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Abstract

SOFC fuel cell is one of important alternative gremergy due its
high electrical energy conversion efficiency, lowise and environ-
mental friendly. Metallic interconnector is an innfant part of solid
oxide fuel cell (SOFC) and needs to have followmgperties to meet
its function as well as longer life time., whichcinde coefficient of
thermal expansion closely matching the one of edgde, good con-
ductivity, and good high temperature oxidation gesi
tance. Fe-Cr alloy has considered as one candidate diie kow ma-
terials cost, thermal expansion coefficient anddgb@h temperature
resistance.. However, Fe-Cr alloy still have sohmtsomings of the
volatile of oxide layer at high temperature. Bedinl¢his, the manufac-
turing cost is still need to decrease to have aamable acceptable
price of SOFC. Powder metallurgy could save thaufecturing cost
and materials loss during the processing of paiteough the benefit
might be achieved for Fe-Cr alloy interconnectothwnethod of pow-
der metallurgy, the sintered part imterconnectors contain porosity.
Oxide layer is needed to coat on the surface derd parts to de-
crease the porosity, hence to prevent the detéioaraf oxidation re-
sistance. Also a suitable thicknessgide film is needed to find

in order to obtain good electrical properties adldesion capability.

To improve the high temperature oxidation resistan€ powder

metallurgy made Fe-Cr alloy parts, this study udedble consumable



rotating electrodes powder making method to prepiaeepowder with

inner layer of stainless steel 440 and the outerlaf Nickel. Then the
powder was mixed with binder, compacted and sidt@m& test speci-
men. The oxidation resistance of sintered samplaes evaluated with
150 hours discontinuous high temperature oxidatxqreriment. Parallel
to this traditional powder metallurgy preparatitim double layer pow-
der was coated on the surface of substrate of ffless steel with

plasma spray. It will compare the oxidation resiseawith the conven-
tional powder metallurgy made parts. The resulen&d that plasma
spray double layer samples have superior oxidagsistance then the

conventional powder metallurgy made parts with deldyer powder.

Key words: SOFC: metallic interconnect rotating electrode process

high temperature oxidation
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Matrix Oxidation  Mechanical
Alloys structure  TEC, x10 6 K™ resistance strengths  Manufacturability Cost
Cr base dloys bee 11.0-125 (RT 800°C)  Good High Difficult Very expensive
Ferritic stainless steels  bce 11:5-14.0 (RT 800°C) Good Low Fairly readily Less expensive
Austenitic stainless steels  fec 18.0-20-0 (RT 800°C) Good Fairly high  Readily Less expensive
Fe-Ni-Cr base alloys fee 150-20-0 (RT 800°C) Good High Readily Fairly expensive
Ni(-Fe)-Cr base dloys ~ foe 140-190 (RT 800°C) Good High Readily Expensive
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Alloy Fe Ni Cr Mo Mo Co Si Cu Al Ti La Nb Ir Y203
Crofer Bal 22 0.4 0.5 0.3 0.3 0.1 0.1
22
NG 232 Pal 21.5 0.5 0.4 0.15 0.04 0.2
AL 446  Bal 25 1 0.8 0.02
isis  Bal 0.2 17.6  0.33 0. 47 0.045 0.18 0. 46
441
E-Brite Bal 26.5 0.0% 1 0.1 0.02 0.02
Haynes 3 Bal 24 0.6 1.5 b) 0.3
230
Ducrolloy 5 Bal 1
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Kinetics, rate equation

Ruate-determining processes etc,

Linear
Increasing reaction rate

Logarithmic
Inverse logarithmic
Logarithmic

Logarithmic linear etc.
Parabolic
Cubic

Logarithmic

Logarithimic, " e= ¢
Logarithmic

Logarithmic

Asymplotic

Logarithmic, asymptotic
Logarithmic

Logarithmic, etc.
Logarithmic

Sigmoid, pseude-logarithmic

Quasi-cubic

Adsorption on clean meta! surfaces with constant sticking coefficiency.
Adsorption on clean metal surfaces with increasing sticking coefficient.
Simultaneous adsorption and oxide growth.

Adsorption. Elovich equation. Increasing activation energy with gas uptake.
Electric-field-induced transport of jons through thin oxide films.
Electric-field-induced transport of 1ons through thin oxide films; rate-
determining transport of electrons.

Electric-tield-induced transport of ions through thin oxide [ilms.
Electric-field-induced transport of metal ions through oxide film,
Electric-tield-induced transport of metal ions through p-conducting oxide
film.

Electron flow controlled by space charge in oxide tihn.

Coupled diffusion, homogeneous field approximations.
Adsorption/chemisorption models.

Diffusicn along pores, mutual blockage of pores.

Diffusion along pores, self-Mockage.

Dilusion along pores; simultaneous sclf-blockage and mutual blockage.
Cavity formation

Nonisothermal processes.

Nucleation and growth: increasing activation energy.

Lateral growth of oxide crystal coupled with linear, parabolic growth
normal to surface.

Dissolution of oxygen in metal with a concentration-dependent diffusion
coefficient.
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(3)Linear Law
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SPRAYING PARAMETERS NI-440
PRIMARY GAS (AR) (L/MIN) 50
SECONDARY GAS (H,) (L/MIN) 14
TORCH CURRENT (A) 660
STAND-OFF DISTANCE (CM) 10
FEEDSTOCK CARRIER GAS (L/MIN) 5
POWDER FEED RATE (RPM) 5
SURFACE SPEED, VS (RPM) N/A
TRANSVERSE SPEED, VT (MM/SEC) 200
SPRAYING LOOP 50~150*
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440SS-N|  #F == (um) | 500-350|0350-25( 250-150| 150-106| 106-90 | 90>
e | BRI wi%) | 57.66 | 1264 | 16.24 5.98 1.59] 5.89
KT 155 E(%) 57.66 70.30 86.54 92.52 94.11 100
440SS-Cy EiEIFI57F(wt%) [ 52.04 | 10.30 | 23.31 7.22 1.67| 545
S | BAiFII(%) | 5240 | 6234 | 8565 9287 9454  100/00
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NS

Element Weight%

CulL 100.00

Totals 100.00

N

Element | Weight%

100pm 1 Electron Image 1

CrK 9.05
FeK 38.23
CulL 52.72

Totals 100.00

B 11 440% 44-CulEh & &80 oHk £ 22 47

M

Element+ | Weight¥e
¥ ¥

FeE+ 3815+
MiE+ 41 35+

¥ o

Totals+ 100,00+
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a a
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%5 4407 4-Ni Bk & 284 2 3%k

AR 1 '?‘il’% L
30%if fitl(@ | FUE(mm) | Fi(mm) | (g/mnt)
(Mpa) (%)
1 488 1.997 2.68 12.5 6.072 75.02
2 570 1.997 2.64 12.5 6.164 76.15
3 650 2.027 2.69 12.5 6.14 75.86
4 691 2.002 2.6 125 6.274 77.51
B T
40%i 3 fil(@ | FUE(mm) | Fi(mm) | (g/mnt)
(Mpa) (%)
5 488 2.005 2.69 12.5 6.073 75.03
6 570 1.998 2.68 12.5 6.075 75.06
7 650 2.011 2.7 125 6.069 74.98
8 691 2.285 3.04 12.5 6.125 75.67
SR T
6096 55 FIEIQ) | BE(mm) | F E(mm) | % (g/mnT)
(Mpa) (%)
9 488 2.017 2.77 12.5 5.933 73.3
10 570 2.004 2.73 12.5 5.981 73.89
11 650 1.995 2.71 12.5 5.999 74.12
12 691 2.195 2.95 12.5 6.063 74.9
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