-1- -Method for the production of a ceramic layer on a netallic base I&uz2-f
mat-eri al* The invention relates to a nethod for .the-production of a ceramgéysi
| ayer on a netallic base material, to an apparatus for carrying out the

net hod and to workpi eces manufactured in accordance with the nmethod. The

met hod in accordance with the invention can be used for exanple as a
surface technol ogy-in-turbi-ne-wheels (for the protectioivﬁg$ﬁ_ gh %E?NC

-

bl ade tips in gas and steamturbines or in Pelton whee

engi nes (pistons, hech Has lacea| ves). Metal lic sutfaced ¢
princi pl e be substa | ' "i Fd W th respect to various properties by
means of ceram c co for exanple with respect g .gg4¥*ighph

resi stance to wear and/or to corrosion. The coating can al so be used at

hi gher tenperatures as a heat insulating |layer and as protection against
wear. Pairing a ceramic material with a netallic one is very difficult due
to the great differences between these materials. It is an object of the
invention to apply a technically usable ceranmic |layer to a netallic base
mat eri al bySulsmrs InhotexuiAGbICH-8010 Wiattertihur A Ssaiittzsdyilandtjoi ce of
materials. Claiml

ethod for the production eramic laver on a _metallic
base material

The invention relates to a method for the production of a
ceramic layer on a metallic base material, to an apparatus
for carrying out the method and to workpieces manufactured
in accordance with the method. The method in accordance
with the invention can be used for example as a surface
technology in turbine wheels (for the protection of the
blades or blade tips in gas and steam turbines or in Pelton
wheels) or in diesel engines (pistons, cylinder heads,
valves).

Metallic surfaces can in principle be substantially
improved with respect to various properties by means of
ceramic coatings, namely for example with respect to their
resistance to wear and/or to corrosion. The coating can
also be used at higher temperatures as a heat insulating
layer and as protection against wear. Pairing a ceramic |
material with a metallic one is very difficult due to the
great differences between these materials. It is an object
of the invention to apply a technically usable ceramic
layer to a metallic base material by means of a suitable
method and with a suitable choice of materials. Claim 1
summarises the features by means of which this object is
satisfied in accordance with the invention.



sunmari ses the features by neans of which this object is satisfied in
*accordance with the invention. -2- The nethod for the manufacture of a
ceramic layer on a netallic base material conbines the follow ng neasures:
The base material is preheated. Ceramc coating material is applied to a
locally nelted surface region of the _base material. In this situation the
coating material is |likew se nelted. A™metal |l urgi cal bonding zone is
produced by neans of an additional material which reacts with the coating
material and which is additionally applied to the base nmaterial as an
adhesi on fhedtethgd fpar the impradactatrenath & fergade Aayeri #n as a
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likewise melted. A metallurglcal bonding zone is produced
by means of an additional material which reacts with the
coating material and which is additionally applied to the
base material as an adhesion producing layer or is admixed
with the base material as a component of the alloy.

Thanks to the bonding zone in accordance with the invention
the layer adheres well to the base material. Materials must
be selected for which a bonding zone or an intermediate
layer of this kind forms. In the choice of the materials
care must further be taken that the ceramic layer has a
suitable microstructure and that only low residual tensions
remain between the layer and the base material. In
particular the production of a layer should be possible
which is intact, i.e. largely free of tears, and compact,
i.e. largely free of pores. For special applications porous
coatings can also be advantageous. The method in accordance
with the invention enables the manufacture of ceramic
coatings of which the layer thicknesses are at least 0.1
mm, with it being possible for the layer thicknesses to be
considerably greater.

The energy which is required for the melting of the ceramic
coating material and for the piece of surface of the base
material to be melted is advantageously introduced by means
of a laser beam. Ceramic materials are very good absorbers
in the infrared range so that a coating material present in
powder form is preheated when flying through the laser
bean.



particul ar the production of a layer should be possible which is intact,
i.e. largely free of tears, and conpact, i.e. largely free of pores. For
speci al applications porous coatings can al so be advant ageous. The net hod
in accordance with the invention enables the manufacture of ceramc
coatings of which the |layer thicknesses are at least 0.1 mm wth it being
possi ble for the layer thicknesses to be3c6nsiderably greater. The energy
which is required for the nelting of the ceramc coating naterial and for
the piece of surface of the base material to be nelted is advantageously
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encount er @& melt puddle formed by the laser beam in an interaction
zone on the substrate. In the presence of an adhesion
producing layer the additional material at the surface of
the substrate is transported in the interaction zone
through convection and diffusion partially into the base
material and partially into the coating material, where it
forms transition regions as a result of metallurgical
reactions which mechanically stably bond the base material
to the ceramic coating after the subsequent scolidification
of the melt puddle.

The base material is advantageously a ferrite steel with
low carbon content. A Martensite formation is largely
absent during the cooling of a steel of this kind.

A specific coating method will be explained in the
following: T

A mixture of Al_O, and.ZrO2 is used as a coating material,
advantageously in a relationship of the two oxides for
which a eutectic results (42 % ZrO_, by weight) so that the
melting point of the layer takes on a minimum value (about
1900°C). This mixture has a relatively large coefficient of
thermal expansion'for ceramic materials, namely about 8
10”° K *. A steel is used as a base material, the
coefficient of thermal expansion of which is relatively
small in comparison with other metals, namely a
superferritic steel (X1 CrNiMo, coefficient of thermal
expansion: 10.5 10~° K~ ", melting point 1485°C; composition
in percent by weight: 0.003 C, 28.35 Cr, 3.35 Ni, 2.37 Mo,
0.38 Si, 0.37 Mn, remainder Fe). It is important that the



a.helt.puddle formed by the | aser beamin an interaction zone on the
substrate. In the presence of an adhesion producing |ayer the additional
material at the surface of the substrate is transported in the interaction
zone through convection and diffusion partially into the base material and
partially into the coating material, where it forns transition regions as a
result of metallurgical reactions mhlcﬁ frechani cal |y stably bond the base
material to the ceram c coating after the subsequent solidification of the
melt puddl e. The base material is advantageously a ferrite steel with | ow
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coefficient of t hermal expansion of which,is relatively
tanium as an adhesion producing layer can be applied to

the base material by means of PVD (Physical Vapour
Deposition). The application of the coating must be carried
out screened off from oxygen and nitrogen, i.e. in a
protective gas (Ar).

When the substrate melts, Ti diffuses out of the adhesion
producing layer into the base material and into the oxide
incident at the interaction zone. Oxygen proceeds from the
oxide into the melted adhesion producing layer and oxidises
Ti there, whereas zirconium oxide (2r0_.) is partially
reduced in a boundary region of the ceramic coating
material. Assimilations of the chemical compositions
thereby result in a transition region between the substrate
and the coating. This transition region forms a
mechanically stable bonding zone.

In the adhesion producing layer the Ti can be partially or
wholly replaced by Z%Zr or Hf. Other alloys also come into
consideration as base materials which have relatively low
coefficients of thermal expansions and melting points which
do not differ greatly from those of the ceramic layer. One
can for example use a ferritic construction steel. In this
case the adhesion producing layer must be relatively thick
(several hundredths of a millimetre) so that a volume
increase through Martensite-wise conversions acts to a
reduced extent on the ceramic layer. MeCrAlY (with Me = Fe,
Ni, Co) can be used as a material for the adhesion
producing layer which can be applied by means of laser
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For a successful production of a coating which adheres. to
the base material in accordance with the invention as a
result of a bonding zone it is necessary in addition that
the substrate be preheated. The heat required for the
preheating is advantageously introduced inductively by
means of electromagnetic energy. Preheating is done to a
temperature T,, with the absolute temperature T, being
greater than about 50% of the melting temperature T, of the
base material.

The coating manufactured in accordance with the invention
is also resistant to thermal shock. Relatively large
temperature gradients between the coating and the base
material are possible without a breaking off of the ceramic
layer arising.

The invention will be explained in more detail in the
following with reference to the drawings. Shown are:

Fig. 1 a schematic illustration of a first apparatus
for the manufacture of the coating in
accordance with the invention,

Fig. 2 a part of a second apparatus, namely a nozzle
for supplying a protective gas into which a
second nozzle for a powder injection is
integrated,

Fig. 3 a second exemplary embodiment of the protective
gas nozzle.



Ti- there whereas zirconiumoxide (Zr(err]) is partially reduced in a
boundary region of the ceramc coating material. Assimlations of the
chem cal conpositions thereby result in a transition regi on between the
substrate and the coating. This transition region forns a mechanically
stabl e bonding zone. In the adhesion producing |ayer the Ti can be
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the workpiece 1, a tightly closing container 6 and a
reservoir 7 for a protective or inert gas. Coating material
in powder form is applied via a hose 32 and a nozzle 31 to
an interaction zone 10 on the workpiece 1 under the action
of a laser beam 20. At the same time heat is produced
inductively in the workpiece 1 by means of an electrode 40
which is connected to.an energy source 4 via electrical
lines 4l1a and 41b. The workpiece 1 is moved by the
apparatus 5 at an advancing speed v in the x direction so
that a uniform trail 12 of applied material 30 arises.
Through displacement of the workpiece 1 in the y direction
an array of further trails can be manufactured in parallel
and close arrangement. The electrode 40 of the induction
heater can be arranged to be fixed in space depending on
the size of the workpiece 1; it can however also be moved
along with the workpiece 1. The container 6, in which the
coating is carried out in a protective gas atmosphere, is
connected to the gés reservoir 7 via a line 71. A window 21
in the wall of the container 6 allows the (infrared) laser
beam to pass.

A control apparatus (not shown) can also be provided by
means of which process parameters, in particular the
advancing speed of the movable holder 5, can be regulated
as a result of temperature measurements at and on the
workpiece 1. The cooling down of the base material can be
controlled using the control apparatus in such a manner
that the cooling down speeds of the base material and of
the coating are of the same order of magnitude, i.e. do not
differ by more than a factor of five.



ther mal expansion and the nelting tenperatures are | ocated between the
correspondi ng val ues for the base material and the ceramic coating in the
bondi ng zone. For a successful production of a coating which adheres to the
base material in accordance with the invention as a result of a bonding
zone it is necessary in addition that the substrate be preheated. The heat
required for the preheating is advanfhd@dhsly I ntroduced i nductively by
means of el ectromagnetic energy. Preheating is done to a tenperature
T[err], with the absolute tenperature T[err] being greater than about 50%
of the nelting tenperature T[err] of the base material. The coating
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namely a noz€h0v1ded for the laser beam 20, and a small nozzle 31,
with coating material 33 consisting of powder particles 30
being supplied using the small nozzle 31. The protective
gas 77 is guided in the form of a laminar flow to the
nozzle opening 61 in a ring gap between the wall of the
large nozzle 60 and a tube piece 22 from which the laser
beam 20 emerges. After it emerges from the nozzle opening
61 the protective gas 77 — flowing further in a laminar
mranner — forms a barrier 70 against the surrounding air
space. This barrier 70 is dimensioned in such a manner that
a diffusing in of the surrounding air to the interaction
zone 10 is suppressed. The parts of the apparatus which are
located in the protective gas flow are suitably formed so
that a laminar development of the flow of the protective
gas 77 is ensured; in particular the powder nozzle 31 is
formed in a streamlined shape.

The workpiece 1 is coated with an adhesion producing layer
11 of a material with which a bonding zone 12’ can be
produced in accordance with the invention. In the melting
puddle of the interaction zone 10 this material distributes
itself in a region 11’ indicated by dots; in this situation
it combines on the one hand with the base material 1’ and,
on the other hand, with the incident coating material 30.
Through the application of material onto the workpiece 1,
which is moved at a speed v, a trail 12 arises which
together with further trails applied parallel to it forms a
connected coating material 30.



for supplying a protective gas into which a second nozzle for a powder
Pnjection is integrated, Fig. 3 a second exenpl ary enbodi nent of the
protective gas nozzle. -6- The apparatus in Fig. 1 conprises the

foll owi ng conponents: a workpiece 1 to be coated, a | aser system 2, a
powder dispenser 3 (reservoir inclusive of forwarder), an energy source 4
for an induction heater, an apparatus for noving the workpiece 1, a
tightly closing container 6 and a reservoir 7 for a protective or inert
gas. Coating material in powder formis applied via a hose 32 and a nozzle
31 to an Fifer 3cshonszanpProgestiviee gasr oizzde Boumddh the fedlewiny a | aser
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by neans of, an el ectrode 40 whi ch i's connected to an energy source 4 via
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appl i ed nate&%%&eSQZarlaes powder nozzle 30 with a connection hose
31. In this example the focus 25 of the laser beam 20 is
located above the interaction zone 10 of the workpiece 1.
The protective gas 77 is fed into the inner space of the
nozzle 60 via the gap 62 in such a manner that a uniform

laminar flow develops.

For the production in accordance with the invention of a
bonding zone 12’ it is not necessary that the additional
material which is required for this, for example Ti, is
applied in the form of an adhesion producing layer 11 (see
Fig. 2) which must be manufactured with the ceramic
material 30 in a separate step prior to the coating. It is
also possible to introduce the additional material into the
interaction zone 10 for example together with the ceramic
material or by means of a second powder nozzle (not shown)
immediately prior to the application of the ceramic
material 30. A further possibility consists in adding the
additional material during the casting of the base material
for the manufacture of a cast part. The additional material
can also be a constituent of an intermediate layer.

Particles can also be added to the ceramic coating material
30 which are chemically largely stable with respect to
ligquid melt phases arising in the coating procedure. These
particles can consist of hard ceramic materials such as
carbides, nitrides, borides and/or oxides or can be
enveloped in resistant protective coatings. Particles of
this kind can serve for the improvement of the wear
resistance. The particles are admixed to the powder of the
coating material; they can however also be introduced into



*TFhr ough di spl acenent of the workpiece 1 in the y direction an array of
“further trails can be manufactured in parallel and close arrangenent. The
el ectrode 40 of the induction heater can be arranged to be fixed in space
"dependi ng on the size of the workpiece 1; it can however al so be noved
along with the workpiece 1. The contaijier 6, in which the coating is
carried out in a protective gas atnosphere, is connected to the gas
reservoir 7 via aline 71. Awndow 21 in the wall of the container 6
allows the (infrared) |aser beamto pass. A control apparatus (not shown)
can al so the gresardadicad Al toPuddleh By dc eepagatemPowder syppddti cul ar -
t he advanci ng speed of the novable holder 5, can be regulated as a result
of tenperature nmeasyrenents at and ,on the workpiece 1. The cooling down of
the base T Sgthodkdm FecFtarae & Wsithe thvedddtroraipber 588 R such a
manner t hgindfacnne ictgtaws et afedtivag@imtethdrmard of the coating
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for the protection of turbine wheels. Heat insulation at
higher temperatures and wear protection are further
possible uses.



Tnstead of in the protective gas atnosphere of the container 6, it is
‘advant ageous to carry out the nmethod in accordance with the invention by
means of a suitably formed protective gas nozzle 60 - see Fig. 2. a large
hozzle 60 for the supply of the protective gas 77 within which space is
provided for the | aser beam 20, and a | nozzle 31, i:ﬁ

material 33 consisting of powder particles 30 being subm"' %Eﬁlhé %N!
smal | nozzle 31. The protective gas 77 is guided in thg for an1n r
flow to the nozzle opening 61 in a- rtﬂg gap ‘between the wall of the larc e

nozzle 60 and a tube piece 22 frgm he | aser beam 28- éﬁé?g@@PhAfter
it emerges fromthe nozzle openln |ve gas 77 - flow ng
further in a |lam nar nmanner - for against t he surroundi ng
air space. This barrier 70 is d| h a manner that a diffusing

in of thepattehauadedasair to the |nteract|on zone 10 is suppressed. The
parts of the apparatus which are located in the protective gas flow are
suitably forned so that a | am nar devel opnent of the flow of the protective
gas 77 islensuMetthodnfpar theumanufaetpmde:f aozeremdt leyewor fda.,i A3
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| ayer 11 of a nater
material is held at an eleva ed temperature, ceramic

coating material (30) is applied to a locally melted
surface region (10) of the base material and is
likewise melted so that a metallurgical bonding zone
(12’) forms with an additive material, with the
additive material, which is additionally applied to
the base material as an adhesion promoting layer (11),
or is added to the base material as a component of the
alloy, reacting with the coating material.

2. Method in accordance with claim 1, characterised in
that the base material (1’) is preheated to a
temperature T_, with electromagnetic energy in
particular being advantageously introduced inductively
and the absolute temperature T, being greater than
about 50% of the melting temperature T, of the base
material.

3. Method in accordance with claim 1 or claim 2
characterised in that the coating material (30) and
the surface to be coated are melted at the same time
by means of a laser beam (20), with the laser bean
being directed toward the place to be coated and with
the cocating material being forwarded through the beanm
in powder formn.

4, Metheod in accordance with one of the claims 1 to 3
characterised in that material (11) additionally
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pfeduced in accordance with the invention. In the nelting puddle of the
I'nteraction zone 10 this material distributes itself in a region 11

i ndicated by dots; in this situation it conbines on the one hand with the
base material 1' and, on the other hand, with the incident coating materi al
30. Through the application of material fnlo the workpiece 1, which is
noved at a speed v, a trail 12 arises vht ch together with further trails
applied parallel to it forms a connected coating nmaterial 30. -8- Fig. 3
shows a protective gas nozzle 60 with the follow ng conponents: a flange
23, an internmedappéiefingo2tthezhssewmatend a2l (Lt ) afiopathat preduchienr ed),
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aperture 62 and a powder nozzle 30 wth'a connection hose 31. In this
exampl e the foc88Pasage pREhpdsstepeadn2par§icydarelYaBol@SEHe interaction
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5. Method in accordance with one of the claims 1 to 4
characterised in that the application of material is
performed in a laminarly flowing protective gas (70),
with a diffusion of air from the surroundings to the
places (10) to be coated being largely suppressed by
means of the gas flow.

6. Method in accordance with one of the claims 1 to 5
characterised in that the cooling down of the base
material is controlled by means of a control apparatus
in such a manner that the cooling rates of the base
material and of the layer are of the same order of
magnitude, i.e. do not differ by more than a factor of
five.

7. Apparatus for the coating of a workpiece (1) by means
of the method in accordance with one of the claims 1
to 6 characterised by a large nozzle (60) for the
supply of the protective gas (77), within which space
is provided for the laser beam (20) and for a small
nozzle (31), with it being possible to supply coating
material (30) using the small nozzle and with a
movable holder (5) for the workpiece and an induction
heating (4, 40) being arranged under the outlet
aperture (61) of the large noz:zle.

8. Apparatus in accordance with claim 7 characterised in
that apparatus parts (31, 22) which are located in the
flow of the protective gas (77) are suitably formed so
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For -t he” production

I n accordance with the invention of a bonding zone 12

I't is not necessary that the additional material which is required for

this, for exanple Ti

is applied in the formof an adhesi on producing | ayer

11 (see Fig. 2) which nust be manufactured with the ceramc material 30 in
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(5), are regulatable as a result of temperature

measurements at and on the workpiece (1).

10. Workpiece (1) manufactured in accordance with the

method in accordance with one of the claims 1 to 6

characterised in that materials are chosen for the

metallic base material (1/) and the ceramic coating

material (30) for which the coefficients of thermal

expansion and the melting temperature each have values

which do not differ from one another by more than
about 50%, preferably by 20%.

11. Workpiece in accordance with claim 10 characterised in

that the base material (1’) is a ferritic steel for

which a low carbon content is provided in order to

largely avoid a Martensite formation.

12. Workpiece in accordance with claim 10 or claim 11
characterised in that the coating material (30)

consists of a mixture of Al_,0, and ZrO_, in particular

a eutectically solidifying Al,0,-2r0., alloy, which can

additionally contain for example chromium, titanium,

yttrium, magnesium and/or calcium oxide, with a

maximum of 10 percent by weight of the additional

oxides.

13. Workpiece in accordance with one of the claims 10 to

12 characterised in that the ceramic coating material
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the l-dser induced nelt puddle by a separate powder supply. The nethod in
‘accordance with the invention can be used to manufacture coatings for
protection agai nst therno- nechanical or chemcally corrosive stressing,
for exanple for the protection of turbine wheels. Heat insulation at higher
t enperatures and wear protection are_fgrther possi bl e uses. REPLACENMENT
SHEET - 10 - Patent Cains 1. Met hod1Pofr the manufacture of a ceranmic
| ayer (12, 13) on a netallic base material (1'), wherein the base naterial
is held at an el evated tenperature, ceram c coating material (30) is
applied to a | dcdl) wdddltisvhaslind asmbraigiomyg 1@ 4 perwedsdyhatodnimd and i-s
|| kew se el { e,s Gydtale B dTRAdH il Bndipfill NG AP Sedtiduitht  an
additive naterigf?)mﬁt ?%e : Y %2 . *

respect to the liquid melt phases arising in the

coating procedure, with the particles consisting of

hard ceramic materials such as carbides, nitrides,

borides and/or oxides or being enveloped by resistant

protective layers.

14. Workpiece in accordance with one of the claims 10 to
13 characterised in that the adhesion producing layer
(11) or the alloy additive contains reactive elements,
for example Ti, in metallic form.

g




additive material, which is additionally applied to the base material as an
adh€sion pronoting layer (11), or is added to the base material as a
conponent of the alloy, reacting with the coating material. 2. thhod in

accordance with claim 1, characterised in that the base nﬁ@
e Sq‘lg" Ef{ HAS BEEr\i
h

preheated to a tenperature T[err], with _el ectromgnetic
particul ar bei ng advant ageously |ntrodUééd T nductively dnd t hBERIAGHDUt e
tenperature T[err] being greater than about 50% of the nelting Tenperatur
T[err] of the base material. 3. Method in accordance with claim1l or claim
2 characterised in that the coating nmaterial (30) and the smtéage Ehphe
coated are nelted at the sane tine by neans of a |aser beam (20), wth the

| aser beam being directed toward the place to be coated and with the
coati ng matAbSsE lsohoghedet hr ough the beam in powder form 4.

Met hod in accordance with one of the claims 1 to 3 characterised in that

mat eri al (11% addi tionally ) .
The method for the production of a ceramic layer (12, 13)

on a metallic base material (1’) combines the following

measures: The base material is preheated. Ceramic coating
material (30) is applied to a locally melted surface region
(10) of the base material. The coating material is therein
likewise melted. A metallurgical bonding zone (12’) is
provided using an additive material which reacts with the
coating material and which is additiocnally applied to the
base material as an adhesion producing laver (11) or is
added to the base material as a component of the alloy.

(Fig. 1)
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appl i ed t oTHig, ase material (1') for the production of the bonding zone
(12') is appli N bee@f a separate nethod step, in particular by a
| aser coati Ff"/ﬂ i cation fromthe vapour phase ( al
sprayi ng. 5. accordance with one of the cl ai pEHIS $HEET HAS BEEN
characterised in that the application of material is perff or mre@EPLAGED
lam narly flowing protective gas (70), with a diffusion of "arr fromthe
surroundings to the places (10) {o be coated b¢ing |argely suppressed by
means of the gas flow §g- bt hpd i n ag@cordande with one of the clains 1
to 5 characterised in thatqthp cpoling wn of |t he base yial is
control |l ed by neana of Qéﬂtr0| i such q]nangakﬂﬁgai t he
cooling rates of g e matgrial ;and ofzﬂhe Izner are of tmg*sanme order
of magni tude, i.}i 0 Iifer_ Dby t a-vactor of five. 7.

ok by ans of the nmethod in

Appar atus for tﬂI coa
b 0 6 charnac seeh by a | arge nozzle’

accordance with et-+sech
(60) for the supply O tive gas i(71%) Mﬁthin whi ch space is
(20 or g s .

provi ded for

R

—10

1




nozzle (31), with it being possible to supply coating material (30) using
the small nozzle and with a novabl e holder (5) for the workpi ece and an

i nduction heating (4, 40) being arranged under the outlet aperture (61) of
the | arge nozzle. 8. Apparatus in accordance with claim7 characterised
i'n that apparatus parts (31, 22) which are located int euld ;
protective gas (77) are suitably fornmed so - 12 - that’ @ﬁﬁmﬁASBEQV’
devel opnent of the flow (70) of the protective gas is ensure@fPQQCEQ
Apparatus in accordance with claim7 and claim8 characterised T tiat—a.
regul ati on apparatus is provided, by neans of which the process paraneters,
i n particular an advanci ng speed of the novable holder (5), are regul atable
as a result of tenperature neasurenents at and on the workpiece (1). 10.

Wor kpi ece (1) manufactured in accordance mﬁih the nethod in accordance with
one of the clains 1 to 6 characterised in th8t materials are chosen for t he

/ 23
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netal l.ic base material (1') and the ceram c coating material (30)
the coefficients of thermal expansion and the nelting tenperature

Yot Ahleh

each ! Fave

values which do not differ fromone another by nore than about 50%
preferably by 20% 11. Wrkpiece in accordance with claim10 characterised

in that the base material (1') is a ferritic steel for Foyrcarbe
content is provided in order to |argely-.pvoid a Nhrten>mﬁgﬁﬂggwggfé%EEﬁ2.

Wor kpi ece in accordance with claim 10 of ¢laim 1l charfc erised in t

coating material (30) consists of a mxture of Alferr]{Jprnl4p

in particular a eutectically solidifying Alferr]Q[err -ZrC{err] aI

whi ch can additionally contain for exanple chromum t

magnesi um and/ or cal ci um oxi de, with a maxi mum of 10 pEfcent by wei ght

—

the additional oxides. 13. Workpiece in accordance with one of the crat

10 to 12 characterised in that the ceramc coating materi al - 13 -

Me or the vroduction of a ce ic laver on 1
base material

The invention relates to a method for the production of

a

ceramic layer on a metallic base material, to an apparatus
for carrying out the method and to workpieces manufactured

in accordance with the method. The method in accordance
with the invention can be used for example as a surface
technology in turbine wheels (for the protection of the

blades or blade tips in gas and steam turbines or in Pelton

wheels) or in diesel engines (pistons, cylinder heads,
valves).

L. Metallic surfaces can in principle be substantially
improved with respect to various properties by means of

ceramic coatings, namely for example with respect to their

resistance to wear and/or to corrosion. The coating can

also be used at higher temperatures as a heat insulating

layer and as protection against wear. Pairing a ceramic

material with a metallic one is very difficult due to the

great differences between these materials. It is an object

of the invention to apply a technically usable ceramic

layer to a metallic base material by means of a suitable

method and with a suitable choice of materials. Claim 1

summarises the features by means of which this object is

satisfied in accordance with the invention.



(30) additionally contains up to 40 percent by volume of particles which
are chemcally largely stable with respect, to the liquid nelt phases

arising in the coating procedure, with the particles consi StRiEpQA(%fME'W?rﬁiEET
r Nah'dl ‘QC Qr

ceranic ‘materials such as carbides, nitrides, borides and/{o
bei ng envel oped by resistant protectivgglayers. 14. Wrkpilede i n accor dand
with one of the claims 10 to 13 characterised in that the {aghetddeC 1998
produci ng layer (11) or the alloy additive contains reactijvg el enents, fol

exanple Ti,

in netallic form

e

Patent Claims

1.

Method for the manufacture of a ceramic layer (12, 13)
on a metallic base material (1’), wherein the base
material is held at an elevated temperature, ceramic
coating material (30) is applied to a locally melted
surface region (10) of the base material and is
likewise melted so that a metallurgical bonding zone
(12?) forms with an additive material, with the
additive material, which is additicnally applied to
the base material as an adhesion promoting layer (11),
or is added to the base material as a component of the
alloy, reacting with the ccoating material.

Method in accordance with claim 1, characterised in
that the base material (1’) is preheated to a
temperature 7., with electromagnetic energy in
particulaf being advantageously introduced inductively
and the absolute temperature T_, being greater than
about 50% of the melting temperature T of the base

- materijal.

Method in accordance with claim 1 or claim 2
characterised in that the coating material (30) and
the surface to be coated are melted at the same time
by means of a laser beam (20), with the laser beam
being directed toward the place to be coated and with
the coating material being forwarded through the beam
in powder form.

Method in accordance with one of the claims 1 to 3

characterised in that material (11) additionally

A




