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POLYSILOXANES AND THEIR PREPARATION 

FIELD OF THE INVENTION 

[0001] This invention relates to amino-functional polysi 
loxanes and to their preparation and to polysiloxane com 
positions containing them. 

BACKGROUND TO THE INVENTION 

[0002] Amino-functional polysiloxanes are Widely used in 
the textile industry as ?bre lubricants and as fabric softeners 
and anti-Wrinkle agents, and are also used in the personal 
care industry as hair conditioners and in skin care compo 
sitions. 

[0003] Amino-functional polysiloxanes can be prepared 
by mixing a catalyst comprising both at least one com 
pound selected from barium hydroxide and strontium 
hydroxide and (ii) at least one compound selected from 
borates and phosphates of sodium With a silanol terminated 
organopolysiloxane compound and an organosilicon com 
pound having at least one silicon-bonded alkoxy or alkoxy 
alkoxy group and an aminoalkyl group and reacting at a 
temperature of at least 50° C., as described in US. Pat. No. 
5,391,675. This process is effective in preparing the amino 
functional polysiloxane but requires an intensive ?ltration 
step to remove catalyst residues. Residual barium is often 
present in materials made via this route due to complexation 
With amine functionality. This may be detrimental in certain 
applications. 
[0004] US. Pat No. 5,344,906 describes a process for the 
production of an organosilicon condensation product Which 
comprises contacting an organosilicon compound having at 
least one silanol group and Wherein the silicon-bonded 
organic substituents can be hydrocarbon groups optionally 
substituted by amino, halogen, mercapto, hydroxyl, amido 
or ester substituents, With a quaternary ammonium phos 
phate, borate, carbonate or silicate. 

[0005] US. Pat No. 4,633,002 describes a process for the 
preparation of an aminofunctional organosilicone compound 
comprising reacting a silanol-terminated organosilicone 
compound With an aminofunctional silane compound in the 
presence of a catalytic amount of an organometallic com 
pound. 

[0006] WO-A-99/06486 and US. Pat. No. 6,284,860 
describe preparation of amino-functional polysiloxanes by 
reacting an organopolysiloxane With OH end groups With an 
alkoxysilane Which contains at least one secondary or ter 
tiary amine group in the presence of a Bronstedt or LeWis 
acid. The Bronstedt or LeWis acid, Which is preferably an 
acidic phosphoric ester, but can be an inorganic acid or a 
sulphonic or carboxylic acid, is used in equivalent amount or 
a slight excess based on OH groups of the OH-terminated 
organopolysiloxane, and the alkoxysilane is added in sto 
ichiometric excess based on the OH-terminated organopol 
ysiloxane. 

SUMMARY OF THE INVENTION 

[0007] Aprocess according to the present invention for the 
preparation of an amino-functional polysiloxane comprises 
reacting an aminosilane (A) Which contains an aminoalkyl 
group and at least one alkoxy group bonded to Si With a 
carboxylic acid and a silanol-functional polysiloxane (B), 
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the amount of carboxylic acid (C) being such that the molar 
ratio of carboxylic acid groups of (C) to amino groups of 
aminosilane (A) is less than 1:1 and the amount of silanol 
functional polysiloxane (B) being such that the molar ratio 
of silanol groups of (B) to Si-bonded alkoxy groups of 
aminosilane (A) is greater than 1, Whereby the aminosilane 
(A) is at least partially converted into its carboxylate salt 
Which acts as a catalyst for the siloxane condensation 
polymeriZation reaction betWeen (A) and 

[0008] The process of the invention has the advantage that 
the amino-functional polysiloxane reaction product does not 
contain unWanted catalyst residues. The amine carboxylate 
salt Which acts as catalyst is incorporated in the amino 
functional polysiloxane as amine units Which are in car 
boxylate salt form. The amine carboxylate salt is an excel 
lent catalyst for the reaction betWeen SiOH groups and 
Si-bonded alkoxy groups, and is also a good catalyst for the 
siloxane chain extending reaction of SiOH groups With 
SiOH groups. The amino-functional polysiloxane reaction 
product does not require ?ltration, nor does it require heat 
treatment to decompose the ammonium salt catalyst, Which 
has the risk of generating trialkylamine odour in the product. 
The amino-functional polysiloxane can be prepared as a 
clear liquid reaction product Which is ready for use in many 
applications. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0009] The aminosilane (A) contains an aminoalkyl group 
and at least one alkoxy group bonded to Si. The aminoalkyl 
group is preferably of the formula R-(NH-A‘)q-NH-A 
Wherein A and A‘ are each independently a linear or 
branched alkylene group having 1 to 6 carbon atoms and 
optionally containing an ether linkage; q=0-4; R is hydrogen 
or an alkyl or hydroxyalkyl group having 1 to 4 carbon 
atoms. Most preferably R is hydrogen; q=0 or 1; and A and 
A‘ (if present) each contain 2 to 4 carbon atoms. Examples 
of preferred aminoalkyl groups include —(CH2)3NH2, 
—(CH2)4NH2> —(CH2)3NH(CH2)2NH2> 
—CH2CH(CH3)CH2NH(CH2)2NH2, 
—(CH2)3NHCH2CH2NH(CH2)2NH2, 
—CH2CH(CH3)CH2NH(CH2)3NH2, 
—(CH2)3NH(CH2)4NH2 and —(CH2)3O(CH2)2NH2. The 
alkoxy group bonded to Si can contain an unreactive sub 
stituent or linkage such as an ether linkage. The aminosilane 
(A) preferably has the formula 

Y 

[0010] Wherein A, A‘, q and R are de?ned as above; R‘ is 
an alkyl or alkoxyalkyl group having 1 to 6 carbon atoms, 
for example, methyl, ethyl, butyl or methoxyethyl; and Y 
and Y‘ are each independently a group —OR‘ or an option 
ally substituted alkyl or aryl group. Most preferably, for the 
preparation of linear polydiorganosiloxanes, the group Y of 
aminosilane (A) is an unsubstituted alkyl group such as 
methyl and the group Y‘ is of the formula —OR‘, preferably 
methoxy or ethoxy. Examples of preferred aminosilanes (A) 
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are aminoethyl-aminoisobutyl methyl dimethoxy silane 

(CH3O)2(CH3)Si—CH2CH(CH3)CH2NH(CH2)2NH2 and 
aminopropyl methyl diethoxy silane (C2H5O)2(CH3)Si— 
(CH2)3NH2~ 
[0011] The silanol-functional polysiloxane (B) is prefer 
ably a linear hydroxyl-tipped polydiorganosiloxane. It can 
for example be a linear hydroxyl-tipped polydimethylsilox 
ane, preferably a liquid polydimethylsiloxane of degree of 
polymerisation 4-1000, most preferably 10-100. Alterna 
tively the polysiloxane (B) can contain 2-30C alkyl, for 
example, ethyl, propyl, pentyl or hexyl, substituted alkyl, for 
example ?uoroalkyl such as 3,3,3-tri?uoropropyl, or alk 
enyl, for example vinyl, allyl or hexenyl, groups or aryl, for 
example phenyl, or aralkyl, for example 2-phenylpropyl, 
groups bonded to Si. Such groups may for example be 
present as —Si(CH3)R“—O— units, Where R“ is 2-30C 
alkyl or alkenyl, aryl or aralkyl, or as —Si(R“)2—O— units. 
Preferably at least 80% of the total silicon-bonded substitu 
ents are methyl groups. 

[0012] The amount of silanol-functional polysiloxane (B) 
used is sufficient that the molar ratio of silanol groups of (B) 
to Si-bonded alkoxy groups of aminosilane (A) is greater 
than 1:1. This ensures that chain extension polymeriZation 
takes place, rather than merely capping of the silanol 
functional polysiloxane (B) by the amino-functional alkox 
ysilane The molar ratio of silanol groups of (B) to 
Si-bonded alkoxy groups of aminosilane (A) is preferably in 
the range (1.2-2.0:1?) 

[0013] The carboxylic acid used in the reaction, Which 
reacts With the aminosilane (A) to form a carboxylate salt 
catalyst, can be chosen from a Wide range of carboxylic 
acids, although the choice of carboxylic acid can affect the 
physical form of the amino-functional polysiloxane reaction 
product. The carboxylic acid can for example be an aliphatic 
carboxylic acid having 1 or 2 up to 20 carbon atoms. We 
have found that aliphatic carboxylic acids having at least 4 
carbon atoms have the advantage of producing a clear liquid 
reaction product. The use of aliphatic carboxylic acids 
having 6 to 20, particularly 8 to 18 carbon atoms, for 
example octanoic, decanoic or lauric acid, to produce a clear 
reaction product is one preferred embodiment of the inven 
tion. Aliphatic carboxylic acids having 1 to 3 carbon atoms, 
for example acetic or propionic acid, or carboxylic acids 
substituted by a hydrophilic group such as hydroxyl, for 
example lactic acid, can be used but may form a haZy 
amino-functional polysiloxane reaction product in the 
absence of any co-solvent. Carboxylic acids substituted by 
an electron-WithdraWing moiety, for example halogen such 
as ?uorine or chlorine or a hydroxyl group, may be preferred 
since amine carboxylate catalysts formed from these acids 
yield products With considerably reduced odour. Examples 
of such acids substituted by an electron-WithdraWing moiety 
are lactic acid and ?uoroalkanoic acids such as ?uoroacetic 
acid or 4,4,4-tri?uorobutanoic acid. 

[0014] The carboxylic acid is preferably used at 0.05-5, 
particularly 0.1 or 0.2 up to 1.0 or 2.0,% by Weight based on 
the aminosilane At this level of addition the molar ratio 
of carboxylic acid groups of (C) to amino groups of ami 
nosilane (A) is less than 1:1, and is generally in the range 
0.002-0.25:1. Accordingly, only a minor proportion of the 
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amino groups of the aminosilane (A), for example 02-25% 
of the amino groups, are in carboxylate salt form. 

[0015] In one preferred process according to the invention, 
an alcohol is co-reacted With the aminosilane (A), carboxylic 
acid and silanol-functional polysiloxane The alcohol 
tends to become incorporated in the amino-functional pol 
ysiloxane as an end-blocking alkoxy group. The reaction 
betWeen the alcohol group and Si—OH groups is much 
sloWer than that betWeen Si-alkoxy groups and Si—OH 
groups, but is sufficiently fast that the alcohol acts as a 
modi?er of molecular Weight. In the absence of an alcohol 
or any other chain-stopping reagent, high molecular Weight 
hydroxyl-tipped amino-functional polysiloxanes are pro 
duced. The alcohol can be an aliphatic alcohol having 8 to 
30 carbon atoms, for example n-octanol, n-decanol, octade 
canol, cetyl alcohol or a commercial mixture of linear and 
branched 12-16C alcohols. Such high molecular Weight 
aliphatic alcohols are preferred When producing a clear 
liquid reaction product using an aliphatic carboxylic acid 
having 6 to 20 carbon atoms. The alcohol can alternatively 
be an ether alcohol, for example 2-methoxypropanol or 
2-butoxyethanol or a hydroxy-terminated polyether, for 
example a polyethoxylated fatty alcohol or a polypropylene 
glycol monoether. Where the carboxylic acid reacted With 
the aminosilane (A) is an alkanoic acid having 1 to 3 carbon 
atoms or a hydroxy-substituted carboxylic acid, the alcohol 
can advantageously be a linear or branched alkanol having 
2 to 4 carbon atoms, particularly a branched alcohol such as 
isopropanol or isobutanol. The 2-4C alcohol acts as a 
cosolvent alloWing the formation of a clear liquid amino 
functional polysiloxane reaction product. 

[0016] The reaction betWeen the aminosilane (A), car 
boxylic acid and silanol-functional polysiloxane (B) can in 
general be carried out at any temperature in the range 0-200° 
C. Temperatures of at least 50° C. are preferred, most 
preferably from 60° C. up to 120 or 1400 C. Such elevated 
temperatures are particularly preferred for reactions in 
Which the aminosilane (A) has only tWo alkoxy groups 
bonded to Si, since the initial reaction of the aminosilane 
With the silanol-functional polysiloxane (B) forms a polysi 
loxane (B) terminated With a single someWhat hindered 
Si-bonded alkoxy group. The reaction can in general be 
carried out at pressures in the range from 5 mbar up to 5 bar, 
for example at ambient pressure; it is frequently preferred 
that at least the later part of the reaction is carried out under 
reduced pressure, for example 10 to 400 mbar, particularly 
if there is a need to promote removal of volatile by-product 
(such as methanol or ethanol evolved from the amino 
functional alkoxysilane) from the reaction system. 

[0017] The reaction betWeen the aminosilane (A), car 
boxylic acid and silanol-functional polysiloxane (B) can 
conveniently be carried out undiluted in the liquid phase, 
since the polysiloxane (B) generally has a loW enough 
viscosity to permit ready reaction. The reaction can alter 
natively be carried out in solution, dispersion or emulsion. 
Reaction in emulsion may be preferred if the aminosiloxane 
product is to be used in emulsion; textile treating agents such 
as ?bre lubricants, softening agents and anti-Wrinkle agents 
are often applied from emulsion. 

[0018] In one preferred process, the aminosilane (A), the 
carboxylic acid and the silanol-functional polysiloxane (B) 
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are mixed With a surfactant and Water to form an emulsion, 

and the condensation reaction betWeen (A) and (B) is carried 
out in the emulsion, thereby forming an emulsion of an 
amino-functional polysiloxane. The surfactant can for 
example be a nonionic, anionic or cationic surfactant, for 
example an ethoxylated alcohol or phenol nonionic surfac 
tant. The amount of surfactant added can for example be at 
least 0.2% based on the total Weight of silanol-functional 
polysiloxane (B) and aminosilane (A), preferably at least 
0.5%, for example from 2% up to 10 or 20%. Water is 
preferably added in tWo stages. The aminosilane (A), the 
carboxylic acid and the silanol-functional polysiloxane (B) 
are ?rst mixed With a surfactant and a small amount of Water 

to form a viscous oil in Water emulsion (“thick phase”). The 
amount of Water added at this stage is generally at least 0.5% 
based on the total Weight of silanol-functional polysiloxane 
(B) and aminosilane (A), preferably at least 1 % up to 10 or 
20%. Further Water can subsequently be added, for example 
from 20 or 30% up to 100 or 200%, to form a diluted 

emulsion of suitable viscosity for carrying out the conden 
sation reaction betWeen (A) and In general it is pre 
ferred that the aminosilane (A), carboxylic acid, silanol 
functional polysiloxane (B), surfactant and Water are mixed 
to from an emulsion at a loW temperature, generally beloW 
50° C., for example ambient temperature, and the emulsion 
is heated to a temperature in the range 50-200° C., preferably 
60-140° C., to effect the condensation reaction. 

[0019] The emulsion of amino-functional polysiloxane 
produced is generally of loW particle siZe, for example less 
than 500 nm and frequently less than 300 nm. If the mixture 
of aminosilane (A), carboxylic acid, silanol-functional pol 
ysiloxane (B), surfactant and Water are acidi?ed to a pH 
beloW 4, for example in the range 2 to 4 and preferably about 
pH3, it may be possible to form a microemulsion, that is an 
emulsion of particle siZe beloW 100 nm, for example 5 to 50 
nm, Which forms Without need for vigorous mixing. Such a 
loW pH can be achieved by use of a carboxylic acid of loW 
pKa and/or by use of an acid-functional surfactant of loW 
pKa. 

[0020] The time of reaction can for example be from 10 
minutes up to 24 hours. The reaction can be quenched after 
a desired time by adding Water or an alcohol endblocker to 
the reagents, although quenching is not necessary. The 
alcohol endblocker can be selected from the alcohols 
described above. The reaction can be substantially sloWed 
by removal of heat and if a modi?er of molecular Weight 
such as an alcohol is present an equilibrium Will be reached. 
If Water quenching is used, the product is a dispersion or 
emulsion in Which the amino-functional polysiloxane is 
generally stably dispersed. 

[0021] Because the amine carboxylate is a highly selective 
catalyst for the reaction betWeen Si—OH and Si-alkoxy and 
does not catalyse chain scission and equilibration of 
Si—O—Si bonds, the amino-functional polysiloxane pro 
duced has a more regular structure than amino-functional 
polysiloxanes produced by knoWn methods. The amino 
functional polysiloxane produced according to the invention 
has the formula 
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H 

[0022] Where A, A‘, R and q are de?ned as above; Y is an 
optionally substituted alkyl or aryl group; Z and Z‘, Which 
can be the same or different, are each an optionally substi 
tuted alkyl, aryl or aralkyl group; X is hydrogen or an 
aliphatic group optionally containing one or more ether 
linkages; m is for example 4-1000; and n is for example 
1-1000, preferably 2-100. Most preferably Y, Z and Z‘ are all 
methyl groups. The majority, and usually at least 90%, of the 

H 

[0023] units in the amino-functional polymer retain the 

chain length m of the silanol-functional polysiloxane Where an alcohol is co-reacted With the aminosilane (A), 

carboxylic acid and silanol-functional polysiloxane (B), at 
least one, and usually both, the groups X are generally 
derived from the alcohol. For example, if the alcohol is an 
aliphatic alcohol having 8 to 30 carbon atoms, each group X 
in the amino-functional polysiloxane is usually an aliphatic 
group having 8 to 30 carbon atoms. 

[0024] The reaction betWeen the aminosilane (A), car 
boxylic acid and silanol-functional polysiloxane (B) can if 
desired be carried out in the presence of a liquid organic or 
silicone non-reactive diluent. A preferred diluent is a non 
reactive polysiloxane having a viscosity of less than 375 
mPas, for example 5 to 100 mPa.s. Examples of such 
polysiloxanes include hexamethyldisiloxane, octamethyl 
trisiloxane, decamethyltetrasiloxane, dodecamethylpentasi 
loxane, tetradecamethylhexasiloxane or hexadecamethyl 
heptasiloxane, octamethylcyclotetrasiloxane, 
decamethylcyclopentasiloxane or dodecamethylcyclohex 
asiloxane, heptamethyl-3-{(trimethylsilyl)oxy}-trisiloxane 
(M3T), hexamethyl-3,3,bis{(trimethylsilyl)oxy} trisiloxane 
(M4Q) or pentamethyl {(trimethylsilyl)oxy} cyclotrisilox 
ane, or a non-reactive, for example trimethylsilyl-termi 
nated, polydimethylsiloxane. Cyclic polysiloxanes having at 
least 5 silicon atoms, especially decamethylcyclopentasilox 
ane (D5), are particularly preferred. For skin contact uses, it 
is sometimes preferred to avoid the presence of octameth 
ylcyclotetrasiloxane (D4). The process of the present inven 
tion has the advantage that the amine carboxylate is a highly 
selective catalyst for the reaction betWeen Si—OH and 
Si-alkoxy and does not catalyse chain scission and equili 
bration of Si—O—Si bonds. Thus the reaction can be 
carried out in a non-reactive siloxane such as D5 or a 
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trimethylsilyl-terminated, polydimethylsiloxane Without 
formation of any cyclotetrasiloxane by-product. 

[0025] The liquid organic or silicone non-reactive diluent 
can be present from the start of the reaction or can be added 
during the reaction. Use of the non-reactive diluent alloWs 
the production of easily handled compositions containing 
amino-functional polysiloxanes of high molecular Weight 
and high viscosity. Amino-functional polysiloxanes of vis 
cosity above 10 Pa.s, preferably above 20 Pa.s, and up to 100 
Pa.s or more can be prepared as solutions or dispersions of 
viscosity suitable for application in textile and personal care. 
Solutions of such high viscosity amino-functional polysi 
loxanes in a non-reactive cyclic polysiloxane having at least 
5 silicon atoms and having a viscosity of less than 375 
mPa.s. are neW and useful compositions. Where the non 
reactive diluent is a silicone, the product is generally a 
solution of the amino-functional polysiloxane. These high 
viscosity amino-functional polysiloxanes are particularly 
effective in conditioning of hair and as ?bre lubricants. 

[0026] When producing high molecular Weight amino 
functional polysiloxanes, it may be preferred to remove 
some reagent during the later stages of preparation. For 
example, the aminosilane (A), carboxylic acid and silanol 
functional polysiloxane (B) can initially be reacted in the 
presence of an alcohol Which acts as a chain terminating 
agent. A silicone non-reactive diluent can be added during 
the reaction. The reaction can then be continued to increase 
the chain length of the amino-functional polysiloxane. Such 
continued reaction can for example be at increased tempera 
ture and/or reduced pressure to promote removal of the 
alcohol. The amount of liquid organic or silicone non 
reactive diluent present can for example be from 10 to 
2000%, preferably 20 to 500% by Weight based on the total 
Weight of aminosilane (A) and silanol-functional polysilox 
ane The resulting solution of amino-functional polysi 
loxane in non-reactive diluent can be further diluted for use 
if required. 

[0027] The polysiloxane composition product, comprising 
a substantially linear amino-functional polydiorganosilox 
ane having at least one group of the formula R—(NH-A‘)q 
NH-A- bonded to silicon, Where A, A‘, R and q are de?ned 
as in Claim 2, and having a viscosity of at least 10 Pa.s, 
dissolved in a non-reactive polysiloxane having a viscosity 
of less than 375 mPa.s., is a valuable product for use in hair 
conditioning or textile treatment. The Weight ratio of amino 
functional polysiloxane to non-reactive polysiloxane is pref 
erably from 10:1 to 1:50. If no D4 is used in the production 
of the composition, the D4 content of the composition is 
generally less than 0.25% by Weight of the silicone materials 
present, usually less than 0.1% and frequently less than 
0.01%. 

[0028] The amino-functional polydiorganosiloxanes pro 
duced according to the present invention can in general be 
used in the textile industry as ?bre lubricants, for example 
for polyester, polyamide, acrylic, cotton or Wool ?bres, and 
as fabric softeners and/or anti-Wrinkle agents, and can be 
used in the personal care industry as hair conditioners and in 
hair shampoos or skin care compositions, and can also be 
used as ingredients of polishes or protective coatings. In 
particular, When used as a conditioning agent for hair the 
amino-functional polydiorganosiloxanes produced accord 
ing to the present invention make Wet hair easier to comb 

Oct. 21, 2004 

and dry hair softer and easier to comb Without imparting 
greasy characteristics to the hair. 

[0029] The amino-functional polydiorganosiloxane can be 
used in organic solvent solution or in aqueous solution or 
suspension and can be used in free amine or in salt form, for 
example a chloride salt or a carboxylate salt produced by 
adding carboxylic acid to the formed amino-functional poly 
diorganosiloxane. Compositions containing the amino-func 
tional polysiloxane can contain additional ingredients such 
as surfactants, thickeners, rheology modifying additives, 
perfumes, Waxes, emollients, cleaning agents, lubricating 
oils, electrolytes, ?avouring agents, biocides, pharmaceuti 
cal or cosmetic active materials. 

[0030] The amino-functional polysiloxane can be chemi 
cally modi?ed by reaction after it has been formed. Such 
modi?cations are knoWn for example in preparing textile 
treatment agents. It can for example be reacted With a 
lactone, particularly a lactone of an omega-hydroxy car 
boxylic acid having 3 to 8 ring carbon atoms such as 
epsilon-caprolactone or gamma-butyrolactone, under the 
conditions described in US. Pat. No. 5,824,814, to form a 
polymer having hydroxyamide groups of the formula 
—N—C(O)—(CH2)X—OH, Where X is 2 to 7. The amino 
functional polysiloxane can be reacted With an epoxide to 
form a polymer containing beta-hydroxyamine groups, for 
example With ethylene oxide to form —NH—CH2CH2OH 
groups as described in US. Pat. No. 5,352,817 or With 
glycidol to form —NH—CH(CH2OH)2 groups. Alterna 
tively it can be reacted With an acrylate or other activated 
C=C bond in a Michael-type addition, for example With 
hydroxyethyl acrylate to form —NH—CH213 CH2— 
COO—C2H4OH groups. The amino-functional polysilox 
ane can be quaternised by reaction With an alkylating agent 
such as dimethyl sulphate as described in US. Pat. No. 
5,164,522. 

EXAMPLES 

[0031] The invention is illustrated by the folloWing 
Examples. 

Example 1 

[0032] A silanol end-blocked With a viscosity of approxi 
mately 60 cP (90 g), aminoethyl-aminoisobutyl methyl 
dimethoxy silane (5.0 g), acetic acid (0.5 g) and a C13-C15 
aliphatic alcohol (5.1 g) Were charged to a three necked ?ask 
?tted With a condenser and thermometer, upon Which they 
Were heated to 85° C. for tWo hours under nitrogen. The 
reaction mixture Was then devolatilised at 85° C. under 
reduced pressure (100 mbar) for four hours. The resulting 
haZy ?uid Was an amino-functional polydimethylsiloxane 
copolymer end capped With a mixture of C13-C15 alkoxy, 
methoxy and silanol end groups. The polymer had a viscos 
ity of 1265 cP. 

Example 2 

[0033] A silanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (90.2 g), aminoethyl 
aminoisobutyl methyl dimethoxy silane (5.2 g), octanoic 
acid (1.0 g) and a C13-C15 aliphatic alcohol (5.1 g) Were 
charged to a three necked ?ask ?tted With a condenser and 
thermometer, upon Which they Were heated to 85 ° C. for one 
hour under nitrogen. The reaction mixture Was then devola 
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tilised at 85° C. under reduced pressure (25 mbar) for one 
hour. The resulting clear ?uid Was an amino-functional 
polydimethylsiloxane copolymer end capped With a mixture 
of C13-C15 alkoxy, methoxy and silanol end groups. The 
polymer had a viscosity of 798 cP. 

Example 3 

[0034] Asilanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (80 g), aininoethyl-ami 
noisobutyl methyl dimethoxy silane (5.2 g), octanoic acid 
(1.0 g) and a CB-C15 aliphatic alcohol (15 g) Were charged 
to a three necked ?ask ?tted With a condenser and thermom 
eter, upon Which they Were heated to 85° C. for tWo hours 
under nitrogen. The reaction mixture Was then devolatilised 
at 85° C. under reduced pressure (50 mbar) for tWo hours. 
The resulting clear ?uid Was an amino-functional polydim 
ethylsiloxane copolymer end capped With a mixture of 
CB-C15 alkoxy, methoxy and silanol end groups. The poly 
mer had a viscosity of 586 cP. 

Example 4 

[0035] A silanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (400 g), aminoethyl 
aminoisobutyl methyl dimethoxy silane (25 g), octanoic acid 
(5.0 g) and a C13-C15 aliphatic alcohol (100 g) Were charged 
to a three necked ?ask ?tted With a condenser and thermom 
eter, upon Which they Were heated to 85° C. for four hours 
under nitrogen. The reaction mixture Was then devolatilised 
at 85° C. under reduced pressure (50 mbar) for tWo hours. 
The resulting clear ?uid Was an amino-functional polydim 
ethylsiloxane copolymer end capped With a mixture of 
CB-C15 alkoxy, methoxy and silanol end groups. The poly 
mer had a viscosity of 210 cP. 

Example 5 

[0036] A silanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (95.2 g), aminoethyl 
aminoisobutyl methyl dimethoxy silane (3.2 g), octanoic 
acid (0.13 g) and a C 13-C15 aliphatic alcohol (1.7 g) Were 
charged to a three necked ?ask ?tted With a condenser and 
thermometer, upon Which they Were heated to 85 ° C. for four 
hours under nitrogen. The reaction mixture Was then devola 
tilised at 85° C. under reduced pressure (100 mbar) for four 
hours. After four hours the reaction Was terminated to yield 
a clear aminofunctional siloxane The resulting clear ?uid 
Was an amino-functional polydimethylsiloxane copolymer 
end capped With a mixture of C13-C15 alkoxy, methoxy and 
silanol end groups. The polymer had a viscosity of 903 cP. 

Example 6 

[0037] Asilanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (95 g), aminoethyl-ami 
noisobutyl methyl dimethoxy silane (3.3 g), hepta?uo 
rononanoic acid (0.5 g) and a C13-C15 aliphatic alcohol (15 
g) Were charged to a three necked ?ask ?tted With a 
condenser and thermometer, upon Which they Were heated to 
85° C. for three hours under nitrogen. The reaction mixture 
Was then devolatilised at 100° C. under reduced pressure 
(100 mbar) for three hours. The resulting clear ?uid Was an 
amino-functional polydimethylsiloxane copolymer end 
capped With a mixture of C13-C15 alkoxy, methoxy and 
silanol end groups. The polymer had a viscosity of 1222 cP. 
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Example 7 

[0038] A silanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (259.1 g), aminoethyl 
aminoisobutyl methyl dimethoxy silane (15.5 g), octanoic 
acid (0.88 g) and a C13-C15 aliphatic alcohol (18.3 g) Were 
charged to a three necked ?ask ?tted With a condenser and 
thermometer, upon Which they Were heated to 85° C. for tWo 
hours under nitrogen. The reaction mixture Was then devola 
tilised at 85° C. under reduced pressure (20 mbar) for six 
hours. The resulting clear ?uid Was an amino-functional 
polydimethylsiloxane copolymer end capped With a mixture 
of C13-C15 alkoxy, methoxy and silanol end groups. The 
polymer had a viscosity of 6,099 cP. 

Example 8 

[0039] A silanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (98 g), amninoethyl 
aminoisobutyl methyl dimethoxy silane (1.99 g) and 
octanoic acid (0.50 g) Were charged to a three necked ?ask 
?tted With a condenser and thermometer, upon Which they 
Were heated to 85° C. for tWo hours under nitrogen. The 
reaction mixture Was then devolatilised at 85° C. under 
reduced pressure (20 mbar) for tWo hours. The resulting 
clear ?uid Was an amino-functional polydimethylsiloxane 
copolymer end capped With a mixture of methoxy and 
silanol end groups. The polymer had a viscosity of 10,690 
cP. 

Example 9 

[0040] A silanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (139.8 g), aminoethyl 
aminoisobutyl methyl dimethoxy silane (7.35 g), lactic acid 
(0. 10 g) and a C13-C15 aliphatic alcohol (2.59 g) Were 
charged to a three necked ?ask ?tted With a condenser and 
thermometer, upon Which they Were heated to 85° C. for tWo 
hours under nitrogen. The reaction mixture Was then devola 
tilised at 85° C. under reduced pressure (100 mbar) for tWo 
hours. The resulting haZy ?uid Was an amino-functional 
polydimethylsiloxane copolymer end capped With a mixture 
of C13-C15 alkoxy, methoxy and silanol end groups. The 
polymer had a viscosity of 1,297 cP. 

Example 10 

[0041] A silanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (349.3 g), aminoethyl 
aminoisobutyl methyl dimethoxy silane (18.38 g), lactic acid 
(0.37 g) and a C13-C15 aliphatic alcohol (7.35 g) Were 
charged to a three necked ?ask ?tted With a condenser and 
thermometer, upon Which they Were heated to 85° C. for tWo 
hours under nitrogen. The reaction mixture Was then devola 
tilised at 85° C. under reduced pressure (140 mbar) for tWo 
hours. The resulting haZy ?uid Was an amino-functional 
polydimethylsiloxane copolymer end capped With a mixture 
of C13-C15 alkoxy, methoxy and silanol end groups. The 
polymer had a viscosity of 1,779 cP. 

Example 11 

[0042] A silanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (314.1 g), aminoethyl 
aminoisobutyl methyl dimethoxy silane (16.52 g), lactic acid 
(0.33 g), C13-C15 aliphatic alcohol (6.60 g) and isopropanol 
(37.5g) Were charged to a three necked ?ask ?tted With a 



US 2004/0210074 A1 

condenser and thermometer, upon Which they Were heated to 
80° C. for tWo hours under nitrogen. The reaction mixture 
Was then devolatilised at 100° C. under reduced pressure 
(200 mbar) for tWo hours. The resulting clear ?uid Was an 
amino-functional polydimethylsiloxane copolymer end 
capped With a mixture of CB-C15 alkoxy, methoxy and 
silanol end groups. The polymer had a viscosity of 2,556 cP. 

Example 12 

[0043] Asilanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (139.1 g), aminoethyl 
aminoisobutyl methyl dimethoxy silane (7.35 g), lactic acid 
(0.25 g) and isopropanol (14 g) Were charged to a three 
necked ?ask ?tted With a condenser and thermometer, upon 
Which they Were heated to 80° C. for tWo hours under 
nitrogen. The reaction mixture Was then devolatilised at 85° 
C. under reduced pressure (100 mbar) for four hours. The 
resulting clear ?uid Was an amino-functional polydimethyl 
siloxane copolymer end capped With methoxy and silanol 
end groups. The polymer had a viscosity of 5,136 cP. 

Example 13 

[0044] Asilanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (139.1 g), aminoethyl 
aminoisobutyl methyl dimethoxy silane (7.35 g), lactic acid 
(0.25 g) and isopropanol (14 g) Were charged to a three 
necked ?ask ?tted With a condenser and thermometer, upon 
Which they Were heated to 80° C. for tWo hours under 
nitrogen. The reaction mixture Was then devolatilised at 85° 
C. under reduced pressure (100 mbar) for eight hours. The 
resulting clear ?uid Was an amino-functional polydimethyl 
siloxane copolymer end capped With methoxy and silanol 
end groups. The polymer had a viscosity of 980,051 cP. 

Example 14 

[0045] Asilanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (98.3 g), aminopropyl 
methyl diethoxy silane (3.2 g) and octanoic acid (0.53 g) 
Were charged to a three necked ?ask ?tted With a condenser 
and thermometer, upon Which they Were heated to 85° C. for 
tWo hours under nitrogen. The reaction mixture Was then 
devolatilised at 100° C. under reduced pressure (200 mbar) 
for three hours. The resulting clear ?uid Was an amino 
functional polydimethylsiloxane copolymer end capped 
With methoxy and silanol end groups. The polymer had a 
viscosity of 1064 cP. 

Example 15 

[0046] A silanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (139 g), aminoethyl 
aminoisobutyl methyl dimethoxy silane (7.35 g), lactic acid 
(0.25 g), isopropanol (14.1 g) and hexadecanol (20 g) Were 
charged to a three necked ?ask ?tted With a condenser and 
thermometer, upon Which they Were heated to 85° C. for tWo 
hours under nitrogen. The reaction mixture Was then devola 
tilised at 85° C. under reduced pressure (100 mbar) for four 
hours. The resulting ?uid Was an amino-functional polydim 
ethylsiloxane copolymer end capped With C16 alkoxy, meth 
oxy and silanol end groups. The polymer Was a loW melting 
Wax-like material With a melting point betWeen 40° C. and 
50° C. 

Example 16 
[0047] Asilanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (237.6 g), aminoethyl 
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aminoisobutyl methyl dimethoxy silane (5.37 g), lactic acid 
(0.61 g) and isopropanol (30 g) Were charged to a three 
necked ?ask ?tted With a condenser and thermometer, upon 
Which they Were heated to 85° C. for tWo hours under 
nitrogen. The reaction mixture Was then devolatilised at 85° 
C. under reduced pressure (100 mbar) for four hours, upon 
Which a C13-C15 aliphatic alcohol (27 g) Was added. The 
reaction mixture Was then devolatilised at 85° C. and 100 
mbar for a further tWo hours. The resulting clear ?uid Was 
an amino-functional polydimethylsiloxane copolymer end 
capped With C13-C15 alkoxy, methoxy and silanol end 
groups. The polymer had a viscosity of 1,795 cP. 

Example 17 

[0048] A silanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (275.5 g), aminoethyl 
aminoisobutyl methyl dimethoxy silane (9.54 g), lactic acid 
(2.67 g), isopropanol (33 g) and a C13-C15 aliphatic alcohol 
(4.95 g) Were charged to a three necked ?ask ?tted With a 
condenser and thermometer, upon Which they Were heated to 
85° C. for tWo hours under nitrogen. The reaction mixture 
Was then devolatilised at 85 ° C. under reduced pressure (100 
mbar) for four hours, upon Which further C13-C15 aliphatic 
alcohol (10 g) Was added. The reaction mixture Was then 
devolatilised at 85° C. and 100 mbar for a further tWo hours. 
The resulting clear ?uid Was an amino-functional polydim 
ethylsiloxane copolymer end capped With C13-C15 alkoxy, 
methoxy and silanol end groups. The polymer had a viscos 
ity of 1,516 cP. 

Example 18 

[0049] A silanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (98 g), aminopropylmethyl 
diethoxy silane (2.0 g) and octanoic acid (0.1 g) Were 
charged to a three necked ?ask ?tted With a condenser and 
thermometer, upon Which they Were heated to 85° C. for tWo 
hours under nitrogen. The reaction mixture Was then devola 
tilised at 100° C. under reduced pressure (200 mbar) for four 
hours, upon Which Water (10% W/W) Was added. The result 
ing milky White ?uid Was an amino-functional polydimeth 
ylsiloxane copolymer end capped With methoxy and silanol 
end groups. The polymer had a viscosity of 1,159 cP. 

Example 19 

[0050] A silanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (96.7 g), aminoethyl 
aminoisobutyl methyl dimethoxy silane (1.99 g), octanoic 
acid (0.33 g) and a C13-C15 aliphatic alcohol (1.24 g) Were 
charged to a three necked ?ask ?tted With a condenser and 
thermometer, upon Which they Were heated to 85° C. for tWo 
hours under nitrogen. The reaction mixture Was then devola 
tilised at 85° C. under reduced pressure (100 mbar) for ?ve 
hours upon Which Water (10% W/W) Was added. The result 
ing milky White ?uid Was an amino-functional polydimeth 
ylsiloxane copolymer end capped With a mixture of C13-C15 
alkoxy, methoxy and silanol end groups. The polymer had a 
viscosity of 4,615 cP. 

Example 20 

[0051] A silanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (139 g), aminoethyl 
aminoisobutyl methyl dimethoxy silane (7.35 g), propan-2 
01 (14 g) and lactic acid (0.25 g) Were charged to a three 
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necked ?ask ?tted With a condenser and thermometer, upon 
Which they Were re?uxed for tWo hours under nitrogen. The 
propan-2-ol Was then removed under reduced pressure (100 
mbar). After 1 hour, decamethylcyclopentasiloxane (146.35 
g) Was added and the reaction continued at 85° C./100 mbar. 
After 6.5 hours the reaction Was stopped. The resulting 
solution of an amino-functional polydimethylsiloxane 
copolymer in decamethylcyclopentasiloxane had a viscosity 
of 60,000 cts. 29Si NMR analysis shoWed no formation of 
octamethylcyclotetrasiloxane. 

Example 21 

[0052] Asilanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (170 g), aminoethyl 
aminoisobutyl methyl dimethoxy silane (10.1 g) and 
octanoic acid (2.0 g) Were charged to a three necked ?ask 
?tted With a condenser and thermometer, upon Which they 
Were heated to 85° C. for tWo hours under nitrogen. The 
reaction mixture Was then devolatilised at 85° C. under 
reduced pressure (100 mbar) for four hours. The reaction 
mixture Was then cooled to 50° C. upon Which glycidol (8.0 
g) Was added. The reaction Was held at 50° C. for four hours 
and then heated to 85° C. and held at this temperature for a 
further tWo hours. The resulting clear ?uid Was an aminopo 
lyol-functional polydimethylsiloxane copolymer end capped 
With C13-C15 alkoxy, methoxy and silanol end groups. The 
polymer had a viscosity of 25,000 cP. 

Example 22 

[0053] Asilanol end-blocked polydimethylsiloxane With a 
viscosity of approximately 60 cP (170 g), aminoethyl 
aminoisobutyl methyl dimethoxy silane (10.1 g) and 
octanoic acid (5.0 g) Were charged to a three necked ?ask 
?tted With a condenser and thermometer. The reagents Were 
alloWed to stir at room temperature for tWo hours. After tWo 
hours the above cold-blend (15.0 g) Was mixed With Soft 
anol 50 (3 g) and Softanol 70 (6 g) for ten minutes after 
Which Water (7.2 g) Was added. Softanol 50 and Softanol 70 
are ethoxylated C12-14 secondary alcohol surfactants With 5 
and 7 ethylene oxide groups respectively. The resulting thick 
phase Was stirred for a further ten minutes upon Which 
further Water Was added over the period of an hour (68.5 g). 
On complete addition of the Water, acetic acid Was added 
(0.25 g) and the resulting microemulsion heated to 85° C. 
under reduced pressure (400 mbar) for a further six hours 
yielding an aminofunctional siloxane microemulsion. 

What is claimed is: 
1. A process for the preparation of an amino-functional 

polysiloxane comprising reacting an aminosilane (A) Which 
contains an aminoalkyl group and at least one alkoxy group 
bonded to Si With a carboxylic acid (C) and a silanol 
functional polysiloxane (B), the amount of carboxylic acid 
(C) being such that the molar ratio of carboxylic acid groups 
of (C) to amino groups of aminosilane (A) is less than 1:1 
and the amount of silanol-functional polysiloxane (B) being 
such that the molar ratio of silanol groups of (B) to Si 
bonded alkoxy groups of aminosilane (A) is greater than 1:1, 
Whereby the aminosilane (A) is partially converted into its 
carboxylate salt Which acts as a catalyst for the siloxane 
condensation polymeriZation reaction betWeen (A) and 

2. A process according to claim 1, Wherein the aminosi 
lane (A) has the formula 
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Y 

Wherein A and A‘ are each independently a linear or 

branched alkylene group having 1 to 6 carbon atoms; q=0 to 
4; R is selected from the group consisting of hydrogen, an 
alkyl group, and a hydroxyalkyl group having 1 to 4 carbon 
atoms; R‘ is selected from the group consisting of an alkyl 
group and an alkoxyalkyl group having 1 to 6 carbon atoms; 
and Y and Y‘ are each independently selected from the group 
consisting of a group —OR‘, substituted alkyl groups, sub 
stituted aryl groups, unsubstituted alkyl groups, and unsub 
stituted aryl groups. 

3. Aprocess according to claim 2, Wherein the group Y of 
aminosilane (A) is an unsubstituted alkyl group and the 
group Y‘ is of the formula —OR‘. 

4. Aprocess according to claim 2 Wherein the linkages A 
and A‘ of aminosilane (A) are each independently a linear or 
branched alkylene group having 2 to 4 carbon atoms; q=1; 
and R is hydrogen. 

5. A process according to claims 1 Wherein the silanol 
functional polysiloxane (B) is a linear hydroxyl endblocked 
polydimethylsiloxane of degree of polymerisation 4 to 1000. 

6. A process according to claim 1 Wherein the silanol 
functional polysiloxane (B) is a linear hydroxyl endblocked 
polydiorganosiloxane containing methyl groups and 2 to 30 
carbon atom containing groups selected from the group 
consisting of alkyl groups, alkenyl groups, aryl groups and 
aralkyl groups 

7. Aprocess according to claim 1 Wherein the carboxylic 
acid (C) is substituted by an electron-Withdrawing moiety. 

8. Aprocess according to claim 7 Wherein the carboxylic 
acid (C) is selected from the group consisting of lactic acid 
and ?uoroalkanoic acids. 

9. Aprocess according to claim 1 Wherein the carboxylic 
acid is an aliphatic carboxylic acid having 6 to 20 carbon 
atoms. 

10. Aprocess according to claim 1 Wherein the amount of 
carboxylic acid (C) is such that the molar ratio of carboxylic 
acid groups of (C) to amino groups of aminosilane (A) is 
0.002-0.25:1 

11. Aprocess according to claim 1 Wherein the amount of 
silanol-functional polysiloxane (B) is such that the molar 
ratio of silanol groups of (B) to Si-bonded alkoxy groups of 
aminosilane (A) is 1.2-2.0:1. 

12. Aprocess according to claim 1 Wherein an alcohol is 
co-reacted With the aminosilane (A), carboxylic acid and 
silanol-functional polysiloxane 

13. Aprocess according to claim 12 Wherein the alcohol 
is an aliphatic alcohol having 8 to 30 carbon atoms. 

14. Aprocess according to claim 12 Wherein the alcohol 
is selected from the groups consisting of an ether alcohol and 
hydroxy-terminated polyethers. 

15. Aprocess according to claim 16 Wherein the carboxy 
lic acid (C) is selected from the group consisting of an 



US 2004/0210074 A1 

alkanoic acid having 1 to 3 carbon atoms and a hydroXy 
substituted carboXylic acid, and the alcohol is selected from 
the group consisting of linear alkanols having 2 to 4 carbon 
atoms and branched alkanols having 2 to 4 carbon atoms. 

16. A process according to claim 1 Wherein the conden 
sation reaction betWeen (A) and (B) is carried out at a 
temperature in the range 60-140° C. 

17. Aprocess according to claim 1 Wherein the aminosi 
lane (A), the carboXylic acid and the silanol-functional 
polysiloXane (B) are mixed With a surfactant and Water to 

form an emulsion, and the condensation reaction betWeen 

(A) and (B) is carried out in the emulsion, thereby forming 
an emulsion of an amino-functional polysiloXane. 

18. Aprocess according to claim 17 Wherein the aminosi 
lane (A), carboXylic acid, silanol-functional polysiloXane 
(B), surfactant and Water are mixed to form an emulsion at 

a temperature beloW 50° C. and the emulsion is heated to a 

temperature in the range 60-140° C. to effect the condensa 
tion reaction. 

19. A process according to claim 1 Wherein a material 
selected from the group consisting of Water and an alcohol 
endblocker is added to the reagents after a desired reaction 

time in order to quench the reaction. 

20. Aprocess according to claim 1 Wherein a non-reactive 
polysiloXane having a viscosity of less than 375 mPas is 
added to the reagents and reaction is continued in the 
non-reactive polysiloXane as diluent, thereby forming a 
solution of amino-functional polysiloXane in the non-reac 
tive polysiloXane. 

21. A process according to claim 20 in Which the non 
reactive polysiloXane is a cyclic polysiloXane having at least 
5 silicon atoms. 

22. A process according to claim 20 in Which the non 
reactive polysiloXane is a trimethylsilyl-terminated poly 
dimethylsiloXane. 
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23. An amino-functional polysiloXane of the formula 

H 

Where A, A‘, R and q are de?ned as in claim 2; Y is selected 
from the group consisting of substituted alkyl groups, 
unsubstituted alkyl groups, substituted aryl groups and 
unsubstituted aryl groups; Z and Z‘, Which can be the same 
or different, are each selected from the group consisting of 
substituted alkyl groups, unsubstituted alkyl groups, substi 
tuted aryl groups, and unsubstituted aryl groups; Wherein in 
each group X is selected from the group consisting of 
hydrogen, an aliphatic group and aliphatic groups containing 
one or more ether linkages, at least one group X being an 
aliphatic group having 8 to 30 carbon atoms; m=4-100; and 
n is 1-1000. 

24. An amino-functional polysiloXane according to claim 
23 Wherein 02-25% of the amino groups are in carboXylate 
salt form. 

25. A polysiloXane composition comprising a substan 
tially linear amino-functional polydiorganosiloXane having 
at least one group of the formula R—(NH-A‘)q-NH-A 
bonded to silicon, Wherein A and A‘ are each independently 
a linear or branched alkylene group having 1 to 6 carbon 
atoms; q=0-4; R is selected from the group consisting of 
hydrogen, alkyl groups having 1 to 4 carbon atoms, and 
hydroXyalkyl groups having 1 to 4 carbon atoms, and having 
a viscosity of at least 10 Pa.s, dissolved in a non-reactive 
cyclic polysiloXane having at least 5 silicon atoms and 
having a viscosity of less than 375 mPa.s. 

26. A polysiloXane composition according to claim 25 
Wherein the content of octamethyltetrasiloXane is less than 
0.25% by Weight. 


