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6     for interleaving layers are graded in order  diacetate content, is
very suitable for use in     of whiteness of product thus: - methyl vinyl
applications where a non-toxic pearlescent     ether/ethyl hydrogen maleate
copolymer>   pigment is required and stability to heat is     methyl vinyl
ether/maleic anhydride  co-  not important, for example in cosmetics such 5
polymer> sulphonamide/formaldehyde  resin,  as eye shadows, lipsticks and
nail varnishes, 70     ethyl cellulose, polyvinyl acetal > partially  or in
leather finishes and printing inks.     acetylated polyvinyl alcohol. For
lustre, these           ExAMPLE 2     materials are graded thus: -  methyl
vinyl    A glass plate is coated by dipping it into     ether/ethyl
hydrogen  maleate  or maleic  a [err]  w/v solution of polyethylene glycol
10  anhydride >  ethyl  cellulose [err]  polyvinyl  20,000 in methanol. The
plate is then dipped     butyral>polyvinyl acetal>sulphonamide/for-
alternately in a solution of 4%  w/v tetra-  75     maldehyde
resin>ethyl-hydroxyethyl cellulose.  isopropyl titanate in [err] petroleum
Nitro-cellulose gives high lustre but poor  spirit and a solution of 0.5%
w/v ethyl-     colour.
hydroxyetlhyl-cellulose (low viscosity grade) in 15    The performance  of
the water-soluble  [err] petroleum spirit containing enough     release
layers  tested  is: -    polyvinyl  isopropanol (10%  v/v) to produce a
clear  80     pyrrolidone [err] polyethylene  glycol>>poly-  solution.
After dipping, each layer is dried     vinyl methyl ether.
in a current of air at 90-100[err]C. for 10-20        The performance of
the substrate materials  seconds, the relative humidity of the ambient 20
tested  is:-   glassi>meals:> polyehylene  air being 42% at 22[err]C. After
four layers of     terephthalate  >>  others.                   titanium
dioxide and three layers of inter-  85       The  following  Examples
illustrate  the  leaving agent have been laid down, the plate
invention.                                   is immersed in water with
gentle agitation.                     EXAMPLE 1                     Large
particles of product are collected by 25    An endless belt of polyethylene
terephthialate  decantation and transferred to acetone, or are     (0.01
inch [0.254 mm] thick) is passed three   caught on a wire gauze, and
immersed in  90     times through a 4%  w/v solution of poly-  acetone, and
reduced in size by ultra-sonic     ethylene glycol 6000 in methanol, the
belt  agitation. A rather powdery white product 



being dried between coatings. This gives a  is obtained. Typical particle
size after com- 30  film  about 100 microns thick of the poly-  minution is
8-43X6-37 [err].     ethylene glycol. The belt is then passed at a  In
principle any suitable organic film- 95     speed of 1.2 cm. per second
through a 4%   forming substance may be used in the pro-     w/v solution
of redistilled tetra isopropyl-  cedure of this Example in place of the
ethyl-     titanate in petroluem spirit (b.p. [err]   hydroxyethyl
cellulose. For example:- 35  The petroleum spirit evaporates and the tetra
(a) An 0.6%  w/v solution of polyvinyl     isoprpyl-titanate then
hydrolyses by contact  acetal  (Alvar  1570  of Shawinigan  Ltd. 100
with atmospheric moisture to produce a clear  "ALVAR" is a registered Trade
Mark) in     layer of titanium dioxide. The humidity of  acetone is used. A
lustrous white product is     the air surrounding the belt is 25-30%  at
obtained. Typical particle size after com- 40  a temperature of [err]. The
belt is then passed   minution is 10-25X4-10 [err].     through an 0.6%
w/v solution of cellulose    (b) An 0.5%  w/v solution of polyvinyl 105
diacetate in acetone, and the acetone is allowed  butyral (S-LEC resin type
BH-2 of British     to evaporate. The belt is passed again through
Traders and Shippers) in acetone is used. A     the titanate solution and
the cellulose di-   hite lutrous product is obtained. Typical 45  acetate
solution in succession until 10 layers  particle size for this product
after commminu-     of titanium dioxide and 9 interleaving layers  tion is
10-39X8-21 [err]                   110     of cellulose diacetate have been
formed. The    (c) An 0.6%  w/v solution of partially     belt is then
immersed in water to wash off hydrolysed  polyvinyl  acetate  (ca.  40%
the products (or alternatively another coating  hydrolysis: Resin D 383 of
Shawinigan Ltd.) 50  of the poyethylene glycol is deposited on the  in
acetone, is used. A  white product is     product and the sequence of
operations re-  obtained Typical particle size for this product 115
peated to provide a larger amount of material  after comminution is
8-25X8-21 [err].     on the single support). The product washed    (d) An
0.25%  w/v  solution of nitro-     off by the water is collected, washed
well with  cellulose (commercial pyroxylin, 10.5-12% 55  acetone and then
comminuted by ultra-sonic  nitrogen) in acetone is used. The product
agitation in acetone. It has a brilliant silvery-  possesses a superior
lustre  but discolours 120     white lustre when dispersed in acetone or a
rapidly on exposure to light.     similar solvent. When the pigment is
dried or   (e) An 0.5% w/v solution of a commercial     is a dry lacquer
film it is somewhat less  sulphonamide-formaldehyde  resin (Santolite 60
lustrous with a bluish tinge. Typical particle  MHP of Monsanto Ltd.
"SANTOLITE" is     size after comminution is 20-31X20-40 [err],  a
registered Trade Mark) in acetone is used. 125     the material  containing
no particles greater  The product obtained was of a silvery-white 



than 7OX70 [err]                             appearance with a satisfactory
lustre. Typical        The product so obtained, while of relatively
particle  size   after   comminution  is 65  low  heat stability because of
its cellulose  6-25X6-18 [err].                      7
1,238,440                                          7                    (f)
A 3% w/v solution of a silicone glycol  (prepared as described in Plastics
Monograph                 copolymer (Silicone Surfactant 193 of Dow
C3-Phenolic Resins, page 86, published by          Corning Ltd.) in acetone
is used. A white  the Plastics Institute), is used. The resulting
product is obtained. Typical particle size after  product is pearly but
dark yellow in colour          5   comminution is 8-37X631 [err]
Typical particle size after comminution is  30                   (g) An
0.5%  w/v methyl vinyl ether-  l0-35X6-27 [err].      maletic anhydride
copolymer (Gantrez AN 1,69    (j) An 0.5% w/v solution in acetone of a
of  Fine  Dyestuffs and  Chemicals Ltd.,  phenol/formaldehyde novolak resin
prepared            "GANTREZ"  is a registered Trade Mark)  as   described
in   Plastics   Monograph       10  solution in acetone is used.
(Hydrolysis is  C3-Phenolic Resins, page 86, published by  35
effected at [err] and 25% relative humidity).  the Plastics Institute
(having a refractive index                 The product obtained is
particularly lustrous.  of 1.66-1.67) is used. The product obtained
Typical particle size after commimution is  is similar to that from 2 (i)
but paler yellow                 8-25X6-21 [err].
in colour. Typical particle size after com-            15    (h) An 0.5%
w/v methyl vinyl ether-ethyl  minution is 8-29X6-21  [err].
40                 hydrogen maleate copolymer (Gantrez ES 225    (k) An
0.5%  w/v solution in acetone of                 of Fine Dyestuffs and
Chemicals Ltd.) solution  ethyl cellulose of viscosity 7 c.p.s. and
in acetone is used. (Hydrolysis is effected at  48-49%  ethoxy content, is
used. A white                 23[err]C. and 25%  relative humidity). The
product of good lustre is obtained. Typical           20  product obtained
is substantially identical to  particle  size   after   comminution  is  45



that from the previous Example 2 (g). Typical  10-39X8-33 [err]
particle  size   after   comminution   is    The refractive indices of the
individual    6-21 X 6-16 [err]                 layers of the products of
some of the preceding                   (i) An 0.5%  w/v solution in
acetone of  Examples have been measured and found to            25
P-t~butyl-phenol/formaldehyde novolak resin  be as follows.
50
Reftactive Index of
High refractive   Interleaving                                     Example
index layer        layer                                      1
1.84-1.86        1.47-1.49                                      2 (d)
1.90-1.94        1.48-1.50                                      2 (k)
1.90-1.94       1.46-1.48                    WHAT WE CLAIM  IS: -
3. A pigment according to claim 2 in which                  1. A pigment
comprising a plurality of  the interleaving agent is cellulose diacetate.
thin, clear layers, each of which is uniform,    4. A pigment according to
claim 1 in which           55  of titanium  or zirconium  dioxide, or an
the interleaving agent is cellulose diacetate, 80                alkaline
earth metal titanate (as hereinbefore  ethyl cellulose, nitrocellulose,
ethyl-hydroxy-                defined) each  such adjacent layer being
ethyl-cellulose, polyvinyl acetal, polyvinyl                separated by
one, and adherent to one or two  butyral, partially hydrolysed polyvinyl
acetate,                thin clear layers, each of which is uniform,  a
sulphonamide-formaldehyde resin, a silicone-           60  of an
interleaving agent, which is an organic  glycol copolymer, a methyl vinyl
ether-maleic  85                film-forming substance containing hydroxyl,
anhydride copolymer, a methyl vinyl ether-                carboxylic
anhydride, carboxylic ester, or  ethyl  hydrogen  maleate  copolymer,   a
other groups capable of reacting with titanium
p-t-butyl-phenol-formaldehyde novolak resin, ester or zirconium ester or
alkaline earth metal  or a phenol-formaldehyde novolak resin. 65  titanic
ester groups, the refractive index of   5. A pigment according to any of
claims  90               the layers of titanium or zirconium dioxide  1 to
4 in which the refractive index of the 



or alkaline earth metal titanate exceeding  layers of titanium dioxide is
1.85 to 1.95 or               that of the layers of interleaving agent by
at  of zirconium dioxide or alkaline earth metal               least 0.05.
titanate is 1.69 to 1.75 and the refractive 70    2. A pigment comprising a
plurality of thin,  index of the layers of interleaving agent is  95
clear layers, each of which is uniform, of  1.45 to 1.50.
titanium  or zirconium  dioxide (as herein-    6. A pigment according to
any of claims               before defined) separated by, and adherent  1
to 5 comprising 3 to 8 thin, clear layers of               to, one or more
layers of an interleaving agent  titanium or zirconium dioxide or an
alkaline          75  which is an organic film-forming substance  earth
metal titanate.                        100               containing
hydroxyl groups.                       7. A pigment according to any of
claims          7                                       1,238,440
7          (f) A 3% w/v solution of a silicone glycol  (prepared as
described in Plastics Monograph        copolymer (Silicone Surfactant 193
of Dow   C3-Phenolic Resins, page 86, published by        Corning Ltd) in
acetone is used. A white  the Plastics Institute), is used. The resulting
product is obtained. Typical particle size after  product is pearly but
dark yellow in colour. 5  comminution is 8-37X6-31  [err]
Typical particle size after comminution is  30          (g) An 0.5%  w/v
methyl vinyl ether-  10-35X6-27 [err]        maleic anhydride copolymer
(Gantrez AN 169    (j) An 0.5% w/v solution in acetone of a        of Fine
Dyestuffs and  Chemicals Ltd.,  phenol/formaldehyde novolak resin prepared
"GANTREZ" is a registered Trade Mark)  as  described  in  Plastics
Monograph   10  solution in acetone is used. (Hydrolysis is  C3-Phenolic
Resins, page 86, published by  35        effected at 23[err]C. and 25%
relative humidity).  the Plastics Institute (having a refractive index
The product obtained is particularly lustrous.  of 1.66-1.67) is used. The
product obtained        Typical particle size after commimution is  is
similar to that from 2 (i) but paler yellow        8-25X6-21 [err].
in colour. Typical particle size after com-   15    (h) An 0.5% w/v methyl
vinyl ether-ethyl  minution is 8-29X6-21 [err]            40
hydrogen maleate copolymer (Gantrez ES 225    (k) An 0.5%  w/v solution in
acetone of 



of Fine Dyestuffs and Chemicals Ltd.) solution  ethyl cellulose of
viscosity 7 c.p.s. and        in acetone is used. (Hydrolysis is effected
at  48-49%  ethoxy content, is used. A white        23[err]C. and 25%
relative humidity). The  product of good lustre is obtained. Typical   20
product obtained is substantially identical to  particle  size   after
comminution  is  45        that from the previous Example 2 (g). Typical
10-39X8-33 [err].        particle  size   after   comminution   is    The
refractive indices of the individual        6-21 X 6-16 [err].
layers of the products of some of the preceding          (i) An 0.5%  w/v
solution in acetone of  Examples have been measured and found to   25
p-t-butyl-phenol/formaldehyde novolak resin  be as follows.
50                                                       Refractive Index
of                                             High refractive
Interleaving                            Example           index layer
layer                             1                1.84-1.86
1.47-1.49                             2 (d)             1.90-1.94
1.48-1.50                             2 (k)             1.90-1.94
1.46-1.48            WHAT WE CLAIM IS: -                          3. A
pigment according to claim 2 in which          1. A pigment comprising a
plurality of  the interleaving agent is cellulose diacetate.        thin,
clear layers, each of which is uniform,    4. A pigment according to claim
1 in which   55  of titanium  or zirconium  dioxide, or an  the
interleaving agent is cellulose diacetate, 80       alkaline earth metal
titanate (as hereinbefore  ethyl cellulose, nitrocellulose, ethyl-hydroxy-
defined) each such adjacent layer being  ethyt-cellulose, polyvinyl acetal,
polyvinyl       separated by one, and adherent to one or two  butyral,
partially hydrolysed polyvinyl acetate,       thin clear layers, each of
which is uniform,  a sulplhonamide-formaldehyde resin, a silicone-   60  of
an interleaving agent, which is an organic  glycol copolymer, a methyl
vinyl ether-maleic  85        film-forming substance containing hydroxyl,
anhydride copolymer, a methyl vinyl ether-        carboxylic anhydride,
carboxylic ester, or  ethyl  hydrogen  maleate  copolymer,  a 



other groups capable of reacting with titanium
p-t-butyl-phend-formaldehyde novolak  resin,        ester or zirconium
ester or alkaline earth metal  or a phenol-formaldehyde novolak resin.   65
titanic ester groups, the refractive index of   5. A pigment according to
any of claims  90       the layers of titanium or zirconium dioxide  1 to 4
in which the refractive index of the       or alkaline earth metal titanate
exceeding  layers of titanium dioxide is 1.85 to 1.95 or       that of the
layers of interleaving agent by at  of zirconium dioxide or alkaline earth
metal       least 0.05.                                  titanate is 1.69
to 1.75 and, the refractive   70    2. A pigment comprising a plurality of
thin,  index of the layers of interleaving agent is  95        clear
layers, each of which is uniform, of  1.45 to 1.50.        titanium  or
zirconium  dioxide (as herein-    6. A pigment according to any of claims
before defined) separated by, and adherent  1 to 5 comprising 3 to 8 Thin,
clear layers of        to, one or more layers of an interleaving agent
titanium or zirconium dioxide or an alkaline   75  which is an organic
film-forming substance  earth metal titanate.                        100
containing  hydroxyl groups.                    7. A pigment according to
any of claims           8        C   L   M   S                1,238,440
8     1 to 6 in which the thickness of the layers of  refractive index of
layers (I) exceeds that of    titanium  or zirconium  dioxide or alkaline
layers (II) by at least 0.05.    earth metal titanate and of the
interleaving   17. Process for the preparation of a pigment    layers is
within the range 0.01 to 1 micron.  which comprises applying to a support a
5     8. Apigment according to claim 7 in which  release layer which is
wetted by the com-  70     the thickness of the layers of titanium  or
position used to apply the first layer of (I)     zirconium  dioxide or
alkaline earth metal  and which is insoluble in the compositions
titanate and of the interleaving layers is with-  used to apply the layers
of (I) and (II) but     in the range 0.03 to 0.3 microns.
soluble in the solvent used to release the 10    9. A pigment according to
claim 8 in Which  multi-layers product from  the support, and  75     the
thickness of the layers of titanium  or  then alternately thin layers, each
of which is 



zirconium dioxide or alkaline earth metal  uniform, of (I) a hydrolysable
titanic or     titanate and of the interleaving agent is 0.03   zirconic
ester and (II), as interleaving agent     to 0.1 micron, the layers vary in
thickness  former, an organic film-forming substance 15  within this range
and the pigment is white.   containing hydroxyl groups, hydrolysing each
80        10. A pigment according to claim  8, in  after layer  (I)
immediately after     which the thickness of the layers of titanium
application to a clear layer by contact with     or zirconium dioxide or
alkaline earth metal  water vapour, a, when at least two layers
titanate and of the interleaving agent is 0.05   of the titanic or zirconic
ester have been 20  to 0.3 microns, the layers are of controlled   applied
and hydrolysed, releasing the multi-  85     thickness within this range,
and the pigment  layer product from the support by dissolving     is
coloured.                                  away the release layer.
11. A pigment according to any of claims   18. Process according to claim
17 in which      1 to 10 in which each pigment particle is  the
interleaving agent former used is cellulose 25  from 1 micron to 2 mm.
across.                 diacetate.                                   90
12. A pigment according to claim 11 in    19. Process according to claims
17 or 18     which each pigment particle is 5 to 50 microns  in which the
hydrolysable titanic or zirconic     across.
ester used is an alkyl titanate or zirconate.        13. A pigment
according to claim 1 sub-    20. Process according to claim 16 in which 30
stantially as hereinbefore described.       the interleaving agent former
used is cellulose  95        14. A pigment according to claim  1 sub-
diacetate, ethyl cellulose, nitro-cellulose, ethyl-     stantially as
described in Example 1.      hydroxyethyl-cellulose, polyvinyl acetat,
poly-        15. A pigment according to claim  1 sub-  vinyl butyral,
partially hydrolysed polyvinyl     stantially as described in Example 2.
acetate, a suphonamide-formaldehyde resin, a 35    l6. Process for the
preparation of a pigment  silicone-glycol copolymer, a methyl vinyl 100
which comprises applying to a support a   ether-maleic anhydride copolymer,
a methyl     release layer which is wetted by the com-  vinyl ether-ethyl
hydrogen maleate copolymer,     position used to apply the first layer of
(I)  a   p-t-butyl-phenol-formaldehyde  novolak     and which is insoluble
in the compositions  resin, or a phenol-formaldehyde novolak resin. 40
used to apply the layers of (I) and (II) but    21. Process according to
claim 16 or 20 in  105     soluble in the solvent used to release the
which the hydrollysable titanic or zirconic     multi-layer product from
the support, and   ester or alkaline earth metal titanic ester used
then alternately thin layers, each of which is  is an alkyl titanate,
zirconate, or alkaline     uniform, of (I) a hydrolysable titanic or  earth
metal titanate, in which each alkyl con- 45  zirconic ester or alkaline
earth metal titanic  tains 1 to 8 carbon atoms.              110 



ester and (II), as interleaving agent former,   22. Process according to
claim 21 in which      an organic film-forming substance containing
tetra-isopropyl titanate, tetra-n-butyl titanate,      hydroxyl, carboxylic
anhydride, carboxylic  tetra-n-propyl zirconate, or calcium titanium
ester or other groups capable of reacting with  isopropoxide is used. 50
titanium ester or zirconium ester or alkaline  23. Process according to any
of claims 16  115      earth metal titanic ester groups such that after  to
22 in which the support is of glass, polished      hydrolysis of the
hydrolysable layers (I) and,  metal, or polyethylene terephthalate film.
if necessary after heating the layers produced,    24. Process according to
any of claims 16      the refractive index of layers (I) exceeds that  to
23 in which the release layer is water- 55  of layers (II) by at least
0.05; hydrolysing  soluble.                                      120
each hydrolysable layer (I) immediately after   25. Process according to
claim 24 in which      application to a clear layer by contact with  the
release layer is polyethylene glycol of      water vapour; and when at
least two layers  molecular weight 6000 to 100,000.      of the titanic or
zirconic ester or alkaline  26. Process according to claim 24 in which 60
earth metal titanic ester have been applied  the release layer is
polyvinylpyrrolidone.  125      and  hydrolysed, releasing  the multi-layer
27. Process according to any of claims 16      product from the support by
dissolving away  to 26 in which the hydrolysable titanic or      the
release layer and, if required, heating the   zirconic ester or alkaline
earth metal titanic      layers so produced before or after release of
ester is applied as a solution in an inert 65   the pigment to give a
pigment wherein the    volatile solvent, and the said  solvent is   130
9                                        1,238,440
9        evaporated before the said ester is hydrolysed.  after being
released from  the support, the           28. Process according to claim 27
in which  pigment is comminuted to a particle size of        the said
solvent is a volatile hydrocarbon.  5 to 50 microns.           29. Process
according to any of claims 16    36. Process according to any of claims 16
30    5   to 28 in which 3 to 8 layers of  hydrolysable        to 35 in
which the layers are applied to the titanic or zirconic ester or alkaline
earth metal  support by a reverse roller kiss-coating tech- 



titanic ester are applied to the support and  nique.        hydrolysed.
37. Process according to claim  36 when           30. Process according to
any of claims 16  carried out using an apparatus substantially  35    10
to 29 in which each layer is 0.01 to 1 micron  as shown in Figure 2 of the
accompanying        thick.                                        drawings.
31. Process according to claim 30 in which  38. Process according to claim
16 sub-        each layer is 0.03 to 0.3 microns thick.    stantially as
herinbefore described.          32. Process according to claim 31 in which
39. Process for the preparation of a pigment 40    15  each layer is 0.03
to 0.1 microns thick, the  substantially as described in Example l.
layers vary in thickness within this range and  40. Process for the
preparation of a pigment        the pigment is white.
substantially as described in Example 2.           33. Process according to
claim 31 in which  41. A pigment produced by the process of        each
layer is 0.05 to 0.3 microns thick, the  any of claims 16, 20 to 38 and 40.
45   20  layers are of controlled thickness within this   42. A pigment
produced by the process of        range, and the pigment is coloured.
any of claims 17 to 19 and 39.           34. Process according to any of
claims 16        to 33 in which, after being released from the
J. A. KEMP & CO.,        support, the pigment is comminuted to a
Chartered Patent Agents,   25  particle size of from 1 micron to 2 mm.
14 South Square,          35. Process according to claim 34 in which,
Gray's Inn, London W.C l.               Printed for Her Majesty's
Stationery Office by the Courier Press, Leamington Spa, 1971.
Published by the Patent Office, 25 Southampton Buildings, London, WCZA IAY,
from                                        which copies may be obtained.


