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The Ctinadian Fusion Fuels Technology Project (CFFTF) is under 
contract to supply a tritium recovery system to the Tritium 
Laboratory (TLK) at the Kernforschungszentrum Kerlsruh? (KfK), 
Germany. Th5s patented recovery system has been designed and 
developed in Canada by Ontario Hydro Research, and is toeing 
fabricated by EGSG Labserco, AECL-SPEL and E . S .  Fox Ltd. The 
syatem is scheduled to be installed in Germany later this year. 

The hydrogen isotope Separation System ( ISS) ,  which utilizes gas 
cllroinatogr&phy, will become an integral part of the service 
systems in the TLK. Its basic function will be to separate any 
mixture of tritium-bearing hydrogen isotopes that might result 
front variopt isxperhpents- in the laboratory, into distinct isotope 
product groups. The isotopes are retained on five uranium beds 
that can be regenerated toallow the; tritium to be re-used in the 
TLK. 

The ISS is designed to be apable of operating continuously in a 
fully automatic mode as a batch processor. The proposed 
operating cycle is four injections per week at up to 140 NL per 
injection, with weekly regenerations of all five uranium beds. 
It i#i estimated that it will take 130 hours to process the four 
injections an.d approximately 16 hours to regenerate the uranium 
beds. The design throughput of the system is 3 m6l/*y. 

SYSTEM DESCRIPT'ION 

ft brief description of the ISS process flow through the following 
four mtin sub-systems 

- The Feed Collection andSample Injection Sub-system - Isotope Separation U d - t  - Isotope storage and 'Recovery S.ub+sysfeem - Carrier Gas Loop 

ie given below. 

The f66d staroani of mixed isotapes to the 1,SS is collected in the. 
Feed Collection Tank, aid from there it i s  compressed into the 



Sample Inject ion Loop to form one sample batch. This sconple is 
then inject* i n t o  the  helium c a r r i e r  qas stream flowing through 
the  Isotope Separation Unit cotnpr-ising a set of Gas Chromatograph 
Columns ( 6 C C )  immersed i n  l iquid  nitrogen.  As t h e  i n j e c t e d p l u g  
of simple slowly moves through the columns, t h e  isotope specie^ 
separate and emerge from t h e  W C  as s i x  detectable  groups. The 
c a r r i e r  gas stream is directed a l t e r n a t e l y  through f i v e  uranium 
g e t t e r  beds to  temporarily s to re  the isotope spe~ies i n  the 
following f i v e  groups: 

% 
HI 
D (with some t r i t i u m )  
the inact ive  species Xi,, HD, aqd D, 

After passing through one of t h e  U-beds, the  c a r r i e r  gas stream 
is fed through a Zr/Fe scavenger bed to remove res idual  traces of 
hydrogen isotopes, and re-circulated through the  ISS loop again 
v i a  a continuously operating a e t a l  diaphragm conipressor. 

A t  'oaeappointed time, typ ica l ly  once per week, t h e  separat ion 
process is in te r rup tedand  t he  p u r e  tritium is  t ransferred back 
to t h e  T r i t i u m  Storage Systemby regenerating t h e  T u r a n i . ~  bed, 
The inactive species are not re ta ined for re-use an% are vented 
ficoro tj(w ISB v i a  t h e  Centera1 T r i t i u m  Removal System (2TS). The 
m, DT asid D streams are recycled through the XSS again for 
fu r the r  refi l l ing of t r iUum a r i s ing  from dissoc ia t ion  of HT and 
DT w i t h i n  t h e  system. 

The process control  of the ISS is managed e n t i r e l y  by a dedicated 
programmable logic  con t ro l l e r  (PIX) housed i n  the l oca l  control  
console adjacent t o  the  ISS glovebox. The cantf6l  sy ten  a l s o  
i n c l u d e s i n t e r f a c e s  with t h e  TLK Safety  System that  allows t h e  
ISS to  be shut  down independently should the normal proc&ss 
control  system f a l l  to da so. A display of I S  process 
condit ions and l imited control  w i l l  a l s o  be avai lable  i n  the  
Central Control Roan. 

Although t h e  primary c i r c u i t  Is designed to s a t i s f y  the  specif ied 
low leakage rates of I@"* aibar-lh, the entire ISS (except t h e  
l i qu id  nitrogen make-up tank, BD008) is enclosed i n  a glovebox t o  
form a secondary containment barrier. The glovebox roeasurss 
approximately 1 . 5 W  x ?B x 4H m a t e r s  and is equipped with 
gloveports t o  allow access f o r  maintenance of a l l  serviceable 
components in the ISS. The pressure i n s ide  the glovebox is kept 
a t  10  mbar W o w  ambient pressure in t h e  TLK so that leakage flow 
through this outer  containment is inward i n t b  t h e  glovebox. 



UNIQUE FEATURES OF THE ISS 

The gas chromatograph column is at t he . co re  of the KfK Isotope 
Separa t ion  System. Designed and patented by Dr Chrip Cheh, et 
a l ,  t h e  column is i n  tifo parts, each comprising of a number of 
series-connected subsect ions  t h a t  are contained i n  two separate 
dewar veasalw. Having tAe column i n  two s t ages  improves t h e  
batch  throughput by allowing two consecutive samples'to be 
i n j e c t e d  without wai t ing  f o r  t h e  e n t i r e  sample to  e l u t e  ffam the 
column. 

The col& subSBctian$ ace i d e n t i c a l  i n  design and are i n  the 
form of two concentric s ta ia l&s i  steel  tubes, 75 ma and 25 mm $in 
diameter respecti'vely', with 5A molf$cu$&.r sieve powdm packed i n  
t h e  annular  space. Slatered staL8lfees steel fr i ta  a t  top and 
bottom of t h e  annular  spaces key th? f ine  c o l y ~  packing 
material i n  p l a c e w h i l e  s t i l l  al owing %as to f low through. 
Shaped s t a i n l e s s  6 t e e l  end-f i t t ings  seal the top and bottom of 
each sjib-assembly and f a c i l i t a t e  a smooth f l o w  of carrier gas 
i n t o  and o u t  of t h e  annular column packing. The end-f i t t ings  
a l s o  providem opening for t h e  'liquid n i t r o g e n ,  i n  which the 
column la submerged, t o  flow up t h e  i n s i d e  of Â¥the inner tube so 
t h a t  t h e  r a d i a l  temperature gradient  i n  the celunai packing is 
minimized. 

The column subsect ions are connected i n  series by 1 0   mi^ tubing t o  
form one sub&~semhly for each o f  the tw dewa-r vesse l s .  The 
subasqmbl ies  arb 'held together  'by two radial support. plates and 
the w()itÃˆlaag:sembl anispended in t h e  l iquid ni t rogen from t&e 
kdersida of the, deww flange:. 

Raising t h e  temperature of t h e  column has a major impact on t h e  
e l u t i o n  rate and hemce the throughput cagac i ty  of the system. The 
temperatures 6f the column a~~'ftiib,l$es 'ace contgoiled by turning 
on and off  heate* elements th t he  l i q u i d  ni t rogen &nd.respilatJLng 

bo i l i ng  n i t rogen  h a s a  much larger h e a t  capacity than i n  the 
vapyur state. and the hea t  transfer bes twn the. l i q u i d  phase and 
the  coluam ifi better than vapaur. 

Tfae liquid ni t rogen  (tpwars that contain the 432 celpinn am 
press- vessels able to withstand 35 bar,  thus allowing the 
operating temperature of the columns to be regulated Over the 
range 77 to InZO^K. 
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Uranium Beds anti Scavenaer Bed 

.'&nother unique feature of the 1SS is the design of the Uranium 
, ,  ' . Ipeds uÃ§ in the I=. The ISS has fivedmub&e.-cqnfca-ln~~~t U- 

beds,, each having a B-torage capacity of 15.75 moles of any 
hydrogen isotope. at 50 t stoichioittetric capac i ty , ,  to provide 
temporary stcwage of t h e  eluted hydrogen species i n  the 136. 

These U-beds are wflow-through* beds, d i f f e m t  froa t he  #re 
usual g e t t e r  bas, with t h e  full carrier gas flow of 1 NL/s 
passing through the beds during normal operation. They have been 
designed by Dr Walter Shinayda of OHRD, and fabr icated by AECL 
SPEI,. 

The in-flowing c a r r i e r  gas stream en te r s  the U-bed through a 
central it* and flow up through the uraniua powder Gspsmed Ã§? 

t h e  severa l  interior shelves. Sas exits from the t op  of t h e  U- 
beid assembly. A manual velve welded to t h e  top  of each vessel 
allows tor t h e  i so l a t ion  of that vessel  aa a un i t ,  independent of 
c o n ~ e e t t n g  tubing and valves. 

TQ. r e t r i e v e  t h e  isotopes  adsorbed i n  a U-bed, the uranium is 
heated Stem roam temperature to 3506C by means of t h e  i n t e rna l  
heater  to b r i n g  about desorption from t h e  uranium. The heater$: 
i n  each uranium bed &re connected t o  c o n t x ~ l l e r ~  to regulate  the 
t&lnperafcq'  during t h e  recovery process. 

During the isotppp reeovary process;, the unr&tlus &&weep t he  two 
con'tainexS ts evacuated to provide a thezmal barr ier  for 
niininiiriog heat  transfer to the. glovebox environment . The 
annulus also provides a means f>f c&ntftjm.t.ng any trttium Ãˆaii&. nay 
permeate through the primary vessel .  

Downstream of the Uranium beds, a flow-through scavngea" bed is 
Included in t h e  c i r c u i t  t o  remove any reaa-Wing hydrogen isotopes 
from the carrier gas a f t e r  Leaving e i t h e r  of the uranium beds and 
before re tumhg t& the r e t  of t h e  c&rrier qek circuit . 'She 
dcawengez bed, built by E.S Fox, employs a e /Fe  alloy gmtter 
m&t&ialenclosed within a s t a i n l e s s  steel vessel. X t  includes 
heaters  and t+-imcouples to regulate  its non%aloperati .an, which 
is at a'npa"0xiaiately 359%. For regeneration, the operating 
tamperatore is raised t o  700%. 

Following t h e  development of a p i l o t  scale GC system i n  1986, a 
large scale demonstration system f o r  a throughput of 3 lliol/day 
equtmolar mixture was designed. This demonstration system was 
jointly funded by KfK, CFFTS and Ontario Hydro aad built by 

Jabserco. Tta8 performance r e s u l t s  obtained from this 
aeaonscrat ion system led to the awatd of the present  emtract 
between Cim* and KfX. 



Many experiments w e r e  ca r r i ed  out  on the  demoftstratlon systam- t o  
study the  performanse capabi l i ty  of t h e  system t o  separate  
hydrogen iaot6pe-s a t  high throughput. Various temperatiire 
programming schesies were t e s t e d ,  heart-cuttJmg operations were 
evaluated and very large (up t o  138 tUin jec t ioH)  or high t r i t i u m  
(up to 74,0 C i )  samples were separated i n  the  system. Due to the 
g r e a t  f l e x i b i l i t y  of the  system and t h e  time l imi ta t ion  of t h e  
project , the: operat ion of t he  system was not optimized, b u t  the 
r e s u l t s  d i d  ind ica t e  t h a t  t he  colmro perforreadwell andgsad  
separat ion could tee achieved even w i t h  t h e  large sample.. 

The system being supplied t o  KfK has not y e t  been completsd, 8 0  
a t  present  t h e r e  is no information on its general performance 
c h a r a c t e r i s t i c s  regarding tritium separation, control  system 
response, e t c .  Sofar,  t he  only results t h a t  have been obtained 
a r e  a few chromatogras of dry a i r  s&pl@s done a t  room 
teiitperature . The f a c t '  t h a t  these ehromatograas compare 
favourably with those of s imilar  tests performed on t h e  prototype 
coluniii~, ind ica tes  t h a t  system being suppliegl t o  KfK should meet 
the  required. peirfomance specif icat ions .  In s t a l l a t ion  and 
acceptance t e s t i n g  is schedules for t he  Fa l l  of t h i s  year.  
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