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Vapour phase tertiary butylation of phenol over sulfated zirconia
catalyst
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Vapour phase butylation of phenol was carried out over a sulfated zirconia solid superacid catalyst in the temperature range 448-473 K
usingz-butyl alcohol as the alkylating agent. A good substrate (phenol) conversion and excellent ppachstertiary BP) selectivity was
obtained. The catalytic activity remains nearly the same on repeated use of the catalyst. Further, the catalyst was not deactivated when the
reaction was carried out for a longer duration, i.e., even after several hours of reaction.
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1. Introduction nol tertiary butylation reaction. In this letter, we report the
results of vapour phase butylation of phenol ugihgityl al-
Para-tertiary-butylphenol§-t-BP) is widely used in the cohol t-BA) over sulfated zirconia catalyst.
manufacture of phenolic resins as well as antioxidants and
polymerization inhibitors [1,2]. In general, tertiary buty-
lation of phenol is carried out in homogeneous mediu/ Experimental
using sulfuric acid, fluoro sulphonic acid, arene sulfonic
acid, phosphoric acid, and aluminium chloride—boric acid Sulfated zirconia catalyst was prepared as per the pro-
or boron trifluoride etherate as catalysts [1]. However, o§edure described in [19,20]. First, zirconium hydroxide
ing to environmental problems, such as disposal of liqui¥yas freshly prepared by hydrolysis of zirconium oxychlo-
waste, separation of product from the catalyst, considéide (25 g in 200 ml of distilled water) at 371 K with vig- |
able attention has been focussed towards the developnf&iQus stirring. Liquor ammonia was added erpW|se until
of solid acid catalysts such as cation-exchange resins, jl¢ PH becomes 9.3. The precipitated zirconium hydrox-
lared clays, molecular sieves, etc. [3-14]. It is reportéﬂe was washed with delonlseq water until all the chlqnde
that the molecular sieve based catalysts like SAPO-11 [§ns were removed. Th.e resulting sample was then dried at
zeolite [12], AIMCM-41 [13], and FeMCM-41 [14] were 83 K for 24 h. The dried sample was powdered and sup—
proved to be potential catalysts for the tertiary butylatiofeduently sieved through 100 mesh. The homogeneous zir-
of phenol among the various solid acid catalysts. HovOnium hydroxide powder (1 g) thus obtained was then sul-
ever, the reaction of tertiary butylation of phenol givefat€d using 1 N sulfuric acid (15 ml). The slurry was stirred
numerous products depending on the nature of the cal r_'15—20 min and then it was fliltered, dried 'and cglcmed
lysts as well as on the reaction temperature [1,3-6,11—1/f}&ir at 873 K for 3 h. The calcined sample is designated
For example, weak acid catalysts such as zeolite-Y [1,13? sulfated.zwconla cgtalyst. All the samplgs Were_charact.er-
favour oxygen alkylated product viztsbutyl pheny! ether ized by various gnalytllcal and spec?r.oscoplctechnlques,V|z.,
(t-BPE). Strong acid catalysts, for example zeolite [17], lefipWder X-ray diffraction (XRD; Philips PW-1710), surface
to mt-butylphenol (nt-BP). On the other hand, moderaté€a .(Sorptometer 201A), Fourier trans'form-mfr_ared (FT—
acid catalysts [4-16], like SAPO-11, MCM-41, etc. producleR; Nicolet Impgct 400) and the_rmograV|metry—d|fferent|aI
o-t- andp-t-butylphenol ¢-t-BP andp-t-BP). To our knowl- thermal analysis (TG-DTA; Shimadzu DT-30). The sul-

edge, no report is available in literature on the tertiary but;?‘-" Icontené ml ths bsargple was ?”a'yze‘lj using Ia mllcro—
lation of phenol over sulfated zirconia catalysts. Furthegna!yzer (Carlo-Erba Strumentazione, elemental analyzer

it is interesting to note that this solid superacid based (:~3J1-1(1)_?])'t butvlati ¢ shenol ied out using 1 g of
fated zirconia) catalyst yields very good selectivity for th% eI i u;ya;o;w ot_p ‘?”0 dwk?sdilame Ol: us1'_rr]]g ? ? t
alkylation of phenol using isobutyl alcohol [10] and methy‘ € caicined catalyst In a fixed-bed flow reactor. 1he catalys

tertiary-butyl ether [18]. Therefore, in the present investigé(\!as activated at 573 K In a flow of air for 8 h followed by

tion we have used the sulfated zirconia catalyst for the ph(éQOIIng to reaction temperc_ature n _mtrogen atmosph(_ere. Al-
ter an hour, the reactant mixture, viz., phenol &\, with

* To whom correspondence should be addressed. a desired ratio and weight hour space velocity (WHSV) was
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fed into the reactor using a liquid injection pump (Sigmamc 100 I ' ' I 100
tor) and nitrogen as the carrier gas. The gaseous prodt 4
were cooled, and the condensed liquid products were ¢

lected at every 30 min interval. The products, vizt-BP, 3
o-t-BP, and 2,4-di-BP, were identified by gas chromatogra‘.’g .
phy (NUCON 5700) with a SE-30 column. Thet-BP was = 60—
identified using an AT-1000 column. Further, the produco
were confirmed using a combined gas chromatograph—-m g .
spectrometer (GC-MS; Hewlett G1800A) with a HP-5 caf&
illary column.
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3. Reaultsand discussion

The powder XRD pattern of the calcined sulfated zircc
nia sample showed the typical characteristics of tetragor 0 ! [ | |
structure witha = 5.118 A andc = 5.248 A [21-23]. 0 T _ 2 3 4
The surface area of the catalyst was found to be 12gTh Time on stream (h)
and microanalyses result shows 1.88% sulfur contents I’—iBure 1. Effect of time on stream for thdutylation of phenol with differ-
the samples, which are in good agreement with literatuggt phenol t-BA ratios at 448 K, with WHS\= 4.8 h~L; filled symbols —
[19,24]. The TG pattern of the catalyst indicates two maphenol conversion; open symbolp-+BP selectivity; phenolt-BA ratio:
jor weight losses, one~20 wt%) corresponding to water C.mW2:1, (s a)1:1,and, o) 1:2.
loss (323-493 K) and the other (12 wt%) to the decompo-
sition of sulfate ions %773 K). The latter observation is 100 ' 100
in excellent agreement with the microanalysis results. The T
two-stage decomposition is well supported by the respec-
tive DTA (endothermic) transitions in the same region. Fup\ 80
ther, the presence of sulfate ions in the catalyst is conﬁrméd i
from the FT-IR spectrum, which shows an asymmetric barg
around 1400 cm! corresponding to the free=8D group of &
the sulfate molecule [25,26]. In addition, the bands appea&f— 4
ing between 1100 and 800 cthare characteristic of S-O &
asymmetric and symmetric vibrations [20,22].

The results of-butylation of phenol over the sulfated zir-
conia catalyst with various phendtBA ratios are summa-
rized in table 1. It can be seen from the table that the catalys
shows a very good conversion and excellgaria selectivity 7
of the products. Further, the phenol conversion increases
with increase int-BA content due to a competitive adsorp-
tion of t-BA over phenol. A similar observation was also
made earlier for this reaction [4,13,16]. Hence, for the fur-
ther study, we have chosen the optimum phet&A ratio Figure 2. Effect of reaction temperature on phenol conversionparglP
as 1:2. However, the-t-BP selectivity decreases considselectivity with phenolt-BA ratio 2: 1, TOS= 4 h and WHSV= 4.8 L
erably at lower phenolt:BA ratios due to the formation of filled symbols — phenol conversion; open symbofstBP selectivity.
dialkylated product, 2,4-di-BP. Surprisingly, there was no
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Table 1 Table 2
Effect of phenol t-BA molar ratio on phenal-butylation reaction over sul- Effect of space velocity on phenbbutylation reaction over sulfated zirco-
fate zirconia at 448 K, WHSW= 4.8 1 and TOS= 4 h. nia with phenol t-BA ratio of 1:2; at 448 K and TOS 4 h.
Phenol t-BA (molar ratio) Space velocity (ﬁl)
2:1 1:1 1:2 3.0 4.0 4.8 5.2 6.0
Conversion (wt%) 29.4 36.8 49.5 Conversion (wt%) 22 313 495 578 355
Selectivity (%) Selectivity (%)
o-t-BP 12.6 14.4 11.0 o-t-BP 45 7.6 11.0 68 10
m-t-BP - - - mt-BP - - - - -
p-t-BP 83.0 78.5 76.0 p-t-BP 946 904 76.0 865 97.0

2,4-di+-BP 4.4 7.1 13.0 2,4-dit+-BP 09 20 13.0 67 20
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Table 3
Comparison of phenol conversion apd-BP selectivity over sulfated zirconia with other catalysts
under optimum conditions.

Catalyst Sulfated zirconia AIMCM-41 FeMCM-41  SAPO-11  Zeolite
[This work] [13] [14] [4] [17]
Phenol t-BA 1:2 1:2 1:2 1:2 4:1
(molar ratio)
WHSV (h—1) 5.2 48 438 20 20
Phenol conversion 58 359 211 590 254
(Wt%)
Selectivity (%)
o-t-BP 68 81 95 8.7 33
m-t-BP - a7 - - 581
p-t-BP 865 834 87.0 763 382
2,4-di+-BP 67 39 35 150 04

meta-product formation which, however, can be explained aalysis while the former have employed a SE-30 column,
follows: Itis known that the alkylation (methtdbutyl ether) which, however, cannot separgeandm-isomers. Further,

of phenol over sulfated zirconia is a Brgnsted acid catalyz#te reaction did not show any conversion without catalyst
reaction [18]. Further, it was also demonstrated that tlad the turnover frequency at optimum reaction conditions
Bransted acid sites in sulfated zirconia catalyst are weakeas found to be 5.8& 103 s~2, thus indicating that reac-
than in H-ZSM-5 [25,27] and therefore moeta-product is tion was catalytic.

expected. Figure 1 shows the effect of time-on-stream on
phenol conversion ang-t-BP selectivity. It is clear from
the figure that, unlike the molecular sieves based solid aé}d

catalysts such as SAPO-11 [4] and AIMCM-41 [13], the cat- The present study demonstrates that the sulfated zirconia

alytic activity of the sulfated zirconia remains constant eVethtalyst is promising for the vapour phase butylation of phe-
after several hours. This could, however, be due to the foig| A good substrate (phenol) and excellgnt{BP) selec-
mation of water molecules during the reaction, which mgyity of the products were obtained. Further, it is interesting
convert some of Lewis acid sites into Bransted sites [18,28}; note that the catalytic activity remained the same even af-

Figure 2 shows the effect of reaction temperature (448gr several hours or even on repeated use of the catalyst.
473 K) on the phenol conversion. It can be seen from the

figure that the phenol conversion decreases with increase in
reaction temperature, which could be due to a simultandcknowledgement

ous dealkylation of the product BP into phenol and other We thank the D ¢ Metall dM ial Sci
lower hydrocarbons [4,12,13]. However, at higher temper- '€ thank the Department of Metallurgy and Material Sci-

atures, the observed highgit-BP selectivity could be due €"¢© for XRD, and RSIC, IIT Bombay for GC-MS measure-

to the absence of a secondary alkylation reaction [12]. Tg_ents.

ble 2 presents the effect of space velocity at 448 K. It was
observed that increasing space velocity increases the phgfgier ences
conversion but after 5.2 again the phenol conversion de-
creased. The lower conversion at lower space velocity couldl S-H. Patinuin and B.S. Friedman, inklkylation of Aromatics with
be due to dealkylation of the alkylated products as well as ngac‘;&:ag Q:k("l";';‘r'sr;iz rr'liie' Serjvﬂ\s(;’;(d ?ggﬁ’fgc“o”s' Vol. 3,
coke formation because of more contact time [4,13] whil 2] J.F. Lorenc, G. Lambeth and W. Sche’ﬁer’ Kirk-Othmer Encyclo-
at higher space velocity, it could be due to the high diffu-  pedia of Chemical Technology, Vol. 2, eds. M. Howe-Grant and J.I.
sion rate of the reaction mixture through the catalyst. How- Kroschwitz (Wiley, New York, 1992) p. 113.
ever, at the optimum conditions (phentBA ratio = 1: 2, [3] ?132 Kolka, J.P. Napolitano and G.G. Elike, J. Org. Chem. 21 (1956)
tgmpe_rature: 448 K and WHSV= 5:2 h_l)' the SUIfat_(ad [4] S. Subramanian, A. Mitra, C.V.V. Satyanarayana and D.K.
zirconia catalyst gave good conversion grtiBP selectiv- Chakrabarty, Appl. Catal. A 159 (1997) 229.
ity compared to the other catalysts reported for this reags] K. Kanekichi and T. Yasuo, Jpn. Patent 75112 325 (1975).
tion, see table 3 [4,13,14,17]. Recently, Zhang et al. [12] ref6] C.D. Chang and S.D. Hellring, US Patent 5288 927 (1994).
ported very higtp-t-BP selectivity using zeolitg catalyst, [7] M. Yamamoto and A. Akyama, Jpn. Patent 6 122 639 (1994).
which is in contrast to the results of Mitra [17], where thel®] A-U-B- Queiroz and L.T. Alkawa, Fr. Patent 2694 000 (1994).

. . . L. 9] E.M. Viorica, E.S.A. Meroiu, H. Justin, O. Maria and C. Eleonora,
m-isomer was obtained as the major product. This dISCI’efg- Rom. Patent 73994 (1981).

ancy can be explained based on the fact that the latter % R.A. Rajadhyakasha and D.D. Chaudhari, Ind. Eng. Chem. Res. 26
used both a SE-30 and an AT-1000 column for the product (1987) 1276.
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