
l : : t roduc t ion

Saran carbon has  been descr ibed in  the
- t t e r a t u r e  f o r  m o r e  t h a n  2 5  y e a r s .  I t  i s  a
: : : re ,  h igh  sur face  area  carbon made by
: - . - r o l y s i s  o f  p o l y  ( v i n y l i d e n e  c h l o r i d e )  o r
- " - :ny l idene ch lo r ide  copo lymers  (Sarans)  .
s = r a n  d e g r a d e s  a n d  c r o s s l i n k s  b y  e v o l v i n g
. - - ' . ' i roch for ic  ac id  a t  tempera tures  we l l  be low
- - - s  m e f t i n g  p o i n t .  C r o s s l i n k e d  p o l y m e r  c a n
- - :en  be  heated  above the  or ig ina l  ne l t ing
: * : i n t  w i t h o u t  f u s i o n .  S i n c e  t h e  S a r a n
- - rever  me1ts ,  the  Saran carbon produced has
- - :e  same shape as  the  Saran s ta r t ing
: ¿ t e r i a l - .

P o t e n t i a l  c o m m e r c i a l  a p p l i c a t i o n s  o f
:3 ran  carbon as  an  adsorbent  have been
: rp lo red  a t  The Dow Chemica l  Company,
- - ie  so le  p roducer  o f  Saran po lymers  in  the
' - : r i ted  Sta tes ,  Saran carbon beads as  la rge
= s  1 0  m e s h  a n d  a s  s m a l f  a s  1 5 0  m e s h  h a v e
been made and s tud ied  on  the  labora tory
sca le .  These beads have been labe led  Dow
)eve lopmenta l  Adsorbent  w i th  exper imenta l
: e s i g n a t i o n  n u m b e r  X F - 4 1 7 5 L  f o r  s a m p l i n g
p u r p o s e s .

S a r a n  s u s p e n s i o n  b e a d s  w e r e  m a d e  b y
: o d i f i c a t i o n  o f  t h e ,  p o l y m e r i z a t i o n  t e c h n i q u e
l e s c r i b e d  b y  M e e k s . r  T h e s e  S a r a n  b e a d s  w e r e
then carbon ized by  pyro lys is  methods
s imi la f  to  those descr ibed by  Dacey  and
Thomasz and many o thers .

P h y s i c a l  P r o p e r t i e s

The Saran carbon beads are  very  hard
a n d  n o n - d u s t i n g .  T h e y  w i l l  n o t  m a r k  p a p e r .
They  are  easy  to  hand le  in  ana ly t i ca l
app l j -ca t ions  in  wh ich  quant i ta t i ve  t rans fer
is  lmpor tan t .  The measured Moh hardness
o f  S a r a n  c a r b o n  i - s  a b o u t  4 . 5 .  I t s  C W S
hardness  number  i s  97 .  No measureab le
a t t r i t ion  was observed in  a  Saran carbon
f l u i d i z e d  b e d  a f t e r  2 0 0  h o u r s .

S a r a n  p o l y m e r  a s  t h e  s t a r t i n g  m a t e r i a l -
f o r  c a r b o n  a f f o r d s  p r o c e s s i n g  o p t i o n s  t h a t
c o a l  o r  c o c o n u t  s h e l l s  c a n n o t  g i v e .  C o n t r o l
o f  g r a n u l e  s h a p e  i s  t h e  p r i m e  e x a m p l e .  I n
add i t i -on  to  beads ,  Saran carbon can be  made
i n t o  p e l l e t s  o r  t a b l e t s  b y  c o m p a c t i n g
S a r a n  i n t o  t h e s e  s h a p e s .  T h e  c r o s s l i n k i n g
o f  t h e  p o l y m e r  d u r i n g  c a r b o n i z a t i o n  a c t s  a s
a  s t r o n g  c a r b o n  b j - n d e r .  T h e r e f o r e ,  t h e
Saran carbon granu les  do  no t  lose  the i r
s t r e n g t h  o r  i n t e g r i t y  i n  a c i d i c  a n d  b a s i c
m e d i a .

T h e  m a c r o p o r o s i t y  o f  S a r a n  c a r b o n  c a n
a l s o  b e  c o n t r o l l e d .  S a r a n  s u s p e n s i o n  b e a d s
h a v e  a  p o r o s i t y  o f  2 5 - 3 0 e " ,  w i t h  a b o u t  o n e
m i c r o n  p o r e s  t h r o u g h o u t  t h e  b e a d s .  T h i s
m a c r o p o r o s i t y  i s  r e t a i n e d  u p o n  c a r b o n i z a -
t ion .  Mercury  in t rus ion  curves  sho\^ ¡  tha t
Saran carbon has  much more  i -n te rconnected
pore  vo lume in  the  macropore  range (g rea ter
t h a n  3 0 0  A n g s t r o m s )  t h a n  c o c o n u t  s h e l 1

carbon. These macropotes are inportant
fo r  access  o f  f l -u ids  to  the  rn ic ropores
where  near ly  a l1  the  adsorp t i -on  takes
p l a c e .  T h e  m a c r o p o r e  v o l u m e  o f  S a r a n
b e a d s  ( a n d ,  c o n s e q u e n t l y ,  o f  S a r a n  c a r b o n )
c a n  b e  i n c r e a s e d  b y  a d d i n g  o r g a n i c  s o f v e n t s
such as  methy lene ch lo r ide  or  heptane to
v i n y l i d e n e  c h l o r j - d e  b e f o r e  s u s p e n s i o n
p o l y m e r i z a t i o n .

T h e  m o l e c u l a r  s i e v e  p r o p e r t i e s  o f
Saran carbon have peen w j -de ly  d j -scussed
i n  t h e  l - i t e r a t u r e . z - )  T h e  a m o u n t  o f
a d s o r p t i o n  o f  m o l e c u l e s  o f  d i f f e r e n t
m o l e c u l a r  c r o s s - s e c t i o n s  h a s  e s t a b l i s h e d
t h e  s i z e  o f  m i c r o p o r e s .  T h e y  h a v e  b e e n
d e s c r l b e d  a t  v a r i o u s  t i m e s  a s  5  t o  1 2
Angst roms in  d iameter ,  depend ing  on  the
in i t ia l  Saran po lymer  compos i t ion  and
heat  t rea tment  tempera tures .

A i r  Sampl ing  Tubes

Saran carbon has  been eva lua ted  as
an adsorbent  in  our  labora tory  under
dynamic  f low th rough packed beds .
These are  the  types  o f  adsorp t ion  cond i -
t i o n s  e n c o u n t e r e d  i n d u s t r i a l l y .  I t s  u s e
i n  a i r  s a m p l i n g  t u b e s  f o r  i n d u s t r i a l
hyg iene samples  was s tud j -ed  because o f
i t s  e a s e  o f  h a n d l i n g .  S a r a n  c a r b o n  b e a d s
packed j -n  4  mm i .d .  tubes  were  found to
g ive  longer  than normal  b reak through
t imes w i th  vo l -a t i - le  compounds such as
v i n y l  c h l o r i d e ,  m e t h y l  c h l o r i d e ,  m e t h y l e n e
c h l o r i d e ,  a n d  a c r y l o n i t r i l e .  F o r  e x a m p l e ,
w i - th  one gram samples  o f  Saran carbon
and P i t tsburgh Ac t iva ted  Carbon PCB
( c o c o n u t  s h e l l  c a r b o n )  p a c k e d  i n  t u b e s ,

methy l  ch lo r i -de  broke th rough the  Saran
carbon tube th ree  t imes longer  than the
c o c o n u t  s h e l l  c a r b o n  t u b e .  A i r  c o n t a m i n -
a ted  w i th  50  ppm methy l  ch lo r ide  f lowed
through the  tubes  a t  50  ml , /m in .  One
percent  b reak through o f  methy l  ch lo r ide
o c c u r r e d  í n  2 . 5  m i n u t e s  w i t h  t h e  c o c o n u t
c a r b o n  t u b e  a n d  7 . 5  m i n u t e s  w i t h  t h e
S a r a n  c a r b o n  t u b e .
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Vola t iLe  adsorbents  on  Saran carbon
g a v e  i n  n e a r l y  e v e r y  c a s e  1 0 0 ?  r e c o v e r y
f a c t o r s  w h e n  d e s o r b e d  i n  c a r b o n  d i s u l f i d e
o r  w h e n  d e s o r b e d  b y  h e a t i n g  t o  2 0 0 o C  i n
n i t r o g e n .  T h u s ,  t h e  S a r a n  c a r b o n  n o t  o n l y
adsorbs  and re ta j -ns  vo la t i -1e  organ ic
compounds much be t te r  than the  bes t
commerc ia l  carbon fo r  th is  use ,  bu t  a lso
desorbs  quant i ta t i ve ly .  For  example ,
Saran carbon in  a i r  sampl ing  tubes  was
used to  adsorb  v iny l  ch l -o r j -de ,  methy l
c h l o r i d e ,  d i m e t h y l  e t h e r ,  e t h y l  c h l o r i _ d e ,
and v iny l idene ch lo r ide  f rom a i r  downwind
of  a  chemica l  p lan t .  The compounds
concent ra ted  j -n  th is  way were  desorbed
thermal ly  d i - rec t l y  in  a  gas  chromatograph.
Concent ra t ions  in  the  1  to  100 par ts  per
b i -11 ion  range were  ob ta ined.  The thermal
desorp t ion  \das  quant i ta t i ve  so  the  Saran
carbon a i - r  sampl j -ng  tubes  were  re -used
s e v e r a l  t i m e s .

G a s  M a s k  C a n i s t e r s

These unexpected ly  long break through
t imes w i th  vo la t i le  compounds were  a lso
found fo r  Saran carbon j -n  gas  mask
c a r t r i d g e s .  T e n  p p m  v i n y l  c h l o r i d e  j - n
85? re la t i ve  humid i ty  a i r  was  pumped
through tw in  chemica l  car t r idge  resp i ra to rs
a t  6 4  l i t e r s  p e r  m i n u t e .  T h e  c o n c e n t r a t i o n
o f  v i n y l  c h l o r i d e  i n  t h e  e f f l u e n t  s t r e a m
w a s  a n a l y z e d  a s  a  f u n c t i o n  o f  t i m e .  T h e
Saran carbon car t r idges  broke th rough to
I  ppm v iny l  ch lo r ide  a f te r  two hours .
The car t r idges  packed w i th  coconut  she l l
c a r b o n  b r o k e  t h r o u g h  i n  l e s s  t h a n  1 5  m i n u t e s .

In  add i t ion  to  p ro longed break through
t i -mes,  Saran carbon in  gas  masks  migh t
a l l o w  s i m p l e r  c a n i s t e r  d e s i g n .  S a r a n  c a r b o n
beads pack  we l l  w i thout  channe l ing  and are
n o t  d u s t y .  T h u s ,  i t  m i g h t  b e  p o s s i b l e  t o
remove some o f  the  par t i t ions ,  sc reens ,
a n d  f i l t e r s  f r o m  p r e s e n t  c a n i _ s t e r  d e s i q n .

Economic  Cons idera t i -ons

Saran as  a  ra \ , {  mater ia l  fo r  carbon is
bo th  more  expens ive  and more  cor ros ive  upon
c a r b o n i z a t i - o n  t h a n  c o c o n u t  s h e 1 1 s  o r  c o a 1 .
C o n s e q u e n t l y ,  S a r a n  c a r b o n  w i l l  b e  s e v e r a l
t i m e s  m o r e  e x p e n s i v e .  S p e c i a l t y  a d s o r p -
t i o n  u s e s  t h a t  c a n  a f f o r d  a  h i g h e r  c a r b o n
cos t  have to  be  found fo r  Saran carbon
i f  i t  i s  to  become a  commerc ia l  adsorbent .
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