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Abstract

The research on coal pore structure and seepage characteristics is of great significance to the
prevention and control of coal mine gas disasters. This paper introduces the basic principle of
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low-field nuclear magnetic resonance (NMR) technology, and summarizes the research results of
pore structure and seepage characteristics. The results show that the nuclear magnetic resonance
technology is due to the deflection of the hydrogen-containing atomic nucleus in the coal pore
caused by the radio frequency magnetic field, and the longitudinal relaxation time is affected by
the molecular diffusion. The measurement time is longer, so the transverse relaxation time can
accurately reflect the porosity of the coal reservoir. Compared with other research methods, the
physical parameters such as pore size distribution, porosity, fluid distribution and permeability
can be quickly and accurately obtained by NMR relaxation spectrum, reflecting the microscopic
pore structure information. On the basis of obtaining relaxation signals, combined with some aux-
iliary methods, real-time observation of coal seepage can be realized. However, the specific rela-
tionship between the NMR relaxation spectrum distribution and its relative permeability is still
unknown. Therefore, future research should focus on establishing the functional relationship be-
tween relaxation spectrum and relative permeability.
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Figure 1. Changes in atomic nuclei after applying B,
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Figure 2. Magnetization vector
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Table 1. Test results of porosity or permeability of coal samples
2 1. BHENFLBRERSERMNRLERE]

BEREG 5 fLER BiER ] BRI AR
JLS 5.525 0.212 1.486 98.514
ZG1 6.564 2.705 3.677 96.323
ZG2 6.962 107.871 6.962 82.354
WTP 7.118 506.296 30.753 69.247

3.3. BEERWR

BIERNE NN RS E M RE R SR by, ENANCE A KRR IRARSIE 21 771[22] [23] [24].
HAl, TR AR S A3 IR R 2 2 1) Coates BERUAT SDR A7, LA BE T 1)
FriReial, yREiARE AN [25]:

Coates " A ;

m my
_[on ] [ Sn
w2 (3) ™
Ky =G, (¢7N )n1 (TZg )nz ®)

KA, Ky WREBRSER: o, FERSILIE: S R Sy 20 A AT B3P LR LR SR AR RN Tog
9 To JUAEEE: Co Cor Mys My, nyy o BAMIRE AL SR PRI SAEGERMILL, T FE )
PIE N4, RN S IR (MR IAB B % AN

K Coates §/" FEMIA TSR IS B R IS AL s S To AL RLOHHERE ) 7K 23Rl 49 A9 SR s AT T
BN SRIE, G e BATLIURE OB T o A K M R R AT K MR s R R AR (7) SR BB K
TS F SDR 47 JE AR, b 5 44 45 LR b LR FEE T LA B4 (T o) PN R(8) T T 3 45 i ¥ S0 48826
SIS0t DU 1] S T VR BT PR S AT T 90, 45 SRR LA SDR 1™ R BT S0I5IB I, Fi AR ZEf /N
YAO S [27 38 it WF FUMERE R, RE th LB VAR B AR S TLBR I AR IR B R A T Tk s iE . T
o MUAIBRAS T BERET KA BRI FR I 251 T, %, ML T K/EBERERY 3 2L U AT, Jhik B4R
T PR AR A A XL T, ST () SDR B3 AR, 1.

KN = a(TZga )b (TZgb )c (9)
X, Toga M1 Togy 70 HAMEAICIR S RIA S ACIRAS T 1 To JLATFEMES a0 b, ¢ Nf5E R A R
LK Coates 3 JR AU AN SDR 7 RARM LR &5 8, ik 1 HFEIIFLAR A A I DL R K IR RS -
PRI, AR T BT — s a1
4. BREE R RAE

AER PP RS B TR PR A B Tl BHRINTT R, H AIDGBES LA 22 A T A IO 5 05 1 24
FET IO CT SR AR AZREILIRFOR[10]o Ferbr, P~ [ o8 B0 A58 iy SR T 4 9 — i

SDR 4" JE A 7 .

DOI: 10.12677/app.2022.126036 316 S A B


https://doi.org/10.12677/app.2022.126036

B, SRR 0 S WA IR AR I SR A [28] [29] [30]. CT 43 HEA BRI RS I H SR EURA (11 4845
B ERIES RS AER, BORIEEE 2 m X FHELRED 2, AR 2[31] [32] [33]. i
RS IRFAGE L T, SRS — T ARRBIEE FRSE, 57— Jr i ReR s B 2R S ME BT, R
WA [ I 22 AL AR A 5 2o BRI, AR b S PO B AR B AR AE A I T SR AT [10]

XS TARHE IBE F BEE S IR A A 153 AR AR . BB AR B IER. i
WEESHUULBAN SRS — T, s T shii A . FURRIE RiBiE R Z [Ef[Rl )5 5% &
KRFANBE S HBTEE ST, 53—, B R R SR 0 75 ¥R SIS IR P A 92 TR OL[10] -

4.1, RERNSHAR

R FEAR G RS S b S R K2 S A AL AR e ATt O o IEREAL BN T — e U, FLRR A
AR SR A TR, XN BB BT To i ARG FE . 50T )N Tl SE N, FLE A
RITAFAL AR, RT3k A T Sh A T B A (T, cut off) [34]. HiEs.L R
THFLBREE 2R IR i K AE A R (K~ AT 2R, AE LS A Bk LRSS b 2R (05 UARE TR 2R, S5 Ml 1 £ R
DNZSHIBEHCIRES T 1 T, B

Ty ML LR FLIR P BRI 7 9 AT Shift AR AR S A, IR SE W] shit A . fLRRE 5338
FZ BB RE, W R R SRR JT . X E1SRAE[35] [36]idid A% i R AR i ar. T =35 2 8] 14 [l
Jike, WIRAERRY], POULEREEH S T IR RE I 5 SS o

4.2. SIKIEEMR

e BEAT IR B AR e, B SN IE F Wi i, AERETLIE A F s AR R H o P R R AR it
5o T B T LA LS HERE Y VB B L o 9 79 [37] 25 R A USSR R « CT B 1E 3R R e R A,
B KPR AR AR IRASE, 45 5R0: B RS R AR i, UK B B E
RBGEREREFADB TR X /N, K FSAMAIRNE B R, B B AFAEIEAE H7. i B [38] R F A%
BESEIR I BAG A, SRR R AT S IR K ZKIRS NMRI RS . ARAEHAT AR, 6 R[5 e JA] BR
HEREHEAT S0 AR, ZE KBV AR, A RS PA 1 — 2% A 1 2 AT — S R 2B 3, U b
EWAE VR BRI, R P 2B BT R K B I R, BV 2 (L B B R 155 R 1
F R E . T2 39K PR EIR oA, %o R 0 R A (0 S IR AT R A ke /K BT AR R s ik e,
FRE I RE I R K. AR, PR R A KR, SR SRS EHE B AT AL . R
LR, BRI KA X2 B 2 M R B KT, SARBWIRIR, B R E L 5 2 M .

ot RE Y SRR B S VR T RAE (R RS L IR 9 0 36 W R AL IR B AR BTG . VW 1 R B R PR eh it
PRI BRSO, B T BERER S5 e . ORI, R RCRE LR AR HE AT 20 B RO 9 17% 5 84 i
BRI, A7 R S I 15 5 A 1) T W PR b R A A A 15 S5 K AR . SR R B 5 2 1A
BB R,
5. &5ig

1) RHEILIRAE TR B E #E T R FLRR A 5 R A% 2 B R A A, R AL R R A e, 4
Vet s, AR TR R, BACREBEIRE 2P EIRES . ik, T Tyi. S5
2 160 5t TR BRI TR b o AT bt PR AR 17 Bt TS 1] B R 1) e R 2 AL BRRE

2) AR T HARIME TS5, IR BOR P i FLER B TR P9 15 5 5 FLRURST SR/ BRIE L,
S REAER SIS SREALAR AT L LB FLBRZ5 S B i R AL

DOI: 10.12677/app.2022.126036 317 S A B


https://doi.org/10.12677/app.2022.126036

3) RHEE R E T 7T 32 B DAL AT Bhi A 70 A RS SRR 5 T o A% AR IR BOAR BE DRAEAE A5 A

ERTIR T, AR RIR A FIN 2R AR A o SRTIN TSR ERORIT T, 38 75 205 B AR 1 HR 7 R
MBI, Bk, ELURIIWETEH, B EER AL IR BOR Pl 5 (A% L R Bl S5 A0 2
BB R, N IESRIIRZE

BEE
[1] Zhang, H., Liu, J. and Elsworth, D. (2008) How Sorption-Induced Matrix Deformation Affects Gas Flow in Coal
Seams: A New FE Model. International Journal of Rock Mechanics & Mining Sciences, 45, 1226-1236.
https://doi.org/10.1016/j.ijrmms.2007.11.007
[21 Wu, Y, Liu, J., Elsworth, D., et al. (2010) Dual Poroelastic Response of a Coal Seam to CO, Injection. International
Journal of Greenhouse Gas Control, 4, 668-678. https://doi.org/10.1016/j.ijggc.2010.02.004
[B] k¥, XIORM, itk %5 BT NMR A X-CT [MBEEFLARR e = RAED]. HEFRHE: #BkFFE, 2010,
40(11): 1598-1607.
[4] R, KRB, #A. ZRIR T_2 WAL AR A BT FU 9], Bl 3, 2008(2): 273-280.
[6] RERE, BFF, R, 5 TN AE B A BUS B 82 PSR ]. R TR A2k (H R B
hi), 2012, 39(2): 113-121.
[6] F%u, MIEW, B3, 55 BRI RSB S K ARSI []. Rl 54K, 2009, 27(15): 56-58.
[7]1 sS4k, REFLIREAR LR ], & BHITTE 22 58 2231, 2006(2): 82-84.
[8] NEME. i HEAL AR BRFAE B I M K 3R AR L WAL IR SE BRI 7E[D]: (W22 A 5], A AF: TR B TR,
2017.
[01 #8E, R, RER. REESREE L TR H M SRRN]. TR, 2019, 51(3): 26-31.
[10] 5k, BT7T7, EKEE, Z50R, IMNAR. S0 LS 5B HILRIT L SRE 0], KRR EER, 2018,
49(7): 28-36.
[11] JEmEss. A28 S A AR I 2 NIt S0 K 3 U S S LB FE[D]: [k 22 Ar i3], KER: ZRAbARe,
2019.
[12] EFi. f#Z LR BT FINESRR]. B B b A TARiE 5 i, 2019, 39(12): 143-144.
[13] oK, BREAfe, FILHE. BB AR WO LRSS M RAE TR 4R [J]. T 7K, 2021, 43(6): 203-204+216.
[14] Fkmess. TUE MG Z LB HREF A 7T [D]: [t 2246018 50]. dbET: R E BB K2 (F B R B
T I3 51 ST, 2021,
[15] TRZEZE. TR DR R AR SR L BURFE S R 1 SRER AT 7T [D]: [k 22 frie 3], RJR: RJFEHE TR, 2020.
[16] Yao, Y.B,, Liu, D.M., Che, Y., et al. (2009) Petrophysical Characterization of Coals by Low-Field Nuclear Magnetic
Resonance (NMR). Fuel, 89, 1371-1380. https://doi.org/10.1016/j.fuel.2009.11.005
[17] Yao, Y.B. and Liu, D.M. (2012) Comparison of Low-Field NMR and Mercury Intrusion Porosimetry in Characterizing
Pore Size Distributions of Coals. Fuel, 95, 152-158. https://doi.org/10.1016/j.fuel.2011.12.039
[18] Yao, Y.B., Liu, D.M., Cai, Y.D. and Li, J.Q. (2010) Advanced Characterization of Pores and Fractures in Coals by
Nuclear Magnetic Resonance and X-Ray Computed Tomography. Science China Earth Sciences, 53, 854-862.
https://doi.org/10.1007/s11430-010-0057-4
[19] Wik, RIREL. TR RO Bk ROREGE 2 6 A B SRR AE ], BORFHEECR, 2016, 44(6): 14-22.
[20] Eok, Fhitess, XUEMH, $I4ET, 7R AR RN 51 A A WO B AR IR BT TE[9]. FE AR 44k, 2020,
45(S1): 247-254.
[21] ZEAMK. BT RBERBOR (5 DX A R A O B S8 0F FE[D]: [ 2 Arie ). Kb Airg ke, 2012,
[22] Yuan, X.T., Peng, S.M., Lin, C.Y., et al. (2005) An Interpretation Method for Permeability Based on Flow Units and
Its Applicability. Acta Petrolei Sinica, 26, 78-81.
[23] Zhang, J.C. and Song, K.P. (2007) Eigen Curve of Relative Permeability and Its Application. Acta Petrolei Sinica, 28,
104-107.
[24] Zhao, J. Hui, Y.A., Wang, P., et al. (2007) Permeability Synthesis Method for Heterogeneous Reservoirs. Acta Petrolei

Sinica, 28, 102-104.

DOI: 10.12677/app.2022.126036 318 S A B


https://doi.org/10.12677/app.2022.126036
https://doi.org/10.1016/j.ijrmms.2007.11.007
https://doi.org/10.1016/j.ijggc.2010.02.004
https://doi.org/10.1016/j.fuel.2009.11.005
https://doi.org/10.1016/j.fuel.2011.12.039
https://doi.org/10.1007/s11430-010-0057-4

[25]
[26]

[27]
[28]
[29]

[30]
[31]

[32]

(33]

[34]

(35]

[36]

[37]

[38]
[39]

DR, XL 2 TR IR I PR R R 0 TUA 8 Z 4 1 5 AR R ERT 72 [J]. KR ¥4, 2018, 43(1): 181-189.
JESC, BRAEER, $RMR, 2Rk ) r e iR A TUE NS E R AT 0] A R E IR (B AR R,
2016, 40(1): 56-61.

Yao, Y.B., Liu, D.M,, Liu, J.G. and Xie, S.B. (2015) Assessing the Water Migration and Permeability of Large Intact
Bituminous and Anthracite Coals Using NMR Relaxation Spectrometry. Transport in Porous Media, 107, 527-542.
https://doi.org/10.1007/s11242-014-0452-y

Mol BT U S2 I KA 7 O O R 42 i 7T [D]: [ L2200 3], AR E: HEA (MR S), 2015.
TR, RN, BE, EHE, TEMS SN, ZERA BT RRRE R TR Y EUE SRUK P AEB
BUHRIIY. H B K 22 253 (B SRR 22 i), 2021, 45(5): 104-112.

TR, B TR R AR AR B R A O WIRAR 2 A TR L [D]: [t 22608 30). Bl Bk, 2014,
B, B, BN, BREK, XER, Er. S8 BURKER A BT SR ) 3 v i AR AT I SO AR
AN BEEHAR S TR, 2021, 21(26): 11136-11143.

Yo, IEALBRES I 2 R RAE KX IO LTS B R PR (0 SE 3G W AL [D]: [ LAt 3] B i TREEAK
2, 2021.

B, ek, ARETE, BRGE, B, TR, B B TR CT BoR BT BRI S A YIS 5 5 i it 5t
[3]. #14L T, 2021, 50(12): 2869-2872+2876.

R, AT, BA, B, XS, REESLIRE RIS A EE S FLBR 45 M R AR B R [I]. AR AGR R,
2020, 41(2): 101-114.

XIE1HE, FrmPH, 2R, JRIE. B IRE ARG 5 08 2B B i B R AE (3], FRAhim <R, 2005(2):
96-99+110.

Loskutov, V. and Zhakov, S. (2016) Dependence of the Liquid Transverse Relaxation Time [Formula Omitted] in
Porous Media on Fluid Flow Velocity. International Journal of Heat and Mass Transfer, 101, 692-698.
https://doi.org/10.1016/j.ijheatmasstransfer.2016.05.057

B, KRR, HESE, #ACH, EER. KRB WA FLBRZ KSKBIRFHE[]. P Aok 54k, 2007,
29(5): 63-65+89+200.

JEEMS. R SIRATI2 52 A AR AR B A SRS BT 7 [D]: [ #4018 30]. B3 107 TAEHAR K E, 2006.
ECHE, BURRD R OK I ANS TR AESEIRAT ST [D]: [ 22 A 3. Abs: T E AR, 2017.

DOI: 10.12677/app.2022.126036 319 S A B


https://doi.org/10.12677/app.2022.126036
https://doi.org/10.1007/s11242-014-0452-y
https://doi.org/10.1016/j.ijheatmasstransfer.2016.05.057

	基于NMR的煤孔隙结构与渗流特征研究进展
	摘  要
	关键词
	A Review of Pore Structure and Seepage Characteristics of Coal Samples Based on NMR
	Abstract
	Keywords
	1. 引言
	2. 核磁共振原理
	2.1. 原子核的自旋、磁化和共振条件
	2.2. 核磁共振弛豫机制
	2.3. 弛豫过程和弛豫时间

	3. 煤的结构表征
	3.1. 孔径分布研究
	3.2. 孔隙率研究
	3.3. 渗透率研究

	4. 煤的渗流特性表征
	4.1. 流体划分研究
	4.2. 气水相渗研究

	5. 结论
	参考文献

