" Method for Producing Ml ded Articles of Al uminum Alloys The netal injection
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residual "backbone" binder is usually thermally removed, whereafter the article is
sintered and shrinks to form a nearly compact metal component. This technology is
currently applied to high- and low-alloy steels, precious metals, hard metals, but also

to ceramics.
25
Metal injection molding for aluminum materials has not yet been successfully estab-

lished in industry, although there are patents relating to this technology; this is due to

the fact that the sinter mechanisms of aluminum alloys are completely different from

those of the above mentioned materials. Non-reducible oxides on the surface of
_30 aluminum powders constitute significant obstacles to sintering. For this reason,

publications only describe an oxygen-free atmosphere.
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"5 es, making the suitable process tine frame often too short for
guaranteeing the plastic conponent's conplete renoval. |f the plastic
conponent is not conpletely renoved, undesired reactions of organic
‘residual conponents with metal conponents may take place, which interfere
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25Db) prod n re od I ng the feedstock; c)
pr oducm?é: 5;%5%%@8%; 5@9S§PP¥%%@{B%§§F?|%%9& enovi ng the binder fromthe
green body by catalytic and/or solvent and/or thermal debinding; d)

‘sintering the at |east partially debindered brown body to obtain the
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debi nding being carried out in an atnosphere containing at |east 0.5 % by

vol une of oxygen, whereafter the thus obtained, conpletely debound (or
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metal injection molding process for producing molded articles of aluminum materials

with good mechanical characteristics in a simple and reproducible way.

DISCLOSURE OF THE INVENTION
20 The inventors have achieved this aim by providing a method for producing molded
articles based on aluminum alloys by metal injection molding, said method compris-
ing the following steps: '
a) producing a feedstock by mixing the metals contained in the desired alloy in
the form of metal powders and/or one or more metal alloy powders with a binder;
25 b) producing a green body by injection molding the feedstock;
c) producing a brown body by at least partially removing the binder from the
green body by catalytic and/or solvent and/or thermal debinding;
d) sintering the at least partially debindered brown body to obtain the desired
molded article;
30 the method of the invention being characterized in that the binder is completely
removed in step c), wherein thermal debinding is carried out to remove the (residual)

binder, optiona'lly after having carried out one or more previous debinding steps, said



"5Thts hethod yields highly pure nolded articles of alum num alloys, as, due
to the conplete renoval of the binder in step c), there are no undesired
reactions of the plastic material with the alloying nmetals. The conplete
renoval of the binder is achieved due to the presence of oxygen in the
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in the form of alloys with aluminum, i.e. as so-called master alloy powders.

According to the present invention, it is preferred to use binders which are known to
30 beremovable at low temperatures, polyacetal-based binders, e.g. poly(oxymethylene)
(POM) binders, are particularly preferred, for example as disclosed by BASF in EP
413,231, WO 94/25205, and particularly in EP 446,708, and commercially available
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presence of oxygen in step c). In these preceding debinding steps, the main part of

the binder is already removed from the composition so that only the "backbone"

component remains to be removed by the subsequent thermal debinding.

25
Catalytic debinding is preferably carried out in the presence of at least one acid

selected from nitric acid, oxalic acid, formic acid, and acetic acid, as these acids
accelerate the complete removal of the preferred polyacetal binders by acidolysis
without leading to undesired side reactions with the alloy components. In the case of
30 solvent debinding, the main part of the binder is removed by extraction with a suitable

solvent or mixed solvent, e.g. acetone, n-heptane, water, etc. According to the pres-



' 25 subject to any nechanical |oad and thus not being subject to this known
mechani sm This neans that there are no direct netal -netal contacts between
t he powder particles. Neverthel ess, by appropriately selecting the

'sintering conditions, the nmethod of the invention succeeds in achieving the
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This means that there are no direct metal-metal contacts between the powder part-

icles. Nevertheless, by appropriately selecting the sintering conditions, the method of

the invention succeeds in achieving the required shrinking in which the compaction of

the sintered body becomes manifest, and thus succeeds in obtaining molded parts

30 having been compacted to the greatest possible extent.



" obtained therefromin Exanple 10. The invention will be described in
further detail below, referring to non-limting specific exenplary

enbodi ments. 10 EXAMPLES All the feedstocks produced in the exanpl es bel ow
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15  The composition of the respective atmospheres in the individual steps of the invent-
ive method is not subject to any specific limitations, except for the presence of oxy-
gen for thermal debinding in step c); those skilled in the art are capable of selecting
the atmosphere which is best suited for the respective powder mixture for each step,
vacuum also being an option. However, the sintering step d) is preferably carried out

20 in an extremely dry, nitrogen-containing atmosphere, i.e. in pure nitrogen, under
normal pressure or under reduced pressure ("partial pressure sintering"), or in a
mixture of nitrogen and pure inert gas (helium, argon), preferably having a dew point
below -40 °C, as the presence of nitrogen significantly promotes the powder particles'
wettability with the developing metal meilt.

25
The sintering step may be optionally followed by a suitable additional treatment by
which the finished molded parts are kept in the desired shape. It is, for example,
possible to apply the known hot isostatic pressing (HIP) process in order to achieve
the desired final density of the molded parts. In this process, residual pores which are

30 still present after the sintering step are sealed under the influence of external gas

pressure and high temperatures.



" Feedst ock conponent Percentage (% by wei ght) Al um x 231 powder*74.8 Sol vent
bi nder: wax proportionl4.8 10Sol vent binder: thernoplastic proportion8.2
Stearic acid2.2 100.0 * comrercially avail able nmetal powder m xture
‘of alum num and 14 % by wei ght of 15 silicon, 2.5 % by wei ght of copper,
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pure n Results Length shrinkage: 11.6 A)
30Shri E‘lggéégg@o Két#ﬁ%ﬁgpgxaé?@%ejﬁar 12.25 % Sintered density: 2.36 g/cnB

The invention will be described in further detail below, referring to non-limiting
specific exemplary embodiments.
10
EXAMPLES
All the feedstocks produced in the examples below were homogenized in a heated
laboratory eompounder at 190 °C. Bars for tensile tests or hollow cyiinders, respect-
ively, were formed from these feedstocks by injection molding according to 1ISO 2740,
15  applying the method of the invention as described below. A hydraulic injection mold-
ing machine (Battenfeld HM 600/130) with PIM equipment was used for producing

the green bodies.

In a first step, the feedstock was at first filled into the funnel of the injection molding

20 machine. The injection molding process for producing the green bodies comprised
the following steps: Using a heated injection cylinder with a rotating screw inside, the
pretreated charging material was plastified and predosed according to preset para-
meters (including, for example, rotational speed, dosing volume, back pressure, etc.).
Then the predosed amount was injected into an adequately tempered instrument.

25 Depending on the feedstock and the binder used therein, the plastification temperat-
ure in the injection cylinder ranged between 120 and 220 °C, while the temperature
inside the instrument was between 25 and 140 °C. After a sufficiently long cooling
period, the injection molding instrument was opened and the green body was dis-
charged from and taken out of the instrument using a handling device.

30



"Exanmple 2 - Tensile test bars: thermal debinding in a single step Feedstock
conponent Percentage (/0 by wei ght) Al um num powder67.1 5 Master all oy
powder *4. 3 POM bi nder25.8 Lucryl GB5**2.8 100.0 10 * master all oy

‘consi sting of 50/50 al um num and magnesi um ** comrercially avail abl e

ol tsha \; . | 0di intering of the
POl v (TeSBH B 2 e hsib Gos{ BAMY s vt BbibkihatharadBatig! &1 19 of the,
| ovenAi corhinergiahs enaitatdé &A1 bbwdébafixtors ¢Aluxyig? 234 deam diclea)} coridisting
foIIovvigg de,bindi_nﬁ 0 130 C at .a heating rate of 2 K/mn

t enper 8t iR ﬂgtrf%];ttl?l} g’é@"g%?gii“gg”;\z-5h°éat?¥ wgiahd Oié‘gp?,e%ttangt%éa{%"itﬁ’g rate
of 2 K{yZidht of magneSiG ¥a" fhdmBLMIP MBLPWithO] Soll@it Binder consisting of

5 wax/thermoplastic to obtain a feedstock.

Feedstock component | Percentage (% by weight)
Alumix 231 powder* 74.8
Solvent binder: wax proportion _ 14.8
10  Solvent binder: thermoplastic proportion 8.2
Stearic acid 22
100.0

* commercially available metal powder mixture of aluminum and 14 % by weight of

15 silicon, 2.5 % by weight of copper, and 0.6 % by weight of magnesium (from Ecka)

Debinding and sintering of the tensile test bars

This feedstock was first debound by solvent extraction using acetone in a 60 | oven
at45°Cin12h.
20
The thus obtained brown body contained approximately 14.5 % by weight of residual
binder, which was subsequently removed by thermal debinding according to the
invention in an atmosphere containing pure oxygen, applying a temperature profile
ranging from 150 °C to 320 °C for 1 h and then from 320 to 420 °C for 1.5 h. The thus
25 completely debound brown body was then sintered within 1 h at 560 °C in pure nitro-

gen (dew point: -50 °C).

Results
Length shrinkage: 11.6 %

30 Shrinkage of the bars' diameter: 12.25 %
Sintered density: 2.36 g/cm?



20 = heating to 420 C at a heating rate of 2 K'mn tenperature naintained
at 420 C for 4 h The weight lost during thermal debinding anounted to 24.2
% Then the bars were sintered for 1 h in pure nitrogen, the oven
‘tenperature being set 25 to 665 C and annuntlng to approximately 630 C

I nsi de &Q { . 0 Shri nkage of
.the baFrs—= =t-¢ ‘ : ' A Exanmple 3 -
Tensil e test bars double thernal deblndlng Feedstock conponent Per cent age

(% by wei ght) Al um num powder 70.1 5 Magnesi um)oowderZ 2 POM bi nder24.0
SurfacEﬁﬁg_Qme_MSt cly compenent 0+ et hoxy! at daercentagedVn Py vaightd| having 7 EO units
Debi ndkﬂﬂnfﬁﬂﬂm 66\;088(' ng of the tensi Iéem est bars

5 Master alloy powder* 4.3
POM binder 25.8
Lucryl G55** 28

100.0

10  * master alloy consisting of 50/50 aluminum and magnesium

** commercially available poly(methylmethacrylate) (PMMA; from BASF)

Debinding and sintering of the tensile test bars

Complete thermal debinding was carried out in a 40 | oven in the presence of 200 I/h
15  of pure oxygen according to the following debinding profile:

- heating to 130 °C at a heating rate of 2 K/min

- temperature maintained at 130 °C for 4 h

- heating to 200 °C at a heating rate of 2 K/min

- temperature maintained at 200 °C for 5 h
20 - heating to 420 °C at a heating rate of 2 K/min

- temperature maintained at 420 °C for 4 h

The weight lost during thermal debinding amounted to 24.2 %.

Then the bars were sintered for 1 h in pure nitrogen, the oven temperature being'set

25 to 665 °C and amounting to approximately 630 °C inside the oven.

Results

Length shrinkage: 12.27 %

Shrinkage of the bars' diameter: 14.52 %
30 Sintered density: 2.46 g/cm?



"At first, a first thermal debinding was carried out in a 50 I oven in 500
I/h of air at 180 C for 14 h. Wight loss: 27.0 % 15 Thereafter, a second
t hermal debinding was carried out at a tenperature of up to 420 Cin pure
‘nitrogen within 1 hour, again followed by sintering for 1 h at an oven

Lenper L die 3L TehdiRoteSt pabs gﬂbkghg'rmhﬁpﬁggi"lrmgkglgging& 5 % nglhre | nkage. of

Tensile test bars: catal yt i ¢/thermal debi ndi ng Feedst ock’
conponent Per cent age (% by wei ght) AIFyrri num wder 70. Magnesi um powder 2. 2
POM biMQﬁéﬂfaF Clge nt*3.7 100. 0-@—@@&82—%—%&@@2@9 IGEB- C15- oxoal cohol

havi ngAlZJnJr:iﬂ)OMnﬂ)é\ﬁderi nding and sintepng of the tensile test bars

5 Magnesium powder _ 2.2
POM binder ' 240
Surfactant* 3.7

100.0

10 * ethoxylated C43-C+s-oxoalcohol having 7 EO-units

Debinding and sintering of the tensile test bars

At first, a first thermal debinding was carried out in a 50 | oven in 500 I/h of air at 180
°C for 14 h. Weight loss: 27.0 %. |

15
Thereafter, a second thermal debinding was carried out at a temperature of up to
420 °C in pure nitrogen within 1 hour, again followed by sintering for 1 h at an oven
temperature set to 665 °C.

20 Results

Length shrinkage: 9.5 %
Shrinkage of the bars' diameter: 11.4 %
Sintered density: 2.13 g/cm?
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"At first, catalytic debinding was carried out in a 50 | oven using 2 % by
vol unme of HNOG3 in 500 I/h of nitrogen (technical grade) at 140 C for 10 h.
Weight loss: 22.1 % 15 Thereafter, bead-|ike outgrowths were observed on
‘t he surface, which were assuned to have been fornmed by the reaction of My

b e e ve | :
';""etmerH mple 4'"PE 8¢ flst UAIE! EBlaIROMRSIRS SESinGIH 'ﬁguf?t agt doscribed in

Exanple 3, again followed by sintering 20 for 1 h at an oven tenperature

set to 665 C. Results Length shrinkage: 10.7 (:)/0, Shrinkage of the
bars' HEgABIOSK COMPARSN! 255 nt er ed deneicepia b h)Exanple 5 - Tensile

test bal S Le/ t her mal debi ndi eédsiock conponent Percentage ( )/0
by wei &I}%m&ﬁj% ?’?H%’IP[)OV\UGI’ 70.1 5 Mag@s'rum powder 2. 2 POM bi nder24.0

Sur5 acMagresium pp@@ed 10* et hoxyl at ed £23- C15- oxoal cohol haying 7 EG units

POM:binder 24.0
Surfactant* 3.7
100.0

10 * ethoxylated C43-C4s-oxoalcohol having 7 EO-units

Debinding and sintering of the tensile test bars

At first, catalytic debinding was carried out in a 50 | oven using 2 % by volume of
HNO3 in 500 I/h of nitrogen (technical grade) at 140 °C for 10 h. Weight loss: 22.1 %.
15  Thereafter, bead-like outgrowths were observed on the surface, which were assumed

to have been formed by the reaction of Mg with HNO3.

Thereafter, thermal debinding was carried out at a temperature of up to 420 °C in
pure nitrogen within 1 hour, as described in Example 3, again followed by sintering

20 for 1 h at an oven temperature set to 665 °C.

Results

Length shrinkage: 10.7 %

Shrinkage of the bars' diameter: 14.65 %
25  Sintered density: 2.36 g/cm?

-11-



" Debinding and sintering of the tensile test bars At first, catalytic

debi ndi ng according to Exanple 4 was carried out at 140 C for 24 h, using
80 g anhydrous oxalic acid on a sublimation dish instead of HNO3. Wi ght 15
l1oss: 23.0 % Wen using oxal ic acid, there were no outgrowhs appearing on
t he suf e ring were also carried
.out ac T ﬁ@ est, UEL 9&’2@"‘5@ dﬁ?&;@ﬂ rrkage: 14.28 % Shri nkage
of the bars' diameter: 15.68 % Sintered den5|ty 2.42 g/cnB8 Exanple 6 -
Tensile test bars: catalytic/thermal _debi ndi ng Feedstock

conponEgessiosk component by wei ght ) A Refcentage (dohijaveigtls 5 poM bi nder *25. 6
Sur f ac * commer |1y avail able netal powder m xture
of al u%lﬂfl%u%uang()\fégm by wei ght of 10 fs\dlﬁll con, 2.5 % by wei ght of copper,
and5 0. Mé!grtszlumlpghtdeof magnesi um (fror@.Ecka) ** ethoxyl at ed

Cl3-C1 ohol having 7 EOQ-units
B EndS ving UM S 540
Surfactant* 3.7
100.0

10  * ethoxylated C43-C4s-oxoalcohol having 7 EO-units

Debinding and sintering of the tensile test bars

At first, catalytic debinding according to Example 4 was carried out at 140 °C for 24
h, using 80 g anhydrous oxalic acid on a sublimation dish instead of HNO3;. Weight
15 loss: 23.0 %. When using oxalic acid, there were no outgrowths appearing on the
surface. Thereafter, thermal debinding and sintering were also carried out according

to Example 4.

Results

20 Length shrinkage: 14.28 %
Shrinkage of the bars' diameter: 15.68 %
Sintered density: 2.42 g/cm?

-12-



" Debi nding and sintering of the tensile test bars At first, catalytic
debi nding was carried out according to Exanple 5. Wight loss: 1525.2 %
Thereafter, thermal debinding and sintering were carried out according to
‘Exanpl e 4, applying an oven tenperature set to 560 C. Results Length

shri nkaggeimpie 6 th O cRfkrmafbi@Blidihg 13- 2 % Sintered
density: - —catal ytic/thernmal

debi ndi nq Feedst ock conponent Per cent age CYO by wei ght) Al um num powder 68, 0

Master al |l oy powder*4, 3 POM bi nder24,0 Surfactant**37 100,0 10 * naster
al | oy : O 50 al umi num ahEL LWel xyl at ed

C13- ClnigmpapsPbelvdeaving 7 EO-units 708

5 POM binder* 256
Surfactant** 3.6
100.0

* commercially available metal powder mixture of aluminum and 14 % by weight of
10  silicon, 2.5 % by weight of copper, and 0.6 % by weight of magnesium (from Ecka)
** ethoxylated C13-C1s-oxoalcohol having 7 EO-units

Debinding and sintering of the tensile test bars

At first, catalytic debinding was carried out according to Example 5. Weight loss:
15 25.2 %. Thereafter, thermal debinding and sintering were carried out according to

Example 4, applying an oven temperature set to 560 °C.

Results
Length shrinkage: 11.2 %

20 Shrinkage of the bars' diameter: 13.2 %
Sintered density: 2.45 g/cm?
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"Debinding and sintering of the tensile test bars At first, catalytic
debi nding was carried out according to Exanple 5. Wight loss: 1523.2 /0.
Thereafter, thermal debinding and sintering were carried out according to
‘Exanple 4. Results Length shrinkage: 12.6 % 20 Shrinkage of the bars'

: : le 8 - Holl ow
) gl b onent Per cent age (% by
wei ght) Al uni num powder 68. 0 5 Master all oy povvder*4 3 POM bi nder 24.0

Surfactant**3.7 100.0 10 * nmster | o consi, .of .50/50 al um num and
magnesF8Adstock CARBPONENb C13- C15- ox d2&" e uni ts Debi ndi nq and

si nt eri‘\ﬂﬂnfﬁhn“ ngg(g'l | ow cyl i nders 68.0

5 Master alloy powder* : 4,3_
POM binder 240
Surfactant** _ 3.7

100,0

10  * master alloy consisting of 50/50 aluminum and magnesium

** ethoxylated C43-Cys-0xoaicohol having 7 EO-units

Debinding and sintering of the tensile test bars

At first, catalytic debinding was carried out according to Example 5. Weight loss:
15  23.2 %. Thereafter, thermal debinding and sintering were carried out according to

Example 4.

Results
Length shrinkage: 12.6 %

20 Shrinkage of the bars' diameter: 13.25 %
Sintered density: 2.56 g/cm?
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"At first, thermal debinding was carried out according to Exanple 5. Wi ght
| oss: 1523. 7% Thereafter, thermal debinding and sintering were carried out
according to Exanple 4. Results Hei ght shrinkage: 17.24% 20 Di aneter
‘shrinkage: 14.48 % Si nt ered density: 2.59 g/an Exanple 9 - Tensile test
bars: ) . t Al um num powder 5

. ‘ - Solomm age (% by weight) 67.1
4.3 25. 8 2.8 100.0 10 * rraster aIon consi sting of 50/50 al um num and
magnesium ** conmerci al ly avail abl e gol y( et hyl met hacrt)gl ate) (PMVA; from

BASF) Desdstockgompenenht eri ng of t he2elskatage o dy waigk

Aluminum powder 68.0

5  Master alloy powder* 4.3

POM binder 24.0
Surfactant** 37

100.0

10  * master alloy consisting of 50/50 aluminum and magnesium

** ethoxylated C43-C1s-oxoalcohol having 7 EO-units

Debinding and sintering of the hollow cylinders

At first, thermal debinding was carried out according to Example 5. Weight loss:

15  23.7 %. Thereafter, thermal debinding and sintering were carried out according to

Example 4.

Results

Height shrinkage: 17.24 %
20 Diameter shrinkage: 14.48 %

Sintered density: 2.59 g/cm?
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At first, catalytic debinding was carried out according to Exanple 5.
Wei ght | oss: 1525. 7% Thereafter, thernmal debinding and sintering were
carried out according to Exanple 4. Results Length shrinkage: 13.57 %
"20Shri nkage of the bars' diameter: 19.55 % Sintered density: 2.59 g/cnB
Exampl € chhplel Fens gy} : caplighiYithefhiPUBlndiRY! NVl Ny Feedst ock
.CONPONENT PE ’ 0T povie .1 5 Master alloy
powder *4. 3 POM bi nder25 8 Lucryl Gb5**2.8 100.0 10 * master alloy

consi s f,50/50 al um num and rmagpesi um ** mrercjally avail abl e
ol v ( mEeRIsfckRnmarart]” (A 1 f ouPasiage (% BY weighl

Aluminum powder 67.1

5 Master alloy powder* 4.3

POM binder* 25.8
Lucryl G55** _ 28

100.0

10  * master alloy consisting of 50/50 aluminum and magnesium

** commercially available poly(methylmethacrylate) (PMMA; from BASF)

Debinding and sintering of the tensile test bars

At first, catalytic debinding was carried out according to Example 5. Weight loss:
15 25.7 %. Thereafter, thermal debinding and sintering were carried out according to

Example 4.

Results
Length shrinkage: 13.57 %

20  Shrinkage of the bars' diameter: 19.55 %
Sintered density: 2.59 g/cm?
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' Debi nding and sintering of the hollow cylinders At first, catalytic
debi nding was carried out according to Exanple 5. Wight loss: 1525.6 %
Thereafter, thermal debinding and sintering were carried out according to
‘Exanple 4. Results Hei ght shrinkage: 16.52 A) 20D aneter shrinkage:

' LV 2.56 0 IH’IHEBP'Hn f the invention is
A e e t—Pottcs at-omrrrotn al | oys by i njection
nol di ng, which are suitable for practical applications in different fields,
including the fields of transport, constructign mechani cal engi neeri ng,

packagEeedstadusomponenbn and steel iReigeniaged% by weighthi ¢ engi neer i ng,
househ . | , etc., for exa for dissipating heat as heat sinks
BLimfiR pd05Es, ot

in elec or as 30conponents of air conditioning systens.

CLA :\/awbs{érmbpqﬁ)v\fdyr* produci ng nol dedt.articles based on al um num al | oys by
metal injection nolding, conprising the follow ng steps: 5a) producing a
feedsthMQy‘d(ﬂrxi ng the metals contai4®® in the desired alloy in the form

of rret@llmrgpégg;,\s and/ or one or nore mefgl alloy powders with a binder;

100.0

10  * master alloy consisting of 50/50 aluminum and magnesium

** commercially available poly(methylmethacrylate) (PMMA; from BASF)

Debinding and sintering of the hollow cylinders

At first, catalytic debinding was carried out according to Example 5. Weight loss:
15 25.6 %. Thereafter, thermal debinding and sintering were carried out according to

Example 4.

Results

Height shrinkage: 16.52 %
20 Diameter shrinkage: 14.48 %

Sintered density: 2.56 g/cm?

25 The method of the invention is thus capable of providing sintered bodies of aluminum
alloys by injection molding, which are suitable for practical applications in different
fields, including the fields of transport, construction, mechanical engineering, packag-
ing industry, iron and steel industries, electronic engineering, household appliances,
etc., for example for dissipating heat as heat sinks in electronic devices, or as

30 components of air conditioning systems.
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'b) producing a green body by injection nolding said feedstock; c)
produci ng a brown body by at |east partially renmoving the binder fromthe
green body by catalytic and/or solvent and/or thermal debinding; 10d)
'sintering the at least partially debound brown body to obtain the desired
nmol ded fl 5 | e; characterized in that, in step c), the binder is conpletely
.rennveg Aﬂﬂ rein thermal debinding is carried out to renove the (residual)
bi nder, optionally after having carried out one or nore previous debinding
steps, said thernmal debinding being 15 carried out in an atnosphere

cont ai hi ng Atmethesk fag. FHO‘%J@VQV'BP@@% anticlesybrsed RalURinWP allgys Dy metal

obt ai ne r sintered. 2. The nmethod accordi ng
to clal ﬂ?q%w}ﬂara erﬂ?ggwth@h@vmaﬁd&%%ét ion to al um n- um the
al g num al hpprodering @ feadttock byrixingthehtetals| certaided nmthmaimnze:i allgy in.

20copper, silicon, ‘and manganese. 3.The neth d accor m1l or
cl ai m the forarefdpelal pawders @’Pﬁa(?r one OaMAreiraetal 8llcy Pew %rr?n '&'h@%é ‘iﬁﬁ num al | oy

cont ai s ong) gl R SBHAL Py By RASARIN MBRIRY sBiTeblsiBBic? by wei oht,

respectively:. e met ing to any one of the claims 1 to 3,
characteri ze)jproduchu_): atbrewmebady( by a@éa&’teparhalw m(mylg ithe thinderl frop the

wd
Eﬁar :Lé@%qnzt&dx By ca )Etlrgzoe(\jn grcgorlgénqgantd‘?orat%rr%gledé]mncti|rr]18, preceding cl ai ns,

10 d) sintering the at least partially debound brown body to obtain the desired
molded article;
characterized in that, in step c), the binder is completely removed, wherein thermal
debinding is carried out to remove the (residual) binder, optionally after having
carried out one or more previous debinding steps, said thermal debinding being
15 carried out in an atmosphere containing at least 0.5 % by volume of oxygen, where-

after the thus obtained, completely debound brown body is sintered.

2. The method according to claim 1, characterized in that, in addition to alumin-
um, the aluminum alloy contains one or more metals selected from magnesium,

20 copper, silicon, and manganese.

3. The method according to claim 1 or claim 2, characterized in that, in addition
to aluminum, the aluminum alloy contains one or more metals at a percentage of 0.5
to 25 % by weight, respectively.

25
4. The method according to any one of the claims 1 to 3, characterized in that the

metal(s) is/are used as (a) master alloy powder(s).
5. The method according to any one of the preceding claims, characterized in

30 that a polyacetal-based binder, e.g. a polyoxymethylene (POM) binder, is used as

said binder.
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"30that a pol yacet al - based binder, e.g. a pol yoxynethyl ene (POM binder, is
used as sai d binder. 6. The nethod according to claim5, characterized in
that the binder consists of 50 to 95 % of pol yacetal. 7. The net hod

‘according to claimb, charact erized in that the binder consists of 5 80 to

90 % o poI cet ._The t had accordi f the clains, 1 to
7. chaPact el 16 dbEnRd, diseRine g6 A 18h By Chrze 8, fa b e BB ERGE R The
presengg t@bS%m%Jyé&btélh is carried out in one or nore steps and renoves

the entire binder. 10 9. The nethod according to any one of the clains 1
to 7, characterized in that step c¢) includes solvent debinding to renove

the redi duar g ated By 16 HRRNS haaRfiizeb 5 R i BngRt BinbSfie o
to 5, gbasd0tBrofpetldcetdlhat step c) includes catalytic debinding to renove

the main part of the binder, followed by said thermal debinding to renove
t he residual bi nder 11. The rret'hod according to claim 10, characteri zed

in thag the ﬁ éh'ﬂ %Pbﬁeccﬁ Jﬁieecqaiﬁ’r’aic1 8. # Aatenoed. r‘?fthé‘tI

| east oOnhe aC| ecte rlc acl oxalIc acid, m c aC|d
aceti cstep d). onIychIWHes nmmwl dEtmmldg gy the présanoeldf, oxywnammchn mdaurredt hat

sublimatg.d oxal ic amfj i s used as tg é‘d’& id .25 13. The nethod according to
any on8UbiN ANEoLMOrR §teRs aNdiemovesHhp £Yige PINdgri n t hat sai d t her mal

deir@ nding to renove any residual binder is carried out at a tenperature
bel ow 500 C.
9. The method according to any one of the claims 1 to 7, characterized in that

step c) includes solvent debinding to remove the main part of the binder, followed by

said thermal debinding to remove the residual binder.

15 10. The method écéording to any one of the claims 1 to 7, characterized in that

step c) includes catalytic debinding to remove the main part of the binder, followed by

said thermal debinding to remove the residual binder.

11.  The method according to claim 10, characterized in that the catalytic debinding
20 is carried out in the presence of at least one acid selected from nitric acid, oxalic

acid, formic acid, and acetic acid.

12. The method according to claim 11, characterized in that sublimated oxalic acid
is used as the acid.

25
13. The method according to any one of the preceding claims, characterized in
that said thermal debinding to remove any residual binder is carried out at a temper-
ature below 500 °C.

30 14. The method according to claim 13, characterized in that said thermal debind-
ing to remove any residual binder is carried out applying a specific temperature

profile ranging between 100 and 420 °C.

-19-



*3014. The net hod according to claim 13, characterized in that said thernal
debind- ing to renove any residual binder is carried out applying a
specific tenperature profile rangi ng between 100 and 420 C. 15. The net hod
‘according to claim13 or claim 14, characterized in that the heating rate

duringgai d e 1.ady: r S Vi ng I.qu 1N does
not exgg’éd EBE/ Mog%%caﬁ% tphggﬁﬁc%%g{i é\lgnﬁoi%l 8&%@f§§gaarmag?éetr ﬂﬁé(’ad in
t hat t heatiegrategduriigessidabenntl éetsinditiglprooeds Kimiemoving he rddiguaiedihoer
accordi ng to an oc{;g&?f .the preceding clains, characterized in that, in
step dfioes pet 66%‘?9 Wiebound brown body is sintered while forming a

| i quid 10phase. 18. The nethod according to claim 17, characterized in
that sintering is carried out at a tenperature between the solidus and the
| i qi dd§. t edpermethodsaasording te sigimctd,\ehasaciafinednrattiadyhe beating ratedoeaset hod
accordi t ] . the preceding clains, characterized in that the
heat i nbggg{(ée)e%ad;hé)g?ﬂﬂ{'?fe sintering tenperature after said thernal

debi nding step ranges from4 to 20 K/ mn.

17.  The method according to any one of the preceding claims, characterized in
that, in step d), the completely debound brown body is sintered while forming a liquid

10 phase.

18. The method according to claim 17, characterized in that sintering is carried out
at a temperature between the solidus and the liquidus temperatures of the respective
aluminum alloy.

15
19. The method according to any one of the preceding claims, characterized in
that the heating rate to reach the sintering temperature after said thermal debinding

step ranges from 4 to 20 K/min.
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