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Approxim ately 19.2 milli on kg 
(42.3 million lb) of cobalt con ­
tained within the U.S. National De­
fense Stockpile is classif ied as 
grades B and C. Th is material 
cannot be used for strategic and 
criti ca l applications but is ade­
quate for less cri tica l uses. Since 
the stockp ile was established to 
meet United States needs in the 
event of a nat ional emergency , it 
follows that if the stockpi le is to 
be mainta ined, the lower quality 
grades B and C cobalt sl1ould be 
upgraded or replaced 111

. 

Existing technology to upgrade 
lowe r q ua lit y coba lt in c lud es 
methods for producing catalysts 
and co balt co mpou nds. Thi s 
technology could produce from 
the stockpile cobalt an extra fine 
cobalt powder, which could be 
used in t11e prod ucti on of ce­
m ented carbide s. Ch emi ca l 
means can also be uti lised to pro­
duce powder compacts for vac­
uum melted superalloys. 
However, high-surface-area co­
balt powders oxid ise easily and 
thus would be unsuitable fo r long­
term stockpile storage. 

Researchers at the SLRC have 
developed a process scheme util ­
ising a novel Double Membrane 
Electro lytic Cell (DMEC) and con­
ventional hydrometallurg ical 
tec hni q u es to produ ce, from 
lower qu ality stockp ile coba lt, 
cathodes meeting DOD specifica­
ti o n P1 3 -R6-g r ade A da t ed 
December 18, 1985'21

. 

Table 1 - Analysis from th e Cobalt Stockpile Emergency Demonstration 

Element Stockpile P13-R6-A DMEC Cathodes 
Cu/units COl)alt SQecification No. 1 No. 2 No. 3 

Co% 97.350* 2'.99.850 99.89 99.91 99.9 
Ni% .450* .065 .045 .039 .044 
Fe% .150* .010 .025* .004 .004 
Mn% .1°10* .001 <.0005 < 0005 <.0005 
Cu% .036* .0044 <.001 .001 <. 001 
Pb ppm 3.2 5 8* 1.2 3.5 
Zn% .015* .0034 .001 1 <.001 < .001 
Si% .11 O* .0054 <. 005 < .005 < 005 
Al% .038* .0054 < 005 <.005 < .005 
So/o .017* .002 <. 001 < 001 < .001 
C% .089 .014 .004 .003 .003 
II ppm 290* 14 9 3 3 
0 % 1.40* .020 .005 .0029 .0027 
Bi ppm <.50 <.5 < .5 < .5 
As ppm < 1 10 < 1 < 5 < 5 
N% .004 .0014 < 001 <.001 <.001 
Sb ppm <1 5 1 < 1 < 1 
Po/o <. 005 '' 0034 < 003 <.003 <.003 
Sn ppm 2.70 14 < 5 < 5 < 5 
Se ppm < 1 5 1 < 1 < 1 
Ag ppm <.70 5 <.5 <.5 <.5 
Zn+ Cd% .015* .0044 .0012 <.001 < .001 
Te ppm < .50 5 <.5 <.5 <. 5 
Ti ppm < 1 5 < 1 < 1 < 1 
Hg ppm < 1 5 < 1 < 1 < 1 
Cl ppm < 50 400 <400 < 100 < 100 
Na% .70* .02 < 001 <.00 1 < .001 
Mg% .039* .010 < .0005 < .0005 < 0005 
Ca% .057* .020 <. 00 1 <.001 .001 

* Exceeds s eci fication P13-R6 rade A, dated Dec. 8 1985 
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Four kegs of stockpile cobalt were 
received at the SLRC from tl1e De­
fe n se Lo gi sti cs Age ncy. Th e 
sample consisted of approximately 
1000 kg (2,200 lb) of rondelles (see 
fi gure 1) measuring 1 .3 crn in di­
ameter by 2. 5 cm long (0.5 in di­
ameter by 1.0 in long). An analytica l 
composite from each keg was pre­
pared and sent to an independent 
laboratory to be assayed for the 
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suite of elements listed in the DOD 
specification. Average analytica l re­
su lts are presented in Table 1. 

Tl1e key featu re of the upgrade proc­
ess is the DMEC. The DMEC, as 
used in th is applicat ion , is essentially 
a novel electrorefining cell. Stockp il e 
cobalt is electro lytically dissolved in 
anode baskets while l1igl1 purity co­
balt is deposited at the cathode. A 
cobalt chlorid e anolyte is generated 



Fig. 1 - Cobalt rondelles from National Defense Stockpile 

by dissolving the stockpile cobalt. 
In addition to the cobalt , several 
impurities, sucl1 as copper, iron, 
zinc and nickel, dissolve and re­
port to the anolyte. These impu­
rities must be removed from the 
anolyte before hig l1 purity cobalt 
can be produced. DMEC anolyte 
typically assayed 60-70 g/L Co, 
20 mg/L Fe, 0.25 mg/L Cu, 1.3 
mg/L Zn, 0.03 g/L Ni and 120 g/L 
er at a pll of 2.0-2.2. 

0. 15 mg/L Ni and 120 g/L Cl . This 
purified anoly te was t11 en utilised as 
catholyte feed. 

Tl1e DMEC evolved from the early 
work of Redden 131 on high purity 
cobalt and nickel recovery from 
superalloy scrap. Tl1e DMEC is 
comprised of three sect ions ; an 
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anode compartment, a membrane 
compartment and a cathode com­
partment. A demonstration scale 
DMEC was fabricated for the stock­
pile upgrade work. The cell was de­
signed to accomodated four anode 
baskets and three cathodes. Eacl1 
anode basket has a 23 kg (50 lb) 
capac ity and each stainless steel 
cathode has 0.32 m2 (3.4 ft2

) surface 
area. 

The basic function of the DMEC is to 
dissolve stockpile cobalt at t11e an­
odes and deposit high purity cobalt 
at the cathodes. Anionic membranes 
separate the anodes and cat11odes. 
The membranes perform two key 
funct ions. First, the membranes al­
low the transpo rt of chloride ions 
from t11 e catholyte to the anolyte. 
Second, the membranes prevent 
anolyte impurities from migrating to 
t11e catholyte. Tl1i s configu ration 
makes it possible to produce an ultra 
pure cat11ode product. A schemat ic 
diagram of tl1e DMEC is shown in 
figure 3. 
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Three 1 00 hr cont inuous 
operat ions were con­
ducted to demonstrate 
p rocess viab ility . The 
DMEC was operated at 
current densities rangin~ 

from 350 to 450 amps/m 
(32.5-41.8 amps/ft2

) and at 
potentia ls of 3.8 to 4.5 
volts. Test results indi­
cated that DMEC operation 
was very efi icient with cath­
ode current effi ciencies ex­
ceed ing 97% and energy 
consumptions ranging 
from 4.0 to 4. 7 kwh/kg (1.8-
2. 1 kwh/ lb) . 

Several solution purifica­
tion operations were evalu­
ated to remove th e 
impurities from the anolyte. 
The most promising were 
incorporated into t11 e fl ow­
sheet shown in figure 2. 
Copper was removed from 
the anolyte by cementat ion 
witl1 iron. the cementation 
effluent was filtered and 
the n treated for iron re­
moval by an 
oxidat ion-hydrolysis pro­
cedure. A solvent ex1rac­
tion (SX) c ircu it utilising 
Di-2-ethy l hexyl phospho­
ri c acid (DEllPA) was used 
to extract zinc, and a sec­
ond SX circuit employ ing 
decy l oxime (DOX) was uti l­
ised to ex1ract nicke l. The 
treated anolyte was then 
passed through a packed 
column of activated carbon 
to remove organic con­
taminants and any residual 
impurities. After treatment, 
the purified anolyte typi ­
ca lly contained: 60-70 g/L 
Co, < 0.03 mg/L Fe and Cu, 
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Cathode 1, from the first 
cont inuous operation, was 
analysed by an independ­
ent laboratory. Analytical 
results , table 1, indicate 
that the cathode met speci­
fi cations for all 28 impuri­
ties except iron and lead. 
The iron contamination 
was traced to the activated 
carbon used in the solution 
purification scheme. Re-Fig. 2 - Process Flowsheet 

placing the carbon with an 
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Fig. 3 - Schematic disgram of OMEC operation 

acid washed carbon alleviated 
the iron problem. The lead con­
tamination was thought to be as­
sociated with the graphite anode 
contacts used in the DMEC. An 
acid preleach of the graphite was 
conducted prior to the second 
and third demonstration opera­
tions. 

Analysis of cathodes from the 
third cont inuous demonstration, 
cathodes 2 and 3, indicated that 
the cathodes met criteria for all 29 
elements mandated by tl1e P 13-
R6 grade A specification. Table 1 
compares the DOD specification 
to the stockpile cobalt and the 
DMEC cathode products. Figure 
4 shows several cobalt cathodes 
that were produced along with the 
impure stockp ile material. 

quality stockpile cobalt yielding 
grade A cobalt cathodes. Tl1e up­
graded cobalt contained >99.9% 
cobalt while meeting specifications 
for all 28 impurities. 
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DMEC technology coupled witl1 
conventional hydrometallurgical 
solution purification procedures 
successfu lly upgraded lower Fig. 4 - Photograph of high purity OMEC cobalt cathodes and stockpile cobalt 

8 



OBALT NEWS 

3 COBALT SURFACES 

9 C.D.I. 1994 DIARY 

10 COBALT in AUSTRAL! 

ULTI MET Stor ies DEC 


