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Abstract: In the context of the “dual carbon” strategy,increasing the ratio of pellets in furnace charges is the key way to
achieve low-carbon transformation in the steel industry. The structural stability of pellets inside the blast furnace is crucial
for their smelting performance and operational efficiency. However, traditional evaluation methods based on cold-state
compressive strength struggle to accurately reflect their true mechanical behavior in high-temperature reduction
environments. Therefore, a self-developed in-situ experimental platform is used to systematically investigate the evolution
law of thermal compressive strength of oxidized pellets during non-isothermal reduction process. The results indicate that
the thermal strength of the pellets is significantly correlated with the reduction process. Overall ,the decrease decreases with
the advancement of the reduction reaction , dropping rapidly from 2 632. 4 N/P at 500 °C to 320. 2 N/P at 1 050 °C , mainly

due to structural evolution caused by phase transitions at different reduction stages. In the early stages of reduction, the
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decrease in strength is particularly significant. During this phase,the transformation of Fe, O, to Fe; O, is accompanied by a

substantial increase in volume, which leads to the breakdown of the intergranular structure and the formation of a large

number of pores. Tt is worth noting that at 900 °C , the formation of low-melting-point liquid phase promotes the formation of

interparticle bridging structures, thereby enhancing local structural stability and causing a temporary rebound in thermal

strength. In the late reduction stage ,the formation of metallic Fe and its intercrystallization further strengthen the bridging

between particles, but the high-temperature softening effect limits the improvement of thermal strength. The mechanical

behavior and structural evolution laws of pellets are systematically clarified under blast furnace smelting conditions, the

necessity of evaluating thermal compressive strength is demonstrated , and theoretical support for stable smelting with high

pellet ratios in blast furnaces is provided.
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Table 1 Main chemical composition of oxidized pellets %
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Fig.1 XRD analysis of oxidized pellets
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Fig. 2 High-temperature performance testing platform for metallurgical burden

2 GRS

2.1 FEBTXEEEASHERE

JEAERAR A T A A Bk A A IS P 5
Kb AL R AR R 3 B, B 3 w1, B
RN B AR, BRI A S TR 5 R R
TR, M R AR TR, R
WA RARSE, FERIR B BE (500 ~800 °C), Bk
PH A B R AR, 800 °C I #E AL FAL Ky 8.73% .,
BERT, BRI B 2 632. 4 N/P PR %
% 864. 1 N/P, Hivh 500 ~700 °C X [a] 38 55 B
B3, MTE 700 ~ 800 °C BB T W& B A5 Fir sl
ZZ, HAEEMNE, BEE SR A EPUE
SREN 2 738.0 N/P, ARSI R (YT
IRZ 500 °C R &AM FE ) A2 632.4 N/P,

_I_
2500 F 490
480
& 2000 F N 170
Z
< H60
#1500 F %
= 5 _Soiﬂ
H i
2 1000 F ! 0 &
ﬁ,j 430
3
500 120
D
0

500 600 700 800 900 950 1000 1050
R/ °C

I—HSEREE ; 2—IR AL
3 SUKARSHERERFNEMTFEEENTN
Fig. 3 Variation of compressive strength and conversion

rate of pellets with reduction temperature

WA Tk b BR AT 5 B, 3 W] fig 5 0 #7844
N ATERA S, MEETHE 900 C i, BREA#H#E
PSR BB M, iK% 1 212.2 N/P, R
FEIZ L EE X [0 BR 1A 845 44 A= T A I T 7R 2 B
TEETR AR AL, Bl R — A TR, BRI 5
FFFE, IELE1 000 ~1 050 °C X ] #4 T AE %t 54
E, 1050 C R, BRI HC BUE O E R E
320.2 N/P, XN Y e 2400 R % AL %5 39.21%
XS5 R, TERIRE R By, BRI 45/ Rrsk
FHik, HORERE ) B E AL,
2.2 SHBHKEARSHEREETHIESHT
2.2.1 BRiTA2MARL R
AALBRAE AR RIS B2 TP A XRD &1 4
K4 ffis, HE 4 arn, BRI e S ot b 5
ZJ1T Fe,0,. Fe,0,. FeO N4 )& Fe SEWIA 1%
HheAk, RIBPEREIK AT Y Si0, MAFETE ., fEARIE
R, FALERA R EZEYA A Fe,0, Fil SiO,,
RORH TR GRS, B 1 Fe,0,
CIEATE R, BEE BRI T, Fe,0, &
AR ALY AL, R B B (500 ~ 700 °C)
W FHRECNE , XRD B3 R 052 21 B 8 03
AR, Fe,0, U503 FA4H; HiREFE 700 C
f, A Fe, 0, FRAEUE, &I R B W JF 4R
Jnbk, 2= 900 CHF, Fe,0, FEAW S, BRI H LU
Fe,0, 1 FeO R EZWHH, I H B 18 2Fe0 - Si0,
FRIENE, T HAE R RL, 76 XRD Elig R
FEANUL . 5 Bl o I B — 20 T 30 D S o R 4%



86 B4

82 S i F51E H3H

3
s 5 3 A s
e AL RS A 1 050 °C
5 307
5] T 3
A 1 000 °C
25 { 2 % 2 2 3 550 0
2
25 3+ Kk 3 2
L_z;.,‘fs ? 900 °C
52
25 i
LJ.“ 800 °C
a5 172 1 12 1
o A 1 700 °C
1's 11
5 l i A 1 600 °C
1
15 1 1
50 L_)\ i It il 500 °C
1 1 1 1 1 1
10 20 30 40 50 60 70 80 90

20/°)

1—Fe,0,; 2—Fe,0,; 3—FeO; 4—Fe; 5—Si0,,

4 FURAETFRTEPHUEEET

Fig. 4 XRD patterns of oxidized pellets during reduction
fEBE, 11050 CHIIFIAEIN R )8 Fe M4,

R A e AR K P PGS B e i B Y A
WEAT REX N FR, T8 Fe,0, EFH B, T
AR RN FEE , BRI RE 8 TR R A o Y P i
E;ﬁARﬂhﬁ%OM&ﬁ,ﬁﬁ&%%%ﬂ
BUNE B 45 A6 AL B Ak S S0k AT P9 8 45 4 8 3 I 55
PRI R T, R, FeO M1 Si0, 454
A AR SRR, SR ABURL ] LB, BR AT 2544 2
WAk, SRR, HE)E Fe FRAE MR, W
KL 2 T T B2 40, BR A1 4540 TR
IR I —E B P PESE 5 RRAE AR T, 7 v T AR

2000 500°C
800 _,//JJ]
0
1600 | 600 °C
800 |
0
1000 700 °C
500 F
0
~ 800f 800 °C
& 400t ﬂ
z 0
= i S
= 1200 900 °C
2 600 |
0
800 - ;T 90%C
o |
400 F -
0 o ‘
400 | 1 000 °C
200 $
0
300+ 1050 °C
200 F
100 |
0 : : . 7 ;
0 5 10 15 20 25 30
TR ] /s

T, &)@ Fe By kAR, AR RSG5 AE X 08 i
MIFETHE A R, KA W s BRI 1) R 2k i
2.2.2 ZHBTWRE ) - B 18] R 45T

BRUTLEAN ) 3 i B B v ik e 4 2o R v 9 102 g
M o7 A1 B 7 WA T S i A dn 51 5 Bz, &l v
ZEMRER A B N 77 — B[R] 4, A M A % R 09
FEMIRIE S, NS ATLLE 1, BRI A9 & i s 46
U I B S 2 A S I A % S| S B
BB, 46 0 i 4 Ak R 5 R SR R S AR Ak,
TG T AR R

FERJFEA) T, R AE B2 i in 2 5 0z 7
SAE LI E?iki%ﬁ%ﬁ@ki%ﬂ,
B2 )5 N 1Bk B RE 2 0 N/P, %ﬂﬁﬁﬂﬂﬂ’]ﬂf‘@
(IR BEIRAFAE , Bil4n, 7 600 C &M T, BRiA
R TGS T2 1 706. 9 N/P J5 B Kk A BRI 2 3%
IEBBEBR A £ Fe,0, % Sh&E A M I, 0RLZE
8%, MU IIARR, Y500k i 45
Ty R 28 A BIR B B 2% A 3 AR i 1

Bifi 5 38 JE S O HERE , Fe, O, B 10] Fe, 0, Al
FeO 554k, AHAS i B AR BE R BRRLN , i 2K A P93
B MRS S LB, R R gk f v, 2
gz e IR R, (HERA H— kR T,
WIS, 1 ) TR AR I8 B IR S AN B BR B, i
e IO 5 518 T BRI B, OB R ) B

AT ORI AE 38 2% 38 R AIE | 3R W] i SR ASE X ey Jf

EEEE

i RS T £ |
JE 4 i A PR A A A AL

5 EFBERILIEFRUIKETEEGE BT T 895 71 i 2k B R AL H

Fig. 5

Stress curve and failure mechanism of oxidized pellets during non-isothermal reduction
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Fig. 6 Microstructural morphology and phase composition of pellets during non-isothermal reduction
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Fig. 7 Schematic of structural evolution during the non-isothermal reduction of oxidized pellets
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