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Abstract: The mesoporous molecular sieves of MCM-41 and SBA-15 with ordered pore structure were
synthesized by the template method, and their dynamic adsorption performances for some VOCs, such as
toluene, o-xylene and mesitylene, were studied. The results show that the MCM-41 is prior to adsorb the VOCs
with medium and low concentrations, because the attractive forces from pore walls of MCM-41 is enhanced by
its small pore diameter. The adsorption characteristics of VOCs on MCM-41 could be attributed to the typical
type I isotherm from IUPAC. The SBA-15 involves both mesopores and micropores, and is more appropriate for
the adsorption of VOCs with higher concentrations and macromolecules. Furthermore, SBA-15 is also suitable
for the adsorption of VOCs with low concentrations. The adsorption isotherms of VOCs on SBA-15 are that of
typical type IV. The dynamic adsorption processes on MCM-41and SBA-15 could be simulated by Yoon-Nelson
model. The breakthrough curves of VOCs adsorption on these mesoporous molecular sieves could be predicted
by using this model and its related parameters accurately.
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2.1 NS FHEK
2.1.1 MCM-414&%

MCM-41 % FRIE 4 AF R KB 0 f 4 g oNpidk = L IRAL 4 (CTAB). 0.76 g NaOH ¥ T
100 mLE & F/KH, 30°C i+ 10 min 5, ZEWMMA 144 mL IEfERE CBS(TEOS), k4t 2 h J5
BARINRLIGNA RS, 110°C ik 24 h )5, AHL g, Yek. . DL 2°Comin ' (ST
F550°C, FEiZEE FRPE Sh LR, 5% MCM-41.
2.12 SBA-15 &k

SBA-15 ({15l 4 WICHR[17]. K 6 g = H#kBUILERY P123 ¥ T 225 mL 1.6 mol- L™ [ bR b fii k2
VAR, BN 40°C/KE T, 600 r-minT! R HEFE 10 min 5 IN 13.8 mL 1EAER ZBR(TEOS), i &
SERE, HREENEEE 24 h, ARG LMW EEEE, 100°C itk 24 h J5, W HhgE. Rk, T
PL2°C-min”" [REEHTHEE 500°C, EIZMEE NRGE S h ZLpRiibR 7, 93] SBA-15.
22 NTELSFiFRAE
2.2.1 XRD #1F

XRD JARK HHi 1+ ARL /A7 SCINTAG XTRA B2 X S ERATHHX, Ni 383, Cu i, Kafg
SHE, B 40KV, EH 50 mA, FIHETEME 0.5~10°, i 0.04 °,
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AL 1075 1 b 2R T AR AL A4 Micromeritics ASAP2020C ZUW [t 5, W E 2 5, FE5h T
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VOCs B3 5 B VOCs KA AR EEHI RS WHIREA . AR T E
§ii 73 e B R 20~30 H RURDIRFE s B 1 g 20 FORAE B AN IR S, 7E 150°C FH A 2 h, B
T IR D RGN G 2 MU, — gk VOCs KAER, —BCAFRA, dd
PP I R AT VOCs RAEBFIRSE, K= VOCs # . VOCs W FE R GC7890 T i fr 28534,
W o o WO B i 2R R 0 1 A
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Kl1h MCM-41 Fil SBA-15 /NMf XRD K. tEIW AL, BT MCM-41 76 20 & 2° bfi—
ST, YT E AR 100 FRAEUE . SBA-15 7R/ BEVG B T =/MITiTide, 23 500 B 25 AR 100,
110, 200 =AMEFARIENS, FRREAE I IR H LR W BT A ORI LA A e 4N A S R R A F LA
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RIUGH TN LD TG SE WAL T KL
LM, MCM-41 LRI 720 mg™', SBA-15LL LA 41126
m?g s MCM-41fLA 0.9 cm® g™, /N T SBA-15 f¥1.4 cm’g .
PN 002w 111 V225 vy NG R €/ o SR 7 S e [ A S 01 2 1
FLo3 0 v AR B RE ) EOK . IR T R FLAR AN ], MCM-41
(1354424 3 nm, SBA-15 [FRJfLAEA 6 nm, #OKTIETER

Intensity

AT 708 B WAL A, SBA-1S BRAT Ao heLoh, ik 2 4 ) /06 8 10

FEAERB AL, ARTFRY] SBA-15 [IRALAFAE T fLEER . BT MCM-A1 71 SBA-15 ff) XRD [

32 NALOFiEFiE WM Fig.1 XRD patterns of MCM-41 and SBA-15
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Table 2 Breakthrough adsorption properties of different VOCs on mesoporous molecular sieves

Breakthrough Saturation Adsorption Adsorption Breakthrough
Samples VOCs time time amount per surface area amount per volume adsorption

/ min / min /107*gm™ /gmL™ amount / g-g”"
Toluene 35 85 0.597 0.048 0.028
MCM-41 O-Xylene 70 182 2.125 0.170 0.091
Mesitylene 241 490 6.807 0.544 0.327
Toluene 57 100 0.729 0.059 0.067
SBA-15 O-Xylene 116 198 1.253 0.101 0.108
Mesitylene 151 241 1.937 0.156 0.183

Notes: GHSV=30000 mL-(h-g)""; 7=30C; C;=3000 mg-m

FHEE 2 W, 38 = FOR IR, SBA-15 Wt th £
Sk, SR R, XA SBA-15 fLARH 08y
Ko AR FLEE AT AL, X Lo gty b 22 Al 06F
SBA-15 (4% JF B S BN T MCM-41, MZE 5 w5 50 it i A 04}

e,

2 IRl B T MCM-41, WM S 02} RN
3.3 NS FIHFAIBNTS VOCs I Hi%iE Lk ool ——SBA-15

Bl 3~ 5 20 50l D P AR 200 FEOR . A8 R, 3= 700 150 200 250 300 350 400 450 500
FOR ISl AW A 2k . th I 3 s, B 2RI FETH &, Time / min
P4 e I T A8 5, R B PR h23 1 07 0) FE ORI B EAT 7% Pl 2 A ALob O 2 = U T I 2 2
Eﬁﬁ%{&ﬁ?ﬁlﬁo E/J\ﬂ: 10 000 mg'm%‘ j(ﬂ: 100 000 Fig.2 Breakthrough curves of mesitylene on

mesoporous molecular sieves
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Fig. 3 Isotherms of toluene dynamic adsorption

on mesoporous molecular sieves

GHSV: 30000 mL-(h-g)™"; T:30°C
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#* 3 MCM-41 BHARIRET VOCs B Yoon-Nelson #%%E!i+E {EFNSLIE{E L (GHSV:30000 mL-(h-g)™'; T:30°C)
Table 3 Comparison between the results of Yoon-Nelson model and experimental data of MCM-41 at different concentrations

VOCs Concentration 7/ min 4 (C/Cp=0.1) / min 4 (C/Cy=0.9) / min
/ mgm™ Experimental Calculated Experimental Calculated Experimental Calculated

1500 62 66 47 50 82 82

Toluene 3000 51 54 38 39 68 68
6 000 39 44 28 31 55 56

1500 135 138 97 96 183 181

o-Xylene 3000 118 120 79 81 157 160
6 000 89 92 63 64 118 120

1500 441 451 328 360 558 541

Mesitylene 3000 360 365 265 292 445 437
6 000 226 222 197 194 248 250

R 4 SBA-15 EMIAREMRET VOCs B Yoon-Nelson #Z!i+H {EF1LIE{E LbA(GHSV:30000 mL-(h-g)™'; T:30°C)
Table 4 Comparison between the results of Yoon-Nelson model and experimental data of SBA-15 at different concentrations

Concentration 7/ min

I3l (C/C0= Ol) / min

2} (C/C0= 09) / min

VOCs

/ mg-m™ Experimental  Calculated Experimental Calculated Experimental Calculated
1500 102 104 85 87 124 122
Toluene 3000 78 81 67 68 91 94
6 000 59 61 46 48 75 74
1500 222 230 179 185 281 275
o0-Xylene 3000 149 153 121 124 185 182
6 000 83 84 62 63 104 105
1500 359 357 321 323 392 391
Mesitylene 3000 186 185 163 161 210 209
6 000 138 146 115 118 176 175
NN =y 2
% 3 FIFE 4 0% MCM-41 i =5 THIZUEZTE’J k'f1 R (&
) Table 5 Values of k' and R” at different concentrations
SBA-15 Wit 1/2 Z5E 6] 7, 1/10 %% MCM-41 SBA-15
X . X Concentration k' 2 k' 2
1] 1(C/Cy = 0.1) FI 9/10 ZF I I] VOCs /mgm>  /min? R / min” R
N N 1500 0.1344 0.9777 0.1242 0.9952
6(C/Cy = 0.9)[M LI A5 B AHAT T Toluene 3 000 0.1554  0.9888 01715 0.9681
e N N 6 000 0.1743 0.9587 0.1707 0.9803
k. MERFITUIEH, SE AN 1500 0.0516 09925 0.0490  0.9800
, ) - w N - o0-Xylene 3000 0.0559 0.9938 0.0759 0.9699
{EH/‘])FH% l‘ft"_ﬁ(ﬂ]: ’ ﬁﬁﬁi%j&?ﬁ U%E 6 000 0.0781 0.9917 0.1042 0.9938
o/ I 2 _ i TR 1500 0.0243 0.9674 0.0654 0.9975
10%LLN, 18] Yoon-Nelson W A5 24 Mesitylene 3000 0.0303  0.9693 0.0911  0.9954
6 000 0.0784 0.9936 0.0773 0.9807

KA AL 79 MCM-41 Fil SBA-15 [#1

B OLCRESEA T B b L o R 2SR 10% 35 3 W, AR EUT 5.6%.
TSI T TIREAREE I KA, R a0, BB SR B v & RE R, AR PR

TIFEAFIREE T KF o {6, LA () TR AR FESAT TR, AR AR EE I R &R,

R EE ML, b SEBR I TR SR AL B A

4 & ®

(1) MCM-41 F 5L/, FE3E AW B AR B VOCs, % 75425 VOCs W Ff 4kl T &Y, SBA-15
SEHFLAR R B R, AR TRIERE VOCs HAT B Uf WP AE g, [R) ISkt m A 28 th W ARG e 58

VOCs, X 7552% VOCs Wi f&5im 2k IV AL,

(2) SBA-15 VLT K, fLEE EREA AL, AR S/, WA WL R b, 2L A5
Wi, SBA-15 Xf75KK VOCs MWLt B2 w1 MCM-41.

(3) Yoon-Nelson W A5 R0E pyAf /L 53197t VOCs i

v AE W] DU AER TGN AN RIR S VOCs ZEA Lo 0 b 1905 B 27575 1 2%

FFStR:
C — WEB ¢ R D VOCs AT, mgm™
Co — #E1 VOCs Sk, mgm™
F — SRR E, mL-min™
GSHV  — Zi#, mL-(h-g)™

U 7N
W Bt sF 1], min
WS B P47 16 1], min
WP R R, g
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