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ABSTRACT

In this work, the effects of treatment of tetra-needle-shaped zinc oxide
whisker (T-ZnOw) on the mechanical propertiesand morphology structure
of polycarbonate (PC) and PC/T-ZnOw composites were investigated by
mechanical property test, scanning electron microscope (SEM), Fourier
transform infrared (FTIR), and X-ray diffraction (XRD) analysis. There-
sults show that untreated T-ZnOw serioudly deteriorates the mechanical
properties of PC, especially theimpact strength due to the weak interfacial
adhesion and poor compatihility between PC matrix and T-ZnOw. However,
Young’s Modulus of the composites with untreated or treated T-ZnOw
gradually increases with increasing the content of the whiskers. Compared
with the compositesfilled with untreated T-ZnOw, the treatment of T-ZnOw
could remarkably improve the tensile and impact strength of PC/T-ZnOw
composites due to the enhanced interfacial adhesion between polymer
matrix and the whiskers. No new absorption peak isdetected by FTIR. The
results of XRD patterns show that T-ZnOw has little effect on the crystal-
line behaviors of PC, which indicates PC/T-ZnOw composites consist of
two phase structures. © 2009 Trade Sciencelnc. - INDIA
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INTRODUCTION

Over the past decadein research and devel opment,
agreat ded of attention has been paidto polymer ma
trix composites, especialy polymer—filler composites.
Polymer/fillers composites represent an attractive a-
ternativeto conventiond filled polymer, becauseof their
improved propertiesand potential of becominganew
classof high performanceengineering materid 7. The

purposeof addinginorganicfillersareusedto carry out
afunctiond rule, such asincreasing dimension stability,
flameretardancy, hardnessand toughening of polymert®
U1, The properties of particulatefilled polymer com-
posites depend on the shape, particlesize, loading, and
distribution of filler particlesin thepolymer matrix and
adhesion at theinterface surface'?%, Theinterfacia
interaction between polymer matrix andfiller hasinflu-
encesonthephysical, mechanica, and thermal proper-
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tiesof polymer. Maet d.9 investigated the effects of
zincoxide(ZnO) ontheédectrical and physica charac-
teristics of the polystyrene (PS) composites. It wasre-
ported that ZnO improved theflexurd modulusandre-
duced theflexural strength. The addition of coupling
agentsimproved theflexura propertiesof the PScom-
posites. Theglass-trangtion temperatures and thermal
degradation temperatures of the PS/ZnO composites
increased withincreasingtheZnO content. Chaeet d .17
a so prepared PS/ZnO composites by solution mixing
and studied the effects of ZnO onthe physical proper-
tiesof PSmatrix. Theresults showed that thethermal
dtability of the PS matrix wasimproved withincreasing
the content of ZnO.

Polycarbonate (PC), asan engineering plastic, has
recently attracted the attention of technol ogistsbecause
of theadvantagesthat it providesover conventiona ma-
terids, namely, theexcelent combination properties of
stiffness, strength, impact resistance, and transpar-
ency!*®. Themechanicd properties, morphology, crys-
tallization behavior, and color formation aswell asther-
mal stability of PC/filler compositeshavebeen studied
extensvely. Resultsdemonsiratethaet compoundingwith
fillersis afeasible approach to enhance the tensile
grength and Young’s Modulus of PC matrix in contrast
to that of pure PC, although the addition of clay leads
to adecreased thermd stability and impact strength of
PC matrix*®24, Accordingto Carrio’n et al.'2%, using
small loadings of ZnO in PC matrix reducesboth the
wear rateand frictional coefficient of PC. Theenhance-
ment of PC propertiesiscons dered attractivein com-
mercia products such as sporting goggles, automobile
parts, audio discs, and so on.

Tetra-shaped zinc oxidewhisker (T-ZnOw) hasre-
cently been the main subject of many researches be-
causeof itsspecid spatid structure: four needlesgrow
from one point and the angle degree between two
needlesis 109°28'24%, |t possesses good properties
such ashigh strength, good wear resistance, microwave
absorption, and antibacterial properties, etc. Recently,
T-ZnOw hasbeen widdly used asboth functional and
structural material 92628, In thiswork, T-ZnOw was
dispersed into the PC matrix, and theinfluence of treat-
ment of T-ZnOw on the mechanical properties, mor-
phology, and structure of the PC/T-ZnOw composites
wereasodiscussedindetail.

flano Soienoe and flano Teohnology

EXPERIMENTAL

Materials

Thematerid sused in thisstudy were obtained from
commercial products. Polycarbonate (PC) was sup-
plied intrade name of PC-L1225L by Teijin Chemi-
casLtd. (Jgpan). Tetra-needle-shaped zinc oxidewhis-
ker (T-ZnOw, dengity: 5.78g/cm?®) was prepared asour
earlier reportd?®. Figure 1 showed the typica morpho-
logical structureof T-ZnOw, which indicatesthewhis-
kers have atypical three-dimensional tetra-needle-
shaped structure. Thelength and basal diameter of the
needles of the whiskers are about 15-20 and 1.5—
6.6um, respectively. Silane coupling agents, (3-
glycidoxypropyl) trimethoxys lane (KBM 803, density:
1.065-1.072g/cmé@, bailing point: 290°C) wasobtained
from Japan.

Figurel: Thetypical SEM mor phology of T-ZnOw.
Surfacetreatment of T-ZnOw

The surfacetreatment of T-ZnOw wasfulfilled as
following steps: Firstly, the T-ZnOw wasdried at 120°C
for 16 h; Secondly, acertain amount of surfacetreat-
ment agent was dissolved in ethanol and acetone;
Thirdly, thesolution was mixed with the powdersof T-
ZnOw, under stirring at 500 r/minfor 3hat 80°C; Fi-
nally thetemperature of the mixturewasincreased up
to 150°C, and themixturewasfurther stirred until etha-
nol and acetone was evaporated completely. The sur-
facetreated T-ZnOw wasdried at 120°Cfor 16 hina
vacuumoven.

Prepar ation of samples

The PC/T-ZnOw compositeswere met-compound-
ingindesired compositionsby using aMixer-extruder
(TSSJ-25) with the barrel temperature of 290°C and a
screw speed of 90rpm. Inthiswork, theloading of T-
ZnOw wasfrom 0to 10 wt%. The content of coupling
agent was2 wit% of T-ZnOw. After blending adequately,
the PC/T-ZnOw compositeswereinjected intoamould
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of 4.2mm inthicknessand 10.0mm inwidth for mea-
surementsand characteri zation.

M easur ementsand char acterization
M echanical properties

Thetensletest of sampleswas performed at room
temperature with acrosshead speed of 10 mm/minon
aMateria Test instrument (Moddl JISK 7113, Instron
Co. Ltd. Series3360). The dimensionsof specimens
were 30x5x2mm.

Notched impact test was performed according to
the Chineseregulation GB1048 on adrop weight im-
pact tester (Modd ZBC-4B, madein Shenzhen, China).
Thedimens onsof specimenswere 60x10x4 mm. The
notched depthis2 mm and notch tip radiusis0.25mm.

Morphology

The morphol ogy of thetensilefracture surfaces of
sampleswereobserved by ascanning e ectron micros-
copy (SEM) (M ode high-technologies CO., S-4300).
Gold sputter coated sampleswere examined using a
Cambridge Stereoscan 250 with an accelerating volt-
ageof 10kV.

Fourier transforminfrared spectrometer (FTIR)

Fourier transform infrared spectrometer (FTIR)
(Nicolet 5700, America) was used to characterizethe
chemical absorption of pure PC and PC/T-ZnOw com-
posites. The powders of PC and PC/T-ZnOw com-
positeswere mixed with KBr powders, and then the
mixturewas compressed into platesfor FTIR spectra
andyss.

X-ray diffraction (XRD) analysis

X-ray diffraction (XRD) spectrawere collected on
aPanalytical X Pert PRO diffractometer (CuKa ra-
diation, A=1.54A°), equipped with computerized data
collection and analytical tools. The X -ray sourcewas
operated at avoltage of 40kV and afilament current of
40mA. Sampleswere scanned in 20 rangesfrom 5 to
90°.

RESULTSAND DISCUSSION

Tensileproperties
Owingtothedifferent shapesof inorganicfillers,
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their effectson themechanica propertiesaredifferent.
Inthiswork, thetensile strength and Young’s Modulus
of the PC/T-ZnOw compositeswith and without cou-
pling agent asafunction of composition arerepresented
infigures2 and 3. Addinginorganic particlesinto poly-
mers often decreases the strength of the composites
except for stiffening effect. When theinteraction be-
tween polymer matrix andfillersispoor, tenslestrength
of compositesislower than that of pure polymert®. It
isobviously seenfrom figure 2 that the val ues of the
tenslestrength decreased with increasing the untrested
T-ZnOw content and, hence, untreated T-ZnOw does
not improvethetensile strength of the PC composites
prepared by extruder molding. The observed reduc-
tioninthetenglestrengthismainly dueto thepoor com-
patibility between whiskers and the matrix in PC/T-
ZnOw composites. On the other hand, compared with
the PC/T-ZnOw compositeswith untreated T-ZnOw,
thetenslestrength of the PC compositeswith T-ZnOw
treated by 2 wt% KBM 803 exhibitsdifferent charac-
ters. Thetensile strength gradually increaseswithin-
creasingthetreated T-ZnOw content, and thenthevalue
of thetensilestrength decreaseswith further increasing
the content of treated T-ZnOw. Although thetensile
strength of PC/T-ZnOw/KBM803 composites de-
creases when thetreated T-ZnOw content isabove 6
wit%, thevalues of thetensle strength are higher than
these of pure PC and PC/T-ZnOw compositeswithout
surfacetreatment agent. Thisindicatesthat thetensile
strength of PC/T-ZnOw compositesisgreetly improved
by usingthe coupling agent.
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Figure?2: Effect of T-ZnOw content on thetensilestrength of
PC/T-ZnOw composites: (A) Untreated T-ZnOw; (B) Treated
T-ZnOw (T-ZnOw/K BM 803=98/2).
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Young’s Modulus of the PC/T-ZnOw composites
with untreated and treated T-ZnOw isshowed infig-
ure 3. Young’s Modulus of PC/T-ZnOw composites
with untreated and treated T-ZnOw increased with
increasing the T-ZnOw content. In other words, ad-
dition of T-ZnOw endows PC/T-ZnOw composites
better stiffness. Thismay be dueto theincreased in-
terfacial areain the compositeswith the addition of
whiskers. It iseasy to be understood since the better
interfacial interaction between PC matrix and whis-
kersisfacilitated the stresstransferencefrom the ma-
trix towhiskersintheinitia stage during thetensing
process. Theseresultsindicate that the addition of
untreated or treated T-ZnOw canimprovetherigidity
of pure PC, which has much application on the engi-
neering of plastic.

Impact strength

Inthispart, the effects of untreated and treated T-
ZnOw on the notched impact strength of PC/T-ZnOw
composites were discussed, and the results were
showed in Figure4. It can be seen from figure4 (A)
that theimpact strength of PC/T-ZnOw compositeswith
untrested whiskersdecreasesdramatically with increas-
ing the content of untreated T-ZnOw, and then amost
levelsoff with increasing up to T-ZnOw content of 6
wit%. Theseresultsaresimilar to previousobservations
onthemechanica propertiesof somepolymer/rigidfill-
ersdigpersond®™, whichindicatesthat rigidfillershave
anegativeeffect on ductility and tenslestrength. Asthe
untreated T-ZnOw content increases, the composites
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Figure3: Effect of T-ZnOw content on thetensileYoung’s
modulusof PC/T-ZnOw composites: (A) Untreated T-ZnOw;

(B) Treated T-ZnOw (T-ZnOw/K BM 803=98/2).

flano Soienoe and flano Teohnology

exhibit higher Young’s Modulus but lower impact
strength. Thissuggeststhat theaddition of untreated T-
ZnOw withthespecid spatial structureasdefectsleads
to the decrease of theimpact strength of the PC com-
posites.

Our previous studies®* showed that it isneces-
sary toimprovethe toughness of polymer-filler com-
posites dueto the poor interfacial adhesion between
filler particles and polymer matrix. Silane coupling
agent, (3-glycidoxypropyl) trimethoxyslanewasfirsly
used to treat T-ZnOw. It can be seen from figure 4
(B) that theimpact strength of PC/treated T-ZnOw
composites ill decreaseswith the addition of treated
T-ZnOw, however, compared with PC/untreated T-
ZnOw composites, PC/treated T-ZnOw composites
show higher impact strength. For example, within-
creasing up to whiskers content of 8 wt%, theimpact
strengths of PC/T-ZnOw compositeswith and with-
out coupling agent are 10 and 6.3kJ/m?, respectively.
It seemsthat the surface treatment agent isin favor of
improvement for thetoughness. A Sgnificant improve-
ment in theimpact strength of the PC compositesis
observed dueto theincreased energy absorption dur-
ing impact process®4,

M or phology obser vation

In order to elucidate the effect of untreated and
treated T-ZnOw on the mechanical propertiesof PC/
T-ZnOw composites, SEM imagesof thetensilefrac-
tured surface of the PC compositeswereinvestigated,
andtheresultswereexhibited infigures5-7. Fromfig-
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Figure4: Effect of T-ZnOw content on theimpact strength of
PC/T-ZnOw composites: (A) Untreated T-ZnOw; (B) Treated
T-ZnOw (T-ZnOw/K BM 803=98/2).
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ures 5 and 6, it can be seen that the surfaces of un-
treated T-ZnOw without any coverageinthe PC ma-
trix arevery smooth. Moreover, theinterfaces between
the PC matrix and T-ZnOw arevery clear and no any
blocking can be observed. Thisindicatesthat theinter-
facia adhesionand compatibility between the PC ma-
trix and untreated T-ZnOw are very poor. The poor
interfacia interaction leadsto the decrease of mechani-
ca properties.

From themicrographsof bulk specimens (Figures
5and 6), it can be seenthat the distribution of T-ZnOw
ishardly uniformin PC matrix. At thesametime, asmall
quantity of T-ZnOw agglomeration phenomenaoccurred
inthe PC composites. Most whisker needlesarebro-
kenat the center crosspoint of T-ZnOw and some cavi-

= Full Paper

tiesformed, which could be seen on the fracture sur-
faces. In addition, thefractured surface of PC displays
thegtesfromwhich T-ZnOw arepulled out during € on-
gation and some exposed whiskers. Thismay beasso-
ciated with absenceof specificinterfacia adhesonand
the hardness of T-ZnOw. All theseindicatethat the PC
composites|oading with untreated T-ZnOw havelow
tenslestrength.

In order to better understand the effect of surface
trestment agent on thetenslefracturemorphol ogy, SEM
images of PC/T-ZnOw composites with treated T-
ZnOw havebeen focused on thetensilefracture sur-
faceregion, and asshowninfigure7. Compared with
untreated T-ZnOw filled PC composites, after being
treated by surface treatment agent, theinterfacial adhe-

Figure6: SEM mor phology of thetensilefractur esurfacesof PC/T-ZnOw (9476) composites.
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Figure7: Effect of surfacetreatmentson thetenslefracturesurfacesof PC/T-ZnOw (94/6) compositeswith 2wt%
KBM 803treated T-ZnOw.
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Figure8: FTIR spectra of PC and PC/T-ZnOw (94/6) com-
posites: (A) PurePC; (B) Untreated T-ZnOw; (C) Treated T-
ZnOw (T-ZnOw/K BM 803=98/2).

sion between the PC matrix and whiskers obviously
becomes much stronger. Treated T-ZnOw iscovered
by the PC matrix. The plastic deformationisalso ob-
served easily. However, alittlelocaized plastic defor-
mation of thefractured surfaceisinvisiblefor untrested
whiskersfilled PC composites. Thedeformationwould
wear out alot of energy when T-ZnOw acts as the
stress concentration during tensile process. Further-
more, the plastic deformation around needlesof whis-
kersisobserved, indicating the stronger interfacid ad-
hes on and better compatibility between the PC matrix
and whiskers when T-ZnOw was treated by surface
trestment agent. Obvioudy, theimprovement of theten-
dlesrength of PC/treated T-ZnOw compositesismainly
attributed to the plastic deformation and the strongin-
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Figure9: XRD patternsof PC and PC/T-ZnOw (94/6) com-
posites: (A) PurePC; (B) Untreated T-ZnOw; (C) Treated T-
ZnOw (T-ZnOw/K BM 803=98/2).

terfacial adhesion. The SEM resultsindicatethat sur-
facetreatment agent coating enhancestheinteraction
between T-ZnOw and the PC matrix, leading to in-
creased tensile strength and Young’s Modulus of PC/

T-ZnOw composites.
FTIR spectraand XRD analysis

In order to evaluate the interfaceinteraction be-
tween PC matrix and T-ZnOw, FTIR measurements
were carried out. Figure 8 shows FTIR spectra of
pure PC and PC/T-ZnOw (96/4) composites. The
spectraof the samplesclearly exhibit the characteris-
tic absorption peaks corresponding to the polymer
groups. For pure PC, very strong characteristic vi-
bration bands at 1768 and 1221 cm™! are observed,
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associated with C=0 and C-O vibrational modes,
respectively. The absorption bandsranging from 3200
to0 2900cm! are assigned to aromatic C-H stretch-
ing. For PC/untreated T-ZnOw composites, neither
shift nor sharpening of absorption band is detected,
which indicatesthat thereis poor interfaceinteraction
or no chemical linkage between PC and untreated T-
ZnOw. However, thereisalittledifference between
pure PC and PC/treated T-ZnOw composites. The
characteristic peaks at 3941 and 2248cm! shift to
lower frequency, and the intensities of absorption
peaks decrease due to the presence of surfacetreat-
ment agent. Thisindicatesthat the surface treatment
agent was grafted onto the surface of T-ZnOw and
theinterfaceinteraction between polymer matrix and
whiskersisimproved.

Figure 9 showsthe XRD patterns of pure PC and
PC/T-ZnOw (96/4) compositeswith and without sur-
facetreatment. Ontheonehand, it can clearly be seen
fromfigure9 (A) that abroad non-crystalinepeak (10—
30°) of pure PC is obtained. On the other hand, the
XRD patterns show sharp and increased diffraction
peaks of T-ZnOw with the addition of T-ZnOw inthe
PC/T-ZnOw composites. Theincorporation of T-ZnOw
produces neither anew peak nor apeak shift withre-
spect to PC, indicating that PC/T-ZnOw composites
cons st of two phase structuresincluding polymer and
inorganicfiller. Thisfurther indicatesthat theinterface
interaction is poor between the polymer matrix and
whiskers.

CONCLUSION

In this paper, PC/T-ZnOw composites with and
without surfacetreatment werefirstly prepared by melt
mixing. Theinfluencesof untrested and treated T-ZnOw
on the mechanical properties and morphology were
measured and characterized. Theresults showed that
untreated T-ZnOw seriously deteriorated thetensile
strength and impact toughnessbut i ncreased greetly the
Young’s Modulus. This indicates that the interfacial in-
teractionisnot strong enough to stand largemechanicd
forces. Ontheother hand, surfacetrestment of T-ZnOw
could sgnificantly improvethetensile strength, impact
toughness, and hardness of PC/T-ZnOw composites
duetotheenhanced interfacid adhesion and good com-
patibility between the polymer matrix and whiskers.
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