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Abstract: The ironmaking technology of modern blast furnace has a history of over 200 years, under the development
background of global “carbon peaking and carbon neutrality” , carbon is directly consumed and large amounts of CO, are
emitted in ironmaking process of the blast furnace due to coke as a reducing agent, heat source, carburizing agent, and
burden skeleton material in the ironmaking technology of blast furnace. Even today, the ironmaking process of blast furnace
cannot completely eliminate its dependence on coke. The intensified smelting technologies such as oxygen enrichment,
pulverized coal injection, high blast temperature and high top pressure are utilized in modern blast furnace, so the
production efficiency of the blast furnace has been significantly improved and the fuel consumption has been substantially
reduced. With the continuous growth of global iron production, high-quality iron ore resources are gradually
depleting. Meanwhile ,to reduce production costs,the supply of lower-grade iron ores have been increasing year by year. In

order to adapt to changes in international iron ore resources and optimize the blast furnace burden structure, it is essential
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to study carbon reduction technologies for the ironmaking process from an entire process, particularly using low-grade iron
ores to realize high-value utilization and conversion. The optimization of the blast furnace burden structure not only
improves the physical, chemical, and metallurgical properties of the burdens themselves but more importantly, achieves
systematic carbon reduction and coordinated emission reduction across the entire process of sintering, pelletizing,and blast
furnace operations. In order to fully exploit the optimal utilization of resources, the sintering, pelletizing, and blast furnace
processes shall be rationally matched through analytical optimization of procedural functions, integration optimization
between procedures, and process reconfiguration optimization. Additionally, through optimization of the process structure
and the process network , the process set of the ironmaking system can achieve dynamic orderly, coordinated continuous ,and
green, low-carbon operation. These are important technical approaches in ironmaking structure optimization of blast furnace
for carbon neutrality to realize low-carbon emission reduction. In this paper the evolutionary development of blast furnace
burden structures are studied and analyzed, the impact of different burden structures on blast furnace operation is
discussed , the technical challenges and carbon reduction benefits of large-proportion pellet smelting in blast furnaces are

analyzed , the principles and basic approaches for future burden structure optimization are proposed to indicate the goals and

prospects for the future low-carbon development of sintering, pelletizing and blast furnace operations.
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Table 1 Evolution progress of blast furnace burden structures in different countries/regions %
- i I 1%
PRGSH" BkATH By PREST BRHEE B PessyT BRI P
1980—1990 4 75 ~80 10 ~15 5~10 60 ~ 65 25 ~30 5~15 5~15 75 ~85 5~10
2000—2010 4F 72 ~78 12 ~18 8~12 55 ~60 30 ~35 5~10 3~10 80 ~90 5~10
2020—2024 4F 65 ~70 20 ~25 8~12 45 ~55 35~45 5~15 2~8 85 ~95 2~7
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Fig.1 Mineral phase structure of pellets with different basicity
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Table 2 Physical and chemical properties of different pellets
FH ﬂ:%@é%( R %) / % %fu%%%_r}i/ WE %
TFe FeO Sio, Al 0, Ca0 MgO (N-P7)
MRPEBRIAIET  65.15 0. 48 3.29 0.78 0.57 0.73 2 650 0.17 73.2
BT 2k 1A 64.48 0.40 2.02 0.51 2.50 0. 80 2 828 1.24 83.1
x3 AREPELE &SR SHEREREXTLL
Table 3 Comparison of metallurgical properties and carbon emission intensity of different burdens
B T 10 S — e
% (Ca0/8i0,) Mo (NP /% 3.15 mm)/ - X (kgee-t™") %ﬁrﬁ_/
% (kg-t™")
GRS 55~58  1.8~2.4 70~75 —  75~85 25~35 1450~1500 100 ~150 45~55 150 ~200
FRYEERIATH™ 60 ~65 <0.6 —  =2500 63~72 80~90 1350~1400 80~120 20~30 60 ~ 80
WHEERAT 60~65 0.6~1.2 — =2300 70~80 75~85 1400~1450 90~140 25~35 70 ~100
PRBHRS™ 62 ~65 <0.1 —  AKRIRE 65~75 10~30 1300~1400 100 ~160 — —
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Table 4 High-temperature metallurgical properties of blast furnace burdens at a domestic factory
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bk 1105 1 249 144 1279 1 541 262 25 060 3842
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BRI 1111 1329 218 1321 1415 94 1 630 84
WA (Pe) 960 1248 288 1227 1418 191 9 380 615
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90 ~ 100 kJ/s H4Z 110 ~130 kJ/s) , PSR
R, P MR AR, mmt i b T AR
FEARr A, NSRRI R, Mg m i
S, SRR RTEIR RGBSR AR,
b E EET I 3%~ 5% $E i E 5%~ 8% FE B
DR AT DARMEEER ] B RE 0 SR 8 T 52, A B
TR A 150 ~ 180 kg/t %] 180 ~ 220 kg/t, L)
RN AR LU FBRRE LU, A XU B2 DN B 484 1Y
1200 CHEEZ 1250 ~1 280 °C, AIHEHLE FElifY
PR, A7 P R B R e U B RN A R R
FMETRTC IR 5 T R (R G A e AT
(5) AR 5 v o B2 A PR ) O A 2 by %o A1
EHEIR R F AR I, 4Bk AT 50% B
AR R 200 ke/t A, WP B 2% P g
FHEBRRE 11055, T ER MBI R, W&
WA, EPXHIK Si0, BRATARE S, ik —Jomg
FE[w(Ca0)/w(Si0,) ] Wik SR E 1. 15 ~1. 25,
[ A2 2 MO i 0802 8%~ 10% , MRIEH i h
AL O, W& EAEFFIE B w(MgO0)/w (ALO,) L,
DLAERR i i sh M A AR BE 7, (H 6 43 il R 4K
Ls=30, PR35 &35 BROFN 0 su i, g o7 3k T4k
KR BE FER K A 5 B [ Si ] B b T POIR S FUE AL
T BE EL K AR SR, KR I 45 I AE 1 480 ~
1520 °C, BR/KH [ Si] Fi & 5 B4 il 1E 0. 3% ~
0.5% , W TFAEGENEKT(0.2%~0.4% ), LA
PR B 7843 o B BT R AR S I Bl T 25 4%
o BRI e, WA AR A FITRA
W 4B (K. Na) Fl Zn 2545 F I E I AN 17 107
RTREIG N, T s b TR0 AR 2 1% 5 B3 R [l i

R EE ., & BT HERRIRAE (LB i ik
FE ., REERE), KRG (Na, O + K, 0) ¥ 6l 78
3.0 kg/t IR, BFEEHIFE 150 g/t IR,

AR 5 500 m’ ok G EEER AR
FEBRA AN 5 4 B0 55% B ZE T, AR RR
FETE 480 ~490 kg/t, MASFIHIHRILE] 49%~51% ,
RS 210 ~ 250 ke/t, SR T @b E BC HL Bk
s R e R R AT 3 S b LBk
PR BRI B 22 RFe bR X L 0L, 3% 6 J& = A6
O3 R P B EL BR AT VR BRI AR FE AT

3 Iyt SRiEEN

ek TR Ihee ik

R G TR TR A BE, okt f fi ik 1)
A TR X R R R Ge 45 1T D RE Y 58T o7 i R
Mg AL, 17 D Re g b 0L 4k 48 it 4k
B PR Fe A, . BRI AR HE TS = R R E
HEL,

(1) BT e EHnE, WA r=E£%
JEOREZ A H 1] 4 2k ol s 7 R A0 9 4 N R
FARTHBEALEE . 1 9 kb FH ok L 3 K 104 [ A% 359
(CANALAN RS | BRASIKAE) W5 ok el B 1 4
AP EE T (N SRR S B 4h ) DL &
W TERE . TEX — B INREE LT, beSs Tl b
b2 30% ~ 40% , AH 7™ i o7 i BOR B iy, T
TFRAE PR Si0, | Ik FeO | iR JETEMIBE50

(2) BRI T pohaesmtb, A ik (ka5
B B R AR, KR AR A T e Bk AT,
w(TFe) =64% , w(Si0,) <4.0% , i /& 5259 B i
FLER A BT R 5 e ) A Bk A1 T B 4R e X

3.1

EISN=R
H &L

®5 BELELKEBBEERAREFIERTE

Table S Comparison of main technical and economic indicators for high proportion pellet smelting

5iH WL, B, M R4 G S W - v ke CO, HRR
X (kg-t™") (kg-t™") (kg-t™") C /% MWE/% (kgt™') w(Si)/% PE/(kget™")
B8 Bessiy N+
] 500 ~520 340 ~360 150 ~170 1180 ~1220 3 ~5 45~47 280~350 0.3 ~0.5 1450 ~1 550
(BRI L <20% )
155 Bk A e
480 ~500 320 ~340 160 ~180 1200 ~1250 5~7 48~50 220~260 0.4~0.6 1350 ~1 450
(ERAIEC HE 509% ~ 60% )
B R AR
y 460 ~480 300 ~320 160 ~170 1220 ~1280 7~9 50~52 180~220 0.5~0.7 1250 ~1 350
(BRAIL L =70% )
AR 120~40 |20~40 T0~10 120~60 12~4 13~5 |60~100 10.1~0.2 {100 ~200
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Table 6 Technical indicators of high proportion pellet smelting in some foreign blast furnaces

o Aisf 1]/ [T AR AR FIHZRE,  BRAT ek Hw BB

" (YYYY -MM)  #HH/m’ AH/m® (temed7Y) BEH/%  EH/% BH/%  (kgeth)

) 2016 - 04 1.92 65 0 35 513
HAM M 3 5 2112 1 863

2016 - 10 1.99 80 0 20 503

NERB/R R 2 5 2024 2 697 2 478 2.30 100 0 0 517

J& K Stelco - LEW 2024 2784 2418 2.10 94 0 0 509

F[H Lake County 1 5 2024 1 868 1712 1.40 94 0 4 586

FEENFE RN T 5 2024 4709 4 037 2.30 88 0 1 473

EEEH 145 2024 3 663 3244 1.70 81 14 0 490

2B pE 7S 1999 —01 4 435 3775 2.22 60 40 0 495

EPEEE S 2019 4 540 3 807 2.20 51 37 12 490

- ]/ L/ L/ KR/ S HAEFE/ COFIAl  HE/

" (YYYY -MM)  (kg-t™") (keget™") (keet™") R % /%  (kget")

) . 2016 - 04 315 198 0 0.81 2.8 51.5 258

HAM M35

2016 - 10 283 220 0 0.83 4.6 52.9 257

TNERB/R L 2 = 2024 439 0 78 — 6.7 49.0 206

Jn# K Stelco-LEW 2024 408 0 101 — 6.1 50.0 205

%[ Lake County 1 5 2024 501 57 29 — 1.8 47.0 218

FEENE L T 5 2024 300 108 65 — 9.9 45.0 242

EE T 14 5 2024 417 0 73 — 2.3 47.0 275

s 79 1999 —01 261 234 0 — — 49. 4 195

EPFEER 15 2019 296 194 0 — 8.5 50.0 249

ARG M CRLBE <0. 044 mm B 2040 > 85% ) 1Y
WENLFEST, P RBERMIER AR, AT A it 2k R
BTG AL BRI AR PR R WK b R R R
iR 7 N

(3) W TR IhRednE, WMo Z R R E
AR SR 45 F) o - RE B LAk 2% . Bl [ P
BRI Ry i I R R TR AL 4 T 3 B S T AR Ak
h TSI AR AR A, T R X
SR A OBTIN VR 1B GRLTVR Ik a1 =07 BB POl 110 A
il RGO R OB # T R AT, ST
TR — RETR Y i 4,
3.2 GEHIFREMEEHARL

TR D99 2% R R AR B Y T D Re s, A
W) AR B A B MG C R, LIS
AR EA AL,

(1) BREAE SRR, & T B a R m ek
Bt ol AR s I, AR B SR B L ER 4]

AR IR I TR L, BLE /D he s HLAL HL)
INTEER ) L, BK AT BE L AT 35 60% ~ 80% , ik FE
T A G T R PR AR 15% ~ 20% . B 4 58 FF %
3 65504 w47 G BEHLER A +2 & 500 m® Hedh
BLL S, HJ 3 JE 5 500 m’ @ pr 4t J5oRL, Bk
VA E L RS B TE 55% ~ 60% 2021 i) 4 JH 40 3 IX Al
JER AP LABR I Ry 200 T 2R

(2) BRI - BegbPp IR B A, X Fiob X
TIAA LM AR, EIA bedh ™ fg S hil
I, WEEER M BR A A rR Lk, i Bk A B
£ 40%~50% ., WY G RN, [HREASHLE
I A BRI TR R R0 R R I, BRI A
LR AD PRI ST AN R A, S PR TR ) v S A
ORI

(3) BBV 0 26 Hip [e] 2 7 R 2R 114 B B2 4 B
Gy ta UBIER A A B T BURBH G | B XE M 4
WEA T REA, SRR R MIVE R
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S5, 75 TR AT AR B S ) 4% 1 )
AL, BRI A g S e, @ B R AE
HHIAN 300 ~ 500 kJ/m’®, iBES K AR 2 A N Dk
o S R, BEEE T b B ST R R
0, T ST B ML A o IAE SRR R
FEREI, U A S AR TR RS e sk &
ML, 4R H HL e, BRES T By A R i N &
MRS A T e, 75 R & 28 1A N
RH RGN, LB R

4 HRSRE

(1) B LR A He o Y e ki S
AR R B AR B AR, DR R, B BRI A
Bo LA 20% 275 & 50% , A FEAR M4k Cco, HEik
10%~15% ( #9°4 150 ~200 kg/t) , [F) Ay 0 A RE
THFE 15 ~ 30 ke/t, i H FANERAT ML KAL)
N

(2) Bl 3K AT o B AR 2 S0 R s T L Bk A 0
RS fE . LTI E B R A, DFoR
rh s LB 3Kk AT A B B, AT Pk R A S
FE R AT R AE IR R | AR el B |
DR v A Pk R S B RS, AR KA A ™
W KA R R R R LR A

(3) oAb E i 2 M B LR FVA R B AR
TN B B R PR B, B XT3k A 1% B 1
FRREAT N, WFR N S A s AR | fifk
PEEEA | A e A B S s A, R
REfbI= i R i I S s A TR, AR
BESH, Emb s TR ERRERL.,

(4) BERRGLWAFE LT B ERT R
Bkt 11, A R R RE R R 4
TIroige b S5 mARMNS EE L, e
B IS IR R 3 0 U R R B N S RGBT
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