(12)

Patent

(11) Publication nhumber:

(43) Publication date:
(51) Int. Cl:

Application

SG 176836 A1

30.01.2012

(21)
(22)
(30)

2011092434
22.06.2010
EP 09163770.2 25.06.2009

Application humber:
Date of filing:
Priority:

(71) Applicant:
(72) Inventor:

BASF SE 67056 LUDWIGSHAFEN DE

TER MAAT, JOHAN DURERSTRABE 101
68163 MANNHEIM DE

WOHLFROMM, HANS LANDTEILSTR. 4
68163 MANNHEIM DE )
BLOMACHER, MARTIN AUF DER HOHE
56 67149 MECKENHEIM DE

THOM, ARND ROTENTALER STR. 47
55232 ALZEY DE

KERN, ANDREAS WEIHERSTRASSE
12A 68259 MANNHEIM DE

(54)

(87)

Title:

PROCESS FOR THE CONTINUOUS THERMAL REMOVAL
OF BINDER FROM A METALLIC AND/OR CERAMIC
SHAPED BODY PRODUCED BY INJECTION MOLDING,
EXTRUSION OR PRESSING USING A THERMOPLASTIC
MOLDING COMPOSITION

Abstract:

Abstract Process for the continuous thermal removal of binder
from a metallic and/or ceramic shaped body produced by
injection molding, extrusion or pressing using a thermoplastic
molding composition The invention relates to a process for
the continuous thermal removal of binder from a metallic
and/or ceramic shaped body which has been produces by
injection molding, extrusion or pressing using a thermoplastic
composition and comprises at least one polyoxymethylene
homopolymer or copolymer as binder in a binder removal oven,
which comprises the steps (a) removal of binder from the
shaped body in a binder removal oven at a temperature which
is from 5 to 20[err]C below, preferably from 10 to 15[err]C,
the temperature of a second temperature stage over a period
of from 4 to 12 hours in a first temperature stage in an
oxygen-comprising atmosphere, (b) removal of binder from the
shaped body at a temperature in the range > 160 to 200[err]C
over a period of from 4 to 12 hours in an oxygen-comprising
atmosphere in a second temperature stage and (c) removal
of binder from the shaped body at a temperature in the range
from 200 to 600[err]C over a period of from 2 to 8 hours in a
third temperature stage in an oxygen-comprising or neutral or
reducing atmosphere , with the shaped bodies being transported
through the binder removal oven during process steps (a) and
(b). No suitable figure
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Abstract

Process for the continuous thermal removal of binder from a metallic and/or
ceramic shaped body produced by injection molding, extrusion or pressing using
a thermoplastic molding composition
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Process for the continuous thermal removal of binder from a metallic and/or ceramic
shaped body produced by injection molding, exirusion or pressing using a
thermoplastic molding composition

Description

The present invention relates to a process for the continuous thermal removal of binder
from a metallic and/or ceramic shaped body which has been produced by injection
molding, extrusion or pressing using a thermoplastic composition and comprises at
least one polyoxymethylene homopolymer or copolymer as binder. The invention
further relates to an apparatus for carrying out the process of the invention,

Metallic and/or ceramic shaped bodies comprising polyoxymethylene homopolymers or
copolymers (polyacetals) as auxiliaries (binders) for shaping are generally subjected
after shaping to binder removal in a catalytic process step without the shaped bodies
themselves changing shape. Here, the binder used is converted into low molecular
weight consitutents present in the gaseous state with the aid of a reaction partner such
as hydrochloric acid or nitric acid in a carrier gas under suitable process conditions,
particularly with regard to temperature, and these constifuients are converted into
environmentally acceptable compounds by burning in a flare. However, the use of
acidic reaction partners such as nitric acid, in particular, places high demands on the
binder removal ovens used and is therefore complicated in terms of handling.

Examples of such catalytic binder removal processes may be found, inter alia, in
EP 0697 931 A1, EP 0 595 099 A1, EP 0701 875 A1 and EP 0 652 190 A1.

However, the catalytic binder removal process is not always suitable for "acid-labile"
materials such as Cu-, Co,- Mg-, and also MgO- or SizNs;-based or -comprisng
materials. As an alternative to this process, it has been shown in the past that
polyacetals can also be removed from the shaped body purely thermaily.

Thus, EP 0 114 746 A2 discloses a process for the thermal removal of binder from
Polyacetal-comprising shaped bodies by single-stage heating of the shaped bodies
obtained after injection molding (known as green bodies) to a temperature in the range
from 20 to 300°C at a heating rate of from 5 to 20°C or > 100°C per hour. However,
such a thermal binder removal process has, particularly in the case of relatively large
shaped bodies, the disadvantage that bubble and crack formation in the shaped body
can occur which frequently makes such a shaped part unusable.
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2
It therefore an object of the present invention to provide an environmentally friendly,
continous process for thermal binder removal, in which the abovementioned
disadvantages of the prior art are avoided.

This object is achieved by a process for the continuous thermal removal of binder from
a metallic and/or ceramic shaped body which has been produced by injection molding,
extrusion or pressing using a thermoplastic composition and comprises at least one
polyoxymethylene homopolymer or copolymer as binder in a binder removal oven,
which comprises the steps

(a) Removal of binder from the shaped body in a binder removal oven at a
temperature which is from 5 to 20°C below, preferably from 10 to 15°C below,
the temperature of a second termperature stage over a period of from 4 to 12
hours in a first temperature stage in an oxygen-comprising atmosphere,

(b) Removal of binder from the shaped body at a temperature in the range > 160 to
200°C over a period of from 4 to 12 hours in an oxygen-comprising atmosphere
in a second temperature stage and

(c) Removal of binder from the shaped body at a temperature in the range from
200 to 600°C over a period of from 2 to 8 hours in a third temperature stage in
an oxygen-comprising or neutral or reducing atmosphere,

with the shaped bodies being transported through the binder removal oven
during process steps (a) and (b).

if process step (¢} is carried out in an oxygen-comprising atmosphere like process
steps (a) and (b), then, in a preferred embodiment of the invention, this process step
(c) is also carried out in the binder removal oven used in process steps (a) and (b). If
this is not tolerable, this process step is advantageously integrated into the subsequent
sintering process.

It has been found that the process of the invention allows the continuous thermal
removali of binder from shaped bodies while making it possible to dispense entirely with
the use of acidic reaction partners as catalysts for the composition of the binders.

The choice of temperature for the second temperature stage, process step (b),
depends on the particle size and packing density of the shaped bodies. Furthermore,
both the binder selected and the alloy play an important role in the choice of the binder
removal temperature in process step (b). If the shaped body is, for example, a shaped
body of copper in POM, the preferred temperature in process step (b) is about 200°C.
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3
The hold time is from 3 to 8 hours, preferably from 5 to 7 hours. If the body is a W-Cu-
alloy in POM having a proportion of Cu of 10 % by weight, based on the alloy, the
preferred temperature in process step (b) is about 175°C. The hold time is from 4 to 10
hours, preferably from 6 to 8 hours. If the body is a ZrO,-ceramic in POM, the preferred
temperature in process step (b) is about 160°C. The hold time is from 6 to 12 hours,
preferably from 8 to 10 hours.

The third binder removal step, process step (¢), ensures that the organic constitutents
remaining after process steps (a) and (b) are virtually completely removed from the
shaped part. This advantageously reduces the liberation of carbon-comprising
decomposition products from the shaped part during subsequent sintering of the
shaped part considerably, as a result of which the furnaces used for sintering suffer
considerably less contamination.

The present invention further provides a process for producing metallic and/or ceramic
shaped bodies from a thermoplastic composition by

(d) shaping of the thermoplastic composition by injection molding, extrusion or
pressing to form a green body,

(e) removal of the binder as described above and

(fy subsquent sintering of the green body from which the binder has been
removed in step (e).

For the purposes of the present invention, the term "binder removal oven” refers to an
oven or an oven plant having one or more chambers. The corresponding ovens are
described in more detail in the following part of the description.

For the purposes of the present invention, metallic shaped bodies are components
which can be obtained by injection molding, extrusion or pressing of thermoplastic
molding compaositions comprising metal powders. Examples of metal powders are
powders of Fe, Al, Cu, Nb, Ti, Mn, V, Ni, Cr, Co, Mo, W and Si. The metal powders can
likewise be used in the form of alloys, for example as copper-based alloys such as
brass, bronze, Monel™ and alloys having a high Co content e.g. Kovar™ and
Permendur™. Of course, it is also impossible to use mixtures of the metals mentioned.

Metallic shaped bodies which are preferred for the purposes of the present invention
are those which can be obtained from powder injection molding compositions,
particularly preferably from powder injection molding compositions of copper-based
alloys such as pure copper, Monel™ and W-Cu-alloys.
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Ceramic shaped bodies are, for the present purposes, parts which can be obtained by
injection molding, extrusion or pressing of the thermoplastic molding compositions of
oxcidic ceramic powders, for example powders of AlLQz, Yo0a, SiQ,, ZrQ,, TiO, or
AbTiOs. Nonoxidic ceramic powders such as SisN4, SiC, BN, B4C, AIN, TiC, TiN, TaC
and WC are also suitable. Of course, it is also possible to use mixtures of the ceramic
materials mentioned and mixtures of ceramics and metals, for example cemented
carbides (WC and Co).

Ceramic shaped bodies which are preferred for the purposes of the present invention
are those which can be obtained from Al;O3-, ZrO,- or SizgN4- comprising thermosplastic
molding compositions. Owing to the abovementioned reactivity of Co, WC-Co mixtures
are also a preferred ceramic/metal powder mixture.

For the purposes of the present invention, the terms “injection molding" (also referred
to as powder injection molding), "extrusion" and "pressing” are used in the sense of
processes from powder technology, in particular powder metallurgy, in which, for
example, a shaped body from which the binder is subsequently removed and which is
then sintered to produce the finished workpiece is produced by injection molding of a
thermoplastic injection molding composition comprising metal or ceramic powder and a
proportion of usually at least 30% by volume of a thermoplastic binder. The metal
powder injection molding combines the advantages of the shaping by injection molding
or extrusion known from plastics technology with those of classical powder metaliurgy.
In the case of classical powder metallurgy (also referred to as "P/M"}), metal powder is
often admixed with up to 10% by volume of lubricant such as oil or wax, brought to the
desired shape by pressing and the pressed body is subsequently sintered. The
advantage of powder-metallurgical processes is the freedom with which the material
can be selected. The powder-metallurgical process allows sintering of a metal powder
mixture to produce materials which cannot be produced by melt-metallurgical
processes. A significant disadvantage of classical powder metallurgy by pressing and
sintering is that it is not suitable for producing workpieces having relatively complex
geometric shapes. For example, shapes having undercuts i.e. recesses transverse to
the pressing direction, cannot be produced by pressing and sintering. In the case of
injection molding, on the other hand, virtually any desired shape can be produced.
However, metal powder injection molding has the disadvantages that anisotropies
sometimes occur in the casting mold in the case of relatively large workpieces and that
a separate step for removing the binder has to be carried out. Metal powder injection
moilding is therefore employed predominantly for relatively small workpieces having
complicated shapes.

The polyoxymethalene homopoloymers and copolymers mentioned as binders and
their preparation are known to those skilled in the art and are described in the
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literature. The homopolymers are usually prepared by polymerization (mostly catalyzed
polymerization) of formaldehyde or trioxane. To prepare polyoxymethylene copolymers,
a cyclic ethyl or a plurality of cyclic ethers isfare usually used as comonomer together
with formaldehyde and/or trioxane in the polymerization, so that the polyoxymethylene
chain with its sequence of (-OCH,)-units is interrupted by units in which more than one
carbon atom is present between two oxygen atoms. Examples of cyclic ethers which
are suitable as comonomers are ethylene oxide, 1,2-propylene oxide, 1,2-butylene
oxide, 1,3-dioxane, 1,3-dioxolane, dioxepane, linear oligoformals and polyformals such
as polydioxolane or polydioxepane and also oxymethylene terpolymers.

In general, the binder comprises at least 80% by weight of polyoxymethylene (POM)
and can additionally comprise further polymers, for example polystyrene,
polypropylene, polyethlene and ethylene-vinyl acetate copolymers and also further
auxiliaries which may be necessary, e.g. dispersants, plasticizers and mold release
agents. In particular, the further polymers mentioned, e.g. polystyrene, polyproplene,
polyethylene and ethylene-vinyl acetate copolymers, and also any further auxiliaries
which may be necessary, e.g. dispersants, plasticers and mold release agents, are
removed from the shaped part in process step (c) of the process of the invention.

Such binders are disclosed, for example, in EP 446 708 A2, EP 465 940 A2 and WO
01/81467 A1l.

According to the invention, the continuous thermal removal of binder in the binder
removal oven is carried out using the temperature/time prefile defined in process steps
(a) (b) and {c). Process step (c) can be carried out in the same oven in which the
process steps (a) and (b) are carried out. However, process step (¢) can also be
carried out in a separate oven.

In a preferred embodiment of the invention, process steps (a) (b) and (¢) are carried
out in the same binder removal oven. In this embodiment of the invention, the shaped
parts are moved continuously through the oven during process steps (a), (b) and (c).

The continuous thermal binder removal is, according to the invention, carried out in an
oxygen-comprising atmosphere, the presence of atmospheric oxygen or, in particular,
in the presence of air. The term “"atmosphere" or "oven atmosphere” means, for the
purposes of the invention, air or air which has been heated fo the appropriated
temperature and surrounds the shaped bodies while the process of the invention is
being carried out.

In a preferred embodiment of the invention, the oven atmosphere, i.e. air, flows around
the shaped bodies during process steps (a) and (b) or during process step (a) or during
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process step (b). The flow velocity selected can be varied within a wide range and is
generally > 1 m/s, preferably > 3 m/s and particularly preferably > 5 m/s. The amount of
air transported through the binder removal oven depends on the dimensions of the
oven and is generally from 1 to 50 m*/h, preferably from 15 to 25 m*/h.

In a preferred embodiment of the invention, the oven atmosphere, in this case an inert
gas atmosphere, for example a nitrogen atmosphere or a reducing atmosphere, for
example a hydrogen atmosphere, flows around the shaped bodies during process step
(c). The flow velocity selected can be varied over a wide range and is generally > 1
m/s, preferably > 3 m/s and particularly preferably > 5 mfs. The amount of the
atmosphere transported through the binder removal oven depends on the dimensions
of the oven and is generally from 1 to 50 m*/h, preferably from 15 to 25 m*/h.

During the process of the invention, the shaped body or bodies is/are transported
continuously through the binder removal oven during process steps (a) and (b). In a
further preferred embodiment of the invention, the shaped body or bodies isfare
transported continuously through the binder removal oven during process steps (a), (b)
and (¢). The shaped body is, for example, transported in a batch carrier along a
transport path through the binder removal oven, with transport being able to be
effected, for example, by means of a conveyer belt, a siiding frack or a roller track with
buffer facility, etc. The apparatus can have one transport path or a plurality of transport
paths arranged next to one another. The shaped bodies which are to be subjected to
binder removal are advantageocusly located in gas-permeable batch carriers which
move on a conveyer belt or a sliding track or roller track through the binder removal
oven. In an embodiment of the invention, a plurality of batch carriers can be stacked on
top of one another. The batch carriers are preferably gas-permeable and preferably
have lateral perforated walls which ensure good contact of the shaped bodies to be
subjected to binder removal with the oven atmosphere.

The continucus thermal removal of binder takes place in oven planis in which the
shaped bodies, also refered to as green bodies, are subjected to defined temperatures
over defined periods of time in an oxygen-comprising atmosphere, preferably in an air
atmosphere. Preferred ovens are binder removal ovens as are described for the
catalytic removal of binder from PIM parts, for example in WO 2006/134054 A2 or
EP 1 898 170 A2,

In a first preferred embodiment of the invention, the binder removal oven is an oven
through which the shaped bodies travel in a transport direction while being brought to
the above-defined temperatures for the above-defined periods of time.
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In one embodiment of the invention, one or more devices which specifically lead to flow
of the oven atmosphere transverse {o the transport direction of the shaped bodies can
be present.

The shaped bodies to be subjected to binder removal are distributed on transport
boxes for transport through the oven over a suitable residence time. The transport
boxes can be configured so that uniform flow of gas around the shaped bodies to be
subjected to binder removal is promoted. For this purpose it is advantageous for a
transport box to have a gas-permeable bottom and gas-permeable side walls, as a
result of which vertical flow through the transport box and a desired fransverse flow
onto the shaped body are achieved.

In general, a converyer belt transports the transport boxes loaded with the shaped
bodies to be subjected to binder removal through the oven at a speed corresponding to
the residence time to be set. In an embodiment of the invention, the belts in the case of
forward and return movement of the conveyer belt are, for example, separated from
one another by a perforated metal sheet. The perforated metal sheet is particularly
preferably replaced by a closed metal sheet over part of the length or over the entire
length of the conveyer belt. In this way, downward-directed short circuit flow of the
oven atmosphere in the region of the return of the conveyer belt is minimized.
Advantageously, guide plates which are provided both in an upper region of the binder
removal oven and in the region of a conveyer belt reduce short circuit flows by reducing
the free flow cross section. In addition, they define, in a preferred embodiment of the
invention, a flow path of the oven atmosphere which is directed largely vertically
relative to the transport direction and thus improve the flow around the shaped bodies
to be subjected to binder removal.

Guide plates provided in the lower region of the binder removal oven in which the
conveyor belt runs the force a flow of gas directed vertically upward through the
transport boxes and thus contribute to a homogeneous oven atmosphere.

Guide plates provided in the upper region of the binder removal oven can be located on
the ceiling of the binder removal oven. Preference is given to arrangement of these
guide plates on the uppermost layer of the transport boxes loaded with shaped bodies,
since the height of the shaped body batch to be subjected to binder removal and
located on the transport boxes can be varied in this way.

In an embodiment of the invention, the binder removal oven can have one or more
circulation devices, for example in the form of fans, distributed uniformly along the
binder removal oven. The circulation devices, which are arranged either only on a side
wall of the binder removal oven or preferably alternately on two opposite side walls,
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effects the turbulent flow of the oven atmosphere and as a result homogeneous mixing
of the interior of the binder removal oven. At the same time, an efficiency-increasing
transverse flow onto the shaped body is achieved.

In an advantageous embodiment, one or more inlets for air, in particular for heated air,
into the binder removal oven are provided. In particular, a plurality of uniformiy
distributed binder removal positions are advantageous, since additional mixing of the
atmosphere in the interior of the oven is achieved in this way. Thus, introduction of
preheated oxygen-comprising air from above into the binder removal oven at a number
of points, preferably at high velocity, leads to advantageous vertical flows.

A further preferred embodiment of the binder removal oven seeks to obtain flow
directed largely transversely to the transport direction onto the shaped bodies located
on transport boxes. For this purpose, the atmosphere required for binder removal, in
particular the air required for binder removal, is introduced into the interior of the binder
removal oven via one or preferably more laterally arranged inlets. These lateral inlets
can be distributed uniformly over the entire length of the binder removal oven or can be
provided only in a section thereof. Here, inlets on one side of the binder removal oven
and preferably inlets arranged alternately on two opposite sides are conceivable. The
inlets can be configured as slits, as holes or as nozzles. The atmosphere which is in
this way introduced laterally flows through the transport boxes and thus past the
shaped bodies to be subjected to binder removal largely transverse to the transport
direction. Such a transverse flow onto the shaped bodies which is achieved by means
of the lateral inlets for the atmosphere can be supplemenied by circulation devices
arranged on one or both sides.

The binder removal oven is, according to the second preferred embodiment of the
invention described below, an oven which is divided in the transport direction of the
shaped bodies into at least two successive treatment chambers through which the
transport path extends. The oven thus has at least two treatment chambers which are
separated from one another and are arranged in succession in the transport direction
of the shaped bodies, so that different thermal treatments of the shaped bodies can be
carried out in these treatment chambers. For this purpose, each treatment chamber
has inlet facilities for the treatment atmosphere, i.e. each treatment chamber is
supplied, independently of the other, with the appropriate atmosphere i.e. air at the
appropriate temperature. In each treatment chamber, the atmosphere is circulated by
means of a circulation device assigned to each treatment chamber, so that the shaped
bodies passing through the treatment chamber come into contact with the appropriate
atmosphere. Here, air inlet facilities which result in flow of the appropriate atmosphere
onto the shaped bodies transverse to the transport direction of the shaped bodies are
provided in each treatment chamber.
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The transverse flow of the atmosphere onto the shaped bodies in the respective
treatment chamber allows essentially the same conditions to be set and maintained
over the length of the treatment chamber, since, for example, temperature gradients in
the longitudinal direction of the chambers are avoided in this way. Furthermore, good
flow onto even shaped bodies having a particularly complex structure can be achieved,
so that binder removal can also be improved in this way. The binder removal oven can
have one or more transport paths arranged side-by-side. The binder removal oven
preferably has two transport paths arranged side-by-side.

Particularly good binder removal results are achieved in a binder removal oven in
which the circulation devices and/or atmosphere guide devices of adjacent treatment
chambers are configured or set/adjustable so that the atmosphere flows from opposite
directions onto the shaped bodies in the adjacent freatment chambers. This alternate
flow onto the shaped bodies from chamber to chamber ensures equalization of
treatment gradients (temperature gradients) in the longitudinal direction of the oven and
ensures a particularly good and uniform flow (from both sides) onto the shaped bodies.

Correspondingly good results are achieved by means of an oven in which the
circulation device andf/or the atmosphere guide devices of a treatment chamber are
configured or set/adjustable so that the atmosphere flows from opposite directions onto
the shaped bodies within the treatment chamber. This embodiment differs from the
above-described embodiment in that the alternating flow onte the parts occurs within a
treatment chamber and not from treatment chamber to treatment chamber. In the last-
named embodiment, a plurality of treatment chambers in which alternating flow of the
appropriate atmosphere onto the shaped bodies, for example from the left in one part
of the chamber and from the right in the other part of the chamber, occurs in each case
can be connected in series. i the directional flow varies from chamber to chamber, flow
from the left, for example, occurs in one chamber and flow from the right occurs in the
neighbouring chamber.

In an embodiment having two parallel transport paths, the corresponding atmosphere is
preferably introduced from both sides into one chamber, while in the neighbouring
chamber the atmosphere flows in the opposite direction, i.e. away from the parts on
both sides.

A radial blower is preferably used as circulation device in the oven. Such blowers are
used particularly when a single transport path extends all the way through the oven. In
another embodiment, the circulation device is an axially drawing and radially pushing
blower or a blower operating conversely. Such an embodiment is used, in particular, in
the case of two parallel transport paths of the shaped parts, with the blower being
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arranged between the two transport paths so that the atmosphere is blown onto the
transport paths either laterally from the outside or from the inside. The blowers are
preferably located on the upper side of the treatment chambers. The preferred
directional flow onto the shaped bodies is lateral. However, the atmosphere guide
devices can also be arranged so that flow onio the shaped bodies occurs from below.
As mentioned above, the circulation device is preferably arranged on the underside of
the treatment chamber. However, the circulation device can also be located laterally
on/in the treatment chamber. In general, each treatment chamber has one circulation
device. Here, a single circulation device or two treatment chamber parts separated
from one another by a dividing wall can be supplied with the oven atmosphere. The
circulation device preferably produces flow of the atmosphere onto the shaped bodies
located in the treatment chamber from one direction, advantageously from a lateral
direction from the ouiside. However, the circulation device can also supply the
atmosphere to the parts located in a treatment chamber simultaneously from two
opposite directions. This is, as mentioned above, particularly the case when two
parallel transport paths are arranged side-by-side and the circulation device is located
between two transport paths. Here, simultaneous flow of the atmosphere onto the
shaped bodies on the two transport paths preferably takes place laterally from the
outside.

The binder removal oven is also provided with suitable heating facilities. it goes without
saying that each treatment chamber preferably has dedicated heating facilities. The
design and arrangement of these heating facilities is within the general knowledge of a
person skilled in the art.

As transport device, the binder removal oven can preferably have a continuous belt or
a sliding track or roller track with buffer facility. It can thus be advantageous to use beit
ovens or buffer ovens as ovens. The shaped bodies to be subjected to binder removal
are advantageously located in gas-permeable batch carriers which move on the
conveyor belt or the sliding track or roller track through the oven. A plurality of batch
carriers can be stacked on top of one another. Since the batch carriers are gas-
permeable and for this purpose have, for example, lateral perforated walls, good
contact of the atmosphere with the shaped body to be treated is ensured.

In a preferred embodiment, the shaped body is heated to the temperature of the first
temperature stage at a heating rate of from 1 to 4°C/minute before process step (a) is
carried out. This ensures that binder removal commences simultaneously in all green
parts; a high temperature gradient causes an accessively high decomposition rate and
leads to bubbles and cracks.
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In a further preferred embodiment of the invention, the shaped body is, after process
step (b), heated fo the temperature of the third binder removal step (¢) at a heating rate
of from 1 to 7°C/minute, preferably at a heating rate of from 2 to 5°C/minute, and then
maintained at the temperature of the third binder removal step (¢}). The temperature of
the third binder removal step (c) is generally from 200 to 600°C, preferably from 300 to
500°C and more preferably from 400 to 450°C. The hold time varies as a function of
the composition of the shaped body and is generally from 0.5 to 4 hours.

After the removal of the binder in process steps (a), (b) and (c) the shaped body is
sintered. Sintering is carried out by known methods. Depending on the desired result,
sintering is carried out, for example, in air, hydrogen, nitrogen, gas mixtures or under
reduced pressure.

The composition of the oven atmosphere which is optimal for sintering, the pressure
and the optimal temperature conditions depend on the precise chemical composition of
the material used or to be produced and are known or can be determined in a simple
manner in each individual case by means of a few routine tests.

The optimal heating rates are easily determined by means of a few routine tests and
are usually at least 1°C/minute, preferably at least 2°C/minute and particularly
preferably at least 3°C/minute. For economic reasons a very high heating rate is
generally sought. However, to avoid an adverse effect on the quality of sintering, a
heating rate below 20°C/minute will usually be sef. It is sometimes advantageous to
employ a delay time at a temperature below the sintering temperature during heating to
the sintering temperature, for example to hold a temperature in the range from 500°C
to 700°C, for example 600°C, for a period from 30 minutes to 2 hours, for example one
hour.

The sintering time i.e. the hold time at the sintering temperature, is generally set so that
the sintered shaped parts are sintered to sufficient density. At customary sintering
temperatures and part sizes, the sintering time is generally 15 minutes and preferably
at least 30 minutes. The total duration of the sintering process has a major effect on the
production rate, and sintering is therefore preferably carried out so that the sintering
process does not take an unsatisfactorily long time from an economic point of view. In
general, the sintering process (including the heating phase but without the cooling
phase) will be able to be concluded after from 6 to 18 hours, usually after from 7 to 12
hours.

After sintering, any desired after-treatment, for example sinter hardening, austenite
formation, annealing, hardening, upgrading, carburization, case hardening,
carbonitriding, nitriding, steam treatment, solution heat treatment, quenching in water



10

15

20

25

30

35

40

12
or oil and/or hot isostatic pressing of the sintered shaped parts or a combination of
these treatment steps, can be carried out. Some of these treatment steps, for instance
sinter hardening, nitriding or carbenitriding can alsc be carried out in a known way
during sintering.

The invention is illustrated by the following examples.
Example 1

Experiments on continuous thermal binder removal were carried out in a plant
described in detail in EP 1898170 A2. The binder removal plant utilized comprised two
chambers, each with dedicated circulation and gas supply. The boxes with green parts
were pushed on two tracks into the binder removal plant.

In each transport box, 3 kg of green parts made of Catamold® 316LG were pushed in
on three levels. In initial preliminary tests, it was established that very satisfactory
results could be achieved at a speed of rotation of the fan of 1200 rpm; measurements
indicated that this speed of rotation corresponded to a gas velocity of 7 m/min over the
green parts; at below 3 m/min, the duration of the process was more than about 50 %
longer and thus significantly less economical.

The necessary amount of air was likewise determined in preliminary tests. Here, a tofal
amount of air of 20 m*h was found to be sufficient. Of this total amount, 15 m*h

were introduced into the second chamber and 5 m*h were introduced into the first
chamber.

The necessary conditions for satisfactory binder removal were found at a temperature
of 170°C in the first chamber and 180°C in the second chamber and an effective
resonance time of 7 h per chamber. The green parts composed of Catamold 316LG
displayed a weight loss of 7,79% by weight. For catalytic binder removal, the weight
loss should be at least 7.6% by weight.

At temperatures only 3°C higher, hairline cracks could be seen on the surface; a further
increase by another 3°C resulted in additional occurrence of bubbles. At temperatures
which were 3°C lower, the green parts were intact but the binder had not been
completely removed (weight loss 7.48% by weight). At a higher transport speed (5 h
per chamber), binder removal was both incomplete and associated with the occurrence
of hairline cracks. Under the conditions found, a throughput of green parts of about
around 0.5 kg/h was achieved in continuous operation. The parts which had been
subjected to binder removal were subjected to removal of residual binder and sintered
under hydrogen; for this purpose, a heating rate of 5°C/min was chosen in the range 20
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- 600°C. This was followed by further heating at 10°C/min to 1380°C. The temperature
was held here for 3 h and the parts were cooled again at 10°C/min.

The parts displayed a good sintered density of 7.93 g/ml, i.e. 99,2% of the theoretical
density of this alloy.

Example 2

Experiments using Catamold 17-4PHW were then carried out in the same plant. After
carrying out similar optimization work, it was found that only the temperatures and
residence times had to be adapted slightly. The good parts from which the binder had
been removed were then found at a residence time of 8 h per chamber and at 172°C in
the first chamber and 180°C in the second chamber. The parts had a weight loss of
7.38% by weight. For catalytic binder removal, the weight loss should be above 7.2%.

Sintering under hydrogen under the same conditions as in example 1 but at a sintering
temperature of only 1350°C gave a sintered density of 7.63 g/ml. This corresponds to a
sintered density of 98.8 % of theory.

Example 3

Experiments using a development product based on pure copper powder were carried
out in the same plant. Since this material was still in development and no large
amounts of product were available, the loading with green parts made of Catamold 17-
4PHW as a working load was simulated; these were loaded on the upper and lower
leveis, while green parts made of the Cu feedstock were positioned on the middle level.

After carrying out optimization, green parts from which binder had been correctly
removed were obtained at a residence time of 6 h per chamber and at a temperature of
195°C in the first chamber 200°C in the second chamber. The weight loss during
thermal binder removal was 7.5% by weight. The comparative value from catalytic
binder removal was not available as a guide because the Cu powder reacts with
gaseous nitric acid to form nitrate and the pores become blocked thereby. Parts from
which binder had been removed in this way were sintered under hydrogen in a similar
cycle to example 1 but at a sintering temperature of 1050°C to a density of 8.71 g/m;
this corresponds to 96.7 % of theory.
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Claims

A process for the continuous thermal removal of binder from a metallic and/or
ceramic shaped body which has been produced by injection molding, extrusion or
pressing using a thermoplastic composition and comprises at least one
polyoxymethylene homopolymer or copolymer as binder in a binder removal
oven, which comprises the steps

(a) Removal of binder from the shaped body in a binder removal oven at a

temperature which is from 5 to 20°C below the temperature of a second
termperature stage over a period of from 4 to 12 hours in a first temperature
stage in an oxygen-comprising atmosphere,

(b) Removal of binder from the shaped body at a temperature in the range > 160 to

200°C over a period of from 4 to 12 hours in an oxygen-comprising atmosphere
in a second temperature stage and

(¢) Removal of binder from the shaped body at a temperature in the range from

200 to 600°C over a period of from 2 to 8 hours in a third temperature stage in
an oxygen-comprising or neutral or reducing atmosphere,

with the shaped bodies being transporied through the binder removal oven
during process steps (a) and (b).

The process according to claim 1, wherein the shaped body is heated to the
temperature of the first temperatiure stage at a heating rate of from1 to
4°C/minute before process step (a) is carried out.

The process according to claim 1 or 2, wherein process steps (a), (b) and {(c) are
carried out in the same binder removal oven and the shaped body is transported
through the binder removal oven during process steps (a), (b) and (c).

The process according to any of claims 1 to 3, wherein an oven having at least
two successive treatment chambers is used as binder removal oven.

The process according to any of ¢laims 1 to 4, wherein an oven having gas guide
devices which effect the flow of the oxygen-comprising atmosphere onto the
shaped body fransverse to the transport direction of the shaped body during
process step (a) and/or (b) and/or (c) is used as binder removal oven.
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The process according to any of claims 1 to & for the removal of binder from
ceramic shaped bodies.

The process according to any of claims 1 to 5 for the removal of binder from
metallic shaped bodies.

A process for producing metallic and/or ceramic shaped bodies from a
thermoplastic composition by

(d) shaping of the thermoplastic composition by injection molding, extrusion or
pressing to form a green body,

(e) removal of the binder by a process according to claim 1

(f) subsquent sintering of the green body from which the binder has been
removed in step {(e).
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