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Fig. 1 Flow diagram of molecular sieve adsorption styrene vapor experiment
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Fig. 2 Adsorption experiment of styrene on modified molecular sieve with sodium hydroxide
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Fig. 3 Adsorption experiment of styrene on modified molecular sieve with ammonia
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Fig. 4 Adsorption experiment of styrene on modified molecular sieve with acetic acid
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Fig. 5 Adsorption experiment of styrene on modified molecular sieve by hydrochloric acid
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Fig. 7 Adsorption of styrene by modified molecular sieve with different impregnation times of hydrochloric acid
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Fig. 8 Adsorption of styrene by modified molecular sieves at different calcination temperatures
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Fig. 9 Adsorption of styrene by modified molecular sieve at different calcination times
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Fig. 10 Pseudo-first-order kinetic model of styrene adsorption - ) .
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on four modified molecular sieves
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Fig. 13 N, adsorption and desorption curve of three kinds of molecular sieves
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Table 1 Molecular sieve pore area and pore volume distribution
FEdh SBET/(mZAgil) Smw/(mz'gil) Smc:o/(mz'gil) thal/(mL.gil) Vmic/(mL.gil)
TR 52.17 11.43 40.75 0.108 0 0.005 7
AN 12.97 8.83 4.14 0.0212 0.003 9
oKt 4524 22.70 22.54 0.087 5 0.007 2
R 48.10 21.58 26.52 0.073 6 0.006 6
AN 119.49 29.68 89.81 0.1492 0.015 66
300 C-2h 120.32 35.85 84.47 0.1577 0.005 22
450 C-2 h 118.64 38.22 80.42 0.162 4 0.007 14
450 C-6 h 129.74 7.75 121.98 0.196 4 0.003 73
3 it
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A A B o 17.0 mgrg ™), H6-13X FE 5 W B Fn Bt (8] 4 8 h, s SR & 572 mg-g'
DU R B fe A i b SR 2 . EhRVEE 6.0 mol- L™, 2 V5T [A] 12 he

2) fE L IR R el v AL b, HEAT T E R bR o i R PR B R A A R BRIk
6.0 mol'L™", EIIF[H] 24 h, K HEIELEE 450 °C . Ky BEmt ] 6 ho 785 A S5 il 45 1Y 53— Ui W B 2R 2
SR B AT RGBT R 6 h, SIS AT B 5k 84.9 mg-g o

3) SR FHUE 1 GLRNUE 2 9 gh S 2 AR, X ERE 43 0 RN 4 il ) el b IS B 0 0 T B R 20 A
AT THA, RIPERT S 0950 F 0 AT 5 UE 2 8l 1 W A AL, AT e R4 R>0.900.
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TG IR LW i WA DG o A 2 R, 2R SR B i 55 53 -0 BET bR o0 AR Hh L A4 I B A OG

2 £ X Wk
(1] ARAK, XU/NZE, BREL. 2014—20154E [E PN ANAS AN B EER NS Tl gk B [T]. SEMERTIE, 2016, 31(2): 63-70.

[2] NIAZ K, HASSAN F I, MABQOOL F, et al. Effect of styrene exposure on plasma parameters, molecular mechanisms and

gene expression in rat model islet cells[J]. Environmental Toxicology and Pharmacology, 2017, 54: 62-73.


http://dx.doi.org/10.1016/j.etap.2017.06.020
http://dx.doi.org/10.1016/j.etap.2017.06.020

59 TR TROR . e TR EICHE 13X3 0 B X 2R 20 Wi B 2207

[3] CAMPO P, VENET T, THOMAS A, et al. Neuropharmacological and cochleotoxic effects of styrene[J]. Neurotoxicology and
Teratology, 2014, 44: 113-120.

[4] ANDERSEN M E, CRUZAN G, BLACK M B, et al. Strain-related differences in mouse lung gene expression over a two-year
period of inhalation exposure to styrene: Relevance to human risk assessment[J]. Regulatory Toxicology and Pharmacology,
2018, 96: 153-166.

[5] CLARKE G M, MILLMAN A F. Styrene in the UK GRP industry[J]. Composites, 1978, 4(9): 237-242.

[6] GROENESTIINJ W V, HESSELINK P G M. Biotechniques for air pollution control[J]. Biodegradation, 1993, 4: 283-301.

(71 rpde N RN [ 5 o bt M B A A B S, o R SR HE AL B D1 2 S R TS AR TE: GB 14554-1993[S]. b
st EARAE T RAT, 1993.

(8] e AR ] ] 52 o b M B A S G ey, vl ] ) G TR AL B R D3 2 5 MU AR Tl 35 Qe W HE TS b 1 : GB 31572-
2015[S]. dbxt: o EFRUE S Mk, 2015.

(9] EM, AREE, ARMEA, 45 R YWIAORHI DTS IE I MOk RS I]. 4 5 PREE T AR, 2018, 25(5): 80-90.

[10] LI G, WANG B, SUN Q, et al. Adsorption of lead ion on amino-functionalized fly-ash-based SBA-15 mesoporous molecular
sieves prepared via two-step hydrothermal method[J]. Microporous and Mesoporous Materials, 2017, 252: 105-115.

(1] 7Ty, 45, SKEE, 45, Ti-MCM-415Ffixd Cr(VD UL BHERET]. fb T3, 2017, 37(4): 427-432.

[12] SREHR, HLZ, BEA, 5. APEMCM-4 1R BB BRALHI GBS 0], A iRl 546 T, 2017, 48(8): 51-57.

(13] BEUS SR, BURAN, XIVE, 55 . FLE5HA IR T R XS 22 A 4310 WA ¥ I 4 R 9 52 ey [0, KD B T2 41, 2017, 48(4):
551-556.

(14] ATz 8. BOPE 13X 700t HOR AR B REBTSE[D]. AT BT Tl K27, 2012.

[15] SITHAMBARAM S, XU L, CHEN C, et al. Manganese octahedral molecular sieve catalysts for selective styrene oxide ring
opening[J]. Catalysis Today, 2009, 140(3/4): 162-168.

[16] ZHAO J, ZHANG Y, ZHANG S, et al. Synthesis and characterization of Mn-silicalite-1 by the hydrothermal conversion of
Mn-magadiite under the neutral condition and its catalytic performance on selective oxidation of styrene[J]. Microporous and
Mesoporous Materials, 2018, 268: 16-24.

[17] XU J, ZHANG Q, GUO F, et al. Effects of the crystallization time on the mesoporous structure, texture, morphology and
styrene oxidation performances of V-MCM-41[J]. Journal of Energy Chemistry, 2016, 25(6): 1058-1063.

[18] BJORGEN, Morten, JOENSEN, et al. Methanol to gasoline over zeolite H-ZSM-5: Improved catalyst performance by
treatment with NaOH[J]. Applied Catalysis A: General, 2008, 345(1): 43-50.

[19] WRICSC, 3558, XUAA, 2. BRAL B T 22X HZSM-5731- i L2445 H SO EW B BE AL S 7 RE JT 2 MR [)]. REMRER 412, 2018,
46(10): 1373-1382.

[20] VLT, BOESE, BB, AF. MRBALBIXT ZSM-553 Ui ) e vk 5 RIS Pk BE A SE A [T]. KARMEA7741, 2016, 44(6): 732-
737.

[21] XIFEVK, W be, FEmg 4. BRUBEICHE TG P S HO H AR B 52 [T]. PRIEEREE, 2016, 37(9): 3670-3678.

[22] SUN H, PENG P, WANG Y, et al. Preparation, scale-up and application of meso-ZSM-5 zeolite by sequential desilication-

dealumination[J]. Journal of Porous Materials, 2017, 24(6): 1-13.


http://dx.doi.org/10.1016/j.ntt.2014.05.009
http://dx.doi.org/10.1016/j.ntt.2014.05.009
http://dx.doi.org/10.1016/j.yrtph.2018.05.011
http://dx.doi.org/10.1007/BF00695975
http://dx.doi.org/10.1016/j.micromeso.2017.06.004
http://dx.doi.org/10.3969/j.issn.1006-1878.2017.04.010
http://dx.doi.org/10.3969/j.issn.1005-2399.2017.08.012
http://dx.doi.org/10.1016/j.micromeso.2018.04.009
http://dx.doi.org/10.1016/j.micromeso.2018.04.009
http://dx.doi.org/10.1016/j.jechem.2016.10.004
http://dx.doi.org/10.1016/j.apcata.2008.04.020
http://dx.doi.org/10.3969/j.issn.0253-2409.2016.06.014
http://dx.doi.org/10.1016/j.ntt.2014.05.009
http://dx.doi.org/10.1016/j.ntt.2014.05.009
http://dx.doi.org/10.1016/j.yrtph.2018.05.011
http://dx.doi.org/10.1007/BF00695975
http://dx.doi.org/10.1016/j.micromeso.2017.06.004
http://dx.doi.org/10.3969/j.issn.1006-1878.2017.04.010
http://dx.doi.org/10.3969/j.issn.1005-2399.2017.08.012
http://dx.doi.org/10.1016/j.micromeso.2018.04.009
http://dx.doi.org/10.1016/j.micromeso.2018.04.009
http://dx.doi.org/10.1016/j.jechem.2016.10.004
http://dx.doi.org/10.1016/j.apcata.2008.04.020
http://dx.doi.org/10.3969/j.issn.0253-2409.2016.06.014

2208 ok L B ¥ W 135

(23] XA, S3Ckk, 8, 55, R ARV ISR SRR BT ], PREE TR, 2010, 28(5): 66-69.

[24] R IR B VOCS B HAHE RIS [D]. Kb k¥, 2014,

[25) mHIGERY, WEMELL, BESEH, S5, AT RGP SR U S AL A R RERITSE1T]. AT, 2014, 28(22): 44-48.

[26] FFBEL, XAz, )58, 4. Y53k bl SR R ma R R B 42 0. A kil 5L T, 2014, 45(4): 8-13.

[27] YAN J, HUANG Y, MIAO Y E, et al. Polydopamine-coated electrospun poly(vinyl alcohol)/poly(acrylic acid) membranes as
efficient dye adsorbent with good recyclability[J]. Journal of Hazardous Materials, 2015, 283: 730-739.

[28] ROCHA J, KLINOWSKI J, ADAMS J M. Solid-state NMR elucidation of the role of mineralizers in the thermal stability and
phase transformations of kaolinite[J]. Journal of Materials Science, 1991, 26(11): 3009-3018.

[29) 25503, Bea, 1k, 55, TRUCHETE M sout RO . F BRI BRI RELT]. fk 12241z, 2013, 64(3): 970-979.

[30] BREE, SRBTY, FLILIE. BRSO T 6 HR 0 W B RERIF S [J]. #A5E T2, 2016, 34(2): 91-95.

(311 s, m e, AR, 55, A -TALHZSM-573 71 B il 5 SOHAEREITA (7], A1 il~A 4l (1l 1), 2015, 31(5): 1048-
1036.

(L4 a%: 28, #e0edl, 3K A W)

Acid, alkali and high temperature modified 13X molecular sieve and its

adsorption of styrene
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Abstract In order to improve the adsorption rate and adsorption capacity of 13-X molecular sieves, it was
modified by basic solutions (NaOH, NH,) and acidic solutions (CH,COOH, HCl), and the acid modified
molecular sieves were further treated by high temperature. The effects of reagents, concentration, immersion
time, calcination temperature and calcination time on the adsorption performances of the modified molecular
sieves towards styrene were investigated. SEM and BET were used to characterize the molecular sieves as well.
Results indicated that the adsorption rate and adsorption capacity of styrene by the modified 13-X molecular
sieves were significantly improved under the optimum modification conditions as follows: hydrochloric acid
concentration of 6 mol-L"', immersion time of 24 h, calcination temperature of 450 °C, and calcination time of 6
h. And the kinetic process of styrene onto the modified molecular sieves could be fitted by pseudo-second-order
kinetic model with R* larger than 0.98. SEM images indicated that the surface porosity of molecular sieves was
significantly elevated after the modification. BET analysis showed that acid modification could improve the
specific surface area, micropore and mesopore areas of molecular sieves, while high temperature modification
could improve the specific surface area and mesopore area but reduce the micropore area. Correlation analysis
indicated that the dynamic saturated adsorption capacity of styrene onto the modified molecular sieves had a
good positive correlation with the BET specific surface area and mesopore area.

Keywords 13-X molecular sieves; modification; adsorption; styrene
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