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ABSTRACT

Direct radiation method has been used to graft styrene and acrylic acid
monomer on to marble and granite powders. The grafted marble and granite
powders were used as a filler of epoxy composites, they added to epoxy
resin at weight percentage 20, 60 and 100 then cured at room temperature.
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The experimental results showed that the dispersion of marble powder in
polymer matrix isremarkably improved, when the marble powder isgrafted
with monomers, the micro-hardness and impact strength of epoxy filled the
modified marblewere higher than those of unmodified. When the epoxy was
filled by unmodified and modified marble powder, its thermal stability was

remarkably improved.

INTRODUCTION

Epoxy resinsare one of themost important classes
of thermosetting polymers, epoxy resinsarewidely used
for many applicationsfrom microelectronicsto space
vessalsin modern technol ogy. Research effortson ep-
oxy resins have been focused onimprovingtheir ther-
ma and mechanicd stability, raisng glasstrangtiontem-
peratures, increasing dimensiond stability, loweringthe
dielectric constant, and enhancing flameretardance. An
approach aiming to smultaneoudy achieve these ob-
jectivesisreasonably attractivefor epoxy resins used
inmodern el ectronic and el ectrica products, sealants,
paints, coatings, and adhesivesY. Epoxy resinsarerela
tively expensive; however, thelong servicetimeand
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good physical properties often help by providing afa-
vorable cost—performance ratio when compared to
other thermosets. Themainfid dswherefire-retardancy
of epoxy resinsisrequired are e ectronics(printed wir-
ing boards and semiconductor encapsulation) and trans-
portation (automotive, high speed trains, military and
commercdid arcraft) incompostestructura and furnish-
ingelements?.

Intheplasticsindustry, the addition of filler materi-
astoapolymer isacommon practice. Thisimproves
not only stiffness, toughness, hardness, heat distortion
temperature, and mold shrinkage but also reducesthe
processing cost significantly. Infact, morethan 50% of
al polymersproduced arein oneway or another filled
withinorganicfillersto achievethedesired properties®.
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Formation of organic-inorganic nanocomposites has
shown theability to provide such asimultaneousim-
provement in severd properties. Toimprovetoughness
and thermal resistance, theaddition of filler particlesof
micro- or nano-sizeisbecoming acommon practice,
becauseit not only improvesthemechanical properties
of theresulting polymer but a so significantly reduces
the processing cost¥. This improvement depends
strongly onthe particle content, particleshapeand size,
surface characteristics, and degree of dispersion®.

Surfacetreatment of fillersisoneof thetechniques
often usedtomodify interactionsin particulate-filled poly-
mers. Among dl therigidfillersused in polymer matrix,
calcium carbonateis one of the most preferred. How-
ever, therearetwo obvious disadvantagesfor calcium
carbonate. Firstly, thehigher surfaceenergy and undable
thermodynamic state of calcium carbonateinducethe
poor dispersion of fillers. Secondly, thepoor compeatibil-
ity between ca cium carbonate and polymer astheresult
of hydrophilic characteristicsof CaCO3 will influence
the mechanica propertiesof find composites®.

Inthe present paper, direct radiation method has
been used to graft acrylic acid and styrene monomers
onto marbleand granite powder fillers. The properties
of grafted marble and granite powderswere studied.
Furthermore, theeffects of grafted marbleand granite
powders on the properties of epoxy composite were
discussed.

MATERIALSAND EXPERIMENTAL

Materials
Marble

Marbleand granite (G) wasteswerecollected from
Suez and Aswan respectively, Egypt. It wasgrinding
by using Boll mill and sieved at < 63 um powder. The
chemica composition of themarbleand graniteissum-
marizedinTABLE 1.

Epoxy
The studied system is based on a commercial
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diglycidyl ether of bisphenol A, (DGEBA) (kimapoxy
150), from chemicasfor modern buildinginternationd
(CMB) Co., with epoxide equivalenceweight in the
range of 182—-196 g/equiv and density at 25 °C (1.11
g/cm?®). The curing agent used was cycloaliphatic
polyamine supplied by (CMB).

Monomers

Styrene monomer with density 0.905gm/Cm? and
stabilized by 0.001 to 0.002 tert- butylcatechal. It has
been supplied by theAldrich chemica Co. Theacrylic
acid monomer has been supplied by the spectrum, Min
98%, color (APHA) 15 and water 0.07%.

Solvent

Methyl Alcohol, Pure reagent for analysisand mo-
lecular weight 32.04, Min. assay 96%, wt. per mL at
20°C about 0.79-0.7939. Methyl Alcohol has been
supplied by the (Elnasr Pharmaceutica chemical. Co)
Adwic, andionizingwater

Surfacemodification of marbleand granite

Marble and granite powdersgrinding by usng Boll
mill and sieved at different grain size (360, 250, 200,
100, and 63) um, the < 63um powders were used.
Solvent (Methyl Alcohol: lonizing Water) (70:30) %
percent. Monomers (Syrene, Acrylic Acid) solublein
solvent and then added to powder at different ratio.
Themixer magnet sandsfor 30 min by using magnetic
starrier. Put themixturein dry oven at 50°C for time
24h. Thedried powder irradiated at (30, 10) KGy for
respectively.

Prepar ation of epoxy / marble(granite) compos-
ites

Hardener should be poured into epoxy resin at dif-
ferent ratio and mixed together using asuitablemechani-
ca mixer for aperiod of 3 minutes. Thevelocity of the
mixer must not exceed 300 r.p.m. Inthe case epoxy /
marble (granite) composites, fillersisadded tothemix-
ture and mixed again for aperiod of 3 minutes. The
mixtureisthentransferred to molded (12 x1.5 mm) for
24 h. Thesamplesde-molded and then analysis.

TABLE 1: Chemical composition (wt %) of marble[M] and granite[G]

Commercial Name Na K Mg Ca Cl S Al Si Mn Fe Cu Zn
Glalla- ElSuez [M] o * 0.2 978 03 01 013  ** * *x 09 09
Fray - Aswan [G] 9 7 > 273 02 02 126 57 0.5 10 08 09
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X-ray diffraction (XRD)

A sampleof the prepared powder materidsare put
in an appropriate aluminum holder. XRD patterns of
the dab samples of the prepared were then measured.
Here, XRD scanning was carried out by afully com-
puterized X -ray diffractometer, (Shimadzu type XD-
6000).

Scanning electron microscope (SEM)

SEM was used to characterize the powder par-
ticles, and also to identify theinterfacial adhesion be-
tween polymer resin particlesand powders particles.
Fracture surfaceswere obtained by compression of the
specimens. Surface of fracturewas sputtered withthin
layer of gold. SEM micrographswereobtained witha
JSM-5400 (Jeol / Japan).

Thermal analysis
Differential thermal analysis(DTA)

Differentid thermd analyss(DTA) isthetechnique
of measuring the heat effectsassociated withthe physi-

cal or chemical transformationsthat takeplace asthe
substanceisheated at acontrolled rate. M easurements
of thetemperature T and the difference AT over suit-
ablerangewill giveaprogram characteristic of theoc-
curred reaction. A Shimadzu micro-DTA modd DT-30
wasused.

Thermal gravimetricanalyss(TGA)

Thetherma decomposition behavior of thediffer-
ent compositeswereinvestigated by thermo-gravimet-
ric analysis (TGA) using a TG-50 instrument from
Shimadzu (Japan) at aheating rate of 10° C/min.

Vickershardnesstest

Microhardness (HVO tested (Shmadzu Micro-
Hardness HMV-2) are performed on epoxy and its
compositesat load 25 kgf and speed 10 mm/min.
I mpact toughness measur ements

Theimpact toughness(IT) measurementshavebeen

carried out on the unnotched compositetest samples.
A pendulum impact gpparatus PSW-4J (Gerhard Zorn

TABLE 2: Glasstrandtion temperatureT of epoxy / marble (M) and granite(G) powder scompositesbeforeand after treated

with acrylicacid (AA) and styrene(S) monomers

Composition Tgluntreated Filler] Tg[Treated with AA] T4[Treated with §]

Ratio of filler M G M G M G
Epoxy 63.11 * kK ok * %k K Kk ok ok * ok koK * Kk kK
20 % 64.93 63.33 57.35 56.77 61.07 59.3
60 % 63.82 61.75 57.41 56.47 56.13 58.73
100 % 62.55 65.2 58.7 57.61 58.67 58.29

TABLE 3: Weight remaining (%) of epoxy / marble(M) and granite (G) powder scompositesbeforeand after treated with

acrylicacid (AA) and styrene (S) monomers

Epoxy  Epoxy/ untreated M Epoxy/ grafted M with AA Epoxy/ grafted M with S
Temperature[°C] - - ;
Filler content [%] Filler content [%] Filler content [%]
*kkk 20 60 100 20 60 100 20 60 100
350 °C 77 741 833 836 61.7 84 82.9 73.8 81.9 83.9
440 °C 324 393 385 625 38.5 56.1 56.5 375 47.3 59.1
560 °C 20.2 169 212 453 20 385 371 25.8 329 44.4
680 °C 1.59 995 754 371 10.2 31.1 34.9 10.6 20 32.7
Epoxy/ untreated G Epoxy/ grafted G with AA Epoxy/ grafted G with S
Filler content [%] Filler content [%] Filler content [%]
20 40 100 20 40 100 20 40 100
350 7837 8L77 80.85 71.66 81.54 81.85 72.21 80.9 83.19
440 4555 5991 59.19 27.21 54.94 57.59 455 53.27 58.49
560 259 40.16 37.09 25.09 36.61 41.54 25.09 32.92 41.21
680 20.52  40.86 36.39 12.27 35.44 40.38 19.81 31.79 40.86
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M echanische Werkestatten, Stendal, Germany), have
been used in thistest according to ASTM standards
(D-256, 1987).

RESULT AND DISCUSSIONS

Surface modification of marble (M) and granite
(G) powders

Marble(M) and granite(G) modified by used mono-
mers(styreneand acrylic) at different ratio (2.5, 5, 7.5
and 10) and choose the percent 7.5% to study before
and after irradiation.

X-Ray Diffraction

Figure1 & 2 showsthe X-ray diffraction patterns
of themarble (M) and granite (G) with (7.5%) acrylic
and styrene, respectivey. It can benoted that themarble
and granite material s are constituted by cal cium car-
bonate silicaand minor amountsof eements. Figure 1
show that the additive of present (7.5) of acrylicand
styrenemonomer before and after irradiating by using
dose(10, 30) KGy, respectively. Few changein grafted
marblewith AA and appear clear ingrafted marblewith
syrene. Meanwhilein Figure 2theacrylicincreasesthe
amorphous phaseand with styrenethecrystallinty in-
crease after irradiated. The styrenemonomer affected
on granite powder before and after irradiated by dis-
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Figurel: XRD of untreated and grafted mar blewith 7.5% of
acrylicacid and styrenemonomers
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Figure2: XRD of untreated and grafted granitewith 7.5% of
acrylicacid and styrenemonomers
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appear some phases, meanwhilein marbleno affected.
Thisisreatedto crosdink inter the network of compo-
sition. Styrenemonomer linked with atomsinmarble
and granitehigher toacrylic.

Scanning el ectr on microscope

Themorphol ogy of thesampleisshowninFigure
3.a b, ¢, dwith acrylic and styrene monomer. Exhibit
acontinuousgraingrowth, thisisrelated to coated with
irradiation. Showsindividua grains, whichareirregular
insize & shape, and separated by well defined inter —
grain boundaries. Thedropletsare substantia ly spheri-
cal and have convex surfaces, thisincrease after irra-
diationwith acrylicand decreasewithirradiation. Fig-
ure (3, @) show coat clear after irradiation withincrease
meanwhile decrease the size of grain with still the
idand.Figure (3, b) show coated with afew changein
structure. Theshapeand sizeof grainin Figure (3, €)
increasewithirradiaion and arrangement of idand struc-
tures, thisisrelated to silica Meanwhile, in Figure (3,
d) show big grainwith styreneafter irradiation but redo
nearly thesamestructure.

Char acterization of epoxy / marblecomposite
M echanical propertiesof epoxy /marblecompos-
ites
Micro—hardness
Micro—hardness expresses the stress required to
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Figure3: SEM of untreated and grafted mar ble (granite) with 7.5% of acrylicacid and styrenemonomers

32
—#— Untreated M
—a— Grafted Mwith AA
30 9 4 Grafted Mowith §
28 |
w
¢ 56 |
T
§
24 |
22 |
L
20 . : :
EPOXY 20% 0% 100%

Ratio (%)

27

—*— Untreated G
28 | —h— Grafted G with AA
—4— Grafted G with §

S

wn
Q
c rd
FRER ////
I /S
22 A 2
21
20 . . .
EPOXY 20% 60% 100%
Ratio (%)

Figure4: Effect of untreated and grafted mar ble (granite) ratio on micro-har dnessof epoxy /marble(granite) composites

eliminatethefree volume (deformation of the network)
of the sample. As seen from Figure 4, the micro-hard-
nessincreasesas(M, G) content increasesindicating
theincreaseintherigidity”. Theseindicated that with
increase (M, G) the hardnessincrease and the hard-
nessof (M)> (G) with epoxy. Meanwhile, after treat-

ment marbleand granitefillers, thehardnessof (M, G)
with styrene and epoxy higher thanto acrylic. Thisis
related to the close of network of atom increasewith

styrene.
Impact strength

Figure5illustratesthe effect of irradiation onthe
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impact resistanceof the (M, G) with epoxy at different
ratio. Theseresultsshow that increaseof impact resis-
tanceva uesfor composition withincreasethe percent-
ageof (M,G). InFgure5theimpact strengthwith acrylic
had greater than styreneafter irradiation, meanwhile, in
Figure5 graniteirradiation beforegreater than after ir-
radiation. Theirradiation effect on marblehigher than
granite. Theseresultsindicatethat irradiation treatment
of (M, G) with epoxy. In composition thereimprove-
mentsintheinterfacia bond asresultsthe presence of
delocalization, whichishigher sensitivetowardstheir-
radigtion.

Thermal properties

Differential thermal analysis(DTA)

Therma behaviorsof themarbleand granitewastes
intermsof DTA, aredisplayed in Figure 6, respec-
tively. The transition glass temperature Tg (M &
G)beforeand after irradiationlistedinTABLE 2. A loss
inweight equivaent to 45 % indicatestherdatively high
content of CaCO,, SIO, in the composition about
100%. DTA curvein Figures. ashowsasharp endot-
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—g— Grafted M with S
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hermic peak attributed to the dissociation reaction of
CaCO,, SIO,. DTA curveof the stoichiometric from
the wastes CaO: SIO,, 1.1, Figure 6 at (100 % M),
show asharp endothermic peak attributed to thedis-
sociation reaction of CaCO3 and an exothermic attrib-
uted to theformation of metasilicate (cal cium and mag-
nesumsilicated.

Inall curvesexcept thelatter one, the shift of the
endothermic peakstowardshigher temperatureisvery
dight withincrease (M, G) and epoxy; it indicatesthat
theactivation energiesassoci ated with these processes
arevery high. As(M, G) rises, an endothermicreaction
process appears, which can be dependent onthe T, of
epoxy inside the composition. Thisresultisin good
agreement with theequilibrium phasediagramwhichis
dominated by their temperature dependent thermody-
namicequilibrium. Withincreasing (M, G) thesamples
yieldsasymmetric exothermic pesks. At thehigher tem-
peratureside, thefusionfollowsthecrystallization pro-
cess. Thisfigure showsthat the present resultsarein
agreement with previousDTA analysisat ahegting rate
of the10 deg/min.
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Figure5: Effect of untreated and grafted marble(granite) ratio onimpact strength of epoxy/ marble (granite) composite
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Figure8: TGA thermogram of epoxy/ grafted granitewith acrylic acid composites

Thermal gravimetricanalysis(TGA)

TGA isthemost favored techniquefor rapid evalu-
ationin comparing and ranking thethermd stability of
various polymer®9 Thermo-gravimetric (TG) and dif-
ferential thermal analysis’s (DTA) are considered im-
portant tool sto quaifying the different phases.

Figure (7 : 10) showsthe TGA, curvesof (M, G)
with epoxy beforeand after irradiation, respectively.it
exhibited weight remaining at temperatures (350, 440,
560 and 680) °C, shown datain TABLE 3. Theresults
indicated that (M, G) cured with variousweight ratios
have higher char yield than beforeirradiation and ther-
mal stability than after irradiation. It can be seen that
TG curvefor (M, G) paste consists of three to four
zonesin most samplesbut in someratio after irradia
tion thezonesincreasetofiveand six step as (100% M
with styreneand acrylic), respectively. Whiledecrease
thiszonetow zoneswith (G) after irradiation asshown
in TABLE 3. Thisphenomenon played an important

roleinimproving the composition. Theincorporation
of (M1, G11) into epoxy resinimprovestherma stabil-
ity and enhancesthe degradation.

Temperature according to its percentage con-
centration Figure(7: 10). Thepresenceof CaCO,, SO,
networksin the epoxy system delaysthe degradation
process, sincehighthermal energy isrequiredto attain
the same percentage weight lossthan that required for
unmodified epoxy system. Thethermd degradationtem-
perature of the CaCO,, SIO, modified epoxy systems
areincreasedwithincreasngM, G concentration. This
may be dueto theformation of inter crosslinking net-
work between epoxy and CaCO,, SO, and the pres-
enceof rigid heterocyclic ring structure®¥. Thetherma
stability of unmodified epoxy and siliconized epoxy
coating systems cured by M1 and G11 was studied
usingthermogravimetric®,

Scanning e ectron microscope
Themorphology of thesamplesisshowninFigure
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9& 10with epoxy. Showssmall grains, which areir-
regular in size& shape, and separated by well defined
inter — grain boundaries. Exhibit a continuous cavities
growth, thisisrelated toincrease (M) Figure 9. These
cavitiescould havethat havefdlen away fromtheresin
after failureunder tensileloading. Prematurefailure of
thematerid may result from cracksinitiating a thevoids
or at theinterfaceswhere possible poor adhesion ex-
istsbetween the agglomerates and theresin. Another
possibility isthat becausethe (M, G) hasamuch greater
modulusthan the polymer, stresses concentration may
have existed at theinterfaces of the (M, G) and epoxy
matrix. Therefore, under tensileloading, crackscanini-
tiate at those weak points and cause the specimen to
fail a relatively low straind®¥. And Figure 10 thiscon-

o
T 20 9% Grafled M with S

Figure9: SEM of epoxy/ grafted marblecomposites
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Figure10: SEM of epoxy/ grafted granite composites
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vex to stick to each other, and to present in the same
co-matrix phasé¥. Thesetwo last regionsare charac-
terized by asteady increase of the surface roughness
and by the presence of conic marks. The micrographs
of thematerials modified with (M, G) presented as-
pectsof thefracture mechanism Figure9, 10inwhich
the (Ca0,SiO) particleswere partly pulled out from
the epoxy matrix and partly fractured. Inthiscase, it
showsthat the crack devel oped through the (CaO, S O)
particlesandindicatesthat theinteraction between the
particleand the matrix has occurred. The presence of
theelastomeric particlesasoled thematerialsto frac-
tureinaway more akinto ductilemateriasthaninthe
case of the neat epoxy™.

CONCLUSION

Themicro-hardnessincreased as (M, G) content
increased indicating theincreasein therigidity. Mean-
while, beforeirradiation the hardness of (M, G) with
styrene and epoxy were higher than to acrylic. Impact
resstanceva uesfor compostionincreasad withincrease
the percentageinmix composition. It wasa so observed
that theimpact strength of M with irradiation greater
than G

Differentid thermd temperature(DTA). Indl curves
except thelatter one, the shift of theendothermic pesks
towardshigher temperatureisvery dight. Thisresultis
in good agreement with the equilibrium phasediagram
dominated by their temperature dependent thermody-
namicequilibrium. Thermd gravimetricandysis(TGA).
Theincorporation of marble (granite) into epoxy resin
improvesthermal stability and enhancesthe degrada-
tion.
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