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AIlS'l'IlACT
'!'be researches of t.he.rm:ractivated tritilD generaticn is ca:dJcted, ari

sing at high -.ature in ...tats interactl.ng odth~ isot.c<» and
the nature of this generation is di.soovered. The researches are <XJDWcted
em. saaplez of i.roo and its alloys as well as al saaples of titanilD and ni
obiUlD at interaction. basically, with ardinaJ::y J:urdrogIen. It is estab1isJvorl,
tJ:ra:t- the sbart-tem lursts of tritilD gw:nerati.<n, arising at interactioo. of
_'-' isotops in Ilhicb is iJlmersed. prev:ioosly boated uP metal .-le.
are 0 '1I~"ted 'lrlth Cll.Jtprt. tritiLWII, early am-dated. 0Iring of effects i.so
tops.

1. IN'l1tlXCl'lCN
In [ 1.2 ] _ shcMn. that the """",t triti... flail metals is poosible

.oot cnly at effect of accelerated i<ns. bIt also in media of deuterium and
ardina%y~ (protl... + 0.015 " deutori...) at themaJ. act.ivatioo. The
se exper1.ments have revealed tile coop1ex kinetic of trltiLD acomdatioo. in
the plasma-forming gas. eYeD at use. as active media. ordinary hYdrogen en
ly. At CCIIPflrable total acomdated of tri:ti.l.D. in OXJditioos of tbena1

act.ivatioo. reglstered the eenezat;ioo rate could he ....., greater (wi"_wi1

a:t!5). for reascn of sb:>rt. t:i.Jre (9.25-5.u.rt.es) [ 2 ]. In simjlar~
nert.s was received the exp:n:::ntial iIK:reasing of trit.i.t.- ~oo rate
'gerSU5~. depmrIen:e an :n:dx:tien of the trl:t:i.um gae:taLi.al rate
versus pressure of gas and is slam. that opt.i..- en t.ri.titn. ~atien ra
te have Ie X dwteri.an. for IIIixes~ is in regioo..

The present lK>rlt is devoted to stn:Iy of tritiu:n generat.i.oo.. arising at
trermal activation in m.:rtal scmples at effect of~ i..sc:Jt.£:p:; and de
termina:ti.oo. the natm:e for tritiom generated en various st.ages of experi
ment.

2.~ DESIGN AND m:x:EIJJRK
In <pality of the first .s..anples far DeR' t,eclniques used large, the 001

low cyl inder of alloy Fe--Cr-Ki-Ti (71-18-10-1). weight about 10 kg aDd area

oj' surface aJxx.t 2 m
2

(fig. 1).
'The.sa:ple 1 have placei is ooarial in the vacuA'll cbari'er 3 w.i.th water

cxxiling 4. The saJPle 1 heated up with help .resi..sti.ve heater 2 of ao1ybie
D.JIIl 'Hi.J:e. wi.th capacity of stJHUy to 5 KN _ '!be «:haniber 1 IK\S cooled by va
ter for protecti.oo of elastic benuetically seales £rem aver-l:ea:ti.ng. 1he
-.ature oj' .-le. clJrlng pre.llmInary boating. reacI>erl fmJ K. The expe
riment caxbcted as failORS. In the beginnjng the AOrld.ng dallier was lUll?
cut. the ~le heated up to giveil te:uparature and have a::nclJcted it

out-gasing at pressure P < W Pa. OOrJng 1-2 h. Then in cha>iler filled the

~ to pressure (5 - 00)' W Pa and uaintained the definite time (0.1
S3 h). Further the hyd,rogeo IUIP out in .rul::iJer wIlDe far subsEquent blr
.ni.ng, preparatim of tests 5K'ter and aoalys:is by- llq.rld. scintillatico met
hod. Far e.xperimeots used mixture of i..sotops Kith uO'JPntraticn £raD 0.015
" deoteri... in protl... (ardina%y~) to 95 " deuteri... and 5 " proti
lD (tecbnj cal deuterllD) . 'Ihe JD9IBSl1raIIeI1t of cx:oteots tritilD in plas-
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lIB-fondDg gas 1ODlI::;pede en fnlfj 1100 progran with error was not ex.ceed~ %

[1-3J.
For develO(llellt of ~act1vatioo teclniqJe ioside to ~le of al

loy Fe-Cr-Ni-Ti (71-llHIHl had dispJ""""""t _ """~e oJ: _lcal

hen ( C< 0.1 Xl sbes 2 x 2l1I!l x J:Mil _. the Fe ~e.... displ"",->t
coaxial to ~e oJ: alloy Fe-Cr-Hi-Ti (71-llH~Il. .... heated up by stra
ight miss of electric anTeIJt to t.eIlparat1.lre 7~ K aDd. acbJal.ly, it was as
additional heater for .-I.e oJ: alloy Fe-Cr-Hi-Ti (71-16-~ll. For""-'"
qJent re:searche:s at t:eDperatures to a:e K 5aq;)le of Fe was D8de as zi gzag,
and after _ """t'le oJ: alloy Fe-Cr-Ni-Ti (71-16-~ll """ .......".,.j :fraD
cbaaOer of the installatim. Si.ilarly the De5l saaple 'ASS then made of al
loy Fe-Cr-Ni-Ti (71-16-~1l. ooosisting :fraD plates oJ: thickness about 0,5
_, which Here .set uP in secti.oo :from 3 to 6 pieces. The si.:z.e of ale piece

was~ 0.5 x 2J20 x l.flIlIii -.D. n.e ..xi.,l t.eIq;lemture of such ~e zoe
acbed ~ K. at rolling uP i1:.5 in 5Piral. could be within the limits of
lll!lH2l1I!l K. On described .-I..", _ experiments were O<JDll.d,ed, basical
lY. at short-term Plo::ess1s. n.e hvdro8en. deuteriLD or tbei.r mixes filled
.in chwier. Jrith heated uP to AQrldng t.eIIIllera1llre saaple, and then. <Xft"'j.js
tently. selected the t.ests of gas as at Slritched off. as at included bea
ting of sarcple. 1be part of 51mtlar experiments oooWcted in tbe.J:Do-.cJrcles
regime (about 10 e>cl.",l. with period=< oJ: heating and ax>ling to ~
tens of minutes.

3.~

'!be rate oJ: .-I.es onoI.ing oJ: Fe and alloy Fe-Cr-Ni-Ti (71-16-~ll af
__ filled oJ:~ and swit.c:hing-<>ff oJ: heating :in <x>arla] _t
ry was great sufficieo:tly aod it had ("O)1ing in dlratioo. ab:lut 0.5 b to ro
cm~.

'!'be scbedldes far dependeoce of gas test activity 00 trlti18 versus ti.
... , after heating oJ: """t'le :in~ media as Hell as afteIwards filled

Fig. 1. '!be scheme oJ: _tal installation for _ triti...
geoeratiat by themal activatial.

l-~e; 2-res.i.stive heater; 3 ...d .....er; 4-ooals of .,hahner .
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of hydrogen in t"baniP.r with heated up saaple and SI!'t:rzeqJellt SRitddne--off
_tiIlg, are shoom en ¥.Ig. 2. It is visible, t1Bt tile activit;.- """""'" tile
maxinn d.tri..ng 15--m 5 and then slowly drops. 1bJs appreciably, that hea
ting of ~I... toiletbe!' Aith~ (¥.Ig. 2; 4,5,6) ...... auch aore 1...
ser the level of activity 00. size, in o::apa.risco Jdth preliminary beating
of sallPles in vaaun (Fig. 2; 1.2.3). It is possible it happened b'X:8U5e
of DDre low tellpera:ture of salQ?les. achievable Wri.ng beating ( determineti
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Fig. 2. 'l'be dep=sdes'!Ie of gas activity tests .for bJdroeeo ver.5U5
tiE., far various ted.,d~of beating 5a11(U.e. 1.2,3- preliminary beating
of sample in vaclUD; 4.5,&- beats of semple together with h:Pdroeen.

'l'beao-cycles of saDI)1es has allowed to establ ish. that the .increase of
_ activit;.- ba~ not at tile time of _tiIlg, hIt in Wri.ng oooling of

incn>osed _trtransfer of~ en =- of cnoling).
1be 1:nrl-cal <1et....\ew.:e of b:vdroeen. activity ve:rsus t.t.a of~t is

shoom en ¥.Ig. 3. Appreciabl;y, t1Bt _ting of __Ie to tesI(>er.lt=e about
850 K in vao.uD with calStant detectioo of activity. does DOt result in
sirJlificant tritium ouqut frcm sanple. and cm1y a:ft.eNards filled of hyd
rogen in cbanber the activity was.1ncrea5ed nearly 00. three order. Follows
to pay attentioo.. that for sribsEqleOt aa h the activit¥ has dec:rease.d in 7
time.
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Fig. 5. The depeOOence of aatirit¥ for~ tests versus tlme. 00
varlcus stages of ex.per:1.meut ( 5ClIlPle: Fe-zigzag).

1-teoperature; 2-pre55Ure; 3-actirit¥.

--

~es (Fig. 4). It is naturaly .far saII(l1es o£ all0J'5 I'e-Cr-Ni-Ti
(71-1&-10-1), as in its tho solubilil¥ of~ at ndJctioo of -=
bJre was decl:eases.

The results the DDSt of characterist:i.c e.xper:iments em tritilD geoeratioo
are a&JUt'SJ in Tab. 1_

0.5 1 1,5 2
Time, h.

Fig. 4. The ci>ange of -.ature for ~e aod~ actirit¥ at
~... (,..,Ie' Fe-all"" Fe-Q--Ni-Ti (71-1&-10-1».

I-tellIJera:tnre; 2-pre55Ure; 3-acti.vi1¥.

The sanples Abich was made as zigzag and rolling uP in spiral have .reve
aled, that after bJrst of activity the recessim happens faster with heated
up salllUe. Al..ready m Fig. 5 appreciably, that the reoessim o£ activity
happened Is ""'" shim> at increase of _ting dlratioo for SllII(>1e witb bI>d
~.

It is zepeating of t.benro-cycles has sheAD, that the tritilD generatian
.ne det::etd:s £rem the bydrcgen pressure 10 '~""er. than fraD CJ,JaIltity aod
parameters t.benro-cycles. 'DIe.-:tJarity of experbleots dfya-'SLtated the .inc
rease of tritiu:a geoeratial rate, at short-term prtXe5Sis, with reclJctioo.
of~ pre55Ure in _.r (Fig. 6).

ICCF-7



-
1

323

ICCF-7
i • • ~ 0 , i • •

-u..1Iw&"li-r

3

Specific
triti...
generation
rate

4
10

f

Tire Time
of of
heat pro-

ces
sis

6
10

A K h h Pa3I Pul/ Atomls At/s' g A~S'
10 1008 em

Cur- Tem
rent pe
of re
heattu-

re

20 30
Pressure. Il000 Pa.

Fig. 6. The depenienoe of tritilD generation rate V'er..'5US pressure
of _. at tilerm:>-<:)cles (....,.,J.eoFe-all.Fe-<:NIi-Ti(71-18-l0-1)).

HI3.ll2.97; 2-11.ll2.97; 3-11.03.97; 4-17.03.97.

Table 1.
The char<cleristic results of experiJoeuts an tzitmD~.

with ordinal:y 111lx of _ isatqpo; as active media. for """ ~les

Ma
te
ri
al

seqlle...rt. decrease of activity happens toore slowly, brt can be significant en
size ax! """,Jgh fast (lDiJute. hlurs) at saople heated up. n..... features
for interacticn of b;ydrogen~ with heated uP metal. 5aq)le can render
the influence 00. final :results of experiJoeuts. esprial1y shlrt-t.erm cnes.
Suc:b. effect can be useful to use for d::JArrtm:n of initial tritium «, •• e 'lza
ticn in the 5alP1e at loog-1:.el:m e;xperiments. Then can:y cut it is prenQlS
ly cne or sane filled of byd:rogen 00. b:rt. SCIlPles vith~ ro:t:pm
ping.

.
S 8
'" 10 1---..301

4. DIsaES100
Found out by us. tl>e effect of short-tenD output triti... fran heated up

sat'lPle at interactim with hvdn:lseo and deuteri.lD iDterest1ng l¥ theme._t tl>e tuIe of _t for main~10' is ..,.." saal.l (15-30 5). The sub-

Fe 1200 1020 0.4 0.035 H 30 1398 2.6·1~ 8.1·1~~ 6.5·10~
Fe 1200 1020 0.3 0.02 H 30 1758 6.7·~u- 2.1·lu4 1.6'104Fe 1300 990 0.3 0.1 H 10 884 6'10 1.9'10 1.4'10

All. 1200 850 14 - H 68 3502 6.5·1~ 3.3'10: 3.2'10:
All. 1350 870 3 0.1 H 30 3913 3.4·lu- 2.1'10 2.1'10

Ti 1190 1370 0.2 2.5 H 90 1092 3.8'107 2.3'105 2.6'104

Db 1300 1370 0.2 13.5 H 79 332 2.2'105 1.4'103 4.7'102
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'lbe tritiLDD a.rtput for sanples of i..rco and alloys as stainless steel 'Rag

observed at doRntum of t.euperature. that, obviously, is o.mected with
decrease of bYtlrogen solubility (Fig. 4). For hydridefoJ:ming of metals and
alloys the rebJm. depeJdenoe sb:uld be observed and tritiLD fran s.auples
should 1...... when heatinli.

The researches have sboom. that tile new ....,les. early not take part in
experiments CIl trltiu:u geoeratioo. had ertOIJgb the low sbort-tem actl:vi'tY
(Tab.I). ohich. thereto in me course decreased. This fact. as well as that
the tritillD g8'leratial rate was inc:zeasoJ at reBJcticn of~~
(Fig. 6) aod. practI.cally. did not depad £rem tile tbe.rDx>-<:ycles ____
ters. yes and tendency of short-tem activity (Fig. 2. 5) in iiJe oour5e to
decrease nearly to initial ocmditiro (at heated up ....,le). unequivocally
prove the un:nlClear nature of opn:d phencsneryxL. It is t.b15 poss1hl.e to
ooocl.ude. that the effect; soort-tezm of activi1;y change for !lYdro<Ien 100
taps. at. their inte:ract.ioos with heated uP metals. beoce. ard iD::rease ac
tivi.1¥ (trl:tilD geteLation). is C... lwocted with outprt. early BQClImJlated of
trit:i.tm fiaD salPle sod snbseqrlA'lt its absoxpti..co in the same 5Cq)le and
~ sJrlaces of installatiro. Qbrlwsly. aJCh bebavi.oor of triti
... is ....e:ted with~ displaing of isat.q>s effect;. :fUed in [ 4 ].

(h all visibili1;y. _ of activi1;y in results by O.ReilenscDoal.ler is
O"e..~ just w.i:th tran3fusicn of trltiUD fraI ~e in envi.raDental at
IIIC5(>bere aod back. at changes of ~ture [ 5 ].

The ooosible U5eful. use. opened by us. displaing of _ isotcll>5 ef
fects. can ocmsist that at cill.y outp:Ja:ping of gas OIl mrsts of activity is
possible to be l.'educffl the initial. (X)r)CefJtratlan tritium in 5aIIIJle, for
increase of accuracy and ,tel i am] 1tv of further researches.

5. lXH111SICII
5_1. It is established, that the short-tenD b..rrst5 of triti~ geoerati

00., ar.isi.ng at interactioo. of hydrogen isotops in Ahidl is hIDersed. previ
ously heated uP. metal sauple. are 0CIlI'leC'ted 'Aitb outprt., early acnmll1ated
of triti.... _ to isat.q>s effect;s.

5.2. It is~ry to take into aexxxmt the large opparbmities of
these effects. in ca5e of use far 5aQ.lles with acbi.xture of tritilD. since
tl>ey can affect tile final results of experlments.

5_3. The poosi.ble U5eful. use displaing of _ isotcll>5 effect;s. can
ernsist that at d.tly outpmping of~ 00 b.1rst5 of activitv is p:JI5.Sj..hle to
be redced the initial o:ncentratioo trltilD in ~e. far 1ncl:ease of ac
""""" aod rellabili1;y of further researches.
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