Stabilization and solidification
of lead-contaminated soils

By R. Scundararajan, G. MHughl:anks, S. Shon, and W. Dixon

TABILIZATION and solidification of

hazardous wasle forms has be-
come an acceplable remediation
tachnique owing to its simpficity
&nd cost elffeclivenass. Unlil re-
cenlly, Ihe stabilization prablems
have been trealad as civil engi-
neering problems. Physical param-
stars such as unconfined compres-
sive strangih (UCS), permeabiltty,
and diffuslon were the determining
factors for a successtul stablliza-
tlon/solidification (S/S}) 1echnalogy.
In essence, the lundamenial con-
cepts of chemistry, which ullimately
conlrol the S/S process, ware to- ,
\ally Ignored.! The salsction of an
S8/S binder was done mostly on a
irlal-and-error basls rather than on
the basis of solution/precipliation
chemistry,

The purpose of an S/S pracess
Is to make any hazardous malerial
unavallable 1o the environmenl.
This can be achieved by converting
the wasle (for example, lead) into
its most Insoluble form, and then
placing It in a cementitious matrix.

A few binders were developed
for lead on the basis of tha solubil-
ity product constant, salubilily
curves, and other relaled aspects.
The fundamental concepls govern-
Ing tha /S process and the perfor-
mance of the binders basedan a
variely of leach lesis are presented
in this paper,

Experimental

Several binders were prepared
by thoroughly mixing varying
amounls of Porlland cement, kiln
dust, flyash, and slag powder, Ail of
ihese binders had al east three
components in thelr formulas. Tha
wasla used in this Invesligation
wasg a soil contaminated wilh
78,000 ppm of lead. The binder
and lhe waste wera mixed thor-
oughly In 15:85, 26:75, and 35:65
ralios. Water was added unlil lhe
binder and the waste formed a
smooth paste, The pastes were
then cast inlo cylindrical molds and
teft out for curing, When the bind-

ers were made, their pH during
treatmant condllions (an aqueaus
slurry) was measured. Binders wilh
pH values {ar oulside of the range
8.5~-11.5 ware excluded. Aflar he
binder and the wasle ware mixed,
several bindar-wasle mixlures
showed pH valuas oulside of the
above-menlioned pH range. For
those mixiures, small amaunls of
bullering agenls were added 1o re-
tain the pH in the desired rangs,

The irealed wasles were cured
lor 28 days, then they were sub-
jecled lo the loxicily exlraction pro-
cedure {EP TOX), muitiple exirac-
tion procedure (MEP), and the
American Nuciear Sociely laach
test (ANS 16.1).

Resulls and discussion

Tha MEP data (including EP
TOX and ANS 16.1 data) are pre-
sentad in Tables 1 and 2. These
dala reveal that the leach values
approach drinking water standards,
This phenomenon can be ex-
plained in 1erms of solution cham-
istry.

The first step in any Inorganic
5/5 process is to convert the metal
jon inlo its mosl insoluble farm. The
sacond slep would be lo incorpo-
rale the insoluble pracipitate in a
camanlitious malrix. Lead hydrox-
ide, P1y(OH)z, is ons of the most in-
solutle compounds of lead. Fur-
thar, Pb(OH); would be a nalural
reaclion product of lead when
placed in a cemenlitious malrix,
which is always alkaline.

A precipilale of Pb{OH); can ba
studied in equilibrium with the sur-
rounding groundwatar. The equilib-
rium constant can be derived as
tollows:

Pb{OH), »Pb2* + 20H"
b (m

solid

_ [PO*)[OH
= T[Pb(OH), ] (@)

solid

where {Pb¥'], {OH), and [Pb{OH)z)
are the respactive concentralions
of each species expressed as
mol/l. In a chemical equilibrium the
concenlration of a solid is consld-
ered as unily.

The equaticn can be rawritlen
as:

Ksp =[PR?*JOH™}? @)

where K';,, stands for the new sclu-

bility produci consiant, thalt is, i{ Is
the product of the cancentrations of
ions (where the numbar of moles
are raised as powers) prasent in a
solution that Is in equilibrium with
the precipilale.

Tha K, lor Pb{OH); has been
detarminad experimenlally as:

Kep=12x107"%  (4)

al constant temperalure.

Any cementitious binder nor-
mally yislds a pH ol approximately
11-12 when waler is added for cur-
ing. :

The p® of a cementilious binder
can then be calculated from the re-
lationsl iy

pMepP =14 {5)
pH =12 (6)
pM=14-12=2 (7)

< [OH) = 0.01 mol/L

Substiluling this value In £q (4)
yialds )

PLPOH P =1.2x107"%  (g)
P2 Y0017 =1.2x107"®  (g)

1.2x107"8
[0.01)

=1.2x10""mol/L

[Pb?* )= (10)

Multiplying this value by the atomic
weight of lead will give lhe amouni
of lead thal would leach out under

equilibrium conditions.

=1.2x10""x207.2g/L
=248x10" g/L {11}
~2.5ppb
Howaever, an examination o( the
solubility curve of lead hydroxide

(Figura 1) raveals thal when the pH
becomeas excessive, Ihe cationic
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lead can go Into solutlon as anlonic:
plumbals.?

Ph{OH), + 20H"

12
w Pb0O,* +H,0 (2
It Is imperalive that the pH of the
binder malrix should not be allowad
1o go beyond 12, :
Although the wasla form can be
a complex one, the solubllity prod-

uct laws do account for thelr immo-
bllization.

Concluslons

Binders were developed for the
successiul stabilizaliorvsoliditica-
tion of lead based on the principles
of solution chamistry. This typa of
approach eliminatas the trlal-and-
error-type binder developmenl and
can save conslderable amounts of
time and resources. In spite of the
complex nature of the wasie forms,
the data from these studies reveal
that ihe first principles of chemistry
stlll control the S/S phenomenon,
The same principles can be ex-
tended 1o the successful 8/S of
othar metals.? Other chemical phe-
nomana, such as redox reactions,
complexatich, and coprecipliation
can also be used for an etaclive
8/8 process,
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LEAD CONTAMINATED SOILS continued .

Acid rain serles lead concentralion {ppb)*

Tabis 1

Binder

no, 1 2 K]

1 13.8 26.4 13.7
2 27.4 61.5 58.6
3 395 30.3 38
4 39.0 40.14 22.66
5 208.1 168.3 123.7
[ 8.5 752 580.3
7 2442 266.5 20823

4
15,3
r
32.2
26.0
48.1
1311
340.6

& 8 7
121 8.7 2.0
1.2 57.8 4.0
28.4 20.6 7.7
248 b8.6 6.2
30.3 29.4 14.6
384 63.0 16.0
248.8 7.2 656

*Concentration of lead in original soll was upproximaiely 78,0 ppim.

Table 2
American Nuclear Soclely
leach tasl {ANS 16.1)
Concentralion of Pb
{mg/kg or pph)
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Flgure | Solubliittes of some melal hydroxides and oxidas.
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