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ABSTRACT

Inthe present work, mixture of five different concentrations (2, 4, 6, 8 and 10
wt%) of an alkali earth aluminate photoluminescent pigment powder
(AREAPP) with poly (methyl methacrylate) (PMMA) were prepared. The
pigment has the composition formula of MeO.xAl,O,.ySIO,.Eu (Me = Ca,
Mg, Sr, Ba, x =0.5-2.0, y = 0.005-0.5) whichisactivated by rare earth element
(Eu). Thermal analyses [differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA)] as well as Fourier transform infrared
spectroscopy (FTIR) were employed to characterize and reveal the misci-
bility map and the relationship of the structure properties. Fromtheresults,
we can find that the organic parts are attached with the inorganic partsin
the PMMA/AREAPP mixtures. Also, the obtained results of the thermal
analyses showed variations in the phase transition temperature on the
lower temperature sideindicating the miscibility of the systems. The changes
in the phase transition temperature on the high temperature side, shape
and area were attributed to the different degrees of crystallinity.
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INTRODUCTION

Polymer blending providesapowerful routeto en-
gineering new propertiesin materialsusing available
polymers. From polymer blending it ispossibleto pro-
ducearangeof materialswith propertiesthat are supe-
rior tothat of eachindividual component polymerg*2.
Themain advantages of the blended systemsaresm-
plicity of preparation and ease of control of physical
properties by compositiona changes® and dsoit usu-
aly requireslittleor no extraexpenditure compared to

new polymer synthesis. However, themiscibility be-
tween the congtituents of polymer mixtureon molecu-
lar scaleisrespongblefor materia with superior prop-
ertiegd.

Poly (methyl methacrylate) (PMMA) isoneof the
best organic optica materid sand hasbeenwiddy used
to makeavariety of optical devices®, suchasoptica
lenseseither inthe pure or doped state’®”, which pro-
videsameansto fabricate structures, such asgratings
or waveguides.

Poly (methyl methacrylate) hasbeen used in skel-
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eta surgery for > 40 yearsasameansof securing pros-
theticimplantsand more recently wasused asadeliv-
ery agent for local high-dose antibioticsto treat soft
tissueand osseousinfections®. Moreover, sncePMMA
isanondegradabl e biopolymer, it hasbeen extremely
utilized for antibiotic delivery system purposesfor the
treatment of osteomyeditig¥. Also, PMMA isawidely
used support medium for the embedding of intact,
undeca cified bone™?. Itshardnessmakesitideal for
ca cified tissue sectioning and subsequent histological
examination*.

L uming photol uminescent pigment (has6 series) is
akind of rare earth photolumi nescent powder, with no
radi oactive component. The photol uminescent pigment
powder emitslight by absorption of ultraviolet and/or
variousvisblelightsinonly 15 minutes, then giving out
lightsfor above 12 hours and can berepeatedly used
for morethan 20 years. The products do not contain
any radiating e ements, no poisonoudy, harmlesdly.

L uming photoluminescent pigment powder can be
used as an additive among the transparent agents. It
can beadded in coating, ink, paint, plastics, printing
paste, ceramics, glass, and fiber etc., to activate the
emitting functionsof the agentsand then themedium
canglow inthedark. The products madefromthepig-
ment can besafely applied in different fieldssuch as:
indication position; safety fields; building; toys, cloth-
ing, decorationsand othersas: artsand crafts, amber,
sand crystal, glass, painting worksand the systems of
trangportation, military industry, architecture, etc. Fur-
thermore, someapplicationsof rare earth luminescence
are: Lightingtechnologies, white LED gpproaches, LED
conversion phosphors, persistent phosphors, scintilla-
tor phosphorg*?. Applicationsare numerousin both
thecommercia and domestic markets.

Someof thefirst phosphorsto be devel oped were
inorgani ¢ zinc sul phide compounds. These phosphors
typically absorb energy from deep blueand ultraviol et
light and emitit asyellow-greenlight. Thisisuseful in
that the peak spectral distribution of theemitted light
roughly coincideswith the peak spectral sensitivity of
thehuman visud system under isotopic (low-leve) light-
ing conditions (whichisaround 510 nanometers). Zinc
sulphide occursin crystallineform, but isnot photolu-
minescent by itself. Thisrequirestheaddition of activa:
tor ionsto the crystals, such as copper atoms. These

ions absorb the excitation energy of the ultraviol et or
visblelight andlater rdeaseit asvisiblelight. Thecop-
per-activated zinc sulphidecrystals (identified with the
chemica symbol ZnS.Cu) aretypically groundinto a
fine powder withagrain sizeof 3to 15 micrometersto
avoidlight trapping and light piping effects.

Poly (methyl methacrylate)™¥; oxideglasses™ are
well known asexcellent hostsfor rare-earthions. The
present phosphorescent pigment (type PLO-6D from
six series) used in the present work isatype of long
persi stence phosphorescent pigment powder of alka
lineearthaduminate. Themain characterigtic of thisma:
teria istheparticular structure of itscrystal with the
strong capecity of absorbing-storing-emitting light. This
luminous pigment is a light-yellow powder which turns
togreencolor after activated by visible light. Compared
with thetraditional luminous material ZnS, it hasthe
advantagesof short activatingtime, long afterglow time,
long lifetime (can be 10 years), high brightness, various
environmental adaptation, non-toxic, harmless, non-
radioactivity, non-flammability and non-explosiveetc.
All of these advantages make it sure that the new pig-
ment isan environmentd friendly one. It can be easily
and widely usedin many fields. It hasgood stability
and weather ability. Excitation and emission can bere-
pestedindefinitely.

In the present work, the matrix polymer used is
poly (methyl methacrylate) (PMMA). PMMA ismixed
with different concentrations (2, 4, 6, 8 and 10 wt%)
fromandkdi earth duminate-glicate photol uminescent
pigment powder activated by rare earth element (Eu)
(AREAPP). Thermal analyses|[differential scanning
calorimetry (DSC) and thermogravimetric analysis
(TGA)] aswell asFourier transforminfrared spectros-
copy (FTIR) were employed to characterize and re-
ved themiscibility map andtherd ationship of thestruc-
ture properties.

EXPERIMENTAL MATERIALS

Poly (methyl methacrylate) (PMMA) powder
CAS:9011-14-7 043982 of chemical formula[-CH,C
(CH,)(CO,CH,)-]  with average molecul ar weight of
320,000 and melting point > 150 °C was supplied from
AlfaAesar (A Johnson Matthey Company, Massachu-
setts, USA). Phosphorescent pigment powder (type
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PLO-6D) of dkaineearthduminate (AREAPP) hasa
formula: MeO.xAlO,ySIO,:Eu(Me=Ca Mg, S, Ba,
x=0.5-2.0,y=0.005-0.5) activated by rareearth ele-
ment (Eu) was supplied by Ddian Luminglight Science
and Technology Co. Ltd., Shanghai, China. Itsphysica
and luminescent propertiesaregivenin TABLE 1.

TABLE 1: Typical physical and luminescent propertiesof

thealkalineearth aluminate phosphor escent pigment powder
(AREAPP) used in the present work

Typical physical properties:

Appearance yellowish
Density 3.6gcm’
Temperature 250 °C
resistance

Average particle 10-15 um

size

10 to 20 years depending on manufacturing

process, mixing and moisture content of the
vehicle

Luminosity life

Typical luminescent properties.

Excitation UV radiation, white light (any visible light)
Excitation

wavelength 200-450 nm

Peak value 520 nm

Glowing color yellow-green

Brightness of > 12 hours after absorbing the light for 10-30
afterglow minutes

Temperature 250°C

resistance

SAMPLE PREPARATION

The PMMA powder ismixed withAREA PP pow-
der for fivedifferent concentrations (2, 4, 6, 8and 10
wt%o). Thedtarting materid swereground usng aPhillips
PW 4018/00 MiniMill for 15 minuteswith arotating
speed of 3400 rpm to form ahomogenous mixture.

PROPERTY MEASUREMENTS

Thermogravimetricanalysis(TGA) and differen-
tial scanning calcorimetry (DSC)

Thermal behaviour of the prepared sampleswas
examined by Thermogravimetric Analyzer model
Schimadzu TGA-50 (Kyoto, Japan) from 20 to 650

= Fyl] Peper

°C. A hesating rate of 10 °C/minwasused under nitro-
gen atmosphereand at aflow rate of 30 mL/min. The
standard uncertainty of the sample mass measurement
IS+ 1%. Samples were repeated three times to ensure
repegtability.

Thethermd trangition behaviour of thecomposites
was determined by Differential Scanning Ca orimeter
model Schimadzu DSC-50 (Kyoto, Japan) from 20to
650 °C. A heating rate of 10 °C/min was used under
nitrogen atmosphere and at aflow rateof 30 mL/min.
Sampleswererepeated threetimesto ensure repeat-
ability.

Fourier transforminfrared (FTIR)

ThelR transmittance spectraof the prepared mixtures
over therange 4000-500 cnr? was obtained using po-
tassium bromide pellet technique®®. Thepelletswere
prepared by mixing 1 mg of powdered samplewith
100 mg of dried potassium bromide powder. Mixing
was carried out using a pestle and agate mortar. The
mixture wasthen pressed in aspecia dieat apressure
of 10,000 poundsper squareinchtoyieldadisk. The
IR spectraof the prepared pelletswere then recorded
at room temperature by using Perkin-Elmer FTIR
Spectrophotometer Mode 1650 TX inthewavenumber
rangefrom 4000 to 500 cm* with aresolution of 4 cnr
1. Theresulting spectraare deconvol uted to enable us
to shed further light onthestructural changesof PMMA.

Ener gy dispersive X-ray spectroscopy (EDX)

Thedementa analysisof theakaineearth dumi-
nate phosphorescent pigment powder was done by
using Energy Dispersive X-ray Spectroscopy (EDX,
Oxford Instruments INCA X-sight) accompanied by
the Scanning Electron Microscope (SEM, Jeol JXA
840) operatingin liquid nitrogen atmospherewith 5%
error (TABLE 2).

RESULTSAND DISCUSSIONS

Thermal gravimetricanalysis(TGA)
Thethermd degradation kineticsin polymersismore

TABLE 2: Elemental analysisof thealkalinerareearth aluminate phosphor escent pigment (AREAPP) powder

Element Mg Al S P

S Ca Ni Cu Zn

Weight% 0.449 0.016 7.672 0.881

40.378 0.828 0.017 0.034 49.727
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complicated than in inorganic materialsdueto the na-
ture of polydispersity of polymer chains. The mecha-
nism of thermal degradation of polymersdependson
molecular structureand experimenta conditions.

The TGA curves for AREAPP material, pure
PMMA andthat for PMMA mixedwith 2, 4, 6, 8, and
10 wt% AREAPPsamplesare shownin Figure 1 and
thedataaregivenin TABLE 3. Itisclear from thefig-
urethat, the curves show three weight loss steps and
discussasfollows:

Weight lossinthefirst step whichisso dlight and
assigned to the loss of the moisture of the pure and
mixed PMMA samplesat about 59.40-77.33°C, i.e.
water vaporization, and the weight loss in this step
rangesfrom 1.283t0 1.832%. Theintengity of thispesk
has closerelationto the quantity of water (moisture) in
the PMMA samples?®d. Asthe particle size of the poly-
mer (whichrefersto the degreeof polymerization) de-
creasesthe polymer affinity to water increasesdueto
theincreasing initssurface area. Besidethispeak, a
new oneisgenerated dueto the glasstransition (Tg)

occurring in the amorphous regions of the matrix¢l,
When addingtheAREA PP powder tothePMMA, the
particle sizechanges, s0, the crystallinity d so changes
and then theamorphousregionsdiffer inversaly toit,
thus, the absorbed hest of glasstransition (Tg) asoin-
creases. Usually thesetwo peaks combinetogether to
produce one peak (peak 1inthe DSC curves, asshown
inFigure 3). Theobserved variationin T, pointsto a
variaionintheinter-particledistancesand interfacein-
teractions. Theincreaseintheglasstransition tempera-
tures of themixed PMMA samplescompared to that
of purePMMA (TABLE 3) by increasing the percent-
age content of AREAPP, can be explained that the
motion of PMMA chainsin restricted by thismixing.
Thema or decomposition step whichisattributed
to PMMA polymer decompositioninto small molecules
suchas: CO,, H,0 and others flammabl e substances
of PMMA and of theadded AREAPP. Thetempera-
ture at which this second step of loss occurred is at
about 296-302 °C and theweight lossrangesfrom 90
t0 98%. From Figure 1, adramatic drop inweight is
observed for the second loss stage. The pure PMMA
samplelooses 98.12% of itsweight at 296.5°Cwitha
residual weight of 0.168%. Thisweight lossisattrib-
uted to the degradetion of unsaturated groupsof PMMA
asprovenin DSC diagram (Figure 3). It isobserved
that themixing of PMMA with AREAPPP enhances
thethermal stability at higher decomposition tempera-
ture. Thissecond significant weight lossmay be dueto
the unzi pping processwhich contributesto areduction
inmolecular weight of polymer chainsat hightempera:
tures. Thisunzipping reaction induces many degrada-
tion reactions such asrandom chain scissions, depoly-
merization, inter- andintrasmolecular transfer reactions
whereby dimmers, trimmersand oligomersare pro-

TABLE 3: TGAand DrTGA datafor PM M A/AREAPP compositesamples

First step

Second step Third step

- . ——— . ——— . ———— Residue
Composite samples % weight Midpoint % weight Midpoint % weight Mid point %
loss (°C) loss (°Q) loss (°Q)
PMMA 1.832 59.40 98.120 296.51 0.168 393.00 0.000
PMMA + 2 wt% AREAPP 1.561 66.07 96.570 299.04 0.217 408.12 1.625
PMMA + 4 wt% AREAPP 1.283 69.13 94.240 297.97 0.239 395.03 4,238
PMMA + 6 wt% AREAPP 1.647 60.22 93.475 302.65 0.188 475.22 4.760
PMMA + 8 wt% AREAPP 1.733 77.33 93.240 301.72 0.972 487.60 5.055
PMMA + 10 wt% AREAPP 1.550 71.40 90.070 296.45 0.525 409.49 7.855
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duced aswell asfragmentd*”. Asaresult, the mono-
mers and oligomerswhich adsorbed onto the polymer
matrix arevolatilized inthisstage. The degradation of
PMMA inthisregion followsatwo-step process. The
first process, endothermic centered at 296.5 °C, due
to the degradation of unsaturated chainsendsand the
second one at 393 °C which is attributed to random
scission of thepolymer chaing?®,

Moreover, thefirg endothermic peak iswesker than
the second one in pure PMMA sample and differs
greatly in caseof mixed PMMA sampleswith different
concentrationsof AREAPP. Thetemperatureof thefirst
endothermic peak increased by about 6.67,9.73, 5.82,
17.93 and 12.00 °C, respectively, for PMMA mixed
with 2, 4, 6, 8 and 10 wt% of AREAPPsamples. The
temperature of the second endothermic peak increased
by about 2.53, 1.46, 6.14 and 5.21 °C, respectively,
by increasing the wt% of AREAPP up to 8wt%
(TABLEQ3).

Theweight lossof thethird stepismainly caused
by the char decomposition and oxidation of PMMA
polymer. Theremarkable differencein TG curvesbe-
tween the pure PMMA and its mixed samples with
AREAPPIindifferent weight percent wereintheinitial
decomposition temperaturesand char residue (TABLE
3). While, the char resdueweight isgiven by:

Char residueweight =W, -W, (@)
Where W/ isthe total sample weight and W, is the
weight loss after tota sampledecomposition.

S0, the production of morechar (lessinweight loss
during the composition) in caseof PMMA mixed with
rareearth meta at concentration of 10 wt% meansthat
thermd gtability of thissampleisenhanced anditismore
resistant to fire hazards. When thetemperaturerises
above 300°C; dight final lossoccurs, thisiscaused by
thechemicd groupsinthecrysalineregionsof thepoly-
mer. Therefore, following the rise in temperature,
PMMA polymer first decomposesin the amorphous
region, and theninthecrystallineregion®®. Thermal
degradation of PMMA sequently occursasinitial scis-
sion, depropagation reactionsand further degradation
into volatile compounds?,

At |east two mechanisms have been validated for
theinitid scissonof PMMA, includingrandom scission
(C-Cbonds) of themain chain and hemolytic scisson

= Fyf] Paper

of the methoxycarbonyl sidegroups (-COOCH,). The
random C-C scissonisthedominant mechanism, which
decomposes PMMA into methyl methacrylate as a
major product’’. However, the productssuch asCO,,
CO, CH,0OH, CH, and char, other than the monomer
could also form along with the elimination of
methoxycarbonyl side groups??. The kinetics of
PMMA decomposition wasinvestigated asafirst or-
der reaction for most previous studies.

PMMA ignitesat 460 °C and burnsforming car-
bon dioxide, water, carbon monoxideand |ow molecu-
lar weight compounds, including forma dehyde. By fol-
lowing thetemperature of thethird endothermic peak
listed in TABLE 3, it isnoticed that it increases for
PMMA samples mixed with increasing the wt% of
AREAPP Thismay beattributed to that asthe content
of AREAPPincreasesinthe PMMA polymer; thecom-
positesbecame morethermally stablewhichindicate
better dispersed of AREAPPin PMMA matrix.

Differential thermogravimety (DrTGA)

Differentia thermogravimety (DrTGA) results of
pure PMMA and those of mixed PMMA with different
concentrationsof AREAPPareshowninFigure2 and
arelistedinTABLE 3. From TABLE 3, thevalues of
thedecompositiontemperaturesfor al thesamplesare
detected. These decompositionsdepend upon the mo-
lecular weight and the purity of thepolymer, i.e, PMMA
inthiscase, and are affected by its morphology. The
first endothermic peak of the blank PMMA at about
59.40 °C is corresponding to the total moistureloss.
For al mixed PMMA samples, thisendothermic peak
lies between 59.40 and 77.33 °C. The second endot-
hermic peak for pure PMMA is detected at about
296.51 °C which reflectsthe decomposed reaction of
PMMA. Thevauesof the second endothermic peak
shifted toward higher temperatures by increasing the
contents of AREAPP from 296.51 up to 302.65 °C
and showswideright shoulder asin the case of pure
PMMA. Thisshoulder differsin depth according tothe
percentage content of AREAPPanditisshdlow incase
of 2 and 10 wt% of AREAPP. Thereare many shoul-
ders seen in theleft side of this peak, which may be
attributed to the presence of metalsintheAREAPP
which havelow decomposition temperaturessuch as
phosphorousand sulpher (meting points44.1and 112.8
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°C, respectively). The appearance of the shoulder
meansthat the average side of crystallitesischanged
duetotheadding of AREAPPto PMMA polymer.
Heat rel ease during the decomposition isrepre-
sented by the areaunder the third endothermic peek. It
hasthe highest val ue (487.60 °C) for PMMA polymer
mixed with 8 wt% of AREA PP, whilethelowest one
(395.03 °C) is that for PMMA mixed with 4 wt%
AREAPP (TABLE 3). The small peaks appeared in
the end of thetemperature curvesfor al sasmplesare
assigned to the heat released of oxidation of the de-
composition of flammabl e products of the samples.

Differential scanningcalorimetry (DSC)
Figure 3 shows DCS curves for the pure and mixed

— ~
PAMINVLA \

DIITGA
mg/min

\ar

PLINIA + T wi%a
ARFAPP

S
PIVINIA + 4 wi%o
| AREAFF

by e,
PV A + 6 wi%e
ARFAPP

'L

N
PN A + 8 wite
ARFEAFP

PMMA + 1owten O\ (V]

—_— il

1 i
400 600

Temperature ("C)

1
0 200

Figure2: DrTGA curvesof PMMA/AREAPP composite
samples
PMMA samples with different concentrations of
AREAPP. Themeasurementsfromthe DSC curvesare
tabulated in TABLE 4. Differencein shapeand areaof
the decomposition endothermic were noticed.
Thedifferent in shape can be attributed to the dif-
ferent degreeof crystdlinity foundinthedifferent PMMA
investigated samples®!. Peaks broadened as O-H con-

Wotoioly Science  mm—

tent declined. Thehydroxyl groupsarehighly intercon-
nected by hydrogen bonding, leadsto higher glasstran-
stiontemperature (Tg). Theintroduction of other func-
tiona groups (asearth metal groupsin our case) may

DsSC
(W)

—Fy

PRI A+ Zwit®s

AREAPP

R i
PMDLA + 4 wite

AH

e —

PMMMA + 6w i%s
ARE APP

PMMA + 8w it
AREAPP

Endy  eg—

PRLLA 4 L0 st
ARE AFP

ARFAPP

L 1 1 1
o z00 400 600

Temperature ("C)

Figure3: DSC curvesof PMM A/AREAPP compostesamples

support thisbonding and enhancethe T ] vaue Also,a
reduction in the peak areaindicated achangeinthe
extent of crystalinity or inmoleculesorder’?l. Onthe
other hand, a decrease in enthalpy of fusion and in-
creasein melting temperature suggested that the crys-
tallinity and perfection of thecrystal structurewerere-
duced by increasing the degree of cross-linking. Change
inthecrystdlinestructure can resultsfrom PMMA poly-
mer and earth metal smol ecul esinteractionsintheamor-
phous phase of PMMA polymer. So, disorder inthe
crystalsiscreated, reducing the enthal py of the phase
change®2l,

From Figure 3and TABLE 4, themajor endother-
mic peak isobserved at 270.98 °C corresponding to
the decomposition temperature of theblank PMMA
sample. For the other PMMA polymer mixed with
AREA PP, the decomposition endothermwas dightly
broadened and the peak temperature shifts towards
higher values with increasing the concentration of
AREAPP.

Fourier transforminfrared (FTIR) spectral analy-
Sis

FTIR spectroscopy haslong beenrecognized asa
powerful tool for eucidation of structurd information.
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TABLE 4: Valuesof transition temper atur esand associated heat of fusion for PM M A/AREAPP composite samples

Second step Third step
Composite samples Onset temp. Peak temp. Endset temp. Heat release Peak temp. Endset temp. Heat release

€9) €9) €9) (J/9) €9) €9) (kJ/g)
PMMA 236.82 270.98 313.91 -101.60 367.60 421.69 -2.21
PMMA + 2 wt% AREAPP 327.52 366.95 406.26 -302.91 366.95 424.13 -2.89
PMMA + 4 wt% AREAPP 234.33 282.00 310.06 -79.92 367.95 429.66 -2.51
PMMA + 6 wt% AREAPP 232.88 281.91 315.14 -138.00 367.80 417.04 -2.09
PMMA + 8 wt% AREAPP 284.78 367.68 408.58 -732.70 367.68 417.04 -2/19
PMMA + 10 wi% AREAPP  308.15 367.98 409.19 -722.91 367.98 418.80 -2.15

Theposition, intensity, and shape of vibrational bands
areuseful inclarifying conformetiona and environmen-
tal changesof polymersat themolecular leve. TheFTIR
spectraof PMMA, AREAPPand their mixturesinthe
frequency range 4000-500 ct areshownin Figure4,
intransmission mode.

TheFTIR spectrum of PMMA indicatesthedetals
of functiona groups present in the synthesized PMMA
and iscomparableto that of earlier reportg21327-30 |t
isclear fromthefigure, absorption that arisesfrom C-
H stretching of the methyl groupsoccursin theregion
of 3000-2840 cm'®, which contain two distinct peaks
at 2997 and 2946 cm? resulting from asymmetrical and
symmetrical stretching modes of C-H bondinginthe
methyl group, respectively. Also, thedistinct band ap-
peared at 2853 cn? arisesfrom the C-H bond vibra-
tion of themethyl group. The peak intheregion 1750-
1730 cmr? represents C=0 doubl e bond stretching vi-
bration of theaiphatic esters. Symmetrica bending vi-
bration occursnear 1392 cm* (5, CH,)), whiletheasym-
metrical bending vibration (5 CH,) of methyl groupis
identified near 1494 cm™. The band at 1632 cm'* cor-
responds to the C=0 stretching ester group, also, it
maly appear from deformative water moleculeswhich
is probably dueto water absorption during the com-
paction of the powder specimens with KBr®Y, The
bandsat 1278 cm* isassociated with C-O stretching
vibration. The bandsat 1130 and 1064 cm™* are attrib-
uted to asymmetric and symmetric stretching vibration
of C-C groups, respectively. The bands at 987 and
749 cm* arisefromthediphatic—CH,, group. Theband
at 912 cmtisrelated to syndiotactic structureand is
assignedtothed (CH,) rocking vibration. The bands
a 841 cmrtisassigned to -CH,, rocking vibration group,
whiletheband at 650 ctisdueto the bending of C-H
mode.

Also, from Figure 4 it is shown that, the FTIR
spectrum of AREA PP sampleindicatesthe detail s of
functional groups present andiscomparabletothat of
earlier reportt®. This spectrum exhibits broad band
near 3469 cm™ due to the OH-stretching vibrations
of free and hydrogen-bonded hydroxyl groups. On
other hand, the band in the region 3750-3300 and at
1632 cm™* aremost probably dueto the humidity ab-
sorbed by the KBr during the preapartion of the pel-
lets (i.e., O-H group). The appearance of aband at
1494 cmrt isdueto the asymmetrical bending vibra-
tion (5, CH,) of methyl group. The band at about
1097 cm?isassignedto 8 (C-O) stretching vibration
of ether group. The metal—oxygen stretching frequen-
ciesintherange 1000-500 cm™ are associated with
thevibrationsof metas-oxygen, eg.,Al-0, Si—O and
Si-O-Albonds and AlO, unitf®3,

From the obtained results of the PMMA/AREAPP
composite samplesshownin Figure4 itisclear that:
Theband of the methoxy carbon (O-CH,) which ap-
peared at 2853 cm* hasshifted to ahigher valuewith
increasing theweight percent of AREAPP. Pronounced
shift tolower vadueswas detected inthe carbonyl band
for PMMA sampleat 1744 cmr whichisan evidence
of sdegroup eiminaionfromPMMA chainsuponin-
creasing the concentration of AREAPP, In addition, the
shift detected of the carbonyl band from 1744to 1727
cmtindicated achangeinthebalance of freeand as-
sociated carbonyl groups in the compositions. The
wavenumbers corresponding to the characterigtic trans-
mission peaks of PMMA asasymmetrical and sym-
metric bending vibration (5, CH,and 6, CH,) of me-
thyl groupsat 1494 and 1392 cm', respectively, have
not been affected by increasing the concentration of
AREAPP. Similarly, theband a 1632 c* which corre-
spondsto the C=0 stretching ester group and theband
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841 cm* assigned to CH,, rocking, show nearly unre-
markableshiftinther positions.

Theheightsof the peaksof theassigned groupsat
their wavenumbers shown in the spectrawere takento
represent thevariation in the group band intensitiesfor
different AREAPP concentrations (Figure5). A clear
deviation wasobserved in the transmittance bands of
the PMM A/AREA PP composi teswhen compared with
that detected for pure PMMA. The increase and/or

ugg
2dolE
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~
-E 3100-2900 ,;.['M\ﬂ(l
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Figure4: Variationsin FTIR spectraof PMMA/AREAPP
composite samples. (a) Pure PMMA, (b) PMMA + 2 wt%
AREAPP, (c) PMMA +4wt% AREAPP, (d) PMMA +6wt%
AREAPP, () PMMA +8wt% AREAPP, (f) PMMA + 10wt%
AREAPP, and (g) PureAREAPP

decreaseintheintensity meanthat thereisachangein
themolecular configuration of the polymer network.
Asshown by the FTIR results, it wasclear that an
increaseinthe concentration of AREAPPchanged the
chemica bondsand hence changed themolecular con-
figuration of PMMA whichisshown by the pronounced
vaidionintheintengty of transmittancebandsand shifts
inband pogitions. Thechangeinintensity of somespec-
tral bands associated with infrared active groups of
PMMA and AREAPPmay beattributed to thefact that
inthematerial sthat contain two or more components,
theresulting spectrumisapproximately thesum of their
components. In addition, the changein the spectra po-
sition of somebandsof PMMA after the additions of
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Figure5: Variationsin band intensitiesfor some chemical
groupsof PMMA/AREAPP compositesamples

different AREA PP concentrationsmay beattributed to
someof themonomer unitsof PMMA are sengitiveto
their environment. Furthermore, the hydroxyl and car-
bonyl stretching vibration bands are affected by hydro-
gen bonding interactions and are most amenableto

Absarhance

- T T T T— T T
00 wee 1800 E EL- ] 1oE 1 o 00

PMMA + 4 wite

i
%
2

-4
4

T
8B 0 3000 80

Wavenumb ers (em~)

Wavenumb ers (em?)
Figure6: Band deconvolutionsof IR spectrafor PMMA/
AREAPP compositesamples. Thered lineshowsthefit of the
IR spectra
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TABLE5: Deconvolution parameter sof theinfrared spectraof PM M A/AREAPP composite samples
PMMA + AREAPP (wt%)

Parameters

PMMA 2 Wt% 4 wt% 6 Wt% 8 Wt% 10 wt%
Band position (cm™) 750.84 751.11 750.83 751.13 750.73 751.02
Band width (cm™) 18.94 19.00 21.53 21.64 21.82 21.24
Areaunder the peak 19.80 19.90 23.73 24.24 23.78 22.88
Band position (cm™) 838.50 841.38 841.45 841.99 841.75 841.86
Band width (cm™) 34.69 26.78 25.65 25.90 25.33 25.78
Areaunder the peak 20.25 18.78 17.28 17.72 16.41 17.10
Band position (cm™) 911.53 913.29 912.54 911.29 911.33 912.92
Band width (cm™) 22.53 25.94 25.44 23.04 22.72 25.81
Areaunder the peak 9.70 12.03 11.14 9.70 9.18 11.30
Band position (cm™) 962.69 960.85 961.45 962.77 962.53 961.69
Band width (cm™) 43.39 36.34 38.80 43.66 42.24 37.77
Areaunder the peak 42.84 36.04 37.67 42.01 38.63 36.21
Band position (cm™) 994.26 992.23 992.92 994.25 993.95 993.20
Band width (cm™) 18.88 18.87 18.59 18.76 19.32 19.00
Areaunder the peak 13.66 15.53 14.25 13.28 13.44 14.83
Band position (cm™) 1058.39 1058.37 1057.69
Band width (cm™) 23.77 21.243 22.38
Areaunder the peak 16.12 12.99 13.89
Band position (cm™) 1102.35 1105.28 1092.57 1101.75 1098.94 1089.24
Band width (cm™) 58.26 94.14 75.44 64.15 58.71 70.68
Areaunder the peak 55.63 97.21 85.59 56.86 52.43 72.14
Band position (cm™) 1161.85 1194.68 1161.25 1170.93 1168.05 1164.32
Band width (cm™) 74.77 0.07 70.86 108.72 98.04 84.20
Areaunder the peak 42.17 11.08 44.72 83.45 86.25 75.00
Band position (cm™) 1263.19 1240.72 1255.40 1261.78 1263.97 1250.07
Band width (cm™) 172.12 180.21 117.77 0.245 65.16 77.05
Areaunder the peak 116.30 135.96 82.35 22.00 26.62 38.43
Band position (cm™) 1487.07 1500.31 1480.49 1486.26 1465.28 1482.38
Band width (cm™) 87.64 105.73 86.74 86.65 56.24 51.96
Areaunder the peak 30.89 41.89 36.22 33.27 18.43 21.26
Band position (cm™) 1607.16 1617.13 1605.65 1608.62 1628.60 1629.16
Band width (cm™) 69.52 53.72 74.37 71.54 39.69 36.59
Areaunder the peak 25.30 15.36 25.14 23.53 12.46 9.36
Band position (cm™) 1711.67 1720.88 1709.48 1710.05 1707.23 1709.69
Band width (cm™) 28.19 44.79 25.96 25.38 24.56 27.30
Areaunder the peak 13.54 26.89 12.00 10.13 9.62 12.23
Band position (cm™) 1747.23 1776.89 1742.55 1743.79 1738.91 1742.69
Band width (cm™) 49.82 79.86 47.93 53.50 48.13 51.25
Areaunder the peak 23.25 32.07 24.22 25.50 23.09 25.89

guantitative analysis. structure, so that, asthe AREAPP content increases

Therelativeareaof thedeconvoluted bandsinthe theareaof these bandschange. Furthermore, eachin-
region (1800-700 cm™) indicatesthevariationinthe dividual band hasitscharacteristic parameterssuch as
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its centered band position whichisrelated to sometype
of vibration of aspecific structura group, anditsband
widthwhichisproportiond to theconcentration of this
structural group. A Gaussi an deconvol ution process
should be performed to get such parameters (Figure 6
and TABLE5).

From Gaussian deconvolution of the IR spectra, it
is clear that, principal broad bands at around 1100,
1487, 1607 and 1750 cn* are present. Little change
inthe centre of thebandsaround 1100 and 1487 cm'?,
whilethe centre of theband around 1607 cnr! shiftsto
higher wavenumber; the centre of theband around 1750
cnt shiftsto alower wavenumber and their width be-
comewider asthe AREA PP content increasefrom 2
up to 10 wt%. The area and the band width of the
bandsat 839, 963, 1263, 1487 and 1607 cm'* showed
decrease, whilethebandsat 751 and 1162 cnm* showed
increaseintheir areaand band width with increasing
AREAPPconcentration. On other hand, gpproximetely,
wavy variation intheareaand band width of thebands
at 963, 994, 1102, 1711 and 1747 cm™ is observed
withincreasing the concentration of AREA PP,

CONCLUSION

Therma anadysistechniqueisavery accuratetool
to differentiate between thethermad stability of PMMA
polymer samplebefore and after mixingwith different
weight% of akai earth d uminate photoluminescent pig-
ment powder (AREAPP), and to understand the
mechanism of mixing. TGA and DSC andysesshowed
that the mechanism of mixing PMMA polymer with 2,
4, 6, 8 and 10 wt% of AREAPP convertsthe PMMA
polymer to carbonaceous residue or char when ex-
posed to high temperature and hencereducethevola
tileformation.

Theimprovement inthermal stability of PMMA
polymer isascribed to both the good thermal stability
of theadded AREA PP chemical groupsonthe particle
surfaceand internal pore channel surface. Moreover,
theincreasein char yield with theincrease of weight
percentage of added AREA PP may bebecause PMMA
main chainsonthe surfaceand insdetheporesaremore
difficult to decomposethanthepure PMMA. Thisindi-
catesthat themeta sdispersonin PMMA matrix was
uniform and thus hindered the segmental motion of

PMMA chains.

There is arelation between the changes in the
chemica group coordinationintheinfrared regionsand
the percentage of weight mixing of AREAPP with
PMMA polymer and theway inwhichit interact with
the PMMA polymer chemica groups. Thevariationin
absorption with the change of percentage mixing may
be duetothechangeinthemolecular configurationasa
result of thechangeinthechemicd bondsinthePMMA
sampleand therareearth metals.
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