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Lq1 3-
TRITIUM GENERATION AND NEUTRON MEASUREMENTS IN Pd-Si

UNDER HIGH DEUTIHUUM GAS PRESSURE

“l’.N. Chytor, D. G. ‘1’ugglq and 1I. 0. Mcnh)vc

I ~)s Ahm)s National lahmm)ty, I m Ahm)s, NM li7545

INTKO1)U(:l’loN
‘1’hispnpcr summarims some of the methods ;Ipplicablc for low Icvcl lril iHIll

ilt’lcclioll nccdd in the search for am)m:llom fusion in meld hydrides. II is illS()
illlcmlud 10 further lktilil our tritium and neutron results that h:wc lmm obtaim[l
u-ith IIM IWSi-11 sysIcm, originally prcscntd at earlier workshops 112.A mcusurc of
1(’l)rt)tltl(.il)ili[ythat wi\s not evident in mr previous work Ims I)CCIIachicvcd pilrti:ill~

(IIIL’ lo tk I)cttcr detection scnsitivi[y ilff[)rdd by Ihc usc of low Iriliu[u llcutcriulll
:11111I);lrtiillly Il”olll lhc filCt !11:11the f{)il-wafer Wlls call I)c made with ncdy idCIlliC;ll
c’11’~”lric:dch:mclcrislics. “l-hisreproducibility 11:1sdh)wcd us !0 n:im)w the oi)tillllllll
(x)[l~lili[ms for lhc (’xlmrinmnt. While Illis cxl)crimclll is rillllcr diffcrcnl froIIl lhc’
“hi;IIId;Il”(l”clcctr[)lylic CCII.1”41Sor the “I”i~il!i hydride cxpcrimcnlti , silllilnrilics cxis[ ill
[11:1[ [)” ‘qllilil)ritlm conditions nrc sought and the tiitillm ~!cm.r;lti[m hwls NIL”low
:111(1111’1 ,. (m clllissi(m is cxtrcnmly wc:lk. 111c(mtrmt to IImny t’ll”ctrol.ll~:llli(.:111x*1I
L’Al~L’Iil. ,Cllts, tll~. syslcm used ill lhcsc cx])crinlcllls is (xmq)lctcly sc:hl (Iurill]:
fqKSI;III MI ;IIId uws m) clcclr(dylc.

‘1’llc [Il;ljf)r illll)rovc!lllc’ills 10 the cxl)crillwnf II:IVL” IKL:II till’ IISL~ t)f vcIy IINV
IIIIi[llll {1~’’ll,.ri[llllfor IIw l)~(lri~lill~:dId IIIC rrpl:w~’lm.n[ f)f IIIL*:Illlmimllll IICIIIIOII
~x)IIIIl(.r IIIIWS wilh t)llcs f)f stainless sllwl. ‘III(%C Chmlp II:lvc lcMIllc(l ill
l~ItiIIfJIIIIL”~t~ illll)l”t)vlhllll’ills111ltIL’ [h’~m.li[)n systcllls silm t[lc lm.kl!r~)ull(l lrililllll
l~O\rL.lill ilk’ y:ls 11;1sIm.11rmllmxl Ily ;1fm.lt)r {)~.!()():111(11111.11(.Illlt)llIm.ky,l{)llll(l I1;Iu,

1)( ’1.1111(’( ’l(”;l\lxl hy :1 I“;ldor of 14.
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oxygen on a palladium catidyst, collect the water and count the colorless fluid in a
l’iickiird stint illation counter as described later.

The pidlidium powder was ohtaincd from Englchard and formed hy
IJrccil)ita[ion from an aqueous solution of Pd(NH3)4~12 using reagent quali[y
chemicals. his process results h an powder composed of small ((.).3 to 0.5 pm)
spheres that form chains or agglomerates up to 30 ~m in dia. ‘1’hcraw miltcrid was
s;li~l to hc virgin sponge obttiinul from a South African mine. The lllilj(~r inlpuri[i~’s
in [lw p:dliidiuln arc oxygen (980 ppm) Chlorine (80 ppm), Nitrogen (65 i)pnl) iInd
( ‘;lrl}(m (47 ppm), all other major impurities arc (each) under 35 ppm hy weight. A
Iotiil of 512.7 g of palladium powder has hccn used in the expcrimcn[s ticscrihcd ill. . 1-+:...8.3il;.i . h, (Ii &hA.&&•,.~atd;lltil,,., ... ~, ,. .,.t w;s”L!~,i v:lrious control cxpcrimcnls 10 tcsl for
[rililllll (.ollt:illlill:lti(~n. Pill] ildilllll powder WilS not reused in cxl)crimcnts Omw it 11;111

IXICII rcmovcci from it CCII. A totill of 43.2 g of Piillildiil[ll foil from JohNson” :LIIII
hl :lllhcy WilS usml in lhc foil Wlls, (.).44 g of this foil was dlcckcd for lriliunl
(.l)lll:lllli[liltiorl hv dissolution” . ‘Ik 220 [i~icrl)n thick foils were Iascr cut ii[l(l thL’11
;111II L’:IIUII il[ 1150 C for 2 hours ilt 106 torr. After [hc dchydridc, the foil W:IS
I“L’:llllll’:IIL’(l ill 1150(t illld rcuscdi ‘1’hcsc foils hilvc hccll hydridul, drllydridcd ;111(!

:lllllLi;ilCLl SC\’Cll tinws illill Sllt)w [wither il monotmlic llCCK’ilS19 or illLTL’ilSL’ ill Iriliulll

I)r(dllclion,

‘1’rililllll C()[llillllill:lli( )ll ill [Ill! l);lllil(lillIll WilS tL!Slc!ll I)y Ihrcc imlul)cll(lt’[11

111(’llmds,dissolution and scinlillulion counting, hydriding illl(l dchyclriding illl(l
sllslwllsi’)11in a scintillation gel. Ily ihcsc mcilns WCCilll ilSSigIl :111 upper Iilllit 011
11i[iuln C(Jlllillllillil[ion of 0.02 n[!i/g (it. no tritium dCtCCtill}lCwithin cxpcrimcnl;ll
(.Il(m). Ill ,l~lditi[m, since tllc Imvdcr Wil!i (hlilillC(l fr[ml il I:lrf!c lX)tllC hy Imuri[lj!,

{lllt’ Wolll(! t’Xl)L’Ci I]liit if tllC holtk WiL% ColltilIlljlliltCd WC WOU]d find [Ililt [hC tritjUlll
l)[t)tlll~’li(mwould I)c dcpcmlcllt ()[1tllC illllollllt of Pilll;i(lilllll used ill the cxpcrimcnl.
III 1’;1(’[,1111’ [W() CL’IISwith thC lilr~:CSt l)illlildillIll Ioil(l!i nrc illllollf~ IIIC CCIISwi[h [lIL’
~[ll:ill(’sl LSKCLSSSlriliuln.

‘I”IIL* silicon p)wdcr size distrilmtion il[ld morphhqly Ilil!i I)ccll discussl.tl
1~1~wi[)llsly’, Il[)wcvrr, WCarr m)w Ilsiq: n Ill[)imsizcd, sirvml, i[ltrilhit. silicfm with ;I

Iulrlic.lc :liz~. 01” 10 It) X) ~ml. Addc(l [o the silicf~ll lx]wllcr was .!% (wt) t)f ci[lllhl
l’V:\ {~rI hw XI IS 40.10.!”himlcr. ‘IIIC!W himlcrs illld Ctllilllol M)lvl’illswcrr tc%tctl f[)l
II ililllll ~.[llll:llllill:llit)[l hy diss[dvill[; 1.1210 4(A)111[;of himlrr aml s(dvcll[ ill WillL’1;IIN1
l)l;l(.ill~:[lw rcslll[nilt Illix[ulr ill u st.ill[ill:lti(m l’[d[:lil. Nt) [Ii[illll] (Y)IIIII III- (Irtl’clctl
~nl.l lt;Iuli~II(~IIII(l I)y IIlis II Irll ItM1. Al\II, III) L’i}IIIll:, CM- I lmrL~I.I(mII(l CIIIII(I iw ll(.[r~-lvt!
WIIICII llIL. hilicx)l] l)tnwlcr (44 ltl~!) w:ls sll%lwmk’~1 ill ,1 srilllillnlit)ll }!L.I :111(Ic[mlIlctl,



layers vi~~ from 1.16 to 0.48 mm thick by 3.05 cm in dia. for different type cells. The
palladium powder was pressed (11.2 MP~ 2000 psi) into disk form and then oxidized,
in air, itt 350 C for 2 hours (weight gain of 0.37%). byers of alternating palladium
disks and silicon powder were then pressed into a ceramic form at it pressure of 11.2
M i’:i rmul[illg a density of 26% and 68% of theoreticid density for the palladium and
silicon rcspcclivcly.

TRITIUM Ml?ASUR1tMl?NT TECHNIQUES
VilrioUS lcclmiqucs exist to detect tritium in the cnvironnmnt and in samples

\villl :1 wry high sensitivity. Tlwsc techniques have been cortdcnscd and adapted
I“n)in rc’tcrcncc 8 and arc wmparcd and summarizd in l:igurcs 1 iltld 2. Since lIIC
lll(wplltd(~gics for liquids illld solids vary widely, the datit in the I:igurcs i illl(.1 two ilW
(~IIIY ;Ipl)rtmim;ltc. =:’

@a
minllnum dctcclablc #

concentration
\i <f

‘$
*+e o ,;,

;\&e
lpclll lnCi/1 luCi\l Method +P’ #‘* i,%~ ,.h?

i

1(I 100 I 10 100 1

I

i! 1’ Condcrumtlon, docdccm!,
I

I
liquid scintillation counter, w. c.

h 1300 ycs yc s

Internal gas proportloml counlcr rnln 300 yo s yc s

u 1“
Ionization chamber mln 20(.)0 no yc5

I]kstic zcintlllation counter mln 2(.) yc s no
II !

!
Ptmtographlc Iiim d nil II() 110

i 1“
~~ p Avalancho diodo dokrctor ml n 0.02 yc s no

——



concentration. The most sensitive methc d relies on the buildup of 3He over a period
1)f III(m tlM and the suhscqucnt detection of the He by a mms spectrometer. For
r;lpid sample turnaround this method is obviously impractical. No other methods
[Iwll thc scintillation counter need be considered for liquids.

=em
minimum delectable

concentration
& .#+ b

@o & .%6

ItCl/cma lpCi/cma InCl/cmJ

10 100 1 10 Inn I 10 ml
Method

----- ..-, ----- ---

Ii II I Collecilon of hellum 3

I Mass spcctromctcr
mon

- ““”“- ‘“““ ““”- ““”Iiquld scintillation counlcr,

I onrlchmcnt
mi n

I
Iiquia scintillation counter;1 min

i! i
Plasllc sclnllllallon counlcr mln

! Proportional counkr

AVdilllCtlC dlodc
min

.. .— -. . .. ----

I Phonographic film d

10

100

1

20

lliJ

n a

ycs I 110

ycs yc s

no ycs

I‘if!llrc 2. ( ‘omparison of lritium dctccliun methods for tritium in liquids.

.I’o dclcct lritium in solids, a variety of Wchiqucs Illily lx iq)pliul dcl)cndiq;
011 scmi[ivily and s;unplc size uml swnplc cwnditiml desired at the cnd of tilt’
~’sl]l*ri[llcllt. If the sample is a powder, suspcnsi(m [)f the flilutc Imwdcr ill n
kl.il]lill:llim ~!cl will give gmxi results allhough for very opaque spccimcns Il:islcadilqt,
i(*\lllls. I:or qmquc spu!imcns illl incrcasc in sensitivity call I)c achicvul hy lhc usc
~d”scilll ill;ltiq! inscr[s in the vial which cffcctivcly incrctisc the surface area mcasurwl.
( ;:is I“lowImqx)rtional c(mntcrslo arc lhc 1110s1scnsilivc mclh(xl for IllCilSlll’CIllC llt ()(
\III:Ill Mm@cs if tilc smnplcs arc to hc lcstcd mm dcstrudivcly. Sclllicolltl[lt.lt)[
:Iv:ll:lll(.llt’ (Il”lcclol”s”‘, l)llolo~:r;lplliC”fillll’z, :111(1lIIC lllCilSU1l’1ll( ’11[ of IWI;lslim~ll;ilrfl
S r:Iys ;II”c*Icss scmitivc Invtll(xls.

AI’PAI{A’I’[IS

‘Ilw IJI illl:lry lrilium [Ilc:lsllrcnwllt (Icvicc usml ill Illis stmly w:m d Iwo Iill’[

it~ll,/,lli(ul /:;lII[:Lo ill :1 Mnifllcss hlu’1 lccil(’lllnli’q: j::Is I(xq) c~)lllnillillj: :1 .! lo.’) (x”
(.;lliltl:’[i[~ll vtdIIIIIc. ( ;;1s io[liz:ili(lll I:mp ilrt’ [IA cktl’,lsivcly in Illc dell’dlt!ll (I1
1,illlllll :111(1 Iwc I)WII sluwlI 10 Iw st;ll~ll., Icli;d)lc ;llIII sc[]si[iv~’l:l. ‘Ilw illslrlllll(.111
1~’1(.~.lsl)Illst’ Ivlw rmli[);lctivc cvL’Illswtliuh ullcc[iv~’ly (lis~vil]lill:llr :q::;i[lsl r:lth}ll :11111
txi’,ilil(.I;IV i~)lliz;ili(ui. ‘1’111’illslrullwlll slh]wcll ~:tMNl~l;ll~ilily ill lllc;l~llritq! [lw Irililllll
l};It.k!F,IOIIIIIl ill IIIC llculclillill I:;Is ill [WCI:1ycnr {)1[qx~rnli[)ll wiltl scvt.ldl llil”lkl~’111
IN)III(w 01” (Iclllt.lilllll (tllmillllllll (Iwinlio[l (Illlillf: n V(.;II (d” I ,?.>%). SIIOWII ill

li~~,lll~’ .\ is [II(. [Ii[illlll 111(’;i\IIIt’1111’111 lilll(’ Ilistt]lv Ii)l :111 lxl(.k~:lt)lllnl Ilililllll

IIIt.;l~,III(oIIit.111> IIlu{ltm willl 111(’ ( Wlll[d’1” i~mi7;llit)li j!;lujy.. ‘Illr IIililllll I(wt.1 V;llil’:,

11~1111II It) (If) IL( ‘i/ill” ;It I(l i~ 11.l:ilivt.lv CI)II%I; IIII 101 u l~{itll(’ II IIlt.:,\ III(. \vsl(.111 1s,



cleaned. Because of tritium adsorbed on the analysis system walls, the minimum
background for the Overhoff is eff~”ctively 3-4 ~Ci/m3. This memory effect is
commonly found for instruments that have been exposed 10 tritium containing gases
[m long periods.
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correspond to ionization currents caused by small amounts of adsorbed tritium on
the chamhcr walls. Ahsolutc calibration wm accomplished by imerting the chamhcr
into u circulating loop conmining a standard, calibrated ionization gauge while
circulating v:iri(m conccnlralions oi triliulll enriched dcutcrium. Calibration wm
!Jerformccl al twelve poinls from 498 ~Ci/m3 to 114 MCi/m3. Sensitivity 10 tiir
~x)ntirmin;l[ion was chcckcd by comparing the response of the meter with deu[erium
;md with dculcrium mixed wilh sIn:tll amount.; of air, no difference was found within
~’qwrinwnl:ll crrt)r. ‘I-lw I ~~slxmsc of the gauge to a dcuterium water vapcr mixture
was also mcmurcd showing ncg]igibic effect at low water concentrations ( < M torr).
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electronics are that they provide data on neutron totals (total counts accumulated in
ii specified time) and a numlwr designated as reals which are correlated neutron
counts in a 12H PS gate. The reals counts are indicative of a neutron burst. ‘l%c
counters and tube enclosures tire environmentally hardened and have shcwn
exccllcnt totals stabili[y in [l-z um.!crground environment in over a year of operation.
‘I”wosignificant mmiifica[i[~ns m the counter have been made in the past year. First
[hc :duminum cmmtcr tuhm h:tvc hccn rcplaccd by low background stainless tubes
and the counter has IWCI1scgmcnwl wi[h the addition of a second set of coincidence
clcc[ronics.

To illustr;l[c the nl;l:ni[udc of un(.icrgroum.l backgrounds, in Mcnlovc’s
umlcrgrouml klbor:ltoryls, [Iw ;wcrugc hac~.~round totals rate and correlated count
rate was 870 t () .s/11(24 hr) :Ind M c/h (for correlated counts) while at the
c]~virolllllclll:illy conlrollwl umicrgronnd mnncl (1) (15 m deep), wc found 701 t h
c/h an(l 0.6 c/h while ft)r lhc slill dccpcr tunnel (?) (70 m, ovcrhurdcn density =1.9
g/cc) the r:llcs were 037 “!() c/n :111(J 0.15 C/Il. When the stainless tubes were
installed the background [()[:IIsdrolq)cd to 44 * 2 c/h im.1 0.14 c/h for tunnel 2 ils
shown in I:igurc ().

h~
Hall in lunncl onc + Tunnel onc +

~ Tunnel

I ow background tubes

\

two

972 1(XIG 1220

loCillioIIS” illl(l l!ffcct of loW

1’1{()(‘1{1)[11{1{

‘1”11(’ plo(’(’dllll” 101 Ilv(l; illillj! ;1 (I’ll W:ls 1[)

Ili[illltl l-(}ll~ot.llll;llitlll ill 1111’11..lllt.lilllll 1111IJ,:I~.

[.t’;lt-ll:ll(.tl :Illt! IIILG IIit,l:lll :llj;llv’,i~, If)t)lt \v;l\ Iilll.tl



known pressure less than 1000 torr. The tritium level could therefore be measured
iri this gas again. The cell was then opened and allowed to absorb Ihc gas. Since the
pressure in the analysis system and the volume of the system is known, an accurate
measure of the gas absorbed by the cell could be made. Subsequent filling with
higher pressures allow a determination of the amount of deutcrium gas contained in
the cell. A comparison of the predicted amount of gm [hut should bc contained in
the ccl’ based on the free volume and the amount of palladium WI pet curvcs agrees
within 10 percent. The error is thought to bc due to Ihc imprecision of the pet cu~es
at pressures greater than 7 x l@ Pa (100 psi)16. An additi[mid w.lvimtage of this
filling technique is that after the g~. hid bum ICLinto the CCHthe remaining gas
could bc checked for tritium enrichment or deficit. In all mscs that were checked,
wc found that the dcuterium remaining in the analysis systcm had the same tritium
conccntratirm the original fill gas in the analysis hottlc to within cxpcrimcntal error
x 3%. After the cell was completely hydridcd Nnd removed from the loop, another
check of the tritium background of the Autcr!um gm wils Inmk.

After the CCIIhad been filled, it was placed in the mutr(m counter and a
volta~c of 200 to 2500 \~ generated by :LVcloncx mmlcl 360 pulse generator wiis
:qqiicd to the CCIL In typical operation, a unipolar, square pulse wi[h a width of at
Icast 150 USat a repetition rate of 100 pulses pcr sccom! wiIs used ULvoltages iIs high
as possihlc before breakdown occurrul, typically 12(K)to 2500”V. (hrrcnts of up to
S A were used in some cxpcrimcnts. A minimum Of 1~ hours Of pulsing WdS used,
however in some cases the cxpcrimcnt was tcrrninatml earlier than 100 hours duc to
sm.klcn clectricitl breakdown of the cell.

“Ilc gas analysis after the elcctricid pulsing wiis the reverse of filling.
IIackground checks were mwlc before iml af[cr Ihc dchydridc and care was titkcn
10 measure the volume of gas cvdvcd from the CCII. ‘1’hcCCIISinitially were opened
to the cvacuatcd analysis systcm at room temperature hut near the cnd of the
tlchydridc the CCIIShad to bc hc:ltcd to at IC:lSI 125 (‘ ilnd thCII opened to the

v;icuum of the imdysis systcm to rclcasc lhc remaining d~!utcriulm
The prOccdurc for the trilium dclcctiml hy OxidaliOll and suhscqucnl

scintillation cOunting was to first oxidize 17ydr0gcn frmn an [I[lcolllalllillatcd cylimlcr
:LIMIcdkct two, .scparatc, 2 ml SMlplCS of wii[Cr for usc i~s I)iickgrould simi )Ics.
‘Ilcn the dcutcrium wm oxidized frmn each d the I)z hottlcs and again 2 ml smnplcs
were a)iictitcd i!?~wOseparate vials. I Iydrogcn Wih il~~ilill oxidized in two more 21111
Wllll)lcs to lcsl for tIilium lloldllp illld tllcll S:lIIII)IC .Ih WiUi (Iclly(ll i(llxl.

ollC 1111of Cdl of lIIC S;lIllplCS W;IS tllCll I) I;lCLXI in 1° 1111of lJllilllil (;OI(I
scintillntiml cocktail. ‘I1lcsc silllll)l~s ils W~ll ils st:mdards ( tw() llilcollt:l[llill:ltc~l I lP()
:.;IIIIIJIL’S,two [rilium slandards illld two Slrili~:hl c(x-kt;lils ) wc,”c c(mlllcd for 100
[Ilinutcs ml three separate days. ‘l-k (1:1[;1 qycc 10 wilhin .! 2 ~i~yll;l in :111cilscs
rxcc[)l [hc tritium slilllll:lrd which varid I)y 2.5 si}!mn. ‘I”hc:scrcsulls ilrC SIK)WIIill
l;i~:urc 7 Ill ordrr of illlillySiS. N() tritiulll W:ISdc!ccIc*(l ;il}(wc il]s[runlcl]t l}:l~k~:ro[i[l(l
for the st:lndmd Wiltl!r Or hyllr(q:cn s:lmldc$ c(m]l~imwlhcl(m (w aflcr c(}lllhining lhc
(Icutcrium ~:xsmWc also show dchydri(lc r~.sllll%Ii)r L-C*II36 (fill(’(l I“r[ml the 1.i(;llid

( ‘:lrh(mim cylimlvr), hut lwc-:llw: (}llly40’XJ(d”Ihc (11.lllcrillnl wm r~x’(wl’tl~(l 110111[IILS

L-C-II,wc C:III II[)l draw ;I c[mlusivc cnsc li~l L’Kcms Irililllll ill Illis CCII L*V(.H lll~ulj!lI IIw

I(wcl wm clcvnlcd (wcr th:it 4)( lhc fill ~I,:Is IJV l(NIr %iy,llm.
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l:ig~m 7. ‘1.ritium analysis of revcral bottles of low tritium dcutcrium ;Ind onc solid
St:llc 0211(M).

Tritiurn Measurements
Shown in Figure 8

ccl] designs had become

RIMULTS

is a summary of all the tritium results Ataincd after the
stable and after the background [ri[ium nw:lsurcmcnt

lcclmiquc had become standard. It is clear that lhc ceils fdl inlo dciilli[c calcgorics
with some cxcrptiom. Wc find that the tritium output depends on cnrrcnt and that
wlrious types of cells have different efficiencies. A point worth uoting is that the
twrrcnt dcnsi[y axis in I:igurc 8 is rczdly current through the cell (Iividcd hy [hc ccl]
;Irc;l (H cm2). in all cases, the actual area of contact hctwccn ihc silicon am!
lulllmlium is a fraction of the 8 cmz. Regardless of this, [hc cOnl;Icl It)r :1 Purticul:lr

tvpc CCII should hc relatively constant within that ccl] type.
our most reproducible cells have been the foil-wafer CCIISwhich can )Nwc

[Ic:lrly identical electrical characteristics from cell to ccl]. As ~illl IXJ seen ill I:igurc

S, these CCIISSIMW the Icast scatter of any CCIItype. Unfortunately, tl]~~sc:Jso give
1Iw lcwu m;lount of tritiurn generation.

Several cells showed current instability which was Ixtcr dctcrmincd to Iw
:Ircing. Wh!ll tho\L! CL!lk were dis~lsscl]lhkd Sllrf;iU’ rL?~iolls of th’ ])OWdC’r ll~ld I)L’L’11

IIIL:ltcd md ])ittcd (wcr as much as 50% [Jf the surfncc of the ]I;lll;ltlilllll ]wIIcK.

Arcing did Ilot seem to k Iwmficid to higher triti!llll lmductioll. ( .L’IIS tll;lt /:;Ivc

the most tritium did not show my obvious dcgrmlatioll duc tt) the (.llrrc[lt Il[)wm
A sij~[]ificilllt lx]illt U) m)tc is th:lt the hi@wst :iminlnl 01 cxtx-~f [riliulll 10111](I

l[~rthe If]il-w:lfcr CCIIS was OIWlincd with lhc low tritium &mu[crill[il :111(1W:IS f)l)l;lillcd

:II”IL*I the foils had lxwIl lichydridcd :md nnm’:llctl (} tilllt’s. llm)ltl~)lt’[c (It’!lyllridch

:111(1 h~pm:lli[m ct’lcuts w(mlll Imw ~ivcn hi~llcr v:iltlcs wilh lhc &IIlcl illlll ~.t)llt;lillill}!

l:lr~y’r :Immnts of lr~[ium. Any tritium c[mt:lininy. impllrity w~NIl(!l~r(dxlldy h:uw
lN.CII cxhmIslL”tl or dcllll’tc(l I)y cxcll:lllj’,r tlllrili}! till” IIIIIIICIOIIA:11111(’:11s :111(1

IIY(!I i~!ill}’,~.
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]:igurc !3. T!itium production of cells correlated with current density and CCIItype.

Greatest tritium generation rates have been achicvcd with powder-powder
cells with oxidized Pd powder and voltages greater than 800 V at 0.1 A. Original Iy,
it was tbought that the binder used in these powder-powder cells had m effect, bu [
it was shown that the only effect of the binder was to increzse silicon uniformity and
hcncc raise the breakdown voltage. in additio~ the foil-wafer cells had no bimkr

or oxidized palladium and yet produced measurable amounts of excess tritium.
I%ur hydrogen control cells have been made by either the usual method with

Iaycrs bctwccn silicon or by simply prcs~ing 12 to 30 g of virgin palladium powder
il~[t) the ceramic form and then hydriding with hydrogen and subscqLIcntly
LIChydrid ing to test for contamination intrinsic to the palladium. All of these tcs[s
give :Lpositive cxccss tritiurn result from 6 to 12 n~i total. This can bc attrilmtcd u)
the effect of wmtcr and hydrogen gas in displacing small amounts of “1’Du from the
itmiz:ltion chamber and systcm w~lls. ~lis ‘r~o finds it’s way to the i0ni74ti0n
ch:lmhcr and sticks in the chamber until !hc systcm is cvacuatcd. “Ilwrcforc, this
“C*XCCSS”c:lnnot bc rcacl.sorbed hy the palladium bed m is the CJSCwith the trilium
ill [k dculcrium gas. “Ilcsc control CCUSalso do not show the same dchydridi ny,
sigml[um chmwtcristic for the clcutcridcd material. When palladium is (Icutcridcd

:Ild [IICII dchydridcd aflcr u short pcriml of time ;L% seen for those CCIISIlmt II:IVC
SlNir[Cd(NII ( 16, “2.3,3 l), onc finds either a vc ry small cxccss lritiunl or II(NWill :111
\Vitlliil cxlwrimcnlnl error.

‘1’hrcc cells 2N, 33 illld 35 have hcl!n run at low currcms or Iligll v(dt;l}!ch filr

!:ll’u[cr IIwn ho hollrs and Ihcn dcllydri(lcd. Small amounts of cxcms trilium or IIOIW

willlill ~’xlmrinlculal crmr was frond. Tllcsc cells were ttml rclly{lrid~4 :Iml olwr:llml

:11 lli~!lh:r currcn[s for periods of up ot 300 hours with Ihc rcsull llwt UII lo ‘) lilllt’s
Iluwc CA:.CSSlritillm wns f(mml :lflcr Ihc hm~;cr lulls ;11lli@cr cwrrcnl.

Ail iil]:ilysis of [IN* dchydridillg Iwh:wi.)r of the CCIISnwcals IIIaI ill ;Ill C:IS1*S
1111.(’xtx.s$ lrilium is Cwdvml wlwll tllc Ixtllmlium is &llydI idc(l. 11”IIIL* Irili[llll w; I:,

\l[)wlv tlilfllsilly, 0111 [)i Ilw c[mlninrr w;llls ~w crr:ullic illsul;ll~w sIc(w(’ [~r (~111~’1



nmtcrials, we would expect to find more tritium than we do in the gas overpressurc.
If the ionization species was not tritium gas but some other isotope (or even
‘1’1>0,1’110),wc would not be able to reabsorb the tritium back onto the palladium
bcd reversibly as we are able to do with the deuterium containing samples,

While in the majority of cases the amount of excess tritium is small, in cell 20
[hc cxccss umount of tritium was 540 times the maximum amount found by the
dissnlu[ion checks and it was 2.2 times the total amount of tritium contained in all

of Ihc dcu [crium gus used to hydride this cell. Figure 8 indicates that there is a wide
range in lritium pr(lduction rates. It is reasonable to assume that fut urc
improvemcn[s in Llw muximum rate will be possible. The greatest rate, achicvcd
Ieprm.!ucibly, cqu:ltcs to a generation of 3.4 x I@ [ritium atoms pcr secoml.
obviously if neutrons were generated at parity with tritium onc would expect m
easily dclccl ncntrons.

Neutron I)ctcction
( )(II i~l k.f i~)lls cxpcrinlclltsl’2 hfivc im.licatcd that there is an anomalously lmv

V;LIUCI(lr I;(’u[rolls dclcctcd to trilium produced (S 4 x 10-9). Since wc have altuinul

a rcprmiucihlc INL sllli~ll tcitium generation rate, wc him been striving to Inalw the
ncu[roll sensitivity equivalent to that of the tritium dctcctioc apparatus, Wc
:Illlicilxllc [h:I[ ~)[lr improved neutron wmsit.ivity illustrated in Figure 6 will IIMkLIil
possible to dcicct a nculron sifinal that is unambiguously above zero.

Shown in Table 1 is a summary of itll of the neutron data that have bCCIl

LY)lkxtd since the counter wits movct! to the lunncls. Three lociitions itrc shown,
wi[h SIight ly d iffcrent backgrounds. ‘llIc first entry in Table 1 cornparcs idl tritium
producing CCIIS(in [hc group 17 through 24.5 j with the current applied m IIw
l)il~kgrot]nd which Wils composed of non tritium producing cells, hydrogen contl 01
cells and limu whcll m) current wits appl;I:J :L)[hc cells. There is secu to hc a sli~~hl
~’xcl’ss of ct)ll111swith [his CO1llpilriSO1l.” ‘Illis can bc compilrcd [() lhc oltlcr
It)rcgr(mml hii~.kgroii[ld m~iis[]r(!nlcllts of 24.5-29 and 30-.3!5where there is prilctic:iily
II(J(Iilfcrencc IWIWCCII(1wforcgrouml imd [hc I)iickground id the tritiull] pr(xlm?[itm
is qui[c low c~~[lllxlrcd to thiit of cclls 17-~?4.5.

‘l”hccoltlmn Iistcd iis rcills/hr id totill rc:lls/llr tliffcr in that the r~ids/hr only
c(mllls siq;lcs lwcllls (two nculrons (JclCCtcd), ‘1“Ilctotal rcaIs/hr includes ill] sin~;lcs
:Iml Ilighcr inultiplicily events. It ilppCilrS that CxCCSs neutrons occur prilllilrily :Is
sill~!lc Ilculrf)ll L!vtmlll$~lolills) illl(l rilrcly :1s hursls (rCih/hr). N() hUrSts [() rival [llL’

lIIIntlrc& 01 11(’lllr(uls(Ictcu[cd from Lhc Litilllium CCIIShave ever IXXI1SCCIIfr[ml
lllt.\LI Ixlllmlilllll cx])crillwllts cvcll thml[;h this pilrticul:lr ncmml cmntcr tlil!i IM*L*II
11S1’(1Ior H)lllr [~f Illt’ Iil:lllillm IllCilSllr(!lllCIltS tllil[ llilV(’ (lCtCCtCd hrgc hlrsts.

“l.ll~s s~[ ()[ ~.l!lls 24.5 Ihrolq:li 29 WilS lX)lll~lillCd I [w() diffcrcllt l)i{ck[!l”[)illl(l~,
OIIL*l)nck~:rolln(l W:IS imlim[ivc of [Ilc Iwulr[m Imclq;round willi n dclllcrilllll
~.olil;liniilj! CLII1 ill III(. collillcr I)ut with [hc currcllt off. ‘Ilw olhcr Imckl!ro[lld w:I\

[d)l;ii[l~tl I)y il](.l~l(lill~:tl;II:I Irt)i]l dunmly (p:dlmliuln, steel) CCIIS. ‘i”llis lmck~!r(jllil(l
V:II it’s IW 111011’l“itMII[lit’ l~rtwitms lxwk~!r(jllld [Imll Ihc v:lriiitioll ill [tic f(w~”l!rolllltl
I(J III(. illili:ll l};l(.k.j!lt~llid. I Itnvcvcr, llw 101:11v:iri;ili(l[l (wcr s[)llw 2400” IN)(IIsis, ;II
IIuls[, t~lllv ().fl’fiIilltli(.:llinf: [ht. rxccllclll h)ll~~lt*rnl sl:dli lily (If llN’w. cI)Ii:ilc Es.
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