
CHAPTER I 
INTRODUCTION

M a in  p ro b le m s  o f  fo ssil fu e l are  th a t th ey  are  n o n -re n e w a b le  en e rg y  and  
c rea te  p o llu ta n t em iss io n s . T h e re fo re , n ew  en e rg y  so u rce s  h av e  b een  th e  to p ic  o f  
in te re s ts  in  la s t d ecad e . H y d ro g en , o n e  o f  th o se  in te res ts , is a  p ro m is in g  a lte rn a tiv e  
fue l s in ce  it c a n  b e  u se d  co m p le te ly  p o llu tio n -fre e  and  can  a lso  be  fo u n d  in  n u m ero u s  
m a te ria ls , e.g. n a tu ra l gas, m e th an o l, coa l, b io m ass  and  w ate r. It can  be  u sed  to 
p ro v id e  e n e rg y  e ith e r  c o m b u s tio n  o r ch em ica l re ac tio n , as in  th e  case  o f  the  
h y d ro g e n  fuel ce ll.

F u e l ce ll v e h ic le s  can  run  c lean ly  an d  e ffic ien tly  on  h y d ro g e n , h o w ev er, 
su p p lie s  o f  th a t h y d ro g e n  fuel are  n o t w id e ly  av a ilab le  like  fuel gas an d  g aso lin e . 
F o r fuel c e lls  to  be  a c c e p ted  th ro u g h o u t th e  g lo b a l m ark e t, e n d -c o n su m e rs  n eed  to  
fill up  th e ir  fu e l ta n k  c o n v e n ie n tly  as th ey  u sed  to  be. C o n se q u e n tly , th e  te c h n o lo g y  
to  p ro d u c e  h ig h -c a p a c ity  h y d ro g e n  s to rag e  sy stem s has b een  th e  su b jec t o f  ex ten s iv e  
re sea rch , b u t a  c ritic a l p ro b le m  o f  h y d ro g en  s to rag e  is its low  en e rg y  d en sity .

T h e re  a re  sev e ra l h y d ro g e n  s to rag e  m e th o d s, fo r e x am p le s , in  th e  fo rm s o f  
c o m p re sse d  g a se o u s  h y d ro g en , m e ta l h y d rid e s  and  liqu id  h y d ro g en . H o w ev e r, th ese  
te c h n iq u e s  a re  to o  b u lk y , h eav y , d a n g e ro u s  a n d /o r ex p e n s iv e  fo r p ra c tic a l tra n sp o rt 
a p p lic a tio n s  an d  a lso  do  n o t a ch ie v e d  th e  ta rg e t o f  th e  D e p a rtm e n t o f  E n e rg y  (D O E ) 
in  th e  U S A . D O E  h as  se t th e  ta rg e t fo r o n -b o a rd  h y d ro g en  en e rg y  d e n s ity  o n  a  fuel 
ce ll v e h ic le s  at 6 .5  w t%  H 2 and  62 k g H 2/m 3, o r ab o u t 3.1 kg  o f  H 2 fo r a  500  k m /fill-  
up  (D e lu ch i, 1992). R e c e n tly , th e re  is a  n ew  m ed iu m  acq u ired  a  m a ss iv e  o f  in te re s t 
o f  re se a rc h e rs  an d  sc ien tis ts . It is c a rb o n  n an o tu b es  th a t m ay  o ffe r  a p o ten tia l 
so lu tio n  to  th is  p ro b lem .

C a rb o n  n a n o tu b e s  a re  long , th in  and  h o llo w  cy lin d e rs , w h ic h  can  b e  v iew ed  
as ro llin g  up  se a m le ss ly  o f  g rap h ite  layers. T h ey  can  be  e ith e r m u lti-w a lle d  tu b es  or 
s in g le -w a lle d  tu b es . T h ey  h av e  a  u n iq u e  s tru c tu re  th a t is v e ry  h ig h  s tren g th  in  the  
c o m b in a tio n  w ith  lo w  w e ig h t and  h ig h  th e rm a l s tab ility . D e p e n d in g  on  th e  ca rb o n  
a tom  a rra n g e m en t, n a n o tu b e s  can  be  w h e th e r in su la to rs , se m i-c o n d u c to rs  o r 
co n d u c to rs . P o ten tia l ap p lic a tio n s  in c lu d e  gas s to rag e  m a te ria ls , m a te ria ls  fo r
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m a n ip u la tio n  o f  n an o s tru c tu re s , f ille r fo r co n d u c tiv e  p la s tic s  an d  h ig h  p o w er 
e le c tro c h em ic a l cap ac ito rs .

M o re  rec e n tly , c a rb o n  n a n o tu b es  h av e  b een  re p o rte d  to  be  a  m o re  e ffec tiv e  
m a te ria l fo r H 2 u p tak e , i.e. th ey  co m e  c lo se  to  th e  ta rg e t d e n s itie s  an d  o p e ra te  n ea r 
ro o m  te m p e ra tu re . T h e re  a re  sev e ra l p ro c e d u re s  to  u p tak e  I I2 o n  tre a te d  o r u n tre a te d  
ca rb o n  n a n o tu b e s  req u ir in g  h ig h  p re ssu re  o r  su b -am b ien t te m p e ra tu re s  su ch  as a lk a li-  
d o p ed  o r u n p u rif ie d  c a rb o n  n an o tu b es . N e v e rth e le ss , th e  D O E  en e rg y  d e n s ity  ta rg e t 
has n o t b e e n  re a c h e d  yet. F u rth e rm o re , h ig h  v a lu es  o f  so rp tio n  fro m  m an y  g ro u p s 
are  the  c o n tro v e rs ia l to p ic  on  re liab ility  reg a rd in g  n u m e ro u s  p o ss ib le  e rro rs  in 
e x p e rim e n ts  an d  la c k in g  o f  co m p le te  in fo rm a tio n  on  e x p e rim e n ta l m eth o d s.

In  th is  s tu d y , a  c o n s ta n t v o lu m e tric  iso th e rm a l a d so rp tio n  ap p a ra tu s  fo r 
h y d ro g e n  w as  se t up. T h e  v o lu m e s  o f  m an ifo ld  an d  sam p le  c y lin d e r  o f  th e  ap p a ra tu s  
w ere  d e te rm in e d . T w o  d iffe re n t c a rb o n  m a te ria ls , m u lti-w a ll c a rb o n  n a n o tu b e s  and  
ac tiv a te d  ca rb o n , w e re  u se d  as a d so rb en ts  an d  re fe ren c e s  to  s tu d y  an d  v e rify  the  
p o ten tia l o f  c a rb o n  n a n o tu b e s  as  a  h y d ro g e n  ad so rb en t, at p re ssu re  ran g in g  fro m  140 
p sia  to  1040  p s ia  an d  a  c o n s ta n t te m p e ra tu re  o f  298 K . T h e  e ffec t o f  th e  d iffe ren ce  
in  a m o u n t o f  ad so rb e n t, c a lc u la ted  eq u ilib riu m  tim e  an d  m e a su rin g  p ro c e d u re  w ere  
ex am in ed . M o re o v e r, to  m ak e  tru s tw o rth y  so rp tio n  v a lu es , c o rre c tio n  o f  ac tu a l 
p re ssu re  re a d in g s  w ith  fea s ib le  leak in g  h y d ro g en , c o n tro llin g  te m p e ra tu re  d u rin g  
e x p e rim e n ts  an d  s ta n d a rd  d e v ia tio n  o f  c a lcu la ted  d a ta  m u st be a tte n d e d  an d  re p o rte d  
in  th is  s tu d y . T h e  B E T , T E M , X R D  and  R am an  sp ec tro sco p y  w ere  a lso  e m p lo y e d  to 
c h a ra c te r iz e  th e  c a rb o n  m a te ria ls  in  o rd e r to  re la te  b e tw e e n  th e  n a n o s tru c tu re  and  
h y d ro g e n  s to ra g e  e ffic ien cy .
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