CHAPTER III

EXPERIMENTAL

3.1  Instruments and Appa

During the synthe S tallizatic as.performed using a Memmert
UM-500 oven as a heatergHcatifig 60an J -' ample a "C was carried out using the

same oven. Calcination of thefSolid Catalysts.at 540°C C leved in a Carbolite RHF

XRD

Synthesized samples erg’ gff i ﬁejp ture using a Rigaku D/MAX-
22000 X-ray diffractometer (XRD)"at m and Petrochemical College,
Chulalongkorn Unive .;:“"‘_*""‘:"'""““""“—E' 0kV, 30mA) at an angle

of 28 range from 1.5 to ﬁ and @ scan step was 0.02°. The

three slits (scattering, divergent,and receiving slits) were fixed at 0. 5% 0.5°and 0.15 mm,
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PLASMA-IOOO inductively coupled plasma-atomic emission (ICP-AES) spectrometer at
the Scientific and Technological Research Equipment Center of Chulalongkorn
University.

Nitrogen Adsorptometer

Characterization of catalyst porosity in terms of nitrogen adsorption-desorption
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isotherms, BET ‘specific surface area, and pore size distribution of the catalysts was carried

out using a Bel Japan BELSORP 28 SA adsorptometer at Professor T. Tatsumi’s Laboratory,
Yokohama National University, Japan.

| FTIR Spectrometer

Vibration of metal-oxygen bonds in the catalysts were measured in the wave number

range from 600 to 1500 cm™ using a Nicolet I

pact 410 Fourier transformed infrared (FTIR)

QQA gas chromatograph
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samples were analyzéd using a Shimadzu GC-17A gas chromatograph equnpg}d with a 30-m
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GC-14A gas qchromatograph equipped with a 30-m long and 0.25-mm outer diameter

Hydrocarbon gases ™ ere analyzed using a Shlmadzu

Carbowax (0.25 pm film thickness) column. All GC detectors are flame ionization detector

(FID). The GC heating programs for 0.20-cm’ gas and 0.20-pl liquid analysis are shown in

Schemes 3.1 and 3.2, respectively.
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10 min 140°C

3°C/min

Scheme 3.2
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The catalytﬂl apparatus for metat .hesw of l-hexene assembled m our laboratory
oo BT A BB
tube fumace a K-type thermocouple connected temperature programming assembly, a gas
manifold, a gas-liquid saturator and a nitrogen gas cylinder. The catalytic apparatus is shown

in Figure 3.1.
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3.2 Chemicals and Gases

To remove a trace amount of moisture nitrogen, highly pure grade purchased from
Thai Industrial Gases (TIG) was passed through a 40 cm x 2.5 cm tube of the molecular sieve
4A. Tetraethyl orthosilicate (98% TEOS) was commercially available from Fluka. Colloidal

silica (Ludox AS 40%), cetylpyridinium W(CPBr) and ammonium tungstate (99.99%

mixture and liquid mixture for d § was kil ined from Thai Olefins. Other

chemicals were from Merck or Eliiks
33 Direct Synthesis of W-

3.3.1 Synthesis of W- atio in Gel of 100 in Acidic

Coiidition

- -.
)
gel [I 1 a molar composition of

SiO; : 0.01 WO; : 0.3 CPBr : 6 HCI 6 H,O was prepared Solution A was prepared by

s 10 PN

prepared by dlssolvmyS.77 g of cetylpyndlglum bromide (C kPBr) in 60 cm’® of 5 M HCI. Into

s AT el TR A A BT

were simultan%ously added dropwise under a vigorous stirring. The resulted gel of 81.5 g was

3 i
Following the procé dure r

crystallized in the flask at 50°C under gentle stirring for 22 h. Apparatus for the gel
preparation was shown in Figure 3.2. The white solid product was obtained at a yield of

4.13 g.



Mechanical
Stirrer

Additional funnel

Figure 3.2 The apparatus of gel preparation
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3.3.2 Synthesis of W-MCM-41 with the Si/W Ratio in Gel of 100 in Basic

Condition

Referring to the method reported by Cho et al.®*

a gel with a molar
composition of CTABr : 0.3 NH; : 4 SiO, : Na,O : 0.04 WO; : 200 H,O was prepared.

Solution A was obtained by mixing 20.0

udox with 22.67 g of 11.78% sodium

hydroxide solution (2.67 g of NaOH i on B containing 25% CTABr was

prepared by dissolving 12.15 _ @ water. Into a 500-cm’® 4-
neck round bottom flask conta(' and 0.40 gof 2 ﬁueous solution of 25% NH;3

was added. Then Solution A 1dd e Basi s0lutio n the flask. The mixture was
stirred vigorously using a mec ‘ . for 30 ‘-&\\\ of 0.3786 g of ammonium
tungstate ((NH4),WO,) in water \\ he mixture with continuous
stirring. The mixture was further §ti M | _ er: \ resulted gel of 141.9 g was
transferred into a stainless steel bomb li ‘:A:‘-,; 3 flon. The bomb was tightly capped and
heated at 100°C without stirring for m was taken off and quenched with
running tap water to roo L-' Ez_________gm _‘ ed to 10.2 using 30%
e X

acetic acid. The bomb wa: v-i«‘f . other 24 h. The adjustment of

the gel pH was carried out ¢ etyday After the total crystalhzatlon period was spent for 5

days, the white sohﬂ ﬂ Ej qlaﬂdﬂ%ﬁdwtﬂ ﬂﬂ.«sne base. The solid

was dried in an oven ‘4t 100°C for 16 h. The ‘yvhlte crystalhne material was obtamed at a yield

e WIANIUAMINYAY
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3.3.3 Synthesis of W-MCM-41 Using Sodium Tungstate as a Tungsten

Source

To study the effect of tungsten sources on the up-taken amount of tungsten

from the starting gel, another W-MCM-41 sample was prepared in a similar way as described

in Section 3.3.2 except that Na,WO,.2H,0 was used instead of (NH;), WOj.

3.3.4 Synthesis of W-

To obtain tl/ ding of W ¢ catalysts, W-MCM-41 samples

with the Si/W ratio in gel o hesized using the method

in basic condition as des : '» 3.4 ¢ schematic diagram for the gel
preparation with various Si The amount of ammonium
tungstate required for each pr ious Si/W ratios in gel was

compiled in Table 3.1.

—

Table 3.1 Amount of asn ______-_;___;; reparation of W-MCM-41

with various

L S
Ploind T e V| EJ[TWed & i do |
R 120 ¢ £:3152 ’sa
] ™ 6‘ EI
80 0.4732
60 0.6313
50 0.7572
8 4.7320
4 9.4640
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Ludox 40%

) I Sodium silicate
stirring (Mixture A)

W/ . Adding

——-' dropwise

NaOH + H,O

l ﬁ‘ \\\
CTABr (25wt.% in W /’//5‘}:‘\\\\?&"
s

(NH4),WO4 + H,0 ,:::-m“::.:,; ~» Mixture C

yq = ‘ ng for

craB F?ﬁ@*‘%‘%ﬂ%w K903 oo

of nucleation centers

Q‘IméNﬂ‘mJ N‘iﬂﬂﬂ%ﬂﬁ d

Scheme 3.3 Preparation diagram of the gel mixture with various Si/W ratios in the

synthesis of W-MCM-41
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3.4 Sample Preparation for ICP Analysis

In a 100-cm”’ Teflon beaker 0.0400 g of a calcined catalyst was soaked with 20 cm® of
6 M HCI and subsequently 20 cm’® of 48% HF was added dropwise to get rid of silica in the
form of volatile SiF, species. The sample was heated but not boiled until dryness on a hot

plate and the fluoride treatment was repeate e more before 10 cm’® of a mixture of 6 M

HCI : 6 M HNO; at a ratio of 1:3 we rmed until dryness again. Then 20

a@d aﬂ%ﬁwn was warmed up for 1 h to

cm’ of 20% sodium hydroxide
complete dissolution. The : red t0°a. " polypropylene volumetric

" flask and made to the volume \ capped shaken thoroughly.

The solution was transferred ifito d cap lined under with a

cade
= 3 \ N\
polyethylene seal. The standard soltition:s " \ \! in HNO; (from BDH) was

dilutedto 1, 2, 4, 5, 10 and

3.5 Impregnation of WO; on dm‘ : =
.pﬂﬁ.ﬂ'" .r'ir"‘ A7 {'F

. \n— -rt"

Preparatiofi {f]
The pure-sﬁaﬁ?é’?%rﬂﬂi;w 81«51 ﬁuﬁsed in Section 3.3.2

but no ammonium tdingstate was added. A yield of 12 g of an as-syntheS|zed white solid

M LN AL L A G

the CTABr témplate from the pores. The loss on ignition is about 50% by weight.

3.5.1

3.52 Preparation of WOyMCM-41

The sample of WO;/MCM-41 was prepared using an incipient wetness

. method and various loading amounts of W corresponding to those in the W-MCM-41 samples
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prepared by direct synthesis as follows. A required amount of readily soluble Na,WO,.2H,0
as shown in Table 3.2 was dissolved in 1 g of deionized water. In a 120-cm” plastic bottle the
clear solution of sodium tungstate was dropped by portion on the calcined MCM-41 support
with alternate shaking vigorously. The tungsten-loaded sample was shaken vigorously for
another 20 min to disperse tungsten on the support uniformly. After thoroughly mixing, the

. loaded sample was air dried by suction with ter aspirator for 3 h. The white solid was

calcined in air at 500°C for S h to ions to the activated tungsten(III)

Molar ratio of Weight of the
Si/W in catalyst MCM-41 support
1637 1.00
383 1.00
84 1.00

" HTE NI neIns
CLMENRI VRN DA A

catalysts wag removed from the catalyst pores by converting to carbon dioxide at high
. temperature. The as-synthesized W-MCM-41 samples were calcined in crucible dishes from
room temperature to 540°C for 6 h in a muffle furnace using a heating program shown in
Scheme 3.4. The impregnated WO3/MCM-41 samples were calcined at 500°C using the

heating program shown in Scheme 3.5.
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540°C 6 h 540°C

RT

Scheme 3.4  The heating pfogram fog'calcinat CM-41 catalysts

(RT = room tey

1°C/min

(ANENTNEINT
& ﬁc"i"mn'ﬁtuum'mﬂ'ma

100°C Q

Scheme 3.5  The heating program for calcination of the impregnated WO3/MCM-41
catalysts (RT = room temperature)
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3.7 Catalytic Activity Test of W-MCM-41 and WO3;/MCM-41 Catalysts for

Metathesis of 1-Hexene

Both W-MCM-41 and impregnated WOs/MCM-41 catalysts were freshly calcined at
540°C and 500°C, respectively before a catalytic test was performed. The calcined catalyst

(ca. 0.1 g) was pressed into a wafer using a h lic press of pressure 0.5 tons for 5 min and

then it was crushed to tiny pieces. A atalyst was loaded into the middle
of a borosilicate tubular reactor , i ﬁm and hold in place by a plug
of quartz wool. The height off—' s3c ulted in the volume of 0.69
cm’. The catalysis was carried i \ Wi i | e 3.1. The catalyst was then
activated in the tubular reactor ; |k under ni : w at 12.7 cm*/min. The feed
of 30.5% of 1-hexene vapor in ' ed fro !\w\c rough the catalyst at the
reaction temperature at a cerai url yis : e velo i»" &t- SV). After time on stream of
30 min a I-pl portion of the gas s ¥ )y a gas tight syringe from the
catalytic line at the septum pomt belo the - oeation and was analyzed for 1-hexene

At the same time the

| )
products were separated i o liqui ce/acetone bath and into gas
L

collected in a Tedlar bag. hquxd products were analyzed using the GC equipped with the

DB-1 coated colurrﬂ 1uiﬁmya ;ﬁﬂsﬂ;ﬁﬂ lﬁ.&ﬁ; Mﬂﬁ analyzed using the

GC equipped with théarbowax coated colu‘;nn

AW1ANN TN UAIAINYAY

3719 Study of Effect of Temperature on Catalytic Activities

The W-MCM-41 catalyst with the Si/W ratio in product of 84, was loaded
into the tubular reactor. The catalyst was activated under nitrogen flow at the temperature of

500°C. Subsequently, the feed of 30.5% I-hexene balanced with nitrogen was passed through
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the catalyst at a GHSV of 500 h™" and at the different catalyst temperatures of 300, 400 and

500°C. After 30 min the gas and liquid products were collected and analyzed by GC.

3.7.2  Study of Effect of Si/W Ratio on Catalytic Activities

The tiny-pellet W-MCM-41 various Si/W ratios in product of 84, 334

and 1613 was introduced into the tuby l r re: t r. Affcatt catalyst deactivation at S00°C, the

H the catalyst at a GHSV of 500

h' at the reaction temperat and liquid products were

collected and analyzed by

3.7.3  Catalytic Activify of Wi \ L ne Metathesis

Similarly, the ‘me nesit tested over the impregnated

' WO;/MCM-41 catalysts with the Si 3.and 1613 at a GHSV of 500 h”', the

reaction temperature of 5008 results are compared to

those using the W-MCM 414

ﬂ‘IJEI’J‘VIH‘VIiWEI’m‘i
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