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Beryn

Oprodocharn  d-mertanmis  miarpynu
®depyMy, BOJOIIIOYN YHIKAIGHAUMH 1 IIHHAMH
BJIACTUBOCTSIMHM, MAIOTh NIMPOKE IPAKTUIHE
BUKOPHCTaHHS B PI3HUX TaTy3sX IMPOMHCIOBOCTI
Ta HApOJHOTO rocrojapcTea. Tomy, 6€3yMOBHO,
BOHU HAJICKATH JIO0 BAKIIMBHX 1 TMEPCIIEKTUBHIX
MmarepianiB. OZHMM 3 BaKIMBUX HANpPSIMKiB
Cy4aCHOTO  Kartajidy € MOXJMBICTh  iX
e(DEeKTUBHOTO 3aCTOCYBaHHSI 1 B  SKOCTI
KaTaJli3aToOpiB Ul PI3HUX XIMiYHUX MPOIECIB.
Bonopgitoun BimnmoBigHUMEU  (Bi3UKO-XIMIYHHUMH
Ta KaTAIITHYHHUMH  BJIACTHBOCTSIMH, BOHH
MOXYTh CIPHUATH TMpoliecaM MNapIialbHOro
OKHCHEHHs ByraeBomHiB  [1,2].  OcobnuBy
MPaKTUYHy  IIIHHICTD  MOXYTh  CTaHOBHUTH
dochaTHi KOMIIO3MILIT, SIKI YTBOPIOIOTHCI B
IIUPOKUX KOHIICHTpAI[ITHUX iHTEepBaIax
BiamoBiguux  3paskiB  [3].  Karamituuni
BJIACTUBOCTI TaKWX CHCTEM, 3aBISKH DPI3ZHOMY
CIIIBBIIHOIIEHHIO MDK BUXIIHUMUA
KOMIIOHEHTaMH Ta CHEIU(PIYHUM CTPYKTYpHUM
OCOOJIMBOCTSIM, MOXYTHb CYTTEBO BiIIPi3HSTHCH,
MTOPIBHSHO 3 1HIIIMMH KaTali3aTOPaMH.

BaxxnuBUM METOJIOM JOCIHIPKEHHS TaKHX
CKJIaTHUX KaTaTi THIHUX cucTeM €
peHTtreHiBcekuii (azoBmii amamiz (PDA), mio
JTIO3BOJISIE BHSBIISATH BIUIUB Pi3HUX CIIOCOOIB
TepMidHOT 00poOkM Ha (azoBHi cKiIag Ta
(i3MKO-XIMiUHI  BJIACTUBOCTI  CHHTE30BaHHX
3paskis [1,2].

ToMmy Meroro pmaHOi
BUKOpPUCTOBYIoun  meton  P®DA,  Bmepie
JTOCITI TATH (hazoBuit CKJIa KUTBKOX
EKCIIEPUMEHTAIBHUX CEPii HOBUX CHHTE30BaHHUX
KaTalli3aTopiB, IO pEaNi3yIOTbCi Y CKIaaHii
cucreMi XFePQ'yNig(PO4)2.

pobotu  Oyrno,

Metoauka CKCIIEPUMEHTY

CuHTe3 3pa3KiB CKIQJHOI KaTaliTUIHOL
cucremu XFePQeyNis(PQy), s3miiicHroBamu 3a
METOAMKOIO0, pPO3po0IIeHoI0 Ha Kadeapi dizumanoi
ta xomoimuoi ximii JIBH3 «Yxkropoackkuii
HalioHampHM  yHiBepcuter» [1,2]. 3aramom
Oyno oxmeprkano 21 3pa3ok — TpPH cepii ceMu
BuximHux ckiamiB. KoxHa JmocmigHa cepist
BiJpi3HAJIACS CIIOCOOOM TEpMiYHOT 0OPOOKH.

Meron P®A peamizoByBagu, 3TigHO 3

PEKOMEHIAITiIMHY, OIMHUCAaHUMHU B [4-7].
Iunekcariro CKCTICPUMEHTATTBHUX
mudpakTorpaM IPOBOAMIM 33  JOTIOMOIOIO

mporpam s ITK: POWDERCELL 2.0[6] Ta
UNITCELL [7].

Pe3yabTaTn Ta ix 00roBopeHHsN

ExcniepuMeHTanbHi nudpakTorpamy,
oJepkaHi BHACITI TOK PEHTICHIBCHKHUX
JOCITIDKEHb TPHOX CEpiil KaTATITHYHUX 3pa3KiB
cuctemu XFePQeyNiz(PQy),, mpencrasneni Ha
puc. 1 (@-B).

Karamizaropy K-1 — K-3 (me K-1
BiJmoBiae BuximHomy ckmamxy 99,5 mac. %
FePQ — 0,5mac. % Nizg(POy),; K-2: 99,0mac. %
FePQ - 1,0mac. % Nig(PQy), Ta K-3: 75,0mac.
% FePQ - 25,0 mac. % Nig(PQy),)
XapaKTepU3YyIOThCS BIACYTHICTIO pediekcis, sKi
Moriii © BIAMOBIZATH BHXITHOMY TiapaTy
FePQ¢2H,0 abo iioro 6e3BogHoMy aHajory [8-
12]. HaBiTh He3BaXarouu Ha Te, IO came [0
CKITaTy 3a3HaYCHUX 3pasKiB BXOJIMTh
MaKCHUMajIbHa KilbKicTh BuXimHOTO (epym (III)

opTodochary.
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Puc. 1. ludpakrorpamu 3pa3kiB CKJIATHOI KATATITUYIHOI (epyM-HikeabhochaTHOT
cucremu (K-1 —K-7) pizHoi TepMiuHOI 0OPOOKH:
a) MOBITPsAHO-cyXa cepist; 6) npokapenux npu 600C; B) npokapenux mpu 700C.
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Bopnouac,  cmix  3a3HauMTH, IO
BKJIUBOIO OCOOJIHMBICTIO TOBITPSHO-CYXO01 cepii
CHUHTE30BAHUX CKIIQJHUX KATATITUIHUX CHUCTEM
K-1 — K-3 € nasBHicTs amop(dHOro cTaHy, IO
M ITBEPIKYIOTh eKCTIepUMEHTAaIbHI JlaHi,
HaBejeHi Ha puc. 1 ().

JudpakTorpaMu  Y4OTHPHOX HACTYIMHUX
katanizaropiB K-4 — K-7 (me K-4 Bimnosimae
BuxigHomy ckiaay 50,0 mac. % FePQ — 50,0
mac. % Niza(PQy),; K-5: 25,0mac. % FePQ —
75,0mac. % Nig(PQy),; K-6: 1,0mac. % FePQ-—
99,0mac. % Nig(PQy),; K-7: 0,5Mmac. % FePQ—
99,5mac. % Niz(PQy),) MaroTh 3HAUHY CXOKICTh.
AHali3 eKCIEepUMEHTATBHUX JaHUX CBIIYUTH,
0 YaCTHHY CIIOCTEPE)KYBaHUX  pedIIeKCiB
MOYKHA BiIHECTH 1O IHIWBITyaIbHOTO
okrarigpary Hikenb (II) oprodocdhary [13].
Bopnouac, penrtreHodaszoBuii  aHaliz  He
JIO3BOJISIE BUSBUTH Yy  IIMX  3pa3kax
(hepyMBMICHUX KOMITOHEHTIB, SIKi, SIK
BiZI3HavYaIOCs BUIIIE, 3HAXOAATHCS B
HEKPUCTATITYHOMY CTaHi.

[ikaBo 3ayBa)KHTH TaKOXK, IO TPAKTHIHO
BCi oJepkaHi KaTaizaTopH, micis
MPOKapIOBAHHS npu 600, CTalOTh
penrrenoamopbuumu  (puc. 1(0)). €munmii
BUHATOK CTaHOBUTH 3pa3ok K-1, mns skoro
CIIOCTEPITraloThCSA  JCSKI  3apoAKOBI  cTafil
kpucramizamii. OgHaK, HEMOXIJIMBO OJIHO3HAYHO
1MeHTU(IKYBaTH iX Ta BIIHECTH O €IUHOL (hasw.
OpepxaHuii pe3yabTaT OYEBUIHO OOYMOBIICHUIN
pYHHYBaHHSM CTPYKTYPH KPHCTAJIOTIIPATHUX
KOMIIJIEKCIB, SIKi, CTIOCTEPITalOTLCS B OJICP KaHIM
MOBITPSIHO-CYX1H KaTaliTU4HIN cepii 3pa3kiB. Sk
HACJIJOK, 3HEBOJHEHI CKJIAJHI KaTaJiTH4HI
cucremu Ty XFePQeyNiz(PQy), B mpomeci
TEpMiYHOT OOpPOOKH NepexomsiTh y amMoppHHI
CTaH, HE CYIPOBOKYIOUHUCH MOJAIBLIOID
KpUCTAJII3aIi€l0  JIETiApaTOBAaHUX  CKIIATHUX
(dhepyM-HiKenbBMiIIyrOunx ¢ocdariB.  AHami3
YTBOPEHHX HEWITKUX pedIeKciB Ta MOPiBHIHHS
ix 3 manmmu [9,10], ma€ 3MOTy IPHUIIYCTHTH, IO
OUCBHJIHO B CHHTe30BaHOMY 3pasky K-1
(hOpMYIOTBCS  KPUCTANITH JBOX Pi3HOBHUJIB
6e3BogHoro FEPQ: cMHTETHYHOTO POAOIIKOITY
[9] Ta opropomGiumoi Mmomudikamii [10].
ImoBipHO, oxHa i3 3a3HaueHuX (a3 GopMyeThCs

npu 302C, a iHma - B TeMmepaTypHOMY
inTepsan 528-560€C [3].

Tlonanpie MpO’KaproBaHHs
JIOCT/DKYBaHOT — cepii  CkimagHux  Qepym-

HiKenbBMilylounx ¢ochaTHUX KaTaTiTHYHHX
cuctem 10 /00T mpusBeno 10 AesKUX 3MiH B

cTpykTypi ochaTaux 3paskis (puc. 1 @)). Taxk,

ckiaanHi  cucremu K-6 i K-7 HaOyaum o3HaK
JaCTKOBOI KpHCTai3artii. Pedutexc
MaKCHMalbHOI IHTEHCHBHOCTI mipu 20~30°

MokHa Bimectn mo Hikens (II) mipodocdary
[14], sxuit yTBOPIOETBCSA 3 JETiAPATOBAHOTO
Nig(POy)*8H,O [15]. V¥V Toii ke wac,
karamizatopu K-4 1 K-5 sammmatorscs
perTreHoaMopHuMU. MIMOBipHO, 36iMbLICHHS
BMmicty depym (1) optodocdary crorinbHIOE
nporec  (GOpPMYBaHHS  KPHCTAIITIB  CKIamy
Ni 2P207.

Boanouac 3pasku K-2 1 K-3 Bxke maioTh
JIOCTaTHRO  BHP@XEHI  O3HAaKM  YacTKOBOI
KpHUCTaTi3amii dhocharnoi CTPYKTYPH.
Od4eBuAHO, YMOBH CHHTE3y Ta BiAIMOBIIHUAN
BMICT  QepyM-HiKeIbBMIiNIyI040i  ¢ochaTHOI
KaTaJiTHYHOI ~ CHCTEMH  CIPHSE  IOYATKY
dopMyBaHHS CTpyKTypu Oe3BogHoro FePQ.
Xoua TUTS Karaiizaropa K-1, SIKUHT
XapaKTepU3YETbCsl HAHOUTBIIUM BMiCTOM hepyM
(I0) oprodochary (99,5 wmac.%) cepen
JTOCITI KEHUX 3pa3KiB CHHTE30BaHO1
kaTamitnaHoi cuctemu THIry XFePQeyNiz(POy),,
SBHUX O3HAK T[I0YaTKy KpuUCTamizamii He
CIIOCTEPITAETHCSI.

Otxe, K i MPOTHO3YBAJIOCH,
BUKOPUCTAHHS  PEHTICHIBCBKOro  (ha30BOTO
a”amizy (PDA) mmst DOCTIIKEHHS CHHTE30BaHOI
CKJIQJIHOL KaTaJli THIHOL CHUCTEM TUITY
xFePQeyNiz(PQy),, mano 3mory BUSBHTH Psf
BOKJIUBUX OCOOJIMBOCTEH 1070 (hOpMYyBaHHS
CTpyKTypu Ta (a3oBoro ckiagy 3pasKiB
BHACIIZIOK BIUIMBY Pi3HUX CHOCOOIB TEPMiYHOI
o0poOku. Tomy cmig odiKyBaTH, MO I
0OYyMOBUTL 1 BIANOBIAHWM BIUIMB Ha I1HIII
¢$i3MKO-XiMIYHI Ta KaTaliTU4HI BIACTHUBOCTI
cuHTe30BaHuX Qocdaris [1,2].
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THE X-RAY DIFFRACTION ANALYSIS OF COMPLEX
CATALYTIC SYSTEM OF TYPE xFePO 4yNi3(POs)2
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In this work, using the XRD analysis, the phase position of several experimental series of
synthesized catalysts implemented in the comples®BeyNiz(PO;), system was first investigated.
CatalystK-1 — K-3 (whereK-1 corresponded to a starting composition of 99,3FePQ- 0,5 wt.

% Nis(PQy)2; K-2: 99,0 wt. % FePO- 1,0 wt. % Ni(PQO,), andK-3: 75,0 wt. % FeP©O- 25,0 wt. %
Nis(PQy),) are characterized by absence of reflexes whichldc@orrespond to initial hydrate
FePQ<2H,O or its anhydrous analogue. Despite the factithatthe composition of these samples
that includes the maximum amount of the startiog iflll) orthophosphate. All air-dry catalysts were
amorphous. Diffractograms of the four following algstsK-4 — K-7 (whereK-4 corresponds to a
starting composition of 50.0 50,0 wt. % FePR(b0,0 wt. % Ni(POy),; K-5: 25,0 wt. % FeP©O- 75,0
wt. % Nig(PQy)2; K-6: 1,0 wt. % FeP©O- 99,0 wt. % Ni(POy),; K-7: 0,5 wt. % FeP©- 99,5 wt. %
Niz(POy),) have significant similarities. Some of the obserweflexes can be attributed to the
individual octahydrate of nickel (l) orthophospbatAlmost all the catalysts obtained, after frying
under 600C, become X-ray amorphous. The only exception isstvapleK-1, for which some initial
crystallization steps are observed. However, itripossible to uniquely identify them and attribute
them to a single phase. The frying of the testlgsttaeries at 700° temperature results in certain
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changes. Thus, samples Kf6 and K-7 acquired signs of partial crystallization. Thexamum
intensity reflex at ®~30° can be attributed to nickel (II) pyrophosphatdich is formed from
dehydrated N{PQ,)*8H,0. At the same time, the cataly$ist andK-5 remained X-ray amorphous.
Probably, the increase in the content of iron ¢ithophosphate slows down the process of forming
crystals of the composition MO, Samples ofK-2 and K-3 already show signs of partial
crystallization. Obviously, the structure of anhyas FePQbegins to form. Although for the catalyst
K-1, which has the largest amount of iron (lll) aphosphate, there are no obvious signs of the
beginning of crystallization.

Keywords: X-Ray Diffraction (XRD) analysis; catalysts; irotil] orthophosphate; nickel (II)
orthophosphate; catalytic xFeB¢Nis(PQOy), system.
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