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ADVANCED HYDRIDE LABORATORY 

T .  Motyka 
West irighouse Savannah River  Company 

Savannah R i v e r  S i t e  
Aiken ,  S o u t h  C a r o l i n a ,  29808 

Abstract 

Metal A i y c r i d e s  h a v e  :been u s e d  a t  t h e  Savannah River  T r i t i u m  
F a c i l i t i e s  s i n c e  1984.  However, t h e  most e x t e n s i v e  a p p l i c a t i o n  
of metal h y d r i d e  t e c h n o l o g y  a t  t h e  S a v a n n a h  River  S i t e  is being 
p l a n n e d  f o r  t h e  Replacement  T r i t i u i n  F a c i l i t y ,  a $ 1 4 0  m i l l i o n  
f a c i l i t y  s c h e d u l e d  f o r  c o m p l e t i o n  i n  1990 a n d  s t a r t u p  i n  1 9 9 1 .  
In t h e  new f a c i l i t y ,  metal h y d r i d e  t e c h n o l o g y  w i l l  be u s e d  t o  
s t o r e ,  separate,  i s o t o p i c a l l y  p u r i f y ,  pump, a n d  compress hydrogen  
i s o t o p e s .  

I n  s u p p o r t  of t h e  Replacement T r i t i u m  F a c i l i t y ,  a $ 3 . 2  >' 
m i l l i o n ,  "cold", process d e m a n s t r a t  i o n  f a c i l i t y ,  t he  Advanced 
H y d r i d e  L a b o r a t o r y  began  o p e r a t i o n  i n  November o f  1987 .  T h e  
p u r p o s e  of t h e  Advanced Hydr ide  L a b o r a t o r y  is t o  d e m o n s t r a t e  t h e  
Rep lacemen t  T r i t i u m  F a c i l i t y ' s  metal h y d r i d e  t e c h n o l o g y  by 
i n t e g r a t i n g  t h e  v a r i o u s  u n i t  o p e r a t i o n s  i n t o  a n  ove ra l l  p r o c e s s .  

T h i s  p a p e r  w i l l  describe t h e  Advanced H y d r i d e  L a b o r a t o r y ,  
i t s  r o l e  a n d  i t s  i m p a c t  on t h e  a p p l i c a t i o n  oE metal h y d r i d e  
t e c h n o l o g y  t o  t r i t i u m  h a n d l i n g .  

1. . INTRODUCTION 

The Savannah R i v e r  S i t e  i s  l o c a t e d  o n  300 s q u a r e  miles of 
Y f e d e r a l l y  owned l a n d  i n  w e s t e r n  South C a r o l i n a  a l o n g  t h e  Savannah 

R i v e s .  The p r i m a r y  m i s s i o n  of t h e  S a v a n n a h  River Site i s  t o  
p r o d u c e  spec ia l  n u c l e a r  mater ia ls  f o r  n a t i o n a l  d e f e n s e  and  
c i v i l i a n  u s e s .  One of t h e  p r i n c i p a l  n u c l e a r  materials p r o d u c e d  
a t  t h e  s i t e  i s  t r i t i u m ,  

T r i t i u m  p r o c e s s i n g  o p e r a t i o n s  h a v e  b e e n  p e r f o r m e d  a t  S R S  
s i n c e  1955.  D u r i n g  t h i s  t i m e ,  improvemen t s  i n  t r i t i u m  h a n d l i n g  
a n d  p r o c e s s i n g  h a v e  been  c o n t i n u a l l y  e v o l v i n g .  I n  1987 
c o n s t r u c t i o n  b e g a n  on a new t r i t i u m  f a c i l i t y ,  t h e  Rep lacemen t  
T r i t i u m  F a c i l i t y .  The Replacement  T r i t i u m  F a c i l i t y  w i l l  r e p l a c e  
t h e  c u r r e n t  t r i t i u m  l o a d i n g  a n d  u n l o a d i n g  f a c i l i t y  w i t h  
s t a t e - o f - t h e - a r t  t echno l .ogy .  One of t h e  new t e c h n o l o g i e s  t h a t  
w i l l  be i n c o r p o r a t e d  into t h e  Replacement T r i t i u m  F a c i l i t y  w i l l  
be t h e  use of metal h y d r i d e s  t o  store, separate, p u r i f y ,  pump, 
a n d  compress  hydrogen  i so topes .  The Rep lacemen t  T r i t i u m  F a c i l i t y  
i s  s c h e d u l e d  t o  begin  o p e r a t i o n  i n  1 9 9 1 .  



I n  support  of t h e  Replacement T r i t i u m  F a c i l i t y ,  a $ 3 . 2  mill.ion, 
process  demonstration f a c i l i t y ,  t he  Advanced Hydride Laboratory 
was constructed and began opera t ion  i n  Novenber of 1 9 8 7 .  The 
purpose of t h e  Advanced Hydride Laboratory is to demonstrate t h e  
Replacement T r i t i u m  F a c i l i t y ' s  metal h y d r i d e  technology by 
i n t e g r a t i n g  the  var ious u n i t  opera t ion  i n t o  an o v e r a l l  p rocess .  

I n  t h i s  paper t h e  Advanced Hydride Laboratory w i l l  be 
descr ibed ,  i t s  o b j e c t i v e s  will be discussed,  a n d  some 
experimental  r e s u l t s  w i l l  be reviewed. 

.I ' $ '  

2 .  BACKGROUND 

MetaL_Hvdrides 

The a b i l i t y  of cer ,a in  metals and i n t e r m e t a l l i c  compounds t o  
r a p i d l y  and r eve r s ib ly  absorb and desorb hydrogen gas a t  room 
temperature and atmospheric pressure  t o  form metal  hydrd.de 
compounds represents  a technology i d e a l l y  s u i t e d  t o  handling and  
processing t r i t i u m .  The hydriding and dehydriding r eac t ions  can 
be used a s  a b a s i s  f o r  t h e  s to rage ,  pumping, p u r i f i c a t i o n ,  arid 
separa t ion  o fhydrogen  i s o t o p e s .  One of t h e  most important 
advantages of using metal  hydride technology i s  t h e  compact s i z e  
of  metal  h y d r i d e  systems. Metal hydrides have t h e  a b i l i t y  t o  
s t o r e  hydrogen a t  d e n s i t i e s  g r e a t e r  than t h a t  o f  l i q u i d  o r  s o l i d  
hydrogen. The use  of compact hydride v e s s e l s  in place  of 
conventional process tanks  i n  t h e  Replacement T r i i h m  F a e i l i t y  
has led t o  cost savings o f ' t e n s  of 1:Tillions of d o l l a r s  by 
reducing t h e  s i z e  of t h e  f a c i l i t y .  Other b e n e f i t s  of metal 
h y d r i d e  technology a r e  improved s a f e t y  by t ak ing  advantage of t h e  
a b i l i t y  of metal hydrides t o  s t o r e  t r i t i i l m  a t  low pressures  (even 
below atmospheric) and improved r e l i a b i l i t y  by making use of t h e  
metal hydrides a b i l i t y  t o  t r a n s p o r t  and compress t r i t i u m  without 
mechanical p a r t s  ot.her than  valves  [ I ] .  

While much of the Replacement T r i t i u m  F a c i l i t y ' s  metal 
h y d r i d e  technology had been demonstrated i n  l abora to ry  
bench-scale and p i l o t - s c a l e  u n i t s  p r i o r  t o  1987 ,  none of t h e  
u n i t s  had been operated toge the r  and i n t e g r a t e d  i n t o  an o v e r a l l  
p rocess .  This was t h e  major ob jec t ive  of t h e  Advance Hydride 
Laboratory. 
F a c i l i t y  near ly  underway and s t a r t u p  scheduled j u s t  four  years  
away, it was imperative t o  s t a r t  up t h e  Advance Hydride 
Laboratory i n  time t o  make an impact on t h e  p l a n t  f a c i l i t y .  

With cons t ruc t ion  of t h e  Replacement T r i t i u m  

The Advance Hydride Laboratory was i n i t i a t e d  a s  a " f a s t  
t r a c k "  p r o j e c t .  
Laboratory was received i n  December of 1 9 8 6 .  The  p ro j ec t  was 

Project Authorizat ion f o r  t h e  Advance H y d r i d e  
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d e s i g n e d  i n  stages so t h a t  c o n s t r u c t i o n  could b e g i n  a f t e r  e a c h  
s t a g e  was completed. D e s i g n  was e s s e n t i a l l y  c o m p l e t e d  by the end  
of ' A p r i l  1 9 8 7 .  C o n s t r u c t i o n  b e g a n  i n  J a n u a r y  of 1987 a n d  t h e  
f a c i l i t y  w a s  p h y s i c a l l y  completed by  October 1 9 8 7 .  A t  t h i s  time, 
c a l i b r a t i o n  a n d  s t a r t u p  a c t i v i t i e s  b e g a n .  On November 10 ,  1 9 8 7  
t h e  Advanced H y d r i d e  L a b o r a t o r y  o f f i c i a l l y  began  o p e r a t i o n .  
O v e r a l l  t h e  Advanced H y d r i d e  L a b o r a t o r y  p ro jec t  was c o m p l e t e d  on 
s c h e d u l e  a n d  w i t h i n  b u d g e t .  E x c e l l e n t  c o o p e r a t i o n  be tween  d e s i g n  
a n d  c o n s t r u c t i o n  g r o u p s  was e s s e n t i a l  t o  t h e  s u c c e s s f u l  
c o m p l e t i o n  of t h i s  p r o j e c t .  

I n  t w o  y e a r s  of o p e r a t i o n ,  t h e  Advanced Hydr ide  L a b o r a t o r y  h a s  
d e m o n s t r a t e d  a11 t h e  metal  h y d r i d e  u n i t  o p e r a t i o n s  t o  be u s e d  i n  
t h e  Rep lacemen t  T r i t i u m  F a c i l i t y .  Metal h y d r i d e  processes have  
been  i n t e g r a t e d ,  a n d  s t a r t u p  a n d  o p e r a t i n g  i n f o r m a t i o n  has been  
t r a n s m i t t e d  t o  t h e  p l a n t .  D u r i n g  c o n s t r u c t i o n  a n d  o p e r a t i o n  of 
t h e  Advanced H y d r i d e  L a b o r a t o r y ,  severa l  key  d e s i g n  c h a n g e s  i n  
t h e  Rep lacemen t  T r i t i u m  F a c i l i t y  were made which have a l r e a d y  Sed 
t o  s u b s t a n t i a l  s a v i n g s  i n  s t a r t u p  t i m e  a n d  c o s t s .  T h e  Advanced 
Hydzide  L a b o r a t o r y  c o n t i n u e s  t o  g e n e r a t e  p l a n t  s t a r t u p  and  
o p e r a t i n g  data ,  a n d  i s  a l s o  b e i n g  u s e d  as a t r a i n i n g  f a c i l i t y  f o r  
t h e  f u l l - s E - a l e  p l a n t  f a c i l i t y .  

3. ADVANCED H Y D R I D E  LABORATORY D E S C R I P T I O N  

Pl.avout, 

p a r t s :  t h e  w, a e  o u t s j d e  d.tro&ren - The Advanced Hydr ide  L a b o r a t o r y  i s  d i v i d e d  i n t o  three main 

u ! ,  a n d  t h e  -3 row . The l a y o u t  o f  t h e  Advanced Hydr ide  
L a b o r a t o r y  i s  shown i n  F i g u r e  1. The hydrogen  hood i-s a 1 0  b y  15  
foot, w a l k - i n ,  process hood which  c o n t a i n s  t h e  metal h y d r i d e  
a p p l i c a t i o n s .  N o n - r a d i o a c t i v e  hydrogen  a n d  d e u t e r i u m  y a s e s  a r e  
u s e d  i n  place 'of t r i t i u m  in t h i s  hood. The hood has b e e n  
d e s i g n e d  t o  comply w i t h  t h e  N a t i o n a l  Electric Code r e q u i r e m e n t s  
f o r  a " c o n t a i n e d  hydrogen  h a n d l i n g  f a c i l i t y " .  T h i s  b a s k a l l y  
s t a t e s  t h a t  n o  i g n i t i o n  s o u r c e s  be p r e s e n t .  TQ f u r t h e r  m i t i g a t e  
a p o t e n t i a l  hydrogen  e x p l o s i o n ,  a o n e  room c h a n g e / m i n u t e  a i r  flow 
t h r o u g h  t h e  hood has b e e n  e s t a b l i s h e d  for  normal  o p e r a t i o n s .  

The n i t r o g e n  c i r c u l a t i o n  s y s t e m  i s  t h e  process h e a t i n g  and  
cool . ing  sys t em f o r  t h e  Advanced Hydrj.de L a b o r a t o r y  . T h i s  s y s t e m  
i s  located o u t s i d e  of t h e  main f a c i l i t y  a n d  i t s  f u n c t i o n  .is t o  
p r o v i d e  h o t  a n d  cold n i t r o g e n  gas t o  each of t h e  metal h y d r i d e  
a p p l i c a t i o n s  i n  t h e  process hood .  The n i t r o g e n  s y s t e m  i s  
c o m p r i s e d  o f :  a t w o  s t a g e  r e f r i g e r a t i o n  s y s t e m  t o  cool t h e  gas, a 
60 k i l o w a t t  e l e c t r i c  r e s i s t a n c e  h e a t e r  t o  heat t h e  gas, a n d  two 
5000 pounds  p e r  h o u r  c o m p r e s s o r s  t o  c i r c u l a t e  t h e  h o t  a n d  cold 
n i t r o g e n  gas t o  a n d  f rom t h e  metal h y d r i d e  a p p l i c a t i o n s .  
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I 

The t h i r d  p a r t  of t h e  Advanced Hydride Laboratory i s  t h e  
con t ro l  room. The c o n t r o l  room i s  loca ted  next door t o  t h e  
process hood and houses  t he  major components of t h e  c o n t r o l  
system. T h e  metal hydride processes  i n  t he  Advanced Hydride 
Laboratory a r e  sequenced and con t ro l l ed  b y  a programmable l o g i c  
c o n t r o l l e r  ( P L C ) .  The  process  c a n  be e n t i r e l y  automated or 
operated remotely from t h e  con t ro l  room. I n  add i t ion  t o  
c o n t r o l l i n g  t h e  process ,  t he  Advanced Hydride Laboratory 's  
con t ro l  system i s  a l s o  used t o  eva lua te  process con t ro l  schemes 
and s t r a t e g i e s  f o r  t h e  p l a n t  f a c i l i t y .  The ni t rogen hea t ing  and 
cool ing system i s  con t ro l l ed  by a s tand  alone system using a 
s e r i e s  of r e l a y s  from a u t i l i t y  panel loca ted  i n  t h e  cont ro l  
room. 

The Advanced Hydride L a b o r a t o r y 9  hydrogen process conta ins  
t h i r t e e n  metal hydride beds ( o r  v e s s e l s ) .  A schematic drawing 
of a t y p i c a l  metal hydride bed is  shown i n  Figure 2 .  The bed 
c o n s i s t s  of an inne r  vesse l  t h a t  conta ins  t h e  metal h y d r i d e  
ma te r i a l  and an o u t e r  annular  volume i n  which the  hot o r  cold 
n i t rogen  gas can c i r c u l a t e  t o  r a i s e  o r  lower the  temperature of 
t h e  bed. A s t a i n l e s s  s t e e l  f i l t e r  element i s  loca ted  on t h c  
i n n e r  hydrogen v e s s e l  t o  contain t h e  metal h y d r i d e  p a r t i c l e s  
w i t h i n  t he  bed. T h e  metal hydride beds are grouped i n t o  t h r e e  
subsystems: J&?rt. S-, Jsotme S m i o n  and 
W e s s o r s .  A schematic of t h e  Advanced Hydride Laboratory 
process i s  shown i n  Figure 3 .  The I n e r t  Separation s y s t e m  makes 
use of a "flow-through" metal h y d r i d e  bed and a p a i r  of met-a1 
hydride llvacuumvl beds t o  sepa ra t e  helium from a m i x t u r e  of 
hydrogen i so topes .  When t h e  flow-through bed i s  cold,  a mixture 
of helium gas and hydrogen i so topes  i s  pu l l ed  through t h e  bed. 
T h e  hydrogen i so topes  a r e  absorbed o n t o  t h e  metal hydride 
ma te r i a l  i n  t h e  bed and the  helium gas  i s  rernoved from t h e  o u t l e t  
o f  t he  bed. The separa ted  helium i s  f u r t h e r  p u r i f i e d  by two 
hydrogen d i f f u s e r s .  A t  high--temperature a palladium tube i n  t h e  
d i f f u s e r s  allows d i f f u s i o n  of t h e  hydrogen i so topes  but not t h e  
h e l i u m  gas .  T o  improve the  opera t ion  of t h e  d i f f u s e r s ,  a 2 0  t o r r  
vacuum on t h e  hydrogen s i d e  of t h e  f i r s t  d i f f u s e r  i s  maintained 
by  a metal hydride vacuum bed s y s t e m .  Once t h e  hydrogen i so topes  
and helium gas have been separated,  t h e  flow-through bed and the  
vacuum beds a r e  heated t o  t r a n s p o r t  t h e  hydrogen i so topes  from 
t h e  I n e r t  Separa t ion  system t o  t h e  Isotope Separat ion system. 

The Isotope Separation s y s t e m  c o n s i s t s  o f :  a TCAP (Thermal 
Cyclic Absorption Process)  u n i t ,  two metal hydride feed beds, and 
two p a i r s  of product beds.  TCAP is a semi-continuous 
chromatographic separa t ion  process  developed b y  t h e  Savannah 
River Laboratory t o  separa te  hydrogen i so topes .  The TCAE' 
processI  which uses  palladium on kieselguhr  a s  a packing 
mater ia l ,  t a k e s  advantage of 
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pal ladium's  very l a r g e  i s o t o p i c  e f f e c t .  Palladium p r e f e r e n t i a l l y  
absorbs the  l i g h t e r  i so tope  of hydrogen, protium over t h e  heavier  
i so topes  deuterium and t r i t i u m .  T h i s  e f f e c t  increases  a s  t h e  
temperature decreases .  Repeatedly hea t ing  and cool ing t h e  TCAP 
column anci absorbing and desorbing t h e  hydrogen i so topes  i n  a 
c o n t r o l l e d  sequence generates  a hydrogen i so tope  profile in t h e  
column. By withdrawing s m a l l  por t ions  of t h e  column's hydrogen 
inventory a s  product from each end of the column during t h e  
hea t ing  cycle  and then supplyiag an equal  amount of feed dur ing  
t h e  cool ing cycle,  a semi-continuous i s o t o p i c  separa t ion  process  
can be c rea ted  [ 2 ]  The separated hydrogen i so topes  from TCAP 
a r e  each removed and s t o r e d  i n  a p a i r  of metal hydride beds.  A 
p a i r  of s torage  beds a r e  used s o  t h a t  one bed i s  always 
a v a i l a b l e  t o  rece ive  gas  while t he  o the r  bed i s  being recycled.  

The f i n a l  subsystem i n  t h e  Advanced Hydride Laboratory 
c o n s i s t s  of t w o  metal hydride conpreszos beds for compressing 
hydrogen gas t o  over 10 atmospheres of p re s su re .  The metal 
hydride compressor s y s t e m  takes  advantage of t h e  a b i l i t y  of 
d i f f e r e n t  metal hydride mater ia l s  t o  absorb and desorb hydrogen 
gas a t  d i f f e r e n t  temperature and pressure  ranges.  A f i r s t  s t a g e  
metal hydride cornpressor can be designed t o  absorb gas a t  o r  near 
atmospheric pressure  and then t o  desorb and de l ivex  gas  a t  an 
e l eva ted  temperature and pressure t o  a second s t age  compressor 
bed. The second s t age  bed contains  a d i f f e r e n t  hydride ma te r i a l  
t h a t  only begins t o  absorb appreciable  amounts o f  hydrogen a t  
e l eva ted  p res su res ,  When the second s t age  bed i s  subsequently 
heated and desorbed it w i . 1 1  d e l i v e r  gas a t  even higher p re s su res .  
While only a two s t age  metab hydride compressor was demonstrated 
i n  t h e  Advanced Hydr ide  Laboratory, a t h r e e  s t a g e  metal hydride 
compressor has been successu l ly  demonstrated i n  t he  Savannah 
River Laboratory d e l i v e r i n g  hydrogen gas a t  over 1000 atmospheres 
of  p re s su re .  

The hydride beds i n  t h e  Advanced Hydride Laboratory hood a r e  
heated anci cooled using gqseous ni t rogen from a sepa ra t e  n i t rogen  
c i r c u l a t i o n  system. A schematic of the ni t rogen  hea t ing  and 
cool ing system i s  shown i.n Figure 4 ,  The n i t rogen  hea t ing  a n d  
cool ing system i s  similar to that which i s  t o  be used by t h e  
Replacement T r i t i u m  F a c i l j - t y .  Nitrogen is used i n  t h e  p l a n t  t o  
minimize t h e  impact of any t r i t i u m  r e l e a s e  t o  t h e  hea t ing  and 
cool ing system. 
can be removed using t h e  same t r i t i u m  s t r i p p e r  s y s t e m  t h a t  
s e r v i c e s  t h e  ni t rogen gloveboxes i n  t h e  Replacemeilt T r i t i u m  
F a c i l i t y .  A l l  of t h e  p l a n t ' s  t r i t i u m  handling equipment is 
contained i n  subatmospheric pressure  n i t rogen  gloveboxes. Any 
process  t r i t i u m  leak w i l l  be confined t o  a glovebox and t h e n  
captured and returned t o  t h e  process by  t h e  s t r i p p e r  system. 

Any t r i t i u m  i n  t he  hea t ing  and cool ing system 

5 

,111 'I 



T h e  Advanced Hydride Laboratory's  n i t rogen  hea t ing  and 
cool ing  system i s  capable of supplying 5000 pounds per  hour of 
hot or  cold gas t o  t h e  metal hydride beds.  Two r ec ip roca t iny  
compressors, one on t h e  hot and one o n  t h e  cold ni t rogen  loops, 
provide t h e  needed gas flow. The hot gas loop con ta ins  a 60 
k i lowa t t  e l e c t r i c  r e s i s t a n c e  hea ter  which i s  capable of hea t ing  
the gas by more than 300 O F  i n  a s i n g l e  p a s s .  A small  hea t  
exchanger i s  a l s o  i n s t a l l e d  in the hot  n i t rogen  loop t o  moderate 
t h e  temperature of the hot gas re turn ing  t o  t h e  hot gas 
compressor. The co ld  loop contains  a t w o  s t a g e  freon 
r e f r i g e r a t i o n  syst.em capable of 1 5 . 5  tons of cool ing  a t  -72  O F .  

A small. cool ing tower i s  also i n s t a l l e d  as  p a r t  of t h e  n i t rogen  
system t o  provide cool ing water t o  t h e  condenser on t h e  
r e f r i g e r a t i o n  system and the  heat  exchanger on t h e  hot  gas  loop. 
Both t h e  hot and cold gas loops cont inua l ly  c i r c u l a t e  ni t rogen 
gas .  

The func t ion  of t h e  Advanced H y d r i d e  Laboratory 's  Control System 
i s  t o  provide aut0matj.c and manual opera t ion  of t h e  metal  h y d r i d e  
equipment i n  the process hood. T h i s  b a s i c a l l y  c o n s i s t s  of 
sequencing bo.th process and ni t rogen hea t ing  and cool ing valves ,  - 
and monitoring input /output  (I/O) sensors .  I n  add i t ion ,  t h e  
c o n t r o l  system provides opera tors  w i t h :  superv isory  control of 
t h e  process  through r e a l  time graphic screens,  alarm handling, 
and d a t a  a c q u i s i t i o n .  T h e  major components of t h e  c o n t r o l  system 
a r e :  a programmable l o g i c - c o n t r o l l e r  (PLC), 1/0 modules, a 
microcomputer, color graphics  monitors, so lenoid  valves ,  pump 
s t a r t / s t o p s ,  and pressure  & temperature sensors. 

The a c t a a l  process con t ro l  i s  performed by  t h e  PLC and t h e  I/O 
modules. A program is w r i t t e n  and s t o r e d  i n  t h e  PLC.  T h i s  

f o r  t h e  metal hydride equipment. Input and output  for the PLC i s  
through t h e  I /Q base and 1/0 modules. Data a c q u i s i t i o n  func t ions  
a r e  provided by a s p e c i a l  software program ope ra t ing  on a 
microcomputer. T h i s  program c o l l e c t s  arid stores da ta  from t h e  
PLC sensors and can display t h e  s t o r e d  d a t a  in t a b l e  and graphic  
formats .  The microcomputer a l s o  provides real- t ime supervisory 
c o n t r o l  of t h e  process  through graphics  displays. I n  this mode 
of opera t ion ,  t h e  opera tor  can change s e t p o i n t s  and operate key 
process  valves  from keyboard corrunands and observe the  e f f e c t  of 
t h e s e  changes from t h e  graphic  d i sp l ays .  

" program conta ins  t h e  valve sequencing and ope ra t ing  condi t ions  

4. EXPERIMENTAL PROGRAM 

I i ec t iveg  I 

T h e  o v e r a l l  ob jec t ive  of t h e  Advanced Hydride Laboratory i s  
t o  provide a process demonstration of  the  i n t e g r a t e d  metal  
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hydride technology t h a t  i s  t o  be used i n  t h e  p l a n t ' s  Replacement 
T r i t i u m  F a c i l i t y .  While most of t h e  ind iv idua l  metal hydride 
a p p l i c a t i o n s  f o r  t h e  Replacement T r i t i u m  F a c i l i t y  have been 
eva lua ted  previously i n  var ious laboratory sca l e  f a c i l i t i e s ,  a 
l a rge - sca l e ,  i n t eg ra t ed  demonstration of t h e  Replacement T r i t i u m  
F a c i l i t y  metal  hydr ide  technology has never been performed. 
Also, a l a rge - sca l e  n i t rogen  hea t ing  and cool ing s y s t e m  t o  heat 
and cool  metal  hydride beds has never been eva lua ted .  I n  
a d d i t i o n  t o  these  major ob jec t ives ,  o ther  o b j e c t i v e s  of t h e  
Advanced Hydride Laboratory inc lude :  a c t u a l  p l an t  component and 
equipment t e s t i n g ,  process con t ro l  and s t r a t e g y  eva lua t ion ,  and 
p l a n t  s t a r t u p  support and opera tor  t r a i n i n g .  

< 

Even before  operat ion of t h e  Advanced Hydrogen Laboratory 
began, s e v e r a l  key accomplishments were made during i t s  
cons t ruc t ion  phase.  One of t hese  accomplishments involved the  
i d e n t i f i c a t i o n  of an inadequate ni t rogen valve t h a t  was being 
s p e c i f i e d  throughout the p lan t  f a c i l i t y .  Early d e t e c t i o n  of th is  
in'adequate valve has saved t h e  p l an t  s eve ra l  mi l l i ons  of d o l l a r s  
i n  s t a r t u p  expenses. 

In t h e  process a rea ,  a l l  t h r e e  of t h e  Advanced Hydrogen 
Labora tory ' s  metal h y d r i d e  subsystems have been demonstrated. I n  
t h e  I n e r t  Separat ion subsystem, operat ion of t h e  primary 
' I f  law-through" bed i n  conjuct ion w i t h  both the  pa l l ad ium 
d i f f u s e r s  and t h e  vacuum bed has been evaluated.  P l an t  
requirements on both hydrogen and helium p u r i t y  have a l s o  been 
demonstrated.  I n  addi t ion ,  a new temperature measurement 
technique has been developed t o  determine t h e  ex ten t  of bed f i l l  
f o r  t h e  "flow-through'w bed. This technique makes use of t he  t h e  
l a r g e  exothermic heat  of absorpt ion and t h e  r ap id  absorpt ion r a t e  
between hydrogen and the  metal hydride ma te r i a l .  A s  hydrogen i s  
absorbed onto  t h e  "flow-through" bed, i t  has been determined t h a t  
i t  i s  absorbed a s  a ' ' f ront"  along t h e  depth of t h e  bed.  
Thermocouples placed at d i f f e r e n t  depths i n  t h e  bed can record 
t h e  temperature  r i s e  caused by the absorbing hydrogen a t  each 
1 u c a t i o n J m  t h e  bed, One use of t h i s  technique would be t o  help 
determine when a 11flow-through8v bed might be f:dLy absorbed w i t h  
hydrogen so t h a t  e i ther  t h e  process can be stopped o r  another  bed 
can be put  on l i n e .  Figure 5 shows some experimental  da t a  
v e r i f y i n g  t h e  r ap id  r a t e  of temperature r i s e  occurr ing  a t  t h e  end 
o f  the "flow-through" bed when it i s  nea r ly  completely absorbed 
w i t h  hydrogen. 

I n  t h e  Isotope Separat ion s u b s y s t e m ,  t h e  ope ra t ion  of a new 
TCAP u n i t  was demonstrated. During i n i t i a l  t e s t i n g  of t h e  TCAP 
unit, a s e r i o u s  opera t ing  problem dea l ing  with t h e  gas t r anspor t  
w i t h i n  t h e  u n i t  was i d e n t i f i e d .  Using t h e  Advanced Hydride 
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Laboratory, t h e  problem was quickly diagnosed and c o r r e c t e d ,  If 
t h e  problem had gone unnoticed, c r i t k a l  s t a r t u p  delays would 
have occurred i n  t h e  p l a n t  f a c i l i t y .  Some experimental da t a  from 
t h e  Advanced Hydride Laboratory's  TCAP u n i t  i s  shown i n  Figure 6 .  
The two curves i n  Figure G show the degree of i so tope  separa t ion  
obtained versus  t h e  number of opera t ing  cyc le s  when a 50-50 
mixture of hydrogen (protium) and deuterium a r e  i n i t i a l l y  
introduced t o  the  u n i t .  Overall ,  t he  r e s u l t s  show t h a t  a high 
degree of hydragen and deuterium sepa ra t ion  can be achieved. 

The f i n a l  metal hydride subsystem demonstrated i n  t h e  
Advanced Hydride Laboratory is t h e  Compressor subsystem. Figure 
7 shows the r e s u l t s  from a t y p i c a l  ope ra t ing  r u n  of t he  
compressor system. I n  t h i s  system hydrogen gas i s  t r anspor t ed  
from one metal hydride bed t o  another,  increas ing  t h e  d e l i v e r y  
pressure  of t h e  hydrogen gas during each t r a n s p o r t  ope ra t ion .  
The f i r s t  p a r t  of Figure 7 shows gas being absorbed b y  t h e  f i r s t  
s t a g e  compressor. The next p a r t  of t h e  figure shows gas both 
being desorbed from t h e  f i r s t  s t age  compressor and simultaneously 
being absorbed onto t h e  higher pressure  second s t age  compressor. 
The l a s t  p a r t  of Figure 7 shows gas being desorbed from the  
second s t age  compressor and f i l l i n g  two f ixed  vohmes t o  a given 
.loading p res su re  . 

I n  add i t ion  t o  eva lua t ing  t h e  metal hydride a spec t s  of the  
Replacement T r i t i u m  F a c i l i t y  process ,  t h e  Advanced Hydride 
Laboratory has a l s o  demonstrated long-term opera t ion  of a 
n i t rogen  hea t ing  and cooling system. Over two years  of opera t ing  
d a t a  from t h e  Advanced Hydride Laboratory's ni t rogen  hea t ing  and 
cool ing system have been documented and t r ansmi t t ed  t o  t h e  p l a n t .  
Information .i.n t h i s  a rea  includes both ind iv idua l  comporient 
f a i l u r e  da t a  along with o v e r a l l  system performance. Another area 
where t h e  Advanced Hydride Laboratory has provided p l a n t  
a s s i s t a n c e  i s  i n  t h e  a rea  of process  c o n t r o l .  Whi le  much of t h i s  

c o n t r o l  p l a n t  operat.ions have been i d e n t i f i e d .  Modifications t o  
t h e  Advanced Hydride Laboratory a r e  c u r r e n t l y  i n  p lace  s o  t h a t  
a c t u a l  p l an t  process  con t ro l  schemes can be f u r t h e r  eva lua ted .  

Y work i s  s t i l l  -ongoing, severa.1 of t h e  key parameters used t o  

I n  addint ion t o  t echn ica l  information, t h e  Advanced Hydride 
Laboratory a l s o  provides the  p l an t  with e a r l y  process  experience.  
Since s t a r t u p ,  s eve ra l  new p lan t  engineers  have been employed i n  
t h e  Advanced Hydride Laboratory. T h i s  not only provided valuable 
manpower t o  support  l abora tory  a c t i v i t i e s ,  b u t  a l s o  provided 
e a r l y  llhanCis on" t r a i n i n g  t o  f u t u r e  p l an t  ope ra to r s  and 
engineers .  Numerous t o u r s  and process demonstrations have a l s o  
been presented to both p l an t  opera t ions  and engineer ing 
personnel .  These p re sen ta t ions  have proven t o  be a n  inva luable  
veh ic l e  for smoothly t r a n s f e r r i n g  laboratory-developed technology 
t o  t h e  p l a n t .  



!j. SUMMARY AND CONCLUSIONS 

The o v e r a l l  ob jec t ive  of t he  Advanced H y d r i d e  Laboratory, t o  
provide a process demonstration of t h e  i n t e g r a t e d  metal hydride 

1 technology f o r  t he  p l an t  Replacement T r i t i u m  F a c i l i t y ,  has been 
accorriplished. All of t h e  ind iv idua l  metal hydride app l i ca t ions  
t o  be used i n  t h e  p l a n t  have been demonstrated and a la rge-sca le ,  
n i t rogen  hea t ing  and cool ing system t o  hea t  and cool  metal 
hydride beds has been eva lua ted ,  
accomplishments, t h e  Advanced Hydride Laboratory has a l s o  
provided: a c t u a l  p l a n t  component and equipment t e s t i n g ,  process  
c o n t r o l  and s t r a t e g y  eva lua t ion ,  and p l an t  s t a r t u p  support and 
ope ra to r  t r a i n i n g .  Further  work i n  t h e  a r e a s  of process  
opt imiza t ion  and ope ra to r  t r a i n i n g  a r e  cont inuing .  

I n  add i t ion  t o  these  major 
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