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Binnosienusm Ni(OH), rigpa3nHOM y po34rHaxX BOJA/CTUIICHIITIKONb 32 YMOB I'€TepOTeHHOL
HyKJIeallii CHHT€30BaHO HAHOTIOPOLIKH HiKeI0. 3 BUKOPUCTAHHAM METOIy €JIEeKTPOHHOT MiKPOCKOIIiT
3’4COBaHO, IO YACTUHKU HIKENI0 B OTPUMAHUX HAHOIOPOIIKAX € KyJlemnoAiOoHoi ¢popmu, mpuyoMy
cepenHiil miaMeTp 1 MOMiTUCTIEPCHICTh YaCTUHOK B Jiana30Hi KOHIIEHTpaIliil eTHiIeHr Koo 33—89 %
00. IPaKTUYHO HE 3MIHIOETHCS, @ 32 3HIKEHHS KOHIIEHTpALli{ eTHICHIIIIKOIo 10 5 % 006. oTpuMyBaHi
YaCTHHKHM € arjoMepataMd HemnpaBwibHOI (opMu 3 cepenHimM pmiamerpoM 500 HM 1 BHCOKOIO
HOJNIAUCTIEPCHICTIO. 3 BHKOPHCTAaHHSAM METOAY ITOPOIIKOBOI JU(pakiii BU3HAYEHO, IO OTPUMaHi
MPOIYKTH HE MICTATH OKCHIY a00 TiIPOKCHUITY HIKEII0, a CepeHii po3Mip KpHCTaliTiB 3pocTae Big 20
110 33 HM 31 3HWKEHHSIM KOHIIEHTpalii eTHJICHIIIIKOIIO B peakiiiiHii cyminn. Ha ocHOBI 3icTaBineHHs
3HAa4YCHb TPUBAJIOCTI IHAYKIIHHOTO MEPIONy Ta CEPEAHBOTO AiaMeTPy OTPUMYBAHHX YACTUHOK HIKEIIO
BUSIBIICHO, III0 CTWJICHIITIKOJIb € HE JIMIIE CTablIi3aTOpOM YaCTHHOK, a i Oepe ydacTb B TOMOXIMIiuHII
peaxiiii BiIHOBJIEHHS TiIPOKCUIY HIKENIO TiAPa3nHOM.

Knrouogi ciosa: HAHOTIOPOILIKY HIKEJIO, FeTepOreHHa HyKJIeallis, €THICHITIKOIIb, Tipa3yH.
DOI: https://doi.org/10.30970/vch.5902.460

Po3poOka HOBMX KOHTpPOJHOBAaHWX METOMIB CHHTE3y METAJIEBUX HAHOYACTHHOK €
OITHI€r0 3 HAWOUIBII MPIOPUTETHHX MPUKIATHIX 33a7ad CyYacHO! KOJIOITHOI Ta HAHOXIMil.
ChorozHi OUIBLIICTE TOCHIJHUKIB 3/I€0UIBIIOTO 30CEPEIKEeHI Ha PO3poO0Ili HOBUX METOJIIB
CHUHTE3y HAHOYACTHHOK OJIarOpoJHMX MeTamiB (30JI0TO, IUIaTWHA, Majiaiif, cpido),
OCKIJIBKM TaKi YaCTHHKM BOJIOAIIOTh HU3KOK YHIKaJbHUX BJIACTHBOCTEH 1 MOXYTh OyTH
BUKOpHCTaHi B Karamisi [1], ontuui [2], menuumni [3] Tomo. BomHouac anst okpemux
NpaKTHYHUX 3a]iay JOLUIbHINIE BUKOPUCTOBYBAaTH HEOIAropoaHi METalIH, 30KpeMa HiKeJlb,
OCKIJIBKM BiH XapaKTepU3yeTbCs HOOPHMH MarHiTHUMH BJIACTUBOCTSIMHU [4], 3a710BUIBHOIO
SJIEKTPONPOBIAHICTIO [5, 6], € Karami3aTopoM JIesKHX peakiiii [7], a TakoX 3HAYHO
JICIIEBIIHI MOPIBHSAHO 3 OmaroponauMu Metanamu. ChOTOJHI 3 JIITEpaTypH BiIoMa TOCHTH
BEJIMKA KITBKICTh CIIOCOOIB OTpUMaHHA HaHOYacTHHOK Hikenmro (NiNPs), cepem skmx
HaHOUIBII TOIMYJIIPHUMY € Pi3HOMaHITHI MouiKalii momionsHOro Metory cuure3y NiNPs
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3a YMOB TOMOTeHHOi Hykieamii [8—11], Takok Bimomi CIOCOOM OTPUMaHHA UYHUCTHX
HIKEJIeBUX HAHONOPOIIKIB y BOIHWX pO3YMHAX 3a YMOB TETEpOTCHHOI HyKJeamii
BiTHOBJICHHSAM TiIPOKCHIY HIKEIIO TiAPasMHOM 3a BiICYTHOCTI ITOBEPXHEBO-aKTHBHHUX
peuoBHuH [12—14] Tomo. Y Takux mpamnsgx po3IsHyTe IIMPOKE KOJO MUTAaHb, 30KpeMa,
BIUIMB KOHIICHTpalii 10HIB HIKEII Ta cradiumi3aTopa, CIHiBBiIHOUICHHS [Ni*"]/[N,H,],
TeMIlepaTypu Ha po3Mip, GopMy 1 CKiajg OTpUMYBaHMX IpPOXYKTIB TomO. BomHouac
BIZIOMO, III0 TOJIONM, 30KpeMa ETHJICHIJIIKOJb, B3a€EMOJIIOTH 3 IOBEPXHEI0 HiKeJIeBOI
YAaCTHHKH 1 MOXYTb OyTH crabimizatopamu mpu cuHte3i NiNPs [9]. OnHak mpakTHYHO He
TPAIUISETHCS MPallb, Y SKAX JOCIIKYETHCS BIUIMB CKJIAJy PO3YMHHHKA HAa BJIACTUBOCTI
CHHTE30BaHMX 3a yMOB rereporeHHoi Hykieamii NiNPs. Tomy Mmera Hamoi mpami —
JMOCTIMUTH BIUIMB CIIBBITHOIICHHSA “‘BOAA/CTHJICHTIIKONL” HA PO3MIp YaCTHHOK,
OTPHUMYBaHHX 32 YMOB I€T€pPOT€HHOI HyKJIeallil HiKeJIeBUX HAHOMOPOIIKIB.

Hus  cuntesy HikemeBux HaHomopomkiB Bukopuctani Ni(CH;COO),x4H,0
(Aldrich, 99 %), natpiii rimpokcun (cranmapt-tutp, [IpAT “XapkiBpeaxim”, Ykpaina),
rigpasus rigpar (4., “Cucrema Ontumym”, YKpaiHa) W eTHICHDIKONb (4., “Cucrema
Ontumym”, Ykpaina) 6e3 10JaTKOBOTO OYHUIIICHHS.

NiNPs cunresyBanu 3a peakmiero (1) [14] Bigaosmenus 0,025 Moab TigpOKCHIY
Hikemo HammumkoM Tigpasuay (0,25 momb) mpu 70 °C B TepMOCTaTOBAaHOMY pPeaKTopi,
o0najiHaHOMy  MEXaHIYHOI  MINIAIKOI  IPOIMEJIEePHOro  THHy. SIK  pPO3YMHHUK,
BUKOPHCTOBYBAJIM PO3UUH BOJIa/€THIICHIIIIKOJIb 32 PI3HUX CITIBBIJHOLIEHb KOMIIOHEHTIB.

2 Ni(OH), + N,H; — 2 Ni’ + 4 H,0 + N, 1. (1)

Peaxuist (1) xapakTepu3yeThcst HASBHICTIO 1HAYKIIHHOTO Mepiory, MPUYOMY Hepios
IHAYKIIT 3pOCTae 31 3MCHIICHHSIM KOHIICHTPAIIT €THJICHTJIIKOJIO (Tadi. 1).

NiNPs Bigminsui BiI peakmiifHOl cywimi 3a JOMOMOTOK MAarHIiTy, NPOMHUBAIA
HaJUTNIIKOM JUCTHIBOBAHOI BOAM 1 BUCYIIYBAJIN A0 ITOCTIHHOI MacH 3a MOHM)KEHOTO THUCKY
npu 40 °C. OTpuMaHHi MPOAYKT € MOPOIIKOM YOPHOTO KOJIBOPY; BHXIT MPOAYKTY y BCIX
BUIAJKaX MepeBuiyBas 95 %.

HaBakki HaHONOPOIIKIB HIKETI0 AWCHEPryBald y BOJII 3 BUKOPUCTAHHAM
yIbTpa3BykoBoi BaHHHM “‘Kpuctamn-2M”, micias 4Yoro OTpHUMaHi 3011 HAHOCHIM Ha
KPEMHI€BY IUIACTUHKY, BHMCYUIYBaJM 1 JOCTIJDKYBaJd 3 BUKOPHUCTAHHSIM CKaHIBHOTO
enexTpoHHoro mikpockona (CEM) EVO-40XVP (Carl Zeiss). Oxkpemi CEM-300pakeHHs
CHUHTE30BaHMX YAaCTHHOK HIKEJII0 HaBEJCHO Ha puc. 1.

Ha ocHoBi 3ictaBieHHs 00’ekTiB 3 HaBeneHo Ha CEM-300paXCHHSX MIKAJIOH
(muB. puc. 1) po3paxoBaHi 3Hau€HHS CEPEAHBOrO JiameTpy i ['ayciBcbkoro posmominy
YAaCTMHOK HAHOIOPOILIKIB HIKENI0, OTPUMaHi 3a PI3HOTO BMICTY ETHJICHIJIKONIO B
peakmiiHii cymimi (tadi. 1).

SAx OGaummo 3 HaBeneHmx Ha puc. | CEM-300paxeHb, YaCTHHKHA HIKEIIO B
OTPHMAaHUX HAHOIOPOIIKaX € KyJIeMmoJgiOHoi (GopMH, MpHIOMY CepemHiil miameTp i
MOJIIUCIIEPCHICTh YAaCTWHOK B JIialla30Hi KOHIEHTpamid eTuimeHriikomo 33-89 % o06.
MPaKTHYHO HE 3MIHIOITBCA (Tabnm. 1). BogHowac mpocTexyeThes CTpiMKE 3pPOCTaHHS
PO3MipiB OTPUMYBaHUX YACTHHOK HIKEIIO MPH 3MCHIICHHI KOHICHTPAIii eTHICHIIIIKOIIO
Bix 10 10 5 % 00. — 3a BMicTy B peakuiiiHii cymimi 95 % 006. BoJu OTpUMyBaHi YaCTHHKH €
arjomeparamMy HemnpaBWJIbHOI (GopMu 3 cepeaHiM aiamerpoM 500 HM i Jy)e BHCOKOIO
MOJTi TUCTIEPCHICTIO.
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Puc. 1. CEM-300pakeHHs1 HAHOTIOPOILKIB HIKEII0, OTPUMAHNX
3a BMICTY eTuieHruikomo 78 (a); 56 (6); 10 (8); 5 (2) % 06.
Fig. 1. SEM-image of nickel nanopowders obtained
at the content of ethylene glycol 78 (a); 56 (6); 10 (8); 5 (2) % vol.

Tabauys 1
Yac iHgyKIiiiHOTO MIepiony peakmii (t;,q), miametp (d) Ta po3mip KPUCTANITIB YaCTHHOK HIKEIIO B
HAHOTIOPOIIIKaX, OTPUMAHHX 32 PI3HOTO CITIBBIAHONICHHS “BOJa/€THIICHTIIKOIb”
Table 1
Time of the induction period of reaction (t;,q), diameter (d) and the size of crystallites of nickel
particles in nanopowders obtained at different ratio “water/ethylene glycol”

Bona, % 00. | ETunenrmaikoins, % 00. | tind> C | d, M | L, um
11 89 9 140 £ 50 20
22 78 10 120 + 40 -
44 56 15 140 + 40 23
56 44 18 130 £50 -
67 33 21 140 £ 50 -
80 20 40 200 £ 70 -
90 10 96 200 + 50 -
95 5 594 50-1300 -
100 0 782 20 — 1500 33

OxpeMi 3pa3ku JOCIHIIPKEHO 3 BHKOPHCTaHHSM METOJY MOPOIIKOBOI Audpakiil
(mopomkoBuit nudppakromerp JIPOH-3,0 3 Cu-Ko-BunpomintoBanusm) (puc. 2).
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Puc. 2. X-npoMeHeBi audpakTorpaMyu HaHOTIOPOIIKIB HIKEI0, OTPUMAHNX
3a BMicTy eTrieHriikoio 89, 56 1 0 % o0.

Fig. 2. X-ray diffractograms of nickel nanopowders obtained
at the content of ethylene glycol 89, 56 1 0 % vol.

BusiBneHo, mo oTpuMaHi MPOAYKTH HE MICTATH OKCHAY a00 TiIpOKCHIY HIKEIo.
Bopnowac Ha mudpakTorpamax MPOCTEXKYETHCS AESKE PO3IIMPEHHS MiKiB 32 BCIX 3HAUCHb
20 a1t OTpUMAaHHMX MPOMYKTIB 3 POCTOM KOHIICHTPAIll STHJICHTIIIKOIIO B pEaKIliiiHii
cymimi. Tomy 3a piBasHEAM [lleppepa [15] (2) po3paxoBaHO cepeqHii po3Mip KpUCTATITIB
Yy CHHTE30BaHUX HIKEIeBUX HaHOMOpomkax (tadm. 1). Jnsd pospaxyHKiB po3MipiB
KPHCTAJITIB HIKEJNI0 BUKOPHCTAHO 3HAYCHHS MIBIIMPUHU Ta © Juisi HaiiHTEHCHBHIIIOTO
peduiekcy (20 = 44,5°).

L= L ) 2)
B cos(0)

Tyr f — wupuHa peduiekcy Ha IMOJOBUHI Horo BUcOoTH; K — KoediuieHT dhopmu
YaCTHHOK; L — cepesHiil po3Mip KpHCTAJIITIB; A — IOBXKHHA XBUII X-BUIIPOMIiHIOBaHHS; @ —
KyT qudpaxiii.

Sk Gaummo 3 HaBeneHHX y Ta0N. | JaHWX, pO3Mip KPUCTANITIB HIKEIIO 33 3HIDKCHHS
KOHIICHTpAIil STHJICHIIIIKOIO B peakuiiHiil cymimri Bix 89 mo 56 % 00. 3pocTae He3HAYHO,
Bix 20 o 23 HM, a cepeiHiil JiaMeTp KPUCTANITIB MOPOLIKY HIKEN0, OTpUMaHoro 0e3
JIOlaBaHHs €TUJIEHTITIKOJIIO, CTAHOBHUTD 33 HM.

OTxe, BU3HAYCHO, L0 DPEryJIOBaHHSIM CKJIaJy PO3YMHHMKA MOXHA OTPUMYBATH
HAHOTIOPOIIKH HiKEIO 3 MPOTHO30BAHUMH PO3MipaMH i MO IUCTIEPCHICTIO YaCTHHOK.
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Puc. 3. 3anexnicts yacy iHgykuiHoro nepioxy peakuii (1) (a) i cepennboro giamerpy (6)
OTPHUMYBaHHUX YaCTHHOK HIKEJIIO BiJ] BMICTY ETHJICHTJIIKOJIO B PeaKUiiHil cyMmimi
Fig. 3. The dependence of the time of the induction period of reaction (1) (a) and average diameter (6)
of obtained nickel particles from the content of ethylene glycol in the reaction mixture

BopaHouac 3icTaBlieHHs 3HaYCHb TPUBAIOCTI IHAYKIIHHOTO MEPIONy Ta CEPEAHBOTO
JiaMeTpy OTPUMYBaHUX YaCTHHOK HiKeNto (pHc. 3) CBIAYMUTH MPO Te, IO ETHICHIIIKONb €
He Juiie ctabijgi3aTopoM YacTHHOK, a M, IMOBIpHO, Oepe ydJacTh B TONMOXIMIUHIA peakii
BiTHOBJICHHS T1APOKCHUIY HIKEJIO T1Ipa3uHOM.

ABropu BaguHi cmiBpoOiTHHKamM OMI im. I'. B. Kapmenka HAH VYxkpaian
KaHAMJATy TEXHIYHAX HAyK, CTapIIoMy HaykoBoMy cmiBpoOiTHUKY A. KopHito Ta
KaHIMAATy TEXHIYHMX HayK, CTapIioMy HAyKOBOMY cHiBpoOiTHUKY B. Bunapy 3a
CIpHUSHHS y TpOBeACHHI JociiypkeHb y “LIeHTpi enekTpoHHOi Mikpockomii Ta
PEHTT€HIBCHKOTO MiKpOaHaizy” .

1. Dimitratos N., Lopez-Sanchez J. A., Hutchings G. J. Selective liquid phase oxidation
with supported metal nanoparticles // Chem. Sci. 2011. Vol. 3. P. 20-44.
DOI: https://doi.org/10.1039/c1sc00524c

2. Zhang J., Malicka J., Gryczynski I., Lakowicz J. Surface—enhanced fluorescence of
fluorescein—labeled oligonucleotides capped on silver nanoparticles // J. Phys. Chem.
B. 2005. Vol. 109. Is. 16. P. 7643—7648. DOLI: https://doi.org/10.1021/jp0490103

3. Shameli K., Ahmad M. B., Zargar M., Yunus W. M. Z. W., Ibrahim N. A. Fabrication
of silver nanoparticles doped in the zeolite framework and antibacterial activity //
International ~ journal of  nanomedicine. 2011. Vol. 6. P. 33I.
DOI: https://doi.org/10.2147/ijn.s16964


https://doi.org/10.1039/c1sc00524c
https://doi.org/10.1021/jp0490103
https://doi.org/10.2147/ijn.s16964

A. Kuug, O. MNo6iryH-lananceka, J1. Basunsk ta iH.
ISSN 2078-5615. BicHuk JIbBiBCbKOro yHiBepcuteTy. Cepis ximiyHa. 2018. Bunyck 59. Y. 2 465

4.

10.

11.

12.

13.

14.

15.

Gokturk H. S., Fiske T. J, Kalyon D. M. Effects of particle shape and size
distributions on the electrical and magnetic properties of nickel/polyethylene
composites // J. Appl. Polym. Sci. 1993. Vol. 50. P. 1891-1901.
DOI: https://doi.org/10.1002/app.1993.070501105

Kytsya A., Bazylyak L., Pobigun O. Nickel submicron particles as fillers for
electroconductive polymer composites // Visnyk Lviv Univ. Ser. Chem. 2017.
Vol. 58. Pt. 2. P. 442-449. (in Ukrainian)

Untereker D., Lyu S., Schley J., Martinez G., Lohstreter L. Maximum conductivity of
packed nanoparticles and their polymer composites / ACS Appl. Mater. Interfaces.
2009. Vol. 1. P. 97-101. DOI: https://doi.org/10.1021/am800038z

Park J., Kang E., Son S. U., Park H. M., Lee M. K., Kim J., Park J. G. Monodisperse
Nanoparticles of Ni and NiO: Synthesis, Characterization, Self-Assembled Superlattices,
and Catalytic Applications in the Suzuki Coupling Reaction // Adv. Mater. 2005. Vol.
17. No. 4. P. 429-434. DOI: https://doi.org/10.1002/adma.20040061 1

Wu S. H, Chen D. H. Synthesis and characterization of nickel nanoparticles by
hydrazine reduction in ethylene glycol // J. Colloid Interface Sci. 2003. Vol. 259.
P. 282-286. DOI: https://doi.org/10.1016/S0021-9797(02)00135-2

Couto G. G., Klein J. J., Schreiner W. H., Mosca D. H. et al. Nickel nanoparticles
obtained by a modified polyol process: Synthesis, characterization, and magnetic
properties // J. Colloid Interface Sci. 2007. Vol. 311. P. 461-468.
DOI: https://doi.org/10.1016/j.jcis.2007.03.045

Sisman 1., Tiitiinoglu C., Aydin A. O. Surfactant-assisted polyol preparation of nickel
powders with different morphologies / Cent. Eur. J. Chem. 2008. Vol. 6. P. 253-257.
DOI: https://doi.org/10.2478/s11532-008-0015-6

Pobigun O., Bazylyak L., Kytsya A. Kinetics of the formation of submicron nickel
particles in ethylene glycol medium // Visnyk Lviv Univ. Ser. Chem. 2016. Vol. 57.
Pt 2. P. 527-533. (in Ukrainian)

Park J. W., Chae E. H., Kim S. H., Lee J. H. et al. Preparation of fine Ni powders
from nickel hydrazine complex // Mater. Chem. Phys. 2006. Vol. 97. No. 2.
P. 371-378. DOI: https://doi.org/10.1016/j.matchemphys.2005.08.028

Li Z., Han C., Shen J. Reduction of Ni 2+ by hydrazine in solution for the preparation
of nickel nano-particles // J. Mat. Sci. 2006. Vol. 41. No. 11. P. 3473-3480.
DOI: https://doi.org/10.1007/s10853-005-5874-z

Huang G. Y., Xu S. M., Gang X. U, Li L. Y., Zhang L. F. Preparation of fine nickel
powders via reduction of nickel hydrazine complex precursors // China Trans.
Nonferrous Met. Soc. 2009. Vol. 19. No. 2. P. 389-393.

DOI: https://doi.org/10.1016/S1003-6326(08)60283-6

Monshi A., Foroughi M. R., Monshi M. R. Modified Scherrer equation to estimate
more accurately nano-crystallite size using XRD // WINSE. 2012. Vol. 2. No. 3.
P. 154-160. DOI: https://doi.org/10.4236/wjnse.2012.23020


https://doi.org/10.1002/app.1993.070501105
https://doi.org/10.1021/am800038z
https://doi.org/10.1002/adma.200400611
https://doi.org/10.1016/S0021-9797(02)00135-2
https://doi.org/10.1016/j.jcis.2007.03.045
https://doi.org/10.2478/s11532-008-0015-6
https://doi.org/10.1016/j.matchemphys.2005.08.028
https://doi.org/10.1007/s10853-005-5874-z
https://doi.org/10.1016/S1003-6326(08)60283-6
https://doi.org/10.4236/wjnse.2012.23020

A. Kuug, O. MobiryH-Manaicbka, J1. Basunsik 1a iH.
466 ISSN 2078-5615. BicHuk JbiBCbKOro yHiBepcuteTy. Cepis ximiyHa. 2018. Bunyck 59. Y. 2

SYNTHESIS OF NICKEL NANOPOWDERS IN WATER/ETHYLENE GLYCOL
SOLUTIONS. THE INFLUENCE OF THE SOLUTION COMPOSITION
ON THE PARTICLES’ SIZE
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! Department of Physical Chemistry of Fossil Fuels of the Institute of Physical Organic
Chemistry and Coal Chemistry named after L. M. Lytvynenko of the NAS of Ukraine,
3a Naukova Str., 79060 Lviv, Ukraine
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Air stable nickel nanopowders have been synthesized via the reduction of as-prepared
Ni(OH), by hydrazine in water/ethylene glycol solutions under heterogeneous nucleation conditions
at 70 °C. The resulting product is a powder of black color; yield of product in all cases exceeded 95%.
The influence of the water/ethylene glycol ratio on the reaction proceeding and the size and size
distribution of obtained nickel nanoparticles have been investigated. Using the method of electron
microscopy it was found that the obtained nickel particles are mainly globular. It was established that
the mean diameter and polydispersity of the particles practically do not change in the range of
ethylene glycol concentrations of 33—89 % by volume and are equal to 140+50 nm and increase
drammatically when the concentration of ethylene glycol is reduced by less than 10 % by volume and
the obtained particles are agglomerates of irregular shape with an average diameter of 500 nm and
high polydispersity. Using the powder diffraction method it was found that the obtained products do
not contain nickel oxide or hydroxide. Using Scherrer equation the average crystallites sizes for some
nickel samples have been calculated. It was found that the sizes of crystallites of obtained nickel
nanopowders increase from 20 to 33 nm with a decreasein the ethylene glycol concentration in the
reaction mixture. It was determined that the regulation of the composition of the solvent can be used
to obtain nickel nanopowders with predicted sizes and polydispersity of particles. Based on the
comparison of the values of the induction period times and the average diameters of the resulting
nickel particles, it was found that ethylene glycol is not only a particles stabilizer, but also participates
in the topochemical reaction of reduction of nickel hydroxide with hydrazine.

Keywords: nickel nanopowders, heterogeneous nucleation, ethylene glycol, hydrazine.
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