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Thermal Diffusion of Hydrogen Isotopes in Group IV and V Metals

Masayasu SUGISAKI, Kenichi HASHIZUME and Hiroki SEKIYA

The heat of transports Q* of hydrogen isotopes H, D and T in Ti, Zr, V. Nb and Ta have been analysed
with a biased-jump diffusion model and some characteristic points of Q* in group IV and V metals have been

pointed out.

The bias effect has been interpreted in terms of lattice distortion and electron polarization ener-

gies and the isotope mass effect of Q@™ for hydrogen isotopes in group V metals has been attributed to the bias

effect due to the lattice distortion energy.

1. #

Wl & RS B P O R FE R KROILHES 0 A
RO 7y X<—BRoYF1 )7, b
FI LB, PIFITLL R PN —HDOBEHNIS
BEELMETHY), BRINELOEEBLUVEEIC
LU THEAITON T ETW» A, ALEEME O

o

BELTLIELIEH L WIREGE T THEA SRS 2D,

BEMIZE S N TV A SIRIKEOILHEHOMA TR
FR LI ENELSHD. FOL) LMEO—DIZRE
QEEHREN & L CWEDIEAF] SR I S v L
HIHRLIPThB 00 H A, AILEERR G —I3ICIE
ﬁﬁﬁﬁirgdéﬁkén FORE S LN
FEEHQ*IZINEZONA, WEAQ* HFIETHN,
KERMAKIGREGEI XY &R X 0 KEE @
JEREN N %, Q* R THITEIEA X D EIRE
~A D BREIH % T AV, Eo T, BILEAEYR
HEL VL) 2 BERG T CBREIE 2 ERE N+
5ﬁﬁﬁﬁaabuﬂ§@m%wﬁﬁtf6%mﬁﬁ
WEZEBELLTRERS
&ﬂAmuHﬂ¢®mfﬂuw® LR O F S
DEEMGEFEECRE I L X122y, BeT

*MERRELEEIL

** TG R F R IER i RE
(CRIEMBEEF4R)

* o TERMIC AR TR ITEFHELRE
BRAZHRITH)

DTS XT—BERIDH A 7)) > 7R, MYF o AER
BORYFTLAL N MY —OFHICHEERQ D
F— S PERENDBIIII > T0BY . Lalk
Mo, BEHQ*HUEENTVEE ,Aﬁu#ﬁ
8%, $-20RFRBRLTET TR VOHNH
KTHB., fEoT ,%%T~7®Tﬁ%ﬂbétbﬂ
LQ* 2 FMTE B L) A BEBOBENLEINTVAS.

IHX RBELY, $ AL T A I WE T TR
HWELTENELXLOVESEESOKERMAOE
BEBQ*DF— I ENA T AT v THBEFLIZL
DT A EICLD, NEBLOVIREBRFOKE
FIRL RO EAQ* DM EHESMILT, ZOETF
ROV 21T o 7.

2. EEHBQDOEHRT-—Z

FAa VBRAET TUUKRRRMAOHBERQ* % HIE L
7-&BiE Ti, Zr, V.Nb, Ta THA. Ti IZ2W\WTdK
FEAMAEELTE M FY20Q* 2 MEL Y. Zr
oW TREAEE b Y F Y AOWEEFF 7% Nb
BLU Ta 2o TIREKE, EXKE, LV FT7L0
FTRTCOKERMLEIZOVTEER LT o 72789000,
VIZOWTI M) F T ADHIZDVTHEL T - 720,
ZNITERKRE, EKFEIIDOWTIET TIZ Peterson and
Smith™” AREF L TBY, EOoNERER LKA
EBRRERFBRC—HTHZ LA Nb, Ta THELDLR
e ThE. B, EBREN HEFEEZATIAO
BLIHLBELCHLDT, #nHE2BBLCHE



— 280 —

Niks L0V IKREE oK ERA KO ZILE

&z,

HEAT OF TRANSPORT Q%(KJ/mol)

7, SNHDNERIZIOVTOHRERQ*D
F— MO EHIC L o TOHBE IS TWwBHH (b
F T LDOF—=FE %) F6 L OLRIEKRA S
ITURRLIBATIT 22D TI I CIRAEBT .

FADF— 5% Table 1 I2F LD THAH, 7, Fig.
1iZEhb%i 70y FLTHAB. &b, Fig. 1 12idkk
#2072 @ Peterson and Smith @V R OEEKE L EXK
FOF—5 %L CThAD. Fig.1 L0 NEKE&BD

50
c H
a D
40_ \ -
Ti
Ta A
ol \ _'__o_,,_-o——-}Zr
/'2"/‘6’—
o
20r
Nb %
10- \n\n\
—o— -0— p :
vV
0 —o— N - 1 1
0 100 200 300 - 400 500

TEMPERATURE (°C)

Fig. 1  Experimental data of heat of transport Q* of hydrogen isotopes in Ti, Zr, V, Nb and Ta.
4

Table 1  Experimental data of heat of transport Q* (kJ/mol).
T (K) \ Nb Ta Ti Zr
343 1.4* 13 28 29
(T=308K) (T=623K)
H {423 1.8* 11 22 30
(T=448K) (T=673K)
523 8.0 17
343 4.8* 18 35
(T=308K)
D (423 6.1* 17 30
(T=448K)
523 13 29
343 7.6 20 41 30 22
(T=568K) (T=523K)
T { 423 9.0 18.8 37 26
(T=573K)
523 8.0 16 34 36

25
(T=619K) (T=623K)

* values by Peterson and Smith'®
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Fig. 2 Comparison of the heat of transport Q* with

the activation energy for diffusion A Hum.

Table 2  Literature values of the activation
energy for diffusion A Hn (kJ/mol)

for hydrogen isotopes in Ti, Zr, V,

Nb and Ta.
Tiﬁ‘ er v'H‘T Nbf‘l’f Taﬁ‘f
H 44 .4 3.9 9.8 12.9
D 7.0 11.8 14.8
T 46.6 8.8 12.9 15.8

T reference 16, " reference 17, ''" reference 15
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Fig.3 Schematic description of the spatial distribu-
tion of the lattice distortion energy AE:. and the
electron polarization energy AEe. stored in the re-
gion surrounding an interstitial hydrogen isotope.
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Fig. 4 Schematic description of transportation of the
heats &1 and &. accompanied by the jump of the
interstitial hydrogen isotope.
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Fig.5 Temperature dependence of the bias effect ¢.
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