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Relatively pure end product phenol is obtained by means of fractional distillation
of the decomposition product of cumyl hydroperoxide with separation from the lower-
boiling and higher-boiling components [US patent no. 4251325 (1978)]. However,
even with careful operation of the rectifier, the phenol that is isolated contains such
impurities as HA and 2-methylbenzofuran in quantities which are relatively small, but

are still undesirable.

Processes are known for purifying the phenol that is used as the starting material
which involve the use of various heterogeneous catalysts which convert the impurities
listed above almost entirely into high-boiling compounds which can later be separated
from the product phenol by distillation. One exception is HA, which can be converted
into 2-methylbenzofuran or into higher-boiling products, depending on the efficiency
of the catalyst. Thus, during the catalytic conversion the only impurity — 2-
methylbenzofuran — can accumulate in the catalysis product, complicating the

subsequent separation process.
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small extent.

A process is also known where phenol is puriﬁed by removing from it the side
products of the cumene oxidizing process. This process involves treating the starting
phenol by placing it in contact with a catalyst which is activated aluminosilicate, and

then separating the resulting high-boiling components by distillation [US patent
2910511 (1956) — prototype].

SUMMARY

The goal of this invention is to produce phenol of high purity by conversion of
impurities that are present in the starting phenol, which is produced by the
decomposition of cumyl hydroperoxide. The indicated goal is achieved by purifying
the phenol containing admixtures of aliphatic and aromatic carbonyl compounds with

an aluminum zirconium catalyst.
DETAILED DESCRIPTION

The catalyst which the prototype uses is a synthetic acidic aluminosilicate catalyst,
which is amorphous or crystalline and which is produced either from a gel or by

means of acid treatment of aluminosilicate clays of the bentonite type.
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The process is carried out at a temperature of 90-200° C and a relative raw
material volumetric feed rate was maintained through the catalyst bed as necessary to
provide a space velocity of 1 to 6 h™'. The phenol which is produced by coming in

contact with the proposed catalyst can be distilled to isolate practically pure phenol.

The impurities contained in the starting phenol are completely converted into
high-boiling compounds which are easily separated from the phenol; this is also true

of HA, not more than 30% of which is converted into 2-methylbenzofuran.

The essential characterizing features of the proposed process for purifying phenol
are the use of an aluminum zirconium catalyst, which is a mixture of aluminum and
zirconium oxides and sulfates, and carrying out the process at a given temperature and

a given relative raw material volume feed rate.

This invention relates to a catalyst for purifying phenol and to a process for

preparing it.



are the use of an alum num zirconium catal yst, which is a mxture of
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hydroxide from a solution of zirconium oxychloride (ZrOCl,-8H,0) with an aqueous

ammonia solution and then drying the resulting precipitate and treating it with 1 N

sulfuric acid. For molding into granules, the sulfonated powdered zirconium

hydroxide is mixed with aluminum hydroxide, which is used as a binder [J. Catal.

153:218-223 (1995)].

For example, a process is known of preparing an aluminum zirconium catalyst for
isomerization of paraffin hydrocarbons [US patent 6326328 (2000) — prototype]. The
indicated process involves taking a mixture of powdered zirconium and aluminum
hydroxides with the addition of a sulfating agent — ammeonium sulfate salts, mixing it,
extruding it, andiroasting the resulting granules at 600° C. Aluminum hydroxide or
hydrated aluminum hydroxide is used as a binder. However, the catalyst prepared
according to this process is not suitable for purifying phenol, since it has less activity
than the one produced according to the proposed process. Specifically, it does not
purify the finished product to the required extent in regard to its content of 2-

methylbenzofuran.

The process for preparing the proposed composition of the catalyst for purifying
phenol that is produced by decomposition of cumyl hydroperoxide comprises the

stages of precipitating aluminum and zirconium hydroxide, sulfating the hydroxides,
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hydroxi des with the addition of a sulfating agent - ammonium sulfate salts,
mxing it, extruding it, and roasting the resulting granules at 600" C
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The industrial applicability of the proposed catalyst for the purification of phenol

and the process of preparing it are confirmed by the following examples.

EXAMPLES

Example 1

a) Preparation of Catalyst

431 g of the salt ZrOCl,-8H,0 are dissolved in 5.2 L of distilled water. 332 mL of
a NH4OH solution having a concentration of about 25% is dripped into the resulting
solution over 20 minutes. The resulting precipitate is filtered off and washed with
water on a Biichner funnel to remove ammonium chloride. The resulting washed
precipitate is dried in a drying cabinet at 110° C for 24 hours. The dried precipitate is
ground in a mill, and the resulting fine powder is sifted through a 180 um sieve. The

mass of the powder is 190 g or 147 g, calculated on the basis of ZrO,.

To sulfate the powder, it is treated with 1.14 L of 1 N sulfuric acid solution for 1
hour. Then, the resulting mixture is filtered to remove excess solution, and the product

is dried at 110° C (10 h) and is further used for molding.
5
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product is a suspension of honey-like prec1p1tate of boehmite containing 100 g of

AlOs.

The resulting suspensions of pseudoboehmite and boehmite are combined and
washed on a Biichner funnel to remove the contaminating sodium nitrate salt. The
washed precipitate is dried at 110° C for 10 hours and ground into a fine powder all of
which passes through a sieve having 0.25 mm openings. The calcining loss when the
resulting dried mixed aluminum hydroxide powder is roasted at 850° C is 24.6% by
mass. The ratio of boehmite to pseudoboehmite in the aluminum hydroxide powder is

1:3, calculated on the basis of Al,Os.

After that, the powdered sulfated zirconium hydroxide is mixed with 83.6 g of
powdered aluminum hydroxide in a Werner & Pfleiderer Z blade mixer, the solution
is peptized with sulfuric acid solution (3.8 mL of 60% solution), and small portions of
around 250 mL of water are added, bringing the moisture content (calcining loss) of
the mass to 55% by mass. The resulting mass is molded in a screw extruder through a
die having a hole diameter of 2 mm. The extrudates are dried for 8 hours at 110° C

and then roasted in a stream of dried air for 4 hours at 630° C.
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Table. Composition of starting phenol and catalytically purified phenol.

No. Content (ppm)
Impurity - In starting In purified
phenol phenol
1 Hydroxyacetone (HA) 200 <1
2 Mesityl oxide (MO) 50 <5
3 a-Methylstyrene (AMS) 5 <]
4 2-Methylbenzofuran 30 52
5 Acetophenone (AP) 5 <1
6 Dimethylphenylcarbinol (DMPC) 10 <l
7 Total impurities 300 <61

The content of impurities in the phenol was determined by the method of gas
chromatography on a “Kristall 2000M” chromatograph with a capillary column 25 m

long using OV-1 as the stationary phase.
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purified phenol. No. Content (ppm) Inpurity In starting In purified

phenol phenol | Hydroxyacetone (HA) 200 <1 2 Mesityl oxide (M) 50 <5 3
a- Met hyl styrene,(AVB) 5 <1 4 2-Met hyl benzofuran 30 52 5 Acetophenone (AP)
5<1 6 %‘nﬁy‘%phenyl carbinol (DMPC) 10 <1 7 Total inpurities 300 <61 The
content of inpurities in the phenol was determ ned by the nmethod of gas

chr omat ogr affhy crtalgst” K ipstpated 200G@VExahplenat doit ahh watioh of kegpimiteatoy col umm

25 | t tati o 03/.06
T/ US0S TOSeBo LR ol e Bactab G AT R i BUTEONICRIMATER bt ¢t he
ratio of Raphnad & 8Q. m%&@mﬁhmr@x{d@%r@@lba&@ds QOIfitBe vaas 380 Gh1 41203) in

the m xed "powder ed al um num hydroxide i's 3:1. The zirconi um hydroxi de
preci pi t aubuiig asid|sphttied. Wet dnlaBBO’ 9f-mixedpowderied @Nn@nal@l hydsaxtida issd forThe

quantity of .m X g} owd umh droxi ‘$ i t he
powder ed B &M @ rpcoévr(ljfﬁ U'Tlfénre Zl{fe i @9 ° h]30§ rraqlih)réli n’%amb& amet er s
are the samBEnésrsiafe ﬁxamaé@sm.}zx'ahq)]é ptal cont ent of al um num and zi rconi um
sulfates in the resulting sanple of roasted (fi ni shed) catal yst,
cal cul ated on the basis O S04, was 5.0%Db and the
The total content of aluminum and 21rcomum sul ates in the resultmg sample of
roasted (finished) catalyst, calculated on the basis of SO4, was 5.0% by mass, and the
total content of aluminum oxide and sulfate was 5% by mass, calculated on the basis

0fA1203.

The test of the resulting aluminum zirconium catalyst for the process of purifying
phenol was conducted at a temperature of 110° C and a raw material volume feed rate
of V.= 6 h'. The resulting phenol has the following composition (in ppm): HA < 1;
o-methylstyrene < 1; 2-methylbenzofuran — 50; OM < §5; AP < 1; and DMPC < 1.

Example 3

A sample is taken of the aluminum zirconium catalyst whose preparation and
composition are described in Example 1. The test is conducted according to the
methods described above at a temperature of 90° C and a raw material volume feed
rate of V =1 h', The resulting phenol has the following composition (in ppm): HA <
1; a-methylstyrene < 1; 2-methylbenzofuran — 58; OM < 5; AP < 1; and DMPC < 1.

Example 4

A sample is taken of the aluminum zirconium catalyst, whose preparation and
composition are described in Example 2. The test is conducted according to the
methods described above at a temperature of 200° C and a raw material volume feed
rate of V = 1.5 h™'. The resulting phenol has the following composition (in ppm): HA
< 1; a-methylstyrene < 1; 2-methylbenzofuran — 31; OM < 5; AP <1; and DMPC < 1.



total content of alum num oxide and sulfate was 5% by mass, cal cul ated on
the basis of A1203 The test of the resulting al um num zirconi um cat al yst
for the pwoaesessed purifying phenol was conducted at a t@aparsas/ozoeo of |
10' C and a raw material volume feed rate of V =6 h-1. The resulting
phenol has the follow ng conposition (in ppm: HA < 1; (X-methyl styrene
< 1; 2-ma\t,m/ f f@b 50; OM< 5; AP < 1; and DWC < 1. Exanple 3 A
sanple is ta&@?@?"ﬁ e afsu'm' num zi r coni um cat al yst whose preparation and
conposition are described in Exanple 1. The test is conducted according to
the nethods. desooecddedoaponfyingg rav phenpédrbdduced dfy @' cuth dridydeopeaxidat eri al
volume feed rate of V=1 h-1. The resultin henol has the foll ow ng
conposi tig?f"’(ig‘h Mo, - whigh procgss ggmpgises () ¢ g"?}J'r?‘é‘ﬁetg% rgw @-eﬂﬁlt W;‘/‘:hb‘thof ur an
- 58, OMgidte aftfnifiury oﬁlﬂg RS 5t 4 temBrBRIRL Bf 40A088TPLAd aSrahal@Rriaf the

al um num zi rconi um cat al yst, V\:]hOSE preparation and conposition are
descri bedvdluméxianfetd r@e ofhe6tlestands(iig snbiseguedlyasolatidg pyrified tphenolntest hods

descri bed,. ve at.,a tenperature of.,200' . C and a raw material. vol une feed

e o R Gn el TRy ik ERa1 S EQMp S A rBbEr e Bt T el n
ppM : HA and ZscohMn®iBN andtsyIfeee and Bas 2ot hyteResTZ0lHmam and3zirkonidM < 5; AP
< 1; and DMWC < 1. 8 WD 03/066554 PCT/US03/03090 WHAT IS CLAIMED IS: 1. A

process fotfaguadifrom Ado 12 hrmiss(caleudeiad enl thebask@f SGayonsherilt Bpsptehiste

cl eavage t ho iL.ch IS i t J enol with
an aci dilzr:gg :}8%111 ﬁ%@x‘%@@%ﬁ%l@gg& {'ﬁe aglatsgéfrl;%)tee%g? J?%Mc’)g% 5%&258%%6{) %nd a raw
mat eri al thy ehdigret Alimifueedxidet e of 1-6 h-1, and (ii) subsequently isolating

purified phenol by distillation, wherein the al um num oxi de catal yst

conprises a_mxture of alumi num_ and zjrconjium oxi des and sul,f?t efs and has
a total contenthERrostssArsantna HRICI2Im & oWherRin the catalyst consists essentially of a

mixture of aluminum and zirconium oxides and sulfates. :

3. The process according to claim 2, wherein the catalyst is prepared by the

process of claim 1.

4. A process for preparation of an aluminum zirconium catalyst that is suitable
for purifying phenol, which process comprises treating zirconium hydroxide twice
using sulfuric acid in both a sulfation and a peptization step, and using aluminum
oxide that consists of a mixture of boehmite and pseudoboehmite in a mass ratio of

from 1:3 to 3:1.

5. The process according to claim 4, wherein the peptizing agent is an aqueous

solution of sulfuric acid.

6. The process according to claim 5, wherein the aluminum hydroxide is a

mixture of boehmite and pseudoboehmite in a mass ratio of from 1:3 to 3:1.



sulfate of from5 to 15% by mass (cal cul ated on the basis O S04 ions) and
the catalyst has a total content of alum num and oxide and sulfate of 5 -
30% rmass woaBoedsat ed on the basis of al um num oxide). 2. PChAISP3/a3Des S
according to claiml1l, wherein the catalyst consists essentially of a
m xture of alum num and zirconi um oxi des and sulfates. 3. The process

according tg Aﬁj(;{é@eeé Wé&a‘r%&nh&‘ SPHR ﬁhn'z?rc&ﬁﬁrﬂacra?aql P¥nd e suitippeess of

claiml. 4. Ap preparation of an alurni nurn zirconi um cat al yst
that is sfurpalbﬁymgﬁlmnolpwhlchmrm@spmmsesmhl ch process conprises treating
zi rconi um hydroxide twice wusing sulfuric acid in both a sulfation and a
peptization step, and usin m . oxi de that consists of a m xture of

boehnite and e@EFGB%@Hﬂg%‘gcqnﬂmé 9&i0€atio of from1: 3 to 3: 1. 5. The

process according to claim4, wherein the peptizing agent is an aqueous

sol ution of subf wik;gatinnu@ hydRRidy HEeESzidoninthh@okidecl ai m 5, wherein the
al um num hydrOX| de is a m xture of boehmte and pseudoboehmte in a nass

ratio of from1:3 to 3:1. 9 WO 03/066554 PCT/ US03/ 03090 7. A process for
preparation ofC)aﬁU]éqtljlﬁ]tl’r*ﬁﬁﬁCﬂ“f%thUﬁi“@ﬁ%aI yst that is suitable for
purifying phenol whi ch process conprises: a) precipitating zirconium

hydr oxi de, %ﬁ&lﬁn@yﬂ%%ﬁﬁgg%jg?ﬁie%ﬁ thOSuifdib# QREHRMWHaRKGEE,  €)

sul fating the coni r oxi pepti zing the zirconi um hydroxi de
and the sul fat edvmthracp:erptxmmghgdﬁpxi de with a peptizing agent, e) next screw
extruding the peptized m xture of hydroxides and f) heat treating the

extruded m xt uef)e next screw extruding the peptized mixture of hydroxides and

f) heat treating the extruded mixture.

8. The process according to claim 7, wherein the peptizing agent is an

aqueous solution of sulfuric acid.

9. The process according to claim 8, wherein the aluminum hydroxide is a

mixture of boehmite and pseudoboehmite in a mass ratio of from 1:3 to 3:1.

10. A catalyst suitable for purifying phenol, which catalysts is prepared by a
process which comprises the steps of treating zirconium hydroxide twice using
sulfuric acid in a first sulfation step and a second peptization step, and adding
aluminum oxide in the peptizion step wherein aluminum oxide consists of a

mixture of boehmite and pseudoboehmite in a mass ratio of from 1:3 to 3:1.

11. A catalyst suitable for purifying phenol, which catalyst is prepared by a

process comprising the steps of:
a) precipitating zirconium hydroxide,
b) mixing aluminum hydroxide and the zirconium hydroxide,

¢) sulfating the zirconium hydroxides,

10



8. The process according to claim7, wherein the peptizing agent is an
aqueous solution of sulfuric acid. 9. The process according to claimS8,
wher ei n twe mlosssshum hydroxi de is a mxture of boehm te aad/ysegosdeboehni te
in amss ratio of from1:3 to 3: 1. 10. A catalyst suitable for purifying
phenol, which catalysts is prepared by a process which conprises the steps
of treating zircggi f)@BtiQM%r Qd ABrcbWuGe MyadrBfide SHhd Uhk Cs@fdtédl | Arc@nfulnf St _
sul fation step and a second peptization step, and adding al um num oxide in
the peptizion step koedewdhamepuzmpagae, consists of a mixture of

boehm te and pseudoboehmte in a mass ratio of from1:3 to 3: 1. 11. A
catal yst suitable . for purifyjin enol .. ich catal yst..is epared by a
process conpri si r?b ?eﬁ‘ég%rF‘gﬁ;sa”ol%ngg‘]epDreg&Z%l?ét?rﬁﬁ%gﬁlrgé]ﬁfsu% ydr oxi de, b)

m xi ng al um num hydr oxi de and the zirconium hydroxide, <c¢) sulfating the

zi r coni um hydr oxiffleBeat &8at\¥Q th8é:0f e AikGTd, US03/ 03090 d) peptizing the

zi rconi um hydr oxi de and the sulfated zirconium hydroxide with a peptizing
"agent, ' e) next screw extruding the peptized m xture of hydroxides and

f) heat treating the extruded m xture.
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