
CHAPTER V 
CONCLUSIONS

5.1 Conclusions
H yd ro g en  p erm eation  tests and su rface  m o rp h o lo g y  a n a ly s is  for carbon stee l 

and H a ste llo y  tube rev e a led  that:
•  T h e lo w e s t  tem perature o f  h yd rogen  p erm eatio n  through  carbon  s te e l is in  

th e  ran ge o f  9 0  <  T  <  150°C  and 2 0 0  <  T  <  2 5 0 ° c  for H a ste llo y .
•  T h e d esorp tion  rate o f  h yd rogen  from  carbon  stee l can  b e  s ig n ific a n tly  

im p ed ed  b y  the p r esen ce  o f  an a ir-form ed  o x id e  film  on  the su rface  o f  the  
stee l.

•  A  p a lla d iu m  co a tin g  on  the exterior su rface o f  carbon  stee l g iv e s  a h igher  
h yd ro gen  p erm eation  rate.

•  A  p a lla d iu m  p la tin g  on  the H a ste llo y  o u tsid e  su rfa ce  h as n o  n o ticea b le  e ffec t  
on  h yd ro g en  p erm eation  rate.

•  H a s te llo y  ex h ib its  a lo w er  d iffu s iv ity  than carb on  stee l for h yd ro gen  at a 
com p a rab le  tem perature o f  250°c.

•  H yd ro g en  transport in sid e  m eta ls w ith  p a llad iu m  c o a tin g  on  th e ou tsid e  
su rfa ce  o f  carbon  stee l m ay  b e  fast en ou g h  to  p ro v id e  h igh  h yd rogen  
d eso rp tio n  rates to  p reven t oversaturated  h yd ro g en  con cen tration  w h ich  m ay  
resu lt in a va riety  o f  fa ilures

•  T h e  o x id e  film s  on  carbon stee l can  b e  rem o v ed  b y  ex p o su re  to h yd ro gen  gas  
at tem perature o f  325°c for a p eriod  o f  120 hours.

5.2 Recommendations
L aboratory ex p er im en ts  sh ou ld  b e p erform ed  to:

•  D eterm in e  b eh a v io r  the d iffu sio n  o f  h yd rogen  through  o th er m eta l m em b ran e  
co n ta in in g  d ifferen t co m p o s itio n s , p articu larly  ch rom iu m . T h e d ifferen t in  
c o m p o s it io n  m a y  be the large e ffe c t  to h y d ro g en  d iffu s io n . F or exa m p le ,
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ch rom iu m  is  a typ ica l ad d itive  to form  a p ro tec tiv e  o x id e  film . T h e ch rom ium  
o x id e  m a y  s ig n ific a n tly  h in d er d esorp tion  o f  h yd ro gen  throu gh  a m etal.

•  D e v e lo p  co a tin g  tech n iq u es to p rov id e a g o o d  q u a lity  f ilm  and e a s ily  applied . 
T he th ick n ess  o f  coa tin g  m ay  b e im portant. T h e co a ted  la y er  m ay  act as the  
barrier layer  i f  it is  thick.

•  D eterm in e  the su rface e ffe c t  o f  an o x id e  film  b y  sy s te m a tic a lly  g ro w in g  film s  
on  on e  or b oth  s id es  o f  the m etal to  better u n derstand  the m ech a n ism  o f  
h yd rogen  p erm eatio n  w ith  the surface barrier.

•  D eterm in e  the so lu b ility  o f  h yd rogen  in  the s tee ls  stu d ied . T h e m ore accurate  
d iffu s iv ity  is  n eed ed  the so lu b ility  data.

•  D em o n stra te  th e  ab ility  to  d e ten n in e  h yd ro gen  transport through various
m eta ls w h en  a gas m ixtu re is  present in  the sy s te m  e .g . H 2 -H 2 S, H 2 -H F  and 
H2-CI2 . ' ;

•  In vestiga te  the p erform an ce o f  p a llad iu m  c o a tin g  on  d ifferen t m eta ls.
•  D eterm in e  th e  d iffu s iv ity  o f  deuterium  through  carb on  stee l at various  

tem peratures.
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