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APPARATUS AND METHOD FOR 
PRODUCING METAL FLAKES FROM THE 

MELT 

[0001] The present invention relates to a method and an 
apparatus for forming ?akes, especially metal ?akes. The 
present invention is applicable to any metal Which melts When 
heated and is capable of being formed into ?akes. Examples 
ofmetals are Al, Cu, Mo, V, Ag, Cr, Zr, Nb, Ni, Fe, Co, Ti, Au, 
Pd, W, Hf, Rh, Ir, Pt, Cd or alloys thereof, such as chromium 
nickel, iron-nickel, iron-chromium and nickel-cobalt, 
Wherein Cu, Ag, Ti, or Al, or alloys thereof are preferred and 
Al, or Ag, or alloys thereof are most preferred. 
[0002] EP-A-289240 discloses an apparatus for forming 
?akes of material from a heated stream of molten material. 
The apparatus comprises means for feeding the stream in a 
doWnWards direction into a rotating cup, the cup being 
arranged With its open mouth facing upWardly such that mol 
ten material Within the cup is caused to ?oW over the upper 
edges of the cup and ?oW outWards in a radial direction due to 
centrifugal force. The apparatus also includes a pair of spaced 
apart substantially parallel plates arranged about the cup such 
that the material leaving the cup by centrifugal force passes 
through a gap de?ned betWeen the plates. The plates are 
mounted Within a vacuum chamber arranged such that a 
vacuum is applied to the space betWeen the plates to draW air 
from outside the chamber betWeen the plates in a radial direc 
tion to prevent the molten material from touching the sides of 
the plates and to cool material until it reaches a solid state 
pulling the material in a radial direction thereby keeping the 
material in the form of a ?at ?lm and breaking it into small 
platelets. 
[0003] According to the present invention there is provided 
an apparatus for forming ?akes, especially metal ?akes com 
prising means for producing a heated stream of molten mate 
rial, means for feeding the stream in a substantially vertically 
doWnWard direction, means for receiving the doWnWardly 
directed stream and for forming ?akes therefrom, and means 
for effecting a change in the temperature of the stream sub 
sequent to the production thereof Whereby ?akes of a desired 
thickness are obtained. 

[0004] The present invention is applicable to any material 
Which melts When heated and is capable of being formed into 
?akes. Such materials can be divided into metals and non 
metallic materials. Examples of metals are Al, Cu, Mo, V, Ag, 
Cr, Zr, Nb, Ni, Fe, Co, Ti, Au, Pd, W, Hf, Rh, Ir, Pt, Cd or 
alloys thereof, such as chromium-nickel, iron-nickel, iron 
chromium and nickel-cobalt, Wherein Cu, Ag, Ti, or Al, or 
alloys thereof are preferred andAl, orAg, or alloys thereof are 
mo st preferred. 

[0005] The thickness of the ?akes is in the range of 10 to 
300 nm, especially 30 to 200 nm. 

[0006] According to the present invention the term “alumi 
num” comprises aluminum and alloys of aluminum. Alloys of 
aluminum are, for example, described in G. Wassermann in 
Ullmanns EnZyklopadie der Industriellen Chemie, 4. 
Au?age, Verlag Chemie, Weinheim, Band 7, S. 281 to 292. 
Especially suitable are the corrosion stable aluminum alloys 
described on page 10 to 12 ofWO00/12634, Which comprise 
besides aluminum silicon, magnesium, manganese, copper, 
Zinc, nickel, vanadium, lead, antimony, tin, cadmium, bis 
muth, titanium, chromium and/ or iron in amounts of less than 
20% by Weight, preferably less than 10% by Weight. 
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[0007] Highly lustrous gold colored ?akes contain, for 
example, 1 to 49% by Weight aluminum and optionally 0.1 to 
6% by Weight silicon besides copper. 
[0008] It is also possible for the ?nished aluminum ?akes to 
be subjected to after-coating or after-treatment, Which further 
increases the stability to light, Weathering and chemicals or 
facilitates handling of the pigment, especially incorporation 
into various media. The processes described in EP-A-477433, 
EP-A-826745 or EP-A-1084198, for example, are suitable as 
after-treatment or after-coating. 
[0009] The aluminum ?akes can furthermore be converted 
into interference pigments by being coated With further lay 
ers. The fundamental structure of such pigments is described, 
for example, in the folloWing patents: EP-A-571836, EP-A 
708154, EP-A-768343, EP-A-1025168 and WO00/34395. 
[0010] In order to be able to use the aluminium ?akes 
(?ake-form aluminium) in aqueous compositions, it is neces 
sary for those pigments to be protected against corrosion by 
Water. According to R. Besold, Aluminiumpigmente ?ir 
Wassrige BeschichtungeniWiderspruch oder Wirklichkeit?, 
Farbe+Lack 97 (1991) 311-314, a large number of proce 
dures, Which can be divided into tWo groups, are knoWn for 
the stabilisation of aluminium pigments: 

[0011] adsorption of corrosion inhibitors on the pigment 
surface 
[0012] phosphoric acid esters: DE-A-3020073, EP-A 

170474, EP-A-133644, U.S. Pat. No. 4,565,716, U.S. 
Pat. No. 4,808,231, 

[0013] phosphates and phosphites: U.S. Pat. No. 
4,565,716, U.S. Pat. No. 4,808,231, EP-A-240367, 

[0014] vanadates : EP-A-305560, EP-A-104075, 
[0015] chromates: U.S. Pat. No. 2,904,523, U.S. Pat. 
No. 4,693,754, EP-A-259592, 

[0016] dimeric acids: DE-A-3002175, and 
[0017] encapsulation of the pigments With a continuous 

inorganic protective layer: 
[0018] SiO2: U.S. Pat. No. 2,885,366, U.S. Pat. No. 

3,954,496, sol-gel process, advantageously by 
hydrolysis of silanes, 

[0019] Fe2O3:DE-A-3003352, 
[0020] TiO2: DE-A-3813335, 

or organic protective layer: 
[0021] DE-A-3630356, DE-A-3147177, EP-A 

477433, especially resins modi?ed With phosphoric 
acid: EP-A-170474, CA-A-1,273,733,AT-A-372696, 
DE-A-3 807588, EP-A-319971. 

[0022] Examples of non-metallic materials are meltable 
thermoplastic polymers, such as polyole?ns, polystyrols, 
polycarbonates, polyethersulfones, polyesters, polyamides 
etc; Waxes and meltable metal hydroxides, or oxides. 
[0023] The temperature changing means may be arranged 
to effect a change of temperature in the stream While it is 
traveling in a vertically doWnWard direction. Alternatively, 
the temperature changing means may be arranged to effect a 
change of temperature in the stream prior to it traveling in a 
vertically doWnWard direction. Heating can, for example, be 
made by putting along the stream heaters. Heaters are pre 
ferred for polymers, in case of Which RF has no effect. 
[0024] In accordance With the present invention the appa 
ratus includes means for applying a high frequency (RF) 
current to the vertically doWnWardly traveling stream. 
[0025] In another embodiment in accordance With the 
present invention, means are provided for applying an electric 
current to the vertically doWnWardly travelling stream. 
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[0026] The present invention is illustrated in more detail on 
the basis of metals, but is not limited thereto. 
[0027] If the metal, such as aluminum, is susceptible to 
oxidation, the method is conducted under an atmosphere of 
inert gas and the apparatus comprises means for providing the 
inert gas atmosphere. The vacuum on the external side of the 
parallel plate is between 1 and 100 mbar. What is important, 
if aluminum ?akes are produced, is the purity of the inert gas, 
for example, argon and/or helium. It should be higher than 
99%, preferably higher than 99.9%. 
[0028] In a further embodiment in accordance With the 
present invention, the apparatus is alternatively or addition 
ally provided With means for cooling the stream prior to it 
being fed in a doWnWard direction. The cooling means may 
include a conduit through Which the stream is fed, said con 
duit being surrounded by a cooling coil or jacket through 
Which an appropriate cooling ?uid, such as an inert gas, may 
be fed. The effect of cooling the stream Within the conduit is 
to solidify an outer region of the stream in the vicinity of the 
outlet from the conduit. In this Way, the volume mass ?oW of 
the ?oW stream is reduced. 
[0029] Although this variation in the volume of the ?oW 
stream is produced by varying the temperature of at least the 
outer region of the ?oW stream, it should be appreciated that 
variation of the volume of the ?oW stream represents, in 
general, an alternative or additional method of controlling the 
thickness of the resultant ?akes. 
[0030] Accordingly, considered in another aspect, the 
present invention also provides apparatus as de?ned above in 
Which in addition to or in substitution of the temperature 
changing means there are provided mass ?oW control means. 
Such control means are typically positioned to effect the mass 
?oW prior to the stream being fed in a vertically doWnWard 
direction. 
[0031] The present invention further provides a method for 
forming ?akes, especially metal ?akes comprising producing 
a heated stream of molten material, feeding the stream in a 
substantially vertically doWnWard direction, receiving the 
doWnWardly directed stream and forming ?akes therefrom, 
and effecting a change in the temperature of the stream sub 
sequent to the production thereof Whereby metal ?akes or a 
desired thickness are obtained. 

[0032] The present invention also provides a corresponding 
method in Which the mass or volume ?oW of the stream is 
controlled, prior to the stream traveling in a vertically doWn 
Ward direction, in order again to produce ?akes of a desired 
thickness. 
[0033] The apparatus includes a tank for holding molten 
metal. Extending from the tank is an outlet conduit or bushing 
Which terminates in an outlet ori?ce. The stream is found in a 
conduit from material fed from the tank and the internal 
diameter of the ori?ce de?nes the diameter of a stream of 
liquid metal at the point Where it leaves the conduit and 
descends vertically from the ori?ce. The stream exiting from 
the ori?ce descends vertically doWnWards toWards a spinning 
device Which may be substantially as described in EP-A 
0289240. Indeed the apparatus includes further components 
for producing the ?ake from the liquid stream, Which may be 
substantially as shoWn and described in EP-A-0289240. 
[0034] According to EP-A-0289240 a stream of the molten 
metal is fed in a doWnWards direction into a rotating cup 
Which has its open mouth facing upWardly With its rim dis 
posed at a horiZontal level betWeen a pair of spaced apart 
parallel plates Which are mounted Within a vacuum chamber 
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in such manner that, as an inert gas is draWn from outside the 
chamber betWeen the plates the molten material is draWn 
radially outWardly Without touching the plates and is cooled 
With the continuing outWard movement causing the material 
to be broken into ?akes. Instead of the inert gas air can be 
used, if the metal is not susceptible to oxidation. The inert gas 
or air can also be partly come from openings set in the rotating 
cup. 

[0035] The tank may be replaced by a plasma torch, espe 
cially an induction plasma torch. The induction plasma torch 
is equipped With a poWder feeder that operates by entraining 
the particles in a, upWard or doWnWard, stream of gas for 
transport to the plasma induction torch. In addition, it is also 
possible to inject the particles as a slurry (e.g. organic sol 
vents) into the plasma reactor. This slurry is atomiZed at the 
tip of the injection probe. 
[0036] The plasma torch is preferably an induction plasma 
torch. The preferred induction plasma torches for use in the 
process of the present invention are available from Tekna 
Plasma Systems, Inc. of Sherbrooke, Quebec, Canada. Bou 
los et al., US. Pat. No. 5,200,595, is hereby incorporated by 
reference for its teachings relative to the construction and 
operation of plasma induction torches. 
[0037] In a preferred embodiment of the invention the 
transport gas is inert, i.e. does not react With the outer surfaces 
of the particles. Typically, the ?uidiZing gaseous medium is 
selected to be compatible With the particles, i.e. do not sub 
stantially adversely affect the quality of the particles. 
Examples of such transport gases are argon, nitrogen, helium, 
oxygen or mixtures such as dry air or argon/hydrogen and 
argon/oxygen. Generally, gases such as air, nitrogen, argon, 
helium and the like, can be used, With air being a gas of 
choice, Where no substantial adverse oxidation reaction of the 
particles takes place. 
[0038] The apparatus includes a coil Which surrounds the 
stream around about half its length in a central section of the 
vertically doWnWard path. This coil is suitable for passing a 
high frequency (RF) current therethrough. The coil is con 
nected to an RF generator Which supplies the desired current 
level. 

[0039] The high frequency magnetic ?eld generated by the 
current in the surrounding coil is absorbed in the stream of 
molten metal ?oWing doWnWard transmission. A pyrometer 
measures the temperature of the molten metal and a suitable 
closed loop control circuit leads to a stabiliZation of the mol 
ten metal temperature. 

[0040] Another method of directly heating the molten 
metal stream involves the passing of an electric current 
through the stream betWeen an upWard connection in the form 
of an electrode connected to the bushing. Such a connection 
can be achieved by using a bushing made of an electrically 
conductive material so that the bushing is itself the electrode 
or, alternatively, positioning an electrode either immediately 
in front of the bushing Within the tank or immediately after it 
and in contact With the ?oW stream. 

[0041] At the other end of the ?oW stream, electrical con 
nection to the spinning device is made by means of a slip ring 
attached to the shaft of the spinning device and including 
static brushes through Which the electrical connection is 
made. Control of the current is by Way of a transformer With 
suitable voltage and current output. Current variation may be 
achieved by, for instance, thyristor control and an infrared 
receptor as described above. 
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[0042] In addition or as an alternative to the above 
described means for heating the metal stream, the apparatus 
may be provided With means for controlling the mass ?oW. 
[0043] These means are provided at the conduit and involve 
cooling the glass stream emerging from the tank. The conduit 
is provided With an oversiZed aperture and is externally clad 
With a cooling jacket through Which cooling ?uid may be fed. 
The jacket may be a simple coil Wrapped round the bushing 
and fed With Water or it may be an external annular ring 
through Which compressed air is passed. As the molten metal 
passes through the bushing, the bushing is cooled and a layer 
of molten material is solidi?ed Within the bushing ori?ce. 
This has the effect of reducing the aperture siZe and thereby 
reducing the mass ?oW. Although there is a loss of heat from 
the ?oW stream, this is relatively small because the melt steam 
material is a poor thermal conductor When solidi?ed. 
[0044] The change in temperature is linear With mass ?oW 
and the ?oW rate can therefore be controlled by monitoring 
the out?oW temperature With an infrared receptor directed at 
the ?oW stream immediately beloW the bushing. This receptor 
is connected to suitable electronic circuitry to vary the 
amount of coolant causing solidi?cation Within the bushing. 
Any heat losses arising from this control method are compen 
sated for by the temperature control methods described 
above. 
[0045] The above described methods used either individu 
ally or in combination alloW ?ne control of ?oW streams being 
fed into the spinning devices such that ?akes may be pro 
duced With thicknesses beloW 250 nanometers and With thick 
ness variations as loW as 10 percent. 

[0046] Reference has been made above to the use of appa 
ratus of the present invention for producing metal ?akes. 
HoWever it should be appreciated that the apparatus may be 
used for producing ?akes of any other appropriate material. 

1. Apparatus for forming ?akes, comprising means for 
producing a heated stream of molten material, means for 
feeding the stream in a substantially vertically doWnWard 
direction, means for receiving the doWnWardly directed 
stream and for forming ?akes therefrom, and means for 
effecting a change in the temperature of the stream subse 
quent to the production thereof Whereby ?akes of a desired 
thickness are obtained. 

2. Apparatus according to claim 1, Wherein the means for 
effecting a change in the temperature are arranged to effect a 
change of temperature in the stream While it is travelling in a 
vertically doWnWard direction. 

3. Apparatus according to claim 1, Wherein the means 
means for effecting a change in the temperature is arranged to 
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effect a change of temperature in the stream prior to it trav 
elling in a vertically doWnWard direction. 

4. Apparatus according to claim 1, Wherein the apparatus 
includes means for applying a high frequency (RF) current, or 
heat to the vertically doWnWard travelling stream. 

5. Apparatus according to claim 1, Wherein means are 
provided for applying an electric current to the vertically 
doWnWard travelling stream. 

6. Apparatus according to any claim 1, Wherein the appa 
ratus is provided With means for cooling the stream prior to it 
being fed in a doWnWard direction. 

7. Apparatus according to claim 6, Wherein the means for 
cooling includes a conduit through Which the stream is fed, 
said conduit being surrounded by a cooling coil or jacket 
through Which an appropriate ?uid may be fed. 

8. Apparatus according to claim 1, Wherein the apparatus is 
provided With mass or volume ?oW control means in addition 
or in substitution of the temperature changing means. 

9. A method for forming ?akes, comprising producing a 
heated stream of molten material, feeding the stream in a 
substantially vertically doWnWard direction, receiving the 
doWnWardly directed stream and forming ?akes therefrom, 
and effecting a change in the temperature of the stream sub 
sequent to the production thereof Whereby ?akes of a desired 
thickness are obtained. 

10. A method according to claim 9, Wherein, in addition to 
effecting a change in the temperature of the stream, or in 
substitution therefor, a change is effected in the mass or 
volume ?oW of the stream. 

11. Flakes obtained by the method according to claim 9. 
12. Apparatus according to claim 1 for forming metal 

?akes. 
13. A method for forming metal ?akes according to claim 

9. 
14. Metal ?akes obtained by the method according to claim 

11. 
15. Apparatus according to claim 2, Wherein means are 

provided for applying an electric current to the vertically 
doWnWard travelling stream. 

16. Apparatus according to claim 3, Wherein means are 
provided for applying an electric current to the vertically 
doWnWard travelling stream. 

17. Apparatus according to claim 2, Wherein the apparatus 
includes means for applying a high frequency (RF) current, or 
heat to the vertically doWnWard travelling stream. 

18. Apparatus according to claim 3, Wherein the apparatus 
includes means for applying a high frequency (RF) current, or 
heat to the vertically doWnWard travelling stream. 

* * * * * 


