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Fig. 1 Sandstone sample
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Fig. 2 RMT rock mechanics experimental system

2 RBEEREHH

2.1 BARFABENFHETURE

b 52 B I 94 00 i 2 R A5 A e L
J1 2 R 2 e A AR 3 S EE A R O
8 0 X5 AN TR AR 25 N 10 e (9 BT T 8 5 D A
R A TR R R DU el U E iR IR (S
PLIE
2.1.1 MAMEHESHT

P 3 S KAR & AR S Tt ACIR B 5 R A



%14

WIF L, E LR RART AL AR RILRE IR R 3

2207 T AR A R G PR B (0.1.3.5 YO JE 1Y
N AR . FTLAE RS R AR YR AL B P
IR N g g AR 2 AE S B BORE R A R R I LA
PER R L WD HRHU SR AR A RE D A0 . Bl R
FAG IR BN 1 B2 5 U, i 2 A 3 M B B 1
AREFR BTN o 2 B R RO I 2 S RD 25 o 7 A
GCMELER, ECOL MR FRAL, PIERET .,

90

@
o — wwwmox ||
swprix S
S dRRER3 y/a
s wmEssk /S
= rd
= | , |
30 // A
7
I
//'7 1 1 Il J
0 0.5 1.0 1.5 2.0

T FLAT o e FO) R (LI ) 5 Bt TR 0 3 T 2 1) 344
TS WAL R ) 20 T oo 30K i WA b 3 BT YR
PRI UCEC 2 , b 3 1 BT 5 B2 R BB 2 x5
W R AE F e VR AR T AN 5 A1 5. AR
VR AR B X R 5 64 B2 IO A A P AT S 35 2 i,
A VR FRE R U 6 0, S i R A R R AR BT
5 B /N B DR i 1) B A P A A O

70

(b) .
or / J h‘/“\‘
50 - Y
< CRAIAIROIK Y "}/‘1
E 40 - CRAMIEIR 11K 7 LT
5 RIS )
& 3o CRALIEIRS IR 7 A ‘
/‘L//) // \ ‘
0F /,// /// ‘\‘
10 F s ‘
= \
0 | == ) ) ) )
0 5 10 15 20
R /%

() RIRE KR s (D IKRES .

E 3

b S BRS8N ) R 2k

Fig. 3 Stress-strain curve of compressive strength of sandstone
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Table 1 Compressive strength test data
R BTG FE it WS BiaHi e . URELTE  RE E/ WS ESL(ER/ NN .
. [/ %% . [/ %%
W T % /MPa iR % /MPa Wk w5 ¥ /MPa % /MPa
G-0-1 80. 68 S-0-1 64. 66
0 G-0-2 75.71 80. 21 0 S-0-2 73.14 66.05
G-0-3 84.25 S-0-3 60. 36
G-1-1 74.32 S-1-1 53. 36
1 G-1-2 66.33 70. 39 12.25 1 S-1-2 56. 28 53.21 19. 45
G-1-3 70.52 S-1-3 49. 98
G-3-1 70. 80 S-3-1 47.59
3 G-3-2 64.56 65.28 18.61 3 S-3-2 50. 95 46. 22 30.03
G-3-3 60. 49 S-3-3 40,12
G-5-1 62.97 S-5-1 37.42
) G-5-2 58.01 56.92 29. 04 5 S-5-2 21.08 29. 40 55. 50
G-5-3 49.78 S-5-3 29. 69
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Table 2 Elastic modulus test data
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WA H5 #i/GPa it /GPa " WRE 4% #H/GPa Bt /GPa "
G-0-1 7.40 S-0-1 5. 30
0 G-0-2 6.32 6.88 0 S-0-2 7.63 6.40
G-0-3 6.92 S-0-3 6.26
G-1-1 6.53 S-1-1 4. 24
1 G-1-2 5. 66 6.10 11.29 1 S-1-2 5.26 5.09 20. 48
G-1-3 6.12 S-1-3 5.76
G-3-1 6. 46 S-3-1 3.90
3 G-3-2 5.72 5. 80 15.75 3 S-3-2 4.49 4.02 37.10
G-3-3 5.21 S-3-3 3.68
G-5-1 4. 11 S-5-1 2.28
5 G-5-2 4.99 4. 29 37.60 5 S-5-2 1.74 2.38 62.74
G-5-3 3.78 S-5-3 3.13
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Fig. 7 Pore size distribution curve of sandstone
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Table 3 Pore volume ratio
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AL L NL ol KAL AL /AL AL KAL
0 63. 01 31.52 5.47 78. 87 19. 89 1.24
1 59. 89 34,65 5. 46 78.06 21.00 0. 94
3 59. 46 35. 09 5. 44 65. 84 30. 52 3.63
5 59. 74 33. 80 6.47 62. 60 32.59 4.81
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Table 4 Sandstone porosity before and after liquid nitrogen freezing and thawing cycles
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1 11.93 12.53 0. 60 5.03 8.16 8.6 0.44 5.39
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5 11.93 12.78 0. 85 7.12 8.16 11.35 3.19 39. 09
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Mechanical Properties and Pore Structure Evolution of Sandstone under
Liquid Nitrogen Freezing and Thawing
ZHANG Shiming"?, WU Qingin’, HUANG Aiwu"?, WANG Yuting"?,
JIAO Wenlei"*, WU Lingling"?, HU Lin"*, YU Qing"*

(1.School of Resources, Environment and Safety Engineering, University of South China, Hengyang 421001, China;
2. National Defense Key Laboratory of Uranium Mining and Metallurgy Biotechnology, Hengyang 421001, China;
3. College of Railway Engineering, Hunan Vocational and Technical College of High-speed Railway,
Hengyang 421200, China)

Abstract: In order to further study the mechanical properties and pore structure evolution of sandstone
under the action of liquid nitrogen freezing and thawing cycles, the sandstone in natural water-bearing
state and saturated state were taken as the research object. The compressive strength, elastic modu-
lus, pore T, map and nuclear magnetic porosity of sandstone after different liquid nitrogen freezing
and thawing cycles were measured by nuclear magnetic resonance instrument and rock mechanics test
system. The mechanical properties, porosity evolution and pore size distribution of sandstone under
the action of liquid nitrogen were analyzed. Based on the SDR permeability model, the permeability
change of sandstone after freezing and thawing cycles was calculated. The results show that the uniax-
ial compressive strength of sandstone decreases significantly after liquid nitrogen freezing treatment,
and the decrease of strength increases with the increase of freezing and thawing cycles. When the
number of cycles increases from 0 to 5, the decrease of compressive strength in natural state increases
from 12.25% to 29.04%, while the maximum decrease of compressive strength of sandstone in satu-
rated state is 55.50% . The results of nuclear magnetic resonance (NMR) test show that the freezing
and thawing cycle of liquid nitrogen significantly increases the porosity and permeability of sandstone,
especially for sandstone samples in saturated state. After five freezing and thawing cycles of liquid ni-
trogen, the porosity growth rate is 39.09% ; and the permeability growth rate reaches 160%, which is
1.89 times that of natural water-bearing sandstone. The research results can provide a new idea for
the efficient leaching of low permeability sandstone-type uranium deposits by liquid nitrogen fracturing
technology.

Key words: liquid nitrogen freezing and thawing; mechanical properties; pore structure; nuclear mag-

netic resonance; permeability; sandstone-type uranium deposit



