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Figure (a): A simplified SOFC mCHP system. l
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Figure (b): An example of CAPH from Senior Flexonics, U
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Material: Inconel 625; AluChrom 318; Uncoated SS309; Aluminised SS309 (1 pum Al).

mnm--“

20-23 Bal. 4.15 1.0 Ti 0.4; Mo 8-10; P 0.015; S 0.015
Hf 0.06; Y 0.07; Zr 0.03; Cu 0.03
AluChrom 318 18.8 0.21 3.58 0.24 0.32 0.73 2.02
C0.01; N 0.01
22-24 2.0 -- 12-15 0.75 - - - C0.2; P 0.045;50.03

AIummlsed
SS309

1 um aluminium coated was deposited on SS309 surface by PVD technique.

* Experiment:
» High Temperature Oxidation Test: Normal Tubular Glassware
» Quantification of Cr Evaporation: Denuder Technique

* Test Condition:

» 850 °C; 6.0 L/min Air Flow; 3 vol% H,0O
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High Temperature Oxidation Test SRR

BIRMINGHAM
Test Condition: Materials:
Temp: 850 °C; Inconel 625;
Gas: Air + 3% H,0; AluChrom 318 ;
Flow rate: 6.0 L/min; SS309 ; .
Time: 2,000 hours Aluminised SS3009. Alr

Post-analysis:

Mass Measurement; Surface SEM/EDX; ‘ b Meter ‘l
Cross-section SEM/EDX;  XRD for surface; H,O0 3 B ‘1
Gas CEM = &
Case:
Outletl_ Ty '::" Gas with H,0 Line
Sample Slze 15x15x0.3 mm? |
—1h T
I ll/l :| Air + 3% H,0 &0
H'|'H* \ 4
L - l EE 1/
as

Case:

Fu rnace.: 850 oC Inlet Gas Without H,O Line

HEXT STACK

\
_l

03/17



-4 |  UNIVERSITYOF
B BIRMINGHAM

Denuder Technique for Cr Quantification

Air + 3% H,0 CrO,(OH); (g)

Denuder tube coated with Na,CO;

Na,CO; coating

Na,CO, CrO,(OH); (g) + Na,COs (s) =[Na,CrO, (s)[+ H,0 (g) + CO, (g) Sample:
Na,CO; coating 15 X 15 mmz

Cr,0; (s) + 2H,0 + 1.50, = CrO,(OH), (g)

Steel sample

Yellow Colour

! Furnace: 850 °C
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. Air + 3% H,0
| |

I == = = j— == =121 == j— = _—— =
Inner glass tube _
SiC

Outer glass tube

1

Openable Flanges
Flow Restrictor

Reference:
J. Froitzheim, H. Ravash, E. Larsson, L.G. Johansson, J.E. Svensson,
Journal of the Electrochemical Society 157 (2010) B1295.
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Corrosion Testing

(a) Discontinuous Mass Gain Measurements (b) Accumulated Cr Evaporation
6.0 L/min_ 3 vol% H20_850 °C 6.0 L/min_3 vol% Vapour_850 °C
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Corrosion Testing

(a) Mass Gain Rate (b) Cr Evaporation Rate
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Corrosion Testing — Inconel 625 #y BIRMINGHAM
(a) Discontinuous Mass Gain Measurements (b) Accumulated Cr Evaporation
6.0 L/min_ 3 vol% H20_850 °C 6.0 L/min_3 vol% Vapour_850 °C
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SEM /EDX: Inconel 625

(a) Inconel 625_100 hours

TM3030PIus 2017-01-25 15:33 HMUD38 x1.5k 50um  TM3030Plus

(d) EDX line scan for Inconel 625 surface

(b) Inconel 625_500 hours

2017-01-25 17:256 HMUD3.7 x1.5k
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(c) Inconel 625_1000 hours

TM3030Plus

50 um 2017-03-24 17:22HM D3.8 x1.5k 50 um

(e) Elemental concentration before and after HT exposure

Cr

20.52 B Inconel 625_1000 hours
18.76
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Corrosion Testing — SS309 &5 BIRMINGHAM
(a) Discontinuous Mass Gain Measurements (b) Accumulated Cr Evaporation
6.0 L/min_ 3 vol% H20_850 °C 6.0 L/min_3 vol% Vapour_850 °C
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SEM/EDX: SS309

(a) $5309_100 hours  f(}

TM3030Plus 2017-01-25 18:03 HMUD3.7 x1.5k

(d) EDX mapping for SS309 surface

)

e B B () [

MAG: 2500x HV: 15kV_WD: 8.4mm
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2017-03-01 14:42HM D4.0 x1.5k
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50 um M3030Plus 2017-03-24 17: M D38 x1.5k 50 pum

(e) Elemental concentration before and after HT exposure

4.67
6
4.35
2.3

Mn

Cr

16.74
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M Uncoated SS309 1000 hours
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Corrosion Testing — Aluminised SS309
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(a) Discontinuous Mass Gain Measurements (b) Accumulated Cr Evaporation
6.0 L/min_ 3 vol% H20_850 °C 6.0 L/min_3 vol% Vapour_850 °C
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SEM /EDX: Aluminised SS309

TM3030Plus 2017-02-08 16:08 HM D4.2 x1.5k 50 um

TM3030Plus 2017-03-01 16:31 HM D4.0 x1.5k 50 um

TM3030PIus 2017-03-24 14:20 HM D39 x1.0k 100 um

(e) Elemental concentration before and after HT exposure
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Corrosion Testing — AluChrom 318

(a) Discontinuous Mass Gain Measurements (b) Accumulated Cr Evaporation
6.0 L/min_ 3 vol% H20_850 °C 6.0 L/min_3 vol% Vapour_850 °C
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SEM/EDX: AluChrom 318

(a) AluChrom 318_100 hours

s

2017-01-25 16:21 HMUD3.8 x1.2k 50 um

Y. % ey
TM3030Plus 2017-03-24 16:12HM D3.7 x1.5k

(e) Elemental concentration before and after HT exposure
2.16 H AlChrom 318_1000 hours
2.1
Cr 6.94 # AlChrom 318_500 hours
14.34
B AlChrom 318_100 hours
30.14
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56.54
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XRD Analysis for Al-containing Steels BIRMINGHAM
(a) XRD for Aluchrom 318 (b) XRD for Aluminised SS309
Fe-Cr Matrix Fe-Al-Cr Matrix
Spinel Sz“?:os “‘Alz?m‘" o
}  Cr04 1l ALO : r-Al,05
L) Fe-Cr Matrix | + Ly 2o
s - ' 3 i o 2000 hours
m- a-AlL,O e k g } : : Ia-AI2C||3 |
—~ 172 b acanof 1ALO; , . i IELT
2 | 2000 hours |, YK & - " ¥ I - ‘ 1000 hours
3 S (M Siretm T
5 1000 hours - ‘u;; | i“ } i E L /\
E ) g jj;t .:L ‘.hu‘WU.\.M b inisailiiai 500 hours
jAOO hours il E : : : i i ||
100 hours Pre—— % “‘;M | : I e 193,110‘55
Non-ExJposurg J\ J Jd | J Non-Exposure

35 45 55 65 75 85 55 48 %R 6 7 85
20 () 26 (°)

The formation of a surface scale of a-Al,0; was observed for both materials.

e The peak intensity of a-Al,O, for AluChrom 318 shows an increasing trend.

* The XRD peaks of a-Al,O5 for aluminised 309 almost disappeared after 2000 hours.

* For aluminised 309, the peaks spinel and Cr,O; started to appear after 500 hours exposure.

* The alumina layer formed on Aluchrom 318 is much stronger than that on aluminsed 309.
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* Small amount of mass gain

Inconel 625: * The surface is completely covered with Cr,0,

* Large amount of Cr evaporation

* The spinel layer is very porous and brittle.
$S309: * A dramatic mass decrease due to spallation of spinel layer.

* Large amount of Cr evaporation

* o-Al,0; layer produced on top of SS309
Aluminised S$309: * Very small amount of Cr evaporation

* o-Al,O; layer started to peel off after 500 hours exposure

* o-Al,0; layer produced on top of AluChrom 318
AluChrom 318: * Very small amount of Cr evaporation

* o-Al,0; layer could last over 2,000 hours.
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