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A cylinder member aﬁd nickel-based facing alloys

The invention relates to a cylinder member, such
as a valve, a seat portion, a piston or a cylinder
liner, in an internal combustion engine, particularly
a large two-stroke crosshead engine, which member is
provided with a welded high-temperature corrosion-
resistant facing alloy, and relates to a nickel-based
facing alloy which may, for example, be welded on to
such a cylinder'member.

A number of different facing alloys for exhaust
valves in internal combustion engines are known.
W092/13179 describes, for example, the use of the
nickel-based alloy, Alloy 50, the cobalt-based alloy,
Stellite 6, and a nickel-based alloy, the most important
alloy comﬁonents of which are 20-24% Cr, 0.2-0.55% C and
4-7% Al. . _

EP-A-0 521 821 describes a valve made of Nimonic

-provided.with a welded layer of Inconel 625, or provided

in a manner not further explained with a layer of
Inconel 671 which, apart from unavoidable impurities,
consists of 0.04-0.05% C, 47-49% Cr, 0.3-0.40% Ti and
the balance Ni. It is mentioned that the alloy Inconel
671 does not provide a corrosion resistance as good as
that of Inconel 625, which contains'among other things
20-22% Cr, 8.0-9.5% Mo, 3.15-4.15% Nb+Ta and the balance
Ni. ' ' _

DT-0S 24 46 517 describes. a facing alloy for
nuclear reaétors, attempting to avoid intercrystalline
corrosion by means of a welding alloy consisting of
maximum 0.05% C, 1.0-5.0% Si, maximum 1.0% Mn, 20-50%
Cr, 0.5-3.0% B, maximum 3.0% Cu, maximum 5.0% Fe and the

'balance_ Ni, where % Cr = 10 x % B + 13. Concrete

examples mention alloys with a B content ranging from
1.13 to 2.86%.
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* layer of Inconel manner not er expl alned W th
“a layer of combustlon englne having a basic body of a chromium-

containing nickel alloy which is coated with a chromium-
‘containing cdbélt~ alloy at a temperature exceeding
5. 3000°C, whereuPCn the member is subjected-to mechanical
" machining and ageing at a temperature higher than the
working temperature, the aim of which is to stabilize
the structure and dimensions of the alloy and counteract

1ntercrysta111ne ‘corrosion.
10 DK-B-165125 describes an exhaust valve for an
 internal combustlon engine with a high-temperature
'cbrrosion-resistant'facing alloy comprising 13-17% Cr,
| 2-6% Al, 0.1-8% Mo, 1.5-3.5% B, 0.5—3%. Ti, 4-7% Co and
the balance Ni.

15 A number of other fac1ng alloys for exhaust valves.
in 1nternal combustlon engines are ‘known from the
article "Review of operating experience with current
valve materials”, published in 1990 in the book "Diesel
engine combustion ‘chamber materials for heavy fuel

20 operation" from The Institute of Marine Engineers,
London. _ '

The purpose of the known facings on valves is,
among other thingé, to provide a surface on the member

- with excellent high-temperature corrosion resistance so

25 that the material is not corroded by the highly corrod-
ing environment in a heavy fuel oil diesel engine, and
in case of seat areas, a surface of high hardness so
that the formation of dent marks is counteracted, and
at the same time the material deposited should have a

30 high ductility counteracting the formation of cold
cracks in the material.

In the known valve alloys, the hardness of the
facing has malnly been provided by pre01p1tatlon of
carbide networks, borides and/or 1ntermetals, such as

35 Ni,Al (y’), p-phase, c-phase or Laves-phase in the basic
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known welded facing alloys are very exposed to cold
cracking in the welding material at the cooling of the

‘member following welding, viz. cracks present immediate-

ly following the conclusion of welding. The cold cracks
require either rejection or repair of the members with
the welded facing. The problem of cold cracking is
particularly pronounced in the known boron-containing
facing alloys, because these known alloys have very low
ductility. B is here used for précipitation of borides
to increase the hardness and abrasion resistance of the
alloy.

In the case of cast members, to achieve good high-
temperature corrosion resistance, particulérly in
environments gontaining sulphur and vanadium from heavy
fuel o0il combustion products, it is known to use an
alloy of the type 50% Cr 50% Ni or an alloy of the type
IN 657, consisting of 48-52% Cr, 1.4-1.7% Nb, maximum
0.1% C, maximum 0.16% Ni, maximum 0.2% C+N, maximum 0.5%
Si, maximum 1.0% Fe, maximum 0.3% Mg and the balance
Ni. After casting, the alioy comprises a nickel-rich y-
phase and a chromium-rich a-phase where both phases,
depending on the precise analysis of the alloy, may
constitute the primary dendrite structure. It is known
that these alloys age-harden at operating temperatures
exceeding 700°C, which causes embrittlement character-
ized in a ductility of less than 4% at room témperature.

- Owing to these relatively poor strength properties, the
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alloys have exclusively been used for cast members with

‘no special requirements as to strength.

EP-A-0529208 describes a chromium-based hafdfacing
alloy for welding in the valve seat area on the valves
in a car engine. The alloy contains 30-48% Ni, 1.5-15%
W and/or 1.0-6.5% Mo, and the balance is of at least 40%
Cr. The welding is performed by means of laser welding,
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and:at_the'cooling'Of the soli@ified.chromium-containing
a-phase, a'nickel-dontaining phase is precipitated. W
and Mo have a solution enhancing effect on the alloy and
contribute vitally to its strength.- C can be added in
5 amounts of 0.3-2.0% to increase the hardness by forma-
tion of carbides, and B can be added in amounts of'O.l-
1.5% to increase the hardness by formation of chromium
borides. Nb can be added in amounts of 1.0-4.0% to form
hardness-increasing intermetallic compounds as well as
10 carbides and borides. The hardness of the alloy is thus
created immediately upon welding by precipitation of
carbide networks, borides and/or intermetals in the
chromium-cdntaining bagic matrix of the alloy and by
solution hardening 1like in the above alloys.
15 Consequently, great care and special welding methods
must be applled such as laser welding, to avoid
cracklng in lmmedlate connection with the welding
process. Welding on. large members, such as cylinder
members for large marine engines, where a valve may, for
20 example, have.a disc diameter of 300-500 mm, is hardly
commercially feasible with this known alloy.

The object of the invention is to provide a
cylinder member and a facing alloy which have a high
resistance to hot corrosion in the environment existing

25 in the working chamber of an internal combustion engine,
while at the same time the-risk of cracking in connec-
tion with welding is substantially lower than in the
known alloys so that welding methods with a suitably
high melting rate can be used to weld the alloy on to

30 large members on a commercial basis..: _

In view of this object, the cylinder member
according to the invention is characterized in that the
hardness of the welded alloy is increased by means of
a precipitation'hardening mechanism based on a solid-

35 state phase transformation, that the temperature of
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that the alloy substantially does not harden at welding
5 on the cylinder member, but hardens during a subsequent
heat treatment at a temperature higher than the activa-
tion temperature for the precipitation hardening
mechanism.
By primarily inducing the hardness of the alloy by
10 a solid-state phase transformation through heat treat-
ment of the material after solidification of the welded
facing alloy, the desired hardness has been achieved
with a substantially smaller precipitation of eutectics
and hard phases during solidification than in the known
15 alloys. This strengthens the mutual bonds between the
primary dendritic precipitates, which counteracts hot
cracking.
Cold cracking immediately following welding has
been elegantly avoided, as the slow-acting hardening
20 mechanism only increases the hardness of the alloy at
the subsequent heat treatment after the alloy has been
stress-relieved, as will be éxplained in detail below.
Until the member is heat-treated after finished mechan-
ical machining, the welded facing alloy retains a high
25 ductility of, for example, 25%, which prevents the
residual stresses after welding corresponding to the
yield stress of the alloy from generatiﬁg cracks. The
yield stress of facing alloys of the type mentioned here -
increases with the increasing hardness of the alloy,
30 just as the temperature for achieving stress relieving
also increases. During heating to the activation
temperature for the hardening mechanism, the welded,
still very ductile alloy becomes exposed to a tempera-
ture level which releases the residual stresses by means
35 of stress relieving. The low hardness of the alloy
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quickly and at a low temperature.
To achieve a solid-state phase transformation the
composition of the alloy must-be"chosen so that in the
5 area around the chosen analysis, the main elements of
the alloy deplcted in a phase diagram exhibit an oblique
d1v1d1ng line for the state of equlllbrlum between two
different phase areas, where, for example, one ‘phase
area may contain the crystal lattice -form, BCC (Body
10 Centered Cubic), and the other a mixture of BCC and the
so-called FFC form (Face Centred Cubic). As another
example may be mentioned two FCC forms with mutually
dev1at1ng side 1engths At the rapid SOlldlflcatlon of
the weld po¢l and the subsequent cooling the alloy does
15 not haive time '_t.o'adjust itself to the state of equilib-
rium, i.e., judged in relation to the state of equilib-
rium the alloy will have too large a proportion of one
phase{ At the subsequent heating above the hardening
temperature}'the'underrepresented phase will be point-
20 precipitated in the overrepresented phase, which
generates internal stresses with crystal distortions
preventing disloeatioﬁs from travelling through the
crystal grains, Whereby'the alloy achieves high hard-
ness. The transformation from one to the other phase
25 takes'place through diffusion of the alloy components,
~ and extremelyﬂsmall peint precipitates occur which are
 so finely distributed that the resulting alloy has a
very uniform microhardness. Such solid-state phase
_ transformations are in themselves known  from other
30 alloys, but the feature of importance to the invention
is that for the chosen analysis of the facing alloy, the
_transformation takes so long that it does not become
active in the period passing until the just welded
material has“edqled'below the hardening temperature. As
35 the welded material vretains high ductility until
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.hardening, the cylinder member may without problems be
exposed to mechanical machining to the finished
geometry, whereupon hardening is performed.

.The cylinder member is preferably provided with a

5 facing alloy which solidifies on welding primarily in
an austenitic phase, part of which becomes transformed
into a ferritic phase at temperatures above the activa-
tion temperature for the precipitation hardening
mechanism. This precipitation of the ferritic BCC form

10 in the austenitic FCC form is advantageous for achieving
high hardness and is extremely suitable in connection
with facing alloys which normally contain nickel and
chromium, as the binary Cr-Ni phase diagram has a
characteristic, slightly S-shaped dividing line between

15 the austenitic nickel-rich phase and the more chromium-

‘'rich phase area.

The activation temperature for precipitation
hardening of the alloy may suitably be in the interval

- from 550 to 1100FC, preferably from 700 to 850°C, and

20 at the same time activation of the precipitation
hardening mechanism requires said activation temperature
to be exceeded for more than 40 s, suitably for more
than 20 min. With such a hardening mechanism, the facing
alloy of the cylinder member is especially adapted to

25 the welding methods which have a melting rate advan-
tageously high for the manufacture of the members, and
to the operating temperatures occurring in cylinder
members in a large two-stroke crosshead engine. If the -
cylinder members are to be used in smaller engines,

30 other temperature levels may be chosen. .

Preferably, expressed in percentage by weight and

apart from commonly occurring impurities, the facing
alloy of the cylinder. member comprises from 40 to 51%
€r, from 0 to 0.1% C, less than 1.0% Si, from 0 to 5.0%

35 Mn, less than 1.0% Mo, from 0.05 to less than 0.5% B,
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of maximum 5.0%, maxlmum 0.2% O, max1mum 0.3% N and the
balance Nl :

5  In a well-kﬁown manner, the large content of Cr
promotes the corrosion properties of the nickel alloy
in the relevarnt operating enVirOnment.:The welded alloy
has better corrosion properties and}higher‘hardness at
the operating'témperatureS from 500 to 700°C than the

10 known hardfaéings' on cylinder members, and .better
mechanical pfépefties than the above cast nickel alloys. (
Outside of the'iﬁterVél“stated;for'the Cr content, the
solid phase transformation cannot be achieved in a
suitable mannér, aé7the activation teﬁperature becomes

15 too low when the lower Cr interval limit is not reached,.

~and if- the -upper Cr interval limit is exceeded, the
solidification interval of the alloy is increased, and
primarily ferrite may be precipitated in a hard and
brittle phase resulting in an undesiréd fall in ductil-

20 ity. The amounts of the other alloy components determine
the precise positioning of the dividing line in the
phase diagram between the two relevant phases, which
means that the optimum content of Cr can be adjusted
finely by tests to achieve the desired activation

25 temperature for the hardenlng' when the other alloy
components are known.

The content' of B has surprisingly turned out to be
decisive for the weldablllty of the nickel alloy with
the high Cr content. Already at such a small amount as

30 0.05%, B causes the solidification of the melt to change
from cellular solidification into dendritic solidifica-
tion, where the dendritic branches interlock and produce
a geometrical locking of the structural components so
as to avoid more extended and plane film layers in the

35 melt which is_the31ast to solidify. Thus, the content
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of the alloy to hot cracking at welding. B is largely
insoluble in the y and a-phases, and it is presumed that
the solidification involves a eutectic with a number of
borides. At a B content of 0.5% and upwards, the amount
of eutectic and associated borides increases to a level
with is destructive to the desired ductility of the
alloy. A large content of B may also cause precipitation
of the well-known and undesired low-melting eutectics
of no great strength.

Nb influences the solid phase transformation to
provide globular precipitation rather than lamellar
precipitation, which increases the ductility of the
alloy remaining after heat treatment. This is of

Aimportance particularly to cylinder members which are

exposed to mechanical influences during operation. A
corresponding effect can be achieved with Ta, Ti and Zr,
but Ta is very expensive, and more than 1.5% Ti may
cause intermetallic ‘precipitation making the alloy
harden partially and embrittle at the welding, and a
content of 2r exceeding 0.2% may cause hot cracking at
welding. .

A content of Mo of less than 1.0% may contribute
to strengthen the austehitic phése through a solution-
enhancing effect which gives the alloy greater tensile
strength.

Si, Mn and Al have a de-oxidizing effect at welding
and are therefore, to avoid welding defects, desirable
as components in the filler material used at welding.
Although some of the de-oxidising agent'is burned away
at welding, paft of it will remain in the finished
alloy. It is desired to limit Si to less than 1%, as Si
reduces the desired effect of B and necessitates a
larger addition thereof. Mn is not quite such an
efficient de-oxidizing agent, and it is desired to limit

alloy for welding in
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the amount to maximum 5% so as not to dllute the active
components in the: flnlshed alloy. An Al content of more
than 1% may cause undesired precipitation of the
intermetallic phase Ni3Al, which increases the hardness
of the nickel matrix already during the welding process.

C is a common impurity'inucommércial alloys, and-

it is expensive to remove C completely. The C content
should be limited to maximum 0.1% to avoid or reduce
carbide formations. O and N will normally be deposited
in the alloy from the ambient: air, but they do not

‘contribute to the desired properties.

Co and Fe are'also'impurities which it is desired

. to limit to an aggregate content-of maximum 5%.
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The invention also relates to a nickel-based facing
alloy which is characterized according to the invention
in that expressed in percentage by weight and apart from
commonly occurring impurities, it comprises from 40 to
51% Cr, from 0 to 0.1% C, less than 1.0% Si, from 0 to
5.0% Mn, less than 1.0% Mo, from 0.05 to less than 0.5%
B, from 0 to 1.0% Al, from 0 to 1.5% Ti, from 0 to 0.2%
Zr, from 0.5 to 3.6% Nb, an aggregate content of Co and
Fe of maximum 5.0%, maximum 0.2% O, maximum 0.3% N and
the balance Ni. As described. above, this alloy is

‘distinguished by very good high-temperature corrosion

resistance and by being weldable largely without any
risk of cracking and by being heat-treatable to high
hardness at temperatures of, for example, 650-800°C with
retention of a ductility which permits the use of the
alloy on'mechanically-loaded members as a protective
facing and/or a hard facing. The influence of the
individual components on the properties of the alloy are
mentioned above. : :

With a view to ensure high ductlllty of the alloy
immediately following welding, preferably the content
of Al is maximum 0.1%, and the content of Ti is prefer-
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increasing and thus ductility-lowering intermetallic
phase Ni3Al(Ti).

The Cr content of the alloy may suitably be in the
interval from 45 to 50%. A Cr content of minimum 45%
provides the advantage that the precipitation hardening
mechanism takes place in a more controlled manner and

‘at a higher activation temperature, which means partly

that the alloy at welding is cooled quickly below the
activation temperature, partly that the subsequent
machining 6f the member to the final_geometry can take
place largely without taking into consideration the
heating of the member by the machining. The upper limit
of 50% provides suitable certainty against formation of
the hard and brittle primary ferrite phase.

In a preferred embodiment, the alloy contains from
0.15 to 0.40% B,. preferably maximum 0.25% B. The upper
limit of 0.4% B provides suitablé certainty that
hardness-increasing borides are not precipitated in too
large amounts when’thé_alloy solidifies, and the lower
limit of 0.15% ensures that at the dilution of the
welding metal with the basic material of the member, the
boron content does not in local areas become so low that

‘hot cracks can easily arise. The ability of boron to

produce the desired dendritic structure in the élloy is
reduced at a falling Cr content in the alloy. At a Cr
content of less than 45%, the content of B is therefore
preferably from 0.20 to 0.30%. The preferred upper limit
of 0.25% is suitable in alloys with at least 45% Cr.

To avoid incorporating larger amounts of B intq the

alloy, the content of Si in the welded alloy is prefer-
ably maximum 0.03%, and because, as mentioned, the
content of Mn has a diluting effect, the Mn content may
suitably be restricted to maximum 0.5%. For the same
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35 the precipitation hardening mechanismin the vvel ded
reason a content- of Mo of maximum Q 5% is preferred,

and/or an aggregate content of Co and! Fe of maximum 1.0%
and maximum 0. 02% -0 and maximum O. 02% N ,
The advantageous change in the hardenlng mechan:.sm
5 to take place with globular prec:.pltatlon 'is
strengthened if the. content of Nb 1s at minimum 1. 0%,
and for -economic reasons the content: of the relatively
costly Nb may suitably be.limited to 2.,0%, as a higher
content of Nb .usually does not s_ubstantlally improve the
10 properties of the alloy. The risk of hot cracks at
welding may sultably be limited by 1ncorporat1ng maximum
0.02% 2r in the alloy. _
Now, examples of the alloys of the invention will
be descr:.bed in detail below with reference to the
15 draw1ng, 1n which -
Fig. 1 shows a phase diagram for the blnary Cr-Ni
system, . :
Fz.gs.' 2 and 10 are photographs of a penetrant test
and a ground and polished specimen magnified 500 times
20 of a reference alloy with 48% Cr and the balance Ni,
'Figs. 3-6 -and 11-14 are corresponding. photos
showing the influence of boron on the weldability of the
alloy, - _ '
Figs. 7-9 and 15-17 are correspcndlng photos
25 show:.ng the influence of silicon on the weldability of
the alloy, o .
'Figs. 18 and 24 are corresponding photos of a
reference alloy with 43% Cr and the balance Ni,
Figs. 19-23 and 25-29 are corresponding photos of
30 the influence of boron on the weldability of this alloy,
- and " : . o :
Figs. 30-32 are photos of ground and polished
samples magnified 1000 times of three alloys according

to the invention.



fécing alloy is basea75T7¥?Rﬂ*trstate—phase transform fTH(S SHEERHAS'BEEN
t enperature of act | vatlmghdeh@sgge?,qge tion hardening charREp[tAch

apove the : g te the al |l oy,  and that
preci pi tat| n enin wmﬂ acts so sl owiyit hat theMé:] 5?/5’00503
0

substantial ly does n | di ng on the cylinder nenber, but -
har dens during a subsequent heat treatnent at a tenpera- ture higher
than the activation tenperature for the

13

~ The binatry phase diagram shown in Fig. 1 shows the
slightly S-shaped dividing line between the equilibrium
phases vy and y-a. The dividing line starts at a tempera-
ture of about 1345°C from a point at about 47% Cr and
5 extends obliquely downwards to a point at about 38% Cr
at a temperature of 500°C. When an Ni-Cr alloy in the
above area is welded, the solidification of the weld
pool and the subsequent cooling will take place so
rapidly that mainly austenitic nickel phase y is formed.
- 10 At the subsequent hardening, the ferritic a-phase will
be precipitated in the nickel phase as very . finely
distributed globular precipitates. For an alloy with
further alloy components, the exact position of the
dividing line depends on the type and amount of all

15 alloy components.

As the wéldability of the alloys is a substantial
characteristic of the invention, a number of tests have
been made to see how weldability is affected by the
addition of B and de-oxidizing components exemplified

20 by Si. The tests were carried out with Plasma Trans-
. ferred Arc Welding (PTAW) on unalloyed steel discs of
a diameter of 135 mm and a thickness of 30 mm. The
welding parameters were an arc volta of 30 V and a
current inténsity of 160 A. The'welding speed was 60

25 mm/minute, and the melting rate was 1.6 kg/hour. The
welded members were coated with a red-colouring pene-
trant ligquid which was left in any cracks in the welded
material after wiping of the member, which render
possible a visual check for cracking:. A sample was taken

30 from each member and ground and polished as well as
photographed in a microscope. The results of the tests
are shown in the drawing.

Nickel alloys with a high content of Cr have so far
‘been considered very difficult to weld owing to the high

35 risk of hot cracking, which was confirmed at the two




preci pi tation hardeni ng mechani sm 10 By pri mgriHI§ SHEET HASUBERE o
har dness of the al l'oy—by asotid=state phase transf orRERLAGEDt hr ouph heat
treat- ment - of 't h(fhimﬁhﬁ ShegSOl i dification of tne wetded—I facing .

AR _
al oy, tMEO8E8742d har o achieved  with a sUPETDEDSEISHY v
smal l er precipitati onJ ﬂgﬂl Eﬂl

5 and hard phases during solidification
than in the known rengt hens the nutual bonds between the
primary dendritic precipitates, which counteracts hot cracki ng.

Col d cracking i medi ately-follow ng wel ding has 20 been el egantly avoi ded,
.as the slowacting hardening mechanilém only increases the hardness of

the alloy at. t he subsequent _heatl.treatment ~after the allaqy. has been
stress-rel i eFEFSTENR ”:e%fes expfai T8 t n 2de?BR | e o\'ﬂﬁe el AR member
i s heat -t r eas¢domy errddkiimshaetherandhdmet cracking is seen. Figs. 10

and 24 show that solidification has taken place cellu-
larly with the dark extended plane film layers between

5 the crystal grains.- Lo _ - .

' The marked ‘influence of boron on hot cracking
appearé:from FiQSl'3-6 and Figs. 19-23. In the alloys
with 48% Cr and a content of B of 0.06%, 0.12%, 0.23%
and 0.40%, respectively, it can be seen that the long

10 hot cracks have disappeared already at the addition of
as little as 0.06% B, and the sample with 0.4% B was {
completely crackfree. The alloys with 43 % Cr and a
content of B of 0.15%, 0.2%, 0.3%, 0.4% and 0.5% B,
respectively, show a drastic shortening of the hot

15 cracks at 0.15% B, but the hot cracks were only com-
pletely'goﬁe at 0.2% B, which means that the alloy has
to have a larger content of B when the Cr content is
- lower. Figs. 11-14 show that B makes the alloy solidify
in a dendritic structure. The same effect is indicated

20 in Fig. 25, but only fully achieved in Fig. 26.

Figs. 7-9 and 15-17 show alloys with an addition
of Si in amounts of ‘0.09%, 0.17%,and 0.33%, respective-
ly, and with an associated content of B of 0.06%, 0.11%
and 0.21%, respectively. It can be seen that Si reduces

25 the ability of B to produce a dendritic solidification

structure.

Example 1:
An alloy aécording to the invention was prepared, having

the following analysis: 48.6% Cr, 1.5% Nb, 0.67% Mn,
30 0.39% Si, 0.1% B, 0.012% C'and the balance Ni. The alloy
was welded on to a member in the same manner as men-
tioned}abbve, only two weld beads were applied on top
of each othér.fNO*cracking could be observed after the
welding. After welding, the hardness of the alloy at
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2% i cal

machi ni ng the wel ded facing alloy retains a high dus ISHEEY HAS, BEEN

far exanpl e,
C@rrespondl

The

yieI

5@6 whi ch prevents the resi dual stresses aftler mehgpﬂnmtg

yield stress of the alloy from gener gthg—eracks:
FQ@Q of faC|ng al l oys of the type nentioned h&iF

I ncreases with the increasing hardness of the all oy, just as the
tenperature for achieving stress relieving al so increases. During

heating to the activation
still very ductile alloy becongg

wel ded,

| evel mhlch rel eases the residual stresses by neans

10

15

20

25

30 m

20°C was measured to 200 HV20. The member was then heat-
treated for 72 hours at a temperature of 700°C. After
the heat treatment no cracking could be observed either.
By means of the measuring method HBW 3000/15/10,  the
hardness of the alloy was measured to 511 HV20 and 460
HBW at 20°C and 415 HBW at 500°C, which shows that the
alloy retains an extremely advantageous, high hardness’
‘at a high temperature. The sample was cut, ground and
polished in the usual manner. Fig. 30 shows a photo of
the alldy, and it can be seen immediately that the
structure of the hardened alloy is so fine_that the
individual structural components can hardly be distin-
guished despite the powerful magnification.

Example 2:

Corresponding tests were made as above with an alloy of
the following analysis: 48.6% Cr, 0.5% Nb, 0.67% Mn,
0.39% Si, 0.1% B, 0.012% C, 0.24% Co+Fe and the balance
Ni. No cracking could be observed, either before or
after the heat treatment. Before heat treatment, the
hardness was measured to 220 HV20 and after heat treat-
ment to 551 HV20 and 460 HBW at 20°C and 415 HBW at
500°C. A photo of the alloy is shown in Fig. 31.

Example 3:
Corresponding tests were made as above with an alloy of

the folloWing analysis: 48.6% Cr, 1.5% Nb, 0.67% Mn,
0.39% Si, 0.1% B, 0.012% C, 0.24% Co+Fe and the balance
Ni. No cfacking could be observed, either before or
after the heat treatment. Before heat treatment, the
hardness was measured to 210 HV20 and after heat treat-
ent to 467 HV20 and 451 HBW at 20°C and 401 HBW at
500°C. A photo of the alloy is shown in Fig. 32.

This Sheet Has Been Reﬂla ced
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tenperature for the hardeni ng nechani sm the
exposed to a tenpera- 35 ture



of stress relieving. The | ow hardness of the al ftwls SHERE HAg BEEN

eni ng s
causes the stresses to be relieved qui ckly al Rﬂ%ﬁﬂfnenperature '
To achi eve a soI|d?§T§T§”ﬁE§E_FF§ﬁ§Fbrnat|on t he 5 comnp f the :
al | oy mu¥¥0 #64 ﬂose%@ﬂme&hﬁinemR area around the choRCFDENMOHI s, the <
mai n el ements of ted in a phase. dlagran1exh|b|t an
obl i que di vi di ng In“u ate of equili br| um bet ween two
16

Thg_eXamples-show'the very low hardness and consequent
high ductility of the alloys after weidihg and the large
increase in hardness without cracklng at hardenlng The
‘alloy can be welded on as a. corros1on protectlve facing
5 on the surfaces that come into contact with the environ-
ment in the internal combustion chambef of an engine.
Furthermore, the high-temperature hardness is so high
that the alléys_according'to-the-iﬁvehtion are very
suitable as ‘welded hardfacing alloys for valve seat
10 areas. L - .
' In the above description, the components of the (
alloy according to the invention'are all stated in

percent by weight.



dﬁfferent phase areas, where, f or exanpl e, one phase 10 are Tﬂﬁy
t he

the crystal lattice fijsghee aced  Cent ered Cubic), and "
i xture of, fw t he | |FFC forn1(Facg.Qentred] i c\BEFRACED
anot her cgggﬁg e my two FCC forms with mut BEYD

deviating side lengths. At the rapid solidification of 15 the weld pool and
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t he subsequent cooling the all oy does not have tinme to adjust itself to
the state of equili b- rium i.e., judged in relation to the state of
equi l i b- riumthe alloy will have tog-l arge a proportion of one

phase. At the subsequent heating above the hardening 20 tenperature, the

underrepresented phase will| pe ppigity T RFeCipifagesl in the .
overrepresent ed phase, ' enerates internal stresses with crysta

whi ¢h g
di stortions pr event?t nﬁyﬁi'-‘é@%ﬁat“leﬁl%ezf'r ofteRadd | 2 ngalicough Beat
crystal grainporvhengby pisten o achiyvasddr ghiheérd-in an internal

combustion engine, particularly a large two-stroke

5 crosshead engine, which member is provided with a welded

high-temperature corrosion-resistant facing alloy,

characterized in that the hardness of the

welded alloy is increased by means of a precipitation

hardening mechanism based on a solid-state phase

10 transformation, that the temperature of activating the

precipitation hardening mechanism is above the operating

temperature of the alloy, and that the précipiéation

hardening mechanism acts so slowly that the alloy

substantially does not harden at welding on the cylinder

15 member, but only hardens during a subsequent heat

treatment at a temperature higher than the activation

temperature for the precipitation hardening mechanism.

2. A cylinder member according to claim 1,

characterized in that the facing alloy

20 solidifies on welding primarily in an austenitic phase

(y), part of which becomes transformed into a ferritic

phase («a) at temperatures above the activation tempera-
ture for the.precipitation hardening mechanism.

3. A cylinder member according to claim 1 or 2,

25 characterized in that the activation tem-

perature for precipitation hardening of the alloy is in

the interval from 550 to 1100°C, preferably from 700 to

' 850°C, and that activation of the precipitation harden-

ing mechanism requires said activation temperature to

30 be exceeded for more than 40 s, suitably for more than

20 min.

4. A cylinder member according to any one of claims

1-3, characterized in that expressed in

percentage by weight and apart from commonly occurring

35 impurities, the facing alloy of the cylinder member
[ —

AT R



25 ness. The transformation fromone to the othETH'h EET HA 5%@@ pl ace
ex

t hrough di ffusion of the alloy conponents, Eh%¢ smal [} point
precipitates occur-which are so finely distributed that the resulting
al | oy hasW®96/18%3ry uni f orm m cr ohar dness. Such sol i d- st at @QI/DIKYS/68803

transformations are in thenselves known from ot her al l oys, but the
feature of inpe%%anté’fﬁ'?ﬁg—r%62ntlon is that for the chosen anal ysis
of the facing mm “‘ mm‘&uﬁgsforn&tlon takes so long that it does not
become acti assing until the just welded 35 nmaterial
has cool ed beli e harﬂenﬁng t enper at tfe. As
' compriges from 40 to 51% Cr, from 0 to 0.1% C, less than
1.0% Si, from 0 to 5.0% Mn, less than 1.0% Mo, from 0.05
to less than 0.5% B, from 0 to 1.0% Al, from 0 to 1.5%
Ti, from 0 to 0.2% Zr, from 0.5 to 3.0% Nb, an aggregate
5 content of Co and Fe of maximum 5.0%, maximum 0.2% O,
maximum 0.3% N and the balance Ni.
| 5. A nickel-based facing alloy, charac-
t erized in that expressed 1n.percentage by weight
and apart ‘from commonly occurring impurities, it
10 comprises from 40 to 51% Cr, from 0 to 0.1% C, less than
1.0% Si, from 0 to 5.0% Mn, less than 1.0% Mo, from 0.05
to less than 0.5% B, from 0 to 1.0% Al, from 0 to 1.5%
Ti, from 0 to 0.2% Zr, from 0.5 to 3.0% Nb, an aggregate
content of Co and Fe of maximum 5.0%, maximum 0.2% O,
15 maximum 0.3% N and the balance Ni.
6. A facing alloy according to claim 5, char -
acterized in that the content of Al is maximum
0.1%, and that the content of Ti is maximum 0.1%.
7. A facing alloy according to claim 5 or 6,
20 characterized in that the alloy contains
from 45 to 50% Cr. _ _ '
8. A facing alloy according to any one of claims
5-7, characterized in that the alloy
contains from 0.15 to 0.40% B, preferably maximum 0.25%
25 B. '

9. A facing alloy according to any one of claims
5-8, characterized in that the alloy
contains maximum 0.03% Si and preferably maximum 0.5%
Mn. : o ' _

30 10. A facing alloy according to any one of claims
5-9, characterized in that the alloy

" contains maximum 0.5% Mo. '
11. A facing alloy according to any one of claims
5-10, characterized in that the alloy

This Sheet Has Been R
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the . welded namterial retains high ductility until ha ﬁﬁ

cyl i nder nenber may without problens be exposed to mechanf ca ﬁg&%&gﬁiéEEN
to the figé&&@ﬂs' geonet ry,...wher eupon hardenlng jizs.perfor
cyl i nder 74 preferably provided with a faC|ng al
solidifies on welding primarily in an austenitic phase, part of which
becones transforned into a ferritic phase at tenperatures above the
activa- tion tenperature for the precipitation hardening

19

contains from 1.0 to 2.0% Nb, and preferably maximum
0.02% Zr. '

12. A facing alloy according to any one of claims

5-11, characterized in that the aggregate

5 content of Co and Fe of the alloy is maximum 1.0%, and

that the alloy suitably contains maximum 0.02% O and

0.02% N. | _ |

13. A facing alloy according to any one of claims

5-12, characterized inthat it is used for

10 welding on to a cylinder member, such as an exhaust

valve, in a large two-stroke internal combustion engine,

particularly a propulsion engine in a ship or a station-

ary power-generating engine.
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10 nmechanism This precipitation of the ferritic BCC form in the
austenitic FCC formis advantageous for achieving hi gh hardness and is
~eXtremely g deaghgy i N connection wi th facing alloys which nornall
contai n nickel and chromium as the binary Cr-N phase diBgyRKIs803; 15
characteristic, slightly S-shaped dividing |ine between the austenitic
ni ckel -rich phase and the nore chrom um rich phase area. The
activation tenperature for precipitationJZ/ghardening of the alloy may
suitably be in the interval 20 from 550 100[err]C, preferably from 700
to 850[err]C, and at  the actl of the
precipitation 2 dening neéﬁégﬁgnk‘ TAaQi%étlvation tenperatUre
fQo

to be exceeded for Frar—4 3'uitﬁh'\ or—mgre quan 20 mn. Wth
such a hardening m an| 5'm the fac ng |25 al | oy off t |nder menber is
especi ally adapte /
1500 EA85" = //
—q===-:::: /J (o4
]\”0 o ‘,‘zorfl‘o 72[ . - (Cf )
" / N
1100 F (Nj}——
wof—L_¢ | 7 | o
700 E 0, defe d l ‘I : ! \\\
f i ‘
500: J.L\ i T‘

N1 2030 L 3 0 v & w Cr
weight %o Chromiwm

F1G.1

48 * Cr/Ni bal

FI1G.2



the wel di ng net hods which have a nelting rate advan- tageously high for
t he manufacture of the nenbers, and to the operating tenperatures
oegurring in | i nder menbers in a | arge two-stroke crosshead engi ne. If

c

the 30 cyl iWOF ¥¥hbers are to be used in smaller engines, PCEHIIIFR0503
tenperature | evels may be chosen. Preferably, expressed in
percent age by wei ght and apart from co%r?.nl y occurring inpurities, the

[Qses from40 to 51% 35 Cr, from
0%

faci ng all oy of the cylinder nmenber co
+0to 0.1%C, less than 1.0% Si, fromO to

FlG.3

48 % Cr/Ni bal.+ 0,12%8.
FlG.4



Mh, less than 1.0% Mo, fromO0.05 to |l ess than 0.5% B, fromO to 1.0% Al ,
framO to 1.5% Ti, fromO to 0.2% Zr, from0.5 to 3.0% Nb, an aggregate
content of wWo wngife of maxi mum 5. 0% naxi nrum 0. 2% O, nmaxi num 0. 3% N and

the 5 bal ance Ni . In a well-known manner, the |arge E&HIUAS08$03C
pronotes the corrosion properties of the nickel alloy in the rel evant
operating environnent. The wel ded al | oy has better corrosion properties

and hi gher hardness at 10 the operating tejr‘ﬁ?atures from 500 to 700[err]C
t han the

48°% Cr/Ni bal.+ 023% B,
F1G.5

48 %Cr/Ni bal.+0.4%8.

FIG.6



known hardf aci ngs on cylinder nembers, and better

S Qut si de of the
sol i d phase transfornati on cannot be

as the activation tenperature becones

reached,

solidificatio

t han t he above cast nickel alloys.
the O contgblesnbls
15 sui t abl e manner,

the lower Cr interval limt is not
limt is exceeded, the
i ncreased, and primarily ferrite may

brittle phase resulting in an undesired fal

of the other alloy
dividing line in t 8
whi ch neans t hat®
tests to achieve t1g
when t he ot her all

-~

,:.

A

L

mechani cal properties
I nterval stated for

| a
SRS en
and if the upper C interval
terval of the alloy is
precipitated in a hard and 20
in ductd™- ity. The anounts
breci.g@ positioning of the
t rel evant phases,
bercadj usted 25 finely by
ht U= for the hardening

F1G.9

48%Cr/Ni bal +021%B,

F1G.8

487 CriVi bal 0.1 B, 0,17%Si.

FIG.7

46 % TN bal *006%B, 0,09%Si.
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Nb?inﬂluences the solid phase transformti
precipitation rather than |anellar
ductility of the 15 alloy remaining after

preci pitation,

on to

heat treatnent.

Thi s

provi de globular
whi ch i ncreases the

is of

exp
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| mpor t.ance BVéH‘(‘@Zﬂ"arl y to cylinder nenbers which are

mechani ca

I nfl uences during operation.

A

correspondi ng effect can be

achieved with Ta, Ti

and Zr,

but Ta is very expensive,

and nore than

1.5% Ti may 20 cause internmetallic prec
partially and enbrittle at the wel ding,

3

i on nmaking the all oy

" harden

content of Zr exceeding

0. 2% may cause hot cracking at

wel di ng.

A content of M of

| ess

than 1.0% may contribute 25 to strengthen the austenitic phase through a

sol uti on-
strengt h.

enhancing effect which gives the alloy greater tensile
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Sff Mh and Al have a de-oxidizing effect at wel ding and are therefore,
to. avoid wel ding defects, desirable 30 as conponents in the filler materi al
used at wel di Al t hough sonme of the de-oxidising agent |s_burned away

n
at wel di ng,wﬂag’t“"’d? it will remain in the finished al | oy. PETDRISPBO3 o
tolimt Si to less than 1% as Si reduces the desired effect of B and
necessitates a 35 larger addition thereof. M is not quite such an

4/12

FIG.20

43%Cr/Ni bal.*0,2% B.

43% Cr/Ni bal. +0,15% B.
FIG. 19

43% Cr/Ni bal.
F1G.18




effici-ent de-oxidizi ng agent, and it is desired to limt- t he amount to
maxi mum 5% so as not to dilute the active conponents in the finished

al{oy. An A'w&?é)izﬁﬁ of more . than 1% rmay cause undesired p%é‘@bﬂbglﬁsbfﬂe

of the 5 internetallic phase Ni 3Al, which increases the hardn
ni ckel matrix already during the welding process. Cis a conmon
I mpurity in commercial alloys, and It Is expensive to renove C

conpl etely. The C content should be I'im fo]gggr;o maxi mum 0. 1% to avoi d or
reduce 10 carbide formations. O and N wi || rfral | y be deposited in the
alloy fromthe anbient. air, but they do not :

43%Cr/Ni bal. * 05%B.
F1G.23

43%Cr/Ni bal.+04% B
FlG.22

43% Cr/Ni bal. +0,3% B
Fl1G.21




4.

confri;bute to the desired properties. Co and Fe are also inpurities

whi.ch it is desired tolimt to an aggregate content of maxi mum 5% 15
The- i nvent i godksdsy €l ates to a nickel -based facing al | oy W&g@
characterized according to the invention in that expressed %smage

by wei ght and apart from commonly occurring inmpurities, it conprises

from40 to 51% Cr, fromO to O. 1%C{@lﬁ?s than 1.0% Si, from0O to 20
5.0% M, less than 1.0% Mo, from 0. 05 I"ess than 0.5% B, fromO to

1.0%A, fromO to 1.5%Ti, Zr, from0.5 to 3.0% Nb, an
aggregate et ¢ Chycana: o g g Xl mum 0. 2% O, maxi num
0.3% N andg.* s alpoy is 25
di sti ngui SFO Nesi stance and by
bei ng wel : wtidg a@ by beidB
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har dness at tenperatures of,

i

retention

CI/DK95/00503

Wth a view to ensure high ductility of the all oy

35 inmedi ately follow ng wel di ng, preferﬁ:}J/? t he content

af

650-800[err]C with

of -a ductility which permts the use of the 30 all oy on nechanically | oaded

for exanple,
facing and/or a hard facing. The influence of

ts on the properties of the alloy
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A Cr content of m ni mum 45%
mechani sm t akes

Is prefer-
suppress precipitation

i ncreasing and thus ductil
gher activation

The Cr content of t
rdeni ng

from45 to 50%

and the content of Ti
and 10 a

| ow contents of . Al and Ti
i 3AI (Ti).

dness-
i nt erval

8 ye har
phase

@/i

Such
suitably be in the

is maxi mum 0. 1%
%8 o

internetallic
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‘activati on tenperature, partly that the subsequent machi ni ng of t he

nmenber to the fin
consi deration thel|18

hard and brittle

e. . place largely wthopt
ch{Ht{Ete mefber by the machining. o #
°p

Hhé 'BEEN

limt of 50% prjoi des suitabl e]certainty agalnst forwdtlo PLAQED
rijmag y gmrm@ bhase. In a preferre éfbodi ment ,
fir om .15 tce .40% B, preferably maxi mum 0. 25% B. The

the alloy contain

upper 20 limt

har dness-i ncr easi

A LA s g UFohet ieadRe ERshed  ALESHF The momber,

when the all oy
the dilution o

10

15

20

25

30

of O.ﬁ%-B—p'r'ovr'd'ES‘s itabl e certainty that
g borides are not precigitated in too | ar ge anoun

ts

O¥%f the nenber
- the 25 boron cont ent does not in |ocal areas becone so | ow that hot

cracks can easily arig. i dog ahlh 41 8LROLA o %y 1M ESbLE, I53LASC

dendritic structure 1n t

as a valve, a seat: portion, a piston or a cylinder
liner, in an internal combustion engine, particularly
a large two-stroke crosshead engine, which member is
provided with a welded high-temperature corrosion-
resistant facing alloy, the hardness of said facing
alloy being increased by means of a precipitation
hardening mechanism, and relates to a nickel-based
facing alloy which may, for example, be welded on to
such a cylinder member.

A number of different facing alloys for exhaust
valves in internal combustion engines are known.
W092/13179 describes, for example, the use of the
nickel-based alloy, Alloy 50, the cobalt-based alloj/,
Stellite 6, and a nickel-based alloy, the most important
alloy components of which are 20-24% Cr, 0.2-0.55% C and
4-7% Al.

EP-A-0 521 821 describes a valve made of Nimonic
provided with a welded layer of Inconel 625, or provided
in a manner not further explained with a layer of
Inconel 671 which, apart from unavoidable impurities,
consists of 0.04-0.05% C, 47-49% Cr, 0.3-0.40% Ti and
the balance Ni. It is mentioned that the alloy Inconel
671 does not provide a corrosion resistance as good as

that of Inconel 625, which contains among other things

20-22% Cr, 8.0-9.5% Mo, 3.15-4.15% Nb+Ta and the balance
Ni. . | '

DT-OS 24 46 517 describes a facing alloy for
nuclear reactors, attempting to avoid intercrystalline

. corrosion by means of a welding alloy consisting of

maximum 0.05% C, 1.0-5.0% Si, maximum 1.0% Mn, 20-50%
Cr, 0.5-3.0% B, maximum 3.0% Cu, maximum 5.0% Fe and the
balance Ni, where % Cr = 10 x % B + 13. Concrete

. This Sheet Has Been Replaced
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reduced at a falling O content in the alloy. At a O content of |ess
than 45% the content of Bis therefore 30 preferably from0.20_to 0.30%

The preferred upper limt of 0.25%.is suitable in all oys THIS BHEEEARL BEEN |
45% Cr . To avoid incorporating |arger anounts _of . fite i PﬁEPLAg{ED

......

alloy, the content of Si in the welded alloy is prefer- a-
0.03% and because, as nentioned, the 35 content of Mh has a diluting -
effect, the M content nay 1a
examples mention alloys with a B content ranging from

1.13 to 2.86%.

REPLACEMENT SHEET
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12 - suitably be restrict ed'to maxi mum 0.5% For the sane reason ‘a

content of M of maxinmim 0. 5%:is preferred, and/ or an ag ot ent
-of Co and Fe of HagipNBeieRTOSH quni maxi mum 0. 02% O and WXEW@E@H@ BEEN
The advant ageous |c ar fleni ng- mechani sm REBLACED) th

gl obul ar  preci pift tion is engt hened i f the content of *“Nb-1s at

m ni mum 1. 0% and 1erE£:dﬂQfm > feasons the content of the relatively
costly Nb may suijtgbly be lintef§l o 2.0% as a higher 10 content of Nb
usual Iy does not [substantially inpfove thée properties of the alloy. The
rlsk of hot crack

-

7

g_eg the cooling of the solidified chromium-containing
a-phase, a nickel-containing phase is precipitated. W
and Mo have a solution enhancing effect on the alloy and
contribute vitally to its strength. C can be added in
5 amounts of 0.3-2.0% to increase the hardness by forma-
tion of carbides, and B can be added in amounts of 0.1-
1.5% to increase the hardness by formation of chromium
borides. Nb can be added in amounts of 1.0-4.0% to form
hardness-increasing intermetallic compounds as well as
10 carbides and borides. The hardness of the alloy is thus
 created immediately upon welding by precipitation of
- carbide networks, borides and/or intermetals in the
chromium-containing basic matrix of the alloy and by
solution hardening 1like in the above alloys.
15 Consequently, great care and special welding methods
must be applied, such as laser welding, to avoid
cracking in immediate connection with the welding
process. Welding on large members, such as cylinder
members for large marine engines, where a valve may, for
20 example, have a disc diameter of 300-500 mm, is hardly
commercially feasible with this known alloy.

The object of the invention is to provide a
cylinder member and a facing alloy which have a high
resistance to hot corrosion in the environment existing

25 in the working chamber of an internal combustion engine,
while at the same time the risk of cracking in connec-
" tion with welding is substantially lower than in the
known alloys so that welding methods with a suitébly
high melting rate can be used to weld the alloy on to

30 large members on a commercial basis.

In view of this object, the cylinder wmember
according to the invention is characterized in that the
the precipitation hardening mechanism in the welded
facing alloy is based on a solid-state phase transform-

35 ation, that the temperature of

Thls Sheet Has Been Replac

1 lIIIll I lIII




Jmelding may suitably be limted by ihcorporating maxi num 0.02% Zr in the

al | oy. . Now, exanples of .the al q“f%ﬁ¢ﬂ@ﬂﬁ'sﬂﬁﬂntlon will 15 be

~described in detail below wth referen wiing -‘Jl_lﬂs\gﬂEE'h HAS BEEN

Fig. 1 shows a ' I the bj.nary Cr-Ni qyqtemn ACEDYS.
2 and 10 are phg{mmuﬂ“]mﬁm”m etrant te4dtl DECa996a [griound: and nn\Tlﬂhcu
speci men magni fied 300'ti hes® * of a refrence alloy witth 48% Cr and t he

bal ance N, Figs. 3-6 and 11} 14_ are correspgndi ng phot os

showi ng the influence of boron on the iﬂahLL|L¥.QLuLhE all oy, 25

Figs. 7-9 and 15-17 - are o} showi ng the influence
5;904‘3?%’{32 o lgyﬁ % 1 u%8

of silicon on the wel dabi lit
1. A cylinder member, such as a valve, a seat

portion, a piston or a cylinder liner, in an internal
combustion engine, particularly a large two-stroke
5 crosshead engine, which member is provided with a welded
high-temperature corrosion-resistant facing alloy, the
hardness of said facing alloy being increased by means
of a precipitation hardening mechanism, ¢ harac -
terized in that the precipitation hardening

10 mechanism in the welded facing alloy is based on a
solid-state phase transformation, that the temperature
of activating the precipitation hardening mechanism is
above the operating temperature of the alloy, and that
the precipitation hardening mechanism acts so slowly

15 that the alloy substantially does not harden at welding

- on the cylinder member, but only hardens during a subse-
quent heat treatment at a temperature higher than the
activation temperature for the precipitation hardening
mechanism.

20 2. A cylinder member according to claim 1,
characterized in that the facing alloy
solidifies on welding primarily in an austenitic phase
(v), part of which becomes transformed into a ferritic
phase (a) at temperatures above the activation tempéra-

25 ture for the precipitation hardening mechanism.

3. A cylinder member according to claim 1 or 2,
characterized in that the activation tem-
perature for precipitation hardening of the alloy is in
the interval from 550 to 1100°C, preferably from 700 to

30 850°C, and that activation of the precipitation harden-
ing mechanism requireS'éaid activation temperature to
be exceeded for more than 40 s, suitably for more than
20 min.

4. A cylinder membex according to any one of claims

35 1-3, characterized in that expressed in
: _ . T

heet Has Been Replaced
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Fig§f 18 and 24 are correspondi ng photos of a reference alloy with 43%
' 19-23 and 25-29 are correspondi ng

Cr’ and t he bal ance-Ni 0 Fi gs.
the influence of boron on the weldability of this—allaoy
'H-ﬂ&ﬁl—&T HAS BEEN

phot os of
?rggmhed 1000 ti Jﬂﬂﬁ”ﬂmﬂﬂmﬂbgf aggg?g?ngngSp? I0I ts'Egd'l'h ent i OREPLACED

17a

percentage by weight and apart from commonly occurrlng
impurities, the facing alloy of the cylinder member '

sk
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13 | The bi nary phase di agram

ows the slightly
S-shaped dividing |ine between the e es [err] and [err].
The dividing line starts at a tenper gt 1345[err]C froma
point at about 47% Cr and 5 extends Mde@ S t osgbfPiuté shkeftbout
38% Cr at a tenperature of -500[ er : en an"Ni al | oy 5qﬂ5?q998
above area is welded, the solidificqgti pool
subsequent cooling will take place 49 rapidly that{mainly austenitic
ni ckel phase [err] is fornmed. 10 At the subsequent—t dening, the ferritic

a-phase will D& P Seddd bl Lrdd G iU bl $ R A 1y Y

The invention relates to a cylinder member, such
as a valve, a seat portion, a piston or a cylinder
liner, in an internal combustion engine, particularly

5 a large two-stroke crosshead engine, which member is
providea with a welded high-temperature corrosion-
resistant facing alloy, the hardness of said facing
alloy being increased by means of a precipitation
hardening mechanism, and relates to a nickel-based

10 facing alloy which may, for example, be welded on to
such a cylinder member. '

A number of different facing alloys for exhaust
valves in internal combustion engines are known.
W092/13179 describes, for example, the use of the

15 nickel-based alloy, Alloy 50, the cobalt-based alloy,
Stellite 6, and a nickel-based alloy, the most important
alloy components of which are 20-24% Cr, 0.2-0.55% C and
4-7% Al.

EP-A-0 521 821 describes a valve made of Nimonic

20 provided with a welded layer of Inconel 625, or provided
in a manner not further explained with a layer of
Inconel 671 which, apart from unavoidable impurities,
consists of 0.04-0.05% C, 47-49% Cr, 0.3-0.40% Ti and
the balance Ni. It is mentioned that the alloy Inconel

25 671 does not provide a corrosion resistance as good as
that of Inconel 625, which contains among other things
20-22% Cr, 8.0~9.5% Mo, 3.15-4.15% Nb+Ta and the balance
Ni. o

DT-0OS 24 46 517 describes a facing alloy for

30 nuclear reactors, attempting to avoid intercrystalline
corrosion by means of a welding alloy consisting of
maximum 0.05% C, 1.0-5.0% Si, maximum 1.0% Mn, 20-50%
Cr, 0.5-3.0% B, maximum 3.0% Cu, maximum 5.0% Fe and the
balance Ni, where % Cr = 10 x % B + 13. Concrete



distributed gl obul ar precipitates. For-—a\-n—ea\-l-«LmeLy;-_\5\,0r thwr:. further all oy
conmponents, the exact position of the REHE@@F (gl ISHRETdepends on the type

W3
and amount of all 15 alloy conpenents. As—tireywel dability of the

atloys is a substantial characterisgilc ﬁlq @Eﬁ S1b§¥e tijon, Sf)&s[eﬁgféh&ét

tests have. been made to see how weldabi f¢ctled 1998
addition of B and de-oxi di zi ng conpongnt 20 by Si e tests
were carried out with Plasna Trans- ferred Arc Wl dimg (PTAW on

unal | oyed steel discs of a di aneter hi ckness of 30 mm
The wel di ng par arre“ﬁers were an current

r.c voIt e of 30 V. and a
intensity of 160°A2 5%N§%ﬂqﬁfﬁn§;i? 2% BrFomtert, rﬁﬂﬂlPﬁefFBthng
rate was 1.6 kg/BodB. tbh@.86%uel ded nenbers were coated with a :

red-colouring pene-  gelbanbol igHd dauliebpias J efl140 2By oRckgelp,Lhe
wel ded combustion engine having a basic body of a chromium-
5 containing nickel alloy which is coated with a chromium-

containing cobalt alloy at a temperature exceeding

3000°C, whereupon the member is subjected to mechanical

machining and ageing at a temperature higher than the

working temperature, the aim of which is to stabilize

10 the structure and dimensions of the alloy and counteract

intercrystalline corrosion.

DK-B-165125 describes an exhaust valve for an
internal combustion engine with a high-temperature
corrosion-resistant facing alloy comprising 13-17% Cr,

15 2-6% Al, 0.1-8% Mo, 1.5-3.5% B, 0.5-3% Ti, 4-7% Co and
the balance Ni.

A number of other facing alloys for exhaust valves
in internal combustion engines are known from the

~article "Review of operating experience with current
20 valve materials", published in 1990 in the book "Diesel
engine combustion chamber materials for heavy fuel
operation" from The Institute of Marine Engineers,
London.
The purpose of the known facings on valves ig,
25 among other things, to provide a surface on the member
with excellent high-temperature corrosion resistance so
that the material is not corroded by the highly corrod-
ing environment in a heavy fuel oil diesel engine, and
in case of seat areas, a surface of high hardness so
30 that the formation of dent marks is counteracted, and
at the same time the material deposited should have a
high ductility counteracting the formation of cold
cracks in the material.
In the known valve alloys, the hardness of the
35 facing has wmainly been provided by precipitation of



material after w ping of the nenber, W varl;‘possi bl e a visual

check for cracking. A sanple was taMler i menber and ground and
polished as well as phot ographed i a m croscope] fhe results of the
test s are shown in the draw ng. U 6 MACR#S al | bys Wstibstrute SReet
content of Cr have so far been cqngidered very difficult t Mgmgtyg ng
to the high 35 risk of hot cracking, which was confirped at the t

3

carbide networks, borides and/or intermetals, such as
Ni3Al (v’), p-phase, oc-phase or Laves-phase in the basic
matrix of the alloy, and by solution hardening. The
known welded facing alloys are very exposed to cold
5 cracking in the welding material at the cooling of the
member following welding, viz. cracks present immediate-
ly following the conclusion of welding. The cold cracks
require either rejection or repair of the members with
the welded facing. The problem of cold cracking is

10 particularly pronounced in the known boron-containing
facing alloys, because these known alloys have very low
ductility. B is here used for precipitation of borides
to increase the hardness and abrasion resistance of the
alloy.

15 In the case of cast members, to achieve good high-
temperature. corrosion resistance, particularly in
environments containing sulphur and vanadium from heavy
fuel oil combustion products, it is known to use an
alloy of the type 50% Cr 50% Ni or an alloy of the type

20 IN 657, consisting of 48-52% Cr, 1.4-1.7% Nb, maximum
0.1% C, maximum 0.16% Ni, maximum 0.2% C+N, maximum 0.5%
Si, maximum 1.0% Fe, maximum 0.3% Mg and the balance
Ni. After casting, the alloy comprises a nickel-rich -
phase and a chromium-rich o-phase where both phases,

25 depending on the precise analysis of the alloy, may
constitute the primary dendrite structure. It is known
‘that these alloys age-harden at operating temperatures
exceeding 700°C, which causes embrittlement character-
ized in a ductility of less than 4% at room temperature.

30 Owing to these relatively poor strength properties, the
alloys have exclusively been used for cast members with
no special requirements as to strength.

EP-A-0529208 describes a chromium-based hardfacing
alloy for welding in the valve seat area on the valves

35 in a car engine. The alloy contains 30-48% Ni, 1.5-15%



reference t ests.

In Figs. 2 and 11, |- KHON trong cracki ng due
to hot cracking is seen. Figs. 10 S1R {0 v : thgEE ol idification has
t aken pl ace cellu- larly with the gafk extended pljarfe fil m| ayers between
§ the crystal grains. The mar kef U%M%ﬁ'”@?? of orors%thggeghag{(i ng
appears fromFigs. 3-6 and Figs. 19-p3 In the alloys 4@0?($ggﬁpd a
content of B of 0.06% O0.12% 0.23% and U. 40% S ectlvely can
seen that the long 10 hot cracks ha dlsaooeared al rg¢ady at the addition

of

as little as 0.06% B, and the sanple with 0.4%B was

conpl etely

crackfree. The 6Wa%’f/or t].h 4% %"sqlloand 3 the balance is of at least 40%

10

15

20

25

30

35

Cr. The welding is performed by means of laser welding,
and at the cooling of the solidified chromium-containing
a-phase, a nickel-containing phase is precipitated. W
and Mo have a solution enhancing effect on the alloy and
contribute vitally to its'strength. C can be added in
amounts of 0.3-2.0% to increase the hardness by forma-
tion of carbides, and B can be added in amounts of 0.1-
1.5% to increase the hardness by formation of chromium
borides. Nb can be added in amounts of 1.0-4.0% to form
hardness-increasing intermetallic compounds as well as
carbides and borides. The hardness of the alloy is thus
created immediately upon welding by precipitation of
carbide networks, borides and/or intermetals in the
chromium-containing basic matrix of the alloy and by
like the
great care and special welding methods
must be applied,

solution hardening in above alloys.

Consequently,
to avoid
cracking in immediate connection with the welding
process.

such as laser welding,
Welding on large members, such as cylinder
members for large marine engines, where a valve may, for
example, have a disc diameter of 300-500 mm, is hardly
commercially feasible with this known alloy.

The object of the invention is to provide a
cylinder member and a facing alloy which have a high
resistance to hot corrosion in the environment existing
in the working chamber of an internal combustion engine,
while at the same time the risk of cracking in connec-
tion with welding is substantially lower than in the
known alloys so that welding methods with a suitably
high melting rate can be used to weld the alloy on to
large members on a commercial basis.

In view of this object, the cylinder wmember
accoxrding to the invention is characterized in that the
the precipitation hardening mechanism in the welded
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Kave a | arger content of B when the CANBMWAY H®8 I bwersulstitGte shedtd
show that B nakes the alloy solidify in_a dendritfc|structgipgay Taggsanme
effect is indicated 20 in Fig. 25, bdit only Tulty i eved in Flg 26.

Figs. 7-9 and 15-17 show alloys w thLan addition of{ Si in anounts of
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structure. ation, that the temperature of activating the precipita-

tion hardening mechanism is above the operating tempera-
ture of the alloy, and that the precipitation hardening

5 mechanism acts so slowly that the alloy substantially
does not harden at welding on the cylinder member, but
hardens during a subsequent heat treatment at a tempera-
ture higher than the activation temperature for the
precipitation hardening mechanism.

10 By primarily inducing the hardness of the alloy by
a solid-state phase transformation through heat treat-
ment of the material after solidification of the welded
facing alloy, the desired hardness has been achieved
with a substantially smaller precipitation of eutectics

15 and hard phases during solidification than in the known
alloys. This strengthens the mutual bonds between the
primary dendritic precipitates, which counteracts hot
cracking.

Cold cracking immediately following welding has

20 been elegantly avoided, as the slow-acting hardening
mechanism only increases the hardness of the alloy at
the subsequent heat treatment after the alloy has been
stress-relieved, as will be explained in detail below.
Until the member is heat-treated after finished mechan-

25 ical machining, the welded facing alloy retains a high
ductility of, for example, 25%, which prevents the
residual stresses after welding corresponding to the
yield stress of the alloy from generating cracks. The
yield stress of facing alloys of the type mentioned here

30 increases with the increasing hardness of the alloy,
just as the temperature for achieving stress relieving
also increases. During heating to the activation
temperature for the hardening mechanism, the welded,
still very ductile alloy becomes exposed to a tempera-

35 ture level which releases the residual stresses by means
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After wel ding, the hardness of the al}oy at
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of stress relieving. The low hardness of the alloy

before hardening causes the stresses to be relieved
quickly and at a low temperature.

To achieve a solid-state phase transformation the

5 composition of the alloy must be chosen so that in the

area around the chosen analysis, the main elements of

the alloy depicted in a phase diagram exhibit an oblique

dividing line for the state of equilibrium between two

different phase areas, where, for example, one phase

10 area may contain the crystal lattice form, BCC (Body

Centered Cubic), and the other a mixture of BCC and the

so-called FFC form (Face Centred Cubic). As another

example may be mentioned two FCC forms with mutually

deviating side lengths. At the rapid solidification of

15 the weld pool and the subsequent cooling the alloy does

not have time to adjust itself to the state of equilib-

rium, i.e., judged in relation to the state of equilib-

rium the alloy will have too large a proportion of one

phase. At the subsequent heating above the hardening

20 temperature, the underrepresented phase will be point-

precipitated in the overrepfesented phase, which

generates internal stresses with crystal distortions

preventing dislocations from travelling through the

crystal grains, whereby the alloy achieves high hard-

25 ness. The transformation from one to the other phase

takes place through diffusion of the alloy components,

and extremely small point precipitates occur which are

so finely distributed that the resulting alloy has a

very uniform microhardness. Such solid-state phase

30 transformations are in themselves known from other

alloys, but the feature of importance to the invention

is that for the chosen analysis of the facing alloy, the

transformation takes so long that it does not become

active in the period passing until the just welded

35 material has cooled below the hardening temperature. As



20C was neasured to 200 HV20. The ne —wes—then—ifreat treated for 72
hours at a tenperature of 700[err]C. YPLACEMENE &@7{‘ reat ment no
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hardening, the cyllnder member may without problems be
exposed to mechanical machining to the finished
geometry, whereupon hardening is performed.

5 The cylinder member is preferably provided with a
facing alloy which solidifies on welding primarily in
an austenitic phase, part of which becomes transformed
into a ferritic phase at temperatures above the activa-
tion temperature for the precipitation hardening

10 mechanism. This precipitation of the ferritic BCC form
in the austenitic FCC form is advantageous for achieving
high hardness and is extremely suitable in connection
with facing alloys which normally contain nickel and
chromium, as the binary Cr-Ni phase diagram has a

15 characteristic, slightly S-shaped dividing line between
the austenitic nickel-rich phase and the more chromium-
rich phase area.

The activation temperature for precipitation
hardening of the alloy may suitably be in the interval

20 from 550 to 1100°C, preferably from 700 to 850°C, and
at the same time activation of the precipitation
hardening mechanism requires said activation temperature
to be exceeded for more than 40 s, suitably for more
than 20 min. With such a hardening mechanism, the facing

25 alloy of the cylinder member is especially adapted to
the welding methods which have a melting rate advan-
tageocusly high for the manufacture of the members, and
to the operating temperatures occurring in cylinder
members in a large two-stroke crosshead engine. If the

30 cylinder members are to be used in smaller engines,
other temperature levels may be chosen.

Preferably, expressed in percentage by weight and
apart from commonly occurring impurities, the facing
alloy of the cylinder member comprises from 40 to 51%

35 Cr, from 0 to 0.1% C, less than 1.0% Si, from 0 to 5.0%



gui shed despite the powerful magnifi cfELQT Exanphe 2: 15
Correspondi ng tests were nmade as aboveg Aﬁhﬂﬁ%ﬁT@ﬁEE% ~the follow ng
anal ysis: 48.6% Cr, 0.5% Nb, 0..67% M 0.39% S, 0. 1% B, 0.012%C, 0.24%
Co+Fe and the bal ance Ni . No crack|np @ongbﬁggbservedsuggﬁtl@,% sheéere
or after the heat treatnent. Beforp heat treatnent|, {the 20 qﬁggqggﬁsmas
measured to 220 HV20 and after heat tf}eat= ment—t+d 4§51 Hv2% an 0 HBW
at 20[err]C and 415 HBW at 500[err C. A photo of thg alloy is shown in
Fig. 31. Exanmpl e 3: Correspondi ng tests were nade as above with an
al | oy of '

Mn, less than 1.0% Mo, from 0.05 to less than 0.5% B,

from 0 to 1.0% Al, from 0 to 1.5% Ti, from 0 to 0.2% Zr,
- from 0.5 to 3.0% Nb, an aggregate content of Co and Fe

of maximum 5.0%, maximum 0.2% O, maximum 0.3% N and the
5 balance Ni.

In a well-known manner, the large content of Cr.
promotes the corrosion properties of the nickel alloy
in the relevant operating environment. The welded alloy
has better corrosion properties and higher hardness at

10 the operating temperatures from 500 to 700°C than the
known hardfacings on cylinder members, and better
mechanical properties than the above cast nickel alloys.
Outside of the interval stated for the Cr content, the
solid phase transformation cannot be achieved in a

15 suitable manner, as the activation temperature becomes
too low when the lower Cr interval limit is not reached,
and if the upper Cr interval limit is exceeded, the
solidification interval of the alloy is increased, and
primarily ferrite may be precipitated in a hard and

20 brittle phase resulting in an undesired fall in ductil-
ity. The amounts of the other alloy components determine
the precise positioning of the dividing line in the
phase diagram between the two relevant phases, which
means that the optimum content of Cr can be adjusted

25 finely by tests to achieve the desired activation
temperature for the hardening when the other alloy
components are known.

The content of B has surprisingly turned out to be
decisive for the weldability of the nickel alloy with

30 the high Cr content. Already at such a small amount as
0.05%, B causes the solidification of the melt to change
from cellular solidification into dendritic solidifica-
tion, where the dendritic branches interlock and produce
a geometrical locking of the structural components so

35 as to avoid more extended and plane film layers in the
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melt which is the last to solidify. Thus, the content
of B contributes substantially to the high resistance
of the alloy to hot cracking at welding. B is largely
insoluble in the y and a-phases, and it is presumed that
the solidification involves a eutectic with a number of
borides. At a B content of 0.5% and upwards, the amount
of eutectic and associated borides increases to a level
with is destructive to the desired ductility of the
alloy. A large content of B may also cause precipitation
of the well-known and undesired low-melting eutectics
of no great strength.

Nb influences the solid phase transformation to
provide globular precipitation rather than 1lamellar
precipitation, which increases the ductility of the
alloy remaining after heat treatment. This is of
importance particularly to cylinder members which are
exposed to mechanical influences during operation. A
corresponding effect can be achieved with Ta, Ti and Zr,
but Ta is very expensive, and more than 1.5% Ti may
cause intermetallic precipitation making the alloy
harden partially and embrittle at the welding, and a
content of Zr exceeding 0.2% may cause hot cracking at
welding.

A content of Mo of less than 1.0% may contribute
to strengthen the austenitic phase through a solution-
enhancing effect which gives the alloy greater tensile
strength.

Si, Mn and Al have a de-oxidizing effect at welding
and are therefore, to avoid welding defects, desirable
as componénts in the filler material used at welding.
Although some of the de-oxidising agent is burned away
at welding, part of it will remain in the finished
alloy. It is desired to limit Si to less than 1%, as Si
reduces the desired effect of B and necessitates a
larger addition thereof. Mn is not quite such an

ngl afSepsteas sheedt -
HBYV at 55@9{, agdg.. A
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the amount to maximum 5% so as not to dilute the active
components in the finished alloy. An Al content of more
than 1% may cause undesired precipitation of the
intermetallic phase Ni3Al, which increases the hardness
of the nickel matrix already during the welding process.

C is a common impurity in commercial alloys, and
it is expensive to remove C completely. The C content
should be limited to maximum 0.1% to avoid or reduce
carbide formations. O and N will normally be deposited
in the alloy from the ambient air, but they do not
contribute to the desired properties.

Co and Fe are also impurities which it is desired
to limit to an aggregate content of maximum 5%.

The invention also relates to a nickel-based facing
alloy which is characterized according to the invention
in that expressed in percentage by weight and apart from
commonly occurring impurities, it comprises from 40 to
51% Cr, from 0 to 0.1% C, less than 1.0% Si, from 0 to
5.0% Mn, less than 1.0% Mo, from 0.05 to less than 0.5%
B, from 0 to 1.0% Al, from 0 to 1.5% Ti, from 0 to 0.2%
Zr, from 0.5 to 3.0% Nb, an aggregate content of Co and
Fe of maximum 5.0%, maximum 0.2% O, maximum 0.3% N and
the balance Ni. As described above, this alloy is
distinguished by very good high-temperature corrosion
resistance and by being weldable largely without any
risk of cracking and by being heat-treatable to high
hardness at temperatures of, for example, 650-800°C with
retention of a ductility which permits the use of the
alloy on mechanically loaded members as a protective
facing and/or a hard facing. The influence of the
individual components on the properties of the alloy are
mentioned above.

With a view to ensure high ductility of the alloy
immediately following welding, preferably the content
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of Al is maximum 0.1%, and the content of Ti is prefer-

ably maximum 0.1%. Such low contents of Al and Ti

suppress precipitation during welding of the hardness-

increasing and thus ductility-lowering intermetallic
5 phase Ni,Al(Ti).

The Cr content of the alloy may suitably be in the
interval from 45 to 50%. A Cr content of minimum 45%
provides the advantage that the precipitation hardening
-mechanism takes place in a more controlled manner and

10 at a higher activation temperature, which means partly
that the alloy at welding is cooled quickly below the
activation temperature, partly that the subsequent
machining of the member to the final geometry can take
place largely without taking into consideration the

15 heating of the member by the machining. The upper limit
of 50% provides suitable certainty against formation of
the hard and brittle primary ferrite phase.

In a preferred embodiment, the alloy contains from
0.15 to 0.40% B, preferably maximum 0.25% B. The upper

20 limit of 0.4% B provides suitable certainty that
hardness-increasing borides are not precipitated in too
large amounts when the alloy solidifies, and the lower
limit of 0.15% ensures that at the dilution of the
welding metal with the basic material of the member, the

25 boron content does not in local areas become so low that
hot cracks can easily arise. The ability of boron to
produce the desired dendritic structure in the alloy is
reduced at a falling Cr content in the alloy. At a Cr
content of less than 45%, the content of B is therefore

30 preferably from 0.20 to 0.30%. The preferred upper limit
of 0.25% is suitable in alloys with at least 45% Cr.

To avoid incorporating larger amounts of B into the
alloy, the content of Si in the welded alloy is prefer-
ably wmaximum 0.03%, and because, as mentioned, the

35 content of Mn has a diluting effect, the Mn content may
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strengthened if the content of Nb is at minimum 1.0%,
and for economic reasons the content of the relatively
costly Nb may suitably be limited to 2.0%, as a higher
content of Nb usually does not substantially improve the
properties of the alloy. The risk of hot cracks at
welding may suitably be limited by incorporating maximum
0.02% Zr in the alloy.

Now, examples of the alloys of the invention will
be described in detail below with reference to the
drawing, in which

Fig. 1 shows a phase diagram for the binary Cr-Ni
system,

Figs. 2 and 10 are photographs of a penetrant test
and a ground and polished specimen magnified 500 times
of a reference alloy with 48% Cr and the balance Ni,

Figs. 3-6 and 11-14 are corresponding photos
showing the influence of boron on the weldability of the
alloy,

Figs. 7-9 and 15-17 are corresponding photos
showing the influence of silicon on the weldability of
the alloy,

Figs. 18 and 24 are corresponding photos of a
reference alloy with 43% Cr and the balance Ni,

Figs. 19-23 and 25-29 are corresponding photos of
the influence of boron on the weldability of this alloy,
and

Figs. 30-32 are photos of ground and polished
samples magnified 1000 times of three alloys according
to the invention.
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' ture of about 1345°C from a point at about 47% Cr and
5 extends obliquely downwards to a point at about 38% Cr
at a temperature of 500°C. When an Ni-Cr alloy in the
above area is welded, the solidification of the weld
pool and the subsequent cooling will take place so
rapidly that mainly austenitic nickel phase v is formed.
10 At the subsequent hardening, the ferritic a-phase will
be precipitated in the nickel phase as very finely
distributed globular precipitates. For an alloy with
further alloy components, the exact position of the
dividing line depends on the type and amount of all
15 alloy components.

As the weldability of the alloys is a substantial
characteristic of the invention, a number of tests have
been made to see how weldability is affected by the
addition of B and de-oxidizing components exemplified

20 by Si. The tests were carried out with Plasma Trans-
ferred Arc Welding (PTAW) on unalloyed steel discs of
a diameter of 135 mm and a thickness of 30 mm. The
welding parameters were an arc voltage of 30 V and a
current intensity of 160 A. The welding speed was 60

25 mm/minute, and the melting rate was 1.6 kg/hour. The
welded members were coated with a red-colouring pene-
trant liquid which was left in any cracks in the welded
material after wiping of the member, which render
possible a visual check for cracking. A sample was taken

30 from each member and ground and polished as well as
photographed in a microscope. The results of the tests
are shown in the drawing.

Nickel alloys with a high content of Cr have so far
been considered very difficult to weld owing to the high

35 risk of hot cracking, which was confirmed at the two
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reference tests. In Figs. 2 and 11, the well-known

strong cracking due to hot cracking is seen. Figs. 10

and 24 show that solidification has taken place cellu-

larly with the dark extended plane film layers between
5 the crystal grains.

The marked influence of boron on hot cracking
appears from Figs. 3-6 and Figs. 19-23. In the alloys
with 48% Cr and a content of B of 0.06%, 0.12%, 0.23%
and 0.40%, respectively, it can be seen that the long

10 hot cracks have disappeared already at the addition of
as little as 0.06% B, and the sample with 0.4% B was
completely crackfree. The alloys with 43 % Cr and a
content of B of 0.15%, 0.2%, 0.3%, 0.4% and 0.5% B,
respectively, show a drastic shortening of the hot

15 cracks at 0.15% B, but the hot cracks were only com-
pletely gone at 0.2% B, which means that the alloy has
to have a larger content of B when the Cr content is
lower. Figs. 11-14 show that B makes the alloy solidify
in a dendritic structure. The same effect is indicated

20 in Fig. 25, but only fully achieved in Fig. 26.

Figs. 7-9 and 15-17 show alloys with an addition
of Si in amounts of 0.09%, 0.17%,and 0.33%, respective-
ly, and with an associated content of B of 0.06%, 0.11%
and 0.21%, respectively. It can be seen that Si reduces

25 the ability of B to produce a dendritic solidification
structure.

Example 1:
An alloy according to the invention was prepared, having
the following analysis: 48.6% Cr, 1.5% Nb, 0.67% Mn,
30 0.39% Si, 0.1% B, 0.012% C and the balance Ni. The alloy
was welded on to a member in the same manner as men-
tioned above, only two weld beads were applied on top
of each other. No cracking could be cobserved after the
welding. After welding, the hardness of the alloy at
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By means of the measurlng method HBW 3000/15/10, the
-5 hardness of the alloy was measured to 511 HV20 and 460
HBW at 20°C and 415 HBW at 500°C, which shows that the
alloy retains an extremely advantageous, high hardness
at a high temperature. The sample was cut, ground and -
polished in the usual manner. Fig. 30 shows a photo of
10 the alloy, and it can be seen immediately that the
structure of the hardened alloy is so fine that the
individual structural components can hardly be distin-

guished despite the powerful magnification.

Example 2:
15 Corresponding tests were made as above with an alloy of

the following analysis: 48.6% Cr, 0.5% Nb, 0.67% Mn,
0.39% Si, 0.1% B, 0.012% C, 0.24% Co+Fe and the balance
Ni. No cracking could be observed, either before or
after the heat treatment. Before heat treatment, the
.20 hardness was measured to 220 HV20 and after heat treat-
ment to 551 HV20 and 460 HBW at 20°C and 415 HBW at
500°C. A photo of the alloy is shown in Fig. 31.

Example 3:
Corresponding tests were made as above with an alloy of
25 the following analysis: 48.6% Cr, 1.5% Nb, 0.67% Mn,
0.39% 8i, 0.1% B, 0.012% C, 0.24% Co+Fe and the balance
Ni. No cracking could be observed, either before or
after the heat treatment. Before heat treatment, the
hardness was measured to 210 HV20 and after heat treat-
30 ment to 467 HV20 and 451 HBW at 20°C and 401 HBW at
500°C. A photo of the alloy is shown in Fig. 32.
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high ductility of the alloys after welding and the large
increase in hardness without cracking at hardening. The
alloy can be welded on as a corrosion protective facing
on the surfaces that come into contact with the environ-
ment in the internal combustion chamber of an engine.
Furthermore, the high-temperature hardness is so high
that the alloys according to the invention are very
suitable as welded hardfacing alloys for valve seat
areas.

In the above description, the components of the
alloy according to the invention are all stated in

percent by weight.
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PATENT CLAIMS

1. A method of manufacturing a cylinder member,
such as a valve, a seat portion, a piston or a cylinder
liner, for an internal combustion engine, particularly

5 a large two-stroke crosshead engine, in which a high-
temperature corrosion-resistant facing alloy is welded
onto the member, and in which the hardness of the facing
alloy is increased by means of a precipitation hardening
mechanism, characterized in that the

10 precipitation hardening mechanism in the welded facing
alloy is based on a solid-state phase transformation,
that the precipitation hardening mechanism acts so
slowly that the alloy substantially does not harden at
welding on the cylinder member, that the welded facing

15 alloy is stress-relieved before the precipitation
hardening mechanism is activated at a temperature above
the operating temperature of the alloy, and that the
facing alloy is subsequently hardened at heat treatment
at a temperature higher than the activation temperature

20 for the precipitation hardening mechanism.

2. A method according to claim 1, charac -
t erized in that the facing alloy solidifies on
welding primarily in an austenitic phase (y), part of
which is transformed into a ferritic phase (a) at

25 temperatures above the activation temperature for the
precipitation hardening mechanism.

3. A method according to dlaim lor2, chara-
cterized in that the activation temperature for
precipitation hardening of the alloy is in the interval

30 from 550 to 1100°C, preferably from 700 to 850°C, and
that activation of the precipitation hardening mechanism
requires said activation temperature to be exceeded for
more than 40 s, suitably for more than 20 min.

4. A method according to any one of claims 1-3,

35 characterized byusingas the facing alloy
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for the cylinder member an alloy which, expressged in
percentage by weight and apart from commonly occurring _

impurities, comprises from 40 to 51% Cr, from 0 to 0.1%
C, less than 1.0% Si, from 0 to 5.0% Mn, less than 1.0%
Mo, from 0.05 to less than 0.5% B, from 0 to 1.0% Al,
from 0 to 1.5% Ti, from 0 to 0.2% Zr, from 0.5 to 3.0%
Nb, an aggregate content of Co and Fe of maximum 5.0%,

_maximum 0.2% 0, maximum 0.3% N and the balance Ni.

5. A nickel-based facing alloy, charac-
t er iz ed in that expressed in percentage by weight
and apart from commonly occurring impurities, it
comprises from 40 to 51% Cr, from 0 to 0.1% C, less than
1.0% Si, from 0 to 5.0% Mn, less than 1.0% Mo, from 0.05
to less than 0.5% B, from 0 to 1.0% Al, from 0 to 1.5%
Ti, from 0 to 0.2% Zr, from 0.5 to 3.0% Nb, an aggregate
content of Co and Fe of maximum 5.0%, maximum 0.2% o,
maximum 0.3% N and the balance Ni.

6. A facing alloy according to claim 5, ¢ har -
acterized in that the content of Al is maximum
0.1%, and that the content of Ti is maximum 0.1%.

7. A facing alloy according to claim 5 or-'6,
characterized in that the alloy contains
from 45 to 50% Cr.

_ 8. A facing alloy according to any one of claims
5-7, characterized in that the alloy
contains from 0.15 to 0.40% B, preferably maximum 0.25%
B.

9. A facing alloy according to any one of claims
S-8, characterized in that the alloy
contains maximum 0.03% Si and preferably maximum 0.5%
Mn.

10. A facing alloy according to any one of claims
5-9, characterized in that the alloy
contains maximum 0.5% Mo.
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11. A facing alloy according to any one of claims
5-10, char acter 1 z e d in that the alloy
contains from i 0 to 2.0% Nb and preferably maximum
0.02% Zr.

5 12. A facing alloy according to any one of claims
5-11, characterized in that the aggregate
content of Co and Fe of the alloy is maximum 1.0%, and
that the alloy suitably contains maximum 0.02% O and
0.02% N.

10 13. A facing alloy according to any one of clalms
5-12, characterxrized in that it is used for
welding on to a cylinder member, such as an exhaust
valve, in a large two-stroke internal combustion engine,
particularly a propulsion engine in a ship or a station-

15 ary power-generating enginei
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In an internal combustion engine, a cylinder member, such as a valve, a seat portion, a piston or a cylinder liner, is provided
with a welded high-temperature corrosion-resistant facing alloy. The hardness of the welded alloy has been increased by means of a
precipitation hardening mechanism based on a solid-state phase transformation, where the temperature for activation of the precipitation
hardening mechanism is above the operating temperature of the alloy. The precipiation hardening mechanism acts so slowly that the
alloy substantially does not harden at the welding on to the cylinder member, but only hardens during a subsequent heat treatment at a |-
temperature higher than the activation temperature for the precipitation hardening mechanism. Expressed in percentage by weight and apart
from commonly occurring impurities, the nickel-based facing alloy comprises from 40 to 51 % Cr, from 0 to 0.1 % C, less than 1.0 % Si,
from O to 5.0 % Mn, less than 1.0 % Mo, from 0.05 to less than 0.5 % B, from 0 to 1.0 % Al, from O to 1.5 % Ti, from 0 to 0.2 % Zr,
from 0.5 to 3.0 % Nb, an aggregate content of Co and Fe of maximum 5.0 %, maximum 0.2 % O, maximum 0.3 % N and the balance Ni.




