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Characterization and fractal nature of adsorption pores in low rank coal
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Abstract : We collected 8 kinds of low rank coal (LRC) with distinguished macrolithotypes, carried out some experiments
like the low-temperature liquid nitrogen adsorption and isothermal methane adsorption, discussed the LRC adsorption pore
characteristics, and established the relationship between fractal model suitable for LRC adsorption pores and fractal
dimension with pore structures and adsorption capacities. From this, the LRC absorption/desorption curves are divided
into four categories with 4 corresponding pore types : taper-shaped pores with one end closed being dominant in bright
coal , ink-bottle-shaped pores dominating semi-bright coal, open-cylindric pores and wedge-shaped ones occurring in
semidull coal ,and open-cylindric pores being predominant in dull coal. Results show that (1) compared with the BET
model ,the FHH model is more appropriate for the characterization of LRC pores in respect of fractal nature; (2) the
various macrolithotypes in FHH model show different adsorption characteristics at relative pressure 0 ~0.5 and 0.5 ~0.
5 and have fractal dimensions D,, and D,, respectively, with D,, representing the surface roughness of adsorption pores
and D,, the irregularity of the pore structures. As D,, gets bigger, the pore specific surface area increases, whereas the
bigger D,, gets,the smaller the average pore size becomes, the higher the micropore content is,and the larger the pore
heterogeneity is; (3) D,, is more effective than D,, in controlling the adsorption capacity of LRC. When the coal is
characterized by high D,, and low D,, ,the adsorption capacity is the strongest,and the adsorption capacity enlarges as the
fractal dimension of cumulative specific surface area increases. The LRC adsorption process subsequently shows transition
from predominance of monomolecular layer adsorption to predominance of polymolecular layer adsorption with increasing

pressure.
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Table 1 LRC macrolithotypes and its proximate analysis

FE R JE R, ./ % A 2T K4 % YIRSy Yo CHEBAY Yo S ERR %
GL1 TENE /R 733 Jox 0.6 S g 3.13 6. 89 33.73 56.25
GI2 TENES K 21 Jox 0.6 S 12.83 5.97 27.35 53.85
BL1 PRAEIX B Ps 0.6 RIS 2.64 13. 62 30. 39 53.35
BL2 PR X He Pys 0.6 S A 1.99 21.28 27.74 48.99
BAl PR X He Pys 0.6 I TR 2.48 15.13 32. 69 49.70
BA2 PR IX B Ps 0.6 StsE 7.02 8.25 33.94 50. 79
ADI1 WENES IR 23 Hh Jox 0.6 IR TR 4.57 6.06 36.25 53.12
AD2 HENE /R 7 Jox 0.6 S g 3.50 2. 66 29.06 64.78
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Table 2 Test results for LRC pore characteristics by liquid nitrogen adsorption
- BETZ H:K;iﬁ/ ‘?;%HMF‘/,I R am : FLAFRUT o5 Lt/ % : HR TR LB/ %

(m® - g™") (107 mL - g™) AL /ML il AL /ML ol
GL1 0.35 1.72 19. 86 0.4 52.2 47.4 2.5 82.0 15.5
GL2 1.47 5.72 15.58 8.7 59.3 32.0 48.0 46.7 5.3
BL1 2.05 6.32 12. 34 23.6 59.8 16.6 66. 1 32.6 1.3
BIL2 2.81 6.72 9.57 29.1 56.0 14.8 73.0 26.0 1.0
BAl 3.83 11.56 12. 06 23.4 56.7 19.9 70. 4 27.5 2.1
BA2 2.14 6.11 11.42 15.8 54.9 29.3 63.5 33.7 2.8
AD1 0.70 2. 68 15. 36 7.5 61.9 33.7 30.5 63.0 6.5
AD2 0.29 1. 18 16. 18 10.9 57.3 31.8 40.2 54.7 5.1
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Fig. 1  Classification of typical liquid nitrogen adsorption/desorption isotherms and pore structures in LRC
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Fig. 3 Pore surface area and pore volume vs. average pore size in LRC
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Table 3 Fractal dimensions of BET model and FHH model in LRC

AHXFE ST (p/pg) =0 ~0.5

MRS (p/py) =0.5~1.0

RERS A, Dy =3 +4, bD, R? A, "Dy =3 +4, "D, R3 e/ Wil SRR
GL1 0.45 2.55 1.65 0.982 -0.42 2.58 1.73 0.997 %% B
Gl2 0.34 2.66 1.98 0. 944 -0.45 2.55 1.65 0. 996 HH B
BLI 0.50 2.50 1.51 0.974 -0.34 2.66 1.97 0. 947 HH A
BI2 0.46 2.55 1.64 0. 989 -0.30 2.70 2.10 0.954 HeH A
BAI 0.49 2.51 1.53 0.992 -0.38 2.62 1.85 0.996 KA A
BA2 0.35 2.65 1.95 0.955 -0.33 2.67 2.02 0.987 KA
ADI 0.19 2.82 2.45 0.816 -0.43 2.57 1.70 0.992 A A
AD2 0.29 2.71 2.12 0.922 -0.42 2.58 1.75 0. 986 A A
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Table 4 Fractal dimensions of total pore surface area and pore volume in LRC
Higi's RiFHRISARy =nS,x=lnr 4, D, =2 -4, R BiHLABSAZ y=lnV,x=lnr A, D, =3 -4, R
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AD2 y=—-2.143x -1.275 -2.143 4.143 0.987 y=—-0.577x -3.845 -0.577 3.577 0. 946
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Fig. 5 Correlation of FHH model fractal dimension vs. adsorption pore structure in LRC
a. PR S LR T BUOC R ;b S AEEU S PR R R o MBS FLIBBUR R d. sHB AR S AL T R R
30 M@ P 43.00 50rr@ b m
m D, D u
= R*=0.68 ° ]
- —~ 45 L 4408
= @] & g‘ . ] %p.i
S S ® =
g5t © ° ® L g <
= wE g
& & R ° S
540 - @ 1358
+= R=0.66 =
* s
B @ )
b
2.0 1 L L L 750 35 1 1 L L 3_0
15 20 25 30 15 20 25 30
LR/ (mt) 2 FRARB (m 1)

% 6

I HERC AR B IR Joe I B 22 FRAR AR OE 21

Fig. 6  Fractal dimension vs. CH, adsorption Langmuir volume in LRC
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