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Enrichment of Tritium by Thermal Diffusion
—H,-T, and He-TH Systems——

Osamu TAKAYASU, Masatoshi TAKAGI, and
Toyosaburo TAKEUCHI

Faculty of Science, Toyama University, Gofuku, Toyama 930, Japan
(Received January 14, 1983)

It has already been shown using the H,-TH, D,-TD, and He-T, systems that the
modified Waldmann equation (M.W.E.) is available for calculating the equilibrium
separation factor ( g.) in the enrichment of tritium by a hot-wire type column or by
a cylindrical column. The M.W E. additionally includes two parameters, ¢ and b, in
the Waldmann equation which can be applied to the flat-type column.

This study is concerned with the same applicability of the equation for the H,-T,
and He-TH systems. As a result, it was shown that the M.W_E. is available also for
the enrichment of tritium in these systems. Furthermore, thermal diffusion coeffi-
cient (&) was determined by substituting theoretical ¢. calculated by the equation
into the Furry-Jones equation. The results showed the following relationship: 5=
1.26a. It became evident that the parameters of the M.W.E. are ¢=1.70+0.05, and
b=126a.
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Fig.1 Apparatus used for the enrichment of tritium

A) separation column; B) quartz-glass heater; C) gas reservoir;

D) copper oxide; E) cold trap; F) tritiated water;
G) zinc; H) circulating pump; 1) Hg-manometer;
J) sample port; K) tritium ampule; L) molecular sieves;
M) molecular sieves; N) cold trap; P) He, or H;-balloon.
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TREDL) 2KE LT 2EHMT 500ml OF R C 28T, INiE, THARER
ENBROTSNRIERSBVDT, He-Ty DBPBIIRAD Lz, He-TH 0B&ic
ETEICERY D7z, BIEAD I TH &SR HEREBOT A XADERD 75D b DT,
600°C THEMALT, ERTZKE M7y PEEROVTFICFEL SN, BHRGIXEIRL 7
MNIFOLARZEBUTHARACHZB0DbDT, 4000C THEALT:, INoDEIEDT:
DIERR Y THEKB / A—5 I % EHAL,

BERBICEIL>T, L~ —DAEERFABEL T ASB & UKBEELBD <
BT, £ =2 —%2 500°C L %55 10°Torr OFET 6 B EHER L7z b — 5 — i
HBRED 450°C LUTTHB0T, 55U 500°0C THRLTBHIEZOHWIEY 5
N5 BEIDOBEICB T 2REVADEN, 80cmHg L Lz, bt —F —2h ol nESD
RBERERL TREEBAEL %, —CRMEBCOBED L TORBRO h5 4 R %
VubFov4 70y ) YOTHRRL, INS BN BRAEAMEOTORY T 4 4
Rz7av b7 7T, 53R 6 % TH->72, »F Ll2iz Yanaco Hydro Iso
Pack 2R BECHEAL .,

T I NENB®OA AT ZVAD Db DEBED A Ly 7 AF T AT ¥ 7z
A, TOFD1 222D F > Auviz, Heid TH 3RO X 3 12 LTER. ¥, B
# 50cmHg > He ##BA L%, 7> 7VK45%E -7 T, 2ZOHCANT, 20T, %
BALSIC & D AR 2 T t, HSATHMELT TH 287, CASORISIIZS 7 A BEE
DHEDKNEG LI L EZ2 605, Ho 8L U He 3HRDO 0 %, BHEERTHH N
b7y 7INE, BRICBHISALZ TV F 253 —72A4AM) 2 BLTBRL T» 5> H
Wiz, RO AADTOBRES & CRMELRKRD &> Tho7, He-T, OF T3

T./H,=2.5x1077, . (1)

TH/T;=1 . 2)
TH-7, He-TH 0% Ti

TH/He=8.5x10°¢ .. 3)

T, H: BIU T, B R0~ 5 7BLU5Y AR 70~ N7 TRBRETER
»otz,

EBRER

WTNORDBE bBROBE 2 H T T 510053 LN THBEBRE I FECZL 72,
BREOHIEX?2,3,4 1277, H2,313 HrT: ORICDOWTTH 2, T, 388 FTLic @
MLIe COEMBLUTHICH T2 T OFHcB I 2E, CBLUC, #FR1ITRL
720 300°C DFE (K 3) 2 b BIIFERICE S 2%, BEOEBRICO>NT T iz T L
YA T B, Zhnr iz THBIMT 5, L Lasss, REMcBIT2 C/C Tk
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Fig.2 Enrichment of tritium in the mixture Fig.3 Enrichment of tritium in the mixture

of H,-T.. of Hy-T,.
Each sample was taken out of the Each sample was taken out of the
bottom (square symbols) or of the bottom (square symbols) or of the
top (circle symbols). (O, 1) Tz, (@, top (circle symbols). (O,[0) T., (@,
W) TH, 4 =15.0mm; H.T.=250°C, W) TH, (A) ge of T;, (A)ge of

TH, 4 =15.0mm; H.T.=300°C.
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>8R ] Fig.4 Enrichment of tritium in the mixture

of He-TH.

Each sample was taken out of the

cpm/

bottom (square symbols) or of the

Radioactivit
(8]

top (circle symbols). d =15.0mm;
H.T.=250°C.

0 200 400 600
Time (min.)
b G gir T, TH L ICEEAE»DORV, Lo T, IDqg% g LT
Whthko7z, 2O &I RBRIF 350°0C ODHFFICHASN, K413 HeTH oFRic>
WTThb, TOBBRREOROBE LRI TH 3 EHBFEL Twb, 2OLHK
LTEONCBIVC BV 2 Lo TRLIIECRL, £ ¢ Dt —5 —REK
FHEEMES, 61T Y. Hr-T, % (E5) Tk, ZOREEHTIE, geid d 2t 15.0,
9.6, 20.0mm DJEIZ/NEL LD, FLEEVEOIEFEKRE L, 15.0mm350°C Tt g i3
BIZHET S, BRIHEABETH D EBLEOHETHAT 5, He-TH 0% (M6) Tid ge i3

AWBEOSERTL2ATL Ebd ThS L,
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Table.l Radioactivities of tritium at the bottom and at the top of the columns in
equilibrium state, and their ratios (ge)

system | Column Radioactivities (cpm/30.¢)
d Temperatur of the heater (°C)
(mm) 200 250 300 350 400 450
H-T, 9.6 (bottom) 6540 7170 — — — —
(top) 615 327 — — — —
(ge) 10.6 22.0 27.7 305 — —
15.0 (bottom) | 15530 18940  — — — —
(top) 972 656 — — — —
(qe) 16.0 28.9 46.3 739 — —
20.0 (bottom) 3550 4050 — — — —
(top) 653 483 — — — —
(ge) 5.44 8.38 12.9 192 — —
He-TH 11.7 (bottom) 9830 9710 8850 10530 9270 9220
(top) 10420 10420 9490 11940 10490 10670
(ge) 1.06 1.07 1.07 1.13 1.13 1.16
15.0 (bottom) 854 929 1020 938 863 726
(top) 932 1080 1150 1110 989 835
(ge) 1.09 1.16 1.13 1.18 1.15 1.15
20.0 (bottom) | 10620 9950 9420 9590 10410 9450
(top) 11250 10620 10180 10630 11040 10550
(ge) 1.06 1.07 1.08 1.11 1.06 1.12
% =

ARRACSBOKBENEET 52 LR E{HMONATVRE, M3IZASNS 300°C
Bricsis T. 0P8+ U TH ORI OREABEL T, t OFBRKIEIC L 2
DEEZBIEBTES, Scott 5% 1z LhiF, SiO, LOABEE L D, & OXHK S
300°C LAETHE S, AEBRTH 250°C TR T DBWARIELALE DS o 77,

MW R z@)RRwT,

ge=exp(w/H® . (4)
T, h3BEORHRETHY, H* 3G)IRXTEb SIS,
*_&1”(%)6

- 3

1)
22T, Tot aTznhzh HT. & CT. OFHOREEEZ L THD, d* ZFHRES
BECBI2dORBEETTEINIBTORTEDINS,

e=ifgp R To'p,
d*=3/610- 2Dy (6)

H d (5)
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Fig.6 The temperature dependence of

Temp.{°C)

Fig5 The temperature dependence of

experimental g, (—) and theoreti-

experimental ¢, and theoretical g, in

cal go (———) in H,-Ty; (a) d= He-TH; ((1,—-—) d=117mm, (O
9.6mm, (b)d=15.0mm, (¢c) d= ——) d=150mm, (A——--) d=
20.0mm. 20.0mm.

Z > T, RBGHEES, CREHOIEE, PIIBETADOES, DIZBE T o8 54k

BUEE, 713 To X B BMMERET, v BORATRDLEN S,
u=MX,+M,(1-X,)

T, MiBEUM, BEEVADERSOHTFETHY, Xi M ODEVFERTH %,

WRD g NEFNER R D L HI LD ak b 2RI, AL, HEICH I HBREE

Table.2 Calculated values of a and b
system H,-T, He-TH D,-TD H,-TH He-T,
a 1.70 1.70 1.75 1.75 1.65
+0.05 +0.05 +0.05 +0.05 +0.05
b 0.234 0.0075 0.07 0.14 0.148
+0.002 +0.0002 +0.05 +0.05 +0.002
Table.3 Calculated values of d*(mm)
temp. (°C) H,-T, He-TH D,-TD H,-TH He-T,
200 15.1 17.6 13.2 15.8 15.9
250 15.3 17.8 13.3 16.0 16.1
300 15.5 18.3 13.6 16.3 16.4
350 15.7 18.6 14.0 16.3 16.6
400 16.3 19.5 14.4 17.2 17.3
450 16.8 20.2 14.8 17.7 17.9
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HERBRIXBRE "2 oNZ 2B L > TR, BoNlza b bDOERR2ETT,
BEDLDIZMORDODE R LI, £ IDL3 L TRD SNz ¢ DERER T T2
X5 X6 HZETRLE, SHRMTBIUREEID g DHERBEEL d/d* L DR
2 OEAELEDRLE, ERO 4 2RICTT, ZhoDHbSHELLR LI
EHE:EZAETL O —HERLTWS, HeHT OR Tt . 2 bD T/ wizofl
EREVREVEEIOND, 72, ¢ DERIZIN d* DIUBDHB/EITEL SN, D
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Fig.7 Dependence of theoretical 4. and

oL

experimental g, on d/d* in H,T,.
The heater temperatures in the case
of theoretical ¢. were; (a) 200°C, (b)
250°C, (c) 300°C, (d) 350°C; in the
case of experimental g, were the

same as in figure 5.
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Fig.9 The relationship between « and &.
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d/d*

Fig.8 Dependence of theoretical g, and
experimental g, on d/d* in He-TH.
The heater temperatures in the case
of theoretical qe were;(a)200°C, (b)
250°C, (c) 300° C, (d) 350°C, (e) 400° C,
(f) 450°C; in the case of experimen-
tal g. were the same as in figure 6.
ZERMORTORBETH -7, Zhida
PHUTHORZBWTHL.0THB I LI L
525DTH5, biZqeDKRKERRDLDIFE
K&V, LLEX D, FHFEICHAV 2 D20%K
b MW K2 HEHTE 3 LERL T,
ge DEFRIE% AT Furry-Jones '?
DB A Ra 2Rz, HLAWRRIZ
XHR (12) DK (100)~(108) TH %, Z DR’
BIT 5701, t—F — LA EOBEED
2. TUTTHB I L BQETHB, #h

W, HECPLER g L T2, MWRHXhoRDSNB3 DT, d<3mm OHWEO LD %
Hwle, ZOE3RLTROON: a DEERLCT T, e BRI EI-THELLI RS
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B, E—F—BEOLRVICIIERFLALAONE Y, 2D a kb tOEFEERIIC
Tt a b biIEHTROVERBEETL, Q)X a TEUTE 2,

b=1.26c e (8)
L7z T, MWHDa & bid a=1.70, b=1.260 TH5 LHERTE 7,

Table.4 Thermal diffusion coefficients obtained from Furry-Jones equation
using the theoretical g. derived from the modified Waldmann

equation.
temp. (°C) H,-T, He-TH D,-TD H,-TH He-T,
200 0.2921 0.0093 0.0874 0.1748 0.1847
250 0.2934 0.0094 0.0878 0.1755 0.1855
300 0.2946 0.0094 0.0881 0.1763 0.1863
350 0.2959 0.0094 0.0885 0.1770 0.1871
400 0.2971 0.0095 0.0889 0.1777 0.1879
450 0.2982 0.0095 0.0892 0.1784 0.1886
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