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Injection moulding of metal powders holds considerable promise for
the development of a new range of highly complex PM components
However, one of the drawbacks of the process is that it takes many
hours and even days to remove the binder used to assist moulding
of parts, thereby adding to production costs. In the following article
Sheldon W. Kennedy of Vacuum Industries Inc, in Somerville, Mass,,
describes a new one-step binder removal and vacuum sinter process
which results not only in much shorter production cycles for a range
of parts, but also improves control of carbon levels.

A few yoears ago it was discovered Lthal small
metal parts of very intricate shape could be
made by injection moulding, Metal powders
are mixed with plastic binder materials and
the resulting feedstock o8 moulded in the
same basic lechnigue used in plastic injection
moilding. Following moulding, the binder is
removed [rom the matnx ol the part and the
powider s sintered to lorm the final article
Excellent repeatability and hence close
mechanical tolerances are quite practical

This technigue for manufacturing has bean
proven to be cost elfective for the prodoction
al a wide range of parts which otherwise
would need to be made by more expensive
lost wax casling, machining or assembly of a
number of small peces, However, the atility
ol the limited and a
reduction in both the materigl cost and the

process has been
processing cosl s desirable to expand the
ellectivencss of the process (o a wider range
of parts, The Injectavac furnaces are one of
the developments which lower the cost of this
altrachive process

BINDER REMOVAL TECHNIOQUES

Although the moulding occours in seconds
removal of the binder and the sintering of the
part have faken many hours and even days
This operation has represenied one of the
highiar components of the onlire
production, At lirst, binder matenals were
remaved by chemical leaching in g very slow
but elffective process. A second process
technigue whirh has successfully removed
the hinders has been the meltiing away of the
bineler

il

materials  when the parls  are
embedded in a line ceramic powder. The
powder acls as a4  wickimg  means  [or

removing the binder while supporting the

part. This procedure is also rather slow

because the (olal binder material amounts (o

approximately 40% by wvolome of the

moulded part
The best practice found up to the present Hime
has been the removdl ol the binder material
by thermal

decomposition. This procedure

essentially amounis o a burm-oul of the
binder in an oven., usually with a substantia
MNMow ol air O carTy ofl the hinder

t_||||-:|'||| ts  dnd o hoavily
After binder burn-out, frays
ol pxidised parts are placed in an atmosphere-

decomposition
-r'l:|r||w.|' the |'-u1|
controlled sinter furnace where dooxidation
and sintering take place

All ol these older technigques have involved
two steps - the removal of the binder and 1he
The ‘vacuwm' process thal s
periormed in Injectavac furnaces allows both
performed In o«

sintering
aperations to b simgle
continuwous cycle. Trays containing the parts
as moulded are simply placed in the lurnace
and ProciRssodl |1|.]|||||:Illr|r'|.1|:'r' '-l!lrll L ”1“]"'1'“'1!
ready for ||J|!l||1|1|l||.:| and any
linishing operations that may be required. No

and cooled -

operator altendance is needed and the tender

debindered paris are nelther handlod nor

ol Tar tha sintering operation
PMINJECTION MOULDED PARTS

Figs. 1
manufactured by this ProcCeEss and Hlustrate

4 shiw I1_. ||||¢:I parts that have besn

the reduction in size thal s expecied during

bindet removdl and sintering. A test bar s

shown hoth in the green  as-moulded stals
and the completely sintered stale when
removed  from  the (urmac The linear

1820 tn all

amount s

Is in the order of
and thi exact
repeatable with a usual tolerance of 00003 in
per inch of length (Fig. 1), A small stainless
stee] insert with internal threads and external
ridges was made hy MIMTEC for Value
Plastics (Fig., 2). A small tungsten carbice
slitter knife was produced more |’||'1'1Ir.|ll'|'l. by

shnnkage
dimaensions

injection moulding than by pressing. Close

Fici, | Injection-mouwlded mediom corbon
test har - as mowlded and oz sintered. Example
of shrinkage expectod

FI, 2 Stainless steel threaded inserd in green
and sintered condition

=

FIG. 3 Tungsten carbide slitter knife
Moulding and sintering reduces secondary
operalions

=)

FIG. 4 Bolt lever for Kimber sporting rifle
Hustration of adjoining thick and thin
sechions

T |
amoung of

revduced the
grnding wusod as a

Hinishing operation {Fig, 1), A complex boly il

dimensional control
I'*.l_H'll'l-:'\"' diarmond
lever for a sporting rifle made by Kimber had
thick and Thik
the P moulding
process was mel and substantial cost savings

ddjoiming thin sections

challenge to mjection

over previous technigues were realised (Fig
4]

PRODUCTION FURNACE OPERATION

A production-size 'Injectavac furnace with 10



. I

FIG. 5 Injectavac™ 500 furnace being leaded

cubic leet capacity is now available (Fig. 5)
The individual paris the
moulding machine are placed on trays and
installed in work boxes, loading
operation may be done while the boxes are
installed in the furnace, or the parts may be
placed in the work boxes at a separate station
and the entire box placed in the lurmace

These specialised vacuum
furnaces equipped to allow evaporation of
binder materials at
condense and collect spent binder and to
sinter the paris in one conlinuous cycle
Binders evaporate readily atl low
subatmospheric pressure because there are

received from

This

furmaces are

low pressures, o

more

fewer air or gas molecules in the environment
to hinder evaporation. The binder vapours
released by |-|1|' work as it is heated are
directed  towards temperature-controlled
surfaces where the spent hinder i1s collected
for easy disposal at the conclusion ol the run
Following binder removal, the furnace
temperature is raised quickly to the sinter
temperature the
being processed. In addition o temperature,
the pressure level, the llow ol gases lor vapour
the

dare r|||

appropriate for material

entrainment  and metal  vapour

SUppression  gases rontrolled

automatically

VACUUM PROCESS ADVANTAGES

The vacuum which has been
developed lor the production ol injection-
moulded metal parts has a number of
advantages over previous methods

]ﬁfill'i“\"!

Shorter Cycle Time

While only a few dozen part configurations
have been suce |'~_\-f|,i||'§.-' P wessed o date, the
total eycle time has been no more than one-
third the time required o process the same

part by any of the older methods. This
improvement in processing time appears lo
be the same for all part configurations
regardless of thick or thin sections, varying
to volume ratios and alloy
composition. Part thicknesses ranging from
0.010in. 1o 0.600in. have exhibited the same
improvement in time for binder removal plus
sintering; and the materials that have been
successfully processed include nickel-irons of

surface area

low carbomn, nickel-irons of high carbon, 316-L
stainless steal, high-speed steel, and tungsten
carbide

Quality

The that is
inherent in closed vessel processing assures
very close control of the final part dimensions,
distortion, incidence ol cracks,
carbon level and similar parameters. Indeed,
the requirements of military QA specs at the

total environmental control

hardness,

954% confidence level have heen mel [or
production lots. Of course, this assumes that
the green, as-moulded parts meet this
standard before the binder removal and

sintenng operations

Carbon Control
The ‘vacuum' process enables complete
binder removal at temperatures well below

the temperatures al which
commences with the attendant closing of the
interconnecting porosity. Also, neither oxides
nor binder residues clog the pores, Therefore,
gases which are not harmful to the furnace
materials may be introduced in closely
controlled amounts and then pumped away
after they have done their work on the
individual grains of the moulded piece

By controlling the oxidising potential of some
of the binder constituents it has also been
found possible to control the carbon content of
the part. Decarburisation of the powder can
discouraged or nearly
prevented if desired. Further, the adjustment
of the chemistry of the part is done very
rapidly because of the porosity of the piece,
thus only an insignificant time
penally upon the entire cycle. For instance, it
has been found practical to control the carbon
level in 316-L stainless steel to less than
0.01% to enhance its corrosion resistance and
also to provide more than 1% carbon for heat

sintenng

be encouraged

imposing

treatable steels, Between these two extremes,
lots of parts have been produced with the
carbon controlled to £ 0.03%

REQUIREMENTS OF THE VACUUM
PROCESS

While the vacuum process that is made
possible by the specialised design of

Injectavac’ furnaces appears very attractive
with its advantages of a single-step shortenad
cycle, excellent quality control, and ability to
handle thick sections, it imposes certain



requirements and limitations at this stage ol
1|n-1.'1'|||Ja1||-'r|I

i1} A batch Process IS nesded
complete ol  the
surrounding esach piece part at each part of
the The batch size, does not
appear (o influence the total processing time
Therefore,
while maintaining short binder removal and
times per piece. For batches of
1,400 pieces of one particular part shape are
processed in the production furnace (Fig. 5) in
the same cycle time as batches of 60 pieces
are processed in a much smaller furnace. The
cycle is determined by the time
remove hinder from the piece and the Ume o
sinter the piece than by the time for
Qross remioy al and condensation of the =ntire

amount of spent binder

i Insure

control environment

cycle howover

large batches can be processed

slnter instance,

required o

rather

(2] Binder materials must be selected with
carelul consideralion ol thewr removal
characieristics as well as their properties most
suitable [or the moulding operation. Binder

matenals which break down under vaouum

P Into  cormosive Mk -

PRSI ases o
condensable vapours create problems for the
vacuum  pumping  system  and  should
therefore be avoided

13} Methods

the use ol exiremely reactiv

have nol vel been worked out for
i malix materials
The

ials o oxygen and

such as HDtanium and ZiIrconiam

sensitivity of these mater

hydrogen s well known and
the development of new binder matenals

FUTURE DEVELOPMENTS

the varuum for

amnd

Development of

Process

bindoer remowval sintering - well as

devel |r\l|'|'||-"n1 (]

as
he most eflicient furnaces - is
Althouqgh the improvement
been dramatic
processing I ano

in s & slages

ATy

in «
red ud

processing costs can e expected 0
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future
Part

of the

Hve desiagn I' i

Cycles have not yel been oplimised

design which makes most elficient

rocess as wiell as the most effed
I

I

the function o part has not yel been
codified Development | thi maost
appropriate binder maternals has also just

begun. Frogress in these [ields is expected to

yield substantial increases in the number of
parts made by this technigue in future years
as well as significant reduction in the part
rost

For truly high production, [urnaces with

Althowgh
r fily

continuous oulpul are noeded

Vacuum Industries has delivered ove

LTS || furnaces four such diverse ||||I|l'l-\.r“- as
sintenng alum ancdes, reacting tungsten
and uranium with carbon, and sinbeting

tungsien carbide culling tools, developmen!

thelr use awails

of continuous furnaces for iarge quantities ol

meta njechion-moulded parts will T quire
additional equipment development effort
Such effort will, of course, hbe made when

large scale markets justify the work
Finally neew advanced ceramics may be

made into uselul shapes very eflectively by

1_‘||

the injection moulding process. The binders
used for this purpose. however, may reguim
dilferant characteristics from those
appropriate  lor metals because of the

difference in the characteristics of the matrix

powders. Development work to delermine
the maost appropriate hinder removal and
sinter cycles is expected to begin in the near

future

SUMMARY
A new, one-step binder removal and sinter

has been developed based upon
Both I.1h|-::ur-|r'_.' slzE and
equipment
parallal The

shorier single cycle processing time for a

process
VaE CLLIm Il"ffll'lll.'l'llr-‘-

production  size has  been

developed resull is a much

range of parts, as well as good control of

carbon levels. As the process, materials and

ecquipment are lurther developed, 8 much

wider range of cosl-ellective parts can be

expected to appear in the marketplace

Heat Treating Irld Bru:lng
F‘urnlcu f

'h’acuum Sintering Fuma:u

3N 1-'-|.

HIGH PERFORMANCE IS ENGINEERED
IN'I'O EVERY VACUUM INDUSTRIES FURNACE.




