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ABSTRACT

We report here the synthesis of nanoparticles of ZnO and MgO and ZnO/
MgO nanocomposite through reactions of zinc acetate and magnesium
acetate solutions with tetramethylammonium hydroxide (TMAH) solution
in the presence of polyvinyl pyrrolidone (PVP) by sonochemical method.
At first, nanoparticles of ZnO and MgO were synthesized by the reaction
of Zn(CHCOO,), and Mg(CHCOO,), with TMAH in the presence of PVP
and constant frequency ultrasonic waves. Then, ZnO/MgO nanocomposite
was prepared through reaction of magnesium acetate with TMAH in the
presence of ZnO nanoparticles and PVP as structure director using
ultrasonic-assisted method. The effects of different parameters on particle
size and morphology of final ZnO and MgO powders and ZnO/MgO
nanocomposite were optimized by ‘one at a time’ method. Both synthe-
sized ZnO and MgO nanoparticles and ZnO/MgO nanocomposite were
successfully applied to the preparation of zinc phosphate dental cement.
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INTRODUCTION

Thesynthesisand characterization of nanostructured
oxide materia sisin thefocus of many recent and cur-
rent research projects. Thisisdueto the unique prop-
ertiesexhibited by nanoparticlesin comparisonto bulk
materia(>3. Themetal oxidesareextremely important
technologica materialsfor usein e ectronic and photo-
nic devicesand ascatayst in chemical industries. In

recent years, researchers have focused more on the
synthesisof both nanoparticlesand nanocomposite of
ZnO and MgO dueto their application in advanced
technologies. Many different physicd and chemical tech-
niques, such as chemical vapor deposition®, thermal
decomposition®, sol—gel®®, co-catalyzed process”,
precipitation’®, spray pyrolysig¥, plasma torchi9,
pulsed | aser deposition™ and hydrothermal synthesis™?
have been employed to prepare nano-sized ZnO and
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MgO particles. Severa techniqueshavebeenaso de-
vel oped to prepare nanocomposite of ZnO/MgO. This
nanocompos te has attracted much attention becauseit
hasalarger band gap than ZnO™**1¢, However, most
of thetechniques need highly temperaturesand per-
form under acostly inert aamosphere. Our god inthis
researchisto suggest an easy method to synthes zemore
porous and spongy nanostructured zinc oxideand mag-
nesium oxideand their nanocomposite. Such structures
can beuseful inactivematerialsof dental cements.

Oneof theoldest and most widely used cementsis
zinc phosphate cement. Thiscement isagood choice
for routine prosthodonti c use; hasalong, positiveclini-
cal history. Zinc phosphate cements are the strongest
amongthedenta cements. They areprincipdly used as
luting cement for the cementation of inlaysand other
restorationsfabricated outs de of the mouth dueto easy
handling characteristics and adequate retentive prop-
erties”. The present study wasintended to useanew
and easy method for preparation of homogeneous po-
rous nano-sized ZnO and MgO particles. For thispur-
pose, fixed frequency ultrasonic waveswereagppliedto
prevented growth and helped formation of
nanoparticles. Inaddition, polyvinyl pyrrolidone (PVP)
was used as astructure director additive. Thisisthe
first report on sonochemical synthesis method of ZnO
and MgO nano-powders and ZnO/MgO nan-
ocompositeand their gpplication to the preparation of
zinc phosphate dental cement. Themechanicd strength
property of thiscement ismorethantwo commercialy
available phosphate cements.

EXPERIMENTAL

All the chemicalswere obtained from Merck and
they were used without further purification.

First, 50mL zinc acetate solution (0.10M) includ-
ing PV P (10g/L) asstructuredirector additivewas soni-
cated for 30 min and then, enough volume of TMAH
solution (0.28 M) wasd owly added (Smilar totitration
method). In thisstep, nano-structured zinc hydroxide
wasformed during thefollowing reaction (1):

Zn(CHCO0),, + 2(CH),N(OH)
"
Zn(OH),, +2(CH ,COO)N(CH,),., @
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At theend of the process of adding TMAH solu-
tion, themixturewas additiona ly sonicated for 30 min.
Thepreci pitated zinc hydroxidewasfiltered and washed
with distilled water and ethanol for threetimes. Tothe
obtained precipitate was added 50mL ethanol and the
mixture was sonicated by ultrasonicinstrument (Elma
S60H model, 40 kHz) for 30 min and then, the soni-
cated mixturewasfiltered. Thefina obtained precipi-
tatewas dehydrated at 320°C inafurnacefor 2 h.

Thefollowing reaction (2) took placein the dehy-
dration phase:

Zn(OH),,—>ZnO +H.0O 2

At dehydration phase, nanostructured zinc oxide
wasformed. The nanoparticleswere sonicated in etha-
nol for 30 minto diminaeagglomeration. At fina step,
themixturewasfiltered and dried at 110°C. Thefinal
product was obtained in powder form. The
nanostructured zinc oxide powder was characterized
withaBrake-AXS D8 X-ray Advance Diffractometer
usngCuK_ radiation sourceand agraphite monochro-
mator (k = 1.54178 A°) and FT-IR spectroscopy
(SHIMADZU-IR PRESTIGE 21 spectrometer) in a
KBr matrix.. Themorphology and sizeof the products
were observed by Philips XL30 mode scanning el ec-
tron microscopy (SEM).

For Synthesisof nano-structured MgO, 50mL mag-
nesium acetate solution (0.14 M) including PV P (10g/
L) asstructuredirector additive was sonicated for 30
minand then, enough volumeof TMAH solution (0.34
M) wasslowly added (similar totitration method). In
thisstep, nano-structured magnesium hydroxide was
formed during thefollowing reaction (3):

Mg(CH,COO0),, +2(CH,) N(OH) ,,
J
Mg(OH),, +2(CH,COO)N(CH,), .. €)

At theend of the process of adding TMAH solu-
tion, themixturewas additionaly sonicated for 30 min.
The preci pitated magnes um hydroxidewasfiltered and
washed with distilled water and ethanol for threetimes.
To theresulted precipitate was added 50 mL ethanol
and themixturewas sonicated for 30 min and then, the
sonicated mixturewasfiltered. Thefinal obtained pre-
cipitatewas dehydrated at 550°C inafurnacefor 4 h.

Thefollowing reaction (4) took placeduring the
dehydration phase:
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Mg(OH),, »MgO  + H,O 4

The MgO nanoparticleswere sonicated in ethanol
for 30 minto diminaeagglomeration. At find step, the
mixturewasfiltered and dried at 110°C. Thefind prod-
uct was obtained in nanopowder form. The
nanostructured magnesi um oxide powder was charac-
terized by SEM, XRD and FT-IR spectroscopy.

For Synthesisof ZnO/MgO nanocomposite, a50-
mL diquot containing magnesium acetatesolution (0.17
M) and 3.44g of ZnO nanopowder and PV P (10g/L)
was sonicated for 30 min and then, 7.5mL of TMAH
solution (0.28 M) was sl owly added. Inthisstep, nano-
structured magnesium hydroxidewasformed.

Zno +Mg(OH)

nanopowder 2(s) nanosized

ZnO/M gonanocomposite +H ZO(Q) (5)

Attheend of theprocessof adding TMAH solution,
themixturewasadditiondly sonicated for 30min. Toform
theZnO/M gO nanocomposite(5), the obtained precipi-
tatewasdehydrated at 550°Cinafurnacefor 4 h.

The ZnO/MgO nanocompositewas sonicated in
ethanol for 30 minto diminateagglomeration. For va
porization of solvent, nanopowder was heated to
110°C. The ZnO/MgO nanocomposite powder was
characterized by SEM, XRD and FT-IR spectroscopy.

For dental cement preparation, required amounts
of ZnO and MgO nanoparticles and/or ZnO/MgO
nanocomposite, silicafused and aluminum oxidewere
mixed together inacruciblebased on theformulation
of the zinc phosphate dental cements preparation
(TABLE1). Themixturewas heated to 1050°C inthe
furnace for 5 h. Then various amounts of liquid of
Harvard zinc phosphate dental cement was slowly
added to thismixture. After addingliquid, the mixture
wasadditiondly mixed for 1-2 min. The prepared paste
was poured into cylindrical mold (6mm diameter and
12mm deep). The mechanical strength of the cement
specimenswasmeasured using auniversa testing ma-
chine (Zwick Z250 model) with acrosshead speed of
Imm/min.

RESULTSAND DISCUSSION

Theam of thiswork isto syntheszeZnO andMgO
nanoparticlesand ZnO/MgO nanocompositein order
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to obtainthe higher mechanica strength than commer-
cia dental cement of zinc phosphate. The parameters
including ultrasonic wave, concentrations of
Zn(CHCOO,),, Mg(CHCOO,),, TMAH and PVR, and
synthesistemperature were optimized using “one at a
time” method[*®,

Two synthesis processeswerecarried out (i) inthe
presence and (i) absence of ultrasonic waves at the
same temperature and concentrations of
Zn(CHCOQO,),, Mg(CHCOO,), and TMAH in the
absenceof gtructuredirector additives. SEM imagesof
ZnO and MgO nanoparticles and ZnO/MgO
nanocomposite show that the ultrasonic waves make
both ZnO and MgO nanoparticles and their
nanocomposite moreuniformand small (Figure 1)

Six synthetic processeswerefollowed at 20, 30,
50, 60, 70 and 80°C so that the effect of synthesis
temperature on morphol ogy and particle size of ZnO
and MgO nanoparticlesand ZnO/MgO nanocomposite
can beinvestigated. The SEM images showed that at
temperatures of 30, 60 and 60C, smaller and moreuni-
form ZnO and MgO nanoparticles samplesand ZnO/
MgO nanocomposite samplesrespectively were syn-
thesized, probably because of thefact that a thesetem-
peratures, growth rate, nucleation rate and agglomera:
tion rate are suitablefor formation of optimum pow-
ders. Therefore, the temperatures of 30, 60 and 60°C
were selected asthe optimum temperaturesfor synthe-
sis of ZnO, MgO nanoparticles and ZnO/MgO
nanocomposite, respectively.

After confirming positiveeffect of ultrasonication,
at 30°Cand 0.20M TMAH, the concentration of zinc
and magnesi um acetate sol utionswasvaried from 0.06
t00.28 M. Morphology and particle size of each com-
pound was studied by SEM. The SEM results showed

‘3.‘?’“2 ‘ " ,1‘_ ’ . 1, ¥ . » .--"‘-. ;
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Figurel: SEM imagesof (a) ZnO and (b) M gO nanoparticles
and ZnO/M gO nanocomposite(c) synthesized in theabsence
(A) and in the presence (B) of ultrasonicwaves. Other condi-
tionswerecongtant asfollows: synthesistemperature 30°C,
0.06 M zincacetate, 0.10M magnesum acetate, 0.20M TMAH
and0.0M PVP
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Figure: SEM |m

of threesamples(A) ZnO, and (B) M go nanobarti

in optimum conditionsand in the presence of ultr asonic waves. concentration of zincacetateis0.10 M, magnesium acetateis
0.14M,TMAH is0.28and ZnO and MgO are0.34 M, PVPis10g/L. Temperaturesare 30, 60 and 60°C for ZnO and M gO

nanoparticlesand ZnO/M gO nanocomposite, r espectively
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Scheme: Sructure of suggested complex for inter action between PVPand metallicions(Zn? or M g)

that concentrations of 0.10 and 0.14 M zinc acetate
and magnesium acetate, respectively, produces more
uniform and smaller particles. It can be concluded that
at low concentrations of zinc (<0.10 M) and magne-
sum (<0.14 M) ions, therate of particlegrowthisless
than therate of nucleation whileat higher concentra-
tionsof zinc (>0.10 M) and magnesum (>0.14 M) ions,
growth and agglomeration and other mechanismsin-
volved in theformation of heavy particles are more
manifest. Therefore, the concentrationsof 0.10and 0.14
M solutionsof zinc acetate and magnesium acetate, re-
spectively, were sel ected as the optimum concentra-
tions.

Different dkainesolutionssuchasNaOH, Na,CO,,
NH,OH and TMAH solutions at various concentra-
tionswereinvestigated to producesmaller and uniform
particlesof ZnO, MgO and ZnO/MgO nanocomposite.
The SEM imagesof synthesized samplesshowed that
TMAH isasuitablealkalinefor our purpose. The ef-
fect of TMAH concentration on particlesizeand mor-
phology wasinvestigated by SEM. The TMAH con-
centration wasvaried from0.17t0 0.50 M. The SEM
imagesof synthes zed samplesreved ed that amdler and
uniform nanoparticlesof ZnO, MgO and nanocomposite
of ZnO/MgO, can be formed at TMAH concentra-
tions of 0.28, 0.34, and 0.34 M respectively. Lower
concentrationsof TMAH make high growth ratefor
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preci pitation particlesand, a higher concentrations, there
are some processes such as coagul ation and agglom-
eration that makeshigger precipitation particles. There-
fore, the TMAH concentrationsof 0.28,0.34 and 0.34
M were sdlected asthe optimum concentration for syn-
thesis of ZnO, MgO nanoparticles and ZnO/MgO
nanocomposite, respectively.

There are somereports on the positive effects of
PV P asstructuredirector additive ontheformation of
suitable products®2, According to thesereports, PVP
played an important rolein determining the morphol-
ogy of the products. Zhang et al .2 reported that PV P
probably organizes the nanostructures by forming a
cation—PVP complex (Scheme). The suggested com-
plex can prevent particlesfrom growing. The probable
mechanisms based on the suggested complex can be
expressed as Scheme. The SEM imagesof synthesized
samples showed that PV P, asastructure director, or-
ganizesuniformly the nanostructure of both zinc oxide
and magnesumoxidein smaller szes Findly, 5differ-
ent concentrationsof PVP (from 5to 25g/L) in synthe-
sissolution were examined in order to obtaining the
best structure for the final products (ZnO and MgO
nanoparticles and ZnO/MgO nanocomposite). Asit
showninfigure2, a PV P concentration of about 10 ¢/
L, both nanoparti cles and nanocomposite can be syn-
thesized in excellent and more porous nanostructure
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TABLE 1: Formulation of thepowder for thezinc phosphate
dental cement

No. Compound’ Wt (%) Compound?* Wt (%)
1 Zinc oxide 86.0 ZnO/MgO nanocomposite 92.8
2 Magnesumoxide 8.6 Silicafused 4.3
3 Silicafused 3.0 Aluminum oxide 29

4 Aluminumoxide 2.4

Compound percents of ZnO and MgO powders are similar for
both commercial powder and synthesized nanopowder. Compound
percent of ZnO/MgO nanocomposite is the best percent that the
mechanical strength amount was more than other ratios
(moss shape). Finally, it can be concluded that using
the suggested method, ZnO and MgO nanoparticlesin
therangesof 25-50 and 30-60 nm, respectively were
synthesized. Also particle sizeabout 65 nm with more
spongy morphology was obtained for ZnO/MgO
nanocomposite.

The XRD patterns of three samples of ZnO and
MgO nanoparticlesand ZnO/M gO nanocompositehave
been shown that all the peaks can be indexed to the
known Waurtzite structure of ZnO and MgO powders
and ZnO/MgO nanocomposite. No impurity such as
Zn(CH,COO0),, Zn(OH),, Mg(CH,COO0), and
Mg(OH), was detected. On comparison with standard
XRD cards, the 20 peaks observed at these patterns
show hexagonal and cubic structuresof ZnO and MgO,
respectively. Peek broadeningindicatecrysdlitessmal-
nessin nanometer scale. The average sizes of the par-
ticlesarein good agreement with those observed from
SEM images.

The FT-IR spectra of the ZnO and MgO
nano-powder samplesand commercial their powders
have been shown that the absorbance characteristic of
our high purity ZnO and MgO nanoparticlesin com-
parisonwith commercid powders. Inadditionto this,
theformed ZnO and MgO phasesare characterized by
intense and very broad IR band which could be as-
signed to the Zn-O and Mg-O vibrations with poor
resolved shouldersat about 500cm™,

Findly, it can be concluded that whilethesuggested
method is used, ZnO and MgO nanostructured and
ZnO/MgO nanocomposite can be synthesized in na-
nometer scales. In thismethod, the presence of ultra-
sonic wavesand structuredirector additive hasstrong
positive effect onthe morphol ogy of thefina products.

To application of nanopowders, threedifferent zinc
phosphate dental cementswere prepared by combin-
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TABLE 2: Compressive strength valuesof commercial and
formed zinc phosphate dental cements. Theresultsareaver -
aged values. Sample 1iscommer cial zinc phosphate cement
of Harvard, containingcommer cial ZnO and M gO powders.
Samples 2, 3 and 4 arethree prepared zinc phosphate ce-
ments in the present study, containing synthesized
nanopowders

No.  Powder: Liquid (gr/gr) Strength (N/mm?)
1 0.75/0.50 59.08° 48.16"
2 0.60/0.70 74.40° 66.31°
3 0.50/0.60 79.53% 73.16°
4 0.50/0.40 42.73

aaveraged values of compressive strength for ZnO and MgO
nanostructured. averaged values of compressive strength for
ZnO/MgO nanocomposite

ing the same powder formulation (TABLE 1) withthe
three different ratios of powder/liquid (gr/gr) of (1)
0.50:0.70, (2) 0.50:0.60 and (3) 0.50:0.40 (TABLE
2). Thenvariousamountsof Harvard’s liquid zinc phos-
phatedental cement were dowly added to themixtrure
and mixed for 1-2 min. The mixtureswere heated to
1050°Cinthefurnacefor 5h. Thepremixed pastewas
placed into amold of 6 mm diameter and 12mm depth,
and sandwiched between two porousglassdides(ACE
Glass, Vindand, NJ). The mechanical strength magni-
tude of 6mm diameter and 12mm thickness cement
specimenswere measured on acomputer controlled
universal testing machinewith crosshead speed of 1
mm/min. It wasfounded whentheratio of powder/lig-
uid wasincreased, the mechanical strength magnitude
of cementsa soincreased. However, by increasingthe
powder, the compressive strength of zinc phosphate
cement prepared from the ZnO and MgO nano-pow-
derswereincreased. In theratio of 0.50:0.40 powder/
liquid (3) maximum mechanica strength magnitudewas
observed. Intheratios higher than 0.60:0.40, the pow-
der isinsoluble. Therefore, thisratio was selected as
the optimum value. In contrast to the conventional
Harvard zinc phosphate cements, the ZnO and MgO
nanogtructured and ZnO/MgO nanocomposite cements
were shown moreincreased mechanica strength mag-
nitude. In the case of zinc phosphate cement the me-
chanica strength magnitudewerevaried from 11.44 N/
mm?for available commercial sampleof Harvard to
27.46 and 20.35 N/mn*for theobtained ZnO and MgO
nano-powdersand ZnO/MgO nanocomposite, respec-
tively. Furthermore, the setting time of the prepared
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denta cement from ZnO and MgO nano-powderswas
assessed 2.5t0 4.5 min, whichisacceptable and com-
parabl eto those obtained by commercia samples.

CONCLUSION

ZnO and MgO nanoparticles and ZnO/MgO
nanocomposite were successfully prepared from
Zn(CH,CO0), and Mg(CH,COO), and elemental €l-
emental cha cogenesusing TMAH solutionand PVP
(0.1 M) asstructuredirector additive. Theresultsob-
tained in the present study show that the sonochemical
method has proved to besmpleand efficient. The uni-
form small sizesof ZnO and MgO nanostructured and
ZnO/MgO nanocomposite can be used asactive ma-
teria indental cements. The zinc phosphatedental ce-
ments obtained by synthesized nano-scal e powders
revealed excellent mechanical strength. This study
showed that mechanical strength of dental cementsis
dependent on composition sizescale. It wasfound that
zinc phosphate dental cement had higher strength than
conventiona Harvard ZPC. Thesmplicity and low cost
of theprocesswould befavorableto high strength zinc
phosphate denta cement, and thismethod may be de-
veloped to synthesizeother effectivenessdentd cements.
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