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ABSTRACT

Magnetic nhanocomposites on the basis of water soluble unsaturated poly-
ester resinfilled with different amount of iron oxide nanoparticles have been
successful prepared. The mechanical properties of thus prepared compos-
ites as tensile, impact and flexural strength were determined. The specific
volume and surface resistance of the magnetic nanocomposites were also

determined. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Magnetic nanoparticlesprovokenot only scientific
but also technological interest because of their unique
propertiesand various applications™®l. They canbesyn-
thesized using different methods such as
microemulsion”, sol-gd synthesig®, sonochemical re-
actiong?, hydrolysig™¥ and thermolysig*¥. Thesemeth-
odsareused for preparation of particleswith homoge-
neouscomposition.

The synthesi sof magnetic nanoparticlesisacom-
plex processbecause of their colloida nature. Thefirst
chalenge congistsin determination of theexperimenta
conditionsleading to formation of uniform magnetic
nanoparticleswith appropriate size*. Thesacond criti-
cal point isthe choice of reproductive process, which
can beindustridized without any additiond purification
procedures such asultracentrufugation’*® or magnetic
filtrationi*+9, Themost used methodsfor thesynthesis
of magnetic nanoparticlesis precipitation of iron salts.
The production of magnetic nanoparti clesin aqueous
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solutionsisvery perspective, environmental friendly
process and possesses numerous advantages. . Itiswell
known that unsaturated polyester resinsareasolution
of unsaturated oligomersin monomer (usualy styrene)
withwhich they areableto copolymerize. Thiscombi-
nation possessesagood complex of propertiesasrela
tively low viscosity, and easy and compl ete copolymer-
ization after addition of initiator which makesthemvery
suitablefor different processing methods. It is estab-
lished that theresin easily formsemul sion with water
after theakaifying of themediumwithammoniainthe
rangefrom 1.8%t0 5.2% only at ssimplestirring. The
obtained emulsionisstable enough with thetimein or-
der to undergo varioustechnological processes. Itis
known the preparati on of suspens on copolymerization
of unsaturated resinswith styrene and acrylonytrileus-
ingaredox sysem cons sting of metylketohydroperoxide
and cobalt naphtenate*™.

Theaim of thisinvestigation isthe preparation of
magnetic nanocompositeson thebasisof water soluble
unsaturated polyester res nand aqueous sol ution of mag-
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netic nanoparticleswithout using of any surfactant. There
arenot datain theliterature concerning the preparation
of suchwater solubleunsaturated polyester resinsfilled
with magneti c nanoparticles. Themechanical proper-
ties of the prepared magnetic nanocompositesarea so
investigated.

EXPERIMENTAL PART

M aterialsand methods
Materials

Unsaturated polyester resinsVIAPAL VUP4627
BEMT/56 (CY TEC, Germany), containing 44% sty-
rene, which is previously accelerated. Cyclohexa
noneperoxide (PEROXIMON K 41) Ammonia-25%
solution, FeCl, (Acrosorganics) and FeCl,
(Acrosorganics) have been used without asreceived.

Methods

Theaverage hydrodynamica diameter of themag-
netic nanoparticlesisdetermined using Dynamic Light
Scattering (DLS) - Mavern CGS-3 equi pped with He-
Nelaser with wave number 623,8 nm at temperature
25°C and angle 90°.

The concentration of theiron in the hydrosol of
vFe,0, of 9600 ug/ml is determined by atomic absorp-
tion analysis(AAA) using Perkin— Elmer spectropho-
tometer.

Thecomposite materid sareinvestigated with the
ad of thefollowing methods:

- Tensilestrength- EN ISO527 1,2 : 1996;

- Impact strength- EN SO 179: 1993;

- Flexurd strength - EN 1SO 178 : 1996;

- Determination of specificvolumeand surfaceresis-
tancel’®!;

- Rdativey dengty and degreeof swdling (weight and
volume) in acetone.

Synthesis
Synthesis of hydrosol of yFe,O,

Magnetic nanoparticleswere prepared according
to*9, Briefly, 0.85 ml of 12,1 M HCI and 25 ml de-
gassed water are mixed with 5.2 g FeCl, and 2 g
FeCl,. The molar ration of Fe** and Fe** was Fe*/
Fe**=0,5 at pH=11-12. Thus prepared mixture was
added dropwiseinto 250 ml 1.5 M NaOH solution

under vigorousstirring. Thelast stageconsistsinthe
formation of black precipitate. The precipitateiscol-
lected in magnetic fields and added to degassed wa-
ter followed by centrifugation (threetimesfor 1 min)
at 4000 rpm. After this purification, 500 ml 0.01M
HCl isadded to the precipitatein order to neutralized
the anionic charge of the particles. The cationic col-
loidal nanoparticles are separated again by centrifug-
ing and they are peptized with addition of water. The
result isaclear, transparent colloid (hydrosol). The
oxidation of Fe,O, toyFe, O, isbased in the change
in the pH of the hydrosol of Fe,O,to pH=3,4. The
transparent hydrosol isstirred for 30 min at 100°C
under air. The color of the solutionischanged from
redto brownred. Thissolutioniscooled to room tem-
perature and the upper layer is collected after cen-
trifugation for 30 min at 4000 rpm. Theobtained trans-
parent brown-red layer is a hydrosol of yFe,O
nanoparticles.

Copolymerization of unsaturated polyester resin

Themethod of preparationisdescribedin®”2, The
unsaturated polyester resinisplaced inareactor where
istempered a appropriateinitia temperature. Thenthe
initiator isadded and the time of copolymerizationis
accounted asthereaction mixtureisstirred during 30
sec. To determinethetime and the maximum reached
copolymerization temperature of unsaturated polyester
resin at differentinitiator concentrationsisused equip-
ment showninFigure 1.

Figurel: Schemeof thereactor used for study the copoly-
merization process: 1-lid; 2-ther mocouple; 3- orificefor the
temper ed fluid; 4-vessdl for theinvestigated resin; 5-circu-
lating fluid
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Prepar ation of magnetic nanocomposites

Thepolymer compositesare prepared manualy by
mixing of the diluted with water unsaturated resinand
hydrosol of yFe,O, nanoparti clesgpplying different con-
centrations. The sum of the added water and
nanoparticlessolutionisequa and correspondsto de-
greeof filling 0.5%.

RESULTSAND DISCUSSION

Itiswell knownthat maleic, respectively fumaric
links in unsaturated polyester resins do not
homopolymerize. Inthe presence of another unsatur-
ated monomer, copolymerization takes place and the
moleculesof the unsaturated polyester resnshavebeen
cross-linked (bonded molecularly by the second mono-
mer). Styreneand, more seldom other vinyl monomers
are used most often for this purposg?!.

For our study we used unsaturated polyester resin
containing 44% styrene. Initiadly, the copolymerization
of the unsaturated polyester resin containing 44% sty-
renewas performed using different amount of initiator
inorder to determinethetimefor reaching theoptimal
copol ymerization temperature during the process (Fig-
ure 2). It was establi shed that during the copolymeriza-
tion reaction, theincreased amount of initiator lead to
higher reaction temperaturesreached at shorter times.
The same dependence was established for the change
of adiabatictemperatureswith thetime (Figure2). On
thebase of theseresults, theinitiator concentration of 2
wt.% (or 0,4 gfor 20 g resin) waschosen asan optimal
concentration for the copol ymerizati on process.
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Figure?2: Dependenceon thereaction temperaturewith the
timefor thecopolymerization of unsatur ated polyester resin
with different amount of initiator.

Our study on the extracted substances and swell-
ing in solvent of theresin showed that independent of
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the way in which is heated and cooled, the reaction
does not complete. The copolymerization processes
proceeded sowly. Thereforeafter reaching of 7.2, the
sampleistransferred to thethermostat at temperature
equd to thetemperature T After heating for 1 hour,
the sampleisplaced in the reactor and the rate with
whichthetemperatureisdown ismeasured (Figure 3).
We established that after one hour of keeping the maxi-
mum temperature, the copol ymerization processiscom-
pleted. The extracted substances are decreased until
the minimum values - under 4%, and theswellingin

ethyl acetate decreased below 2.3%.
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Figure3: Changesof adiabatic temperatureswith thetime.

To prepare magnetic nanocompositesonthebasis
of unsaturated polyester resin Fe,O, nanoparticdlesare
synthesized according to equation 1.

FeCl, (1mol) + FeCl, (2mol) -Fe,0, - oxidationyFe,O,

Thesynthesized Fe,O, nanoparticeles used asfiller to
prepare magneti c Nnanocomposites possess an average
hydrodynamic diameter (D,) of 60+0.7 nm at particles
sizedistribution (PDI) of 0.38 as measured by DLS

(Figured).
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Figure4: Averagehydrodynamicdiameter and particlessze
distribution of agueoussolution of yFe,O,nanoparticles.
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The observed broader polydispersity of the
nanoparticles could be due to some nanoparticles ag-
gregation.

Different amountsof filler are added to thewater
akalinesolution of theresin thusobtaining following
compositeswhich aretested for their mechanical prop-
erties such as tensile, impact and flexural strength
(TABLE 1).

TABLE 1: Content of theused magnetic composites

UPER, Hydrosql of Water, Content.of

No nanoparticles, magnetic
g ml :

ml nanoparticles, %

1 50 0 26 0
2 50 5,25 20,75 0,1
3 50 15,75 10,25 0,3
4 50 26 0 0,5

Thetenslegtrength (Figure5) decreasedightly with
increasing theamount of magnetic nanoparticlesinthe
resin asthe obtained dataare not significantly changed
depending on the magnetic nanoparticles content.
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Figure5: Tensilestrength of magnetic compositeswith dif-
ferent content of magnetic nanoparticles.

Tensile strength, MPa

The results for impact strength of the magnetic
nanoconposites depending on the magnetic
nanoparticles contentsare presented infigure 6.

Theincreased content of magnetic nanoparticlesin
the composites|eadsto decreasing of thevaluesfor the
impact strength. Thelowest value (4,8 kJ/m?) is ob-
tained for the composites containing higher amount of
magnetic nanoparticles- 0.5%.

Theresults of magnetic composites for flexural
strength are presentedin Figure 7.

Theresultsfor flexura strength showed insignifi-
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Figure6: Impact strength of magnetic compositeswith dif-
ferent content of magnetic nanoparticles.
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Figure7: Flexural strength of magnetic compositesin de-

pendenceon thefiller contentin %.

cant change in dependence on the magnetic
nanoparticles content. The best results are obtained
for the samples containing 0.1% nanoparticles
(0.33MPa) and thelowest (0.23M Pa) for the samples
containing 0.5%.

TABLE 2 presentstheresultsfor the specific vol-
umep [Q.m] and surface p_[€2] resistance. Thein-
creased amount of the magnetic nanoparticlesinthe
composites|eads to some decreasing of the specific
volumeand surfaceresistance. Thistrend allowsthe
preparation and design of magnetic compositeswith
desired conductivity.

TABLE 2: Variation of p and p_in dependenceon themag-
netic nanoparticlescontent

Magnetic nanoparticle content % p,, [Q.m] ps [Q2]
0 1.0.10* 45.10%
0.1 0.82.10" 2.0.10"
0.3 0.42.10" 1.5.10%
05 0.35.10" 1.0.10%

Theobtained valuesfor thedensity of the magnetic
compositesare presentedin TABLE 3.
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TABLE 3: Densty of magnetic compositein dependenceon
theamount of thefiller

M agnetic nanoparticle content, % Density, g/em®

0 121
01 114
0.3 0.82
0.5 0.98

Asseenthedensity of the polymer compositesde-
creases with increasing the amount of the magnetic
nanoparticles content. The decreased density showed
that probably thereare some gasformationsintheres-
ins. The observed lower values of the some
physicomechanica propertiesin the magnetic compos-
itesin comparisonto thepureresinisprobably dueto
the detected decreased density in the compositeswith
increasing the amount of magneti c nanoparticles con-
tent. The higher mechanica strength possessesthepure
resin and the composite containing 0.1% magnetic
nanoparticles. The pH nanoparticles solutionis 3.5.
Sincethe hydrolysisof UPER hasto be conducted at
pH 8, theamount of NH,OH which hasto beadded to
the mixture hasto beincreased in order to reach the
desred dkdinity of thesolutionwith theincreasing con-
centration of magnetic nanoparticles. Theneutrdization
process probably provokesthe gasformationsin the
compostes. Thisstateisconfirmed fromtheresultsfor
the degree of weight (Figure 8) and volume (Figure9)
swelling of the polymer composites.
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Figure8: Changesof degreeof swelling (weight) in depen-
denceon theamount of magnetic nanoparticles.
Thedegreeof weight swdlingisincreased within-
creasing the amount of magnetic nanoparticlesinthe
magnetic composites. Thisincreasing of the degree of
swelling provesthe presence of poresin the samples.
Asseenformthefigure, degreeof volumeswelling
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Figure9: Changesof degreeof swelling (volume) in depen-
denceon theamount of magnetic nanoparticles.

decreasesirregularly with theintroduction of magnetic
nanoparticles. Thedegree of swellingishigher at the
sampleswithout magnetic nanoparticles.

Theweight of the samplescontaining higher amount
of magnetic nanoparticlesincreasesand thevolume of
the sampl es decreases when staying in asolvent (ac-
etone) for 24h. It can be concluded that the higher
amount of themagnetic nanoparticlesinthecomposites
does not disturb the crosslinking process of theresin
but the prepared magnetic composites posses higher
amount of open and closed poresinwhich entershigher
amount of solution. Therefore, thedensity of the poly-
mer composi tes decreased withincreasing theamount
of themagnetic nanoparticles(TABLE 3).

CONCLUSIONS

The nanocompositeson the basis of diluted with
water unsaturated polyester resin containing magnetic
nanoparticleswith concentrationranging from 0.1%to
0.5% weresuccessful prepared. It wasestablished that
theincreasad concentration of themagnetic nanoparticles
|eads to decreased mechani cal properties of the com-
positesdueto theformation of microporestructure. As
expected the specific volume and surfaceres stance of
the compositesis changed with increasing theamount
of magnetic nanoparticlesinnthecomposites.
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