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1. INTRODUCTION

The modi f ied hlheeler  adsorpt ion k inet ics equa-
t ion ( l - ) ,  in i t ia l ly  der ived f rom a cont inui ty equa-
tion of mass bal-ance betrlreen the gas entering an ad-
sorbent bed and the sum of the gas adsorbed by plus
that penetrating through the bed, shown in the poly-
nomial form
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has been successful-l,y used by Jonas and Rehrrnann (2)
in studi-es on the ki-netic adsorptlon of gases by
act ivated carbons.  In th is equat ion,  t5 is  the gas
breakthrough time in nlnutes at which the concentra-
t ion C* appears in the exi t  s t ream, C^ the in let
concenüration in g/cm3, Q the volumet?ic flor^¡ rate
in cm3,/min, pB the bulk density of the packed bed
ín g/cmr,  kv the-pseudo f i rs t  order adsorpt ion rate
constant  in min-r ,  W the adsorbent weight  in g,  and
Ws the kinetic adsorption capacity tn g/g at the
arbi t rar i ly  chosen rat j -o of  Cx/Co. In Eq (1) ,  0a
is determined as a property of  the granular  s ize-
and shape of the adsorbent when fil-l-ed by gravi.ty
settling j-n a container column, and the parameters
C6'  C¡,  and Q are set  by the condi t j .ons of  test .  A
plot tb vs l,/, for any fixed floh¡ rate and tempera-
ture,  y ie lds a stra ight  l ine curve f rom whose s lope
and intercept the parameters we and krr. can be res-
pec t i ve l y  ca l cu l a ted .  ES  (1 ) ,  i n  i t s  de r i va t i on ,
assumed constant  temperature,  a s ingle ef fect ive
carbon granule diameter, an invariant adsorption
capacity (obtained by choosing the chall-enge concen-
trat ion to be large enough to assure being on the
plateau of the adsorption isotherrn) and the absence
of other parametr ic  interre lat j -onships.

The pseudo f i rs t  order adsorpt ion rate constant
kv in Eq (1)  has recent ly  been shown (3) ,  in the
case of  benzene vapor adsorpt ion by 12-30 mesh act-
ivated carbon granules (weighted mean dia¡neter of
0.104 cm) ,  to be a funct ion of  the superf ic ia l  l in-
ear vel-ocity V¿ of the gas-air ffow into the carbon
bed. The mathemat ical  re lat ionship found, which
exhibi ted a 0.999 correlat ion coef f ic ient  wi th the
experimental data over a l-20 to 3000 cm,/min (2 to
50 cm/sec) vel-oci ty  range was

a+b
v I+ (a, /b)  exp [ -  (a+b) cVU] '

( 2 )

where a,  b,  and c were constants of  the system. I t
is  expected that  one or  more of  these constants
includes the ef fect  of  carbon granule s ize.  Equa-
t ion (2)  descr ibes a s igrmoidal  curve of  ku,  versus
V¿, showing a minimurn value of b for ko, at 1ow Vg
and a maximum vafue for k' of a+b at high Vg.

The purpose of this paper (in vrhich we used di,-
methyl rnethylphosphonate) was to extend the study
by investigating the dependence of the adsorption
rate constant on both carbon granule size and super-
f ic ia l  l inear veloci ty .  The granule s ize ef fect
was studied over a 7- fo l .d ranqe f rom 0.019 to O.1,44

cm diameter, and the superficial linear velocity was
var ied over a 30-fo1d range f rom 2 to 60 cm/sec,  for
each discrete granule s ize.

2. EXPERIMENTAL

The vapor used as an adsorbate was dimethyl me-
thylphosphonate (DMMP), and the activated carbon
adsorbent htas a BPL grade, 1ot  7502, f rom PAC Co,
Pi t tsburgh,  PA, having a surface area of  1O0O m2,/g.
The carbon was sieved and ground into the discrete
mesh  f r ac t i ons  o f  72 -16 ,  16 -20 ,  2O-3O,  30 -40 ,  40 -50 ,
50-60,  60-70,  and 70-80,  having mean granule diam-
e t e r s  o f  O . L 4 4 ,  O . 1 O 2 ,  O - O 7 2 ,  0 . 0 5 1 _ ,  0 . 0 3 6 ,  O . O 2 7 ,
O .O23 ,  and  0 .019  cm respec t i ve l y .  The  k i ne t i c  ads -
orpt ion tests were carr ied out  wi th a gas adsorp-
t ion test  apparatus descr ibed in detai l  by Jonas and
Svirbely (4) .  The in let  or  chal lenge concentrat ion
was set  at  2 x 19-6 g/cm3. The vapor penetrat ion of
the bed was detected by an F&M 5750 gas chrornato-
graph with a flame ionization detector and used a
12-f t  length colunn of .  3/16 in.  d iameter sta in less
steel  tubing packed wi th 15t  Dow-Cornl-ng s i l icone
on a chromasorb T support. The exit air stream was
moni tored cont inual ly  by passage into 25 .^3 gas
sampling valve of the gas chromatograph. The break-
through time t¡ was denoted as the ti.me when the exit
st ream showed the presence of  a gas concentrat ion of
2 x l -O-8 g/cm3, equal  to an exi t  to in l -et  concentra-
t i on  r a t i o  (Cx /Co \  o f  0 .O1 .

3. RESULTS AND DISCUSSION

Each of  the eight  mesh f ract ions r^ras tested wi th
DMMP vapor at  f ive l inear velocj - t ies,  ranging f rom
2 to 60 cmlsec.  For each test  condi t ion the break-
through time t5 was determined for a minimum of four
di f ferent  carbon weights W. Pl-ots of  tb vs I {  resul-
ted j-n straight line curves in accordance with Eq
(1).  The regression equat ions obtai -ned f rom the t6
vs W data points had correlat ion coef f ic ients (5)
rang ing  f r om 0 .9 I7  t o  0 .999 ,  i nd i ca t i ng  a  h i gh
degree of confidence for the linear dependence of tb
on W. Values for the adsorption capacity We and the
adsorpt ion rate constant  ko,  were calculated f rom the
slope and intercept  of  the regression analysis equa-
t ions,  in the polynomial-  form of  ES (1) ,  for  each
veloci ty and carbon granule s ize tested.  The adsor-
ption capacity was independent of both the flow
veloci ty and the carbon part ic le s ize,  the mean
capaci ty for  the for ty test  condi t ions being 0.345 g
DfrttP/g carbon with a standard deviation of + 0.040
and  a  coe f f i c i en t  o f  va r i a t i on  o f  +  11 .61 .  

_The  
ads -

orpt ion rate constant ,  however,  r .J .  funct ion both
of  the carbon part ic le s ize and the superf ic ia l
l inear veloci ty ,  increasing nonl inear ly wi th incr-
ease in veloci ty  and decrease in part ic le s ize to a
l in i t ing value of  approxirnately 2600 reciprocal
seconds. The data for the ei-ght carbon mesh frac-
t ions each tested at  superf ic ia l  l inear vel-oci t ies
o f  2 , 4 ,  1 0 ,  3 0 ,  a n d  6 0  c m / s e c  a r e  s h o w n  i n  T a b l e  I .
A plot  of  adsorpt ion rate constant  vs superf ic ia l
l i .near veloci ty ,  for  the eight  carbon granule
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d iame te rs  t es ted ,  i s  shown  i n  F i g .  1 .  The  cu rves
indicate that  the rate constant ,  at  least  over the
ca rbon  g ranu le  d j . ame te r  r ange  0 .144  t o  O .O2 '1  cm ,
appears to exhib i t  the type of  nonf inear dependence
shown by Eq (2) .  Ho\ , rever,  the ky vs V¿ curve for
t he  0 .023 ,  and  espec ia l l y  t ha t  f o r  t he  0 .019  cm
diameter granule,  approach independence of  l inear
veloci ty ,  indj-cat ing a change in the rate contro l l -
ing step for  the overal l  adsorpt ion process.  A
pfot  of  adsorpt ion rate constant  vs the reciprocal
of  the carbon granule diameter,  for  the f ive super-
f i c i a l  l i nea r  ve l oc i t i e s ,  i s  shown  i n  F i g .  2 .  I n
th is p lot  i t  can readi ly  be seen that  a l l  curves
converge to the l imi t ing value of  26O0 reciprocal
seconds for  the adsorpt ion rate constant ,  an appa-
rent  basic character is t ic  of  th is act ivated carbon
f n r  n M M D  r r r n n ¡

In accord wi th the concept of  a f i rs t  order
heterogeneous react ion we perceive that  a l imi t  of
2600 volumes of  a gas-air  mixture (contain ing

2 x 10-6 g D¡4MP/cm3),  each vofume equal  to the
volume of  the carbon granular  bed,  can be reacted
with or  adsorbed by the carbon per second. There-
fore, the DMMP in each such vohme of DMMP-air mix-
ture v¿as adsorbed by the carbon in 0.00038 seconds.

TABLE 1. DMMP ADSORPTION RATE CONSTANT AT VARIOUS
PARTICLE DIAMETERS AND LINEAR VELOCITIES
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Fig.  1.  DMMP adsorpt ion rate constant  as a funct ion
of  l inear veloci ty  for  var ious carbon granule dia-
me te r s .
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F ig.  2.  DMMP adsorpt ion rate constant  as a funct ion
of  carbon granule diameter for  var ious l inear ve1-
oc . i t i e s .
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