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Physical meaning of adsorption isotherm constant and
dimensionless adsorption isotherm equation

CHEN Yuangqian, LIU Haoyang, TANG Chenyang, GAN Lei

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

Abstract: The adsorption isotherm equation published by Langmuir in 1918 describes the relationship between cumulative
adsorption rate and adsorption pressure under isothermal condition. However, it should be noted that the Langmuir equation
is an empirical equation of isothermal cumulative adsorption based on the experimental data from a large number of adsorp-
tion isotherm experiments by adsorption instrument (made by mica sheet) using methane (CH,) , nitrogen(N, ) , carbon mon-
oxide (CO) , carbon dioxide (CO,) , oxygen (0,) , argon (Ar) , and other gases. This equation has two constants, a and b.
CHEN Yuangian published the derivation of adsorption isotherm equation in 2018. There are also two constants A and B for
this equation. The research results indicate that the two constants in the adsorption isotherm equations proposed by Lang-
muir and CHEN both have important physical meanings. The constant A of CHEN’ s equation and the constant a of Lang-
muir equation represent the limit of cumulative adsorption rate of the sample. The constant B of CHEN s equation and the
constant b of Langmuir equation represent the decreasing rate of adsorption capacity. AB of CHEN’ s equation and ab of
Langmuir equation represent the maximum of theoretical initial adsorption rate of the sample. Meanwhile, the dimension-
less CHEN’ s and Langmuir adsorption isotherm equation and adsorption isotherm equation at instantaneous pressure were

proposed, and a method for determining the isothermal saturated adsorption pressure and isothermal saturated cumulative
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adsorption capacity was proposed. The application of 16 cases shows that the limit of adsorption rate of samples evaluated

by CHEN s equation and Langmuir equation was basically same. For evaluations of the decline rate of instantaneous pres-

sure adsorption rate and the maximum theoretical initial adsorption capacity , the results of Langmuir equation were signifi-

cantly different from those of CHEN’s equation. However, it should be noted that Langmuir equation is empirical , and its

reliability is lower than CHEN s equation.

Key words: isotherm ; adsorption equation ; equation constant; physical meaning; dimensionless adsorption equation; deter-

mination method of saturated adsorption
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Tablel Basic geological data of 16 samples
%> F b HZ T WEm) EE(C)
1 Powder R. Ft.Union FG29-1 152.44 21.13
2 Powder R. Ft.Union FG29-1 152.44 21.13
3 Powder R. Ft.Union Bullseyel ~ 349.09 22.24
4 San Juan Fruitland ~ S.Ute36-1 744.21 51.71
5 San Juan Fruitland ~ S.Ute36-1 744.21 51.71
6 San Juan Fruitland  S.Ute36-1 744.21 51.71
7 San Juan Fruitland S.Ute36-1 744.21 51.71
8 San Juan Fruitland Ham3 878.05 46.15
9 San Juan Fruitland Ham3 878.05 46.15
10 San Juan Fruitland Ham3 725.61 46.15
11 San Juan Fruitland Ham3 816.16 46.15
12 San Juan Fruitland ~ NEBU403  928.35 43.37
13 San Juan Fruitland Co32-79  841.46 46.15
14 San Juan Fruitland Co32779  853.35 46.15

15 Appalachian Pennsylvanian ~ USM1 267.07 25.02
16  Appalachian Pennsylvanian ~ USM1 287.5 25.02
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Initial data for adsorption isotherm experiments of 16 samples
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Fig.2 Cumulative adsorption isotherm curves of 15 samples
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Table3 Experimental evaluation results of 16 samples
3 I /B = IS -
VLim D TIPS VLim D TIPS
(m¥t) (MPa™) (m*/t) FE  (mt) (MPa™) (m*/t)  ZHEL
10.90 0.27 296 09978 22.08 0.11 2.40 0.926 1

5
Jo Bo

—

2 1334 045 598 09966 16.72 046  7.69 1.0000
3288 044 1.27 09956 3.82 0.35 1.34 09311
4 1633 0.27 434 09693 15.78 0.83 13.09 0.949 1
5 15.03 022 331 09952 1695 0.28 4.75 0.8833
6 3676 042 1553 09494 3747 1.73 64.96 0.9629
7 1592 0.24 3.82 09868 15.69 0.63 9.90 0.961 1
8 1430 0.26 376 09907 13.13 0.87 11.41 09256
9 2268 025 5.68 09955 21.66 0.64 13.83 0.9475
10 13.09 0.35 4.54 09940 1566 043 6.67 0.998 2
11 1028 040 412 09977 1329 0.38 5.02 0.998 5
12 13.60 0.38 5.18 09973 1635 045 7.41 0.998 4
13 1034 0.32 331 09753 11.68 0.51 6.01 0.9972
14 1201 035 4.18 09926 14.18 043 6.10 0.9957
15 18.66 0.64 11.93 09881 20.85 1.03 21.39 0.9931
16 19.49 0.63 1235 09902 21.80 1.03 22.40 0.9942
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