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Synthesis of ZSM-34 and Its Catalytic Properties in
Methanol-to-Olefins Reaction
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Abstract ZSM-34 OFF ERI intergrowth was synthesized using choline chloride as the template in a shorter
crystallization time under hydrothermal conditions. Many factors that may influence the synthesis were investi-
gated. The ERI content in ZSM-34 could be adjusted by selecting different synthesis conditions. The synthe-
sized products were characterized by X-ray diffraction scanning electron microscopy and X-ray [luorescence
spectroscopy. Adsorption experiments showed that ZSM-34 possessed high pore volume and the adsorption
amount of n-hexane reached 11.4% . In the methanol-to-olefins reaction HZSM-34 exhibited high selectivity
for ethylene. The maximum selectivity for total olefins C,H, + C;Hy, over HZSM-34 was 86.0% and it near-
ly did not change even when the methanol conversion decreased. High-temperature steam treatment increased
the framework Si Al ratio and thus decreased the acidity of HZSM-34 which led to the obvious decrease in
propane selectivity and the increase in initial olefins selectivity.
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1
Table 1 Influence of crystallization temperature and choline
chloride CC amount on synthesized product
Sample 0 C Product Relative intensity in XRD « . . &)
L L, I, LI
1 1.3 90 amorphous ~ — — — —
2 1.3 110 ZSM-34 72.0 4.6 55.1 0.063 .
3 1.3 130  7ZSM-34  91.5 4.9 47.0  0.054 Z X L NK ®)
4 1.3 140 ZSM-34  100.0 4.9 56.2 0.049 ::
5 1.3 150 ZSM-34 61.5 6.9 43.3 0.112
6 1.3 160 MAZ+lide — — —  — _J_A_LA_A_U_AU_U_J[ N
7ZSM-34
7 0 140 OFF+PHI 20.8 — 12.8 —
8 0.6 140 OFF+PHI 13.9 — 11.8 — _J l I \ 1 | L 1)
9 2.3 140 ZSM-34 89.5 2.3 61.8 0.026 P B R R N R
10 3.3 140  ZSM-34  66.5 3.5 55.0  0.052 10 20 30 40 50
11 5.3 140  7ZSM-34  56.3 3.1 47.6  0.055 20/¢)
12 6.3 140 ZSM-34 47.6 3.3 48.4 0.068 1 XRD

Gel composition xCC : 12.7Si0, : 1.0ALO; : 2.5Na,0O :

0.7K,0:212H,0 120 h.

I, I, and I; refer to the relative intensity of 20 = 7.65°

9.62° and 31.33° respectively.

2
Fig 2 SEM images of different ZSM-34 samples
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Fig 1 XRD patterns of different zeolites
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Na® K* ZSM-34 2. 7ZSM-34.
NaAlO, y<2.7 2.7
Na® K" 1.3 <y<3.1 7ZSM-34
ERI
2 Nt KT XRD  20=9.6°

Table 2 Influence of Na* K" molar ratio on synthesized product

n Na* Relative intensity in XRD
Sample ——— Product
n K* I, I, I I, I,
13 1.3 ZSM-34  100.0 1.9 44.5  0.019
14 2.4 ZSM-34 99.4 2.2 35.3  0.022
4 3.6 ZSM-34 56.7 2.8 31.8 0.049
15 5.9 ZSM-34 33.3 3.2 29.0 0.095
16 12.8 MAZ + little — — — —
ZSM-34
17 o MAZ — — — —

OFF

3

Table 3 Influence of alkali cation concentration on synthesized product

Relative intensity in XRD

Gel composition 1.3CC: 12,7810, 1.0ALO; : 3.2 NayO +
K,O :212H,0 140 C 120 h.
Na® K* 1.3 5.9
ZSM-34 Na' K'>5.9
MAZ Na' K' MAZ

MAZ
2 ZSM-34
Na' K'
ERI .
2.2CC:15.9S5i0,:1.0AL05:4.4 Na,O + K,O
440H,0 Na' K'=0.7~ 0 Na*
K*

Na® K" 5 MAZ

Sample y Product I L I L
18 2.5 amorphous — — - -
19 2.7 ZSM-34 36.9 3.3 29.1 0.090
20 2.9 ZSM-34 64.3 2.1 31.3 0.033
14 3.1 ZSM-34 100.0 2.2 35.5 0.022
21 3.4 OFF 88.8 — 43.8 —
22 3.8 OFF 82.5 — 42.6 —

Gel composition 1.3CC : 12.7Si0, : 1.0ALO; : y Na,O +
K,O :212H,0 » Na" 2 K" =2.4 140 C 120 h.

SEM 3.
ZSM-34 OFF.
2.1.5
4
ZSM-34 8.0
. ZSM-34

Fig 3 SEM images of products synthesized with different alkali cation concentration in the gel
a Sample 20 b Sample 14 ¢ Sample 22
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Table 4 Influence of Si Al molar ratio in gel on synthesized product
n Si n Al n Si n Al Yield based Yield based Relative intensity in XRD
Sample Product . . .
in gel in product onSi % on Al % I, I, I I, I,
23 amorphous 31.8 — — — — —
24 amorphous 10.6 — — — — — — —
25 ZSM-34 8.0 4.3 46.9 86.7 88.7 5.9 77.4 0.067
4 ZSM-34 6.4 3.9 56.0 91.6 100.0 4.9 56.2 0.049
Gel composition 1.3CC:12.7Si0,: 2 AlL,O;:2.5Na,0:0.7K,0:212H,0 140 T 120 h.
2.2 HZSM-34
100

5.
HZSM-34 11
11.4% 4.0% 10
ZSM-34 OFF ERI
ZSM-34
ZSM-34 ERI
ZSM-34 ERI OFF
5
Table 5 Adsorption properties of different zeolites
Sample Adsorption amount %
n-Hexane Cyclohexane
Sample 11 11.4 4.0
ZSM-34" 10.7 4.3
Synthetic OFF” 8.8 7.8
Synthetic ERT” 6.5 1.0
Zeolite T* 6.6 0.8
" The data quoted from Ref 10 .
2.3 HZSM-34
HZSM-34
11 4
+
>80 %
86.0%
24 %
HZSM-34
2

80
60 [

40

Conversion and selectivity (%)

20 |

100 150 200

Time on stream (min)

0666 6. &

1} A -
0 50

250 300 350

4 HZSM-34
Fig 4 Conversion and selectivity of HZSM-34 Samplel 1
for methanol-to-olefins reaction
1 X CHOH 2 S CyH,+CsH,
3 SGH, 4 SCH, 5 S CsHg
400 T 20% methanol WHSV=1h""'.
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Table 6 Methanol-to-olefins reaction results over different zeolites
n Si . Conversion Selectivity %
Sample ¢ min - - - -
n Al % CH, GH, GH, CiH,  CiHq Civ Csy  CoH, + CsH,
HZSM-34 4.29 4 100 3.0 41.3 0.6 27.0 12.3 11.5 4.3 68.3
52 100 9.2 57.5 0.7 20.5 3.3 5.5 3.3 78.0
700-HZSM-34 4.40 4 100 3.0 46.8 0.6 27.6 6.9 9.7 5.4 74.4
52 98.2 7.7 60.5 0.6 19.9 1.8 5.9 3.6 80.4
RT-HZSM-34 6.26 4 98.0 3.8 33.9 0.5 32.5 10.1 13.3 5.9 66.4
36 88.7 7.7 53.0 0.7 25.3 3.1 7.9 2.3 78.3
450 T 10% methanol WHSV=1h""'.

HZSM-34 — NH,-ZSM-34 Sample 11 after calcinations.
700-HZSM-34 — NH,;-ZSM-34  Sample 11
C for 2 h.

RT-HZSM-34 — NH,-ZSM-34 Sample 11

ZSM-34
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K" MAZ
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