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PROCESS FOR PRODUCING HIGHLY PURE PHENOL 

Detailed Description of the Invention: 

Industrial field of the invention · 

5 The present invention relates to a process 

for producing a highly pure phenol, which comprises 

removing impurities contained in· a crude phenol 

obtained from an acid-decomposition product of cumene 

hydroperoxide. More specifically, it relates to a 

10 process for producing a highly pure phenol, which 

comprises converting impurities contained in the above 

crude phenol into high-boiling compounds without 

causing the substantial loss of useful substances 

contained in the crude phenol, and recovering a phenol 

15 by distillation. 

Prior art 

As an industrial process, there is known a 

process for producing a phenol in which cumene 

hydroperoxide obtained by oxidation of cumene is acid-

20 decomposed. The ~cid-decomposition product obtained by 

this process contains cumene, phenol, a-methylstyrene 

and acetone as main components and a small amount of 

by-products. Meanwhile, a phenol is used as a raw 

material for producing diphenylolpropane, poly-

25 carbonate, etc., and the phenol as a raw material for 

these is required to have a high purity. 

As far as the phenol for the above use is 

concerned, the content of hydroxyacetone (HA) as one of 

impurities is required to be 30 ppm or less, preferably 

30 10 ppm or less, and the total amount of aliphatic and 

aromatic carbonyl compounds (total carbonyl amount) 

other than HA is required to be 100 ppm or less, 

preferably 50 ppm or less. 

For obtaining a highly pure phenol satisfying 

35 the above-described quality, it is general practice to 

carry out the following treatment for removing 

imnurities. That is, a crude phenol, which is obtained 

t-Pv~ . 
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by removing a most part of low-boiling substances such 

as acetone, cumene, water and a-methylstyrene and a 

most part of high-boiling substances such as 

acetophenone and a-dimethylphenylcarbinol from a 

5 neutralized acid-decomposition product by fractional 

distillation, is further purified to remove aliphatic 

carbonyl compounds such as hydroxyacetone (HA) and 

aromatic carbonyl compound such as a­

phenylpropionaldehyde. 

10 In conventional methods for producing a 

highly pure phenol, for example, Japanese Patent Publi­

cation No. 11,664/1962 discloses a method in which a 

crude phenol (containing 200 ppm of hydroxyacetone) is 

catalytically treated with an active alumina catalyst 

15 at 360" C to allow the hydroxyacetone to react with a 

phenol to convert it into 2-methylbenzofuran (2-MBF), 

and phenol and the 2-methylbenzofuran are separated 

from each other by steam distillation. Further. Japa­

nese Patent Publication No. 1.2~9/1979 discloses a 

20 method using an active alumina for purifying crude 

cresols. 

Further, Japanese Patent Publication No. 

12,250/1967 discloses a method in which a crude phenol 

is catalytically treated with a silica·alumina catalyst 

25 at 150 to 250· C to convert Garbonyl compounds into 

other compounds, and they are separated from a phenol 

by steam distillation. Furthermore, British Patent 

1,231,991 discloses a method in which a crude phenol 

containing no water is catalytically treated with an 

30 acidic ion-exchange resin catalyst at 80 to 150· C to 

convert carbonyl compounds to other compounds, and they 

are separated from a phenol by steam distillation. 

The above methods are all directed to a 

method in which impurities are converted to other 

35 compounds. The defect with these methods is that 

phenol and a-methyl styrene as useful components react 

with impurities or respectively undergo condensation to 
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form cumylphenol or dimer of olefin and thus, the 

useful components are wasted. 

Summary of the invention 

It is a first object of the present invention 

5 to provide a process for producing a highly pure 

phenol, which permits the selective conversion of 

impurities to be removed to other high-boiling com­

pounds without entailing· the substantial loss of useful 

components contained in a crude phenol obtained by 

10 acid-decomposition of cumene hydroperoxide. 

It is a second object of the present 

invention to provide a practical process for producing 
a highly pure phenol satisfying the quality required as 

an industrial raw material from the above crude phenol. 

15 Means for solving problems 

According to studies of the present 

inventors, the above objects and advantages of the 

present invention are achieved by cataljtically 

treating the above crude phenol in the presence of an 

20 acidic r -alumina having a specific surface· area to be 

specified later and an acid strength to be specified 

later. 

That is, according to the present invention, 

there is provided a process for producing a highly pure 

25 phenol from a crude phenol which is obtained from an 

acid-decomposition product of cumene hydroperoxide and 

has an a-methylstyrene content of 15 ·%by weight or 

less, the process comprising: 
(1) catalytically treating the above crude 

30 phenol in the presence of an acidic 1-alumina catalyst 

having a specific surface area of 80 to 400 m2/g and an 

acid strength, according to Hammett's acidity function 

(Ho), of 3~Ho~6.8 to convert aliphatic and aromatic 

carbonyl compounds contained in the crude phenol into 

35 high-boiling compounds without causing the sub·stantial 

formation of a dimer of a-methylstyrene contained in 

the crude phenol, and then, --------
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(2) recovering a phenol by distillation of a 

catalytic treatment product obtained in step (1). 

The present invention will be detailed 

hereinafter. 

5 The crude phenol as an object to be purified 

in the present invention refers to a crude phenol which 

is obtained by acid-decomposing cumene hydroperoxide 

obtained by oxidation of cumene, neutralizing the 

acid-decomposition product and removing a most part of 

10 low-boiling substances such as acetone, cumene, water 

and a-methylstyrene and a most part of high-boiling 

substances such as acetophenone and a­

dimethylphenylcarbinol from the neutralized product by 

fractional distillation. The crude phenol contains 

15 phenol as a main component and a-methylstyrene in an 

amount of 15 % by weight or less, preferably 0.05 to 10 
% by weight. 

The above crude phenol contains, as 

impurities, aliphatic carbonyl compounds such as 

20 hydroxyacetone {HA) and others, aromatic carbonyl 

compounds such as a-phenylpropionaldehyde and others, 

and other compounds. In the process of the present 

invention, not only hydroxyacetone but also other 

impurities such as aliphatic and aromatic carbonyl 

25 compounds and others can be selectively converted to 
high-boiling compounds and easily removed. 

The acidic r -alumina used as a catalyst in 

the present invention is an intermediate compound 

formed when aluminum hydroxide {Al203 ·nH20) is 

30 decomposed under heat, and it has a tetragonal crystal 

structure. This acidic r-alumina is clearly distin­

guishable from an a-alumina having a trigonal crystal 

structure. 

The acidic r-alumina used in the present 

35 invention has a specific surface area of 80 to 400 
m2 /g, prefer.ably 150 to 300 m2 /g, and an acid strength, 

according to Hammett·· s acidity function (Ho), of 
----------------
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3~Ho~6.8, preferably 3.3~Ho~6.8. The Hammett's 

acidity function (Ho) is an index showing the acidity 

(proton donation capability) of a relatively highly 

concentrated acid, and a greater negative value of Ho 

5 shows greater proton donation capability and a higher 

.acidity. The acidic r-alumina used in the present 

invention has an acid strength of 3~Ho~6.8, i.e., has 

a low acidity. 

The Hammett's acidity function and its 

10 measurement method are explained in J. Am. Chem. Soc., 

54 2721 (1932) and Physical Organic Chemistry, Chapter 

9, McGrawHill Books Co., Inc., New York (1940). 

In the present invention, the acidic r­

alumina having the above-specified specific surface 

15 area and acid strength may be used in the form of a 

powder, while it may be also used in the form of any 

one of general solid catalysts, e.g., particles, 

pellets, and the like. 

In the process of the present invention, the 

20 aliphatic or aromatic carbonyl compounds contained in 

the crude phenol are converted to high-boiling 

compounds by bringing the crude phenol into contact 

with the above acidic r-alumina. The crude phenol 

which is to be brought into contact, i.e., 

25 catalytically treated, with the r-alumina may be in 

any one of a liquid phase and a gaseous phase. The 

catalytic treatment is carried out at a temperature of 

40" C or higher, preferably at a temperature between 150 

and 300" C, under atmospheric pressure or elevated 

30 pressure. Although not specially limited, the time for 

the catalytic treatment is properly 1 to" 60 minutes. 

In general, the catalytic treatment is preferably 

carried out at a high temperature under a high pressure 

for a short period of time, or at a low temperature 

35 under a low pressure for a long period of time. 

The method of the catalytic treatment is not 

specially limited, and any method such as a batch 
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method, a continuous method, etc., may be employed. 

However, it is industrially preferred to employ a 

method in which the crude phenol in a liquid or gaseous 

phase, particularly the vaporized crude phenol, is 

5 catalytically treated by passing the crude phenol 

through a layer packed with the catalyst. In this 

case, the crude phenol may be diluted with an inert 

diluent such as nitro~en and cumene. The layer packed 

with the catalyst may be a layer of a fluidized bed or 

10 fixed bed. When the crude phenol in a liquid phase or 

gaseous phase is flowed through the layer packed with 

the catalyst, the liquid hourly space velocity (LHSV) 
is properly 12 to 1 hr-1. 

Due to the contact with the catalyst, the 

15 aliphatic carbonyl compounds such as hydroxyacetone, 

the aromatic carbonyl compounds such as a­

phenylpropionaldehyde and other impurities, contained 

in the crude phenol, are converted to high-boiling 

compounds. In this catalytic treatment, the useful 

20 components such as phenol and a -methylstyrene remain 

almost intact. This is presumably because the above 

r-alumina as the catalyst has a proper specific 

surface area and a proper acid strength. 
The impurities contained in the crude phenol 

25 have been converted to high-boiling compounds due to 
the catalytic treatment, and can be therefore easily 

separated by distillation, whereby a highly pure phenol 

can be obtained. The distillation can ·be ca~ried out 
by any one of steam distillation, organic solvent 

30 extractive distillation and the like. 

The steam distillation can be carried out, 

for example, by the method described in Japanese Laid­

Open Patent Publication No. 20,239/1984, in which the 

crude phenol is distilled in the presence of water to 

35 separate the crude phenol into a mixture which 

comprises phenol containing impurities and water, and a 

phenol which is substantially free of impurities, and 
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the mixture and the phenol substantially free of 

impurities are separately recovered. The above method 

is employed for producing phenol according to the 

cumene process, and is known per se. 

5 The organic solvent extractive distillation 

can be carried out by a method using polyalkylene 

glycol or its ether as is described in Japanese Patent 

Publication No. 1258~1975. 

When the above steam distillation or organic 

10 solvent extractive distillation is carried out, a­

methylstyrene contained in the crude phenol can be 

nearly entirely removed. 

According to the process of the present 

invention, a highly pure phenol having a remarkably 
15 decreased content of impurities typified by carbonyl 

compounds can be obtained by catalytically treating the 

crude phenol with the acidic r-alumina and then 

distilling the so-treated product. The so-obtained 

highly pure phenol can meet with the quality 

20 requirements of a variety of starting materials. In 

particular, the contents of hydroxyacetone and other 

carbonyl compounds are sufficiently as low as required. 

The highly pure phenol obtained according to the 

process of the present invention may be further 

25 purified by other treatment as required. 
Examples 

The present invention will be explained more 

specifically by reference to Examples, in which various 

carbonyl compounds as impurities were quantitatively 

30 measured by gas chromatography, etc., to determine the 

conversions of the impurities before and after the 

treatment. 

Example 1 

An acid-decomposition product of -cumene 

35 hydroperoxide was neutralized and distilled to remove a 
most part of low-boiling substances such as acetone, 

water,. cumene and a -methyl styrene and a most part of 
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high-boiling substances such as acetophenone and a­

dimethylcarbinol. The resultant crude phenol had a 

purity of 98 % by weight or less and contained 0.3 % by 

weight of hydroxyacetone (HA), 1 to 2 % by weight of 

5 a-methylstyrene and 0.2 % by weight (as a total 

carbonyl content calculated as mesityl oxide) of 

carbonyl compounds other than HA. 

The above-o:t'tained crude phenol in a vapor 
phase was allowed to pass a fixed bed packed with 

10 acidic 1-alumina catalyst having a specific surface 

area of 280 m2/g and an acidity function of 

+3.3~Ho~6.8, at 2ao· c at LHSV of 2 hr-1. The 

resultant product was analyzed to show an HA content of 

5 ppm or less and a total carbonyl content of 30 ppm or 

15 less. Further. the amount of formed 2-methylbenzofuran 

was only 10 mol% of HA. and the formation of neither a· 
dimer of a-methylstyrene nor cumylphenol was found. 

Water in an amount of 15 % by weight was 

added to the crude phenol having an HA content of 15 

20 ppm or less and a total carbonyl content of 30 ppm or 

less, obtained in _the above, and the mixture was 

subjected to steam distillation under atmospheric 

pressure to distill off hydrocarbons such as a­

methylstyrene containing 5 % by weight of a phenol from 

25 a column top. A crude phenol aqueous solution having 
an a-methylstyrene content of only 5 ppm or less was 

obtained as a column bottom product. Then, the crude 

phenol was subjected to batch distillation under 

reduced pressure to obtain water and a purified phenol 

30 as a column top product. As a result, there was 

obtained a purified phenol having a total impurity 

content of 30 ppm or less, an HA content of 2 ppm or 

less, a total carbonyl content of 20 ppm, a solidifying 

point of 40.85. c, a hue (Hasen number) of 5 or less and 

35 a sulfonation coloring value of 95 %. 

The hue (Hasen number) of the phenol refers 
to a value determined by comparing the color of the ---
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above-obtained phenol with colors of standard solutions 

of ASTM (American Society for Testing and Materials). 

The sulfonation coloring value was determined as 

follows. 20 Milliliters of a sample phenol was warmed 

s on a hot water bath at 45' C for 10 minutes, and 20 ml 

of concentrated sulfuric acid was quickly mixed. Then, 

the mixture was allowed to stand at room temperature 

for 1 minute and in water for 5 minutes. Thereafter, 

the mixture was charged into a 20 mm cell, and measured 

10 for transmittance at 532 µm with a photoelectric 
colorimeter, and the measurement value is expressed by 

percentage. The greater-the value is, the higher the 

phenol quality is. The total carbonyl content was ana­

lyzed as follows. The phenol was colored by adding 

15 2,4-dinitrophenylhydrazine, ahd the color of the col~ 

ored phenol was compared with standard color hues based 

on mesityl oxide to determine the total carbonyl con­

tent as a mesityl oxide. 
Example 2 

20 The same acidic r-alumina as that used in 

Example 1 was impregnated with an aqueous solution 

containing 5 % by weight of ammonium fluoride, and 

dried under a nitrogen current to obtain an acidic r­

alumina having a fluorine content of 1.5 % by weight. 

25 The so-obtained r-alumina had a specific surface area 

of 240 m2/g and an acidity function of +4.0~Ho~6.8. 
Then, the procedures of Example 1 were repeated except 

that the r-alumina was replaced with the above­

obtained acidic r-alumina and that the LHSV was 

30 changed to 1 hr-1. The resultant product was analyzed 

to show an HA content of 5 ppm or less and a total 

carbonyl content of 20 ppm or less. Further, the 

amount of formed 2-methylbenzofuran was 5 mol% of HA, 

and a-methylstyrene remained intact. 

35 Then, diethylene glycol in the same. amount as 
that of the crude phenol was added to the crude phenol, 

and the mixture was subjected to batch distillation 
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under reduced pressure to obtain hydrocarbons and a 

purified phenol as a column top product. As a result, 

there was obtained a highly pure phenol having a total 

impurity content of 20 ppm, an HA content of 2 ppm or 

5 less and a total carbonyl content of 15 ppm. The so­
obtained phenol had a solidif~ing point ot 40.85" C, a 

hue (Hasen number) of 5 or less and a sulfonation 

coloring value of 98%. 

Comparative Example 1 

10 Example 1 was repeated except that the 1-

alumina was replaced with a hydrogen-exchange mordenite 

type zeolite having an acidity function of Ho~-8.2. 

As a result, the amount of formed 2-methylbenzofuran 
was 70 mol% of HA, and 90 % of a-methylstyrene was 

15 polycondensed or polymerized. 

Comparative Example 2 

Example 1 was repeated except that the 1-

alumina was replaced with cation-exchange resin (Amber­

lyst-lSR) and that the treatment temperature was 

20 changed to 120· C. As a result, the amount of formed 

2-methylbenzofuran was 90 mol% of HA. and the total 
amount of a-methylstyrene was polycondensed or 
polymerized. 

25 

Comparative Example 3 

Example 1 was repeated except that the 1-

alumina was replaced with a 1-alumina catalyst having 

a specific surface area of 92 m2/g and an acidity 

function of -3.0~Ho~+l.5. As a result, 90 mol% of 

hydroxyacetone was converted to 2-methylbenzofuran, or 
30 phenol was consumed. Further, 50 % of a-methylstyrene 

was dimerized or converted to cumylphenol. 

Comparative Example 4 

The crude phenol having an HA content of 0.3% 

by weight and a total carbonyl content of 0.2% by 

35 weight which was obtained in Example l, was subjected 

to the same distillation as that of Exampie 2. As a 

result, the so-obtained phenol had a totaL_impurit~_ ----· 

i11i1i11i11ur 
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content of 2,100 ppm, an HA content of 1,800 ppm, a 

total carbonyl content of 1,500 ppm and a solidifying 

point of 40.TC. 

Effect of the invention 

According to the present invention, aliphatic 

and aromatic carbonyl compounds can be converted to 

high-boiling compounds, while inhibiting the substan­

tial loss of phenol ~nd a-methylstyrene as useful 

components, by catalytically treating the crude phenol 

10 with an acidic 1-alumina catalyst having the specified 

specific surface area and the specified acid strength. 

As a result, phenol can be easily separated, and a 

highly pure phenol can be produced. 

---------

ff11U1iiili!iii 
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WHAT IS CLAIMED IS: 
1. A process for producing a highly pure phenol 

from a crude phenol which is obtained from an acid­

decomposi tion product of cumene hydroperoxide and has 

5 an a-methylstyrene content of 15 % by weight or less. 

the process comprising: 

(1) catalytically treating the above crude 

phenol in the presence of an acidic 1-alumina catalyst 

having a specific su~face area of 80 to 400 m2/g and an 

10 acid strength. according to Hammett's acidity function 

{Ho), of 3~Ho~6.8 to convert aliphatic and aromatic 

carbonyl compounds contained in the crude phenol into 

high-boiling compounds without causing the substantial 

formation of a dimer of a-methylstyrene contained in 

15 the crude phenol. and then, 

(2) recovering a phenol by distillation of a 

catalytic treatment product.obtained in step (1). 

2. A process according to claim 1, wherein the 

crude phenol is catalytically treated at a temperature 

20 between 150 and 300· C. 

3. A process according to claim 1. wherein the 

crude phenol is catalytically treated for 1 to 60 

minutes. 

4. A process according to claim l, wherein the 

25 acidic 1 -alumina has an acid strength of 3. 3~Ho~6. 8 

according to acidity function Ho. 

5. A process according to claim 1, wherein the 

acidic 7-alumina has a specific surface area of 150 to 

300 m2/g. 

30 6. A process according to claim l, wherein the 

crude phenol is in a gaseous phase and catalytically 

treated with the acidic 1-alumina. 

7. A process according to claim l, wherein the 

crude phenol is in a liquid phase and catalytically 

35 treated with the acidic 1-alumina. 

8. A process according to claim 1, wherein the 
' 

catalytic treatment product is recovered by steam 
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distillation or organic solvent extractive 

distillation. 
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ABSTRACT 
A process for producing a highly pure phenol, 

in which a crude phenol obtained from an acid­

decomposi tion product of cumene hydroperoxide and 

5 having an a-methylstyrene content of 15 % by weight or 

less is catalytically treated with an acidic 1-alumina 

catalyst having a specific surface area of 80 to 400 

m2/g and an acid str~ngth, according to Hammett's 

acidity function (Ho), of 3~Ho~6.8 to convert 

10 aliphatic and aromatic carbonyl compounds contained in 

the crude phenol into high-boiling compounds without 

causing the substantial formation of a dimer of a­

methylstyrene contained in the crude phenol, and then, 

a phenol and the so-formed high-boiling compounds were 

15 separated by distillation. 

THIS SHEET HAS BEEN 
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ABSTRACT 

A process for producing a highly pure phenol. 
in which a crude phenol obtained from an acid­
decomposi tion product of cumene hydroperoxide and 

5 having an a-methylstyrene content of 15 % by weight or 
less is catalytically treated with an-acidic 1-alumina 
catalyst having a specific surface area of 80 to 400 
m2/g and an acid strength, according to Hammett's 
acidity function (Ho), of 3~Ho~6.8 to convert 

10 aliphatic and aromatic carbonyl compounds contained -in 
the crude phenol into high-boiling compounds without 
causing the substantial formation of a dimer of a­
methylstyrene contained in the crude phenol, and then, 
a phenol and the so-formed high-boiling compounds were 

15 separated by distillation. 
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PROC$SS FOR PRdDUCING HIGHLY PURE PHENOL REPLACEMENT SHEET 

Description 1 1 AUG 1997 

The present invention relates to a precess tor pro­
ducing a highly pure phenol. which comprises removing 
impurities contained in a crude phenol obtained tram an 
acid-decomposition product or cumene hydroperaxide. 
More specifically, it relates to a process for producing a 
highly pura phenol. which comprises converting impuri­
ties contained in the above crude phenol into high-boil­
ing compounds without causing the substantial loss of 
useful substances contained in the crude phenol, and 
recovering a phenol by distillation. 

Prior art 

As an industrial precess. there is known a process 
for producing a phenol in which cumene hydroperoxide 
obtained by oxidation of cumene is acid-decomposed. 
The acid-decomposition product obtained by this proc­
ess contains cumene, phenol, c:t-methylstyrene and ac­
etone as main components and a small amount of by· 
products. Meanwhile, a phenol is used as a raw material 
for producing diphenytolpropane, polycarbonate, etc., 
and the phenol as a raw material for these is required 
to have a high purity. 

As far as the phenol for the above use is ccncemed, 
the content of hydroxyacetone (HA) as one of impurities 
is required to be 30 ppm or less, preferably 10 ppm or 
less, and the total amount of aliphatic and aromatic car­
bonyl compounds (total carbonyl amount) other than HA 
is required to be 100 ppm or less, preferably 50 ppm or 
less. 

For obtaining a highly pure phenol satisfying the 
above~escribed quality, it is general practice to carry 
out the following treatment for removing impurities. That 
is, a crude phenol, which is obtained by removing a mcst 
part of low-boiling substances such as acetone, 
cumene, water and c'"fT1ethylstyrene and a most part of 
high-boiling substances such as acetophenone and cx­
dimethylphenylcarbinol from a neutr:alized acid-decom­
position product by fractional distillation, is further puri­
fied to remove aliphatic carbonyl compounds such as 
hydroxyacetone (HA) and aromatic carbonyl compound 
such as a-phenylpropionaldehyde. 
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ln conventional methods ror producing a highly purj .... •----------1 

phenol, ror example, Japanese Patent Publication No. 
11,66411962 discloses a method in which a crude phe-
nol (containing 200 ppm of hydroxyacetone) is catalyti-
cally treated with an active alumina catalyst at 360° C 
to allow the hydroxyacecone to react with a phenol to 
convert it into 2-methylbenzoturan (2-MBF), and phenol 
and the 2-methylbenzofuran are separated from each 
other by steam distillation. Further, Jacanese Patent 
Publication No. 1,289/1979 discloses a method using 
an active alumina for purifying crude cresols. 

Further, Japanese Patent . Publication No. 
12,250/1967 discloses a method in which a crude phe­
nol is catalytically treated with a silica.alumina catalyst 

at 150 to 250° C to convert carbonyl compounds into 
other compounds, and they are separated from a phenol 
by steam distillation. Furthermore. British Patent 
1 ,231 ,991 discloses a method in which a crude phenol 
containing no water is catalytically treated with an acidic 
ion-exchange resin catalyst at 80 to 150° C to co.nvert 
carbonyl compounds to other compounds, and they are 
separated from a phenol by steam distillation. 

rne above methods are all directed to a method in 
which impurities are converted to other compounds. The 
detect with these methods is that phenol and cc-methyl 
styrene as us~ful components react with impurities or 
respectively undergo condensation to form cumytphe­
nol or dimer of olefin and thus, the useful components 
are wasted. 

Summary of the invention 

It is a first object of the present invention to provide 
a process for producing a highly pure phenol, which per­
mits the selective conversion of impurities. to ·be re­
moved to other high-boiling compounds without entail­
ing the substantial loss of useful components contained 
in a crude phenol obtained by acid-decomposition of 
cumene hydroperoxide. 

It is a second object of the present invention to pro­
vide a practical process for producing a highly pure phe­
nol satisfying the quality required as an industrial raw 
material from the above crude phenol. 
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Means for solving oroblems 

According to studies of the present inventors. the 
above objects and advantages of the present invention 
are achieved by catalytically treating the above crude 
phenol in the presence of an acidic y-alumina having a 
specific surface area to be specified later and an acid 
strength to be specified later. 

That is. according to the present invention, there is 
provided a process for producing a highly pure phenol 
from a crude phenol which is obtained from an acid-de­
composition product of cumene hydroperoxide and has 
an cx-methylstyrene content of 15 % by weight or less, 
the process comprisinc:: 

(1) catalytically treating the above crude phenol in 
the presence of an acidic y-alumina catalyst having 
a specific surface area of 80 to 400 m2/g and an 
acid strength, according to Hammett's acidity func­
tion (Ho), of 3~Ho;S6.a to convert aliphatic and ar­
omatic carbonyl compounds contained in the crude 
phenol into high-boiling compounds without caus­
ing the substantial formation of a dimer of cx-meth­
ylstyrene contained in the crude phenol, and then, 
(2) recovering a phenol by distillation of a catalytic 
tre:~rment product obtained in step (l ). 

The presem rrrventron wm oe detarrea nereinaner. 

rne crude phenol as an object to be purified in tne 
present invention refers to a crude phenol which is ob­
tained by acid-decomposing cumene hydroperoxide ob­
tained by oxidation of cumene, neutralizing the acid-de­
composition product and removing a most part of low­
boiling substances such as acetone, cumene, water and 
cx-methylstyrene and a most part of high-boiling sub­
stances such as acetophenone and cx-dimethylphenyl­
carbinol from the neutralized product by fractional dis­
tillation. The crude phenol contains phenol as a main 
component a-methylstyrene in an and amount of 15 % 
by weight or less. preferably 0.05 to 10 % by weight. 

The above crude phenol contains, as impurities, 
aliphatic carbonyl compounds such as hydroxyacetone 
(HA) and others, aromatic carbonyl compounds such as 
a.·phenylpropionaldehyde and others, and other com­
pounds. In the process of the present invention, not only 
hydroxyacetone but also other impurities such as 
aliphatic and aromatic carbonyl compounds and others 
can be selectively converted to high-boiling compounds 
and easily removed. 
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The acidic y-alumir.a used as a catalyse in th 
present invention is an intermediate compound forme 
when aluminum hydroxide (Al20~·nH20) is decom 
posed under heat. and it has a tetragonal crystal struc· 
ture. This acidic "f"alumir.a is clearly distinguishable from 
an ex-alumina having a trigonal crystal structure. 

The acidic "f"alumina used in the present invention 
has a specific surface area of ao to 400 m2/g, preferably 
150 to 300 m2/g, and an acid strength, according to 
.Hammett's acidity function (Ho), of 3:iiHo~5.S, prefer· 
ably 3.3:iHo:ii6.S. Tne Hammett's acidity function (Ho) 
is an index showing the acidity (proton donation capa­
bility) of a relatively highly concentrated acid, and a 
greater negative value of Ho shows greater proton do­
nation capability and a higher acidity. Tne acidic ·r-alu­
mina used in the present invention has an acid strength 
of 3~Ho=aS.9, i.e .• has a low acidity. 

The Hammett's acidity function and its measure­
ment method are expte1:ined in J. Am. Chem. Soc., ~ 
2721 (1932} and Physical Organic Chemistry, Chapter 
9, McGrawHil1 Books Co., Inc .• New York (1940). 

In the present invention, the acidicy-aluminahaving 
the above-specified specific surface area and acid 
strength may be used in the form of a powder, while it 
may be also used in the form of any one of general solid 
catalysts, e.g., particles, pellets, and the like. 

In the process of the present invention, the aliphatic 
or aromatic carbonyl compounds contained in the crude 
phenol are converted to high-:boiling compounds by 
bringing the crude phenol into contact with the above 
acidic ..,-alumina. Tne crude phenol which is tc be 
brought into contact, i.e., catalytically treated, with the 
y-alumina may be in any one of a liquid phase and a 
gaseous phase. The catalytic treatment is carried out at 
a temperature of 40° C or higher, preferably at a tem· 
perature between 150 and 300° C, under atmospheric 
pressure or elevated pressure. Although not specially 

limited, the time for the catalytic treatment is property 1 
to 60 minutes. In general. the catalytic treatment is pref· 
arably carried our at a high temperature under a high 
pressure for a short period of time, or at a low temper­
ature under a low pressure for a long period of time. 
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The method cf the catalytic treatment is not special­
ly limited. and any method such as a batcn method, a 
continuous method. ate .. may be employed. However, 
it is induscrrally preferred to employ a method in which 
the crude phenol in a liquid or gaseous ~hase. particu­
larly the 'lapcrized crude phenol, is catalycrcally treated 
by passing the crude phenol through a layer packed with 
the catalyst. In this case, the crude phenol may be di­
luted with an inert diluent such as nitrogen and cumene. 
The layer packed with the catalyst may be a fayer of a 
fluidized bed or fixed bed. When the crude phenol in a 
liquid phase or gaseous phase is flowed through the lay­
er packed with the catalyst. the liquid houriy space ve­
lccity (UiSV) is properly 12 to 1 hi1• 

Due to the contact with the catalyst. the aliphatic 
carbonyl compounds such as hydroxyacetone, the aro­
matic carbonyl compounds such as ~-phenylpropional­
dehyde and other impurities, contained in the crude phe­
nol, are converted to high-boiling compounds. In this 
catalytic treatment. the useful components such as phe· 
nof and cx-methylstyrene remain almost intact. This is 
presumably because the above "!""alumina as the cata· 
lyst has a proper specific surface area and a proper acid 
strength. 

The impurities contained in the crude phenol have 
been converted to high-boiling compounds due to the 
catalytic treatment, and can be therefore easily separat­
ed by distillation~ whereby a highly pure phenol can be 
obtained. rne distillation can be carried out by any one 
of steam distillation, organic solvent extractive distilla­
tion and the like. 

Tne steam distillation can be carried out, for exam· 
. pie, by the method described in Japanese Laid-Open 
Patent Publication No. 20,23911984, in which the crude 
phenol is distilled in the presence of water to separate 
the crude phenol into a mixture which comprises phenol 
containing impurities and water, and a phenol which is 
substantially free of impurities, and the mixture and the 
phenol substantially frae of impurities are separately re­
covered. The above method is employed for producing 
phenol according to the cumene process, and is known 
per se. 

The organic solvent extractive distillation can be 
. carried out by a method using polyalkylene glycol or its 
ether as is described in Japanese Patent Publication 

No. 12SS/1975. 
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Whan the atlove steam cust1llat1on or organic s 
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vent extractive distillation is carried out, a.·methyls 
rene contained in the crude phenol can be nearly entir--=---­
ly removed. 

According to the precess of the present invention. 
a highly pure phenol having a remarkably decreased 
content of impurities typified by carbonyl compounds 

can be obtained by catalytically treating the crude phe­
nol with the acidic -r·alumina and then distilling the so­
treated product The so-obtained highly pure phenol can 
meet with the quality requirements of a variety of starting 
materials. In particular, the contents of hydroxyacatcne 
and other carbonyl compounds are sufficiently as low 
as required. The highly pure phenol obtained according 
to the process of the present invention· may be further 
purified by other treatment as required. 

Examoles 

Tne present invention will be explained more spe­
cifically by reference to Examples, in which various car­
bonyl compounds as impurities were quantitatively 
measured by gas chromatography, etc., to determine 
the conversions of the impurities before and after the 
treatment. 

Examote 1 

An acid-decomposition product of cumene hy­
droperoxide was neutralized and distilled to remove a 
most part of low-boiling substances such as acetone, 
water, cumene and ~-methylstyrene and a most part of 
high-boiling substances such as acetophenone and<%· 
dimethylcarbinol. rne resultant crude phenol had a pu­
rity of 98 % by weight or less and contained 0.3 ~o by 
weight of hydroxyacetone (HA), 1 to 2 3· by weight of<%· 
methylstyrene and 0.2 °lo by weight (as a total carbonyl 
content calcufated as mesityl oxide) of carbonyl com­
pounds other than HA. 

The above-obtained crude phenol in a vapor phase'· 
was allowed to pass a fixed bed packed with acidic y­
alumina catalyst having a specific surface area of 260 
m2/g and an acidity function of +3.3:iHo-:as.a .. at 2so• 
C at LHSV of 2 hr-1• The resultant product was analyzed 
to show an HA content of 5 ppm or less and a total car­
bonyl content of 30 ppm or less. Further, the amount of 
formed 2-methylbenzofuran was only 10 mol'¥o of HA, 
and the formation of neither a dimer of et·methylstyrene 
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Water in an amount ct 15 % by weight was added .__ _______ ___, 

---------- -

to the crude phenol having an HA content or 15 ppm or 
less and a total carbonyl content of 30 ppm or !ess. ob· 
tained in the above, and the mixture was subjected to 
steam distillation under atmospheric pressure to distill 
off hydrocarbons such as cx-methylstyrene containing 5 
~a by weight of a phenol from a column top. A crude phe-
nol aqueous solution having an c:-methylstyrene content 
of only 5 ppm or less was obtained as a column bottom 

product. rnen. the crude ph~nol was subjected to batch 
distillation under reduced pressure to obtain water and 
a purified phenol as a column tcp product. As a result, 
there was obtained a purified phenol having a total im-
purity content of 30 ppm or less, an HA content cf 2 ppm 
or less, a total carbonyl content of 20 ppm, a soiidifying 
point of 40.95~ C. a hue (Hasen number) of 5 or less 

and a sulfonation coloring value of 95 %. 
The hue (Hasen number) of the phenol refers to a 

value determined by comparing the color of the above­
obtained phenol with colors of standard solutions ct 
ASTM (American Society for Testing and Materials). 
The sulfonation coloring value was determined as fol­

lows .. 20 Milliliters or a sample phenol W?l~_warmed on 
a hot water bath at 45~ C tor 10 minutes. and 20 ml of 
concentrated sulfuric acid was quickly mixed. Then, the 
mixture was allowed to stand at room temperature for 1 

minute and in water for 5 minutes. Thereafter. the mix­
ture was charged into a 20 mm cell, and measured for 

transmittance at 532 µm· with a photoelectric colorime­
ter, and the measurement value is expressed by per­
centage. The greater the value is. the higher the phenol 
quality is. The total carbonyl content was analyzed as 
follows. rne phenol was colored by adding 2.4-dinitro­
phenylhydrazine, and the color of the colorec phenol 

was compared with standard color hues based on mes­
ityl oxide to determine the total carbonyl content as a 

mesityl oxide. 
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Examole 2 

The same acidic 1-alumina as that used in Example 
1 was impregnated with an aqueous solution containing 
5 % by weight of ammonium fluoride, and dried under a 
nitrogen current to obtain an acidic 4~alumina having a 
nuorine·content of 1.5 % by weight. The so-obtained 4 f• 

alumina had a specific surface area of 240 m2/g and an 
acidity function of +4.0:iHc~6.8. Then, the procedures 
of Example 1 were repeated except that the y-atumina 
was replaced with the above-obtained acidic 4f-alumina 
and that the LHSV was changed to 1 hr-1• The resultant 
product was analyzed to show an HA content of 5 ppm 
or less and a total carbonyl content of 20 ppm or less. 
Further, the amount of formed 2.rnethylbenzofuran was 
S mol% of HA. and 1%-methylstyrene remained intact 

Then, diethylene glycol in the same amount as that 
. of the crude phenol was added to the crude phenol, and 
the mixture was subjected to batch distillation under re­
duced pressure to obtain hydrocarbons and a purified 
phenol.as a column top product. As a result, there was 
obtained a highly pure phenol having a total impurity 
content of 20 ppm, an HA content of 2 ppm or less and 
a total carbonyl content of 15 ppm. The so-obtained phe· 
nol had a solidifying point of 40 .85' C, a hue (Hasen 
number) of 5 or less and a sulfonation coloring value of 
98Cfo. 

Comcarative Examcle l 

Example 1 was repeated except that they-alumina 
was replaced with a hydrogen~xchange mordenite type 
zeolite having an acidity function of Ho:s-a.2. As a re­
sult. the amount of formed 2-methylbenzofuran was 70 
mol% of HA. and 90 °lo of ~-methylstyrene was poly­
condensed or polymerized. 

. 11 AUG 1997 
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Comoarative Examole 2 

Example 1 was repeated except that the y-alumina 
was replaced with cation-exchange resin (Amberlyst-
1 SA) and that the treatment temperature was changed 
to 1 2oa C. As a result. the amount of formed 2-methyl· 

benzofuran was 90 mol°lo of HA. and the total amount 
of a.-methylstyrene was polycondensed or polymerizsd. 

Comcarative Examole 3 

Example 1 was repeated except that the "'f"alumina 
was replaced with a y-alumina catalyst having a specific 
surface area of 92 m2/g and an acidity function of 
-3.0~Ho;S+ 1 .5. As a result, 90 mol% of hydroxyacetone 
was converted to 2-methylbenzoturan, or phenol was 
consumed. Further, 50 o/o of a.-methytstyrene was dimer­
ized or converted to cumytphenol. 

Comcarative Examole 4. 

rne crude phenol having an HA content of 0.3% by 
weight and a total carbonyl content of 0.2% by weight 
which was obtained in Example 1, was subjected to the 
same distillation as that of Example 2. As a result. the 
so-obtained phenol had a total impurity content of 2.100 
ppm, an HA content of 1,300 ppm, a total carbonyl con­
tent of 1,500 ppm and a solidifying point of 40.7° C. 

Effect of the invention 

According to the present invention, aliphatic and ar­
omatic carbonyl compounds can be converted to high· 
boiling compounds, while inhibiting the substantial less 
of phenol and a.-methylstyrene as useful components, 
by catalytically treating the crude phenol with an acidic 
1-alumiria catalyst having the specified specific surface 
area and the specified acid strength. As a result, phenol 
can be easily separated, and a highly pure phenol can 
be produced. 
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1. A process for producing a highly pur~ phenol fr ........ -.. __ ~ I 
a crude phenol which is obtained from an acid-Oe- --· 
composition product of cumene hydroperoxide and 
has an a-mathylstyrene content of 15 % by weight 
or less, the process comprising: 

( 1) catalytically treating the above crude phenol 

in the presence of an acidic y-alumina catalyst 
having a specific surface area of 60 to 400 m2/ 

g and an acid strength, according to Hammett's 

acidity function (Ho), of 3~Ho=aa.a to convert 
aliphatic and aromatic carbonyl compounds 
contained in the crude phenol into high-Coiling 
compounds without causing the substantial for· 

mation of a dimer of cx-methylstyrene contained· 
in the crude phenol, and then, 

(2) recovering a phenol by distillation of a cat· 
alytic treatment product obtained in step (1 }. 

2. A process according to claim 1 , wherein the crude 

phenol is catalytically treated at a temperarure be­
tween t 50 and 300° C. 

3. A process according to claim 1 , wherein the crude 

phenol is catalytically treated fer t to 60 minutes. 

4. A process according to claim 1, wherein the acidic 

~umina has an acid· strength of 3.3=iHo~6.8 ac· 
cording to acidity function Ho. 

5. A process according to claim 1, wherein the acidic 
..,..alumina has a specific surface area of 150 to 300 : 
m2/g. 

6. A process according to claim 1, wherein the crude 
. phenol is in a gaseous phase and catalytically treat­
ed with the acidic .. r-alumina 

7. A process according to claim t, wherein the crude 
phenol is in a liquid phase and catalytically treated 
with the acidic ""f"alumina. 

8. A process according to claim 1, wherein the cata· 
lytic treatment product is recovered by steam distil· 
lation or organic solvent extractive distillation. 
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PROCESS FOR PRODUCING HIGHLY PURE PHENOL~E?l~C£MtN· 

ABSTRACT 
A process for producing a highly pure phenol, 

in which a crude phenol obtained from an acld­
decompos i tion product of cumene hydroperoxide and 
having an a-methylstyrene content of 15 % by weight or 
less is catalytically treated with an acidic 1-alumina 
catalyst having a specific surface area of 80 to 400 
m2/g and an acid strength, ·according to Hammett• s 
acidity function (Ho), of 3~Ho~6.8 to convert 
aliphatic and aromatic carbonyl compounds contained in 
the crude phenol into high-boiling compounds without 
causing the substantial formation of a dimer of a­

methylstyrene contained in the crude phenol, and then, 
a phenol and the so-formed high-boiling compounds were 
separated by distillation. 

REPLACEMENT SHEET 

(01~msj 



.. 

-.__,.· . 

-7-

REPLACEMENT. SHEET 
nor cumylphenol was found. 

Water in an arncunt of t S % by weight was added 
to the crude phenol having an HA content a( 15 ppm or 
less and a total c:atbonyt =ntent of 30 ppm or Jess, ob· 
tainad in the above, and the mixture was subjected to 
steam distillation under atmospheric pressure to distill 
off hydrcc:arbons such as et-methylstyrene c:cnrair1ing s 
% by weight ot a pnenol trom a dumn top. A Crude phe­
nol aqueous solution having an a.-methylstyrene content 
of only 5 ppm or less was cbtainee as a cclumn bottcm 
product Then. the crude ph~nol was subiectecl to batch 
distillation under reduced pressure to cbtain water and 
a purified phenol a5 a celumn tc:p product. As a result. 
there was c:b~in!4 a purified phenol having a total im­
purity ccntent of 30 ppm or less, an HA c::intent ct 2 ppm 
or less. a t;ltal carccnyt content of 20 ppm. a solidlfying 
point or 40.85' C, a hue (Hasen number) of Sor less 

and a sultonation coloring value of 95 Cf •• 
The hue (Hasen number) of the phenol refers 1o a 

value determined by c:cmparfng the cclor ot the above· 
obtained phenol with cclo~s of standard solutions of 
ASTM (American Society for Testing and Materials). 
The sulfanation coloring value was determined as fol· 
lows. 20 Milliliters of a sample phenol was warmed en 
a hot water bath at 45' C tor 1 O minutes, and 20 ml of 

-concentrated sulfuric acid was quickly mixed. Then; the 
mixture was allowed to stand at rcom temperature for t 
minute and in water for 5 minutes. Thereafter. the mix· 
ture was charged into a 20 mm cell, and measured for 
transmittance at ~32 µm with a photoelectric colorime­
ter, and the measurement value is expressed by per­
centage. rne greater the value is, the higher the phenol 
quality is. The total cart:onyl content was analyzed as 
follows. The pnenot was =icred by adding ~.4-dinitro· 
phenyfhydrazine, and the color ot the colored phenol 
was compared with standard cdlor hues based en mes­
ityl oxide to determine the total catt>onyl content as a 
mesityl oxide. 

REPLACEMENT SHEET 

16 JAN 1999 


