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Abstract

Var lous problems ln est lmat lng the sur face area of
adsorbents fron blnary l lqutd adsorptlon lsotherms are
discussed.  Knovledge of  adsorbate select iv l ty  and
adsorbent hcterogcneity are requfred for the surface
area measurenent.

Estlmat' lon of surface areas of solid
adsorbents fron thc equll lbrlum lsotherms for
adsorpt lon of  b lnary l tqu id mlxtures has
at t racted conslderable at tent lon [ '1 ,2] .  The
pr lnc lp le ls  based on the assu¡ tpt lon that  the
adsorpt lon f rom the b lnary l iqu id mlxture is
conf lned to a monolayer  and the specl f ic  amounts
of  each component  adsorbed (n¡ ,n2)  can
be estlmated from the experlmentally rc¡sured
blnary Glbbs sur face excess lsother¡ ¡  (n i )  o f
component I [4].

n i  -  n rx2 -nzx r

where x1 ' ls thc mole fractlon of the lth
specles ln  the equl l lbr lun bulk l ' lqu ld phase.
The specl f lc  sur face arca (A)  can then be
calculated by A .  I  nra 'phere a1 ls  the
¡¡o lar  sur face area of ' tñe l th  speclcs.

Schay and t{agy [ ' l  ] proposed a techn'lque to
obtaln n1 by observlng that many 'U' shaped
surface excess lsotherms, vhere one componont
(say l l )  o f  the btnary l ' lqutd n lx ture ls
select lve ly  adsorbed at  a l l  cot tposl t lons,
erh lb l t  an apparent  l lnear  sect lon tn the reglon
of 11 + I as shoürn by Flgure 1. The lsothen¡
'in that reglon can be e¡pressed by

n!  -  br2 (?)

where negat lve b is  the l ln l t lng s lope of  the
r l. These authors assumed

l fe v ' l l l  rest r lc t  our  s tudy to the s lmp]e
case of  equal  adsorbate s izes (ar  -  a)  and ldeal
bulk l lqu id mfxtures.  The expreis lon for  n i  for
t h l s  case  1s  [ 4 ] :

n ?  .  m x t x t ( s - l ), E
( 3 )

by conpar'lng
In the l lnear  reglon.0r  -  o  ln  rne  l lnear  reg ton .  lnus  A can

bE estlmated. Although thls procedure has been
userl [1-3] ltth some success, the method ls
st r lc t ly  correct  only  rhen the select lv t ty  of

. adsorptlon for component I (S - nrxr/nrxr) 1s

. ' ln f - te f t?9tn the l lnear  reglon.  Othtwlsé,  a- gr¡fttr¡$Error can be made 1n the estlmatlon of A
as d lscussed in the fo l lo¡ r lng.

m ls  the monolayer  capacl ty .  A ls  then equal  to
ma. Component  I  ls  se lect lve ly  adsorbed when
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lsotherm at  x . l  +  1.  These authors assum€
by comparlng Eqs. I and 2 that nr - b and
n- r  o ln  the l lnear  reqlon.  Thr is  A can

R\\

0.8 1.0



S > l .  Adsorpt ion thermodynanlcs g lves [4] :

g r  exp t#  (o!  -  o i ) l  (4)

uhere R ts the gas constant and T ls the system
temperature. oi ls the surface tens'lon of pure
l lqu ' ld  I  a t  th? ' l lqu ld-sol ld  Inter face.  Thermo-
dynamics  a l so  g i ves  [ 4 ]

^ 'r nf
fr toi-oi) - [ *i d'l (5)
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Eqn. (5) shows that # to;-";¡ can be esilnated
fron the n i (xr )  data i '  Thu3,  there ls  only  one
adJustable 'palaneter ,  m,  ln  Eqn.  (3) .  The l lml t -
ing s lope of  the lsother¡n g ' lven by Eqn.  (3)  ls

_b - *r+l
Eqn.  (6)  c lear ly  demonstrates that  b -  m only
when S * -. 0thenllse, m > b and the Schay
and f lagy procedure wl l l  g lve an A ]ower than the
real surface area of the adsorbent. The error
can  be  ve ry  l a rge  t f  S  l s  sma l l .

Thts ts demonstrated by the data for
adsorptlon of bromobenzene (l) + chlorobenzene
(2 )  on  g raphon  a t  0 'C  [5 ] ,  shom ln  F lgu re  l .
Eromobenzene ls selectlvely adsorbed by the
graphon. The adsorbates [ave nearly equal slzes
(a l  -  202.4,  aZ -  200.5 n</nnole)  and the
l l gu ld  m lx tu re  l s  l dea l .  Egn .  (3 ) - (5 )  desc r l be
the data very well (curve a). The parameters
fgr  the systen are:  m -  0.  2 moles/g,
f f  (o j -o i )  -  0 .089 rmolet /g,  S = 1.24 and
b"¿  0 .075 'mo les /g .  The  l lm l t i ng  s l ope  i s  abou t
5.3 t imes smal ]er  than the real  m value due to
the lor¡  se lect iv i ty  for  co¡nponent  I .
Consequent ly ,  A calculated by lhe Schay and i lagy
method is  much-smal ler  (15.6 m¿lg)  than the
BET area (84 mzlg) for ihe graphóá [5] while
the area obtalned by uslng the monolayer
capacl ty  ext rac led f rom Equat ion (3)  ts
ident lca l  (84 m¿lg)  to the 8ET area.

Eqn.  (3)  ls ,  however,  der lved for  an
energetlcally homogeneous a<lsorbent and it can
give a wrong value for  m yhen appl led to a
heterogeneous adsorbent. Thls ls shom by the
data (Flgure ' l) for adsorption of the sa¡¡e
blnary l fqu ld n lx ture on s l l lca gel  at  20oC
tó1.  Chlorobenzene (conponent  l )  ls  se lect tve ly
adsorbed on the gel .  Eqns.  (3)- (5)  can descr ibe
t fe data adequate ly  (curve b)  w' l th  n -  0.22 nmols/g,
¡ i  (o i -o i )  -  0 .233 rmoles/g and S -  3.0.  The
lórresfonólng A ls  only  43.? mZlg g l le  the
real 8ET area for the gel ls 420 n¿lg t6l.
The Schay and Nagy method y le lds q st t l l  loyer
(b  -  0 .13  nno les /g )  va lue  (26 .7  n¿ lg )  o f  A .

The reason for  th is  ls  that  the gel  sur face' is  energet ica l ly  heterogeneous.  The
heterogenei ty  can be descr lbed by a s lnpl i f led
nodel [?] r¡hlch assunes that the adsorbent
sur face consists  of  a d ls t r lbut ion of
homogeneous patches and the overall surface
excess lsotherm can be obtalned by the

: . ,. ., l, 
",o:* --.&¿'e.' $-'

in tegrat ion of  the sur face excess contr ibut ions
of  each patch.  Each patch is  def ined by a
character ls t lc  se lect lv ' l ty  parameter ,  Egn.  (4) ,
and the local  homogeneous lsothenn,  Eqn.  (3) .
The select lv l ty  probabi l i ty  densi ty  funct ' lon
tr (S) l  ls  g lven by a garna funct ion ln

s t r (s)  -  ont l  .sn. .d l .  c  and n ( in teger)
n !

are constants.  The model  g ' lves the fo l lowing
expresslon ror  nf (x . , )

nf  =  m[xz  -  e  .o  En+t (e ) ]  (? )
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Si  ls  the overal l  se lect ' lv i ty  for  the
adsorbent  which is  def ' lned by Eqn.  (4) .  There
are two paraneters in the mode'l vlz m and n. n
deternlnes the degree of heterogene'lty which
decreases as n lncreases.  n + -  corresponds
to a homogeneous adsorbent.

Eqns .  (7 ) - (9 )  can  desc r l be  t he  l so thenn
data on the gel  very wel l  (curve c)  wi th rn =
2.08 ¡ ¡noles/g,  n = 9,  and S* -  1.12.  The
correspondlng A 1s 420 n2/g which ls  ldent ica l
y l th  the BET area for  the gel .  The analys ls
shows the importance of adsorbent heterogeneity
ln evaluat lng A.  The l in i t tng s lope for  Eqn.  (7)
l ¡

-b . -r¡ tt- 59 l ( ' t0 )

0 ' ls equal to unlty for a homogeneous
adsorbent  (n + - ¡  and i ts  va lue increases as n
decreases.  Thus [qn.  (10)  shows that  the
di f ference between b and rn increases as the
sur face heterogenei ty  ' increases.  fhe Schay and
llagy method wl' l I glve a lower va'lue of A for a
heterogeneous adsorbent than that for a
honogeneous sol ld  unless S* 1s in f in i ty  or  very
large.  I t  may be concluded that  no s lmple
nethod exis ts  for  est lmat ing A f rom l lqu id
adsorptlon isotherm data. The entlre ' isotherm
should be f i t ted by a model  which takes ln to
account of the adsorbent heterogeneity ln order
to obta ln m or  A.
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