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Background — deposits on boiler components

« Generates high outage maintenance cost
and decreases availability of the plant

« Decreases electrical efficiency of the boiler

« Important factor for corrosion issues in high
temperature boiler components such as
furnace walls and superheaters

« Also of importance at lower temperatures in
the economiser and cone of electrostatic
precipitator
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Solutions?

« One suggestion was to reduce the attachment of deposits with the
application of a CMP (comp03|te metal polymer) layer

— Ef Non-stick layer

53 Ni-base layer
Metal

* A Ni-base material is applied to the C b
base metal (grey) ross-section

*  On top of this layer, the non-stick
material is deposited (green)
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Project aim and content

 Aim: Examine non-stick properties of a steel on which a dual-layer of Ni-base metal
and a non-stick material (CMP) has been deposited.

 Research questions: Is the CMP layer left after exposure? Is there less deposit on this
layer?
* Project plan includes:
* Field exposures at two plants, Vesthamnsverket and Avedgre

*  Wear tests
* Laboratory exposure

* Project partners:
* MH Engineering (project leader)
Oresundskraft Kraft och Varme AB
Jrsted (formerly Dong Energy Thermal Power A/S)
Swerea KIMAB

PARTOF RLSE

swerea|KIMAB




Chosen top coatings
A T N

PTFE

Ceramic material 400

Boron nitride-silicate Not available
Al phosphate/Boron nitride Not available
Polysiloxane 250
Silicone 590

Boron nitride 850

Graphite based 1200

swerea|KIMAB




Wear tests

1l | Pre-rolled gravel
| I/l from Arlanda
Two position examples |
of test samples

« Samples were attached to the inner circumference of the test apparatus
* The test was performed at room temperature
« The samples were photographed after 30-60-120-240-360-600 min

« Three CMP top layers were chosen and further examined with SEM before
and after 30 min — 120 min - 600 min exposure

swerea|KIMAB

sssssssssssssss



Wear tests — results, material 1 (PTFE based)
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Wear tests — results, material 1 (PTFE based)

PTFE layer

4

Ni-base

y - - T - ~
'\'\“ Ty
Fe SiO, and Al,O5 particles
kw1 COMPO 200KV X100 WD 10.0mm 100;m |

Before exposure
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Wear tests — results, material 1 (PTFE based)

Mounting media Mounting' media PTFE layer F K series

PTFE layer

4

Z

Ni-base
Ni-base

Before exposure 30 min
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Wear tests — results, material 1 (PTFE based)

F K series

Mou.nting media

Mounting media

PTFE layer
PTFE layer

4

Z

Ni-base

Ni-base

Before exposure 30 min

Mounting media
Ni-base

120 min
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Wear tests — results, material 1 (PTFE based)

F K series
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Mounting media Mou.nting media PTFE layer

PTFE layer

Ni-base

Ni-base

o1

SiO, and Al,O5 particles

1 OMPO  20.0kV 100 WD 10.0

Before exposure

Mounting media

Ni-base

F K series

120 min 600 min
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Wear tests - results

* Photographs indicate 25-50 % coverage of top coating after 10 h
wear test except for the graphite based material (almost nothing left

after 30 min) .
«  SEM examination for materials 90
with polymeric coatings (#1,6,8) o
indicate 50-65% coverage after 10 h & >
wear test

m0.5h
@2h
m 10h

50
40 -
30 -
20
10 -
O,

Adhesion top coating (%)

Material 1 Material 6 Material 8

swerea|KIMAB




Field exposures

490-520°C ==
N\ ¥ 370°C
=1L 250°C

520°C
fffffff

- Vasthamnsverket

* Pulverised fuel plant
* Fires biomass pellets

« Samples exposed for one or two firing
seasons

« Water/steam temperatures given in the
figure

ESP Cone
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Vasthamnsverket - Furnace

* More deposit on the samples
« Gas flow?

* Mounting of samples?

« Larger exposure area?
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Vasthamnsverket - Superheater-HT

Material 9

10:Grafit 9:BN material

« Material 9 showed a thick deposit layer

with slightly increased O signal at the
interface CMP/deposit

* No CMP layer could be identified for
the exposed materials 5 (Al-phosphate/
BN), 9, 10 after exposure

* Less deposit on material 10, might
depend on material handlin

OKa1
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Vasthamnsverket - economiser

| -
m F K series
2
LL| c
L .=
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. e . ' GJ F K series
Samples in position in the D
economiser LL] S
w ©
— c
o 3
~— LU

Demounted sample
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Vasthamnsverket - economiser

GCJ Si K series O K series
| -
‘Q ®
o o
= =
=
O E «—
)
Qs o - |
@ m d Si K series O K series
Samples in position in the X
economiser g
)
>
@)
o
Q. -
| ©® No distinct
Demounted sample :
Si layer

swerea|KIMAB



Field exposures - Avedore

gt ] | Samples \.
=" N Samples exposed 1 firing season : £
‘\ 14 | |52+ Grate-fired boiler
X o~ i . :
£225-275°C 4§ - Biomass fired (straw)
; % — 5= * Reference material included
N B e i g Reference
‘ it B = samples
A 7 P
=
475-535°C #—4 |
LN A1

Samples mounted in position B
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Avedore — Position A (SH-HT)

« Exposed materials: 4(BN-silicate), 9 (BN), 10 (graphite), reference
« 475-535°C
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Avedore — Position A (SH-HT)

« Exposed materials: 4(BN-silicate), 9 (BN), 10 (graphite), reference
(austenitic steel)

* No clear difference in amount of deposit between reference and
samples (visual inspection)

« Materials 9 (BN) and 10 (graphite) could
not be identified at the metal/deposit

interface

Exposed samples

swerea|KIMAB




Avedore — Position A (SH-HT)

Si K series

Si K series

500|.tm

Reference Material 4 — BN Silicate: slightly more

explicit Si layer — CMP layer?
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O K series Si K series

Avedére — position B —--

: - - — Si layer
B 7 e T i © 8 Material 8 Y
,
7-31:_.\_‘ , i’ = - REf - 7 =7-4 T g O K series Si K series
-7 e ’ - i -,558
I/ i1

b-3ige g 8 3 : :
w

Samples in position B - Avedédre I ¢ ceres S

\ 500um ‘

No continous
Reference

Si layer
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Avedore — Position C, Eco

Fe K series K K series

[ re— | —
500pm 500pm

Si K series O K series

[
Soopm 500pm

Fe K series K K series

—— — S
500pm 500um

Si K series O K series

Reference

~sooum
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Conclusions 1

« The examined top coatings have not shown a reduced deposit formation in
the examined lower temperature areas of the two CHP plants at Avedore or

Vasthamnsverket. It can be argued that not much deposit formed in the
exposure areas.

« For the high temperature areas, material 10 (graphite based) may show
reduced deposit formation, but results are uncertain due to lack of a
photograph before demounting of the samples.

« No top coating could be detected by SEM/EDS on the samples exposed in
the superheater areas position A (Avedore) or SH-HT (Vasthamnsverket).
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Conclusions 2

« The PTFE based material (Material 1) showed very good coverage
in both wear tests performed for 10 h and in furnace exposures.

« The graphite based material (Material 10) had very poor adherence
when exposed in the wear tests.

 There are issues to identify the CMP layer by SEM/EDS due to the
composition of the deposit layer, except for for the PTFE material
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Thank your for your attention!
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