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Fractal characteristics of adsorption pores of.tectonic coal from
Zhongliangshan southern coalmine
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Abstract: Nine standard coal samples from different coalbeds of Zhongliangshan southern coal mine in Huayingshan
coalfield were tested using the low-temperature nitrogen.adsorption method to study the fractal characteristics of ad—
sorption pores ( pore diameter <100 nanometers) “and the relationship between fractal dimension and the gas adsorp—
tion capacity of tectonic coal. The results of both the low-temperature nitrogen adsorption and desorption show that dif-
ferent deformed coal has different adsorption: characteristics under relative pressures between 0. 5—1. 0. Based on the
results the fractal dimension D of tectonic coal was studied using the fractal Frenkel-Halsey-Hill ( FHH) method. The
results demonstrate that the fractal dimension D can represent the variation characteristics of pore structure and pore
surface area of tectonic coal. The higher fractal dimension D the more micropores the more irregular specific coal sur—
face and the higher heterogeneity of pore structure. The gas storage capacity of coal can be represented by the fractal
dimension D and the gas adsorption capacity of coal increases with the increasing of fractal dimension D. Therefore
the higher fractal dimension and the more homogeneous pore structure resulting from strong tectonic deformation indi—
cate that the coal has a higher gas adsorption capacity.

Key words: tectonic coal; adsorption pore; fractal characteristics; lowe temperature liquid nitrogen adsorption; fractal

dimension

= (d>100 nm) ° .
o (10 nm<d<100 nm) (d<10 nm)
\ (d<100 nm) .

12012-11-19 :

: (2011ZX05062-009)

(1967—) o Tel:0351-6014470 E-mail: songxiaoxia@ tyut. edu. cn; : (1958—)
o Tel:010-62339302 E-mail: tyg@ vip. 163. com



135
is 1
9
NNE
. o 3
10 19
( NMR) . X ( SAXS) .
( HRTEM) e ( Do
o ( 1(a));
Garbacz
13-15
(1m);
FHH
(1)) -
: / ‘:/ﬂ,‘w,nh'l\ Ty I|H|I\I|U|\JI\I-i|\|‘””'| TR
~ S
(a) 5K, Klalit2 (b ) R, KOEZ (c) B4, K9+KI10M
1
Fig. 1 Types of tectonic coal
2 AY
0.5 o N
GB/T/6948 — 2008 Leica N
DM4500P N o
( 1. SY/T 6154-1995 « ” 0,
TriStar I 3020 “ ”
0.5
1.7 ~300 nm. o,
3 1
0. 60 ~
5.43 nm,; 15.9% ~29.3%;
N ( Do 52.7% ~67.2%;,
( 2(a) ~(e)) 1 o
o (206 ~(i)) o
. (p/py < 0.5

0.5) (p/py>0.5)



136

2013 38

1

Table 1 Types of isothermal curves and adsorption pore structural parameters of tectonic coal by low-temperature nitrogen

/ /%
Ry /% /nm (m*+g™)  100~300 nm 10 ~100 nm <10 nm
K7a 1.56 13.29 0.15 48.3 50.0 1.7
K7b 1.58 11.37 0.27 49.1 49.7 1.2
K2 1.54 11. 60 0.28 47.5 50.2 2.3
K3 1.52 11.75 0.16 49. 4 49.6 1.0
K9 1.54 10. 27 0.14 43.4 55.1 1.5
K4 1.51 9. 36 0. 46 27.5 57.5 15.0
K5 1.57 7. 86 1.51 22.9 52.7 24. 4
K1 1.50 10. 61 1.92 24.6 58.0 17.4
K9+K10 1.59 9.67 1. 86 20. 1 67.2 12.7
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( 2)o p/pe:0.5~1.0
“A=D-3" 2~3 A D=3+A D=3+34 R?
: “A=(D-3) /37 K7a -0.875  2.125 0.375 0. 966
2 L K7b -0.733 2.267 0. 801 0.978
“A=p-3” K2 -0.649  2.351 1.053 0. 987
9 3 K3 -0. 821 2.179 0. 537 0. 969
( ) K9 -0. 681 2.319 0.957 0. 969
p/pe>0.5 > K4 ~0.514  2.486  1.458  0.992
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( 3(0 ~(i)) K9+K10 -0.412  2.588 1.764 0. 985
( 3(a) ~(e)) ‘R In V. In(In(pe/p))
I It
0 [ L}
y=—0.649x-3.043
| y=0.875x-4.437 0 y=-0.733x-3.421 0 R*=0.987
R*=0.966 . R*=0.978 . .
[~ _1 ;2;._] |
=72 = k=
-3 =2 =2
K7a . K7b > K2
-4 L L L -3 1 L . ke =3 L L !
-4.5 -3.0 -1.5 -4.5 -30 -1.5 -4.5 -3.0 -1.5 0
In(In(pip,)) In(In(pip,)) In(In(pip,))
(a) (b) (c)
or 0 1~
-y . ';::S'SEQH‘S 13 = y=—0.681x-4.115 J=—0.514-2.056
. =0. R=0.969 of R=0.992
=721 2 -
-3L E__; -1k
K3 -
-4 . A K9 ) K4
e (]"3-?, ) ~1.5 45 3.0 -1.5 45 3.0 -15 0
n 1(1(: ;,, In(In(p/p,)) In(In(p/p,))
5 . (e) . (f)
i : =—0.417x-0.354
.L'T_U.)}:}X_O..}ls TR:_O 9?5‘? . }:_0_412).,_05?6
1 R*=0.973 1 . 1t & R=0.985
=N L] S u "
i= = =
0F 0 [1]8
KS - K9+K10
— 1 1 I o 1 1 I —] 1 1 i J
=5 =0 s =5 =0 -is 45 30 ) 0
In(In(p/p,)) In(In(p/p,)) In(In(pip,))
(g) (h) (i)
3 (p/py>0.5)
Fig. 3 Plots of In V vs. In( In( py/p) ) (p/py>0.5) reconstructed from the N, gas adsorption isotherms
4.1 o
4( a) o



138 2013 38
o 4.2
(- 4(b))- . .
D<2.5 ;. D>2.5 %
27
0 o 5 0
( 4() 5
'_:w ot
2
14 - ._E, 3F
Bt " : =
R=0.752 X2t
£12 £
& 21t
W =
gm | %0 22 24 26 238
9 iz 0]
8+ .
7 - : s - >
20 2.2 ﬁ}ﬁézéé %D 2.6 2.8 Fig. 5 Relationships between the fractal dimension and
(a) adsorption capacity of adsorption pores
25r
20+ R*=0.869
s
e RE
41 o
=I0F i
&=
5 L
0 = ‘ : - .
2.0 2.2 24 2.6 2.8
S IB4ED
(b)
201 °
Wt R=0.857 . 5
t )
2 1.0+ (1) p/py>
% os| 0.5 : /
X .
0 . " /
2.0 22 24 2.6 2.8
G TAEED °
(c) (2) / 0.5~1.0
A FHH A=D-3
A=(D-
Fig. 4 Relationships between the fractal ( 3) 13
& . : A=D-3
imension and pore parameters
o
(3)
(D>2.5) °
(4)

1 Alexeev A D. Closed porosity in fossil coals J
635-638.

. Fuel 1977 78:

2 Robert A Meyers. Coal structure M . London New York: Academic



139

12

14

Press 1982.

J. 2006 34(3) :64-68.
Yao Yanbin Liu Dameng. Pore system characteristics of coal reser—
voirs and their influence on recovering of coalbed methane in Henan

coalfields J . Coal Science and Technology 2006 34(3) : 64-68.

N

J. 2000 21(1):
1-6.
Liu Chiyang Zhao Zhongyuan Yang Xingke. Strong activity and ac—
tive deep action: two important features of Chinese sedimentary ba—

sins J . Oil & Gas Geology 2000 21( 1) : 1-6.

- ]
2004 32(2):20-22.
Lei Chongli Liu Chiyang. Reformed pattern of coal reservoirs in re—
formed coal basins and effect on favorable blocks of coalbed gas in
the North China craton J . Coal Geology & Exploration 2004
32(2):20-22.
JuY W Li X S. New research progress on the ultrastructure of tec—
tonically deformed coal J . Progress in Natural Science 2009 19:
1455-1466.
Yao Yanbin Liu Dameng Cai Yidong et al. Advanced characteriza—
tion of pores and fractures in coals by nuclear magnetic resonance
and X-ray computed tomography J . Science China Earth Sciences
D 2010 53( 6) : 854-862.
Radlinski A P Mastalerz M Hinde A L et al. Application of SAXS
and SANS in evaluation of porosity pore size distribution and surface
area of coal J . International Journal of Coal Geology 2004 /59:
245-271.
Radovic L R Menon V C Leon Y Leon C A et al. On the porous
structure of coals: evidence for an interconnected but constricted mi—
cropore system and implications for coalbed methane recovery J .
Adsorption 1997( 3) :221-232.
Yao Y B Liu DM Tang D Z et al. Fractal characterization of ad—
sorption—pores of coals from North China: an investigation on CH,
adsorption capacity of coals J . International Journal of Coal Geol-
ogy 2008 73:27-42.
Yao Y B Liu D M. Comparison of low-field NMR and mercury in—
trusion porosimetry in characterizing pore size distributions of coals
J . Fuel 2012 95:152-158.
Cai YD LiuDM Pan Z ] et al. Pore structure and its impact on CH,
adsorption capacity and flow capability of bituminous and subbitumi—
nous coals from Northeast China J . Fuel 2012 103:258-268.
Garbacz J K. Fractal description of partially mobile single gas ad—
sorption on energetically homogeneous solid adsorbent J . Colloids
and Surfaces A: Physicochemical and Engineering Aspects 1998
143:95-101.
Gauden P A Terzyk A P Rychlicki G. The new correlation between
microporosity of strictly microporous activated carbons and fractal
dimension on the basis of the Polanyi-Dubinin theory of adsorption
J . Carbon 2001 39:267-278.

Lee G J Pyun S I Rhee C K. Characterization of geometric and

18

19

20

21

22

23

24

25

26

27

structural properties of pore surfaces of reactivated microporous car—
bons based upon image analysis and gas adsorption J . Micro—
porous and Mesoporous Materials 2006 93:217-225.

Ju Yiwen Jiang Bo Hou Quanlin et al. Nano—scale deformation of
coal structure and the relation with the metamorphic and deformed
environment J . Chinese Science Bulletin 2005 50( 16) : 1784 -
1795.

I 2011 36(4):
609-614.
Jiang Wenping Song Xiaozhong Zhong Lingwen. Research on the
pore properties of different coal body structure coals and the effects
on gas outburst based on the low-temperature nitrogen adsorption
method J . Journal of China Coal Society 2011 36(4) : 609-614.
Li Ming Jiang Bo Lin Shoufa. Tectonically deformed coal types and
pore structures in Puhe and Shanchahe coal mines in western
Guizhou J . Mining Science and Technology 2011 21:353-357.

I 2004, 29( 5) :513-517.

Ju Yiwen Jiang Bo Hou Quanlin et al. The new structure-genetic
classification systemuin tectonically deformed coals and its geolog—
ical significance. J . Journal of China Coal Society 2004 29( 5) :
513-517:

2001 26(5) :552-556.

Chen Ping Tang Xiuyi. The research on the adsorption of nitrogen
in low temperature and micro-pore properties in coal J . Journal of
China Coal Society 2001 26( 5) : 552-556.
Xu L Zhang D Xian X. Fractal dimensions of coals and cokes J .
Journal of Colloid and Interface Science 1997 190( 1) : 357-359.
Rigby S P. Predicting surface diffusivities of molecules from equi—
librium adsorption isotherms J . Colloids and Surfaces A: Physico—
chemical and Engineering Aspects 2005 262: 139-149.
Qi H Ma J Wong P Z. Adsorption isotherms of fractal surfaces

J . Colloids and Surfaces A: Physicochemical and Engineering
Aspects 2002 206:401-407.
Pyun S T Rhee C K. An investigation of fractal characteristics of
mesoporous carbon electrodes with various pore structures J .
Electrochimica Acta 2004 49:4171-4180.
Pfeifer P Avnir D. Chemistry in noninteger dimensions between two
and three. I. Fractal theory of heterogeneous surfaces J . The Jour—
nal of Chemical Physics 1983 79:3369-3558.

J. 1999 24(6) :556-570.
Zhang Qun Yang Xilu. Isothermal adsorption of coals on methane
under equilibrium moisture J . Journal of China Coal Society

1999 24(6) :556-570.

J . 1998 21(3):7-13.
Wu Dawei Wu Zhengming Li Fan et al. The study on the behavior
of coal combustion from its surface structure J . Coal Conversa—

tion 1998 21(3):7-13.





