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Abstract: A new kind of latent curing agent (LCA) for epoxy resin was synthesized to improve the properties of epoxy 

sizing agent for high modulus carbon fiber by the reaction of ethylenediamine with butylacrylate in equal molar ratios, 

and the chemical structure and thermal property of the LCA were studied with FTIR and TGA, respectively. Moreover, 

LCA modified epoxy resin used as sizing agent for high modulus carbon fiber was studied. The results show that the 

wettability of sized high modulus carbon fiber tends to increase due to the increase of LCA content in sizing agent on the 

surface of the carbon fiber; while absorbability of sized high modulus carbon fiber tends to decrease; and drape of the 

sized high modulus carbon fiber which indicates the shaping effect of the fiber changes with the content of LCA, and 

interlaminar shear strength (ILSS) of the sized high modulus carbon fiber/epoxy composites is improved to 78MPa, which 

increased by 8.6% compared with the composites reinforced by high modulus carbon fiber with unmodified sizing agent, 

indicating that using LCA modified epoxy resin as sizing agent for high modulus carbon fiber is a feasible method to 

improve the interfacial performance of high modulus carbon fiber/epoxy composites. 
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1. INTRODUCTION 

 High modulus carbon fibers are widely used as 
reinforcement for advanced composite materials. As for 
composites, the resulting mechanical properties not only 
depend on the reinforcement and matrix materials but also 
have relationship with the interfaces between fibers and 
matrix, which are stated to be important in improving 
composites performance [1-4]. In order to achieve good 
adhesion between the reinforcement and matrix materials, 
carbon fibers are usually modified by surface treatment to 
enhance the physical and chemical properties of their surface 
such as wetting properties, bond forming possibility [5-9]. 
There are many methods, and polymer coating is one of the 
most basic methods of surface treatment for carbon fiber [5, 
10-12]. In this paper, a new kind of latent curing agent 
(LCA) for epoxy resin was synthesized, and epoxy resin 
modified with LCA was used as sizing agent for high 
modulus carbon fiber. During the sizing process, the LCA 
will release ethylenediamine and butyl acrylate, and 
ethylenediamine can react with functional groups of epoxy 
resin under the suitable temperature; meanwhile, linear butyl 
acrylate can cross-link into a network structure and cross 
with epoxy resin and improve the mechanical properties of 
epoxy. Therefore, there is a tough coating on high modulus 
carbon fiber which can toughen the composite material after 
curing, enhancing the capability of the carbon fiber and 
strength of interface between carbon fiber and matrix. 
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2. EXPERIMENTAL 

2.1. Synthesis of Latent Curing Agent 

 A 250-mL four-neck dry round-bottom flask equipped 
with a mechanical stirrer, thermometer, and a reflux 
condenser and a dropping funnel was used as a reactor. The 
reaction was carried out in a water bath with constant 
temperature. Absolute ethanol (30ml) and stoichiometric 
amounts of ethylenediamine (13ml) were charged into the 
reactor. While stirring, the mixture was heated to 60°C, 
followed by dropping butyl-acrylate (55ml) to the 
homogenized mixtures. When all of the butylacrylate was 
added into the reactor, the mixture was maintained at the 
temperature of 60°C for 3 hours until the smell of butyl 
acrylate disappeared. Total chemical reaction time was about 
7 hours [13]. The polymerization was detected by IR 
spectroscopy until no more –NH2 bands left. Synthetic route 
was successfully designed as follow: 
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2.2. Polymer Coating of Carbon Fiber 

 High modulus carbon fibers with elastic modulus larger 
than 420 GPa were placed under tension and passed through 
LCA modified sizing agent (concentration of 2% wt), then 
dried immediately in a hot oven to get sized carbon fibers. 

2.3. Characterizations 

 A Fourier transform infrared (FTIR) measurement was 
carried out on a Nicolet 8700 FTIR spectrometer to 
characterize the chemical structure of the synthesized LCA. 

 TGA that characterizes the thermal properties of LCA 
was carried out using a Q100DSCSYSTEM instrument at a 



Latent Curing Agent Modified Epoxy Sizing Agent for High Modulus Carbon Fiber The Open Materials Science Journal, 2011, Volume 5    105 

heating rate of 10°C/min from room temperature to 300°C 
under the N2 atmosphere. 

 Mass fraction of sizing agent on the surface of high 
modulus carbon fiber was studied: Carbon fiber samples 
with weight of 1g were put in soxhlet extractor, washed for 5 
hours. Make the weight of the carbon fiber that with sizing 
agent “m1”and the fiber that without sizing agent “m2”, then 
calculate the mass fraction of the sizing agent, m%. 

m% =
m1 m2

m1

100%  

 The wet ability of sized carbon fiber was tested by 
capillary effect. Carbon fiber samples with length of 20cm 
were fixed at one end, and the other end was dip into the 
methyleneblue solution (0.5% wt) with the length of 1 cm. 
After 30 min, the length of the color infiltration was 
measured [14]. The larger the length is, the better the 
wettability is. 

 The absorbability of sized carbon fiber was invested as 
follows: Carbon fiber samples that weigh 10g were put in 
oven with temperature 40°C, then weighed after 1hour, and 
heated to 110°C, then weighed after 2 hours and 5 hours. Let 
the weight of the carbon fiber before drying “w” and the 
fiber that dried “wd”, and then calculate the absorbability, 
w%. 

w% =
w-wd

wd

100%  

 The drape of sized carbon fiber (D) was studied by the 
method shown in Fig. (1) [15]: Carbon fiber(2) with length 
40cm was collected, then one end was fixed(1) and the other 
end hung an object (3) with weight of 100g for half an hour. 
Then the object was taken away and the sample was put on a 
plane table (4) and fixed (6). The sized carbon fiber (5) with 
length of 25cm would bend when the support was taken 
away, after two minutes; the value of “L” was measured as 
D. 

 

1-strap; 2-carbon fiber; 3-weight; 4- plane table; 5-carbon fiber; 6-

strap 

Fig. (1). The process to measure the drape of sized high modulus 

carbon fiber. 

 The sized high modulus carbon fibers and epoxy resin 
648 were used to prepare composites samples to measure the 
interlaminar shear strength (ILSS) of carbon fiber/epoxy 
resin composites, which was conducted with INSTRON5567 

universal testing machine according to the standards of GB 
3357-82. A total of 10 data points were collected and then 
averaged. The fracture surfaces of the samples were 
examined by scanning electron microscopy (SEM). 

3. RESULTS AND DISCUSION 

3.1. Chemistry Structure of LCA 

 Fig. (2) was the FTIR spectrum of ethylenediamine. 
Because –NH2 has two H with symmetric and asymmetric 
stretching vibration, so there are two peaks between 3500 cm

–1 

and 3100 cm
–1

. Fig. (3) showed the FTIR spectrum of LCA. 
Compared Fig. (2) with Fig. (3), it is found that there is only 
one absorption peak at 3312 cm

–1 
resulted from the 

stretching vibration of N–H groups. The absorbance at 2959 
cm

–1
 is due to the stretching vibration of saturated C–H 

groups, and the absorbance at 1733 cm
–1

 is caused by the 
stretching vibration of C=O groups of the saturated esters. 
And there is no C=C absorption peak which belongs to 
butyl-acryl ate. All these characteristic peaks reveal that 
synthesis of LCA is carried out as expect, resulting in sample 
with the desired chemical structure. 

 

Fig. (2). FTIR spectrum of ethylenediamine. 

 

Fig. (3). FTIR spectrum of LCA. 
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3.2. Thermal Properties of LCA 

 TGA curve of LCA was shown in Fig. (4). From the 
curve we can see the onset temperature of thermal 
degradation is about 174°C, belonging to the fracture of 
bond between ethylenediamine and butyl acrylate. So we can 
determine the sizing temperature which can fluctuate 
between 174°C and 178°C. Under the sizing temperature, 
LCA will decompose, releasing ethylenediamine and 
butylacrylate that can cure and toughen the epoxy resin, 
respectively. 

 

Fig. (4). TGA curve of the LCA. 

3.3. Mass Fraction of Sizing Agent 

 Mass fraction of sizing agent around carbon fiber was 
studied, and the results were shown in Table 1. It is clear the 
mass fraction of sizing agent increased with the increase of 
LCA content. As we all know, in order to ensure the strength 
of composite materials, the mass fraction of sizing agent is 
not too high, the better the combined effect is. If the mass 
fraction is too low, it can result in damages on cluster of 
fiber and wearability. So as to reduce the broken filament 
and be convenient in operation, the suitable rang is 0.5% ~ 
1.2%. From Table 1, we can see the mass fraction of sizing 
agent is appreciative when LCA content is lower than 20%. 

Table 1. Mass Fraction of Sizing Agent 

 

Latent Curing Agent Content % (wt)  Mass Fraction of Sizing Agent % 

5 0.8 

10 1.0 

15 1.0 

20 1.1 

50 1.4 

 

3.4. Wettability Analysis of Sized Carbon Fiber 

 The wettability data of sized carbon fiber were presented 
in Fig. (5). It can be clearly observed that the length of the 
color infiltration increased with the increasing content of  
 

LCA, and then reached a maximum value. With continually 
increasing the content of LCA, the length decreased. This 
result shows LCA modified epoxy sizing agent can increase 
the roughness of the fiber surface, resulting in increase of 
infiltration length. This also reveals the infiltration length is 
larger, and the wettability is better, also contact angle is 
smaller. When LCA content is larger than 20%, sized fiber 
surface will become compact due to excessive cross-linkage 
in cured epoxy resin, so the wettability decreased. 

 

Fig. (5). Infiltrating color length of sized high modulus carbon 

fiber. 

3.5. Absorbability Analysis of Sized Carbon Fiber 

 Table 2 showed the absorbability of sized carbon fiber. 
For high-performance carbon fiber and graphite fiber, the 
absorbability is usually between 0.03% and 0.05%, no more 
than 0.1%. If the absorbability exceeds 0.1%, the quality of 
carbon fiber or graphite fiber/polymer composites can be 
affected which can reduce the life-span of composites. 
According to Table 2, the absorbability decreased with the 
increasing content of LCA, and then reached a minimum 
value. So the agreeable content of LCA is 20% that can not 
only protect the fiber, but also reduce the absorbability to 
0.02%. 

Table 2. The Absorbability of Sized High Modulus Carbon 

Fiber 

 

Latent Curing Agent Content % (wt)  The Absorbability (%) 

5 0.10 

10 0.07 

15 0.03 

20 0.02 

30 0.04 

50 0.05 

 

 

 



Latent Curing Agent Modified Epoxy Sizing Agent for High Modulus Carbon Fiber The Open Materials Science Journal, 2011, Volume 5    107 

3.6. The Drape of Sized Carbon Fiber 

 The drape of sized carbon fiber can be used to indicate 
the shaping effect of fiber, and the result was shown in Table 
3. The greater the drape is, the more rigid carbon fiber is, 
while the smaller the drape is, the more flexible the fiber is. 
If D<5 cm, the sized carbon fiber is flexible, so it will easily 
bend and twist during the process of using after passing the 
roller. Under this condition, the fiber is difficult in partial 
splitting, resulting in uneven splitting. If D>12 cm, carbon 
fiber is rigid and difficult in splitting. Therefore, the feasible 
D is between 5 and 12 cm. From Table 3 we can see sized 
carbon fibers had different D with different content of LCA, 
but they were all in the range of 5 to 12 cm. 

Table 3. The Drape of Sized High Modulus Carbon Fiber 

 

Latent Curing Agent Content % (wt) The Draped, D (cm) 

10 11.7 

15 8.4 

20 6.8 

30 8.5 

50 10.5 

 

3.7. Interlaminar Shear Strength 

 Fig. (6) showed the change of interlaminar shear strength 
(ILSS) of composites from epoxy resin and sized high 
modulus carbon fiber with different LCA content. The 
change trend is similar to the wettability of sized carbon 
fiber. There is the maximum value (78MPa) of ILSS for 
carbon fibers/epoxy composites when the weight ratio of 
LCA to epoxy sizing is 20%. This may be attributed to the 
enhanced toughness and surface roughness of the carbon 
fibers. However, when the curing agent content is more than 
20% wt, the ILSS values decreased slightly, which may be 
due to the excessive cross-linking in the epoxy resin and less 
toughness. Fig. (7) showed the SEM images of the surface of  
 

sized carbon fiber and fractured surface of the composites. 
We can see that there is a film on the surface of carbon fiber. 
Each carbon fiber is embedded in epoxy resin, and very little 
fiber pull-out is observed. It means the adhesion between the 
carbon fiber and the resin is very strong. Thus, it reveals that 
LCA modified epoxy resin is a good sizing agent for high 
modulus carbon fiber to improve fiber-matrix interactions, 
contributing to higher ILSS. 

 

Fig. (6). Interlaminar shear strength of composites. 

4. CONCLUSIONS 

 Latent curing agent for epoxy resin has been synthesized 
from ethylenediamine and butylacrylate, which cures and 
toughens epoxy resin at temperature of 174  when used in 
sizing agent for carbon fiber. The surface activity of sized 
carbon fiber is enhanced by LCA modified epoxy sizing 
agent. When LCA content is 20 wt%, absorbability of sized 
carbon fiber is reduced to 0.02% and the suitable drape of 
carbon fiber is 6.8 cm. The surface wettability of sized 
carbon fiber is increased, and toughness of the interface of 
the carbon fibers/epoxy composites also is enhanced, leading 
ILSS of high modulus carbon fiber/ epoxy resin up to 78 
MPa. 

 

 

Fig. (7). SEM images of sized high modulus carbon fiber and epoxy resin composites. 
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