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You’re in the Industry

• What causes gel 
coats to blister?

• Do all composite 
boats blister?

• How can I fix it ? 

• Can you confidently 
answer?
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Blisters are caused by Osmosis
Osmosis is the movement of 

water through a semi-
permeable membrane to 
equalise concentration.

WSM’s

Semi-permeable
Membrane Water

= Water soluble materials (WSM’s)
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Semi-Permeable Membrane = 
Gelcoat

Allows small small water 
molecules to pass through 
it BUT, does not let large 
water soluble materials 
(WSM’s) out.
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Blister formation
WSM’s are in the laminate

Gelcoat won’t let the WSM’s out.

Water flows into the laminate.

Resultant pressure causes gelcoat to detach from the 
laminate – Blisters form

Laminate +    WSM’s Gelcoat 
Water

WSM’s

Semi-permeable
Membrane

Water
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Do all Composite Boats Blister?

Epoxy boats do not blister
It is nearly unheard of for a Vinyl Ester boat 

to blister
Gelcoat blistering primarily occurs in 

polyester boats. WSM’s

Semi-permeable
Membrane Water
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Water Soluble Materials - WSM’s
Where do WSM’s come from ? 

– Water soluble glass binders
– Foreign contaminants eg sanding dust, dry spray, salt 

spray

There must be another source…

WSM’s

Semi-permeable
Membrane Water
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Polyester Cooking
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Unreacted soluble diols and diacids remain in 
the system.
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Hydrolysis

Within your cured laminate water can break down PE resin.
Water attacks ester groups turning them back into diols and 
diacids. This reaction is termed hydrolysis.
Hydrolysis is normally extremely slow. 
Reaction is accelerated by acid

-O-C-

=O =

-C-O-
O =O

-O-C-

=

-C-O-
O

Polyester

Water

+

Diol -OHHO- -OH-OH Di-AcidHO-C-

=O =

-C-OH 
O

Water Soluble                                         Slightly soluble/Insoluble

© ATL Composites Pty Ltdchris.cranitch@atlcomposites.com



© ATL Composites Pty Ltd

Epoxy Resin

CHCH 

O O

OCH CH2

CH3

CH3

CH2

CH3

CH3

C

OH

n=1..

C CH22CH CHCH22 O OO

Vinylester

O

CC C O CHCH 

OH

OCH CH2

CH3

CH 3

CH2

CH3

CH3

C

OH

n=1..2

C CH22CH CHCH22
O OO

OH

O

O

C C C

HydrolysableHydrolysable

Hydrolysable Groups

Isophthalic Polyester

O

O O

OC C C C

n=3..6

OHCCCCHOC

O O O O

OO C CO C CCCC

© ATL Composites Pty Ltdchris.cranitch@atlcomposites.com



WSM’s Source

The major source of WSM’s in polyester 
resins is the components of the resin 
themselves.

• Unreacted Diols and Di-acids from the 
suppliers cooking process

• Diols and Diacids formed as a result of 
hydrolysis of polyester resin in your 
laminate. 
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Quality Practices - WSM’s 

Poorly cured PE results 
in increased WSM’s  
eg Inhibited resin, 
incorrectly cured 
resin, concentrated 
catalyst  

WSM’s

Semi-permeable
Membrane Water
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Permeability 
The faster water enters the laminate 

the faster WSM’s are created and 
the sooner blistering will begin.

Factors:

– Thickness of the gelcoat
– Amount of laminate voids

– Temperature
WSM’s

Semi-permeable
Membrane Water
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How serious is it ?

Not just cosmetic

The PE resin is progressively being dissolved hence 
laminate is losing strength

Laminate +    WSM’s Gelcoat Water
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Prevention Options
• Eliminate WSM’s 

– Use Epoxy resin – Does 
not hydrolyse

– VE resin – Very low rate 
of hydrolysis

• Eliminate water –Day 
boats, dry dock, hard 
stands etc…

• Protect PE resin from water 
ingress with a VE tie-layer.

WSM’s

Semi-permeable
Membrane Water
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PE With a VE tie-layer
• VE has low water permeability and a low rate of 

hydrolysis.
• A VE tie-layer slows the movement of water into 

the PE laminate.
• VE must be applied to a certain thickness to be 

effective.

WSM’s

Semi-permeable
Membrane Water

PE Laminate         VE Tie-layer
With WSM’s Gelcoat
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Blistered Hull Repair

Assess the severity 
2 options:

– Minor Repair
• Small number of 

blisters <10mm
• Rapid localised repair
• Cheap repair

– Major repair
• Blisters cover >10% of 

the surface
• Removal of gelcoat and 

compromised laminate.
• Expensive repair
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Minor Repair Process

• Locally grind out the 
blisters

• Wash the blister with 
alcohol to remove 
WSM’s

• Fill the void with 
thickened epoxy

• Sand
• Paint
• Monitor
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Minor Repair
A minor repair makes sense 

when the extent of the 
problem is unknown:

• There are only a few small 
blisters

• The boat has not blistered 
previously

Monitor hull closely
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Major Repair 

A badly blistered hull is 

– Wet
– Partially hydrolysed

– With a high WSM
content
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Correction Objectives

• Remove compromised 
laminate
– Reduced strength
– Porous
– High WSM content.

• Remove the water from the 
laminate

• Install an effective water 
barrier to slow migration into 
the laminate

WSM’s

Semi-permeable
Membrane Water
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Remove Compromised Laminate 

Options 

• Gelcoat peelers
• Grinding

• Shot blasting
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Dry The Laminate/Hull

If water is left in the 
laminate it will 
continue to 
hydrolyse the PE 
resin causing 
blisters to reoccur.

Goal is to achieve 
consistent moisture 
content readings of 
2-3%. 
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Dry The Laminate/Hull
• Passive drying: 

Dependant upon ambient 
temperature and humidity –
Many weeks to months.

• Active drying:
Tape a plastic skirt around the 
hull or completely tent. Use 
heaters and dehumidifiers. Dry 
in as quickly as 2 weeks at 
37°C with dehumidifiers.

How long this process takes is 
dependant upon starting hull 
moisture content and 
conditions used to dry.
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Remove Surface WSM’s 
• As the hull dries WSM’s 

eg salts, diols and acids 
will migrate to the 
surface.

• Once the hull has 
reached a low moisture 
reading the surface must 
be washed with fresh hot 
water

• Repeat three or 4 times
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Barrier 
Coatings

No coatings are 
perfect water 
barriers

After 6 weeks @ 
90%Humidity

West Epoxy:
82% Exclusion
Vinyl Ester:
65% Exclusion
PE:
30% Exclusion
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Moisture exclusion
• How well a water barrier works is 

dependant upon its film thickness 
• Must achieve a thickness of at least 600 to 

800 microns. 
• A minimum of 4-6 coats of epoxy
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Osmotic Blister Re-occurrence
3 common reasons

– Compromised 
laminate high in 
WSM’s not 
removed

– Laminate not 
allowed to 
sufficiently dry 

– Insufficient 
thickness of barrier 
coating applied

WSM’s

Semi-permeable
Membrane Water
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You’re in the Industry

• What causes gel 
coats to blister?

• Do all composite 
boats blister?

• How can I fix it ? 

• You can confidently 
answer.
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What Causes Gelcoats to Blister?

Gelcoats blister due to 
osmosis which is 
water being drawn 
through the gelcoat by 
water soluble 
materials (WSM’s) in 
the laminate

WSM’s

Semi-permeable
Membrane

Water
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Do all composite boats blister?
– NO.
– Gelcoat blistering is a problem in boats with 

unprotected polyester laminates due to hydrolysis.
– Most of today’s PE boats for constant immersion have 

a protective tie-layer of vinyl ester behind the gelcoat
– Epoxy resin does not hydrolyse hence, epoxy boats 

do not blister
– Vinyl ester boats have a very low rate of hydrolysis, 

hence do not blister.  

Hydrolysis
WSM’s

Diol +   Diacid Polyester    +     Water
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How can I fix it?

Minor repair
• Grind out blisters 
• Wash
• Fill voids with thickened epoxy
• Monitor

Major Repair
• Remove gelcoat and compromised laminate
• Dry the hull to 2-3% moisture content
• Wash the surface
• Install a new water barrier coat

WSM’s

Semi-permeable
Membrane

Water
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Questions:

WEST SYSTEM EPOXY

Chris Cranitch
Technical Manager
ATL Composites
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