Neutron tomography for development
of novel cement materials

At present, new methods of synthesis and
chemical compositions of cement materials are
being actively developed in order to improve their
anticorrosive and mechanical properties. Stringent
requirements for technical parameters, durability
and service life of cement materials that are used as
components for storage of radioactive waste and in
civil engineering lead to the necessity of detailed
structural tests of new cement materials or existing
products. The neutron tomography method is suc-
cessfully used to identify and analyze the structural
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Slice of a cement sample with
graphite inclusions.
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features of cement materials, such as the presence
and geometry of internal cracks and cavities, poros-
ity, local structural inhomogeneities, spatial distri-
bution of phase components. Nondestructive
structural studies of a wide range of cement com-
posit- ions for the construction of radioactive waste
storage repositories and civil buildings are per-
formed using the neutron radiography and tomog-
raphy facility at the IBR-2 high-flux pulsed reactor
of the Frank Laboratory of Neutron Physics at the
Joint Institute for Nuclear Research.

Graphite inclusions

B pa3pa60TKe HOBbIX LLleMeHTHbIX MaTepmnasioB

B HacTosLee BpemMs akTVBHO pa3pabaTbiBatoT-
CAl HOBble METOAbI CMHTE3a N XMMUYECKIMEe COCTaBbI
LeMeHTHbIX MaTepnanoB C Lenbio YIyUlleHnA X
AHTMKOPPO3VOHHbBIX U MEXaHUYEeCKUX CBOWMCTB.
KEcTKme TpeboBaHUA K TEXHONOMMYECKUM Mnapa-
MeTpaMm, [ONTOBEYHOCTU U CPOKY CYXObl LIeMeHT-
HbIX MaTepranoB, UCMONb3yeMbIX B KaueCTBe KOM-
MOHEHTOB [/1A XPaHEHUA PaAN0aKTUBHbIX OTXOLO0B
M B rpaX4aHCKOM CTPOUTENbCTBE, MPUBOAZAT K He-
06X04MMOCTU NPOBeAeHNA feTallbHOWN CTPYKTYp-
HOW ANarHOCTUKN HOBbIX COCTaBOB WJIN yXe roTo-
BbIX LLeMEHTHbIX u3genuin. Ana ngeHtnoukaunm n
aHanM3a CTPYKTYPHbIX 0COOEHHOCTEN LIeMEHTHbIX
MaTepuanoB: Han4me 1 reoMeTpum BHYTPEHHMUX
TPELLVH 1 NONOCTEN, MOPUCTOCTM, NOKaNbHbIX CTPYK-

TYPHbIX HEOAHOPOAHOCTEN, NPOCTPAHCTBEHHOIO
pacnpegeneHua ¢Ga3oBbix KOMMIOHEHTOB, — ycreL-
HO MpPUBNEKaeTCA MeTof HEMTPOHHOM ToMorpaduun.
Hepa3pywwatoLme CTpyKTypHble ncCnefoBaHuA WK-
POKOro Kpyra HOBbIX COCTaBOB LIEMEHTHbIX MaTe-
pranoB AnA CTPOUTENbCTBA XPaHUANLL, PajMoaK-
TUBHbIX OTXOA0B U FPaXkAaHCKMX 0ObEKTOB MPOBO-
[ATCA Ha CTaHLMW HENTPOHHO pagunorpadum u To-
Morpadum Ha MMMNYTbCHOM BbICOKOMOTOUYHOM pe-
akTope VBP-2 B JTabopatopuu HEUTPOHHOW GU3NKIK
um. . M. OpaHka B O6beguHEHHOM WHCTUTYTe
AQEPHbIX UCCIe[oBaHNUN.

HelTpoHHble nccnefgoBaHnA NO3BOAVIN NOMY-
UYNTb JaHHbIe O BHYTPEHHEN CTPYKType 1 reomeT-
pu TpeLLrH 1 $a3oBbIX KOMMOHEHTOB B 06beme Mo-
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Neutron studies provide data on the internal
structure of objects: spatial distribution and geom-
etry of cracks and phase components in the volume
of model cement materials for storing aluminum [1]
and graphite radioactive waste (Fig. 1), cavities and
cracks in magnesium-potassium phosphate ce-
ments [2]. New approaches to the analysis of 3D
neutron tomography data for microstructural non-
destructive testing of cement materials have been
developed and applied [2]; structural aspects affect-
ing the mechanical properties of cement materials
have been identified. Using the obtained structural
data, itis possible to calculate the mechanical prop-
erties of composite cement matrices and determine
the strength limits of these materials [3].

Fig. 2

The spatial arrangement of graphite inclu-
sions in cement materials reconstructed from
neutron tomography data and their calcu-
lated preferential orientation.
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BoccTtaHoBNEeHHOE 13 faHHbIX HENTPOHHOM
ToMOrpadun NPoCTpPaHCTBEHHOE PAcnoso-
KeHre 1 paccumTaHHaa NpenmyLLecTBeHHas
opueHTauusa rpadprTOBbIX BKIIOUYEHNI B Lie-
MEHTHbIX MaTepranax.

JenbHbIX LLEMEHTHbIX MaTepuanoB Al XpaHeHus
anomuHneBbIX [1] n rpadpuUToBbIX PaaNoaKTUBHbIX
oTtxofos (Puc. 1), nonocTten n TpewmnH B MarHnn-Ka-
nueBblx docdaTHbIN LemeHTax [2]. PaspaboTaHbl 1
NPUMeHEeHbI HOBble NMOAXOAbI aHaNM3a TPEXMEPHbIX
JaHHbIX HENTPOHHOW TomMorpadun ansa Hepaspy-
LIaOLWEro MUKPOCTPYKTYPHOIO KOHTPOMA LeMEHT-
HbIX MaTepuranos [2], BbIABNEHbI CTPYKTYPHbIE ac-
NeKTbl, BAVAIOLWME HAa MEXAaHMYECKME CBOICTBA Lie-
MEHTHbIX MaTpuL,. [0 NoNyYeHHbIM CTPYKTYPHbIM
JaHHbIM MOXXHO PacCcYMTbIBaTb MeXaHUYecKme na-
pameTpbl KOMMO3ULIMOHHBIX LIEMEHTHbIX MaTPWLL, Bbl-
ABNATb NpUAeNbl NPOYHOCTM 3TUX MaTepuanos [3].

MonyyeHHble pe3ynbTaTbl WMEKT Ba)KHOE
3HaueHue A1 pa3paboTKM HOBbIX 1 COBEPLLEHCTBO-

The obtained results are of great importance
for the development of new and improvement of
existing technologies for the synthesis of promising
cement materials for the construction of radioactive
waste storage repositories and civil facilities, as well
as for predicting the influence of external condi-
tions (climate humidity, atmospheric precipitation,
etc.) on the mechanical and physical properties of
these building materials. The research was carried
out in cooperation with the colleagues from the
Horia Hulubei National Institute for R&D in Physics
and Nuclear Engineering (Romania) and the Nuclear
Research Center of the Egyptian Atomic Energy Au-
thority (Arab Republic of Egypt).

BaHUA CYLECTBYIOWMX TEXHONOTNA CUHTE3a nep-
CNEeKTUBHbIX LIeMEHTHbIX MaTepuanos Ana CTpou-
TeNbCTBa XPaHWIULL, PaANOaKTUBHbBIX OTXOAOB U
rPaXZaHCKNX 0ObEKTOB, MPOrHO3MPOBAHUA BIUA-
HMA BHELUHWX YCNOBMIA: BAXHOCTb KNUMaTa, aTMO-
chepHble ocagKkn 1 ap. Ha MexaHuyeckune n pusn-
yeckme CBONCTBA STUX CTPOUTENbHbIX MaTepUanos.
WccnenoBaHma NnpoBoananCcb COBMECTHO C Komle-
ramu 13 HauMoHanbHOro MHCTUTYTa NCCNe[OBaHNI
1 pa3paboTok B 0651acT GU3NKK 1 ALEPHON Tex-
HUKK uM. Xopua Xyny6ein (PymbiHua) u LieHTpa
AQEPHbIX NccnegoBaHNn YnpasneHnsa No aTOMHON
sHeprum ErvnTta (Apabckana Pecnybnuka Ervner).
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