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Abstract: In this study, we investigated the relationship between the iodine number, carbon tetrachloride adsorption value (CTC
value), total surface area, and micropore surface area of various activated carbon samples. We focused on their dynamic adsorption
capacity for toluene, a representative volatile organic compound (VOC) found in exhaust gases. The results indicated that the CTC
value showed a strong linear correlation with the adsorption capacity of activated carbon, regardless of toluene concentration in the
exhaust gas. In contrast, the iodine number exhibited a better association with adsorption capacity only under low concentration
conditions. This suggests that the CTC value is a more suitable indicator than the iodine number for evaluating the VOC adsorption
performance of activated carbon. Furthermore, when oxygen-containing VOCs such as ethyl acetate were used as adsorbates, the
CTC value also showed a favorable correlation with adsorption capacity. Beyond activated carbon, this study extended the
methodology to different porous adsorbent materials, including silica gel, molecular sieves, and carbon-silica composites. The results
demonstrated that the CTC value can also represent the VOC adsorption performance of these materials. This underscores the
universality of the CTC value as a characteristic indicator of adsorption performance.

Key words: activated carbon; VOCs adsorption capacity; carbon tetrachloride adsorption (CTC) rate; iodine number
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Table 1 The list of characteristic values and textural properties of activated carbon
Eiked JES Witi(mg/g)  CTCA{H(%) KA (%) Storai(m’/g) Smic(m’/g) T PESRSK I
AC-1 LS 498 41 48.6 607.6 4333 WL IR PR A ]
AC-2 LS 514 42 55.9 583.4 359.5 WL IR PR A ]
AC-3 kL 867 55 10.5 782.9 715.9 ST LT 4 S PR A PR A T
AC—4 kL 1078 76 6.0 1170.3 794.8 g R R PR A
AC-5 kL 783 42 4.9 658.8 634.7 MG IRFH A PRA ]
AC-6 kL 963 56 3.2 935.1 800.2 JE LRI PR A T
AC-7 kL 420 27 49.4 420.5 310.6 G NS B R
AC-8 ik 1394 153 3.7 1611.3 1015.0 2B FE AR OB AT IR A
AC-9 ki 1169 107 7.4 1655.9 1080.7 HE B B PR A 7

VE T R B i 3 0 B YRR

GHSV =2 (1)
m
A O AFRHEIRES N B E 22 A, mL/min; m 4
W B 51 64 B, g
W B RIS VOCSs T b e 4 1 ok 6
q= F><C x10~ f—’dt] @)

A g K PAT B me/g; FoOR RS B, mL/
min;t, oA I B W B 45 IS i I TR), mingCo A
VOCs #E 1 i E, mg/m®; €,y ¢ min J§ VOCs
BRI JE, mg/m®; W W B 55, g

K1 shaSR IR

Fig.1 Schematic diagram of dynamic adsorption test
LA O 2 TR IR 0953V O Cs A VKK DR S. A
BRI A 4% 6.U BRI 7 B I K 49,8 A € ik

2 FHR5WE

2.1 WRINFRERAL

W RS R AN R ANE) S
PR AT T 5% 0 ILUE . CTC B K. &
PEAR AR AN Gl L LR T R 45 Rk 1 Prroas. i
1 Al RILAN RS PR B RAT RO 22 57 L R
CTC A% m T PR e e LER AR AN iU E R i

A v, S B AH 2, K
CTC {H# .
2.2 PR
I 1 PR TR XS R T B R AT
F R )y A5 W B S 30 A B b 9 o i 1 e A AN T
7 B4 9k B2 (10000, 5000, 1000mg/m’) K (P i
W B B, 28 3 2k W 2 BT, T Mt R R 2
FiR.

3 BT PR3 A1 2 AL A

F2 TEMRIARERE R R TEWRM 2 (ng/g)
Table 2 Adsorption capacity of toluene at different

concentrations on activated carbon(mg/g)

ey FP R (mg/m®)

10000 5000 1000
AC-1 251.4 220.5 181.2
AC-2 238.8 217.7 181.1
AC-3 316.9 345.6 280.6
AC-4 417.9 392.5 296.0
AC-5 230.4 193.5 214.1
AC-6 332.2 300.3 263.0
AC-7 143.6 144.8 122.3
AC-8 764.3 657.9 454.1
AC-9 500.5 499.0 367.9

B 2 AT AN [P R (R B 1 e A7 AE K
72 JoH A R U e AR 5 %) ARG, P A R R % el
Bl 2 ] e o PR~ R o 0 K O S48 i 1)
AR, Z53F I TR) K .CTC A s R & AC-8 FlI
AC—9, W P 250 R B A T At 3% 2 2R
2.3 R PR e S R AR (A D 2 B

TWFFOETERBUA . CTC 8. M EL R RN
AL G SR T AR 5 L P R B e AR DG, 2 Sl g
LR [R] B (10000, 5000, 1000mg/m?*) T ) FE 2
P B SR AT AH DG A T



4196

o[ F

B R %

44 %

2 RO AN [ SR R R R R ) 70 it 2k
Fig.2 Breakthrough curves of activated carbon to different mass concentrations of toluene
(a, b) 10000mg/m’, GHSV=16660mL/(h-g), W=0.3g; (c, d) 5000mg/m’, GHSV=33320mL/(h-g), W=0.3g; (e, f) 1000mg/m’, GHSV=99960mL/(h-g), #=0.1g
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Fig.3 Linear regression curves of toluene adsorption capacity versus iodine value, carbon tetrachloride adsorption rate, total and

microporous specific surface area at different toluene concentrations

x3 TFERMESHME. CTC E. RIbREARMHILIER
ERRHE R MERD) S
Table 3 Correlation analysis (R*) of adsorption capacity with
iodine number, carbon tetrachloride adsorption rate, total

and microporous specific surface area

I RS (mg/m®)  CTC {4 e Stotal Smic
10000 0.9848 0.8345 0.8471 0.7067
5000 0.9663 0.8587 0.8947 0.7725
1000 0.9265 0.9376 0.8981 0.8736

4 ANTE) ORI FEE I U M AR RS AR B 25 R R A 0% R 4K
o
Fig.4 Analysis of correlation coefficient between activated
carbon characteristic values and adsorption capacity at different

toluene concentrations

B L3 R 2R A0, O 25 53 P R 3R TR /i R
B PR RE RS MR, HE T JLAN LAY CTC (EAE kT T
FTIR 7041, 25 R 5 Fios.

BT 4 FIE R RE i A W g
X IV (R W 3 BB ) B R BB AN T WA R A
i PTG R P R 1) 22 S 2 T T 3R T R e A LA AR g 3L

MR 5. 45 A B ah R b S BRI el LR

P DAL LA R B A vt (R A DG A, T LA
05 i 355 A28 5 W B P8 R P 3 22 DR 3R A B AR T ARUAT
FLIE S5

5 AFREVERIN FITR 4]
Fig.5 FITR spectra of different activated carbons
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i
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(PP s

Bl 6 STERXT 5000mg/m’ ik % 2R £ 16 1 5 5% 2k
Fig.6 Breakthrough curves of activated carbon for ethyl acetate at mass concentration of 5000mg/m?
MRS AF: GHSV=33320mL/(h-g), W=0.3g

K7 5000mg/m’ WK N1 LR LT it 5 S E . CTC B, A BUAR TR AL LU 1 R PR 2 ol )l £

Fig.7 Linear regression curves of ethyl acetate (concentration: 5000mg/m?) adsorption capacity versus iodine value, carbon

tetrachloride adsorption rate, total and microporous specific surface area



4200 HOE

5B % 44 %

F4 EMERI5000mg/m’ R IKE B ZEEH T &R A2
Table 4 Adsorption capacity of ethyl acetate at mass

concentration of 5000mg/m’ on activated carbon

B 1) A i (me/g)
AC-1 182.0
AC-2 200.6
AC-3 304.4
AC-4 2823
AC-5 246.8
AC-6 280.1
AC-7 136.8
AC-8 440.1
AC-9 443.2

2.5 JAWKRHIR BT RES CTC E IIAH S #T
HAT CTC BT T VPO v 1 2 W B4 R,
WS CTC (BT I FH T LA P W B 37, AR SOt — 20
W AT 20 T 0 < R B RO B Ak A2 A AR A T 0K
5 AR T TR AT BT EEE 10000mg/
m® FOR P 05 A CTC R, 8 i 1) 8 rf e B B
A 18 775 R S0 HC PR 24P 47 W o2, 5 5 S g R R
P R B ) L & SRR
#5 HiRHAEEERMES CTC ERMEXESH

Table 5 Correlation analysis of toluene adsorption capacity

with CTC values of other adsorbent materials

IR ST o
WEHH]  CTC (%) P W o) (m‘;’z) (m‘;/‘;)

H(mg/g) (mg/g)

B Type

o 10.2 94.7 82.4 14.9 381.2 54.8
Silica

NaY 40.5 234.7 212.7 10.3 872.1 849.4
ZSM-5 10.2 94.7 74.5 27.1 276.8 261.2

Naf 16.7 124.7 159.5 21.8 596.2 500.7
C@Si 17.5 128.4 110.9 15.8 431.1 136.7

H:OMIR £ FCr=10000mg/m®, GHSV=16660mL/(h-g), W=0.3g.

K8  CTC {5 A b B ROAR SR 7 M
Fig.8 Correlation analysis between CTC value and toluene

adsorption capacity
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