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ABSTRACT

PaZZadium is present in supernatant soZutions in the high-
saZt wastes which have been stored foZZowing the recovery of

actin€des from irradiated uranium.

A particutar means to €sotate paZZadium from Waste soZu-

tions has been demonstrated. PaZZadium is preferentiaZZy

retained on a packed coZumn of AZ€quat-336* (tricappyZ mono-

methyZ ammonium chZoride) fixed on an inept support.  A

homogeneous powder, uniformZy coated with the amine ektrac-

tant, is prepared by disso Zving AZiquat-336 in xyZene, mixing
with PZaskon** (a trifZuorochtoroethyZene potymer), and

voZatitizing the xyZene. The powder, mixed with asbestos

(flow pate aid), was packed in an 8 mm coZumn, High-saTt
basic Waste 80Zution Was passed through the coZumn unt€Z 50

percent paZZadium breakthrough was achieved, resuZting in
13.3 mg ef pal Zadium present on the 446 mg of AZiquat-336.

EZution was accompZ€shed by cycZes of 8.OM- HNO3 and 1.5M

NH 4OH.  The first cYcle of 8.0M HNO 3 resulted in the recovery

of ss percent of the paZZadium in 35 mZ of etuent (0.22

g/liter Pd).   The first cycle of 1.54 NH<lOH recovered an ad-,
ditionat 25 percent in 30 mt of eZuent. The totaZ recovery

of palladium from the coZumn in three compZete eZution cycZes

was 97 percent.

Effective separation of the paZZadium from rhodium was

evident.

*  Trade name, GeneraZ M€ZZB, Inc.
**  Trade name, AZZied ChemicaZ Company.

i
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RECOVERY OF PALLADIUM FROM NUCLEAR WASTE SOLUTIONS

USING A PACKED COLUMN OF TRICAPRYL MONOMETHYL

AMMONIUM CHLORIDE ON AN INERT SUPPORT

INTRODUCTION

Palladium and rhodium are among those elements produced in

highest yield in the fission process. The low radioactivity

of these particular fission products opens possibilities for

supplementing natural sources of the valuable metals.

The world is dependent upon South Africa, Russia, and
Canada for natural sources of palladium and rhodium. The de-

mand for these rare metals is increasing as natural reserves
are shrinking. Studies indicate that by 1978, annual rhodium

formation in United States power reactor fuels will equal the
quantity that is currently consumed by the United States in

an average year.  A similar situation will exist for palladium
(1)

by about 1990.

The current price of rhodium is more than five times that

of palladium, which places greater emphasis on separation and

recovery of rhodium. This study describes a method designed

to conveniently separate palladium from the system, thus

simplifying the recovery of rhodium, and at the same time
allowing the isolation and recovery of palladium. A report

by Panesko describes a proposed recovery process for rhodium.
(2)

His report also includes provisions for the recovery of

technetium, which is present in recoverable amounts, and pal-
ladium.

Since palladium is the principal concern of this report,

Table I is presented to indicate isotopic compositions of
natural and ptobable fission product palladium from power
reactors.
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TABLE I

ISOTOPIC COMPOSITION COMPARISON OF NA- URALAND FISSION PRODUCT PALLADIUMC  

Isotope Natural % Fission Product %

102Pd 0.96
104Pd 10.97               1
105Pd 22.23              49
106Pd 27.33 22
107Pd* None 16
108Pd 26.71               9
110Pd 11.81                3

6*  Radioactive (7 x 10  year half-life, 0.035 Mev beta, no
gamma).

Although Pd is radioactive, the activity is extremely
107

low, as is the energy of the beta particle. This, coupled

with the fact that palladium is an inert and biologically-

unreactive element, leaves little concern about the use of

fission product palladium in industry. Palladium is used

mainly in the electrical, chemical, and medical-dental fields.

The principal use of palladium in the electrical industry is

in contact points for low-voltage switch gear. In the chemi-

cal industry, it is used in hydrogen purification and as a

catalyst.

SUMMARY

A particular means to isolate palladium from waste solu-

tions for rhodium recovery has been demonstrated. Palladium

is preferentially retained on a packed column of Aliquat-336

(tricapryl monomethyl ammonium chloride) fixed on an inert

support.
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Approximately 2,400 ml of basic waste solution (0.01

g/liter Pd, 0.01 g/liter Rh) were passed through an 8 mm glass
column containing 2.8 ml of a mixture of Aliquat-336 on the

inert support and asbestos (flow rate aid) before 50 percent

breakthrough.  At 50 percent breakthrough, 13.3 mg of pal-

ladium were present on the 446 mg of Aliquat-336 contained
in the column. The column effluent contained the rhodium.

Cyclic elution with 8.OM- HNO3 and 1.5MNH4OH was used to
recover the palladium.  The first cycle of 8.OM HNO3 resulted

in the recovery of 55 percent of the palladium in 35 ml of

eluent (0.22 g/liter Pd). The rhodium content was 0.0026

g/liter.  The first cycle of 1.5 i NH4OH recovered an additional

25 percent in 30 ml of eluent (0.11 g/liter Pd). Rhodium was

not detectable.

An additional 11 percent palladium was recovered with a

complete second cycle, with 6 percent being recovered by a
third complete cycle.  The total recovery of palladium from

the column was 97 percent for three elution cycles.

EXPERIMENTAL MATERIALS                                   

ALIQUAT-336 (General Mills, Inc., Kankakee, Illinois) is
a water-insoluble quaternary mixture of C 8 and Clo carbon

chains with C 8 predominating.  The suggested chemical compound

is tricapryl monomethyl ammonium chloride. The compound is

a highly-viscous liquid with an average molecular weight of

442 and a specific gravity of 0.884
25 C
25 C'

PLASKON (Allied Chemical, Morristown, New Jersey), type             1
CTFE 2300, is a trifluorochloroethylene polymer and comes as

a fine, white powder.

Acid-washed GOOCH GRADE Asbestos (Bio Rad Laboratories,

Richmond, California).
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PREPARATION OF ADSORBENT

A procedure reported by Huff was- followed for bonding(4)

Aliquat-336 to Plaskon to form a solid ion exchange packing
material. A 50 wt percent solution of Aliquat-336 in xylene

was made. Equal weights of the solution and Plaskon were stirred
until uniform. This mixture was kept at 70 C until a constant

weight was attained--the weight loss being equivalent to com-

plete volatilization of the xylene diluent. The resultant

product was a homogeneou5-powder that appeared to be uniformly
coated with the amine extractant.

COLUMN PACKING

An 8 mm column was packed to a volume of 2.8 ml with the

prepared adsorbent mixed with asbestos. The Gooch Grade

asbestos, which occupied 40 percent of the volume, was used

to give porosity to the column and thus increase flow rate.
The column contained 446 mg of tricapryl monomethyl ammonium

chloride.

STABILITY OF PACKING

The material showed excellent stability as to bonding

between the extractant and the inert support. Approximately'

7 percent of the extractant was easily washed off with water,

while the remainder was very well bonded. Alkaline feed and

eluting agents did not cause significant removal of the
extractant.

ANALYTICAL

Atomic absorption methods were used for the determination

of palladium and rhodium.
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Tricapryl monomethyl ammonium chloride was determined by

recording spectrophotometer in the near-infrared region
(5)

(2„97 microns) using carbon tetrachloride as the diluent.

FEED SOLUTION AND COLUMN LOADING

Waste solutions generated by processes involving recovery
of actinides from irradiated uranium are made alkaline and

stored for years in huge underground tanks. The feed material

used in this study was supernatant solution from these stored

high-salt wastes after cesium removal.

Table II presents the approximate composition of the feed

solution.

TABLE II

APPROXIMATE FEED SOLUTION

Na+ 5  M        Rh   0.01 g/liter

N03 0.5M Pd 0.01 g/liter
NO 2 M Tc 0.02 g/liter2 -=
CO 1  M

3=      -
SO 0.3M        pH   11-12

4

Approximately 2,400 ml of the feed solution were passed

through the column at rates 0.2 to 0.5 ml/min. At 50 percent

breakthrough, 13.3 mg of palladium were present on the
column. A color photograph of the loaded column (50 percent

breakthrough) is attached (page 10).

ELUTION

Preliminary runs, involving synthetic solutions in which
reagent grade Pd(N03)2 was used, indicated good loading
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characteristics and excellent elution with 1.5M ammonium
(6)     -hydroxide„ Analytical work by Campbell had indicated that

1.5M ammonium hydroxide may prove effective. An initial run

involving process solution indicated that only 3.3 percent

of the loaded palladium was eluted by 1.5M NH4OH.

It is known that palladium species formed in process solu-
tions are much different from that involved in simple laboratory
makeup.  Several species of nitrogen-oxygen complexes are
thought to occur in process solutions for both palladium and

rhodium. Considerable work has been done by Hoffman to(7)

identify the rhodium species. Identification of the palladium
species remains to be done.

It was found that 8.OM HNO3 would elute considerable pal-
ladium as well as affect a change in much of that left on the

column, so that 1.5M NH OH could be used to elute the new- 4
species„ Thus a cyclic system of elution was developed as

indicated in Table III, page 7.  Note that wash solutions were

used between acid and base additions to avoid heat generation
and to better define the elution characteristics of each
solution.

The three elution cycles resulted in a palladium recovery

of 97 percent. All acidic solutions were made basic with

NH4OH, after elution, to avoid precipitation of palladium com-

pounds with time.

TEMPERATURE

Loading and elution were accomplished at approximately

25 C. Scouting runs indicated that benefits from temperatures
in excess of 25 C were negligible„



7                     ARH-SA-28

TABLE III

ELUTION OF PALLADIUM FROM LOADED COLUMN

Volume Palladium Rhodium
Solution ml mg % Recovery mg
0.1M HNO 3 60 <0.05

Cycle 1

8.OM HNO3        5 3.825 0.055
8„OM HNO3        5 1.620 0.025
8.OM HNO3        5 0.865 <0.01
8.OM HNO3        5        0.530
8.OM HNO3        5        0.340
8.OM HNO3        5 0.210 55.6

H2O         5        0.074
H20         5 <0.005 0.6

1.5M NH4OH       5 2.520 <0.01
1.5M NH 4OH       5 0.510 <0.01
1.5M NH4OH       5        0.159
1.5M NH4OH       5       0.056
1.5M NH4OH       5 0.041 24.7

H2O         5 0.022 0.2

Cycle 2

8.OM HNO3        5        0.310
8.OM HNO3        5        0.342
8.OM HNO3        5        0.180
8.OM HNO3        5 0.115 7.1

H2O         5 0.040 0.3

1.5M NH4OH       5        0.349
1.5M NH4OH       5        0.075
1.5M NH4OH       5        0.042
1.5M NH 4OH       5 0.011 3*6

H20         5       <0.005

Cycle 3

12„OM HNO3        5        0.210
12.OM HNO3        5        0.175
12.OM HN03        5        0.135
12.OM HNO3        5 0.065 4.4

H2O 10 <0.005

1.5M NH 4OH       5        0.151
1.5M NH4OH       5        0.035
1.5M NH 4OH       5        0.010
1.5M NH4OH       5 0.007 1.5

H2O 10 <0.005

L                                                                                                                                                                                 -
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PURIFICATION

Additional purification and concentration of palladium,

involving Pd(NH3)2C12 and palladium dimethylglyoximate pre-

cipitation steps have been developed by Panesko„
(8)
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ABSTRACT

PaZZadium is present in supernatant sotutions in the high-
saZt wastes which have been stored foZZowing the recoDery of

actinides from irradiated uranium.

A particuZar means to €soZate paZZadium from waste soZu-

tions has been demonstrated. PaZZadium is preferentiaZZy

retained on a packed coZumn of AZiquat-336* (tricappyZ mono-
methy Z ammonium chZoride) fixed on an inept support.  A

homogeneous powder, uniformZy coated with the amine extrac-

tant, is prepared by dissoZving AZiquat-336 in xyZene, mixing
with PZaskon** (a triftuorochZoroethy Zene poZymer), and

voZatitising the xyZene. The powder, mixed with asbestos

(fZow rate aid), was packed in an 8 mm coZumn.  High-saZt
basic waste soZution was passed through the coZumn unt€Z 50

percent paZZadium breakthrough was achieved, resuZting in
13.3 mg of· paZZadium present on the 446 mg of AZ€quat-336.

EZution was accompZ€shed by cycZes of 8.OM HN03 and 1.SM
NH4OH.  The first cYcle of 8.OM HNOB resulted in the recovery

of ss percent of the paZZadium in 35 mZ of eZuent (0.22

g/liter Pd) .   The first cycle of 1.SM_ NH 4OH recovered an ad-

ditionaZ 25 percent in 30 mZ of eZuent. The totaZ recovery

of paZZadium from the coZumn in three compZete eZution cycZes

was 97 percent.

Effective separation of the pa ZZadiu0 from phodium was
evident.

*  Trade name, GeneraZ M€ZZB, Inc.
**  Trade name, AZZied ChemicaZ Company.
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RECOVERY OF PALLADIUM FROM NUCLEAR WASTE SOLUTIONS

USING A PACKED COLUMN OF TRICAPRYL MONOMETHYL

AMMONIUM CHLORIDE ON AN INERT SUPPORT

INTRODUCTION

Palladium and rhodium are among those elements produced in

highest yield in the fission process. The low radioactivity

of these particular fission products opens possibilities for

supplementing natural sources of the valuable metals.

The world is dependent upon South Africa, Russia, and

Canada for natural sources of palladium and rhodium. The de-

mand for these rare metals is increasing as natural reserves
are shrinking. Studies indicate that by 1978, annual rhodium

formation in United States power reactor fuels will equal the
quantity that is currently consumed by the United States in

an average year. A similar situation will exist for palladium

by about 1990.
(1)

The current price of rhodium is more than five times that

of palladium, whi'ch places greater emphasis on separation and
recovery of rhodium. This study describes a method designed

to conveniently separate palladium from the system, thus

simplifying the recovery of rhodium and at the same time
allowing the isolation and recovery of, palladium. A report

by Panesko describes a proposed recovery process for rhodium.
(2)

His report also includes provisions for the recovery of
technetium, which is present in recoverable amounts, and pal-

ladium.

Since palladium is the principal concern of this report,

Table I is presented to indicate isotopic compositions of

natural and probable fission product palladium from power
reactors.
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TABLE I

ISOTOPIC COMPOSITION COMPARISON OF NA URALAND FISSION PRODUCT PALLADIUM(  

Isotope Natural % Fission Product %

102Pd 0.96
104Pd 10.97                1
105Pd 22.23              49
106Pd 27.33 22
107Pd* None 16
108Pd 26.71               9
110Pd 11.81               3

6*  Radioactive (7 x 10  year half-life, 0.035 Mev beta, no
gamma).

Although Pd is radioactive, the activity is extremely
107

low, as is the energy of the beta particle. This, coupled

with the fact that palladium is an inert and biologically-

unreactive element, leaves little concern about the use of

fission product palladium in industry. Palladium is used

mainly in the electrical, chemical, and medical-dental fields.

The principal use of palladium in the electrical industry is

in contact points for low-voltage switch gear. In the chemi-

cal industry, it is used in hydrogen purification and as a

catalyst.

S,UMMARY

A particular means to isolate palladium from waste solu-

tions for rhodium recovery has been demonstrated. Palladium

is preferentially retained on a packed column of Aliquat-336

(tricapryl monomethyl ammonium chloride) fixed on an inert

support.
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Approximately 2,400 ml of basic waste solution (0.01

g/liter Pd, 0.01 g/liter Rh) were passed through an 8 mm glass
column containing 2.8 ml of a mixture of Aliquat-336 on the

inert support and asbestos (flow rate aid) before 50 percent

breakthrough. At 50 percent breakthrough, 13.3 mg of pal-

ladium were present on the 446 mg of Aliquat-336 contained
in the column„ The column effluent contained the rhodium.

Cyclic elution  with  8. OM  HNO3  and  1.5M  NH<lOH  was  used  to
recover the palladium.  The first cycle of 8.OM HNO3 resulted

in the recovery of 55 percent of the palladium in 35 ml of

eluent (0.22 g/liter Pd). The rhodium content was 0.0026

g/liter.  The first cycle of 1.5M- NH4OH recovered an additional

25 percent in 30 ml of eluent (0.11 g/liter Pd). Rhodium was

not detectable.

An additional 11 percent palladium was recovered with a

complete second cycle, with 6 percent being recovered by a

third complete cycle. The total recovery of palladium from

the cblumn was 97 percent for three elution cycles.

EXPERIMENTAL MATERIALS

ALIQUAT-336 (General Mills, Inc., Kankakee, Illinois) is
a water-insoluble quaternary mixture of C 8 and Clo carbon

chains with C 8 predominating. The suggested chemical compound

is tricapryl monomethyl ammonium chloride„ The compound is

a highly-viscous liquid with an average molecular weight of
25 C

442 and a specific gravity of 0.884 25 C'

PLASKON (Allied Chemical, Morristown, New Jersey), type
CTFE 2300, is a trifluorochloroethylene polymer and comes as

a fine, white powder.

Acid-washed GOOCH GRADE Asbestos (Bio Rad Laboratories,

Richmond, California).
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PREPARATION OF ADSORBENT

(4)
A procedure reported by Huff    was followed for bonding

Aliquat-336 to Plaskon to form a solid ion exchange packing
material.  A 50 wt percent solution of Aliquat-336 in xylene

was made. Equal weights of the solution and Plaskon were stirred
until uniform. This mixture was kept at 70 C until a constant

weight was attained--the weight loss being equivalent to com-

plete volatilization of the xylene diluent. The resultant

product was a homogeneoua- powder that appeared to be uniformly
coated with the amine extractant.

COLUMN PACKING

An 8 mm column was packed to a volume of 2.8 ml with the

prepared adsorbent mixed with asbestos. The Gooch Grade

asbestos, which occupied 40 percent of the volume, was used

to give porosity to the column and thus increase flow rate.
The column contained 446 mg of tricapryl monomethyl ammonium

chloride.

STABILITY OF PACKING

The material showed excellent stability as to bonding

between the extractant and the inert support. Approximately

7 percent of the extractant was easily washed off with water,

while the remainder was very well bonded. Alkaline feed and

eluting agents did not cause significant removal of the
extractant.

ANALYTICAL

Atomic absorption methods were used for the determination

of palladium and rhodium.
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Tricapryl monomethyl ammonium chloride was determined by

recording spectrophotometer in the near-infrared region

(2.97 microns) using carbon tetrachloride as the diluent.
(5)

FEED SOLUTION AND COLUMN LOADING

Waste solutions generated by processes involving recovery
of actinides from irradiated uranium are made alkaline and

stored for years in huge underground tanks„ The feed material

used in this study was supernatant solution from these stored

high-salt wastes after cesium removal.'

Table II presents the approximate composition of the feed

solution.

TABLE II

APPROXIMATE FEED SOLUTION

Na+ 5 M Rh   0.01 g/liter

N03 0*5M Pd 0.01 g/liter
NO 2 M Tc 0.02 g/liter2 -

C03= 1 M
SO 0.3M        pH   11-12

4

Approximately 2,400 ml of the feed solution were passed

through the column at rates 0.2 to 0.5 ml/min. At 50 percent

breakthrough, 13.3 mg of palladium were present on the
column. A color photograph of the loaded column (50 percent

breakthrough) is attached (page 10).

ELUTION

Preliminary runs, involving synthetic solutions in which
reagent grade Pd(N03)2 was used, indicated good loading
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characteristics and excellent elution with 1.5M ammonium
(6)     -hydroxide. Analytical work by Campbell had indicated that

1.5M ammonium hydroxide may prove effective. An initial run

involving process solution indicated that only 3.3 percent

of the loaded palladium was eluted by 1.5M NH4OH.

It is known that palladium species formed in process solu-
tions are much different from that involved in simple laboratory
makeup.  Several species of nitrogen-oxygen complexes are

thought to occur in process solutions for both palladium and
rhodium.  Considerable work has been done by Hoffman(7  to

identify the rhodium species. Identification of the palladium
species remains to be done.

It was found that 8. OM HNO3 would elute considerable pal-
ladium as well as affect a change in much of that left on the

column, so that 1.5M NH4OH could be used to elute the new
species. Thus a cyclic system of elution was developed as

indicated in Table III, page 7.  Note that wash solutions were

used between acid and base additions to avoid heat generation
and to better define the elution characteristics of each
solution.

The three elution cycles resulted in a palladium recovery

of 97 percent. All acidic solutions were made basic with

NH4OH, after elution, to avoid precipitation of palladium com-

pounds with time.

TEMPERATURE

Loading and elution were accomplished at approximately

25 C. Scouting runs indicated that benefits from temperatures

in excess of 25 C were negligible.
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TABLE III

ELUTION OF PALLADIUM FROM LOADED COLUMN

Volume Palladium Rhodium
Solution ml mg % Recovery mg
0.1M HNO3 60 <0.05

Cycle 1

8.OM HNO3        5        3.825             '       0.055
8.OM HNO3        5 1.620 0.025
8.OM HNO3        5 0.865 <0.01
8. OM HNO 3        5        0.530
8.OM HNO3        5        0.340
8.OM HNO3        5 0.210 55.6

H2O         5        0.074
H20         5 <0.005 0.6

1.5M NH4OH       5 2.520 <0.01
1.5M NH 4OH       5 0.510 <0.01
1.5M NH4OH       5        0.159
1.5M NH4OH       5.       0.056
1.5M NH4OH       5 0.041 24.7

1

-

H2O         5 0.022 0.2

Cycle 2

8.OM HNO3        5        0.310
8.OM HNO3        5        0.342
8.OM HNO3        5        0.180
8.OM HNO3        5 0.115 7.1

H2O         5 0.040 0.3

1.5M NH4OH       5        0.349
1.5M NH4OH       5        0.075
1.5M NH4OH       5        0.042
1.5M NH 4OH       5 0.011 3.6

H2O         5       <0.005
Cycle 3

12.OM HNO3        5        0.210
12„OM HNO3        5        0.175
12.OM HNO3        5        0.135
12.OM HNO3        5 0.065 4.4

H2O 10 <0.005

1.5M NH 4OH       5        0.151
1.5M NH4OH       5        0.035
1.5M NH 4OH       5        0.010
1.5M NH4OH       5 0.007 1.5

H2O 10 <0.005
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PURIFICATION

Additional purification and concentration of palladium,

involving Pd(NH3)2C12 and palladium dimethylglyoximate pre-

cipitation steps have been developed by Panesko.
(8)
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