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SUMMARY 
, . . .  

Laboratory work was continued.bn hydriding of zirconium sponge and 
0 

rod under varying conditions of temperature (400-900 C) and pressure 

(0-1000 .torr) . to dete'kine bptimum conditions for' t'he formation &f 

hydrides with desirable.mechanica1 properties. Titanium sponge and 

rod were also hydrided for comparison. Zirconium and titanium , . samples 
, . .  

containing tritium 'were and initial leach data were obtained. 
-6 

Leach rates for .zirconium' in distilled water ranged from 1;l x 10 to 
-6 

4.8 x cmlday under static conditions and from 2.1 x 10 to 1.1 x 

cm/day under dynamic conditions. The leach rates for titanium sponge 
-7 

and'rod under static conditions ranged rruui 2 ..2 x 10 to 1.7 x loG6 

cm/day. Construction of the engineering scale equipment has been 

completed and testing has been started prior to operation. 

~~simeter testing of polymer impregnated tritiated concrete (PITC) 

specimens at the Savannah River Plant (SRP) has continued. After 

sixty-two weeks, the average of the four test specimens indicates a 
- 2 linear rate of release with a slope of 5.23 x 10 cm/yr beginning 

aiter 250 days. A duplicate PITC static leach specimen in di-stilled 

water after ,386 days indicates a iinear rate of release with a slope of 
-2 

3.18 x 10 cm/yr: ,Developmental work is continuing on the injector 

technique for PITC. Nontritiated prototype specimens, as well as 

Lritiated specimens for static leach testing in distilled water, were 

prepared. 



I. TRITIUM STORAGE IN METAL HYDRIDE 

A program has been initiated to demonstrate a safe and economical 

process for the fixation of tritium as a tritide in a metal hydride. 

For tritium absorption and retention purposes, zirconium appears to be 

most desirable although alternatives such as Ti, Hf, V,Nb and certain 

alloys of these can also be used. The choice of zirconium as the lead- 

ing candidate metal for this study is based on its known properties and 

on chemical and physical properties of the hydride. The process can be 

reversed, if desired, by heating the hydride above its decomposition 

temperature (defined as the temperature at which the hydride dissocia- 

tion pressure is above 1 atm) and collecting the evolved gas. While 

the fixation process will be developed for long term storage or disposal 

by burial, retrievability of the tritium will be considered for future 

needs such as for use in controlled thermonuclear reactors. 

A. Hydrogen-Metal Reaction Studies 

Hydriding was carried out in metal or glass tubes connected to a 

manifold which gave access to gas reservoirs, pressure gauges, and a 

vacuum line (see Figures 1 and 2). All volumes were calibrated, so 

that the progress of reaction could be followed by pressure measure- 

ments. The reaction vessel was kept at a controlled temperature by a 

tube furnace. In a typical experiment, a 2.5 g metal specimen was 

outgassed while being heated from room temperature to a chosen reaction 

temperature. Hydrogen was then admitted by opening the valve to one 

of tho hydrogen resermirs, previously filled to a known pressure. 

The pressure during hydriding thus varied from an initial high to a 

final low point which was often close to zero. Hydriding was usually 

rapid; and, since the reaction is exothermic to the extent of about 

39 kcal per mole H reacted, the temperature sometimes rose as much 
2 

as 50°c above the control point. Hydrided samples were cooled, weighed 

to provide a check on the hydrogen uptake as deduced from pressure 

readings, and examined visually to determine whether cracking or signs 

of physical degradation were present. 



~ i ~ i r e  1. Low-Preueure glass system for hydriding studies. 



Figure 2.  High-Pressure metal system for hvdriding 
studies . 



The experimental r e s u l t s  fo r  zirconium sponge and rod a r e  given 

i n  Tables 1 and 2. In Figures 3 and 4 a r e  shown sponge and rod 

specimens, respectively,  with the experimental conditions fo r  t h e i r  

preparation given i n  Tables 3 and 4, respectively. The r e su l t s  may be 

summarized a s  follows: 

1. Zirconium sponge i s  much more readi ly  hydrided than rod. 

Sponge was hydrided t o  a H/ZE atom r a t i o  of approximately 1 i n  

one minute a t  4 5 0 ~ ~  (samples 30a-30d) , and t o  H / Z r  atom r a t i o s  

of 1.77 and 1.92 i n  f i ve  minutes a t  500°c (samples 34e and 

34f).  These r a t i o s  f o r  sponge can be compared with rod, which 

required 60 minutes a t  ~ 0 0 " ~ '  Tor a H / Z r  atom r a t i o  of approxi- 

mately 1 (sample 29a) and 15 minutes a t  6 5 0 ~ ~  fo r  a H / Z r  atom 

r a t i o  of 1.15 (qample 33b). , L  , .  I I .* ' .- ,., - - - - 331 
,. . ', 

2 .  Sponge can absorb more hydrogen than rod before cracking occurs. 

H / Z r  atom r a t i o s  approaching 2 w e r e  a t ta ined with sponge 
0 

f m  p~G(samples 30f, 32c, and 34f) a t  450-625 C. Rod invariably 

' u  , 
:!cracked a t  H / Z r  atom r a t i o s  above 1 unless a higher hydriding 

0 
tkmperature was used (900 C,  sample 31d) . 

3. With both sponge and rod, control  of pressure was important. 

Cracking t,ended ta occur when the reaction vessel YAS ~poned  

t o  reservoirs  containing hydrogen a t  900 t o r r  and the f i n a l  

pressure a f t e r  hydriding was a l so  high. T h i s  e f f ec t  was more 

pronounced at , lowermtemperature and higher H/Zr  atom ra t io .  
t 

-- - I 

The physical  i n t eg r i t y  the  hydride product i s  dependent on a 

number of factors .  Higher temperature, lower pressure, and lower H/Zr  

atom r a t i o ,  i n  general, appear t o  cause less physical degradation. I n  

addit ion,  t he  form and s i z e  of the reaction metal have an e f f ec t .  Solid 

metal apparently i s  l e s s  able  to undergo the changes i n  c rys t a l l i ne  

s t ruc ture  and density t h a t  occur during hydride formation and heating 

and cooling compared with a porous material  t h a t  is b e t t e r  able  t o  

absorb the s t resses .  The la rger ,  more massive pieces a r e  a l so  subject  

t o  greater degradation. Scheele and ~ u r g e r '  conclude t h a t  tubing 



Sample 
No. 

, . 
Exper imenta l  Hydr id ing  of  Zirconium Sponge 

Weight,  
g 

Hydr id ing  
0 

temp.,  C 

Hydriding.  p r e s s . ,  
t o r r  

I n i t i a l  . . F i n a l  r a t i o  

. . .. . 

Time , 
min 

Notes 

No change 

No change 

No .change 

No change 
. . 

No change 

No change 

No change 

No change 

~b change. . . 

No change 

No change 

B r i t t l e , ,  f ragments  

~ r i t t l e ,  f ragments  

Some c h i p s  

Some c h i p s  ' 

No change 

No change 

(a)Atom r a t i o  determined by w e i g h t  &in .  



. . . . TABLE 2. 

Experimental Hydriding o f  t Inch zirconium Rod 
. .  . . 

. . > ' .  . 

. .. Hydriding p re s s . ,  . . 
sample ' weight ,  Hydriding tori H / Z ~  atom . Time, Notes 

0 
No. g . temp., C . I n i t i a l  F i n a l  r a t i o  (a) min 

29a , 2.8898 600 475 lo 0.98 ' 60 ' ~ k e  cracks  

2 9b 2.8935' . 700 475 10 . 0;91 . , 65 ' Fine c racks  

31a , 2.9139 900 968 , . A812 0.89 '11 . VU cracks  

3 1b 2.8779 , 900 968 , 2 97 1.29 13  No cracks  
. . 

3 1c 3.1783 900 991 :463 , ,-0.94 50 No cracks  

3 1d 2.9700 900 991 246 1,.44 .45 No cracks 
, . ,P 

33a 2.6324 . 650 ,524 1 0.93 105 Cracks 

, 33b 2.5296 650 524 8 5 1.15 . 15 Cracks 

33c 2.2353 800 404 6 0 0.85 75 No cracks  

3 3d 2.5255 800 467 3 9 1.00 35 No cracks  .. 

34a 2.3120 850 501 0 1.27 74 Cracks. 

34b 1.8514 . 850 . 325 9 2 0.76 30 No cracks 

34c 2.6234 900 ' 362 100 0.59 32 No c racks  

( a ) ~ t o m  r a t i o  determined by weight gdin.  



TABLE 3 
,. .I " 

Exper imenta l  C o n d i t i o n s  f o r  Sponge Samples . i n  F igure -  3 

Hydr id ing  p r e s s . ,  
, Sample Weight,  Hydr id ing  t o r r  H / Z ~  atom Time, .o 

No. g  temp., C I n i t i a l  F i n a l  r a t i o  (a) min 

1 

a Not hydr ided  

( a ) ~ t o m  r a t i o  de te rmined  by weigh t  g a i n .  



. . <  : , ,' '> 

.,... * . ,  . - 
sample  :.. .' . . : .. . Weight,  Hydr id ing  

: - . . 3  . o .  
No. .' Form ' : g  temp., C-' 

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

b  %" Rod Not hydr ided  , 

. I  . 
23b " a" Rod ' "2.7693:"  200-475 ' 

I' .: . . 
23d %" R,od ' ' . ~ . ' 2 . 7 5 3 0 '  400-640 .. ' 

23g :". a" Rod " .  '2 .7296 750 .: .'.' 
, . 

26b k" Rod .. . 2.8016" 400-600 ' 

33d ' % I t  Rod ' ' ,2.5255' .  800 ' ' 

2  5a Z i r c a l o y  ' ' 1.8329' 
600 : :: 

. , , : . 
25b ' ' ' Z i r c a l o y  -2.3689 ' 800 

' .Hydriding press'. , 
! .f err " .. . ' ~ t Z r  atom ' 

initial ' ' F i n a l  ' r a t i o  (a) 
Time, . 

min 

( a ) ~ t o r n  r a t i u  de te rmined  by weigh t  g a i n .  



igure 3. Zirconium sponge and hydrides. 

Figure 4. Zirconium rod and hydrides. 

- 9 -  



accepted hydrogen with less destruction of physical integrity. 

The zirconium-hydrogen system has been investigated by Beck and 
2 

Mueller, and the pressure, temperature, composition relationships 

correlated by them are shown in Figure 5. The alpha and beta zirconium 

phases, as well as the delta and epsilon hydride phases, are indicated 

in these diagrams. Changes in physical and chemical properties can 

occur during hydriding and heating and cooling, especially during phase 

change, and thus lead to physical instability of the product. Beck and 

Mueller have determined and correlated a number of physical properties 

of the zirconium-hydroqen system and have observed a "brittle range" 

between 60.0 d~ id  62.5 atbm % hydrogen, which is in the all-delta 

reqion . 
The work of Gulbransen and 2indrew3 shows that the hydride reaction 
0 

at 300 C obeys the square root of pressure law, and that therefore the 

rate determining step is diffusion of hydrogen monatomically into the 

zirconium lattice. If diffusion is assumed to be controlling in the 

temperature range of our investigation, nonhomogeneity in hydrogen 

concentration during reaction would be expected. Because of differences 

in the physical properties (density, yield strength, coefficient of 

expansion, etc.) as related to hydrogen concentration, stresses induced 

in the metal during hydriding and heating and cooling can lead to 
1 

physical breakdown of the product. Scheele and Burger, however, 

examined the interior and exterior of a rod sample for uniformity of 

hydriding and found the hydrogen content to be the same. This does 

not preclude the existence of nclnhnmgeneity during reaction. 

Reaction at higher temperature appears to cause less physical 

degradation and may be due to stress relieving as suggested by Scheele 

and ~ur~er.' In addition, the equilibrium hydrogen pressure is 

significantly increased at the higher temperature, especially at the 

higher H/Zr atom ratios, and would lead to suppression of higher H/Zr 

atom ratio product formation at the surface. The diffusion and initial 

reaction in the interior of the metal on the other hand should be 



L 

ATOM PERCENT HYDROGEN 

Zirconium-Hydrogen Phase Diagram 

HIZ'r ATOM RATIO 

Pressure-Composi t i o n  Isotherms (Composite Data ) 

Figure 5. Phase diagram and pressure composition 
isotherms for the zirconium-hydrogen system. (2) 



enhanced a t .  t he  higher temperature. Thus, the  o v e r a l l  e f f e c t  would be 

a more uniform formation of  hydride a n d . l e s s  induced s t r e s s .  With 

sponge the  d i f f u s i o n  d i s t ance  i n  t h e  metal is  g r e a t l y  reduced and the re  

is  the re fo re  l e s s  of such  . . an e f f e c t .  . . 

. . 
- ,  

. . 

' B. Rehydriding of -Zirconium'Sponge 
. . . , 

. . 

Two sponge .samples were hydrided, dehydrided .and':tIien rehydrided 
. . . . . 

s e v e r a l  t imes t o  a H / Z r  atom r a t i o  of approximately 1.9. . . Simple 15b 

l o i t  9 ing o f  t h e  o r i g i n a l  2.3648 g a f t e r  f i v e  cy$les and some. a i r  darkening . . 

. .' 
and b r i t t l e n e s s  'was ' observed.' Sample 17a had no s ign i f i can t , .  ?e'ight : change 

. .. , . 

a f t e r :  four .-c'ycles and broke i n t o  severa l  pieces.  
. . 

. .. 

These r e s u l t s  suggest  tha t .z i rconium sponge be considered a s  a 

candidate &te r . i a l  f o r  r e t r i e v a b l e  t r i t i u m  s to rage ,  d e s p i t e  some 

evidence 'of  physica l  degradation.  

C.  Hydriding of Titanium 

~ i t i n i u m  sponge and rod samples were hydridkd and the  results a r e  

given i n  Table 5. Longer . reac t ion  times were requi red  i n  comparison 

iyith zirconium t o  achieve. comparable hydrogen-to-metal  atom 
0 

r a t i o s .  For sponge a t  500 C ,  a 29 ,minu te . r eac t ion  time,was requi red  
, 

f o r  a H/M r a t i o  ,o£ 1.40 (saniple 35a) , and 77 min'utes f o r  a .  H/M atom 
0 r a t i o  of 1.79 (sample 35d). A t  a higher temperature (550.C) ,  a longer,  

r a t h e r  than shor te r , ,  r eac t ion  time was requi red  probably because of the  

high e q u i l i b r i p  hydrogen pressure  a t  t h a t  temperature. Titanium rod 
0 

requi red  445 minutes a t  600 C f o r  r a t i o s  of  1.44 and 1.16, probably 

f o r  t h e  reason j u s t  given,  a s  wel l  a s  because of i t s  form. I n  genera l ,  

t h e  specimens remained i n t a c t  and less b r i t t l e n e s s  was observed when 

compared wi th  zirconium. 

D. Leach Tes t ing  

Leach t e s t s  were begun on t r i t i a t e d  zirconium and t i tanium hydrides 

under b o t h ' s t a t i c  and dynamic condit ions.  Spec'imens were placed i n  

10-25 m l  of . d i s t i l l e d  water  i n  g l a s s  conta iners .  Magnetic s t i r r i n g  

b a r s  .were used t o  determine leach r a t e s  under dynamic condit ions.  I n  



. . . . . . . .  
TABLE 5 

. . . . 
; . .  '. , . . .  . .  . 

Experimental Hydriding of Titanium Sponge and Rod ' . . .  .. . . . . 

. . 
, ,  . 

~ ~ d r i d i n ~  press . ,  
. . .  

Notes . Sample. 
No. 

Weight, 
g  

, ; 

Hydriding 
0 

temp., . C 
Time, 

min r a t i o ,  
' : t o r r '  

I n i t i a l  F i na  1 

Sponge 

T r i t i a t e d  . .- 

T r i t  i a t e d  

~ r i t i a t e d  

Rod - 

3 5 i .  ' 1.2061 600. 670 ,86 1.44.. . 445 T r i t i a t e d  

35 j  1.0807. . 600 627 176 1.16 445 ~ r i t i a t e d  

35k 1.1961 550 599 -- . . 1.09 , .  - - T r i t  i a t e d  

351 1.1966 550 605 - - 0.86 -- T r i t i a t e d  

. . .  

' a ) ~ t o m  r a t i o  determined by weight . ., . . . . 



both cases, 1 or 2 ml aliquots of leachant were removed at the end of 

the test period for sampling, filtering, and counting in a liquid 

scintillation counter. The leachant was not changed. 

' Leach rates for zirconium under static and dynamic conditions are. 

given.in Tables 6 and 7, respectively.   he leach rates expressed as 
(cumulative f ractidn tritium ' &'ease her - day) ' 'x -.(v/s)' kahged from 
1.1 x to 4.8 x cm/day under static conditions and from 2:1 x , 

. .  . - 6 
10 . go. 1.1 x cm/day under . - dy&c . . conditions; . . . The factor (V/S). 

where V is the specimen volume and S is its geometric surface area, is 

included so that the tritium release as expressed is independent of 

sample geometry and size. Zirconium spongc is irregularly shaped and , 

quite p u ~ u u s  and its (IT/$) was conservatively estimated to be equivalent 

to a geometric cylinder of equal weight with a diameter of one half 

its length. 

The total tritium activity in the zirconium hydride specimens uskd 
. .  . . 4. 5 

for static testing ranged from 10 to 10 counts per' minute, and the. . 

total tritium activity was approximately ,ten times greater for $the 
. . %  

dynamic.specimens, which, however, were leach tested for much shorter 

periods of time. The leachant tritium activity for both static and . . 
dynamic tests.was barely above detectible limits and therefore a 

quantitative comparison and interpretation is difficult. Nevertheles~,' 

the data.'indicated that 1 nng t@tm ctorogs 0s L ~ i L i ~ u n  In z i re~k iu in  in 

ei:the$. kolid or sponge "fdrm appears to be 'feasible. 

Leach rates for titanium in distilled water under static conditions 

are given in Table 8. The (cumulative fraction tritium release per 
- 6 

day) x (V/S) ranged from 2.2 x 10'~ to 1.7 x 10 cm/day, with two 

samples below the detectible limit and the remainder barely above the 

detectible limit. The titanid sponge is also irregularly shaped and . . 
porous and its (V/S) factor was conservati.vely estimated to be equivalent 

to that of a 1/16 inch cube-shaped geometric solid. The leach rates 

.for titanium appear 'to be at least as good :as they are for zirconium. 

E. ,Engineering Scale Studies 

. . An engineering-scale study of the storage of waste tritium as a 



TABLE '6 

Sample . 

No. 

(a )  Stat . ic  Leach Tes t ing  Zirconium i n  D i s t i l l e d  Water 

Sponge 

sponge 

Sponge 

Sponge 

Sponge 

k" Rod 

%" Rod 

Cumulative 
f r a c t i o n  t r i t i u m -  

r e l e a s e  r a t e ,  day 
1 

(Cumulative 
f r a c t i o n  t r i t i u m  - 

'lsy cm ' r e l e a s e  r a t e )  x (vIs ) ,  
cm/day 

0.095 (b) . ' 2 . 9 . x  lo-6 
0.095 (b) . ' 2.4. x  lo-6 , . 

0 . 0 9 9 ( ~ )  4.8, x . 1 0  
-6 ' 

0.113 (b) 2.5 x 

0 ;  132 (b) 1.7 x ' 1 0 - ~  

. . (a)Leach time period o f  74-116 days.  . , 

( b ) ~ / ~  f o r  sponge es t imated  t o  be equ iva l en t  t o  a  yeometric c y l i n d e r  of  d iameter  
one h a l f  t h e  l eng th  and o f  equal  weight.  



TABLE. .7 

(a)  , . ~ ~ n a m i c . L e a c h  Tes.ting of  Zirconiuni' in  D i s t i l l e d  Wate,r : 

., . . ... . .  . . .. . :  (Cumulative 
. . . . Sample ' . ' . H / z ~  atom Cumulative '. 1. . f r a c t i o n  t r i t i u m ' .  : 

Nb' '. . Form . .  - . r a t i o 3 '  f r a c t i o n  t r . i t ium - , .. - Y/S, cm. . . 
-1 . . 

r e l e a s e  r a t e )  x (V/S);, 
. , .  . r e l e a s e  : r a t e ; .  day . . cmlday 

30a ' 'Sponge :' 1.06 1.8 x 1 0 .  - 5 '  0.1.64 ( )  . 2.5,x:IO -6 : 
., . - 

(b 30b . ~ p o n g k  .: . 1 .01  . 1.4 x 1 0 . .  . .'. 0.134 .. 1. . .9- x: 10 -5 , -6 ,. 

1.6 io-5 (b) ,: 
-6. , . .  

30c Sponge.  0.91 '. 0.134 2.1 x . 1 0  - 
. . . 

30d ' Sponge . 1.03 ' .  . 2.5 x ;. 0 . 1 3 2 ( ~ )  - . 3.3. X. -10 
-6 . , .  . 

33a ' k" Ro'd :' 0.93 ' . .  - 4.7 ; . 0.127 . 6.0 x . . 1 0 - ~  . .. 

. . . . 
33b .ti"- :Rod .. 1,15 . . 1 7 . 8 x 1 0 - ~  .; .) 0 . 1 2 6 .  . 9 . 8 k  . ; I  : ' 

33c 
-5 k" .:Rod 0.85 .:: .. 8.1 x 1 . 0 ~ ~  . ' . 0.123 , .. '1.0, x..1.0 

33d k" Rod 1 .OO 9.0 x lC5 .0.126 .1..1 

. . . .  . - . . - .  

( a ) ~ e a c h  t i m e  period of 15-17 days.  

( b ) V / ~  f o r  sponge es t imated  t o  b e  equ iva l en t  t o  a :geometric cy l inder .  0.f - :  , . . 

diameter  ,one h a l f . . t h e  l eng th  and of  equal  weight .  ; : .  - .  
. . . . ... . . .: 



. . . .  . . . . . . .  , ,. ' . . ,' ' . . . .  ,. . . A . . .  > _  , '  . . 2:. . s .  
I . .  

3 . :  ' 
TABLE 8 

. . .  , . . '  . . . . . . . .  . . .  . . -  . :.: ' . . , <  . 

. . .  S t a t i c  Leach Tes t ing  of ,Ti tan ium i n  D i s t i l l e d  Water (a 
3 .. :. . . . . .  . , . . -  

Sample H / Z ~  atom Cumulative f r a c t i o n  t r i t i u m  
No. : .  

Flqw r a t . i o  : : ' f r a c t i o n  t r i t i u m -  'lSl :Cm. re te ,ase  r a t e )  x ('IS) , 1 
. , :  . ',. : . . .  . . . .  r e l e a s e  r a t e ,  day . ,, , , . 

. . .  . . cmlday . , . - - . . 2 .  

- - 

. . .  35f .. - . Sponge. .  1.80" - 5 -2 .loy5 ., 0,~026(b)  . . 1 . . 4 . . ~ . ~ 1 0 .  -6 .. 

35g. . Spqnge .1.39. 1 .7. 0 .02 .6(~) :  . ,4 .4  x- :.: 
(b) 35h Sponge . .  1..42. . . .  ( 1  -j3 . .& .. 0.026 < c ) .  , . ' 

3 5 i  Rod',  - . 1.44,. . . . .  1.5 x 10 0.111 .. .. 
-6 

. . . . .  . . . . 1 . 7 ~ 1 0  -6 ' ' 
. . 

1.16 . O .  106 
-6 ' 

35j  R O ~  9.5 x 10 . . . .l . .o x 10 . .  - .  . . .  , .  . -6 ' '. . . 
35k Rod 1.09 9.6 x 10 0.104 

-. . . 
1.0 x 1 0 - ~  

. . . . .  . . . . 
351 Rod 0 .'86 ' (c) '  0.110: 

. . .  i: . . 
. ( c )  

. . . . . . . . 
I '  

. ,  . . . - . . 
( a ) ~ e a c h . t i m e  period of 26 days.  

. . 
' ( b ) ~ / ~  f o r  sponge es t imated  t o  be equ iva l en t  t o  a 1/16 inchg&om;triC c u b e .  



t r i t i d e  i n  a .metal hydride i s  underway. In  this process, concentrated 

tritium ef f luen t ,  such a s  from the  Mound Laboratory isotope exchanger, 

is  reacted with metal such a s  zirconium to.'form a s t ab l e  t r i t ide-hydride 

compound su i tab le  f o r  disposal  a t  bu r i a l  s i t e s  o r  f o r  storage i n  a 

re t r ievable  form £or 'us= .such a s  i n  ,controlled the'rrnonucl&r reactors .  

The developmental work a t  BNL, however, w i l l  be l imited t o  operation 

with - .  t racer  quan t i t i e s  of tritium. 
. . , ,. . . 

. . In  the  engineering scale  flowsheet (.see Figure 6) ' , .  a feed stream : 

, .  . 

of H*' or  HT.is . regulated by a flow r a t e  cont ro l le r  provided with a flow 

integrator .  The pressure , is  monitored by gauges and pressure trans- 

duccra (rnaxi~iiun~ ileslgri pressure: ' l U U  psig) . A vacuum system c o n s i ~ t i n g  

of a co'ld t rap, ,  d i f fusion pump, and mechanical pump capable of producing' . 

- 4 -5 . 
a vacuum l eve l  of 10 t o  10 . t o r r ,  i s  provided fo r  outgassing the 

. - 

react ion metal and removal of t race  quan t i t i e s  'of oxygei, which has an 

inh ib i t ing  e f f e c t  on the  tr i t ide-hydridd reaction'. The react ion vessel  

(see  Figure 7) i s  approximately 3 inches i diameter and. 19 inches . . 

high and i s  provided with a porous metal f i l t e r  to .prevent  discharge of 

react ion product f ines .  An e l e c t r i c  heater clamped external ly  t o  the  
. o  

vessel  i s  used to,provide an operating temperature up t o  600 C. 

~ e m ~ e r a t u i e s  i n  the  reactor  a r e  monitor.ed external ly  and a l so  in te rna l ly  
. . 

with a cen te r l ine  thennowell. The react ion metal w i l l  *be placed i n  a ,  

wire mesh basket ins ide  the  r eac to r . t n  permi..t optimum p o ~ i t i o n i n g  for 
' 

temperature control  and measurement,'and a l so  t o  avoid expansion 

problems t h a t  can r e s u l t  from hydride formation. The vessel  can be 

charged with one individual rod o r  sponge specimen up t o  i t s  maximum 

capacity of approxj.mately 5 kg of metal. 

construction of the  engineering sca le  equipment has been completed 

and t e s t i ng  has been s t a r t ed  p r io r  t o  operation. 

A. Lysimeter Testing of'PITC Specimens 

The Savannah Riv.er Plant  (SRP) suggested t h a t  specimens containimg 

one t o  ten cur ies  of tritium would provide adequate ' d e t e c t i b i l i t y  i n  
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, Figure 6 .  Tritium storage i n  metal hydride - engineering 
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Figure 7 .  Metal hydride reaction ve s se l .  



lys imeter  . t e s t i n g  and' t h a t  a specimen s i z e  of one cubic f o o t  would 

be convenient.  Because of t h e  low r a t e  of t r i t i u m . r e l e a s e  expected 

i n  t h e  lys ime te r  t e s t i n g  of PITC, t e n  c u r i e s  of t r i t i u m  w e r e  added t o  
3 

each specimen. The specimens were prepared i n  f i v e  ga l lon  (.0.67 f t  

screw-top polyethylene carboys.   he conta iners  represented a standard 

s i z e  t h a t  was e a s i l y  obta inable ;  t h i s  s i z e  was acceptable  t o  SRP. 
. . . .  . . 2 -  

The s i z e  of  the  specimen and i ts conta iner  w e r e  riot compatible k i t h  , . ' 
C . .. : . 

' "  ' 4 '  , - , ,  

the '  end-over-end drum tumbli+,g technique ,be in<  deireloped f o r  l a r g e  s c a l e  
. ....... . . 

PITC composites. I t  was determined. . t ha t  a conventional dough type 
. \ , : ,  . . .  .. 

mixer (B lakes lee  model B-20) when uged, with a water  t o  cement ' r a t i o  of  - ' 

.. . 

0.22 produced a produCt of  s i m i l a i  ' dens i ty  a s  t11a.t obtained by end-over-end 
. . 

. tumbling wi th  .the...-same water .  t o  ,cement r a t i o .  . S i n c e .  the  r e s u l t a n t  

polymer, loading i n  a homogeneous cement c a s t i n g  using qoak impregnation 

is  dependent upon the  i n i t i a l  dens i ty ,  t h e  PITC specimens produced by 

t h i s  .method .are r ep resen ta t ive  of t h e  product produced by end-over-end 

tumbling. 
. . 

, . The amount of water necessary t o  g ive  . . a water t o  cement r a t i o  of 

0.22 f o r  e a c h ,  cement c a s t i n g  was determined. Two m i l l i l i t e r s  of 

t k i t i a t e d  water with a s p e c i f i c  a c t i v i t y  of 5 ~ i / m l  were added t o  t h i s  

water t o  provide a t r i t , ium.  content  o'f t e n '  c u r i e s  f o r  each specimen. 
/ , " 

. . 
The water was added t o  por t land type I11 cement,and mixed u n t i l  a 

uniform consistency was:.obtained. The cement mix was t r a n s f e r r e d  t o  a 

. f i v e  ga l lon  polyethylene carboy which '!as v ib ra ted  t o  provide proper 

packing of t h e  mix. The 'carboy was sea led  and placed i n  an oven f o r  . 
. , 

0 
f i v e  days a t  40 C -  t o . en&re  completti ' cur ing  df t h e  ,dement. 

' A f t e r  removal from the  oven, t h e  c a s t i n g  was allowed t o  e q u i l i b r a t e  

t o  room temperature before  polymer impregnation. The soak impregnation 

technique developed a t  BNL was employed, i n  which s u f f i c i e n t  monomer 

i s  introduced i n t o  t h e  void space above the  specimen i n  i t s  conta iner  
. , 

and allowed t o  soak i n t o  ' the concrete.  The specimen was impregnated 

wi th  s ty rene  monomer conta in ing 0.5 w t . %  AIBN . (2., 2' - [Azobis-2- 

methylpropioni t r i le ]  ) a s  a polymerization c a t a l y s t .  Af ter  add i t ion  

of t h e  mondmer, t h e  carboy was sea led  and t h e  monomer allowed t o  .soak 
. . . . 



i n t o  the  concrete overnight .  The carboy containing t h e  t r i t i a t e d  
0 

concrete was then placed i n t c  an oven a t  65 C over the  weekend f o r  

polymerization :o f .  . t he  monomer. ?.,Subse.quent. t o  . t h e  e q u i l i b r a t i o n .  of  . t he  
. . . .. 

PITC t o  room temperature, t h e  polyethylene carboy was s l iced 'away.  Four 

polymer impregnated t r i t i a t e d  concrete specimens were prepared by t h i s  
. . . . 

. . . . . . . 

techn=que. ,. ' , . . ' , ,. 
. . .. 

Table 9 l i s ts  the  fo rku la t iona l  d a t a  f o r  the '  four PITC specimens 
. . 

s e n t  t o  SRP f o r  lys imeter  ' t e s t ing .  Each specimen contained' t e n  c u r i e s  . . 

of t r i t i u m .  The specimen geometry i s  c y l i n d r i c a l  with app,roximate 
; 3  

dimensions of  27 cm diameter x 28 cm f o r  a composite volume of 0.566 f t  . 
3 .  

The t r i t i a t e d  concrete had a dens i ty  of 91.5 + 0.3 l b / f t  . Impregnation 
3 

produced PITC specimens w i t h - a  dens i ty  of.106;6 f 0.2 l b / f t  and a 

polymer loading of 16.5 + 0.3%. 

The four PITC specimens shipped t o  SRP were bur ied  without conta iners  

i n  individual  lys imeters  a s  shown i n  Figure 8: Each lysimeter  c o n s i s t s  

of a s t e e l  tank 1.83 m i n  diameter and 3.05 m deep which was buried i n  

the  ground with i t s  open top  approximately 15  cm above t h e  s o i l  sur face .  

The PITC specimen was bur ied  1.5 m.below the  s o i l  sur face  and approximately 

1.2 m above the  bottom of t h e  lys imeter  using SRP s o i l  excavated during 
... 

placement of the  s t e e l  tank. Rain f a l l i n g  on t h e  exposed s o i l  a t  t h e  

lys imeter  surface  permeates t h e  s o i l ,  c o n t a c t s , t h e  PITC specimen, and 

accumulates i n  a yravel  l a y e r  on t h e  s loping bottom of t h e  lys imeter . '  

A pump i s  used t o  c o l l e c t  t h e  pe rco la te  water . .  Af ter  t h e  i n i t i a l  time 

requi red  f o r  s o i l  s a t u r a t i o n ,  pe rco la te  water was c o l l e c t e d  weekly with 

volume and t r i t i u m  concentra L l u u  ila La campilcd . 
The tritium concentra t ion  i n  the  a i r  above the .  lysimeter  was a l s o  

measured pe r iod ica l ly .  This requi red  t h e  placement of a cover on the  

open top  of t h e  lysimeter  f o r  approximately 24 hours. Figure 9 shows 

the  lys imeter  with the  top  cover i n  p lace .  A i r  was co l l ec ted  and 

passed f i r s t  through a Linde* 4A molecular s i eve  t r a p  t o  r e t a i n  t r i t i u m  

oxide (HTO) and then through palladium coated Linde PA molecular s i eve  

t o  c o l l e c t  elemental t r i t i u m  (HT) t h a t  passed through t h e  f i r s t  t r a p .  

* Union Carbide Corporation, New York 



' TABLE 9 . . 

F o r m u ~ a t i o n a l  Data f o r  PITC Spdcimens - f o r  .Lysimeter  T e s t i n g  a t  SRP 

Specimen Formula t ion ,  W t  .% HTO Conten t  
Number Cement Wa te'r l l / f t3  

Each specimen c o n t a i n s  t e n  (10) 

' _  

I n i t i a l  Impregnated 
Mass, kg Mass, kg 

23 .5  2 7 . 4  

c u r i e s  of  t r i t i u m . .  

Polymer 
Load, % 

Figure  8. SRP t e s t  lys imete r  f o r  measurement o£ t h e  r a t e  . 

of t r i t i u m  r e l e a s e  from polymer impregnhtod t r i t i a t c d  
. 

. .concrete (PITC) . . . .  



Figure 9. Lysimeter with top cover i n  place for air 
sampling. . . 

L - - . -  



The four test lysimeters are denoted NE, SE, SW, and NW according 

to their compass position and contain respectively specimens 121-1, 

121-2, 121-4, and 121-3. The specimens were each set in a nylon sling, 

wrapped in a polyethylene bag, and placed into a 30 gallon drum for 

shipment to SRP. Vermiculite was poured into the space between the 

drum and the polyethylene bag containing the sample. An air sampling 

valve and pressure gauge were mounted on the drum head, however, no 

pressurization occurred. Figure 10 shows one of the PITC specimens 

being lowered into its lysimeter. After it was placed in the lysimeter, 

the nylon sling was removed, and the specimen was then covered with 

soil. Additional soil is added if seftlins occurs in the lysimeter. 

Percolate water could not be removed from the lysimeters before 

the fourteenth week; prior to this time, soil in the lysimeter absorbed 

all incident rainfall. Figure 11 shows the total cumulative tritium 

release in the lysimeter percolate water for sixty two weeks since 

burial after correction for the percolate tritium content from a control 

lysimeter. The cumulative rainfall after the first fourteen weeks is 

also shown in this figure. No tritium content in the air was noted for 

either the specimen or control lysimeters and as such, subsequent 

references to tritium release are understood to refer to tritium in the 

percolate water. The initial tritium releases are seen to be very low. 

This may be partially an artifact due to channeling of water down the 

sides of the lysimeter which otherwise might have been absorbed in the 

soil. 

The tfitium releases from the lysimeters have been averaged in 

Figure 12 and expressed as (cumulative fraction tritium release) x 

(V/S) where V is the specimen volume and S is its geometric surface 

area. The factor (V/S) is included so that the tritium release as 

expressed is independent of sample geometry and size for leach times 

which are short relative to total tritium release. The lysimeter 

test specimens exhibit a (V/S) ratio of 4.545 cm; for comparison, 





RAINFALL I I 

CUMULATIVE TIME SINCE BURIAL, days 

Figure 11. Cumulative tritium release and rainfall for 
the SRP lysimeters. 

I 
I 

LYSIMETER AVERAGE 5 0,QW (V/S)-'1.645 CIII 1 

Figure 12. (Cumulative fraction tritium release) x (V/S) 
versus timeosince burial, lysimeter average. 



(V/$) for a thirty gallon drum is approximately 9.0 cm. Regression 

analysis of the average data obtained after the thirty sixth week - 4 
provides a linear least squares fit with a slope ,of 1.43 x 10 cm/day 

-5 
corresponding to a daily fraction tritium release rate of 3.5 x 10 . 
In Figure 13, this least squares fit is expressed as: 

- 2 - 2 
(Can/Ao) (V/S) = 5.23~10 t (yr) - 3.58~10 , cm 

thus giving a slope expressed as cm/yr while the second term implies 

that this rate of releaSe began after 250 days and no prior tritium 

release occurred. This projects a complete tritium release after 87.6 * 

years. When this release is corrected for decay, it is seen that the 

maximum fraction of the initial contained tritium which appears in the 

environment is 7.2% after 17.7 years from the beginning of the initial 

tritium release. . .  . 

The tritium releases projected have been for the lysimeter average 
' 

3 
with 0.566 ft specimens (V/S = 4.545 cm) with no container. Figure 14 

projects the cumulative tritium release corrected for decay for 30 

gal1on.dru-n size waste forms (V/S = 9.0 cm) as a function 05 container 
- 2 lifetime'. A fraction tritium felease rate of 5.23 x10 cm/yr is 

assumed. The maximum quantity of tritium present in the environment 

appears 17.7 years after container failure. This fraction of the . 

initially contained tritiA is 2 -1.5 x 1.22 x , 2.24 x ,, 
- 4 

. and 1.33 x 10 for container lifetimes of 10, 20, 50, and 100 years. 

B. Static Leach Testing of the Lysimeter Duplicate Specimen 

A PITC'specimen (without container) of the same dimensions and 

formulation as those in lisimeter testing at SRP is in static leaching 

in distilled water at BNL. This specimen which also contains ten curies 
3 of tritium had a density of 95.4 lbs/ft prior to impregnation and 107.7 

3 
lbs/ft afterwards for a polymer loading of 12.9%: The lower polymer 

loading in this specimen as compared to the lysimeter test specimens 

results from the higher initial density. of the concrete (due fo more 

vibratory tamping) ,and a minimization of polymer on the' upper surface 

of the composite. Leach testing. was performed by immersing the specimen 



CUMULATIVE LEACH TIME, years 

Figure  13. ~ r o j  ec ted  cumulative f r a c t i o n  t r i t i u m  r e l e a s e  
' 

wi th  t ime, based on t h e  t e s t  lys ime te r  average r a t e  of 
r e l e a s e .  , 

Figure  , . 14. P ro jec ted  ~ u m u l a t i v e  f r a c t i o n  t r i t i u m  r e l e a s e  
f o r  PITC i n  c o n t a i n e r s  w i t h  f i n i t e  l i f e t i m e s .  

. . 



without a conta iner  i n  4 0 . l i t e r s  of  d i s t i l l e d  water such t h a t  a l l  

sur faces  were exposed t o  t h e  leachant .  The leachant  was not  changed; 
3 

one cm was taken during sampling f o r  ana lys i s  by l i q u i d  s c i n t i l l a t i o n  

counting. The r e s u l t s  a f t e r  386 days of leaching a r e  shown i n  Figure 15. 
- 2 

The r a t e  of r e l e a s e  i s  approximately 1 i n e a r . w i t h  a s lope  of 3.18 x 10 

cm/yr. A complete r e l e a s e  a f t e r  143 years  i s  projec ted  a s  indica ted  i n  

Figure 16. When correc ted  f o r  decay, it becomes apparent  t h a t  t h e  

maximum f r a c t i o n  of t h e  i n i t i a l l y  contained tritium appearing i n  t h e  
- 2 

environment i s  4.55 x , lo  a f t e r  17.7 years .  
' I  

C. preparat ion of  PITC by the  I n j e c t o r  ~ e c h n i ~ i e  

While t h e  end-over-end drum tumbling method has been pursued t o  
. - 

d a t e  and developed t o  a workable form, it i s  d e s i r a b l e  t o  p;oduce PITC 

by a technique yhicli . . is  moke d i r e c t l y  coinpatidle :wi th ,  t h e  glove box 
. . 

opera t ions  i n  use with high l e v e l  t r i t i a t e d  aqueous waste, Such a 

technique using an i n j e c t o r  t o  d i s t r i b u t e  t h e  aqueous t r i t i a t e d  waste 

i n  dry  cement is  i n '  development. 
. . .  . : 

A .schematic diagram of the '  i n j e c t o r  'te'chnique is  shown i n  Figure 

17. I n  t h i s  process ,  the  cement .cas t ing  conta iner  js f i l l e d  wi th  . ~ 

dry cement and compacted by v ib ra t ion .  The i n j e c t o r ,  hhich is  simply 

a hollow tube conta in ing severa l  o r i f i c e s  a1on.g i t s  length  through 

which t h e  aqueous waste is  dispersed ,  i s  i n s e r t e d  i n t o  the  dry cement. 

T r i t i a t e d  aqueous waste i s  then introduced i n t o  t h e  cement through 

t h e  i n j e c t o r . ,  ~ q u e o u s  waste i s  added t o  t h e  cement u n t i l  t h e  waste 

reaches the ex te rna l  su r faces  of t h e  cement as evidenced by dampness.' 

The i n j e c t o r  i s  withdrawn' and the  cement bas t ing  i s  allowed t o  cure. 

Af ter  the  c a s t i n g . h a s  cu red , ,  catalyzed s ty rene  monomer introduced 

i n t o  the  c a s t i n g  c o n t a i i e r  and allowed t o  soak through' the. composite. 

Af te r  the  c a s t i n g  has been completely permeated by t h e  monomer, the  

monomer i s  thermally polymerized. Subsequent t o  t h e  waste i n j e c t i o n ,  

t h i s  process i s  t h e  same a s  t h e  previous ly  developed end-over-end 

drum tumbling method. 

A s  shown i n  Figure 18,  t h i s  process does not  produce a homogeneous 

composite. Rather t h e  aqueous waste content  i s  higher near t h e  c e n t e r l i n e  
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of the composite coincident with the in jec tor  and decreases a s  the 

surface is approached. The polymer loading, however, is  highest  

near the surfaces of the  composite and decreases a s  the center l ine  

is approached, although polymer is  present throughout the  composite. 

This e f fec t ive ly  encapsulates the  waste. An apparatus fo r  producing 

PITC by t h i s  technique is  shown i n  Figure 19. 

Pr ior  t o  the  preparation of PITC specimens by the in jec tor  technique 

f o r  leach t e s t i ng  i n  d i s t i l l e d  water and leach t e s t i ng  a t  SRP two 

specimens were made with nont r i t i a ted  water t o  es tab l i sh  a procedure. 

The "cold" prototype specimens were c a s t  i n  f i v e  qallon screw tnp 

autoclavable polypropylene carboys s imilar  t o  the carboys used previously 

f o r  preparation of specimens f o r  lysimeter t e s t i ng  a t  SRP. For each 

of the  two specimens, 19.2 kg of dry portland type I11 cement was 

compacted f o r  ten minutes with a vibrator .  Water was fed i n t o  the 

center of the  cement through a v e r t i c a l  g lass  in jec tor  tube (1.2 cm I.D.) 

with the end fused down t o  a 1/16 inch diameter opening and positioned 

f i v e  inches from the bottom of the  carboy. I n  addit ion,  two s e t s  of 

four 1/16 inch diameter openings equidis tant  about the  circumference 

w e r e  located one inch apar t  with the lower s e t  one inch above the 

bottom of the  tube. A t o t a l  of 4.23 kg of water i n  each specimen t o  

give a water t o  cement r a t i o  of 0.22 was fed i n  a t  a r a t e  of approximately 

44 ml/min. After completion of water inject ion,  the  in jec tor  was 

withdrawn and the,cement was cured over a f i v e  day period i n  an oven 

s e t  a t  40°c. The specimens were then cooled t o  room temperature arid 

impregnated with styrene monomer catalyzed with AIBN (2,2' - [azobis-2 

methylpropionitri le])  by overnight soaking. PoLyrnerization then took 

place i n  an oven s e t  a t  65O~. Specimen I was catalyzed with 0.5 w t . %  

AIBN fo r  comparison with specimen 2, fo r  which 1.0 w t . %  AIBN was used. 

On i n i t i a l  v i sua l  inspection a f t e r  removal from the carboy 

container, the  external  polymer surface of specimen 2 appeared t o  be 

l e s s  opaque and s l i g h t l y  harder (see Figure 20). Examination e igh t  

weeks l a t e r  indicates  t h a t  no cracking has occurred on e i t h e r  
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specimen. Both specimens measured 28 cm in diameter with an average 
3 height of 26.3 cm, representing a volume of 0.572 ft each. The 

~. 

3 composite densities for specimens 1 and 2 were both 90.4 lb/ft prior 
3 

to impregnation and 112.5 and 112.4 lb/ft , respectively., after' 
impregnation, corresponding to .polymer loadings of 24.5% and 24.3%, 

respectively. These polymer'loadings do not represent optimum values, 

since excess polymer was present on top of both castings.. - .  
. . . . 

Two specimens for 1eachtesting.i.n distilled water.were prepared 

tiith tritium labeled water that provided an activity lkvel .Af 4.6 Ci 

for each specimen. The procedure described previously was .used to 

prepare specimens. ~1 and ~2 that were impregnated with, polystyrene 

containing 0.5 and 1.0 wt. % AIBN, respectively, having densities after 
3 

impregnation of 110.7 and 111.9 lb/ft , respectively, corresponding 
to polymer loadings of 22.5 and 23.8%, respectively. The composite 

measurements and densities prior to impregnation were identical to 

the previous two specimens. Static leach testing in distilled water' 

will be initiated. 
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