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Introduction 

The control of hazardous air pollutant (HAP) emissions was addressed in Title I11 of the Clean Air 
Act Amendments of 1990, which provided an initial list of 189 elements and compounds of concern. 
The combustion of coal has the potential t 
result of the trace elements found in coal, or as products of chemical reactions occurin 
combustion. However, d by the U.S. Department of Energy (DOE), 
Electric Power Research Institute (EPRI), and others have shown that the actual emissions are very 
low and that effective particulate-matter capture can control most of the inorganic species. The most 
significant exception is mercury, which has also been singled out for particular regulatory attention 
because of its behavior in the environment (bioaccumulation) and the potential for deleterious health 
effects. 

duce a number of those species, either directly as 

In anticipation of possib 
DOE, EPRI, and others 
for measuring those emi 

issions, research efforts sponsored by 
mercury emissions, improved techniques 

s. The focus in the control research is 
on techniques that can be used in conjunction with existing flue-gas-cleanup (FGC) systems in order 
to minimize additional capital costs and operational complexity. The very small amount of mercury 
(on the order of a few micrograms per cubic meter) in flue gas, its occurrence in several chemical 
forms that vary from system to system, the very low solubility of the elemental form, and the fact 
that it is usually in the vapor p bine to make the achievement of cost-effective control a 
challenging task. 

Argonne National Lab 
research on advanced 

of selected che 
studied the effects of several oxidizing agents in combination with typical flue-gas species (e.g., 
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nitrogen oxides and sulfur dioxide) on the oxidation of Hg'. The results of initial laboratory studies 
indicate that conversion of Hgo to an oxidized form is feasible, and that a combined sulfur 
dioxidehitrogen oxides/mercury scrubbing process may be possible. Further process development 
research is designed to determine both the technical and economic potential of such a process. 

Background 

The fate of trace elements liberated in the combustion process can be influenced by the type of 
boiler, the operating conditions, other species present in the flue gas, and the FGC system. Mercury 
is a particular problem because it belongs to a group of elements and compounds denoted as Class 
111, which remains primarily in the vapor phase within the boiler and subsequent FGC system. Wet 
scrubbing is commonly used to control gas-phase species, but in field tests conducted by DOE and 
EPRI, mercury removal in wet FGD systems has been highly variable. Removal values have ranged 
from about 1.0% to over 80%: Much of this variation may be caused by differences in the chemical 
form of the mercury. The presence of chlorine in coal means that mercury can be found in both the 
elemental and oxidized forms th the relative amounts depending on such factors as the ratio of 
chlorine to mercury, the gas temperature, and the gas residence time at various temperat~res.~ While 
other species are also possible and may be present in small amounts, Hgo and mercuric chloride 
appear to be the most significant for control considerations. The huge difference in solubility 
between the two species is particularly important in wet scrubbing applications. 

Argonne's research has focused on the control of Hg'. Initial experiments4 used a laboratory-scale 
had been well characterized in previous work on combined 

1.' For those tests, the feed-gas stream consisted of nitrogen w t  
about 40 pg/m3 of Hg'. The scrubber was first operated as a partially flooded column with water, 
a calcium hydroxide solution, or a calcium hydroxide solution plus potassium polysulfide as the 
scrubbing liquor. No appreciable mercury removal was found in any of those cases. 

Some improvement was found when ceramic-saddle packing was added to the scrubber, but the 

s were occurrin 
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Next, tests were conducted with a chloric-acid-based chemical, NOXSORBTM, which is a product 
of the Olin Corporation. Typical feed-gas compositions included 1,000 ppm sulfur dioxide, 200 ppm 
nitric oxide, 15% carbon dioxide, and 33 pg/m3 of Hg'. For a batch test with a dilute (4%) solution 
of the as-received NOXSORBTM concentrate, an outlet reading of zero was obtained for HgO for 
approximately 24 min. During that period, the nitric oxide outlet concentration decreased rapidly 
to near zero and then rose gradually to where it was almost equal to the inlet value. The 
breakthrough in the outlet Hgo concentration (the point at which the concentration rose above zero 
appeared to coincide with the point at which the nitric-oxide outlet concentration leveled o 
apparent correlation between the two removals indicated that the mercury could be reacti 
product or intermediate of the nitric-oxide removal process. Subsequent tests with and without nitric 
oxide in the flue gas again suggested that nitric oxide promoted HgO removal by NOXSOREP. 

The results of those tests indicated that not only could effective mercury removal be achieved via 
this approach, but that a combined process that also removed nitric oxide might be feasible. To 
explore in more detail the interactions among HgO, oxidizing additives, and the various flue-gas 
species, a series of experiments using bubblers was designed. The following sections of this paper 
describe the experimental setup, procedures, and results of those tests. 

ExperimentaI Setup and Procedures 

For these experiments, a simulated flue gas was passed through a series of three bubblers for 30 min. 
A solution of the reactive chemical to be tested was placed in the first bubbler and the degree of Hgo 

d by comparing the amount of mercury found in the bubbler solutions wi 
the total amount of Hgo fed in the flue gas. The Hgo concentration in the gas was typically 45 pg/m 3. 

The source of HgO was a calibrated and certified permeation tube from VICI Metronics, which was 
placed in a constant-temperature water bath controlled to f 0.5 "C. Bottled, high-purity (99.998%) 
nitrogen gas flowed around the permeation tube to produce a gas stream with a constant 
concentration of Hgo. This stream was then combined with another gas stream containing nitrogen 
and other gaseous components, such as oxygen, carbon dioxide, nitric oxide, and s u l k  dioxide. 
Carbon dioxide was used as a carrier gas for the nitric oxide, Oxygen was obtained from a 

line without further purificati 

omposition was chec 

measured and stabili 
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Commercial solutions of iodine, bromine, chlorine (sold as sodium hypochlorite), and chloric acid 
(NOXSORBTM ) were used without M e r  purification. Following the 30-min test, liquid samples 
from each bubbler were saved for total mercury analysis. Analyses were performed by a standard 
cold-vapor atomic absorption spectrophotometric method ( U . S .  EPA Method 7470A, S W-846). The 
estimated accuracy for this method is f 10% or f 0.02 pg/L, whichever is greater. 

One objective of the bubbler experiments was to determine the degree to which the important 
ver, this was difficult to 

in the second bubbler 
was due to gas-phase reactions, assuming that liquid carryover from the first bubbler was negligible. 
However, the situation in bubbler #1 was more complex. We could not distinguish between gas- 
phase reactions occurring inside the gas bubbles followed by rapid dissolution of products into the 
liquid phase versus gas dissolution at the gas-liquid interface followed by a rapid liquid-phase 
reaction. To gain some insights into this issue, a second series of tests was performed, wherein the 
open-end inlet tube in bubbler #1 was replaced with a fitted-glass cylinder having a coarse porosity. 

s gas diffuser greatly decreased the size of the bubbles (by about an order of magnitude) passing 
ough the liquid in the first bubbler, thereby increasing the available gas-liquid contact area. Thus, 

we expected that the results of the small-bubble tests would be more influenced by gas-liquid 
interactions than the corresponding large-bubble tests. 

actions were occurring in the gas phase, the liquid phase, or both 
etermine fiom the initial arrangement. We could presume that 

Experiment Results 

efore any tests were performed with various solutions in bubbler # a number of baseline tests 
were carried out with only distilled water in all three bubblers. When no Hgo was added to the gas 
stream, no mercury was found in any of the bubbler solutions. This result demonstrated that the 
system was free of mercury contamination to the detection limit (0.02 pg/L or 0.003 pg mercury 
in 150 mL of water) of the analytical method. Such baseline tests were run periodically to ensure 
that no mercury contamination had built up during testing. Two tests were performed with HgO 

am, but again with only distilled water in all three bubblers. For one test 
s of mercury barely above the detection limit (0.004-0.005 pg in 150 mL) 

e bubblers. This amount may be compared with the calculated amount 

th small bubbles, no 
f mercury found in was found in either bubbler #1 or bubbler #2. Therefo 

arious solutions tested in bubbler #l. 

not capable of significantly affecting the solubility of mercury. 
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The following sections discuss the results of experiments with several different reactive agents in 
the bubbler #l solution. The discussion is divided into two sections, with the results for the large- 
bubble, open-ended tube presented first, followed by the results for the small bubble, coarse-fitted- 
cylinder inlet. Most of the results are presented to three significant figures. However, recent 
analysis of nine small-bubble experiments with NOXSORBTM indicated that a systematic change 
in the results occurred during the experimental program and a correction factor of about 33% has 
been-applied to some of the data. Those values are only presented to two significant figures. 

Large Bubble Tests 

Iodine Solutions 

A commercial preparation of 0.100 N iodine solution was diluted to make up various iodine 
concentrations. Note that commercial iodine solutions generally contain potassium iodide as a 
stabilizer, as well as dissolved iodine. Previous experiments in our laboratory had shown that iodine 
solutions react rapidly with mercury vapor in gas streams containing only HgO and nitrogen! 
However, those tests were performed with only a gas-phase HgO analyzer to measure the mercury 
concentration in both the feed and effluent gas streams. That analyzer was later proven unreliable 
for measuring HgO in some complex gas mixtures. The tests reported here are the first ones in which 
liquid-phase mercury was measured. 

a solution of about 125 ppb iodine in bubbler #1 (the same concentration employed in earlie 
experiments), we found that more than 90% of the inlet mercury was retained in the bubbler 

solutions when only nitrogen and Hgo were in the feed-gas stream. (Note that all of the percentages 
presented in this paper represent the total mercury found in the liquids from all three bubblers, 
although the water in bubbler #3 was not analyzed for mercury unless a significant amount was 
found in bubbler #2.) However, when oxygen and carbon dioxide were added to the gas mixture, 
Hgo removal was reduced to about 6%. In an effort to improve the removals, further tests were run 
with an iodine concentration of 250 ppb. The result for a gas stream containing only HgO and 

from the lower concentration test (-8 1 % HgO removal), but 
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In earlier unpublished work in our laboratory, we found that the concentration of gaseous HgO was 
substantially reduced simply by passing Hgo vapors (mixed with nitrogen gas only) over an agitated 
iodine solution (-250 ppb). These tests showed that the most likely Hgo removal mechanism was 
a rapid gas-phase reaction between iodine vapors and Hgo, probably yielding mercuric iodide. This 
gas-phase reaction may explain why a considerable portion (-35%) of the total mercury found in the 
liquid phase was found in bubblers #2 and #3. However, as discussed above, we cannot exclude the 
possibility that some of the mercury found in bubbler #1 was from a liquid-phase reaction at the gas- 
liquid interface. Indeed, a published report on the reaction of iodine in solution with dissolved Hgo 
stated that “the rate was too fast to meas~re.”~ The product of the solution reaction was shown to 
be mercuric iodide by its ultraviolet spectrum. Therefore, without fwther modeling studies and 
knowledge of the rate constants (no experimental data on the gas-phase reaction of HgO with iodine 
could be found in the literature), we cannot specifically analyze how much of each reaction (gas 
phase versus liquid phase) is responsible for the mercury found in bubbler #l. 

Bromine Solutions 

A commercial solution containing 3% bromine (by weight) was used to prepare a solution 
containing about 250 ppm bromine. This solution was tested with three different gas compositions. 
As can be seen in Table 2, the highest Hgo removal was obtained in the test without either nitric 
oxide or sulfbr dioxide. Adding nitric oxide to the gas mixture resulted in a significant decrease in 
the HgO removal, while adding sulfur dioxide re in an even larger decrease in the removal 
performance. This decrease was presumably caused by the consumption of bromine in reactions 
with the two species, which in the case of dissolved sulfur dioxide would yield bromide and sulfate 
ions. 

Chlorine Solutions 

the composition of the feed-gas mixture and, in some cases, e concentration of the chlorine 
solution. 

Solutions of molecular chlorine are more complex than those of iodine because of the greater 
tendency of chlorine to disproportionate in aqueous solution to hypochlorous acid and chloride ions. 
Bromine demonstrates intermediate characteristics in this regard. Commercial chlorine solutions 
are sold as sodium hypochlorite because, in alkaline solut equilibrium between molecular 
chlorine and hypochlorite ions greatly favors the latte less, because of the various 

he gas and liquid phases. 
which appear to depend both 

detectable amounts of chlo 
results for the removal of Hg b 

conflicting results. Some workers h 
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to be relatively fast.'O Still other work has shown the reaction of Hg with chlorine to be surface 
catalyzed." It appears from these conflicting results that one must be very careful in interpreting 
data for t h i s  reaction. Our data suggest that the rate of reaction between Hgo and chlorine is not fast, 
because not much change in Hgo removal was observed with increasing chlorine concentration. Our 
conclusion on the gas-phase reaction of HgO with chlorine is that it is slow unless there is an 
appropriate surface available to catalyze the reaction. 

For the gas mixtures containing nitric oxide or nitric oxide plus sulfur dioxide, HgO removal 
increased with increasing chlorine concentration. However, the rate of increase differed for the two 
gas mixtures. Addition of nitric oxide to the feed-gas mixture appeared to have a definite positive 
effect on the amount of mercury transferred to the liquid phase, as compared with the removals 
obtained with only oxygen and nitrogen present. An explanation for this behavior might be that 
nitric oxide reacts with chlorine to yield nitrosyl chloride. This reaction has been described in the 
literature and appears to occur rapidly at room temperature. ** Although we could not find a literature 
reference to the reaction of nitrosyl chloride with HgO, one paper did report that nitrosyl chloride 
oxidizes mercurous chloride to mercuric chloride, as well as oxidizing elemental zinc and c~pper . '~  
Our conclusion for the reaction of Hgo in the presence of nitric oxide is that nitrosyl chloride 
probably reacts faster with Hgo than chlorine does. 

The results in Table 3 also show that when sulfur dioxide is added to the feed-gas mixture, HgO 
removal is much lower at the lower chlorine concentrations than when sulfur dioxide is not present. 
However, at the highest chlorine concentration studied (5,000 ppm), the Hgo removal performance 
with s u l k  dioxide present was actually slightly higher than the performance without sulfur dioxide. 
It is difficult to postulate a mechanism in which the presence of sulfur dioxide could actually 
increase the oxidation of Hgo by chlorine, because it is well known that sulfite ions will reduce 
molecular halogens to their corresponding halides. Perhaps the improvement in HgO removal with 
chlorine concentration can be understood as simply the result of an excess of chlorine that swamps 
the reaction between dissolved bisulfite (from absorbed sulfur dioxide) and chlorine and/or 
hypochlorite ions in solution. 

> 

Chloric-Acid Solutions 

Chloric-acid solutions were prepared fio 
composition of 17.8% chloric acid e results for tests with 
concentrations of 0.7 1 'YO chlo ck solution) and 3.56% 
chloric acid (5:l dihtion) are sh r-phase species above these 
solutions is thought to be chlori 
hotolyzes to molecular chlorin chlorine dioxide 

can produce a number of diffe 
Therefore, a large number of different species may be present in the vapor above a chloric-acid 
olution. To the best of our knowledge, there has been no previous research addressing the reaction 

of HgO with either chlorine dioxide or chlorate anions. 
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As shown in Table 4, the change in HgO removal from a solution of 0.71% chloric-acid concentration 
to one with about a five times higher concentration is about the same for each of the three different 
feed-gas mixtures. In each case, the HgO removal was about a factor of two higher with the 3.56% 
chloric-acid solution. Next, we note that gas mixtures containing nitric oxide showed a substantially 
higher Hgo removal than the gas mixtures without nitric oxide. This result is similar to what was 
observed with chlorine solutions. However, a different chemical mechanism is probably responsible 
in this case. The reaction of nitric oxide with NOXSORBTM solutions may produce hydrochloric 
and nitric acids among its  product^.'^ Because nitric acid dissolves liquid elemental mercury, we 
propose that this gaseous by-product causes the improved Hgo removal when nitric oxide is present 
in the gas stream. The results of these tests suggest that the gas-phase reaction of Hgo with nitric 
acid might be rapid and should be examined further. 

Contrary to the behavior observed with chlorine, we found that for both concentrations studied, the 
presence of sulfur dioxide in the feed-gas stream reduced the Hgo removal by about 30% from the 
level without sulfur dioxide (but with nitric oxide). Also in contrast to the behavior observed with 
chlorine solutions, it appears that within this range of chloric-acid concentrations, the reduction in 
HgO removal when sulfur dioxide is present cannot be overcome with higher chloric-acid 
concentrations. This result again points to the possibility that a mechanism different from chlorine 
oxidation of HgO is operating for these solutions. 

Small-Bubble Tests 

The small-bubble tests were performed to learn more about the relative importance of gas-phase 
versus liquid-phase mechanisms in the Hgo removal processes. For a constant volume of gas, the 
smaller bubbles produce a larger gas-liquid contact area, which is proportional to the total gas-bubble 
surface area. Thus, it was expected that the small-bubble tests might be influenced more by gas- 
liquid interactions, in contrast to the large-bubble tests where gas-phase interactions would be more 
important. 

* 

Bromine Solutions 

Only two bromine tests were performed with the small-bubble apparatus. Both tests used a solution 
of 250 ppm bromine. st used a feed-gas mixture of oxygen plus nitrogen (plus HgO) and gave 
a HgO removal of 69 similar large-bubble test that gave a removal of 71.1%. A second test 
used a feed-gas of oxygen plus nitrogen plus carbon dioxide plus nitric oxide and gave a Hg 
removal of 38%, as d with similar large-bubble tests that gave a Hgo removal of 46.3% 
(average of two test appear to be any significant differences between the 
results for the two bubble sizes. 
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Chlorine Solutions 

Results for the small-bubble tests using chlorine solutions are shown in Table 5.  The remarkable 
result found for these tests is that approximately the same HgO removal performance (22% f 3%) was 
observed regardless of chlorine concentration (fiom 100 ppm to 2,500 ppm) or gas composition. 
This finding indicates that a single mechanism, most likely involving gas-liquid contact, is 
dominating Hgo removal under these conditions. By comparing the data in Tables 3 and 5, it appears 
that gas-phase interactions become more important for higher chlorine concentrations (>250 ppm) 
and for feed gas mixtures containing either nitric oxide alone or nitric oxide plus sulfur dioxide. 

Cliloric-Acid Solutions 

Table 6 gives results for the small-bubble tests using NOXSORBTM solutions in bubbler #l. The 
pattern for those results is similar to what was obtained in the chlorine tests, with little variation in 
HgO removal regardless of chloric-acid concentration or gas composition. Presumably, this result 
indicates that a single mechanism was dominating Hgo removal. By comparing the data in Tables 
4 and 6, it again appears that gas-phase interactions become more important at higher chloric-acid 
concentrations and with either nitric oxide alone or nitric oxide plus sulfur dioxide present in the gas 
stream. 

Concluslms 

Previous research at Argonne and elsewhere has indicated that typical wet FGD systems are not 
effective in controlling emissions of elemental mercury. Although more intensive scrubbing with 
the addition of certain types of packing may yield some degree of control, a more effective approach 
could be to convert the mercury into a form that is readily absorbed. Our research thus far has shown 
that halogen-containing solutions are capable of promoting the removal of gaseous, elemental 
mercury by aqueous solutions, presumably by oxidizing the HgO to soluble compounds, such as 
mercurii chloride. The specific behavior of these solutions depends on many factors, including the 
reactive species, the gas-phase composition, and the degree to which gas-gas or gas-liquid reactions 
are important. 

An FGD process modified for mercury control could involve upstream injection of a reactive 
species, with HgO conv ase reactions. Iodine solutions can be effective 
in oxidizing Hgo, even 1 ppm). This appears to be due to a rapid g 

components, or whether 
ion for the oxidation o 
similarity of the results 
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mechanism, which is in agreement with the results for iodine. While substantial conversion of Hgo 
by bromine was obtained when only oxygen and nitrogen were in the gas stream, the addition of 
nitric oxide and sulfur dioxide again diminished that conversion significantly. Thus, neither iodine 
nor bromine is likely to be cost-effective in a commercial system. 

A different pattern of behavior was found for solutions containing chlorine or chlorine compounds. 
Chlorine solutions showed no dependence on concentration when nitric oxide and sulfur dioxide 
were absent, indicating that the mercury-chlorine reaction is probably slow without the presence of 
a catalyst. Addition of nitric oxide to the gas stream greatly increased the amount of Hgo removed. 
This increase in removal may have been due to the formation of an intermediate compound, such 
as nitrosyl chloride, which could react rapidly with the HgO. On the other hand, sulfur dioxide 
depressed the Hgo removal, at least at lower concentrations. Nevertheless, the removal appeared to 
increase with chlorine concentration when either nitric oxide alone or nitric oxide plus s u l k  dioxide 
were added to the gas stream. 

Mercury removal with chloric-acid solutions also appeared to increase with increasing chloric-acid 
concentration regardless of gas composition. In a similar manner to chlorine, the presence of nitric 
oxide greatly increased Hgo removal. In this case, the important gas-phase reaction may involve 
nitric acid formed from the reaction of nitric oxide and chloric acid. The presence of sulfur dioxide 
decreased HgO removal, but it remained intermediate to that with and without nitric oxide. 

For the small-bubble tests, gas-liquid interactions should play a larger role. For both chlorine and 
chloric-acid Solutions, Hgo removal appeared to be constant regardless of solute concentration or gas- 
phase composition. The average removal with chlorine solutions was about 22%, while the average 
removal with chloric-acid solutions was about 40%. Both of these values were somewhat higher 
than the “baseline” large-bubble results obtained with only nitrogen or nitrogen plus oxygen in the 
gas stream, but they were lower than the removals obtained at higher solute concentrations with 
nitric oxide in the gas stream. Thus, it appears that both gas-gas and gas-liquid reactions are 
operating in these systems, with the gas-phase reactions involving nitric oxide becoming 
increasingly important as the solute concentration is raised. In that situation, some degree of nitric- 
oxide removal may also be obtained as part of the reaction mechanism. Soluble oxidation products 
could then be remo-V7.d in a downstream aqueous scrubber system. 

Future Research 

bt -  bler experiments with chlorine and chloric acid indicate that these species m 
promote HgO removal in wet scrubbing even in the presence of nitric oxide and sulfur dioxide. 

riments are being designed to test the potential 
dioxidehitrogen oxides/mercury control proces 

ecies will be atomized into a flowing stream of synthetic flue gas, 
r reactions to occur, and the gas will be passed through a sc 

reaction products effectiveness of HgO and nitric oxide removal will be evaluated for different 
gas compositions, reactant addition rates, and gas residence times. Depending upon the results of . 
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these experiments, other process concepts incorporating prescubbing of sulfur dioxide may be 
evaluated. Data obtained fiom these experiments will help determine key parameters for further tests 
at the scale of a process development unit. 
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Table 1. List of selected chemical formulas. 

~ ~ ~~~~ 

Chemical Name Chemical Formula 
Bromine 
Carbon Dioxide 
Calcium Hydroxide 
Chloric Acid 
Chlorine 
Chlorous Acid 
Hypochlorous Acid 
Iodine 
Mercury (elemental) 
Mercuric Chloride 
Nitric Oxide 
Nitrogen 
Nitrogen Oxides 
Nitrosyl Chloride 
Oxygen 
Sodium Chlorate 

Br2 
co2 

Ca(OH), 
HCIO, 

c12 
HClO, 
HOC1 

I2 
HgO 

HgCl2 

N2 
NO, 

NOCl 

NO 

0 2  

NaClO, 

Table 2. Summary of Hgo removal results for large-bubble tests with iodine and bromine solutions. 

J 

HgO Removal (%) 

Feed-Gas Composition I (12.7 ppm) Br (250 ppm) 

0 2  + N2 + Hgo 41.4 71.1 

0, +N2 +NO + COZ + Hgo 34.9 50.9,41.6 

0 2  + N2 +NO + C02 + SO, + Hgo -- 11.8 

13 



Table 3. Summary of HgO removal results for large-bubble tests with chlorine solutions. 

Chlorine Concentration (ppm) 

2.5 250 1,000 2,500 5,000 

Feed-Gas Composition Hgo removal (%) 

0, + N, + Hgo 11.6 14.4, 13.3 -- 9.3 14.3 

0, + N2 + NO + CO, + Hgo 19.0 20.6" 35.4,28.1 37 44.5 

0, + N, +NO + CO, + SO, + Hgo 0.5 13.8 35.1,34 35.4,41 52.2 

"15-min test as versus 30 min for other data. 

Table 4. Summary of Hgo removal results for large-bubble tests with HC103 solutions. 

HC103 Concentration ('A) 

0.71 3.56 

Feed-Gas Composition Hgo removal (%) 

0, + N2 + Hgo 14.0 26.9 

0, + N, +NO + CO, + Hgo 33.9 69.6 

0, + N, +NO + CO, + SO, + Hgo 48.2 22.8 

Table 5. Summary of Hgo removal results for small-bubble tests with chlorine solutions. 

Chlorine Concentration (ppm) 
~~~~~ ~ ~ 

100 250 500 2,500 

Feed-Gas Composition Hgo removal (%) 

0, + N, + HgO -- 23 -- 22 

0, +N, +NO + CO, + Hgo 23 20 22 20 

0, +N, +NO + CO, + SO, + Hgo 18 -- -- 27 
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Table 6. Summary of HgO removal results for small-bubble tests with HC103 solutions. 

Feed-Gas Composition 

~~~ 

HC103 Concentration (%) 

0.356 0.7 1 1.78 3.56 

Hgo removal (%) 

O2 + N2 + Hgo -- 44.6,38 -- 40.8 

O2 + N2 + NO + C 0 2  + Hgo -- 34.5 -- 38 

0 2  f N2 +NO + C02 + SO2 + Hgo 38 39.9 47 38.7 

.. 

The submitted manuscript has been authored 
bv a contractor of the U. S. Government 
under contract No. W-31-104ENG-38. 
Accordingly. the U. S. Government retains a 
nonexclusive. royalty-free license to publish 
or reproduce the published form of this 
contribution, or allow others to dq so, for 
U. S. Government purposes. 

15 


