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Bozoan KOTYP'

MOJIMOP®I3M CIIOJIYKH Dy;Niy: KPUCTAJIYHA
CTPYKTYPA a-Dy;Ni, I -Dy3Ni,

Ji . . . . . . .
JIvsiscorutl Hayionanvhuil ynigepcumem imeni lsana ®panka,
eyn. Kupuna i Meghoois, 6, 79005 Jlvsis, Yrpaina

2344 Spedding Hall, Ames Laboratory, Ames, 14 50011-3020, USA
e-mail: v.levyckyy@gmail.com

TloginbHuUM 0XONOO0ACEHHAM PO3NIASY CUHME30BAHO 00 EMHUL NOMIKPUCMANIYHUN 3PA3OK,
wo micmue Hosy, eucoxomemnepamypHy mooughikayio cnoayku Dy;Niy (B-Dy;Niy).
Penmzeniecoxum memooom nopouiky 6CmaHo8IeHO HANCHCHICIb KPUCIANTYHOT CIMpyKmypu
yiei pasu 0o cmpykmyprozo muny Er;Niy: npocmoposa epyna R3 , an., = 0,8531(1),
Chex = 1,5767(3) um. Memoodom monokpucmana ymouneHo Kpucmaniyiy cmpyKkmypy Hu3bKo-
memnepamypHoi moougpixayii cnonyxu Dy;Ni, (a-Dy;Niy): cmpykmypuuii mun a-Dy;Ni,
npocmoposa epyna C2/m, a = 1,3456(3), b = 0,37170(7), ¢ = 0,9656(2) mm, p = 106,17(3)°,
R[ = 0,044, WRZ = 0,079

Kniouoei cnosa: JJucnposit, Hikenw, Kpucmaniuna cmpykniypa, MOHOKPUCIAT, NOTIMOPQIZM.

Beryn

Ha rtenepimniii yac siteparypHi AaHi m0A0 OUIBIIOCTI Jiarpam CTaHy JBOKOMIIO-
HEHTHHUX IHTEpPMETAIeBUX CHCTEM 3aCTapiiH i MoTpeOyIoTh yTouHeHHs. JliarpaMu cTany
OKpeMHX cHucTeM OyiM moOyJOoBaHi paHille, HDK BH3HAUYEHO KPHCTAIIUHI CTPYKTYpH
OiHapHUX CIOJIYK, 0 Ha HUX Mo3Ha4deHi. OcoOIMBO 11€ CTOCYETHCS CIONIYK 3 MOJIOHIM
XIMIYHEM CKJIAIOM YU TOJIMOP(GHHUMH TEPETBOPEHHAMH. 30Kpema, sl OiITbIIoCTi
cnonyk cucreMu Dy—Ni 3a octaHHi 1T’sITh pOKiB Oyio yTo4HeHO (ha30Bi piBHOBaru Ta
METOJIOM MOHOKpHCTaJIa KpUCTaIuHi CTpYyKTypH OiHapHux cnonyk [1-5]. Jocmimkyroun
MIPUHATIIHO II0 CUCTEMY, MM 3ILITOBXHYJIUCS 3 NMpobieMoro cuHTe3y criosryku Dy;Nip,
M03HAYEHOI Ha Jiarpami crany [6]. 3 aHami3y JiiTeparypH 3’sCyBaloCh, 0 B OCHOBHOMY
aBTopu [6] nuTyI0TH poboTy [7], y kil Buepiue Oyno cunre3oBaHo Dy;Ni, i BU3HaueHO
il KpUCTANIYHy CTPYKTYpy METOIOM MOHOKpHCTana. [ CHHTEe3y CIIONyKH aBTOpH [7]
3aCTOCYBaJIM JICBIiTallilfHE IUIABJICHHS YHCTUX KOMIIOHEHTIB 3 HACTYIIHUM TPHICHHUM
BiJnanoBaHHsM ciiaBiB pu 700—750 °C, 3 skux BUOpai MOHOKPHUCTAI JUISL CTPYKTYP-
HOTO aHaimizy. Y Hamiii poOOTI MM BHKOPHCTAJIHM IHIIy METOAMKY, BHACIIZOK YOTO
OJIeprKaJIH SIKICHO HOBI PE3YJIbTATH.

Mertoauka EKCIIEPUMEHTY

Jns cunHte3y 3paska ckiangy DysoNijp, macoto 0,300 r Bukopucrano [lucnposii
(3muToK, ymctoToro 99,9 mac. %) Tta mopomkononiouuit Hikens (99,99 mac. %).
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Crpyxky Jlucnposito, ojepikaHy 3a JIOIIOMOTOI0 HanWjka 3 OepuitieBoi OpoH3u, Oyio
nepemimano 3 Hikenem 1 crpecoBaHo y mpec-(opmi 3a JOMOMOrOI0 TiJpaBiidHOTO
npeca [1-10 mpu trcky ~0,5 I'Tla. OTprMaHy TaOJIETKy HOMICTHIIM B TaHTAJIOBY TPyOKYy,
3amnasiHy 3 OJHOrO OOKY 1 HEIIUIBHO CIUTIOCHYTY 3 iHIIOTo. TpyOKy 3amasuid y KBaploBy
amITyJly, TONEPEIHbO BiJKaYaBIIM 3 HEi IOBITPsS. AMITYJy NMOMICTHIM B PO3IrpiTy IO
900°C wmydenpny miy MII-60, 3anummBiig i Ha 24 roj, michHs YOro BHMKHYIIH
xwuBieHHs. Komm miu pasom 3 ammyioro oxonona go 500°C (mpubnusno 3a 30 xB),
amITyJly 3arapTyBajii y Xono/Hii Boji. [licis Toro amiysy po30win, TaHTaIOBY TPYOKyY
aKypaTHO pO3IrHYJH 1 Jictanu ii BMiCT. BuauMux 3MiH Ha 30BHIIIHINA Ta BHYTpPIIIHIH
MOBEPXHI TPYOKM HE BUSIBIICHO, 1[0 CBIJYUTH MPO BIACYTHICTH peakiil MK 3pa3koM i
TaHTas0oM 32 ONMCAHUX BHIIE YMOB.

Hdudpakrorpamu mopomky, 3u:1Ti Ha qudpakromerpi JPOH-2,0M (Fe Ka-Bumpowmi-
HioBaHHA, A = 0,193736 HM) 3 pi3HUX YaCTHH CIUIABY CHIBIANAIOTh, IO MiATBEPKYE
TOMOTEHHICTh CHHTE30BaHOTO 3pa3Ka. 3 MEeXaHIYHO IMOAPIOHEHOT0 CIUIaBy IiJ MiKpPOCKO-
1OM BHOpaHO 3pa3Ku MOHOKPHUCTAJIB JUIsi CTPYKTYypHOTO aHaini3y. [lonepenHe TecTyBaHHs
MOHOKPHCTAIIB MPOBEICHO METOI0M Jlaye 3 BUKOPHUCTaHHSAM OLIOTO PEHTIE€HIBCHKOTO
BUIIPOMiHIOBaHHs (Matepian aHoma — Mo). MacuB audpakuiiiHUX HaHHX BiJ MOHO-
kpucrana ozxepxkaHo Ha audpaxromerpi STOE IPDS II (Mo Ko-BUIpOMiHIOBaHHS,
A = 0,071073 um). [{ns oOpoOKkM MacHBIB €KCIIEPUMEHTAIbHUX AU(PPAKIIHHUX TaHUX
MTOPOIIKY BHKOpHcTaHO makeT mporpam WinCSD [8, 9], monokpucrana — WinGX [10,
11] Ta SHELX [12, 13]. PucyHok KpucTamiyHOl CTPYKTYpH BHKOHAHO 3a JOIIOMOTOIO
nporpamu DIAMOND [14].

Pe3yabTaTn ekcniepuMeHTy Ta iX 00roBOpeHHs

Ckuan 3paska Dy,oNis crieriaibHo BUOpaiu Tak, o0 BiH BiAMOBIIaB CKIaIy €BTEK-

THKH, 3TiTHO AiarpaMu cTaHy [6]:
L <X 5 Dy;Ni + Dy;Ni,,

a TeMIieparypy — OJIM3bKY 10 TeMIIepaTypH YTBOpeHH: croiyku Dy;Niy:
L +DyNi <25 Dy;Ni,.

Amnani3 1udpakTorpaMu CruiaBy 3acBil4MB BMICT SIK MIiHIMYyM JBOX (a3 nprOIN3HO B
OJTHAKOBOMY CITiBBiTHOIICHHI (3pa30K HepiBHOBakHUH). Judpakimiiiai miku Bif oxHiel 3
Hux Hanexanu croiyii Dys;Ni (CT Fe;C), a iHmi Branocs npoiHAEKCYBaTH 32 MOJIEILTIO
ctpykrypHOoro THIy Er;Nip [15]. YTouHeHI mapaMeTpu eleMeHTapHHX KOMIpOK 000X
CHOJIYK HaBesieHo y Tabut. 1. /Iyt MOpiBHSHHS HAaBEAEHO JIiTepaTypHi BiIOMOCTI JUIsl CIIO-
aykn Dy;Ni ta i3ocTpykTypHUX cnionyk ckiany Ln;Nip (Ln = nanranoin). Hami more-
penHi pociipkeHHs Bignaienoro npu 600°C 3pa3ka BkazyBajid Ha NPUCYTHICTb HE3HAY-
HHX KinbkocTeit cionmyku Dy;Nip, sika Maia CTpYKTYpy BJIACHOTO THITY, BA3HAYCHY paHille
y npaui [7]. ToMy, BUXOASYH 3 TEMIEPATYPHUX YMOB CHUHTE3Y, MOJH(pIKaIito 31 CTPyK-
typoto tuny Er;Ni, moxna BBaxatu BUcoKoTemrieparypHoto (S-Dy;Ni,), a moamdi-
Kamito, ommcaHy B [7] — Hu3pKoTemieparypHoio (a-Dy;Ni,). Lle TBepmkeHHS y3ron-
KYETBHCS 3 BIIOMOCTSIMH IIpo ToriMopdizm crionyku HosNip, onmcanuii y mpai [7], sskuid
y HaIllOMY BUITJIKy BIEpIIe BUABIEHO U1 cioayku Dy;Ni,.

3 BiarecToBaHux MetoaoM Jlaye 3paskiB OJMH MOHOKpHCTan OyB MPUIATHHM IS
PEHTIeHOCTPYKTYPHOTO aHanizy. Bu3zHa4yeHi mapamerpu eleMEeHTapHOI KOMIpKH 3aCBifl-
YA MOHOKJIIHHY CHHTOHIIO, a aHaJi3 CHCTEMAaTUYHUX IoramreHs (4 + k = 2n) — 6a3o-
LEHTPOBaHUH TUII IpaTku bpase. OneprkaHi BEIUYMHHU Y3IOLKYBAINC 3 JaHUMH IIparii
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[7] crocoBHO KpucTanmiuHOi CTpyKTypH cnonyku o-DysNi,. Tomy mnst yTouHeHHs
CTPYKTYPH CIIOIYKH IF0 MOZIEJIb OYJIO B3SITO 32 BUXITHY.

Tabnuys 1
Kpucranorpagiuni napamerpu ta ymMoBH cuHTe3y cnoiayk Dy;Ni ta Ln;Ni,
Cronyka CT T [TapameTrpu eneMeHTapHOI KOMIPKU V,3 Jliteparypa,
a, HM | b, HM | ¢, HM HM YMOBH CHHTE3Y
DysNi  FesC Pnma 0,685 0,960 0,626 0,412 [16], nesiT. 1.,
Biam. 450-700 °C
0,6863 0,9553 0,6302 0,413 [3], en.-myr. 11,

Bigm. 600°C
0,68512(9) 0,9521(2) 0,62759(9) 0,4094(2) *

Tb;Ni,  a-DysNi, C2/m 0,1338 0,371 0,964 0,461 [7], neBit. m.,
B =106,0° Biam. 700-750 °C
a-Dy;Ni, a-Dy;Ni, C2/m 0,13321 3,662 09512 0,447 [7], nesir. m.,
£=105,7° Biam. 700-750 °C
0,13456(3) 0,37170(7) 0,9656(2) 0,4639(2) "
B=106,17(3)°
a-HosNi, a-Dy3Ni, C2/m 0,1330 0,365 0,951 0,445 [7], nesit. .,
S =105,6° Biam. 700-750 °C
[-DysNi, ErsNi, R3 0,8531(1) 1,5767(3)  0,9937(5) *
[-HosNi, ErsNi, R3 0,852 1,575 0,990 [15]
ErNi, ErNi, R3 08472 1,680 0,975 [15]
Tm;Ni, Er;Ni, R3 0,8433 1,5593 0,960 [17]
LusNi, EnrNi, R3 0,83720 1,55314 0,943 [18]

IHpumimku. CT — crpykrypuuit tum; III' — npoctopoBa rpymna; ¥ — 00’eM eneMeHTapHOT KOMIpKH;
Jlit. — niteparypa; NeBiT. IUI. — JEBiTalliliHe [UIABICHHS; BiAN. — BiANANIOBAaHHS; €J.-AyT. IUI. —
CJICKTPOAYTOBE IUIABJICHHS; * — pe3yIbTaTH HAILOTO JOCIIPKEHHS

Ni Dy [DylDygNis] [Ni1Dy;Niy]

Puc. 1. EnemMenTapHa KoMipKa Ta KOOpJHHAIIIiHI MHOTOTPAaHHUKU aTOMiB CIIONYKH 0-Dy3Ni,.
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VY tabn. | HaBeAEHO YTOYHEHI MapaMeTpu elIeMEHTapHOI KOMipku croiyku. Jerani
MPOBEJCHOTO YTOYHEHHS KPUCTAIIYHOI CTPYKTYpH crioiyku a-Dy;Ni, nonani y tadi. 2.
KoopauHaTi aTOMIB Ta apaMeTpH iXHbOTO 130TPOIHOTO 3MIILCHHS NPEICTaBICHO Y Ta0I.
3, mapameTpu aHi30TPOIHOI0 3MillleHHs aToMiB — y Tabu. 4. Ha puc. 1 300paxeHna ene-
MEHTapHa KOMipKa (aTOMH IIPEJCTaBIIEH] eNINCcOoifaMK iXHIX aHI30TPOITHHUX IMapaMeTpiB
3MilleHHs 3 IMOBipHicTIO 99,9 %) Ta KOOpAUHALIWHI MHOTOTPaHHHUKHU VISl YCiX KpHCTa-
sorpadiyHUX COPTIB aTOMIB YTOYHEHOT CTPYKTYpH.

Tabauys 2
JleTajli yTOUHEeHHS] KPUCTATIYHOI CTPYKTYPH cnoJykH a-Dy;Ni, MeToaoM MOHOKpHCTaIa
Dopmyna DysNi,
OO0uucreHa rycTuHa, r/em’ 8,662
Koediuient aGcopbuii, My 55,48
KinbKiCTh yTOUHIOBaHHX [APaMETPiB 32
YTouHeHHs F
0,0in> O TP 3,2;26,6
Mexi h, k, | —-16<h <16,
-—3<k<4,
0</<12
3arajapHa KidbKiCTb BiZOUTH 776
KinbkicTh He3ae)KHUX BiIOUTH 554 (R;,;= 0,043)
KinekicTb Binbuts 3 1,> 206(1,) 437 (R;= 0,049)
daxrop po3bixknocti R, (R yci Binourts)* 0,044 (0,071)
WR, (WR, yci BigGurTs)° 0,074 (0,079)
Sno F*: 1,106
KoediwieHT excTHHKIIT®, k 0,6(11)-10™* (SHELXL)
APuin T2 APy (€°A7) —1,36; +2,46
Ipumimxku.

Ry = [Z(FHFDVEIF);
CWR, = [Z[W(F-F) /EwWFL) N w= 1[6*(F,)+0,0337P)], ne P = (F,"+2F)/3;
= kF 140,001 F 2\ /sin(20)]

Tabauys 3
Koopannatu Ta i30TponHi napameTpu 3mileHHs1 aTOMIB y cTPYKTYpi ciosryku a-Dy;Ni,

Atom ICT b | ¥y z | Ues, X 10% um?
Dyl 4i 0,13215(9) 0 0,99815(13) 0,0223(3)
Dy2 4i 0,40285(9) 0 0,32727(13) 0,0225(3)
Dy3 4i 0,14406(9) 0 0,37055(13) 0,0232(4)
Nil 4i 0,5355(3) 0 0,1434(4) 0,0245(7)
Ni2 4i 0,7423(3) 0 0,2267(4) 0,0255(7)

Ipumimxa. IICT — npaBuabHA CUCTEMA TOUOK

VY Tabin. 5 3i0paHo Mi>KaTOMHI BiICTaHi Ta KOOPIUHALIMHI YHCIIa aTOMIB y CTPYKTYpI
cnonyku o-DysNi,. SIk BunHO 3 1aHux Tabi. 1, mapamerpu eleMEeHTapHOT KOMIPKHU, BU3-
HaueHi s cnoiyku o-DysNip y npani [7] 1 y maHii po0orTi, Jemo BiApi3HAIOTHCS, 10
CBITUUTH TIPO HEBEIHKY OOJNAaCTh TOMOTEHHOCTI CHONyKd. ABTOpU [7] CHHTE3yBain
3pa3ky MMPU HOMIHAJBLHOMY CKIIQJi CIIOJYKH, a CHHTE30BaHUI HaMu 3pa30k Dy;oNizy —
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MICTUTh TpaHW4HMHA ckiax ¢asu a-Dy;Ni, 3 MakcumansHuM BmictoM Jlucrposito.
O0sacTh rOMOr€HHOCTI MOXKe OYTH 3yMOBIIEHa CTATUCTUYHUM 3anoBHeHHsM (Dy + Ni)
no3uuii Dy2 3a miHiManmbHOrO BMicTy JlMcnpo3ito, Mpo 10 CBiTYUTH IOPIBHIHO Oijiblie
3HAYCHHS 130TPOIHOrO MapamMeTpa 3MmimneHHs atomiB Uiy, s miei mo3uiii 0,0120 HMY,
ik w1 Dyl (0,0106 uvm®) ta Dy3 (0,0105 am?) [7]. Takox 111 TIO3HIIS XapaKTePH3yeThCs
HaMEHIITUM KOOpAMHAIHHNM dnciioM Jucrposito (13) i HAMKOPOTIIMMH MIKAaTOMHUMHU
BifIaNsAMU Jpy.ni = 0,278 HM [7], y TOH Yac sK, 3riiHO HaIIMX pe3ynbTaTiB (Tabin. 5)
HaKopOoTIIi Bifasi dpy ni 1 Onini CTaHOBIATE ~0,281 HM 1 ~0,267 HM, BiIIOBiAHO.

Takum 4nMHOM, omepskaHi pe3yJbTaTH 3acBIIYYIOTH, IO Jliarpama CTaHy CHCTEMH
Dy—Ni notpeOye oomnpaioBatHs, mio 0y/ie METOI0 HAIIOT0 MOJAIBIIOT0 JOCHIPKEHHSI.

Tabruys 4

AmuizoTponui napamerpu 3mimenns (10> um’) aTomis y cTpykTypi cnonykn a-Dy;Ni,
Atom Un | Un | Us; | Uiz
Dyl 0,0219(6) 0,0193(6) 0,0274(7) 0,0098(5)
Dy2 0,0221(6) 0,0195(7) 0,0276(6) 0,0096(4)
Dy3 0,0215(6) 0,0204(7) 0,0291(6) 0,0095(5)
Nil 0,0202(15) 0,0263(19) 0,0283(16) 0,0089(12)
Ni2 0,0191(15) 0,0211(18) 0,0368(18) 0,0087(13)
*Up=Up=0

MixkaTomni Bingani (J, HM) Ta koopaunaniiini uncaa (KY) atomis y cTpykrypi ciosrykn a-Dy;Ni,

Tabnuys 5

Atomu | ) | K4 Atomu | ) | K4 Atomu d | K4
Dyl- 2Nil 0,2851(3) Dy2- 2Ni2 0,2810(3) Dy3— 2Ni2 0,2856(3)
2Nil 0,2948(3) Nil 0,2846(4) 2Nil  0,2935(3)
2Ni2  0,2950(3) 2Dyl 0,3567(2) Dyl 0,3555(2)
Ni2 0,3100(3) Dy2 0,3620(3) 13 Dy2 0,3621(2) 14
Dy3 0,3555(2) 15 Dy3 0,3621(2) 2Dy2  0,3660(2)
Dyl 0,3566(2) 2Dy3 0,3660(2) 2Dy2 0,3662(2)
2Dy2 0,3567(2) 2Dy3 0,3662(2) 2Dy3 0,3717(1)
2Dyl 0,3668(2) 2Dy2 0,3717(1) 2Dy3  0,3723(5)
2Dyl 0,3717(1) Nil-  Nil 0,2667(7)
Ni2—  Nil 0,2674(4) Ni2 0,2674(4)
2Dy2 0,2810(3) Dy2 0,2846(4) 9
2Dy3 0,2856(3) 8 2Dyl 0,2851(3)
2Dyl 0,2950(3) 2Dy3 0,2935(3)
Dyl 0,3100(3) 2Dyl 0,2948(3)
BucnoBku

VYnepue BusiBieHO TeMneparypHuid nosimopdism crnonyku Dy;Nip. Beranosneno,
1I0 HOBa BHCOKoTeMmIieparypHa moaudikauis [-Dy;Ni, HanexuTh 1O CTPYKTYPHOTO

tuny ErsNi,.

MeTomoM MOHOKpHCTaJIa YyTOYHEHO KPHCTAIIYHY CTPYKTYpPY HH3BKOTEMIEpaTypHOI
moaudikanii — a-Dy;Ni,. BusiBieHo 301IbIIeHHS TapaMeTpiB eJIeMeHTapHOI KOMIPKH, Yy
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BOJIOJIMMUP JIEBULIBKUIA, BOJIOAUMUP BABDKELIbKHIA, BOJIOJIUMUP CMETAHA, BOT'JIAH KOTYP

MOPIBHSHHI 3 TONEpenHIMU JOCHKEHHSMHM i€l ¢a3u, Mo CBITYHTH TIPO
KOHLIEHTpALliiiHy 001aCTh TOMOTE€HHOCTI CIIOJTYKH.
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SUMMARY

Volodymyr LEVYTSKYY', Volodymyr BABIZHETSKYY', Volodymyr SMETANA?, Bogdan KOTUR'

POLYMORPHISM OF Dy;Ni, COMPOUND:
THE CRYSTAL STRUCTURE OF o-Dy;Ni; AND £-Dy;Ni,

'Ivan Franko National University of Lviv,
Kyryla and Mefodia Str., 6, 79005 Lviv, Ukraine

2344 Spedding Hall, Ames Laboratory, Ames, IA 50011-3020, USA
e-mail: v.levyckyy@gmail.com

Bulk polycrystalline sample, containing new, high-temperature modification of Dy;Ni, compound
(B-DysNi,), has been synthesized by slow cooling method. Its crystal structure was determined from powder
X-ray diffraction data: structure type Er;Ni,, space group R 3, aj, = 0.8531(1) nm, ¢j, = 1.5767(3) nm.
Crystal structure of low-temperature modification of Dy;Ni, compound (a-Dy;Ni,) has been refined using
single crystal X-ray diffraction method: structure type a-Dy;Ni,, space group C2/m, a = 1.3456(3) nm, b = 0.37170(7)
nm, ¢ = 0.9656(2) nm, = 106.17(3)°, R, = 0.044; wR, = 0.079.

Keywords: dysprosium, nickel, crystal structure, single crystal, polymorphism.
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Onvea ZKAK, Mapis /I3EBEHKO, Onena IIIBE]]

HOBUM ®OC®IJI HfsNiyP;; TA UOT'O
KPUCTAJITYHA CTPYKTYPA

Jlvgiecokuii Hayionanvhutl ynisepcumem imeni leana @panka,
eyn. Kupuna i Meghoois 6, 79005 Jlveis, Yrpaina
e-mail: olgazhak@yahoo.com

Penmeenocmpyxkmyprum memooom nozlmpucmaﬂa BUBUEHO KPUCMATIYHY CIPYKIYPY HOBO20
meprapro2o ocghioy HfsNiygP3: cmpykmypruii mun ZrgNiP 3, npocmoposa epyna P 6 ,
a=1,24684(2) um, ¢ = 0,35935(1) um, Rp = 0,0318, Rpuge = 0,0439. YV cmpyxmypi nosozo
Gocgioy npocmedicyemvcsi ynopsiokogane po3smauty8anHsi yCix amomie y KpUcmaiozpa-
Giunux nosuyisx. Amomam gocgopy npumamanna mpueoHaIbHO-IPUIMATMUYHA KOPOU-
Hayis 3 amomie memanis. Lleu ocghio € Opyeum npedcmasHuxom 2omonoeiunoi cepii
NIOCKUX OBOULAPOBUX 2eKCAZOHANLHUX CIPYKMYP 31 CRIGGIOHOWEHHAM Memail . Memaiuoio,
wo oopienioc 2:1, y cucmemi Hf~Ni—P.

Kniouoei cnosa: kpucmaniuna cmpykmypa, nepexionuii memarn, Hixenv, I'aguiti, ghocio.

Beryn

[otpiiina cucrema Hf-Ni—P cboronni BuBuena He nosHictio. /st Hel He TOOYJ0BaHO
nmiarpamu ()a30BHX PIBHOBAT, MPOTE BHUSABICHO YTBOPECHHS ceMd TepHapHHX ¢a3: HfNiP
[1, 2], HENi;P; [3], HENiP, [4], HENIP [5, 6], HENiggsP, [7], HEsNiP; [8] ta HfyNiP
[9], ocTraHHS 3 AKMX € TpPAaHWYHUM CKJIAJIOM TBEPIOTO PO3YMHY Ha OCHOBI OiHApHOTO
inTepmetaniny Hf;Ni 3i crpykryporo tuny Al,Cu, mo nocsirae cknany HfyNiP i xapakre-
PHU3YETHCS YIOPSIIKOBAHOO CTPYKTyporo Tty NbyCoSi. Cimig 3a3Ha4YnTH, IO CHOPIAHEHY
cucremy Zr-Ni—P BHBYEHO 3HA4YHO JETaJbHIIIE: H06y}10BaHO i30TepMiuHMH nepepi3 ii
marpaMn CTaHY 3a TEMIEPaTypH 1070 K, BusBieHo icHyBaHHS 13 _TepHapHHX ¢bocdinis
LUPKOHIIO Ta HIKEJI0, sIKi YTBOPIOIOTHCS B iHTepBaii KoHueHTpauiit 0-0,67 mo. yact. P
[10], nost 6iIBIIOCTI CHHTE30BAaHUX TEPHAPHUX (ha3 BUBUCHO KPHUCTATIUHY CTPYKTYDY.

I1ix yac CHCTEMAaTUYHOTO AOCTIIKEHHS TPUKOMIIOHEHTHUX CIuiaBiB cucremu Hf-Ni—P
3a temneparypu 1070 K namu BusiBiaeno HoBuil TepHapHuid doctin HENipP; [11] Ta
PEHTTEHOCTPYKTYPHHUM METOOM IMOJIKPUCTANIa BU3HAUEHO HOTO KpI/ICTaquy CTPYKTYDY,
AKA HANEKUTH 10 CTPYKTYPHOTO THILY (CT) Zr,Fe P57, Tak camo sk 1 paHime BiTOMHUHA
TepHapHI/II/I dhochin mupkoniro i Hikemo ZrNipP; [12]. Anamis mTepaTypHHx JaHUX
3acBijuye, o cuHTe30BaHui Hamu Gocdin Hf,Nij,P; He nepmmid, skuit Mae i30cTpyK-
TYpHI QHaJIOT'M B CHUCTEMi 3 LUPKOHIEM, 30KpeMa, A0 OAHAKOBHX THUIIB HaleXaTh
crpykrypu ¢ocoiniB HfHNizP; 1 ZrNizP; (CT ZrNizP;), HfNi,P, i ZrNi,P, (CT
ZrFe,sSiy), a takoxx HE,NIP 1 ZrpNiP (CT Zr,NiP, naactpykrypa no tumy CrB). Orxe,
MOXKHa O4YiKyBaTu icHyBaHHA W iHImMX ¢ocdiniB radHif0o Ta Hikemo, ki OyayTb
130CTPYKTYpHUMH J10 (ociiiB IIMPKOHIIO.
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MaTepiaJm TA METOAMKA JA0CTiIKEHHS

Sk BUXiZHI MaTepiaiy BUKOPHCTOBYBAJIM IMOPOIIKK radHilo, HIKEIIO0 Ta YePBOHOIO
docdopy (yci uncrororo He Menmie 0,999 MacoBoi YaCTKM OCHOBHOTO KOMIIOHEHTA).
Jlist cuHTE3y 3pa3KiB MOPOIIKKM KOMITOHEHTIB, y3sITi y BIANOBIJHUX CIIiBBiJIHOUICHHSX,
peTenbHO IepeMilllyBalld, CIIPECOBYBalM y cTajeBiil mpecdopmi Ta 3amaioBamm y
BaKyyMOBaHi KBaploBi ammynu. CrpecoBaHi OpHKETH CHiKaiu y MyQenbHIH medi 3
aBTOMAaTUYHHM pETyJIIOBaHHSAM TeMmieparypu 3a mnoctymnoBoro (~200 rpan/nooy)
nigBumeHHs temrneparypu g0 1070 K i BuTpumyBanu 3a 1i€i TeMmIiepaTypu HpOTSATOM
100-150 rox. IloTiM 3pa3ku MNOBUIBHO OXOJOPKYBAIM Pa3oM 13 MiYYI0, aMIlyiu
PO30MBaIH, PETENBEHO NEPETUPANIN CIICUEH] OPUKETH, 3HOBY CIIPECOBYBAJIH, 3aIIal0BAIIN B
amyiu i moBTopHOo crikamu npu 1070 K mpotsrom 1000-1200 rox. 'omoreHizoBaHi
3pa3sky TapTyBaJId Y XOJOIHIN BOJI, HE PO30MBAIOYN aMITyjl. YCi 3pa3Ku JTOCIIIKYBaIH
IUppPaKTOMETPUYHO 3a JOMOMOTOr0 mopomkosoro nudpakromerpa STOE STADI P 3
JHIHHUM TO3ULIHHO-TIPEUU3IHUM JIETEKTOPOM 3a CXeMOI0 MoOIH(]iKOBaHOI reoMeTpii
liepe, MeTon Ha mpoxomkerHs (Cu K, -BUIPOMiHIOBaHHS, YBIrHyTHI Ge-MOHOXpOMaTop
(111) Tuny loranna, 20/w-ckanyBanHsi, iHTepBan KyTiB 6 <20 < 110 i3 kpokom 0,015 26,
kpok merextopa 0,480 20, yac ckanyBanus B kpoui 200 ¢). PeHTreHiBchkuit mpoQimsHMiA
aHaji3 Ta peHTreHo(a3oBuil aHali3 BUKOHAHO 3a JJONOMOroro mnakera nporpam WinCSD
[13], mnst yrouHEeHHS mapaMeTpiB aTOMIB y CTPYKTypax ABo(a30BUX 3pa3KiB BUKOPHCTO-
ByBasu nporpamy FullProf [14].

Pe3ysabTaTH A0CTiAKeHHS Ta IX 00roBOpeHHs

3a JOMOMOTOI0 PEHTTeHO(A30BOTO aHANI3Y HU3KH TPHUKOMIOHEHTHUX 3pa3KiB BHUSB-
JICHO ICHYBaHHS HOBOTO TepHapHoro Qocdiny, mo nepedyBae B piBHOBa3i 3 paHilie
Bimomumu cnioxykamu HfNiyP, Ta Hf,Ni|,P;. BinburTs 1iei da3um Bgamocs mpo iHaeKcy-
BaTH B FeKCaroHaJIbHiil CHHIOHII 3 MapaMeTpaMH eJIeMEHTapHOI KOMIPKH, HAaBEJICHUMH B
Tabn. 1. 3 mitepaTypHUX JaHWX BiZOMO IIPO iCHYBaHHA y CHOpimHEeHiH cuctemi Zr—Ni—P
tepHapHOro ¢ocdiny ZrgNiP ;3 3 rekcaroHajabHOI CTPYKTYypOr BiiacHoro tumy [15],
po3paxoBaHa aAu(pakTorpaMa sIKOro BHSBHIIACS MOAIOHOIO 10 Au(paKkTorpaM 3pasKis 3
raHieM, 110 A0 MIICTABU MPHUITYCTUTH 130CTPYKTYPHICTD IUX CHONYK.

KoopauaaTtu Ta mapaMeTpy TEIIOBOTO 3MIILIEHHS aTOMIB Y CTPYKTYpPi HOBOI CIIOJIyKH
YTOUHHIM TMOBHONpodinbHUM MetonoM Piteenbaa [16] 3a audpakrorpamoro 3paska
BuxinHoro cxnany HfjsNis; 3P333, BUKOPUCTaBIIY KOOPAMHATH aTOMIB A CTPYKTYpH
ZrgNiyPi3 sik Buxigny monenb [15] ta ypaxyBasiuu pomimky apyroi ¢asu HENippP;
[11].

Kpucranorpadiyni XapakTEpUCTUKH Ta YMOBH JOCIHIDKEHHS CTPYKTypH HOBOTO
¢docoiny HfgNiyP;; HaBemeno B Tabi. 1, KOOpIMHATH Ta MapaMeTpH TEILIOBOTO
3MIlIEHHsS aTOMIB (YTOYHIOBAJIM Pa3oM JUis OJHAKOBHUX THIIIB aroMiB) — y Tabi. 2, a
eKCIIepUMEHTalbHy Ta po3paxoBaHy audpakrorpamu Juist 3paska Hfys4Nisi 3Pss3
300pakeHo Ha puc. 1.

Hust npyroi ¢asu Hf,Nij,P7, y 38°43Ky 3 1 HEBEIMKMM BMICTOM Yy 3pa3Ky, yTOYHIOBAJIH
JIMIIE TapaMeTpu ejgeMenTapHoi komipku: « = 0,90023(3) uM, ¢ =0,35647(2) HMm;
Rr = 10,0764, Rpage = 0,170; BMicT dazu — 17,5(6) mac. %.

VY crpykTypi HOBOro (ocdimy radHiro, Tak caMo SK 1 Yy CTPYKTYpi IPOTOTHILY
Z1rgNiy P13, yci aToMu yropsIKOBaHO 3aiiMarOTh BIAMOBIAHI KprcTanorpadiuHi mosuiiii,
BIIIOBITHO OOYHCICHUH CKiIa] CroNyku omucye dopmyna HfgNiyPi3, mo cmiBmagae 3
BHXIJIHUM CKJIAJIOM 3pa3Ka.
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Tabnuys 1
Kpucranorpagdiuni xapakTepucTHKH Ta YMOBH YTOUHeHHs cTPYKTYpH (ocdiny HfeNiyoPi3

CTpyKTYpHUIA THI Zr¢NiyP 3
Ipocroposa rpyna, cumsoin Ilipcona, Z P6,hP39,1
[TapameTpu KOMIpKH: @, HM 1,24684(2)

c, HM 0,35935(1)
06’€eM eNeMeHTapHOI KOMIpKH, HM® 0,48381(2)
OO0uncieHa rycTiaa, r/em’ 9,08
Kopekiist Ha abCOpOLito, Liper 1,3
BunpomiHiOBaHHSI i TOBXKHMHA XBUJT, HM CuKa,;, 0,154060
Crioci6 yTouHeHHs INoBHOMpOdiNBEHMIA
MMapamerpu npodinto U, V; W 0,029(5); -0,017(2); 0,013(1)
[apamerpu acumerpii P1; P2 0,074(3); 0,019(1)
KinpkicTh mapamMeTpiB Uil yTOYHEHHS 35
Mesxi 20 (°) 6-110
Bwicr ronosroi ¢asu, % mac. 82,5(6)
Kinnesi R-aktopu:  Rp; Ry, 0,0987; 0,145

Rp; Rprage 0,0318; 0,0439

Tabnuys 2
KoopannaTu i napamerpu TenioBoro 3mimeHHs (Bis,, HMZXIOZ)
artomiB y cTpykTypi pochiny HfcNi 0Pz
Atom [Mo3wumis x/a | v/b | z/c | By
Hfl 3j 0,542(2) 0,805(2) 0 0,8(1)
Hf2 3k 0,473(1) 0,189(2) 12 0,8(1)
Nil 3j 0,747(6) 0,067(3) 0 1,2(2)
Ni2 3k 0,246(6) 0,915(7) 12 1,2(2)
Ni3 3j 0,418(8) 0,977(6) 0 1,2(2)
Ni4 3k 0,578(6) 0,011(6) 12 1,2(2)
Ni5 3k 0,931(3) 0,090(3) 12 1,2(2)
Ni6 3j 0,103(3) 0,900(3) 0 1,2(2)
Ni7 1d 1/3 2/3 12 1,2(2)
Ni8 le 2/3 1/3 0 1,2(2)
P1 3j 0,602(7) 0,143(6) 0 0,4(2)
P2 3k 0,390(7) 0,865(9) 172 0,4(2)
P3 3j 0,942(9) 0,224(8) 0 0,4(2)
P4 3k 0,052(5) 0,758(9) 12 0,4(2)

P5 la 0 0 0 0,4(2)
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Puc. 1. ExcriepuMeHTanbHa (TOUKH) 1 po3paxoBaHa (JIiHis) Tu(paKkTorpaMu 3paska
Hf}5 4Nis; 3P33 3 Ta pisHuuena niarpama (BHu3y), Cuk,;-BUIIPOMiHIOBAHHSL:
1 — Binburts dasu HfgNiyyPi3; 2 — Bindutrs dasu Hf,Ni,P;.

Ha puc. 2 HaBeneno npoekuito ctpykrypu HoBoro ¢ocoiny HfgNiyP,; Ha mommny
ab ta xoopnuHaliiiHi momienpu aroMiB. Atomu ['adHi0 MICTATHCS Y LIEHTPax rekcaro-
HaJBHUX TpH3M, yTBOpeHux aromamu Hikemo Ta ®ochopy, 3 10JATKOBUMH aTOMaMH
HaBIIPOTH ycix npsiMokyTHHX rpaHeit (KU = 18). Atomu Hikenro MicTaThesi B poMOIUHHX
(Nil-Ni6) abo tpuronansaux npusmax (Ni7, Ni8) 3 n1omaTkoBUMH aTOMaMu HaBIPOTH
Oi1yHuX rpaHeit npusm, BinosigHo KU cranosisats 12 a6o 9. Aromu ®ochopy LeHTPYIOTH
TpUroHaJBbHI npu3mu 3 aroMiB meraniB (KY = 9), ne nalinommpeHima KoOpIUHALSL
aTomiB P y cTpykTypax iHTepMeTali/iiB epexiIHUX Ta piKiCHO3EeMelbHUX MeTaiB [17—
18].

Ni1, Ni2

Ni5, Ni6 ﬂ P5
\oal
[
d P1, P2

Puc. 2. Ilpoexuis crpykrypu pocdiny HfgNiyP,; Ha mmommny ab
Ta KOOpAWHALIKHI IOJIieAPH aTOMIB.
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MixatomHi Binam y ctpykrypi HoBoro ¢ocdiny HfgNiyP,; 3aramom nobpe ysron-
KYIOTbCS 3 CyMaMH aTOMHHX pajiycCiB BIINOBIIHUX KOMIOHEHTIB (ryr= 0,1564 HMm,
rni = 0,1246 uM, rp = 0,110 BM [19]). CkOpOUEHHS MIKaTOMHHUX BifJaied IpOCTEKYETHCS
Mmix aromamu Ni3 1 P1 (d =0,218(5) um), Ni4 i P4 (d = 0,209(5) ta 0,214 (5) am) Ta Ni6
1 P3 (d = 0,212(4) am), konuBaeThes B Mexkax Big 7,1 1o 11 % Bin cymu aToMHUX pajiycis
KOMIIOHCHTIB Ta MOJKE CBIJUHUTH PO IEBHHA BHECOK KOBAJCHTHOI B3a€MOIIl Mixk
atomamu Hikenro it @ocdopy.

Crpykrypauii T ZrgNiyPi3, 10 SKOr0 HANEKHUTh KPUCTAJIIUYHA CTPYKTypa HOBOTO
¢docoiny HfgNiyP;, € TperiMm uwieHOM TroMosyoriyHol cepii IUIOCKHMX JBOLIAPOBHX
reKCaroHaJIbHUX CTPYKTYP 31 CHIBBIIHOIIEHHSM METal : METaJoiA, 1o AopiBHIOE 2:1
(BmicT dochopy cranoButh 33 ar. %). Y cTpyKTypax NpeacTaBHHKIB W€l cepii MoxHa
BHIUINTH KOMIO3HIINAHI (parMeHTH, YTBOpPEHI MOETHAHHSAM TPUTOHAJIBHUAX IIPH3M 3
aToMiB R- i M-KOMIIOHEHTIB, IICHTPOBaHUX X-aromamu, e R, M, X — 1ie aToMu HalO1Ib-
I0TO, CEPEeOHBOTO 1 HAaWMEHIIOro po3Mipy, BimmoBigHo. CKiIaa Takux (parMeHTiB
omucye 3aranbHa GopMyna Ry, 1y2M s 1)yori2y2Xnm+1y2, A€ 1 — Line fogaTHe yucno [17].

VY crpykrypi Ity ZrgNiyyPi; ckinan ¢pparMenTy MoxkHa 3anmucaTa K R3MoXs (n = 3),
JIBa OJTHAKOBI OJIOKM TaKOro CKJIaJy 3MillleHi OJMH BIITHOCHO OJHOTO Ha MOJOBHHY
mepioay ¢, ToOTO Ha TOJIOBHHY BHCOTH TPHUTOHANBHOI mpm3mu. Ha puc. 3 300paxkeHo
YKJIaJaHHs CTPYKTypHuX (parmentiB y cnoayii HfgNiyPj3;, ska kpucramizyerbcs y
cTpykTypHOMY THIT ZrgNiyP;. Lle apyrmit mpencraBHUK IIi€i TOMONOTiIYHOI cepii B
cucremi Hf-Ni-P.

Puc. 3. Croci6 yknagaHHI KOMITO3ULIHHUX QparMeHTiB y cTpyKTypi ¢pocdizy HfgNiy P 5.
[To3Ha4yeHHs aTOMIB TaKi X, sIK Ha puC. 2.

BucHosku

[IpoBeneHe noCHiKEHHS 1ajio 3MOTY BUSIBUTH icHyBaHHs y cuctemi Hf-Ni—P HoBoro
TepHapHOTO (Qocdiny radniro HfgNiyPi;, sSKkuit € i30cTpyKTypHHUM OO TEpPHAPHOTO
¢dochiny mupkoHito ZrgNiyPi;. Omke, choroaHi B cnopigHeHux cucremax Zr—Ni—P Ta
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Hf-Ni—P BizoMo Bke 1IiCTh Nap i30CTPYKTYPHUX TEPHAPHUX (a3, BKIIOYAIOUN IPaHUYHI
cxinagu tBepaux posunHiB ZryNiP ta HfyNiP (CT NbyCoSi). Otpumani pe3yibraTu
3aCBIIYYIOTHh 3HaUYHY KPUCTAIOXIMIUYHY CXOXICTh TaHi0 Ta HUPKOHIIO, IO 3YMOBJIEHO
OJTHAKOBOIO Oy/IOBOIO 30BHILIHIX €JIEKTPOHHHUX PIBHIB I[MX €JIEMEHTIB, & TAKOXK IIyXKe
ONMM3bKMMU BEJIMYMHAMH IXHIX aTOMHUX paniyciB (rye= 0,1564 uM, 7z, = 0,1660 am [19]).
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SUMMARY

Olga ZHAK, Mariya DZEVENKO, Olena SHVED
NEW PHOSPHIDE HF¢NI,oP;; AND IT’S CRYSTAL STRUCTURE

Ivan Franko National University of Lviv,
Kyryla and Mefodia Str., 6, 79005 Lviv, Ukraine
e-mail: olgazhak@yahoo.com

Crystal structure of the new ternary phosphide HfgNiyP;; has been studied by powder X-ray method:
ZreNiyP 3 type structure, space group P-6, a = 1.24684(2) nm, ¢ = 0.35935(1) nm, Ry = 0.0318, Rpaee = 0.0439.

Starting materials for the synthesis of the samples were powders of hafnium, nickel, and red phosphorus,
all with the purity not less than 99.9 mass %. Mixtures of the constituents in the stoichiometric ratio were
pressed into pellets. The pellets were placed within evacuated fused silica tubes which were slowly heated to
1070 K (100 K per day), kept at this temperature over 240 h, and then cooled to room temperature by shutting
off the furnace. The sintered samples were grounded, pressed again into pellets, and then were annealed within
evacuated fused silica tubes at 1070 K during 1 month, and quenched in cold water without breaking the tubes.
All samples have been studied by X-ray phase and structural analysis using STOE STADI P diffractometer
(Cu K, -radiation). For all calculations the WinCSD and Fullprof software have been used.

Crystal structure of the new ternary phosphide of hafhium and nickel HfgNi,,P,3 was found to be isotypic
with the earlier known ternary phosphide of zirconium and nickel ZrsNiyoP;3 (own type structure) with the fully
ordered distribution of different sorts of the atoms in the crystallographic positions.

Interatomic distances in the structure of the HfgNiyP;; phosphide are nearly the same as the respective
sum of the atomic radii of the components. The shortest distances are observed between atoms of nickel and
phosphorus (dNi3—P1 =0.218(5) nm, dNi4-P4 = 0.209(5) nm, dNi6-P3 = 0.212(4) nm). Distances reducing
being observed in these cases are within 7.1-11 % of the sum of the atomic radii values, and can indicate some
contribution of the covalent bonding between Ni and P atoms.

The structure of HfgNiyP;; belongs to the family of the flat hexagonal two-net structures with a metal/non-
metal ratio equal or close to 2. The general chemical formula of the homologous series may be written as
Ryo-yMus 12y X1y, where R, M, X — atoms of the largest, middle and smallest size, respectively, and in
general case the compound composition could be described by the formula (R, M),X. Structure of the ZrgNiP 3
type is the third member of this series with n = 3, and the structural unit has the composition R;M;0Xs. The two
composition units are shifted with respect to each other by % of the trigonal prism height along c-direction.
Compound HfgNiyP;; is the second member of this homologous series with the earlier studied phosphide
Hf,Ni,P; (Zr,Fe,Ps-type, n = 2) which were found in the Hf-Ni—P ternary system.

Keywords: crystal structure, transition metal, nickel, haftnium, phosphide.
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®A30BI PIBHOBAI'M B CUCTEMI Ce-B-C ITPH 1270 TA 970 K

Jlvsiscokuil HayionanvHuil yuigepcumem imeni leana @panka,
syn. Kupuna i Meghooisn, 6, 79005 Jlvsis, Yrpaina
e-mail: v.babizhetskyy@googlemail.com

Memooamu penmeenoghazo8020 i peHmeeHOCMPYKmypHO20 AHANI3I6 Ma eHepeoOUCnepCitinol
PEHM2eHIBCbKOI  CneKmpocKonii. no6y0oeano [30mepmiuHi nepepizu Oiacpamu CMany
cucmemu Ce—B—C npu 1270 ma wacmxogo npu 970 K. Iliomeepdosceno ichysanus cemu
mepnaprux cnoayk: CeB,C, CesB,Cs, CesB,Cs, CesB,Cgs, CeBC, CeB,C i Ce;pBoCy).
Busnaueno cknaou 06ox nosux cnonyx: ~CeyB3;C13 ma ~Ce;BoCsy. [ns pazu 3i cmpykmyp-
Hum munom LasB,Cy énepuie suznaueno 0o61acms 20MO2eHHOC, KA ONUCYEMbCSL hopmy-
aow: Ces(BC), (7,8 <x <9,0). Kpucmaniuna cmpykmypa cnonyku CesB,Cs docnioscena
Mmemodom mornoxpucmany: III' Pna2;, Z = 8, a = 24,536(1), b = 8,5041(4), ¢ = 8,5458(6) 4,
Ry = 0,053 (WRy = 0,12) ona 4319 pegpaexcie 3 1,> 20(1,).

Kniouosi cnosa: bopoxapbiou, kpucmaniyna cmpykmypa, nompiiina cucmema.

Beryn

Kpucranoximis 6opokap0Oimie piakicHozemensHux wmertamiB (P3M, R) Oarara Ha
TepHapHi crnonyku R,B,C., CTpyKTYpH SKUX XapaKTepu3ylOThCs HiJpeIliTKaMH, yTBOpe-
HUMH aTOMaM{ HEMETAJIB, SIKi SBJSIOTh COOOIO IIMPOKHI TOIOJOTIYHHN CIIEKTP Bif
130JIbOBAHMX aTOMIB JIO CKIAJHUX TPHOXBUMIPHHUX KapkaciB 3 aToMiB bopy Ta Kapbony
[1]. BpaxoBytouu 3Ha4eHHst koHueHTpauii BasienTHHX enekrponis (VEC), yci cTpykTypu
aHaJII30BaHMX CHOJIYK pO3/iJIeHI HaMK Ha 4 TpynH. Y Hepiiil rpyIii CTpyKTyp 3 BUCOKHM
BmictoM MmetamiB Ta VEC > 6,5 okpemi aTOMH HEMETaTiB 3allOBHIOIOTH IYCTOTH Yy
MiAPEeliTIi, YTBOpEHiii aroMamu MeTalliB. 30UIbIIEHHS BMICTY aTOMIB HEMETAJIB Ta
smeHmeHHss VEC y apyriif rpymi ctpyktyp cnonyk R,B,C. 1o mex, Onispkux Big 5,0 10
6,5, npuBoAMTH 10 yTBOpeHHs1 bop-KapOoHOBHMX rpym 3 pi3HOIO KiNBKICTIO aToMiB
Hemerany: Big 2 mo 13. ¥V By3skomy inTepBam VEC mpyroi rpymu Bix 5,0 mo 5,61 3a
MIEBHOTO BMICTy aTOMIB HEMETaliB BiIOYBAa€TbCsS YTBOPEHHS 3’€IHAHUX KOBAJIEHTHO
Bop-KapbOoHoBuX rpym, Tak i MOpsI 3 HUIMHA HENEPEPBHUX OTHOBHUMIPHUX JIAHIOTIB 3
aToMiB Jerkux enementiB. Cepex OopokapOiniB P3M Ta akTHHOIIIB TpeThol rpynu B
iarepBani VEC Bix 4,25 mo 4,0 aromu Bopy ta KapOoHy yTBOPIOIOTH IIEBHY KINBKICTH
kinenp B,C, y NBOBUMIpPHHMX CiTKaX 3B’S3aHMX KOBAaJIeHTHO aTOMiB HemeTaniB. [lo
CKJIaly IDIOCKUX JBOBUMIPHHUX CiTOK OopokapbiniB P3M Bxomsats kinbist B,C,, B,Cs, Be,
B;sC,, B4Cs, B4C,, B¢Cs, B4Cs Ta BgC,. Hatimenmi kinbirs ckinany B,C,, 1110 BXOISTH 10
nBoBUMipHEX bop-KapboHoBuX ciTOK, peamizytorecs y crpykrypHux tumax (CT)
DyB,C, ta DyB,C [2, 3], a kiiibIls 3 HaiOLIBIIOW KiIBKICTIO aTOMIB B4Cg peaitizyoThcest
y CT Tb,B,C; [4]. TeprapHi 6opokapbimu P3M uerBepToi Ipynu, B SKHX €IEMEHTOM
TPbOXBUMIPHOTO KapKacy 3 aTOMIB HeMeTaliB € ikocaeap Bjp, ICHYIOTh y BY3bKOMY
irrepBani VEC Bix 3,10 mo 3,28, o 3yMOBIICHO JIUIIE TIEBHOIO KUTBKICTIO CIICKTPOHIB,
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HeoOXiHUX JuIs cTabii3anii Kapkacy i3 JIerkux aTomiB. butbmiicTs TepHapHUX GOpoKap-
6ixiB P3M BusBIjIeHI npu AOCHTIDKEHHI MOTPiitHuX cructeM R—B—C, i30TepMiuHi mepepizu
sikux modynosani s R = Sc, Y, La, Pr, Eu, Gd, Ho [5-11]. Meroro Hamioi pobotu 0yno
nocnipkerns cucteMu Ce—B—C y MoOBHOMY KOHIIGHTpaLiiHOMY iHTEpBalli 3 00y 10BOO
130TepMiYHUX Tepepi3iB niarpamu crany npu 970 Ta 1270 K.

Marepianu Ta MeTOAUKA AOCTIIKEHHS

3pa3ku ISl TOCITIIKCHHS CHHTE30BaHO CIUIABIIHHIM YHCTHX elieMeHTiB: Llepii
(Alfa — Aesar, Johnson Matthey Company, unuctoToro >99,99 mac. %), rpadiroBuii
nopomok (Aldrich, >99,999 wmac. %), kpucramiuauii bop (H.C. Starck, Germany,
yucToTol0 >99,99 wmac. %). Ilopomkn rpadity Ta Bopy mnepex BUKOpPHCTaHHIM
JerasyBanu npoxapioBanusM 3a 1270 K ta ticky p < 107 mGap. CTpyxKy piakicHoze-
MEJIbHUX METaJIB MepeMillyBaiii 3 nopomkamMu bopy Ta rpadirty, B3ITHMHU y CTEXiOMeT-
PUYHUX CHIiBBiIHOIIEHHSX, 1 IpecyBaliil y craneBiid nmpec-popmi. CrpecoBaHi TaOIeTKH
Mmacoro 1,000 r crulaBisuiM B e€NEKTPOAYToBild medi B atMocdepi OYHMIICHOTO aproHy.
l'omoreni3yrounii BiAman CIUIaBiB, 3aTOPHYTHX y MOTIOICHOBY (ONBTY, MPOBOIMIA TIPH
970 um 1270 K ymponosxk 1000 roj y BakyyMOBaHMX KBapLOBHX amiysax. Binnaneni
3pa3Kd TapTyBalld B XOJOIHIA BOXI HE pPO30MBAIOYM aMITysl. 3pa3Ku TOTYBalH Ta
JIOCII/PKYBaIM B aTMoc(epi OUMIIEHOT0 aproHy, BUKOPUCTOBYIOUH nocynunu lllnenka,
00Kc 3 iHepTHOIO aTMocdeporo Ta Kaminsapu JlingeMaHa, 3alIOBHEHI aprOHOM.

I3orepmiunmii mepepi3 miarpamu crany cucreMu Ce—B—C moOynoBaHO Ha OCHOBI
aHaNl3y MIKPOCTPYKTYp Ta pe3yJbTaTiB PEHTTCHIBCHKOI CIEKTpOocKomii i ¢a3oBoro
aHaji3y peHTreHiBchkoi amdpakuii 60 3paskiB (puc. 1). PenrrenodasoBuii anaimis
MPOBOAMIIN 33 peHTreHorpamamu nopouiky audpakrorpam (STOE STADI P, MoK,
BUIIPOMIHIOBaHHS) 3 BUKOPHCTaHHSIM KoMl otepHoi nporpamu STOE WinXPOW [12].
YTOYHEHHS KPHUCTATIYHOI CTPYKTYpH CIIOIYK METOJOM IOPOUIKY 3MIMCHIOBAIH 3a
nmoromMororo makera nporpamM WinCSD [13]. s miarBepukeHHs (a30BOro CKIALY
JISSIKMX KOHIIEHTpaliiHUX 00JacTell CHCTEMH BHKOPHUCTOBYBAJIM METOJ €HEproucIep-
ciitnoi pentreniscbkoi criekrpockorii (EJJPC) y noenHanHi 3 pacTpOBUM €lNEKTPOHHUM
MmikpockoniomM TESCAN 5130 MM Oxford Si Ta Oxford INCA WAVE 700 nerexTopamu.
[ BuzHauenns Bmicty bopy Ta P3M metomom EJIPC B sikocTi craHIapTy BUKOPHCTO-
BYBaJIM CIIOJIKY IOCTiiiHOr0 XiMiuHOTO cKiany LaB,C,.

PesynbTaT ekciepuMeHTy Ta iX 00roBOpeHHs

[Ipu nmocmipkeHUX TeMreparypax i BUKOPHUCTaHI METOIMI OTPUMAaHHs 3pa3KiB B
cucremi Ce—B—C inenTn(ikoBaHo 9 TepHapHHUX CIOIYK, JUIA 7 3 SIKMX OYyJIO JOCIIIKEHO
Kpuctaniuny crpykrypy. Iloagiiini cuctemun Ce-B, Ce—-C, B-C, sxi o0MexyroTh
MOTpiiiHy, BHBYEHI HOCUTH MOBHO [14—17]. Ha BigMmiHy BiJ CHOpPiTHCHHUX MOABIHHUX
cucrem La—C Tta Pr—C y nopgiiiniii cuctemi Ce—C cnonyka Ce,C; He Mae mIMpokoi
00JacTi TOMOT€HHOCTI.

Pesynbrat pentrenogazoBoro anamizy 3paskiB cucreMu Ce—B—C npuBezeHO Ha
puc. 1, kpuctanorpadiuti XapaKTEePUCTUKH CIOIYK, YTOUHEHHX METOJIOM TOPOIIKY — B
Tabm. 1.

3a JI01OMOro0 eHeproAUCIepCiiHOT PEHTIEHIBCHKOT CIIEKTPOCKOIIT Ta peHTreHo(a-
30BOTO aHAaJi3y BCTAHOBJICHO CKJIagu ABOX HOBuX crmomyk ~CeyB;Ci; ta ~CesBoCsy.
Cnonyka ckinaay ~Ce,ByCsy 3HaxX0omuThes y piBHOBa3i 3 ¢azamu ~CeyB;Ci3, CeBy Ta
CeB,C,. dns dasu 3i ctpykrypanM tumoM LasB,Cq BU3Ha4eHO 007aCcTh TOMOTEHHOCTI,
sika onrcyethest popmynoro Ces(BC), (7,8 <x £9,0).
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Tabnuys 1
Kpucranorpagiuni xapakTepucTuKH TepHAPHUX cnoJyk cucremu Ce—B—C
IMapameTpu eneMeHTapHOI KoMipku, A .
Crnonmyka nr CT JIit.
a ‘ b I c
1. CesB,Cs P4/ncc Sm;B,Cs 8,5676(4) 10,978(1)
2. Ces(BC), P4/ncc LasB,C¢ 8,421(1)- 11,883(3)—
(7,8 £x<9,0) 8,363(1) 12,578(4)
3. CesB4Cs Pna2, CesB4Cs 24,536(2)  8,504(1) 8,521(1) 18,*
4. CeBC P2,2,2, LaBC 8,5021(5)  8,5217(7) 12,3834(7) 19
5. Ce;oBoCis P4,2,2 Ce0ByCi 8,480(1) 25,367(6) 20
6. CeB,C, P4/mbm  DyB,C, 5,3940(4) 3,8646(4) 21
7. CeB,C R-3m ThB,C 6,6218(6) 11,255(2) 22
8. ~C64B3C13 - - - - - *
9. ~Ce7B9C34 - - - - - *
* — pe3yJIbTaTH 1aHOi poOOTH
. CesByCs
2. Cc5[ B.C),
(7.8=x=9.0)
3. CesByCs
. CeBC
970K - CeyByCy2
. Ce Bzc‘z
. CeBsC

B B13Cy  ByC c

Puc. 1. [3oTepmiuni nepepisu aiarpamu crany cuctemu Ce—B—C npu 1270 ta 970 K.
Ludpamu MO3HATEHO CKIIAAN TEPHAPHUX CIIONIYK.
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PesynpraTy 1MX MOCHIPKEHb NpeACTaBieHi y TaOn. 2. BusBieHo 3Ha4Hy 3MiHY
rnapamerpiB eJeMEHTapHOi TIPaTKH, IO 3yMOBJEHA OCOOIMBOCTSIMU KpHCTanquol’
ctpyktypu tuny LasB,Cq [7]. Tak, ans ckinany CesB;, 9C5 900’eM eneMeHTapHOI KOMIpKH
cranoBuTh 842,66(2) A%, a 11 CesB, 4Cog — 879,70(3) A°. Kpucraniuia cTpyKTypa Iboro
THUITy YTBOPEHA JIBOBUMIPHIMH KBaZpaTHUMH ciTkamu P3M, siki yTBOPIOIOTH OKTaepH Ta
KBa/IpaTHI aHTHIIPU3MH, BiJIIOBIJHO 3aroBHEHI atoMamu KapOoHy Ta HEBIOPSIKOBAaHUMH
[C-B/C-B/C—C] rpynamu. Bigmani C-B/C cranosnats 1,32 A i cBinuats npo yrBopenHs
no/BiitHUX 3B’A3KiB Ta 3apsny rpymu [C=B—C=C]". Konuentpauis Bopy B oGnacti
romoreHHOCTi crionyku Ces(BC), (7,8 < x <9,0) 3MiHIOETBCS y BY3bKOMY iHTEpBAaJi Big
15(1) no 17(1) ar. % 1 minTBEeppKye MPOBECH] paHillle HAMU JAOCIIPKEHHs KPHUCTaTiYHOT
CTPYKTYpPH METOZOM HeWTpoHHOI mudpakuii, 3riqHo skux BC; rpynu 31 3MeHIIEHHSIM
BMicTy Bopy 4IICTKOBO 3amOBHIOIOTH MYCTOTH KPUCTAIIYHOI IPATKH, a KOMIICHCAIlis
3apsily aHIOHHOI YaCTUHM CIOJYKH MPOXOJUTh YHACHIIOK JOMAaTKOBOI'O 3alOBHEHHS
mo3utiii 4 ¢ aromamu Kap6orny. ¥V cucremax La—B—C ta Pr—-B-C [7, 8] B™micT Bopy y
CIIOJYKaX I[bOr0 CTPYKTYPHOTO THITYy 3MIHIOETHCS Y JCHIO OUTBIIMX MEXaxX, HIXK s
Ces(BO), (7,8 £x <9,0).

Tabnuys 2
3mina napametpis rpaTku TBepaoro po3unny Ces(B,C), (7,8 <x<9,0)

Ckuazn 3paszka | I[MapameTpu rpatk, a, ¢, A | cla V(A% | B, ar. %
CesB oCs o’ 8,421(1) 1,411 842,66(2) 15

11,883(3)
CesB;1Cea g 8,403(1) 1,470 875,3 16

12,396(3)
CesB,4Ce6° 8,363(1) 1,504 879,70(3) 17

12,578(4)

dazoBuii CKIA IS ”Ce5B1,9C5,9 + CesBz(:S; 6C€5B2’1C6,4 + CesB4C5;
6CCB2C2+C6582§4C6§6+CCC2

3a pesynbraTamu (pazoBoro anamizy cronyka ckirany CesB4Cs [18], 30xpema, 3HaX0-
uThes y piBHoBa3si 3 dazamu Ce, Ces(BC), (7,8 <x <9,0) ta CeB,4 (puc. 1). Hamu noc-
JDKEHO KpUcTamigHy cTpykTypy cnoiyku CesB4Cs Ha nudpakromerpi STOE IPDS 11 3
JIETEKTOPOM image plate 3 METOI BUSBJICHHS MOJIMBOTO BiJXWJICHHS BiJX cTeXxiomeTpil
CIIONYKH, 5K I1e OyJ0 BUSBIECHO IS i30cTpyKTypHHX crionyk RsB,Cs (R = La, Pr, Nd)
[23-24]. Mozens cTpyKTypH BU3HAUEHO IPAMUMU METOZIAMH 3 BUKOPUCTAHHAM NPOTpaMH
SIR97 [25] Ta yTOYHEHO (pHuC. 2) B aHI30TPOITHOMY HAOJIDKEHHI TETIOBHX KOJMBaHBb
s aromiB Llepito 3a nonomororo mporpamu SHELX-97 [26] y komiiekci nporpam
WinGX [27]. erani 3HIMaHHS, KOOPJMHATH Ta TEIUIOBI IapaMeTpH aTOMIB HAaBEJCHI y
Tabi. 3, 4.

Cnonyka CesB4Cs kpucramisyeTbcss y BHacHOMy cTpykrypHomy tumi [18]. Ti
CTPYKTypa CKJIJa€Thcsl 3 TPUBUMIPHOTO Kapkaca, chopmoBaHoro aromamu llepito, B
SIKOMY ICHYIOTh YOTHPH THITH TTOPOXKHUH (puC. 2, 0, B, T, 1). MeHIIIi MOPOKHIHNA MaIOTh
(dbopMy OKTaeApiB 3 aTOMIB R, pO3TallIOBAHUX Y3IOBXK OCi ¢ (pUC. 2, ) Ta 3alOBHEHI
okpemumu aromamu C10. Binpmii nmopoxxanaU 3anoBHeHI rpynamu BC,, B;C;, B4Cy.
[Ipu yTO'—IHeHHi CKJIaJty CTONyKH BIZIXWJICHHS! BiJ CTEXIOMETpIi HEe BHSBJIEHO, L0 JOOpe
Y3rOJKY€EThCS 13 BI/IMlpﬂHI/IMI/I HaM# rnKHOMeTpOM AccuPyc 1330 3HaueHHsIMU TyCTHHU:
p = 6,05(3) r/eM’, a pegc = 5,98 r/em’ (Tabm. 2, [24]), Ta mOB’s3aHE i3 HAABHICTIO Yy
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cronyni HesHauHoi Kimpkocti #omiB Ce'’, yHacmizok 4oro MoximBe 30iTbIICHHS
aHloHHOT yacTiHU crionyku. Atomu bopy y bop-KapboHnoBux rpynax nos’si3asi 3 ABoma
atomamu KapOoHy i 9acTo 3HaXoIiThCs B ehopMOBaHOMY KyOi 3 aTOMIB MeTalliB, TO/I
sk aroMu KapOony posmiieni B oktaenpax [R4B;] uu [RsB]. Okpemi aromun Kapbony
3HAXOJIATHCS B OKTaeApax 3 aroMiB R. HalikopoTii MiXkaTOMHI BiZTali: Ocey-ces = 3,941(2);

Ocet-c7 = 2,48(1); Oceross = 2,73(2); Oi-c2 = 1,48; dgips = 1,62(5)A~

Tabnuysa 3
Kpucranorpagiuni xapakTepucTUKHM, 1eTaji 3HIMAHHSA Ta YTOYHEHHACTPYKTYpH cnoyku CesB,Cs
dopmyna CesB4Cs
IIpocroposa rpyna Pna2,
Cuwmgon [lipcona, Z oP112,8
ITapameTpu KOMipKH
a, 24,536(1)
b, A 8,5041(4)
¢, A 8,5458(6)
06’eMm enemenTapHoi Komipku, A’ 1783,1(1)
Oo6uncneHa rycTusa, r/em’ 5,989

Koedimient agcop6uii, cm™
Posmip kprcTana / MM
BumpomiHioBaHHS 1 JOBXXHWHA XBHII, A

Judpakromerp

24,938
0,15x0,11x0,07
Mo-K,;0,71073
STOE IPDS II

KinpkicTh yTOUHIOBAaHHX ITapaMeTpiB 255
YTouHeHH] F
20 1ax T2 (SINO/A) pax 71,0; 0,714
h k1 —35<h <34
-12< k<10
-12</<12
3aranpHa KiJIbKICTh BiIOUTH 16141
KinpkicTh He3aIeKHUX BIIOUTH 5187 (Ryy=0,071)
Kinbkicts Binouts 3 1,>20(1,) 4319 (R;=0,055)
®akrop po3dixkuocTi R (R, Bci BinouTTs)” 0,0535 (0,066)
WR, (WR, Bci BinburTs) ° 0,120 (0,124)
Smo F*: 1,12
APrnax T2 Apin (€ A7) —2,21; +3,62
ITporpamu SHELXL, WinGX

* R(F) = [Z(|F|-[F ) V/Z[F,|
® WR(F?) = [Z[W(F,-F )YE[w(F,2)*]]"% [w = 6% (F,)*+(0,0403)*+63,25P], ne P = (F,>+2F>)/3

Po3paxoBani y [24] edexruBHi MarHiTHi MoMeHTH st atoMiB R = Ce—Nd y cnionykax
pany RsB4Cs cBimgars npo ixHiil cTyninb okucHeHHs +3. OTXKe, 3 ypaXyBaHHSIM CTYIEHS
oxucHenns Lepito, Bop-Kap6onoBux rpym Ta i3oaboBanux aromiB KapOoHy, po3paxoBa-
HUX y po6orTi [29], cknan cnionykn CesB4Cs MokHa i1eai30BaHO ONMCATH 130€JIeKTPOH-
1010 (popmy1050 (Ce)4o(CH)4(BC)4(B3Cs )4(B4C¥)4 16, TIpoBeseni mocmimKeHHs
(I3UYHKX BIACTUBOCTEH MiATBEPMIIH 11 METaJIuHI BIaCTHBOCTI [24].
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Puc. 2. Ipoexuis kpucraniunoi ctpykrypu cnonyku CesB4Cs Ha uiomuny xz (2) Ta OTOUSHHS 3
atomiB Llepito Bop-Kap6onosux rpyn B;Cs (6) Ta B4C, (8), BC, (1) i aromis Kap6ony (n).

Tabnuys 4
Koopannatu Ta i3oTponHi TeniioBi napamerpu atomiB y cTpykrypi CesB,Cs
AToM | X | y | z | Uiso

Cel 0,80386(4) 0,43345(14) —0,00124(13) 0,0179(2)
Ce2 0,80276(4) 0,04269(15) 0,79239(12) 0,0175(2)
Ce3 0,79894(4) 0,23969(14) 0,40677(13) 0,0184(2)
Ce4 0,82039(4) 0,83340(13) 0,19926(15) 0,0202(2)
CeS 0,80285(4) 0,63478(14) 0,59937(13) 0,0200(2)
Ceb 0,56229(4) 0,44868(13) 0,40562(12) 0,0168(2)
Cc7 0,55852(4) 0,04703(14) 0,59415(13) 0,0170(2)
Ce8 0,58077(4) 0,84112(14) 0,19903(15) 0,0195(2)
Ce9 0,54936(5) 0,24696(15) 0,98809(13) 0,0194(2)
CelO 0,56605(4) 0,64296(13) 0,78911(12) 0,0167(2)
Cl 0,4065(8) 0,465(2) 0,593(3) 0,024(4)

C2 0,4123(9) 0,045(3) 0,382(3) 0,024(4)
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Saxinuenns maobauyi 4

AToM | X | y | z | Uiso
C3 0,2019(8) 0,465(3) 0,801(3) 0,025(4)
C4 0,3016(9) 0,363(2) 0,110(2) 0,023(4)
c5 0,0850(7) 0,353(2) 0,304(2) 0,014(3)
C6 0,4092(12) 0,256(3) 0,994(3) 0,033(5)
Cc7 0,2028(7) 0,065(3) 1,003(3) 0,022(4)
C8 0,1974(7) 0,265(3) 0,400(2) 0,018(3)
c9 0,0745(6) 0,159(2) 0,700(2) 0,016(3)
C10 0,3064(8) 0,161(3) 0,699(3) 0,026(4)
Bl 0,5277(8) 0,937(2) 0,8902(19) 0,005(4)
B2 0,1426(8) 0,036(2) 0,013(3) 0,009(4)
B3 0,9683(9) 0,048(2) 0,598(3) 0,012(4)
B4 0,0231(8) 0,369(3) 0,290(3) 0,010(4)
B5 0,1430(9) 0,485(3) 0,828(3) 0,021(4)
B6 0,3597(10) 0,333(4) 0,053(3) 0,030(5)
B7 0,1373(10) 0,309(3) 0,369(3) 0,023(4)
B8 0,5150(7) 0,366(2) 0,688(3) 0,018(4)

BucHoBkn

Ha ocHOBI aHami3y MiKpOCTPYKTYp Ta pe3yJIbTaTiB PEHTTEHIBCHKOi CIIEKTPOCKOIIII i
peHTreHo(ha3oBoro aHanizy o0y JOBaHO 130TEpMIUHHHN Mepepi3 JiarpaMu CTaHy CUCTEMH
Ce—B-C mpu 1270 K, Ta ms obmacti Bume 60 at. % Ce — mpu 970 K. Tlpu mocmimkeHIX
TeMIepaTypax i BAKOPUCTaHIi METOAMII OTpuMaHHs 3pa3kiB B cuctemi Ce—B—C ineHTH-
¢ikoBaHO 9 TepHAPHUX CITONYK, UIA 7 3 IKUX OYyJIO JOCHTIMHKEHO KPUCTATIYHY CTPYKTYPY.
Yci TepHapHi CHONYKH YTBOPIOIOTHCS B 00macti 14—42 art. % Ce. Yuepiiie BUABICHO JIBi
HOBI cronmyku ~CeyB;Cj3 Ta ~Ce7ByCsy, SKI YTBOPIOIOTHCS 3 HAHOUIBIIAM BMICTOM
Kapbony cepen Bimomux 6opokap6inis P3M. Brepiie Bi3HaueHO 00JaCTh TOMOT€HHOCTI
i ¢asu 31 crpykrypHuM tunom LasB,Ce, sxa ommcyerscs dopmynoro: Ces(BC),
(7,8 <x<9,0) i cynpoBOmKyeThCs 3MiHOI0 00’ €My KpUCTamiuHoi rpatku i 842,66(2) A’
10 879,70(3) A’. Kpucraniuny ctpykrypy cronyku CesB4Cs BHBUEHO METOIOM MOHO-
KpHCTaly i, IPU [IbOMY, HE BUSIBJICHO BIIXHMJICHHS BiJ CTEXiOMETPii.
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SUMMARY

Volodymyr BABIZHETSKYY, Mykola HEMBARA, Volodymyr LEVYTSKYY
PHASE EQUILIBRIA IN CE-B-C SYSTEM AT 1270 K AND 970 K

Ivan Franko National University of Lviv,
Kyryla and Mefodia Str., 6, 79005 Lviv, Ukraine
e-mail: v.babizhetskyy@googlemail.com

The solid-state phase equilibria in the Ce-B-C system were investigated using X-ray diffraction,
metallography and microprobe analysis. The region up to 60 at. % Ce was studied at 1270 K, whereas the Ce-
rich corner, due to the generally lower melting points, was investigated at 970 K. Nine ternary compounds have
been detected. The existence of CeB,C,, CesB,Cs, CesB4Cs, CesB,Cs, CeBC, CeB,C and Ce;(ByCi, was
confirmed. Two new ternary compounds ~Ce4B;C; and ~Ce;ByC;4 have been found. The phase CesB,Cs has a
broad homogeneity range, described by the formula: Ces(BC), (7.8 < x <9.0). The orthorhombic phase
CesB4Cs was determined from X-ray single crystal data: space group Pnra2,, Z = 8, a = 24.536(1),

b=8.5041(4), c = 8.5458(6) A, R, = 0.053 (wR, = 0.12) for 4319 reflections with 7,> 26().

Keywords: borocarbide, crystal structure, ternary phase diagram.
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Buguerno ennug ghizuxo-ximiuHux xapaxmepucmux po3uuHHUKi6é Ha Koepiyicumu po3nooiny
XAOpOpeaniuHux CHOIYK (Ouxaopemany, xiopnponawny, I1-xaop-2,3-enokcunponawny, mempa-
XTIOpemary i mpuxiopemuiery) Midc OpeaHiuHow azor i 600010 05 pady eKCmpazeHmis.
Maxcumanvhe 3uauenns xoeghiyicumy po3noodiny cnocmepicacmocsa Onid apoOMAMudHUx
CHOMYK, a HAUOLIbWUL BHECOK 6 T020 BeIUYUHY HAOAE HEeCNeYupiuHa corbeamayis MOLeKyl
3a paxyHoK NOApU3aYii excmpazexmy.

Knrouosi cnosa: pisuanna Konnenrs—Ilanoma, 6azamonapamemposi pieHAHHA, pO3SYUHHUKU,
XIOPOP2AHIYHI CROTYKU.

lanorennoxiaHi ani(bamqﬂnx BYTJICBOJIHIB MalOTh SICKPABO BUPAXKEHY (bi3ionoriqﬂy,
B T.4. HAPKOTHYHY Ait0. B TO# e wac iM BiacTWBa 1 YiTKO BHpa)KeHA TOKCHUYHICTb.
BinzHayeHo npurHiuyody Jiro XjaopodopMmy 1 AUXIOpETaHy Ha ceple, IOIIKOJHKEHHS
i1 €10 TEeTpaxJIOpMETaHy 1 AUXJIOPETaHy Me4iHKH, HUPOK, L[EHTPAIbHOT HEPBOBOT CHC-
TeMu 1 iHme. (s OibIIOCT] raJloreHaIKaHiB XapakTepHa TaKoX 1 aHTHI'€IbMIHTHA s
[1]. Lle npuBeno 10 3aMiHM iX SIK AHECTETUKIB 200 XOJIOJOAreHTIB (XJIOpMEeTaHy) OlIbII
0e3NeYHNMH PEUOBHHAMM.

I'pann4HO momycTHUMI KOHLEHTpALIl IUX CIIONYK Y BOJI JOCTaTHHO HU3BKI — TETpa-
xnopmerany — 0,006, 1-xmop-2,3-emokcunponany (emxnoprmpHHy) — 0,01, muxmop-
erany — 0,02, xsiopopopmy — 0,06 mr/n [2, 3]. Bci Bonn BimHOCSTCS 110 JIpYroro Kjuacy
unebesneku [2, 3]. BogHouac mesiki i3 HuX (0COOJIMBO TeTpaxjopMeTaH 1 IUXJIOPETaH)
IIPOJIOBXKYIOTh BUKOPHUCTOBYBATHCS B SIKOCTI PO3YMHHHUKIB JKHPIB, JIaKiB 1 iH. BHacmigok
LOT'0 MOXJIMBE 3a0pyJHEHHS HUMH SIK CTIYHHX, TaK 1 IPyHTOBUX BOJ, L0, HE JUBIIYHCD
Ha TUIBKH He3HauHy po3umHHIcTH y Boui (CH,Cl, — 2,2; CHCl; — 0,82; CCly — 0,097;
nuxsoperad — 0,9 /100 mit), MOXe IPUBECTH 10 CUIBHUX OTPYEHDb )KUBUX OPraHi3MiB.
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BararouncenbHi ranoreHopraHiuHi CIOJIYKH YTBOPIOIOTHCS TAKOX IPH 3HE3apaKyBaHHI
MTUTTEBOT BOAM XJIOpYBaHHM [4, 5].

ToMy BaIMBHM € BU3HAUEHHS CTYIICHs 3a0pyAHEHHS BOJIM I'aJIOr€HBYIJIEBOIHIMH.
Be3cyMHIBHO, HAW3PYYHIIINM METOIOM s IIHOTO BU3HAYEHHS € Ta30piAMHHA XPOMaTo-
rpadis [6]. [IpoTe, BpaxoByIOUM TUIBKH HEBEIHMKY KiJIbKICTh 100aBoK (MakcumyMm 0,1 —
1 %), a Tako)X HEMOXJIMBICTb BUKOPHCTaHHS OLIbLIOCTI Xpomarorpadiunux ¢asz mis
po0OTH 3 BOZHUMH PO3UYMHAMH JOLIBHO OyZe MOIepeHbO KOHIEHTPYBAaTH PO3YMHEHI
Y BOJIi TaJIOreHOBYTJIEBO/IHI IISIXOM €KCTPaKIlii X y BOZOHEPO3UMHHY OpraHiuny ¢asy.
BuHukae nuTaHHs SK Mig00py HAHNPUIATHIIINX €KCTPAreHTiB, TaK 1 IPUPOH BIUIUBY iX
¢bi3uKo-XiMIYHMX BJIACTUBOCTEW Ha KoediuieHT po3moxainy K. 3 Ii€0 MeTow Hamu
PO3MJSIHYTI JaHi poOoTH [7] MO PO3MOALTY JCSKHX HHUINHAX TaJlOreHBYIJICBOJIHIB MiXK
OpTaHiYHAMH PO3YMHHHKAMH 1 BOJOIO. MaKCHManbHE YHUCIO EeKCTpareHTiB — 23 —
JOCTIDKEHO Ui auxyiopeTany (Tabum. 1). Slk BugHO, MakcuMasbHe 3HaueHHs K crocTe-
piraeThbCst 111 apOMaTHYHUX CIIONYK, OCOOMMBO OEH30IIy — B JCKIIbKa pa3iB BUIIE, HiXK
Ui napadiHOBHUX BYIJIEBOJHIB 200 BUINUX CHUPTIB. [IpoTe BIAKPUTHM 3aJIMIIAETHCS
MMUTaHHS, SIK BIUTUBAIOT HA Benu4nHy K (hi3MKO- XeMiuHi XapaKTepPUCTHUKH CaMUX €KCTpa-
reHTiB. B mpoueci NMpOHMKHEHHS MOJIEKYJl €KCTparoBaHOi PEYOBHHH B EKCTPareHT
pealizyIoThCsl PI3HOTO THITY COJbBATaIliiiHI B3aeMomii, i, IK paHime mokaszaHo [8], ix
cyMmapHHui e(heKT MOXKHA KITBKICHO ONMUCATH HA OCHOBI NMPUHIIMITY JIIHIHHOCTI BUTBHUX
EHEpriil 3a JOIMOMOroK OaraTomapaMeTpoBHX piBHAHB. ToMmy mpuBeneHi 3HadeHHA K
OyJIi HaMHM y3arajbHEeHI PeKOMEH/I0BaHUM B [8] mecTunapaMeTpoBUM PiBHSHHSM:

lg K =ag+ a, (n*=1)/(n* +2) + a; (e-1)/2e +1) + a3B + aEy + asd* + agVm, (1),

B SIKOMY TOJIspH30BaHicTs f(#1°) i monapHicTs f(€) PO3UMHHMKIB BU3HAYAOTH 1X 31aTHICTH
J0 HecrnienudiyHol cosbpBaTauii cyOcTpary, OCHOBHICTD B 1 enekTpodinbHicTh £, Binno-
BiTHO 3/aTHICTH 1O crieru(iuHoi (KHCIOTHO-OCHOBHOI) B3a€MOIii, KBagpaT mapamerpa
po3unHHOCTI [ibaeOpanaa & nmponopuidHUA eHeprii Koresii eKCTPareHTiB 3 MOJBHUM
o0’emoM V.

VY3aranpHeHHs 3HaueHb K sl BCiX 23 eKCTpareHTiB NPHUBOJIUTH JIO BUpa3y 3
HEe3aJ0BUIPHO HU3BKUM KoedilieHToM MHOXHHHOI Kopemsnii R = 0,8714. Haii6inbmie
BIIXWISIOTBCS JaHi JJIs JAMI30IPOINUIOBOrO edipy, Mo 3p03yMijo, BPaxOBYIOYH HOTO
3HAaYHy PO3YMHHICTH Yy BOZi. BukimtodeHHs, 3rigHo [8], HAlOLIBII HEY3TOMKEHUX TaHUX
JUIsl HBOTO, & TAKOXK aHUIIHY 1 qUOYTHI(TANATY H03BOJISIE OJIepIKaTH LIECTHIIAPAMETPOBE
piBHsHHS 3 R = 0,9798, ske amexkBaTHO omwcye 3B’s30Kk MK K I BiIIOBITHHX
€KCTPAreHTiB 1 IX XapaKTepUCTHKAMHU

lg K =~ 0,5930 + (10,0045 + 0,9305) £ () — (1,2853 + 0,3866) f (€) +

+(0,0009 £ 0,0002) B — (0,0107 + 0,0058) E, + (0,0012 = 0,0004) 8*
—(0,0021 = 0,0003) Vi, ©)
R 0,9798; S +£0,0602

Jlnst BU3HAYEHHSI 3HAYMMOCTEH BIUIMBY OKpeMHX (akTopiB (4ICHIB piBHSHHS) Ha I1gK
MPOBEACHO MOYEProBe iX BUKIIOYEHHS. TakuMM YHWHOM, BCTAHOBJICHO HE3HAYMMICTH
BIUIMBY Ha Mpolec ekctpakiii dakropis enexktpodiabHOi cosbpBaTaii i eHeprii koresii.
ToMy afgexBaTHHI TaKOX BUpPa3:

lg K =—0,8785 + (11,0700 £ 0,9885) f (n*) — (1,2835 + 0,2691) f (¢) +
+(0,0009 + 0,0002) B — (0, 0021 + 0,0004) V;, 3)
R 0,9714; S +£0,0715.
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Tabnuys 1
KoegiunieHTn po3noginy Aux/jopeTany Mizk opraHiYyHMMu pO34YMHHUKAMM i BO10I0
o lgK
Exctparent K AlgK

3/n Exkcniepument PozpaxyHnok

1 n-I'entan 18,75 1,2730 1,1774 —-0,0956
2 n-Jlexan 15,47 1,1895 1,2078 0,0183
3 I'excanexan 13,02 1,1146 1,1214 0,0067
4 Benzon 93,17 1,9693 1,9274 -0,0418
5 o-Kcunon 75,04 1,8753 1,8880 0,0127
6 m-Kennon 81,05 1,9088 1,8598 —-0,0490
7 Erun6enszon 69,02 1,8390 1,8262 -0,0128
8 2-¢eninnpomnan 53,33 1,7270 1,7806 0,0536
9 H-ByTunoenson 47,62 1,6778 1,7397 0,0620
10 Huxnorekcan 20,47 1,3111 1,4706 0,1595
11 Tpuxiioperuiien 62,15 1,7934 1,6757 —0,1178
12 Terpaxnopmeran 46,53 1,6677 1,6933 0,0256
13 Xaop6eHsou 75,02 1,8752 1,8477 -0,0274
14 Jubytunosuit edip 18,05 1,2565 1,3394 0,0829
15 Juaminoswuii edip 31,86 1,5032 1,3465 -0,1567
16 Bensannaeris 88,48 1,9468 1,9908 0,0440
17 H-OKTaHONI 19,21 1,2835 1,3146 0,0311
18 n-Honanon 20,58 1,3134 1,3132 —-0,0003
19 H-JlexaHon 19,25 1,2844 1,3133 0,0288
20 Hitpobenson 82,75 1,9178 1,8940 —-0,0238
21 JuGytundranar 57,65 1,7608 1,3022 —0,4586
22 AHILTIH 63,32 1,8015 2,4571 0,6555
23 JuizonpomninoBuii edip 44,06 1,6440 1,1677 -0,4763

BigHocHO Mano3HauMMUil TAaKOXK BIUIMB OCHOBHOCTI — NPY BUKJIIOYEHHI WwieHa 3 B R
OTPUMAHOTO TPHUIIAPAMETPOBOTO PIBHAHHS 3HIDKYy€eThCs nume 10 0,9483.

B Tabmuni 1 Hamu mpuBeneHi eKCIEpUMEHTANIBHI 1 po3paxoBaHi 3HaueHHs 1gK, a
Takox ix BiaxwuieHHs AlgK. SIk BumHO, OunbinicTh BinxmieHb AlgK BXOJSTH B KOPHIOP
moxubok s = +0,0715 abo TUTPKM HE3HAYHO MEPEBHIIYIOTh HOTO. 3pO3YMUINM € T€, IO
naHi st puOytundTanary, aHliHy 1 AUI30MponijoBoro edipy BHKIOUAIUCS i3 po3pa-
XYHKIB.

AHAIOTIYHO, TaKOX AaHi 0 K pO3MOIiTy psdy IHIIUX TaJOTCHIIOXITHUX MOXYThb
OyTH aJeKBaTHO y3arajibHeHi 3a noromoroto piBHsHHS (1). Bimnosigni 3HadenHs K
IpuBeeHI B Ta0I. 2, a y3araJbHIOI0Ui TIOBHI 1 CIIPOIIEH] PiBHAHHS HIKYE B TEKCTI.

Xnopnponan. Jlani miist 25 po3UMHHUKIB y3araJibHIOIOTHCS PIBHSAHHSIM 3 HE3aJ0BLIBHO
HU3bKUM 3HadeHHsM R = 0,8099, mpoTe micis BUKIIOYCHHS i3 PO3TIAAY JaHUAX IS
oyt Tanaty it ntuaminoBoro edipy, qaHi SIKMX HAHOUIbIIE BIAXWIAIOTHCS, OJIEPKaHO
BHpa3 (4) 3 JOCTaTHHO BUCOKHAM 3HAUYCHHSIM R:
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lg K=—2,6177 + (11,1513 £ 1,3677) £ () — (3,3745 + 0,4439) f () —
~(0,0047 = 0,0004) B + (0,1324 = 0,0175) E, — (0,0039 £ 0,0009) 8 —  (4)
~(0,0031  0,0003) ¥,
R 0,9740; S = 0,0548.

Tabauys 2

KoediunienTn posnoainy xinopnponany (I), enixaopriapuny (II), rerpaxjopmerany (III) i
Tpuxjaoperuieny (IV) mixk opraHiuHUMH PO3YMHHUKAMU i BO10I0

o Koeoiuient poznoainty
Po3unHHKK

3/ I | un | m v

1 I'ekcan 147,4 1,030 120,0 452.,0
2 n-I'eniran 121,9 0,598

3 n-OKTaH 113,4 133,0 398,0
4 n-Honan 95,9

5 n-Jlekan 89,7 0,734 111,0 360,0
6 Texcanmekan 58,5 0,590 81,0 318,0
7 Iluknorekcan 174,7 1,240 125,0 525,0

8 Benzon 348,5 9,940

9 Tonyon 2694 521,0 870,0
10 Etun6enzon 237.5 5,280 279,0 754,0
11 Xiop6eH3ou 293.9 8,100 415,0 818.,0
12 Bpombenson 8,440

13 Hitpobenson 180,2 10,840

14 AMino0OeH3011 70,4

15 Mertokcubenzon (aHizom) 10,810

16 I3onponindenson (Kymod) 6,280 195,0 661,0
17 m-Keummon 2599 5,280

18 o-Kcunon 239,5 6,370

19 n-Kenmon 258,6 5,530 343,0 898,0
20 Terpaxsopmeran 278,4 1017,0
21 Tpuxmnoperuiex 338,6

22 H-OKTaHoI 85,2 2,180 135,0 340,0
23 n-Honanon 80,4 1,510

24 n-Jlexanou 80,7 1,590

25 MuaminoBuii 3¢ip 144,7

26 Benzanpnerin 134,7

27 n-bBytunanerar 253,5 10,640 202,0

28 Jubytundranar 119,3 6,670 242.0

29 Jexanin (cymirr) 0,999

[Tic/s BUKITIOUEHHS BiTHOCHO MAI03HAYMMOTO TTAPAMETPy I'YCTHHH eHeprii Koresii o
OyJI0 OTPUMAHO TaKOXX ajeKBaTHE pIBHSHHS (5), OCTaTHHO TOYHO Y3arajbHIOKYe
mpuBeJIcHi B Ta01. 2 BennuuHu K
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lg K =— 0,4863 + (5,9648 + 0,9606) f (1) — (2,5801 + 0,5572) f () -
—(0,0034 £ 0,0004) B + (0,0664 + 0,0126) E, — (0,0026 £ 0,0003) V;n, (5)
R 0,9505; S = 0,0752.

1-Xnop-2,3-enoxcunponan (enixaopeiopun). JIns 21 po3unHHAKA OIep>KaHO BUpa3 3
R =0,9199, a miciis BUKIIFOUCHHSI TaHUX JJIs1 O€H30M1y 1 OyTHIIalleTaTy aJeKBaTHHUI BUpa3

(6):

lg K =— 4,515+ (21,5727 + 2,4501) f (n%) + (4,0049 + 1,3973) £ (¢) — (0,0017 +
0,0011) B +(0,0312 + 0,0324) E, — (0,0099 £ 0,0019) & — (0,0024 £ 0,0006) Vi,  (6)
R 0,9687; S £0,112.

[Ticnst BUKITIOYEHHS! MaJIO3HAYMMUX MapaMETPiB OCHOBHOCTI 1 MOJISIPHOCTI OJIEpKajH
piBastHESA (7):

lg K=—6,1753 + (23,0823 + 2,8343) f (n%) + (0,0871 + 0,0206) E,
—(0,0077 % 0,0020) &> — (0,0022 + 0,0007) V,, (7)
R 0,9536; S + 0,2608.

JUis ABOX IHIIMX TaJIOTEHOBOJHIB TakoX OyIM ofepskaHi 3a/I0BUIBHI y3aralbHEHHS,
HC3BaXXarw4dyu Ha TC, IO AJIsI HHUX eKCHepl/IMeHTaﬂbHi 3HAYCHHA K BI/I3Ha'-IeHi JJIA
MEHIIIOT0 YHCJIa €KCTPAreHTIB.

Tempaxnopmeman. 1nst 13 exkcrparentiB R = 0,9148 i miciis BUKIIIOYCHHS JaHUX JUISI
KyMOJIy:

lg K=-1,5762 + (15,7638 + 2,3935) f(nz) +(0,3454 £ 0,7510) f (¢) +

+(0,0008 £ 0,0007) B + (0,0637 = 0,0310) £, — (0,0078 £+ 0,0020) & —
—(0,0019 £ 0,0004) V,, (8)
R 0,9685; S +£0,0638.

[Ticnst BUKIIIOUSHHS! MIO3HAYMMUX IIapaMeTPiB OCHOBHOCTI B 1 MOJSIPHOCTI € O/1epKajn
piBHsHHSA (9):

lg K=—2,0116 + (15,9575 + 2,1591) f (n?) + (0,0826 + 0,0188) E, —
—(0, 0081 % 0,0019) 5 — (0,0021 + 0,0003) V,p, 9)
R0,9651; S +0,0671.

Tpuxnopemunen. [Insg 12 ekcTpareHTiB JaHi y3aralbHIOIOTHCS MIECTHUIIAPAMETPOBUM
PIBHSIHHSIM:

lg K = 0,4815 + (5,7923 + 1,7424) f (n%) — (2,5275 + 1,3906) f (¢) —
~(0,0019 £ 0,0015) B + (0,043 + 0,0418) E, — (0,0005 + 0,0012) &> —
—(0,0017 % 0,0003) Vp, (10)
R 0,9708; S + 0,0440.

[licns BUKIIOYEHHS WICHIB, fKi HE3HAYHO BIUIMBAIOTH HA IIPOLEC EKCTPAKLil
(dbaxTopu enextpodinbHOi compBaTauii E,, ocHoBHOCTI B i sHeprii koresii o°)
onepxkyemo piBHsiHHSA (11):

lg K = 1,8373 + (5,0886 + 0,6883) f (%) — (0,7782 + 0,2058) f () —

—(0,0018 = 0,0003) Vi, (11)
R 0,9644; S = 0,0485.



3AJIEXXHICTb EKCTPAKTUBHOI'O KOHLUEHTPYBAHHA JESAKNUX 'AJJIOTEHOBOJHIB BI/J] ... 35

[Ipu po3riisiii OepKAHUX PIBHSHD, SIK MOBHUX, TAK 1 COPOIICHUX, HAMHU BiJ3HAYEHO
iX OAHOTUIHICTB. JIJIsl BCIX IT’SITH CIIOJNYK BU3HAYAIOUOIO 1 CHPUSOUOIO iX KOHIIEHTPY-
BaHHIO OPraHigyHOK ()a30l0 € 3/IaTHICTh CKCTPAreHTIiB JO HecheludivyHOi conbpBaTaIii,
sKa BU3HAYAETHCS 1X MOJSPU3OBAHICTIO, 1110, HMOBIPHO, OOYMOBJICHO IIiJIBUILEHOO
nonsipuzoBanicTio 38’s3ky C — Cl rajoreHoByrIeBoHIB. B Toif jke yac i3 30UTbIICHHIM
MOJIBHOTO 00’€MY €KCTpareHTiB 3MEHILYEThCS iX eKCTparyroua 3JaTHiCTh (3HaK “MiHyc”
npu wieHi 3 V). B OurbimocTi BUMaAKiB Crpusie eKCTpaKLii raJoreHOBYIJICBOAHIB i
3IATHICTh €KCTPAreHTIB 10 cnenudidaoi enekrpodiapHOi conbBaTamii. Edexr ix ocHOB-
HOCTI MPOTHJIEKHUM — 38 BUKIIOYCHHSIM JHUXJIOpeTaHy. TakuM YWHOM, y3arajbHEHHS
3HaueHb KOe(IIEHTIB PO3MOALTY I'aJOr€HOBOJHIB MK OpraHIYHUMHU PO3YMHHHKAMH 1
BOJIOIO0 HA OCHOBI IPUHLMITY JITHIHHOCTI BUIBHUX €HEPriid 103BOJISIE OTPUMATH HE TiIBKU
y3araJpHIOIOYE PiBHSHHS, ajie 1 3pOOUTH BiAIIOBiIHI BUCHOBKH MO0 XiMi3My B3aeMOIii
KOMIIOHCHTIB.
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3a oonomocoro yrempaghionemogoi cnekmpockonii 00CHiONCEHO KIHEMUK)Y O0CAONCEeHHS!
NOMIAHINIHY Ha NoxiemuneHo8i ma noiiemuienmepepmanamui niOKIAOKU-mampuyi in situ
6 npoyeci OKUCHEHHS AHINIHY AMOHI NEPOKCOOUCYTIbAPATMOM Y B00OHUX POSHUHAX YUMPAMHOT
Kuciomu. 3a pesynomamamu O0CIONCEHHA BCMAHOBIEHO, WO KIHeMUYHI KpUsi Popmysanis
Ni6OK NONIAHINIHY Ha 2i0pogoOHitl (noriemunen) ma 2iopoginebhitl (noaiemunenmepe-
¢manam) nonimepHux nioKIAOKaAx-mampuyax mawoms S-nolioHuil xapaxkmep. Peaxyis
OKUCHEHHs aHininy € agmoxamanimuynoro. Ilokazano, wo npupooa nogepxui nioKIaoKu-
mMampuyi 8nIUGAE HA KIHEMUKY (DOPMYSAHHS | MOBWUHY NAIBOK NONIAHINIHY, A MAKONC
CMPYKMYpy MAKPOMOLEKYl NOMAHiiHY. [{oCHi0HCeHHAM KiHemuKy 0e00ny8aHHs NOMIAHIIHY
6 11020 NNIBKAX HA NOGEPXHI NIOKNAOOK MAMPUYs 6CIMAHOGIEHO, WO Yyell npoyec npomikae
HAO036UYALIHO WBUOKO, 6KA3VIOYU HA HAHOCMPYKMYPOBAHICMb NONIAHINIHY 6 11020 NAIBKAX
Ha nioknaokax. 3a80aKu 63aemo0ii NiOKIa0Ka — AMiNiH — YuMmpamua KUCioma — ROAIAHINIH
Gopmyromuca azpecamu MaKpomonekys, 2010810, HaHOPIOpuabHOL Mopgonoeii 3 eepmu-
KaNbHUM  WIMKONROOIOHUM  6NOPAOKYSAHHAM. JIIs1 OOCHIOMNCEHH OMPUMAHUX 3DA3Ki6
BUKOpUCIAAU YIbMPA  Pionemosy-uouMy CneKmpocKonilo ma CKauyloyy eIeKTPOHHY
MiKPOCKOIIiO 3 pEHTTCHIBCbKUM MiKpOaHaTIi30M.

Kniouosi cnosa: nonianinin, noniemunen, noniemunenmepegpmanam, niieKu, cmpykmypa,
KiHemuxa ¢opmyeanHs, KIHeMuKa 0e0ony8anHs, MOp@oao2is.

1. Beryn

[omianinin (ITAH) € oHMM 3 BaXJIMBHX 1 MEPCHEKTUBHHUX MPEACTABHUKIB €JIEKTPO-
npoBimaux monimepiB (EINIT) 3aBasku Horo yHIKAIEHAM BIACTUBOCTSIM, TAKUM SIK OKACHO-
BIJJTHOBHI IEPETBOPEHHSI, BUCOKA ITUTOMA EJIEKTPOIIPOBIIHICTh, €KOJIOTYHA CTA0UIBHICTD,
a TakoXX HU3bKa BapTICTh BUXIAHMX PEYOBMH 1 mpoctora cunTtedy [l]. Omnak, [TAH
BOJIOZi€ IIOTaHUMH MEXAaHIYHHMH XapaKTEePHCTHKAMHM, 110 MPAKTHYHO YHEMOXKIIHMBIIIOE
CTBOPEHHS TOHKHMX €JaCTHYHUX IUTIBOK. J[Is yCyHEHHs 1IbOro Henoiiky ruiiBku [TAH
(GbopMyIOTh Ha PIZHOPO3MIPHHX IMiJKIIAJAKAX-MATPHISIX HEEJICKTPOIPOBIAHUX MOJIIMEpIiB
pi3HOi mpupomu [2, 3]. JocuTs 4acTo SIK MiTKIAAKU-MaTpULi I HAHECEHHS IUIIBOK
ITAH in situ BUKOPHCTOBYIOTh BEIMKOPO3MIpHI MiAKNIaAKHU 3 IMoJieTuieHTepedranary
(ITET®), nomieruneny (I1E) i pimme anerary nemonosu (ALln) [3]. Ocamxenns ITAH
MPOBOASATH Y MPOIEC OKUCHEHHs aHiliHy (AH) in Situ pI3HUMU OKUCHUKAMHU Y BOJHHX
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pO3YMHAX KHUCIOT 3a HASBHOCTI MigKIagKku-MaTpulli. [TAH HaHOCATH Ha MOJIMEpHI
MiIKIAAKA K 0e3 MomepeHbOi MiATOTOBKH IXHBOI IMOBEPXHI, TaK i3 MiATOTOBKOIO.
[MinroToBKy MOBEPXHI MOJIMEPHUX IMiAKIAIOK MPOBOJIATH SIK JJIsI OYMIIICHHS BiJ] 3a0pYIHCHB,
TaK 1 4yt Kparoi aaresii wiiBok [TAH 10 momiMepHux miakiaamok [4—8]. Taka miaroToBka,
0co0muBO (pi3ryHa YU XiMiYHA, BKIFOYAE 1HOJI TOCHThH 0arato pisHOMaHITHUX cTauiid [3].
[Tix gac cunTesy I1AH BinOyBaeThCs OAHOYACHO HOTO OCAKEHHS Ha ITiIKIaIKaX-MaTpH-
X 1 B po3umHi. Jyist 3MilIeHHs poriecy OcaKeHHs 3 00’eMy PO34YHMHY Ha MOBEPXHIO
MIIKIAI0K JOCUTh BOKIMBUM € PO3YMIHHS MexaHi3My (opmyBaHHs 1m1iBok [TAH Ha pi3-
HUX miaknankax [1]. g nporo BakiMBe 3HAUEHHS MAlOTh KIHETHYHI JOCIIDKEHHS
¢dopmyBanHs iiBok [TAH Ha migknaakax pizHoi npupoau. OfHak, 1o wid npodiemi
HEMa€ CUCTEMHHUX JOCHI/DKEHb. 3HaHHS KIHETHKH OCaPKeHHs IUTBOK [IAH Ha pi3HHX
MTOBEPXHAX BIIKPHUBA€E MOKIIMBOCTI PETYIIOBAHHS TOBIIUHH i MOP(OIIOTii yTBOPIOBAHUX
wapiB [TAR. 1li 3HaHHS € (byH}IaMeHTaﬂbHI/IMI/I 1 y’Ke BaXXJIMBUMH 3 OISy (OpMyBaHHS
CTPYKTYPOBAHHX wiiBok [TAH, sKi 6 CTBOPIOBaJIM MOMJIMBOCTI JUISl IIBHJIKHX OKHUCHO-
BIJJHOBHHUX NepeTBOpeHb [IAH, IO € BaXJIUBHM IPH KOHCprIOBaHHl pi3HOrO pomy
ceHcopiB. ABTopH [9] mokazanm, Mo BapitOBaTH TOBIIUHY IDTBKH [IAH MOXHA IIITXOM
3MiHM KOHLIEHTpaLil aHUIiHY 1 4acy BUTPUMYBaHHS IiIKIaIKH-MaTpULl B PEaKIiHHOMY
pozumHi. s mocmimkeHHs mpotecy pocty miiBku [1AH aBTopu [10—-12] npoanamnizyBamm
KiHeTHKY ajacopOuii mist miiBok [TAH 3 BUKOpUCTaHHSM YIbTpadioseToBOi BUAMMO]
(YO®-B) cmekrpockomii. Y®-B crexkTpodoTOMETpUYHAN METOA BHUKOPHCTAHO YIS
JIOCITIJKEHHs KiHeTuKH yTBopeHHs [IAH B xoai aucnepciiinoi nonimMepu3sauii [13, 14] ta
KiHETHYHUX JOCITIIKEHb OKMCHEHHS JISHKOeMepasIbJMHOBOT OCHOBH JI0 eMEpPalIbIHHOBOT
ocHOBH [15]. @oToMeTpUUHUM METOJ SIKICHO JIOCIIJDKEHO KIHETUKY YTBOPEHHS JUCIIEPCiii
[TAH B mpani [1]. 3a gonomororo Y®-B cnekTpanbsHOTO aHaizy MOCTIIHKEHO KiHETHKY
¢dopmyBanH: 11iBoK [TAH Ha ckJIi 32 1ONIOMOTOI0 BU3HAa4YeHHsI IXHBOT ToBUIMHM [11, 16].
VY mux poboTax He 3alPOTIOHOBAHO HiSKUX KIHETHYHUX PIBHSHB JUIS OMUCY KIHETUYHUX
3aKOHOMIpHOCTE#l nepediry GopmyBanHs mIiBoK [TAH Ha MOBEPXHSIX IMiJKJIAI0K.

3 METOI0 BCTAaHOBJICHHS 3arajJIbHUX KIHETUYHNX 3aKOHOMIpHOCTEH (hOpMyBaHHS ILTIBOK
ITAH Ha miaKIaaKax-MaTPUIIX HAMH BUOPAHO JBa MOJIMEPH, a caMe Tiapodoouuii — [1E
i rigpodinpumii IIET®. Takum unHOM, y il poOOTI MM JOCITIUKYBall KiHETUKY (op-
MyBaHHS IUTiBKY [TAH Ha TOTIMEPHUX MiAKIAAKAX in Situ MIISIXOM XIMi9HOTO OKHCHEHHS
aHlTiHy 3a gonomoroio Y®-B crekrpockomii Ta ckaHylo4oi eleKTPOHHOT MIKpOCKOMiT
(CEM).

2. EkcniepuMenT

Amninin (Aldrich, 99,5 %) nepex BuKopucTaHHsM IS XiMiuHUX cuHTe3iB IIAH nepe-
raHsid 1Ipu HoHWKeHoMy THCKY 4 Topp 1 36epiranmu B armocdepi aprony mpu ~2 °C.
AmoHin nepoxcoancyan)aT (AIIC) ta untparny xucnory (LIK) — x.4., BUKOpHCTOBYBaIH
6e3 HeperI/ICTaJIISaHII Bci PO3YHHHU TOTYBAIH Ha IUCTUIBOBaHil Boxi. [TonieTniaeHoBUM
cyOcTparom Oyiia IIIiBKa MOJIIETUIIEHY HU3KOI I'YCTHHH Mapku PE-LD po3amipom 4x5 cm
3 toBmMHOK 30 MkM i rycrunoro 0,920 + 0,005 r/em’. TlomiernnentepedragaTHiIM
cyOcTparoM ciyryBajia IUliBKa po3mipoM 4x5 cm, toBumHoo ~0,1 MM, i T'yCTHHOIO
0,950 + 0,005 r/cm’ TTonimepHi cyGeTpaTy 3a3aaerias BurpuMysam y 0,05 M BogHOMY
po3unHi Any 0,5 M LK. J{ns uporo HaBaxky AH (0,465 r) pozunnsun y 80 Mi1 BOJHOTO
0,5M pozunnay LK, 3aHyproBaim B mel po34dH MONIMEpHI MiAKIAAKH, BUTPUMYBAJH
1 rox i BuitManu. OcapkeHHs TiBOK [TAH NpoBOAMIM HACTYITHUM YMHOM: IO PO3YHHY
AH onHOpa3oBo goxaBamu po3unH okucHUKa ATIC (1,875 ry 20 M 0,5 M LIK), mepemi-
LIyBaJIM, 3aHYPIOBAJIM MiJKIAJAKA 1 BUTPUMYBaJIH BHpoJOoBX Bin 30 xB mo 24 rox 3a
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temnepatypu 20 + 1 °C. Ilicisa cuHTe3y 3pa3ku Bidi MPOMHUBAIN 3aHYPEHHIM y IHC-
TWIbOBaHY Boay (2x100 mn) Bopomosxk 30 ¢ KOXHHMH pa3, CylmIMIM Ha MOBITPI Ta
nocmimpkyBanu. Otpumani 3pasku [1E/ITAH ta I[IET®/TTAH Oynu npozopumu i Maiu
HacH4eHe 3enieHe 3abappiieHHs. [lenomyBaHHA OTpUMaHMX 3pasKiB 3xiicHioBanu B 0,1,
0,01 i 0,001 M Bomuux po3umHax NaOH BIpomoBX NMEBHOro yacy, Micis NPOMHUBAIH
JIUCTUIILOBAHOIO BOJIOKO 1 cymriin Ha noBiTpi. Y®-B cnekrpu 3paskis [IETD/TIAH i
IME/TTIAn y mexax 200—1 000 HM 3anucyBaiy 3a JOIOMOTI'OIO CIIeKTpodoToMeTpa MapKu
Ulab S 108UV crocorno miiBok ITE. Mopdouorito Ta cknap mwiiBok [TAH nocmimkyBanu
32 JIOTIOMOTOI0 PAacTpPOBOTO  E€JIEKTPOHHOIO MIKpPOCKOIIa-MiKpoaHalizaTopa MapKH
PEMMA-102-02.

3. Pe3yabTaTH Ta 00rOBOpPEHH

3.1. Y®-B cnextpockomnis

Ha puc. 1 306paxeno Y®-B crnekrpu mriBok [TAH Ha migkmaakax 3 [1E ta IIET®,
(dopmMa sIKMX BiImoBinae HaBeneHid B jitepatypi [17, 18]. Jlng enekTpoHHOroO cHekTpa
[TAH BmacTuBi Tpu xapakrepuctuyHi miku npu ~330, ~420 i ~840 am B crektpi [TAH.
ik mpu 330 HM 0OYMOBIIEHHI TT—TT* TIEPEXOOM MK XIHOITHUM i OCH3CHOITHIM IUKIaAMU
[A#H. [ami nBa miku npu 420 i 840 HM 3yMOBIeHi 30y/PKEHHSIM BaJCHTHHX €JICKTPOHIB
JI0 TIOJSIPOHHOT 30HM MOJIIpoH—Tt* y mpoueci GopmyBanusa [IAH y ¢opmi nposigHoi
eMepaNbINHOBOI coii [6]. 3MiHy IHTEHCHMBHOCTEH XapaKTePHCTUYHUX IIiKiB, SKa €
mpornopiriiHoro ToBiwHI mapy [TAH [19, 20], HaMu OyJI0 BUKOPUCTAHO ISl AOCIIIKCHHS
kinetuku ocamkernas [1AH (monimepusanii An). s uporo YO-B cnekrpu (puc. 1, a, 6)
3anycyBajIM B pi3HHUI Yac nojiMepusaii (T, XB).

BizyanpHi ciocTepeKeHHS Ta aHalli3 CIEKTPiB MOTJIMHAHHS 3aCBiTIyIOTH IIPO BIACYT-
HICTh 3MiHM 3a0apBieHHS SIK PEAaKLiHHOTO PO3YMHY, TaK 1 MOJIMEPHHMX IiAKIAI0K-
MaTpHUIb BIPOAOBXK ~20 XB TICIIA 3MIIIyBaHHS PEAareHTIB, MO € O3HAKOK HAasBHOCTI
IHAYyKIidHOTO Tepioay. Tpu XapakTepuCTHYHI KM Ha CIIEKTpax MOrJIMHaHHA npu ~320,
420 i ~820 uM, ski € BaactTuBuMH 11 [1AH [17, 18], cTaloTh IHTEHCUBHIITUMH B Yaci
nepeOiry peakuii OKMCHeHHSI AH. Y CHEKTpax IOTJIMHAHHS MPOCTEXYIOTHCS JesiKi 3MIHU
(puc. 1 a, 6), 30kpema, iHTEeHCUBHICTD Tika mpu ~400 HM 3pocTae 3i 30UTBIICHASIM Yacy
ocamkenHs: [IAH, a TakoXX HPOCTEKYEThCS YEPBOHUH 3CyB mika Big ~750 mo ~800 HM
(MONAPOHHMI TIepexiJ] y XIHOIAHOMY LHWKII), SIKUM BKa3y€e Ha 301IbLICHHS JOBXUHU
CHOJIyYeHHs OCHOBHOTo mnojiMepHoro naniora [21]. CnocrepexyBani 3minn Y®-B
CIEKTPIB BiNOBIAAIOTH 3MiHI 3a0apBJIEeHHS PO3YMHY BiJl 0€30apBHOTO 10 TEMHO-3€JICHOTO.
[To 3aBepriieHHIO IHAYKIIHHOTO MEPioLy ONTHYHI I'YCTHHH 3pa3KiB 3pOCTAIOTh BIPOOBXK
60 xB 1 HaOyBarOTh NPAKTHYHO yCTAJEHOro 3Ha4deHHs (puc. 1, 6, 2), a KIHeTH4HI KpHBI
MaroTh S-MoAiOHMIA XapaKkTep, 0 3aCBiAYYE PO aBTOKATATITUYHUH MPOIEC OKUCHEHHS
AH 1 BiNIOBIIaI0Th ONKMCAHKUM Y JliTeparypi [22]. ABTOKaTai3aTopoM CIIyrye NepHirpa-
HiniHoBa (opma I[IAH, sika € NPOMDKHMM IPOIYKTOM 1 YTBOPIOETHCS HAa MOYATKY
OKHMCHEHHS! AH BKe BITPOJIOBXK IHAYKIIHHOTO mepioxny [23].

BisyanbHi CHOCTEpeKEHHsS Ta aHaji3 CHEeKTPIB IOIVIMHAHHS 3acBIAYYIOTH PO
BIZICYTHICTb 3MiHH 3a0apBJIECHHS K PEAKLIHHOTO PO3UUHY, TaK i HOJTIMEPHUX ITiKIIAT0K-
MaTpHilb BIPOIOBXK ~20 XB Iiciisi 3MIIIyBaHHS PEAarceHTIB, IO € O3HAKOI HAasBHOCTI
IHAYKIiHHOTO Tepioay. Tpu XapakTepHCTHYHI KM Ha CIIEKTpax MOTJMHAHHA npu ~320,
420 i ~820 um, ski € BractuBumu st [IAH [17, 18], cTaroTh IHTCHCHBHIIIMMHU B 4aci
nepeOiry peakuii OKMCHEHHSI AH. Y CHEKTpax MOTJIMHAHHS MPOCTEXYIOThCS JesKi 3MIHU
(puc. 1 a, 6), 30kpema, iHTEeHCUBHICTD Tika rpu ~400 HM 3pocTae 3i 30UTBIICHASAM Yacy
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ocamkeHHs ITAH, a TakoXX HPOCTEKYETHCS YEPBOHMH 3CyB Iika Bix ~750 mo ~800 HM
(TONSIPOHHMIA TIepexij y XIHOTTHOMY IIMKJI1), SIKMI BKa3ye Ha 301IbIIEHHS JOBXKUHHU CIIO-
Jy4eHHST OCHOBHOTO moJiiMepHoro naHmrora [21]. CnocrepesxyBani 3minn Y D-B crek-
TpIiB BIATNOBIIAIOTH 3MiHI 3a0apBJIEHHs] PO34YKHY Bijl O€30apBHOTO 10 TeMHO-3eneHoro. [1o
3aBEPUICHHIO 1HAYKIIHHOTO Mepiofy ONTHYHI T'YCTHHH 3pa3KiB 3pOCTAIOTh BIPOIOBX
60 xB 1 Ha0yBalOTh NPAKTHYHO YCTAIEHOro 3Ha4eHHs (puc. 1, 6, 2), a KiIHETU4HI KPHBI
MaroTh S-NoJi0OHMI XapakTep, 0 3aCBiA4Yy€e PO aBTOKATAJITUYHUH MPOIEC OKUCHEHHS
AH 1 BIANOBIIAIOTH OMKCAHUM Y JIiTeparypi [22]. ABTOKATaIi3aTOPOM CIIYTYy€ HepHirpa-
HitiHOBa opma ITAH, sika € MPOMI>KHUM NPOJYKTOM 1 YTBOPIOETHCS HA MOYATKY OKHC-
HeHHs1 AH BXKe BIIPOJIOBXK 1HAyKIiiHOTO epioxy [23].
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Puc. 1. YO-B cnekrpu 3pazkis [1E/TIAH — a, [IET®/ITAH — 6 1 3a1eKHICTb JTOBXKUH XBHIIb
OCHOBHHX XapaKTepUCTUYHHX MIKiB 3pa3KiB BiJl yacy nonimepusauii — 0, e.

BumiproBannss ontuyHoro mnormHaHHs 1oriBok IIE/TTAn ta ITIET®/IIAH mnpu
moxuHl xBuwi ~400 HM (Dygy) (puc. 1) Hamu 0OpaHO IS KOPESAIil 3 TOBIIMHOIO
TIBKHU dy (HM), SIKy PO3PaXOBYBAJIHM 3a PiBHAHHAM, 3alIPONIOHOBAHUM B [19]:

Dypo=(54%02)x10°d, (1)
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Puc. 2. 3anexHOCTi: @ — ONTHYHOI I'yCTHHH IUTiBOK [TAH Biji iXHBOT TOBIIMHY Ta 6 — TOBIIMHH LIHX
UTiBOK Bix yacy ¢popmysanns Ha [1E Ta TIET® minknaakax.

Po3paxoBani 3a piBHsiHHsM | ToBIIMHM 1U1iBOK [TAH y nporeci ¢opmyBaHHS 3pocTa-
FOTh Bij 3HaueHHs ~7 uM Ha IIE migxmanui i ~17 am Ha TIET® migxnaani, 1 JoCsAraroThb
MaKCUMAaJIFHOTO 3Ha4YeHHs, sike cTaHOBUTH ~70 HM 3a 120 XB nepebiry peakuii OKHCHEHHS
AH (puc. 2, a,6). HecniBnamigHs TOBOIMHM IUTiBOK IIAH Ha NOYAaTKOBHX CTamisX
ixHporo (opmyBaHHs Ha noBepxHi miakianok sk 3 I1E, tak i [IET®, 3acBiguye npo
BIUIMB IOBEPXOHb MiAKIAAOK-MAaTpunb Ha (opmyBaHHS IIiBok I[TAH. 3 wacom me
HIBEJIIOETHCS, 110 3yMOBJIEHO eKpaHyBaHHsAM noBepxHi [IET® mixknanxu ocamkeHOO
wriBkoro [TAH. AHani3 cnekTpiB morimHaHHA OTBOK IIAH, chopmoBanmx Ha IIE Ta
MET® ninknankax, mokasye, 1o CekTpyu 3a GopMoo Ta IHTEHCUBHOCTSIMH XapaKTepuc-
THYHUAX IIiKiB € pi3HUMHU (pHC. 3), MO 3acBimdye MpO BIUIUB NPHUPOAN IIOBEPXHI Ha
ctpykTypy ITAH, 3yMOBJICHY B3a€EMOJIIEI0 MIXK IMOBEPXHEIO Migkiaanku Ta [IAH, a Takox
BHYTPi MOJICKYJIIPHAMH B3a€EMOMISIMHA MK MaKkpoMoJeKkyiamu [1AH.

BigminHicTe opmu Ta iHTeHCHBHOCTEH mika rpu rnpu 328 1 360 um Ha [1E 1 [IET®
TAKITaIKaX, BiIIOBITHO, MOXKE O3HAYaTH MPO OCIAOJCHHS BHYTPI JIAHIFOTOBOI B3a€MOIIT
B MakpomoJiekysax ITAH na [1E migxnaani crocoBHO 1moiOHOT B3aEMO/IiT MaKpOMOJIEKYT
Ha [IET® migxmanmi, 3yMOBICHOI ASIKAM PO3YMOPSAKYBaHHIM CTPYKTYp MaKPOMOJIEKYT
[TAH y nepuiomMy BUNaJKY 1 KpalluM yIOPSAKYBaHHSIM CTPYKTYp Makpomosekyi [TAH y
nIpyroMy BUMNanky (puc. 3, a i 0) [24, 25]. HaToMicTh iHTEHCHBHOCTI TIKiB (IUI€4a) Ipu
420 HM € OTHAKOBHMMH, III0 € O3HAKOIO OJTHAKOBOTO CTyIeHs nomyBaHHA (s) [IAH B Horo
IUTIBKaX, WO MiJATBEP/DKYEThCS PO3paxyHKaMH 3a CIIiBBIIHOIIECHHSM IHTEHCHBHOCTEH
ONTHYHHUX TYCTUH (D) MakCUMyMIB cMyr noriuHaHHs npu ~820 i ~328 um [26] 3a
PIBHSIHHSIM:

s = Dszo/D32s (2)

Cryninp ponysanus [1AH y #oro mmiBii Ha [1E minkmaani 3a 60 xB (GopmyBaHHS

craHoBuTh ~1,00+0,02, a na IIET® — 0,96+0,02, 110 Bka3zye Ha BUCOKOJIOTIOBAHUN CTaH

[MAHn y mutiBkax. [Tpu ButpumyBanHi miiBok [TE/TTAH ta IIET®/TIAH BripomoBxk 24 roa
3MiH (OpM CHIEKTPIB MMOTJIMHAHHS 1 CTYTICHS JOIyBaHHS NPAKTUYHO HE Bi0YBAETHCS.
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Puc. 3. YO-B cnekrpu 3pazkis [1E/TIAH — a Ta [IET®/ITAH — 6 3aj1€KHO Bill 4acy IXHbOTO
(dhopMyBaHHS Ha MOJIMEPHUX ITiIKITa/KaX.

Cune 3minienHs cmyrd mpu 328 uM B cnekTpi [IET®/IIAH cTOCOBHO aHAIOTIYHOI
cmyru mipu 360 um B criektpi [TE/TTAH (puc. 3) € 03HaKOIO TOro, 10 JOBXKHUHA JIAHIIOTa
ITAH um 3meHIIeHHs 10BXKMHU crpspkeHHs Ha [IET®/TTAH € Hmx4uot0 crocoBHO [TAH y
fioro miBii Ha IIE migkmaaui [27]. CuHe 3MilneHHS OCH3EHOINHOI CMyrd B CIEKTI
INET®/TIAH cTocoBHO ananoriuHoi cmyru B criekTpi [TE/TTAH (puc. 3) Takox € 03HaKOIO
TOTO, MO MiX Makpomonekyinamu [1AH i moBepxHero [TET® icHye cunpHa MixkdaszoBa
B3aeMoniss [28]. 30inbleHHS Yacy peakilii He MPU3BOAUTH O CUHBOTO 3MIICHHS
XapaKTepUCTHIHOI cMyTH TprA ~820 HM, IO € 03HAKOK HIDKYOTO CTYICHS OKHCHEHHS
noJtimepy [29].

3 METO0 OIIOCEPEIKOBAHOTO BcTaHOBICHHS Mopdororii miiBok [TAH Ha I1E i [IET®
MIKIaKaX JOCIIIPKEHO 3MIHY ONTHYHOTO BIAKIMKY IUTiBOK [TAH mpu ixHil 00poOIi —
nepomyBaHHI pisHuME KoHIeHTpamismu NaOH (puc. 4). Henportonysarss 0,1 1 0,01 M
po3zurHamu NaOH BinOyBaeThcsi BIPOJOBK KOPOTKOT'O Hacy i CYNMpPOBOKYETHCS TPAHC-
¢dopmyBaHHIM Tika 1ipu ~820 HM B mik mpu 600 HM, KU € BIACTUBUAM ISl eMEPaIbIi-
HoBoi ocHoBH (EMO) — onHiei 3 ocHoBHUX (hopMm [TAH [18].

Opnak, 3a 0,001 M konnentpanii NaOH mpoctexyeTbes mocTyIoBa 3MiHa B 9aci —
3MIIlIEHHS B KOPOTKOXBHIIBOBY JUISHKY CIIEKTpa (CHHE 3MilleHHs1) cMyru mpu 820 HM 3
OTHOYACHOIO 3MIiHOIO XapakTepy CIIEKTpa, a caMe: 3MEHIICHHSIM IHTCHCUBHOCTI CMYTH
nipu ~420 1M (puc. 4, 6, 2) 1 nosiBU cMyrH 1IpH ~620 HM.

ITo 3aBepmieHHI Tporecy AeNOoTyBaHHS 3a0apBiieHHS IUTIBKH [IAH 3MIHIOETBCS BiX
3€JICHOTO 110 CHHBOTO, II0 € 03HaKkow yTrBopeHHS EMO ITAH. Yac nenomyBanns [1AH 3a
0,001 M xonmentparnii NaOH cranoBute >5 xB, a jans koHuentpamii 0,1 i 0,01 M
MpakTUIHO ofpasy yTBoproerbess EmMO. Hemenmukuit wac nemomysanHs IIAH y #Horo
wriBkax Ha [IE i [IET® migkmagkax MoKe CIyI'yBaTH O3HAKOK TOTO, IO OTPUMaHi
mwiiBku [TAH B po3umnni [IK Ha BHKOpHCTaHWX MiAKIAIKaX-MAaTPHUISMX € HaA3BUYAHO
nopuctuMu. Taka ixHA CTpyKTypa Oyzae IyXe KOPHCHOIO Ul CTBOPEHHS ONTHYHHX
CEHCOPHHMX NPUCTPOIB Ha YK€ Maji KOHUEHTpAIil HATpii Yu aMOHIil TiJpOKCUAIB, a
TAKOX Ha Mapu OpraHiYHUX PO3UYMHHUKIB.
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Puc. 4. Kinetuka eBoumonii criekTpiB noriauHauHsA 3paskiB [IE/IIAH — a, 6, 6 Ta [IET®/ITAH — 2 B
TpoIieci Ae0nyBaHHs pisHUME KoHIeHTpanismu NaOH, M: a — 0,1; 6 —0,01; 6, 2— 0,001.

3.2 Mopdo.ioris

3 orysiLy JOCIHIIKEHHS KIHETUKH BaXKIJIMBO OYJIO TOCHIUTH MOP(OJIOTiI0 yTBOPEHNX
Ha migkiaaakax mwiiBok [TAH. CEM 300paxkenns miiBok [TAH Ha I1E i [IET® migkmaagkax
(puc. 5) € monibHMMH 110 onMcaHux B podorax [13, 16, 22, 23, 30].

SAx BugHO 3 puc. 5, wiiBku [TAH € MpakTHYHO TTIAAKUMHU i3 JeTOKalli30BaHUMHU HaHO-
arperaraMM MakpoMoJieKys cdepuyHol Gopmu. 3i 30UIbIIEHHSM 4Yacy BUTPUMYBAHHS
3paskiB I1E i [IET® y monmiMepu3amiitHoMy po34mHi 3pOCTa€ KUTBKICTh 1 pO3Mip arperaTiB
MakpomoJiekys [TAH Ha TOBepXHi MiAKIa0K-MaTPHLb.

ITniskn ITAH Ha [IET® migknanam Ha MOYATKOBUX CTAMISAX OCAIKEHHS € TIIaIKIIINMHA
(puc. 5). Arperatu Mmakpomosekys [TAH Ha MI3HIMKX CTaAIIX OCAKCHHS € HAHOPO3MIp-
HUMH YaCTHHKaMHU TepeBakHO OKpyrioi gopmu. CEM 300paxeHHs MiATBEPIKYIOTH,
o [1E i [TET® migknaaky NTOKpUBAIOTHCS IUTIBKAMU MOJIiaHLTiHY. 3MiHa IHTEeHCUBHOCTI
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IIE/T1An

30

40

50

60

120

1440

I[NET®/TTIAH

Puc. 5. CEM 3o06paxenns miiBok [1E/TTAH Ta [IET®/TTAH 3anexHO

BiJ yacy ocamkeHHs [TAH, x3000.
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3abapeneras CEM 300paceHb 3yMOBJICHA MEPEXOOM BiJ (HiOJIETOBOIO IO 3EJICHOrO
3abapenenns 3pa3kiB [1E/TTAH.

I3 El-criextpiB (puc. 6) BuaHO, o [1AH Ha cyoOctparax 3 [1E ta [IET® mictiTh nekinbka
eneMeHTiB, a came: kapboH (0,31 keB), nitporen (0,35 xeB), okcurer (0,52 keB) Ta cyiapdyp
(2,35 xeB).

keB xeB

Puc. 6. E/l-ciextp miiBok [1IE/TTAH — a Ta IIET®/TIAE- 6.

[Tix xapOOHY, OYEBHIIHO, € CYMapHAM MIKOM, SKAH CKIagaioTh aToMu KapOony [1E
(puc. 6, a) ta IIET® (puc. 6, 6) migkmagok, atomu kap6ony [IAx i IIK — momanra.
HasBricTh cmabkux MikiB cyabQypy Ta OKCHUTeHY BiJIIOBiNAIOTH CyIb(aTHIHA KUCIOTI —
npoxykrty BigHoBIeHH AIIC [31], sxwifi BUKOpHUCTaHO SK OKWCHUK. Buma iHTEeHCHB-
HICTh KA, SIKMI BIIOBia€ aromMaMm OKCHTeHY (puc. 6, 6), 3yMOBJICHA MOJAaTKOBUM
BKJIAZIOM aTOMIB OKCHUTE€HY, SIKi BXOJATH A0 ckiaxy migkinaaku 3 [IETO.

4. BuCHOBKH

Amnani3 xiHetuku (opMyBaHHS ILTIBKM [IAH Ha HEEJEKTPONPOBITHUX ITOJIMEPHHUX
MiAKIaaKaxX pisHoi npupoau, a came: rigpodo6Hoi — I1E i rinpodineroi — ITET®, no3B0-
JIsi€ HaM 3poOMTH BUCHOBOK TIPO Te, IO NMPUPOJA MiJKIAAKH HE BIUIMBAE Ha KIHETHKY
¢dbopmyBanHs wiiBok [1AH, aje BIUTMBaE Ha TOBIIMHY IUTIBOK [TAH Ha HMX ITigKIaaKax,
10 OCOOJIMBO THOMITHO ISl TIOYATKOBOTO IEpioJy 4acy OKHMCHEHHs aHiuIiHy. [Tpomec
ocamkeHHss [IAH nma migkmankax 3 IIE i TIET® € aBTOKaTamiTHYHMM 1 MPOTIKae
Brrponosxk ~60 xB. [Ipouec nenonysanus [TAH y foro ruriBkax cynpoBOJDKY€ETHCS IIBUI-
KOI0 TpaHC(OpPMAIIEI0 eMepalbINHOBOI COJi y (opMy eMepalpIHMHOBOI OCHOBH B
pesyibrari AenporoHysaHHs. llIBuzknii mepedir LBOrO NEPEeTBOPEHHS 3a HU3BKUX
KOHIICHTpAaLild HATpill TiIpPOKCHAY MOke OyTH O3HAKOK BHCOKOI CTPYKTYPOBaHOCTI
IUTIBOK TOJTIaHUTiHy, 3YMOBJICHOI BUKOPHUCTAHHSAM SIK CEpEIOBHINA, a BIAMOBIAHO, i
JOTIAaHTA TIOMiaHUTIHY TUTPATHOI KUCIOTH. MOP(OIIOTis IIiBOK € MPAaKTHYHO TIAIKOIO 1
YTBOPEHOIO 3JIMBaHHIM HaHOATPEraTiB MaKpPOMOJIEKYJI TIOJIiaHIJIiHY.
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SUMMARY

Yuliia STETSIV', Christina DEMKO', Mykhaylo YATSYSHYN', Nataliya PANDYAK?

THE KINETICS OF DEPOSITION OF POLYANILINE ON POLYETHYLENE AND
POLYETHYLENE TEREPHTHALATE SUBSTRATES-MATRICES

'van Franko National University of Lviv,
Kyryla and Mefodia Str., 6, 79005 Lviv, Ukraine
e-mail: o_hertsyk@yahoo.com

National Forestry Engineering University of Ukraine,
Generala Chuprynky Str. 105, 79057 Lviv, Ukraine

The kinetics of deposition of polyaniline on polyethylene and polyethylene terephthalate substrates-

matrices during in situ the oxidation of aniline by ammonium persulfate in aqueous solutions of citric acid was
investigated by using ultraviolet spectroscopy. According to results of study was found that the kinetic curves
forming polyaniline films on hydrophobic (polyethylene) and hydrophilic (polyethylene terephthalate)
polymeric substrates have S-shaped character. The reaction of oxidation of aniline is autocatalytic. It is shown
that the nature of the surface of substrate affects the kinetics of formation and thickness of the polyaniline films
and structure of polyaniline macromolecules. The study of kinetics of dedoping polyaniline films on the
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surface of the substrates determined that this process takes place very quickly, which indicates the
nanostructured of polyaniline films on substrates. Aggregates of macromolecules, mostly nanofibrile
morphology with vertical brush like ordering are formed through interaction substrate — aniline — citric acid —
polyaniline. Ultra violet-visible spectroscopy and scanning electron microscopy with X-ray microanalysis have
used for the study of obtained samples.

Keywords: polyaniline, polyethylene, polyethyleneterephtalate, films, structure, kinetic of formation,
kinetic of dedoping, morphology
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Posenanymo cnocobu odepicanns amop@rux ma Mikpo-(HAHO-)KPUCANIYHUX CHAABIS.
Tlokazano, wo 6i0 Yinb06020 NPUKIAOHO2O 3ACOCYBAHHS 3ANEAHCUMb BUOTIP MEXHONO02TT iX
OMPUMAHHSA, OOHAK 00 YbO2O HACy HAUOLIbW VHIBEPCATbHUM CHOCOOOM 3ATUUIAEMbCS
Haoweuoke oxonooxcenns posnnagy (HLLIOP), 3a akum ompumyroms cmpiukoi i MacusHi
8UpodU Y 8USAAOT OPOMUH MA NAACMUH.

Kmouosi cnosa: amopri cnnau, memoou 00epiucanis, HaOuBUOKe 0X0I00XHCEHHsL PONIALY

IcHye Garato croco0iB ojiepKaHHS METacTaOUTFHOTO, TOOTO IIEPEOXOJIOIKEHOTOM
HecTaOlIbHOIO CTaHy MeTalleBUX MaTepiaiiB. Bimomi criocoOu oliepikaHHsS METaliqHUX
CIUTaBiB B YMOBaxX JQJEKHUX BiJl PIBHOBArM PO3BHBAIHCS HE3AICHKHO JUIS PIi3HHUX
TEXHOJIOTTYHUX MOTpeO. 3rajlacMo TpU MEPBUHHI HANPSIMKH HAYKOBHX OCHI/PKEHb, SIKi
CTaJIM OCHOBHMMH YMHHUKAMHU PO3BHUTKY NPOOJIEMH MEeTacTabiIbHOTO CTaHy MaTepiaiy.

Brepiie meraniuny pedoBHHY B amMOp(HOMY cTaHi OyJ0 OTPUMaHO NPUOIM3HO B
1845 p. Bypriom B mporieci ocapkeHHsI TOHKOTO IIapy HIKeII0 Ha 3alli3i IIpH po3KIiIaii
fioro docdary [1, 2]. Ognak 10 BiIKpUTTS TU(paKiii peHTTeHIBCbKUX MPOMEHIB, HIXTO
HE 3710raJlyBaBcsl PO NPUPOIY CTaHy Takoro nmokputts. B 1947-1950 pokax Meronamu
CJIEKTPOITHIHOTO Ta XIMIYHOI'O OCaHKEHHS OTPHMAHO KOPO3iiHO TPHUBKIi, BUCOKOMIIIHI
wiiBkn Ni-P 1 Co-P [1, 3-5] i 4epe3 mesikuii yac BCTAHOBJIEHO aMOP(QHICTH HUX
mokputTiB [6]. [lepiri cucreMaTHyHi OCTIIKEHHS aMOP()HUX MeTalIeBUX ILIIBOK, Oep-
JKAHWX HAIWICHHSIM MaTepially Ha OXOJIOJUKCHI JIO HU3BKHX TEeMIepaTyp MiIKIaIKu
HaJeXath rpymi qociuigaukiB B. Bykkems. OTpuMmani HUMH TOKPUTTS Oy aMOppHUMH,
ajie MBHUJIKO KPHUCTAJI3yBaINCs BXKe MPH KiMHaTHIH Temneparypi. B 1966 p. B. denbin
MOMITHB, IO TOJABaHHA KPEMHII0 JI0 TAKUX JK€ KOMITO3WIIA HE TIIBKU CIPHSE iX
amopdizanii, aje W CyTTEBO MiABHUILYE TPHUBKICTh TaKOTO CTaHY IPH IJIBUILEHUX
TEMIIEPATypax.

JpyruMm HanpsiMKOM JOCHTIKeHb Oynu podotu A.A. bousapa [6], B. Toddmana [7]
ta H.B. Camni [8] mpucBs4eHi CHCTEeMAaTHYHOMY BUBYEHHIO TPOLECIB KpPHCTAi3allii.
Humy BcTaHOBJIEHO, IIO IIBHJKE 3aTBEPAIBAHHS 3yMOBIIIOE IEPECHYEHHS TBEPANX
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PO3YMHIB €BTEKTHYHUX 1 MEPUTEKTHYHUX cIuiaBiB. Lli poboTH cramum miArpyHTIM
TEXHOJIOTII IIBUAKICHOTO 3aTBEPAiBAHHS METATIYHUX CILIABIB.

Jo Tpersoi rpynm mochimkeHb BimHOCAThCS podotu rpymm I1. J{roBesa [9]. Bonu
MOMITHJIM, HIO CMOCI0 INBHAKOTO 3aMOPOXYBAHHS PO3IUIABY METaleBOi KOMITO3UIIi
BHKITIOYA€ SBUINE HECYMiCHOCTI KOMITOHEHTIB. OJHAaK, BIJBiJ TeIia Bill pPO3ILIABY
METaliB MOBUHEH OyTH HACTUIbKHM MIBUAKHM, 00 KIHETHMYHO IMOJABUTH BUHHKHEHHS
3apOo/IKiB B IIEPEOXOJIOKECHOMY MeTaneBoMy Marepiaii (Taoum. 1).

Tabauys 1

BB IIBHAKOCTI 0X0JI0’KEHHS PO3IJIaBY HA CTPYKTYPHU piBeHb mic.s 3aTBepiBaHHs [6]

Turepsan msuKoCTEH IIpouec Otpumanuii edexr
oxonopkenns, K/c

10— 107 HenepepBHa po3nuBka, IUTTS 3MeHIIEHHS BHY TPIIIHBO-

10 - 10* i1 THCKOM, PO3ITHJICHHS JCHAPUTHOT JiKBaLlii, po3Mipy
3epeH, Bigianei MiX riikaMu
JICHIIPUTIB

10° - 10° ITovaToK pO3BUTKY TEXHOJIOTIT

10*-10° MIBUJIKOT'O OXOJIOKEHHS

10°- 10°

10°— 10’ HanuBuake 0XonomKeHHs MeracTabinbHi nepecuyeHi

10" - 10 TBEp/i PO3YHMHH, YTBOPCHHS

108 - 10° HOBHX MeTacTabinpHuX (a3,
YTBOPEHHsI aMOP(HOTO CTaHy

10°-10" OxpeMi HayKOBI eKCIIEPUMEHTH

Ormxe, IBHAKICTIO OXOJOMKEHHS DO3IUIaBY MOXKHA PETYNIOBATH CTaH TBEPIOTO
Marepiany, oqHaK (i3UKO-XIMiUHI BIACTUBOCTI CIIaBiB 3yMOBIIIOIOTb, B IIEPIIY Yepry, iX
KOMIIOHEHTHUM CKjagoM. OCHOBHI crtocoOu oTpuManus [3] meracTabiapHUX aMOp(HUX
CIUIABIB IOAaHI B TaOIHII 2.

I3 po3MWMpeHHSIM LiTECIIPIMOBAHOTO 3aCTOCYBaHHS HEPIBHOBRKHHX METAIEBUX
CIUIaBiB 301JBLIYETHCS TAKOXK KUIBKICTH CIIOCOOIB iX OoTpuMaHHS 1 Moaudikamiid Bxe
Bigomux. OUeBHIHO, METOAM TapTyBaHHA 3 PIIKOTO CTaHy, TOOTO HaJIIBHUIKOTO OXO-
nomxenns posmiasis (HILIOP) i3 meuakoctsmu 10°—107 K/c crann HaiinepcrneKkTHBHi-
OIMMA [UIS OTPUMaHHA MaTepialiB 3 OCOONMBHUMH BIACTHBOCTSAMH. TEXHOJOTII, IO
0a3yroTbCSl Ha TUX METOJaxX JO3BOJISIIOTH B EKCTPEMalbHO HEPIBHOBXKHHUX YMOBaX
TBEPAIHHS pealizyBaTH 0COOMMBI CTPYKTYpHI i (a3zoBi cranu [4, 5, 9].

Ha puc. 1 300paxkena giarpama, sika UTIOCTPY€ 3aJICKHICTh YTBOPESHHS aMOp(GHOT uu
KpucTanigHoi a3y BiJ IIBHIKOCTI OXOJIOHKEHHS PO3IUIaBy HA MPHUKIAMI aTFOMIHIEBHX
amop¢Hux cruiasis [10].

Ilpu T, BiOyBaeThes cKauoOK (Pi3MKO-XIMIYHUX IapaMeTpiB CIUIaBy: MUTOMOIO 00’ €My,
TeMIEePaTyPHOTO KOe(DIilli€HTY JIIHIHHOIO PO3UIMPEHHS, TUTOMOI TEIJIOEMKOCTI, CHEpril
aKTuBalii Ta iH. EKCIIepUMEHTH MOKasyroTh, O T, € MEHI 4yTJIMBa JO HIBUJIKOCTI
HarpiBaHHs, HiX Ty, (Temneparypa kpucraiizaii), i, 0T>Ke, MOXKe CIy)KUTH HaAiHHIIINM
moKa3HUKOM ekcioryaTamii AMC, B TOpiBHSHHI A0 BETHYUH, SKi OTPUMYIOTH 3a
nosoxxeHHssM MakcumyMiB JICK [11]. Kpuga (2) BianoBigae Takii MBUIKOCTI, MPH SIKii
PO3ILIaB MEPETBOPIOETECS B MIEPEOXONIOKEHY PITUHY, a Aajli — Y TBEpIe aMOpQHE TiJo.
le/l MCHIINX MBUAKOCTAX OXOJOKECHHS PO3IJIaBy MOXKJIMBE OTPUMAHHSA YaCTKOBO
kpucranizoBaHoro AMC (kpusa (0)). [Ipudomy, B 3aexXHOCTI Bill CKJIaJy pPO3ILIABY, a
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TAKOX BiJ HIBHIKOCTI HOTO OXOJIOMKEHHS MOJKIJIMBE YTBOPEHHS MiKpoKpucTamiB Al
i/abo iHTepmeraniuHux crnonyk. Tak, i3 ciuaBy AlgglagNig mpu mBHIKOCTI 00epTaHHS
MacHBHOT'O OXOJIOJUKYBaJIbHOTO OapabaHy 8,25 M/c IpoCTEXy€eThCsl BUAIJICHHS iHTEpMe-
TanmyHux cronyk LasAly; ta LaAl, 6e3 Buminens HaHOKpHCTaIiB Al.

Tabnuys 2
Cnocodu oepkaHHA aMOP(PHHUX, MiKPO-(HAHO-)KPUCTATIYHUX CIUIABIiB
MMTemxpkicHe Bigmycxk: Bimmam:
1 OXOMOMKSHHA Amopdrrmit Pl reperpopenns =P kpucTamizaria
PO3IUIABIBR cTaH AD AD
B Ilepecraenms
TBEPAMX PO3YHHIB
TapryBanms — Jedopmaris, KpHCTaqumH
I CIUTaBY ¥ Beamndysitimi | dazosi cTaH, da3zoBl
TBEPHOMY cTaHi TIEPETBOPCHHA NEPETBOPEHHA NECPETBOPEHIA
JudysifirosamexH L
TIEPETBOPEHHS
p|  Bimmyex.
B : ' p| Llocninonmi dazosi
[ g e PL_[IeDeTBODe HEA
m| o ! Ll Koporkouacose
CalKE HHS HA .
5 . 3 razopoi pazu [~ Hammnenss 4 P
TIOBEPXHL I POBIIABIEHHS
[ ) 1
S posmnasy 17| BraposyBa i KopoTkouacormii
1 HarpiB
1
1
Jdugpysiaz |
ra3oBoi pasu
PopMyBaHHA \(;0
v MOBEPXHEBHX v I
Mmapin i — Amopdua daza
IMITIA TG Kpucramuuuii cras I
Exstpysis I
v MexaHiaHi
crocobn
TlepememoBaHHs I

I[Ipr mBunkocti obepraHHS OXONOmKyrodoro Oapabany 11,00 m/c BuminseTbes
tinbku LazAly;, a npu 22,00 m/c orpumano 1inkoMm amopduuii crutaB [12]. Takwuii
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Xapakrep amopdizalii CIJIaBiB J03BOJISIE CTBEPIUKYBATH, IO O0JIACTI iCHYBaHHS Pi3HHX
IHTEpMETATIYHUX CIIONYK Ha MPUBEICHIN jaiarpamMi, O4€BUIHO, HE CIIBNAAal0Th. Takum
YMHOM € MOXKJIMBICTh KOHTPOJIIOBATH MIKPOCTPYKTYPY HESKHX CIUIABiB IIe B cTaiil ix
OTPUMaHHs 0€3 J0JaTKOBOT TEpMIYHOT 0OPOOKH.

T | posmnas
o TMePEeOXOOMLKEHHH
po3nas, .
& IHTEpMeETaIIYHI
g CIIOJY KH
g
) Tu
g ¢
(5 Al
- :

amop(Huii cTan

(a) (©)

TpHBAIICTE OXOTOIKEHHHA

Puc. 1. CxemaTn4Ha UTIOCTpalis ABOX THITIB KPUBUX OXOJIOKECHHS.
T, — TeMIepaTypa IJIaBICHHS CILIaBY,
T, - Temneparypa nepexoy NepeoXoNoKEHol piliay y TBepauii aMopdHuii cTaH.

Kpim mporo, xapakrep kpucramzamnii AMC mpy 0X0JIOMKCHHI Ta HarpiBaHHI Biapis-
nsersest. Hanpuknan, pesynsratn JICK (mBuakicte ckanyBanus 20 K/xB) Ta pentre-
HiBcbKoi qudpakuii s cruaBy AlgglagNig miaTBepKYIOTh BUIUICHHS! TiJ] 4ac HepLIoro
erarry Kpucranizamii Al, a HaCTynHUX eTamiB - iHTepMeTaliuHuX croayk [12]. MoxHa
MPUIYCTUTH, IO OOJNACTh ICHYBaHHS IHTEpPMETANYHUX CIONYK Ta Al Ha mpuBejaeHii
BHUIIE JiarpaMi NepeTHHAIOThCS KPUBOIO HArpiBaHHS 3HU3Y. TOMy, B 3aJ€XHOCTI BiA
LIBUJKOCTI HAarpiBaHHs, MOXKHA Ha MEPLIOMY eTari KpHucTaii3aiii OTpUMaTH HAaHOKPHUC-
Tanu Al, Ki IPH 0XOJIOKEHHI PO3ILIABY HE YTBOPIOIOTHCSL.

[IBUIKICTh OXOJIOKEHHS PiIKOTO METAIy 3 METOIO OJIep KaHHSI aMOP(HOI CTPYKTYypH
MOXKHa 3JIIHCHIOBAaTH Pi3HUMH criocobamu. SIK ye BiIMIuaJloch paHillle, 3arajbHOI0 i
OCHOBHOIO BUMOTOIO JI0 HHX € IMBUIKICTh OXOJIOKEHHS He Huokue 10° rpaz/c. 3mifcCHIO-
BaTH 1X MOJYKHA KaTamyJbTyBaHHSIM Kparuli Ha XOJOIHY IUIACTUHY, PO3MUJICHHIM CTpPY-
MeHs Ta3oM abo0 piouHOI0, HeHTPU(YTyBaHHAM Kparwi abo CTpyMeHs, pO3ILIaBICHHIM
TOHKOT IIOBEPXHEBOT IUTIBKM METAJLy J1a3€pPOM 13 ILIBUJIKUAM BiJIBEICHHSM TEIUIOTH Maco0
OCHOBHOTO MeETally, IIBUAKICHAM OXOIIO[KEHHSM 3 Ta30BOTO cepemoBmmia Ta imHmi. Lli
METO/IM BUKOPHCTOBYIOTHCS IJIsl OTPUMAHHS CTPIYKH Pi3HOI MIMPUHM 1 TOBLIMHU, BUCO-
KOAMCIIEPCHUX TOPOIIKIB, APOTY Ta 00'€MHHX 3pasKiB (IUIACTHH, CTEPXKHIB, QIrypHHX
Jieranei).

HattepexTupHimmmu criocobaMy IMPOMHUCIIOBOTO BUPOOHHUIITBA aMOP(HOI CTPIYKH €
(puc. 2 a, ©, B, T) OXOJIOKEHHSI CTPyMEHsI PIIKOrO pO3IUIaBy Ha BHYTpILIHIH (a),
30BHIMIHIA (0) MOBEPXHAX OXOJOKYIOUOro obOepTroBoro OapabaHa, abo «IpoKaTKa
pO3ILIaBy MiX JIBOMa TEIUIONPOBITHUMHU OXOJIOJPKEHUMH BaJlmKamu (puc. 2 B, T) [5].
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Puc. 2. Metoau ofepKaHHsA TOHKOT CTPIYKU rapTyBaHHSIM 3 PO3ILIABY:
a) BIIIIEHTPOBE TapTyBaHHS; 0) TapTyBaHHA Ha 00epTOBOMY OapabaHi;
B) MpOKaTKa po3ILIaBy; I') TapTyBaHHs Ha OapabaHi 3 MpoKaTkoro [S].

Po3mnaB, oTpumaHuii B IHAYKIIiHIN 1e4i, BUIOPCKYIOT IiJl THCKOM HEHTPaIbHOTO
razy i3 comia Ha OXOJOIDKYIOUHIl eeMEeHT, NPH 3iTKHEHHI 3 SKUM MUTTEBO TBEPIHE.
BHacniiok oxomnomkeHHs po3iuiaBy Ha Oapabani B mpoueci (OpMyBaHHsS CTpPIYKH
MIOBEPXHsL, 1110 OE3II0CEPEHBO CTUKAETHCS 3 TIOBEpXHEIo OapabaHy (KOHTAKTHA ITOBEPXHS)
1 30BHILIHSA TMOBEPXHsS CTPIYKH MOXYTh BIAPI3HATHCH 3a (HI3UKO-XIMIYHUMHU Xapak-
tepuctukamMu. OCHOBHOIO MNpPOOJIEMOIO € JOCTAaTHIM CTYyINiHb YHCTOTH 30BHIIIHBOT
MOBEPXHI CTPIUKH, KA MMiJIAETHCSI MOBUIBHIIIOMY OXOJIO/KEHHIO.

MertoJ IpoKaTKu po3IuiaBy 3a0e3redye oJHOYACHE PIBHOLIHHE OXOJIOJDKEHHS 000X
MOBEPXOHb (puc. 2, B), 0 3a0e3neuye BUCOKY SIKICTh CTPIYKH, KA HEOOXimHa s
TOJIOBOK MarHiTHOro 3amucy. KoxkeH meron oOMmexeHuil po3mipom ctpiuku. IIpouecu
3aTBEp/iBaHHS PO3IUIABy IMPH pI3HOMY amapaTHoMy OGOPMICHHI UIBHIKICHOTO
OXOJIO/PKCHHS BiIOYBAIOTHCS 3 PI3HUMH IIBUIKOCTSMH.

[llupruHa OTPUMaHOI BHACTIZOK BIALEHTPOBOTO I'apTyBaHHS CTPIYKH CTAHOBHUTH JO
5 MM, a oTpuManoi mpokatkor — 10 MM i Ouibiie. ['apTyBaHHSIM Ha OXOJIOIKECHOMY
OapabaHi MOXHa OTpPHMATH CTPiUKK pi3HUX po3mipiB Bix 0,1-0,2 MM mo 100 MM B
3aJIeXKHOCTI B/l IIIJIMHYU COILIA 3 TOYHICTIO 10 +3 MKM. [Ipu yMOBI mocTiitHOro enemMeHT-
HOTO CKJIaJly PO3IUIaBY IIBHUIKICTh OXOJIOJDKCHHS 3QJISKHThH BiJ TOBLIMHH PO3IUIABY i
HIBHJIKOCTI 00epTaHHS OXOJIOPKYHUoro O0apabany. Bemuke 3HaueHHs Mae BUOIp KyTa
moIavi po3IUiaBy Ha OapabaH, M0 PETyII0E TPUBATICTh KOHTAKTY METAIY 3 XOJIOIIIHHU-
KoM. I1IBUIIKICTh OXOJIOJKEHHS 3aJI€KUTh TAKOXK BiJl BIaCTUBOCTEH KOMIIO3HLIT pO3ILIaBY,
HOTO TETUTOTIPOBITHOCTI, TETNIOEMHOCTI, B'SI3KOCTI 1 TYCTHHH.

Toukuit amopdHUiA APIT OTPUMYIOTH BUTSATYBaHHSIM BOJIOKOH 3 po3iuiaBy. /st uporo
PO3IIaB IPOTATYETHCS B TPYOIl IMEBHOTO MiaMETpy uepe3 BOAHUI CONBOBHI pPO3UNH
(puc. 3, a). 3a merogom Teiinopa ckisiHy TPYyOKY, HAITIOBHEHY PO3ILIABOM, PO3IrpiBarOTh
1 BUTATYIOTH 10 OaskaHOTO nmiameTpy amopdHoi npotunu (puc. 3, 6). B mpomy Bumagxy
OTPUMYIOTh HAWTOHIII OPOTUHM (0 2-5 MKM), OJHAaK iX BIJJIUICHHS BiJ CKJISIHOTO
MOKPHUTTS € CKJIaJHUM 1 MOXKE 3aCTOCOBYBATHCH TUIBKH JUIS IEBHUX aMOP(HHUX MeTae-
BUX KOMIO3UIH. TexXHIYHO CKIAAHIMIAM € Croci0 BWIMBY po3IuiaBy Ha OapabaH, 1o
HIBUAKO 00EPTAEThCS PA3oM 3 PiAMHOK. PO3IIaB pO3TIKAEThCS TOHKMMH HUTKaMH B
piauHi i o crinui 6apabdany (puc. 3, B).

Bigomi Takox MexaHiYHI METOIM OTpUMaHHS aMopdHOi a3y MeTaleBUX CIUIABIB
excrpysieto [13] Ta posmentoBanHaM [ 14], conoximiganM criocobom [15].
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Puc. 3. Metoau oniepaHHs TOHKOI IPOTHHU TapTyBaHHAM 3 PO3IIIABY:
a) MPOTATYBaHHA PO3ILIABY Yepes OXOJIO/KYI0y pinuHy (€KCTpY3isi pO3ILIaBy);

0) BUTATYBaHHS PO3IUIABY B CKISTHOMY KaIljsipi; B) BUTSATYBAHHSI HUTKH 3 00€pTOBOTO

Oapabany; 1 — po3iiaB; 2 — 0X0JIO[PKYyrOUa pinuHa; 3 — ckilo; 4 — GopcyHKa,;
5 —3moTtyBad gpoty [16].

Z[J'[f[ HiJ'ILOBOFO 3aCTOCYBAHHSA aMOp(l)HI/IX METaJIeBUX CILJIaBiB BUKOPUCTOBYIOTH

KOMOIHOBaHI METO/IH OJIepIKAHHS, SIKHMU MOXKHA PEryJIOBaTH iX (i3MKO-XiMIUHI BIACTH-
BocTi [17, 18] He TLNBKHM HACTYITHOIO MOAM(IKAIIEI0 TOTOBUX BHPOOIB, aie i Oe3moce-
pelHbo B Mpolieci 3aTBepAiBaHHs po3muasy [19, 20, 21].

—_
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SUMMARY

Myroslava KOVBUZ!, Tetiana PEREVERZIEVA', Oksana HERTSYK', Lidia BOICHYSHYN/,
Bogdan KOTUR!, Victor NOSENKO?

OBTAINING METHODS OF NONEQUILIBRIUM METALLIC ALLOYS

!Ivan Franko National University of Lviv,
Kyryla and Mefodia Str. 6, 79005 Lviv, Ukraine

’G.V. Kurdyumov Institute for Metal Physics,
Acad. Vernadsky Boulevard, 36, 03680 Kyiv, Ukraine

It was reviewed obtaining methods of amorphous and micro-(nano-)crystalline alloys. It is shown that
from targeted application depends choice of their obtaining method.

Nonequilibrium alloys preparing by speed melt solidification. By cooling rate can be controlled condition
of solid material, but physical and chemical properties of alloys depends from their component composition.
With the widening of using nonequilibrium metallic alloys increases the number of obtaining ways and
modifications of already known.

Methods of solidification from liquid state (melt spinning method) with rates of 10°-10” K/s are the most
perspective for materials with special properties. Technologies which based on such methods allows in
extremely nonequilibrium solidification conditions implement specific structural and phase states.

The most effective industrial production of amorphous tape is cooling of melt jet on the inside and outside
surfaces of the cooling rotating drum, or melt rolling between two cooled heat conductive rollers. The melt
obtained in an induction furnace, under pressure of neutral gas from the nozzle set on the cooling element in
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contact with which instantly hardens. Due to the melt cooling on the drum in the process of forming the tape
surface that directly contact with the drum (contact surface) and the outer surface of the tape may be differed
by physical and chemical characteristics.

For useful application of amorphous metallic alloys they producing by combined methods, which can
control their physical and chemical properties not only by modification finished products but also directly in
the process of melt solidification.

Keywords: amorphous alloys, obtaining methods, melt spinning method.
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3pasku nonianininy ma KOMRO3UMIE 2AAYKOHIM/NONIAHINIH 00ePAUCYB8ANU XIMIYHUM OKUC-
HEeHHAM aHITIHY amoHili nepokcooucyrv@amom y 6oonux 0,5 M posuunax oxcanammuoi
Kucromu. [[ns cunmesy KOMRO3UMI6 21ayKOHIM/NONIaninin 8UKOPUCTNOBYBANU DI3HI CNiG-
8IOHOWEeHH auinin : enaykonim, a came 4:1, 2:1, 1:1, 1:2, 1:4. 3a donomozoro
depusamocpapiuno2o ananizy OOCHONCEHO MEPMIYHI 6IACUBOCME [ KIHEMUKY MEepMO-
Odecmpykyii cunmesosanux 3paskie. 3a mepmozpagimempuunumu OAHUMU BCMAHOBLEHA
0gocmaditinicms npoyecy mepmiuHoi decmpykyii NOAIAHINIHY AK 8 YUCMOMY 8UOi, MaK i y
CKAa0i KOMNO3Umis. 3a pe3yrbmamamy mepmMiyHo20 aHAli3y 6CMAHOBIEHO, WO MePMIuHa
CMIUKICMb KOMNO3UMIE 3ANexHCumv 60 Micmy 21ayKOHIMYy 6 3pAa3Kax KOMNO3Umie.
Bcemanosneno, wo 3i 36inbuennam emicmy NOMIAHINIHY 8 KOMNO3UMAX MeMnepamypHi
Medici 1020 MEePMOOKUCHIOBATLHOL decmpykyii poswupiolomscst 60 ~225 — 380 °C oo
~225 — 480 °C, mooi xonu meci mepmiunoi decmpykyii “uucmozo” noaiamininy cmamoe-
aame ~230-"670 °C. 3a pesynomamamu KOMNAEKCHOI Komn 10mephoi 0O6pobKu Kpueux
MmepmiuHo20 aHanizy i OughepeHyianbHo20 MePMIUHO20 AHANI3Y GUSHAYEHO eHepeito
akxmugayii, neped exCNOHeHYIaNbHUL MHONCHUK A NOPAOOK pearyii cmaodil mepmooKuc-
HI08AIbHOT OecmpyKyii noniauininy i npodykmie decmpykyii noniauininy. Axmugayitini
napamempu mepmiuHoi decmpyKyii yux 080x cmaoditl 3anexcams 8i0 8MICMY MIHEPAIbHO2O
HanoeH06aua.

Kmouosi cnosa: noniaminin, enaykowim, okcaiamma Kucliomd, KOMRO3UMU, MepMiuHa
cmabinbricmy, Kinemuka mepmooecmpykyii

I. Beryn

[onianinin (ITAH) — moniaMiHOapeH € OHUM 13 HAHOUIBII TOCIIDKYBaHNX Ta TEXHO-
JIOTIYHO BaXKJIMBUX ejaekTponpoBigaux momimepis (EINIT) [1-3]. B octanHi poku HOER-
HaHHAM BiactuBocTeil [TAH 1 pi3HMX PEYOBMH MIKpO- Ta HAaHOPO3MIPHOro MacimTaly
CTBOPIOIOTH TiOpUIHI KOMITO3UTHI Martepiami. OKpeMoro IPyIol0 SIKUX € KOMIIO3UTH Ha
ocHoBi [TAH i npupoauux minepanis (IIM). Cepen nocnimxenux [1M, Haifuacrinie s
CHHTE3Y TiOpUIHUX MaTepiajiB 3 MOMaHUTIHOM BUKOPHCTOBYIOTh TANOI3UT [4—6], KaomiH
[7, 8], kxpemuesem [9], mortMopmitonitu [10-12] 1 neomitu [13, 14]. OcranHiM YacoMm
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JUISL CHHTE3Y TIOpHAHUX KOMITO3UTIB i3 [ITAH BUKOPHCTaHO NPUPOIHUI MiHEpaII IIayKOHIT
(T'm) [15, 16]. 3a pe3ysabpraTaMu JOCHIIPKEHb BCTAHOBJIEHO, 10 TiOpHIHI KOMIO3WUTHI
Marepiaiy Ha OCHOBI TOJIiaHiIiHY 1 [J1 BOJIOJIIOTE BUCOKOIO €JIEKTPUYHOIO MPOBIIHICTIO
1 BUCOKOIO MAarHiTHOIO CIpHHHATIUBICTIO [15, 16]. s 6araThoxX IHIIMX KOMIIO3HTIB
[TA= i3 TIM xapakTepHUil CHHEpri3M NEeBHUX (PI3MKO-XIMIYHMX BIIACTHBOCTEH, SKi €
HEJOCSDKHUMH UL KOJKHOTO OKPEMO B3STOTO KOMIIOHEHTA.

HaiimommpeHnimmm 1 HakOpoCTIMMM CIIOCOOOM CHHTE3Y TiOpHIHMX KOMIIO3WTIB Ha
ocHoBi [TAH i [IM € xiMiuHe OKHCHEHHsI aHlTiHY (AH) — OKUCHUKAMH Pi3HOT NPUPO.IH 3a
HasIBHOCTI B peakUiifHoMy po3umHi aucnepcHoro [IM i kucnotn nonanra. Halfwacrtinne
OKHCHUKOM AH ciyrye amoHiii nepokcomucynbdar (AIIC). Kucnoramu nonantamu,
okpim HeopraHiuHuX, sik oT HCI [10], H,SO4 [7], H3PO4 [11] Ta apoMaTuuHKUX OpraHiuHUX
SIK OT cynb(hoHOBa, [4], kKampopcyasdorosa [17], cympdocanimunosa [18], BukopucTo-
BYIOTh 0araTOOCHOBHI KHCJIOTH HAIIPUKIIA] OKCaJIaTHY, UTpaTHy [19] Ta iH.

Maibke B ycix IOCITiIKEHHSX BiIacTHBOCTed sk [IAH, Tak i KOMITO3UTIB Ha HOTrO
OCHOBI, BEIIMKY yBary NpUAUISIIOTE TEPMi4HINH cTaOLIBHOCTI 3pa3KiB 3a pe3ysibTaTaMu
aHaJIi3y TePMOTPaBIMETPUYHUX UM JH(EpPeHIIaTbHAX TEPMOTPABIMETPHYHIX KPUBHX [4,
9,11, 13, 16, 20]. OnHak, KOCTIKCHHS KIHETUYHUX 1 aKTUBAI[IMHUX MMapaMeTPiB TEPMO-
nectpykuii [TAH i KOMITO3UTIB Ha HOTO OCHOBI IPAaKTUYHO HE BUBYAETHCA. JloCiKeHHS
TaKUX IOKA3HUKIB Ja€ 3MOTy OUIbII MOBHO ONMCATH JecTpykuiiHi npouecu [TAH B
KOMIIO3UTHHX Marepiajax i BIUIMB Ha HHX APYroro KOMIIOHEHTa, 30KpeMa MPUPOIHOIO
MiHepaiy.

[NomiaHiniH, SIK BiJOMO € €KOJIOTIYHIM IIOJIIMEPOM, KU BOJOJI€ BUCOKOIO CTIHKICTIO
JI0 OKUCHEHHS KUCcHeM NoBiTps [1-3]. [ayKoHIT — IpUpoOAHUil MiHepa, sIKUH IHPOKO
PO3TOBCIOKEHUIA B TPHUPOII, 30KpeMa i B YKpaiHi, HampuKiIax B AIaMiBCBKOMY YU
Kapauaecbkomy ponoBuiax XmenbHuIbKoi obnacti [15, 16]. OkcanarHa kuciora (OK)
3aBISIKM HAsBHOCTI JBOX KapOOKCHJIBHHUX TpyNl MO)XKe OyTH I[IKaBUM 00 €KTOM JUIs
BHKOPHCTAHHA B AKOCTi CEpPEIOBHIIA ISl CHHTE3Y, a 3a0JHO 1 gomyto4oi [IAH pedoBuHH
[19], a ocobnuBO KOMITO3MTIB MpHUpoaHuUi MiHepan/monianinin (IIM/ITAn). Bona moxe
e(eKTUBHO 3B’s3yBaTH MK CO00I0 MaKpOMOJEKYJISIpHI JaHIord [1AH, a TAKOX Makpo-
MoJIeKyJIsipHi JaHmorn [IAH i3 Tigpo(dinbHOIO TOBEPXHEI0 YAaCTHHOK IJIayKOHITY 3a
JIONIOMOT0K0 BojtHeBoro 3B’s3ky. Ciig 3ayBakutd, mo OK sk i ', e npupomHumuy,
JICIIEBUMH, JOCTYITHUMH 1 aOCOJIIOTHO HETOKCHYHUMH PEYOBHHAMH.

Y upoMy JOCHi/DKEHHI MM BHBYajiM TepMiuHi BiactuBocTi ITAH, aomoBaHoro
OKCAJIaTHOIO KHCIJIOTOIO 1 KOMITIO3UTHUX MarepiaiiB INIAyKOHIT/MONIaHUIIH JOTIOBaHUH
OKCAJIATHOIO KHCIIOTOI0, OTPUMAHUX in Situ okucHeHHsM aHUTiHy ATIC y BoaHHX po3uu-
Hax. [loennanus BiaactuBocteil [1AH i ['m 3 BukopucranHsaMm gonyrodoi pedoBuan OK
MOJKE MPHU3BECTH IO OJCPYKAHHS KOMITO3HTIB 13 I[IKABUMH 5K (PI3UYHUMH, XIMIYHUMH,
TaK 1 TePMIYHUMH BIACTUBOCTSIMHU.

2. PeakTnBH Ta MaTepiann

Jnst XiMIYHUX NEPETBOPEHb MU BUKOPHCTOBYBAJIM HACTYITHI PEAKTHBU Ta PEUOBHHH:
aninia (C¢HsNH,) (99,5 %), dbipmu “Aldrich”. Tlepen BUKOpHCTaHHSIM aHLUTIH J0AaTKOBO
MeperaHsiv mijl BaKyyMoM. SIK OKMCHHK BUKOPHCTOBYBAIM aMOHIH MEPOKCOAUCYIb(AT
((NHy4),S,0g) dipmu “Aldrich”, sk momant — okcanarny kuciory (C,H,O04x2H,0) “xu”
¢ipmu Ansda Pyc. Po3umHHHKOM ciyryBama TUCTWIbOBaHa Boja. It IOCIIKEHD
BHUKOPHCTOBYBAJIH TJIAYKOHIT, SIKAI BUIUISUIA 3 MOAPIOHEHOT y hapdopoBiii CTyII IPUPOIHOT
CyMIIlIl TJAYKOHIT-KpeMHe3eM (pomoBuine AnaMiBceke-2 XMenbHUIBKOI obmacti TY VYV
02497515.001-2001) nwsixom marsitHoro cenapysanus [21]. Cxknan I'n B mepepaxyHKy
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Ha oKcuaM HactymHul, % (Bar): SiO, — 56,6; ALO; — 11,4; FeO i Fe,03 — 14,2; MgO —
3,8; TiO,—-0,8; K,0-5,0; CaO-1,8; Na,0-0,4 i H,O ~6% (3a pe3ynbratamu
TepMmivHOro aHamnizy). Ilepen nocmimkennsm I'nm momatkoBo postupanu y ¢daphoposiit
CTYNLI 1 MPOCIIOBalM uepe3 KalpoHOBE CUTO 3 po3MmipoM oTBOpiB ~20 mkm. [lis
JIOCITI/PKEHb BUKOPUCTOBYBAJIM ['J1 3 po3MipaMy YaCTHHOK MEHIINMH 32 20 MKM.

3. MeToau a0CTizKeHH

TepmiuHuil aHami3 3pa3KiB MPOBOAMIM 3a IOMOMOIo aepuBarorpada mapku Q
1500-D ¢ipmu MOM (Yropumua) B Mexax Ttemmeparyp 293-973 K. Maca 3pa3ka
cramoBuna 100+ 1 mr. HIBuakicte HarpiBy crtanoBmwia 10 K/xB. Turm kopyHIOBI,
etanoH Al,O;. [ToBiTpsiHa aTMOcdepa.

KinetnuHi i akTHBaLiiHI mTapaMeTpH JOCITIHKYBaHUX 3Pa3KiB PO3PAXOBYBAIH 32 Pe3yIlb-
TaraMy KOMIUIEKCHOI 0OpOOKM TepMOTrpaBIMETpUYHHKX 1 AUdepeHIiabHIX TepMorpaBimMeT-
PUYHHX KpPHBHX TEPMIYHOTO aHaJi3y, 3a IOMOMOTOI0 IIEPCOHAJIBHOTO KOMI'IOTepa o
paHilte po3po0ieHiii mporpami [22].

4. MeTonnka cCHHTe3y MOJiaHiTiHy Ta KOMIIO3UTIB

3pasku [TAH Ta xommozuty [7/TIAH oxepkyBarmm XiMidaMM OKvcHeHHsM aHitiHy AIIC y
BomauX 0,5 M pozunnax OK 3a temrieparypu 313 = 1 K. Cuiimsoriernns Al : ATIC craHOBAIIO
1:1,25. To 80 mit po3urHy AH B 0,5 M OK BHOCHII HaBakKy 11 1 mimmaBamm i yIIBTpazByKy
BrpozoBxk 10 XB, 1 IepeMilyBai CyMilll MEXaHIYHOO MIIIIAJIKOIO BIIPOJIOBXX OJIHIET TOMMHH TIPU
313 K. Ilicnst woro [0 TepeMilIyBaHOi JUCIIepcii TOAABaM IULIXOM TMpHKAITyBaHESM 20 M
posuny AIIC B 0,5M OK. Cunre3 [TAH npoBoawiM MOAIOHAM YHMHOM 3a BHKITFOUCHHSIM
nonmaBaHHs [, TpuBaricTs cHHTE3y TeX ofHa ToauHA. [1icis 9oro peakiiiiiHy CyMill BUTPHMY-
Ba 24 roj, GUIBTpyBaIK, TPOMHBAIN IUCTIIILOBAHOK BOJIOKO JI0 HEHTpabHOro 3HaueHHs pH
MIPOMUBHHX BOJ i Cymmm y Bakyymi ipu 333 = 1 K.

5. Pe3yJbTaTH eKcniepuMeHTy Ta 00r0BOPeHHS

5.1. CuHTe3 noJiaHiJIiHY Ta KOMIIO3MTIB INIAyKOHIT/MoTiaHITIH

BuxinHi yMOBH CHHTE3iB, MAaCH BUXITHUX PEUOBHH Ta CITiBBITHOIICHHS KOMIIOHCHTIB
B mporeci cuHTe3y HaBeneHO B Tabm. 1. CmiBimHomenHs ['nm:IIAH ymMOBHHUIT 3amuc
Ha3Bu KoMmmosutiB I'/ITAH o3Hayae He croiBBimHOmEHHS MK Macoro I'nm i ITAH, sxuil
YTBOPHUBCSI B pe3yJIbTaTi CUHTE3Y, a CITIBBITHOIICHHS MiX Macamu AH i ', B3sTHX 1718
cunaTe3y Kommno3utis. Maca ATIC cranoBuna 2,7 .

[Micnst BUCyNIyBaHHS 3pa3KiB, BU3HAYAIM BHXiJI MPOIYKTIB 3BaXXyBaHHSM Ha aHa-
JITUYHUX Barax (pe3yJsibTaTu 3aHeceHi B Tadi. 1). Sk BuiHO 3 maHux Tadu. 1 HAWHIKYNM €
Buxil “arctoro” [TAH, MO OYEBHIHO 3YMOBJICHO TEMITCPATypor0 cuHTe3y. OTpHMaHi 3pa3Ku
postupaniu B (apdopoBiit cTymii i y BHAI NOPOIIKIB TEMHO-3€JIEHOTO 3a0apBiieHHS i
JTOCTIIXKYBaJIH.

5.2. Tepmiunnii aHaxi3 MoJiaHiTiHy Ta KOMIIO3MTIB HA OCHOBi moJiaHininy i
IJIayKOHITY

Ha puc. 1 300paxkeno, sk npukian 3araiapHuil Bua aepusatorpam [, Ti/T1AH (8:1),
I'n/TTAH (1:4) i [TAn. Sk Bugno 3 puc. 1, Ha ¢opmy TtepmorpaBimerpuunux (TD),
mudepeniansaux TepmorpasiMerpuunux (JATI) i kpuBux audepeHmiabHOrO TepMid-
Horo ananizy (JITA) nepuBaTorpam AOCIIPKEHUX 3pa3KiB, BIUIMBAE CKiIaj 3paska (tadum. 1).
TT kpuBi imocTpytoTh BTpary macH, JITA kpuBi — HassBHICTH MiHIMYyMiB 1 MaKCUMYMIB,
SIK 0O3HAKHM CHIOTEPMIYHHX 1 €K30TEPMIYHHUX MEPETBOPEHB, IO MPOTIKAIOTh 3 TOTJIMHAH-
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HSM 9 BunteHHAM Teria, {TT kpuBi — € nudepeHianbHIMI KpUBUMHU BTPaTH MacH i
€ BaXIMBOIO KIUIBKICHOIO XapaKTepPUCTUKOI IIpoLecy TepMOIECTPYKIUii, sKuii
XapakTepusye Horo IBUIKICTh. 3a 3MimeHHsM Todok meperumny TI' i JATI kpuBux
MOYKHAa BU3HAYMTH BIUIMB KOMIIOHEHTIB CKJIAIHMX 3pa3KiB Ha TEpMiuHy CTaOiIbHICTH
[23]. Ananiz JITA xpuBUX BHUKOPHCTOBYIOThH /IS BCTAHOBJICHHS NPHPOAM TEIJIOBOTO
edekTy Ta HOro 3aJIeKHOCTI BiJl IPUPOAH CKJIALy KOMIIOHSHTIB JOCTIPKYBaHUX CUCTEM.

Tabnuys 1
CriBBiIHOLIEHHS] KOMIIOHEHTIB B NpoLeci CHHTe3y Ta BUXi/l IPOAYKTIB.
3pasok Maca, 2 CriBBinHomenns (2 - 2) | Buxix kommosury,

(YMOBHE 1O3HAYEHH:) Tn AH I'm: An 2 %

I'n 1,00 - - - -

I'n/T1AH (4:1) 4,00 1,00 4:1 4,92 98,4
I'n/T1A=H (2:1) 2,00 1,00 2:1 2,78 91,2
I'n/TTA= (1:1) 1,00 1,00 1:1 1,86 93,0
I'n/T1A= (1:2) 0,50 1,00 1:2 1,23 82,0
I'n/T1A=H (1:4) 0,25 1,00 1:4 0,91 72,8
[MAs* — 1,00 — 0,71 71,0

*[IpumiTka. [To3nauenns 3paska, Hanpukian [7/IIAx (1:1) o3Hauae, MmO BMICT KOMIIOHEHTIB
An i I'n B peakuiiiniii cymimi 1o moyatky peaxuii cranosus 1 : 1) 1 (T : 1), BignosizaHo.
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Puc. 1. lepuBartorpamu 3paskis: a — ['1; 6 — T1/T1AH (4:1); 6 — [/IT1AH (1:4); 2 — “auctuii” [Tan.
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Amnaniz JITT" kpuBOi TaKOXK Ja€ 3MOTy OJHO3HAYHO BUJILIUTH OKPEMi cTail mporecy,
IO HE 3aBXIU BIAEThCs 3poOouTH 32 TI' KPUBOIO Ta BCTAHOBHUTH TEMIIEPATYPY MaKCH-
MaJibHOT mBHAKOCTI BTpaTh Macu. [lik Ha JITT KpUBHX OMUCYE MOYATOK i 3aBEPIICHHS
cTaiil BTpaTH MacH 3pa3KoM 1 BiimoBizae to4yii neperuny Ha TI' kpuBiH, sika 03Hauye
3M1Hy HIBUIKOCTI TPOIECY BTpATu Macu 3pazkom. Jliis HOplBHSIHHH npouecm B 3pa3Kax
I'n i [TAH, a Takox kommosutax I'n/ITIAuw TT, ITT 1 I[TA KpI/IBl 3rpynoBaHi i IpUBeIeHI
Ha OKPEMHX pHUCYHKaX (puc. 2—4), i IpoaHai30BaHi 3a BiAMOBIIHUMHE BIIACTUBOCTSIMH.

5.3. TepmorpaBiMeTpu4YHMIi aHAJI3 3pa3KiB

Ha puc. 2 300paxeni TI' kpuBi JOCHIIPKEHUX 3pa3KiB, MO0YI0BaHI 3 BpaXxyBaHHIM
3arajbpHOI BTPAaTH MAacH i BIJTHOCHOI BTPaTH MacH 3pa3KaMH, pO3paxoBaHOl 3a BiHOIIEH-
HM Am1/myx100 %, ne Amt — BTpaTa Macu 3a MeBHOI TeMIEPaTypH, Moy — Maca 3pa3Ka
npu 7= 200 °C. Brpara Macu 3pa3kamu I1iJi BIUIMBOM TEMIIEPATyPH 3yMOBIICHA BHILJICH-
HSIM JICTKUX KOMIIOHEHTIB, sIKi BXOIATH 0 cKiaxy 3paskiB ['n i ITAH Ta 3pa3kiB Komro-
sutiB ['1/[TAH, a00 yTBOPIOIOTHCS B MPOIIECi IXHBOTO TepMidHOTO po3many [15, 16]. Jlis
3pa3ka I'm BTpara Macu 3yMOBICHAa BHAUICHHAM (IecopOIi€ro) ¢i3udHO 3B’A3aHOI,
KPHCTAJIOT1IpaTHOI Ta BOJM sIKa yTBOPIOEThCA i3 moBepxHeBux —OH rpyn (auB. puc. 2
xkpusa 1). Ha TT xpusiii 3pa3ka [IAH HasBHI TpH OCHOBHI CTafil BTpaTH MacH: IepIIa —
3yMOBJIEHa BTPATOIO (Pi3NUHO 3B’s13aHOT BOAH, JAPYra — BTPATOO JAOMYIHOYOro KOMIIOHEHTA 1
JIesTKO1 KUTBKOCTI BOJAM, SIKA BXOAWTH IO WOTO TiApaTHOi OOOJIOHKH i TPETsS — TepMO-
nectpykiieto [TAH 3 BUAITICHHIM JIETKUX MPOAYKTIB AecTpykuii [15, 16, 19].
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Puc. 2. Tepmorpasimerpuuti kpusi 3pazkis: [ — ', 2 — T'/T1AH (4:1); 3 — Tw/T1AH (2:1);
4 —T/MAH (1:1); 5 —Tw/IIA=H (1:2); 6 — I'n/TI1AH (1:4); 7 —an.

MeHmia BTpata Macu 3yMOBJIEHOT TepMonecTpyKuieto [TAH BiacTiBa 11 3pa3kiB i3
BHCOKMM BMicToM ['7, a BiamoBimHO, HM3pKHM BMicToM [IAH mpum poskmami sikoro i
BiZIOyBa€eThCs HaiiOlbIa BTpaTta Macu. 31 30UIbIIEeHHAM BMicTy ['11 y KOMIO3uTi, BMIiCT
[TAH 3HMKYEThCS (mUB. Tabm. 1) i TepMmiuHa CTIMKICTh KOMITO3HUTY 3pocTae. B Tabm. 2
HaBeJieHO pe3ynbratu 00pooku TI KPHBHX, JOCHiDKEeHUX 3paskiB y Mexax 20 — 600 °C.
TeMnepaTypI/I 200 i 600 °C (650 °C) BiamoBimaroTh TEMIIEpATypamMm BTPAT MAcH 3pa3Kamu,
SIKI 3aBepHJleTb CTaHlIO BTpaTI/l BOU, OOITYHOYOr'0 KOMIIOHCHTA i BOJH, HeCprKLlllO
HoJiMepy 1 BTPATy MPOLYKTIB AECTPYKIIi.
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Pe3yabTraTn 06podku TI' KpMBHX 1epUBATOrPaM A0CHiXKEHUX 3pa3KiB

Tabauys 2.

Brpata macu (%) npu TemMnepaTtypax

3pa3ok
7=200°C | =600 °C
I 44 5,0
T/TIAH (4:1) 4,9 23,9
Dw/TTAH (2:1) 5,1 34,5
T/TIAH (1:1) 5,7 42,2
T/TIAH (1:2) 6,8 51,6
Dow/TTAH (4:1) 7.8 65,4
TAR* 9,9 97,8

* [pumitka 7= 700 °C.

OueBuIHO, 110 BiIMIHHICTh B 3HaYEHHSX TEMIIEPATYP, SIKi BIANOBIIAIOTH UM TOYKaM,
3YMOBIICHI BIIMIHHICTIO V (Di3MKO-XIMIYHAX BIACTUBOCTSX OJCPKAHUX KOMIIO3UTIB. Y
3B’A13KY 3 OYEBUJIHICTIO [IPOLIECIB, sIKi BiAOYBarOThCs 10 225 °C MM 3yIIMHUMOCH Ha OLIbII
JeTambHOMY aHamizi crtamiii Tepmomectpykimii ITAH, ski BinOysarotses micas 225 °C.
BcraHoBneHo, o MpoyKTaMu TepMidHOro po3nany ITAH € Benuke 4nciio pi3HUX CIIONYK,
SIK Hampukiran OeH3eH, aHimiH, (QeHLTiIeH-Ii-aMiH Ta iH., SKi BHIUISIOTECS B THX YU
IHIIMX Mexax Temmepatyp [15, 16, 19, 24-28].

5.4. Anani3z ITT’ kpuBUX CHHTE30BaHUX 3pPa3KiB

Ha ATl xpuBux mepedir mectpykuiitHoro mponecy IIAr B xommosutax ['n/IIAH
NPOSBJISAETHCSA XapaKTEPHUMU MIiHIMyMaMu B Mexax Temmneparyp ~225 — 480 °C (puc. 3).
IarencuBHicts MiHiMyma JITI' kpuBoi 3ymoeneHa BmictoM [IAH, skuif migmaeTses
JIECTPYKIIii miJ] BILTHBOM Temrieparypu (puc. 3).
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Puc. 3. a — JITT xpusi 3paskis: [ —'m; 2 — T/T1AH (4:1); 3 — Tn/T1AH (2:1);

4 —-Tn/TTAn (1:1); 5 - Tw/IT1AH (1:2); 6 — IT'n/T1AH (1:4); 7 —T1A=.
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I3 puc. 3 BuaHO, 1m0 npu 30inbHIeHH] BMICTY [IAH B KOMITO3UTI PO3LIMPIOIOTHCS TEM-
neparypHi Mexi BTpaTd Macd 3pa3kaMH. TepMOOKHCHIOBaJbHA AECTPYKLIl 3pa3ka
“gucroro” TTAH BinOyBaeThes B Meskax ~225-670 °C i Gibln CKIaJHAM TIPOIIECOM HiX
TEPMOJIECTPYKIIii 3pa3KiB KOMIIO3HTIB.

5.5. Ananiz ITA kpuBHX 3pa3KiB KOMIO3UTIB

Ha JITA xpwusiii 3pa3ka I'n (puc. 4, xpuBa /) HasiBHI €HAOTEPMIUHI KM 3yMOBJICHI
BumitenassM Bogu. s ITA kpusux 3paskiB ['1/IIAu (puc. 4, kpuBi 2—6) BiacTHBa
HAsBHICTh €HIOTEPMIYHHUX MiHIMYyMiB B Mexkax Temreparyp 60 — 130 °C, siki Biamosi-
JIAI0Th BUAUICHHIO (BHIIAPOBYBAHHIO) BOJAM SIK 31 3pa3KiB KOMIIO3UTIB, Tak 3i 3pa3ka
“guctoro” I1AH (puc. 4, kpuBi 7). HasBHICTh IIMPOKHMX eKk30TepMiuHMX MiKiB Ha JJTA
KpuBUX Kommo3uTiB i [TAH mpu Temmeparypi Bumiii 3a 200 °C 3yMOBIICHa TEPMOOKHC-
HIOBaJIbHOIO JiecTpykuieto [TAH. HasiBHICTh MOBITpsiHOT aTMOC(hEpH 3yMOBIIIOE OKUCHEHHS
MOJIIMEPHOI MAaTpPHUIIl Ta MPOAYKTIB AECTPYKIi KHCHEM TOBITPS — IPOLECIB, AKi 3a
BU3HauYeHHM € ex3otepMiuHuMu. st JITA kpuBHX BCiX 3pa3kiB KOMIIO3UTIB B IHTEpBai
temmeparyp ~200 — 500 °C BiacTHBa HasABHICTH IIHPOKOTO €K30TEPMIUHOTO TIiKa,
YTBOPEHOT'O JIEKIIbKOMa BY)XYMMH mikamu. [lepmmii 3 sKMX OuYeBHIHO BiZIOBiNa€E
TEPMOOKHCHIOBaIBHIN NecTpykuii [IAH, a HACTYIIHI — AECTPYKIii IPOIYKTIB AECTPYKILil
[TAH. IxHs mosiBa 3yMOBIEHa MPOTIKAHHAM BTOPUHHHUX TIPOLECIB 3 Y4ACTIO aKTMBHHX
YaCTHHOK (BUTBHUX PaJUKaIiB) TEHEPOBAHUX JECTPYKIIEIO MOTIMEPHOTO JAHIIOTA.
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Puc. 4. ATA-xpusi 3pa3kiB: / —['m; 2 — I'n/T1A= (4:1); 3 — T/I1A=H (2:1);
4 —-Tn/MAn (1:1); 5 — Tw/TIAH (1:2); 6 — Tn/I1Au (1:4); 7 — “unctuii” [1AH.

TepMmookucHIOBasbHA AeCTpyKLisi 3pa3ka IIAH KucCHeM NOBITpsi BinOyBaeTbcs B
Mexax 290 — 700 °C. I3 puc. 4 BuaHO, mIO 3i 30UIBIIEHHAM BMICTY TJIAYKOHITY B
komno3uti popma JITA mikiB 3MiHIOETBCS, a TXHS IHTGHCUBHICTh 3MEHIIYEThCS. Pe3yiib-
Tati 00poOku JITA kpuBux aepuBarorpam (puc. 4) HaBeneHo B Ta0II. 3. I3 qaHUX BHIHO,
[0 TeMIepaTypH MIKiB MPaKTHYHO CIIBNAAAI0Th i3 Temmeparypamu mikiB JITI" kpuBux.
®opma [ITA xpusux i AT kpuBUX, a TaKOXK TEMIEPATYPH IIKiB XapaKTePHUX IJIS [IUX
KPHMBUX IMPAKTUYHO CHIBIIAJIAI0Th, 0 MOXE CIIyTYBaTH O3HAKOIO BiJCYTHOCTI OYEBUIIHUX
(ha30BHUX Tepexo/1iB KOMIIOHEHTIB 3pa3kiB I /ITAH.
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Tabnuys 3
Pe3yiabTaTn 06podku ITA KpuBHX AepuBaTorpam
Temneparypa mikis + 1,0, °C
Ipazox ik / | Tix 2

I'n 388 388
I'n/TTA= (4:1) 300 300
I'n/TIA=H (2:1) 312 312
I'n/TIA= (1:1) 318 318
I'n/TTA= (1:2) 348 348
I'n/TTAH (1:4) 370 370
MAn* 380 380

*TIpumiTka: Tperiit mik npu 602 °C He npuBeACHHI

[Ipu 3MeHIIeHH] BMICTY MOJIIMEpY B KOMITO3HUTI €K30TEepMIUHMH ITiK, SIKUH BiIOBiIa€E
TePMOOKHCHIOBaNBHINA aecTpykmii [TAH 3Byxyerscs (muB. puc. 4). Ilpm 30imeieHHi
BMicTy ['J1 B KOMIIO3HTax TeMIepaTypH MiKiB 3MILIYIOThCA B OIK HIKYHX TEMIIEPaTyp,
0 OYEBHIHO 3yMOBJIeHO BIuBOM ['11. Ilpm mpoBeneHHI CHHTE3y KOMIO3UTIB in Sifu
yactuHa [IAH yTBOPIOEThCS B PO3YMHI @ 4aCTHHA OCifa€ Ha moBepxHi [1pu 30ibIIEHH]
BMmicTy I'1 B koMno3urax 3poctae yactka [TAH, sika ocapkeHa Ha 4acTHHKaX [J1 cTOCOBHO
HOro 4acTKM YTBOPEHOI B peakuiiHOMY po3uHHi. 3a Manux BMIcTiB [1 B peakiiiHOMy
cepeloBHILl OUTBIIICTE [TAH yTBOPIOETHCS B peakiLiifHOMyY 00’€Mi 1103a MeXaMH YaCTHHOK
I'n. 31 30inbiieHHsM BMicTy [ B peakiiiiHiil cyMilni 3MeHIYeThCs TOBIKMHA mapy [TAH
Ha HOBEpXHI Jucriepcii MiHepaity i 3pocTae HOro NecTpyKUiHHUN BIUIMB HAa MaKpOMOJIe-
Ky [1AH, sikuil B OCHOBHOMY IOILMPIOETHCS Ha IIPWIIETII 10 NOoBepxHi [T Makpomoreky-
mu [TAH. BpaxoByroun HasBHicTs B ckiaami ['m Fe’ i Temmeparypui mexi necrpykuii
[IAH moxHa BBaxarH, mo Fe’' Gparnme y4acThb B pPEaKiii TepMOOKHCHIOBAJIBHOL
nmectpykii [TAH.

5.6. KineTn4Hi Ta akTHBaNiiiHi napaMeTpy TepMIYHOI ecTPYKILil CHHTE30BAHHX
3pa3kiB

3arajbpHOBIIOMO, MO MPOIEC TEPMIYHOI MECTPYKINI IMOJIMEPIiB BiTHOCHUTHCS O
CKIIAHUX reTepodasHuX MpOIECiB i BKIIOYAE IUIAH P MOCITIIOBHUX 1 HapanelbHUX
peakuii, siki CynpOBODKYIOTBCSI HU3KOIO JU(Y3iHHHX, COPOLIMHMX Ta IecopOuiiHUX
MpoIieciB, BTOPHHHMX TPOIECciB B ra3oBii (azi Tomo [29]. B 3B’sa3ky 3 muM, OIliHKa
AKTUBAI[IfHAX Ta KIHCTUYHHUX MMapaMETPiB TEPMIYHOI MECTPYKIIIi MOJIMEpy 3arajioM €
CKJIAJJHOK0 MAaTEMAaTUYHOIO Ipo0IieMoro. IcHye HHU3Ka MaTeMaTHYHUX METOMIB PO3PaxXyHKY
KIHETHKH TEPMIYHOI IECTPYKIIi MoJiMepiB 3a TaHUMH TEPMOTpaBiMeTpil, ki 6a3yloThCs
Ha BHUKOPHUCTAaHHI MUQepeHIiaabHoi ad0 iHTerpaabHOi (GOpMH KiHETHYHOTO PiBHSHHS
[30]. OnHak, BpaxoByrOUYM KOMIUICKCHHI XapaKTep MEXaHi3My 1 HEMOKJIUBICTh OTIMCAHHS
KiHETHKH TPOIIECY TEPMIUHOI AECTPYKIII TOIIMEpPY B YChOMY TEMIIEpaTypHOMY iHTepBai
3a JIOMOMOTOK OHOTO PIBHSHHS KIHETHKH BHUKOPHUCTAHHS TOTO YH IHIIOIO METOIY
PO3paxyHKy 4YacTO HPHUBOAWTH JO CYTTEBO BiqMIHHHX pesynbrariB [31]. Jns ominku
KiHETHYHO-aKTUBALIMHUX MapaMeTpiB TEPMI4HOT ECTPYKIil KOMIIO3HTIB 3alipOIIOHOBAHO
meron [31, 32], axuii GazyeTscss Ha po3AiieHHI KomruiekcHoro JTT-makcmMmymy Ha
eJIEMEHTapHI KK (IUB. puc. 5).
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Puc. 5. Cryninb neperBopenns [IAn B kommosutax: a — ['/I1AH (2:1). ¢ — Tnw/T1AH (1:1).
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KoxeH 3 1MX MiKiB OMMCYy€e KBa3ieleMEHTApHUI TpOIec, SIKUH XapaKTepu3yeThCs
KIHETHKO-aKTHBAl[IHHUMK nlapameTpamu n, E, 1 A, 1 akuil npotikae (BigOyBaeTbcs) B
3aJjaHOMy TeMIlepaTypHoMy iHTepBaii (puc. 5). BinnosigHo, peanbHuil mpouec po3ris-
JIAETBCS SIK cepist “eneMeHTapHuX’ mporeciB. MareMaTHyHO Takuii CyMapHHUil mpoiec
OIIUCYETHCS CUCTEMOIO TU(epeHIiaTbHUX PiBHSIHB!

daj m(daj a4 ( Eaij 0
— =D |—|=),—exp — -(l—a) !

ne Ey, A; 1 n;, — eHeprist akTuBaiii, nepeeKCIOHeHIIAIbHUHA MHOXHHK I-r0O TIpolecy i
MOPSZOK PeakIlii, BIAIOBIIHO, 1 m — YUCIIO “elIeMEHTapHHUX ~ MPOIIECIB.

Hezanexuwuii pospaxyHok E,, A Ta n eIeMEHTAPHHUX IPOLECIB TPOBOAMBCSA 32
JIOTIOMOTOI0 KOMIT IOTEPHOT Tiporpamu po3pobiienoi ['natummanm C. 4. [32].

Poszginennst cxmagaux mikiB JITIT kpuBHUX Ha CKIaOBI MiATBEPIKYE ABOCTAIIHHICTD
npolecy TepMOOKUCHIOBaNBHOT AecTpykiii [TAH B 3paszkax ['7/I1AH, a mis 3paszka [TAH —
Tpu craii. PesynpTati 00UMCICHHS KIHETUUHHUX IapaMeTpiB NPOLECY TEPMOAECTPYKIIT
JTOCTIKEHHX 3pa3KiB MPHUBEICHI B Ta0M. 4.

Tabruys 4

Pe3yabTaT 00unciIeHHs] KIHeTHYHHX APaMeTPiB Mpolecy TepMoAecTPYKIii 3pa3kiB
kommno3uTiB ['a/I1AH i [TAn

3pazok

T/MAm (2:1) | TwlAr(1:1) | TwlAs(1:2) | MAH

T, K 635 631 661 682
i 1 A 3,257-10" 3,976-10° 3,489-10° 1,014-10'
Ea, kJIK 150,48 138,34 91,30 122,27

n 1,081 1,137 0,984 0,941

T,K 577 571 569 819

i 2 A 2,75-10° 3,15-10° 1,23-10° 2,54 10°
Ea, K]k 93,50 94,40 77,48 115,62

n 1,012 0,978 1,082 1,315

PospaxoBani Hamu 3a [ITI" kpuBUMHM, KIHETHYHI TAPAMETPH AECTPYKLIT KOMIIO3UTIB
I'n/TTAH € 6M3bKMMU 32 3HAYEHHSIMU JI0 JITepaTypHuX AaHux [33, 34], po3paxoBaHuMH
3a TT" kpuBuMu. Sk BUAHO 3 Tabi. 3 eHepris akTuBaii nepiuoi crazii gectpykuii (mik 1)
3MEHIIIYETHCS MIPH MTEPEXOIi BiJ CIiBBITHONICHHS KOMIIOHCHTIB B Kommo3uTax [ : [TAn
Big 2 : 1 mo 1:2. Enepris aktuBauii apyroi cranii (1K 2) 3i 30ibineHHsM BMicTy [1AH B
KOMIIO3HTI BUXOAUTH Ha cTaii 3HaueHHS (Ea = 90,00£5,0 x/[x). [Ipu 30inpmIeHH] BMiCTY
[TAu B kommo3uti (Tabia. 3) 3MEHIIYEThCSI 1 3HAYEHHS CTEPUYHOTO MHOXHHUKA (A)
piBHSIHHS AppeHiyca (Tabi. 1), mo € o3Hakoro BruBy 11 Ha necrpykuiro [TAH [33] npu
BUCOKMX BMicTax [IM. 3HaueHHsS BEJIMYMH CTEPUYHOTO MHOXKHHKA JUIS peakuii, sKy
OIIMCYE TIIK 2 € 3HAaYHO MEHIIMMH, 110 MOJKE 3aCBiJUyBaTH IPO BIIMIHHICTH MEXaHI3MiB
tepmoaectpykuii [TAH, B pi3HMX TemmepaTypHux Mmexax. s TepmiuHOl aecTpykuil
[TAH, sxy omucyrots aBa miku JATI xpuBoi, B komnosurax ['1/[IAH 3a pisHOro BMicTy
ITAH (Tabn. 4) mopsaok peakiii (n) € npaktuuno piBauMm 1,0+0,15 (tadm. 4), ToOTO
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TEPMOOKHCHIOBaJIbHA JecTpyKuis [IAH TpoTikae sSK peakiis INEepHIoro mnopsaky. I3
aHaji3y pe3ynbTaTiB puc. 5 1 Tabn. 3 MOXKHA CTBEpIDKYBATH, 110 nepuia cragis (mk 1)
BIJINIOBiIa€ TEPMOOKMCHIOBANBHIN aecTpykuil [TAn. [Ipyra x crazis (mik 2) Binmosinae
TEPMOOKHCHIOBAJIbHINA JECTPYKIIT BaXKKOJETKUX YM HEJETKUX MPOIYKTIB JECTPYKIIT
[TAH, sax Hanpukian caxa. KiHeTHMYHI mapameTpu TEpPMOOKHCHIOBAJIBHOI JeCTpyKii
[TAH (Tabn. 4) € IPaKTUYHO CMIBMIPHUMH 3 JIITEpaTypHUMH AaHuMu [33].

BucHoBkH

XiMiuHMM OKHCHEHHs aHuIiHy B 0,5 M BOIHHMX pO3YMHAX OKCAJIATHOI KHCIIOTH 3a
HasIBHOCTI TIPUPOAHOTO MIHEpaly IJIAyKOHITYy BIEpIlle CHHTE30BAHO DS KOMIIO3UTIB i3
pisauM criBBizHOmeHHAM [ : [TAH. JlocmipkeHO TepMiYHY CTIHKICTH OTPHUMaHHMX
KOMIIO3UTIB 1 TOPIBHAHO il 3 TEPMIYHOIO CTIMKICTIO TOJMiaHiMiHY. 3a pe3yibTaTaMu
TEPMIYHOT'O aHajli3y BCTAHOBIICHO, L0 MPOLIEC TEPMOJAECCTPYKLIT MOJIiaHIiHY 1 KOMIIO3UTIB
I'n/TIAH € OGaratoctaniiinuM. B cepemoBwIi TOBITpS poO3KIai 3pa3KiB MPOTIKAE SK
TEPMOOKHCHIOBaJIbHA JIECTPYKIis, sKa BigOyBaeThCs 3 BHIUICHHSM TeIlia, TOOTO €
ek30TepMidHOr0. [lOpiBHAHHS pe3yNbTaTiB JlepuBaTOrpadiqHUX TOCIIMIKEHb 3pa3KiB
MOKa3ajo, 110 TEPMi4Hi BIACTUBOCTI 1 KIHETHYHI NapaMeTpH JIECTPYKIIi MoJiaHiliHy B
KOMIIO3HUTAaX 3aJeXaTh BiJl BMICTY TJIayKOHITY. 31 3MEHIIEHHSIM BMIiCTy MiHepary IeIio
MiJBUILY€THCSI TEPMIYHA CTIMKICTh MOJIaHITIHY B 3pa3Kax.
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SUMMARY

Viktoriia MAKOGON', Yuliia SEMENYUK', Mykhaylo YATSYSHYN', Viktor ZAKORDONSKIY',
Nataliya DUMANCHUK?, Nadiya FARTUSHOK?

THERMAL STABILITY OF THE HYBRID COMPOSITES BASED ON GLAUCONITE DOPED
WITH POLYANILINE IN OXALIC ACID

!Ivan Franko National University of Lviv,
Kyryla and Mefodia Srt. 6, 79005 Lviv, Ukraine,
e-mail: m_yatsyshyn@franko.lviv.ua

’Lviv Medical Institute, Polishchuka Str. 76, 79015 Lviv, Ukraine

Samples of polyaniline and glauconite/polyaniline composites were obtained in 0.5 M aqueous solutions of
oxalic acid using ammonium peroxydisulfate as chemical oxidant. Different ratios of aniline:glauconite such as
4:1,2:1,1:1,1:2,1:4 were used for the synthesis of the composites. The thermal properties and kinetics
of thermal degradation of the synthesized samples were studied. Multistage thermal degradation of pure
polyaniline and the composites was observed by thermogravimetry. According to the results of
thermogravimetric analysis it was determined that the thermal stability of the composites decreases with
increase of glauconite content. At the increase of polyaniline concentration in the composites temperature
limits of thermo-oxidative degradation expand from ~225 — 380 °C to ~225 — 480 °C while for pure polyaniline
they are ~230—°670 °C. Activation energy, exponential factor and order of the reaction for the thermal
degradation of polyaniline and its decomposition products were calculated using complex computer processing
of the thermogravimetric curves and differential thermal analysis. Activation parameters of the thermal
degradation of the composites depend on the content of mineral filler.

Keywords: chemical synthesis, polyaniline, glauconite, composite, thermal stability, kinetics.
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BILIUB PEAKIIITHOT O CEPEJIOBUILA HA
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Bueueno weuokicmv oxucnennsa xinoniny (XH) nepoxcudexanosoro xuciomoro (II1K) 6
PI3HUX OP2aHIYHUX PO3UUHHUKAX. 3HAUOEHO CYMAPHI KOHCMAHMU WEUOKOCMI peaxyii
oxucHenns (k) ma enepeii akmusayii (E,) 6 pisHux opeaniunux cepedosuwax. Midxc
napamempamu nepexiono2o cmamuy AH ma AS* iCHye NIHIIHA 3a1eJCHICMY, KA 6KA3VE HA
HAABHICMb KOMNEHCayilinoz2o epexmy 6 cepii Hawux 0ocnidie. Ha cymapHi koncmanmu
weuokocmi ma euepeilo akmueayii enausae Ak coaveamayia xinoainy max i IIJK.
Cymapmi KOHCMAaHmMu wWeUOKOCmi OKUCHEHHs. 3pOCmaioms 6 psdy 8-OKCuxinonin <nipu-
OUH<XTHONIH<AKPUOUH.

Kniouosi cnosa: nepoxcukuciomu, OKUCHIO8ANbHI peakyii, KOHCMAHMU WEUOKOCMI,
XIHOMIH, 8-OKCUXIHOIH, eHnepeis akmueayii.

Beryn

[Ipouecy OKHUCHEHHS apOMAaTHYHUX HITPOICHBMICHUX TeTEPOLMKIIYHHUX CIIOIYK
IIMPOKO 3aCTOCOBYIOTH IS pi3HOMaHITHHX mijied. Peakrito okucHeHHs xiHOMiHY (XH)
Ta HOro MOXiJHHUX TEPOKCHIOM BOJHIO YacTO 3aCTOCOBYIOTH Ul MOBHOI Jerpaaarii
HITPOTEHBMICHHX CIIONIYK, OCKITBKH IIi PEYOBHHHU € OJHUMH 13 HEOE3IMEUHNX 3a0pyIHIO-
BayviB JIOBKOJHMIIHBOTO cepenoBuina [1, 2]. ABtopu po6otu [3] BUKOPHCTOBYBaM SIK
OKHCHHK XiHOMNiHY (epatu (V) Ta 3amponoHyBaIr MEXaHi3M TOCIIIKYBaHOTO IIPOIIECY.
OKHUCHEHHSI apOMaTHYHHUX TETEPOLMKIIUYHMX CIIOJNYK TEePOKCHKHCIOTAaMH IPOXOIUThH
M’SIKO Ta MPHU3BOJIUTH IO YTBOPCHHS BiAMOBiIHUX N-okcumiB [4]. Peakuii okucHEHHS
MIPUAMHY Ta HOTo MOXIIHUX MEPOKCHUIHUMH CIIOJNYKaMH IIUPOKO BUBYAIH [5, 6], oHaK
BIUIMB PEaKLifHOrO CepeIoBHUINA Ha TaKi IPOLECH MaJOBHBYEHHH, X04a MOXKHA OUIKYBAaTH,
110 PO3YMHHMK KU BUKOPUCTOBYETHCS y peakiii Oyne BIUIMBATH K Ha IIBHIKICTb, TaK
1 Ha BUXix nponykTiB. B podorax [7, 8] Bin3HaueHO, IO CHEKTPAIbHI XapaKTEPUCTHKH
MOXITHUX XIHOJIHY CYTTEBO 3aJIe)KaTh BiJl MPUPOIU PO3UMHHUKA B SIKOMY MPOBOIMIH
JIOCITIJPKEHHS, 10 OYEBHMIHO 3B’5I3aHO 31 3MIHOIO PEaKLiHHOI 31aTHOCTI JOCIHIIKYBAaHUX
cnonyk. Metoro Hamoi poOOTH OyJO JOCIHIKSHHsI BIUIMBY PO3YMHHHUKIB Ha peaxilii
OKHCHEHHS XiHOJIHY mepokcuekanoBoro kucinotor (I1JIK). OxucHiOBaIbHI BIACTUBOCTI
IIJIK mpakTU4YHO HE BiApPi3HIETHCS Bin BIacTUBOCTEH mepokcuoinToBoi kuciotu (IT0OK),
SIKy 4acTO BUKOPHCTOBYIOTh B TakuxX peakuisx. lllupoke Buxopucranus IIOK Ha npak-
TUIl OOMEXeHe, 10 OOYMOBIEHO BHUCOKOIO BHOYXOHEOE3NEHHICTIO IbOTO0 OKHUCHHKA.
[lepokcunexkaHoBa KHCIOTa HE € BUOYXOHEOE3IEUHOI0, TOMY ITPOLIECH OKMCHEHHS 3a ii
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YYacTIO MPOXOMAATh KePOBaHO. BaXIMBOKO MepeBaror MEepOKCHICKAHOBOI KUCIOTH € 1i
M’sika i, Kpim Toro mpenapatu [1JIK mocuts nerko ouwmctuth. JlOCHimKeHHS BIUIUBY
OpraHiYHUX PO3YMHHHUKIB Ha MIBHIKICTh OKMCHEHHS XH MepoKCHIEKaHOBOI KHCIOTOO
MOXE JIaTh KOpHUCHY iH(OpMAIIO AJsi ONTUMAJIbHOTO IMPOBENCHHS OKHCHIOBAJBHUX
PEaKIIii.

MeTtoanka eKciepuMeHTy

VY poborti BukopucroByBanu [1JIK, siky ofepKyBajid peakii€to 1eKaHOBOT KUCIIOTH 3
MIEPOKCUIOM BOJHIO B CEpEAOBUIII CybdhaTHOI kuciotu [9]. [Ticns cuHTe3y, OTpruMaHuit
npernapar AeKiibKa pa3 OYMIIYyBaIH MEPeKpUCTATI3aIli€l0 3 TeKCaHy Ta BU3HAYaIN YHC-
TOTY IpenapaTy MeToaoM omometpii [10]. ¥V BCiX KiHETHYHHMX JOCIHITaX 3aCTOCOBYBAIN
3pasku [1JIK 3 BMiCTOM aKTHBHOTO KHCHIO He MeHIIe 98,5%. OCHOBHOIO TOMIIIKOIO B
npenapari [1IK Oyna nexanosa kucnora. OpraHidHi po3uMHHHUKN Ta XiHOJIH OYHUIIYBaJIH
3a meromukamu [11, 12] ta ¢pakmionyBanu B atmMocepi aprony. BuBueHHS KiHETHKH
OKHCHEHHS XIHOJIIHY, 8-OKCHXIHOJIIHY, MIPUIUHY Ta aKpHIHHY HPOBOJIWIIN B CKISHOMY
peaKTopi, KWl IOMIIAI B TEPMOCTAT, TEMIIEPATyPy B IKOMY MiATPHMYBAJIH 3 TOUYHICTIO
+0,05 K B armocdepi aprony. Bei kiHeTH4HI 1OCITiIM IPOBOAWIIN B IHTEPBAJIi TEMIIEPATyp
303-323 K. Po3unH XiHOJNIHY MEBHOI KOHIICHTpALii y AOCIiIKYBAaHOMY PO3UNHHHUKY
BBOJIMJIM B PEAKTOp 1 TepMOCTaTyBalld IpH 33jaHiil Temneparypi. B peakrop mBuiko
nmonmaBanu TepMmocTtaroBanuii po3unH [1JIK i Bimmiwamu mouaTtok peakuii. [Ipo6u Binou-
paii uepe3 MeBHI IPOMDKKY 4Yacy Ta aHalli3yBaiu iX Ha BMICT HEPOKCHKHCIIOTH, SKa HE
npopearyBana, Homomerpuaao [10]. IToxwOka y Bu3HA4YeHHI e(EKTUBHUX KOHCTAHT
IIBUJKOCTI OKUCHEHHS HE TiepeBuiyBaia 4% BijH.

Pe3ysabTaTH Ta iX 00roBOpeHHsA

[Ipomec OKWCHEHHS XIiHONIHY TIEPOKCHICKAHOBOKO KHCIIOTOIO BimOyBaeThCsa 3
YTBOPEHHSM N — OKCHY XIHOJIIHY 1 IEKaHOBOT KUCIIOTH:

B A
+ R—C/ =% + RCOOH
= 0—0—H =
i 1
O

Oxucrenns XH nepe0irae 3a MexaHI3MOM MOAIOHAM 0 peaKilii OKUCHEHHS MipUANHY
[13]. Ha nepuiit cTanii npouecy OKUCHEHHs MIBHIKO (POPMYETHCS NPOMDXKHA CIIOIyKa
XH-ITJK, sixa posmamarouuchk Ha APYTiil cTamii mae mpoxykTu peakuii. [lepma cramis
NPOLIECY OKUCHEHHSI Iiepedirae JyIie MBHIKO 1 XapaKTepU3Y€eThCsl KOHCTaHTOIO PIBHOBArH, a
IpyTa cTajis, sKa BU3HAYA€ 3arajbHy IIBHIKICTh PEaKIii, — «ICTHHHOIO» KOHCTaHTOIO
LIBHJKOCTI. SIK Ha mepury, Tak i Ha Ipyry cTajiio Oyae BIUIMBATH PO3YMHHHK B SIKOMY
niepebirae mporiec.

KinernuHi kpuBi aist pociipkyBaHoi peakuii okucHeHHss XH y BCix po3unHHMKaX
niHiiHI B koopauHaTax In(Cy/C,) Bix T, M0 BKa3ye Ha Te, M0 KiHETHKY MPOLECY MOXKHA
ONMUCAaTH KIHETHMYHUM PIBHSHHIM IIBUAKOCTI peakuii mnepmoro mopsiaky. Ha puc. 1
HaBeJICHI KiHEeTWYHI KpuBi peakmii okucHeHHs XiHomiHy I[TJIK B cepemoBmmIi onroBoi
KUCJIOTH. 3a TAHTeHCOM KyTa Haxwuiy 3ajexHocreit In(Cy/C,) Bin T 3Haxomunu eeKTuBHi
KOHCTAaHTH MIBHAKOCTI OKUCHEHHs (K). 30LIbIICHHS TEeMIIEpaTypu IPU3BOAMUTEH [0
30UIbIICHHST MIBUAKOCTI peakifif. 3a TeMIepaTypHOI 3alexHICTI0O BenuunH k Oyino
pospaxoBaHo epexTuBHI eHeprii aktuBauii npouecy (E,). UucioBi 3Ha4eHHS KOHCTaHT
LIBUIKOCTI okucHeHHs Ta B, HaBeneHi y Tabmui 1.
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Tabnuys 1

EdexTHBHI KOHCTAHTH IIBH/IKOCTI OKHCHEHHS XiHOJIIHY EePOKCHIEKAHOBOI KHCJIOTO0 Y J0CTiIAKYBAHUX
po3unHHukax (Buxigni koHuenrpauii IIJIK Tta XH — 0,05 mosb/1)

No k-10° ¢ Ak=+0,04k *E
PozunnamK ao
w/m 303K | 308K | 313K | 318K | 323K | xllwmoms
1. ArnieToH 4,68 6,10 7,85 8,70 13,3 44,4
2. Bensen 21,2 27,7 38,8 50,5 62,5 42,0
3. Or1ToBa KHCIOTA 3,95 4,45 6,00 6,65 8,10 29,6
4, IMpomnanoi-2 2,05 4,70 7,06 8,08 10,9 63,0
5. XnopbenseH 15,6 18,2 20,1 25,2 32,0 28,3
6. Xnopodopm 14,9 17,6 29,3 61,5 120 87,2
7. ByTtunanerar 2,00 3,83 4,68 5,35 6,50 43,5
8. Hitpobensen 21,6 24,6 30,9 42,8 453 32,8
9. TeTpaxyiopmeTan 10,2 14,8 16,3 28,2 39,7 53,9

* E, BU3HaUCHO 3 MOXHOKOI0 £5,0 KJI>K/MOJIb.

In (Co/C,)

Puc. 1. Kinetnuni xpuBi nporuecy okucHeHHs XiHomiHy [1/IK B po34nHi ONTOBOI KUCIOTH.
Buxinni konnentpanii XH ta [IJK pisai 0,05 mons/nm Temneparypa, K: 1 —303 K; 2 - 308 K;
3-313K;4-318 K; 5-323K.

OtpuMaHi pe3yabTaTH BKa3yIOTh Ha Te, 10 CEPEIOBUILE B SKOMY IIPOBOISATH PEAKLIIO
BIUIMBA€ Ha IIBUIKICTH OKHUCHEHHs. Tak, y Oyrunauerati npu 303 K uncnoBe 3HaueHHA
k majimenmre i ckmamgae 2,00-107 ¢!, Toxi sk B HiTpoGeH3eHi uncioe 3HadeHHs k y
necars pas Bumie. Eneprii aktusanii (E,) mpomeciB OKMCHEHHS JiexaTh B Mexax 28,3 —
87,2 xJIx/MOIb 1 CYyTTEBO 3aJIeKaTh BiJl MPUPOAU PEAKLIHHOIO CEpeOBHIIA, B SKOMY
NIPOBOAMIN peakuito. TakuM YMHOM, peakliiiHe cepelOBHIIE BIUIMBAE SK HA YHCIIOBI
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3naueHHs (k), Tak i (E, ). Po3unHHMK, KM 3aCTOCOBYBaJIM /ISl IPOBENEHHS PEaKLil,
3MIHIOE peakiiiiny 3aatHicTh 000X pearentiB [1JIK ta XH. Sk Binomo, peakuiiiHa 31aT-
Hicth [IJIK B OKHCHIOBAJIFHUX peakKIisX HAWBUINA B TUX PO3UYMHHHKAX, B skux O-O
rpymna MepOKCHKUCIOTH YTBOPIOE II'SITUYWJICHHHH LUK 3 BHYTPIIIHHOMOJEKYJISIPHIUM
BOJIHEBUM 3B’S13KOM. PO3YMHHUWKH, SIKIi MOXKYTh yYTBOPIOBATH aCOIliaTH 3 MOJICKYJIaMHU
MIEPOKCUKHUCIIOT, YTBOPIOIOYH MIKMOJIEKYJISIPHI BOJHEBI 3B’SI3KH, CYTTEBO 3MEHIIYIOTHh
IIBUJIKICTh OKUCHIOBAIILHUX peakiiii. B ymoBax mammx mocmigiB mis [1JJK cmocrepira-
€ThCSI TONIOHA 3aJeXHICTh. B po3dumHax TeTpaxjopMmeTaHy, HITpOOCH3EHy, OcH3eHy,
XJIOpOCH3eHI Ta XJIOpoQopMy MBUAKICTE OkucHeHHS XH — Bucoka. B cepenoBuiax,
3MATHUX yTBOPIOBaTH acoliary 3 mojekynamu [1/IK, a came: aineroHi, ouTOBif KUCIOTI,
pomnaHoii-2 Ta OyTuianeTari MBUAKICTh peakiii — mena. Jlocmimkenns [U-criexTpis
po3uuHiB [1/IK minTBepaKye BHCHOBOK PO iCHYBaHHS MOJIEKYJ B «IHEPTHUX» PO3UHH-
HUKAaX y BUTJISAL I SITHYICHHOTO IHUKIY 3 BHYTPIIITHHOMOJICKYJISIPHUM BOJIHEBUM 3B’sI3-
KoM (puc. 2).

0,6
0,54
0,44
0,3
0,2

0,1

T T T
0,00 0,05 0,10 0,15 0,20
C, monb/n

Puc. 2. 3a/eXKHICTb 3HAYCHHS ONTHYHOI rycTrHn D npu A = 3280 cM™' Bix koruenTparii [IK.

XapakTepHCTHIHO cMyroio B IU-criekTpi € cMyra mormunanss npu 3280 v, sika
BimnoBimae dactori mormmHaHHS OH Tpymm, 3B’s3aHOi BHYTPINIHBOMOJCKYJISPHUM
BonHeBUM 3B’si3koM [14, 15]. Cnabka cmyra nornmHanHs O-O 3B’S3Ky B CIEKTpI
po3unny ITJIK y TeTpaxiopMeTaHi MpOCTEXYEThCs 3a TOBKHHH XBHI 865 cM . 3a3Ha-
YHUMO 110, 3T1JTHO 3 OTPUMAaHUMHU JJAHUMH BHYTPIIIHBOMOJICKYJISIDHUH BOJIHEBHH 3B'S30K
Mae 3Ha4yHy MinHicTh. CIIEKTPOCKOIYHI AOCHIIPKEHHS B IHTEpBalli JOBXUH XBWJIb Bif
4000 110 2500 cm ' ast posunnis ITJIK 3 pi3sHOK KOHIEHTPALIEI MPAKTHYHO HE 3MiHIOE
TOJIOXKEHHS i XapaKTepy CMyrH HorauHaHHs npu 3280 cM . 3mina xonmentpauii ITJ[K
Big 0,0125 no 0,2 Mousb/n y pO34YHHI TETPAXJIOPMETaHY MPUBOIMTH JO MPOMOPIIHHOTO
3pocTaHHs ONTHYHOI rycTiHu cMyru 3280 cM ' (puc. 2). Lle cBimunth, mo 3a momipHux
KOHIIGHTPALI MOJIEKYJIN IePOKCHKUCIIOTH iCHYIOTh Y MOHOMEPHOMY CTaHi 3 BHYTPIilLIHBO-
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MOJIEKYJIIPHIM BOJHEBHMM 3B’s3KOM. IIpH 301iIbIIeHHI KOHIIEHTpPALliT TEPOKCHKUCIIOTH B
PO34YMHI MOXYTh YTBOPIOBATHCH acowiatu 3 jAekinbkox Mmoiekyn IIK. ¥V mpomy pasi
3akoH JlambOepra—byrepa—bepa mnopyumryBatiMeTbcs. Y PpO3YMHHHKAx, SIKI MOXYTb
yTBoproBatH 3 ITK MiXKMONEKyISpHi BOXHEBI 3B’sI3KH CIIeKTp y Ainsnii 3280 cM™' cyTTeBO
3MIHIOBATUMETBCS TPH YOMY BOJHOYAC OyJe 3MIHIOBATHCS peakiiiiHa 3IaTHICTh
nepokcukucaoT. Jlocmimkenns cnekrpiB [IJIK y po3uuHi aneroHy, erwianerary Ta
nioKcaHi 3acBimuye, 110 MONOXKEHHs cMyrd py 3280 cM' [emIo 3MilaeThcs Ta PO3MH-
BAETHCS, a 116 € 03HAKOK YTBOPEHHS MIKMOJICKYJISIPHUX BOJHEBHX 3B’SI3KIB MiX Hep-
OKCHKHCIIOTOIO Ta pO3YMHHHMKOM. CepeloBHIle MOXKE 3MIHIOBATH PEaKIiifHy 3aTHICTb
XiHONiHY. PO3YMHHMKH, SIKI MAIOTh KHCIIUH XapakTep, MOXYTh YTBOPIOBATH acoLliaTH 3
MosiekynamMu XH, sKi XapakTepu3yIOThCs 3HAYHOK OCHOBHICTIO. TOMy B Takux
PO3YMHHHKAX MIBUIKICTE OKUCHEHHS OyIe 3MEHITyBATHCS B IMOPIBHAHHI 3 «IHSPTHUMI»
PO3YMHHHUKaMU.

Ha ocHOBi oTpuMaHHX pe3ynbTaTiB Oyl po3paxoBaHi MapaMeTpH MepeXiIHOro
CTaHy peakuii OKMCHeHHs. B Xo/i po3paxyHKiB OTPUMaHO TEPMOAWHAMIYHI ITapaMeTpH
AH?, AS" i AG", siki npuBeneni y tabn. 2. Yncnosi 3nauenns semmuna AH” nexars B
Mexax 25,60-84,50 kJlx/Monb. Bin’emui 3uauenns Benmuuna AS” cBiguats npo Gimbiry
BITOPSIKOBAHICTh TMEPEXiTHOTO CTaHy MOPIBHAHO 3 BHUXimHUM. CIix BiA3HAYUTH, IO
pemmunan AG” 3Mino0THCS y 3HA4YHO MeHIMX Mexax 94,70—111,60. Bkasani 3anex-
HOCTI MOXYTh CBITYHTH IIPO HASABHICTH KOMIICHCAIIHHOTO e(eKTy y cepil Hammx
nocninis. IToGymoBa 3anexuocti Mix mapamerpamu AHY i AS* minreepmxye et
BHCHOBOK (puc. 3). HasBHICTP KOMIIEHCAIIITHOTO e()eKTy BKa3ye Ha CKIAIHUA XapaKTep
BIUIMBY PO3YMHHHUKA HA JIOCHIJPKYBaHHUH TIPOLIEC.

Puc. 3. BanexuicTs Mixk mapamerpamu nepexignoro crany AH# i AS#.
(Homepu TO4OK BiAMOBIAAOTH HOMEPAM PO3UMHHHKIB Y TabI. 2).
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Tabnuys 2

AKTHBaNiiiHi napamMeTpu npouecy OKUCHEHHs XiHOJIIHY EPOKCH/IEKAHOBOIO KHCJI0TOIO

Y BUBYCHHUX PO3YHHHHUKAX

Ne Po3umaHuK EaK’ AH#’ _AS#’ AG#’

n/m kJDK/MOJIB kJx/MoiB Jx/moms K kJx/Moib
1. Aueron 44,4 41,7 216 111,6
2. Bensen 42,0 39,3 210 107,4
3. OuroBa KuCIIoTa 29,6 26,9 232 101,9
4. [Ipomnanomn - 2 63,0 60,4 126 101,1
5. XnopbenseH 283 25,6 224 98,2
6. Xnopodopm 87,2 84,5 31 94,7
7. ByTtunanerar 43,5 41,0 190 102,5
8. Hirpobenzen 32,8 30,1 208 97,3
9. Terpaxyopmeran 53,6 51,3 143 97,7

[NopiBHIOIOYM OTpHUMaHI pe3yabTaTH OKMCHEHHS XIHOJIIHY Ta aKpUAWHY 3 pe3yibTa-
TaMH TIONEpPeNHIX JOCIILKEHb A MPOLEeCy OKUCHEHHS MipUANHY MEPOKCHICKAaHOBOIO
KHCJIOTOIO, BCTAHOBJICHO, III0 PEAKLisl OKMCHEHHS aKpUANHY BifOyBa€ThCsl HAWIIBHIIIE,

X1HOJTIHY OLITbII MOBUIBHO, & MIPUANH OKUCHIOETHCS HAMMOBLIbHILIE (Tadu. 3).

Tabnuys 3

EdexTHBHI KOHCTAHTH IIBUKOCTI OKMCHEHHS AKPHINHY, XiHOJIiHY, MipUAMHY Ta 8-0KCHXiHOJIiHY
NMEPOKCHICKAHOBOIO KUCIO0TOI0 Y 10C/i/IZKyBAaHHX PO3YMHHUKAX (BUXigHi koHuenTpauii I1/IK ta
HiTporeHoBmicHoi cnosyku - 0,05 moJib/i1)

Ne key'10° ¢! Ak =+0,03k Eacm,
s/ | PORHHHIR e T 508k | 313K | 318K | 323K | 3oskc | Amom
AE ==£5.0
Axpuana
AueroH 6,15 8,70 12,2 14,9 21,5 30,3 50,1
2 Bensen 37,8 48,6 58,0 75,5 94 126 40,5
3 Etunanerar 10,7 15,9 19,4 24,8 25,7 - 359
XiHOJIH
1 Atneton 4,68 6,10 7,85 8,70 13,30 16,0 444
2 bensen 21,2 27,7 38,8 50,5 62,5 83,5 42,0
Hipuaua
1 AneToH - 1,59 2,14 2,81 3,94 5,25 49,9
2 Bensen 4,00 5,75 6,90 8,91 12,50 44,8
3 Erunanerar 4,62 6,65 8,70 11,6 14,8 - 47,7
8-0KCUXIHOJIIH
1 AtnetoH 1,16 1,71 2,08 2,67 3,42 4,24 39,4
2 Bensen 11,8 14,6 18,7 243 29,5 36,5 37,9
3 Erunanerar 2,11 3,08 4,35 5,85 8,05 - 57,4




76 BOJIOJVIMUP JIYTKA, MAPISI MALTIOK, HATAJIISI MALIIOK, TAJIMHA 3ACTABCBKA

OueBnHO i3 30LTBLIEHHSIM MOJIEKYJIIPHOI Macl apOMaTHYHOI I'€TePOLUKIIIYHOT CI10-
JYKH 3pOCTa€ eIEeKTPOHHA TYCTHHA Ha aToMi a30Ty, IO i NPU3BOAUTH A0 30LIBIICHHS
LIBHIKOCTI OKHCHEHHS B psiy: 8-OKCHXiHOMNIH < HipuIuH < XiHOJIH < akpuauH. OKuc-
HEeHHs 8-OKCHXIHOJIHY nepedirae y Bcix po3uMHHUKAX HailmoBubHime. Bkasanuii gakrt
MO>KHa ITOSICHUTH TUM, 1110 B MOJIEKYJIi 8-OKCHUXIHOJIIHY iCHY€ BHYTPILLIHbO-MOJIEKYIIPHUH
BOJIHEBHH 3BS130k MiX rigporeHoM OH rpymu Ta aromom asory [16]. biokyBanus
peakuiiiHOTO UEHTPY 1 IPUBOANTD 10 3HWKEHHSI MIBUIKOCTI OKHUCIIIOBAIEHOTO ITPOIIECY.

BucHoBku

Po3unnHHMK B sikoMy mepebirae npouec okucHeHHs XH NMepoOKCHKUCIOTO 3MiHIOE
peaxuiliHy 3aTHICTh 060X pearenTis. Mix napamerpamu nepexigsoro crany AH” i AS”
iCHye IiHIffHa 3aJIe)KHICTh, SIKAa CBIAYUTH MPO HASBHICTH KOMICHCAIIIHOTO €(eKTy B
cepii HaMX JOCIHIAIB. 3 POCTOM MOJEKYJSIPHOI MacH apoMaTH4HOI T'eTepOLMKIIIYHOT
CIIONYKH MIBUAKICTH OKucHEeHHs [1/IK 3MeHImTyeThCs.
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SUMMARY

Volodymyr DUTKA, Maria MATSYUK, Natalia MATSYUK, Galina ZASTAVSKA

INFLUENCE OF THE REACTION MEDIUM ON THE RATE OF OXIDATION OF QUINOLINE BY
PEROXYDECANIC ACID

Ivan Franko National University of Lviv,
Kyryla and Mefodia Str., 6, 79005 Lviv, Ukraine
e-mail: vdutka@ukr.net

The influence of the reaction medium on the rate of oxidation of quinoline by peroxydecanoic acid was
studied. Effective rate constants (k) and energy of activation (E,.) investigated process founded. It was shown
that the reaction medium has a significant effect on the rate of the oxidation process. Between the values of
AH” and AS" parameters of transient state is a linear relationship, which indicates on the presence of
compensatory effect in series of our experiments. This shows the complexity of the effects of solvents on the
study process. The possible mechanism studied processes, which consists of two stages was proposed. At the
first stage is the rapid formation of intermediate compound quinoline —peroxydecanoic acid which decompose
is forming molecules of quinoline-N-oxide and decanoic acid. For the oxidation of heterocyclic compound
equation of kinetic rate was proposed. The received kinetic data for the oxidation reaction of quinoline, 8-
hydroxyquinoline, pyridine and acridine indicate that the mechanisms of the studied reactions are similar. In
the rate constant of oxidation and energy of activation affects: solvation of quinoline and peroxydecanoic acid.
Reaction of acridine oxidation is the fastest, oxidation of 8-oxyquinoline is slowest. The rate of oxidation of
increases among 8-oxyquinoline < pyridine < quinoline <acridine. Values E, in all cases are within 57,4 —
35,9 kJ/mol. It should be noted that the "inert" solvents rate constant of the oxidation reaction is higher and
energy of activation is slightly lower. Solvents that are capable to solvation of substrate oxidizing and
peroxyacids will reduce the rate of reaction and increase the energy of activation of the process.
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Memooom okucHiosanvHoi NoAiKOHOEHCayii anininy 6 npucymuocmi ioHie d-enemenmis
CUHmMe308aHi 3pa3Kku HaHopo3miprHozo noiianininy (IIAn). Bcmanoéneno, wo 3a npucym-
Hocmi 6 peakyitinomy cepedosuiyi ionie Zn’' gopmyiomocs nanoniacmunku ITAn, 6
npucymuocmi ionie Co’" i Nt VMBOPIOIOMbCA HAHOCMPUIICHT, MOOI AK 8 NPUCYMHOCTI
ionig Cu’™ — enoGynu diamempom 200-400 um, npu womy maxi memanu He 6xo00amo 00
cK1a0y Kinyeeoz2o npooykmy. Memooom nomenyioounamiunoi nonapuzayii eusnaueHi 3ua-
YeHHs1 CMpYMI8 Kopo3ii antominiceoco cnuagy /{16 6 cepedosuyi CUHMemuuH020 KUCI020
Odowyy 3 0obaskamu cunmeszoganozo I1Au i euasneno, wo snauenns cmpymie Kopo3sii 3ane-
orcams 6i0 mMopghonoeii ompumyeano2o npooykmy. Ha ocnosi cniscmaenenns pe3ynomamis
NOMEHYIOOUHAMIUHUX OOCTIONCEHb 3 OAHUMU eJIeKMPOHHOI MIKPOCKONIT 6CMAHOGIEHO, U0
anmuxopositina akmugnicms Hanoposmipnozo IIAn 3pocmac 3anedcho 6i0 ¢hopmu 1io2o
aznomepamia 8 NOCII008HOCHI. «NIACMUHKU < 2100YIU < HAHOCMPUICHI.

Knouosi cnosa: nanocmpyxmyposanuii NoLianinin, Kopo3sis, anoMiHiesuti cnias.

Beryn

OnHMM 3 IEpCTIEKTUBHUX HAIPSMKIB JOCIIPKEHb B TEOPii 1 IPaKTHUII 3aXHCTy METaliB
BiZl KOPO3il € CTBOPEHHS Ta BUBYCHHS BIIACTHBOCTEH €JIEKTPONPOBIAHMUX mmoJiMepiB [1-3]
SK 1HTIOITOpIB KOpO3il MeTaniB Ta 3aXMCHHX NOKpHUTTIB [4—6]. Ha mymky Oaratbox
JIOCITIJIHUKIB, TaKi PEYOBHHU MOXYTh 3 YaCOM 3aMiHUTH TOKCHUYHI [TACHBYIOUl MITMEHTH
HA OCHOBI XpoMartiB [7—8], 30kpeMa, BKe Ha ChOTOIHI BIIOMHUMH IPOMHUCIOBUMH IIiT-
MEHTaMH Ha OCHOBI eJIeKTPONpOBiqHUX nojiMepiB € Versicon (Allied-Signal, Ink., USA),
Ormecon (Ormecon Chemie Gmbh, Germany) Ta iH.

Cepes LIMPOKOTO CIEKTPY ENEKTPONPOBIAHMX MOJIMEPHUX MaTepiajiiB IMOJIaHLIiH
(ITAH) [9] 3aciyroBye Ha 0COOJHMBY yBary HayKOBIIIB, OCKUIbKH BOJIO/I€ HU3KOI YHi-
KaJTbHHUX (i3UKO-XIMIYHIX BIACTHBOCTEH, 30KpeMa XapaKTePU3YETHCS BUCOKOIO CTAOITh-
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HICTIO B PI3HUX yMOBAax, MOXIMBICTIO IPOBEAEHHS 3MIHM XIMIYHHMX Ta €JIEKTPHYHHX
BJIACTUBOCTEH JIOIyBaHHSM/IEIONYBaHHSIM, IPOCTOTOIO CHHTE3Y 1 HU3bKOIO COOIBapTICTIO
BHKOPHCTOBYBAHUX PEAareHTiB JUIs HOTO INPOBENEHHS, a TaKOX IIMPOKHM CIIEKTPOM
MOJKIIHBOTO BUKOPHCTAHHS MPH CTBOpEHHI aHTHKopoaiﬁHHx TTOKPUTTIB. 30erMa B
poboti [10] mocmimxeHi TOKPUTTS Ha ocHoBi ITAH, moui-3- reKcnnTlo(beHy, noxi-3-
OKTHnTlo(beHy, nosi-3-TieHiIMeTHIaneraTy Ta noi- 3-T1€H1JI€TI/IHaHeTaTy 1 BCTaHOBJIEHO,
10 HaWKpalmuMH ITPOTEKTOPHHMH BJIACTUBOCTSIMU BOJIOIIOTH TMOKPHUTTS BJIACHE Ha
ocHoBi [TAH.

BBaxaerbcst [11-14], mo anTHKOpO3iiiHa akTHBHICTH IIAH cnpuunHeHa OaraTbMa
(dakTopamu, 30KpeMa HOro CTaHAAPTHUHN €IeKTPOaHMI moTeHmian piaui 0,43 B (BigH.
H. K. €.), TOOTO Hermopucte MOKpUTTs 3 [IAH 3a CBOIMU BIIACTHBOCTSIMH OY/IC CXOKHM 10
MTOKPHUTTSI 3 MiTHO-cpiOHOTO cIuTaBy. [HIOIO BaxxmnBoro BiacTuBicTio [TAH € fioro kara-
JITUYHA PEJOKC-aKTHBHICTb, 3aBJSKU SIKiii MOKJIMBOIO € IacHBallisi METAJIB B IPHCYT-
HOCTI XJIOpUA-aHiOHy. Bunminsrors Tpu a3u aHTHKOPO3iiHOI Hii OKPUTTIB Ha OCHOBI
ITAH [11]. ITepma daza — nacuBarlis OBEPXHI MeTaly, qpyra — akTUBHUNA aHTUKOPO3iii-
HUH 3aXUCT 3a ydacTio nomoBaHoi ¢opmu [IAH i Tpers — mepexim mo Oap’epHOro
3aXHCTY MICIsl HE3BOPOTHBOTO NEPEXO/y NMPOoTOHOBaHOI (opmu [TAH B HEMpPOTOHOBaHY.
JeranpHO peakuii, sKi BiTOYBalOTHCS Ha TIOBEPXHI 3alTi3a Ta HOTO CIIaBiB, PO3TILHYTI B
pobotax [12—-14] i npeacraBneHi Ha cxemi (IuB. puc. 1).

EB
4H* 02 — = 20H-
ES+4H* —/—= LE 4e-, 2H*
3H,0
4e-
2Fe 2Fe?* 2Fe3* — > Fe,0,

2e-

0,+H0 —— > 40K

Puc. 1. Mexani3m xii [TAH sk peokc—KartaiizaTopa yTBOPEHHS TAaCHBYIOUOTO IIapy.
EB — emepanpanHoBa ocHOBa, ES — cinb eMepaisANHOBOT OCHOBH,
LE — neiikoemepanbauHoBa ocHOBA [12—14].

B 3aXHMCHHX MOKPHTTSX MOXKIHBUM € BUKOPHCTAHHS 5K MPOBIIHOT (CiJIb eMepalibau-
HOBOI OCHOBM), TaK i HerOBl,HHOl (emepanpauHoBa ocHoBa) popm [TAH. B mepmomy
BUIAJKy MOKPUTTs Oyze BifirpaBatu (YHKIIO MACHBYIOUOTO ILIApy, SIKMWA 3a CBOIMHU
BJIACTHBOCTSIMH € CXOKHM JI0 IOKPHUTTSI 3 MiTHO—CPIOHOTO cIuiaBy. Y BHIIAJIKY K 3aCTO-
cyBaHHs HerpoBinHOi popmu, [TAH Oyne BifirpaBatu poJb iHriOiTOpa KOpO3ii.

BimoMuMu € Takox JIOCHTIKCHHS aHTUKOPO3ifHOT akTuBHOCTI [IAH—TIOKPHUTTIB Ha
MTOBEPXHAX KOJHOPOBUX METANIB Ta IX CIUIABIB, 30KpeMa CIUIaBiB Ha OCHOBI aJTIOMIiHIO
[15-19]. Mexani3Mm il TacUBYIOYOT IUIIBKM B TAKOMY BUIIAJKy € CXOKUM JI0 MEXaHI3My
macuBaIii 3aji3a i #oro MoXKHa OJATH y BUTIIAAI HacTymHUX nepetBopers (1) — (3) [18]:

2AI+3H,0- ALO;+6H +6¢ (1)
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3ES+6H +6e <>3LS )
3LS©3LE+6H, 3)

ne LS — nelikoemepasibinHOBa CLITb.

IlepcreKTHBHMM HAITPSIMKOM BHKOPUCTAaHHS [TAH mpu 3aXuCTi MEeTaIiB Big KOpo3ii €
BBE/ICHHS HOT0 /10 cKiiaay JiakoapOOBUX KOMITO3MLIN SK aHTHKOPO3IHHOTO IMITMEHTY
[20]. ITpu 1bOMY, OCHOBHOIO BUMOT'OFO JIO TAKUX MITMEHTIB € X BUCOKa AMCIEPCHICTD —
po3Mip YacTHHOK He moBuHeH nepesuinyBatd 100-200 am [12]. BomHouac, Ha aHTH-
KOpO3iiiHi XxapakrtepucTuku [IAH Mae BIUIMB TakoX (opMa OTPUMYBaHUX B MpOLECi
MTOJIIKOH ICHCAITiT ariIoMepaTiB.

B momepenuiii po6oti [21] mochmipKeHHMI BIUIMB OKPEMHX 10HIB d-€JIEMEHTIB Ha
KiHeTHKYy (hopMyBaHHS, po3Mip 1 popMmy oTpumyBanoro [TAH, BcTaHOBIIEHO, 0 (Gopma
OTpUMYBAHHX arnomMepariB [IAH 3aexuTh Bil IPUPOIH d-eJIEMEHTa, a TAKOX IOKa3aHo,
IO TaKi I0HM MOXKYThb BilirpaBaTH pojib KaTalli3aTopa po3Kiaay nepcyibdaTy amMoHito
(y Bumazaky ionis Cu®" i Co”") aGo inribitopy mpomecy mosikoHaeHcawii aHiginy (y
Bunaaky Zn’"). Meroio naHoi poGOTH 6yNO OCTIANTH AHTHKOPO3iiiHYy AKTHBHICTH
3paskiB [TAH pi3HOi CTPYKTYpH (amopdHI TIIOOYIH, TIIACTUHKHU, HAHOCTPHIKHI), OTpHMa-
Hux B npucytHocTi ionis Cu®’, Co®’, Ni*" Ta Zn®" i mokasati MOXIHBICTb iX BUKOPHC-
TaHHS K IMCMEHTIB TIPU 3aXUCT1 METaJIiB BiJ KOPO3ii.

Martepiaau Ta MeTOAH J0CTiTKEHHS

Cunre3 HaHopo3MipHoro ITAH pi3HOI CTPYKTYpH B IPHCYTHOCTI 10HIB d-€JIE€MEHTIB
MIPOBOJIMIIN 32 METOAMKOIO [21] OKMCHIOBAIFHOIO MOJIIKOHICHCALIEI0 aHUTiHY (AH) («u.»,
«Cghepa Cim»), SIKMiA JONATKOBO NEperaHsuid mijJ BakyyMoM. OKHCHHKOM CIIyryBaB
nepokcuaucynbpar amonito (IIACA) (Merck, > 98,0 %), a i CTBOPEHHS KHCIIOTO
cepenoBuIla BUKOpUCTOBYBasacs IboasHa onrosa kuciora CH;COOH (I'OCT 61-75).

Juis oTpuMaHHS 3pa3kiB HaHOPO3MipHOTO [TAH pi3HOI CTPYKTYpH BHKOPHCTaHI TaKi
comi metaniB d-enementis: CoCl,x6H,0, CuSO4x5H,0, NiSO,4x7H,0 Ta Zn(CH3COO0),x
x2H,0 (Merck, = 98,0 %).

HocnimxenHs ¢GopMmu ariioMepaTiB Ta €JIeMEHTHOIO CKJIaJy CHHTE30BaHUX 3pPa3KiB
HaHOPO3MipHOTO [TAH IpOBOAMINICA 32 METOJOM EJIEKTPOHHOI MIKPOCKOIIi 3 BUKOpPHUC-
TaHHSIM CKaHyBaJbHOTO ellekTpoHHOro mikpockomna (CEM) EVO-40XVP (Carl Zeiss)
(mpuckoproBansHa Harpyra 0,2-30 kB, kpaTricTs 30inpmenas 7x — 1000000x, maTepiain
KaToly — BOJIb()paM) i3 CUCTEMOIO EHEPrOJUCIEPCIHOrO PEHTIeHIBCHKOr0 MIKpOaHaizy
INCA Energy 350 (3 omi€to KiTbKICHOTO aHaJli3y €JIEMEHTIB B Jliala3oHi Big Oopy 1o
IUTYyTOHIIO).

Jnst mpoBesieH s TOCIIPKeHb 3 BUBYEHHsI aHTUKOPO3iHHOT aKTUBHOCTI HAHOPO3Mip-
woro ITAH Bukopucranuii amominieBuii ciutas J[16 (IOCT 4784-97). Takuii cruias
BUKOPHCTOBYIOTh JUISl CHJIOBUX €JIEMEHTIB KOHCTPYKIIH JITakiB, Ky30BiB aBTOMOOLJIIB,
JUIsL JieTasied, ki MpaloloTh B LIMPOKOMY Jialla3oHi TEMIepaTyp, a TOMy po3poOka
cnoco0iB iX 3aXUCTY BiJ KOPO3ii € aKTyaIbHUM 3aBIaHHSM.

JIJ1st MOPIBHSAHHS aHTHKOPO3IMHOT aKTHBHOCTI CHHTE30BAHUX HAHOPO3MIPHHX 3Pa3KiB
ITAH 3 MPOMHCIIOBUMH NIrMEHTaMH BUKOPUCTaHWH UHKMOJIIOJaTHUN aHTHKOPO31HHUHA
mirmeHT Actirox 106 (Nubiola USA, Inc.).

XapakTepuCTHKH KOPO3iHHUX MPOIIECiB, SKi BiOyBalOThCs Ha MOBEpXHI cruasy J[16,
JOCIIDKYBAJIM METOIOM ITOTEHIIOANHAMIYHOT MoJIsIpu3anii 3 BAKOPUCTaHHAM IOTEHLiO-
crary Gill AC (ACM Instruments). EsnexTpoom mopiBHSIHHS OyB HaCHYEHUH XJIOPHI-
cpibumit enexrpon tumry DBJI-1M1, momoMikKHUM CIyryBaB IUIATHHOBHI EJIEKTPOI.
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[IBuakicTh 3MiHM TIOTCHIIANY ckiaanana 1 MB/c. 3a monspu3aniiHUMu KPUBUMU BHU3HA-
YaJgu 3HAYEHHs CTPYMIB KOPO3il eKCTPaNoOJALIEr0 JIHIHHUX IUISHOK MOJISpU3aLiiHNX
KpPHMBHX Ha IOTeHIian Kopo3ii. Ha 3paskax aist eneKTpoXiMidHUX JOCIIKEHb BUOKPEM-
JIOBATH POOOYY YACTHHY ILTOMICI0 | CM® HAHECEHHSIM i30NAIIHHOTO BOIOCTIHKOrO JaKo-
BOT'O MOKPHTTSI, MIiCIIsl YOO 3pa3Ky MOMIIaIK B pOOOUMiA po34rH (CYCIEH3is CHHTE30Ba-
HUX 3pa3kiB HaHopo3MipHoro I[TAH pi3HOi cTpykTypu (1 /1) y BOAHOMY pO34HHI
cynbdarroi kucnoty, pH = 4,5). [ToreHmioquHaMivHI JOCITIHKEHHS IPOBOJIIH MICIS 3-X
Ta 24-X TOJ. BATPUMKH BIIMOBIAHUX 3pa3KiB y KOPO3IHHOMY CepPEJOBHILL.

Pe3ysibTaTu J0CTiIKeHb Ta iX 00roBOpeHHs

3pa3ku HaHOpo3MmipHOro IIAH OTpuMMaHi OKHCHIOBAJIBHOIO IOJIIKOH/IEHCAIIIE0
aHimiHy (AH) y BOXHOMY CEpeIOBHIN TpH KIMHATHIA TeMIepaTypi 3a HACTYIHHX
novyatkoBux koHueHtpauiii pearentiB: Co(AH) = 0,2 moib/a, Co(ITACA) = 0,3 monb/n,
Co(CH;COOH) = 0,6 moms/i1, Co(Me*") = 0,1 moms/n [21].

PesynbraT nocmipkeHHst (OpMH, PO3MIpY Ta €JIEMEHTHOrO CKJIaJy OTPHUMAaHUX
3pa3kiB [TAH HaBeneHi Ha puc. 2 i B Tabnuui. BecranosneHo, mo Ha dopmy i po3Mip
YTBOPIOBAHHX arﬂ0MepaTiB ITAH 3HayHMH Bl'lJ'II/IB ,Mae npupoza d-enementy. Tak, 3a
HpncyTHocn B peaKIiifHOMY Cepe,I[OBI/IH.ll ioniB Zn** cpopMyIOTLc;I HaHoMmIacTUHKU [TAH
y BHIVISI JIaBPOBUX JIMCTOYKIB, B HpI/leTHOCTl ionis Co”" i Ni*" YTBOPIOIOTBCS HAHO-
cTpwkHi, Toxi sk B mpucytHocti iomis Cu®’ — rmoGymu aiamerpom 200—400 Hw.
[IpakTHyHO TOBHA Bi):leTHiCTb METaliB B OTPHUMAHHX 3pa3kax (3a BunsATKOM [TAH—Cu)
ZI03BOILAE TPUITYCTHTH, 1O BI,HHOBI,Z[HI 10HH BIIIrPalOTh POIIb KATAN3ATOPIB (y BHMAKY
Co®", Ni*") a6o iuri6iropis (Zn*") nomixonaencauii Au [21].

Tabauys

Po3mip arsiomepatiB Ta BMicT MeTastiB B 3pa3kax HaHopo3MmipHoro ITAH, oTpuMaHoro B
npucytHocri ionis Cu*’, Co*", Ni** ta Zn**

3pazox ®dopma arroMeparis / po3Mip, HM | Bwict metany, % Mmac.
TAH I'no6ymu / 5001500 -

I[MAs—Zn [Tnactunku / (1000+-3000)%(2000+5000)*(50+100) 0,03

[TAB—Cu I'mo6ymm / 200400 0,61

[NAs—Co Hanoctprxkai / (50+300)x(500+2000) 0,03

IMAE—Ni Hanoctpmxai / (150+200)%(700+1000) 0,06

Bognouac, nesika KiabKicTh Mifi B 3pa3ky [IAH—Cu (quB. TaOIHUIFO) MOXKE BKa3yBaTH
Ha yTBOPEHHS d—7 KOMIUIEKCiB [22-23] B mpoueci nosikoHAeHcarii anininy [21].

3 MeTOr BUBYEHHS aHTHUKOPO3iiHOI aKTHBHOCTI CHHTE30BaHHMX 3pa3kiB [IAH 3a
METOJIOM IOTEHLIOJMHAMIYHOT NOJSApHU3alil J0CTIDKEHI XapaKTepUCTHUKH KOPO3iiHMX
TIpoIIeciB, SKi BiTOyBarOThcA Ha MoBepXHi cruaBy 16 (auB. puc. 3).

Bcranosneno (puc. 4), o 3HaueHHs cTpyMiB kopo3ii (/) ciuiaBy /{16 B CHHTETHYHOMY
KHCJIOMY JIOMIi B MPHUCYTHOCTI CHHTE30BaHUX 3paskiB [IAH 3HIKYyOTECA B 2—250 pasis
3aJIeXKHO Bill yMOB cuHTe3y [IAH, npu YoMy, B npucyTHocTi 3pa3ka [IAH—Ni 3HadenHs /
HaOJIKAETBCS IO TAKOTO, SIK 1 Y BUIAJKY IPOMHCIIOBOTO MHKMOJIO1aTHOTO aHTHKOPO-
31HHOTO TIrMEHTY Actzrox 106, T06T0 1,910 i 1x10* MB st ITAE-Ni Ta Actirox 106
BITIOBITHO.
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Puc. 2. CEM-300paxenHs 3pa3kiB HaHOpo3MipHOTO [TAH, OTpHMaHOrO y BiICyTHOCTI
MeTaniB d-eneMenTiB Ta B npucytHocti ionis Zn®', Cu®’, Co®’ ra Ni?".
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Puc. 3. IToTennionuuaMivHi MOSIpU3aIiiHi 3a1€XXHOCTI Ut ciuiaBy J[16 B cepenoBumii
CHHTETHYHOTO KHCJIOTO JIONIY 3 JOAaTKaMH CHHTE30BaHUX IIrMeHTIB uepe3 3 (a) ta 24 (6) rox.
BUTPUMKH. 1 — 6e3 100aBok, 2 — [1AH, 3 — [IAE—Zn, 4 — [IAE—Cu, 5 — [IAs—Co, 6 — [TAE—Ni, 7 —
Actirox 106. KoHnieHTparist mirMeHTiB craHoBmiIa 1 1/71.

Sk BUIHO 3 puc. 4, micis BUTPUMKH 3pa3ka [[16 B cepeioBHII KHCIIOTO 0Ly BIIPO-
JIOBXK 24 TOJ. 3HAYCHHS CTPyMY Kopo3ii 3poctae Ha 30 %, IO CBiTYHUTH PO IMOCTYIIOBE
pyiHyBaHHSI OKCHIHOI 3axucHoi mwmiBku Al,O; 1 HpPUIIBHIIIEHHS KOPO3ii CIUIaBy.
BonHouac, B iprcyTHOCTI J0OABOK CHHTE30BaHUX MITMEHTIB 0 KOPO3iHHOTIO cepeloBHUIa
Taki 3Ha4eHHs! 3HWKYThCst Ha 10-30 %. Bigomo [24], mo nporiecu kopo3ii amomiHie-
BUX CIUIaBIB 3€01IBIIOrO 30Cepe/KEeH]I HABKOJIO 3epEH MPHUIIOBEPXHEBHUX IHTEPMETANIIIB
(manpuxnax Al,Cu), B pe3ynbTati 4oro B KOpo3iiHE CepelOBHIE BUBUIBHSIIOTHCS 10HA
Cu”", sKi, B CBOIO Uepry, € aKTHBATOPAMHU KOPO3ii i CIPHUHHSIOTH yTBOPEHHS BTOPHHHUX
3apoJKiB KOpo3ii. TakuM YWHOM, 3Ba)KAr0UX HAa YMOBH IPOBEICHHS TOCIiHKEHb, MOJKHA
npumycTuTH, mo rpadyan IIAH Bigirparots pons aacopepa iowis Cu®’, 3meHuryroun
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IMOBIPHICTh YTBOPEHHS BTOPHMHHHX 3apojIKiB Koposii. Take NpUIyIIEeHHS BHUIJIIAE
JTIOCHUTH IMOBIPHAM 3B2)KAIOUM HAa OTPHUMAaHI EKCIIEPUMEHTANIbHI PEe3yNIbTaTH, a caMe Ha Te,
110 Kpallla aHTHKOPO3iliHa aKTHBHICTH CIIOCTEPIraeThes IS 3pa3KiB 3 HAHOUIBII BIOPS-
koBaHoto ¢opmoto armomepariB (ITAH—Ni). BogHouac, BITTMBOM 3aJTUIIKOBUX KiTBKOCTEH
MeTany B 3paskax [IAH MOXHa 3HEXTYBaTH, OCKIJIbKH 1) iX MOKJIMBa KOHIEHTpalis B
Kopo3iliHoMy cepenoBuli He nepeBuutye 10 °~107 Momb/n, a Takoxk 2) 3pazok ITAE—Zn
MIPOSIBIISIE HAWTIPITY aHTUKOPO3iiiHY aKTUBHICTb.

FEZA3ron
I 24 rop

Loy, MAH  TAR-Zn NAH-Cu MAH-Co TAH-Ni Actirox
Puc. 4. 3HaueHHs cTpyMiB Kopo3ii criaBy [[16 B cepeIOBHIL CHHTETHIHOTO
KHCJIOTo Aoy 4yepes 3 Ta 24 roll. BUTPUMKH.

BucHoBku

Ha ocHOBI npoBezeHUX AOCIIKeHb BCTAHOBJICHO, 10 JOAABaHHS O PEaKiiHOT
cymimi ionis Zn®", Cu®*, Co®" i Ni*" B mporieci OKHCHIOBANILHOI MTOIKOHACHCALLT aHiTiHY
BIUIMBae Ha (opMy 1 po3Mip orpumyBaHoro Hanopo3mipuoro ITAH. J{ocnimkena aHTH-
KOpO3iiiHa aKTHBHICTb OTpUMaHUX 3pa3KiB [IAH. BusBieHo, mo Bci oTpuMaHi 3pa3ku
1HTiI0YI0TH KOPO3ifo anmoMiHieBoro cruraBy J[16. Po3paxoBaHi 3HaYeHHS CTPyMiB KOPO3ii
1 MMOKa3aHo, 110 BOHU 3ayIeXkaTh B Gopmu rimo0yn [TAH. BeraHoBeHO, 0 HAHKpaIuMu
1HTI0yBaIPHUMHU XapakTepuUCTUKaMu BooifoTs HaHOCTpIkHI [TAH—Co i ITAr-Ni. Ha
OCHOBI CITIBCTABJICHHS PE3YJIbTaTiB IMOTCHIIOJMWHAMIYHUX JOCHIIIDKEHb 3 JTaHUMH
€JIEKTPOHHOI MIKPOCKOITi MOXHa 3pOOWMTH BHUCHOBOK, II0 aHTUKOPO3iifHA aKTHUBHICTh
HaHopo3MipHoro ITAH 3pocTae 3a1exHo BiJ Horo ¢opmu B Takii HOCIHIIZOBHOCTI: «IUIAC-
TUHKHU << TI100ynH << HAHOCTPIDKHI».
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SUMMARY
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ANTICORROSION ACTIVITY OF NANOSIZED POLYANILINE
OBTAINED IN THE PRESENCE OF IONS OF d-ELEMENTS

'L.M. Lytvynenko Institute of Physical Organic Chemistry and Coal Chemistry,
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*G.V. Karpenko Physico-Mechanical Institute
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Naukova Str. 5, 79053 Lviv, Ukraine

The samples of nanosized polyaniline (PAn) using the method of oxidative polycondensation of aniline in
the presence of ions of d—elements were synthesized. Using scanning electron microscopy and energy—
dispersive X-ray spectroscopy it was found that in the presence of Zn>* in the reaction medium the laurel-leaf—
like PAn nanoplates with the thickness 50-100 nm were formed, in the presence of Co*" and Ni** 50-200 nm
nanorods of PAn were formed and in the presence of Cu®" 200-400 nm PAn globules were formed and, at the
same time, such metals are not included in the final products. By the method of potentiodynamic polarization
the characteristics of corrosion processes that occur on the surface of aluminum alloy D16 in the medium of
synthetic acid rain with the additions of synthesized PAn were investigated. The values of currents of corrosion
were determined using the approximations of polarization curves. It was found, that in the presence of
synthesized samples of PAn the currents of corrosion are reduced in 2-250 times depending on the morphology
of the synthesized PAn and the corrosion inhibition of PAn nanorods is commensurate with the efficiency of
industrial pigment Actirox 106. Based on the comparison of potentiodynamic polarization data and scanning
electron microscopy images it was shown that anticorrosion activity of nanodimension PAn grows depending
on the form as follows: «nanoplates<globules <nanorods».

Keywords: nanosized polyaniline, corrosion, aluminum alloy.
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Bulk Metallic Glasses (BMG or Bulk Amorphous Alloys) are a new class of metallic alloys
with a unique amorphous atomic structure. Bulk amorphous alloys exhibiting attractive
properties for their widespread applications. Even after significant progresses in their
research, practical applications of bulk amorphous alloys seem to be still challenging.
Amorphous alloys have some excellent physical and chemical properties, among them
good mechanical and magnetic properties, high corrosion resistance in aggressive
environments. In this paper, authors compared corrosion resistance of bulk and tape
amorphous Fe-based alloy in 0.5 M aqueous solutions of NaCl, KOH and HCI. It was
found that hydrochloric acid is the least aggressive environment for both samples of the
amorphous alloy. Tape samples of Fe-based alloy have better corrosion resistance
compared with bulk samples with the same elemental composition.

Keywords: bulk and tape amorphous alloys, corrosion resistance, aggressive environment,
voltammetry, potentiometry

1. Introduction

Solid-state materials with the major bonding types including ionic, covalent, van der
Waals, hydrogen, and metallic can be made by various ways into amorphous solid forms.
Metallic amorphous alloys are comparatively newcomers to the amorphous materials
group. The formation of the first metallic glass of Au;5Siys was reported by Duwez in
60-s [1]. They developed the rapid quenching techniques for chilling metallic liquids at
very high rates of 10° —10° K/s. The significance of Duwez’s work was that their method
permits large quantities of an alloy to be made into glassy state comparing to other
methods, for instance, vapor condensation. Formation, structure and property investiga-
tions of metallic glasses have attracted increasing attention because of their fundamental
scientific importance and engineering application potential [2—5]. The techniques of melt
quenching have been extensively developed and elaborated for the purpose of producing
a wide variety of metallic glasses.
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If one arbitrarily defines the millimetre scale as "bulk", the first bulk metallic glass
(BMG) was the ternary Pd—Cu-Si alloy prepared by Chen in 1974 [6]. They used simple
suction-casting methods to form millimetre-diameter rods of Pd—Cu—Si metallic glass at
a significantly lower cooling rate of 10° K/s. In 1982, Turnbull and co-workers [7-8]
successfully prepared the well-known Pd—Ni—-P BMG by using boron oxide fluxing
method to purify the melt and to eliminate heterogeneous nucleation.

In the 1980s, a variety of solid-state amorphization techniques, which are based on
completely different mechanism from rapid quenching, such as mechanical alloying,
diffusion induced amorphization in multilayers, ion beam mixing, hydrogen absorption,
and inverse melting, had been developed [3]. A variety of metallic glasses in the form of
thin films, or powders can be obtained by interdiffusion and interfacial reaction at
temperatures well below the glass transition temperatures. In the late 1980s, Inoue et al.
in Tohoku University of Japan succeeded in finding new multicomponent alloy systems
consisting mainly of common metallic elements with lower critical cooling rates [9, 10].

In addition to the importance to basic sciences, BMGs have some excellent physical
and chemical properties which are promising for applications.

Since 1995, a series of Fe- and Co-based BMGs with ferromagnetism at room
temperature has been developed by copper mold casting or water quenching [11-14].
The formation and properties of multicomponent Fe-based BMGs have attracted
increasing attention because of the fundamental interests in their properties and
industrial application potential. Compared with the Fe- and Co-based metallic glasses
ribbons, the BMGs have the following advantages in soft magnetic properties [15]:1)
high electrical resistivity of 200-250 mOcm at room temperature; 2) lower coercive
force of 0.2—4 A/m; 3) higher initial permeability; 4) controllable arrangement of domain
wall structure achieved by control of casting and/or cooling processes; 5) better high-
frequency permeability; (6) good micro-forming ability in supercooled liquid region.

Bulk metallic glasses have different resistance to dissolution due to its elemental
composion and in environments with different pH. For example, Zr-based BMGs exhibit
excellent corrosion resistance in 30%, 66% HNOj; solutions; 9.1%, 17.2% NacCl solution
and 20%, 40% NaOH solution for the function of passivating, which indicates its high
corrosion resistance ability at acid, alkali and salt circumstances. ZrgsAlysNijgCuyz5
BMG sample is seriously corroded 5 mol/l HCI solution. However, by adding appropriate
Nb element, its resistance to pitting corrosion can be greatly improved [16]. Fe-based
BMGs shows lower corrosion current density values and displays higher pitting potential
values than steels in the salt balanced solution [17], bulk amorphous Ni—-5Cr—5Ta—3Mo—
16P—4B alloy spontaneously passive in 6 and 12 M HCI [18]. Such corrosion properties
of the BMGs can be used in their application.

Applications. With the unique and unconventional characteristics, BMG materials are
adopted for application in various fields. One of the great advantages of BMGs is the
ease of formation of complicated shapes. Up to now, BMGs have already been used as
die materials (Pd—Cu—Ni—P BMG), sporting equipment (ZrTiCuNiBe and ZrTiNiCu
BMGs) and electrode materials (PdCuSiP BMG). The development of Fe-based BMGs
has reached the final stage for application as soft magnetic materials for common mode
choke coils. Success in this area will result in the increasing importance [19].

Optimization of nanoscale microstructure is using in amorphous alloys for increasing
their physico-chemical characteristics [20, 21]. Absence of grain boundaries and
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composition homogeneity in nanoscale should ensure high chemical resistance and
increase application competitive ability.

2. Experimental details

In the form of a tape amorphous alloy FesoCo,Cr,;V,W ;Mo ;Nb;B,,C,Si, (HB-4) was
obtained by melt-spinning method (10° K/s) on a copper cooling rotating drum. For such
amorphous metallic ribbons identify contact (c) and external (e) sides, which are
characterized by different physico-chemical properties. Bulk samples of AMA were
prepared in quartz or ceramic crucibles in air atmosphere in the Institute for metal
physics of NAS of Ukraine, Kyiv.

Changes of electrochemical parameters of AMA tape were estimated by chrono-
potentiometric methods and cyclic voltammetric methods in potentiodynamic mode with
automatic scanning in time (rate = 20 mV/s) fixed potential of metal surface with
electrode scheme: AMA-electrode — Ag/AgCl/KCly, and auxiliary electrode — Pt-plate.
The measurements were carried out on Potentiostat type EP 20A.

Microscopic investigation of the elemental composition of AMA surface and micro-
photographs of the surface were obtained using electronic microscope-microanalyzer
REMMA - 102-02 02 with electrons beam (electrons energy — 0.2-40 kV).

3. Results and discussion

The amorphous state of the similar AMA-electrodes was confirmed by x-ray method
on diffractometer DRON-3.0M (CuK,, radiation, 26 range 10°-140°, step 0.04°, 1 s) in [22].

We investigated corrosion resistance of the bulk AMA FegCo,CrsV,W;Mo;Nb;B,,C,Si,
(HB-4). It is known that presence of chromium in alloys significantly improves passivity
[23]. Chromium forms a dense defect-free films of hydrate oxohydroxide
(CrO4x(OH);.4'nH,0), which become a diffusion barriers for aggressive ions to the metal
surface. Niobium stabilizes nanostructure of alloys, additiones of vanadium and tungsten
increases microhardness. However, widespread using of optimized HB-4 requires
experimental confirmation of it's corrosion resistance.

Analysis of measured by chronopotentiometric method in 0.5 M NaCl aqueous
solution electrochemical characteristics of tape and bulk samples of HB-4 showed that
potential values of both sides of tape is more positive than values of free potential of
bulk sample. Tape of HB-4 has better corrosion resistance compared to bulk alloy with
similar elemental composition (Table 1).

Table 1
Results of the chronopotentiometric investigation of HB-4 in different solutions
Environment Sample Side -Ey. V -E, V AE, V v-10%, V/s
Ta c 0.39 0.40 0.01 3.33
0.5 M NaCl pe c 027 0.38 0.11 633
Bulk 0.37 0.46 0.09 5.21
[ 0.32 0.27 0.05 8.00
Tape
0.5 M KOH 0.40 0.41 0.01 6.67
Bulk 0.78 0.82 0.04 6.67
T c 0.20 0.23 0.03 1.67
0.5 M HCI ape 0.48 0.40 0.08 1.67
Bulk 0.42 0.50 0.08 5.00
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A similar regularity was observed in alkaline medium (Table 1). In acidic
environment contact side of the HB-4 tape is also more stable, and potential values of
external surface of the tape and bulk sample are similar (Table 1).

Obtaining features of tape and bulk samples cause difference in elemental
composition of surfaces of AMA with different shape, which determines electrochemical
activity in aqueous corrosive media [24].

In the case of tape samples by potential scanning can be recorded a sequence of
individual stages of dissolution and passivation of the HB-4 surface. Composition
heterogeneity of the bulk sample surface causes parallel passing of different stages
simultaneously. Such heterogeneity is caused by slower hardening of the melt in the
obtaining process of bulk alloy compared to tape sample and higher probability of
clustering and phase regrouping in the bulk samples. This causes separation of
mechanisms of metallic components oxidation and ions emission in solution.

Determined by energydispersive analysis content of metallic components of HB-4
with different shape presented in Table 2. On the bulk sample surface can be seen the
dark phase (Fig. 1), enriched by Fe and Co compared to charge composition. Light phase
contrariwise enriched by Cr, Y, W, Mo i Nb.

Fig. 1. Microphoto of the bulk AMA Feg,Co,CryV,W Mo Nb;B,,C;Si,.

Table 2
Metallic components content on the surface of samples of HB-4 (mass %)
Element
1 Ph:
Sample P [Fe [ Co Cr V [ W [ Mo | Nb
Charge composition - 60.00 7.00 4.00 2.00 | 1.00 1.00 1.00
Tape - 72.26 8.97 5.17 0.01 0.18 2.38 0.00

Dark | 76.27 12.22 4.84 096 | 199 | 3.28 0.42

Bulk
Light | 33.10 4.71 12.73 7.68 | 15.36 | 18.08 | 8.30
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According to cyclic voltammetry in conditions of forced overlapping of external
potential within (—1.5+0.5) V it can be argued that the electrochemical properties of the
alloy HB-4 in the form of tape and bulk sample in 0.5 M NaCl aqueous solution are
close (Fig. 2, Table 3). However, the form of cyclic voltammograms is significantly
different, it showes different mechanisms of samples interaction in aggressive media
regardless from the cycle number (Fig. 2).
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Fig. 2. Cyclic voltammogramms of contact (a), external (b) surfaces of tape and bulk
sample (c) of AMA HB-4 in 0.5 M aqueous solution of NaCl.

In contact with the aggressive environment of 0.5 M sodium chloride and multiple
cyclic potential scanning, corrosion resistance of tape and bulk sample reduced and after
the 5th cycle stabilized (Fig. 3). The corrosion currents of bulk alloy increased already
during the 2nd cycle and practically stabilized after the Sth cycle.
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Table 3
Electrochemical characteristics of AMA HB-4 in 0.5 M aqueous solution of NaCl
Tape AMA
Cycle Contact side External side Bulk AMA
icor 105, icor 1055 icor 105,
Ecom Vv A/cm2 Ecorrs v A/cm2 Ecorrs v A/cm2
1 —0.65 0.02 —0.45 0.12 —0.55 0.26
2 —-0.70 0.01 -0.54 0.02 —0.64 5.32
3 -0.74 0.07 -0.59 0.11 —0.65 3.31
4 -0.74 0.7 —0.62 0.04 —0.66 6.32
5 -0.77 0.21 —0.65 0.10 —0.66 5.39
6 -0.72 0.24 —0.66 0.08 -0.67 5.72
7 -0.72 0.03 —-0.66 0.13 —0.67 7.86
8 -0.70 0.15 -0.67 0.08 -0.69 6.75
9 -0.74 0.21 —0.66 0.27 —0.69 5.73
10 —0.72 0.06 —0.67 0.02 —0.69 1.29
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Fig. 3. Change of corrosion potentials (a) and corrosion currents density (b) of AMA HB-4 with
different shape (1 — contact, 2 — external surface of tape, 3 — bulk sample) in
0.5 M solution of NaCl.

Comparison of the values of corrosion currents and corrosion potentials of AMA
HB-4 with different shape in 0.5 M aqueous solution of potassium hydroxide presented
in Table 1 shows that the tape sample is more stable in this aggressive environment than
a bulk sample with the same elemental composition. These was confirmed by the lower
values of corrosion currents and more positive corrosion potentials of the tape sample
(Table 4, Fig. 4). As a result of prolonged contact with aggressive environment corrosion
potentials move in the cathodic side, and the corrosion currents increase slightly, this
confirms the slight acceleration of oxidative dissolution of investigated alloy in this
aggressive environment.

Similar investigations were carried out in 0.5 M aqueous solution of HCI. The results
are presented in Table 5 and on Fig. 5. After analyzing the experimental data of cyclic
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voltammetry it can be argued that in this environment the contact side of AMA HB-4
shows higher corrosion resistance than external side and bulk sample (Table 5, Fig. 5).

It was found that hydrochloric acid is the least aggressive environment for samples of
AMA with such elemental coposition, corrosion potentials moves in anodic side and
corrosion currents are lower compared to the characteristics of the electrochemical
dissolution in 0.5 M solutions of NaCl i KOH.

Table 4
Electrochemical characteristics of AMA HB-4 in 0.5 M aqueous KOH solution
Tape AMA
Contact side External side Bulk AMA
Cycle oo 107 oo 107 oo 107
Ecorr: v A/Cm2 Ecorra v A/cm2 Ecorr: v A/Cm2
1 -0.72 0.15 -0.69 0.05 -0.92 2.82
2 -0.75 0.34 -0.72 0.14 —0.96 1.20
3 -0.74 0.19 -0.71 0.08 —0.96 0.50
4 —0.75 0.11 -0.72 0.10 —0.97 2.9
5 -0.75 0.28 -0.74 0.06 —0.97 2.84
6 -0.76 0.09 -0.75 0.03 -0.98 2.62
7 -0.73 0.32 -0.78 0.41 -0.98 0.80
8 —0.72 0.21 —-0.81 0.80 -0.98 0.30
9 -0.72 0.16 -0.82 0.50 -0.98 0.52
10 —0.72 0.17 —0.83 0.59 —0.98 2.72
0,65 2,51
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Fig. 4. Change of corrosion potentials () and corrosion current density (b) of AMA HB-4
with different shape (1 — contact, 2 — external surface of tape, 3 — bulk sample)
in 0.5 M solution of KOH.
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Table 5
Electrochemical characteristics of AMA HB-4 in 0.5 M aqueous solution of HCI
Tape AMA
Cycle Contact side External side Bulk AMA
fcorr1 055 fcorr1 055 icor 1055
ECOIT> Vv A/CII]2 Ecom Vv A/CII]2 Ecorrs v A/cm2
1 -0.25 0.09 -0.45 0.12 -0.37 0.50
2 -0.28 0.08 -0.54 0.02 -0.39 0.45
3 -0.29 0.35 -0.59 0.11 -0.41 1.60
4 -0.29 0.29 —0.62 0.04 -0.41 0.55
5 -0.29 0.12 —0.65 0.10 -0.41 0.57
6 -0.29 0.21 —0.66 0.08 -0.41 1.35
7 —-0.29 0.03 —0.66 0.13 -0.41 1.27
8 —-0.29 0.17 -0.67 0.08 -0.41 0.75
9 -0.29 0.11 —0.66 0.27 -0.41 0.28
10 —0.29 0.55 —0.67 0.02 —0.41 0.27
-0,24 08
~ 1 0,7
-0,3 06 3
> _0’4< \l\ 3 (E) 0,5
i < 04
Luo-0,5<\ “§ 0,3 1
0,2
-0,6 \'\
'\_\ 2 0.1
07— : ool : : , ,
2 4 6 8 10 2 4 6 8 10
Cycle Cycle
a b

Fig. 5. Change of corrosion potentials (a) and corrosion current density (b) of AMA HB-
4 with different shape (1 — contact, 2 — external surface of tape, 3 — bulk sample)
in 0.5 M solution of HC1.

4. Conclusions

— Tape samples, especially the contact side, of AMA
FegCo7Crs VoW Mo Nb;B,,C,Si, are more corrosion resistant compared with bulk
samples with the same elemental composition;

—  On the surface of bulk alloys during hardening at lower cooling rates than in the
process of obtaining tape samples appeared phases with different composition (dark
and light) enriched with Fe and Co, or other metallic components;

—  Selective dissolution of intermetallic phases in aggressive solutions leads to the
formation of clusters with low reactivity, which during the further dissolution
process increases. This assists formation of new phases due to the intra-cluster and
inter-cluster diffusion initiated by vacancies formed of released ions;
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

New phases can be formed from reactive atoms, this leads to passivation of the
bulk samples surface after active dissolution.
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MOPIBHSHHS KOPO3IMHOI CTIMKOCTI OB’EMHOI'O TA CTPTYKOBOT'O AMOP®HOI'O
FegCo;CrsV,W ;Mo;NB;B,,C,Si, CIVIABY Y PI3HUX ATPECUBHUX CEPEJJOBUIIIAX
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O0’eMHi amOp(dHI CIUIaBH NPEACTABIAIOTh COOOI0 HOBHMH KJIaC METAJICBUX CIUIABIB 3 YHIKAJIbHOIO
aMOp(HOI aTOMHOI CTPyKTypor. OO6'eMHI amMOpdHi CIJIaBU BOJIOAIOTH KOPUCHHUMHU BIIACTUBOCTSMH, SIKi
CIy’KaTh Ul IX LIMPOKOTO 3acTOoCyBaHHsS. HaBiTh Micist 3HAYHOTO Mporpecy B iX JOCHIUKCHHSX, MPaKTHYHE
3aCTOCYBaHHS 00'€eMHHX aMOP(HUX CIUIaBiB 3aJHINAETHCS, 5K 1 PaHIlIe CKIAJAHUM 3aBAAHHSIM. AMOPGHI CILIaBU
MalOTh YHIKaJbHI ()i3MKO-XIMi4HI BIACTHUBOCTi, Cepel HHMX XOPOLI MEXaHiYHI Ta MarHiTHi BJAaCTHBOCTI, a
TaKOX BHCOKY KOpO3iifHa CTIHKICTh B arpeCHMBHUX CepeOBHUIAX. Y AaHiii poOOTi aBTOPU MOPIBHIOBAIU KOPO-
3iliHy CTIilfKiCTh CTPIUKOBHX 1 00'eMHHUX 3pa3kiB amopdHoro Fe-BMmicHoro crumaBy B 0,5 M BOIHHX po3uMHAX
NaCl, KOH i HCI. Byno BcTaHOBIEHO, IO CONSHA KACIOTA € HAHMEHII arpeCHBHUM CEPEIOBHILEM TSl 000X
3paskiB amopdHoro cmraBy. CTpiukoBi 3pa3ku CIUIaBy Ha OCHOBI Fe MaroTh kpalry KoposiifHy CTifKicTb B
HOPiBHSAHHI 3 00’€MHHMH 3pa3KaMH 3 TAKUM K€ CIIEMEHTHUM CKJIaZIOM.
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The influence of pH reduction on water disinfection processes was described. Sonication
role on the pH change in the atmosphere of carbon dioxide, oxygen, argon and helium was
explained. It was found that bubbling of carbon dioxide under cavitational conditions does
not provide rapid decrease of pH value in suspension, comparing with CO, bubbling itself.
The obtained results give a promising explanation for the applications of sonochemistry in
water treatment.

Keywords: sonication, carbon dioxide, oxygen, argon, helium.

Introduction

Nowadays cavitational treatment is widely used in water processing for removal of
not only chemical pollutants [1, 2] but also biological ones [3, 4]. Sonication has
attracted great attention in water treatment due to achieving its high efficiency of micro-
organisms’ destruction. The ultrasonic (US) treatment, gas bubbling and simultaneous
gas/US treatment for the disinfection processes of sewage, natural water and microbial
suspensions were investigated in our preliminary works [5—7]. But pH value has been
changed after the gas/US treatment of water, and in the same time we are interested in
the estimation of pH variation during and after sonication. The influence of gases itself
on the change of pH in water medium is not still understood well. Therefore, several
studies were conducted by us with the aim of the more detailed consideration of this
process that may be important in water technology. Hence, the objective of the current
study is to investigate the pH change of suspension in the presence of gases of different
nature with and without cavitation.

Experimental Procedure

The investigated water objects were the model microbial suspensions, prepared by
adding microbes of Bacillus cereus bacteria type into the distilled water, where the
dissolved gases were previously removed from model water by boiling for 10 minutes.
Bacillus type was used as dominant microbial species identified in the natural water
according to our experiments [5].

The source of ultrasonic waves was UZDN-2T generator with the frequency of 22
kHz, power of 35 W and intensity of 1.65 W/cm3. Ultrasonic vibrations were transmitted
by magnetostrictive radiator, immersed into the investigated water. The pH value of
microbial suspension was measured before and after the experiments using pH-673
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device. Sonication of water was carried out with the following parameters: T = 298+1 K,
P =0.1 MPa, the process time (t) was 2 h. Oxygen, argon, helium and carbon dioxide
were used for the effective comparison as the gases of different nature. Suspensions were
desilted for a long period of time at T = 295+1 K without any light and air access.

Results and Discussion

The results show that pH value significantly decreases only in the presence of CO,.
Carbon dioxide has a high solubility in the water medium (comparing with O,, Ar and
He) and forms chemical compounds with acidic properties (i.e. carbonic acid) in the
aquatic medium, which apparently led to the pH decrease. But the decrease of pH value
under the simultaneous CO,/US action was observed less pronouncedly than during the
bubbling of CO, itself. This fact indicates that US has an influence on the gas solubility
in aquatic medium. Obviously, formation of cavitational zones accelerates CO,
allocation from the water, which forms new gas bubbles and leads to their subsequent
release from the system, i.e. CO, degassing process occurs during sonication. That’s why
degassing of CO,, as well-soluble gas, prevents rapid reduction of pH during sonication.

The pH value has not changed significantly during the bubbling of O,, Ar or He
themselves and in the US field, probably due to their inability to interact with water in
chemical reactions. The close pH variations in these cases were only observed at the
bubbling of O,, Ar and He with/without US action caused by the release of destroyed
internal cellular water-soluble compounds with acidic properties from microbial cells
into the water medium.

It should be noted that the highest efficiency of water disinfection without US
treatment has been achieved during CO, bubbling (degrees of water disinfection —
90.0%), comparing with other investigated gases under the same conditions. Evidently,
such efficiency was achieved due to the rapid decrease of pH in the CO, atmosphere.
Hence, these results suggest that increased acidity of the aquatic medium cause active
destruction of living bacterial cells.

Increased water acidity cause denaturation of microorganisms’ protein components
and lead to the microbial cells inactivation. But the disadvantage of acidification is high
corrosive activity of the water that will have negative effects during the subsequent
processes of water purification. That’s why carbon dioxide cannot be recommended for
the water disinfection.

The efficiency of water disinfection under simultaneous gas/US action is close to
unity (99.8-99.9 %) and pH varies slightly, regardless the nature of the gas bubbled. The
slight reduction of pH in the US field has no significant effect on the rate of
microorganisms’ destruction. Therefore, in these cases, water disinfection is achieved
due to the direct mechanical damage of the cells caused by sonication.

It was found that pH values of these water systems are almost stable during a long
period of time after the previous gas/US action, moreover regardless of the nature of gas
bubbled (Fig. 1, a-e). It could be important in the further technological processes of
water purification. The dependence of pH of exposure time consists of two stages: pH
change during the first 3-5 days at the first stage, and its stability during the further 25—
30 days (second stage). Some points presented in Fig. 1, a were measured two times in
the same conditions

The slight decrease of pH at keeping the water system for the first 3-5 days after the
previous US action (Fig. 1, a) and gas/US action (Fig. 1, b-d) is probably due to the
dissolving carbon dioxide from the air; the slight increase of pH after the previous
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CO,/US action (Fig. 1, e) is probably connected with the release of dissolved CO, from
water system (i.e. degassing).
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Fig. 1. Dependence of pH variation on exposure time after the previous treatments:
US (a); Ar/US (b); He/US (c); O,/US (d) and CO,/US (e).



pH VALUES OF SONICATED WATER IN GAS ATMOSPHERE 99

Conclusions

The influence of pH change regardless the gas nature bubbled through the suspension
was found and explained experimentally. In the current work, slight change of pH was
observed during the bubbling of CO, itself, while a significant pH value change was
established under CO,/US treatment, comparing with chemically inert O, Ar and He.
The pH reduction in the CO, atmosphere was explained by increasing the water acidi-
fication. But our experiments indicated that pH decreasing under the simultaneous
CO,/US action does not have any significant effect on the microbial destruction in the
water, which can be explained by the US ability to cause CO, degassing from suspension
as a well-soluble gas. Therefore, under the CO,/US treatment the pH didn’t show
significant variations from the initial value. The cell destruction is caused by the direct
mechanical damage of the cell membranes under the US treatment. It was determined
that CO, degassing under cavitational conditions is the main reason not leading to a
rapid decrease of pH value.

Measurements have shown a slight deviation of pH during the first 3—5 days after the
previous gas/US action that depends on gas nature; pH values are stable for the next 25—
30 days, regardless the different nature of gases.
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Ipoananizoeano 0cHOBHI 6UOU AEUYUMEMICHOT CIOMAMONO2IYHOT KepamiKu ma U3HAYEHO
NnepCneKmusHiCmes  GUKOPUCAHHSL TeUYUMEMICHUX CKIOKPUCIMANIYHUX Mamepianié npu
CMBOPEHHT KOMNOUYIUHUX Mamepianie O Memano-kepamivHux Koporok. Obpano ma
CUHME308aHO CKIAOU MOOENbHUX NeUYUMEMICHUX CKAOKPUCMANIYHUX Mamepianie, ecma-
HOBIEHO MeXaHi3M IX CmpyKmypo- ma azoymeopentss 8 ymMoeax mepmiunoi oopobKu.
Busnaueno mooicnugicme guxopucmans po3podoaenux 1eiyumemMiCHuX CKI10KpUCMATIYHUX
Mamepianié AK OCHO8U NPU CMEOPEHHT KOMNOUYITIHUX NOKPUMIG 05 3y60npome3sy8aHHs
3 NIOBUWEHUMU ZHAYEHHAMU MEXAHIYHUX BIACIUBOCMELL.

Knouoei cnoea: cxknokpucmaniuni mamepianu, aeuyum, cmMpykKmypd, CHMOMAmMOno2iuHe
npome3y8aHH:.

Beryn

Ha cporomuimHili 1eHP mepeBakHa OUMBINICTh HE3HIMHHX E€CTETHYHHUX IIPOTE3iB
TBEPJHUX TKAHWH 3YyOiB 1 3yOHUX Ds/IB, SIKI BUTOTOBIISIIOTECSL Y CBiTi, € KOMOIHOBAaHUMHU
Ta MOETHYIOTH y CO01 MeTaJeBHid KapKkac i kepamiune oOnmiroBanHsa. OHOYacHe 3a0e3-
MEYSHHs] BUCOKOTO MOJIYJISI TIPYKHOCTI METaJEeBUX CIUIABIB Ta MIIIHOCTI MOKPHUTTIB MpH
po3po0IIi MeTaToKepaMigHMX MOCTOBHIHHUX IPOTE3iB JO3BOJISIE 3HATH OOMEKEHHS 3a
JIOBXKHHOIO TPOTe3y Ta 3a0e3MeurTH iX BIAMOBIAHI €KCIUTyaTalliiiHi BJIaCTUBOCTI [
Ji€ro PYHKIIOHATBHUX HAaBAaHTAXCHB [1].

JleWMTBMICHAa CTOMATOJIOTIYHA CKJIOKEpaMiKa € OJHUM 3 HaHOUIbII MEPCIIEKTHBHUX
MarepiaiiB [Py BUTOTOBJIEHHI METaJOKEpaMiYHUX KOPOHOK IIPH ITPOTE3yBaHHI MEPEaHiX
Ta XKyBaJIbHUX 3yO0iB. 3aB/SIKM BUCOKUM MEXaHIYHUM BIIACTUBOCTAM (MILHICTh Ha 3TUH
50 + 210 MIla) nanmii MaTepiaia Moxke OyTH BUKOPUCTAHHI ITPH MOLIAPOBOMY CITIKAHHI
SIK TPYHTOBHI1 Ta OMAKOBUI IIApH, Ta, Y pa3i 3a0e3neyeHHs: IPO30pOCTi, SIK eMaJeBHi 1ap
[2, 3]. TonoBHA BiAMIHHICTH CKJIOKEPAMIKH BiJl ITOJICBOIIIIATHOTO i JJAHTAHOBOTO CKJIA,
SIKI TPUBAJIMI 4Yac 3aCTOCOBYIOTBCS Uil OOJMIIOBAHHS METalOKepaMidyHUX IPOTE3iB,
OJISITa€ y TOMY, 110 ()OPMYBaHHSI CUTAII30BaHOI CTPYKTYPH CKJIOKEPAaMiKH 3 HasBHICTIO
KPHUCTAJIB JICUIUTY PO3MIPOM 10 1 MKM PIBHOMIPHO pO3IOJUIEHUX B 00’€Mi, JO3BOJISIE
3a0e3rne4ynTH BUCOKI MIIIHOCHI XapaKTEPUCTUKU MaTepiajiB, IO € 3aII0PyKOI0 TPUBAJIOTO
BHKOPHUCTaHHS MPOTe3iB [4].

Ha cporomuimHid JeHh BiJOMi KOMIO3WIIHHI CKIOKPUCTATIYHI IOKPHUTTS, SKi
YCHIIIHO BUKOPUCTOBYIOTHCS Y 3y0ONpOTE3yBaHHI Tak, cutanoBe mokpurts "Cimer", 110
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Mae JeHIUT-aIb0ITOBUH CKIIaj IMpHU3HAUYeHE ISl OOJIMIIOBAHHS KapKaciB CYLIJIbBHOIUTHX
3yOHHUX MPOTE3iB, BUTOTOBJIECHHUX 31 CTOMATOJIOTIYHMX CIUIABIB METAIIIB 3 TEMIIEPAaTyPHUM
koedimientoM miniitaoro posmmpenns (13+15)-10° rpax'. Po3poGneHe HOKpHUTTS
BIJIPI3HSIETHCS. BUCOKOIO aJre3i€l0 0 METaeBUX KapKaciB 3yOHHX IMPOTE3iB, HU3BKOIO
TEMIIEPaTypor0 CIIKAaHHS NPH JIOCTaTHROMY PiBHI MIIHOCTI [5], Ta, Hakaslb, Ma€ MIKpO-
TBEPAICTh Y TPH pa3u OUIbIILY HDXK MPUPOIHI 3yOH, 110 MOXKE CTaTH TEePEyMOBOIO PYHHY-
BaHHS 3y0iB.

ABropamu [6], T 3HMXKCHHS MIKPOTBEPIOCTI T'OTOBHX IOKPHTTIB 10 3HAYCHB,
MaKCHMaJIbHO HaOJNM)KEHHUX 10 MIKPOTBEPIOCTI HAaTypaibHOI 3yOHOI eMaii, po3po0iieHo
KOMIO3HUIIHHI TOKPUTTS IUIIXOM 3MEHIICHHS TEMIIEPATypH CIIIKaHHS CKIOKEPaMIKH 10
850+870 °C mnpu BUTOTOBJIEHHI CTOMATOJIOTTYHUX NpoTe3iB. ONHAK O/iepKaHHS BKA3aHUX
MTOKPHUTTIB MOTPeOy€e CKIATHOTO 6AraTOCTYIIHYATOTO MPOIIECY.

PimeHHsiM BkazaHOi NpoOJIeMH € OJIEp)KaHHS JIHIIMTOBOIO CKJIOKPUCTAIIYHOTO
MTOKPHUTTSI 3 BHCOKUMH MIITHOCHIMH BJIACTUBOCTSIMH Ta 3a0€31eUeHHsT 010CYMICHOCTI JUIs
3ano0iraHHsi 3MiHM OPUPOIHOT MIKpoduiopH pPOTOBOI NMOpOXKHUHHU. JlJsi oneprkaHHs
JTAHOTO BUJy MOKPHUTTIB MEPCIEKTHBHUM € BHKOPHCTaHHS CIOCOOY 3aCHOBAaHOTO Ha
PO3CKIIyBaHHI eMaJieil 3a paxyHOK po3zuicHHs (a3. JJaHuii MeTo peatizyeThbCs MUITXOM
3MIITyBaHHS JBOX MPHUHITUIIOBO Pi3HUX (QpHT: PochaTHOI — HATOBHIOBAYA Ta aIFOMOCH-
JIKaTHOI — OCHOBH, II0 BCTYIAIOTh y B3a€MOJII0 y PO3ILUIABICHOMY CTaHi Ta BiJpi3HS-
FOTHCS BETMIMHAME KOE(IIIEHTY TOBEPXHEBOT'O HATATY 1 B’A3KOCTI [7].

3abe3neyeHHs] TOHKOKPUCTAIIYHOT CTPYKTYPH, & TAKOXK HAasBHICTh TOHKUX IPOLIAPKIB
CKJIa JI03BOJISIE HAONM3UTH MIIHICTH JOCHITHUX CKJIOMATepialliB O TEOPETHYHOI, IO
HOPSII 3 YTPYAHEHHSMH PO3BUTKY TPIIIMH 110 MEXaM KPHUCTAJIB, € IIEPEeIyMOBOIO 3a0e3-
MeYeHHs iX BUCOKOI MIITHOCTI aHaJIOTi9HOI MIIIHOCTi TBEPAUX METATIYHHX CIUIaBiB. [Ipu
LOMY HasBHICTh BKa3aHOI CTPYKTYpH [O3BOJIUTH MIIBUINUTH XiMIUHY CTIHKICTH Ta
3am3uty TKIJIP, 1110 € BaykKIIMBUM IpHM O1€pKaHHI CKJIOIOKPHUTTIB 3 BUCOKOIO aAre31HHOI0
MIIHICTIO.

AKXTyaspHICTh JaHOT poOOTH MoJjsirae B po3poO1li BUCOKOMIITHUX CKIOKPUCTAIIYHUX
HOKPUTTI HAa OCHOBI BITYM3HSHOI IOJICBOILIIATOBOI CHPOBHHH, IO B YMOBaX HHU3BKO-
TEeMIIepaTypHOi TepMiYHOI 0OpOOKH, JO3BOJINTH OTPUMATH CTOMATOJIOTIYHI MaTepiaiy 3
BU3HAYCHUMH MIIIHOCHUMH Ta O10JIOTTYHUMH BIIACTHBOCTSIMH.

ITocTaHOBKAa METH TA METOAMKA JAOCTiXKEHHS

MerToro poOoTH € po3poOKa JIEUITUTBMICHOT CKIIOMATPUIN JUTS OJICPXKAHHSA KOMITO3H-
LIMHUX NOKPHUTTIB I10 CIUIABAX THTAaHY JUI1 CTOMATOJIOTIYHOTO IIPOTE3yBaHHS.

[pwm nocmimkeHHi mporeciB CTPyKTYpo- Ta (pa30yTBOPEHHS IOCIITHUX CKIIOMaTepiaiB
BHUKOPHCTOBYBAJIM B3a€MOJIONOBHIOYI METOIU (PI3MKO-XIMIYHOTO aHali3y: PeHTreHO-
¢azosuit (mudpaxromerp JPOH-3M, CrKo-BunpomintoBanus), [Y-cnexrpockoniuauii
(Specord-M80), enexrponHO-MiKpockomiyani (Mikpockon EMB 100 AK), merporpa-
¢iunmii (ontryHnit mikpockon MIH-8), Bickosumerp koHcTpykuiii BAT «lactutyT
ckna» (Pociiiceroi ®eneparii).

ExcnepuMeHTAILHA YACTHHA

OpnepxaHHst TIEUIUTBMICHUX CKJIOKPUCTAIIYHUX OKPUTTIB HA OCHOBI MOJIEBOILIIATO-
BHX cTekol (puc. 1) [8] € MOXKIMBUM 3aBISKH COPSIMOBAHOMY CTPYKTYPO- Ta (a30yTBO-
PEHHIO 33 paXyHOK IPOTIKAHHS TOHKOJHMCIIEPCHOI 00'€MHOT KpHCTami3allis CKiIa MpU
HU3BKOTEMITEPATYPHOMY ONHOCTAIIHHOMY KOPOTKOYACHOMY PEXHMi TePMidHOI OOpOOKH
Uit (OpMYBaHHS 3MIIIHEHOI CHUTaJi30BaHOI CTpyKTypH. ONTHManbHUH BMICT Ta CIIiB-
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BIZJHOILICHHS! KpUCTaniyHoi (asu Ta cxirodasn 03BOJINUTH 3a0€3IIEUUTH MIKPOTBEPIICTH
Ta XIMI4HY CTIHKICTh PO3POOJICHUX MOKPUTTIB MAKCUMAJIBHO HAOIMKEHY O NPUPOTHHUX
TKaHUH 3y0a.

(Obnacte TpamLiiHo
3ECTOCOEYEBAHIK CRIATE
CTOMATOMOTIHOTO

papdopy

TE8t2
. Kq0-45i0z 4
Tetpacrmirar _710%2° 70,
KATTE0

Puc. 1. ®parment niarpamu crany K,O — A1,0; — SiO,

Sk ¢purta-ocHoBa Oynu oOpaHi KajiironeBommnaroBi MoxenbHi crekna cepii C
(puc. 2), sixi Oyino cuHTe30BaHO Ha OCHOBI cuctemu Na,0O—K,0-Li,0—ZnO-BaO-SrO—
AlL,O3-B,03-Ti0)—ZrO,—SiO, B BU3HAYEHUX KOHIICHTPAI[IMHUX Mexax, B Mac. %: SiO,=
51,0+51,2; ALO; = 14,8+14,9; K,0 = 11,8+14,1; B,O; = 4; Na,0O+Li,0 = 12,8+13; RO =
3,2+5,2, RO, = 2,5+5.

CKJamy CTEKOI BiIPi3HSAIOTHCS 3HIDKSHNM, TIOPIBHSIHO 3 TPAAHIIIIHO 3aCTOCOBYBaHIMU
CTOMATOJIOTTYHUMH MacaMH, BMICTOM OKCHY CHJIILIIIO JUISt 3MEHIIEHHS KiJIbKOCTI KPUCTO-
Oanity. Bukopucranas myxHO3eMenbHIX OoKcuAiB BaO Ta SrO 10o3BONUTH MOMEpeIuTa
mepexia KBapiy y KpUCTOOAiT, 10 € NPMMMHOI0 MOSBH MPHXOBAHMX MIKPOTPIII¥H,
samsuta TKJIP 3 200-107 1o 146:107 °C™ , TIIBUIIUTH MIIHICTh TIPH BUTHHI. BBegeHHs
no ckiany ZnO, TiO,, ZrO, sx karanizaTtopiB Kpucramizauii crpuse (opMyBaHHIO
3MIIHEHOI CHTAlli30BaHOI CTPYKTYpH Ta pazoMm 3 HasBHiCTIO Al,O; Ta B,0O; 3HU3NTH
TEMIIEpaTypHUI KOe(DIilIeHT JHIHHOTO PO3IIMPEHHS [0 MAAaHOTO IOKAa3HUKY s
TUTAaHOBHUX CIUIABIB JJIS1 CTOMATOJIOTI] Ta MiABUIIMTH XiMIYHY CTiHKICTb.

Pe3yabTaT i ix 00roBopenns

3a pe3ysbTaTaMu MPOBEACHUX ITOCIIKCHb KPUCTATI3AIIHOT 3IaTHOCTI cepen oaep-
KAHUX CTeKON Oymu oOpaHi cximamy, siki BMinmytots SrO, BaO, ZnO. 3a manumu [4-
cnektpockomnii gociiani crekna C2, C3 ta C4, siki 3HaXOIATHCS B BACOKOKPEMHE3EMHCTIN
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00IacTi JOCIHiIHOI CHCTEMH, XapaKTepU3yIOThCS IIMPOKOI0 CMYTOO ITOTJIMHAHHS KOJIH-
BaHb (v) panentaux (V) B obGmacti 900-1200 cm ' 3 FJII/I6OKI/IM MaKCHUMYMOM TIpH
1030 cm ' Ta ae(bopMaumHI/Ix xonuBanp (3) mpu 470 ¢M ', IO CBITUMTH PO BUCOKHIL
CTYHiHb nomMepmaun TeTpae;:[pua [SiO4] (puc. 3). KOHI/IBaHHﬂ terpaeapis [SiO4] B
o6macti 1031 cM 'ta 725 cM ', sKi € XapakTepHUMHU IS EHIUTY, CIIOCTEPIraeThCs s
YCIX TOCHIJHUAX CTEKOI 3 61JIBH.I 3HAYHOIO IHTEHCUBHICTIO 1 cTekon C3 ta C4.

Rz
72

//\/ N
VAvAVAVAN

A —
WO Y%

Puc. 2. O6iacTh CHHTE30BaHHX EKCIIEPUMEHTAIBHUX CKIaAiB cTeko C B ICeBAOMOTPiHIN
cucremi Rz - RB —-F. Rz: (SIOZ + A1203 + 8203), RB: (NaZO + Kzo + L120),
F: (MgO + CaO + TiO, + BaO + SrO + ZnO + ZrO).

[pucyrhicts B gocnignux crekinax Al,O; cripuse YTBOPEHHIO TPUBUMIPHOT CITKH 32
YHacTIO rpym [AlO,4] Ta terpaenpis [SiO4]. [Ipo HasBHICTE 3B ;131<y Si—O-Al B mocmiganx
CTEKJIaX CBIJUUTH CMyTra morivHaHHS B oOmacti 720+780 cM . BincyTHicTh B cKianax
JOCIIIHAX CTEKOJ KONMBaHL B obmacti 580+680 cM ', XapaKTepHMX I OKTaeapiB
[AlOg], Takox Bkasye Ha Te, IO AJTIOMIHII 3HAXOAUTHCS B YOTHPHOXKOOPAWHOBAHOMY
crani B oGmacti 710+780 cm ', i3omMopdHO 3amimryioumii CHIILiH 3 yTBOpEHHSM
3MIMIAHOT ATFOMOCHITIIIIYMKHUCHEBOT CiTKH. J[JIs1 yCIX HOCHITHUX CTEKOJI XapaKTEPHOIO €
HasBHiCTh [Zn0,] — TeTpaeapy B o6macti 400+650 cM ' 3 XapaKTepHUM MAaKCHMyMOM B
o6macri 450 cm™.

InenTudikyBaTi iHTeHCHBHICTH KomMBaHb rpyn [BO4]” B o6macti 10001100 cM ' B
JIOCHIJIHAX CTEKINaX, Ki BMIIYI0Th B,O;, yTpyJHEHO Yepe3 MPUCYTHICTh 1 B3aEMOJIIO 3
HHUMH TPy [SiO4] 3 6JII/13BKI/IMI/I 3a YaCTOTOK KOJMBAHHAMH. Y IOCHITHMX CTEKIIAaX
BasenTHI konmuBanHs [BO;]* 3i cMyroro mormuHanHs B 06macti 1350+1400 cM ' maroTh
HEUiTKO BUP@KEHHH XapakTep, IO CBIAYUTH MpO OLIBII NMpUTaMaHHY AUl OCHITHUX
CTEKOJI TEeTPACAPHIHY KOOpZ[I/IHaLII}O Oopy. Y nanomy BUIAJIKY BiJOyBA€THCS YAaCTKOBA
JIeTIoNliMepH3alLlisi CHITIIIyMKHCHEBOTO KapKacy, sKa IO0B’s3aHa 3 PO3PHBOM MICTKOBHX
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3B’s3KiB Mik Terpaeapamu [SiO4] HAUIMIIKOBOK KUTBKICTIO R,0O, mo crIpHYuHEHO
B33a€EMOJIIEI0 OKCUIY Jy)HOro Metany 3 B,O; ta Al,O;. 3aBsiku mpoiiecaM iHTerpariii
YTBOPIOETLCS €/IMHA an}0M06opocnniuinHa ciTka ckia. HasBHicTe Oopy B quBepHiI‘/'I
KOOpJIHHALIT Ta HpI/ICyTHICTL Ty KHIX METaIB y CKJI, 5IKi Pa3oM 3 TeTpaepaMu [BO4™
yrBoproroth rpymu [(BO,)’ Me 1", 36inbmye CTyHlHL 3B’513aHOCTI aHIOHHOI CITKH CKJIa,
10, B CBOIO Yepry, O3UTHBHO MO3HAYAETHCS HA IiJBHINEHHI XIMI4HOI CTIMKOCTI Ta Ha
samwkeHHi TKJIP nocnigHux crekod.

| | | Tl et
1600 1200 1000 700 600 550 450

Puc 3. [U-criektpu JIOCJ'II)IHI/IX cTeKos. V — @ [BO3] ; [BO4]57 l.'.l [AIO,];
« Si—O-AlJ [8104]4’* [Zn0Oy], 6 —o [S104] @ [BO4>

Jlis BCTaHOBIICHHST MOXKIIMBOCTI (DOpMYBaHHSI HYKJIEATOPIiB KPHCTaNi3alii Ta pocTy
KpHCTaIiB OyJI0O MPOBEAEHO TEpMiuHy OOpOOKY AOCHIIHMX CTEKOJI IpU TeMIlepaTypi
posm'skmenns T, = 700 °C Bnpomosx 0,5 romuH. 3a pe3yabTaTaMH €JEKTPOHHOI
MIKpOCKOIIT BCTAaHOBJICHO, 1[0 3pa3Kd CKIOMATepiaiiB MPeJCTaBIsAIOTh co000 Oararo-
¢ba3Hy cucTeMy, sika YTBOPEHa 3 MaTOYHOIO CKJA, KPAIUICBHIHUX YTBOPEHb PO3MIpOM
0,05+0,2 MM Ta KpucTamiB Jednury pozmipom 0,5+1,0 mxm (puc. 4).

Puc. 4. Crpykrypa nocnignux ckinoMarepiainis cepii C micis TepMiuHOT 00poOKH pH
temmeparypi 700 °C: a — ckiromarepian C2; 6 — ckiomarepian C3; B — ckiiomarepian C4.
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HesanexxHo Bin BMicTy kpuctamigHoi ¢a3u Ta ii po3mipy I ZOCIIIHUX CKIoMare-
piajiB CIIJBHUM € CKJIQIHMI XapakTep JIKBAL[IMHUX SBHUI, SKUH BUABISIETHCS B yTBO-
PeHHI HaHO- Ta MiKpoc(hepUIHUX HEOJHOPIAHOCTEeH BeepenuHi Kpareins. [Ipomec BUHUK-
HEHHsI BTOPHMHHOTO PO3IIAPOBYBAHHA CQEPUYHHX YTBOPEHb, K €Taly I'eTepPOreHHOIo
3apO/KEHHS KPUCTAIIYHUI LIEHTPIB, OB’ S3aHNUH 3 yTBOPEHHIM CTallIi30BaHNX KilacTe-
piB — rerepodasHux (QIyKTyaliif, M0 yTBOPIOIOTh HAHOCTPYKTYpPY, SKa CaMOOpraHi-
3yersest [9]. [ns ckinomarepianiB C2 ta C3 okpiM 4iTKOCTI 300pakeHOi Ha MAIIIOHKY
MIKPOCTPYKTYPH LIKaBUM € (aKT PEryysipHOro B JESIKHUX JUISTHKaX PO3MIleHHs chepud-
HUX HEOJHOPIAHOCTEH B3IOBX NPSMHX JIiHIH 3 yTBOPEHHSM JAHIOTIB. Jl[aHa MiKpOJiK-
BalliiiHa CTpyKTypa 3 HeoHOpiAHOCTAMHU nopsaky 500 A e mepexinHoro QuykTyaniitHo©0
CTPYKTYPOIO, SIKa € XapaKTEePHOIO JUIs CKJIA SIK €/IMHa, X04a i MIKpOHEOAHOpinHa (da3a.

Y maHOMy BHIAIKy CIIOCTEPIra€ThCs MPOTiKaHHS ()a30BOTO PO3MOILTY 3 YTBOPECHHIM
JIBOKAPKACHOI CTPYKTYpH, sIKa XapaKTepHa JUIs JIKBaLil 3a CIiHOAAJIBHUM MEXaHi3MOM
Ta IPOSBIIETHCS Y 3MUTTI c(heprIIHIX HAHOHEOTHOPITHOCTEH B OKpeMi B3a€MHOIIPOHUK-
Hi ¢a3u po3mipom 0,5 + 2,0 mxm. I TeHmeHIist 30iIb1Iy€eThCs Bi cKitomMarepiany C2 o
ckiomatepianiB C3 ta C4. Y BiINOBiZHOCTI 3 BUMOTaMH MiHIMyMY 3MiHH TE€pMOIIOTEH-
uiany QaykryaniiiHi obsacti MalTh GopMmy, sika HAONMKAETHCS A0 CHEpUUHOI, MOsiBa
BHUTSATHYTHX 00JacTell 31e01IBIIOTO MOSCHIOETHCS 1X 3IMMBAaHHIM.

P03BUTOK JTIKBALIIIHOT CTPYKTYpH TIO3HAYAETHCSL HAa BMICTI Ta PO3MIpi NICEBIOKYOIUHHX
KpHUCTAJIB JIEHIUTY, sIKi BHHUKIM Ha KOPIOHI CEepUIHMX HEOTHOPITHOCTEH (pHc. 4).
Tak, mnst ckiomarepiany C2 crocrepiraerbcsi 3HayHa KUIBKICTb KPUCTATIB JICHIHUTY
po3mipom 0,5 mxm. s ckimo matepianiB C3 Ta C4 po3Mip KpUCTaliB AEKiIbKa 3011b-
myetbes 10 0,7 + 1,0 MKM, a X KiJIBKICTh 3MEHIIyeThes. Lle moB’si3aHO 3 TUM, IO
¢dykTyarniitHa cTpyKTypa Ma€ KiHeTUIHY IPUPOAY 1 3aTHA 3HAYHO PO3BHBATHUCS B CHC-
TeMax 3 MAIMMH €HEPreTHYHIUMH 0ap’epamMy Ha IIUISIXY CTPYKTYPHO-XIMIYHHX HIepeOy/IoB,
3 MaJIMM 4acoM peJiakcallii, 30KpeMa, B CUCTeMax 3 HU3bKOIO0 B’si3KicTio. ToMy B ymMoBax
MaJIOB’sI3KOT0 PO3IUIaBy cKiIoMarepiany C2 3 CTPYKTYPHOIO BS3KICTIO )70 = 6,3-10" Ia-c
nepeanepexiHuX QIIyKTyariil 3HauHO Oijible, aHDX y OUTBII B’SI3KMX CKIIOMarepianax
C3 ta C4 3 1790 = 6+8-10° [Ta-c.

JHani penrrenodazoBoro (puc. 5) Ta nerporpadiyHOro METOAIB aHATI3Y HiITBEPIKY-
I0Th HasBHICTh 3HAYHOT KIIKOCTI 3apOJIKIB KPHUCTAJIi3alii 103BoJIsie CHOPMYBATH CTPYK-
Typy 3 HasBHICTIO IpIOHMX KPHUCTATIB JIEHIMTY po3MipoM Osm3pko 0,1+1 MM y
kinbkocTi 30+40 00. % B yMOBax HHU3bKOTEMIIEPATYpHOI TepMiduHOi OOpOOKH mpH
temnepatypi 800 °C.

BucHoBku

Po3po06iieHO CKiTaan CKIOKPUCTATIYHAX MaTepiaiiB, Ha OCHOBI cuctemMu Na,O-K,O—
Li,0-ZnO-BaO-SrO-Al,03;-B,0;-Ti0y—ZrO,—Si0,, mo XapakTepu3yIOThCsS HASIBHICTIO
KpucTanivHoi da3u seituury, y kinbkocti 3040 06. % 3 po3mipoM KpucTaiiB 1 MKM.

BuzHaueHo MexaHi3M CTpYKTypo- Ta ()a30yTBOPEHHS JIITIHAITIOMOCHIIIKATHUX CKIIO-
MarepiaiiB, SIKMI TOJISArae y MPOTiKaHHI HACTYITHHUX MOCHIJOBHHUX MPOLIECIB:

1. ¢dopmyBanHi y ckioposmiaBi cuborakcuuHux rpyn [AlO4] 3 HaCTYnHHUM yTBOpPEH-
HSIM HyKJIEaTOpiB KpUCTai3aIlii 3 YiTKUMHU (Ha30BUMH MEXKaMU IIPH B’S3KOCTI M79p =
6107+8-10° ITa-c Ta pocTy KpHCTAIiB IPH OXOJOMKEHHI 3a PaXyHOK JiKBaIii 3a
CIIHOJAJIEHAM MEXaHI3MOM 3 YTBOPEHHSIM JBOKAPKACHOI CTPYKTYPH Ta BTOPUHHOTO
PpO3IIapOBYBaHHS;

2. TpoTiKaHHI B MaTepiajlax B yMOBaX KOPOTKOYACHOI HU3bKOTEMIIEPATYPHOI TEPMIUHOI
00poOKkK 00’€MHOT TOHKOJMCIEPCHOT KpUCTaNi3allii CKia 3 YTBOPEHHSM JICHIUTY,
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10 € 3aIOPYKOI0 3a0€3MeUeH s X BUCOKOI MII[HOCTI, 1[I0 MO3UTHBHO MO3HAYUTECSI
Ha I IBUINEHHI XiMiuHOT cTifikocTi Ta 3HMmKeHHI TKJIP ckiromarepiais.

JIEHITAT
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Puc. 5. [ludpaxrorpama ckinokprucTaizigaoro marepiany C2.

OtpuMaHi pe3yiabTaTH MOXYTh OyTH BUKOPHCTaHI MPH PO3pOOLI CKIOKPUCTATIYHUX
MTOKPHUTTIB TSI CTOMATOJIOTIYHOTO TIPOTE3yBaHHS.
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SUMMARY

Oksana SAVVOVA, Oleksii FESENKO, Olena BABICH
LEUCITE CONTAINING COMPOSITE MATERIALS FOR DENTAL PROSTHETICS

National Technical University "Kharkiv Polytechnic Institute",
Bahaliya Str. 21, 61002 Kharkiv, Ukraine
e-mail: fesenco_alex@ubkr.net

The analysis of the main types of dental ceramics and determined perspectives of leucite-containing
composite materials for metal-ceramic crowns. It was found that obtaining leucite glass-ceremics biocompatible
coatings with elevated strength characteristics can be realized by using two different frits, the first of which
provide high mechanical properties and the second biocompatibility. It was determined that providing a fine
crystal structure, and the presence of thin layers of glass that allows to approximate the strength of the
experimental glass material to the theoretical strength, which along with difficulties in development of cracks
on crystal boundaries increases the mechanical characteristics of the material. The presence of the specified
structure will improve chemical resistance and reduce TCLE, which is important in obtaining glass coatings
with high performance characteristics.

Model compositions containing leucite glass-ceremic materials on the basis of Na,O—K,0-Na,0-K,0—
Li,0-ZnO-BaO-SrO-A1,05-B,0;-TiO,—ZrO-SiO, system has been chosen and synthesized using of
domestic natural minerals: potassium feldspar of Maidan-Vilske field.

To ensure the formation of a fine crystal structure of the glass, ZnO crystallization catalyst was introduced.
The use of alkaline-earth oxides SrO and BaO can prevent the occurrence of hidden cracks, reduce TCLE and
increase bending strength.

The mechanism of structure and phase formation in conditions of low-temperature heat treatment, which
consists in the formation of [AlO4] sybotaxic groups in glass melts with subsequent formation crystallization
nucleators with clear phase boundaries in the viscosity range of 1700 = 6-107+8-10° Pa-s, and crystal growth
upon cooling by phase separation of spinodal mechanism with formation of two-carcass structure and a
secondary separation has been established; as well as fine volume crystallization in the materials in conditions
of the short-term low-temperature heat treatment with formation of leucite, which is the key to providing high
strength with have a positive impact on improving chemical resistance and reducing TCLE of the glass-
ceramic materials.

Perspectives of developed glassceremic leucite containing materials as basis for creating dentures
composite coatings with high values of mechanical properties have been determined.

Keywords: glass-ceramic materials, leucite, structure, dental prosthetics.
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JIOBOB METPYX — BUEHUI, BUHAXIJTHUK, TEPMIHOJIOT

24 mpaens 2016 p. papmayesmuuna epomadcvkicme Jlvsisuunu siosnauac 70-pivys 3
JHst HapoOoiceHHs: YKPATHCbKO20 84eH020 — QOCTIOHUKA I nedarora, npogecopa, OOKmopa
dapmayesmuunux Hayk Jlroboei leanienu Ilempyx, 3asidysava kaghedpu papmayeemuunoi
xemii  axynomemy nicasiouniomnoi  oceimu (QIJO) Jlbsiscokoco HayiorHanbHO2O
MeouuHoeo yHisepcumemy imeni [lanuna anuyvrxoeo (1991-2015). Mivichuil  wnen,
axaodemix Yxpaincokoi mixcnapoonoi axaoemii npoginakmuynoi meouyunu HTII 'y
JIHMY imeni [anuna Ianuyvkozo. Biye-npesudenm, npezuoenm Ceimosoi ¢pedepayii
VKpaiucvkux @apmayesmuunux mosapucme. Unen Yxpaincvkoi Hayionanvhoi cninku
nedaroriunux i Haykoeux npayienuxie Jlvsiwunu. Ynen AH euwoi wxonu Ykpainu,
npesudenm apmayesmuunoi acoyiayii’ Jlveiswuny. Yxiadau 0azamomoeHUX MeOUYHUX
CNOBHUKIB.

Bucinis Ilarpiapxa Mocuda Crimoro “Bemmkoro Gaxkaiite!” — cTaB NmpoBiIHEM y
*UTTI micis 3akinueHHs CLI Ne8 y crnpsimyBaHHI 3HaHb, 3ycuib 1 npami JI.I.ITetpyx Ha
ZOOPO 1 3aX¥CT 300POB’ S JTFOAUHH.

JIroOoB IBaHiBHA xicTana MiArOTOBKY 3 (hapMaleBTHYHOI CIEialbHOCTI, MPAIIOI0Yn
1 HaBUarounch Ha Kadenapi papmaneTrynoi ximii JIIMI, sKy o9omroBaB MOKT. TEXHIU-
HHUX HayK, JIOKT. (hapMaleBTUYHUX HaykK, npod. TypkeBud M.M. — BijoMuil BUEHUIA i
BHUHAXIiTHUK, BUJATHUH CIEIIaJICT y TaIy3i CHHTE3y 0i0JI0TiYHO aKTUBHHX CITOIYK.
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VY 1970 p. 3 BigzHakoro 3akiHunna GpapmaneBTnaHui ¢paxynpret JIAMI i 3anummnack
nparoBaTy Ha kadeapi crapinM J1abopaHToM. 3aXOIUICHHs YIIIO0IEHUM (HaxoM CIIOHY-
KaJIO IIyKaTH HOBI METOAM CTBOPEHHS 1 JOCIIDKEHHS JIIKapChKUX IIPErapaTiB.

3 1976 p. Bke Ak KaHAUIAT (apMalleBTUYHMNX HAYK MPAIfOBaJIa aCHCTEHTOM Kadenpu
¢dapmaneBTryHoi ximii. B 1988 p. — nonent xadenpu. B 1990 p. 3axucruna 10KTOPCHKY
nmucepraitito, 1 B 1991 p. crana npodecopom, a 3 1992 p. ouonmna kadenpy hapmares-
THUYHOI XiMil pakyIbTeTy MiCIIIUIUIOMHOI OCBITH YHIBEPCHTETY.

Haykosuii nopo6ok JIto60Bi IBaniBHE ckiianatoTh 500 HaAyKOBUX Mpallb, Cepe]] IKUX
7 hapmakoneiHux cratei, 7 MoHOrpadii: “AKTyalbHICTh CTBOPEHHS 1 BHPOBAKEHHS Y
IIPOMHCIIOBE BUPOOHHUIITBO HOBHX JIIKapChKux 3aco0iB” (30. omucie BuHaxomiB) (JIbBiB,
2003). “Briiag y po3BHTOK YKPaiHCHKOT (hapMalleBTUYHOT Ta MEIHMYHOT HAYKH i MPAKTUKU
kadenpu dapmaneBTHYHOI XeMil ¢axynpTeTy micuamumuioMHoi ocitu JIHMY imeni
Januna Ianunpkoro. Ictopuunuit Hapuc. o 50-pivust ¢daxysiapTeTy HiCISIUIIIOMHOT
ocsitu JIHMY imeni Jlanmna [Nammmpkoro” (JIsBiB, 2005). “@myopenu sik TyOepKyo-
cratuky. OaypeHizun: MikpooOiosorivHi, papmakosoriudi ta kiiHiyHi acrnext” (JIbBiB,
2008). “DapmanieBTHIHA OCBiTa i MOBa. 3M00YTKH HAYKOBOI (papMaIleBTUIHOI JisTTbHOCTI”
(JIsBiB, 2011). “daypeHi3ua: Big CHHTE3y A0 JIKapChKOro Ipenapary B CTaHaapTax
JKyBaHHSA TyOepKynpo3y i xmaminio3y” (JIeBiB, 2012). “Dnyopern BipyTouumaHOi Iii.
[MpotuBipycHa akTHBHICTH (UIypeHI3MAY 1 NEpCIEKTHBAa 3aCTOCYBaHHS y OOpOTHOI 3
6iotepopmsmom’ (JIbBiB, 2014). “Xmnaminios. @mypenizua. Cyno3nuTopii aHTHXIaMiTifHOT
nii” (JIeBiB, 2015).

HoBu3Hy i KOHKYpPEHTHY CIIPOMOXKHICTH HayKOBO-TEXHIYHHX pIlllEeHb 3aXHINEHO 28
aBTopchkuMHu cBimourBamu SU Ta 59 matenTamu Ha BuHaxoau Ykpainu. Ilin i kepis-
HUIITBOM 32 HAYKOBOIO TEMATHKOIO y Tary3i MeIWUIMHA U (apMarlii B4CHUMH Y KpaiHu
3axMiIeHo 8 nokTopchkux Ta 40 kaHgunarcekux auceprauiil. Ilotpeba reHepyBaTu
BJIACHI HAayKOBI iz€i, 3ayMH, po3pOOJSTH KOHIEMI] i BIPOBAUKYyBaTh iX y XKHUTTS —
ocHoBa cBitorusiny JIroOoBi IBaHIBHM — HAyKOBIS, EKCIIEPUMEHTATOPA, BUHAXITHUKA.

Briepiie po3po6uina B 113J1 JIsBiBchKOTO 3aBOy “PeakTnB” npenapaTuBHI METOJUKH
cunre3y 20 HOBUX (hapMaKOJIOITYHO aKTMBHHUX TMOXIAHUX (IyopeHy, sIKi 3aTBepIKeHi
MiHicTepcTBOM XiMiYHOT MPOMHUCIIOBOCTI. JlesiKi 3 aKTUBHUX (IIyOpEHiB 3alpOoIOHOBaHi
SIK HOBHMH KJIaC TMOTEHIIWHUX JIIKIB MPOTUMIKpOOHOT 1 mpoTuBipycHoi aii. Po3poGuia
HOPMAaTHBHO-aHATITUYHY 1 HOPMAaTHBHO-TEXHIUYHY IOKYMEHTAIil0 Ha (apMakoJOIidHO
aKTHBHI pe4OBHHH (DIIyOpPEHOBOTO Psiy KBaidikamii “yucTHii” 1 “XeMiuHO YuCThit”.

[podecop [erpyx JI.I. — aBTOp OpHIiHAIBEHOIO YKpaiHCHKOTO Ipernapary “®mypeniznn”
MPOTUMIKPOOHOT Ta IMyHOMO/IY JIFOBAIILHOT /1ii, SIKWiA BIIpoBaiiia y BAPOOHUITBO Ha AT
“KuiBcpknii BiTamiHami 3aBox” (2000 p.) i Ha BAT “Mondapm” M. MoHacTupuiie
Yepkacekoi 001 (2001 p.); aBTOp i pO3POOHMK IIECTH T'OTOBHUX JKapChKuxX (opM Ha
ocHOBi DiypeHizuy.

Tepminomnoriuna nisuibHicTh npodecopa [erpyx JILI. mpucBsiueHa YHOPMYBaHHIO i
cranaaptu3anii MeanuHoi Ta ¢apmaneBTHyHOi TepMiHoiorii y XXI cr. “MoBa — icTopis
i myma Hapomy, Horo TBopdYa chia i rapaHTis MaiOyTTsa. Llg Hama ykpaiHChKa imes
(opMye 1 3MILIHIOE HALlIOHAJIBHY TiIHICTh, YECTh 1 cCaMoIIoBary” — BBaXkae mpodecop.

JIro6oB IBaHiBHA — yKkiamad i pemakrop 30ipHHKa mpanb “JIBBIBCHKUHN IepKaBHUMA
MEIUYHUHA 1HCTHTYT”, mpucBsueHoro 210-piudro Biakpurts, 100-piydio BigHOBIIECHHS
MeanyHoro (hakyieTeTy yHiBepcuteTy v JIbBoBi (1994 p.), “Opdorpadidaoro croBHIKa
ykpaiHcbkux MeauuHux tepminie” (OCYMT, JIbBiB, 1993), “YkpaiHCbKO-IaTHHCHKO-
AHTIIIACHKOTO MEIUYHOTO TIYMAawYHOTO CiIOBHHKA” y nBox Tomax (YJIAMTC, Jlesis,
1995), “YxkpaiHChKO-JIATUHCHKO-aHITIHCHKOTO MEJUYHOTO SHIUKIIONEANYHOTO CJIOBHUKA”
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y 4-ox tomax (YJIAMEC, T.1 “A-A”, Kuis: Meguuuna, 2012; T. 2 “E-H”, Kuis:
Menumuna, 2013; T.3 “O-C”, Kuis: Memuiuna, 2016; T. 4 “T-4”, Kuis: Meauiuna,
2016; a Takoxx YIIAMEC “A-51”, Kui: Menuiuna, 2015).

Kurrs JL.LIletpyx mnpucBsiueHe BEIUKOMY — BHKOHAHHIO BXKJIMBOI MO3MUIIIT
YKpalHKH — 3aXUCT 3JJ0POB’S JIIOIMHY, IJICKAHHIO TyXOBHUX I[IHHOCTEH Y MOJO/II.

Mapisa Kosanenxo
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MUXAMJIO COJTHUC

(Mo 80-piyus 3 1Hs HApOPKEHHS Mpodecopa)

Muxaiino Muxkonaiiosua Conrtrc Hapomuecs 19.11.1936 p. ma JlemkiBuuHi B C.
3aBoi Csaninpkoro nosity ([Tosbina) B ykpaiHehKii censtHCbKIN poauHi. Y 1948 p. poauHa
ContrciB nepeixana B YkpaiHy Ta noceiuiack y . bornaniska ITinBonouncskoro p-Hy
TepHoninbebkoi 001, Y 1955 p. Muxaiino Conruc 3akiHuuB bormaHiBCbKy cepenHio
LIKOJTY, SIKY 3Trajy€ 3 OCOOJIMBOIO TEIUIOTON0. B IMIKOJI mparfoBany npeaMeTHi TypTKy, B
skux Muxaiiio OpaB akTUBHY ydacTb. [IposiBisiB ocobnuBHi iHTepec 10 (ikcyBaHHS
yCIX JOCHIAHUIBKUX TpoleciB Ha (GOTOIUIBKY 1 0OPMIICHHS PI3HOMAaHITHUX Jiarpam
pasom i3 cBoim ToBapuiieMm b. Kpykom. Ha onnomy 3 Beuopis ximii y 1954 poui yueHb
9-ro kiacy M. ConTrc pa3om 3 TOBapuIllaMy TPOBOAMIIM IIKaBI JTOCIIAN 1 BUTOJIONIYBAIN
pedepatu Ha XimiuHi TeMu. JJupexkropom mikoiu mnpamtosas toni O.B. beniHcbkuid, skuit
no0pe 3HaB XiMiro 1 fiomy 3aBusuye npodecop Coaruc 00paHoro mpodecito.

Onpasy >k micis 3aKiH4eHHS MIKOJIM BCTYITUB Ha XiMiuHHN (axynbreT JIbBIBCHKOTO
Jilep)KaBHOTO yHiBepcuTeTy iMeHi IBana @panka, sikuil 3akiHuuB 3 Bia3Hakow 1960 p.
31i0HOTO 1 AKTHBHOI'O BHITYCKHHKA 3QJIMIIAIM TPAIIOBATH CTAPIIAM J1abOpaHTOM
kadenpu ¢izmgHOI Ta KONOimHOI XiMil XiMigHOTO (akyipTeTy. Uepes nBa poku y 1962 p.
BCTYIHMB JI0 acmipantypu, 1965 p. mij yac HayKOBOTO CTa)KyBaHHSI HaBYaBCS B acIlipaH-
Typi TopyHcekoro yaiBepcureTy iM. M. Komepnika (ITonpmia). VcemimHO 3aXUCTHB Y
1966 p. kaHAMAATCHKY Iucepraiito “Anresis i agcopOuis nomiMepiB edipiB akpHIOBOL
Ta METaKPIJIOBOI KUCJIOT Ha CKIIHIH MMOBEPXHi”~’, BUKOHAHY il HAYKOBUM KEPiBHHUIITBOM
JTIOCBITYCHOTO BiJOMOTO HAyKOBIIS B raly3i KoJoiqHoi ximii goreHta T.M. TTonoHcbKoroO.
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M. Conruc OHHOKprHI/IKaMI/I IiJ] 4ac HaBYaHHA B YHIBEPCHUTETI:
(3nina Hanpaso) ®enociok JI., Kucins M., I'punbkis 3., Xpomosa H., Conrtrc M.

IIponoBxyroun HayKOBi HocCTipKeHHs, Muxaitno ConTrc 3p0o0OrB BaroMuii BHECOK Y
¢i3nyHy XIMIiIO0 TMOJIMEPBMICHUX AWCHEPCHUX CHCTEM. Pe3ynbTaTH HUX TOCTiIKECHb
CHUCTEMaTH30BaHO B IOTo JOKTOPCHKIH aucepTamii “AzncopOuiss MakpoMOJieKysl Ha
BHCOKOIWCIIEPCHUX aJcOopOeHTax”, sIKy 3aXWCTUB B [HCTHTYTI Ximii Bomm 1982 p., m.
Kuie. ¥V 1967 p. Muxaiiiny ConTucy NpHUCBOEHO BUEHE 3BaHHS JoleHTa, 1988 p. —
3BaHHS Ipodecopa.

Y 1968 p. Ha ximidyHoMy (axyibreTi JIbBIBCHKOrO YHIBEPCHTETY BIIMOBIIHO [0
Haka3y MiHicrepcTBa BuIoi Ta cepenHboi crenianbHoi ocBith CPCP Binmkpuro HOBY
kadenpy — kadeapy XiMiuHOT KIOEPHETHKHU Ta TEXHOJIOTII, Ky ouonuB Muxaiiino ContHc.
[Tig #oro KepiBHUITBOM IMPOBEACHO BEIUKY OpraHi3amiiHO METOIUYHY poOoTy, chop-
MOBAHO BHKJIAIAIBKUI Ta J1a0OPAaHTCHKO-IOMOMIKHHMN KOJCKTHB KadeapH, CTBOPEHO
MarepiajbHy Ta HABYAIbHO-METOINYHY 6a3y Jlo HaykoBOi poOOTH aKTHBHO 3aTy4aJINCh
CTyJIeHTH, AKi cremianidyBanuch Ha i kadenpi. HaBuaHHS cTyneHTiB Ha Ka(bez[pl
XiMi4HOT KiOEpHETHUKH Ta TEXHOJOTIi Oyslo Ha TOi 4ac KOPHCHHM, MPOTPECHBHIM i
3aJIMILIMIIO BarOMUIL Cllif B ICTOpll XiMidHOTO (haKynpTeTy. 3 BIIKPHUTTAM wLi€l Kadenpu y
HABYAJIBHUH MpOLEC Ha XiMIYHOMY (akynbTeTi IouYand aKTHBHO BIIPOBAIKYBATH
00YHCITIOBANIBHY TEXHIKY, HOBI MiJIXO/M JI0 OpraHizallii HaB4aibHOI Ta HayKOBO-JOCIITHOT
pobOTH, METOM ONTHUMI3aLil Ta MOJETIOBAHHS XIMIYHOTO €KCIEPHUMEHTY, CTaTHCTHYHI
METOIM JIOCII/UKEHHS TOIIO. 3aBISKH NMOENHAHHIO MIMOOKOI (hyHOaMEeHTaJIbHOI IIiro-
TOBKHM, TPaJWLIIHO NPHUTaMaHHOI BHITYCKHMKaM XiMidHOro ¢akyisrery JIbBiBCBKOTO
YHIBEPCHUTETY, Ta CHCTEMHOT'0 HIJIXOLy JI0 PO3B’SA3aHHS CKIIAJHNX 3aBAaHb TEOPETHYHOTO 1
MPaKTHYHOTO IUIaHY BUITYCKHUKHU Kadeapy 3100yIi BU3HAHHS Ta aBTOPUTET Y HAYKOBO-
JOCTITHUX yCTAaHOBAX, Ha XIMIYHUX MiATIPHEMCTBAX Pi3HOTO MPODLIIO.

3HaHHA, OTPUMaHI MiJ 4Yac HaB4YaHHS Ha Kadeapi KiOGEpHETHKH, CIPSIMYBaIH
0araTbOX CTYJCHTIB Ha HAYKOBWH IDIAX, SIKI CTANU JOKTOPAMH i KaHIUAATAMH HayK Y
HABUAJILHHX Ta akaJeMidyHuX ycraHoBax: Canarypcbkuii J1., SIpemko 3., Akcimenthesa O.,
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Xoma M., Kanaxaun O., [Ipouainio T., Lupynsuux O., I'opiuko B., [lomanceka E. Ta
iHII.

Ha 3ycrpiui y 1980 p. 3 ximikamu-kibepHeTrkamu 3 HaroAu 10-JIiTTs MepIoro BUITyCKy
(3niBa HanpaBo): Jimutpo Canarypcekuii, Keitocnasa Bosusik, JIro6os binuk, Mapis Copoka,
Muxaitno Contuc , ['anuna Jlenuciok, SIpocnas ®omin, JTlronmuna CumisiH, Tamapa [ponaitno.
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M.Contuc 3 koneramu-criBpoGiTHukamu (2011 p.):
(3niBa HampaBo) JI. @exymunceka, P. [Tetpummn, 3. SIpemko, O. Bypka, B. 3akopnoncskui,
H. Txauenko, M. Conruc, I. Onaiinny.

Y tBOpuOoMy 0poOKy mpodecopa Muxaiina Conruca Oinbiie 300 1pykoBaHUX Iparlb,
10 aBTOPCHKMX CBIAOITB Ta MATEHTIB; MiJ HOTO KEPiBHUITBOM & 0CI0 3aXHCTHIN
KaH/IMAaTChKI TUcepTallii; Ui JHO Npalloe 3 MOJIOAMMH HayKoBIsIMU. Muxaitio Conruc
MTOCTIHHO KepyBaB 1 Kepye TOCIIOTOBIPHIMH Ta JepKOI0KETHIMU TeMaMu. BHacimok
MPOBEJCHUX JIOCII/DKEHb 3alPOIIOHOBAHO HU3KY €(EKTHBHUX TEXHOJOIIYHUX PIllIEHb,
30KpeMa 3 TOJIMIICHHS PO3IUIBHOI 3JATHOCTI €NIEKTPOHHO-IPOMEHEBHX TPYOOK crie-
LIaJIbHOTO MPU3HAYECHHS. 3arajibHOr0 BU3HAHHS HAOYIIM JOCIHIIKEHHs B Traiy3i (i3uko-
XiMil MOBEpXHEBHUX SIBUIL TA AUCIIEPCHUX CUCTEM.

Muxaiino Contuc 3 KojieraMyu HayKOBLISIMU:
(3miBa HampaBo) B. [ytka, M. Contuc, M. Sluumus, O. PemeTHsk
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Muxaiino MuxonaiioBnu Conruc y 1985-1990 pp. — nexan XimMigyHOTO (haKysbTeTy.
Heonnopa3oBo Hasexas no ckiany Buenoi Pagu ynisepcurery. Ilpodecop Muxaiino
ConTHC - WIeH clieniati3oBaHol BUCHOT pajiv 3 3aXUCTY KaHIUJATChKUX Ta JOKTOPCHKUX
JHcepTalii, 6epe akTUBHY y4acTh y HaJaroDKeHHI CHIBIIpalli 3 HAyKOBUMH yCTaHOBaMH
Ta By3aMH YKpaiHH, 3apyOiXoKs, a TaKoXK OopraHizauii Ta MpoBe/leHHI HAyKOBHX KOoH(e-
peHiiii, y ToMy uncii MbkHapoaHux. Muxaitno Conruc — wied HaykoBoro ToBapuctBa
imeHi llleBuenka.

3a HayKoBy, MHeIaroriuHy Ta TpoMajcbKy nisuibHicTh mpodecop Contrc M.M.
HEOIHOPa30BO OTPUMYBAB IOJASKU Bil Pexropa yHiBepCHTETY, HarOpOJDKEHHH 3HAKOM
MiuBy3sy CPCP “3a BiaMminui ycmixu B poboti” (1980) Ta HarpyaHuMm 3HakoMm “3a
HaykoBi focsirHeHHs” (2011 p). ¥V 1pomy x poli HOMY NPUCYIKEHO 3BaHHS 3aCITyKEHO-
ro npodecopa JIbBIBCHKOTO HAI[IOHAIEHOTO YHIBEPCHTETY.

3aBxau NOOpPO3WYIMBHM, TOTOBMH HaJaTH SIK HAyKOBi, Tak 1 JKHUTTEBI IMOpa,
KOPHUCTYETHCSI aBTOPUTETOM Ta IIOBAroi0 cepell CTYACHTIB, CIIiBPOOITHUKIB YHIBEPCUTETY,
HaYKOBLIB YKpaiHH Ta 3apyOizKoKs.

Xaii cMi€eThCsI 107151, MOB KaJTMHA B J1y3i

B KOJIi IAPHX, BIPHHUX 1 XOPOIIHUX JIPY3iB.
3uuumo Bawm macts, pagocti, Terma,
YCIIXiB, 30pOB’sI, 371ar0Iu i J00pa.

Kosnextus xadenpu §iznyHOi Ta KOIOIAHOT XiMil
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IIpaBuaa nis aBTopis

«[Ipami HTII. XiMiyHi HayKn» BHUCBITIIIOIOTH PE3YJIbTaTH €KCIIEPUMEHTAIBHUX J10C-
JIJKeHb Ta OIJISIM 3 TIMTaHb yCIX PO3IUIIB XiMii, a TaKOXK peleHsii Ha MoHorpadii, min-
PYYHHUKH 1 MaTepiajiv, MPUCBSUCHI IaM’ ITHUM Ta ICTOPUYHHUM JIaTaM, I0BLIEsIM.

[onanus crarri s ny6nikanii B «[Ipamsgx HTII. Ximiuni Hayku» nependadae, mo
B Hilf MICTUTBCS OpUTIHAJIBHUI MaTepiai, KU He OyB paHillie OImyOJIiKOBaHHH.

Hagicnani pykonucy pereH3yoThCs.

Kypnai € haxoBrM HayKOBUM BHIAaHHAM, sike iHIeKkcyeTbest Google Scholar.

OO0csr opuriHaabHUX cTareil 10 12 cTOpiHOK, orsiAiB — 10 20 CTOPiHOK, KOPOTKI I0-
BIZIOMJICHHS — J10 4 CTOPIHOK (BKJIIOYAIOYH UIIOCTPAaTHBHUI MaTepiall, CIIMCOK MOCHIIaHb
Ta pe3rome).

Pyxkonuc crarri cnig Habpatu y dopmari MSWord. EnekrponHuii BapianT ctarTi Ta
CYTIPOBOIKYIOUHH JIMCT HAIICIATH Ha anpecy: chemsci_ntsh@gmail.com.

Pyxonuc crarri (Bucora mpudry 12 TimesNewRoman, intepsain 1,5), Tpeda odop-
MHUTH y TakoMy mopsnky: Y /K, iM’s Ta mpizBuie aBTopa(aBTopiB), Ha3Ba CTATTi, MiCIle
npari ¥ moBHI ciry:kOO0BI aapecu aBTOpiB, e-mail aBropa Uil JIMCTYBaHHS, pe3loMe
yKpaiHCchKko10 MOBOIO (10 200 ciiB), 10 5 KIIFOYOBUX CIIiB, TEKCT CTAaTTi, MOJSIKHU, CIIHCOK
LUTOBAHOI JIITEpaTypH, MIAMUCH A0 TAOJIHIlb, TAOJHII, MiAMHCHA IO UTIOCTPAIlii, UTIoC-
Tpaii, aHOTAaIlisl aHTIIIHCHKOI0 MOBOKO (iM’s Ta Mpi3BHUIIE aBTOpa(aBTOPIB), HA3Ba CTATTI,
Micue mpani i NMoBHI ciyX00Bi agpecu aBTOpIB, e-mail, pO3LUIMPEHUI TEKCT aHOTalil
(06’em 1o 1 cT.), 10 5 KIFOYOBHUX CIIiB).

Moga. CrarTi IpyKyIOTh yKPalHCHKOIO (3 aHTJIIHCHKOIO aHOTAII€l0) 200 aHTIIIHCHKOI0
(3 yKpaiHCBKOIO aHOTaIli€r0) MoBaMH. J{71s 0cib, 110 He BOJOMIFOTH YKPAaiHCHKOI MOBOIO,
penaxiiis 3a0e3neunTh NepeKiial aHoTallii 3 aHrIiicbKoT Ha YKpaTHCBKY.

LimtocTpanii po3MilIyoThesl B TEKCTI CTATTI Y MOPSAKY ITOCHIIAHHS.

INocunanHa Ha JiTepaTypy Clig IO3HAYaTH HOMEpaMH y KBaJpaTHUX IyXKKax.
[Mepesik niTepaTypy HABOIUTH y HOPSAKY LIUTYBaHHSL.

Pykonucu crareit no «IIpaus HTIL. Ximiuni nHaykm» (Bumyck 2017 p.) mpocumo
HaJICWJIaTH B eJeKTpoHHOMY BapiaHTi 10 30 kBitHs 2017 poky. Peaxoneris moBinoMuTsb
aBTOpIB MPO BapTicTh MyOJiKamii CTaTTi, sKa 3aJeXHUTh Bif 11 00CAry, a TAaKOXK IPO
TEPMIiHM Ta YMOBH IlepeKa3y KOIITIB ICIs MPUHHATTS CTaTTi 10 ApyKy. [licns Buxomy
KypHaIIy y CBIT aBTOpaM KOXHOI CTaTTi Oye HadiclaHO OIWH NPHUMIPHUK Ha ajpecy
aBTOpa JAJIs JINCTYBAHHSL.

ApxiB xypHaiy B [HTepHeTi: www.nbuv.gov.ua/portal/Chem_Biol/Pntsh/index.html.
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