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Research progress on influence mechanism and countermeasures of coke
solution loss behavior in hydrogen—enriched blast furnace
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Abstract: Injecting hydrogen—rich gases through tuyeres, i.e., hydrogen—enriched blast furnace technology, can

reduce carbon consumption and CO, emissions. However, the introduction of a hydrogen—rich atmosphere

profoundly alters the in—furnace environment, posing challenges to coke performance. This review summarizes the
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thermodynamic and kinetic fundamentals of coke solution loss reaction (SLR), structural evolution, degradation
mechanisms, and countermeasures under a hydrogen—rich atmosphere. The results show that H, inhibits SLR by
competing with CO,for active sites at low concentrations (<10%), while promoting SLR by generating H,O through
the reversed water—gas shift reaction at high concentrations (>20%). Compared to CO,, the molecular diameter of
H,O is smaller, its adsorption energy is lower, and its oxidizing property is stronger, thus the SLR of coke with H,0
is more favorable than that with CO,, specifically, the initial reaction temperature is approximately 50 °C lower and a
reaction rate is 2 — 4 times higher than that with CO,. The SLR with H,O is dominated by interfacial chemical
reactions over a wider temperature range. The non—equimolar diffusion model based on the Maxwell-Stefan
equation can accurately describe the mutual diffusion behavior of multicomponent gases. Coke degradation behavior
under a hydrogen—rich atmosphere is different from that in conventional blast furnace, i.e., H,0 causes preferential
surface dissolution, forming a porous surface but dense interior structure; it preferentially consumes amorphous
carbon, leading to a relative increase in the order degree of residual carbon crystallites that can be termed as
"reaction—induced graphitization"; both cold and hot strength of coke decrease significantly with rising SLR degree.
In terms of countermeasures, optimizing coal blending scheme, adding binders such as thermal dissolution soluble
fractions of coal, and ferro—coke technology show potential for improving coke resistance to H,0 erosion. However,
the applicability of traditional CRI/CSR indices under a hydrogen—rich atmosphere is questionable, and a new
evaluation system tailored for H,0/CO,mixed atmospheres is urgently needed. In view of current research
limitations, such as unclear mechanisms of competitive adsorption of multicomponent gas in complex atmospheres
and insufficient research on the coupling effect between coke SLR and iron ore reduction, future efforts should focus
on SLR tests under complex atmosphere, in—situ dynamic characterization, multi-scale modeling, and synergistic
optimization of blast furnace and coke, to provide theoretical support for low—carbon smelting in hydrogen—rich

blast furnaces.

Keywords: gasification; thermodynamics; kinetics; hydrogen—enriched blast furnace; coke; solution loss reaction

AR B D) L T DU b o d JE P AR
(H,.CO) MR B2, fle 1t B S A 1 ) 420 i, DA T o
R A5 LUR 4250 D B DR Sk sl 2 ik ik (1
D FH PR E, H A COURSESO 5 H 3 i g i £k

i =7

TEABRR AL AL T 57, sl il 2 VIR
HEw e poh W bt 2 9 3L R 54T . BUR TR s A2

b 112 b4 (IPCC) B A 48 Y, N 2RI6 3 3 30y
CO, HEBOE AR BE 1) K . BRI Tl A Sy H AR
AE VR A AU =l o HE L 29 o 423k Tl CO, HETi
Y 25%" 23K CO, R HE 1Y 7~9%", FEFRIE
A Tl 2 ] R 2 U SR FLRRHERC S HE B L 4
7 BRI 15~16%" . @b =1 b K i FE Tk
T A ERHLAN =B 70% LA E R R A R
M REFE S CO, HER 2 b7 BT AR 19 709%™, Rt
SR WP R R AR AL | S Rk Tl R B OB
W 14 GBS

Sk o X UCHE R T, A BRAR B AR AR R 2 Fh IR
BIG EHAR . Hd B A m ORI TR R
AT (b ke A R AT ki, LR I 35 R IR AR FE T CO,
HEBL, BN R S i e FL T A7 e A AT e U AR 2
— AR EAA R RE TR N (H,0) 3 T
S R U AN SN =P A N R W N (1Y AP

PR, LI T 2 10% 1Y CO, Bl HR AR, 18
ThyssenKrupp NEDE B T LLEARE ) Tl 5,
LA ) e AU AR b AR
I IF % HyCROF (& SRk AE FRE <m ) 120l i
PRI AR [mT W 2355 B U, S B 1 [ AR
THFE RN B HE Y K T B o B R 5 2 [ERE
BUBEAT R 2 7t 58 i 1 3 [l I 4 S e et Ui
PRECR I Tl AR IR IR, ik S s BRI, 5 & i
BORE O R Tl AR B L A B 27 [0]

FEDANE A e W A A B v ) DR, LA ey o
HARERVER , 2RI AN rem 4L
SCHEEAE BAORL, DRAIERHETE = iR XA R AP
SCMEFBEWE A S b A DU W), £k
M AR O RE R AR I SR A CO R Bk
W ARRIEG . AN, FERGRRE S SR ALY
18340 5[] IF B B B A ™2 P 8 o o A%



5 XX

www.hgxb.com.cn c 3

1 ALgem i ik S w A mir
Fig. 1 Conventional and hydrogen—enriched blast furnace
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Fig.2 CRI and CSR of two cokes under different atmosphere!”
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Table 1 Comparison of different factors affecting the coke dissolution reaction
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Table 2 Thermodynamic analysis study of coke dissolution reaction in a hydrogen—rich atmosphere
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Fig.3 Activation energies for the dissolution loss of two cokes

with different reactivity™”
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Table 3 Kinetic analysis study of coke dissolution reaction under hydrogen-rich atmosphere
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Fig. 9 Changesin L (a

before and after dissolution loss reaction
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Table 4 Evolution of microcrystalline structure of coke under hydrogen-rich atmosphere
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Table 5 Evolution of coke optical microstructure under a hydrogen—rich atmosphere
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Table 6 Technical routes for preparing high—strength coke in a hydrogen—rich atmosphere
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