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Abstract

CONTAMINANT LEACHING FROM
CEMENT-BASED WASTE FORMS
UNDER A~IDIC CONDITIONS .

. by.Plerre C$te

'C~j

A waste form can be prepared by mixing a hydraulic cement

;.--­
(

and. if

needed; a bulking agent ~Ith an aqueous waste to cause l~ to solidIfy.

A mechanistic 'leaching model was developed based on describing the

chemistry of the waste 'fdrm-Ieachant system and the flow regime of the
, ~.

" "
leachant and assuming th~t transport takes PI~oe via diffusive exchanges

through the waste form-Ieachant Interface. This model was successful

In pre~ct Ing Ieach i ng from simp Ie waste ma~r Ices· and (n Ident Ify Ing

,
/

Important containment mechanisms effective in the more complex matrices. .(

maintain the high pH environment where the waste. form Is stable; a

typical waste form contains enough cement to neutralize between 2000 to

3000 times Its volume of a pH 3 leachant.

In a mild environment, leachlng,was controlled by the diffusion

of the soluble fraction of a contaminant present In the connected pores

of the matrices. Immobile species instantaneously 'solubllized to

maintain chemical equilibrium between the soluble and Insoluble

iii



fractions. In tests conducted over a period of almost 2 years, less than

I~ of the Initial amount of cadmium, chromium and lead contained In a

~peclmen leached out.

In an acidic envIronment, the leachIng rates were limIted by the

availability of acid to dissolve the matrix. The leaching process was

sImilar to a surface corrosIon process. However, 'slnce waste matrIces

are not completely soluble In a mild acid, a leached layer develops,

eventually protecting t~e core'of the waste form from direct contact

wIth aggressive groundwaters. Contaminants solubl I Ized 'at the leaching

front are subjected to concentratIon gradIents that force them to

diffuse ~~ Inward' and outward. Only a fraction of the total

concentration therefore leaches out.

The mechanIstIc knowledge developed through the' experimental

programme and the model ling effort was used to develop eIght long term

leaching scenarIos covering a wIde range of waste form and groundwater,
conditions. In addition to al lowIng the predIctIon of leachlng'rates for

perIods of up to 100 years, these scenarIos were useful In developing

recommendatIons to prepare more effIcient waste forms and desIgn better
,

landfll Is.
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i. iNTRODUCTION

\
\ r

Present hazardous wast\ management alternatives

-based on the nature of the was~e. Concentrated organic

can be grouped.

wastes can-be

detoxified through biological or chemical oxidation and even destroyed

by Incineration. Inorganic wastes can sometl~es be chemically rendered

less toxic but ~ltlmately need to be disposed of by concentration and

safe storage. ToxIc organIcs are often present In low concentratIons In

Inorganic matrices and need to be safely dlsposed·of wIth InorganIc

wastes.

Large volumes of hazardous wastes are produced as aqueous

solutIons or suspensions of contamInants. ·These wastes can be Isolated

from the envIronment through Inclusion In a waste form.· A cement-based

waste form consists of a skeletal struct~re of Insoluble, non-toxic

. ; substances, wIth the pOres Impregnated by the waste.

ToxIc metals and other contaminants are physically contained In
.'

a waste form and are often aI,so Immobilized through various ~hemlcal
,

m~~hanlsms. These contamlna~ts can be released to the envIronment If the

wa~te form comes Into contact with natural waters. Of particular

Interes~.a~ tbe leaching sItuatIons where the waste form Is contacted

wIth acIdIc waters sInce several contamInants become more mobile In a
I •

low pH envIronment.

Proper management strategies for waste. forms or solidifIed wastes

could be established provIded the mechanisms of contaminant fOntalnment

1
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