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TECHNOLOGIES FOR MERCURY CONTROL AND STABILIZATION

INTRODUCTION

During the past 8 years, ADA Technologies, Inc. has performed over $5 million in research and development relating to mercury control in liquid and gaseous streams; stabilization of mercury for disposal as a non-hazardous waste form; and gas phase mercury monitoring. Through U. S. Department of Energy (DOE) Small Business Innovative Research (SBIR) Phase II and other federal and private contracts and grants ADA has developed processes, that will successfully remove mercury from waste streams as diverse as waste nitric acid and the effluent from dental offices.

This document provides a summary of ADA’s capabilities and experience relating to mercury control, stabilization and monitoring. The document is organized to present background information on ADA’s technology for aqueous and gas phase mercury treatment and monitoring, followed by a summary of ADA’s technology for mercury stabilization.

SUMMARY OF METHODS

Mercury Removal from Aqueous Streams

ADA has conducted extensive research and development into the removal of mercury from wastewater streams. As an example, we have developed a photocatalytic process for removing mercury and other metals from aqueous waste. 

Photocatalysts use light-generated excited states to drive desired chemical reactions at much lower temperatures than thermal catalysts, making it attractive for ambient-temperature and aqueous-phase treatment processes. The UV light adsorbed by the photocatalyst excites electron-hole pairs at the particle surface (Figure 1) with potentials that are sufficient to both reduce mercuric ions to elemental mercury and to oxidize organics. The elemental mercury collects onto the TiO2, particles with loadings of up to 700%. The loaded particles are subsequently removed from solution by settling or filtration 
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Figure 1, The photocatalytic process

ADA has investigated the use of photocatalysis for the removal of mercury (II) from a variety of aqueous solutions including three solutions from a DOE National Lab. Testing was performed on both laboratory and pilot scales. A summary of the test results is presented in Table 1. Results show that photocatalysis removed mercury from the highly acidic nitric acid scrubber stream containing 4 M nitric acid.

Other results have shown that photocatalysis is equally effectively on a basic waste stream containing 0.25 M carbonate. These results also demonstrate that photocatalysis can be performed under conditions that will selectively remove mercury (II) from solution while leaving other metals in solution. This feature has many advantages, especially in the treatment of wastes where the exclusive removal of mercury (II) is desired. 

Laboratory results show mercury removals of 85% to 98% depending on the filtration step. A complete mass balance was performed during these tests to ensure that no mercury loss occurred during the process.

In tests with DOE surrogates, the resulting mercury-containing solid was stabilized using sulfide chemistry to pass both the EPA’s standard TCLP and the more stringent Universal Treatment Standard for leachable mercury, enabling it to be disposed of in a landfill as a non-toxic waste.

Photocatalysis was also demonstrated for the simultaneous reduction of mercury and oxidation of organic species in solution. Tests demonstrated that both mercury and a PCB surrogate (1,2-dichlorobenzene) can be treated in aqueous solution with 99% removal of both species. 

The photocatalysis system has also been tested in treatment studies involving low-level mercury concentrations in industrial solutions. The performance of the system varies based on the oxidation state of the mercury in solution. For applications that contain both ionic and elemental mercury, a modified form of TiO2 removed 99.9% of the mercury from solution.

Table 1. Summary of Mercury Containing Solutions Treated with Photocatalysis

Solution
Components
Results
Comments

DOE  nitric acid  scrubber surrogate
4 M HNO3


30 g/L Hg+2
700% Hg loading onto TiO2
30% Hg removal per batch of TiO2
UV light

Organic reductant

DOE carbonate surrogate
0.25 M CO3-2

200 mg/L Hg+2
99% Hg removal 
UV light only

No additives

DOE nitric acid tank surrogate
3 M HNO3

500 mg/L Hg+2
98% Hg removal
No UV light

Inorganic reductant

PCB surrogate
200 (g/L DCB*

70 mg/L Hg+2
~99% Hg, DCB removal
UV light only

No additives 

Industrial surrogate
10 (g/L Hg+2

99.9% Hg removal 
UV light

Modified catalyst

Organic reductant

* 1,2-dichlorobenzene

Off-Gas Mercury Control Using Regenerable Sorbents

Over the past five years ADA Technologies, Inc. has developed several technologies for the removal of trace concentrations of mercury from gaseous waste streams. One of these developments is the use of regenerable sorbents. These sorbents were able to remove both vapor-phase elemental and oxidized mercury (HgCl2) from combustion flue gases and waste incinerator offgas. In laboratory tests, sorbents have been tested with gaseous elemental mercury at concentrations from 15 to 5,000 g/Nm3, and mercuric chloride at concentrations from 50 to 500 g/Nm3. Tests have shown that the sorbents can achieve greater than 95% mercury capture, resulting in mercury levels well below discharge limits at the stack.

Field Demonstration at MSE – Butte, MT 

From August 1998 to March 2000, MSE (Mountain States Engineering)Technology Applications, Inc. tested a proprietary vapor-phase mercury removal technology developed by ADA. The technology is based on a regenerable sorbent that captures both elemental and oxidized forms of mercury. The sorbent was regenerated by heating to 7000C. Data from these tests were used to evaluate the mercury capture efficiency and regeneration viability of the sorbent for repeated sorption and desorption cycles.

During the Phase I work, equipment was installed at the MSE facility in Butte, MT and operated from August 1998 through April 1999. By the end of April 1999, the ADA skid had operated a total of 770 hours, completing 11 sorption-desorption cycles for each of the three sorbent vessels. Initially the mercury removal efficiency was better than 99%. At the end of the Phase I program, the removal efficiency decreased slightly, but was still greater than 95%. 

After a total of 16 sorption cycles, the mercury removal efficiency of the sorbent was still greater than 90%. Mercury capture efficiencies for the last two cycles were approximately the same, indicating that the aging process of the sorbent was nearly complete.

Laboratory tests, have shown that the equilibrium mercury capacity of the sorbent is established after approximately 20 sorption cycles. 

In subsequent series of tests, the same sorbent was used to simultaneously remove mercuric chloride and elemental mercury from air and combustion offgas. Virtually all mercury in both of the gas streams was removed. Outlet mercury concentrations from the sorption chambers were less than 3 (g/m3 for all 10 cycles performed on each sorbent vessel. 

Field Demonstration at Hudson Station, NJ, Coal Fired Power Plant

Six months of testing at Hudson Station concluded in November 1999. Here, a 20 ACFM skid was operated for 1,500 hours completing 40 sorption and desorption cycles. The 20 ACFM skid is fundamentally similar to the 50 ACFM skid, but whereas the 50 ACFM skid used a packed configuration of sorbent, the 20 ACFM unit had ceramic monolith support. The flow-through monolithic support has lower pressure drop and is unaffected by ash material in the offgas. Both characteristics are advantageous when applying the Mercu-RE process to coal-fire combustion facilities. 

With an appropriate pretreatment guard bed, removal rates of 81% were achieved from an off-gas mercury concentration of only 20(g/Nm3.

Offgas Mercury Control Using Wet Scrubbers

Another approach to mercury control in offgas is scrubbing. In this method, a scrubber column is used to capture offgas mercury in a liquid solution. The mercury is then removed from the solution using a process developed by ADA (patent pending), is stabilized and converted into a solid material for disposal as a nonhazardous waste.

 Laboratory studies at ADA investigated the potential for using a gas scrubber for mercury removal in December 1998. In all, we conducted seven tests with elemental mercury and six tests with mercuric chloride. Capture efficiency was determined by measuring the total mercury concentration at the inlet and outlet of the scrubber. Removal efficiency for elemental mercury was 90% for an inlet concentration of 150 g/Nm3. In tests conducted with mercuric chloride, capture efficiency was 97% under similar conditions. The mercury concentrations in the gas leaving the scrubber were well under 50 g/Nm3 (the EPA limit for mercury emission from municipal waste incinerators).

Summary of Work for DOE National Laboratory

ADA Technologies completed a program to remove elemental and speciated mercury from a simulated wet scrubber offgas, where a sodium-bearing waste is processed for stabilization. Offgas from a 4-molar nitric acid scrubber had mercury compounds in a gas stream containing nitrogen, oxygen, nitrogen dioxide, carbon monoxide, and water vapor.

These trials relied upon ADA’s mercury analyzer, which has a unique ability to operate and provided real-time monitoring in a high NOx environment. This enabled ADA to test sorbents in a synthetic flue gas that was representative of the laboratory’s chemical plant. 

Elemental Mercury in Simulated Offgas Tests

ADA evaluated the effectiveness of its Mercu-RE sorbent used in a gas stream with high levels of nitrogen dioxide. One important finding from this investigation was the oxidation power of nitrogen dioxide on elemental mercury under flue gas conditions. In the presence of nitrogen dioxide, essentially all elemental mercury was converted to red mercuric oxide. 

Mercuric Chloride in Simulated Offgas Tests 

Further tests were conducted with mercuric chloride in simulated offgas. Results showed that the scrubber was effective in the removal of mercuric chloride, but the capacity of the solution was reduced when nitrogen dioxide was used in the gas mixture. The amount of mercury compounds removed from the offgas appeared to be a function of the nitrogen dioxide concentration. It is thought that a chemical reaction between nitrogen dioxide and the scrubber solution may control the equilibrium concentration of mercury vapor in the gas stream. Fortunately, the effect of the reaction appeared to be reversible.

Mercury Monitoring
ADA has been involved with the monitoring of air borne pollutants for over a decade. Continuing research in the field of air monitoring has produced a new, innovative approach to the measurement of mercury in streams. The ADA patented mercury analyzer (Figure 2) relies on cold vapor atomic absorption (CVAA) spectroscopy to measure total and oxidized mercury while mitigating the influence of interfering species and providing a continuous real-time data stream.  

Mercury Monitoring Background

The most challenging aspect of continuous monitoring of mercury emission in off-gases is the removal of interference from other gas species, primarily SO2 and NOx. Most monitors using CVAA utilize a gold film pre-concentration step to separate the mercury and interfering flue gases prior to analysis. The mercury is measured when the accumulated mercury is released into a clean gas stream by a heating step, in a batch-wise process that precludes continuous monitoring. 

When this type of monitor is operated in the strong oxidizing environment of combustion flue gases, gaseous compounds may poison the pre-concentrating gold traps reducing the capacity for the collection of mercury. Furthermore, these monitors may also use sodium carbonate to remove acid gases prior to amalgamation of the mercury on the gold trap and soluble forms of mercury can be absorbed into the carbonate solution, yielding biased and unreliable results.

ADA Mercury Analyzer Description

ADA’s real-time approach to removing the influence of interfering species employs simultaneous application of CVAA with a Zeeman effect background correction. The gas sample is drawn into the monitor and passes through two heated cells illuminated by a source emitting light at the mercury emission line of 253.7nm. The attenuation of this emission peak by vapor-phase mercury is proportional to the mercury concentration in the sample. 

One of the cells is maintained at a temperature of 200°C and detects only elemental mercury in the offgas. The other cell is held at a temperature of 800°C. At the higher temperature, oxidized forms of mercury dissociate to the atomic state, so that all mercury compounds are measured. The cooler cell is the elemental mercury channel and the hotter cell is the total mercury channel. 

The analyzer uses the Zeeman background correction method to remove the effects of the interfering gases. In this approach, the UV light is split into two polarized components using a strong permanent magnetic field around the source. The light is then passed through a rotating polarizing lens generating alternate pulses of in-phase and out-of-phase light. A computer algorithm determines the absorption due to the interfering gases and calculates the mercury concentrations in the offgas. Data is presented in a continuous stream in real time. Inlet and outlet monitoring of a particular control equipment is accomplished by alternate sampling of both gas streams. 

The unit incorporates an on-board gravimetric calibration system using mercury or mercuric chloride permeation tubes maintained at constant temperature. This on-board system allows automatic calibration of the instrument at regular intervals, 24 hours a day, without operator involvement.

Key features of the ADA mercury monitor:

· Real-time analysis gives immediate feedback during process changes

· Analyzes elemental and oxidized mercury species

· User defined continuous sampling rates as high as 1 sample/sec

· Detection limit of 0.5 (g/m3
· Zeeman effect background for SO2, NOx, HCl, etc.

· No chemical reagents are used

· Real-time data output

· Automatic onboard calibration

· Remote monitoring and data downloading

· Shielded electrical traces reduce EMI noise

· Compact design (34”H x 37”W x 29”D)

· Temperature controlled optics eliminate thermal drift 

· Optical coupling for increased sensitivity and lower detection limits

· All gas contacting components are temperature controlled to prevent mercury accumulation and carry-over

Figure 2 ADA’s continuous emission mercury monitor.

Mercury Stabilization
Mercury Stabilization Background

ADA has developed and commercialized an alternative approach to stabilizing both elemental mercury and mercury in high concentrations in solid wastes and soils by conversion to a stable sulfide form. The process is inexpensive and uses commercially available mixing equipment. Field tests were completed on radioactive and non-radioactive liquid elemental mercury wastes from Los Alamos, New Mexico and Fernald, Ohio. In both cases, the treated wastes met the DOE’s criteria for a successful mercury treatment process.

Table 2 shows the results from the treatability studies performed on actual mercury contaminated DOE soil wastes. The TCLP analyses were run at an independent laboratory, where the treated waste samples were also analyzed. Note that 5 of 6 ADA formulations passed the mercury Universal Treatment Standard for disposal as a non-hazardous waste, while all competing approaches failed to meet the standard.

Table 2 - DOE Mixed Waste Field Demonstration Results

Formulation
Company
TCLP Results ((g Hg/kg)*

   10
ADA Technologies, Inc.
                  2.11

8
ADA Technologies, Inc
                  5.23

9
ADA Technologies, Inc
                  8.59

3
ADA Technologies, Inc
                  9.81

1
ADA Technologies, Inc
                18.30

2
ADA Technologies, Inc
                25.83**

7
Competitor
                37.00**

6
Competitor
                41.90**

4
Competitor
                47.81**

5
Competitor
                48.32**

*The TCLP mercury leachate limit is 25 (g/kg

**Exceeds EPA limit.

The treatment process is a simple, one-step operation, which requires the addition of treatment chemicals at a rate of less than 5% by weight of the treated waste. In addition to being simpler and cheaper than thermal retorting, the approach is also more technically sound for use on many waste streams. A major advantage is a reduction in the risk of the fugitive emissions that are associated with thermal treatments. The EPA and the Mixed Waste Focus Area (MWFA) are strongly supportive of alternative technologies.
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