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7.3 The total Iron content in the Sponge Iron produced 

froto Zambian ore is .:around 83-84" with a gangue 

content around 14%. The total iron content is 

therefore slightly on the lower side as COllP')ared 

to Sponge Iron produced from richer iron ore where 

the total iron is nonoally around 88% in the Sponge 

Iron. The marginal lower iron content in the Spon~e 

Iron associated with slightly higtaer percentage of 

gangue would mean that extra energy in the fonn of 

Electric Power would be required in Electric Arc 

Furnace for processing Sponge Iron into steel. 

Since relatively cheap power is avail3ble in Zambia 

the production of steel with slightly higher power 

consumption would not have any major impact on the 

Economics. Moreover the low levels of Sulphur and 

Phosphorus in the Sponge Iron produced from Zambian 

ores, makes it a very ideal feed material for producing 

high quality and high value steels, which would counter 

the disadvanta')e of hi1Jh qr.n9ue tn the sponge iron. 

7.3.1 Alternatively the Spon~e Iron produced from Zambian 

ore could be considered for smelting in a special 

~ulJmerged Arc Yurnace for production of low phosphorus, 

low sulphur, high grade pig iron. Smelting of. such 

sponge iron with high silica content in submerged arc 

furnace would be c~nsidered easier as compare to iron 
I 

ores. In view of the fact that the material for smelting, 
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=m-:; -;i...~(J"lOmi.cs for r>roduction or !-,l-: :r0::1 ~y S:":F:ltinC] 

in submerged rt.re furn~c~ .:;!so -'l~0e~r to te f;>v.:mr~ble. 

7.4 Tak:n,:; note of "lbove it cc-.n ~e conc1.uded th-3t a 

30,GOO to 40,000 Tonnes per yarlr Sp·>:ige iron pl<mt 

usin•J Za:ilbian iron .')re in combi'1ation with ~1mbian 

coal could be est~~lished ~t a s~it~ble loc~tion 1 . 

Za:n'bia. Ti'l.?. S[->On·=Je iron proouced t::·rns couln ::e eff~ctively 

used to substitute scr."I:> tn -=1 l i!t:"'J'."! exb=mt f0r: mel tL1g 

in -iny of ti1-:- ~xistinr1 electric arc furn<:1ce i.n ~~.:imbi .-:i., 

C:')l'lW~rted into low phosphorus ~n<i low sul;"'h11r l""i'-J 

,,. ....... 
0 '"'"·'" 

Sub··E>rg:~cl .~\re Furn.:ic.-. f0r :·r:Yluctio·1 =,f 3il,0·'10-J5,000 
,,,.-

Torin~ s of Pi(] IP>l'l w'tic'1 c--iq :..~·~ cnnvf!rter1 into ;:)roun'5 
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Test No.1 

I. !~put Raw M~teri~ls 

Iron Ore 

Reductant 
Desu!phuriser 

: C(H}, ::.1mbi -1 

II. Test Conrlitions 

C/Fe : n.so 
0 

Renuction Temp. C : 1000 

Retention Time Hrs. : 3 

III Test Results 

Average Metitllization 
( + 1 mm~ 3 : (j 2 • ~ ') 

Reducibility Index 

Process DecJr,id.::ttion 
Index 

- Oxic.1.-.: fec<l 

- f<t:.lnctan t 

:~'.1.1'1 

: 13.B'", 

Decrenitation 
Behaviour (3) 

-1 mm . •l. 3;~ . 
-3 mm . 21 ... n~ . 
-5 mm . ')_;:_ .07 . 

IV Croin!>iZt".·.d!>e An~lvsi~ of Maqrl~tics (~~) 

:..;1~~ H.111qe Fe ('l'•Jtdl) l·"•: (H<.: t} Hc.:t.dl i :~ ,,_it •tl 

---------- --------- ------- -------------

v 

-1 mm ·N. 3u :, 7. ·11 t . -
1 - 3 r:im ·~i j. (, ') "iG.~n . - I .4 
3 - 5 mm ::?.3'.' 76.1> . '~, • •l .. 
5 -10 mm .,:~ • 3:: 7 :; • ·1 .-, (f 1 •I,' -

10 -15 mm ~n. 5'> 76. 3 "} 'J ho . 
+15 rnm ,, ·1 • 1 ~, 7'1 •• , •. .,.1 

Proxim:tte .\rJ.ll v•; is o( Non-m. 1rn·1-•r r. Prorluct (Ch<•r) ~~ 
.;_;._...;,.;;_.._~-----....... ----------- --
Fixed Carbon . . 



TAm.;: - 1i) 

Test No.2 

Iro'l Ore 

Rc!ductant 
Di.:sulphuris,ff 

~: ·; 1.; i 1 { 'i ! · • :>r) nuu) 

,-. - r)' • • ._:> 1..1., .,.,·n:.~1. 1 

L t!;:~··o:r:nrie, :-: Wii_)i,1 

I7. Te~t Conditions 

C/Pe 0. i;•, 

Rt!U'..1•--:tion T<:!mp. 
0 c : }01);1 

Retention Time Hrs. : 3 

III Test Resul~s 

AVl.~C-.t•j•: M•·t .. 111 i:::.&t inn 
(+1 mm) 3 q2.03 

D<~cr.,ni t:1t ion 
Behav.iour (~0 

Reducibility Index 

Process Degra<l~tion 
Index 

uxldt:: J.:1:::ed 

- Reductant 

'l4.41 -1 nun 

-3 mm 

..'.'I .HI) 
-'l rnm 

: 13.42 

IV Crainsizewise Analvsis of MaQnetics ('~ 

Size Ranqe Fe (Total) Fe(Met} 

---------- --------- -------
-1 mm 78.C:,8 6'~.21 

1 - 3 mm r.n. :n 71.6q 
3 - 5 mm 81.36 74.33 
s -10 mm B1.t10 7;~. ~~4 

10 -15 mm H3.40 76.')9 
+15 mm 84.33 77.91 

: r,. r,,~ 

: 23. 10 

: "\:) • r, 1 

Metallizdtion -------------
:16.36 
R9.24 
91. 36 
C)). '):?. 
92 .11 
92.39 

V Proxim~tc An~lvsis of Non-magnetic Product (Ch~r)% 

F ixcd Carbon 

Ash 

Volatile t1'1tter 

• • . . . • 

43.nO 

4.10 



TABLE - 11 

L.!-,.IlQR;\TQ!lY ROT_,,;~y FURNACE TF.ST RESUI.TS 

Test No. 3 

I. Tr'lnllt Raw M·"lt:erL-tls 

Iron Ore 

R.:·,luctant 
1Je:a1l1·hur i:.•:l 

11. Test Conditions 

C/F.a 
0 

R1 ~ lw~t ion Temp. C 

R~tention Time Hr:>. 

III ·r. ·!it: H1!:;ult~; 

: :-:-1111bi.• (5 t"O ;~1J lllm) 

: c. 1:1l1 ·-·.-u11bi .-1 

1. i IU• .. I . •(&•., ·-: .rn! Ji· I 

: "1. ')') 

: l'di)OC 

: 1 

i·. V~ J:. •.HJ(!' H·~t.il l iz~t ic:1 
(+1 mm) 

.,, ,.,, . . ''11.1/. 

i.Jccrcn i t;1t ion 
Behav.iou r- C~) 

l<•.:•lucibi l i ty llltit::·: ,,,,._ t"1 
-1 mm 

Process !Je') r r1c..l ,:1 t:-: on 
Index -3 mm 

Oxide ft~ecl . ., , . . i.fJ .'J) 
-5 mm 

Reduct."lnt' . ?.6.'19 . 
IV Cri'linsizewi:-::e Analvsis of M~onetics {%) 

-1 mm 
1 - 3 mm 
3 - 5 mm 
5 -to mm 

10 -15 mm 
+15 mm 

Fe (T")tal) 
---------

72 .<v~ 
7·). j 1 
A0.9R 
75.4() 
7q.05 
80.19 

Fe: (Met} 

67.02 
72.G1 
74.64 
71.95 
71.4·1 
74.46 

. . 

. . 

. . 

s. :> \ 
G. ~.,, 

25.2 ! 

93.11} 

91. 54 
q2.41 
q'>.4? 
<JO. 17 
CJ?.. ~is 

V Proxim.Jtn An·llysis of Non-m·l'tnetic Product (Char)% 

Fixed Carbon 

Ash 
VolatilP M;itter 

• . 
: 
. . 

41.20 

9.20 
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L.~UQR;".'N:HY ROT:\RY ::'UiUlACE TEST RESULTS 

Test No. h 

l{cdut.:t.111 t 
Desulpl .u ~- i:;.~!.-

: .·, ... t ~ , • t• , • .I! 

i. i 'II··:· t·, 1::· ·, .( 1i: .. i -:t 

11. TPst: Conc'iti.r·uis 

C/F~ : f) ... '. 

Retention ·rime Hr~;. : 3 

Ill TP:;t RP~l' 1 t~ 

Average l'le i:all ization 
(+1 mm) % . . q5. -:.~:·) 

Decreoitation 
Eehav·i :..ur (%) 

Reducibillty lnck:< . . 97.0(. -1 nm 
Process De•1rad.=ition -3 mm 
Index 

G:-~ itl•"? fc,.At1 : 1 ., • ··, 7 -5 mm 

Reductant : 3·1.n-1 

IV Crainsizewi!:>e J\n;1lvsis of Maqnetics (3) 

-1 mm 
1 - 3 mm 
3 - 5 mm 
5 -10 mm 

10 -15 mm 
+15 mm 

Fe (Tot:1l) 
---------

l-31 .28 
81.36 
fi2.46 
<n. 33 
H 1. Jo 
7H.37 

76.34 
75.32 
77.A7 
r/8 e 12 
79.64 
76.11 

: 3.67 
. 14 .i~fl . • . '.'2 .02 . 

Metalli::: 1tion -------------
93_q1 
9?.. 58 
94.44 
93. 7'"> 
97.91 
cn.2~ 

V Proxlm.]tC An·llV!ii:.; of: Non-m.vwP.tir Prnrluct (Ch.,.r)% 

Fixed Carbon 

Ash 

Volatil~ Miltter 

: 45.HI 
. . . . 

s1.fin 
3.10 



Test No. 5 
.. . 

I. I~nut Ra~ Materi~ls 

TAnt,E -1~ 

Iron On~ 

Reduct ant 
.Jesulphuriser 

:t · .. • ! 1 • ·UI;.# i ;. 

II. Tt·!>t Comlitions 

C/Fe 
0 

Redu:-:tion Temp. C 

Retention Time Hr~. 

1 I I Te:.;t Ri~5U) ts 

M.·crage Metall iza~ ion 

. . 

. . 
~ , ........ 

1 .... -

3 

( -.- l mm) 3 : -:; J • 7 S 

Re•:lucibi.l i.ty :Index 

Proce~:s Degrad~t io:1 
Index 

Oxide f P.ecl 

Decre:>i tat ion 
Behav-iour (%) 

-1 IPl1l . s.11 . 
-3 nvn :in.<16 

-5 mm =~ '). \..\6 

IV Crainsizewise An.1lvsis of MaQnetics (%) 

~!~~-!!~!:!9~ Fe (Tot;il) • ~~!~~.!:!. Met.:1lli~.1t inn 
--------- -------------

-1 llllll .,,-,. 40 •·• ·1. t-. 1 7 J. 11 

1 - 3 mm ''0.42 7'l.68 ()4 .o). 
3 - 5 nvn :--. :i. • Gt) 7f1.l•) <J•1. S·• 

5 -10 mm B0.9H 73.60 90 .r.n 
10 -15 mm H1 .HO 7'1 _r,q 1) J • 111 

+15 mm 82. ')() 74.Ho 90.50 

V Proximate Analysis of Non-magnetic Product (Char)% 

Fixed Carbon 
Ash 
Volatile Matter 

. • . . 
• . 

•1 •;. 10 

'I 4. r{l) 

1.10 
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Test No. 6 

I. I~out Raw M~teri~ls 

Iron Ore 

Reductant 
Desulphuriscr 

II. Test Con<liti~ns 

: ·:.1rnhi."l (5 t-11 tC) mm) 

: ,·;o.-i L. :-: <l!nb i.-1 
Lim•.!$1.•>rlt·. :: Jtnbia 

C/Fe : o.'>5 

Reduction Temp. 0
c : 1000°c 

Retention Time Hrs. : 3 

III Test Results 

Average Metallization 
(+lrnm) % :92.52 

Decrepitation 
Behaviour {%) 

Reducibility Index : '14. 75 

Process Degrad~tion 
Index 

- Oxide feed : 13.77 

- Reductant : .31.68 

-1 mm 

-3 mm 

-5 mm 

IV Crainsizewise Analysis of Magnetics (%) 

-1 mm 
1 - 3 mm 
3 - 5 mm 
5 -10 nm 

10 -15 mm 
+15 mm 

Fe (Total) 

73.72 
Bl.AO 
A2.50 
A~.10 
82.00 
H7.13 

Fe(Met) 

6:;.25 
77.07 
77.63 
77.07 
74.49 
7•-). JO 

. 4.38 . 

. 12.21 . 
: 20. 16 

Metalliz·.lCi on 

93.94 
q4.21 
94.111 
93.W/ 
90.fl•i 
') 1 .O I 

V Proxim~te Analvsis of Non-m~gnetic Product (Ch~r)% 

Fix~rl C'1rhon 

/\Sh 

VolatilP Matter 

. . 

. . 
• • 

47.HO 

·16. )() 

'>. ')O 



Test No. 7 

I • l"lOUt Rr\W H;iterhtls 

Iron Ore­

Reduct<lnt 
Dt:!!:>Ulphurise r 

II. Tes~ Con<litions 

III 

C/Fe 
0 Reduction Tf'mp. C 

Retention Time Hrs. 

Test Result~ 

TMlI.E - 1 C) 

: .. •l't•J t • ( ·~·. t_\.) •.. , .• ~ .) 

: ( ~" J. ! l ~ ~ i" ll~-• i I 

: L ~ . . ... t .. t: L • I •··• ,: I • ~ . ; • i 

: t'l • '\ ·, 
,, 

: 10•10 c 
. 3 . 

Average Metallization Decr~pitation 
(~) (+1 mm) % : . i:'. 7;~ Dehaviour --------------

Rr:ducibility Index : ···~.'1] 
-1 Hill . 4.:n . 

Process Degrad"ltion -3 1'1.51 nvn . . 
Index 

Ozi ,1,. fr-r>tl 
-5 mm . :>O. h-1 

: ".> -•• 10 
. 

Rt!duc tan t . 1/.H1 . 
JV (;['•till~ j ~~:W i:>t; An.11 V!i. i !; II J· H<J<tllt:L lc:.> (•;-:.) 

Size Rilnqe Fe (Tot;il) Fe(Met) Metallization 
---------- --------- ------- -------------

-1 111111 72.uO c) 3. •.;r; RB.OB 

1 - 3 nvn A 1. ')4 76.Sl C)J.KO 

3 - 5 mm 1'i.n1 r1 .fi3 ':17. l'l 

5 -10 mm 77.50 (,9.03 B7.7P. 

10 -15 rnm 7Q.75 75.19 94.28 

+15 mm Bl .no 11.:n Q4.41 

V Proxim-)t.e i\n.1lvsis of Non-maqnP.tic Product (Char)% 

Fixed Carbon 

Ash 
Vol;,!"ile Matter 

: ·17.20 

: ·15. go 

: ,17. ?.O 



Test No. 8 

Iron Ore 

Re<luctant 
Desulphuriser 

II. Test Connitions 

C/Fe 

III 

Reduction Temp. 0 c 
Rpt:Pntion Ti.mP. Hrs. 

Test Results 

TAm.;: - 1F. 

: Z -tniJ i ·! ( H t') :!O mm} 

: t..:·•·:}, >:.t·ul.;i.t 
: I.i111•·:.:L· :11··, '.-: 1::tiJi.1 

: o •• ;n 
o .. . li 100 ~-. 

. 1 . 

AVt!rc.sy<.: M~LJlli~.sLlun Dccccpi t~•t ion 
(%) (+1 mm) % . en. 74 Behaviour . --------------

Reducibility Index . 94.20 . -1 nm . 3.36 . 
Process Degrad.:ltion -3 l:inl : 14. ~·) 
Index 

Oxhle f eecl . l'J.70 -5 mm :19.'i3 - . 
Reductant . 7.8. 7-0 . 

IV Crainsizewise Aa"'lalvsis of Mannetics (%) 

-1 mm 
1 - 3 mm 
3 - 5 mm 
5 -10 mm 

10 -15 mm 
+15 mm 

Fe (T.-..tal) 
---------

·n. 12 
:U. 78 
H'>.45 
8?..10 
:\G. 57 
C}t.59 

G9.25 
76. :?.·l 
7B.19 
76.51 
7B.19 
P.4.89 

Met:lll b:.-.~- inn -------------
9:).94 
cn .oo 
q 1. r;o 
93.l'i 
')0.~1 

9 /.. 6~! 

V Proxim~te Analysis of Non-muqnetic Product (Chnr)% 

Fixed Ci\rbon 

Ash 

VolatilP M;itter 

: 4'l.70 

: 7.t.o 



TADLE - 17 

L.~OOR•;TORY aOT:\R.Y FURNACE TEST RC:SULTS 

Test No. 9 

Iron Ore 

Reductant 
Desulphuri:-;•!r 

:I. Te!'---:t Con<l it i.ons 

III 

C/Fe 

Redur~tion Tt:lllp. 
0 c 

Retention Time Hrs. 

Test Results 

. . 

. . 
: 

. . 
: 

.... : ... i i • ~. •t: ! l t 

i. i1:1 --: r •:1• 1 - :-•IU;ll -, 

Average Metallization 
(+1 mm) % . . g~-> •·.I·~ 

Decr ... .!"r>it.1t i.on 
Beh 'lviour (%) 

Reducibility lndt:::·~ : t...•f> ... _.i -1 mm 
Prvcess Degra<l-'!tion 
Index 

-3 mrn 

- O:d<le feecl . 19.~iil . -5 mm 

- Reductant . ]6 .l')lJ . 
IV CrainsizP.wi$e Analvsis of Maonetics (~~ 

-1 mu1 
1 - 3 mm 
3 - 5 mm 
5 -10 mm 

10 -15 mm 
+15 mm 

Fe (Total) 

7'>.4tl 
.. n.:n 
i'in.57 
f;2 .HO 
fifi. BO 
91. 59 

Fe(M~t) -------
oii. I ·1 
1ri. 7') 
f'.>2.65 
7A. '.'O 
.,4. 33 
:: .. 1. 68 

. 3. ?. "1 . 
: 1,. ~ .-. 
:19.·~9 

Met.tlliz 1tion -------------
c,o. -,. . 
94.62 
9'i.4h 
l'.14. 1)4 

C}4.97 
95.74 

V Proxim~te Analysis of Non-m~gnetic Product (Char)% 

Fixed Carbon 

Ash 
Voltttile i1i'ltter 

: 
. • . • 

'i3.10 

40.hO 

6. 1 



I 
TABLE -18 

L~IlORATORY ~OTARY FURNACE TEST RESULTS 

Test No. 10 

Iron Ore 

Reductant \ · 
Desulphuris~ c-. 

II. 1.'est Condit ions 

C/Fe 

Ill 

q~rluction Temp. 0 c 
R~tention Time Hrs. 

'fPSt R•~sul ts 

: •• I 1bi ! (lfl to 15 1i1lll) 

: (',}.'ll, ·: 11abi -~ 
: I.i~op•·-:;t "\[lt• 1 ::-?::lbi.-t 

: 1 ·}·u' 'c 
. . -· 

Average Metill!ize:tion Decrepitation 
(+1 mm) % : ~-.~.: .E'J Lchaviour (~ ~) 

--------------
ReduciLiU.ty Index : . l . .-, ;~ -1 mm . /. . '! 1 . 
Process Degrad<ition 
Index • -3 nvn . 10.1:1 . 
- 0;..i:id•.: f eecl ·~ • r,;~ -5 mm . l ~). 14 . 

Reductant : .. l:-.• 62 

IV Crainsizf'wi~e An.1lvsis of Mannetics (~) 

Size R'lnqe !:~_i!~!~!) Fe ( !·:t.? t) Hetalliz.tt.ion 

---------- ------- -------------
-1 mm '/'). 1? ,)q. 40 ,:.1. s:1 

1 - 3 mm ;)'."I. 73 77.HO 1)4 .04 

3 - 5 mm }:3.43 76.0<) 91.lfl 
5 -10 nm 83.52 73.23 87.6H 
8 -10 nvn A2.65 74.84 90.54 

10 -1!: nvn B~.43 71. ){) Ho• i,11 

V Proxim.:ite An;il vs is of Hon-m;.tunetic Product (Char)% 

Fixed Carbon 

A5h 

Vol<•tile Matter 

. • . . 

. . 

4 1. :-~Ii 

'lO. 1 O 

6.10 

.'ll 



TAllLc - 1q 

L.!\OOR.;TORY ~.OT.&\RY FURNACE TEST R8SULTS 

Test No. 11 

Iru11 01.t: 

Reduct ant 
lJt::.;ulpln.lL i:.eL 

: : ~··1L.i. (I:• ! I -~·· 91;:.1) 

: (~ --~ t l I . • 1nt~ ti · .• 
J .. ian• ·: 1 :••· •• . . uul..; i .1 

II. 'l'«>:-:1: Cru1<l i. t. ion~: 

C/F1.:: : o. '•'• 
0 

Reduction Temp. C : liJ'l(1 

Retention Time Hrs. : 3 

III Test Results 

Aver.:tge Metallization Decrepitation 

(+1 rnrn) % . 92. 0-1 Behaviour (3) . --------------
Reducibil i.ty Index . CJ.t.P.6 . -1 mm . 2. ')2 . 
Process. Degra<l-ltion -3 mm . 11.74 . 
Ind'?X 

Oxide feed . ~· I • 4.:, -5 mm : 15.'17 . 
Reduct ant . ~; 7. 79 . 

IV CrainsizL-wise Analysis of Maonetics (~~) 

v 

Size Ranqe ----------
-1 mm 

1 - 3 mm 
3 - 5 mm 
5 -10 mm 

10 -15 mm 
1 Cj -?.O inrn 

;i.I) -J.'} 111111 
Proxlm~te An~lysls 

Fixed CArbon 

Ash 

---------
Fe:(Het) -------Fe (Total) 

72.til 61.g9 
7d.75 72.33 
HO.QA 74.B4 
77.63 72.25 
H6.01 81.42 
H1.77 1H.7~ 
fiq.36 k2.66 

of Non-marmf.!tic Pro<luct 

: 

. • . • 

St.RO 
4 3. 10 

s.10 

Metalli::. ,~j on 
--------------

B5.38 
91.84 
<l2.4? 
q3 .n7 
43.SO 
q4 .no 
9?. 50 

(Char)% 



TABLC: - 20 

Test No.12 

I. Irinut Raw MateriiilS 

Iron.Ore 

Reduct<mt 
Desulphuriser 

: :·:. unO i · ( l ll Lo 2 ~i 111111) 

: Co-'ll, '-':·lmhi ·i 
Lim,.:-;t .. ue, ·Hi.>i .. 1 

II. Test Conditions 

C/1-'~ 11. ~·~ 
0 

R~rlw~t:ion Tf?mp. C : 10'>0°c 

RP.t•""ntion Time Hrs. : 1 

III TPst RP.sults 

Avcra<y~ Mctalliration 
(+1 mm) " C) l. 82 

Reduc ibi l l t y· .Index : '"14.~6 

Proce!;s Deqratl·'ltion 
Inr1ex 

O;<ifl•O! f eecl : :~7. gc; 

- Hl!< lnc t.J11 t : ·I I. 37 

Decreoit<Jtion 
D·::h ::iv.iour (c;f.) 
--------------
- ... 111m . ? •"<.·· . -·. J :J 

-~ . 9.49 . 
-5 mm . !:!.'~;. . 

_, 

IV cr.l ira~ izewi!"i•: 1,n.11 vs is of M;v1rH?t:ic:; (%) 

SL;c l~;)nqe ----------
- } HUii 

1 - 1 mm 
3 - ~ mm 
5 -10 mm 

10 -15 111m 
1 'i -20 mm 

i·'.'0 nun 

v Proxim;:\tC? An;.slvsis 

Fixed Carbon 

Ash 
VOl<1tilF- i1;"ttter 

---------
p.-. (Met) -------Fe ('r . ..,till) 

,\.~.1·. ·1.'.'>'t 
I(/• )Ci '/ t 0

1 1) 

IH.li ·11.oi\ 

83.38 77.65 
:;3. Hi 7·). ·1!1 
ts?.. ·1'> 1·>. n 
Hl.]6 11.~) 

of Non-m.::ln111~t ic Product ., 

. 43.1 . 

. 51. fl • . 5. 1 . 

-------------
i: ~ • ~· t 

h" I• \!. 

''-~ • .s.: 
93.13 
'):' .:>') 
7 '. •j ~ 
1ii1.)H 

(Char}% 



TADT;: - .., .. 

L.!\1101(.\'l'O!<.Y ri.O'l'.\!tY l-"lJl(i'!t\Ct:; ·rr:::_;'J.• !U::SULTS 

Test No. 13 

I. I~out Ra~ M~terials 

Iron OrP. 

Reductant 
Desulphuriser 

II. Test Conditions 

C/Fe 0.55 

Redur~t ion Temp. 0 c : 1' 100 °c 
Retention Time Hrs. : 3 

III Test Results 

J\vcr:11Jc Mct;ill ization 
(+1 mm) % 

Reducibility Index 

Proce!>S Degrad;ition 
Ind~x • 

- Oxi<.le feed 

- Reductant 

. . 

. . 

<)2 .6~ 

C°J4 • r16 

... 
3:~. 12 

14.111 

DecrE!pitation 
Behaviour (%) 
--------------
-1 mm . 7. ')) . 
-3 ~ ...)13.!-n 
-5 mm : 41. 5q 

IV Crainsizewise An."llvsis of. Magnetics (%) 

Size Ranqe Fe (Total) Fe(Met} i·ietallization ---------- --------- ------- -------------
-1 mm 72..60 6:~ .14 93.:15 

1 - 3 mm 77.H4 7?..11 '1?.."10 
3 - 5 mm 7•J. 07 73.62 93.11 
5 -10 mm 811. 75 74.16 91.84 
8 -10 mm 81.20 77.09 94.64 

V Proxim-"'te Analvsis of Non-maonetic Product (Char)% 

Fixed C a1·bon 

Ash 

Volatile i1ntter 

. . 

. . 

. . 

46. (~() 

44 .H.: 

H.40 



'l'/\lH.i-: - :•:• 
-- - -·- - ·- - ---

T •. \nOR•".TO!lY f\.· 1T.\RY Ftmrt~Cf. TEST RESULTS 

Test No. 14 

Iron Or~ 

R~duet .·1:'l t 
De~ulphuc ist~r 

··,·1~i: ('it·. !O ·:.!.·. 

' . l • t· . . : • i . ~ 
L ~ ru. :-: r: . . n·~ h1tJ i :a 

II. Test Conrlitir·1~ 

I:i:l 

C/Fe 

Reduct ion '1'~·1.p. 0c 
Retention 'ri.r·:e Hrs. 

Test Result~; 

: 1 

Average Metallization 
(+1 mm) % "<~. 4'1 

Reducibil'ty Index . '•·1.u7 . 
Process L~glid<;}r1tion,,_ 

Index 

Oxhle (.":<l : ~· ') • P. :> 

- Reduct ant . :->1.1r . 

.Siz~ Ranqt! .Fe (·l' .Jtal) 
---------- ---------

-1 mm ·1.1. 0 \ 

1 - 1 mm ~: 1. ·rn 
3 - !:, llUll !' .. 1. j j 

5 -10 mm ;s J • .' l 

A -10 mm i~;). ')H 

Decrepitatior. 
Behaviour (%) 
--------------
-1 mm . 7. I "I . 

--3 :n.:n nvn . • . 
-5 mm . 30. · ..• ; . 

F~(Hct) Hctdll iz.1t i '-'n ------- -------------
t. •· •• • .. n ,...,,,. 7r, 
7n. 7 i q I .t.r, ., I.JI 'J·I. OJ 
·1u.2J lJ l . i)O 

7'>.'10 111.10 

V Proxim;:ite Anillvsis of Non-maqnetic Product CChar)% 

Fixed Carbon 

Ash 

VOliitill'!' Mr\tter 

. . 
: 

: 

45.10 

... 



TAOI.E -~3 

L.!\.BORATORY ~OT!>.RY FURN~CE TEST RC:SULTS 

Test No.15 

I. Il'\ont RilW M;'lterii-tlS 

Iron Ore 

Reductant 
Desulphuriser 

: Cc,··11, ~- .. 11Li -. 

II. Test Con<litions 

C/Fe : 0. 'J5 

Reduction Temp. 0 c : t1P)tl°C 

Retention Time Hrs. : 3 

III Test Results 

Average Metallization 
(+1 mm) % . q?..28 . 
Reducibility Index . 94.58 . 
Process Degrad;ition 
Index 

O;<i•l·~ feed ~ :> • 114 

Reductant . ! ~~.HO . 

• 

Decreo i tat ior 
Behav.iour (~) 
--------------
-1 mm . 'l.44 . _,.. 
-3 mm . 17. :~2 . 
-5 mm . 33. ti6 . 

IV Crainsizew:.. e Anril vs is nf M<inrh::t ic::i (%) 

C' • R.'\O<l~ Fe (T")t:,11) F•:: (Met) i·it~t;tlli2<ir ion .Jl.Ze ---------- --------- ------- -------------
-1 rr.111 79.'H 7 '• .r~2 95. ~t.. 

1 3 mm Ul. ·m Tl.'>•~ q,). 49 

3 - 5 mm H 1.? 1 7' • ;'°i ~ 9 ::i. 1F' 

5 - 8 mm P.1.1r> Tl. 1 '.i c.i~ •• 11 

8 -15 rnm 7H.·13 (, 7. ~~(I t ·., l#J • ..-. '·1 

V Proxim.1te J\n:.sl vs is of Non-m<.1un~tic P rocluct (C'h'1r) % 

. 1H •. ;11 . 

. ')f .• 1 I I . 

. ·1. i:,n • Volatil1=> i-'.iltt~r 



L.=~ooR.;TOR.Y M.OT.i\!<Y FUl~;L.;CE TEST RC:SULTS 

Test No. 16 

I. I~out Raw M~terirlls 

Iron Ore 

Reduct ant 
Desulphuriser 

II. Test Conditions 

III 

C/Fe 
0 

Redu~tion Temp. C 

Retention Time Hrs. 

Test Results 

. . 

. . 

. . 

. . 

~.-).~ l I : ~ lfftb i ;\ 
L iHh-:"!-: r. •ll~, ~~ ••lib i.-:i 

(). ')i) 

1:"10'1 

3 

Averil']"' Mr-~t.,11 ization DP-crr!pi t.ctt ion 
(+1 rrun) % . 90.29 Behaviour (%) . 

--------------Heduciuil.ity Ind~x . lJ).lH . 
-1 mm . 'l. !o7 . 

Proce:;s ue1Jr.ir.l.:1t ion 
-3 31.4ii mm . Innex . 
_c; mm . '11.01 0;-;; l<l·: [, •t:cl : :"J. 'I.'; . 

- Reduct ant . 2H.Olj • 

IV Crdin!>iZe\;ise /m.Jlysis of Maqr••~tics (%) 

Size Rnnqe Fe (T:">tol) Fe(Met) Metallizdt:jon -r•-------- --------- ------- -------------
.. 

•• 1 mm 70.93 64.79 91. ~14 
1 - 3 mm 7 1>. ·in (~ 7 • ()?. HH •. ~.-, 
3 - 5 mm ·14. :rn Gu. ·14 HCJ. 1l~1 
5 -18 mm 7 3 Ji4 67 • 'iH 91.'1?. 
8 -10 mm 73.16 l~l~ •at(} 90.,84 

+15 mm 

V Prnxim.1tP. /\n.Jl vs is of Non-m:vmP.t i.c Procluct (Chrlr) % 

Fixed Carbon 
M·;h 

Vol~til"' i1rttter 

• . 
. . 

.; r,. :,n 



J ... ' 
... ,. 

:; i .. -------
.,. -, 

•• ii·llf 

r ., .. -,_Lt.i 

l 11 

t H 

t- '• 
,. 
.. 1 

1 

'rAP~ F.-~~ -------

; ' · 1 'i' '·'•I' j: ·. Iii ·1•. 

0 rP. : N amb.=t l rt Lumos 
(+ 1-'.>0rnm) 

'l't·n·r 1 : 1 ooo' 'c 

Co.o:il : Ma.unb.=i 

C/Ft~ : O. lj'J 

! n,-.. .. I 
(_', •• 1 l M ti !• t · -:· i. ·~: , ...... r i ·: ------ ------

·.:! ... ! ... 1 ·i iJ i I ., _ 'il 

11.111 1 ,; • 2·:. Hil 1 r,. •~ 1 
::: . ' • t) :~ o.s2 "i'1.0u 
~~ I • 7:~ }'i. I ') l I • 7:-~ 
i"l ·l •• ; ,, /. 1.-i 11 • TJ. 
,.,,-•• 4 ... -; "i l. 70 lri. 1" 

i; 1 l 1 ·i • ~)>j n 1 •. _, 1 

:;i I 13. ·12 IB.'-Jl 

!!••!t-!·I i•I:" 

i'! i i 

t J i I 

Ni l 

17. I ·I 

14. ~'.'' 

';I)·'" l 

11 • ·I -; 

117. 1-1 

: .t tf ,: Jl_' i' \ i·l ·: _:: ;·1 -----------------------
:; ·.rrir, l 1 • r • ., .. • r • ·· ac ·, .. : I • , ! ' • • ------ -----------

\ I ) .-.. [ 1-.·r L'./~J hr·:-;. -; t ~ 'i 7"1. v·. ·n .·t 1 7'~.lr, 

) L· ·r '!':1! r·r• 111 I .. _, (· 'J. 1-~ ·11 .o'·, ·'· 
). " .. 

··,!lo. 

{ -~) .. r, •. ') -, 7•). - ~ ! i-_ ·r 
"' r It f"•.; • -1:-. '-> · c; "- . .Jr> )) ~1 • 4t'; 

'l -· ·.r. :~_;i·\.r,- ... ·: 
~ r ' ----- ------------

' Ill·•' l 1 • f~I). ( 1 I 

'·/i·I .. (l ', . '~·) . ! . f'.() () 1 • •!I) 

' : . , -- • 'J . : .. ) 

, .. , '\'/ . 
I ·I 11 - . . 

-t· i 



•:··1·1.K-··,·. 

!;iQRT ROTARY KILN TSST pr-sur.Ts 

TEST NO. 2 

Ore : Na:·1bala (+8-25nm) Coal : Haarnba 

TP.mp : 1000°C C/Fe : O.fi 

Screen 
Feed Ore Si?.1~ Feed Coal Hiicmetics Non-Harm et ics 

.. 2d-2 1i111m 1 s. ·10 ilil 2.ao 
+ l S-20!r1n 2r•.Oii IHI 15 .65 
+ 1 i J 35.00 Uil 21.31 
+ f: ~1·· •• f1') 10.00 lli.U6 12.64 
·r ') Ni 1 11n.no 1u.60 24 .62 
+ 3 Hi 1 2 I• (j(J 15.62 41.55 
I 1 if i l 10.00 6.68 12.68 
- l rHl 4.40 8.51 

CHEMICAL ANALYSIS OF PRODUCT (MJ\GS) : 

Sl.No. s"'"'nle reference Temp0 c Fe(T) Fe(M) ~ 

( 1) Ait:·~r t'·/<) hrs. C)ri'loC 70.32 52.61) 74.36 

{ 2) 'd t;·i- thrt:!e hrs. 990°C ~0.46 69.56 86.45 

( 3) !\f t.t~ I" four hrs. 1005°c 83.10 75.09 90.36 

C!iEM!Cf,L ANALYSTS OF NOt-1-MAGNETICS . . 
Sample No. ( 1) ( 2) ( 3) 

VM :a 03.10 02.RO 02 .10 

Ash - 56.40 (,?.. 10 06. )(} 

FC • ·1?.. 50 3'1.1() 11. (,(} 



TABLE-27 

SHORT ROTARY KILN TEST RESULTS 

TEST NO. 3 

Ore : Nombala (+8-20mm) Coal : Maamba 
0 

Temp : 1000 c C/Fe : o.62 

Screen 
F~ed Ore 

Size 
Feed Coal Milgnetics Non-Magnetics 

i· l'i-~O lll!R 1 '). l)(J Mi. 1 4.83 

+ LO 40.00 Hi l 17.54 
,. ;; '2S.1j() 30.0!l 25.42 13.56 

,- ~li l -1 ~ • fjj° I 23.36 26;48 I 

1 :! i l ?r (r• 20.44 38.15 ' 
•· >•.I., 

+ 1 :-; il ti il ' 4.56 ---11.68 

- 1 t!il iii l 3.05 s.13 

-- . -- . -- - ·--- -
CHEMICAL AttALYSIS OF PRODUCT (MAGS) . . 
Sl.No. s ... rraple reference Temp0c Fe(T) Fe(M) Metn 

I I} Aft.er t~!) h .-~;. .-.· ~loC 7~.:!(, ') 3. 1::i 71!. ~12 

{.>) , .- r·:: ,. r.!l ,-, ., ' : ~ r:: • r; ~·~·'c '/I.). "j ·~ 
- 'J .... -

(.J •.• .: ) J ,.;?., •. i ',) 

( ~} ·d t,.r l.<11 II I 11 :i. J;;1)r/\; .. -~.lr, 7t. •I Jr, () ' •. 1 •·• 

CHEM1Cf,L ANALYSIS 01'' HON-MAGi~F.:TICS . . 
Sample No. ( 1) (2) ( 3) 

VM = 01 .4') () 1. 10 () • ~i() 

... -- . -- ·- .... -- -
Ash .1.-•• .-. I • :·:i"> ,. ') ' ...... 

=. r. •· • •\I 

FC • r·, J .Fl·I 47. 111 1.~. ~-o 



Screen 
Size 

"t 
I =-- -1 -, 

)- ·'' 
I 1-. 

t <: 

-1 ~; 

t 1 

TABLE-28 

SHORT ROTARY KILN TEST RESULTS 

TEST N0.4 

Ore : i~i'\mb-"11~- (+10-20mffitoal : Mrl.:lmba 

TP.mp : l 0 7. '1 C/Fe : o.on 

Feed Ore Feecl Coal HaQnetics Non-Magnetics 

,ra,.-1 •lfl. ,)() .. : l 7.5 
,,.,, ) . ~ )-. ' . • 2U.64 

i-• i l )t .• ! ,, • 23.56 10.56 

·1 ~ ... .. 22 .o4 1a:a9 
2,· •• !•.; 17.85 50.67 --i ! ' - , _,. lJO 12.86 

- I 
. 2.15 1.02 

CHEMICAL ANALYSIS OF PRODUCT (MJ\GS) . . 
Sl .No. S.::tPlnle reference Temp

0 c Fe(T) Fe(M) Metn 

{ I} _:, ! i:, ~ r· :1:·!" ., ,,,'\: ·-.. , .h'i :-, -, • )·1 7). ·;~: L•:·11 . . 
( :~) :. l r . .r- r t:.I IL"·.,": 1._c:;. 1 · )(; .-/\; · 1-' • ,-,_:- .~ ; • )iJ '.:·). i. .~, 

0) -.f t.·:r fnut· ;; r~;. lil'.:!0°C ~-J :· • ·~ ~s 7~ •• ?.9 <4? .. c: 
., - • ~J 

CHEMICf,L ANALYSTS OF NON-HAGneTICS . . 
Sample No. ( 1) (2) (3) 

VM = 03 .10 02.20 (Jl. 10 

··-·- .. - ·-. ·-- ., ___ -
Ash a. 39.hO 45.HO 51. <};) 

FC • c;7. 11·1 C:.2 .111) 47.00 



TAill.E-?9 

SHORT ROTARY KILN T~ST RESULTS 

TEST NO. 5 

Ore : Namb:~l.=t (+8-20rrrn) Coal : M~.=tr~!h!l 

TP.mp : 1:-130°C C/Fe : 0 • 60 

Screen 
Feed Ore SizP. Feed Coal Maqnetics Non-Maqnetics 

T i ':. ... :mmul 3'1. 0:) Nil 5.24 

1:1 41i.t'1~J :-li 1 19.65 
;- ~~ t ). '). iJIJ 30 .1)0 2-:. 5 J io.a1 
t- ::, 'Ii 1 4 i:.,. I IC J lB.'ltl 24.35 

+ ~; 2'>.00 21.34 42.20 

+ 1 ;1 i l 6.64 11.35 

- l 4.14 5.29 

CHEMICAL AH!\l,YSIS OF PRODUCT (HJ\.JS) : 

Sl.No. S~mnle rP.ferP.nce Temn°c Fe(T) Fe(H) Metn 

.. I ) ' i .·r r .. :., r11 : ... I . ~-;i '; .. ·,~ r (" 
-~ ·l .- "'. 19 7'";. q :> I ; • I . 

1) 
'I .•. I ,. -..-/! .1 t' . r· T.r\ ..-,,. ";.!' ht .- ,q.\ L •.r) '..1"• ' I.' ~. . . . 

. . .'i "i'1. 'J 7 -~(, \ .;. \ ;. t l•: r· i. :·.:i r i; r ,. 1.'i ·i;; c :·'i 1 'l ':J l . , . . 
C!iE:-tIC!,!,, ANALYSIS OF f~ON-HAG:.;~;rrcs : 

!;ample No. ( 1) ( 2) ( 3) 

VM = () 1 _, .. ·; 
' i • .u I)• H>} 

Ash = •l.J. ;; I •i · •• HI r, 1 • ,: () 

FC • s~.1.:: ·a:. ·.n 47.'lll 



F-> {T} : n ::- • 77 

F~ 
.... ~ 

~.n~ 

F''° : J.qr. 

.... 3 
1.67 F•' 

Fn;:O] : 7.. 1q 

pr- (M) : 7'lJ12 

!'i•'t-.n. : ·14. ~n 

3i0 ... l:t.14 -: 

:d '.'.!()'.l : n.~7 

C:'l\1 : n.n5 

itn<1 Tr~•c·'~ 

f'h·)~!\ht') Y"" ~ n.nc;r; 

-~" 1 ~"11•1 r n .00'1 

-':;1 r!')· m 'l. 15 
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LIST OF TERMINOLOGY. ABBREVIATIONS AND MEASUREMENT UNITS USED 

J. Metallisation: (Metn.):- The ratio of aetallic iron 

to total iron in sponge iron expressed as percentage 

i.e •• 

Fe aetallid + Fe in Fe3C 
Percent Metallisation = 

Fe total 

2. Keto + I aa:- Metallisation of sponge iron of E~ze 

above one ailliaetre expressed as percentage. 

x 100 

3. Reducibility:- The property of iron ore that acasurc~ 

the ease with which it parts with its oxygen under 

action uf rcJuctant. 

4. Reducibility Index (R.1):- The extent of reduction 

taken place expressed a~ a percentage. The reported 

values are the reduction achieved at the test peri~d. 

calculated from m~tallisation ob~ained by ~hcaical 

analysis of sponge iron. • 

5. Degradation:- It is the fragmentation anJ b~eaking 

up, giving rise to fi"cs vhich the aatcri3l undergoes _.. 

due to abrasion. handling, transportation etc. 

6. Thermal Degradation:- It is fragmentation and break­

ing up. giving rise to fines which the aateri~l under­

goes when subjected to heating and cooling cycles 

in the presence of air and at temperature upto 1oo•c. 

7. Process Degradation:- It is the degradation which 

the material may suffer due to reduction process • 

• • • 



8. Process Degrada ti.on of Ox.I.de Feed: - ·--1-t -i.s·- the 

degradation of iron ore during the reduction 

process. Process degradation of iron ore is 

expressed as a ratio of change in acan partic~e 

size of iron ore after reduction to tne initial 

aean r~rticlc size before reduction cxpruu~cd 

as p~rcenta~~ i.e. process b~gradation of 

Oxide Feed _ 

-Mean Particle size • 
oi iron Ore before -
reduction 

Mean particle size of 
Sponge Iron after 
reduction 

Kean.particle size of Iron Ore before kedn. 

, 

x 1()0 

Y. Process Degradation of Reductant:- It is the degra­

dation of coal during the reduction process. Process 

Degradation of coal is expressed as a ratio of 

change in mean particle size of coal after reduction 

tu the 1u1t1al aean particle size before reduction 

expressed as percentage i.e. 

i.e. Process Degradation of Reductant 

~ Kean Particle Size of 
coal before Reduction 

Kean particle size 
of coal after ....-
reduction 

Mean Particle size of Coal before Reduction 

x 100 

10. C/Fe Ratio:- It is the ratio of weight of Fixed 

Carbon content in coal used for red~~tion test to 

the weight of ·iron content in ore used for reduction 

test. 

11. Tumbler Strength: It measures the relative resis­

tance of the material to degradation by iapact and 

abrasion. 

• •• 



.. 12 •. 

-

Tuabler Index:- It is expressed as the weight 

percentage iron ore of size·above 6.3 ••after 

subjecting to Tuabling Test. 

13. Abrauluu Index:- lt LH cxprcHsed KH the weight 

percentage of.iron ore of size below 0.5 ••after 

subjecting to Tuabling Test. 

14. Shatter Strength:- The test to deteraine the 

shatter index stiaulates the effect dropping 

iron ore and aeasures the impact hardness (the 

abradability of iron ore) as distinct f roa 

surface hardness. 

15. Shatter Inde~:- It is expresded as the weight 

percentage of iron ore of size above S aa after 

subjecting iron ore to drop test. 

16. F.C. or C-Fix:- Fixed Carbon Content of Coal in 

weight percentage. 

17. V.H.;- Volatile Matter ConLent of Coal in weight 

pcrc\:ntage. 

18. l.D.T.:- Initial Deformation Temperature of Coal 

Ash •c. 

19. K-Cal/Kg ~ Calorific value of coal expressed on 

J.ilo Calories per Kilogram of the sample. 

20. CM
3

/of CO/g C see. Reactivity of coal expressed a~ 
volume of carbon monoxid.c generated in cubic centi­

meters per gram carbon per· •econd. 

. .. 
-· 

_ _J_ __ 



21. L.O.I.:- Loss on Ignition for Iron Ore or 

Limestone. 

22. Fe(T):- Total Iron Content of Iron Ore or 

Sponge Iron % 

. • 
23. Fe(H): Metallic Iron content of Sponge Iron % 
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FELLOWSHIP TRAINING PROGRAl"IME OF ZAMBIAN ENGINEERS 
UNDER CONTRACT NO.DP/ZAM/88/025. 

Messers A.M.Malama and· A.Banda from Republic of 
Zambia arrived at Hyderabad on 21.4.89. The training 
programme drawn up by SIIL was made available to them 
and the same was discussed at SIIL Office in Hyderabad 
on 22.4.89 •. 

T~e Zambian Engineers were into:rmed that the Raw 
Materials rrom Zambia were received during the Second 
week of April 189, and preliminary tests have been 
carried out, the results of which are encouraging. 
Detailed test work in accordance with the contract with .. 
UNIDO, would be undertaken and the same would be wit-
nessed by Zambian Engineers. The test results to the 
extent that would be completed during their stay at 
Paloncha would be made available so that the same could 
be carried for evaluation and interaction with the 
Metallurgical Expert already posted to Lusaka. 

. ~ ' 
The Zambian Engineer~ suggested that the test work 

be e)cpedited so that they return to Lusaka with the 
.results for disaussion with the Metallurgical Expert. 
Accordingly, the training pr?gramme has been revised. By 
this arrangement there will be no change in the scope and 
magnitude of work and the training programme. 

The Zambian Engineers would leave Paloncha on 
17.5.1989 otter the test work has been completed. 

~alama 
I 4.------.J"'-. 

A.Banda 

_J 
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