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JlocipkeHO BIUIMB BUXIAHO! KOHIIEHTPALIT TiJPOKCHAY HIKENIO i TeMIlepaTypy Ha KiHeTHYHI
napametpu peakiuii BigHoBieHHs Ni(OH)2 rigpasuHoM Ta po3Mip 1 KpUCTamiuHy CTPYKTYpPY
OTPUMYBAaHHMX HAHOYACTHHOK HIKENI0 B PO3YMHAX BOJA/CTWICHITIIKONb. P03paxoBaHO 3HAYCHHS
eHeprii aktuBamii Ta (opMambHI MOPSAKKA peakiii 3apoKeHHS 1 POCTy HAHOYACTUHOK 3a
MPEKYPCOpoM. 3 BHKOPHUCTAHHSM CHEKTpockomii B Y®-BUIMMOMY Aiana3oHi BUSBICHO yTBOPEHHS
posunnrHoro xommiekcy [Ni(NzH4)s](OH)2 B peakuiitHoMy cepenoBuiui 3a fonaBaHHs TiApasuHy i
MIOKA3aHO 3aJIeKHICTh HOTrO PO3YMHHOCTI BiJ| CITIBBIHOIIEHHS BOAA/CTHIICHIJIIKOb. 3alPOIIOHOBAHO
cxeMy (OpPMyBaHHS HAaHOYACTHHOK HIKEJI0 B TETEPOrCHHOMY CEpEIOBHILI, sIKA& MICTHTh CTafii
PO3YMHEHHS TiAPOKCUIY HiKemto, (OpPMyBaHHS 3apOJKiB HAHOYACTHHOK HIKEII0 Ha MOBEpPXHi
Ni(OH)z, ix koaryssiito Ta HOZAIBLINIA PICT BiJ MOBEPXHI.
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1. Beryn

BimHOBNIEHHS TiIPOKCHAY HIKETIO TiApa3WHOM Yy BOJHUX Ta MOJIOIBHUAX
cepenoBuiax [1-4] 3a BiACYTHOCTI MOBEPXHEBO-aKTHBHHUX PEUOBMH 3aBISKH TIPOCTOTI
anapatypHoro o(opMIIEHHs IPOIECY I MOXKIJIMBOCTI OTPUMAaHHS KIiHIIEBOIO MPOIYKTY B
KUTBKOCTI, IPUAATHIHN UIA IPaKTUIHOTO BUKOPUCTAHHSA, € OTHUAM 3 HaO1IbpII pUBaOIHMBIX
Coco0iB OTpUMaHHs HAHOYACTHHOK HiKeJo. BomHowac, He3Bakatoun Ha BEJUKY KUTBKICTh
myOJTiKamiid, B SKUX OMHMCAHO YMOBH CHHTE3Y 1 BIACTHBOCTI OTPHMYBAHHX HAaHOIIOPOIIKIB
mikemro (NIHIT), mocrmikeHHsT TTepeTBOPEHb, SIKi BiIOYBalOTHCS B peakilifHiil cymimnr, €
YCKJIaJJHEHUM 4epe3 BHCOKY IIBHIKICTh IPOLECY, a TAKOXK FeTePOreHHICTh CHCTeMH. ToMy
JOCIIKCHHST B3a€MOJIi1 HIKEIEBOI'0 MPEKYpCopy 3 TiApa3WHOM Y BOIHHX Ta MOILIBHUX
pO3UMHAX € aKTyaJIbHHM 3aBIaHHAM JUIA BH3HAYCHHS MeXaHi3My (OpMyBaHHS
HAHOYACTHUHOK HIiKeJo i po3po0KH Mporao3oBannx meToais cuatesy NiHII.
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Y monepeaHii npari [5] MU TOCTI AWK BIDIMB PO3UYMHHKKA (2 caMe CITiBBiTHOIICHHS
BOJIa/€TWICHTIIIKONIb) Ha TPHBAIICTh MPOLECY BiAHOBICHHS TiJPOKCUAY HIKEIo
rimpasuHoM 1 xapaktepuctuku otpuMyBaHux NiHII. Ha ocHOBI oTpuMaHHMX JaHHX
3aIpPOIIOHOBAHO TIMOTE3Y MPO YYaCTh CTHICHIIIKOIIO B PEAKIlii BiTHOBJICHHS TiIPOKCHIY
HiKeto rigpasuHoM. ToMy y Iii mpaii MW HaBOJUMO pe3yNlbTaTH AOCITIIKEHb BIUIMBY
KOHIEHTpALil MpeKypcopy 1 Temmeparypu Ha KiHETHKY (OpMyBaHHS i XapaKTEPUCTHUKHU
orpumyBanux NiHIL

2. MarepiaJu Ta METOANKA eKCIIEPUMEHTY

Hust cunatesy NIiHIT Bukopuctano Ni(CH3;COO)x4H,O (Aldrich, 99 %), natpiit
rigpokcu (cranmapr-tutp, I[IpAT “Xapkipeaxim™, VYkpaina), rigapasun rigpat (4.,
“Cucrema Ontumym”, YKpaiHa) i eTHICHDTIKOMb (4., “Cucrema Ontumym”, Ykpaina) 6e3
nomatkoBoro ouwmmieHns. NIiHIT orpumyBamu 3a Mmeromukoro, ommcanon B [5]. Sk
PO3YMHHKK, BHOPAHO CYMIIIl BOJIA/CTHIICHTITIKOIb 3a TX 00’ €MHOro criBBigHOmeHHs 44/56.

Otpumani NIiHIT gocmimkyBaau 3 BHUKOPHUCTAHHSIM CKaHIBHOIO EICKTPOHHOTO
mikpockoma (CEM) EVO-40XVP (Carl Zeiss) ta mopomkoBoro mudppakromerpa JJPOH-
3,0 3 Cu-Ko-BUITPOMiHIOBaHHSIM.

EnexkrpoHHI cHekTpu poOOYMX PO3YMHIB AOCTIKYBAIM 3 BHKOPHCTAHHSM
criekrpooromerpa Y d-sumumoro mianazony Uv-mini—1240 (Shimadzu Corp., Japan).

3. Pe3ysnbraTn q0ciaiizkeHb Ta iX 00roBopeHHs
Peakiiist  Bignomienuss Ni(OH), rigpasmHOM — XapaKTepuU3YEThCsl  HASBHICTIO
IHAYKUIHOTO Tepiofy Ta IHTGHCMBHUM BHJUICHHSM ra3y. TpuBajicTh I1HIYKIIHOTO
nepioay (ting) ikcyBanu 3a modaTkoM 3MiHM 3a0apBICHHS PEaKIIHOI CyMilll, a 3arajibHy
TpuBadicth mponecy (tfin) — 3a 3aKiHYEHHSIM IHTEHCHBHOTO BWIIJIEHHS ra3y. MokHa
TPHUITYCTUTH, 10 ting € 00EPHEHO MPOMOPIIHHO 10 MIBUAKOCTI HyKIeamii, a (tin—tind) — 10
LIBHJIKOCTI POCTY HAHOYACTUHOK HiKelr0. TOMY OCHIIXKEHO BIUIMB BUXIHOI KOHIIEHTpAIIii
Ni(OH), ta temmepatypu Ha ting i 3arailbHy TPUBAIICTH PEaKIlii, a TAKOX PO3MIp 1 CKiIam
yrBoproBarux NiHIT.
BusiiieHo, 110 ting 1 tin IPaKTHYHO He 3anekath Bij BuxigHO! KoHieHTparti Ni(OH);
(tabm. 1), mo CBIAYMTH TPO HYJIHOBUI TMOPSIOK peakiii 3a TiIPOKCHIOM HiKemo. 3a
sHaueHHAMH 1/ting Ta 1/(tin—ting), 32 piBHSHHM Apperiyca, po3paxoBaHo eHeprii aktuBariii (Ea)
3apODKEHHSI 1 POCTY HAHOYACTMHOK HiKeNto, siki ctaHoBisaTh 60113 1 56+11 xJ{x/Mons,
BimnoBigHO. Taki 3HAa4YeHHS eHepriii akTuBamii € Maibke BIBIUlI HIDKYMMH, HiIK Ea
(hopMyBaHHS HAHOYACTHHOK HIKENIO 32 YMOB TOMOTEHHOI HykJeamii [2], o CBiq4UTh MPO
y4acTh moBepxHi gactuHoK 305150 Ni(OH), B mporieci 3apomkeHHsS HAHOYACTHHOK HiKEITO.
Tabauys 1
TpuBanicTs iHAYKIIHHOrO Tepiony (tind) Ta 3aransHa TpUBaIicTh peakii (tfin), a Takox miamerp (d) i
po3mip kpucranitis (L) NiHII, orpumManux 3a pisHEX yMOB
Table 1
Duration of the induction period (tina), and total time of reaction (trin), diameter (d) and the size of
crystallites (L) NiNDs obtained at different conditions

CNiOH)),M | t°C | tagc | tinc | dmm | Lonu
0,139 70 1243 17+4 120+25 13,8
0,278 70 1142 1543 120435 12,2
0,555 70 12+4 16+4 140+40 12,8
0,555 50 7048 90+8 170470 10,0
0,555 90 642 842 130+40 12,9
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Ha ocnogi ananizy CEM-300paxkens (puc. 1) it X-ipoMeHeBux audpakrorpam (prc.
2), orpumanux NIHII, 3’scoBaHo, 110 MpakTH4HO y Bcix Bumagkax oTpumani NiHU e
KynernonioHoi gpopmu, cepeHiil giamMeTp KX cTaHOBUTH 120—140 HM 1 Ki CKIIaAal0ThCs 3
KpucTaiiTiB posmipoMm 10-14 HM (po3paxoBaHi 3a piBHsHHAM Lllepepa [6] 3a 3HaueHHAMH
mupuHu  Tika peduexcy 111 Ha momoBuHI Horo BucoTH). BongHouac He3HauHa
TMOJTiIUCTIEPCHICTh YaCTHHOK (Tabi. 1) CBiMYMTH MO CKIAIHUIA MeXaHi3M 1x GopMyBaHHS,
SIKMH HE MOXKe OYTH MOSICHEHHH JINIIE KOATYJISIIEI0 MaIUX HAHOKPHCTAJIIB HIKEIIO.
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Puc. 1. CEM-300paxenHst (@) Ta po3nozin 3a posmipamu (6) NiHIL, orpumanux npu 70 °C 3a
BuxinHoi kouentpaii Ni(OH)2 0,139 monb/
Fig. 1. SEM-image () and size distribution (6) of NiNDs obtained at 70 °C at the initial
concentration of Ni(OH)2 0.139 mol/Il
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Puc. 2. X-nmpomenesi mudpaxrorpamu NiHII, orpumanux mpu 70 °C
3a uxigHol konuentparii Ni(OH)2 0,139 (a); 0,278 (b); 0,555 (¢) mons/1
Fig. 2. X-ray diffraction patterns of NiNDs obtained at 70 °C
at the initial concentration Ni(OH)2 0.139 (a); 0.278 (b); 0.555 (c) mol/I
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3 MeTOI0 BH3HAYEHHS CXEM MOXJIMBHUX II€PETBOPEHb HIKENIEBOTO IPEKYpCOpy
JOCITI/DKEHO PO3YMHM HIKeTb aleraTy B CyMilllaX BOJa/€THJICHIIIKONb 3a TPHCYTHOCTI
ripokcuay Hatpito i rizpasuny mpu 25 °C.

3’scoBano, mo Ni?* KiTbKiCHO OCAIKYeThCs HAIIHIIKOM TifpOKCHAY HATpilo 3
yrBoperHsam Ni(OH)z, mpo mo cBiguate Makcumymu noriuHadas opu 400 i 670 um [7]
(puc. 3, a, b) sk y Bomi, Tak i B cymillli BOJA/CTHUICHINIKOMAL 3a I1X 00 €MHOrO
CHiBBigHOIICHHS 22/78.
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Puc. 3. Crnexrpu nornusauss ocafis Ni(OH)2, orpumanux y Boxi (a) i cyMmilii Boga/€THICHITIKOIb
(b), a Takox QinbTpPaTy BOMA/CTHICHIIIKOMIB (C)
Fig. 3. Absorption spectra of Ni(OH): precipitates obtained in water (a) and water/ethylene glycol
mixtures (b) and water/ethylene glycol filtrate (c)

Boanowyac 3a jmomaBaHHs rigpasuHy mo yreoperoro 3omio Ni(OH), B cymimax
BOJIa/€TUIICHITTIKONIb TIPOCTEXKYEThCA YACTKOBE PO3YMHEHHSA OcCafy, II0 CBIAYHUTH MPO
YTBOPEHHS B pEaKIifHOMY CepeIOBHII PO3UNHHOTO KOMIDIEKCY ‘‘HiKeNb—TiapazuH’.

Just ineHTHdIKAIIT TAKOTO KOMILIEKCY JIOCIIIKEHO CHEKTPH MOTJIMHAHHS PO3YHHIB
HIKeJIb alleTaTy B ETHIICHTITIKOII 3a MPUCYTHOCTI Pi3HOI KOHIIEHTpAIii riapasuty (puc. 4, a)
i moOymoBaHO KpMBY HacuueHHS (puc. 4, 6). 3’sCOBaHO, MO B PO3UNHAX CTHIICHTIIKOIIO
Hai0inbII iMOBipHUM € yTBOpeHHs Komiuekcy ckiaxy [Ni(N2H4)s]?* [3], mpo mo cBiguuts
po3paxoBaHa 3a 3HAYEHHAMH ONTHYHOI TYCTHHH pO3uMHIB mpu 590 HM KOHCTaHTa
crifikocti Takoro kommuiekcy (logK = 7,42), ska moOpe y3TOIKYeEThCA 3 BiIOMOIO 3
nitepatypu (7,35) [8].

JocmimKkeHo CIeKTpH MOTNWHAHHA (QiTBTpaTiB podounx cymimen (puc. 5, a) i 3a
3HAYCHHSMH ONTHYHOI TYCTHHH mpu 590 HM po3paxoBaHO KOHICHTpPAMii KOMIUIEKCY
[Ni(N2Hs)s]** B orpumanux posumHax (puc. 5, 6). 3’scOBaHO, L0 KOHLEHTPAllis
[Ni(N2H4)s]** B peakuiiiniii cymimi miniliHO 3pocTae 3a 30iIblIeHHS 006 €MHOI YaCTKH
erriieHrikomo Bix 20 mo 78 %.
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Puc. 4. Criexrpu nornuHanss po3urHiB Ni(CH3COO)2 B eTHiIeHIITIKOI 3a MPUCYTHOCTI pi3HOI
KOHLIGHTpaLil I'iJjpa3uny (@) i 3aJ1€XHIiCTb ONTHYHOI I'yCTHHY 1pH 590 HM
Bij ciBBiHOMEHHs KoHueHTpamii Ni2*/N2Hs (6)
Fig. 4. Absorption spectra of solutions Ni(CHsCOO): in ethylene glycol in the presence of a different
concentration of hydrazine (a) and the dependence of the optical density at 590 nm
on the ratio of concentrations Ni®*/N2Ha (6)
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Puc. 5. Cnexrpu nornuxauss ¢instparis cycnensii Ni(OH)z (a) Ta konuentparis [Ni(N2Ha)s](OH)2
(6) 3anexHO BiJ 06’€MHOT YACTKH €THIICHIITIKOIIO
Fig. 5. Absorption spectra of the filtrates of the suspension of Ni(OH)2 (a) and concentration of
[Ni(N2H4)3](OH)2 (b) depending on the volume fraction of ethylene glycol

4. BUCHOBKH

OTxe, 3BayKal04 Ha HEBUCOKI 3HA4YeHHS E, i HympoBi (hopMalibHI MOPSAKHA peaKIiii
3apO/DKEHHS W POCTY HAaHOYACTHHOK HIKETI0, HAsSBHICThP B PEAKIIMHOMY CepeIOBHIII
posunteroro komrutekcy-mpekypcopy [Ni(N2Hi)3](OH),, a Ttakox momikpucramiTHy
CTPYKTYpPY 1 HEBUCOKY ITOJIiIUCIEPCHICTh OTPUMAHHX YaCTHHOK, MOYKHA MPUITYCTHTH, IO
dopmyeanas NIHIT y moCHiIDKEHHX TETEPOTEHHHX CEPENOBHUINAX BiAOYBAETHCS SIK
TTOCTIIOBHICTh TaKUX (Pi3UKO-XIMIYHHX MIEPETBOPEHB:

1) yacTkOBE POYMHEHHS TiIPOKCHIY HIKEIFO

Ni(OH), + 3N2Ha4 < [Ni(N2H4)3] (OH)2(soiv) 1)

Ta 3 ypaxXyBaHHsAM PiBHOBaXKHOI peakii (1) momudikarisi moBepXHi YaCTHHOK 30JTI0
Ni(OH)z KOMILIEKCOM [Ni(N2H4)3](OH)2(gurface);
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2) poskian [Ni(N2Hs)s]J(OH), na moepxni wacturok Ni(OH), i ¢opmyBanHs
sapoaxis Niy? 3a peakuiero [2]:

[Ni(N2H4)3](OH)2(5urface) — Ni®+ 3N, + 5H, + 2H,0; (2)
3) picr 3apojki Bij noBepxHi 3aBasiku ix B3aemosii 3 [Ni(N2Has)3](OH)zson,

Nin® + [Ni(N2H4)3](OH)2(sony) —> Nin+1® + 3N, + 5H, + 2H,0; (©)]
4) KoaryJssiis 3apoJIKiB:

Nin® + Nim® = Nipsm; 4)

5) picT HAHOYACTHHOK HIKEJIIO BiJl IOBEPXHI 3a peakuiero (3).

Ha xopucTh Takoi CXeMH CBiIYHTh MPAKTHYHO OJHAKOBHH PO3MIp KPHCTATITIB Y
BCix orpuMmanux 3paskax NIiHII. BomgHouyac He3HauHe 3pOCTaHHS CEPEIHBOTO JiaMETPy
HAHOYACTHHOK HIKEITI0 Ta 1X MOJIANUCIIEPCHOCTI 31 3HIDKCHHSAM TeMIIepaTypH CBIIYHTH MPO
te, mo nporecu (3)—(5) BinOyBarOTbCs B peakiiiHIM CyMilll mapaienbHO, a 3pOCTaHHS
TOJTi TUCTIEPCHOCTI CIIPUYHHEHE 3HAYHO CHITBHINIIAM CIIOBUTBHEHHSIM XiIMIUHHX peakiiit (2) i
(3) mopiBHsHO 3 TUQY31HIHO KOHTPOJIHOBAHOK KOATYIIALIEI0 3aPOKIB i HAHOYACTHHOK.
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SYNTHESIS OF NICKEL NANOPOWDERS IN WATER/ETHYLENE GLYCOL
SOLUTIONS. THE INFLUENCE OF PRECURSOR CONCENTRATION AND
TEMPERATURE ON THE PARTICLES’ SIZE

A. Kytsya'*, O. Pobigun-Halaiska®, L. Bazylyak?,
T. Zasadnyy?, Y. Verbovytskyy? P. Lutyy?
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e-mail: andriy_kytsya@yahoo.com

Heterogeneous reaction of reduction of freshly prepared nickel hydroxide by
hydrazine hydrate in water/ethylene glycol solutions have been investigated. The effect of
the initial concentration of nickel hydroxide and temperature on duration of induction
period and the total duration of the reaction and zero formal orders of nucleation and
growth processes for nickel hydroxide were found as well as were observed that the
activation energies of these processes are close. The size and composition of the formed
nickel nanoparticles have been investigated using scanning electron microscopy. It was
found that the obtained nickel particles are characterized by near-spherical shape and an
average diameter of 120-140 nm and narrow size distribution. With the use of powder
diffraction method it was found that obtained nickel nanopowders does not contain nickel
oxide or hydroxide and consist of crystallites with a size 10-14 nm. Using Uv-vis
spectroscopy the dissolution of nickel hydroxide and formation of complex
[Ni(N2H4)3](OH). in reaction mixture after adding of hydrazine was observed and the
dependence of its solubility on ethylene glycol concentration in reaction mixture was
investigated. Tentative multistage scheme of formation of nickel nanoparticles at
heterogeneous conditions in water/ethylene glycol media was proposed. This scheme
include 1) partial dissolution of nickel hydroxide and formation of nickel-hydrazine
complex; 2) the decay of formed nickel-hydrazine complex on the nickel hydroxide surface
and formation of nuclei of nickel nanoparticles; 3) growth of nickel nuclei via the reaction
with dissolved nickel-hydrazine complex; 4) coagulation of small nickel particles; 5)
growth of nickel nanoparticles from the surface.

Keywords: nickel nanopowders, ethylene glycol, hydrazine, kinetics.
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