Elemental analysis of impurities

in composite materials

Protective coatings based on the system of ti-
tanium (Ti) and aluminum (Al) are used in the man-
ufacturing industry for processing cutting parts of
tools (Fig. 1). Composite material Tit-xAlxN, which is
applied both in the form of a monolayer and multi-
layer coating, improves thermal stability and resist-
ance to oxidation. Also, due to the combination of
unique electrophysical and optical characteristics,
structural modifications of AIN find wide applica-
tion as various functional environments in modern
micro-, nano- and optoelectronics.

The production of composite materials for
tool-making purposes faces significant technical
and economic difficulties (pressure 8-10 GPa and

Fig. 1
Composite materials protect the cut-

ting tools. Source:
https://pxhere.com/ru/photo/937445
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Komno3uTtHble MaTepuanbl 3alumiaot
pexyLime MHCTPYMEHTbI. ICTOUHUK:
https://pxhere.com/ru/photo/937445

temperature up to 1700-2200 K). To reduce the
pressure and temperature of their synthesis, various
reaction mixtures consisting of cubic boron nitride
and a binder are used. In the process of thermobaric
sintering, composite materials for various tool-mak-
ing purposes are formed from these mixtures. At
present, the world scientific community takes a
comprehensive approach to the choice of compos-
ite materials. There are studies on the use of tita-
nium- and aluminum-containing binders, and
recently investigations have begun on the com-
bined use of titanium- and aluminum-containing
components of binders. However, no investigations
have been conducted to study the elemental and

DNeMEeHTHbIVM aHaIn3 NpuMeceun
B KOMMO3UTHbIX MaTepuanax

3aWmnTHOE NOKPbITME Ha OCHOBE CUCTEMbI TU-
TaHa (Ti) n antomnHma (Al) ncnonb3yetcs B obpaba-
TbIBalOLLEN MPOMBILLNIEHHOCTU AnA 06paboTkuy pe-
XKyLLEer YacTn MHCTpyMeHTa (puc. 1). Komnosunuymor-
HbI MaTepuran TixAlxN, KOTOpbIA nCnonb3yeTcs Kak
B BMJE MOHOC/IONHOTO, TaK 1 MYSIbTUCIIONHOrO Mo-
KpbITUA, yiydllaeT TepMOCTabunbHOCTb U CTON-
KOCTb K OKMcreHunto. Takxke 6rarofapsa couyeTaHuto
YHVIKaJIbHbIX N1EKTPODU3INYECKMX M ONTUYECKUX Xa-
paKTepuUCTUK CTPYKTYpHble moandukaumm AIN Ha-
XO[AT WMPOKOE MPUMEHEHNE B KauecTBe pasnmny-
HbIX GYHKLMOHANbHbIX Cpef, COBPEMEHHOWN MUKPO-,
HaHO- 1 ONTO3NEKTPOHUKN.

MonyyeHre KOMMO3MUMOHHbIX MaTepuanoB
WHCTPYMEHTaNIbHOro Ha3HayeHWA CBA3aHO CO 3Ha-
YNTENbHBIMWN TEXHUKO-3KOHOMUNYECKMMU TPYAHO-
ctamn (gasneHne 8-10 [Tla u Temnepatyp Ao

1700-2200 K). InAa cHMWKeHUs aaBneHus 1 tTemne-
paTypbl CMHTE3a UCMONb3YITCA Pa3fMyHble peak-
LMOHHbIE CMECU, COCToAWME K3 KyOUYeckoro
HUTprAaa 6opa 1 cBA3KN. B npouecce Tepmobapuye-
CKOTrO CMeKaHUs 13 JaHHbIX cMecel dopmMmpytoTca
KOMMO3ULMOHHbIE MaTepurarsibl Pa3fiNyHOro NHCTPY-
MEeHTaJIbHOro Ha3HauyeHuA. B HacToALwee Bpema mu-
poBaA HayuyHaA O6LEeCTBEHHOCTb BCECTOPOHHE
NOAXOAMNT K BbIGOPY KOMMO3ULUMOHHBIX MaTepura-
nos. CyuwiectBytoT paboTbl MO MCMONb30BAHUIO TU-
TaHcoAepPKaLLMX M aNIOMUHNNCOAEPXKALLNX CBA3OK,
a B nocniegHee BpeMs Havyanucb nccnegoBaHmsA rno
COBMECTHOMY MCMOJIb30BaHWIO TUTaH- 1 altlOMUHWN-
CofepaLyx KOMMNOHEHTOB CBA30K. iccnegoBaHmsA
MO U3YYeHUIO /TIEMEHTHOIO 1 NPUMECHOrO COCTaBa
CMHTE3MPyeMbIX KOMMO3UTOB He MPOBOAUIINCD.
CuHTe3 KOMNO3ULMOHHbIX MaTepuranos Npo-
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impurity composition of synthesized composites.
The synthesis of composite materials was per-
formed at the Scientific and Practical Materials Re-
search Centre of the NAS of Belarus (Minsk). Samp-
les of the B-N-Al-Ti system were synthesized from
elemental Al, Ti and hexagonal modification of BN
(in the ratio ALTi:BN=0.25:0.25:0.50 by weight)
under high pressure from 2.0 to 5.0 GPa and at dif-
ferent temperatures from 500°C to 2000°C. X-ray dif-
fraction data for B-N-Al samples showed that start-
ing from a temperature of 1500°C and 2000°C and
at a pressure of 5.0 GPa, the formation of AlxNy,
TixNy phase, and the phase transition of hexagonal
BN into cubic BN modification (Fig. 2) are observed.
Using neutron activation analysis (NAA), we
determined the elemental composition of the syn-
thesis equipment components (heater, container,
plug), burden materials, and synthesized composite

Fig. 2
Forms of boron nitride (a) hexagonal,
(b) cubic.
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®opmbl HUTpUAa 6opa (a) rekcaro-
HanbHas, (6) Kybnueckas.

Boaunca B HayuyHo-npakTmnyeckom LeHTpe Haumo-
HanbHOW akageMun Hayk benapycu no martepuano-
BefeHuto (r. MrHck). NMonyueHre obpa3LoB cucTe-
Mbl B-N-Al-Ti npoBoaunocb u3 anemeHtapHbix Al, Ti
W rekcaroHasibHou moandukaumm BN (B cooTHoLwe-
Hum Al:Ti:BN=0.25:0.25:0.50 no macce) nog pa3HbiM
3HaYeHmem BbICOKOro aaBnenus ot 2.0 go 5.0 Mg,
Npwv pa3HbiX 3HaYeHUAX Temnepatypbl ot 500°C go
2000°C. JaHHble peHTreHoBCKOW andpakumnm ob-
pa3uoB cuctembl B-N-Al nokasanu, uto B ob6pasuax
HaumHaAa ¢ Temnepatypbl 1500°C 1 2000°C n npwn
fasneHun 5.0 IMa npet obpasoBaHme dasbl AlxNy,
TixNy n npucytcTByeT $a30BbIli Nepexos rekcaro-
HanbHoro BN B Ky6uuyeckyi mogudukauuo BN
(punc. 2).

C nomMoLbto HEMTPOHHOTO aKTUBALMOHHOIO
aHanu3a (HAA) anemeHTHbI cocTaB 6bin onpege-
NeH B 3/IeMEeHTax OCHACTKM (HarpeBaTesb, KOHTEN-
Hep, 3arnyLKa), KOMMNOHEeHTaxX MCXOAHOW LUNXTb,
CMHTE3MPOBaHHbIX KOMMO3MLMOHHbIX MaTepranax.

materials. The study of the elemental composition
of composite materials revealed that out of 40 ele-
ments found in the synthesis equipment compo-
nents, only 8 migrate to composites (Mn, Br, Sr, Zr,
Sb, La, Sm, Hf). Out of 34 elements determined in
the burden materials, 27 were identified in the syn-
thesized composites. It was found that the elements
accumulate in the samples in different ways. For ex-
ample, Sr, Sm, Hf, Th and U migrate into the depth
of the sample.V, Cr, Fe, Co, Ni, Zn, Sb, Ta, U accumu-
late in the upper layers along the width (diameter).
The study revealed that the optimal conditions
for the synthesis of B-N-Al-Ti-based composite ma-
terials are a temperature of 2000°C and a pressure
of 5.0 GPa. The obtained results can be used in mod-
eling diffusion processes, as well as in describing
solid-phase doping in the sintering process.

WccnepoBaHue s3nemMeHTHOro coctaBa KOMMO3MUT-
HblX MaTeprasaoB Nokasano, Yto 13 40 3nemMeHTOB,
06HapPY>KEHHbIX B OCHACTKE, TOSIbKO 8 MUTPUPYIOT B
komno3utbl (Mn, Br, Sr, Zr, Sb, La, Sm, Hf). 3 34 ane-
MEHTOB, COAEPXKaLLUUXCA B LIMXTe, 27 6blI HaNLEHbI
B NMOJyYeHHbIX KOMMO3uTax. bblno o6Hapy»KeHo, UTo
3M1eMeHTbI MO-Pa3HOMY akKyMynupytoTca B obpas-
uax; Tak, Hanpumep, Sr, Sm, Hf, Th n U murpupytoT B
rnybnHy obpasua. B BepxHMX Cnosx no wupuHe
(onameTtpy) akkymynupytotca V, Cr, Fe, Co, Ni, Zn, Sb,
Ta, U.

B pe3synbrate paboTbl 6bI10 YCTAHOBIEHO, YTO
ONTMMasnbHbIMU YCIOBUAMM ANA CUHTE3a KOMMO3UT-
HbIX MaTepranos Ha ocHose B-N-Al-Ti aBnsaeTca Tem-
nepatypa 2000°C n gaBneHue 5.0 [Ma. MNonyyeHHble
pe3ynbTaTtbl MOTYT ObITb UCMOMb30BaHbl B MOAENN-
poBaHUN ANPPY3NOHHBIX NMPOLECCOB, a TaKKe B
onucaHmn TBepaodasHOro nermpoBaHUA B Npo-
Lecce cnekaHus.
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