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Scopul prezentei lucrari este de a realiza un
material ceramic pe baza de dioxid de ceriu si cupru care
sd stea la baza optimizarii proprietatilor unui anod folosit in
cazul pilelor de combustie de temperatura intermediara tipul
SOFC-IT.

Sinteza materialului s-a realizat prin metoda
precipitdrii. Parametrii rutei de precipitare, (pH-ul solutiei
precum gi temperatura de sinteza) au fost controlati riguros,
in vederea obtinerii unui material omogen, din particule de
oxid de ceriu acoperite uniform cu nanoparticule de oxid de
cupru. Materialul obtinut a fost caracterizat prin: difractie de
RX, microscopie electronica de baleiaj, determinari de
suprafata specifica, densitate gi porozitate.

Rezultatele caracterizarilor au pus in evidenta
formarea unui material cu un grad de cristalinitate ridicat gi
difuzia reciproca a celor doua componente in granule. De

asemenea s-a obtinut un material cu o porozitate care
wn‘e utilizarea lui in celule de tipul SOFC. /

The purpose of this paper is to achieve a ceramic
material based on cerium dioxide and copper as an attempt
to optimize the properties of the anode used for
intermediate temperature fuel cells SOFC-IT.

The synthesis of the material was accomplished
by the precipitation method using the corresponding
salts.The parameters of the precipitation route (solution pH
as well as synthesis temperature) have been carefully
contoled in order to obtain a homogenous material of
cerium oxide particles uniformly coated with copper oxide
nanoparticles. The obtained material was characterized by
XR diffraction, scanning electron microscopy,
measurements of specific surface area, density and
porosity.

Characterization results revealed the formation a
material of high crystallinity level and the mutual diffusion

of the two components. A material of a porosity which
W its use in cells such as SOFC was also obtained./
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1. Introducere

Pilele de combustie cu electrolit solid sunt
dispozitive electrochimice care transforma direct
energia chimica in energie electrica, cu randamente
superioare in comparatie cu echipamentele clasice
care folosesc combustia. Fata de tehnologiile
conventionale acestea au avantajul fiabilitatii si
constructiei modulare si de asemenea prezinta
emisii scazute de gaze poluante cum ar fi oxizii de
azot si respectiv de sulf.

SOFC sunt instalatii energetice care produc
energie prin conversia directa a combustibililor
gazosi (hidrogen, gaz natural, gaz de carbune,
etanol, metanol,etc.) reducand emisiile poluante de
NO,, SO, si gazele de sera.

Celulele de combustie sunt constituite din
trei parti componente principale, adica electrolitul
solid, catodul si anod, acestia din urma constituind
electrozii. Utilizarea materialelor ceramice ca
electrozi pentru pilele de combustie cu electrolit
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1. Introduction

Solid oxide fuel cells (SOFC) are
electrochemical devices with solid electrolyte that
convert chemical energy directly into electricity with
higher efficiency compared with conventional
equipment using combustion. As opposed to
conventional technologies they have the advantage
of being feasible, of modular construction and give
out low emissions of polluting gas such as nitrogen
or sulfur oxides.

SOFC are power plants that produce energy
by direct conversion of gaseous fuels (hydrogen,
natural gas, coal, ethanol, methanol, etc.) reducing
emissions of NOx, SOx and greenhouse gases.

Combustion cells are made up of three
main components: solid electrolyte, cathode and
anode - the latter consist of electrodes. The use of
ceramic materials such as electrodes for the fuel
cells with a solid electrolyte is the most opportune
solution presently accepted by the constructors of
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solid, constituie cea mai avantajoasd solutie
acceptata in prezent de constructorii acestor surse
energetice [1,2]. Electrozii, catodul si anodul,
reprezinta suportul activarii reactiilor
electrochimice. Ei asigura transportul purtatorilor de
sarcini, total pentru electroni gi partial pentru ioni,
formand Tmpreuna cu electrolitul un punct triplu
gaz — solid electronic — solid ionic, la nivelul careia
are loc o schimbarea bruscéd a mecanismului de
conductie de la ionic la electronic. Anodul este
electrodul care asigura activitate electrochimica de
oxidare, trebuie sa fie stabil in conditii reducatoare
si sa reziste la atacul chimic cu sulf daca se
utilizeaza hidrocarburile in calitate de combustibil.
De asemenea, trebuie sa fie compatibil cu
electrolitul solid si sa posede coeficienti de dilatare
apropiati, o porozitate cuprinsa intre 20 si 40%
pentru a asigura transportul de reactant si respectiv
de produsi de reactie [3, 5]. In prezent o problema
importanta a pilelor de combustie este scaderea
temperaturii de functionare, ceea ce duce Ila
avantaje cum ar fi, utilizarea unor materiale mai
ieftine, rezolvarea problemelor de etansare,
pornirea si oprirea rapida a instalatiilor.

in prezent cele mai folosite compozitii de
materilale pentru anodul unei pile SOFC-IT sunt
cele de tipul Cu-CeO, [6 -12]. Acest tip de anod
permite oxidarea directd a hidrocarburilor,
eliminand necesitatea prelucrarii lor anterioare si in
plus nu este activ la depunerea carbonului rezultat
din arderea combustibilului, iar dioxidul de ceriu are
0 activitate catalitica ridicata pentru reformarea
hidrocarburilor.

Scopul prezentei lucrari este de a realiza
un material ceramic pe baza de dioxid de ceriu si
cupru care sé stea la baza optimizarii proprietétilor
unui anod folosit in cazul pilelor de combustie cu
electrolit solid cu functionare la temperatura
intermediara.

2.  Materii prime, modul si metodele de lucru

Pentru realizarea amestecului de pulberi
s-au folosit saruri solubile in apa adica
Ce(NO3)s .6 H,O si Cu(NO3), .3H,O de puritate
chimica. Din sarea de cupru s-a realizat o solutie
de 0,2mol , care s-a incélzita la 60°C. in aceasta
solutie s-a introdus NH,OH astfel Tncat pH-ul
acesteia sa fie egal cu 6,5 conform reactiei:
Ce(NO;), + 4ANH,OH —» Ce(OH),+4NH4NO;
pH a fost mentinut constant timp de 40 minute.

S-a obtinut un precipitat, care a fost filtrat si
spalat cu apa si apoi cu alcool etilic. Acest
precipitat s-a uscat in etuva la 60°C timp de 6 ore.
Pulberea a fost apoi calcinata la 350°C si 400°C cu
2 ore palier la ambele tempearaturi de ardere.

Din pulberea de CuO obtinuta s-a realizat o
suspensie in apa distilatd cu o concentratie de
0,5% CuO care s-a omogenizat prin ultrasonare
timp de 10 -15 minute. In aceasta suspensie s-a

these energy sources [1,2]. The electrodes, the
cathode and the anode are activated supports of
electrochemical reactions. They ensure the
transportation of the charge carriers- total for
electrons and partial for ions -and together with the
electrolyte form a triple point gas-electronic solid-
ionic solid; at this level a sudden change of the
conduction mechanism occurs from ionic to
electronic. The anode is the electrode that
provides oxidation electrochemical activity; it
should be stable under reducible conditions and
resist to sulfur chemical attack if hydrocarbons are
utiized as fuel. Furthermore, it should be
compatible with the solid electrolyte and have a
porosity degree between 20 and 40% to ensure
the transportation of the reactant respectively
reaction products [3,5].

At present a significant problem of the fuel
cells is the decrease of the functioning
temperature, which leads to advantages such as
the use of cheaper materials, sealing problems,
rapid start and stop facility.

The most frequently used material
compositions for the anode of a SOFC-IT are of
Cu-CeO, type [6-12]. This type of anode allows
direct oxidation of hydrocarbons, thus eliminating
the need of their prior processing and additionally
it is not active at the deposition of the carbon
resulted from the combustion of carbon and the
cerium dioxide has a high catalytic activity to
reform the hydrocarbons.

The purpose of this paper is to achieve a
ceramic material based on cerium dioxide and
copper as an attempt to optimize the properties of
the anode used for solid electrolyte fuel cells
operated at infermediate temperature.

2. Raw materials, approach and work methods

To obtain the powders mixture, water-
soluble salts were used, namely Ce(NO;)46 H,O
and Cu(NOj3),3H,0 of chemical purity. A 0.2 mol
solution was prepared from the copper salt which
was heated to 60°C.

NH4OH was added to this solution to a pH
of 6.5, according to the reaction:

Ce(NO3)s + 4NH,OH —» Ce(OH); + 4NH4NO;.
The pH was maintained constant for 40 minutes.

The resulted precipitate was filtered and
washed with water and then with ethylic alcohol.
This precipitate was dried in an oven at 60°C for 6
hours. The Opowder was then calcined at 350°C
and at 400°C with a 2 hours plateau for both
previously mentioned temperatures. From the
obtained CuO powder, a suspension made in
distilled water at a concentration of 0.5% CuO, which
was ultrasonicaly homogenized for 10 -15 minutes.

In this suspension a solution of 6.2% cerium
nitrate hexahydrate was introduced, according to the
reaction:

Cu(NQO3) 5 + + 2NH,OH—» Cu(OH), +2 NH4;NO3.
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introdus apoi o solutie de 6,2% azotat de ceriu
hexahidrat, conform reactiei:
CU(N03)2+ 2NH4OH —> CU(OH)2+2NH4NO3

Solutia s-a mentinut la 5°C timp de 3 ore si
un pH egal cu 6,5. Precipitatul s-a filtrat si s-a
spalat de patru ori cu apa distilata si de doua ori cu
alcool etilic, dupa care s-a uscat in etuva la
temperatura de 105°C. Raportul volumic Tintre
solutia de azotat de cupru hexahidrat si solutia de
azotat de ceriu hexahidrat este de 1 la 4.

Din pulberea sintetizata s-au presat uniaxial
discuri cu dimetrul de 17mm sgi Tnaltime de 0,5 mm
la 1000 daN/m® Probele au fost tratate termic la
temperaturi cuprinse intre 950°C si 1050°C cu
palier de doua ore la temperaturile de ardere.
Réacirea probelor s-a facut lent impreunda cu
cuptorul.

Pe probele sintetizate si respectiv tratate
termic s-a determinat compozitia mineralogica prin
difractie de raze X utilizdnd difractometrul BRUKER
AXS D8 Advance, folosind radiatia Cu,K,. Textura
probelor s-a examinat cu microscopul electronic tip
FESEM-FIB coloana SEM Gemini de rezolutie
minima de 1nm la 15 kV. Caracterizarile de
suprafata specificda s-au efectuat cu aparatul
AUTOSORB-1.

Pe probele tratate termic s-a determinat
densitatea aparenta prin metoda imersiei, folosind
o balantd hidrostatica AND model GH200, cu o
precizie de 0,1%.

3. Reazultate si discutii

3.1 Caracterizarea pulberii rezultatd in urma
precipitarii

3.1.1. Compozitia mineralogica

Spectrul de difractie a razelor X pentru
proba precipitata din azotatul de cupru si tratata
termic la 350°C si 400°C este prezentata in figura
1. Se constata ca in ambele cazuri rezulta oxidul
de cupru. Pentru proba rezultata din precipitarea
solutiei de azotat de ceriu, in prezenta oxidului de
cupru, tratata termic la 1000°C s-a obtinut spectrul
de difractie prezentat in figura 2. Se constata ca
aceasta pulbere este constituitd dintr-un amestec
de oxid de cupru cu structura monoclinica si dioxid
de ceriu cu structura cubica de tip fluorit.

3.1.2. Textura

Prin microscopie electronica s-a determinat
textura pe pulberea sintetizata la temperatura
camerei (figura 3). S-au observat doua tipuri de
granule, unele de forma prismatica, iar celelalte de
forma plata regulata. Primul tip corespunde oxidului
de cupru, iar cel de al doilea Ce(OH),. Prin tratarea
acestei pulberi la temperatura de 1000°C s-a
constatat o crestere a dimensiunilor granulelor,
observandu-se granule prismatice de CuO si
granule de CeO, cu suprafata rotunjita (figura 4).
Prin analiza EDX s-a constatat ca, granulele
prismatice contin in principal oxid de cupru (figura

chemical precipitation in view of using it as an anode for SOFC- IT

The solution was kept at 5°C for 3 hours
and a pH of 6.5. The precipitate was filtered and
washed four times in distilled water and twice in
ethylic alcohol and then dried in the drying stove at
105°C. The volume ratio between copper nitrate
hexahydrate solution and cerium nitrate
hexahydrate solution is 1:4.

From the synthesized powder, Disks of 17
mm diameter and 0.5 height were pressed
uniaxially at 1000 daN/cm?.

The samples were thermally treated
between 950°C and 1000°C with a two hours
plateau at the maximum burning temperature. The
samples were let to slowly cool with the oven. The
mineralogical composition of the synthesized and
thermally treated samples was determined by X-
ray diffraction using BRUKER AXS D8 Advance
diffractometer and Cu,Kradiation.

The texture of the samples was examined
with a scanning electron microscope FESEM-FIB
type Gemini SEM column with a minimum
resolution of 1 nm at 15 kV. The characterisations
of the specific surface were performed by the
AUTOSORB-1 device.

The apparent density was determined on
the heat treated samples by the immersion
method, using an AND hydrostatic balance model
GH200, of 0.1% precision.

3. Results and discussions

3.1. Characterisation of the powder resulted
from precipitation

3.1.1. Mineral composition

The X-ray diffraction spectrum of the
sample precipitated from copper nitrate and
thermally treated at 350°C/2h and 400°C/2h is
shown in figure 1. Copper oxide results in both
cases. For the sample resulting from the
precipitation of cerium nitrate solution in the
presence of copper oxide, heat treated at 1000°C
the diffraction spectrum shown in figure 2 was
obtained. It appears that the powder consists of a
mixture of copper oxide and monoclinic structure
of cerium dioxide with fluorite-type cubic structure.

3.1.2. Structure

The texture of the synthesised powder at
room temperature was determined by scanning
electron microscopy (figure 3). One can see two
types of granules, some of them are prismatic
shape, the others presents a regular flat shape.
The first type corresponds to the copper oxide and
the second to Ce(OH),.

By treating the powder at a temperature of
1000°C the grain size increased, some prismatic
grain of CuO and and some CeO, grains with a
round surface were noticed. (figure 4).
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Fig. 1- Spectrul de raze X pentru oxidul
de cupru obtinut prin precipitare
tratat termic la:  A.350°C si
B.400°C/X-ray  spectrum  of
copper oxide obtained by
precipitation heat treated at:
A.350°C; B.400°C.
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Fig. 2- Spectrul de raze X pentru
amestecul de oxid de cupru si
dioxid de ceriu obtinut prin
precigitare si tratat termic la
1000°C/ X-ray spectrum for
the mixture of copper oxide
and cerium dioxide obtained
by precipitation and heat
treated at 1000°C.
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Fig. 3- Imaginea electronomicroscopica SEM a pulberii CuO-
CeO, obtinuta prin precipitare/ SEM image of
CuO-CeO, powder produced by precipitation.
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The EDX analysis shows that, prismatic
grains contain mainly copper oxide (figure 4b) and
the rounded off grains , cerium dioxide (figure 4c).

In both cases there is a basic oxide
contamination with other oxides. The sferic cerium
dioxide granules shows that a small amount of the
melt might appear in the sample.

3.1.3. Specific surface

Specific surfaces of obtained powders were
determined. The adsorption — desorption curve
isotherm (figure 5) indicates that the material is
less porous, consistent with the low value of BET
specific surface area 2.68 m?/g (fizgure 6), and the
total volume of pores is 1.56'10 cm3/g for the
pores with diameters less than 273 nm (figure 7).

The material contains mesopores which is
confirmed by the hysteresis on the isotherm but
the main adsorption takes place in the macro-
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4b), iar cele rotunjite granule de dioxid de ceriu
(figura 4c). In ambele cazuri se constatd o
impurificarea a oxidului de baza cu celdlalt oxid.
Rotunjirea granulelor de dioxid de ceriu arata ca
este posibil ca in proba sa apara o proportie redusa
de topitura.

3.1.3. Suprafata specifica

Pentru pulberile obtinute s-a determinat
suprafata specificd. Forma izotermei de adsorbtie -
desorbtie (figura 5), indica faptul ca materialul este
putin poros, in concordantd cu valoarea scazuta a
ariei suprafetei specifice BET: 2,68 m?/g (figura 62
si valoarea volumului total de pori de 1,56+10°
cm3/g pentru pori cu diametru mai mic de 273 nm
(figura 7).
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Fig. 4 - Imaginea electronomicroscopicd SEM a probei CuO tratata termic la 1000°C: a) imagine general3; b,c ) spectru EDX.
SEM image of sample CuO thermally treated at 1000°C a) overview; b,c) EDX spectrum.
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Materialul contine mezopori fapt confirmat
de aparitia histerezisului pe izoterma, dar adsorb-
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Fig.6 - Suprafata specifica BET/ BET surface area.

pores, so that the largest gas quantity adsorbed by
the sample turns out in the point of maximum
pressure of the isotherm.
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tia majoritara are loc Tnh macropori, astfel incat cea
mai mare cantitate de gaz adsorbit de proba are
locin punctul de presiune maxima al izotermei.
Acest fapt este in concordantd cu diagrama
distributiei de pori (figura 7), unde se observa un
volum mic de gaz adsorbit in mezopori, aproximativ
0,01 1cm3/g, in pori cu diametru de
50 nm.

3.2. Caracterizarea probelor fasonate

Probele obtinute prin presare uniaxiala au
fost tratate termic in intervalul 950-1050°C cu palier
de doua ore. Pe aceste probe s-au determinat
absorbtia apei, densitatea aparentd si porozitate
aparenta, rezultatele obtinute fiind prezentate in
tabelul 1. Se observa ca intre 950 si 1050°C
porozitatea variaza intre 46 si 25 %. Aceasta este
corespunzatoare pentru un material de tip anod,
care trebuie sa permita difuzia gazelor.

This complies with the pore distribution
diagram (figure 7), where a low volume of gas
adsorbed in the mesopores can be noticed-approx.
0.01 1cm3/g in the pores of 50nm diameter.
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Fig. 7 - Diagrama distributiei porilor pentru pulberea sintetizata
la temperatura camerei/ Pore distribution diagram for
the powder synthesized at room temperature.

Tabelul 1

Caracteristicile probelor sintetizate dupa tratament termic
Characteristics of synthesized samples after thermal treatment

Compozitie Temperatura de sinterizare Palier Densitatea aparenta | Porozitatea aparenta
Composition Sinterin% temperature Soaking time Apparent Apparent
("C) (h) density porosity
(g/em’) (%)

950 2 3.60 46.13
Cu0O-CeO, 1000 2 5.10 26.12

1050 2 4.77 25.00

4. Concluzii 3.2. Characterisation of the samples shaped

S-a preparat un amestec de oxid de cupru si
dioxid de ceriu prin metoda precipitarii chimice din
solutii. Analiza de difractie de raze X a aratat ca
pentru pulberea tratata termic in intervalul 350 -
400° C s-a obtinut oxid de cupru. Prin microscopie
electronica s-au constatat forme diferite pentru cei
doi oxizi, adica prismatic pentru oxidul de cupru si
rotunjite pentru dioxidul de ceriu. Dupa calcinarea
pulberii la temperatura de 1000°C gradul de
cristalinitate al probei este mai mare si se constata
o difuzie reciprocd a celor doua componente in
granule. Datorita faptului ca granulele de dioxid de
ceriu se rotunjesc este probabil ca in pulbere sa
apara faza lichida la aceasta temperatura.
Realizarea de epruvete prin presare uniaxiala si
arderea lor in intervalul 950-1050°C a aritat c& se
poate obtine porozitatea indicata pentru un anod
utilizat in celulele de tipul SOFC-IT.
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MANIFESTARI STIINTIFICE / SCIENTIFIC EVENTS

PAC RIM 9

THE 9TH INTERNATIONAL MEETING OF
PACIFIC RIM CERAMIC SOCIETIES

PacRim 9 - The 9" International Meeting of
Pacific Rim Ceramic Societies
Cairns, Australia, 10" — 14" July. 2011

O

AFPG

The Australian Ceramic Society and Materials Australia invite you to attend the 9th in the series of Pacific Rim
Conferences on Ceramic and Glass Technology, incorporating MA2011, Materials and Austceram 2011.

PacRim 9 will also incorporate AFPG-9, The Ninth International Conference on Advances in the Fusion and
Processing of Glass, which is endorsed by the International Commission on Glass.

Prelimary list of symposia for the technical program:

* Advanced Powder Processing * Bioceramics
* Ceramic Coatings * Ceramics Enabling Environmental Protection
* Ceramics for Energy Generation * Ceramics & Ceramic Matrix Composites
* Computational Materials Research & Design *  Electroceramics
* Geopolymers * Glasses & Ceramics for Nuclear and Hazardous Waste Glass Science & Technology
* Glasses for Optoelectronics and Optical Applications Engineering * Fuel Cells and Hydrogen Storage Materials
* Microwave Materials * Nano powders and Nanostructured Materials
* Novel Processing and Manufacturing Technologies * Photocatalytic Materials
* Refractory Technology * Synthesis and Processing * Thermal Management Materials

Contact: pacrim9@austceram.com

Materials Australia, Tel: +61 3 93267266, Fax:+61 3 93267272, ht in@materialsaustralia.com.au




