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Thc COPfX~-" -Pr oce ss >1i th 8rasilian roal s 

R. Hauk and J. Flick e nschil rt 
KO RF EN GINEERING GHBH 

As fo r th e past 200 years the coke or char coal fu elec' bl ast 
furnace has been the major eco nom ic a l basis for steelmaking we 
c an now introduce a new tec h nological route ~egin ni n9 with the 
CO PE X®-Process, which is a co al sm e lt ing re c'uction pr ocess. 

The CO REX®-Proc ess i s based on th e use of a wid e ranoe of raw 
coal s , i ncluding non ro king coal which ar e dire c t ly fec! i nto the 
p roce s s . The product f r om the CO REX ®-Pr ocess is a hot metal o f 
hi gh purity. A by pr od uct i s a me di Ul'l 8Tl! gas for export USP. 

The CO RE X® -p rocess deve lo pment start ed in the l at e 1Q70's an~ 
a f ter successful sm al l scaled tests in 1978 K0RF E~GJNEERJNG 
3 nc' VOEST ALPIN E AG, the owne rs of th e CQREX ®- process, de c ided 
to bui l d a semi-co mmerc ial demo ns tra tion pla nt . Thi s CO REX ®-
pl ant at Ke hl (So uthe rn Germa ny ) st ar ted the f i rst te s t cam ­
pai gn i n June 19 81 with immed iatE> s uc c e ss. The plant has no w 
oper at ed more than 6000 h with raw coal ané i r on ore from a 
grea t nu mb er of sources fr om all over the wor ld. 

DESC PIPTION OF THE rOR EX®- Process 

The COREX ®-Process produ ces hot metal fr om a wide vari ety o f 
fee d materials : 

iron ore in t he form of pellet s , lump or e anr1 si rter : 

raw coals with a particle size range from O to 50 mm, con­
taining volatil e matters up to 40 %. 

The basic idea of th e COREX ®-pr ocess i s the separation of the 
bla st furnace process into two major ste ps: 

The production of reducing gas as we l l as th e melting of 
the sponge iron t o produce the hot metal occu r s in a melter 
gasi fi er vessel. 

The reduction of the iron ore occurs i n a separate s haft 
furnace . 
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ln the upp er part of the melter gasifier, the coa i is ~ri ec! a na 
deg a ssec. prior to be gasif i ed under parti a l oxirat. i on in a 
flui d i z c d bed i n the 1 ower part o f the r.iel ter ga si fi ec. 

The reducing gas generated in the !T'e l ter 9a sifi r r after hav i nc 
passed a coarse dust separation is transferre d in t o thp red uc: 
tio n shaft arran9ed above th e mel ter gasi f ier . 

The reduction shaft operates ac cording t o t he co un t e r flo w prin­
cipie, the reduction temperature being appr ox . 850 ºC . The ho t 
s po nge iron resulting from this process ste p i s d i r ec tl y con­
ve yed into the melter gasifier, where it is me lter' do wn by the 
energy generated by the partia1 ox id a tion of t he coa1. 1-iot 
met al and slag are tapped periodically fr ol!' th e hearth o f the 
fu r nace. 

! n case the exportgas cannot eco nomi ca l ly ut i 1 izeti thi> t o p gas 
wi 11 be recy c1 ed vi a a CD 2-rem oval t o the IT' e l ter gasi fi e r . 
The advantage of this operation i s t he fact that the c oal an d 
oxyg en consumption wi11 be redu ce d cons i derabiy. 

CHARA CTERISTICS OF CO AL S FOR THE CORE X® -PRO CFS5 

Raw co als of a wide variety can be u se d, a lth o u ~h ce rtain 
1 i mi t s h a ve to b e e o n s i d e r e d , a s t h e ,- e é s o f e ou r se a n i n -
flu e nce t o the pr ocess from th e c oa1. The c onte nt of volatile 
~ at t ers, sulfur, a sh, th e partícle s i z e and th e water c ontent 
o f the coa1 fe d t o the process deter mine s temp e rature s , e x port 
ga s volume, hot metal quality and th e refore ope ration para ­
meters. 

Th e most ímportant property of th e coa1 is its volat ile co n­
tent. It determ i nes the coal co nsu~ption. Th e as h c ont e nt is 
1e ss critical, also its alkalin e amount is 1e ss c riti ca 1 than 
in a blast furnace. 

ME LTIN G METALLURGY 

A distinguishing feature o f the COREX ®-Proc ess is that th e 
energy released duri ng coa1 gasificat ion is used for r,e l t i ng of 
the sponge iron . The limiting value for th e quan t ity 0f s po nge 
iron throughput is the meltin g capacity ava ilahle in t he flui­
d ized bed. The 1 íquid hot metal and th e slag are c nl 1ec t ed at 
the furnace hearth. The separation is eff ec ter. by the dif f er e n~ 
densities. 

The sulfur distribution between slag anc hot metal is con ­
trolled by the basicity of th e slag. The target valu e for basi ­
c ity (82 = CaO/ Si02) is approximately 1.2 - 1 .3 . Basicity 
is adjusted by the addition of 1ímestone and uncalcined dolo­
mite or the use of a self-fluxing ore material. 
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'._ irie;t on e anela r c!ol 0"1 i te a r e c h aroed wi th the o re v f a th e 
s haft. A <1o l o"1 it e charge l eads to higher " g() cont e nt in the 
s la9 , which decreases slag viscosity anc' ir.,proves sul fur 
rlistrihu tion. A.ls o , the Al203 pe rcenta g e is reduc ed. The 
sul f ur co n tent in the hot r.,e tal is al so infl uence d hy the su l­
fur c o nte nt in the coal and specific c~ al c o nsum ption. 

The rie tallizati o n degree and the C-content of the sponge i ron 
have an i nfluen ce on the rieta llur gy in the J'1 e lt er gasifie r . Th e 
s pon g e iron avalysi s, how e ve r , depends o n the specific reducin9 
~as volume (M 3 /t sponge i ron ) ,a n d the red uction pntential of 
t he gas (CO + H2/C02 + H20). 

Fo r good desulfurization, the hot me tal s h ould have a h igh tem­
perature and hig h carbon. Also a l ow Fe C conte n t in the s la g is 
n ece ssary . 

The l iquic1 h o t meta l tapped at th e b ot tom of the rnel t er gas i ­
fier h a s the f ollowi n g t ypi ca l analysis: 

Carb o n: a p p r ox. 4.0 ,_. 

- Su l f u r: 0 .0 2 - O . 1 % 
- Silicon : 0.6 - 2 . 5 % 
- Tappin g t empe rat u re: l . 4 00 ºe. 

EMISS JO NS ANO EFFL UENTS 

ln C0 "1 pa ri so n to the conventional iron makin 9 route of c o•e 
o ven and hlast f urnace operatio n th e CO P,X ~ - p lant ha s n c signi­
ficant ai r e missi o ns an d o nl y a small amount o f v1ater 
ef f l uen ts. Wh e ther a cheri ical o r biological .ia ter treatment is 
necessary depends o n the co al composition and the l o cal 
e nvironmen ta l laws. 

TEST WITH BR AZILIAN RAW MATE RI AL S 

1986 hi gh ash an d hi gh vo l a ti l es coal s f rom Santa Catarin a 
(C MSC) and Rio Grande do Sul wer tested t ogether wi th rVR D o re s 
i n the pilot plant. Kot met al pro d uceci was si,,, il a r t o t hat of 
t h e b 1 as t furna e e a n d t h e p 1 a n t ava i 1 i h i 1 i ty w a s ver y h i g h . A 
t r ans f ormatio n of the t est r es ult to a commerci al plan t s h o.is 
that a c o al cons umpt i on of a bout 1 t Sa n t a ratarina co al pP r 
t on of hot meta·1 and a gas cal ori c c r edit of l ? GJ/t H~' ca ~ he 
assumed . With c h ar coa l, med ium volati l e coal, anthr aci t e o r 
petrol coke a gas r ec y c lin g via a C02 -P emoval is poss i ole a nrl 
theref ore a coal consum~ti on bel ow 500 kg and a oxy gp n 
consumption below 300 m / t Hf1 are possible. 
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Thrrc ar E a numbpr of obviou~ reasons for bu iléin a a C0P EX ~­
piant. Countries having little orno coking coal at their 
cispo s al but have other coal deposits can be in st ee l~akina 
very e c onomically now. COREX~-plant s with a capacity from · 
100.00 0 tons to 300.000 tons of hot metal per y ear can be 
installed presently. 

The first production unit with a capacity of 300.00 0 tons per 
year is in the final staoe of construction in Sout~ Africa and 
wil l s tart operation at the end of this year. 




