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Cathode Air Pre-heater
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1. Type: gas to gas heat exchanger; 2. Function: to i
recover heat from an exhaust gas to heat air to the target i

the most expensive components within the whole CHP .
system; 4. Material: ceramic or metallic heat exchanger. |
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Previous Results from 15% SOFC symposium
Material Selection Based on Cr Evaporation
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Figure. (a) Accumulated Cr evaporation and (b) Cr evaporation rates as a function of time for SS309, aluminised SS309

and AluChrom 318 exposed to 3 vol% H,0 humidified air at 850 "C for 168 hours.

AluChrom 318 shows the best Cr retention ability.
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&%y SEM/EDX analysis
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Pre-treatment for AluChrom 318 BIRMINGHAM

| wt%) [ Fel ol mn | AL NSl No W othes

Hf 0.06; Y 0.07; Zr 0.03;
AluChrom 318 gE:EIR 18.8 0.21 3.58 0.24 0.32 0.73 2.02
Cu 0.03; C0.01; NO.O1

A
. . ) . T/(°C) Pre-treat duration:
Variables: (1) Temperature; (2) Time. Hold for desired time.
800 °C: 1 hour, 2 hours, 4 hours. — —
| |
900 °C: 1 hour, 2 hours, 4 hours.
Cool down to
(0] .
1000 °C : 1 hour, 2 hours, 4 hours. RT naturally
1100 °C : 30 mins, 1 hour, 2 hours. Ramping rate:
10 °C/min
Atmosphere: Air (No flow)
Time/(Hrs)
The expected effect of pre-heat treatment:
1. To form the stable a-Al,O, on the surface prior to exposure in SOFC environment; &9

2. To stop the Cr,O, formation in cold zone;

3. To slow down the Al oxidation rate in hot zone.

o ) L
HEATSTACK N

N



UNIVERSITYOF

Effect of Time and Temperature BIRMINGHAM

on the Pre-treatment
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EDX: Surface Element Concentration BIRMINGHAM
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Figure. EDX elemental concentration of AluChrom 318 surface pre-heated at (a) 800 °C for 1, 2 and 4 hours, (b)

900 °Cfor 1, 2 and 4 hours, (c) 1000 °C for 1, 2 and 4 hours and (d) 1100 °C for 0.5, 1 and 2 hours.
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XRD Analysis

*  Formation of Fe,Nb Laves phase has been detected for all

——1100 °C —— 1000 °C ® Substrate
—900°C ——800°C g O a-AlO; the pre-treated samples;
© @ Fe,Nb
* Formation of corundum-type a-Al,0; has been detected
o *Oe for samples pre-treated at 1000 °C and 1100 °C for 1 hour;
. WMWWWW,: W\ me 2 .
@© : ‘
‘; W L I The alumina scale formed on the samples pre-treated at
=t *
(72] “l’ * L 2 o o
o v 800 °C and 900 °C cannot be detected by XRD.
I5 MW“MWMWJHE Ao Ww
=
- ’ * The alumina form at 800 °C and 900 °C is mainly in
‘ | & ®* o o
WW‘MWWM Wm«»wwww Mo o
g metastable phases (y- or 6-Al,0;) due to their easy
\ @
0 nucleation at low temperature while the amount of the
‘WMWWWWMMW
alumina formed is too low and below the detection limit
' I ' I ' 1 ' I ' 1 ' I ! I
20 30 40 50 60 70 80 90 of the XRD technique.
20 ()

*  The 1100 °C used for pre-treatment promotes faster phase

Figure. XRD patterns of the AluChrom 318 pre-treated at
transformation of metastable alumina formed during

800 °C, 900 °C, 1000 °C and 1100 °C for 1 hour.
temperature ramping stage to the stable a-Al,O; phase.
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SEM /EDX Analysis
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| Figure. EDX line scan of Al (a) and Cr (b) for the AluChrom 318 pre-heated at 800 °C,
{ 900 °C, 1000 °C and 1100 °C for 1 hour anng the line |nd|cated in the micrographs.
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Exposure Test

* Materials:
» Pre-treated AluChrom 318
 Experiment:
» High Temperature Oxidation Test: 500 hours
Normal Tubular Glassware
» Quantification of Cr Evaporation: 168 hours
Denuder Technique (ICP-OES)
* Test Condition:
» 850 °C; 6.0 L/min air flow; 3% humidity
Post-analysis:

Mass measurement; Surface SEM/EDX; X-ray Diffraction.
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Corrosion Testing-Mass Gain BIRMINGHAM
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Figure. Discontinuous mass measurements of the non-treated and pre-treated AluChrom 318 exposed to 3% H,O

humidified air (6.0 L/min) at 850 °C for 500 hours.

AluChrom 318 pre-treated at 1100 °C for 1 hour shows a
98% reduction of oxidation rate.
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Cr Evaporation Test
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Figure. Accumulated Cr evaporation as function of time for the non-treated and

pre-heated AluChrom 318 exposed at 850 °C in 3 vol% humidified air for 168 hours.
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AluChrom 318 pre-treated at 1100 °C M

for 1 hour shows a 90% reduction of
Cr evaporation.
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Non-treated 800 °C_1 hour 900 °C_1 hour 1000 °C_1 hour 1100 °C_1 hour
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exposure

HM D77 x2.5k im

HM D77 x25 30um

After
500 hours
exposure

— b . _— d
D78 x25k 30um HM D82 x25k 30um

TM3030PIus 20170125 1621 HMUD38 x12k  S0um HM D80 x25k 30um HM D79 x25  30um

Figure. Surface SEM images of the non-treated AluChrom 318 (a) and the AluChrom 318 pre-treated for 1
hour at 800 °C, 900 °C, 1000 °C and 1100 °C before and after exposed for 500 hours at 850 °C in 3%
humidified air (6.0 L/min).

LRV
Expansion of long ridged alumina (Metastable alumina) after exposure tests:
800 °C_1 hour >900 °C_1 hour > 1000 °C_1 hour > 1100 °C_1 hour
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Pre-treatment for single AluChrom 318 BIRMINGHAM

heat exchanger plate

Non-treated plate 1000 °C_1 hour 1100 °C_1 hour
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The oxidation rate and Cr evaporation of the AluChrom 318 at 850 °C in humidified
air was shown to be dramatically decreased by pre-treatment.

It can be assumed that the kinetics of oxidation rate and Cr release for the pre-
treated AluChrom 318 is governed by the phase formation of alumina on the alloy
surface during pre-treatment. High temperature with short time is more effective
than low temperature with long time.

Pre-treatment at 800 °C and 900 °C resulted in less improvement in the oxidation
resistance and Cr retention capability than at 1000 °C and 1100 °C due to the
formed metastable alumina scale which allows relatively faster Al and Cr outward
diffusion.

The best corrosion resistance was observed for the samples pre-treated at 1100 °C
for 1 hour with a 98% reduction of oxidation rate and 90% reduction of Cr
evaporation compared to the non-treated AluChrom 318 due to the formation of a
compact and homogenous a-Al,O; scale which can effectively prevent the Al and Cr
from outward diffusion in the simulated SOFC environment.
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Cr evaporation of pre-treated AluChrom 318 BIRMINGHAM
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