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Abstract: Reducing carbon emissions in sintering process is a crucial component for achieving green, low-carbon, and
high-quality development in long process of iron and steel industry. The concept of carbon-free sintering provides a new
approach for reducing carbon emissions in sintering,and utilizing hydrogen-based fuels for gas-based carbon-free sintering
can achieve zero carbon emissions ; however, the combustion of hydrogen fuel introduces a water vapor atmosphere, which
affects sinter formation. Through micro-sintering experiments , the effect of oxygen volume fraction and water vapor volume
fraction on sinter formation was studied in this paper. The results show that in O,-N, atmosphere, with the oxygen volume
fraction increases ,the compressive strength of the sample rises from 965 N to 1 360 N, the proportion of hematite increases,
while the proportions of magnetite and porosity decrease, and the FeO content decreases from 14.47% to 2.6% . In

H,0(g)-0,-80% N, atmosphere ,with the water vapor volume fraction increases from 0 to 20% ,the compressive strength of
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the sample decreases from 1 360 N to 825 N, the proportions of hematite and calcium ferrite decrease,while the proportions

of magnetite and porosity increase, and the FeO content increases from 2.6% to 13.07% .In H,0 (g)-15% O,-N,

atmosphere , with the water vapor volume fraction increases,the compressive strength of the sample decreases from 1 224 N

to 962 N,and the FeO content decreases from 3. 11% to 2. 82%. In the mixed atmosphere of oxygen and water vapor,the

oxidation effect is stronger,and when the water vapor volume fraction is less than 20% , its effect on the sintered sample is

not large,so it is feasible to use hydrogen-based fuels for carbon-free sintering, which has greater potential for carbon

emission reduction,but it is required to reasonably control the air-fuel ratio.
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Fig.1 Sintering experiment device
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Fig.2 Compressive strength of sintered samples under

different oxygen volume fractions
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under different oxygen volume fractions



114 B 45

82 S i B51E H1H

MR TR, 7E4l N, SR, iXEE Y FeO Ji
RIS 14.47% |,
ARS8 R XRD B an & 4
fiR, HE 4 mIEL, BRI A A AR
R R840 N, AT, BedsRe s
WA B RER IRERT SRS AR
TRFUMECN 20% 54T, GRS RE S h R4 11
RRAEAT S I AR X B R 28 i, A 4 o DA AR R
W SERIRES O ., B EARF BN 0 5 m 2
20% , HEDHTWERR BERRAG, AR IR B

1
1 2 1 ! 1 3
o 123B PR 13 21 2 g
1
3|2 3 3
b 129 2oy a2l 1 s} ofy A
1 1 1 1
20 30 40 50 60 70
20/(%)
EAAEBRSE % . A—0; B—20

1 —REEH; 2—SFCA; 3—RET,
4 AEESERIYTELIRFE XRD Eif
Fig. 4 XRD patterns of sintered samples under different

oxygen volume fractions

NGRS Nl AW = RTA et (A RER Y N
El5 i, HES iTLUEH, MRS ECH 0
BF, WEERH MIRAETE, WK, SRk 5 S
SEAHELIE IR, TR B B 3T 3 A A 2 3R 43 i R S
AW, FEE A SIRBU BN 0 39 E 5% , Xk
TR USRS £, A DR R A,
MRS 10% 5 15% B, ke IRk s
EnRL A, AR W REAR T Aok, BRIR AT
SEAERES A SR AR R fobLZ ], S SRR
IIECR 20% B, IRFET L ARFELERE R kL, ARk
W kL 8] A SE B R PR S AR 7, T AR
Bt E AR B, ARG, Ak
N7 AL, DR R AR, RS
SR Ac UG o, TTREERE SR

AR F BT R 9 1843 B4 T R
Iy 6 fras, mE 6 Al BEE A SR
BN 0 BN 20% , BRFRES (IR T B &
didE A, HOARRAR R A R AR
RBUMECR B 8% T3 TRk AfL
To A TR E 43 LU 2 T R 3, Xl 5 HTSC iR 1)
A —2, EEE NN LR D> | iR
B EIEN, JRE T PR R AT

A LA A3 Al A0 B SRR R A o)

BeZS e YA A2 B 2P, R U R

-

AR % . (a) 035 (b) 5; (c¢) 105 (d) 15; (e) 20
M—REERAT s H—oRka™ 5 P—FLI ;. S—ERARES,
E5 ARESSERSVBTRAXELZEMEN

Fig. 5 Optical microstructures of sintered samples under different oxygen volume fractions
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Fig. 10 Optical microstructures of sintered samples under different steam-oxygen volume fractions ( test IT)



2026 455 1 A

TR, A5 AIETCRRBESS U et i i 52 0 117

100

80

60

HRE S/ %

40

20

0 5 10 15 20
IRFE ARG 5/ %

1—fLiR s 2—HERRE"; 3—aREkE"; 4—SFCA,
B 11 FRREKES - ESERSBT KT WA SH
HRBESLL

Fig. 11 Area percentages of mineral compositions in

samples under different steam-oxygen volume fractions
TN e B AR A B AR L T K

2GR 6 nI, AR RN T OKZE S,
HA W TC 2 A, (A& 5 Y 4 i AR A
fi2est, X 20% H,0 (g) RBAEEMNHTS
N, 2 P RE BT AR 23 L, P 3R AL
R B TR R TR R 5 A T AR, 2 /K 28 U AR 7 BL
INT 209 I, PR BB S IR h A0 A
B EEARL Y SR AR B IR, 78 HL 0
(8)-0,-N, IR &R R4l J5 e RO RE R 7 LE g
ETTE 0,-N, U bedt Ja ke LI B4 A7 el
B T AR, X R T be s U
AIKZE TR R B X — B

PG AT, AU AU K ZE RS
RS, S8R 1 1Y S S 8] T 00 A R BT
BRI PR AR, SRRy
fitt, Wtk migkn, (1) Bras, mehh, B
(2) WARELNE, EAR A T HAE [ #E AT, SO
A Hy AR K 2SR e B A A e,
DRGAR L I ARAT I U AE . T8 B 3% 2 F
ik, HA B Z BRG], AR LA RGE UK A AL
Yy, 3&JERE I TE il N AR B[R OK 28 o
ikt LA R AR, TAE 1300 °CTF, iz 2k
R, M T, () RIEAE 1300 CHEE
Bo R, ARG B LR Bl AR TR R AR
MR, WiAE A K2 AP ey, i T L RE
JE s TR, SRR Y 0 i AR, o
il SN BRT , AR A SV 1) A R R AT ) T 1] R AT

MA7E H,0(g)-0,-N, AR, KZEIHIMASETE T
BRI AALRE S, AR TIRBRE IR E LI

6Fe,0,— 4Fe,0, + 0,(g) (1)
2Fe;0,(s) + H,0(g) = 3Fe,0;(s) + H, (g)
(AH >0, ARSI ) (2)

2.3 KESSEXTHEE T MM

S K 28 SAE SRS BT o v ) B R )
Y T PR e 4 o AR 0 AR B BOE R R 15% ~
18% , 35 B AR TR B E Ry 15% , dE 3t
P KRR B SRR g, IF AU SAE R
S, BRI Be 4R

TER SRR 15% . RFEIKZESIE
R GRS 100 e i BE BT R 3 5 aniEl 12 s,
HHIE 12 WA, Bl K ZESRFR B3 I, peds
JEIRRER TR 3 B R, K IR A
BUMECRH 0 B, BURSREERRN 1 224 N; FE/KZE
SARF BN 20% B, PR 58 B e ik 962 N,
A8 F N, S F PR

1 400
1200
1000 |
Z
= 800f
)
M 600 F
ES
400 |
200 |
0
0 5 10 15 20
IKFESARTRI B/ %
E12 AEKBSERSBTRELENRERE
(BEREMIEA15%)

Fig. 12 Compressive strength of sintered samples under
different steam volume fractions ( oxygen volume

fraction is 15% )

TR SRR RN 15% . AN RKZESARFL
BT B ilkE FeO i /- BCUNE 13 Fis, HE 13
AL, BEE K ZE AR B 3 I, FeO it 43
BOBIR R TGS, M 3. 11% FEIRE) 2. 82% , 7F
A A SRR B, AU SORK 28 S 3[R 4E
AL, A N A S kA, ARG SR
BRI i AR R, A R R T R B R
PEAR 22 | WAL BEAE N B BEESRL Y Fe,0,, #E JE
B Fe’* BRE IR, B0 T Gk A AR Ak, DA



118 e 45

82 S i B51E H1H

R THRE50 FeO B &1, 4G 8 AlJl, 4
IKZE SRR B 20% LATF B, 57 SCR U4
I FeO BB EOMLL, BARW, (HR2ZEAAN
Ko GG PURRE S FeO T B 22 1L
#ag, S TaE SRR WK R TR B 20% LLT
I, X bedl [ 25 i e Koo B B R WAL/ TR
(SRR AT RO BE A T AT R, G HE
TE T B 15 SRR A 2SR L, DLl G [N K 28
A R A TR RS T R e A 7 A AN

A0

§
&
&
i
=
2
=
0 5 10 15 20
RESIRB B %
B 13 ARKESEROE TREREN FeO RESH
(REEBRHEAH15%)

Fig. 13 The mass fraction of FeO of sintered samples
under different steam volume fractions ( oxygen

volume fraction is 15% )

HAUETUI BN 15% . AREDKZESST il
FERY XRD BN 14 BioR . g1l 14 AT, AT
SRS L S RE , B KRR N 0
HEME] 20% , A WRRIRTES R AEAR L, R A R
TR W ST, B2 B0 AR A 1 e AEATT
SRR B 1 2 WA R AR R S R TR
TONE, B AT

ERRBUI BN 15% . AIFIKZE AR5
TR A BRI 15 s, & 15 AT
I, KT B 0 I, ke B
AR A, RBURBRRE . RS S BRR AS
MEAZGUR, TEA R RO 15% 1, Bl K
ZUARTR B3, e TR R B 5 BRI B
FEAR, AR B R A, {H 2K A AR
IIHCR 20% I, IR AT AE A B BRI A1
M, R SRR A AR 2], X—Bgd Y
P 147 2 B R W) 45 [R] F o 36 ik 1 RiT SC A 25

1 1 1 1
20 30 40 50 60 70

20/(°)
KRS B % . A—0; B—5; C—10;
D—I15; E—20,

1—IRE; 2—SFCA; 3—RERRT™,
B 14 AREKFSERSBTREILHE XRD B
(REERIEA15%)
Fig. 14 XRD patterns of sintered samples under
different steam volume fractions ( oxygen

volume fraction is 15% )

w, MEASAENELT, R 5852
FEAWY; MK 28RS E I RIE B AL
SO, BIRDLEA RN R

AREA WA N, A RE i K Tk
o FELIKZERAAT, (%8 H,0-H, Z [al (4%
-, =l (3) B, ETE AR50l
15% B, (RZPAEAER A AT BR T KZESE R
IR AT RENE, AKZES A I ) H, 251
AR FHE N H,0, Z31E, #1300 CHE, XF
TR IMF, RNIKEEA i i S AR5 50
$40.01% , HHARHR 0, + H,0 MIRA R
B, B RAR SRy AL A, AR T A RE 5 PR b
PERA AR, AR EEAE N B
IKFESAE R IR T 0T Lo o SRR, R
Bt AR5 AR, (K ZESMAE TR TR Ak
AR AL AR TR, AT 5
=Rl M.

H,0(g) =20, (g) + H, (g) (AH >0, 4

) (3)

(1) 78 O,-N, 4, Bl & A AR50 5k
MO TN E]20 % |, e 45 X FE A0 P 58 B2 965 N



2026 455 1 A

fEehs, A% SHEEIOmbE

e S
iU

Xt BREE BB B R 119

IKZESRFI L %
M—RERT; H—aR4k™; P—FLIF ; S—EkIRES ,
15 AEKZBSHERASBTEREIEXAFZEMENS (ESERSEH15%)

Fig. 15 Optical microstructures of sintered samples under different steam volume fractions

(a) 05 (b) 55 (c¢) 105 (d) 15; (e) 20

( oxygen volume fraction is 15% )

BEINE] 1360 N A2 43 000 e 3K Bk T ARk
AR, FLBR ARG 5 /D5 FeO it 43
BN 14. 47% FFAKH] 2. 6%

(2) £ H,0(g)-0,-80% N, By <5, 4/k7%
SART BN 0 B & 15% B, B IR 58 B A
1 360 NFE(RN 936 N; 2R BRAT F1ER IR 25 1 AR 5 1L
WD RERRR L BRI, FeO B & 43 B
2.6%¥EME] 3.41% ; AN 20% H,0 +
80% N, B, DLEFHT 58 B i K0 825 N, BT
L B RE R fT B FeO (AR BN 13.07% |,

(3) 7£ H,0(g)-15%0,-N,iR & F, ik
W7 LUARXT I, FeO BN, KZE M5
BOE 20% LLFIE, X ba gl [ 25 1 A K 5 2 A 52 i)
BN,

(4) (IR AT I TCbe 4l & il 17
(1, HAERRHE T R Ky, (B4 B
R SN Uy e D 57 AR UN NP =S Wikaa o8

S

(1] TR, AT, DR 5 R R R RO
REARIRTTEERE[J]. #98K,2018,53(10) :1 - 7.
WANG Haidong, YU Haizhao, FAN Xiaohui, et al.
Progress in research on mathematical model of energy

consumption of iron ore sintering process [ J]. Iron and

[2]

[3]

[4]

Steel ,2018,53(10) :1 -7.

T 5 REEE, XNE Je . b E AR S TR R
R HE R AR B[ T]. W8k,2019,54(9) :1 - 11.
YU Yong,ZHU Tingyu, LIU Xiaolong. Progress of ultra-
low emission technology for key processes of iron and
steel industry in China[ J]. Iron and Steel ,2019,54(9) .
1-11.

FAN X H, WONG G, GAN M, et al. Establishment of
refined sintering flue gas recirculation patterns for gas
pollutant reduction and waste heat recycling[ J]. Journal
of Cleaner Production,2019,235.1549 - 1558.

NAITO M, TAKEDA K, MATSUI Y. Ironmaking
technology for the last 100 years ;: Deployment to advanced
technologies from introduction of technological know-
how, and evolution to next-generation process[J]. ISIJ
International ,2015,55(1) .7 - 35.

LI C Q, QIN S, WANG X, et al. Reduction of carbon
emission in iron sintering process based on hot air
sintering technology [ J]. Journal of Cleaner Production,
2024 ,471 :143403.

RS R, s e A . A A W) ot A S B AR
BRERIITEFEHERE[T]. MIEK,2025,60(1) :1 - 14.

HE Zhijun, SHENG Hongyuan, GAO Lihua, et al.
Research progress on utilizing biomass energy to achieve
low-carbon ironmaking[ J]. Tron and Steel ,2025,60(1) :
1-14.



120

P 4

BR

23] E51E F1

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

TR, B EER S ARV T bedh
RIBFSEIEIEL )], Be4iekiAl,2024,49(1) 118 -26.

LEI Yuban, WANG Yan, LI Xuemei, et al. Research
progress on use of biomass fuels for iron ore sintering
[J]. Sintering and Pelletizing,2024,49(1) ;18 -26.

X B LB AR IR, 45 . RORPRLEE X BT e 2 1y
WA )], FeghEkiA,2019,44(6) 117 - 22.

LIU Shenhui, BAI Kaikai, NI Guihu, et al. Study on
influence of fuel size on iron ore sintering[ J]. Sintering
and Pelletizing,2019,44(6) .17 - 22.

YRETAN SR RERRL, 55 . S RTES T I G P b
GETAREIUKIRE]]. P ER4,2024,34(2)
21 -34.

CHEN Fusong, YUAN Yagiang, KANG Hongyi, et al.
Development status and prospect of flue gas recirculation
sintering process under current situation[J]. China
Metallurgy ,2024 ,34(2) .21 - 34.

WANG Y F,YANG T,WANG H Y, et al. Application of
steam injection in iron ore sintering: Fuel combustion
efficiency and CO emissions[ J]. Journal of Iron and Steel
Research International ,2023,30(1) :31 - 39.

WANG J K,MENG H X,LIU X,et al. Effect of ammonia
injection stages and segregation degrees on the
characteristics of iron ore sintering process|J]. Fuel,
2023,352:128998.

TIRA, R, 2Rk, 45 . BESS NS CO, AYLE pUpLIE
T U HERE [ 1], HegE ek, 2021 ,46(1) ;14 - 22.
WANG Zhaocai, LIU Chen, LI Jigan, et al. Generation
mechanism and emission reduction measures of CO, in
sintering flue gas [ J]. Sintering and Pelletizing, 2021,
46(1) .14 -22.

JIANG X B, CHEN T J, ZHOU X L, et al. Effect of
process parameters on mineralisation consolidation in
process[J]. ISIJ
International ,2023,63(10) :1587 - 1594.
WRERZE, 0208 FNAR 55 . — Rk by TORR B4t 5
4t . CN214300280U[ P]. 2021 - 09 - 28.

carbon-free  iron ore sintering

[15]

[18]

[20]

CHEN Tiejun, WAN Junying, ZHOU Xianlin, et al. A

carbon-free sintering system for iron ore powder:
CN202120212221.0[ P]. CN214300280U [ 2025 - 11 —
221,

JIANG X B, CHEN T J, ZHOU X L, et al. Limonite

micro-sintering behaviors in the presence and absence of
solid fuels: Feasibility analysis of carbon-free sintering
[J]. Fuel,2025,393.135087.

XIMEESC BREREE JRANRR , 55 . BT Toibe 4l i a 2kn™
RUZT LB (S Z5 L BT 52 [T ], Be & BRI, 2022,
47(3):1 7.

LIU Jiawen, CHEN Tiejun, ZHOU Xianlin, et al.
Research on consolidation mechanism of limonite-type
laterite nickel ore based on carbon-free sintering[J].
Sintering and Pelletizing,2022 ,47(3) :1 7.
WRBRZE, 0428 FAIRR 45 . —Fh e & omi be &
% .CN217110469U[ P]. 2022 - 08 - 02.

CHEN Tiejun, WAN Junying, ZHOU Xianlin, et al. A
laboratory-scale carbon-free roasting system; CN217110469U
[P].2022 -08 -02.

BRI, XA B sk AR I, 45 . BRZE FeO it TN 4L
REGBT[T]. BedhBkA1,2025,50(1) ;21 -30.

TANG Jiarun, LIU Yueming, ZHANG Fuming, et al.
Discussion on prediction technology of FeO content in
sinter [ J ] . Sintering and Pelletizing, 2025, 50(1) ;
21 -30.

IUSE  RIER SRR 55 . IR FeO BEASZ4F T HYIE
FRCRR AR T]. MEK,2012,47(3) :6 - 10.

BIAN Miaolian, WU Shengli,ZHANG Lihua, et al. Proper
carbon addition and basicity of regulation technology
under low-FeO sintering[ J]. Tron and Steel, 2012,
47(3) .6 - 10.

CHEN J R,SHEN Z,ZHANG ] Q. Effect of water vapor
and oxygen partial pressure on oxidation of Fe and Fe-Cr
alloys[ J]. High Temperature Corrosion of Materials,
2023,99(1) ;15 - 46.



