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Abstract

A series of ecofriendly solid acid catalyst was synthesized by supporting 12-tungstosilicicacid onto hydrous zirconia using impregnation
method in order to contribute towards clean technology which is the most important need of the society. The support and resulting catalysts
were characterized by various spectral, thermal, and physicochemical techniques. The techniques used were chemical stability, ion exchange
capacity, DSC, FT-IR, electronic spectra, XRD, particle size distribution and surface area measurement (BET method). Further, the surface
morphology was studied by scanning electron microscopy. The above studies indicate that the keggin structure does not get destructed after
supporting. Their catalytic properties were evaluated for the esterification reaction. Esterificatiaaaftibls (-butanol, iso-butanol) and
2° alcohols (2-butanol, cyclohexanol) was carried out by varying different parameters such as different amount of the catalysts, different mole
ratio of acid to alcohol using the synthesized catalysts. It was found that using the present catalysts, very high activity in all esters synthesis
can be obtained.
© 2005 Published by Elsevier B.V.
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1. Introduction processing[1-5]. The major disadvantages of HPAs, as
catalyst lies in their low thermal stability, low surface area
Among acid catalysed reactions, esterification is an (1-10nf/g) and separation problem from reaction mixture.
important organic reaction and usually carried out by use HPAs can be made ecofriendly insoluble solid acid with high
of various conventional mineral acids such asSBy, HF, thermal stability and high surface area by supporting them
H3PQy, HCI, etc. The replacement of these conventional onto suitable supports. The support provides an opportunity
hazardous and polluting corrosive liquid acid catalysts by to HPAs to be dispersed over a large surface area, which
solid acid catalyst is one of the demands of the society. This increases catalytic activity.
could be possible by making use of environment friendly  Various supports like silicH—6] titania[3,6], aluming[3]
catalysts involving the use of solid acids. Reduction of active carboi6—11], MCM-41[12-17] acidic ion exchange
environmentally unacceptable waste, reduction of pollution resing18], clay[19—22]have been used for supporting HPAs.
and use of catalyst as a user-friendly catalysts are the crucial The literature survey shows that hydrous oxides have
factor for developing environmental friendly catalyst. multiphase applications. Among metal oxides, especially
Heteropolyacids (HPAS) are typical strong Bronsted acids hydrous zirconia has drawn great attention. One of the
and catalyze a wide variety of reactions in homogeneous main reason that has drown great attention to the use of
phase offering strong option for efficient and cleaner hydrated zirconia as a precursor of a catalyst carrier is the
fact that its surface hydroxyl groups are able to undergo a
mpondmg author. Tel.: +91 265 2795552 fax: +91 265 2795552, chemical reaction or strong interaction with incorporated
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A detail study has been carried out on 12-tungsto-

phosphoric acid supported on to different supp28t-25]by
us. From viewpoint of thermal stabilit}g6—28] as well as
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obtained materials were designated as,7z55,, ZS5 and
ZS;. Further calcination of Z8was carried out at 30GC and
400°C in air for 5 h and the resulting samples were designed

acidic strengthj26,27,29] 12-tungstophosphoric acid is the as ZS3 and ZS34, respectively.
most stable HPA in keggin series. Therefore, it was thought

of interest to study on 12-tungstosilicic acid, next stable HPA 2.3. Catalytic reaction

in the keggin series.

The present contributions consist of synthesis of  The esterification reactions afbutanol (7.4 g) with dif-
amorphous new solid acid catalysts comprising 12- ferent acids such as formic acid (4.6 g), acetic acid (6 g) and
tungstosilicicacid (SW) and hydrous zirconia (Z). A series of propionic acid (7.4 g) were carried out in round bottom flask
catalysts containing 20—70% SW were synthesised. The supprovided with a double walled condenser containing catalyst
portand new amorphous catalysts have been characterized byt 80°C and stirring for 4 h. The mentioned amount of alco-
chemical analysis, chemical stability, ion exchange capacity, hol and corresponding acid is in 1:2 ratio. Same reactions
DSC, FT-IR, DRS, XRD, particle size distribution and surface were carried out with different amount of the catalyst. For
area measurement (BET method). The surface morphologyesterification of isobutanol, 2-butanol and cyclohexanol the
was studied by scanning electron microscopy (SEM). Their ratio of corresponding alcohol to acetic acid taken was 1:2
catalytic properties were evaluated for the esterificatiorrof 1 (7.49:129),1:2(7.4g:12g)and 1:3 (9.9 g:18 g), respectively.
alcohol f-butanol, iso-butanol) and®Zalcohol (2-butanol, Reactions were carried out at 80 with stirring for 4 h. The
cyclohexanol). Further, the selected material was calcianedproduct esters was analysed on a Nucomb gas chromatograph
at 300 C and 400C. The study on FT-IR and DRS was using Cabowax 20 column.
carried outin order to see any decomposition of HPA species.

2.4. Characterization
2. Experimental Different mineral acids and alcohols were used for check-
ing the chemical stability of the material. The ion-exchange

2.1. Materials capacity was determined by using the following formula:

normality of NaOHx volume of NaOH

All chemicals used were of A.R. grade48iW12040- -
grams of material

nH,O (Lobachemie, Mumbai), ZrOgIBH,O (SD Fine
chemicals, Mumbai) were used as receiveButanol, isobu- Differential scanning calorimetry of the sample was car-
tanol, 2-butanol, cyclohexanol, glacial acetic acid, formic ried out on TA INSTRUMENTS DSC-2010 instrument.
acid and propionic acid were obtained from Merck and used Adsorption—desorption isotherms of samples were recorded
as received. on a Micromeritics ASAP 2010 surface area analyser at
—196°C. From the adsorption—desorption isotherms spe-
cific surface area was calculated using BET method. The
FT-IR spectra of the samples were obtained by using KBr
2.2.1. Synthesis of the support, hydrous zirconia (Z) wafer on Perkin-Elmer. The DRS spectra of the samples were
Hydrous zirconia was prepared by adding an aqueousrecorded on a Shimadzu PR1 instrument using barium sul-
ammonia solution to an aqueous solution of Zr@8H,0 up phate as a reference. The XRD pattern was obtained by using
to pH 8.5. The resulted precipitates were aged atT0ver PHILIPS PW-1830. The conditions used were: Cu tadi-
a water bath for 1 h, filtered, washed with conductivity water ation (1.54175\), scanning angle fromto 60°. The study
until chloride free water was obtained and dried at 10®or on particle size distribution for Z and Z%vas carried out on
10h. The obtained material is designated as Z. Malvem particle size analyser, Mastersizer 2000. The surface
morphology of the support and supported HPAs was studied
2.2.2. Supporting of 12-tungstosilicicacid onto hydrous by scanning electron microscopy using a Jeol SEM instru-
zirconia ment (model-JSM-5610 LV) with scanning electron electrode
12-tungstosilicicacid was supported on hydrous zirconia at 15kV. Scanning was done at 1 mm range and images taken
by impregnation method. One gram of Z was impregnated at a magnification of 100 for Z, 100x and single particle
with an aqueous solution of 43iW1204¢ (S) (0.2 g/20 ml image at 50& for ZS3.
of conductivity water). The water from the suspension
was allowed to evaporate at 100 in an oven. Then
the resulting mixture was dried at 100 with stirring
for 10h. Material thus obtained was designated as.ZS
Same process was followed for the synthesis of a series of Leaching is a negative property for any catalyst. Any
supported heteropolyacids containing 30—70% tungstosili- leaching of the catalyst from the support would make the
cicacid (0.3-0.7 gm/30-70 ml of conductivity water). The catalyst unattractive for reusing. So, it is necessary to study

IEC(meqg) =

2.2. Synthesis of the catalyst

3. Results and discussion
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Table 1 Table 2

lon-exchange capacity of all materials Surface area of materials

Material lon-exchange capacity Material Surface area
z 0.16 z 170

VA 0.42 VA 190

ZS3 0.45 ZS3 208

VAT 0.60 ZS, 200

S5 0.64 S5 171

ZS7 0.78 ZS; 114

the stability of heteropolyacid onto hydrous zirconia in order \eak bending band at 600 cthattributed to the presence of

to reuse the catalyst. When heteropolyacid react with a mild zr—0—H bond. In addition to these bands, the FT-IR spectra

reducing agent such as ascorbic &dl], it developed blue  of zS,, 7S;, ZSy, ZS; and ZS shows bands at 970 crh,

coloration, which can be used for the quantitative character- 916 cnt* and 799 cm’. The FT-IR spectra of Z§is shown

ization for the leaching of heteropolyacid from the support. (Fig. 1b) as an example. These can be assigned to the sym-

In the present study, this method was used, for determining metric stretching of \&O, Si-O and W-O—W, respectively,

the leaching of HPA from the support. and the positions are in good agreement with those reported
Standard samples amounting to 1-5% of 12- earlier[26] conforming the presence of these groups in the

tungstosilicicacid in water were prepared. _To 10ml of synthesized materials. The FT-IR spectra ogZ8nd ZS.4
the above samples, 1 ml of 10% ascorbic acid was added.are also shown iffig. 1b. The position of all band are almost

The mixture was diluted to 25 ml. The resultant solution was at the same frequency as in catalystZ&icating that the
scanned at amax of 785cnT? for its absorbance values.  12-tungstosilicicacid keeps its keggin type structure up to
A standard calibration curve was obtained by plotting 400°C.

values of absorbance with percentage solution. One gram of  The electronic spectra gives information about the non-
ZSg with 10 ml n-butanol was refluxed for 4h. Then 1ml  reduced heteropoly ani¢@1] due toligand (oxygen) to metal
of the supernent solution was treated with 10% ascorbic charge transfef32]. It gives an evidence for the presences
acid. No development of blue colour indicates no leaching. of HPA. The electronic spectra of S and ¥/ ESz3, ZSs4 are

The same procedure was repeated with water, isobutanolshown in Fig. 2). The spectra showsnax at 260 nm which
cyclohexanol, 2-butanol, formic acid, acetic acid, propionic

acid and with the filtrate of the reaction mixture after
reaction. The above procedure was followed for all catalysts
and no leaching was found. The study indicates the presence
of chemical interaction between the HPA and the support, 100
as well as stability of resulted catalysts under reaction
conditions.
Table 1shows the value of ion-exchange capacity. The %t N ).' \
value of ion exchange capacity gives an idea for the acidity —A / \ ~A
of material. It is an indirect way to determine the acidity of L / \’/. \
the materials. It is seen from tAable 1that the value of ion \‘ } ;
exchange capacity increases as the amount of heteropolyacid \‘ A \
supported on to hydrous zirconia increases. o
The DSC of supported heteropolyacid shows an endother-
mic peak at 131C indicating the loss of crystallization water
molecules. It also shows an exothermic peak at43&hich 100
may be due to some phase change/decomposition of keggin
ion. The values of surface area for all materials are listed in
Table 2 The values of surface areafor Z&hd ZS are greater
than that of the support, which is as expected. With increasein
the percent loading of HPA, the surface area decrga4és
This may be due to the stabilization/blocking of the sites.
The FT-IR spectra of ZKig. 1a) shows broadband
in the region of 3400cmt. This is attributed to asym-
metric hydroxo £OH) and aquo OH) stretches. Two

(a) cm-1 509

0
types of bending vibrations are observed at 1600tand &?)00'0 om-! 4000

1370 cnt? indicating the presence ef(H—O—H)— bend-
ing and—(O—H—O)- bending, respectively. It also shows a Fig. 1. Fourier transform infrared spectra of (a) Z and (b},Z553, ZSa4.
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the average particle size diameter of3Z& compare to
that of the Z may be due to the supporting of HPA as well
as uniform dispersion of the HPA onto the surface of the
support.

The SEM of Z and Z&are shown irFig. 4. Itis seen from
the figure that surface of the support is distinctly altered. It
exhibits considerable surface shinning after supporting of the
HPA. Picture taken at higher magnificatidfiq. 4c, 500x)
shows clearly the alternation and shining of the surface.

3.1. Catalytic reactions

Abs.

The esterification is a straightforward reaction subject to
general Bronsted acid catalysis. The yields of the ester can be
increased by increasing the concentration of either alcohol or
acid[33]. For economic reasons, the reactant that is usually
the less expensive of the two is taken in excess. In the present
study, all corresponding acids were used in excess.

200 250 300 350
Wave Length

3.2. Esterification of 1alcohol

Fig. 2. Electronic Spectra of S, 252Sss, ZSse. The esterification ofn-butanol with acetic acid using
whole series was carried out with molar ratio of alcohol to
acid (1:2) and with different amount of catalysts. The per-

is in good agreement with reported earfi26] and suggest- ~ centage yields are shown ig. 5. It is seen that Zg(yield

ing the presence of the undegradegSi¥V; 2049 species. In is 81%) is the best among all. The same reaction was carried

other words, the keggin phase remains unaltered up t6@00  out with formic acid and propionic acid by taking molar ratio

Thus, DSC, FT-IR and DRS show no decomposition of the Of alcohol to acid (1:2) with 0.5 g of the catalyst ()SThe

HPA species on the surface of the catalyst as well as presenc&® Yield of butyl formate and butyl propionate are shown in

of undegraded 12-tungstosilicicacid species. Fig. 6. Same catalyst is further used for esterification reaction
The XRD of ZS shows no crystalline structure indicating  of iso-butanol with acetic acid. The mole ratio of alcohol to

the material is amorphous. Further, it does not shows anyacid taken was 1:2. The percentage yield of isobutyl acetate

diffraction lines of HPAs indicating a very high dispersion is shown inFig. 6.

of solute as a non crystalline form on the support surface.

This is further supported by particle size distribution study. 3.3. Esterification of 2alcohol

The graph for average particle distribution for Z andsZS

is shown inFig. 3 It is seen from thd-ig. 3 that there is The esterification reaction of cyclohexanol and 2-butanol
a non-uniform distribution of particles in case of Z and was carried out with acetic acid using 0.5 g ofsZ%he mole
all particles fall in the range of 1-2QUm while for Z$ ratios of alcohol to acid were 1:3 and 1:2, respectively. The

uniform distribution of particles are found and all particles percentage yield of cyclohexyl acetate and 2-butyl acetate are
fall in the range of 1-8Q.m. The significant decrease in presented ifrig. 6.

Particle Size Distribution

Volume (%)
w S~ 00 ON®

Particle Size (um)

70003000

Fig. 3. Average particle size distribution of (a) Z and (b)3ZS
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0o0.25
# 0.5
m0.75

z Z82 Z83 Z584 ZS5 Z87

Fig. 5. Percent (%) yield of butyl acetate with different catalyst. Mole ratio
of alcohol to acid is 1:2.

oBF
BA
BBP
Hi-BA
CA
ms-BA

Fig. 6. Percent (%) yield of different esters withZ&mount of the cata-
lyst=0.5g; mole ratio of alcohol to acid = 1:2; mole ratio of alcohol to acid
for CA=1:3.

The optimum conditions for all reactions usingzZ8e as
follows:

amount of the catalyst=0.25g;
temperature = 80C;
reaction tire =4 h.

In order to investigate the details of the deactivation, repeated
use of the catalyst was examined. The catalyst was sepa-
rated from the reaction mixture by simple filtaration, washed
with conductivity water till filtrate is free from acid, dried

at 100°C in oven for 5h and the recovered catalysts was
charged for the further run. The results obtained are shown

in Table 3
Fig. 4. SEM of (a) Z at magnification 169 (b) ZS; at magnification 109, Thus, i.t is seen from the table that in_ the regenerated sam-
and (c) Z$ single particle at magnification 560 ple, the yield decreased by 5%. The yield becomes constant

on further regeneration.

Table 3
% yield of different esters with recovered catalysts
Cycle Yield (%)
Butyl formate Butyl acetate Butyl propionate Iso-Butyl acetate Sec-Butyl acetate Cyclohexyl acetate
1 53 70 72 65 50 52
2 49.5 65 66 61 45 46
3 49 65 65 60 45 45
4 49 65 65 60 45 45

Amount of the catalyst=0.25 g; temperature =80 and reaction tim=4h.
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4. Conclusion

FT-IR and electronic spectra conform that the 12-

tungstosilicicacid keeps its keggin type structure when sup-
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