A ZAL

#rxgaiam COAL SCIENCE AND TECHNOLOGY

PR E = BT HIR S AR A R R

s
SIAAR:
ST, AN s SRR IR PR v BRI R R L. SR AR, 2025, 53(8): 316-323.

JIN Xin. Foam flushing fluid system for air screw foam drilling in soft coal seam experimental study[J]. Coal Science and Technology,

2025, 53(8): 316-323.

TEZR R View online: https:/doi.org/10.12438/cst.2024-0649

AT ARG HAh SCEE

Articles you may be interested in

FME PR ERE X FLT e B iR 5
Experimental study on the influence of surfactant foam properties on the slow release of gas in coal

PERPIFR AR, 2023, 51(10): 129-139  https:/doi.org/10.13199/j.cnki.cst.2022-1765

FARARZ AR B RO AT 5T S
Simulation test research and application of blasting and penetration improvement in the soft coal seam floor

PERPIFFE AR, 2024, 52(6): 102-110  hitps:/doi.org/10.12438/cst.2023-0914
AT LA IR RS AR T A AR R

Downward directional drilling nitrogen foam power—law multiphase flow slag unblocking technology

PERPLFRE AR 2023, 51(12): 298-309  https://doi.org/10.12438/cst.2023-0862

FARCREIZ FCH R AL “[RLOER” B BRI S5 B
Research and application of “concentric ring” reinforcement and sealing technology for gas drainage boreholes in soft coal seams

JREIRBHEFIAR. 2022, 50(5)  http://www.mtkxjs.com.cn/article/id/b3da092a—f8e4—4d14-9535-9547fef5a184

PRAE TSR B TE VIR T A ISR N S U R S
Foam fluid diffusion model for recycled roof cracks and its parameter sensitivity analysis

JERBI2EFI AR 2020, 48(2)  hitp://www.mtkxjs.com.cn/article/id/2a29¢95b—a054-46da—8ef6—efdff01e67h1

W H K SRR 2 X PR AR R MR i ) o TR 5T
Molecular simulation study on effect of mine water hardness on foam stability

PR PLFEFAR . 2025, 53(S1): 519-528  hitps://doi.org/10.12438/cst.2024-0642

KEMF AT, PAFHE LT E


http://www.mtkxjs.com.cn/
https://doi.org/10.12438/cst.2024-0649
https://doi.org/10.13199/j.cnki.cst.2022-1765
https://doi.org/10.13199/j.cnki.cst.2022-1765
https://doi.org/10.12438/cst.2023-0914
https://doi.org/10.12438/cst.2023-0914
https://doi.org/10.12438/cst.2023-0862
https://doi.org/10.12438/cst.2023-0862
http://www.mtkxjs.com.cn/article/id/b3da092a-f8e4-4d14-9535-9547fef5a184
http://www.mtkxjs.com.cn/article/id/b3da092a-f8e4-4d14-9535-9547fef5a184
http://www.mtkxjs.com.cn/article/id/2a29c95b-a054-46da-8ef6-efdff01e67b1
http://www.mtkxjs.com.cn/article/id/2a29c95b-a054-46da-8ef6-efdff01e67b1
https://doi.org/10.12438/cst.2024-0642
https://doi.org/10.12438/cst.2024-0642

£ 535% 8 M CA =3 N Vol. 53 No. 8

2025 4F 8 H Coal Science and Technology Aug. 2025

e [m] & RMEORUR A SRR AR I A DR A R )], BB EOR, 2025, 53(8):316-323.

9 JIN Xin. Foam flushing fluid system for air screw foam drilling in soft coal seam experimental study[J]. Coal Sci-
ence and Technology, 2025, 53(8): 316—323.

B AR

BRI = = SURATRUAR 3 A TR i A Rl B

% ’:ﬁf 12,3
(1. G (04 J@ BT TN 55 1l Joi B 038 W I 28 B T A 5200 28, T K7D 4100835 2. g Ko HiBRAR- S5 15 B be, WIFE K1 410083; 3. R}
TG ERFFEBE (FEA) FRRAF, BEPh P54 710076)

W OE.REEELEMBEAK, bt 5 A AJLAEEIG, F4ARBELS P, BMAYwm T R E,
ABATEE R T LR T AARANVERA T, LS, &%&%ﬁﬂm REERAEES, 3L
BERGHIR, SR TR RS, I RKRAEREREAN: ZABRHERRARNAEENS LT ™
T 4k Aasa, LA NEMES R, AT BT f&!%”#%é&i.a‘i*ﬁﬁé’alﬂ%@, R T RAEK
PR R AN A TEERN TR RS ARAT A4S TV 6937 &34 . R F) Waring-Blender ##, &
FEANBRIE B B IRAT I R AL DA IR R SRR AR RO BRI AR AR AR T K, R AT RAR | AR
FF LR RIEFFATHR L, SFld ER BB L E LA R ML mE, j}_;kb%z&,]; Ay
BRI RIRAR R L AT, FRY . AT, T RWEEREUARIE B ATE AR,
LR A R RIRAR A RS A K+1.3%AMS +0.5%CMC+ 19%MP+0.3%HS #ﬁ%ﬁx, AL,
AL B] 5345, KR FZAA 160 min, K EF KRB KAET; ShBAR 091, ol s
B RR, MR IR B KEIRT 96.9%., WiTEHHREREN: THRARTRTE

B AHEH 7T R0k, WAKRRAE S 30% B, HIORESIE(FCD)EREIA E] 10 642.5; Iﬁ‘%%\ﬁ‘ﬁnzﬁ
30% B, 3t FCI3A %) 22 050 min - mL. AF 7 AR AAERBE & B AT R FUR A 2 A SRAF iR 45 it
RAET "’*a—é’aﬂ}iﬁiiﬁo
KA AN R R ABRAT R AR B TR P SRR R R LT B
FE 4% S: TD823 M E R R A X EHS:0253-2336(2025)08-0316-08

Foam flushing fluid system for air screw foam drilling in soft coal

seam experimental study
JIN Xin"*?

(1.Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geological Environment Monitoring, Changsha 410083, China; 2.School of
Geosciences and Info-Physics, Central South University, Changsha 410083, China; 3. CCTEG Xi’an Research Institute, Xi’an 710076, China)

Abstract: The structural strength of soft coal seams is low, and during drilling, problems such as hole wall collapse and stuck or buried
drill bits are prone to occur, which greatly affects the mining efficiency. The air screw drilling process uses air as the circulating medium,
causing less disturbance to the hole wall. Compared with liquid flushing fluid, there is no liquid column pressure, and the hole wall is less
likely to collapse, making it suitable for drilling in soft coal seams. However, long-term practical results show that the air screw drilling
technology still has problems such as severe dust pollution, short drill bit life, and difficulty in hole cleaning. To solve the problems exist-
ing in the air screw drilling technology, this paper proposes a new idea of using foam flushing fluid instead of air as the circulating medi-
um to form an air screw foam drilling process. The Waring-Blender was used for replacement. According to the performance index and

compressive resistance requirements of the foam flushing fluid system for air screw foam drilling in soft coal seams, the foaming agent,
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stabilizer, anti-pollution agent, and anti-compression agent were selected respectively, and the optimal dosage of each treatment agent was
determined through orthogonal replacement analysis. On this basis, the foaming volume, half-life, rheological properties, anti-pollution
performance, compressive resistance, and rock-carrying performance of the constructed foam flushing fluid system were comprehensively
evaluated. The results show that the optimal formula of the foam flushing fluid system is: water + 1.3% AMS + 0.5% CMC + 1% MP +
0.3% HS plant gum. The foaming volume reaches 5.3 times, and the foam half-life is 160 minutes, with large foaming volume and stable
foam. The dynamic-plastic ratio reaches 0.91, with good shear thinning and rock-carrying performance. The coal powder sedimentation
speed is reduced by 96.9% compared with clear water. The anti-pollution replacement results show that the system has strong resistance to
groundwater pollution and coal powder pollution. When the brine addition is 30%, its foam comprehensive index (FCI) can still reach 10 642.5;

when the coal powder addition is 30%, its FCI reaches 22 050 min * mL. The research results provide a solid technical support for the ap-

plication of the air screw foam drilling process in gas drainage holes in soft coal seams.

Key words: soft coal seam; air screw foam drilling; foam flushing fluid system; pressure resistance; anti pollution
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Table 1 Main experimental materials and sources

YRR AL bR K
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TS hERE = R Tci
EHSEmR(BS12) Sigma-aldrich
RE LI ik (NM-9) Macklin
AMS SRR TR
Rl TR REEREN(ABS) Pt
T AR B (AS) Alfa
DG-1 SRR T
DG-2 SR
JRIKILIBLEE 2 (Span80) At
OP-10 Glpbio
R AERHI(CMO) I 24537 4R A
R MHRE(PVA) PR RLEAE T
Tt B
KNI (PAM) PN S
HEWIREY (XC) Pt
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2.1 KBFEM K IHiE
21.1 L8V, R¥ T T, MK

AR i 15 34 4y 6 T e SE AR R £ (SDS)
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Table 2 Foaming amount, half-life and foam comprehens-

ive index of various foaming agents

£S5 AMS B TFKTHRERER
Table 5 Results of AMS anti groundwater pollution

experiment
B KB B 5 EU % VymL T,,/min FCI/(min + mL)
1 500 20 7500
2 480 17 6120
3 320 4 960
4 310 0 0

R6 HUEMSTRABERER

Table 6 Results of anti coal powder pollution experiment

KU B 40%  Vy/mL  T,,/min FCI/(min - mL)

RTINS VymL  T,»min  FCI/(min + mL)

SDS 410 7.0 215250
oSk = S 450 55 1856.25
BS12 157 2.0 235.50

NM-9 320 3.0 720.00

AMS 610 20.0 9 150.00

ABS 470 8.0 2820.00

AS 450 7.0 2362.50

DG-1 670 21.0 10 552.50

DG-2 630 21.0 10 710.00

Span80 140 1.0 105.00

OP-10 280 3.0 630.00

XTHOALE

2.1.2 AuiF Fae Al

PTG YL RE 1 AR BT T KI5 YL RE I AT TS
YeRB T DU KIS G RE IR HT 780 85 4.
B AT R TR R T B KRB T
KGR o FESCULTT, 1) & 2H R WA A — 2 &
RO b /IR, TR X ) J R EA T s AR A0, e
DTS2 2 R /K5 G/ R 15 B Jm 2 LB R 2
W FCL, 54453019 DG-1. DG-2 J AMS &ifl
B T 7K T3 G ARk 15 Y B 4 45 0 530 L2 3.
*4,E£5 K6

12 3 J¢35% 4 Al DG-1 5 DG-2 £ b /K i
N 3% B}, FCI AR 0 min + mL, I 57 &2 v
REJIMR 22, MR 5 FTHT AMSS A& 30050 72 [ 45 b 7K in

R3 DG-1 Hitt TKTREHRER
Table 3 Results of DG-1 anti groundwater pollution

experiment

DG-1 5 450 2 1350
DG-2 5 470 3 1057.5
5 650 21 10 237.5
AMS
15 510 18 6 885

KI5 E % VymL T,»/min FCI/(min + mL)

1 580 9 3915
2 470 6 2115
3 220 0 0

F4 DG2 HMiTFKTHRERER
Table 4 Results of DG-2 anti groundwater pollution

experiment
B KB B 5 E0 % Vy/mL T,,/min FCI/(min + mL)
1 550 8 3300
2 450 6 2025
3 230 0 0

I, FCI 24 960 min - mL, {554 A2 16k J1 M2 i ik
Fasg vk, 78 i K Nl 4% i, AR B &g
BHa 1R AMS $tis e 1240 T DG-1 5 DG-
2 R

6 43 B Al 0, FE S 0 £ WA Sl 5% I
AMS ) FC1Z 1] & & F DG-1 & DG-2, H DG-1
5 DG-2 fE R I # it 5% Ja s FEH S R
fEJ1. AMS TEEM Il 15% B, FCIATGIk 2] T
6 885 min - mL, HATH M 15 YL e )1 B E L T DG-1
5 DG-2 &

CEG UL B IR A B, IR R R R BEH] AMS
VER LR WP PR IR A 2 1) A
22 RaFE

X} CMC. PVA, PAM, XC 4 FlfH Rl i Fa o 14 i
AT, FTHA LA R 5 15 AMSS 3 351 B I A
i oK H 4 B 0,99, IR I & 90 3 i B 99 mL
7K+0.9 g AMS+0.1 g Fa it FIZH A% . 75 30 1) B e g SR
W7,

®7T REAMEBGRER

Table 7 Experimental results of optimizing foam stabilizers

KU RIH 53 40%  Vy/mL T,/min FCI/(min - mL)

CMC 0.10 650 54 26 325
PVA 0.10 700 23 12075
PAM 0.10 550 35 14 438

XC 0.10 600 40 18 000

PR 1], 4 SRBPRHEREAT — RE I RRIE AR,
MR AR ) T 5 TF, R aE ) AR B/ NHEP
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& CMC>XC>PAM>PVA, {HJ&, PVA 5 PAM Jil A
J& FCLEE BOAH 3L T F B, Ui BH AMS 5 %2031 51
PVA., PAM BLPEZE . CMC 5 XCIMAJG, ik
VRS FCT YR W42 T, Hirp CMC B4 THSCR Bl
B, FCLIRTH T 1.73 f5. I, 2 H CMC 16 At
TR IR A R AR

(a) DT (b) L&

H1 EARRA
Fig.1 Foam state

23 FISEFIMRIE

K R TRt 1=\ = ke . A—/\HHE
=HREERE. AOS. MP K2 AE0-9 $1 75 YL R pEA T,
R LI A 97 mL 7K+0.9 mL AMS+0.5 g B35
Yui+3 mL XK ALAL, 2 T 7 (8 HT, i & T
WA, XFRRZ 1 0.9 g AMS+3 mL % /K +97 mL 7K 2H
A, A5 B AR AE L3 8.
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Table 8 Results of antifouling agent screening experiment

EIREE Sl V,/mL T,/min  FCI/(min + mL)
papiiEi| 330 1 2475
A—/\FF I = RE UG 310 1 262.5
I-/\ PR =k b 300 1 540
AOS 600 6 2700
MP 480 18 6 480
AE0-9 550 15 6187.5

A e 8 I, A—/\H 3L = e E b 5 I-/\HH 3L =
EAEPLTS YL RE I 8% . AOS. MP 5 AEO-9 B
H—E BT YR, FCT R0 R4 B g 42 v, Horp
MP 2 TH35CR i B i, FCT35 %) T 6 480 min - mL.,
PRI, 356 FH MP A A 1 TR e AR R B T5 a3
24 HEFEE

Ze KA i, B 23 e TS I . TSR TUUR I

320

FGE . BTRAAKE . HEC, XY MK . AR |
HS ML . B KAE 9 R REEAT T M Rl i
BB SR 0 & M9 I i 99 mL 7K +0.9 ¢ AMS+
0.1 g PUHFIALE, W A MBI m B R A, 0721
WK ARG 78 2 08 B i R AT, WY e J1 2k
0.91 MPa, 7EV I = FEASUE I , TSR0, 1558 18
HaE IR 9,

R MEARESRER

Table 9 Results of compressive agent screening experiment

PURRZEM  SRFIERES 0% vymL  Vy/mL R4/ %

TehtEH 0 550 80 85.45
FH 4 0.10 550 100 81.82
[E-3ViNi 0.10 550 130 76.36
I 0.10 550 150 72.73
[GENRIEN 0.10 550 130 76.36
HEC 0.10 550 130 74.55
XYY 0.10 550 140 73.64
PNGiEaE 0.10 550 145 76.36
HSHEYIIKE 0.10 550 130 70.91
AIKE 0.10 550 160 76.36

HH 3% 9 TN, 7[R 55 1 2508 T, HS ALY et
FERCR S W, FR4R %/, 2 70.91%; 8 BEHL T
ORI, WK R4 R K 81.82% . 4rHrikhy, X I
T HS MY A A 4 A — 2 TR E L, X
WIRARIEIE W T RCCHE, TRl HS A et 2 i
75 WER R, AT LA RO TR IR 2 B, v A r
TR B s RO R 2 R I, NI A R T T
TRIPPEIR PR BRI LA, 26 HS RIE N
HERERUIN N YNNI UE /I WA S I8
2.5 ERHRIE

TR B e b, B &0 E AMS AE R i
CMC AR, Ry 1 3R IR 0P R AR R 015 e iig
FIRBUERE ST, e T MP K HS FEY A E i is Ye
R GHRA, TR T8 A 2 [IRFF A T2
IR R R

25 M SR FH I AS B e E A T A A, R A TE
FH L5 TEAS 26, ARAEHA SO 25Tl X 7K st
WAPEREER, R &l v, WIREREYE T, FCIL,
buisLie s . PUERe ) Lo AsPERE 6 MR bRER G o
Br, S ZifE 1 18 G2 SRR HE T 2240 A A IR
Uk R R BE N - K +1.3%AMS+0.5%CMC+
19%MP+0.3%HS FEHINE .
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Table 10 Formula parameters of foam flushing fluid

system in soft coal seam

Vy/mL T,,/min FCI/(min * mL)

530 160 63 600

A2 #AkA
Fig.2 Foam state
122 10 AT, JLUR Mt v AR 2R 1 ke v AR R K 31
T 53 %, KRR E RS T 160 min, A& il K H
WEARRCE L. M & 2 W 0L, BT 7 A A TR
RUTHIR R, Wik % H A B sh ik, 7546
PEREDL R B LR vy AP LREAE, 7T LA JE A
JRIIRE I ER
3.2 mETMERETEM
YLK p VR R AT O AR PR AR I K, R AR S U
£ 11,

R 11 REERRRPERREEESE
Table 11 Rheological property parameters of foam flush-
ing fluid in soft coal seam

MRS/ i/ w17/
(mPa + s) Pa Pa

RGP/
(mPa - s)

86.35 45.70 41.54 6.59 0.91

B

H 2 11 A5, iR R RUEE Bl 86.35 mPa - s,
SVEREEE N 45.7 mPa - s, shY1F1°0 41.54 Pa, ##Y) 71
M 6.59 Pa, ZhIHLL 0.91, 7] LA FE AN AR 24 2 X
KPR R RE R . B sl ) FD) g,
FZHLTR vp PR AR R IS 7EFL N AL T ik Je 7%
1R, B HA RAFEIFAENEE ), A R T4

MR AT E ML L . B e B s T, kR
R EA RIS UIR BRI, L s PELs .
3.3 KIS RMEREIEMN

TEA I HSB AN ) 122 104 o 7K 5 P T,
S EE A [1] 1 7K T2 B 0 T i 9 VAR 2R 19 i oA R
WIRRENE, PPN ES R L3R 12,

* 12 REEREFRBE R TSR
Table 12 Anti underground pollution performance of foam

flushing fluid in soft coal seam

IR L5 E % Vy/mL T, ,/min FCI/(min + mL)

0 530 160 63 600
3 470 129 45472.5
5 450 116 39150
7 445 120 40 050
9 440 96 31680
15 440 84 27720
20 450 70 23625
30 430 33 10 642.5

% 12 n] A1, BEE B /K 0 20 9 R, TR o
VW FCL 2 W7 51K o 4% 3102 6 A pi 7K it i 2o
7% J&, FC1 KR N BE . H 2 < K ik 30% B, %
R A A —E AR DL iR e . 5ok,
F & YL AT, B 1 K I T R, TR R TR
RUFGAGREAR, BAEREIAW ., SEHIHTTE 4
(I A AT IR s PR IR 0 0TS YL R 145 B R T,
FETS YRR B, R A H I
34 EMTTREREIEMN

TEAIHSB AN ) 2 80 Jo P T,
L ZEAN [ R o2 B 9 VR o PR VAR R 1 R A O
A8 ol FH 0 A XA R B VG 48wl ik T SR AR I A
(ISP 2 S0 T3, 459 L% 13,

R 13 BRI SRR S R RE
Table 13  Anti pulverized coal pollution performance of

foam flushing fluid in soft coal seam

R I 1 5388 % Vy/mL T,,/min FCI/(min + mL)

0 530 160 63 600
5 500 125 46 875
10 490 100 36 750
15 470 102 35955
20 460 91 31395
25 455 79 26 958.75
30 420 70 22 050
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Fig.3 Foam fluid state when pulverized coal is added

F ) 3c T, AERDER TR Jy 30% I, Stk 1
A& IR IRIVERIE . 255 U B2 S bt
AR, FERER 15 Gt IR B IR R Y 30% B, LR
MR ATY 28 TE 5 A WL RE 1 SOIR AR E M. BRI,
LR WA FR B0 S I BB V5 UL RE T, 7T
DA JE AN B 2B R
3.5 HUEMRETM

K ICB IR RAFAN LR e BT g
FENE S8 0.91 MPa, 255 IL3% 14, HT R g bl an
K1 s
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Table 14 Test data of anti pulverized coal pollution

performance of foam flushing fluid in soft coal seam

V,/mL V,/mL FEAR R /%
350 110 68.57

3% 14 AT, IR AR 28R 68.57%, M T
RINASCHEFVHT, R i op PE R b e e Re AR 8] T
WRARTE. 40, 45E -1 AR, R AR I S AT B
R TR IRERAE, I H B R B A R
T, FAIZIKZRTE 0.91 MPa 1)JE S 4644 F, 5 A
FAEH TAEMIRE ST, AT LA A O 2 28 SR AT
WAERIEELR
3.6 EEMERETEM

PR A 485 P R SR R v DR AR IR R
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Bl 500 mL Fa R 2 0 R e T 8 1 v (U
1f =5 & 35.5 em), i 5 —4U%A 500 mL i /KHY
EEE XS IR 1) 2 S T EEIA S g BUA
MRS, AR ZIF GG TE, FRRER 58 2Tt A
It FAT IS I 455 L VT AT, S SRR TR T FH ) e [
R ERE 3 K, BOFRE B B A R, I3k 15,

R15 BEMMEEHRER

Table 15 Results of coal powder sedimentation experiment

E= IV TREN SRR ] /s SRR (em + s7)
K 4.7 7.55
LR R 150.3 0.24

MY 15 AT, SR8 78 38 7K v 08 T R R B N
7.55 cm/s, i 7E 30 IR b P W T B UT R R R A R
0.24 cm/s, HLIE KR FEAR T 96.9%, & A SCAIF I i)
AR PR R B R 5 LRI 4 I RE T,
T8 AR B2 BT R LA R X R T e Y

4 & &

D) Pk AMS A &5, CMC A A R,
MP 18 M40 75 Y7 LA K HS W AR AR, I8
i 1F 28 2 8 i A U UK v R AR R L T R K+
1.3%AMS+0.5%CMC+ 19%MP+0.3%HS H % -

2) ZEE P R R v R AR R R R,
HIRRRE MR, R AR E] 5.3 A%, Ak =K
ik 160 min; JiAEPERELS, FUELRE . BEMEFNEE L 1)
I3, &, R AR S B LR B T 0.91, BY IR BRI
s, A T S A RS  PUTE YL RE R,
16 X K AR A 2 30% B, %R R AR A B
I ) i M RE ARG RE 7 5 O Ho 445 R R Wiz ik
ZINPUERE T8, 75 0.91 MPa JE &F T, HoIK 15 46
FARE 68.57%, HUWKEA B ERE, 5 H 4 1E
W TAERE

3) TR EE AR PR R R BRI R, fig
% 1 B RO 2 23 BT R B T T 2 TR ke
TR 22 M RE R, i R 0BT 0E T 2 A7 A R 4
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