5548 % 6 ) P S A = Vol. 48 No. 6
2020 4 6 J1 Journal of Fuel Chemistry and Technology Jun. 2020

VOCs 72 1% B 37 b IR B 14 B8 49 $4 1 32 5%

= ow?E opb & &, o, BgE, AR, HEL, EAA
(1. P ERbE B IGE A2 BRI BT T R E R L%, LT KiE 116023,
2. RJFHLT A 9l TRR2EBE, 1LPE KJE 030024
3. RIFEB TR BB S5 HOARFE T ML PEA S50, 178 K5 030024)

O OE., RAGIELSHE(TG) %, & TIEC k. B XM MR LB 7E I % . SA NaY (13X, ZSM-5 ( Si0,/Al,0, =27,
300) \HB LAK MCM-41 Z50g B3 _L AR TR IR T B B BT A, I3 T S A SOME 6 1 1 DA OB 1 T L B3 2 2 8
AH AS FLAG 430 T L3k VOCs 4355 W B35 =22 [l 9 VB FAAIL I, - Bl FT-TR 9030 T W8 BAH SR8 43 7 2 1 A W B AIL AR, 445
SR, b iR e R A A R B R A B b i X, e TR R 4 1 D T /N 5 B R A FL AR A A R T AR A
e | TAR2E I B 1 FH 1 IV T4 T R4S L RN Ca®* Na® H* 258 P B 7 B W B J5R 41 PO (A A, L 7 14 A 2 A, A 7583
3 B 5 43— 10 G BRFELBE 15 T 200 °C

SE4IA : IR ; VOCs; RS M (s Wkt

RESHES: 0657.71; X511 TERERIRAD: A

Thermodynamics analysis on the adsorption behaviors of
VOCs on various adsorbents

YUE Xu'?, WANG Sheng"*, GAO Yang', LIU Xu', LI De-yi',
WANG Jian-cheng’, HAO Bing-yuan’, WANG Shu-dong'
(1. Dalian National Laboratory for Clean Energy, Dalian Institute of Chemical Physics, Chinese Academy
of Sciences, Dalian 116023, China;
2. College of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
3. Key Laboratory of Coal Science and Technology, Ministry of Education and Shanxi Province, Taiyuan
University of Technology, Taiyuan 030024, China)

Abstract: The adsorption and desorption behaviors of n-hexane, toluene and ethyl acetate on activated carbon,
5A, NaY, 13X, ZSM-5 (SiO,/Al,0,= 27, 300) , HB and MCM+41 at different temperatures were investigated
by chromatography method and thermogravimetry ( TG). And the adsorption thermodynamic parameters ( AH,
AS and AG) were calculated based on the results obtained by inverse gas chromatography, by which, the
interactions between adsorbent and VOC molecules were elucidated. In addition, the adsorption mechanisms of
VOC molecules on molecular sieves were confirmed based on FT-IR results. There are two modes of spontaneous
adsorption involving physical and chemical adsorptions. The physical adsorption strength is dependent on the pore
size distribution of the adsorbent and the molecular diameter of the adsorbate, while the chemical adsorption
strength is associated with the Si/Al ratio of the molecular sieve, the cations of Ca®*, Na*, H*, and the dipole
moment of the adsorbate molecules. Meanwhile, the presence of strong chemical adsorption makes desorption
temperature up to 200 C.
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Figure 2 Desorption curves of VOCs on adsorbents
(a): n-hexane; (b): toluene; (c): ethyl acetate; (d): AC adsorbent
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Table 1 Adsorption heat for typical VOCs on
different adsorbents "
—-AH /(kJ-mol™)
Adsorbent
n-hexane toluene ethyl acetate
13X 51.54 73.24 125.39
NaY 44.65 79.61 134.72
5A 62.48 55.34 47.29
HB 54.96 59.57 99.42
ZSM-5(27) 84.24 107.92 88.92
ZSM-5(300) 67.38 53.01 72.23
MCM+41 51.55 60. 80 65.00
AC 49.33 53.14 64.48

* . adsorption heat obtained at ¢ =90 C for AC and at =
240 C for other adsorbents

3000 2800 2600 2400 2200 2000 1800 1600 1400 1200

Wavenumber ¢ /cm’!

—_ 1421
B i
< 13X-ethyl acetate-150 ;
8 !
2 i
2 1
P
2 i
@ 13X-ethyl acetate
(€]
L 1 L 1 L 1 L | L 1 n | n | n | n | L
2200 21002000 1900 1800 1700 1600 1500 1400 1300 1200
Wavenumber o /cm™!
- 1722
2 Hp-ethyl acetate-150 C _/"/_¥’J\
g i
g |
£, :
2 B-ethyl acetate I
< 1
1
©
L L L L L n 1 n L L I n | L L L

T PESCR MCM-41 43 F i 5F = Fh VOCs W it
JE R B (- AH) #5/NT 84 kI/mol' | L4 BRI
B 3= XERTRIFGR 43 0 T &, B AR LU AEAE AR G
£ :MCM-41>ZSM-5(300) >ZSM-5(27) >HB>NaY >
13X>5A, T H X 2R TR 53— 1 W B P B A it
JEIX I, 336 A2 PRl Ay 43— 2% T PH 25— R e
B R LB AT I 34 0, DA T 25 4 vh 4R 67 7 1
W2 rE RIS TR M B SR A e E o LA
BERABAR I 1 53 F W B B A TR R

SRy it — 20 A Al R R R AR A X AR I A
KT BT 84 KI/mol AYFRLFTIE A i DL S HAE Ar
40,150 C 8000 h™' 25 3 T i fff 4 h J5 kLS i1 7
FT-IR #AiF, 258 ULE 6,

NaY-ethyl acetate-150 C 14.13

NaY-ethyl acetate !

NaY-toluene-150 C

Absorbance /(a.u.)

NaY-toluene

(b)

| n 1 n | L | n 1 n 1 ' | ' | ' | n 1 n |
3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200
Wavenumber

o/cm’!

1741
ZSM-5(27)-ethyl acetate-150 ‘C :
ZSM-5(27)-ethyl acetate l
647 1462
ZSM-5(27)-toluene-150 ‘C !

ZSM-5(27)-toluene

1408
ZSM-5(27)-n-hexane-150 ‘C .

ZSM-5(27)-n-hexane

Absorbance /(a.u.)

(d)
| | L | L L " L f L L |

255 260 265 270 275 280 285 290 2.95

Wavenumber

o/cm’!

6 VOCs 16450 L AW b FT-IR %1%
Figure 6 FT-IR spectra of VOCs adsorbed on zeolites

SRR Zead 150 CTIMBBLR IS | 387 W i v
Mo, WK 6 h R CBRTE HB A ZSM-5(27) 11y
W RF, 1730 em™ 2247 A WSO 04 A B S 9 388 i, 1k 4k
HETR TR C=0 ik sl i ; 76 13X \NaY -
(R B, I B S ) 2 R 2 TR R IE 0, (FLJE: 43 S
1421 1413 ecm™ (JRR C-O i 4 4ig sh W I 04 ) 42b 1Y
W #R A B S B3N, BiEH 2R R TE FAU 431
05 1R Bk & AR T A TR s 26 W 20 R 2 TG A 1 B 7

AR B A AE A A R, T OE O e AR ZSM-S
(27) BYMRRAE , B BRI B Z0 A5 B {UAE 1408 em ™' ZbAY
W S U WG A 1SR 1408 em ™ I B el W 3L 1 C
—H i 45 P 3h W0 | 8 B 43 0 6] 1 o 1) T B
AR R EK T 84 KI/mol AT RE S R T HEEZ N,
H2RTE ZSM-5(27) LR, 1674 1462 cm™ (314
IR B S A IR 2 WS ) A ) W ST R A T
AIXEIN s 7E NaY b AW B #UR 48 /N 7784 kI/mol , {H



%6

B A VOCs TEMRR] LW B BE AP 2 F 5 759

JETE 1155 em™ AL B WIS I AR SR s A 1 58, 1155 em ™
BRI 1 C—H 1H N T iR Sl i 3] —
FERRPE FIRAFTEAL AT

W A8 25 5 0 BRF I3 31 T B 5 2 1 A HES )
I XA K AFAE R HES 7 2k G — |, WM 28 114 266 % (B
T, HI& 2 MR, R B 7)o = b Rz BRS B 1Y AS R
SR BRCESC, U R B0 Ao R e B B 0 S

%+ 2 VOCs 7£ W B 5 L & U8 Bt 4§

Table 2 Adsorption entropy for typical VOCs on
different adsorbents "

-AS /(J-mol™ -K™") *

Adsorbent
n-hexane toluene ethyl acetate

13X 55.55 91.91 202.83
NaY 54.20 91.08 191. 84
5A 76.64 74.53 75.45
HB 73.30 78.08 184.79
ZSM-5(27) 128. 88 152.15 140.90
ZSM-5(300) 102.02 63.98 100.37
MCM-41 92.05 101.31 103.97
AC 130.13 100. 19 134.45

* . adsorption entropy obtained at t=90 C for AC and at t=
240 C for other adsorbents
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Table 3 Adsorption Gibbs free energy for typical VOCs on
different adsorbents

—-AG /(kJ-mol™)
Adsorbent
n-hexane toluene ethyl acetate

13X 23.04 26.09 21.34
NaY 16. 84 32.89 36.31
S5A 23.16 17.11 8.58
HB 17.35 19.52 4.62
ZSM-5(27) 18.12 29.87 16. 64
ZSM-5(300) 15.04 20.19 20.74
MCM+41 4.33 8.83 11.67
AC 2.09 16.77 15.67

* . Gibbs free energy of adsorption obtained at =90 C for AC
and at =240 C for other adsorbents
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