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Toluene, Benzene and Acetone Adsorption by Activated Carbon Coated with

PDMS
LIU Han-bing', JIANG Xin*, WANG Xin’, YANG Bing', XUE Nan-dong'* ,ZHANG Shi-lei'

(1. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China; 2. China North Energy Conservation and Environment Protection Co. , Ltd. , Beijing 100070, China)

Abstract: To improve the adsorption selectivity of volatile organic compounds ( VOCs ), activated carbon ( AC) was modified by
polydimethylsiloxane (PDMS) and characterized by BET analysis and Boehm titration. Dynamic adsorption column experiments were
conducted and Yoon-Neslon( Y-N) model was used to identify adsorption effect for toluene, benzene and acetone on AC when relative
humidity was 0% , 50% and 90% , respectively. The results showed that the BET area, micropore volume and surface functional
groups decreased with the PDMS modification, and surface hydrophobicity of the modified AC was enhanced leading to a lower water
adsorption capacity. The results of dynamic adsorption showed that the adsorption kinetics and capacity of Bare-AC decreased with the
increase of relative humidity, and the adsorption capacities of PDMS coated AC were 1. 86 times (toluene) and 1. 92 times ( benzene)
higher than those of Bare-AC, while a significant improvement of adsorption capacity for acetone was not observed. These findings
suggest that polarity of molecule can be an important influencing factor for adsorption on hydrophobic surface developed by PDMS.
Key words :activated carbon; hydrophobic coating; volatile organic compounds; adsorption selectivity
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JnF M b FEE R T E B RN
I X T 5 DA B R AL ZE A i ) G
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ARG YE B DS i Bare-AC.

F1 FEHERELSH

Table 1  Selected physical & chemical properties of activated carbon

fLERS Ekies
B/ BET i1 fLA KIMTCR R E REM B B RE A K S A BE
/m? g ! /em? g ! C/%/0/% /mmol - g ™! /mmol - g ~! /(°)
80 ~ 100 868 0. 143 90.5/9.5 0.283 0.217 120. 1
R2 BE X, WEMESH
Table 2 Selected physical properties of benzene ,toluene and acetone
R 5 Pi i AR 537 ot 73T EHAE/nm Wt S5 Wt
B CqHsCH,4 92. 14 0. 60 2.4 e
%* CoHg 78.11 0.58 3.0 AR
T CH,COCH, 58.08 1.03 5.4 8

1) KA FHAZ 0. 4 nm, PS5 10. 2, 5t

1.3 VOCs W25

TPEBR IR K vOC BB ANE 1 FTR. 1o,
A B A (N,) 7 =Bl A B FrER
SIARE I, TF A S T O 2R e 1 B R VOC
BN T K03 A VOC KA 28 B FK RS
RAERE T, — S0 VOC FKZE S0 A
REM, 550 — B MEA. EadsrnHy
VOC , /KZESRERA I, 7] LLSRAFAS [7] 08
USRI MR BE /5 7K VOC Ak, IR-AIH 30°C /KB LA
PRER S RE R, U VOC S ARHE S M i~
WA (2 @), IR A I 0 20 S0 00 S P

IR S mL AURFE S EA 2 mL BESfR . SE
B % VSR 8,35 4% K FID K63 2% ( GC-2010, 5 4,
HA) 43 8 A P voc, b B2 o BE O 3R
190°C , #1:i 70°C , A U 4% I & 250°C , A< Ui i 40
VA S 40 mLemin ', 25 S0 i 400
mL-min "5 ZRFEEE R 210°C , H: 80°C , Kl #%
IRFE 250°C , A& 40 mLemin ™", & & 40
mL+min ™ ,%%{HXL% 400 mL+min ' 3 AR SEAE O 1R
& 210°C , #E3 60°C , R I 5 36 B 250°C , A A &=
40 mL-min ™", /S 40 mL-min "', 535S fi 400

mL-min " RHIMRETTE AR VOC HFE.

mL+min "~
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Fig. 1 Schematic diagram of the experimental set-up for investigation of water and benzene adsorption on activated carbon
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TEPE R e R SE R R/ AR 22 Foe R B 1
D FLBRARE AL SO e ) A T R S AR A B 3
DA ZBPEROR . AR B[R] 3B R Bk X 7%
PP B | b 2E b i AR fb g AR, 7E 80° 150°
200°, 250°C iX 4 A~ B 45 1 R X 3 o g ek Pk
PDMS 204 76 1 e L Bt 235 40 R 2% 1 27 1 o R A1 25
B3 iR, ol LUE PR BET HTm A
LA i P 305 B v Ui/ . 1 M FL AR 53
A& 2 o, 150°C i, 36 e AL . A fLor i 5
250°C B PTG PE s FLBR S A AL, 200°C T 4 i AL
A/, 250°C 1, 16 Pk il FLAAR R K mT e J2:
TR TR, T RE R T ot IR B T o I
KR PDMS IR Z R 2 Al g B4 5 ~7 nm
A FL#E PDMS SEFEIE AL 2 nm 224 34FL. RIS, 36
PEJ BET 218 L T PDMS % )2 31 78 bl el v
JE T e T RAALG, MR IR B2 R 250°C BF, BET L& i FR
W/ 6.57% .

PDMS HE75 2 st xd 1 1 o 3% Ak 24k it A
SN, PDMS &b 3 [ B AR T 176 4 e 2 1 R P Y g

PRI BB P %) i, BCPE TR N 250°C i), IRt
AEM & /0 5] 0. 128 mmol-g ™', 55 Bare-AC M Lt
> 54.8% 5 B R CE fig A R w2 30,192
mmol-g_I ,5 Bare-AC AHELIR > 11.5% . Eﬁ(‘lﬁﬁ,?ﬁ
PR TR E RE A & B A R AR o T4
PRI BRI SE  KorFR Z A LR S
X B Ao T A IHIVE . SRR IRIRE (0% ~
60% ) T, TR % 7K 78 AU B 3 BEAREE A 27 W B
R HE 35 Pk o T 5 K 4 F Ak 2 B S R OK 2
Tl R B H AR K E VOC TEZR 5
B PDMS B 44 o 2 T W% f

() B, 6 1 e 2 TAT 7K 22 ok £ Bl ol 2 3 B T o
G, K2 Ml A 6 J2 4 W [ 4K 3% T it 7K P 1)
FHAEHS - 6 < 90° W], Ay [E 4K R TH 2K 7K 5 6 > 90°
W, REH K ; 0> 160° 0, % 0 #8 # 7k ! . Bare-
AC KMl FA R 120. 1°,250°C I 7K 2 ok £yt 25 184
KF]159.2°(P <0.05) , 7B PDMS ekt J5 16 1k
1% T B 7K P R 0 L IR AP R R T 3 M e XS UK 78
R G = v 1 R 2 N T
K, XF K ) W B BE T R 5. PDMS ok 3 4 ik 7K
F2 il A 38 R, B K PEBE 5 L 250 °C B R O 1 AR
AR

F*3 PDMS MEEMREUSH
Table 3 Selected physical & chemical properties of PDMS coated activated carbon

fLERZ KL
kR BET LE2HH LA [irde gz Bk EAE KIS
/m? g /em® -g ! /mmol-g ! /mmol+g ! /(%)
PDMS/AC-80 864 0. 136 0. 168 0.226 133.4
PDMS/AC-150 857 0. 134 0. 148 0.203 136.9
PDMS/AC-200 843 0.124 0.138 0.210 147.3
PDMS/AC-250 811 0.113 0.128 0.192 159. 2

2.2 PDMS 2P 3T 7 7K VOCs WY [tk 2 8h )
FHT
W% B ok A2 ) B g 2R R T2 2 M W B 51 % H

Ry Jo W B ok 238 (18 R | 3 e Bl g 2 A % i A 4
PEEATIAA, T XS 0 ot i AR AL — Bl aE. R
T H1 PDMS B IS PE AR X VOCs W% i 350 56 K i it
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Fig. 2 Pore size distribution of Bare-AC and PDMS coated AC
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oA VOCs(HIZR | 8 NI ) ZE0G PR 2% b 00 IR BT

ROR. — BRI b W B 2 25 i 2 Sz e 1 IR 5] %
MR S5 P W R 7 0 SR T R P A T e R B
S5 | 25 K A Yoon Fl1 Neslon & H ¢ W B B35
AL (Y-N BRI ) B SE g i 2k, Y-N BEAL AT L)
FHRC A AR 8 BOEAE: 1) 3 25 W BT it 2k, 5 B8 1153 L W BT
FERY 25375 | 0 TR R B0 o3 8, AR 2

Hrr e, B e, 53 5 02 1 1 OHk BE R EE Ok BE
(mg-L™") ¢ WL B E] (min), &' R 3 R 8 %L
(min~") 7 A PR EE/UE TV BE = 0.5 B 19 2835
A 8] (min ) .

TG 2R | 2 IR %) TR 25 35 it k&
3. WP LA Y BT R, 24 VOC Al
o 375 e AR ) TR A R A R R, e 11 AR AR v
& o, 2102 W BVE F 3228 R A ARG e W B AE
vy, Pt W R T AR BRI T 4R - FS A RO R
R o VREEZW IR, I ZE B AR, 2 B
B —E A, B M Z M T 22, BT AT LA 15 5T

L2 — v-Ngmi A ik . 1.2
| = RHO%
& LOT o RHS0% 10
T§ 08 | & RH90% 08
A 06 0.6
=
# 04 0.4
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Fig. 3 Breakthrough curves for VOCs adsorbed on activated carbon in humid condition
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DX T IR BEPAT TOUAR , W AP A N 6 PRk IR B AR 2. Y-N B SI 2 28U & 45 R T3 4.
x4 EHREMEFEME Y-NEEHHZSHMEER
Table 4  Kinetic parameters for Y-N model with Bare-AC, PDMS/AC-150 and PDMS/AC-250
RIS 45
SRS RH/% LB # il
k'/min ! 7/min R? k'/min ! 7/min R? k'/min ! 7/min R?
0 0. 099 133.3 0. 997 0.077 117.5 0. 994 0. 092 109. 1 0. 996
Bare-AC 50 0. 069 120.7 0.997 0. 066 95.43 0. 996 0.132 91.9 0.994
90 0.061 89.3 0.995 0.073 72.4 0. 996 0. 107 67. 9 0.995
0 0.103 149.9 0.997 0.081 114.6 0.998 0. 082 107.8 0.998
AC/PDMS-150 50 0.078 137.5 0.997 0.075 113.1 0.997 0.120 88.5 0.990
90 0.072 127.2 0.992 0.076 107. 1 0.997 0. 106 63.7 0.991
0 0.108 151.2 0.997 0.092 116.3 0.998 0. 090 104. 53 0.997
AC/PDMS-250 50 0. 088 149.0 0.995 0. 080 103.5 0.998 0.112 85.4 0. 996
90 0. 084 122. 4 0. 995 0.077 97.5 0. 996 0. 102 62.6 0.991

5 Y-N WA RS A S RB(R? ) K
F0.99. FhAs 3 Bk, 7E ) — 5L 06 A5 14 IR B
SR FR R KN R 2K RR UL, PDMS/AC-
250 > PDMS/AC- 150 > Bare-AC; Xt T P9 i 2% 1.,
Bare-AC > PDMS/AC- 150 > PDMS/AC- 250. i H
PDMS BCPERT IR | 2R 53 78 1% Vi N9 B i
TREEH. fE—E AT (4150% | 90% ) , 7K
7235 VOCs SE4+IR B, 1 PEs VOCs I INRCR S
HXF VOCs M B BE B A 6. PDMS B0 i M B
R K FR AT, T LA 5 3 AR A R 5 3% e 3
[LTEOR =055 A R <k = X3 i N s o e (R0 ) B |
P HIOME | DT 28 = W B 3. X, bl
Syl TR, 3 B K ZRSFE A 1 ELIS M i K 3R 1
X R 53R 55 , (o FLAE W B O R v Oz R
i), PAI M PDMS 0 16 4 i ek AT Bl R S 188 23R 48 v N
HH .

W B 3803 A AR b 5 R AR 7 R N AR Ak (7]
i (HAR A5 TR R X VOCs 431 R 2
N R A FTLUE AR R SEE 25 T, Hhdg 3
PG PE B 7 (RN X TFHIZR | 2Rk U, PDMS/
AC-250 > PDMS/AC-150 > Bare-AC; X T PR,
Bare-AC > PDMS/AC-150 > PDMS/AC-250. PDMS
PRSP G R HOR | R 19 Bl r (HARAR
K, FTHER BT PDMS B3 = 1 37 P ek HH R
ARGTF BRI K e
2.3 PDMS Byt s 7K VOCs W% P 25
Gy

TEPE RS VOCs 18 B 53 A 4 B8 B 1T A b2 i
BRI, TR RS+ H42 0. 60 nm, R5r+ HiE
0. 58 nm,/NF P4 F 1. 03 nm, ¥/ F 356 P B i
FLALAR (2 nm) , RIS PR I GLFL A BURT BET Fb

TAIAR, BV 3 G 6 2% 52 il 355 14 7 XF VOCs W B 1) —
ANEBEHEER. 5 — 5, T P R 1 5 W BT (A
BRAEAE ST BAVE 1 A0 AR AE— 8 A2 A A
XS BT 5 B ARIIE A 2R s Bl i A
A2 W

A FETE A AT VOC BB A s me [ 2=, B JEAR
P2 VOC W2 Rt 2 | 8 55 Matlab £330 3154 A [6] 52 56
S UGS VOC - i, 1154 =X
X, g SRMAIRM A (mg-g™') ¢, Al ¢ S0l I2
FI B8 AL Wk B (mg-L7"), Q B8 WE
(mL*min™") ,M SR BT (), ¢ A2 MR ]
(min) , T 2 FIRFF I E] (min) |, BEAL ¢, /¢, =95%
RITA Ay W2 B SR S A . AR A5 1B 7K 78 S0 B ot P
TR B W B AT S BT 25 5 VOC Mg FfF A 22
{7451, PDMS BOPE P % X 2 7K VOCs WK B 4 37
R B i ST Al K R S 81 % S

MFE 5 R LU Y FEAE X B R 0% B, Bare-
AC . PDMS/AC-150 1 PDMS/AC-250 %} VOC V-
W B R/ IMEE IR 2K > 28 > TR, 5 Bare-AC #H
L, PR TE PR R X 3 Al VOC T B 0 S B4 T
#HK(16.0% ~17.6% ) > HH(0.00 ~4.11% ) >N
B (- 1.65% ~3.36% ), 38 i I 6 P 2% % J
TR ORI SR B A AT B v RS AT T R AN B
. ORI REE T O S T T e 2 B K R
FEME VOC (2R 28) & 5% PR 3R 1 & A {2
B ) AU R 35 e 5 T L R s v [ e
0B R I G AR RN B R . X TR AR
TR IR S 2 W AT 3R A, T B2 P T el s O 1

-c - dt)
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FEM R 25 K AL 250D AS B F W 43 1) W oG
PDMS B0 B AR X676 P el F LA AT BET HL 3R i FX
HAH —E 5, (2 PDMS 42 KRR & 106 T %

BRHERTE VOCs B % . 2% B4 10 R o6, e Y
AHXTHEEE A 50% . 90% . Ui HH PDMS 2 06 4 e
Xt VOCs W BfE AR 27 0% B A 32 490 3L B A s

%5 Bare-AC, PDMS/AC-150 71 PDMS/AC-250 WM &7k VOCs &% it & F &k E SR E
Table 5 Amount of VOCs and water equilibrium adsorption capacity on Bare-AC, PDMS/AC-150, and PDMS/AC-250 under humid air conditions

TS o * el
W 5 /,7;'“‘ VOC THEME AR VOC BRI ACERRMHE  VOC EATRMHE AT A%
/mgeg”! /mg-g”! /mg-g”! /mg-g”! /mg-g”! /mg-g”!
0 341 — 306 — 303 —
Bare-AC 50 278 61 256 83.9 218 128
90 192 262 166 282 157 364
0 340 — 355 — 315 —
PDMS/AC-150 50 312 40 327 56. 4 207 132
90 320 169 320 172 148 378
0 355 — 360 — 298 —
PDMS/AC-250 50 338 5 321 8.7 203 141
90 358 35 319 43.2 123 385

AHRHEEE N 50% B}, Bare-AC X VOC W -2 sk
IR (16.4% ) < R (18.5) < A (28.8% ),
PDMS PG PE R X VOC W By 2> B K (4. 79%
~7.35%) < % (8.85% ~10.8% ) < P (34.3%
~31.9% ). SAHXHR K F] 90% B, Bare-AC X}
VOC. VW B /N K (43.7% ) < K (45.7% )
<N (48. 7% ) ,PDMS BePEE Pk 5= X VOC W% Fff
WD K (8.23% ~ 5.58%) < 7 (9.85% ~
11.4% ) <N (53.0% ~58.7% ), /&AM F &4 F
Bare-AC {R I B 52119 1. 86 ( AR A% | 1. 92 () %
FT0. 78 (PN ) A5, 3 & WY L AH R I B 3 I ek
TEPE O AR | AP B B 22 /N T Bare-AC, Xt
FHOR | ORI RE ) PR FFFRE , XTI BRI B g 1 5
Bare-AC #124, JC 2 3 &, A XHE BN 90% A,
Bare-AC Xf 3 Ff' VOC 11 F1 W B ot # ik 20>
PDMS/AC-150 , PDMS/AC-250 X} H & | 2 4 i1
BRFRE T AN, XoF P T R 2 B £ 982 3 60% . 3K AT
B FR T AR B 1S K TR A SR oK %
W Z K15 VOC 7T W 5 4 5e 13 K, A
B SR i M 53 5 7K o358 4 W B 2ot 7 O 2R
WAEHE MR RaTFERERMES 7,155
B B K R TR, 76 55 7K 1 5 4 W B v P 4t
1o, R 2 2 1 o g £ SR B A K AL A
PR B R T, BAROK 73 i T T AR R /N AT LA
BEA S B (H AR AR 1 53— i /K 3% T8 AT DA 4 11
U G R S)  =E  0)  mi - AL E S
PDMS 245 5AEWPE VOCs (2K | K) 43Tk
S X AT BRI RRRE T, 10X AT PR 0 B
fE 4R E AN . PDMS/AC-150 il PDMS/AC-250

TEWR B A, RH 90% st 48 1 0 i 4 25 5 F RH
50% B A6 AT B 5. 3X PT BB BT RH 90% B, £
SR TR AR (KT (ARG
IRFTHIK ST T34 2 | 45 B A 3R 18 14 7K 43 [R) Bsf PR A
T IR T, A5 0 P e 2 145 B 1) R
O3 F- U PE TR, DT o0 396 4 e 2 1 W o Y R 0 7
W4, MRS, RH 90% I Bare-AC, PDMS/AC-
150 Al PDMS/AC-250 X} 3 Flt VOC 4 #r W it 47 A i3
BT HA R sk £ 1 A9 PDMS B i dE %, VOCs
3T AR X TP R R B AT — S 43T AR MRS
B 7K 3% 11 %ot o e I B A T

TP R R A AR Hp 7K 28 S0P i I T 3 5
Fi7R. FXHZEE K 50% i, Bare-AC . PDMS/AC-150
F1 PDMS/AC-250 XA v 7K 28 =035 iy W o
KANRH IR, < HKFER < NEZES; FIXHREE N
90% HF,3 B 4 i Xk 7K 28 A3 A W o 4 /s A
IR <RI < EZEA. U6 W Bl AR X B2 1
K, 7 PDMS s /KR, JERPE ST (2R 2K) 1)
Mse g i, REK STl T a1 aERR/N
DA 5GP o 2% T W B, PR 2T DL 4
HH LB IR ) 7K -, DT A5 7K 8 A5 A7 0 o ik
ANESIT DR A>T B TR R, AR B K R T 5 K
G35 A W I I TG 8 2 A A, PRI I PR 3 b
W B 7K - Rz /N R RORIRS | 358 i e X5 7K TN T
TRA AR 7K 78 SV W B v T 3 7K B R 2R R
. XFF K H 2R/ RS, PDMS BlobE i M koK 758
SO W B R /N T Bare-AC, 3% 1T A5 ol 1%
% PDMS Bk R A & X F FKFESA, BT
PR -5 7K 53R SRR, [R) AR P 43, 7€ PDMS Hi
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B, K53 BT R/ ML e e e W
UEP A B i3 2. K2R SR E5 R B, PDMS 2
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FRERE X AR VOC (2K | %) e fifig

3 g

(1) ATRIEEE T et i e b R mi A L2 |
TR/ E RE A A K g Ak MY . el iR e
M 80C Tt F| 250°C, i % 7x BET L 3% i AR ok /0>
6.57% . WAL TR /D 20.9% | FR/B8 ' BE & &
WD 54. 8% /11. 5% ; T 1 e 3 Th1 7K 322 fgh £ 18 K 31
159. 2° i PR R B K PEER 5.
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