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Study on Adsorption Properties of Organic Vapor on Activated Carbons

CAI Dao-fei' , HUANG Wei-giu', WANG Dan-li*, ZHANG Lin', YANG Guang'
(1. Jiangsu Provincial Key Laboratory of Oil & Gas Storage and Transportation Technology, Changzhou University, Changzhou 213016,
China; 2. Suzhou Gas Group Co. , Ltd. , Suzhou 215002, China)

Abstract: Adsorption technology is widely used in oil vapor recovery, and adsorbents have decisive effect on separation. Three kinds of
activated carbon (AC) were chosen to study their adsorption properties and adsorption energy, where n-hexane and n-heptane acted as
adsorbate and adsorption experiments were conducted at 293. 15 K. At the same time, regression formula of Logistic model was used to
fit the throughout curves of active carbons. The results showed that: surface area and pore volume of activated carbon were the main
factors affecting its adsorption properties; the adsorption behavior of n-hexane and n-heptane were corresponding to Langmuir adsorption
isotherm model; adsorption energy of these three kinds of activated carbon became greater with increasing specific surface area. Fitting
curve of Logistic model had high similarity with the experimental results, which could be used in the prediction of breakthrough curves
of activated carbons.

Key words : dynamic experiments; oil vapor recovery; adsorption; adsorption isotherm; specific surface area; total pore volume;

adsorption temperature ; Logistic model
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Fig. 1  Pore size distribution of the active carbons
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Table 1  Surface structure parameter of activated carbons

Sk R AL LR R L% AL T LA

g /m?-g”! /m?-g! /em® g~ ! /em® g ! /nm
AC-1 1540.3 1189.0 1.383 0.6379 2.53
AC-2 1436.5 1144.5 1.335 0.6132 2.42
AC-3 1380.5 1044.0 0.893 6 0.4690 2.59
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Fig. 2 Equipment for dynamic experiments
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Table 2 Parameters of Langmuir and Freundlich isotherms equations ( n-hexane)

Langmuir #5571

Freundlich #5785

i q,/mg g~ Ky/m’-g! R n Ky/mg-g~! R
AC-1 351.03 0. 955 0.993 2 1. 685 127.7 0.9490
AC-2 269.02 0.954 0.9924 1.767 78.1 0.969 5
AC-3 195.23 0.678 0.9845 1.592 61.0 0.9454
%3 f Langmuir 1 Freundlich [ & RE&LE RIS S E(1F )
Table 3 Parameters of Langmuir and Freundlich isotherms equations ( n-heptane)
- Langmuir 15571 Freundlich 5%

il qu/mg g Ky/m’-g~! R n Ky/mg-g~! R
AC-1 381. 19 0. 893 0.9935 1. 496 48.5 0.990 6
AC-2 324. 84 0. 880 0.994 1 1.375 26.9 0.989 5
AC-3 251.04 0. 803 0.9935 1.551 26.1 0.979 1
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Table 4  Fitting parameter of D-R equations
e ECkE 1EPEsE
" W,/mL-g"! Ey/kJmol ! R W,/mLeg " Ey/kJ -mol ! R?
AC-1 0. 137 28.30 0.9771 0. 406 25.39 0.9839
AC-2 0. 044 27.03 0.9343 0. 159 24. 65 0.9827
AC-3 0. 038 32.62 0.9877 0.111 26.92 0.949 2
Logistic 15 X F Logistic [543 87, 32 278 i c A, - A, (1> 1) 7
£ =1,

eI Z | HLBCH TR B 2 IR I
AR R PR 2R, MR AR A 6 A1 2R 00 5 9 g ¢ 2 AR R
S5, iR B AN 5 5 i 2, 15 8 E IR R
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Table 5 Parameters of Logistic
ECkE 1EPEkE
W ) =
A 4, Ty P R A 4, T, P R
AC-1 -0.0016 0.9528 94.52 3.663 0.999 2 0.002 8 0.8892 242.7 19. 06 0.9999
AC-2 -0.02343 0.9135 84.40 3.074 0.9949  -0.0054 1. 096 243.0 4. 403 0.998 0
AC-3 0.008 3 0.9172 87.65 3.170 0.9982  -0.0008 0.8796 235.0 11.53 0.9918
1.0 1.0
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Fig. 5 Breakthrough curves of different adsorbates on AC-1
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Table 6  Adsorption capacity of ACs in dynamic experiments rmin
P -1 N 5 .
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EEk 1P Fig. 9 Temperature curves of activated carbons adsorbing n-heptane
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Table 7 Total pore volume changes of activated carbons after regeneration
O _ _ AC-1 _ _ ___ _ AC-2 _ _
BALA/geem ™ HREA/mM? g ! LR/ nm BALAE/g-em ™ HEREA/m? g ! LR/ nm
0 1.383 1540.3 2.53 1.335 1436.5 2.42
1 1.222 1390. 1 2.62 1. 306 1264.5 2.59
2 1. 178 1258.6 2.59 1.182 1150.3 2.58
3 1. 144 1210.0 2. 60 1.075 1094. 8 2.59
4 1. 106 1168.3 2.62 1.029 1 060. 8 2.56
5 1. 083 1156.78 2.63 0.8255 1042.5 2.55
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