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Data are reported for the adsorption of vapours
rd solutes on to charcoal cloth, under both
cyo.amic and equil ibr iun condit ions. BET N2 areas
¡e in the range 9OO to 1660 nz/g and saturarion
:rpr.ci t ies are high, varying with the activi ty. In
iyooic adsorption larger capacity at penetrat ion
ir . t tr ibuted to a rapid rate of adsorbate/sol id
ir¡er¡ct ion.

!.[troduction

CDB charcoal cloth is a nev, high activity
rd¡orbent in the foru of a robust, f lexible woven
c lo th  conpoaed en t i re ly  o f  charcoa l  (1 ,  2 ) .  I t  i6
produced in the form of 6O cn wide rol ls in the CDE
crperinental plant, the degree of act ivat ion being
:aried to suit  the requirenent. This paper
5,m¡issg the results of neaeurements of the
edsorptive propert ies both under equi l ibr iun and
dynanic condit ions. physical propert ies are
Ceecribed in a further paper to this Conference.

Charcoal Activi ty

The adsorptive actlvi ty of the charcoal cloth
rey be varied as required during manufacture, and a
range of aaryles are reported on here. To provide
¿n asaessDent of ect ivi ty, heats of wett ing (3) in
benzene and si l icone f luid (2 cp) have been
leasured and are quoted for comparative purposes.
Such data provide a meaaurement of not only the
accessible surface area of carbons but also of
rolecular sieving (4), si l icone f luid (molar vol.
433) being a much larger moLecule than benzene
(nolar volune 8O).

In practical si tuations, adsorbed ooisture ¡¡ i l l
inf luence adsorption behaviour¡ in certain cases
Eaeurements have therefore been nade both with dry
charcoal and with charcoal equi l ibrated ¡¡ i th air at
80¡ RH (for brevity, I 'noistt t  charcoal).  l {here l
comparative data for granular charcoal is included,
the reeults refer to two high quali ty nutshel l
charcoals (graded L4 x 25 BSS) of nediun and high
8 c t i v i t y ' r e f e r r e d t o h e r e a s ' ' g r a n u l ' a r ' . A a n d B .

Equil  ibr iun Adsorption

Surface Areas

BET surface areas derived from N2/77oK isotherms
on numerous cloth saqles taken from the experi-
mental production run6 gave BET areas ín the range
900 - 1660 nz/g. Typical examples are shown belor¡.

TABLE  1 .  Mo lecu la ¡  g i eve  p rooe r t i es

l , /ett ing l iquid Mo1ar Vol.ume

nl mol.- l

Heat  o f  I ' l e t t inc  i / c
c10  t h

107 L46
Methanol
Chlorobenzene
Dekal in
S i l . 1  c P
S i 1 . 2  c P

4 0 . 5
1 0 1 . 7
t y
288
433

84  86
67  72
42 60
L2 54
5 4 3

Sanple Si1.2 HOW
Charcoa l  C lo th  I  IL3  j le
Charcoa l  C lo th  2  aa  j le
Granular A 80 j /g

Pore  S ize

BET Surface Area-T156,d;7c

L35O n¿lE
87o úle

The heats of wett ing (Table 1) showed rhe
nolecular sieve effect usually observed with char-
coa ls  (5 ) .  The increase in  pore  s ize  ar is ing  f rom
fur ther  ac t i va t ion  was a lso  c lear ,  C lo th  L46 hav ing
been subjected to the greater act ivat ion.

Vapour Adeorption at Saturation Vapour pressure

The adsorption of benzene, chlorobenzene and
carbon tetrachloride at saturation vapour pressure
have been measured by exposing dried, weighed
saqles to the respective l iquids in an enclosure
unti l  equi l ibr iun r¡as observed. The results, given
in Table 2, show that substantial amounts of vapour
are adsorbed, spanning the range of good 

"orrm"."i.lcharcoals. The Gurvit¡ch rule is fol lowed, and
volumes adsorbed r ise with increasing activi ty.

uonol.Elona

G"oncentrarions in the 1 ro 10 ng/l range
in air,  set up by standard oethods, t¡ere passed 

-

through l-ayers of charcoal cloth held in a suitable
j ig. Eff luent concentrat io¡rs were neasured by use
of a cal ibrated CDE halogen detector or by an FID
equipoent. Experiúents ¡¡ere made with both drv
and noist air over an air velocity range of O.-5 -
8 . O  c n / s .

In aLl cases the usual l inear variat ion of pene-
tration time T (and hence veight adaorbed !, at pene-
trat ion) with the weight of charcoal cloth t{ (oi
nunber of layers) was observed. It wa8 found that
r¡ =-FCT = N.(SJ - Il.) where F - voluue flow, c =
inf luent concentrai ion, W" - cr i t ical bed and No -
equiLibriun uptake.

- For the adsorption of chlorobenzene, styrene,
halotbane and carbon tetrachloride on dry cl,oth l l
nas small ,  correeponding to less than ool layer
(O.5 m) of cloth. Increase in the moisEure con-
tent of the cloth led to an increase in the
cri t ical bed to 2 to 4 layers, depending on the
system. The value of N^ wae unchanged fo¡ the
strongly adsorbed chlor"obenzene (b^p. 132oC), but
wae reduced fo r  ha lo thane (b .p .  56"C) .  Cr i t i ca l
f low rate and cri t ical concentrat ion were also sna1l,
being nearly zero for dry eloth. In consequence,
beds. consist ing of rnre than 5 layers (O.25 cn
deep) sho¡¡ed a notable constancy át t¡e amount
adsorbed when f low and concentrat ion are varied.
Change in cloth actívi ty around the average had
onLy a ninor inf luence on the general beháviour.

Experinents with only I  and 2 layers show that
appreciablg removal of vapour occurred even in such
sha l low beds .  Thus  fo r  the  sys tem 0 .5  ng / l  s ty rene,
velocity 2 cm/s, 2 layers ( l  nn) moist charcoal
cloth, penetrat ion t imes of 24 and 68 min were
recorded at penetrat ion level.s of 12 and IOZ
respec t  i ve1y .
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TABLE 2. Vapour  Adsorp t ion  a t  SaturaE ion  Vapour  Pressure

Comparison with Granular Charcoal

Experiments measuring the penetrat ion t imes of
chlorobenzene with granular charcoal and charcoal
c lo th  show tha t  under  ident ica l  cond iE ions  (con-
cent ra t ion  9  mg/ l ,  ve loc i ty  8  cm/s ,  802 RH)  the
rna in  d i f fe rence lay  in  the  c r i t i ca l  bed depth ,
wh ich  was in  the  we igh t  ra t io  o f  1 :5 .  Thus  the
weight of granules required to give T = 10 min was
25OZ greater, and for T = 30 min 1757" greater,
than Ehat  o f  charcoa l  c lo th  o f  s im i la r  ac t i v i t y .

In experiments with t .he anaesthetic halothane
( 6 )  ( c o n c e n t r a t i o n  4 3  m g / f ) ,  a  3 . 7  c m  d e p t h  o f  d r y
granules gave the same penetrat ion t ime as 1 cm
(2O layers )  o f  d ry  charcoa l  c lo th  a t  f low ra tes  o f
I  to  4  cm/s .  h l iEh  mois t  charcoa l ,  a t  a  l inear
ve loc i ty  o f  1  cm/s  the  Z  up take on  charcoa l  c lo th
was 3O0% greater ,  and aE a  l inear  ve loc i ty  o f
4 crn/s 2OOZ greater than on granules.

Adsorp t ion  f rom Aqueous So lu t ion

( " )  Equ i l ib r ium uptake

The adsorp t ion  iso therms fo r  adsorp t ion  o f
pheno l ,  ace t ic  ac id  and d imethoate  (an  insec t ic ide)
f rom aqueous so luE ion  hrere  measured fo r  bo th  char -
coa l  c lo th  and a  granu lar  charcoa l .  The isocherms
fs r  lhe  two charcoa ls  were  very  s imi la r ,  showing
tha t  the  charcoa l  ac t i v i t ies  were  the  same.  Rates
of  adsorpc ion  were  a lso  measured and a  f i rs t  o rder
rate consEant (K) calculated. I^¡ i th both phenol
and acet ic  ac id ,  K  was 1 .6  min- l  fo r  the  charcoa l
c lo th ,  bu t  on ly  O. l  m in-1  fo r  the  granu les .  For
the  la rger -d imethoate  molecu le ,  K  fo r  c lo th  was
0.O12 rn in  r  and 0 .0011 min  r  fo r  the  granu les .
Thus  the  raEe o f  adsorp t ion  on  charcoa l  c lo th  was
more than an order of magnitude the greater.

(b )  Dynamic  adsorp t ion

The remova l  o f  pheno l  (concent ra t ion  50  g /1 )
f rom a  so lu t ion  f low ing  th rough a  2  cm d iameter
column of charcoal was measured by fol lowing the
change in  e f f luen t  ioncen l ra t ion  w i th  t i ¡ne  (7 ) .
Exper iments  were  made w i th  2  g  charcoa l  c lo th ,
2 g and 7 g granular charcoal. hlhen the eff luent
concent ra t ion  had r i sen  to  1 /1000 o f  the  in f luent
concent ra t ion ,  the  we igh ts  adsorbed by  the  th ree
co lumns were  ca lcu la ted  as  a  2  g  charcoa l  c loEh
column: 377. w/w; 2 g granular column: zeroi 7 g
granular column: Ll7" w/w.

In experiments at t \^7o further inf luent concen-
t ra t ions ,  equ i l ib r ium adsorp t ion  on  charcoa l  c lo th
was a lso  ca lcu la ted  f rom ex tended exper iments :
Ehese va lues  cor responded c lose ly  w i th  those
determined in the earl ier equi l ibr iurn experiments.

D iscuss  ion

Under  equ i l ib r ium cond i t ions  CDE charcoa l  c lo th
has  the  proper t ies  o f  an  adsorp t ive  carbon,exh ib i -
t ing molecular sieving and capacity depending on
the  ex ten t  o f  ac t i va t ion .  The capac i ty  o f  h igh
ac t iv i t y  charcoaL c lo th  exceeds t .ha t  o f  good
connnercial granular charcoals. However, the smal1
cr i t i ca l  bed fo r  charcoa l  c lo th  found in  a l l
dynamic adsorption experiments indicates a high
ra te  o f  adsorp t ion  i .n  compar ison  w i th  g ranu lar
charcoa ls ,  a  conc lus ion  borne ouE by  ra te  measure-
ments  in  so lu t ion .  To  th is  i s  a t t r ibu ted  the
la rge  adsorp t ions  observed a t  in i t ia l  penet ra t ion
of  tes t  vapour  o r  so lu tes .  In  dynamic  adsorp t ion
the  in f luence o f  p re-adsorbed mois tu re  i s  no tab ly
less  than w i th  g ranu lar  charcoa l .
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Charcoal
Heat of Wett ing

i o u l e / e
Z Yaoour adsorbed w/w Vapour  adsorbed cc /g

Benzene Carbon Chloro-
T e t .  b e n z e n e

Benzene Carbon Chloro-
Tet .  benzeneBenzene  S i l . 2  cP

C l o E h  P 5 7
C l o t h  P 5 7
C l o t h  P 6 6
C l o t h  P 6 8
C l o t h  P 6 9
Granular A
Granular B

( 1 )
( 4 )

1 0 5  1 9
I20 t23

96 88
69 10
6 9  7 2

130 B0
1s5 t25

3 5 . 4  6 2 . 2  4 3 . 1
6 7 . 3  L 2 7 . 8  8 6 . 9
4 5 . 8  8 1 . 7  5 7  . o
2 9 . 2  5 2 . 9  3 6 . 8
4 4  . 7  7  5 . 9  5 5 . 0

-  6 3 . 5  4 7
-  101 .0  68

o . 4 0 4  0 . 3 9 1  0 . 3 9 0
o . 7 6 7  0 . 8 0 4  0 . 7 8 6
o . 5 2 2  0 . 5 1 4  0 . 5 1 4
0 .  3 3 3  0 .  3 3 3  0 . 3 3 3
o . 5 t o  o . 4 7 7  0 . 4 9 9

-  0 . 4 0  0 . 4 3
-  0 . 6 3  0 . 6 2


