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Description

[0001] The present invention relates generally to a sys-
tem and a method for manufacturing orthodontic appli-
ances.
[0002] Orthodontic treatment often involves attaching
an appliance to the tooth. Forces applied to the appliance
are then transferred to, and thus move, the tooth. As
such, orthodontic appliances represent a principal com-
ponent of corrective orthodontic treatment devoted to im-
proving a patient’s dentition. Orthodontic appliances may
include brackets, archwires, or other devices.
[0003] Using the orthodontic bracket as an example,
an orthodontist may affix orthodontic brackets to the pa-
tient’s teeth with an adhesive and engage an archwire
into a slot of each bracket. The archwire exerts flexural
and/or torsional stresses on the orthodontic brackets to
create restorative forces, including rotation, tipping, ex-
trusion, intrusion, translation, and/or torque forces, tend-
ing to bring the teeth toward a desired position. Tradi-
tional ligatures, such as small elastomeric O-rings or fine
metal wires, may be employed to retain the archwire with-
in each bracket slot. Due to difficulties encountered in
applying an individual ligature to each bracket, self-ligat-
ing orthodontic brackets have been developed that elim-
inate the need for ligatures by relying on a movable por-
tion or member, such as a latch, clip, or slide, for retaining
the archwire within the bracket slot.
[0004] Various materials have dominated the ortho-
dontic market because of their characteristic combination
of strength, toughness, aesthetics, biological/corrosion
resistance, and manufacturability. For example, arch-
wires used early in orthodontic treatment may be made
of shape memory alloys (SMAs) with superelastic prop-
erties that have corrosion resistance. Nitinol is a well-
known shape-memory alloy and is an alloy of nickel (Ni)
and titanium (Ti). By way of additional example, arch-
wires may be made of stainless steel or a Ti-containing
alloy, such as, a titanium molybdenum alloy (TMA). Each
of these metals combines some level of strength, tough-
ness, and corrosion resistance. Similarly, orthodontic
brackets are ordinarily formed from stainless steel, which
is strong, nonabsorbent, weldable, and relatively easy to
form and machine. Titanium and titanium alloy brackets
are also available as nickel-free alternatives to stainless
steels. Though titanium is more corrosion resistant than
stainless steel, titanium is more expensive and more dif-
ficult to manufacture than stainless steel.
[0005] As an alternative to the metallic orthodontic
brackets, certain orthodontic brackets incorporate a
bracket body of a transparent or translucent non-metallic
material, such as a ceramic, that assumes or mimics the
color or shade of the underlying tooth. However, as com-
pared to their metallic counterparts, ceramic orthodontic
brackets have a comparatively low strength and tough-
ness. Furthermore, ceramic appliances are difficult and
costly to manufacture.
[0006] Injection molding processes are capable of pro-

ducing intricately formed parts, such as, metallic or ce-
ramic orthodontic appliances. The parts formed are often
referred to as green bodies and include a formed mixture
of unsintered powder and binder. The unsintered powder
may include metallic or ceramic powder. Powder injection
molding (PIM) with either of these powders may be re-
ferred to as metal injection molding (MIM) or ceramic
injection molding (CIM), respectively. The mixture of un-
sintered powder and binder is heated to soften the binder
and the heated mixture is then injected into a mold. Once
injected, the binder cools and hardens so as to hold the
particles together in the injection molded form. To form
the final product, the binder is removed. The binder-free
bodies are then heated to an elevated temperature to
sinter the particles together, thus consolidating the pow-
der particles into a sintered body. Subsequent finishing
operations may be required to transform the sintered
body into the final orthodontic appliance.
[0007] To form the orthodontic appliances via MIM or
CIM processes, the binder material must be removed
during subsequent processing. This process may be re-
ferred to as debinding. Typically, the green bodies are
therefore subject to a process whereby the binder is re-
moved. Removal of the binder is often achieved by heat-
ing the green body in a furnace to an elevated tempera-
ture at which the binder decomposes or gasifies. A flow
of gases inside the furnace transports the gasified or de-
composed binder away from the green body. In addition
to furnaces or thermal-based systems, chemical-based
and water-based systems are also known methods for
removing the binder from the green body. Depending on
the size of the green body and the type of binder, as well
as other factors, removal of the binder may take a signif-
icant period of time, typically in the range of hours, if not
longer. Thus, long periods required for binder removal
delay subsequent sintering operations and result in an
overall lengthening of the manufacturing process. Fur-
thermore, each of these processes may utilize significant
amounts of energy, require expensive and/or bulky
equipment, and produce a waste stream of gases or other
chemicals that are typically the subject of environmental
regulation.
[0008] THE JOURNAL OF SUPERCRITICAL FLU-
IDS, S.W. Kim: "Debinding Behaviors of Injection Molded
Ceramic Bodies with Nano-sized Pore Channels during
Extraction Using Supercritical Carbon Dioxide and n-
Heptane Solvent", vol. 51, no. 3, pages 339 to 344;
01.01.2010 describes a system for debinding a green
body comprising a pressure vessel that is configured to
contain a plurality of green bodies, including sinterable
particles and a binder, and a supercritical fluid capable
of removing the binder from the green bodies. The system
further comprises a source of a fluid chemical that is cou-
pled to the pressure vessel and configured to supply the
fluid chemical to the pressure vessel and a heat source
that is configured to heat the fluid chemical to at least a
supercritical temperature of the fluid chemical. The sys-
tem further comprises a pump that is configured to pres-
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surize the fluid chemical to at least a supercritical pres-
sure of the fluid chemical. The combination of the super-
critical pressure and supercritical temperature is suffi-
cient to form the supercritical fluid in contact with the bind-
er of the green bodies. The system further comprises a
collection vessel that is coupled to the pressure vessel
for receiving the fluid chemical and the binder removed
from the green bodies. The collection vessel is configured
to capture the binder removed from the green bodies.
[0009] In one aspect, the invention provides a system
for debinding a green body in the form of an orthodontic
appliance comprising a pressure vessel configured to
contain a plurality of green bodies, including sinterable
particles and a binder, and a supercritical fluid capable
of removing the binder from the green bodies, a source
of a fluid chemical coupled to the pressure vessel and
configured to supply the fluid chemical to the pressure
vessel, a heat source configured to heat the fluid chem-
ical to at least a supercritical temperature of the fluid
chemical, a pump configured to pressurize the fluid
chemical to at least a supercritical pressure of the fluid
chemical, the combination of the supercritical pressure
and supercritical temperature being sufficient to form the
supercritical fluid in contact with the binder of the green
bodies, and a collection vessel coupled to the pressure
vessel for receiving the fluid chemical and the binder re-
moved from the green bodies, the collection vessel being
configured to capture the binder removed from the green
bodies, wherein a tube couples the pressure vessel to
the collection vessel for flowing the fluid chemical and
the binder from the pressure vessel to the collection ves-
sel, characterized in that the system further comprises a
heater for heating the binder as the binder flows through
the tube.
[0010] According to another aspect of the present in-
vention, there is provided a method of manufacturing an
orthodontic appliance, comprising exposing a plurality of
green bodies including sinterable particles and a binder
to a supercritical fluid in a pressure vessel to remove at
least some of the binder from the green bodies, collecting
the removed binder from the supercritical fluid in a col-
lection vessel as the supercritical fluid transitions to a
non-supercritical fluid, flowing the removed binder from
the pressure vessel to the collection vessel via a tube
that couples the pressure vessel to the collection vessel,
and heating the removed binder as the binder flows
through the tube.
[0011] In one embodiment, before exposing the green
bodies to the supercritical fluid, the method further com-
prises injection molding the green bodies. In one embod-
iment, prior to and/or during exposing the green bodies
to the supercritical fluid, the method further comprises
heating a fluid chemical that exists as a fluid at standard
temperature and standard pressure to a temperature
equal to or greater than a critical temperature of the fluid
chemical, and pressurizing the fluid chemical to a pres-
sure equal to or greater than a critical pressure of the
fluid chemical to form a supercritical fluid. In one embod-

iment, exposing the green bodies includes exposing the
green bodies to the supercritical fluid in a pressure vessel
for a period of time during which there is no flow of the
supercritical fluid from the pressure vessel or into the
pressure vessel. In one embodiment, following exposing
the green bodies to the supercritical fluid during the pe-
riod of time during which there is no flow, the method
further includes exposing the green bodies to a flow of
additional supercritical fluid into the pressure vessel and
out of the pressure vessel.
[0012] In one embodiment, the supercritical fluid in-
cludes CO2.
[0013] In one embodiment, the green bodies are in the
configuration of orthodontic brackets.
[0014] In one embodiment, the green bodies weigh
less than 1/10 of a gram each.
[0015] In one embodiment, the green bodies have a
total exposed surface area of at least 800 sq. in (0,52 m2).
[0016] In one embodiment, the green bodies have a
total exposed surface area in the range of from 850 sq:
in. to 2,000 sq. in (0,55 m2 to 1,29 m2).
[0017] In one embodiment, the sinterable particles in-
clude metal particles or ceramic particles.
[0018] The invention will now be further described by
way of example with reference to the accompanying
drawings, in which:

Fig. 1 depicts a schematic representation of a de-
binding system according to one embodiment of the
invention;
Fig. 2 is a perspective view of a self-ligating ortho-
dontic bracket made according to one embodiment
of the method of the present invention with a ligating
latch shown in the opened position; and
Fig. 3 is a perspective view of the self-ligating ortho-
dontic bracket shown in Fig. 2 with the ligating latch
shown in a closed position.

[0019] A system according to embodiments of the
present invention utilizes a supercritical fluid to debind a
green body in the form of an orthodontic appliance. The
system is thus configured to expose the green body, in-
cluding a mixture of metallic particles or ceramic particles
and a binder, to the supercritical fluid. The supercritical
fluid removes all or a portion of the binder while leaving
behind the particles of the green body. Following binder
removal, the particles, which retain their green-body
shape, may be sintered and subject to additional proc-
esses by which an orthodontic appliance may be manu-
factured. As used herein, an orthodontic appliance refers
to components used in orthodontic treatment. By way of
example, orthodontic appliances include, but are not lim-
ited to, orthodontic brackets, as is illustrated in Figs. 2
and 3; archwires; other appliances that may be attached
or secured directly or indirectly to a tooth; or tools used
in orthodontic treatment. The system removes the binder
more quickly than thermal-based debinding systems,
such as, furnaces, while also reducing the energy nec-
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essary to remove the same volume of binder. In one em-
bodiment, the volume of binder removed per hour is sub-
stantially higher than a thermal debinding system. In ad-
dition, according to embodiments disclosed herein, the
system reduces the volume of binder that is released into
the environment because the system captures or collects
at least a portion of, if not all of, the binder removed from
the green body.
[0020] To these and other ends, Fig. 1 illustrates a sys-
tem 200 for debinding a plurality of green bodies 210. As
set forth briefly above, a green body is a three-dimen-
sional body that includes sinterable particles held togeth-
er by a binder. The green bodies 210 may be made by
an injection molding process, such as, by a metal injec-
tion molding (MIM) process or by a ceramic injection
molding (CIM) process, as are known in the art. By way
of example, the green body 210 resembles an orthodon-
tic appliance, such as an orthodontic bracket, though
larger in volume while in the green, unsintered state. The
density of the green body is decreased following debind-
ing due to removal of the binder and the volume and
density increases following sintering due to a reduction
in the porosity of the body. The sinterable particles may
include ferrous metallic particles, for example, stainless
steels, such as 17-4 stainless steel and 3-16 stainless
steel, and nonferrous metallic particles, for example, ti-
tanium or titanium alloy, or other metallic alloy particles
or mixtures thereof. The sinterable particles may alter-
natively include ceramic particles, for example, particles
of alumina (Al2O3) or particles of another metal oxide.
The metallic or ceramic particles in the green body are
of sufficient average size and distribution so as to sinter
at an elevated temperature corresponding to the partic-
ular material.
[0021] In addition to sinterable particles, the green
body 210 includes a binder. As set forth above, the binder
holds the sinterable particles together during formation
of the green body 210 and is later removed during de-
binding of the green body and before sintering. The bind-
er may include an organic binder, such as, a wax, which
may include hydrocarbons and esters of fatty acids. The
binder may include paraffin wax, polystyrene, polyethyl-
ene, polypropylene, and/or stearic acid. It will be appre-
ciated, however, that other organic binders are contem-
plated which may be sufficient to hold the sinterable par-
ticles together in the form of the green body 210. These
include various polymers, such as, polyolefins, acrylics,
latexes, polypropylene, polyethylene, polystyrene, and
polyvinyl alcohol, to name only a few. The green body
210 may contain other materials, such as, additives to
facilitate molding of the green body and/or materials that
aid the sintering process.
[0022] The proportion of sinterable particles in the
green body 210 depends on the orthodontic appliance
being manufactured and/or the material of the sinterable
particles and the binder. The proportion of sinterable par-
ticles may range from 25 wt.% to 98 wt.%, though the
proportion of sinterable particles may range from 50 wt.%

to 98 wt.% and by way of further example ranges from
90 wt.% to 95 wt.% of the green body 210. In one em-
bodiment, the green body 210 weighs less than 1/10 of
a gram, for example, about 0.06 g with the binder content
being less than 1/100 of a gram, for example, about 0.005
g. The relative ratio of the weight of sinterable particles
to the weight of binder depends on the type of binder and
the type of particles in the green body 210. In one em-
bodiment, the proportional balance of the green body 210
is the binder. That is, in this case, the green body 210
consists essentially of the sinterable particles and the
binder. As used herein, "consisting essentially of" means
that no other materials are intentionally added to the
green body 210. However, molding aids, sintering aids,
and impurity content of the raw materials or the fabrica-
tion process may be contemplated.
[0023] As shown in Fig. 1, the system 200 includes a
pressure vessel 220. After forming, the green bodies 210
are placed into the pressure vessel 220 for debinding.
While not shown, the green bodies 210 may be placed
into crucibles or another fixture which is then placed into
the pressure vessel 220. The pressure vessel 220 is con-
figured to contain a chemical, described below, in a su-
percritical state. During the process of debinding bodies
210, as set forth herein, the pressure within the pressure
vessel 220 is elevated, for example, to about 5,000 psi
(about 34,474 kPa), or to another pressure that exceeds
the critical pressure required to form a supercritical fluid.
[0024] In addition to pressure, though not shown in Fig.
1, a heater is positioned proximate the vessel 220 and
be configured to heat the contents of the vessel 220 to
elevated temperatures while at the elevated pressure.
The elevated temperature within the vessel 220 is suffi-
cient to exceed the critical temperature required to form
a supercritical fluid from the chemical, for example, the
temperature of the pressure vessel 220 is elevated to
about 65°C. It will be appreciated, however, that the com-
bination of the temperature and pressure within the pres-
sure vessel 220 may be less than 5,000 psi (34,474 kPa)
and/or less than 65°C, though a supercritical fluid may
form. Accordingly, during debinding, the green bodies
210 is exposed to the supercritical fluid.
[0025] The pressure vessel 220 may be of sufficient
size to contain a plurality of green bodies 210. By way of
example, the pressure vessel 220 may enclose a volume
of about 1 L and may be capable of containing or holding
10,000 to 15,000 green bodies, for example, about
12,000 green bodies, configured in the form of orthodon-
tic brackets. However, the pressure vessel 220 may en-
close a volume that is larger or smaller than 1 L. In this
regard, in one embodiment, the ratio of the volume of the
plurality of green bodies 210 to the usable chamber vol-
ume of the pressure vessel 220 is from 10% to 15% and
by way of further example about 12.5%. It will be appre-
ciated that the exposed surface area of green bodies is
large. By way of example, the exposed surface area is
at least 800 sq. in. (0,52 m2) and may range from 850
sq. in. (0,55 m2) to 2,000 sq. in. (1,29 m2) and by way of
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further example ranges from 900 sq. in. (0,68 m2) to 1,600
sq. in. (1,03 m2). The increase in exposed surface area
per green body facilitates or increases the binder removal
rate.
[0026] The supercritical fluid may be formed from a
fluid chemical which exists initially in a gaseous state or
initially in a liquid state. In one embodiment, in which the
supercritical fluid is formed from a fluid chemical that in-
itially exists as a liquid, a liquid supply system 230 is
coupled to the pressure vessel 220 at an outlet 221 and
is configured to supply a liquid chemical to the pressure
vessel 220. To that end, the liquid supply system 230
includes a liquid source 232, which may include prefilled
bottles of the liquid chemical and/or may include a con-
tinuous supply of the liquid chemical. By way of example,
the fluid chemical may include carbon dioxide (CO2) so
that the liquid source 232 supplies liquid CO2 to the pres-
sure vessel 220. It is contemplated, however, that the
supercritical fluid may be formed from a fluid chemical
that initially exists in the gaseous state so that embodi-
ments of the present invention are not limited to forming
a supercritical fluid from a liquid chemical, such as liquid
CO2. The liquid supply system 230 may supply the liquid
at a flow rate of 30 to 40 liters per minute (Ipm). However,
higher and lower flow rates are contemplated, and the
flow rate depends on the size of the pressure vessel 220,
the amount of liquid in the liquid source 232, and the
temperature of the liquid therein.
[0027] The liquid supply system 230 includes a pump
234 coupled to the liquid source 232. The pump 234 may
be piston driven and require a source of compressed air
236 to pump the liquid chemical from the liquid source
232. For example, the compressed air 236 provides an
air pressure of about 100 psi (about 689 kPa) or more to
the pump 234. However, other pump configurations may
be used to pump the fluid chemical from the source 232.
The pump 234 may draw the liquid chemical through a
siphon tube (not shown) positioned within the liquid
source 232 or otherwise force the liquid chemical from
the liquid source 232 into the pressure vessel 220. The
pump 234 may also increase the pressure of the liquid
chemical to a pressure above that of standard tempera-
ture and pressure (STP) (i.e., 14.504 psi or 100 kPa) or
a pressure at or above a pressure that exceeds a critical
pressure of the liquid chemical to cause the liquid chem-
ical to enter a supercritical phase.
[0028] With continued reference to Fig. 1, the liquid
supply system 230 further includes a heater 238 for heat-
ing the liquid chemical supplied by the liquid source 232.
To facilitate supercritical fluid formation, a heater 238
heats the liquid chemical to a temperature that exceeds
STP temperature, i.e., 0° C., or to a temperature at or
above a critical temperature of the liquid chemical. In this
regard, the combination of heat provided by the heater
238 and pressure provided by the pump 234 causes the
liquid chemical to become a supercritical fluid in the pres-
sure vessel 220 and/or in the liquid supply system 230
just prior to entry into the pressure vessel 220. It will be

appreciated that the heater 238 and the pump 234 may
operate sequentially or simultaneously to heat and pres-
surize the liquid chemical.
[0029] In the supercritical phase, the liquid chemical is
at or above its critical temperature and at or above its
critical pressure. A supercritical phase is a fluid-like state
in which the fluid chemical, which is initially a gas or a
liquid, adopts properties between a gaseous state and a
liquid state. The fluid chemical may exist as a gas or liquid
at STP, but embodiments of the invention are not limited
thereto. As is known, a phase diagram of a substance
may depict multiple phases at various combinations of
temperature and pressure. For instance, these phases
may include a gas phase, a solid phase, a liquid phase,
and may also depict a supercritical fluid phase. By ad-
justing the temperature and the pressure of the sub-
stance, for example, a substance which is a gas at STP,
the substance may be transformed into a solid, a liquid,
or a supercritical fluid. This transformation is reversible.
By way of example, where the gas is CO2, the critical
temperature is 31.1°C and the critical pressure is about
1,071 psi (about 7,384 kPa). Thus, increasing the tem-
perature and the pressure of CO2 gas from STP to a
temperature at or above a temperature of 31.1 °C and a
pressure at or above a pressure of 1,071 psi (7,384 kPa)
will result in the formation of supercritical CO2
[0030] With reference to Fig. 1, in one embodiment, a
pressure transducer 240 is used to measure the pressure
of the liquid chemical at or near the pressure vessel 220.
The pressure measurement may be utilized by a com-
puter (not shown) to operate the pump 234 in a manner
by which the pressure of the liquid chemical may be in-
creased or decreased according to a predetermined
process.
[0031] In one embodiment, once the liquid chemical is
injected or flowed into the pressure vessel 220, the pres-
sure vessel 220 containing green bodies 210 is sealed.
The pressure and temperature inside the pressure vessel
220 is adjusted so as to exceed the critical temperature
and critical pressure required to cause a supercritical fluid
to form.
[0032] As such and according to the present invention,
the green bodies 210 are exposed to the supercritical
fluid. The pressure vessel 220 may be sealed so as to
expose the green bodies 210 to the supercritical fluid for
a fixed, predetermined period of time. That is, no flow
from or into the pressure vessel 220 occurs during this
"static" period. The supercritical fluid thus dissolves or
otherwise removes all or a portion of the binder from the
green bodies 210. While it is possible to evacuate the
pressure vessel 220 prior to filing it with the liquid chem-
ical, the residual atmospheric gases in the pressure ves-
sel 220 introduced on loading the green bodies 210 does
not pose a problem for supercritical fluid formation. After
this initial "static" period, the supercritical fluid is released
from the pressure vessel 220. It will be appreciated that
the supercritical fluid, at the time that it is released from
the pressure vessel 220, may be saturated or at least
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contain dissolved or removed binder from the green bod-
ies 210. The static period may last from 1 minute to 5
minutes or more. In one embodiment, all of the binder in
the green bodies 210 is removed before the supercritical
fluid is released from the pressure vessel 220.
[0033] In one embodiment, following release of the su-
percritical fluid and removed binder, additional, fresh liq-
uid chemical is flowed toward the pressure vessel 220.
That is, the fresh liquid chemical has yet to be exposed
to binder and therefore does not contain dissolved binder.
The pressure and temperature of the additional fresh liq-
uid chemical are adjusted, as set forth above, by the
pump 234, the heater 238, and/or the pressure vessel
heater (not shown) to cause the additional fresh liquid
chemical to enter the supercritical phase in or near the
pressure vessel 220. This is referred to as a "dynamic
stage" of the debinding process.
[0034] During the dynamic stage, the flow of liquid
chemical or fresh supercritical fluid into and out of the
pressure vessel 220 is continuous and may removes or
dissolves any remaining or residual binder in the green
bodies 210. The dynamic stage may last for 30 minutes
to 60 minutes. With one or both of the static and/or dy-
namic flow of the supercritical fluid through the vessel
220, the binder removal rate may range from 0.5 g per
minute to 1 g per minute. The debinding process there-
fore takes 31 minutes to 90 minutes depending on the
configuration and number of green bodies 210 positioned
in the pressure vessel 220. This may be compared to a
thermal debinding process of the same number and type
of green bodies 210 that may take on the order of 24
hours.
[0035] With continued reference to Fig. 1, the system
200 may include additional components to facilitate de-
binding of the green bodies 210. An inlet valve 242 may
separate the pressure vessel 220 from the liquid source
232. The valve 242 may be automatically opened and
closed, such as by a PLC or other computer, to allow
liquid chemical to flow into the vessel 220 at a predeter-
mined time, temperature, and/or pressure.
[0036] The system 200 further includes a collection
vessel 244 coupled to the pressure vessel 220. As the
supercritical fluid is released from the pressure vessel
220, it flows toward the collection vessel 244 through a
pipe or tubing 246. Once the supercritical fluid leaves the
pressure vessel 220, the pressure and the temperature
of the supercritical fluid begins to drop. As such, the sol-
ubility of the binder in the supercritical fluid also drops
and results in separation of the binder from the super-
critical fluid in the tubing 246 prior to reaching the collec-
tion vessel 244.
[0037] According to the invention, to maintain a prede-
termined temperature in the tubing 246 between the col-
lection vessel 244 and the pressure vessel 220, insula-
tion (not shown) may encircle the tubing 246 and heaters
are positioned to provide heat to the tubing 246. The tub-
ing 246 extends only a limited distance over which the
temperature may be more uniformly controlled. By way

of example, the tubing 246 is less than 2© feet (0,76 m)
long, and by way of further example, is between 1 foot
(about 0.3048 meter) and 2 feet (about 0.6096 meter)
long. In one embodiment, the tubing 246 is about 1© feet
(0,46 m) long. In addition, the diameter the tubing may
be larger than 1/8 inch (0.3175 centimeter) in diameter,
for example, the tubing 246 and have an internal diameter
of about ¨ inch (about 0.635 centimeter). As the super-
critical fluid enters a non-supercritical state or becomes
a non-supercritical fluid, for example, the supercritical
fluid transitions back to a liquid phase or other fluid phase,
any binder that begins to separate from the gas in the
tubing 246 remains heated so that it flows into the col-
lection vessel 244. The heater may heat the contents of
the tubing 246 to a temperature of 100°C or more, for
example, to a temperature of about 180°C. It will be ap-
preciated that the configuration of the tubing 246 and
heaters with insulation reduces or eliminates the proba-
bility that the separated binder clogs the tubing 246 at
the above-identified removal rates. In addition, in one
embodiment, a pressure regulator 260 is positioned in
the tubing 246 to control the pressure drop of the super-
critical fluid therein.
[0038] Furthermore, at some point between the pres-
sure vessel 220 and the collection vessel 244 or at the
collection vessel 244, the supercritical fluid wholly or par-
tially transforms back to the liquid phase as one or both
of the temperature and pressure continues to fall below
the necessary critical values. When this occurs, the bind-
er separates from the resulting liquid or other phase and
is captured in the collection vessel 244 for later removal.
In this regard, the pressure of the fluid in the collection
vessel 244 may be controlled in a manner to allow it to
drop below the critical pressure. However, the tempera-
ture within the collection vessel 244 may be maintained
at or above the temperature sufficient to keep the binder
in a flowable state. By way of example, a heater (not
shown) proximate collection vessel 244 maintains the
temperature within the collection vessel 244 at a temper-
ature of 90°C or more.
[0039] In one embodiment, the system 200 includes a
vent line 248 that extends from the collection vessel 244
and that vents fluid from the collection vessel 244 to the
atmosphere. The vent line 248 may include a flowmeter
250 for measuring the rate of escape of the gas from the
collection vessel 244. In one embodiment, the system
200 includes a relief line 252 and relief valve 254 coupled
to the collection vessel 244 as a safety precaution to pre-
vent over pressurization of the vessel 244.
[0040] In one embodiment, a drain line 256 is coupled
to and extends from the collection vessel 244. As the
binder is collected in the collection vessel 244 during
each cycle of the static and/or dynamic stages, it may be
drained from the collection vessel 244 and reclaimed via
the drain line 256. Once the binder is removed from one
set of green bodies, the binder-free bodies are removed
from the pressure vessel 220 and subsequently sintered,
and a new set of green bodies 210 may then be place
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within the pressure vessel 220.
[0041] The system 200 may further include an outlet
valve 258 positioned between the pressure vessel 220
and the collection vessel 244. As with the inlet valve 242,
the outlet valve 258 may be automatically controlled by
the PLC or another computerized system (not shown) to
open and close according to a predetermined schedule.
In the process described above, after the static stage,
the outlet valve 258 may be opened to allow the super-
critical fluid to escape from the pressure vessel 220 and
flow toward the collection vessel 244. The outlet valve
258 is then partially or fully open during any subsequent
dynamic stage to further debind, if necessary, the green
bodies 210.
[0042] The system 200 may further include an auto
vent valve 262 coupled to the pressure vessel 220 at or
near the outlet 223 of the pressure vessel 220. The auto
vent valve 262 may be utilized to vent the pressure vessel
220 to atmospheric pressure and to bypass the collection
vessel 244 and the outlet valve 258. By way of example,
the auto vent valve 262 is utilized near the end of the
debinding process at which time the pressure vessel 220
must be allowed to equilibrate with atmospheric pressure
for unloading and reloading of the green bodies 210. The
system 200 may further include a rupture disc 264 directly
coupled to the outlet 223 of the pressure vessel 220. The
rupture disc 264 allows the pressure vessel 220 to vent
to atmosphere in the event that the pressure vessel 220
becomes over-pressurized and each of the vent valve
262 and outlet valve 258 fail to open.
[0043] Referring now to Figs. 2 and 3, there is shown
an exemplary orthodontic bracket 10 that may be man-
ufactured according to a process or with embodiments
of the system 200 as set forth herein. The orthodontic
bracket 10 is disclosed in US-A-2010 055 637.
[0044] As shown, the orthodontic bracket 10 includes
a bracket body 12 and a movable closure member cou-
pled to the bracket body 12. The movable closure mem-
ber may include a ligating slide 14 slidably coupled with
the bracket body 12. In one embodiment, green bodies
configured in the form of the bracket body 12 and the
ligating slide 14 are made by a CIM process, as is set
forth herein. The green bodies are then placed in system
200 and subject to a supercritical fluid debinding process
described above. Following debinding, the green bodies
are sintered so as to form the bracket body 12 and the
ligating slide 14. It will be appreciated that a green body
in the configuration of orthodontic bracket 10 may alter-
natively be made by a MIM process and debound ac-
cording to embodiments disclosed herein. Furthermore,
it will be appreciated that other green bodies in the con-
figuration of other orthodontic appliances may be made
by other PIM processes, debound, and sintered as de-
scribed above.
[0045] As is shown, the bracket body 12 includes an
archwire slot 16 formed therein adapted to receive an
archwire 18 (shown in phantom) for applying corrective
forces to the teeth. The ligating slide 14 is movable be-

tween an opened position (Fig. 2) in which the archwire
18 is insertable into the archwire slot 16, and a closed
position (Fig. 3) in which the archwire 18 is retained within
the archwire slot 16. The bracket body 12 and ligating
slide 14 collectively form a self-ligating orthodontic brack-
et 10 for use in corrective orthodontic treatments.

Claims

1. A system for debinding a green body (210) in the
form of an orthodontic appliance comprising:

a pressure vessel (220) configured to contain a
plurality of green bodies (210), including sinter-
able particles and a binder, and a supercritical
fluid capable of removing the binder from the
green bodies (210),
a source (232) of a fluid chemical coupled to the
pressure vessel (220) and configured to supply
the fluid chemical to the pressure vessel (220),
a heat source (238) configured to heat the fluid
chemical to at least a supercritical temperature
of the fluid chemical,
a pump (234) configured to pressurize the fluid
chemical to at least a supercritical pressure of
the fluid chemical, the combination of the super-
critical pressure and supercritical temperature
being sufficient to form the supercritical fluid in
contact with the binder of the green bodies (210),
and
a collection vessel (244) coupled to the pressure
vessel (220) for receiving the fluid chemical and
the binder removed from the green bodies (210),
the collection vessel (244) being configured to
capture the binder removed from the green bod-
ies (210),
wherein a tube (246) couples the pressure ves-
sel (220) to the collection vessel (244) for flowing
the fluid chemical and the binder from the pres-
sure vessel (220) to the collection vessel (224),
characterized in that the system further com-
prises a heater for heating the binder as the bind-
er flows through the tube (246).

2. The system of claim 1 wherein the tube (246) is less
than 0.762 meter long.

3. The system of either claim 1 or claim 2 further com-
prising an outlet valve (258) coupled to the pressure
vessel (220) between the pressure vessel (220) and
the collection vessel (244) and configured to be au-
tomatically opened and closed.

4. The system of any preceding claim further compris-
ing an inlet valve (242) coupled to the pressure ves-
sel (220) between the source (232) of the fluid chem-
ical and the pressure vessel (220) and configured to
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be automatically opened and closed.

5. A method of manufacturing an orthodontic appli-
ance, comprising:

exposing a plurality of green bodies (210) includ-
ing sinterable particles and a binder to a super-
critical fluid in a pressure vessel (220) to remove
at least some of the binder from the green bodies
(210),
collecting the removed binder from the super-
critical fluid in a collection vessel (244) as the
supercritical fluid transitions to a non-supercrit-
ical fluid,
flowing the removed binder from the pressure
vessel (220) to the collection vessel (224) via a
tube (246) that couples the pressure vessel
(220) to the collection vessel (244), and
heating the removed binder as the binder flows
through the tube (246).

6. The method of claim 5 wherein before exposing the
green bodies (210), the method further comprises
injection molding the green bodies (210).

7. The method of either claim 5 or claim 6 wherein prior
to and/or during exposing the green bodies (210),
the method further comprises:

heating a fluid chemical that exists as a fluid at
standard temperature and standard pressure to
a temperature equal to or greater than a critical
temperature of the fluid chemical, and
pressurizing the fluid chemical to a pressure
equal to or greater than a critical pressure of the
fluid chemical to form the supercritical fluid.

8. The method of any one of claims 5 to 7 wherein ex-
posing the green bodies (210) includes exposing the
green bodies (210) to the supercritical fluid in a pres-
sure vessel (220) for a period of time during which
there is no flow of the supercritical fluid from the pres-
sure vessel (220) or into the pressure vessel (220).

9. The method of claim 8 wherein, following exposing
the green bodies (210) to the supercritical fluid during
the period of time during which there is no flow, ex-
posing the green bodies includes flowing additional
supercritical fluid into the pressure vessel (220) and
flowing the supercritical fluid out of the pressure ves-
sel (220).

10. The method of any one of claims 5 to 9 wherein col-
lecting the removed binder includes cooling the tem-
perature of the supercritical fluid below a critical tem-
perature and/or reducing the pressure of the super-
critical fluid below a critical pressure to form the non-
supercritical fluid.

11. The method of any one of claims 5 to 10 wherein,
following exposing the green bodies to the supercrit-
ical fluid, the method further comprises sintering the
green bodies (210) so as to consolidate the sintera-
ble particles into sintered bodies.

12. The method of claim 11 wherein, following sintering,
the method further comprises finishing the sintered
bodies so as to form orthodontic appliances.

13. The method of any one of claims 5 to 12 wherein the
supercritical fluid includes CO2.

Patentansprüche

1. System zum Entbindern eines Grünteils (210) in der
Form einer orthodontischen Vorrichtung, umfas-
send:

einen Druckbehälter (220), der gestaltet ist, um
mehrere Grünteile (210), die sinterbare Teilchen
und einen Binder beinhalten, und ein überkriti-
sches Fluid, das den Binder aus den Grünteilen
(210) entfernen kann, zu beinhalten,
eine Quelle (232) eines chemischen Fluids, die
mit dem Druckbehälter (220) gekoppelt ist und
zum Zuführen des chemischen Fluids zum
Druckbehälter (220) gestaltet ist,
eine Wärmequelle (238), die zum Erwärmen des
chemischen Fluids zumindest auf eine überkri-
tische Temperatur des chemischen Fluids ge-
staltet ist,
eine Pumpe (234), die zum Druckbeaufschla-
gen des chemischen Fluids zumindest auf einen
überkritischen Druck des chemischen Fluids ge-
staltet ist, wobei die Kombination des überkriti-
schen Drucks und der überkritischen Tempera-
tur ausreicht, um das überkritische Fluid in Kon-
takt mit dem Binder der Grünteile (210) zu bil-
den, und
einen mit dem Druckbehälter (220) gekoppelten
Sammelbehälter (244) zum Aufnehmen des
chemischen Fluids und des aus den Grünteilen
(210) entfernten Binders, wobei der Sammelbe-
hälter (244) zum Auffangen des aus den Grün-
teilen (210) entfernten Binders gestaltet ist,
wobei ein Rohr (246) den Druckbehälter (220)
mit dem Sammelbehälter (244) koppelt, um das
chemische Fluid und den Binder aus dem Druck-
behälter (220) zum Sammelbehälter (224) strö-
men zu lassen,
dadurch gekennzeichnet, dass das System
ferner eine Heizung zum Erwärmen des Binders
beim Strömen des Binders durch das Rohr (246)
aufweist.

2. System nach Anspruch 1, wobei das Rohr (246) we-
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niger als 0,762 m lang ist.

3. System nach Anspruch 1 oder Anspruch 2, das fer-
ner ein Auslassventil (258) aufweist, das zwischen
dem Druckbehälter (220) und dem Sammelbehälter
(244) mit dem Druckbehälter (22) gekoppelt ist und
gestaltet ist, um automatisch geöffnet und geschlos-
sen zu werden.

4. System nach einem der vorhergehenden Ansprü-
che, das ferner ein Einlassventil (242) aufweist, das
zwischen der Quelle (232) des chemischen Fluids
und dem Druckbehälter (220) mit dem Druckbehälter
(220) gekoppelt ist und gestaltet ist, um automatisch
geöffnet und geschlossen zu werden.

5. Verfahren zum Herstellen einer orthodontischen
Vorrichtung, umfassend:

Inkontaktbringen mehrerer Grünteile (210), die
sinterbare Teilchen und einen Binder beinhal-
ten, mit einem überkritischen Fluid in einem
Druckbehälter (220), um wenigstens einen Teil
des Binders aus den Grünteilen (210) zu entfer-
nen,
Sammeln des entfernten Binders aus dem über-
kritischen Fluid, wenn das überkritische Fluid in
ein nichtüberkritisches Fluid übergeht, in einem
Sammelbehälter (244),
Strömenlassen des entfernten Binders von dem
Druckbehälter (220) über ein Rohr (246), das
den Druckbehälter (220) mit dem Sammelbe-
hälter (244) koppelt, zum Sammelbehälter
(224), und
Erwärmen des entfernten Binders, während der
Binder durch das Rohr (246) strömt.

6. Verfahren nach Anspruch 5, wobei das Verfahren
vor dem Inkontaktbringen der Grünteile (210) ferner
das Spritzgießen der Grünteile (210) aufweist.

7. Verfahren nnach Anspruch 5 oder Anspruch 6, wobei
das Verfahren vor und/oder nach dem Inkontaktbrin-
gen der Grünteil (210) ferner Folgendes aufweist:

Erwärmen eines chemischen Fluids, das als
Fluid mit Normaltemperatur und Normaldruck
besteht, auf eine Temperatur, die so hoch wie
die kritische Temperatur des chemischen Fluids
oder höher ist, und
Druckbeaufschlagen des chemischen Fluids
auf einen Druck, der so groß wie ein kritischer
Druck des chemischen Fluids oder größer ist,
um das superkritische Fluid zu bilden.

8. Verfahren nach einem der Ansprüche 5 bis 7, wobei
das Inkontaktbringen der Grünteile (210) das Inkon-
taktbringen der Grünteile (210) mit dem superkriti-

schen Fluid in einem Druckbehälter (220) für eine
Zeitspanne beinhaltet, während der kein superkriti-
sches Fluid aus dem Druckbehälter (220) oder in
den Druckbehälter (220) strömt.

9. Verfahren nach Anspruch 8, wobei nach dem Inkon-
taktbringen der Grünteile (210) mit dem superkriti-
schen Fluid während der Zeitspanne, während der
es nicht strömt, das Inkontaktbringen der Grünteile
das Strömenlassen von zusätzlichem superkriti-
schen Fluid in den Druckbehälter (220) und das Strö-
menlassen des superkritischen Fluids aus dem
Druckbehälter (220) beinhaltet.

10. Verfahren nach einem der Ansprüche 5 bis 9, wobei
das Sammeln des entfernten Binders das Kühlen
der Temperatur des superkritischen Fluids auf unter
eine kritische Temperatur und/oder das Reduzieren
des Drucks des superkritischen Fluids auf unter ei-
nen kritischen Druck beinhaltet, um das nichtsuper-
kritische Fluid zu bilden.

11. Verfahren nach einem der Ansprüche 5 bis 10, wobei
das Verfahren nach dem Inkontaktbringen der Grün-
teile mit dem superkritischen Fluid ferner das Sintern
der Grünteile (210) aufweist, um die sinterbaren Teil-
chen zu Sinterteilen zu verdichten.

12. Verfahren nach Anspruch 11, wobei das Verfahren
nach dem Sintern ferner das Fertigbearbeiten der
Sinterteile aufweist, um orthodontische Vorrichtun-
gen auszubilden.

13. Verfahren nach einem der Ansprüche 5 bis 12, wobei
das superkritische Fluid CO2 beinhaltet.

Revendications

1. Système de déliantage d’un corps cru (210) ayant
la forme d’un appareil orthodontique comprenant :

un récipient sous pression (220) configuré pour
contenir une pluralité de corps crus (210), com-
portant des particules frittables et un liant, et un
fluide supercritique capable d’éliminer le liant
des corps crus (210),
une source (232) d’un produit chimique fluide
couplé au récipient sous pression (220) et con-
figurée pour fournir le produit chimique fluide au
récipient sous pression (220),
une source de chaleur (238) configurée pour
chauffer le produit chimique fluide à au moins
une température supercritique du produit chimi-
que fluide,
une pompe (234) configurée pour pressuriser le
produit chimique fluide à au moins une pression
supercritique du produit chimique fluide, la com-
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binaison de la pression supercritique et de la
température supercritique étant suffisante pour
former le fluide supercritique en contact avec le
liant des corps crus (210), et
un récipient de collecte (244) couplé au récipient
sous pression (220) pour recevoir le produit chi-
mique fluide et le liant éliminé des corps crus
(210), le récipient de collecte (244) étant confi-
guré pour capturer le liant éliminé des corps crus
(210),
dans lequel un tube (246) couple le récipient
sous pression (220) au récipient de collecte
(244) pour l’écoulement du produit chimique flui-
de et du liant depuis le récipient sous pression
(220) vers le récipient de collecte (224),
caractérisé en ce que le système comprend en
outre un élément chauffant pour chauffer le liant
lors de son écoulement à travers le tube (246).

2. Système selon la revendication 1, dans lequel le tube
(246) mesure moins de 0,762 mètre de long.

3. Système selon la revendication 1 ou la revendication
2, comprenant en outre un clapet de sortie (258) cou-
plé au récipient sous pression (220) entre le récipient
sous pression (220) et le récipient de collecte (244)
et configuré pour être ouvert et fermé automatique-
ment.

4. Système selon l’une quelconque des revendications
précédentes, comprenant en outre un clapet d’ad-
mission (242) couplé au récipient sous pression
(220) entre la source (232) du produit chimique et le
récipient sous pression (220) et configuré pour être
automatiquement ouvert et fermé.

5. Procédé de fabrication d’un appareil orthodontique,
comprenant :

l’exposition d’une pluralité de corps crus (210)
comportant des particules frittables et un liant à
un fluide supercritique dans un récipient sous
pression (220) pour éliminer au moins une partie
du liant des corps crus (210),
la collecte du liant éliminé du fluide supercritique
dans un récipient de collecte (244) à la transition
du fluide supercritique en un fluide non super-
critique,
l’écoulement du liant éliminé depuis le récipient
sous pression (220) vers le récipient de collecte
(224) à travers un tube (246) qui couple le réci-
pient sous pression (220) au récipient de collec-
te (244), et
le chauffage du liant éliminé à l’écoulement du
liant à travers le tube (246).

6. Procédé selon la revendication 5, comprenant en
outre avant l’exposition des corps crus (210), le mou-

lage par injection des corps crus (210).

7. Procédé selon l’une ou l’autre de la revendication 5
ou de la revendication 6, comprenant en outre avant
et/ou durant l’exposition des corps crus (210) :

le chauffage d’un produit chimique fluide qui
existe sous forme de fluide à une température
standard et une pression standard à une tem-
pérature égale ou supérieure à une température
critique du produit chimique fluide, et
la pressurisation du produit chimique fluide à
une pression égale ou supérieure à une pres-
sion critique du produit chimique fluide pour for-
mer le fluide supercritique.

8. Procédé selon l’une quelconque des revendications
5 à 7, dans lequel l’exposition des corps crus (210)
comporte l’exposition des corps crus (210) au fluide
supercritique dans un récipient sous pression (220)
pendant une période de temps durant laquelle aucun
fluide supercritique ne s’écoule depuis le récipient
sous pression (220) ou n’entre dans le récipient sous
pression (220).

9. Procédé selon la revendication 8, dans lequel, après
l’exposition des corps crus (210) au fluide supercri-
tique pendant la période de temps sans écoulement,
l’exposition des corps crus comporte l’écoulement
d’un fluide supercritique supplémentaire dans le ré-
cipient sous pression (220) et l’écoulement du fluide
supercritique hors du récipient sous pression (220).

10. Procédé selon l’une quelconque des revendications
5 à 9, dans lequel la collecte du liant éliminé com-
porte le refroidissement de la température du fluide
supercritique en dessous d’une température critique
et/ou la réduction de la pression du fluide supercri-
tique en dessous d’une pression critique pour former
le fluide non supercritique.

11. Procédé selon l’une quelconque des revendications
5 à 10, comprenant en outre, après l’exposition des
corps crus au fluide supercritique, le frittage des
corps crus (210) de manière à consolider les parti-
cules frittables en corps frittés.

12. Procédé selon la revendication 11, comprenant en
outre, après le frittage, la finition des corps frittés
pour former des appareils orthodontiques.

13. Procédé selon l’une quelconque des revendications
5 à 12, dans lequel le fluide supercritique comporte
du CO2.
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