CHAPTER IV

RESULTS AND DISCUSSION

ten Catalysts

4.1 Characterization of Supported T

Phase anM | ’ S \“ was carried out by XRD
; ‘ 1eSized S hown in Figure 4.1 where

peaks are known as (100),
(110) and (200) reflectio ively. Ps 0Si e located in a quite low 20
values due to lack of shért vn - " f-th . ter calcination in air at 500°C
for 10 h, the XRD pattern morphologies is preserved with
increasing peak intensity res ic template from the mesopores

and all of peaks u;—— arge _eaks are still observed

confirming that the hex@mal structure of SB. 1s the rl y stable, although the unit
cell contracted after removil eforganic teﬁlaﬁbﬁalci'a ion
When ﬂ‘uﬂg mgji t §3 A ilﬁlﬂg incipient wetness
b o/
impregnation method. Alﬁsﬁpﬁ sﬁi ﬂwﬁsﬁw gl pTaoB-.d vanished
peaks oﬂlm;lao ' feflections “as“shown in Figure 4.2. This might be due to

disturbance of order of host structure by interaction between tungsten species and support.

As found that XRD peak intensity is very sensitive to several parameters such as
moisture, template existence, temperature and duration of calcinations. This is accounted

by the presence of long-range order of its structure but the absence of short-range order as
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found in normal crystalline materials. SEM is selected to be a tool for following up the

information of SBA-15 instead of XRD.
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4.1.2  Scanning Electron Microscopy

Scanning electron microscopic (SEM) images reveal that the as-
synthesized SBA-15 consists of many rope-like domains (Figure 4.3 (B) and (C)), which

are aggregated into wheat-like macrostruétl.llrreJ %/n wh in Figure 4.3 (A).

Figure 4.3 SEM images of pure silica SBA-15 with (A) x 500, (B) x 5,000 and

(C) x 20,000 magnification
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Tungsten species distributions on SBA-15 support are illustrated by SEM-
EDX as shown in Figure 4.4. These images show the remained rope-like morphologies
but decrease of wheat-like particle size due to disturbing from loaded tungsten and it
indicates that tungsten species are highly dispersed on the SBA-15 support. High disperse
of tungsten species on the support corresp(ind,r)é/)vhlte dot in picture could be obtained

by impregnation method. — ,4/

(A)

(B)

©

Figure 4.4 SEM image vs. X-ray mapping of (A) 1% WOs/SBA-15, (B) 5% WO,/SBA- 15

and (C) 10% WO;/SBA-15
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4.1.3 BET Specific Surface Area

Nitrogen adsorption-desorption isotherms of the SBA-15 and WO,/SBA-15

was shown in Figure 4.5. Samples of SBA-15, 1% and 3% WO,/SBA-15 exhibit a well-

expressed hysteresis loop of type Vi ‘ i ’ § the_characteristic pattern of mesoporous
materials while high loadings of . arld 0 9 3/SBA-15 do not show typical
mesoporosity adsorption behavigeBET specifiessuiface area of SBA-15 support and
WO3/SBA-15 catalyst arcdisteddh 1" 4 mgsten 16 ing results in a decrease of

surface area of SBA-15 s POk : r tungste ading. This is attributed to the

loss in crystallinity seen j n oxide species.

Table 4.2 BET specific sufacga ALY 2 BA-15 catalysts

SBA-15 ,
W !
1% WOy/SBA-15 & o, Y 535
3% WO+/SBA-150 | . ' | d
5% Y ~ e
CAITRYASAIURIIVTENA S
| 1 N1 oW U i
7% WO/SBA-15 243
10% WO3/SBA-15 104
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15 in Figure 4.6, narro pore
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Figure4.5 N, adsorption-dg i SOt B(A) SBA-15, (B) 1% WO;/SBA-15,

\

(C) 3% WO3/8RA ,(E) 7% WO,/SBA-15, and

(F) 10% WOy/SBA-T

Considening upport and WO5/SBA-

'.

fou@ for SBA-15 support at

maximum value of 96 A. When.tungsten was loaded on SBA-15 in small amount, 1% and

3% WO,/SBA- 1ﬂ %E‘jeg mﬂﬂ mﬁ)mﬂﬂ mjwas observed. This
might be due to 1mpregnated metal oxidé which are hi rse oﬁd‘ﬁe of pores.
Howevexﬂim’n]sa ﬁcfulgm u m ’]i'ﬁﬂﬂl pore size
increasing and broad pore size distribution. It indicates that some of the pore structure of
SBA-15 support was collapsed by high loaded tungsten. Moreover, the remain pore

structure was covered by large amount of tungsten oxide, resulting in pore size decreasing

as present over range of 10-100 A in Figure 4.6 (F).
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Figure 4. 64 Pore size distribution of (A) SBA-15 ,(B) 1% WO:/SBA- 15, (C) 3% WOs/SBA-15,

(D) 5% WO5/SBA-15, (E) 7% WO,/SBA-15, and (F) 10% WOs/SBA-15



4.i.4 DR-UV spectra

In the reference DR-UV spectra as shown in Figure 4.7, sodium tungstate
represents tetrahedrally monomeric tungstate species. ammonium tungstate represents
octahedrally polymeric tungstate species, and WOj; represents the bulk tungsten oxide.

= 1 'te \ s ol 3 0,
DR-UV spectra of various supo _- ‘n ,/v , at 0, 1, 3, 5, 7 and 10% WO,

loading on SBA-15 are shownmiisbionie 4.8, Tlie WO ISBA-15 spectra are comparable
with the reference spectrumsofiNG "’/ D _IEcan.be Coneluded that ali WO;/SBA-15
samples have the charactCrisi ungstate species on the

supports.
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Kubelka-Munk Function (a. u.)

(a) Na,WO,4.2H,0
(b) (NH4)WO,
(c) WO3

Figure 4.7
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4.1.5 Subtraction Laser Raman Spectra

The subtraction Raman spectra of WO;/SBA-15 catalysts by Raman
spectrum of SBA-15 support are presented in Figure 4.9. As described in Figure 4.9, no
significant band present in the Raman spectram of 1% WOs/SBA-15 while the Raman

spectra of 5% WOy/SBA-15_cXhibits Similofsfatrn, with 1% WOy/SBA-15. This

indicates that high dispersie de onsSBA=IS support was presented over
gh disp | PP p

the range of 1-5% WO;, leadjag aser-Raman scattering technique.

At high tungsten loading, 19%6 m shows number of band
differ from previous samplg’ | 820 cm™ and a weak band at

320 cm™ which could descrilfe tjfat ghe b ! refer to stretching mode

8 AT
of W-O bond of tetrahedrallygoo i%‘ ngs xid ies on support and the weak

band at 320 cm™ refers to be c'.“:-‘f;!j-"_'e‘é

(WOs.H,0). This result is agreems ‘.'5*‘1?:"5_5:;? .»

D 00nd of hydrate tungstic oxide
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4.2 Calcination Condition of Support and Supported Tungsten Catalysts

4.2.1 Effect of Time on Template Removal

with that of calcined SBA- eantensity of the (100) peak was slightly

increased from 7063 to 87 i\ ‘s\t\ hat the template can not be
removed from the pore o : °Ca \\‘ \ ination at 500°C for 10 h,
the template was comple : " i thesized SBA-15 pores under such a

A\

of'the (100) peak from 7063 to

condition. It results in tw credsing.
o

15366 cps of as-synthesize respectively. In addition, the

calcined SBA-15 samples at B) and (C), still have the rope-like
morphology and remain rope-like morpi ing with_as-synthesized SBA-15.

-
haad

This indicates that re ;——,\ drig time do not affect the

morphology of SBA-15 support.

W

VLo ¥ i i A
ARIANTUNINGAE

nation "L‘ ndition of 500°C for 10 h
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Figure 4.10 XRD patterns and SEM images of (A) as-synthesized SBA-15 (B) calcined SBA-15
at 500°C for 5 h and (C) calcined SBA-15 at 500 °C for 10 h



4.2.2  Effect of Moisture on Peak Intensity in XRD pattern of SBA-15

XRD pattern of as-synthesized SBA-15 samples before and after treatment

at 100°C are shown in Figure 4.11 and the intensity values of the (100) reflection are

there was no difference in"the Value after g.40r 50 and 60. It indicates that the
presence of moisture in asss st /ST 3 \.\{\  XRD peak intensity of the

(100) peak. Because the ; Ensity v moisture, when sample B

and C were calcined at 500°C § " il  ., ' sein XRD peak intensity. It is

reland after treatment
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Peak intensity d(100)

4199

A RO TEATAANE T
ic Sample A + dried at 100 °C for 60 min 7419
D Sample B + calcine at 500 °C for 10 h 11760
E Sample C + calcine at 500 °C for 10 h 11212
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Figure 4.11 XRD patterns of as-synthesized SBA-15 before and after treatment

at 100°C ( Figure A-E refer to sample A-E in Table 4.2)



4.2 Catalytics Activities of WO3/SBA-15 Catalysts for Metathesis of 1- Hexene

4.2.1 Effect of Temperature on Catalytic Activities

reaction temperatures are shownsin ) asing reaction temperatures from
100 to 500 °C, conversion gfskshexene inceé ﬁ) to 93.30%, respectively. The

selectivity to liquid phase 1 6810612 I%,with increasing temperature. In
to 22.87% with increasing

temperature.

Table 4.3 Catalytic activitie %W 0;/S catalyst in 1-hexene conversion at

various temperature ene in nitrogen, time on stream of

4

i
|

30 min W=

400°C | 500°C

iof\of 1thiXend d bid oN ¥ ﬁﬁbmﬂ.so 93.33

Selectivity to Gas products (%wt)

50.77 38.00 22.87

Selectivity to Liquid products (%wt) | 30.68 34.54 44.95 55.35 64.21

Coke (Y%owt) 0.64 | 119 | 428 | 665 | 12.92
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Gaseous product distribution obtained from using 5% WO,/SBA-15 as
catalysts at various reaction temperatures is shown in Figure 4.13. Formation of methane
and ethane is favored at high temperatures, 400 and 500 °C. This is due to cracking of

hydrocarbons at elevated temperature. The temperature lower than 300 °C are not suitable

for formation of ethylene and prop /ler grmation of butanes is preferable under

A\
h ature g 00 to 500 °C high conversion of 1-
hexene and high selectivi¥ S are owthesis reaction was indeed
competed by cracking proges®. Cehside ‘ disteibution at the temperature of
300°C, it shows reducj . i esponds to low methane

formation and still providés sroducts. For these reasons,
B ;

the temperature of 300 °C i ondif ‘ Sis reaction of 1-hexene over

Considering ligttid Gfﬁ-« dist

1 14 1‘ I .
and Cs are major products r* (€ J : 2 hi

Figure 4.14, the group of C;s

g amount than alkanes.

However, it is not ; \ ﬁ'- Cs in each group as

temperature increases. CBnd 6 a 'ormed b, ,,q ermal cracking process of

heavier hydrocarbons whlcﬁ sent in the s fm due to m sis of 1-hexene. In

addition, the hqﬂ LLEJ y] EJ VJ I! EJ’Jb from the metathesis
‘Wﬁ SeahmInea
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- 2C, C, 5-C

T cracking process
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Figure 4.12 Reaction of 1-hexene during metathesis course
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4.2.2 Effect of WO; Loading on Catalytic Activities

The percentage conversions of 1-hexene over tungsten oxide supported

catalyst at various loadings at temperature of 300 °C are listed in Figure 4.4. Increase in

the tungsten loading results in highe "conversig f 1-hexene from 14.65 to the maximum
of 46.13% which decreasing _&:‘:\\ ‘ ofod ‘ o loading amount higher than 5%
WOs. The increase of WO, 163ding fre IO%M increase of the selectivity
to liquid phase from 33.68#f6 56/38° ut the gas phase decreases from
55.87 to 10.45%. It is_4 “= e “ Ke ases with increasing the
percentage of WO;. _
JN-- \
Table 4.4 Catalytic activitigs %‘ﬂ;ﬁ lyst Xene conversion at  various
percentage of WO, feed:of 3 e In nitrogen, time on stream of 30
min at temperatur. y {5}?

ading

—
w
w

]

10

Conversion of l-ﬁmw v Jﬁ -;TT 44.05 | 34.15

Selectivity to gas fifoducts (Yowt) 5}87 49.33 | 52.43 | 50.77 L)S.22 10.45

Selectiv@t(Wuq;ajhasﬁ@ & 1454 1 2old Fhid) dok- | s63s

Coke (Yowt 10.45 | 9.67 7.25 4.28 4.16 3.17
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Considering product distribution from Figure 4.15, the formation of methane
decreases whereas the formation of ethane increases with increasing percentage of WOs;.
This indicates that the increase in the WO; amount results in less formation of methane

from ethane and other hydrocarbons. At 1% WO, loading, it seems to be no effect on the

of"WO; increases from 3 to 10%, the
—
difference in selectivity to 112 1s carn be ' is shown that the selectivity to
ethylene increases with jnefeasi v a ."‘}- ‘n“:"'s ading on the support. The
selectivity to propylene i ‘ Ancree ‘: ! '\\‘ adin and reaches the maximum
WO, loading results in the decrease
oging from the high amount of
support. Simultineously, high
e t0 form ethylene and butene via

metathesis reaction of prop metathesis reaction, in addition,

it can be a primary ;'i'_ roduct e femperature. Light olefins,

C,-C, alkenes, can furthﬁmdergo ctathesis'over the same&alyst.

, It is difficult to a¥oithcracking of 1-Hé¥ene b cause the reaction temperature is
much higher th%s“i&! gnmﬂniﬂpﬁj ﬁni—lowever, at 300 °C,
where the ¢ cking taki ! self- ﬁtﬁ vélogrm ethylene
and butg ﬁ:irﬁeﬁﬁg ng 0#31'[%03 on IlHW:FTe revérse process to
convert ethylene and butene to propylene, that is called cross-metathesis, is favored at the
loading of 5% WO- on SBA-15.

Liquid product distribution are shown in Figure 4.16. The group of Cs and Cg

products are also major products. As illustrated in Figure 4.16, increase in tungsten

loading results in decreasing amount of Cs and C4 alkenes. This might be due to high
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tungsten loading consists of large amount of catalytic sites, therefore Cs and Cg alkenes
were readily reactive to these catalytic sites. Cs and Cg alkanes are formed due to cracking

of heavier hydrocarbons which are formed via metathesis of 1-hexene.
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