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of LEACHING EFFICIENCY and 
RECOVERY YIELD of the two processes

employing an acid lixiviant

Sulfuric acid process

Citric acid process
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of compounds rich of La and Co
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agent for both and1 2

of the products:
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SEM-EDS analysis

of LSC powders



To Ni:YSZ recovery 
process

MILLING
10 h in a ZrO2 ball mill

SIEVING
Mesh size 20 µm

MECHANICAL DETACHMENT

LSC powders ready 
for LEACHING and

RECOVERY PROCESS

*below detection limit

EDS analysis

• Main phase: LSC (La0,6Sr0,4CoO3)
• Impurities: YSZ, Cr

XRD analysis

LSC POWDERS 
CHARACTERIZATION

EoL SOFC

of the LSC cathode



High T LEACHING STEP
2 M H2SO4

150 g/L; 80°C; 3h
Co-rich liquor

pH 0.5

La-rich
solid

EoL LSC powders

Low T LEACHING STEP

RECOVERY #1

10 M NaOH

1st precipitate
pH ≤ 1.5

1

Equilibrium pH 1.5 
adding 10 M NaOH

RECOVERY #2
1 M H2C2O4

(stoichiometric for Co) 
50°C, 2h

2nd precipitate
pH 1.5

2

SULFURIC ACID process (1/2)

Co solubility
increases

with 
temperature

2 LEACHING 
STEPS at
different

temperatures:

1



La-rich liquor
pH 0

Low T LEACHING STEP
1 M H2SO4

150 g/L; 25°C; 1h

Residual solid
phase

-

La-rich solid from HT 
leaching

RECOVERY #1

10 M NaOH

1st precipitate
pH ≤ 1.5

3

Equilibrium pH 1.5 
adding 10 M NaOH

RECOVERY #2
1 M H2C2O4

(acid/Co ratio = 0.50) 
50°C, 2h

2nd precipitate
pH 1.5

4

SULFURIC ACID process (2/2) 

La solubility
decreases

with 
temperature



1st precipitate
pH ≤ 1.5

1

Sodium lanthanum sulfate hydrate
NaLa(SO4)2·2H2O

EDS: Average composition

2nd precipitate
pH 1.5

2

Cobalt oxalate hydrate
CoC2O4·2H2O

EDS: Average composition

Products from HIGH T
leaching stepSULFURIC ACID process: characterization of the solid phases



1st precipitate
pH ≤ 1.5

3

Sodium lanthanum sulfate hydrate
NaLa(SO4)2·2H2O

EDS: Average composition
2nd precipitate

pH 1.5

4

Cobalt oxalate hydrate
CoC2O4·2H2O

EDS: Average composition

Products from LOW T
leaching stepSULFURIC ACID process: characterization of the solid phases



Residual solid
phase

-

Strontium sulfate

EDS: Average composition

SrSO4

Recovery Yield %
%RYLa: 83 ± 2
%RYCo: 93 ± 2

Leaching Efficiency %
%LELa: 90 ± 2
%LECo: 98 ± 1

PROCESS EFFICIENCY:

SULFURIC ACID process: characterization of the solid phases and evaluation of the process efficiency 



LEACHING
2 M C6H8O7

140 g/L; 80°C; 4h
H2O2 (2%vol)

EoL LSC powders

RECOVERY #1

Oxalic acid 
(acid/La oxalate = 1)

RECOVERY #2

2nd precipitate
Residual solid

phase

-
1st precipitate

1 2

Oxalic acid 
(acid/Co oxalate = 1.5)

CITRIC ACID process

1.5h 3h

time time 

2



1st precipitate
1

EDS: Average composition

2nd precipitate
2

EDS: Average composition

Cobalt oxalate hydrate
Lanthanum oxalate hydrate

CoC2O4·2H2O
La2(C2O4)3·10H2O

Cobalt oxalate hydrate
Lanthanum oxalate hydrate
Strontium hydrogen oxalate
hydrate

CoC2O4·2H2O
Sr(HC2O4)·0.5(C2O4)·H2O
La2(C2O4)3·10H2O

CITRIC ACID process: characterization of the solid phases



Residual solid
phase

-

EDS: Average composition

Leaching Efficiency %

PROCESS EFFICIENCY:

%LELa: 84 ± 19
%LECo: 98.1 ± 0.4

Recovery Yield %
%RYLa: 73 ± 7
%RYCo: 80 ± 1

CITRIC ACID process: characterization of the solid phases and evaluation of the process efficiency

Zirconinum yttrium oxide
Zirconinum oxide

Zr0.86Y0.14O1.93
ZrO2



Conclusions

• Citric acid process involves a single
leaching step, but requires a 
reducing agent

• Sulfuric acid process provides higher 
%LE for La

• Cobalt is effectively leached by both 
the acids

• > 80% of La and Co were recovered 
in the sulfuric acid process

• High purity products are obtained 
with the sulfuric acid process

Sulfuric acid process is more efficient and reliable, providing higher quality products 



Thank you for 
your 

attention!
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