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CVHTE3 HAHOYACTULU MEAU

AHHOTauusA. B KpaTKOM CO06LLEHNN pacCMaTpPMBaETCs BO3MOXXHOCTb CUHTe3a HaHOYacTUL, Meaun oCaXaeHUeM
B BOAHbIX cpefax. Hamu uccnefoBaHbl HaHOUYACTULbI MeAK, NMOyYeHHble CNOCOB0M XUMWYECKOr0 BOCCTAHOB/IEHUSA
WOHOB M3 pacTBopa Moj AecTBUEM BOCCTAHOBUTENSA - 6opruapuia Hatpus, a Takke Mbl 06ecneyunsiv ycuieHue
cTabunmnsaLmm HaHo4acTul, NyTeM BBEAEHMS MOAUGULUNPYIOLLEA A06aBKY - MOMMOKCUITUIEHCOPOUTAHMOHOOIeaTa
(Tween 80), koTopble 3h(PeKTMBHO MeLLIAKOT arperayum HaHovacTul, B pacTBope. Pasmepbl 1 CBOCTBa gucnepcuii
HaHoyacTUy, MeAu wuccnefoBanu pasINYHbIMKA  criocobamun. PasMep HaHo4dacTuL, WM CTerleHb WX arperauuu
uccnefoBann € WUCMOb30BaHWMEM aHanmsatopa pasmepa Malvern Zetasizer Nano. Y® 1 BuUAUMble CMeKTpbl
norsoweHns 6b11M NoslydeHbl Ha ABYX/1y4eBOM cnekTpogoTomeTpuyeckom UV-1800.

Knwouesble cnoBa: HaHoyacTuubl (HY), Meab, CMHTE3, NOBEPXHOCTHO-aKTMBHbIe Bewectea (MAB), yacTuupbl,
pacTBopbl.

Mpu cuHTe3e HaHouacTuy (HY) ocaxieHuem B BOAHbIX cpefax, obpasytoTcs KpynHble yacTuubl (40
HECKONbKUX MUKPOMETPOB), KOTOPbIE arperupyroT u ocaxgarTcsa. [na 3amegneHuns pocta u obpasoBaHus
4acTuL, HaHOMeTpPOBOroO pasMepa 4acTo MCNONb3YKT [06aBKM pasIMUHbIX MOBEPXHOCTHO-aKTUBHbBIX
BewecTs (MAB).

Ana nonydyeHna HaHo4yacTuL, MeAW MUCMNONb30BaNN peakuMio XMMWUYECKOro BOCCTaHOB/MEHUA WOHOB
C”+ u3 pacTBOpa noj AeiicTBMEM BOCCTAaHOBUTENSA - 6oporugpuga HaTpus.

O6pasoBaHMe 3apofbllleil KpucTtanausauuum MeaM B BOAHbIX cpefax MNPOUCXOAUT MPaKTUYECKU
MFHOBEHHO TMOCfie CMelunBaHWA peareHToB. OfHAKO AanbHEWWMA poOCT 4acTul, UX arperayma wu
cpacTtaHue npoTekalT 60nee anuTensHoe BpeMa. Ctabunusnpyrowas cnocobHocT HY ycunmsaeTca npu
BBeAeHUM MAB.

Ona ctabunmsaumm HY meam mcnonb3oBanu HenmoHoreHHoe MAB - MOHOONeaT MOSIMOKCUITUNEH-
copbutaHa (Tween 80). Monekynbl HenmoHOreHHblx [MAB, agcopbupysicb Ha MOBEPXHOCTU CUHTE3M-
pyemblx HY, akpaHupyT ux 3apas. B To Xe BpemMa M0OneKy/bl HEMOHOTeHHbIX NMAB cofepxXart nonsapHble
rpynnbl, 4TO NPUBOAUT K BO3HWKHOBEHUWIO onpejefieHHOro 3apaga nosepxHoctu HY. Kpome Toro, npu
agcopbuum monekyn MAB co3faeTca cTepuyecknii 6apbep, MPenATCTBYOWUA CONMKEHMNIO HAHOYACTUL, 1
nx arperayunu.

WccnepoBaHue pasmepa u CBOWCTB gucnepcuii HY meam npoBoguAmM € MCMONb30BaHUEM Pas3MUHbIX
MeTof0B. PasMmepbl HaHOYaCTUL, CTeNeHb UX arperawummn nccnefosany ¢ NOMOLbIO aHanm3aTtopa pasMepos
Malvern Zetasizer Nano (Benuko6putanus). CrnekTpbl nornoweHns 8 Y® u Bugnmoi o6nactun nonyyanm
Ha ABYX/ly4eBOM CKaHupytouem cnektpootomeTpe UV-1800 (AnoHus).

Lna n3yyeHnsa ckopoctm o6bpasoBaHMa HY mMeaun ObiAv MonyyeHbl CNEKTPbl NOraoWeHns B8 Y& nu
BMAMMOW 06iacT B 3aBUCUMOCTU OT BPEMEHU CUHTE3a. B TeueHue nepBoil MUHYTbI CUHTe3a obpasyeTcs
6onbwaa vactb HY wmegu. [Mpu panbHeiweM BblfepXMWBaHUM CUCTEMbl ONTWYECKas MAOTHOCTb
yBENMUYMBaeTCA, HO B MeHbLIeh cTeneHW. Mpu nposefeHMM npouecca cuHTesa 6onee 20 MWUH CMeKTPb


https://doi.org/10.32014/2020.2518-1491.57
mailto:23.07.10@bk.ru

ISSN 2224-5286 Series chemistry and technology. 3. 2020

NMOrNOWEeHNA NPaKTUYECKN He W3MEeHATCs. IOTO CBMAeTeNbCTBYeT 006 YCTaHOBAEHUM B CUCTEME
KBa3npaBHOBeCKS.

Tak >e 6blI0 MCCNefoBaHO BAMAHWE KOHUEHTpauuyW faHHbIX KOMMOHEHTOB AN OMNpefeneHus
COCTaBOB, YCTOMUYMBbIX K cefuMeHTaumnu gucnepcuit HY megu.

Uem 60Nblle KOHLEHTpauuWs WOHOB MegM B WCXO4HOM pacTBope, Tem 60/blUee KOMIMYECTBO
3apofblwen Kpuctannmusayum obpasyetcs npu gobaBneHWU B pacTBOp BoccTaHOBMUTensa. OpfgHako npu
BbICOKOWN KOHLEHTPaLUN MOXET MPOUCXOANTb HEKOHTPONMPYEMbIA pocT HY, npuBOAALLNIA K NONYYEHUIO
avucnepcun [AOCTATOUYHO KPYMHbIX YacTul C LWWPOKUM pacnpefjesieHneMm Mo pasmepam, KOTOpble
HEeYCTOWYMBBI K arperaumm n cegumeHTaumn. Ycroimumeasa K arperayum gucnepcna HY megmn obpasyeTtcs
NPV KOHUEHTpPaLMn NOHOB Meau, He npeBbiwatowel 0,3 monb/n.

YBenunyeHue cpepHero pasmepa OAMHOYHBLIX YacTUL CBA3aHO C TeEM, 4YTO COAep)XaHue Meaun B
cucTeme yBenm4umnoch, a kKonndectso NMAB ocTanocb HeM3MeHHbIM. MosToMmy HY Bbipocan Ao 60nbLEro
pasmepa, A0 npeAenbHoit agcop6unm MAB Ha BCeil NnoBepXHOCTM obpa3oBaBwmxcs HY.

3KCI'Iep|/INEI-|TaI'IbI-IaF| UaCTb. Ans onpeaeneHns KonuyecTBa 6opornapuaa HaTpusa, Heo6XoAUMOro
LN BOCCTAHOBMEHMA Meau, ucnonb3oBanu pactBop CuSOs ¢ KOHUeHTpauueit noHoB mean 0,3 monb/n.
KoHueHTpayus Tween 80 B pacTBOpe cOoCTaBnsAfa 2 MO/b/N COOTBETCTBEHHO. 3aTeM B AaHHbI pacTBop
po6aensanu no 3,6 Mn BOAHOro pacTtBopa 6oporngpupa HaTpus ¢ KoHueHTpauwmeid 0,3 monb/n. Cuctemy
WHTEHCUBHO MepeMelnBaim U ¢ UHTEPBANOM 1 MWUH U3MEPANMN ONTUYECKYHO MAOTHOCTb PacTBOPOB Mpwu
400 HM. 3HayeHMs OMNTUYECKOWN MAOTHOCTM BO3pacTanu MpPU YBEUYEHWU BPEMEHMW NepeMeLiMBaHnsa [o
20 MWH K fanee MpakTUYeCKW He M3MeHANuUchb. PaccmaTpuBany 3aBUCUMOCTb PaBHOBECHOMW OMTUYECKON
NAOTHOCTW pacTBopoB nNpu 400 HM OT MOJILHOrO COOTHOLWEHMUA 6Goporugpuia HaTpus M MOHOB MeaMu.
MonHoe BOCCTaHOBNEHME MEAN NPOUCXOANI0 NPU MOSIBHOM COOTHOWeHNN NaBH4/Cu2+ npeBbilwatoLuem
15-18.

Ona onpegeneHus pasMmepoB obpasywowuxca HY mean 6biAM nonyyeHbl CHUMKKM 06pasuoB C
nomoLlLbio HaHocai3epa - Malvern Zetasizer Nano (BennkobputaHus).

HaHouacTuubl MeAu, NOJIyYeHHbIe MYTEM XMMWYECKOro BOCCTAHOB/EHUS MOHOB Cu2+ M3 pacTeopa
nog Ae/iCTBMEM BOCCTAHOBUTeNS - 60pornapuaa Hatpus, ganee mbl obecneynmnu ycuneHne ctabunmsaumu
HaHo4YacTWL nNyTemM BBeAeHWS Moguduuupyrouwieid pobaBkm - Tween 80, KOTOpble NpensaTCTBYOT
arperaumyM HaHovacTul B pactBope. CpefHuii pasmep vacTtuy 3451 HM, caMblil HaMMEHbLLI WA pasmep
yactuy coctaBun 70,33 HM. CpegHuii pasmep HY meam 6e3 yyactua Tween 80 B CMCTeMe COCTaBM
429 HM. HauMeHbLWNiA pa3mep YyacTul, cocTaBun 384,4 HM.
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MblIC HAHOBB/IEKTEPLI W, CMHTES31

AHHOTauuA. Kbickawa xabapnamaga Cy opTacbiHAa LUeryMeH MbIC HaHOGeNLleKTepLl CUHTe3fey MyMKLUALL
KapacTbipbliagpl. Bi3 KannbiHa KenTipywi - HaTpuil 60pruapuaLlL, scepiMeH epTHABAEH WMOHAAPAbI XMMUANbIK
Ka/MnblHa KeNnpy T3CLWMeH a/blHraH MbIC HaHObeLWeKTepLU 3epTTelMi3, coHgaii-ak 6i3 epTHABAEN HaHO6esnLIeK-
TepAL, arperauusicblHa TUiMAi Kefepn KennpeTw MoANOKCcuaTuaeHcopbutaHmoHooneaT (Tween 80) moaudumka-
LUMAMbIK KOCNacblH €HN3Y >KO/bIMEH HaHOobOeNLWeKTepAL, TypakTaHyblH KYLLeATYAi KamTamacbi3 eTrnK. MbIC HaHo-
6enLieKTepi AMCMNEPCUACBLIHbIL, efilemaepi MeH KacueTTepi apTYpni TaclwigepmeH 3epTTengi. HaHobenwekTepgiH
MesiLLepi XX3He onapfblH arperaums gapexea Malvern Zetasizer Nano enwemulll, aHanv3aTopbiMeH 3epTTengi.
YK K3He KepLUeTL CiHipy cnekTpnepi eki cayneni cnektpodotomeTpusanbik UV-1800 asbiHraH.

HaHobenwekTtepgi (HB) cy opTacbiHAa LerymMeH CUMHTe3dey Keslfae arperauvsnaiTblH dXX3He LUereTiH ipi
6eseKTep NpHeLW e MUKPOMETPEpre aeiiH) naiiga 6onagbl. HaHomeTp enweMi 6enLeKTepPiHiH ecyi MeH TpTayLW
6asaynaty YLiH apTYpni 6eTTik-6enceHai 3aTtTapabiH (BB3) KocnanapblH Xni KongaHagb!.

Mbic HaHOGeNLWEKTePiH Cy/bl OpTaja apanacTblpraHia peareHTTep ne3ge Aep/ik KelliH nanga 6onagbl. Analiga
arperayusnayfaH CoH, TALLpAepALL, oaH api ecyi Ken yakbIT anafbl.

TypakTaHraH HaHO6e/NLEKTEPAiH XMMUSA/bIK 3aTTapAbl eHri3yre KabineTi KYwweliesi.

Analifa xorapbl LOTbIpNaHy KesiHAe arperauusira KaHe Leryre Typakcbi3 enemgepi 60libiHILA KeH TapairaH
XKETKINIKTI ipi 6enweKTepaiH Ancneprupeyre sKeneTw HaHobeNWeKTepPAiH 6aKblnaH6anTbIH ecyi 60MybI

TYWin cesgep: HaHobenwekTep (HB), Mbic, cnHTe3, 6eTTik-6enceHai 3aTTap (BB3), 6eniiekTep, epTHALWEP.
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SYNTHESIS OF COPPER NANOPARTICLES

Abstract. The summary report considers the possibility of synthesis of copper nanoparticles by precipitation in
aqueous media. Copper nanoparticles obtained by the method of chemical reduction of ions from solution under
action of reducing agent - sodium borohydride have been studied, and also provided for strengthening stabilization
of nanoparticles by introduction of modifying additive - polyoxyethylene sorbitan monooleate (Tween 80), which
effectively interfere with aggregation of nanoparticles in solution. The size and properties of the copper nanoparticles
dispersions were investigated in various ways. The size of the nanoparticles and their degree of aggregation were
examined using a Malvern Zetasizer Nano (UK) size analyzer. UV and visible absorption spectra were obtained on a
two-beam scanning spectrophotometric UV-1800 (Japan).

In the synthesis of nanoparticles by precipitation in aqueous media, quite large particles (up to a few
micrometers) are formed, which aggregate and precipitate. Additives of various surfactants are often used to slow
growth and form nanometer-sized particles.

Nucleation of copper in aqueous media occurs almost instantaneously after mixing of the reactants. However,
further particle growth, aggregation, and growth take longer.

The stabilizing ability of the nanoparticles is enhanced by the introduction of surfactants.

The effect of the concentration of these components for determining compositions resistant to sedimentation of
copper nanoparticles dispersions has also been investigated.

During the first minute of synthesis, most of the copper nanoparticles are formed. When the system is further
held, the optical density increases, but to a lesser extent. When the synthesis process is carried out for more than 20
minutes, the absorption spectra are practically unchanged. This indicates the establishment of quasi-equilibrium in
the system. In the system, at a high concentration of nanoparticles, aggregation of the aggregates and their
subsequent sedimentation may occur.

The effect of the concentration of these components for determining compositions resistant to sedimentation of
copper nanoparticles dispersions has also been investigated.

The greater the concentration of copper ions in the feed solution, the greater the amount of crystallization nuclei
formed by adding a reducing agent to the solution. However, at a high concentration, uncontrolled growth of
nanoparticles can occur, resulting in a dispersion of sufficiently large particles with a wide size distribution that are
unstable to aggregation and sedimentation.

Key words: Nanoparticles, copper, synthesis, surfactants, particles, solutions.
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