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Abstract: Surfactants are widely used in water-based dust suppression technology, with the main controlling factor for
wetting coal dust being hydrophilic groups (HG). To clarify the impact of HG in surfactants on the wettability of coal dust,

macroscopic wettability performance tests, quantum chemical calculations (DFT), and molecular simulations were used to
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investigate the wettability differences and solid-liquid interface regulation mechanisms of common hydrophilic groups
(SO;, PO,H, OH, COO ) in dodecyl surfactants (C,,H,s—[HG]) on anthracite surfaces. The results show that the wettabil-
ity effect of hydrophilic groups on anthracite is ranked as follows: SO, > COO > PO,H > OH; The adsorption of HG on
the anthracite surface relatively increases the content of hydrophobic sites (C—O), which easily forms hydrogen bonds
and helps improve the wettability of anthracite. The intrinsic reason for the poor wettability of anthracite is that most of the
positive and negative potential regions in anthracite are smaller than the positive and negative potential extremes between
water molecules. The difference in extreme values between HG and water molecules (AESP) is linearly negatively correl-
ated with the contact angle, which can serve as a reference index for evaluating the wettability performance of surfactants.
In the micro-wetting interface of the surfactant solution-coal, the adsorption capacity of surfactants containing different
HGs on the anthracite interface, as judged by the radial distribution function (RDF), is in the order: SO, > COO > OH >
PO,H. Compared to other hydrophilic groups, HG (SO, ) has the greatest interaction energy between coal and water, the
highest number of hydrogen bonds, an increase in the diffusion coefficient of water molecules by 46.3%, and an adsorp-
tion increase of 27.43%. HG not only has a strong interaction with water molecules, easily forming strong hydrogen bonds,
but also, when adsorbed at the coal-water interface, enhances the diffusion coefficient of water molecules towards the coal
surface, leading to an increase in water molecule adsorption, thereby enhancing the wettability of coal dust. When select-
ing or designing dust suppressants, introducing strongly polar HG (SO}) can be considered to improve the wettability of
anthracite. The research results provide theoretical basis and reference for the application of surfactants in mine dust con-

trol.
Key words: anthracite; wettability; surfactant; hydrophilic group; molecular simulation
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Molecular dynamics is simulated
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Eiy =

iz EWEE?EFHEE/ E%%*EEYEEH/ ?li%%‘#é?fﬁlﬂ’iﬁﬁ/
(kcal + mol ") (kcal + mol ) (kcal * mol )
K —309.73 —49.81 —257.92
ALSA —344.27 —-176.28 —159.24
MNDP —332.06 —165.96 —157.52
APG-12 —325.55 —168.00 —149.56
BS-12 —335.53 —173.80 —153.03

T A SR L AR TG KA AR AN AT 22 A
HAEM . S EOBZ , X R N B s B B A
FIBE KSR SRS . e geit 1 4 MER
HOBES KO R SRR | U RN B A, A 12
iR o GERFEM: & ALSA (R Fh, S UL | i
FABRR M5 APG—12 PR i T HR K HE AT T &5 4
IR i ZHOE R A Bk Z o TER R HInASR
G PR, — 75 1 HG o] 57K 70 T8 sl 2, 75—
J7 R T HG XK IS |, S BT 2 1Ko 15
AT ICHIRE, A H TR KO8 U

& 580

= 570l 569.384

@ 370 562.95

=) 560 J 556.768 554,482

W 550 || - .|
143

142} 141742

& a1 141.123 141.015 141.281
o o W
0.24

£023F 02247 02245 02246 02241

7 0221

021
02028 | - .

ALSA MNDP APG-12 BS-12

Bl 12 ARt
Fig.12 Results of hydrogen bond analysis

3.2.4  AR[AI3 A BREMT
Ry i — 2R 5T 2 7K S A X6 7K RN T AR i 1 Y 2
S VS S & Sz e L N S AN S 2 N T
FREST 7K o3 b U 71 28 (A8 03 A1, AR k) 43 A1
PRECKR R, WL (2)o g(r) PTERAF ] B AH B AEH
SR RIREEA P,
1 dNap
4drpgr?  dr

g(r) = ()

P pg T B RLFINEEE; r FRonbi 1 B 2] A iR
B, BB AR E 1 nm; AN, 78 LA A BT kL
B A M r B rrdr JEFEIRL T B 345

) A, Ay ifE— A5 FAF 3K 3 A 5 7K 431 A AR L5
B, 45650 (2 —X 3) MR K EF Sk b SR T
BLA7 2L (Cy)o

g(r)Ng4nridr

5= ©)
e N R A TR B IR S5G v FoR A
TR ABHIFIER R, 107 nm’,

SRIKFEEHA (SO, . COO ™, POH, OH) 5K H & R
T (Oy,) BYFE ) 430 PRESCFIEC A, BN &l 13 s . 384k
I HG 5 O, f##E 2 Mg, Hh SRR 1 4%y
7E 0.24~0.27 nm FEFEH, B8 HG 119 O KL T5 O,

Cn(r) =



2184 # %

B A HE, O--O—H, VR & BERAE T 35K 5
O, 431 % ¥, WX SO, Fl COO™ 5 O,, M H 1E H#
s, X RAT AP MRV E R . DI AR 2 AN o
¥I7E 0.4~0.5 nm Ju [, X2 HG 519 u 8454 B 1R
Fo O BRR B SE K G54 JE FBl/K o FAEAE 8 B b
Z, Hh SO, ik, COO IRZ.,

18 - 10
SO;(ALSA)-O, iz
16 —PO,H(MNDP)-O, 9
— OH(APG-12)-0, 3
14F —CoOH (BS-12)-0, ;
12F _ . _ L
T—~(2.45,11.51) 5 6
_ 10EF-—-—- oy 7/ e
S (245,9.85) /7 153
8 (2.55,697) FCN(ALSA) |,
Y — i/ ----.CN(MNDP)
(2.65,455) 7 -----CN(APG-12){3
P P CN(BS-12) |,
2F ~ 1
0 ! ‘-'=_=.f.:-‘-;’— 1 1 1 1 1 1 0
0.1 02 03 04 05 06 07 08 09 1.0

r/nm
[ 13 HG 5 O, WA 1 434 BR AR 037 X
Fig.13 The g(r) and Cy of the HG with O,,

BKEE (R) 5 TCHRBE B i 2 [0] (4% 1) 23 A bR
OB R B R TANE 170 R g 5 5 W o 28 B 1,
HG s [a] 7K, B F TR AR T . HIAl 14 774,
551 ANIERYA EAE 0.3~0.5 nm A LY, D0 BT
5 T P 700 1 VR AT = AR S Y A T RN R EAE
FHo AR RDF WEAE AT LA T2 1A0 37 1 700 AR 3R 1 1
W FAFRE JIHC Il ALSA > BS—12 > APG—12 > MNDP,
PRI, 2R B P 0T 4 v T KR B e VR AR AN A 32 3
HG 57K B A ELAE HI A 52 e, 1 HL 2R T8 5 1 790 78 oA
S 4 W BFF 38 7 2 E B e PR 2R

5 100

C(r)

K14 BiKEES TCHIREZ 88 g(r) S Cy
Fig.14 The g(r) and Cy between the hydrophobic chain and

anthracite coal

3.2.5 PHAREOMT
SR AT HG W B 26 18 S5 X 7K - 1) S i 4
HRE IR . 7K [ M 4 B 3 8 R B (D)

F 1’ 2025 4E5f5 50 45
A (49— (5) TR
TR @
P
D=lin(=5=) = g ®

s Mgy FoRBITTOi R N R 8B F 588G ()
F17(0) 23 SJEINHE] £ 76 =0 B 2055 i N0 F B9 AL B 1#)
%; KM %%i’\‘ MSD lﬁléﬂéﬂ’{)?}%o

D R FIA K o 1) 3R H IR AL R, e fiff
TC AR ARG 7K T 1 5 22 S, 388 % I 1) TR AR
Mgy, BEYHURHE AR R & 15 BioR . KArF1 D {E
W2 6. G5HRFM: LIK-ARRIE XTI, R R
SIARIEGEK I A G, 2 B TE R0 -0 R AR &
Mgp REFRIRF 4K -—TCMBRAR R, ABXF4lik, Fif
TP A 3 B K A F I R AR . K4y
T ) JC AR AR R TR BE MR ks ALSA (SO;) >
BS—12 (COO") > MNDP (PO,H) > APG—12 (OH), #48)
R HRMAEE R 2 gl A HG(SO, ), D 3
T 46.31%. 254 3.1 15 R MG R FE i 5010, 78
SR 5 | A BSEE) HG, HOARE ] 5K 4501
FEE A7 s i F R ELVE FH, T ELIR S | 58 22 (R 7K
TIERBVELRT (D HR), FBUE 5K B9AH BLAE F
5, S H I 2, IR AR

35 — _
ALSAFHI— oI
sol — BST12iH-AAKE
MNDP il —TEAH
’s —— APG—12i& i~ oI
E
S0t
5
=I5t
7\
= 10
5 -
0 . . . .
0 200 400 600 800 1000
i (1] /ps
K15 Mg 4558
Fig.15 Results of the My
To6 HEHERH
Table 6 Diffusion coefficient
Al K SO, coo  POH  OH
D10 em’*+s™) 393 575 5.12 500 448

3.3 FEKERX TEEER K BE h 54+ 5 TR PR A
FH AT AT, HG X JC ARG A4 e Y i 4 5o 2
S, AL SRR HG B TCHRBEAR 2 %5 7K 237 i



55 4 3]

FRATAT A2 C1oHos—(HG) SFKFHE AT TCAEAREE N5 1) 64356 A 34 2185

B o B 3.2.2 5 4 AN R TR R T O AR R 2R 1
4 3 TR 7% A R0 R SR B o, i BT 16 s . Bl R
SR Y )i, 78 Sorption ik Fix pressure {155 F
HEFTAF IR AL, o 13 ) COMPASS T, J )
Jg 101 kPa, ¥ A 298 K, V#5400 100 000, 4= 7=
AR 100000, #HLAE HI2R H] Ewald&Group %, 11
fEAEAE R FH Atom based 72 .

) ViR

AR TS T - TE AR

K16 SRR I
Fig.16 Monte Carlo simulation of adsorption
IKAE S 4 bR 704G 2R % R O R 25 i
W BRGNP 17 B7 o SRR W] SRS PR A F
W Rt TR B BACIE T S KA 3R, AR TSl K AR 2R
ALSA. BS-12, MNSP, APG—12 W fft & 43 Sl 4 v 1

27.43% . 21.83% . 14.27% . 7.72%. & 2% 180 3% P57
NEN S P C 8 g RO e e N S Y T S SN
10.49 kcal/mol, ¥ A H#E3 10.5 keal/mol, Pl %t #h
PIRERRE . PN SR A M HG(SOy) AT A R =
R 7K S5 0 52 B i

40

o dk

W
N
T

% Bt #:/(mmol - g™)
W Bt #4/(keal - mol ")

) ] I i I -
20 8.5
ALSA BS—12 MNDP APG-12 4K

K17 AR R OIS IR K

Fig.17 Isothermal water absorption of anthracite in each system

Li bRk, IRV B S 450 K, i i
TACATT AT BN RIS | TR 7 1 i o
A5 B SRR AEL, 0028 AT 6 PRI 454 #5 78 HG 57K
IS H A ELA PSR 55 25 5, UEW] 1 2 1A M) e
e, HG 2R AERES SR CHE . M ICHIRE AR
TR Z A, E— i o TR R T &R F ok

TR I A5 7K FITC AR 2 8] A A B AR BE, FF N g(r).
D, W 55 R 855 T 48 7~ 25 7K 5k AT Vi Y T
FPEFERLE] . Al 18 Fiaw, Ak HG(SO;) 51 A
WA S, SO AT 57KJE iU S 5 (3.2.4 15 RDF 45
TL), TRV b T oA B FH 2% 1 3% 2 700 25 5 WO f 38
TCARIEEF AT, SE R 7K 37 T K 3k A R T
1, 1] JC A 3R T A B ACRE O 1S R (BP DA O, L
3.2.5 7).

‘ P
ap_— Hok I
GRS K) L oo ol
» Ko
Y & J\“ 4 (”
< :: — Gk
e @ HHRETK)
-

18 SRk HE IR P A AL
Fig.18 Control mechanism of hydrophilic group wetting

TR, T 0 WA BB T 0 AR T 7K A7 A58
B 7K 55 Bt C—C Fi /3 E0si >, JEK g i % ¢—O
Hahn, 0 b e T JCH R T SR K e . O
HAmWMAE HG 1Y 3R IG5 1. ALSA(SO;), —I7
Ifil A & 5K F HARRAHEAER, 578 i 2,
T3 7 THI 5y W BT JC AR ARER 1, i 2 K R
[ri) R T P L U, 7K 111 D R B 3 K, e
SR TC AR RO

4 & &

1) HG X TCAR A i WA HE Y 4 : SO > COO™
> PO,H > OH; HG M B 2 JC AR 2 1fi, AHXTHE 0 T i
IR C—O B4, 7 B U, A B T 8es T
SRR

2) JC A S 43 1 £ F A X ER /N T K
22 1B 118 X 67 P AN {2 TG AR AR I Y 25 1) PN 7R S A
AESP WVE RPN R TG MR RE I S 5 1545

3) 7E 3R 11 PR R I GO0 i R A, &
HG(SO,) R &, 5K A EAE ek, S8 B
W2, KTV BRI T 46.3%, W &t 38 n
27.43%.,



2186

%X

Fi:3 2025 4E45 50 %

s B, 55— 07 T

4) HG —J7 i 57K 73 1 HAT SR B A AR R, B
LI BTk S, 58 17K >

T R Y R, S BUK T WK, 9F
MisRAl T AR o e s i e s, v 2%
SIABEM M HG(SO;) AR ORI %

2% 3L Hk(References):

(1

[2]

(3]

(4]

[3]

(6]

(7]

(8]

[9]

KR, BHT, BN, S G E
24412, 2024, 49(7): 3118-3128.
ZHANG Tian, MU Xinsheng, GE Shaocheng, et al. Supersonic

Il Bl 2 AL R EOR )], s

coaxial pneumatic atomization dust reduction technology[J]. Journal
of China Coal Society, 2024, 49(7): 3118—3128.

R, RN, R, S5 SR TR TN R K 5855
TRFR SR HERAR, 2021, 46(12): 3891-3901.
QIN Botao, ZHOU Gang, ZHOU Qun, et al. Dust removal system

WA

and application of the surfactant-magnetized water spray in the fully
mechanized mining face of coal mines[J]. Journal of China Coal So-
ciety, 2021, 46(12): 3891-3901.

TOREE, AR, WYL, 55 A CO-/KABIRE FH T A i ) Bk
PR KO AR [T]. BN, 2024, 49(3): 14631474
WANG Hetang, WANG Hui, TAN lJianglong, et al. Physical modi-
fication law and dust reduction effect of liquid CO,-water circulation
on coal[J]. Journal of China Coal Society, 2024, 49(3): 1463—1474.
JER, TR TR, ARORR, 4 A IR A% B f B T R 22 S Pe-
NMR HFAEFRHTI]. BEAER, 2015, 40(12): 2849-2855.

ZHOU Gang, CHENG Weimin, XU Cuicui, et al. Characteristic ana-
lysis of *C-NMR for the wettability difference of coal dust with di-
verse degrees of metamorphism[J]. Journal of China Coal Society,
2015, 40(12): 2849-2855.

FR T, JRRESC, EBHE, 25, 85 1 BRI R X IR A i S )
FEEEHLRILT]. BRI, 2022, 47(8): 3101-3107.

WANG Chengyong, XING Yaowen, XIA Yangchao, et al. Regula-
tion mechanism of ionic surfactant on the wettability of low rank
coal[J]. Journal of China Coal Society, 2022, 47(8): 3101-3107.
WANG H, XIE J N, XIE J, et al. Effect of critical micelle concentra-
tion of imidazole ionic liquids in aqueous solutions on the wettability
of anthracite[J]. Energy, 2022, 239: 122088.

LT, REFEIE, By et A5 S O T I M X AR e R B 3
WHLERBIFFE[I]. BEBRLEATAR, 2024, 52(11): 346-355.

DU Changbo, CHENG Chuanwang, YI Fu, et al. Study on the effect
of compound surfactant on the wettability of bituminous coal and its
micro-mechanism[J]. Coal Science and Technology, 2024, 52(11):
346-355.

A, AR, KRBT, A5, IR X AR I S A T AR AR AL
PEAG T IR EE 0], JEBcF4R, 2024, 49(4): 1931-1940.

HAN fangwei, PENG Yingying, ZHANG linyi, et al. Research on
the simulation and evaluation method of dynamic wetting character-
istics of dust suppression droplets on coal surface[J]. Journal of China
Coal Society, 2024, 49(4): 1931-1940.

FETLR, B, JAIW, 45 B TLLAMGis st A (0], B3,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

2014, 39(11): 2256—2262.
CHENG Weimin, XUE Jiao, ZHOU Gang, et al. Study of coal dust
wettability based on FTIR[J]. Journal of China Coal Society, 2014,
39(11): 2256—2262.
JEIRN, B TR, SRR R, AR AN [ 8 BT R R U A v 1 22 S Y
BC-NMR $HEMETI]. BE5¢27417, 2015, 40(12): 2849-2855.
ZHOU Gang, CHENG Weimin, XU Cuicui, et al. Characteristic
analysis of *C-NMR for the wettability difference of coal dust with
diverse degrees of metamorphism[J]. Journal of China Coal Society,
2015, 40(12): 2849-2855.
AR B, TS, e, 45, LT PC-NMR FI FTIR B0 i 1
ERRAET]. TRRREIR, 2022, 44(11): 1844—1851.
LIN Qingxia, WANG Shu, JIN Longzhe, et al. Quantitative charac-
terization of coal dust wettability based on BC—NMR and FTIR[J].
Chinese Journal of Engineering, 2022, 44(11): 1844—1851.
JI B, JIANG B Y, YUAN L, et al. Effect of side chain functional
groups of ionic liquids on improving wettability of coal: Simulation
and experimental discussion[J]. Energy, 2023, 285: 129453.
CHEN X, GAO J H, DENG C B, et al. Characterization of the wet-
ting properties of ionic liquids on lignite surfaces: Molecular dy-
namics simulations[J]. Journal of Molecular Liquids, 2023, 389:
122886.
30, AR 3CHE, BFK, A5, BT Dmol3 BHR YA [ 2 I T 14 59 %45
AR FE M [I]. DR, 2023, 48(3): 1255-1266.
NIE Wen, NIU Wenjin, BAO Qiu, et al. Effect of different surfact-
ants on the wettability of coal dust based on Dmol3 module[J].
Journal of China Coal Society, 2023, 48(3): 1255—-1266.
LT, WS, M/ INEL 2024 AR E JCHE 37 4 S S AT,
B, 2024, 50(4): 27-35.
FENG Yu, YANG Ling, YANG Xiaomin. Development and out-
look of China’s anthracite coal market in 2024[J]. China Coal, 2024,
50(4): 27-35.
MENG J Q, WANG L J, LYU C H, et al. Molecular simulation of
the regulation mechanism of the hydrophilic structure of surfactant
on the wettability of bituminous coal surface[J]. Journal of Molecu-
lar Liquids, 2023, 383: 122185.
FEW =, o, LT AC, 55 . ANTR] 26 70 3 1 1 P70 X A A
RERZ M 9 73T DL SR )] s A1, 2024, 49(7): 2986-2996.
TANG Mingyun, JIN Jingyan, JIANG Bingyou, et al. Molecular
simulations and experiments on the effect of different types of sur-
factants on the wetting properties of bituminous coal[J]. Journal of
China Coal Society, 2024, 49(7): 2986—2996.
WANG X N, YUAN S J, LI X, et al. Synergistic effect of surfactant
compounding on improving dust suppression in a coal mine in Er-
dos, China[J]. Powder Technology, 2019, 344: 561-569.
ZHOU G, WANG C M, LIU R L, et al. Synthesis and characteriza-
tion of water injection fracturing fluid for wetting and softening coal
seam[J]. International Journal of Rock Mechanics and Mining Sci-
ences, 2022, 150: 105024.
XU C H, WANG D M, WANG H T, et al. Experimental investiga-

tion of coal dust wetting ability of anionic surfactants with different


https://doi.org/10.1016/j.energy.2021.122088
https://doi.org/10.12438/cst.2023-1418
https://doi.org/10.12438/cst.2023-1418
https://doi.org/10.3321/j.issn.1001-053X.2022.11.bjkjdxxb202211004
https://doi.org/10.3321/j.issn.1001-053X.2022.11.bjkjdxxb202211004
https://doi.org/10.1016/j.energy.2023.129453
https://doi.org/10.1016/j.molliq.2023.122886
https://doi.org/10.1016/j.molliq.2023.122185
https://doi.org/10.1016/j.molliq.2023.122185
https://doi.org/10.1016/j.molliq.2023.122185
https://doi.org/10.1016/j.powtec.2018.12.061
https://doi.org/10.1016/j.ijrmms.2021.105024
https://doi.org/10.1016/j.ijrmms.2021.105024
https://doi.org/10.1016/j.ijrmms.2021.105024

55 4 3]

FRATAT A2 C1oHos—(HG) SFKFHE AT TCAEAREE N5 1) 64356 A 34

2187

[21]

[22]

[23]

[24]

[25]

structures[J]. Process Safety and Environmental Protection, 2019,
121: 69-76.

ZHAO Z D, CHANG P, XU G, et al. Comparison of the coal dust
suppression performance of surfactants using static test and dynam-
ic test[J]. Journal of Cleaner Production, 2021, 328: 129633.
CHANG P, CHEN Y P, XU G, et al. Numerical study of coal dust
behaviors and experimental investigation on coal dust suppression
efficiency of surfactant solution by using wind tunnel tests[J]. En-
ergy Sources, Part A: Recovery, Utilization, and Environmental Ef-
fects, 2021, 43(17): 2173-2188.

NI G H, LI Z, XIE H C. The mechanism and relief method of the
coal seam water blocking effect (WBE) based on the surfactants[J].
Powder Technology, 2018, 323: 60—68.

YANGMM, LU Y Y, GE Z L, et al. Viscoelastic surfactant fractur-
ing fluids for use in coal seams: Effects of surfactant composition
and formulation[J]. Chemical Engineering Science, 2020, 215:
115370.

ZHAO D, LIU X Q. Effect of ionic surfactants on flotation of low-
rank coal: A DFT calculation and MD simulation study[J]. Molecu-
lar Physics, 2022, 120(24): €2140719.

[26]

[27]

[28]

[29]

[30]

JIANG B Y, ZHOU Y, JI B, et al. Investigation on the effect of
functional groups on the wettability of coal dust: Experiments and
theoretical validation[J]. Fuel, 2023, 351: 128987.

TR, 7, SRR, . BT Y S SRR AT,
e, 2018, 43(2): 555-562.

WEI Shuai, YAN Guochao, ZHANG Zhiqgiang, et al. Molecular
structure analysis of Jincheng anthracite coal[J]. Journal of China
Coal Society, 2018, 43(2): 555-562.

LIAO B, WANG J T, LI M C, et al. Microscopic molecular and ex-
perimental insights into multi-stage inhibition mechanisms of al-
kylated hydrate inhibitor[J]. Energy, 2023, 279: 128045.

AHMADI M, HOU Q F, WANG Y Y, et al. Spotlight on reversible
emulsification and demulsification of tetradecane-water mixtures us-
ing CO,/N, switchable surfactants: Molecular dynamics (MD) simu-
lation[J]. Energy, 2023, 279: 128100.

BAI XY, YAN G C, KONG S Q, et al. Study on the mechanism of
the influence of surfactant alkyl chain length on the wettability of
anthracite dust based on EDLVO theory and inverse gas chromato-

graphy[J]. Fuel, 2023, 353; 129187.


https://doi.org/10.1016/j.psep.2018.10.010
https://doi.org/10.1016/j.jclepro.2021.129633
https://doi.org/10.1080/15567036.2019.1639855
https://doi.org/10.1080/15567036.2019.1639855
https://doi.org/10.1080/15567036.2019.1639855
https://doi.org/10.1080/15567036.2019.1639855
https://doi.org/10.1080/15567036.2019.1639855
https://doi.org/10.1080/15567036.2019.1639855
https://doi.org/10.1016/j.powtec.2017.09.044
https://doi.org/10.1016/j.ces.2019.115370
https://doi.org/10.1080/00268976.2022.2140719
https://doi.org/10.1080/00268976.2022.2140719
https://doi.org/10.1016/j.fuel.2023.128987
https://doi.org/10.1016/j.energy.2023.128045
https://doi.org/10.1016/j.energy.2023.128100
https://doi.org/10.1016/j.fuel.2023.129187

	0 引　　言
	1 试验材料和润湿测试
	1.1 煤样选取与制备
	1.2 表面活性剂试剂选取与溶液制备
	1.3 润湿性能测试
	1.4 XPS测试

	2 试验结果与分析
	2.1 润湿性能测试结果
	2.2 XPS测试结果

	3 表面活性剂亲水基团对无烟煤润湿性模拟
	3.1 表面活性剂和无烟煤静电势与润湿性相关性分析
	3.2 亲水基团对无烟煤润湿特性分子动力学模拟
	3.2.1 表面活性剂溶液−无烟煤体系构建
	3.2.2 体系动力学平衡构型
	3.2.3 界面相互作用
	3.2.4 径向分布函数分析
	3.2.5 扩散系数分析

	3.3 亲水基团对无烟煤吸水能力蒙特卡罗吸附模拟

	4 结　　论
	参考文献

