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Description

Field of the Invention

[0001] The present invention relates to sols compris-
ing silica-magnesium fluoride hydrate composite colloi-
dal particles which are suitably used in anti-reflection
coating materials for forming anti-reflection coatings on-
to substrates such as lenses, transparent plastics, plas-
tic films, and display surfaces of cathode ray tubes, liq-
uid crystal display devices as well as a process for their
preparation.

Prior Arts

[0002] In general, lenses, transparent plastics, plastic
films, and display surfaces of cathode ray tubes, liquid
crystal display devices are subjected to anti-reflection
treatments in order to reduce reflection of external lights
such as a sunlight and a lamplight and increase their
optical transmittance. The anti-reflection treatment is ef-
fected by a vacuum deposition method or a coating
method. A substance having a low refractive index such
as magnesium fluoride or silica is used in an outermost
layer of a coating.
[0003] Especially, it has been known that a magnesi-
um fluoride sol and a silica sol are effective as microfill-
ers for anti-reflection coating materials.
[0004] Reports concerning the magnesium fluoride
sols are set forth below.
[0005] JP 64041149A proposes prevention of reflec-
tion by coating a screen panel of a cathode ray tube with
a sol liquid comprising fine particles of magnesium flu-
oride having a particle size of 100 to 200 Angstroms.
However, it does not describe a process for the prepa-
ration of the sol liquid.
[0006] JP 2026824A proposes aqueous and organo
magnesium fluoride sols, each having an optical trans-
mittance of 50 % or more, a coated product obtained by
coating a substrate surface with the sol and drying, and
a process for the preparation of the aqueous magnesi-
um fluoride sol comprising the steps of simultaneously
adding and reacting an aqueous magnesium salt solu-
tion and an aqueous fluoride solution to produce a gel-
like precipitates, heating and aging the resultant reac-
tion liquid and then removing an electrolyte remaining
in the liquid. It describes that magnesium fluoride colloid
particles obtained by the above process have very small
particle size ranging from 100 to 120 Angstroms. While,
it describes that a sol obtained by adding an aqueous
potassium fluoride solution to an aqueous magnesium
chloride solution has a colloidal particle size of 100 to
300 Angstroms, an opaque milky color and an optical
transmittance of 20 % or lower.
[0007] JP 7069621A describes a magnesium fluoride
hydrate sol and a process for its preparation. And, it de-
scribes that the sol is used in an anti-reflection coating
material.

[0008] Many other silica sols have also been pro-
posed. For example, JP 8122501A describes an anti-
reflection coating of a low refractive index comprising a
silica sol having a particle size of 5 to 30 nm and a hy-
drolysate of alkoxysilane.
[0009] A.A. Rywak et al. (A.A. Rywak, J.M. Burlitch,
Chem. Mater. (1996), 8, pages 60-67) describes the
preparation of a magnesium fluoride hydrate sol and a
silica sol. It further describes the addition of the silica
sol into the magnesium fluoride hydrate sol with mixing.
[0010] However, a silica-magnesium fluoride com-
posite sol has not been reported.

Problems to be Solved by the Invention

[0011] Since the above-mentioned magnesium fluo-
ride and magnesium fluoride hydrate colloidal particles
themselves are inferior in bond strength, they should be
combined with organic or inorganic binders to provide
an anti-reflection coating material. The magnesium flu-
oride and magnesium fluoride hydrate sols have low re-
fractive indexes, but they are weakly bound to binders
so that a coating prepared therefrom does not have suf-
ficient bond strength. On the other hand, the silica sol
has sufficient bond strength, but its refractive index is
not low. A coating prepared from the silica sol together
with an organic binder does not have a low refractive
index although it has high bond strength.
[0012] A sol having both a low refractive index inher-
ent in magnesium fluoride and a bonding property inher-
ent in silica sol and a process for easily preparing the
same are desired.
[0013] An object of the present invention is to provide
a novel silica-magnesium fluoride hydrate composite sol
used in an anti-reflection coating for reducing reflection
of an external light and increasing an optical transmit-
tance as well as a process for easily preparing the sol.

[Method for Solving Problems]

[0014] The present invention relates to a sol compris-
ing silica-magnesium fluoride hydrate composite colloi-
dal particles having a primary particle size of 5 to 50 nm
and a ratio of silica to magnesium fluoride hydrate
MgF2·nH2O, n being in the range between 0.25 to 0.5,
in terms of a SiO2/MgF2 weight ratio of from 0.01 to 5.
[0015] A process for the preparation of an aqueous
sol comprising silica-magnesium fluoride hydrate com-
posite colloidal particles of the present invention com-
prises the following steps (a) and (b):

(a) adding an aqueous fluoride solution to a mixture
liquid of a silica sol having a primary particle size of
3 to 20 nm and an aqueous magnesium salt solution
such that a F/Mg molar ratio ranges from 1.9 to 2.1
to produce a slurry of an agglomerate comprising
silica-magnesium fluoride hydrate composite colloi-
dal particles; and
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(b) removing the salts thus-formed as by-products
from the slurry of the agglomerate comprising silica-
magnesium fluoride hydrate composite colloidal
particles obtained from the step (a).

[0016] And, a process for the preparation of an orga-
nosol comprising silica-magnesium fluoride hydrate
composite colloidal particles of the present invention
comprises the above steps (a) and (b) and the following
step (c):

(c) replacing water in the aqueous sol comprising
silica-magnesium fluoride hydrate composite colloi-
dal particles obtained from the step (b) with an or-
ganic solvent.

Detailed Description of the Invention

[0017] A silica sol having a primary particle size of 3
to 20 nm used in the present invention can be prepared
by any one of the known methods including a method
using water glass as a starting material such as ion-ex-
changing, heating, spherizing and concentrating and a
method of hydrolyzing ethyl or methyl silicate. It is also
commercially available. Primary particle size is deter-
mined by the BET method, the Shears method or the
electron-microscopic method. The above silica sol has
generally a pH of 2 to 10, but any other sol can be used.
[0018] Magnesium salt used in the present invention
is a watersoluble salt, including magnesium chloride,
magnesium nitrate, magnesium sulfate, magnesium
sulfamate, magnesium acetate, magnesium formate.
The magnesium salt may be used alone or in combina-
tion. It may be used in the form of a normal salt or an
acid salt.
[0019] Fluoride used in the present invention is a wa-
ter soluble salt, including sodium fluoride, potassium flu-
oride, cesium fluoride, rubidium fluoride, ammonium flu-
oride, guanidine fluoride, quaternary ammonium fluo-
ride, acidic ammonium fluoride, hydrogen fluoride. The
fluoride may be used alone or in combination.
[0020] In the preparation of the silica-magnesium flu-
oride hydrate composite sol of the present invention, it
is important that an aqueous fluoride solution should be
added to a mixture liquid of a silica sol having a primary
particle size of 3 to 20 nm and an aqueous magnesium
salt solution with a mixing ratio in terms of a F/Mg molar
ratio of from 1.9 to 2.1.
[0021] Simultaneous addition of an aqueous fluoride
solution and a mixture liquid of a silica sol and an aque-
ous magnesium salt solution in such stoichiometric
amounts of the magnesium salt and the fluoride as to
produce magnesium fluoride and addition of a mixture
liquid of a silica sol and an aqueous magnesium salt so-
lution to an aqueous fluoride solution are not efficient
processes for preparing a desired silica-magnesium flu-
oride hydrate sol.
[0022] The addition and mixing of the aqueous fluo-

ride solution into the mixture liquid of the silica sol and
the aqueous magnesium salt solution in the step (a) of
the process of the present invention can be carried out
with stirring using an apparatus such as a Satake type
impeller, a Pfaudler type impeller, a disper and a homog-
enizer at the temperature of 0 to 100°C for 0.1 to 10
hours.
[0023] Preferably, a concentration of the silica-mag-
nesium fluoride hydrate composite colloide resulting
from the step (a) is adjusted within the range between
0.1 and 10 % by weight.
[0024] In the step (a), silica colloidal particles having
a primary particle size of 3 to 20 nm and magnesium
fluoride hydrate composite colloidal particles having a
primary particle size of 5 to 20 nm are agglomerated to
produce a sol-like slurry. When this slurry is allowed to
stand, the agglomerates comprising silica-magnesium
fluoride hydrate composite colloidal particles are settled
and separated. The agglomeration of the colloidal par-
ticles is due to high concentrations of the salts formed
as by-products from the step (a).
[0025] In the step (b) of the process of the present
invention, the salts are removed from the slurry of the
agglomerate comprising silica-magnesium fluoride hy-
drate composite colloidal particles from the step (a).
[0026] Methods to be used for removal of salts include
a filtering-and-washing method using a membrane such
as an ultrafiltration membrane or a reverse osmosis
membrane, an ion-exchange method, a statically sepa-
rating method. The most preferable method is a filtering-
and-washing method using an ultrafiltration membrane.
If necessary, the filtering-and-washing method using a
membrane can be combined with other methods. In par-
ticular, the salts can be effectively removed by using a
tubular ultrafiltration membrane. The ultrafiltration is
generally carried out at the temperature ranging from 0
to 80°C, which can be varied depending on a material
forming a membrane. It should be carried out by contin-
uously or intermittently pouring water in order to achieve
satisfactory removal of the salts. A filtration time is not
particularly limited, but it is generally from 1 to 50 hours.
[0027] By removing the salts formed as by-products
by the ultrafiltration or any other method, the agglomer-
ate comprising silica-magnesium fluoride hydrate com-
posite colloidal particles becomes smaller, whererby a
sol comprising silica-magnesium fluoride hydrate com-
posite colloidal particles can be obtained.
[0028] The sol comprising silica-magnesium fluoride
hydrate composite colloidal particles from the step (b)
has a primary particle size of 5 to 50 nm as observed
under an electron microscope. This primary particle size
corresponds to a diameter of one silica-magnesium flu-
oride hydrate composite colloidal particle, not a particle
size of an agglomerate comprising silica-magnesium
fluoride hydrate composite colloidal particles. It can be
determined under an electron microscope.
[0029] After the ultrafiltration, the sol may be subject-
ed to a cation exchange in order to improve its transpar-
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ency.
[0030] The silica-magnesium fluoride hydrate com-
posite sol from the step (b) has a SiO2/MgF2 weight ratio
of from 0.01 to 5 and contains 2 to 20 % by weigh of a
silica-magnesium fluoride hydrate composite colloid.
[0031] In the step (c) of the process of the present in-
vention, water in the aqueous sol comprising silica-mag-
nesium fluoride hydrate composite colloidal particles is
replaced with an organic solvent under reduced or ato-
mospheric pressure according to any conventional
method to obtain an organosol. Examples of organic sol-
vents include methanol, ethanol, isopropanol, n-propa-
nol, DMF, DMAC, ethylene glycol or propyl cellosolve.
The organic solvent may be used alone or in combina-
tion.
[0032] Further, the organosol may be subjected to
treatment with a silane coupling agent followed by sol-
vent-replacement with organic solvent such as ketones
(e.g. methyl ethyl ketone), ethyl acetate, toluene to ob-
tain an organosol.
[0033] When the silica-magnesium fluoride hydrate
composite sol obtained by the present process was
dried at 110°C to give a powder, which was subjected
to a differential thermal analysis and an X-ray diffraction
analysis. The powder was identified with MgF2·nH2O, n
being in the range between 0.25 and 0.5.
[0034] And, the composite sol of the present invention
had a F/Mg molar ratio of 2.0.
[0035] As clear from the above, the composite sol of
the present invention was shown to be a composite sol
comprising silica and magnesium fluoride hydrate.
[0036] Since a mixture liquid of a silica sol and an
aqueous magnesium salt solution is alkaline and there-
fore has poor stability, it is preferable to adjust a pH of
the mixture liquid within the range between 3 and 6 by
using an acidic silica sol having a pH of 2 to 5 or using
a magnesium salt or a fluoride as an acid salt, or option-
ally adding an acid.
[0037] A concentration of the mixture liquid will be var-
ied depending on a primary particle size of a silica sol
to be used, but it should be controlled such that a silica
gel is not produced.
[0038] A primary particle size of a silica sol to be used
is preferably in the range between 3 and 20 nm. The
primary particle size of less than 3 nm is not preferable
since the silica sol is easily gelled and a stability of the
resultant silica-magnesium fluoride hydrate composite
sol becomes worse. On the other hand, the primary par-
ticle size of above 20 nm is not preferable since trans-
parency of the silica-magnesium fluoride hydrate com-
posite sol becomes worse and such properties (refrac-
tive index and bonding property) as observed in the
composite colloid are not obtained. Most preferably, the
silica sol has a primary particle size of 4 to 8 nm.
[0039] In the step (a) of the process of the present
invention, a reaction of a mixture liquid of a silica sol and
an aqueous magnesium salt solution with an aqueous
fluoride solution is carried out such that a ratio of fluorine

to magnesium in terms of a F/Mg molar ratio is in the
range between 1.9 and 2.1. The molar ratio of less than
1.9 is possible, but it is not efficient since a larger amount
of a magnesium salt remains unreacted. And, the molar
ratio of above 2.1 is not preferable since more free flu-
oride ions remains in a slurry comprising silica-magne-
sium fluoride hydrate composite colloidal particles pro-
duced in the step (a). Especially in case where the slurry
has a lower pH, the colloidal silica in the composite sol
is reacted with the free fluorine ions to produce silicohy-
drofluoric acid during the washing in the step (b), where-
by a large amount of silica becomes soluble.
[0040] In the step (a) of the process of the present
invention, preferably, a pH after mixing a mixture liquid
of a silica sol and an aqueous magnesium salt solution
with an aqueous fluoride solution is in the range be-
tween 3 and 6. The pH of less than 3 is not preferable
since a colloidal silica is reacted with a fluoride ion to
produce silicohydrofluoric acid during the washing in the
step (b), whereby a large amount of silica dissolves into
the slurry. On the other hand, the pH of above 6 is not
preferable since remarkable agglomeration of silica pre-
vents producing a sol having high transparency even af-
ter desalting treatment. More preferably, the pH is in the
range between 3 and 5.
[0041] A temperature in the step (a) is from 0 to
100°C. The temperature of above 100°C is not prefer-
able since a dehydration reaction proceeds.
[0042] A time in the step (a) is from 0.1 to 10 hours.
The time of less than 0.1 hour is not preferable since
mixing is not sufficient. And, the time of above 10 hours
is possible, though it is not preferable since a prepara-
tion time is further prolonged.
[0043] In the step (a) of the process of the present
invention, Mg++ is adsorbed or bound to a silanol group
of a colloidal silica particle. Thus, when magnesium flu-
oride hydrate colloidal particles are formed, silica-mag-
nesium fluoride hydrate composite colloidal particles
are produced by combination of silica colloidal particles
with magnesium fluoride hydrate colloidal particles, or
by formation of magnesium fluoride hydrate on surfaces
of silica particles. In addition, the colloidal silica acts as
a dispersing agent to prevent the growth of particles of
magnesium fluoride hydrate, giving fine colloidal parti-
cles. The resultant silica-magnesium fluoride hydrate
composite colloidal particles are not divided into silica
particles and magnesium fluoride hydrate particles even
if they are subjected to removal of salts in the step (b)
and solvent replacement in the step (c).
[0044] Preferably, a mixing ratio of silica to magnesi-
um fluoride hydrate in terms of a SiO2/MgF2 weight ratio
in the step (a) is from 0.01 to 5.0, especially from 0.05
to 2.
[0045] A concentration of the silica-magnesium fluo-
ride hydrate composite colloid in the step (a) is in the
range between 0.1 and 10 % by weight in terms of
SiO2+MgF2. The concentration of less than 0.1 % by
weight is possible, but it is not effective. And, the con-
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centration of above 10 % by weight is also possible, but
it is not preferable since the reaction unevenly occurs.
Most preferably, the concentration is in the range be-
tween 0.5 and 5.0 % by weight.
[0046] A temperature in the step (b) is from 0 to 80°C.
Higher temperature is effective since a filtration speed
becomes faster. With the increase in temperature, de-
hydration reaction proceeds. Thus, the temperature
ranging from room temperature to 60°C is preferable.
[0047] A time in the step (b) is from 1 to 50 hours. The
time of above 50 hours is possible, but it is not preferable
since a preparation time is further prolonged.
[0048] Water used for washing in the step (b) may be
pure water. If necessary, a pH of a washing liquid is pref-
erably adjusted within the range between 3 and 6 by
adding an acid such as hydrochloric acid.
[0049] A pH of the aqueous sol comprising silica-mag-
nesium fluoride hydrate composite colloidal particles
from the step (b) is preferably in the range between 3
and 6.
[0050] A temperature for solvent replacement in the
step (c) is varied depending on a boiling temperature of
a solvent used. Preferably, the solvent replacement is
carried out at the temperature as low as possible under
reduced pressure such that a dehydration of magnesi-
um fluoride hydrate does not proceed during the solvent
replacement.
[0051] Concentrations of the aqueous sol comprising
silica-magnesium fluoride hydrate composite colloidal
particles from the step (b) and the organosol comprising
silica-magnesium fluoride hydrate composite colloidal
particles from the step (c) are in the range between 2
and 20 % by weight. The concentration of less than 2 %
by weight is possible, but it is not preferable since when
mixed with a binder on use, the concentration is further
lowered. And, the concentration of above 20 % by
weight is also possible, but it is not preferable since the
sol is hardly handled due to its high viscosity.
[0052] In the aqueous sol obtained from the step (b)
or the organosol obtained from the step (c), silica-mag-
nesium fluoride hydrate composite colloidal particles
are present as discrete particles or in the form of fine
agglomerated particles. The sol containing the particles
shows high transparency as such. If the fine agglomer-
ated particles become larger, they may be mechanically
divided into discrete composite particles or more fine ag-
glomerated composite particles by means of a disper, a
homogenizer, an ultrasonic homogenizer or the like in
order to improve transparency of the sol.
[0053] A primary particle size of the silica-magnesium
fluoride hydrate composite colloidal particle of the
present invention is in the range between 5 and 50 nm
as observed under an electron microscope. The primary
particle size of above 50 nm is not preferable since
transparency of an anti-reflection coating becomes
poor. And, the primary particle size of the silica-magne-
sium fluoride hydrate composite colloidal particle gen-
erally becomes larger with the increase of the reaction

temperature in the step (a).
[0054] Since the silica-magnesium fluoride hydrate
composite colloid of the present invention has a low re-
fractive index and high transparency, a good anti-reflec-
tive effect can be obtained by using a sol comprising the
silica-magnesium fluoride hydrate composite colloidal
particles.

Examples

Example 1

step (a):

[0055] To 358 g (37.9 g in terms of SiO2) of a silica sol
having a primary particle size of 5.0 nm (Shears method)
(trade name "SNOWTEX OXS" manufactured by Nis-
san Chemical Industries Ltd.; specific gravity = 1.060;
viscosity = 1.2 mPa.s; pH = 2.8; SiO2 = 10.6 wt%), 3000
g of pure water was added to prepare 3358 g of a silica
sol containing 1.13 % by weight of silica.
[0056] 246 g (115.2 g, 1.21 mole in terms of MgCl2)
of magnesium chloride (MgCl2·6H2O; guaranteed rea-
gent grade; manufactured by KOSO Chemical) was dis-
solved in 2214 g of pure water to prepare 2460 g of an
aqueous solution containing 4.68 % by weight (in terms
of MgCl2) of magnesium chloride.
[0057] After 69.0 g of acidic ammonium fluoride
(NH4F·HF; guaranteed reagent grade; manufactured by
MORITA KAGAKU) was dissolved in 2093 g of pure wa-
ter, 73.5 g of 28 % aqueous ammonia (reagent grade;
manufacture by KOSO Chemical) was added to prepare
2236 g (89.6 g, 2.42 moles in terms of NH4F) of an aque-
ous solution containing 4.01 % by weight of ammonium
fluoride.
[0058] 3375 g of the above silica sol was charged into
a vessel of 10 L capacity, to which 2460 g of the above
aqueous magnesium chloride solution and 125 g of an
aqueous solution containing 10 % by weight of hydro-
chloric acid were successively added with vigorous stir-
ring by means of a disper. After stirring 10 minutes, 2236
g of the above aqueous ammonium fluoride solution was
added over 15 minutes with stirring and then the stirring
was continued for one hour. Thus, 8179 g of slurry com-
prising silica-magnesium fluoride hydrate composite
colloidal particles was obtained.
[0059] The slurry had a pH of 3.75, a conductivity of
35 mS/cm, a silica (SiO2) concentration of 0.463 % by
weight, a concentration of magnesium fluoride hydrate
of 0.922 % by weight in terms of MgF2 (75.4 g in terms
of MgF2) and a concentration of silica-magnesium fluo-
ride hydrate composite colloid in terms of SiO2+MgF2 of
1.385 % by weight. A ratio of silica to magnesium fluo-
ride hydrate in terms of a SiO2/MgF2 weight ratio was
0.50. A ratio of fluorine to magnesium in terms of a F/
Mg molar ratio was 2.0.
[0060] The resultant slurry showed a transparent col-
loidal color similar to that of a sol, but it tended to be
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settled and separated when allowed to stand.

step (b):

[0061] 8179 g of the slurry comprising silica-magne-
sium fluoride hydrate composite colloidal particles from
the step (a) was filtered and washed in an ultrafiltration
apparatus of flat membrane type (Pericon cassette sys-
tem; manufactured by Millipore Corp.) with a UF mem-
brane having a fractional molecular weight of 100,000
(membrane area = 0.46 m2) (manufactured by Millipore
Corp.) while intermittently pouring 32 kg of pure water.
Since a pH of a liquid was increased by filter washing,
13 g of an aqueous 10 % hydrochloric acid solution was
added portionwise in the middle of the filtering-and-
washing stage in order to adjust the pH of the slurry to
4 to 5. A liquid temperature was 25°C and a filtering-
and-washing time was 26 hours. After the filtering-and-
washing, the resultant filtrate was directly concentrated
in the same ultrafiltration apparatus to obtain 1200 g of
an aqueous sol comprising silica-magnesium fluoride
hydrate composite colloidal particles. The resultant sol
had a pH of 4.45, a conductivity of 570 µS/cm and a
concentration of a silica-magnesium fluoride hydrate
composite colloid in terms of SiO2+MgF2 of 7.84 % by
weight. A fluorescent X-ray elemental analysis demon-
strated that a ratio of silica to magnesium fluoride hy-
drate in terms of a SiO2/MgF2 weight ratio was 0.40.
Yield was 83 %. The silica-magnesium fluoride hydrate
composite colloidal particles had a primary particle size
of 10 to 15 nm as observed under an electron micro-
scope. This sol was stable even after being allowed to
stand at room temperature for 2 months or more.
[0062] The resultant aqueous sol was dried at 110°C
to give a powder, which was subjected to a powder X-
ray diffraction analysis. The powder X-ray diffraction
pattern corresponded to that of magnesium fluoride hy-
drate MgF2·nH2O, n being in the range between 0.25
and 0.5. Silica component did not appear in the above
diffraction pattern because it was amorphous. The result
of the differential thermal analysis did not show any re-
markable endothermic peak. It was confirmed that a
product obtained by drying the aqueous sol was a hy-
drate since a weight loss at the temperature ranging
from 100 to 300°C was about 10 %.

step (c):

[0063] To 670 g (52.5 g in terms of SiO2+MgF2) of the
aqueous sol comprising silica-magnesium fluoride hy-
drate composite colloidal particles obtained from the
step (b), about 18 liters of methanol was continuously
charged in a rotary evaporator at a liquid temperature
of 20 to 30°C under reduced pressure so that water con-
tained therein was replaced with methanol, thereby 426
g of a methanol sol comprising silica-magnesium fluo-
ride hydrate composite colloidal particles was obtained.
The resultant methanol sol comprising silica-magnesi-

um fluoride hydrate composite colloidal particles had a
specific gravity of 0.861, a pH of 7.20 when diluted with
water in 1:1, a viscosity of 1.6 mPa.s, a concentration
(in terms of SiO2+MgF2) of 12.3 % by weight, a water
content of 0.26 % by weight, a transmittance of 69.4 %
and a particle size of 137 nm as determined by the dy-
namic light scattering method (determined in N4 manu-
factured by Cortar).
[0064] Predetermined amounts of a liquid containing
a hydrolysate of a silane coupling agent and the above
methanol sol were mixed, by which a coating was
formed on a silicon wafer. According to the calculation
using a refractive index of this coating, a refractive index
of the silica-magnesium fluoride hydrate composite col-
loid was 1.39.
[0065] The resultant sol was stable and did not in-
crease a viscosity or gelling even after being allowed to
stand at room temperature for 3 months or more.

Example 2

step (a):

[0066] To 188 g (19.9 g in terms of SiO2) of a silica sol
having a primary particle size of 5.0 nm (Shears method)
(trade name "Snowtex OXS" manufactured by Nissan
Chemical Industries Ltd.; specific gravity = 1.060; vis-
cosity = 1.2 mPa.s; pH = 2.8; SiO2 = 10.6 wt%), 3000 g
of pure water was added to prepare 3188 g of a silica
sol containing 0.624 % by weight of silica.
[0067] 246 g (115.2 g, 1.21 mole in terms of MgCl2)
of magnesium chloride (MgCl2·6H2O; guaranteed rea-
gent grade; manufactured by KOSO Chemical) was dis-
solved in 2214 g of pure water to prepare 2460 g of an
aqueous solution containing 4.68 % by weight (in terms
of MgCl2) of magnesium chloride.
[0068] After 71.4 g of acidic ammonium fluoride
(NH4F - HF; guaranteed reagent grade; manufactured
by MORITA KAGAKU) was dissolved in 2200 g of pure
water, 72.1 g of 28 % aqueous ammonia (reagent grade;
manufacture by KOSO Chemical) was added to prepare
2344 g (92.7 g, 2.50 moles in terms of NH4F) (NH4/F
molar ratio = 0.974) of an aqueous solution containing
3.95 % by weight of ammonium fluoride.
[0069] 3188 g of the above silica sol was charged into
a vessel of 10 L capacity, to which 2460 g of the above
aqueous magnesium chloride solution was added with
vigorous stirring by means of a disper. After stirring for
15 minutes, 2344 g of the above aqueous ammonium
fluoride solution was added over 15 minutes with stirring
and then the stirring was continued for 1.5 hours. Thus,
7992 g of a slurry comprising silica-magnesium fluoride
hydrate composite colloidal particles was obtained.
[0070] The slurry had a pH of 4.37, a conductivity of
36.1 mS/cm, a silica (SiO2) concentration of 0.249 % by
weight, a concentration of magnesium fluoride hydrate
of 0.943 % by weight in terms of MgF2 (75.4 g in terms
of MgF2) and a concentration of silica-magnesium fluo-
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ride hydrate composite colloid of 1.192 % by weight. A
ratio of silica to magnesium fluoride hydrate in terms of
a SiO2/MgF2 weight ratio was 0.264. A ratio of fluorine
to magnesium in terms of a F/Mg molar ratio was 2.07.
[0071] Immediately after the formation of the slurry,
the resultant slurry showed a transparent colloidal color
similar to that of a sol, but it tended to be settled and
separated after being allowed to stand overnight.

step (b):

[0072] After the slurry from the step (a) was allowed
to stand for one day, 400 g of a separated supernatant
(transparent) was removed, to which 500 g of pure water
was added and stirred by means of a disper for 1 hour
to obtain 8992 g of a slurry.
[0073] This slurry did not show a clear settling and
separation even after being allowed to stand overnight.
This slurry was subjected to filtering-and-washing in an
ultrafiltration apparatus of flat membrane type (Pericon
cassette system; manufactured by Millipore Corp.) with
a UF membrane having a fractional molecular weight of
100,000 (membrane area = 0.46 m2)(manufactured by
Millipore Corp.) while intermittently pouring 15 kg of pure
water. A liquid temperature was 25°C and a filtering-
and-washing time was 18 hours. After the filtering-and-
washing, the resultant filtrate was directly concentrated
in the same ultrafiltration apparatus to obtain 912 g of
an aqueous sol comprising silica-magnesium fluoride
hydrate composite colloidal particles. The resultant sol
had a pH of 5.04, a conductivity of 820 µS/cm and a
concentration of a silica-magnesium fluoride hydrate
composite colloid in terms of SiO2+MgF2 of 7.42 % by
weight. A fluorescent X-ray elemental analysis demon-
strated that a ratio of silica to magnesium fluoride hy-
drate in terms of a SiO2/MgF2 weight ratio was 0.07.
Yield was 71 %. The silica-magnesium fluoride hydrate
composite colloidal particles had a primary particle size
of 10 to 15 nm as observed under an electron micro-
scope. This sol was stable even after being allowed to
stand at room temperature for 3 months or more.
[0074] The resultant aqueous sol was dried at 110°C
to give a powder, which was subjected to a powder X-
ray diffraction analysis. The powder X-ray diffraction
pattern corresponded to that of magnesium fluoride hy-
drate MgF2·nH2O (n = 0.25-0.5). Silica component did
not appear in the above X-ray diffraction pattern be-
cause it was amorphous. The result of the differential
thermal analysis did not show any remarkable endother-
mic peak. It was confirmed that a product obtained by
drying the aqueous sol was a hydrate since a weight
loss at the temperature ranging from 100 to 300°C was
about 10 %.

step (c):

[0075] To 694 g (51.5 g in terms of SiO2+MgF2) of the
aqueous sol comprising silica-magnesium fluoride hy-

drate composite colloidal particles obtained from the
step (b), about 15 liters of methanol was continuously
charged in a rotary evaporator at a liquid temperature
between 20 and 30°C under reduced pressure so that
water contained therein was replaced with methanol,
and thereby 373 g of a methanol sol comprising silica-
magnesium fluoride hydrate composite colloidal parti-
cles was obtained. The resultant methanol sol compris-
ing silica-magnesium fluoride hydrate composite colloi-
dal particles had a specific gravity of 0.874. a pH of 4.76
when diluted with water in 1:1, a viscosity of 2.5 mPa.s,
a concentration (in terms of SiO2+MgF2) of 13.8 % by
weight, a water content of 0.67 % by weight, a transmit-
tance of 84.2 % and a particle size as determined by the
dynamic light scattering method (determined in N4 man-
ufactured by Cortar) of 115 nm.
[0076] Predetermined amounts of a liquid comprising
a hydrolysate of a silane coupling agent and the above
methanol sol were mixed, by which a coating was
formed on a silicon wafer. According to the calculation
using a refractive index of this coating, a refractive index
of the silica-magnesium fluoride hydrate composite col-
loid was 1.33.
[0077] The resultant sol was stable without increasing
a viscosity or gelling even after being allowed to stand
at room temperature for 3 months or more.

Comparative Example 1

step (a):

[0078] A commercially available water glass was di-
luted with pure water to a silica concentration of 4.0 %
by weight, which was passed through a column filled
with a cation exchange resin Amberlite 120 B to obtain
1042 g (SiO2, 37.5 g) of an aqueous solution comprising
an active silicic acid colloid having a silica concentration
of 3.6 % by weight. This aqueous solution comprising
the active silicic acid colloid had a pH of 2.50 and a pri-
mary particle size of 2 nm or less. To 1042 g of the aque-
ous solution of the active silicic acid colloid, 2600 g of
pure water was added to prepare 3642 g of an aqueous
colloid solution having a silica concentration of 1.03 %
by weight.
[0079] 246 g (115.2 g, 1.21 mole in terms of MgCl2)
of magnesium chloride (MgCl2·6H2O; guaranteed rea-
gent grade; manufactured by KOSO Chemical) was dis-
solved in 2214 g of pure water to prepare 2460 g of an
aqueous solution containing 4.68 % by weight (in terms
of MgCl2) of magnesium chloride.
[0080] While, after 69.0 g of acidic ammonium fluoride
(NH4F· HF; guaranteed reagent grade; manufactured
by MORITA KAGAKU) was dissolved in 2093 g of pure
water, 73.5 g of 28 % aqueous ammonia (reagent grade;
manufacture by KOSO Chemical) was added to prepare
2236 g (89.6 g, 2.42 moles in terms of NH4F) of an aque-
ous solution containing 4.01 % by weight of ammonium
fluoride.
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[0081] 3642 g of the above aqueous active silicic acid
colloid solution was charged into a vessel of 10 L ca-
pacity, to which 2460 g of the above aqueous magnesi-
um chloride solution and 125 g of an aqueous 10 % hy-
drochloric acid solution were successively added with
vigorous stirring by means of a disper. After stirring for
10 minutes, 2236 g of the above aqueous ammonium
fluoride solution was added over 15 minutes with stirring
and then the stirring was continued for 1 hour. Thus,
8463 g of a slurry comprising silica-magnesium fluoride
hydrate composite colloidal particles was obtained.
[0082] The slurry had a pH of 3.91, a conductivity of
33.6 mS/cm, a silica (SiO2) concentration of 0.443 % by
weight, a concentration of magnesium fluoride hydrate
of 0.891 % by weight in terms of MgF2 (75.4 g in terms
of MgF2) and a concentration of silica-magnesium fluo-
ride hydrate composite colloid of 1.334 % by weight in
terms of SiO2+MgF2. A ratio of silica to magnesium flu-
oride hydrate in terms of a SiO2/MgF2 weight ratio was
0.497. A ratio of fluorine to magnesium in terms of a F/
Mg molar ratio was 2.0.
[0083] Immediately after the formation of the slurry,
the slurry showed a transparent colloidal color similar to
that of a sol, but a turbid state was observed in the slurry
being allowed to stand for several hours. Clearly, the ge-
lation of the slurry occurred.

step (b):

[0084] The slurry obtained from the step (a) was not
dispersed into microgels by stirring, for example by
means of a disper. Thus, an filtering-and-washing using
a ultrafilter was impossible in the step (b). And, a cake
was washed on Nusche funnel, but it was impossible to
wash the cake since a large amount of a filtrate was not
smoothly passed therethrough.

[Effect of the Invention]

[0085] The sol comprising silica-magnesium fluoride
hydrate composite colloidal particles of the present in-
vention is a sol comprising composite colloidal particles
having both properties inherent in silica and properties
inherent in magnesium fluoride hydrate. The sol com-
prising silica-magnesium fluoride hydrate composite
colloidal particles with desired properties (low refractive
index and high bond strength) cannot be obtained by
merely mixing the known silica sol with the known mag-
nesium fluoride hydrate sol. Such a sol comprising sili-
ca-magnesium fluoride hydrate composite colloidal par-
ticles with the above properties can be obtained only by
the process comprising the steps (a) and (b) and the
optional step (c).
[0086] Both the aqueous sol and the organosol of the
present invention have a primary particle size of 5 to 50
nm as observed under an electron microscope and
show good transparency and dispersibility. A dried prod-
uct of the sol has a low refractive index as low as 1.3 to

1.4 and a dry coating has a good optical transmittance.
Thus, a good anti-reflection coating can be formed onto
substrates such as glass lenses, plastic lenses, glass
plates, transparent plastic plates, transparent plastic
films, display surfaces of cathode ray tubes and liquid
crystal display, color filters by using this sol alone or by
combining this sol with other binder such as a solution
of an organic resin (e.g. methyl methacrylate) dissolved
in an organic solvent, an emulsion of an organic resin
(e.g. acrylic resin, acrylic styrene resin, polyester resin),
an aqueous solution of a water soluble polymer (e.g. pol-
yvinyl alcohol), a liquid of a partially hydrolyzed silane
coupling agent, a liquid of a partially hydrolyzed ethyl
silicate and the like.

Claims

1. A sol comprising silica-magnesium fluoride hydrate
composite colloidal particles having a ratio of silica
to magnesium fluoride hydrate MgF2 · nH2O, n be-
ing in the range between 0.25 and 0.5, in terms of
a SiO2/MgF2 weight ratio of from 0.01 to 5 and a
primary particle size of 5 to 50 nm.

2. A process for the preparation of an aqueous sol
comprising silica-magnesium fluoride hydrate com-
posite colloidal particles as defined in claim 1, which
comprises the following steps:

(a) adding an aqueous fluoride solution to a
mixture liquid of a silica sol having a primary
particle size of 3 to 20 nm and an aqueous mag-
nesium salt solution such that a F/Mg molar ra-
tio is in the range between 1.9 and 2.1 to pro-
duce a slurry of an agglomerate comprising sil-
ica-magnesium fluoride hydrate composite col-
loidal particles; and
(b) removing the salts formed as by-products
from the slurry of the agglomerate comprising
silica-magnesium fluoride hydrate composite
colloidal particles obtained from the step (a).

3. A process for the preparation of an organosol com-
prising silica-magnesium fluoride hydrate compos-
ite colloidal particles as defined in claim 1, which
comprises the steps (a) and (b) as defined in claim
2 and the following step: (c) replacing water in the
aqueous sol comprising silica-magnesium fluoride
hydrate composite colloidal particles obtained from
the step (b) with an organic solvent.

Patentansprüche

1. Ein Sol, umfassend kolloide Teilchen von Silizium-
dioxid-Magnesiumfluoridhydrat-Komposit mit ei-
nem Verhältnis von Siliziumdioxid zu Magnesium-
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fluoridhydrat MgF2·nH2O, wobei n im Bereich zwi-
schen 0,25 und 0,5 ist, ausgedrückt als SiO2/MgF2-
Gewichtsverhältnis von 0,01 bis 5 und einer Primär-
teilchengröße von 5 bis 50 nm.

2. Verfahren für die Herstellung eines wäßrigen Sols,
umfassend kolloide Teilchen von Siliziumdioxid-
Magnesiumfluoridhydrat-Komposit gemäß An-
spruch 1, das die folgenden Schritte umfaßt:

(a) Zugeben einer wäßrigen Fluoridlösung zu
einer Mischungsflüssigkeit eines Siliziumdi-
oxidsols mit einer Primärteilchengröße von 3
bis 20 nm und einer wäßrigen Magnesiumsalz-
lösung, so daß das F/Mg Molverhältnis im Be-
reich zwischen 1,9 und 2,1 ist, um eine Auf-
schlämmung eines Agglomerats, umfassend
kolloide Teilchen von Siliziumdioxid-Magnesi-
umfluoridhydrat-Komposit, herzustellen; und

(b) Entfernen der als Nebenprodukte gebilde-
ten Salze aus der aus Schritt (a) erhaltenen
Aufschlämmung des Agglomerats, umfassend
kolloide Teilchen von Siliziumdioxid-Magnesi-
umfluoridhydrat-Komposit.

3. Verfahren für die Herstellung eines Organosols,
umfassend kolloide Teilchen von Siliziumdioxid-
Magnesiumfluoridhydrat-Komposit gemäß An-
spruch 1, wobei das Verfahren die Schritte (a) und
(b) gemäß Anspruch 2 und den folgenden Schritt
umfaßt:

(c) Ersetzen des Wassers in dem aus Schritt
(b) erhaltenen wäßrigen Sol, umfassend kollo-
ide Teilchen von Siliziumdioxid-Magnesium-
fluoridhydrat-Komposit, mit einem organischen
Lösungsmittel.

Revendications

1. Sol comprenant des particules colloïdales d'un
composite silice-fluorure de magnésium hydraté
ayant un rapport silice/fluorure de magnésium hy-
draté MgF2•nH2O, n étant situé dans la plage entre
0,25 et 0,5, en termes de rapport pondéral SiO2/
MgF2 allant de 0,01 à 5 et ayant une taille de parti-
cules primaires de 5 à 50 nm.

2. Procédé pour la préparation d'un sol aqueux com-
prenant des particules colloïdales d'un composite
silice-fluorure de magnésium hydraté selon la re-
vendication 1, comprenant les étapes consistant à :

(a) ajouter une solution de fluorure aqueuse à
un mélange liquide de sol de silice ayant une
taille de particules primaires de 3 à 20 nm et

une solution aqueuse de sel de magnésium de
telle sorte qu'un rapport molaire F/Mg se situe
dans la plage entre 1,9 et 2,1 pour produire une
suspension d'un agglomérat comprenant les
particules colloïdales d'un composite silice-
fluorure de magnésium hydraté ; et
(b) éliminer les sels formés en tant que sous-
produits de la suspension de l'agglomérat com-
prenant les particules colloïdales d'un compo-
site silice-fluorure de magnésium hydraté obte-
nues à l'étape (a).

3. Procédé pour la préparation d'un organosol com-
prenant des particules colloïdales d'un composite
silice-fluorure de magnésium hydraté selon la re-
vendication 1, comprenant les étapes (a) et (b) se-
lon la revendication 2 et l'étape suivante consistant
à :

(c) remplacer l'eau dans le sol aqueux compre-
nant les particules colloïdales d'un composite
silice-fluorure de magnésium hydraté obtenues
à l'étape (b) par un solvant organique.
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