
CHAPTER III
E X P E R I M E N T A L

3 .1 .  M a t e r ia ls  a n d  C o a t in g  P r o c e d u r e s

3 .1 .1  M a ter ia ls
T h e  q u a lity  o f  c o a tin g  m a ter ia ls  w h ic h  th e  p r o m is in g  c o a tin g  

m a ter ia ls  sh o u ld  b e  a b le  to  b lo c k  ch lo r in e , b ut a l lo w e d  th e  p a s sa g e  o f  
h y d r o g e n  to  p a lla d iu m  w ire  w a s  sp e c if ie d . S u b seq u e n tly , th e  q u a lif ic a t io n  w a s  
su b m it to  c o a t in g  m a ter ia l c o m p a n ie s  an d  a sk ed  fo r  s o m e  s u g g e s t io n  a b o u t  
th e ir  m a ter ia ls  fo r  th is  p u rp o se .

1. D era k a n e  R e s in  ( E p o x y  v in y l e s ter  r e s in s )

O H  0  CH3
- o - c - c — C - 0 - C - C = C
ท

ท =  1 to  3

C H 3 0  OH
c = c — c - o - c - c - c - o - c - o -

P ro p erties V a lu e

D e n s ity  (g /c m 3) 1 .0 4 5

V is c o s ity  @  2 5  °c (C P S  ) 3 5 0

U p p er  w o r k in g  te in p era tu re( °C ) 9 9 - 1 0 4

L im itin g  o x y g e n  in d ex (% ) -

T e n s ile  stren gth  (M P a  ) 8 3 .3 8
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2. L indron  31 (A c r y la te  P o ly m e r )  an d  L in d ron  101 (S ty r e n e  E th y lh e x y la c r y la te  
C o p o ly m e r )

P ro p erties L in d ron  31 L in d ron  101

S p e c if ic  g ra v ity 0 .9 9 0 .8 7
@  2 5 /2 5  ° c  (w a te r  =  1.0)

B o il in g  p o in t  (° C ) 157 157

A u to ig n it io n  tem p eratu re 4 7 1 4 7 1
(°C )

F la sh  p o in t (°F ) 1 0 0 -1 1 5 1 0 0 -1 1 5

3. F lu o r o d y n  C au lk  ( m a d e  w ith  V ito n  )

P ro p erties V a lu e

B o il in g  p o in t  (°C ) 7 7 -8 2  @  7 6 0  m m H g

M e lt in g  p o in t  (°C ) - 8 7  @  7 6 0  m m H g

F la sh  p o in t (°C ) -9  to  - 5

A u to ig n it io n  tem p era tu re(°C ) 4 0 3 - 5 1 6

V a p o r  p ressu re 7 0 -7 1  m m H g  @ 2 0  ° c

100  m m H g  @ 2 5  ° c



44

4. B o ro n  N itr id e  C o a tin g  ( B o ro n  n itr id e , W a ter  , P o ta ss iu m  S ilic a te
A c r y lic , D ie th y le n e  G ly c o l  M o n o b u ty l E ther, an d  G rap h ite  )

B o r o n  N itr id e  (A c t iv e  In g red ien t) 12 %
W a ter  (C arrier  ) 6 4  %
P o ta ss iu m  S ilic a te  (B in d e r  ) 15 %
A c r y lic 5 %
D ie th y le n e  G ly c o l  M o n o b u ty l E th er 3 %
G rap h ite 1 %

P ro p erties V a lu e

S p e c if ic  g ra v ity 1.2 g /c c

V is c o s ity - 3 5 0

B o il in g  p o in t  (°C ) 100

V a p o r  p ressu re  (m m H g ) - 1 0 - 2 0

3 .1 .2  C o a tin g  P ro ced u res
1. D era k a n e  R e s in  w a s  m ix e d  w ith  M E K P  as c a ta ly s t  to  fo rm  th e  p o ly m e r  

c h a in  an d  c o a te d  o n  T e f lo n . It w a s  a l lo w e d  to  dry fo r  at le a s t  fo u r  d a y s.
2 . L in d ron  31 and L in d ron  101 w e r e  c o a te d  o n  T e f lo n  an d  a l lo w e d  to  d iy  for  

tw o  d a y s.
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3. F lu o ro d y n  C a u lk  w a s  c o a te d  o n  T e f lo n  and a llo w e d  to  it d iy  fo r  4 8  h ou rs  
or lo n g e r  d e p e n d in g  o n  th e  th ic k n e ss . T h e  sa m p le  w a s  cu rred  in  th e  o v e n  at 
120 c  fo r  1 hour.

4 . T h e  b o ro n  n itr id e  h a rd co a t c o a tin g  p ro ced u re  is  s im ila r  to  that fo r  L in d ron  
31 or 101.

3 .2 .  A p p a r a t u s

T h e  e x p e r im e n ta l ap p aratu s w a s  a s se m b le d  in  tw o  s ta g e s , as fo l lo w s :

3 .2 .1  A p p a ra tu s fo r  D e te r m in in g  FT P er m e a b ility
T h e  ap p aratu s fo r  d e term in in g  h y d r o g e n  p e r m e a b ility  w a s  sh o w n  

in  F ig u re  3 .1 . T h e  ap p aratu ร w a s  c o m p o s e d  o f  tw o  c o m p a rtm en ts . T h e  first 
o n e  w a s  a te s t  c e l l ,  w h ic h  w a s  a stan d ard  A S T M  te s t  c e ll  p u r c h a se d  fro m  A .A . 
P e s c e  G la ss  C o m p a n y . It c o n s is te d  o f  tw o  s id e s ;  th e  f ir st s id e  w a s  e m p lo y e d  as 
th e  c h a lle n g e  s id e  an d  th e  o th er  s id e  w a s  th e  c o lle c t io n  s id e . B e tw e e n  th e  tw o  
s id e s  w a s  th e  te s t  m ateria l. T h e  g a s e o u s  m ix tu re  w h ic h  c o n ta in e d  th e  g a s  to  b e  
te s te d  w a s  referred  to  as c h a lle n g e  g a s  f lo w s  c o n t in u o u s ly  th ro u g h  the  
c h a lle n g e  s id e  o f  th e te s t  c e ll .  T h e  c o lle c t io n  g a s  f lo w e d  c o n t in u o u s ly  th rou gh  
th e  c o l le c t io n  s id e  w h ic h  carried  an y  c h a lle n g e  g a s  that m ig h t h a v e  p erm ea ted  
th ro u g h  th e  te s t  m ateria l. In th is  w ork , th e  c o lle c t io n  g a s  u se d  w a s  A r g o n  (A r). 
T h e  h y d r o g e n  c o n c e n tr a tio n  in  th e  c o l le c t io n  g a s  w a s  d e te r m in e d  w ith  a g a s  
ch ro m a to g ra p h  (V a r ia n  3 6 0 0 ) .



F i g u r e  3 .1  A p p aratu s fo r  d e term in a tio n  o f  h y d r o g e n  p e r m e a b ility  thr o u g h  m a ter ia ls .
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3 .2 .2  A p p a ra tu s fo r  D e te r m in in g  Cl? P er m e a b ility
T h e  ap p aratu s fo r  d e term in in g  c h lo r in e  p e r m e a b ility  w a s  sh o w n

in  F ig u re  3 .2 .
T h e  te s t  c e l l  d e sc r ib e d  p r e v io u s ly  in  s e c t io n  3 .2 .1 .  w a s  a lso  

u se d  fo r  d e te r m in in g  C l2 p erm ea b ility . D e te c to r  tu b es  w e r e  u se d  to  d e te c t  and  
m ea su re  th e  c o n c e n tr a tio n  o f  c h lo r in e  in  th e c o lle c t io n  g a s . T h e  m e th o d  for  
u s in g  d e te c to r  tu b e s  in  c o n ju n c tio n  w ith  A S T M  F 7 3 9 -9 1  w a s  d e sc r ib e d  b y  
S a m e r  an d  H en ry  (1 9 8 9 ) .  T h e  c o lo r -fo r m in g  rea c tio n  to o k  p la c e  b e tw e e n  
c h lo r in e  g a s  an d  th e  c h e m ic a ls  in  th e d e tec to r  tu b e. T h is  a l lo w e d  the  
m e a su r e m e n t o f  th e  c h lo r in e  co n cen tra tio n  as a fu n c tio n  o f  t im e . T h e  e x te n t  o f  
tu b e  m a ter ia l c h a n g in g  c o lo r  (th e  sta in  le n g th )  g a v e  an  in d ic a t io n  o f  the  
c o n c e n tr a tio n  o f  th e  c o lle c t io n  g a s . F or th e  D ra g g er  tu b e , th e  d e te c t io n  lim it  
w a s  0 - 1 0  p p m  .

O th er  stan d ard  eq u ip m en t u se d  in  th is  e x p e r im e n t  in c lu d e d  
m a ss  f lo w  c o n tr o lle r s  and a ro ta m eter  fo r  th e g a s  f lo w  c o n tr o l, an  o v e n  to  
a llo w  th e  te s ts  to  b e  c o n d u c te d  at e le v a te d  tem p era tu res, th e r m o c o u p le s  and an  

a sso c ia te d  d ata  a c q u is it io n  sy s te m . B u b b lers  p la c e d  in  a h o t  w a te r  b ath  (t ~  

7 0 °C ) w e r e  u se d  to  sa tu rate  th e c h a lle n g e  g a s  stream  w ith  w a te r  at a c o n tr o lle d  
tem p era tu re  ( fo r  h u m id if ie d  g a s  m ix tu res).



F ig u r e  3 .2  A p p a ra tu s fo r  d e term in a tio n  o f  c h lo r in e  p e r m e a b ility  th rou gh

40̂0
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3 .3 .1  T e s t  P ro ced u re  w ith  D ry  H y d r o g e n  G a s M ix tu res
F or g a s e o u s  c h e m ic a l p erm ea n t, th e p ro ced u re  w a s  as fo l lo w s ;

1. T h e  te s t  c e ll  w a s  se t  up w ith  H 2/A r  m ix tu re  as th e  c h a lle n g e  g as.
G a s M ix tu re: 75  %  A r

2 5  %  H 2
C o lle c t io n  G as: A r

2 . T h e  te s te d  m a ter ia l w a s  m o u n te d  in  th e  te s t  c e l l  an d  a s se m b le d  as 
F ig u re  3 .1  sh o w n  h y d r o g e n  p e r m e a b ility  c o e f f ic ie n t .

3 . T h e  te s t  c e ll  w a s  in s ta lle d  in  co n sta n t tem p era tu re  o v e n , h e ld  at 
8 0  ๐c  c o n sta n t tem p eratu re .

4 . T h e  c o l le c t io n  s id e  w a s  se t  up to  in c lu d e  th e  D ra g g er  tu b e  ( fo r  C l2 
p e r m e a b ility )  or fe e d  to  G C  (fo r  H 2 p e r m e a b ility ) .

5 . A  c o lle c t io n  g a s  w a s  p a sse d  in to  a c o lle c t io n  ch a m b er  c o n t in u o u s ly  
at th e  f lo w  rate o f  10 c m 3 /m in .

6 . S a m p lin g  w a s  in it ia ted  and a n a ly z e d  o f  th e  c o l le c t io n  g a s  at a 
fr e q u e n c y  o f  10 m in u te s  b y  u s in g  G C  (V a r ia n  3 6 0 0 ) .

7. T h e  b a se  lin e  v a lu e s  fo r  su b se q u e n t a n a ly t ic a l te s ts  w e r e  
e s ta b lish e d .

8. T h e  c h a lle n g e  g a s  w a s  a l lo w e d  to  f lo w  in to  c h a lle n g e  ch a m b er .
9 . T h e  c h a lle n g e  g a s  w a s  p a s se d  at an  e q u iv a le n t  o f  5 ch a m b er  

v o lu m e s  (v o lu m e  o f  c h a m b er  =  1 0 0  cm  3) th ro u g h  th e  c h a lle n g e  
c h a m b er  in  1 m in u te , as d e te r m in e d  b y  th e f lo w  m eter  p la c e d  in th e  
o u tle t  stream  o f  th e  ch am b er.

10. T h e  t im in g  o f  th e  te s t  w a s  started  c h a lle n g e  g a s  f lo w  rate to  red u ce  
10 c m 3 /m in .

3 .3 . M e th o d o lo g y
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11. T h e  c o n c e n tr a tio n  o f  th e  c h a lle n g e  g a s  (H 2) in  th e  c o l le c t io n  g a s  and  
th e  t im e  w h ic h  h ad  e la p se d  b e tw e e n  th e  in it ia l g a s  c o n ta c t  w ith  th e  
te s te d  m ateria l and  w ith d ra w a l o f  th e  c h a lle n g e  g a s  w e r e  reco rd ed .

12. T h e  te s t  w a s  c o n tin u e d  u n til co n sta n t  c o n c e n tr a tio n  o f  H 2 in 
c o lle c t io n  stream  w a s  a c h ie v e d .

C a lc u la t io n  o f  t h e  p e r m e a t io n  r a te
F o r  S y s te m s  u s in g  a c o n t in u o u s  f lo w  fre sh  c o l le c t io n  g a s , th e  

c o n c e n tr a tio n  o f  th e p erm ea n t (H 2) in  th e  c o lle c t io n  g a s  at a n y  t im e , t, w a s  
d ir e c t ly  p ro p o rtio n a l to  th e  p e rm ea tio n  rate. C o n c e n tr a tio n  w a s  c o n v e r te d  to  
p e r m e a tio n  rate as fo llo w s :

p , ( t . ) (3 .1 )

w h e r e  Pj(ti) =  th e p e r m e a tio n  rate at an y  tim e  ti (c m  3 H 2 c n f 2m in  ')
Cj =  th e con cen tr  a tio n  o f  H 2 in  th e c o l le c t io n  g a s  at t im e  tj, 

(p p m )
F =  th e  f lo w  rate o f  th e  fre sh  c o lle c t io n  g a s  thr o u g h  the. te st  

c e ll  ( c m 3 A r /m in )
A  =  th e  area o f  th e  te s te d  m a ter ia l c o n ta c te d  (c m 2)
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3 .3 .2  T e s t  for  M a ter ia ls  w ith  D ry  Cl? G as
T h e  sa m e p ro ced u re  d e sc r ib e d  in se c t io n  3 .3 .1  w a s  fo l lo w e d .  

T e s t  m a ter ia ls  w e r e  te s te d  b y  b a sed  o n  re su lts  fro m  p ro ced u re  d e sc r ib e d  in  
s e c t io n  3 .3 .1 .

G a s  M ix tu re  : 9 9  %  CI2  

1 %  H 2

3 .3 .3 .  T e s t  o f  M a ter ia ls  w ith  W a ter  S atu rated  Cl? G a s
T h e  sa m e p ro ced u re  d e sc r ib e d  in 3 .3 .1  w a s  f o l lo w e d . T e st  

m a ter ia ls  w e r e  te s te d  b y  b a sed  on  re su lts  from  p ro ced u re  d e sc r ib e d  in se c t io n
3 .3 .1  and 3 .3 .2 .

G a s  M ix tu re  : 9 9  %  C l2 
1 %  H 2

S atu rated  m ix tu re  at 7 4  c

3 .3 .4 .  T e s t  o f  M a ter ia ls  w ith  R e p r e se n tiv e  G a s  S tream
T h e  rep resen ta tiv e  g a s  stream  w a s  to  b e  m o n ito r e d  fo r  h y d ro g en  

ty p ic a lly  c o n ta in  9 5  %  CI2 , 0 .5 -1 .0  %  H 2 w ith  air m a k in g  up th e  b a la n ce .
T h e  sa m e p ro ced u re  as d e sc r ib e d  in  s e c t io n  3 .3 .1  w a s  fo l lo w e d .  

T e s t  m a ter ia ls  w e r e  te s te d  b y  b a se d  o n  r e su lts  fro m  p ro ced u re  d e sc r ib e d  in  
se c t io n  3 .3 .1  an d  3 .3 .2 .

G a s  M ix tu re  : 9 5  %  C l2 
1 %  H 2 
4 %  A r

S atu rated  m ix tu re  at 7 4  °c
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