1 METHOD FOR TREATI NG PHENCL The present invention
relates to a nethod for treating phenol, particularly
to a continuous nethod for renoving hydroxyacetone as
- well as nethyl benzofuran froma crude phenol stream
Background of the invention The process for preparing
phenol from cunene is well krown. In this process
cunene is at first oxidized by air oxygen to cunmene
hydr operoxi de. This process step is typically called
oxidation. In t haETEIIEORMREATING IFREND e So-call ed
cl eavage, the cunene hydroperoxide is cleaved to
phenol and acetone using a strong nmineral acid as
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al pha- net hyl styrene which partially
distdatieni [ i ng di mers and cunyl phenols in the acid
cat al yst cl eavage step. The high-boilers are

separated from phenol in the distillation step. The
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have to be removed as quantitatively as possible with the lowest possible loss of
the desired end product, especially phenol and acetone, at low investment and
variable costs, especially energy costs. The predominant by-products formed in
the oxidation steps are dimethylbenzyl alcohol and acetophenone. Acetophenone
leaves the process with the high-boilers from the distillation. Dimethylbenzyl
alcohol is dehydrated in the cleavage step to alpha-methylstyrene which partially
forms high-boiling dimers and cumylphenols in the acid catalyst cleavage step.
The high-boilers are separated from phenol in the distillation step. The unreacted,
alpha-methylstyrene is separated and hydrogenated in order to form cumene that
is recycled into the process. Depending on the market demand, alpha-
methylstyrene can also be further purified and sold as value product. Thus, one
fochs in the prior art is how to operate the oxidation step as well as the cleavage
step in order to reduce the formation of these high-boilers which can be




focus in the prior art is how to operate the oxidation
step as well as the cleavage step in order to reduce

the formati on of these high-boilers which can be 2
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case the crude phenol which will be further worked up
i n successive colums

Prior to distillation, the cleavage product is neutralized with a basic aqueous
solution such as sodium phenate or caustic soda. The cleavage product which is
saturated with water is then worked-up by distillation. A well known method is to
separate most of the hydroxyacetone with an aqueous phase which is separated
in the first distillation column while a crude phenol together with the high-boilers is
taken as the bottom product, as described in US 3,405,038 or in US 6,657,087. In
any case the crude phenol which will be further worked up in successive columns
will still have concentrations of hydroxyacetone, 2-methylbenzofuran and
mesityloxide of some 100 wppm which are not tolerable in pure phenol or even

high.purity phenol.

DE-AS 1 668 952 discloses a method to remove carbonyl-containing components,
like mesityloxide, isomesityloxide, methylisobuylketone, hydroxyacetone and



will still have concentrations of hydroxyacetone,

2- et hyl benzof uran and nesityl oxi de of sonme 100 wppm
whi ch are not tolerable in pure phenol or even high
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In US-A-5,414,154 a method for purification of phenol is described wherein a

phenol stream is contacted with an ion exchange resin at temperatures between
70 and 120°C. It is emphasized in that patent that the effectiveness of the
treatméhf with ion exchange resin increases with increasing temperature taking
into account the range of témperature stability for the resin. But it is furthermore
evident that methylbenzofuran can only be separated from the crude phenol
stream if the initial hydroxyacetone concentration in the crude phenol stream is
bélow 260 wppm and preferably hydroxyacetone is completely removed in order
to have hydroxyacetone present in an amount of 10 wppm in order to effectively
remove methylbenzofuran when contacting the crude phenol stream with the ion

exchange resin.

Cohsequently, the process described |n US-5,414,154 requires an effective
removal of hydroxyacetone in upstream units prior to the purification on the ion
exchange resin. This is a disadvantage because any removal of hydroxyacetone



evi dent that nethyl benzofuran can only be separated
fromthe crude phenol streamif the initia
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Aith.ough this one-step process is indeed effective in reducing the hydroxyacetone
as well as the methylbenzofuran , this method need relatively high reactor
volumes and/or highly activated ion exchange resins because of the lower
reaction rate at this relatively low temperatures.

In view of the prior art as discussed above, there is still a need for an effective and
economical method for purification of crude phenol to reduce hydroxyacetone as
well as methylbenzofuran and other impurities in order to produce high purity

phenol.



contacted wth an ion exchange resin at |ow

t enperatures between 50 and 100C. Al though this
one-step process is indeed effective in reducing the
hydr oxyacetone as well as the nethyl benzofuran , this
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present invention is considerably higher-than for the one-step process described
in US 2005/0137429 with the effect that the total reactor volume required
according to the present invention is even lower than for the one-step process, as
disclosed in US 2005/0137429.

The process for treating a crude phenol stream can be easily integrated into a
procesé for preparation of phenol. Thus, the presenf invention also relates to a
process for preparation of phenol comprising:
a) oxidizing cumene to form an oxidation product containing cumene
hydroperoxide;
b) cleaving said oxidation product using an acidic catalyst to form a
cleavage product containing phenol, acetone and impurities;



be used, the overall weight hourly space velocity of
the process according to the present invention is

consi derably higher than for the one-step process
described in US 2005/0137429 with the effect that the
total reactor volunme required according to the
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concentration is more than 260 wppm. Thus, a crude phenol stream comprising

Lle
$ =1z

= e LYY

up to 1,000 wppm, preferably more than 260 wppm to 1,000 wppm
hydroxyacetone and up to 200 wppm, preferably 50 to 200 wppm
methylbenzofuran can be successfully purified.

In addition to hydroxyacetone and methylbénzofuran further impurities may be
present:

Mesityloxide up to 1,000 wppm,
2-phenylpropionaidehyde up to 500 wppm,
methylisobutylketone up to 500 wppm,
acetophenone up to 500 wppm,
3-methylcyclohexanone up to 500 wppm,
alpha-methylstyrene up to 2,000 wppm,
phenylbutenes up to 1,000 wppm.



concentration is nore than 260 wopm Thus, a crude
phenol stream conprising up to 1,000 wopm preferably
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form high-boilers with pheno! when in contact with acidic ion exchange resins. It
was found that, even if these other impurities are present in impure phenol, the
conversion of hydroxyacetone and methylbenzofuran is not adversely effected.
Furthermore, the conversion of these additional impurity components to high-
boilers is aiways completed when the conversion of hydroxyacetone and
methylbenzofuran is completed. Consequently, the process of the present
invention allows for the conversion of all the undesired impurities in crude phenol
to high-boilers that can be easily removed from the purified phenol in a final
distillation step after the crude phenol has been contacted with the acidic ion
exchange resin according to the process according to the present invention.

- After contact of the crude phenol with the acidic ion exchange resin, final
concentration of hydroxyacetone of less than 1 wppm and concentrations of
methylbenzofuran of less than 20 wppm, preferably less than 10 wppm, can be
obtained. As mentioned above, all other impurities are quantitatively converted to
high-boilers. Therefore, the process according to the present invention is well
suited to prepare high purity phenol. The number of reactors containing the acidic



met hyl st yrene and phenol but enes whi ch are undesirabl e
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81? Er{eeclntﬁtere ﬁar\{c? :rt)éva\gerjolund that for a phenol stream comprising
methylbénzofuran as well as considerably amounts of hydroxyacetone e.g. up to
200 wppm methylbenzofuran and up to 1000 wppm hydroxyacetone a
temperature in the last reactor befow 90°C is necessary to obtain a residual
amount of methylbenzofuran below 20 wppm, preferably below 70°C to obtain a
residual amount of methylbenzofuran below 10 wppm. From practical
considerations the temperature should not be below 50°C in order to avoid a too

high reactor volume even with fresh catalyst.

One advantage of having a plurality of distinct temperature levels for the contact
of crude phenol with the acidic ion exchange resin is that used or partly used
acidic ion exchange resin can be contacted at relatively high temperatures that for



with the degree of utilization. The degree of
utilization is defined as the total anount of treated
phenol which was contacted with the ion exchange resin
during a certain period of time. For a continuous
plug flow reactor this is the total anobunt of treated
phenol per cross-sectional afea of the reactor. After
a hi gh degree of utilization the activity of the
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fresh catalyst'will enter ihe line at the lowest temperature level, thus at the

downstream end of the line. In the reactor that is disconnected from the line, the
spent catalyst will be either substituted by fresh catalyst or regenerated in a
separate process step in order to retain the initial activity of the fresh catalyst. This
reactivated reactor can then enter the line at the lowest temperature level as soon
as the reactor at the highest temperature level, wherein the catalyst has been
deactivated to an undesirable level, is removed from the line. This allows for a
continuous process wherein the efficiency of the purification is approximately
constant over the time resulting in a product of almost constant specification
which i'_s_ ektremely important for a high volume pro_duct as phenol.



activity can be obtained even at |ow tenperatures.
Consequently, an optinmum bal ance of selectivity of
the contact with the acidic ion exchange resin can be
obtai ned while at the sanme tinme assuring optinmm
activity of the catalyst resulting in conparatively
hi gh wei ght hourly space velégity t hereby reducing the
necessary catal yst volume for treatment of a specific
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reactors employing conventional coolants like cooling water to adjust the
temperature of the phenol stream to the desired level.

According to one embodiment of the present invention, elongated vessels are
used as reactors whereby the vessels are preferably arranged in a vertical
orientation whereby the phenol flows from the top to the bottom of the reactor. But
it is also possible to use an upstream flow in vertical vessels or to use horizontal

vessels. .

According to a preferred embodiment of the present invention, the reactors
contain the acidic ion exchange resin in a fixed bed. Preferably, the superficial



the reactors with ion exchange resins of different
activities can easily determned by Fig. 1.
Furthernore, a plurality of reactors connected in

- parallel can be used for every tenperature |evel.
Thus, it is very easy to adapt the treating process to
a changi ng throughput. Agaiﬂ1it is preferred to use
reactaors aof .the s size and the same nunber_ of _
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to the desired | evel. According to one enbodi nent of :

frome Asr@d@nt i nvention, el ongated vessel's are used as
reactors whereby the vessels are preferably arranged
in avertical orientation whereby the phenol flows
Pthersuitable ppinsocambe semmsTcialy oblaineddearo prodigers such as
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vessels or to use horizontal "vesse Accor
preferred enbodi nent of the present invention, the
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thrdugbioutthersetibe of reestbrb edntzining thel anidie jarhexuheinge sesin ias
(:Péf#leﬁ %bgvm&%?ding to the present invention, the temperature in the first
reactor in flow direction of the phenol stream is at least 100_°C and temperature of
the last reactor in flow direction of the phenol stream is less than 90 °C, preferably
less than 70°C.

The temperature in the first reactor in flow direction of the phenol stream is 200°C
at most, preferably 150°C at most, and most preferred 120°C at most. The
temperature in the last reactor in flow direction of the phenol stream is at least
50°C.

The invention will now be described in more detail with reference to specific
embodiments shown in the attached figures.



preferable.1.0 to 3.0 mmsec and nore preferred 1.5 to
2 mm sec. Any acidic ion exchange resin can be used as
~the catal yst according to the present invention. As
used herein, the term"acidic ion exchange resin"
refers to a cation exchange resin in the hydrogen
formwherein the hydrogen i ohd are bound to t he
can be renpved either
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Fghitboiters mdiich argdferratd |dendge frentdeattment on the acidic ion exchange
resin in reactors 2 and 7. Because of the flexibility in temperature relatively high
amounts of hydroxyacetone in addition to methylbenzofuran are tolerable in the
feed even when using spent resins with low activity in the first reactor. This will be

illustrated in the examples below in more detail.

Referring to Figure 3 impure phenol 1 is passed through three reactors a7 to a9 in
paraliel at a high temperature. The phénol from these reactors is recombined to
the stream 2 and cooled down to an intermediate temperature in the heat
exchanger 3. The phenol 4 is again treated in three parallel reactors a4 to a6. The
pheno! from these reactors is recombined to the stream 5 and cooled to the final
temperature in the heat exchanger 6. Phenol 7 is finally treated at the lowest
temperature in the three parallel reactors a1 to a3. Phenol stream 8 is sentto a
final distillation column to separate the high-boilers which are formed during the
treatment of the acidic ion exchange resin in reactors a1 to a9. The resins in




on.catalyst utilization as determ ned in exanple 1.

Figure 2 exhibits a diagrammatic illustration of one

enbodi ment according to the present invention with

two reactors connected in series. Figure 3 shows an

alternative enbodi nent of the present invention with

three groups of three paralﬂ@l reactors connected in

series. Referring to Figure 2 inpure phenol is passed
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ow In nore detall. Referring to Figure
gneamles ard givpassed through three reactors a7 to a9 in
paral l el at a high tenperature. The phenol fromthese
reactors is reconbined to the stream 2 and cool ed
Eamples an internediate tenperature in the heat
exchanger 3. The phenol 4 is again treated in three
paral l el reactors a4 to a6. The phenol fromthese
Exeaaplerts is reconbined to the stream5 and cooled to
the final tenperature in the heat exchanger 6. Phenol
7is finally treated at the |lowest tenperature in the
Amfregurerhenbistreasact O kg/havith 200 8:ppRhkydrbxyoetana i8 tieated on
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diameter of 0.025 m and a height of 1.2 m. Thus the weight hourly space velocity
WHSYV (tons of phenol per hour and per m?) in the plug flow reactor was 1.7. The
temperature was adjusted to get a final concentration of about 10 wppm
hydroxyacetone after the treatment. Fresh catalyst as well as catalyst samples
from a production unit With different degrees of utilization were used. Figure 1
shb_ws the temperature which is necessary to compensate the deactivation with
regard to the conversion of hydroxyacetone. The activity of the fresh catalyst
maybe defined as "1.0". A temperature of 70°C is sufficient to convert the
hydroxyacetone from 200 to 10 wppm on this fresh ion exchange resin. The
temperature must be increased to get the same conversion on ion exchange
resins which are partly used. For example the temperature must be increased to



treatnment of the acidic ion exchange resin in reactors
al to a9. The resins in 13 reactors al to a3 have the
hi ghest activity. The resins in the reactors a4 to a6
have a nediumactivity and the resins in the resins in
the reactors a7 to a9 have the |owest activity.
Consequently, after a certa|h4per|od of time of
utilization of the resin, the position of the
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resin type K2431 from Lanxess. The plug fl ow reactor
has a diameter of 0.025 mand a height of 1.2 m Thus
Goraparative Examwle § space velocity WHSV (tons of phenol
per hour and per nB) in the plug flow reactor was 1.7.

The tenperature was adjusted to get a final
Tunicgnure phenol astomdingito donparptive examplylds epotinucustydreated on
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hydr oxyacetone. The activity of the fresh catal yst
Example 2

The impure phenol according to comparative example 1 using an apparatus
according to Fig. 2 is at first continuously treated on a fresh fixed bed ion
exchange resin CT 151 from Purolite at 120°C with a weight hourly space velocity
WHSYV of 10. After the reactor the phenol is cooled down to 70°C and
continuously treated on a fresh fixed bed ion exchange resin CT 151 from Purolite
at 70°C with a weight hourly space velocity WHSYV of 2. The final concentration of
hydroxyacetone is < 1 wppm and for methylbenzofuran <10 wppm. In
comparison with comparative example 2, the same specification with a
methylbenzofuran concentration < 10 wppm is achieved with less than half of the

reaction volume in total.



maybe defined as "1.0". A tenperature of 70Cis
sufficient to convert the hydroxyacetone from 200 to
10 wppmon this fresh ion exchange resin. The
tenperature nust be increased to get the sane
conversion on ion exchange resins which are partly
used. For exanple the tenperdfure must be increased to
14 123C to get the sane conversion of hydroxyacetone
B¥mapleibn exchange resin which has a cunul'ated anount
of phenol of around 85000 t/nR2. Conparative Exanple 1:
rrpure phenol containing 1,000 wppm hydt oxyacet one and
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conmparison with conparative exanple 2, the sane
specification with a nethyl benzofuran concentration <
10 wopmis achieved with |ess than half of the
reaction volunme in total. 15 Exanple 3 Simlarly to
exanple 2 the inpure phenol according to conparative
exanple 1 is at first contiffously treated on a fixed
-bed ion exchange resin CT 151 from Purolite at 120C
The activity is only 20 % daP ed to a fresh ion
exchange resin. The weight hourly space velocity WHSV
is 2. Then the phenol is cooled down to 70C and
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connect In series the reactors containing an acidic

i on @tepleyrRfe resin, whereby the tenperature in
successive reactors decreases in flow direction of

t he phenol stream so that the tenperature in the
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i s between 100C and 200C and the tenperature in the

| ast reactor in flow direction of the phenol stream
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step level a plurality of reactors are connected in parallel.

5. The method of any of the preceding claims, wherein the temperature in the
first reactor in flow direction of the phenol stream is between 100°C and
150°C, preferably between 100°C and 120°C.

6. The method of any of the preceding claims, wherein the temperature in the
last reactor in flow direction of the pheno! stream is between 50°C and
70°C.

7. The method of any of the preceding claims, wherein the initial
concentration of hydroxyacetone in the crude phenol stream is more than 0
to 1000 wppm, preferably more than 260 wppm to 1000 wppm.



bet ween any of two successive reactors. 2. The nethod
of claiml1, wherein 2 to 4 reactors connected in
series are enployed. 3. The nmethod of claim 2,
wherein the nunber of reactors is 2. 4. The nethod of
any of the preceding clains, wherein at each
tenperature Ilevel a plurallﬂﬂ of reactors are
connected in parallel. 5. The nmethod of any of the
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12. The method of any of the preceding claims, wherein the reactors are

elongated vessels in vertical orientation.

13.  The method of claim 12, wherein the phenol stream flows from the top to

the bottom of the vessel.

14. The method of any of the preceding claims, wherein the phenol stream is
'passed through an heat exchanger between a first reactor and a
successive second reactor using a colder phenot effluent from a reactor
located downstream from the first reactor as coolant in the heat exchanger.

15. A method for producing phenol comprising:
a) oxidizing cumene to form an oxidation product containing cumene
hydroperoxide,
b) cleaving said oxidation product using an acidic catalyst to form a
cleavage product containing phenol, acetone and impurities;



bed of the ion exchange resinis 0.5to 5 nmis,
preferably 1.0 to 3,0 nms and nore preferred 1.5 to
2 mis. 12. The nethod of any of the preceding clains,
wherein the reactors are elongated vessels in
vertical orientation. 13. The_nethod of claim12,
wherei n the phenol strean1f|6§5 fromthe top to the

bottom of the vessel. 14. The nethod of aq&lof t he
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separatin ' eavage product into a plurality of
product sgyﬁﬁﬁﬂ?ﬁ%ﬁg of said product streans is a

crude phenol stream conprising hydroxyacetone and

met hyl benzofuran; d) treating said crude phenol stream
with the nethod according to any of clains 1 to 14 to
forma treated phenol stream reduced in

hydr oxyacet one and nethylbenzofuran and e) subjecting
said treated phenol streamto a distillation to obtain

a purified phenol.




