%%ﬂ%‘——'ﬁ ﬁ* 2026,32(1) :67-77

Journal of Combustion Science and Technology DOI 10.11715/rskxjs.R202503001

5 R X HE TR T R B R S A I B ST

MEH, REK? GEG, 4, E R, Tk%? E/E°
(1. EVEH GhARE ) A BRA A A SR, P4 7100765
2. WSl R AE e O A A EH E A SRR, P94 710049;
3. ERBEIRSEA Rl A AR B A FRA R, BiaT 210046)

B E: XA T 3145 (molecular dynamics, MD)EITrI%L, R 1 5k & AR HEASAR O A A4 Fr ik
M. SEARRMT, B RIS AE Fl T 5 RTINS A S8 a4, s BRI s s s e A e
X RPIROULEE R 78 5 0 2 U B AR A AR O, e R MA[ST0,] 5 [AIOL) Z 18] L I [A10,4] 5 [AlO,) Z [ Hr 48
BTERL, PEMTRE R P4 B R . sk A R, M ARG R ST R Y, Al fl Si RIRE5H
FICHLHITRE, H Al WOTSHZEmE B3, KRG R gt e vt BA 22 AL R . oh, ks
I HERR IS T A LS SR U R AR EE R, SEUSERHOCHITHE— PR, mFR S R AR AR %
SEENG ARG B

KEER . DT, Wi, ERE; BORg; FURSEE
HESES: TKI16 XEFRER: A XERS. 1006-8740(2026) 01-0067-11

Influences of Residual Carbon on the Microstructural Properties of Ash
Slag of Zhundong High-Alkali Coal

Zhao Yonggang', Chen Yuanmao®, Ma Guowei® >, Wu Wanzhu',

Wang Hu', Wang Chang’an’, Che Defu’
(1. CHN Energy Guoyuan Electric Power Co., Ltd., Xi’an 710046, China;
2. State Key Laboratory of Multiphase Flow Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
3. National Energy Group Science and Technology Research Institute Co., Ltd., Nanjing 210046, China)

Abstract: This study uses molecular dynamics (MD) simulation to explore how changes in residual carbon con-
tent affect the microstructural characteristics of Zhundong coal slag. Results show that carbon atoms in residual
carbon easily aggregate to form graphite-like structures at high temperatures. This aggregation restricts atomic mi-
gration and enhances the short-range order of the slag. Such microstructural evolution is directly related to changes
in the macroscopic viscosity of the slag. Residual carbon mainly influences the formation of bridging oxygen be-
tween [Si0,] and [AlO,] tetrahedrons, as well as between [AlO,] units. This influence regulates the connectivity
strength of the slag network. As residual carbon content increases, the degree of network polymerization in the
slag first rises and then falls. The proportion of complex structural units of Al and Si decreases, with Al micro-
structural units being more significantly affected. This indicates that residual carbon differentially regulates the
high-temperature structural stability of the slag. Additionally, higher residual carbon content promotes carbon at-

oms to form complex cluster structures. This process causes the further depolymerization of slag micro-units. In
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slag systems with high residual carbon content, viscosity is primarily influenced by the complex structures of resid-

ual carbon.
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Tab.l1 The number of atoms in slag models with different
residual carbon contents

it T

S3780U% | Si | Al | Fe | Ca |[Mg|K|Na| C 0
0 437|253 | 110 | 550 | 166 | 17| 212 0 | 2250
2 421|243 | 106 | 529 | 159 | 16| 205 | 152 | 2 164

5 397 1229 | 100 | 499 | 150 | 15| 192 | 370 | 2040
10 360 | 208 | 90 | 453 | 136 | 14| 174 | 708 | 1850
13 339 | 196 | 86 | 427 | 129 | 14| 166 | 898 | 1746
15 326 | 188 | 82 | 410 | 123 |13 | 159 | 1019 | 1676
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Tab.2 Element charge settings'™!

JLR L fuf /e
Al 1.417 5
C 0
Ca 0.945
Fe 1.4175
K 0.472°5
Mg 0.945
Na 0.4725
(0] -0.945
Si 1.89

% 3 Buckingham 2% ¥ 5 5>
124]

Tab.3 Buckingham potential function parameters
i A/ (kJ/mol) p/nm C/(10°kJ/(mol + nm®))

Al—O 2753 544.4 0.0172 3336.260 1
Ca—O 15019 677.2 0.017 8 4077.449 8
Fe—O 773 840.0 0.0190

K—O 2204474 0.029 0 0

Mg—O 3150 507.2 0.017 8 26322201
Na—O 11 607 587.5 0.0170 0

0—O 870 569.9 0.026 5 8210.1712
Si—O 4853 816.6 0.016 1 4467.068 5
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Tab.4 L-J potential function parameters'>!

i ¢ / (kJ/mol) o/nm
C—Al 0.963 458 0.370 828 5
C—Ca 0.661 415 0.322 3226
C—Fe 0.154 582 0.298 339 5
C—K 0.253 642 0.341 343 4
C—Mg 0.451 696 0.303 871 8
C—Na 0.234 827 0.301 9547
C—0O 0.332 197 0.327 076 4
C—Si 0.859 607 0.362 323 6
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Fig.1 Temperature control during the MD simulation
process

1.3 HHMFHE

T 12 I e, ¥ K AR 0] 4341 bR
AL BT RIS AR 2R OGS AT RS
RS R K BARSRBOT 31 o S S
A5 5 8 J125 AT R AR v SCHE
1.3.1 #Z&oh S i

Mo R g () WRIE B Sk T r IR
SO B30 FE S AR RS ECE FE I AR, S ek F7E
2 rh A . Hatm A=y

_ AN(r)
8= 4r*nAr @
K n AR FRFEOE L r W S5SH R Z 0

MRS s AN () 242 r B+ Ar IIERSS N R T35
Fe %L Ne & SR ODRTRIFIES 1 ECR7EZE N



MR ZESHEAR

LERVECE B

FIAT AR T HCH , X g (r) BRI
N.= L: 4nring(r)dr (5)
K v HEWRER, EEE g() 5 1 AH/MEXT LY
PR S, DAIX R 4 he -5 Jo ) IX 3.
132 #ziats
B 6i% Dws (0 T RAERFFERT A [E R ¢ N

(g B S 5 S A, R M TP R L TR
AN
DMS<z>=<%§In<z>—r,-<o>lz> (6)

A7 () F1 i (0) 4350 A | ASREFAERTZ ¢ FR IR
A ALY T 1B U IS W W T VA 4 o7 N [ [ 11 B O A
BEARER, TS IR s[RI FR R B
BRI M.
133 RteAHGHEL TN

AR AR 4y OSSR HOT Q" E AT
T V556 68 R 5 iR AT, 349 M S S s ofe U 5 B
AitERF IR, #iE A H LAMMPS 454G
Green-Kubo J7 ¥k HEATHHER. BLAh, 40T 81 J1 284
PV G AT RRAR A B 15V Bk VMDPI5E R, i
PRIBOIZE Fa 78 Ah At AR Y B S B

2 #RGiTIE

2.1 BERITIBEFENZIE

SR B e Xt H7 78S 280 IR AR %) R ) T A T 9
et FRUK , FEAE 7 X, T Green-Kubo J7
AT AR e B A ke B AR I 2 PR,
MEHAT LA Y, 5 BT 2 450 0 383 10% B,
BRSO/, 25 R T A BN 10% B InE] 15%
W, B 2R B TE, RR RS R 15% i, FEEA R T
45 mPa-s. H 85 B B 1 2RI IR B 5% S A g
SHUFEIR RN KA RA AR, SB R TR A ik
RLERE, NI I T AR B N EESE 7, 4R T T 3
J¥. Kong 2PN s i g s vh s i A SR Al 5k o, WOF
G T BRI M B R IR LR AE R R 7
1650 CI, Bl Sl 9% BYIIE O BEE B2/ T2
il 3 Bl S R X — AR AT A
IG5 AR B, P R0UE TR PP A A]
PE. AL BB N B R s L, TS A
TOWZE R AR At — 2 5047

AT, 53 F s 1A A PR Sl i AR
FEREARESE - AR R B BE R SR /N T 1% ; T
YR HARE = 10 K A9FE X ). IR BPA 5 i 45
FARFAIE S W T 45 TS A 2R 7 1 Tl 2% 1 T TR RS I T4

60

50

40

30 F

AL E/ (mPa - s)

20

10 |

0 2 5 10 13 15
B 3¢ I ek O3 B0 %

B2 REHXERKRKIETHHMLE
Fig.2 The curve of slag viscosity as a function of residual
carbon content
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Fig.3 The equilibrium structure of slag systems with different residual carbon contents
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Fig.4 Comparison of radial distribution functions for atomic pairs in slag systems with different residual carbon contents
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Fig.5 MSD of atoms in slag with different residual carbon contents
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Fig.8 The influence of residual carbon on the microstructure of slag
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Fig.9 Size distribution of carbon clusters in slag with different residual carbon contents
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