CHAPTER 1

INTRODUCTION

1.1 Statement of Problem

The development War II is closely related to

the vigorous growth ole *-\ e. ethylene, propylene and
butylene used as pe clistock; i rod aced by a steam cracking process
of olefins. There are # i a the growth of olefin chemistry'. Firsi, the
rising demand on gasoli ' sed ot only as a feed but also as
alkylated gasoline. Seco ,_"._.‘.‘ stry, based on crude oils and
inexpensive olefins, led tie  de of cracking processes for olefin
manufacture. Therefoze, ch ocysed on the development of

i -

new catalysts for theéj« o/ light olefins. Figure 1.1

and™ forecast o&thylene during 1995-2005,
where EBZ is ethylbenze EDC is ethyléhé dichloride, EO is ethylene oxide and
EG is cthylen@ﬂ.ﬂj II ﬂnjuﬂ ﬁp:ln jlymers in downstream
petroch iﬁi}]iu dt ﬁsﬁeiﬁb wﬁﬁ?ﬂﬁ f ﬁ&ﬁe is increased
since QS. ﬁ il ‘ | "1

Olefin metathesis is a process of converting two olefins to olefins i e. a

shows the growth o@mand and ¢

conversion of ethylene and butylene to produce propylene, and it is being used
dramatically in the specialty chemical market. In addition, it can adapt the availability
and flexibility to the global demand and manufacturing processes. The ethylene share

from naphtha cracking mixtures could, for example, be increased at the



cost of propylene, thereby simultaneously producing additional butylene feedstock for

dehydrogenation to butadiene.
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It can also be used in the combmatlon with “ethylene oligomerization in

countries where mnural gas Icm:km«g s/ favcfreﬂ td mchase, ‘otherwise, an inadequate
I

supply of hlghgt oleﬁns Other opportumtles for metathesis mclude synthesis of

otherwis¢ manesmbIQ dwleﬁns .mdq mnig-opémng ‘pol'yme‘lfunons of chclooleﬁns
1.1.1 Development of Metathesis Process for Industrial Applications
The olefin metathesis reaction was firstly discovered in 1931 by Schneider and

Frolich when it was observed that ethylene and butylene were formed during pyrolysis

of propylene at 1130 K% In the 1960s, the first industrial application of olefin



metathesis as the Triolefin Process was operated by Phillips Petroleum' using
propylene as a reactant to produce ethylene and butylene. During 1966 and 1973 an
industrial plant with a capacity of 30,000 tons butylene per year was operated by
Shawinigan in Canada. The reaction condition depends upon the catalyst employed.

With Co-molybdate catalysts, the reaction temperatures of 120-210°C at 25-30 bars are

sufficiently enough to obtain pr onversion of ca. 40%. The operating

ﬁ/ iO, and propylene conversion at
mttractlve to use the Triolefin

supply from conventio | Petroch Texas (USA), has already
P A

temperature of 450-500°C _i
500°C is approximately

Process in the reverse

Corporation (Taiwan) -+ process,3 called Meta-4, in

which ethylene and 2- gutylene react WIth each other in the liquid phase in the

—_—__— aﬂs u@’} %%} W@Wﬁaﬁ[ﬂ ‘l§rge-scale 320,000 ton-

per-year mdust:ﬂl plant incorporating olefin metatEESIs called the WII Higher Olefins

roce QF0P} GRED SR Vv ) Wb et e

detergent-range alkenes. After that, many plants have begun the operation and by

1993, the worldwide capacity for oc-olefins by the SHOP process has grown to about

10° tons per year.



1.1.2 Metathesis in Fine Chemistry

Besides the industrial applications, metathesis reaction is also valuable and can
be applied for fine chemistry® and oleochemistry (i. e. making products from natural
fats and oils of vegetable and animal origin).” Since 1969, Phillips Petroleum has
commercially operated a 1,400-tons-

- plant for the production of neohexene

musks, via cross-metathesi ethylpent- -ene) with ethylene

(ethenolysis), using a ( AN lh\c reaction is represented in

<Ol + CHy=C(CHs); L

(3,3-dimethylbut-1-ene), an in the manufacture of synthetic

equation 1.

(CH3);CCH=C(CH3), + C

The coproduct isobutylene caibe an isobutylene dimerization reactor,

which backed to -,_,:'. actant in reaction 1.1, Neohexene is used to make a class of

. oA : A .
synthetic musks w- as ! m imulate macrocyclic musks
and have excellent odor and fixative propertles

In 19ﬂ ﬁﬂq% Hﬂ ﬁ%ﬂ(}ﬂﬁu biologically active

compounds such/ as insect phcromenes using metathesns reactlon The conventional
0 1 T RN LI ) e o
pheromo es too expensive. for widespread use. The interesting results have been
obtained in a few steps by cross-metathesis between 2-hexadecene and 9-octadecene in

the presence of the catalyst Re,0:,/Al,0; (Equation 2) to produce 9-tricosene.
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CH;CH = CH(CHz)nCH; * CH;(CH2)1CH = CH(CH2)1CH3 (2)

|

CH3(CH;),CH = CH(CH,),> CH3 + CH3CH = CH(CH,),CH3

3)

Unsaturated fatty acid esters

s i Ak

promising and cheap feedstocks for

V.interesting in the field of
ot
AX )

: 'f' [adecenoate) is an attractive

metathesis. For this rée
oleochemistry. For e ‘.1’,“.

functionalized olefin becz use of its ready avallablllty and the utility of the metathesis
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reaction have ififense musk odor, \z}nch is very attractive for perfume components
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2Me(CH,),CH=CH(CH,),COOMe =~ =<==== Me(CH,);CH=CH(CH,),Me (42)

<+

MeOOC(CH,);CH=CH(CH,),COOMe



(CH,),COOMe 0
(CH,) (CHy),

H/ i ~7 i N @)
[— 1 J—1 -
CH
\ \ CH2)6/ \(CHz)o

(CH,),COOMe

”'/_/;_,‘

Cross-metathesis V ful for the ction of fine chemicals such

and_insect pheromones. The cross-

metathesis of ethyl olea i ‘cene—in escence of MoO;/SiO,/cyclopropane

N

decenoate, an insect pheromone
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catalyst' results in a cisffa

&
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precursor (Equation 5).
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Metathﬁ ﬁcEj\ fﬂ oﬁ)ﬁiﬂ Wmﬂﬁ homogeneous phases.

The reactions erally use catalysts based on molybdenum tungsten or rhenium. In
PR AT 1 e o
simultanéous presence of organometallic compounds and activated using oxygen-
containing promoters. In a gas phase, catalysts are oxides, sulfides or carbonyls of the
above-mentioned metals on supports with large surface areas such as silica or
alumina.'* Therefore, in order to improve the efficiency of the catalysts, most
industrial researches are mainly focused on the enhancement of surface activity,

identification of promoters and additives, and recovery or regeneration of catalysts.



Generally, supports can be distinguished into three types: "> (a) an amorphous
solid. This type of solid has random pores, and more or less impervious to reactant
molecules, so that the reaction takes place at irregular surface, perhaps in pits or
pores; (b) sheets or layers (lamella), which are separated by interlamellar regions
where any useful activity resides; and (c) the three-dimensional structure comprises a

regular array of channels in which S of appropriate dimensions can fit. Silica

and alumina fall into the fi and graphite are the second, and

zeolites are the third. " ] i"—

—

Table 1.1. Properties of

44
Support i@e CNEE T\ MCM-41
BE:;F:?
Acid-base property pia - E teric Low acidic
AL |
Surface area™ 808700-m7g. 0-350 m/g. >1000 m®/g.
Pl asnptd L s
T
' _,,:.-’.-‘:{{f}:/ :
Microporou e found great importance as
catalysts and sorptio'v‘ - surface area. Well-known

members of the mlcroporous class provndmg excellent catalytic properties are zeolites,

which are a ﬂduﬁﬂ ?1] ﬂﬁﬁ%m ﬂFjpphcanons are limited

by the relatlvem small pore opemné Until 1992 the Mobil Oil research group has

] R G FEHAG P57 Bl o o

Composalon of Matter) 41. This inorganic solid has high surface area regular
hexagonal arrays of uniform pore sizes within the mesoporous region (15-100 A), and
various different types of - shape selectivity for products, and reactants. In order to

apply mesoporous silica as catalysts, many metal ions such as Al, Ti, V, Cr, Mn, Mo

and W have been attempted to incorporate into MCM-41.



Rhenium based catalyst supports such as amorphous silica or alumina has been
well known for their high activity on the propylene metathesis reaction when compared
with Mo and W. However, the price of rhenium catalyst is very expensive and it
may not be worthwhile for industrial application. Because of its similarity in the
chemical property as rhenium and the cheap price, tungsten has been gained much

attention on metathesis of olefins,

few researches has been reported on the
incorporation of tungsten intg me ture of supports. Therefore, this

study is aimed to incorpgrate tungs mvork structure of high surface

area support MCM-41 ( ) ized cat yst using olefin metathesis.

1.2
(1) To synthesize catalysts for olefin metathesis
(2) To compare the ca 1 and WO;/MCM-41 catalysts in

The olﬂ u Ejm’ﬂ 'ﬂ E.j ﬁ?ﬁw Ejﬂﬂijanks and coworkers

from Phillips Péfroleum. "’ Reactants such as propylene 1-butylene, l-pentene and 1-
e G P ML o
and 1 to 2 WHSV, and gave conversions of 25% for propylene, 10% for 1-butylene,
60% for 1-pentene and 54% for 1-hexene respectively. Tungsten hexacarbonyl on the
alumina catalyst gave conversions of 7% for I-butylene and 44% for I-pentene. In
addition, the propylene conversions were the highest with 7-12% molybdena catalysts.
The addition of 2 to 4% cobalt oxide to molybdena-alumina catalysts reduced coke

formation and gave the conversion of propylene about 40%.



Tungsten oxide and molybdena based catalysts have received considerable
attention due to their high metathesis activity and because tungsten and molybdenum
are similar in chemical structure. For heterogeneous catalyst, it has been widely
accepted that analogous metal carbene species are formed on the surface of oxidic
catalysts”. Ramos et al.”® compared series of alumina-supported Mo- and W-based

catalysts with a wide range of = Mo,W) loadings in the metathesis of

propylene. The selectivity to metathesi t_the reaction temperature of 500 °C,

l\ﬁsts varied as a function of the

metal oxide content. The ¢ weigh 3/A1,05 exhibits its activity to form

propylene feed at 20 ml/iii.

product mixture of ethy

MoO;/Al,0; catalyst. ratio" dedreased. nia edly with increasing metal

oxide content. This i t .Aafte the | meta he is reaction, dimerization of
ethylene takes place and omponent of the C, fraction. The
15% by weight WO,/SiO, ¢ s ectivity  (=92%) to a metathesis
reaction, which compared w__ O; at the reaction temperature of

500°C.

Maksimowski ﬂ acﬂity in l-pentene metathesis

using the WOCIanllca-aJumma system wnth different cocatalysts. It was found that

o o o LRI R & e - 1

cocatalyst W — 3:1 at 60°C. MejAl and Bu4S showed good rformance, while
ssn ] ) Wl | b UAAINE A e v
mcreasmg the reaction temperature, the conversions of Il-pentene to metathesis
products were increased. Besides, the WClg/silica-alumina catalyst exhibited almost the
same activity as the WOCI,/silica-alumina system.

Aritani et al.? reported that 10 % wt. MoO3/SiO,-Al,0; containing 28.6 %wt

of Al O; exhibited a conversion of propylene metathesis of 50.2% at 200°C without
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reductive pretreatment and a conversion of 46.3% for MoO0;/Si0,-A1,0; containing
13.8 % by weight of AlL,O;. On the other hand, MoO5/SiO,, and MoO;/AL,O; catalysts,
which were prereduced with H, at 500°C and then evacuated at the same temperature
exhibited higher conversion than unreduced ones.

Ookuoshi er al® reported a new silica support known as hexagonal
po pp g

,u -based olefin metathesis. The reaction
‘ ﬂ sis of l-octene in a liquid phase,

mesoporous silica HMS for

exhibited much higher catal

compared with MoO; rou' sulmg on y-alumina. The catalytic
activity was critically \%)f alkylamines which were

functioned as templati i : 1t S. The 7% by weight MoOs-

Gil et ght* MoO; supported on  Al-pillared

ptained by exchanging the original

montmorillonite, a new support..

] .
metathesis and comp red with MoO;/Al203 at 250°C . The
pillared clay sample shciwed similar convenijm decay with time was observed for 1

% by weight 4G} '@ T4 B e MaOY LD, |chidvse, but these reference

catalysts showel%I an initial specificgactivity per gram of Mo betwgen 5 to 7 times
e ] Gl e i inhchollhied Gl

ln 1996, Lehtonen et. al. developed new tungsten-based catalysts for olefin
metathesis.”® Three tungsten complexes, 1: [W(eg)s], 2: [W(eg)(pin),], and 3:[W(pin)s],
which are stable in air and soluble in common organic solvents were used as
precursors for the silica-supported tungsten oxide catalysts in the propylene metathesis.

The results were compared with those of the reference catalysts prepared from

(NH4);WO4 and WOCI,, respectively.
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It was found t caction =0 opylene over these catalysts led to a

mixture of ethylene, propylehe) anc ﬁ : \ es without isomerization or

polymerization of products, : [W(eg);] and 2: [W(eg)(pin),]

are more active than both ¢ - and the catalyst 3: [W(pin);] is

nearly as active as the referen, : sed from WOCI,. In addition, it has

been suggested th igand role for the catalytic

activity and only M‘- good activity.

Amigues et al® reported the optlmlzatlon of the

Re;0,/ALLO; catalyst for the

propylene meuﬂeﬁiﬂ Hﬂ vﬂtﬂ lﬂ ﬁ Wkﬁaj ‘CTﬂﬁrhemum contents (1%

or less) at the témperature of 35°C a&d 38 bar pressure The catalyst contammg 12.7%
by wen@ W{Lfaﬂlﬂlﬁm %ﬂﬁﬂn}%ﬁe’}a El’ese oligomers
behave a8 diffusional barriers and block the active sites of the catalyst. Mol er al’
reviewed propylene metathesis over the supported rhenium oxide catalyst and
concluded that the reaction activity increased exponentially with a Re,O; loading
above 6% by weight. The highest activity is reached at the reaction temperature of

50°C and ~18% by weight Re;0,/Al,0;.
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Acidic properties ef the Re;0,/Al,0; catalyst was characterized by a combined
study using Fourier transform infrared spectroscopy (FT-IR) and temperature-programed
desorption (TPD). The amounts of adsorbed pyridine on both Lewis and Bro@nsted acid
sites in Re,0;/AL,O; catalyst decreased with increasing the evacuation temperature. The
desorption temperature of pyridine on the Br&nsted acid sites went up to 300°C and

up to 500°C on the Lewis acid site

f the acid sites were weak acid together

with a few strong acid site i
selectively poisons both § - ﬁ sites and the effectiveness in

poisoning Lewis acid sites n alkaline cations, whereas anions played

al. P studied the surface

an important role in bB
acidity of the Re207/Ai
metathesis reaction. Cha
and ammonia thermodeso ' ‘_ S at the initiation of the metathesis reaction is

essentially governed byr

calcination temperature. Increas;ngﬁ jum-content led to emphasis strong Lewis

-

S N

acidity of alumina '\a\tmm 1c expense of weak lumina, the appearance of

Bronsted acidity. Besi above 14% by weight Re

with pyridine adsorpuon seemed to be mefﬁcnent for e good processing of the

reaction. Usuﬂ uﬂ %ﬂ% Wmﬂuﬁ ammonia adsorption-

thermodesorptloﬂ that a band at 13%0 cm’, a charactenstlc peak of Lewis acidity of
i RARNITY ?t:lg%J’W}ﬂ B4 5 . e
it mdlcates the presence of an aluminium perrhenate on the Re;0,/AlLO; catalyt
surface.

The effect of promoters or cocatalysts on metathesis was studied by Kawai et
al®'. 1-Alkene containing bromide was metathesized over the Re;O,/AlLO; catalyst
promoted with various kinds of alkylmetal cocatalysts. The catalytic activities of the

reaction were greatly increased in the sequence of Bu-<Me-<Et- alkyl group and in
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the metal sequence of Si,Al<<Ge<Sn. The most favorable catalyst system was the
Re;0+/AL,0;5 catalyst promoted with SnEt, at 60°C. Klimov et. al.*? presented the other
method for preparing rheaium-containing catalysts, in addition to the conventional
impregnation method. It consisted of anchoring the rhenium tris-acetylacetonate
Re(CsH;0,); to the ALOj; surface. IR-spectroscopy showed the acetylacetonate ligands

coordinated to rhenium remained in surfaced compounds. And, addition of

an organometallic compound ded the activity of Re;0,/Al,0;3

catalysts prepared by im i_* sns—n_ﬁ—westlgated the influence of Cs’
and PO," on the metathesi owed that the additions of Cs’ and
PO,” ions to the 3%wt

2:1 caused an increase i

The rhenium-based catalysts on
propylene metathesis, d using temperature-programmed
reduction (TPR) and metal-con%x;a" sigztect liques. The results indecated that the
loss of catalyst activity“was due to ig behind « the catalyst surface and

interacting with the ~could also be partly restored

by regenerating in a stream of oxygen, and renewing promoter Each regeneration

cycle resulted ﬁ %ﬁqfﬁ ﬂ‘w 5 w ﬂ r] ﬂ ‘j

Supportéd rhenium catalysts for alkene metathesns have been extensively.
WA RIR N‘N‘%’]‘Q U Bt e o
other material such as SiO; or SiO,-ALO; could also be used as the catalyst support.
Re,05/A1,0; catalyst is one of the best metathesis catalysts due to its high activity
and selectivity. This means that the catalyst does not have acidity for double-bond
shift isomerization and dimerization. The rhenium oxide on alumina was firstly
reported in propylene metathesis by researchers of British Petroleum® in 1964. SiBeijn

et. al.*® compared the activity of the Re,O; catalyst supported on phosphated y-Al,0;
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with the y-ALO; catalyst in the propylene metathesis. FTIR-measurements supported
that the active metathesis site of the y-Al,O; supported Re,O; catalysts was an
electron-deficient Re center. These sites were formed when ReO, ions reacted with
the more acidic OH groups to form Al-bonded ReO4 groups on the catalyst surface.

The sharp increase in activity of y-Al,O; supported Re,O; catalysts, was above a 6 %

by weight Re;O; loading due to_1 ’W increase in the number of electron-

deficient Re centers at higher |

obtained at low Re,0; ioadi mOg with (NH,),HPO, resuited

in a more active Re,0; e T( acidi OH groups on y-Al,O; have

trary almost was no activity was

reacted with the phosp _ c -0, n the catalysts based on this
support, the ReO; ion cacted, wi i the phosphorus-bonded OH groups, at

low Re loadings.

Sheu er. al ® stu s “of alumina/aluminum borate (AAB) with various

Al/B mole ratios as a cata D0t ne metathesis. It was found that
ETET

the Re;O,/AAB catalyst is mg%g? st d regenerable than the conventional

em( a desirable oxidation state

for the formation of mmfl metal carbene anEIJmcreasmg support the acidity.

e oSk 1 B 5 B e v o

metal compoun& Recently, a few gresearch hav been focused a non-transition
e i 4] iy hodd 4 'a:aemma fdnes (1-hexene
l-octene and l-decene) in the presence of SiO,-Al,O; promoted with tetrabutyltin in a
liquid phase at room temperature. The reaction condition was olefin/Bu,Sn/SiO,-Al,0;
= 6.5 mmol/42-50umol/500mg, heptane as a solvent and reaction time of 3-4 h The

conversion of 1-hexene to primary metathesis products was 7% and about 60% for 1-

octene and l-decene, which indicated the isomerization of 1-hexene.
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