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2 Clarivate
Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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CHUHTE3 HAHOYACTUIL MEJIU

AHHoTanus. B xpaTkoMm cooOlieHnN paccMaTpUBaeTCs BO3MOXKHOCTh CHHTE3a HAHOYACTHIl MEJH OCaXJICHHEM
B BOJHBIX Cp€aax. Hamu HCCJICAOBAHBI HAHOYACTHUIBI ME/IU, IMOJTYUYCHHBIC CHOC060M XHUMHYCCKOI'O BOCCTaAaHOBJICHUS
HOHOB W3 pacTBOpa IOJ NCHCTBHEM BOCCTAHOBHTENSI - OOPrHApPUIA HATPHUS, a TAKKE MBI O0CCICUMIH YCUICHUE
CTaOMIM3alK HAHOYACTHIL ITyTEM BBEICHHS MOIU(PHUIHMPYIONIEH T0OaBKN — MOJIMOKCUATUIEHCOPOUTAaHMOHOOJIeaTa
(Tween 80), koTopsle 3((HEKTUBHO MEUIAIOT arperanyy HAaHOYACTHI[ B pacTBope. PasMepsl u cBoiicTBa qucnepcuit
HAHOYACTUI] MEIM HCCIEOBaIN pPa3IM4YHbIMU crocobamu. Pa3mep HaHOWAacTHII M CTENEHb WX arperanuu
HCCIIEIOBAIA C WCIIONIb30BaHHEM aHaimu3aTopa pasmepa Malvern Zetasizer Nano. Y@ u BHIONMEBIE CIIEKTPHI
TIOTJIOIIEHUS OBUIH MOJYYEeHBI Ha IBYXIIy4eBOM criekTpodoromerprueckom UV-1800.

KiroueBbie cioBa: mHanodactuiel (HY), Menp, cuHTe3, MOBEPXHOCTHO-aKTHBHEIE BemecTBa (ITAB), yacTuipl,
pacTBOPEL.

[Ipu cunTe3e Hanouactunr (HY) ocaxaeHrneM B BOAHBIX cpelaX, 00pa3yrOTCs KPYIHbBIE YacTHIHI (10
HECKOIIbKHX MHUKPOMETPOB), KOTOPBIE arperupyroT U ocaxnarorcs. [ 3ameniennst pocta 1 00pa3oBaHUs
YaCTHI[ HAHOMETPOBOTO pa3Mepa YacTO HCIOIB3YIOT JO00aBKH PA3THUHBIX MMOBEPXHOCTHO-aKTHBHBIX
Beniects (ITAB).

Jia momydeHusl HAaHOYACTHUI] MEIU HCIIONB30BaM PEaKIUI0 XUMHUYECKOTO BOCCTAHOBIICHWS MOHOB
Cu*" u3 pacTBOpa 1O AEHCTBHEM BOCCTAHOBHTEIS — OOPOTHIPUIA HATPHSL.

OO6pazoBaHue 3apoJbIIIel KPUCTAUIM3AINN MEIW B BOJIHBIX Cpelax IIPOUCXOIUT MPAKTHICCKH
MTHOBEHHO TIOCJ€ CMeIIWBaHUs peareHToB. OJHAKO MadbHEWIIMH POCT YaCTHIl, WX arperamus |
cpacTaHme MPOTEKAOT Oojee mmTeasHoe Bpems. Ctabmmmsupyromas crmocoornocts HU ycunmmBaercs npu
BBeaeuuu [TAB.

Jus crabunmmzaru HY meam mcnonbs3oBaiiv HenoHoreHHoe [IAB — MoOHOOIEaT MOJMOKCHUATUIICH-
copourana (Tween 80). Monekynsl HenoHoreHHbIX [IAB, ancopOupysch Ha MOBEPXHOCTH CHHTE3H-
pyeMmbix HY, skpanupyroT ux 3apsja. B To xe BpeMst MosieKyJibl HenoHOreHHbIX [IAB conepxat nmossipabie
TPYIIIBI, YTO NMPUBOAUT K BO3HUKHOBEHHUIO OMpEICIeHHOro 3apsaa nosepxHoctu HY. Kpome toro, mpu
ancopOiuu mosekyn [IAB co3nmaercs crepuueckuii 6aprep, IPersITCTBYOMUIN COMMKEHUI0 HAHOYACTHUIL U
WX arperamuy.

HccnenoBanue pazMepa u cBoicTB nucnepcuiit HY Menu npoBOAMIM ¢ UCTOIb30BAHUEM Pa3IMYHbBIX
MeTo/10B. Pa3mepsl HaHOYACTHII, CTENIEHb UX arperaluy UCCICAOBAIN C MTOMOIIBI0 aHATU3AaTOpa pa3MePOB
Malvern Zetasizer Nano (Bemukooputanus). CriekTpsl oryiomeHus B Y® u BUAUMON 00J1aCTH TOITyJaIn
Ha JIByXJIy4eBOM cKaHupytomiem crekrpodoromerpe UV-1800 (Snonus).

s u3ydenus ckopoctu obOpazoBanus HYU menu ObUIM MOJMYYEHBI CIIEKTPBI MoOTIONieHUus B Y@ u
BUJIMMOHN OOJIAaCTH B 3aBUCHMOCTH OT BPEMEHU CHHTe3a. B TeueHne nepBoil MUHYTHI CHHTE3a 00pa3yeTcs
Ooompmass wacte HY wmemm. llpum nmanpHeWmeMm BBLAEP)KUBAHWW CHCTEMBI OINTHYECKas IUIOTHOCTh
YBEIUYHMBACTCS, HO B MeHbIeH cteneHu. [Ipu mpoBeaeHnn mpoiecca cuHTe3a Oonee 20 MHH CIEKTPHI

— 168 ——




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

MOTJIOMICHUSI TIPAKTHUYECKH HE HW3MEHSAIOTCA. OTO CBHJETENBCTBYET 00 YCTaHOBJICHMH B CHCTEME
KBa3HUpPaBHOBECHS.

Tak ke OBLIO HCCIENOBAHO BIMSHUE KOHIICHTPAIUK MAHHBIX KOMIIOHEHTOB [UIS OMpEelIeHUs
COCTaBOB, YCTOMYHUBBIX K celuMeHTanuu aucnepcuit HY menu.

Uem Oombllle KOHIIGHTpAIWs HOHOB MEIM B HCXOJHOM pacTBOpe, TeM OoJiblliee KOJIUYECTBO
3apobIlIel KpucTamu3anuu obpa3yercss mpu 100aBIeHHH B pacTBOpP BoccTaHoBUTeNs. OMHaKO TpU
BBICOKOM KOHIIEHTPAIIMKU MOXET MPOUCXOJAUTH HEKOHTPOJIUpYyeMbIi pocT HY, mpuBoAsAIui K MOTyYEHUIO
JTUCTIEpCUH JOCTaTOYHO KPYMHBIX YacTHUI[ C IIUPOKHUM paclpeieleHHueM I0 pa3MepaMm, KOTOpble
HEYCTOHYMBBI K arperalyy U ceAMMEHTAlNH. Y cToiuuBas K arperanuu nucnepcuss HY mean obpasyercs
MIpH KOHIICHTPAIMH NOHOB MeJid, He TpeBbItatomnieii 0,3 MoIb/m.

YBenuueHne CpeAHero pasMepa OJUHOYHBIX YacCTHI[ CBS3aHO C TeM, YTO COepKaHWE MEId B
CHCTEMe YBEINYHIIOCh, a KoiaudecTBO I1IAB octanocs Hem3meHnHbIM. [ToaTomy HY Beipocin 1o Gombiiero
pa3mepa, jo npeaensHoi agcopoimu [1AB Ha Bceit moBepxHOCTH 00pa3zoBasmmxcs HY.

JKCcNepUMeHTANIbHANL YacTh. [ omnpeneneHus KoJIM4ecTBa OOpOTruaApHIa HaTpusi, HEOOXOJIMOTO
JUISL BOCCTAHOBJICHHS MEIH, MCIOiIb30Baimy pacTBop CuSOs ¢ xonmeHTpanuelr nonos Meau 0,3 Mois/m.
Konrnentparust Tween 80 B pacTBope cocTapisiia 2 MOJb/JI COOTBETCTBEHHO. 3aTEM B JaHHBIN pacTBOP
nobasinsi o 3,6 MII BOIHOTO pacTBopa Ooporuapuaa Hatpust ¢ koHueHtpanueid 0,3 mons/n. Cucremy
WHTEHCHBHO TEPEMENINBAIN M C MHTEPBAIIOM | MUH M3MEpSIIA ONTUYECKYIO TUIOTHOCTh PACTBOPOB IPHU
400 HM. 3HaueHHUs] ONTUYECKOW TUIOTHOCTH BO3pPAcCTalld MPHU YBEJIWYCHUU BPEMEHH TMEepeMEeNIMBaHUA 10
20 MUH W Janiee TMPAKTUYSCKH HE M3MEHUIUCh. PaccMaTpuBalii 3aBUCHMOCTH PaBHOBECHOM ONTHUYECKOH
TUIOTHOCTH pacTBOpoB mpu 400 HM OT MOJBHOTO COOTHOIICHUS OOPOTHIpHA HATPUS M MOHOB MEIH.
TToHOE BOCCTAHOBJIGHHE MEIH MPOUCXOIHIO TIPH MOJIbHOM cooTHomennn NaBH,/Cu®’, npeBsrmaromem
15-18.

Hns ompenenenust pasmepoB oOpasyrommxcss HYU Meam ObuM moydeHBl CHHUMKHA 0OpPasLoB ¢
MTOMOIIEI0 HaHOcai3epa — Malvern Zetasizer Nano (BenmnkoOpuranus).

HazoyacTHIpl MeH, TIONydeHHbIEe IyTeM XMMHYEeCKOro BoccTaHoBneHHs uoHoB Cu’’ m3 pacTsopa
1oJ 1efiCTBUEM BOCCTaHOBUTEIS — OOpPOTUAPHUIA HATPHS, Aajee Mbl 00eCIICUNIIH yCUIeHUE CTaObUIN3aluu
HAHOYACTHI[ TyTeM BBeleHHs Momuduuupyromeir mnob6asku — Tween 80, KOTOpBIE MPEMSITCTBYIOT
arperaruy HaHOUYAcTHI] B pacTBope. Cpemnuii pazmep dacturl 345,1 HM, caMblii HAMMEHBIIHA pa3Mep
gactur cocraBun 70,33 um. Cpemuuit pazmep HU memu 6e3 ywyactus Tween 80 B cucreme coctaBui
429 uM. Haumenpmii pasmep yactui coctaBui 384,4 Hm.
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MbIC HAHOBOJIEKTEPIHIH CUHTE3I

Annoranus. Kpickama xabapiaMana cy opTachlHAa IIEI'YMEH MBIC HAaHOOOIIEKTepiH CHHTE3eY MYMKIHIIT1
KapacThIpbUIajibl. bi3 KanmblHa KenTipyun — HaTpUid OOPTHAPHUIIHIH ocepiMeH epiTiHIIACH MOHIAPIbl XUMHUSIBIK
KaJIIIbIHA KEJTIPY TOCUTIMEH aJIbIHFaH MbIC HAHOOOIIIIEKTEPIH 3epTTeiMi3, COHal-aK 0i3 epiTiHAiAer] HaHOOeIIeK-
TEPIiH arperamusChbliHa THIMII KeOepri KeATIpeTiH moimokcudTHiIeHcopouTanmonoosear (Tween 80) moauduka-
LUSUIBIK KOCIIACHIH €HTi3y KOJIBIMEH HaHOOOJIIEKTEep/IiH TypaKTaHYbIH KYIIEHTYAl KaMTaMachl3 eTTiK. MbIC HaHO-
OeJmIeKkTepi AUCTIIEPCUSCHIHBIH OJIIIeMIepl MEH KacueTTepi apTyp:i TaciauepMmeH 3eprreini. HaHoOemmekrepaiy
MeJIIepl JKoHe oyapblH arperaims aspexeci Malvern Zetasizer Nano ennieMiHiH aHaJM3aTOPBIMEH 3€PTTEI.
VK xoHe KepiHeTiH CiHipy CHeKTpiepi eki cayneni cnekrpodoromerprsuisik UV-1800 anbiaraH.

Hano6emmexrepni (HB) cy opraceiHma merymeH cuHTE3Aey Ke3iHIE arperandsulaiiThlH KoHE LIOTeTiH ipi
OemmekTep (OipHEIIE MUKpOMETpIIepre AeiiH) maiina 6omansl. HaHoMmeTp enmmemi OemmexTepiHiy ocyi MeH Ty3UTyiH
Oastynmaty ymiH opTypii Oertik-6encenni 3atrapabH (bb3) KocmanapsiH sxui KOITaHAIEL.

Mpsic HaHOOOMIIEKTEPiH CYIBI OPTaia apaNacThIpFaHIa peareHTTep Jie3e AePIliK KeiiH maima 6omamsl. Amaiina
arperamysuiayJad CoH, TYHipJIepAiH OJaH 9pi ecyi KeIl yaKbIT alxajbl.

TypaxkTanraH HAaHOOONIIEKTEPAIH XUMHUSIIBIK 3aTTap/Ibl €Hri3yTe KabineTi Kymenesmi.

Amnaiifna jxoFapbl OFBIPIIaHy Ke31HJe arperanusara »KoHe [Ieryre TYPaKCchl3 eymeMaepi O0HbIHIIA KeH TapaFaH
KETKUTIKTI ipi OeJIIeKTepAiH AUCIeprupieyre dKeJIeTiH HaHOOeIIeKTepAiH OaKplIaHOANTBIH 6cyi 00JIybl MYMKIH.

Tyiiin ce3nep: Hanobemmekrep (HB), Mbic, cunres, 6errik-0encenai 3arrap (bb3), Oemiiekrep, epitinaiiep.
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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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For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[TpaBwia opopMIICHHS CTATBU IS Ty OJITHKAIIHH
B )KypHaJile CMOTPETh Ha CaiTe:

www:nauka-nanrk.kz

http://chemistry-technology.kz/index.php/en/arhiv

ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Penakropsl: M. C. Axmemosa, I. b. Xanuoynnaesa, /. C. Anenos
Bepctka Ha kommbroTepe A.M. Kynveunbaesoii

ITonmucano B reuats 08.06.2020.
dopmat 60x881/8. bymara odcernas. [leuats — puszorpad.
10,8 m.a. Tupax 300. 3aka3 3.

Hayuonanvnas akademus nayk PK
050010, Armamur, ya. [llesyenxo, 28, m. 272-13-18, 272-13-19



