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easily combinable. These fillers are desirable to be:
25 as reactive as possible, the property being
determined from at least the surface area and preferably
by the presence of the active centers over the surface of
such flakes. The active centers constltute a contributory
factor in polymerization of oligomeric binders and in
30 establishing chemlcal 1Interconnection between macro-
molecules and inorganic components;
as mechanically strong as possible thus providing an
appreciable reinforcement 1in prepared composites even
with low concentrations of the flaky fillers;
35 as chemically stable as possible (specifically
corrosion resistant) to ease up storage and the use of
the flakes 1n preparing many types of composites which
usually contain corrosive ingredients while in a green
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flakes of highly devel oped surface area are not corrosion stable. Al so
known in the art are flaky fillers such as m caceous iron oxi der{ﬁag%ws
(E.- Carter, "M caceous iron 20 oxide pigments in high- perfofnmh
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OCT 2002 arrangements.
It is, therefore, believed that one of the most
30 preferable ways of providing flaky fillers intended
mainly for use in polymer composites 1is to use flakes
produced from natural minerals.
And the present inventor has Dbeen involved as a
joint originator in developing a technological package
35 including: '
a process for the production of finely-dispersed
flakes (USSR Pat. No. 1,831,856),

an apparatus for producing finely-dlispersed flakes
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950°C/min. The mineral flaky filler treated as above
contalns substantially no Fe0 and exhiblts high (at least




fromthe nelt, and subjecting such particles to thernochem cal treatnent in
an oxi di zi ng at nosphere until a crystal phase is devel oped, accordi ng%d
the invention at the step of the thernochem cal treatnent the2f1 2

particles vvere‘* 5%4 at a tenperature range of 680 to 850G, rgﬂﬁ%é Ieast
12% by wei ght o e crystal phase and at | east 7x1019spin/c reactl ve

PMC are devel oped, and followed by air codl i ng. 2 1 OCT 2002 WO 991 54261
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coatings. Cenerally, d of  produycin h ra |l er of
the i nvention conpri §85 %@@é{ps%fwag%ow&%% ﬁ?%d]e%a& \; %?eo{kuﬁgrtl cles
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HOJIOTHY M pecypcoclepexeHue, 1993, N°5, ¢.67-72). To put
it otherwise, the cristallinity mentioned above and
chemical activity of the prior art filler are not in
balance.

30 Moreower, the  present inventor’s unpublished
experimental findings have proved that the quest for
higher cristallinity of the mineral flaky filler 1s not
Justified on account of process efficiency as well. For
example, the flakes subjected to thermochemical treatment

35 for 30 minutes at ftemperatures close to the smallest
value of the indicated temperature range, 1.e. slightly
higher than 600°C, show neither detectable cristallinity
nor a detectable increase in chemical activity, while an
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from the melt, and subjecting such particles to
thermochemical treatment in an oxidizing atmosphere until
a crystal phase is developed, according to the invention
at the step of the thermochemical treatment the flaky
35 particles were treated at a temperature range of 680 to
850°C until at least 12% Dby weight of the crystal phase
and at least 7x10'%spin/cm® of reactive PMC are developed,
and followed by alir cooling.
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| Treatnment tenperatures. --C Indicators* | 660 680 750 850 875
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the PMC to thereby enable such filler to be preferred for
20 use with polymerizable composites.
Best Mode for Carrying out the Invention
The invention 1s further explained by way of general
description and specific data of the experimentation on
the method of producing a mineral flaky filler for
25 polymerizable composites, 1ncluding the values of
physical and chemical properties obtained, examples of
how the filler is used in polymerizable composites for
application as protective coatings, and results of
comparative tests on the composites for applylng such
30 coatings.
Generally, the method of producing the mineral flaky
filler of the invention comprises the steps of:
(1) obtaining hard vitreous particles (usually as
flakes) by:
35 crushing selected mineral to sizes sultable for
charging a melting furnace,
heating the <charge to obtaln a thin melt
(specifically, to a temperature of 1400-1500°C for basalt
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size was melted in a modified melting furnace similar to
a quartz-glass furnace, 1n which heat 1s supplied by gas
burners. The melt was heated to a temperature of
25 1400-1450°C to be extruded through a heated die of
heat-resistant steel in a stream of 8 to 10 mm in
diameter. The stream of the melt was Dbroken up in a
stream of cooling air by a whirler generally heated to
about 1300°C.
30 The flakes obtalned were colored gray, about 3 um
thick and from 25 um to predominantly 3 mm in size
across. The flakes were carefully (to avold breaking up
or compacting) poured over underpans of heat-resistant
steel in loose layers from 80 to 100 mm thick,placed into
35 a muffle furnace, and subjected to thermochemical
treatment in air at successive temperatures of 660, 680,
750, 850, and 875°C for 90, 60, 30, 20, and 15 minutes,
respectively, and then removed from the furnace and
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CRYSTALLINITY AND PARAMAGNETIC CENTERS

VS. TREATMENT TEMPERATURE

35

l Treatment temperatures,—4C
Indicatorsx | 660 680 750 850 875

Crystallinity,% by wt.| 5.8 14.8 35.2 52.3 49.8
PMC, 102 spin/cm® | 5.8 16 18 19 17
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*Note: the respective indicators would constitute
0.0% and <2.0%10'° spin/cm® for vitreous particles prior
to the thermochemical treatment and 51.5% and about
6.0%10'®  spin/em®  for prior-art particles after
thermochemical treatment at 900°C, when essentially all
Fe0 has changed to FeZOS.

As will Dbe seen from Table 1, thermochemical
treatment of the vitreous partlicles at temperatures below
680°C 1s not practicable since both crystallinity and PMC
increase but significantly, nor 1t 1s practicable at
temperatures above 850°C because crystallinity and PMC
beglin, though insignificantly, to be adversely affected.

Following thermochemical treatment, the  mineral
flaky filler was crushed and separated according to the
particle size to thereby enchance reactivity of the
filler. The experiments were performed on the particles
treated at 750°C. Samples containing various proportions
of particles with a mean size of about 100 um across were
prepared and the numper of PMC was determined. The
results of the experiments are shown in Table 2.

Table 2
PARAMAGNETIC CENTERS
VS. MEAN PARTICLE SIZE ACROSS IN SAMPLES

|Particles with mean size acroess <100 um, %

156.0 10.0 20.0 30.0 40.0 80.0

PMC, 102 spinsem®] 90 210 280 370 560 630
To assess the effect of the mineral flaky filler of
the invention on the physicomechanical properties of
polymerizable composites, standard samples were'prepared.
These were used 1n determining the adheslve strength
(measured as a force required to separate a steel
mushroom-like piece from the coating applied to a support
also made of steel), the compressive strength, the
tensile strength, the modulus of elasticity in lateral
flexure, and the lmpact strength per unit area. Similar
samples of the prior art filler were also prepared and
used in concurrent tests (the methods and equipment for

OF
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as a Dbinder for experimental cold polymerizable
composites.
15 Table 3
COMPOSITION OF EXPERIMENTAL POLYMERIZABLE COMPOSITES

|Applicable standards!| Amount,

Ingredients lor specifications  |parts by wt.
20 Methyl methacrylate | GOST 20370-74 | 100
Polybutyl methacrylate| TU 6-01-358-75 | 20
Polyvinyl chloride | 0ST 6-01-37-88 | 20
Polyisocyanate | TU 113-03-29-6-84 | 15
Benzoyl peroxidex |  GOST 2168-83 | 10*
25 Dimethyl anyline | GOST 14888-78 | 3
IF, or | I 10
PF —_ | | 10

*Note: benzoyl peroxide is used in a paste form as a
mixture with dimethyl phtalate in approximate ratioc by
30 weight of 1:1.

The ingredients were proportioned, methyl
methacrylate, polybutyl methacrylate and polyvinyl
chloride premixed, then one of the flllers was
Introduced, with stirring the mix, polylsocyanate and

35 dimethyl anyline added (again with stirring), and lastly
benzoyl peroxlde was introduced. After a thorough mixing,
the composltions were shaped in a conventional way into
as many samples as required to obtain data on the
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10%4& () - " 1054%& () - COMPARISON OF SAMPLES TESTED
i Filler

Properties | IF | PF
Adhesive strength, MPa | 42 | 27

10 Compressive strength, MPa | 92.0 | 72.0
Tenslle strength, MPa | 14.0 | 9.2
Modulus of elasticity 1in | |
lateral flexure, MPa | 36.4 | 28.5
Impact strength, kJ/m# | 17.3 1 14.2

15 As can Dbe seen from Table 4 the mineral flaky
filler according to invention is more efficient compared
with the prior art filler.

Industrial Applicability
The industrial applicability of the mineral flaky

20 filler stems from above-disclosed in connection with both

possible large-scale production and wide application.
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10 weight of the crystal phase and at least 7x10195p1n/om
of reactive paramagnetic centers were developed, and
followed by air cooling.
2. A mineral flaky filler of claim 1 characterized
in that it contains at least 30% of particles having a
15 mean size of about.100 um across to the total amount of
the particles and at least 14x10'%spin/em® of  the
paramagnetic centers.



