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Abstract 

The growing use of reinforcement preforms during composite manufacturing requires resin soluble binders which 

significantly affect the properties of crosslinking thermosetting resins. In this study, for the first time the influence of an 

epoxy preforming binder on the curing kinetics and chemorheological behavior of a crosslinking epoxy matrix was 

studied. The results proved that the addition of the binder lead to a significant change of the curing behavior suggesting 

that the epoxy binder was an essential component needed to complete the stoichiometry of the resin-hardener mixture. 

The developed kinetic and chemorheological model of the experimental results could be used for process  optimization. 
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1. Introduction 

Liquid Composite Molding (LCM) processes are becoming a popular alternative to the autoclave technology to meet 

the increased demand for advanced composites with complex shapes, shorter production times and lower costs [1]. One 

of the most used thermosetting matrices in LCM processes is epoxy resin due to its favorable properties such as high 

tensile strength and modulus, excellent chemical resistance and high thermal stability. These properties, which make 

epoxy resins widely applied as matrices for high-performance composites [2] and nanocomposite materials [3],[4], [5], 

[6] and as adhesives and coatings [7], [8], are reached if the crosslinking process, also named curing, is properly carried 

out. During curing, epoxy resin changes irreversibly from viscous liquid with low molecular molecular weight into a 

rubbery and then a solid glass state[9]. During the processing of epoxy based composites, if proper temperature and 

time are not used, the variation of the degree of cure leads to defect in the composite. If a composite laminate is 

undercured due to insufficient time in the mold, the matrix has lower properties than those which would develop in a 

fully cured state. As a consequence, the interlaminar shear strength and the creep resistance of the composite will be 

reduced and fine interlaminar cracks or delamination can occur. Conversely, if the laminate is overcured, it may result 

in brittle matrix susceptible to crazing under stress[10].  

Moreover, in Liquid Composite Molding processes, the flow behavior of the resin through the fibrous reinforcement 

during mold filling is an essential factor that influences the final quality of the products. The viscosity, which is a 
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function both of the temperature and degree of cure, is not constant but evolves during filling and curing. A proper 

model for viscosity is very important in order to assure a good impregnation of the fiber reinforcement [11]. 

In the last two decades, preforms of dry reinforcement are increasingly being used in LCM processes as a consequence 

of the high fiber volume fraction needed in demanding high performance applications. The preforms usually consist out 

of several layers of stacked and aligned textile reinforcements, which are sized with an appropriate binder, usually in 

the form of sprayed powders or coatings, and bound by a thermoforming process [12], [13]. The advantages of preforms 

include: easy handling and mold placement of the reinforcement material, control of fiber alignment, prevention of 

unwanted wrinkling of layers, accurate control of part thickness and of the final fiber volume fractions in the cured 

composite [14], [15]. Most of the binders commonly used for performing operations are low melting thermoplastic 

materials (polyester, polyamide) or thermosetting resins (epoxy, cyanoacrylate), which are solid at room temperature 

but they dissolve in the liquid resin during the infusion process and are often designed to react with the resin [16]. The 

binder content is usually less than 10% of the weight of the reinforcement. In many cases, the binder acts as a 

toughening agent for the matrix, after its solubilization and eventual reaction with the other components of the reactive 

matrix. If high molecular weight oligomers are added to the matrix, the viscosity of the resin will be too high for resin 

injection.  For this reason, differently from prepreg matrices, it cannot be added directly to the resin used for LCM 

processes. It is then evident that the reactive binder may play a significant role in the curing kinetics and flow behavior 

of the matrix during LCM processes. Therefore, the presence of the binder must be taken into account in the kinetic and 

chemorheological models, needed for mold filling and cure modeling. In particular, each epoxy-hardener system has 

specific kinetic and chemorheological parameters such as kinetic constants, activation energies, order of reaction, etc. 

These parameters can be obtained by using different techniques able to measure some physical related to the state of the 

reacting system, such as differential scanning calorimetry [17], [18],[19], [20], dielectric analysis[21][22],[23] 

ultrasound wave propagation [24],[25],[26], [27], [28], [29], Fourier Transform Infrared spectroscopy [30], [31], 

rheology [32], [33], [34], [35],[36], etc. 

In the literature, the influence of the binder on the properties of the matrix has been little explored. Brody and 

Gillespie[14] characterized and evaluated the effect of a thermoplastic polyester preform binder on vinyl ester resin. Wu 

et al. [15] studied the influence of an epoxy preforming binder on polymerization and crystallization of catalyzed Cyclic 

Butylene Terephthalate (CBT) oligomers while Hsu et al. [37] analyzed the effects of thermoplastic additives on the 

cure of unsaturated polyester resins. However, up to our knowledge, the role of the reactive binder on curing behavior 

of the epoxy matrix has been completely ignored in the literature.  

In this work, for the first time the effect of the addition of an epoxy binder on the curing kinetics and the 

chemorheological behavior of an epoxy resin is evaluated. The very popular RTM6 resin from Hexcel, widely  used for 
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the manufacturing of carbon fiber-reinforced composites by LCM processes, has been chosen for this study. Very 

recently, there has been a renewed interest in studying the curing kinetics of this matrix in view of new potential 

applications in the field of composite joining with partially cured and fresh resin [38]. Although the curing process of 

the RTM6 resin has been already studied by calorimetric, dielectric and optical techniques [39],[40],[41],[42],[43], [44], 

[45], [18], the effect of a reactive epoxy binder powder on curing kinetics and rheology has been completely ignored 

and could lead to relevant differences in the optimization of cure cycle. The manufacturer recommends preheating and 

injection of the RTM6 resin at 80 °C and the use of a  specific epoxy bindered carbon fabric. In this study, the binder 

powder has been extracted by the carbon fabric and mixed with the resin. Differential scanning calorimetry and 

rheological analysis have been carried out in not isothermal mode at several heating rates. A kinetic and a 

chemorheological model of the experimental results have been developed and compared to former kinetic studies on the 

same resin, lacking of the binder component. 

2. Experimental 

2.1 Materials 

The investigated epoxy system is HexFlow® RTM6, a monocomponent resin designed for Resin Transfer Molding 

(RTM) and infusion processes supplied by Hexcel. RTM6 system includes a multifunctional epoxy resin based on 

tetraglycidyl-4,4′-diaminodiphenylmethane (TGDDM) and a mixture of amine hardeners of different functionalities 

[17], [45]. At room temperature it is a brown translucent paste but its viscosity decreases quickly by increasing the 

temperature. When it is uncured, the resin has a density of 1.11 g/cm3, which becomes 1.14 g/cm3 in the fully cured 

state. The resin is usually stored at -20 °C to freeze the macromolecular chains mobility and avoid curing reactions. 

During composite processing, RTM6 is preheated at 80 °C, injected in a preheated mold at 120 °C under vacuum/low 

pressure (from 1 to 5 bar) and cured usually at 180 °C [44],[46]. 

RTM6 is recommended by the manufacturer to be used together with a carbon fabric with the commercial name of 

G0926 HS06K. It is a 5H satin with HEXTOW AS4C GP 6K yarns, having a nominal weight of 375 g/m2.As reported 

in the technical data sheet, the carbon fabric contains on one side some powder in the amount of 15 g/m2 (4% by 

weight), acting as a binder coating. The binding powder, produced by Hexcel with the commercial name of HP03,  is 

added to the fabric in order to promote adhesion between plies in the stacking/pre-forming process performed before 

resin infusion processes. The preforms are obtained by thermoforming, i.e. by applying heat and pressure on the carbon 

fabrics. The binder powders are then soluble at 120 °C in epoxy resin during resin infusion process. These powders are 

a reactive compound that complete the stoichiometry of the reactive epoxy, which should be not used in combination 

with reinforcements not containing such powders. In order to assess the effect of the binder powders on the curing 

behavior of RTM6 system, they were extracted from carbon fabric. Specimens of 200 x 200 mm2 size were cut from 
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G0926 carbon fabric and placed in an aluminum container filled with acetone for about 30 min. After being detached 

from the fibers, powders were dissolved in acetone. The dispersion was left at room temperature to allow both acetone 

evaporation and binder harvesting. Before analysis, the resin was conditioned at room temperature for a day. The 

binder, reduced to a powder with the aid of a mortar, was mixed with the epoxy resin in an appropriate amount which 

was chosen according to the typical fiber content recommended by the manufacturer in the datasheet, i.e. 57% by 

volume: this corresponds to 8.5 wt% of binder added to neat resin. Then, the resin-binder mixture was magnetically 

stirred at 70 °C for 45 min until the complete dissolution of the binder powder. The dissolution time of 45 min was 

obtained by tests at 70 °C using a Carl Zeiss Axio Imager A2M optical microscope, equipped with a high-speed digital 

video camera and a THMS600 hot stage (Linkam Scientific Instruments Ltd.) able to heat the sample at a given rate. 

The complete solubility of binder in the RTM6 resin was obtained  when the binder particles disappear and no solid 

residue could be distinguished. 

The cure kinetics was monitored by differential scanning calorimetry (DSC) on uncured samples in non-isothermal 

scans at 0.75, 1, 2, 5 and10 °C/min from 25 to 300 °C under nitrogen. AMettler-Toledo DSC 822e differential scanning 

calorimeter was used. Standard aluminum pans were used, with liquid resin mass between 5 and 10 mg. At least three 

measurements were carried out at each heating rate.  

Rheological measurements were carried out in a strain-controlled rheometer (ARES, Rheometrics Scientific) equipped 

with a parallel plate geometry (50 mm plate diameter) in dynamic mode at 1 Hz and a strain amplitude of 5 %. The tests 

were performed from 30 °C to 220 °C at 0.75, 1 and 2 °C/min. At least three measurements were carried out at each 

heating rate. 

 

Results and Discussion 

DSC results 

In Figure 1 an exothermic reaction, beginning at around 120 °C with a peak at approximately 170 °C, is shown by the 

HP03 binder upon heating in the DSC. The exothermic peak can be ascribed to a crosslinking reaction, characterized by 

an enthalpy of reaction of 105 J/g. The second dynamic DSC scan shows no residual enthalpy but only a discontinuity 

in the heat flux related to the glass transition at 90 °C. The DSC results confirm that the epoxy binder is reactive. 

Dynamic DSC runs at constant heating rates have been performed in order to determine the conversion profile and the 

total heat of reaction released during non isothermal curing of the studied resin systems. The comparison of the 

thermograms obtained on the RTM6resin and the RTM6-bindermixtureat different heating rates is reported in Figure 2 

and 3, respectively. The thermograms are characterized by the presence of a single peak, which is indicative of a single 

autocatalytic polymerization reaction, as typically observed in epoxy/amine formulations [17], [47]. As expected, the 
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exothermal peak temperature, Tpeak, and the onset temperature for the reaction increase with increasing heating rate [40]. 

In Figure 3, the presence of only one exothermal peak in the resin-binder mixture is indicative of the full dissolution of 

the binder in the matrix as also reported by Schmidt et al. [13]. The presence of the binder in RTM6 resin anticipates the 

beginning of the crosslinking reaction at around 100 °C instead of 125 °C, as in the case of the neat RTM6 resin. Also 

the temperature of the exothermic peak of the RTM6-binder system is lower than that of the RTM6resin, as can be 

inferred from Table 1, where the results of the dynamic DSC scans on neat RTM6 resin and RTM6-binder system are 

reported. 

The total heat of reaction necessary to complete the polymerization,∆H, has been obtained by integrating the heat flow 

curve. As inferred from Table 1,the ∆H values of the neat RTM6 resin at different heating rates are comparable with the 

literature data[17], [39], [40].Moreover, the average heat of reaction necessary to complete the polymerization of the 

RTM6-binder system, 501 ± 20 J/g, is higher than the average value for the neat RTM6 resin, which is 458 ± 12 J/g. 

This confirms that the binder has an active role in the crosslinking reaction of the neat RTM6 resin. The calorimetric 

results suggest that there are still unreacted groups in RTM6 cured resin and that the mixture stoichiometry is completed 

in the presence of the reactive binder of the carbon fabric. 

Assuming that the heat flow measured in a DSC experiment is proportional to the rate of the exothermic crosslinking 

reaction, the rate of conversion dα/dt has been determined as the ratio of the heat output rate at time t (dH/dt) to the 

overall heat of reaction, ∆H[48], [30][49]: 

dt

dH

H

1

dt

d

∆
=α

                                                                         (1) 

The degree of cure, α, can be then determined by the integration of the rate of conversion as follows:  

dt
dt

dt

o

⋅α=α ∫                                                                            (2) 

Figure 4 and 5 show the temperature dependence of the degree of cure obtained at different heating rates onRTM6 and 

RTM6-binder systems, respectively. At the same heating rate, the resin system with the binder reaches a higher degree 

of cure at lower temperatures. For example, at a heating rate of 10 °C/min, the degree of cure of 0.4 is reached at 238 °C 

and 218 °C for RTM6 and RTM6-binder systems, respectively. In Figure 6 and 7, the reaction rates for the studied 

systems at different heating rates are reported. Both RTM6 and RTM6-binder systems present small shoulders at a high 

degree of cure, which are more pronounced when higher temperature are reached in correspondence of higher heating 

rates. These shoulders could be ascribed to the competition between the epoxy-amine reaction and the epoxy-hydroxyl 

reaction, as suggested by Navapbour et al. [40]. 
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Kinetic modeling of not isothermal reactions 

The kinetic analysis of the curing process is based on the simplifying assumption that the transformation rate dα/dt 

during a reaction is the product of two functions, one depending completely on the temperature, T, and the other 

depending completely on the transformed fraction, α[30]:  

)(f*)T(k
dt
d α=α

                                                                             (3) 

where k(T) is a temperature-dependent reaction rate function and f(α) a kinetic-dependent model function. An 

Arrhenius type function is generally assumed for k(T): 








−=
RT
E

expA)T(k a                                                                        (4) 

where A is the pre-exponential factor, Ea is the apparent activation energy and R is the universal gas constant. 

During the curing of epoxy resins, multiple events may occur simultaneously and lead to very complicated reactions, 

consequently, the use of multiple rate constants can provide more accurate modeling results. Kamal’s model [50] 

represents the most general form that can be adopted for modeling the reactive behavior of epoxy resins. It is based on 

the use of two rate constants, expressed in the following equation: 

nm
21 )1(*)kk(

dt
d α−α+=α

                                                          (5) 

where k1 and k2 are the rate constants and m and n are the reaction orders. In the specific case of neat RTM6 resin, 

Karkanas and Partridge [51] modified the Kamal’s model (Equation 5) with two different reaction orders, n1 and 

n2,obtaining a very accurate fitting of the experimental curves. The model presents the form expressed in equation: 

21 nm
2

n
1 )1(k)1(k

dt
d α−α+α−=α

                                                           ( 6) 

Karkanas and Partridge’s model describes independently the two main chemical reactions that typically occur in epoxy–

amine systems. It is well known that the uncatalyzed reaction of an epoxide with a primary amine produces a secondary 

amine which reacts with another epoxy group to form a tertiary amine. These reactions are auto-accelerated by the 

hydroxyl groups formed in the reactions. At higher temperature condensation of OH groups with epoxy rings is also 

favored [52]. 

Considering the Arrhenius dependence of k1 and k2constants from the temperature, equation 6 can be written also as: 

21 nma2
2

na1
1 )1(

RT

E
-exp A)1(

RT

E
-exp A

dt

d α−α






+α−






=α
                            (7) 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

7 

The parameters A1, Ea1, A2, Ea2,m, n1 and n2have been determined by minimizing the sum of the squared differences 

between experimental and predicted reaction rates according to the Levenberg-Marquardt numerical method available 

in Microcal Origin software. The experimental reaction rates as a function of the temperature (discrete dots) and model 

predictions (full line) are compared in Figures 6 and 7 for neat RTM6 and RTM6-binder systems, respectively. At all 

the investigated heating rates, there is a very good correspondence between the non linear fit and the experimental 

results over the whole range of curing temperatures.  

The parameters for the analyzed systems are reported in Table 2. For neat RTM6 resins, a very good agreement of the 

kinetic parameters with the literature data is clearly observable, while the kinetic parameters obtained on neat resin and 

resin-binder system are significantly different. In particular, in the RTM6-binder system the pre-exponential factors are 

larger than those of neat resin while the reaction order m and n1 are significantly different. This suggest that the 

presence of the binder plays a key role in the cure reaction by affecting the competition between the epoxy-amine 

reaction and the epoxy-hydroxyl reaction. In particular, the presence of unreacted groups in the neat RTM6 resin is 

probable, being the stoichiometry  completed by the presence of the binder powder of the carbon fabric. Therefore, it is 

correct to account for this contribution for kinetic modeling of these matrices when used in RTM processes.    

Rheological results 

Rheological analysis has been carried out by oscillatory rheometry in order to study the viscosity evolution of the resin 

system as a function of the temperature and degree of reaction. The dependence of viscosity upon heating is relevant in 

composite processing, being related to resin flow and volatile evolution, both responsible of the final porosity content. 

The rheological curves, experimentally obtained at different heating rates, are reported in Figures 8 and 9 for the RTM6 

and RTM6-binder systems, respectively. As reported in literature for thermoplastic and thermoset binders, the presence 

of  binders increases the initial viscosity[13]. In the present case, the initial viscosity at 40 °C doubles due to the 

addition of the epoxy binder. 

As expected for a crosslinking thermosetting resin undergoing a heating cycle, the viscosity is governed by two 

competing phenomena: the effect of the temperature on the molecular mobility, which reduces the viscosity, and the 

growing size of the macromolecules due to the chemical reaction, which increases the viscosity [33]. Therefore, a 

decrease of the viscosity with the temperature is observed when the effect of temperature is dominant. Then, as the rate 

of reaction increases, a minimum of viscosity is observed. The steep increase of the velocity is indicative of gelation, 

the stage at which the resin changes from a viscous liquid to an elastic gel due to the formation of a three-dimensional 

network. 

According to the ASTM D4473 standard, the dynamic gel temperature (DGT) and the gel point in isothermal condition 

have been taken as the temperature at which the viscosity of the curing system has reached the values of 100 Pa*s 
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during heating at a constant heating rate and as the time at which the crossover of G’ and G’’ moduli occurs in 

isothermal conditions, respectively. The values obtained at different heating rates and temperatures for the studied 

epoxy systems are reported in Table 3. The addition of the binder to the RTM6 resin leads to a reduction of the gel 

temperature of 9-14 °C depending on the heating rate. The anticipated DGT of RTM6-binder systems, determined by 

rheological measurements, is in agreement with the anticipated Tpeak obtained by calorimetric analysis. They are 

indicative of an unbalanced stoichiometry of neat resin, probably lacking of some functional groups present in the 

binder. The gel time is an indication of the processability of the resin matrix. As inferred by Table3, the addition of 

preforming binder leads to a significant reduction of the processing time, which is almost halved compared with the 

referencematrix system without any preforming binder. This result is very important from a technological point of view, 

since the working time and temperature during composite processing have to be chosen on the basis of the RTM6-

binder system and not on the neat RTM6 resin. 

A proper rheological model has been used, able to interpolate the experimental data, which is given by the product of a 

function of the temperature and a function of the degree of reaction: 

)(g*)T(f),T( α=αη                                                            (8) 

In recent years, different models have been proposed to predict the viscosity behavior of epoxy resins under non-

isothermal curing conditions. One of the most used is the Castro-Macosko model[53] -[54], which accounts for the 

chemical reaction in isothermal curing: 

α+















α−α
α

η=η
BA

g

g
0g *

                                                         (9) 

where ηg0 is the viscosity of the unreacted resin, αg is the degree of cure at the gel temperature, while A and B are 

constants. 

To account also for the variation of viscosity with the temperature during heating, Kenny and Opalicki have proposed 

the following  chemorheological model [55]-[21]: 

n

g

g

0g2

0g1
0g *

TTC

)TT(*C
exp*
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−+
−−

η=η
                                   (10)

 

 

where Tg0is the initial glass transition temperature, while C1, C2, A and B are constants. 

Since the modeling of the viscosity curves of the studied systems at different heating rates with the Kenny and Opaliki 

model is not satisfactory, a chemorheological model based on a modified version of Kenny and Opalicki model has 

been used:  
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where ηg0 is the viscosity of the unreacted resin at the initial glass transition temperature Tg0, αg is the degree of cure at 

the gel temperature, while C1, C2, A and B are constants. The degree of reaction used in the chemorheological model 

has been obtained from dynamic calorimetric measurements, as reported in Figures 4 and 5. The proposedmodel 

accounts for the twofold effect of the temperature: an increase of the temperature lowers the viscosityof the resin but 

simultaneously promotes the curing reaction and therefore increases the viscosity. 

For the identification of the first three parameters, i.e. the viscosity ηg0 at Tg0 and C1 and C2constants, the initial part of 

the rheological curve, until a temperature lower than the onset temperature of reaction peak observed in a DSC 

experiment, has been considered. In this part of the rheological curve, the effect of the resin reaction has been neglected 

in a first approximation and the dependence of the viscosity from the temperature has been considered. Once obtained 

the values of ηg0, C1 and C2constants from the non linear fitting of the initial part of the curve, the overall viscosity 

curve has been non linearly fitted with equation (8), obtaining the parameters reported in Table 5. 

As can be seen from αg values, the gelation of neat RTM6 resin and RTM6-binder system occurs at 0.4 and 0.42, 

respectively. These values are in agreement with literature data for resin systems, where the degree of cure at gelation is 

in the range between0.4 and 0.5[32]. 

The comparison between the experimental rheological curves and the non linear fit at different heating rates, reported in 

Figure 8 and 9 is very satisfactory. The model is able to predict either the initial viscosities and their decreasing slope 

up to the gelation either the fast increase of viscosity at gelation. 

Conclusions 

The curing kinetics and the chemorheological behavior of a commercial epoxy resin used in aeronautical applications 

has been investigated with the aim of assessing the effect of the addition of a binder used in the carbon fabric 

recommended by the supplier for that resin, for performing operations. The autocatalytic cure model by Karkanas and 

Partridge has been successfully applied to describe the cure kinetics of the investigated epoxy systems. A modified 

version of the classical Williams–Landel–Ferry(WLF) equation that took into account the gelation and the effects of 

crosslinking was uses as a chemorheological model. 

The DSC and rheological results prove that the addition of the binder generally causes a significant change in the 

kinetics of the cure reaction. This is evident from the shift to lower temperatures of the beginning of the crosslinking 

reaction, the heat flow peak and the dynamic gel temperature. Furthermore, the heat of reaction developed by the 

system mixed with binder is higher than that developed by the neat RTM6 resin, indicating that the binder is needed to 
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complete the stoichiometric balance of the resin-hardener mixture. Finally, the addition of preforming binderleads to a 

significant reduction of the processing time of the resin matrix. 

Most of the literature devoted to the study of the reactive behavior of neat RTM6 is of limited practical interest, dealing 

with a commercial system never used without the reactive binder, essential to reach the target properties. Therefore, the 

knowledge gained in this study is very useful for the manufacturing optimization of cure cycles, where the data on the 

RTM6-powder system and not only on the neat RTM6 resin should be taken into account.  
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Table 1: Comparison of the results of dynamic DSC scans on RTM6-binder mixture with those on neat RTM6 
resin and literature data available for RTM6 

 

Heating 

Rate 

(°C/min) 

Experimental Results 

on RTM6 

Literature 

Results on 

RTM6 

Experimental Results 

on RTM6-binder 

∆H 

(J/g) 

Tpeak 

(°C) 

∆H 

(J/g) 

∆H 

(J/g) 

Tpeak 

(°C) 

1  469 170 432 [17] 502 163 

2  441 195 
436 [51] 

401 [40] 
528 179 

5 464 220 
437 [51] 

413 [40] 
475 203 

10  458 242 
438 [51] 

428 [40] 
496 224 

 

Table 2 Fitting parameters for the neat RTM 6 and RTM6-binder systems 

 

 
A1 

(s-1) 

E1 

(kJ/mol) 

A2 

(s-1) 

E2 

(kJ/mol) 

m 

(-) 

n1 

(-) 

n2 

(-) 

Neat 

RTM6 

 

Literatur

e data 

39111 

 

20340 [51]  

39300 [40] 

73.70 

 

70.20 [51] 

74.00 [40] 

5432 

 

5400 [51] 

5216 [40] 

51.78 

 

51.50 [51] 

50.75 [40] 

1.35 

 

1.40 [51] 

1.48 [40] 

0.57 

 

0.45 [51] 

0.46 [40] 

1.99 

 

1.83 [51] 

1.90 [40] 

RTM6- 

binder 
69309 74.02 54551 60.36 0.52 0.82 

 

2.01 
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Table 3 Results of rheological analysis on neat RTM6 and RTM6-binder mixture. 

 

Experimental Results – Dynamic Gel Temperature (°C) 

Heating Rate 

(°C/min) 
neat RTM6 RTM6-binder 

2 189 175 

1 171 157 

0.75 161 150 

Experimental Results - Gel Point in isothermal conditions (°C) 

Temperature 

(°C) 
neat RTM6 RTM6-binder  

160 40 23 

180 30 17 

 

 

Table 4 Fitting parameters for neat RTM6 and RTM6-binder mixture. 

 

 
ηg0 

(Pa·s) 

C1 

(-) 

C2 

(K) 

αg 

(-) 

A 

(-) 

B 

(-) 

neat RTM6 2.00 ·109 31.60 33.50 0.42 5.58 7.20 

RTM6- 

binder 
1.99 ·1010 32.96 30.92 0.39 5.04 8.64 
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Figure 1 DSC thermograms of HP03 preforming binder.  
 

 

Figure 2 DSC thermograms on neat RTM6 resin at different heating rates. 
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Figure 3DSC thermograms on RTM6-binder mixture at different heating rates. 

Figure 4 Degree of cure of neat RTM6 resin at different heating rates. 
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Figure 5 Degree of cure of RTM6-binder mixture at different heating rates. 

 

 

Figure 6: Comparison between the experimental data and the non linear fit for neat RTM6 resin at different 
heating rates 
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Figure 7 Comparison between the experimental data and the non linear fit for RTM6-binder mixture at di fferent 
heating rates 

 

Figure 8 Comparison between the experimental data on neat RTM6 and the non linear fit for different heating 
rates 
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Figure 9 Comparison between the experimental data on RTM6-binder mixture and the non linear fit for 
different heating rates 

 


