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Energy sources available today

o Hydro-electrostations

o Wind plants

o Nuclear power generators
o Solar power plants

o Steam power plants

o SOFC
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Solar power stations

The mirrors concentrate the solar radiation in a vacuum
insulated absorber tube at their focus, heating the
thermal oil in the tube to ~400°C. The oil passes through

a heat exchanger generating steam which drives the
electricity-generating turbines.
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Steam power plant

A steam power station is a power plant in which the prime mover
is steam driven. Water is heated, turns into steam and spins
a steam turbine which drives an electrical generator
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Steam power plant (schematic)

Low pressure
steam turbine
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Intermediate pressure
steam turbine
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Siemens Steam Turbine 5000

Leading teChHOIOgy for ?IP = Intermediate Pressure
efficient and reliable power generation 1P = Low Pressure

Efficient erosion protection

'HP = High Pressure

The SST-5000 series steam turbine-generator measures for LP* blades
Broad range of state-of- Air-cooled, hydrogen-cooled
the-art, high-performance or water-cooled generators
Large diameter, single cross- LP? blades for different size available depending on output
exhaust areas requirements

over pipe to minimize losses
Spring-back seals in the inner
casing for excellent start-up
and shut-down behavior

Single, fixed bearing

between cylinders for
simple alignment and
stable operation

Short maintenance
times with valves directly
connected to the outer
casing lower half

Static or brushless
excitation systems
available

Factory-
assembled
compact
HP/IP2 design

Exhaust configurations:
Down-, single- and double-sided
for optimized plant layout

Push-rod arrangement allows the Customer benefits

Fully 3-dimensional high LP? inngr casing to follow thermal = Compact arrangement with single bearing between turbine cylinders
performance variable reaction expansion of the shaft for reduced = Highest element efficiencies due to advanced blading technology
blading (3DV™) with integral differential expansion 3DV™ profiles — variable reaction-type blading

shrouds for higl_w efficienc_y and m Designed for short start-up times and operational flexibility
excellent damping behavior ® Standardized auxiliary modules for optimized plant layout and

short installation times
® High availability and reduced maintenance costs with 10-year major
inspection intervals
# Proven design for applications in single-shaft and multi-shaft combined cycle
configurations as well as for steam power plant applications
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Assembly of a low pressure
turbine rotor in a power station

L Montage eines

!~.,,,__ | AN W \icderdruck-
%;,, ! v Turbinenlaufers
T ~ im Kraftwerk.
18 OSSN
SN o > ;  Assembly of a fow-

pressure turbine rotor

25 000 hours !
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Corroded turbine blades
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TBC-Components in Gas-Turbines for
Power Generation, L

o
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SIEMENS
SGT5-8000H

(340 MW)

H,0 | CO,

MCrAlY-Bondcoat, . TGO (Al0,)

e

M=Ni,Co
s - | GAPESA L . Stk Lifetime requirement
Ni-Base Superalloy ol for the coatings ~25 000

D K
= 0z ByDr.D.Naumenko
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What is SOFC ?

oIt is a power generation
system with high electricity
generation efficiency

oSOFC’s are still in the
development

and improvement process which is

evident still in searching of new
(Iong term stable, more efficient) materials
for its different components
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Solid Oxide Fuel Cells (SOFC)

L S
—

The biggest fuel cell of 60 planar cells
(13.3kWt) constructed in FZ Julich
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What is interconnect?

o This is a part of SOFC which
provides electrical connection
between the cathode of one cell and
of the anode of the neighboring one.

repeating unit

o Or a layer between
each individual cell

linterconnect
anode contact layer
¢ cathode contact layer
cell framee BEHEHHAARY
sealing® =il

l
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Materials being used for interconnects (substrates)

o Still materials problem:

There a number of ceramic (La chromite
pase) and metallic materials wi co,rFe base
alioys) Which potentially could be used for
this purpose.

o Crofer22 APU is the material used

for the interconnects showed

o No alumina forming alloys are
applicable!
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SOFC in FZJ

o In FZJ] the works on SOFC’s count
about 15 years, which are rather
successful according to the
obtained valuable results and
citation ratio of the papers
published under the FZJ name

o The FZJ works covered all the steps
preceding to the final stack
P roduction (materials, modeling, manufact.,testing...)
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The ways of problem solution

o There could be only two possible
ways.
o Apply the coating protection system

o Improve the buck material properties
through the modification of the existed
materials or elaboration new ones.
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Types of degradation

o According to the above mentioned
the materials working under high
temperatures besides could be
affected by the high concentration of
O,, H,0, S, C and N rich ambient,
depending on the power system and
Iits nature




Alternative application field of high
temperature materials

Corrosion

High
temperature
stresses

—_—

Automotive industry

Honeycomb carrier (Aluchrom) is most important component in a iﬁf--iﬁi
. ' ., catalytic converters used in automobile engines exhaust system {2



Fe-Cr-Al system alloys

o
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Commercial alloys

Model alloy

The weight gain vs. oxidation time dependence data received during
cyclic oxidation of three specimens oxidized at 1100°C in laboratory
air during 2000 hours
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Fe-Cr-Al system aIons

FZHEF /2009 EHT = 4.00 kv SignalA=SE2  WD= 7mm
- - : -

FZJ-IEF /2009 EHT = 4.00 kv Signal A = SE2 WD = 10mm Pml

FZJ-IEF /2009 EHT = 5.00 kV Signal A = SE2 WD= 6&mm Hm

The fracture cross section of the scales formed on the investigated
specimens oxidized cyclically in the laboratory air during 2000 hours

_H.E. at 1100°C

q
-

F ,
i .
..

.»- ||Q .
3 W8 PRC \



RRRRRRRRRRRRRRRR

Conclusions

o Unfortunately materials used in the power
plants in the high temperature unites are
tend to degrade

o In order to extend the life time of the
turbine system the development of the
existed or even new materials is
Important

o High temperature materials are widely
applied in the automotive field

o Improvement of their working parameters
is also crucial




RRRRRRRRRRRRRRRR

Conclusions

o High chromium content model alloy
showed better oxidation resistance
comparatively to the commercial
AluchromYHf widely use in the catalytic
converters for the modern automobiles

o Further studies are required for the better
understanding of the oxidation
mechanism in the alloys under our
Investigation
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Thank you for the attention !

Now questions ©




