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Process for the alkylation of phenols

Description

The present invention relates to a process for the preparation of 2,6-di-tert-butyl phenol
by reacting phenol with an isobutylene comprising stream, which stream additionally
comprises higher amounts of 1-butene and/or 2-butene, in presence of an aluminum
phenoxide catalyst.

2,6-di-tert-butyl phenol is used industrially as UV stabilizer and antioxidant for hydro-
carbon-based products ranging from petrochemicals to plastics, and also as a starting
material for the preparation of various antioxidants for plastics, like Irganox® 1010 or
Irganox® 1076.

The preparation of 2,6-di-tert-butyl phenol usually results in the formation of undesired
by-products, like 2-tert-butyl phenol, 2,4-di-tert-butyl phenol, 2,5-di-tert-butyl phenol
and 2,4,6-tri-tert-butyl phenol and there is still a need to selectively react isobutylene
with phenol in order to reduce the formation of such by-products and to produce 2,6-di-
tert-butyl phenol in high yields.

In addition, isobutylene comprising streams usually also comprise 1-butene and/or 2-
butene which, when reacted with phenol, lead to the formation of the undesired by-
product 2-sec-butyl-6-tert-butyl phenol.

WO-A-2011/069052 discloses a process for the preparation of 2,6-di-tert-butyl phenol
by reacting phenol with an isobutylene stream, containing low amounts of 1-butene
and/or 2-butene.

However, common isobutylene streams from olefin steam crackers or refineries usually
contain higher amounts of 1-butene and/or 2-butene. For such streams the higher
amount of 1-butene and/or 2-butene may lead to the formation of higher amounts of the
undesired by-product 2-sec-butyl-6-tert-butyl phenol.

Therefore, there is still a need for a process for the preparation of 2,6-di-tert-butyl phe-
nol, wherein also common isobutylene streams can be used and which result in low
amounts of by-products and high yields of 2,6-di-tert-butyl phenol.

Accordingly, in an aspect, there is provided a process for the preparation of 2,6-di-tert-
butyl phenol by reacting phenol with isobutylene in presence of an aluminum phenox-
ide catalyst, comprising
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i) preparing an aluminum phenoxide catalyst and phenol comprising mixture a) by mix-
ing aluminum metal with phenol, and activating the catalyst by heating the mixture to a
temperature of 100 to 180°C, and

ii) carrying out a reaction b) by reacting mixture a) with an isobutylene comprising
stream comprising 20 to 90% by weight of isobutylene and 10 to 80% by weight of 1-
butene and/or 2-butene, which reaction is carried out under pressure and the maximum
pressure is 5 to 20 bar.

Here and in the following the amounts of components of the isobutylene comprising
stream are given in percent by weight, based on the total weight of the stream.

The aluminum phenoxide catalyst of mixture a) has at least one phenoxy group bonded

to aluminum, aluminum triphenoxide being preferred.

For the preparation of mixture a) it is has been proven advantageous to remove air
from the reactor before the addition of phenol and aluminum. In a preferred embodi-
ment this is effected by purging the reactor with nitrogen.

Preparation of the aluminum phenoxide catalyst of mixture a) is preferably carried out

at a temperature of 120 to 180°C, more preferably 140 to 180°C and especially 150 to
170°C. The preparation is preferably carried out under pressure, like a pressure of 5 to
20 bar, especially 10 to 20 bar.

The molar ratio of phenol per mole of aluminum in mixture a) is preferably 10:1 to
500:1, especially 20:1 to 300:1 and more preferably 50:1 to 200:1.

In general, mixture a) can be used as such for the further reaction with the isobutylene
comprising stream.

The isobutylene comprising stream preferably comprises 20 to 80%, more preferably
20 to 70% and especially 20 to 60% by weight of isobutylene. The amount of 1-butene
and/or 2-butene in the stream is preferably 15 to 60%, more preferably 15 to 50% and
especially 15 to 40% by weight.

Interesting isobutylene comprising streams comprise 20 to 80% by weight of isobutyl-
ene and 15 to 60%, more preferably 15 to 50% and especially 15 to 40% by weight of
1-butene and/or 2-butene. Highly preferred are isobutylene comprising streams com-
prising 20 to 70% by weight of isobutylene and 15 to 60%, more preferably 15 to 50%
and especially 15 to 40% by weight of 1-butene and/or 2-butene. Most preferred are
isobutylene comprising streams comprising 20 to 60% by weight of isobutylene and 15
to 60%, more preferably 15 to 50% and especially 15 to 40% by weight of 1-butene
and/or 2-butene.
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It is to be understood that the sum of the amounts of the components of the isobutylene
comprising streams (like isobutylene and 1-butene and/or 2-butene) does not exceed
100% by weight.

The source of such isobutylene comprising streams can vary. For example, the isobu-
tylene comprising stream can be a discharge stream from a fluid catalytic cracking
(FCC) unit. FCC is an important conversion process used in petroleum refineries. An
example of a further source is a thermal cracking unit, like a steam cracking unit, ac-
cording to which saturated hydrocarbons are broken down into smaller, often unsatu-
rated, hydrocarbons. Typically, the corresponding C4 fractions are used, which are
mixtures of hydrocarbons with prevailing content of 4 carbon atoms in their molecules.
In general, such C4 fractions comprise isobutylene, 1-butene, 2-butene, butane (as n-
butane or isobutane). A typical amount for the sum of n-butane and isobutane is 5 to
30% by weight.

Usually corresponding raffinate—I is used, which is the C4 fraction after butadiene ex-
traction. In general, it is preferred to use C4 fractions after butadiene extraction.

The molar ratio of isobutylene to phenol is preferably 1.9 to 2.6, especially 2.0 to 2.4.

It is preferred to carry out the reaction of mixture a) with an isobutylene comprising
stream at a temperature of 90 to 140°C, especially 90 to 125°C.

The reaction is carried out under pressure. The maximum pressure is preferably 10 to
20 bar.

Usually, the reactor is closed and feeding of the isobutylene comprising stream results
in an increase of the pressure. The maximum pressure is normally reached after the
isobutylene comprising stream has been fed and the temperature is held at the reaction
temperature (being normally the maximum temperature during reaction). Thereafter,
due to consumption of isobutylene during the reaction, the pressure decreases again.

It is preferred to feed the isobutylene comprising stream continuously.

In the course of the reaction of mixture a) with an isobutylene comprising stream it is
also possible to release at least one time the pressure and remove unreacted stream.
In such case, the isobutylene comprising stream is fed before and after release of the
pressure. A process, wherein during reaction b) at least one time the pressure is re-
leased and unreacted stream is removed, is therefore preferred.

According to a preferred embodiment of the present invention the isobutylene compris-
ing stream is fed continuously, which feeding is at least one time, preferably one to
three times and most preferably one time, interrupted by releasing the pressure and re-

moving unreacted stream.
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If desired, the aluminum phenoxide catalyst may be removed at the end of the reaction.
For example, aqueous sulfuric acid may be added to remove the aluminum (as inor-
ganic aluminum compounds) in the aqueous phase. For this purpose, aqueous sulfuric
acid is added and the aqueous phase is removed, which procedure may be repeated
two to three times. Then, in general, the product is neutralized, for example by addition
of an aqueous sodium carbonate solution, and the aqueous phase is removed again.

2,6-di-tert-butyl phenol is used industrially as UV stabilizer and antioxidant for hydro-
carbon-based products ranging from petrochemicals to plastics. 2,6-Di-tert-butylphenol
is likewise a precursor for the preparation of antioxidants and light-protection agents for
plastics. Representative examples thereof include 3,5-di-tert-butyl-4-hydroxybenzyl
chloride (CAS number 955-01-1), 3,5-di-tert-butyl-4-hydroxybenzyl alcohol (CAS num-
ber 88-26-6), methyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionate (CAS number
6386-38-5), pentaerythritol tetrakis(3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate)
(CAS number 6683-19-8) and octadecyl-3-(3,5-di-tert.butyl-4-hydroxyphenyl)-propio-
nate (CAS number 2082-79-3).

The process according to the present invention allows the preparation of 2,6-di-tert-bu-
tyl phenol in high yields and with low amounts of by-products. Commonly used isobutyl-
ene streams, like raffinate-l streams of C4 fractions, usually comprise a higher amount
of 1-butene and/or 2-butene (like amounts of 15 to 60% of 1-butene and/or 2-butene). It
is well known that such butenes react with phenol to the undesired by-product 2-sec-
butyl-6-tert-butyl phenol. Due to the high amount of 1-butene and/or 2-butene in the
isobutylene comprising stream, it would have been expected that as a result also a
high amount of such 2-sec-butyl-6-tert-butyl phenol by-product would have been
formed. However, according to the process of the present invention also the amount of
this by-product is kept at low levels, which allows the use of common isobutylene
streams, for example those which are obtained as C4 fraction from naphtha steam
cracking as raffinate—| after butadiene extraction.

The following Example illustrates the invention:

Example

a) Preparation of aluminum phenoxide catalyst and phenol containing mixture

Air from an autoclave is removed by flushing with nitrogen. 129 g of phenol as crystals
are added to the inertised reactor together with 0.38 g of aluminum. The reactor is
closed and the mass is heated under stirring up to 160°C within 25 minutes. Once the
target temperature is reached, the final pressure is normally 14.5 to 15.5 bar. These
conditions are kept for 30 minutes, and then the gas is removed from the autoclave un-
til an inner pressure (Pi) of 2 to 3 bar is reached. The reaction mass is cooled down to
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90°C within 30 minutes. Once the target temperature is reached, the residual pressure
is released.

b) Reaction of the mixture prepared according to a) with an isobutylene comprising
stream

The mixture prepared according to a) is reacted with a stream comprising 78.5% isobu-
tylene, 15% 1-butene, and 6.5% isobutane (each in percent by weight, based on the to-
tal weight of the stream).

The initial reaction temperature is 90°C. The stream is charged into the reactor at the
rate of 4g/minute for the first thirty two minutes (first addition of reactant gas).

Temperature is raised to 121°C at the rate of 1.1°C/minute after 20 minutes of stream
addition. Once the temperature is reached the pressure is about 15 bar.

The temperature is held steady at 121°C for 65 minutes before cooling the reaction
mass to 90°C at the rate of 1°C/minute. In the course of holding the reaction mass at
the temperature of 121°C the pressure drops down to 9 bar.

The stream is then added at the start of the cool down period at the rate of 4g/minute
for 20 minutes (second addition of reactant gas). During the second addition of reactant
gas, the pressure reaches again about 15 bar and at the end of cooling it is dropped
down to 9 bar.

The temperature is held at 90°C for the remainder of the reaction in which the pressure
drops down to about 7 bar.

The total reaction time is 5 hours. The molar ratio of isobutylene to phenol is 2.12.

Comparative Example

The procedure of the above Example is followed exactly, but using a stream compris-
ing 78.5% isobutylene, 1.1% 1-butene and 20.4% isobutane (each in percent by
weight, based on the total weight of the stream).

Results
Example Comparative
Example
2,6-di-tert-butyl phenol 85.0% 73.6%
Unreacted phenol 0.0% 0.5%




WO 2017/042181 6 PCT/EP2016/071012

Example Comparative
Example

By-product 2-tert-butyl phenol 3.7% 15.8%
By-product 2,4-di-tert-butyl phenol 0.4% 1%
By-product 2,5-di-tert-butyl phenol 0.1% 0.3%
By-product 2,4,6-tri-tert-butyl phenol 10.0% 7.8%
By-product 2-sec-butyl-6-tert-butyl phenol 0.2% 0%

Sum of by-products 14.4% 24.9%

All amounts indicated in the above Table are given in percent by weight, based on the
weight of the crude product obtained according to the respective example.

The amount of 2-sec-6-tert-butyl phenol in the Example according to the present inven-
tion is 0.2%, representing the reaction of 0.4% of the 1-butene in the initial stream.
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Claims

1. A process for the preparation of 2,6-di-tert-butyl phenol by reacting phenol with iso-
butylene in presence of an aluminum phenoxide catalyst, comprising

i) preparing an aluminum phenoxide catalyst and phenol comprising mixture a) by mix-
ing aluminum metal with phenol, and activating the catalyst by heating the mixture to a
temperature of 100 to 180°C, and

ii) carrying out a reaction b) by reacting mixture a) with an isobutylene comprising
stream comprising 20 to 90% by weight of isobutylene and 10 to 80% by weight of 1-
butene and/or 2-butene, which reaction is carried out under pressure and the maximum
pressure is 5 to 20 bar.

2. A process according to claim 1, wherein the activation of the catalyst of mixture a) is
carried out at a temperature of 120 to 180°C, preferably 140 to 180°C.

3. A process according to any of claims 1 and 2, wherein reaction b) is carried out at a
temperature of 90 to 140°C, preferably 90 to 125°C.

4. A process according to any of claims 1 to 3, wherein for reaction b) the molar ratio of
isobutylene to phenol is 1.9 to 2.6, preferably 2.0 to 2.4.

5. A process according to any of claims 1 to 4, wherein in reaction b) the maximum
pressure is 10 to 20 bar.

6. A process according to any of claims 1 to 5, wherein the amount of isobutylene in
the stream is 20 to 70% by weight.

7. A process according to any of claims 1 to 5, wherein the amount of isobutylene in
the stream is 20 to 60% by weight.

8. A process according to any of claims 1 to 7, wherein the amount of 1-butene and 2-
butene in the stream is 15 to 60% by weight.
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9. A process according to any of claims 1 to 8, wherein during reaction b) at least one

time the pressure is released and unreacted stream is removed.

10. A process according to claim 9, wherein during reaction b) the stream is fed contin-
uously, which feeding is at least one time interrupted by releasing the pressure and re-
moving unreacted stream.
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