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ABSTRACT 

During the last three years, Ceramicrete (chemically bonded phosphate ceramics) 
has been investigated at Argonne-East for low-temperature stabilization and 
solidification of U.S. Department of Energy (DOE'S) mixed wastes, for which 
conventional high-temperature treatments cannot be used because of volatiles and 
pyrophorics present in these wastes. This paper summarizes the development of 
Ceramicrete and provides the current technology status. We discuss our early 
investigations with surrogates that are typical of DOE mixed wastes, subsequent 
testing with actual waste streams, and scale-up of the process to an operational 
level. Current efforts include testing the process at an operational level for an ash 
waste stream from the Idaho National Engineering Laboratory and obtaining 
sufficient information to prepare a technology performance report. 

INTRODUCTION 

Low-level mixed waste contains hazardous chemical and low-level radioactive species. 
The chemical contaminants are often volatile compounds or pyrophorics and hence cannot be 
dealt with by conventional high-temperature methods. In a conventional vitrification process, 
such chemical contaminants may be captured as secondary waste streams and may require a 
supplementary immobilization technology. In addition, several high-volume waste streams such 
as soils cannot be treated economically by thermal treatment and hence need a nonthermal 
treatment. This paper discusses Cerarnicrete as a nonthermal treatment technology for such 
waste streams. 

INITIAL STUDIES WITH SURROGATE WASTES AND NEWBERYITE CERAMICS 

Initial studies were done with room-temperature phosphate ceramics fabricated by acid- 
base reactions between magnesium oxide (MgO) and 50 wt.% concentrated phosphoric acid 
(H3P04) solution. The major binding phase that was formed in this process was newberyite 
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(MgHP04-3H20), a naturally occurring mineral with a low solubility product constant of 10-6 
[ 11. To form this matrix, calcined and ground MgO (average particle size 4- 10 ym) was reacted 
with the solution to satisfy the reaction 

The slurry that formed after mixing these ingredients was pourable and set quickly when left 
undisturbed. The rate of reaction was slowed by addition of 15 wt.% boric acid in the MgO 
powder to provide sufficient time to pour the slurry in molds. 

In this system, we used three surrogate waste streams, each representing one typical DOE 
low-level mixed waste. The compositions of these waste streams are given in Table 1. 

The contaminant levels in all three wastes were identical. The proportion of each of the 
nitrates was such that the individual metal content in the waste was 0.5 wt.%. Details of the 
mixing procedure are given in Ref. 2. 

Table 1. Composition of surrogate waste streams 

Ash waste Salt waste Cement sludge 
Components Wt.% Component Wt.% Component Wt.% 

Bulk ingredients 

Activated carbon 4.7 Activated carbon 5 Activated carbon, 
Fly ash 37.5 Nap203 58 fly ash, water, each 10 
Coal ash 30.9 Cation exchange Concrete 50 

Water 10 Haematite (Fe2O3) 3 
Vermiculite 18.7 resin, NaCl (each) 5 Plaster of paris 10 

NaN03, Na3P04 Alumina 3 
and Na2S04 Perlite 1.5 
(each) 5 

Contaminants (wt.%, for all three wastes) 
Cr(N03)3,9H20 2.6 
Ni(N03)2.6H20 2.3 
Pb(N03 ) 2 0.75 
Cd(N03)2.4H20 1.3 
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The physical properties of the final waste forms are shown in Table 2. Overall, the waste 
forms were lightweight materials. Strength of the waste forms in the Mg phosphate system with 
ash waste was not very sensitive to waste loading and was higher than that of other waste forms 
of conventional concrete. 

Leaching studies used the standard EPA Toxicity Characteristics Leaching Procedure 
(TCLP) [3]. We also performed leaching studies on untreated surrogate wastes to compare the 
leaching data from the stabilized materials with that of untreated waste. The results are given in 
Table 3, together with regulatory limits on the leaching levels for the contaminant metals except 
for Ni, for which no EPA limits have been established. 

Table 2. Physical properties and compression strength of Mg phosphate 
waste forms 

Waste loading Density Open porosity Compression 
(wt.%) (s/cm3) (vol.%) strength (psi) 

Ash waste 50-70 1.706- 1.756 9.8-21.5 6223-6787 

Cement waste 50-70 1.26- 1.32 29.4-38.7 2224-5809 
Salt waste 50-70 1.239-1.3 19 29.4-34.3 2224-5809 

Table 3. TCLP results for fully cured samples 

Sample specification 

~~ ~ 

Contamination levels (ppm) 
Cd Cr Ni Pb 

Ash waste, unstabilized 40.4 196 186 99.7 

60% ash waste 
70% ash waste 

60% salt waste 
70% salt waste 

60% cement waste 
70% cement waste 

0.12 
0.06 

0.06 
0.13 

0.04 
0.06 

<0.05 
<0.05 

0.1 1 
0.12 

1.27 
3.7 1 

0.05 
0.08 

0.26 
0.74 

<0.2 
<0.2 

<0.2 
<0.2 

<0.2 
<0.2 

Regulatory limits 0.19 0.86 - 0.37 
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The results show that the phosphate system is very effective in stabilizing heavy-metal 
contaminants. Comparison of leaching levels for untreated waste and stabilized samples shows 
that leaching levels of stabilized waste are one order of magnitude lower than those of untreated 
waste and are significantly below the regulatory limits, even at a high loading of 70 wt.% of the 
waste. 

The reason for this superior immobilization is the chemical stabilization of the 
contaminants ,in the matrix due to reaction between contaminant metal salts and the acid solution, 
followed by physical encapsulation within the dense phosphate matrix. The nitrates of heavy 
metals are converted to insoluble phosphates by chemical reactions and hence do not leach into 
the acidic leachate water used in the TCLP. Also, the physical encapsulation immobilizes the 
contaminants in the matrix, thus forming an excellent final waste form. 

DEVELOPMENT OF MAGNESIUM POTASSIUM PHOSPHATE (MKP) SYSTEM 

Despite the superior performance of the newberyite waste forms in the leaching tests, we 
have observed several drawbacks that required search for a new phosphate based system. These 
include: 

1. Heat generation during reaction and setting that would potentially boil the 
water in large-scale systems and adversely affect the setting of the ceramic. 

2.  Higher leachability and hence failure of mercury (Hg) in the TCLP tests, 

3. Difficulty in working with highly acidic H3P04 solution during stabilization. 

These problems were overcome by replacing the liquid H3P04 with monopotassium 
phosphate (KH2PO4) crystals and forming its solution during the mixing stage. The ceramic that 
is formed in this process is based on the reaction 

MgO + KH2PO4 + 5H20 + MgKP04.6H20. 

The KH2PO4 solution has a pH of 4 and hence is not excessively acidic; this reduces the rate of 
reaction and thus problems associated with exothermic reaction. With the addition of a small 
amount of potassium sulfide, Hg compounds can be stabilized as the natural mineral cinnabar 
(HgS), and because the reaction slurry does not become too acidic, the cinnabar is quite stable in 
this system and hence does not leach out. Furthermore, the powders of MgO and KH2PO4 may 
be premixed, bagged, and transported as binder powders to the treatment site much as cement is 
transported, and water may then be added to form the required solution. This way, the process 
mimics the cement stabilization that is familiar to workers at waste sites. 
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Using this process, we initially stabilized surrogates and then tested the process with real 
wastes. Here, we provide performance data on soil contaminated with hazardous metals and 
radioactive wastewater. These two waste streams were stabilized in the same waste form by 
reacting with the MKP binder. The leaching data on hazardous contaminants are given in 
Table 4, while data on radioactive contaminants are in Table 5. 

A comparison of columns 5 and 6 in Table 4 shows that the leaching levels are well 
below EPA standards. In addition, although the levels of Cs137, U, and Am241 in Table 5 are 
significant in the water and hence in the waste form, no contaminants were detected in the 
leached water at the detection limit of 0.2 pCi/mL. These results show that stabilization of both 
hazardous and radioactive contaminants has been superior in this waste form. 

Table 4. TCLP results on waste form of contaminated soil and radioactive wastewater 

Concentration (mg/L) in 
TCLP result 

As-received Waste- Waste on waste form TCLP limit 
Contaminant soil water form ( m g U  (PPm) 

As <loo 4 7  ~ 0 . 5  5 
Cd 44.3 0.63 25.25 co.0 1 0.19 
Mo 9.84 5.6 2.04 No Limit 
Se <loo 243 138.5 <o. 1 0.16 
Ba 191 6.05 112.3 0.06 7.6 
Cr 3 10 176.7 0.02 0.86 
Pb 1457 830.5 c0.2 0.37 
Ag 18.5 10.55 c0.03 0.3 
Hn 2.27 1.29 0.00015 0.0025 

Table 5. Leaching results on radioactive contaminants from waste form of contaminated 
soil and radioactive wastewater 

Concentrations TCLP result on 
In water In waste form waste form 

Contaminants In soil (mg/L) ( P C 2 d )  (pCi/mL) ( P C 2 d )  

cs137 83 47.3 1 c0.2 
u238 32 18.24 }<0.2 

AmZ41 0.7 0.40 c0.2 
u235 0.6 0.34 
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To test the ability of long-term retention of the contaminants we used the American 
Nuclear Society ANS 16.1 Standard Test [5 ]  to evaluate the diffusion constants for the various 
contaminants in the spiked soil and wastewater form. Samples were immersed in leachants of 
deionized water, and results are presented in Table 6. The leachability indexes range from 14.52 
for U to as high as 16.57 for Pb, significantly better than the minimum recommended criterion of 
6 [6].  'These results are further evidence of the superior containment characteristics of the CBPC 
final waste forms. 

Table 6. Long-term leaching ( A N S  16.1) results on waste form 

Contaminant Diffusion constant (cm*/s) Leaching index 

>14.66 

>14.85 

16.42 

16.57 

14.52 

OPERATIONAL-LEVEL DEVELOPMENT OF THE PROCESS 

Having succeeded in demonstrating the stabilization of several waste streams, we scaled 
up the process for full-scale treatment of actual wastes. Argonne's Waste Management Oper- 
ations (EM-30) has developed a waste stabilization facility to treat real wastes; it contains a 
double planetary mixer that can mix wastes, water, and binder powders in %-gal disposal drums. 
In a typical operation, the waste arrives in the disposal drum, which is moved under the mixing 
blades with a dolly. The mixing blades are then lowered into the waste; when the blades are 
lowered, a lid also covers the top of the drum. The binder powders are added through a feed tube 
in the lid and a hopper at the other end of the tube. Water is added through another similar tube. 
A small negative pressure is established in the drum to prevent the powders from dispersing into 
the surrounding air. Once all the ingredients are added, the mixer is started and run at a 
precalibrated speed. After 30 min of mixing, the blades are raised and the drum is moved away 
from the mixer. The waste is then allowed to set. 

In our trials with benign soil, the slurry formed a hard ceramic waste form in the drum 
within 2 hr. During setting, we monitored the temperature at the center of the drum with a 
thermocouple. At 55"C, the slurry suddenly hardened and formed the ceramic. All of the water 
reacted to form this ceramic and no free water was left in the drum. The temperature, however, 
kept rising, and the maximum temperature recorded was 82°C. Because no free water was left in 
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the system and ceramification had already occurred in the waste form, this rise has no adverse 
effects on the structural integrity of the waste form. 

To determine the integrity and homogeneity of the set sample, the drum was cut 
vertically. The cross section of the waste form was uniform and free of voids. Some of the 
pebbles from the soil were near the bottom of the drum, but nicely encapsulated in the waste 
form. These observations clearly indicate that the Ceramicrete process can be used not only at 
bench scale but also at a full operational level. 

FUTURE DIRECTIONS FOR CERAMICRETE TECHNOLOGY 

Our next step is to demonstrate the technology for real waste streams at an operational 
level, and this effort is being directed at two DOE sites with different waste streams. At 
Argonne-East, we are working with our Waste Management Operations to stabilize some of the 
low-volume wastes for disposal, using the Waste Treatment Facility described above. In 
addition, as a continued effort in the DOE'S Mixed Waste Focus Area project, we plan to 
demonstrate full-scale treatment of ash from the Idaho National Engineering Laboratory (INEL) 
Waste Experimental Research Facility (WERF). For this latter effort, a test plan is being 
developed for bench-scale testing of the stabilization method and then a full-scale demonstration 
at WERF in a treatment facility to be installed in the near future. Data gathered in this demon- 
stration will be used to develop a Technology Performance Report (TPR) to be issued by the 
Mixed Waste Focus Area; this TPR will be the report card for the technology indicating that a 
viable technology has been fully developed and demonstrated. It will also provide the necessary 
technology assessment needed for full-scale deployment of the technology at various DOE and 
industrial sites. 
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