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For the samples utilizing different water contents the only variations in the
equation were changing the liquid limits (LL) utilized from 1.2, to 0.9, and
1.5. These water contents effectively produced samples that were stiff and
difficult to mix(0.9LL), to sambles that were fluid and easy to mix(1.5LL).
Comparison of the data for the phenol and NB samples indicated the
intercepts of the leachate concentration versus cement/clay ratio
relationships for the samples prepared utilizing different water contents
were not statistically difference. This indicated no difference in leachability
of samples utilizing different water contents. However, the relationships for
the DCB samples did indicate a statistically significant (cunfidence limit of
95%) difference between intercepts. Also, the relationships for the NB
samples did indicate a statistical difference in intercepts when the
confidence limit was lowered to 90%. The differences in the intercepts of the
relationships for the phenol, NB, and DCB samples did not exhibit a consistent
trend, though. For phenol the leachability of the 1.5LL samples was the
greatest followed by the 1.2LL and the 0.9LL samples. For the NB samples
the order from highest to lowest was 0.9LL, 1.5LL, to 1.2LL. For the DCB
samples the order from highest to lowest was 1.2LL, 0.9LL, to 1.5LL. Such
an occurrence indicates the differences were due to random variations in
analysis or preparation of the samples. If a difference does exist it is
minimal. The difference between the intercepts for leachate concentration
versus cement/clay ratio relationships for the DCB 1.2LL and 1.5LL samples

indicated a difference in leachability of only approximately 10%.
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Comparison of Solidification Samples Prepared Utilizing Different
Mixing Regimes

The method utilized to prepare and mix organic waste solidification
samples has been considered important to their leachability performance.
Several researchers have indicated the use of adsorbent solidification agents
are most effective if the waste and adsorbents are mixed prior to binder
addition (Malone and Larson, 1983 and Lubowitz and Telles, unpublished).
Their premise is the premixing step will effectively attach the organic
material to the adsorbent phase which can then be effectively encapsulated
by the binder. If the adsorbent, binder, and organic waste are mixed in one
step the binder may block the adsorption of the organic to adsorbent phase,
causing greater leachability from the sample. For practical considerations
the utilization of a one step mixing method would be more cost effective.

The samples in this study were prepared utilizing a two-stage mixing
process. Additional 28-day APA samples were prepared for the phenol, NB,
and DCB compounds utilizing a one-stage mixing process. The differences in
leaching performance between the samples are shown in Figures 51, 52, and
53 and tested by an ANOCVA (Appendix H). For the phenol, NB, and DCB
compounds there was no statistically significant difference between the
samples prepared utilizing the different mixing procedures. This indicates
that the cement does not interfere with the adsorption of organics by the
organoclay in the one-stage mixing process and that a two stage mixing

process does not improve solidification sample leaching performance.

Leachate Prediction Model Development
The development of the model to predict the efficiency of organoclays

in reducing the TCLP leachability of solidified organic wastes was limited by



the results of this study. Several of the limitations were already detailed in
this chapter. The model was developed using only data from the bentonite
based organoclays. The clays also had all their cation exchange sites
occupied by quaternary ammonium ions at least 12 carbons in length. The
model was also developed using only data for the nonionic compounds, NB

and DCB. The equation utilized to develop Kp predictions was as follows:

Log Kom = 1.16 + 0.814 Log Kow

or

K
Log (gapﬁ) =1.16 + 0.814 Log Kow

where %OM-=the organic matter fraction of the clay(i.e 37% is
represented as 0.37)

Solving for Kp vields:
Kp‘l4.3‘%OM’Kow0.314

Substituting Kp for a in the Linear Model prediction equation on page 132

vields:

N OR
0.001KpCL + 2.0

where

C

C=concentration of organic in the leachate (mg/L)
Or=organic in sample(mg)

CL-clay in sample(g)

2.0=volume of TCLP leachate(L)(0.24 L was the amount used

in this study, 2.0 L should be utilized for the 100 gram
samples analyzed by the TCLP).
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Kp= the slope of the Linear adsorption isotherm (unitless) which
is converted to units of L/g by the multiplication factor of
0.001.

Substituting for Kp vields:

C- OR
0.0143*%0M*Kow0814C; + 2.0

This equation can be utilized to make organoclay solidified organic waste
leachability predictions for nonionic compounds. However, it should be
altered to account for the effect of organoclay encapsulation by cement. This
was done by incorporating the actual results/Linear model prediction values
versus cement/clay ratio relationships into the model. These relationships
were used to develop an equation in the form of a correction factor which
could be added to the existing model to account for decreases in leachability
due to increasing encapsulation of the organoclays at higher cement/clay
ratios.

The SAS® program utilized to develop the cement/clay ratio correction
equation is displayed in Appendix J. The data was entered into the program
as three separate groups. These groups of relationships were separated by
curing period, 7, 28, and 90-day, with data for both the NB and DCB
compounds being included in each grouping. It should be noted that the
slopes and intercepts of the relationships within these groups were slightly
different. Howevér. these differences may have been due to slight
differences in NB and DCB lost from the samples due to volatilization, slight
differences in clay organic matter determinations, etc. which could not be
controlled and were not incorporated into the for mulation of the correction

factor equation. The data grouped by curing periods were tested by an
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ANOCV A to determine if the slopes and intercepts of the relationships for the
different curing periods were statistically different. It should be noted the
data for the DCB-organoclay solidification samples that did not exhibit
statistically significant correlations between actual results/Linear model
prediction values and cement/clay ratios were not utilized in developing the
model. These included the 7-day DCB-GF samples and the 28-day DCB-GF,
DCB-PC-1, and DCB-PT-1 samples.

The results of the ANOCV A indicated the data for each curing period
exhibited relationships with the same slope of 0.0451, but had statisticaily
different intercepts of 0.869, 0.855, and 0.835 for the 7, 28, and 90-day
samples respectively. Thus, three correction factors were utilized to alter

the model as follows:

OR .
C~5 0145 %0 Kow0BTAC, + 20 (0-869-0.0451C1) 7-day

OR x
C 50145 ROM Kow0BTie, 20" (0-855-0.0451C,) 28-day

OR .
C~ 00145 s0MRow V3T, 20" (0-835-0.0451Cy) 90-day

where Ci=the cement to clay ratio of the solidification
sample (unitless, g/g)

It is apparent that the 7-day model should be used to make the
predictions for all three curing periods. This was because the actual
differences in the models although statistically significant were not large and

the use of the 7-day model would be more conservative. Since cement
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interactions with the organoclays may require longer hydration times
greater encapsulation of the organoclays may occur and curing periods
beyond 90 days should be studied. The comparison of the results from ghis
leachate prediction model to the actual results obtained in the study is
shown in Figures 60 and 61. The model accurately predicted the results for
most of the samples within approximately +/- 10% even for the results of the
DCB-organoclay combinations that did not exhibit significant correlations
between actual results/Linear model prediction values and cement/clay
ratio.

The results indicate that this model can be utilized to make
predictions of the TCLP leaching performance of organoclay solidified
nonionic organic wastes. Also, this model should yield accurate predictions
regardliess of the water content and mixing method utilized 1o prepare the
samples. [t should also be applicable regardless of the ratio of organic to
organoclay within the samples. In addition, the predictions from the model
should be conservative since the length of the modified TCLP utilized in this
study was 6 hours longer than the standard TCLP. Also, the modified TCLP
used a leaching fluid to solids ratio that did not account for the weight of
water added to the solidified samples. This would yield conservatively
higher concentrations of organic in the modified TCLP leachates utilized to
develop the model.

The leachate prediction model should be applicable to real-life organic
waste situations, despite the use of simulated wastes to develop the model.
The model should be applicable to the solidification of liquid wastes and
sludges. The mode] may not be applicable to wastes containing high
concentrations of solids such as contaminated soils. The high degree of solids

will change the structure of the solidification matrix, affecting permeability
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Leachate Prediction Model Results
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Figure 60 : Comparison of Leachate Model Predictions to Actual
Leachate Results, NB Solidification Samples

characteristics and the encapsulation of the organoclay by cement. The
substitution of a solids(i.e. soil and cement)/clay ratio instead of a
cement/clay ratio into the model may provide accurate leachate predictions

for organoclay solidified contaminated soils. However, the existing
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Figure 61 : Comparison of Leachate Model Predictions to Actual
Leachate Results, DCB Solidification Samples
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prediction model may have to be tested further and refined to be applicable
to this situation. The performance of such a model would be more
dependent on the permeability of the solidified samples instead of the

encapsulation potential of organoclay by cement. It also should be noted
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that the model may apply and be used to predict the leaching performance
of samples utilizing cement/clay ratios greater than 13/2, but this can not be
confirmed without further investigation.

Although the leachate results of solidified wastes containing only one
organic compound was utilized to develop the leachate prediction model in
this study, the model should also be applicable to predicting the leachability
of nonionic organic compounds even from complex solidified wastes. Smith
et al. (1988) stated that a characteristic of organic partitioning onto soil
organic matter or organoclays is noncompetitive adsorption between
nonionic solutes. Chiou et al. (1983) demonstrated this noncompetitive
adsorption of nonionic organic compounds onto soil organic matter for 1,3-
dichlorobenzene and 1,2,4-trichlorobenzene. Thus, the ability of the
organoclay to adsorb and contain organics within the solidification matrix
should not be affected by the presence of other compounds. Thus, the
leachability of each nonionic organic constituent in a complex waste should
be accurately predicted by the model. Also, since the model predicts
leachability performance based on the total amount of organic available in
the system, it should also be able to accurately predict the resuits of

sequential TCLP batch tests.



Chapter 12

Conclusions and Recommendations

Conclusions
1. The use of cement and organoclays to solidify simulated liquid wastes
containing phenol, NB, and DCB was more efficient in reducing leachability

than utilizing either material alone.

2. Organoclay-organic phases exhibited the ability to be encapsulated by
cement. This study gave indications of encapsulation reducing the

leachability of phenol, NB, and DCB from organoclays by as much as 80%.

3. The ability of organoclays to reduce the leachability of cement solidified

phenol, NB, and DCB waste increased with decreasing organic solubility.

4. The leachability performance of phenol, NB, and DCB solidified utilizing

organoclays was minimally affected by variations in water content.

5. The premixing of organoclay with the organic compounds, phenol, NB
and DCB, prior to addition of binder materials did not enhance the
leachability performance of the solidification samples. One-stage mixing of

organic, organoclay, and binder was just as effective.
6. Organoclays substantially reduced the volatilization of NB and DCB

wastes during solidification and their ability to reduce volatilization

increased with increases in their percent organic matter content,
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7. Adsorption of the nonionic compounds, NB and DCB, onto organoclays was

not affected by the pH or Ca(OH)2 concentration of the adsorption solution.

8. Adsorption of the ionic compound, phenol, onto organoclays was affected
by high pH and high Ca(OH)2 concentration solutions. This was most likely
due to increases in phenol solubility decreasing its partitioning onto
organoclay surfaces and Ca(OH)2 competition for phenol adsorption sites on

exposed mineral surfaces.

9. A leachate prediction model was developed based on results obtained for
NB and DCB to predict the TCLP leachability of nonionic compounds from
organoclay solidified organic wastes. The model should give consistent
results independent of the amount of organic contained in the solidified
sample. The model was limited to bentonite based organoclays with
quaternary ammonium ions containing at ieast 12 carbons and occupying
100% of the bentonite cation exchange sites. Also, it was developed for
solidification samples with cement/clay ratios of 3/2-13/2. The model is as

follows:

OR
70.0143*%0M*Kow0814Cp + 2.0

C *(0.869-0.0451Cy)

where
C-concentration of organic in the leachate (mg/L)

Or=organic in sample(mg)
CL=clay in sample(g)

2.0=-volume of TCLP leachate(L) for 100 gram samples
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Kp= the slope of the Linear adsorption isotherm (unitless)

%O0M=% organic matter content of the organoclay expressed as a
fraction

Kow=0Octanol-water partition coefficient of the solidified organic
(unitless)

Ct-the ratio of cement to clay in the solidification
sample (unitless, g/g)

10. The leachate prediction model should give conservative estimates of
TCLP leachability due to the altered liquid to solids ratio and extended
leaching period (24 hours) of the modified TCLP used in the study. It should

also be conservative for samples cured longer than 7 days.

Recommendations for Further Research

1. Additional research should be performed on the adsorption of nonionic
compounds onto organoclays to further establish the Log Kom versus Log
Kow relationship developed in this study. Also, the prediction of Kp and Kom
values should be investigated for organoclays with different percentages of

their cation exchange sites occupied by quaternary ammonium ions.

2. Determinations should be made to establish how the existing leachate
prediction model behaves at cement/clay ratios greater than 13/2 and

curing periods longer than 90 days.

3. Scanning electron microscope, X-ray powder diffraction, and solid-state
nuclear magnetic resonance spectroscopy methods should be used to

determine the reaction mechanisms responsible for organic adsorption to
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organoclays. Also, these methods should be used to determine the effect of
cement hydration reactions on organoclay structure and their bonding

relationship to organics.

4. The applicability of the leachate prediction model developed in this study
to predict the leachability of complex multi-contaminant waste streams
should be determined, including waste streams containing inorganic wastes

and wastes composed of contaminated soils.

5. The adsorption of nonionic organic compounds onto attapulgite based
organoclays and their solidification performance should be investigated to
further establish the differences between the attapulgite and bentonite

based clays.

6. Attempts should be made to establish a relationship between organoclay
% organic matter content and the ability of the organoclay to reduce the

volatilization of solidified organic waste.

7. Attempts should be made to determine how the organoclays affect
strength development and permeability characteristics of cement. Also,
determinations should be made to determine whether organoclays accelerate
or retard cement hydration reactions and whether they affect the ability of

certain organics to retard cement hydration.
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