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Abstract

The preparation of aqueous sizing agent was carried out using different types of epoxy resin

(E-51, E-44, E-20, E-14). The effect of different types of epoxy resin on the performance of

sizing agent was studied experimentally. The experimental results show that under the same

experimental conditions, when the E-20 epoxy resin can not be used to form a stable uniform

emulsion, the rest can form nano-grade aqueous emulsion. The performance of E-20 sizing

agent in particle size and particle size distribution, stability, viscosity and number average

molecular weight is much closer to that of Japanese AK-8 sizing agent than E-51 and E-44

sizing agent.

1 INTRODUCTION

Carbon fiber due to its light weight and good mechanical strength received a wide range of

applications, mainly for aerospace, sports and other general areas, and most of the matrix

resin to form composite materials to use[1-3]. Carbon fiber refers to a fiber bundle shape

made into thousands of fine fibers, and a carbon fiber sizing agent is used in order to maintain

the shape of the fiber bundle. For the sizing agent will require the fiber bundling performance

and fiber performance are excellent. And because the carbon fiber bundles in the production

process due to mechanical friction and produce hair problems, a direct impact on the

mechanical properties of carbon fiber bundles, therefore, for the carbon fiber sizing agent has

to curb the requirements of wool.

Japan's Toary company and other carbon fiber company developed carbon fiber sizing agent

and its production of carbon fiber to adapt to each other, which greatly enhanced the carbon

fiber and its composite materials prepared by the performance. Therefore, the sizing agent at

home and abroad to become the carbon fiber production company's technical high ground, is

the key to the preparation of carbon fiber composite materials. But its recipe belongs to the

secrets of each country, the article rarely mentioned.

Carbon fiber sizing agent models are solvent and emulsion type[4]. As the solvent-based

sizing agent is not safe and environmentally friendly, uneven slurry and other shortcomings,

so gradually replaced by emulsion-type sizing agent. To this end, this paper uses self-made

ester modified different types of epoxy resin, to explore the prepared water-based sizing agent

performance. And according to the performance of the development of the best near Japan

AK-8 sizing agent.

2 EXPERIMENT



2.1 Experimental equipment and raw materials

Laboratory equipment: collector temperature heating magnetic stirrer, electronic balance,

vacuum drying oven, gel permeation chromatography, particle size distribution instrument

(Nano-ZS), Fruux Fisco-1L reactor, FA28 high-speed shear emulsion Machine, excellent

Leibo heating refrigeration cycle, thermometer, peristaltic pump, PH meter

Experimental Materials: E-51, E-44, E-20, E-14 (Shenzhen Jiadida Chemical Co., Ltd.),

DER736 (Shanghai Zhengxing International), emulsifier OP-10 (Jiangsu Haimen

Petrochemical Factory ), Ester compounds (homemade), deionized water (homemade)

2.2 Preparation of Emulsion

First, an ester compound (stand-by) is prepared by means of a thermostatically heated

magnetic stirrer.

Preparation of Waterborne Epoxy Emulsion: The heating and cooling cycle was heated to

90 ℃ , and the self-made ester was reacted with epoxy resin at this temperature for half an

hour. Then, a certain amount of emulsifier OP-10 was added for 15 minutes. Add DER732for

5 min. Next, the heating and cooling cycle was set to 40 ℃ , and dropping deionized water

was dropped at this temperature with a peristaltic pump to obtain a pan-blue aqueous

emulsion.

2.3 performance testing

Determination of the solid content of the emulsion: take about 1g of the emulsion sample 10

copies in 105 ℃ vacuum drying oven drying 3h, calculate the solid content of each emulsion,

whichever is the average.

Determination of emulsion PH: take 100ml emulsion 3 copies were placed in 250ml beaker,

measured with PH meter PH, take the average.

Emulsion storage period: take 50ml emulsion in the bottle, standing at room temperature,

observe the changes in the emulsion.

Determination of Particle Size and Distribution of Emulsion: Determination of Particle Size

and Distribution of Emulsion by Malvern Zatasizer Nano ZS Particle Analyzer

Determination of Molecular Weight and Molecular Weight Distribution of Emulsion:

Determination of Molecular Weight and Distribution of Products by Gel Chromatography

Determination of viscosity after drying: After drying the moisture in the emulsion at 120 ℃,

the viscosity was measured at 40 ℃ and 60℃ using a viscometer, and the average was

measured three times

3 EXPERIMENTAL RESULTS AND DISCUSSION

3.1 Different types of epoxy resin on the basic performance of the emulsion

The size and distribution of the size of the sizing agent have a decisive effect on the chemical



reactivity and stability of the emulsion. Generally speaking, emulsions with a particle size of

less than 2.5 μm exhibit pan blue. In this experiment, a pan-blue emulsion was prepared by

selecting different epoxy resin models and compared with Japanese AK-8 in particle size,

particle size distribution and pH.

Table 1. Basic properties of sizing agent.

From the experimental results, it can be seen that the particle size of the emulsions prepared

by different types of epoxy resin increases with the increase of the molecular weight of the

epoxy resin under the same experimental conditions and the same solid content, and the

distribution width With the increase in the molecular weight of the epoxy resin. When the

epoxy resin with the molecular weight of E-14 was selected, it was impossible to prepare

uniform and stable emulsion. Compared with Japanese AK-8, E-51, E-44 type epoxy

emulsion in the particle size and particle size distribution advantages (especially E-51 type),

but E-20 type epoxy emulsion and AK-8 more Close to. In the PH value, AK-8 slightly

alkaline, and the experimental production of epoxy-type emulsion is basically close, more

biased towards neutral.

3.2 Different types of epoxy resin on the stability of sizing agent

In order to reflect the stability of different types of epoxy resin, after 150 days at room

temperature after the observation of its state.

Name Solid content/% Particle size/nm
Distribution

width
PH

AK-8 40.80 76.99 23.25 7.5

E-51 42.01 50.76 17.46 6.93

E-44 42.13 67.29 22.96 6.95

E-20 42.41 76.58 27.60 6.92

E-14 Layered, did not form a uniform sizing agent

Time/d E-51 E-44 E-20 E-14

10 Not stratified Not stratified Not stratified

Layered, did not

form a uniform

sizing agent

50 Not stratified Not stratified Not stratified

100 Not stratified Not stratified Not stratified



Table 2. Study on the stability of sizing agent

From the experimental results, it can be seen that under the same experimental conditions and

the same solid content, the stability of the emulsion will be different due to the different

choice of epoxy resin. When the E-14 type epoxy resin is selected, a uniform and stable

emulsion can not be formed. Other models of epoxy resin in the 150d long time after the

release did not appear precipitation, is still a pan blue light emulsion, which its application in

the industry have some help.

3.3 Different types of epoxy resin on the viscosity of the emulsion after drying

In order to simulate the cluster on carbon fiber applications, different types of epoxy resin

emulsions were dried at 120℃ and then cooled to room temperature to measure their

viscosity at 40 ℃and 60 ℃.

Table 3. Viscosity characterization of sizing agent after drying

From the experimental results, it can be seen that under the same experimental conditions and

the same solid content, the change of the molecular weight of the epoxy resin will lead to the

change of the viscosity. When using E-20 epoxy resin to prepare the emulsion, its viscosity at

the same temperature and AK-8 is closer, the remaining models are less than AK-8 viscosity

value.

3.4 Different types of epoxy resin on the emulsion molecular weight and molecular

weight distribution

The molecular weight and its distribution were analyzed according to the gel permeation

chromatogram of the polymer product.

150 Not stratified Not stratified Not stratified

Name 40℃/cps 60℃/cps

AK-8 140000 20000

E-51 50000 9000

E-44 100000 14000

E-20 160000 26000

E-14
Layered, did not form a uniform sizing

agent



Figure 1. Sizing agent gel permeation chromatography

Table 4. Molecular weight of the product and its distribution

The results showed that the number average molecular weight and distribution of E-51 and

E-44 emulsion products were similar, and the number average molecular weight of E-20

emulsion product was higher than that of the other two models, but the polydispersity index

also increased The The results show that the number average molecular weight and

polydispersity index will increase with the increase of molecular weight of epoxy resin.

Compared with AK-8, E-20 emulsion product number average molecular weight closer, but

its polydispersity index has a relatively large difference.

4 CONCLUSION

From the study of this experiment we can see that we choose different types of epoxy resin

for sizing agent preparation. Due to the different choice of epoxy resin model will lead to the

performance of the sizing agent there are some differences. The E-20 emulsion is closer to the

Japanese AK-8 sizing agent than the E-51 and E-44 emulsions in particle size and particle size

Name Mn Mw
Polydispersity

index

AK-8 5000 7000 1.427

E-51 3700 5000 1.699

E-44 3500 5700 1.592

E-20 4000 8000 1.889

E-14 Layered, did not form a uniform sizing agent



distribution, stability, viscosity and number average molecular weight.
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