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1 Introduction 

Glass fiber reinforced polymer composites have 
been widely used in diverse applications for many 
years. They were often used in hostile environments, 
such as marine circumstance, alkaline conditions. 
Polymeric composites are susceptible to moisture 
and chemical substances when operating in certain 
kinds of environmental conditions. The structural 
integrity and lifetime performance of fibrous 
polymeric composites are strongly dependent on the 
stability of the fibers, polymer, and also the 
interfacial region between them. It is well known 
that chemical substances may lead to the degradation 
of fibers, matrix and interface. For instance, sea 
water can cause both swelling and plasticization of 
the matrix and debonding of the interface [1]. The 
alkaline solution had very strong corrosion effect on 
the glass fibers [2]. The interaction of moisture with 
the metal oxides in E-glass fibers leads to corrosion 
induced damage and thus results in reduced 
mechanical strength [3].  
It has been reported that when glass reinforced 
composites were immersed in water, the original 
voids or cracks in the material would be filled with 
water molecules gradually [4]. This would increase 
the weight of the specimen. Prolonged immersion 

would induce chemical reaction between the water 
molecules and the glass fibers as well as the matrix 
causing some elements to dissolve in water. This 
would cause the decline of the mass weight. The 
absorption studies on relative materials in literatures 
proved that diffusive and capillary processes were 
the main paths for composites to absorb moisture [5, 
6]. In addition, different aging conditions may also 
change the fundamental diffusion mechanism in 
both neat resin and composites [7-9]. The 
performance of interfacial region is also an 
important part in the degradation mechanism of 
composites. Dynamic mechanical analysis method 
was applied to investigate properties changes of the 
composites, and also the nature of the interfacial 
adhesion [10]. Therefore the effect of different aging 
conditions on the characters of the interface could be 
determined.   
In this paper, effects of chemical environment on the 
durability of glass fiber reinforced epoxy composites 
were investigated. Microstructures of glass fiber 
reinforced epoxy composites and moisture 
absorption were revealed. Interlaminar shear test and 
three point bending test were employed to study the 
effects of chemical environment on the durability of 
the composites. It was concluded that the durability 
of the composites were strongly dependent on the 
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chemical corrosion of glass fibers and moisture 
absorption of the composites. 

2 Materials and experiment  

The glass fiber textile and epoxy were used to 
fabricate the laminates in this study. Laminate 
composites were prepared by wet lay-up and 
autoclave processing technique.  In order to assess 
the durability of this system, an investigation was 
undertaken considering a number of exposures 
including immersion in three different solutions: 
deionized water, salt water, and alkaline solution. 
The response of the composites was determined over 
a 100-week period through moisture uptake 
measurements, mechanical characterization, and 
dynamic mechanical analysis. In addition, 
microscopic photos of the composites were obtained 
before and after the immersion. The samples were 
also analyzed by means of Fourier transform 
infrared spectroscopy (FTIR). This method enables 
identification of degradation products and estimation 
of the influence of glass fiber and polymer on 
chemical degradation of the studied composites. 

3 Results and discussion  

3.1 Moisture absorption  

The amount of water absorption by the composites 
was calculated according to the following equation. 

               %100% ×
−

=
d

dw

m

mm
W                  (1) 

where dm  and wm  is the dry and wet weight of the 
specimen, respectively. 
Absorbed water might have adverse effect on the 
performance of the materials. The moisture will 
cause progression of delamination between layers. 
The moisture absorption capability of the composite 
immersed in three different kinds of solutions is 
shown in Fig.1. In the first stage, the curve obeys the 
Fick’s law, weight gain went up gradually over time 
until reached the balance value. In the second stage, 
moisture absorption of the composite in all three 
conditions decreased due to the interaction of glass 
fiber and H2O, which gave the production of SiO2, 
and the chemical reactions are shown in Equations 
(2) and (3). And also in the second stage, weight 
gain in the alkaline solution was higher compared to 
the other two. It’s due to glass fiber is sensitive to 
the alkaline environment, chemical reaction between 

glass fiber and NaOH, is shown in Equation (3). The 
surface of the fiber was damaged, and the pits on the 
rough surface were filled with water. This could be a 
new pathway for water absorption. On one hand, the 
weight decrease of specimen was due to the Si-OH 
and SiO2, which were separated out from the 
material; on the other hand, the weight increase of 
specimen was due to the water absorbed through the 
new pathway.  
Compared to the weight changes of the pure matrix 
aging in the same conditions (Fig.2), corrosion of 
glass fibers by H2O and alkali iron was an important 
factor resulted in the moisture uptake behavior of the 
composite, which can be proved using the Fourier 
transform infrared spectroscopy (FTIR). Three kinds 
of solutions which the specimens immersed in were 
collected as the FTIR samples. The spectra of three 
solutions were obtained using the attenuated total 
reflectance (ATR).  

 Fig.1 Weight gain of glass fiber composites 
 

 Fig.2 Weight gain of epoxy 

0

2

4

6

8

0 30 60 90 120 150

W
ei

gh
t G

ai
n[

%
]

Time1/2[h1/2]

alkaline solution

saline solution

deionized water

0

2

4

6

0 30 60 90 120 150

W
ei

gh
tG

ai
n[

%
]

Time1/2[h1/2]

alkaline solution
saline solution
deionized water



 

A
c
th
o
b
O
1 
A
fi
e
It
u
a
w
u
h
m
fi
p
s
p
m
 

 

  

Solution 

Alkali 
Saline  

Deionized 
water 

As the resul
contained Si-
he alkaline 

observed by 
band at 1012 
OH. Furtherm

for N-H dem
All these fac
fibers and 
environments
t should be

uptake levels
all these so
whereas for 
uptake perce
higher than th
might be prim
fibers and t
particles in 
urface of gl

played a rol
moisture [11]

 d
 s

4000 3500

T
ra

ns
m

is
si

on
[%

]

 a

Fig.3 FT

Maxi
u

ts shown in
-O-Si, and a

solution. T
the appear

cm−1 for Si-
more, the app
monstrated th
cts showed 

epoxy we
s, especially 
e noted tha
 for pure epo
lutions wer

composite,
entage in al
hat in the oth
marily due to
the alkali su
the compos

lass fibers, b
le in separa
].  

deionized water solu
aline solution

0 3000 2500
Wa

alkaline solution

TIR of the com

Table 1
Co

imum moistur
uptake(%) 

5.75  
3.18  

3.95  

n Fig.3, all 
also Si-OH w
The fact co
rance of the
-O-Si, and 13
pearance of b
he degradatio
that the stru
ere destroy
in alkaline s

at the maxi
oxy specime
e about eq
, the maxim
kaline solut
her two envi
o the reaction
ubstances. A
site were tr
becoming a 
ating the fi

ution

0 2000 150
 ave[cm-1]

1381cm

mposites aging

  18TH INTE

 Experimenta
omposite 

re Co

these solutio
was detected
ould be eas
e characteri
381 cm-1 for 
band at 871 c
on of the mat
ucture of gl
yed in th
olution. 
mum moist

ens immersed
qual (Table 
mum moist
tion was mu
ironments. T
n between gl
And the Na
rapped on 
coating, wh

ibers from 

0 1000 500

m-1

1012cm-1

g for 2 yeas 

ERNATIONA

al characteristi

oefficient of 
diffusion 
(mm2/s) 

9.06×10-4 
5.63×10-4 

7.57×10-4 

ons 
d in 
sily 
stic 
Si-

cm-

trix. 
lass 

hese 

ture 
d in 
1), 

ture 
uch 

That 
lass 
aCl 
the 

hich 
the 

0

 

   

   

Th
Fig
sub
gla
com
tha
cor
alk
 

im

3.2

Int
tes
for
str
du
com
int
fro
the
cau
cau
she

AL CONFERE

ics of moistur

Maxi
u

    
HOSi

|

|

−
+−−

   
SiOSi

|

|

|

|

−−−

he microstruc
g.4, which 
bstantial cor
ass fiber age
mpared to t
at significan
rrosion of 
kaline solutio

Fig.4 Micro
mmersion in s

2 Interfacial

terlaminar pr
sted in this e
r the materia
rength decre
ue to the ex
mposites, w
terface betwe
om the figure
e solution ty
using the m
using the m
ear perform

ENCE ON C

e uptake 

imum moistur
uptake(%) 

4.72  
4.30  

4.66  

SiOH
|

|
2

−⎯→⎯

OHi −
−⎯→⎯+−

ctures of the
indicated 

rrosion on gl
ed in saline 
those in alka
nt strength 
glass fiber

on. 

structure of gl
saline solution

solut

l performan

roperties bef
experiment, 
al. During th

eased rapidly
xistence of 

which weake
een the fiber 
e that there w
ype, the alk

maximum red
minimum redu
mance. In 

OMPOSITE

Epoxy 

re Co

OHOHi −
+−

SiOHSi
|

|

|

|

−+−

e composites
that alkali 

lass fibers. T
solution was
aline. The re

loss was 
r surface, 

lass fiber com
n; (b) immersi
tion 

nces 

fore and afte
Fig.5 presen
he initial sta
y after the w

water mole
ening the pe

and matrix. 
were differen

kaline solutio
duction and t
uction in the
the second

 MATERIAL

oefficient of 
diffusion 
(mm2/s) 

8.7×10-4 
6.72×10-4 

7.24×10-4 

−                (

O −
−

          (

 are shown i
resulted i

The surface o
s rather inta
esults showe

due to th
especially i

mposites: (a) 
ion in alkaline

er aging wer
nts the resul
age, the shea
water uptak
ecules in th
erformance o
It can be see
nces based o
on immersio
the salt wate
e interlamina
d stage, n

LS 

(2) 

(3) 

in 
in 
of 

act 
ed 
he 
in 

 

e 

re 
lts 
ar 

ke, 
he 
of 
en 
on 
on 
er 
ar 
no 



 

 

significant differences were observed among the 
three solutions.  At the end of the entire duration, the 
ILSS value in the saline solution was slightly higher 
than the others, as shown in Fig.5.  

Fig.5 Interlaminar shear strength of the composites 
 
Dynamic mechanical analysis can be used to study 
the performance of material over a wide range of 
temperatures. It is an effective method to measure 
the viscoelastic properties of FRP composites, most 
commonly the glass transition temperature Tg. In this 
study, the peak value of tanδis selected as Tg of the 
material. 
The glass transition temperature Tg of glass 
fiber/epoxy composites had a slight drop at the 
beginning of the environmental exposure but 
increased gradually over time until it decreased 
again, as illustrated in Table 2. 
Interface plays an important role in physical and 
mechanical properties of composites. Chemical 
degradation would lead to poor interfacial 
performances. According to Luis Ibarra’s theory 
[10], the interface factor is defined to describe the 
bonding level of the interface, as shown in Equation 
(4), where mx )(tan maδ and c）（ maxtanδ represent the 
glass transition temperature (Tg) of the pure matrix 
and composite, respectively. fV  represents the 
volume fraction of fibers in the composite, which is 
65% in this study. The smaller of the value ‘A’ is, 
the stronger the interfacial bonding will be. The Tg 
value of aged pure matrix and composites are listed 
in Table 2 and 3. According to Equation 4 and the 
values listed in Table 2 and 3, the changes of 
interface factor were revealed in Fig.6. The results 
showed that in the initial stage, interface property in 

the saline solution was stronger than others. After 72 
weeks, the interface factor in the deionized water 
presented the lowest value. Also, the interlaminar 
performances were getting worse through time in all 
these solutions. The changes of interfacial properties 
did correspond with the interlaminar performances. 
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Table 2 Tg of composites changing with time [℃] 
Aging 

time[weeks]
Deionized 

water 
Saline 

solution 
Alkaline 
solution 

0 70.31 70.31 70.31 
24 77.98 60.78 73.96 
72 84.95 80.03 72.90 

104 62.00 65.24 57.05 
 

Table 3 Tg of pure matrix changing with time [℃] 
Aging 

time[weeks]
 Deionized 

water 
Saline 

solution 
Alkaline 
solution 

0 98.39 98.39 98.39 
24 83.80 67.16 76.15 
72 84.23 84.08 75.26 
104 61.55 63.63 56.00 

 

Fig.6 Interface factor of the composites 

3.3 Flexural properties 

Changes of flexural properties are given in Fig.7 and 
8. After 72-week duration, the failure mode changed 
from fiber damage to delamination. And flexural 
strength of specimen in the deionized water was 
much lower than that of the other two solutions. The 
chemical reaction of the alkali and glass fiber leaded 
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to the production of Si-OH, which may remained at 
the interfacial region, enhanced the friction of fiber 
and matrix. The relative motion was more difficult 
between fibers and matrix, thus, the interfacial 
performance was relatively better.  
Flexural modulus was slightly affected by the 
environment at the initial stage, according to the 
results obtained (Fig.8),  after aging for 100 weeks, 
modulus in the saline environment almost reached to 
the original value. 
Changes in the mechanical properties were 
correlated with the level of the moisture uptake and 
the extent of the corrosion. Corrosion of glass fiber 
at the initial stage of composites degradation was 
observed. Further degradation was dependent on the 
interlaminar performance of the composites. 

Fig.7 Flexural strength of the composites 

Fig.8 Flexural modulus of the composites 

4 Conclusions  

Durability of glass fiber reinforced composites was 
strongly affected by the chemical corrosion of fibers 

and the moisture absorption of the material. The 
water absorption curves for composites were 
different from the pure epoxy primarily because of 
the reaction between glass fibers and the chemicals. 
The interfacial region was severely damaged after 
100-week duration. The degradation of the fiber, the 
matrix and the interface caused by the chemical 
solution contributed to the deterioration of the 
mechanical performances of glass fiber reinforced 
composites. 
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