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Abstract

The objective of this work is to study the therraal rheological properties of thermoset polymepsxg
polymers cases, such as novolac and bisphenol Aycdiglether (BADGE). The macroscopic
characterization epoxy resins Diglycidyl ether a&fghenol A and phenol formaldehyde epoxy novolas wa
made by the method of analysis of the rheologielllior of standard matrices before their crodadmin
order to determine their storage conditions. Bh#rmosetting matrices showed high mechanical galil
view of temperature, time and constraints. Thigl$eas to assume that they can be stored to standard
thermodynamic conditions without fear of cross-intk The viscosimetric study shows that a goodasfer
of the resin (non-self-cross-linkable) leads tooanbgeneous mixture of the composite after the eotdaf
the hardener. Subsequently, these two resins heare dn objective of two cross-linking reactive egst in
the presence of an aromatic diamine (MDA) Epoxytiie (DGEBA / MDA) and epoxy novolac / MDA).
Subsequently, we compared their thermal stabilityermo-gravimetric study shows firstly, that stamda
resins are thermodynamically stable, and then epmyolac systems / MDA and DGEBA / MDA.
Furthermore, the thermal behavior of novolac / M&Atem is better than the DGEBA / MDA system.

Keywords: Comparative study, cross-linked and standard egmtymers, novolac / MDA system, DGEBA /
MDA system, ATG, viscometer.

1. Introduction:
Thermosetting resins, particularly the polyepoxjdesnstitute binder matrixes of high performance
composites by excellence. Many industries make afs¢hermosetting resins or composites of these
materials as cited in the following examples: apage industry (aircraft, helicopters ....), carusidy
(vehicles weight relief by the use of organic madsi composites), paint industry, varnishes, glues a
coating components etc. The various epoxy systemde manufactured in different chemical compounds
to open the epoxy cycle and define the epoxy momeniEherefore, by the use of aromatic amines as
hardening agents [1], various epoxy systems wi¥icee range of chemical and physical properties lwan
obtained [1, 2, 3,4]. The thermal properties afhsvesins depend mainly on their chemical structase
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provided by their aromatic cycles, and the adhestwength. The corrosion resistance and the rigiaiie
provided respectively by the hydroxyl functions asfdthe cores of Bisphenol A of these types ofnesi
while their resistance to hydrolysis is due to ettvédges [5]. The properties studied in our work the
rheological properties of the two standard resims thermal properties of both systems DGEBA / MDA |
6.7, 8], novolac / MDA. [9]

2. Experimental Methods :
2.1. Synthesis of the epoxy novolac resin:
The epoxy novolac resin is prepared by condenspigh®rohydrin and a polycrésol resin (hydroxy

novolac) in an alkaline medium [9, 10, 11].
04)> o~)> oj>
H\ 1- chlorotorme
_CH2 —CH2 | + 1 Cl_CHZ_A CH< CH2
2- 10 % NaOH 45 min )

Epichlorydrine
Polycrésol Résine Novolaque

Figure 1: reaction scheme of the synthesis of the novolagyepesin [9]

2.2. Synthetic resin DGEBA:
DGEBA resin based on two condensation reactions:

CH’) - CH - CH'}

CH3 , ,
(2)H00 @701{ N o \ / — > I(DGEBA)
0
CH3

Epichlorhydrine
bisphénol A de glycol

Figure 2: reaction scheme of the synthesis of the DGEBMs11]

2.3. Samples preparation:

The presence of the epoxy resin and the MDA presluc hardening of the resin due to the cross-linkin
reaction. The protocol is the one adopted by Fdioetal. It consists of a pre-heating of stoichedtric
amounts of the resin and the hardener [10]. Thehylete dianiline (MDA), crystallized at room
temperature, is placed in an oven at 120 ° C (péeature above its melting point), while the rasiheated
to 60 ° C. Once melted, MDA is mixed with the renprovide a single fluid phase being then at T °
The samples, thus prepared, were sealed in motbaraderwent the following heating cycle:

» Twelve hours at 70 ° C and one hour at 140 ° C12013,14, 15, 16].

« After demoulding, the sample is brought into theick®l geometric shape.

3. Results and discussion:
3.1. Physical properties of the two epoxy resins:
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Rheology refers to the study of the flow, deformatielasticity and viscosity of the material in gtien. We
are primarily interested in the viscosity as losgtalays a key role in the phenomena of flowha& brganic
matrix, more generally the viscosity of the mateviader the effect of an applied stress. It alstemheines
the macroscopic mechanical properties from a sbadgd on micro or nano-scopal structure of the maate
Our rheological study of standard matrixes are eesygely the novolac epoxy resin and DGEBA resin
giving the viscosity under the rotational effectstfess and under an atmosphere controlled wifreotso
time and temperature.

3.1.1. Rheological Study standard novolac epoxyres

3.1.1.1. Viscosity and constraint in view of thaperature ° C

In Figure 3, we varied the viscosity of the Novolaer the effect of constraint in view of temperatwith
the fixing speed.

Viscosité DE NOVOLAC
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Figure 3: Rheogram of viscosity and constraint in view of temperature
3.1.1.2. Viscosity and constraint in view of spgeflS) :

In the study relating to figure 4, we varied theodgsity of novolac under the effect of constramview of
speed at the fixing temperature. The velocity grmativalues’ obtained after the corresponding equation is:

T=NY
"Wherer is the constraint (measured in Pa in the Inteonati System (1S) of measurement)s the velocity
gradient in the thickness (measured in s-1), @&l the dynamic viscosity (measured in Pa) . Thié i

dynamic viscosity is sometimes called ‘Poiseui(le’'Poiseuille = 1 Pa = 1 kg m 1.s-1). This assuompti
formula is made according to [Newton, 1687].
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Figure 4: Rheogram of viscosityand constraint according to the speged1 / s).

3.1.2. Rheological study of DGEBA standard resin:

3.1.2.1. Viscosity and constraint according to t&perature ° C:

Figure 5 shows the variation of the viscosity o# thGEBA under the effect of constraint according to
temperature with the fixing speed.
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Figure5: Rheogram of viscosity and constraint in view of temperature ° C.
3.1.2.2. Viscosity and constraint in view of the gedy (1/S):

In the following study, we varied the viscosity BGEBA under the effect of constraint in view of sde
with the fixing temperature (Figure 6).
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Figure 6: Rheogram of constraintand tard in view of speed (1/s).

In these rheo-grams, we noticed that the incredsenoperature (° C) and speed (1 / s) results & th
reduction of constraint and viscosityfor the two molecular matrices. The knowledge ad theological
properties of these thermosetting materials overde temperature range is needed for the undeisignd
and control of storage conditions and also to lthke performance and the product quality with the
implementing conditions and the material properfidse rheological properties can be directly relatethe
chemical structure or the degree of the polyepogiggolymer conversion. In this study, we were ryain
interested in the viscosity since it plays a cru@ée in the flow phenomena of the organic matrix.

3.1. Thermal properties of the two epoxy resins:

We followed, through thermo-gravimetric techniqut®e mass loss of the two cross-linked systems with
MDA: the novolak epoxy resin and DGEBA resin, dagiag on the temperature when subjected to a heat
treatment.

3.1.1. hermo-gravimetric analysis ofiovolak epoxy resin:
Figure 7 explains the mass variation of the hardermolak with (MDA) according to the temperature.
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Figure 7: Evolution of the percentage of the remainingsna view of temperature ° C (epoxy novolac /
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3.1.2. Thermogravimetric analysis of the DGEBAmnesi
Figure 8 shows the evolution of mass degradatidd@EBA cross-linked with MDA.
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Figure 8: Evolution of the percentage of the remaining masgew of temperature ° C (DGEBA / MDA).

Table 1: Main characteristics of the products:

Resin Td (°C) T10(°C) T50(°C) Sdr(°C) R500 (%)
DGEBA/MDA 365 400 430 378 29
Novolac / MDA 362 410 500 382 50

Given all this, we subsequently rated the mainnta¢rcharacteristics of the studied resins, extch@tem
the thermo-grams curves in the following tableaazordance with the conventional standards acogitdin
M-td: The decomposition starting temperature cqoesliing to a weight loss of 2%. T10: The tempemtur
at 10% of mass loss.-T50: The temperature at 50ftask loss.-Sdr: Rapid decomposition threshold GR50
The fraction of the residue at 500 ° C. These tesllow that our resins are thermally stable. $tability

is influenced by the chemical structure of the kamdg agent and the resin in the case of harddmyrihe
MDA. The cross-linked resins are thermally morékalue to the presence of aromatic cycles. Th&yepo
novolac resin / MDA shows a thermal behavior bettan that of DGEBA / MDA system. This basically
amounts to the number of aromatic cycle and glycadlger branches which facilitate the connectiéon o
polymers with more stable and hard tri-dimensioreivorks.

4. Conclusion:

In this work, we have studied two epoxy resins Wwhace the Diglycidyl ether of bisphenol A (DGEBA)ca
epoxy novolac by the viscosimetigllowing the rheological properties of the stardtlaratrices without the
use of the cross-linking agent | order to fully etetine their storage conditions. The resins shokigd
mechanical stability in view of temperature, timaaonstraint, in which we have assumed that thase
be stored in the standard thermodynamic conditiatisout fear of cross-linking.
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Subsequently, these two resins have been subgetigtreactive systems epoxy / amine (DGEBA / MDA
and Epoxy Novolac / MDA). After being cross-linkedthe presence of an aromatic diamine (MDA), we
investigated by thermo-gravimetry (TGA) their thatnstabilities. He concludes in this study that the
system DGEBA / MDA is less stable than that ofépexy novolac / MDA. This result can be explaingd b

the number of aromatic and epoxy branches whichaagely higher in the novolac epoxy compared ® th

bifunctional DGEBA.
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