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@ Extrusion.

@ Extrusion, especially of an aqueous ceramic composi- !
tions, is carried out under the influence of mechanical
vibrations, preferably at ultrasonic frequencies in the range
15000 - 25000 Hz. This has advantages such as increasing the
rate of extrusion at a given level of motive power or
decreasing the extent to which compositions need fo be .
preconsolidated before extrusion. Application of vibrations
to the extrusion die facilitates cleaning after use. Extrudates
can be cut cleanly by applying the vibrations to a cutting tool.
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Extrusion

This invention relates to extrusion and in particular
to a method and appa.ratus by which extrusion can be ca.rriéd out
under a degreé of control not easily attained before.

 According to the invention in its first aspect a method -
of extrusion comprises causing an extrudible material to flow '
through a die under the influence of mechanical vibrations. ' ,
| As apparatus for carrying out this method the invention
comprises an extrusion die, means 1o cause flow of an extrudible
material through 'bhe die and means for applying mechanical ﬁb— e
:r:atiohs to the materiai whereby to influence its flow through
the die. , : : o

For the purposes of this s_p'ecifica:bioﬁ the term
"extrusion" inciudes;both ordinary extrusion in which the material
is pushed"through the die by for example a ram or auger and also
the operation in which its consistency is such that it can be
pulled through the die or assisted by pulling, that is; ,so—éalledr
"pultrusion". 7 7 o

The effect of the vibrations is to decrease the force
réquired to :éause flow into and through the die. The mechanism
by which this takes place is not known at present. It could, for
exami)le\, result from loosening struc‘bure’srwi’chin the material, or
by (for mixtures) liberating a 1dw viscosity liquid ox even &gas
at the interface of the material and the die. The invention is
not however, limited to any particular mechanism.

Various practical results flow from using this aspect
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of the invention. In the simplest, less motive power is used.
For the same power consumption the temperature of the material
can be lower or (in the case of a material containing a volatile
liquid) its viscosity can be greater and thus itsrliquid content
can be lower, thus decreasing the energy" consumption in drying
the extrudate. In favourable conditions a composition normally
extrudible only by ram owing to its high viscosity can by the
use of the invention be auger?extruded: thus continuous oper—
ation is made possible. In the ceramics field it is expected
to be found that so-called "high viscosity" compositions will be
easier to extrude. Finally it is expected that certain ceramic
compositions normally dii‘ficult to extrude uniformly in long
lengths will no longer be so.

The extrudible materials to which the invention is
believed to be applicable include molten polymers with solid
fillers, rubber-like compositions; viscous solutions, and dis—
persions of solidsr in liquids possibly containing dissolved or
swollen polymers. The invention is especially applicable to
aqueous ceramic compositions containing for example one or more
of the following solid phases: magnesia, alumina, silica, titania,
zirconia, chromia and iron oxide and mixtures or compounds of %wo

or more of these, for example cordierite and/or compounds capable

‘'of reacting together to form cordierite. If a hydrophilic polymer

is present it is suitably one or more. of the following: starch,
cellulose and other carbohyd:ca:te ethers and esters, polyvinyl
alcohols, ethers and esters, proteins, acrylic polymers polyalky-
lene oxides. The molecular weight of the polymer can be chosen
to suit the viscosity and organic con'hent required. Instead or 'in
addition other, non—polymerlc, hydrophilic substances can be pre-
sent, for example glycols, glycerol, sugars and sugar ‘alcohols and
ethers and esters thereof.

The invention is especla.lly useful for that class of
compositions that flow or deform plasj:;cally under shear during
extrusion but become substant:i.ally rigid when not in motion.

Particular useful results of using the invention are
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that the following compositions can be 'ex‘bruded moré uniformly
a:nd/or more rapidly than would otherwise be easily practicables

(a) compositions confbaining a high proportion of clay as
' 7 'solid phase; o 7 B
() compositions free or almost free of clay (under 5%7w/w
of the solids); , | -
(c) compositions in which the jpa:ctlcle size d::.strlbutn.on ,

leaves Vvoa.ds between larger pa.rtlcles,under-fllled
or over-filled by smaller particles; and.

(a) compositions requiring thoj:ough prieconsolida‘tionfor
example by several passé,ges “through a pug-mill, to
ensure adequate or constant homogeneity.

An example of a substantially clay-free composition 7
to which the invention is ap;olicable is one containing a perovskite
type com'_pound such as barium titanate or compounds reactable to '
such a compomd'on heating: it is important to minimise the clay
content in order %o ensure a positive coeffa.c:.ent of- electr::_cal
resistance in the resul‘l:::.ng extruded ceramic article, 7

In a die having discrete primary cha:rmels feeding J.nto
a unifying zone such as an anmulus or a honeycomb, -the v::.bra.tlons_ '
may speed up flow through the primsry chammels, thus permitting
the unifying zone to be kept full. In favourable conditions the
v1bratlons so applied ma;y' make it tmnecessary for 'bhe pr:.mary
channels to have a larger aggregate cross-sectional area than the
uwmifying zone. Alternatively the um.fymg zronre; land l'e'ng;th can - |
be deci‘eased, thus decreasing further the pressure;drop throﬁgh
the die. If the vibrations are applied to the wifying zone and/

or to any pooling area between the primary channels and the um.fy-

ing zone, they can, in favourable cond.:.'blons, assist unlflcatlon ,
by resolving non-uniformities caused ‘the “memory" effect of anigso-
tmplc constltuents of the composrt:.on being extruded.

- In any extrusion operation a body of extrudible material
is caused to undergo a change in cross-sectlonal shape and usually
a decrease in cross-sectional area. The v:l.bra’clons are applled

preferably to at least one zone in wh;ch such a change or decrease
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is taking place. In such a zone preferably at least 10% "/w of
the composition is moving with a component of velocity tréns’verse
to the direction of movement before entering that zone. Thus the
vibrations are applied very suitably tb the downstream zone, say
1l - 5 cm deep, of the barrel of a ram extruder or an auger. 7
Another such application is to a pooling area or chamber of a
multi-tube extrusion die. ' ,

- In a further variant of the method the vibrations are
applied differentially across the cross-section of the die or '
extrudate, to promote non-linear flow of extrudate. This can be
done by using a highly directional beam of vibrations or by loc- ,
ally dampmg the vibration of the die. By this means it is pos-
sible to produce bent extrudates that can be readily wound into
spirals or helices. ' '

A useful property of the apparatus is the ease with
which the die can be cleaned by immersing it in a liquid in which
the‘extruded' material is soluble or dispersible and applying the
vibrations. Thus the invention provides a method of cleaning an
extrusion die; it is especially valuable when '!;he composition
extruded is one that becomes substantially rigid when not in
motion or when the die is complicated, as for extrusion of a
honeycom‘b. '

| The frequency range of the vibrations effective to assist
extrusion is large and is limited only by the need to match the
applied vibrations with the natural frequencies of the apparatus
used or the composition being extruded and to avoid the incénven—
ience and energy waste resulting from action on other media, ‘inclnd-
ing personnel. The acoustic range of 20 to 30000 c¢/s (Hz) can be
considered typical of the usable frequencies, and the range 15000 -
25000 is highly convenient, and is especially effective for extrud~
ing compositions comprising a solid dispersed in a liquid. Vibra-
tion having more than one dominant frequency can be used, possibly
applying a different frequency in different zones of the barrel,
die and extrudate. ' '

According to a further feature of the first aspect of
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the invention the method of extrusion includes stopping the flow
by interrupting the vibrations and cutting the extrudate while it
is stationary. By this means it is possible to ma.kerra'. cut exactly
at a desired angle to the direction of extrusion and, in a multiple
or honeycomb extruder, to cut all the extrudate at the same length.
Since the composition can be stiffer than could be extruded in the
absence of vibrations, the extrudate is firmer and less liable to
distortion by the transverse force exerfed by the cutting tool.r

Since the interruption of vibrations applies an almost
instantaneous brake to the flow of extrudible composition, the
extruder should be mechanically designed to accommodate this with-
out damage. For this purpose the drive to a ram or auger can
include a slipping clutch or ma.gnetib'clu’cch, possibly synchronised
with the interruption of vibrations. 'As an alternative an extruder
barrel can include several outlet zones separately subjectible to
the vibrations, so that the total throughput can be kept constant.
Further, a single set of driving gear can drive several extruder
barrels, a constant number of which are extruding at any instant.
If desired, the braking effect can be accommodated by a damping
system ox energ;y-stdrage system rsuch as a spring or air-buffer.

If an auger is used, it can be one designed to permit slip ox leak-
age internally during the interruption. ' ,

According to the invention in its second aspect a method
of extrusion comprises causing an extrudible material to flow
through a die and cuttlng the resulting extrudate by applyn_ng to
it a vibrated cutting tool.

As apparatus for ca:rry:.ng out this me‘bhod the invention
comprises an extrusion die, means to cause flow of an extrudible
material through the die, means for applying to 'hhé resulting
extrudate tool means to cut the extruda’te, and means to apply vib-
ration to the tool during cutt:.ng.

Generally the frequency ranges are the same as for the
first aspect of the invention. The vibrated cutting means can

evidently be operated in synchronisation with the vibration source
and other mechanical arrangements.
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EXAMPIEl

BEffect of nbratlons on extrusn.on force

A dry- composition cons:.st:.ng of

‘alpha alumina . grade 1200 2000 g
- - 60 1850 g

, %20 1150 g
Wyom:mg ben‘l:on:.‘[:e S R , 7 '5501,'9;'
Water-soluble starch 415

rwas m:.xed 'thorou.ghly J_n an orblta.l mixer for 18 m:.nu'bes, then

moistened by spray;ng w:Lth 820 g of watgr over 2 mm;z‘bes. ‘The -
wet mixture was passed V’c’wice,th::dughr a SO mn 1a'bbra‘bory pug-
mill %o give a plastic mass. | The mass was extrlided from a ram
barrel 1 :anh in dlame'ber through a die 6. 2 m- :m d.:.ameter and 7
5.5 mm long at a range of 1evels of appl:.ed fo:rce. I'b was found -
that a force of at least a.'bou‘t 150 kg was necessa:cy 'to effect -
any movement of the. compos:.‘tlon‘ "Thig was 'bhen :cepea:bed m:th )
100 watts of ultrasomc 1rrad1atlon a.ppln.ed f:com a crystal -brans-
ducer matched '[:o an alum:.n:.um hom, su.x.tably dlmensn.oned S0 as- to
resonate at 19,800 hertz. The minimum i‘o:r:ce was now found to be
only about 40 kg and at h:.ghe:r force levels the erbrus:.on, speed
was much greater. The ram speeds as affectgd by ﬂtraéonic vib-
rations are shown in Table 1. S o
 Table 1

Ran s:peediém mn |05 | 1.0 | 5.0

Ebctrus:.on force kg, without v:.bra:b:_on : 230 265 | 340
w:.'l:h vlbramon | 145 | 210 290

An applied force a'.bover abouf'c,Boolkg is;,evidénfiyii;eceSs’ary ‘o

overcome the resistance to shear in the absence of vibrationms,

but a force of 250 kg is sufficient when the vibrations are

é.pplied Af an applied force of 140 kg ‘o:é lressi extrusion was
stopped almost :mstan'baneously by stoppmg the v:.bratlons and
re-started a.lmost mstantaneously by re—sta.rtmg them.
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EXAMPLE 2
Effect of vibrations on extrudate cutting
For a simulation of this effect a block of the compos-

ition described in Example 1 was moulded on a movable platen
fixed to the cross-head of an Instron testing machi'ner. To the

gides of a cutting blade was fixed an ultrasonic transducer

similar to that used in Example 1. One end of the blade was sup-

ported on a load cell on a fixed platen beneath ‘the movable platen.
The movable platen was then advanced downwardly so that the blade
penetrated the block at a speed of 1 cm In:I_n-1 ,.which speed was
maintained constant. The resistance to;penetration was meas—
u:'cedr by the load cell. The transducer was-swi'tched on and off at
intervals. The resistance to penefmtion during applic'a'i;ion of
vibrations was found to be substantially ‘constant at a low level
irrespective of jbhe depth of penetl;ation. In the absence of vib-
rations the resistance increased proportionally to th_é depth of
penetration, frqm an iﬁi‘tial value a.lréady substan‘bié.ily higher.

The same effect was observed with a penetration speed

of 5 cm min~ 1, , )

It is evident that the vibrations emable a blade to
move rapidly through the extrudate, with iow applied force and
thus a low tendalcy to distort the Vexfmdate. For many applic-.
ations it is expected that a clean cut will be obtained even
with a moving extrudate. If the extrudate is momentarily station—r
ary as in Example 1, clean cuts even of rela:bively soft, otherwise
fast-moving extrudates is possible. '

EXAMPIE 3 ,

(a) Example 1 was iepea.ted but using a composition contain~
ing the alumina mixture, no clay or starch and, as hydrophilic
polymer, a xanthan gum to the extent of 3% W/w on the alumina.
Extrusion was carried out at 3 levels of applied force, result-
ing in 3 levels of extmsiozi rate. The effect of ultrassonic

vibration was very large, as shqm in Table 2.
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Table 2 o
Eﬁc‘brﬁrsignfra‘be g niiril—i
Vibration intensity W | low force | medium force | high force
o | o 20 | 3
50 . - .- - - | 218
% - | 68 - - | -
150 -} 800 | -
200 - - - 1200
(v) ; Ezample 3(a) was repea:bed with the i‘ollom.ng d:x.fferences. f

Ez'l:rusz.on aid "Zusoplast PSl" m place oi‘ sta.rch“
Auger extruder with die ha.v:.ng 36 holes 3 6 m in
d:.a.me‘ber- B

V:.brat:.on frequency 15900 Hz. , : :
Usmg an appl:.ed i‘orce producing’ extrus:.on a:b 150 g min -1
in the a.'bsence of the a.ppl:.ed v:t'b:r:a:blons, it wa.s observed:bha‘h th:l.s"
rate was increased. to 850 g min -t when ‘bhe ul‘brasonlc v:;.'brat:.ons
were applled at an J.n‘bensrby of 200 watts. ' ,

, (Zusoplast PS1 lS an organic polymer extrus:.on a.ld. sup-
plied by Zschimmer and Schwa.rz of La.hnstem am Rhe:.n, Federa.l
German Repu‘bl:.c) , R

Example B(b) was repea:bed 'bu‘b us:.ng the follow:.ng
composition: , o : ,
Comale o 20058
kaolin =~ '- 2300 g
alum:.nam:.xh:re . 695 g
(as Example 1) .
water soluble starch 1100 g
:wa‘ber . 11008
and pug—m:.ll:.ng it once.- The effect of 'the nbra.t:n.ons was to
increase the extrus:.on rate from 470 to 565 g min -1 or(at a
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higher applied force)rfrom 500 to 740 g,m:i_n-1.

To clean the die it was immersed in water and subjected
to the vibrations. The composition became very rapidly dispersed
into the water and the die was substantially clean after 1 change
of water. ' '

Bxample 1 was repeated but using a 25.4 mm square honey-
comb die ha.ving 512 cores,; each of a right angled triangle cross-
section. '(The die was made from a single block of steel by making
15 cuts in each direction parallel to the sides, then making 15
diagonal cuts in each direction, so as to pass through alternate
intersections of the cuts parallel to the sides. - Bach .S-fold_
intersection was in line with a feed cha;nnél from the opposite .
face of the block). The rate of e'x"arusioni-was 12 em m.ji.'rl',"1 with-

out and 18 cm m:i.n-1 with the ultrasonic vibrations.

over 40% W/w inorganic solids and flowed plastically when umder
shear but became éubstan‘bially rigid when not in motion. -

PA/KHC MP

19 June 1981
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1. A method of extrusion which comprises causing an ex-
trudible material to flow through a die under the influence of

mechanical vibrations.

2. A method according to claim 1 in which the extrudible
material is an aqueous ceramic compos:.'blon. 7 '
3. ' A method according to claim 1 or claim 2 in which the

extrudible material is a member of the class of compositions that
flow plastically under shear during extrusion but became substant-
ially rigid when not in motion.

4. A method according to any one of the preceding claims in
which the vibrations are applied to the composition at a zome in
which a change in cross-sectional area is taking place.

Se A method according to any one of the preceding cléims
in which the frequency of the vibrations :Ls -in the range 15000 -
25000 Hz. ,

6. A method according to any one of the preceding claims
which comprises stopping the flow by :Lnterrupting the vibrations
and cutting the extrudate while.it is stationary.

T. An apparatus for carrying out a method according tora.ny
one of the preceding claims which comprises an extrusion die,
means to cause flow of an extrudible material through the die and
means for applying mechanical vibrafions to the material whereby
to influence its flow through the die.

8. A method of cleaning an extrusion die after use which
comprises immersing it in a liquid in which the extruded compos-—
ition is soluble or dispersible and subjecting it to mechanical
vibrations of frequency 20 - 30000 Hz. 7

9. A method of extrusion which comprises causing an extrud-
ible material %o flow through a die and cutting the result:.ng
extrudate by applying to it a vibrated cutting tool.

10. An apparatus for carrying out a method according to 7
claim 9 which comprises an extrusion die, means o cause flow

of an extrudible material through the die, means for applying

to the resulting extrudate tool means to cut the extrudate and
ﬁea.ns to apply vibration to the tool during cutting.



	bibliography
	description
	claims

