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Effect of NMR technology-based ultrasonic frequency on stimulated cracking of coal

MA Huiteng', ZHAI Cheng', XU Jizhao"~, SUN Yong'”

(1. School of Safety Engineering, China University of Mining & Technology, Xuzhou 221116, China;
2. National Engineering Research Center for Coal Mine Gas Control, Xuzhou 221116, China)
Abstract: In order to further study the effect of ultrasonic frequency on the stimulated cracking effect of coal, the
paper conducted the crack experiment on the original coal samples by using the ultrasonic generation meter, and
measured the coal by using the NMR equipment through analyzing the T, curve, the changes of pore structure before
and after coal sample cracking were deeply studied. The results show that the pore structure of coal can be effectively
improved by the ultrasonic wave. After the crack induced by the ultrasonic wave, the pore quantity inside the coal in-
creased and the total porosity, effective porosity and permeability all increased significantly. Meanwhile, the growth
rate of the number of small pores in coal is negatively correlated with the frequency of ultrasonic wave, and the
growth rate of the number of medium and large pores, total porosity, effective porosity and permeability are positively
correlated with the frequency of ultrasonic wave. The results of this study provide a good theoretical value for ultra-

sonic stimulation to crack coal seam and reduce the difficulty of coal seam gas extraction.

Keywords: NMR; Ultrasound; pore quantity; total porosity; effective porosity; permeability

10 m/t
41%!"

Yo#s B #A: 2018-10-29
E&mMA: (51774278) (BK20170001) (2018YFC0808403)

“333 ”(BRA2018032)
Foundation item The General Program of the National Natural Science Foundation of China(51774278) The Science Foundation for Distin-
guished Young Scholars of Jiangsu Province(BK20170001) National Key R&D Program of China(2018YFC0808403) the Fifth 333 High-level
Talents Training Project of Jiangsu Province(BRA2018032)

F—IEHE N 1994 . E-mail teng94 22@163.com
BIEEH: 1978 . E-mail greatzc@126.com
HELEES NMR 1. 2019 47(4) 38—44.

MA Huiteng ZHAI Cheng XU Jizhao et al. Effect of NMR technology-based ultrasonic frequency on stimulated cracking of coal[J]. Coal
Geology & Exploration 2019 47(4) 38-44.



%4 Lok AT NMR EA WM F B EARBR BRREBZRNG P -39 -
20 50
20~30 kHz 1 000 W
M. S. Mullakaev!*! 0~45C
C.
Liu Ting ¥ [61 1.3
7] (1—5 )
24 h
(5] NMR
091 5 T
10 min
(1ol 2 000 r/min NMR 5
[11-12] T,
24 h
1—5 26 kHz
27kHz 28 kHz 29kHz 30kHz
1h
(NMR)
4
24 h NMR
5 T
10 min
1 BEREAEEER NMR S
1.1 T,
2 K ERRITIE
50 mm 25 mm 1h
5
30 kHz
1 (D
2.1
F1 BEEILSHATFLEREE
Table 1 Proximate analysis and porosity of coal samples
% (NMR)
/% NMR H
1 1322 1570 5488 2237 11.11 T
2 12.01 14.99 53.97 22.09 11.28 P2 [13-14]
3 11.87 14.82 54.84 21.58 11.57 | S o
4 1196 1524 5521 2171 11.40 FZP(;) :7Fs (1)
5 1322 1479 5557 2148 11.01 2 pore
p S Vv
1.2 F r
a. RPAZL AR AT 0.15T H T, T,
21.7 MHz 1.0~49.9 MHz T,
25~35C 12.0x10° [15-16] 26~30 kHz
300 W T,

b. A8 B kR A GBP-US2021A 2



- 40 - B MRS B R % 47 &

SR

Tyt

SR

i

T3

SR

A

T3,

(2) JEARHERE (b) 26 kHz (c)27 kHz
(d) 28 kHz (e)29 kHz (f) 30 kHz
1
Fig.1 Effect of cracking stimulated by ultrasonic wave of different frequencies
007 e SO T
—— BRI HUK TR 800 —— FARAHMUK T 2k
—— BORUK T2k ’
400 r 700
600
300 ]
i 500
Flins
200 - £ 400
&' 300
100 200
100 V| 1 V| | Vl )
00 ol 01 " 1'0 100 1000 ]0' 000 OO,Ol 0.1 1 10 100 1000 10000
T,/ms o T?/ms
(a) 15 14HE-26 KHz (@) 45 HAP-29 kitz
800 —— BORITAK T 2K
800 —— B K TR —— BOURAMUK T2k
00 —— BRI T 700
7 = 600
600 i
1> 500
fllls
500 % 400
400 & 300
300 200
200 100
100 0 L ! I L
0 " ) " " " " 0.01 0.1 1 10 100 1000 10000
001 0.1 1 T]/(l)ns 100 1000 10000 T/ms
2 SHIERE-30 kH
(b) 2B HERE-27 kHz (€) SSARRES0 Itz
2 7,
—— K T Fig.2 T, curve of saturation before and after cracking of coal
800 —— BORR-HUK T, Mk
200 AR IS samples
600 2 T, 3
500 1 2 3
400
200 T, 0~10 ms 10~100 ms
200 100~1 000 ms
108 . . [17-18] T,
0.01 0.1 1 10 100 1000 10000

T,/ms

() 3 24HFE—28 kHz T T, 2 3



%48 B fe . JET NMR SR AR 7 O 3 3 B BURD B R BUR 1 % < 41 -

T,
0~10ms 10~100 ms 100~
2 3 1 000 ms
1 1-5 26~30 kHz

*2 BEHRIEIBRHELL

Table 2 Change of the number of pores s before and after coal cracking

1%

1 7516 1501 505 15.7 22 1.6
2 15520 3617 2211 6.5 10.9 13.4
3 14 250 2520 630 4.1 25.8 107.8
4 14 964 3120 1450 0.5 39.5 198.6
5 13 460 4 486 2571 -15.9 82.5 507.1

3 2.2
30 kHz
507.1%
82.5% 15.7%
mg
mgq
h d 14 ()"
HRALEC K B A i 2 P
200k — /MUBCE R RS 2k me —my

RS G = %
Si 300 L ¥=42.128 57x°-2 239.58x+29 760.882 86 s 2)
= | B=096 N d
o V= h T —
£ 200F . 2
%’ y=—6.92x+195.94 y=18.92x-497.58
™ 100+

0 -

1 1 1 1 1
26 27 28 29 30 3 26~30 kHz
B kHz
1—5
3

Fig.3 Variation of pore increase in different ultrasonic fre-
quencies



- 42 - HE T R % 47 %
4
T 1 0.5822
3)
3
1.4 - —=— BORAUK T, 2k 124
—o— HR-2 O Tk
12+ ’:/ T 20
1.0 F ;E i o
NMR T, < / S k- R g
T2 g 0.8 | " ‘(‘ﬁ('
R ! 1123
i o6 ot B- BELBR Lt | &
[20] 2 s &
04 r 1> (&
&l
Dy - FFI (3) 02k | W4
L —— ’ :
¢ FFI+BVI 0 ! i 0
FFI 0.01 01 7, 1 10 100 1000 10000
FUEE T,/ms
. (a) BORHi
. 10 000 14 _24
(FFL= [, e f [ kA
: —o— FEAF-E .0 THHhZ v
) BVI 12k o '__,..("‘"’»p : 120
x (BVI= . 1.0 b 1 MR- HBL R 2k } = {6
10 000 m 08 L 3 'H,'
.[o 01 Sdx 1o ) = | 123
! S | =
06| 4 =
4 = N ! 1s =
T o4l for BEO-RBLIERML |
T, | &
02 L a2t
o |m
0 . ; 0
0.01 01 7, 1 10 100 1000 10000
FUEE Ty/ms
(b) BRm
X T2
4
T,
Fig.4 Cumulative porosity curve of coal before and after
cracking
*3 BEHBENBEEABEEEAYIABRERSTL
Table 3 Changes of total porosity and effective porosity before and after coal cracking
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