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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 extrusion 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 mixtures of powders and polymer binders.
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The latest commercialized high temperature ¢ ceramic extrusmn is the use of a seml-

solid high-temperature ceramic extrusion process. In this process, the startmg raw
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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 extrusron head able to be operatrvely connected to the mould; the

extrusion head comprrsrng an rnlet an outlet passage operatlvely connected to the




injection formng of an article in a cavity of a nould
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the dessranirh®moleinag b¥kibiped using clamping plates. The clamping plates
may be separate from the mould, or may be integral with the mould. 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 mventlon may be fully understood and readily put into

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



reference to the acconpanying illustrative draw ngs.
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wo peogn7genef erred enbodi nent; Figure 2 is a vereCrmat2005/000416
cross-sectional view along thg Iines of and in the
direction of arrows 2-2 on Figure 1; Figure 3 is a
vi ew corresponding to Figure 2 but of a second
pr ef pefeged embodimestat of Fegpresent inwntory i thev deesriptiap bridd ngith
to Flle%rfée?otpéIECCGEpa%ytnB'llfugtré?i(/cegr%ﬁ/fnssj embodi nent ;
Figure 5 is a perspective view of fourth preferred
enbodi nent; Figure 6 is a vertical cross secti onal
Vi evun(brﬁedrhwngf;anurth preferred enbodi nent of Figure 5;
Fd | UEurd .éqevsreaﬁsererv\a?%wsreerreeﬁefer%oe%r able Lo be

ures 1 to
F| gufFigurg 2jiga é(e'ﬁ%’ﬂ}‘ spexsgolienal yigyalong tetlingreofang dﬂﬁé‘? dé’\?ﬂ“@“ of
t o barqusediaerguisiing t he enbodi ments of Figures 1 to
6, O gAIres, u e
of aﬁlgtrréfgr'rged%g%gcﬂe%\gmﬁw% e F%otﬁ& systgfzgh %ééox&‘ p¥éfg'¥\éd
moul eMPRYINteNE pr oduct of Figure 8; and Figure 10 is a
scer i raguref4 i @ﬂé\ﬁ&@%ﬁddd@n@fﬁo Bifurk Izeburmultrdrdqfref&ir@wn&)oarment;

sh OV\f—‘rgrge g {Jﬁ?%pecérve & 5 ?&u%ﬁt%relf' rreg% b0GmSE " usi on

I nj ecti on no N&cht Re scrirption of the
Pr ef Bigyre $ IEr?bmrcabrrwss spetionalf \igw pbthﬁrf@uﬂhelsefirr%eﬂ@dlment of
thereigurg sshown apparatus 10 for extrusion injection

ticl t 10
comPpaBe” & METPEFITS e B & elica o A BEER dino e
he adenigodimahtseof frigtiees i1dd 6;sour ce general |y indicated as

18 I?E@re 50N | ApelhebR view'ed 4 w28 p?&ﬂctaabq@fb' ey pr%guc%!j %@ﬂ% the

%J) oformthe ext er nal )e and
artr%’l1 di“ber'E?e° figHgad o §¢r @Frﬁ'?lgﬁ@ it er nal shape of
t he Bigtre ® iea gerspectve Ivréwoajraepr&férréd)erabc&mwt oha maukiesystem for

caV|ﬁ]éu@lg?{hgpwagctlésﬁguregwer The nmoul d core 14 has a

he requifed 1eng srze and shape; and
%adF'Q‘He a0 i st é’f repFReepiplions ) the modld of Sidsfe ﬁgshowrng the
agal tshoulihggingtey@usingZite @(ftruﬂﬁmhﬁctibﬁ 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.



when the nmould core 14 is correctly located in cavity
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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.



the outlet opening 44 so the flow of material into
cavity 22 and over body 24 is relatively even and
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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

embodiment of Flgures 5 and 6 but is different in SIze “and the formlng machines



Figures 1 to 5 and is a ceram c tube that may be used
in, for exanple, gas separation, mcrofiltration and
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cavity life span. Wen belng used for ceramc
pF odUdes peing esavefbresrarhic widducts dpmiatedal avilpesnpeish paste of pre-

premyyed M@érﬁfdf%hra%flc RSEAIN, %cﬂ@%& He@glss a birldes %h rég a polymer
netals, a nder such bi nder,

e iterCar 16110 3 o oAl {H st o B bt ot

m Xi fugwsahe etahddrdl Bowder Hreec$0ralvldlaid|dg FiMpifeeddtonk ettt it dnpreferred
Moul ﬂ.’Jr tHd v(s&sl\(%)tof t%%%ﬁltné)lsﬁ 'SIdQ HF é Bo | rQFléaef &'5b 150@'%3{‘ he

viscosity t e on oW Si e the normal range of
89 to 120 Pas 1 - Furthernore, the feedstock is
pr ef eartdelryorp, rta@eawcd:kﬁ@prahmbty piéiﬁ@l@d tondidolt 180eC, anth utad actual

tenp in r hi,nd d h

moul garn%%%lﬁegi? egﬁgl Fol ab % %ng ustéd ‘?ﬁesm%ﬁl‘a 12 -E &so
aboupref@e%@qa@dmer@xamplﬁmqowéGﬁdatoa“ 79’20 Uéti‘rﬁ'?f rn@d@ &3 being
as Oﬁ&até'cﬂéhﬁane\ébﬁm WEH rHbulting i§ cérdm@b ah@motiiie2 Maybé cdoled by,

2, R 00 Y 170 B YA R R it

products 52, 54 may have an aspect ratio (wal

t h' Ckﬂ@%dﬁc@s 82258 By Advetdi@sphdebilio Mhllttm&né@ﬂg ﬁanéthto@the tube)

vv| dt W tEeIa?Ia% Hc@é prefera%RM to 86 erhere is no Illmlmm the wndIth 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.
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or product with the upper limt depending on the

capacity of the nmachines used. Wil st there has been
wale®cnoidoesl i n the foregoi ng description preferP&SG2005/000416

enbodi nents of the present ingention, it will be

understood by those skilled in the technol ogy

concerned that many variations or nodifications in

det aTHE CbAIME:si gn or construction nay be nmade wi t hout

departing fromthe present invention. THE CLAIMS 1.

Apparatus for extrusion injection formng of an

arti &l e i APRErUESPYL vtraﬁlora'mﬁﬁ@n aormgigwgaraawaﬁ i8rq cgvity qf ggnould

appausrigua @atehsl Ihe)Gpparatex tdotprising @adxtabibe Headbsble to be

050 er %er%@ély 08%@1;%8 ttc? Qhet aoﬁl{ilethggwr&iont Ine%d %I‘nghﬁ?@mﬁh n'n?e?dan

conn@élpteleﬁs'ﬁgetqweraﬁlvﬁ'se@ona?ﬁ&edatﬁ t'@ﬂjﬂeé?“doiib?ﬂ"'ﬁbopcﬁf""aﬁt hend
of t brethe it thafags age réfisle FrRADHE nflétometdwetl pHsSdge Helg of a
OUt | %%%R%ﬁi al%gs g ecl{ ﬂr%l grela z?or ?atg?ﬁﬁaergal ng é%hesﬁngtteh& %ﬂér} that
mat emra@rlalfﬂowrs|@ldumtlanateertd onautlet pf dnef metegalt thistglp thet pralet

DRt eeAlng Witk SLBRINANG uibith BlesORE Bidh theWrdsB-s8dtBRd arkl al |y
uni form pressure over the cross-sectional area. 2.
Apparatus as clained in claim1, wherein the outlet
open2ng i Appefates ay ddwsemtdlaimadl wherein the oulietzapeniag & a cross-

substapddaphbicy G2 5%9%@'sﬂgst£rﬁlaﬁ)h€or%§b{drﬁ¥| to the cavity cross-
crosssectlonal, area, size and shape. 3. paratus for

ext r SRFYRF: F‘Fﬁae%zfei%‘ﬁsi“?ﬂem ng of an article in a cavity

of a nould using a material, the apparatus conprising

an extrushgn head, é&hsomebt%a%ﬁﬁr@tdfg@wcng ﬁﬁ&% trﬁ’ould

t he noul d; e extrusion h rising an I nl et
out | %ft'"gpésg‘éﬁ‘@a'oﬁ'é% ﬁPWéW?/ Q?B\?H%EQ 4 F’Sr”lsﬁé hezd e?b'e éﬂdbe
an oogdrativelpperiengs tb e mutll;ethe pasEsmehaadidgpfigig an inlet, an

pass&ﬂféyf 54%?5&%3&58%9\/@1 cdh &]té?i% e .ﬁﬁlat aﬁd“&n %HIEch)temﬂg GFL BiShet

3y bsP%ﬁ@Q%‘ﬂeﬂ‘)@ fer pRpsagp Bwtﬁang fihé mategeli/he gutlet opening being of a

cr 03&0§£§dctldhalabrear a@ afidl ZRapRNsuLSRARAY cdrresPPiiAtdl hedSavity

cl ai med | p (Pla|n13 wherein the outl et
cross-sectlon]a area Slze an Shaf)
passage 1s cross-sectional area, size and shape

the sane as the outl et opening. 5. Apparatus as
cl ai WEd 'R @Pétu@ébeclé%e@ Incdidi® 2lortcuird 3, Wélﬁ&ﬁé &Jﬂ@t passage is

t t
syt el oo fead L) b BRSPS
for the material prior to the naterial entering the

outl gt pPazsAEfus & clARBAGREMSorSorClathd TR i NwiRdidin @REex@lision

claims 1 to 5, 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.
30 '
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
35  an aspect ratio (wall thickness to length of the tube) in the range 1: 500.



head is for injecting the material into the nould

cavity for formng the article. 7. Apparatus as
wW@k@i7e®03 n any one of clains 1 to 6, wherein BPE¢ESG2005/000416

article is of an aspect ratiog(wall thickness to

l ength of the tube) in the range 1: 500.8. Apparatus

as clained in any one of clains 1 to 7, wherein the

arti 8l e i spufratesasadpmed inratyiope Phlbimstiio Ckwieseain the article is of

| engfanaé?;ecltrgt% (hiPRickrdds ¥oh§1dii‘?6’(% t&be)‘t??ptﬂe rapge AIRB! at us

as clainmed in any one of clains 1 to 8, wherein the

article is of a ceramcs material, the materi al

conpli si ndpeeratleasdaimedin@oy ymesf clhinndtto sawberpio tebaartlef iopf a

f? r %&ka@%&%ﬁ@h& Smé}@@agrdoﬁ'llpnsuﬁ?o af L @né)gv%ryﬁ'nepfbm@er and

viscosity In s"1 ar at us
as cPawvdeEfor frraing tbﬂw@er@?\w& mafergl o PB“@ pa\ﬁ}?e?fe'ﬂ‘ Y'?Poﬁ'ﬁ’e'" the
ext r usgeBRo foeti@d Phsit.t her conpri ses an actuator, the

actuat or bei ng at | east one sel ected fromthe group
consi st n% a screw actuator, and a ram 11.

Appai@t usABR? RargiPHEIEIMeH it ey 9ne 10 claifeet o h wheee ia dheuadrgsion

¢ f Béadﬁ&rﬂ}fe!a bmmeﬁarﬁ@&&ﬁbm thefadfiator BEIn@St 1¥&k bnedseldbfed from

I nJ e Ig?qug anS?Silnf& icre %anr ap ar%% claimed in any

one O WAET 2 e rmould is clanped
using clanping plates. 13. Apparatus as clained in

cl al m.12, A}be?ét@é £ 821 e€ Indddh NG, Mhetdif theticRa®FE R6rdeRorming a
as.clainmed in claim 12,

vvher @iep?”??lé'"?f'l°5ﬁ%]’vﬁlba%ﬁ?‘dw‘é%t'o%f“@df°ﬂt egral with the
ibul d. 15. Apparatus as clained in any one of clains

12 t @214, o £t§§£’s§l£ﬁﬁlegllramm&lc@ﬁﬁ§1 & B1, MRLRinttRe mBMI@ is
in a direc on sel ec d fromthe group consisting of

par aFP@Peq ing iRy ®fnal axis of the cavity, and
per pendi cular to the longitudinal axis of the cavity.

43? et ﬁ&%rét@g a§X<t,|£| édi %‘ c'I e‘PZt 'vmére.pr rtﬁg %ngfng aﬂrﬁtes are
art iC |

e in cavi t Y moul d using a mater
thé%PaE?é‘?Tfp?”i‘g‘ier'i@j’“d(a) feedl ng the material into an
extrusi on head operatively connected to the noul d; the

{1 usi L !
géeﬁi : 32[46&2%%3[01%2? Mgé&g m%ﬁirﬁ‘ﬁ%h%%e’m i 8%H1§])In§ﬁo Fé@sa?'eaﬂ%gral
openiifythamodld- end of the outlet passage and renote

fromthe inlet;

25 15. Apparatus as claimed in any one of claims 12 to 14, wherein the clamping
plates are able to move in a direction selected from the group consisting of: paraliel
to a longitudinal axis of the cavity, and perpendicular to the longitudinal axis of the

cavity.

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

(a 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

35  remote from the inlet;
(b) usmg an actuator to force the material lnto the outlet passage for

passage therealong of the material such that materlal flow is unldlrectlonal and for |




(b) using an actuator to force the material into the
outl et passage for passage thereal ong of the materi al
waewhotdees naterial flow is unidirectional, anBCT/SG2005/000416

foroutlet of the material threggh the outlet opening

wi th substantially uniform pressure over the

cross-sectional area of the outlet passage. 17. A

met heetlehef toe mpteral threughlthe entiéopenihgwith substaetialy tihiletm pressure

OPEN oY tHeSr¥k-sBetoh 8RB Ik QDY p&lsBGe. ST z€ and shape

substantially corresponding to the cavity

crosssectional, area, size and shape. 18. A nethod as

cl ai Add i A redtizadraslofairoed io Ickinm @, Whersirethe butlet bigeningtid efta cross-
Ss cd | e

PASS 3&foha? s -8 LRAP Shape gubQQﬁlaII)?S&%&p&n‘gjﬁo@qg% %Q\ﬁ@ cross

the sanme as the out| et opening.

cl ai YO 2h3y SighRNdShaRe: ai ns 16 to 18, further
conprising providing in the extrusion head a pressure
resekyoir af rial. prd or t.erlal .
et ot {38 BRI BuinPid e, WRelLGE bitet passpoe s
i n afl? GPRS-S§Flioppl 97 Sizsandshare thopamessihe pelleheresinpal i s
iimj ected into the nould cavity by the extrusion head.
21. met L. qn_an .. of cl ai 6 to ..
20, ﬁ%er_e?%g?tﬁid %Dﬁ%@g ?s',ﬁ gmgﬂ%eegpéj%fnﬁg} 6§tf’aﬁ‘pmﬁ’ﬁtéer comprising
pl at &8Viding in iRe fxirysinn head @ prespte feperedimforti® matenjh eriesi tn the
t he pbRARicAGriRY BE 6SlcBpRssRParate fromthe nould. 23. A
method as clained in claim2 1, wherein the clanping
plates are integral wth the nould. 24. A nethod as

¢¥ ai ARd i A matpdaaelapfeddh anymmef daims 1839 19wmbereinthe eterial is

cl anpjeBd hthe ot @ai) b tHe @ xR HeBa.2 di rection
selected fromthe group consisting of: parallel to a

| ongi tudi nal axis of the cavity, perpendicular to the
| ong2t-udi Aaettdias dsfimédhie acyvnd. §f, clamsl 1® at 20, pherainl ted mbald is

the LigRgddddpgRahmpRybtdef the cavity and perpendicul ar
5& the 1 ongitudi nal "axis of the cavity.
22. A method as claimed in claim 21, wherein the clamping plates are separate
from the mould.

23. A method as claimed in claim 21, wherein the clamping plates are integral
25  with the mould.

24. A method as claimed in any one of claims 21 to 23, 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

30 cavity, and both parallel to the longitudinal axis of the cavity and perpendicular to
the longitudinal axis of the cavity.



