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Solid Oxide Fuel Cells (SOFCs)
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Experimental design

of LSC powders

o Sulfuric acid process
employing an acid lixiviant

S

of compounds rich of La and Co

Oxalic acid was used as precipitating of the products:

agent for both o and XRD analysis

SEM-EDS analysis

of and
of the two processes
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MECHANICAL DETACHMENT
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o SULFURIC ACID process (1/2)

2 LEACHING

STEPS at
different
temperatures:

Co solubility
Increases
with
temperature

EoL LSC powders

Equilibrium pH 1.5
adding 10 M NaOH

4

10 M NaOH
/I-Iigh T LEACHING STEP / RECOVERY #1
2 M H,SO,
150 g/L; 80°C; 3h

Co-rich liquor

J pH 0.5
—>

)

J

La-rich
solid

1%t precipitate
pH<1.5

‘ > Low T LEACHING STEP )))

RECOVERY #2
1 M H,C,0,
(stoichiometric for Co)
50°C, 2h

2" precipitate
pH 1.5




SULFURIC ACID process (2/2)

La solubility
decreases
with
temperature

”

La-rich solid from HT
leaching

v

/Low T LEACHING STEP
1M H,SO,
150 g/L; 25°C; 1h

esidual solid
phase

La-rich liquor
pHO

10 M NaOH

4

1%t precipitate
pH<1.5

Equilibrium pH 1.5
adding 10 M NaOH

J

/ RECOVERY #2

1 M H,C,0,
(acid/Co ratio = 0.50)
50°C, 2h

2" precipitate
pH 1.5




SULFURIC ACID process: characterization of the solid phases

Ii . .
‘ 1%t precipitate

pH<1.5

Intensity {a.u.)
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Sodium lanthanum sulfate hydrate

Nala(S0,),-2H,0

EDS: Average composition

Element Yow
La 40.9
8] 37.6
5 12.4
Na b.6
Co 0.7
Y <[.5
Sr <[.5
Cr <[.5
Ni <[.5
Zr < 0.5

Intensity (a.u.)

)

2"d precipitate
pH 1.5
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Cobalt Oxalate Hydrate
REF: 00-001-0296

Position (*23)

Cobalt oxalate hydrate
CoC,0,-2H,0

Products from HIGH T
leaching step

EDS: Average composition

Element Yow
0 50.7
Co 32.6
C 12.1
Ni 4.0
La < 0.5
Na < 0.5
Cr < 0.5
Zr < 0.5
Sr < 0.5
Y < 0.5
S < 0.5




Products from LOW T
leaching step

SULFURIC ACID process: characterization of the solid phases

)

15t precipitate 2" precipitate
‘ pH<1.5 EDS: Average composition pH 1.5 EDS: Average composition
Element Yow : Element Sow
La 44.0 o] 46.5
o] 34.9 Co 31.0
) s 12.4 ) . C 11.7
%J‘LJL_JJ.JLLI ||I|* li i Na 6.8 ; J I e ee Ni 5.3
g — Cr 0.9 i [ La 2.0
Ni <0.5 ) o Sr 16
I I BT Y |1 Co <0.5 | o e Na 1.0
Y <05 T s <0.5
| L M ..|5‘0.|. I Sr <0.5 - - - Zr <0.5
Position (°20) Zr < 0.5 Position ('20) Y < 0.5
Sodium lanthanum sulfate hydrate Cobalt oxalate hydrate < =0
: 2 at CoC,0,2H,0

NalLa(SO,),-2H,0 %




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

PROCESS EFFICIENCY:

Residual solid

phase EDS: Average composition
Element Yow
: g'i Leaching Efficiency %
r .
_ x\,/\_ﬁk s 9.8 %LELaZ 90+ 2
é‘ La 8.3 (0) . +
7 . %LE.:98 1
‘ ‘ Co 1.5
| ‘ [ ‘ [T B L Y 1.0
REF: 01-083-0952 Ni { {}-5
— | | “ | | | I TR Cr <0.5

Position ("23)

Recovery Yield %
%RY,,: 83 % 2

Strontium sulfate
SrSO,

%RY,,: 93 + 2




Q CITRIC ACID process

Oxalic acid Oxalic acid
EoL LSC powders 1.5h (acid/La oxalate = 1) 3h (acid/Co oxalate = 1.5)

/~ LEACHING —— .
2 M CH,0, ° — >

140 g/L; 80°C; 4h time
H,0, (2%vol)

/ RECOVERY #1 / RECOVERY #2
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Y d d

Residual solid . . p .
phase 1 precipitate 2" precipitate




Intensity [a.u.)

CITRIC ACID process: characterization of the solid phases

Ii . . '7
" 1 precipitate 2" precipitate
- EDS: Average composition _ EDS: Average composition
[ Element %w Element %w
0 47.4 0 45.9
La 16.8 La 16.5
c 15.6 : C 16.3
Peak list Co 15.1 é Peak list Co 12.7
| m TRREET | 1 L1yt | Sr 4.0 L * Cobalt Oxalate Hydrate Sr 5.9
* IF-':I:-_I:}SJL:.E:}‘S‘):[EJ;LU e Ni []-5 | — ) L lO.Str!'wt:u-\‘.H\!’dmR;P:\DxaI-ate}I-','r:ra-te Ni 1-3
L L ,Ll_J.; |l 1L |I|J.;‘l L ||. J.;I,u._l.;l,'.J.u:.'...-;.-‘th__J;IEL}-;:;;.l.t:-f}:‘__d__u Zr o {}_5 | | I I SR U T 1 1 Y Y I FTE.F:O[;.O:IEEiHMMLW”vdlat‘ 1"' [L?
| _ | - | Cr <0.5 " bl b ST | cr T
v ” Positiont“;\‘: ” ” “' = {}-5 Position (*2{3) Zr L {}_5
Cobalt late hvdrat Cobalt oxalate hydrate
Lo tah oxalate Iyt rahe drat Lanthanum oxalate hydrate
anthanum oxalate hydrate Strontium hydrogen oxalate
CoC,0,-2H,0 hydrate
La,(C,0,),-10H,0
2(C;04)3-10H, CoC,0,-2H,0

Sr(HC,0,)-0.5(C,0,)-H,0
La,(C,0,)5-10H,0
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CITRIC ACID process: characterization of the solid phases and evaluation of the process efficiency

Residual solid
phase

Peak list

I .\ |

* Zirconium Yttrium Oxide]
REF:01-082-1243

+ Zirconium Oxide

‘ REF: 01-078-0047|
N L

1 I Ll
20 30 40 50 60 70
Position (°283)

Zirconinum yttrium oxide
Zirconinum oxide

215 86Y0.1401.03
ZrO,

EDS: Average composition

Element Yow
o 45.6
La 23.0
C 19.3
Co 8.4
Sr 1.6
Ni 0.9
Zr 0.9
Cr < 0.5
Y < 0.5

PROCESS EFFICIENCY:

Leaching Efficiency %
%LE,: 84 19
%LE.:98.1+ 0.4

Recovery Yield %
%RY,,: 73 + 7

%RY,:80+1




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

Process efficiency:

%LE,,: 90 + 2
%LE,: 98 + 1

%RY,,:83 + 2
%RYc,: 93 + 2

Products quality:

* Sodium lanthanum sulfate hydrate
NaLa(SO_l};'ZH;O
0,8%w impurities

* Cobalt oxalate hydrate
COC:O._l'ZHzO

6.5%w impurities

La:(c:o._l:}g'j_OHzO‘i' COC:O._l'ZHzO + Sr(HCZO4}'O<5(Czo4}'H O

%LE,,: 84 + 19
%LEc,: 98.1+ 0.4

%RY,,:71+6
%RYc,: 78 + 2

Mixture:

Lanthanum oxalate hydrate +
Cobalt oxalate hydrate +
Strontium hydrogen oxalate hydrate

£

Low purity products
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