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6 liguid or powder toners.
7 BACKGROUND OF THE INVENTION
8 . Toner materials, whether for liquid or powder toner
9 development should be tough, abrasion resistant, elastic
10 and have proper electrical properties.
11 Many methods for the production of micron sized
12 particles for use in liquid and powder toner compositions
($ﬂ . 13 are known. These methods can be divided into a number of
14 classes. _ _
15 One type of process produces particles by dissolving a
16 monomer or polymer or & plurality of monomers and/or
17 polymers in a eolvent, producing a polymerization reaction
18 to form an insoluble polymer while stirring the
19 solution/dispersion such that the polymer is precipitated as
20 small particles. Example of this type of process are
21 described in U.S. Patents 3,779,924, 4,996,265.
22 In a second type of process, & polymer or other
23 material is dissolved in a solvent. The solution is combined
24 with a solvent in which the polymer is insoluble and as a
{ﬂ 25 result the polymer precipitates out of the solution as small
26 particles. The mixture is stirred during the process to aid
27 in the formation of the particles. Examples of this type of
28 process type are shown in U.S. Patents 3,679,586, 3,718,593,
29 3,682,825.
30 In a third production process the particles are
31 produced by crushing or otherwise fracturing a polymer
32 material and then clessifying the particles according to
33 size.
34 In a fourth production process especially suitable for
35 producing liguid toner, polymer particles are wet ground to
36 produce particles. Examples of such processes are found in
37 U.S. Patent 4,794,651.

38 In a fifth process the Pﬁéﬁﬁﬁﬁﬂ}§Hgé?§°1V§& inj a

This Sheet Has Been Re i Description : paged ...}... to paged ..)0.
”IIII" ,I“" | Il |l ﬁll : .[YCla_im(s) : paged ..11.. to paged ’
Drawing(s) : paged . k1", to paged ;;"'

00 Abstract paged weiaa tO paged’ .:




One tyw.byﬁmmggcess produces particles by dissolving a  pecr/NL93/go1PNONEr
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11 U.S. Patent 3,586, 654 describes a seventh method for
12 producing toner particles in which a polymer is melted in
e 13 super-heated water (under high pressure) and shear is
14 supplied to form blobs of melted polymer dispersed in the
15 water. The dispersion is cooled to solidify the polymer as
16 round particles and the particles are separated from the
-+ 17 water. Since the water and polymer have such disparate
18 viscosities it is difficult to transmit sufficient shear to
19 form the particles. U.S. Patents 3,422,049, 3,449,291,
20 3,472,801 all describe similar methods of toner particle

21 production. '
22 These processes are either incompatible with the toner
23 requirements, hard to control, expensive or are. limited in

24 the range of materials which can be produced.

25 SUMMARY OF THE INVENTION

. 26 In accordance with a prsferred embodiment of the
27 invention, particles are produced by the process of:
28 melting together first material and a second material
29 which are incompatible (immiscible):
30 applying shear to the melted mixture to create an

31 emulsion of the first material and second materials whsreby
32 finely divided spherical blobs of the first material are
33 dispersed in the other material;

34 cooling the dispersion to solidify at 1east the first
35 material; and _
36 . 'separating the first and second material, preferably by

37 dissolving the second material in a solvent in which the

38 first material is not soluble. I —
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proﬁucbag | igupd toner, polyner particles are wet ground to
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pr oduce" Exanpl es of such processes are found i nPCT/NL93/60177 s.
Pat ent 4, 794, 651. In a fifth process the polymer is
di ssolved in a solvent (water e 3anr other solvent) which is then

Focbse arb of t onPPRESERHAYT Bhiety ¥nd ELrHeS SECRRBORY WY 1B axe
a sixth pr2ceeslsdosyffichkentily to forsolaalids e forearmmovipg thee

in a solvegtg %eﬁﬁ hﬁtﬂ? gglly solid (at roomtenperature). The solution is
gooled and so |es e now solid solvent is
Pref erahly, the first material is & polymer suitable

5 for use as a toner material.
6 In accordance with one preferred embodiment of the
7 invention the second material is a polymer material, in
8 accordance with a second preferred embodimeht of the
9 material the second material is a non-polymer material.
10 The solvent may be water if the second material is
11 water soluble or the solvent may be a hydrocarbon in which
12 the second material is soluble and the first material is

(" 13 insoluble.

14 Preferably, the two materials have viscosities, at the
15 temperature at which the step of shearing is performed,
16 which enable the transfer of sufficient shear to the £irst
17 material to cause it to form blobs of the required size.

18 Suitable toner materials for the process includes
19 polystyrene, Ionomers such as Surlyn 9020 (du Pont) or Iotek
20 B030 (EXXON) and polyester and co-polyester material such
21 as, for example, Dynapol 1228 marketed by Hulls as well as
22 blends of polymer materials.

23 . The toner material may have & colorant such as carbon
24 black or pigmeht dispersed therein before the start of the
25 process of manufacturing the sphérical particles.

26 Suitable second materials include the polymers WSR 301
27 Polyoxyethelene (UNION CARBIDE), hydroxy propyl cellulose
28 marketed by AQUALON under the trade name KLUCEL which are
29 water soluble and vinyl toluene acrylic co-polymer, marketed
30 by Goodyear under the trade name PLIOLITE VTAC and PLIOWAY

31 EC-1, which is a substituted styrene acrylate copolymer
32 marketed by Goodyear all of which are soluble in hexane.
33 INKOVAR 1150 an aliphatic resin produced by Hercules is also
34 useful as a second material. Caramel (cross-linked sugar)
35 can also be used as the second material and is inexpensive, -
36 non-polluting and water soluble.

37  In a preferred embodiment of the invention the ratio of
38 toner material to other material is between 10:90 and 40:60.
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t hen di-e in a second, liquid (at roomtenperature) sglvent |eaving
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powder . U.S. Patent 3,586,654 describes a seventh nethod for producing
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second mat er
9 embodiment of the invention a household mixer is used to

10 apply the shear.
11 In a preferred embodiment of the invention the melted
12 material is first extruded throégh an extruder at a
> 13 relatively low temperature to form relatively long streamers
14 of the first material distributed in the second material.
15 The material which exits the extruder is further heated and
16 passed though a long relétively thin tube. In this tube the
17 long streamers break up into blobs of first material. During
18 the passage of the material through the tube, which
19 preferably takes betﬁeen 15 and 45 minutes, the blobs of
20 first material becdme rounded and the first material, which
21 is present in the composite which exits the tube are nearly
22 spherical.

23 Preferably the composite material is shredded or
24 crushed to speed up the dissolving of the second material.
25 In a preferred embodiment of the invention, particles

26 which are insoluble in the second material but have either a
27 physical or chemical affinity for the molten first material
28 are added to the heated mixture. When this mixture is
29 further mixed, the particles at least partially coat the
30 molten blobs. On cooling, and removal of the second material
31 the particles of the first material are not smooth, but are
32 coated with the insoluble particles.

33 The insoluble particles are preferably used to modify
34 the characteristics of the-particles. For example, particles
35 of ACCUFLUOR CFX which is a fluorinated carbon marketed by
36 Allied Chemicals can be added to the molten mixture. This
‘37 additive adheres to the surface of the molten blobs and

38 enhance the chargeability of the resultant particles and
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whi ch agn | /og08eat i bl e (i mm scible); appl yi ng shear to
mxture“ﬁ%bgreate an enmul sion of the first material and sec&@@?&@ﬁys
whereby finely divided spherical blobs of the first material are dispersed
in the other material; cooling the disp&sion to solidify at |east the

first mterisproditle a srPFbdid r\.ﬂohbweéstwnm:rsesﬁmAﬁméer ite squash
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first and sscpaﬂttaleSkanihszaadditive particles could be surfactants to
’ 4 reduce the friction between powder toner particles, pigments
5 which coat the particles or other particles which extend
6 from the surface of the polymer and thereby change the
7 morphology of the particles.
8 BRIEF DESCRIPTION OF THE DRAWING
9 - The invention will be more clearly understood in
10 conjunction with the following description of preferred
1l embodiments of the invention taken together with the
12 following drawing in which:
Fa 13 The Fig. is a schematic illustration of an extrusion
14 apparatus useful for producing particles in accordance with
15 a pfeferred embodiment of the present invention.
16 DESCRIPTION OF THE PREFERRED EMBODIMENTS
1?7 The present invention comprises the formation of
18 particles of a first material by mixing melted first
19 material with a quantity of a second melted material in
20 which the first material is immiscible.
21 The melted mixture is emulsified by subjecting it to
22 shear forces which cause the first material to form globules
23 (fblcbs") of substantially spherical shape in - the second
24 material. In order to provide for good transfer of the shear
25 fo:ces, the two materials should have roughly comparable
‘. 26 viscosities at the temperature at which the shear is applied
27 and the first material should preferably have a higher
28 surface tension than the second material. It is believed
29 that a ratio of 2:1 in surface tension is preferable, but
30 that ratios of 5:1 or more are also useful in the
31 performance of the invention.
32 The emulsion is then cooled to s0lidify the two
33 materials such that small, preferably spherical, particles
34 of the first material are formed in a matrix of the second
35 material. The solid second material is removed by dissolving
36 the solid mixture in a solvent in which the second, but not
37 the first, material is soluble. At this point the remaining

38 round particles of first material are optionally washed and
-
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coof ed §ufficient|y to formsolids before renoving the second materi al

Pref er WQ24/0685% i r st material is a polyner suitable for uPECTANLISAOOHS
mat eri al . In accordance with one preferred enbodi nent of the invention
the second material is a polymer material. gn.accordance with a second

preferred eand%nﬁgt of the material the _second nmaterjal is a ngn- ol ymer
material . 1 95h8dFQ-REMANL ETRARES Pf the EpGARdPaterin drits
sol ubl e or 2 sobwanent nmay be a hydrocarbon in which the second material is

sol ubl e andythe fi @l obs | I P. , e_t.

material s gsave Vi s*cgéi F?%g bgt t?%ebtg%%g}a‘t%ur‘%nét %ﬁé% gﬁgpalgpﬂnt of
shearing i 4 jehesrnferomivimichabecappd indand; genexally speajring,t shehe
first materg ainifofmity bf tRelpartPboes 8izehaibestblitdonl w11 depend’ bl €

Lo S0 Chse [DAmgs, OF RS AU LS SekanLEbb, Shabs. EPocan ssasklied
materi al suzhamd, tdosorEagrtent ynathe MetRodnoifcapgliivatidons It Wels baen
bl ends of F&”fﬁ%%hggtgah%hsthat some of the preferred embodiments of the
9 method give excellent narrow distributions of particle size.
10 Preferably, the particles are substantially spheroidal,
11 however under certain circumstances ellipsoidal or somewhat
12 irregular particles result from the process.
" 13 In one preferred embodiment of the method of the
14 invention, the two melted materials are mixed with a wire
15 beater or & single stiff wire which is rotated perpendiculear
16 to its axis. This system is preferred for materials which
17 have & relatively low viscosity at the mixing temperature.
18 A second embodiment of the invention utilizes a two or
19 three roll mill to emulsify the two materials. The materials
20 are melted and fed through the mill a number of times to
21 complete the emulsification. Such method is especially
22 suitable for materials which have a high viscosity at the
23 mixing temperature. The temperafure and or the speed of the
24 mill are changed to control the shear rate and hence the
25 particle size. | .
26 In a third embodiment of the invention the melted
27 mixture is subjected to ultrasound energy which has the
28 effect of breaking'up larger globules of the first material
29 into smaller particles suitable for use as toner. Shear
30 forces are believed to cause the breakup of the particles in
31 this embodiment. .

- 32 In a fourth, especially preferred, embodiment of the
33 ihvention the toner and "host" materials are emulsified in
34 the apparatus illustrated schamatically in the Fig. In this
35 apparatus an extruder 10 is filled with a mixture of
36 preferably 15-20% toner polymer and 80-85% host material via
37 ah entry port 11..The materials are preferably heated in the
38 extruder to a temperature preferably very neaf their melting
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The: toper material may have a col orant such as carbon bl ack or pi

di sper 4ﬁﬁ%§|1 before the start of the process of nmanufBEHINGR 153
spherical particles. Suitabl e second materials include the polymers WSR
301 Pol yoxyet hel ene (UNI ON CARBI DE), hydroxy propyl cellul ose nmarketed by
AQUALON under the trade nane KLUCEL which are water soluble and viny]
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erer s SRAPCEEBSAYSpim O DO SO ac ) o Al
materi al i & Honperatyre) thanthe. extrusion process. In a preferred
7 embodiment of the invention, the mix requires between 15
8 minutes and 1.5 hours to traverse the tube. During this
9 traverse, the streamers break up into substantially round
10 blobs having a narrow range of sizes.
11 The resulting mix of spherical toner particles in host
12 material solidifies as it leaves the tube (shown
(H 13 schematically at 13) and the cool, solid material is broken
14 into small pieces showh schematically at 14. A solvent 16 is
15 then used to remove the host material. Generally the
16 particles should be washed several times with the solvent to
17 remove all traces of the host material.
18 In a particular set of experiments 15-20% of pigmented
19 Surlyn 9020 or Iotek 8030 ionomer materials were heated
20 together with PLIOWAY EC-1 material and extruded from the
21 extruder. The mix was passed through a 1.94 cm diameter tube
22 having various lengths of 0.5, 1.0 and 2.0 meters heated to
23 a temperature of about 160°C. The transit time of the
24 materisl through the tube was of the order of magnitude of
e 25 one-half to 1 hour. When the exiting material was shredded
26 and the host material was dissolved in hexane substantially
27 round particles of toner material remained.
28  The size of the particles depends on the amount of
29 shear during the passage of the mix through the tube. This
30 in turn depends on the temperature of the tube, the speed at
31 which the materisls traverse the tube and the diameter of
32 the tube. Toner particle sizes in the micron, or even sub-
33 micron range can thus be manufactured using-essentially'the
34 same process by changing the operating parameters.
35 in a further experiment for the production of toner
36 particles suitable for liquid toner and especially for
37 powder toner applications, caramel host material is

38 prepared by loading a planetary mixer with 3650 grams of
_—
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Mor.e pf t he rétio I s between 15:85 and 30: 70. For the presently
used mﬁbﬁ‘wgnd shearing nethods ratios of 15:85 and 20‘.’%’&%”0‘“”
especially preferred.. The step of shearing can be carried out using
any suitable shearing apparatus, consisterg aM.th the viscosities of the

two nelted,materials. These may inclyude a . sigple, stirrer. for relatjvely

| ow vi scosilt y eﬂiﬂ?‘t ?ﬁ% g"@&? uﬁ%rma}%ﬁg})?“ﬂi ?%’x?gr fﬁlrgt? v‘f’%%%%i?é 4
mat eri al s. 21 howxrs a&tbedtemperaiture ofivi76i°Cnta NAGY ol Thei matersiakelst o
apply the shadlgenarged Wheh 438 | nbodi ment of the invention the

nelted maferial 1s first extruded through an extruder at a relatively IoW
tenperatur® to foGRIGFRA VEPPREDHPATEASHS smaferipl 18 RESRAZEd Dby

di stribute§ compoundingd20igrdms .of TDEnaPHEr §al288i WithXiI0 Greme Xbf USP!
s furt her ghggsp! @it RoiiRtnd "PHOBueb 0BY BELRALLHT' Yn' Ul BidbSnads #RbS
7 Roll Mill heated to 100°C by an oil heating unit. The
8 materials are compounded for about 20 minutes at 65 RPM with
9 a torque of about 45 Nm. The material is discharged while

10 still warm and is shredded after cooling. '

11 The toner particles are produced by the following
12 steps:
A 13 1- 60 g of caramel material and 40 grams of colored

14 shredded toner material are loaded into a small wire mixer
15 heated to about 100°C. The material is mixed for about 20
16 minutes.

17 2- The caramel is dissolved by the addition of warm
18 water to the mixture. The remaining toner particles are
19 washed with additional water to remove all traces of the
20 caramel. The water is removed by washing the toner particles
21 with Isopropanol.

22 3- The Isopropancl is removed by washing the particles
23 with the carrier liquid (Isopar, Peneteck, Marcol, etc.)
24 which is to be used as the carrier liquid in the liquid
25 toner. The solvent replacement is pérformed by
26 centrifugation and decantation of supernatant followed by
27 redispersion in fresh solvent. o

28 The resulting particles as measured in Shimadzu
29 particle size analyzer have an average size of B.67
30 micrometers. '
31 In a preferred embodiment of the invention, particles
32 which are insoluble in the host material but, preferably,
33 have either a physical or chemical affinity for the molten
34 first material, are added to the heated mixture. When the
'35 mixture is further mixed, the particles at least partially
36 coat the molten blobs. On cooling and removal of the second
37 material the particles of the first material are not smooth,
38 but are coated with the insoluble particles.
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m.nutes, the blobs of first material becone rounded and the first '
material, which is present in the conposite,which exits the tube are
nearly spherical. Preferably the cdh§%§Tte material is shredded or
crushed to 3peed ufFfhehdinsaelublenpasticiesammdpreferably used to modify
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blobs and ¢ saditive particles could be surfactants to reduce the
10 friction between powder toner particles, pigments which coat
11 the particles or other particles which extend from the
12 surface of the polymer and thereby change the morphdlogy of
4 13 the particles, such as carbon black or carbonate materials.
14 In a further series of examples, colorant is dispersed
15 in the toner material before the toner material is mixed
16 with the first material. _ .
17 In one example toner material is prepared by dispersing
18 56 parts of DYNACOL 8130 and 14 parts of DYNACOL 8150
19 (copolyesters produced by Hulls) with 10 parts of DESMUCOL
20 420 (hydroxyl polyurethane produced by Bayer) and 20 parts
21 of BT 5830 (blue pigment produced by Cookson) in & two roll
22 mill heated to 90°C until the materisl is well dispersed.
23 200 grams of this toner material is loaded into a metal pot
24 provided with an external metal heater together with 5§70
e 25 grams of INKOVAR 1150 (an aliphatic resin produced by
26 Hercules), 30 grams of Marcol M-80 (EXXON) and Lubrizol-8%0
27 (Lubrizol). The Marcol and Lubrizol are added to reduce the
28 viscosity of the mixture and to improve the separation of
29 the toner and INKOVAR. _
30 The material in the pot is heated to a temperature of
- 31 about 135°C and is mixed in a Kenwood model KM202 electronic
32 mixer. The material is mixed at 8 slow speed for 5 minutes,
33 at speed 3 for 5 minutes and finally for 5 additional
34 minutes at speed 5 (high speed). |
35 The material is discharged from the pot while still
36 warm and is allowed to cool to room temperature. The
37 material is crushed to small particles and the INKOVAR is
38 removed by fepeated_washing with Isopar-L, using a
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enhan rgeability of the resultant particles and
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| iquid toner .i mage devel oped using the particles. Oher additive particles
coul d be surfactants to reduce the fricti=0l0bet ween pomder toner particles,
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4 particle size as measured by a Shimadzu particle size
5 analyzer is 3.51 micrometers (median).
6 In a second example of this type, & 25% solids
7 dispersion of tentacular particles comprising 80% Surlyn
8 165L and 20% Mogul-L carbon black in Isopar-L is added to a
9 mixture of PLIOWAY EC-1 (600 grams) and Marcol-82 (100
10 grams) preheated to 130°C. The mixture is mixed in the
11 Kenwood mixer at low speed and the temperature is reduced to
12 about 100°C. Mixing is continueq'at low speed for 70
(- 13 minutes. The resulting material is discharged warm and
' 14 allowed to cool. The material is crushed and the PLIOWAY is
15 removed by repeated washing with toluene and centrifugation.
16 The toner is washed repeatedly with Isopar-lL to remove
17 traces of Toluene. The particle size as measured by a
18_shimadzu particle size analyzer is 3.01 micrometers
19 (median). It should be noted that the starting toner
20 material is in the form of tentacular toner particles having
21 a size in the 1-2 micrometer range. Methods of producing
22 such toner are well known in the art. Such material was used
23 for convenience only. The starting toner material may'be .
24 prepared by dispersion of the carbon black in the Surlyn
N 25 material by a two-roll mill or by any convenient method and
- 26 pulverizing the resultant product. The Isopar-L has the
27 added effect of solvating the Surlyn at temperatures above
28 room temperature and thus reducing the temperature of the
29 process, since unsolvated Surlyn melts &t very high
30 temperatures. ' '
31 A wide variety of materials are useful in the present'
32 invention, for example, those materials listed in the
33 summary of anention.,In each case one material is chosen
34 for its properties as a toner and the other, host, material
35 is chosen based on its incompatibility with the first
36 material, its melting point and viscosity relative to the
37 first material and cost and pollution factors.
38
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the present invention. DESCRI PTI ON “THE PREFERRED EMBODI MENTS
The presentlinvention conprises the forn&kAIMSof particles of a first

mat eri al byzn1XIngAnﬁhta%dW£6¥ ﬁﬁﬁdﬁéﬁhg“hbhe&ﬂ@#ﬂ“péﬁ%£ﬁlésSé@ﬁﬁiﬂﬁiﬂéﬂj
he first material Iis rmmscib The nmelted m xture.

material in ch
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second nate§|g$ cbn P&dgﬁﬁ %g%i e for good transfer of the shear forces,
the two mater! a iroh] roughfy conparabl e viscosities at the
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9 dispersed in the other naterial.
10 cooling the dispersion to solidify at least the first
11 material; and -
12 removing the second material from the cooled dispersion
ad 13 to yield spherical particles of the first material.
14 -
15 2. A methad according to claim 1 wherein the step of
16 removing comprises the step of dissolving the second
17 material in a solvent in which the first material is not
18 soluble. )

19
20 3. A method according to claim 1 or claim 2 wherein the

21 step of cooling includes cooling both the £first and second
22 materials sufficiently to form solids before removing the
23 second material. '

24 .
: - 25 4. A method according to any of the preceding claims
(. 26 wherein the second material is a polymer material.

27

28 5. A method according to any of the previous claims
29 wherein the second material is a caramel.

30 ' .

31 s. A method according to any of the previous claims
32 wherein the first material comprises a thermoplastic polymer
33 suitable for use as a toner material.

34 |

35 7. A method according to any of the previous claims
36 wherein the second material is water soluble and the solvent

37 is water.

38
This Sheet Has Been Replaced
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The emyl.sion is. then mmﬂ M fy the two materials such that snall,
pr ef e%ﬁ&ﬁﬂé’rl cal ”mw ! ’” e first material are POTANKD3I/00127
mhtrix of the second nmaterial .. The Solid seto® Taterial is renoved by
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7 9. A method according to any of the previous claims
€ wherein the two materials have a ratio of viscosities at the
9 tempefature of the sheéring step which is less than 5:1.

100 | -

11 10. A method according to claim 9 wherein the ratio is less
12 than 2:1.
13

¢ 14 11. A method according to any of the previous claims and
15 including the step of adding a powdered insoluble material
16 into the melted emulsion before the step of shearing is
17 completed, whereby the powder adheres to the blobs and
18 thereby coats the resulting particles.
19
20 12. A method according to any of the'previous_claims
21 wherein the first material is a pigmented polymer.
22 '
23
24
25

_ 26

( 27
28
29
30
31
32
33
34
35 . : _ _

36 ' - -
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the-Véngth of tinme during which the shear forces are applied and to sone
ext ent Widn94/0608%et hod of application. I't has been further fRCEHNLOBAOIZLNe of

the preferred enbodi nents of the netho ive excellent narrow distributions
of particle size. Preferably, the particles are substantially

spheroi dal, however under certain circunstances ellipsoidal or somewhat
irregular particles result fromthe process. - In one preferred

enbodi ment of the nethod of the invention, the two nelted materials are
mxed with a wre beater or a single stiff wire which is rotated
perpendicular to its axis. This systemis preferred for materials which
‘have a relatively |ow viscosity at the m xing tenperature. - A second
enbodi nent of the invention utilizes a two or three roll mll to emulsify
the two materials. The materials are nelted and fed through the mll a
‘number of times to conplete the emulsification. Such nethod is especially
suitable for materials which have a high viscosity at the m xi ng

tenperature. The tenperature and or the speed of the mll are changed to
control the shear rate and hence the particle size. In athird
enbodi ment of the invention the nelted
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int
extruder 10 is fill ecEim A2l A 2 oolyner and
80-85% host material via an entrzznnrbr1135Thnvnntmouals are preferably

heated in the extgydep b dht CYRVH L En PLEIHADL Y £ 48 thd' SFEoliiti {1 8F! b9
small particles, especially in the range of 1-10 micrometers
", in diameter. Such particles are especially useful for use in
11quid or powder toners.
‘- - BACKGROUND OF THE mvzm-zou

Toner materials, whether for 1iquid or powder toner
development, should be tough, abrasion resistant, elastic
and have proper electrical properties.

Many methods for the production of micron sized
particles for use in liquid and powder toner compositions
are known. These methods can be divided into a number of
classes. ' .

One type of process produces particles by dissolving a

o ultrasound energy which has the effect of breaking
f{the first material into smaller particles suitable
Shedar forces are believed to cause the breakup of the
di nment . In a fourth, especially preferred,

and j host" materials are enmul sified

ot (1) tonomer or polymer or a plurality of monomers and/or
,;;251L8 E; olymers in a solvent, producing a polymerization reaction
- E’:“ %%% g to form an inscluble polymer while stirring the
@ gg;g \% olution/dispersion such that the polymer is precipitate§ as
%ff:?ﬁﬁé :ﬁEmall particles. Example of this type of process are

wPERYY E:described in U.S. Patents 3,779,924, 4,996,265.
Eé’ﬁ:«ig‘j g In a second type of process, a polymer or other
% é"%é" iJmaterial is dissolved in a solvent. The solution is combined
%*’é@?ﬁf’—g % ith a solvent in which the polymer is insoluble and as a
E %-% % 2 (result the polymer precipitates out of the solution as small
Q‘\g gg\g gparticles. The mixture is stirred during the process to aid
in the formation of the particles. Examples of this type of

process type are shown in U.S. Patents 3,679,586, 3,718,593,
3,682,825. .

In a third production process the particles are
produced by crushing or otherwise fracturing a polymer
material and then classifying the particles according to
size. .

In a fourthiproduction process especially suitable for
producing liquid toner, polymer particles are wet ground to
produce particles. Examples of such processes are found in
U.S. Patent 4,794,651. i

In a f£fifth process the polymer is dissolvéd in a
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-7- points such thpt ~-Re—extrueed erial conprises long, relatively thin,

streamers of tonerjmpterial in thel hpst material. This tenperature is not
very critical. Thip pxthbd®N 8N ik | hen passed t hrough a tube 12 which is
preferably fromO. o _several netlers long at a higher tenperature than the
extrusion process.{ln a preferred enpodinegt of the invention, the m X

requi res between 1 ours fo traverse the tube During this
traverse, t heogmmeegass@ammmm nOGMsﬁ@h?ﬁartl)y whieh disoschenvspyay

narrow rangeggfi i l%sprodu@%éffﬂéi B9 Fhe :%9. ré C@izéQ”ﬁ&oﬁ%ﬁ:@dCb%S

I n host naterlal solidifies as It eaves (shown
schemati cal | $hif PIPCRRE BRE pSten §GP|&°FHFeFP£ItP§eEhoken into smal
pi eces shown schegais .caayent ¥, J.asstﬂs/enaek&rrfbébela s tho prmwest lae

nost Tt or| b1 GERE! Betkrils NY WIERTYPUE B JPEDEteR RribrIEs il "
set of experanselvens- #bichr Lsonopmgidyt solddr (gt yogm<nemp§ﬂa¢uu§i1 The
| ononer 1t eghg 16R" $shediaed Rl ES11dif1dd) Qe AdwlsBRLA isdivait 1is

extruded fromt
then dissolved in a second, liquid (at room temperature)

solvent leaving the polymer. The polymer is brushed through
a screen to form a polymer powder.

U.S. Patent 3,586,654 describes a seventh method for
producing toner particles in which & polymer is melted in
super-heated water (under high pressure) and shear is
supplied to form blobé of melted polymer dispersed in the
water. The dispersion is cooled to solidify the polymer as
round particles and the particles are separated from the
water. Since the water and polymer have such disparate
viscosities it is difficult to transmit sufficient shear to
form the particles. U.S. Patents 3,422,049, 3,449,291,
3,472,801 all describe similar methods of toner particle
production.

These proceéses are either incompatible with the toner
requirements, hard to control, expensive or are limited in
the range of materials which can be produced.

- SUMMARY OF THE INVENTION

In accordance with a preferred embodiment of the

invention, particles are produced by the process of:

|oamep)

melting together first material and a second material
which are incompatible (immiscible);

applying shear to the melted mixture to create an
emulsion of the first material and second materials whereby
finely divided spherical blobs of the first material are
dispersed in the other material;

cooling the dispersion to solidify at least the first
'material; and

separating the first and second material, preferably by
dissolving the second material in a solvent in which the
first material is not soluble.

T
LT
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. ugh a 1.94 cmdi aneter tube having various
: 0, et
E Af Rl 87,

. heated to a tenperature of about
f_one-half 1

mat eri al through the tube was of the

hour. Wen the exiting material was
shredded and the host naterial was dissq1w$q_in hexane substantially round
particles of tone ' =aed. he size of the particles depends
on the anount of Reaferablyng hokh piheadd rft t ardpiseqandufrterd almearehi s
in turn depgysislea et Lapentily etof £oiem t 882 idd cbeEese afembivihdg Nehe

material s.traverse the t and the dianeter of the tube. Toner particle
sizes in th(?erﬂ"é?%r’ffamtﬁ'r"é%h sub- micron range can thus be nmanufactured
usi ng essenti al | yprdPbesabldypr cthes fixwsthmatexrd alhel oper pol yaerarsuktabie

In a furt herfogggé' Rta ff.’c;nép%ﬂ _ ion of toner particles suitable for
i quid toner and especi al or powder  toner applications, caranel host

material is prepé’r‘bdGQSPOt!‘(é}mg wigharaner preferred: endgsiinents af the
invention the second material is a polymer material, in
accordance ﬁith a second preferred embodiment of the
material the second material is a non-polymer material.

The solvent may be water if the second material is
water soluble or the solvent may be a hydrocarbon in which
the second material is soluble and the first material is
insoluble. _ _

Preferably, the two materials have viscosities, at the
temperature at which the step of shearing is performed,
which enable the transfer of sufficient shear to the first
material to cause it to form blobs of the regquired size.

Suitable toner materials for the process includes
polystyrene, Ionomers such as Surlyn 9020 (du Pont) or Iotek
8030 (EXXON) and polyester and co-polyester material such
as, for example, Dynapol 1228 marketed by Hulls as well as
blends of polymer materials.

The toner material may have a colorant such as carbon
black or pigment dispersed therein before the start of the
process of manufacturing the spherical particles.

Suitable second materials include the polymers WSR 301
Polyoxyethelene (UNION CARBIDE), hydroxy propyl cellulose
marketed by AQUALON under the trade name KLUCEL which are
water soluble and vinyl toluene acrylic co-polymer, marketed
by Goodyear under the trade néme PLIOLITE VTAC and PLIOWAY
EC~1, which is a substituted styrene acrylate copolymer
marketed by Goodyear all of which are soluble in hexane.
INKOVAR 1150 an aliphatic resin produced by Hercules is also
useful as a second material. Caramel (cross-linked sugar)

(S

can also be used as the second material, and is inexpensive,
non-polluting and water soluble. '

In a preferred embodiment of the invention the ratio of
toner material to other material is between 10:90 and 40:60.
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- 8- white sugar. Iﬂe’sugd1 S relted and m xed for a total of 4 hours at a
tenperature of 1 ]&FL@ i8 [grr]C. The material is discharged when
still warm ﬁ o] 8 ariticle materiral is prepared by conpoundi ng
120 grans of Dyn nol Q 1228 mnfh 30 grams of BT 583D (bl ue pignent produced
by Cookson) in{a Brabender Two- Roll MII| heated to 100[err]C by an oi
heating unit. The—mater+ats—are—donpounded for about 20 mi nutes at 65 RPM
with a torqMoné poeferadblynthdcratior iisl betwihenhlbg8s wmnd S8Q1701 Rerm
and is shreqggd ﬁé@én@%gﬁaﬂa mateIEﬁP.Eo'&%rd l%"ifédﬂ.'rfgs n%&aaedyseﬂobyokhe

follow ng s caranel _material and 40 grans of col ored

shr edded tor?eé) 185 1and 20:8Q ?%%mﬁ@ysﬂﬁ?feﬁ?% m xer

The step of shearing can be carried out using any

&\L

suitable shearing apparatus, consistent with the viscosities

of the two melted materials. These may include a simple
" stirrer for relatively low viscosity materials to an
i, extruder or ball mill for high viscosity materials. In one
¢ embodiment of the invention a household mixer is used to
) apply the shear.

In a preferred embodiment of the invention the melted
material is first extruded through an extruder at a
relatively low temperature to form relatively long streamers
of the first material distributed in the second material.
The material which exits the eitruder is further heated and
passed though a long relatively thin tube. In this tube the
long streamers break up into blobs of first material. During
the passage of the material through the tube, which
preferably takes between 15 and 45 minutes, the blobs of
first material become rounded and the first material, which’

. 1s present in the composite which exits the tube are nearly
spherical.

Preferably the composite material is shredded or
crushed to speed up the dissolving of the second material.

In a preferred embodiment of the invention, particles
which are insoluble in the second material but have either a
physical or chemical affinity for the molten first material
are added to the heated mixture. When this mixture is
further mixed, the particles at least partially coat the
molten blobs. On cooling, and removal of the second material
the particles of the first material are not smooth, but are
coated with the insoluble particles.

The insoluble particles are preferably used to modify
the characteristics of the particles. For example, particles
of ACCUFLUOR CFX which is a fluorinated carbon marketed by
Allied Chemicals can be added to the molten mixture. This
additive adheres to the surface of the molten blobs and
enhance the chargeability of the resultant particles and
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heated to abou %BQQC.'TﬁEEﬂEE al is mxed for about 20 m nutes. 2-
The caranel isjdissolved by the pddition of warmwater to the m xture. The
remai ni ng tonef partiiJAN 199% Wabhed with additional water to renove all
traces of the ¢agamel. The watgr|is renoved by washing the toner particles
wi th | sopropangl . 3= The Tsopropanol is renoved by washing the
particles withithe carrier ljquitl (Isopars Pehet eck, Marcol , etc.) which is

to be-used-apridwidger i %uflf@dél rautgmésauwm:tenemﬂmcesl whé squash
ol | owed by FEASHERRFS, a% f dnmubfysopes "EndEe Uabpiarie “RTnE &
measured in shm@espaﬂthﬂze add:bt-‘bmm parctigles aoudde heyssurfactints cto
b Ch ey o P Zafgel bl BRI SRR hthe Binkf GOt (e b ghiee
physi cal or &’I‘i\érﬁl'baﬂmﬂﬁ thie ypaskiehesnax é?lﬂl‘FFsPaﬁ’éﬂ% vhigch, arterd
the heated megdii ethéh@ustf@cE £ thes poliyher Iﬂﬁ@dthbﬁ'em’ytdzﬁhﬁ@eatthe
| east partlahé4phology of the particles.
BRIEF DESCRIPTION OF THE DRAWING
The invention will be more clearly understood in
conjunction with the'following description of preferred
embodiments of the invention taken togéther with the
following drawing in which: '
The Fig. is a schematic illustration of an extrusion
apparatus useful for producing particles in accordance with
a preferred embodiment of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention comprises the formation of
particles of a first material by mixing melted first
material with a gquantity of a sécond melted material in
which the first material is immiscible.
The melted mixture is emulsified by subjecting it to
shear forces which cause the first material to form globules
("blobs") of substantially spherical shape in the second
material. In order to provide for good transfer of the shear
- forces, the two materials should have roughly comparable
» viscosities at the temperature at which the shear is applied
'and the first material should preferably have a higher
surface tension than the second material. It is believed
that a.ratio of 2:1 in surface tension is preferable, but
that ratios of 5:1 or more are also useful in the
performance of the invention. - '
| The emulsion is then cooled to solidify the two
materials such that small, preferably spherical, particles
of the first material are formed in a matrix of the second
material. The solid second material is removed by dissolving
the solid mixture in a solvent in which the second, but not
the fifst, material is soluble. At this point the remaining
round particles of first material are optionally washed and

19”209 2]
—




-~
5.

coat the nolte
particles of t
i‘nsol ubl e part
i nsol ubl e part
the particles.

L

e r’%
ed. T JAN 1997

es are prefer

0.
A4
I

A
RPLACEHENT SHEFT
r

st materi a

For exanpl e,

A .

and renova

of the second nmateri al

t he

re not snooth, but are coated with the
_ The

y used to nodify the characteristics of
LUOR CFX gowder which is a fluorinated

| s can

e .added to

-9-

n.m xt

‘car bon nark%%E

powder adher
chargeabilit

whi ch enhances t
using the particles.

Fﬁﬁﬁ?nﬁF?éﬂ“BlB&?%ﬂm

gobfenbe resultant particles and provides surface roughness

NEné qgfggr b2 ikhe? et 1dic1ad Wi d&Pita | GRIEHEC hRLARE of

shear force which is applied and, generally speaking, the
uniformity of the particles size distribution will depend on
the length of time during which the shear forces are applied
and to some extent on the method of application. It has been
further found that some of the preferred embodiments of the
method give excellent narrow distributions of particle size.

Preferably, the particles are substantially spheroidal,

E however under certain circumstances ellipsoidal or somewhat

complete the emulsification.

irregular particles result from the process.

In one preferred embodiment of the method of the
invention, the two melted materials are mixed with a wire
beater or a single stiff wire which is rotated perpéndicular
to its axis. This system is preferred for materials which
have a relatively low viscosity at the mixing temperature. '

A second embodiment of the invention utilizes a two or
three roll mill to emulsify the two materials. The materials
are melted and fed through the mill a number of times to
Such method is especially
suitable for materials which have a high viscosity at the
mixing temperature. The temperature and or the speed of the
mill are changed to control the shear rate and hence the
particle size. :

In a third embodiment of the invention the melted
mixture is subjected to ultrasound energy which has the
effect of breaking up larger globules of the first material
into smaller particles suitable for use as toner. Shear
forces are believed to cause the breakup of the particles in

. this embodiment.

In a fourth, especially preferred, embodiment of the
invention the toner and "host" materials are emulsified in
the apparatus illustrated schematically in the Fig. In this
apparatus an extruder 10 is filled with a mixture of
preferably 15-20% toner polymer and 80-85% host material via
an entry port 11. The materials are preferably heated in the
extruder to a temperature preferably very near their melting

SRR T
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additive partficfes c urff actants to reduce the friction between
powder toner ntjs whi ch coat the particles or other

particles whi om tlhg surface of the polynmer and thereby change
t he nor phol og ' s such as carbon bl ack or carbonate
mat eri al s. In a further serjes of examples colorant is dispersed in

the toner nmtEriat—betore The toner material is mixed with the first
material. poimtsnsusianthat cthe extoruded| satapialdd aomprigessiiongs

arts of DYM%%;E Y%?J} M Eeralels d
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| NKOVAR. minutes and 1.5 hours to traverse ‘the tube. During this

: traverse, the streamers break up into substantially round
blobs having a narrow range of sizes.

The resulting mix of spherical toner particles in host

' material solidifies as it leaves the tube (shown
schematically at 13) and the cool, solid material is broken
into small pieces shown schematically at 14. A solvent 16 is
then used to remove the host material. Generally the
particles should be washed several times with the solvent to
remove all traces of the host material.

In a particuiar set of experiments 15-20% of pigmented
Surlyn 9020 or Iotek 8030 ionomer materials were heated
together with PLIOWAY EC-1 material and extruded from the
extruder. The mix was passed through a 1.94 cm diameter tube
having various lengths of 0.5, 1.0 and 2.0 meters heated to
a temperature of about 160°C. The transit time of the
material through the tube was of the order of magnitude of
one~half to 1 hour. When the exiting material was shredded
and the host material was dissolved in hexane substantially
round particles of toner material remained.

The size of the particles depends on the amount of
shear during the passage of the mix through the tube. This
in turn depends on the temperature of the tube, the speed at
which the materials traverse the tube and the diameter of
the tube. Toner particle sizes in the micron, or even sub-

. micron range can thus be manufactured using essentially the

. same process by changing the operating parameters.

In a further experiment for the production of toner
particles suitable for liquid toner and especially for
powder toner applications, caramel host material is
prepared by loading a planetary mixer with 3650 grams of
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is mixedin enwood nodel K
at a sl ow speed fbit JANIR e§,

additional m{nyites at speed

ed to a tenperature of about 135[err]C and
02 electronic mxer. The material is m xed
at speed 3 for 5 mnutes and finally for 5
es at hi gh speed). The material is discharged
fromthe pot while still warmand is allowgd_to cool to roomtenperature
The material U : | particles and the I NKOVAR i s renoved by
repeat ed wasWhhigewsugarsofhe sugaysiisy melted and mixed for a total of 4
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sol ution of éiﬁ%ﬁéﬁgg& kig agti r&;%;.lqu|d as desired “
Colored toner particle material is prepared by
compounding 120 grams of Dynapol S 1228 with 30 grams of BT
583D (blue pigment produced by Cookson) in a Brabender Two-~
" Roll Mill heated to 100°C by an oil heating unit. The
materials are compounded for about 20 minutes at 65 RPM with
a torque of about 45 Nm. The material is discharged while

still warm and is shredded after cooling.

The toner particles are produced by the following
steps: ' ' oo

1- 60 g of caramel material and” 40 grams of colored
shredded toner material are loaded into a small wire mixer
heated to about 100°C. The material is mixed for about 20
minutes. '

2- The caramel is dissolved by the addition of warm
water to the mixture. The-remaining toner particles are

. washed with additional water to remove all traces of the
"caramel. The water is removed by washing the toner particles
with Isopropanol. _

3- The Isopropanol is removed by washing the particles
with the carrier liquid (Isopar, Peneteck, Marcol, etc.)
which is to be-used as the carrier liquid in the liguid
toner. The solvent replacement i1is performed by
centrifugation and decantation of supernatant followed by
redispersion in fresh solvent.

The resulting particles as measured in Shimadzu

particle size analyzer have an average size of 8.67
micrometers.

In a preferred embodiment of the invention, particles
.which are insoluble in the host material but, preferably,
have either a physical or chemical affinity for the molten
first material, are added to the heated mixture. When the
‘mixture is further mixed, the particles at least partially
coat the molten blobs. On cooling and removal of the second
material the particles of the first material are not smooth,
but are coated with the insoluble particles.
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and charge direBF%V“EN@NldﬁgﬁTt for a liquid toner. The particle size as
measured by a}SHhi madzu particlle|size analyzer is 3.51 mcroneters (nedian).
I'n a second ejanpl £1aJARM997 t Yp¢, a 25[err] solids dispersion of tentacular
particles comyrilsi ng 80% Surl yn{165L and 20% Mogul -L carbon bl ack in '
| sopar-L is adqded™~To a mxruar f PLIOMY EC-1 (600 grans) and Marcol - 82
(100 grans) peheated to 130[erf]C. The m xture is mxed in the Kenwood
m xer at |ow speefhendrselukbecparticles nmtuntherabbntused[QDWMbdify
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mat eri al naylfguid toner image developed using the particles. Other
additive particles could be surfactants to reduce the
friction between powder toner particlés, pigments which coat
. the particles or other”particles which extend from the
surface of the polymer and thereby change the morphology of

the particlés, such as carbon black or carbonate materials.

In a further series of -examples, colorant is dispersed
in the toner material before the toner material is mixed
with the first material.

In one example toner material is prepared by dispersing
56 parts of DYNACOL 8130 and 14 parts of DYNACOL 8150
(copolyesters produced by Hulls) with 10 parts of DESMUCOL
420 (hydroxyl polyurethane produced by Bayer) and 20 parts
of BT 5830 (blue pigment produced by Cookson) in a two roll
mill heated to 90°C until the material is well dispersed.
200 grams of this toner material is loaded into a metal pot
provided with an external metal heater together with 570

- grams of INKOVAR 1150 (an aliphatic resin produced by
Hercules), 30 grams of Marcol M-80 (EXXON) and Lubrizol-890

" (Lubrizol). The Marcol and Lubrizol are added to reduce the
viscosity of the mixture and to improve the separation of
the toner and INKOVAR.

The material in the pot is heated to a temperature of
about 135°C and is mixed in a Kenwood model KM202 electronic
mixer. The material is mixed at a slow speed for 5 minutes,
at speed 3 for § minutes and finally for 5 additional
minutes at speed 5 (high speed).

The material is discharged from the pot while still
warm and is allowed to cool to room temperature. The

' materiai is crushed to small particles and the INKOVAR is
removed by repeated washing with Isopar-L, using a
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pollution fagarticle size as measured by a Shimadzu particle size

analyzer is 3.51 micrometers (median). _

In a second example of this type, a 25% solids
dispersion of tentacular particles comprising 80% Surlyn
165L and 20% Mogul-L carbon black in Isopar-lL is added to a
mixture of PLIOWAY EC-1 (600 grams) and Marcol-82 (100
grams) preheated to 130°C. The mixture is mixed in the

. Kenwood mixer at low speed and the temperature is reduced to

about 100°C. Mixing is continued at low speed for 70
minutes. The resulting material is discharged warm and
allowed to cool. The material is crushed and the PLIOWAY is
removed by repeated washing with toluene and centrifugation.
The toner is washed repeatedly with Isopar-L to remove
traces of Toluene. The particle size as measured by a
Shimadzu particle'sizé analyzer is 3.01 micrometers
(median). It should be noted that the starting toner
material is in the form of tentacular toner particles having
a size in the 1-2 micrometer range. Methods of producing
such toner are well known in the art. Such material was used
for convenience only. The starting toner material may be
prepared by dispersion of the carbon black in the Surlyn
material by a two-roll mill or by any convenient method and
pulverizing the resultant product. The Isopar-L has the
added effect of solvating the Surlyn at temperatures above
room temperature and thus reducing the temperature of the
process, since unsolvated Surlyn melts at've:y high
temperatures. '

A wide variety of materials are useful in the present
invention, for example, those materials listed in the
summary of invention. In each case one material is chosen
for its properties as a toner and the other, host, material
is chosen based on its incompatibility with the first
material, its melting point and viscosity relative to the
first material and cost and pollution factors.
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wherein the sthe !tepsﬁoikng conprises the step of dissolving the second
material in a sol vagiciRgVibgBthe? i Eirstinate?1als afdl a second material

. which are incompatible:;

applying shear to the melted mixture to create an
emulsion of the first material and second materials whereby
finely divided spherical blobs of the first material are
dispersed in the other material;

cooling the dispersion to solidify at least the first
material; and

removing the second material from the cooled dispersion
to yield spherical particles of the first material.

2. A method according to claim 1 wherein the step of
removing comprises the step of dissolving the second
material in 8 solvent in which the first material is not
soluble.

3. . A method according to claim 1 or claim 2 wherein the
step of cooling includes cooling both the first and second
materials sufficiently to form solids before removing the
second material.

4. A method according to any of the preceding claims
wherein the second material is a polymer material.

5. A method according to any of the previous claims
wherein the second material is a caramel.

6. A method according to any of the previous claims
wherein the first material comprises a thermoplastic polymer
suitable for use as a toner material.

7. A method according to any of the previous claims
wherein the second material is water soluble and the .solvent

is water.
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sol ubl e. 3. A ne?ﬁBENEEEBTH“ﬁg*TO claiml or claim2 wherein the step
of cooling | ncI u m‘wﬂmum H he first and second materials
sufficiently to f ” !” L renovi ng the second material . 4. A
met hod according to any “of"t e precedi ng clai yg wherein the second materi al

Is a polyner material 5. A net hod according to any of the previous
clai ms wherein Bhe sAcethadedagordingatandny of the pREwiouscSiphims

to any of the pyRére¥A ehal E&r‘d‘terﬁdl sdtorld ndtePi£1s ad:aeerms&eswies, at

t her mopl asti ¢ p@LX”‘%EmS%!cta%ure a rw Si hast Botner orTPtgtrnearing is performed,
which enable the transfer of sufficient shear to the first
material to cause it to form blobs of the required size.

9. A method according to any of the previous ‘claims
wherein the two materials have a ratio of viscosities at the
temperature of the shearing step which is less than 5:1.

"10. A method according to claim 9 wherein the ratio is less
than 2:1.

1l1. A method according to'any of the previous claims and
ancluding the step of asdding a powdered insoluble material

- into the melted emulsion before the step of shearing is
completéd, whereby the powder adheres to the blobs and
thereby coats the resulting particles.

12. A method according to any of the previous claims
wherein the first material is a pigmented polymer.

REPLACEMENT SHEET !
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7. A nethod according to any of the previous clains wherein the second
material is water soluble and the solvent is water.

-*12 - 8. A nethod according to any of the previous clains wherein the
first and second materials have viscosities, at the tenperature at which
the step of shearing is perforned, which ghable the transfer of sufficient
shear to the first material to cause it to form bl obs of the required size.

9. A method according t qeaiyh Phe MARUHCTURINE SPRERIERL PARTICLES

ABSTRACT OF THE INVENTION

A method for producing spherical particles including
the steps of:

melting together a first material and a second material
which are incompatible: _

applying shear to the melted mixture to create an
emulsioh of the first material and second materials whereby
finely divided'sphericél blobs of the first material are
dispersed in the other material;

cooling the dispersion to solidify at least the first
material; and ' | _

removing the second material from the cooled dispersion
to yield spherical particles of the first material,
preferably by dissolving the second material in a solvent in

" which the first material is not soluble.

FIGURE 1 | REPLACEMENT SHEET
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wherein the two materials have a ratio of viscosities at the tenperature of
the shearing step which is less than 5:1. 10. A nethod according to
tlaim9 wherein the ratio is |less than 2:1. 11. A method according to any
of the previous clainms and including the step of adding a powdered
insoluble material into the nelted enuflsion bg %@AQ @Hff§ﬁ shearing is
conpl eted, whereby the powder adheres to the pl'0 h 5 coats the
resulting particles. 12. A method accordinp fo any of the jprlevi ous
clains wherein the first material is a pignenfefl fol iy 1997

11

/
x4

EXTRUDER ' ‘

T

FIG. 1

Y

EREY- S
3

’b.-:i

A
K"



