SANDVIK
___




Sandvik Surface Technology

Our Mission

“To accelerate the development of
the Fuel Cell market by offering a
pre-coated maternal for cost effective
manufacturing of bipolar plates”
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Sandvik Surface Technology
l.e. pre-coated metallic strips

Large scale roll to roll PVD
coating line

Pre-coated strip steel for
SOFC

Sandvik Sanergy HT

ASTM 441

Customer choice
Coatings for interconnects

Co

Ce+ Co

Customer choice
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Why pre-coated steel strips?

Pre-coating or coil coating of stainless steel stri p will give:
A low coating cost per interconnect or perm 2,
Uniform layers after forming.
The formed layers will self heal any micro cracks.
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Schematics of the forming operation
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SEM micrographs of formed cobalt coated
Sandvik SanergyHT
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Example of wet powder spraying (WPS)
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N. H. Menzler, F. Tietz, S. Uhlenbruck, H. P. Buchkremer, D. Stover, J. Mater. Sci., 45, 3109 (2010).
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Why Cobolt pre-coated steel strips?

Cobalt:
Spinell formation
Blocking Cr-evaporation
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Spinell formation when oxidized

Uncoated Sandvik Sanergy HT or 441

Mn,CrO, type of spinel as top layer

anergy HT M

>/\

Pre-coated Sandvik Sanergy HT or 441
(Co,Mn);0, type of spinel as top layer

Conductivity of different Co-Mn spinels

are” (at 800 C): / \
Co30, s = 6.0 S/cm
Co,MnO, s =60 S/cm 7i é
CoMn,0, s = 6.4 S/cm Sanergy HT
Mn;0O, s = 0.1 S/cm

*A. Petric, H. Ling, J. Am. Ceram. Soc. 90 (2007) 1515. SANDVIK
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TEM Uncoated and Co-coated
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Cr Evaporation
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Cr Evaporation
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Formed cobalt coated Sandvik Sanergy HT
with a strain of 8.4% at 850C

10 min

120 min
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Amount of Cr evaporization as a function
of exposure time
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Why Ce & Co pre-coated steel strips?

Cobalt:
Spinell formation
Blocking Cr-evaporation

Cerium or Ceria will:
Increase oxidation resistance
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The positive effect of Cerium/Ceria
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Fig. 4. The weight gain at 900°C in air {pH20 = 0.0 atm), as a function of exposure time, for as-

prepared and cevia coated FesoCrio.

S. Linderoth et. al Mat. Res. Soc. Symp. Proc. Vol 575, p 325, 2000
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Cyclic oxidation in air at 850C
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Cr Evaporation
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Why ASTM 4417

441 is a commodity ferritic grade

Much lower cost than specially developed “SOFC” grade S
It is Nb alloyed

l.e. forming Laves phases with the residual Si
You can get it from several vendors

SANDVIK
I

Sandvik Materials Technology




ASTM 441 vs. Sandvik Sanergy HT

Cr Mo Nb [ Mn(Max) | Si(Max) | C(Max) | N(Max) Ti
Sandvik Sanergy HT 22 1 0,75 05 0,3 0,05 0,05 0,1
ASTM 441 175195 0 0,3-0,9 1 1 0,03 0.03 10,10-0,50
ASTM 430 16-18 0 0 1 1 0.08 0
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Cyclic oxidation in air of 441 samples
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Cyclic oxidation in air of Ce/Co coated
441 & Sandvik Sanergy HT
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Temp. 800°C
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Conclusions

The thin Co coating blocks the Cr evaporation even after
deformation due to self healing of the Co layer.

Small additions of Ce improves the corrosion resist ance with a
factor of at least 2 but does not eliminate the Cr evaporation Co is
needed.

441 needs to be coated with Ce to avoid spallation of the oxide
scale under cyclic oxidation.

At 800°C Ce/Co coated “off the shelf 441" behaves similar to
specially design alloys such as Sandvik Sanergy HT.

ASR measurements at PNNL shows low degradationat8  00°C for
Ce/Co coated 441.
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Thank you for your attention!

For further information: visit us at booth 612
or go to our webpage www.smt.sandvik.com
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