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ABSTRACT Titanium has long been of interest as hydrogen storage material since titanium has
a high affinity to hydrogen isotopes. Titanium deuteride or tritide is an important nuclear material
used in the field of nuclear technology. Investigations concerning hydrogen—titanium system seem to
mainly focus on the hydrogen thermal desorption spectra so as to study hydrogen desorption kinetics
from metal hydride and to determine the rate—controlling step, but little is known on the evolution
of its compositional changes under a much more un—equilibrium condition. In the past two decades,
the intense pulsed ion beam (IPIB) technique has received extensive attention as a tool for surface
modification of materials. Compared with conventional ion implantation, IPIB irradiation into ma-
terials possesses a higher energy density with shorter pulse width and be typical of more intense
thermal-mechanical effect. From such a point of view, considering the features of extreme high heat-
ing and cooling rate of IPIB, IPIB as a method to evaluate the stability characteristics of titanium
hydride film is utilized in order to determine a predictable behavior of the film’s evolution under
an extreme un—equilibrium external condition. In current study, TiH, films irradiated by intense
pulsed ion beam have been investigated by using scanning electronic microscopy, surface profilometer,
X-ray diffraction and slow positron annihilation, in order to evaluate the effect of irradiation with
pulsed ion beam on the microstructure of TiHs. Three sets of TiHs films are irradiated several shots
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at energy density ranging from 0.1 J/cm? to 0.5 J/cm?. No noticeable phenomenon of melting and

change of phase structures have occurred to samples under irradiation of 0.1—0.3 J/cm

2. However,

phenomenon of melting and indication of cracking has been detected on the surface after energy density
reaches 0.5 J/cm?. Besides, desorption of hydrogen from the film, and a titanium hydride with a
body centered tetragonal structure (bct), seldom reported by researchers and formed under extreme
conditions, has also been identified only after energy density of IPIB reaches 0.5 J/cm?. S parameter
of slow positron annihilation reflects that the crystal defect structures have been greatly changed by
IPIB irradiation, in which S parameter reaches a large value at 0.3 J/cm? with 1 shot, while a small

one at 0.5 J/cm? with 5 shots.

KEY WORDS TiHs, pulsed ion beam, surface morphology, slow positron annihilation

Ti fEh—FE R EAS)E, HK H SEHE
9.2x10%2 atom/cm?, WA FEKX 1 %%, TR LEU
AR o EEAALE, W T ENRE (&
HFMZ) MkbEl, WA Ti &4 o HE o HE
A5, MIREERET 250 CHE, H JFEM Ti gk 000
Ti @A (ALK, MALER) 15K —Fh i B AR bk
P TR MG TR A S, HBTERREE R
foRasEdE, B I AR TR 9 K BERI oW s 4. B
e, T AR S LR L R AL AL 2 TR X SRR B 5T
R TR R8BS HATE P4k AL
Wi BRSBTS AL Gt B b ks O H
e Ti s 7, H A5 Ti o RT-5 IR AR AR &
BRER RIS EHET B0 Fig e 18 g
ge A 17) S s AT 0 D7 5 L AR
B9 B S 2 1011, {E A A SIS T A S A 2
I BN S5 TF S 72 A ) P TR s A A

fExd 2 ULT4ER, MBS TR (IPIB) 4
S —FOb L FE T IO T B T RS TR Z 3
W 82U GiEgiE TRIEAM K, IPIB HA RS
BEER AR 9 BEAS AR A, JRRERL 10810 K /s fiys
HAFHHEIREZT R, HRARH R, 2R B
kb P T, BRSO R AR AN T R
TERE I R R R B R — 24 SR RV
S —Rm T REMAR. FRASIRIEN, A3
MBS PR RTEIBAS, 45 SRS RIS LRy
s GRS AR — Rk AR R ALY, HAERR
ks B TS B T AR A ATFHGE. I, BF
FERBK SR 5 AL SR R LA, RE AR IR S
LA LB AR, S R ERA R AT R AR S
R EERE R PR AT D A R P, T I, A
TARZ A 32 ERF SRk B TR Sk A AT
VEFRRE, LA AR THE A RS S TPIB 4Rkl
AP SR AL A R I Ti gL, LIERFSE
TiHy {ESHAETAE 5 (4 i 2 T R AR N R o s F i
AAl, ITTHRAE— R 5156 T AL kIR R M 251
1 LRMERFEE

KRS EELH S Ti B HEETSELER

SAF)EH Mo e R HCE AE B T RZE R BE AL N A RE
BB, SR BT IR 0K 99.9% 2k Ti YiBE
Mo #E L, BT RAE =2 1074 Pa. Mo #HEE
S 1 mm, #&GHRE Ti EEELN 6 pm. FE4FH Ti
JEAE BB F B3 Hy WA RSP, SR ERRE
252% 107 Pa. MIAIHAY Hy I U BHE @ g g
B, 4ipE A 99.5%, Ti BEAE Ho MIAIRTAE 107° Pa T
BIAE] 500 CHRR 1 h, RIGWEHBIRR, YREHSE
KF 107 Pa i, N U BHAA IR — 2 EAY Ho,
ke E 550 Cfd Ti fEK H.

IPIB #ii#fe TEMP-6 Sk B 7 ok i Bk
17, AN, WM EERS A 30% CT Al
70% HT(JET4r%0), msEAER 100 keV. %t TiH, ##
METREEFEE 0105 J/em?® WEd, T
0—50 K.

K A JSM-5600LV I # s TR isE (SEM) A
Surfcorder SE-3H BRI EAL (§F92420 2 pm) #EAT
FWEHRER R, M, A SHIMADZUXRD-6000 % X
FEATHHMY (XRD) %@ RHE4H. RAIERERAY
Doppler BHHA, XHEEmBATIESGIE 22724, wmap
1EH T RAE AL 0—20 keV 2 [H440E. HE4 Ge if
T BRI 1F R, T8 7 A Y R ST BE S, RETE MY 1 ke V.
PR IE R T, S %A HECy 10° Bk
JRIREIERIE S SHE L h:

[ c(E)dE
o 1)

[ C(E)dE

K, C(F) BHBRAREH2IER T Doppler B 5E:
W, E RER RS IR R v HL6ER, (—a, a)
UL 511 keV ShARABIRIF S ARE R X (], XHEE a=
1 keV. S ZEA Ak EZZ BB 1S O XA X TR 5%
Wa), PRI 32 S B E R T~ S KAl B e T AR . AL
RUERFEAL, K3 i3 AN ECK, B A A K
511 keV {J v §£k Doppler RFEHEEL/N, XN T REREH)
FulbIX, S AR,



% 10 1

X P ke ORI TiHe R O S HI i R

1271

2 ERER5TE

2.1 BkipsRmxt TiHe REREMHRIEM

IPIB #Fivdis TiH, BEXREBSME 1 s K
la MJEgh TiHy fEHY SEM . FTLLAH, Jidh TiH,
PR T R ST AT, (LR R/ NS B, BA 2 35 A 7
MRTUARIAN IS 3, T PR T o 247 S B e A8 1 A T 2%
Wtk YRERFER 0.1 J/cm?, HIFIHFEH A L,
150 YRk 3 o T B2 T 24 AR A7 2 T b WS B A4

)5 P IR, (ELRE A R R R ARG T, kb g
TRA BN, R AR BCR L A B .
0.3 J/cm? T, BERE tAR R £ 40 BAELIZ,
5 0.1 J/em?® B, R LT WA AR
¥ & 2 ARG IPIB f8i TiHy RS S
REKBIRR. FTUAAH, ERERFEN 0.1 J/cm?,
120 Wiy, TiHo JRERTHHLAE BB A B 1AL,
L RREOE E 50, TiH, MERmHLEERERRILE
0.21 pm. £ 0.3 J/cm® ZfFT, I LIE B ALK

Fig.1 Surface morphologies of TiHs films irradiated by intense pulsed ion beam (IPIB) with different shots and

energies
(a) unrradiation (b) 1 shot, 0.1 J/cm?
(e) 20 shots, 0.1 J/cm?

(i) 10 shots, 0.3 J/cm? (§) 1 shot, 0.5 J/cm?

(f) 50 shots, 0.1 J/cm?

(d) 10 shots, 0.1 J/cm?
(h) 5 shots, 0.3 J/cm?

(c) 5 shots, 0.1 J/cm?
(g) 1 shot, 0.3 J/cm?
(k) 5 shots, 0.5 J/cm?
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