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Mojtaba Ghatee, Hasan Salehi, ""Manufacturing of yttria stabilized zirconia
based ceramic thin films by combining tape casting and impregnation to be
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Mojtaba Ghatee, Hasan Salehi, ""Electrical and mechanical properties of
tetragonal/cubic composite thin films prepared by combination of aqueous

tape casting and net shape methods”, Journal of Power Sources, (Under
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' Binder

" Plasticity

¥ Laminatability

¥ Smoothness

® Polyvinyls

* Polyacrylates

¥ Polyvinyl chloride or PVC
* Polyvinyl alcohol or PVA
* Polyvinyl butyral
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' Propylene carbonate

¥ Dioctyl phthalate

¥ Butyl benzyl phthalate
¥ Cross-linking

® Curling
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' Co-tape casting

¥ Co-firing

¥ Open Current Voltage

¥ Multi-folding lamination
®Vacuum casting

* Uniaxial pressing

¥ Injection moulding

» Extrusion
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' Dry Pressing.

" Vertical Deposition

¥ Isostatic Pressure.

¥ 8 mol% yttria — Fully Stabilized Zirconia.
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' Young's modulus.

¥ Tetragonal Zirconia Polycrystalline.
¥ Indentation.

¥ Single Edge Notched Beam.

® Nano-Indentation.
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' Berkovich.
¥ Atomic Force Microscope.
¥ TriboScope.

oy



gs“’li@.l*’ﬂ o0y ¥ Juad

Dbl 5 51 ool U el oot t) T gSalyil 5 ' ogSasdgm 5 153005 95 degazme cpl ol yan
(JEblSS iy () (5w sas almler i 5508 log0d Jod 5l (Sledlbl cpgSiulns 3
gl el B UNIM o, T olas (Zhs g ST iy (En) T8l 20l Jgoto o0
ool (g o3 oo LS L) (61050l 5 (IS L Jlageds H58le 5l 5l (les TY-T Sl
Sy 00l (At s SO, L ) SO 0 a5 gl o Vb cod Olgie o

D9 (5

File Setup Analysis Help

comE|ga 0= |hed/ N

4972-
4500 ' 3 Er (GPa) 227.6
P / / Hardness (GPa) | 13.25 |
g
3500 / ft
/ f Contact Depth (nm) 84}.6
0 (} 7 ¢ iiness (INInm) | 157.3 |
%FM pa 17 MaxForce (iN) 49692 |
2 x 7{ MaxDepth (nm) 1085 |
= 2000 # // ContactArea(nm’2) | 3.750E+5 |
a0 ":1 }
’ ,é’! =
1000 W § P=Ah-h)
~ / 7
500 P v, A
‘,' . ’/ Power Law Coefficients
4 opte* * oo a et |
& 10 20 30 40 50 60 70 8 90 100 108 A 5777
Displacement (nm) hf  54.69 ‘
Cursor Position 3 518 = | Upper Fit % 3 95 ‘ m 1.697
Force (uN) 497154 _ ofset | towerFt% 3§ 15 | | | Q@
Displacement (nm) | 107.02 u"'°;d'"gasegz“°m eoniPois i o ‘ Rerations | 303 HF-L%Q;‘

oSl 3 l58le 5 -YY-Y S

SV Jgoe g oig g8 Sl Jgade cigos St Jodo o slabasl, [FY] il e 4 6
4l palS Jsoe oo |y Sl Jode olsi oo o] 5l ool b a8 wis S &l azdly pals
Dgod duwlore

1 (=) n (l_vi) @A-Y)
E E E

IR B bl (Goasg 9,8 S sl el 0aSg )98 el Sl T sl G55 ekl o

LEF] gt o a3 8 a5 )0 /Y sae LigS 15 slo,og sl Vol <1+ 4l Vi g VVF-GPa

' TriboScope® 3.5PL
" NanoScopelll

¥ Reduced Modulus.
¥ Contact Stiffness.

oY



AT ) Y Jead

ged oanlive | | ;3 0sig;9,8 Sl g e ghaile Glg oo 2sSulgls l33la 5 5l eslinl L

(XRD") o axisl ol s cygosl £-Y-¥

e sslal Bae i Sl GalesT o ol 0 8a ez S 5 e S0l 51 55!
P Ll @ laie) (ol lramio alols (35 jatie e 5 oy » 4 bge slaag
alie L plgs e w9 o0 ) Jlisl 5l Gy 03, dw @S Cms L aS A & by ye o)1 28l s
038] S a3l Gy pLS s Gl 10,8 Lot |y Jspeme ool abogy e slaJgor 4,
oA die So b (oed D05 5020 G )0 a5 cel Jgaz s (Sl 55 Gl 655
SloolKius 035 50l T co e 0 STy alasl) 5l ooliinl b 5 Conl pg ST o dlade il
$35 3 L&-‘—‘ SrSojlail g dnloe 4y (liml g aiS 0 &l 20 5 d (sl jlade (WSl 55 3
S Sy (k& Sl Sy 5o )] Sge oS (M) (oo D0l e By 5ol
9 e Slp b dale (ol (Soludy Soy Gk Gl Ve 08, 85 Sl o kg
sladsaz 5 oosl s & Sledbl anglio ¢ g (2 Jgone (Jspme digad ;0 35750 slasé
L oL olod oS5 1o slp sl oole ] 4 by yo )15 0 saiosls @ledlbl b 09540
Nsd so 00xsl JCPD L PDFT o IS ol 0,18 S92g o lasbin] &5 S5 o e 5,50 Ll
[fol

loaise e |y 638 glolid 5 b avslie 00T 8 «s SgmalS sl 3l 5 5l oalizl o)yl
Iy Lajls gas conds (5,503l glal 15,55 ls b g 009 jzme soxims Coomdd 4y dolSiws jiios
Xpert Highscore Plus a_c.ej (2l )3 S9-250 sla)l38lp 5 0 Seten 5 (5o 0,5 Lasein Gl o0
Les] ol

XMD300 Joo oSl anisl ol olKiws lawgs ool syl Soal i sloasY (5318 5G]
A5 Y° gangly oagame 4o (Cu Kal = 1.5406 A ) LT ¥ eilsgy o5 i el

Sl 5 o gy eoalc woa s slmsols 5 «(YF-Y JS_b) so—ipl ol 20 cw>

' X-Ray Powder Diffraction.
" Bragg's Law.

¥ Powder diffraction File.

¥ Unisantis.
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' Scanning Electron Microscopy.
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' ZEISS.
¥ Electrochemical Impedance Spectroscopy.
" Hewlett Packard 4192A.
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' Plasticity.

' Full Body Curling.
¥ Edge Curling.

" Reverse Curling.

° Gull Wing.

* Center Cracking.

¥ Crow's Foot Cracking.
* Rails.

* Mud Flat Cracking.
' Orange Peel.

" Warping.
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Abstract

Limited resources of fossil fuels and the increasing demand of energy would result in an
energy crisis as the greatest worldwide problem in the near future. Using non-pollutant
hydrogen fuel within a fuel cell is one of the most effective methods for energy
generation. Electrolyte is an important part of a fuel cell which is mostly produced by
tape casting method. Decreasing the thickness of electrolyte (i.e. increasing
conductivity) is one of the most effective methods to increase efficiency and decrease
the production cost of fuel cells. The raw material which is often used in manufacturing
of electrolytes is yttria stabilized zirconia. It is shown from the previous researches that
3YSZ/8YSZ composites have high ionic conductivity and mechanical strength
simultaneously. In this thesis, thin layers of zirconia based solid electrolytes are
produced by tape casting technique and process parameters were optimized. In the
second step, Adding yttria to thin layers of 3YSZ was performed by means of net shape
forming. Consequently, the mechanical properties such as hardness, elastic modulus,
and fracture toughness were investigated by Micro-Vickers and Nano-Indentation
methods. Micro Structure considerations were done by XRD and SEM tests. Electritical
Conductivity was evaluated by Electrochemical Impedance Spectroscopy. Net shape
formed sample had hardness of 13.34GPa, contact stiffness of 157.3uN/nm, Young's
modulus of 258GPa, fracture toughness of 8.05MPaVm using Glandus equation and
8.41MPaVm using Blendell equation. Furthermore, Study of mechanical properties of
zirconia based electrolytes is one of unique aspects of this research.

Keywords: Solid oxide Fuel cell, Ceramic thin layers, Tape Casting, Net Shape

Forming.
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