
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
2 July 2009 (02.07.2009) PCT WO 2009/080340 Al

(51) International Patent Classification: (74) Agent: FRANK B. DEHN & CO.; St Bride's House, 10
C07C 37/80 (2006.01) C07C 39/04 (2006.01) Salisbury Square, London EC4Y 8JD (GB).

(81) Designated States (unless otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,

PCT/EP2008/01 1007 AO, AT,AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,

(22) International Filing Date: EG, ES, FT, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
22 December 2008 (22.12.2008) IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,

LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
(25) Filing Language: English MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,

RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,

(26) Publication Language: English TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
07150229. 8 20 December 2007 (20. 12.2007) EP kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

(71) Applicant (for all designated States except US): BORE- ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),

ALIS TECHNOLOGY OY [FIM]; P.O. Box 330, FTN- European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FT,

06101 Porvoo (FT). FR, GB, GR, HR, HU, IE, IS, IT, LT,LU, LV,MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,

(72) Inventor; and CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

(75) Inventor/Applicant (for US only): PUROLA, Veli-Matti Published:
[FIM]; Sundintie 9, FIN-06650 Hamari (FT). — with international search report

(54) Title: TREATMENT OF PHENOL

FIG. 1

(57) Abstract: A process for the removal of by-products from a phenolic mixture, which process comprises the following steps:
subjecting a phenolic mixture to extractive distillation to produce an initial phenolic mixture, contacting said initial phenolic mixture
containing phenol and one or more by products with a catalyst to produce a first purified phenol product mixture, and distilling
the first purified phenol product mixture to produce a second purified phenol product mixture; wherein the extractive distillation is
carried out in two columns, a higher pressure column and a lower pressure column.



TREATMENT OF PHENOL

Background of the Invention

Field of the Invention

The present invention concerns a process for the removal of by-products from a phenolic

mixture.

Description of Related Art

Phenol is commonly manufactured through a cumene procedure, wherein cumene is

oxidized to cumene hydroperoxide (CHP) and the resulting oxidation product mixture is

concentrated and subjected to a cleavage reaction. Subsequently, the cleavage product

mixture is conducted to a distillation section, wherein the main products of the cleavage

reaction, i.e. phenol and acetone, are first separated and then purified through a series of

distillation steps or other purification steps. The crude phenol resulting from the separation

of phenol and acetone contains several by-products, which are difficult or almost

impossible to remove with conventional distillation. These by-products are for example α-

methyl styrene (AMS), acetophenone residues, mesityl oxide and 2-methylbenzofurane.

Some of the mentioned by-products are insoluble in water and when mixed with phenol

they may form heterogenic azeotropes. The boiling points of these azeotropes are generally

in the same region as the boiling point of phenol, whereby their substantially complete

removal with distillation is impossible.

Common phenol purification methods include hydroextraction (EP 0,505,146), extractive

distillation (EP 0,571,042) and resin treatment (US 5,414,154).

One more effective phenol purification procedure is a combination of a distillation and a

resin treatment. A procedure of this type is presented in EP publications 1,395,540 and

1,727,779, wherein the phenol mixture to be purified is subjected to a resin treatment with

an acidic resin, whereafter the product mixture is distilled to separate phenol from higher

boiling compounds.
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Since the resin treatment involves trapping by-products in a resin, which by-products

deactivate the resin, the resin lifetime depends on the amount of by-products in the feed of

the resin bed reactor. If, for example, the phenol to be purified has been manufactured

through the above mentioned cumene oxidation and cleavage procedure, it may contain

several different by-products, such as α-methyl styrene (AMS), hydroxyacetone,

acetophenone residues, mesityl oxide, 2-methylbenzofurane, t-butyl benzene,

cyclohexanol, phenyl dimethyl carbinol and other organic components, e.g. ketones and

dimers. Since a large amount of by-products in the mixture results in a short lifetime for

the resin and since a change of resin results in a stoppage of the phenol production, it

would be advantageous to minimize the amount of by-products in the feed of the resin bed

reactor.

One of the mentioned by-products is AMS, which is a water-insoluble compound formed

from the oxidation by-product dimethyl phenyl carbinol (DMPC) by dehydration during

the acid catalyzed cleavage of the main oxidation product CHP. AMS is a very reactive

molecule, making it extremely harmful for a catalyst of the resin type, such as an ion

exchange resin, since it causes catalyst deactivation.

Summary of the Invention

It is an aim of the present invention to provide an efficient phenol purification process.

Particularly, it is an aim of the present invention to provide a purification process

containing a step of resin treatment with a feed quality that is improved compared to the

feed quality of the prior art. Moreover, this should be achieved whilst maximising the

phenol output.

These and other objects, together with the advantages thereof over known methods, are

achieved by the present invention, as hereinafter described and claimed.

The present invention concerns a process for the removal of by-products from a phenolic

mixture, which process comprises a first extractive distillation to give an initial phenolic

mixture. Contacting the initial phenolic mixture containing phenol and one or more by-
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products, such as α-methyl styrene (AMS), acetophenone residues, hydroxyacetone,

mesityl oxide, 2-methylbenzofurane, t-butyl benzene, cyclohexanol, phenyl dimethyl

carbinol and other organic components, with a catalyst to produce a first purified phenol

product mixture, and distilling the first purified phenol product mixture to produce a

second purified phenol product mixture.

The present invention also concerns an apparatus for purifying a phenolic mixture.

Viewed from one aspect the invention provides a process for the removal of by-products

from a phenolic mixture, which process comprises the following steps:

subjecting a phenolic mixture to extractive distillation to produce an initial phenolic

mixture,

contacting said initial phenolic mixture containing phenol and one or more b y

products with a catalyst to produce a first purified phenol product mixture, and

- distilling the first purified phenol product mixture to produce a second purified

phenol product mixture;

- wherein the extractive distillation is preferably carried out in two columns, a higher

pressure column and a lower pressure column.

Viewed from another aspect the invention provides an apparatus for the removal of b y

products from a phenolic mixture, comprising

two columns for extractive distillation (IA) and (IB) positioned upstream from the

resin bed reactor (3), which column (IA) is in fluid communication with the reactor

(3), in which in columns (IA) and (IB) the phenolic mixture may be subjected to

extractive distillation;

- wherein column (IA) contains inlets (6A) for the column feed, a water-phenol

azeotrope inlet (7A), a base product outlet (10A), an overhead outlet (8A) and an

intermediate outlet (18);

- a resin bed reactor (3) containing a catalyst, which may be contacted with a

phenolic mixture containing phenol and by-products; and

a distillation column (4) positioned downstream from the resin bed reactor (3) in

fluid communication with the reactor (3), in which distillation column (4) the

phenolic mixture may be distilled;
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Considerable advantages are obtained by means of the invention. Thus, the present

invention provides a phenol purification process, including a step of catalyst treatment,

wherein the feed of a resin bed reactor is purified by fractional distillation and extractive

distillation, where, among others, water-insoluble by-products may be removed from the

mixture to be purified, whereby the catalyst lifetime is increased through the decrease in

the amount of fouling. This further results in an increased purity of the phenol product.

Next, the invention will be described more closely with reference to the attached drawing

and the following detailed description.

Brief Description of the Drawing

Figure 1 is a schematic representation of a preferred embodiment of the present invention.

Detailed Description of the Preferred Embodiments of the Invention

The present invention concerns a process for the removal of by-products from a phenolic

mixture, which process comprises contacting an initial phenolic mixture containing phenol

and one or more by-products of phenol production with a catalyst to produce a first

purified phenol product mixture, and distilling the first purified phenol product mixture to

produce a second purified phenol product mixture. The mentioned by-products are

typically carbonyls or aromatic or alicyclic compounds. Examples include α-methyl

styrene (AMS), cumene, hydroxyacetone, acetophenone residues, mesityl oxide, 2-

methylbenzofurane, t-butyl benzene, cyclohexanol, phenyl dimethyl carbinol and other

organic components.

Particularly, the present invention concerns a process for the removal of by-products from

a phenolic mixture, the process comprising subjecting the phenolic mixture to extractive

distillation to produce an initial purified phenolic mixture, which is to be contacted with

the catalyst.

The term "distillation" is intended to mean a method of separating chemical components

based on differences in their volatilities. The mixture conducted to the distillation column,

wherein the distillation takes place, is separated into at least a distillate or an overhead
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fraction containing "light" components, i.e., components that vaporize under the conditions

prevailing in the column, and an unevaporated fraction, or a base product, containing

"heavy" components, i.e., components that remain in liquid form under the conditions

prevailing in the distillation column.

"Extractive distillation" is a distillation of a mixture in the presence of a miscible,

relatively nonvolatile solvent. The solvent is chosen to interact with the components of the

mixture, thereby altering their relative volatilities. Preferably the solvent is water.

The apparatus of the present invention for removing by-products from a phenolic mixture

contains the following parts (Fig. 1):

1A/IB columns for extractive distillation

2 extractive distillation overhead drum

3 resin bed reactor

4 phenol purification column

5 phenol purification overhead drum

According to a preferred embodiment of the present invention, the apparatus further

contains the following parts (Fig. 1):

6A/6B extractive distillation feed inlet

7A/7B extractive reflux inlet

8A/8B extractive overhead outlet

9 extractive distillation by-product outlet

1OA initial purified mixture feed line

1OB Low Pressure Column Bottom Outlet

11 first purified product feed line

12 phenol purification base product outlet

13 phenol purification distillate outlet

14 phenol purification by-product removal line

15 phenolic reflux inlet

16 second purified product outlet

17 water make-up inlet

18 extractive intermediate outlet

19 Reboiler
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20 Optional Condenser

The apparatus contains at least one resin bed reactor 3 containing a catalyst, which may be

contacted with a phenolic mixture. At least one distillation column 4, with an overhead

drum 5, is positioned downstream from the resin bed reactor 3 in fluid communication with

the reactor 3, in which distillation column 4 the mixture may be distilled. At least two

columns for extractive distillation 1A/1B, with an overhead drum 2, are positioned

upstream from the resin bed reactor 3, which column IA is in fluid communication with

the reactor 3, and in which column IA and IB the mixture may be subjected to extractive

distillation.

Column IA is the higher pressure column and column IB is the lower pressure column. It

is essential therefore that the pressure in higher pressure column is greater than in the

lower pressure column, e.g. at least 0.5 barg, greater. The feed is divided and enters the

columns via 6A and 6B. The bottoms stream from IA (which can be at a temperature as

high as 220°C), is removed and transferred to the catalyst bed as described herein.

Overhead stream 8A is connected to reboiler 19 of column IB. The overhead condensate

from reboiler 19 goes to overhead drum 2. The heat of condensation of overhead stream

8A is used to heat reboiler 19. A fraction from the bottom of column IB is thus reheated

through reboiler 19. The overhead stream of column IB is condensed and returned to

overhead drum 2. The heat of the overhead can be used to hat reboiler 19b. A condenser

20 may be used prior to overhead drum 2 to control the temperature of the overhead

streams. This is not essential.

The lower water /phenol phase from the overhead drum is divided and returned to columns

IA and IB via lines 7A and 7B. In drum 2, the upper phase is removed via line 9.

Column IB is operated at lower pressure than column IA. The overhead from column IB

is recycled back to condensate drum 2. The temperature of the overhead stream is hot

enough that it can be used to power reboilers in other parts of the phenol production

process. The bottoms fraction 1OB of column IB is recycled back to column IA.

Column IA is preferably provided with side reboilers which can be operated with low

pressure steam.
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According to an embodiment of the present invention, the columns for extractive

distillation are hydroextraction columns and contain inlets 6A/6B for a hydroextraction

feed, i.e. a phenolic mixture, a reflux inlet 7A, at which also a water inlet 17 is positioned,

a base product outlet connected to a feed line 1OA for the initial phenolic mixture, an

overhead outlet 8A in fluid communication with the extractive distillation overhead drum

2, with a by-product outlet 9 mainly for hydrocarbons, and an intermediate outlet 18 for

removing at least a portion of the by-products. The inlet 6A/6B for the hydroextraction

feed is preferably connected to the distillation section of a phenol purification zone.

According to another embodiment of the present invention, the feed line 1OA for the initial

phenolic mixture is connected to a resin feed inlet of the resin bed reactor 3. According to

this embodiment an outlet of the resin bed reactor 3 is connected to a first purified product

feed line 11, also connected to a feed inlet of the at least one phenol purification column 4 .

According to a further embodiment of the present invention, the purification column 4

further contains a base product outlet 12, a distillate outlet 13, which is in fluid

communication with the distillation overhead drum 5, which, in turn, is connected to a b y

product removal line 14, a reflux inlet 15, also connected to the by-product removal line 14

and in fluid communication with the overhead drum 5, and an outlet 16 for the second

purified product.

The purification process and the apparatus of the present invention may be used for

removing by-products from any mixture containing at least two organic compounds.

Preferably, the apparatus is arranged in the distillation section of a phenol production

process. The phenol production process typically comprises process steps, wherein phenol

and acetone are produced through the oxidation of cumene to cumene hydroperoxide

(CHP) and, subsequently, wherein the CHP is concentrated and cleaved into phenol,

acetone and other cleavage products, such as water, cumene, AMS, hydroxyacetone,

mesityl oxide, acetophenone, carbinol and heavy hydrocarbons, whereafter the main

products phenol and acetone are washed and desalted, and finally separated and purified.

In the context of the present invention, the term "phenolic mixture" refers to any product

mixture or feed containing phenol as well as one or more by-products. The term "catalyst
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treatment feed" or "resin bed reactor feed" refers to a phenolic mixture that is being

conducted to a resin bed reactor 3. Likewise, the terms "distillation feed" and "extraction

feed" or "hydroextraction feed" refer to a phenolic mixture that is being conducted to a

distillation column 4 and a column for extractive distillation 1AfB, respectively. Thus, the

"catalyst treatment feed" or the "resin bed reactor feed" also refers to the initial phenolic

mixture of the invention, whereas the "distillation feed" also refers to the first purified

phenol product mixture.

According to the present invention, a phenolic mixture is conducted to a column for

extractive distillation, optionally through one or more further distillation columns, in which

columns by-products may be separated from the phenolic mixture through fractional

distillation, extractive distillation, resin purification or any other phenol purification

procedure.

According to an embodiment of the present invention, by-products such as 2-methylbenzo-

furane, mesityloxide, benzaldehyde and AMS are separated from the phenolic mixture in

the extractive distillation columns. In these columns, the phenolic mixture is subjected to

extractive distillation, whereby an initial portion of by-products are separated from the

phenolic mixture, preferably into an overhead fraction and an intermediate fraction, and an

initial purified phenol product mixture is formed as the base product. Thus, the base

product formed during the extractive distillation contains most of the phenol of the feed

conducted to the columns IA/ IB, and is thus conducted further to the subsequent

purification steps.

During the extractive distillation, a portion of more than 80%, preferably more than 98%,

and most preferably more than 99.5%, of the by-products are removed from the phenolic

mixture. For example, the concentration of 2-methylbenzofuran may be decreased to a

level of preferably less than 15 wppm, more preferably less than 7 wppm and most

preferably less than 2wppm.

According to a preferred embodiment of the invention, the extractive distillation is carried

out as a hydroextraction, whereby by-products are removed from the phenolic mixture in a

hydroextraction through water elution with added fresh or recycled water or a mixture of
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these. The water concentration of the base product, during the hydroextraction, is

maintained at only about 50-500 ppm, preferably about 300 ppm.

The optionally added fresh water is water essentially free from hydrocarbons. Preferably,

this fresh water consists of condensed water.

The overhead fraction formed during the hydroextraction is condensed in an overhead

drum 2, which is in fluid communication with the hydroextraction column IA and IB,

whereby two phases separate, the phases being a lower phase and an upper phase. The

lower phase, which contains phenolic water, is recycled back to the columns 1A/B as

reflux, whereas the upper phase, containing hydrocarbon by-products, is removed. The

ratio of recycled phenolic water to the phenolic feed of the columns 1 is about 0.5:1- 3.0:1.

This ratio is preferably constant. Higher reflux rates are preferred.

The overhead drum 2 contains two zones, a water zone and a hydrocarbon zone. The drum

2 is important for the final phenol product quality. By-products, which are conducted to the

overhead drum 2 from the columns 1, are separated from water in the drum 2 and are

subsequently conducted to the hydrocarbon side, from where they can be removed.

According to an embodiment of the invention, cumene or AMS is added, e.g. to the

overhead drum 2 to improve removal of impurities from the water phase.

Thus, viewed from another aspect the invention provides a process for the removal of b y

products from a phenolic mixture, as hereinbefore described in which the phenolic mixture

is subjected to a hydroextractive distillation to produce a base initial phenolic mixture and

an overhead stream;

allowing said overhead stream to separate into a lower and upper phases and

recycling the lower phase back into the hydroextrative distillation.

Maintaining a low phenol concentration in the hydroextraction overhead fraction is

important, because this improves the separation of hydrocarbons from the water. The

distillation is conducted so that the overhead fraction contains essentially only

phenol/water azeotropes. Good phase separation is achieved by maintaining the
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temperature of the overhead fraction at a sufficiently high level, which generally is at least

60°C, preferably about 70°C, most preferably about 85°C.

The aqueous phase of the overhead fraction, containing the phenolic water, may be used

over and over again, because the by-products are not concentrated in the reflux water. This

is a significant advantage in the purification process of the invention. Pure water is still

required to be fed to the reflux of the column 1 to replace shortage of water due to its

removal with the hydrocarbon phase and the base product among others.

A particular advantage of placing a hydroextraction column upstream from a resin bed

reactor 3, when purifying a phenolic mixture, is that water-insoluble by-products, such as

AMS, which as a very reactive molecule is capable of deactivating the catalyst of the resin

bed reactor 3, may be removed from the phenolic mixture before causing any deactivation.

Other by-products removed from the phenolic mixture in the hydroextraction columns are

components, such as t-butylbenzene, mesityl oxide and 2-methylbenzofuran, at least a

portion of which are separated from the phenolic mixture as an organic fraction.

In the hydroextraction distillation some by-products with high boiling points or water-

soluble by-products may remain in the water phase, further containing phenolic water, and

they could therefore concentrate in the hydroextraction column 1, therefore causing

corrosion. Such by-products are for example diacetonealcohol, some C5- and C6-

ketoalcohol residues and different water-soluble organic acids. To solve this potential

problem, these by-products are removed from the column IA through an intermediate

outlet 18 positioned at the side of the column IA. This purge stream is small and almost

pure phenol

The phenolic mixture being conducted from the base of the column IA for extractive

distillation to the resin bed reactor 3, i.e., the initial phenolic mixture, still contains some

by-products, which are harmful in the end product, causing for example color formation in

the purified phenol. These by-products may, however, be removed through treatment with

a catalyst in the resin bed reactor 3. This is achieved by contacting the initial phenolic

mixture, being conducted to the resin bed reactor 3, with a catalyst, whereby a first portion

of the by-products are separated from the phenolic mixture and a first purified phenol
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product mixture is formed. This treatment causes light by-products to react into heavier

hydrocarbons that can be separated from the phenol in a final distillation step.

The feed for the catalyst treatment may be conducted through a series of heat exchangers,

in which it is cooled down. After being cooled, the feed is conducted to the resin bed

reactor 3, where the catalyst treatment takes place preferably at a temperature of about 70-

110°C.

According to a preferred embodiment of the invention, the catalyst in the resin bed reactor

3 is a resin, preferably an ion exchange resin, most preferably a strong acid polymeric

resin, such as an Amberlyst™ resin. Ion exchange resins are available in two types,

macroreticular and gel types. Examples of commercially available, suitable resins include,

but are not limited to, Amberlyst™ A-1 5, Amberlyst™ A-36, Purolite™ CT-251 and

Lewitat K2431. The catalyst may also be a solid superacid catalyst or similar. Preferably,

the resin is based on a sulfonated divinylbenzene styrene copolymer.

The catalyst causes at least a portion of the by-products in the catalyst treatment feed to

react and form heavier compounds, the portion of hydroxyacetone, mesityloxide, AMS, 2-

methylbenzofuran preferably being 80-99.5% of the by-products remaining in the feed,

more preferably 90-99.8%, most preferably 95-99.8%. Due to the effect of the catalyst, the

hydroxyacetone concentration in the phenolic mixture conducted through the resin bed

reactor 3 decreases to a level below lppm and the concentration of carbonyl by-products

decreases to a level below 15wppm. The use of the catalyst causes some by-products to

react with phenol and therefore to release water. This causes the water concentration to

increase downstream from the resin bed reactor 3.

According to the preferred embodiment of the invention, the hydroxyacetone concentration

in the catalyst treatment feed is preferably less than 50 wppm, more preferably less than 20

wppm. Hydroxyacetone reacts into 2-MBF in the resin bed and, therefore, it is important to

have a low hydroxyacetone concentration in the feed. It is also important that the extractive

distillation, which is positioned upstream from the fractional distillation, separates the

hydroxyacetone from the product fraction, since the fractional distillation is not efficient

for this separation.
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According to the preferred embodiment of the invention AMS concentration in the resin

bed reactor feed is preferably less than 100 wppm, more preferably less than 10 ppm. As a

reactive component AMS will deactivate catalyst by forming heavier polymers and thus

shorten catalyst life.

The resin bed reactor 3 is operated at as low temperatures as possible during the whole

operating period. Generally, the temperature is 50-1 30°C, preferably 70-1 100C. A decrease

in the activity of the catalyst causes a need to increase the temperature. While this higher

temperature does restore the activity of the catalyst, it also accelerates the loss of catalyst.

The maximum temperature for the catalyst and the residence time of the phenolic mixture

in the resin bed reactor 3 depend on factors such as the type of catalyst and the size of the

reactor 3.

From the resin bed reactor 3, the phenolic mixture (i.e. the first purified phenol product

mixture, at this point) is conducted further to the phenol distillation column 4, wherein it is

distilled in order to separate a second portion of the by-products from the phenol and to

produce a second purified phenol product mixture. Thus, a base product, an intermediate

fraction and a distillate are formed, whereby the base product contains most of the high

boiling by-products, the distillate contains most of the low boiling by-products and of the

water, and the intermediate fraction contains most of the phenol. High boiling by-products,

such as the ones formed during the catalyst treatment, e.g., ortho- and paracumyl phenols

and acetophenone, are removed from the mixture as the base product, whereas water is

removed, together with any low boiling compounds, as the distillate. The purified phenol

product, i.e., the second purified phenol product mixture, is removed as the intermediate

fraction.

The final step of phenol purification, i.e., the distillation, occurs below atmospheric

pressure, preferably at about 40-80 kPa, more preferably at about 5OkPa, so that thermal

decomposition of the by-products is minimized. Decomposition would result in low boiling

compounds that would be difficult to separate from the phenol product and would,

therefore, cause fouling of the product.

The phenol distillation column 4 is divided into three zones, a stripping zone with a

purpose to concentrate high boiling by-products to the base of the column, an intermediate
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zone used for the separation of high boiling by-products from phenol, and a pasteurization

zone with the purpose to separate water and possible lighter hydrocarbons from phenol.

Column plates are preferably used to facilitate the separation.

The purified phenol product is removed through an outlet 16 in the pasteurization zone.

The pasteurization zone functions with recycle except for a further flow, removed from the

distillate through a removal line 14 positioned downstream from the overhead drum 5. The

purpose of this further flow is to remove at least a first portion of the water and possible

lighter hydrocarbons from the distillate recycle of the distillation column 4, whereafter the

second recycled portion is conducted through the phenolic reflux inlet 15 back into the

column 4 .

The phenol product is not completely dry, because balance is predominant with

water/phenol mixtures. The concentration of by-products in the base of the column 4 is not

allowed to increase to a very high level, because thermal decomposition is to be avoided. A

maximum level is about 0.1-5 weight-%.

After purification, the temperature of the purified phenol product (i.e. the second purified

phenol product mixture) is lowered to about 60°C. In this purified product, the

concentration of each of the by-products mesityloxide, AMS, 2-methylbenzofurane and

hydroxyacetone has decreased to a level of less than 5 wppm, preferably less than 3 wppm

and most preferably less than 1 wppm.

According to a particularly preferred embodiment of the present invention, a washed and

desalted cleavage product mixture of a phenol production process is fractioned in two steps

to produce the extraction feed . The washed cleavage product is at first fractionated into a

mixture comprising mainly acetone, cumene, AMS, and water and into a mixture

comprising mainly phenol, phenol impurities and heavy ends. The phenol stream is further

fractioned into a heavy end fraction and into an extraction feed fraction.

After this mentioned fractional distillation, the phenol concentration of the extraction feed

fraction is about 95.0-99.7, preferably 97.0-99.6, and more preferably 98.5-99.6 w-%.
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Further, the hydroxyacetone concentration is less than 50 wppm and more preferably less

than 20 wppm, whereas the 2-methylbenzofurane concentration is about 0.01-0.1 w-%.

Viewed from another aspect therefore the invention provides a process as hereinbefore

defined in which said extraction feed is obtained by distillation of a washed and desalted

cleavage product mixture.

The extractive distillation is performed in two columns. The first column functions with an

operating pressure that is higher than the pressure in the second column. This provides a

possibility for heat integration in the extractive distillation so that the high-pressure column

reboils the low pressure column. The feed to the extractive distillation may be divided into

both columns. The overhead systems may be combined and collected into one condensate

drum and the water phase may be recycled to both columns as reflux. This arrangement

allows for a 20-50 % decrease in utility consumption. The operating pressure of the high-

pressure column may be 0.5-4 barg and the operating pressure of the low pressure column

may be 0.05-1 barg. It is essential however that the values are chosen so that column 1 A

operates at higher pressure. The difference in pressure is preferably at least 0.25 barg,

preferably at least 0.5 barg. The concentration of water in the bottoms fraction in the low-

pressure column is so high that the temperature in the column allows for the use of the high

pressure column overhead for reboiling. The bottoms fraction of the low-pressure column

is returned to the bottom section of the high pressure column for removal of water.

Thus viewed from another aspect the invention provides a process removal of by-products

from a phenolic mixture, which process comprises the following steps:

- subjecting a phenolic mixture to extractive distillation to produce an initial phenolic

mixture,

- contacting said initial phenolic mixture containing phenol and one or more by

products with a catalyst to produce a first purified phenol product mixture, and

distilling the first purified phenol product mixture to produce a second purified

phenol product mixture; wherein

the extractive distillation is effected in two columns, a higher pressure column and

a lower pressure column in which the initial phenolic mixture is extracted as the

bottom stream of the higher pressure column

- columns 1A/IB are provided with an overhead drum 2,
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- the feed is divided and enters both columns (e.g. via 6A and 6B);

- the bottoms stream from column IA, is removed and transferred to the catalyst bed

- overhead stream 8A is connected to a reboiler 19 of column IB;

- the overhead condensate from the reboiler 19 goes to overhead drum 2;

- the heat of condensation of overhead stream 8A is used to heat reboiler 19;

- a fraction from the bottom of column IB is reheated through reboiler 19;

- the overhead stream of column IB is returned to overhead drum 2;

- a,phase separation takes place in drum 2

- the lower water/phenol phase from the overhead drum is divided and returned to columns

1A and 1B (e.g. via lines 7A and 7B);

- the upper phase from drum 2 is removed (e.g. via line 9);

- the overhead from column IB is recycled back to drum 2;

- the bottoms fraction 1OB of column IB is recycled back to column IA.

- water is added to the lower water/phenol phase recycle (e.g. via an inlet 17)

By operating in this fashion, the amount of energy required to run the process of the

invention is reduced. By using this set up, the primary energy used for the reboiling

column Ia can be reused for reboiling of column Ib. According to the invention extration

feeds can be divided in ratios from 1:4 to 4:1 (6a/6b) to columns la/lb. This provides

wide range for optimization of capital investment like heat exchanger surface and energy

consumption. Moreover, the process of the invention can be run at a higher reflex rate.

It is further preferred if both overhead streams which may contain uncondensed phenolic

water are connected and condensed and cooled in the same condenser before entering

overhead drum 2 . It is preferred if the aqueous phase formed in the condenser is recycled

to both higher pressure and lower pressure columns.

Example

The Example illustrates the importance of the extractive distillation in providing a low

impurity feed. Two phenol streams were passed through a bed of acidic resin (Amberlyst

16) using a residence time of 60 minutes. Feed 1 was a typical feed for a resin bed reactor.

Feed 2 was a typical feed for extractive distillation. The concentrations of AMS,

mesityloxide, and 2-methylbenzofuran were about 1000 times higher or more in the
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extractive distillation feed (Feed 2) compared to the feed to the resin bed (Feed 1). The

hydroxyacetone concentration was 17 wppm in Feed 1 and 7 wppm in Feed 2.

The formation of heavy components in the resin bed includes the formation of some

polymers. This causes the resin to eventually become fouled with polymer. A larger

amount of reactive components in the feed also results in the formation of a larger amount

of polymer. The difference in the concentrations of reactive components has a significant

effect on the catalyst life.

As can be seen from Table 1, the rate of AMS conversion is high and means a significant

loss of AMS. Thus, by extractive distillation AMS can be recovered and hydrogenated to

cumene.

The rate of hydroxyacetone conversion to 2-MBF is not significant when the

hydroxyacetone concentration is below 20 wppm. The results indicated in Table 1 also

show that, when the 2-MBF (2-methyl benzofuran) concentration is 760 wppm or more,

some of the 2-MBF is not converted. In this case, the 2-MBF concentration will also be

high in the final product because the final purification column is not efficient for removing

2-MBF.

These results (Table 1) also show that the performance of the upstream extractive

distillation and the resin purification is essential for the phenol product quality.

Table 1
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Claims

1. A process for the removal of by-products from a phenolic mixture, which process

comprises the following steps:

- subjecting a phenolic mixture to extractive distillation to produce an initial phenolic

mixture,

- contacting said initial phenolic mixture containing phenol and one or more b y

products with a catalyst to produce a first purified phenol product mixture, and

- distilling the first purified phenol product mixture to produce a second purified

phenol product mixture;

wherein the extractive distillation is carried out in two columns, a higher pressure

column and a lower pressure column.

2. The process of claim 1, characterized in that the one or more by-products of the initial

phenolic mixture may be one or more of α-methyl styrene (AMS), cumene,

hydroxyacetone, acetophenone residues, mesityl oxide, 2-methylbenzofurane, t-butyl

benzene, cyclohexanol, phenyl dimethyl carbinol and other organic components.

3. The process of any preceding claim, characterized in that the step of extractive

distillation is a step of hydroextraction.

4. The process of claim 3, characterized by the addition of fresh or recycled water or a

mixture of these to the step of hydroextraction to form a vapour phase and to achieve

elution of by-products into said vapour phase.

5. The process of claim 4, characterized in that the fresh water is water essentially free

from hydrocarbons.

6. The process of any preceding claim, characterized by the formation of a base product

fraction and an overhead fraction during the extractive distillation, whereby the base

product fraction contains most of the phenol.

7. The process of claim 6, characterized in that the base product fraction contains about

50-500ppm, preferably about 300ppm, of water.
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8. The process of claim 6 or 7, characterized by condensing the overhead fraction formed

during the extractive distillation, whereby two phases separate, the phases being a lower

phase and an upper phase.

9 . The process of claim 8, characterized by maintaining the temperature of the overhead

fraction at above 60 °C, preferably above 70°C, most preferably above 85°C.

10. The process of claim 8 or 9, characterized in that the lower phase contains phenolic

water.

11. The process of claim 10, characterized by recycling the phenolic water back to the

step of extractive distillation.

12. The process of claim 11, characterized by maintaining the ratio of recycled phenolic

water to the hydroextraction feed at about 0.5:1-3.0:1.

13. The process of claim 8 to 12, characterized in that the upper phase contains

hydrocarbon by-products.

14. The process of claim 1 to 13, characterized by maintaining the catalyst temperature at

about 70-1 10°C during the catalyst treatment of the initial phenolic mixture.

15. The process of claim 1 to 14, characterized in that the catalyst is a resin, preferably an

ion exchange resin, most preferably a cation resin.

16. The process of claim 1 to 15, characterized by reacting light by-products to form

heavier hydrocarbons during the step of contacting the initial phenolic mixture with the

catalyst.

17. The process of claim 1 to 16, characterized by forming a base product fraction, an

intermediate fraction and a distillate during the distillation of the first purified phenol

product mixture, whereby the base product fraction contains most of the high boiling by-
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products, the distillate contains most of the low boiling by-products and of the water, and

the intermediate fraction contains most of the phenol.

18. The process of claim 17 wherein the intermediate fraction is removed as a side cut.

19. The process of any preceding claim, characterized by carrying out the distillation at

low pressure, preferably below atmospheric pressure, more preferably about 50 kPa.

20. The process of any preceding claim, characterized by the fractionation of the washed

and desalted cleavage product in two steps to produce an extraction feed, in which process:

- a cleavage product mixture of a phenol production process is first fractionated into

a mixture comprising mainly acetone, cumene, AMS, and water and into a phenolic

mixture comprising mainly phenol, impurities and heavy ends, and

- the phenolic mixture is further subjected to a fractional distillation in order to

fraction the phenolic mixture into a heavy end fraction and into an extraction feed

fraction,

whereby the hydroxyacetone concentration after the fractional distillation is less than 50

wppm, preferably less than 20 wppm.

21. The process of any preceding claim, characterized by performing the extractive

distillation first at a higher pressure and then at a lower pressure, whereby:

- the higher pressure distillation overhead stream reboils the bottom of the column

used for the lower pressure distillation, and

the lower pressure distillation bottoms fraction is returned to the higher pressure

distillation.

22. A process as claimed in claim 1 in which said at least two columns for extractive

distillation 1A/IB are provided with an overhead drum 2,

- the feed is divided and enters both columns (e.g. via 6A and 6B);

- the bottoms stream from column IA, is removed and transferred to the catalyst bed

- overhead stream 8A is connected to a reboiler 19 of column IB;

- the overhead condensate from the reboiler 19 goes to overhead drum 2;

- the heat of condensation of overhead stream 8A is used to heat reboiler 19;

- a fraction from the bottom of column IB is reheated through reboiler 19;
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- the overhead stream of column IB is returned to overhead drum 2;

- a,phase separation takes place in drum 2

- the lower water/phenol phase from the overhead drum is divided and returned to columns

IA and IB (e.g. via lines 7A and 7B);

- the upper phase from drum 2 is removed (e.g. via line 9);

- the overhead from column IB is recycled back to drum 2;

- the bottoms fraction 1OB of column IB is recycled back to column IA.

- water is added to the lower water/phenol phase recycle (e.g. via an inlet 17)

23. Apparatus for the removal of by-products from a phenolic mixture, comprising

two columns for extractive distillation (IA) and (IB) positioned upstream from a resin bed

reactor (3), which column (IA) is in fluid communication with the reactor (3), in which in

columns (IA) and (IB) the phenolic mixture may be subjected to extractive distillation

wherein columns 1A/1B are provided with an overhead drum 2, column IA has a feed inlet

6A and column IB feed inlet 6B;

- the overhead stream 8A from column IA is connected to a reboiler 19 of column IB;

- the overhead from the reboiler 19 is connected to drum 2;

- the overhead stream of column IB is connected to overhead drum 2;

- the lower phase from the overhead drum 2 is returnable to columns IA and IB via lines

7A and 7B;

- the upper phase from drum 2 is removable via line 9;

- the overhead from column IB is recyclable back to drum 2 via line 8B;

- the bottoms fraction 1OB of column I B is recyclable back to column IA via line 1OB.

- a resin bed reactor (3) containing a catalyst, which may be contacted with a

phenolic mixture containing phenol and by-products, and

- a distillation column (4) positioned downstream from the resin bed reactor (3) in

fluid communication with the reactor (3), in which distillation column (4) the

phenolic mixture may be distilled,

24. The apparatus of claim 23, characterized in that the feed inlet (6A) is in fluid

communication with the distillation section of a phenol purification zone.
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25. The apparatus of claim 23, characterized in that the catalyst is a resin, preferably an

ion exchange resin, most preferably a cation resin.

26. The apparatus of claim 23, characterized in that the phenol distillation column (4) is

divided into three zones, a stripping zone for concentrating high boiling by-products to the

base of the column, an intermediate zone for the separation of high boiling by-products

from phenol, and a pasteurization zone for separating water and possible lighter

hydrocarbons from phenol.

27. The apparatus of claim 26, characterized in that the phenol distillation column (4)

further contains, at the pasteurization zone, a distillate outlet (13), for removing water and

possible lighter hydrocarbons from the column, and a product outlet (16), for removing the

phenol product.

28. The apparatus of claim 27, characterized in that a by-product removal line (14), for

removing a first portion of the water and the possible lighter hydrocarbons from the

distillate, and a phenolic reflux inlet (15), for recycling a second portion of the water and

the possible lighter hydrocarbons, are both positioned in fluid communication with the

distillate outlet (13).

29. Use of the apparatus of any of claims 23 to 28 for removing by-products from any

mixture containing at least two organic compounds.
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