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Absolute Determination of Tritium Amount

by Highly Sensitive Calorimeter
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From viewpoint of establishment of a standard system to determine the absolute amount

and/or concentration of high-level tritium which is used as fuel of a future fusion reactor and
one of radioactive materials, the applicability of a specially designed twin type conduction
calorimeter has been examined at the tritium handling facility in Hydrogen Isotope Research

Center, University of Toyama. Two examples of the examinations were shown: one is the

measurement of a given amount of tritium stored in ZrNi alloy powder, and the other is the

measurement of tritiated water. Both examinations gave enough results as a standard device. It

was seen, therefore, that the present calorimeter has high potential for measurements of the

absolute amount of tritium. Furthermore, an example that the present calorimeter was applied

to nondestructive measurement of the amount of tritium in a glass ampoule was described.
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Table 1 Summary of physical properties of tritium.

Physical Properties Values

Decay Scheme 3H—> 3He + B~ +¥

Mass of 3H 3.01604927
Maximum Energy of -rays | 18.59 keV
Average Energy of 3-rays 5.70 keV

Mode Energy of p-rays 2.50 keV

Total Energy of B-rays 33.8 mW/Ci
Half-life 12.32y (4500 d)
Decay Constant 1.783x10° s

Specific Activity 2.146 PBg/mol
Maximum Range of -rays | ca. 6 um in water
Recoil Energy of He 34eV

lonization Energy of 3H 15.5eV
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~ H—He+e +v +Q
< Maximum Energy: 18.59 keV
> 08 Average Energy: 5.70 keV
= Max Intensity: 2.50 keV
] Total Energy: 33.8 uW/Ci
o 06} B
R=
T o4l ]
N
=
g o2} _
5
4
0.0 L 1 L 1
0 2 4 6 8 10 12 14 16 18
Energy of B-particles, E / keV
Fig.1 Energy spectrum of B-rays emitted from tritium

nuclei.
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Fig.2 A Cross-sectional view of the highly sensitive

calorimeter.

B Et O % Fig.2 | R T o ABLmEFHI A F AN s e
FICh b, BRIV EBE YO & BRI L
THHEDEEZEZWET 2N Th b, MPOmELLE
HIET 57201218, YHEROTEZ I X 5B % e R
DGR L 2 TR % 52\, ZO7208EEHE, 2eXUER
TSR EZEIRRE F CHEXTHE . A 7 &~ L A RO FZRE5 45
ERRE L, ZOPIZEAEFIARZ PO L 72 ZE O W2 s
THR TS, 4B, BEEAREONT S B2 TE %
LI B DOBEOEGFIADE DT SN TN 5,

SRV R OB IVIE, AT VL ABLE AN O
ZEHERMDH LR ETRENTE L L)12, MVEEEL
CHTHY TS bHiEE hoTwb, 72, Z0O8E
B & OFOGEAN & 2508 % /NRIZT 729, Bumst
OB 7D 70y 7 TEEEE AR
EE o TWnh,

JEEAR & L TlE 254 I DB HNES e S izt
—EEV 2= VLIV ELT—DE FICREINTBY,
A —FET 2 —VOBEITS2mV K 1 CThb, MDY
—EE Y 2= )V THIE SN REZE O IS B E RN
I S 72 AR 2 0l L CRTE DR £ THEiR S
%o HIESEORHEZ0.1 pV TH L DOT, BAIZIF2 x
10 6 KOIRMEAELAPETE L HI %5, T/, BEitok
EHR ST 572012, kL y—sMiloEMICIZ e
=y =L LR YT DBEIN TN D, Re—F—D
HHifE1£100.0 +0.1 QTH 5,

—

4.2 EFHEFE IV T 2 RKIEREE

REERH v & LT, BURH L ORI 2V A58 e &
NTW5b, MEOLVOME, HELVERIIRLELDT
ENENOLNNITT HRIEMFEAER SN TV 5, —B
L LT, Fig3127 )V 3 = A GO BURSEH VxS
T ARIEMMRZ 7R BAEMMR A BT B2, ATl
A% B lE O 720 OB ERGUE 2 2V IS A L TFT



12

T T T T T T T
Equipped with solid cells
0L (Under vacuum: <0.01 Pa)

Output, Eou / UV
o

Input, Qin / UW

Fig.3 Calibration curve for solid sample measurements.
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Fig.4

Photograph of a vacuum device for storage-supply
of tritium gas.
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Fig.5 Change in the output with time. Both of the

sample and reference cells were separated from
each cell holder.
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Fig.6 Change in the output with time. Both of the
sample and reference cells were put on each
cell holder.

F AOWEICHEATE S, BIZIE, MUTTLKRDE
BRI, Y, WY v FL—var vy s —%FH
T 5, ZOHIEREEOIMEILKE - NBS L W FFEs T
B BEANREE ORHE 1) 77 LKICH > TW B DODFEETH
bo CORRRIRPUIEEA, RBEFNI LS ) T 7 LKD
HEZ ATz, B F 7 LREE AT B V238
(R Z B L OB 2 R Lz, B, fiekED
FG % BT 5 72002, SRS REA Y X2l 72,
WARH 2 VST 2O E (B L, ok » 7L
=T arhyry —CgEEN R S17246.0 £0.5 MBq
cm 3D M) F I LKEBIVIZ20 em3 B A L CEGIE 247
o572 TORER, M) F 7 LKOUEEEIZ45.2 £2.0 MBq
cm 3 ERD SN, WEIIMD TR —F L7,

6. ICHfI

AREFHIRNRED M) F 7 LAPHA SN TVD L)
RRLMETEETH D, MU F T LOFMFEIE LT, b
UF o hb@mRE #ESEL 2 LI2LY, KBy
THCTH UMM FET 2D D%EL T LHFTE S, B
ZAE, WEE ST O S B BRET O TR D S o
HAE, HHEEOBEIRFTCZ OO b OHRFTEIN T D &
) THbo

BAERT, 772 —=HELTHRy MFEEEN TV b
UFILTARNYT T ATV TID ) F 7 LEOFHK
BEIEDP ST 250 5o NI EDAERRNT 5,
MEDOH T AT v T IVONHIIIEHM PSR ENTBD,
il 2 DFENAOAH D L) ITHMIC T RS R EN T D,
MREIZ AT AT v TVHD b)) F 7 LED EORE R D
LWV HRTH o7z, AR LH1E, MU F 7L



1.55 1 T T T

Log(Radioactivity, A / GBq)

1.35L 1 1 1
500 1000 1500

Elapsed time, ¢ / day

Fig.7 Change in the amount of tritium absorbed in
the ZrNi alloy powders with time. The tritium-
absorbed powders were perfectly enclosed in a

glass ampoule.
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Fig.8 An example of the X-ray spectra observed for

tritium-loaded glass ampoules.
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