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@ Fibrils of a thermoplastic polymer are produced. A mix-
ture of the termoplastic and a liquid, e.g. water and pentane or
hexane, flows through a vaive from a high to a low pressure
zZone. The valve contains a spring biased closure member
which interrupts the flow when the pressurs in the high pres-
sure zone is too low. At low pressure the flow is unstable and
the formation of fibrils is unsatisfactory. A preferred
apparatus takes the form of an extruder having a spring
ioaded closure member on the die. The spring stops the
extrusion when the pressure in the extruder is too low for
satisfactory flash evaporation.

Croydon Printing Company Ltd.



10

15

20

25

30

0000637

-1 - 29691 -

METHOD AND APPARATUS FOR MAKING FIBRILS OF A THERMO-
PLASTIC POLYMER

This invention relates to an improved flash
fibrillation process for converting thermoplastics
materials into fibrils, especially fibrils suitable for
use in paper-making processes. N

Flash fibrillation processes for thermoplastics
materials are described in United States patent
specifications 3 081 519 and 3 227 784 and in British
patent specifications 1 323 174, 1 326 915 and 1 446 034.
Briefly, in a flash fibrillation process “he
thermoplastics material and a liquid are charged 0 a
first zone maintained at a temperature sufficient to
ensure that the thermoplastics material is fiuid and that
the liquid is above its normal (i.e. at atmospheric
pressure) boiling point and maintained at a pressure
sufficient to stop the liquid volatilising and then the
charge is ejected through an outlet into a seccnd zore at

v
it

considerably lower pressure where the remper is below

Ly
i L

w

the freezing point of the thermoplastics material and the
temperature and pressure in the second zone are selected
to promote rapid volatilisation of the liguid with the
result that the forces accompanying the ejection and
volatilisation shred and/or stretch the thermoplastics
material into fibrils while heat lost from the thermo-
plastics material to the volatilising ligquié accelerates
the solidification of the thermoplastics macerial, The
size of the outlet is often pre-set to optimise the
fibrillating forces which occur as the charge is ejected.

Flash fibrillation processes (especially continuous
processes) may suffer temporary periods of instability
during .which they produce random amounts of fibrils,
foamed thermoplastics material or solid thermoplastics
material accompanied by pockets of vapour.
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This invention provides a flash fibrillation process
(especially a continuous process) for converting thermo-
plastics materials into fibrils wherein a pressurised
dispersion of thermoplastics material and liquid is
ejected through an outlet governed by a pressure-
responsive valve set to respond to the pressure of the
dispersion upstream of the valve such that if the pressure
falls below a predetermined level which is not below the
level required to stop the liquid volatilising, the valve
at least partially closes and if the pressure rises above
the predetermined level the valve opens. The pressure-
responsive valve improves the stability of the
fibrillation process leading to the production of more
uniform fibrils especially when the liquid comprises a
mixture of water and organic liquid and/or when the
process is operated continuously. Possibly, variations in
the composition of the dispersion in the region of the
outlet disturb the stability of the process and such
variations are aggravated by the use of a continuous
process where it is not practicable to improve the
homogeneity of the dispersion by allowing it to stand for
about an hour prior to ejection or by the use of a multi-
phase liquid.

The invention also provides apparatus for making
thermoplastics fibrils by the above flash fibrillation
process comprising a pressure vessel having an outlet
governed by a pressure-responsive valve set to respond to
pressure variations upstream of the valve such that if the
pressure falls below a predetermined value.the valve at
least partially closes and if the pressure rises above the
predetermined level the valve opens.

Preferably the pressure-responsive valve is located
within the outlet and comprises a closure biassed into
closing engagement with the entrance portion of the
outlet., Such a valve is opened when the pressure in the
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entrance portion is sufficient to force the closure back
against the bias. Convenigntly, the bias 1s adjustable so
that the valve can be easily set to respond to a variety
of predetermined levels of pressure. The closure may be,
for example, a spring-loaded ball, cone or chamfered bar
which seats into the entrance to the outlet. Balls and
cones are preferred for outlets of circular cross-section
and bars for outlets which are slits. Preferably, the
diameter of the entrance and especially of the exit
portion of the outlet is from 0.1 to 5.0 mm (xcst
preferably from 0.5 to 3.0 mm) and the clearance between
the entrance and especially the exit portions of a slit
die is from 0.1 to 5.0 mm (most preferably from 0.15 to
0.5 mm).

The pressure vessel may be simply a reservoir fitted
with a tap controlling the outlet so that a pressurised
dispersion can be ejected from the reservoir merely by
opening the tap. Preferably, the pressure vessel is
provided with means for heating, pressurising and mixing
the components of the dispersion. Especialiy in a
continuous process, means may be provided for propelling
the dispersion through the pressure vessel towards the
outlet. 1In one embodiment of the invenfion, monomers may
be polymerised in the ligquid optionally.when contained in
the pressure vessel so as to provide a dispersion of '
polymeric thermoplastics material in the liguid in situ.

The pressure vessel may be a screw extruder. Thermo-
plastics material may be melted in the extruder and then a
dispersion formed by injecting liquid into the molten
thermoplastics material. Particularly efficient
dispersion is obtained if the liquid is injected at a
point where the thermoplastics material is at or just
above (e.g. 10° above) its melting temperature. This
technique is useful when the liquid is to comprise both
water and an organic liquid because by injecting the
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water and organic liquid radially into the extruder barrel
through separate inlets on a common circumference of the
barrel it is easier to control whether the dispersion
produced is an emulsion of water in organic liquid or vice
versa., The dispersion is conveniently pressurised and
propelled towards the outlet by the action of the screw
and it can be conveniently heated by means conventionally
provided on screw extruders.

The thermoplastics material may be dispersed in
water, an organic liquid or a mixture of both.
Preferably, the organic liquid should have a dissolving or
swelling effect on the thermoplastics material at least
under the conditions used in the first zone. Examples
include hydrocarbons such as pentane, hexane, heptane or
decane or chlorinated and/or fluorinated hydrocarbons such
as chlorofluoro ethanes. Optionally, the dispersion may
contain nucleating agents which promote rapid
volatilisation of the liquid. Nucleating agents should
have critical temperatures well below the temperatures
used in the first zone and should be sparingly soluble in
the dispersion. Nitrogen and carbon dioxide are suitable.
Other liquids and nucleating agents are disclosed in the
patent specification quoted earlier in this description.

Depending on the miscibility of the thermoplastics
material and the ligquid and on the conditions of
temperature and pressure used in the first zone, the
dispersions used in flash fibrillation processes may be
single or multi-phase mixtures, Multi-phase mixtures are
preferred which comprise a dispersion of droplets of fluid
polymer in liquid. If the liquid has a swelling effect on
the thermoplastics material, the droplets will comprise a
mixture of thermoplastics material and organic liquid.
Most preferably, the liguid comprises a mixture of water
and an organic liquid which is miscible with the thermo-
plastics material and the dispersion comprises at least
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three phases, namely water, organic liquid and fluid
droplets of thermoplastics material mixed with organic
liquid. Preferably, coditions are chosen to establish an
emulsion of water and fluid polymer droplets in organic
liquid. Accordingly, the dispersion preferably comprises
a weight ratio of water to thermoplastics material of from
0.1 to 4.0 (especially 0.3 to 1.5):1 and a weight ratio of
thermoplastics material to inorganic liquid of from 0.5 to
0.005 (especially 0.35 to 0.02):x where x is the density
of the organic liquid relative to water.

However, it is also possible to use an emulsion of
organic liquid and droplets of fluid polymer in water. In
this case the dispersion preferably comprises from 1 to
20% (preferably 2 to 8%) by weight of organic liquid and 5
to 75% (preferably 35 to 60%) by weight of thermoplastics
material, the percentages being based on the weight of
water present. The use of large gquantities of water
increases the consumption of energy.

The predetermined level of pressure to which the
pressure-responsive valve is set to respond is generally
at least 0.1 M_N/m2 (preferably at least 0.5 MN/mz)
above the minimum pressure required to stop the liquid
volatilising in the first zone. For example, the valve
may be set to respond to pressures of at least 2.0 and 3.3
MN/m? for pentane at 150°C and 190°C respectively
or 1.3 and 2.0 MN/m? for hexane at 150°C and 190°C
respectively., Conveniently, the pressure in the second
zone is atmospheric. Generally, the temperature of the
first zone is at least 10°C (preferably at least 25°C)
above the boiling point of the liquid at the pressure
employed in the second zone.

The thermoplastics materials should have a molecular
weight which would enable them to be converted into
fibres. The preferred thermoplastics materials are
crystalline especially crystalline aliphatic polyolefins
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such as low or hi.th density polvethylene or blends of the
twa or ~onolvmers of ethylene with up to 20% by weight of
copolymerisable monowers, for example, vinyl ac:tate or
wm2thyl, =2thyl or butyl esters of acrylic or ametanacrylic
acids. The preferred polyolefin is a crystalline homo-
polymer of propylene or a conolymer of prooylene with up
to 20% by weight of ethylene preferably made by injecting
ethylene into the latter staaes of an otherwise propylene
homopolymerisation process,

The nolyolefin fibrils made according to this
inventinn are especially suitable for use in paper-makinj
nrocesses where thev may be used alone or blended with
conventional paper pulps. For such purposes it is
nreferred that the nolynlefins have melt flow indices of
from 0,1 to 30.0 (especially 0.5 to 5.,0)g/10 minutes as
neasured according to British Standard 2782:105:Part C of
1970 using a 2.16 Kg load at 230°C in the case of
polyrters containing a major amount o€ propylene and at
190°C in the case of ethylene polymers and copolvmers.

In order to facilitate the use of the fibrils 1in
pav2r-making processes, non-ionic, anionic or cationi
surfactants may be added to the dispersion pricr to flash
fibrillation., Surfactants include polyvinyl alcohols and
condensates of ethylene and propylene oxides. Other
sur factants are disclosed in the patent specifications
quoted earlier in this description.

The tharmoplastics material may also contain the
usual additives found in thermoplastics materials and
paper such as stabilisers, pigments (epecially titanium
dioxide) and fillers (especially kaolin, chalk and talc).

The invention is further illustrated by the following
descriptions which refer to the drawings in which:

Figure 1 shows in section an Qutlet located in a
portion of a préséure vessel wall;

Figure 2 shows in section an alternative outlet to

that shown in Fiqure 1;
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Figure 3 shows in end =levation the sloeve, bolts and
springs of the outlet shown in Figure 2;

Figure 4 shows in perspective on a larjer scale *+h2
ciosure shown in Figure 2,

Figure 1 shows part of wall 1 of a pressure vescl
into which is screwed a threaded component 2, Component 2
together with externally threaded sleeve 3 defines an
outlet from the pressure vessel, the outlet consisting of
entrance orifice 4, expanded portion 5 threaded towards
one end and exit orifice 6. Sleeve 3 screws into expanded
portion 5., Expanded portion 5 also houses a pressure-
responsive valve consisting of a closure in the form of a
ball 7 which seats in entrance orifice 4 t> close ‘the
outl-st and a sprinjy 8 which biasses ball 7 into closing
engagemric with entrance 4 and which reacts against sleeve
3 by screwing sleeve 3 into or out of expanded portion 5,
the bias in spring 3 can be casily adjusted.

Figure 2 shows an alternative outlet comprising c<lit
dies 14 and 16 instead of orifices 4 and 6. Figure 2
shows a part of a wall 11 of a pressure vessel into which
a threaded component 12 is screwed. Component 12 tngethev
with sleeve 13 define an outlet consisting of entrance
slit die 14, expanded portion 15 and exit slit die 16
which makes a press fit in expanded chamber 15 and is neld
in place by bolts 23 which pass through flanged ends Z24
and engage in blind threaded bolt holes 22z formed in
component 12, The vositioning of bolts 23 alonyg the
length of slit die 16 is shown in Figure 3.

Expanded portion 15 houses a pressure-~responsive
valve consisting of a closure in the form of a chamfared
bar 17 and three springs 18 as shown in Figure 3 which
hias bar 17 into closing engagement with entrance slit die
14 and which react against sleeve 13, Figure 4 shows tae
chamfered edges 20 of bar 17 which assist in seating bar
17 in slit die 14. The bias in springs 18 can b2 easily
adjusted by turning bolts 23,
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In opecatica the oosition of the exit defining sloeevs
r2lavive to rne exsanded portion of the outlet ic chnsen

B k]

Jr

2D je20c@zTe a pre-saiected biassing force to holid
the closure o0 tha vi_ve in closing engagement with the
extrance portics of the outlet., A pressurised dispersion
ot theranplastics material enters the entance vortion of
the outiz: ant impinges upon the closure, As soon as the
arocszire df the mixture rises above the lavel reguirced to
av2rcome tihe bias n the closure, the slosure is forced
313aInst tne biras and tne valve opens allowing the
dispersion to be ejected through the outlet. If the
hi1s31123 {orce nas been chosen correctly, the disnersion

jected ander the correct conditions for stable
fincillation, 1f the biassing force has not been
correcily chosen, it can be easily adjusted until the
currect force is found.

The 1nvention is further illlustrated hy the
frilowiny Examples.
EXAMPLES 1 TO 7

Varinus thermcplastics materials as specified in

Tavle 1 were charjed to a screw cxtrude:r fitted with an
ouariat governed by a pressure-resnonsive valve as
1liustrated in Fiqure 1, The dimensions of the exic
orifice are snecified in Table 1,

The thermoplastics material was conveyed to a point
wners 1t was melted. Pentane (hexane in Example 7) and
water wer= iInjected radially into the extruder barrel at
tnhis o~int through separate inlets, The amounts injected
are specified in Table 1. In Example 4, polyvinyl alcohol
surfactant was added to the water prior to injection.

The contents of the extruder barrel were propelled to
the outlet by the action of the screw and were heated to
the temperatures specified in Table 1. The mixing action
of the screw produced an emulsion o% witer and droplets of

molten ther aoplastics material in pentane. The droplets
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also contained absorbed pentane. The emulsion wac
pressurised by the action of the screw and *ne frezsucls
responsive valve was set to respond to the ocressures
specitied in Table 1. When the pressure of the emuis:an
reached these pressures, the valve opened and emulsion was
ejected through the outlet into a zone of ambient
temperature and pressure whereupon flash fibriilation
ocurred. After a brief initial period ol "unting., the
flash fibrillation process became stable and prnduced
highly un form fibrils. The surface area of tre fibrils
obtained 1s specified in Table 1.
COMPARATIVE EXAMPLES A TO E
Examples 1 to 5 were repeated excapt that the outlet

qoverned by the pressure-responsive valve was reolaced bv
an outlet consisting of an interrupted orifice of the same
diameter. In all cases it was found that finhrils were
produced initially, but soon a large volume of vapour was
ejected from the orifice. The cooling effect broduced by
the volatilisation of the large volume of liguid which had
generat2d the vapour was sufficient to freerr the
thermoolastics material in the outlet and form a pluqg
which blocked the outlet. Pressure built up behind tne
plug until the plug was violently expelled from the
outlet. Foamed polymer was then pnroduced which then gave
way to the produ-tion of fibrils again. However, the
cycle repeated itself at irregular intervals.

The term "fluid" as applied to the droplets of
thermoplastics material means that the droplets are in a
liguid state because they are molten, dissolved in the
organic liquid or swollen by the organic liquid,

Preferably they are swollen.
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NMotes tn Table

Therroplastics material.,
Melt Flow Index in g/10 minutes.
Polyvinyl alcohol.

Hexane 1sed instead of pentene.
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CLAIMS

1. A flash fibrillation process for converting
thermoplastics materials into fibrils in which a thermo-
plastics material and a liquid are ejected from a first
zone thirough an outlet into a second zone; wherein (a) the
temperature in the first zone is sufficient to ensure that
the thermoplastics material is fluid, (b) the temperature
in the first zone is above the atmospheric boiling point
of the liquid and (c¢) the pressure in the first zone is
sufficient to stop the liquid volatilising; and wherein
(d) the temperature in the second zone is below the
freezing point of the thermoplastics material and (e) the
pressure in the second zone is low enough to promote rapid
volatilisation of the liquid, characterised in that the
pissage of the contents of the first zone through the
outlet into the second zone is controlled by a pressure
responsive valve set to respond to the pressure of the
dispersion upstream of the valve such that if the pressure
falls below a predetermined level which is not below the
level required to stop the ligquid volatilising the valve
at least partially closes and if the pressure rises above
a predetermined level the valve opens.

2. Apparatus for making thermoplastics fibrils by
a flash fibrillation process which apparatus comprises a
pressure vessel having an outlet governed by a pressure-
responsive valve set to respond to pressure variations
upstream of the valve such that if the pressure falls
below a predetermined value the valve at least partially
closes and if the pressure rises above the predetermined
level the valve opens.

3. Apparatus for making fibrils by a flash
fibrillation process, said apparatus comprising'a screw
extruder having an outlet charactegised in that the outlet
contains a closure (7) biased into a closed position by a
spring (8).

PFEL78261427/HB
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