
WO 2004/078312 PCT/GB2004/000871  FOAM CONTROL AGENT
The present invention relates to a polyalkylene glycol
for use as a foam control  agent, and more
particularly, for use as a foam control agent in
aqueous systems of the  pulp and paper industry. Co-
and homopolymers of alkylene oxide are widely used as
non-ionic surfactants,  5 foam control agents, mineral
wetting agents, emulsifiers, de-emulsifiers,
dispersants and  synthetic lubricants. In particular,
polyoxyalkylene copolymers made from ethylene  oxide,
propylene oxide and 1,2-butylene oxide represent a
major class of such materials. An example of such
compounds are those of the Formula (I)  R9[(ORi)1(OR'
1)g(OR12)h OH]; (I) 10 wherein R9 is a C1 to C20 alkyl
or C1 to C20 acyl group, or an aliphatic  hydrocarbon
having 1-6 valencies. R10 is an alkylene group having
2 to 4 carbon atoms;  Rif is an alkylene group having
2 to 4 carbon atoms;  R12 is an alkylene group having
2 to 4 carbon atoms;  15 f, g and h are integers of 0
to 80, and i is an integer of 1 to 6. However, under
severe conditions e.g. of temperature or pH, such
compounds  may lose effectiveness due the instability
of the terminating hydroxyl group.  Polylalkylene
glycol derivatives are also known to be useful for
lubricating 20 applications. For example, our own WO
01/57164 describes a lubricating oil  comprising a
polyalkylene glycol derivative represented by the
general formula (II):  R4X(RS O)c(R60)d(R7O)eR8 (11)
wherein X = 0 or S, 1 WO 2004/078312 PCT/GB2004/000871
R4 is a C3 to C15 substituent comprising a
heterocyclic ring, in which the heteroatom in the ring
is oxygen or sulphur,  R5 is a C2 alkylene group, R6
is a C3 alkylene group,  



5 R7 is a C4 alkylene group R8 is the same as R, or is
H, a C1-C20 alkyl or a C1-C20 acyl, c, d and e are
each independently 0 or an integer of 100 or less, and
c + d + e = 4  to 100. JP 09-117608 discloses a very
broad class of defoaming agents which have only a  10
slight susceptibility to combustion or ignition. The
agents are polymers of one or more  monomers and, if
they are copolymers, they can be random or block
copolymers. They  may be terminated by a hydrogen atom
or an organic group with not more than 24 carbon
atoms, and they may contain ester, ether or urethane
linkages. We have found that by using block copolymers
of a particular structure and 15 replacing the
hydroxyl termination with a more stable capping group,
the polymer's  stability may be considerably enhanced,
thus allowing efficient performance of such
polyalkylene glycols in foam control applications
where conditions of temperature and  pH have
previously proven prohibitive. Examples of this
include detergent  formulations, bottle washing, and
pulp and paper mill defoamers. Use in the pulping  20
industry is of especial interest. Accordingly a first
aspect of the present invention comprises the use of a
block  copolymer containing two blocks and having the
general formula (III)  R13[(OR14)J(OR16), OR 171m
(III) wherein R13 is the residue of an organic
initiator;  25 R14 is one or more C2-C4 alkylene
groups; R16 is one or more C2-C4 alkylene groups;
provided that R14 and R16 must be  different from each
other; R17 is a C1-C10 alkyl group;  j is an integer
of 5 to 80; 30 1 is an integer of 1 to 80; and  m is
an integer of 1 to 6; as a foam control agent.
Preferably R17 is a methyl group. 2 WO 2004/078312
PCT/GB2004/000871  



A further aspect of the invention provides a method of
controlling foam in an aqueous environment, comprising
incorporating into said environment a compound  having
the formula (III). In yet a further aspect of the
invention, there is provided a  composition which
comprises, as a foam control agent, a compound of the
general  5 formula III. Preferably such composition is
a detergent composition. Such compositions may for
example contain, in addition to the compound of the
general  formula III, a surfactant of either ionic or
non-ionic character. Surprisingly, it has been found
that the specific block structure of the compounds  of
the general formula III coupled with the presence of
the end-cap group leads to 10 particularly valuable
defoaming properties. The above compounds may for
example be  us in detergent formulations, especially
industrial detergents, bottle washing and pulp  and
paper mill defoamers. They are particularly useful for
controlling foam in aqueous  industrial environments,
particularly such environments having conditions of
high pH  and/or temperature, for example temperatures
in excess of 100C and a pH up to 14, 15 such as in
paper mill or pulp mill processing. Generally, they
are effective in  decreasing the foam level of aqueous
media and in maintaining low foam levels,
particularly in extreme media, typically media having
a pH of less than 4 or greater than  10, for example
black liquor produced in the pulp and paper industry.
The compounds  of formula III may be used with or
without the presence of an additional anti-foaming 20
compound, but it is a particular merit of the present
invention that they may be used  when appropriate as
the only anti-foaming compound present. Polyalkylene
glycol derivatives of the formula (III) can be
prepared by suitable  methods known in the art, for
example as described in WO 01/57164 or in Methods A,
B and C of EP 634467A. 25 The copolymer is prepared by
first polymerising an alkylene oxide or mixture of
alkylene oxides using an organic initiator
corresponding to the group R13 R13 may for  example
represent (i) an alkyl group which may be
unsubstituted or substituted by one  or more,
preferably one or two, substituents selected from
optionally alkyl-substituted  cycloalkyl, aryl or
heteroaryl groups; (ii) an optionally
alkyl-substituted cycloalkyl, aryl  30 or heteroaryl
group; or (iii) an acyl group; each having up to 20
carbon atoms. The group R13 has 1-6 valencies. 



3 WO 2004/078312 PCT/GB2004/000871  The initiator may
be mono-functional; examples include alcohols, amines,
mercaptans, phenols, amino alcohols and mercapto
alcohols. Hydroxyl and amino  terminated initiators
are preferred. The initiator may alternatively be
polyfunctional. Preferred polyfunctional 5 initiators
have from 2 to 6 reactive hydrogens in the form of
hydroxyl groups. The  polyfunctional initiators
include compounds of the formula R20(YH)p wherein R20
is an  aliphatic, aromatic or heterocyclic radical, p
is at least 2, and each Y is 0, S, NH or  NR21 where
R21 is hydrocarbyl. Preferred such initiators are
diols, polyols, diamines,  hydroxyamines and thiols,
such as ethylene/propylene glycol,
diethylene/dipropylene 10 glycol, glycerine,
trimethylol propane, pentaerythritol, ethylene diamine
etc. Di- and,  especially, tri-functional initiators
are preferred for some applications. Mixtures of
organic initiators may be employed. The copolymers of
the present invention consist of two distinct blocks.
Two or  more alkylene oxides may be present in the
first block of the polymer. A random 15 configuration
of the first block is obtained by polymerising more
than one alkylene  oxide simultaneously. Thus the
initiator is reacted with one of ethylene oxide,
propylene oxide, or butylene oxide, or a mixture
thereof. The resulting product is then reacted with a
different alkylene oxide or mixture of  alkylene
oxides to produce a two-block polymer. 20 The
resulting product will comprise a polyalkylene block
copolymer terminating  in a hydroxy group. This
product is subsequently reacted farther such that the
hydrogen  atom of the hydroxy group is converted to a
C1-C10 alkyl group R17. It is preferred that  the H is
converted to an alkyl group by reaction with, for
example, the appropriate chloride.  25 The
polymerisation of alkylene oxides may be carried out
in the presence of a  catalyst. Any catalyst capable
of promoting the necessary polymerisation reaction may
be employed. Representative catalysts include alkali
metal and alkaline earth  hydroxides, and Lewis acids.
Preferred catalysts are alkali hydroxides,
particularly  potassium hydroxide (KOH). Typical
concentrations of catalysts are approximately 



30 0.001 to 2 wt%, with approximately 0.01 to 1.0 wt%
preferred. Catalyst neutralisation  may be required
prior to recovery. The copolymer of the present
invention may be  prepared at a reaction temperature
of 75 to 175C, preferably 85 to 150C. These
temperature ranges may be suitable for the formation
of both blocks of the copolymer of 4 WO 2004/078312
PCT/GB2004/000871  the present invention. Reaction
pressures range from, but are not limited to, I to 15
bar,  preferably 6 to 10 bar. Preferably anhydrous
conditions are employed. The reaction  may be
performed on a batch, semicontinuous, or continuous
basis. The optimal structure of the copolymer used in
the present invention depends  5 upon the intended
application. In one preferred embodiment of the
invention, R13  represents a monovalent C8-C18,
preferably C12-C13, alkyl group; j is an integer 8 to
43;  and 1 is an integer 1 to 10. Preferably R14 is
butylene oxide or, preferably, propylene  oxide, or a
mixture of the two, and R16 is ethylene oxide.
Suitably such a polymer has a  molecular weight of 200
to 6000, preferably 400 to 4000, and most preferably
500 to 10 2500. The molecular weight of the first
block is typically 200 to 5000, preferably 500  to
3000, most preferably 1000 to 2000; whilst the
molecular weight of the second block  is typically no
more than 3000, preferably less than 1000 and most
preferably less than  500. Such materials are
especially suitable for use as a foam control agent
for aqueous  paper / pulp systems. 15 In a second
preferred embodiment of the invention, R13 represents
a polyvalent  alkyl group, preferably a di- or
especially, tri-valent alkyl group, preferably having
from  2 to 6, especially three, carbon atoms; j is an
integer 11 to 45; and 1 is an integer 35 to  52.
Preferably R14 is ethylene oxide and R16 is butylene
oxide or, preferably, propylene  oxide, or a mixture
of the two. Suitably such a polymer has a molecular
weight of 200 20 to 6000, preferably 400 to 5000, and
most preferably 1000 to 5000. The molecular  weight of
the first block is typically 200 to 5000, preferably
500 to 3000, most  preferably 500 to 2000; whilst the
molecular weight of the second block is typically no
more than 5000, preferably less than 4000 and most
preferably less than 3000. Such  materials are
especially suitable for use in detergents, especially
industrial detergents. 25 Such materials can also find
application in pulp and paper manufacture. 



Thus, where the intended application is as a foam
control agent for aqueous  paper/pulp systems, the
initiator is preferably reacted with a higher
molecular weight  alkylene oxide, for example
propylene oxide, followed by reaction with a lower
molecular weight alkylene oxide, for example ethylene
oxide. Where the intended 30 application is as a foam
control agent within an industrial detergent
formulation, the  initiator is preferably reacted with
a lower molecular weight alkylene oxide, for  example
ethylene oxide, followed by reaction with a higher
molecular weight alkylene  oxide, for example
propylene oxide. By maintaining this two-block
character the 5 WO 2004/078312 PCT/GB2004/000871
resultant non-ionic surfactancy of the molecule is
generally maintained and optimised  above that of a
multiple block system. EXAMPLES  5 Example 1 To a
mixture of approximately 50%/wt C12 and 50%/wt C13
alcohol  (commercially available as Neodol 23, a
product of Shell Chemicals) was added  potassium
hydroxide as catalyst. To this mixture was added
propylene oxide (20 parts  molar) in a pressurised
vessel inerted with nitrogen, reaction occurring at a
temperature 10 120 to 130C until a constant pressure
was achieved. Ethylene oxide (1.7 parts molar)  was
then added, reaction was maintained at a temperature
of 120 to 130C until the  vessel pressure remained
constant, such that the final product had a block
structure with  a theoretical molecular weight of
1445. To the above product was added sodium methoxide
(25% solution in methanol),  15 available from
Sigma-Aldrich, in approximately 10% excess (relative
to the number of  moles of hydroxyl functionality).
Methanol was then drawn off initially by atmospheric
distillation and then finally under reduced pressure
at a temperature of between 90 to  110C. Methyl
chloride was then added to the mixture at atmospheric
pressure and at a  temperature of between 90 to 100C
such that >95% of the total base (determined by 20
aqueous titration) was reacted. The remaining salts of
reaction were then removed via  aqueous solvent
extraction. Example 2 



Potassium hydroxide was added to glycerol as a
catalyst. To this mixture was  added ethylene oxide
(26.2 parts molar) in a pressurised vessel inerted
with nitrogen,  25 reaction occurring at 120 to 130C
until a constant pressure was achieved. Propylene
oxide (40 parts molar) was then added, reaction was
maintained at a temperature of 120  to 130C until the
vessel pressure remained constant, such that the final
product had a  block structure with a theoretical
molecular weight of 3563. To the above product was
added sodium methoxide (25% solution in methanol),  30
available from Sigma-Aldrich, in approximately 10%
excess (relative to the number of  moles of hydroxyl
functionality). Methanol was then drawn off initially
by atmospheric  distillation and then finally under
reduced pressure at a temperature of between 90 to
110C. Methyl chloride was then added to the mixture at
atmospheric pressure and at a 6 WO 2004/078312
PCT/GB2004/000871  temperature of between 90 to 100C
such that >95% of the total base (determined by
aqueous titration) was reacted. The remaining salts of
reaction were then removed via  .aqueous solvent
extraction. 5 Example 3 The polymers of Examples 1 and
2 were tested according to the following  procedure,
which is a variation of the standard test method IP
146/73. For comparison,  the uncapped polymer prepared
as an intermediate (i.e. prior to the reaction with
methyl  chloride) in Example 1 was also tested. 10 The
apparatus for performing the foaming test comprised a
1000 ml measuring  cylinder immersed in a water bath
at the appropriate temperature. 200m1 of black liquor
obtained from a Canadian mill were placed in the
measuring cylinder and allowed to  reach a temperature
of 80C. An air pipe having a diffuser stone at its
open end was  placed into the sample, and air blown
through at a fixed rate for a set period of time. 15
After a measured length of time the height of foam in
the measuring cylinder was  recorded. The results are
shown in the following Table. Anti-foamer added Foam
Height at Foam Height at  0 minutes 5 minutes  None
(comparative) 21 16.5 



Uncapped intermediate of 21 11.0  Example 1
(comparative) Compound of Example 1 20 6.5  Compound
of Example 2 14 3.0 It can be clearly seen that the
compounds according to the present invention  20
produce a significant reduction in foam height. 7 WO
2004/078312 PCT/GB2004/000871  Claims 1. The use of a
block copolymer having two blocks and having the
general  formula (III) 5 R13[(OR14)j(OR16), OR 17]m
(III)  wherein R13 is the residue of an organic
initiator;  R14 is one or more C2-C4 alkylene groups;
R16 is one or more C2-C4 alkylene groups; provided
that R14 and R16 must be  different from each other;
10 R17 is a C1-C10 alkyl group;  j is an integer of 5
to 80; 1 is an integer of 1 to 80; and  m is an
integer of 1 to 6; as a foam control agent.  15 2. Use
according to claim 1, as a foam control agent in
detergent formulations,  bottle washing, and pulp and
paper mill defoamers. 3. A method of controlling foam
in an aqueous environment, comprising 20 incorporating
into said environment a compound having the formula
(III) as defined in  claim 1. 4. A method according to
claim 3, in which said environment is black liquor in
a  pulp or paper mill. 25 5. Use or method according
to any one of claims 1 to 4, in which R17 represents a



methyl group. 6. Use or method according to any one of
claims 1 to 5, in which the polymer has  30 a
molecular weight of 200 to 6000. 7. Use or method
according to any one of claims 1 to 6, in which R13
represents  (i) an alkyl group which may be
unsubstituted or substituted by one or more
substituents  8 WO 2004/078312 PCT/GB2004/000871
selected from optionally alkyl-substituted cycloalkyl,
aryl or heteroaryl groups; (ii) an  optionally
alkyl-substituted cycloalkyl, aryl or heteroaryl
group; or (iii) an acyl group;  each having up to 20
carbon atoms. 5 8. Use or method according to claim 7,
in which R13 represents a monovalent C8- C18,
preferably C12-C13, alkyl group; j is an integer 8 to
43; and 1 is an integer 1 to 10. 9. Use or method
according to claim 8, in which R14 is propylene oxide
and R16 is  ethylene oxide. 10 10. Use or method
according to claim 7, in which R13 represents a
polyvalent  alkyl group, preferably a di- or
especially, tri-valent alkyl group, preferably having
from  2 to 6, especially three, carbon atoms; j is an
integer 11 to 45; and 1 is an integer 35 to  52. 15
11. Use or method according to claim 10, in which R14
is ethylene oxide and R16  is propylene oxide 12. A
composition which comprises, as a foam control agent,
a compound of the  20 general formula III as defined
in any one of claims 1 and 5 to 11, together with a
surfactant. 13. A composition according to claim 12,
which is a detergent composition.  9 


