1 A TAPE CASTING MACHINE FIELD OF INVENTION 5The present invention relates to a tape
casting machine. BACKGROUND OF INVENTION Tape casting is a well known technique of
fabricating thin ceramic substrates for a wide 10 ra%ge of applications including multilayers capacitors,
solid oxide fuel cells, sensors and so on. A typical length of commercially available tape casting is at
least four metres long and a metre wigeTKpE (SASTYNGSIMAGHINEE unit with at least a metre in width. It
iS an expensive ceramic processing equipment, costing over US$ 150, 000.00 to acquire, commission
and operate. It also needs a long extraction fume hood and large laboratory space. 15 US6375451 B1
describes a tape casting machine with a casting base with a static reservoir and doctor blade.
Howeverﬂﬁb'%i?@é‘ﬂfé‘m%ine is bulky and takes up a large footprint.  Therefore, there is a need
for a more efficient apparatus to produce thinner ceramic tapes 20without using a large footprint and in
a more energy efficient manner. 2 SUMMARY OF INVENTION Accordingly, there is provided a tape

castigg %%%Q&e%%%ﬁi%erglme@?c;’a{d?gpg‘ggams machine.
BACKGROUND OF INVENTION

Tape casting is a well known technique of fabricating thin ceramic substrates for a wide
10  range of applications including multilayers capacitors, solid oxide fuel cells, sensors and so
on. A typical length of commercially available tape casting is at least four metres long and a
metre wide. It is usually a stand alone unit with at least a metre in width. It is an expensive
ceramic processing equipment, costing over US$ 150, 000.00 to acquire, commission and
operate. It also needs a long extraction fume hood and large laboratory space.
15
US6375451 B1 describes a tape casting machine with a casting base with a static reservoir

and doctor blade. However, the size of the machine is bulky and takes up a large footprint.

Therefore, there is a need for a more efficient apparatus to produce thinner ceramic tapes

20  without using a large footprint and in a more energy efficient manner.



includes a movable reservoir containing slurry; and at least one doctor blade disposed within 5the
moveable reservoir such that the doctor blade is controllable with a magnetic switch, wherein the slurry
is passed on to non sticking transparency on a flat Surface. The present invention consists of several
novel features and a combination of parts hereinafter fully described and illustrated in the
accompasymedesCariNVENTHDavVINgs, it 10being understood that various changes in the details
may be made without departing from the scope of the invention or sacrificing any of the advantages of
the present invention. BRIEF DESCRIPTION OF THE DRAWINGS 15The present invention will be
fully understood from the detailed description given herein below and the accompanying drawings
which ar\eFeEANSYWERET IRURIPHINSH ehipParkhehis arechitairhftatirseorateipréséntipnveatdiRewherein:

Figure 1 shows a dimensjonal view of a tape casting machine in the preferred embodiment of the

invention” SESORGAVE LS RS A G AR FHEAI REW bt TIERNELS LIRS DL LRUSHRRATEVAYEUR casting

DESCRIEFION B PHE BREF L EVBOOIMERT TN broCaavehEbR FAATH 260 castig

machine yffgreinaftetithisispacticAtiRMoWilln sticking transparency on a flat surface.

The present invention consists of several novel features and a combination of parts
hereinafter fully described and illustrated in the accompanying description and drawings, it
10 being understood that various changes in the details may be made without departing from

the scope of the invention or sacrificing any of the advantages of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

15  The present invention will be fully understood from the detailed description given herein
below and the accompanying drawings which are given by way of illustration only, and thus

are not limitative of the present invention, wherein:

Figure 1 shows a dimensional view of a tape casting machine in the preferred embodiment

of the invention; and

20  Figure 2 shows a graphical view of thickness of the tape cast alumina versus casting rate for

difference blade gaps in the preferred embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention relates to a tape casting machine. Hereinafter, this specification will

25 describe the present invention according to the preferred embodiment of the present



3 invention. However, it is to be understood that limiting the description to the preferred embodiment of
the invention is merely to facilitate discussion of the present invention and it is envisioned that those
skilled in the art may devise various modifications and equivalents without departing from the scope of
the appended claims. 5 The following detailed description of the preferred embodiment will now be

describechipagsordanes vithithe sitacheddadRwingshaitherntingividhialseipioaombinatigaidrigure 1
shows the preferred embodiment of a tape casting machine (100). The machine 10 (100) includes a
movable essEwioie (i b1 Yoo imening stumgralyd@tdedistte miisdostambié des (R @Epdisposadwirhihithe
moveable reservoir (111) such that the doctor blade (101) is controllable with a magnetic switch (103),

wherein tBeBHiFI9RIBSSA0A Bl I8HEWRI Ry trans parisryarion) BrRd atisnFace erdjalesin
conventional tape casting machines, the reservoir for slurries together with doctor blade controlling the
thicknesé"’i@?ﬂ'ét?fier%ﬁt/.n%fm@ &8@?9@8 8@5%8%8%%‘? @ Bfesent invention as depicted in Figure 1,
the moveable reservoir (111) and the doctor blade (101) are not stationary. The moveable reservoir
(111) moves at different speed and dispenses the ceramic slurries on a transparency (thin plastic

sheet) (1R} %rnsv&rag%m&yo@s%ﬁb{%@%pwgr%mf@h@&&iﬁ%mmnémeaa@sﬂ%&iaﬁe and

held flat with some clamps. The flat surface (107) includes a flat glass, plastic plate or light metal tray
such as altsoigiite Wenamictapedd easiygemaviabladiomdne dramspansinglidd.05) placed on the flat
surface (107) without damage. 25The ceramic slurries pass through an aperture, wherein height of the
aperture controls the thickness of the ceramic tape. The height of the aperture is set with a micrometer
as can be seen in Figure 1. Opening and closing of the shutter can be done manually or electronically

using a Madtietit SHAh PR BbRMFRETRINE o A IPRPaABF It BARYREIS [hnéBeVigFhine

10 (100) includes a movable reservoir (111) containing slurry and at least one doctor blade
(101) disposed within the moveable reservoir (111) such that the doctor blade (101) is
controllable with a magnetic switch (103), wherein the slurry is passed on to non sticking

transparency (105) on a flat surface (109).

15 In conventional tape casting machines, the reservoir for slurries together with doctor blade
controlling the thickness is stationary. In the preferred embodiment of the present invention
as depicted in Figure 1, the moveable reservoir (111) and the doctor blade (101) are not
stationary. The moveable reservoir (111) moves at different speed and dispenses the
ceramic slurries on a transparency (thin plastic sheet) (105). The transparency (105) is

20 placed on the flat surface (107), such as a flat plate and held flat with some clamps. The flat
surface (107) includes a flat glass, plastic plate or light metal tray such as aluminium.
Ceramic tape is easily removable from the transparency (105) placed on the flat surface

(107) without damage.

25  The ceramic slurries pass through an aperture, wherein height of the aperture controls the
thickness of the ceramic tape. The height of the aperture is set with a micrometer as can be
seen in Figure 1. Opening and closing of the shutter can be done manually or electronically

using a magnetic switch (103) as shown in Figure 1. A parallel printer port to connect with



4 control circuits for controlling the magnetic switch (103) and the stepper motor (109) is used. A small
transformer with various AC outputs is rectified for various operations of the tape casting machine
(100). The use of such a mini size tape casting machine straight from the mains render the machine
more compact and further optimize the use of the tape casting 5Smachine (100). Speed with which the
moveabledeserepiiuiilid) ebeesamiaisiuiiamoie\wsatih cooyolies thy sistprPINGtOIqIwNf199kas. shown
in Figure 1. A circuit is designed to produce a stepping voltage of 5/6 volt. Frequency of square pulses
can be vériethat) thasigentiee s echifitheA D0stepyin ds matiigd 0 .vAcousateeralitnad of tihe $peed of
casting the ceramic slurries is achieved using the stepper motor (109) attached to a moving rail. The
speed wWitRSURERaf8ITRY C¥htdiRfhyshefcaralimicelitirfgs FBo <o Eitae asddtewstralghickomderamic
slurries are dispensed through the aperture. The faster tEe speed of the tray, the 15 thinner the
ceramic (AR /SH0E6A T R SHBE LY hEARPR BORLTER EYPIR BB Th ol ELER(SES Efre 1)
Oth fa%%{%ﬁ#%b 85 but not restricted to, the viscosities of the slurries, slurry density (solid content)
and the height of the ()a'perture (gap) control the speed of the tray as well. It is found that keeping the
ceramic slurry viscosity constant at 3000 mPa.s, and varying the speed of the tray between 4 mm/sec
and 34 mm/sec produces 20ceramic tape of good surface finish and reproducible thicknesses.
Alumina spetsviarmetoat ibenievebibie tegeeastng mackinen(d CQ)ridesutisefisitshasira apalytical
grade alumina from Fluka for 3 blade gap and different casting speed of the slurries gap is depicted in
Figure 2 .stepainperssien i agsbdhdeofio.Byure 1. A circuit is designed to produce a stepping

voltage of 5/6 volt. Frequency of square pulses can be varied to change the speed of the
10  stepping motor (109). Accurate control of the speed of casting the ceramic slurries is

achieved using the stepper motor (109) attached to a moving rail.

The speed with which the tray containing the ceramic slurries moves is the speed with which
the ceramic slurries are dispensed through the aperture. The faster the speed of the tray, the
15  thinner the ceramic tape produced. The speed of the tray is controlled by the stepper motor
(109) (see Figure 1). Other factors such as, but not restricted to, the viscosities of the
slurries, slurry density (solid content) and the height of the aperture (gap) control the speed
of the tray as well. It is found that keeping the ceramic slurry viscosity constant at 3000
mPa.s, and varying the speed of the tray between 4 mm/sec and 34 mm/sec produces
20  ceramic tape of good surface finish and reproducible thicknesses. Alumina tape is formed at

center of the tape casting machine (100).

Results of studies on analytical grade alumina from Fluka for 3 blade gap and different
casting speed of the slurries gap is depicted in Figure 2. It can be seen for gap blade of 0.25
25 mm, and higher casting speed, the tape thickness is quite uniform. The experiments to date
show that tape thickness of 0.1 mm or 100 micron can be obtained reproducibly. It is also

been found that casting speed below 3mm/sec produces tape of very rough surfaces and for



25 mm, and higher casting speed, the tape thickness is quite uniform. The experiments to date show
that tape thickness of 0.1 mm or 100 micron can be obtained reproducibly. It is also been found that

casting speed below 3mm/sec produces tape of vePy rough surfaces and for 5 casting speed above

about 34 mm/sec produces ceramic tapes with variable thickness and poor reproducibility. The

machine ¢00dsplov-e0st 60BN RpEseaPibaunRCcbEgat napsaaRHRaRAHCmickiesgadd cm
high, and 15 cm wide. The machine (100) can be easily accommodated on a work bench. The

machine 200)emqdirebititynimal laboratory space; not more than 575 sqg.cm in superficial area. The
machine (100) has commercial implications and applications in laboratories where space is at a
premium, where precious and rare earth materials are used to minimize losses during materials

processing and forming. 10 Applications of the tape casting machine (100) are in countries and
IaboratoriZPRTR i RiRdb G SR ABIRA ER5aRa Lk e A fici R JARIEERR, T Sferging

and dev in e I les i ensiv, ' Ing.prior. to
celettion I o s e e A
successfilhyiseskio PradHssnihin GehpraigiaRes Pl A0dPis s Jhikwithd i&Br@%Qé‘ﬁ%‘?B I&pEaducibility
and surface finish either by manual operation or by computer controlled route. Materials such as
alumina, ititanigedindisarse. Mivel vaonasitior fosnwateddiaxe beskaxperimentgsbiodicucoessfully.
20This invention is adapted for use for use in compact tape casting process for producing thin ceramic
layers fotadwlidtosiftefnelecatisomils e abdecthiite walepnmeetiofiscand oatesedidoxiale fatsl axellsses
alternative power generation system for dispersed application. The disclosed invention is suitable, but
not restrit3BIMBN R 9885H AU ARIANP OF 3fiRREaeiGAS fRTRABRlectronic and chemical industries. 6
CLAIMS 1. A tape casting machine (100), characterized in that, the machine (100) includes: a movable
resé?voir (111) containing slurry; and

Applications of the tape casting machine (100) are in countries and laboratories where
limited funds are available for research and development particularly in emerging and
developing economies, start up companies requiring extensive materials processing prior to
selection of materials for specific applications. The tape casting machine (100) has been
15  successfully used to produce thin ceramic tapes of 100 micron thick with high degree of
reproducibility and surface finish either by manual operation or by computer controlled route.
Materials such as alumina, titania, and some novel compositions formulated have been

experimented with successfully.

20  This invention is adapted for use for use in compact tape casting process for producing thin
ceramic layers for solid oxide fuel cells will enable the development of low cost solid oxide
fuel cells as alternative power generation system for dispersed application. The disclosed
invention is suitable, but not restricted to, for use in a wide variety of applications in the
electronic and chemical industries.

25



at least one doctor blade (101) disposed within the moveable reservoir (111) such that S5the doctor
blade (101) is controllable with a magnetic switch (103), wherein the slurry is passed on to non sticking
transparency (105) on a flat surface (109). 2. The miachine (100) as claimed in claim 1, wherein the
machine (100) is capable of forming ceramic tapes of uniform thickness. 10 3. The machine (100) as
claimed igickamsl, wherein at least one doctor blade (101) is controllable manually or electronically.

4. The machine (100) as claimed in claim 1, wherein the moveable reservoir (111) is 15controllable by
a steppern métdagd 0835 T hiraec hii66) (b08)aaseciarvhied atctarmibohvine rdifiop piithalkesasting speed for
slurries as between 10mm/ sec and 30mm/sec to produce smooth surface finish and uniform
thickness. 2@ B10VRElEERMEI 1DDY) £8 HRiMSHSIHIEYaRAdL, wherein the flat surface (107) includes a flat

glass, plastic plate or light metal tray such as aluminium. 7. The machine (100) as claimed in claim
D herain CEHLATR B 10RO Db SPBH SV R AR (6% FoeH bW M surface
(107;)> W'thoutth%atqg%‘?'blade (101) is controllable with a magnetic switch (103), wherein the slurry is

passed on to non sticking transparency (105) on a flat surface (109).

2. The machine (100) as claimed in claim 1, wherein the machine (100) is capable of

forming ceramic tapes of uniform thickness.

10

3. The machine (100) as claimed in claim 1, wherein at least one doctor blade (101) is
controllable manually or electronically.

4. The machine (100) as claimed in claim 1, wherein the moveable reservoir (111) is

15 controllable by a stepper motor (109).

5. The machine (100) as claimed in claim 1, wherein optimal casting speed for slurries as
between 10mm/ sec and 30mm/sec to produce smooth surface finish and uniform
thickness.

20

6. The machine (100) as claimed in claim 1, wherein the flat surface (107) includes a flat

glass, plastic plate or light metal tray such as aluminium.

7. The machine (100) as claimed in claim 1, wherein ceramic tape is easily removable from

25 the transparency (105) placed on the flat surface (107) without damage.



