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Cu-H-MCM-41, H-MCM-41 and Na-MCM-41 mesoporous molecular sieve catalysts were synthesized, characterized and investigated
in the isomerization of 1-butene to isobutene. Introduction of copper in MCM-41 was found to play a positive role in enhancing the
conversion of 1-butene and yield of isobutene and Cu-H-MCM-41 exhibited higher conversion of 1-butene and yield to isobutene than
H-MCM-41 and Na-MCM-41 catalysts. The pretreatments of Cu-H-MCM-41 catalyst with synthetic air or hydrogen were observed to
influence the 1-butene conversion, yield of isobutene and selectivity to isobutene. Pre-treated with the synthetic air the Cu—H-MCM-41-Ox
catalyst exhibited higher conversion of 1-butene, yield of isobutene and selectivity to isobutene than hydrogen pre-treated Cu-H-MCM-
41-Red. The reason for such a behavior of Cu—-H-MCM-41-Red is the reduction of copper species to metallic form. The X-ray powder
diffraction pattern of Cu—H-MCM-41-Red exhibited a peak attributed to the reduction®f @cC’. FTIR spectra of adsorbed pyridine
showed the presence of Brgnsted and Lewis acid sites in the H-MCM-41, Na-MCM-41 and Cu-H-MCM-41 catalysts.
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1. Introduction reported over proton form mesoporous materials [17]. How-
ever, there are no reports in the literature on the investiga-
Isomerization of:-butenes to isobutene has attracted thi#on of isomerization of 1-butene over Cu-modified MCM-
attention of researchers in industry and academia, becadsecatalysts. The aim of this work was to synthesize and
isobutene is used as one of the starting raw materials in tti@aracterize Na-MCM-41, H-MCM-41 and Cu-H-MCM-41
synthesis of MTBE, an octane booster additive to gasolingatalysts and investigate isomerization of 1-butene to iso-
Isobutene is also used in the production of butyl rubber. Seitene.
eral proton form zeolite catalysts such as ZSM-22, Na-ZSM-
35/FER, ZSM-5 and SAPO-11 have been investigated in the
skeletal isomerization of 1-butene to isobutene [1-5]. Tt Experimental
structure, pore size, shape selective and acidic property of
zeolites are important parameters influencing the conversidd. Catalyst synthesis and characterization
of 1-butene and yield of isobutene [6,7]. The most promising
catalysts were proton form zeolites with 10 membered rings The Na-MCM-41 mesoporous molecular sieve was syn-
having shape selective property. The investigations regatdesized in the laboratory using the method mentioned
ing cation (copper, nickel, cobalt and magnesium) modifiéd [18] with some modifications. Synthesis was performed
zeolites and mesoporous molecular sieves in the isomerizaa 300 ml autoclave at 373 K using tetradecyltrimethylam-
tion of 1-butene have not been reported in the open literatureonium bromide (Aldrich) as a surfactant, sodium silicate
There is only one patent, which describes the application sblution (Merck) as a source of silica and sodium aluminate
cation-exchanged zeolites in the isomerization of 1-buteflRiedel-H&en) as a source of alumina. The synthesized ma-
to isobutene [8]. terial was washed thoroughly with distilled water, dried at
MCM-41 is a new inorganic mesoporous material witl883 K and calcined in an oven to remove surfactant at 813 K.
very high surface area, mild acidity and hexagonal array ®he Na-MCM-41 mesoporous material was ion-exchanged
cylindrical pores [9—11]. The mesoporous material can lvdith 1 M NH4Cl, washed with distilled water to remove
synthesized with pore diameters from 15 to 100 A. Theehloride ions and dried at 373 K. H-MCM-41 was obtained
are several publications regarding the application of acidy calcination of NH-MCM-41 in an oven at 803 K. Cu—
and metal-modified MCM-41 in the reactions of fine chemH-MCM-41 was prepared by ion-exchange of H-MCM-41
icals, hydrocracking of gasoil and environmental catalysissing copper nitrate solution, washed with distilled water,
[12-16]. Isomerization of 1-butene to isobutene has bedned at 373 K and calcined at 773 K.
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: . . Table 1
The characterization of Na-MCM-41 was carried out us Surface area of fresh catalysts Na-MCM-41, H-MCM-41,

ing an X-ray powder diffractometer (Philips pw 1800), CU-H-MCM-41-Ox and Cu-H-MCM-41-Red
X-ray fluorescency (Siemens), and a Sorptometer 1900

(Carlo-Erba Instruments). The acidic properties of H-MCM- Catalyst SL(’;%fe) area
41, Na-MCM-41 and Cu-H-MCM-41 catalysts were investi- 9
gated using FTIR (diffuse reflectance) of adsorbed pyridine. ~ Na-MCM-41 1094
The content of copper in Cu-H-MCM-41 was determined gxg\ﬂw}éhm-m %%‘;
by a direct current plasma (DCP) spectrometer. The hydro-  ~,_H.MCM-41-Red 658

gen and oxygen pre-treated Cu—H-MCM-41 catalysts were
analyzed by X-ray powder diffraction.
adsorption and was found to be highest for unmodified Na-
2.2. Catalytic experiments MCM-41 (table 1). The X-ray powder diffraction patterns
. . and very high surface areas exhibited by the synthesized cat-
The catalytic properties of H-MCM-41, Na-MCM-41 andy«ts confirmed that the materials were of MCM-41 type
Cu-H-MCM-41 in the isomerization of 1-butene were studyj that surfactant had been completely removed from the
ied in a fixed-bed microreactor at near atmospheric PreSiannels. The Si/Al ratio of Na-MCM-41 was analyzed to
sure. The product analyses were carried out on-line usiBg 2.6. The FTIR spectra of adsorbed pyridine showed the
a gas-chromatograph (Varian 3700) equipped with a flamgzsence of Bransted and Lewis acid sites in the H-MCM-
ionization detector (FID) and a capillary column (50m 41, Na-MCM-41 and Cu-H-MCM-41 catalysts (figure 1).

0.32 mm ID fused silica PLOT AD3-KCl). The influence ¢ content of copper in Cu~H-MCM-41 was determined to
of pre-treatment of Cu-H-MCM-41 catalyst with oxygen of,, 5 3 1104

hydrogen on the conversion of 1-butene, yield of isobutene
and selectivity to isobutene was investigated at 673 K wit§1 .
.2. Effect of pre-treatment of Cu—-H-MCM-41 with

1 - —H- - R

WHS\./ som- E’re treatment of the Cu H.MCM A1 cata synthetic air or hydrogen on the conversion of 1-butene,

lyst with synthetic air or hydrogen was carried out at 773 K el of isobutene and selectivity to isobutene

for 2 h and designated as Cu—H-MCM-41-Ox and Cu—H- y y

I\/_ICM-4_1-Red, respectlvely._ _The conversion of 1-butene, Isomerization of 1-butene was carried out over synthetic

yield of isobutene and selectivity to isobutene over H'MCMéir pre-treated Cu—H-MCM-41-Ox and hydrogen pre-treated

41, Na-MCM-41, Cu—H-MCM-41-Oxand Cu-H-MCM-41- - "\ \1on1 41 Red at the temperature of 673 K with

Red catalysts as functions of time on stream were INVESH 1S\ 30 1. The main products obtained over Cu—H-

tigated at 673 K with WHSV of 30 ht. The WHSV of : P

) : MCM-41-Ox after 10 min on stream (TOS) were methane,
30 h~+ was chosen to keep the conversion of 1-butene bel%\%ane ethene. bropene. isobutanbutane. isobuteneis-
35%. The conversion of 1-butene, selectivity to isobutene ! » Propene, Y ’ l

and yield of isobutene were defined as follows:

conversion (mass%) Lewis

_ (Qm)l—butenein - (Qm)n—butenesout < 10Q
(Qm)l—butenein
selectivity to isobutene (mass%)

Lewis + Bronsted

(Qm)isobuteneout < 10Q

Bronsted

Na-MCM-41

(Qm)l—butene in — (Qm)n-butenesout

S%% (Qm)isobuteneout « 100,

yield of isobutene (mas
(Qm) 1-butenein

H-MCM-41

Absorbance

3. Reaultsand discussion
3.1. Characterization results

The X-ray powder diffraction pattern of the Na-MCM-
41 after removal of surfactant was similar to those reported
in the literature [19], indicating the synthesis of pure struc-
ture of MCM-41 with Ion_g_ range hexagonal prd_ering of the 1'7‘(')(')‘ " '1‘6'5'0" T ‘1'6'0‘6 T ]‘5‘50‘ T 15‘00 T ‘1‘4'5‘0‘ K ‘]‘"‘(‘)‘0
channels. Copper-modified MCM-41 also indicated XRD Wavenumber (cm™)
pattern characteristic of MCM-41. The BET surface area
of Na-MCM-41, H-MCM-41, Cu—H-MCM-41-Ox and Cu- Figure 1. FTIR spectra of adsorbed pyridine on Na-MCM-41, H-MCM-41
H-MCM-41-Red fresh catalysts was determined by nitrogen and Cu-H-MCM-41-Ox catalysts.
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Figure 2. Conversion of 1-butene, selectivity to isobutene and yield of isobutene at 673 K with WHSV a@iér 10 min of time on stream (TOS) over
oxidized Cu-H-MCM-41-Ox and reduced Cu—H-MCM-41-Red catalysts.

2-butene trans-2-butene, pentenes and octenes. The sytie copper in Cu—H-MCM-41-Ox is assumed to be present
thetic air pre-treated Cu—H-MCM-41-Ox catalyst exhibiteth the form of C§* or Cut, as there was no peak at the 2
higher conversion of 1-butene, selectivity to isobutene andlue of 43.4. The ion-exchange property of MCM-41 also
yield of isobutene than the hydrogen pre-treated Cu—lgromotes the stabilization of copper in the form of highly
MCM-41-Red (figure 2). The amount of alkanes (methandispersed C#r. Presence of Cuin MCM-41 can be at-
ethane, propane and isobutane) formed over Cu—H-MCMibuted to autoreduction of Gti to Cut during the thermal
41-Ox is also higher than over Cu—H-MCM-41-Red. There-treatment of Cu—H-MCM-41. The detailed investiga-
reason for higher conversion of 1-butene over Cu—H-MCMions regarding the different states of copper in MCM-41 us-
41-Ox is the presence of highly dispersed forms ofCu ing different techniques are underway and will be discussed
and Cu". Highly dispersed copper species and acid sites wfa forthcoming paper.
MCM-41 form active sites for 1-butene isomerization. Cop-
per species, besides introducing Lewis acid sites, act as 863. Role of Cuin MCM-41 for the conversion of 1-butene,
hydrogenating agents for alkanes formed during the reactionyield of isobutene and selectivity to isobutene
and thereby generating reactive olefin intermediates which
undergo oligomerization and cracking reactions. The expla- The copper-modified Cu—H-MCM-41-Ox and Cu-—H-
nation for lower conversion of 1-butene is the presence MfCM-41-Red exhibited higher conversion of 1-butene and
copper in Cu-H-MCM-41-Red in the form of €due to the vyield to isobutene than unmodified H-MCM-41 and Na-
reduction of copper species by hydrogen. Copper in metdiCM-41 catalysts (figures 3 and 4). The reason for such
lic form is not active in the 1-butene isomerization reactiooatalytic behavior of unmodified H-MCM-41 and Na-MCM-
and most of the activity is due to the presence of acid sites4i is the mild acidic property and mesoporous structure of
Cu-H-MCM-41-Red. However, some copper species coulldese catalysts which are not very favorable for 1-butene iso-
be in the form of Cd, since it is very difficult to reduce merization. Hence, introduction of copper species in MCM-
this form of copper to Cli The good stability of Cti and 41 enhances the acidic properties and inserts a bifunctional
easy reducibility of Cé&" in Cu-ZSM-5 zeolite has been re-character to MCM-41, which is conducive to the reaction
ported [20]. The presence of €species in Cu-H-MCM- of 1-butene isomerization. The reaction path over Cu—H-
41-Red was confirmed by the X-ray powder diffraction tectMCM-41-Ox is dehydrogenation of alkanes produced dur-
nique. ing the reaction over copper species followed by oligomer-
The X-ray powder diffraction technique has been used tpation, mild cracking and isomerization of 1-butene over
identify CuO and CB in the copper-modified zeolite cat-acid sites. The 1-butene isomerization reaction path over
alysts. It has been reported in the literature that the CH-MCM-41 and Na-MCM-41 is proposed to be dimeriza-
ZSM-5 catalyst, overexchanged with Cu, exhibits a pedion of 1-butene followed by mild cracking and oligomer-
at the 2 value of 38.6, which is attributed to the presencization, resulting in lower conversion of 1-butene and yield
of CuO [21]. The X-ray powder diffraction pattern of Cu-of isobutene. The H-MCM-41 catalyst was slightly better
H-MCM-41-Ox did not exhibit the peak for CuO at thé 2 in conversion and yield of isobutene than Na-MCM-41. Al-
value of 38.6, indicating the absence of copper in the forthough acidity is not introduced in the Na-MCM-41 by post
of oxide. However, the XRD pattern of Cu—H-MCM-41-Reasynthesis modification using ion-exchange of Na bysNH
showed a peak ab2with a value of 43.4, which is attributed the acidity in this catalyst is introduced during calcination
to the presence of copper in the form ofCtlence, most of of the organic surfactant which is an ammonium compound,
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Figure 3. Conversion of 1-butene as a function of time on stream at 673 K with WHSVB6ver Cu—H-MCM-41-Ox, Cu—H-MCM-41-Red, H-MCM-41
and Na-MCM-41 catalysts.

thus leaving behind protons. We have observed similar balysts pre-treated with oxygen exhibited very high deacti-
havior for the as synthesized K-ZSM-22 and H-ZSM-22 igation. The reason for high deactivation over this catalyst
1-butene isomerization [22]. The presence of Bransted ardcoke deposition and reduction in the state of active cop-
Lewis acid sites in Na-MCM-41 was confirmed by FTIR Ober c#t or Cut to metallic copper. The X-ray powder

pyridine adsorption. diffraction pattern of deactivated Cu—H-MCM-41-Ox cat-
) ] alyst exhibited two large peaks aff Zalues of 43.29 and
3.4. Time on stream (TOS) as a function of conversion of 50.43 which is attributed to the presence ofCilihe main
1-butene, yield of isobutene and selectivity to isobutene o janation for large peaks due to metallic copper in Cu—
over Cu—H-MCM-41-Ox, Cu-H-MCM-41-Red, H-MCM-41-Ox deactivated catalyst is due to increased re-

H-MCM-41 and Na-MCM-41 catalysts duction of copper species in the presence of carbonaceous

The Cu—H-MCM-41-Ox. Cu—H-MCM-41-Red. H-MCM.- Fésidues, which act as reducing agents and thereby increase

41 and Na-MCM-41 catalysts exhibited a decrease in com¢ degree of reduction during reaction. The BET sur-
version of 1-butene and yield of isobutene with time office area of Cu-H-MCM-41-Ox, Cu-H-MCM-41-Red, H-
stream (figures 3 and 4). Cu—H-MCM-41-Ox exhibited th¥CM-41 and Na-MCM-41 used was found to be lower than
highest selectivity to isobutene after 260 min (figure 5); hoWor the fresh catalysts (tables 1 and 2). The reason for the
ever, conversion of 1-butene was low. The catalysts exhiiecrease in the surface area is coke formation in the pores
ited rapid deactivation at an early stage of the reaction. Ho@nd channels of the catalysts. However, in copper-modified
ever, the extent of deactivation varied depending upon tMCM-41 pore blockage can also occur due to the migration
type of catalyst. Cu—H-MCM-41-Ox and Na-MCM-41 cat-of loosely bounded metallic copper to the pore mouth.
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Figure 4. Yield of isobutene as a function of time on stream at 673 K with WHSV-30dver Cu—H-MCM-41-Ox, Cu—H-MCM-41-Red, H-MCM-41
and Na-MCM-41 catalysts.
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Figure 5. Selectivity to isobutene as a function of time on stream at 673 K with WHSV36ver Cu—H-MCM-41-Ox, Cu-H-MCM-41-Red, H-MCM-41
and Na-MCM-41 catalysts.

Table 2 of metallic copper in deactivated Cu—H-MCM-41-Ox was
Surface area of deactivated catalysts Na-MCM-41, indicated by XRD. The Cu—H-MCM-41-0Ox, Cu—H-MCM-
H-MCM-41, Cu-H-MCM-41-Ox and Cu-H-MCM- 41-Red, H-MCM-41 and Na-MCM-41 deactivated catalysts

41-Red exhibited lower surface area than the fresh catalysts due to
Catalyst Slzrfg/ce) area coke formation in the channels of the catalysts.
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