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(57) ABSTRACT 

Process for manufacturing composite metal/ceramic thin 
films, consisting of: 

a) preparing a Suspension (S) in an organic solvent starting 
from a substantially homogenous mixture of ceramic 
reinforcements, metallic particles, a binder, a plasticizer 
and a dispersant, the metallic particles constituting at 
least 5% by weight of the suspension; 

b) tape casting the Suspension to form a thin film, and then 
de-binding said thin film; 

c) densifying the de-binded thin film in a furnace. 
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MANUFACTURING PROCESS FOR THIN 
FILMS MADE OF METAL FOERAMC 

COMPOSITE 

FIELD OF THE INVENTION 

0001. The invention relates to a process for manufacturing 
thin films made of metal/ceramic composite in which the 
ceramic reinforcements are homogeneously distributed in the 
metallic matrix. 
0002 The invention is used for applications in all fields 
using Substrates or films made of a metal/ceramic composite 
and particularly for manufacturing electronic components, 
for example designed for the automobile or aeronautics field. 

BACKGROUND OF THE INVENTION 

0003 Conventionally, metallic films are made by a rolling 
process. However, this rolling process cannot provide a uni 
form distribution of ceramic reinforcements within the metal 
lic matrix; therefore, it is not suitable for manufacturing 
metal/ceramic Composite films. Furthermore, residual 
stresses caused by rolling can cause cracking of the film if the 
concentration of ceramic powder is above a given value. 
0004. Other processes used for making metal/ceramic 
composite films include pressing, injection and extrusion pro 
cesses. None of these processes is capable of obtaining film 
with an excellent surface condition. Furthermore, these pro 
cesses become expensive if the film has to be less than one 
millimetre thick. 
0005. There are also tapes casting processes for making 
thin films. This type of process is described in articles by 
ALCOCK J., DESCRIBE S., Tape casting, a flexible 
approach to Surface engineering, Materials World, 13-14, 
Feb. (2000), BOHNLEIN-MAUB.J., SIGMUND W., WEG 
NER G., MEYER W. H., HEBEL F., SEITZ K, ROOSENA, 
The function in the tape casting of alumina, Advanced Mate 
rials, vol. 4, No. 2, 73-81 (1992); MORENO R. The role of 
slip additives in tape casting technology: part I—Solvents and 
dispersants, American Ceramic Society Bulletin, vol. 71, No. 
10, 1521-1531 (1992); MORENO R. The role of slip addi 
tives in tape casting technology: part II—Binders and Plasti 
cizers, American Ceramic Society Bulletin, vol. 71, No. 11, 1 
647-1657 (1992) and patents U.S. Pat. No. 5,002,710 and 
U.S. Pat. No. 5,473,008. 
0006. However, despite all the work done on tape casting, 
there is no device (bench--Suspension) capable of casting 
tapes made of metal/ceramic composite material. 

SUMMARY OF THE INVENTION 

0007. The purpose of the invention is precisely to over 
come problems with processes for manufacturing thin films 
described previously. To achieve this, it proposes a process for 
making thin films made of a metal/ceramic composite using a 
tape casting method. 
0008 More precisely, the invention relates to a process for 
manufacturing composite metal/ceramic thin films, consist 
ing of 

0009 a) preparing a Suspension (S) in an organic Sol 
vent starting from a substantially homogenous mixture 
of ceramic reinforcements, metallic particles, a binder, a 
plasticizer and a dispersant, the metallic particles con 
stituting at least 5% by weight of the Suspension; 

0010 b) tape casting the suspension to form a thin film, 
and then de-binding said thin film; 
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0.011 c) densifying the de-binded thin film in a furnace. 
0012. The tape casting technique allows to orient and con 
trol the distribution of ceramic reinforcements. 
0013. In other words, the process described according to 
the invention is a means of making composite metal/ceramic 
films with an orientation of ceramic particles in the plane of 
the film, particularly for highly anisotropic particles, like 
fibres and platelets. This allows to improve some properties of 
the composite in the plane of the film, Such as reducing the 
coefficient of thermal expansion and increasing the thermal 
conductivity. 
0014 Advantageously, the viscosity of the suspension is 
between 0.5 and 3 Pas. 
00.15 Preferably, the suspension is made by mixing: 

0016 at least one metallic powder and at least one 
ceramic reinforcement constituting about 30 to 60% of 
the total Volume of the Suspension; 

0017 an organic solvent constituting about 15 to 45% 
of the volume of the suspension; 

0.018 a binder and a plasticizer constituting about 30 to 
70% of the volume of the suspension; 

0.019 a dispersant representing about 0.1 to 2% by 
weight of the ceramic and metallic powders; and 

0020 additives representing about 0.01 to 2% of the 
mass of metallic and ceramic powders. 

0021. According to one embodiment of the invention, the 
dispersant is a phosphoric ester, a polyacrylate, a Sulfonate, a 
perfluorate or an acid with a carbon chain having 2 to 30 
atoms of carbon. 
0022. According to the invention, the metallic powder, 
may be a copper, aluminium, silver, gold, nickel, titanium, 
chromium or Zinc powder, or an alloy of two or more of these 
materials. The ceramic reinforcement may be a powder and/ 
or a short fibre (i.e. a fibre which length ranges from 1 and 500 
um) of graphite, carbides, nitrides or oxides. 
0023. According to one variant of the invention, densifi 
cation of the film consists in sintering the film in a furnace. 
0024. According to another variant of the invention, den 
sification of the film consists in hot rolling and annealing the 
film. 
0025 Preferably, the preparation of the suspension con 
sists in: 

0026 grinding the metallic powders and ceramic rein 
forcements in a jar mill or by attrition with the solvent 
and dispersant; then 

0027 adding and mixing a binder and a plasticizer to 
this substance. 

0028. The invention also relates to a process for preparing 
composite parts with a laminated structure in which several 
thin films (“green” films) are formed by steps a) and b) 
described above, and said thin films are then stacked and the 
stack is Subjected to thermocompression. 
0029 Preferably, the compositions of the stacked thin 
films are different. 

BRIEF DESCRIPTION OF THE FIGURES 

0030 FIG. 1 diagrammatically shows the suspension 
preparation step starting from metallic particles and ceramic 
reinforcements; 
0031 FIG. 2 diagrammatically shows the tape casting step 
of the Suspension to form a thin film; and 
0032 FIGS. 3A and 3B show two embodiments of the film 
densification step in a furnace. 
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DETAILED DESCRIPTION OF EMBODIMENTS 

0033. The invention relates to a process for making thin 
films made of a metal/ceramic composite. 
0034. This process consists of preparing a Suspension, 
also called a “slurry” (“barbotine' in French), comprising a 
Substantially homogenous mixture of ceramic reinforce 
ments and metallic particles. 
0035. These metallic particles and ceramic reinforce 
ments are chosen in the form of one or several metallic pow 
der(s) and one or several ceramic reinforcement(s), respec 
tively. These powders and short fibres are mixed with an 
organic solvent, a dispersant, a binder and a plasticizer. 
0036. The amount of these various elements is as follows: 
0037 metallic powders and ceramic reinforcements 
represent 30 to 60% of the total volume of dry matter in 
the suspension (in other words of the entire volume 
occupied by the binder, the plasticizer, the dispersant 
and metallic and ceramic powders); 

0038 the solvent represents 15 to 45% of the total vol 
ume of dry matter; 

0039 the binder and the plasticizer represent 30 to 70% 
of the volume of dry matter; 

0040 the dispersant represents between 0.01 and 2% of 
the mass of metallic powders and ceramic reinforce 
ments; 

0041 other additives are added such as release agents 
and/or wetting agents, that represent between 0.01 and 
2% of the mass of metallic and ceramic powders. 

0042 FIG. 1 shows this first step in the process according 
to the invention, namely the Suspension preparation step. 
0043. This step for preparation of the suspension S con 
sists firstly ingrinding the metallic and ceramic powders with 
the solvent and the dispersant, in a jar or by attrition. This 
grinding step is done using an attrition grinder (represented 
by reference 1 in FIG. 1) or by a jar mill. 
0044) The assembly thus obtained is then mixed with 
binders and plasticizers using a mixer, reference 2. 
0045. For example, the metallic powder(s) that will form 
the metallic matrix of the Suspension may be a copper, alu 
minium, silver, gold, nickel, titanium, chromium or Zinc pow 
der, or a powder of an alloy of two or more of these metals. 
0046. The ceramic reinforcement(s) that will form the 
ceramic reinforcements of this suspension may for example 
be a graphite powder or a short graphite fibre, or a powder or 
a short fibre based on carbides such as silicon carbide, or 
nitrides such as aluminium nitride, or oxides Such as silica or 
Zirconium tungstate. 
0047 Ceramic reinforcements may be in the form offibres 
or platelets or Substantially spherical grains with a diameter 
of between about 0.1 um and 100 um. 
0048 Fibres are usually short fibres with a diameter of 10 
nm to 10 um, and with a length of 100 nm to 10 nm. 
0049. These ceramic reinforcements may be coated with a 
layer of metallic material Such as cobalt, nickel, silver or gold. 
In this case, the thickness of the metallic coating is at least 
0.01 um. This coating may be achieved by immersion of the 
ceramic reinforcements in an electrolytic bath. The advantage 
of this coating is that it improves material densification during 
the film densification step, and in particular when this densi 
fication consists in sintering, since it increases the metal/ 
ceramic interface. 
0050. The suspension used according to the invention is an 
organic Suspension or system. 
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0051. Thus, the solvent used to make this suspension S is 
an organic Solvent, usually chosen from among cetones, alco 
hols and mixtures thereof. 

0.052 The function of the dispersant used to make this 
Suspension is to make the Suspension homogenous and stable 
by creating repulsion forces between the ceramic reinforce 
ments and the metallic particles. 
0053. In other words, the dispersant enables good stability 
and good dispersion of the particles among each other. The 
dispersant enables production of a homogenous and compact 
tape after drying. 
0054. This dispersant is chosen from among surfactants, 
macro-molecules like fish oil, phosphoric esters, polyacry 
lates, Sulfonates, perfluorates and acids with a carbon chain 
having 2 to 30 atoms of carbon, Such as for example oxalic 
acid and Stearic acid. 

0055. The binder used to make this suspension plays the 
role of unparting cohesion to the tape (or film) after the 
Solvent has evaporated. This binder is usually a compound 
that is non-soluble in water and is chosen from among poly 
alcohols, vinyl compounds, such as polyvinyl-butyral, and 
acrylic compounds and mixtures thereof. 
0056. The plasticizer used in this suspension plays the role 
of unparting good flexibility and good fluidity to the tape; this 
flexibility is necessary when the Suspension is being tape cast 
and later when handling the tape. For example, this plasticizer 
may be a polyethylene glycol or dibutylphthalate. 
0057. In other words, the suspension also contains a plas 
ticizer to obtain a flexible, Sufficiently strong, green tape, or 
thin film, so that it can be handled. The binder/plasticizer ratio 
is a means of adjusting the mechanical cohesion and flexibil 
ity of the tape. Therefore, these tapes can be stacked and 
thermocompressed so as to make stacks of tapes with differ 
ent compositions. This solution cannot be achieved with pro 
cesses according to prior art. 
0.058 Note also that the system and the suspension used 
according to the invention do not require any lubricant. 
0059 FIG. 2 diagrammatically shows the second step of 
the process according to the invention, in other words the tape 
casting step of the Suspension. The Suspension S made during 
the first step is cast onto a casting bench 3 so as to form a tape 
B, also called a thin film. Tape casting consists of casting the 
Suspension Sona Support that may for example be a steel tape 
8 or a polymer wire, reference 5 in FIG.2. The viscosity of the 
suspension must be of about 0.5 to 3 Pa's to facilitate casting 
of the Suspension. 
0060. The suspension is cast by creating a relative move 
ment between a shoe 6 on the casting bench and the support 5. 
The shoe 6 is provided with knives 7 with an adjustable 
height. Thus, the film thickness can be modified by changing 
the height between these knives 7 and the support 5. Thus, a 
very uniform film thickness can be obtained using this tape 
casting method. 
0061. When the suspension S has been cast in the form of 
a tape B, the tape B is passed through a drier 4 under a 
controlled atmosphere, to eliminate organic compounds. This 
step is called “de-binding'. More precisely, thermal de-bind 
ing consists of gently heating the tape of material under a 
controlled atmosphere in a furnace or dryer 4 in order to 
eliminate the contained organic compounds, mainly the 
binder and the plasticizer. For example, the heating rate in the 
drier is about 0.2 to 2°C/minute between 100° C. and 500° C. 



US 2009/0208.645 A1 

0062 FIGS. 3A and 3B show two different embodiments 
of the third step of the process according to the invention, in 
other words the film densification step. 
0063. This densification step consists in evaporating the 
solvent and drying the thin film obtained after de-binding. 
0064. The purpose of this film densification step is to 
evaporate the solvent. For example, this may be done in two 
different ways: the film may be densified by sintering in a 
passage furnace or in a discontinuous furnace, or by hot 
rolling using a roll and an annealing furnace. 
0065. The first variant shown in FIG. 3A shows that the 
film B obtained after de-binding is cut into plates P1 to Pn. 
These plates are inserted in a furnace reference 9 under a 
controlled atmosphere. This furnace may be a passage fur 
nace or a discontinuous furnace. Densification by sintering is 
done under a controlled atmosphere, or under a reducing 
atmosphere, for example Such as hydrogen, hydrogenated 
nitrogen, argon or hydrogenated argon, in order to prevent 
oxidation of the material. 
0066. The sintering temperature depends on the particle 
size and nature of the metallic powders and ceramic rein 
forcements. For example, for a metallic copper powder, the 
temperature is between 700° C. and 1080°C.; for aluminium, 
the temperature is between 450° C. and 650° C. 
0067. The second variant of the densification step is shown 
in FIG. 3B. In this variant, the film B is inserted in a roll 10 
inside an annealing furnace 11. The film B is then hot rolled 
in the furnace 11 under a controlled atmosphere. The film B is 
cut into plates P1, P2, . . . at the exit from the annealing 
furnace 11. 
0068. This film hot rolling and annealing densification 
method allows to improve the densification of the material 
under the action of pressure and temperature. Therefore this 
variant is particularly Suitable for metal/ceramic composites 
that are not well densified by natural sintering and for com 
posites constituted by ductile metals like copper, aluminium 
or gold. 

1-13. (canceled) 
14. Process for manufacturing composite metal/ceramic 

thin films, consisting of: 
a) preparing a Suspension (S) in an organic solvent starting 

from a substantially homogenous mixture of ceramic 
reinforcements, metallic powder, a binder, a plasticizer 
and a dispersant, the metallic powder constituting at 
least 5% by weight of the suspension, wherein the metal 
lic powder is copper, aluminum, or an alloy of these 
materials; 

b) tape casting the Suspension to form a thin film, and then 
de-binding said thin film; and 
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c) densifying the de-binded thin film in a furnace; 
d) wherein the Suspension (S) is made by mixing: 
at least one metallic powder and at least one ceramic rein 

forcement constituting together about 30 to 60% of the 
total Volume of the Suspension, wherein the at least one 
ceramic reinforcement is a short fiber of graphitehaving 
a diameter of between about 10 nm (0.01 um) and 10um 
and a length ranging from 1 to 500 um; 

an organic solvent constituting about 15 to 45% of the 
Volume of the Suspension; 

a binder and a plasticizer constituting about 30 to 70% of 
the Volume of the Suspension; 

a dispersant representing about 0.1 to 2% by weight of the 
ceramic reinforcement and metallic powder, and 

additives representing about 0.01 to 2% of the mass of the 
metallic powder and ceramic reinforcement. 

15. The process of claim 14, wherein the short fibers have 
a diameter of between about 0.1 and 10 um. 

16. Process according to claim 14, wherein the viscosity of 
the suspension (S) is between 0.5 and 3 Pars. 

17. Process according to claim 14, wherein the binder is a 
compound that is non-soluble in water chosen from among 
polyalcohols, vinyl compounds, acrylic compounds and mix 
tures thereof. 

18. Process according to claim 14, wherein the organic 
Solvent is chosen from among cetones, alcohols and mixtures 
thereof. 

19. Process according to claim 14, wherein the dispersant 
is chosen from among Surfactants, fish oil, phosphoric esters, 
polyacrylates, sulfonates, perfluorates and acids with a car 
bon chain of 2 to 30 carbon atoms. 

20. Process according to claim 14, wherein densification of 
the film consists in sintering the film in a furnace. 

21. Process according to claim 14, wherein preparation of 
the Suspension consists of 

grinding the metallic powder and ceramic reinforcement 
with the solvent and dispersant in a jar mill or by attri 
tion; then 

adding and mixing a binder and a plasticizer to this Sub 
Stance. 

22. Process for preparing a composite part having a lami 
nated structure in which several thin films are formed accord 
ing to steps a) and b) described in claim 14, and said thin films 
are stacked and said stack is Subjected to thermocompression. 

23. Process according to claim 22, wherein the stacked thin 
films have different compositions. 

24. Process according to claim 14, wherein said densifying 
consists of sintering said film under the action of pressure and 
temperature in a controlled atmosphere. 
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