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Abstract: With the increasing scarcity and diversification of global iron ore resources, the application of non-mainstream
iron ore powders ( such as Toker powder and Tieqiao concentrate powder) in pellet sintering processes has gradually
become a focal point for the steel industry. Non-mainstream ores usually refer to mineral resources with total iron content
(TFe) below 62% ,high impurity content,and high levels of harmful elements such as phosphorus,sulfur,and aluminum,
or mineral resources with low output,small market share,and significant quality fluctuations. These are mainly produced by
small and medium-sized mines and serve as supplementary sources for mainstream mines ( such as the four major mine
products ) , requiring beneficiation or ore blending to enhance their value for use. This paper systematically studies the

physicochemical properties, pelletizing performance , consolidation behavior,and their impact on pellet quality during pellet
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roasting , mainly with OTF ore as the main focus and OIB as supplementary to other non-mainstream ores. Test results show

that all ore mixing schemes using OTF as the main material and adding other non-mainstream ores improve the drop

strength of the pellets as moisture increases,with compressive strength greater than 10 N/P in all ratios. Among them, OIB

increases compressive strength and lowers burst temperature. Under conditions of a preheating temperature of 1 050 °C,

preheating time of 6 min, roasting temperature of 1 220 °C, and baking time of 15 min, the compressive strength of

preheated pellets can be obtained at 537 ~ 693 N/P, roasted pellets at 2 902 ~3 144 N/P,with a drum index of about 95%

and a wear resistance index of about 3% . All indicators meet industrial production requirements. Pellet reduction expansion

is relatively low ( <12% ). The low-temperature reduction powdering index ( >3.15 mm) is greater than 96% , but the

reducibility is slightly below 60%.

Key words: non-mainstream iron ore; Tok powder; Tieqiao concentrate powder; pelletizing; pilot test; metallurgical

performance
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Table 1 Chemical composition and losses on ignition of raw materials %
JEORH P2 TFe FeO Si0, Al O, Ca0 MgO P S K,0 Na, O Befit
0ZL 68. 94 29. 08 2.23 0. 60 0.39 0.83 0.012 0. 130 0. 05 0. 06 -2.91
NOZL 68. 46 21. 89 1.46 0.32 0.57 0. 68 0. 045 0. 005 0.01 0. 04 -0.58
OIB 66. 00 27.12 4.99 0. 65 0.10 0.33 0. 020 0.010 0.14 0.02 -1.83

10CJ 64. 62 0. 80 2.88 1. 04 0.09 0.05 0.070 0.020 0.02 0.01 2.88
OMN 66. 80 0.23 2.89 0.62 0.10 0.02 0. 040 0.010 0.03 0.03 0. 86
OTF 60. 78 2.05 8.35 1.24 0.36 0.14 0. 050 0. 040 0.01 0.02 2.35
ONM 58.71 0.63 6.50 3.08 0.08 0.14 0. 060 0.020 0.01 0.11 5. 66

FORHRPSE k4 TFe Sio, Al 0, Ca0 MgO p S K,O Na, O Ledbi
DB 6.52 4.87 56.82  15.39 2.01 2.38 0.09 0.01 1.41 1.79 7.80
IB 7.31 11.13  49.07  14.43 1.68 2.66 0.08 0.02 0.29 2.71 8. 61
LS 2.27 0.25 2.02 0.59 51.40 2.70 0.01 0. 06 0.21 0.03 42.57

1 OZL R FIKE K s NOZL F B S FIKE K5 OIB R MEAE 15 5 10CT K H s OMN Sk gk b ; OTF 4L 5285 ; ONM 4l
S5 N K ;DB N E I 1 1B Sk g 4 LS A KA,
R2 SYERRBFREAR(RESEH)

Table 2 Particle size distribution of iron-bearing raw materials and flux %

JEORLFPZE =10 mm [8,10) mm [5,8) mm [3,5) mm [1,3) mm (0.5,1) mm <0.5 mm

10CJ — 9.49 12.63 8.22 23.72 12.34 33.60

OTF — 1.49 3.31 5.73 12.43 8.90 68. 14

ONM 7.65 73.33 10.97 4.33 0. 80 0.45 2.47
JEBLRR 2 =0. 15 mm [0.074,0.15) mm [0.045,0.074) mm (0.038,0.045) mm <0. 038 mm

0ZL 0.13 1.31 5.71 14. 61 79.55

NOZL — 14.90 30. 44 54. 66 —

OIB 0.01 1. 60 9.73 4.22 84. 45

OMN 0.56 10. 25 25.13 7.62 56. 44

LS 81.87 3.33 14. 16 0. 64 —
1.3 #EEfEae R3 G ERRE R

B ER B BE N 3 s, 3R 3 Al Al , Table 3  Physical properties of iron ore raw materials

B L AR R IE AR OC T%‘u?éﬁiiﬁiﬁﬁ%‘ gy TR/ SR/ LR REBY
E£=5.0 g/em’; OTF, OIB 2556 7" J& 25 T Al (grem™) (grem™) % (em’-g™")
(4.5 ~5.0 g/cm3)o EEREENHEREE N 2.0 ~ 0ZL 1.78 4.88 0. 64 1378
2.4 g/cm’, OIB N OZL. 10CJ fwflk, HAH ik NOZL 2.08 4.97 0. 58 1 476
tro BB J7 i, OIB Mt 48 ( < 0.038 mm 5 OIB 1.64 4.53 0. 64 2174
84.45% ), HERMEFFEIL 2 174 cm’/g, OTF HAK 10c) 1.90 4.44 0.57 1 654
(1 076 cm /g) NOZL 5 10C] %ﬁ{ﬁ/@ 1 500 ~ OMN 2.02 4.93 0.59 1 384
1 900 cmz/g T EER, 4, W SRR Al OTF 2.38 4.59 0.48 1076
%@%ﬂﬁw,@mﬁﬁﬁ%ﬁﬁﬂ%ﬂﬁﬁ, ONM 2.23 4.31 0.48 1347
AR AR B BRI AR P R P, CRIERCH 7 R & B, Bdtidit 1 3 A
L4 REWHE W% (B, B2, B3), MW REME4 PR, H

A FAEAE F R A RBA R T 0] EE B [E % OMN, ONM 2 584N e HAR 5 — 2L,
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Table 4 Ore blending schemes %
EYEREES BI B2 B3
OZL 20. 00 0 0
NOZL 0 20. 00 0
OIB 0 0 20. 00
10CJ 0 8.00 8.00
OMN 20. 00 20. 00 20. 00
OTF 48.20 40. 20 40. 20
ONM 10. 00 10. 00 10. 00
DB 0.65 0.65 0. 65
1B 0.35 0.35 0.35
LS 0.80 0.80 0.80
Bt 100 100 100

NGRS R DL R 3 kg M FEME, B STK 3
Fp 5 IR RE 7% HRIK A>T 7840821 )5 4 —
W, HIRmBMES Fia, hHEs ilm, SE
SRR A R AT 1 500 em’/g, FREE—IK
J R AT 1500 em®/g, T EIEERESK, ¥
RIBRRAT S —E B iE L A KAaIRY,
SRJE B A RO S BRAL P UEA T i B e, 1
ERHLE AR 1 m, AR 47°, F# N 25 v/min,
NIt 12 ~16 mm FIEEAEER, BEYLEL 10
TEARAE BRI E BT R EE | ¥ FaR i | AR,
H 6 AR BRIURE 500 ¢ ZEATHET 6 h I BT 5 1) =&
B E KA i AR B A BRTE (100 £5) <C

ATE TR T 6 b s, AR AT R beial
Ko JE b NG R A R i Bk A b B2
SRIGTE H T Bt 2R C 10 Bl S8 AL — [l 5 7 A2 4L ¢
B LT R, A BRI v S T fE
Fie 4 Pk 68 43 S AR i 1SO 4700—2015, GB/T
24531—2009 ., GB/T 24189—2024 , GB/T 13242—
2017, GB/T 13240—2018 ZFHH CARMEZATIE .
®5 ARBYARSEREEFHILRER
Table 5 Specific surface area after high-pressure roller

grinding for different ore blending schemes cm’/g

[ S AR B 1K
Bl 1 489 1563
B2 1291 1549
B3 1303 1592
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Fig.1 Green pellet properties of different ore blending schemes
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2.2.1  TRAKIREARTRAM S A XS TRAI A 52 A 7R
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HiZ 6 Al FHEE WURGR B O3, BRI b Ry G
BT ITIi AL SR A, OR8] JE Bl 2 1 [ A
B, BIASRH PR RE S R AE s, tsh, Bl
B2 i B B B A v a5, B XTI R EURE
X ATREE D O OZL J5U kiR HUAL RS ) NOZL 4
AN I BT s R B, e TS,
AR Be 2 EAL T 08, B O S 1 A AL )=,
XA B TP m kAR B . B3 B B2 B AR L
T2, {5 B3 SRR PR SR B A i a5, X ]
AEJE A OIB i e Y LU AR AR AT 2L

1E1 050 C AT EE T, BIF5E 1 TR [ X
KR ER AT I 0 B2 A S2 M), 25 2R AN3R 6 i,
6 AR, BEE WUR A A IE I, BURER A T
SIRRE 2 M R R L IR PN O A S B IS 1] 9 L P
AR ZE AR DE T REER ™ (Fe, 0,) 1] A5k ( Fe, 0, )
SRR S8 73 HEAT AR ) 2 80 265 [ 4 42
S5, MR ELERR LR 1 050 C I, K
2 min, PR E R N K 5%~ 15% ., g%/ﬁ\ﬂéﬁ,
T A e A A 1 LAY IO [E] 24 6 min

R 6 TAHGE RN B2 T Bk 38 A B S 0
Table 6 Effect of preheating temperature and preheating

time on the strength of preheated pellets

}ggj‘{]ﬂ% B1 B2 B3 I}Ejﬂﬁj}:ji B1 B2 B3
950 360 398 422 4 641 550 660
1000 480 427 493 6 672 634 700
1050 672 634 700 8 746 688 741
1100 1089 795 785 10 791 735 788

2.2.2  RERRIRJE Aok B BT 18] AR B ER F) 3% B4 %50
TEFHGEE J 1 050 °C, FUEAIHE K 6 min LI
K[ E RGN BE T, K BEBT B 5 2 0 15 min, A
5% T A5 e it BE X s e Bk A BT sl E i s ey, 4%
WER7 Fs, MR T WAL, BEE KBB4

TR A S N R F TR R g RE i, REEE AT Y 5E
R JE ek 2 5 g oy, i L iR 4y, A R
i U1k VA L2123 R A L2111 2 A A 1 B Sy N > A
WS FIA AR MRS BRI R, R HE T Fe,04 T
SEAAIERL R R K, mALIE S, AT
BRA 3R, B, B R b R 1 2
REREERIA W PT FR SR B 3 B T, B A B2 3R JE AR
fE#aF—3, UEW 8% Y T0CT X} A% 8 oi B () 5 i
AR, B3 BREEAE] 2 500 N/P 75 8w f e

TETHAIEEE Jy 1 050 °C, FHHETE A4 6 min LA
B[ e BRI EE T, R peilh B2 [ 2 1200 °C (B3
MR 1215 °C), BFSE TR BERst [a] k5 be ek A bt e
SRIERREI, 5K T Bion, RE 7 WA, 1
KR ERILR BT B (0 ~9 min) , Fe,O, fbkri i 3
PRI, B R S5, PR
JFE 2 DT BRI BE 500 ~ 800 N/P B 4R T F
2 500 N/P,, Fifi I8 s 1] B 4K 45 (9 ~ 15 min) , i
KO R B R AL, SR SR T,
[vi] B5f ek R 3 AR (4 CaO-FeO-Si0, 1K &) 7E 12 ~
15 min BHABIRAER Sk, SEFT & AL BIFIE AR
HELERHEE ML, BRAVAEBR S, ARk Sk K
HRMALE WA AR S B SO, B R
SMMEIEAS /N, MRV RS, MR b2 5] & R
SRR, AR TR, [FE FeO-Si0, AH TR
Mrih, dHETE, SECLBR R R, P R
PRRMR 0, P, 76 & PR RS Y, 38 Y
FERBFA], KRR BR A B o B A5 LA el 3, (H A A
[k Bemta) F, BI 1 B2 Fi748 4k #a #4k 1H i —
., A B3 SRR EAR, UERT OIB X3k A1 8 B 2
sz JLT R T, B antk, B3 r Rk 2
e T bRifE, AP Ea i 2

T T IR AN I e eI X e e I 3R B

Table 7 Effect of roasting temperature and roasting

time on the strength of roasted pellets N/P
S Al K pE

Bl B2 B3 \ B1 B2 B3
JE/C [4]/min
1100 721 857 919 9 2 652 2679 2508

1150 1821 1775 1850 12
1200 3019 3138 2640 15
1215 3204 3350 2903 18

2979 2916 2 847
3019 3138 2903
3028 3335 2934
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3 BumIkEY KX R ERE S AT

FEXIITZE Bl ~ B3, FE/NRVA S A SRl bk —
T RS AL — Il e 2 T 25 Rk, il
B ok I s Rk 8 Fran, R 8 WIAN, fE HiHk
MREES 1050 °C, FAAESE R 6 min, KBEIREE N
1220 °C, %EBertal A 15 min BSPF T, AI3RAST
PR AP IE SR BE N 537 ~693 N/P, Kbk Hi R
SRR 2902 ~3 144 N/P, FUAER 5 WS BREL w45
BINTE 95% ey, TSR BU0E 3% oAy, 45 i4g
FRETI I Tolb A =gk

3 7 N ER AT A L ANk 9 P
No HIFR9 WA, BKH w(Fe) Jy 64% , w(FeO) ik
F 1%, [ w(Si0,) . w( ALO,) % kAT &4
H6% M 1.5% /47, Zn, Pb, As, P, S FEHE
TCE M4 R AR,

3 7 G8 Bk BR AL R R b 06 4 Pk i e 3R
10 fiiz, 26 10 v, BREATRE R IR, /)
T 12% , RRE TR (=3, 15 mm) KT 96% ,
W2, KT 60% . HJEFE AT EEE OTF & &
A L Si0, Sra i, (EBORH b EE RS 0 DA I 5
ST AL OIB RifESt 4l e At
K, SEUSPI R IEAT SR L, BUBkE LR
Tfk, ARTREBIES RN HT, BIEEE, [
FEW LA OTF 3 OMN 1 ONM A4, #75 OZL,
NOZL, OIB, I 10C) WIELH 7 G145 S bR i A 7=
ORI, AT DL Gl S 4R R 10CT S R LT

Bkt . 98> OIB N AR B w( Ca0)/w(Si0,) H
(B S A2 T4 S LA s 2 Tl bt

4 BLamEkEE 1R

B ER A A & W 11 iR, & 1
AL, SR ALER A B BRI AR R RERRTT
A PRSI KL YA, AL AR R
YRR, SEALERATH Fe,0, (1 90% Zif7) 45 &
B4, WA ZS 5, BRI AL
5%~8%

P SEAIL — 0] 2 2 a5 1 %) Bt BR AT 4 0 A
gERINIE 2 Fras, i E 2 dE—aEss, BREa
FEY M MRET, DENBERT . A%, B
B4k

BRI T £ YN TR (Fe,0,) , &2
IRIRL I 2(a) ], W53 a5 AT & B kL EE AR X
BRI AR B 2(6) ], H B i b 1R Ry 30
A, SR s s K 2(e) ], IiA
Jr%H Fe,0, 25K, MbLEBEL, B2 Al B3
A el G U SF T 100 wm, 2RI AT
AT SR IR AR L B R, SRTEDEH,
BARRCIR D, 5 /0B tR )5 RO A1 A
AL NS

FES T RERR D A AR5y, ARG, W
HZ W FERA M ERAZT, #EEw 1 g K80y
KRN, RN TR BRI FRR A AR 3
F£0.05 mm PAF, FZEORHPCRESEKR[E 2(e) ],

®8 AREH HFRKEAT KiLWHER

Table 8 Pelletizing pilot-scale test results for different ore blending schemes

Tk e Tk A A ER ]
?;;j: WHE R/ RRLOREE/ PURMREE, YL HERE BURMREE/ R Tiif P 5 4
min C min C (N-P"Yy R/% (=23mm)/% (N-P') (=6.3mm)/% (<0.5mm)/%
B1 6 1 050 15 1 220 537 17.32 94.99 2 902 95. 87 3.07
B2 6 1 050 15 1 220 573 19. 88 95. 63 3048 95. 83 2.97
B3 6 1 050 15 1 220 693 22.54 97. 48 3144 95.73 3.07

®9 AREY ARKATEZUFMS (RESH)

Table 9 Main chemical composition of pellets from different ore blending schemes %o
[(RIWIES TFe FeO Sio, Al 0, Ca0 MgO p S K,0 Na, O
Bl 64.47 0.110 5.58 1.50 0.55 0.25 0.044 0.002 6 0.036 0. 046
B2 65.13 0.072 5.20 1.35 0.46 0.23 0.058 0.002 4 0.028 0.039
B3 64. 61 0.073 5.80 1.37 0.50 0.15 0. 049 0.002 3 0.028 0.039
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Table 10 Simulated blast furnace metallurgical properties
of pellets from pilot-scale tests for different ore

blending schemes

gy LRI AR IR RS At e %
i ?“é&/ i Si¢1 v
% >6.30 mm >3.15 mm <0.50 mm
Bl 55.41 11.62 96. 84 1.30 1.55
B2 54.57 10.17 97.49 0 2.47
B3 57.16 11.45 93.96 2.63 2.22

Fx11 SRMKEAT YA RILEE
Table 11 Mineralogical composition and porosity of

finished pellets

TR (550 / % BRATFLER %

o B (REUMD/
RERT WEERT AR Al %
Bl 89 2 3 6 17.74
B2 89 1 2 8 15.52
B3 91 1 2 6 11.94
LA 3 AL B 2 19 2 AR A B 6 03

AN AR AR AR 43 o %’EHZISEP ,
FEZ/NT0.02 mm[ Bl 2(a) ], BT 50
ARG — i R AT [ A [ 4508 5K, BRI 9 %

SO ) A A D R R P-4 L3 S e A
e BR A B B AR

AREEER A THEY 7 M FRH A K A,
B2 1 B3 % B JsURl R ) Si0, 8%, Kk, B2 Al
B3 JE A T RO A A A 2 (e) . B 2() ],
AL, Si0, REREIE T AYE, H TR AT
53 T 150 P B0 R MY A AE BRI A 5 AR D

BB AR R BR A e it 7 /"\iﬂﬁ;ﬁ?:;‘r}%
AT ST B, EERRA, R
TRAR W@L%AWEE%%E‘?%E, uﬂ: 1H 4
i, BRAW PRSI E RR D, HI, ,m‘ﬁ%lﬁ
FERZMAAN K,

WAk, BRIAT LI A, BIRRE,
BRAFLBR R AR, # LR FLERESS R 3, R
B 5 R LI RESE AL, A R T el Bk A iR

5 & i

(1) OTF MK & i AR 8RB [ w (TFe)
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Microstructure of finished pellets under different ore blending schemes
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