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(57) ABSTRACT 

A process for making high aspect ratio metal ?akes com 
prises applying a multi-layer sandwich of vapor deposited 
metal and release coats in alternating layers to a rotating 
chilled drum or suitable carrier medium contained in a vapor 
deposition chamber. The alternating metalliZed layers are 
applied by vapor deposition and the intervening release 
layers are preferably solvent-soluble materials applied by 
suitable coating or vapor deposition sources contained in the 
vapor deposition chamber. The release coat materials can be 
a thermoplastic solvent-soluble polymer. The multi-layer 
sandwich built up in the vacuum chamber is removed from 
the drum or carrier and treated with a suitable solvent to 
dissolve the release coating from the metal in a stripping 
process that leaves the metal ?akes essentially release coat 
free. The solvent and dissolved release material are then 
removed by centrifuging to produce a cake of concentrated 
?akes which can be air milled and let down in a preferred 
vehicle and further siZed and homogenized for ?nal use in 
inks, paints or coatings. In one embodiment the ?nished 
?akes comprise single-layer thin metal ?akes and in another 
embodiment the ?akes are coated on both sides with pro 
tective polymeric coatings that were applied from vacuum 
deposition sources contained in the vapor deposition cham 
ber. In an alternative embodiment the release coat can be a 
thermoset material which is lightly cross-linked in the 
vacuum chamber and then later treated with a de-polymer 
iZing solvent material that breaks the chemical bonds suf 
?ciently to separate the layers. 
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PROCESS FOR MAKING HIGH ASPECT RATIO 
REFLECTIVE METAL FLAKES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of allowed Appli 
cation No. Ser. 09/425,514 ?led Oct. 22, 1999, Which 
claimed the bene?t of the ?ling date of US. Provisional 
Application No. 60/105,399, ?led Oct. 23, 1998. 

FIELD OF THE INVENTION 

[0002] This invention relates to a process for producing 
high aspect ratio ?akes that can be used for both functional 
and decorative applications. The ?akes can be metal, metal 
compounds, non-metal or clear ?akes. Functional applica 
tions of the ?akes include uses in protective coatings in 
Which the ?akes can add a certain level of rigidity to produce 
certain desired properties of the ?nished coating, or in Which 
the ?ake layer can be used to screen out light of certain Wave 
lengths to protect an underlying pigmented layer. Re?ective 
metal ?akes are useful in a variety of optical or decorative 
applications, including inks, paints or coatings. Other uses 
of the ?akes include microWave and electrostatic applica 
tions. 

BACKGROUND 

[0003] Conventional aluminum ?ake is manufactured in a 
ball mill containing steel balls, aluminum metal, mineral 
spirits, and a fatty acid usually stearic or oleic. The steel 
balls ?atten the aluminum and break it into ?akes. When the 
ball milling is complete the slurry is passed through a mesh 
screen for particle siZing. Flakes too large to pass through 
the screen are returned to the ball mill for further processing. 
Flake of the proper siZe is passed through the screen and 
introduced to a ?lter press Where eXcess solvent is separated 
from the ?ake. The ?lter cake is then let doWn With addi 
tional solvent. Such conventional aluminum ?ake typically 
has a particle siZe from about 2 to about 200 microns and a 
particle thickness from about 0.1 to about 2.0 microns. 
These ?akes are characteriZed by high diffuse re?ectance, 
loW specular re?ectance, rough irregular ?ake micro surface, 
and a relatively loW aspect ratio. 

[0004] Another process for making metal ?akes is a pro 
cess of Avery Dennison Corporation for making ?akes sold 
under the designation Metalure. In this process both sides of 
a polyester carrier are gravure coated With a solvent-based 
resin solution. The dried coated Web is then transported to a 
metalliZing facility Where both sides of the coated sheet are 
metalliZed by a thin ?lm of vapor deposited aluminum. The 
sheet With the thin metal ?lm is then returned to the coating 
facility Where both sides of the aluminum are coated With a 
second ?lm of the solvent-based resin solution. The dried 
coated/metal sheet is then transported again to the metalliZ 
ing facility to apply a second ?lm of vapor deposited 
aluminum to both sides of the sheet. The resulting multi 
layer sheet is then transported for further processing to a 
facility Where the coatings are stripped from the carrier in a 
solvent such as acetone. The stripping operation breaks the 
continuous layer into particles contained in a slurry. The 
solvent dissolves the polymer out from betWeen the metal 
layers in the slurry. The slurry is then subjected to sonic 
treatment and centrifuging to remove the solvent and the 
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dissolved coating, leaving a cake of concentrated aluminum 
?akes approximately 65% solids. The cake is then let doWn 
in a suitable vehicle and further siZed by homogeniZing into 
?akes of controlled siZe for use in inks, paints, and coatings. 

[0005] Metal ?akes produced by this process for use in 
printable applications such as inks are characteriZed by a 
particle siZe from about 4 to 12 microns and a thickness from 
about 150 to about 250 angstroms. Coatings made from 
these ?akes have a high specular re?ectance and a loW 
diffuse re?ectance. The ?akes have a smooth mirror-like 
surface and a high aspect ratio. The coatings also have a high 
level of coverage per pound of ?ake applied When compared 
With metal ?akes produced by other processes. 

[0006] Flakes also are produced in a polymer/metal 
vacuum deposition process in Which thin layers of vapor 
deposited aluminum are formed on a thin plastic carrier 
sheet such as polyester or polypropylene, With intervening 
layers of cross-linked polymers betWeen the vapor deposited 
aluminum layers. The cross-linked polymer layers are typi 
cally a polymeriZed acrylate deposited in the form of a 
vaporiZed acrylate monomer. The multi-layer sheet material 
is ground into multi-layer ?akes useful for their optical 
properties. Coatings produced from such multi-layer ?akes 
tend to have a high diffuse re?ectance and a loW specular 
re?ectance. The ?akes have a loW aspect ratio and undesired 
loW opacity When made into an ink. The materials resulting 
from this process have multiple layers that cannot be sepa 
rated into individual layers to form ?akes having a high 
aspect ratio and a high level of micro-surface smoothness 
(brightness). 
[0007] An objective of the present invention is to reduce 
the number of manufacturing steps and the resulting cost of 
making high aspect ratio, highly re?ective metal ?akes. 

SUMMARY OF THE INVENTION 

[0008] The present invention comprises a ?ake forming 
process in Which a multi-layer ?lm is applied either to a thin, 
?exible polymeric carrier sheet such as polyester, or to a 
polished metal casting surface such as a metal drum. In 
either instance the process is carried out in a vacuum 
deposition chamber. In one embodiment, in Which the multi 
layer ?lm is applied to a polyester carrier sheet (PET), the 
polyester ?lm can be thinner than 50 gauge and the ?lm can 
be pre-treated With smoothing and release layers. The 
vacuum chamber is equipped With multiple coating and 
deposition sources. Organic materials can be deposited by 
liquid applicators or spray equipment and can be UV or EB 
cured. The deposition sources can be vaporiZation at 
elevated temperatures caused by heating by induction or EB. 
Air is evacuated from the chamber and the PET ?lm is 
unWound past the coating and deposition sources While kept 
in contact With a cooling drum. Alternating layers of mate 
rials can be applied to the moving PET Web. One eXample 
is a solvent-soluble polymer organic or inorganic material 
(about 200 to about 400 angstroms), folloWed by a layer of 
metal such as aluminum (150 to 250 angstroms), folloWed 
by another layer of the solvent-soluble coating. Other metals 
or inorganic compounds may be substituted for the alumi 
num. By reversing the Web path and inactivating the second 
coating source and then repeating the ?rst step, many layers 
can be applied to the PET Without breaking the vacuum, 
Which can increase productivity. Additional protective layers 
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can be deposited on each side of the aluminum layers by 
adding tWo additional deposition sources betWeen the coat 
ing and metal deposition sources. The multi-layered coated 
PET is introduced into a solvent or Water stripping process 
to remove the sandWich from the PET. The solvent or Water 
is then centrifuged to produce a cake of concentrated ?ake. 

[0009] In an alternative embodiment, the same coating and 
deposition techniques are used to apply alternating layers 
directly to a release coated cooling drum contained in the 
vacuum deposition chamber. The drum is rotated past the 
coating and deposition sources to build up a multi-layer 
sandWich sheet that is later removed from the drum. The 
multi-layer sheet is then introduced directly into a solvent 
With or Without suitable agitation to produce ?akes; or it can 
be ground to rough ?akes Which can also be air-milled to 
further reduce particle siZe, and then introduced into a 
solvent or Water slurry to alloW the remaining layers to be 
separated. The solvent or Water may be removed by centri 
fuging to produce a cake of concentrated metal ?akes. 

[0010] The cake of concentrated ?akes or the slurry of 
solvent and ?akes then can be let doWn in a preferred vehicle 
and further siZed and homogeniZed for ?nal use in inks, 
paints or coatings. 

[0011] These and other aspects of the invention Will be 
more fully understood by referring to the folloWing detailed 
description and the accompanying draWings. 

DRAWINGS 

[0012] FIG. 1 is a schematic functional block diagram 
illustrating a prior art process for manufacturing metal 
?akes. 

[0013] FIG. 2 is a schematic elevational vieW illustrating 
a vacuum deposition chamber for applying a multi-layer 
coating in a ?rst embodiment of a process according to this 
invention. 

[0014] FIG. 3 is a schematic cross-sectional vieW illus 
trating a sequence of layers in one embodiment of the 
multi-layer sheet material according to this invention. 

[0015] FIG. 4 is a schematic cross-sectional vieW illus 
trating a multi-layer sheet material made according to 
another embodiment of this invention. 

[0016] FIG. 5 is a functional block diagram schematically 
illustrating processing steps in the ?rst embodiment of this 
invention. 

[0017] FIG. 6 is a schematic cross-sectional vieW illus 
trating single layer metal ?akes made by the process of this 
invention. 

[0018] FIG. 7 is a schematic cross-sectional vieW of 
multi-layer ?akes made by the process of this invention. 

[0019] FIG. 8 is a schematic elevational vieW illustrating 
a second embodiment for producing the metal ?akes of this 
invention. 

[0020] FIG. 9 is a functional block diagram schematically 
illustrating processing steps for making metal ?akes from 
the multi-layer material made according to the second 
embodiment of the invention. 

DETAILED DESCRIPTION 

[0021] In order to better appreciate certain aspects of this 
invention, reference is made to FIG. 1 Which illustrates a 
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prior art process for making metal ?akes according to a 
process. presently utiliZed by Avery Dennison Corporation 
for manufacturing ?akes sold under the designation Meta 
lure. According to this prior art process, both sides of a 
polyester carrier sheet 10 are gravure coated at 12 With a 
solvent-based resin solution 14. The dried coated Web is then 
transported to a metalliZing facility 16 Where both sides of 
the coated and dried carrier sheet are metalliZed With a thin 
?lm of vapor deposited aluminum. The resulting multi-layer 
sheet is then transported for further processing to a facility 
at 18 Where the coatings are stripped from the carrier in a 
solvent such as acetone to form a solvent-based slurry 20 
that dissolves the coating from the ?akes. The slurry is then 
subjected to sonic treatment and centrifuging to remove the 
acetone and dissolved coating, leaving a cake 22 of concen 
trated aluminum ?akes. The ?akes are then let doWn in a 
solvent and subjected to particle siZe control at 24 such as by 
homogeniZing. 

[0022] This process has proved highly successful in pro 
ducing extremely thin metal ?akes of high aspect ratio and 
high specular re?ectance. (Aspect ratio is the ratio of aver 
age particle siZe divided by average particle thickness.) 
Despite the success of the Metalure process, it Would be 
desirable to reduce production costs because the repeated 
transportation of the coated Web betWeen gravure coating 
and metalliZing facilities increases the cost of production. 
There is also a production cost associated With the PET 
carrier not being reusable after the stripping operations. 

[0023] FIGS. 2 to 5 illustrate one embodiment of a process 
for making the metal ?akes shoWn in FIGS. 6 and 7. FIG. 
2 illustrates a vacuum deposition chamber 30 Which contains 
suitable coating and metalliZing equipment for making the 
multi-layer ?akes 32 of FIG. 7. Alternatively, certain coat 
ing equipment in the vacuum chamber of FIG. 2 can be 
deactivated for making the single layer ?akes 34 of FIG. 6, 
as Will become apparent from the description to folloW. 

[0024] Referring again to FIG. 2, the vacuum deposition 
chamber 30 includes a vacuum source (not shoWn) used 
conventionally for evacuating such deposition chambers. 
Preferably, the vacuum chamber also Will include an auXil 
iary turbo pump (not shoWn) for holding the vacuum at 
necessary levels Within the chamber Without breaking the 
vacuum. The chamber also includes a chilled polished metal 
drum 36 on Which a multi-layer sandWich 38 is produced. 
This embodiment of the invention Will ?rst be described 
With reference to making the ?akes 32 of FIG. 7 Which 
include an internal metalliZed ?lm layer 40 and outer layers 
42 of a protective coating material bonded to both sides of 
the metal ?lm. 

[0025] The vacuum deposition chamber includes suitable 
coating and vapor deposition sources circumferentially 
spaced apart around the drum for applying to the drum a 
solvent soluble or dissolvable release coating, a protective 
outer coating, a metal layer, a further protective outer 
coating for the metal layer, and a further release layer, in that 
order. More speci?cally, these sources of coating and depo 
sition equipment contained Within the vacuum deposition 
chamber include (With reference to FIG. 2) a release system 
source 44, a ?rst protective coating source 46, a metalliZing 
source 48, and a second protective coating source 50. These 
coating and/or deposition sources are spaced circumferen 
tially around the rotating drum so that as the drum rotates, 
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thin layers can be built up to form the multi-layered coating 
sandwich 36 such as, for example, in sequence: release 
coating-metal-coating-release-coating-metal-coating-re 
lease, and so on. This sequence of layers built up in the 
multi-layer sandWich 38 is illustrated schematically in FIG. 
4 Which also illustrates the drum 36 as the carrier in that 
instance. 

[0026] In one embodiment, the release coating is either 
solvent-soluble or dissolvable but is capable of being laid 
doWn as a smooth uniform barrier layer that separates the 
metal layers from each other, provides a smooth surface for 
depositing the intervening metal layers, and can be separated 
such as by dissolving it When later separating the metal 
layers from each other. The release coating is a dissolvable 
material having a glass transition temperature (Tg) or resis 
tance to melting that is suf?ciently high so that the heat of 
condensation of the deposited metal layer (or other ?ake 
coating layer) Will not melt the previously deposited release 
layer. The release coating must Withstand the ambient heat 
Within the vacuum chamber in addition to the heat of 
condensation of the vaporiZed metal layer. The release 
coating is applied in layers to interleave various materials 
and stacks of materials so as to alloW them to be later 
separated by solubiliZing the release layer. Arelease layer as 
thin as possible is desired because it is easier to dissolve and 
leaves less residue in the ?nal product. Compatibility With 
various printing and paint systems also is desirable. These 
release coatings can be in any one of several forms. The 
release coating can be a solvent-soluble polymer, preferably 
a thermoplastic polymer, Which is dissolvable in an organic 
solvent. The release coating source 44 in this instance can be 
suitable coating equipment for applying the polymeric mate 
rial as a hot melt layer or for extruding the release coat 
polymer directly onto the drum. As a further alternative, the 
release coat equipment can be a vapor deposition source that 
atomiZes a suitable monomer or polymer and deposits it on 
the drum or sandWich layer. In either instance, the release 
material freeZes to solidify When it contacts either the chilled 
drum or the multi-layer sandWich previously built up on the 
chilled drum. The thickness of the multi-layer ?lm built up 
on the drum has a thickness suf?cient to enable the chilled 
drum to pull enough heat through the ?lm so as to be 
effective in solidifying the release coat being deposited on 
the outer surface of the metal layer. An alternative polymeric 
release coating material can be lightly cross-linked poly 
meric coatings Which, While not soluble, Will sWell in a 
suitable solvent and separate from the metal. In addition, a 
dissolvable release material may comprise a polymeric 
material Which has been polymeriZed by chain extension 
rather than by cross-linking. 

[0027] Presently preferred polymeric release coatings are 
styrene polymers, acrylic resins and blends thereof. Cellu 
losics may be suitable release materials, if capable of being 
coated or evaporated Without detrimentally affecting the 
release properties. 
[0028] Presently preferred organic solvents for dissolving 
the polymeric release layer include acetone, ethyl acetate 
and toluene. 

[0029] Alternatively, the dissolvable inorganic salt release 
coating can be applied to the drum by condensation of a 
vapor produced by EB heating of the material. 

[0030] As a further alternative the dissolvable release 
layer can comprise a Waxy material, preferably a high 

Jan. 9, 2003 

boiling point Wax, Which is distillable and vapor deposited 
onto the drum or sandWich layer. 

[0031] FolloWing application of the release coating, the 
drum travels past the ?rst protective coating source 46 for 
applying a protective layer to the release coat. This protec 
tive layer can be a vapor deposited functional monomer such 
as an acrylate or methacrylate material Which is then cured 
by EB radiation or the like for cross-linking or polymeriZing 
the coating material; or the protective material can be a thin 
layer of radiation cured polymer Which can be later broken 
up into ?akes. Alternatively, the protective layer can be an 
inert, insoluble inorganic material Which forms a hard clear 
coat that bonds to both sides of the metal layer. Desirable 
protective coatings are hard impervious materials Which can 
be deposited in alternating layers With metals such as 
aluminum to provide a level of Wear resistance, Weather 
ability protection, and Water and acid resistance. Examples 
of protective materials are described beloW. 

[0032] The rotating drum then transports the coating past 
the metalliZing source 48 for vapor depositing a layer of 
metal such as aluminum on the coating layer. A number of 
metals or inorganic compounds can be deposited as a thin 
?lm interleaved by other materials and release layers so they 
can be later separated into thin metallic ?akes. In addition to 
aluminum, such materials include copper, silver, chromium, 
nichrome, tin, Zinc, indium, and Zinc sul?de. Metal coatings 
also can include multi-directional re?ection enhancing 
stacks (layers of highly re?ective materials), or optical ?lters 
made by depositing suitable layers of controlled thickness 
and index of refraction. 

[0033] Inorganic materials such as oxides and ?uorides 
can be deposited so as to produce protective coatings or thin 
layers that can be separated and made into ?akes. Such 
coatings include magnesium ?uoride, silicon monoxide, 
silicon dioxide, aluminum oxide, aluminum ?uoride, indium 
tin oxide and titanium dioxide. 

[0034] The rotating drum then transports the stack past the 
second coating source 50 for again applying a similar 
protective coating layer to the metalliZed ?lm such as by 
vapor deposition and curing of a hard protective polymeric 
material or inorganic material. 

[0035] Rotation of the drum then transports the sandWich 
material full circle again past the release coat source and so 
on in sequence to build up the coated metal layers. 

[0036] Suitable deposition sources include EB, resistance, 
sputtering and plasma deposition techniques for depositing 
or groWing thin coatings of metals, inorganics, Waxes, salts 
and polymers in a vacuum on a smooth surface to produce 
thin intervening layers. 

[0037] Once the multi-layer sandWich is produced in the 
vacuum deposition chamber, it is then ready to be removed 
from the drum and subjected to further processing illustrated 
in FIG. 5. 

[0038] The continuous process of building up the multi 
layer sandWich is depicted at FIG. 52 in FIG. 5. The 
multi-layer sandWich is then stripped from the drum at 54 by 
a process in Which the layers that are separated by the 
releasing material are broken apart into individual layers. 
The sandWich layers may be stripped by introducing them 
directly into a solvent or Water, or by crushing and grinding 
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or scraping. In the illustrated embodiment, the multi-layer 
sandwich is subjected to grinding at 56 to produce rough 
?akes 58. The rough ?akes are then mixed With a suitable 
solvent in a slurry 60 for dissolving the release coat material 
from the surfaces of the multi-layer ?akes 32. Alternatively, 
the multi-layer sandWich may be stripped from the drum and 
broken into individual layers by a step 63 of introducing the 
layered material directly into the solvent at 60. The release 
coat material applied in the vacuum deposition chamber is 
selected so that the release material is dissolvable from the 
?akes by the solvent in the slurry process. In one embodi 
ment, the slurry is subjected to a centrifuging step 61 so that 
the solvent or Water is removed to produce a cake of 
concentrated ?akes. The cake of concentrated ?akes then 
can be let doWn in a preferred vehicle, in a particle siZe 
control step 62, to be further siZed and homogeniZed for ?nal 
use of the ?akes in inks, paints or coatings, for example. 
Alternatively, the ?akes can be let doWn in a solvent 
(Without centrifuging) and subjected to particle siZe control 
at 62. 

[0039] As an alternative processing technique, the multi 
layer sandWich can be removed from the drum and “air” 
milled (inert gas should be used to prevent ?re or explosion) 
or otherWise reduced to a small particle siZe, folloWed by 
treating this material in a tWo-step solvent process. First a 
small amount of solvent is used to begin the sWelling process 
in dissolving the release coat layers. A different second 
solvent is then added as a ?nished solvent for completing the 
release coat dissolving process and for enhancing compat 
ibility With the ?nished ink or coating. This process avoids 
subsequent centrifuging and homogeniZation steps. 

[0040] In an alternative embodiment for utiliZing the 
vacuum chamber 30 equipment of FIG. 2 the protective 
coating sources 46 and 50 can be omitted and the process 
can be used for making the single layer ?akes 34 shoWn in 
FIG. 6. In this instance the build up of layers on the drum 
36 to form the multi-layer sandWich 38 comprises succes 
sive layers of release-metal-release-metal-release, and so on, 
as illustrated at 64 in FIG. 3. 

[0041] Many different materials and stacks of materials 
can be constructed Where they are sandWiched by the soluble 
release layers that alloW them to be separated from each 
other by solubiliZing the release material. Examples of such 
constructions are: (1) release/metal/release; (2) release/pro 
tective layer/metal/protective layer/release; (3) release/non 
metal layer/release; and (4) release/multi-directional re?ec 
tion enhancing stack/release. 

[0042] FIGS. 8 and 9 illustrate an alternative process for 
making the ?akes illustrated in FIGS. 6 or 7. In the embodi 
ment illustrated in FIG. 8, the process equipment comprises 
a vapor deposition chamber 66 Which contains a chilled 
rotating drum 68 and a ?exible insoluble polyester carrier 
?lm 70 extending from a ?rst reversible Winding station 72 
around a length of the drum’s surface to a second reversible 
Winding station 73. The length of Wrap on the drum is 
controlled by tWo idle rollers 74. This vacuum chamber also 
includes the standard vacuum pump and an auxiliary turbo 
pump to maintain the vacuum level during coating opera 
tions. Rotation of the drum causes the polyester ?lm to travel 
past a ?rst release coat source 76, a ?rst protective coating 
source 78, a metalliZing source 80, a second protective 
coating source 82 and a second release coat source 84, in that 
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order. Thus, as the drum rotates in a counterclockWise 
direction With respect to FIG. 8 the entire length of the 
polyester carrier is unWrapped from station 72 and taken up 
on station 73 after passing through the coating processes in 
sequence from sources 76, 78, 80, 82 and 84. The polyester 
carrier is then reWound by reversing the Web path and 
inactivating the second release coating source 84 and then 
repeating the ?rst step, but in a reverse (clockWise) direction 
so that the coatings are next applied from sources 82, 80, 78 
and 76, in that order. The entire PET coated ?lm is then 
taken up on station 72 and the sequence of steps is then 
repeated to build up layers on the ?lm in the same sequence 
used to produce the multi-layer sandWich 38 of FIG. 4 (and 
the resulting coated metal ?akes 32 of FIG. 7). 

[0043] Alternatively, in the instance in Which the single 
layer metal ?akes of FIG. 34 are to be produced, the 
multi-layer sandWich 64 illustrated in FIG. 3 is built up on 
the polyester carrier 70 by inactivating the protective coating 
sources 78 and 82. 

[0044] FIG. 9 illustrates processing of the multi-layered 
coating sandWich 86 built up on the polyester ?lm Which is 
removed from the vacuum chamber 66 and introduced into 
an organic solvent or Water stripping process at 88 to remove 
the sandWich material from the PET. The solvent or Water is 
then subjected to centrifuging to produce a cake 90 of 
concentrated ?akes Which is later subjected to particle siZe 
control (homogeniZing) at 92. 

[0045] Suitable carriers on Which the multi-layer sand 
Wich material may be deposited must ensure that the depos 
its of thin layers are smooth and ?at. Polyester ?lms or other 
polymeric ?lms having a high tensile strength and resistance 
to high temperature can be used, along With metal drums, 
belts or plates Which can be stainless steel or chrome plated. 

[0046] In one embodiment of the invention, polymeric 
release coats are applied for the purpose of facilitating later 
separation of the ?ake layers built up in the multi-layer 
sandWich material. Prior art use of cross-linked polymeric 
layers bonded betWeen vapor deposited metal layers in a 
polymer/metal vapor deposition process inhibits later sepa 
ration of the metalliZed layers into ?akes. PolymeriZation of 
the polymeric layers such as by EB curing prevents subse 
quent re-dissolving of the polymeric layers and so the 
aluminum ?ake layers do not easily come apart. In the 
present process, the intervening polymeric layers are melted 
or coated on, such as by melt coating or extrusion, While 
under vacuum in the vacuum deposition chamber. The 
polymeric release material is preferably a ?oWable loW 
viscosity, relatively loW molecular Weight very clean poly 
mer or monomer Which is essentially free of any volatiles 
that Would be evolved during the coating process. Such a 
material is preferably not a blend of different polymeric 
materials including additives, solvents and the like. When 
the polymeric material is heated to its melt or coating or 
deposition temperature, continuous operation of the vacuum 
pump in the vacuum chamber is not adversely affected by 
volatiles. The preferred release coat material promotes inter 
coat separation betWeen alternating vacuum deposited metal 
layers. The release layer accomplishes this objective by 
being dissolvable in a suitable solvent. The release material 
also is metaliZable and also requires suf?cient adhesion to 
enable stack build-up on a rotating drum, as Well as being 
EB vaporiZable. The desirable release coat material must 
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have a sufficiently high molecular Weight or resistance to 
melting such that it resists heat build up on the drum or other 
carrier Without becoming ?oWable. Heat build up comes not 
only from the metal deposited on the release layer but also 
from operation of the deposition sources inside the chamber. 
The ability of the release coat to resist ?oWability can ensure 
that ?akes With high brightness can be produced because the 
release coat surface on Which the metal is deposited remains 
smooth. The release material also must be one Which can 
survive the heat of EB deposition. It must also not be a 
material, such as certain loW molecular Weight materials, 
Which detrimentally affects vacuum pressure maintained in 
the chamber, say be causing the chamber to lose vacuum. 
Maintaining a minimum operating vacuum level in the 
chamber is required to maintain production speed Without 
breaking the vacuum. During subsequent stripping and 
treatment With organic solvents, essentially all of the release 
coat material is removed from the ?akes. HoWever, in the 
event that some small amount of release coat material may 
remain on the ?akes after the metal layers are broken doWn 
into particles, the system can Withstand some residue from 
the release coat, particularly if the ?akes are subsequently 
used in acrylic inks or paints or coating systems in Which the 
?akes are compatible. 

[0047] In another embodiment in Which the release coat 
comprises an inorganic salt, the salt is preferably applied by 
vapor deposition With an EB or induction or plasma source 
contained in the vacuum deposition chamber. As mentioned 
previously, the salt is vaporiZed and condenses on the drum 
or PET carrier or multi-layer ?lm. The preferred inorganic 
salt is one that can later dissolved off from betWeen the metal 
layers With Water or With a slurry of Water and alcohol. The 
salt is Washed off completely and centrifuged and possibly 
must be re-Washed and centrifuged again. The process is 
done quickly to avoid salt corrosion of the metal layers. A 
presently preferred salt is potassium chloride. Use of an 
inorganic salt based is particularly useful in instances Where 
the ?akes are subsequently used in Water based coatings or 
inks. 

[0048] In the embodiments in Which the release coat 
material comprises a Wax-like substance, the preferred mate 
rial is a high boiling point, distillable, vapor-deposited 
material. Although Wax-like release coats can be dif?cult to 
remove from the metal layers, certain hot aggressive sol 
vents can be used for the purpose of dissolving the Wax 
release coat from the metal layers Without aversely affecting 
the ?akes. The distilling point for the Wax during the coating 
process is at a selected temperature at Which the Wax is 
?oWable and atomiZes to deposit on the metal Without 
evolving undesired volatiles. When the Wax substance is 
ejected onto the multi-layer material, the loW temperature of 
the rotating drum causes it to freeZe or solidify as a con 
tinuous Waxy release layer. The preferred Wax material is 
one Which avoids loW boiling point additives and the like 
Which, if evolved in the heating process, Would adversely 
affect the vacuum pump keeping the vacuum deposition 
chamber evacuated. Silicone and polyethylene Waxes 
soluble in high boiling point organic solvents are desirable. 
Other possibilities are room temperature solids, With suf? 
cient vapor pressure at elevated temperatures to be vapor 
coated. 

[0049] Referring to the embodiment of FIG. 2, the multi 
layer sandWich is made by applying the coatings directly to 
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the rotating drum, and this is a desirable process because it 
has loWer production costs than the process of coating a PET 
carrier. Each such cycle involves breaking the vacuum, 
taking out the sandWich layer for further processing outside 
the vacuum chamber, and re-charging the vacuum. The rate 
at Which the process can be run, in building up layers, can 
vary from approximately 500 to 2,000 feet per minute. 
MetalliZing only in the vacuum can operate at higher speeds. 
Curing or melt coating sources can limit production speed. 

[0050] In the embodiments in Which the single layer metal 
?akes are produced, the ?akes have high aspect ratios. This 
is attributed, in part, to the capability of cleanly removing 
the intervening release coat layers from the metalliZed 
?akes. With thermoset or cross-linked polymeric layers 
bonded in betWeen the metal layers, the layers cannot be 
easily separated and resulting ?akes have loWer aspect 
ratios. In one embodiment, the process of this invention 
produces single layer re?ective aluminum ?akes approxi 
mately 200 to 400 angstroms thick, and approximately 4x12 
microns in particle siZe. 

[0051] The release coat materials are applied in exceed 
ingly thin layers preferably about 0.1 to about 0.2 microns 
for coated layers and about 200 to 400 angstroms for EB 
deposited layers. 
[0052] In the embodiments in Which the metal ?akes are 
coated on opposite sides With the protective polymeric ?lm 
layers, the protective coating layers are applied at a thick 
ness of about 150 angstroms or less. Apreferred protective 
coating material is silicon dioxide or silicon monoxide and 
possibly aluminum oxide. Other protective coatings can 
include aluminum ?uoride, magnesium ?uoride, indium tin 
oxide, indium oxide, calcium ?uoride, titanium oxide and 
sodium aluminum ?uoride. Apreferred protective coating is 
one Which is compatible With the ink or coating system in 
Which the ?akes are ultimately used. Use of the protective 
coatings on the metal ?akes Will reduce aspect ratio of the 
?nished ?ake product, although the aspect ratio of this 
multi-layer ?ake is still higher than the ratio for conven 
tional ?akes. HoWever, such ?akes are more rigid than the 
single layer ?akes, and this rigidity provided by the clear 
glass-like coated metal ?akes can, in some instances, make 
the coated ?akes useful in ?uidiZed bed chemical vapor 
deposition (CVD) processes for applying certain optical or 
functional coatings directly to the ?akes. OVD coatings are 
an example. CVD coatings can be added to the ?akes for 
preventing the ?akes from being prone to attack by other 
chemicals or Water. Colored ?akes also can be produced, 
such as ?akes coated With gold or iron oxide. Other uses for 
the coated ?akes are in moisture-resistant ?akes in Which the 
metal ?akes are encapsulated in an outer protective coat, and 
in micro-Wave active applications in Which an encapsulating 
outer coat inhibits arcing from the metal ?akes. The ?akes 
also can be used in electrostatic coatings. 

[0053] In an alternative embodiment there may be 
instances in Which the release coat layers comprise certain 
cross-linked resinous materials such as an acrylic monomer 
cross-linked to a solid by UV or EB curing. In this instance 
the multi-layer sandWich is removed from the drum, or While 
on the carrier, it is treated With certain materials that 
de-polymeriZe the release coat layers such as by breaking 
the chemical bonds formed from the cross-linking material. 
This process alloWs use of conventional equipment utiliZing 
vapor deposition and curing With EB or plasma techniques. 
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[0054] Thus, the process of this invention enables produc 
tion of re?ective ?akes at high production speeds and loW 
cost. The uncoated ?akes produced by this invention can 
have a high aspect ratio. Where aspect ratio is de?ned as the 
ratio of Width to height, and the average ?ake siZe is 
approximately 6 microns by 200 Angstroms (one micron= 
10,000 Angstroms) the aspect ratio is 20%0,000 or about 
300:1. This high aspect ratio is comparable to the Metalure 
?akes described previously. For the embodiments in Which 
?akes are coated on both sides With protective layers, the 
aspect ratio of these ?akes is approximately 600/60,000 , or 
about 100:1. 

[0055] As a further advantage of this invention, the pro 
cess avoids the prior art ball mill process of using process 
aids such as fatty acids Which can lead to compatibility 
problems if the ?akes are to be used in certain ?nished inks 
or coatings. 

[0056] Embossed ?ake also can be made by the process of 
this invention. In this instance, the carrier or deposition 
surface (drum or polyester carrier) can be embossed With a 
holographic or diffraction grating pattern, or the like. The 
?rst release layer Will replicate the pattern, and subsequent 
metal or other layers and intervening release layers Will 
replicate the same pattern. The stack can be stripped and 
broken into embossed ?akes. 

[0057] One process for speeding production of the ?ake 
products made by this invention utiliZes three side-by-side 
vacuum chambers separated by air locks. The middle cham 
ber contains a drum and the necessary deposition equipment 
for applying the layers of ?ake material and release coats to 
the drum. When the deposition cycle is completed, the drum 
and coating are transferred to the vacuum chamber doWn 
stream from the deposition chamber, through the air lock, for 
maintaining the vacuum in both chambers. The middle 
chamber is then sealed off. Adrum contained in the upstream 
chamber is then moved to the middle chamber for further 
deposition. This drum is moved through an air lock to 
maintain the vacuum in both chambers. The middle chamber 
is then sealed off. The coated drum in the doWnstream 
chamber is removed, stripped of its deposited layers, cleaned 
and replaced in the upstream chamber. This process enables 
continuous coating in the middle vacuum chamber Without 
breaking its vacuum. 

EXAMPLE 1 

[0058] The folloWing multi-layer construction Was made: 
release layer/metal/release layer. The release layer Was DoW 
685D extrusion grade styrene resin and the metal layer Was 
aluminum from Materials Research Corp. 90101E-AL000 
3002. 

[0059] The construction Was repeated 50 times, i.e., alter 
nating layers of aluminum and styrene release coats. 

[0060] The styrene used in the release layer Was condi 
tioned as folloWs: 

[0061] The styrene pellets Were melted and condi 
tioned in a vacuum oven at 210° C. for 16 hours and 
then removed to a desiccator to cool. 

[0062] An aluminum foil lined graphite crucible Was 
used to hold this material. 
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[0063] This crucible Was placed in a copper lined 
Arco Temiscal single pocket electron beam gun 
hearth. 

[0064] The aluminum pellets Were melted into a 
copper lined Arco Temiscal four-pocket electron 
beam gun hearth. 

[0065] The electron beam guns Were part of a 15 KV Arco 
Temiscal 3200 load-lock system. TWo mil PET ?lm from 
SKC Was cut into three seventeen inch diameter circles and 
attached to seventeen inch diameter stainless steel planetary 
discs located in the vacuum chamber. The chamber Was 
closed and roughed to ten microns then cryopumped to a 
vacuum of 5><10-7 Torr. 

[0066] The release and metal material Were vapor depos 
ited in alternating layers. The release layer Was deposited 
?rst at 200 angstroms as measured by a In?con IC/5 depo 
sition controller. The release layer Was folloWed by a metal 
layer vapor deposited at 160 angstroms also measured by the 
IC/5 controller. The controller for the aluminum layer Was 
calibrated by a MacBeth TR927 transmission densitometer 
With green ?lter. As mentioned, this construction Was 
repeated 50 times. The vapor deposited aluminum layer had 
a good thickness of 1.8 to 2.8 optical density as measured by 
a MacBeth densitometer. This value measures metal ?lm 
opacity, via a light transmission reading. 

[0067] When the deposition Was complete, the chamber 
Was vented With nitrogen to ambient pressure and the PET 
discs removed. The discs Were Washed With ethyl acetate 
then homogeniZed using a IKA Ultra Turrax T45 to reach a 
particle siZe of 3 by 2 microns, measured on Image-pro plus 
image analyZer using a 20><objective and averaged from a set 
of 400 particles. 

[0068] The dispersion Was then made into an ink and 
draWn doWn on a Lenetta card for ACS spectrophotometer 
testing. This test measures ?ake brightness. An ACS value 
above about 68 is considered desirable for this particular 
product. ACS readings Were 69.98 for the Metalure control 
and 70.56 for the batch. The inks Were draWn doWn on clear 
polyester and density readings Were 0.94 for the batch and 
0.65 for the Metalure control. Readings Were taken on a 
MacBeth densitometer using a green ?lter. 

EXAMPLE 2 

[0069] The folloWing multi-layer construction Was made: 
release layer/protective coat/metal/protective coat/release 
layer. 
[0070] Three separate constructions Were made as fol 
loWs: 

Construction 1 

REL DoW 685D 
PROT Cerac Silicon Oxide 5-1065 
MET Materials Research Corp. 90101E-AL000-3002 
PROT Cerac Silicon Oxide 5-1065 
REL DoW 685D 

Construction 2 

REL DoW 685D 
PROT Cerac Aluminum Oxide A-1230 
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-continued -continued 

MET Materials Research Corp. 90101E-AL000-3002 Construction 2 
PROT Cerac Aluminum Oxide A-1230 
REL Dow 685D REL Dow 685D 

Construction 3 Stack Iron Oxide Cerac I-1074 
Stack Silicon Oxide Cerac S-1065 + Oxygen 

REL Dow 685D MET Aluminum Materials Research Corp. 90101E-AL000-3002 
PROT Cerac Magnesium Fluoride M-2010 Stack Silicon Oxide Cerac S-1065 + Oxygen 
MET Materials Research Corp. 90101E-AL000-3002 Stack Iron Oxide Cerac I-1074 
PROT Cerac Magnesium Fluoride M-2010 REL Dow 685D 
REL Dow 685D 

[0071] The construction were repeated ten times by the 
same process describe in Example 1 and were evaluated as 
protective coated ?ake, i.e., this test indicated that multi 
layer ?akes having optical utility could be made by building 
up the layers of ?ake material on a carrier in a vacuum 
chamber between intervening layers of dissolvable release 
material, in which the ?ake layers are built up continuously 
(without breaking the vacuum) while depositing the release 
layers and ?ake layers from deposition sources operated 
within the vacuum chamber, followed by stripping, and 
particle size control. 

EXAMPLE 3 

[0072] The following multi-layer constructions were 
made: 

Construction 1 

REL Dow 685D 
NONMET Silicon Oxide S-1065 
REL Dow 685D 

Construction 2 

REL Dow 685D 
Stack Titanium Dioxide Cerac T-2051 
Stack Silicon Oxide Cerac S-1065 + Oxygen 
MET Materials Research Corp. 90101E-AL000-3002 
Stack Silicon Oxide Cerac S-1065 + Oxygen 
Stack Titanium Dioxide Cerac T-2051 
REL Dow 685D 

[0073] The construction was repeated ten time by the same 
process described in Example 1. This test indicated that the 
process of vapor deposition can form built-up layers of 
optical stacks between intervening release coat layers in a 
vacuum chamber, followed by stripping and particle size 
control, which yielded ?akes having utility for such appli 
cations as inks and coatings. 

EXAMPLE 4 

[0074] The following constructions may be possible con 
structions for decorative ?ake: 

Construction 1 

REL Dow 685D 
Stack Iron Oxide Cerac I-1074 
Stack Silicon Oxide Cerac S-1065 + Oxygen 
Stack Iron Oxide Cerac I-1074 
REL Dow 685D 

[0075] The constructions also may be used for a gonio 
chromatic shift. 

EXAMPLE 5 

[0076] Polymeric release coat layers were deposited in a 
vacuum chamber, using an EB source, and coated with a 
vapor deposited aluminum layer. 

[0077] The following constructions were made: 

Construction 1 

[0078] Dow 685D styrene resin was conditioned in an 
oven for 16 hours at 210° C. The material was EB deposited 
on polyester at a thickness of 200 to 400 angstroms and 
metallized with one layer of aluminum at densities of 2.1 to 
2.8. 

Construction 2 

[0079] Piolite AC styrene/acrylate from Goodyear was 
conditioned for 16 hours at 190° C. The material was EB 
deposited on polyester at a coat weight of 305 angstroms 
metallized with one layer of aluminum at a density of 2.6. 

Construction 3 

[0080] BR-80 acrylic copolymer from Dianol America 
was conditioned for 16 hours at 130° C. The material was 
EB deposited on polyester at a thickness of 305 angstroms 
metallized with one layer of aluminum at a density of 2.6. 

Construction 4 

[0081] Dow 685D styrene resin was conditioned for 16 
hours at 210° C. The material was EB deposited on polyester 
at a thickness of 200 angstroms and metallized with one 
layer of aluminum at a density of 2.3. This was repeated to 
form a stack of 10 layers of aluminum separated by the 
intervening release coat layers. 

[0082] These layered materials were stripped from the 
PET carriers using ethyl acetate solvent and reduced to a 
controlled particle size in a T8 lab homogenizer. The result 
ing ?akes were similar in optical properties to Metalure 
?akes, in that they had similar brightness, particle size, 
opacity and aspect ratio. 

[0083] In a further test with a construction similar to 
Construction 1, aluminum metalized to an optical density of 
2.3 was stripped from a PET carrier in acetone and broken 
into ?akes. This test observed the effect of release coat 
thickness changes. The results indicated best release prop 
erties with an EB deposited release coat in the range of about 
200 to about 400 angstroms. 
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EXAMPLE 6 

[0084] Several tests Were conducted to determine various 
polymeric release coat materials that may be useful in this 
invention. Laboratory Bell Jar tests Were conducted to 
determine polymers that may be EB deposited. Methyl 
methacrylate (ICI’s Elvacite 2010) and a UV-cured mono 
mer (39053-23-4 from Allied Signal) produced good results. 
Poor results Were observed With butyl methacrylate (Elvac 
ite 2044) (loses vacuum in EB), cellulose (turned black at 
280° F), and polystyrene rubber (charred). EXAMPLE 7 

[0085] The tests described in Example 1 shoWed that a 
release coat made from the DoW 685D styrene polymer 
could produce usable ?ake products. Several other tests 
Were conducted With DoW 685D styrene resin release coats 
as folloWs: 

[0086] (1) Conditioned at 190° C., coated at 1,000 
angstroms and metaliZed With aluminum. Resin ?lm 
built too high produced a haZy metaliZed layer. 

[0087] (2) Not conditioned in oven; When attempting 
to EB melt the styrene beads the E-Beam caused the 
beads to move in the crucible. 

[0088] (3) Conditioned at 210° C., coated from 75 to 
150 angstroms then metaliZed. Aluminum stripped 
poorly or not at all. 

[0089] (4) Conditioned at 210° C., coated at 600 
angstroms and metaliZed one layer of aluminum at 
1.9 density. Aluminum stripped sloWly and produced 
a curled ?ake. 

1. Apparatus for making ?akes comprising: 

a vapor deposition chamber; 

a deposition surface in the vacuum deposition chamber; 
and 

a release coat source and a ?ake deposition source in the 
vacuum deposition chamber, each directed toWard the 
deposition surface, 

the release coat source and ?ake deposition source 
arranged relative to the deposition surface and adapted 
for depositing a multi-layer vapor deposit on the depo 
sition surface under vacuum in alternating layers com 
prising a vaporiZed polymeric release coat layer depos 
ited from the release coat source and a vapor deposited 
layer of ?ake material deposited from the ?ake depo 
sition source to thereby build up in sequence said 
multi-layer vapor deposit of ?ake material layers sepa 
rated by and deposited on corresponding intervening 
release coat layers; 

the release coat source adapted to deposit a thermoplastic 
polymeric material vaporiZable under vacuum to form 
a smooth continuous solvent soluble and dissolvable 
barrier layer and support surface on Which each of the 
layers of ?ake material is formed, 

the multi-layer vapor deposit removable from the vacuum 
deposition chamber and the deposition surface for 
separating the multi-layer vapor deposit into ?akes by 
treatment With a solvent Which dissolves the release 
coat layers and yields ?akes With smooth, ?at surfaces 
Which are essentially free of the release coat material. 
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2. Apparatus according to claim 1 in Which the ?ake 
deposition source deposits ?ake layers comprising a vapor 
deposited material selected from the group consisting of 
metal in elemental form, an inorganic material, and a non 
metal. 

3. Apparatus according to claim 2 in Which the non-metal 
comprises silicon monoxide, silicon dioxide, a polymeric 
material, and the inorganic material is selected from the 
group consisting of magnesium ?uoride, silicon monoxide, 
silicon dioxide, aluminum oxide, aluminum ?uoride, indium 
tin oxide, titanium dioxide and Zinc sul?de. 

4. Apparatus according to claim 1 in Which the release 
coat source deposits a release coat material selected from 
styrene or acrylic polymers or blends thereof. 

5. Apparatus for making ?akes comprising: 

a vapor deposition chamber; 

a deposition surface in the vacuum deposition chamber; 
and 

a release coat source and a ?ake deposition source in the 
vacuum deposition chamber, each directed toWard the 
deposition surface, 

the release coat source and ?ake deposition source 
arranged relative to the deposition surface and adapted 
for depositing a multi-layer vapor deposit on the depo 
sition surface under vacuum in alternating layers com 
prising a vaporiZed polymeric release coat layer depos 
ited from the release coat source and a vapor deposited 
layer of ?ake material deposited from the ?ake depo 
sition source to thereby build up in sequence said 
multi-layer vapor deposit of ?ake material layers sepa 
rated by and deposited on corresponding intervening 
release coat layers; 

the release coat source adapted to vapor deposit a resinous 
material comprising a monomer or polymer Which is 
lightly cross-linked or polymeriZed by chain extension 
and is organic solvent soluble or dissolvable su?icient 
to separate from the layers of ?ake material When 
treated With an organic solvent, the resinous material 
vaporiZable under vacuum to form a smooth continuous 
barrier layer and support surface on Which each of the 
layers of ?ake material is formed, 

the multi-layer vapor deposit removable from the vacuum 
deposition chamber and the deposition surface for 
separating the multi-layer vapor deposit into ?akes by 
treatment With said organic solvent Which dissolves the 
release coat layers and yields ?akes With smooth ?at 
surfaces Which are essentially free of the release coat 
material. 

6. Apparatus according to claim 5 in Which the release 
coat material comprises an acrylic resinous material. 

7. Flakes of high aspect ratio in Which the ?akes have an 
average particle siZe from about 4 to about 12 microns and 
a single layer thickness from about 200 to about 400 
angstroms, the ?akes produced by vapor deposition of 
multiple layers of the ?ake material on corresponding inter 
vening layers of vapor deposited release coat material, the 
layers of release coat material forming a smooth continuous 
barrier layer and support surface on Which each of the layers 
of ?ake material has been deposited, the release coat mate 
rial comprising a polymeric material vapor deposited under 
vacuum and solvent soluble and dissolvable for separating 
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the layers of ?ake material from the release coat layers by 
treatment With a solvent Which dissolves the release coat 
layers and yields the ?akes having smooth essentially ?at 
surfaces essentially free of the release coat material. 

8. The product according to claim 7 in Which the ?ake 
material comprises a metal. 

9. The product according to claim 7 in Which the release 
coat layer has a thickness in the range of about 200 to about 
400 angstroms. 

10. The product according to claim 7 in Which the ?ake 
material comprises a metal layer selected from the group 
consisting of aluminum, copper, silver chromium, tin, Zinc, 
indium and nichrome. 

11. The product according to claim 10 in Which the optical 
density of the vapor deposited metal layer is beloW about 2.8 
(MacBeth densitometer). 

12. The product according to claim 7 in Which the ?akes 
have an aspect ratio of 300 or more. 

13. Apparatus for making metal ?akes comprising: 

a vacuum deposition chamber containing a deposition 
surface; 

a release coat source and a metal deposition source in the 
vacuum deposition chamber, each directed toWard the 
deposition surface; and 

a multi-layer vapor deposit Which has been deposited on 
the deposition surface under vacuum in alternating 
layers comprising a vaporiZed polymeric release coat 
layer deposited from the release coat source and a 
vapor deposited metal layer deposited from the metal 
deposition source to build up in sequence said multi 
layer vapor deposit of metal layers separated by and 
deposited on corresponding intervening release coat 
layers; 

the release coat layers comprising a thermoplastic poly 
meric material Which Was vaporiZed under vacuum to 
form a smooth continuous barrier layer and support 
surface on Which each of the metal layers is formed, the 
vapor deposited thermoplastic polymeric release coat 
layer dissolvable in an organic solvent; 

the metal layers comprising vapor-deposited metal in 
elemental form deposited to a ?lm thickness of less 
than about 400 Angstroms; 

the multi-layer vapor deposit adapted for separating into 
metal ?akes by treatment With an organic solvent Which 
dissolves the release coat layers and yields single layer 
metal ?akes Which are essentially free of the release 
coat material. 

14. Apparatus according to claim 13 in Which the release 
and metal layers are in thermal contact With a chilled 
rotating drum. 

15. Apparatus process according to claim 13 in Which the 
is release coat material has a glass transition temperature 
combined With thermal conductivity to the release coat such 
that the heat of condensation of the deposited metal layer 
does not melt the previously deposited release layer. 

16. Apparatus according to claim 13 in Which the vacuum 
deposition chamber includes a primary vacuum pump and an 
auXiliary turbo pump. 

17. Apparatus according to claim 13 in Which the release 
coat material is selected from styrene or acrylic polymers or 
blends thereof. 
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18. Apparatus according to claim 13 in Which the metal 
layer is selected fro the group consisting of aluminum, 
copper, silver, chromium, tin, Zinc, indium and nichrome. 

19. Apparatus according to claim 13 in Which the optical 
density of the vapor deposited metal layer is beloW about 2.8 
(MacBeth densitometer). 

20. Apparatus according to claim 13 in Which the release 
coat layer has a thickness in the range of about 200 to about 
400 angstroms. 

21. Apparatus according to claim 13 in Which the metal 
?akes have an aspect ratio of 300 or more. 

22. Apparatus according to claim 13 in Which the release 
coat/metal layer combination is repeatedly deposited at least 
ten times to build up the vapor deposit. 

23. Apparatus for making re?ective metal ?akes compris 
mg: 

a vacuum deposition chamber containing a deposition 
surface; 

a release coat source in the vacuum-deposition chamber, 
each directed toWard the deposition surface; and 

a multi-layer vapor deposit Which has been deposited on 
the deposition surface under vacuum in alternating 
layers a compromising vaporiZed polymeric release 
coat layer deposited from the release coat source and a 
vapor deposited re?ective metal layer deposited from 
the metal deposition source to build up in sequence said 
multi-layer vapor deposit of metal layers separated by 
and deposited on corresponding intervening release 
coat layers; 

the release coat layers comprising a thermoplastic poly 
meric material comprising polystyrene or acrylic resin 
or blends thereof Which Was vaporiZed under vacuum 
to form a smooth continuous barrier layer and support 
surface on Which each of the metal layers is formed, the 
vapor deposited thermoplastic polymeric release coat 
layer dissolvable in an organic solvent; 

the re?ective metal layers comprising vapor-deposited 
aluminum in elemental form applied to a ?lm thickness 
of less than about 400 Angstroms; 

the multi-layer vapor deposit adapted for separating into 
metal ?akes by treatment With an organic solvent Which 
dissolves the release coat layers and yields single layer 
aluminum ?akes having highly re?ective mirror-like 
surfaces essentially free of the release coat material. 

24. Apparatus according to claim 23 in Which the release 
coat/metal layer combination is repeatedly deposited at least 
ten times to build up the vapor deposit. 

25. Apparatus for making multi-layer metal ?akes With 
protective outer coatings comprising: 

a vacuum deposition chamber containing a deposition 
surface; 

a release coat vapor deposition source, a metal vapor 
deposition source and a protective coating vapor depo 
sition source in the vacuum deposition chamber, each 
directed toWard the deposition surface; and 

a multi-layer vapor deposit Which has been vapor depos 
ited on the deposition surface under vacuum, in the 
folloWing sequence, (1) a layer of release coat material 
deposited from the release coat vapor deposition 
source, (2) a ?rst polymeric protective outer coating 
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deposited from the protective coating vapor deposition 
source, (3) a metal layer deposited from the metal vapor 
deposition source, (4) a second polymeric protective 
coating deposited from the protective outer coating 
vapor deposition source, and (5) a further layer of a 
release coat material deposited from the release coat 
vapor deposition source, to build-up in sequence said 
multi-layer vapor deposit of ?ake material comprising 
metal layers each bonded to ?rst and second polymeric 
protective outer coatings With intervening release coat 
layers betWeen adjacent layers of multi-layer ?ake 
material; 

the release coat layers comprising thermoplastic poly 
meric material Which Was vaporiZed under vacuum to 
form a smooth continuous barrier layer and support 
surface on Which each layer of multi-layer ?ake mate 
rial is formed, the vapor deposited thermoplastic poly 
meric release coat layer dissolvable in an organic 
solvent; 

the metal layers comprising vapor-deposited metal in 
elemental form applied to a ?lm thickness of less than 
about 400 Angstroms; 

the vapor deposit of multi-layer ?ake material adapted for 
separating into ?akes by treatment With an organic 
solvent Which dissolves the release coat layers and 
yields multi-layer ?akes comprising metal layers 
bonded on opposite sides to the ?rst and second pro 
tective outer layers, the ?akes having their surfaces 
essentially free of the release coat material. 

26. Apparatus according to claim 25 in Which the protec 
tive outer coating comprises a transparent polymeric mate 
rial applied from its corresponding vapor deposition source 
and cured in the vacuum chamber to a thermoset condition. 

27. Apparatus according to claim 25 in Which the protec 
tive outer coating comprises a vapor deposited inorganic 
material selected from the group consisting of magnesium 
?uoride, silicon monoxide, silicon dioxide, aluminum oxide, 
aluminum ?uoride, indium tin oxide, titanium dioxide, and 
Zinc sul?de. 

28. Apparatus according to claim 25 in Which the release 
coat/?ake material combination is repeatedly deposited at 
least ten times to build up the vapor element. 

29. Apparatus for making ?akes comprising: 

a vacuum deposition chamber containing a deposition 
surface; 

a release coat source and an inorganic ?ake material 
deposition source in the vacuum deposition chamber, 
each directed toWard the deposition surface; and 

a multi-layer vapor deposit Which has been vapor depos 
ited on the deposition surface under vacuum in alter 
nating layers comprising a vaporiZed polymeric release 
coat layer deposited from the release coat source and a 
vapor deposited inorganic material from the ?ake mate 
rial deposition source to build up in sequence said 
multi-layer vapor deposit of inorganic ?ake material 
separated by and deposited on corresponding interven 
ing release coat layers; 

the release coat layers comprising a thermoplastic poly 
meric material Which Was vaporiZed under vacuum to 
form a smooth continuous barrier layer and support 
surface on Which each of the inorganic ?ake material 
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layers is formed, the vapor deposited thermoplastic 
release coat layer dissolvable in an organic solvent; 

the inorganic ?ake material layers comprising a vapor 
deposited inorganic material selected from the group 
consisting of magnesium ?uoride, silicon monoxide, 
silicon dioxide, aluminum oxide, aluminum ?uoride, 
indium tin oxide, titanium dioxide and Zinc sul?de; 

the multi-layer vapor deposit adapted for separating into 
?akes of inorganic material by treatment With an 
organic solvent Which dissolves the release coat layers 
and yields single layer ?akes of inorganic material 
essentially free of the release coat material. 

30. Apparatus according to claim 29 in Which the release 
coat/?ake material combination is repeatedly deposited at 
least ten times to build up the vapor deposit. 

31. Apparatus for making non-metal ?akes comprising: 

a vacuum deposition chamber containing a deposition 
surface; 

a release coat source and a non-metal deposition source in 

the vacuum deposition chamber, each directed toWard 
the deposition surface; and 

a multi-layer vapor deposit Which has been deposited on 
the deposition surface under vacuum in alternating 
layers comprising a vaporiZed polymeric release coat 
layer from the release coat source and a vapor depos 
ited non-metal layer from the non-metal deposition 
source to build up in sequence a multi-layer vapor 
deposit of non-metal layers separated by and deposited 
on corresponding intervening release coat layers; 

the release coat layers comprising a thermoplastic poly 
meric material Which Was vaporiZed under vacuum to 
form a smooth continuous barrier layer and support 
surface on Which each of the non-metal layers is 
formed, the vapor deposited thermoplastic polymeric 
release coat layer dissolvable in an organic solvent; 

the non-metal layers deposited to a ?lm thickness of less 
than about 400 Angstroms; 

the multi-layer vapor deposit adapted for separating into 
non-metal ?akes by treatment With an organic solvent 
Which dissolves the release coat layers and yields single 
layer non-metal ?akes Which are essentially free of the 
release coat material. 

32. Apparatus according to claim 31 in Which the release 
coat/non-metal layer combination is repeatedly deposited at 
least ten times to build up the vapor deposit. 

33. Apparatus according to claim 31 in Which the non 
metal material comprises silicon monoxide, silicon dioxide 
or a polymeric material. 

34. Apparatus for making ?akes comprising: 

a vacuum deposition chamber containing a deposition 
surface; 

a release coat source and a ?ake deposition source in the 
vacuum deposition chamber, each directed toWard the 
deposition surface; and 

a multi-layer vapor deposit Which has been deposited on 
the deposition surface under vacuum in alternating 
layers comprising a vaporiZed polymeric release coat 
layer deposited from the release coat source and a 
vapor deposited layer of ?ake material deposited from 
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the ?ake deposition source to build up in sequence said 
multi-layer vapor deposit of ?ake material layers sepa 
rated by and deposited on corresponding intervening 
release coat layers; 

the release coat layers comprising a thermoplastic poly 
meric material Which Was vaporiZed under vacuum to 
form a smooth continuous solvent soluble and dissolv 
able barrier layer and support surface on Which each of 
the layers of ?ake material is formed; 

the multi-layer vapor deposit adapted for separating into 
?akes by treatment With a solvent Which dissolves the 
release coat layers and yields ?akes With smooth, ?at 
surfaces Which are essentially free of the release coat 
material. 

35. Apparatus according to claim 34 in Which the release 
coat/?ake layer combination is repeatedly deposited at least 
ten times to build up the vapor deposit. 

36. Apparatus according to claim 34 in Which the ?ake 
layer comprises a vapor-deposited material selected from the 
group consisting of metal in elemental form, an inorganic 
material, and a non-metal. 

37. Apparatus according to claim 36 in Which the non 
metal comprises silicon monoxide, silicon dioxide or a 
polymeric material, and the inorganic material is selected 
from the group consisting of magnesium ?uoride, silicon 
monoxide, silicon dioxide, aluminum oxide, aluminum ?uo 
ride, indium tin oxide, titanium dioxide and Zinc sul?de. 

38. Apparatus according to claim 37 in Which the release 
coat material is selected from styrene or acrylic polymers or 
blends thereof. 

39. Apparatus according to claim 38 in Which the ?ake 
layers are deposited to a ?lm thickness of less than about 400 
angstroms. 

40. A process for making ?akes comprising: 

providing a vacuum deposition chamber containing a 
deposition surface; 

providing a release coat source and a ?ake deposition 
source in the vacuum deposition chamber, each 
directed toWard the deposition surface; 
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depositing on the deposition surface under vacuum in 
alternating layers a vaporiZed polymeric release coat 
layer from the release coat source and a vapor depos 
ited layer of ?ake material from the ?ake deposition 
source to build up in sequence a multi-layer vapor 
deposit of ?ake material layers separated by and depos 
ited on corresponding intervening release coat layers; 

the release coat layers comprising a resinous material 
Which Was vaporiZed under vacuum to form a smooth 
continuous solvent soluble and dissolvable barrier layer 
and support surface on Which each of the layers of ?ake 
material is formed, said resinous release coat material 
comprising a monomer or polymer Which is lightly 
cross-linked or polymeriZed by chain extension and is 
organic solvent soluble or dissolvable suf?cient to 
separate from the layers of ?ake material When treated 
With an organic solvent; and 

removing the multi-layer vapor deposit from the vacuum 
chamber and separating it into ?akes by treatment With 
a solvent Which dissolves the release coat layers and 
yields ?akes With smooth, ?at surfaces Which are 
essentially free of the release coat material. 

41. The process according to claim 40 in Which the release 
coat/?ake layer combination is repeatedly deposited at least 
ten times to build up the vapor deposit. 

42. The process according to claim 40 in Which the ?ake 
layer comprises a vapor-deposited material selected from the 
group consisting of metal in elemental form, an inorganic 
material, and a non-metal. 

43. The process according to claim 42 in Which the 
non-metal comprises silicon monoxide, silicon dioxide ora 
polymeric material, and the inorganic material is selected 
from the group consisting of magnesium ?uoride, silicon 
monoxide, silicon dioxide, aluminum oxide, aluminum ?uo 
ride, indium tin oxide, titanium dioxide and Zinc sul?de. 

44. The process according to claim 43 in Which the release 
coat material is selected from styrene or acrylic polymers or 
blends thereof. 


