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Bionognennam ayemamy HiKemo 2iOpazsuHoM y JYHCHOMY PO3UUHI eMmUNEH2NIKONI0 3d
8I0CYMHOCIMI  NOBEPXHEBO-AKMUGHUX ~PEYOBUH CUHME308AHI HAHOYACMUHKY  HIKeNO
(NiNPs). 3 suxopucmannam memooie ckanienoi enexkmponnoi mikpockonii (SEM), enepeo-
oducnepciiinozo X-npomenegozo mikpoananizy (EDX) ma nopowkosoi ougppaxyii X-npome-
Hié (XRD) niomeepooiceno, wo ompumani NiNPs € kynenodionoi popmu 3 pozmipom 150 —
200 Hm i He micmamb 3anuwiKig 2iopoxcudy Hikenro. Memooom somomempii 00CaiOHCeHO
Kamanimuuny axmuenicmo NINPs y npoyeci cemepayii 600HI0 PO3KIAOOM JYHCHO2O
PO3UUHY 2i0pa3uny 6 emuaeHenikoni. 3’Aco8ano, wo weuoKicms 6UOiNeHHs 600HI0 CMa-
Hosumb 130 mn/xé 6 mepepaxywky Ha 1 epam kamanizamopa, a eHepeisi axmueayii
KamanimuyHo2o po3xaady 2iopasuny — 65 + 2 k/loc/mons.

Kniouosi cnosa: nanovyacmunku Hikenio, 2eHepys8anis 600HI0, 2i0pa3uH, Kamaiuis.

Beryn

[ToyaTtkoM moCHifKEeHb HAHOKATAI3y 3a y4acTi HIKEJII0 MOKHAa BBa)KaTH BHHAXij
Mioppeem Peneem B 1926 porii cioco0y oTpruMaHHS BUCOKOTIOPUCTOTO Hikelto [ 1], skuit
OTpHMMaB Ha3BY 3a MpI3BUIIEM BHHAXIIHUKA — «Hikeab Penes». He3Baxkaroun Ha TOCUTH
JIOBTY iCTOPII0 TaKUX JOCIHiIKEHb, MEXaHI3MH KaTATITHIHAX PEaKIii 3a y9acTi HIKeIro
Penes akTHBHO TOCIIIDKYIOTh 1 CHOTO/IHI. 30KpeMa, KOMIIO3UTH Ha OCHOBI Hikelto Penest
BUSBISIIOTh BHCOKY KAaTalliTHYHY AaKTHBHICTh y peakIisxX TiIpyBaHHA amneToHy [2],
BIZIHOBJICHHSI TUIIOKO3H 10 copOiTony [3] Tomto. 3 po3BUTKOM HaHOXiMil, HAHOYaCTHHKA
Hikemro (NiNPs) mowanm mocmiKyBaTH SK KaTaji3aTOpH Pi3SHOMAaHITHHX IPOIECIB 3a
yuacTi BOjHIO. 30Kpema, KaTaliTH4Hi cucteMu Ha ocHOBI NiNPs MoxyTe OyTH BHKO-
pHUCTaHi IUTS BITHOBJICHHS HITPOAPOMATHYHHX CHOJYK OoporinpuaoMm HaTpito [4], mus
OTpPUMAaHHS CHHTE3-Ta3y 3 BiJHOBIIIOBAILHOI CUPOBHHH [5, 6] Tomo. MexaHi3m KaTaji-
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TUYHOI il HIKENI0 B TaKWX TPOIEcax aHAJOTIYHWHA A0 MeXaHi3My aii Hikemro Penes,
OJTHAK HAHOPO3MIPHICTh YaCTWHOK HIKEJIO Ja€ MOXIIMBICTH CTBOPIOBaTH Habararo
MIMPIIUN CHEKTp KaTaliTHYHHUX CHUCTEM 3aBASKH BHKOPHCTAaHHIO pi3HMX HOCiiB. Ha
0COONMBY yBary 3aciIyrOBYIOTh JOCTIDKCHHs BukopucTanHs NiNPs y mporecax
TeHepyBaHHS BOJAHIO. 30Kpema, B mparsx [7, 8] 3’sacoBano, mo NiNPs € epextuBHUM
KaTaxizaTopoM po3kiany nyxHux po3unHiB NaBHy. [lle omHMM MEepCHEKTUBHUM JKe-
pernoM BOAHIO € TigpasuH riapart [9, 10], skuit Bomomie BUCOKOIO BOJHEBOIO €MHICTIO,
i1 9ac HWOro po3KIaay He YTBOPIOIOTHCS TBEP/Ii MPOAYKTH PEaKliii, 10 TOTO K BiH TaKOX
e€KOHOMIYHO BUTinHImmMH mopiBHAHO 3 NaBH4. BogHowac, ocKinbKE po3KiIaa Tigpa3uHy
MOXe BifOyBaTucs 3a JBoMa MexaHizamu (OpyrTo peakuii 1 i 2), TO Haa3BHYalHO
aKTYaJILHOIO € Ipo0OJIeMa IOIIYKY BIJIIOBIIHMX KaTasli3aTopiB Peakiii sl CeJIEKTHBHOTO
noBHoro posknany NoHy (peakuist 1) ta MiHiMi3auii BuaisienHs amiaky (peakuist 2) [10,
11].

NoH; = N, T+ 2H, T (D
3N,Hs — N, T + 4NH; T 2

Y nonepenniii npani [12] mu 3’sicyBaiiy, Mo B Jy)KHUX PO3UMHAX ETHUIICHIIIIKOIIO 32
npucytHocti NiNPs ringpasun posknanaerscs 3a peakmiero (1), To0To mpoaykramu
peakuii € juiie a3oT 1 BoJeHb. ToMy MeTa Hamioi mpaimi — JOCTIIUTH KaTaliTHYHY
aktuBHICTh NiNPs y nporieci reHepyBaHHS BOJHIO PO3KIIJ0M TiIpa3uHy.

BI/lXilIHi PC€YOBMHHU TAa METOAMKHU MPOBEACHHSA lIOCJ'IiZ[)KeHb

Js cuaredy NiNPs BukopucroByBamm: anerar Hikemo Ni(CH3;COO), x 4H,O
MapK X. 4., 3aMOBJeHHH 3a katamoroM ¢ipmu «Cohepa Cim» (Yipaina) 3 BMiCTOM
OCHOBHOI peuoBHHU > 99,8 %; rigpasus rigpat NoH, x H,O Mapku X. 4., 3aMOBIICHHIA 3a
kataorom Qipmu «Cdepa Cim» (YkpaiHa) MacoBOIO YacTKOIO OCHOBHOI pPEYOBHHH
99 %. Perynsropom pH cepemoBuina miJi 4ac CHHTE3y HAHOYACTHHOK HIKEIIO CIIyTyBaB
HATpiH TiAPOKCHT (CTAaHIAPT-TUTP, «XapKiBpeaxiMm»).

SIK PO3YMHHUK i Yac CHHTE3y HAHOYACTHHOK HIKEJI0 BUKOPHCTOBYBAJIN ETHJICH-
riikonb («Cucrema OntuMym», Ykpaina, 98 %), skuil meperansum 3a aTMOC(EpPHOTO
TUCKY. /I TpOBeleHHS IOCHIPKEHb BHKOPUCTOBYBAJIM (PakKIlii0 3 TEeMIIEpaTyporo
neperonku 197 °C, nppo = 1,431(1).

NiNPs orpuMyBamu 3a METOIMKOIO, aHAIOTTYHOIO 70 onrcanoi B [8, 12—15] 3a 70 °C
3a Takux ymoB: [Ni(CH3COO);]o = 0,25 moms/n, [NaOH]p = 0,8 moms/m, [NoH4] =
3 mosb/n. OTpuMaHuii ocall BIAIUISUIN IEKaHTYBaHHSAM 3 BUKOPUCTAHHSM HEOJANMOBOTO
MArHITy, TPOMHBAIN AUCTIIFOBAHOIO BOJIOIO Ta €TAHOJIOM, BICYIITyBalli Ta 30epiranu B
aTtMocdepi a30Ty Jyis 3armo0iraHHs OKUCHCHHS TTOBEPXH.

®Dopmy Ta po3Mip HAHOYACTHHOK METAJIB OIIHIOBAIN 3 BUKOPUCTAHHSIM CKaHIBHOTO
enektponHoro Mikpockona (SEM) EVO-40XVP (Carl Zeiss) i3 cuctemoro eHepro-
mucnepciiinoro X-npomenesoro mikpoanainizy INCA Energy 350 (3 onmi€ro KUIbKiCHOTO
aHaji3y eJeMeHTIB B Jiama3oHi Bin Oopy [0 ImIyToHi0). Po3Mmip HaHOYaCTHHOK
OLIIHIOBAJIM 3 BUKOPHUCTaHHIM Iporpamu AxioVision V 4.8.2.0.

CrpykTypy Ta (a30BHii CKJIa] OTPUMaHMX HAHOYACTHMHOK METAJTIB JOCHTIPKYBaIU 3
BUKOPHCTaHHSIM METOJy MOPOIIKOBOI Au¢pakiii X-mpoMeHiB (X-poMeHeBUH aHali3) 3
BUKOPHCTaHHSIM X-IPOMEHEBOro MOpoIIKoBoro audpakromerpa Aeris-Malvern Panaly-
tical (Cu Ka BunpominroBanss, Harpyra 40 kB, ctpym 15 MA, mouaTkosuit Kyt 35° (26),
kinneBud kyt 105°, xpox 0.0217). Otpumani JaHi aHami3yBajJd MOBHONPOQUIEHUM
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YTOYHEHHSM 32 MeToJoM PiTBenbia 3 BHKOpHCTaHHSIM mporpamuoro makera FullProf
(Version June-2015) [16].

Kinetnky poskiamy TipasuHy XOCHiIKYBajdM 3 BUKOPHUCTAHHSAM BOJIIOMETPHYHOI
YCTaHOBKH, aHAJIOTIYHOT /10 omucaHoi B [8] (puc. 1).

Puc. 1. [IpuHImmoBa cxemMa BOJIIOMETPHUYHOT yCTAHOBKY: | — IMPKYJISIIHHAI TepMocTaT;
2 — peaxkTop 3 TEPMOCTaTOBAHOIO OOOJIOHKOIO Ta IHKEKTOPOM; 3 — MarHiTHA MIIlIAJIKa;
4 — cknsHKA Jpekcens; 5 — OyTenb 3 HIKHIM TyOycoM; 6 — eJIeKTpOHHa Bara.

Fig. 1. Scheme of the volumetric installation: 1 — circulating thermostat; 2 — reactor with a
thermostated shell and injector; 3 — magnetic stirrer; 4 — Drexel beaker;
5 — bottle with lower tube; 6 — electronic balance.

Jlns mocmimKeHHsT KIHETHKH pO3KIIany rigpasnHy HaBakky NiNPs B iHepTHIlt aTMOC-
tdepi nomimanu B peakrop (2) Ta momaBamu 50 ma C,HeO, i 10 MJI BOZHOTO PO3YHHY
NaOH (5 momns/m). ITicns poro peakTop repMEeTH3YBAIH Ta MiAKIIOYAIHN 10 TEPMOCTaTa
(1). IMicnst pocsirHeHHS BM3HAYEHOI TeMImeparypu AojaaBaiu 10 Mul rigpasuH Tigpary.
Peaxuiro mpoBOAMIIA 3a TOCTiiHOTO Tepemimrysanns (750 xB7!). O6’em rasy dikcysamu
3a 00’eMoM BuTicHeHOT 3 TyOyca (5) Bomu. [yt moOyOBH KIHETHYHUX KPUBHX 00’€M
rasy NPHUBOAWIN 1O HOPMAJbHMX YMOB 3a PIBHSHHSAM CTaHy imeanmpHOTO Tazy. s
KO>KHOI 3 YMOB IIPOBE/ICHHSI €KCIIEPUMEHTY 3HIMaJIM 5 KIHETHYHUX KPUBUX, a OTPUMaHi
nIaHi ycepenHroBayid. [ OWIHKHA CENEKTHBHOCTI PO3KIANy Tifpa3suHy Ta30BY CyMIiIl
6apooTyBanu yepe3 100 vt Boau (4), micis 4oro BuzHavaiau pH oTpuMaHOro po3duHy 3
BukopuctanHsaM pH-merpa Adwa AD1000. Ilepen KOXXHUM JOCHIIKEHHSIM €IEKTPOJ
KaniOpyBaiK 3 BUKOPUCTAHHSM CTaHIApTHUX OydepHux po3uuHis 3a pH = 6,86, 9,18 i
12,45. O6’em amiaky po3paxoBYBaJH 3a PIBHIHHIMU:

pH =14 - pKg + % log(C) 3)
V(NH3)=C -V -22400. “)
Tyt pKg = 4,75 — xoucranra ocaoBaocti NH4OH; C — konuenrpauis NH4OH; V =
0,1 — 06’em pozunHy B ckistHLI [pekcens; 22400 — MmonsipHUA 00’ €M i1€aIbHOTO Trasy.
Pe3yabTaTH gocaigKeHb Ta 00rOBOpPEHHA

HaHouacTMHKM HIKENI0 OTPUMYBAIM BiJHOBJICHHSM 10HIB HIKENIO TiPa3WHOM Y
JMY)KHOMY pPO3YHHI eTHIeHTIiKomo. 3 BukopuctanHsM SEM 3’scoBano (puc. 2), mo
orpumani NiNPs kynenonionoi ¢popmu posmipom 100 — 200 HM.

Amnari3z pesynerariB EDX (puc. 2) miaTBepIKye HE3HAYHUI BMICT €JIeMEHTIB KapOoHy
(8,3 % ar.) ta okcureny (7,8 % at.) B oTpuMaHoMy 3pa3Ky. BogHouac, 3Baxkarouu Ha Te,
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mo Ha mudpakrorpami (puc. 3) Hemae HeineHTH(IKOBaHMX MiKiB, MOXKHA BBaXKaTH, IO
orpumani NiNPs He MICTATh 3aJMIIKIB TiIPOKCHIY HIKENIO, a HasBHICTh KapOOHY Ta
okcureHy y cmiBBigHomuenHi 1/ 1 cnpuundena aacopouiero erunenraikoiio (C,HeO,) Ha
nmosepxHi NiNPs [17].

Puc. 2. SEM-306paxxenns ta EDX-crexktp NiNPs.
Fig. 2. SEM-images and EDX spectrum of NiNPs.
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Puc. 3. X-npomenesa nudpaxrorpama NiNPs.
Fig. 3. X-ray diffractogram of NiNPs.
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3a 3HaveHHSAM miBmMpWHU mika peduekcy (111) pospaxoBaHuii cepemniid po3mip
kpuctanitiB NiNPs [18], sxuii craHoBuTh 13,5 HM. Takumii dakt Moxke CBIJUUTH TPO
KOaryJIAIiio 3apoIKiB a00 YaCTHHOK HiKemo Ha craiii ix pocty [13, 14].

3 MEeTOI0 MepeBipKU CEeNEKTMBHOCTI pO3KJaay TiapasuHy B npucyTHocTi NiNPs
ra3oBy cymim 6apOoTyBanm depes BOJY, MICKIST Y0ro BUMipIOBaiu 3HadeHHS pH yTBOpe-
HOTO po3uuHy. BusiBieHo, mo Ha BinMiHy Big OiMeraneBux HaHowyactuHok Ni—Co [12],
3HaueHHA pH posumHy micist 6apOoTyBaHHS ra3y, BHAUIEHOTO 3a mpucyTHocTi NiNPs,
nopiBHioe 7,5 + 0,1. 3rigHo 3 piBHsHHsAMH (3) 1 (4), 00’ €M BUALIEHOTO aMiaKy CTaHOBUTH
(1-2)x1075 mu1, 260, 3 BpaxyBaHHAM 3arajJbHOrO 06’ eMy BHiIEHOro Tasy, 0,1-0,2 ppm.
OTKe, MOXXHa TPHUIYCTHUTH, IO PO3KJIaA TiApasuHy 3a AOCH)KYBaHUX YMOB
BinOyBaeThes 3a peakitiero (1).

JlocnimkeHnil BIUTMB KOHIEHTpAallli HAHOYaCTHHOK HIKENIO0 Ha NIBUAKICTh BUALICHHS
ra3oBoi cymimi N, + Hs (puc. 4, a).
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Puc. 4. Kinernuni xpuBi BuaiIeHHs ra3oBoi cymimti N2 + Ha mix gac poskiafny rigpasuny 3a
70 °C (a) 3a npucytHocTi pi3Hux HaBaxok NiNPs (1 —0,291;2-0,441;3-0,59T1;4-0,74 7155 —
0,90 r) i 3aneXHICTh MIBUAKOCTI BUALIECHHS BOIHIO BiJl MacH KatanizaTtopa (6).

Fig. 4. Kinetic curves of the evolution of a gas mixture of N2 + Hz during the decomposition of
hydrazine at 70 °C () in the presence of different concentrations of NiNPs (1 0,29 g; 2 - 0,44 g;
3-0,59g;4-0,74 g; 5—0,90 g) and the dependence of the rate of hydrogen evolution on the
mass of the catalyst (b).

[ligTBepmKeHO, MO Y BCIX JOCTIHKCHWX BUMANKaX MIBHIKICTh BHIUICHHS Ta3y
MOCTifiHa, TOOTO TPOIEC ONMHCYETHCS KIHETHYHHM DPIBHSHHSAM HYJIBOBOTO TIOPSIKY 3a
rigpazuHoM. Take siBUIE HaJI3BUYAHO BaXJIMBE 3 TNPAKTHYHOTO TMOIIISAY, alikKe
cTaOLIBHICT TPOIIECY BUAICHHS Ta3y 3HAYHO CIIPOIY€E PO3PAaXyHKH MPH MPOEKTYBaHHI
YCTAHOBKM JUIs TeHepalii BojaHIO. JlogaTkoBo BapTo 3a3HAYMTH, L0 IIBUJIKICTH
BUIJICHHS Ta30BO1 CyMIllli JIIHIHO 3aJIeXUThH Bifl KITBKOCTI KaTainizaTtopa (puc. 4, 6), a
MIBUJIKICTh BHJIUICHHS BOJHIO JIOCHTh CyTTe€Ba i ctaHoBUTh 2,2 Mi/c (130 mi/xB) B
nepepaxyHKy Ha | rpam KaramizaTopa.

JlomaTKOBO TOCHIIXKEHI aKTUBAIIIHI TapaMeTpH mporiecy (puc. 5, a).

3’sacoBaHO, IO 3HAYEHHS CHEPTii aKTHBaIlii KaTaliTHYHOTO PO3KIALy TiApa3uHy
CTaHOBUTH 65 + 2 kJ[»/MOJb 1 HE3HAYHO NEPEBHUIILYE TaKe JUIS BUIAAKY BUKOPUCTAHHS
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Puc. 5. Kinernuni kpuBi BuineHHs razoBoi cyminni N2 + Ha (a) 3a pi3HuX Temmneparyp
(1-60;2—70; 3 —80; 4 — 85 °C) i 3aexHIiCTh MBUAKOCTI KATATITHYHOTO PO3KIATY
TiIpa3uHy Bij TEMIIEPATypH B KOOpAWHATAX PiBHAHHS AppeHiyca (6).

Fig. 5. Kinetic curves of the evolution of the gas mixture N2 + Hz () at different temperatures
(1-60;2—70; 3 —80; 4 — 85 °C) and the dependence of the rate of catalytic decomposition of
hydrazine on temperature in the coordinates of the Arrhenius equation (b).

BucHoBKkH

[TigTBepmKEeHO, M0 HAHOIIOPOIIKK HIKETI0 3 po3MipoM dacThHOK 150 — 200 HM
MOXYTb CIIyTYBaTH CEJIEKTUBHHMH KaTaylizaTopaMH peakiii po3kiany riapasuny. Isuna-
KiCTh TEHEepYBaHHS BOJHIO CTaHOBHUTH 130 MJI/XB y mepepaxyHKy Ha 1 rpam KartamizaTopa.
OTKe, 3Ba)Kal04M Ha HEBUCOKY BapTicTh orpuManHs NiNPs, a Takox Ha To# ¢akr, 110 B
Ty)KHOMY cepenoBuii 3a mpucytHocTi NiNPs rinpasus po3KiiagaeThCs JIUIIEe HAa BOJCHD
1 a30T, HAHOMOPOIIKK HIKEII0 MOXYTh PO3IJISIATUCS SIK MEPCHEKTHBHI KaTani3aTopH
TeHEpYBaHHS BOJHIO PO3KJIAJOM Tigpa3uHy JUIs JKMBICHHA MOPTATHBHUX IPHCTPOIB
€Hepro3ade3neyeHHs.
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CATALYTIC ACTIVITY OF NICKEL NANOPARTICLES IN THE PROCESS OF HYDROGEN
GENETAYION BY THE DECOMPOSITION OF HYDRAZINE
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Catalytic systems based on nickel nanoparticles (NiNPs) can be used to reduce the nitroaromatic
compounds with sodium borohydride, to obtain synthesis gas from reducing raw materials, etc. The mechanism
of catalytic action of nickel in such processes is similar to the mechanism of action of Raney nickel, however,
the nanosize of nickel particles makes it possible to create a much wider range of catalytic systems due to the
use of various carriers. Research into the use of NiNPs in hydrogen generation processes deserves the special
attention. In particular, it is known that the NiNPs are an effective catalyst for the decomposition of alkaline
NaBH, solutions. Another promising source of hydrogen is hydrazine hydrate, which has a high hydrogen
capacity, solid reaction products are not formed during its decomposition, and it is also economically more
profitable compared to NaBH,. Recently it was shown that in alkaline solutions of ethylene glycol in the
presence of NiNPs, hydrazine is decomposed according to the reaction NoHs, — Nt + 2H.T i e, only
nitrogen and hydrogen are reaction products. Therefore, the purpose of this work is to investigate the catalytic
activity of NiNPs in the process of generating hydrogen by the decomposition of hydrazine. NiNPs were
synthesized by the reduction of nickel acetate with hydrazine in an alkaline solution of ethylene glycol in the
absence of surfactants. Using the SEM, EDX and XRD it was shown that the obtained NiNPs are spherical in
shape with a size of 150-200 nm and do not contain nickel hydroxide residues. The catalytic activity of NiNPs
in the process of hydrogen generation by decomposition of an alkaline solution of hydrazine in ethylene glycol
was investigated using the volumetric method. It was shown that the rate of hydrogen evolution is 130 ml/min
per 1 gram of catalyst, and the activation energy of the catalytic decomposition of hydrazine is 65 + 2 kJ/mol.
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