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A: dry pump; B: molecular pump; C: gasholder; D and F:
vacuum gauge; E: sample heating reactor connected position;

G: Zr-Co storage bed of deuterium; 1#~10#: valve
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Fig.1 Diagram of thin foil hydrogen storage system
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g8, WK 2 iR, REIVIGT SESERT 110° Pa,
I 58 G0 38 3o A o 0 R PR L P A R B T AR B, I
Wi E S = LN, @R ST, 3T EE S
MrigfE. H, RE 6 Nmkdr, WELMEARXIHE
8 293~1200 K, FHii# % 10 K/min (0.1667 KI/s).
SRR E S B FREEE S T LEiLT.

2 HERESH

2.1 ARRBRSRMNRRE
FI & T8 R G0N B0 % 7 028 AR B AR S AR A T
T2, Ti BRI RE D LA, FATE I R A ik 4k A
AR RAARTE 773 K A BRI AR5
8 FH 8 it U B AT IR KSR R AR E, A
SIS A i &R AL 3R A S, T 3 B s &b
AW, B KEE N 923 K, MFEEN TT3K.
B3 oNHI R EIE (D ARERFE fh
i i} Olympus SZ61TR &AL & HE:, 4 7 FE 5
fE AT G TS AR L . B 4 NJOK 300 3% 5 FORE
KM, B da ARRAMAES, B 4b NRANE
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1: mass spectrometer; 2: full range pressure gauge (107-1.33%10° Pa);
3: industrial PC; 4 : data lines; 5: sample quartz tube;
6: heating furnace; P;: big pipe (100 mL); P,: molecular pump;

P3: mechanical dry pump
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Fig.2 Diagram of TDS system
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B3 & D AEkFE s
Fig.3 TiH.Dy samples

Kl 4 BRFE M R ERTEXTH
Fig.4 Comparison of Ti sample before (a) and after (b)

charging the hydrogen

KA IR K TE A, KR R TIE S, &
T 6 Ha NEUUR &SRR, Hd 1~4 4R
AR 2R BB B BT AT, 5. 6 412 FSRkTE
WOt S 77 %1 (laser-induced breakdown spectroscopy,
LIBS) 1 73 # R & ST R & & o iR R v S
WA RN R & &, FEa R EIUR 7 3R 1,
[F] B 1) 26 7 e i FR SO A A BB . o,
R GE I N 88 B AR 248.0 mL, KR T E =D
£ (5010) %78 Bl Y .

F1 THDO#HRHEFHE

Table 1 Atomic composition of TiH,Dy samples

No. conte-;It/at% contelr_:t/at% conteﬁt/at% AP/kPa  Use
1 45.4820.24  9.2940.07 45.2334.34 59.5 TDS
2 48.25#0.26 15.53#0.12  36.2240.28 52.9 TDS
3 53.08#0.31 23.46#.19  23.4640.19 41.4 TDS
4 40.3640.20 41.75#0.31  17.8940.13 70.1 TDS
5 45.87.25 5.4140.04 48.7240.38 54.3 LIBS
6 40.99#0.21 53.11#0.40 5.9040.04 67.5 LIBS

2.2 IS

IR R EHT S AL T T XRD R, WA
TRERE, BRI G R A R A R A R R T A
ER. H, SREMATH M (20)VE N 20290 R4
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G (PDF#44-1294, =S [A17 P63/mmc(194)) BN AHFF
F AT A I XRD B3 (] 5 il £8) 5 TiH, s 11
PrifE T (PDF#78-2216, 75 (Al B Fm-3m(225)) BN HE T,
TSR I AR RST R R, UK . TS N
J5, 40.971°F1 59.330 74 b B T ¥ )&, 430l
5 TiHy 5 [11(200) . (220) & i b (g A8 % B2, H. Ti £f &
F)(100) & T X 97 1 (20=35.093<, 5 TiHy 5 A (111) &
Xof AT S AR B BB AT ) R i B R i, (H RO ER )
b [ (101)(20=40.170 9% A K AHEALAL, T TiH s FEEL
B[] & T 4 (111)(26=35.2859, 15t B B Th 78 N S
s, ARRRBBMARE, A —H 5 dAs& ) 234l
ERIIEERY,  #T0 J5 B i RRAE AT 5 06 e 44K R0 TiH/D s
T S Ve 2 LU A B DT G, R R AEAT T WAL, A
K 853 A1 B B ST ) R B A% R TiH/D s e 45 A4 4H.
F o 4§ FH Jade5.0 Xt df s S B AT UL, BT A AE 2
Hrol s, A AR — 8 AEEKAT TiH/Dys (1 & AH,
S RIEET Ti SAH R AN TIH/D s A N 1S S50
HAERH T 2.

TR REY, 2 HEAELF TiH/D s 18 F
gy, FFY ks S8 S R R IE I bR AE PDF -~ A (1) &
WSRO L, ZERAK, Ti B 7S J5  &R, TiH/D, 5
() b RS5O T i &R o LA TiH/Dys MR A, SEBR
51 % S B bR dE PDF R A i 0 80E 2 800 K,

. TiHosDo5
TiHys [ ) TiHys
i| TiH; 5 Ti TiHs g Tity ) Ti

—Ti

]

M

—— TiH, ;-PDF#78-2216
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Fig.5 XRD patterns of different titanium samples
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Table 2 Calculation results of unit cell parameters of pure Ti and TiH/D; 5
Crystal phase Lattice parameter a/ X 0.1 nm b/X0.1 nm ¢/X0.1 nm al(9 BIY (9
) Powder diffraction file (PDF#44-1294) 2.9505 2.9505 4.6826 90 90 120
m Calculating result 2.9345 2.9345 4.6288 90 90 120
TiH/Dyc Powder diffraction file (PDF#78-2216) 4.4020 4.4020 4.4020 90 90 90
Calculating result 4.4774 44774 4.4774 90 90 90

XFE T A AE—, SEURE R AR, DR
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6.00

H ion current
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4.00-

2.00r
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0 00400 600 800 1000

Temperature/K

6 ST AR B
Fig.6 Diagram of hydrogen & deuterium TDS
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TDS RIEF A5 F X 3, EIMICEMIR PR
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Fig.7 Relationships between leakage rate of hydrogen (a) and deuterium (b) and ion current intensity
#3 TDSHERESEMKE L
Table 3 Comparison of TDS calculated and pressure drop (PD) contents
N H content/at% D content/at%
0.
PD TDS Dif PD TDS Dif

1 9.29 8.87 0.42 45.23 43.99 1.24
2 15.52 11.12 4.40 36.22 32.93 3.29
3 25.11 21.96 3.15 25.11 25.07 0.04
4 41.75 37.70 4.05 17.89 22.95 5.06

Note: PD-pressure drop content; TDS-content obtained by TDS; Dif-difference between TDS calculated contents and PD contents
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Quantitative Analysis of Hydrogen Isotopes in Titanium Using Thermal Desorption
Spectroscopy

Xing Yubo'?, Ji Fuhao?, Yang Ruizhu?, Yang Zhen®, Ye Xiaoqiu®
(1. Sino-French Institute of Nuclear Engineering and Technology, Sun Yat-sen University, Zhuhai 519082, China)
(2. Science and Technology on Surface Physics and Chemistry Laboratory, Mianyang 621908, China)

Abstract: Titanium hydrogenated/deuteride samples with different hydrogen and deuterium contents were successfully prepared by
optimizing the hydrogen absorption process of titanium. Combined with XRD analysis, the crystal structure changes of titanium before and
after hydrogen absorption were given. Using thermal desorption spectroscopy (TDS) technology developed by our research group, the ion
current signal intensity of the mass spectrometer was calibrated by a standard leakage, and the quantitative analysis of the amount of
hydrogen isotope desorption in titanium was realized. The absolute error between the TDS measurement result and the pressure-volume
method measurement value is less than 6%. The total contents of hydrogen and deuterium desorbed in the sample were calculated. The
results provide a useful reference for the accurate measurement of hydrogen isotope content in materials in the field of hydrogen energy,
nuclear energy and nuclear technology.
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