X1 MEXAYHAPOJHA S KOHOEPEHIIMA CTYAEHTOB, ACIIMPAHTOB 1 MOJIOJABIX YUEHBIX
«TEPCIIEKTUBbI PA3BUTUA ®YHAAMEHTAJIbHBIX HAVK»

HUCCIEJOBAHHUE JTN®®PY3UU BOJOPOJA B TUTAHE BT-01 BUXPEBBIMU TOKAMU
Wy U60, Croit LllymsH, B.B. JlaproHos
Hayunsrit pykoBonutens: npodeccop, B.B. Jlapuoros
HauunonanbeHelil neeaenoBaTenbekuil TOMCKUN NOIUTEXHUYECKUN YHUBEPCUTET,

Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail: lvv@tpu.ru

STUDY OF HYDROGEN DIFFUSION IN TITANIUM BT-01 EDDY CURRENTS
Yibo Zhu, Shupeng Xu, V.V. Larionov
Scientific Supervisor: Prof., Dr. V.V. Larionov

Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
E-mail: lvv@tpu.ru

Abstract. A common method for determining the hydrogen diffusion coefficient D is a research of the kinetics of
penetration it through metallic membrane. However, in some cases, this method cannot be investigated carbide
forming materials relates to titanium. In addition, measurements are limited by temperature interval. Other
methods (NMR, quasi-elastic neutron scattering effects, Mossbauer and Gorsy) are complex instruments. The
measurement results are essentially dependent on the concentration gradient of hydrogen implanted, the
hydrogenation process and the form of the test samples. In this paper, we propose a method of eddy current
measurement of diffusion coefficients using classical Fick equation. The sample of titanium hydrogenation at 600
C and a pressure of 0.66 atm. The diffusion of hydrogen flow in the initial part of the sample analyzed by moving
sensor along the length of the sample. The measurement process carried out periodically every 60 minutes. The
measured values of the eddy current (active and reactive components) are presented in matrix form as values Ay,
Ajz ... A at a certain frequency f. To increase the accuracy of measurements as a matrix element used the tgo.
This value depends on the eddy current frequency f, material electric conductivity o. In turn, the electrical

conductivity o, the thickness of the sample 5, and frequency f connected by the relationy = (zfuy oy''?. By

treating each such matrix, obtain thg values of the diffusion

coefficient Dy, in every layer of the sample. These values may change over time, the penetration of hydrogen

upon slice from layer to layer. The measured values of the diffusion coefficients are D = 2.10cm?/s.

BBenenue PacnipocTpaHeHHBIM METOAOM ompezencHus kodpduuuenta nuddysun Bomopona D seusercs
HCCIICJIOBAHNE KUHCTHKH MPOHHMKAHUS €ro 4epe3 Merauimyeckue MemOpansl [1, 2]. OmgHako B psje ciayvacB
STHM CIIOCOO0M HEBO3MOKHO HCCIIEOBATh THAPHUI000pa3yromme MaTepraisl [3], K KOTOPBIM OTHOCHUTCS THTaH.
Kpome Toro, m3mepeHnsi orpaHWYeHBl TeMIepaTypHbIM HHTepBaioM. [pyrue meroxsl (IMP, kBasmympyroe
paccessHe HEWTpOHOB, 3¢¢ekTsl Meccbayepa u [OpcKOro) OTIMYAIOTCS CIIOKHOCTBIO ammapaTypbl, a
MOJTy4aeMbIC Pe3yJIbTAaThl CYIIECTBCHHO 3aBUCST OT TPAIMCHTa KOHIICHTPAI[MM BHEPESHHOTO BOJOPO/IA, CIIoco0a
HABOJIOPOXKUBaHUA U (OPMBI UccleayeMbix o0pa3moB [1]. M3BecteH cmoco® ompeneneHus Kod(pQhUIMEHTA
TG Py3un Mo U3MECHEHUIO MOMEHTA CHJI TSDKECTH HABOJIOPOIKCHHOTO CTEPIKHS MPH BMKCHUHU B HEM BOJOPOJIA.

Just 9TOr0 B HACBHIMICHHBIX 00pasliax paBHOBECHOE pacrpejeieHue Bojaopoaa. OnpenensioT BpEeMEHHYIO
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3aBHCUMOCTh MOMEHTOB CHJ TSDKCCTH, BO3HHUKAIOIIMX MPU peEJaKCallMd PACIpENCICHUsT BOAOpONa K
paBHOBecHOMY [4]. U3MmepeHHBIH TakuM cnocoboMm koddduuueHnt auddys3nm Bomopoga B xKene3e paBeH
D=1.4.10" cmM*/c. MeToaMKa U3MEPEHHS STOr0 MapaMeTPa 10 CKOPOCTH M3MEHEHHS JIEKTPOCONPOTUBJICHHUS TIPH
Jlerazaliii HaBOJAOPO)KEHHBIX 00pa3IoB JIMIICHA NIEPEYHCICHHBIX BBIIIE HEOCTATKOB, OTIMIAETCS IIPOCTOTOH H
MMO3BOJISICT ONPEACTATh Kod(puimeHT D mnpu J1r000M crmocode HABOJOPOXKHBAHUS B IIMPOKOM HHTEpPBAJC
temneparyp. [lonHoe compoTuBieHue HaBoaopoxkeHHOro Metaia [S] pasao p = p(T) + p(H) (1), tae p(T)
— CONPOTHBICHHE YHUCTOrO MeTaia npu temneparype 7, p(H)—u3MeHeHHe 3JCKTPOCOIPOTUBIICHUS,
OTIpEJIeNIIEMOE paccessHNEM HOCHTEJICH TOKa Ha BHEPEHHBIX aroMax Bojopoaa. [Tpu atom p(H) = KuCh, (2) e
Cy — KOHIIEHTpAIUs BHEIPEHHOT'O BOIOPOa, K# — KOHCTaHTa MPOTOPIIHOHATIFHOCTH, paBHAas, HAIPUMep, IS
nepexoaHbx MeTauioB V. rpymmsl 60—80 MxOm-m/at. % H [6]. MeTtoauku onpexnencHus napamerpa D 1o
W3MCHCHHIO JIaBJICHUS BOAOPOJAa B pabodell KaMmepe NpH Jerasanud oOpas3loB paccMOTPeHbl B [7] © MO
HU3MEHEHHIO DJIEKTPOCONPOTUBIICHUSI NpU BBeJAeHUM Mpumecu BHeapenus [8]. B [9] npumenen noaxon,
OCHOBBIBAIOIINICS Ha PELICHUH BTOPOTO ypaBHeHM PHKa I MIIMHAPHIECKUX 00pa3nos [10].

JKcnepuMeHTAIbHbIE pe3yJabTaThl. B Tabmume Aii, Ais...Akn — 2I€MEHTHI 3HAaUE€HUI BUXPEBOTO TOKA
Ha ompeneneHHON yactote. OOpabaTeiBas KaKAYIO TaKyl0 MATpHIly, TOIydaeM 3HadueHus kodddunneHra
U dy3un DX B KOKIOM OTACIHHOM clioe. J[aHHbIe 3HAYCHUSI MOTYT H3MEHSTHCS C TCUCHUEM BPEMCHH IPH
MMOCIIOWHOM TMPOHUKHOBEHUHU BOAOPOJA M3 CJIOSI B CJIOH. DT0 (UKCHpyeTcss HAOOpOM MaTpull Buaa Tadu. 1.
Uncno TakuX MaTpHUIl 3aBHCHT OT HCHOIB3YEMOTO KOJHYECTBa YacTOT BHXPEBOTO TOKa. BemmumHa
KO3 unreHToB DXy 3aBHCHUT OT CBOWCTB MaTephaia, CTENCHH HAaBOAOPOKEHHOCTH, pPAaCIpeleiICHHS
neeKTOB B METAJIE U UX XapaKTepe.

Tabruya 1

Tpumep mampuyl usmepeHuil 6UXpesblx MOK08 N0 KOopOuHame 06pasya 60 BPeMeHlU U Ha ONPeoesieHHOU Yacmome

t, min
X, cm 20 40 60 80
1 An A Az Ay
2 Aoy A22 A23 Aoy
3 Az A32 A33 Azq
4 Aqn A42 A43 Ayy

I!JS 2 3 4 5 6 7 k

Puc. 1. @opma obpaszya ona uccireoosanus ouggysuu 6ooopoda (1 — obracms HasodoposceHnocmu, 2,

3...- obracmu pacnonodicenuss BUXPEMoK08020 0amuuka, S — 8UXpemoKosslii 0am4ux)

IorpemHOCTh OmpeneieHuss 3HA4YeHUs DXy 3aBHCUT, B OCHOBHOM, OT CKOPOCTH IE€PEIBMKCHUS
BHUXPETOKOBOTO JITaTYHMKA BIOJB 00pasma Ax/At.

Mertoauka u3MepeHuii. Bemmunmaa Ax ompenmemnsieTcss pasMepaMH BHXPEBOTO JaTdWKa. B Hamem ciydae
3TOT mar paBeH 6 MM. [TapameTp At onpenenseTcs: SMIMUPUISCKH 110 3aBUCUMOCTH Ure, Uim 0T BpeMeHu. C dToi

ICIIBIO BI/IXpeTOKOBHﬁ JAaTYUK YCTAHABJIMWBACTCA B KOOpAWHATC X B HeHaBOHOpO)KGHHOﬁ qacTu 06pa3ua nu
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3allMCbIBACTCA B ABTOMATHYCCKOM PCKHUMC 3HAUCHHSA TOKOB W TAaHTCHCA YIJjia AUIJICKTPHUUYCCKUX IIOTECPb BO

BpeMeHH. TeM caMBIM OIpeieisieM MPOMEXYTOK BpeMEHH, ITPH KOTOPOM Ipon3BoaHas 61/6t # 0.
oU )
TTpu D = const u C=KuU (3) ypasHeHue auddy3un uMeeT B a— =DV-U 4
t

CBs3b MeXIy KOHIICHTpalyell BOJOpoJa B THTaHE M HANPSDKCHHEM Ha BUXPETOKOBOM JAaT4HKe (YpaBHEHHE
3) ompenensercst sMmnupuueck. [lo mpeIokeHHOW MeToauKe BeIYMCIWIM Kodddunuent muddysun i
CJICAYIOUINX MapaMeTPOB HaBOJOpOxkeHHOTo obpasna: L =200 mm, h=2 mm, Cy = 0.26 % wt, D = 2.10

%cm?/s. DTo 3HAUEHUE COOTBETCTBYET JIUTEPATYPHBIM JIAHHBIM.

Hccneoosanue svinonneno npu gunancosoti noodepacke I ocyoapcmeennozo 3adanus «Haykay» 6 pamkax

Hayunozo npoekma Ne 1524, mema 0.1325. 2014.
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