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ABSTRACT

Inthiswork, we areinterested in the study of radiochemical aging formula-
tions of two epoxy compositeswith an epoxy resin model of diglycidylether
of bisphenol A (DGEBA) crosslinked with methylenedianiline (MDA), which
contains as filler carbon black (CB) and the glass powder (GP). Then we
highlighted the thermal and radiochemical composites made by differen-
tial scanning calorimetric (DSC) and Fourier Transformer Infrared (FTIR).
The study of this thermal and spectroscopic behavior shows an improve-
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ment in terms of performance thermal, mechanical and radiation hybrid
materials made from the unfilled matrix. Monitoring changes in bands
oxidation products has enabled us to establish a mechanism for radio-

oxidation after irradiation.

INTRODUCTION

Inthe case of ausein nuclear industry, the poly-
meric materialsaremorelikely to be exposed with the
ionizing rays. For an optimal useinthe medium and
long term and with an aim of risk prevention, it thus
appearsimportant to know the effect of theseradia-
tionson polymeric materiasand/or their hybridsunder
these conditions. In particul ar, thecompositeswith ther-
mosetting matriceswereintroduced littleby littleinto
thisindustria sector. Thestudiesgenerdly observefor
these strongly aromatic polymers, agood behavior in
severe conditiong¥. These materialsare also easy to
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implement andtheir cost priceremainsinteresting. They
arelargely used in the coating of the nuclear wasteand
theassembly or to replace certain partsof structure. In
fact light materia shave excellent mechanical proper-
tiessometimeseven higher thandloysfor largely lower
densties.

Oneof themost current meanstoimprovethe per-
formances of useof polymeric oxidesisto add aninert
filler, whichwould makeit possbletoincreasethether-
mostability, toimprove mechanicd rigidity, toincrease
theviscosity of theuncrosslinked formulation, aswell
asthethermal behavior, to reducethe withdrawal to
polymerization and also to strongly lower the pricg4.
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MATERIALSAND EXPERIMENTAL
METHODS

Synthesisof the DGEBA

We used during this study, the epoxy resin
diglycidyléther of bisphenol A (DGEBA), synthesized
according to the method described by Castan>9,
Bigphenol A reactswith an epichlorhydrineexcess, used
like reagent and solvent!”8, in the presence of soda
accordingto thefollowing diagram (Figure 1):
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Figure 1 : Synthesis of the bisphenol diglycidyléther A
(DGEBA)

Fillers
Thesdected |oadshavethefollowing festures:

Supplier: CABOT
Carbon black of the type “Furnace”

Carbon Code product: BP120
black (CB) % in weight: >99
Density: 1.7 - 1.9 g/cm?® of 20°C
Apparent bulk density: 20-380 kg/m3 (Fluffy)
Supplier: AGP
Density: 1,50 - 1,60 g/cm?
Microballs Chemical composition
of Glass S0,:70a75%,Na,0:12a15%

K20:15%, Ca0: 7412 %, MgO:<5%
FelO3:<0,5%, Al203:<25%

Thefiller glassbeads (GB) isobtained by crushing
of themicrobalsof glassand sftingwith granulometry
about 40-100um, then washed with acetone in order
toeliminatethefineparticles.

Prepar ation of theepoxy-NC and epoxy-PV com-
posites

The protocol that we opted for the preparati on of

the composites epoxy-CB and epoxy-GP that thefiller
ismixed directly withresn DGEBA inasiliconemould
beforetheaddition of thecuring agent methylenedianiline
(MDA), and then onefollowed acycleof cooking for
the system a atemperature of 70°C during 24 hours®
1, After thechemical reaction, the crosdinked materi-
dsarehard, infusibleandinsolubl€*2.

Following thisprotocol of implementation, wepre-
pared aseriesof the samplesof proportion from 0%to
5% inmassof CB and from 0%to 15%inmassGPin
theepoxy matrix.

H2N—©'CH2‘©—NH2

Figure2 : Chemical structure of methylene dianiline (MDA)
Irradiation campaign

The samplesbased on DGEBA epoxy resin cured
with MDA andfilled with NC and PV wereirradiated
at roomtemperatureandin air by theaction of ionizing
radiation Gammaguy at the Nationd Ingtitute of Agro-
nomic Research (INRA). We used aradi oactive source
Cobalt (Co60), thetotal dose of irradiation campaign
isof theorder of 20 and 500 kGy.

Differential enthalpicanalyses(DSC)

For thisstudy, we used amodul ated DSC Perkin
Elmer TGA 4000 Termogravimetric analyzer. Themass
of thesamplesislow closeto 10 mg.

In our work, we measured the DSC spectraof the
epoxy resin unirradiated and irradiated in atempera
turerangefrom ambient to 400 ° C, with ramps rise in
temperatureranging from 1to 15° C/min, under ni-
trogen.

Fourier transforminfrared spectroscopy (FTIR)

Infrared analyzes were performed on a Fourier
transform spectrometer type Nicolet Avatar 360 ESP.
Thisequipment providesaresolution of 0.9 cm-1.

RESULTSAND DISCUSSION

Optimization of percentageof filler NC

We prepared six different formulations (from | to
V1), eechformulation containsawei ght percentage dif-
ferent fromthe CB inan epoxy matrix (DGEBA/MDA)
(Figure3).
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Figure3 : Courbe DSC des formulations étudiées époxy-CB

Theglasstransition temperaturesobtained for the
different formulations are grouped in the following
TABLE1:

TABLE 1 : Evolution of Tg according to the percentage of CB

Formulation N° Per centage of CB Tg (°C)
I 0% 111,97

Il 0,5% 113,23

11 1% 123,66

v 2% 126,75

\% 3% 122,07

VI 5% 123,32

Theevolution of Tg, according to the percentage
of CB, presentsamaximumto 2% of 126.75°C, which
impliesthat theformul ation presentsaremarkable syn-
ergy inthevicinity of optimal percentage.

Optimization of per centageof load PV

We prepared six different formulations (from1  to
V1”), each formulation contains a mass percentage dif-
ferent fromthe GPin anepoxy matrix (DGEBA/MDA)
(Figured).

Thefollowing TABLE 2 gathersthevauesof glass
transition temperatures obtai ned by variousformula-
tions.

We notethat the Tgincreasesto an optimum, which
i$138.06 ° C corresponds to 10% of GP. After this
vaue, any addition of GPbecomesusdesssinceit helps
any increasein Tg, but onthe contrary with itsdecline,
itisbecausethefillers, when they exceed athreshold,
tend to introduce much more spaces between thenodes
of thethree-dimensional network formed, which has
theeffect of loweringthe crosdinking density causinga

> Rev/iew

decreasein glasstransition temperature. It should be
noted that the glasstrangition temperatureisintimatey
related to the crosdink dengity.
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Figure4: CurveDSC of theepoxy-GP studied for mulations
TABLE 2 : Evolution of Tg according to the percentage of GP

For mulation N° Per centage of GP Tg (°O)
I” 0% 111,97

n 0,5% 117,48

"nr 2% 126,24

AV 5% 129,92

& 10% 138,06

VI’ 15% 133,61

Itisvisiblethat theincorporation of theloadinan
organic matrix improvesitstherma stability.

Behavior of epoxy-CB composite under irradia-
tion

Thethermal diagram obtained for the system (1V)
before and after irradiationswith total doses 20 kGy
and 500 kGy, isrepresented inthefollowingfigure5:
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Figure5 : Curve DSC of the formulation (IV)
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TheTgextract thefigurearegroupedinthefollow-
ingTABLE 3:

TABLE 3: Evolution of Tg of formulation DGEBA/M DA
filled with CB

Formulation (1V) Tg (°C)
unirradiated 126,75
Irradiated with 20 kGy 118,52
Irradiated with 500 kGy 90,82

Behavior of composite epoxy-GP under irradia-
tion

Thethermal diagram obtained for thesystem (V)
before and after irradiationswith total doses 20 kGy
and 500 kGy; isrepresentedin thefollowing figure (fig-
ure6):
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Figure6: Curve DSC of theformulation (V?)

TheTgextract thefigurearegroupedinthefollow-
ingTABLE4:

TABLE 4: Evolution of Tg of formulation DGEBA/M DA
filled with GP

Formulation (1V) Tg (°C)
unirradiated 140,19
Irradiated with 20 kGy 129,34
Irradiated with 500 kGy 117,79

The analysisby DSC of the ageing of the epoxy
resinsunder gammaray showsareductionintheglass
trangition temperature (Tg) and consequently adegra-
dationfrommaterid inthedifferent formulationsof the
resins.

Itisnoted that themaost significant effect of thedose
of irradiationisto shift thetheglasstrangtiontempera-

turestolow temperaturesand it isthe caseinthetwo
types of formulations™. After irradiation, the Tgin-
creased from 90.82 ° C to 126.75 ° C in the case of
formulation (IV), and from 140° C to 117 ° C in the
caseof formulation (V °).

Thereductionin Tg could betheresult of cutsof
chainswhich causeto decreasethe number of junction
pointsand thusto increase molecular mobility, asthat
was highlighted by thework of Yvette Ngono*4.

It was also observed that the value of the tem-
perature of Tgin the case of formulation with GPis
moreimportant by contribution with theformulation
with CB. Thusload GP addsto materia animportant
thermostability and consequently aradiores stancewith
thegammarays.

Evolution of oxidation productsby infrared

In order to obtaininformeation onthechemica modi-
ficationsof thestructureof our formulationsunder these
conditionsof irradiation, the sampleswereandyzed by
FTIR spectroscopy in transmission mode before and
after irradiation.

ThelR spectraof thetwo epoxy formulationsshow
the presence of the oxidation products, one band at
around 1722 cm-1 attributed to ketone structures ob-
tained by oxidation of hydroxyl crosslinking nodes
near®™1¢ band around 1760 cm-1 attributed to the
formation of estersor carboxylic acid*”. It isaccom-
panied by ashoulder centered at 1670 cm assigned to
the oxidizing species such as an aromatic ketone or
amide’s,
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Figure7: IR spectraof DGEBA/M DA unfilled
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Figure8: IR spectra of the formulation DGEBA/MDA filled

with CB
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Figure9 : IR spectra of formulation DGEBA/MDA filled
withGP

Accordingto theresults obtained by FTIR of the
Epoxy-CB formulation (Figure 8), the exposure radi-
olysis producesthe same oxidation productswith the
sameintensity whatever the dose applied. Against by
the effect of radiation on the Epoxy-GP formulation
(Figure9) caused aslight decreaseintheintensity of
oxidation productsat 20 kGy, presenting theradiore-
sstanceof thisformulationtolow dose, in contrast for
thedose of 500 kGy onenotesan increaseintheinten-
sity of thebandsof oxidation.

M echanism of radio-oxidation

The epoxy/polymer interaction led to anonselec-
tiveruptureof thebonds, thusformingamacroradica.
Theevolution of thismacroradica isconditioned by
the atmosphere. In the presence of oxygen, the
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macroradicd startsamechanism of oxidationandform
of new species.

The mechanism of radio-oxidation suggested is
schematized inthefollowing figure 10.
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Figure10 : Degradation mechanism of DGEBA/MDA irra-
diation

Radio-oxidation showsaprofileof digtributionvery
marked and products of oxidation: formate, ester and
carboxylicacid.

Effect of thefiller under irradiation

For follow the effect of theload on our material
under irradiation, wefollowed theevolution of thein-
tensity of oxidation productsaccording totheload used
and thedoseof irradiation (Figures11 and 12).

According to theseresults one can concludethat:
e Theaddition of load GP decreasestheintensity of

the bands of the oxidation productsinthe casethe
two dosesof irrediation what givestomateria apro-
tection with oxidation and consequently better ara-
dioresistancewiththeirradiations.

e Theaddition of load CB with the dose of 20 kGy
givesanincreaseintheintensity of thebandsof oxi-
dation, can be explained by the oxidation of filler
CB and thematrix, on the other hand theirradiation
with the dose of 500 kGy givesareduction inthe
intengity of thebands of oxidation explained by are-
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crosslinking of materid. Molecular mobility makesit
possibletheradical sto be coupled to give new junc-
tiong®,
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Figure 11 : IR spectra of DGEBA/MDA unfilled resin,

DGEBA/M DA filled with CB and DGEBA/M DA filled with

GP (irradiated with 20kGy)
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Figure 12: IR spectra of DGEBA/MDA unfilled resin,
DGEBA/M DA filled with CB and DGEBA/M DA filled with
GP (irradiated with 500 kGy)

CONCLUSION

During thisstudy, weoptimized animplementation
of two epoxy materia sformulated with two types of
loads: black carbon and glass powder, in order toin-
creaseto them radiores stancewith thegammarays.

Before studying the effect of theirradiation on our
formulations, optimization madeit possibleto choose
the best percentage of filler added. One observed a
better improvement of Tg comparedtotheunfilledresin

to giveimproved thermal stability, allowstheuseina
temperature range up to 300 ° C without any risk of
degradation.

Thestudy of theradiolysisof phenoxy polymer by
DSC showsamgor mechanism of chainscission. This
result isconfirmed by an increaseinthemolecular mo-
bility whichisconfirmed by thedecreaseof Tg

Structura analysisby FTIR canidentify most of the
productsformed duringradiolyss. Thequantitative cor-
relation of the experimental resultsallowsestablishing
theprincipa mechanism of radio-oxidation.

Thereductionsintheintensitiescauseareinforce-
ment of the network viathe particlesof the PV filler,
which attenuatesthe effect of the cutsof chain under
irradiation. What enabled usto notethat load PV gives
to materia sbetter aradioresistance by report filler CB.
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