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ABSTRACT 

1.4 ,M TBP in n-dodecane) has not extensively been examined. Research at the Idaho Chemical 
Processing Plant is currently in progress to evaluate the TRUEX process for actinide removal from 
several acidic waste streams, including liquid sodium-bearing waste (SBW), which contains significant 
quantities of mercury. Preliminary experiments were performed involving the extraction of Hgo3, added 
as HgCl,, from 0.01 to 10 M HNO, solutions. Mercury distribution coefficients (Dd range between 3 
and 60 from 0.01 M to 2 h/r HNO,. At higher nitric acid concentrations, i.e. 5 M HNO, or greater, Dm 
significantly decreases to values less than 1. These results indicate mercury is extracted from acidic 
solutions s-2 M HNO, and stripped with nitric acid solutions 2-5 M HNO,. Experimental results 
indicate the extractable species is HgCl, from nitrate media, Le., chloride must be present in the nitrate 
feed to extract mercury. Extractions fiom Hg(N03), solutions indicated substantially reduced 
distribution ratios, typically Dm < 1, for the range of nitric acid concentrations examined (0.01 to 8 M 
HNO,). Extraction of mercury, as HgCl,, by the individual components of the TRUEX solvent was also 
examined from 2 M HNO,. The diluent, n-dodecane, does not measurably extract mercury. With a 1.4 
- M TBP/n-dodecane solvent, D, - 3.4 compared with Dm - 7 for the TRUEX solvent. Classical slope 
analysis techniques were utilized to evaluate the stoichiometric coefficients of Hg extraction 
independently for both CMPO and TBP. The results indicate that 1.9 moles of CMPO and 1.5 moles of 
TBP are required per mole of HgC1, extracted. Finally, the kinetics of Hgo3 extractions were examined. 
For contact times varying from 15 seconds to 10 minutes, the distribution coefficient of *03HgC1, was 
essentially constant at D, = 18 fiom 1 M HNO, solutions. Consequently, mercury extraction by the 
TRUEX solvent is kinetically rapid. 

Mercury extraction from acidic aqueous solutions by the TRmX process solvent (0.2 M CMPO, 

INTRODUCTION 
The Idaho Chemical Processing Plant (ICPP), located at the Idaho National Engineering 

Laboratory (INEL), formerly reprocessed spent nuclear fuel to recover fissionable uranium. The 
majority of reprocessed fbels were either zirconium or aluminum clad. During headend processing, fbel 
assemblies were completely dissolved, both cladding and cores, prior to uranium recovery in a PUREX 
type process. The dissolution rate of aluminum clad fuels was enhanced by the addition of mercury as a 
catalyst. Consequently, high level rafEnates from reprocessing aluminum fuel types contained 
substantial quantities of. dissolved mercury [I]. The liquid rafhates were subsequently calcined in a 
high temperature fluidized bed. At temperatures of nearly 5OO0C, most of the mercury was volatilized, 
scrubbed from the off-gas, and accumulated in the sodium-bearing waste (SBW) tanks. Liquid SBW is 
a secondary, moderate activity waste stream predominately associated with decontamination activities at 
the ICPP. The concentration of mercury in SBW is typically between 100 and 900 mg/L Hg. 
Consequently, an estimated 2 metric tons of mercury have accumulated in the SBW tank f m .  

'Work performed for the U. S. Department of Energy under Contract No. DE-ACO7-84ID12435. 
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Applicability of the Transuranic Extraction (TRUEX) process, as developed by Horwitz and co- 
workers at Argonne National Laboratory [2,3], is currently being evaluated at the ICPP for removal of 
trace levels of actinides from liquid SBW. The standard TRUEX solvent is typically comprised of 0.2 
- M n-octyl(phenyl)N,N-diisobutylcarbamoylmethylphosphine oxide (CMPO) and 1.4 M 
tributylphosphate (TBP) in n-dodecane. References regarding the extraction of mercury by the TRmX 
process solvent were not identified in the literature. Due to the high mercury content and interest in the 
applicability of the TRUEX process to ICPP SBW, an experimental study on the behavior of mercury in 
the TRUEX process solvent was undertaken. 

EXPERIMENTAL 

co-workers at Argonne National Laboratory using a double recrystallization from hexane. The ICPP 
Quality Control Laboratory prepared fresh TRUEX process solvent from the purified material (0.2 M 
CMPO and 1.4 M TBP in n-dodecane). In order to ascertain the purity and composition of the TRUEX 
solvent, distribution coefficients of Am-241 were experimentally measured as a h c t i o n  of nitric acid 
concentration. The results compared favorably with literature values [4,5] and the solvent was 
considered suitably pure and of the proper composition. 

A 203HgC12 standard in HCl (Amersham) was diluted to 100 mL in 2 M HNO,. This tracer 
solution contained 163.5 k7.5 ppm (4.61E-3 M) CI'. This stock solution had an initial activity of 14,864 
dps/mL. Due to the relatively short half-life of HZo3 (tm = 46.8 days), all subsequent analyses were 
decay corrected to the initial date and time. Aliquots of the stock tracer solution were used to prepare 
aqueous feeds of the appropriate HN03 concentration by dilution with water or addition of concentrated 
nitric acid. 

Non-radioactive mercury stock solutions containing 1 g/L (5.OE-3 M) H$O0 were prepared from 
Hg(N03), (99% anhydrous, Baker) at various concentrations of nitric acid. The stock solutions were 
prepared at 0.01 u 0.5 2 && 5 && and 8 M HN03, all containing 1 g/L Hg. These solutions were 
subsequently used to study the effect of nitric acid concentration on mercury extractions. 

All pre-equilibrations and extractions were performed in glass test tubes at an organic-to- 
aqueous (O/A) phase ratio of 1 : 1. Mixing was facilitated with a vortex mixer, and a centfige was used 
for phase disengagement. All contacts were conducted at room temperature, 27h2"C. 

Aliquots of fiesh TRUEX process solvent were pre-equilibrated thrice with nitric acid solutions 
of the appropriate concentration prior to Hg extractions. This had the effect of loading the organic with 
nitric acid such that the predominate species being transported between phases was the one of interest, 
i.e. mercury. 

A one mL sample of the appropriate phase containing H P  (aqueous feed, rafJ?nate or loaded 
organic) was transferred to a 5 dram glass vial with a calibrated geometry. These samples were 
analyzed by y-spectroscopy using a High Purity Germanium Detector with a relative efficiency of 73%. 
The Hgo3 primary photopeak at 279.2 keV was used to determine mercury activities in each phase. 

Commercially available CMPO (97% min, Elf Atochem) was hrther purified by Vandegrifl and 

In H P  tracer experiments, mercury distribution ratios were calculated as: 

where the mercury concentrations are in dps/mL from y-scan analyses. By using tracer solutions, it is 
possible to perform gamma analyses on both the organic and aqueous phases directly. Consequently, 
material balances can be calculated and used as a check on the validity of the analytical results and 
distribution ratio. Material balances in all traced experiments were typically within &5%. 

Aliquots of the aqueous rafkates from extractions were titrated with 0.1002 N, NaOH to a 
phenolphthalein endpoint. The acidities determined were interpreted to be the equilibrium nitric acid 
concentration at which the corresponding distribution coefficients were measured. 

c 



RESULTS AND DISCUSSION 

Dependency of D, On Nitric Acid Concentration 

results provided an initial evaluation of D, dependency on nitric acid concentration and are 
summarized in Table 1. Note that the mercury concentration of the loaded organic phase could not be 
directly analyzed, and the aqueous phase Hg concentration was determined by cold vapor sweep atomic 
absorption spectroscopy. Consequently, the concentration of the loaded organic was assumed equal to 
the difference between Hg concentrations in the feed and aqueous ranate:  

A preliminary scoping study was performed with the non-radioactive mercury solutions. The 

Thus, the distribution ratio was calculated as: 

Unfortunately, this method does not allow a secondary data check since the material balance is used to 
provide the distribution ratio. 

The extraction results for 0.01 M HNO, are inconclusive; the aqueous raf€inate contained more 
Hg than the feed. The remaining results in Table 1 indicate Hg(NO,), is only slightly extracted at acid 
concentrations less than 2 M HNO, and negligibly extracted at acid concentrations greater than = 2 h/i 
HNO,. , 

Two independent tracer experiments were performed to examine the effect of nitric acid 
concentration on D,. The direct analysis of both phases was possible in the tracer experiments; thus, 
material balances were closed, allowing a check on experimental techniques and data. The conditions in 
each traced experiment were virtually identical, with the exception that a point at 10 M HNO, was 
included in the second experiment. These results are summarized in Table 2. 

The data in Table 2 indicates D, is strongly dependent on HNO, concentration and mercury is 
readily extracted at lower, i.e. s 2 M HNO,, acid concentrations. Furthermore, mercury should be 
stripped by higher nitric acid concentrations, i.e. 2 5 M HNO,. It is postulated this behavior is due to 
the combined effects of HNO, competition for the extractant sites andor the enhanced aqueous 
solubility of HgCI, at higher nitric acid concentrations. Typical TRUEX flowsheets rely on increasing 
actinide distribution coefficients as the nitric acid concentration increases. Since the distribution ratio 
of HgCl, decreases with increasing HNO, concentration, a selective partitioning scheme to segregate 
mercury fkom the actinides is suggested. 

Extractable Species of Mercury 
Of singular importance in the previous mercury extraction results was the fact that D9 

substantially differed between the Hg tracer tests and the initial scoping studies with non-raloactive 
Hg(NO,), feeds, Two fhndamental differences existed between the non-radioactive and tracer tests: 

The mass of mercury was substantially greater in the non-radioactive test (5.OE-3 M Hg) as 
opposed to the traced tests (= M Hg), indicating mass effects may be of key importance. 
The non-radioactive experiments were performed with relatively pure nitric acid solutions, i.e., 
Hg(NO,), was the predominate species in solution. The traced feeds were prepared fiom HgCI, 
in HC1 diluted with nitric acid such that excess chloride (relative to H P )  existed in the tracer 
solutions. Differences would then be attributed to H g O ,  extraction in the non-radioactive 
experiment, and to a chloro complex in the tracer experiments. 

1) 

2) 

A set of experiments were conducted with non-radioactive feed solutions containing 0.5 g/L 
(2.5E-03 
amounts of chloride were added to these feed solutions as a result of the Hgo3 standard; however, the 

Hg(NO,), prepared fkom the stock solutions and spiked with the Hgo3 tracer. Small 



predominant species in the feeds was mercuric nitrate. Results for these extractions are presented in 
Table 3. 

absence of Cl' (Table 1) with those in Table 3 indicates reasonable agreement between the two data sets. 
Consequently, it is postulated that Hg(N03), is not readily extracted by the TRUEX solvent fiom acidic 

Comparison of the previous results for the extraction of non-radioactive mercuric nitrate in the 

media, 
Experiments were conducted to examine the extractable mercury species utilizing non- 

radioactive Hg(NO,), solutions spiked with '"HgC1, tracer and saturated NaCl solution. This test was 
designed to  evaluate D, as a function of HNO, concentration in the presence of excess chloride; i.e., at 
high CVHg molar ratios. The results are presented in Table 4. Note that for the 0.01 M HNO, solution, 
the CVHg molar ratio was much larger than for the remaining samples. This was necessary since HgC1, 
precipitated out of the feed at the low nitric acid concentration. In order to prevent this precipitation it 
was necessary to reduce the mercury concentration in the feed to that of the stock tracer solution. 

Table 4 indicates the Hg distribution coefficients, in the presence of high mercury and chloride 
concentrations, are consistent with previous results of the "tracer only" experiments (refer to Table 2). 
The data presented in Tables 2 and 4 clearly indicate mercury extracts in the presence of chloride. 
Tables 1 and 3 indicate mercury is not greatly extracted in the absence of chloride. This leads to the 
conclusion that mercury is extracted by the TRUEX solvent fiom aqueous acidic solutions in the form 
of a Hg(II) chloro complex. Furthermore, the results indicate mass effects are negligible, provided 
excess chloride is present relative to mercury in the feed solutions. 

results clearly indicate the dramatic effect chloride concentration has on mercury extraction for the 
range of nitric acid concentrations studied. At low chloride concentrations, mercury, presumably as a 
nitrate, is not effectively extracted by the TRWX solvent. At high chloride concentrations, mercury is 
readily extracted, most likely as mercuric chloride, HgCI,. 

Figure 1 suggested the necessity to examine DHg as a function of the molar ratio of chloride to 
mercury [CVHg] in the feed solution at a constant HNO, concentration to determine the nature of the 
extractable mercury species. Two such experiments were performed keeping the nitric acid 
concentration constant at 2 M HN03. The results of these experiments are listed in Table 5 and 
presented graphically in Figure 2. In experiment #1, the Hg concentration was held constant at 2.48E-3 
M Hg and the C1 concentration adjusted by the addition of solid sodium chloride to the traced feed. In 
experiment #2, the CVHg ratio was adjusted by varying both chloride and mercury concentrations. As 
apparent fiom the data, the results are in excellent agreement regardless of the method employed for 
varying the [CI]/@3g] mole ratio. 

Figure 2 illustrates the dependency of mercury distribution on chloride concentration. It is 
apparent that stoichiometric or excess quantities of chloride, i.e. [Cl]/pg] 2 2, greatly enhances the 
distribution coefficient, which reaches a maximum of D, a6 fiom 2 M HNO, solutions. As the chloride 
concentration is reduced, the distribution coefficient decreases to D, s 1. The limiting D, values are 
consistent with previous results for extractions fiom 2 M HN03. Figure 2 strongly supports the 
postulate that HgCI, is the species extracted fiom aqueous acidic feeds in the presence of chloride ion. 

It is pertinent to consider the oxidation state of mercury in these experiments. Due to the 
oxidizing nature of nitric acid and the relative stability of soluble Hg(NO,), and HgCI, in such solutions, 
it is certain that mercury is extracted in the mercuric (i.e. Hg?) form. This conclusion is supported by 
the results in Figure 2 and the fact that the stock non-radioactive and traced mercury solutions were 
prepared fiom mercuric nitrate and chloride salts, respectively. 

The results of Tables 1 through 4 are best summarized graphically as shown in Figure 1. These 

Effect of Solvent Components on H$03 Extractions 

of the TRUEX process solvent. To this end, three different organic solvent compositions were 
examined: Pure n-dodecane, 1.4 M TBP in n-dodecane, and finally the TRUEX solvent as prepared (0.2 
M CMPO, 1.4 M TBP diluted with n-dodecane). The TRUEX solvent was included as a control. A 

It was desirable to establish the contribution to mercury extraction by the different constituents 



single feed solution was prepared by spiking the HgCl, tracer into 2 M HNO,, which was subsequently 
used in all extractions. In each case, the organic was pre-equilibrated with 2 M HNO,. The pre- 
equilibrated organic solvents were contacted three times with the Hg spiked feed in consecutive batch 
contacts (El, E2, and E3) at an O/A =l. The results of these experiments are summarized in Table 6.  

It is apparent fiom the data in Table 6 that the dduent, n-dodecane, does not contribute to the 
extraction of mercury. The TBP is responsible for extracting approximately half of the mercury 
removed from the feed by the TRUEX solvent. The mercury distribution ratio is dramatically increased 
with the addition of CMPO to the solvent. 

toward equiiibrium concentrations. Note that the mercury distributions for the TRUEX process solvent 
agree with previous results for extractions fiom 2 M HN03. Although tests were not performed to 
evaluate the effect of low chloride concentrations on the extraction behavior of mercury by TBP, 
previous results imply chloride must be present for extraction to occur. 

The suppression of D, for the successive contacts is attributed to the solvent and feed tending 

Stoichiometry of Hgo3 Extraction 
The reaction stoichiometry for Hgo3 extraction was investigated using classical slope analysis 

techniques; the distribution coefficient was determined as a hc t ion  of extractant concentration [6] .  
Slope analysis provided an initial estimate of the stoichiometric coefficients, a orb, in the generalized 
reactions: 

HgC&(n-2)uq + a CMPO * HgCl,.CMPO, + (n-2) 

Note that the number of chlorides, n, in reactions (4) and (5) is based solely on the speciation of mercury 
in the aqueous phase. The reaction stoichiometry was evaluated independently for CMPO and TBP 
since mercury extraction is attributed to each of these components in the TRUEX solvent. 

Aqueous mercury speciation is of primary importance since it defines the extraction mechanism. 
The predominance diagram of Hg@)-chloro complexes in the literature [6] indicates the aqueous phase 
mercury-chloride speciation present in 0.01 M HN03 is dependent on the chloride concentration and the 
predominant species is HgC1, at chloride concentrations between -0.1 M and 3.2E-07 M C1-. Chloride 
concentration in the vicinity of 0.1 a Cl' results primarily in the HgCI,' species. When the chloride 
concentration is greater than -0.1 M Cl-, the primary species is HgClF. The literature speciation data 
was indirectly confirmed by evaluating DHg as a fbnction of chloride concentration in the aqueous feed 
solution. The chloride concentration was varied from that of the stock trace solution, - 0.005 M Cl-, to 3 
M Cl' by the addition of NaCI. Experiments were performed with two different, but constant, CMPO 
and TBP concentrations at 0.01 HNO,. The results of these experiments are depicted in Figure 3; the 
predominate mercury species for the respective chloride concentrations fiom the literature [6] are also 
indicated for reference. The results indicate that in the region well below 0.1 M Cl-, the distribution is 
independent of chloride concentration, presumably due to HgCl, as the predominate species in the 
aqueous solution. Thus, in this region, the reaction is adequately represented by the equations: 

HgCl,, + a CMPO * HgCI,CMPO, og 
[CI-] < 0.1 M 

Reactions (6) and (7) and the associated data in Figure 3, imply chloride must be present in at least 
stoichiometric proportions for the reaction to proceed as written. 

decreases, apparently in a linear fashion, and the reaction is attributed to HgClt- as the predominate 
species in the aqueous phase. The appropriate reactions in this region of increased chloride 

When the chloride concentration is increased above 0.1 M C1; the distribution ratio of mercury 



concentration are then given by: 

It is apparent fiom reactions (8)*and (9) that increasing the chloride concentration drives the equilibrium 
to the lee, resulting in a net decrease of the mercury distribution. 

The results presented in Figure 3, considered in conjunction with those discussed in Figure 2, 
strongly supports mercuric chloride as the extractable species from aqueous solution. Mercury is not 
significantly extracted in systems where the chloride concentration is either too high or low for 
predominant speciation as HgCI,. These results suggest the possibility of suppressing mercury 
extraction by increasing the aqueous chloride concentration to form the less extractable HgClz- species. 

Note that mercury speciation in 0.1 M C1' solution is unlikely attributed to the single species of 
HgCI,'. It is more likely that the vicinity around 0.1 M C1- is a transition region where the mercury is 
partitioned between HgCl,, HgCl;, and HgClZ-. Speciation in this transition region would be described 
strictly by reactions (4) and (5) for n = 2,3, and 4. Slope analysis techniques are not directly amenable 
in this region due to the presence of multiple species. 

Preliminary slope analysis experiments where conducted at the chloride concentration prevalent 
in the stock Hgo3 solution, - 0.005 M C1- and at 0.01 M HNO,. These conditions insure the 
predominance of the single, extractable HgCl, species and the pertinent reactions are (5) and (6). The 
extraction stoichiometry of the TBP-Hg reaction was evaluated with concentrations varying between 
0.0 1 .I and 1.4 .I TBP in n-dodecane. The CMPO-Hg reaction stoichiometry was determined with 
concentrations ranging fiom 0.005 M to 0.300 M CMPO in 1,4-d~sopropyl benzene (DIPB). The DIPB 
diluent was used in the CMPO system to circumvent problems of limited solubility and third phase 
formation prevalent with CMPO in dodecane (note that these problems are alleviated in the TRUEX 
solvent by addition of the TBP as a phase modifier). Mercury extraction by pure DIPB was evaluated, 
and the measured distribution of D, = 0.027 was sufficiently low to insure the effects of the diluent 
were insignificant. The impacts of nitric acid extraction, which reduces the fi-ee extractant concentration 
in the organic phase, was minimized by using feed solutions containing 0.01 M HNO,; titration of the 
equilibrated organics consistently indicated acid concentrations <5 .OE-04 _M E. The slope analysis 
results for both TBP and CMPO are shown in Figure 4. Using a least squares best fit method, the slopes 
of the lines were determined to be 1.904 for the CMPO-Hg system and 1.500 for the TBP-Hg system. 
Reactions (5) and (6) can be re-written as: 

Thus, 1.9 moles of CMPO and 1.5 moles of TBP are required per mole of Hg extracted. The 
stoichiometric coefficients in reaction (8) and (9) are currently being evaluated. It is anticipated that the 
stoichiometry is independent of chloride concentration; therefore, the stoichiometric coefficients should 
be identical to those in reactions (10) and (1 1). The slope analysis tests are currently being expanded to 
include the determination of equilibrium constants for reactions (6) through (9). 

Kinetics of Hgo3 Extractions 

various contact times of 15 seconds to 10 minutes f?om 1 M nitric acid solutions. In this test, stable 
H$O0 was not added to the feed solution. Results of this experiment are listed in Table 7 and compare 
favorably to the 1 M HN03 distribution ratio reported in Table 2, (DH, = 21). Table 7 indicates DH, is 
essentially constant for all contact times; thus, the extraction of mercury is extremely rapid. 

Mercuric chloride extraction kinetics were examined by experimentally measuring D, after 



Consequently, there are no apparent kinetic advantages for selective mercury partitioning in process 
flowsheet development. 

The kinetic data indicate a slight decrease in De at the 5 and 10 minute contact times. This 
decrease is likely real, but is attributed to an increase in extraction temperature rather than increased 
extraction time. The temperature increase resulted from heat transfer (from the vortex mixer and/or 
fluid friction), since temperature controls, such as a constant temperature bath, were not employed in 
these experiments. 

CONCLUSIONS 

to 2 M, HN03 solutions where the distribution ratio is sigdicantly greater than one. At nitric acid 
concentrations greater than = 5 M HN03, the distribution coefficient is D, < 1. A selective mercury 
partitioning scheme from ICPP sodium bearing waste is suggested by these results. Advantages would 
include the applicability of the TRUEX process to actinide and hazardous metal removal from SBW 
without the complexity of generating a mixed waste. The applicability is currently under investigation 
and results will be presented in a separate paper. 

Effective extraction of mercury requires a minimum of stoichiometric quantities of chloride in 
the aqueous acidic feed solutions. In the absence of chloride, DHg is substantially reduced. The 
experimental results indicate that mercuric chloride is the extractable species relative to mercuric nitrate. 

Although CMPO is the active actinide extractant in the TRUEX process solvent, mercury 
extraction can be partially attributed to the phase modifier, TBP. The reaction stoichiometry was 
determined independently for both constitutes, indicating 1.9 moles of CMPO and 1.5 moles of TBP are 
required per mole of HgC1, extracted. Furthermore, chloride concentrations above - 0.1 M C1- 
significantly decrease the extraction of mercury by either CMPO or TBP, presumably due to the 
formation of HgC1:' in the aqueous phase. 

Kinetics of Hg extractions by the TRUEX process are sufkiently rapid to insure applicability 
regardless of equipment design. Centrifbgal contactors, which inherently have short residence times, are 
currently being considered for implementation of the TRUEX process at ICPP. The rapid kinetics of 
mercury extractions indicate applicability of centxifbgal contactors for mercury removal by the TRUEX 
process. 

The TRUEX solvent has a definite af€inity for extracting HgCl, fiom lower acidity, i.e. 0.01 M 
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0.01 1.1 1.2 
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8.0 1.3 1.1 

D H e  

--- --- 
0.75 1.67 

0.28 0.30 

0.1 0.091 

0.2 0.182 

nitric acid solutions. 

Experiment #1 

Equilibrium W O , ]  
Dvo-7", 

0.01 1 13.8 

0.041 15.0 

0.255 55.4 

0.535 35.4 

0.979 21.3 

1.995 5.99 

4.99 0.58 

8.11 0.16 

--- --- 

Experiment #2 

Equilibrium P O , ]  
DHo-7", 

0.01 1 14.3 

0.042 19.5 

0.263 44.1 

0.519 39.7 

1.03 21.4 

2.01 6.36 

4.97 0.62 

8.07 0.16 

10.23 0.13 

Equilibrium [HNO,] 0 

0.0134 

D, 

0.0075 

0.347 

2.02 

4.95 

8.10 

0.354 

0.876 

0.065 

0.0379 



Equilibrium Estimated 
W0,I 0 D H v  [Cl-] IM) 

0.01 1 13.75 0.032 

0.33 1 44.13 0.053 

2.05 4.83 0.053 

4.96 0.43 0.053 

8.14 0.11 0.053 

Table 5. Mercury extraction results as a finction of the chloride to mercury mole ratio, [Cl]/[Hg], 

Estimated 
4- 

1043 

0.0025 

0.0025 

0.0025 

0.0025 
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Table 6 .  

Organic Solvent Composition 

n-dodecane 

1.4 M TBP in n-dodecane 

TRUEX: 0.2 M CMPO, 1.4 M TBP in n-dodecane 

DHp 

El E2 E3 

0.005 0.005 0.006 

3.47 3.35 3.10 

7.04 6.34 5.56 

t NA = Not Available 



Figure 1. comparison of mercury distribution ratios as a fbnction of nitric 
acid concentration with and without chloride. 
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Figure 2. Mercury distribution coefficient as a function of the chloride to mercury molar ratio, 
[Cl]/[Hg], from 2 M HN03 feed solutions. 
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Figure 3. 
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Figure 4. 

Mercury distribution ratio as a function of chloride concentration for the CMPO and 
TBP systems at 0.01 &I HNO,. 
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Slope analysis results for the CMPO and TBP extraction of mercury at 1 &I C1- and 
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