N°1 (3) 2015

TEMA HOMEPA: CBAPOYHOE NPOU3BOACTBO B CYAJOCTPOEHUA

Yuliya A.
Kazimirenko
KasnmupeHko
Onua
AnekceeBHa

Valentina V.
Shlapatskaya
Lnanaukaa

BaneHTUHa
BacunbeBHa

smi.nuos.edu.ua | smi@nuos.edu.ua §HIPBUILDING

MARINE INFRASTRUCTURE

VK 620.267
K 14

RADIATION RESISTANCE OF METAL-GLASS
COATINGS FOR FLOATING COMPOSITE STRUCTURES

PAAVALIMOHHASl CTOMKOCTb METAJIJIOCTEKJISHHbIX MOKPbITUN
AN MNABYYUX KOMMNO3UTHbIX COOPY)XXEHUN

DOI 10.15589/SM. 2015.01.05

Yuliya A. Kazimirenko  10. A. KazuMupeHko, KaHJ. TEXH. HayK, JOIL.'
yuliia.kazymyrenko@nuos.edu.ua
ORC ID: 0000-0002-7120-8226

Valentina V. Shlapatskaya B. B. [llnamankas, kKaHa. XuM. Hayk>
radmakiev@ukr.net
ORC ID: 0000-0002-7097-5335

'Admiral Makarov National University of Shipbuilding, Nikolaev
2Government Enterprise «Radmay of Lev. V. Pisarzhevskj Institute of Phyisical Chemistry
of the National Academy of Sciences of Ukraine, Kyev

'Hayuonanenwiil ynugepcumem kopabiecmpoenus umenu aomupana Maxaposa, 2. Huxkonaes
YT «Paomay UOX um. JI. B. Iucapacesckoeo HAH Yrpaunwl, 2. Kueg

Abstract. The article discusses the prospects of application of new metal and glass electric
arc coatings made of Sv-08G2C and Sv-AMgS5 filled with hollow glass microspheres, pow-
ders, liquid silicate and the leaded glass for protection of steel structures from y-radiation.
The purpose of study is to investigate the radiation resistance of metal and glass coatings
under y-radiation Co®. Physical and mechanical properties of the coatings and coated steel
samples made of St3 are experimentally studied: microhardness, tensile strength and yield
strength. Structural and phase changes are studied using the methods of electronic and opti-
cal microscopy, an X-ray analysis. The influence of glass excipients on the stability of the
structure and properties of coatings under y-radiation is noticed. A qualitative comparison of
metal-glass coatings to traditionally used lead-containing materials is performed. It is found
out that under the influence of y-radiation of Co® with the electron energy £ =2.0, 4.5 MeV in
electric arc metal-glass coatings there is no structural and phase transitions and the irradiation
process is accompanied by surface hardening, coated steel plates made of St3 preserve stable
mechanical properties. The study results can be applied for designing the protection against
y-radiation for technical equipment, energy facilities and transport.

Keywords: floating composite structures; radiation resistance; y-radiation; electric arc coa-
tings; structure; mechanical properties.

AunHorauusi. Vccnenosano Biusiue y-u3nydenuss Co® Ha CTPYKTYpy U MEXaHHUECKHUE
CBOMCTBa KOMIO3HUITMOHHBIX 3JIEKTPOAYTOBBIX TOKPHITHI Ha ocHOBe CB-0812C u CB-AMrS,
HATIOJIHCHHBIX TOJBIMH CTCKJIISHHBIMH MHKpPOC(EepamMu, MOPOIIKAMH HATPUHCIITUKATHOTO
M CBUHIIOBOCO/IEpKaIero crexoil. [TokazaHbl epCcrieKTHBbI IPUMEHEHUsI TIOKPBITHI B cocTa-
BE€ KOHCTPYKLMH IUIaBy4YHUX KOMIIO3UTHBIX COOPY>KEHUH NI IEPEBO3KU U XPAaHEHUS pajuo-
aKTUBHBIX BEIICCTB HU3KOW U CPEIHEH aKTHBHOCTH.

KaioueBble cjioBa: IUIaBydde KOMITO3MTHBIC COOPYXKCHUS, pPajMAllMOHHAs CTOWKOCTH;
Y-U3JIy4EHUs; JIIEKTPOAYTOBBIE IOKPBITUS; CTPYKTYPa; MEXaHUUECKUE CBOUCTBA.

Amnoraunisi. [JlocmipkeHo BB y-BunpomintoBanus Co® Ha CTpyKTypy Ta MexaHiuHi
BJIACTUBOCTI €JIEKTPOMYroBUX MOKpUTTIB Ha ocHOBI CB-08I'2C i CB-AMIS, HalOBHEHHX
MOPO’KHIMHU CKIITHUMH MiKpocdepaMu, MOPOIIKaMH HaTPiHCHIIIKATHOTO 1 CBUHIIEBOMICTKOTO
ckia. [TokazaHO MEepCHEeKTHBU 3aCTOCYBAaHHS MOKPUTTIB y CKJIAAI KOHCTPYKLIHM IIaBy4nx
KOMITO3UTHUX CIIOpY U TepeBe3eHHs 1 30epiraHHs pafioaKTUBHHX PEYOBHH HHU3BKOT
1 CepeHbOT aKTUBHOCTI.

Kir04oBi c/10Ba: mraBydi KOMIIO3UTHI CITOPYIH; pafiamiiHa CTiHKiCTh; Y-BUIIPOMIHIOBAHHS;
€JIEKTPOAYTOBI IOKPUTTST; CTPYKTYpa; MEXaHIYHi BIIAaCTUBOCTI.
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Problem statement. Modern experience of maritime
transportation of radioactive substances of low and me-
dium activity is focused on the operation of specialized
floating structures as transshipment and temporary sto-
rage points. The solving of the problem of the complex
protection of structures from the harmful effect of goods
includes the design and manufacturing of structures of
biological protection, the primary purpose of which is to
reduce the intensity of ionizing radiation. The increase
of the protection is achieved through a combination of
layers of different composition and properties, as well as
the use of heterogeneous composite materials and coa-
tings. The important operational characteristic of applied
materials is the radiation resistance, the material ability
to maintain its properties in terms of the ionizing radia-
tion [4].

The low-carbon and low-alloyed corrosion-resistant
steels which are exposed to the radiation swelling and
embrittlement [4] in the long-term performance are used
as structural materials in containers development for
transportation of radioactive cargoes of low and medium
activity. It is possible to increase the constructions per-
formance properties due to the radiation-resistant coa-
tings which are applied on their surface [3, 6]. If the ma-
terials are promising for the appliance in a wide range

IocranoBka mnpoGiaembl. COBpEMEHHBIH OINBIT
MOPCKHX NEPEBO30K PAaJUOAKTHBHBIX BEIIECTB HHU3KOMI
U CpeqHel aKTHBHOCTH OPHMEHTHPOBAH Ha 3KCILTyara-
LUIO CHEIUATH3UPOBAHHBIX IUIABYYHX COOPYKEHHH Kak
ITyHKTOB IEPErpy3Kd M BPEMEHHOrO XpaHeHHs. Pemre-
HHUE TPOOJIEMbI KOMIUIEKCHOM 3aIlUThl KOHCTPYKIMH OT
BPEHOIO BO3AECHCTBHUS IPy30B BKIHOYAET MPOEKTUPO-
BaHUEC W W3TOTOBIIEHHE KOHCTPYKIMI OHOIOTHYecKoit
3alIUThI, OCHOBHBIM Ha3HAYCHHEM KOTOPBIX SBIISETCS
YMEHBILIEHUE UHTEHCUBHOCTH HMOHM3UPYIOLUX U3ITyde-
Hui. TloBBIIIEHUE 3aIIATHI JOCTUTaeTCd 3a CUET KOM-
OMHALMM CJIOEB C pa3HbIM COCTaBOM M CBOWCTBaMH,
a TaKKe MPUMEHEHHs FeTEPOreHHbIX KOMIIO3HIIMOHHBIX
MaTepuajoB U MOKPHITHM. BaxxHON sKCIuTyaTallMOHHON
XapaKTePUCTUKON NMPUMEHSAEMBIX MaTepHajoB SIBIISETCS
panuanoHHas CTOHKOCTh — CIIOCOOHOCTh Marepualia
COXpaHATh CBOM CBOMCTBA B YCIOBHSAX HMOHHU3HUPYIOIIUX
n3IydeHui [4].

B kadecTBe KOHCTPYKIMOHHBIX MAaTe€pHajoB IpH
H3TOTOBIICHUM KOHTEHHEPOB [UIA MEPEBO3KU PagHo-
aKTHUBHBIX I'Py30B HU3KOM M CpEAHEH aKTUBHOCTHU IIpH-
MEHSIOT HM3KOYIJIEPOIUCTBIE M HHU3KOJIETMPOBAaHHBIE
KOPPO3UOHHO-CTOMKHE CTalnH, KOTOpPBIE B IPOLECCE
JUITMTEJIBHON 3KCILTyaTalliy MOABEP KEHBI paHalliOHHO-
My pacllyXaHHuio U oxpymnuuBaHuto [4]. IToBeicUTb 3KC-
IJTyaTallMOHHbIE CBOMCTBA KOHCTPYKLMNA MOYKHO 32 CUET
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of the ionizing radiation, as, for instance, steels, the ra-
diation resistance notion is considered as a comparative
characteristic of various materials behavior under the
same given radiation conditions [4]. Thus, the main con-
dition is the ability of materials to maintain the original
chemical composition, structure and mechanical proper-
ties, the change of which should not exceed 20...30% in
most cases.

Latest research and publications analysis. Among
the protective coatings a special emphasis is put on com-
posite ones which are filled with glass components: pow-
ders, fibers, whisker crystals, microspheres [1—8]. Most
of the polymer coatings are exposed to the radiation
aging, degradation, pigment washout and other radiation
damages [3]. The electric arc composite coatings based
on Sv-08G2C and Sv-AMg5 are new competitive type
of coatings. They are filled with the hollow glass micro-
spheres (HGM), as well as powders of sodium silicated
and leaded glass of high X-ray protection properties [3,
8]. However, the coatings radiation resistance of this type
has not been studied in terms of hard rays. Many radio-
active waste products accumulated in the scientific and
research laboratories are the spent sources of y-radiation.
That is why it is necessary to consider their influence on
the structure and properties of metal-glass coatings.

THE ARTICLE AIM is a study of radiation resis-
tance of the new electric arc composite coatings based on
Sv-08G2C and Sv-AMgS5 filled with the hollow glass mi-
crospheres and powders of sodium silicated and leaded
glass in terms of Co® y-radiation.

Basic material. Materials and methodology of re-
search performance. The electric arc composite coatings
from Sv-08G2C (GOST 2246-70) and Sv-AMg5 (GOST
7871-75) seamless wires have been chosen. These coat-
ings are filled with the hollow glass microspheres of so-
dium silicated of MC-A-9 (TU 6-48-108-94) composi-
tion, powders of sodium silicated (GOST 24315-80) and
leaded (GOST 9541-75) glass obtained from household
wastes. The technology and modes of coating are pro-
posed in this work [8]. According to the accepted re-
commendations [7] the optimal volume content of glass
filler in the coatings is (40+7)%. The electric arc coa-
tings based on Sv-08 G2C and Sv-AMg5 without the filler
have been studied in parallel and they are obtained at the
same modes. The coatings were applied from one side on
the plates from St3 (GOST 380-94) of 140x100%3.5 mm
in size, in all cases the thickness of sprayed layer was
2 mm.

The Co® y-radiation is chosen in the work as the
most widely used in radiology, and, therefore, it is spe-
cific for most radioactive cargoes. The irradiation of steel
plates with sprayed coatings was held on the basis of SE
“Radma” of the L.V. Pisarzhevskii Institute of the Physi-
cal Chemistry of the National Academy of Sciences of
Ukraine. The samples were placed in a water-filled con-
tainer which was hermetically closed by the top where
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HaHECEHMs] Ha MX MOBEPXHOCTH PaJHAIlMIOHHO-CTOMKUX
MoKpeITHiA [3, 6]. Eciiu MaTepuaiisl SBIAIOTCS MEPCIIeK-
TUBHBIMH JJIsl TPUMEHEHHS B IINPOKOM ANANa30HE HOHH-
3UPYIOLIHMX U3JIYy4YEHHH, KaK, HapUMEp, CTaJIH, TIOHATHE
paavanoOHHON CTOMKOCTH PacCMaTpUBAlOT KaK CpaBHU-
TEJIbHYIO XapaKTePHCTHKY TTOBEICHUS pa3HbIX MaTepHa-
JIOB B OJJMHAKOBBIX 3aJIaHHBIX YCIOBHUSIX 00mydeHus [4].
[Ipu 3TOM IVIaBHBIM YCJIOBHEM OCTAaeTCsl CIOCOOHOCTD
MaTepUajoB COXPaHATh UCXOAHBIA XUMHUECKHI COCTaB,
CTPYKTYpy M MEXaHUUYECKHE CBOMCTBA, M3MEHEHHUE KO-
TOPBIX B OOJIBIIMHCTBE CIIy4aeB HE JAOJDKHO ITPEBBILIAT
20...30%.

AHaJIN3 OCHOBHBIX HCCJIENOBAHUH M myOauka-
nuit. Cpeay 3alMTHBIX TOKPBITHI 0C000€ MECTO OTBO-
JUTCS] KOMITO3UIIMOHHBIM, HAIIOMHEHHBIM CTEKIISTHHBIMU
KOMITOHEHTaMH: TOPOIIKaMH, BOJIOKHAMH, HUTEBU/IHBI-
MU KpHrcTaiuiamu, Mukpocgepamu [1—8]. BonbmmHCTBO
MOJMMEPHBIX TOKPBITHI TMOABEPKEHBI pPaJNalOHHO-
My CTapeHHIO, JECTPYKIMH, BBIMBIBAHWIO IHUTMEHTa
U JPYTUM pagualiOHHBIM MoBpexaeHusM [3]. HoBeim
KOHKYPEHTOCIIOCOOHBIM BHIOM SIBIISIOTCS JIEKTPOAYTO-
BbI€ KOMIIO3UI[IOHHbIE NOKPBITUS HAa ocHOBEe CB-0812C
u CB-AMTS5, HaloJHEHHBIE MOJBIMH CTEKISIHHBIMH MH-
kpocdepamu (IICM), a Taxke MOpoIIKaMH HATPUACHITH-
KaTHOTO ¥ CBHHIIOBOCOJIEPIKAIIETO CTEKIa, 00J1aiatonue
BBICOKUMH PEHTICHO3AIUTHBIMU CBOMCTBaMH [3, 8]. On-
HaKO paJilalluOHHAsl CTOMKOCTh MOKPBITUN 3TOTO BHIA
B YCJIOBUSIX J)KECTKHX N3TydeHHUH He n3ydeHa. [Tockonbky
MHOTHE HAKONHUBIIHECS B HAYYHO-HCCIIEAOBATENbCKUX
71a00paTopusiX PagrOAaKTHBHBIE OTXOABI HMPEICTABISIOT
co00i1 0TpaboTaHHbIE HCTOYHUKH Y-U3JTydeHUH, He00X0-
JIMMO YCTaHOBHTb UX BIIMSIHUE Ha CTPYKTYPY H CBOICTBa
METaJUIOCTEKJITHHBIX TOKPBITHH.

HEJIBIO CTATDBM sBnsieTcst ucciaenoBaHue pajau-
ALMOHHOM CTOMKOCTH HOBBIX JIEKTPOLYTOBBIX KOMIIO3U-
IMOHHBIX TOKPHITHHA Ha ocHOBe CB-0812C u CB-AMTS,
HaIOJIHEHHBIX MOJBIMU CTEKJISTHHBIMH MHKpochepamu
MTOPOIIKAMH HAaTPUICUIMKATHOTO M CBUHIIOBOCOAEPIKa-
IIETO CTEKIIa, B yCIOBUX y-u3myueHuit Co®.

H3znoxeHne 0CHOBHOIO MaTepuaJia. Marepuainsl 1
METOJIMKa TPOBENICHHs HccienoBanuid. [is uccienosa-
HUI BBIOpAHBI 2JIEKTPOAYTOBbIE KOMITO3MIIMOHHBIE MO-
KPBITHS U3 HENbHOTAHYTHIX IpoBosiok Ce-0812C (I'OCT
2246-70) u CB-AMrS5 (I'OCT 7871-75), HaroHEeHHbIE
MOJBIMUA CTEKISIHHBIMH MHKpochepaMu HaTpuicHiIn-
kaTHOTO coctaBa MC-A-9 (TY 6-48-108-94), mopomka-
mu HarpuiicnmkarHoro (TOCT 24315-80) u cBuHIIOBO-
conepxkaniero ('OCT 9541-75) crekina, moay4eHHBIMU
13 OBITOBBIX OTXOMOB. TeXHOJIOTHS M PEKMMBI HaHECE-
HUSI IOKPBITHH MOAPOOHO m3iokeHsl B pabore [8]. Co-
IJJACHO TPHHATHIM peKoMeHAanusM [7] onTuMaibHOE
00BEMHOE COIEP)KaHNE CTEKISTHHOTO HAITOITHUTES B TIO-
KpbITHSIX cocTaBisteT (40+7)%. [apamiensHo nccneno-
BaJIM AJIEKTPOIyTOBBIE TOKPHITHs Ha ocHOBe CB-0812C
nu CB-AMr5 0e3 HamoJHHTENs, MOMYYCHHBIE HA TEX
xKe pexuMax. [IOKpBITHST HaHOCHJIM C OIHOH CTOpO-
vbl Ha tuiactuebel U3 Cr3 (OCT 380-94) pasmepom
140x100%3,5 MM, TOJIIMHA HAIBUIEHHOTO CJIOS BO BCEX
Clly4asix COCTaBIIsUIa 2 MM.

B pa6ote BbiOpano y-u3nyuerne Co®, kak Hanbonee
LIMPOKO MCIOIB3YEMOE B PAJUOJIOTHU U, CIEI0BATEINb-
HO, XapakTepHOe Uil OONBIIMHCTBA PaJNOAKTHBHBIX
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these samples were irradiated from both sides. As sour-
ces of Co® gamma-radiation such sources as GIK 7-4 of
the production of the FSUE “Mayak” were used. They
were placed by two in each of 30 channels, evenly placed
along the irradiator perimeter. The absorbed dose was
measured by means of film dosimeters of the absorbed
dose of CO PD (F) 5/150 TSO 4447-8 at the surface of
studied samples. The detectors were mounted at the front
and back surface of the studied samples relatively to the
irradiator. The power of irradiation dose D was 12.5 kGy,
the E electron energy was 4.5 MeV for St3 samples based
on Sv-08G2C and Sv-AMg5 filled with leaded glass.
The remaining samples, i.e. the steel and aluminum elec-
tric arc coatings filled with HGM and powder of silicate
glass were irradiated with a linear accelerator ILU-6
(the developer is the Budker Institute of Nuclear Physics
SB RAS “Russia”). The E electron energy was 2.0 MeV,
the I current of electron bundle was 4 mA, and thus the
absorbed D dose by samples was 100 kGy. The exposure
time for all types of composite coatings was 7 hours.
The samples from the St3 of 140x100%1,5 mm in
size without the coating were used as the references. To
assess the radiation resistance of electric arc coatings the
following criteria were selected: the absence of structu-
ral and phase transitions and changes of the mechanical
properties of samples from St3 coated by more than 30 %
[1]. The studies of coatings structure and properties were
carried out at the Department of Materials Science and
Technology of Metals of the National University of Ship-
building (Mykolayiv) before and after the irradiation.
The microstructural studies were carried out
by the electron and optical microscopy by means
of the REMMA-102-02 electron microscope-microprobe
and the MMP-2P metallographic microscope. The quali-
tative phase X-ray structural analysis of samples was
carried out at the DRON-3 unit, the shooting of diffrac-
tion patterns was carried out from the plane section in the
Cu,,_, 54175 copper radiation. The density, surface porosi-
ty, microhardness of sprayed coatings, the Vickers’ hard-
ness of steel substrate, the ¢, strength limit and 6_ yield
limit of samples from St3 with coatings, the O adhesion
strength of coatings with the substrate were defined ex-
perimentally. The density of coatings was defined by the
hydrostatic weighing; the surface porosity was studied
by means of the optical microscopy using the standard
techniques of quantitative metallography. The micro-
hardness of the component phases of sprayed coatings
was defined using the PMT-3 microhardness tester at a
load of 20 g for the metallic matrix and 200 g for the
glass inclusions. The substrate hardness from St3 was
measured from the back side from the coating according
to the Vickers’ method on the TPP-10 device at a load of
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rpy3oB. OOnyueHre CTalbHBIX IUTACTHH C HAITbUICHHBI-
MH TOKPBITHSIMH TIpoBoauiu Ha 6aze 11 «Pagma» MH-
cruryta pusmueckoit xumun uM. JI.B. IncapskeBckoro
HAH VYkpaunsl. O0pasipl nmomemanyi B 3aroJHEHHBIH
BOJOW KOHTEHHEP, Te€PMETUYHO 3aKPBITHIA KPBIIIKOH,
rae ux obmydanu ¢ obenx ctopoH. B kxadyecTBe mcTOU-
HHUKOB ramma-usnydeHus Co® Mcronp30Bagl UCTOYHH-
xu tuna ['MK 7-4 mpomssoactea ®I'VII 10 «Masik»,
MIOMEIIEHHBIC TI0 J1Ba B Kax1oM n3 30 KaHAIOB, paBHO-
MEPHO PacIOIOKEHHBIX 110 IepuMeTpy obyuaress. [To-
IJIOIIEHHAs 032 Ha MTOBEPXHOCTH HCCIIEAYyeMbIX 00pa3-
L[0B M3MEPSUIaCh MPU MTOMOIIN IJIEHOYHBIX JO3MMETPOB
nmoromiennoi 0361 CO IIJ(D) 5/150 TCO 4447-8.
JleTeKTopbl KpenuiIkch Ha (GpOHTAILHOM U THUIBHOI OT-
HOCUTEIBHO O0OJTydaresnsi MOBEPXHOCTH HCCIEAYyEMBIX
00pazoB. MomHoCTh 10361 00myyenus: D it 00pasnos
Ct3 ¢ mokpoeiTusimu Ha ocHoBe CB-0812C u CB-AMTS,
HaloJHEHHBIMH CBHHIIOBOCOAEPIKAIIMM CTEKJIOM, CO-
craBwia 12,5 xI'p, sHeprusa myuka E — 4,5 Mb»3B.
OcranbHble 00pa3iipl, T. €. CTaJbHbIC U ATIOMHHHUEBBIC
3NIEKTPOAYTOBBIE MOKPHITHSA, HanonHeHHbIle [ICM 1 no-
POIIKOM HaTPUHCHIMKATHOTO CTEKJIa, 00IyJaly ¢ oMo-
pio JnHeHoro yckoputens UIY-6 (paspaborunk —
Wucturyt sneproii ¢usuku um. I. W. bynkepa CB PAH
«Poccust»). DHeprus myuka £ = 2,0 MaB, Tok / =4 MA,
MIpHU 3TOM TOTIIONIEHHAs o0pa3naMu g03a D cocTaBmia
100 xI'p. Bpemst sKCco3uLMK AJIsl BCEX BUJIOB KOMIIO3U-
LIUOHHBIX NMOKPHITUN — 7 4acoB.

B kauecTBe 3TaJIOHOB MCIOIB30BAJIM OOPA3LbI U3
Ct3 pasmepom 140x100%1,5 MM Oe3 mokpserTus. Jns
OILIEHKU PAaJUALIMOHHON CTOMKOCTH IEKTPOLYTOBBIX MO-
KPBITHI BBIOpaHBI CIIEAYIOMINE KPUTEPUU: OTCYTCTBHE
CTPYKTYPHO-(a30BbIX NPEBPAILCHUN W W3MEHEHHS Me-
XaHMYECKHUX CBOMCTB 00pa3ioB u3 CT3 ¢ HaHECEHHBIMU
mokpeITUAMU Ooee yeM Ha 30% [1]. MccaenoBanus
CTPYKTYPBI U CBOWCTB TIOKPBITHI IO U TTOCIIE OOIYIECHHS
IIPOBOJMIIM Ha Kadeape MaTepHanioBeJCHUS U TEXHOJIO-
rum MetaioB HanmoHaapHOTO yHHBEpcHTETa Kopaliie-
crpoenus (1. Hukomnaes).

MUKpOCTPYKTypHBIE MCCIIENOBAaHUS OCYILECTBIISIN
METOJaMH 3JIEKTPOHHOM ¥ ONITUYECKON MUKPOCKOIIUY IIPH
TTOMOIIIN HJIEKTPOHHOTO MUKPOCKOTIA-MUKPOAaHAIN3aTopa
POMMA-102-02 u mMeTamuorpagueckoro MHKpOCKoma
MMP-2P. KadecrBeHHblii (a3oBblil PEHTTEHOCTPYK-
TYpHBIH aHanu3 0OOpas3LOB BBHINOJIHAIM Ha YCTaHOBKE
JAPOH-3, cremka qudpaxrorpaMm MpoBOAKIACH C TLUIO-
ckux uudos B usnydennn memu Cu,,_, o, .. IKCHepy-
MEHTAJIBHO OMNpEeNeNsiN IIOTHOCTh, MOBEPXHOCTHYIO
MIOPUCTOCTH, MUKPOTBEPOCTh HAINBIJICHHBIX MOKPBITHH,
TBEPAOCTH 10 BUKKEpCy CTaNbHOM MOIUIOXKKH, Tpenesn
HPOYHOCTH G, W MpEleN TEKydeCTH G, 00pasloB W3
C13 ¢ HOKpBITUAMH, MPOYHOCTH CLETICHUS ITOKPBITUH
Oy © NOJIOKKOH. TITOTHOCTE MOKPBITHH Onpenessuin
THIPOCTAaTUYECKUM B3BEIIMBAaHHEM, IOBEPXHOCTHYIO
MOPUCTOCTh HCCIEJOBAIM C IIOMOIIBIO ONTHYECKOH
MHUKDPOCKOIINH, MPUMEHSS CTaHIAPTHBIE METOIWKH KO-
JIMYECTBEHHOW  Mertamiorpadguu.  MHKpPOTBEpPIOCTH
COCTaBIIIOIUX (Da3 HAIBUICHHBIX IHOKPHITUH oIpene-
JIIM ¢ moMoulblo Mukporsepaomepa [IMT-3 npu Ha-
rpy3ke 20 r ansa Metanyeckord marpuisl U 200 s
CTEKI/SIHHBIX BKIIOYEHHH. TBEpAOCTb MOIIOXKKH U3
Ct3 mmepstmu ¢ 000pOTHOH CTOPOHBI OT TTOKPHITHA
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5 kg; the measurement error did not exceed £10%. The
adhesion strength of coatings with a thickness of 2 mm
with a steel substrate was defined according to the GOST
28574-90 and GOST 14760-69*. The IR 5057-50 testing
machine was used to measure the breaking strength limit
of the samples from St3, the yield limit, the adhesive
strength of coatings with the substrate. The loading rate
was 2.5 mm/min.

The results of experimental research (Table 1)
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o Merony Bukkepca na npudope TIIII-10 npu Harpys-
Ke 5 KT; MOrpeNIHOCTb n3MepeHni He npeBbicuia =10 %.
[IpoyHOCTh clEemIEHUs] MOKPBITUN TOJLIMHONW 2 MM CO
cranbHOM moasyoxkoil onpenensu no 'OCT 28574-90
u 'OCT 14760-69*. [lna nsMepeHus mnpeaena MpodHO-
cti obpasnoB u3 Ct3 Ha pa3priB, Impenesia TeKy4ecTH,
MIPOYHOCTH CLETIICHUsSI TIOKPBITHH C TIOJUIOXKKOH CIOIb-
30BaJId UCIIBITaTeNbHYI0 MamuHy P 5057-50, ckopocTh
HarpyKeHHUS COCTaBIsLIA 2,5 MM/MUH.

Pesynerarbl  9KCIEPUMEHTANBHBIX  HCCIIEJOBaHUMH
TIpUBEJICHBI B Ta0M. 1.

Table 1. Physical and Mechanical Properties of Steel Plates with Coatings before and after Irradiation

Taﬁ.rmna 1. ®u3HKO-MEXaHUYECKHE CBOWCTBA CTABHBIX TJIACTHH C TIOKPBITHUSAMU O U ITOCJIE 06J'Iy‘-IeHI/I$I

Filler in Coating / HanioHUTENb B HOKPBITHH
. Coating Hollow Glass . Plumbiferous Glass
P t
Craoé)l“f :Tl]: without filler Microspheres ggﬁuf{é{eciﬁfﬁfzzr:e CBHHIIOBO-
IMokpeitie 6e3 | [Tonble CTEKITHHBIC p CTEKIIO coeprKalee
HAIOJTHUTEIIS MHUKpOChepsI CTEKJIO
Electric Arc Coatings from Sv-08G2S of 2 mm thickness
Onexrponyrosbie MOKpbITHs U3 CB-0812C TommuHoi 2 MM
Density, kg/m’ / TINOTHOCTb, Kr/M>:
before irradiation / o o0irydeHus 7055 5800 7025 6065
dafter irradiation / mocne 00yueHHs 6995 5715 7025 6065
Surface Porosity, %:
IToBepxHOCTHAsI HOPUCTOCTD, %o:
before irradiation / no o6Iy4eHMst 17 19 20 22
dafter irradiation / mocne 00mydeHHs 25 20 20 22
Medium Size of Pores, mym:
CpenHuii pazmep 1mop, MKM:
before irradiation / 1o 061y4eHUs 6,5...8,0 5,0...7,6 5,2...6,6 39...54
after irradiation / mocne oOIy4YeHUs 11,1...14,5 45...7,0 45...6,5 3,5...5,0
Microhardness of Coatings before
irradiation, MPa:
MuKpoTBEepIOCTh HOKPBITHIA 10 00TydeHust, MITa:
Hyno of matrix / Hpoy MaTpumb 1280 1325 1300 1310
H\wao0 of glass / Hityg cTEKIA - 1250 1400 1370
Microhardness of Coatings after irradiation, MPa:
MukpoTBepa0CTh NOKPBITUH TIOCIIE
oOmyuenus, Mlla:
Hyno of matrix / Hpny MaTpumb 2855 2645 3335 1925
Hyuoo of glass / Hpag cTEKITA - 1310 1500 1420
St3 with Coating from Sv-08G2S of 2 mm thickness
Cr3 ¢ nokpeitueM u3 Ce-081'2C TonuuHo#i 2 MM
Breaking Strength Limit 6,, MPa:
Ipenen npounocty Ha paspeis ¢, MIla:
before irradiation / 1o 00Iy4eHUs 323,0 315,0 3440 318,0
after irradiation / ocye o0TydYeHHS 328,0 318,0 350,0 320,0
Yield Limit oy, MPa:
Ipenen tekyvecru ¢, Mlla:
before irradiation / 1o 00Iy4eHMUst 265,0 260,0 275,0 260,0
dafter irradiation / mocne 00IydeHHs 275,0 280,5 285,0 278,0
Adhesive Strength, 6o, MPa:
Ipounocts cremienus, ,,,, MIla:
before irradiation / no 00Iy4eHUst 25,0 20,0 27,0 15,0
dafter irradiation / mocne 00mydeHHs 26,0 22,0 29,2 15,0
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Continuation of table 1. / Ilpopomxenue taom. 1

Filler in Coating / HanonHUTENh B TOKPHITHA
Properties Coating Hollow Glass Soluble Potassium Plumbiferous Glass
CaoiicTsa without filler Microspheres HarouiicrInKaTHO® CBHHIIOBO-
Iloxpeitue 6e3 | [lombie cTekIsTHHBIC P CTEKIIO cozepralee
HaIOJHUTES MHKPOChepbI CTEKJIO
Electric Arc Coatings from Sv-AMg5 of 2 mm thickness
OneKkTpoayroBsie MOKPHITHS U3 CB-AMTIS ToIHOM 2 MM
Density, kg/m* / TInotHOCTb, KI/M?:
before irradiation / 1o 00Iy4eHUst 1700 1480 1770 1860
dafter irradiation / mocne 00Iy4eHHs 1695 1480 1665 1860
Surface Porosity, %:
IToBepxHOCTHAsI HOPUCTOCTD, %o:
before irradiation / no o0Giry4enus 12 22 20 18
after irradiation / mocne oOIy4YeHUs 26 25 22 20
Medium Size of Pores, mym:
CpenHuii pa3Mep 1op, MKM:
before irradiation / no oGny4enus 2,4-27 2,1-35 1,9-2,0 2,2-3,6
after irradiation / mocne oOydYeHHs 3,5-50 4,0-6,5 2,0-25 40-6,5
Microhardness of Coatings before
irradiation, MPa:
MHUKpOTBEpPIOCTH MOKPBITHIA 10 00yderwst, M1 Ta:
Hy,o of matrix / Hupo MaTpuist 345 375 355 365
Hyuoo of glass / Hpag cTekIa - 1270 1420 1340
Microhardness of Coatings after irvadiation, MPa:
MHUKpPOTBEpAOCTb NOKPBITHIA TOCIIE
obryuenns, Mlla:
Hy,o of matrix / Hupo MaTpuist 925 960 925 925
Hyuoo of glass / Hpa cTEKIIA - 1280 1480 1350
St3 with Coating from Sv-AMg5 of 2 mm thickness
Cr3 ¢ nokpbitueM u3 CB-AMrS TonmuHoi 2 MM
Breaking Strength Limit c,, MPa:
IMpenen npounocTn Ha paspeiB 6, Mlla:
before irradiation / 1o 00My4eHMst 327,0 328,0 338,18 336,15
after irradiation / mocne oOIy4YeHHs 341,0 340,0 350,0 3425
Yield Limit oy, MPa:
Ipenen rekydecru ¢, Mlla:
before irradiation / no oGny4enus 268,0 266,0 287,0 284,0
after irradiation / iocye oOIydeHUS 288,70 287,0 300,0 290,0
Adhesive Strength, 6o.,, MPa:
Ipounocts cuemnenwus, o,,,, MIla:
before irradiation / 1o 00Iy4eHUst 19,0 15,0 16,0 15,0
dafter irradiation / mocne 00IyYeHHs 20,0 16,0 16,5 16,0

The research of properties of reference samples from
St3 showed that there is a non-significant increase of
strength characteristics in the result of irradiation of the
E = 2,0 MeV electrons by the energy: the HV, Vickers’
hardness before irradiation was 1460 MPa, the ¢_ tensile
ultimate strength was 365 MPa, the o, yield limit was
292,5 MPa, and it agrees with the data [4]; after the ir-
radiation the HV, was 1485 MPa, the o, was 371,0 MPa,
the o was 302,5 MPa. The results of microscopic re-
search (Fig. 1,a) and X-ray structure analysis did not
show any structural and phase changes and agree with
the data of research [4].

The microstructures of electric arc coatings on the
basis of Sv-08G2S and Sv-AMg5 without the filler are

HccnenoBanusi CBOWCTB STaJIOHHBIX 0O0pas3loB M3
Ct3 moxaszaiu, 4To B pe3yibTare OOMydeHHs dHeprueu
anekTpoHoB £ = 2,0 Ma3B HaOmonaeTcst He3HAYUTEIBHOS
YBEJIMYCHNE TPOYHOCTHBIX XapaKTEPUCTUK: TBEPAOCTH
o Buxkepcy HV, 1o o6my4enus cocransna 1460 Mlla,
Tpesies NPOYHOCTH TPH pacTshkeHuu 6, = 365 Mlla,
npesien TeKydectd o = 292,5 MIla, uro cosrnamaer
¢ gaHHbiMU [4]; nocne obmyuenus HV, = 1485 Mlla,
6,=371,0Mlla, , =302,5 MIIa. Pe3ynbrarsl MUKPOCKO-
MMUYECKUX HccienoBaHuil (puc. 1,a) ¥ peHTTeHOCTPYK-
TypHOTO aHaJIN3a He MOKa3aJId CTPYKTYPHO-(Pa30BbIX H3-
MEHCHHI M COBIAJIAIOT C IaHHBIMHU padoThI [4].

Ha puc. 1 mnpencraBineHsl Takke MHUKPOCTPYK-
Typbl  2JIEKTPOAYTOBBIX  TOKPBITMH Ha  OCHOBE
CB-08I'2C u CB-AMr5 6e3 HamomHUTENA. Pe3ymbrars
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Fig. 1. Microstructure of Samples after Irradiation (the £ electron energy is 2.0 MeV, the D absorbed dose of irradiation is 100 kGy):

Puc. 1. Mukpoctpyktypsl 00pa3nos nocie oomydenns (£ = 2,0 MaB, D =100 kI'p):

a) —is St3 (x 370) / C13 (x370); b)—6) — is coatings on the basis of Sv-08G2S (* 370) / mokpsrtust Ha ocHoBe CB-08I'2C (* 370);
¢)—6) — is coatings on the basis of Sv-AMg5 (> 100) / moxpsiTus Ha ocHOBe CB-AMTS (X 100)

demonstrated in Fig. 1. The results of microstructural
research showed the two times increase of coatings sur-
face porosity on the basis of Sv-AMg3, the size of pores
increased by 40...50%. The coatings surface porosity
on the basis of Sv-08G2S increased by 47 %, the size
of pores increased by 70 %. All these characteristics are
connected with the thermal impact on the materials of
the Co® y-radiation, which is able to change the surface
morphology. The results of X-ray structural analysis con-
firmed the absence of structural and phase changes. The
tests which were carried out did not show any significant
changes in the mechanical properties of samples from
St3 with coatings from Sv-08G2S and Sv-AMg5. Howe-
ver, the A, microhardness of coatings doubles due to
the effect of the surface hardening [1, 2].

The microstructures of electric arc coatings on the
basis of Sv-08G2S and Sv-AMg5 filled with the PGM
and silicated glass are demonstrated in Fig. 2.

The microstructural studies have shown that the
specific feature of glass and metal coatings based on
Sv-08G2S and Sv-AMgS5 is a slight increase of the sur-
face porosity (compared to the coatings without filler),
due to the features of their structure: the glass inclusions
are the stress raisers [8] with which the heat losses and
energy output processes occur at the interface. The di-
mensions of coatings microhardness have shown that
the surface hardening of metal and glass coatings occurs
in case of the Co% y-rays irradiation with the £ energy
which is 2.0 MeV due to the thermal processes: the Hp,,
microhardness of matrix of coatings based on Sv-08G2S
is increased almost twice, the microhardness of matrix
of coatings from Sv-AMg5 is increased in 2.5 times.
The Hy,,, microhardness of glass inclusions is almost
unchanged due to their high heat resistance [7, 8]. The
results of X-ray structural analysis did not show any
structural and phase changes. The tests did not show any
significant changes of mechanical properties of samples
from St3 with the applied metal and glass coatings.

The prospects of coatings appliance filled with lea-
ded glass [1] caused the necessity of irradiation at higher
energies. So, the electric arc coatings on the basis of
Sv-08G2S and Sv-AMgS5 filled with the leaded glass are

MHKPOCTPYKTYPHBIX MCCIICIOBAaHUN MTOKA3aIH yBEJINYe-
HHUE TIOBEPXHOCTHOM MOPUCTOCTH MOKPBHITHH HA OCHOBE
CB-AMTrS noutn BaBoe, pazmepos nop — Ha 40...50 %.
[ToBepxHOCTHasi TOPUCTOCTh TOKPBITHH Ha OCHOBE
CB-0812C B cpennem ysemmumnach Ha 47 %, pasmep
nmop — Ha 70%, 4TO CBSI3aHO C TEIJIOBBIM BO3JEH-
CTBHEM Ha Mmarepuaibl y-usiaydeHus Co®, crnocobHO-
r0 M3MEHHTh MOP(OJIOTHIO TIOBEPXHOCTH. Pe3ynmbrarhl
PEHTTEHOCTPYKTYPHOTO aHAJIM3a CBHICTEILCTBYIOT 00
OTCYTCTBUHM CTPYKTYpHO-(a30BbIX u3MeHeHHH. [Ipo-
BE/ICHHbIE HCIIBITAaHWS HE TOKa3all CyIIECTBEHHBIX
M3MEHEHUH MEXaHMYeCKHX CBOMCTB oOpasioB u3 Ct3
¢ nokpeITusiMu U3 CB-08T2C u CB-AMrS, ogHaxo mpu
9TOM BJIBO€ yBEIMYMBACTCS MHKPOTBEPIOCTh MaTPHIIbI
HOKPBITHH HL,, 9TO CBA3aHO € 3Q(PEKTOM MOBEPXHOCT-
Horo yrpouneHus [1, 2].

Ha puc. 2 npuBeseHb! MUKPOCTPYKTYpPBI SJIEKTPO-
IYTOBBIX MOKpEITHI Ha ocHOBe CB-0812C 1 CB-AMTS,
HanonHeHHbIX [ICM 1 HaTpHiCUIMKATHBIM CTEKIIOM.

[IpoBeneHHBIE MHKPOCTPYKTYPHBIE HCCIIEIOBAHUS
MOKa3aJIM, YTO OTIMYUTEIBHONH 0COOEHHOCTHIO METAJLIO-
CTEKJITHHBIX TOKpbITHiT Ha ocHOBE CB-0812C 11 CB-AMTS
ABJIICTCA HE3HAYUTCIBHOC, MO CPABHCHUIO C MMOKPBITHA-
MH 0€3 HaIlOJIHUTEIS, YBEIMYEHHE ITOBEPXHOCTHOH I1O-
PHCTOCTH, 4TO CBSI3aHO C OCOOSHHOCTSIMH UX CTPYKTYPBI:
CTEKJISTHHBIC BKITIOUESHUS SIBIISIOTCS KOHIIGHTpAaTOpaMH Ha-
TIPsDKEHMH [ 8], Ha MOBEPXHOCTH pa3jiesia ¢ KOTOPBIMH IPO-
HCXOAAT TEIUIOBBIC TOTEPH M IIPOLIECCHl SHEPrOBHIEIIe-
Husl. VI3MepeHnss MUKPOTBEPAOCTH MOKPHITUN TOKA3ajH,
4TO B pe3ynsTare oOmydeHus y-nydamu Co® ¢ sHeprueit
E = 2,0 M»B BcrencTBre TEIUIOBBIX MPOLECCOB TPOUC-
XOAUT TIOBEPXHOCTHOE YIPOYHEHHE METATIOCTEKIISTHHBIX
HOKPBITHA: MHKPOTBEPIOCTh HL,, MATpHlbl TIOKPHITHIM
Ha ocHoBe CB-08I'2C yBenmuuuBaeTcs MMOYTH BJIBOE, Ma-
Tpullbl MOKpbITUHA U3 CB-AMrS — B 2,5 paza. Mukpo-
TBEPAOCTb L, CTEKIIHHBIX BKIKOYEHUM MPAKTHYECKU
HE U3MEHSETCS, YTO CBSI3aHO C UX BBICOKOH TEIUIOCTOHKO-
cThi0 [7, 8]. Pe3ynbTraTsl peHTTeHOCTPYKTYPHOTO aHaJIN3a
CBHJIETENILCTBYIOT 00 OTCYTCTBHUHM CTPYKTYPHO-(pa3oBBIX
M3MEHEHHMH. VICIbITaHMS HE TOKas3ald CyHIeCTBEHHOTO
W3MEHEHHUs MEXaHMYeCKHX CBOWCTB oOpasuoB u3 Cr3
C HaHECCHHBIMU METAITIOCTEKJITHHBIMA TTOKPBITUSIMU.

[epcriekTHBBI IPUMEHEHUsI MTOKPBHITHH, HATIOJNHEH-
HBIX CBHHIIOBOCOZAEpKAIIMM cTekioM [1], BeI3Bamm
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b)-06)

d)-2)

Fig. 2. Microstructures of Electric Arc Coatings after Irradiation (the E electron energy is 2.0 MeV, the D absorbed radiation dose

is 100 kGy):

Puc. 2. MEKpPOCTPYKTYpHI 3IEKTPOLYTOBBIX HOKPBITHHI mocite obmydeHus (£ = 2,0 MaB, D =100 kIp):

a)—isSv-08G2S—PGM/Cg-081'2C—TICM; b) —6) —is Sv-AMg5 — PGM/ CB-AMrS5 —TICM; ¢) —8) —is Sv-08G2S —silicated glass |
CB-08I'2C — HarpuiicunukaTHoe cTekio; d)—2) — is Sv-AMg5—silicated glass | CB-AMrS —HaTpUICHIMKATHOE CTEKIIO

irradiated by the F energy of electrons which is 4.5 MeV.
Their microstructures are shown in Fig. 3.

The studies of microstructure and phase composi-
tion have shown the stability of the coatings structure
from Sv-08G2S (the leaded glass composition) in the
Co% y-ray irradiation process with the E energy which
is 4.5 MeV over a period of 7 hours: the structural and
phase changes do not occur, the increase of surface po-
rosity and pore sizes is not observed. The dimensions
of microhardness showed the increase of Hj,, of steel
matrix of metal and glass coating based on Sv-08G2S
by 46 % and the increase of Hy,, of aluminum matrix of
coating based on Sv-AMgS5 nearly in 2.5 times; the Hp,,
microhardness of glass inclusions remains constant. The
test results did not show a significant change of the me-
chanical properties of samples from St3 with electric arc
coatings.

The samples from St3 with metal and glass electric
arc coatings based on Sv-08G2S and Sv-AMg5 maintain
the mechanical properties stable in the result of the diffu-
sional radiation by the Co® y-rays with the E electron ene-
rgy which is 2.0; 4.5 MeV. These mechanical properties

HEOOX0AMMOCTh O0JyueHHs Ha Ooyiee BBICOKHUX 3JHEp-
rusx. Tak, SJNEKTPOAYroBble TIOKPBITHS Ha OCHOBE
CB-08I'2C u CB-AMrS5, HamoJHEHHBIE CBHHI[OBO-
COZIepIKAIM CTEKJIOM, 00Ty 4eHBI SJHEPTHEil SIEKTPOHOB
E = 4,5 M»sB, ux MUKpOCTPYKTYpHI NpeICTaBICHb Ha
puc. 3.

[IpoBeneHHblE  HMCCNENOBaHHS  MHKPOCTPYKTYPBI
1 ($a30BOro COCTaBa MOKa3aad CTAOMILHOCTh CTPYKTYPBI
MoKpeITHH U3 Kommo3uiuu Cs-0812C—cBuHIIOBOCOED-
’alee CTEKIo0 B mporecce obmydeHus y-mydamu Co®
¢ sHeprueii £ = 4,5 M»3B B TeueHne 7 4acoB: CTPyKTypHO-
(hazoBbIC U3MEHEHH HE IPOMCXOIAT, yBEIIMUCHHUS IIOBEPX-
HOCTHOM MOPUCTOCTH ¥ Pa3MepoB IOp He HalOIromaeTcs.
HM3mepennst MUKpPOTBEPIOCTH TTOKa3aJlH yBenudenue Hi,
CTaJbHON MaTpHIBI METAJUIOCTEKIIIHHOTO HOKPBITHS Ha
ocHoBe CB-08I'2C Ha 46 % 1 yBenu4eHne o4ty B 2,5 pasa
Hy,, amoMUHHEBOW MAaTpHIbl TIOKPBITHS Ha OCHOBE
CB-AMTS; MHKPOTBEPIOCTh H|L,, CTEKISHHBIX BKIIO-
YEHUH OCTAeTCsl NOCTOSHHOW. Pe3ynprarel HMCHBITAaHUN
HE TI0Ka3aJIi CYIIECTBEHHOTO M3MEHEHUSI MEXaHUUECKHUX
CBOHCTB 00pasmoB 13 CT3 C 3MEKTPOILYTOBBIMI ITOKPHITHSIMH.

B pesynbrare quddhy3noHHOTro 00yueHHs Y-TydaMu
Co® ¢ osueprmeit smextpoHoB E = 2,0; 4,5 MbdB
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b)—6)

Fig. 3. Microstructure of Coatings Filled with Leaded Glass after Irradiation (the E energy electrons which is 4.5 MeV, the D ab-

sorbed dose is 12.5 kGy):

Puc. 3. MukpocTpykTypa TMOKPBITHI, HAMOJHEHHBIX CBHHI[OBOCOACPIKAIIMM CTEKJIOM, mocie oonydueHus (£ = 4,5 MbaB,

D=12,5 xI'p):

a) — is Sv-08G2S / CB-081"2C; b)—6) — is Sv-AMg5 / CB-AMr5

are the o, tensile ultimate strength, the o yield limit and
the strength of coatings adhesion with the 6__ substrate,
the HV hardness of the substrate from St3 increases by
15% at the average.

The impact of the Co® y-radiation on metal and glass
electric arc coatings can be assessed by the qualitative
comparison (Fig. 4) with samples from pure lead and
other composite materials filled with the leaded glass.
The assessment criterion is the multiplicity of attenua-
tion of y- radiation diffusion flux by the samples. In this
case, this value is the ratio of the D radiation dose power

o0pasis! u3 CT3 ¢ METaJUIOCTEKIISIHHBIME AJIEKTPOIYTO-
BBIMM MOKPBITHSIMUA Ha ocHoBe CB-0812C u CB-AMrS
COXpaHSIOT CTAaOMJIBHBIMH MEXaHWYECKHE CBOMCTBa:
HpeIes IPOYHOCTH NPH PACTSHKEHUH G, IPEIET TEKyde-
CTH G, ¥ IPOYHOCTH CUETUICHHS TIOKPBITUH € MOIOKKON
O, TBEPLOCTH HV_ nonnoxku u3 C13 B CpetHeM BO3-
pacrtaet Ha 15 %.

Bozneiictue y-msnyuennss Co® Ha Meramiocre-
KIJISTHHBIE 3JIEKTPOAYTOBBIE MOKPBITHS MOXKHO OIICHHUTH
MyTeM KadecTBEHHOTO cpaBHeHus (puc. 4) ¢ obOpasua-
MH W3 YHCTOTO CBHHI[A WM IPYTHX KOMIO3UIIMOHHBIX
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Fig. 4. Multiplicity of Attenuation of Co® y-radiation by Composite Materials and Coatings Filled with the Leaded Glass:

Puc. 4. KpaTHOCTI: ocabieHust Y-U3JTYUCHUL Co® KOMIIO3UIIMOHHBIMU Mar€puajlaMu HW MOKPLITHAMH, HAINOJIHCHHBIMH

CBUHIIOBOCOACPKAIIUM CTECKIIOM:

1 — is St3 without a coating / Ct3 6e3 nokpbitus; 2 — is St3 with a coating based on Sv-08G2S / C13 ¢ OKpHITHEM Ha OCHOBE
CB-0812C; 3 — is the TPh-10 fiberglass / cteknotkanb Td-10; 4 — is the phenol-formaldehyde leaded fiberglass /|
(heHoMOpOpMAaITBICTHIHAS CBHHIIOBOCOICPKAIIAsl CTEKIIOTKaHb; 5 — is St3 with a coating based on Sv-AMg5 / Ct3 ¢ mokpeITHEM

Ha ocHOBe CB-AMTS; 6 — is the lead plate / inacTuHa CBHHIA
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preceding the sample to the D power dose measured ac-
cording to the sample: £ = D/D. As the reference sample
the steel plate from St3 without a coating was used. The
multiplicity of attenuation was accepted as the unit.

The data on the following composite materials are
plotted on the histogram: the fiberglass with a thickness
of 7.9 mm of the TF-10 brand (sample 3) with the multi-
plicity of the 1.31 attenuation; the phenol-formaldehyde
leaded fiber-glass (sample 4) with a thickness of the
8.2 mm with a multiplicity of 1.33 attenuation; the plate
of pure lead with a density of 11340 kg/m?, with a thick-
ness of 7.9 mm (sample 6) and with a multiplicity of the
2.9 attenuation.

The qualitative assessment showed that the effect
from the application of coating layer of composition of
Sv-08G2S (the leaded glass) with a thickness of 2 mm on
the steel plate is that it protects the St3 plate by 28 % the
and the coatings of composition of Sv-AMg5 (the leaded
glass) protects it by 56 %. It is directly connected with
the properties of metal matrix of compositions. The ad-
vantage of usage the aluminum matrix composite materi-
als for protection against the types of ionizing radiation
is determined by the relatively low absorption of thermal
neutrons by the aluminum matrix, high thermal conduc-
tivity, suitable corrosion resistance and processing cha-
racteristics [3].

Using the experimental results based on Beer-Lam-
bert law [4], one can define the lead equivalent for the
samples from St3 with metal and glass coating, or, to
be more precise, the protection thickness, which attenu-
ate the radiation in the same way as the given layer of
lead. The value of lead equivalent depends directly on
the radiation type and energy and it also depends on the
multiplicity of attenuation. Thus, within experimental
conditions the lead equivalent for the sample from St3
with a thickness of 2.5 mm with a coating filled with
the lead glass is 0.972 mm,, for compositions based
on Sv-08G2S; it is 6.08 mm,, for coatings based on
Sv-AMg5. The obtained dimensionless quantities are
0.216 and 1.350 in terms of the specific values related to
the thickness.

The prospects for further research are connected with
the research of thermo-mechanical processes in irradi-
ated composite layer of the constructions of the floating
structures for transportation and storage of radioactive
substances.

CONCLUSION. 1. As a result of diffusional effect
of the Co® y-radiation with the E electron energy which
is 2.0; 4.5 MeV the structural and phase transitions does
not occur in electric arc metal and glass coatings on the
basis of Sv-08G2S and Sv-AMg5 and the irradiation pro-
cess is accompanied by the surface hardening: the micro-
hardness of metal matrix of coatings increases in 2 ... 2.5
times, the surface porosity almost does not increase in
contrast to the unfilled coatings.
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MaTepHajIoB, HATIOIHEHHBIX CBUHIIOBOCOEPIKAIIIM CTe-
kioM. Kputeprem orieHKH MpHUHATa KPaTHOCTH ociadire-
HUS TUQQY3NOHHOTO MOTOKA Y-U3IYUICHUS 0Opa3aMu.
B naHHOM ciydae 9Ta BeNMUMHA NPENCTABISET COOOM
OTHOIIEHHE MOIIHOCTH [103bl M3MydeHus D, nepen 06-
pa3oM K MOITHOCTH A03HI D, M3MEPEHHOI 3a 00pa3om:
E= D,/D. B xaqecTBe 3TalOHHOTO 00pa3lia UCIoJb30Ba-
JIU CcTanbHYIO IacTUHy U3 Ct3 6e3 MOKPBITHS, IPUHAB
KpaTHOCTB OCTabJICHNS 32 SAMHUILY.

Ha rucrorpamMmy HaHeCeHBI JaHHBIE IO CIEIYIOLUIUM
KOMITO3UIIMOHHBIM MaTepHajlaM: CTEKJIOTKaHb TOJIIIHU-
HOM 7,9 MM mapku T®-10 (obpazen 3) ¢ KpaTHOCTBIO
ocnabnenus 1,31; dpenonodpopmanpaerujHas CBUHIIOBO-
colepkamas CTEKJIOTKaHb (oOpazery 4) TONIUHON
8,2 MM ¢ KkparHOCTBIO ociabmeHus 1,33; TuacTwHKa
YUCTOrO CBHHIA MIOTHOCTBIO 11340 xr/m3, TONmumHOM
7,9 MM (ob6pa3zert 6) U KpaTHOCTHIO ocnabiaeHus 2,9.

[IpoBeneHHast KauecTBEHHAs OLCHKAa MOKA3bIBaIa,
41O 3(PEKT OT HAHECEHHs HA CTAJBHYIO IUIACTHHY CIIOS
nokpeiTHa komnosuimu C-0812C—cBuHIIOBOCOIEpKa-
mee CTEKJIO TONIIMHOW 2 MM 3aKII09aeTcs B TOM, YTO
OHO Ha 28 % 3ammmiaeT miacTuHy Ct3, a HOKPBITUS KOM-
no3uru  CB-AMTS —CBUHIIOBOCO/IEpIKAIIEE CTEKIO —
Ha 56 % — 3TO HETOCPEICTBEHHO CBI3aHO CO CBOWCTBA-
MU METAJUIMYECKON MaTpulbl koMmno3uiuid. [Ipenmyie-
CTBO IPUMEHEHHUS AIFOMOMATPUYHBIX KOMIO3UIIMOHHBIX
MaTepuaoB IS 3alIUTHL OT BUIOB MOHU3MPYIOMINX W3-
Jy4eHHi 0OyCIIOBJIEHO CPaBHHUTEIILHO MaJIbIM ITOIJIOLIE-
HUEM TEIUIOBbIX HEWTPOHOB AIOMUHMEBOM MaTpULEH,
BBICOKOM TEIJIONPOBOAHOCTBIO, XOPOLIEH KOPPO3UOHHOM
CTOMKOCTBIO U TEXHOJIOTHYECKUMHU CBOMCTBaMH [3].

Hcnonp3yst sKCHepUMEHTalbHbIE pe3yJabTaThl Ha
ocHoBaHHMH 3akoHa bapa—Jlambepra [4], MoxkHO Ompe-
JICTUTh CBUHIIOBBIA SKBHBAJCHT I 00pasnoB u3 Crt3
C METAJUIOCTEKISHHBIM IOKPBITHEM — TONIIMHY 3a-
IIATHI, OCHa0ISIoNIe U3TyYeHHe B TOH XKe Mepe, 9To
M JAHHBIA CJIOH CBHHIIA. 3HAYCHHE CBHUHIIOBOTO SKBH-
BaJICHTa HEMOCPEICTBEHHO 3aBUCUT OT BHJA U SHEPTUHU
W3IYYCHUS, a TaKXKe KpaTHOCTH ociabmeHus. Takum
o0pasoM, B mpejiesiax yCJIOBUH 3KCIEPHMEHTa CBHHIIO-
BBII 3KBHBAJIEHT A1 00pasua n3 CT3 TouuHoM 2,5 MM
C TIOKPBITHEM, HAIMTOJHEHHBIM CBUHIIOBOCOIEPIKAIIIM
crekiioM, cocrasisser 0,972 MM, JUIS KOMITO3UIIUA Ha
ocnose Ce-081"2C; 6,08 MM, Jijisi TOKPHITHI Ha OCHOBE
CB-AMrS. B nepecyere Ha yje/lbHbIe 3HAUCHHS, OTHE-
CEeHHBIE K TOJIIWHE, MMOJyYeHHbIe Oe3pa3MepHBIe BEIU-
yuHbl coctaisator 0,216 u 1,350.

IIepcniexkTuBBl NanbHEHIINX HCCIECNOBAHUN CBs3a-
HBI C HCCIEAOBAHMSIMU TEPMOMEXHHUYECKHUX IPOIECCOB
B OOJyYEeHHOM KOMIIO3UIIMOHHOM CIIO€ KOHCTPYKIIUH
IUTaByYUX COOPYKEHUI Ui MEepeBO3KH U XpaHEHMS pa-
JTVOAKTHBHBIX BEIIECTB.

BBIBO/IbI. 1. B pesynsrare nuddy3noHHOrO BO3-
neiicteus y-usnydenus Co® ¢ sneprueit myuka E = 2,0;
4,5 MbB B 2JIeKTPOIYTOBBIX METAIOCTEKISIHHBIX TO-
kpertusix Ha ocHOBe CB-0812C m CB-AMrS He mpowc-
XOIMT CTPYKTYpPHO-()a30BBIX IIPEBpAIIEHUH U IpOLEcC
00JTy4eHHUs] CONPOBOXK/IACTCS TTOBEPXHOCTHBIM YIIPOU-
HEHHEM: MHKPOTBEPAOCTh METAUTUICCKOW MAaTPHIIBI
MOKPBITUI BO3pacTaer B 2...2,5 pa3a; B OTIHUYHUE OT He-
HATIOJIHEHHBIX TOKPBITHH MOBEPXHOCTHAS TOPUCTOCTH
MIPAKTUYECCKH HE YBEITMIMBACTCSI.
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2. Under the absorption of the D radiation dose
which is 12.5 kGy and 100 kGy the samples from St3
with metal and glass electric arc coatings on the basis of
Sv-08G2S and Sv-AMg5 remain the mechanical proper-
ties stable: the o, tensile ultimate strength, the o yield
stress and the o adhesion strength of coatings with the
substrate.

3. In the conditions of the Co® y-rays irradiation with
the E electron energy which is 4.5 MeV the values of lead
equivalent for St3 with metal and glass coatings filled
with the lead glass related to the thickness of the samples
equal to 0.216 for the coatings based on Sv-08G2S and
1.350 for coatings based on Sv-AMg5.

4. It is stated that the coating layer of composition of
Sv-08G2S (the leaded glass) with a thickness of 2 mm
increases the multiplicity of attenuation of St3 by 28 %,
and the layer of coatings of composition of Sv-AMg5
(the leaded glass) increases by 56 %.
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2. Ilpu nornomenuu A03bl u3nydeHuit D 12,5 kI
u 100 xI['p obOpasnpr u3 CT3 ¢ METAUIOCTEKIITHHBIMU
ANIEKTPOLYTOBBIMU MOKpBITUSIMU Ha ocHoBe CB-08I2C
n CB-AMrS coXpaHSIOT CTaOWIBHBIMH MEXaHHUYECKHUE
CBOWCTBA: MPEEN MPOIHOCTH NPH PACTIKEHUH G,, TIpe-
TEN TEKYYECTH G, ¥ MPOYHOCTh CIETUIEHHS MOKPBITHI
C MOJUIOXKKOH G, .

3. B ycnoBusx obnyuenus y-myqamu Co® ¢ sHepru-
eit myuka E = 4,5 M»B 3HaueHHus CBUHIIOBOTO SKBHBa-
nenra anst C13 ¢ MeTanIoCTEKISIHHBIMU TTOKPBITHSIMH,
HaTIOJIHEHHBIMH CBHHIIOBOCOZIEPIKAIIUM CTEKJIOM, OT-
HECCHHBIC K TOJIIIMHE 00pa3noB, cocTapisatoT 0,216 ms
nokpeIThit Ha ocHoBe CB-0812C 1 1,350 — 17151 OKpHI-
Tuit Ha ocHoBe CB-AMTIS.

4. YCTaHOBJIEHO, YTO CJIOM MOKPBITHSI KOMIIO3UIMH
CB-0812C—cBuHLIOBOCOAEpKAILEE CTEKJIO TOJIIIHMHON
2 MM MOBBIIIAET KparHocTh ociabnenus Cr3 Ha 28 %,
a MoKpeITUsl KoMno3uuuu CB-AMrS —cBHHLIOBOCOAED-
JKalee cTekio — Ha 56 %.
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KHWKHASA NMOJIKA

“ PaccMOTpeHBI IPOLECCH H3TOTOBICHHMS IOPOIIKOB, IPOLECCH (POPMOBAHHMS
3arOTOBOK 3 MTOPOIIKOB, IIPOLECCH CIIEKAHMS H3EIHIA 13 MOPOIIKOB, TOMOIHUTEb-
Hast 00pab0TKa MOPOIIKOBBIX MaTepHasioB.

B yueOHHKe MPOaHATH3UPOBAHBI HEAOCTATKU TPAJULMOHHBIX TEXHOIOTHYECKUX MPO-
LECCOB M 00OCHOBAHBI ITyTH WX COBEPIICHCTBOBAHMUS, IPHBEICHBI CHCTEMAaTH3HPOBaH-
HBIC IAHHBIC O BHICOKOIHEPIeTHIECKHUX MPOIeccax MPOU3BOACTBA MOPOLIKOB, HOpMO-
BAHMS M CIICKaHMUsI 3aTOTOBOK, OMICAHBI 3aKOHOMEPHOCTH (DOPMHUPOBAHHS CTPYKTYPBI

U CBOMCTB MOPOUIKOBBIX MaTEpUAJIOB. , ,
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