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HZSM-5 synthesized by montmorillonite and its application for production of
hydrogen via steam reforming of dimethyl ether

ZHANG Jiakang , WANG Huan , ZHANG Senhan , FENG Xiaoqian , ZHANG Qijian , ZHAO Yonghua*
(School of Chemistry & Environmental Engineering, Liaoning University of Technology, Jinzhou 121001, China)

Abstract: H-form zeolite socony mobil-5 (HZSM-5) with different texture and acidity was prepared using sub-
molten salt activated montmorillonite as raw material by traditional hydrothermal method, seed-directed method,
steam-assisted crystallization method and aerosol crystallization method. And the HZSM-5 used as solid acid was
physically mixed with commercial Cu/Zn0O/Al,O; to obtain bifunctional catalysts for steam reforming of dimethyl
ether (SRD) reaction. The samples were systematically characterized by XRD, FTIR, SEM, N, adsorption-desorption
at low temperature, and NH;-TPD techniques. The results showed that the crystal size, textural and acidity proper-
ties of HZSM-5 could be effectively regulated by the synthesis method, and then affecting the SRD performance of
the corresponding bifunctional catalyst. Traditionally hydrothermally synthesized H-form zeolite socony mobil-5
(TH-HZSM-5) exhibited suitable acid content and relatively large surface area, pore volume and pore size, and thus
bifunctional catalyst composed of TH-HZSM-5 as solid acid and Cu/ZnO/Al,0; with a mass ratio of 1 : 1 showed
better SRD reaction performance, and the dimethyl ether conversion and H, yield reached 100% and 91% under the
conditions of reaction temperature 300°C, pressure 0.1 MPa, space velocity 5 000 mL/(g-h), respectively.
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Fig.1 Structure of H-form zeolite socony mobil-5 (HZSM-5)
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5 synthesized by traditional hydrothermal, seed-directed, steam-assisted
crystallization and aerosol crystallization method, respectively

Kl 2 ARFEJyEA R HZSM-5 ) XRD Kl
Fig.2 XRD patterns of HZSM-5 synthesized by different methods
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Fig.3 FTIR spectra of HZSM-5 synthesized by different methods
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Fig.4 SEM images of HZSM-5 synthesized by different methods
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F1 RRFEABK HZSM-5 5 F I M RH4HE
Table1 Summary of the textural properties of HZSM-5 synthesized by different methods

Sample Sper/(m*g™) Viota/ (cm®-g™") daye/nmM Smicro/ (Mg ™) Vinicro/ (cm’-g™")
TH-HZSM-5 399 0.30 3.03 315 0.15
SD-HZSM-5 380 0.26 2.77 288 0.13
SAC-HZSM-5 416 0.30 2.86 335 0.16
AC-HZSM-5 422 0.33 3.11 371 0.17

Notes: Sgpr— Brunner-Emmet-Teller (BET) specific surface area; Vo —7Total pore volume; d,,.—Average pore size; Spico—Microporous
surface area; V;..,—Microporous volume.

% 2 I AN TE J5 24 8 HZSM-5 1) XRF 2 fiF 4% o TH-HZSM-5 43 ¥ i i Si0, 7 & il Si0,/Al,04
B, NERPOLUEN, 4G HZSM-5 1) EE/R UG/, X 2 BR A 2K 0k A il HZSM-
Si0, Fl ALO, & & Si0,/Al,05 FE /R H A 22 4R K, 545> B A AE D mRE IR R I

®2 AEFEEHH HZSM-5 KER R EERLE
Table2 Composition and molar ratio of Si0,/Al,05 of HZSM-5 synthesized by different methods

Sample Si0,/wt% ALO3/wt% Na,O/wt% Other impurity/wt% Si0,/Al,0; molar ratio
TH-HZSM-5 89.86 3.63 0.66 5.85 42
SD-HZSM-5 93.20 3.43 0.92 2.45 46
SAC-HZSM-5 92.30 3.42 0.74 3.54 46

AC-HZSM-5 92.49 3.40 0.82 3.29 46
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Fig.6 NH;3-TPD spectra of HZSM-5 synthesized by different methods

*3 FREAEEK HZSM-5 S
Table 3 Amount of acid site of HZSM-5
synthesized by different methods

Amount of desorbed NH;/(mmol-g™)

Sample

Weak acid Strong acid Total acid
TH-HZSM-5 0.13 0.09 0.22
SD-HZSM-5 0.08 0.04 0.12
SAC-HZSM-5 0.22 0.18 0.40
AC-HZSM-5 0.24 0.20 0.44
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PEREM R Z N E . WK 7() 7T LE 1, Brfa ik
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X ) Refi Ak 7 i) DME %463y 97%, Hifth 3 4~
1k 5 () DME % 1L R 2] 4 100%. T SD-HZSM-5

HA R MR (& 6), it SD-HZSM-5 3 W 1)
e L 71 19 DME 7K fiff 3 2298012 , (i DME 991 i
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iR MG R, IR I AC-HZSM-5 5 3 3y i At Ak 7]
W5 & %) DTH F1 MTH 45 @l e v #te, 5 B Ak 57
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B TR Uk 2, HLAH I BL ) R A Ak 700 0 e 1 e vk
Z, R 11h N FFET 18%. i TH-HZSM-5 iR
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rge AL 7 i F e AL T SD-HZSM-5 X ) fig
AL, X5 R KR S N 2, i Ak R
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REAEALRI7E 11 h I H, 7 R 5 (85%) .
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Fig. 7 Dimethyl ether (DME) conversion (a) and H, yield (b) of bifunctional catalysts composed of HZSM-5 synthesized by different methods
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composed of HZSM-5 synthesized by different methods and
Cu/Zn0O/Al,04
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