
C H A P T E R  III  
E X P E R I M E N T A L

3.1  S ta r t in g  M a te r ia ls

3 .1 .1  M eta l H y d r id es
•  L ith u im  b oro h yd rid e
•  M a g n e s iu m  ch lo r id e

(L iB H 4, 95% , A r c o s )
(M g C h , 98% , S ig m a -A ld r ic h )

3 .1 .2  C a ta ly sts
•  N io b iu m  (V )  o x id e
•  N io b iu m  (V )  ch lo r id e
•  T ita n iu m  p o w d e r
•  T ita n iu m  (IV )  o x id e
•  T ita n iu m  (III) ch lo r id e

(N b 2 C>5 , S ig m a -A ld r ic h )
(N b C ls , 9 9 .9 9 % , S ig m a -A ld r ic h )  
(T i, 9 9 .9 9 % , S ig m a -A ld r ic h )  

(TiC>2 , D e g ü ssa )
(T iC h , as-p rep ared )

T iC h  p o w d e r  w a s  ob ta in ed  from  d ry in g  12%  T iC b  in h y d ro ch lo r id e  
so lu t io n  (R ie d e l-d e  H aën ). A b o u t  3 0  m l T iC h  so lu t io n  w a s  stirred  in  an e n c lo se d  
g la ssw a r e  b o ttle , w h ich  w a s  c o n n e c te d  w ith  a h ig h  v a cu u m  p u m p . T h e so lu tio n  
b e c a m e  T iC F  p o w d e r  (v io le t  p o w d e r ), and  it w a s  le ft u n d er v a cu u m  o v ern ig h t.

3 .2  S a m p le  P r e p a r a t io n

F or th e  m ix tu re  o f  L iB F F  and M g C h , the sa m p le  w a s  p rep ared  w ith  a 2:1 
m o la r  ratio  and m ix e d  w ith  and w ith o u t a tran sition  m eta l. A  tra n sitio n  m eta l ca ta ly st  
- N b 20 5, N b C F , T i, TiC>2 , an d  T iC l 3 , - w a s  in c lu d ed . T h e  m ix in g  w a s  a c h ie v e d  b y a 
b a ll-m ill in g  te c h n iq u e  (R e tsc h  ball m ill m o d e l S I 0 0 , 2 5 0  m l s ta in le s s  s tee l v ia l,  
s ta in le s s  s te e l b a ll w ith  1 c m  d ia m eter  u n der n itro g en  a tm o sp h ere  w ith  a ball to  
p o w d e r  ratio o f  60 :1  and  a  rotation  sp e e d  o f  3 0 0  rp m ) at 2 and  5 h. For m ix e d  
sa m p le s , 16 w t%  o f  N b 2 Û 5 , N b C b , T i, TiC>2 , and T iC h  w e r e  ad d ed  to  th e  sa m p le  and  
m ille d  for 2  h. T h e m il l in g  p r o c e ss  w ith  th e sa m e  c o n d it io n  w a s  u sed . 
A ll m ateria l h a n d lin g s  ( in c lu d in g  w e ig h in g  and lo a d in g ) w e r e  p e r fo rm ed  in a g lo v e
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b o x  f i l le d  w ith  n itro g en  to  k eep  a lo w  w a ter  va p or  co n ce n tr a tio n  an d  a v o id  e x p o s in g  
th e  sa m p le s  to  air.

3 .3  E x p e r im e n ta l  S e t -u p

T h e  th e r m o -v o lu m e tr ic  apparatus w a s  u sed  to  s tu d y  th e g a s -s o lid  in teraction . 
T h e sc h e m a tic  d iagram  o f  th e  ex p er im en ta l se t-u p  is s h o w n  in  F ig u re  3 .1 . T h e  se t-u p  
c o n s is te d  o f  a h ig h  p ressu re  s ta in le ss  reactor, w h ic h  h e ld  the sa m p le  and part o f  
s ta in le ss  s te e l tube as a g a s  reservo ir . T h e h ig h  p ressu re  s ta in le s s  s te e l reactor  w a s  
h eated  fro m  roo m  tem p era tu re to 4 5 0 ° c  for the L iB H 4 and M g C h  m ix tu re  w ith  a  

h ea tin g  rate o f  2 ° c /m in  v ia  a fu rn ace co n tr o lle d  b y  a P ID  tem p era tu re  con tro ller . 
In sid e  th e  reactor, a K -ty p e  th er m o c o u p le  w a s  p la c e d  to  m ea su re  th e  tem p era tu re. 
T h e p ressu re  regu la tor  w ith  3 ,0 0 0  p s ig  m a x im u m  lim it  w a s  in s ta lle d  to con tro l th e  
ga s f lo w  rate in to  the w h o le  sy s te m . T h e  p ressu re  tran sd u cer  w a s  u se d  to m ea su re  
p ressu re  o f  th e  sy s te m  fo r  m ea su r in g  in  th e  ran ge o f  0 - 3 ,0 0 0  p s ig  w ith  0 .1 3 %  g lo b a l 
error.

F ig u r e  3 .1  S c h e m a tic  d ia gram  o f  the ex p e r im e n ta l se t-u p .
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F ig u r e  3 .2  P h oto g ra p h  o f  th e  ex p e r im e n ta l set-u p .

3 .4  H y d r o g e n  S o r p t io n  D a ta  C o l le c t io n

3 .4 .1  D e so r p tio n
T h e p ressu re  tran sd u cers m u st b e  ca lib ra ted  for  ea ch  d eso rp tio n  

ex p e r im e n t. A tm o sp h e r ic  p ressu re , 1 4 .7  p s i, w a s  u sed  as the r e fe r e n c e  p ressu re  to  set 
the zero  sp an  o n  th e  tran sd u cer  to v a cu u m . T h e  am o u n t o f  s a m p le  u sed  in  ea ch  
e x p e r im e n t  w a s  a b o u t 0 .3  gram . A  sa m p le  w a s  p la c e d  in to  th e  s a m p le  h o ld er , and the 
sa m p le  h o ld er  v o lu m e  w a s  d eterm in ed . T h e  d e g a s s in g  p ro ced u re  at ab ou t 10 '3 torr 
and 2 5  ๐c  w a s  c o n d u c te d  to r e m o v e  th e rem a in in g  ga s for at le a s t  an hour. T h e  
sa m p le  h o ld er  w a s  in it ia lly  p ressu r ized  w ith  h e liu m  g a s  at 3 0  p s ig . H e n c e , th e  v a lv e  
b e tw e e n  th e m a n ifo ld  and the sa m p le  h o ld er  w a s  c lo se d . A fte r  that, h y d ro g en  
d eso r p tio n  w a s  p erfo rm ed  from  2 5  ° c  to  the se t p o in t (4 5 0  ° c  for  the L iB H 4  and  
M g C h  m ix tu re ) b y  a s te p w is e  in crea se  w ith  a h e a tin g  rate o f  2  ๐c /m in . A  sa m p le  w a s  
h eld  at 4 5 0  ° c  un til n o  further h y d r o g e n  d e so r p tio n  w a s  o b se r v e d . W h ile  th e  a b o v e  
p r o c e s se s  w e r e  c o n tin u in g , the p ressu re  v a lu e s  w e r e  reco rd ed  e v e r y  1 m in  u n til the



3 4

p ressu re  in  the sa m p le  h o ld er  w a s  rather co n sta n t. T h e r e le a se d  p ressu re  w a s  c o o le d  
d o w n  to  roo m  tem p era tu re to a v o id  the g a s  e x p a n s io n  b y  h ea t b e fo re  e v a lu a t in g  the  
h y d r o g e n  c a p a c ity . T h e  o b se r v e d  p ressu re v a lu e s  w ere  treated  b y  th e d ed u c tio n  
m e th o d  and  the h y d r o g e n  c a p a c ity  can  b e e s tim a te d  from  e q u a tio n s  (3 .1 )  -  (3 .3 ) .

H y d r o g e n  p ressu re  =  O b se rv ed  p ressu re -  In itia l p ressu re  (3 .1 )

T h e  h y d ro g en  c a p a c ity  w a s  e s tim a te d  b y  th e e q u a tio n  o f  state:

P HV s = Z n HR T H (3.2)

1 1 , n H x M W H xlO OH y d r o g e n  c a p a c ity  (w t% ) = — h------— ----------- (3 .3 )
A m o u n t o f  sa m p le

w h ere ,
P h =  p ressu re  o f  h y d r o g e n  gas in s id e  the sa m p le  h o ld er  a fter  co rr ec tio n , atm  
v s =  v o lu m e  o f  th e  sa m p le  h o ld er , c m 3 
z  =  c o m p r e ss ib ility  fac to r  (e v a lu a te d  from  T a b le  3 .1 )
ทแ =  m o le  o f  d e so r b e d  h y d ro g en , m o l  
R  =  8 2 .0 6  c m 3 a tm /m o l-K  T h -  tem p era tu re o f  th e  sa m p le , K  
M W h =  m o le c u la r  w e ig h t  o f  h y d ro g en , 2 .0 1 6  g /m o l
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T a b le  3 .1  C o m p r e ss ib ility  factors  at d ifferen t tem peratu re ra n g es  (P erry  et al., 1 9 9 7 )

T em p era tu re ( ๐C ) z
2 0 -4 4 0 .0 0 0 0 4 P + 0 .9 9 9 1
4 5 -7 0 0 .0 0 0 0 4 P + 0 .9 9 9 3
7 1 -9 0 0 .0 0 0 0 4 P + 0 .9 9 9 4

9 1 -1 1 4 0 .0 0 0 0 4 P + 0 .9 9 9 5
1 1 5 -1 3 9 0 .0 0 0 0 3 P + 0 .9 9 9 7
1 4 0 -1 6 5 0 .0 0 0 0 3 P + 0 .9 9 9 8
1 6 6 -2 1 4 0 .0 0 0 0 3 P + 0 .9 9 9 9
2 1 5 -3 0 0 0 .0 0 0 0 3 P + 1
3 0 1 -3 4 0 0 .0 0 0 0 2 P + 1
3 4 1 -5 3 5 0 .0 0 0 0 2 P + 1 .0 0 0 1
5 3 1 -7 2 7 0 .0 0 0 0 1  P + 1 .0 0 0 2

w h e r e ,
p =  p ressu re  o f  h y d r o g e n  g a s  in s id e  the sa m p le  h o ld er  at that tem p era tu re , p si

S u b se q u e n tly , th e  h y d ro g en  g a s  in  th e  sa m p le  h o ld er  w a s  p u rged  out 
to th e  v e n tila tio n  sy ste m . T h e  sa m p le  h o ld er  w a s  c o o le d  d o w n  to  roo m  tem p era tu re, 
and  in trod u ced  to  th e  v a cu u m  c o n d it io n  ( 1 0 3 torr) for at le a s t  1 h. T h e  u se  o f  th e  
h ig h  v a cu u m  p ressu re  h e lp s  in th e  reg en era tio n  o f  th e  su b strate .

3 .4 .2  A b so rp tio n
A fte r  c o m p le tin g  h y d r o g e n  d e so rp tio n , the sa m p le  w a s  c o m p r e sse d  

u n der 9.5 M P a h y d r o g e n  (99.9999%) at a co n sta n t tem p era tu re o f  350 °c for  12 h for  
h y d r o g e n  ad so rp tio n . A fte r  that, b o th  h y d r o g e n  d eso r p tio n  and  a b so rp tio n  w ere  
rep ea ted  in  order to  in v e stig a te  th e  rev e rsib ility .
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3 .5  C h a r a c t e r iz a t io n

In ord er to  id en tify  p h a se  tran sfo rm ation  d u rin g  h y d ro g en  d e so rp tio n  o f  the  
s a m p le s , X -ra y  d iffra ctio n  (X R D , R ig a k u ) m ea su rem en t w a s  u sed  at the room  
tem p era tu re o v e r  a range o f  d iffra c tio n  a n g le s  from  20 to 70° w ith  C u K -a  radiation  
(40kV, 30 m A ). T h e  d eso rp tio n  tem peratu re, p h ase  tran sfo rm ation  tem p eratu re, and  
tem p era tu re that reactio n s o ccu red  w e r e  m easu red  b y  a d ifferen tia l sca n n in g  
c a lo r im eter  (D S C  822, M ettler  T o le d o )  from  30 °c to  450 °c. IR  sp ectra  o f  B-H 
b o n d  w ere  m ea su red  w ith  th e T h erm o  N ic o le t /N e x u s  670 F T IR  in stru m en t. T h e  
sp ec tro m eter  c o l le c te d  64 sp ectra  in  the ran ge o f  400-4000 c m '1 w ith  th e  reso lu tio n  
o f  4  c m '1.
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