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MeToaoM NpocBeYMBAKOLLENA 3/IeKTPOHHOM U aTOMHO-CU/IOBOM MUKPOCKONMUU YCTAHOB/IGHO CTpPOeHue
MEeTa/UIoyr1epoAHbIX HAHOKOMMO3UTOB, MOJIYYEeHHbIX MyTeM NuMponusa AudranoumaHuHa UTTpUS.
MNokasaHo, YTO Npu BbiCOKOTEMMEpaTypHOM NUposnse B rpapuUTM3MPOBAHHOW Yr1epoOAHON MaTpuLe
06pasyloTCcs KpUCTa/Ulbl 0-UTTpUsi, KOTOpble Ha MacwTtabax B [ecsaTKM MUKPOMETPOB 06pasyioT
pasBUTYIO ceTb HaHOK/1acTepoB. OCO6eHHOCTU CTPYKTYPUPOBaHUS, U3y4eHHbIe HA MOAe/IbHOM 06bekTe,
XapaKTepHbl A1l paAMOaKTUBHbBIX U30TOMOB JIAHTAaHOUAOB U AaKTUHOWUJOB, YTO CO3AAET HAay4HYIO OCHOBY
MCMNONb30BAHUS METa/Ioyr/1IepoAHbIX HAHOKOMMO3UTOB B KayecTBe MaTpuy Aas UMmo6uausauum
BbICOKOQKTUBHbIX OTXOA0B OTPA60OTAHHOI0 SAepHOro Ton/MBea.

The structure of metal-carbon nanocomposites obtained by pyrolysed yttrium diphthalocyanine
derivatives was established by transmission electron microscopy and atomic force microscopy.
It is shown that during high-temperature pyrolysis a-yttrium crystals forms a wide-range network
of nanoclusters in a graphitized carbon matrix on a scale of tens of micrometers. The features of
structuring studied on a model object are common for radioactive isotopes of lanthanides and
actinides, which creates the scientific basis for using metal-carbon nanocomposites as matrices for
immobilization of high-level waste from spent nuclear fuel.
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JOTITO>KUBYII M U30TOITB, BKIIOYUA sl MUHOPHBIE aKTH-
HU/JBL. B HacTosIee BpeMsi B IIPOMBIIIIEHHOM Mac-
mrabe o KMMOOMIM3ALIMH BRICOKOAKTHBHBIX OTX0~
noB (BAO) orpaboranHOro simepHoro torusa (OST)
KICIIONIB3YIOTCSI MATPHLIBI HA OCHOBE HOPOCHUIHMKATHBIX
U dpocdatHbIX cTekoi [1-2], maTtepuanel Tuna SYNROC
[3]. Pa3pabaTbIBalOTCS TaK>Ke MUHEPAJIONIORO0OHbIE KOM-
MIO3UTHI [4-6]. MaTpHLIBI HA OCHOBe yIJIepoJa He yCTy-
MAIT 110 GYHKIIMOHAIBHBIM CBOMCTBAM yKa3aHHBIM
TPaAULIMOHHBIM MaTepHuasaM. YITepoJ XUMHUUeCKH
YCTOMYHUB, CII0COOEH BBIIEPSKUBATDH BLICOKKE TeMIIepa-
Typsl 1 06a ero usotorna (°C 1 13C) MMeIoT HU3KOe cedeHHe
3axBaTa HeUTPOHOB (3,4 M6 11 1,3 M6 COOTBETCTBEHHO), UTO
MOYKeT OBITh BaKHO ITPH [TPOBeIeHUH IIPOLIeCCOB TPAHC-
MyTaLlU{ HYK/IUZOB, 3aK/I0UeHHBIX B 3TH MAaTPHULIBL.
TakuM 06pa3oM, IIOMCK HAHOKOMIIO3HTOB, B KOTOPBIX
aToM MeTa/l/la BHeIPeH B YITIEPOAHYIO MaTPHULLY U MOKeT
HaJIeXKHO YIEP>KUBAThCS B Hell, U3y4deHHe CTPYKTYPBHI,
GU3UKO-XMMHUYECKUX CBOHCTB, pa3paboTKa MPOCTHIX
MeTOIMK CHHTe3a, JAIOLINX BEICOKHUE BBIXOJ, IIPONYKTA,
SIBISIIOTCSI AKTYaJIBHOM 3ajauer. Llesbio JaHHOM paboTsl
CTaJIO TI0JIyYeHHe MeTa/lIoyI/IePOAHBIX HAHOKOMIIO3H-
TOB ITyTeM ITHPOJIK3a MOJIEKYJI AUDTATIOLIMAHHUHOB B bec-
KHCJIOPOJIHOM Cpefie U HCCIe[JOBaHLE CTPYKTYPHI IOy~
YeHHBIX COeJMHEeHUN. MoJeKyna-TIpeKypcop - IUdTa-
JIOLIMaHUH - 06pa3yeTcs IOYTH BCeMH f- M HEKOTOPBIMHU
4d-3meMeHTaMHM U IIpefCTaBisieT cobor "cOHABUY,
B KOTOPOM aTOM MeTaJlJIa CBSI3bIBAET /IBA OPraHUYeCKUX
nUraHjaa (Mosnekysnael dTaoHUTpUIA) [7]. IIpu nupo-
nr3e IUQTATIOLUAHNHOB, B KOTOPBIX META/JI-KOMILIEK-
coobpasoBartens 6bUT IIpe[ICTABIEH PALHOAKTHUBHBIMHU
H30TOIIAMH, IIONTYIeHHBIMH U3 GPaKIIIOHUPOBAHHBIX

BAO OAT HoBoBopoHesKCKor A9C € aKTUBHOCTHIO ~ 5 KH,
Hab/Iofanu BBICOKOe yepskaHUe MOC/IeIHHX B TeCTax
Ha XMMHUYECKYI0, TEPMUUYECKYI0 U paJHaLIMOHHYIO
YCTOMYMBOCTS [8]. [T0 MPUYHHe BHICOKOH Pafl0aKTHB-
HOCTH HCCIe[0BaHMS TaKHUX COeJUHEHHUH He Ipen-
CTaB/IsIeTCsI BOSMOKHBIM. B JaHHOM paboTe B KadecTBe
06beKTa uccaeoBaHUS ObL1 BBIOPAaH MeTa/I-KOMILIeK-
coobpasoBatesib UTTPH, KOTOPBIH SIBISI€TCSI aHAJIOTOM
4f-smemenTtos III rpynisl. Mi3ydeHHbIe COBpeMEeHHBIMHU
MeTOJaMH IPOCBEeUMBAIOIIEHN 31eKTpOoHHOH (II9M)
Y aTOMHO-CHIOBOH (ACM) MUKPOCKOIIMH 0COBeHHOCTH
CTPYKTYPHUPOBAHUS MOZIeNIBHOT0 06beKTa bynyT Xapak-
TepPHBI JJ15 PaZJHMOaKTUBHBIX M30TOIIOB JIAHTAHOUIOB
M aKTHHOUJOB, YTO CO3[aeT Hay4YHYIO0 OCHOBY MCIIOIb
30BaHHM s METa/IJIOYI/IEPOAHBIX HAHOKOMIIO3HUTOB B pa3-
JTUYHBIX 00/1aCTSX S/IepPHOM SHEPreTUKHU, B YaCTHOCTH,
B Ka4yeCTBe MaTPHI] IepBUYHON UMMOOKIH3auu BAO
OAT.

METO/bl UCC/IEALOBAHUSA
JudTanonaHUHEL II0/TyYeHbI 110 U3BeCTHOM MeTOHKe
[7] crinaBneHKeM B KBapLleBOM PeaKTope alieTaTa UTTPHS
C 0-TAIOHUTPHJIOM (BECOBOE COOTHOIIeHHe 1: 6, MHepT-
Hasi aTMocdepa) IIpU TemmepaType 280-290°C B TeueHHe
25-30 MUH, II0C/Ie Yero TeMIIepaTypy IoBbILIaIM 10 400°C
JJ1s1 OTTOHKH HeIlPOpearrpoBaBIlero 0-QTaJoHUTPUIIA.
IMuponus guTanonraHrHa IPoBOAUIN Hpu 1270 °C
B BAKYYMHOM I1e4YH B TeueHHe 1 4, TeMIIepaTypy KOHTPO-
JIMPOBAJIH [IPOMETPOM.

[I5M-13MepeHU s IIPOBOAKIIM Ha MUKpocKoIie TITAN
80-300 (FEI, CIIIA). [TopoIIok uponusara gudraaora-
HHMHA UTTPHS [IpeIBapUTeIbHO PACTHPAIH B araTOBOH

INTRODUCTION

In order to solve the problems of
processing, disposal and transmu-
tation of radioactive waste (RW),
it is necessary to create chemi-
cally and thermally stable matri-
ces of primary immobilization
that are resistant to ionizing radi-
ation and capable of reliably bind-
ing (immobilizing) long-lived iso-
topes, including minor actinides.
Nowadays, the matrices based on
borosilicate and phosphate glasses
[1-2] and SYNROC-type materials [3]
are used to immobilize the highly
radioactive waste (HRW) and spent
nuclear fuel (SNF) on an industrial
scale. The mineral-like composites

[4-6] are also being developed. The
carbon based matrices do not con-
cede to these traditional mate-
rials by functionality. It is well-
known that carbon is chemically
stable and capable of withstanding
high temperature, and both its iso-
topes (1>C and 3C) have a low neu-
tron capture cross-section (3.4 mb
and 1.3 mb respectively), that is
important at transmutation pro-
cesses of nuclides enclosed in such
matrices.

Thus, the actual problems are to
search for nanocomposites, where
metal atom is imbedded into the
carbon matrix and may be fixed
in it, to study such structures and

their physical and chemical prop-
erties and to develop simple meth-
ods of synthesis ensuring high
yield of the product. This work is
aimed at obtaining metal-carbon
nanocomposites using pyrolysis
of diphthalocyanine molecules in
oxygen-free media and investiga-
tions of their structure. The diph-
thalocyanine molecule is a precur-
sor and may be formed by almost
all f and some 4d-elements as a
"sandwich" where a metal atom
fixes two organic ligands (mol-
ecules of phthalonitrile) [7]. A
high level of ligands was kept as
the tests for chemical, thermal
and radioactive stability [8] at the
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Puc.1. MOM-u306pa>keHue Kpucmaaaudyeckux yacmuuy, 8 yaae-
podHol mampuue YC,. Ha scmaske nokasaHo: 1 - caou myp6o-
CMpAamHo20 y2Aepo0d C U3MepeHHbIM MeXNAOCKOCMHbIM pdac-
cmosiHuem 0,345 Hm; 2 — amopdHbili y2nepod

Fig.1. TEM-images of crystal particles in the YC, carbon matrix.
Inserted image shows: 1 - turbostratic carbon layers with mea-
sured interplanar spacing of 0.345 nm; 2 - amorphous carbon

CTyIIKe, CMEeLIMBa/IK CO CIIMPTOM, IIOABEPraik BO3/eH-
CTBHIO YIbTPa3ByKa B TeUeHHE 25 MUH, 3aTeM C IIOMO-
IIbIO 103aTOPa KAIUIIO CYCIIeH3UHW HAHOCHU/IM Ha yIJie-
ponHyto ceTky (Lacey Carbon, CIIIA), BEIIIOTHSIOMIYIO
POJIb HOAIOKKHU. ITOIJIOKKY ITOMEeNIaIK B yCTAHOBKY

151 OYUCTKHU 06pa3u03 I71s II9M-u3MepeHUH B I/Ia3Me
aproH-kucinopoz Plasma Cleaner - 1020 (Fischione, CIIIA).

ACM-HM3MepeHHs NMPOBOLHIIN B I10JyKOHTAKTHOM
Ppe>kKrMe CKaHMPOBAHM S Ha BO3JyXe C [IOMOIIbI0 MHUKPO-
ckoma Solver (NT-MDT, Poccus). HICII0N1b30BaIUCh KaH-
TuneBepsl NSG03 (NT-MDT) ¢ KOHCTAHTOM >KeCTKOCTH
1,74 H/M, pafilyc OCTPHS 30Ha COCTaB/Is/1 10 HM, YacToTa
CKaHHpOBaHUA 111,

B kauecTBe oA I0KKHU 111 ACM HCIT0/Ib30BaJIU CaIlPU-
posoe crexko (Lighten Optics, China), Ha KoTopoe HaHO-
CUJIM JUPTAIOLMAaHUH METOAOM BaKyyMHOTO HaIlbljle-
Hus. CanprpoBoe CTEK/IO IIOMeNa/Ik B BAKYYMHYIO [1eYb
Y IIPOBOJMJIM [THPOIH3 HAHECEHHOI0 AUPTAIOLMaHHUHA
pu 1300°C.

PE3Y/IbTATbI U OBCY)XXAEHUE

Il muponu3sata fuTanonuanuHa UTTpust (YC,) 6pu1n
nony4deHsl [I9M-1306paskeHHsI Ha Pa3/IMUHbIX yUacTKaX
obpasia. Bo Bcex ci1yyasix HabnomaeTcs: KpUCTa/Ide-
CKHe YacTHIIbl pa3MepoM OT 6 710 30 HM, pacrpesesneH-
HBIe B YIJIePOJHOM MaTpHLe (puc.1).

CTpPyKTypa yI/IepOLHON MATpPHIBI IIpe/CTaBIeHa
Hapasle/lbHbIMU CJIOSIMU KPUCTAJJIOB IpaduTa, KOTO-
pble OPUeHTHUPOBAHBI APYI 10 OTHOLIEHUIO K APYTy
IIOZl, pa3HBIMU YIJIAMU XaOTHUYHO, UX CTPYKTypa K30~
TPOIIHA, MEXIIIOCKOCTHOE PacCTOSIHHE HECKOTIBKO yBe-
JTUYeHO U cocTaBsieT 0,345 HM, 10 CPAaBHEHHIO C IIOJTH-
KpHUCTaanu4ecKUM rpadutom (0,3354 HM). JlaHHAA
CTPYKTYypa COOTBETCTBYeT TYpOOCTPATHOMY YIJIEPOAY
[9], mpu 5TOM HOJHOM IPadUTHU3ALKU YITEePOLHOH
MaTpHLIbI He IIPOMCXOAUT, CJIOK TypOOCTPaTHOrO yrie-
POZa OKPY>KaIOT KPUCTAJUTHYeCKHe YaCTUIIBI, B 06beMe

pyrolysis of diphthalocyanines
where the metal as a complex for-
mer was represented by radioac-
tive isotopes prepared from frac-
tioned radioactive waste (RW)
and highly radioactive fuel (HRF)
of Novovoronezh nuclear power
plant (its activity was equal to 5 Ci,
approximately). Because of high
level of the activity a study of such
compounds has not been pos-
sible. In this work yttrium as a
metal for the complex formation
was chosen as the object of study,
which is an analogue of 4f- ele-
ments of group III. The peculiari-
ties of the modeling object struc-
turing will be characteristic of

radioactive isotopes of lanthanides
and actinides, and studying of the
object with modern methods, such
as transmission electron micros-
copy (TEM) and atomic force micro-
scopic (AFM) allows of forming
the scientific basis of metal-car-
bon nanocomposites usage in the
different fields of nuclear power
engineering.

METHODS OF RESEARCH

Diphthalocyanines were obtained
by a well-known method [7] by
alloying of yttrium acetate with
o-phthalonitrile in a quartz reactor
(weight ratio 1:6, inert atmosphere)
at a temperature of 280-290 °C for
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25-30 minutes, after which the
temperature was increased to
400°C for distilling the unreacted
o-phthalonitrile. Pyrolysis was
carried out at 1270°C in a vacuum
furnace for 1 hour where temper-
ature was controlled by a pyrome-
ter. Transmission electron micros-
copy measurements were carried
out with TITAN 80-300 (FEI, USA).
The yttrium diphthalocyanine
pyrolysate powder was pre-ground
in an agate mortar, mixed with
alcohol and subjected to ultra-
sound for 25 minutes, then a drop-
let of the suspension was applied
to a carbon net (Lacey Carbon, USA)
using a dispenser. The substrate
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YIJIepPOLHOM MATPHUIIBI HabII0HaeTCs TakkKe aMOPGHBIH
yIJIepoQ.

YBenu4ueHHOe M300paskeHHe KPUCTATIHYECKOHN
YaCTHIBL IIPeICTAaB/IeHO Ha puc.2. M3 qudpakiiuoH-
HOU KapTHHBI BHISIBJIEHO COOTBETCTBUE [IapaMeTpPOB
KPUCTIMUECKOM pPellleTKH a-UTTPUI0 (MeKIIIOCKOCT-
Hoe paccTosiHHe 0,31 HM), KOTOPBLE OTHOCHUTCS K CTPYK-
TYPHOMY THUIY MarHus, XapaKTePHOMY 115 60BN H-
crBa naHta”ouznos (Gd, Tb, Dy, Ho, Er, Tm, Lu) u akTH-
HoumoB - Am, Cm. YYUThIBasg OOLIMI THUII KPHCTaJIIH-
4eCKOM pelleTKH MeTaJJIOB, MOXKHO OKHU/AATh CXOKHe
IIPOLIECCHl CTPYKTYPHUPOBAHM S AJ151 Pa3/IMYHBIX MeTaJl-
JI0B-KOMILJIeKCcOooOpa3oBaTesed JUPTANIOLUAHKUHOB,
GOpPMHUPYIOIUX IIPU BBICOKOTEMIIEPATy PHOM IIHPO-
JH3e CTPYKTYPY ITHUPOJIM3aTa, YTO 0OBACHSET BEICOKOE
yaepsKaHHe PaHOHYKINIO0B IAHTAHOMI0B M aKTHHOU-
JI0B B [IPOBEJIeHHBIX PaHee pafHOXUMHUECKUX 3KCIIe-
puMeHTax [8].

IIpu BBICOKOTEMIIePATypPHOM IIMpOIH3e AUPTasio-
LIUAHUHOB 00pa3yoTcs KPUCTA/UIKNYeCKHe YacTHIIBL
MeTaJlIa, OKPY>KeHHBIE YITIepPOIHOM 060I04YKOM, IIpea-
CTaBJIEHHON TYpOOCTPAaTHBIM yTIJIEPOAOM, KOTOPAs
HaJle>KHO M307HpyeT MeTal/I OT BO3JAeHUCTBHH BHeII-
Hel cpenpl. ComepskaHUe MeTalia B 06pasiax, mo gaH-
HBIM [10], cocTaBsieT ot 16 10 30 BeCOBBIX IIPOLIEHTOB.
HarmpoTus, 1151 U3BeCTHBIX MeTaJIOYI/IePOAHBIX CTPYK-
TYP, TAKUX KaK yIJIepOAHbIe HAHOTPYOKH, COemMHEeHH S
rpaguTa, MeTKaphbl, OHHOHEI, BBeleHHe MeTaJllIa BeJleT
K 06pa30BaHUIO COOTBETCTBYIONIHUX KapbUIOB, a /1eK-
TPOZYTOBOK CHHTe3 3HA0QY/I/IepeHOB XapaKTepu3yeTcs
Ype3BbIYalHO MaJjbIM BbIX0foM IponykrTa (0,4%) [11].
TakuM 06pa3om, IUPOIH3 AUPTATOLIUAHIHOB SIBIISIETCS

¢ oogooo00e @
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Puc.2. M3M-u306paxkeHue Kpucmanaa a-ummpusl. Ha ecmaskax
NOKA3aHo: A — yeeAudeHHas 0baacms Kpucmanauyeckou pewem-
KU € XapakmepHblM MeXKnAocKocmHbim paccmosiHuem 0,31 Hm;
B - dugpakuuoHHas kapmuHa; C - modeAb Kpucmanauyeckoli pe-
Wwemku a-ummpus 8 naockocmu [102]
Fig.2. TEM-image of a-yttrium crystal. Inserted images shows:
A -magnified area of the crystal lattice with characteristic inter-
plane distance of 0.31 nm; B - diffraction pattern, C - model of
a-yttrium crystal lattice in the plane [102]

IIPOCTHIM M 3QPEeKTUBHBIM METOLOM ITI0TyYeHH I MeTal-
JIOYIJIEPOAHBIX CTPYKTYP C MeTaJIIaMHU-KOMILIeKCoobpa-
30BaTe/IsIMH U3 PSIa JIAHTAHOUI0B U aKTHHOMIOB.

was placed into a sample clean-
ing installation for TEM measure-
ments in argon-oxygen plasma,
Plasma Cleaner-1020 (Fischione,
USA).

AFM-measurements were made
in a semi-contact scanning in
air mode with Solver microscope
(NT-MDT, Russia). Cantilevers
NSG03 (NT-MDT) with rigidity
constant 1.74 N/m, were used, the
probe tip radius was 10 nm and the
scanning speed 1 Hz.

The sapphire glass (Lighten
Optics, China) was used as a sub-
strate in ACM measurements after
vacuum evaporation of diphthalo-
cyanine onto its surface. After this

the sapphire glass was placed in a
vacuum furnace and the pyrolysis
of diphthalocyanine was carried
outat1,300°C.

RESULTS AND DISCUSSION
Transmission electron micros-
copy images for different parts
of the sample (yttrium pyrolisate
diphthalocyanine YC,) have been
obtained. In all cases the crys-
tal particles of 6 to 30 nm distrib-
uted in the carbon matrix were
observed (see Fig.1).

The carbon matrix structure
consists of parallel carbon crystal
layers oriented chaotically towards
each other at different angles, and

interplanar spacing is slightly
enlarged to 0.345 nm as compared
with the polycrystalline graph-
ite (0.3354 nm). This structure cor-
responds to the turbostratic car-
bon [9], but carbon matrix does
not almost transform to a graph-
ite one, and turbostratic carbon
layers cover the crystal particles;
amorphous carbon has been pre-
sented in a volume of the matrix.
Fig.2 shows a magnified image of
a crystal particle. It was detected
that the parameters of a crystal
lattice correspond to a-yttrium one
(interplane distance is 0.31 nm)
which refers to magnesium struc-
tural type peculiar of the majority
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MKM | ptm

50 MKM | Lm

Puc.3. Mopgonozaus YC, no daHHbim ACM, none CKaHuposaHus
60 x 60 MKM

Fig.3. Morphology of YC, according to AFM-measurements at
scanning field of 60 x 60 pm

IIpu mepexozie OT HAaHO- K MUKpoMacIITabam uccie-
JoBaHHEe MOPPOIOrHUH MOBepXHOCTH YC, MeTogom ACM
yKa3plBaeT Ha II0SBJIeHHe HaHOK/IacTepoB Ha BCeM
Iosie CKaHHpoBaHMUS (prc.3). HaHOKIacTepsl 06pa3syoT
JOCTaTOYHO PA3BETB/ICHHYIO U IIPOTSKEHHYIO CTPYK-
TYpY, IIPH 3TOM OYeBUJIHO, UTO B 06'beMe yI/IepOJHOM
MaTpHIIbI Oy[leT peasr30BaHa BbICOKOIIOPUCTAS CTPYK-
Typa, 4TO IIOATBEPXKAAJIOCH [IPOBeeHHBIMU pPaHee

3KCIIepHMeHTaMH 110 MaJIOyIJIOBOMY PacCessHUIO Hell-
TPOHOB Ha IIOPOLIKAX ITMPO/IM3aTOB Y, a Takke La, Smu U
(12]. Hi3BecTHO, 4TO yrepos ob1asaeT COpOLIHOHHBIMHU
CBOMCTBaMH 3a CUeT CBOek BBICOKOIIOPHUCTOM CTPYKTYPBI
(13]. [l TypbOCTPATHOIO yITIEPOAA, SHEPIUH CBSI3H KOTO-
POro MexXkAy IIOCKOCTSIMH HeCKOJIbKO MeHbIIHe, YeM
aHaJIOTUYHBIe /14 OJUKPHUCTA/JIMYeCKOro rpapura
(4,2-8,4 ipoTUB 4,2-18,2 K/I5K/MOJIb COOTBETCTBEHHO) [14],
bymeT HabIOAATHCSI MEHbIIAs TeMIIepaTypHASI yCTOM Y-
BOCTh. OHAKO Peaji30BaHHas BBICOKOIIOPHUCTAS CTPYK-
Typa B UpoIK3aTe JUPTANIOLHAHUHA OyoeT Cy>KUTh
TOIIOTHUTEIPHBIM 6apbepoM IS yoepsKaHUS PagHOHY-
K/IMJOB [IPU TEPMUYECKO AeCTPYKIIUK TypOOCTpaTHBIX
CJI0eB IIPU TeMIlepaTypax Bbliue ~1600°C (8].

BbIBO/Lbl

Metomamu II9M u ACM H3y4YeHO CTPOeHHEe MEeTasI/Io"
yIJIepOAHBIX HAHOKOMIIO3UTOB Ha OCHOBE IIHMPOJIH-
3aTa JUdTanonMaHHA UTTPUS B HAHO- U MUKPOMacC-
mrTabax. JaHHble [I9M yKa3plBaloT, YTO IPHU IHUPO-
nu3e AUGTATOLHMAHHUHA UTTPHUS 00pas3yloTCcs KpH-
CTaJUIBL MeTajjaa B IPAaQUTH3MPOBAHHOU YIJIePOJ-
HoM MaTpule. CTPYKTypa IpaduUTU3HUPOBAHHBIX
cJloeB IIpefCcTaBleHa TYPOOCTPATHBIM YINEPOLOM.
Jng MeTannu4yecKUX YacTHIL BHISBJIEHO COOTBET-
CTBHe I1apaMeTPOB X KPHUCTAIINYeCKOH pelleTKH
A-UTTPHUIO, TO €CTh CTPYKTYPHOMY THUIIy MarHMHA,
XapaKTepHOMY sl 6ONBIIMHCTBA JAHTAHOU/OB
U aKTUHOHJOB — aMepulius, Kiopusa. JJaHHbe ACM
yKa3blBalOT Ha arperarniio KPUCTaj/OB B HAHOKJ/IA~
CTephl U 06pa3oBaHMe BBICOKOIIOPUCTOM CTPYKTYPBI.
[TonyyeHHBle JaHHBIE CO3JAKT HAay4YHBIE OCHOBHI

of lanthanides (Gd, Tb, Dy, Ho,
Er, Tm, Lu) and actinides - Am,
Cm. Hence, taking into account
the general type of a metal crys-
tal lattice, we can expect that the
structuring processes for various
diphthalocyanine metal complex
formers, which are responsible for
pyrolysate structure at the high-
temperature pyrolyse, account for
high fixing of radioactive nuclides
of lanthanides and actinides
observed in previous experiments
(8].

Crystal metal particles cov-
ered by a carbon shell made of
turbostratic carbon are formed
at high-temperature pyrolyse of

diphthalocyanines and reliably
protect the metal against envi-
ronmental influence. According
to [10], the content of metal in
the samples varies from 16 to 30%
by weight. On the contrary, add-
ing of metal to well-known metal-
carbon structures, such as carbon
nanotubes, graphite compounds,
metallocarbons and nano-onions
lead to formation of the carbides,
but current arc synthesis of end-
ofullerens produces a low-level
yield of the product (0.4 %) [11].
Thus, the pyrolyse of diphthalo-
cyanines is the simple and effec-
tive method to obtain the metal-
carbon structures with metal
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complex-formers consisting of lan-
thanides and actinides.

When a scale of the research
changes from nano- to micro
objects, the AFM-measurements of
YC, surface morphology detect the
nanoclusters across all scanned
field (see Fig.3). In this case the
nanoclusters form the long-scale
branched structure with obviously
high-porous structure inside the
carbon matrix, which was con-
firmed in previous experiments
at small angle scattering of neu-
trons on pyrolysate powders of Y,
La, Sm and U [12]. It is well known
that carbon has sorption prop-
erties because of high-porous
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structure [13]. However, in case of
turbostratic carbon, where a bind-
ing energy of planes is slightly low
than for polycrystal graphite (4.2-
8.4 and 4.2-18.2 kJ/mol correspond-
ingly) [14], a smaller temperature
stability can be observed.

At that, the high-porous struc-
ture of pyrolysate of diphthalocy-
anine will be an additional bar-
rier to fix the radioactive nuclides
at the thermal destruction of tur-
bostratic layers at temperatures
higher ~1,600°C [8].

CONCLUSIONS
Structures of metal-carbon nano-
composites based on yttrium

pyrolysate of diphthalocyanine
in nano- and micro-scales were
studied using TEM and AFM
methods. TEM-measurements
data confirm that metal crystals
inside the graphitized matrix are
being formed at pyrolysis of diph-
thalocyanine. The structure of
graphitized layers consists of the
turbostratic carbon. It was deter-
mined that parameters of metal
particles correspond to a-yttrium
crystal lattice, i.e., to magne-
sium structure type which is
characteristic of the majority of
lanthanides and actinides, such
as americium and curium. AFM-
data indicates the aggregation of

crystals to nanoclusters and for-
mation of highly porous struc-
ture. The data obtained in this
work lay the scientific basis of
metal-carbon nanocomposite
usage in the different fields of
nuclear power industry, in par-
ticular, as the immobilizing
matrices for the highly radioac-
tive waste (HRW) and the spent
nuclear fuel (SNF) on an industry
scale
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