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Abstract ; This study compared measurement results of total pore volume and pore size distribution of 6 coal samples with
different coal ranks by using the Nuclear Magnetic Resonance Cryoporometry ( NMRC) and low-temperature nitrogen
adsorption BJH method. Meanwhile, the possibility and feasibility of applying NMRC to analysis of coal pore size
distribution were evaluated for the first time. Results show that the total pore volume measured by NMRC is significantly
larger than that of BJH method for the same coal sample. This is mainly caused by two factors. Firstly,in comparison with
the BJH method ,the NMRC can measure more closed pores. Secondly, the BJH model itself has some limitations in calcu-
lating the pore volumes of most micropores ( < 10 nm) and some meso-and macro-pores. Measurement results of coal
samples with different coal ranks indicate that the total pore volume measured by NMRC shows a trend of decrease
followed by an increase with increasing coal rank. This trend is consistent with the trend of the change of coal porosity
with increasing coal rank. In contrast,the total pore volume measured by BJH does not match the trend of the change of
coal porosity with increasing coal rank,due to the existence of outlier values in the measurement results of BJH method.
Compared with the conventional methods, the NMRC has advantages in quantifying coal total porosity. Moreover, the
results of NMRC are less influenced by some artificial factors. Thus, NMRC is a new method that can be applied to the
measurement of pore structure of unconventional reservoirs.
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Fig. 1 Phase transition behaviors of porous materials'’



w1 WA TR B FLBI 5T 143

e AR
30
25
207
st AL
10}
0.5
S

260 263 266 269 272 275 278
it /K
B2 SR FLBR AR R B
Fig. 2 Typical freeze-thaw hysteresis phenomenon

of confined fluid in pores"'*

BEBER" . BoRh A R AT — s A BRI , P T
BRSSO B A Al i

FHEC RS 1 A PR AS B0 H BRI 3 U4 T 4 B
L [T A fhiod 75 RE 5 B 250 52 b B Py 8 o 119 78
o PRI, AR S 32 2 ok il Al i A oK (E 5
ARACA I T L BREEF AL

2 LIRS AR

2.1 HRER

SRR R A I0 7K 25 BB JR 2230 23 RIS HLOR
FrHBIY) 3 ANRFEIETIX, 6 ERE . KRR N BB 4
SR (R,) R T gs Rt L& 1 Fis,
2.2 KB LIE

IR AU S50 7 W AL AT, R R E 4351 R 20 ~ 40
H X 60 ~80 HAYKFE, 1X#5KFH ASAP 2020 #4>
H Bl kb 2 AR S FLBR B A AN, ZE IR A TTK &4 R
AT, S0 B TL g AR A BIH %, A H
Kelvin 77 FEUEAT5CHEAL B, 1 WL SCHk[ 16 ] .
2.3 NMRC 5238

NMRC SE5aHE AR 20 ~40 H BPBEE AR 4 1

33 FFRHE A FRA F] NMRC12 - 010V - T i 1% 43
B, H Bk o RGOR T R 4 2 SN i
WA, DARIR IO REAE Jgv@ U8, FAr BELAE S A5 X
TS TR R, R T A0 A8 TR i 00 %
FEm R AR KR T RN o AR U U5
AIAS BT S B IR R AR A e R 4 B 1 - T ity
2. HART - T HhZen] 53 4 DB Be(1& 1) AL A
LB B LR R 15 BB 2 W0 T A A e 5 R s
WARABLE G BB

T 1 -T 8t B AR AT A A i
TR TSR R AR Vs BRI A (2) K i B
T AL x X2 T IRIARIATR VX « 197284k
V(x) (NTHE—FLAR R SRR o TIRE 5 A% 45
W LA S A A R -

dV(x) _ dV(x)  d(x) _ dV(x) |

dlg(x) — d(x) dlg(x) =~ dx v - Inl0(3)
BV

x——fLBRE A, nm;
V(x) —— AR, em’ /g,

3 SLgmEiR

3.1 NMRC EMRER

NMRC 25 R 3R 2, A [ B IEEAE 2 F AL
B EA S LR FRAE 22 K, B Be AL AACRR 51 R AR BN 28 £y
MRS o A TEREFLBR 27 LUGEAL (FLAZ 10 nm) FI/NFL
(fLFEA T 10 ~ 100 nm) 2 &, thfL (fLA2A T 100 ~
1000 nm) J& KFL(FLFE > 1 000 nm) it (&5 H A6 AS 48 3t
35% , BEAALARET RSN, FLBRE5 1 B 24 i RF A

AR ARG BT LU Bl A Y £L R
KBGO AR B2 UIAE O, Ui AR 5 i
()RR R B R RO FLBR R B g 2 . ELR R
R, A URE FE AR A IR (a0 TCGO2) iy 8 FL B AR B
R TR B RE B2 A e Y MRERE (4 DS) | HLRfE 78 i Fe
38, NMRC s LA R 52 B S AR S TH i 7 1Y

®1 ZRERER
Table 1 Information of experimental samples
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Table 2 Pore volumes and pore size distributions of six coal samples measured with NMRC
NMRC LA L1/ %
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<10 nm 10 ~ 100 nm =100 nm

TCGO2 0. 046 926 442 40.72 34.92 24.36
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PL 0.017 151 179 37.40 51.17 11.43
LY 0.012 556 135 44. 95 44. 15 10.90
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DS 0. 018 182 606 44. 50 48.39 7.11
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Fig. 3 Pore size distributions of six coal samples measured with NMRC
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DS 21.139 20 0. 006 864 2.306 200 55. 820 33. 60 10. 58
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