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TTLE
HIGH PRESSURE MEDIA MILL
FIELD OF THE INVENTION

This invention discloses a high pressure media mill (HPMM) and
processes for use thereof.

TECHNICAL BACKGROUND

Slurry media milling is an important unit operation in various
industries for the fine and ultra-fine grinding of minerals, paints, inks,
pigments, micro-organisms, food and agricultural products and
pharmaceuticals. In these mills, the feed particles are reduced in size
between a large number of small grinding media which are usually sand,
plastic beads, glass, steel or ceramic beads. As a result of the internally
agitated, very small, grinding media and the liquid medium (aqueous, non-
aqueous or a mixture thereof), finer particles of submicron or nanosize
particles dispersion product can be produced, which has not been
previously done by conventional mills.

Supercritical fluid (SCF) processing technology has many
applications in food, nutraceutical and chemical industries and is now
emerging as an alternative technology in the pharmaceutical industry with
applications ranging from particle formation, micro-encapsulation, coating,
extraction, and purification. Carbon dioxide is the most widely used SCF
for pharmaceutical applications even though other hydrocarbon gases
such as ethane, propane, butane and ethylene, water, nitrous oxide
ammonia and trifluoromethane have been reported for other applications.
Three types of SCF processes have been disclosed. They are:

1) rapid expansion of supercritical solutions (RESS) process,

2) antisolvents process, and |

3) particles from gas-saturated solution (PGSS) process.

The RESS process is limited for SCF soluble compounds because
it involves dissolving the compounds in the SCF and the subsequent
formation of particles by rapid expansion through a nozzle. Most drug
compounds have very low solubility in SCF especially supercritical CO,.

The antisolvent process uses the SCF as an antisolvent to
precipitate particles from predissolved solvent solution with the sample
principle of antisolvent crystallization process. The method developed by
University of Bradford in US 5,108,109 combines the antisolvent and
nozzle expansion to control particle formation. The limitation of the
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antisolvent process is a soluble solvent has to be used for a given
compound.

Weidner (US Patent No. 6,056,791) discloses a process to dissoive
CO, in liquid or melted drugs or polymers to form a gas-saturated solution
followed by depressurization to form particles. Some apparent
disadvantages with this process are that the elevated temperature
required to melt the compounds could degrade the compound, and that
the high viscosity of melts could limit the particle size of product.

U.S. Patent No. 5,854,311 discloses the use of 10 to 40 um
particles in powder coating applications. The process disclosed was run
at no more than 30 psig.

U.S. Patent No. 5,500,331 discloses the comminution of materials
with small particle milling material. U.S. Patent No. 5,145,684 discloses
surface modified drug nanopatrticles. The technology disclosed in these
patents relates to a milled slurry, but not dry flowable nanoparticles, as a
liquid media is used in the process.

Hock S. Tan and Suresh Borsadia, Particle Formation Using
Supercritical Fluids: Pharmaceutical Applications, Exp.Opin. Ther.
Patents (2001)11(5), Asley Publications Ltd. reviews a number of process
concepts using supercritical fluid (SCF) processing methods for controlled
particle formation. However the article does not describe grinding milling
equipment using SCF to generate dry flowable sized micro particles.

The present invention, a high pressure media milling (HPMM)
process, combines a slurry media mill with supercritical fluid (SCF)
technology or with volatile gases as a milling medium to produce micron
and nanosize particles in a dry free flowing powder form without a
limitation of solubility and without the requirement of organic solvents or
high temperature. The volatile gas may also include those cooled to a
liquid state, such as liquid CO2. The process has applications for use with
a broad range of materials including heat sensitive bioactive materials and
environmental sensitive electronic materials.

SUMMARY OF THE INVENTION

The present invention concems a process for milling, comprising
the steps of. a) adding grinding media and material to be milled to a high
pressure media mill; b) evacuating mill to produce a vacuum; c) adding a
supercritical fluid or a volatile gas to said mill; d) pressurizing and
maintaining the pressure in said mill; and e) operating the mill so that

product particles are reduced in size.
2
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The process also comprises the additional step of adding liquid or
solid materials to step (a) for coating product particles.

The above process uncludes an embodiment wherein the median
product particle size less than 200 um in size, preferably less than
100 um in size, more preferable less that 1 ym. It is preferred that the -
product contains no residual milling fluid or gas.

The invention also includes a mill, comprising: a) a grinding
chamber capable of holding material at pressures of up to 2000 psig; b) a
magnetically driven stirrer in said chamber; and ¢) a magnetic drive.

The invention also includes the above-described mill further
comprising: d) one or more ports leading into said grinding chamber for
charging and discharging grinding media, materials to be ground and
fluids under high pressure. ,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 describes the general design of 2 SC media mill.

Figure 2 describes a layout for a media mill pilot plant.

Figure 3 shows a PT curve for CO, in a SC media mill.

Figure 4 describes calculated values for pressure density curves.

Figure 5(a) shows supercritical milled TiO, in KNOj titrated against
HNO3; and KOH.

Figure 5(b) shows a scanning electron micrograph of product.

Figure 6(a) shows a micrograph of NaCl starting material.

Figure 6(b) shows a migrograph of the same material after grinding.

Figures 7(a) and (b) show a light microscope picture of the proceed
material in 19a.

Figure 7(c) shows a SEM picture of ibuprofen on 19a.

Figure 8 shows a SEM picture of ibuprofen at a kv accelatioin of run
19(c).

DETAILS OF THE INVENTION

The slurry media mill described herein is capable of micron and
nanoparticle slurry production and can be widely used in the chemical
industry for large scale operations. The SCF is used herein as a low
viscosity liquid medium for better dispersion and energy transfer during
the milling. Dispersed, dry free-flowing powder is obtained as product
when SCF is released after the milling process. Also, the process is not
limited to the use of SCF. Under Tc¢ (or T, critical temperature) and Pc
(or Pgrit, critical pressure), liquid CO; or other volatile gases can be used
as the grinding medium.

3
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This process offers significant advantages over existing
micronization processes, especially for pharmaceutical applications.
These advantages include generation of dry micron and nanosize particles
which are difficult or impossible to generate by micronization and other
existing processes, integrated coating or encapsulation during milling
process, dry fine particles for direct inhalation formulation, including dry
powder inhalation and metered dose inhalation as well as oral and
parenteral formulations, and integrated disruption and extraction of active
ingredients from solid particles, cells, plants and the like.

The high pressure media mill (HPMM) arrangement, described
herein and shown in Figure 1, is a media mill grinding chamber (4) which
is pressurized with a supercritical gas, e.g. carbon dioxide. The energy
required for size reduction, deagglomeration and dispersion of the product
particles is derived from a mechanical stirrer (5) that controls a group of
stirring discs (17) that move grinding bead media (27) in the mill grinding
chamber (4). The mill grinding chamber (4) has a bottom section (20) and
a top section (19). Product particles are trapped between stirring discs
(17) and are exposed to colliding grinding bead media (27). Drive belt
(28) is attached to motor (29) which has speed sensor (30) and torque
sensor (31).

The mill is operated above the supercritical pressure and
temperature of the fluid, in most cases CO,, although any compressible
gas can by used, including but not limited to hydrofluorocarbons (HFC's)
and their alternates, propane, methane and the like. Selection of the
pressure and temperature allow control of the viscosity and density of the
fluid, which has an important effect on the flow patterns, and therefore
heat and mass transfer, in the mill chamber.

The HPMM is particularly useful for the production of submicronic
particles in dry form. Production of a dry well-dispersed powder is
possible because the supercritical fluid is vented off, after processing.
There is no need to use water (e.g., some materials, such as proteins, are
unstable in water) and the drying step is eliminated. Also, the process
train is simplified and integrated (e.g., surface treatment and dispersion of
nanocrystalline materials; grinding, disruption of cells and simultaneous
extraction of biological components occur without exposure to air/oxygen),
and thereby is generally less expensive than other methods of dispersion
and grinding.



WO 02/094443 PCT/US02/16159

10

15

20

25

30

35

The design of the media mill itself is shown, as described above, in
Figure 1. The grinding chamber is a pressure vessel (4) consisting of a
bottom section (20) and a top section (19). The HPMM pilot plant herein,
shown as Figure 2, is assembled by attaching four stirring discs (17) to the
shaft controlled by the magnetic stirrer (5) in the top head section (19) of
the assembly. The bottom (20) of the vessel is attached to the head
section by sealing means. The sealing means can be mechanical,
magnetic or a combination thereof. Bolts can be used along with or as
part of the sealing means. The connections for cooling and heating
(21&22) of the jacket around the vessel are attached.

The lines of the rupture disc (10) to the catch drum (11) and drum
vent (25) are attached for safety.

The plug in the charging port (13) in the head section is removed
and a funnel is used to charge the grinding media and the solids to be
processed. Any other liquid or solid components used to coat the
particles are charged through the same port at this time. The port is
closed with the plug and ready for charging with the supercritical fluid to
be used.

All the valves in the supercritical media mill are closed and the
valves (14, 15, and 16) from the vacuum pump (7) through the product
collection filters (6) are opened to evacuate the system of all air before
processing starts. This vacuum is broken with the SC fluid (1) on scale
(24) to be used in the processing and is done by shutting the valves to the
vacuum pump (16) and opening the valve to the SC fluid cylinder (2) to be
used. This evacuation and purging is repeated three times before
charging is started.

When the last pull down of the vessel is complete the weight is
recorded from the cylinder scale (24). The cooling water (9) is tumed on
the jacket and then the vessel is charged with a specific weight of SC fluid
and from the cylinder (1) and valve (2) either through the line or by using
the pump (3) and then the valve for the cylinder (2) is closed. This weight
of fluid is recorded. Valves (14&15) are closed to isolate the vessel.

The motor (5) is tumed on to a set speed and the cooling water (8)
is tumed off and heating (9) is started. The heating is set at the specific
temperature for the designed experiment being conducted. The datais
recorded on the monitoring and control system (12) including RPM,
torque, temperatures, pressure, and flow rate in GPM to the jacket until

the desired test time is complete.
. 5
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The heating (9) is then stopped and the cooling (8) is started and
when the vessel temperature is below 25 degrees centigrade the motor
drive (5) is stopped. When the cooling is complete the valve (15) is
opened to collect the product in the collection filters (6). The material is
recovered from the filters for use.

The bottom section (20) of the mill is removed and all the excess
material left behind in the vessel and on the blades is recovered and the
unit is cleaned and re-assembled for future tests.

START UP CONDITIONS

Initial experiments dealt with loading and unloading of the mill,
product collection, temperature and power control and data acquisition.

Before loading with SC CO, the mill needs to be evacuated of air in
a vacuum cycle. The vacuum cycle should be repeated at least 3 times to
remove entrapped air. Monitoring of pressure and temperature is essential
as small changes can lead to large pressure built-up. Monitoring allows
the location in the SC region in the phase diagram (Figure 4).
Furthermore, after initial testing, the following results were noted:

Fast dispersion of TiO, in the SC mill was noted. The primary
particle size was achieved within 10 min. Polymer bead collision was
sufficient to break down TiO, agglomerates. Polymer beads reduced
wear rate, compared to SEPR.

The loading of the mill was measured with a scale to a preferred
loading of 0.65 to 0.7 g/cc.

The operation conditions followed a phase diagram as shown in
Figure 4. The heat exchange/mixing was relatively poor at lower RPM.

Acceptable results were achieved at 50-70 volume percent bead
loading. Good circulation of mill contents was also noted.
Thermodynamics

The PT- curves for the different runs are shown in Figure 3. The
effect of venting is clearly seen. Apparently, if the runs start off with a too
high density (more CO, mass in SC mill, such as series 5,6), the pressure
has to increase to 4000 psig to get to the supercritical isotherm (Tcrit =
31.1C).

series 1: only heating

series 2: heating + stirring

series 3: heating + stirring run 2

series 4: heating + stiming + TiO, 50 g

series 5: heating + stirring + TiO 150 g

6
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series 6: heating + stirring + TiO, 150 g venting 1
series 7: heating + stirring + TiO5 150 g venting 2

Figure 4 is a “Calculated Pressure-Density Curve” and shows the
calculated values for different operating temperatures (‘iO, 27, 31, 35,
50°C). The mill chamber of a constant volume is loaded with a known
mass of CO,. Therefore the density of CO, stays at a constant levels
over a test run. The Figure is used to predict the pressure in the SC mill
chamber for different operating temperatures and allows confirmation that
SC conditions are achieved.

DEFINITIONS -

The following definitions are used herein:

SC: Supercritical

SC CO,: MG Industries, Malvern, PA

Fungicide: Famoxadone

SEPR: Ceramic grinding media from S. E. Firestone Assoc.,
Russell Finex Inc., Charlotte, NC

YTZ: Ceramic grinding media from S. E. Firestone Assoc., Russell
Finex Inc., Charlotte, NC

Poly-Sty: Polystyrene Grinding Media from S. E. Firestone Assoc.,
Russell Finex Inc., Charlotte, NC

Nylon: Nylon Powder, DuPont Co., Wilmington, DE

Silver: silver particle for application in Silver Bearing Conductors,
DuPont Company, Wilmington DE

Unless otherwise specified, all chemicals and reagents were used
as received from Aldrich Chemical Co., Milwaukee, WI.

EXAMPLES
EXAMPLES 1-19

The following experiments were carried out with the HPMM to
explore the operating range (rotor speed, pressure level, run time) and to
study the effects of media charge, media type and additives. The test
conditions are listed in Table 1, “Test conditions®. The following (organic
and inorganic) materials were tested.

O Inorganic - insoluble in H20 (TiO2)

O Organic - soluble in H20 (dextrose, acetaminophen, ibuprofen)

O Organic - insoluble in H20 (famoxadone)
O Inorganic - soluble in H2O (NaCl)
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In addition, silver bearing conductive pastes were tested. These
are thick film compositions for application onto ceramic substrates and
dielectric compositions by screen printing. These substrates are then fired
in a conveyor belt furnace in an oxidizing atmosphere (air) to form
interconnect tracks and pads in single- and multillayer microcircuits. Silver
bearing conductor pads are normally used for passive SMT components
attachment with low-temperature eutectic Sn/Pb solders or with
conductive epoxy adhesives.

Acetaminophen (Paracetamol) was tested on the HPMM to produce
particles in the 1-5 micron range for inhaler applications.

Example 19a, 19b and 19¢
Ibuprofen on HPMM

Table 1 lists the conditions of the experiments with ibuprofen on the
HPMM. The ibuprofen was bought from Spectrum Chemicals. The fluid for
the runs was CO,

Run 19a Media milling of ibuprofen in supercritical CO».

During run 19a the temperature was maintained at 35°C. The
pressure in the mill chamber was 1550 psi. The total run time was 2 hrs.
Product was collected after depressurization using a vibratory screen.

Table 2 lists the produced median particle size (D50). The particle
size distribution was measured with a forward light scattering device
(Malvern Mastersizer 2000). The size distribution shifted to the right,
indicating growth of the particles due to agglomeration and aggregation of
fine product particles. Light microscope and SEM pictures confirmed this.
Figures 7a and b show a light microscope picture (Nikon Optiphot) of the
as received ibuprofen. Figure 7c shows a picture of the processed
material (run #19a).

Figure 7c shows a SEM picture of the ibuprofen of run 19a with
particles as small as 30 nanometer. The operating temperature of run 19a
(35°C) was higher than the softening temperature of ibuprofen, which
caused fusion/aggregation of these particles.

Run 19b Media milling of ibuprofen in liquid CO, and surfactant (SDS)

The objective of this run was to demonstrate that agglomeration
can be avoided/reduced by a lower operating temperature and a
surfactant. During run 19b the temperature was maintained at 10°C, while
the pressure in the mill chamber was 600 psi (see Table 2). The total
runtime was 30 minutes. 35wt% surfactant (Sodium dodecyl Sulfate,
MW=288.38, supplied by ICN Biomedical Inc.).

~ 8
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The particle size was reduced from 33.85 microns (as received) to
1.805 micron. Figure 8 shows an SEM picture of the product of run 19b.

Run 19c¢: Media milling of ibuprofen in liquid CO, and surfactant (SDS)

5 As in Run 19b, ibuprofen was milled in liquid CO9, but with 2wt%
SDS surfactant used. The results are shown in Table 2.

Table 1: Test conditions

Ex. |Bead Bead [Bead |[Product |Prod. CO, |Additive
No.
Type % |Size |Grams Grams |[Name/Grams
(mm) :

1 SEPR {80 |.8-1.0 |50 TiOs 410

2 SEPR (76 |.8-1.0 |[150 TiO9 410

3 SEPR (80 [.8-1.0 {150 TiOs 386

4 SEPR [50 |.8-1.0 |150 TiOy 477

5 SEPR {70 |.8-1.0 [150 TiO, 410

6 Poly-Sty.{70  |0.5 150 TiO9 363

7 Poly-Sty.{50 0.5 150 TiOo 454

8 Poly-Sty.{70  |0.5 150 Dextrose 295

9 Poly-Sty.{70 0.5 150 Dextrose 318

10  |Poly-Sty.j70 [0.5 150 NaCl 340

11 SEPR |70 |.8-1.0 |150 Dextrose 363

12 [SEPR |70 1.8-1.0 |150 NaCl 363

13 |Poly-Sty.|[70  [.25/.15|150 Silver 431

14  |Poly-Sty.[70 |0.5 150 Silver 363

15 |SePR. [0 |8-1.0 |150  |[Famoxadone 363

16 |Nylon |70 |.5/.88 [|150 TiO9 409

17  {Poly-Sty.[70 |0.5 150 Silver 363  [Stearic acid/
075

18 |Poly-Sty.{70 |05 150 Silver 363  |Stearic acid/
10.75

19 |YTZ 70 |03 150 Acetominophen {370

19a |SEPR {70 ].8-1.0 [150 {ibuprofen 370 —

1b ISEPR |70 [8-1.0 [110 Ibuprofen 370 [Sodium dodecy!
sulfate/36q |

19¢ |SEPR [70 |.8-1.0 {150 Ibuprofen 370 |Sodium dodecyl
sulfate/3 g
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Process monitoring and Product Characterization:

During each test run, the temperature and pressure in the HPMM,
the power intake by the mill, the speed of the stirrer were monitored. The
products were characterized by their size, shape, surface morphology and

5  reactivity/activity.

The particle size distribution of the feed and the product were
measured with the Microtrek UPA and Microtrek FRA by Leeds and
Northrop, (see Table 2). Scanning electron micrographs (SEM) were
taken using a Hitachi S-4700 (Hitachi Instruments, San Jose, CA) with the

10 powder samples mounted on double sided sticky tape, and x-ray powder
diffraction were carried out on a number of samples. The instrument used
for powder diffraction studies is a Philips X-ray Diffractometer PW 3040
(Philips Analytical Instruments, Natick, MA). The technique used is
powder x-ray diffraction using CuKa radiation. Figure 6a shows an SEM
15 of the NaCl of Example 12 before grinding, and Figure 6b shows an SEM
of the same material after grinding. The decrease in size of the material
can be noted.
Table 2: Summary of test results (all milling tests @ 1750 rpm)
20
Ex. |[Total |SC Net Watts |[Temp. |Pressur |Energy |Specific [Median
time |time |[Torque e Energy [particle
(zero= size
14.6)
No. |Hrs. [|Hrs. |in-Ibs. Celsius |Psi KWh. KWh. /Kg |DS0
[micron]
1 200 [1.80 [22.8 472 35 1400 0.94 18.89 0.34
2 160 (050 [25.4 526 33 1500 [0.84 5.61 0.27
3 1.08 10.50 [454 940 38 1300 1.02 6.77 0.32
4 083 (050 [106 |220 37 1350 0.18 1.21 0.28
5 025 [0.17 [234  [485 36 1550  [0.12 0.81 0.28
6 {028 Jo.17 [10.4 215 34 1320 0.06 0.40 0.35
7 033 010 [2.4 50 32 1330 [0.02 0.11 10.37
8 (025 |017 [124  |257 35 1300 {0.06 0.43 173
9 050 J042 |174 360 36 1400 0.18 1.20 185
10 J0o25 Jo.o0 |[7.4 153 25 570 0.04 0.26 -
11 1.00 0.83 |234 485 40 1580 [0.48 3.23 58
12 [1o0 o83 |204 422 38 1530 |0.42 2.82 4.3
13 [1.00 j0.75 [o.9 19 35 1240 Jo.o2 Jo.12 23
14 [1.00 Jos3 [2.7 56 37 1300 [0.06 0.37 1.8
15 |1.00 loes [204 422 |33 1550 042  [2.82 5.4
16 050 ]0.36 |6.9 143 7 1375  [0.07 0.48 0.33

10



WO 02/094443 ' PCT/US02/16159

Ex.

Total |[SC Net Watts |[Temp. |Pressur |[Energy [Specific [Median
time [time |Torque e Energy - |particle
(zero = size

14.6)

No.

Hrs. [Hrs. |in-lbs. Celsius |Psi Kwh. KWh. /Kg |D50
{micron]

17

1.00 [|0.95 |64 133 40 1400 ]0.13 0.88 1.78

18

1.00 10.83 |7.8 162 40 1400 0.16 1.08 28.31

19

4.00 |3.70 |27.4 583 46 1600  [0.16 2.1 5.2

19a

200 [2.00 |50 104 35 1550  [0.21 1.38 44.68°

19b

0.50 |0.50 |3.2 66 10 600 0.03 0.30 1.805

19¢

10

15

20

25

200 [2.00 |31 61 10 600 0.13 1.1 4.106
*agglomerates
Examples 20 — 26: Dispersion of TiO, powder in SC mill

TiO, was milled using the HPMM as described herein, and
compared to standard TiO, (RS00, available from E. | duPont de Nemours
and Co., Wilmington, DE). To that end, a number of particle
characterization techniques were employed, as shown in Table 3 below.
Isoelectric points were determined using a Matec MBS 8000(Matec
Applied Sciences, MA). The isoelectric point is the pH at which the ESA
= 0, a point coincident with zero zeta potential. The isoelectric point is
determined by the instrument measuring the electrokinetic sonic amplitude
(ESA) while titrating the dispersion in a stirred vessel against nitric acid (to
lower the pH) or potassium hydroxide (to raise the pH) as shown in Figure
5a. The dispersions of the SC products were prepared by mixing in a 10-3
mol/dm?2 solution of potassium nitrate and then dispersing in an ultrasonic
bath for 30 seconds. The isoelectric points of the supercritical milling
products were not the same as that of the starting material which is
indicative of some difference in the surface chemistry.

There was no discernable difference in the particle size or surface
properties between the starting material and the products after
supercritical milling.

The bulk density of the SC milled product was twice as high as the
starting material. The flowability improved. Additionally, the matenials
appeared the same based on the SEM's shown in Figures Sb and Sc.

Power intake and heating/cooling of the HPMM are interactive to
keep the system at the desired/selected temperature. Monitoring of
temperature is essential as small changes lead to a large pressure built-

11
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up. Monitoring of temperature and pressure allows the location of the SC
point in the phase diagram.
After initial testing it was concluded that dispersion occurs fast with

TiO, in the SC mill. The polymer bead collisions were sufficient to break

5 down the TiO, agglomerates. The primary particle size was achieved
within 10 minutes of grinding. Loading of mill was reasonably accurate
with scale. Operation conditions followed a phase diagram. There was
good circulation of mill contents, though heat exchange and mixing was
poor at lower mill speeds. A mill charge of 50 to 70 volume percent of

10 grinding bead gave good grinding results. The use of polymer beads

reduced wear rate, compared to the use of ceramic beads (SEPR).

12
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15

20

Electrokinetic resuits:

Isoelectric points were determined using the Matec MBS 8000, as
described above. The isoelectric point is the pH at which the ESA = 0.
The isoelectric points of the supercritical milling products were not the
same as that of the starting material which is indicative of some difference
in the surface chemistry. ‘

There was no discernable difference in the particle size or surface
properties between the starting material and the products after
supercritical milling. The bulk density of the SC milled product was twice
as high as the starting material. The flowability improved over the starting
material.

EXAMPLES 27-31
Dispersion of precipitated Silver particles

Silver was milled using the high pressure media mill as described
above. The product was characterized using scanning electron '
microscopy and also evaluated for particle size distribution, shape,
isoelectric point and wettability.

TABLE 4
Example | All the trials | PSD by Microtrac, | Scanning electron Surface tension of
Number | below were | d10, d50, dS0, um microscopy, dry | EtOH/ Water
dry silver mounted mixtures needed to
powders wet powder
27 1.15, 3.09, 6.21 agglomerated with > 72.6 dyne/cm

spherical primary
particles appearing as
about 0.5 to 1 um

28 0.81, 1.80, 106.8, less regularly < 43.7 dynes/cm
bimodal with main agglomerated, with
peak at 2, another | irregular primary

at 100um particles around 0.5
to 1um. Plates or
crust visible too.

29 0.20, 0.33, 0.59 crusty appearance, n/a
spherical primary
particles
agglomerated and
around 0.3 um and
less.

30 0.62, 1.78.9.21, iregular somewhat | < 33.6 dynes/cm
normal with 2 big agglomerated primary
shoulders particles of around
0.7 um and less.
K| 1.17, 28.31, 260.1, | agglomerated < 33.6 dynes/cm

main peak around 2 | irregular particles with
then many others at | some crust Particle
larger sizes size 1um and less.

14
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10

Only the “as received” sample wetted into water and so isoelectric
points were not evaluated. Stearic acid coating seems to be expressed in
the larger size of Examples 30 and 31 over Examples 28 and 29.

Pursuing the wetting aspect of the silver powder further revealed
the following. Different ethanol/ water ratios yield solutions having
different surface tensions. These, in turn, will either wet, or not wet the
powders. The silver Example 27 starting material is readily wetted by all
solutions even as high as 72.6 dynes/cm, as was the Comparative C
material. This is shown in Table 5.

15
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The product shown in Example 28, which had no additives but had
been treated in the supercritical mill, showed definite hydrophobic
character. A surface tension less than 43.7 dynes/cm was needed to wet
the powder. Immersional wetting was rather facile, probably due to
exceptional density of the powder, but the most noticeable challenge was
to internally wet the powder agglomerate when immmersed.

The silvers which had been coated with stearic acid were even less
wettable requiring surface tensions of less than 33.6 dynes/cm to wet
them. More resolution could be achieved by using additional EtOH/ water
mixtures.

Processing silver powder in the HPMM didn't change the particle
size dramatically but the surface appeared modified to become more
hydrophobic. Addition of stearic acid to the supercritical mill, then venting
the CO, seemed to leave an effective coating of the surfactant on the
particles which was more hydrophobic than those treated in the SC mill
without stearic acid. This confirmed that the particles had, indeed, been
coated in this process.

17
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CLAIMS

What is claimed is:

1. A process for milling, comprising the éteps of:

(a) adding grinding media and material to be milled to a high
pressure media mill; ‘

(b) evacuating mill to produce a vacuum,

(c) adding a supercritical fluid or volatile gas to said mill;

(d) pressurizing and maintaining pressure in said mill; and

(e) operating the mill so that product particles are reduced in
size.

2. The process of Claim 1, comprising the additional step of
adding liquid or solid materials to step (a) for coating product particles.

3. The process of Claim 1 or 2, wherein said process is
continuous.

4. The process of Claim 1 or 2 wherein the process is continuous
and wherein said supercritical fluid is selected from the group consisting of
CO,, HFC or alternative, propane, methane and combinations thereof.

5. The process of Claim 1 or 2 wherein the grinding media is
ceramic, glass, steel or polymeric material.

6. The process of Claim 1 or 2 wherein 95% of the product

particles are no larger than 1 um in size.

7. The process of Claim 4, wherein the CO5 is in a liquid state.

8. A mill, comprising:

(a) agrinding chamber capable of holding material at
pressures of up to 2000 psig;

(b) amagnetically driven stirrer in said chamber; and

(c) amagnetic drive.

9. The mill of Claim 8, further comprising:

(a) one or more ports into said grinding chamber for charging
and discharging grinding media, materials to be ground
and fluids under high pressure,

10. The mill of Claim 8 or 9, wherein said grinding chamber
comprises two or more sections held together by sealing means.

11. The mill of Claim 8, wherein said stirrer comprises discs
attached to a shaft.

12. The mill of Claim 8 or 9, wherein said grinding chamber
contains milling media selected from the group consisting of ceramic,

glass, metal, polymeric material and combinations thereof.
18
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13. The mill of Claim 8 or 9 wherein the high pressure fluid is
selected from the group consisting of CO,, HFC and alternatives,
propane, methane and combinations thereof.

14. The mill of Claim 8, further comprising controlling means for

5 controlling temperature, pressure and feed rate.

15. The process of Claim 1 or 2 wherein the median product
particle size less than 200 um in size.

16. The process of Claim 15 wherein the median particle size is
less than 100 pum in size.

10 17. The product of the process of Claim 1, 2, 3, 4, 5, 6, 15 or 16.

18. The product as described by Claim 17 wherein the product
contains no residual milling fluid or gas.

19



WO 02/094443 - PCT/US02/16159

171

28

30

_J s ;‘/>17

T 29

(t
5
N~
(
J

FIG. 1



PCT/US02/16159

WO 02/094443

2/1

¢ "Ol4

Jd

s,

JUNSS3IYd

3N0Y01

MO 14

Ndd

do1S-13

0
n

\

\

|

1
J)

oV
05%*"'

il

Q4A

— b

—9




PCT/US02/16159

WO 02/094443

i”n

31485
$91.19g
S91.48S
S81.49G
S91.43S
S31.48S
S91 .35

~— N TN W~

¢ B 9 0 0 % +

0S

¢ *0I4

(3,) 94an4DIBAWI )
1] 0¢ 02 0l

'y 'S ']

oo d'"

- 002
- 00b
- 009
- 008
- 0001

- 0021
- 00b1

- 0091

0081

(61sd)
9.JNSS9.d



PCT/US02/16159

WO 02/094443

4/1

.01
Jold
o L€
JoG¢E
3,08

b 9]

(00/6) Kyisus(

9°0

- 006

- 0001

- 00G1

- 0002

006¢

D1sd



vG *Ol4

¢l 1] 8 9 4

PCT/US02/16159

WO 02/094443

571

(4S9494) ) 8|AuUDX]
| @|dwox3
9 9|duox3
G2 9|dwox3
2 ©1AduWDX3
|2 9|auwox3
(4S9404) §l 91AWDOX]
61 9jdwox3

o

DO + % e

A/W DdOL X *VS3

€~



WO 02/094443 PCT/US02/16159

6/1

FI1G. 6B



WO 02/094443 PCT/US02/16159

/1

—— 100 micron 100 micron

FIG. TA FIG. 1B




I 0 00 O A R

O 02/094443 A3

{12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) i

(19) World Intellectual Property Organization
Iniermational Burcau

(43) International Publication Date
28 November 2002 (28.11.2002)

0 O OO

(10) International Publication Number

WO 02/094443 A3

(51) International Patent Classification”: B02C 17/16,
17/18, 1724

(21) International Application Number: PCT/US0Y16159

(22) International Filing Date: 22 May 2002 (22.05.2002)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/292,798 23 May 2001 (23.05.2001) US
(71) Applicant (for all designated States except US): E.IL. DU
PONT DENEMOURS AND COMPANY [US/US]; 1007

Market Street, WILMINGTON, DE 19898 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): FORD, William,
Norman [US/US]; 110 Hockessin Drive, Hockessin, DE
19707 (US). GOMMEREN, Eric, H.J.C. [NL/US]; 1423
Old Wilmington Road, Wilmington, DE 19707 (US).

(74)

(81)

(84)

ZHAO, Quan, Qiu [US/US); 164 Thompson Drive,
Hockessin, DE 19707 (US).

Agent: SIEGELL, Barbara, C.; El DU PONT
DE NEMOURS AND COMPANY, LEGAL PATENT
RECORDS CENTER, 4417 Lancaster Pike, Wilmington,
DE 19805 (US).

Designated States (national): AE, AG, ALyAM, AT, AU,
AZ,BA.BB, BG, BR, BY, BZ, CA, CH(C}¥, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, A, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, 8L, SG,
SI, SK, SL, T1, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZM, ZW.

Designated States (regional): ARIPO patent (GIl, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, 7ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, T}, TM),
Buropecan patent (AT, BE, CH, CY, DL, DK, ES, Fl, FR,
GB, GR, IE, IT, LU, MC, NL,, PT, SE, TR), OAPI patent
(BE, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

[Continued on next page]

(54) Title: HIGH PRESSURE MEDIA AND METHOD OF CREATING ULTRA-FINE PARTICLES

Lese ] [wm ) [rov ]
[ Toroue | [PReSSURE
1c’s —Lec ]

(57) Abstract: This invention discloses a high pressure media mill (HPMM) and processes foruse Thereof: (2) adding grinding
media and material to be milled to a high pressure media mill; (b) evacuating mill to produce a vaccum; (c) adding a supercritical
fluid or volalile gas to said mill; (d) pressurizing and maintaining pressure in said mill; and (e) operating the mill so that product

particles are reduced in size.



WO 02/094443

A3

O 0 AR R O ORI

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE.
AG. AL, AM, AT, AU, AZ. BA. BB, BG, BR, BY. BZ, CA.
Cll, CN, CO, CR, CU. CZ, DE, DK, DM, D7, EC. EE, ES,
Fl. GB. GD. GE, GI1. GM, 1IR. U, 1D, IL, IN, IS, JP, KE.
KG. KP KR, KZ LC, LK, LR LS, LT, LU. LV, MA, MD, MG,
MK, MN, MW, MX, MZ, NO. NZ, OM. PH, PL, PT. RO. RU,
SD, SE, SG, §I. SK, SL, TJ, TM, TN, TR, TT, TZ, U4, UG.
UZ VN, YU, Z4, ZM, ZW, ARIPO patent (GH, GM, KE, LS,
MW, MZ, SD, SL, §Z, T2, UG, ZM, ZW), Eurasian patent
(AM. AZ, BY, KG. KZ, MD. RU, TJ, TM), European patent
(AT, BE, CH, CY, DE. DK, ES, FI, FR, GB, GR, IE, IT LU,
MC, NL. PT. SE, TR). OAPI patent (BF. BJ, CF. CG, CI,
CM. GA, GN, GQ. G, ML, MR, NE, SN. TD. TG)

as to the applicant's entitlement to claim the priority of the

earlier application (Rule 4.17(iii)) for all designations

Published:

(83)

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

Date of publication of the international search report:
13 March 2003

For nwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazelle.



INTERNATIONAL SEARCH REPORT

Inter, 1al Application No

PCT/US 062/16159

CLASSIFICATION OF SUBJECT MATT

A, 0 ER
IPC 7 B62C17/16  B62C17/18  BO2C17/24

According to Intemational Patent Classification (IPC) or o both national classification and IPC
B. FIELDS SEARCHED '

Minimum documentation searched (classificaion system followed by classification symbols)

IpC 7 BO2C

Documentation searched other than minimum Jocumentation to the extent that such documents are included In the fields searched

EPO-Internal, WPI Data, PAJ

Elactronic data base consulled during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® | Chatlon of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 1 040 455 A (DRAISWERKE;

24 August 1966 (1966-08-24
column 1, line 9 - line 10
column 1, line 32 - line 42
figure 2

Y US 5 854 311 A (RICHART DOUGLAS S) 1-5,7,
29 December 1998 (1998-12-29) 15-18
column 1, line 12 - line 15
column 2, line 33 - line 38
column 4, line 49 - line 67
column 5, line 1 - line 42
column 6, line 10 - line 18

Y US 4 221 342 A (TADEMA JAN C ET AL) ‘ 1-5,7,
9 September 1980 (1986-09-09) 15-18
column 1, line 30 - line 33

1-3

-/--

Further documents are listed in the continuation of box c.

Patent family members are listed in annex.

° Special categories of cited documents :

“A* document defining the general state of the art which is not
considared to be of particular relevance

“E* earlier document but published on or after the internationat
filing date

"L dogument which may throw doubts on priority claim(s) of
which s cltad to establish the publication date of another
chatlon or other special reason (as specified)

“0* document referring to an oral disclosure, use, exhibition of

*T" later document published after the interational fiing date
or priority date and notin conflict with the application but
cited to understand the principle or theory underlying the
invention

X" document of particular relevance; the olaimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document s taken alone

=y* document of particular relevance; the claimad Invention
cannot be considered 1o invoive an Inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvioustoa person skilled

other means
"p* document published prior to the intemational filing date but intheart.
\ater than the priority date claimed ug* document membar of the same patent family

Date of the actua completion of the international search

30 August 2002

Date of mailing of the intemational search report

gg 0 03

Name and maliing address of the ISA
European Patent Offics, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik
Tel (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3018

Authorized officer

Redelsperger, C

Form PCT/ISAR10 (second sheet) {July 1992)




INTERNATIONAL SEARCH REPORT

Intet 1 Application No

PCT7US 02/16159

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Relevant to claim No.

2 September 1997 (1997-09-02)
column 10, line 4 - line 5

Category® | Citation of document, with indication, where appropriate, of the relevant passages

A US 5 934 579 A (HIERSCHE WOLFGANG ET AL) 1
10 August 1999 (1999-08-10)
column 2, line 55 - line 60
column 8, line 56 - line 59

A US 5 662 279 A (CZEKAI DAVID ALAN ET AL) 2

Form PCT/ISAR210 (conlinuation of second sheet) {July 1892)




national épplication No.

INTERNATIONAL SEARCH REPORT PCT/US 02/16159

Box | Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This Intemational Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required 1o be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the International Application that do not comply with the prescribed requirements 1o such
an extent that no meaningful International Search can be carried out, specifically:

3. D Claims Nos.:
because they are dependsnt claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention Is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. D As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2, As all searchable claims could be searched without effort justifylng an additional fee, this Authority did not invite payment
of any additional fee. .

3. D As only some of the required additional search fees were imely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4, m No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-7,15-18

Remark on Protest D The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.

Form PCTASA/210 (continuation of first sheet (1)) (July 1988)




" International Application No. PCT/US 02 /16159

FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

This International Searching Authority found multiple (groups of)
jnventions in this international application, as follows:

1. Claims: 1-7,15-18

A process for milling ultrafine particles comprising
the steps of:
-adding grinding media and material to be milled to a
high pressure.
-evacuating the mill to produce vacuum.
-adding a supercritical fluid or volatile gas.
-pressurizing and maintaining pressure in said mill.
-operating the mill to produce particles in reduced size.
and the resulting products.

2. Claims: 8-14
A mill comprising:

- A grinding chamber capable or holding material at
pressures of up to 2000 psig.

- A magnetic driven stirrer in said chamber.

- A magnetic drive,




INTERNATIONAL SEARCH REPORT

nformation on patent family members

Int

nal Application No

PuiyuS 02/16158

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5854311 A 29-12-1998 WO 9749780 Al 31-12-1997

65-5551342 A 09-09-1980 NL 7714387 A 26-06-1979
CA 1095606 Al 03-02-1981
CH 631359 A5 13-08-1982
DE 2809003 Al 12-07-1979
FR 2412349 Al 20-07-1979
IT 1168345 B 20-05-1987
JP 1125550 C 30-11-1982
JP 54087969 A 12-07-1979
JP 57015643 B 31-03-1982
SE 417443 B 16-03-1981
SE 7802218 A 24-06-1979

US 1040455 A NONE

65-5554579 A 10-08-1999 DE 19613366 Al 09-10-1997
AT 211949 T 15-62-2002
DE 59705981 D1 21-02-2002
EP 0799643 Al 08-10-1997
JP 10028891 A 03-02-1998

US 5662279 A 02-09-1997  NONE

Form PCTAISA/210 (patent family annex) (July 1892)




[19] REARXHBERHAFNE

»*
K
*

[43] #FH 20049 29 H

2] RAEFBIFAFiILAB

[21] HiFS 02810582.6

[51] Int.CI’
B02C 17/16
B02C 17/18 B02C 17/24

[11] 275 CN 1533304A

[22] sigA 2002.5.22 [21] mige 02810582.6
[30] #hse#

[3272001. 5.23 [33] US [31] 60/292,798
[86] EErmig PCT/US2002/016159 2002.5.22
[87] EEa#% W02002/094443 £ 2002.11.28
[85]) AERMEAH 2003.11.24
[71] BiEA AFE/RHFEAH

b 35 E AR AN EUR IR
[72] #BA W« N- @
EeHeJeC» L%
Q-Q M

[74] £rkENlg FEEFARE(FE)HFRLE]
REA RARH DRE

BAERFE2 T HHB 15 THETR

[54] £BEH WEN B
[57] BE

ERAAF T —MEEN B (HPMM) K& EAE
FAFEk: (a) MEES BRI EN R B
Ykl (b)) W RBLUFSAERS: (o) AFTRBT M
ANBEARBRIERESHE; (d)EFBRERNE
HRE: F(e) BT ZBHER MRS HA.

40P AR iR AL iR

ISSN10O0O8-4274



02810582. 6 m # E k B B1/280

10

30

1. —#HEF %, QEATTR:

(a) B & BTGP e NBF AR Fo b B H;

(b) MEBUAFELE;

(c) @ AR AR R AKREL M AK;

(d) EFMEBFREFFKE; Fo

(e) EATIEBARMF FRBER T B,

2. RAZR 1 MF#E, QA THMTIK:

AR () PR ARERBEOH, A TREF BA,

3. RABR IR 2875, AP FEREgd.

4, BAER 1R 20F5%, RFasyEREse, FALAFHALE
RIsRAAL f 0., HFC RAEKSE. Ak, TRAKAS.

5. RAZRIR29F %, ATVHEARRAME. HHF. AARK
A

6. MAER LR 28F%k, LT, ISWRBEILT L K.

7. RAIBRAGF®R, £F, CLATRES.

8. —FE, @i

(a) —ANBFEERE, #BAKS 2000 psig IR TEAYH,

(b) EFFREETHAEEFE, #

(c) B, A

9. ALK S HE, FEak:

(a) BArEBFBERETY—AREA T, ATFESHBAR. HE
By ¥ Fo FE T 8RR,

10, RAZR S KR INE, ATHEAFRECLBLFIREL
LE—ROAAKS MRS

11. RAZKSHE, AP ERHBS LB HEGRE,

12, RAZKSKINE, LT ERLSAMBENR, RE
MEEEHE. k3B, £&. ROHHHARLASL.

13. RAIER S K 9IME, L HEAKLA CO.. HFC Fo bR,
AX. FRALES.

14. RAIZK 8 848, #t—F AR TFEHEE., EhfdtHik
EHEHRE,



02810582. 6

A E K B OB22R

15.

1
17
1

(=)

oo

BAZRIX28F%, AP FARTHEAELDT 200 8K,
. RAEBR IS FH%, AP PaazbF 10048K.

O RFER L, 2. 3, 4. 5. 6. 1SR L6 HFEHEH S,
CBRAER 1T RN ES, EFEF SRS EL B RARR
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02810582. 6 i B B
BEMNKE
H A
RERY A HEANTE HPM) BRARR 7 ik,
FEZHAK

10

30

BHRNEHESTFTH. dd. HE. BH KEH, RERK
FRREHmEfRMBERER TP AEREARNE. £X
pEd HHABEEXEIAENRZRARSRT, XEFENRE
FRY. BHR, KE. WAKER, O TFTAREFHGEFTIGHE
AR A RENT (KA, ERERKARSH) GHR, TRAEFZHAK
FMARTHELSUALHRMTE, LEAANALRGBERUTE G,

B A (SCH) I ERERSD. B (nutraceutical) fofb
FILPAASAR, FALBENHI—FRAEFHUAREALHNT L
b, REFSBRBEY K. KO, AA. RERPEL, S FHEA
#, —ENBERER 2R SCF, REACRAKBLER. AR. T
BALHE. K. —RHL-R. RFZATRCLREATFAEAE.
CBAFT =4 SCF 7k, BM~A:

1) A6 Rk bk Bk (RESS) %,

2) RE&EME%, #

3) MA R AE R T EAFB 4k (PCSS)

RESS sk FRF SCF 5o, BAHE P AL HERE SCF
b, MERIT R RIS AT, KS&KBPHESHESCF, £
AR CO. b, HHEETFTHK.

BUEAE4R R SCE M A REA, MMERBEMNE &R REATS
BB ENBR PIRR A, W Bradford XA US 5,108,109 ¥ F XK
BFEELRENFREBERREFNREHR. REMNENHMMER
2t F 4 R A B L RAE R TBREGER] .

Weidner (B # 4] 6, 056, 191) AF T —F 7k, FERKARR
HHREFLH T ER CO L RRKBRFER, REBEAT SAHL.
AR FEO— LRI HREIR: FERFVEEBNMLSDTRER
A, VAR S TR S S OBERT.
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U.S. 5,854,311 AF T 10-40 #ABEARRKREHAR T A
M. AT FEERKT 30 psig FEAT.

U.S. 5,500,331 AFAIBEFEMNA LR HH. U.S.
5,145,684 AF TAEBABREHHLATE, AZELHTAFHHEK

5 BRAMBHEHA, AREATRUTADNALRAL, AAEEFETR
FARARA I .

Hock S. Tan #= Suresh Borsadia 42 M I R AKT A B4
4] 3% Al &, Bxp. Opin. Ther. Patents (2001)11(5) , Asley
Publications Ltd. & T4/ A1k Ak (SCH) m ik A FTREGH

10 BHARH—EFEEL, 22, AXFEAHEEA SCF FAFRT
RABR TR GHE L%,

KL, —F5EANKAE UPMM) &, EHAANFELRBIA
K (SCP) R RL X SUAMBNRGELRAARLE S, AAEFLTT
BAMAIRAHAOBRARARBLE, A ARHEREFALRTE

15 AMEHRGE., EAMAKRETUAOEAIRASHTLEREK, P
AR CO. AR EA A TH3HH QIR EWE MR RTHE
& % T BHAH G A 3E

ARAX
AERTRA—RABEFk, LABATIR: ) QFZENTRET

20 MABBNFAEEMRF; DRBEHAAFTERLT; c)QREE T I
AREFAARELSEAR; DEARRBTEFKRE;, Foe)iiffik
BAEFF SBAER TR,

BHAERCERMTE: OF K ) FPRARKRE&KMHA TR
HKFELBA.

25 riRgka—HEAaTE, AP PEEIREZST 200 XK,
ik F 100 sk, EHDF 1K, RENRFRFREBZAY
BB AR B R

ALPLQE—HE, L6485 a) AR 2000 psig WEAT
BHMBRGTERE, V) AfEBETHEANEDBREHE, S IBAHR
30 B

ALPT G LR E, Lt—F 0 DINIRERERY
—ARBAM T ATERRENE . B A
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15

20

25

30

W BB

B 1 #& SC A B & —&akit.

B2 RENABEEZERENER.

B 3 & F4ESCARET CO. 4 PT 4.

HREE YRS AP AR R

B 5 (a) &2t HNO, F= KOH i 2 & KNO; ¥ 62 16 AT B 49 Ti0..

BS5h)iATrERNBHLTRREE.

B 6(a) k7 NaCl BA A BE.

B 6 (b) A FAHRRAMAHERESHRALER.

7)) A0 AT 19 PRI HAGAFIRIERA.

B 7(c)hTh 192 LA ESEGSEMB A,

B 8 AFAKE 19(c) 8 kv ik TAESH SEMB L.

AL

AL FAEZRNFRERGRITRRARBERXALS, FAT
AR AEXARBAGF IR, SCF AR EAHRBEREN
G, AMETHELE T EFH IR THE. & EitAE K
SCREf, HAF#e. FTHRY QAR RESY >R, EFEERRT
428 SCF, £ T (K Ten, BREE)F P (K P exn, WHEH) T, &
ACO R ETELBAATUASAEN.

Jazt FOA BAAEK, WA FHENE, IAFTERBRT
ﬁ%%%ﬁ,i&mﬁ@%:Fi%ﬁﬁﬁ*#%*ﬁﬁ,ﬁgﬁﬁ
B MR F AR 5 FEIBARTH, ERELILTE
RTAKS A AFLBEEAMNSTREFE, QETARANR
HEATEARA T BAEBEHR; fk g BATE. WK, BY
£ 1 MRS 8 — AL R fe IR

AKXk BB 1 FimedEARE HIPMY) X E R —HAREH
BET @), LABEREARE, flr_fs. R+-&S. SR
BHBRARASRNEREFAIREEE ), WHERHE () &4
—EHERA 0T, BHEBEEEMER ) PRABKRMNR Q) E
P BHHERE W) EATHQ)ALEHE WY, FRBARARAESH
A& (17 2 FARETFTRBOFERAMRT QD). BHAF (Q8) &3
Lk (29), Bk Q)ARAEHLS (G0 FREALSE QL.
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i BAEARKR(KEHEELTA CO)HBERENFREALR
e, RETURRAEMTERE KR, QIEERRTE HFCs) ARAHAR
B, AK. FTRE. EHAFRREYEREAAEMNAKGRERER,
XA BEEAGAIRXEEEYh, AU RFERA EEYH.
5 HPMM # 5) A FFRE XMW EBRATHEHAE T . £ X TROGRFS
HERKRTHRYG, BhHAIERERAKKIAL. REREAK
Bl R B RERKTRIBRZY FLAET TRIR. &
FARK BN L —k Bl sk ARG RORERSK @Y
HE. BRARBRADASANLLATEETZER/AR), AAA
10 FHRARPRPHEHLETEERT.
EB 1 ¥, MEEALSHERTRCEY, b EFE, BEERL—
AEAEEM), EHFTHRQ)ALFQ)AK, B 2 AT, XXTF
W HPMM R A TR S 4 ARFEAAN A EHEF S ) 24
Wit mE R, mARHSEZASNER(19)F., ZEHTHRQ0)
15 AEFHEFERINER, FHEITURINRSY . BHHRLAE,
B TAEFHET —REAIFHAEHRENG—F4. £EET
B FimdAdd (2 f2) XERABHREHERE,
ZAR Q) AHHBHEH QD) AR HHR Q)W EERERMAT
LSl
20 FRELEFPHEH D (V)HEFHERABTREANTEAAA
Fh Bk, AhAEBAEGETECRASBAASHIELAR
Wama, O RETFHAFRERANZRA YR JRA.
EHRBEFARBGAFRANATFEAL B KELRZOH
EHATEMNHAT (14, 1SH16), AMEEMIFHZNELRE
5 AMELETRHBE FATRAERERIPHAERTE (24) LéSCHR&E (1)
IR, BT A A B AT R (16) ¥R 1 A 37 77 2] 248 A 84 SC IRAR4AR (2)
HRNTEMEX -5, EFLEATEIANRATSPREAL=
K.
LEBURE—ARABATAZAN, LEAEMMARFQO)NE
30 B, TFEEEGAHKOI), REREBEANRFEZE TR MM (L)
A1) (2) 45 SC Ak, KB FEREA F () @47, RE X H MK (2)
BRI, REAZAKRETE. AARAN Q4F 15)REZSAL.
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DKL S) BRI ERE, RAAAFK @) HAHMEOG) . 5T
BEATH R RE, PRERERRBE., AEAPEH RS (12)
Lt Ek i, GHRPM. . BE. EHFIAEHAT (A CPMA
F), HEHFZHRXNE TR,

5 RESEMM (9), FF£45H0B), SEBHEEMRKRT 25CTH,
LA (5), SAHETAN, HARN QS AKELES 6+
WA, KitE B b enic A A .

BRAEHTHRQ), AEZSFATA LAGHHALIEY
#, AREEAFENLEATH—FRKE.

10 B3 &

MBEEEFRBEHEENHE,. FRKE. BEFSREHUAR
KERE.

AEHSC CO.ZH, HBAEEZAATHATHBEER., AZHK
EYEEEY 3K, MEREAFHER., EARBEANERNRALER

15 &, BAIHTATRSERRGEAER. BRTIARAT SC RiXEA
Bdegzis (B 4). wit, AnABRE, TRIUTEXR:

AED Ti0 A SCEPHRESK. £ 10 F5HARF—REE,
Ak A R AR Ti0 ARk, 5 SEPR A0, REBHREATE
HiE,

20 BHESAAERE, 5% 0.65-0.7 g/cc 9t KK E.

BAELAHEREE 4 PHTHRE. AXBR/RESAEBIL RP TR
£.

THREZHWLERAESI-TOARIYKER T THS. TARIEHN
B BT,

25 #AhHF

ARAXBRYPTHEATABI Y, AEFE THANYH. KA
B, wRAKSHBEFLEIL (ESCEFEXH CO.RE, RIS,
6), JEHLI¥ KT 4000 psig AREBBERFEL (Ter=31.1T).

5 1. Um#k

30 %52 Mmi+BH

%53 mf+BH AR 2

%5 4. m#r+BH+Ti0: 50 g
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10

15

%35 5. m#+BH+TI0 150 g

%5 6: Mm#m+BEH+TiI0. 150 g A1

2% 7. m#M+BEH+TI0 150 g HR 2

B4k “HENEA-FEBK AT RRARMEELSH I
(10. 27. 31. 35, 50C) . ARG BEEZE LR FH C0:. A,
CO.ZEARBERYLETFEIKE. EBARNTRARERERR
SCEBRFHES, FTAERRRE SC KA.

3

AXEAATEN:

SC:. BiER

SC C0:: MG Industries, Malvern, PA

XA #H#: Famoxadone

SEPR: % f S.B. Firestone Assoc., Russell Finex Inc.,

Charlotte, NC &M EMBENR
YTZ: 44 B S.B. Firestone Assoc., Russell Finex Inc.,

Charlotte, NC ¢4 &EBEMNA

Poly-Sty: 43 f S.E. Firestone Assoc., Russell Finex Inc.,
Charlotte, NCHEEXTLHABANR
Nylon: fA&# K, Dupont Co., VWilmington, DE
Silver: A F44#$&64F 4, DuPont Company, Vilmington
DE K

BEFZSIHEE, AR FHERFRMNRAEFEH Aldrich
Chemical Co., Milwaukee, WI 8R4 1EA 4.

% 76451

k4] 1-19

A HPMM 47 A T EBRERBERR (BARE. EAKFE, £
AFHE) FFEATLER. MAEB ARG YA, TREGIIAR
1, “REBEH4” F. KT AT AAFRN) 3.

0 A - AKRPARTEH(Ti0)

0 AM - AKTTEGHHE. BBE. F85)

0 A# - AAKPFTiEH (fanoxadone)

0 AL - AKTTEH NaCl)
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ih, RKTSEFLRH, XX HBEALY, BidLRPAH
AREBMEEABRPALAS YL, XEXBREERET P ¥ AL
ER(ER) PRA, AMELERS ERORTHRLENERFF
L. ABSFABSAFTATAE SMT A4 AKERLE Sn/Pb BHAF

S RIRANAH HER.

' BL B & (Paracetamol) A HPMM X, A F A A FRAA B AR 1-5
BMABE.

£ 44 19a. 19b #= 19¢
) HPMM &4 A &35

10 A2 1L TA IPMM LAASFRITERGESE. FESHA

Spectrum Chemicals. A FXE&AKE CO:.

KB 19a; HERFLEBBER CO. ¥R AR

A 19ad, BERMBAIST. BETHEDAH 1550psi. &
KEWEA 2 b0, AR BEANESKESD.

E A 2| AT AR EELE (DS0) . FAR A M E G LHRH K
E (Malvern Mastersizer 2000) R &. R+ oA A&MiEH, LAR
B TaryhBetAirRENKA. AERREMR SEM BHERE
TX—4&. B Ta ## b AT REGHEGFHAFEEBER A (Nikon
Optiphot). B 7c AT EHHGRB A KE#19a).

20 B Tc k7K 19a WABEF SEMBA, B3 30 4K, &K
B 19a BRUBECGSC)HTFHABFTHRALEBE, XIFHILEZTHEN
BAIRE.

K 19b: A B Ak CO Fo R &\ EMA| (SDS) F 84 AR A &
ARXBHAYRAERAEIKBEEESLROERANTUBRE /&

5 SHE., £RE19bitsEd, BERKE L0C, RBEYHENH 600
psi (LA 2). BEAFKNEZ 3054, 35S EEUAGAERN (+=%
K AAER 4, MW=288. 38, & ICN Biomedical Inc.4%#).

Fia R+ M 33, 85 ok (RM#) @13 1.805 &K, B 8 RFiX
B 19b 8y e SEMB L,
30 X 19c: A g AR COFef & 7E M A (SDS) # 8 A~ A1
B 190 b —#, ABPFARKCOTHE, 2ERA2ETY
W SDS RK@iEMA . BRRATFTERLT.

10
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A1 REFH
:,;»‘é #* % | % |4 |7¥ COy #pm i)
(%% |RT R Ao | BHIA
(mm)

1 SEPR (80 |.8-1.0 |50 TiO, 410

2 SEPR |76 |.8-1.0 [150 TiO, 410

3 SEPR {80 |.8-1.0 {150 TiOs 386

4 SEPR |50 |.8-1.0 |150 TiO 477

5 SEPR (70 |.8-1.0 [150 TiOs 410

6 Poly-Sty.{70  |0.5 150 TiOp 363

7 |Poly-Sty.[s0 |05  |150 TiOp 454

8 Poly-Sty.[70 |0.5 150 Dextrose 295

9 Poly-Sty.{70 105 150 Dextrose 318

10 |Poly-Sty.|70 |05 150 NaCl ‘ 340

1 SEPR {70 [.8-1.0 150 Dextrose 363

12 |SEPR {70 |.8-1.0 [150 NaCl 363

13  |Poly-Sty |70 |.25/.15150 Silver 431

14  |Poly-Sty |70 0.5 150 Silver 363

15 |SEPR |70 |.8-1.0 }150 Famoxadone 363

16 |Nylon |70 ].5.88 [150 TiOg 409

17 |Poly-Sty |70 |05  |150 Silver 363 |RER
0.75

18  |Poly-Sty [70 {05 150 Silver 363 |sBpSEL
0.75

19 |YTZ 70 03 {150 Acetominophen  |370

19a |SEPR |70 |8-1.0 |150 Ibuprofen 370 |—

19 |SEPR |70 [8-1.0 [110  [ibuprofen a0 | TRA
ARER4R

19 [SEPR [70 [8-1.0 |150 |lbuprofen 370 ; ;ﬁ’ﬁ

2 5 Ao o R AE

5

LHA B Y, B HPMM $HBERAES . BRIKGHR,
RESgg. PRAXRT. R, AOH{PLEH/EHRE.

A Leeds and Northrop # Microtrek UPA #wMicrotrek FRA 3l
FHAAATHHBRERTSA (LK 2). ®&A Hitachi S-4700

(Hitachi

Instruments,

San

Jose,

11

CA) ke TRREAR
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(SEM), wAH S ZEAREGRY L, o3 H BT X-HEBKHT
., WEATHALAHA AR S A Philips X-AH K47 H K PV
3040 (Philips Analytical Instruments, Natick, MA). AR &3
A2 A Cukodsft ot K X-H K474, B 6a A THBEANE K#EH] 12
¥ NaCl #§ SEM, B 6b & -FAFEE th4aF HH 64 SEM. T eliz & 5| H#
R+ &has.

A2 KEEREL (1750 rpn AT ERR)

n

Sk |Sebi [SCHE| B | K| BE | BA | RE | RET pasg
#

(k&=

14.6)
No. |[Hrs. [Hrs. [in-bs. BK [Psi KWh. |KWh. /Kg |D50

[micron]

1 200 |180 [228 472 (35 1400 0.94 [18.89  [0.34
2 . [160 los0 254 |526 |33 1500 {0.84  |5.61 0.27
3 [108 loso [454 [940 |38 1300 [1.02 677 0.32
4 |os3 Joso {106 (220 |37 1350 o.18  [1.21 0.28
5 Jo2s lo17 [234 |485 |36 1550 [0.12  [0.81 0.28
6 o8 [o17 [104 J215 |34 1320 [0.06  [0.40 0.35
7 o33 Jo1o |24 50 32 1330 j0.02 011 0.37
8 [025 [o47 [124 [257  [35 1300 Joos  [0.43 173
9 Joso o4z [174 |60 |36 1400 [0.18 {120 185
10 Jo2s [ooo |74 153 [25 s70 [004a  Jo.26 N
11 100 J083 |234 485 140 1580 [0.48 [3.23 58
12 100 Jos3 |204 422 |38 1530 Jo42  [2.82 43
13 [100 lo7s log 19 35 1240 002  [0.12 23
14 [100 [083 [27 56 37 1300 006 [0.37 18
15 [100 |066 204 422 |33 1550 [o.42  [2.82 5.4
16 [050 [0.36 [6.9 143 a7 1375 [0.07  [0.48 0.33

12
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w2k |seta|scetimlesse | & [ ma | B2 | #¥ | wid Foaus

#
(R.8=
14.6)
No. |Hrs. {Hrs. [in-Ibs. &K |Psi Kwh. KWh. /Kg 1050
[micron]
17 100 [095 |64 133 40 1400 0.13 0.88 1.78

18 [1.00 [0.83 (7.8  [162 40 1400 [0.16 1.08 28.31
19 (400 [3.70 [27.4  |583 46 1600  [0.16 2.11 52

192 [2.00 [2.00 |5.0 104 35 1550  [0.21 1.38 44.68°
1%b [0.50 [0.50 [3.2 66 10 600 0.03 0.30 1.805
19c [2.00 [2.00 |[3.1 61 10 600 0.13 1.11 4.106

S A RHK

EHAH 20-26: Ti0 KA SCET&H,#K
1% F K S PTE & HPMM A1 Ti0., #5474 Ti0.(R900, 4§ 4 B. 1
duPont de Nemours #= Co., Vilmington, DE) }bik. Hb, T XK 3
5 O wHrT, BAF SR AIER K, £ Matec MBS 8000 (Matec Applied
Sciences, MA) R Z Fu %, FLERESVET 04 plH 4, BPH5EC-
LA FEAH— 5. AENBRRZ &35 KR (BSA) KRB IHFERHAE
£ Anxt-F A8 (1K pH {8) R A B4 R 5 pH 14) B BF RAR
REB L, WwH Sa Frw, BEAARFY 107 nol/de’ FER T REAK
10 BAREFEBSTHHI0OHRHE SC FRgBFR. BERTNESS
HFLEERBEAHFLELRE, APARLFRAFEAH KA,
ERERMBE, EREWHLEFHZNE, EBARTRAOMN
REBERTRHRGER.
SC FEENFHNARTEZEAREHAGHE. AFHHHK
15 &, sbah, XFB SbfuSc PAT T4 SEM, XA AREKRMFY.
HPMM &9 s R B ik Ao o B /A 2P RABEME R, ARB R R AR 2
[ BHRE., BEHRNRLEY, BAHANGEALRFERYENRE
XK. BEREHGBERAFRATSC EEMB PRI,
B E, e ERik A4 Ti0 A SCETHIK. RoPhxk
20 AFRAKRKTIARAK. EFE 1054A, BB —KkEE. RAX
T, BOHEBTALERMH., BEXHERRE. FABRAEZHY
PR, REAKERTAIBAREOEE, S50-T0 KRG FER
SEFEBTREGMELR, SEABMEIK (SEPR) 48, RKé4M
REGEREANT BRE,

13
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BV EE S
£/ Matec MBS 8000 MZ Fd .5, AR, FE€.5F ESA=0
HoH{i, BEFMEZWHFLESRBEAGFLERRE, X AW
AENFER—LER,
5 ARBRAREE, RERAEFHZRHGBERTRRAGHRA 7
BEATHHAELEN. SCHEEHFHHAREESEARLRAGH

#. Aast FAREEHA, AT LE.
E4) 27-31

IR AR B 0 5

10 R L RAAEENKTEREE., FHEABHLTIRAER
EFBLRMBERT LA, BR, FLEFHETH,

A4

% 3.4
%

VAT &8 %
% T4t

i# it Microtrac
R Z & PSD, d10.
d50. d90, &k

e T RR
., THEER

HEHARE N
EtOH/ K44
LES B

217

1.15.3.09.6.21

BA%T — AR
EAEAXK, LR
40, 5-1 8k

>12. 6 RA/RA

28

0.81 . 1.80 .
106.8 , ¥ 5
A, IR DM
X, F-A%4A
100 ik

By HgRNBE
R, % 0.5-1 #%
KRN —R
it HOARBAEE
R, LRTRLE

<43. TR/ EX

29

0.20.0.33.0.59

AR ARSI, BIR4
HH—KkHE, B
0. 3 HkAg )

n/a

30

0.62 . 1.78 .
9.21, BFELH 2
A KR

#40. 7T HKF g
8RR B A
B R e—k B

<33 6#H/BA

KBl

1.17 . 28.31 .
260.1, 342 H
i, REEEZRE
RA##EHAEF

A —2BLH
AR FRN AR
i, FHERTH1
MR L

<33. 6 AR/EA

15
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RA “REH” HRRTZHAFHLBRTEINFLE. X
] 28 40 29 A0k, BERSBRAEMERAEHAS] 30 /2 31 EXRTA
T
BN HEFORE—FBFTATHRR. RRAWYTE/ K4 F4
5 BEARRAGRINER. REXPFHBSAREBRALEHK. R5E%
521 RBEAEGRIFAGERAR, L2522 72.6 AB/EX,

Exfut) CHH—4, ZATRERS F.

16
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WATH ¥ T HARERY X FT=)

T b PO 2 Wi=AU

(T it P=66) S ‘EbkbpL ¥ lalpalf-EF

9L 0 MU '} '66 MU '} ‘66 Mu '} ‘66 0 0 0
Z'bS 0 Mu '} ‘66 MU ') ‘66 MU'} ‘66 ! L oL
L'ty 0 MU ‘66 Mu ‘66 y'z| 0 Gl 14
9'ee 0 () 30 wHYEY 0 0 S¢S SL
162 0 3 3L 0 0 Gg 0S
L'9Z 0 4 J'e 0 0 02 00}
¥W/ ¥

e HOI3 %

‘O Gy E b4 bx TE 4% % 0 b3 36 6Th9H % 8TI9 W% LTI L b3 HOV %

¥
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P 28 FRITHER, REA SR EZCBARERE YL
E, ARERAGRKKERE, EE20TF 3.7 KAR/ERGRTERIRX
HENE., BAHEBRMEES, THRAGTHAROBREL, 2
AERENPARAZTHAENEHEZRRERE.

5 CRABBRBRYBEEERTHE, L0 F 33.6 AR/EX
WMEk&GKHERRABEMN. BitE A mey ELOR/ KRS, TIAKFLE
2HER.

A HPMM P THERFREERATERER T, ARG MFHR
KR EIGERAK, BISRIAERETGRM, REHE CO, MF

0 BTAGERMNESE LOHHAE, LERABRIEEY SCETR

W AR BB K, IR EFA T R EARIEE T LRMKRK.

18
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