55 42 545 6 1) C K 2 e Vol.42  No.6
20174 6 H JOURNAL OF CHINA COAL SOCIETY June 2017

R A PRI BN, A5, BT ROR R S FE-SEM BTSRRI K FLARAEL J ] BEAR27 402, 2017 ,42(6) :1517-1526. doi:
10. 13225/j. cnki. jecs. 2016. 9906
Zhao Difei,Guo Yinghai,Mao Xiaoxiao,et al. Characteristics of macro-nanopores in anthracite coal based on mercury injection , nitrogen ad-

sorption and FE-SEM[ J ]. Journal of China Coal Society,2017,42(6) :1517-1526. doi:10. 13225/j. cnki. jecs. 2016. 9906

EFER FTEWMHE FE-SEM B 7c XE 15 520 S FLASFAE

HuE' HEE ERE L FRAN,Z %' AR

(1. AP LR PHRS HERBL 22208, V195 IR 2211165 2. A ok BRI S R TR o R S8 02 VT fR 221008)

O EERARLUREMFIELTB TR EARRA G ENRE T REBEG K, AR s
R #7 % A A A6 AR BB TR -9 L4348 & 3T 9 R R IR 50 AL | 45 SRR FUR
PRS2 36 | 8 R JE R S5 B 3t AR FU IR 25 M AT 2 AR, AR TR BE A R B SLIR G R 454, 2R
R AR ENRILTIZAE  RAF AR L AR R e MR AL BRR AR AL A
MR AL A LT HILIR B RAENIL A5 RIL BARE 5K BRILR LR MR 7 e
PESLM AL AL AL TA RS, FHILELY AN 39.31 nm,80% VA LAk & = 8] 45 A
F 100 nm A F,E P4 10 ~40 nm; BRI B EEAT 2.72 ~2.90, B FE&RGEH R, #E
% A 89 F AL R TR B AR BILRAR A K F R A KILR A RILP 3T KT REA R
BALRA — TR B, MWL AR E, G ILIR L M IE T 28 R TR R W 4E ) 32 ik ik

AR EZHETRREA,
TR RIRKE SR L FUR A JUR AR AR LR 5
hE 9SS . P618. 11 X ERARERD ;A X E4S:0253-9993(2017)06-1517-10

Characteristics of macro-nanopores in anthracite coal based on
mercury injection , nitrogen adsorption and FE-SEM
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sources and Reservoir Formation Process of Ministry of Education ,China University of Mining and Technology ,Xuzhou 221008, China)

Abstract ; The structure characteristics of coal micro/nano pore are the foundation for revealing the enrichment mecha-
nism and the rule of diffusion and migration of gas in coal. Characteristics of anthracite samples from Xinjing coal mine
in Yangquan were fully studied based on various experimental techniques including argon ion polishing-field emission
scanning electron microscopy( FE-SEM) |, low temperature nitrogen adsorption and high pressure mercury injection in
this paper. The results show that pores in nanoscale with the complex morphology of tested samples are widely devel-
oped. As determined through the direct observation with FE-SEM, phyteral cell residual pore, vitrinite matrix pore,
junction formed by ultramicroscopic maceral, clay mineral pore, quartz intragranular pore, pore between components
and micro-fractures were identified, which then constituted the coal interconnected pore system. The main reservoir
space is in nanometer scale with an average pore diameter of 39. 31 nm, more than 80% of the reservoir space is under

100 nm and concentrated in 10~40 nm range. The fractal dimension of nanopores is between 2.72-2.90, indicating
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distinct heterogeneity characteristics. The quantitative characterization showed that the nanopores developed well and

the carbonaceous nanopore take an absolute advantage among all kinds of pore types, the macropores and mesopores

have a certain degree while the microfissure is not,which brings about the high adsorption ability and poor penetration

ability of coal reservoir.

Key words : anthracite coal ;nanopores ; pore types;pore characteristics ; diameter distribution
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Table 1 Proximate analysis and vitrinite reflectance of test samples

) . Tolk 4t
TS S i) /(g -+ em™) R,/ % BEAL S L %
K53/ % R/ % I 72 B/ %%
X113 KIFH 2.19 2.49 93 8.99 3.75 86. 34
X132 KA 2.20 3.05 94 11. 10 2.39 84.95
X183 KIFH 2.25 2.79 92 16. 70 5.48 77. 06
X189 IR 2.25 3.41 96 22. 80 2.99 73.17
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Fig. 1 Mercury intrusion and extrusion curves of coal samples
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Fig. 2 Relationship between mercury immersion quantity
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Table 2 Pore volume,pore suface area and average

diameter data of samples using N, asorption

Bl FLICRmR G L5/ L
G (m? - g) (em® - g™) #/nm

X113 0.067 9 0. 000 581 41.075 2
X132 0.117 9 0. 000 499 38.775 8
X183 0.178 1 0.001 119 35.703 8
X189 0.080 5 0. 000 533 41.684 8

FLAF/(106cm® « )

0 2I0 4I0 6IO 8I0 1(I)0 1I20
fL.f%/nm
B3 JCHRIEARE il O B2 A LA 20 A 2R
Fig. 3 Diameter distribution of anthracite coal samples
from nitrogen adsorption
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Fig. 6 Morphological characteristics of carbonaceous nanopores
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Table 3 Systemic classification of nanopores in anthracite coal
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Fig. 9 Reservoir spaces in micro-scale of samples
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Table 4 Fractal characteristics of nanopores
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Fig. 11 Quantitative statistics of the pore diameter based on

field emission electron microscopy
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