpvelon tí! cí . data of three 

furnace A being the Premier Workf f^^ Process, 
furnaces were equipped   ¡ f 2S

n
furnace"  All three 

relative to their sizes P°Wer transformers 

Continuous Charging Equipment: 

^ ojh?h-•-rw ^-s~gI1 for 
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all three furnaces.  The apparatus used with furnace A 

^L^t?eey ln the Phot°eraPh> figure 6, and, also, in 
schematxc form in figure 7.  A belt weigh-feeder 

hnïï2edithe^Sp0nge Ìr0n fr0m the stor<^ bunker to a bucket elevator at a controlled feed rate.  The bucket 
elevator discharged the sponge iron into a splitter box 
which, in turn, distributed the material to three 
pneumatically retractable feed pipes.  The"sponpe iron 
fell from the retractable pipes into three furnace feed 
pipes and then into the furnace through ports located 

ÎEP ÏÎP
1
? „°f thLfUrnaCe "'  :t '° c   ^metres from the electrodes.  Af-er a free fall of about 1.5 metres 

m the furnace, the sponge iron landed in the 'arc flare- 
region of the steel bath. Gates in the splitter box „ere 
used to control the relative amounts of sponge iron beine 
delivered to each electrode area. g 

Melting Practice: 

In the beginning of <* heat, scrap and 
predetermined amounts of cirbon and lime or limestone are 
charged into the furnace in the conventional manner.  If 
a high percentage of sponge iron is to be used, about 15 
to 20 percent of the sponge iron is placed at th° bottom 
or the furnace around the furnace periphery.  This was 
done in the test work by using a peripheral charging 
bucket, shown as a diagram in figure 8. 

+>,«   * After the initial charging has been completed, 
the roof of the furnace is placed in operational position, 
tuli power is applied immediately to melt the charge and 
bring the bath to about 1560°C.  Once the desired 
temperature has been reached the continuous feeding of 
the sponge iron is immediately started, with full power 
being maintained throughout the feeding period.  This 
maximum power input is decreased only after the feeding 
is rmished, at which time the heat should be ready to 
tap.  It must be pointed out that this type of practice, 
unlike conventional electric arc steelmaking with scrap, 
requires little or no additional refining period. 

Refining Practice: 

As full power is applied to the furnace 
virtually throughout the heat, the temperature of the 
steel bath is controlled by small variations in the 
teed rate of the sponge iron.  Temperature measurements, 
taken by conventional means at predetermined intervals, 
provide the information for the feed rate adjustments. 
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tapping te^pe'raiurrifre^hefa? tV^  th?  àeSÌ•« the  continuous  feeding o V     the  same  time   that 

By operating  in  ?Sis  LSÍe^  tSr?5?iir°n  ÍS  J0mplete- 
furnace can  be  utilized  from  thf  Í P°Wer of  the 

end  of the  heat.     oííy a verv ÎL     ?ln;ing  t0  almost  the 

for final   temperature aSjXít "JT^* are  ^^ed 
this  be  necessary.     The  conv^nïL   \l0W6r P°Wer'   Rho^d 
other hand,  depends  upon tZZl l  Poetice,   on  the 
temperature control, manipulation of power  for 

the   steel  iTtCTZl^^T^eT^1   ^-tion  of 
at  the  start of  the  co     i L      t     í-r chemical  analysis 

Once  this .analysish^s^rd^te^inel ^  1*°»**  *">"• 
bath chemistry  can  be orPriirïL '   the   subsequent 
the  consistent  and  kLSnlna^sis^f^:1^  beCaUSe  °f 

As   the  continuous   feeding  progresses       LT^   JT°n' 
and  analysed,   especially  for carhnn  ^   "t  P are   taken 

the  carbon  level   decrease'   L!H     ??  intent.     Normally, 
desired tapping ra  , ¡b       d"ally  until  it  reaches  the 
continuous  feeding   is  ?ompít¡       Î  **"$  tÍme   that   the 

heat     if the analysis  indicates   tllTtt"  "^K
6
^  °f  the 

be  above  the desired  range    1  Ll^l     *•   Carbon  level »Ü1 
oxygen  is   1 :   •-,   into      f hs  K

P
 

ede  fmned amount  of 
carbon  correction       The  carnon  1^*1**  ^  neces^ry 
is   carried oui   befor       h     endo "î110"'  When  required, 
full  power  is  still   being  appHedC°ntlnUOUS  ch^ing  whiie 

of   1.0  to  J!?! ?hf:^ní
Sorvlly

f
mlíntaÍned   ^  the range 

dependent upon  the   ch Wafma^uí^f % the  bath   »eing 
sponge  iron,     if  the  peri-dir   •*ÏP îhe  Rangue   in  the 
indicate  that  the  ¿E-^    .-.     f .^f S  durin^  the   heat 
meet   the  desired   stee 

Charing aAf^lfst:ef•íhSsab:írthe  e"d °f  continuous 
to determine the required íu•?le  '?  îaken and analysed 
continuous feedin,  ^cTp^Hnl Akd•"Ì»t 

i  reached.   ±v>a u_«.  <?e-ired  temperature and  carbon have  been  reached    thp V,  ^ired  tempérât, 
alloy  additions can  be  radeèiïw ^  .¿S  íapped'     The 

the   ladle as desired. ei*her to  the  furnace or  to 
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Heat  Time  and   Productivity: 

th„  m»ir   From^the  Precedinr  sections  it  is  evident  that 
the   melting  and refining  periods  of  the  new process are 
carried out  simultaneously.     Furthermore,  the   continuous 
charging of  sponge   iron  permits   maximum power   to  be applied 
to  the  furnace   virtually  throughout  the  heat.     These  two 
factors  considerably   shortened   the  heat   time   in  actual 
practice   compared  to  conventional   electric  arc   steelmakinp 
with   the   all-scrap  charpe.     A  comparison of  the  heat  time 
between  the  two  practices   is  graphically  illustrated  in 
rigure  9.     The   typical  heat  times   from power-on  to 
start-tap  for  the  three  test   furnaces  are  shown   in 
Table   IX,   with   comparative  times   for  the  all-scrap  heats. 

It   is   apparent   from Table   IX that  the 
productivity of  the   test   furnaces   increased  by as  much as 
65  percent  with  the   continuous   ch< rging of  SL/RN  sponge 
iron.     Not  only  were  the  heat   times  considerably 
shortened,  however,   they were  also quite predictable and 
reproducible.     In one  series of   heats made  in  furnace A, 
for  instance,   more  than 40  percent  of the  test  heats had 
power-on  to tap  times within a  range  of plus  or minus 
five  minutes of  each other.     Furthermore,  by comparing 
data  from the  various  test  furnaces,  an empirical 
relationship has  been  derived  with  which the  heat   time 
of  other  furnaces can  be  established   . 

heat  Transfer  and  Refractory  Consumption: 

Because  the  sulphur,   phosphorus,  and  other 
residual  tramp  components  of  the   SL/RN sponge   iron  are 
usually very   low,  a   neutral   slag  can  be  used which 
improves   the  heat   transfer   from  the  electrode  arc   to 
the   bath.     The  neutral   slag,   being   less  conductive  than 
the  more  basic   slag,   allows   the   arc  to be  submerged   into 
the   slag  layer.     At   the  same  time,   the continuously 
charged  sponge   iron absorbs  the   heat   from the  arc, 
thereby minimizing  the   loss  of  heat   through  radiation 
onto  the  refractory  of  the  furnace.     The combined 
effects of  arc  submergence,  heat   absorption  by  the 
pellets,  and greatly  reduced  heat  time are  factors  which 
minimize radiation and refractory  burning.     The 
refractory consumption  for  the  continuously charged 
sponge  iron heats was  about  27   percent  less  than  that 
for  the all-scrap heats as  can  be  seen  in Table  X. 

During  continuous  charging  the heat  transfer 
in the  furnace   is further aided   by a gentle  boiling 
action caused by the reaction between the bath carbon 
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and  the  small   ouantitw ~e 
°*ide>  in the  TponleXJn «"f"*! ?«Wn  (as  iron v    z     x °n-    The optimum amount of residual oxyren  is%h„ Ï        •e °Ptim' 
amount consumes  heaf ^^oxlde^ ""excessive 

«  -«ecu-  —n't  «A p'Ä^.^. 
and         ^ 
bath agitation 

Energy Consumpti on : 

amount of  gangue     s  present    „«%  V-   *n e*^síve   '  *' 
^ded to make "an  accepïfbî   'slL     t^ hdS  t0  be 

increases.     The  enerFy conL2Í?f* e°ergy consumption 

these particular  heats    ?L    x  all"scraP heats.     In 
efficient melting     and 'Contil°

rter  heat  tim<?>   »orí 
power are  factors   that  •2    îïOUS  aPP^cation  of  full 
energy required r|o th£m»•| 8

th• °«set the e*?•"11 

energy inpuf^tf ££  S•**•  Setting>  *  higher 
cnarged sponge   iron  ?han TiltVìÌ-   the continuously 
result of  the  more  efficient  Î    ?eltlng of  scrap,   a 
steady heat  demand  duri• ÎÎ      at   transfer and  the 
Period.     This  constant  hLh       continu°us charging 
Period, with   Umïted  íow¿fsu

P°:!r  demand over**   lengthy 
favourably by  the  pow£r companf¡lL'   "  V16Wed •»«     ^ 

Steel  Grades: 

steel  grádelas  ÍíoducedI°?^!lt^r0gramme a variety of 
«kelp,   and  low and  higTcàrbnn    dl"g  SOme  low alloy* 
XIÎ5  the  n0rmâl   SL/P^  sponge  ironChaHnt ^ grades 
tramp  elements,   virtuali^ if? n'   whlch is  free  of 

produce  a nickel-rich   soonJ? ?       1?   being built  to 
to  produce high alloy  Ta/et  "^   \ Which will   be  used 
steels  for use in aikraf?     '  ««nless steels,  and 
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Economic Aspects 

e+Ä  ,     , •   In.many  situations  the  economics of new 
steelmakmg  installations  will  favour  the util?^- 

eíe^r^f "^  re<JUCtÌOn  ^^ combinat on'w^h electric  furnaces  emplovinp  the>  qi   ct-o^i»      aLX(Jn wlTn 

LCetnÍif UdÌ^Sl2  haV"  Ä  SatStLhr^eS^I cPostCrS- 
for  this  combination  are approximately  five  percent 
lower  for very   large  installations  and  m¿re  thin       n 
percent  lower  for smaller ones  of,   say    one mini• 
tons  per year  or  1-ss-   canili   n~\ì ® milllon 

speci?icaïly.     Ve
S^PlÌ

P1
0rL:0 ne tSiïZl o^this 

Mas? ?~lrafnÍng mÍpht CMpare toeS"? the hlS 

fr£m »h«       J":!*    converter  route  has   been developed 
from these studies and is presented  in Table XI  for 

,ZLS1
f
Ze\°f,Plant<   in  this  sample,   the operating 

tllsalT b?ÍMtye?S °f steel ^  »« assumed    Sfbe 
ET   '-----"-"c^-Ln-ía^L-río tie 
¿eX aA^r 'hf^s^' °f  " *>»«> ^ -" 

investment^f*?*^ economic  evaluation13 a return on 
investment of  16.8  percent,   based  upon U.S.A.   tax  laws 

reducuSnre^r:d-f0í the  combin*tiSn  of direct ^ 
comnareS io  l  fi fuïn;ce»   and  continuous casting as 
LD^onveríer    LSTnn?"  f°r that °f  the  blast  fu^ace! 
were  maX Zi fi co"tlnuous  casting.     These calculations 
cold ro  L     K     £lant  t0 Produce   1.8   million  tons  of cold rolled  sheet  per year. 

In addition  to  having  the   lower  iniriAi 

A^Ìtrac^'oT^ "^«Ao^ on has 
cmlii        •   aTtractl°n of being  expandable  in much 

?Se  wLínfurn^tS'TnSteel  P1-^  -pansion'b^d  upon 
increment out  nf":       converter  •st   be  made   in  large increments  out  of  economic  necessity  and  thiq     in  ciL* 
cases,  could result   in  undesirable   inSÄir^Sty. 

e^hHc),-^ th°Se  countries  venturing  towards 
^K^fhinp an   integrated  steelmakmg operation    the 

?he  sîaÎÎ°n,0f^he  SL/RN direct  reduction process  ani 
2tttrïakXUP  Process  could  hold   the key  to   low 
cost  steelmakmg  by offering  the  advantage, of being 

„     .USe  a  •r^y  of  ores  and  coals   in  the * 

sÌeeHìant    anS°nire  iS?n'.i?w?r caPital  costs  for  the 
size  of  til'   and

+
more  flexibility   in  tailoring  the 

expanSLrtnPíf?? meet.the  expected  market  and  in expanding to fill   increasing  market  demands. 
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Cont inuous  Steelmakinp: 

-Pidly i^l^^^^n«:  even in this day of 
goal.     Certain  oreani ^I-Ì^Ì Ì \f     U   a rather  elusive 
are  investigatine  the  oo^ihn   +• r .   ln   France, 
continuously.     The   hirh  D»Ì?Ì< S  of.makin*   steel 
the   SL/RN process!  wìtÌ  its  îonrt^  T" Produc^  by 
would  appear to  be  an  idea? S l• characteristics, 

It   shoulS be  poinfero;?:aio;eie?CttStT50
P^Ce8Se8: 

steelnakinp process  of any  size  wnnín       aK
C     tlnuous 

suited   to  the production of   ÍÍÍL     ï  d  probablV  b«  best 
grade  of  steelP    Hence    sSrhf^  tonna*es of a  single 
into  a   big steel  plant 'than  intSTf'i f°Uld  fit  better 

retain  considerable  f leviM i íf  /  S^U °ne which must 
to  fit  the order pattern y  t0  Change grades  •P^y 
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TABLE I:  Properties of Iron Ore Process by the 
SL/RN Process 

Geological form 
of iron ore  

Agglomerated form 
of ore fed to the 
SL/RN Process 
Size, mm 
Main chemical 
constituents in 
agglomerated ore, % 

fe203 
Fe304 
FeO 
Gangue 
Ti02 
S 

Hematite[Magnetite 

lump ore green ball 

3-1,1 

92.5 
1.9 

3.7 

0.02 

5-16 

2.4 
91.0 

6.1 

0.30 

Titano- 
magnetite 

green ball 

8-15 

79.0 
4.1 
8.0 
8.5 
OsOl 

Taconite 

indurated 
pellet 
5-16 

90.5 

9.2 

0.04 
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TABLEI1"   Äies °f c— i« 
;oa; SlIèncâtTôn~nçnîK 

Proximate Analysis*     % 
volatile  matter 
Fixed carbon 
Ash 
S 

racite 

Heat content*, Kcal/kg 

7.4 
79.6 
13.0 
0.7 

7330 

* dry basis 

the SL/RN 

37.5 
56. 0 
6.5 
0.8 

7750 

39.1* 
47.8 
12.8 
0.3 

5750 
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TABLE III Process Fuel and Heat Requirements 
With Various Types of Coal 

Type of c5àT Anthracite 

Coal requirement, kg/ton 
Natural gas requirement, m*/ton 
Heat consumption, 106 kcal/ton 
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TABLE IV:  Description of Commercial Blast 
Furnace Used for Testing SL/RN 
Sponge Iron 

Hearth diameter, m 5.49 
Hearth area,    m2 23.60 
Working height, m 21.01 

i  Working volume, m3 587.25 
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TABLE V: Commercial Blast Furnace Test With 
Prereduced Burden 

Operating Period 
Pellets % 
of Burden Fuel Injection 

Oxide SL/RM 

Reference No. 1 
Test No. 1 
Test No. 2 
Reference No. 2 

100  nil 
70   30 
70   30 

100  nil 

nil 
nil 

natural gas 
natural gas 
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TABLE VI 

^^r^-e^r^^^Än^--«-' 

Test Period 

Fe metallic in burden, % 
coke rate (dry), kg/MTHM* 
Natural gas rate, m3/MTHM 

Tntal .  ,       kg/MTHM 
rotai fuel rate, kg/MTHM 
Production rate, MTHM/day 

Référencer 
No. 1 

prereduction 
With Natural Gas 

Injection 
Test Kererence 

23.1 
M22 
33.4 
24.0 

1341 

0 
508 
38.S 
29.0 

537 
1155 

MTHM = metric ton hot metal 
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>n TABLE VII: Residual Elements in Cast Iron 
Produced Using SL/RN Pellets 

Cupola Charge 100 % 
Scrap 

60* Scrap 
40% SL/RN 
Pellets 

Residual Elements, % 
Aluminum 0.018 0.011 
Arsenic O.OOU nil 
Chromium 0.0U2 0.025 
Copper 0.087 0.062 
Manganese 0.260 0.120 
Molydenum 0.002 nil 
Phosphorus 0.035 0.02H 
Tin 0.011 0.006 
Titanium 0.003 0.002 
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TABLE Vili:    Characteristics of Electric Arc 
Furnaces Used for DevHopínV^e 
bL Steelmakinf  Process 

r furnace 

Shell diameter,    m 
Normal heat size,  MT* 
Electrode size,    cm 

iransformer output, KVA 

MT = metric ton 

10000 10500 
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TABLE IX: Typical Heat Times and Productivities of Test 
Furnaces 

furnace ~ 
Practice* 

Heat time, 
power-on to tap (hr) 

Steel Production 
rate (MT/hour) 

Scrap 

3.00 

8.4 

"ST 

1.83 

13.9 

Scrap 

2.17 

10.2 

"ST 

1.55 

14.5 

Scrap 

2.97 

25.4 

"ST 

1.95 

40.1 

* scrap = conventional all-scrap charge 
SL   « continuous charging, SL sceelmaJcing process 
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TABLE X: Refractory Consumption 
of  Furnace A 

Refractory brick 
consumption 
kg/MT  steel 

All-scrap 
heats 

3.0 

Continuously 
Charged heats 

2.2 
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TABLE XI:  Economic Comparison of SL/RN - Electric Furnace (SL) Steelmaking 
To Blast Furnace - LD Converter Steelmaking ë 

"Steelmaking capacity, MT/yr 
Process Combinations 

Total capital, 106 dollars 

Costs per ton, U. S. dollars 
Capital 
Operating 

Return on investment, % 

ÏÏÏ5 x lOBil.ó x lob" 
SL/RN 
EF 

25 

50 
55 

12. it 

BF 
LD 

70 

140 
55 

1.9 

SL/RÑI BF 
EF  LD 

40 

40 
52 

19.6 

03 

83 
52 

9.5 

1.5 x lQb" 
SL/RN 
EF 

55 

36.6 
51 

22.4 

"BT 
LD 

95 

63.3 
51 

13.6 

2.0 x 106 
SL/RN 
EF 

70 

35 
50 

24.6 
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Figure 2 

Preparation of iron ore feeds for SI./RW pT.».0^ 
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Figure 8 

The peripheral discharge bucket 
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Figure <) 

Comparison  of heat  time  —  convent¡„nal 
all  scrap practice vs.   continuous lTTSjjed 

sponge   iron practice 
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