A ZAL

#rxgaiam COAL SCIENCE AND TECHNOLOGY

REE S IR AR P BT SRR N I e BT 52
P R AT A Sk B

SIFAA:

PR M, MRIRER, SE RIS PERN IR REXT AR P U ORISR B ST BEARL A EOR, 2023, 51(10): 129-139.
YAN Min, YANG Ting, LIN Haifei. Experimental study on the influence of surfactant foam properties on the slow release of gas in
coal[J]. Coal Science and Technology, 2023, 51(10): 129-139.

TELR R View online: https:/doi.org/10.13199/j.cnki.cst.2022-1765

AT RRROSGER A HA SCEE

Articles you may be interested in

I PR A T R IR K RO S AL 5

Effect of surfactant on dewatering of flotation clean coal and its mechanism

JERBIFFAR. 2019(11)  http://www.mikxjs.com.cn/article/id/55f486ae—0a43-4285-94d5-e305¢8067e50

BT LNMR Y2 T 16 1 70 % s BB F LB HR R 5
Study on the effect of NMR—based surfactants on pore wetting of high—order coal
PERPIFFAR . 2023, 51(S2): 111-120  hitps:/doi.org/10.12438/cst.2022-1974

BH— 8 3 T A0 0 ) A AR A XA A 77 2 ) 52
Effect of cationic—anionic surfactant synergistic non—polar oil on low—rank coal flotation

JREIRBERIAR. 2022, 50(9): 267-275  hitp://www.mtkxjs.com.cn/article/id/b58f1d0d-36a9—-4ce0-ad04-673(7559594e

OP/TX AT PR IR K BOR K DF a5 8 520
Effect of OP/TX emulsifiers on the effectiveness of pressurised dewatering of coal slurry and the structure of the filter cake

JREIRBIEFIAR. 2023, 51(6): 275-285  hitps://doi.org/10.13199/j.cnki.cst.2022-0327

CMC/ZrCit/GDLE; K K BEL IR A il 28 B S PERIT ST
Study on preparation and characteristics of CMC/ZrCit/GDL fire—fighting gel foam

PERPIFFAR . 2023, 51(6): 122-129  hitps://doi.org/10.13199/j.cnki.cst.2021-1132

M 87 T 32 DA A7 =R IR B K KA T 5
Study on formula of mine three—phase foam fire prevention and control material optimized by response surface methodology

B EAR. 2019(4)  http://www.mtkxjs.com.cn/article/id/a458a0c0-ca52-469d—87 1f-31¢69a540748

KEMF AT, PAFHE LT E


http://www.mtkxjs.com.cn/
https://doi.org/10.13199/j.cnki.cst.2022-1765
http://www.mtkxjs.com.cn/article/id/55f486ae-0a43-4285-94d5-e305e8067e50
http://www.mtkxjs.com.cn/article/id/55f486ae-0a43-4285-94d5-e305e8067e50
https://doi.org/10.12438/cst.2022-1974
https://doi.org/10.12438/cst.2022-1974
http://www.mtkxjs.com.cn/article/id/b58f1d0d-36a9-4ce0-ad04-673f7559594e
http://www.mtkxjs.com.cn/article/id/b58f1d0d-36a9-4ce0-ad04-673f7559594e
https://doi.org/10.13199/j.cnki.cst.2022-0327
https://doi.org/10.13199/j.cnki.cst.2022-0327
https://doi.org/10.13199/j.cnki.cst.2021-1132
https://doi.org/10.13199/j.cnki.cst.2021-1132
http://www.mtkxjs.com.cn/article/id/a458a0c0-ca52-469d-871f-31c69a540748
http://www.mtkxjs.com.cn/article/id/a458a0c0-ca52-469d-871f-31c69a540748

FE515% 104 CA =3 N Vol. 51 No. 10

2023 4F 10 H Coal Science and Technology Oct. 2023

PO A e, MR TR AR RTETT M AR) U UR M R XA v BT R RS e i IR BIE S 0] R R HOR, 2023,
51(10): 129-139.

YAN Min, YANG Ting, LIN Haifei, et al. Experimental study on the influence of surfactant foam properties on the
slow release of gas in coal[J]. Coal Science and Technology, 2023, 51(10): 129-139.

@Eﬁ?ﬂﬁ%[ﬂ i3

RESE IR AR AR EIA s

PTL ﬁkhl:iyfﬁ ﬁ %ﬁ‘&lz}a]jﬂ/ﬂ ’é jﬂkl Eﬂiﬁl
(1. VELBHE R Bl 5 TR, BRVE V5% 710054; 2. PHERHERF FE IO IR Bk F A E S0, BRVS 754% 710054;
3. VLR K s E R Tl D25 P30 I LT ARl R TARIFST s, BRVY P54 710054)

i EBERFTRIRIEY, SHEHFEGERNFFRAETRATFH T T RAMAIR, 7185 LA
REXBERXRNERAR, CHESHRENREZERERANRRAAX L ELZG LR FRZ
o RBERRGAMRBAS G AR RK, ETHREEES LR YatBEFRR Y, AXH
n%@%& | L R A AT b AR B LR G e, B % K Bk B 4 (SDBS) Ao bt AR 48 3
(APG0810)2 Fb & # i M A AT RIS, M Z IR ATMIKA . S, Ak, BEBRIAEALE, AR
B AT AR 69X 30 K B TR R E A R AR 2T O AR E RS R e RIS T R . RIS R A .
W& R @ ERA R E>HIE M, RARRGRARMERBERK, LOARARRIHSAEL, Bk
ALRHIE 5% ARG R R R R AR NS R R, AR ARSI B AR TR, R @ E A
FiE oA 0.15% 8, fEiEANTAJ5 SDBS #= APG0810 & /8% & 4 #) 4 44 mm #= 40 mm, H SDBS
BRFZHR KA 786.5 s, BRAKZBFEFFZHE LG FIREEXLMXERK, MERES
3T SDBS t Wkt #9 42 B 2 R - 48 T APG0810, & &A% M & 54 0.15% &, 10 min A
APGO0810 #= SDBS T ELATLE B F 45349 4 37.4% #2 12.7%, 2h N SDBS 34 KL ATE B R A4 50.84%.
PR AR R A G AR I B UL P P R R AR AT R, T AT RS, MRS
G R — T I h T I
KRR LTGRO R AR R\ E A R @Ik
FESZES: TD712 MEkERERE: A X EHES:0253-2336(2023)10-0129-11

Experimental study on the influence of surfactant foam properties on the slow

release of gas in coal
YAN Min'"*?, YANG Ting', LIN Haifei'**, YAN Dongjie', LI Yong', HUO Shihao'
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Technology, Xi’an 710054, China)

Abstract: In the process of mining coal resources, the abnormal emission of gas associated with coal may lead to serious gas overrun, and
trigger problems such as gas disaster or greenhouse effect. Many studies have shown that injecting surfactant solutions into coal seam is
one of the effective and important means of gas management. Surfactant mixed with gas is easy to form stable foam. However, there are
few studies on the influence of foam properties on gas desorption. Therefore, this paper studied the influence of surfactant foam properties
on the slow release law of gas. Two surfactants, sodium dodecyl benzene sulfonate (SDBS) and alkyl glycoside (APG0810), were selected
to test the surface tension, viscosity, foaming, stability and foam morphology of solutions. The effects of surfactant foam properties on gas
release was investigated using a self-developed experimental apparatus. The experimental results shown that with the increase of surfact-

ant mass fraction, the surface tension of liquid decreased greatly at first, the foaming rate increased obviously, and the foaming stability in-
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creased gradually. When approaching the critical micelle concentration, the decrease amplitude of surface tension slowed down, and the

foaming and foaming stability increased gently. At a mass fraction of 0.15%, the foaming heights of SDBS and APGO0810 after air injec-

tion were 44 mm and 40 mm, respectively, and the maximum half-life of SDBS foam was 786.5 s. The slow release effect of solution foam

on gas was well correlated with its foaming rate and half-life. At the same mass fraction, SDBS was generally better than APG0810 in the

slow release of gas. At a mass fraction of 0.15%, the gas slow release rate of APG0810 and SDBS within 10 min were about 37.4% and

12.7%, respectively, and that of SDBS within 2 h was still about 50.84%. This study can provide a new perspective to investigate the in-

hibition and its mechanism of gas desorption in coal by surfactants, and also a certain theoretical support for the prevention and control of

gas in mines and the green mining of coal.

Key words: slow release of methane; foam; foaming stability; surfactant; surface tension
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after injection of surfactant with different gases
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the mass fraction of solution
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Table 1 Relationship between the sustained release of methane from surfactant foam and the properties of foam

PIA Lk LA PREL A, 4, X, dx R’
A 9.687 44361 45.007 0.257 0.923 31
B 7.086 176 270.532 141.641 11.646 0.953 39
c 9.482 43.624 36.223 1.571 0.988 67
D 6.306 75 035.688 164.646 15.560 0.954 26
Y=ArHA=A4)/[1+exp((x—x,)/dx)]
E -11671.335 58.708 -3 651.964 687.295 0.943 57
F 9.880 31.795 183.425 7.979 0.934 39
G -17568.916 55.415 —4369.566 734.007 0.949 29
H 9.880 31.597 212279 12.023 0.934 39

1) it o5 2 T 9 P 500 0 R I 1 0 3G o, SR TrT gk
T RGN S, HLR BRI R W% . R
OB R, SDBS 5 2% 1 7K 1 /T APGO810
VU, 680N 0.15% I, SDBS Il APGO810 %
WK 153 B 72.518 mN/m [ % 31.833 mN/m
F133.407 mN/m, & I PR 500 o T 5 8 AN ) S 3R
T 375 A 7)1 A oA o P A [ s S VR . SDIBSS
VRV I I 4 B IR R A 3, APGO810 7T
A, 76 B3 H0CH 0.05% B 9 A 2 T 3% A 70 Vs
FHEEAHZZ 0.041 MPa-s, KB HRA(H .

2)) Wit A 2 1A M R I R T et A B i, e R
B R RS e PS4 BT ER T, 42 30 I S o o 2 e 4
KRR N 518 . it 5340 0.15% I} SDBS F
APGO810 7 1 A 25 S & 155 B 43 51 2~ 44 mm FlI
40 mm, FEERAMECH 0.15% Bf SDBS ¥ B LA 5

W KAy 786.5 s, AH R Bt 73040 &~ SDBS iR P it
¥ APGO810 AL

3 ) VA VARG R i o 2 TR 9% A ) 2 534
WA RNk, APGOS10 IF IR IR .
AHBEAEOLT , B 704K 0.15% 1F, APG0810 %
WA IR TR B TR B B K, 2978 0.303 mm, SDBS
PRIV B 294 0.297 mm.,

4) AR MR P F e R RN Y SRR 2R,
HIARTRE M i, B RE A R e sh o T 4%
SR M5 -3 THT T 1 09 TR 1) 45 0 S 03 s T TR P
. AR RS SDBS KIS, Wikt E
AR, B A #ER2, SDBS WA b APG0810 H 4f
P e B ASOR . B 230k 0.15% B, 10 min
N SDBS HJ DL il 24 o 38 A B BEAR TR 87% Ay
$to 120 min AP FE I 24 il A SRR 49.16% 1)
H ot

SYUARGE T [a)—AR R 7 T 2R 10 176 4 70 VA Vi 76

137



2023 4F55 10

4 % A% # K

%51 %

IRE,

g R e 1) AR, 785 IS Ph 22 R AT AR

KMIFTE o ASBIFTE g 2 11175 P 71410 ah) BU AT e i S AL
HRFAR ML

2% X ik (References):
(1] BREAZS, &, BReE>D, 55 AR T G P00 FE O SR g % BC

[10] SR, Brakal, &

AR T 0] 9l Ze 4 53R, 2013, 40(6): 12-14.

CHEN Shaojie, JIN Longzhe, CHEN Xuexi, ef al. Analysis on In-
fluence of Water Infusion by Adding Surfactant upon Gas Desorp-
tion[J]. Mining Safety and Environmental Protection, 2013, 40(6):
12-14.

BReod, 32 3, &30, A5 AR SR MRS U fis e A ik
% 0], 37 TRRHOAR 24 (A AP AR, 2013, 32(10)
1310-1313.

CHEN Xuexi, GONG Long, JIN Wenguang, et al. Experimental on
gas desorption characteristic of coal sample in different conditions
of water injection[J]. Journal of Liaoning Technical University
(Natural Science Edition), 2013, 32(10): 1310-1313.

wPHE, K Bl RE RO -L B TR R L FCTI R
MABETE 1], AR A B A4, 2016, 13(3): 16-19.

JI Danni, ZHANG Kai. Research on the effect of seam water injec-
tion on initial velocity of gas emission[J]. Journal of North China
Institute of Science and Technology, 2016, 13(3): 16-19.

ZRE. R R FCTK S AL BB VAR5 FUIr 58 Hh Y BRI 5T (D],
T EEZ, 2016, 13(6): 45-46, 23.

LI Zhifeng. Basic research on preventing coal and gas outburst
with methane hydration[J]. China Coalbed Methane, 2016, 13(6):
45-46, 23.

SRORD, % 9. RIEHERIE SRS 94 i 2 v 3l 3224
DT, A AL R 22441, 2007, 36(4): 478-481.

ZHANG Baoyong, WU Qiang. Dynamic effect of surfactant on gas
hydrate formation process[J]. Journal of China University of Min-
ing and Technology, 2007, 36(4): 478—481.

ZHANG B Y, WU Q, SUN D L, et al. Effect of surfactant Tween
on induction time of gas hydrate formation[J]. Journal of China
University of Mining and Technology, 2008, 18(1): 18-21.

Z R, FKHEL SROREE . R M Tween-40% LK G4
RIS 2 SRR TSR (3], 42 42, 2006, 37(3): 5-8.
WU Qiang, WANG Yongjing, ZHANG Baoyong. Study on the
changed effect of tween-40 on the thermodynamics conditions of
gas hydrate formation[J]. Safety in Coal Mines, 2006, 37(3): 5-8.
HUANG Z, CHEN M, WANG I, et al. Experimental study on
methane dissolved in surfactant-alkane system[J]. International
Journal of Mining Science and Technology, 2020, 30(6): 865—873.
CAIJ, XU C G, CHEN Z Y, et al. Recovery of methane from coal-
bed methane gas mixture via hydrate-based methane separation
method by adding anionic surfactants[J]. Energy Sources, Part
A:Recovery, Utilization, and Environmental Effects, 2018, 40(9):
1019-1026.

. TR R RN A RN eI
WA FH B LB (] 34412, 2010, 35(6): 942-945.
ZAHNG Zengzhi, CHEN Zhichun, CAO Lei. Methane absorp-

138

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[20]

[21]

[22]

tion of composite sodium dodecyl sulfate micelle solution and ab-
sorption principle[J]. Journal of China Coal Society, 2010, 35(6):
942-945.

LI P, MA D, ZHANG J, et al. Effect of wettability on adsorption
and desorption of coalbed methane: a case study from low-rank
coals in the southwestern Ordos Basin, China[J]. Industrial and
Engineering Chemistry Research, 2018, 57(35): 12003—12015.
YUE ] W, WANG Z F, SHI B M, et al. Interaction mechanism of
water movement and gas desorption during spontaneous imbibi-
tion in gas-bearing coal[J]. Fuel, 2022, 318: 123669.
KOHEAET, K bR SR R R 5 B g AT
FELI). AL R BE R, 2010, 7(2): 8-11, 34,

ZHU Kai, GU Mengping, ZAHNG Biao. Experimental study on
gas blocking with surfactant solution[J]. Journal of North China
Institute of Science and Technology, 2010, 7(2): 8—11, 34.
HUANG Q M, LIU S M, WANG G, et al. Evaluating the changes
of sorption and diffusion behaviors of Illinois coal with various
water-based fracturing fluid treatments[J]. Fuel, 2021, 283:
118884.

LI P, MA D, ZHANG J, et al. Wettability modification and its in-
fluence on methane adsorption/desorption: A case study in the Or-
dos Basin, China[J]. Energy Science and Engineering, 2020,
8(3): 804-816.

WANG G, WANG E M, HUANG Q M, et al. Experimental stud-
ies on the influence of sodium lauryl sulfate on seepage and wet-
ting of water infusion of coalbeds[J]. Fuel, 2021, 304: 121355.
JIN H, ZHANG Y, DONG H, et al. Molecular dynamics simula-
tions and experimental study of the effects of an ionic surfactant
on the wettability of low-rank coal [J]. Fuel, 2022, 320: 123951.
BRI FEE, B B, % ORI B 2B SDBS X AL
SR 3TN (0] 2e Rl 2020, 30(3): 21-27.
LI Shugang, GUO Doudou, Baiyang, et al. Effect of SDBS of dif-
ferent mass fractions on coal’s wettability by molecular simula-
tion[J]. China Safety Science Journal, 2020, 30(3): 21-27.
ZHOU G, MENG Q, XING Z, et al. Research on the wetting
mechanism of coal dust by different surfactants: combination of
experimental characterization and molecular dynamics simula-
tion[J]. Environmental Science and Pollution Research, 2022:
1-14.

GUO J Y, ZHANG L, LIU S Y, et al. Effects of hydrophilic
groups of nonionic surfactants on the wettability of lignite sur-
face: Molecular dynamics simulation and experimental study [J].
Fuel, 2018, 231: 449-457.

AR Y, XUSEFT, S B, AR R PR X AR B A A e
SRR RS (7). S50 TR, 2017, 49(12): 136-140.

LIN Haifei, LIU Baoli, YAN Min, ef al. Experimental study on
effect of surfactant on gas desorption of coal[J]. Coal Engineer-
ing, 2017, 49(12): 136-140.

ARG, EAESE, XU S, 4. SDBSY CaClLA Bl il J544 BT i
Siff W A0 ) AN B T (0] o [ 22 AR A 2 AR, 2019, 29(11)
149-155.

LIN Haifei, TIAN Jiamin, LIU Dan, et al. Inhibitory effect of

SDBS and CaCl, compound solution on gas desorption of


https://doi.org/10.3969/j.issn.1008-4495.2013.06.004
https://doi.org/10.3969/j.issn.1008-4495.2013.06.004
https://doi.org/10.3969/j.issn.1672-7169.2016.03.004
https://doi.org/10.3969/j.issn.1672-7169.2016.03.004
https://doi.org/10.3969/j.issn.1672-7169.2016.03.004
https://doi.org/10.3321/j.issn:1000-1964.2007.04.012
https://doi.org/10.3321/j.issn:1000-1964.2007.04.012
https://doi.org/10.3321/j.issn:1000-1964.2007.04.012
https://doi.org/10.3321/j.issn:1000-1964.2007.04.012
https://doi.org/10.1016/S1006-1266(08)60004-8
https://doi.org/10.1016/S1006-1266(08)60004-8
https://doi.org/10.3969/j.issn.1003-496X.2006.03.002
https://doi.org/10.3969/j.issn.1003-496X.2006.03.002
https://doi.org/10.1016/j.ijmst.2020.07.005
https://doi.org/10.1016/j.ijmst.2020.07.005
https://doi.org/10.1080/15567036.2013.820233
https://doi.org/10.1080/15567036.2013.820233
https://doi.org/10.13225/j.cnki.jccs.2010.06.024
https://doi.org/10.13225/j.cnki.jccs.2010.06.024
https://doi.org/10.1021/acs.iecr.8b01932
https://doi.org/10.1021/acs.iecr.8b01932
https://doi.org/10.3969/j.issn.1672-7169.2010.02.002
https://doi.org/10.3969/j.issn.1672-7169.2010.02.002
https://doi.org/10.3969/j.issn.1672-7169.2010.02.002
https://doi.org/10.1016/j.fuel.2020.118884
https://doi.org/10.1002/ese3.552
https://doi.org/10.1016/j.fuel.2021.121355
https://doi.org/10.1016/j.fuel.2022.123951
https://doi.org/10.16265/j.cnki.issn1003-3033.2020.03.004
https://doi.org/10.16265/j.cnki.issn1003-3033.2020.03.004
https://doi.org/10.1016/j.fuel.2018.05.106

FE AR RIS R REX AR h BT R A IR 5

2023 4F55 10 A

[23]

[24]

[25]

[26]

coal [J]. China Safety Science Journal, 2019, 29(11): 149—155.
ARE T, XUFEA, A, A5 AR BH TR PR e R
RERZIRAGWFSE L] P12 2Bl 2A2440, 2018, 28(5): 123-128.
LIN Haifei, LIU Baoli, YAN Min, et al. Research influence of
non-cationic surfactant on wettability of coal[J]. China Safety
Science Journal, 2018, 28(5): 123—128.
ZERER, EIATE, T AR B TS MR XA S A
KPP B AR s (7). JE A4, 2022, 47(1): 286-296.
LI Shugang, YAN Dongjie, YAN Min, et al. Effect of alkyl glyc-
osidic active agent on coal structure modification and methane de-
sorption characteristics[J]. Journal of China Coal Society, 2022,
47(1): 286-296.
WU M, HU X, ZHANG Q, et al. Preparation and performance of
a biological dust suppressant based on the synergistic effect of en-
zyme-induced carbonate precipitation and surfactant[J]. Environ-
mental Science and Pollution Research, 2022, 29(6): 8423—-8437.
kb, wh&EF, ik, 45 I IREZORIS IR B B By
SR Y 23R [T] . M T BT 5 R, 2019, 47(5): 94-103.
YANG Zhaozhong, HAN Jinxuan, ZAHNG Jian, et al. Molecular

simulation of the influence of foam fracturing fluid additives on

[27]

[28]

[30]

coalbed methane diffusion[J]. Coal Geology and Exploration,
2019, 47(5): 94-103.

FERITIL, KR, VRS ZE, 45, M 3R T M SR A R T IR T g
BT I — BRI ]. B A2, 2022, 39(7): 1108-1118.
JIAO Chensifan, ZHENG Shaobo, XU Pengjun, et al. A method
to evaluate the properties of surfactant solution foams-real sphere
bubble method [J]. Applied Chemistry, 2022, 39(7): 1108—1118.
SRR, TIERE, BRI, 55+ e SRR BN Y v IR M e S
B [J). AR, 2016(2): 16-18.

ZAHNG lJianfei, DING Zhengxiang, CHEN Shu, et al. Foam per-
formance experiment of sodium dodecyl sulfate[J]. Tianjin Tex-
tile Science and Technology, 2016(2): 16—18.

Z= Pl R RFR BRI R (7). b e TR 44, 2022(6):
51-52.

LI Kai. Factors affecting the viscosity of polymer surfactant[J].
Chemical Engineering and Preparation, 2022(6): 51-52.

XU Q, NAKAJIMA M, ICHIKAWA S, et al. Effects of surfact-
ant and electrolyte concentrations on bubble formation and stabil-
ization[J]. Journal of Colloid and Interface Science, 2009,
332(1):208-214.

139


https://doi.org/10.16265/j.cnki.issn1003-3033.2018.05.021
https://doi.org/10.16265/j.cnki.issn1003-3033.2018.05.021
https://doi.org/10.16265/j.cnki.issn1003-3033.2018.05.021
https://doi.org/10.1007/s11356-021-16307-x
https://doi.org/10.1007/s11356-021-16307-x
https://doi.org/10.3969/j.issn.1001-1986.2019.05.013
https://doi.org/10.3969/j.issn.1001-1986.2019.05.013
https://doi.org/10.13518/j.cnki.tjtst.2016.02.007
https://doi.org/10.13518/j.cnki.tjtst.2016.02.007
https://doi.org/10.13518/j.cnki.tjtst.2016.02.007
https://doi.org/10.13518/j.cnki.tjtst.2016.02.007
https://doi.org/10.1016/j.jcis.2008.12.044

	0 引　　言
	1 试验方案
	1.1 试验材料及流程
	1.2 表面活性剂溶液物化特性
	1.2.1 表面活性剂溶液基础物化参数测定
	1.2.2 表面活性剂泡沫形态测定
	1.2.3 表面活性剂泡沫性质测定

	1.3 表面活性剂对气体缓释效应

	2 试验结果与讨论
	2.1 表面活性剂基础参数测定结果
	2.2 表面活性剂溶液对气体缓释效应分析

	3 结　　论
	参考文献

