2008/056121 A1 I} N0 00 0 0O O 0

=

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

(19) World Intellectual Property Organization Vd”Ij

) IO O OO OO

International Bureau

(43) International Publication Date
15 May 2008 (15.05.2008)

(10) International Publication Number

WO 2008/056121 Al

(51) International Patent Classification:
COIF 5/14 (2006.01) HOIB 7/295 (2006.01)
C09C 1/02 (2006.01) CO8K 3/22 (2006.01)
CO9K 21/02 (2006.01)

(21) International Application Number:
PCT/GB2007/004217

(22) International Filing Date:
5 November 2007 (05.11.2007)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

0622106.3 6 November 2006 (06.11.2006) GB

(71) Applicant (for all designated States except US): IMERYS
MINERALS LIMITED [GB/GB]; Par Moor Centre, Par
Moor Road, Par Cornwall PL24 2SQ (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US ornly): WINDEBANK,
Mark, Barry [GB/GB]; 7 Deeble Drive, St. Blazey,
Par Cornwall PL.24 2JJ (GB). SKUSE, David, Robert
[GB/GB]; 2 Prospect Gardens, Truro, Cornwall TR1
1BH (GB). PALM, Scott [US/US]; 1065 Richmond Glen
Circle, Alpharetta, GA 30004 (US). HOOPER, Jeremy,
John [GB/GB]; 48 St Julitta, Luxulyan, Bodmin, Cornwall
PL30 5ED (GB).

(74) Agent: RUSHTON, David, John, HASELTINE LAKE,
Redcliff Quay, 120 Redcliff Street, Bristol BS1 6HU (GB).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

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

(54) Title: GRINDING AND BENEFICIATION OF BRUCITE

(57) Abstract: The invention provides a method for preparing particulate brucite comprising grinding and beneficiating particulate

scattering.

brucite wherein the ground beneficiated particulate brucite has a dgo of less than or equal to about 6.4um as measured by laser light



WO 2008/056121 PCT/GB2007/004217

5

10

15

20

25

30

35

GRINDING AND BENEFICIATION OF BRUCITE

Field of the Invention

The present invention relates to methods of grinding and beneficiating natural magnesium
hydroxide, also known as brucite. The invention also relates to methods of preparing
compositions, particularly, but not exclusively, polymers, which include ground, beneficiated

particulate brucite.

Background of the Invention

Particulate magnesium hydroxide has a wide range of uses. In particular, it is used as a
filler material in a variety of applications.

PCT Patent Application No. WO-A-2005/077829, as well as the publications referred to
therein and in the published International Search Report thereon, the disclosures of all of which
are incorporated herein by reference in their entirety, describe ground particulate magnesium
hydroxide filler materials and their uses.

The method described in WO-A-2005/077829 for preparing particulate magnesium
hydroxide involves grinding brucite in contact with an aqueous medium in the presence of at
least one particulate grinding medium under conditions such that the energy input is in excess of
about 20 kWh/tonne.

The fineness of the particulate magnesium hydroxide derived from brucite is also an
important factor in its utility. It is desirable that particulate magnesium hydroxide derived from
brucite is ground before use to reduce the particle size.

It is also desirable to minimise the occurrence of asbestos and other mineral fibres in
ground brucite.

As is known, coarse filler particles in polymers can serve as sites for the generation of
cracks that can reduce the impact strength of the polymer (see, e.g., “Toughening of
Polypropylene by CaCO; : Effect of Particle Size and Surface Coating”, D. A. Taylor and C. D.
Paynter, Polymat 1994 - Toughening of Plastics III, Conference Proceedings, London, 19-22
September 1994, p.628-38). It is therefore also desirable to classify ground particulate
magnesium hydroxide to reduce the top size of the particles.

The brightness of a filler material is an important factor in its utility. It is desirable that

particulate magnesium hydroxide derived from brucite is brightened before use.
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Brief Description of the Invention

The present invention is defined in and by the appended claims, as properly construed
according to law.

According to a first aspect of the present invention, there is provided a method for
preparing particulate brucite comprising grinding and beneficiating particulate brucite wherein
the ground beneficiated particulate brucite has a dgy of less than or equal to about 6.4pm as
measured by laser light scattering.

Beneficiation of the brucite may take place before and/or during and/or after the
particulate brucite is ground. Beneficiation may occur solely through the use of grinding.
Beneficiation may result in the concentration of brucite being increased and/or an improvement
in one or more properties such as brightness. This increase in concentration may be due to the
removal of material other than brucite.

The resultant particulate brucite has a dgo less than or equal to about 6.4pum as measured
by laser light scattering and preferably a dso less than or equal to about 0.5um, for example,
about 0.4 to 0.5um, as measured by laser light scattering.

The brucite to be ground may have a top size of particles which is coarser than a desired
top size, and may be ground in contact with an aqueous medium in the presence of at least one
particulate grinding medium under conditions such that the energy input is in excess of about
20kWh/tonne, wherein the particulate brucite having a top size of particles which is coarser than
the desired top size is present in a weight excess relative to the water of the aqueous medium.

The ground particulate brucite may have a dy less than or equal to about 2um as
measured by laser light scattering and a ds, less than or equal to about 0.5um as measured by
laser light scattering.

The laser light scattering method for measuring dgo used herein is performed on a CILAS
instrument. The sedimentation method, referred to elsewhere in this specification, is performed
on a SEDIGRAPH 5100 machine as supplied by Micromeritics Corporation, USA.

The ground particulate brucite may comprise less than about 0.1, for example less than
about 0.05, for example less than about 0.01, for example less than about 0.003, for example
less than about 0.002, for example less than about 0.001, asbestos fibres or other mineral fibres
per ml of air at a total dust level of 10mg/m®. The term asbestos includes one or more of the
following minerals: crocidolite, amosite, chrysotile, fibrous actinolite, fibrous anthophyllite or
fibrous tremolite. The levels of asbestos present are measured in accordance with the following
procedure. 1g of the brucite sample is weighed and washed into a 100ml volumetric flask using
50:50 double distilled water : methanol solution and diluted to 100mls with double distilled

water. The sample is then thoroughly dispersed using an ultrasonic bath and shaking, before
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diluting the suspension using a pipette to a total of 10,000 times using freshly prepared double

distilled water as follows:-

1* dilution (A): 5ml of suspension is diluted to 100ml = 20 times dilution;

2 dilution (B): 2ml of suspension ‘A’ is diluted to 100ml (50 times) = total dilution of
1,000 times; '

3" dilution (C): 10ml of suspension ‘B’ is diluted to 100ml (10 times) = total dilution of
10,000 times.

During this dilution process, the pipette needs to be rinsed through, into the flask, with
double distilled water. This ensures that any fibrous material adhering to the sides of the pipette
is transferred to the flask. Thorough mixing is carried out at each stage. A 2ml aliquot of the
final diluted suspension is then filtered through a 13mm diameter, 0.4pm pore size, Nuclepore
polycarbonate membrane. As with the earlier dilutions, the pipette needs to be rinsed into the
filter to ensure all the fibrous material is transferred. The residue filtered off will be within a
5mm disc in the centre of the membrane. This is allowed to air dry before being mounted on a
solid carbon disc, fixed to an aluminium stub, using silver conducting paint (the solid carbon
disc prevents any non-sample x-ray contributions during analysis which could be detected
through the thin membrane). The sample is then gold sputtered for 60seconds at ~10mA before
being placed in the microscope. The microscope conditions are set to suit both the analysis and
comfortable viewing of the sample, for example, the probe current = 6x107°A, working distance
(W.D.) = 15mm, operating voltage = 15kV and the magnification = 1500 times. The centre
portion of the membrane holding the acid insoluble residue is then systematically scanned to
detect any fibres of asbestos. Any asbestos fibres are noted and reported as the number of fibres
per ml of air at a total dust level of 10mg/m’. Due to the time taken to evaluate these specimens,
approximately only half of the 5mm disc is examined. This result is then multiplied by 2 to
achieve the value for the whole disc. For a particle to be regarded as a fibre, it has to be >5um
in length, <3pm wide and have an aspect ratio of >3 to 1.

The ground particulate brucite may comprise less than about 1wt%, for example less than
about 0.5wt%, for example less than about 0.1wt%, for example less than 0.05wt% iron. The
levels of iron present are acid soluble iron and are measured quantitatively using wet chemical
analysis methods. More specifically, the amounts of iron present are measured by the
Inductively Coupled Plasma (ICP) technique and the results are expressed as a weight % of the
whole sample.

The ground particulate brucite may possess a moisture pick up value over 7 days of less

than about 15%, for example less than about 10% and most preferably less than about 6%. The
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moisture pick up is measured gravimetrically. More specifically, the brucite is dried for 2 hours
at 80°C in a vacuum oven. The material is allowed to cool down in a desiccator and weighed.
The sample is then exposed to a controlled environment, at 23°C and 97% relative humidity and
the weight gain recorded after 7 days.

The methods according to the present invention may comprise classifying the particulate
brucite including top size particles in a certain size range (for example 15 to 18um or 12 to
18um as measured by laser light scattering) so as to remove said top size particles in the said
certain size range, the method comprising suspending the material in an aqueous medium to
form a particulate suspension of the brucite, introducing a stream of the said particulate
suspension into a hydrocyclone apparatus to create a vortex flow in the apparatus, and removing
from the apparatus a first discharged stream (“underflow” or “U/F”) comprising relatively large
particles and a second discharged stream (“overflow” or “O/F”) comprising relatively small
particles, and recovering the classified particulate magnesium hydroxide free of the said top size
particles from the second discharged stream. The aqueous suspension may, if desired, include
dispersing agents or other additives to assist the separation. We have found, however, that it
may not be necessary to use a dispersing agent.

The ground particulate brucite may be beneficiated in order to improve its brightness.
For example, the beneficiation may comprise dispersing the ground or pre-ground particulate
brucite in a fluid carrier medium to produce a dispersion; introducing the dispersion into a
magnetic field of sufficient field strength to magnetise ferric components of the particulate
brucite; removing the dispersion from the magnetic field and placing the dispersion in
sufficiently close proximity to a magnetic or magnetisable material that the said ferric
components of the dispersion are concentrated in the vicinity of the magnetic or magnetisable
material; and thereafter separating the said concentrated ferric components from the remainder
of the dispersion.

The methods of preparing a ground particulate brucite according to the present invention
may further comprise combining said brucite optionally with one or more other particulate
inorganic materials in order to provide a particulate filler material for use in a polymeric
composition. The filler is preferably provided for use in the form of a substantially dry powder.
The particulate filler material may suitably consist essentially of a ground particulate brucite
made according to the present invention and one or more other particulate inorganic materials.
The one or more other particulate materials may suitably have flame retardant properties and be
present with the particulate brucite in a flame-retardant amount.

The filler may suitably be present in an amount of between about 1% and about 90%, for
example between about 10% and about 90%, by weight of the filled polymer. The filler is

preferably present in the polymer in a flame-retarding amount, to provide a flame-retardant
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polymeric composition suitable, for example, for use as a sheath, coating or housing for an
electrical product. The polymer composition may be formed into an article. The article may be
a sheath, coating or housing for an electrical product, for example a sheath component of an
electrical cable.

The polymeric composition may be formed by mixing the components of the
composition, the polymer component being present for the mixing as liquid or particulate solid,

and optionally one or more precursors of the polymer.

Detailed Description of the Invention

The laser light scattering measurement method used herein is a well known particle size
analysis using a CILAS (Compagnie Industrielle des Lasers) 1064 instrument. The CILAS
instrument determines the particle size distribution of a sample by passing a laser beam through
a dilute suspension of sample particles and measuring the resultant diffraction pattern of the
laser beam. The diffraction pattern is then analyzed using mathematical algorithms
(Fraunhofer) based on optical theory to calculate the particle size distribution of the sample.
The CILAS 1064 instrument was equipped with a wet sampling device and dual laser detection
system to allow accurate measurement of very fine particles. The CILAS 1064 instrument
normally provides particle size data to two decimal places.

The parameter dyy as measured by CILAS is the particle equivalent spherical diameter
(esd), as measured on the CILAS (Compagnie Industrielle de Lasers) 1064 or corresponding
instrument, at which there are 90% by volume of the particles which have an esd less than the
dgg value.

Unless otherwise stated, the method for measuring ds, used herein is also performed on a
CILAS 1064 instrument. This parameter ds, is the mean or average particle equivalent
spherical diameter (esd), that is to say, the esd at which there are 50% by volume of the particles
which have an esd less than the ds, value.

The starting particulate brucite is preferably obtained from coarsely comminuted brucite.
Brucite may occur in substantially pure form or, more commonly, may be found in combination
with other minerals such as calcite, aragonite, talc or magnesite, often in stratified form between
silicate deposits, in chlorite, or in schists. The term “brucite” used herein includes all forms
and occurrences of brucite, and processed (e.g. comminuted) derivatives thereof,

The method may suitably be performed generally as described in WO-A-2005/077829,
the contents of which are incorporated herein by reference in their entirety. When the brucite to
be ground has a top size of particles which is coarser than a desired top size, and is ground in

contact with an aqueous medium in the presence of at least one particulate grinding medium
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under conditions such that the energy input is in excess of about 20kWh/tonne, and the
particulate brucite having a top size of particles which is coarser than the desired top size is
present in a weight excess relative to the water of the aqueous medium, then for example, the
starting particulate brucite may be present in at least a 1.4-fold weight excess, for example in at
least a 1.6-fold weight excess, for example in at least a 1.8-fold weight excess, for example in at
least a two-fold weight excess, for example in at least a 2.2-fold weight excess, for example in
at least a 2.5-fold weight excess, relative to the water. Preferably, the starting particulate brucite
should be present in up to about a three-fold weight excess, relative to the water. If desired,
water can be added as desired, even to the extent that, towards the end of the grinding, the water
becomes in a weight excess relative to the particulate brucite.

The energy input is suitably in excess of about 50kWh/tonne, for example in excess of
about 100kWh/tonne, for example in excess of about 150kWh/tonne, for example in excess of
about 200kWh/tonne, for example in excess of about 250kWh/tonne, for example in excess of
about 300kWh/tonne, for example in excess of about 350kWh/tonne. The upper limit of energy
input is generally difficult to specify, as the particle size will generally continue to reduce, albeit
progressively more slowly, as the energy input is increased. Generally speaking, it should not be
necessary for the energy input to exceed about 2000kWh/tonne, in order to produce useful
particulate brucite or filler material according to the present invention.

The particulate grinding medium may be of a natural or a synthetic material. The
grinding medium may comprise balls, beads or pellets of any hard mineral, ceramic or metallic
material; such materials may include, for example, alumina, zirconia, zirconium, silicate,
aluminium silicate or the mullite-rich material which is produced by calcining kaolinitic clay at
a temperature in the range of from 1300°C t01800°C. Alternatively, particles of natural sand of
a suitable particle size may be used.

Generally, the type of, and particle size of, grinding medium to be selected for use in the
invention may be dependent on the properties, such as, e.g. the particle size and the chemical
composition of the feéd of natural magnesium hydroxide to be ground. Preferably, the
particulate grinding medium comprises particles having an average diameter in the range of
from 0.1mm to 6.0mm and, more preferably in the range of from 0.2mm to 4.0mm. Preferably,
the grinding medium (or media) may be present in an amount of from 40% to 70% by volume
of the charge; more preferably in an amount of about 60% by volume of the charge.

The particulate brucite is preferably present in suspension in the aqueous medium. In
such a suspension, the relatively coarse starting brucite may preferably be present in an amount
of from 5% to 85% by weight of the suspension; more preferably in an amount of from 20% to
80% by weight of the suspension. Most preferably, the coarse starting brucite may be present in

an amount of about 30% to 75% by weight of the suspension.



10

15

20

25

30

35

WO 2008/056121 PCT/GB2007/004217

7

A dispersing agent may preferably be added to the suspension prior to comminution by
the method of the invention. This is desirable to reduce the viscosity of the suspension. It is
preferred that a proportion (e.g. up to about 50% by weight or volume, for example about 30 to
40%) of the dispersing agent is added before or at the start of the grinding procedure, and the
remainder of the dispersing agent is added in relatively small doses during the grinding
procedure. The dispersing agent may be, for example, a water soluble condensed phosphate, a
water soluble salt of a polysilicic acid or a polyelectrolyte, for example a water soluble salt of a
poly(acrylic acid) or of a poly(methacrylic acid) having a number average molecular weight not
greater than 80,000. The dispersing agent may be added in the form of a dry powder or a
solution, e.g. in water. As dispersing agent, sodium polyacrylate, ammonium polyacrylate or
any combination thereof may particularly be mentioned. Commercially available products

including these materials include Calgon (sodium hexametaphosphate), DP2695™ (sodium

polyacrylate; available from Ciba Specialty Chemicals, www.cibasc.com), Jaypol 1183™
(30% sodium neutralised sodium polyacrylate, which may be further neutralised with sodium
hydroxide to prepare e.g. a 70% neutralised modified form), BTC2™ (sodium polyacrylate,
available from MJ Polymers, Doncaster, UK), and A40™ (ammonium polyacrylate; available
from Ciba Specialty Chemicals). The amount of the dispersing agent used will generally be in
the range of from 0.05 to 2.0% by weight, based on the weight of the dry particulate solid
material.

The comminution is continued until the desired particle diameter is achieved, after which
the particulate material is dewatered and dried. Dewatering can be accomplished via use of
settling bowls, dewatering centrifuges, plate and frame presses, belt presses, rotary vacuum
filters, tube presses, high pressure presses, tangential flow membranes and evaporators or some
combination thereof. Drying can be accomplished via use of spray driers, flash dryers, drum
dryers, shelf or hearth dryers, freeze driers and drying mills, or some combination thereof.

This high-solids grinding process according to the present invention may conveniently be
performed on a small (kilogram or laboratory) scale using the apparatus and other conditions
specified in WO-A-2005/077829, the entire contents of which are hereby incorporated by
reference, although preferably a higher impeller speed of at least about 1000 rpm, for example
at least about 1250 rpm, for example at least about 1350 rpm, for example at least about 1450
rpm, for example about 1500 rpm, may be used. The high-solids grinding process according to
the present invention may alternatively be employed on a commercial (tonne or multi-tonne)
scale with appropriate scaling up from the laboratory apparatus.

The grinding process according to the present invention is found to provide relatively fine
particulate magnesium hydroxide with utility as a filler material, more economically than the

prior art grinding processes. Moreover, it is found that ultra fine particulate magnesium
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hydroxide can be readily prepared. Still further, it is found that the grinding process according
to the present invention enables ground brucite to be prepared with a surprisingly low content of
asbestos and other mineral fibres, leading to considerable health and safety advantages.

The dry comminuted particulate brucite may, if desired be resuspended in a liquid
medium for further use. Such redispersion may typically be assisted by the use of dispersing
agents. The same dispersing agents as mentioned above may suitably be used.

We have further found, surprisingly, that the fine particulate brucite prepared according
to the present invention is more easily dispersed to provide a pumpable and handlable slurry of
acceptably low viscosity (e.g. less than about 1100mPa.s Brookfield viscosity on dispersion,
preferably less than about 650mPa.s), rising to less than about 2000MPa.s Brookfield viscosity
after 1 hour, preferably less than about 1300mPa.s) than prior art ground magnesium hydroxide
materials, which are typically difficult to disperse effectively.

The beneficiated particulate brucite according to the present invention may typically have
an ISO brightness (violet) of greater than about 85, for example at least about 89, for example at
least about 91, for example at least about 93. The ISO brightness (violet) is higher after the
beneficiation has been carried out. Preferably, the ISO brightness is greater than or about one
point higher, preferably greater than or about two points higher, preferably greater than or about
three points higher. The ISO brightness, as expressed herein, refers to the percentage
reflectance to light of a 457nm wavelength. The ISO brightness is the percentage of light
reflected by a body compared to that reflected by a perfectly reflecting diffuser measured at
457nm. A Datacolour Elrepho fitted with two tungsten lamps, a gloss shield and a range of
filters which includes one at a nominal setting of 457nm and one at a nominal setting of 571nm
are used. A test surface is produced by pulverizing a dried material, for example using an
Imerys pulveriser, to disperse it completely, then compressing it under a pressure of 1.2kg cm™
to form a powder tablet. Drying is carried out in an oven and dryness of the sample is denoted
by the absence of condensation on a piece of cool plate glass when placed in close proximity to
the surface of the sample which has been removed from the oven. Suitable drying ovens
include the forced circulation type which are capable of maintaining a temperature of 80°C to
within 5°C. The reflectance values of this tablet are measured at two wavelengths in the visible
spectrum. The measurements are made with the ultraviolet component excluded. The primary
standard adopted was an ISO level 2 reflectance standard, supplied and calibrated by
Physikalisch-Technische Bundesanstalt (P.T.B.), West Germany. A working standard, in this
case a ceramic tile, was used to calibrate the photometer for brightness measurements which had

been calibrated previously against the level 2 standard.
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Yellowness is measured according to the procedure described above for the brightness
measurements. The yellowness is reported as the value obtained when the reflectance at 457nm
is subtracted from the reflectance at 571nm.

The dy of the ground brucite may be less than or equal to 2.0pm, for example less than or
equal to 1.9um, for example less than or equal to 1.8pm, and the ds, may be less than or equal to
0.50pm, for example less than or equal to 0.48pm, for example less than or equal to 0.46pm, for
example less than or equal to 0.44um, for example less than or equal to 0.42um, for example
greater than or equal to about 0.30pm, for example about 0.40um.

The particulate brucite may be present as a dry particulate or in dry admixture with other
materials. Alternatively, for example, the particulate brucite, and optional other materials if
present, may be in a liquid (e.g. aqueous) slurry or dispersion.

The level of asbestos fibres is surprising, and the preferred levels are substantially below
the level measured for milled brucite Furthermore, the preferred levels are more than 100 times
lower than the accepted safe limit for crysotile (0.3 fibres per ml of air at a total dust level of 10
mg/m®).

Classification according to the present invention may, for example, be carried out using a
hydrocyclone, a centrifuge or via sedimentation. For classifying the particulate brucite using a
hydrocyclone, then typically, the introduced stream enters the hydrocyclone tangentially and the
discharged streams exit axially, in conventional manner. The top size particles may, for
example, be in the size range of 15 to 18pum or 12 to 18um as measured by laser light scattering,
The aqueous suspension may, if desired, include dispersing agents (for example, those
mentioned above or other additives to assist the separation. We have found, however, that it
may not be necessary to use a dispersing agent. The hydrocyclone apparatus may be selected
from any commercially available hydrocyclone systems for separation of particles. It is
particularly suitable to use a hydrocyclone apparatns incorporating a vortex finder and spigot.
The selection of an appropriate design and size of hydrocyclone can be made on known
principles using reasonable testing and trialling procedures. For a discussion of a systematic
approach to the selection of hydrocyclone dimensions and parameters for use in relation to the
present invention, see for example Mineral Processing and Extractive Metallurgy, Vol. 112, No.
1, April 2003, pp. 19-24(6). A suitable hydrocyclone apparatus that may be used is Axsia
Mozley.

The ground particulate brucite may be beneficiated in order to improve its
brightnessand/or to reduce its content of asbestos or other mineral fibres. This may comprise:
dispersing the particulate brucite in a fluid carrier medium to produce a dispersion; introducing
the dispersion into a magnetic field of sufficient field strength to magnetise ferric components

of the particulate brucite; removing the dispersion from the magnetic field and placing the
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dispersion in sufficiently close proximity to a magnetic or magnetisable material that the said
ferric components of the dispersion are concentrated in the vicinity of the magnetic or
magnetisable material; and thereafter separating the said concentrated ferric components from
the remainder of the dispersion.

The fluid carrier may be a gas, liquid or flowable solid. An aqueous liquid dispersion is
preferred. Suitable dispersing agents may be used if desired, as described above. The magnetic
field may be produced by any suitable means. For example, the magnetic field may be produced
by an electromagnet, for example a super-conducting magnet. The magnetic field may have a
field strength of greater than about 1 Tesla, for example greater than about 2 Tesla, for example
greater than about 3 Tesla, for example greater than about 4 Tesla, for example less than about 7
Tesla. Preferably, the magnetic field strength is about 5 Tesla. The magnetic field is of
sufficient strength to magnetise magnetisable particles in the dispersion. The magnetisation
effect may be of permanent or temporary effect.

The dispersed brucite may be static in the magnetic field or may be passed through the
magnetic field in a flow. Where a flow system is used, the flow may take place at any suitable
rate, and in any suitable way. For example, the dispersion may be passed through the magnetic
field at a flow rate of greater than about 10ml s™, for example greater than about 15ml s™, for
example greater than about 20ml s™, for example about 25ml s™.

The magnetic or magnetisable material may suitably be a ferromagnetic material of any
suitable type and in any suitable configuration. For example, the ferromagnetic material may
comprise iron, nickel, cobalt or any combination thereof. For example, the ferromagnetic
material may be an alloy comprising iron, nickel, cobalt or any combination thereof. The alloy
may also comprise other materials, for example carbon. The ferromagnetic material may
preferably be formed into any suitable arrangement for contacting with the magnetised
dispersion such that the magnetised particles in the dispersion adhere magnetically to the
ferromagnetic material. Arrangements which result in a large contact surface area between the
dispersion and the ferromagnetic material are therefore particularly favoured. For example, the
ferromagnetic material may be in the form of a sieve or mesh or a plurality of sieves and/or
meshes. For example, a packed bed may be used comprising particles which comprise a
ferromagnetic material, for example particles which are coated with a ferromagnetic material,
for example particles which consist essentially of a ferromagnetic material. For example, the
ferromagnetic material may be disposed as elongate elements, whose length may be
substantially greater than their greatest transverse dimension. The elongate elements may be in
an ordered arrangement, for example woven, coiled and/or aligned, or a disordered arrangement,

for example entangled and/or matted.
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The step of placing the dispersion in sufficiently close proximity to a magnetic or
magnetisable material that the said ferric components of the dispersion are concentrated in the
vicinity of the magnetic or magnetisable material may be carried out in a static or moving
arrangement. The moving arrangement involves relative movement of the dispersion and the
magnetic or magnetisable material, although it is not necessary that both are individually
moving. It is preferred that the dispersion is moving and the magnetic or magnetisable material
is static. It is preferred that the dispersion is in direct contact with the magnetic or magnetisable
material in a container or apparatus.

After the ferric components of the dispersion have been concentrated as described above,
the ferric components are separated from the remainder of the dispersion. In the preferred
arrangement described above, the ferric-depleted dispersion flows on and away from the ferric
components adhered to the magnetic or magnetisable (e.g ferromagnetic) material.

The ferric components may subsequently be removed from the ferromagnetic material by
any suitable means. The magnetised particles may be removed by mechanical agitation, or by
thermal treatment or by contacting the ferromagnetic material to which the magnetised particles
have adhered with a suitable liquid wash, for example water. Preferably, the magnetised
particles are magnetised temporarily such that they adhere to the ferromagnetic material during
the contacting of the dispersion with the ferromagnetic material but become disadhered easily
after the contacting has been completed.

The ferromagnetic material may be disposed in any suitable vessel. The vessel may, for
example, itself be of a ferromagnetic material. The vessel may be provided with inlets and
outlets and appropriate valves and control mechanisms as may be required to facilitate the
beneficiation process. For example, the vessel may have an inlet and an outlet. The inlet and/or
the outlet may be provided with a valve or other means for controlling the flow rate of material
through the vessel. The valve(s) or other means may be adapted to be controlled remotely, for
example by electronic or computer control equipment.

We have found that the above method can lead to a surprising enhancement of the
brightness of ground brucite.

Any suitable initial comminution method, such as described generally below may be used
in the methods of the present invention.

For example, coarse brucite may be crushed and coarsely ground using well-known
procedures, and then subjected to comminution to produce the particulate brucite or filler
material to be processed according to the invention. In one preferred embodiment, brucite may
be crushed and dry ground to produce a flour-like material suitable as a feed for comminution to

produce the particulate brucite or filler material.
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Where it is desired to prepare a filler material in accordance with the present invention, in
which the particulate brucite is present with one or more other particulate inorganic material, the
different materials may be processed together, e.g. for comminution, surface treatment,
beneficiation or combinations thereof. Alternatively, the different material may also be blended
together following comminution, surface treatment or beneficiation.

The comminution is typically wet grinding or milling. Where grinding is used, it is
preferably carried out in the presence of a suitable particulate grinding medium. The particulate
grinding medium may be of a natural or a synthetic material. The grinding medium may
comprise balls, beads or pellets of any hard mineral, ceramic or metallic material; such
materials may include, for example, alumina, zirconia, zirconium, silicate, aluminium silicate or
the mullite-rich material which is produced by calcining kaolinitic clay at a temperature in the
range of from 1300°C to 1800°C. Alternatively, particles of natural sand of a suitable particle
size may be used. In one preferred embodiment, a sand or ceramic grinding medium is used in
a wet grinding procedure, to achieve the desired particle size.

Generally, the type of, and particle size of, grinding medium to be selected for use in the
invention may be dependent on the properties, such as, e.g. the particle size and the chemical
composition of the feed of brucite to be ground. Preferably, the particulate grinding medium
comprises particles having an average diameter in the range of from 0.1mm to 6.0mm and, more
preferably in the range of from 0.2mm to 4.0mm. Preferably, the grinding medium (or media)
may be present in an amount of from 40% to 70% by volume of the charge; more preferably in
an amount of about 60% by volume of the charge.

The coarse brucite to be ground is preferably present in an aqueous suspension. In such a
suspension, the coarse brucite may preferably be present in an amount of from 5% to 85% by
weight of the suspension; more preferably in an amount of from 10% to 80% by weight of the
suspension. Most preferably, the brucite may be present in an amount of about 10% to 75% by
weight of the suspension e.g. about 10 to 25%. One or more dispersants, such as those
described above, may be used to assist the suspension.

Subsequent conventional treatments may include dewatering and drying, as described
generally above.

With regard to those aspects of the invention relating to the formation of a polymer
composition, the polymer comprises any natural or synthetic polymer or mixture thereof. The
polymer may, for example, be thermoplastic or thermoset. The term “polymer” used herein
includes homopolymers and copolymers, blends, as well as crosslinked and/or entangled
polymers and elastomers such as natural or synthetic rubbers and mixtures thereof. Specific
examples of suitable polymers include, but are not limited to, polyolefins of any density such as

polyethylene and polypropylene, polycarbonate, polystyrene, polyester, acrylonitrile-butadiene-
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styrene copolymer, nylons, polyurethane, ethylene-vinylacetate polymers, polyvinyl chloride,
and any mixture thereof, whether cross-linked or un-cross-linked.

The term “precursor” as applied to the polymer component will be readily understood by
one of ordinary skill in the art. For example, suitable precursors may include one or more of:
monomers, cross-linking agents, curing systems comprising cross-linking agents and promoters,
or any combination thereof.

The particulate inorganic filler is suitably present in the polymer composition according
to the present invention in a flame retardant amount, suitably in an amount in the general
loading range between about 5% and about 80% by weight, and more preferably between about
9% and about 50% by weight.

The particulate brucite may be present — for example in the filler material as such or in
the polymeric composition — with one or more other particulate inorganic materials.

The other particulate inorganic material, when present, may, for example, be selected
from phosphorus-containing compounds (e.g. organophosphates or phosphorus pentoxide),
boron-containing compounds (e.g. boric acid and metal borates such as sodium borate, lithium
metaborate, sodium tetraborate or zinc borate), metal salts, metal hydroxides (e.g. gibbsite,
ground or precipitated alumina trihydroxide (ATH), synthetic magnesium hydroxide), metal
oxides (e.g. lead dioxide, antimony oxide), hydrates thereof (e.g. sodium tetraborate
decahydrate), mineral sources of any of the foregoing whether in native or at least partially
refined form, organoclays (e.g. smectite clays such as bentonite, montmorillonoids such as
montmorillonite, talc, pyrophilite, hectorite, vermiculite, perlite, saponite and ion-exchanged
forms thereof, suitably ion-exchanged forms incorporating cations selected from quaternary
ammonium and alkylimidazolium ions), kaolin clays, other non-kaolin clays (for example as
described in Chapter 6 of “Clay Colloid Chemistry” by H. van Olphen, (Interscience, 1963);
more specifically: one or more of; illites; other kaolinites such as dickite, nacrite and halloysite;
chlorites; attapulgite and sepiolite), and any combination thereof, typically boric acid, a metal
borate and any combination thereof.

The one or more other inorganic materials may suitably have flame-retardant properties
and be present with the particulate natural magnesium hydroxide in a flame-retardant amount.
Preferred such components are ground and precipitated ATH.

The filler material or the polymeric composition made according to the present
invention may include one or more other optional flame-retardant and/or non-flame-retardant
components, preferably selected from conventional organic heat quenchers such as halogenated
hydrocarbons (e.g. halogenated carbonate oligomers, halogenated phenyl oxides, halogenated
alkylene-bis-phthalidimides and halogenated diglycyl ethers), optionally together with metal

oxides (e.g. antimony oxide) and conventional additives for polymers, for example pigments,
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colorants, anti-degradants, anti-oxidants, impact modifiers (e.g. core-shell graft copolymers),
fillers (e.g. talc, mica, wollastonite, glass or a mixture thereof), slip agents (e.g. erucamide,
oleamide, linoleamide or steramide), coupling agents (e.g. silane coupling agents), peroxides,
antistatic agents, mineral oils, stabilisers, flow enhancers, mould release agents (e.g. metal
stearates such as calcium stearate and magnesium stearate), nucleating agents, clarifying agents,
and any combination thereof.

Such components are suitably used in total amounts between about 1% and about 70%
by total weight of the filler component, and more preferably between about 5% and about 50%
by weight, e.g. up to about 30% by weight.

The coupling agent, where present, serves to assist binding of the filler particles to the
polymer. Suitable coupling agents will be readily apparent to those skilled in the art. Examples
include  organic silanes or titanates such as  vinyltriethoxysilane, tri-(2-
methoxyethoxy)vinylsilane, vinyltriacetylsilane, tetraisopropyltitanate, tetra-n-butyl-titanate,
and the like. The coupling agent is typically present in an amount of about 0.1% to about 2% by
weight, preferably about 1% by weight, based on the weight of the total particulate filler.

Preparation of the polymeric compositions of the present invention can be accomplished
by any suitable mixing method known in the art, as will be readily apparent to one of ordinary
skill in the art.

Such methods include dry blending of the individual components or precursors thereof
and subsequent processing in conventional manner. ’

In the case of thermoplastic polymeric compositions, such processing may comprise melt
mixing, either directly in an extruder for making an article from the composition, or pre-mixing
in a separate mixing apparatus such as a Banbury mixer. Dry blends of the individual
components can alternatively be directly injection moulded without pre-melt mixing.

The filler material prepared according to the present invention can, where it includes
more than one component, be prepared by mixing of the components thereof intimately
together. The said filler material is then suitably dry blended with the polymer and any desired
additional components, before processing as described above.

For the preparation of cross-linked or cured polymeric compositions, the blend of
uncured components or their precursors will suitably be contacted under suitable conditions of
heat, pressure and/or light with an effective amount of any suitable cross-linking agent or curing
system, according to the nature and amount of the polymer used, in order to cross-link and/or
cure the polymer.

For the preparation of polymeric compositions where the filler material is present in situ
at the time of polymerisation, the blend of monomer(s) and any desired other polymer

precursors, filler and any other component(s) will preferably be contacted under suitable
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conditions of heat, pressure and/or light, according to the nature and amount of the monomer(s)
used, in order to polymerise the monomer(s) with the filler material and other component(s) in
sity.

The polymeric compositions can be processed to form, or to be incorporated in, articles of
commerce in any suitable way. Such processing may include compression moulding, injection
moulding, gas-assisted injection moulding, calendering, vacuum forming, thermoforming,
extrusion, blow moulding, drawing, spinning, film forming, laminating or any combination
thereof. Any suitable apparatus may be used, as will be apparent to one of ordinary skill in this
art.

The articles which may be formed from the compositions are many and various.
Examples include sheaths for electrical cables, electrical cables coated or sheathed with the
polymer composition, and housings and plastics components for electrical appliances (e.g.
computers, monitors, printers, photocopiers, keyboards, pagers, telephones, mobile phones,
hand-held computers, network interfaces, plenums and televisions). Fire retardant work
surfaces, e.g. counter worktops, may also be formed from a flame-retardant polymeric
composition according to the present invention.

The particle size fraction of ground brucite useful for fire retardant electrical components
may suitably be in the range less than 106um and greater than 38pm (-106pm +38um). The
particle size fraction of ground brucite useful for fire retardant counter worktops may suitably

be in the range less than 53um and greater than 38pum (-53 pm +38pm).

Examples of the Invention

The following non-limiting Examples are included for purposes of further explanation

and illustration of the present invention.

Example 1 — High Solids Grinding of Brucite

Large lumps of brucite were first crushed using a Glen Creston 18-501 jaw crusher to
produce small chips of about 20 mm effective diameter or smaller. These chips were then
passed through a Christy Norris mill to obtain a coarse powder of less than 0.5mm. The coarse
powder was finally ground using a Raymond Mill so as to obtain fine brucite powder having

75wt% less than 53 pm.
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Example 14 — Experiment Starting from Kuldur Brucite

Large lumps of Kuldur brucite were first prepared as described above. Sand grinding was
then carried out on a bench scale sand grinder having a shaft rotational speed of 1500rpm.
BTC2 (sodium polyacrylate; approximately 40% active) was used as dispersant. For this, 18.3g
of BTC2 (1% active BTC2) was dissolved in water to obtain 125g of dispersant solution.
Brucite (733g) and 16-20 Carbolite™ particulate grinding medium (1.5kg) were taken in a small
grinding pot. At the start, 245g of water and 37.5ml of the dispersant solution were taken. As
grinding proceeded, 12ml of the dispersant solution was added every 2.5 minutes. Later, 190 ml
of water was added as required. The grinding was carried out until the desired energy had been
imparted. The grinder was then stopped and the mixture was tipped on to a vibrating sieve (25
mesh). The brucite slurry was collected and tested for solid content using a Sartorius Moisture
Analyzer MA30™, and for viscosities using a Brookfield™ viscometer.

The ground sample had the following characteristics:
Moisture Content: 35% (65% solids);

Viscosities:

To :1032mPa.s;
T, :1380mPa.s;
Ty  :1880mPa.s.

Fibre Level,

Milled brucite: 0.004 fibres ml™ of air at a total dust level of 10mg m?;
Ground brucite: 0.001 fibres ml” of air at a total dust level of 10mg m™.
The accepted limit for chrysotile is 0.3 fibres ml” of air.

Example 1B — Experiment Starting form Jiguanshan Brucite

Large lumps of Jiguanshan brucite were first prepared as described above. High solids sand
grinding was carried out on a bench scale sand grinder having a shaft rotational speed of 1500
rpm. Brucite (733g) and 16-20 Carbolite™ (1.5kg) were taken in a small sand grinding pot. To
this, water and dispersants, or water only, was added as required through the grind, as set out in
Table 1 below. The grinding was carried out until the desired energy had been imparted, as set

out in Table 1A. The grinder was then stopped and the mixture was tipped on to a vibrating
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sieve (25 mesh). The brucite slurry was collected and tested for the parameters set out in Table
1. The solids content was measured using a Sartorius Moisture Analyzer MA30™. The surface
area was measured according to the BET method using a Tristar Instrument (Micromeritics)
including a Flowprep 060. For the surface area measurements, nitrogen was used as the
adsorbate in conjunction with helium as the carrier. The samples were out-gassed at 180°C
before testing. The ds, measurements were made using a sedimentation method; and brightness
as described above. Samples from test procedures 8, 9 10 and 11 were tested for viscosity at
time = 0, 1 and 24 hours using a Brookfield viscometer. The results of the viscosity tests are
shown in Table 1B. T, = viscosity at time = 0 hours; T; = viscosity at time = 1 hour; Ty =

viscosity at time = 24 hours.

The following dispersants were used for the experiment:

o (Calgon™ 10% active

e  BTC2™ (approx. 40% active)

e J70 (70% neutralised sodium polyacrylate) dispersant was produced by titrating Jaypol
1183™ (approx. 30% sodium neutralised) with sodium hydroxide (50 wt.% solution).
When tested, the final product was found to have 69.7% neutralisation, 4.73
polyacrylate mol/kg concentration and 44.5% activity as expressed as NaPAA.
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Table 1B - Viscosities of brucite slurries
No. | Dispersant | dso 73 wt.% Solid 70 wt.% Solid
(nm)

Mea- | Ty T Tos Mea- | Ty T Tos

sured | (mPas) | (mPas) | (mPas) | sured | (mPas) | (mPas) | (mPas)

Solid Solid

Con- Con-

tent tent

1% BTC2 | 0.85 | 73.35 | 415 720 2900 | 69.98 | 420 660 600

9 1% J70 1.00 | 73.46 | 305 420 2200 | 69.83 | 310 450 380
10 | 1% J70 0.68 | 73.63 | 555 960 3950 | 69.70 | 530 760 720
11 | 1%J70 0.68 | 73.54 | 705 1280 | 5000 | 70.01 | 630 990 1040

Test procedures 1 and 2 in the above Table show that the Calgon is not a suitable

dispersant for high grinding of brucite. The final product obtained was highly viscous.

Comparison between test procedures 8 and 12 (BTC as dispersant) versus Experiment 9-

11 (J70 as dispersant) show that BTC2 and J70 perform equally well. In both the cases, the

particle size (dso) of the end product and the viscosities of the slurry are quite comparable.

Comparison between test procedures 3, 4, 7, 8 and 12 show that best results in terms of

particle size are obtained when the 33% of the dispersant is added at the beginning of the

grinding and the rest during grinding. The visual inspection of the slurry during grinding also

showed better flow when the dispersant was added in instalments.

From the results it may be concluded that:

1. It seems possible to carry out high solids grinding of brucite.

2.  Among the different dispersants tried, semineutralised sodium polyacrylate (J70) and

BTC2 gave the best performance.

3.  The best results were obtained when 33% of the dispersant was added in the beginning

and the rest over the first half an hour grinding period.

4.  The viscosity of the 70 wt.% and 73 wt.% slurry was within acceptable limits.
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Example 1C - Effects of pH and Dispersant on Redispersion of Sandground Brucite

A sample of brucite sandground at 200kWh/T was prepared, codenamed Brucite SG 200,
5  having the following properties:

Sample | Sedigraph | Cilas ISO

dso (Lm) dsp (pum) Vio Yel L* A* B*
Brucite 0.65 - 1.62 92.9 1.3 97.6 0.11 0.77
SG 200

Effect of pH upon the dispersion of brucite.

10

The sandground brucite (25g) was mixed with 475g of distilled water, and subjected to 30
seconds of Silverson mixing. This was subsequently split into 5 aliquots. The natural pH of
this brucite in distilled water was pH 9.9. Additions of ammonium hydroxide and sulphuric

15 acid varied the pH of the brucite. The state of dispersion was assessed after a period of 30
minutes had elapsed. If there was a visible flocculated level of brucite with clear supernatant
then this was classed as “flocculated”. If after 30 minutes there was no clear supernatant, the
slurry looked uniform in density, and there was a residue, then this was classified as

“deflocculated”. Table 2 summarises the findings.

20
Table 2. Effect of pH upon dispersion of fine brucite
pH of Brucite State of dispersion
7.9 flocculated
8.5 flocculated
9.9 flocculated
10.5 flocculated
11.0 flocculated
25

The results show that the pH of the brucite slurry has no obvious effects on the state of
dispersion. The amount of clear supernatant was the same for all five samples.
Polyacrylate and hexametaphosphate dispersants were tested, both individually and
together.
30
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Effect of polyacrylate upon the dispersion of brucite.

Two polyacrylates were investigated, DP2695 sodium polyacrylate (Ciba) and A40
ammonium polyacrylate (Mé&J Polymers). These were added incrementally to the brucite. The
brucite was at its natural pH of 9.9. The sandground brucite (25g) was mixed with 475g of
distilled water, and subjected to 30 seconds of Silverson mixing. The results are shown in Table
3.

Table 3. Effect of polyacrylate upon dispersion of fine brucite,

Polyacrylate dose State of dispersion

Wit% DP2695 A40

0.1 flocculated Flocculated
0.2 flocculated Flocculated
0.4 flocculated

0.6 flocculated

0.8

1.2 de-flocculated

1.6 de-flocculated Flocculated
2.0 de-flocculated

2.4 de-flocculated
3.0

4.0

It can be seen that the brucite can be dispersed by using either 1.2 wt% DP2695 or 2.4
wt% A40.

Effect of sodium hexametaphosphate (Calgon) upon dispersion of brucite.

The sandground brucite was mixed with distilled water, and subjected to 30 seconds of
Silverson mixing. The brucite was at its natural pH of 9.9.
Various doses of Calgon were added to each slurry and allowed to stand for 30 minutes.

Table 4 summarises the results.

Table 4. Effect of sodium hexametaphosphate upon dispersion of fine brucite.

Calgon dose wt% State of Dispersion
0.1 Flocculated

0.2 Flocculated

0.4 Flocculated

0.6 Flocculated

1.2 De-flocculated

1.6 De-flocculated

2.0 De-flocculated




WO 2008/056121 PCT/GB2007/004217

24

These results show that a dose of 1.2 wt% sodium hexametaphosphate will disperse the
fine brucite. Further studies could lower this dose (between 0.6 and 1.2 wi%).

Effect of sodium hexametaphosphate (Calgon) and sodium polyacrylate (DP2695) upon

dispersion of brucite

The sandground brucite was mixed with distilled water, and subjected to 30 seconds of
10 Silverson mixing. The brucite was at its natural pH of 9.9.
Various doses of Calgon and DP2695 were added to each shurry and allowed to stand for

30 minutes. Table 5 summarises the results.

Table 5. Effect of sodium hexametaphosphate (Calgon) and DP2695 upon dispersion of
15  brucite.

DP2695 dose wt% Calgon dose wt% Dispersion state
1.2 0.6 De-flocculated
0.8 De-flocculated
1.0 De-flocculated
1.2 De-flocculated
0.8 0.6 De-flocculated
0.8 De-flocculated
1.0 De-flocculated
1.2 De-flocculated
0.6 0.6 De-flocculated
0.8 De-flocculated
1.0 De-flocculated
1.2 De-flocculated
04 0.6 De-flocculated
0.8 De-flocculated
1.0 De-flocculated
1.2 De-flocculated
02 0.6 Flocculated
0.8 flocculated
1.0 flocculated
1.2 flocculated
0.1 0.6 Flocculated
0.8 flocculated
1.0 flocculated
1.2 flocculated

It can be seen that a combination of DP2695 and Calgon gives good dispersion at
20  relatively low doses, i.e. lowest dose of the dual system was 0.4 wt% DP 2695 and 0.6 wt%
Calgon.
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Conclusions

All four dispersion systems studied here produced a dispersed slurry at a certain dose but
the dispersed slurry in each case did not produce a hard sediment that is characteristic of a well
dispersed system. It can be concluded that: (a) fine brucite will not naturally disperse at the pH
range covered in this study; (b) sodium polyacrylate will disperse the fine brucite at a dose of
1.2 wt%; (c) ammonium polyacrylate can ciisperse the brucite but a high dose is required, for
example around 2.4 wt%; (d) sodium hexametaphosphate (Calgon) deflocculates the fine
brucite at a dose of 1.2 wt%; (¢) a combination of DP2695 and Calgon disperses the fine

brucite; and (f) high solids grinding and refining can be investigated using a dispersed Brucite.

Example 2 — Hydrocyclone Classification of Comminuted Brucite

Preparation of Brucite

Chinese (Liujiahe) brucite from Dandong Jinjuan Mineral Company Ltd, China, had
previously been low solids, chemically free, Carbolite wet ground to 200kWh/tonne energy

input. Properties of this wet milled brucite can be found in Table 6.

Table 6. Properties of brucite

Sample Vio Yel CILAS BET SEDIGRAPH
ISO ISO dso(um) | m’/g dso (um)
2006Wh/t | 91.2 2.0 2.2 14.1 0.7

This fine brucite was dispersed by adding a mixture of 1wt.% sodium polyacrylate and 1

1wt.% Calgon. This was required to be able to measure the particle size of the brucite.

Hydrocyclone Classification

The classification of the brucite was carried out by using a small scale hydrocyclone rig.
25 litres of the undispersed, 18.5wi% low solids ground brucite was used each time. This
ground brucite was subjected to various cyclone set up regimes. The size of cyclone was
varied, as well as the vortex finder and spigot configurations.

The parameters are summarised in Table 7.

The brucite was passed through the hydrocyclone and both the over flow and underflow

was analysed. Flow rate and the solids content of both streams were measured.



10

15

20

25

WO 2008/056121 PCT/GB2007/004217

26
Table 7. Hydrocyclone parameters

Size of hydrocyclone Vortex finder Spigot
2 inch 14.3 6.3

1 inch 5.5 5.1

1 inch 5.5 33

1 inch 3.0 4.5

1 inch 3.0 33

1 inch 3.0 2.2

10 inch Fixed

Results

Tables 8 and 9 show the results of passing the brucite through the 2 inch and 1 inch
hydrocyclones. Table 10 shows the results of passing the brucite through the 10mm
hydrocyclone.

Table 8 shows the initial passes through the hydrocyclone rig. Flow rates were not
measured, as these experiments were to investigate whether a separation could be achieved
dispersant free. The results show there was a definite difference between the overflows and
underflows for the three experimental conditions employed. The overflows were all finer than
the feed material and the underflows were all coarser than the feed material.

Tables 9 and 10 additionally show the % volume split between the underflow and the
overflow of each experiment, as well as the flow rates. Again the same trends are observed for
the two flow streams as found in Table 8.

It can be seen that “passing 100%” can be lowered from 18um passing 100% for the feed
to 12um passing 100%. This value shows that the top cut can be lowered quite considerably

using the hydrocyclone (18um down to 12pm).

Conclusions

It is concluded that brucite can be passed through a hydrocyclone dispersant-free, that
significant separations can be made using a laboratory hydrocyclone, and that top size can be

altered by using a hydrocyclone.
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Example 3 — Magnetic Beneficiation of Comminuted Brucite and Comparative Studies

Three brucites, identified as “Greyish”, “Black” and “Brown”, from the Dandong Jinshan
Mineral Company (Jiguanshan, Fengcheng, Liaonin Province, China) were initially evaluated
for asbestos fibre content. The findings, shown in Table 11 below, indicate that the Greyish and
Black Brucite both exceed the acceptable limit of 0.3 fibres/ml.

Table 11 - Fibre levels of Brucites

Sample Fibre levels
(fibre/m] of air at a dust level of 10mg/m?)

Greyish Approx. 1.2
Black Approx. 5.2
Brown 0.189

In this Example, the possibilities of reducing the fibre levels in the brucites are explored

by dry milling, wet media grinding and magnetic separation.

Sample Preparation

This study used the Greyish and Black Brucites (the Brown Brucite was already within
the acceptable fibre level). These were initially jaw crushed and then Raymond milled to
produce a fine powder to use as a feed to the wet grinder and to pass through the super
conducting magnet. These two brucites exceeded the safe working fibre level. Strict Health

and Safety procedures were adhered to, to reduce the risk of exposure.

Stirred Media Grinding

The Black and Greyish Brucites were ground using Carbolite ceramic media (16/20
grade) with a work input of 200kWh/T. The recipe for the grinding was: 13kg Carbolite 16/20
media; 1224¢g Raymond milled Brucite; 4322g Tap Water.

The brucites were screened at 53 pum, prior to filtration and drying at 80°C.
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Magnetic Separation

The Raymond milled and wet ground brucites were made into 12wt% solids slurries
using tap water. To each of the slurries was added 1wt.% BTC2 (sodium polyacrylate) and
1wt.% Calgon (sodium hexametaphosphate) as dispersants. The dispersants provided adequate
dispersion for the slurries.

The dispersed brucite shurries were passed through the pilot super conducting magnet at
the Gothers pilot plant. The magnet was set up to produce a 5 Tesla magnetic field and a slurry
flow rate of 1464mls per minute. These conditions imitate full scale plant conditions.

After magnetisation, the dispersed slurries were passed once through a wire wool filed
canister, and the magnet product and magnetics were then collected. The two different fractions

were analysed for colour, particle size and fibre content.

Results

Table 12 summarises the optical and physical properties of the magnetically separated
brucites. RM = Raymond Milled. SG = Sand Ground. “As rec’d” = As received (i.e.
unprocessed starting material as obtained from the mining company).

The recoveries are poor for the Raymond milled material. This could be due to a physical
separation process with the wire wool acting as a filter. This gave a 2-3 unit gain in ISO
powder brightness. The recoveries of about 90% for the wet ground material gave 1-2 unit
gains in ISO brightness. The BET surface area shows that for the wet ground materials the
product is finer than the feed, indicating that the coarse material is being taken out by the

magnet.



Table 12 - Properties of magnetted brucites
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Sample Fraction Recovery | ISO | ISO | BET SEDIGRAPH CILAS
Wt.% Vio |Yel |(m¥g | ds(pm) dso (pm)

RM Grey | Asrec’d 100 9226 | 1.0 33

Brucite Product 44.0 945 | 1.0 32
Magnetics | 56.0 8.6 |18 4.0 6.9

SG Grey | Asrec’d 100 93.6 {09 14.1

Brucite Product 91.6 946 |12 18.0 0.5 1.9
Magnetics | 8.4 84.0 | 4.0 9.0

RM Asrec’d 100 893 |08 3.5

Black Product 41.8 929 |09 7.0 3.6

Brucite Magnetics | 58.2 875 |15 2.4 4.0 5.5

SG Black | Asrec’d 100 91.7 109 13.6

Brucite Product 88.6 93.6 |12 159 0.6 1.6
Magnetics | 11.4 836 (20 7.9

Certain samples were analysed by microscopy for fibre content. The results are shown in

Table 13.




10

15

20

WO 2008/056121 PCT/GB2007/004217

32

Table 13 - Fibre levels of processed brucites

Sample Fibre levels
(fibre/ml of air at a dust level of 10mg/m’)

Greyish as rec’d 1.2

Greyish Raymond milled 1.2

Greyish Raymond milled, magnetted product 1.9

Greyish as rec’d 1.2
Greyish SG 200kWh/t 0.46
Greyish SG 200kWh/t, magnetted product 0.64
Black as rec’d 52
Black SG 200 kWh/t 1.6
Black SG 200 kWh/t, magnetted product 1.7

These results show that Raymond milling the Greyish Brucite does not reduce the fibre
content. Wet grinding with Carbolite does have an effect on the fibres. Fibre levels can be
reduced by up to 70% when ground for 200kWh/t. However, the grinding does not lower the
fibre level to within safe working limits. Magnetic separation of either the Raymond milled

material or the wet media ground material does not appear to reduce the asbestos fibre level.

Conclusions

Carbolite grinding (200kWh/tonne) appears to reduce the asbestos fibre level in the
Dandong Jinshan Brucite by up to 70%. Raymond milling appears to have no effect on the fibre
levels within the samples. Magnetic separation of either the Raymond milled material or the
Carbolite ground material does not appear to reduce the asbestos fibre level. Magnetic
separation of the Raymond milled Brucites produces a brightness lift of about 2 units but the
yields are very poor.

Magnetic separation of the Carbolite ground 200kWh/tonne brucites increases the
brightness by up to 3 units with various yields.
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Comparative Example — Investigation into Alternative Potential Methods of Beneficiation
of Brucite to Improve Brightness

The brucite material used for this investigation was from Dalian, China. The properties

of the rough ground material as received are shown in Table 14.

Table 14 - Properties of rough ground Brucite

ISO Brightness Surface CaO MgO | Fe,0; | AIR ppm Mn
Area (m?/g)

Violet Yellow

933 1.5 5.3 0.74 63.18 |[0.14 5.89 168.3

This Chinese brucite was received as lumps of rock about the size of standard house
bricks. The brucite rocks were crushed using a Glen Creston Ltd 18-501 jaw crusher to produce
brucite chips of about 20mm or finer. These chips were then milled in a Christy Norris disc mill
to produce a coarse powder of a size of about 0.5mm - 0.25mm or below. This coarse powder
was screened to produce fractions of <106pm +38um and <53pm +38um.

The following alternative beneficiation methods were attempted, in order to improve the
brightness: washing, reductive bleaching and oxidative bleaching, in each case with particle

size selection or adjustment as described below.

Washing

The jaw-crushed brucite of 20mm and finer was used for this set of experiments. The
20mm rocks were soaked for 30 minutes in 60°C water. They were then filtered on a brucite
filter using NO filter paper so that the fines would be separated from the coarse material. The
material was then dried in an oven at 80°C, milled and powder brightness was measured. Table

15 shows the results of washing.
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Table 15 - Effect of hot washing coarse brucite

Sample Violet ISO Yellow ISO
Asrec’d 92.2 2.2
Hot wash coarse 92.8 2.0
Hot wash fines 91.5 2.5
5 It can be seen that hot washing improves the brightness slightly but this could also just be

the effect of taking out the fine material.

Bleaching and <106um +38um Processing

10 The effect of reductive and oxidative bleaching was carried out on the <106um +38um
fraction of brucite. Sodium dithionite (Hydros), formamidine sulfinic acid (FAS) and ozone
were all evaluated.

The various amounts of hydros were added to the brucite at a pH of 7.5. This was
allowed to soak for 30 minutes and then the brucite was filtered. See Table 16.

15 The FAS was added to the brucite at its natural pH but at an elevated temperature of
70°C. This was stirred for 30 minutes. See Table 17.

The ozone was added for 120 minutes and then purged with oxygen for 30 minutes. See
Table 18.
All samples after their respective bleaching process were dried at 80°C and submitted for

20  powder brightness.

Table 16 - Effect of Hydros on —106 +38um Brucite

Hydros dose wt% Violet ISO Yellow ISO
0 89.8 2.1
0.2 89.4 1.9
04 89.1 24
0.6 90.1 2.0
0.8 90.2 1.7
1.0 90.1 22
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It can be seen that hydros up to 1wt.% has very little effect on the ~106 +38um Brucite.

There is up to a 0.4 unit gain but this may be due to experimental error.

Table 17 - Effect of FAS on —106 +-38um Brucite

5
FAS dose wt% Violet ISO Yellow ISO
0 90.8 1.8
0.02 90.3 2.1
0.04 90.4 2.0
0.06 89.4 2.6
0.08 90.0 2.3
0.10 89.5 24

It can be seen that FAS up to 0.1wt.% has very little effect on the ~106 +38um Brucite.

There is no improvement on the powder brightness.

10  Table 18 - Effect of Ozone on —106 +38um Brucite

Ozone dose, minutes | Violet ISO Yellow ISO
0 90.8 1.8
120 89.1 2.2

Ozone has a detrimental effect on the -106um +38um Brucite. The powder brightness
decreases by 1.7 units.
15

Bleaching and <53 um +38pm Processing

Hydros bleaching was investigated on this size fraction. Hydros was added as described
above. The results are summarised in Table 19.
20
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Table 19 - Effect of Hydros on -53um +38um Brucite

Hydros dose wt% Violet ISO Yeliow ISO
0 91.1 2.0
0.2 91.0 2.0
0.4 90.5 2.2
0.6 91.0 1.8
0.8 90.9 1.9
1.0 91.1 1.7
5 These results show there is no effect on colour when up to 1wt.% hydros is added to the
brucite.

Wet Milling and Hydros and Ozone Bleaching

10 A standard laboratory sandgrinder was used for comminution of the brucite. The
sandgrinder was charged with 3kg of ceramic grinding media-Carbolite 16-20. 1224g of brucite
and 4322g of tap water (equivalent to 22wt% solids slurry) was used. The charge was stirred
until 50kWh/tonne of energy was put into the system.

The sand-ground brucite was screened at 53um to separate the grinding media and

15 mineral. The resultant -53pm slurry was filtered on a Buchner filter using a Whatman grade 50
filter paper. When filtered, the filter cake was dried in a laboratory oven at 80°C.

Hydros bleaching and ozonation was performed on the ground product. The results are
shown in Table 20.

20  Table 20 - Effect of Hydros and ozone on wet ground 50kWh/tonne brucite.

Ozone dose, minutes | Hydros dose, wt.% | Violet ISO Yellow ISO
0 0 93.7 0.9
0 0.2 94.0 0.8
0 0.4 93.4 0.9
0 0.6 92.3 1.2
0 0.8 93.6 0.9
120 0 94.2 0.9

Hydros has very little effect on the brucite. Ozone increases the brightness by 0.5 units,

but this may fall within experimental error.
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We conclude from this comparative example that Hydros up to 1wt% has no effect to
improve the brucite brightness, that FAS does not improve the brightness of brucite, and that
ozone has little effect on the brightness of the brucite. These findings are helpful to show the
difficulties in improving the brightness of brucite, and hence the significance of the results

obtained using the present invention.

Industrial Applicability

The methods for preparing ground, beneficiated brucite in accordance with the present
invention provide improved optical properties which increase its suitability for use as fire
retardant filler in polymeric applications, such as fire retardant cable sheathing. In addition, a
marked reduction in the levels of asbestos or other mineral fibres is observed.

The present invention has been described broadly and without limitation to specific
embodiments. Variations and modifications as will be readily apparent to those of ordinary skill
in this art are intended to be included within the scope of this application and subsequent

patent(s).
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CLAIMS

1. A method for preparing particulate brucite comprising grinding and beneficiating particulate
brucite wherein the ground beneficiated particulate brucite has a dgy of less than or equal to

about 6.4pm as measured by laser light scattering.

2. A method according to claim 1, wherein beneficiation of the brucite takes place before and/or

during and/or after the particulate brucite is ground.

3. A method according to claim 2 wherein beneficiation takes place during the grinding process

and is provided by the grinding.

4. A method according to any one of the previous claims, wherein the brucite to be ground has a
top size of particles which is coarser than a desired top size, and is ground in contact with an
aqueous medium in the presence of at least one particulate grinding medium under conditions
such that the energy input is in excess of about 20 kWh/tonne, wherein the particulate brucite
having a top size of particles which is coarser than the desired top size is present in a weight

excess relative to the water of the aqueous medium.

5. A method according to any one of the previous claims, wherein the ground particulate brucite
has a dgp less than or equal to about 2pum as measured by laser light scattering and a ds less than

or equal to about 0.5um as measured by laser light scattering.

6. A method according to any one of the previous claims, wherein the ground particulate brucite
comprises less than about 0.1 asbestos fibres or other mineral fibres per ml of air at a total dust
level of 10 mg/m’.

7. A method according to any one of the previous claims wherein the ground particulate brucite

possesses a moisture pick up value over 7 days of less than about 15%.

8. A method according to the previous claim, wherein the ground particulate brucite possesses a

moisture pick up value over 7 days of less than about 6%.

9. A method according to any one of the previous claims further comprising classifying the
particulate brucite including top size particles in a certain size range so as to remove said top

size particles in the said certain size range, the method comprising suspending the material in an
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aqueous medium to form a particulate suspension of the brucite, introducing a stream of the said
particulate suspension into a hydrocyclone apparatus to create a vortex flow in the apparatus,
and removing from the apparatus a first discharged stream comprising relatively large particles
and a second discharged stream comprising relatively small particles, namely small relative to
the particles of the first discharged stream and recovering the classified particulate magnesium

hydroxide free of the said top size particles from the second discharged stream.

10. A method according to claim 9, wherein the said certain size range is from about 15 to

about 18um as measured by laser light scattering.

11. A method according to claim 9, wherein the said certain size range is from about 12 to

about 18um as measured by laser light scattering.

12. A method according to any one of claims 9 to 11, when performed in the absence of a

dispersing agent.

13. A method according to any one of the previous claims and wherein the brightness of the
particulate magnesium hydroxide is improved, wherein the beneficiation comprises dispersing
the ground or pre-ground particulate brucite in a fluid carrier medium to produce a dispersion;
introducing the dispersion into a magnetic field of sufficient field strength to magnetise ferric
components of the particulate brucite; removing the dispersion from the magnetic field and
placing the dispersion in sufficiently close proximity to a magnetic or magnetisable material that
the said ferric components of the dispersion are concentrated in the vicinity of the magnetic or
magnetisable material; and thereafter separating the said concentrated ferric components from

the remainder of the dispersion.

14. A method according to any one of the previous claims, further comprising combining said
brucite optionally with one or more other particulate inorganic materials in order to provide a

particulate filler material for use in a polymeric composition.

15. A method according to the previous claim, wherein the filler is provided for use in the form

of a substantially dry powder.

16. A method according to claim 14 or 15, wherein the particulate filler material consists
essentially of the ground particulate brucite and one or more other particulate inorganic

materials.
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17. A method according to any one of claims 14 to 16, wherein the one or more other particulate
materials have flame retardant properties and are present with the particulate brucite in a flame-

retardant amount.

18. A method according to any one of claims 14 to 17, wherein the filler is present in an amount
of between about 1% and about 90%, for example between about 10% and about 90%, by
weight of the filled polymer composition.

19. A method according to any one of claims 14 to 18, comprising forming the polymer

composition into an article.

20. A method according to the previous claim, wherein the article is selected from a work
surface, for example, a counter work surface, or a sheath, coating or housing for an electrical

product, for example a sheath component of an electrical cable.

21. A method according to any one of claims 14 to 20, wherein the polymeric composition is
formed by mixing the components of the composition, the polymer component being present for

the mixing as liquid or particulate solid, and optionally one or more precursors of the polymer.
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