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Adsorptlon capaclty of an adgorbent ls an
lnportanc pararneter ln the deslgn of alr purlflca-
fion systeúr¡. Such adsorbents are enployed ln gas
nasks and cheolcally protectlve cloching. In prac-
tlce, rhe species !o be ad8orbed nay be acconpanled
by other species ln a uultlcomponen! nlxture ¡¡h1ch
nay or oay noc compete !r1Eh the adsorptlon of che
vapor specles of lnterest. Therefore, the study of
nulllcomponent adsorptLon on an adgorbent i8 qulte
lmporlant. Ihere are tr¡o ¡naln úethodE currenlly
belng euployed to study or¡llic@pouent adsorptlon:
I) equlllbrluu and 2) dynanic. AlEhough Ehere
has been conslderable study lnvolvLng equlllbrfuu
propertles of adsorbgte/adsorbent systeoe, rela-
rlvely few s¡udles have consldered adsorptfon
klnet lce.  0f  those reported¡-r  nost  have deal t
erl¡h Ehe klnetlcs of single vapor adsorption be-
hav io r .

. In lhe present nork, üro experinencal neEhods
for decerninfng multiconponent adsorptlon capacl.cy
of an adso¡bent have been lnvestfgaged. Ttre adsor-
bent .  was BPL acl lvated carbon.4,)

l) Equil.fbrluu Method

In princlple, there are trro baeic nethods for
lhe determlnatlon of equlllbrfun adsorptfon lso-
therna of a nfxcure narnely, the gravinetrLc uethod
and the volumetrlc uethod. Of these two, the
glavlnelrlc uethod h¿e been prlnarJ.ly eoployed
because of lcs grealer accuracy at soall adsorptlon
capacltles and, also, becauee of experinental r*
straln¡s ¿asoctated slth the voluEetrlc uethod.

The apparatua ueed for the detenLtnaclon of
equlllbrluo adsorptlon lsotherms ls shoen 1n
Flgure l. A detalled descrlptfon of ¡he Bethod ls
given elsewtrere.q-o Ttre apparatus conslEts of a
¡¡lcrobalance, vacuurn punps and solvent reservoirs.
An adsorben! sarnple (actfvated carbon) ls suspended
on Ehe balance beam 1n a snall glass welghfng boaf
nhl-ch has been cared rrlth calibratÍon weights.
Adsorbace vapor of knom compositLon 1s lncroduced
in the adsorption chauber. A change in nass of
the adsorbent due to adsorpEion 1s displayed ae an
electrlcal signal froo the balance and ls recorded
on e Etrlp chart recorder. Ttre equllibrJ.um pres-
sure 1s recorded by a pressure gauge. Each adsor-
bent !.s degassed for 5-6 hours under vacur¡m of
t0-5 tg;f before being exposed to an adsorbate
vapof r.;.l&rn the adsorbeo! sanple reaches a con-
ccent''ucitfit, lE fs brought co room reDperature
and the adsorbate ls introduced 1n the svstem.

Typlcal adsorplion lsotherrns for the CHC13/
CC1¿ blnary vapor nixture are sho¡¡n ln Figure 2. A
dLsadvantage of chls nechod ls ¡har the equillbrlurn
adsorbace composlclon canno! dlrectly b-e determined.
H&rever, ,once the tota l  adsorpclon is  known, Ler¡¡ lsrs
equat lon'  can be enpLoyed Eo obcain the equi l lbr lun
adsorbate composl t lon i .e.  the proport ion of  each
coúponent ln Che adsorbed phaae.

2) Dvnanfc Method

A dynan{c Eechnlque for the deternlnatlon of
binary vapor adsorptlon ls fllustrated ln Figure 3.
In Ehisanethod, a vapor r¡lxture whfch contalns
Co B.cní of each co¡nponent 1s allowed to enter an
adsorbent bed at a flow rate Q and the breakthrough,
or penetrat lon concenClaElon,  of  each of  the Erro
conponencs,  resolved by gas chromatography,  cán be
obtalned as a funccl .on of  Elme. Measurenent of
b reak th rough  c l ne  (C* /Co  =  0 .01 ) r  E6 ¡  ás  a  f uncE lon
of adsorben! bed mass for each componen¡ 1n a mlx-
ture then al lows decerminaEfon of  Che k lnet ic
saturat lon capacl ty (W¿)^for  each componenE from
the  f o l l ow lng  eque t l on l ' z :

t - i* r", - # rn (%/cx)t (r)

t5 ls che El-ne et which concentration C* appears in
the exit streaE, pB 1s the bulk denelty of the
packed bed and K., fs a pseudo-flrst order adsorp-
EÍon raEe conatant .

Conpllcatlons uray arise 1f one componenC fs
adsorbed at  a fasEer rate than the other.  Under
these condl.tlons, the lnlcl.al aDount adsorbed for
the fast adsorblng component raay be greater Ehan
l ts sacura¡1on capacl ty.  Displacement of  the f i rs t
vapor wlll then occur as the slower adsorblng cou-
ponent ls  adsorbed. Klnet lc  adsorp!1on capacl t les
obtained by thls nerhod for che CHC13/CC14 blnary
system are tabulated 1n Table 1.  Total  adsorpclon
obtalned by weighlng rhe adsorbenr bed (I,l¡) and,
also,  obtained f rom the gravinetr lc  technlqu" (Wg)
1s also tabulated for comparlson.

In concLuslon, both of Che outllned nethods
can, in prínciple, yfeld equlllbrluu blnary adsorp-
tlon data. The gravlnetrte oethod, however, glves
onJ.y total adsorptlon capacl-ty whereas the dynanlc
mechod provldes informatÍon on che adsorptlon
capaclty of each component 1n Che mlxtuEe.
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Figure l .  Cravlmetr fc AdsorptLon Apparatus.
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Flgure 3. Dynanic Adsorptlon Appa¡atus.

Table l. Equlllbriun and Dynaptc Adsorprion Dara for CHCI^/CCI,
ll1xtures on BPL Actlvated Carbon (pToral - ,25 toir, 4
Flow Rare - 400 cm?ntn-I, T - 25oq:"-"

l.{oIe Fracclon

0 . 0 0
0.  20
0 .  3 5
0 . 5 0
0 .  ó 5
0 . 8 0
1 . 0 0

oloo
0 . 1 7 5
o.269
o.425
o .484

0 . 7 0 3
0 . 5 5 5
o . 4 5 2
0.  395
0 .  3 1 1
0.  188

0 . 7 c 3
0 . 6 6 I
0 .  6 3 7
0 .  6 6 4
o . 7 1 7
0 . 6 7 2
o . 6 9 2

0 . 5 6 7
0 . 5 5 6
0 . 5 8 0
o  . 5 4 5
0.  560
0.  s33
0.  505

0 . 6 2 8
o . 6 2 4
0 . 6 2 0
0.  608
0 . 6 0 0
0 .  5 8 2
0 . 5 7 0

_.¡  CCtr
¡H CHCI3
o . <  8 0 : 2 0  ( C H C | 3 : C C t 4 )

H  2 5 : 7 5  ( C H C t 3 :  C C t a )

-  t -  - ¿
r .  i f { " # r
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0 .692


