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FOR EXTRUSION INJECTION FORMING Field of the Invention 5 This

invention relates to a method and apparatus for extrusion injection forming
wanmrelms particularly, though not exclusively, to such a methedrase2005/000416

apparatus for forming ceramic articles. 10;Background of the Invention

Room temperature single/double screw extrusion is a continuous,

commercial, fabricating process to produce ceramic tubes and other..
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ceramics powders and water 15 based binders. The mixtures are then

formed gR: hakeditadsshape by extrusion. The extruded parts are then

oven or air dried prior to thermal debinding at 900 to 1000 C. The

debinded parts are then sintered at an elevated temperature of 1400 to
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as for singlelglestalrisenams extrusion with the exception of the shape

forming process, In this process, the mixtures are first added to the

extrusion chamber and then air is evacuated. After evacuation, the

plunger pushes the materials out of the die to form the required 25 shape.

Hélvev&aakeronod ¢t flomlyiertipnalways low for high precision, relatively

large and complex components. As a result, complex and costly
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20 Room temperature plunger extrusion is only used for batch ceramic tubes and
other relatively large parts. The process is the same as for single/double screw
extrusion with the exception of the shape forming process. In this process, the
mixtures are first added to the extrusion chamber and then air is evacuated. After
evacuation, the plunger pushes the materials out of the die to form the required

25 shape.

However, the production yield is always low for high precision, relatively large and
complex components. As a result, complex and costly secondary operations are
required. All these make the process an expensive fabrication process, although

30 exirusion is considered one of the most inexpensive fabrication processes in terms
of the “green” (prior to drying) part forming.

There is no commercialized high temperature ceramic extrusion process available
that uses mixiures of powders and polymer binders.
35

The latest commercialized high temperature ceramic extrus:on is the use of a semt~

solid high-temperature ceramic extrusion process. in this process, the star’ung raw



2 materials are mixtures of low melting glass with ceramics powders and
the extrusion is conducted at a temperature over 600C,. High
temperature extrusion is available for aluminum and other metals and
Wg%f@g{ﬂgm'@ﬁe method is a batch process and the extrusion ford& 5 ¥fa{ 000416
hydraulic plunger. The temperature is over 500C. Powder injection
moulding utilizes the flow of the feedstock materials to form a complex
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produgts, tgf%@ rY gfa%g ém{ tion 20 In accordance with a first
preferred aspect there is provided apparatus for extrusion injection

forming of an article in a cavity of a mould using a material, the apparatus
compri¥iwgearnisctiersionuidiee whikesd!ye fopeshtive lfeedsinactedi¢dahao form a

mouldodh@leRRdpionaamcempp iR naiag imle.reeA WAL RASHRILIebinded and
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the outlet passage and remote from the In e outiet passage being of
a length and cross-sectional area for passage therealong of the material
such thBg rREaesssl flowibinidiee diesiaginananiel ondistiiof teemiaterad carbide

throughafeeiatutlizi cpeplsncudthetyistagiallyubiiéorm pressure over the
cross-sectional area. 30 The outlet opening may be of a cross-sectional

rea sjze and shape substantially corresponding to the cavity
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cross-sectional, area, slzesfgﬁd .
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article in a cavity of a mould using a material, the apparatus comprising

an extrusion head able to be operatively connected to the mould; the
extrusion head comprising.an inlet, an outlet passage operatively
connezha a8 e et 0005 PCT/SG2005/000416

20
In accordance with a first preferred aspect there is provided apparatus for extrusion
injection forming of an article in a cavity of a mould using a material, the apparatus
comprising an extrusion head able to be operatively connected to the mould; the
extrusion head comprising an inlet, an outlet passage operatively connected to the

25  inlet and an outlet opening at an end of the outlet passage and remote from the
inlet; the outlet passage being of a length and cross-sectional area for passage
therealong of the material such that material flow is unidirectional, and for outlet of
the material through the outlet opening with substantially uniform pressure over the
cross-sectional area.

30
The outlet opening may be of a cross-sectional area size and shape substantially

corresponding to the cavity cross-sectional, area, size and shape.

According to a second preferred aspect there is provided apparatus for extrusion
35 injection forming of an article in a cavity of a mould using a material, the apparatus

comprising an extrusion head able to be operatively connected to the mould; the

extrusion head comprising an inlet, an outlet passage operatively connected to the



3 inlet, and an outlet opening; the outlet passage being for passage

therealong of the material; the outlet opening being of a cross-sectional

area, size and shape substantially corresponding to the cavity
WeEraesL8édiidnal area, size and shape. 5 According to a third prefertse2005/000416

aspect there is provided a method for extsusion Injection forming of an

article in a cavity of a mould using a material, the method comprising: (a)
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Drawingscting the material into the mould cavity for forming the article. There may be no
nozzle at the outlet opening. The article may be of an aspect ratio in the range 1 to
500, preferably 1 to 300 (thickness to length). The article may be of a ceramics
material, the material comprising at least one polymer binder and ceramic powders
25  toform a paste of a viscosity in the range 50 to 100 Pas™. The exfrusion head may
further comprises an actuator, the actuator being at least one of: a screw actuator,
and a ram. The mould may be clamped using clamping plates. The clamping plates
may be separate from the mould, or may be integral with the mouid. The clamping
plates may be able to move in a direction selected from: parallel to a longitudinal
30 axis of the cavity, perpendicular to the longitudinal axis of the cavity, and both
parallel to the longitudinal axis of the cavity and perpendicular to the longitudinal

axis of the cavity.

Brief Description of the Drawings
35

In order that the present invention may be fu!ly understood and readily put into

practical effect there shall now be described by way ' of non-limitative example only



35 In order that the present invention may be fully understood and readily

put into practical effect, there shall now be described by way of

non-limitative example only WO 2007/070005 PCT/SG2005/000416 4 V
WQr%?@?f@ﬂ"@%bodiments of the present invention, the descriptioPHéHgGaRstpo0416

reference to the accompanying illustrativé drawings. In the drawings: 5

Figure 1 is perspective view of a first preferred emb_odimer_lt; Figure 2isa

verticg} s sgrianaleHieorI9nd enes LA M TSRS Ao i

arrows 2-2 on flgure 1, Flgure 3,|s a view corresponding to Figure to

a secOnd preterred SRBBamBA! T INu¥ e view corresponding to

Figure 2 but of a third preferred embodiment; Figure 5 is a perspective

view dh énéotrethinreferred embodiment; Figure 6 is_a vertical _
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Figure.7 is perspective view of a produc aé) e to be produced. the
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produf @t 1e Befgadced using the embodiments of Figures 1 to 6, or

Figurdsgrand 19;d-igave SoisearpertmedtivEiview af aprefesresbeond preferred

embodimeakha mould system for moulding the product of Figure 8; and

Fi i ries of representations. of th ould of Figure 9 )
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to Fighigsel taisch 2 atierbdoshevetioapperatus 18 foudixisiordnigdi@iment of

formirrggaieas) article (not shown). The apparatus 10 comprises a mould

12,a ﬂ%@@%?c%épé]e%g%?ﬁ%yéw nopeaadpl%gu%{] da em%tegleal psrgcliﬁggd using the

qgneran%éginflxggts of Figures 1 fo 6;

e
Figure 8 is a perspective view of a tube product able to be produced using the
embodiments of Figures 1 to 6, or Figures 9 and 10;

Figure 9 is a perspective view of a preferred embodiment of a mould system for
moulding the product of Figure 8; and

20 Figure 10 is a series of representations of the mould of Figure 9 showing the

demoulding process using the extrusion injection moulding machine

Detailed Description of the Preferred Embodiments

25
To refer to Figures 1 and 2, there is shown apparatus 10 for extrusion injection
forming of an article (not shown). The apparatus 10 comprises a mould 12, a
mould core 14, an extrusion head 16 and a material source generally indicated as
18.

30

The mould 12 has a wall 20 and a cavity 22 sized and shaped to form the external
shape and walls of the article to be formed. To form the internal shape of the
article, the mould core 14 locates within the cavity 22 in the usual manner. The
mould core 14 has a body 24 of the required length, size and shape; and a head

35 26 at the outer end of body 24 for locating against an end wall 28 of mould 12
when the mould core 14 is correctly located in cavity 22.



The mould 12 has a wall 20 and a cavity 22 sized and shaped to form the

external shape and walls of the article to be formed. To form the internal

shape of the article, the mould core 14 locates within the cavity 22 in the
woswaravasier. The mould core 14 has a body 24 of the requiredTestgthns/000416

size and shape; and a head 35 26 at theputer end of body 24 for locating

against an end wall 28 of mould 12 when the mould core 14 is correctly

Iocated in cavity 22. WO 2007/070005 PCT/SG2005/000416 5 Lockers
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lock tHeckibei it eora 1htoipieeeduring mesldidimg. The extrusion head 16

is provided to extrude and inject the material into the mould 5 cavity 22.
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passage 42 ends at an outlet opening 44. The outlet opening 44 is
substantially corresponding to and preferably of the same size, shape
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constantipmssure, the portion 40 not only being a reservoir for material,

but also effectively acting as a pressure buffer or reservoir. It is preferred
for thergortl n 40 to extend so as to at least cover the full area of the
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reservoir for material, but also effectively acting as a pressure buffer or reservoir. It

is preferred for the portion 40 to extend so as to at least cover the full area of the
opening into outlet passage 42. It is also preferred for the portion 40 to be tapered

25  (see Figures 5 and 6) so that the part of portion 40 adjacent hollow interior 34 is of
a larger cross-sectional area, and the portion adjacent the outlet passage 42 is of
reduced cross-sectional area. The reduced cross-sectional area should become
that of the outlet passage 42, and the enlarged cross-sectional area adjacent the
hollow interior 34 may be that same as that of the holiow interior 34.

30
As the material flows along outlet passage 42 to the outlet 44, the flow is
unidirectional such that turbulence within the flow is minimized. This, plus the
material in the portion 40, creates even pressure over the cross-sectional area of
the outlet opening 44 so the flow of material into cavity 22 and over body 24 is

35 . relatively even and smooth. This again assists in reducing stresses within cavity
22 particularly on body 24. The outlet passage 42 is aligned with cavity 22.



that of the outlet passage 42, and the enlarged cross-sectional area

adjacent the hollow interior 34 may be that same as that of the hollow

interior 34. 30 As the material flows along outlet passage 42 to the outlet
WAZ0EMEE is unidirectional such that turbulence within the fIgi Té5G2005/000416

minimized. This, plus the material in thefportion 40, creates even

pressure over the cross-sectional area of the outlet opening 44 so the
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extruder head 16

Figures 5 and 6 show a preferred form of extruder head 16. The extruder head 16
is similar to that of Figures 1 to 4, except that the outlet passage 42 is longer. in

25  this way there is a greater length of outlet passage for creating unidirectional and
non-turbulent flow, with even pressure distribution over the cross-sectional area of
the outlet passage 42. Again the outlef opening 44 is of the same cross-sectional
area, size and shape as those of the cavity 22 and of the outlet passage 42.

30 Figure 7 shows an exampie of a product 52 produced using the embodiments of
Figures 1 to § and is a ceramic tube that may be used in, for example, gas
separation, microfiltration and nanofiltration.

Figure 8 shows a further product 54 and Figures 9 and 10 the mould system 56 for
35 its formation. The product 54 is produced using a slightly modified form of the
extruder head 16 described in relation to Figures 5 and 6. It is similar to the

embodrment of Flgures 5 and 6 but is different in snze “and the formlng machines



is similar to that of Figures 1 to 4, except that the outlet passage 42 is

longer. In 25 this way there is a greater length of outlet passage for

creating unidirectional and non-turbulent flow, with even pressure
W@istHo @i dver the cross-sectional area of the outlet passagerd2/s&gais/000416

the outlet opening 44 is of the same cross-sectional area, size and shape

as those of the cavity 22 and of the outlet passage 42. 30 Figure 7 shows

an exaurg%!eﬂf anE)rlolguc'g:tSZ pé%d[uceg using the empodigng\nts of| Fi ures
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is equivalent to the hollow interior 34 in Figure 6, the runner is equivalent
to the materials reservoir 42 in Figure 6, and the gate Is equivalent to the
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peferred for the viscosity to be on the low side of the normal range of 50

10 120/2a8erBre, the feedstock is preferably preheated to about 180°C, with the actual
temperature depending on the polymer binders used. The mould 12 is also
preferably heated to, for example, about 160°C to 170°C, with the mould 12 being
heated as one zone. When moulding is complete, the mould 12 may be cooled by,

25 for example, about 120-160°C to facilitate removal of the moulded product.

The products 52, 54 may have an aspect ratio (wall thickness to length of the tube)
in the range 1 to 500, preferably 1 to 300. There is no limit on the width of the tube
or product with the upper limit depending on the capacity of the machines used.

30
Whilst there has been described in the foregoing description preferred
embodiments of the present invention, it will be understood by those skilled in the
technology concerned that many variations or modifications in details of design or
construction may be made without departing from the present invention.

35



Furthermore, the feedstock is preferably preheated to about 180C, with

the actual temperature depending on the polymer binders used. The

mould 12 is also preferably heated to, for example, about 160C to 170G, oy wisE
with the mould 12 being heated as one zone. When moulding is

complete, the mould 12 may be cooled by§ 25 for example, about

128:'%6(9C to facilitate removal of the moulded product. The products 52,

54 may WAl an aspect ratio (wait thickness to length of the tube) in the

range 1 to 500, preferably 1 to 300. There is no limit on the width of the
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cag(jgétgﬁlt%@!w%}gr%sgp ;54 ?rﬁg{é%ﬁgl ,*‘;’ig@g?ﬁ?é%@‘%?ﬁ‘ﬁ%?n %gﬂee?(‘fpﬁgﬁf?ﬁ”'”g with

head able {0 be operatively connec CPEo G, e eitriisisrivrizef an aspect
comSreRgRIRTSHoARNg et ha sy direrenoeely380MEERM to the inlet

and an outlet opening at an end of the outlet passage and remote from the

inet; the Anpheiupas AR REMBIna |onEHEiARE GI8SSs3ERMGNLALE R sectional area

PapRALHe e maisnalauch dhat material flow is .
unidirecti%ﬁ%ﬂ%%&%%e?gﬁﬁ@%ﬁnu griéret rgldg%dtﬁses(?ﬁtff’é‘[%ﬁé‘?ﬁnﬂz\ﬁ/ﬁﬁd shape.

substantially uniform pressure over the cross-sectional area, wherein the
arficle is rarRlsSecexiratioirgttcioTeds iﬁﬂgﬁbi@fr{be;éub;eb:f_iﬁ #ild using a
ramgeri30e sprh'aat.Ardppasains.assimad %t@lﬁi@e]op\é’g%@w écg}?rlvlected to the

oWl @RENIRGIS A = jonal area size and shape substantially
otrgspondin Jod?h?%%%%gﬁgggggéﬁg?%ﬂ %‘r{zegpéfzsé eﬁ%pgf?gﬁ%iy cpnnected to the

c
Apparatus for extrusiondniecAbIFIEATALE LY DiRaesroa batrajonn af the material
moGIR leiRgeanmBRBE AT Afscapsartiens! arraiciryhsheptrusiataiteng @& ponding
tobopribtively-ceriioasteckto die ambsHeidhenedigio BHSAG CRIHLSING ratio (wall
amickabsam WALt BassaaR PRAFEINRIL GORARSIESLEP the inlet, and an

outlet opening; the outlet passage being for passage therealong of the
material; the outlet ogening being of a cross-sectional area, size and

Sﬁape Slﬁ?gﬁiﬂtﬁalﬂ? E ﬁgbl@r{éﬁﬁgz or claim 3, wherein the outlet passage is of a cross-

sectional area, size and shape the same as the outlet opening.

5. Apparatus as claimed in any one of claims 1 to 4, wherein the extrusion head further
comprises a hollow interior: the hollow interior comprising a pressure reservoir for the material
prior to the material entering the outlet passage.

6. Apparatus as claimed in any one of claims 1 to 5, wherein the extrusion head is for
injecting the material into the mould cavity for forming the article.

7. Apparatus as claimed in any one of claims 1 to 6, wherein the article is of a ceramics
material, the material comprising at least one polymer binder and powders for forming the
ceramics material, to form a paste of a viscosity in the range 50 to 100 Pas™.



to the cavity cross-sectional area, size and shape, wherein the article is of
an aspect ratio (wall thickness to length of the tube) in the range 1:300 to
1:500. 4. Apparatus as claimed in claim 2 or claim 3, wherein the outlet
passage is of a cross- sectional area, size and shape the same as the
outlet opening. 5. Apparatus as claimed irpany one of claims 1 to 4,
wherein the extrusion head further comprises a hollow interior; the hollow
inferior cORPRSIRGRGERdirceRysoR/oickimthe imAteriareprios taithaon head further
matenidbeTie Ay dhve, dutlettpassagey 6 @ma@@@n@&éﬂ@ﬁéﬂ%é%r@[}y MiEisting of: a
of elaimstldercaminergin the extrusion head is for injecting the material

into the mould cavity for forming the article. 7. Apparatus as claimed in

any one of claims 1 to 6, wherein the article is of a ceramics material, the

material COIABHESIR SRIESSDARIHAHIErHIrbe eaa pow e re fomioningtering
th&inekrapsive haaterinierydofmaigraste of a viscosity in the range 50 to

100 Pas-1 LLOYD WISE 9 8. Apparatus as claimed in any one of claims

1@ 7, Whgssi usior further. comprises an actuator, the _
a%g%tqggb%i@ &g%]?esgétglgﬁég msjet%ggtgergjﬁ@%lmse %up@@ﬁ%&fﬂ?ﬂﬁi‘é\'sﬁwd using
actuatpor, &hd & ram. 9. Apparatus as claimed in claim 8, wherein the

actuator is for performing a metering function as well as an injection

fuhttion. ArDarkpparatusrasicladmiec 1) @Rt e e LRRIPS) bitked a%@%ﬁ%@te from the
theguuld is clamped using clamping plates. 11. Apparatus as claimed in

claim 10, wherein the clamping plates are separate from the mould. 12.
Apparatus as claimed in claim 10, wherein the clamping plates are integral

Wi}ﬁ' the RS2 APpEhiuga® hainretinthayiomsiog olaiensrtGntegl with the
whetddn the clamping plates are able to move in a direction selected from

the group consisting of: parallel to a longitudinal axis of the cavity, and

pgrpendi the longitudinal axis of the cavity. 14. A method for
ejﬁjsiorﬁ#%:%n §ocr%ﬁriﬁ%éj(t) ar gr?c?gﬁ'ﬁ"gscégi@@“ APRENdNGSiagaing plates are
mAErAMANe R GG O mIRLRT @) hesmHg erasiatine véliamie oextrugiodinal axis of
héreayieranyesronieiteth toatmginatite; atirect xieision head comprising

an inlet, an outlet passage operatively connected to the

LLOYD WISE

14, A method for extrusion injection forming of an article in a cavity of a mould using a
material, the method comprising:

(@) feeding the material into an extrusion head operatively connected to the mould;
the extrusion head comprising an inlet, an outlet passage operatively connected to the
inlet; and an outlet opening at an end of the outlet passage and remote from the inlet;
(b) using an actuator to force the material into the outlet passage for passage
therealong of the material such that material flow is unidirectional, and for outlet of the
material through the outiet opening with substantially uniform pressure over the cross-
sectional area of the outlet passage,

wherein the article is of an aspect ratio (wall thickness to length of the tube) in
the range 1:300 to 1:500.

15. A method as claimed in claim 14, wherein the outlet opening is of a cross-sectional area
size and shape substantially corresponding to the cavity cross-sectional area size and shape.

16. A method as claimed in claim 14 or 15, wherein the outlet passage is of a cross-
sectional area, size and shape the same as the outlet opening.



inlet; and an outlet opening at an end of the outlet passage and remote

from the inlet; (b) using an actuator to force the material into the outlet |, ., WISE
passage for passage therealong of the material such that material flowis ™~~~ =~~~
unidirectional, and for outlet of the material through the outlet opening
with substantially uniform pressure over thi cross- sectional area of the
outlet passage, wherein the article is of an aspect ratio (wall thickness to
length of the tube) in the range 1:300 to 1:500. 15. A method as claimed
in tlaim mQWhedeém'dtamunieﬁngd&M@ ﬁr@%%ﬁmm{%ﬂ%@vidmg in the
arekenaneneUbslaRialhe SRR RN SRR3R RAEONBL ISR, oute
s%nagggeshape._ 16. A method as claimed in claim 14 or 15, wheréin‘the

outlet passage is of a cross- sectional area, size and shape the same as

the outlet opening. LLOYD WISE 10 17, A method as claimed in any one

of HaimsA@ethabadpdireecomprisingpraviding o thevextiisienraead & injected into
préssuceidesetyay tes heunaiedal prior to the material entering the outlet
passage. 18. A method as claimed in any one of claims 14 to 17, wherein

thq ategal i§hin'ecte|d_into _the mould cavity by the extrusion head. 19. A

method as'Crainied in any DAY QRSN 44 iherensitraermould isclamped using
clé}ﬂﬂ@'a%ﬁﬁ@sclamping plates. 20. A method as claimed in claim 19,

wherein the clamping plates are separate from the mould. 21. A method

aspolaimednipriain, LRinDeraiRieCcIRmpnoRlales gre integral with the
Mol g 22. A method as claimed in any oné of cla(fgr%g ri%pt%{e 1a,‘r\?vl§f("apraéri%te from the
the clamping plates are able to move in a direction selected from the

group consisting of: parallel to a longitudinal axis of the cavity,

petpendiéutetitodihe dogittidinainaxis ehthercaditiampidisiPaaliebdeatifh the
loRgitudinal axis of the cavity and perpendicular to the longitudinal axis of

the cavity.

22. A method as claimed in any one of claims 19 to 21, wherein the clamping plates are
able to move in a direction selected from the group consisting of: parallel to a longitudinal axis of
the cavity: perpendicular to the longitudinal axis of the cavity, and both parallel {o the
longitudinal axis of the cavity and perpendicular to the longitudinal axis of the cavity.



