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Aqueous Systems & Water-borne Silanes

Water-borne Silsesquioxane Oligomers
Functional Molecular Weight %

Code Group Mole % Weight in solution
WSA-7011 Aminopropyl 65-75 250-500 25-28
WSA-9911 Aminopropyl 100 270-550 22-25
WSA-7021 Aminoethylaminopropyl 65-75 370-650 25-28

WSAV-6511 Aminopropyl, Vinyl 60-65 250-500 25-28

NH2
δ+

H2C

H2C
CH2

Si
O

O
OH

H

OH

H2N
CH2

H2C

CH2

Si O Si

CH3

OH

O

CH2

CH2

H

OH

O

Si CH2

NH2
δ+

δ−

m n

δ−

Before most surface modification processes,
alkoxysilanes are hydrolyzed forming silanol-contain-
ing species.  The silanol-containing species are highly
reactive intermediates which are responsible for bond
formation with the substrate.  In principal, if silanol
species were stable, they would be preferred for surface
treatments.  Silanols condense with other silanols or with
alkoxysilanes to form siloxanes.  This can be observed
when preparing aqueous treatment solutions.  Initially,
since most alkoxysilanes have poor solubility in water,
two phases are observed.  As the hydrolysis proceeds, a
single clear phase containing reactive silanols forms.
With aging, the silanols condense forming siloxanes and
the solution becomes cloudy.  Eventually, as molecular
weight of the siloxanes increases, precipitation occurs.

Hydrolysis and condensation of alkoxysilanes is
dependent on both pH and catalysts.  The general objec-
tive in preparing aqueous solutions is to devise a system
in which the rate of hydrolysis is substantially greater
than the rate of condensation beyond the solubility limit
of the siloxane oligomers.  Other considerations are the
work-time requirements for solutions and issues related
to byproduct reactivity, toxicity or flammability.
Stable aqueous solutions of silanes are more readily pre-
pared if byproduct or additional alcohol is present in the
solution since they contribute to an equilibrium condi-
tion favoring monomeric species.  

Water-borne coupling agent solutions are usually
free of VOCs and flammable alcohol byproducts.  Most
water-borne silanes can be described as hydroxyl-rich
silsesquioxane copolymers. Apart from coupling, silane
monomers are included to control water-solubility and
extent of polymerization.  Water-borne silanes act as
primers for metals, additives for acrylic latex sealants
and as coupling agents for siliceous surfaces.

Profile for Condensation of Silanols to Disiloxanes

Hydrolysis Profile of Phenylbis(2-methoxyethoxy)silanol

pD (pH in D20)

glycidoxypropylsilanetriol

glycidoxypropylmethylsilanediol

aminopropyldimethylsilanol

E. Pohl et al in Silanes Surfaces and Interfaces ed., D. Leyden, Gordon and Breach, 1985, p481.

F. Osterholtz et al in Silanes and Other Coupling Agents  ed K. Mittal, VSP, 1992, p119

Relative Hydrolysis Rates of Hydrolyzable Groups
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