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L , NUMBER OF HOLES DRILLED
The invention relates to an additive 100

for improving the machinability of iron-
based powder compositions. The additive I
contains a combination of calcium fluoride 80
particles and barium fluoride particles,
which is included in an amount of 0.1-1.0 % r
by weight in the powder composition. Fur- 60
ther, the invention relates to powder compo-
sitions containing the indicated additives, as i
well as sintered products produced from the 40 L
powder compositions,
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PARTICULATE CaFg' ANb Ba.Fw AGENT FOR IMPROVING THE MACHINABILITY
OF SINTERED IRON-BASED POWER
The present invention relates to a machinability-~
5 improving powder added to an iron-based powder composition
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‘sintered steels. It then is important that this additive
~does not appreciably affect the mechanical properties,

for use in powder-metallurgical manufacture of components.
Powder-metallurgical manufacture of components often

"involves the following'process steps. A base powder, gene-
~rally an iron or steel powder, is admixed with alloying

elements, such as nickel, copper, molybdenum'and carbon,
in the form of a powder, and a lubricant. The powder mii-
ture is thereafter compacted in a press tool yielding what
is known as a green body of almost final geometry. After
compacting, the compact is sintered so as to obtain its
final strength, hardness,'elongation etc.

une of the major advantages of powder-metallurgical
manufacture of components is that it becomes possible, by
compacting and sintering, to produce blanks of final or
very close to final shape. There are however instances
where shbsequent machining is required. For example, this
may be necessary because of high tolefance demands or
because the final component has such a shape that it can-
not be pressed directly but requires machining after sin-'
tering. More specifically, geometries such as holes trans-
verse to the compacting direction, undercuts and threads,
call for subsequent machining.

By_contihuously-developing new sintered steels of
higher strength and thus also higher hérdness, machining
has become one of the major problems in powder-metallur-
gical manufacture of components. It is ofteh a limiting
factor when assessing whether powdér-metallurgical manu-~
facture ié the most cost-effective method for manufactur-
ing a component._Hence; there is a great neea for new and
more effective additives to improve the machinability of

SUBSTITUTE SHEET o B ¥

R~~~ e e




S R e e Tl NS T

B T

WO 93/24261 PCT/SE93/00469

10

15

20

25

30

2
such as tensile strength and elongation, of the sintered
material.

Today, there are a number of known substances which
are added to iron-based powder mixtures to facilitate the
machining of components after sintering.

The commonest powder additive is MnS, which is men-
tioned e.g. in EP O 183 666, describing how the machin-
ability of a sintered steel is improved by the admixture
of such powder. Materials which are difficult to machine,
in this context materials having a hardness above about
180 HV, cannot however be machined properly by adding MnS.
Moreover, the addition of MnS often entails an unaccept-
able reduction of the strength of the material after sin-
tering.

US 4,927,461 describes the addifion of hexagonal BN
(boron nitride) to iron-based powder mixtures to improve
machinability after sintering. By agglomerating very fine
BN powder (0.05-1.0 pm), it is possible to achieve a simi-
lar imp:ovement of the machinability of iron-based powder
mixtures after sintering as by the addition of MnS. How-
ever, the sintered strength is affected to a lesser extent
if a correct amount of BN powder is added, than when add-
ing MnS. As in the case of MnS, BN additions do however
not make it possible in industrial production to machine
materials having a hardness above 200 HV.

WO 91/14526 describes how small amounts of Te and/or
Se together with MnS are used to improve the machinability
about twice in powder-metallurgical materials that are
difficult to machine. The addition of Te and/or Se is
already conflicting with environmetal considerations, in
that the hygienic limit values for these additives are
very low and there is a tendency towards ever more strin-

gent environmental regulations.




e it

2a

It is an object of the invention to provide an agent for improving the
machinability of sintered products, which overcomes or at least alleviates one or
more disadvantages of the prior art. It is also an object of the invention to provide an
iron-based powder composition which overcomes or at least alleviates one or more

5 disadvantages of the prior art. It is a further object of the invention to provide a
sintered product which overcomes or at least alleviates one or more disadvantages
of the prior art.

According to the present invention, therefis'\%rovided an agent for improving
the machinability of sintered products produced from an iron or steel powder which

10  are substantially free from hard phase material, wherein the agent includes a powder

of a combination of calcium fluoride and barium fluoride, the fluoride particles being

.o #0380 asa
-

not attached to graphite, optionally in a combination with one or more conventional
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machinability-improving agents which are substantially free from elementary sulphur.

a
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The present invention also provides an iron-based powder composition which
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¢ 15 is substantially free from hard phase material for compacting and sintering to

products having improved machinability, containing 0.1-1.2% by weight C, 0-0.6% by
weight P, 0-25% by weight Cr, 0-10% by weight Mn, 0-5% by weight Cu, 0-8% by
: weight Ni, and 0-2% by weight Mo, wherein said powder composition contains 0.1-

1.0% by weight of a combination of a powder of calcium fluoride and barium fluoride

20 as machinability-improving additive.

The present invention further provides a sintered product substantially free

from hard phase material having improved machinability, containing 0.1-1.2% by
weight C, 0-0.6% by weight P, 0-25% by weight Cr, 0-10% by weight Mn, 0-5% by
weight Cu, 0-8% by weight Ni, and 0-2% by weight Mo, as well as 0.1-1.0% by
25 weight of a powder of a combination of calcium fluoride and barium fluoride,

optionally together with MnS as machinability-improving additive.
One advantage of the present invention is a powder to be added to an iron- or
steel-based powder composition which after sintering gives improved machinability in

the resulting components. In particular, the

. o ’ }
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invention provides an agent improving the machinability
of materials which are difficult to machine, in this con-
text materials having a hardness above about 180 HV and a
strength above about 700 MPa, and being essentially free
from hard phase.material.
aduontaae . . . .
Anotherscoyco 3? the invention is.te—prowvide a
machinability-improving agent which but tb a small extent,
or not at all, affects the mechanical properties of the
sintered component and which is essentially harmless.
Vowntones
- It has been found that these«swge=cs—can be achieved
by admixing to an iron-based powder composition an agent
containing a powder of a combination of calcium fluoride

and barium fluoride. Preferably, the additive according

to the invention is produced by first melting'calcium

fluoride with barium fluoride in a weight ratio of Can/
Ban in the range of 20/80 - 60/40. Most preferred is a
melt having a eutectic composition, i.e. 38% by weight of
z.and 62% by weight of BaF2 After cooling, this melt
is ground to a powder which is added to the iron-based

an ewiodiment ©
powde1 composition. According togthe invention, the ground
powder particles are essentially free (i.e. not attached
to graphite particles, see below) and have an average
particle size below 100 um. Preferably, the average
particle size ranges between 20 pm'and 70 um. If the
particle size becomes too large, the strength of the sin-
tered componenf will be adversely affected and the machin-
ability-improving effect becomes unsatisfactory. Also when
the powder additive is too fine, the machinability-improv-
ing effect becomes insufficient. The fluoride particles : i
may be of synthetic or natural origin. The purity of the
fluorides also affects the machinability-improving effect,
and it has been found that the content ofrimpurities in

- the starting material used, e.g. fluorspar, should not

exceed 3% by weight, preferably not 2% by weight Accord-
ing to the 1nvent10n the mach1nab111ty-1mprov1ng
fluorlde contalning powaer is added to an iron or steel
powder in an amount of about 0:1 to 1.0% by weight,
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4
preferably 0.3-0.9% by weight of the: powder composition.
For contents below 0.1% by weight of Ban/Can, the
machinability-improving effect becomes insufficient while
for contents above 1.0% by w<ight, the influence of
Ban/Can adversely affects strength and dimensional
change.

One field of use of systems with fluorine compounds
based on Can involves solid lubricants for reducing the
friction between surfaces which are loaded at room tem-
perature and at elevated temperatures. This is reported
in "Some Improvements in Solid Lubricants Coatings for
High Temperature Operations", ASLE Transaction, Vol. 16/1,
pp. 42-49. The use of calcium flucride and/or barium
fluoride as a lubricant in powder-metallurgical materials
with the primary aim of improving wear-resistance in .
sintered products,'such as valve seats containing hard
phase material, is also disclosed e.g. in US-A-4,274,876,
US-A-4,836,848, JP-A-53-123314, SU 885-319, SU 1114-70, SU
1481-262, JP 63-42348 and EP 277 239.

SU 1585-069 teaches that additions of CaF, and S can
be used for improving the machinability of powder-metal-
lurgical materials, but the addition of CaF2 is then very
high (2-3%). Otherwise, S is well known for improving the
machinability of both conventional and powder-metallurgi-
cal materials. This publication cannot thus be considered
to be of any major guidance to anyone skilled in the art
who intends to improve the machinability of powder-metal-
lurgical materials, since; S would then first have to be
eliminated before essentially reducing the added amount
of Can. Even if the additive according to the present
invention can be combined with other conventional machin-
ability-improving additives, such as MnS, it preferably is
essentially free from elementary sulphur which, in addi-
tion to being environmentally undesirable, has a marked
effect on the dimensional change. '
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JP 63-137137 discloses the addition of Can or BaF2
to iron-based powder mixtures with a view to improving the
machinability of the components obtained after sintering,
i.e. the object is the same as in the present invention.

5 According to this Japanese patent application, however,
the fluoride is not in free form when added to the iron or
steel composition, but it must be completely or partly
attachzad to graphite. The purpose of using fluoride
attached to graphite is to prevent the graphite from com-

10 pletely dissolving in the iron matrix. The undissolved
graphite then acts by forming a lubricating film between

; the tool and the material during machining. Furthermore,

E the Japanese application stipulates that relati® 4ly coarse

3 carbon particles be added; which adversely affects the

15 strength of the final component. Thus, the Japanese appli-
cation does not in any way indicate that free fluoride
particles would give improved machinability. The advan-
tages of the present invention over the invention accord-
ing to the Japanese application is that, in the present

20 invention, the step of fluoride absorbtion on carbon is
dispensed with, since carbon need not be used at all in

the invention, and if it is desirable to add carbon, finer

carbon particles can be used, which entails comparatively
improved strength.

25 In addition to the additives as such, the present
invention also encompasses iron- or steel-based povider
compositions containing the additives, as well as the sin-
tered prnducts produced from these compositions. It is

preferred that these powder compositions are essentially

: 30 free from hard phase material, since preliminary tests
have shown that the agent according to *he present inven-
tion does not exhibit any marked machinability-improving
effect when hard phase material is included in the iron or
steel compositions. As used herein, "hard phase material”

35 relates to materials of non-metal having a hardness which
essentially exceeds the hardness of alloyed metal, or ;a
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exceeds 800 microvickers. Examples of hard phase materiais
are carbides, nitrides, oxides and borides.

The powder compositions according to the invention
may, in addition to iron and additive, comprise other sub-
stances, such as C, P, Cr, Mn, Cu, Ni and/or Mo, which are
traditionally included in this type of powder compo-
sitions. Preferably, these substances are included in the
powder compositions in the following contents: 0.1-2% by
weight C, 0-0.6% by weight P, 0-25% by weight Cr, 0-10% by
weight Mn, 0-5% by weight Cu, 0-8% by weight Ni, and 0-2%
by weight Mc, the additive mentioned above being included
in an amount n€ 0.1-1.0% by weight, preferably 0.3-0.9% by
weight.

According to a particular aspect of the invention,
CaF2 and BaF2 are gsed in such known iron and steel com-
positions which, before the conception of the present
invention, were admixed with sulphur for improved machin-
ability. However, since sulphur causes swelling during
sintering, whereas CaF2 and Ban substantially do not
affect the dimensions during this step, these known com-
positions can be admixed with another substance which,
like sulphur, causes swelling during sintering. An example
of such a swelling substance is Mosz, which may make up
0.05-0.5% by weight, preferably 0.1-0.3% by weight of the
iron-based composition.

The powder-metallurgical manufacture of components by

means of the additive according to the invention is per-

formed in conventional manner, i.e. most often by the fol-
lowing process steps: The base powder, i.e. the iron or

‘steel powder, is admixed with desired alloying elements,

such as nickel, copper, molybdenum and optionally carbon

‘as well as thc additive according to the invention in pow-
~der form. This powder mixture is adwixed with a conven-
- tional lubricant prior to compacting, for instance zinc

stearate, which disappears duriiiy the subsequent sinter-
ing. Mixing is done to distribute the alloying‘elements
homogeneously in the material.. The powder mixture is

i
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thereafter compacted in a press tool yielding what is
known as a green body of close to final gecometry. Comgaﬂt-
ing generally takes place at a pressure of 400-800 MPa.
Higher compacting pressures only give an insignificant
increase of the density but essentially increased tool
wear. Lower compacting pressures'entail densities which

are too low to be useful in most structural details. After

compacting, the'compact is sintered and is given its:final
strength,‘hardness, elongation, etc. Sintering must take '
place at a temperature above 1083°C to make it possible to
use Cu as alloying element. In view of the rate of diffu-
sion in the material and the minimising of the sintering

time, a maximum temperatufe is preferred. However, most of
the production furnaces can only cope with temperatures up
to 1150°C. Today, the commonest sintering temperature is

- 1120°C. At this temperature, desirable properties are

generally achieved after sintering for 30 min.
' The present invention will be illustrated hereinafter
in a few non-limitative Examples.

All the materials used in these Exampleé are commer-
cially available from Hogands AB, Sweden, except for the
GaF2 which is a higthurity (99% Can) fine-grade fluor-
spar supplied by Indesko AB, Sweden, and the Ban which is
supplied by Kali-Chemie AG, Germany. The materials in the
folloWing Examples have all been compacted at 600 MPa to
standardised tensile test bars according to ISO 2740-1973
and to discs having a diameter of 50 mm and a height of
12 mm. The materials were sintered in a 1aboratoryime$h
belt furnace at 1120°C for 30 min in endothermic atmos-
phere with a carbon potential éorrespondihg to 0.5%. The
test bars were used to determine tensile strength accord-
ing to EN 10002-1, hardness according to 1SO 6507/1-1992

and dimensional change. The discs were used in drill tests

to determine the macninability index. This index is -
defined as the average number of holes which six identical
drills can make through six discs before the drills are |
worn out. Drilling was performed with high-speed steel
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drills at a constant speed and a constant feed without any
coolant.

The test material used in all the tests was a high
strength, iron-based meterial containing 4% Ni, 1.5% Cu,
0.5% Mo, 0.5% C and the remainder being Fe, which after
compacting and sintering under the conditions specificed
below had a strength of about 700 MPa and a hardness of
about 200 HV.

Example 1

To the above test material was admixed three diffe-
rent powder compositions containing Can/Ban powder and
MnS powder. The Can-Ban powder consisted of a eutectic
mixture of the fluorides included, which had first been
fused together at 1150°C and thereafter ground to a powder
having & particle size of substantially less than 100 um.
The three powder mixtures consisted of 0.2% by weight
Can/BaF2 + 0.4% by weight MnS, 0.4% by weight Can/BaF2 +
C.4% by weight MnS, and 0.4% by weight Can/BaF2 + 0.2% by
weight MnS. The referearces used were a material with an
addition of 0.5% by weight MnS and a material without any
addition. The different mixtures were compacted at a
compacting pressure of 600 MPa and thereafter sintered in
a belt furnace at a temperatcure of 1120°C for 30 min in
endothermic atmosphere with a carbon potential of 0.5%.
During the compacting operation, the material was /compact-
ed both to standardised tensile test bars for powder-
metallurg’ ~al materialg, and to discs having a diameter of
50 mm and 2 height of 12 mm. The sintered discs were
trereafter subjected to a drill test where the average
number of holes drilled in each disc before the drill was
worn out was used as a measurement of the machinability of
the material. Drills of high speed steel were used and fed
at a constant speed without any coolant. The tensile test
bars were examined in customary manner by tensile testing.
Figs la and b show the results obtained from the drill
tests and the tensile\tests,gfespectively. As appears from
Fig. 1la, machinabilit& was cénsiderably improved in the

"
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inventive material as compared with the reference mate-
rials and the comparative material. It clearly appears
from the Figure that a certain content of chemical com-
pounds containing fluorine is necessary in the powder
additive to provide a desirable machinability improvement
in this material. From Fig. 1lb appears how the strength
changes with different machinability additives. As appears
from the Figure, the strength is not as affected by
machinability additives containing fluorine as by an
addition containing MnS only.
Example 2

To the above-mentioned test material was admixed a
powder composition consisting of 0.6% by weight Can/Ban
with different weight ratios, and 0.,2% by weight MnS. The
Can/Ban powders were prepared by first fusing together
the fluorides included and thereafter grinding them to a
powder of a given weight ratio. The Can/Ban powder had
a particle size substantially below 100 um. The reference
materials used were the same materials as in Example 1.
The mixtures were compacted and sintered in a similar way
as in Example 1 and thereafter tested. Figs 2a and b show
the results measured during testing. As appears from Fig.
2a, machinability was considerably improved with the
inveative mail.erials as compared with the reference mate-
riazls. Fig. 2b shows that tke strength is not affected to
any considerable extent by additions according to the
invention.
Example 3

To the above-mentioned test material was admixed a
powder consisting of varying additives in the range
0.3-0.9% by weight Can/Ban {based on the weight of the
total powder comptsition) and having a eutectic composi-
tion. Before being adnmixed to the iron-based powder com-
position, the Can/BaF2 powder had first been fused
together and *thereafter ground to a powder. The reference
materials used were the same materials as in Example 1.
The mixtures were compacted and sintered in a similar way
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as . in Example 1. Figs 3a and b show the results measured
during testing. As appears irom Fig. 3a, machinability was
considerably improved with the inventive materials as
compared with the reference materials. Fig. 3b shows that
the strength is affected only marginally when adding the
inventive powder to the iron-based powder mixture.
Example 4

To the above test material were admixed a powder com-
position which consisted of varying additions in the range
0.3-1.1% by weight of Can/Ban of a eutectic composition,
and which had first been fused together and thereafter
ground to a powder, as well as 0.2% by weight MnS based on
the total powder composition. The reference materials used

were the same materials as in Example 1. The mixtures were

compacted and sintered in a similar way as in Example 1.
Figs 4a and b show the results me .sured during the sub-
sequent testing. As appears from Fig. 4a, machinability
was considerably improved with the inventive material as
compared with the additive previously known. The addition
of MnS gives a most unexpected synergistic effect together
with Can/Ban and further improves machinability as
compared with thé mixtures previously used. Fig.: 4b shows
that the strength is but insignificantly affected when the
powder according to the invention is added to the iron-
based powder composition. It is especially surprising that
the addition of MnS yieids such a positive effect in
combination with other additions in iron-based mixtures,
since MnS has in itself an adverse effect on strength.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An agent for |mprovmg the Pﬁm{my of sintered products produced from
an iron or steel povyder whlchﬁwsemw ee from hard phase material, wherein
the agenty incliass a powder of a combination of calcium fluoride and
barium fluoride, the fluoride particles being not attached to graphite, optionally in a
comblnatlon with one or more conventional machinability-improving agents which are

SUu
f%ae from elementary sulphur.

2. An agent as claimed in claim 1, wherein the combination of calcium and

barium fluorides is produced by melting.

3. An agent as claimed in claim 1 or 2, wherein the weight ratio of calcium
fluoride to barium fluoride is 20:80 - 60:40.

4, An agent as claimed in any one of claims 2-3, wherein the molten powder has
a eutectic composition, i.e. about 38% by weight of calcium fluoride and about 62%

by weight of barium fluoride.

5. An agent as claimed in any one of the preceding claims, wherein said agent
contains at most 30% by weight, preferably at most 20% by weight of MnS, based on
the total weight of calcium fluoride and ::arium fluoride.
| o e o, Sty

6. An iron-based powder composition which masemaﬂ{y ree from hard phase
material for compacting and sintering to products having improved machinability,
containing 0.1-1.2% by weight C, 0-0.6% by weight P, 0-25% by weight Cr, 0-10% by
weight Mn, 0-5% by weight Cu, 0-8% by weight Ni, and 0-2% by weight Mo, wherein
said powder composition contains 0.1-1.0% by weight of a combination of a powder

of calcium fluoride and barium fluoride as machinability-improving additive.
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7. A composition as claimed in claim 6, wherein the machinability-improving
additive further contains MnS in an amount of at most 30% by weight, preferably at

most 20% by weight of the total amount of calcium fluoride and barium fluoride.

8. A composition as claimed in claim 6 or 7, wherein the composition contains
0.05-0.5% by weight, preferably 0.1-0.3% by weight of MoS..
SMbS’lGrrl'lal {'

9. A sintered productssentially free from hard phase material having improved
machinapility, containing 0.1-1.2% by weight C, 0-0.6% by weight P, 0-25% by
weight Cr, 0-10% by weight Mn,_ 0-5% by weight Cu, 0-8% by weight Ni, and 0-2% by
weight Mo, as well as 0.1-1.0% by weight of a powder of a combination of calcium
fluoride and barium fluoride, optionally together with MnS zis machinability-improving

additive.

19.  An agent for improving the machlrgablhz of sintered products produced from
Su
an iron or steel powder which 154@% éree from hard phase material,

substantially as herein described with reference to any one of the Examples.

11.  An iron-based powder composition, substantially as herein described with

reference to any one of thiz Examples.

12. A sintered product, substantially as |erein described with reference to any

one of the Examples.

13.  An agent for improving the machinability of sintered products produced from
Mm nha
an iron or steel powder which is<essentisly (ree from hard phase mauterial,

substantially as herein described with reference to the accompanying drawings.

14.  An iron-based powder composition, substantially as herein described with

reference to the accompanying drawings.

/ ::e Lq<,
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~45. A sintered product, substantially as herein described with reference to the

accompanying drawings.

DATED: 30 June 1995
PHILLPS ORMONDE & FITZPATRICK

Attorneys for: . Q W
HOGANAS AB Dcw-d /5
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Y QF FE-4%Ni-1.5%Cu-0.5%M0-0.5%C

- FIG.la: MACHINABILIT |
ITION SOME FLUORINE COMPOUNDS
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FI1G. Ib:TENSILE STRENGTH OF Fe-4%Ni-1.5%Cu-0.5%Mo-0.5%C
WITH ADDITION OF SOME FLUORINE COMPOUNDS
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FI1G.2a:MACHINABILITY OF Fe-4%Ni-1.5%Cu-0.5%Mo-C.5%C
WITH ADDITION OF 0.6%CaF2/BaF2(VARYING WEIGHT
RATIONO.2%MnS
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(X):INVENTIVE POWDER
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F1G. 2b:TENSILE STRENGTH OF Fe-4%Ni-1.5%Cu-0.5%M0-0.5%C
WITH ADDITION OF 0.6%CaF2/BaF2(VARYING WEIGHT RATIO)
+0.2 %MnS
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F1G.3a: MACHINABILITY OF Fe-4%Ni-1.5%Cu-0.5%

Mo-0.5%C AS A FUNCTION OF THE ADDED
AMOUNT OF CaF2/BaF2 IN WEIGHT RATIO 38/62
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FIG.3b:TENSILE STRENGTH OF Fe-4%Ni-1.5%Cu-
0.5%Mo-0.5%C AS A FUNCTION OF THE |
ADDED AMOUNT OF CaF2/BaF2 IN WEIGHT RATIO 38/62
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FI1G.4a:MACHINABILITY OF Fe-4%Ni-1.5% Cu-
0.5%M0-0.5%C AS A FUNCTION OF THE
ADDED AMOUNT OF CaF2/BaF2 IN WEIGHT RATIO
38/62 WITH ADDITION OF Q.29%MnS
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FIG.4b.1ENSILE STRENGTH OF Fe-4%Ni-1.5%Cu-
0.5%M0-0.5%C AS A FUNCTION OF THE

ADDED AMOUNT OF CaF2/BaF2 IN WEIGHT RATIO
38/62 WITH ADDITION OF 0.2%MnS
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