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Case 7618/7658(2)

ABSTRACT OF THE DISCLOSURE

PHENOLIC RESINS

This invention relates to a process for producing low molecular

weight phenol-aldehyde resin which has predominantly 4 phenolic
units in a chain and in which the phenolic ring has a substituent R
which is an alkyl group and optionally contains methylol groups on

either end of the chain, by reacting formaldehyde with p-~alkyl

phenol in the presence of ammonia as base in a liquid reaction

medium. The resins can be used in producing demulsifiers.
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PHENOLIC RESINS

The present invention relates to a method of preparation low

molecular weight phenolic resins, and to the use of such resins as
demulsifiers or surfactants.
It is well known to produce phenolic resins of a relatively

5 high molecular weight by reacting phenol with an aldehyde such as

formaldehyde in the presence of a base such as an alkali metal

hydroxide at elevated temperature. However, the same procedure does
not give rise to low molecular weight resins, especially those

having a narrow molecular weight distribution.

10 1t has been found that such low molecular weight resins can be
produced by controlling the reaction conditions and the base

catalyst used for the condensation of phenol with aldehyde.

Accordingly, the present invention is a process for producing
low molecular phenol-aldehyde resin of the formula:

15 OH
CHo

(I)

20 n

wherein R is an alkyl group and n is predominantly 4 and wherein

25 said structure optionally contains methylol groups on either end of
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the chain, by the reaction of formaldehyde with with p—alkyl phenol in
the presence of ammonia as base in a liquid medium.

The p-alkyl phenol reactant suitably has 4-18 carbon atoms in the
alkyl group, preferably 4-12 carbon atoms and is most preferably a
tertiary alkyl group such as e.g. a tertiary butyl group.

The formaldehyde used may be in any form commercially available
such as e.g. formaldehyde as such or as formalin solution or as
paraformaldehyde provided that the reactant used can readily generate
the formaldehyde monomer in situ under the reaction conditions.

Similarly, the p-alkyl phenol may be used as such as a pure
compound or as a commercial sample. The alkyl phenol most preferred is
p-tertiary butyl phenol (hereafter referred to as "PTBP" for
convenience),

The reaction is carried out in a liquid medium, preferably in a
hydrocarbon solvent which is inert under the reaction conditions such as

e.g. "KEMELIX" H 610 (Redg Trade Mark, a petroleum derived solvent high
in aromatic content and consisting mainly of Cog and Cip alkyl

benzenes, ex ICI).

The product (I) so formed can be optimised to produce a resin of a
narrow molecular weight distribution by controlling the reaction
conditions.

In order to maximise the yield of (I) it is preferable to use
formalin (an aqueous solution of formaldehyde containing from 35 to
60%Z w/w of formaldehyde). This can be reacted in the presence of
ammonia with an equimolar amount of p-alkyl phenol such as e.g. PTBP,
initially by raising the reaction temperature to about 85°C and then
maintaining the reaction mixture at this temperature for about 90
minutes. The pH of the reaction mixture at this stage is suitably in
the range from 7.5 to 9.0. If it is below 7.5 further aliquots of
ammonia have to be added to bring the pH level to within the range
specified above. To the reaction mixture an antifoam e.g. Antifoam A
(a filled polydimethylsiloxane ex Dow Corning UK) can be added at this
stage. Thereafter, the reaction mixture can be heated further to a
temperature to 95-120°C at which point water is removed from the system

as rapidly as is practicable to reduce the water content of the reaction
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mixture to an extent that at least 90% of the theoretical amount of
water generated by the condensation reaction (in addition to the removal

of any water that may be added from an external source such as e.g. that

present in the formalin reactant). Thus the water content of the
reaction mixture at this stage should suitably be below 0.5% w/w. This
stage should under ambient pressure conditions be achieved within about
3 hours of the commencement of ammonia addition. Upon removal of water,
with controlled heating, the reaction temperature will go up to
120-140°C. When the reaction temperature reaches about 120°C, the

reaction mixture is held at this temperature for about an hour and then

the temperature can be allowed to rise again to 130-140°C and the
reaction mixture held at this temperature for a further period of 3-5
hours for completion of the reaction. The completion of the reaction
can be monitored by monitoring the Relative Solubility Number (hereafter
"RSN") of a sample taken from the reaction mixture. The RSN as used
herein is an in-house test developed within BP Chemicals Ltd and is used
to determine the solubility of the phenolic resin in water which in turn
enables the degree of polymerisation of the monomer to be ascertained.
The test involves initially dissolving the resin sample
(e.g. 2g +/- 0.05g) in 25 ml toluene. 5 ml of the toluene solution is
stirred with 50 ml of 1,4~dioxan to obtain a mixed solution of the
polymer in toluene/dioxan. This mixed solution is then titrated with
water at 25°C until it becomes cloudy and remains cloudy for 1 minute.
The greater the degree of polymerisation, the less the amount of water
required to attain cloudiness. The solubility number equals the ml of
water titrated. In the present case the desirable RSN value of the
resin should be in the region of 16 - 17 in order to ensure that the
product has the desired structure, a free phenol content of about 17% by
GLC (<27% by GPC), a water content of no more than 0.5% and a viscosity
in centistokes of 100-300 at 25°C.

A feature of the present invention is that in addition to the
straight chain phenolic resins of formula (I) defined above, the process
also yields significant quantities of calixarenes, e.g. upto 50% w/w of

the reaction product.

The low molecular weight phenolic resins of the present invention
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are particularly suited to the manufacture of denmulsifiers in the form
of their alkoxylates.

The present invention is further illustrated with reference fto the

following BExamples.

3 Example 1
A 40 kg capacity steam jacketed atainless steel=-lined vessel wag

used, with stirer, column, condenser and Dean and Stark trap to carry
out the reaction. The jacket was adapted to use oil, if necessary. The
vessel wag charged with p~t-butyl phenol (13.4 kg ex Schenectady),

10 4 .13% formalin (7.45 kg), Kemelix H610 (Regd Trade Mark, 13.4 kg, an
alkyl benzene scolvent eX ICI) and 25.9% aqueous ammonia (26 mls). A
slight exothezs £rom 20 to 22°C was noted on addition of ammonia. The
reaction mixture wags then heated to 50°C and sampied for pH to ensure
+hat it was above 7.5 and held at 50°C for 30 mintues and then 2 ml of a

15 silane Antifoam A (ex Dow Chemicals) was added. The reaction mixture
was then heated to 85°C and held at that temperature for 90 mintues,
followed by careful heat to reflux. At 95°C watar began to be removed
via the Dean and Stark, and the water was distilled off as quickly as
reasonably possible. After 90 minutes the temperature had reached 120°C

20 for 1 hour and a further 90 g of water was collected. The reaction
mizxture was then heated directlj to 140°C and held at this temperature
for &4 bours, after which duration the product upon sampling had an RSN
of 16.6 and hepce within the desired specificaetion. A total of 5.71 kg
of water, 95% of theoretical, was collected. The water content of the

25 bateh was measured to be 0.55%, which is marginally above the desired
gpecification of 0.5%2. Hence the reaction mixture was vacuum stripped
under reflux at 100°C, using uwpto 26 inches of vacuum, for 30 minutes.
This reduced the water content of the product to 0.08%. The free phenol

content of the batch was measured at 16.8%2 which is well within the

320 desired specifig¢ation.
The identity of tha resin was confirmed by GEC. The specification

of the product is tabulated below for ease of comparison with that

desired.

33
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Example 2

A 6 tonne capacity steam jacketed stainless steel-lined vessel was
used, with stirer, column, condenser and Dean and Stark trap to carry
out the reaction. The jacket was adapted to use oil, if necessary. The
vessel was charged with p-t-butyl phenol (3025 kg ex Schenectady),

44.1% formalin (1681 kg), Kemelix H610 (Regd Trade Mark, 3125 kg, an
alkyl benzene solvent ex ICI) and 25% aqueous ammonia (151 kg). A
slight exotherm from 29 to 40°C was noted on addition of ammonia. The
reaction mixture was then heated to 50°C and sampled for pH to ensure
that it was about 7.7 and held at 50°C for 30 minutes and then 1 kg of a
3% silicone Antifoam A (ex Dow Chemicals) was added. The reaction
mixture was then heated to 85°C and held at that temperature for 90
minutes. The reaction mixture was heated gently to 100°C when water
began to be removed via the Dean and Stark, and the water was distilled
off as quickly as reasonably possible. For 135 minutes the temperature
remained at 100°C during which time the distillate contained about 70Y%
water. About 1350 kg of water was collected. The reaction mixture at
this stage rose from 100°C to 120°C and a further 65 kg water was
collected. The temperature was held at 120°C for 1 hour. The reactor
contents were then heated directly to 140°C and held at this temperature
for 3 hours 45 minutes, after which duration the product upon sampling,
every 45 minutes had an RSN of 16.9 and hence within the desired
specification. A further amount of water was cocllected to bring the
total to 1460 kg of water, 95% of theoretical, was collected. The water
content of the batch was measured to be 0.04%Z. The free phenol content
of the batch was measured at 16.8% which is well within the desired
specification.

The resin was retested for RSN as previously and had a value of
16.3. The batch was then cooled to room temperature and stored in drums
without any filtration. The yield was 6149 kg and the total batch time

was 20 hours. The specification of the product is tabulated below for

ease of comparison with that desired.
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SPECIFICATION
Found
Test Desired Example 1 Example 2
RSN (ml at 25°C) 16.3-16.9 16.6 16.3
Water Content 0.5% max 0.08% 0.64
Viscosity
(¢St at 25°C) 100-300 190 -

Appearance

GPC

Free Phenol
Content

Red-brown
suspension

Standard

<17% (GPC)

Red-brown
suspension

Substantially

similar to
Standard

16.82 (GLC)

Red-brown
suspension

Substantially
similar to
Standard

L0Z (GLC)
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The embodiments of the invention in which an exclusive property or

privilege is claimed are defined as follows:-
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1. A process for producing low molecular weight phenol-aldehyde

resin of the formula (I):
OH
CHo

(I)

wherein R is an alkyl group and n is predominantly 4 and wherein
said structure optionally contains methylol groups on either end of
the chain, by reacting formaldehyde with p-alkyl phenol in the
presence of ammonia as base in a liquid reaction medium.

2. A process according to Claim 1 wherein the p-alkyl phenol has
4-18 carbon atoms in the alkyl group.

3. A process according to Claim 1l wherein the alkyl group in the
p-alkyl phenol is a tertiary alkyl group.

4. A process according to Claim 1 wherein the p-alkyl phenol is
p-tertiary butyl phenol.

5. A process according to Claim 1 wherein the formaldehyde
reactant is generated as a monomer in situ under the reaction
conditions from a source of formaldehyde which is not monomeric.

6. A process according to Claim ! wherein the liquid reaction

!!!!!!!!!
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medium is a hydrocarbon solvent which is inert under the reaction
conditions.

7. A process according to Claim ! wherein the liquid reaction
medium is a hydrocarbon solvent high in aromatic content and
consists mainly of C¢g and Cyg alkyl benzenes.

8. A process according to Claim 1 wherein the reaction is carried
out by mixing formaldehyde, ammonia and the p~alkyl phenol so as to
attain a pH value of 7.5 to 9.0, initially raising the reaction
temperature to about 85°C and maintaining the reaction mixture at
this temperature and pH for a duration, thereafter increasing the
temperature of the reaction mixture to between 95 and 120°C, rapidly

removing water from the reaction mixture so as to reduce the water

9. A process according to Claim 1 wherein the completion of the
reaction is determined by achieving a Relative Solubility Number as
herein defined of the reaction mixture in the region of 16-17, a
free phenol content of 17% as determined by GLC (£ 27% by GPC), a
water content of no more than 0.5% and a viscosity of 100-300
centistokes at 25°C in the reaction mixture.

10. A process according to Claim 1 wherein the reaction product
comprises in addition to the low molecular weight phenol-aldehyde

resin up to 50% w/w of calixarenes.

Fetherstonbaugh & Co.,
Oftawa, Canasin
Patent Agont
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