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MECHANOCHEMICAL SYNTHESIS OF CuS/S NANOCOMPOSITES

Shalabayev Zh.S.', Balaz M. 2, Burkitbayev M.M. !, Urakaev F.Kh. !?
" Al-Farabi Kazakh National University, Almaty, Kazakhstan
2 Institute of Geotechnics, Slovak Academy of Sciences, Kosice, Slovakia
? Institute of Geology and Mineralogy n.a. V.S. Sobolev SB, RAS, Novosibirsk,
Russia

Copper sulfide nanoparticles are promising materials for electrical and optical
applications (e.g. in solar cells, cathode material in lithium batteries, optical filters, or in
photacatalysis), as well as for biomedical ones [1]. Sulfur nanoparticles are suitable for similar
applications, namely their use in lithium battery and pharmaceutical technologies is of
importance. This comes from its anti-cancer, antibacterial and antifungal activities[2]. There
are many synthetic approaches for the preparation of both materials in nanorange (2, 3], among
which the mechanochemical one has an inevitable place [4].

Acetate route synthesis of MeS (Me: Zn, Cd, Pb) nanoparticles has been proposed by
Balaz et al.[5], and using this approach Godocikova et al.[6] synthesized copper sulfide
nanoparticles in an industrial mill. Also sulfur nanoparticles have been successfully prepared
using ball milling by Urakaev et al.[7].

In this work, we wanted to combine above-mentioned mechanochemical routes in order
to obtain CuS/S nanocomposite. To produce sulfur, the reaction of sodium thiosulfate
pentahydrate with citric acid serving as a catalyst was used. Copper sulfide nanoparticles were
obtained via the acetate route using copper acetate hydrate and sodium sulfide nonahydrate.
Before synthesizing the nanocomposite, we synthesized the constituent components (CuS and
S) separately and finally, the synthesis of the nanocomposite was utilized by performing both
reactions simultaneously according to the reaction:

Cu(CH3COO)#H20 + NaySx9H20 + Naz$:03x5H0 + CeHsO7 — CuS + S +
2CH3COONa + NazS03 + CsHysO7 + 15H,0

The experimental details are not presented due to page limitation.

Results of XRD analysis showed that, without the presence of a catalyst, the
mechanochemical decomposition of sodium thiosulfate and formation of sulfur does not work
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(Fig. 1a). The pattern is presented for not washed sample, as after washing, no powder was
obtained. However, upon addition of catalyst, reflections of sulfur were found already afier 5
min of milling (Fig. 1b) in the powder after washing. No difference was observed afier milling
for longer time

The same phenomenon was observed in XRD patterns of the washed powders after
acetate route (Fig. 2). as S minutes were satisfactory for the production of CuS. In the samples
milled for longer time. quartz was identified, most probably coming from the sand which
remaned in the milling chamber after cleaning before the experiment.

Inthe Fig 3. the XRD patterns of the washed powders after milling when combining all
reactants are presented. The presence of CuS can be clearly seen. By the increasing time, the
peaks intensity also icreases. [t means during longer milling time the size of particles increases.
However, sulfur could not be identified, most probably because it has become amorphous,
Nevertheless, its presence in the composite can be easily confirmed by different methods (e.g,
Soxhlet analysis, Raman spectroscopy), which will be done in future,

In Fig 1, the XRD patterns dealing with the sulfur-producing reaction are presented.

A ™ L A B
e e s

WOy g .

- .
Y JJLM Ml At

odhatand .........L“;A.._;._‘,.-.., -

[ SO ——

Byl b -aninageaeny pes——
W s bt o YD e i - > - - ‘: -
~ . - t ' -
e -

Figure 1 - XRD patterns of (A) mechanochemically activated NayS:0375H,0 (§T8)
without citne acid (C A for & min without washing, (B) washed mixtures of sodium
thiosulfste pentahydrate milled with citric acid for 5, 10 and 15 min,
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Fig 2. XRD patterns of CuS milled Fig: 3. XRD patterns of washed
for 5, 10 and 15 min by the acetate route composite samples.

In summary, our results have shown the possibility to prepare CuS/$ nanocmposite

using mechanochemistry, although sulfur presence has yet 1o be proven, Composite application
& antibacterial agent will be also tested
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CTHMY. IHPOBAHME METAHOOT/IAYH M3 YTOJILHOI'O IIJIACTA C
HCTTOTb30BAHHEM CKBAXKMHHBIX BUBPOUCTOUYHMKOB

INasaenxko M.B.
HHUTY MHUCuC (ropuuiit muctutyT), r. Mocksa

Awnomangun TIpuMencnie Tapopasphisa YroJbHOTO MIACTA M3 OTKATOYHOIO Tpeka ¢
HEROALSORAHMEN CxBaxii BMOPOBOIACACTEHA, cNOCOBCTBYET NOBBILIEHHIO apdexTuBHOCTH
AACTOROR JCTAIALIMM M NIPHBOIMT K COKPALLICHMIO CPOKOB eé npoBeieHus.

/s pemenns noctasnennoi 3anaum paspabaTisaloTcs METOJIMKH TEXHOJIOTMYECKHUX
PemeHnil Ha CTAIMM NOINOTOBKM Y4ACTKA TUIACTA K BLICMKC. B OCHOBY KOTOPBIX TNMOJIOKEHBI
NAPAMETPM W TEXHOIOTHYCCKME CXCMB MHTCHCHOMKALIMM METAHOOTAA4YM M3 YrolbHOI0
MACCHBA  3MaR NPOrMOIHMWIC PECYPCH WAXTHOMO NOAS NO 3anacaM MeTaHa HeoOxoaumMo
ocymecTenTh noabop xapaktepucTuk cxem oGpaGoTku 1pebyemoro o6opynoBanus ais
yesorri paspabaTiBacMBIX VIOALHBIX TUIACTOB C LEBIO YpdexTHBHOIN NOArOTOBKM nacTa.
Ecan mubop » xavecTee obnexrta 418 noMCKOBBIX pabot1 no BuGpaunoHHOMy BO3IEMCTBHIO Ha
BRCOROTAONOCHIA  yronwmwfl NAacT. B npeiesax nons wWaxTel caenaH ¢ YYETOM Bcex
Aperwsnasemuy Tpebosanmii. T €ro CeayeT NPUIHATL NPABHILHBIM.

Ha craamm noarotosks x suiemke nactos paspaGarthiBaetcs NPOeKTHasA JOKyMeHTaLus
GO BCOME TOXHMSCCKMMM PEWICHMAMM 110 CTAAMAM OT MOMEHTA MOATOTOBKM IUIacTa K
DEIONACHOMY  MIRACYCHIO  YIAR, € yyeToM cneundukn  pa3paboTkM  yrombHOro
MOCTOPORCICHUS

Oanaxo npy yrayOaesun ropusix pabot Hu oauHa u3 NPUMEHSAEMBIX TEXHOJIOTHYECKUX
CAEN Jerasaunn He MOReT 0DecneuMTh 10CTaTONHYI0 rayGuHY Jera3auru, CHATHe "ra3zoBoro
Gapwepa”™ 218 obecnewcHns nraHoBOJ HArpy3KM B BBICOKONIPOM3BOAUTENbHBIX OYMCTHBIX
wabosx

Buicokas xomuenTpaims u MHTCHCH(HKALNS TOPHBIX PabOT HA COBPEMEHHOM MOIIHOM
FOpHOM  NPCANPUETHH  TpeOveT MCNob30BaHMS Mal00NepauHOHHBIX TNMPON3BOLNCTBEHHBIX
Apoucccos B 1ol CBR3M BOIHMK/IM CYIIECTBEHHO HOBbIE TpeboBaHus K cnocobam U cxemam
JETEIALME AXT ¢ MCTIONL3IOBAHMEM KOMILIEKCHOTO BO3AEHCTBHS Ha YroJIbHBIH T1acT.
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