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Description

[0001] The present invention relates to a method for
obtaining a sintered body of carbonitride alloy with tita-
nium as main component which does not have a binder
phase layer on the surface after sintering. This has been
achieved by processing the material in a specific way to
obtain poor wetting of the binder phase on the surface,
essentially without depth effect.
[0002] Titanium based carbonitride alloys, so called
cermets, are today well established as insert material in
the metal cutting industry and are especially used for
finishing. They consist of carbonitride hard constituents
embedded in a metallic binder phase.
[0003] In addition to titanium, group VIa elements,
normally both molybdenum and tungsten and some-
times chromium, are added to facilitate wetting between
binder and hard constituents and to strengthen the bind-
er by means of solution hardening. Group IVa and/or Va
elements, e.g. Zr, Hf, V, Nb and Ta, are also added in all
commercial alloys available today, usually as carbides,
nitrides and/or carbonitrides. The grain size of the hard
constituents is usually <2 µm. The binder phase is nor-
mally a solid solution of mainly both cobalt and nickel.
The amount of binder phase is generally 3-25 wt%. Fur-
thermore, other elements are sometimes used, e.g. alu-
minium, which are said to harden the binder phase and/
or improve the wetting between hard constituents and
binder phase. Of course, commercially available raw
material powders also contain inevitable impurities. The
most important impurity is oxygen, due to its high affinity
to titanium. A normal impurity level for oxygen has his-
torically been <0.3 wt%. Recently, due to improved pro-
duction methods for titanium-based raw materials, this
level has been possible to decrease to <0.2 wt%, espe-
cially for grades with low nitrogen content. Very high ox-
ygen levels are generally avoided since this may cause
formation of CO gas after pore closure, which in turn
leads to excessive porosity.
[0004] Common for all cermet inserts is that they are
produced by the powder metallurgical methods milling
of powders of the hard constituents and binder phase,
pressing to bodies of desired shape and finally liquid
phase sintering the pressed bodies. During sintering,
the bodies are heated above the eutectic temperature
for the composition, to form a liquid binder phase. Pro-
vided that good wetting is obtained between the liquid
and the solid hard phase grains, strong capillary forces
are obtained. The action of these forces is to shrink the
porous body essentially isotropically, eliminating poros-
ity. The linear shrinkage is typically 15-30%.
[0005] After sintering, cermet inserts are covered with
a thin, continuous binder phase layer on the surface,
typically 1-2 µm thick. This is a natural consequence of
the good wetting. Binder phase on the surface gives the
inserts a nice metallic lustre but is not desirable for at
least three reasons:

1. For mass balance reasons a shallow binder
phase depletion is obtained just below the surface,
influencing the toughness of the material. Both
magnitude and width of this depletion are difficult to
control.
2. During the initial stages of cutting, before the
binder phase layer has worn off, there is a signifi-
cant risk that the chip from the work piece will be
welded to the binder phase layer close to the cutting
edge. Subsequently, when the chip is torn away the
cutting edge is damaged.
3. If the insert is to be coated with a thin wear re-
sistant coating the binder phase on the surface will
decrease adhesion and quality of the coating.

[0006] Methods available today to remove the binder
phase surface layer include chemical etching, grinding,
blasting or brushing. All these methods represent ex-
pensive extra production steps and also have other dis-
advantages, e.g. preferential material removal, difficult
process control, risk for surface corrosion.
[0007] It is an object of the present invention to pro-
vide a method for eliminating the formation of a binder
phase surface layer on titanium based carbonitride al-
loys during sintering. This is achieved by a sintering
method as given in claim 1.
[0008] Figs 1, 3 and 5 show in 1000x cross sections
of cermet inserts sintered according to prior art and Figs
2, 4 and 6 sintered according to the invention.
[0009] It has surprisingly been found that by maintain-
ing a small amount of carbonmonoxide gas (CO) added
to the conventional sintering atmosphere generally be-
ing an industrial vacuum, i.e. less than 1 mbar partial
pressures of mainly CO, H2, CO2 possibly with inten-
tional additions of 1-100 mbar noble gas, during the liq-
uid phase sintering step of the sintering process, the
binder phase layer can be completely eliminated. The
surface obtained is smooth and the process has essen-
tially no depth effect. The amount of CO needed de-
pends on the interstitial balance of the alloy, i.e. the ratio
of interstitial atoms (C and N) to carbonitride forming
metal atoms. For alloys with low interstitial balance i.e.
a high metal content, close to the eta-phase limit, about
1 mbar of CO is needed to obtain the desired effect.
However, since commercially interesting alloys typically
have an interstitial balance well below the graphite limit,
the preferred pressure range is 1-10 mbar CO gas. For
alloys combining good toughness and resistance to
plastic deformation, the preferred range is 1-5 mbar CO
gas. For alloys with high interstitial balance, close to or
above formation of free graphite, as much as 80 mbar
may have to be added to obtain the effect. Although not
generally necessary, it is preferable that the CO pres-
sure is maintained for at least 10 minutes and until the
binder phase in the surface region of the insert has been
fully solidified in the cooling step of the sintering process
(1300-1425°C depending on the exact composition of
the alloy). The reason for maintaining the gas pressure
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during part of the cooling process is that surface oxida-
tion of carbonitride grains is a reversible process. If the
gas pressure is removed prematurely, the surface oxy-
gen will be removed and the liquid binder may have time
to spread across the surface.
[0010] When examining the composition of the resid-
ual gas in a normal sintering furnace at temperatures
above 1300°C one finds that it consists mainly of CO
and H2 with small additions of CO2. Due to this, it is not
necessary to supply CO gas from an external source.
An alternative technique is to close the vacuum valve
between vacuum pump and furnace and simply allow
the partial pressure of CO to build up because of degas-
sing from the interior parts of the furnace. When the de-
sired pressure is reached it is then controlled by normal
pressure regulation of the furnace to maintain an essen-
tially constant level. The draw-back of this technique is
that a slightly higher level of the other gases must be
tolerated. On the other hand, it is not necessary to equip
the furnace with equipment for external handling of a
toxic gas (CO).
[0011] The method appears to have very general ap-
plication for cermet materials. It works well for Co-based
binders as well as mixed Co+Ni based binders, at least
for Co/(Ni+Co) ratios above 50 at% and binderphase
levels (Co+Ni) below 20 at%. Group Va metals may be
added at least up to 6 at% and Group VIa metals at least
up to 12 at%. The sintering temperature may be at least
as high as 1470°C.
[0012] The surface of a cermet sintered according to
the present invention is free of binder phase, smooth
without scratches from mechanical treatment or etching
effects and with even binderphase content towards the
surface.
[0013] While it is preferable to optimize the CO pres-
sure for each alloy composition in order to obtain the
best possible surface, this is not essential. The effect of
applying a CO pressure slightly higher than the optimum
is that a less shiny material with a darker greyish colour
is obtained. This is cosmetically less appealing but
again there is essentially no depth effect (less than 3
µm) and the dark colour is easily removed e.g. with a
gentle blasting or brushing operation. This is much less
expensive than removing a metallic binder phase layer.
One reason for using a slightly too high CO pressure is
that several cermet grades may be sintered simultane-
ously, where the CO pressure is adjusted to the grade
requiring the highest pressure. The cost of the extra sur-
face treatment may be compensated for by the possibil-
ity of adding more material in each sintering batch.
[0014] The method involves sintering of cermet ma-
terial sensitive to its local surrounding in a reactive gas
atmosphere. It is therefore preferable to surround the
material with surfaces which are inert to the atmos-
phere. The best choice is yttria, e.g. in the form of yttria
coated graphite trays as described in Swedish Patent
Application 9601567-2, although zirconia coated trays
may also be used.

Example 1

[0015] A cermet powder mixture was manufactured
from in wt% 64.5% Ti(C0.67 N0.33), 18.1% WC and
17.4% Co. The powder mixture was wet milled, dried
and pressed into inserts of the type CNMG 120408-PM.
In four experiments inserts were sintered using identical
processes except for the CO pressure and sintering
time. Cross-sections of the inserts were then prepared
using standard metallographic techniques and exam-
ined in an optical microscope. Figure 1 shows an insert
sintered for 90 minutes at 1430°C in a 10 mbar argon
atmosphere. Clearly, a continuous thick binder phase
layer is obtained on the surface. Figure 2 shows an in-
sert sintered according to the invention for 90 minutes
at 1430°C in 10 mbar argon and 3 mbar CO. No binder
phase is visible on the surface. Figure 3 shows an insert
sintered for 30 minutes at 1430°C in 10 mbar argon.
Again there is a continuous layer of binder phase on the
surface. Figure 4 shows an insert sintered for 30 min-
utes at 1430°C in 10 mbar argon and 6 mbar CO. The
surface is again free from binder phase.

Example 2

[0016] In a different set of experiments
CNMG120408-PM inserts were manufactured of a pow-
der mixture consisting of (in weight-%) 11.0 Co, 5.5 Ni,
26.4 (Ti,Ta)(C,N), 11.6 (Ti,Ta)C, 1.4 TiN, 1.8 NbC, 17.7
WC and 4.6 Mo2C. Figure 5 shows inserts sintered for
90 minutes at 1430°C in 10 mbar argon gas. A contin-
uous binder phase layer has formed on the surface. Fig-
ure 6 shows an insert sintered for 90 minutes at 1430°C
in 10 mbar argon and 3 mbar CO. The surface has no
binder phase layer.

Claims

1. A sintering method for producing titanium based
carbonitride alloys from raw materials containing
carbon and nitrogen as only carbonitride-forming in-
terstitials and oxygen at an impurity level, the car-
bonitride alloys being free from a continuous binder
phase surface layer characterised in that at least
during the liquid phase sintering step of the process
a partiel pressure of 1-80 mbar of CO-gas is main-
tained in the sintering atmosphere in order to pre-
vent liquid binder to spread across the surface.

2. A method according to the previous claim charac-
terised in that said CO gas is provided from an ex-
ternal source.

3. A method according to claim 1 characterised in
that said partial pressure of CO is built up by de-
gassing from the interior parts of the furnace and
controlled by normal pressure regulation of the fur-
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nace.

Patentansprüche

1. Sinterverfahren zur Herstellung von Carbonitridle-
gierungen auf Titanbasis aus Rohmaterialien, die
Kohlenstoff und Stickstoff als einzige carbonitridbil-
dende Einlagerungen und Sauerstoff in einer Ver-
unreinigungsmenge enthalten, wobei die Carboni-
tridlegierungen frei von einer zusammenhängen-
den Bindephasenoberflächenschicht sind, da-
durch gekennzeichnet, dass wenigstens wäh-
rend der Stufe des Sinterns in flüssiger Phase des
Verfahrens ein Partialdruck von 1 bis 80 mbar
CO-Gas in der Sinteratmosphäre gehalten wird, um
zu verhindern, dass sich flüssiges Bindemittel über
der Oberfläche ausbreitet.

2. Verfahren nach dem vorausgehenden Anspruch,
dadurch gekennzeichnet, dass das CO-Gas von
einer äußeren Quelle stammt.

3. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Partialdruck von CO durch Ent-
gasen aus den inneren Teilen des Ofens aufgebaut
wird und durch normale Druckregulierung des
Ofens gesteuert wird.

Revendications

1. Procédé de frittage pour produire des alliages de
carbonitrure à base de titane à partir de matières
brutes contenant du carbone et de l'azote comme
seules impuretés intersticielles formant un carboni-
trure et de l'oxygène à l'état d'impureté, les alliages
de carbonitrure étant exempts d'une couche de sur-
face continue de phase de liant, caractérisé en ce
qu'au moins pendant l'étape de frittage en phase
liquide du procédé, on maintient une pression par-
tielle de CO gazeux de 1 à 80 mbar dans l'atmos-
phère de frittage afin d'empêcher le liant liquide de
se répandre à travers la surface.

2. Procédé selon la revendication précédente, carac-
térisé en ce que ledit CO gazeux est fourni à partir
d'une source externe.

3. Procédé selon la revendication 1, caractérisé en
ce que ladite pression partielle de CO se développe
grâce au dégazage des parties intérieures du four
et est régulée au moyen d'une régulation classique
de la pression du four.
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