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Today, there is a steady trend in the use of carbon fiber-reinforced plastics in the aerospace and defense 

industries, mainly based on using pre-impregnated semi-finished products - prepregs. Producing carbon fiber 

parts from prepregs often requires a long manufacturing time, during which the prepreg must maintain its 

performance properties. Therefore, one of the main characteristics of prepreg is its viability. This work developed 

a suitable resin composition with optimized properties and a methodology for studying the viability of prepreg 

samples, based on determining the stickiness and degree of curing of the prepreg depending on storage time. The 

influence of prepreg storage time on the strength characteristics of cured laminates was studied. Prepreg samples 

with long-term viability of up to 60 days were obtained. The experimental data obtained are of practical 

significance in the industrial production of carbon fiber products, as they establish a connection between the 

performance properties of the prepreg and storage time. 
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1. Introduction  

 
The use of carbon fiber materials is growing more urgent in the aviation and aerospace industries. 

Compared to conventional structural materials in the form of metal alloys, carbon fiber-reinforced plastics 

provide the high-strength/weight ratio. The specific strength of carbon fiber reinforced plastic reaches up to 

53-112 km, aluminum alloys up to 21 km, steels up to 27 km, titanium alloys up to 28 km [1-5].  

The present-day production of aerospace products from carbon fiber-reinforced plastics is mainly based 

on prepreg technology. The core of this technology is to obtain a pre-impregnated reinforcement fiber by the 

system of thermally-reactive matrices- prepreg. The use of prepreg provides an opportunity to obtain the 

large-sized parts and guarantees a stable and good quality of product. However, this technology results in 

long production cycles. The manufacture of composite parts from prepregs often requires time for laying and 

preparation over several days or even weeks, during which the chemical reactions after completion of which 

the prepreg loses all of its performance properties take place in the prepreg, that adversely affect the strength 

properties of the final prepreg product. Therefore, one of the main characteristics of prepreg is its viability. 

The viability of prepreg is the preservation of its technological properties (adhesiveness, drapability) 

during storage until processing (from several days to several months) [6-8]. As evidenced by analysis of 

scientific publications and patents, viability of the prepreg directly depends on the type of hardeners used. 

The use of anhydride hardeners makes it possible to obtain prepregs with viability of up to 5 days, hardeners, 

binders with aromatic amine hardeners diaminodiphenylsulfone and dicyandiamide have the greatest 

viability of up to 360 days [9-12].  

In this study, a resin composition suitable for prepregs with optimized properties for prepreg production 

was developed. It is expected that change in the adhesiveness of prepreg due to aging will be its main 

disadvantage, which directly affects the quality of manufacture and the final mechanical properties. The 

works [13-17] contains the studies of the effect of prepreg storage time on physical properties, such as 

adhesiveness, degree of cure, volatile matter content, jelling time, viscosity, establish a good correlation 

between storage aging time when stored and conversion in curing, which indicates a decrease in the 

generated reaction heat, fluidity, and increase in the degree of curing, viscosity. However, the prepreg 
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composition is often not reported, that is crucial for a substantial understanding of the prepreg properties 

dependence on storage time. 

Furthermore, most references indicate a change in adhesiveness, but there is still insufficient data on the 

effect on laminate quality [18-20], there is no generalizing disadvantage of changing prepreg properties in 

the literature.  In that regard, the study of mechanical properties and quality of laminates depending on 

viability is of high research interest.   

The purpose of work is a study of prepregs viability based on epoxy resin with aromatic amine hardener 

to assess manufacturability and determination the dependence of adhesiveness, degree of cure and 

mechanical properties on the prepreg storage time. 

 

2. Experimental procedure  
 

The prepregs used in the study have been obtained by impregnating a one-directional carbon woven 

reinforcing filler 12K-300-230 with an epoxy binder with the following composition: 100 weight parts 

modified epoxy-diane resin; 20 weight parts aromatic amine hardener 4,4'- diamino diphenyl sulfone, 10 

weight parts plasticizer tricresyl phosphate [21-24].  

The epoxy resin and hardener were loaded into a 300 ml beaker and combined under intensive stirring 

at 500 rpm and 100 °C in a magnetic stirrer for 30 minutes, then a plasticizer was added to reduce the 

viscosity. The components were mixed until a homogeneous mass was obtained.  

The prepreg impregnation was performed on a laboratory prepreg preparation unit (Figure1), by passing 

the carbon fabric through the binder bath heated to a temperature of 60 °C while pulling the fabric at a speed 

of 0.5 m/min. The prepreg samples with a fabric/resin ratio of 65/35 have been obtained (Figure 2). 

Ingredient control the mass ratio of fabric to resin in the prepreg is adjusted by changing the thickness of the 

gap between the squeeze rollers to remove excess resin from the impregnated fabric. Fabric wetting width 

300 mm. The ratio 65/35 was obtained with a gap thickness of 0.3 mm. 

 

 
 

Fig.1. Laboratory unit for preimpregnation 
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Fig.2. Roll of experimental prepreg sample (а), experimental prepreg sample (b) 
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There is no standard method for determining the viability of prepregs, therefore, this article discusses 

various methods widely used in the global industry. The viability of prepreg samples has been determined by 

evaluating its adhesiveness, degree of cure, and strength characteristics of cured prepreg laminates. The 

samples were stored at room temperature 25 ± 1 °C. The prepreg samples have been aged under ambient 

conditions and tested periodically.  The adhesiveness s is an important feasture of prepreg, the loss of which 

indicates the expiry of its viability time.  

The sounding method was used to measure adhesiveness. The adhesive capacity of the material to the 

surface of the probe was determined under the ASTM D2979 standard [25]. The sample tests for 

adhesiveness have been performed on a texture/mechanical properties analyzer with TA. XTplus Stable 

Micro Systems sensitive force sensor. A diagram of measuring is shown in Figure 3. 

 

 
 

Fig.3. Scheme of measuring the adhesiveness of prepreg samples 

 

The principle of this method is measuring the adhesiveness of adhesive-like materials, which include 

epoxy prepregs using a probe that separates under driving force the prepreg (adhesive) from the cylinder 

(substrate). The adhesiveness was measured as follows. The test sample was placed on a cylinder with a 

hole. A weight was placed on top of the sample for contact pressure. The testing machine drives the probe 

and returns the probe to its original position after contact with the sample, measuring the force required to 

separate (detach) the probe from the prepreg. The adhesiveness is expressed as the maximum value of this 

force. One of the indicators for assessing the viability, in addition to the adhesiveness of the prepreg, is its 

degree of cure. Since it is important to have data on the degree to which prepregs cure and lose its 

adhesiveness and draping properties [26].  

The degree of cure of the tested (partially cured) prepreg is determined by the ratio of its heat of 

reaction to the total heat of reaction of the uncured prepreg. Knowing the heat of reaction of 100% unreacted 

material, it is possible to calculate the degree of curing of the sample using the following equation: 

 

                                                                                                                                 (1) 

 

where HS – total heat of reaction of the tested (partially cured) prepreg J/g; НТ – total heat of reaction of 

uncured prepreg J/g [27].  

The thermal effect of the curing process was studied on a DSC131 EVO Setaram differential scanning 

calorimeter in the temperature range of 25-175 °C with the heating rate of 10 °C/min.  
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To study the effect of prepreg storage time on the strength characteristics of cured laminates, samples of 

carbon fiber reinforced plastic have been obtained from 8 layers of prepreg in the form of plates.  For 

obtaining the prepreg laminates, a hand-molding method with subsequent vacuum treatment evacuation was 

employed. From the obtained carbon fiber laminates, the samples for tensile tests (GOST 32656-2014) with 

dimensions 250 x 25 x 2 mm and compression (GOST 33519-2015)] with dimensions 150 x 15 x 2 mm were 

prepared. The samples were tested on RMG-100MG4 electromechanical testing machine.  

 

3. Results and discussion  
 

The dependence of the degree of cure on the storage time of prepreg was studied. To calculate the 

degree of cure of the testing samples, the total heat of reaction of the uncured prepreg was determined 

(Figure 4). As shown by the Figure 4, the total reaction heat of the uncured prepreg was HT=1024 J/g. The 

heat release reaction of the sample starts on the fifth minute, the duration of the exothermic reaction is about 

80 minutes.   

 

 
 

Fig.4. Total reaction heat of the uncured prepreg 

 

Next, the heat of the curing reaction of prepreg samples after storage for up to 60 days was determined. 

By way of example, the figures show the heat of reaction of prepreg samples after storage for 30 (figure 5) 

and 60 days (Figure 6).  

 
Fig.5. Heat of reaction of the prepreg samples after 30 days storage 
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Fig.6. Heat of reaction of the prepreg samples after 60 days storage 

 

According to the experimental results, the total heat of reaction of the prepreg sample after 30 days of 

storage was HS1 = 687 J/g, and the heat of reaction of the prepreg sample after 60 days of storage was HS5 = 

305 J/g. According to test results, it was found that the peak exotherm decreases with increasing storage time 

of prepreg samples, this trend is the result of gradual partial curing of the matrix and phase separation during 

shelf aging. The degree of cure of the partially cured prepreg samples was determined by the ratio of its 

reaction heat Hs to the total reaction heat of uncured prepreg HT. The degree of cure α % was calculated 

according to the formula (1). 

The adhesiveness of the prepreg was investigated depending on the storage time at room temperature. 

The prepreg samples were tested until they lost all of its adhesiveness. The results of the study of the degree 

of cure and adhesiveness are shown in Figure 7.  

 

 
 

Fig.7. Dependencies of the degree of cure and adhesion of the prepreg samples on storage time 

 

According to results of the study, the prepreg samples have retained its adhesiveness up to 60 days, and 

the degree of cure of this sample was 63 %. When working with prepregs having a very high adhesiveness of 

4.2 N/cm2, resin distribution and fiber orientation are severely disrupted or clots of reinforcing material are 

formed. The ratio of components turns out to be inconsistent since the removal of separating foil or substrate 
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from the prepreg always removes an indefinite amount of resin. A maximum adhesiveness depending on the 

degree of cure  is generated at a conversion of 43 % on day 40 of storage. With further storage a gradual 

decrease in adhesiveness is observed, such prepreg performance is associated with an increased degree of 

cure and increased viscosity of the prepreg matrix. After 61 days of storage, the prepreg samples completely 

lose its adhesiveness with 70 % degree of cure. If the prepregs have no adhesiveness, it means that its 

preparation has reached too high a stage and their shelf life has expired. Such materials can no longer cure 

properly. 

Therefore, the viability of prepreg samples was determined, which was up to 60 days. This long-term 

viability achieved with the 4.4-Diaminodiphenylsulfone hardener is caused by availability of amine groups 

with an aromatic ring; such amines slowly cure epoxide resines at room temperature. At room temperature, 

the curing practically stops at the reaction with primary amine.  

The average shelf life of commercially available prepregs at room temperature is about 30-42 days [28]. 

In the research work [29], the authors obtained prepregs with a pot life of 4 to 20 days. The authors of [30] 

report that epoxy prepreg samples containing a cycloaliphatic amine can be stored at room temperature for at 

least 50 days. In work [31], epoxy prepregs were obtained with the presence of protective polymers in the 

curing system, which prevented the interaction of the hardener with the resin under storage conditions, 

allowing the viability of prepregs to be increased to 10 days. 

In order to establish the optimal limits of the adhesion indicators, a degree of prepreg samples cure and 

to identify the relationship between these indicators and strength characteristics of the prepreg laminates, 

dependence of its strength on storage time have been studied (Figure 8). 

 

 
Fig.8. Effect of the prepreg storage time on the strength characteristics of the laminate 

 

The analysis of the results obtained, has demonstrated that within 25 days, the strength has increased by 

19 %, with adhesion and curing values were 2.7 N/cm2 and 25 %, therefore, these parameters can be taken as 

optimal for prepreg based on epoxy resin with aromatic amine hardener.  With further increase in storage 

time of more than 35 days, strength factor decreases significantly. The reduction of laminates strength is 

probably due to the fact that when the prepreg degree of cure is increased, the chemical activity of the matrix 

decreases, which results in decrease in the interlayers hardness between layers at the matrix-matrix interface. 

This trend of strength reduction after one month of prepreg storage is also observed in the studies [32-34], 

the authors attribute this to decrease in fluidity and growth of viscosity and degree of cure of the binder in 

the prepreg. 

There are not many similar studies on the effect of storage time on tensile and compressive strength 

indicators. In [35], prepreg laminates with a tensile strength of 921 MPa were obtained; storing the prepreg 

for 60 days leads to a decrease in tensile strength by 33 %. As given in [18], based on the results of tensile 

tests, it can be noted that there are no significant changes in strength after storage time after 60 days, a 

decrease in strength from 1780 MPa to 1750 MPa.  
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As a result of the data obtained, the dependences of processibility and mechanical properties on prepreg 

storage time have been established. The degree of cure is constantly increasing throughout the storage time 

which is associated with a continuous continuation of the cross-linking reaction of the matrix. After 40 days, 

the adhesiveness gradually decreases, after 45 days there is a significant decrease in adhesivenes, and the 

degree of cure at this time is about 50 %. This is probably due to the fact that, as in all prepregs with 

tthermally-reactive matrix with degree of cure 50-60 % resin reaches the gelatinous state (jellification), 

where the resin behaves as a semi-solid gelling agent, and the adhesiveness reduces [36]. With a degree of 

cure of α > 60 %, the resin gradually transforms into a solid state and the prepreg completely loses its 

adhesiveness and the running ability to drape.  

 

4. Conclusions  
 
The viability of prepregs based on epoxy resin with diaminodiphenylsulfone hardener was studied using 

a method to evaluate the adhesiveness, degree of cure, strength of cured laminates as a function of storage 

time at room temperature. The prepreg samples with viability up to 60 days were obtained. It has been 

established that an increase in the prepreg curing rate >40 % negatively affects the strength characteristics of 

the prepreg laminates obtained by reducing the chemical activity of the matrix, which results in decrease in 

the interlayer hardness between the layers at the matrix-matrix interface. The highest strength values of 

laminates were obtained from prepreg samples with adhesiveness 2,7 N/cm2 and degree of cure 25 %, after 

25 days of storage. As a result of the data obtained, the dependences of processibility and mechanical 

properties on prepreg storage time have been established.  
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