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Comment on inaccuracy of relational expression of excess
adsorption capacity and absolute adsorption capacity

CHEN Yuangian, FU Libing, XU Jiaqian

(Research Institute of Petroleum Exploration & Development , PetroChina , Beijing City , 100083, China )

Abstract: The shale adsorption gas and coalbed adsorption gas are important unconventional natural gas resources. The
evaluation of such resources depends on the calculation of the isothermal cumulative adsorption capacity and the determina-
tion of the isothermal saturated adsorption capacity under different pressures. The isothermal cumulative adsorption capaci-
ty under different pressures needs to be obtained by the relevant calculation methods based on the test data from the adsorp-
tion apparatus. Based on the uncertainty of Adamson’s equation of solid—phase adsorption capacity presented in 1976,
Donohue and Aranovich cited Adamson’s adsorption equation, and proposed the excess and absolute adsorption capacities
and their relational expression that were incorrect in 1998. The excess and absolute adsorption capacities and their relation-
al expression proposed by Donohue and Aranovich are cited and confirmed in the paper published by ZHOU Li et al. in
2000, which were also incorrect. From 2015 to 2018, YU Lingjie and other relevant experts followed the relational expres-
sion of the excess adsorption capacity and absolute adsorption capacity proposed by ZHOU Li et al. and published many pa-
pers in some key Chinese journals. Through the tracking research and comparative analysis in this paper, it is concluded

that the excess adsorption capacity and absolute adsorption capacity are two pseudo—words lack of physical definition and
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use value, and the relational expression of the two is also incorrect. Using the relational expression of the excess adsorption

capacity and absolute adsorption capacity, the isothermal adsorption capacity , the isothermal cumulative adsorption capaci-

ty, and the isothermal saturated adsorption capacity cannot be obtained at all.

Key words: shale; coal seam;adsorbed gas; excess adsorption capacity ; absolute adsorption capacity ; relationship formula;

inaccuracy
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LHEAEE KT KA} ] 51 FH 3k b 0 R o 5 e el g o O R X
D()n()h%le Zill ACIS 1998 a1 r,=a, (Pl - Pg)
Aranovich!6/ r..=r,. -a, Py
Ji 5 ) R R B4 2000 i1 nee =ta(ps = 1)
N = Nyyy =V, P,
M. =M, - VP,
B A 2015 H31H M- ME,\,S(I _ %)
etz FE 2015 Kl o }(1 - %)
Mee = My = VPy
J ¥ S &g o) R A4 2016 *51H _ ( pg)
m,, =my (1 - ;
Ja it S FARA T 2016 AR5 ] J g S0
J i SR 1k it 2017 K51 [vi] J& i S Ao
J i S g BheEiE 2017 51 [ii] J&] i S Ao
Mee = My ~ VP
PRIy ERD FeRliE=ziit 2018 x5 ~ ( pg)
me, =my |1 -—
P
Mo = My = V00igh,
S 51 FARA T 2018 F31H B ( Pg)
m,, =my |1~ ;
G =Gy —0,p,
SRR 1] TR 5 & 2018 K31 ¢ - (1 B g)
exc abs p"
Jripl ) TR 2018 51 b = (1 - Z—)
AT m; —m
JEE IR R n=—*r (20)
m; = mg, (19) m M
n, = —_— . N S =
‘ M A 00 1 5 AR R AR e S BE IR
K :n,, o ZFR B EE K £, mols M mol/g.
S H B 4y E L g/mol FR A Avogadro (PR NS L ) s HES) ) 1 BE IR
FEh (19) K BR LA CA FE R BT & m,, AIAS 150 AT S0, 7R 4 X8 K 273.15 K A4 %t £ 75 1

R SR RS PR e A BE JR BN

atm (0.101 MPa) 9 45 1 , o5 A B AR A FR 2 Oy



276 H2H

WAR T T 45 el 0 R - 4 o 0% o O R A AN IE A °5-

22414 em®s W FAARMRFUS IR BLE L, R IE, 1
JEE IR (R AT AT AR AE 293 K F10.101 MPa 1 4 i b 12
20T N5 A AR AS A 24 056 em®, X EEE SR 1A
FUR BT FR A Avogadro H %X, I IR R €,=24 056
em’/mol. I, 1 50 5 FE R AL B H b A IR R
He

C,Am,—m,
Q=(mM"’) (21)
A Q R 1 58 A A B R e SR AR AR

em’/g B, m’/to
W B B S 0 i M=16.043 g/mol F1 C (HACA
D)0, T 1 s A ke 2R B e A AR R
1500(m. — m,
0 _ 1500(m. - my) (22)

m

HY DA EOF Fe P S AT DA R P AR i A
DAY BERE, 8 (14) AT 3 m, 5o i B
MR e L B . AR TR T S R
(14) ZTE AR, (H A RS2 58 4 AN ) 19 o X AT LA
A m, T m, 53 590 S Sy 3k 0 W 86 0 0 %o A o i
7 X BAREAR AR, WA SOy (14) 20n) LA
A1 B A SRR RO PR B S T B R e AL ACR
i, MR 1 g 26 &R R — A A B IS ]
IR SC ZR 2 IR, 8 A 2 S ik 760 W BT 71 246 %
W B e B SR EAT, T L I SRR AN T
2 METE BEAS B E AR A9 ¢ R Gy B % R RE
SRAS e 1) A6 Ik W BfT 1 R A g R AR B 5, D ST
W T AR W B A U T e 1) A IR A R A
7 BAREGEN. ES% Hk[2-4]hE &R
AR R . R AR Y, Donohue I
Aranovich, LK 3R 1 AR RIVER , = K5 3R
p (8L, VAR T aR e 0w Bt 6, 2 A AT AT BRI AR
Py, R M — A e B R Ik T 2 L H
IR ERATAER

i ok F AR X EE A B FAfEIE R B, Donohue F1
Aranovich T 1998 45| F] Adamson A 1F #ffy %) [&] AH 1
B ACAH 118 o P 06 FR X, 7R A AR A ) B LY
SAETT R T A 7 R R 4 o R e
thaaia), DL s Z ) e & 20, e & 20T 2000
ARRR BAE T IS . HUA 72 2015 4F 2 2018 4F
B, Mg g ], Jefa 7e v [ i — 22 8 500 1) F
R T 25, R WHF W Z W2 st He

TR, [T AH I8 B CRH o o 19 ¢ 28 20, AR AR 241
2 STV AR 3 7 W O e o 4 X WA o o ) R o R
I R 2 0 W AR A AR AR S B T S T 44 3
P 2Z A ¢ R A A SR ME S AN IEBR Ry . AT AH
Xof SR A W B AL BT 5, AR A IR B L AR
SRR o0 R A5 U U I R B AR A S AE AR T I 1Y
ok 30 2 o6k R o W B o 7 T 4 e AN S | A R
I o 2 0 245 Xof W Bk 5C R AU AE 5 T LG A AT 5
JE 7 N B R T 22 G R R A 4 X
B e R A AR Y . 3R 1 T AT S AN ]
T P 25 58 4 A Ti) P 3 0 g o 70 0 0 i o 56 3%
TORASTERA Y, WA BE 0 B B8 109 3 A A S B
. B Donohue 1 Aranovich £ H 3y % H
e e TR ok 70 4 %o W o ) O 2R X, S A kg ) T
AL A] R AN B € H . {HZE Donohue il Aranov-
ich J& LAE R LB 24 PR 5 (A5 56 R U8 IS 1 ki Y
AR R, LR ANBRMEE TG 7 . HSL B T4
LN RPN T A AR, (HEIE— 22235 4
I AEFIESK (E1F2 NE %,

% 30k

(1] BRoo T, (AL I 8 I it . ARG B 75 e e A 5 e 14 4 & %
BEFILT ). o i Bl <, 2018,30(2) :85-89.

CHEN Yuangian, FU Libing, HAO Minggiang.Derivation and ap-
plication of gas adsorption equation and desorption equation [J].
China Offshore Oil and Gas,2018,30(2) : 85-89.

[2] BRoC T, WM, BRar . SR Bt AT i m e S v L .
BT S R %, 2018,25(6) : 56-62.

CHEN Yuanqian, TANG Chenyang, CHEN Qi.Derivation and ap-
plication of isothermal adsorption rate calculation method [ ] ].Pe-
troleum Geology and Recovery Efficiency,2018,25(6) : 56-62.

(3] WRICT, 05 . ik o R R A3 1 A8 Tk A o 72 Py A e B i

FHLI T AU B 53R 13, 2019, 26(2) : 76-80.
CHEN Yuangian, LIU Haoyang. Derivation and application of
method for calculating isothermal adsorption capacity by using
weighing adsorption apparatus|J].Petroleum Geology and Recov-
ery Efficiency,2019,26(2) : 76-80.

(4] BRoo T, X0, MALIS 3 H 30U USRI SR U B At ) R o
L) il <, 2019,31(4) :85-88.

CHEN Yuanqian, LIU Haoyang, FU Libing. Weighing method for
calculating the isothermal cumulative adsorption capacity of shale
gas[J].China Offshore Oil and Gas,2019,31(4):85-88.

[5] ADAMSON A W.Physical chemistry of surface [M].3rd ed. New
York : Wiley—inter—Science Publication, 1976:565-576.

[6] DONOHUE M D, ARANOVICH G L.Classification of Gibbs ad-
sorption isotherms[ J ].Advances in Colloid and Interface Science,
1998:137-152.

(7] B, 20, R il 5 P e 7 1o 20 1 05 P e 8 0 B



-6 WO o 5Ok ko % 202043 A
SIS ST . R B, 2000,30(1) :49-56. [13] JAB3C, EA e, BEAR IR, 45 A I 1 I R AL IR A 5
ZHOU Li, LI Ming, ZHOU Yaping. Adsorption measurement and [J]. Bl 47 ,2017,62(35) :4 189—4 200.
theoretical analysis of supercritical methane on high surface acti- ZHOU Shangwen, WANG Hongyan, XUE Huaqing, et al. Super-
vated carbon[ ] ].Science in China: Series B,2000,30(1) :49-56. critical methane adsorption on shale gas: Mechanism and model

(8] ATRAN, W, BRELT, A5 W A ML U ol oo 1 o v AL [J].Chinese Science Bulletin,2017,62(35) : 4 189-4 200.
W B SEG 0 ], A1 AR , 2015, 36(5) : 557-563. [14] SRUUMW, SR, B 2, A S0 Pl S DX ] A WL ST LR A
YU Lingjie, FAN Ming, CHEN Hongyu, et al.Isothermal adsorp- Jo s m S H B B RE T [ ]. Al 2440, 2018,39(4) :391-401.
tion experiment of organic—rich shale under high temperature and ZHU Hangqing, JIA Ailin, WEI Yunsheng, et al.Pore structure and
pressure using gravimetric method[ J ].Acta Petrolei Sinica,2015, supercritical methane sorption capacity of organic—rich shales in
36(5):557-563. southern Sichuan Basin[J]. Acta Petrolei Sinica, 2018, 39 (4) .
(9] fefd, x| H , BRI, 55 . U OB IR 5% K A9 Dubibin- 391-401.
Astakhov GBI L) ] £l 2412, 2015,36(7) : 849-857. [15] TIOR8, F LU A6 AR B AR AN T S IR B 5 58
XIONG Jian, LIU Xiangjun, LIANG Lixi, et al.Improved Dubibin— YBR[ ). RAR KTl , 2018,38(6) : 19-26.
Astakhov model for shale—gas supercritical adsorption [J]. Acta TIAN Wenguang, DENG Ze, WANG Hongyan, et al.Negative ad-
Petrolei Sinica,2015,36(7) :849-857. sorption in the isotherm adsorption experiments of low—adsorption
[10] J& i Sc, BEAR DT 200G , 2 | 350 T Fh e v 1 0 0B I SR B coal and shale[ J].Natural Gas Industry,2018,38(6):19-26.
HESZBBFTELT ] HEpe 4, 2016,41(11) :2 806-2 812. [16] St R, SaE0T, m A, 46 . BUA o A5 R il 28 2 U
ZHOU Shangwen, XUE Huaqing, GUO Wei, et al. Supercritical FEANAFESCR L) ] AR 591 & ,2018,45(1) : 119-127.
isothermal adsorption characteristics of shale gas based on gravi- DUAN Xianggang, HU Zhiming, GAO Shusheng, et al.Shale high
metric method [ J].Journal of China Coal Society,2016,41(11) : pressure isothermal adsorption curve and production dynamic ex-
2 806-2 812. periments of gas well [J]. Petroleum Exploration and Develop-
(11] JAWGSC, B2 AR IR, A5 . U ik 00 MR 5t 5 246 068 I Bf st ment,2018,45(1):119-127.
PESE RCE S RSO AR, 2016,36(11) (171 5L, Fhede, 5 i3 , 45 . 0 TR e A58 i IR B & 158 i 3B 5
12-20. TEMCHEL) ] AT SR T, 2018,40(1) : 71-77,89.
ZHOU Shangwen, WANG Hongyan, XUE Huaqing, et al. Differ- FANG Fan, SUN Chong, SHU Xiangwei, et al. Problems of meth-
ence between excess and absolute adsorption capacity of shale ane isothermal adsorption calculation in shale and method im-
and a new shale gas reserve calculation method [J]. Natural Gas provement [ J ]. Petroleum Geology & Experiment, 2018, 40 (1) :
Industry,2016,36(11): 12-20. 71-77,89.
(12] JA RS0, 258 BEAE R, S5 | DU 2 dat U R i o 32 0 A 512 56 [18] B FIHR AR i 32 (12 5 0 7 ) [ M. b 4

Xt HEHFFELT) AL T ,2017,36(5) : 1 6901 697.

ZHOU Shangwen, LI Qi, XUE Huaqing, et al. Comparative study
on the volumetric and gravimetric method for isothermal adsorp-
tion experiment of shale [J].Chemical Industry and Engineering

Progress,2017,36(5) : 1 690-1 697.

I, AT P bR AR L, 1992,

SAVELYER E V. General physics (Mechanics and molecular
physics) [M].ZHONG Jincheng, HE Boheng, trans.Beijing : High-
er Education Press, 1992.

mwiE RO



