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The dynamfcs of f lxed bed adsorp¿lon columns wlth
nult lcomponent gas feed st,reams ls belng lnvestlgated. Thus
far feed streams conslgt lng of an air carrfer gas wlth one
and türo adsorblng components have been studled; and the
plans are to extend the serles to ¿hree and four adsorbate
spec les .

The obJecttve of the study ls ¿o develop relat lonshlps
for the evalua¿¡,on of mass transfer coeff lclents for
nult lcomponent adsorpt, lon operaLlons. The best avatlable
correlat lons are cogmetlc modlf lcat lons of the rel.attonshlp
deyeloped over f l f ty years ago by Chll ton and Colburn (. t935)
tor CO) absorptlon ln rrater.

Hfchaels (1952) proposed a method r.rhereby an averaged
mass t,ransfer coeff lclent could be evaluated from
breakthrough da¿a. Thls averaglng enconpassed the entlre
composlt lon range ( 0 to C^) and adsorbent loadlngs nange
(0 to l l_) along the wldth óf the mass transfer zone, and
also covered moderate varlat lon of the gas veloclty and
temperature, rhlch depend upon the operatlng condit lons.
Even so, l t  can be shorrn thaL the use of these averaged mass
transfer coefFlclen¿s are satlsfactory for systems whlch
exhfblt  constant, pa¿tern behavlor, tha¿ fs, l f  afLer
fornatlon the length and shape of the mass transfer zone
remaln unchanged.

Theoretlcal ly only syscems uhlch can be descrr.bed by a
l lnear lsotherú could exhlb!.t  eonstant pattern behavlor.
However, ln practlce the mass transfer zone remalns
unchanged rrhen the equtl lbr lum ls convex to the loadlng axls
and the adsorptlon colur¿n ls relatfvely long. In these
cases the maSS ¿ransfer zone neoalns cons¿ant because of t,r{o
cancell lng mechanlsns, the sharpenlng due to ¿he favorable
lsotherE ls countered by the axlal dlsperslon of t ,he
adsorbate nolecules along the steep concen¿ratton profi l .e.

The most lmoedlate obJectlve ls to establ lsh crl terla
by rJhlch the averaged slngle component rfiass transfer
coeff lclents can be correlated to provlde sultabLe
nul.t lcomponent mass transfer coeff lctents. Therefore, the
slngle component coefffclents were calculated from Lhe
slngle component breakthrough curves, and the mult lcomponent
coefffcf.entg ¡ere calculated fro[ che multlcomponeut
breekthrough curves. Ttre approprlate correlatlon betr¿een
the tero sets of coefflclents wae derlved. Ar chls polnt,
only two cotr¡ponent data are avallable, but experfinnts
are planned r¡o that we can generallze to nultlconponent
sysEeEa.

. ExperlJ¡ental
.  .Ah qfparatus was bul l t  to experlmental ly
'rnCiSüFé tñe breakthrough curves of each of the

adsorblng specles. The carr ler gas was bubbled

through saturators contalning the l lqul<l
adsorbates; separate saturators ln paral lel
were used for each of the adsorbates. The
degree of saturatlon was control led by
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adJus¿lng the saturator temperat,ure. The
satura¿or effluents lrere analyzed by thermal.
eonductlvi ty neasurements; these data uere
transnr.t ted t,o the cor¡pu¿er ¡rhlch oonltored the
coluon feed conposlt lon. I f  necessary, by way
of D/A coupl1n8, the f lou rate of mafeúp gas
and/oe the temperature of each saturato" ,""
adJust,ed to malntaln the pre-establ lshed
constan¿ feed cooposlt lon.

The feed nlx¿ure Has fed to the colunn as
a step lnput, functton of ¿he adsorbate
cor¡poslt lons. The column eff luent was Sampled,
30 s.cclmtn saoples to each detector. Whenever
po331bl.e, separate detectors Here uged to
determlne the composlt lon of each component
(I.e.,  ¿he Electron capt,ure Detector ieCól , ."
speclf lc t ,o dtchl.orooethane). Otherrr lse, by
approprlate caltbraLlon the slgnals were broken
dorrn to provlde t,he cooposltlon of each
conponent  (1 .e . ,  the  F lamg lon lza t ion  Deeector
(FID) oeasures total hydrocarbons, uut ai ier
propen subtrac¿lon of ghe ECD slgnal ehe
remalnder corregponds to lhe benzene
composltfon). The slgnals from each det,ector
Has transmltted lo lhe computer for the
necessary  da ta  ana lys ls  and da ta  ou tpu¿.

The measured curves $rere uged lo evaluate
the mags lransfer coeff lclents accordlng t,o ¿he
method outl lned by Mlchaels. part lculai
enphasls rras focused ln thls lntt lal  study on
strongly adsorbed specles uhlch can be
descrlbed by a favorable lsothern and Hhose
breakthrough behaylor r.rould closely approxlmate
¿he constant pattern model. l l l th áct iva¿ec
carbon as the adsorbent the vapors of organlc
l lqulds, l lke benzene and dlchloronethbné, were
chosen as ¿he intt tal adsorbates.

Resu l  ts-E6tn 
slngre conrponent and two component

experlments were run at f lxed composlt ions ano
F lxed gas  f lowra te  (1 .e . ,  sane super f l c ta l  gas
veloclty) !o determlne the breaktirrough
behavtor as a functlon of bed length irelght of
adsorbent). The breakthrough tfmés were iound
!o be a ] lnear functlon of bed slze, and theyfdth of ghe breakthrough curves were found to
be fndependent of bed slze.

Expeplnents rere also run at dlf ferent
veloclt ieg and, ag expected, the breakthrough
tlmes uere found to be a logarlthmtc functlon
of the veloclt ,y.

- TlJo coEponent experlnents rrere run at a
f lxed gas f low rate (and gas veloclty) a¿
varlous composlt lons of the t,ro adsorblng
specles. The fol lowing observatton" ,""é , .d",

l .  Benzene Has ¿he more stnongly
adsorbed cooponent; thus t,he
dlchloromet,hane always broke through
f l r s t .
The breakthrough blmes of both
components decreased as lhe
composl¿lon of elther component was
lncreased.
The dlchloromethane exlL compost¿lon
overshot the lntet composlt lon¡ the
stronger adsorbed benzene dlspLaced
sone of the dtchloromethane.
The cllchloronethane overshot peak
conposlt lon lncreased wf th lncreaslng
benzene coraposlt lon but, decreased
wlth lncreaslng cl lchloromethane
compos l t lons ;  subsCant iab lng  bhe
compet l t l ve  ln te rac t lon  be tween the
t¡ro speeles.
The tfme al whtch the dlchloromethane
overshoot peak cooposl¿lon occured
rúas found to be lndependent of the
dlchloromethane composlLlon but
decreased with. lncreaslng benzene
feed cornposlt lons.; verl fytng the
grea¿er aff lnl ty bf ¿ne carbon for
the benzene.

The multlcomponent mass transfer
coeff lclents, as a f lrst approxlna¿lon, rrere
found to be conposlt lon welghted functions of
fhe slngle component coefftclents.
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