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Preparation of chromium-bearing agglomerates for stainless
steel master alloy production in blast furnace

ZHU De-qing, YANG Cong-cong, PANJian, GUO Zheng-qi
(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, Hunan, China)

Abstract: The utilization of low grade chromite concentrates or fines is an effective way to improve the competiveness
of stainless steel products in the market.Preliminary agglomeration of these concentrates or fines is an essential step to
improve the reduction efficiency and reduce the coke ratio of the smelting process. Earlier researches and experiences of
Central South University in producing high quality feedstocks from low grade chromite concentrates for alternative pro-
duction of stainless steel master alloys in blast furnaces were summarized. Pilot- scale tests showed that both high
strength oxidized pellets (over 2 500 N/pellet) and sinters could be manufactured from any proportion of chromite con-
centrate. High pressure grinding rollers (HPGR) pretreatment is a key technique to strengthen the agglomeration of chro-
mite concent rates. To achieve a desirable metallurgical performance of agglomerates in blast furnaces, the proportion of
chromite concentrate should be less than 60%. Pellet-sintering technique is an effective and economic method for the ag-
glomeration offine chromite concentrates. It is feasible to use the chromium-bearing sinter as the charging material for
stainless steel master alloys production in blast furnaces.

Key words: sinter; pellet; chromite concent rate; stainless steel master alloy; blast furnace
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Table 1 Chemical compositions of raw materials

%

JEUR w(TFe) w(FeO) w(Cr,0,) w(CaO) w(SiO,) wMg0O) w(Al0,) w(P) w(S) Bed

AR ERED R C 22.61 21.38 42.55 1.92 3.40 9.02 13.58 0.005 6 0.047 1.03
[ R M 65.12 27.67 0.98 3.61 1.49 1.42 0.0210 0.190 0.99
LNz 1B 1.28 0 4.17 62.12 0.23 14.20 0.027 0 0.100 7.42
£ 2.08 0 0.44 7.58 0.10 5.73 0.400 82.68

FHR 2 A 1 T4, r AR ESORE I ks B 25k
B KT 0.075 mm (1) 5 5 7 20X 2 T 90.65%, K
TG B0, ORLL T-BRIE , BER P 22, ZE & By 75

BETALEL . FHEL 2R, REER RS Bk FE e 4l , N T
0.075 mm ¥ TR 3 BUEF T 85.19%, FE Ay AL i BR
(S

R2 SREEN RIS RORL AR (RESH)

Table 2 Particle size distributions of chromite and magnetite concentrates

%

JUR >0.5mm 025~05mm 0.15~025mm 0.075~0.15mm 0.045~0.075mm  0.038~0.045 mm <0.038 mm
M ARER PR
o 2.41 10.20 29.59 48.45 8.55 0.80 0.00
W C
] 7= WA s
0.00 0.00 1.08 13.73 25.14 3.90 56.15
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Fig.1 Morphology of Southern African chromite and Chinese magnetite concentrates
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Fig. 2 Effect of pretreatment methods on morphology and balling performance of chromite ore particles
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Fig. 3 Comparison of roasting performance of pellets
made from varying amount of chromite concentrate
pretreated by HPGR and ball milling
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Fig. 4 Comparison of consolidation of fired pellets made from 40% chromite
concentrate pretreated by HPGR and ball milling



.20 - il

ok 53 %

TNo JEEAEAR R JSORE LR AR AR T, P R Ao
SR RN 25 B FR A I BRI 22 5%, (H ot T
DAW 76 3, e s 08 5 TOAL B4 21 (1 s pe sk v i 44
TLIE SN R AT, UKL W) AT 5 22 (R R T 1, XA
i e s R PR DL A AR A ) 0k — T4
T REAH T B, REL A0 UKL AT 25 SR 7 i 2% Ak T
FABH S 0

A PRAEN R IR T RS R R RS A
132 5 loe Bk [T 1 [ 45 LB, K bl T B BORS A 0 i
YRGH IS AAT by I IR T H X 1R 41 [ 45 (1 5% 0 o
AR AU A IR A 32 Ay [ A 45 1) B X A B2 IR B
M T Fe,Os 1 45 i R s 8% & Bk — M 8L TE 1k
() AR TE RS TR BRI il A IR AR RE ) W]
59 T REGRG BT, PR BE A % RS A B A8 1
Fe,0; 7 45 ity M1 = 26044 40 [ 9 A S 12 A0 (1) O 12
B, KB ER I HTR RN . (AR, D
VRO AR B AT BRI I ] 25 2 o0 R 1, (R
T8 RIS Al A S AR E VIR A ks 1 I S,
W2 A S5 FeO, - Ca0 - SiO, - ALO, -MgO &
TROAH ) A2 B PRI ERY o e Tok YR A A 2B 1 7 kA2
WERR A BRI [ 45 75 LA 4 Ja ik — P 9.
3.2 KERETZE

A RS T8 He BB T Al B A 1800~
1 900 cm?/g wJ LA £ H iy 5 IR K be ik T, {H X 5

R R R AT 0 B A BRI K B T RE . AR
P2 1, gl T 200 JSURH 1 RL 5 0 bl 3% T AR 22 5k
Bf%. CABFP R, BB kA vl U & File
gh T2 T, (EAE ST AR HORS K AT 3 I &5 i
PEAEATAE L S B 72 R R B [ A A o A5
R TR BR AR 45 B T DL B S e 4500 11 i
J5 45 v A 2R BRH B AR [ AR KE - DRI, AR SCF
ORI T BRI B 45 T R0 . o) iy i 2% ¥ Ak B
Jo EL R T A A 780~1 140 em?/g MR & RG 1 AN T
1 mm 5 8 JE A7 756 3 Bk, 2R 5 7E 9600 mm X
1 000 mm ¥4 I 5 HREATL N AME /N1 3 mm £k
R RNFRER A K], HETAE H A2 00 180 mm . K} Z =i
600 mm {4 K ALBE 4 PR T I AKCHIE,
K B B P AR 23 I BB < 7K 43 < AR ERORE B 4 R 25
— RIS B TIEH MBS T 2540

7E ARG , RN FH o 7.5% £ K PR TR LE A1)
H30%- K53 A 8.5%5AF T s ANV B A IL b 44
NI R R bR AR W 5 TR . nTRLE#,
FRBREA T LU R - AT e TR A R e g R
PE e S i s B R ZR BRI R %, B A ] 44
PRKE. X B 5 & R AL BRI I A e, 3 AT g A PR
AN RIS BRORE L LU A AR 15 B () AR BRAE R 4 i f
re L A VA S SRR I AN TR PR 0, e it
(ISR 6 Frw, HAE] 7 _EIR W

100 @ u IR 3.0 96 () N 94

LR ES S o ElfkkEE 192
90 N 2.47;:\ 9 . 490 -
& - >
E i 5 2
80 18 =92f e
b > & ?lé 186 %
0f 12% g0t B 14

182

60 1 1 1 1 1 0.6 88 1 1 1 1 80

20 40 60 80 100 20 40 60 80 100
BN L An A5 %
(a) FEHRERNR I REG (o) i 2RI E AL FE .
5 AESEEAEH BN LGS £ BRE 4 i A2 MR I

Fig. 5 Effect of amount of chromite concentrates in mixtures on sintering performance of green balls
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Fig. 6 Morphology of chromium-bearing sinters made from different proportions of chromite concentrates
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Table 3 Chemical compositions of chromium-bearing agglomerates made from different proportions of chromite

concentrates %
JroRE Y TFe  FeO Cr,0; CaO Sio, MgO ALO; P S
BRI AR i 40%)  46.81  1.79 16.14 1.38 3.48 4.42 6.88 0.010 0.007
PRLE GRS I LE h 40%) 4425 29.28 18.61 0.89 6.00 5.20 7.37 0.013 0.039
PRAEH CRERRS I ICLE h 60%)  37.31 23.28 24.09 1.02 5.68 6.21 8.11 0.012 0.018
T4 AEEEHKBET B EWIKARET KA S e
Table 4 Metallurgical performance of chromium-bearing agglomerates made from different proportions of chromite
concentrate
ccs/ RDI/%
JroRE Y TI/%  RI/% RSI/% t/C t,/C
(N RDL 3 RDI5mm
BRI CERERRS I BC B 4 40%) 2917 96.40  57.70 8.90 94.80 1.50 1158 1369
TRATH CHE ARG I LE A 40%) — 7493 52.57 — 92.44 4.93 1102 1352
BREE CRRERRE I LR 60%) — 80.13  47.24 — 92.84 3.75 1142 >1430

12 CCS MV YU s TN ISO #e ot i s RN & J5U R s RSIA I JGUZ K H540; RDLA AR b A 1858 ¢, AT IRIELEE ; ¢, T
TTUIRE . UL EARFRI RS M o < Pk RE AR SR ARV 5 o

4 BERLEZH WP AN R T RIS

4545 Fact-Sage ¥4 2 1 H IR A AT B 51T
FHAESEI0 A /N AP e B E AL v M Ak 1 (i
TOUERE N 1.0, & ¥ w(ALO,) N 10%, w(MgO)
1 10% )% F Ik 40% 4% B 1 LL A 21 K BR (4158 25
W S AR AT T % %% R 5N B
150 g ki 4y 10~12.5 mm [RBE &5 1 Al — & 3ok
28 A E A5 2R R 5~8 mm I JRU CF 55D
Fis 700 oy B 250D BIPUR 5 J5 2N ¢60 mm X
100 mm (1[5 AT % 41 853 55 A, A b ak 2048 s Ui
JEJE RO A S 3 W B R T IS TF AR T i A5 A
IREE R 3 J 945 Bk 60 min, 25 R i X T8 M3 -l
R DL 1 S — D Ak . I SR R

PR S (I S B = 2R R g i W 7 BT o

& 7 a7 AS, B G 4 MR R 1 40048 2
1550 C, k& 0 3 1 RIS T4 4 e Fay bt 2 3
hne LRSS RIS S 1 500 C LA LI, 8k o6 2 Bl
KPR, YEFRLE 92.55% /47, K R AE 1%
J5 DX ] P 35 A i J 5 B 5 1T 4 G 3% (RS AR R 4
T, A1 400 C I 10% 20 472 = #1550 °C 1)
87.53% . WL 7 4 BE 55 2 11 5K B 23 0 3l AL
TSR 6, I 25 ERE P AE 2] T 71.15%,
B WA 19.52%, B 5T 5 53 KA 7.84%, [R5
S Y TR B EAR, W] LA AL S S R )
LR Y BN 5 W S () o B

o PGB 7 4 A T 5 AL S Fa g A 2R 1)
B [ > 2720 PR AN AN BRI T X% T



.22 . il

2k ¥ 53

100 ; 45
S 440
w 5T n(Fe) -
= 1%
H
;ﬁ 60} _305*
; s
E 40t '251§
N (S 120 44
gL 7(Cr &
® o 415
10

0 . . . . .
1380 1400 1440 1480 1520 1560
SRR/ C
B7 RENREEEY EREGERFN
Fig. 7 Effect of smelting temperature on reduction

efficiency of chromium-bearing sinter

FAEAEAT S e A IR i AR 2P 75 AR Rl JEE
WYk IR o 25 8 B SIZ o i B 1 I R0 et € )
RE S, BT R I ORI el — b . Ht]
W, EREREEY T T i B A B AN B T 22 mT
TR

R5 REFRBEGEFHTHEEFRAS (RESH)

Table S Alloy components under optimal smelting

reduction conditions %
TFe TCr C Si P S
71.75 19.52 7.84 0.10 0.013 0.010

Fo6 RERFEBHZGTHLELRES

Table 6 Slag components under optimal smelting reduction conditions

W(TEe)/% W(TCE)/% WCa0)%  wSi0)%  wMgO)%  w(ALO)% w(C)/% R
4.50 3.31 31.28 33.03 7.97 11.28 7.17 0.95
SE R
5 %
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