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The present invention relates to solid oxide fuel cell and a manufacturing m
ethod thereof for having the inclined structure where the pore size becomes
gradually smaller until it reaches from the porous scaffold to the thin film el
ectrolyte on the porous scaffold it forms the thin film electrolyte of about 2
submicron. For this, the invention provides solid oxide fuel cell and a manuf
acturing method thereof comprising the nano porous layer in which the por
e at the surface contacting with each other with the thin film known with th
e compact bone has the nano-size smaller than the thickness of the thin fil
m known with the pore size and compact bone of the porous scaffold, as th
e coating film of the metal oxide sol in which it is formed between the porou
s scaffold, the thin film transmitted with compact bone and the thin film kno
wn with the porous scaffold and compact bone and metal oxide nanopowder
s are dispersed.

The solid oxide fuel cell, the thin film electrolyte, the inclined structure, the
porous scaffold, the metal oxide, the nanopowder, the metal oxide sol .
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The solid oxide fuel cell which is formed between the porous scaffold, includ
ing the pore of the number um size the thin film transmitted with compact b

one the thickness is 1 um or less and the thin film known with the porous sca
ffold and compact bone ; it is the coating film of the metal oxide sol in whic
h metal oxide nanopowders are dispersed ; it includes the nano porous laye
r in which the pore at the surface contacting with each other with the thin fi
Im known with the compact bone has the nano-size smaller than the thickn

ess of the thin film known with the pore size and compact bone of the poro

us scaffold and it is complex nanopowders of the second metal oxide in whi

ch metal oxide nanopowders are the first metal oxide, and the first metal ox
ide and different kind ; the nano porous layer is made including cermet com
posites of the first metal oxide, and the metal in which the second metal oxi
de is reduced ; the first metal oxide prevents the coherence of the metal ; a
nd it is connected and forms the skeleton as the structural support body.

Claim 2:

As for claim 1, the solid oxide fuel cell in which the average pore size at the
nano porous layer surface contacting with each other with the thin film kno
wn with the compact bone is 20~500 nm.

Claim 3:

Deletion.

Claim 3:

Deletion.

Claim 4:

Deletion.

Claim 4:

Deletion.

Claim 5:

As for claim 1, the solid oxide fuel cell which the first metal oxide is at least
any one in which it is selected the yttria stabilized zirconia (yittria stabilized
zirconia: YSZ), the scandia stabilized zirconia (scandia-stabilized zirconia: S
cSZ), and the Ga DolRi from the group consisting of the doping ceria (gadoli
a-doped ceria: GDC), the Samaria doping ceria (samaria-doped ceria: SD

C), and the strontium manganese doping lanthanum gallate (strontium man
ganese-doped lanthanum galate: LSGM) and silver yttria doping bismuth ox
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ide (silver yttria-doped bismuth oxide: YDB) ; and is at least any one in whi
ch the metal in which the second metal oxide is reduced is selected from th
e group consisting of the alloy of each of them and nickel (Ni), ruthenium
(Ru), palladium (Pd), rhodium (Rd), platinum (Pt).

Claim 6:

As for claim 1, the solid oxide fuel cell in which the nano porous layer is ma
de including metal oxides having the ion conductivity.

Claim 7:

As for claim 6, the solid oxide fuel cell wherein the metal oxide sol metal oxi
de nanopowders is dispersed to the salt solution in which metal oxide precu
rsors more than one kind are dissolved.

Claim 8:

As for claim 7, the nano porous layer is the sintering particles of metal oxid

e nanopowders and the solid oxide fuel cell which is made including sinterin

g particles and same or different kind of metal oxides while being formed by
the precipitation of metal oxide precursors and having the size which is min

ute than sintering particles.

Claim 9:

As for claim 6, the solid oxide fuel cell in which metal oxides are at least an
y one in which it is selected the yttria stabilized zirconia (yittria stabilized zi
rconia: YSZ), the scandia stabilized zirconia (scandia-stabilized zirconia: Sc
SZ), and the Ga DolRi from the group consisting of the doping ceria (gadoli
a-doped ceria: GDC), the Samaria doping ceria (samaria-doped ceria: SD
C), and the strontium manganese doping lanthanum gallate (strontium man
ganese-doped lanthanum galate: LSGM) and silver yttria doping bismuth ox
ide (silver yttria-doped bismuth oxide: YDB).

Claim 10:

As for claim 1 or 6, the solid oxide fuel cell which the nano porous layer has
the monolayer structure ; and has at least 2 multi-layered structures where
the pore size becomes over the time smaller towards the thin film which or i
s transmitted with the compact bone to the stratification.

Claim 11:

As for claim 1 or 6, the solid oxide fuel cell which the porous scaffold has th
e monolayer structure ; and or has at least 2 multi-layered structures wher
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e the pore size becomes over the time smaller towards the nano porous lay
er to the stratification.

Claim 12:

As for claim 1, the solid oxide fuel cell in which the layer is made including i
on conductive metal oxides wherein the nano porous layer has at least 2 m
ulti-layered structures where the pore size becomes over the time smaller t
owards the thin film known with the compact bone to the stratification, and
the layer contacting among the multi-layered structure with at least porous
scaffold it is made including cermet composites of the ion conductive metal
oxide and metal ; and metal contact with the thin film transmitted among t
he multi-layered structure with at least compact bone.

Claim 13:

The producing method of solid oxide fuel cell in which the pore at the nano
porous layer surface has the nano-size smaller than the thickness of the thi
n film known with the pore size and compact bone of the porous scaffold inc
ludes ; and contacting with each other with the thin film which is known wit
h the compact bone coating the metal oxide sol on the step: of preparing fo
r the metal oxide sol in which metal oxide nanopowders are dispersed to sin
ter the thin film known with the step: step: nano porous layer and compact
bone of forming the thin film transmitted with compact bone on the nano po
rous layer of forming the nano porous layer.

Claim 14:

As for claim 13, the producing method of solid oxide fuel cell in which the a
verage pore size at the nano porous layer surface contacting with each othe
r with the thin film known with the compact bone is 20~500 nm.

Claim 15:

As for claim 13, the producing method of solid oxide fuel cell in which the n
ano porous layer is coated among the electrostatic spray deposition (electro
static spray deposition: ESD), the pressurization spray (pressurized spray d
eposition: PSD), the spray like the spray pyrolysis, and the spin coating met
hod and dipping method over a limiting method or two by the combination
of the method.

Claim 16:

As for claim 13, the producing method of solid oxide fuel cell wherein metal
oxide nanopowders further include the step that remove oxygen in the seco
nd metal oxide the nano porous layer is done reduction and is processed to
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MAE XAHSHE CHAE O Z8Sle A2 ERFCE St= 1 AM3E ®FE MX|Ql  after the sintering step it is complex nanopowders of the second metal oxid

M= diH e which is the ion conductivity first metal oxide, and the first metal oxide an
d different kind.

MR 178 Claim 17:

H1620| QUAOA, &7 SEMSE LI 2 =2, 2E|4I-LI0O|EO|E HoZ B As for claim 16, the producing method of solid oxide fuel cell which pulveriz

ASE ALY K1 2EASE0F AT| K2 244820 B3 2AtE2 0|4 X| 22 es the composite powders of the second metal oxide which it legally synthe

22510 A2 HS EFOR St= 1IN MotE HE MX|Q| HZx giH sizes with the glycine - nitrate and the first metal oxide to the high energy
mill and which metal oxide nanopowders obtain.

X3 188 Claim 18:

1320 YO M, &7 2HLMTIE E2 15 0|49 FH4MeE MIH=0| k| As for claim 13, the producing method of solid oxide fuel cell for dispersing

O = U0 0|2 MEMES ZH= AT MR LIEEHES EAAI74{ @ metal oxide nanopowders and obtaining wherein the metal oxide sol has the

= A2 SE22 o= 1M etz dE TX|of M= S, ion conductivity to the salt solution in which metal oxide precursors more th
an one kind are dissolved.

X3 198 Claim 19:

M18T0| UM, &7 SEHMSIE EEO| & T OfH| M7 2EMIE LH-2UE  As for claim 18, the coating in which the weight rate of metal oxide nanopo

O| Z2F H|80| CI2 249 F&AMSIE £8 FH|6t1, 47| CtaM XXX {0 4 wders is multiple metal oxide sols large on the porous scaffold it prepares f

7| 2240 2EAMIIE T 242U MY 2LABIE LI BEUEO| =2k H|80| 2 &  or multiple metal oxide sols in which the weight rate of total comparison to

MOZ2 £ 9 AXSt= HS EXOR 3= TH ASIE g MX|Q| M X weight metal oxide nanopowders of the metal oxide sol is different and the
producing method of solid oxide fuel cell for drying.

H 208 Claim 20:

M13% £= H19T0| QOA, 15 O|M9 F&ATE MM S0| L0 e As for claim 13 or 19, the producing method of solid oxide fuel cell it prepar

Mg & 8HS FH|SID, A7| Lc7|38 & Qo 47] MR8 & 84S = es for the salt solution for the electrolyte in which metal oxide precursors m

ESIO AT KA MIE Hole HAMEIs S EXOR Sl 1H AtSHE alg  ore than one kind are dissolved ; and for coating with the salt solution for t

MX|o| M= HiHH, he electrolyte on the nano porous layer and forming the thin film known wit
h the compact bone.

M 218 Claim 21:

-

1320 U[UAA, &7| 2Z2 2= 1000~1200 °CQ S EXNCZE = 1K 4t As for claim 13, the producing method of solid oxide fuel cell in which the si
stz HE TX|Q M= . ntering temperature is 1000~1200 °C.

7|==0k Technical Field

2 UE2 0N Mots A2 JMX| 9 As 25 NMoA|Z|7] /5t) HaF Msl|AEZ  The present invention relates to solid oxide fuel cell and a manufacturing m
Ar23st, O] 2ot M A S HMdst7| QT 7|8 A FERE 4= 1M AstE @&  ethod thereof it uses the thin film electrolyte in order to lower the operating
MA| 9 O KM= o 2k Zio|C, temperature of the solid oxide fuel cell and for having the pore inclined stru

cture for forming this thin film electrolyte.
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The efficiency was high in comparison with the fuel cell in which the solid ox
ide fuel cell (Solid Oxide Fuel Cell: SOFC) using the solid oxide, in other wor
ds, the ceramic material as the electrolyte was different and it had the adva
ntage of using the fuel which was various besides hydrogen and the fuel cell
had been being developed for the large size power generation. Recently, wh
ile the demand of the portable power supply having the high power and hig
h energy density is enhanced many concern is focused on one thing as the
micro type AC source for carrying by hand on the development of the small
size SOFC.

For the economical efficiency enhancement of the large size for power gene
ration SOFC and implementation of the micro type SOFC, the degradation of
the operating temperature reaching the existing 800~1000 °C has to be cer
tainly accompanied. The high operating temperature causes the interfacial r
eaction and the performance degradation due to the thermal expansion mis
match between the element including the electrolyte, the electrode, the sea
ling material etc. is caused and it has the material which can be used and t
he weakness in which the economical efficiency is decreased since it gives t
he restriction to the part. Especially, as to the application to the AC source f
or carrying by hand, the degradation of the operating temperature is the cri
tically important problem. However, according to the degradation of the ope
rating temperature, the activity of the conductivity of the electrolyte or the
catalyst is decreased and the reduction of the performance is brought. Ther
efore the adoption or the constructional change of the new material for offs
etting this has to be made.

It is one among the important field of investigation to reduce the resistance
due to the reduction of the transmitted thickness and the conduction of the

electrolyte according to such operation temperature degradation compensat
e for the reduction. Most, in case of the yttria stabilized zirconia (yittria stab
ilized zirconia: YSZ) which is the very much used electrolyte, if the number

of the operating temperature reaches about 700 °C or greater then the satis
factory performance can be made in the thickness of the existing several mi
cron. However the operation at 500 °C or less is possible if the thickness is i
f reduced to 1 submicron.

In order to use the thin film electrolyte (it is hereinafter mingled with the th
in film ' known with ') the thin film electrolyte is deposited on the elaborate
substrate like the silicon wafer and the method then for making the free-sta
nding membrane using the MEMS process and implementing the fuel cell is
general. The fuel cell of such membrane-type is structurally very weak and
the thermomechanical vulnerability cannot be avoided in front of especially,
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the operating temperature and heat cycle of the celsius hundreds drawing.
Therefore, it is advantageous in the thermomechanical stability and long ti
me stability to implement the thin film electrolyte on the supporter having t
he porous structure.

But when the thin film electrolyte is configured on the porous substrate (it i
s hereinafter mingled with the ' porous scaffold ') the deformity by the pore
is generated in case the thickness of the thin film is smaller than the size of
the pore (Delonghe et al., Annu. Rev. Mater. Res. 2003. 33:169-82). Theref
ore, actually it is nearly impossible to form the elaborate thin film electrolyt
e of the thickness 1 submicron on the existing porous substrate in which th

e number of the pore size reaches the several micron. The case , and the si
ze of the starting powder of the general cathode (in other words, the fuel a

node) supporter to the substrate are the micron size and the size of the par
ticle tells to the several micron while the number of the sintering temperatu
re reaches 1000 °C about above. It the number reaches the size of the pore
and surface roughness, moreover, the several micron and it corresponds to

the size of the pore this is covered up with the film which is utterly elaborat
e without the gas permeation drawing at all or the film thickness described i
n the above is demanded.

Therefore, the pore structure control of the support portion which immediat
ely contacts with each other with the thin film electrolyte it uses the thin fil

m electrolyte is essential. There are many restriction of the eutectic phase f
or controlling the fine structure if wants to implement the supporter whole i
n terms of the structure of having the particle size or the pore size of the su
bmicron and it very does after the complex process and it can be caused by.

Moreover, the pore structure and surface roughness of the porous substrate
are controlled. And yet if the suppression of the deformity like the dismantl
ement of the thin film due to the suppression of the sintering differential sh
rinkage and the grain growth are not together accompanied in the thin film
electrolyte formation process the generation of the defect cannot be preven
ted. The contraction generated in the drying, the sintered process etc. in th
e transmitted thin film is great than the contraction of the substrate. Theref
ore it is hard to the tensile stress be generated in the thin film electrolyte a
nd avoid the deformity.

The method for implementing the structure of the porous scaffold in terms
of the inclined structure is described in US 5,114,803 and US 6,228,521. Bu
t in case of the electron, the normal powder processing and the high sinteri
ng temperature (003e# 1300 °C) are used as the invention relating to the
method for forming the inclined structure in order to improve diffusion and t
riple phase boundary in especially, the electrode support at the air electrode
suppported tube shape SOFC. Therefore the method is impossible to form t
he elaborate and transmitted thin film within 1 micron at the upper part of t
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he porous scaffold although the inclined structure was formed. In the actual
embodiment of patent, the thickness of the electrolyte was 100 micron. In c
ase of the latter, the high porosity is obtained from the lower part of the Ni-
YSZ porous substrate and in order that the part contacting with each other
with the electrolyte broadens the triple phase boundary the inclined structur
e of being the Ni made of the upper portion reducing the content of the Ni a
nd the lower part which very much puts than the normal composition is disc
ussed. But the inclined structure is formed at the high temperature through
the existing powder processing and the thin film electrolyte cannot be form
ed on the upper portion since the surface roughness, the pore size and pore
size distribution etc. were not controlled.

Summary of Invention
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Problem to be solved

The invention is provided to solve such conventional problems. And the
object of the present invention

1) In order that elaborate the transmitted thin film (the thin film which
preferably has the thickness less than 1 um less than for example, about 2
um) is formed on the porous scaffold which is manufactured with the normal
bulk process and has the pore of the several micron level without the
deformity the solid oxide fuel cell having the multi layer pore inclined
structure of gradually has been reduce the pore size to the stratification
until it reaches the thin film heard in the lower-side of the porous scaffold is
provided.

2) The surface roughness of the site, contacting with each other with the
transmitted thin film the pore size and pore size distribution etc. is well
controlled and it has in. Provides the method for preventing the defect
occurrence by the sintering difference of contraction at the multi-layered
structure closed angle interface.

Means to solve the problem

Such purposes can be achieved by the configuration of the following the
invention.

(1) With the porous scaffold.
With the thin film transmitted with compact bone.

As for the coating film of the metal oxide sol in which it is formed between
the thin film known with the porous scaffold and compact bone ; and metal
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oxide nanopowders are dispersed, the solid oxide fuel cell comprising the
nano porous layer in which the pore at the surface contacting with each
other with the thin film known with the compact bone has the nano-size
smaller than the thickness of the thin film known with the pore size and
compact bone of the porous scaffold.

(2) The step of preparing for the metal oxide sol in which metal oxide
nanopowders are dispersed.

The step of coating with the metal oxide sol on the porous scaffold and
forming the nano porous layer.

The step of forming the thin film transmitted with compact bone on the
nano porous layer.

The step of sintering the thin film known with the nano porous layer and
compact bone is included.

The producing method of solid oxide fuel cell in which the pore at the nano
porous layer surface contacting with each other with the thin film known
with the compact bone has the nano-size smaller than the thickness of the
thin film known with the pore size and compact bone of the porous scaffold.

Effects of the Invention

According to the invention, the nano porous layer having the pore of the
several tens ~ hundreds nano-scale is formed into the single story or the
multi layer between the porous scaffold, having the pore of the several
micro level and the thin film transmitted with the compact bone without the
pore and the surface roughness of the nano porous layer site, contacting
with each other with the thin film known with the compact bone the pore
size and pore size distribution etc. is well controlled. In that way the
economical efficiency of the large size for power generation SOFC is
improved or the micro type SOFC is implemented. In this case, the nano
porous layer can be the electrode functional layer of SOFC and it can be the
layer which or is transmitted and it can be the multi-layered structure
including the layer which or is transmitted with the electrode functional
layer.

Moreover, in the SOFC according to the present invention is the high
temperature, the structural stability is excellent and the disadvantage at the
thermomechanical stability of the free-standing membrane structure of
SOFC using the existing thin film electrolyte and long time stability side can
be solved. Furthermore, the problem of the performance degradation
according to the impediment of the problem of the eutectic phase
complexity of the case of implementing the porous electrode structure
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whole in terms of the submicron structure and high cost and gas
penetration can be resolved.

£59|, o|2{3t 7|22 o2l Mete 37 (fine ceramic process), 52 5 Sl/E= Especially, it implements using the ceramic process (fine ceramic process)
2 Z-I 22 XX Cf2F MAO| 753 8-S 0|8510] LeistoZM, Ef 7| carved such technology, and the process where the integrated like the
S20| 0|AlM, SHAHM Ol M (B3HM)0| 0 24380, K| AtztE d& K| deposition process and/or the solution process and mass production is

W oobL|g} ChEA 7|T Ato| X gtat 1x 2 @ sts MA, MeQl S Ef 2op  possible. In that way the portability tg gpother technique, and the

20| 84 9l xtMo| 3L} expandability and generality (compatibility) are very excellent and the

availability to the other fields and expandability including the sensor,
demanding the minuteness thin film structure on not only the solid oxide
fuel cell but also the porous substrate the membrane etc. are large.

n

ot = L3O ME UM AotE AR A= H20M 2F5t
S0l & ofo| X1, 20| A
BHGa A2l gS kXA et o & 1a|o| HEto| Mo etc. the restriction of the material which can be used since it operates at
o ASSIE E8) XAY 0K AMSIE B MX|Z PHE 4 1, 0|2 XAY low temperature occurs in the discoloration, and the high temperature and
SOFCLE XIM|CH O|ES A2 22 RX|2A 1 Of|I4X| UEQ 1 3 UL = X1 the reliability. Especially, such micro type SOFC the low temperature
J|Z=o| B MYUS ChHS & Q= 2 AXE JpK|2 ZH=C}, operation is possible has the high energy density as the next generation
movement type power supply apparatus and the big economic value
replacing the existing portable power supply it carries the high power

2 AEE = = Moreover, the solid oxide fuel cell according to the present invention has the
Qloo 2 KoLt economical efficiency excel since it can avert the problem including reaction

ne
dm <

-

r

density.
SMAEE Detailed Description
2 diiof| 2 0K AMSIE dZ ®X| (SOFC)= Cha X|X|H|Qt, X|LE MsjZ  The solid oxide fuel cell (SOFC) according to the present invention comprise
gratat A7) ChaA XXM A7 K2R M & ehat ALo|of| ¥ E|= Lt=7|& s the porous scaffold, and the thin film transmitted with compact bone and
M =2 mSISiCt porous scaffold it is transmitted and the nano porous layer formed between

the thin film known with the compact bone.

O7|M, &7 Otad XXM g2 XKML =2 A0, 22 57|= X X|H L = Here, the porous scaffold can be the anode supporter and it or can be the c
= QUC} 0l8t, T2 ¢ 23 X|X|H SOFCH| 2tsto] AHsx|oh, &2 dHo| 82  athode support. Hereinafter, it mainly illustrates for the fuel anode- support
27|12 KXY SOFCE YoIs| Zmetsirt, w2 Lol 2 SOFC/t 47| Cha  ed SOFC. However the rightly the content of the invention the air electrode
M OR|X|H|Q] ACH M2 (o) ZACH, B7|2)S O EEEe E20|C}, suppported SOFC includes. Moreover, it is of course that the SOFC accordin

g to the present invention further includes the counter electrode (for examp

le, the air electrode) of the porous scaffold.

ro

nrg

A7 otsd XNXHZE, (1) LR (Ni), 2H= (Ru), Z2tE (Pd), 28 (Rd), & The material selected from the group consisting_of the cermet composite wi
HElE (Pt) Sol 25 AW I, 22 () A7 (1ol 24 == 1 sta0, YSZz  th the materials transmitted with SOFC such as the A -doped ceria zirconia
(yittria stabilized zirconia), ScSZ (scandia stabilized zirconia) S T X = x|  or the GDC (gadolinium doped ceria), which the metal of the metal of (1)_ni
23L|0}, B2 GDC (gadolinium doped ceria), SDC (samarium doped ceria) ckel (Ni),_ruthenium (Ru),_palladium (Pd), rhodium (Rd), the platinum (Pt)
S cmgl M2[of 2+ SOFC M3l E ATSTHO| MU (cermet) B3, =2 (3) &t and aIIov_ or (g)__(_l) or_the a_llloy, an_cI YSZ (yittria stabilized zirconia),_the
2|5 M2 S02 0|20{F oM MEHEl 2EI0| AFRE £ QICh Ciot = at ScSZ (scandia stabilized zirconia)_etc. is doped to the porous scaffold the S

50| 0]0f BHEE|= A4S ofL|Cl. DC (s_amarit_Jm _dODed ceria) etc_or (3)_ruthenium oxide etc. can be used. Bu
t the invention is not thus restricted.
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Moreover, the material selected from the group consisting of the lanthanum
oxide perovskite of the platinum (Pt), gold (Au), silver (Ag), lanthanum - str
ontium manganese oxide (LSM), lanthanum - strontium iron oxides (LSF), t
he lanthanum - strontium cobalt-ferrum oxide (LSCF) etc, the samarium - s
trontium cobalt oxide (SSC), the bismuth - ruthenium oxide series etc. can
be used as the air electrode. But the invention is not thus restricted.

The pore size of the nano porous layer is smaller than the pore size of the p
orous scaffold. That is, in the SOFC according to the present invention is th
e porous scaffold, until it reaches the thin film transmitted after the nano po
rous layer with the compact bone the multi layer pore inclined structure wh
ere the pore size becomes smaller to the stratification is formed. Moreover, i
t is smaller than the thickness of the thin film in which the pore size at the
nano porous layer surface contacting with each other with the thin film kno
wn with the compact bone is transmitted with the compact bone and subsid
ence or the pinhole of the thin film known with the compact bone is prevent
ed.

It very makes the thickness of the thin film transmitted for the operation te
mperature decreasing of SOFC with the compact bone thin (preferably it for
example is done by the thickness less than 1 um less than about 2 um). The p
ore size at the nano porous layer surface contacting with each other with th
e thin film known with the compact bone is controlled to the several tens ~

hundreds nano-scale and the surface roughness at the nano porous layer su
rface contacting with each other with the thin film known with the compact

bone and pore size distribution need to be well controlled. And in order that
the structural stability of SOFC is secured the defect occurrence by the sinte
ring difference of contraction at the multi-layered structure closed angle int

erface need to be prevented. For this, in the present invention, the nano po
rous layer is manufactured using the metal oxide sol (powderly sol) in whic

h metal oxide nanopowders are dispersed.

Moreover, the nano porous layer can implement in the electrode site and it
can implement in the site which or is transmitted and it can implement in th
e site everyone who or is transmitted with the electrode. That is, the nano p
orous layer can be the electrode functional layer (for example, the fuel anod
e functional layer) of SOFC and it can be the layer which or is transmitted a
nd it can be the multi-layered structure including the layer which or is trans
mitted with the electrode functional layer. Hereinafter, the case of will imple
menting the nano porous layer in the electrode site and the case of will impl
ementing in the transmitted site be classified and it will illustrate.

In advance, in case of will implementing the nano porous layer in the electr
ode (for example, the fuel anode) site of SOFC it will relate and it will look i
nto.
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It has the pore of the several micron level while the porous scaffold (for exa
mple, the anode supporter) is made of the normal bulk process. In order th

at the nano porous layer having the pore of the several tens ~ hundreds na
no-scale is formed on this porous scaffold the coating film of the metal oxid

e sol in which metal oxide nanopowders are dispersed is formed on the poro
us scaffold and it dries. Then, the nano porous layer is obtained after the si

ntering of the coating film after the ring member process.

Here, the metal oxide sol refers to the dispersed solution or the colloidal sol
ution in which metal oxide nanopowders are uniformly dispersed in the solv
ent including ethanol, the acetyl acetone etc. In case the nano porous layer
is the fuel anode functional layer complex nanopowders of the second metal
oxide (for example, the NiO) which is the first metal oxide (for example, YS
Z), and the first metal oxide and different kind can be used as metal oxide
nanopowders.

The coating film of the metal oxide sol comprises the nano porous layer is ¢
ermet composites of the first metal oxide, and the metal in which the secon
d metal oxide is reduced then the ring member process is gone through. For
example, the first metal oxide is the yttria stabilized zirconia (yittria stabiliz
ed zirconia: YSZ), and the metal in which it can be at least any one in whic
h it is selected the scandia stabilized zirconia (scandia-stabilized zirconia: S
cSZ), and the Ga DolRi from the group consisting of the doping ceria (gadoli
a-doped ceria: GDC), the Samaria doping ceria (samaria-doped ceria: SD
C), and the strontium manganese doping lanthanum gallate (strontium man
ganese-doped lanthanum galate: LSGM) and silver yttria doping bismuth ox
ide (silver yttria-doped bismuth oxide: YDB) and the second metal oxide is r
educed are at least any one selected from the group consisting of the alloy
of each of them and nickel (Ni), the ruthenium (Ru), the palladium (Pd), the
rhodium (Rd), the platinum (Pt). But the invention is not thus restricted.

Moreover, the coating film of the metal oxide sol passes through the sintere
d process before the ring member. In this process, the first metal oxide is ¢
onnected and the skeleton as the structural support body is formed. In this
case, the coating film is sintered in enough temperature (for example, 1000
~1200 °C) and the ceramics skeleton has enough strength. In that way afte
r is important to prevent the coherence of the metal to the coarsening in th
e ring member process of after.

In case the fuel anode functional layer was manufactured with the conventi

onal bulk process slurry was made using powders which mechanically mixed
YSZ and NiO and obtained and this was coated with the screen printing met
hod on the anode supporter. But powders obtained with the mechanical mixi
ng method has the problem that in the slurry production process due to the
density (7.4 g/cni) difference of the density (5.6~6.0 g/cn) of YSZ and NiO, t
he separation of the NiO and YSZ easily occurs. Therefore, in order that the
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AZ (oA, 22IADHE 0o|88t= At A4 $HA ™ (self-sustaining combustion  dispersibility of the NiO is improved and the multi-component material (for
synthesis) LHX| 22|4I-LIO|EZ|O|E ¥ (Glycine-Nitrate Process; GNP)0|| 2| example, YSZ) is synthesized it is the be desirable to synthesize the first m
s A7| M1 SEASHE (OZATH, YSZ)T A7| M2 24 4A8HE (0|7, Ni0)2 g etal oxide (for example, YSZ) and the second metal oxide (for example, the
Meto 28 2UES Fxets 0| HZHAISICE O] A X ESH 28 EUES sup NiO) with the voluntary combustion synthesis method (self-sustaining comb
er apex millZ} 22 DO|HX| LE B3] Al7| 2812 L BUES g ustion synthesis) to the glycine - nitrate method (Glycine-Nitrate Process: G
NP) using the oxidizing agent and fuel (for example, the glycine) and manuf
acture composite powders. The composite powders manufactured in this wa
y is pulverized to the high energy mill like the super apex mill and metal oxi

de nanopowders can be obtained.

AT EMIE LTEEUHES s4l~H LI O/ £=F9| A7|E 7HX|E2 &/40| The tendency to the activity be very large and agglomerate since metal oxid
ZBICH [2tA, O| & S5ASIE LI 22U ES e nanopowders have the size of the several tens ~ hundreds nano-scale is s

2 S4ste s 20l
0§ LHo| 2 USHA 2AA|F7|= 40| ZRBIC} 0|2 (3, = LUHO| MA|0ojA{= trong. Therefore, it is important to uniformly disperse these metal oxide na
= AK| 2 A Polyvinylbutyral (PVB), Polyvinylpyrrolidone (PVP) S1F 242 Zg| nopowders within the solvent. For this, in an embodiment of invention, in a
HE ARSI | S48 HAIE 2 TS & 9JoiC}, n embodiment of invention, very excellent dispersion degree could be achie

ved as the dispersing agent using the polymer including the Polyvinylbutyral
(PVB), the Polyvinylpyrrolidone (PVP) etc.

|0

2=, ¥ 229 (electrostatic spray dep The combinator method of the method can be used as the method for coati

7 a5itetE E8 EX5t= WY
surized spray deposition; PSD), 25 € 23l ng with the metal oxide sol among the electrostatic spray deposition (electr

o
osition; ESD), 7t =7 & (pressu

=

¥ (spray pyrolysis)i} 22 28 Axm AEY gl EIH (dipping) & 0= 8t ostatic spray deposition: ESD), the pressurization spray (pressurized spray

dit e £ 0|AF "l o| REHHS 0| 2T 4 QICH CH & 20| 0|of sHE )= deposition: PSD), the spray like the spray pyrolysis, and the spin coating m
742 ofL|C}. ethod and dipping method over a limiting method or two. But the invention

is not thus restricted.

A7 L7838 S TS XS JHE £ QX0 AT X|LA MEE 29t Z0  The nano porous layer can have the monolayer structure. However it can ha
2 42 ZHE 7|2 37|71 BOX|= 2Z O|Mo| CFE X E 7HA =& QICl AF ve at least 2 multi-layered structures where the pore size becomes over the
7| Ll 7|3 0| CHs RRE MR [ 7|2 37|90 AEL AZ 259, 47| 2  time smaller towards the thin film known with the compact bone to the stra
2SI E L 2alo] 97| 9l @ E2 XAEBI0] ThAE 4 QIC}, tification. When the nano porous layer has the multi-layered structure the

modulation of the pore size controls and can achieve the size of the sinterin
g temperature, and metal oxide nanopowder and amount etc.

o A7 Ohad XXM tE 22 E 7HE =2 X8 MY L7 |83Md £ & Moreover, the porous scaffold can have the monolayer structure. However it
o2 ZAE ="HE2 J7|& 37|71 XOtX|= 2Z O|M9| LS X E JHXEE 8I¢ has at least 2 multi-layered structures where the pore size becomes over th
712 A7|2 &A"oR2 Y £ L} e time smaller towards the nano porous layer to the stratification and the p
ore size can be successively reduced.
o, MY KA Mol A gtate, (1) s A o8 HMSEAHLE, 22 (2) 1 Moreover, the thin film known with the compact bone forms with (1) vacuu
Z OO 2 AMTIE MM E0| 8310 Y= HHER & 2AHS FH|st1, 0] m deposition method or it prepares for the salt solution for the electrolyte i
Mol Z & AU AV 2EA51E Zo| TZOF o MM 22 71 228 2 n which or metal oxide precursors more than (2) one kind are dissolved and
0 o "I} 2 BORo|Ll, AT BEW £ CmMo) ofsf ZEat s 47 after it coats with the transmitted otitis solution on the coating film of the m
(@HE)SHH HAY = QUCH A7| RZ XMooz = 518t 7|4 SAH (Chem etal oxide sol with the electrostatic spr'ay depositipn, thg pressurization spra
ical Vapor Deposition; CVD)O|L}, 2 TA #0|X St (Pulsed-Laser Dep Y qnd the spray like the'spray p'yroly'5|s or the spin coating method or th.e d
osition; PLD), MXH Z%H (e-beam evaporation), & ZEH (thermal evap :(pplng mt_athod it does with the sintering (thermal prqcess) and the th_m film
oration), ATH{E{ 21T} 242 22| 7|At S (Physical Vapor Deposition; PV nown with the compact bone can form. Or the physical vapor deposition (P

D)S AFRE 4 QIC}. Chat ZIE ZAtWo| ofs) SAS HS hysical Vapor Deposition: PVD) like the pulsed laser deposition method (Pul

2
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sed-Laser Deposition: PLD), the electron-beam evaporation (e-beam evapor
ation), the thermal evaporation, the sputtering method can be used as the
vacuum deposition method as the chemistry gaseity deposition method (Ch
emical Vapor Deposition: CVD). But when it forms with the vacuum depositi
on method in order that the micro pinhole due to the columnar structure is
prevented the additional brush spin process can need for the thin-film form
part known with the compact bone.

In this way, as to the SOFC according to the present invention, the pore siz
e and surface roughness become over the time gradually smaller in the por
e size reaching the number ~ several tens micron and the porous scaffold h
aving the surface roughness to the upper layer and the pore size and surfac
e roughness are controlled in the upper side of the nano porous layer less t
han the hundreds nano-scale at last and preferably it forms the elaborate a
nd transmitted thin film of 1 submicron at the upper part of the nano porou
s layer with 2 submicron. Especially, metal oxide nanopowders included wit
hin the metal oxide sol supply the uneven surface of the porous scaffold. Th
erefore the upper side of the nano porous layer can be very smoothly forme
d. Here, the average pore size at the nano porous layer surface contacting
with each other with the thin film known with the compact bone is the be d
esirable 20~500 nm. Moreover, the average particle size of the nano porous |
ayer is the be desirable 20~500 nm. The access of the fuselage including fue
| and oxidizing agent etc. is not smooth in case the pore size is 20 nm unde
r and preferably, when the thin film electrolyte of 1 submicron is formed, th
e thin film forming itself of the pore size is 500 nm difficult in case the exce
eds with 2 submicron and the access is difficult that the thermomechanical
vulnerability is avoided in front of the afterward fuel cell operation process a
Ilthough the thin film was formed. Moreover, the interface neighborhood adh
esion with the thin film in which resistivity is large in the retraction and whi
ch is known with the compact bone is improved due to metal oxide nanopo
wders included within the metal oxide sol. Therefore the problem of the con
traction mismatch with the thin film known with the compact bone does not
occur.

Next, in case of will implementing the nano porous layer in the transmitted
site of SOFC it will relate and it will look.

It has the pore of the several micron level while the porous scaffold is made
of the normal bulk process. In order that the nano porous layer having the

pore of the several tens ~ hundreds nano-scale is formed on this porous sc
affold the coating film of the metal oxide sol (in order that it hereinafter cla
ssifies from the metal oxide sol at the case of implementing the nano porou
s layer in the electrode site it decides to do as the metal oxide sol ' for the '
electrolyte) in which metal oxide nanopowders are dispersed is formed on t
he porous scaffold and it dries. Then, the nano porous layer is obtained afte
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r the sintered process of the coating film. This nano porous layer comprises
metal oxides having the ion conductivity.

Here, the metal oxide sol for the electrolyte refers to the dispersed solution
or the colloidal solution in which metal oxide nanopowders are uniformly dis
persed in the salt solution in which metal oxide precursors more than one ki
nd are dissolved.

When metal oxide precursor more than one kinds are dissolved in the solve
nt the then is segregated to the minute particle of the ion conductive metal
oxide after the sintered process. For example, the yttrium nitrate can be giv
en about the metal oxide precursor as the zirconium precursor as the zircon
ium acetate, and the yttrium precursor. When these precursors are dissolve
d in water the then is segregated to the YSZ minute particle of the ion cond
uctivity after the sintering (thermal process) process.

At least any one in which it is selected the yttria stabilized zirconia (yittria s
tabilized zirconia: YSZ), the scandia stabilized zirconia (scandia-stabilized zi
rconia: ScSZ), and the Ga DolRi from the group consisting of the doping cer
ia (gadolia-doped ceria: GDC), the Samaria doping ceria (samaria-doped ce
ria: SDC), and the strontium manganese doping lanthanum gallate (strontiu
m manganese-doped lanthanum galate: LSGM) and silver yttria doping bis
muth oxide (silver yttria-doped bismuth oxide: YDB) can be used as metal o
xides. But the invention is not thus restricted.

The nano porous layer the coating film of the metal oxide sol for the electrol
yte is sintered comprises the sintering particles of metal oxide nanopowders
and sintering particles and same or different kind of metal oxides it is forme
d by the precipitation of metal oxide precursors and it has the size which is
minute than sintering particles.

The combinator method of the method can be used as the method for coati
ng with the metal oxide sol for the electrolyte among the electrostatic spray
deposition (electrostatic spray deposition: ESD), the pressurization spray (p
ressurized spray deposition: PSD), the spray like the spray pyrolysis, and th
e spin coating method and dipping method over a limiting method or two. B
ut the invention is not thus restricted.

The nano porous layer can have the monolayer structure. However it can ha
ve at least 2 multi-layered structures where the pore size becomes over the
time smaller towards the thin film (the thin film transmitted with the compa
ct bone without the pore) known with the compact bone to the stratificatio

n. When the nano porous layer has the multi-layered structure, the modulat
ion of the pore size controls and can achieve the size of the sintering tempe
rature, and metal oxide nanopowder and amount etc. As to the method for

controlling amount of the metal oxide nanopowder and the multi-layered po
re size, multiple metal oxide sol for the electrolytes in which the weight rate
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of total comparison to weight metal oxide nanopowders of the metal oxide s
ol for the electrolyte is different are prepared for in advance and multiple m
etal oxide sol for the electrolytes are dried on the porous scaffold with the c
oating in which the weight rate of metal oxide nanopowders is large.

Moreover, in order that the thin film known with the compact bone without t
he pore is formed the salt solution for the electrolyte in which metal oxide p
recursors more than one kind are dissolved is prepared for and after the tra
nsmitted otitis solution is coated with on the coating film of the metal oxide
sol for the electrolyte with the electrostatic spray deposition, the pressurizat
ion spray, and the spray like the spray pyrolysis or the spin coating method
or the dipping method it does with the sintering (thermal process) and it for
ms. The thin film known with the compact bone can be formed with the vac
uum deposition method. However in this case, the solution process of descri
bing in the above since the additional process for the pinhole prevention is
necessary is more, the be desirable.

Hereinafter, specifically, in order to specifically understand such embodimen
t is the invention it illustrates, it is the invention presented through the emb
odiment but the scope of the present invention is not presented with the pu
rpose of limiting and the invention will be determined in the range of the te
chnical mapping of the patent claim which will be described later.

[Embodiment 1] The implementation by the spray depositing in the elec
trode site the nano porous layer.

To produce the metal oxide sol in which metal oxide nanopowders are dispe
rsed, metal oxide nanopowders were manufactured in advance. Y (NO(SB)3
(/SB)) 3 -6 H 2 O which was the Ni (NO(SB)3(/SB)) 2 :6 H2 O, ALDRICH C
0. product which was the JUNSEI Co. product as the supply source of the m
etal elements comprising the metal oxide nanopowder and N2 O 7 Zr- XH 2
O which was the ACROS Co. product were used as the oxidizing agent of th
e glycine-nitrate process (GNP) and the DAEJUNG CHEMICAL Co glycine (H
(SB)2(/SB)NCH(SB)2(/SB)COOH) was used as fuel. The Ni / YSZ final ratio
rate controlled by 40/60 and it did so that the zirconia in which Y 2 O 3 was
employed as 8 mol% became as to the YSZ. The state that melted while it s
uccessively melted after it put the distilled water 1500 ml into 3000 ml bea
ker and it was stirred in the continuously was verified. Amount of the metal
nitrate was controlled with the calculation so that the Ni / YSZ powder was
obtained and until it divided in 500 ml beaker and it put and the distilled wa
ter completely flew away to 400 °C it heated and it did with spontaneous ig
nition. While if the distilled water completely flies away, the glycine combini
ng with metal nitrates does with spontaneous ignition and N 2 , the CO 2,
and H 2 O are produced very high heat is provided and the metal oxide is fo
rmed. It incinerated in 600 °C for 6 hours after the dry milling for 5 hours af
ter reaction was finished carbon or nitrate residues remaining in the product
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in any chances were removed. The average particle diameter of the powder
was reduced to about 200 nm by using the Super Apex Milling (UAM-015) as
for 20 minutes 4975 rpm in order to make the powder incinerated into the
particle of the nano-size and PVPs (molecular weight : 10,000) were added
for the improvement of the dispersibility with the powder comparison 5 w
t%. Figures 1a through 1d show the scanning electron microscope (SEM) ph
oto at the angular step among the manufacturing process of the metal oxid
e nanopowder. Figure 1a shows the image, after being synthesized to the G
NP method the image which the drawing 1b the image of the dry type millin
g for 6 hours , and the drawing 1c incinerate in 600 °C for 5 hours, and the i
mage after for 20 minutes the drawing 1d mills by the high energy mill.

It was to do the deposition by the electrostatic spray deposition (ESD) and t
he metal oxide sol (in other words, slurry) was made using the NiO-YSZ na
nopowder gotten in the upper part. The solvent ethanol (Ethanol): the acet
yl acetone (Acetylacceton) was used at a ratio of 1:1 and amount of the Ni
0-YSZ nanopowder used the solvent the comparison 1 wt%. In order that u
sing the metal oxide sol it dispersed the ultrasound (Ultra Sonic) was used
with 1 hour and dispersion the confirmation was done by the Ultra-fine Parti
cle size Analyzer.

In the meantime, the porous scaffold was manufactured using the powder p
rocessing. Specifically, it made whether it had the pre-glazing and (1400 °C,
3hours), and the intensity which then could be maintained in the screen pri
nting the NiO-YSZ granule made the liquid condensation process after doing
the pressing molding and it was little more elaborate the NiO-YSZ functional
layer was co-fired after doing the formation (1400 °C, 3hours) and the poro
us scaffold of two stages inclined structure was made in the upper part with
the screen printing method.

Next, it had the surface temperature of the porous scaffold as 100 °C in the
deposition and the NiO-YSZ sol gotten in the upper part was deposited on t
he porous scaffold with the electrostatic spray deposition (ESD). The fine str
ucture of depositing the NiO-YSZ sol on figures 2a and 2b by the spray on t
he porous scaffold made with the powder processing of two stages inclined
structure and forming the nano porous layer was shown. Figures 2a and 2b
show the cross section of sample after doing the sintering for 1 hour and su
rface image the nano porous layer in 1200 °C. As shown in the drawing 2a,
while it has the particle diameter of the micron-size it can confirm that the
nano porous layer is formed on the NiO-YSZ functional layer formed with th
e screen printing. Moreover, figures 3a and 3b show the cross section and t
he surface image after each returning for the sample of the drawing 2b and
2a. It can confirm after the ring member that the pore of the nano-size is fo
rmed into the distribution which is very uniform.

19/22



6/22/2019

3 o3, & 3a0| HMAISH BAt —TL£9| 2= Ao ZA 0[N %&E (PLD)E 0|83}
Of of 1 OIO|3 2 FH|9| etat MjES HEet AHRIS = 4a A 5 4b0f MA|SHRR

C}, QF 1 OfO|3 20| &hak M & Eﬂﬂi HHO| Xt 1271 AdES =olg =

ULCH = 40| HA|E HHEE EH LTS d S 2/0| HIZ B 5 | pLD H3 &

2 X|USHR| g, MK} 2HEH0] FIH/XHA LXEZE 2 (cone) %iEHE XtepH A

7|18 37| 1 *AI?!I?%EM BHoZ X|Ystn ALKH Ol 80| FyEl= AS &

Aot = UL,

[&A0] 2] HT E90M LI?7|3d B2 AE 3O 2Jsf +

M=ot MA0] 10]AMQt 22 BHOoZ Ha 40| 2k 200 m?Q! NiO-YSZ Lt 22

& (Spin-Coating)= dt7|0f Mgtst
0181 ZkX| 80§ (Of|ZACH, Of|EHZ, OFMIE

B B-79, =X r% 50,000~80,000, 22| & CHH| 1~1
spin 32 £ ZHEE fldl 2T S A|7HS RHESIRAC

HistE £ (F, g212)E
=)t E2|H "I (PV
0
f

MEEIa,

s =
o= =
OFA| =2

wt% )7t

acog, ds
XA o
°COfl A{ 2AI
A1I —"rL

AAC] 10 M 2t

2 |A1 A2 N|O-YSZ =g Am AESAC

SOt HAZESH 5, 1100 °COIAM 1A|Zt SOt A A

L 5a & & 5p0f| ERUCt & 5a0AM = oI oro|l3 & 37(9 ¢4
232 Z2Eoz WME NiO-YSZ 7|54 & A0 Lte7|3d &0
golgh &= QICH & 62 L3 X|X|H| M01| NiO-YSz €5 2H A

tCHSH OO X|O|C}, = 60| A EO|X0[, 7| NiO-YSZ £0j| Z2tEl NiO-
CHSd XIXIN EHO| 00|32 +=Fo| XL & HEtslsh= a1t

2 goZ M=ok 20 A =9l LS X
H 3Ee AlHEZ 200

Asict. 22 29| O

> o

=

S
A
=

An b |

)
[e]]
AN

I)f

rot ogh
so N 4r 0% N1
oo = Az ™
mo H mjo »X 1.

N <
- W

[&Al0] 3] MsHE Fl0M Lte7|1S8 58 2T 2O 2ofsf 3

M, EEAM OEHZ, 80§ & HX ZEMNZAM DMF(C3H7NO), & 3tHZ A O
EIOLM| EH|O|E (C5H802)E 30:40:30 (R I|H|%)2| HE2 2%t #4200

3027 wEtsto] 24 802 XN =3ICt. 0|0{A, DMF (Dimethylformamide [D
MF, HCON(CH3)2])0ll &3 53.21 g2| XA| 22 & OtM ELHH (zirconium aceta
te in dilute acetic acid)Z} 16 g2| =0f &3l{E 16.5 g2| O|EE E 4G (yttrium

engpat.kipris.or.kr/pmt/patent/patentRTT.jsp

KIPRIS < At&5 7| A H <

Next, the photograph forming the thin film electrolyte of about 1 micron thi
ckness on the cathode of the inclined structure of presenting to the drawing
3a using the pulsed laser deposition method (PLD) was presented to figures
4a and 4b. It can confirm that the structure of being elaborate is formed int
o the thin film electrolyte thickness of about 1 micron in the surface. If the
cross-sectional view presented in the drawing 4a is looked at the layer kno
wn with PLD deposited on the nano porous layer is not elaborate and it can
observe that while the thin film becomes gradually thick while it grows up in
the form of the cone the particle reduces the pore size and the successive fi
Im which is finally elaborate and is formed.

[Embodiment 2] The implementation by the spin coating in the electrod
e site the nano porous layer.

The NiO-YSZ nanopowder in which the average particle diameter was about
200 nm was manufactured with the above-described method in the above pr
eferred embodiment 1, for being the same.

Next, in order that the metal oxide sol (in other words, slurry) which was su
itable to the spin coating (Spin-Coating) was made various solvent (for exa
mple, ethanol, and the acetyl acetone) and polymeric additive (the PVB B-7
9, the molecular weight 50,000~80,000, and the slurry comparison total a
mount 1~10 wt%) were used and the rotating speed and time were controll
ed for the thickness adjustment of the spin layer.

Next, the NiO-YSZ sol obtained from the upper part on the porous scaffold
manufactured with the above-described method in the above preferred emb
odiment 1, for being the same of two stages inclined structure was spin-coa
ted. After the sample spin-coated was dried in 200 °C for 2 hours it sintered
in 1100 °C for 1 hour. The fine structure after the sintering was shown durin
g figures 5a and 5b. As shown in the drawing 5a, while it has the particle di
ameter of the micron-size it can confirm that the nano porous layer is forme
d on the NiO-YSZ functional layer formed with the screen printing. Fig. 6 is
the image augmenting the part spin-coating the NiO-YSZ sol on the porous
scaffold. It shows in fig. 6 as if it can know that it has the effect that NiO-Y
SZ nanopowders included in the NiO-YSZ sol planarize the illumination of th
e micron level of the porous support surface.

[Embodiment 3] The implementation by the spin coating in the transmi
tted site the nano porous layer.

In advance, the acetylacetonate (C(SB)5(/SB)H(SB)8(/SB)O(SB)2(/SB)) wa
s mixed as the DMF (C(SB)3(/SB)H(SB)7(/SB)NOQO), and the complexing age
nt at a ratio of 30:40:30 (volume ratio %) and it was stirred in 30 min. and
the dispersion solvent was manufactured as the solvent as ethanol, and the
dryness control agent cum the solvent. Subsequently, the dispersion solvent
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82.6 g which it respectively before manufactured with the zirconium acetate
(zirconium acetate in dilute acetic acid) of 53.21 g and yttrium nitrate (yttri
um nitrate hexahydrate, Y(NO(SB)3(/SB))(SB)3(/SB)-6H(SB)2(/SB)0O) of 1
6.5 g dissolved in the water of 16 g dissolved in the DMF (Dimethylformami
de (DMF, HCON(CH(SB)3(/SB))(SB)2(/SB))) was added and the respectivel
y was stirred in at a room temperature with 1 hour and for 30 minutes. Afte
r obtained solutions were mixed and it was stirred in at a room temperature
for 2 hours the nitric acid (HNO(SB)3(/SB)) was added as the catalyst and t
he YSZ solution (approximately, the pH 2.5) was obtained.

The YSZ sol which it did for 6 hours with the ultrasonic irradiation (60% po

wer) after it dispersed YSZ nanopowder (the particle diameter : 20-30 nm,

the specific surface area : 160 ni / g, and the fuelcellmaterials com) into th

e YSZ solution in an amount of 10 weight% and 5 weight% and it coated w

as prepared for and the YSZ solution which before manufactured on the oth
er hand, was evaporated in 80 °C and the solution concentration was control
led by 2 mol / I.

On the other hand, the KD-1 1.3 weight% was added as the di-n-butyl phth
alate (DBP) 8 weight% and dispersing agent and it did for day at a room te
mperature and slurry was obtained in the NiO-YSZ powder (TOSOH Corpora
tion) as the binder and this was passed through in the tape caster and the
NiO-YSZ substrate of 0.4 mm thickness was obtained.

In order that the YSZ nanopowder was the before obtained YSZ sol used in
an amount of 10 weight% and 5 weight% the YSZ solution was coated in tw
o times and the spin coating was coated in the total 4 step on the obtained
NiO-YSZ substrate through 2 step after doing the performance. The spin co
ating was performed at the angular step to 1000 through 4000 rpm with 40
the first publication and it dried among the angular step after-air in 300 °C.
Then, the film thickness formed into the YSZ solution which was concentrati
on controlled was 50 through 400 nm. Finally, in 800 °C, it heat-treated for
4 hours and the structure in which the YSZ thin film of 0.5 through 1 um thic
kness was formed on the substrate was obtained.

Each showed the surface of the YSZ thin film heat-treated in 800 °C and sca
nning electron microscope photo of the cross-section in 7a and drawing 7b
after 2 step spin coating and YSZ solution two times coating of the YSZ sol.
As shown in figures 7a and 7b, while the YSZ thin film was very uniform the
density which was near to 100% was shown as much as there was nearly n
o pinhole.

[Experimental result] Sintering temperature declining effect .

It is CIP and the NiO-YSZ nanopowder made GNP and apex milling like the
embodiment 1 in which fig. 8 describes in the above is molded (cold isotropi
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35t dilatometer IZ1|0|Ef0|IZf = 80f o|5FH, 1150 °COlM A2 ZATH ZL0 = 400 c pressing) and it is dilatometer data which it measures while it returns for t

°C O|= ZRE|HM £2-WZIM 7|27|7} H12|- IX| e Z4oz Hof, YSz 22 he sintered body sintered in 1150 °C. As shown in Figure 8, it looks at that t

O] HE|= Z{O 2 TELHEICE MatA], 2 LHo|| o8tH, 7|2 82 A4 25 (1300 he inclination is not changed in the increase in temperature - cooling then w

~1400 °C)ELC %2 2% (1000~1200 °C) A A7 7t588 & 4 QILt, hile it is reduced with 400 °C even in case of sintering in 1150 °C and the YS
Z skeleton stands and it is determined. Therefore, it can know at the tempe
rature (1000~1200 °C) lower than the existing cathode sintering temperatu
re (1300~1400 °C) enabling to sinter.
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