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Advances in multiscale study of coal gasification slag structure
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Abstract: Coal clean and efficient utilization of coal is a key path for China’s energy transition. As a core process in
modern coal chemical engineering, fluidized bed gasification relies heavily on the fluidity of the slag to determine
the operational stability of the gasifier. The structural characteristics of gasification slag fundamentally govern its
key physicochemical properties. This paper systematically reviews research progress on the multi-scale structure of
molten slag, and summarizes the computational principles and analytical methods for structural parameters at each
scale. An overview of theoretical developments in silicate melts is also provided. The key progress in experimental
characterization, molecular simulation, and artificial intelligence applied to slag research is examined, along with
the advantages and limitations of each approach. By tracing the theoretical evolution from polymerization and charge
compensation to oxygen bond structure, ring statistics, and dynamic behavior, this article highlights a paradigm shift

in understanding slag systems—from static statistical description to dynamic evolution mechanisms. The study
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reveals that the dynamic evolution of slag structure governs its rheological behavior. Moving forward, it is imperative

to develop in situ characterization techniques coupled with machine learning and multi—scale simulations, establish

high—quality and standardized databases of physicochemical properties and structures, and create interpretable

machine learning models integrated with physical mechanisms. These efforts will provide a solid theoretical

foundation for the precise regulation of slag properties and the optimization of gasification processes.
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Fig.6 Ring structures and neutron diffraction patterns

MR 558 B 38 (Jade ) I T T AT 5 5250 5 FEAR A%
Lt , UESE FSDP WAy Bl B0 RO 98/ ) 55 Q (EL IR 7%, HL
SRR TSRS EY G, MR
R AT AN T 1 TP AR R R R A T AT AT Y
SEER T

FERF A S A A X i EA T 40 BT B, JEAR
H2 DA R4 B AR B A, e SR E
BRI AT, TR T AR R R SR e AR TR A e
TR e I A S 5 S Y R IR T L SRR TEAS
A 2R 22 57 JF BB 5256 vk 322 A Y
A T AR BCH IR (E B S8, — e B -
AT FAERIUG RS M Rt th KRR S5 A5 2.
T A5 X s A P e R A5 A AR L SZ B . o AR
WA AR K e 5 0 e — @ BB B RAb 13X —
[] 5
232 o THEMEEEHIE MR P LA
g1 F R R T AU e A & b 43 F i
FIAT Ry, AR BIFFEAR R B S5 R R JoT . X by
T RE A XTI R e S A i A E R AR R AT SC A

[60]



. 546 - i T

¥

BITE

JEASE M 0, B 5 Js I 0 18] B A 2 B R 3§~ T 45 A
I Y WA FNBE BT o TR R R A B
OTEEAE BT AR Al 2 A0 T A 4R 28 1R B
HEWIFRITEZ — o TR O 2T 7
TEAR AR 2 rh iz sh B0 r R g, AR It~ 1 VE )
S W R R W REAL i N e I DA Ry |
MR

2 L5y B 15 B 0 %O FE T Newton Ji 2
B SR A, 8 3 TR R ] Y 52 ), B AR $ g vh
fR3z B ELE , T 3R AS 1A & f9 A HURR O3, ik — 2D it
ATy 2E i N A BT . HeR 8O DLECHE A
W32 07, HORT B 45 AL 45 R ) A
DAL b 32 bR S TR R R B AL ) DGR s i AR JR o
1Y 3 bR %0 A Lennard—Jones (L-J) # Buckingham
S Morse Y kA #¢ (embedded atom method,
EAM)' X K Born—Mayer—Huggins (BMH ) #* Z&
H i BMH #2288 12 W T o B i 45
KR, AR 22 F RS T B 0 6 R
PRI g F R R TARR RS ) R A
B T] .

Matsui %55 5 AL T3 S 296 B 455845 T CaO-
Mg0-Si0,~ALO & RS 4, I IEH] TiZHSHN &
PRV J5 2P o el dt | Dai SO TS T RERR SR
IR SE(F2) . Dai 2 MO TF 3 T4
T BB T R AR TR R R
I SR T AR R AT, S BUAR R B AT
AR RS T HCRE S B2 35 . Rl AR SR
IR ds s A R I S 7 oz s . IR Ik
B AU R R 58 A A R AR A R R
fr#% (MSD ) fHh £ H B BR (18 7)™, LA b A58 363k
TR 2 PSR IE PP S R

55— M JE BT AR 2o SR i Schrodinger 7 FE A
AR 5 BOAT O o 3207 VR AN OB S 56 Bod 5 22
B 2, 25 B AR EAE 5 RO, ARG
ToU AR BT AR, TR A e B L H AT GE
FTHCA A B BT AY R F TP BR T e
F0 (ps) 2, (HILEE ORS00 T2 80 13 )
S O R BR L 2B A T B T A S
T VR ARG FE S 2 By BT RLRR R
N — PR By 1 3 5% (AIMD) o ATMD B B4
BT AR R B R 7, I AT 7E A I Bl Al B AR &
BB AL . ERT, AIMD 8 2 h v T b
Fe 5 T o S B RS 25 A Z B BE ST . Solomatova S5

R2 BEAREFESH

Table 2 Parameter of potential function'"’

Atom zle B/(kJ/mol) p/j\ CA(A®~kJ)mol)
-0.945 0.265 8210.17
(0] 870570.0 (889916.0)
(-1.20) (0.265) (8210.17)
4853815.5 0.161 4467.07
Si 1.89(2.40)
(5900530.0) (0.161) (4467.07)
Ti 1.89 4836495 0.178 4467.07
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(1450950.0) (0.190)
Mg 0.945 3150507.4 0.178 2632.22
Ca 0.945 15019679.1 0.178 4077.45
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Fig.17 Schematic diagram of transient coordination analysis
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(X—axis: time; Y—axis: atomic number; Color: atomic

coordination number)
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