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ABSTRACT

I

Activated carbon adsorption Is the most widely considered

process for the removal from drinking water of low level toxic chemicals

as well as many other orga~Ic substances. The adsorptIon of these

compo~nds Involves complex competitive Interactions which are not well

understood. however. they are crucial to.the design of safe and cost

effective adsorbers. To obtain a better under,tandlng of competitive

adsorption a, observed In water treatment adsorber, at the time of a

toxic spIll. a three part study was conducted wIth a representative

blsolute mixture. The mIxture consisted of a toxIc chemIcal

(l.i,2-trlchloroetnane (TCEA» and the naturally occurring organic

,ub,tanc~ from a northern river considered as a sIngle compound and

measured as Tota I Organ Ic CIlIrbon.

The fIrst part of thIs study con,lsted of sIngle ,olute

adsorption and de,orptlon experIments as well 5s blsolute equl I Ibrh.m

experlmenh. The adsorptIon of TCEA was found to be completely

reversIble, whIle that of the background organIcs WaS vIrtually

Irreversible. ·The bIsolute experIments showed that the background

organIcs substantIally decreased the adsorption capacIty of TCEA. while

the adsorptIon capacIty of the background organics was only margInally

reduced by the presence of TCEA. The predictIve multlsolute Isotherm

nOOels In the lIterature could not descrIbe the experImental data. .Two...
other nOOels. whIch assl.flle that a fractIon of the adsorptIon does not

Involve competItion. ·were found to ,descrIbe the data successful.ly.

The second part of thll,s studY Investigated the rates of

adsorpt Ion from one-adsorbate and two-adsorbate soIut Iens. The data of

III



both ,Ingle ndsorbate kInetIc experIments were descrIbed very well by

the homogeneou, ,urfnce dIffusIon model. The adsorptIon of the

background organic, was very ,low, yet It was not necessary. to utIlize

separate terms for the slow and rapId adsorption mechanl,ms. All of the

adsorptIon occurred by the ,low mechanIsm. The slow ndsorptlon

phenomenon, whIch 15 ,uspected to occur In very small pores, appears·to,
be related to the IrreversIble adsorption observed durIng equilIbrium

studIes. The background organIcs that adsorbed by the slow mechanIsm

were vIrtually. not desorbable, while TCEA whIch adsorbed completely.
reversIbly, dId not show any slow adsorptIon durIng the kInetIcs. A,

expected from the large dIfference In the values of the dIffusIon

coeffIcIents, to praperly model the blsolute batch kInetic experImental
,-

data, dIffusional InteractIons such aS~rOss dIffusIon terms had to be
\

."

Included.

The thIrd part of thIs

": .
(: ".

'. ~

InvestIgatIon Was a column .study

InvolvIng sIx· dIfferent phases, each wIth a dIfferent feed solutIon.
,

The results wer~ consIstent wIth the equIlIbrium predIctIons. Phase IV

showed that an expected and potentIally-dangerous large scale desorptIon

of prevIously adsorbed toxIc organIcs, caused by a substantIal Increase

In the feed backgrOUnd organIcs, dId nOt occur. The elutIon of TCEA

actually decreased, probably due to cr~ss dIffusIonal InteractIons. The

column experIment also confIrmed that due to competItIve InteractIons

and to the IncreasIng loadIng. of background organIcs on the carbon wIth
\

tIme. the adsorbers. became substantIally less eff~ctlve at t~eatlng

toxIc spIlls as the aperatlon cycle proceeded.
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