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BV Bed volume M molarity 

BV/min Bed volumes per minute mg milligram 

°c degree Celsius mL milliliter 

g gram mL/min milliliter per minute 

g/ft 3 gram per cubic foot N normality 

giL gram per liter oz/st troy ounce per short ton 

h hour pct percent 
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SELECTIVE ELUTION OF MERCURY, SILVER, AND GOLD 
FROM STRONG·BASE ANION-EXCHANGE RESINS 

By W. L. Staker1 and R. G. Sandberg2 

ABSTRACT 

The Bureau of Mines investigated methods for selectively eluting mer­
cury, silver, and gold from strong-base anion-exchange resins, including 
Rohm and Haas resins lRA-430 and 900 and Dow Chemical resins 2lK, SMA-I, 
and SBR. Resins were typically loaded to 145 oz/st of each metal. 
Loaded resins were eluted with H2S04, NaCl-H Cl, NaOCl, and NaCl04 solu­
tions. The resins tested had similar elution characteristics for 
mercury and precious metals. 

The best selective elution scheme was achieved by eluting in a column 
with 2N H2S04 to recover 99 to 100 pct Hg, with 200 giL NaCl in IN HCI 
to rec;ver 99 to 100 pct Ag, and with 2M NaCl04 to recover 79 to 89 pct 
Au. 

1Research chemist. 
2Research supervisor. 
Salt Lake city Research Center, Bureau of Mines, Salt Lake City, UTe 
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INTRODUCTION 

Numerous low-grade gold-silver ore de­
posits throughout the Western United 
States have been developed in the past 
few years. Cyanide leaching and carbon 
adsorption are generally used to recover 
the gold (l-10).3 Precious metals and 
other adsorbed metals are eluted from the 
carbon with dilute caustic cyanide solu­
tions. The elution process requires 
elevated temperatures and in some cases 
elevated pressures to increase elution 
rates. These elution procedures are not 
selective, and expensive high-temperature 
kilns are required to reactivate the 
carbon after several adsorption cycles 
(11-13). 
-roU-exchange is a well-developed tech­

nology and may have several advantages 
over activated carbon for recovering 
precious metals from cyanide solutions. 
Some of these advantages are (1) loading 
is faster, (2) gold-loading capacity is 
greater, (3) energy consumption in elu­
tion and regeneration is lower, (4) other 
valuable metals dissolved in the cyanide 
solution may be recovered when economics 
warrant, and (5) calcium and organics do 
not appear to poison resins to the same 
extent they do carbon (14). The first 
facility to use resin-in-pulp (RIP) ion­
exchange technology commercially to re­
cover gold from cyanide pulp was at the 
world's largest gold mine, in Muruntau, 
U.S.S.R. Resin-in-pulp is now used wide­
ly for gold extraction in the U.S.S.R., 
and RIP processes offer definite eco­
nomic advantages over carbon-in-pulp 
processes (,.!2-12). 

Both weak- and strong-base resins have 
been used to adsorb gold and other metals 
from cyanide solutions (14, ~-~). 
Weak-base resins are generally more se­
lective for precious metals but have 
lower loading capacities. Because pro­
tonation of the weak-base resin is re­
quired to extract anions, a pH of less 
than 10 is usually required (20). Cur­
rently there are no commerciaY-weak-base 

3Underlined numbers in parentheses re­
fer to items in the list of references at 
the end of this report. 

resins that load well at pH values 
greater than 10; however, some experi­
mental resins have shown good adsorption 
at pH values greater than 10 (21). 

A general mechanism for loading a weak­
base resin follows: 

Protonation: 

Loading: 

Rz , NR2, H+X~, and M(CN)2- represent the 
polymetric resin matrix, functional 
group, acid, and metal cyanide complex, 
respectively. Strong-base resins gener­
ally have higher loadings but are less 
selective for precious metals; however, 
they are much less affected by pH than 
weak-base resins (~. A general mecha­
nism for loading a strong-base resin is 

RzNR3TX- + M(CN)2- ++ 

RzNR3+M(CN)2- + X-a (C) 

Both resin types can be eluted at ambient 
temperatures and pressures. The weak­
base resins may be eluted with dilute 
caustic solutions. The strong-base 
resins have been eluted with thiosulfate 
(19), acetone plus hydrochloric acid, 
ethylacetate plus nitric acid diluted 
with water (19), zinc cyanide (15, 17), 
acid thiourea- (17, 22), and dimethyl 
formamide (14). All, except zinc cyanide 
have some ~isadvantages--usually fire 
hazard or noxious gas formation--or are 
uneconomical (~). General mechanisms 
for eluting weak- and strong-base resins 
follow: 

Strong base: 

RzNR3+M(CN)2- + X- ++ 

RzNR3+X- + M(CN)2-. (D) 



Weak base: 

RzNR2H+M(CN)2- + X- ++ 

RzNR2H+X- + M(CN)Z-' (E) 

The flowsheet for resin-in-column is 
similar to that for carbon-in-column 
(20). The loading section is nearly 
identical, but the elution section does 
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not require elevated temperatures, pres­
sures, or expensive reactivation kilns. 

The objectives of this Bureau of Mines 
investigation were to (1) investigate 
adsorption of precious metals from 
cyanide solutions with strong-base anion­
exchange resins and (2) selectively elute 
mercury, silver, and gold from the 
resins, using inorganic aqueous eluants 
at ambient conditions. 

MATERIALS, EQUIPMENT, AND OPERATING PROCEDURE 

Pregnant synthetic solutions prepared 
from reagent-grade mercury, silver, and 
gold chemicals were used to load resins. 
Feed solutions contained 5 ppm each 
of mercury, silver, and gold and about 
0.5 giL free cyanide; pH values were 10.5 
to 11.4. Rohm and Haas IRA-430 and IRA-
900 and Dow Chemical 2IK, SMA-I, and SBR 
strong-base anion-exchange resins were 
used in this investigation. 4 The IRA-430 
and Dowex 2IK resins have been used for 
many years for RIP in the uranium indus­
try (17, 23-25). The other resins tested 
have similar--characteristics, and some 
are reported to be very resistant to 
physical breakdown and organic fouling 
(26-27). The resins consist of divinyl­
benzene cross-linked with styrene and a 
quaternary ammonium functional group. 
Resin particle sizes were plus 20 mesh. 

Resin loading was conducted by adding 
2.5 mL of resin to 1 L of solution con­
taining 5 mg each of mercury, silver, and 
gold and their radiosotopes to a plastic 

bottle. The bottle and contents were ro­
tated or rolled on a set of horizontal 
rolls. After loading, the solution was 
removed from the resin by aspiration 
through a glass frit. The resin was 
washed with water, and the radioactivity 
was counted. Final resin loading was 145 
ozlst dry weight (56.6 gift' wet volume) 
of each metal. 

Resins were eluted by rolling with 10 
to 100 mL of prepared eluting solution 
for a specified time, aspirating the so­
lution, washing with water, and counting 
the radiOisotopes left on the resin. 
Elution and counting were repeated as 
needed. Solution analyses were accom­
plished by atomic adsorption or by count­
ing radioisotopes in the solutions on a 
Tracor-Northern TN-I7IO gamma counter. 
Radioisotopes analyses compared well with 
atomic adsorption analyses. Therefore, 
self-determination correction factors for 
different sample compositions and gamma­
ray energies were not necessary. 

RESULTS AND DISCUSSION 

ELUTION OF MERCURY AND PRECIOUS 
METALS FROM RESINS 

The solubility of mercury cyanide in 
acids and of silver compounds in strong 
chlorides suggested that mercury and sil­
ver could be eluted from strong-base 
resins with dilute acids and strong 
chloride solutions, respectively. Gold 
elution would require an eluant that 
would oxidize the gold cyanide complex or 

4Reference to specific products does 
not imply endorsement by the Bureau of 
Mines. 

be more strongly adsorbed on the resin 
than gold cyanide. Preliminary tests 
were conducted to elute (1) mercury with 
dilute H2S04, HNO" and HCI solutions, 
(2) silver with NaCl-RCl solutions, and 
(3) gold with NaOCI and NaCI04 solutions. 
The preliminary tests showed dilute 
H2 S04 elute mercury only, RNO, eluted 
considerable silver with the mercury, and 
NaCI-RCI eluted silver and suppressed 
mercury elution. Therefore, additional 
testing was conducted with dilute H2 S04 
for mercury recovery. Preliminary tests 
also showed good elution of silver with 
strong acid chlorides, and good gold 
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elution with either NaOCI or NaCI04' 
Additional testing was conducted to de­
termine the conditions for selective 
mercury, silver, and gold elution from 
five strong-base anion-exchange resins. 

Mercury Elution 

Mercury-, silver-, and gold-loaded IRA-
430 resin was eluted with increasing con­
centration of dilute H2S04, Loaded resin 
was rolled 5 h with 100 mL of acid, the 
acid was removed, and elution was deter­
mined by isotope counting. The test re­
sults listed in table 1 show 0.2N to 2N 
H2S04 effectively recovered 95 to-98 pet 
of the mercury in 5 h, only 2 to 9 pct of 
the silver, and less than 2 pct of the 
gold. 

Silver Elution 

Strong acid chloride solutions ra­
pidly desorb silver from strong-base 
resins. Therefore, tests were conducted 
using IN HCI containing increasing 
concentrations of NaCI. Figure 1 shows 

TABLE 1. - Elution of mercury from 
IRA-430 resin with H2S04 in 5 h 

Acid Metal stripped, 
strength, Au Ag 

li 
0.2 ••••••••••••••••• 0 2 

• 5 ••••••••••••••••• 2 7 
1 ••••••••••••••••••• 1 6 
2 ••••••••••••••••••• .9 9 

pct 
Hg 

95 
99 
97 
98 

100r-----r-----r-----r-----~====~==~ 

80 
R 
6 60 
L1J 
f-
j 
L1J 40 

~ 

20 

o :3 4 5 6 
ELUTION TIME, h 

FIGURE 1.-Elutlon of sliver from IRA·430 resin with In­
creasing concentrations of NaCI In 1 N HCI. 

that silver elution increased from 
30 to 98 pct in 6 h, as the concentration 
of chloride in the solution increased 
from 51 to 157 giL (25 to 200 giL NaCI). 

Gold Elution 

Preliminary testing indicated that al­
kaline hypochlorite and perchlorate elute 
mercury, silver, and gold from strong­
base resins. Therefore, 1-h elution 
tests were conducted to assess the tech­
nique under more controlled conditions. 
Loaded IRA-900 was eluted for ten 1-h 
periods with a solution containing 150 
giL NaCI plus 5 giL NaOH and 0.75 pct 
NaOCl. Recoveries were 87, 92, and 86 pct 
Hg, Ag, and Au, respectively. A mercury­
and silver-free resin was similarly 
tested. Gold-loaded resin was contacted 
with solutions containing 0.25 and 0.75 
pct NaOCI, 150 giL NaCl, and 5 giL NaOH. 
Gold elution was 78 pct in 2 h in the 
0.75-pct solution and 89 pct in 16 h in 
the 0.25-pct solution. 

Gold-loaded Dowex SMA-1 and SBR resins 
were elutedwit:h 0.5M NaCI04 , and the 
IRA-900 resin was eluted with 0.5M, 1M, 
and 2M NaCI04' Results of the tests, 
given-in table 2, show 85 to 93 pct of 
the gold was eluted from the resins in 10 
h with 0.5M NaCI04' Using 2M NaCI04 94 
pct was recovered in 5 h; 1~ NaCI04 re­
covered 95 pct in 6 h. The tests show 
relatively good recovery of gold from 
strong-base resins in 5 to 10 h using 
either NaCI04 or NaOCI. 

Sequential Elution Of Mercury, 
Silver, and Gold 

Elution procedures for mercury, silver, 
and gold discussed in previous sections 
suggest a possible flowsheet (fig. 2). 
To evaluate the elution scheme, loaded 
strong-base resins were contacted with 
2N H2S04 to elute mercury, with 200 giL 
NaCl in IN HCI to elute silver, and with 
0.75-pct NaOCI in 150 giL NaCI plus 5 giL 
NaOH or 2M NaCI04 to elute gold. Two 
series of tests were conducted. 

Results of the first test series using 
the batch elution method are given in 
table 3. These tests show 100 pct of the 
mercury was eluted from IRA-900, IRA-430, 



TABLE 2. - Elution of gold from strong-base anion-exchange 
resins with NaCI04, cumulative pct 

Cumulative lRA-900 SMA-l SBR 
elution 2M 1M 0.5M 0.5M 0.5M - -time, h NaCI0 4 NaCI04 NaCI0 4 NaCI04 NaCI04 

1 •••••••••••• 60 48 8 9 5 
2 •••••••••••• 80 72 30 32 24 
3 •••••••••••• 88 83 51 49 38 
4 ••.•.••••.•• 91 88 63 58 48 
5 •••••••••••• 94 92 72 71 55 
6 •••••••••••• NAp 95 85 82 73 
7 •••••••••••• NAp NAp 88 86 74 
8 •••••••••••• NAp NAp 90 89 80 
9 •••••••••••• NAp NAp 92 91 83 
10 ••••••••••• NAp NAp 93 93 85 
11 ••••••••••• NAp NAp 93 93 88 
NAp Not applicable. 

TABLE 3. - Batch sequential elution of mercury, silver, and gold 
from strong-base anion-exchange resins, cumulative percent 

Cumulative lRA-430 lRA-900 21K SMA-1 
elution Hg fAg I Au Hg lAg IAU Hg lAg I Au Hg I Ag I Au Hg 
time, h 

L.2 '4 ELUANT SOLUTION 2N H SO 
1 ••••••••••••• 82 0 0 93 0 0 78 4 0 56 3 0 62 
2 ••••••••••••• 98 0 0 92 0 0 99 6 0 87 5 1 95 
3 ••••••••••••• 100 0 0 100 5 0 100 7 0 100 9 0 100 

g a ELUANT SOLUTION 200 /L N CI IN IN HCl 
4 •.••••••••.•• 100 62 0 100 65 0 100 69 0 100 57 2 100 
5 ••••••••••••• 100 85 2 100 89 0 100 88 0 100 84 2 100 
6 ••••••••••••• 100 95 5 100 97 0 100 96 1 100 93 2 100 
7 ••••••••••••• 100 98 7 100 99 0 100 98 2 100 96 5 100 
8 ••••••••••••• 100 100 8 100 100 0 100 100 4 100 98 5 100 
9 ••••••••••••• 100 100 8 100 100 0 100 100 4 100 99 5 100 . a g, a g a ELUANT SOLUTION a 75 PCT N OCI IN 150 /1 N CI PLUS 5 /1 N OH 
10 •••••••••••• 100 100 75 100 100 83 100 100 31 100 100 28 100 
11 •••••••••••• 100 100 83 100 100 91 100 100 58 100 100 56 100 
12 •••••••••••• 100 100 87 100 100 95 100 100 79 100 100 67 100 
13 •.••.••••••. 100 100 87 100 100 95 100 100 91 100 100 76 100 
14 .•••••••••.• 100 100 88 100 100 97 100 100 93 100 100 85 100 , 
15 •••••••••••• 100 100 89 100 100 97 100 100 95 100 100 92 100 
16 •..•.•.••••• 100 100 91 100 100 97 100 100 96 100 100 98 100 
17 •••••••••••• 100 100 92 100 100 97 100 100 96 100 100 98 100 
18 •••••••••••• 100 100 i 93 100 100 98 100 100 97 100 100 98 100 

5 

SBR 

1 Ag 1 Au 

18 0 
18 0 
20 0 

62 0 
83 0 
93 0 
97 3 
99 3 

100 3 

100 68 
100 79 
100 87 
100 90 
100 91 
100 92 
100 94 
100 94 
100 95 

Dowex f1K, Dowex SMA-I, and Dowex SBR 
resins in 3 h. No gold was eluted from 
any of the resins with the mercury. No 
silver was eluted from the lRA-430 resin 
with the mercury, but 5 to 20 pct Ag was 
eluted from other resins in 2N H2S04 
solution. All of the remaining -silver 
was eluted from all the re~Ins· with 200 

g/1 NaCI in IN HCI.Gold elution ranged 
from a to 8 pct in the strong chloride 
solution and from 93 to 98 pct in 9 h in 
the 0.75-pct NaDCI solution. Silver and 
gold cyanides are not soluble in dilute 
acid solutions; therefore, any silver 
eluted with the mercury and gold eluted 
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200 giL NaCI 
In I ~ HCI 

Pregnant cyanide 
leach solution 
(Hg, Ag, Au) 

150 giL NaCI--.---J>i 
plus 5 giL NoOH '--t-oc-----' 

In 0.75 pet NaOCI 

Resin regeneration 

Cyanide solution 
recycle 

Hg 

Ag 

Au 

FIGURE 2.-Flowsheet for recovery of mercury, silver, and 
gold from strong-base anion-exchange resins. 

with silver could be easily filtered from 
the solutions. 

The second elution test series was con­
ducted in columns using 25 mL of loaded 
resin. The IRA-430, Dowex 21K, and 
Dowex SBR resins were loaded with 145 
oz/st of each metal, transferred to 
plastic tube columns, and eluted with 
solution downflow at 0.015 BV/min (0.375 
mL/min). Cuts of 100 mL (4 BV) of the 
eluate were collected for assay. Test 
results given in table 4 show 99 to 100 
pct of the ~ercury was eluted with 32 BV 
of 2N H2S04, 99 to 100 pct of the silver 
was eluted with 28 BV of 200 gIL NaCl in 
IN HCl, and 79 to 89 pct of the gold was 
eluted with 24 BV of 2M NaCI04. No sil­
ver or gold was eluted-With the mercury, 
and no gold was eluted with the silver. 

It was~ noted, however, that consider­
able AgCN precipitated in the columns 
after the H2S04 elution, although none 
came through in the eluate. This 

indicates that an elution scheme to elute 
mercury with H2S04 could not be per­
formed in a fluidized-bed column unless a 
filter followed the mercury elution to 
remove the AgCN precipitate. It was also 
necessary to remove acid from the resin 
by washing or neutralizing prior to gold 
elution to prevent AuCN precipitation in 
the gold elute. 

METAL RECOVERY 

In addition to elution, research was 
conducted to recover precious metals from 
NaOCl and NaCl04 solutions. Both of 
these solutions elute mercury and silver 
with the gold if mercury and silver are 
not removed prior to gold removal from 
the resin. For those operations not con­
taining mercury, the NaOCl or NaCl04 
would be the preferred eluant. There­
fore, tests were conducted at ambient 
temperature to recover the eluted 
metals by precipitation or electrowinning 
techniques. 

Precipitation tests were conducted by 
adding slurried powdered zinc or aluminum 
to 1 L of eluate (150 gIL NaCl, 5 gIL 
NaOH, 0.8 pct NaOCl, or 2M NaCl04) con­
taining 80 ppm Au, 12 ppm Ag, and 70 ppm 
Hg. Powdered zinc or aluminum, cleaned 
with NaOH, was added to the eluate and 
stirred. Samples of solution were taken 
every 10 min and analyzed. Over 90 pct 
of the mercury, silver, and gold were 
precipitated in 10 min from both the 
NaOCl and NaCl04 solutions with aluminum 
powder. Zinc powder precipitated 62 pct 
of the mercury, 64 pct of the silver, and 
15 pct of the gold, in 30 min. 

Electrolytic tests to recover the metal 
from the NaOCI and NaCI04 eluants were 
conducted in a compartmented flowthrough 
cell. The cell consisted of a Teflon 
filter cloth bag 1 in in diameter by 5 in 
long, filled with steel wool (cathode). 
The bag was placed in a 500-mL beaker 
containing a platinum screen anode. So­
lution, similar to that used in the pre­
cipitation tests, was pumped into the 
cell with gravity flow from the cell. 
Cell voltage was maintained at 3.5 to 4 V 
and ambient temperature. About 95 pct of 
the gold and silver were recovered 
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TABLE 4. - Column sequential elution of mercury, silver, and 
gold from strong-base anion-exchange resins, cumulative 
percent 

Cumulative IRA-430 21K SBR 
elution, Hg ~ Ag I Au Hg I Ag I Au Hg I Ag I Au 

BV 
ELUANT SOLUTION 2N H2S04 

4 •••••••••••• 4 0 0 10 0 0 5 0 0 
8 •••••••••••• 11 0 0 33 0 0 48 0 0 
12 •••••••• " •• 27 0 0 62 0 0 72 0 0 
16 ••••••••••• 63 0 0 95 0 0 97 0 0 
20 •• 0 •••••••• 85 0 0 99 0 0 100 0 0 
24 ••••••••••• 95 • 1 0 100 • 1 0 100 0 0 
28 ••••••••••• 98 .1 0 100 .2 0 100 .1 0 
32 ••••••••••• 99 .2 0 100 .3 0 100 .4 0 

ELUANT SOLUTION 200 giL NaCl IN IN HCl -
36 •.•....•••. 100 27 0 100 23 0 100 15 0 
40 •.•...•...• 100 51 0 100 77 0 100 55 0 
44 •....•..••• 100 71 0 100 97 0 100 81 0 
48 .•..•.....• 100 87 0 100 100 0 100 93 0 
52 ••••••••••• 100 95 0 100 100 0 100 96 0 
56 ..•........ 100 98 0 100 100 0 100 98 0 
60 .....••.... 100 99 0 100 100 0 100 99 0 

ELUANT SOLUTION 2M N CIO a 4 
64 •.......... 100 100 14 
68 ...••...... 100 100 43 
72 ••••••••••• 100 100 62 
76 ••••••••••• 100 100 76 
80 •......•.•• 100 100 85 
84 ••••••••••• 100 100 89 

on the steel wood cathode from both the 
NaOCl and NaCl04 eluants. Mercury had 

100 100 15 100 100 33 
100 100 44 100 100 53 
100 100 62 100 100 65 
100 100 72 100 100 72 
100 100 78 100 100 77 
100 100 80 100 100 79 

previously been removed as described in 
earlier sections. 

CONCLUSIONS 

Five strong-base anion-exchange resins 
were tested for elution of mercury, sil­
ver, and gold with inorganic acids and 
salts. The resins tested included the 
Rohm and Haas resins IRA-430 and IRA-900, 
and the Dow Chemical resins 21K, SMA-I, 
and SBR. These resins were found to have 
similar elution characteristics with 
only minor differences. Resins loaded to 
145 oz/st of each metal were eluted in 
batch and column tests. 

Mercury elution of 99 to 100 pct was 
obtained in 3 h, with 2N H2S04 in batch 
tests, and in 32 resin- BV of acid in 
column tests. Silver elution of 99 to 
100 pct was obtained in 6 h with 200 giL 
NaCl in IN HCl in batch tests, and in 
28 resin -BV of acid in column tests. 

Gold elution of 93 to 98 pct was obtained 
in 9 h with 0.75 pct NaOCl plus 150 g 
NaCl and 5 giL NaOH in batch tests. Gold 
elution of 94 to 95 pct was obtained in 
6 h with 2M NaCl04 in batch tests, and 
79- to 89-pct elution was obtained in 6 h 
in 24 resin BV in column tests. 

In the batch elution tests, some silver 
was removed from the resins with H2S04, 
and some gold was removed with strong 
chloride solutions; however, the silver 
and gold were not soluble in the dilute 
acids and could be easily filtered from 
the mercury solutions. In the column 
tests, no silver or gold was recovered 
with the mercury, and no gold was 
recovered with the silver. 
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Over 90 pct of the mercury, silver, and 
gold were recovered in 10 min from the 
NaOCl and NaCI0 4 eluants by precipitation 
with aluminum powder. Zinc powder was 
not as effective, with only 62 pct of the 
mercury, 64 pct of the silver, and 15 pct 

qf the gold being precipitated in 30 min. 
In addition, 95 pct of the gold and sil­
ver were recovered from both the NaOCl 
and NaCI04 eluants by electrolysis using 
a Teflon-bagged cathode. 
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