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Synthesis and conductive properties of LaNiQOj;

ceramics for fuel cell

Ju—Hyun Cho

Department of Electronic Engineering
Graduate School of Industry
Pukyong National University

Abstract

La;-sNiO3; ceramics have been synthesized by using a mechanochemical
process, and their densities and conductive properties were discussed with
sintering temperatures(800~1100C) and nonstoichiometric composition( 8 =-0.06,
0. 0.06, 0.1). A single phase perovskite LaNiOs; was shown at 80 or 900C and
La:NiO; was observed at 1000C above. The conductivity of samples with
LaNiQO; structure showed 100 S/cm, but the samples with La:NiO; showed 60
S/cm. Densities and conductivity properties of & =0.06 sample with excessive La
were excellent in all samples. LajwsNiO3 ceramics sintered at 900C showed
density of 4.85 g/cm and conductivity of 120 S/cm. The conductivity of LaNiOj
ceramic decreased with increasing temperature and it showed the metallic

conductivity.



I_k]i

LaMO;& 238 (7|4 Me 3dAEE zZHE Mo F4£22 Ni, Co,
Mn, Fe, Ti 5)& 3 & 27}o] E(perovskite) ZH T ZE 7120, 3d- o)
59 JtAAIE +27ell A 372 W gt mElx] MY EH e 2o F
Aol wstale MNAEY AgEZ A Ao

LaNiOze ¢% p¥ wteAoly, & A7HEAGT wg £ 4ts
-3t BEAE JHREER, ARAA Ageay A= st E BF
aEln Wgs e {7 AR AFdEuiz AR Eo] gt gz
S CHY A3t LaNiO; E29 #WolA dojubz, Nit'e} Ni¥° A}o)

2 guss Zulg WSl N F5E Hat 2¥=HAGs} @

A W8S e T AMA ALV HAREG olgdt EA uw Fo
Matinezs € LaNiO3E& 83 HAAE Ag2z A3 Aoz Aztg

sk A A Uﬂ.‘%}—% A 8§ A X (direct methanol fuel cell)®} <=} w3kt

2
u

A #] (proton exchange membrane fuel cell)®] ZHZFojiL} A3 Ao W
7 AF8-E L Aok 28y HagE A AdEHE T3 AHEY
COell oA Wig3 2 AgEHe] &3 7] SufAA Zvluz) g
7 dejuby] WEe) Axlel mgol ALY ol FAHS HAs
A AR Aol dojA WHge] AR FEFE Fold A, S WFS
A g2 FujEdo] a7dY. FHol| LaNiOy AHstE2 & v g9
13 £#2 Axe 283 $58 S0 #48 "ol dge dzts %3
A7l Feujgta g3 9 7 ds Wee] F2 dAE

2ok a2y LaNiOs 4HstEE wE Ages BdE &
I, ARG A Al B Eo] 1000T o] de] Ik

’

o
O =

d

a4



Adte AzFTA} dA8 =24 5 98 71R 9 82 7)¢stE Row
#do gy 22 25Z 1000C ©ldtz stz Agese 2zawUw
£ ¥old, LaNiO; Algkul Ao A7|H HAEAo] F718 Roz 7ue

oZ
S

LaNiOs Algtel =9 AzxFHL 349, A4y, 22499 d2y® g
g wew 5 o] whdel A Atk 234 LaNiOs: Yuba o
2 La:039F NiO29] #§A4ez2 w=s Zlo] REAQ who|h e}
LaxOse $E3 w338te] La(OH»E A W8st7] 2o Y o)jzlo]
LaNiOs9] #Adel o] & Zo2 AZtEmz B9 wiylo] ojd Al g
& el a7y HIoE £2Y EF AoAM 2FTF oldel Y4
E e BTE F4s8td 24719 AEE A YU A R At YAt
o] A717} vlAEn Aol A o] wdlo] B} HAH =R ¢
A dEzkel FHEA ko] dojus ARG oj&d wIwAvZ
(mechanochemical) 8 o] %ol ApgHTIE o] wwie F3A) o
ojuf ¢FE& 59 &rirt AREA Yoo FAHS B s
UT ol o] Ut

2 AFeM e LaNiOs Mt 2o Az AHo A daleAv)d A
Z oA3 JxtzT)e] BES Ado] AlREE Az LaNiO; Aleke
29 HAY £2F 5 F ¥7] A8 800~1100C7HA 73 27 A 9 A2

S

o
[

ok

‘,o

—

2stn =AY Al dg @A 7
o e

Abet At

%o 3 ¥ % =
o =35 La

[e]
4% 9 244E

2o

3

o
F

2

Z4391 La;-sNiOz2e] Z 4w

I
Z

U
j£hd
H
Oll

BN

2

o

st



471 AEAdS T8 AREAsE S8 A7 Y ok e
A Aae AFE EEAG 2ol S48 ZokillM AMEHALY A7V,
FHY, EWA2H, Mulag, FE7], HE7 22 iR Ae dd A

T3 FEo] HAY AdYAeE M7HAAE o
&ote Ak EI Ty, A7y FESS AY B g o
=

e AZAREe A Fgel #HHE ek @

g
fr
oX,
fifo
N,
=2,
-
ol
o
N
S
=o{-__4"
)
e
2
du
rir
=
Iy
X
ba
rlr
s
ACH
X
o
oft
M
il

Ji= m,; z,ev S (1)
oluf z = fYARp7tolL e HMA] MSpolt.

a8 AER o5 A% #o] Fo4xit,



EAel oM Aol EAste Aare 2E9 24 &Y,
LA wite] ALyt gjds 2 B8 AAAE Tt Al ojFo
7hssty @A | o] 29 o)Fd fF Axrrt vehdt
12 545 %A @ 2AAe HEFE vebd Aojrh

Yz

Table 1. Electrical resistivity of some materials at room
[13]

temperature.
Materials Resistivity (ohm-cm)

Metals:

Copper 1.7x10°

Iron 10>10°

Molybdenum 5.2x10°

Tungsten 5.5x10°"

Re(), 2x10°

CrO; Ix 10 N
Semiconductors:

Dense silicon carbide 10

Boron carbide 0.5

Germanium (pure) 40

Fe.O. 10°
Insulators:

Si0O; glass > 10"

Steatite porcelain > 10"

Fire-clay brick 10"

Low-voltage porcelain 10"-10"
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Table 2. Mechanochemical phase transformation.

Substance |Low pressure form|High pressure form|Pressure(bars)
CaCOs Calcite Aragonite 3000
PbO: I II' orthorhombic 10000
Sb:03 Senarmonite Valentinite 10000
SiO» Quartz Coesite 13500
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Table 3. Raw materials of LaNiO3 ceramics.

Materials Purity[%] Maker
La:O3 above 99.9% YAKURI PURE CHEMICAL
NiO above 99.9% JUNSEI CHEMICAL

M2 Lap.sNiO39] A4 wek 8§ & -0.06, 0, 0.06, 0.1, 0.2, 0.30. &
WA 7 WA A BAG LansNiO:E 50g 71#02 #e 9l LaOyo
NiO®] H7hEe E 49 2
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Raw material La,05, NO

Wei%inq Lay,sNiO; (5=-0.06, 0, 0.06)
Giinding gﬁn%%% rt;eﬂ ull

Calcining 750°C for 4h

Grinding for 3h

Forming 1500 kg/cm?

Sintering 800-1100 C for 4h

Fig. 2. Procedure of sample preparation

Table 4. The weight of raw materials for Laj.s NiOs.

)
. -0.06 0 0.06 0.1 0.2 0.3
materia
LaxO3 33.25g | 3428g | 3498g | 37.71g | 41.14g | 44.56g
NiO 16.15g | 15.72g | 15.02g | 12.29g | 886g | 544g

_13_
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10 15 20 25 30 35 40 45 S0 58 GO a5 70

Fig. 5. XRD patterns of (a)raw materials, (b)after
grinding, (c)calcining at 750°C, (d)sintering at
800C .(¢:LaNiOs;, @:La(OH);, A:NiO, A:Lax03).

Table 5. Particle size of raw and grinding materials.

sample particle size
raw material 450nm
after grinding 60nm
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Fig. 6. XRD patterns of Laq.sNiO3( 8 =0) ceramics as

a function of sintering temperature.

(@:LaNiOz, A:NiO, [[:La:NiOy)
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Fig. 8. Densities of Lag.s)NiO3; ceramics as a function of
sintering temperature.

Table 6. Densities of the matertals prepared by three methods

being studied.”

Synthetic method Density [g/cm ]
Precipitation 4,625
Evaporation 4377
Sol-gel . 3.492
Theoretical 7.212
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Fig. 9. Electrical conductivity( o) of Laa+s)NiO3 ceramics as a
function of sintering temperature.
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Fig. 11. Density of Laq-s)NiO3 ceramics.
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Table 7. Conductivity data of some LaNiQs; samples.lSJ

. . Sintering 1
Synthesis method S 300k(S em )
temperature

C ipitati f

oprecipitation o precu‘rsor Not mentioned 630
carbonates and hydroxides

Sol-gel 650C, O- 1050

0.56

Nitrates decomposition Not mentioned (LaNiOy s -Afron
composite)
Combustion 8007C, air 15
In this paper 900TC 120
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Fig. 13. Temperature dependence of conductivity of
Laq-6)NiO; ceramic.
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Fig. 14. Temperature dependence of conductivity of
Laq-sNiO3 ceramics.
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