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CDNTROL OF BERYLLIUM-7 IN LIQUID LITHIUM- 

R. P. Anantatmula, W. F. Brehm, D. L .  Baldwin and J.  L. Bevan -. 

Hanford Engineering Development Laboratory 

ABSTRACT 

Radiation f i e lds  created by the  production of 7 ~ e  i n  1 ithium of the  

Fusion Materials I rradiat ion Test (FMIT) Faci 1 i t y  can be suf f ic ient ly  h i g h  

t o  prevent contact maintenance of system components.- Preliminary experi- - - 

ments have shown tha t  7 ~ e  wi l l .  adhere strongly t o  the FMIT piping and -com- 
ponents and a good control method fo r  7Be m u s t  be developed. The i n i t i a l  
experiments have been conducted i n  s t a t i c  s ta in less  s teel  capsules and a 
Modified Thermal Convection Loap (MTCL) . The average 1 i t h i u m  fi lm thick- . -  . -?.. 
ness on s t a in les s  s tee l  was found t o  be 11 vm in the  temperature range 
495"-577°K from the  capsule experiments. The short-term experiments 
showed tha t  7Be migrates t o  the capsule wall and the  long-term ex- I 

-periment indicated -that 7Be actual ly penetrates into the s ta in less  s tee l  
wall. The diffusion coeff icient  f o r  7 ~ e  i n  s ta in less  s tee l  a t  543OK was ------ . - -. -- - 

calculated t o  be 5.31 x 10-I cm2/sec. The cold leg of the  MTCL picked u p  

much of the  7 ~ e  ac t iv i ty-  re1 eased into the- loop. The diffusion t rap ,  located 

i n  t he  cold leg of the MTCL, was ineffect ive in removing 7 ~ e  
- 

f r o m  lithium, a t  the  very slow flow rates  ( <  3.79 x m3/s) used i n  the  

MTCL. Pure iron has been shown t o  be superior t o  cobalt and nickel as  a 
- 

ge t t e r  material f o r  -7Be. . . 
. . 

INTRODUCTION . . - 

Beryllium-7 will  be produced in the  l i t h i u m  ta rge t  of the  FMIT f a c i l i t y  

by the  ir.teraction of the deuteron .beam w i t h  lithium by the  two reactions - - 
7 ~ i ( d , 2 n ) 7 ~ e  and 6 L i ( d , n ) 7 ~ e .  This nuclide has a ha l f - l i f e  of 53 days.and, - 

eniits a 0 . 4 C ~ e ~  girrmi3 radiation. - previous estimates(") have. shown tha t  a n  -:---.-.. 

e~uSlibr*~umcsricei~trat ion-o:f~~2~59~-x 1B15'Uq ( I ~ , ~ ~ ~ . c u r i e s )  of 'Be will  be .  . 

present i n  FMIT lithium.-.--This i:s equivalent t o  a.concentration of approxi- . 

mately 1.11 x -Bq/gm of FM'IT 1 i t h i u m  and a.chemica1 concentration of 

0.25' ppm. Concent'rat.ions of 7 ~ e  o f  this magnitude .can lead .to. radiat.ion -. . . . . -  . . . 

f i e lds  uf over 5.16 ' x  10'3 coulomb6 kg.ihr(20 .. . R / h r ) .  near FMIT pi ping and com- 
. . 

ponents , more than two b r d e r ~  of megni tude too high for easy contact repair  . 
' ' .  . . 

. . 



and maintenance. A recent upper 1 imit calculation of equil ibrium con- - .' 
. . 

centration of 7 ~ e  i n  FMIT lithium yielded 2.48 x 1016 Bq, which i s  approxi-,. . ,  .... .... . . ,  

mately ten times the previocls estimate. Therefore, the need to  understand- . '  

th.e transport .of .7Be i n  -1 ithium and. to  eventually control the. spread of the .. - . , i L ,  .. : &.. 

nuclide i n  the FMIT system has been realized. 

A development program has been started recently to -identify 7 ~ e  trans- 

por t  and adherence to  metal surfaces in the FMIT temperature range. Also ---- 
- - incorporated in the program are studies t o  remove 'Be-from 1 ithium by cold -=- --  

trapping, ~ ~ p r e c i p i t a t i o n  with non-radioactive beryl 1 i u m ,  and selective' * * - -- 
A .  

deposition on materials (trapping). 

' . The present paper describes the results  obtained from.'Be adherence- - . ':.-. . -  

-:tests from s t a t i c  c-apsul e studies, and prel iminary- -resul ts  on 7 ~ e  transport - 

i n  1 ithium from MTCL experiments. 

,EXPERIMENTAL PROCEDURE 

The 1 ithium needed for the experiments :was .transfer.redr:f.rom---a-=0;21- ma. -:-=----..-. ' - - 

, 1 ithium drum t o  a 0.0038 m3 stain1 ess steel tank through,, a--mi-ckerl-- Ril-ter. -.:--..-~.:z.:=~--. -- 

The ' f i r s t  se t  :of capsule experiments .was performed wit.h 1 ithium in' .stain- 
less steel capsules , without any 7Be,. to  dete-rmine t h e  1 i.th.ium -f-ilm-.th.ick- . - 

ness on stainless. steei as a.functi.on of temperature--in the-FMIT tempera- 

ture range. For the second series. of capsule.. experiments, the molten 1 i t h -  . .. . . 

i u m '  i n  the' s t a t i c  capsules was ~h"arged"with'~Be .to 'stljdy the 7 ~ e  adherence 

t o  st,ainless steel walls and transport in s t a t i c  1 i t h i u m .  The MTCL experi- . 

. .. . 
"merits were des'igne'd- to  understand the  7 ~ e  transport 'in'  slowly fl'owing 1 ith--" : '  -.':" ' . '  

i u m  and.to analyze the effectiveness of the diffusion trap and deposition.sam- - --. .. 

ples t o  remove 7 ~ e  from 1 i thium. 

a )  Capsule Experjments . 

. .. The capsules were Type 304 s ta inl 'esss teel  , 0.019 m(.0.75") O.D. and 
. 

0.017 m(0.68") I .D. .  . Each capsule was approximately 0.42 m(16.5")long and 

f i t t ed  with a Swagelok* union a t  one end and the other.end welded shut. -. . 

The capsules were cleaned internally by polishing w i t h  emery paper before - --,- _ ._ .. 

welding, and cleaned with trichloroethane, acetone and' ethanol subsequent 
t o  the we1 ding. operation.. As shown in Figure. 1, the capsul es .were .heate$ 

*Crawford F i  ttirig Company Trade Name 
w 

, , 
.. . -. . - .. . . - - -- . . . - . - - -. . . . = -- 



'a, 

i n  a quartz tube wrapped with a heater element. The temperature of the - - - -  

capsules was controlled to  within 22°K over the entire length.. 

Molten lithium a t  523OK was drained into-the capsules preheated to - - 

523OK.from the stainless steel reservoir inside an argon glove box. The . ~ 

glove box was flushed w i t h  dry argon 5 or  6 times to -remove residual -- 

- - -  nitrogen and reduce the humidity; prior t o  f i l l ing-. the capsules with l i t h - -  
.- ium. An analysis of the. glove. box.-.atmosphere. indicated--no. nitrogen.. ..The ..?-:. : - . . . . .  ... -. . - -  . .... 

1 ithium.. i.n. the capsule appeared bright, without. .any .discoloration, indi- . . .  . . . . - . .  . . . 

cating no reaction with the glove box atmosphere. 

76e for the .experiments was obtained from Oak Ridge National Labora- .I 

. .. . tory (ORNL) . Using a standard procedure recommended by ORNL,  . the 7Be - .  

needed -for the capsule experiments was converted to  i t s  nitrate.--..An a.1.i- . -. ,... - - -  - .,- 
. . 

quot of the s a l t  was pipetted onto -a series of- stainless steel pi-anchettes , '. . . . 

and dried. The ni.trate was then igni ted-at  873°K to form the oxide-. Each - . -  . .  . 

planchette was then bottled individually and counted by gamma spectroscopic-- - - - 

. analysis (GSA). A single planchette was then wrapped with a.  stainless 
C- -- - -  .--.steel- wire t~ the center of -the thermocouple -tube -and- inserted- int.o.=the--- .----=------ 

capsule. - .. . - 

. . A t  the end o f '  ea.ch r u n ,  the capsule was. drained i n  the glove box into. .. - . . . 

a small s tainless .steel .reservoir.  The planchette and the drained 1 ith.ium - - : 

were counted for  7Be, act ivi ty by GSA. The capsule was then sectioned. into . - ... . 
. . 

several pieces and the lithium film from each piece dissolved in methanol/ 

water baths and the solution and the capsule piece counted for 7 ~ e  activi ty 
by GSA. A1 iquots of solution were subsequently-analyzed -for -1-i thium by Atomic- - 
Absorption Spectroscopy. 

. ..- -. -. .- .. . . -  

b)  MTCL Experiments 

The MTCL i s  schematically i l lustrated in . . Figure 2. 'The vertical-and . . 

. . horizontal s e c t i ~ n s  of the col d leg and hot 1 eg. are  appro-~imatel.y.-0;:41'~. m( 16.'') ..=.: ZL:. 

. .. . ' - ' . and 0.-36 m(14"). res-pect:i.vely. -.Tackwelded- s t a in .1 . e~~ .  steel pins were -used - -'. ' . ' . ,  . , - . . 

. . ... t o  secure the deposition sampl-es t o  the hot  and-cold leg thermocouple tubes; - . - . . .. 

. . . The samples.were of iron (99.6421, cobalt'(99,88%) and nickel. (99.98%),-.- ' . . , . . .  

0.025 m x 0.01 m; with thicknesses ranging from 1.27 x ' l ~ - ~ . m . f o r . ' i r o n  to.. 



2.54 x lo"+ m f o r  n i c k e l  t o  6.35 x lo"+ m f o r  cobal t .  A d i f f u s i o n  c o l d  

t r a p  was provided a t  t h e  bottom o f  t h e  c o l d  leg.  Due t o  the  h igh  surface 

.- . tens ion and low- dens'i t y  o f  l i t h i u m  - a t  . FM1.T operating- .temperatu.ces-,-- a 1 inear  . . . . . . . . . . . . . . .  . - . . 

i nduc t ion  pump ( <  3.79 x. 1.0'4 m3/s) .was used .to a i d  t he  thermal convection 

flow; hence the  naKe FlTCL.. A f t e r  i n i t i a l l y  'heat ing the  MTCL t o  a uni form - .  

temperature above 54-3'O.K' (270°C).; a temperature g r a d i e i ~ t  of. 54°K between . . . .  

t h e  ho t  l e g  (543°K) and t he  c o l d  l e g  (48g°K), c lose  t o  t h a t  o f  the  FMIT 

temperature gradient ,  was maintained by prov id ing a constant heat inpu t  

t o  the  h o t  l e g  and coo l i ng  t h e  co ld  l e g  by blowers. The pump had t o  be. 

operated a t  a very low power i npu t  t o  maintatn t h e  temperature gradient .  

- 
' L i t h i u m  f low a t  a very small r a t e  was establ ished from . - 

t he  ho t  l e g  through t h e  pump t o  the  co ld  leg.  

For t h e .  MTCL experiments, 7 ~ e  embedded i n  t he  1 l t h i u m  ta rge t  mater ia l  

(probably i n  n i t r i d e  form) was introduced i n  t he  upper p a r t  o f  the  ho t  l e g  

i n  t he  stagnant l i t h i u m .  The loop  was f i l l e d  w i t h  l i t h i u m  from the reser-  
/ 

v o i r  by evacuating t h e  MTCL and apply ing 3.4 x l o 4  pascals ( 5  p s i )  arg.on 

pressure on t he  reservo i r .  While t h e  MTCL was operat ing,  gamma count ing 

o f  t he  loop was performed by feeding t he  count output  from a NaI detector  
-- - - - - - - . . . . .  

. . . . . . . . . . . . .  . . . . : .  . . .  i n t o  a' computer.ize.d -mu1 t ichannel -  analyzer.: ' A t  the.:com- . - .  - . . .  ... . - 

p l  e t i o n  o f .  the .  run, 1 i thi.um from. t he  MTCL was .drained under argon. pressure, . . - . ' 

. . 
'the" d+ained-j- i3hi "wa;" -gamma--=ounfed b y '  G-s-~:, sirnil ar- to Ehe- 'c-acsu-le - .. . . . . . . . .  . ...... ( ' ..- , -: 

k. 

experiments. A Germanium-Lithium de tec to r  was used i n  conjunct ion w i t h  
. . . . 

the:+.multichaniel a'na?yz&r t o  analyze the  7Be a c t i v i t y  remaining on - ...... ........... . . . . . . . . .  . . ..--: -.& -.,- .. d.i..-.. .. -. -,--...-...- %..- -..i- ............. -.-i ..... ,. .. ---.-. :.. 
. .  ... .......... ... t he  depos i t ion sam'pl es . and the  MTCL ..piping. . . . . . . . . . . . .  .." ..;.. -. . . . . . . . . . .  . . . .  ... . . . .  . .  . - . . .  - .  . . - - . .  . . . . .  - .  - . . .  

RESULTS AND DISCUSSION 

a) Capsul e ~xper iments  

As mentioned e a r l i e r ,  the  f i r s t  se t  o f  experiments was aimed a t  det.er- - 

.. . mining. the  1 i t h i . u m . f i l m  . . th.ickness .on d.rai.ned s t a h l e s s  s tee l  surfaces.. Four runs .' . . . . .  . . . . .  . . 
. . were made f o r  t h i s  se t  o f  experiments. The capsules were-maintained a t  

515", 537", 495" ,and 571 OK respec t i ve ly  f o r  approximately 24 hours. A t  . ' 

t he  end of each run, the  s t r a i g h t  sec t ion  o f  each- capsule was c u t  i n t o  ', '. 

. th ree .pieces and each piece, a-nalyzed f o r  1 i th ium.concentrat i .on .along .-the .. . . . . .  
. . .  . .  , .  .. . 

l eng th  o f  the  tube. '   he resu l  t i  f r o m  the  four.  runs a re  ..reported i n  ' ~ a b l b .  1. :, . . . . . . . .  

. . . . . . . .  . . . . . .  . . . . .  . .  , . . . . 



As ccn be seen from t h e  tab le ,  the  l i t h i u m  f i l m  thickness ranges from 8.4 ~m 

: t o  12.3 urn i n  t h e  temperature range 495'-571°K. Cowles and-Pasternak(2) re-  - 

p o r t  t h a t  pure l i t h i u m  w i l l  no t  wet s t a i n l ess  s tee l  u n t i l  673"K, and t he  wet-, 

t i n g  temperature f o r  impure l i t h i u m  i s  755°K. However, the  phenomenon of -- - 

we t t i ng  -is no- t -on ly  a f unc t i on  o f  temperature, bu t  a lso a func t ion  o-f -t ime - -  - .  -- . . , 
a t  a given temperature, where t he  contact  angle between the  l i q u i d - a n d  t he  - - -  - - 

so l  i d ,  i n  general.., decreases- .w.i t h  increasing t ime(3).  . Furthermore,.. the  wet-. . . - . . . - .  

t i n g  temperature - i s  r a i sed  .by- the  presence -.of oxide f i lm  -on a- metal surface. . . 

. . . . - - . . The s ta i n l ess  s tee l  capsu1.e~ used- i n  the  present- i nves t iga t ions  were cleaned -- - . .  . 

thoroughly t o  minimize t h e  wet t ing  problem from the  oxide fi. lm.- - - In our ex- --i -- 

. . .  . ... - periments we have no t  detected any globules o f  1.ithium s t i c k i n g  t o  t he  : . . . -  , . . 

s t r a i g h t  surface o f  t he  capsule t o  in t roduce an e r r o r  i n  the  f i l m  th icknes 

ca lcu la t ion .  However, we have made the  assumption t h a t  t he  l i t h i u m  f i l m  . . 

. . . .  was d i s t r i b u t e d  uni formly over the  e n t i r e  surface-a.rea o f  the -  capsule sect ion . 

examined. 

The average f i l m  th ickness from a l l  f o u r  runs was 11.0 urn i n  t he  tempera- 

, - t u r e  range 495"-571 OK.-- Because of i t s  h igh surface tension and low-dens i ty ,  - -- 
1 i t h i u m  could  n o t  be poured from one -capsule t o  another a t  463OK, precluding 

f i l m ' t h i c k n e s s  measurement a t  t h a t  -temperature. A t  a l l  t h e  remaining. tem- -- . 
. . .- 

peratures o f  invest igat . ion,  the  top  capsule had t o  be tapped t o  s t a r t  the  

1 i t h i u m  f l ow  i n t o  t he  bottom capsule, -.again due t o  . the low dens i ty  and h igh 
. . - . .. . . . . . . . 

sur face tens ion  o f  l i t h i u m .  
.. -. 

The second s e t  o f  experiments was performed w i t h  7Be i n  oxide form. As 
. ~ .before; f o u r  'ruiis-were.made f o r  these 'experiments:' For. Run .5; the  'planchette. %.  ;-- : ' -  ' 

- -. . con ta in ing  4.03 x l o 7  Bq (1.09:mCi) o f  7 ~ e  wes heated i.n the capsule contain-  . . 

. . 
--. - i n g  l i t h i u m  t o  543°K and kept overnight  f o r  a -per.iod o f  -1.7- hours. Then the. : - , .. 

. , capsule. was:-cut into 9 pieces..and analyzed f o r  7 ~ e -  and 1 i th ium. A:, repor ted - . 

. .. . - i n  Tab.1e 2,:91% o f - t h e  .. . 7 ~ e  a c t i v i t y  remained . . on t he  planchette; . . .. wh i l e  . .  . %.was .  . .  . . .. - 

-- - .-retained i n  t h e  '1- i  t h i  um f i l m  and approximately 6%. was present in .  the .drained - - :- -.- - .- . 

1 i th ium. The 7 ~ e  a c t i v i t y  i n .  the 1 ithi.um. f i . l m  was. 718- Bq/mg as compared wi th . ,  

44 Bq/mg o f  -d ra ined  l i th ium.  Th is  . i s  a -factor o f  16 .higher f o r  -the. 1 i t h i u m  . . . - . - . . 

f i l m ,  which i nd i ca ted  t h a t  ' ~ e  i s  segregating at-  capsule walls: Fur- - 

thermore, t h e  7Be a c t i v i t y  increased w i t h  increas ing I i thium f i l m  f rom -hot- - - 

tom t o  t op  of t he  capsule..  The average l i t h ' i um f i l m  th ickness-on t he  s t r a i g h t  
r .  . , . . . 



section of t h e  capsule was computed t o  be.15;7 urn,-.which is  slight'ly-.higher . .A - - - . . 

-than the  Q, 12 um obtained a t  543OK i n  t h e - f i r s t  s e t  of experiments. .. 
. .. 

Since the majority of 7 ~ e  ac t iv i ty  was retained -on the  planchette i n  . - ... . 

Run 5,.. an a l te rna te .  dro.c.edure .was used f o r  .Run 6. .The lithium was.. ..heated. "- : ' . : - .  . .- . .  ; 
. . to:693OK fo r  3 hours -and then maintained a t  543OK for  17 hours. A 'Geiger- "" - . .. 

Mue'ller counter indicated -that-- much of the  ac t iv i ty  was . s t i l l  i n  the.-vicin-. . 
. . 

..... . .  . .  . i ty  of . the planchette: Therefore, . the%:ca.psule .was.. heated -to1838".K>and . - - .  . >  . . - . .  

. . -- .-~>. - there for  5 hours and then mintained a t  543OK f o r  approximately 17hours  : .--- . -. . 

. . . . .  i n  an a t t e ~ p t  to.. release most of, the 7 ~ e  from the..planchette.. . tithium.was - -  . .  ' - .  ..- 

- t h e n  drained from the capsule and lithium and 7Be analysis performed. - , .  - 

- - The r e su l t s  of Run 6 a re  described i n  Table 3. I t  may be noted from 
. . - . .  - - -. Table 3 tha t  our attempt t o  re1 ease majority of 7 ~ e  ac t iv i ty  .into..l.ithium , --. .. ... - . .. . 

.. . was successful. The drained 1 ithium. contained 69% of the.origina1 ac t iv i ty . .  . .  - . 

on the planchette. The 7Be ac t iv i ty  i n  the  1 ithium film -was 25%; whi1.e the . . - . . . . 

a c t i v i t j  remaining =on the planchette was only 6%. As for  Run 5, the 7 ~ e  
concent.ration of lithium i n  the lithium film was a factor  of Q, 16 higher 

- .. .- ./ . . .:than tha t  . i n  the- dra-i,ned. 1 i-thi um, .s.uppo.rtinc our .earl:ier .conc_l usion: that.. -:-.:.:-.... . .:-..-. . - 

. . 7Be may be migrating toward the .capsule walls. -An estimate of . . the 1 i t h i u m  . -. - . . . 

fi lm thickness.on the  s t a in les s  s tee l  yielded a value of 14 urn a t  543OK, - .  

which compare: favorably.with the  data presented above. 

. . .Test Run 7. was performed a t  523°K . . .  The capsule was heated t o  798OK . .- . ..-.- . . 

and kept a t  t ha t  temperature f o r  45'minutes pr ior  t o  equilibrating a t  5 2 3 ' ~  
for  17 hours. As pointed out e a r l i e r ,  the  h i g h  temperature excursion i s  

. -. . .. - .. . . . . . .. . , . .. . . . . .&.. '",$ : tb' .,... $' 
s.g-:L$Lsz .j$".i- h: 7Be~-:i~t~~~.~ii~~i,i~~rri:.d'~~~6ij;'ssi'b~i~e.,-i;ri:'.dr~d~.+~~-~~~g'~f ..v;51 -i, %,', 

" ' "  - .. . , 

.. able IB~.-adherence--data.  . Gamma-count data .indic-ated-that -16% o.f the  orig- . .  . . .  . . 

. . 
. . . .  . .  i n a l  7 ~ e  .;activi'-ty remained. on.:the planchette,. w . i t h  -4.1% of- ' the a.ct-ivfty. - .  .. . .. . . . . 

present i n  drained.li thium, 43% i n  the  1ithium.adhering to  the  Swagelok 

. .  .. . .  ... . f i t t i n g  and..the; capsule 'body.. .The 7Be, concentration o f  ,lithium retained : .  , . . . .  . 

. ., . on the capsule was. a f a - t o r  ..of. 71 hi;gher t h a n  t ha t  i n  . the drained- 1 ithi.um:;-r -:-....-.. r-.:.- ..- ..- - 

again substantiating oGr conclusion ;that . 7 ~ e  may be migrating- towzrd the - - . 
, ~- 

.- . .  - . - .  . . capsule wa.l.4~. The 1 i t h i u m  film, th..i.ckness on the  s t ra ight  sec.tion, 0,-f .the . - - -  . :: 

.. ..:. capsule (exc.l,uding \ the  Swagelok .fi$ting-.and...the- capsule. .bottom).. was computed . .  . .  . 

.. - as  8.5 um a t  523Ot(., i n  excel.lent.agreement w i t h  the 8.4 pm reported i n .  . "  . . . .  

Table 1 a t  515°K. 
. . - - - - - 



. . . . . . . .  . . . . . . . . .  

It was not readily apparent from--.the data presented above - i f  .7Be-act- 
ual l y  .diffuses into the aus ten i t i c  stain1 ess . s t e e l .  

... . The 7 ~ e  was mainly contained- 

i n  the. 1 ithium f i l m  and was eas i ly  washed away w i t h  the  1 ithium.fjl.m, . leav- .  . . . .  . 
. . . . .  . -  . . . . . .  ing no t races  of a c t i v i t y  on the wall's .- To investigate -the phenomenon of ' - . . .  - 

7 ~ e  diffusion more completely, we have performed Run 8 f o r  4000 hours a t  - 

543OK. 

The re su l t s  of Run 8 are tabulated in Table 4. 7 ~ e  could not be re- 

moved by methanol/water r inses fo r  segments 6 through 9. _ The segments were - -  

dissolved i n  acid (HCL + HN03) baths t o  remove 7Be completely. This implies . 

t ha t  7Be actual ly penetrated in to  the s ta in less  s teel  wall. The thickness 

of s t a in les s  s tee l  surface layer removed by the acid was estimated f o r  the . >,- - 

'segments (Table 6) -by analyzing the  solutions fo r  chromium and extrapol a t -  
ing t o  obtain the mass of s t a in les s  s tee l  removed. 

The diffusion coeff icient  (D) of 7 ~ e  i n  aus teni t ic  s t a in les s  s tee l  was 
. .  - ....... ' calculated t o  be 5.31 x .10'15 cm2/sec. a t  543OK. from the depth of penetration 

. . 

/ 

. . 
- . in to  segment 6,assuming D t o  be independent of composition o f - s t e e l .  We- - - . 

. . have chosen segment 6 due t o  i t s -  proximity t o  the 7 ~ e  source; i t  :is there-. . . .  

fore sa fe  t o  assume tha t  we have a constant source of 7Be from the.  s t a r t  of 
the  ,4000-hour experiment. The. D val ue of  7 ~ e  .calculated here. i s  much higher 

than the  value of 6.53 x .cm2/sec computed from the diffusion .equation . . . - . .  
. . .  . . . . . . . . . . . . . .  

derived by Grigoryev and ~ a v l  i n o v  (4) fo r  D of 7Be in y-iron. The difference 

. . 
. . .  i n  t he  . . . . . . .  D values may be explained in the following manner. Tho equation of 

. . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  : . . .  . ..,;.. < . . .  . . .  

reference 4 was derived from the data . i n  t he .  temperaturerange 113,730 ' 1623OK,.- - 

. . and a t .  high temperatures 1 a t t ic .e  diffusion .i.s: :important. :However ,.. a t ,  1 ower 
. . .  - temperatures ; di ffusi.on . is  .mainly through ;the gra-in. boundaries and, grain. - . . . . .  

. . .  boundary diffusion i s  several orders of magnitude. higher. than l a t t i c e  d.if- : :  . . . . . . . . . .  

. . .  .fusion. In addition, the  diffusion ~ f . . ~ B e  .i.s expected t o  be. affected by . . .  . . .  

.... . . .  the precence'of other alloying elelliet~ts i n  s t ee l .  - , -  - , - .  

. . _._ -- -.-7- -+ 

The l i t h i u m  film thickness fo r  Run 8 was estimated as-  .10.2 pm at-.543°:K,:.-: - ; 

i n  good agreement with t h e  data presented hkce. - . . 

(b )  MTCL Experiment 

Only one r u n  (Run  1 ,  MTCL) was performed with the MTCL a t  543OK hot leg 
and 489°K cold leg. The preliminary re su l t s  a re  reported here i n  t he  follow- 
ing. The data analysis,  however, i s  s t i l l  continuing. 

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



. 
r - . .  ' . . . . . .  -.. .. - ---. .- . -- 

. . . .  As shown i n  F igure 3, t h e  c o l d  l e g  v e r t i c a l .  sec t ion  has picked up ha l f .  

t he  f i n a l  equ i l i b r i um  7 ~ e  a c t i v i t y  w i t h i n  the f i r s t  30 hours o f  MTCL operation. 

A f t e r  approximately 300 hours o f .  operat ion,  the :?Be a c t i v i t y .  i n  the c o l d  1 eg 

reached-a pl -ateau,- . indicat ing t h a t '  t h e  r a t e  .o f  .pickup i s  equal. t o  t he  r a t e  of - - -  

decay. The d i f fus ion t rap,  on t h e  o ther  hand, has reached i t s  p la teau of 78e 

a c t i v i t y  a f t e r  approximately t h e  f i r s t  100 hours o f  operation. The f i n a l  equi- 

'.I ibr ium.-act  i - v i  t y  i n  t he  d i f fus ion  t r a p  i s  1 ess . than ha" l f - - ' theact iv i ty  found.--in----.- -".- -' '-. 
. . .  . . . . . .  

. . .  t he  c o l d  leg.  very 1 i t t l e  a c t i v i t y - w a s  notedz-in-. the  hot -  l e g  region, i n  both 

t he  hor i zon ta l  and the vert ica.1 sect ions.  . However;. h u j l d u p o f  7Be. a c t i v i t y  .- 

was -observed a t -  the  90"- e l  bow between the  hot  -1 eg and the  pump at . -  . - . = ~ .  

l e v e l s  much h igher  than i n  t h e  r e s t  o f  t he  hot  l e g  p ip ing.  -A maximum i n  7 ~ e  

a c t i v i t y  was seen i n  t h e - c o l d  l e g  about- 0.-10-m(4!') above the  -bottom tee, (.Figure 4 ) .  
This  i s -  the  .same--PI-ace. where a minimum- -in. temperature was.. a1 so recorded,. .. Dur-- . : 

i n g  t he  operat ion -of- the  ,loop, 7 ~ e  ac t i v i t y - - unde r  t h e  pump cou ld  no t  be mea- .... 

jsured due t o  t he - i n te r f e rence  of t he  magnetic.f . ieJd generated by the pump 

coi , ls . .wi th the  operat ion.  of t h e  pho tomu l t i p l i e r  o f  the- detector.-.  . . . . 

.' . -The MTCL .was s-hut - down a f t e r  975 hours --of .operation and 1 i th-ium drai.ned. 
-. . 

Gamma count ing o f  t he  loop  p ip ing ,  t h e  drained l i t h i u m  

and t he  depos i t ion samples was performed. Accounting -- for  -decay,--about- 93% - = - - - 

o f  t he  7 ~ e  a c t i v i t y  was present  on the p ip ing,  6% i n  the  drained l i t h i u m  

and 1% on the depos i t ion samples. Approximately 50% o f  the  7 ~ e  a c t i v i t y  has 

been accounted f o r  i n  t he  . v i c i n i t y  o f  t he  7Be source . in the  dead-leg p i p i ng  

o f  t he  h o t  leg: Among t he  depos i t i on  samples, i r o n  has, p icked up t he  most 
. -.. 

a c t i v i t y .  Th is  -i.s n o t  too- surpr i ' s ing '  sinc'e the s~ol'ubil i t y  o f  be ry l  1 i'um (5') . - 

i s  g rea te r  i n  i r o n  a t  FMIT temperatures than s o l u t i l  i t y '  i n '  coba l t  and 
. . . . . .  . . .  . . .  . . . n:ickel . The ga,,,,ja-;.co"nti,jg o f ' : t h e  jamplgs.- ma-de removihg t.je l:itk;..' . : .  -: - .: '- ' . 

ium f i l m ,  whi1.e - t he  .MTCL .p ip ing was counted with. .l i tb i um f i l m  i n  place. 
. . Therefore, on t he  bas is  of t h e  capsule..experiments,.one can say t h a t  much o f  

. . the. 93% .of t h e . a c t i v i t y  detected on t h e  MTCL p ip ing  i s  qui.te~,-possib1-y.contai.ne.d.. , y C . .  . . .  

.- i n  t he  l i t h i u m  . f i l m .  . The . . l i t h i u m  . . f i l m  ana lys is  . . . . . . . .  was.not c a r r i e d  ou t  f o r  the 
. . . .  

. . -  . 
. . . . . . . . 

MTCL p i p i n g  due t o  the  d i f f e r e n t  temperatures and:?Be.:a.ctj-vi:tie.s i n  d i f f e r e n t  -- . - -  . 

pa r t s  o f  the  loop. 

.. a , ,  . . . . . . .  It. i s  q u i t e .  possi b.1 e t h a t  the  deposit. ion. samples. would -ha;ve--p.i.cked .up .. ...., ..:. ..;.... .. 

, . .  more- 7 ~ e  i f  more .was a v a i l a b l e  i n  t he  f l .owing 1 i th ium. Run 2, MTCL i s  cur-  . - 

. r e n t l y  i n  progress t o  check n o t  o n l y  t he  r e p r o d u c i b i l i t y  o f  t he  p re l im inary  
- 0 .  

data presented here, bu t  a l s o .  f . ind ou t  i f  more 7 ~ e  could be deposited onto 

t he  samples. The 7Be source f o r  t h e  second run i s  located i n  f l ow ing  1 i t h i um . 

- .  i n  t h e  ho t  leg,  upstream from t h e  depos i t i on  samples. 
..- *- . . . . . . . .  

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



- . .  . . . . . . . . - - . - .  
CONCLUSIONS 

. -. 

. . 
It can be conc1,uded-.from the present invest . igat ions . tha t  7!3e . - . . . .  . - . ,. . 

* .  
' : . .:.. adheres. t o  .the s tee l  w a l l  i n  contact  a f t e r  prolonged exposure..time a t  FMIT- --. ..-.... . .  

- . .  . - .  - . temperatures,. and has a tendency .to segregate t o  t he  c o l d  leg;o_f,;tbe-l'oop.:. . .....- ..-. .. . .; 

. -  ... :The d i f f u s i o n -  t r a p  has.-been shown to.. be- i n e f f e c t i v e .  under condi t l o n s  .of- .v.e.ry_ 1; - - .  " 

small f l o w '  rates.  Very . l i t t l e '  7 ~ e  act.ivi.ty ..can..be-removed by ,drain ing-4he - - :+: ---.-I------ 

... . 1 i t h i m  .from . the - loop a f t e r -  pro1 onged-~-operation: .--:Th.is means. t h a t  con'trol . .. .-. 

. . . .. .. . .. -methods must be developed t o  is01 a te  7 ~ e  i n  par ts  o f ,  the  .I oop t h a t .  can be 

removed and replaced f o r  easy contact  maintenance o f -  FF1IT.-- Experiments are  
. .. . - -- 
. .  . c u r ren t l y  underway t o .  i nves t i ga te  the  e f f e c t  o f  doping the . . .  . . . . . - 

. - 

' . hot' l e g  1 i t h i um w i t h  i n e r t  bery l1  ium t o  p r e c i p i t a t e  7 ~ e  i n  the  co ld  leg.  

Additional experiments w i t h  depos i t ion samples are  a l so  cont inu ing t o  v e r i f y  

t h e  r e p r o d u c i b i l i t y  o f  t h e  data presented here and t o  develop a 

t r a p  mate r ia l  f o r  7 ~ e .  
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. . ... . - . : A-.. . 
TABLE 1. LITH.EUM F1L.M THICKNESS-MEASUREMENTS . . , .  .-. . . 

.. . , - .  . .- --Run # .- . 'Temperature .. 
. .. - . - .  , -. Average . L.i th.i - .- .- .-.- - .. . . . . 

. . .. . . 
O K  

F i l m  .Thickness 
. . - . . .- (urn) . , - . . .  .. . . . .  .. . 

1 51 5 8.4. . . 



TABLE. 2. RESULTS. OF RUN 5 (543PK) WITH '8e . . 

. . 
.Segment"- . . Ceng t h (m) ii (mg) . . . : : .  .- : .. . . 

. . 

. .- 

Bottom -- .. . . 0.025 . . .  32.0-. . - 
. . 

4 .a..5g...x 10 . - - .  .. , 

1 0.05 1 3.. 5 4 -  . . . 4.81 x 10 . - . . 

2 . . .  0 ..05 15.5 5.18 lo4 ,  

3 0.05 19.0 5.92 l o 4  

4 0.05 . 21.2 8.14 l o 4  

Swage1 ok 
F i t t i n g  0.075 1160.0 33.67 x l o 4  

Pl  anchette 35.89 x l o 6  



7 : .  
'TABLE .3. RESULTS OF RUN 6 :(543PK3 WITH . Be . . 

.Segment. '. Length (m) L i  (mg) .7ee ...--:. . . ---- 

- Bottom 

Swage1 ok 
F.itting 0.033 800 4.42 x lo6 

. . 
' Drained lithium 43.5 gm 3.84 lo7 . . 

. . 1, Planchette . . . . 3.38 x lo6 . . . .  . . . .. 



. . . .  . . . . .  TABLE: 4:  : :RESULTS OF 4000-HOUR ' ~ e  TEST- AT 543°K . . .  . . . .  

. . 7 ' . .  Depth of Be . . : .  - 
- . . . . . . . . . . . . . . . . .  . . . . . . . . .  . segment.. 

- -  .-.Length:(m)- : . . . . . . .  Steel  Remov.ed(.mg.)-- . . . . . .  .Penetrat,ion--. :.-.:..:-..-.. .. 
. . . .  

. . . .  . % . . . . . . . . . . .  (urn) - .  



FIGURE 1. SCHEMATIC OF CAPSULE ARRANGEMENT 



FIGURE 2. MODIFIED THERMAL CONVECTION LOOP SCHEMATIC. 



FIGURE 3. 7 ~ e  DISTRIBUTION DURING 3TCC OPERATTON.. 



/ 

FIGURE 4. ' ~ e  D I S T R I B U T I O N  I N  VTCL COLD LEG AFTER APPROXI!!ATEtY 
. . .  

SO0 HOURS OF OPEFATION - TEMPEMPURE (% 483°K) 



. . . . .  . . .  . . .  . . .  . . . . 

.MATERIAL TO BE PRESENTED AT THE POSTER SESSION 





CONTROL OF BERYLLIUM--7 I N  L I Q U I D  L I T H I U M  

R a  P I  ANANTATMULA, W a  F, BREHM, D a  La BALDYIN AND J o Lo BEVAW 



, . 
. . . . 

. . j . . , 
.. . . 
i i . . . . 
1 : 

PURPOSE '. ' . . I 

I 4 ' . . ,  

> 
; ' ,  . , 2 ,  . 

. 3  

. i .  

7 1: 

. TO'DEVELOP . . A METtfID TO CONTROL THE TRANSPORT: OF B E  I N  FUSION 

MATERIALS , .  , IRRADI&TION TEST(FMIT1 FACILITY 
. ; ,  I . '  . 



PROBLEM. ' 
, ' 

. . 

I 7~~ WILL BE PRODUCED I N  FMIT; :LITHIUM TARGET R Y  INTERACTION OF 

. .  , 

I RECENT ESTIYATESSHOW THAT AN EQLJILIARIUM CONCENTRATION OF AT 
. . 

15 7 : ' !  LEAST 2 .59  x 1 0  BQ OF B E  WILL SE PRESENT I N  F n I T  LITHIUM 

a THIS CONCENTRATION OF 'BE LEADS TO RADIATION FIELDS OF OVER 

I\IA INTENANCE OF FMIT P I  PING AND CONPONEFITS 



(2) EXPERIMENTAL . . PROGRAM 

I CAPSULE LXPERI MENTS i I  

TOu D E T E R ~ ~ J E  LITHIUM FILM THICKlJESS ON AND 7 ! 3 ~  ADHERENCE TO 
. .  . 

STAINLESS ;STEEL AT : FIAIT: , . TEMPERATURE f1i73°-5730~) 
. . - 'I 

. . 
. . . . 

I RODIFIED THERMAL CONVECTIOEJ LOOP (MTCL) EXPERII?ENTS . . 

(HOT LEG 543 '~)  COLD LEG ~ 8 9 ~ 1 0  

TO TEST EFFFCTIVErIESS OF DIFFUSION TRAP, IN PICKING 
, . 

' UP. 7~~ I #  SLOWLY FLONING LITHIUM 1 k t  

I ! ,  TO DETER'MI~E THE,ABILITY OF FE) CO AND NI SAMPLES 



' I.. 
=trflSC>'3 323s }&s, ZdAL , 





(3) RESULTS 

I DISTRIBUTION OF 7~~ I N  MTCL DURING OPERATION 

I DISTRIBUTION OF 7~~ ON HTCL PIPING AND COMPONENTS 



. . 

L I T H I U M  F I L ~  THICIf lESS A N D ~ B E  ADHERENCE' MEASURENEWTS : 
. . 

SHORT-TERM EXPERIEENTS (17, 24 HRS)  
' . I . . , ' . .  . . . . 

. . . . 
. , 

I - AVERAGE L I T H I U M  F I L M  THICKEIESS: I S  11 VM I N  T H E  TEMPERATURE 

I 7~~ PREFERENTIALLY MIGRATES TO CAPSULE WALL, 
I '  , . 

. , I 

I 7!3~ PENETRATES INTO THE STAINLESS STEEL CAPSULE MALL 

. . . . 

I DIFFUSION: COEFFICIE~\ST' OF , 7 ~ ~  I N  STEEL - . . . , . . . . 



\ 
7~~ DISTRIBUTION IN ' MTCL (DURING OPERATION) 

' ~ e  3JS'TRlBUTIOf~ 1I.I ?4TCL COLD LEG AFTER APPROXIRATELY 

800 HOURS OF OPEFATIOT4 - TEjlPEIIATURE (Q 4 8 3 O R )  



7~~ DISTRIBUT1:ON ON fvlTCL :PIPING A N D ,  COMPONENTS8 ' ' . . . . 

(AFTER 975 HRS OF OPERATION) 

I 93X OF 'BE . . 'ACTIVITY. . , PRESEPIT . . ONPIPING ' 

I 6% OF 'BE ACTIVITY PRESENT I N  DRAINED LITHIUM 

I , . . . . . 

I I RON SAMPLES P I  CKED UP . MORE . ACT I V ITY COMPARED 

WITH COBALT AMD NICKEL SAPIPLES I 



(4) CONCLUSIONS : i 

o 7~~ ADHERES TO, STAINLESS STEEL AFTER PROLONGED EXPOSURE AT 
FMIT \TEMPERATURES 

. . - .  . . 

8 . 7 ~ E  .. . _. SEGREGATES! .. . TO THE,,COLD'.;LEG . OF :. A LITHIUM LOOP . . 

I 

I DI.FFUSI'~N TRAP! I I S  NOT VERY 'EFFECTIVE I N  REMOVIHG , 7 ~ ~  FROM LITHIUM 
AT LOW FLOW RATES 

. . .  . 0 

, , : I . . 

I CONTROL METHODS PIUST BE DE~ELOPE'D:.TO . ISOLATE . 'BE I N  PART.S 




