
Binary Vapor Adsorption by Activated Carbon
Under Dynamic Flow Conditions

Leonard A. Jonae aod Brlc B. Sansone

Enviro¡rmentel Control and Reseerch P¡ogram
lfCl-Frederlck Cancer Research Paclllty

Progran Reeources, Inc.
P .  O.  Box  B

FrederÍck, llD 2L7Ol

1 .

2 .

4 .

5 .

6 .

Introductlon

For the system of a nixture of gasee and an

acllvaEed carbon thq nr^uber of experfmental va!1a-

Elons posslble ls nJ r¡here n 1s the nr¡mber of

caaer¡. Thus, for a blnary ¡olxture of gases A and

ñ, 23 o.  I  var lat lons of  adsorpt lon gcudles can be

osde:

Gaees A ard B Lntroduced concurtently lnto a

clean bed of activated carbo¡.

Gae A lntroduced lnto carbon lrI'th Prevlous €|,r-

posure to Gas B.

3. Gas B lntroduced lnto.""ibott lrlth prevlous ex-
posure Eo Gas A.

7

Gases A and B lntroduced concurrencly lnto

carbon l¡lEh prevloua exPosure to Gas B.

Gaseg A and I lntroduced concurrently into

carbou wlEh prevloua exPoaure to Gas A.

Gas A introduced 1n!o carbon rrlth prevlous ex-

posure to Gaaes A and B.

Gas B fntroduced lnco carbon !r1Lh Prevloua ex-

Posure to Gaseg A and B.

Gases A and B lncroduced concurrently lnto

carbon wLth prevlous érpoeure to Gaaes A and

B. Th18 varlatlon can be coneídered the lden-

t l ty  Relat lon only 1f  the nole f ract lone of .A

and B are ldentlcal for both the Preseot and

prevloue exPoaures.

Experlnental

The adaorbatee benzene, chloroforn, and car-

bon letrachloride ueed 1n thlg study l'ere ell of

h18h purity. The gae adsorptfoo test aPParatüe

rr"Ád h"" been prevlousty deecrJ.bed ln detall (l).

The procedure for generatÍng lhe vePors' ea-

tabllshlng the ge8 flow ratee, and Preparfng and

packlng the calbon beds have beeo prevlously des-

cr lbed (2) .  Var lous adsorbeot bed welghts ( l -

2.5 c)  r rere expoaed to the'vapor(e)  drarn lnto the

¡e<t at 285 co37nfn. cortespondlng to a superfLcÍal

lfnear velocity of. 323 cm/nln. at 23oc. The I'nlet

vapor concentratlons represented a relatlve pres-

suie of  0.094 at  23oC for  benzene, chlorofo¡o,  and

carbon tetrachlorlde r¡hen tegted separately as

rell. q*;r¡hen blnary rnlxtures of lhege Saser¡ were

,la¡tcfltoneurrently. The ¡elatlve Prer¡s¡urea are

calculated from the tdeal gas law. In all ceses'

the breakthrough tlme t6 (otn) naa the tlme when

the exlt or breakthrougñ concenEratlon of the gas

r¡ae 12 of  l ts  ln let  concentrat lon (Cx/Co '  0 '01) '

Resul ts

I'or the blnary gae míxtures, run elther con-

currently or aequentLally lnto the carbon, Table I
'11stg ¡he separate contr ibut lon of  each gas to the

Table 1. Adaorption characterlstfca of NACAR

G-352 lot  2905 act ivated carbon

Ade .  Ads . .

uole 
caP' toi;"

f ract lon Ebvs lJ  eqn.  (C/C) (c¡nr /g)Gas*

8 .

Benzene 1.0

c c 1 4  1 . 0

Chloroforo 1.0

Benzene 0.46f
and
c c l ,  0 . 5 3 9
conturreo!lY

Benzene 0.333
and
Chloroforu 0.667
c(mcurrently

Benzene 1.0
then CCl ,  1 .0

- ¿ t - -
sequentl.ally

CCI /  r heo  1 .0
BenZene 1.0

sequencfallY

-47 .89
+43.22'vI O.432
- 4 6 . 3 2
+36.r9$r  0.832
-24 .88
+2I .04r{  0.645
-39 .7 4
+20.881¡ 0.208
-35.57
+t8. l2r . r  0 .417
-13 .38
+l4.8t r .J  0.147
-L7 .54
+14.39f . r  0 .440 0.297

0 .054
-47 .02
+3 r  . 20 r {  0 .727  0 .458

0 .060
-52 .4L
+39.45I{  0.385 0.440

tb'

D

1'
1

1'
r ;
t

**

1'
**

b-

0 . 4 9 3

o .524

0  .435

0.237

0 . 2 6 3

0 .  168

¡  1 iqu1d densLty  (s /cu3¡ :  benzene 0 .876f ;  cc14
1 .5881 ;  ch l o ro fo ro  1 .4832

r* calculated by coQr/0f-$Jc)dI

adsorptlon sPace utÍIlzat1on of the carbon' Table

2 sr¡marlzes the adsorPtlon EPace utlllzation of

the carbon uuder condltlons of slngle 8as inPuta'

concurre¡rt blnary gas fnPuts, and sequentlal bt-

nary gas lnputs. The mean adsorptLon sPace utf-

llzed-for Ehe NACAR G-352 carbon, uuder seven dlf-



Adsorptlon*
space Wv
(cnr/g)

Table 2. Adsorprion space (1J.,) of MCAR
G-352 lot  2905 act t r iated carbon

sbrptLon, concurrenE blnaryl gas adsorptlon (varLa-
t lon l ) ,  and sequent la l  gas adsorpt lon (varÍat ions
2 and 3)  ¡ ¡ag 0.490 cnJ/g,  devfar ing f ron Ehe cal-
culated value by or,Jy 6.497.

. The llmltatlon of the adsorptlon siace ln a
carbon, under speclffed test conditlons of rela_
tLve preasure, teuperature, and breakthrough con_
centratíoo, provldes che means ohereby one cen
predict  the adsorpt lon cha¡acter ls t lcs of  a l l  g
varl-atlong of the blnary gas mlxtures, and probably
those of  ühe hlgher Dul t lp le gas nlxtures.

DlscussloD

The predict lon of  the adaorpt lon capacl ty of
blnary gases lntroduced concurrently to ih" car_
bon ¡yaE based o¡ the flndlng that for each gas ft
rould be equal to 1ts capacfty, at the game rela_
tlve preasure, lf 1t lrere by 1tee1f nultlplied by
l ts nole f ract lon in the mixture.  This p iedlct lve
Eethod, descr lbed tn detal l .  in .our prevlous paper
(3), ¡¡ould apply not only to binary but also ro
any Dultlple gaa Dlx¿ure introduced concurrently
to the carbon. In thts study we have extended lhe
predict lve nethod for  u lxed gas adsorpt ion capa_
clty to the varlous cages lrherein the gases rnay be
fntroduced sequentlally to the carbon. The hvar_
lance of the adsorptfon space ln the carbon, aE
flxed relatlve pressure and tenperature, is the
key to the predfctlve nethod since lt fndicaces
that  each gas occupÍee adsorpt lon s l tes and f1 l ls
up adeorptlon ópace vohne rrhich 1s unoccupfed by
the gases at any point 1n tine. Thue, for the
organfc gases uaed ln thle study, each gaa intro_
duced eequentlally doea not dlsplace thá prevlous
gae but rather seekg out and bonds r¡l-th unoccupted
act lve s l tes ¡ r l th ln the carbon.
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Source

tb vs I{ eqn. for benzeoe

tb vs Il eqn. for CC1O

tb vs !l eqn. for chloroforu

t* vs I{ eqn. for concurrent
bénzene and CClo

th va lJ eqn. for concurrent
bénzene aud chlorofor¡

üean fnput  of  benzeoe at  0.11
tr plus tr va ll eqn. for
eübsequenÉ cclo

üean lnput  of  CC1, at  0. I l  t .
p lus tb ve W eqn.{ for  subseqüent
Den2ene

0 .490  nean
t 0.030 standard devfat lon
!  6. I22 coef f lc lent  of  varÍat lon

*  P lPo  -  0 .094  a r  23oC

ferent  lnput  condl . t lons_for  three di f fereot  gaaes,
uaa a conscant 0.490 g¡3/g lrlth a standard devla-
rlon of t 0.030 r¡hen lhe gaaea nere at a relatlve
pressure of  0.094 at  23oC. Sfnce the adsorpt l .on
space calculaced for  th ls carbon, uslng the Dubl-
nÍn-Radushkevfch equatlon for equlllbrluo condi-
r lons,  was 0.524 cor/g,  the nean exper inental
value of  0.490 cnr/g shosed only a 6.492 devlat ion.

Analysls

An analysls of the test results shons rhat
regardleee of the type of gas or gaees inlroduced
to the carbon, or thél.r order of introductfon, the
carbon.cannot adsorb gasea beyond i tB adsorpt fon
space capacfty at a flxed ¡elatlve preesure and
:enperature.  The adeorpt lon ápace f f -  of  0.524
:aJ/g for thfs ti¡ACAR G-352 carbon, uider condl-
r lons of  a^relat lve preaaure of  0.094,  e tempera-
:ure of  23oC, and.a breakthrough penetrat lon of  l l
(C¡. /Co -  0.01),  r rae calculated rr l th the D-R equa-
: fon usfqg the prevloualy publ tshed ( l )  values of
: . 700  cnJ /g  f o r  t l o  and  14 .9  x  lO -E  ( ca l l uo l e ) -2
:or k. It can be seen fron Table Z that the mean
adsorpt fon apace for  th ls carbou f rom teats aE ex-
:erimental condlclone ag dl.verge ae sÍngle gas ad-
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