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SEPARATION SCIENCE, 7(5), pp. 505-5 12, 1972 

liquid-liquid Extraction of Mercury with High- 
Molecular-Weight Amineo from Iodide and 
Bromide Solutions* 

FLETCHER L. MOORE 
OAK RIDGE NATIONAL LABORATORY 
OAK RIDGE, TENNESSEE 37830 

Abstract 

New systems are described for the highly efficient solvent extraction of 
mercury with high-molecular-weight amines from aqueous iodide or bromide 
solutions. Mercury extracts essentially quantitatively a t  both the sub- 
nanogram and macro levels. The quaternary amines are especially attractive 
because of their ability to  extract mercury from alkaline as well as acjdic 
solutions. Regeneration of the amine solvent is readily achieved by stripping 
the mercury with alkaline solutions of cysteine. 

INTRODUCTION 

Solvent extraction with high-molecular-weight amines is a promising 
technique for attacking some of the industrial pollution problems of 
mercury and other toxic metals. In  a recent paper (1) we described a 
new system for the removal of mercury from brine solutions with these 
reagents. As part of a program to lay the groundwork for the develop- 
ment of practicable methods for toxic metal abatement processes, the 
extraction of mercury in the iodide and bromide systems is now dis- 
cussed. Solvent extraction of mercury with amines in these systems has 
not been reported previously. 

*Research sponsored by the U.S. Atomic Energy Commission under contract 
with the Union Carbide Corporation. 
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MOORE 

LXPLRIMENTAL 

Apparatus 

A NaI(T1) well-type sointillation oounter, 1.71, X 2 in., wm used 
for gamma oounting. 

Reoogentr 

6189s rmge. 
Primene JM-T is a mixture of primary &mines, principally in the 

Primene 81-R is a mixture of primary amines, prinoipdly in the 6 ~ (  
range. 

Amberlite L A 4  (N-dodeoenyltrialkylmethylamine) is a seoondary 
amine. ThI  aeoondary amine and the primary amina listed above we 
available from Rohm and Ham Co., Philadelphio, Pennaylvanio. 

Ahmine 83643 (triaaprylamine) ie a tertiwy amine avdable from 
General Mills, Ino., Kmkakee, Illinoie, 

Aliquat 836-8 (trioaIarylmethylammonium chloride) is a quaternary 
amine ohloride available from General Mills, 

Adogen 4614, methyl tri ( ~ ~ C I Q )  ammoaium ahloride b a quaternary 
emine ahloride available from Archer Daniels Midlmd Go., Minneapolis, 
Minnaota. 

The amines were dimolved in reagent grade xylene or diethylbenYlrene. 
The amines were ~ o n ~ e r t e d  to the iodide aalb by the following pre- 
treatment: equal volume portions were extreated twioe for 6 min eaoh 
with 10% N ~ 6 0 1  followed by three 6-min extraations with 8 M KI. 
The solutions were oentrifuged for 6 min after the lmt treatment and the 
orgmia phwe WRB ueed in the various studies, A Birnilar procedure wm 
used to prepm the bromide salb using 8.7 M HBr, 

Meraury-208 traoer is available from New England Nuoleotp Go,, 
BoBton, Mrrarsaochusetb. 

All other oherniaah were reetggnt grade, 

Mvaluatlon ?rocdun 

F’iw milliliters of the indioated aqueow phwe oontoining 1 X lQP 
gamma aounta/min/ml of W g  tracer wm extracted at room temperature 
with m equal volume portion of the various mlwnta in 6bml heavy 
duty glwis aentrifup tub@. Three minute mixing periods w e ~ e  ~ e l e ~ t e d  
arbitrmily. High-speed motor stirrerra equipped with glut3 paddle8 were 
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LIQUID-LIQUID EXTRACTION OF MERCURY 507 

used for the extractions, After extraction, the tubes were centrifuged in a 
clinical centrifuge for 2 min. Each phase was then analysed for mercury- 
203 by counting l-ml aliquot6 in a well-type gamma scintillation counter, 

RESULTS AND DISCUSSION 

The mechanism of extraction of mercury from aqueous iodide or 
bromide solutions with a quaternary amine i s  of this type: 

go8* t 4 X - S  (HgX4)” 

2(R4NX)o + (HKXA” ;t [(R~N)tHgXilo + 2x6- 

where X - iodide or bromide, RdNX - Aliquat 336-S-X or Adogen 
464-X, o - organic phase, and L - aqueoua phase. 

The quaternary amine and it8 salt with the anionic halo complex of 
meraury are essentially insoluble in aqueous solutions but exhibit high 
solubility in organic solvents. 

THE IODIDE SYSTEM 

The iodide ion is one of the strongest inorganic complexers of mercury. 
The anionic iodo mercuric complex is highly stable in both acidic and 
alkaline solutions. Mercury does not precipitate even at  rather high 
alkalinities in the presenoe of the iodide ion. Quaternary amines dissolved 
in suitable aolvents can extract the anionic species of mercury eficiently 
from both alkaline and acidic aqueous solutions, 

The pertinent variables were studied by use of the procedure described 
above. The extraction of mercury (Table 1) with 6% Aliquat 336-S-I- 

TABLE 1 

Extraotion of Meroury with 6% AUquat 89691-Xylene 
from Iodide Soolutions 

Initial aqueous phtm Hg extracted (%) 
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xylene is quantitative from dilute to concentrated solutions of hydriodic 
acid and from alkalinities as high as pH 12.5. The behavior of z03Hg 
tracer (< 1 Mg/ml) appeared to be identical to that of mercury at  the 
2 mg/ml level, showing quantitative extraction from aqueous solutions 
containing aa high as 5.9 M potassium iodide. 

Equilibrium is reached rapidly in this system; a 0.5-min mixing 
period is adequate. 

The extraction of mercury aa a function of Aliquat 3363-1 concen- 
tration in xylene is shown in Table 2. Initial aqueous phases contained 
2 mg/ml mercury, 1 X lo6 gamma counts/min/ml of *@Hg tracer, and 
0.26M potmsium iodide. Extractions were performed for 3 min with 
equal volume portions of the solvent. Extraction of mercury is quantita- 
tive, provided the quaternary amine :mercury molar ratio is 5 2. 

The extraction of mercury from 0.26 M patassium iodide solutions as 
a function of amine class is shown in Table 3. The quaternary amines are 
superior extractants to the other classes of amines at  high pH’s. Several 
additional experiments with the primary, secondary, and tertiary amines 
indicated that they were efficient extractants for mercury from acidic 
iodide solutions provided the aqueous pH was 7 5 .  Detailed studies on 
these reagents were not done because the quaternary amines were ex- 
cellent mercury extractants from both alkaline and acidic solutions. 

In all cases diethylbensene was as satisfactory as xylene as a diluent 

TABLE 2 

Extraction of Mercury a8 a Function of Aliquat 336s-I 
Concentration in Xylene 

Concentration of Aliquat 336s-I 
in xylene (yo) Hg extracted (%) 

0.01 
0.05 
0.10 
0.2 
0.3 
0.5 
1.0 
2 . 0  
3.0 
5 .0  

<1.0 
10.6 
20.0 
41.1 
59.1 
87.9 

>99.9 
>99.9 
>99.9 
>99.9 
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LIQUID-LIQUID EXTRACTION OF MERCURY 509 

TABLE 3 

Extraction of Mercury from 0.26 M Potassium Iodide as a 
Function of Amine Class 

Amine extractant in xylene Class Hg extracted (%) 

5% Primene JMT Primary 29.3 
5% Primene 81R Primdy 60.3 

5% Alamine 3365  Tertiary 23.1 
5% LA-1 Secondary 7.5 

5 Aliquat 3363-1 Quaternary >99.9 
5% Adogen 464-1 Quaternary >99.9 

for the amines. The quaternary amine, Adogen 464, gave results essen- 
tially identical to those obtained with Aliquat 336-5 throughout the 
studies. 

STRIPPING OF MERCURY FROM THE QUATERNARY AMlNE SOLVENT 

Because of the remarkable stability of the mercuric iodo complex in 
the organic solvent, few reagents are effective strippants for mercury. 
Considerable work was done on this aspect of the system. Numerous 
aqueous stripping agents were evaluated for their ability to strip mer- 
cury from 5% Aliquat 336-S-I-xylene solutions. The organic solvents 
initially containing 2 mg/ml mercury were stripped by extracting for 
3 min with equal volume portions of the various aqueous strippants. 

Negligible stripping ( < 1%) of mercury from the solvent was effected 
with dilute to concentrated solutions of sodium hydroxide, ammonium 
hydroxide, sodium sulfite, sodium thiosulfate, sulfuric acid, perchloric 
acid, various oxidizing and reducing agents, and aluminum turnings. 
The chelating agents, glycine, diethyldithiocarbamate, and (ethyl- 
enedinitrilo) tetraacetic acid were also ineffective mercury strippants. 

The few promising strippants found are shown in Table 4. Nitric acid 
a t  high concentrations stripped the mercury but some degradation of the 
solvent occurred. Dilute solutions of ethylenediamine (EDA) were 
completely ineffective. Interestingly, by contrast 2.5% ethylenediamine 
strips mercury quantitatively from the same solvent in the chloride 
system (1 ) .  By the use of high concentrations of ethylenediamine, i t  is 
possible to strip mercury appreciably from the quaternary amine iodide 
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510 MOORE 

solvent. Also, by lowering the quaternary amine concentration in the 
sdlvent, efficient stripping of mercury is possible. Thus 70% ethyl- 
enediamine stripped 97% of the mercury from 1% concentrations of the 
quaternary amine iodide solvent. 

Further studies revealed that cysteine, a well-known mercury com- 
plexer, was by far a superior strippant for mercury in the quaternary 
amine-iodide system. Alkaline aqueous solutions of cysteine stripped 
mercury quantitatively from the solvent. Mechanical behavior and 
material balances were excellent at both the macro and tracer levels. 

Experiments were performed to determine if the more active metal, 
aluminurn, could be used to reduce and precipitate mercury directly 
from the organic iodide solvent. Preliminary tests on the reduction of 
mercury from 0.26 M potassium iodide solutions indicated excellent 
reduction with aluminum (Table 6). Five milliliter portions of 0.26 M 
potassium iodide aqueous solutiona containing 2 mg/ml mercury were 
mixed for varying periods of time with 2.3 g of aluminum turnings. The 
reduction-precipitation of mercury in the aqueous solution is eesentially 
complete in 1 hr. 

Identical experiments were done with the mercury initially contained 
in 6% Aliquat 3368-I-xylene solutions. Negligible reduction ( < 1%) 
of the mercury waa effected, even after contact periods of 18.6 hr, These 
results show a drastic difference from those found in the analogous 
chloride system ( 1 )  , in which efficient reduction-precipitation was 

TABLE 4 

Btripping of Meroury from 5% Aliquat 336-8-I-Xylene Solutions 

HNOIM, 6 
10 
12 

Nad, 1 M 
Ethylenediamine, 2.6% 

20% 
60% 
70% 

0.1 M Goyateine*HCl in HpO 
0.1 M L-cyeteine*HCl-l M NaOH 
0.1 M L-oysteine-HCI-0.1 M NaOH 
0.1 M L-oysteine *HC1-6% ethylmediamine 

1.9 
29.1 
98.6 
66.2 

c 1 . 0  
<1.0 

2.9 
61.3 

<o. 1 
>99.9 
>99,9 
>99.9 
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TABLE 8 

Reduation-Precipitation of Mercury from 
0.26 M Potaaaium Iodide Solution 

Reduotion time (min) Hg reduaed (%) 

10 
28 
00 
186 

46.1 
80.1 
88.3 
w.4 

aohieved from the quaternary amine ohloride solvent. These reduotion 
studies again illustrate the great strength of the merourio isdo oomplex 
in the amine solvent. 

Although the extraotion and aubaequent stripping of mercury in the 
amine iodide system is quantitative, it was of practical interest to 
determine the utility of the regenerated solvent in a mooed oyole extrao- 
tion of meroury. The feed solution oont~ned 0 J  M potrtssium iodide, 
9 mg/ml meroury, and WHg traoer (1 X 106 gamma oounb/min/ml). 
Twenty-five milliliters of the feed solution w w  extraoted for 3 min with 
26 mi of 6% Adogen 464-I-xylene. The meroury waa then stripped from 
the solvent by extraoting for 3 min with 26 ml of 0-1 M cysteine5qto 
ethylenediamine. The regenerated solvent wm then used in a second 
oyole to extraot fresh portions of the potassium iodide feed solution. 
Meroury reouvery wm qumtithtive ( > $$,$pl,) throughout the ~ W Q  
oyole process. The alternate strippants, 0,l M oysteinel M NROH or 
0,1 M cysteine41 M NaOH, provided essentially identioal behavior to 
that described above. Mercury forme a very strong soluble complex with 
opteine in alkaline solution, thereby favoring quantitative stripping 
with exoellent meohanicd behavior. 

Further experiments revealed that tracer mercury (<1 rg/ml) 
behaved the same as macromercury in the two cyole process. 

THE BROMIDE SYSTEM 

A brief inwtigation of the extraction behavior of mercury with D 
tertiary and quaternary amine in the bromide sptem wrts made. h m  
aqueous solutions containing 0,%7.0 M HBr, mercury extracted 
>99.S% at  both the tracer and macro (2 mg/ml) levels with equal 
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512 MOORE 

volume portions of either 5% Alamine 336s-xylene or 5% Adogen 
464-Br-xylene in 3-min. mixing periods. 

As expected, the tertiary amine, Alamine 336-5, was an ineffective 
extractant from alkaline bromide solutions. The quaternary amine, 
Adogen 464, extracted mercury efficiently from aqueous bromide solu- 
tions up to pH -12. 

At the 2 mg/ml level mercury stripped essentially quantitatively from 
5% Alamine 336-S-xylene in 3 minutes with equal volume portions of 
2.5% EDA, 1 M NaOH, or 5 M NH40H. These reagents were ineffective 
strippants for mercury from the stronger 5% Adogen 464-Br-xylene 
solvent; however, 30% EDA stripped 93% mercury from this quaternary 
amine bromide. 

Applications 

The high-molecular-weight amines are excellent extractants for mer- 
cury from iodide or bromide solutions. These reagents offer new tools 
for the isolation, recovery, and pollution abatement of mercury from 
various industrial and natural solutions. Especially attractive are the 
commercially-available quaternary amines, Adogen 464 and Aliquat 
336-5, because they function in alkaline as well as acidic solutions. Thus 
mercury (10 mg/ml) does not precipitate from solutions containing as 
high as 5 M NaOH in the presence of 0.2 M KI. The soluble mercuric 
iodo complex quantitatively extracts from this highly alkaline solution 
with the quaternary amines. Moreover, i t  is easy to extract mercury 
quantitatively from aqueous solutions containing no iodide ion, provided 
the quaternary ammonium iodide solvent satisfies the required stoi- 
chiometry. 

When one compares the above studies on the amine extraction and 
stripping behavior or mercury in the iodide and bromide systems to the 
previously reported chloride system ( I ) ,  it is clear that the order of 
decreasing mercuric halide stability is iodide >> bromide > chloride. 
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