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!HC~~ ORE 1;EFOS ITS COGUEL KA !NA . .\:-CD KCLO. 

1. Gre res~rv~s. 

The iron o~e ¢eposits Do~uel Kaina and Kolo, close to SAY, are 

located ;j<J to 40 krn south-east of NIAMEY, Ni!:er. 

Oolot~ic ore occurs in three horizon~: 

- Cp~er horizon with iron oolithes "induries: 

F~-cnntent avera~e 46 ••• 51 ~ 

Thickness avera~e 2,20 ••• 2,53 m 

- Intercala~ion wit~ ooloth_bearin~ sands and clays 

Fe-content avera~e 

Thickness avera~e 

Bottora horizon with iron oolothes Qtendres" 

Fe-content average 

24 ••• 33 % 
1,1 r:J 

43 ••• 46 ~.; 

Thickness average 2,0 ••• 2, 9 i.J 

The avera~e overall thickness of the ore horizons amounts 

to G,SG m. 

l.l Doe::t:el I~~. 

The total ore reserves in the Do~uel ~aina area 

ar::0unts to 
Avera~e Ve-content 

1.009 Mt 

-~ 55t:~ in~ n cut-off of 35~<-Fc for Inter ca lat ion l~or izon, 

the total ore reserves amount to 937 ltlt 

with ~n e \'01'\l~e f e- ccn t cnt 

1.2 ~olo iron ore rtP.nosil• 

T~c totnl ore re~crvcs ~mount to 207 l,lt 

\'11th on fl\'C'I":lr.;C r·c-ccntcnl. 



., 
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Assumin~ a cut-off of 35~ Fe, the total ore reserves 
amount to 17:; Mt 

with an avera~e Fe-content 44 ,67 s 

1.=l .Adventa1res of the iron ore denosi ts Dot!uel k.a ina and Ko lo. 

Lar!!;e ore reserves. 

Iron mineral is goethite which is easy reducible. 
Open pit minin~.· 

1.4 Disadv~nt~~es of Do~uel Kaina and Kolo ore deposits. 

-·Relative hi~h ratio overburden/ore. 
Hir:h silicious ore, practically without Cao end M~O. 
Due to impurities in the oo!ithes, this type of ore 
Sible to concentrate or.ly up to 54 +l %Fe. 

is pos-

Low concentration of iron ore per m2, i.e.only about 17 t/M2 

and therefore it is always necessary a lonF; internal tran
sport from open pit to beneficiation plant which requires 
high transport cost. 

Re:mote location, i.e.about 900. km from the sea port which e~
cludes any export possibilities. 

1.5 By means of an appropriate, simple and cheap beneficiation 

method concentrated oolothic ore, could be a very cheap raw 
material for a doccstic steel industry. 

2. l'ro.ject Work PlP.n - PWP. 

The deteiled PUP hos incl~ded all necessary works and tests: 

- To identify the quality and quan-:ity of the iron ore reserves. 

- To asses techno-cconomically th~ bcneficiation chnr~ctcri
stics of .the ore, includin~ iron recovery and quality of 
con\!cntrates. 

- To assess· techno-economical ly the pellet izn t ion clrnrac tcr i-



sties of the concentrates and direct reduction char3ctari

stics of th~ pcll~~s. 

I have to emphasise that the Contractor - H~lliCLDT WEDAG -
has carried out t~is ~WP very carefully and exemplary. 

All abov~ centioned problems have been successfully solved 

~nd optimal possible results have been obtained. 

2.1 Beneficiation te~ts. 

Crushin~, grindin~ and benef iciation tests have surely proved 

the following: 

- Recoverable Fe is concentrated only in oolithes. 

The emphasis has been put on maximum possible concentration 

of the iron mineral and 50 pure oolit~es from each sample 

have been mannu~l~y separated after attrition. 

The chemical analyses of the individual colithes of 

- sample l yielQed an Fe-corrtcnt of 54,21 ~and 

- sample 2 yieldec nn Fe-content of 53, 4o ~.O 

- Quartz ~rains are ~ainly smaller than 0,63rn~ - see B.4.l 

- Due to very .fine imp~i.ty;:irlclasiohs.in.~the structure of 

oolithes, the fi:ie ~indin~ of oolithcs and HI'r'iMS is not 
~ivinr; a hi~her concentrate quality in cor.ipar ison wi tll q'Ja-
1 ity of concentrate /-3 ~ 0,5/mm, i.e.optimal beneficiotion 

results cou'!.d be obtained only by liberation of oolitllcs. 

- Screen ~nalyses of the crushed oolithic ore rtrc no doubt an 

approval for the obovc mentioned stntc~ents. 

The most characteristic are screen analyses for Gumple 2, 

i.c.oolothefi tend~e - sec Anne~ C-4 and C-6: 



Fraction ~f o..:.,r- !}~R ~-s; 0 ~R ... ~ . - 2 
I 5 rnm 23,4 ·l l, 9 2:!,9 18 '6 . 24,6 • 

-s . 3 mm 1- 3,6 ·12, 5 3,5 18,o 3,7 
-3 

"" 
2 mm 10,l ~0.1 11~8 8,7 s,o 

-:? ~ l mm 31,2 5() .1 :56,6 7,9 14,2 
-! ' 0,5 mm 17,5 43,S 17,~ 17,2 17,4 .... 

-0,5 mm 14,2. 21!5 7,1 E..:.l ! ' 36, 1 

Feed 100 4:2,7 100 17,4 100 

~ 

Grind in I? results Of sample ., are a proof that benef iciation -
·or oolithic ore - regardless of .feed Fe-content - CllU!ci be 
succe~sful only by l;beration of oolithes, i.e.by ~rindin~ on 

100% -~mm, resp.accordin~ to sc~een una!yses on -2,5mm, 

includine: the attrition/abraddinl!; of the matri;c on the sur
fsce of each oolithe. 

The above mentioned statement is valid also for oolithic i~

terca lation horizon,_with an Fe-content below cut-off limit c! 
35 SFe. 

fhosphorus problem. 

All attempts to separate or to dec~ca5e P-content have fniled 

and therefore in the steel plant a dephosphorizatian of the 
pig iron should be provided. 

2.2 Crushin~-=rindin~-attrition. 

For desinte~ation of the oolithic ore contrnctor has used 
- hammer crusher, 

- hemmer ~ill and 

- ll t tr it ion. 

Re~ardleAs on the type of ore - indur&c or tcndrc - by this 

equipment is possible to bcnc! iciate tile: oolit!lir. ore /-:;.t.o,:·/::ii"l 
procticnll~· to the lir.iit, i.().3> ••. :5·~'!-:Fc, wlrnt is:; .c:::ood r(::;; ;·t: 

tol~tr.e; into account thnt <t pun: ~octhitc - witl:oi.;t ir.:puritic. 

in the onUthcs - hn~ thco•·c·i ;•:.111.'. ;; c:r·:~tenl of li:2~t1 ;~Fe. 
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These results have been obtained only by sepnration of the ~~ft 

~a:rix between oalithic sroias by crushing/~rinding and 

by abraddin~ of the matrix residue from the ool ithe surface 

dc.ri~~ attrition process and 

by ~ashing the adhering clny perticles. 

! have no comments concernin~ above mentioned equipment durir.~ 

ber.eficiation tests. 

Meanwhil~ takin~ into account that hammer mill crushin~ ~ive~ 

considerable quanti~y:of crushed oolithes ar.c 

that attrition of oolithes is a very important process phase~ 

I recommend for fine ~rindin~ - instead of a hamcer mill -

an auto~~nous mill with perioheral discbaree, as it is KRUPP 
FERBIILL. 

An auto~enous fERI~liLL closed circuit ~rinding has many advan

ta;es: 

Ext.:-eaely sharp control of size ~rinding which should be c;c

cording to screen analyses decreased on 2,5~Q. 

- During grinding, the attritien of liberated oolithes is con

tinuously present. -

Dry attrition of oolithe grains is optimal. 

Attrition time is prolon~ed by r~c~yclin~ of the oversize 

fraction ~2,5~m to the ffiill, i.e.closed circuit ~rind1n~. 

- Wet attrition by a special attrition cell could be shdtencd 

to mini;nur.i. 

- In the ~atcrial -2,5mm there will be practically no broken 

oolithes. 

- .;\ FE!H\I ILL wi 11 ensure the same liberation condition:; for 

00 lit hes ind urees' 00 l i th es tendres and intcrca lat ion' rc!'.!;ar<.1-

less of Fe-contr:nt, i.e.cut-off 35 %Fe, takin~ into sccount 

that intcrcalotion consiEts of iron oolithes big~er than 

o,su~rn in clayny-sandy mntrix. 

~o ~elective minin~ will b~ necessary!! 
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Con trac to:-- has des l i:ned fr-3ct ion -0, ~Omm for IEWMS purpo ~es 

.L.Q 00•"'. on - ' .;..,vmm. 

hl2anwhile screen analyses of the fraction -0,~C~m have showe~ 

that des li.:nin~ on ~O, !Ocra~""i 11 e:i'.•:? practically the sm:te or e·.-en 

better techno lc~ical re.:;ul ~s: See Anne': C-13 ! 

F°i"6Ctit)n ;i..··· .vif %Fe %R ~5i02 ~R 

-0,50 • 0,3U ram 11,2 3'1,1 9,2 27,9 17,l • 

-0,30 I o, 10 mr.t 11,o 22,2 5,9 _·H,l 25,l -
-U~IO i 0,063 mm 2 .4 '.,. 16,5 l,o 4- ... 

~ ! ! 6,1 

-0,063 !!jtil .., -.. ,-> HLI l,o 34,9 ! ! 4,5 

These results arc based on a material which w~s crush~d by fc~

c~ by a ha~mer mill, i.e.the crushing which gives a considerable 

q~antity of crushed oolithes in the fractio~ -0,50m~. 

\leanwhile FER.I\tILL will e;ive practically no broken oolithes! ! 

~ er even 0, 150 m;.i! ! 

2.4 Attritic:_!l. 

l.tt:·iti0n is o vecy i;;ipcrtant process phase. 8y attrition 

- cla:·ny r.~atrix between oolithes should be sepuratcd ond 

- cla~;ay ool ithe·-su:--f<ice shells should be abraded, takin~ into 

account that each oolithe has a hurren shell of some tenth 

micron~ thickness which seems to be of the same hardness ~s 

oolithes the~sclves. 

- Attri::!.0:~ of t'.1c soft cJu:·ay ioiOtrix :-eprcscnts no problem, 

m~.:1111·.-:•ilc ottr·ition cf the oolithe: shells demands more time 

and opti::!nl attl"'it.ion conditions, the condition~ which occnr' 

Co~dition!: of ut.t:--ition of the frnction -3r!'m were prob11bly not 

cpti::i~!., co1~("~rnl.nz the pulp density: 
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~/ dr:i 
3 dm 3 

sol id di:t 
3 wet er Hat io ~ ,,' ... ., 

Sample l 

Sample 2 
llCO G,415 Ot5S5 63/35 
1~00 0,4:?0 0,510 72/25 

Takine: into account r(;ic~tively low spec.density of the oolithes 

- with a bulk density of 1,92 - attrition conditions were ac
ceptable for sample 2, but not for sample 1. 

Attrition is namely successful when ratio s/w is about 70/3C 

to 75/25~ dependin~ upon the volume concentration. 

2. 5 lil\".'J.iS. 

The 011ly successful process for- the be:icf i.:ia t ion of de~ limed. 
fracticn -0,50mm is HI \fet ~1ag:netic Sepnration. 

Oolithic ore crushed by a hamcer mill has always a hi~her per

centage of broken oolithes in the fraction -0,5mm. 

But oolithic ore milled by a fERil:ILL contains practically no 
bro!~en ooli thes. 

The fraction•O,!Omm is practically pure matrix material, i.e. 

clayay material which should be de~ l ir:ied rli thout any deter io
ra t ion of Fe recovery. 

In this case HI\t'MS will opernte under much better conditions! 

Dewaterin~ of of any concentrate ~O,lOmm represents nc probic~. 

Fr act ion for Hnt'MS. 

All beneficiation tests have been cluboratcd on the basis of 
two main fractions: 
/-3 .;. 0,5/mra and fraction -0,.'30;r.m. 

To~in~ into account data - se pa~e D 16 1 - that quartz ~rains 

nre mainly in the fracticn -0,63c:m, l recon1menct t:1e follo·,\int". 

frnctions: 
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- _:':;:·action /--:.,5 ~ u,5/mr.t and 

- !~3ction -0,6Jmm, the fraction which should be deslimed 
• u· i·' on ::: , vmr.t. 

Material /-0,6 i 0,1/mm is still a very convenient one for 
HliMBOLOT JONES HI\liMS. process. 

3. Concention fo~ the exnloitation of the iron ore deposits. 

All critical remarks about C.6.1 - Treatability of the differ~nd 

ore horizons - are correct takin\! into account the proposed L.~ne-
-

f iciation sche1:ie, Le. crushin~ by ,., hammer mill. 

By an 2uto!:enous mill with peripheral dischar~e, de:;inte£?;rat~_0n 

of aclithes w~ll be optimal, 

pra~ticnlly without broken oolithes in the fraction ~0,6m~, 

- without broken oolithec:particles in the fraction -0, 60mm · 

- and with en attrition under optii:1al conditions. 

Evenr:r.ore, by introduc in!!; a f'ER:L\1ILL close circuit grind in~, t.he 

beneficiation conditi6ns of all iron ore horizons, includin: 

intercalation, will be equaled, rc~ardless of the Fe-content. 

No selective exploitation will be necessary and all three iron 

ore horizons could be exploited at one~. 

The quantity of the fraction ~O,GUmm will b~ strongly incre~~ed: 

- partly due to the decreasin~ of upper size from ~ to 2,5~~) 

- partly due to the screen size increas in_c: from 0: 5 to 0, Gr.:!:1 .'.ind 

- r-.ninly due too stronc: attrition action durin~ the autoe:cr:i,·is 

nillin~ in closed cir·cuit by a PERH!lLL. 

2y ;:.:·;-.t dcslj.r.1L1;~ on £0~101T:;n, ntt.riti0n conclition5 will be 

stron~ly improved. 

Accordin~ to these scheme i~provcmcnts the followinz concPn1 :tc 

t; 01.1 l rl h ~ -;I; 0 d t: cl' d : 
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Fe concentrate with 5:3 ••• 55 ~~e, in ii;::.i ted state 6:±.l 5We 

with approx. 2 ~ .. P205 " 2,3 ~ P.,O-
- J 

with app:-cx. less than 4: ~ SiO') " 4,5 
·=--

SiO - 2 

Such a concent;:ate could be a very gtJod raw material for local 

consc~ption - Ni~er and north Ni~eria -but due to low basicity 

and oinc remote lo~ation, any export possibilities are excluded, 

takin~ into account that river Ni~er is not navi~able between 

Niamey and the river mouth. 

4. Pelletizi~~ ~nrl Direc~ Reduction process. 

I have no ~emar~s on the pelletizing tests. 

Contract~r has proved that high quality acid pellets could be 

produced. 

~ellets with a bnsicity 0,8 could not be produced. 

Meanwhile the problem of pelletizin~ should be treated in con

nection with the chosen reducti~n process. 

Amon~ the many DR processes, contractor has chosen and recom

mended ~R process, the process which has many advanta~es, al

.thou~h untill now - August 1984 - no industrial hR plant has 

been put in operation. 

l3ut for tile chosen !!.R.process pelletizin~ is not nt oll neces

~- ~.ORF l::nt?:inecrin!? clc~irncd thcjt by h.R process the fcllowin~ 

iron ores could be u3ed: 

- pellets, 
natu!'.'.li pellets -25mr.1 &nd 

- sintc:- !! 

In our cnse the conccntrnte /-2,5 ~O,l/mr:i rcp?'csents an exellcnt 

sinter m~tcrial and even self-fluxin~ sinter is not excluded. 

'l'hcrcf0rc there is no r.ccd for the foll.owin~ propo:;ed c~pcnsi v~ 

I 
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./ 
!~~c ~~i~din~ of Fe concentrate and 
;>ell.:?ti;-:in!; oi such 3 ~ound Fe c•Jncentrate. J. 

The !'.:rvr.~seti r.ietallur~ical h.R process - which produces pi~ iron 

enables use of F'e coacen tr ates with over 0, 2v ~p, t.:ik inz: i.-ito 

account thot a dcphosphorization process should be provided in 

the steel pla~t. 

5. C.J!!C l '.!S ions dnd nro~oseri scheme. 

5.1 Exnloit~tion of iron ore deunsits. 

Oolithic iron ore will be e~ploited by ripin~. A CAT D8H with 

o~e-teeth hydraulic riper will be prob~bly sufficient strcn~, 

since oolithic ore is s~rongly bedded. 
Ore produced by ripin~ ~as practically no boulders! 

5. 2 c..-~ishinl!. 

Ore should be crushed by a primary single-toggle crusher lGOO x 

SCGu.m. 
Recommended dischnr~e setting 250mm. 
Crushed ore will be stocked on a small open pile. 

5.3 Grindin1r. 

Crushed o:-e -2.5C:!!m is a feed for an nutoi::enou5 l\RLPP H.::lll\\ LLL, 

with peripheral open1n~s 5mm, probably witnout ~rindin~ balls. 

The mill wiil worl; in closed circuit with a ~crcen ±.2,50i:i;;-•• 

Over-size ~2,5mm will return -c.o the mill. 

5 • 4 l· t~ 5 l -i m i n ~ • 

l:nder~izc materiel -2.,SOm:a s;i10uld be dc~limed in 1ront of attr-i

tion hv cyc~o:i~: !j r.1liout 30ll::lm, presr:urc about. 0,5 bar. 
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5.5 A~trition of materiAl ,_., :; i 
I - ,v 0.1/mm. 

Attrition time by an attrition double blade cell will be maxi

mum about 5 min. 

5.6 Scr~enin~ on ~0,6mm. 

Oversize ~0,GOmm will be dewatered. 

Undersil!e /-0,6 -1- 0,1/mm is feed for Hr.1MS. 

5.7 Deslimin~ of fraction -0,60mm. 

Fraction -060mm should be des limed in front of ll!W~iS. 

s.e Hn~~s. 

~·ract ion -0, 60mm will be separated by HI',JMS and conccn tra te will 

.. be dewatered together with the concentrate ~0,6Umm. 

5.9 Sintcrin~. 

Limestone or dolomitised limestone will be added to the Fe con

centrate and a self-fluxin~ sinter will be obtained. 

5.10 hB.__P.roce~s. 

k.R process produces a pill; iron with pht;sphorus. 

A dephosphorization process - LDAC - in the steel plant. will 

produces Thomas slag - a fertilizer - for local consu~ption. 

5.11 Sla~. 

Due to hi~h A1 2o3 content in Fe concent~atc, a specific sln~ 

with hi~h o l umina wil 1 be produced wit!! tt~e fol l0w111~ <.onc::tlyse:•: 

obout 34~4 % 
obo1.1t 38!.3 911 

.Al,,O- about 18 i2 ·" ! ! ... •) 

M~O about 6 i1 ~ 

Such n ~:l<1C: - with hi~h <llu:::in<:i content - !,;.- Lcrrn~1 produ~L''.r 
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only by some iron work· plants like: 

- Appleby Frodin~h~rn, Great Britain, 

- Iron Works Skopje, Yu~oslavia enJ 

- Eomc Australian iron works. 

Appicby Frodi~harn ~s sellin~ this sl~~ 

- partly as C~LUMITE for glass indust~y and 

partly is ~rindin~ this sla~ and the product is a valuable 

~ement, marketed as CE?d.5A\1E. 

By addin~ 20 •• ;30~• hydrated lime, this cement i:-:r used for .. t!:e 

construction of water dams. 

6. Rerr.ark. 

hrupp Industrie end Stahlbau, Rheinhausen, ~RG, disposn of a 

pilot plant with a PERL\HLL ~l,9m x 0,9r.i, which is worl•inE: in 

closed circuit with a screen '2 rn~. 

Desi~nin~ of the mill demands in any case a pilot plont ~in

dinl?; test, the test which will prove that a FEf~l\liLL is en 

ideal device for desinte~ration of Eoft oolithic ore, 

- without crushin~ the oolithes and 
that optimal results concern inc: qua 1 i ty and Fe recovery co~! l;_~ 

be obtained by an auto~enous ~rindin~. 

Ljubljana, 18th Au~ust 1984 
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A 
KHO HUMBOLDT WEDAG AG 

Comments and Answ3rs to Guestions of Participants at the 
Pinal ~eeting at ~iamey on Xovember 6th to 9th, 1984 

Question 1: from UN!DC, Vienna 

Your opinions from both technological and economical view
points en the i~troduction of an autogenous mill, KRUPP 

?ERIMILL, within the ore processing line, which U~IDO ex
pert is proposing. 

Answe-:-

We :eel that autogenous mills will be unsuitable for pro

cessing the ore from Say because the coli tr;ic material is 
very brittle and cannot be used as grinding media. 

For avoiding large portions of superfine ~aterial, i.e. fo~ 

~inimi:ing the destraction of ooliths, an impact mill with 
positive discharge mechanism will likewise be appropriate. 
Iron-ore mines in the Southern part of Germany have gained 
satisfactory experience with this equipment. 

In an impact mill, the amount of superfine material can be 
controlled via the ciru~ferential rotor speed. Another 
option for heedful comminution of the material will be the 
use of a rod mill er - with restrictions - of a roll mill. 
~anufacture of the Krupp "Perimill" was discontinued some 
time ago. 
It is assumed that a rod mill will be installed in a lar1e
scale plant. 

f~111 I ·1 \ '\.\ I, f1.: 
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au~stion ~ f~c~ UN!JO, Vien~a 

Acivantages and ciisacvant3ges o= the ac~pticn s i!1. teri:ig 

?:ocess instead of a pelletising plan:~ in ccn~ectio~ with 
t~e ~iger cres, 3SSU~ing :hat KR s~el:ing precess C3n be 
a?plied anG sintered c~es can he used =or t~i~ process 

A!lswer 

It is ::;;nC.ame~tally possi~le 'to ~roduce the so-called 
c:Jnce:ltrate ,.._ . .,_ 

. . . 
C:?.e?l:.CZl cor::position: 

Fe So • .. • 
Si Oz 7 \ 
~, f'- j • -~-:--'.J " 
CaO+~!gO "' 

., • -, - • 

On t~e basis of the ~izn a~ount of acidic components 
SiO~ ar.d A!~O- and a lack of sufficient amount cf basic 

~ " .) 

ingredients like Cao and MgO in t~e ore concentrate, i: 

The ~~eduction of basic or self-fluxi~g sinter is or.ly 

possible :~rough an addition cf sufficiently, and lr. 

this pa~ticular case uneconomically high contents of 

limestone or ~olocite to t~e sinter rnixt~~e. The acid 
si~ter i~ known ta have bad reduction characteristics 
becaus~ o~ th~ fornaticn of iron silicates curi~g the 

.; • .,.. •"" ~ ..: '!1 - ':"" ~ ..... - ,.., C": ~ i .... - ',... ; .... - ,. -r: ,... ~ ·~ • ; .,,,, ' .. ~ s-,1 .. ._._,,::. •. -_ ................ ---·--' ~ .. " ... J., .... c --·'=·· content will be 

bound as FeO to for~ fayalites. For this reason it is not 
possi~le :o ac~ievc high oxi~at!cn degrees of sinter. 

r~Hl!fHO.lll fM 
!~r.·~ V)')} "' 

lOl")Or}'lMr"J 
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- As mentioned above i! is necessa:-y ~o ~de lirnestoP.e 07 

dolomite to the sinter mixture to produce a well re
ducible sinter using the Niger iror. o~e concentra!e. 
The limestone or dolomite have to be cf geed s:eei wcTks 
quality &nd to contain less gangue e!e~e~ts. Such re
sources are net available in the vicini~y of t~e iron 
ore deposit of Say and must be impcr~ed from exte~na~ 
sources over long distances. This makes sinter production 
uneconomical. 

- The extraneous addition of substances like limestone or 
dolomite to correc~ the chemical composition cf t~e sinter 
reduces the iron content further ~ore ana !nc~eases ~he 
slag content while smelting which leads to a high energy 
consumption. 

- The sintering process needs .an energy source in the forr.t 
of coke breeze or semi coke having a grai~ si:e of o to 
6 mm. 

The coke breeze is an unavoidable by-product of t~e coke 
ovens while producing metallurgical coke. 

Because of divers other reasons, ji~te~ pl3~ts ~re nor
mally integrated with large steel Aorks and the coke 
bree:e is available as a by-product free of additional 
cost. If the sinter plant is built elsewhere, e.g. 

coupled with a mini-mill, the coke breeze must eithe~ 
be produced additionally for sinte~ing purposes or mu~t 
be purchased from external sources (as e.g. from coke 
oven co~posite plants of Ruhr are~ !n Cer:~ny). The 
purchased coke breeze is expensive (price about lee S 
per ton including overheads). Our k~o~led;e of the coal 
deposits in Niger and the coking c~arac~er:stics of such 
a coal is very limited to make any :o~rnents on this aspect. 

HHJtrltfl.111 n.1 
1HW 100;> -11 
lfYJ0")11Mri-1 
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- ~ :'e~~rcs t~ enY:.rcn:nental ~cilution, si~ter piant5 are 
muc~ disadvan~agecus in comparison to pe:let plants. The 
dust and sul::ur emiss~ons of a sinter plant are admost 
the couble of that of a pellet p:ant~ Sinter plants also 
era:. t haza:-tlous :.;ox which forms when hot air passes through 
tne si~ter laye= a~ high temperatures. The removal of so~ 
and XOX i:-on the si~~er flue gas wit~ the heip of modern 
desulphurising and de-XOx plants is very expensive and 
makes t~e whole process uneccno~ical. 

Acco=tli~g to o~~ cpi~ion, the only advantage by applying 

.. 

the sintering ?rocess is the energy saving fo= the fine 
grinding stage which is a necessary factor for the pelletisi~g 
process, for pelletising the iron ore concent4ate must be 
finely gr~und to a Blaine-val~e of 1800 - 2000 c.:tZ per g. which 
is a very energy-intensive step. The sinter process needs more 

coarser g:-ains of iron ore, o - 6 mm, for better gas permeabi
lity during sintering. 

Q .. . - . ~ I"' I DO ••. ues '"ion .> • _rem "'·' , \' ienna 

Any ~etallurgical or any other comprehensive explanations 
against the facts that the solids reduction tests have ob
solete results with regard to the ~etallisation, on the 
other hand, REAS-test si~ulating KR-smelting process has 
give~ good results. 

~\nswer 

To achieve a high degree of metallisation during the re
duction of iron ore with solid carbon, the coal or coke breeze 
~sed in the process must fulfil t~e following prerequisite; 

U4 'l,'~~.l n~f;i r\1 
!"',('If' •·t.• 

I 
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The ~oal or coke breeze used must be of a good quality 

and cor.tain less ash and sulfur contents. The high ash 
contents of the coal, as we presumed to be the case in 
Niger, hinder the reduction of the iron oxides. The in
gredients of the coal ash, expecially Sio

2
, react during 

reduction with iron oxid~s to for~ low melting Eutectika 
like iron silicates, which are difficult for reduction. 
This is the ~ain reason why we achiaved such low degrees 
of metallisation in own laboratory trials. 

The coal sa::iple from the Philippines (SEMIRARA coal), which 

was used in our laboratory trials, is assumed to be similar 
in ~ineralogy and chemical composition, especially the high 
ash content, to that of Niger coal. 

If other high quality coal is available for the reduction 
process, we are sure that it is possible to achieve higher 
degrees of metallisation. 

The abcve me~tioned disadvantage of solid reduction while 

~sing pear ~uality coal does not appear while conducting 
the REAS-test. !n this case the iron ore pellets are re

ducted at first to 9o \ degree of reduction at 900 °c 
usi~g a gaseous reduc:ion agent having 7o \ CO, 25 i H

2 
a~d 5 \ x2• This type of reducing gas is generated in an 
indcstrial KR-plant by gasifying coal with oxygen in a 

smelting gasifier. The coal ash which will be separated and 
remo¥ed as liquid slag from the smelting gasifier does not 
come into contact with the iron ore during the whole re
duction p!"ocess • 

. Because "f the reP.·~::i:l~ :aer.t:.~~~c &bcve we did not consider 
the SL-R~~direct reduction process as one of the alternatives 
~o be e~plcyed in the State of Niger. The SL-R~-process 
uses so~id carbon in the form of coal, coke breeze or semi
cokc in a ~otary kiln as a reducing agent and this is ir.ter
~ixed with the iron ore. 

r;, f;'1 '1 I \: 1 ~ r); 
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guestion 4: fron U~IDO, Vienna 

Any inforr.tation on the existing works I plants in the 
~orld whe~e ~he sa.~e type of ores (oolithes indurees: 
oolithes tendres) as in Siger are being used to produce 
steel 

Answer 

In the area of ElsaB-Lothringen, West-Europe, a lean 
iron ore deposite called the "MINETTE" is used as a raw 
material for iron production. Its mineralogical character 
and the chemical analysis of the MINETTE are very similar 
to that of the ~ron ore deposits of Niger as_far as the 
low iron and high phosporous contents are concerned. 
The main difference lies in the availability of the high 
contents of Caco3 in the MINETTE. This characterises MINETTE 
as a basic ore, which means that no limes~one additions are 
needec while s il1tering. 

MINETTE is used as a raw material in all steel works of the 
E~saa-Lcthri~ger. region, especially in the ARBED%-works of 
L~xemburg. The MINETTE sinter is charged into the blast fur
~ace to produce a phosphorous rich pig iron. This is sub
sequently conver~ed to low-phosphorous steel by using the 
LO-AC-process""· 

~ ARBED :!ci!rie g,~unies de !,urbach-~ich-.Q.udelange S. :· .. 
19, Avenue de la Libert~, Luxembourg 
Works in Dudelange , Esch-Schifflange, Esch
Belval and in Differdange 

x:i< LD-'C-Proces::: L' D . t ·' b d C'"P.'t P I'\ - _1nz-_onaw1 z-:'.!r e - -·"' w' - recess 
fr4r1tfJ1().i11rVi 
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··3-=-.;""'_ ...... .. ~ - ---- '· 
. 

... -... ~ ..... -- . : ... .::.:.!!~.:! i 

- . .- . . 
::_J.ss:.=:c.:!t:c:: 

- an ~?per hcri:o~ of Colithes InJur~es 

a low~~ ~cri:cn oi ~cli:tes .en~res 

:s based 0~ geclo~ical and ~ineralc~ical observa~icns 

~.:.,0.,.....,1.-"T.: .... ':! 
··--··~ ---· ... .:· --- .. c~ .. a:-J.ct~:-is~!.cs. 

. . 
.~·.:.:; ~ .:..! c?~ ;e::e-:ic aspects. T~is class~f~:a:ic~ 

. ; been chosen ~or s~-

- l 

TPtlll()l().11! rl: 
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. ~ 
.-\. ,_, . 

~as ~o:iing but gce:n1te been evi~ence~ as iron-~eari~g 

~sc3~n~r ei~c:roaical microsco?e), alt~cugh this se~~

~c~:ary :v~e o~ ore co~ld be ex~ected to inclu~e a~so 

~:~er iran-~ea~i~g ~i~erals, s~ch as he~atite, side~i:e, 

As ietaile~ in c~apter C ~.1 .!.; and C J.l.1.2, cxa~ining 

u~cier a ~:croscope ar.d a scanner electronical ~icrcscope 

:-5::~-!} :-e·realed cut t:1e iron-bear:ng minerals goet:tite (~

?eC · 0~) and lepiciocrocite Cr- FeO ·CH), a~d ve:-y rare 

~e~atite. Xo other iron-bearing ninerals, such as ~agnetite, 
siderite er pyrite have been determined._Consideri~g the 

~enetic conditions ct the iron ooli:hs, the iron-bearing 

~i~erals ~entioned abcve are act~ally not expectcd to occur 
1ssocia:ed wi:h goethite ooliths. 

Jues~icn ·· 3ub~it:cd av A.O. Lukcya, K~~una I ~i~cria 

!n ~hat fern and cistribution ~oes alumina occur, in par

ticular ~~ the ooliths and in the ~atrix ? Are there ways 

a~~ ~e.J.~s :o reduce the Al content by attriticn a~d clas
si.Ci·.:atic;: .ls :he ;\l ccr.cent:'."a:ion ~ill a::ect sl.J.g :or-

l> a: .1;: :, i . i , ~ <i g e E l 3 a r:d C 4 • 1 • l . 1 ~ ;:~ C ·~ • : • 1 • 1 , !'a ~c 

C ·: .1:i(: Eoltr.w:.n~. explained that aluminiur: has been l.c

~~t0·: ~~i~3ri~y l~ :he rna:rix 35 ~aolinite between the 
·:-0li::-is. 

rf1ri1r11ri.:11n,: 
rttW If)();"' 1, 

/, '"~: ., ~-: f1•; 



- ) -

A 
KHO HUMBOLDT WEDAG AG 

~~~ecve~, Al occurerl ve~v finely distribu:ed in :he acids, 

~oc~ed adsor?tiveiy to g~ethi:e (see f!~s C ~ and C . -' I -J • 

....... ' - ·"\ 
L .1.t! .-\l ~\...: _3 con:ent in the ocliths has been of an ord~r of 

;n::i~n:.:ude - - - ~ c:: .:; . .> ,,. 

-i..,,. 
ave~age A1 2c3 conter..t of the ores (see r.:iges i3 1 9 to • •L-

~ . ' 
- ' j :las Jee:l :is :olloi~·s: 

!.r. t~e Co!it!!es !r:c!u:-ees Ce tween 4.34 and 4.64 fJ ,, 
;~ the :!:::1.:erc:ilation be'twee:i S.S3 anc 3.21 ol _ .. 

J 

i:t t~e Celi thes Tend res between S.39 and ; • .J ~ ~ . 

7~c Al-0~ content can be noticeably lowered by ~ay of pro

cessing, :.e. by ccmminu:ion and classification (see para 
,. · - - "" ., ~ rl r ~ ., • r -4) ·h · · · ~-.~.:;,page~.-~ an- - ~.~.1, page-·~ ~ereoy reaucing 

:tc k~c!~ni:e content o~ the matrix. 

r~ the course of the dressing tests car~iec o~t fer con

cent=ate production, the Al.,0- content could be lowered 
.:. .) 

tc the fellowing levels: 

~a~ Onlit~es I~dur&es by about 52 ~ and 

:or Oclithes Tendres by 4Z \. 

Her.ce, it has been reduced to approxinately ha.!.f ~he 

c~ig~nal value (see analytical data given on pa~es C 19 

.~.:, c::pc·:tcc, treating the ~round RO:.t ore i:i a magneti.c 

scpn=a:or entailed but a rninor reducticn of the Al 2o3 
:c~te~: bcca~se kaolinite has been relatively concentTated 

::.:·. !:!le frac tic·!'\ ;;inus o. 5 r.tili. 

~educing the Al content that is adsorptively bonded to 

gcet~::c in the ooliths oy w~y of rnognetic separation ~ill 

~~ i~ross~bl~ beccuse t~is would necessitate grindicg to 

r~4 nHn 0.111 ri.i 
IHW IOl'l;i 11 

\(jl)f)(1'111,1,,.l 
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~- ~s a wel~-k~own ~act t~at th~ Al~O- ~cntent cf 
.;;. .) 

is a~ong the aci~ ccnponents. This means that the 
the o~e 

the Al:C3 content, :he nore basic additives, such as lime-

sto~e. have to be added so as to establish a slag basicity 
Cao + ~-1!!0 o:: 3.pn_rcx. 1 (ratio ..,~ J' ~hich is :-ea_uireci for ' S1C.,+AI.,v3 - -proper blast-f~rnace operation. 

A slag of this type features advantageous smelting and 

flew p:operties at typical blast-f~rnace te~peratures. 

3last-5urnace experts request the ore Feed to have 2 SiO~ 

• " . f . - • Th . . , ~ . . . . A~.,~- ratio o aoout.) : 1. ~is wi~i ~1n1m1:e tne ace~-- .) 

~ulating slag quantity to the necessary level and at the 

same time keep the coke consumption rate per t of pig iror. 

within acceptable limits. 

Question 8: suLmitted ~y A.O. Lukoya, Kaduna I ~igeria 

~his question ls based on the assumption that a ~~~~~!£2: 

~~2~Q~!~~±-~~~~~ had included ?ilot tests at least of 
very preliminary kind as it would be of advantage to per

for~ a coke rate analysis for quality assessment cf t~e 
ore5. 

Seve=theless it should be possible to calculate the coke 

rate values for smelting the iron ores from Say by the 

sug~ested methods either on the basis of theoretical 

calculations or of mathematical blast-furnace models. 
7his would facilitate understanding the problems associ

ated ~i:h bonding of phosphorus in the slag. 

r~1rilf'rt().n1 f'l.' 
1HW"1()f)]41 
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- . pe:-:or:7ted.. 

~ow~~er, t~eore~ical and practice-rela~ed enpirical values 

~·~gaT~!:!'!~~ ".:!ie i:cke consur::?~ic:l rate pe:- t o~ pi~ i~o:i are 

~vai!able ~r:n a KR plant. rhese ~igures are vali~ onlr 
•::-l :::-:~ t)ascs o:'.'. giv~n ~nenises, si;ca as ccTI1pcsi tic;i. o~ the 

,:;re :o cc T.Clte!l. and corr:pcsitior. of t:ie cc:il. 7he data at 

our disposal as to comrcsition and coking prcperties cf the 

ccai availat:e i~ t~e Rep~blic of ~iger are ina~equate for 

~:i~ing state:nen~ in this respect. 

,.. -
·' -

re.sul:s cbtai~ed :\~ process . " ..... ~ 

t cf. coal I 

c::Jntents .~: C.c~ a;1<l c~ ash_ ir. the coal uscc.:. 
• : x 

.~e 2i5t~ibu~ic~ c~ P in ~etal I s~ag as a f~nctio~ nf the 
. . 

:~ :-: ·~ c ~ ~ s !:;:::;: 10:: irrelevant ~~7 the 

Hl r!Fl 10.111 ri: 
1HW "lf'Yl? .:1 
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0ues:icn 9: subnit:eci by A.O. Lukoya, Kaduna / Xige~i~ 

1~~at have been the reasons for selecting t~e specific 

binders fer the pellcti~ing tests, e.g. charcoal from 
3ra:il and coal from I~~onesia ? 

7~~ energy raw materials available in ~iger have no: 

been investigated. Accc~~ing :a ~y opinion this should 
have been part cf a :ac~no -eccncmical study. 

Answer 

Adding 1 ~ of charcoal duri~g pellcti:ing test ~EP 6 

has been done ior other reasons than to serve as binder. 

Tne actual function of a bi~tler, as e.g. bentonite, i5 

to increase capillary forces curing green pelleti:ing 

thereby improving the strength of green pellets. Coal as 

such does not have bonding properties. Adding charcoal 

was only meant as additional energy carrier for green 

pellets baking. This ~ill substitute part of the expensive 

fossil ~nergy such as natural gas or mineral oil (which 

are m:s~1nG in ~i~er) by less expensive coal. 

Coal origi~ating from the Phili?pi~~s having a chemical 

~o~positic:! t;:at is sir:lilar :o that of the ccal a·:ailable 

i~ :he ~~~uhl~~ of ~i~er, ~as no: been used as binder 

o~t ~s :eduction agent upon pelle: reduction in the rntary 

dru~ for asc~rtaining their decomposition and metalli:ation 

cha~acteristics. !hese tests were necessary for finding 

o~t whcthc~ the pellets made cf ~i2er ore were suitable 
~c~ the KR process. 

Exa~ini~~ the ener~y raw mate1ials occurring in the Re

iJ..;..:L.c a£ :·:i,ge·: "Was ouc of the scope of the ''Prelir.ii:~ary 

St:.:1!.y'' ::1 }. :h~ ~ore .'.15 ~:-iesc :!l3':erials had not even been 

pri~ar~ly tcs:cJ by the pertinent national organizations. 

r~1 rirn-1 n.111 r): 
1HW I()(}):, 
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7~e ~ne~;y ~1~ n3:e~i3ls lccal!y a7ailable will have to 
~e i~vesti~a:ed uc~e~ 3 fur:~er :ec~no-economical s:~dy 
reg3~ding t~e use oi iron ores frcm Say. 

~uesticn lo: submitted by A.O. Lukoya, ~adcna ! ~igeria 

;·.:ta: ccnsicierat.:ons anc .:nvesti~ations have oe~n r.:ade 

as tc profitable 7r~duction of 100,000 t of steel i~ the 
Repuclic c= Xiger taking into account ~~e li3itations 
i~herent in t~e KR process ~ 

.~nswer 

7
- is ~ ~ell-known fact that profitability of a plant is 

substantially influenced by the "sc<t.!.e-up" factor. The 

large~ the production capacity of a plant, the lo~er ~ill 

be the production cost / unit. The bottom limit value for 
profitable procuction in a KR plant ranges at approx. 

loo,oao t 0£ pig iron I year for each ?lant ~odule. 

Accordi~g to the ~resent state of the art KR plants reaching 
capacities up tc 3oc,ooc t of pig iron I year and plant 
noduie can b~ built. 

On t~e bas~s of ~ublished data and ~arket investi~ations 

c3~r~c~ :ut ~y ~s fc= the Republic of ~iger and its nei~h
~ouring coun~ries, t~e current demand for varicus steel 

?roducts ~i:~i~ t~at area equals about lco,ooo t I year at 
:J nax i::m:i. 

0uestion 11: sub~itted by ~r. Biry, O~ARE~, ~iamey, Repub-
!ic of :-.iiger 

J. Greigert, entitle~: ·~escrip:ion Jes Formations Cr&tac&cs 
t:t T.;r~i:.:i rc5 i:1 Hassin des !ulle::ieden - Edition du BRG~·I, 
Pa:-is 1 IJ(i6", the 'Bi rri::iicr." has tc be classed in the ~fiddle 

TN f'llfl1 ().qf ;M 
r~!Wl()();::> -11 
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Precambrian and that, accoraing to J. Greigert, the "Vol
~a Sandstone" corresponds to the Infracambrian OT the 
Eoc21~brian. 

The description of the stratigraphic sequence given ir. 
chapter B 3 is a general survey of the geologic history 
within the examined area. In compliance with the specific 
task, emphasis has been laid on the younger strata 

(Terti.:iry and Quaternary) of the stratigraphic sequence 
which, moreover, i~clude t~e oolithic iron ore deposits. 
Therefore, ·;-,o s~!'~t:.braphically closer graci.ation has been 
provided for the rocks of the basement, i.e. metamorphites 
and granites cf the "Birrimien" nor of the rocks identified 
as "Volta Sandstone". 

!~ is cor~ec~ tha~ upon a stratigraphically narrower clas
sification, the :formation of the "Birrimien" has to be in
cluded in the Middle Precambrian. 

As to the strati~raphic classification of the ·~olta Sand-
sto~e'', ~.e. a sc~ies of ~lastic sedirnec~s in the Volta 
5assin which occur discordantly on folded and metamorphic 
··~i rril!lien", M. DEY~OUX et al. ( 19 i8) have specified the 
fellowing classification and age determination: 

- sandstone and sc~ists of the Dap~n~o-Bombouaka Group 
( 993 ! 62 million years ) 

- ?ree~:sh flyschoid sequences and graywackes with isolated 
~c~~~~~=c cf ;~~~2a::li:c! ~n~ ~pcngcs of the Pen<ljari 
:·nd/or the Oti Group ( 660 : 8 million years to 615 

rdllior. yc~r.> ) 

r~Jl')trnn.il! q.1 
1HW .\Of);} ·11 
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reddish 53r-cstones of the Obosura Grou~ ( younger than 
- + ol~ - 9 ~illion years ) 

These elastic anchi- to epimetamorphic rock ~equences have 
1Jy us si:iply been combined to "\'olta .Sa;&dstone" and clas

si:ieci as belong!ng tc the Eocambr:an bec~use lar~e portio~s 
are wit~in the Early Precambrian which has been confirmed 

by the age dete!11lination. 

Bibliography: 
nEniCUX, ~!. 19i8: t!pper Preca:nbrian and Lowernost Palael')~cic 

corrcla:ions ln ~est-Af~ica an~ in ~he ~estern ?art cf Cen-
tral Africa. Prohable diachronisn of the late Precambrian 
Till it'?. 
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