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ABSTRACT 

The removal of mercury from mixed wastes is an 
essential step in eliminating the temporary storage of large 
inventories of mixed waste throughout the Department of 
Energy (DOE) complex. Currently thermal treatment has 
been identified as a baseline technology and is being 
developed as part of the DOE Mixed Waste Integrated 
Program (MWIP). Since thermal treatment will not be 
applicable to all mercury containing mixed waste and the 
removal of mercury prior to thermal treatment may be 
desirable, laboratory studies have been initiated at Oak 
Ridge National Laboratory (ORNL) to develop alternative 
remediation technologies capable of removing mercury 
from certain mixed waste. This paper describes laboratory 
investigations of the KI/I2 leaching processes to determine 
the applicability of this process to mercury containing solid 
mixed waste. 

Synthetic soil material artificially contaminated with 
20,000 ppm elemental mercury (Hg°) was treated with 
KI/L solutions with concentrations in the range 
0.5M KI/0.05 M I, to 2.5 M KI /0.25 M I 2 at temperatures 
of 25, 40 and 55°C. It was observed, that under all 
treatment conditions Hg° removal from the contaminated 
soil was equal to or exceeded 80%. The results of these 
studies suggest that KI/I2 leaching may be useful and as 
treatment or pre-treatment process when the removal of 
mercury from soil mixed waste is required. 

INTRODUCTION 

Mercury has been identified as a chemically hazardous 
waste for many years. Mercury (Hg) and mercury 
compounds, when ingested, inhaled, or absorbed by the 

skin, are highly toxic and can effect major organs and the 
central nervous system. Chronic exposure or acute 
poisoning can lead to loss of memory, permanent changes 
to the affected organs, and eventually death.' In the 
environment, mercury is present in the air, water, 
soil/sediments, plants, and animals with sediments being 
the primary sink for mercury. In order to minimize 
adverse health effects from exposure to mercury, the 
Environmental Protection Agency has established treatment 
level which must be met before mercury containing waste 
may be disposed. 

The DOE used large quantities of mercury in 
enrichment processes and other defense related activities. 
These activities resulted in the generation of a significant 
volume of mercury contaminated waste. When these waste 
streams contains both mercury and radioactive chemicals, 
the waste are categorized as mixed waste. 

A review of mixed waste inventories for DOE sites 
participating in the Mixed Waste Integrated Program 
(MWIP), revealed the existence of several waste streams 
(some stored and others currently or projected to be 
produced) that could be classified as a mercury containing 
solid mixed waste. These waste could be divided into tour 
broad groups: l)scrap metal and discarded equipment. 
2)combustible construction debris and trash (rags, wipes, 
protective clothing), 3)soils and sludges, and 4)glass waMe. 
The identified waste groups were evaluated against criteria 
such as volume of the waste stored, volume of the wa-,te 
generated, and availability of alternate treatment options to 
determine the most appropriate waste streams to include in 
this study. Mercury contaminated soils and sludges were 
selected as a target waste, because there were 14 
occurrences of this waste type reported by the Mtes 

Gafe^ 
DISTRIBUTION OF THIS DOCUMENT IS UNUMJ" 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



participating in the MWIP. Mercury contaminated soils 
and sludges were ranked 3rd with respect to both the total 
volume stored and the annual volume currently generated. 
For the initial laboratory studies, it was decided that 
suitable surrogate waste for this waste stream in the initial 
laboratory studies would be synthetic soil. Follow on 
studies will be conducted using a surrogate formulation for 
organic matrix solids prepared by the MWIP and actual 
mercury contaminated soils. 

The baseline technology for mercury removal from 
solid waste forms is thermal treatment which includes 
retorting, roasting, vacuum distillation, batch steam 
distillation, and incineration. In these processes, Hg 
contaminated solids are crushed and heated at high 
temperature. During treatment, mercury compounds 
volatilize and gases such as air or nitrogen are used to 
carry the mercury vapor to a condenser. After the mercury 
vapor has been condensed, the dust and vapors carried 
along with the mercury are passed through air filters and 
scrubbers. Finally, Hg is either adsorbed using adsorbents 
such as granular activated carbon or collected as a pure 
metal. 

Although thermal technology is highly efficient in 
reducing mercury concentrations in many waste, problems 
and limitations exist. Off-gas generation and treatment are 
the primary areas of concern. Because thermal processes 
volatilize the mercury and mercury compounds at high 
temperature, there are safety concerns with respect to air 
emission containing fugitive mercury compounds. The air 
pollution control equipment used to mitigate these concerns 
generate wastewater uiat may contain mercury and require 
additional treatment. Also a significant mass of adsorbent 
materials, which may require further treatment or disposal, 
is required when thermally treating mercury containing 
solid waste. Another concern with thermal processes is the 
moisture content in the wastes that are being treated. 
Energy consumption and cost increase as the moisture 
content of the waste increases. In some types of thermal 
processes, the water vapor formed can entrain dirt and 
mercury vapor and can cause problem in the treatment 
system. The treatment of waste containing mercury sulfide 
with thermal methods can result in a highly corrosive 
treatment environment and possible increased emissions of 
sulfur dioxide to the environment. Chlorine and other 
halogen materials in the waste must be kept to a minimum 
to reduce the production of acids which can corrode 
various equipments and systems.2 

The objective of this project is to evaluate pre-
treatment processes which could be used to remove 
mercury from solid mixed waste and thereby minimize 
many of the problems associated with the thermal treatment 

of waste which contain Hg. The initial laboratory studies 
focused on solids leaching processes although in the future 
these process may be evaluated in combination with 
gravimetric Hg separation processes. 

PROCESS SELECTION 

The primary forms of mercury of interest to this 
project are elemental mercury (Hg°), mercuric oxide 
(HgO), and mercuric sulfide (HgS). Since in many 
instances the speciation and exact concentration of mercury 
in DOE mixed waste is unknown, a mercury leaching 
process that is applicable to a several forms of mercury at 
a range of concentrations is desirable. 

Most forms of mercury are only slightly soluble in 
water, but soluble in concentrated acids such as nitric, 
sulfuric, hydrobromic, and hydrochloric acid. Mercury 
compounds are also soluble in other leachates such as 
sodium sulfide (Na^). For a leaching solutions to be 
effective, it must be able to both solubilize solid forms of 
Hg and its compounds and form mercury complex(s) 
which will remain soluble so that when the leaching 
solution is separated from the treated solids the mercury 
remains in the aqueous phase. Halides, including bromine, 
chlorine and iodine have been shown to form such soluble 
complexes3. According to chemical data, halogen ions such 
as I", Br', and CI" have large formation constants (Kf) with 
mercury and low oxidation potentials, thus allowing the 
formation of mercury-halide complex at low energies. The 
Kf and the redox potential for I", Br", and CI" with Hg are 
listed below: 

Halide logKr E°/V 

I 29.8 -0.06 

Br 20.0 0.21 

cr 6.74 0.48 

Based on the data above which indicates that I" forms more 
stable mercury complexes at lower energies than other 
halides and prior experiences at General Electric (GE), the 
decision was made to evaluate KI/I2 leaching solutions as 
a method to remove mercury from solid mixed wastes. 
The KI/I2 leaching process was recently developed and 
patented by General Electric (GE), and has been tested on 
a large number of mercury species and found to be very 
effective. This process has been demonstrated to be both 
effective and selective when leaching mercury from solid 
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matrices. When KI/I 2 leaching solutions are applied to a 
mercury contaminated solid the solid mercury species are 
transformed to the soluble mercury complex Hgl" 4 

according to the following reactions: 

Hg° + I 2 = = = > Hgl 2 (1) 

Hgl 2 + 2 1- = = = > HgP 4 (2) 

HgO + H 2 0 + 4 I = = > H g r 4 + 2 OH- (3) 

HgS + I 2 + 2 1" = = > Hgl% + S (4) 

STUDY OBJECTIVES 

The specific objectives of this research project are to: 
l)determine if KI/I2 leaching can effectively remove Hg 
from solid waste streams typical of DOE mixed waste, 2) 
determine the fate of radionuclides following KI/I2 

leaching, and 3)develop the engineering relationships 
necessary to support the design of a full-scale treatment 
facility to remove mercury from mixed waste. 

EXPERIMENTAL APPROACH 

The study objectives will be met by conducting a series of 
bench- and pilot-scale experiments as given in Table 2. 
During each phase, KI/I 2 leaching will be evaluated and 
treatment efficiency assessed. The phase 1 and 2 studies 
should be completed during FY94. After consultation with 
research staff from GE, the process factors to be evaluated 
in the laboratory studies were selected. The experimental 
factors that will be evaluated include reaction temperature 
and leaching solution concentration. Factors to be held 
constant include liquid to solid ratio (3.0 : 1, wt basis), 
reaction time (4 h), and mixing speed (~150 rpm). A 
fractional factorial design was used to design optimization 
experiments which will allow the determination of the most 
important process variables. During the optimization 
experiments both the mercury removal from the solid 
matrix and the loss of iodine during treatment are measured 
and evaluated. 

METHODS 

The initial laboratory studies were conducted in the 
batch mode. Clean synthetic soil was contaminated by 
adding measured amounts of Hg°, HgS, or HgO to 10 gms 
of soil contained in 125 ml erlenmeyer flask. The pre-
treatment mercury concentration was 20,000 ppm. The 
flasks were capped after Hg addition and agitated for a 
period of 24 h at 40 °C. KI/I2 solutions were prepared 
using reagent grade KI and I 2 and deionized (DI) water at 
least 12 h prior to soil treatment. The KI/I, leaching 

solutions were prepared and stored in dark glass containers 
to minimize I 2 losses prior to treatment. Thirty mis of 
leaching solutions were added to each flask containing soil 
to be treated. Control flask had pH adjusted DI water 
added to them instead of KI/I2 leaching solution. A blank 
using surrogate soil with no added Hg was also treated with 
the KI/I2 leaching solution. The flasks containing soil and 
leaching solution were either capped or covered with 
parafilm (depending on treatment temperature) and placed 
in pre-heated Lab-line environmental shaking chambers. 
After the 4 h reaction time had elapsed, the contents of the 
flasks were vacuum filtered through 0.45 p glass fiber 
filters. The sediments remaining in the flask and the filter 
cake were washed with an additional volume of 30 ml DI 
water. The volume of the supernate and wash water were 
measured and the liquids were combined in 80 ml glass 
sample jars. The filter and filter cake were returned to the 
erlenmeyer flask for digestion. All samples were stored at 
room temperature in glass containers prior to analysis. 

The mercury concentration in the post-treatment 
samples was measured using the Cold Vapor Atomic 
Adsorption (CVAA) method. A Perkin Elmer model 400 
Atomic Absorption Spectrophotometer equipped with an 
autosampler (Perkin Elmer model 90) and a Flow Injection 
Mercury/Hydride Analyses system (FIAS-100) was used. 
In order to overcome iodide interferences, alkaline carrier 
and reductant solutions were used as suggested by Munaf 
et al4. Aqueous samples were diluted to the instrument 
range (1-20 ppb) by serial dilutions with a preservative 
solution containing 5% (v/v) HN0 3 and 0.01% (w/v) 
K 2 Cr 2 0 7 . All samples were analyzed within 24 h of 
dilution. The residual soil (plus filter) were prepared for 
analysis by first digesting the solids with 40 mis of 12 N 
HN0 3 for a period of 16 h. The sediments remaining in 
the flask were then washed with an additional 40 ml of 12 
N HNO3. After filtration the supernate was stored in glass 
sample bottles prior to analysis. HN0 3 was selected as the 
digestion agent since it has been reported in the literature 
to be able to solubilize all forms of Hg except HgS and has 
less hazards associated with it than other agents such as 
Aqua Regia5. Alternate digestion methods will be used for 
samples that may contain HgS. 

The iodine and iodide concentrations in the leaching 
and post-treatment solutions was measured using the Leuco 
Crystal Violet Method6. A standard curve was made using 
standards prepared from reagent grade I2 and KI crystals. 
After color development the absorption at a wavelength of 
592 nm measured with a Bausch and Lomb 
spectrophotometer. 

DISCUSSION 
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The phase 1 laboratory studies are approx. 50% 
complete. Representative results from the completed 
experiments are shown in Fig. 1. Mercury removals 
greater than or equal to 80% were achieved in all of the 
experiments conducted to date. Although the best removal 
was observed with the highest concentration leaching 
solution (2.5 M KI/0.25 M L) at room temperature, the 
most significant factors and optimum treatment conditions 
can not be determined until the optimization experiments 
are completed. 

Additional experiments were conducted to evaluate the 
loss of iodine during KI/L, leaching. Iodine losses are 
significant because iodine cost are high ($9.50/kg) and in 
order for this process to be economically feasible the 
leaching solution must be recycled. Economic analysis 
revealed that iodide losses must be kept less than 3 % for 
this process to be economically feasible. The results 
collected to date indicate that iodine losses greater than 3 % 
occur under many of the treatment conditions evaluated. 
In order to increase iodine recoveries, additional reagents 
may need to added to the water used to wash the solids 
after leaching. Methods to enhance iodine recovery will be 
further investigated once the optimum leachning conditions 
are established. 

Preliminary laboratory results suggest the KI/L 
leaching is a viable remediation technology to remove 
mercury from solid waste. If this process is found to be 
applicable to mercury containing solid mixed waste, then 
die scale-up and inclusion of this process in facilities 
treating DOE mixed waste may be appropriate. Full-scale 
application of this technology could result in more efficient 
operation of thermal treatment facilities and treatment 
options for waste that are not amenable to thermal 
treatment. 
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Table 2 
Laboratory Evaluation of Mercury Removal from Solid 

Mixed Waste Using KI/I2 Leaching Process 

Study phase Scale Solid Matrix Contaminant(s) 

bench Surrogate soil Mercury compounds 
(Hg°, HgS, HgO) 

bench Surrogate soil Mercury compounds 
Radionuclide surrogates 

(Ce0 2 ) CsCl) 

bench DOE Surrogate 
organic matrix 

solids 

Mercury compounds 
RCRA metals and organics 

Radionuclide surrogates 

bench/pilot Actual waste Mercury 
Radionuclides 

Figure 1 
Mercury Removal From Soil Using KI/I Leaching 

(Liquid:Solid = 3.0:1, Reaction Time = 4 h, Initial Hg Cone = 20,000 ppm Hg°) 
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