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Isotherms for  HCN on BpL act ivated and ASC whet_
l e r l t e  ca rbons l  and . f o r  H2o  on  rh "  ; ; ; ;  

" r i ¡ . " " r " i - , . " "been measured and charactér ls t ic  parameters for  these
adsorbate-adsorbent comblnat lon" i , r . r "  been noted.
Unde r  non - l abo ra to r y  cond i t i ons ,  adso rp t i on  usua l l y
Eakes place 1n the presence of  r^rater  vapor.  I t  is
t he re fo re  o f  l n t e res t  t o  i nves t l ga te  t he  adso rp t i on
p rope r t l es  o f  t he  BpL  ac t i va ted  and  ASC v rhe t l e r l t e
carbons r4r i th respect  to HCN in the presence of  r^ /ater
vapor at  about 802 humldi ty.  The data f rom the s ingl ,e
vapo r  l so the rms  a re  used  as  a  bas l s  f o r  i n t e rp re t l ng
the  resu l t s  o f  a  b i na ry  m l x tu re  adso rp t i on  s tudy .

Exper lmental

The exper imental  technique employed for  s lngle
vapor lsotherm measurement and the carbons invest í_
ga ted  have  been  desc r i bed  p rev i ous l y . 3  B ína ry  vaoo r
isotherms r l rere measured by three dl f ferent  procedures:
1)  the carbon sanple was al lowed to equl l ibrate vr i th
i {20 vapor and then an HCN lsotherm r^¡as measured whi le
t r a i n ta l n i ng  t he  l n i t i a l  amounL  o f  H2O i n  t he  sys tem;
l )  t he  ca rbon  samp le  was  a l l owed  t o  equ i l i b ra te  w l t h
ICN vapor and then an H2O isotherm , . "  . . . " r rud whi le
:a inta in lng the in i t ia l  amount of  HCN in the system;
i )  a  m i xed  gas  cons i . s t i ng  o f  H2O and  HCN was  i n t r o_
Cuced  l n t o  t he  sys tem.  I n  t he  f í r s t  p rocedu re ,  two
gas  s to rage  f l asks  we re  used ;  one  t o  s t o re  pu re  HCN
gas  and  t he  o the r  f o r  co l d  t r app ing  t he  b i ná ry  m i x_
au re .  A f t e r  a l l ow ing  t he  ca rbon  samp le  t o  equ i l i b ra te
; i t h  H20  vapo r ,  a  va l ve  (V6 )  l so l a ted  t he  adso rp t l on
:hamber  f r om bo th  gas  s to rage  f l , asks .  A  l i qu i d  n l t r o_
¿en cold t rap was ernployed to t rap the E2O vapor not
in equi l ibr ium wi th the carbon behind a second valve
(V7 ) ,  wh i ch  was  t hen  c l osed .  HCN was  nexL  aLLo l ved  t o
enter  the system in a region between valves V6 and' ; 7 .  

V7  was  opened  a f t e r  t he  H2O had  evapo ra ted ,  and
lhe E\^7o vapors were al lowed to rn ix and reach room
aempera tu re  be fo re  V6  was  opened  t o  t he  adso rp t i on
chanbe r .  Th i s  p focedu re  kep t  t he  pa r t i a l  p ressu re
o f  H2O cons tan t  and  a l l owed  t he  HCN pa r t i a l  p ressu re
ro  be  l nc reased  i n  con t ro l l ed  sEeps .  The  samp le  mass
'ras al1or4red to stabl I1ze as in the s ingle gas isothenn,
de te rm ina t i ons  and  t he  da ta  r eco rded .  Subsequen t
amounts of  HCN were introduced in the same manner by
co ld  t r app ing  t he  Hz0 / i tCN  m ix tu re  a f t e r  V6  had  been
aga ln  c l osed  t o  p reven t  t he  adso rba te  p ressu re  f r om
changíng in the adsorpt ion chamber.  The second pro_
cedu re  was  s im i l a r  w i t h  t he  ro l es  o f  H rO  and  HCN
reve rsed .

I n  t he  t h i r d  p rocedu re ,  a  ca rbon  samp le  was  f i r s t
a l l owed  t o  come  i n to  equ i l í b r i um  w i t h  a  pa r t l cu l a r
Dressure of  H2O vapor and Lhen the \^7ater  vapor was
co l l ec fed  í n  one  o f  t he  gas  s to rage  f l asks  and  a l l owed
to mix wi th a contro l led amount of  HCN. The mixture
was then t reated in the same manner as a s ingle vapor
!o determine an isotherm,

Care \^7as taken to have each isotherm pass
through a polnt  where the Dart ia l  pressure of  water
¡ ¡ as  

- 0 .8  
o f  l t s  sa tu ra t f on  vapo r  p ressu re  and  t he

la r t i a l  p ressu re  o f  HCN was  
-0 .15  

o f  i t s  sa tu ra t l on
vapo r  p ressu re .

Af ter  every isotherm, the carbon sample was
hea ted  t o  400 'C  (BpL  ac t l va red )  o r  150 "C  (ASC l ^ I he r_
l e r i t e )  f o r  seve ra l  hou rs  a t  
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t o r r  and  t he

samole mass r^ras recorded. Any lncrease over the
in i t ia l  dry sample mass r^7as ascrfbed to chemisorpt im
o f  t he  adso rba tes .

Resu l t s  and  D i scuss ion

Figu.re 1 is  a convent lonal  lsotherm
showing the volume of  HCN adsorbed per qram of  BpL
ac t l va ted  ca rbon  as  a  f unc t i on  o f  r e l a t i ve  D ressu re
(p /po )  o f  t he  HCN adso rba re .  p  i s  t he  eau i f i b r i um
iso the rm  Dressu re  and  p6  t he  sa tu ra ted  vaoo r  p ressu re
o f  adso rba te .  Th i s  da ta  mav  a l so  be  o l o t t ed  acco rd Íne
to  t he  Dub ln ín -po lanv i  adso rp t i on  l so the rm  equa t i on :4
1og W = 1og i^19 -  ke2,  where I^ l  is  the volume of  adsor-
bate,  t r r l ¡  1s the volume of  adsorbate at  saturat lon,  k
f s  a  pa ra rne te r  wh i ch  cha rac te r l zes  t he  adso rba te -
adso rben t  f ú t e rac t l on ,  and  e ,  t he  adso rp t l on  po ten ;
t f a1 ,  i s  equa l  t o  RT  ¿n (Po /p ) ,  whe re  R  í s  t he  gas
constant  and T the absolute temperature.  I4In and k
v a l u e s  o f  O . 4 2  c . c , / g m  a n d  1 4 . 9  x  1 0 - 8  c a l . * 2 m o 1 e . 2
were obtained for  the BPL carbon and a l in value of
0 . 3 5  c . c , / g m ,  w a s  o b t a i n e d  f o r  A S C  h r l r e t l é r i t e .  A f t e r
exposure to HClf  the BPL samples could be completely
regene ra ted  and  d i d  no t ,  w i t h i n  ou r  accu racy ,  shov /
any  s i gn i f i can t  chem iso rp t i on  e f f ec t s .  The  ASC
i ^ Ihe t l e r i t e  d i d  che rn í so rb  >  0 .04  c . c . / gm . ,  wh i ch  ,

lowered the adeorpt ive capaci ty of  those samples for
f u tu re  i so the rm  measu remen ts .  1

Figure 2 is  a convent j .onal  ísotherm
showing the volume of  H2O adsorbed per gram of  BpL
ac t i va ted  ca rbon  as  a  f unc t i on  o f  r e l a t í ve  o ressu re
o f  t he  H20  adso rba te .  P lo t t l ng  t h i s  da ta  acco rd i ng
to the Dubinin-Polanyi  adsorpt ion isotherm eguat ion
y i e l d e d  h r ¡  ü a 1 u e s  o f  0 . 4 0  c . c . / g r n .  a n d  0 . 3 6  c . c . / e m !
for  the BPL act ivated and the ASC impregnated carbons
respect lvely.  No chernisorpt íon ef fects r^¡ere observed.
As  shown  i n  F i g .  2 ,  t he re  i s  a  g rea t  dea l  o f  hyS te re -
s i s  exh ib j . t ed ,  wh l ch  pe rs i s t s  a t  a l l  r e l a t i ve  p res_
é u ¡ e s  b e t w e e n  0 . 0 0 2  a n d  1 . 2

Figure 3 shows convent ional  isotherms for  the
three modes of  b inary vapof,  adsorpt lon.  The adsorp-
t i on  i s  exp ressed  as  mass  adso rbed  pe r  g ram o f
adsorbent in a l l  three cases,  The top curve shows
the  adso rp t i on  o f  HCN as  a  f unc t í on  o f  HCN re l a t i ve
pa r t i a l  p ressu re  f o r  a  BPL  ca rbon  samp le  i n  egu i l i -
b r i um  w i t h  H2O a t  a  r e l a t i ve  pa r t i a l  p ressu re  o f
0 . 8 4  a n d  a n i n i t i a l  a d s o r p t i o n  e q u a l  t o  0 . 3 7 4  g m .  o f
H2O pe r  gm.  o f  ca rbon .  Add i t í ona l  adso rp t i on  o f  HCN.
occu rs  wh i ch ,  w i t h  t he  H2O a l r eady  adso rbed ,  exceeds
the amount of  HCN or the amount of  HeO absorbed in
a  s i ng le  vapo r  i so the rm  run .  The  HCÑ adsó rp t i on
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cons ide red  a1one ,  howeve r ,  i s  on l y  abou t  ha l f  t ha t
observed for  HCN in a s ingle vapor isotherm.

The middle curve shov¡s the adsorpt ion of  H2O

as  a  f unc t i on  o f  H2O re l a t i ve  pa r t i a l  p ressu re

for  a BPL carbon sample in equi l ibr ium wi th HCN at

a  r e l a t i ve  p ressu re  o f  0 .19  and  an  i n i t i a l  adso rp -
t i on  equa l  t o  0 .301  gm.  o f  HCN pe r  gm.  o f  ca rbon .

The re  i s  ve r y  l i t t l e  add i t l ona l  adso rp t i on  o f  wa te r
( - 0 .003  gm.  o f  H20  pe r  gm.  o f  BPL  ca rbon )  i n  Ehe
presence of  HCN even up to re lat ive \ rater  vapor
p r e s s u r e s  

- 1 .

The lowest  curve is  the adsorpt ion of  an H2O/
HCN mixture as a funct lon of  the rat io of  the tota l
pressure of  the H2O/HCN mixture to the sum of  their
sa tu ra t i on  vapo r  p ressu res .  The  adso rp t l on  no ted

in th is phase of  the exper iment r^ras substant ia l ly
less than that  observed in the other tsTo modes of

adso rp t  i on .

I t  i s  i ns t r uc t i ve  t o  no te  t ha t  each  o f  t he
isotherms shown contain points which ref lect  HCN

relaEive pressures up to 0.2 and H2O relat ive
p r e s s u r e s  u p  t o  0 . 8 .

I t  would appear that  the HCN gas is  soluble ln
\ rater  and goes into solut ion wi th the adsorbed
( l iquid)  phase present on the carbon which has been
pre-exposed to water vapor re lat ive pressures of

abou t  0 .8 .  Th i s  adso rp t i on  p robab l y  does  no t
re f l ec t  t he  adso rp t i v i t y  o f  t he  ca rbon ,  bu t  r a the r

t he  a f f i n i t y  o f  t he  H2O adso rbed  ( l i qu i d )  phase  f o r
HCN.

When the carbon is  pre-exposed to HCN and then

to  H2O,  t he  t o ta l  abso rp t i on  seems  t o  be  a lmos t

ent i re ly due to HCN with only a very sma11 adsorpt ion
of  H2O. This impl ies that  whi le HCN is soluble

i n  wa te r ,  unde r  t he  cond i t l ons  o f  adso rp t i on ,  t he
reve rse  i s  no t  t r ue .

The  adso rp t i on  o f  t he  n i x t u re ,  w i t hou t  any  p re -

exposu re ,  r esu l t s  i n  l ess  adso rp t i on  t han  wou ld  be
expec ted  f o r  e i t he r  vapo r  sepa ra te l y .  Th i s  may  be

in te rp re ted  as  a  compe t i t i ve  p rocess  wh i ch  i s  no t
conducive to mutual  adsorpt ion.

I n  a l l  cases ,  t he  BPL  ac t i va ted  ca rbon  samp les
showed  ve ry  sma l1  chem iso rp t i on  e f f ec t s  en t i r e l y
consi-stent  l1r i th the l imi ts of  exper i rnental  pre-

c is ion.  The ASC I¡ /het ler i te carbons showed chemi-
so rp t i on  e f f ec t s  s im i l a r  t o  t hose  exh ib i t ed  i n  t he
adso rp t i on  o f  HCN a1one .
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