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Abstract: The focus of present work is on the influence of microwave assisted synthesis was chosen [8]. Th& ma
source reagents on the properties of CulnSe (CISe) factors that influence the process of ClSe nanmpest
photoabsorber powders prepared by microwave assisle formation are following: source reagents, microwaaaver,
synthesis in triethylene glycol and polyethylene gtol. The CiSe solvent and temperature of solvent, and conduyptif
powders prepared were investigated by the X-ray difaction intermediate phases ’

(XRD) technique, scanning electron microscopy (SEM@quipped . ) . . .

with an EDS analyzer and MicroRaman spectroscopy taontrol The aim of this work was to |nyest|gate the infloerof
the composition, structure and morphology of the sythesized SOUrce reagents on the properties of the ClSe pwwde
powders. It was found that the microwave assistedayol method ~ Prepared by the microwave assisted synthesis.

is useful for the synthesis of CISe nanopowders. Sijesis with

metallic In and Cu precursors resulted in the reside of Il EXPERIMENTAL
unreacted indium in the products of reaction and deiation of the
resulting ClSe powder composition from the stoichimetry. On 99.999 pure elements (Cu, In, Se) and reagent-graidéle

the other hand, soluble salts of In(lll) and Cu(l)used as source salts (CuCl, InG In(OOCCH); were used as source
reagents lead to practically stoichiometrical ClSepowder to be reagents. CuCl was additionally purified to remaga(ll)
prepared. Chalcopyrite structure of the prepared CSe powder impurities. Indium acetate was synthesized fronOH); and
and polynanocrystalline morphology were confirmed § the  CH,COOH. Triethylene Glycol (TEG) and Polyethylene
XRD, SEM, EDS and Raman techniques. The purest CISe glycol (PEG) with various molecular weights (400 &0)
powder was synthesized from CuCl, In(OOCCH); and Se source were used as solvent and reduction agents.

reagents. The average size of the prepared ClSe pogrdgrains ; . .
depends on the average molecular weight of the seht (polyol). The syntheses were carried out in the followingesa Cu

Polyethylene glycol 600 used as the reaction soltegives a (OF CUCl) was added in TEG (or PEG), argon flow afiding

practically uniform polycrystalline CISe powder with an average Were switched on, In (or Ingbr In(OOCCH);) and Se were
size of crystals around 80 nm. added and microwave power was applied during 14&rd)o

then the solution was cooled in air and centrifuged000
Keywords: CulnSe,, photoabsorber, nanopowder, microwave rpm. The CISe powders synthesized were washed ah ro
synthesis, solar cell materials temperature with EtOH to remove the TEG (or PEG)Y a
dried overnight under dynamic vacuum at room teupee.
The temperature of the solution during the microsvav
I INTRODUCTION synthesis was measured by the IR thermosensor.

CulnSe (CISe) is a promising material for solar cell The CISe powders prepared were investigated ubiegt
applications because this compound is stable, hasga ray diffraction (XRD) technique (DRON 3M diffractceter),
absorption coefficient and a band gap value closeptimal scanning electron microscopy (SEM) equipped withSED
for effective sun light absorption. A number ofdies have analysis (Carl Zeiss EVO 40EP microscope equippét w
been directed to the preparation of CISe thin filmysuse of [nca 350 Oxfords Instr and Leo Supra 35) and Mieioin
various techniques [1-6]. These studies are maalsed on SPectroscopy (Bruker “Senterra”) to control the position,
the development of ClSe film deposition methodsamy of — structure and morphology of the synthesized powdeasnan
vapor phase as thermal, magnetron or laser dmg‘mth an spectra were excited by a solid state laser W'H!l’Whvelength
additional thermal treatment. On the other handgse¢h ©Of 785 nm and power reduced up to 1 mW to avoidtemahdl
techniques are relatively expensive and have aoweri heating of the objects.
disadvantage — it is difficult to prepare a largeifarm
surface. Il RESULTS AND DISCUSSION

As an alternative approach, the preparation ofstiealled
composite structures based on the distribution
photoabsorber nanoparticles in organic or polymatrixes
deserves serious attention. From this point of vyidhe
synthesis of the CISe nanopowder is a prospectiraetibn
[7]. To prepare the CISe nanopowder, the method

In cases of microwave synthesis of CISe from eldaie®u,
Gh and Se source reagents, some amount of unreectieoin
was observed. The PEG 400 solvent was applied Her t
synthesis. The powder prepared consisted of ClSpper
selenides and Se. The relative composition cakedlftom the
tensity of XRD peaks is shown in Table 1.
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TABLE 1.
SOURCE REAGENTS AND RELATIVE COMPOSITIONS OF THE SYNTHEZED PRODUCTS

Source reagents Residue of solid unreacte Composition of the synthesized powder, %
reagents Cise CuSe CuSe Se
Cu, In, Se In 83 6 - 11
Cu (colloidal), In, Se In 71 3 10 16
CuCl, In, Se In 99 - 0,5 0,5
CuCl, InCk, Se - 99 - 0,5 0,5
CuCl, In(OOCCH),, Se - 100 - - -

Replacement of elemental Cu with CuCl as a sowagant
led to reductions in the free selenium and copmenide
content in the CISe powder obtained (see Tablélajever,
in this case a residue of elemental In was obseiwegfder to
achieve a complete reaction between the componsuits)le
salt of indium (InCJ) was used instead of elemental In. As th
result, the reaction products comprising mainly plogvder of
CiSe were obtained (See Table 1). The XRD datahef t
prepared CISe powder is shown in Fig. 1. Peaks we
attributed to CISe chalcopyrite structure on theibaf file
40-1487 (ISTM). Only peaks with very small integsinay
belong to other phases.
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Fig. 2. SEM micrograph of CISe powder synthesized from ICUCl; and Se
. in PEG 400
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Fig. 1. XRD pattern of CISe powder synthesized from Cu@Ll; and Se in
PEG 400

Fig. 2 shows the micrograph of representative Qi®sder ; ‘ "
prepared from the solution where IgGhas the source of EHT=2000kY Signal A = SE1 Date :26 Feb 2008
indium in the reaction. It should be noted, thatpared CISe o T
powder is not umfor.m n te".ns of morphology andlinies Fig. 3. SEM micrograph of CISe powder synthesized from ICuC
the crystals of very different sizes. IN(OOCCH;); and Se in PEG 400

Also, indium acetate was applied as the sourcaditim in
reaction. The corresponding SEM image of the smiree We also tested the synthesized powder by the Raman
powder is represented in Fig. 3. The micrographaiobtl spectroscopy. The Raman spectrum of the powderapedp
shows the presence of crystals of various sizethénrange from CuCl, In(OOCCH);, Se in PEG 400 solvent is shown in
from “microcrystals” to “nanocrystals”. Fig. 4.

The EDS analysis showed the following compositibthe The Raman spectrum consists of two prominent anekth
powder: Cu — 29 at.%, In — 21 at.%, Se 50 at.%.pdweder is small peaks. The very strong and narrow peak at &2
copper-rich and has a stoichiometrical contenteof S corresponds to the;Anode of CulnSg[9]. The small peaks at

about 212 cit and 225 cit are usually attributed to the, B
and E vibration mode of Culngehalcopyrite modes [10].
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The peak at 259 crhis the most intensive peak of the CuSerains, as shown in Fig.3. In addition, at the sanrowave

observed in this Raman spectrum [11,12], but at#ime time power, the synthesis in PEG 600 was performed sdightly
higher temperature value (280), as compared with PEG 400

1300 -

] 172 (240°C), as it was controlled by the IR Pyrometer.
1200 4 The XRD measurements of the CISe synthesized in PEG
] 600 confirm a good quality of the prepared polytalsme
1o powder (Fig. 6). The XRD pattern contains only eefions
5 1000 that belong to the chalcopyrite structure of ClSe.
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Fig. 4. Raman spectrum of CulnSepowder synthesized from CuCl, 04 316
In(OOCCH;); and Se in PEG 400 1 400
10 4
this peak is also attributable to the E mode oinSel [9]. o]
Fig. 3 shows that the average size of powder gr&ns - -
relatively large (hundreds of nanometers) and fkgilution 5 10 15 20 25 30 35 40
of the size of crystallites is very broad. In ordelinvestigate ®, degree

the influence of the solvent on the composition diggersity
of powder, some additional experiments were caroied An
experiment was made by use of the solvent with allem
molecular mass (TEG) and the other with a largetemdar At the same time, in the Raman spectrum of the gowd
mass (PEG 600). prepared from CuCl, Ingl Se in PEG 600 (see Fig. 7.), the
peak at about 253 ¢his much more intensive than in the case
of the spectrum shown in Fig. 4. If this peak cepands to
the CuSe phase, then some differences between aheariR
and XRD data were observed. Origin of that peakldvoeed
further investigation.

Fig. 6. XRD pattern of CISe powder synthesized from Cu@Cl and Se in
PEG 600
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Fig. 5. SEM micrograph of the CISe powder synthesized f@uCl, InC} ol
and Se in PEG €D
It should be noted that the synthesis in TEG gaeSISe 00 200 200 400 500

powder with some deviation of the composition from
stoichiometry. At the same time, reaction in thiveot with a
higher viscosity (PEG 600) leads to the preparatibrthe Fig._7. Raman spectrum of the CISe powder synthesized @o@l, InCk and
CISe powder which consists of the grains of sligistnaller >¢ " PEG 600

than 100 nm in size with the uniform distributiorf o

crystallites (Fig. 5). The shape of the crystadlite similar to

the shape of the CISe crystallites synthesized fi©ucl,

IN(OOCCH); and Se in PEG 400, which have much larger

Raman shift, cm™
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[V CONCLUSIONS

Microwave assisted polyol method is a useful teghaifor
the synthesis of CISe nanopowders. Synthesis wétalfic In
and Cu precursors gives the residue of unreacthdrinin the
products of reaction and a deviation of the contfosiof the
resulting ClSe powder from stoichiometry. Solubts of
In(ll) and Cu(l) as the source reagents lead opteparation
of practically stoichiometrical CISe powder. Chadgdte
structure of the prepared CISe powders
polynanocrystalline morphology were confirmed bg XRD,
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Andrejs Tverjanovi&s, Sergejs Beremevs, Andrej Gertsins, Gaina Muradova, Aleksandrs Soka, Dongsoo Kim, dlija Kois, Andres

Opik, Jurijs Tverjanovi ¢s. CulnSe nanopulvera sin&ze polietilena gl
Dotais darbs veits izejas regentu ietekmes izrteSanai uz CulnSe(C

ikola.
ISe) fotoabsorbcijas pulveipasbam. Fotoabsorbcijas pulveri iag

mikrovilnpu ierosirata singze trietilenglikola un polietiena glikok. SinteZtie CISe pulveri ptiti ar rentgenstaru difrakcijas armal (XRD),
skergjoSo elektronmikroskopu (SEM) ar elementu @& opciju (EDS) un mikro Ramana spektroskopijubidiu iesgEjams kontroét to

sasivu, strukiru un morfol@iju. Pie@dits, ka mikrovinu ierosirata

poliolu metode ir piegrota CISe nanopulveru sizei. Sintzei ar

metliskajiem In un Cu prekursoriem bija rakqgas neizregjusa indija “@das” reakcijas produktos un novirzes no konipijes sastva

stehiometrijas. No otras pusegistoSu In(lll) un Cu(l) 8lu izmanto$

ana par izejvigh lava iegit prakstiski stehiometrisku ClSe pulveri.

XRD, SEM, EDS un Ramana spektroskopijastijpmos pa#dita sintezto fefitu halkopifta pulveru strukira un apstiprifta

polinanokristliska morfologija. Vistirakos CIS pulverous sinteja no
izgatavoto CISE graudu pulveru izmir atkaigi no %idinataja (po
Skidinatajs, lauj iedit praktiski viennarigu polikristliska CISe pulveri al

82

CuCl, In(OOCCH); un Se k izejas regentiem. Vidjie petijuma
liola) vickkjas molekulmasas. Poligtila glikols 600, izmantotsak
r vigjo kristalu izmériem 80 nm robeis.
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Anapeii TepbsinoBu4, Cepreii bepe3neB, Anapeii I'epuen, I'anuna Mypanosa, Ajnexcanap Ioxa, Jourcoo Kum, IOmusa Koiic,
Awnnpec dnuk, IOpuii TBepbssHoBn4. CuHTe3 HaHonopouka CulnSe, B MoJMITHIIEHTINKOJIE.

BbUIO0 MPOBEICHO HCCICIOBAaHUE BIHMSHUS BBIOOpAa WMCXOAHBIX pEAarcHTOB Ha CBOMCTBa MOpOIIKOB (oroabcopbepa CulnSg (ClSe),
CHHTE3MPOBAHHEIX IIPU ITIOMOIIM MHKPOBOJHOBOTO CHHTE3a B CpeJlle TPUATHICHTINKOIS U IOJIMITHICHIIMKONS. [IpUroTOBIEHHBIE TOPOIIKH
CISe06bun ucciieoBaHbl IPH ITOMOIIH METOI0B IU(PaKIMU peHTEeHOBCKUX Jydeil (XRD), ckanupyromieit anekrpoHHO# MuKpockoruu (SEM),
obopynoBanHoii EDS-anamm3aropoM, a Taxke MHKpo-PaMaH CHEKTPOCKONMH C LIENBIO ONpPENeleHHs COCTaBa, CTPYKTYpPHl M MOP(HOIOTHH
CHHTE3MPOBAHHEIX IIOPOUIKOB. BBUIO HalieHO, YTO Tak HA3BIBAEMBIH MUKPOBOJIHOBBIA METOJ BIIOJIHE IIPUTOJCH [UIS CHHTE3a HAaHOIIOPOIIKOB
ClISe B cpene nmomuosnoB. CreyeT OTMETHTb, YTO B PE3yJbTaTe CHHTE3a C MCIOJIb30BAaHUEM METAJUIMYECKUX MHIMA M MEIM B KauecTBe
UCXOJHBIX PEareHTOB, YacTh MHMS OCTAeTCs HEPOpearupoBaBLIeH, a XMMUYECKUH COCTaB CHHTE3UPOBaHHOTO nopoiuka ClSeorkinonsercs ot
crexuomerpun. C Opyroil  CTOpOHBI, HucHoNb3oBaHue pacTBopuMbix comeit  uHamsA(lll) w  wmemu(l) mnpuBOAMT K MPaKTHYECKH
cTexuomerpuueckomy cocraBy mnopomuka ClSe. Kpucrammuyeckass CTpykTypa — Xanpkomupura —cunHTtesupoBanHoro ClSe u
MOJMHAHOKpUCTAJUIMYecKass Mopdosorust 6bun moareepxaeHsl npu momomn XRD, SEM, EDSu Ramanwmeronos. Haubosee uuctblit
nopotok ClSe6su cuntezuposan u3 CuCl, IN(OOCCH); u SewucxonHbix peareHToB. ClieqyeT TakKe OTMETUTh, YTO CPEIHHUM pa3Mep 3epeH
npurotoBieHHoro mopomka ClSe cBsi3aH co cpemHel MOJEKYJSIPHOH MAaccoid HMCHONB3yeMOTO pacTBOpHUTENs-Tonuona. B wactHoCTH,
HCTIONB30BaHNE NOMMATHICHrMKoIs 600 B kadecTBe pacTBOpPHTENsS, HPUBOAUT K OOpa3OBaHUIO IIPAKTHYECKH OJHOPOIHOTO
nonukpucraumdeckoro nopoika ClSe,co cpenranm pasmepom 3eper oxono 80 HM.
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