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Abstract: In this study, grazing incidence X-ray diffraction ( GIXRD ), elastic recoil detection ( ERD ), thermal
desorption spectroscopy( TDS) and scanning electron microscope(SEM) were used to analyze helium-containing Zr-Co
and Zr-Ti-Co films prepared by direct current magnetron sputtering, and the sample phase, the depth and concentra-
tion distribution of helium, helium thermal desorption spectrometry and surface morphology before and after thermal
desorption were obtained. The helium thermal desorption experiment shows that Ti doping is beneficial to inhibit the
migration, accumulation and evolution of helium in ZrCo tritium storage alloy and increase the release temperature of
helium in corresponding trapping sites. After helium thermal desorption, the grain boundary density of Zr, ,Ti, , Co
films is lower than that of ZrCo films, which reduces the helium bubble migration channel and delays the helium bubble
migration and merger trend at high temperature, indicating that Ti-doped can improve the helium retention property of
ZrCo alloy and inhibit the helium release at high temperature.

Key words: Ti-doped; ZrCo alloy; helium thermal desorption; helium retention property; magnetron sputtering

AR A N HAZ A A R s ISR e AN, AR R & AR ANE RO, RV
Do, BN 2 R R figh R i 1 1) 8 ) AR AR Sy ek b e F AL AR R AR, TR
IEA TR BB YR AF AR, BOS T B g AR MmEi, RATIRRAEH, Sk
Atk WA R, BBV EIBT R - B SOC ki T I, BRST A KGR SRR
I SR RE B I ST A B B

WAS EEE: 2020 —01 - 16 BATI ) Z0Co O 2 ELAT 25 P 2B
ESWE. [M5HaLeTH (20601165); METAMETH iﬁmﬁ‘%ﬁ# - Ok”ji’\ﬁrflfmfij
H (21573200) ; %0 A4 H (51731002) AR ETE {E&qugfr%ﬁpl‘}f‘jj#ﬁ&'ﬁ, B N S [ PR

BEEE: RE(1967—), &, WG, PAZNHE (TTER ) 351 H 45 8 200 M TR P A .



BTl Bk R

30 Titanium Industry Progress

37 &

i | BT BRAE AR TROERESE N A 5T
T Ti SR ZrCo G4 7E CO Ze B4 IR & AT
AT L BE T, & F ZeCo M B A AT M,
Hayashi%§ A %' % ZrCo £ 4x i 5728 S 10 BT LA
HEFT TWRSE, XSRS BT T AS [R5 B 1) 1 6 6 i A
Y SR . A A A X B T A
#1 HE $82% ZrCo S 2R BHEAT THISE, K3 HE
ZRAE 0% $2 TF ZrCo M B 1Y 1 &M BB, 1O I oK A
Q. Q. Wang 2 A\ JEF58 — R 5, IR [ &
G T Ti B4 ZrCo & &P AMER ST Y
S, T4 R AL R E SRR T, R Al A
Mot J7 v A RAL M AL R, %o T, 51 A
HPP. Barnes S ANV BESE R, JLRB AT
TE U AR DT R AR A & h S A AR A 4 A
HAFRA BN BE, B A iR 5T,
AT TSR E -

HAT, BTmAR L ARsa™? | it
ALY T kR W T RIE ST A AR R U R AT N
FIEEAE P2 A 0 He (8 KR P AR 3 eV, A&x5]
MR B A s, 5SRO — 2, (PR
BEAAUECEOA EECF, A e R LImTHER, BT
AT AT DA i N sE Bz 51, Bl 43 5]
N DN = JE O g Y R S B L N
B, PEAERRREREE, AR S A A R G
ik MR TEFEA. ARELRSR ik,
A O S A L ) T ks LA A ARL R ) RUBE R . Sk
SIARRATEE S, Ik, ASHIFFE R FH G 3 D S 4 A
il & AR, B SRR R Ti 842X ZrCo T4

SANIER . AIFMBEBAOE I, I i
SN HIBLR .
1 % &

K H UHV SPUTTER E{Jifg# WY, 78 Mo J
F (RGP ¢12 mm x 0.5 mm ) 2 [ i 25 75 200 A
o WS ZrCo B &8y (Ze, Co JiF A 1:1)
M Zr-Ti-Co 54 (Zr. Ti, Co JR It h4:1:5),
RGF¥h ¢25 mm x 2 mm,, 0 55 AR #2525 B
FE5x107 Pa IR, WHAAIEI. AR
T, PEREI AL S R R I 7E (3 £0.3) Pa, RATHLUL
$738~40 mA, HLE 300 V 24T, WEOGHIEL %
10~12 W,

R, AR 11 Z8TF, 20 H

=)

ZrCo s 4 ¥ i 1 Zr-Ti-Co 5 4 -7 Mo Jk Jy R 1 ]
FRA M ZCo , Zry s Ti, , Co WREFE A s fER T
AAETREE N 1:6 5T, 230 ZeCo & 448 Fo A
Zr-Ti-Co &4 #8 i 7E Mo Kk v 2 T il 48 o & & 5 1Y
ZxCo ., 7Zr, ¢Ti, ,Co AL,

SR H H R B B DO A B (B
QME220) |, & H.%5 5 40 20 B ) A AL (TDS ) X
VRRSRE R EA T RIS BT, RERRTE 5 x 107 Pa BT
2N, #% 10 C/min AR ERIHZE 1300 C,
FIFH OSHD-2 4 2 x 3Mv #3571 it Fit, Joll 2 45 o HEJIEEAE:
SIEFT BRI o (ERD) F4E B I o
B AL T He RUREDS, JF F RIS B 4813 He YR
JE A o 2RI SAXSpace /Ny X S ER RSO0 IR AR
A BEAT AL X AT (GIXRD) 73 #r . SR HIZEH]
UltraS5 394 H, 7~ 2 CBE (SEM) X S0 A28 182 T 5 A o
RIEFESIEATHRAL

2 HREWR

2.1 EEEEREYWHERIE

Bl 1 AR S B f ZeCo Fl Zr, g Ti, , Co ERRAE
) GIXRD 3%, MK 1 AT LAE Y, R RG0S 7E
Mo JEJiE L il 25 19 ZrCo Fll Zr, s Ti,, , Co e BEEAE A7 5
WS P14 e i 5 R iR W R AR — 3, W SR o 1 S
B (110) Ar(211) mAE K, XUl Ti B4k m
ZrCo TISA KRR ) o X HU A ) 210 3 o T A
) GIXRD &I 3% 0] A1, S0 & 38 25 1o 3% FH A%
ZxCo Fl Zry s Tiy , Co 8 JETE B BE w5 A 7 B2 1Y) o 1A 45
F, FRIRA SRR, FEBY, X5 CE[9]
i ZrCo 78 540 351 50 1) GIXRD [&l i BT J&& 30 Ay B A
—,

m Zr,,Ti, ,Co, highHe e Zr,,Ti,,Co,lowHe

0
* ZrCo, high He ¢ ZrCo, low He

| |
JiChL0) Tl % el
| )

|
e ORS  | Ju

|

*

N S |

Intensity/a.u.

*

ottt

20 30 40 50 60 70 80
26/(°)

B1 KA AL5EFZA45F ZiCo F= Zr, ,Ti, ,Co &
# GIXRD K&
Fig. 1 GIXRD patterns of ZrCo and Zr, ¢ Ti, , Co films

with low and high helium content
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Elastic ion recoil diagrams of helium in film samples with

high helium content: (a)ZrCo; (b)Zr, Ti,,Co
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ZrCo and Zr, 4 Ti, ,Co film samples: (a)low helium

content; (b)high helium content
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Fig. 5 SEM morphologies of different films with low helium

content before helium thermal desorption: (a)ZrCo;

(b)Zr, 4 Ti, ,Co
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Table 1  EDS analysis results of ZrCo and Zr, {T}, ,Co films
with low helium content
Specimens Zr Ti Co
ZrCo 40. 54 — 59. 46
Zry 5 Tiy, , Co 34.38 6.44 59.18
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Fig. 6 SEM morphologies of different films with low helium

content after helium thermal desorption: (a)ZrCo;

(b)Zr, 4 Tiy ,Co
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