CHAPTER V

RESULTS AND DISCUSSION

5. Zn/H-ZSM 5 (5 wt % Zn)
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The X-ray diffraction patterns for the catalysts prepared and H-ZSM-5 of
patent literature are shown in Figure 5.1. The patterns of catalysts, prepared in this
laboratory by rapid crystallization method, were the same as that of H-ZSM-5. This
indicates that all the prepared catalysts have the same pentasil pore-opening
structure as H-ZSM-5. Consequently, both the metals incorporated and the metals

ion-exchanged do not change the structure of H-ZSM-5 catalyst.
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Figure 5.1 X-ray diffraction patterns of the catalysts.
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Figure 5.1 X-ray diffraction patterns of the catalysts (continued).
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5.1.2 Specific Surface Area

BET surface areas of the catalysts are show in Table 5.1. The surface areas
of all metal ion-exchanged ZSM-5, iron incorporated and zinc incorporated catalysts
were in the same range as that of H-ZSM-5. This is consistent with the above-

mentioned result that the x\ “’( all the prepared catalysts are almost the

: only is H-Fe-Silicate and H-Zn-Silicate

9

same as that of H-ZS\
- .

which have lower s

Table 5.1

NH,-Fe/Al-Silicate 365.2463

fUEANENINEIAT
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5.1.3 Morphology

Scanning electron microscope photographs of the catalysts are shown in

Figure 5.2. As shown, the crystal shape and size of metal loaded catalysts (Fe, Zn)
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Figure 5.2 SEM Photographs of the catalysts.
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Figure 5.2 SEM Photographs of the catalysts. (continued)



i“m ©09101

—

&) Zn/H-ZSN-5/(5\wt% Zn)

Bea3e2

f) NH,-Fe'Al-Silicate

Figure 5.2 SEM Photographs of the catalysts. (continued)

91



92

590

28KV X7>500

h) PYH-Zn'Al-Silicate

Figure 5.2 SEM Photographs of the catalysts. (continued)
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were identical with the parent H-ZSM-5 and conformed to their characteristics of

catalysts on figure 5.2

Methanol conversion to aromatics reaction

5.1.4 Effect of NH," Form and H-Fo;m ZSM-5

W
‘__,-—'
The methanol conversion tq_,hydrocarbﬁ‘ﬁ5. was carried out at GHSV 2000 h™

— |
, temperature 350°C, fesd'gas mixture of 20% MeOH balanced with 80% N, and 1

hr. on stream. Com d etween I§H4 form and H form of ZSM-5, light olefins and

aromatics selectivit 'q( so d#férent which are shown in Figure 5.3. These

results were used e refepenoL for the modification of various metal into

framework of ZSM-5.

5.1.5 Methanol conversnon Fe snli@é batalysts
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Effect ofJFe amounts in Fe—smcate catélyst-"on hydrocarbon distribution

(Si/lFe=25, Si/Fe=40 and Si/Fe=400) are shown n Figure 5.4. All the catalysts
exhibited highiselectivity tolight lolefins; which»is slightly-decreased with increasing
Si/Fe ratio in the catalyst and the selectivity for aromatics was considerably low. As
fofgthe catalyst, of Si/Fe=25, the methanol cohversion was 48.20 % with the light
olefins selectivity of 43.68 %. The methanol was completely converted to
hydrocarbon on the catalyst of Si/Fe=40 and the methanol conversion slightly
reduced to about 80 % on Si/Fe=400. The considerably low selectivity for aromatics

should be attributed to the weaker acidity of Fe-silicate catalyst than H-ZSM-5.
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Figure 5.4 Methanol conversion on H-Fe-silicate catalysts with
various Fe loading content.



5.1.6 Methanol conversion on Fe ion-exchanged H-ZSM-5

Hydrocarbon distribution of methanol conversion, with the same condition as
mentioned above, on Fe ion-exchanged H-ZSM-5 catalyst with various amounts of
Fe, 3, 5 and 10 wt %, is shown in Figure 5.5. The methanol conversion was 100 %
for all percentage of Fe loading. Fe _lop}exchanged H-ZSM-5 with 5 wt % Fe loading
exhibited the highest amount of light olei':@and aromatics compared with 3 and 10

wt % Fe loading. It should be note‘ciI that Fe ion-exchanged H-ZSM-5 exhibited much

higher aromatlc;tl%n’/l‘-'eélhcate Txhe strong acidity derived from the presence of Al

in Fe ion-exch -ZSNF5 should be responsible for the higher aromatics

selectlwtythant of Fe llicat& > 4

5.1.7 Methanol con r%n on, M-Fe. Iﬂ-smcate
_:f* J,', '

The product dlstnbutlon of metl]pnol conversion on H-Fe.Al-silicate with S:/A

r’

ratio of 40 and»So Ijln Figure 5.6. All the
A s
catalysts yielded Smail amount of BTX and mainly light olefins were produced.

However, among the catalyst tested, H-Fe.Al-silicate with Si/Al and Si/Fe ratios of

40 gave the highest amount of BTX.

5.1.8 Methanel conversion,on NH,-Fe.Al-silicate

The product distribution of methanol conversion on NH,-Fe.Al-silicate with
Si/Al ratio of 40 and Si/Fe ratios of 25, 40, and 400 is shown in Figure 5.7.
Surprisingly enough, NH,-Fe.Al-silicate exhibited higher BTX amount than that of

the corresponding H-form. The catalyst with Si/Fe and Si/Al ratios of 40 gave
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approximately 22 % BTX selectivity. It is noteworthy that the cation form does affect
the aromatic selectivity though the detailed reason needs further study. The effect
of all amount in NH4-Fe.Al-silicate was also observed and the result is shown in
Figure 5.8. Among the catalysts with Si/Al ratios of 25, 40, and 400 at Si/Fe ratio of
40, it has been found that NH,-Fe.Al-silicate with Si/Al and Si/Fe ratios of 40 was

the optimum one for aromatic selectiv’lril{///
5.1.9 Methanol conversion on Zn:gilicate

g—_— ; E

The erbution gf methanol conversion on Zn-silicate with Si/Zn

ratios of 40 and 400 is's : m‘FjglI;és.Q. The catalysts did not give the significant

¥
/@04 weré agﬂe:ved as the main products. Thus Zn-silicate

&l -‘.I'IJ

(.the aromatization of methanol.
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5.1.10 Methanol convérsiéﬁ‘b_‘ﬁ Zn idtﬁé_i@hanged H-ZSM-5
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As shown'in Figure 5.10, the activity _and.,é;matic selectivity were greatly

Y. )
enhanced on Zn ien-exchanged H-ZSM-5. The selectivity for BTX higher than 32 %

— i

amount of BTX and

was not the good catalyst

i -
was achieved during.the range of Zn loading from 3 % to 10 %. Zn ion-exchanged

H-ZSM-5 with 5 % Zn by weight represents the optimum one.
5.1, 11 Methan®l conversion on H-Zn.Al-silicate

The product distribution of methanol conversion on H-Zn.Al-silicate is shown
in Figure 5.11. First, the Si/Al ratio was fixed at 40 and Si/Zn ratios were varied at
25, 40, and 400. It has been found that H-Zn.Al-silicate with Si/Zn 40 exerted the
highest selectivity for BTX of approximately 30 %. Then Si/Zn ratio was thus fixed at

40 and Si/Al ratios were varied at 25, 40, and 400. As shown in figure 5.13, H-Zn.Al-
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silicate with Si/Zn and Si/Al ratios of 40 represents the optimum composition for the

catalyst that should be used for the aromatics production from methanol.
5.1.12 Methanol Conversion on NH.-Zn.Al-silicate

The carbon product distribution of methanol conversion on NH,-Zn-.Al-

silicate is shown in Figure 51@\*’*”; trasted with the corresponding H-form
as illustrated in Figure Q}{.":Iﬁﬁi@ gave lower selectivity for BTX
R, J —
ill be the catalystwith. Si/Zn and Si/Al ratio of 40.

though the optimu

Of all the red, H-Zn Alsllicate with SUAl and SifZn ratios of 40
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5.1.13 Effect of reaction mperatur ﬁn ca

—— —

*:!:‘:"T‘;_:;" . 1@‘?5
Temperature dependence of ¢ roduct distribution of methanol
e pendance “of ‘carbo n_}; oduc
ConverSion on % DAL cale nn 1u_|-ou|‘," -:“ ! of 40 is Shown in Flgure
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5.14. The BTX seﬁlivity increas eaiq;'jg temperature and as high as

37% BTX was obtaiped at 500° C reflecting the endothermic reaction of methanol

conversiorﬂuo%tig.m El'umaﬁ—reQNiﬂr’]\ﬂ §0° C, the considerable
4

amount of CO, was formed and‘increased wiﬁtﬁncre sinéég;[erature. At 600°

. :% ﬂ;lﬁ a\j\mtlml‘;’leuﬂig’a ﬂs ere formed and thus the

amount of BTX decreased.
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5.1.14 Blank test of methanol conversion

The methanol conversion reaction was conducted without catalyst to
observe the thermal cracking effect at 300 and 500° C. As shown in Figure 5.15
only few amount of methanol was thermally cracked at both temperatures. It should
be noted that methane was Uf main product at 350° C and CO, was
substantially obtalnedw C Th/ﬂsuggested that methanol may be

thermally cracked — du ts abﬁéﬁﬂvﬂ*meduum and high temperatures.

u

C with different GHSV ranging from

‘been shown that the light olefins

NCee thus the amount of BTX was less
# i . y

obtained at high GHSV. This shouid & € to the short contact time at high GHSV
PR

which caused so{Ee light ﬁlerfrrﬂemam%ﬁv%gd.

3 : £
5.1.16 Effect of fime on stream on carbon prod oi-‘aijstribution

Thﬁaﬂﬁ%ﬁ%ﬂ%%;wm mion at 500° C and GHSV

2000 h™" for's h according to Foxgure 917, The BTX selectlu sharply decreased

o e A e v s

However after regenerating catalyst with air at 550° C for 1.5 h, the initial activity

and selectivity were almost recovered.
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Figure 5.17 Methanol conversion on H-Zn=Al-silicate (Si/Zi40, Al/al40)
catalyst at, réection temperature 500%C and &HSV 2000 h™
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§.1.17 Effect of Pt on catalyst stability

The effect of Pt on catalyst stability was studied by ion-exchange H-Zn.Al-
silicate with C.5 wt % of Pt. The carbon product distribution of methanol conversion

on Pt/H-Zn.Al-silicate at 500° C and GHSV 2000 h™ up to 10 h is shown in Figure

T{?w not as high as that of the catalyst without
L | :&/at 15 % during 10 h of prolonged
operation. The roleqﬁz p@h@ansfer H. to the carbonaceous

5.18. Although the selectivity fo

Pt, the selectivity was k

adsorbate on the cat ke formation, as reported by Inui

formed on the cokﬁ catalyst ar further studie em required.

AUEINENINYINg
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