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Introduction

There are known the numerous attempts to
create the composites to be not destroyed during
the hydrogenation which consist from the porous
metallic matrix and uniformly placing in it
insertions of the hydriding intermetallic
compounds. The essential demerits of such
composites are the volume increase of the
intermetallic insertions during the hydrogenation
and the considerable strains in the porous metallic
matrix. It causes the appearance of the cracks in
the matrix and the destruction of the composite on
the whole during the cyclic hydrogenation.
Moreover, their low mass and volume hydrogen
capacity is the demerit of the known composites
too. Firstly, it is connected with the utilization in
the capacity of the hydriding insertions not base
hydriding metals but intermetallic compounds.
Secondly, the metallic matrix of the composite is
usually porous and its porosity is equal near 50 %.
It causes the lowering of the volume specific
hydrogen capacity of the composite too.
The aim of the present work is the elaboration of
the structure, composition and making method of
the composite to be not destroyed during the
hydrogenation with high mass and volume
hydrogen capacity.

Results and discussion

The proposing composite material is made
from nickel and / or Ni;Al plastic matrix, in which
the insertions of the titanium dihydride or titanium
in the quantity of 42 - 46 % mass. are placed
uniformly. In this time the matrix is not porous and
titanium insertions are porous.
Ti - Ni ( Ni3Ti ) composite was manufactured from
the nonporous intermetallic compound TiNi
produced by the melting with the titanium
concentration from 42 to 46 % mass. by means of
its destructive hydrogenation. The composition of
the initial Ti - Ni alloy was in the bounds of the
TiNi homogenous field accordingly to Ti - Ni state
diagram. During the destructive hydrogenation
titanium was hydrogenated selectively from TiNi
up to TiH, and the metallic nickel and / or Ni;Ti
were formed. The composite TiH, - Ni was formed
after the destructive hydrogenation under the
conditions of  our experiment. After
dehydrogenation we had Ti - Ni composite. During
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the heating up to the temperature of the destructive
hydrogenation the volume of the initial TiNi
increased by 10 % because of the thermo elastic
austenite - martensite transformation. During TiNi
destructive hydrogenation up to TiH, and Ni the
titanium volume increased by 25 % because of the
hydrogen penetration to the titanium crystallic
lattice. This volume increase of the titanium
insertions was compensated by the preliminary
TiNi volume increase during the martensite phase
transformation. Thus, we have elaborated the
composite material consisting from the nonporous
nickel matrix and porous titanium dihydride or
titanium insertions with 25 % of the porosity.

The manufactured material was investigated with
the reference to hydrogen. Ti - Ni samples were
heated in vacuum up to 773 K with the next
hydrogen feed with 0,1 MPa of pressure and with
exposure in this conditions up to maximum
hydrogen absorption by titanium will be reached.
The quantities of the absorbed hydrogen were
calculated according to the pressure fall in the
work volume and were controlled by the volume
method during the dehydrogenation too.
Nondestruction was controlled by the volume
increase and was investigated by microscope.

The investigations have demonstrated that the
samples of the elaborated material with mass
compositions 42 Ti - 58 Ni, 44 Ti - 56 Ni and 46
Ti - 54 Ni had the specific mass hydrogen
capacities being equal to 195, 206 and 217 ml H,/
g comp. accordingly. With the calculation of the
matrix nonporosity and 25 % porosity of the
titanium insertions their specific volume hydrogen
capacities are equal accordingly to 1077, 1120 and
1154 ml H, / sm’ comp. In this time the samples
increased in the volume by 8 % at the expense of
nondestructing martensite transformation, had not
cracks, didn’t destroy during the hydriding -
dehydriding. Such stability of Ti - Ni samples
against the destruction during the hydrogenation
was ensured by the fact that the porous titanium
insertions didn’t create the pressure on the
nonporous nickel matrix in which the destructing
strains didn’t accumulate. It was reached at the
expense of the preliminary thermo elastic austenite
- martensite phase transformation of TiNi to be
accompanied by the volume increase of the initial
TiNi by 8 - 10 %.
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Table
Properties of Ti - Ni composites

Material Specific Specific Relative
composition | mass volume volume
% mass. hydrogen hydrogen |increase,
capacity, capacity, %
mlH,/gcom |mlH, / sm’
comp.
38Ti-62Ni |176 1006 0,3
cracks
42Ti- 58Ni | 195 1077 0,3
44Ti - 56Ni |206 1120 7,8
46Ti - 54Ni | 217 1154 8,8
50Ti- 50Ni |236 1211 15,2
cracks
71Ti- 143 711 9,7
29Ni;Ti

Out of the homogenous field at the titanium
concentration less than 42 % mass. And more than
46 % mass. initial Ti - Ni alloy except TiNi
intermetallic  compound contains too the
intermetallic compounds Ti,Ni and Ni;Ti
accordingly in which the austenite - martensite
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transformations don’t take place. These phases are
ballast from the point of view of the compensation
of the titanium insertions volume increase. That is
why Ti - Ni samples with the mass titanium
concentrations 38 and 50 % mass. increased in
volume accordingly by 13,3 and 15,2 % during the
hydrogenation, had the net of cracks, lost the
durability partly, that is began to destroy.

Conclusions

Thus, the elaborated Ti - Ni composite with
nonporous nickel matrix and porous titanium
insertions in the quantity from 42 to 46 % mass.
has the high specific mass and volume hydrogen
capacity. This is reached at the expense of the
increase of the insertions hydrogen capacity at the
substitution of the intermetallic compound on the
hydriding metal ( titanium ), and at the expense of
the formation of the nonporous nickel matrix
during TiNi destructive hydrogenation. In this case
in the determined bounds of the mass titanium
concentration the samples didn’t destruct during
the hydrogenation.
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OCHOBE TUTAHA
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BBenenue

3BecTHBI MHOTI'OYUCJIICHHBIC ITIOIIBITKHA
CO3JIaHUs HEPa3pyIIAIONUUXCSA TP THAPUPOBAHUU
KOMIIO3MIIMOHHBIX MaTEPUajioB, KOTOPHIE COCTOST
M3 MCETAIMYECKOM MATpHUIBl ¥ PaBHOMEPHO
pacloyio)KeHHbIX B HEW  BKIIOYEHUH  THUJ-
pupytoiierocss uHTepMeTaniuaa. CyliecTBEHHBIM
HCIOCTAaTKOM TaKHMX KOMIIO3HUTOB SABJIACTCA TO, YTO
IIPU TUAPUPOBAHUU HMHTEPMETAJLIUIHBIEC BKIIOYE-
HUA  YBCIIUMYUBAIOTCA B 06’beMe n Cco3JaroT
3HAQYMUTEIbHbIE HAIIPSDKEHUS B IIOPUCTON MaTpULE.
[Ipy OHMKIMYECKOM T'MAPUPOBAHUHU 3TO BBI3bIBACT
MOABJICHUEC TPCIIMH W PpaspylmicHUEC KOMIIO3UTa
BieiioM. KpoMe TOro, HemoCTaTKOM H3BECTHBIX
KOMIIO3UTOB SABJISICTCSL ux HHU3Kas BOIO-
POOAOEMKOCTL B paCy€TC Ha CAMHUIY MaCChl HIIN
obbema. Oto CBSI3aHO, BO-TIEPBBIX, c
HCIOJIB30BAHUEM B  KA4eCTBE TIHMAPUPYEMBIX
BKJIKOYEHUH TUAPUPYIOIIMXCS COCAMHEHHE, a He
0a30BBIX TUAPUPYIOUIMXCSA METAIOB. BO-BTOPBIX,
MCTAJINIMYCCKass MaTpuna O6BI‘IHO BBITIOJIHACTCS
MTOPUCTOMN, €€ MOPUCTOCTh COCTaBIIACT MOPSAIKA
50%.910 Takke OOYCIIOBIMBACT  CHIDKCHHE
yAEIbHON BOIOPOIOEMKOCTH KOMITO3UTa B pacyere
Ha 00bEM.

Llenpto HacTosmield pabOThI  SIBJIACTCS
pa3paboTka cocTaBa, CTPYKTYypsl H croco0a
MOJIyYCHMSI HEPa3pyIIIOUIErocs MpPH THIPHPO-
BaHMU KOMIIO3UTA C TIOBBIIIEHHOH MAacCOBOH H
00BbEMHOI BOJIOPOI0EMKOCTBIO.

Pe3ynbTaThl U 00CyXKIEHHE

IIpennaraemplii  KOMIIO3BUT COCTOMT U3
MaTpPHIIbI, BBITOJIHEHHON M3 Hukens wind NisTi, u
pPaBHOMEPHO PACIOJIOKEHHBIX B HEW BKIIOUYEHHUMU
TATAHA WIM JUTHAPUIAa THUTAaHA B KOJWYECTBE
42 - 46 % wmacc. [Ipu >ToM MaTpuIla BBIIOITHEHA
OCCIIOPUCTOM, a BKIIOYCHHS THTAHA - ITOPUCTHIMU

(®=25%).

Kommosur Ti— Ni (Ni3Ti ) nusroraBnusanu
u3  Oecrmopucroro  mHTepMerammmaa  TiNi,
HOJyYEHHOT'O METOJI0M IUIABJICHHS, c
coJepkaHueM THTaHa oT 42 10 46 % macc. myTem
ero JeCTpykTHBHOro ruapupoBanus. CocraB

ucxomaHoro crutapa Ti - Ni Haxoawics B mpefenax
obmactu roMoreHHocTH wHTepMerauaa TiNi. B
Ipouecce ASCTPYKTUBHOTO THIPHUPOBAHUS THUTAH
n3ouparenbHo ruapuposaics uz TiNi mo TiH,, a
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TaKxKe B 3aBHCUMOCTH or yCIOBUH
00pa30BBIBAIMCh METAIMUECKUN HUKENb WIH
Ni;Ti. B ycrnoBusix Hamiero skcrepuMeHTa Iociie
JNECTPYKTHBHOTO THIPHPOBAHUS OBbLI TIONy4YeH
komrio3uT TiH, - Ni, a mocie peruapupoBaHus -
komno3utr Ti-Ni. B mporecce Harpesa 10
TEMIIEpaTyphl  JECTPYKTHBHOTO  THIPUPOBAHHUS
00beM HCXOIHOIO uHTepMeTauaa  TiNi
yBenuumics Ha 10% BCIEACTBHE TEPMOYIIPYTOro
ayCTECHUTHO-MApTEHCUTHOTO  TpeBpamieHus. B
nporiecce AecTpyKTUBHOTro ruzpuposanus TiNi 1o
TiH, u Ni 0o0bemM TuTaHa yBeauumics Ha 25% 3a
CUeT TMPOHUKHOBEHHS BOJOpOAa B KpHUCTAI-
JUYECKYIO PEIIETKY TUTaHa. DTOT 00bEMHBIH POCT
TUTAHOBBIX BKIIIOUCHHH KOMITCHCHPOBAJICS MpEl-
BapUTCIbHBIM yBenuueHueM oObema TiNi npu
MapTEHCUTHOM (pa30BOM MpEBpaIICHHH.

Taxum o0pa3zom, MBI MOy YHIIH
KOMIO3UIIMOHHBIN MaTepual, KOTOPbIi COCTOUT U3
0eCTrOprUCTON HUKENEBOW MATPHIBI M TIOPHUCTHIX
BKJIIOUCHHMI JUTHAPHAA TUTaHA WIM THTaHA C
MOPUCTOCTHIO 25%.

M3roroiieHHBI MaTepuan HCCIeq0Baln
MO0 OTHOLIEHWIO K Bojopoxy. O6pasmsl Ti - Ni
HarpeBaJim B Bakyyme 10 TemrepaTypel 773K ¢
nocieAywuei noaadyed BOAOPOJA JIaBICHUEM
0,IMIla u BBIIEPXKKOH B 3TUX VYCIOBHUAX [0
JOCTHXKEHUS MaKCHMAJIBHOTO HACHIIIEHUSI THTaHA
BOJIOPOJIOM. KonmuuectBo MOTJIOIIEHHOTO
BOJIOPOJIA PACCUMTHIBAIM TIO BEIWYHMHE TaJICHHS
NMaBjeHUs B paboyeM oObeMe, a  TaKke
KOHTPOJIMPOBAIH  OOBEMHBIM  METOJIOM  TpH
JeruIpupoBaHun. HepaspyrmiaeMocTb  KOHTpO-
JUPOBAIM IO OOBEMHOMY POCTY KOMIIO3UTOB B
MpoIeccax TUAPUPOBAHUS M ACTHAPUPOBAHUS U
HCCIIEIOBAI C TMOMOIIBI0 MUKpockona. Mccneno-
BaHUs IMOKa3aJid, YTO O0O0pa3lbl pa3pabOTaHHOIO
Martepuanga MaccoBbix coctaBoB 42 Ti - 58 Ni,
44 Ti - 56 Ni u 46 Ti - 54 Ni umenu yzaenbHbIC
MaccoBBbIE  BOJIOPOJIOEMKOCTH  COOTBETCTBEHHO
195, 206 u 217 mn H, / r xomm. C yderom
OCCTIOpUCTOCTH HHKEIeBOH Martpumbl u 25 -
MPOIEHTHON MOPUCTOCTH TUTAHOBBIX BKIIOYEHUN
WX yIenbHbIE OOBEMHBIE  BOJOPOJOEMKOCTH
cocTaBmIIM cooTBeTCTBeHHO 1077, 1120 1 1154 mn
H, / cM® koMo ITpu 3ToM 06pasiibl YBETHIHIACH
B oObeMe Ha 8 % 3a cyeT Hepa3pyIIAOIIEro
MapTEHCUTHOTO NPEBPAICHUS, HE UMEH TPEIIUH,
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HE  pa3pyllaich MpPH  THIPUPOBAHHU -
JeTHUIpUPOBaHUM. Takas yCTOWYHMBOCTH 00pasIoB
Ti - Ni npotuB paspyieHUs MPH TUAPHPOBAHUH
obecrieunBangach TEM, YTO IOPUCTHIC BKIIOYCHUS
TUTaHa TP TUAPUPOBAHWM HE  CO3JaBallU
JaBJICHUS Ha OECIOPUCTYIO HUKEIEBYIO MATpHILY,
B KOTOPOH HE HaKalJIMBalIUCh pa3pylIaroNue
HalpspKeHWs. O JIOCTUTrajoch  3a  CYeT
MPEABAPUTENBHOTO TEPMOYIPYroro ayCTEHUTHO -
MapTeHCUTHOTO (a3zoBoro mnpeBpamenus TiNi,

COMPOBOXKIAIOIIET OCST 00bEMHBIM pocToM
ucxoxuoro TiNi Ha 8 - 10 %.
Tabmuna
CsoiictBa kommo3utos Ti - Ni
CocrtaB Vnenbnas | YaensHast | OTHOC.
MaTepuaia, |MaccoBas oObeMHas | yBemuH.
% Macc. BOJIOPOO- | BOIOpOI0- | 0OBEMa
E€MKOCTb, E€MKOCTb, %
wutH,/T MHy/eMm®
KOMII. KOMII.
38Ti-62Ni | 176 1006 0,3Tpe-
[MHBI
42Ti- 58Ni | 195 1077 0,3
44Ti - 56Ni | 206 1120 7,8
46Ti- 54Ni | 217 1154 8,8
50Ti - 50Ni |236 1211 15,2
TPEIMH
71Ti- 143 711 9,7
29Ni;Ti
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3a mnpenmenamMu  00NACTH TOMOTEHHOCTH
TiNi nmpu KoHIIeHTpanuu TuTana Mexee 42 % macc.
ninu Oomee 46 % macc. ucxogusiii craB Ti - Ni,
kpoMe wuHTepMmeraimmaa TiNi, COIEpPKUT Takxke
uaTepmerainuael TibNi mmu NiTi, B KOTOpBIX
AyCTCHUTHO - MapTEHCUTHBIC MpEBpAllleHUs He
MpOUCXOIAT. OTH (a3l SBIIAIOTCSA OaUTACTHBIMH C
TOYKH 3pEHHS KOMIIGHCAllMd OO0BEMHOI0 pocTa
TUTAHOBBIX BKItoueHUd. I[lo »3Toll mpuunHe
obpasiel Ti - Ni ¢ MaccoBbIM CoOAepKaHHUEM
tutana 38 u 50 % macc. B mpoliecce THIAPUpPOBa-
HUSl YBEITMUWINCh B 00BbEME COOTBETCTBEHHO Ha
13,3 u 15,2 %, umenu cerb TPEIIMH, YaCTUIHO
MOTEPSUTH TPOYHOCTD, T.€ HaYalld pa3pymarbes.

BriBoabI

Pazpaborannsiii komnosut Ti - Ni ¢ ecriopuctoit
HUKEJIEBOM MATpULIEd W TOPUCTBIMU BKJIFOUEHUSIMU
TUTaHa B Kommdectse oT 42 mo 46 % macc mMmeer
MOBBIIIICHHBIE Y/IENbHBIE MACCOBYIO U O0OBEMHYIO
BOJIOPOJIOEMKOCTH. JTO JIOCTHUTaercs 3a cyer
YBEITUYEHHS BOJIOPOJIOEMKOCTH BKIIOYCHUH TIpU
3aMeHe WHTepMeTaiiuia Ha 0a30BBIH THIpPHU-
pylommiicss MeTal (THTaH), a TakKe 3a Ccuer
¢dbopMHpOBaHUS B  TIpoliecce JIECTPYKTUBHOTO
rugpupoBannss TiNi  OecrmopucToil  HUKeNneBOH
MaTtpunpl. [Ipy 3ToM B 3aJaHHBIX TIpenenax
COJZICp)KaHUsl THTaHa OO0paslbl HE pa3pyIIaich
MIPH HABOJOPAKUBAHUH.



