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Abstract: As the main binder in pellet ore production,bentonite is mainly composed of gangue minerals such as SiO, and
Al, O, ,and its large amount of combination will reduce the iron grade of pellets and increase the cost and fuel consumption
of blast furnace ironmaking. Therefore, there is an urgent need to develop new binders to partially or completely replace
bentonite and reduce the amount of bentonite in pellet production. In this paper,a composite binder pellet is prepared by
using M binder,and a composite binder pellet is prepared by optimized preheating and roasting system, and the mineral
composition and microstructure of the composite binder pellets are analyzed by XRD, optical microscopy and other detection

methods , and the consolidation mechanism of the composite binder pellets is elucidated. The results show that the falling

WiRE:
EEWH:

EE R

BIEEE

2024 -10 -08; fEE BHA: 2025 -03 -02

K & S AR TR B3 H (2020 YFC1909805 ) 5 H R KAWF5E 4 H EIR R AT H (202572150093 ) ; 1 [ 5 i
Rk 16 4 BIHT e 4 %8 B0 H (BWLCF202103)

FEICH(2000—) , 3 WHAF R AR N FREaE 4 BERSE & R SE 7 AT

B R (1986—) A BB N ARG 4 | R SR IRSES R AR MBS



2025 5 4 A

LW, A5 G RRE A BRIAT ] 5 -5 [ A5 AL 57

strength of the prepared fresh pellets is 4. 1 times/ (0.5 m) ,the burst temperature is 460 “C ,and the compressive strength

is 17.43 N/P under the optimal conditions of pelletizing time of 12 min, pelletizing moisture of 8. 0% , preheating at

1 010 C for 10 min and roasting at 1 220 °C for 10 min; After preheating and roasting, the compressive strength is

significantly increased to 527 N/P and 3 077 N/P, respectively. Compared with 1% bentonite pellets, the amount of

bentonite is reduced by 50% , the pellet mass is significantly improved, the hematite content is higher, and the gangue

content is reduced. The preheating and roasting process of the composite binder pellets mainly undergoes magnetite

oxidation-hematite high-temperature recrystallization reaction, and the main minerals are hematite and a small amount of

silicate and quartz. Compared with bentonite pellets, hematite recrystallization is stronger, the hematite area is larger, and

there are fewer individual hematite grains. The consolidation method of composite binder pellets is mainly based on the

recrystallization consolidation of Fe, O, ,supplemented by silicate liquid phase bonding,to form a uniform and dense pellet

microstructure.
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Table 1 Main chemical composition and losses on ignition of raw materials %
JERLZ R TFe FeO Si0, CaO MgO0 ALO; K,0 Na,O S P TiO,  V,0s e
s 64.44 15.84 5.09 0.36 0.58 0.94 0.10 0.09 0.190 0.050 0.24 0.05 -0.36
gz + 10. 22 — 41.12 0.8 1.96 15.95 0.11 2.22 0.052 0.058 — — 19. 85

B9 N 64.44% | 15.84% | 5.09% , FoAthZ: )R
TR IRV PRGN AR TG IR )
W, RESERGE, TERKENG B AR A R T AR Y
e, BiE 1 Sio, BB, N 41.12%,
CaO, K,0, Na,0, MgO, AL O, [Tt 7 ¥ 53 il M
0.89% . 0.11% . 2.22% . 1.96% . 15.95% , & 1]
(1) (GB/T 20973—2020) , %5EiZ g + K
B £, RE8 R BT M 45500 A Tl o b 45
Rk 2 pion, k2 alhl, M BRI A O AR
KA, WAL, ZFEEERIRER R 60.23%
F2 MBEEFH TS
Table 2 Industrial analysis of M binder

FRTWE RS, Ko FER, SR THRIERR
IKEY/ % % % % i/ (MJ-kg™)

10.23 21.65  39.77 28.35 14. 12
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Fig.1 Particle size distribution of bentonite
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Table 3 Particle size distribution and specific surface area of iron ore concentrate

LI 4280 /% R R
>0. 15 mm (0.074,0. 15 ] mm (0.045,0. 074 Jmm (0.038,0. 045 ] mm <0. 038 mm (em’-g™")
2.64 10. 38 11.30 8.23 67.45 1 587.83
x4 HHTHEEYERSE
Table 4 Main physical properties of iron ore concentrate
BREHMK/ %  ‘KRITK % PR Bk PEFE 4L HeBEPE/ (geem ™) HEE/(grem ™) LR/ %
19. 17 6.29 0.56 2.18 4.67 53.40
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Table S Main physical properties of bentonite

B/ mL- (3 g) '] M2/ (mL-g™")

WK/ %

Wt/ [ge (100 g) '] ST EY %

100 50 448. 50

26 58. 82
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Table 6 Effect of bentonite dosage on balling properties

fig i 4 75 TR/ R/ o)

Ai/%  [¥%-(0.5m) "] (N-P ) REE/C
0.5 3.10 10. 31 460
0.6 3.20 10. 08 480
0.8 3.90 11.92 490
1.0 5.23 12.71 490
1.2 5.50 13.23 500

(2) MEE&EEH, BT EERS A LAY,
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Table 7 Effect of M binder dosage in composite binder

on balling properties

M Zhg5 R/ P& T R/ VUERRE, R
% [K-(0.5m)™"] (N-P") JREE/C

0 3.1 10. 30 460

0. 050 3.9 15.37 450

0.075 4.0 16. 35 420

0.100 4.1 17.43 460

0. 150 6.3 20. 88 450

M BESE R A E R 0. 1% i, X567 2
fiZ e £ F 5 AR BRPE RE 22 [H] AY G R AR 8 BT,
H 8 A UL, Bl R I T R, ARk AR
ZHR P IR TR, TR 5 R S 9% T iR R
WERRAL, FEAE T TR 4.1 /(0.5 m),
DEEA MRS 700 HI 4 0. 19 I, T5C i i g ik 4
FEARMRT 0.5% . X AIGESE T M ZH4550 A
AR R e e 0 - B0 R e, AT 4 5 G2 K 1, 1
Iz L S, TS BRAS R B R KRR
AR ER A 5 B2 B AR T
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Table 8 Effect of bentonite dosage in composite

binder on balling properties

HEREHITh W NRE,  BURRE, B

fiE /% [¥-(0.5m) "] (N-P™') JRE/C
0.2 2.3 14. 01 430
0.3 3.2 14. 40 430
0.4 3.2 14.93 450
0.5 4.1 17.43 460
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BREFIE]S 12 min B, $&5 FoRE R 4.1 K/ (0.5 m),
PUESREE N 17. 43 N/P, JRZHEE N 460 °C, %

EROKFRINEIN, Y& TimEk EIHE TR, Pk
BER BN RS, MRRURE TR 400 ChEf, 4
TERROK MR R 2 8.0% I, AEFRRTERBALLF, 7% T il
FE R GREE 433 A 4.1 ¥/ (0.5 m) Fil 17. 43 N/P,
PRBORIZ N 460 °C, ZRa kA, 3 H G BRI [E]
M 12 min, EERAKIFH 8. 0% . AFIKK ST LIE
S B REA h AR R 5 (R 1 v 52 5 A K
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Table 9 Effect of different balling time on balling quality

TEER T TR/ PUERRE/ L
IFE]/min [¥-(0.5 m) '] (N-P") B/ C

8 2.8 15. 04 430

10 3.5 17. 02 430

12 4.1 17.43 460

14 4.4 20. 40 440

R 10 REIEKK S IHEBK BRI R0
Table 10 Effect of different balling moisture on
balling quality

HEER T T RRE/ BUIERRE/ IS
Ko/%  [¥K-(0.5m) "] (N-P7Y) EE/C
7.5 3.8 22.31 470
8.0 4.1 17.43 460
8.3 4.5 17.19 390
8.5 4.1 14.12 400
2.3 ATHE
2.3.1 TRk E

[#] 5 TN E] 4 10 min, {36 BF 58 B 08 1 Bk
A (B2 RN 1% ) FE A Fhas FIERA (M Zh4
FIHEN 0. 1%, Wi HER 0.5% ) BT
PRI, S5 mE 2 fron, B2 arOL, BT
PR E BE 8 10 5 90 iR D T ABR B P R SR L A
TR R R A A B A AL o] B A R 4
TR BE T 55 A AT BR A Fe,0, TR HL S
iy, MMiEEmER AR E, AR, 7EHHE
FER 1010 CH, 54 Zhas 7Bk S5 g £ 2R A )
PR R B R AR R, BT IR
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(a) BUAIREE; (b) BUARMIE]
1—fZiE 3R A; 2—E A FEERIBERA
B2 Fhl B X ak E 1 aE B0 2200
Fig. 2 Effect of preheating regime on pellet properties
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WL AN 3 Fron, I8 3 (a) Al WL, BRETAYSLE
53R JBE B Bt R ) T T A B M R, JFAE 1220 °C
I IR B w8 K5 MR 245 3 45 50 R AT 470 T 5 B
#3077 N/P, [ BRIl 2 509 N/P, #9554
APPSR DACIR BE Al 1 3 (b) 24
N, FEAIRE I (8] BE % (0 2R 14T ) B0 1 98 8 AR A 15
S it . I L BRI R R 10 min A4 RE I 2

RT3k B AR UEUR 2 Bk
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BIFE AL, ek A sm " kgl SRl
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(a) BEBEIRIE; (b) KEBERTH]
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B3 Ak EXEk E i AE R RS
Fig. 3 Effect of roasting regime on pellet properties
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Table 11 Main chemical composition of pellets %

BRIAIRIZE TFe FeO SiO,
g1 £ K 1A
BAFEBRAE 63.01 0.63 5.18 0.33 0.58 1.02

TR X AR [ S5 18 4 B BR PR 070 0 2L 1%
S5O0 45 ¥ =4 (XRD ., Jade WPF F15t 2% & fif
), L5 ANIE 4 5 R 12 Bk, HIE 4 A
1, PERNERSE R (A B R S I ) A T
PR, H RGN AR, A R Rk
B, ATYOMBERR SR, ZREREIE, WIRNER A P R
BRSEAI 2, BRP SR Rk R B R
FERRERAG AL, MR 94 A ( 32 12) AR S5 H
(L 5) S HT AT, Zead BOAJR , BRI P93 4 i
Y R A R 2B R e Bk I, A
R BALBAERT, HLIAEE D B R R WA
SR AR ER e, A B R B Bk 1 7Rk
B R, WA A R AR, B R T Rk
BB 2R K, LI M 3 7 0 O
CERE B, LEAAMT, SR M BRGEIEAR 4
Bt 1 52 4 B 20 00 4 BR AT, T B S5 e 166 kA1
R A, B A R TSR B R A

Ca0 MgO AlLO;

62.74 0.50 5.34 0.36 0.59 1.07

A—Fe,0,; B—Si0,; C—Fe,0,; D—CaSiO,,
I L PRk 2—S2 5 RS AR
3—WEZE L REREER . 4—E B FERTRERR

B4 AEKEH XRD EiE 5
Fig. 4 XRD spectral analysis of different pellets
K12 TRFHREGREANEIZURER (RESH)

Table 12 Main phase compositions of pellets obtain with

different conditions %
BRIAIFI WERE  JRERET A RERRER
RAmsnmesk 3.8 86. 1 4.1 4.3

BEFEHERER 0.0 92.9 3.0 4.7
i £ Pk 2.3 89. 4 2.6 5.7
e R BeEk 0.0 90.2 6.6 3.2

(a) EAFHEHBIKRA; (b) ZAFEERELEERA; (o) WL BHERA; (d) B2E R ekl
1—fLil; 2—WERRA; 3—IREk™; 4—RERRER .
BEs5 REAMUEN
Fig. 5 Microstructure of pellets
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