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ABSTRACT

The Cu1O- nanoparticles have been synthesired hy sob-ued auto-combostion. mectowave and co-precipitation
lechrigues. Then, the results of the three lechniques were compared. I che sob-pel anto-combustivn synihesis
was used glveme as a fuel, At firsl, sol was prepared. Then, gel was achisved fTom drying sol. The prepared ge!
was burnt at 350°C, [n the microwave technique, gel was prepared. Then, the final nanoparticles were produced
wn influenge of microwave Lrradiation. The CuliQ); nanvparticles were prepared by co-precipilation mythid
invalved metal sulfates. The wmperature of calomations was 620°C, These nanoparticles were investigated by
X-ray diffraction (XRD) and Seanning Electron Macroscopy (SEM) techniques. The XED results show that the
nunpervsial containg vartons phases. strictures and the average size of manvstructured CuMNiO; enyslaliilivs was
ealeulated by Scherrer equation. Seanning Electron Micrescopy was also used to characterize the mictoslreetire

and moephology.
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INTRODUCTEON

Manoerystalline  semeccduclor  particles have
interested u great deal of aucntion bocause of their
prapertics and applications in eleetronics, magnetic and
catalysis [1. 2]. Among the oxides of ransinon metals,
CuQ has atracted much attention bevausc 1t s the basts
of scveral high-T, superconduciors. CuQ i5 a
semiconducting compound with a narrow band gap and
wsed  far  photoconductive  and  phoiothermal
applications [3] Several methods arc conventionally
used for the synthesis of nanoparticles such as sol-gel
[4]. co-precipitanon  [5].  hydrothermal  [6] aod
microwave {7, 8], Sol-gel auto—combustion s a unique
combtnation of the combustion and the chemical
getation  processes This method  cxploits  the
advantages of cheap precursors, simple preporation and
a resulting ulira fioc and homogeneous powder [9, 10].

't armosmumdmg suther: $AKhomamman4nb ac i

Combustion synthesis is a particularly simple,
safe and rapid process where in e main
advantages arc encrey and time savings [11].

N1 and NiQ composite prepared and hinary oxide
nanoparticles by using microwayve irradiotion
were also reported [12, 13]. The microwave
synthesis, which is gencrally quite tast, simpie and
efficient 1n energy. has beem developod and s
widcly used 1 varous fields such as molecular
sicve preparation, the preparation of inorganic
complexes and oxide, organic rcaciions, plasma
chemistry, anaivhical chemstry and catadysis [14).
Beswdes its applications in chemical analysis and
in  radiochemistry,  co-precipitation is  also
potentialty  important to many environmental
issues closely related o water resources. meluding




5 A, Khorrami etal. /[, Phys, Thear, Chem. [AU Iran, 7(2): 91-94. Summer 2014

acid mine drainage, radionuclide migration in
touted waste repositories, metal contaminant
transport &t indusirial and defensc sies, metal
comcentrations aquatic  systems,  and
wastewuter treatment technology [15].

Co-precipuation is alse used as a method of
magnetic nanoparticle synthesis [16].

In this paper, CuNiQ: nanoparticles were
cotnpared with three methods includes sol-gel,
MicTowave and co-precipitation,

in

EXPERIMENTAL

in sol-gel aute-combustion method, copper
nirate (Cu (NO1)2.3H,0), nickel nitrate {Ni
{NO;): 6H0). glycine (CoH:NO2), ammonia
253% (NH;) and dcionized water was purchascd
for  preparing  CuNi);  nannparticles.  In
microwave  method, copper nitrate  (Cu
(NO.)IH00 micke] mutrate (N1 (NO:3.6H,0)
ammonia 25% (NHy), deiomzed water and tert-
butyl alcohol was used. Tn co-precipitation
method, copper sulfate {CuS0,5H:0), nickel
sultate {NiSOy 611;0), NaOH und deionized
water was produced. All the reapents were used
without further purifieation.

For three methods were used, X-ray diffraction
(XRD) tnade in Netherland, Philips Xpert MPO
model Scanning  Electron  Microscopy
instrument (SEM) was uscd (0 characterize
motpbolngy and particle size. The model of this
instrumeot was XL30 Philips,

For synthesis of CuNi0; nanoparticle by snl-pel
auto-enmbustion method was used appropriate
amount of Cu (N3}, 3H;0 and W1 {M0.)2.6H.0
powders. The molar ratio CuNi was 1.1, These
materials were dissolved in deionized  water
Then, glycine was added with the two moles
cqual to those matenals. The agueous solution
was neytrahized at pH=7 hy edding liguor
ammonta 25%. During this pmcedure, the sol
was continuously stitred by mechanical sturer in
bath watcr at 65°C for 4h, When igmied at any
point of the gel, the dried ecl bumt in 4 seff-
propagating combustion manner until al] gels
were cathpletely humit out to form a fluffy Inose
powder. The as-burnt ash was calemed at 620°C

82

for better erystallization and homogeneous cation
distribution in the spinel. '

For synthesis of CuNiQ, nanapanmle by
microwave method, deionized water and tern-
butyl aleohol were mixed with 5:1 molar ratio and
Cu (NOsk3HO and Ni (NO;L.OHO  were
pourcd continuously 1n dejonized water and
alechol solution. For adjusting pH=7 was used
ammaonia 25%. A round bottom gluss vessel (total
volume=150 mL) was used for the microwave
iradiution which was camed out under ambicnt
air. The solution was placed in 8 microwayve
refluxing (300W) system for 3-5 min. "At the end
of the reaction, the precipitale was centrifuged
4000 tpm for 10 min and washed repeatedly with
dewnized water anncaled 620°C for 3h, 1

For synthesis of CuNiO. nanopartiele by
co-preciptiation. copper and nickel sulfate were
dissolved in 500 m] deionized water. Then, pH of
this solution was adjusted to 7 using NaOH
solution. T he solution was stired at 60 °C for 12h.
Then. used filter for separating precipitation from
snlvent. Then, washed it with distilled water.
Precipitation was hcated at ﬂ:nri! haur Finally
powiers were caleined ut 624 for 2h. i } :
RESULTS AND D[SCU‘SSID\I

The  structural chamuerlzmmn uf CuNi{),
powders was performed by vay ditfraction
analysis. The XRD pattern nf CuNi0, prepared
by sol-gel auto-combustion, microwave and co-
precipitation methods was shown in Figore 1a. b
and ¢, respectively, : |

The average erystallite size was calculated using
the Scherrer relationship. d= 0.9 4 7/ [ cosé,
where d is the crystallitc size. B is the half
maximum line width of peak and A is the
wavelength of X-rays, ||'

The average size of CuNiQ, nanoparticles
were produced 30. 20 and 45 nm by sol-gel
autocombus tinn. microwave and c:o-preci ptation
technigues, respectively The cryitallite percents
were calcwdated for cvery techmgue. The
crystullite percent of CuNiO; oaroparticics by
using sol-gel, mierowave und co-precipitation
were 30, 64 and 16 am. respectively.




5. A. Khorram et al, /1. Phys, Theor. Chem. JAU lran, 7(21: 91-24, Summer 2010

e

|
50 4
a6
300
gy |
1o

[

Imiernsaby Lx u |

m o rmerm s e e ——————

a 1 4 ¥ ¥ A MM & 1MW

2T depree]

3
f"';-

Likengs by (A

B N WY1V VO

o pil A
26 {degrea]

Eh el {0 )

[,
f Pl &3 3] # 13

26 {degres)

Fig.], XRI} patlerns of CuXud, nanoparticles
prepared by (a) Sol-gel, (b) microwave and (o) eo-
precipitation technigques.

In sol-gel auto-combustion process, the XRD
patterns verified that specimen concluded CuO
and NiQ phases with monoclnic and cubuwe
struetiires, respectively.

In microwave mothod, spectmen consisied of
crystallime  Cu(), CufOH,H,O. CuNif); and
NHMNO;  phases with  monoclinic,  triclinic,
tragonal and orthorhombic structures, respeenvely,

Tn ¢o-precipitation method, the XRIY pamern
of CuNi{l; nanoparticles s shown monoclinic
and cubic structures of Cu() and Wil phases.
respectivily.

The SEM  device was utihzed  for
characterizing of morphology The homogeneous
structures were observed by this instrument.

SLCM  micrographs reveals changes in
mucrostructure,  grain size  and  stmicture
morphology. The SEM  mucrographs of as-
preparcd powders processed with glyeine arc
shown in Fig. 2.1a. The parcle sizc was
confirmed by this method. The microwave and
co-precipitation SEM micrographs were shown
in Fig. 1b and ¢, respectively.
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Fiz. 2. The SEM micrographs af CulN:O;
nanoparticles prepared by (2] sol-gel, (b) microwave
and () co-precipilatiom lechnigues.
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CONCLUSION

The CuNiO, nanopariicles were synthesized by
sol-gel auto-combustion, microwave and co-
precipitation methods, In so-gel and microwave
methods metal nitrates were used but in the co-
precipitation method metal sulfats was uscd. The
XRD patterns was considered on three speeimens.
The average size nf nanoparticles were caleulated
by Schemer equation. The average size of CuNiD-
nanoparticles was produced 30, 20 and 45 nm by
sol-gel  autocombustion. microwave and co-
precipitation techniques, respectively.
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