
(19) United States 
US 2008.0005923A1 

(12) Patent Application Publication (10) Pub. No.: US 2008/0005923 A1 
Zwingenberger et al. (43) Pub. Date: Jan. 10, 2008 

(54) APPARATUS AND METHOD FOR DRYING 
INSTRUMENTS USING SUPERHEATED 
STEAM 

(76) Inventors: Arthur Zwingenberger, Luzern 
(CH); Gabriel Gheorghe Naghi, 
Richmond Hill (CA); David 
Bryant Snaith, Toronto (CA); 
Andy Kwan-Leung Sun, Toronto 
(CA); Michel Stanier, Richmond 
Hill (CA) 

Correspondence Address: 
Clark & Brody 
Suite 250, 1090 Vermont Avenue, N.W. 
Washington, DC 20005 

(21) Appl. No.: 11/481,910 

(22) Filed: Jul. 7, 2006 

Publication Classification 

(51) Int. Cl. 
F26B I3/30 (2006.01) 
F26B 5/04 (2006.01) 

(52) U.S. Cl. .............................................. 34/411; 34/92 
(57) ABSTRACT 

An apparatus and method for drying instruments using 
Superheated Steam. The apparatus comprises a chamber for 
receiving the instruments, a distribution means for distrib 
uting Superheated Steam within the chamber and an exhaust 
means for purging vaporized moisture from the chamber. 
The chamber has at least one inlet port which is connected 
to the distribution means. The method comprises Sterilizing 
the instruments using Saturated Steam generated by the 
steam generation means and drying the instruments using 
Superheated Steam generated by the steam generation means 
to vaporize moisture within the chamber and purging the 
vaporized moisture from the chamber using the exhaust 
CaS. 
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APPARATUS AND METHOD FOR DRYING 
INSTRUMENTS USING SUPERHEATED 

STEAM 

FIELD OF THE INVENTION 

0001. The present invention relates to apparatus for dry 
ing medical or dental instruments and the like using Super 
heated Steam. 

BACKGROUND OF THE INVENTION 

0002. When steam is heated to a temperature above the 
boiling point corresponding to its pressure, it becomes 
Superheated Steam. Superheated Steam has a greater heat 
capacity than air due to its water content and is therefore 
capable of delivering more heat energy to an instrument to 
be dried, thus vaporizing moisture more efficiently. This 
property of Superheated Steam has been exploited in a 
number of industries including the food and paper indus 
tries. 
0003. In known steam sterilization processes which are 
used to sterilize medical or dental instruments and the like, 
unless they are to be used immediately, the instruments must 
be dried after they have been sterilized. Air (hot or room 
temperature) is often used to perform this drying step. Heat 
energy from the air is transferred to the instruments to 
vaporize any residual moisture on the instruments or within 
the sterilization chamber. Residual moisture on the instru 
ments is also evaporated by the release of the heat stored in 
the instruments, in which case the air acts as a carrier to 
remove the evaporated moisture. The use of air for drying is 
not particularly effective if the instruments are wrapped or 
pouched or if the instruments have a shape that traps 
moisture. In particular, Sterilization pouches which are typi 
cally used in the medical and dental industries tend to retain 
water and air drying of these pouches can be both ineffective 
and time-consuming. 
0004. There are also known steam sterilization processes 
which involve vacuum-assisted drying where chamber pres 
Sure is lowered by means of drawing a vacuum to decrease 
the boiling point of the condensate causing it to evaporate 
more rapidly. This process requires a vacuum pump in 
addition to heating means which is costly and requires a 
leak-tight system to operate. 
0005 U.S. Pat. No. 6,026,588 discloses a superheated 
vapour dryer system for the precision removal of water from 
parts including disk drive media, flat panel displays and the 
like. The system boils and condenses solvents such as 
isopropyl alcohol to remove water and other contamination 
from the parts. After the parts have been treated with a liquid 
Solvent, they are exposed to Superheated vapours. As heat 
from the Superheated vapours is transferred to the parts, any 
liquid solvent remaining will be boiled off. The parts are 
Supported by a moving tray or Suspended from hooks so that 
they may be immersed in and removed from a Supply of 
liquid solvent. The parts are exposed to the Superheated 
vapours by moving them through a so-called vapour Zone. 
This type of system is not well-suited to the medical/dental 
sterilization industry in terms of size and speed require 
mentS. 

0006. A number of prior patents in the field of medical/ 
dental sterilization disclose the use of superheated steam for 
sterilization. U.S. Pat. No. 1,902.625 (Dunham) discloses a 
steam Sterilizer in which Superheated Steam is fed into a 
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sterilization chamber via a plurality of expansion nozzles to 
sterilize instruments. U.S. Pat. No. 1,377,725 (Pentz) also 
discloses a steam sterilizer in which steam at a temperature 
high above the boiling point is fed into a sterilization 
chamber via a plurality of openings in the walls of the 
sterilization chamber. As the Superheated Steam cools after 
sterilization is complete, it will condense on instrument 
Surfaces. 

SUMMARY OF THE INVENTION 

0007 Embodiments of the present invention provide 
apparatus for drying medical or dental instruments and the 
like using Superheated Steam, a method for drying Such 
instruments using Superheated Steam, and a system for 
sterilizing using Saturated Steam and drying Such instru 
ments using Superheated Steam. By distributing Superheated 
steam within an instrument chamber, many different types of 
load, including both pouched/wrapped instruments and 
loose instruments, may be quickly and effectively dried. The 
time required for drying the instruments using Superheated 
steam is shorter than the time required for drying the 
instruments using air because Superheated Steam has a 
higher heat capacity than air and is therefore able to transfer 
a greater amount of heat to vaporize any residual moisture. 
In the case of a cassette Sterilizer or autoclave, the drying 
time using Superheated Steam as opposed to conventional 
heated compressed air was found to be shortened by as much 
as 75%. 

0008. In accordance with an embodiment of the present 
invention, there is provided an apparatus for drying instru 
ments using Superheated Steam. The apparatus comprises a 
chamber for receiving the instruments, a steam generation 
means, a distribution means and an exhaust means. The 
chamber has at least one inlet port. The steam generation 
means generates Superheated Steam. The distributions means 
is connected to the at least one inlet port for distributing 
Superheated Steam from the Steam generation means, 
through the inlet port, within the chamber. The exhaust 
means is for purging vaporized moisture from the chamber. 
0009. In accordance with a further embodiment of the 
invention, there is provided an apparatus for drying medical 
or dental instruments using Superheated Steam in a steam 
sterilization system for the sterilization of the instruments 
using Saturated Steam. The apparatus for drying comprises a 
chamber for receiving the instruments, a steam generation 
means, a distribution means and an exhaust means. The 
chamber has at least one inlet port. The steam generation 
means generates Superheated Steam. The distributions means 
is connected to the at least one inlet port for distributing 
Superheated Steam from the Steam generation means, 
through the inlet port, within the chamber. The exhaust 
means is for purging vaporized moisture from the chamber. 
0010. In accordance with yet a further embodiment of the 
present invention there is provided a method of drying 
medical or dental instruments using Superheated Steam in a 
steam Sterilization system. The steam Sterilization system 
has a chamber for receiving the instruments, at least one 
inlet port for connection to a steam generation means and an 
exhaust means for purging vaporized moisture from the 
chamber. The method comprises the steps of sterilizing the 
instruments using saturated Steam generated by the steam 
generation means and drying the instruments using Super 
heated Steam generated by the steam generation means to 
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vaporize moisture within the chamber and purging the 
vaporized moisture from the chamber using the exhaust 
CaS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. These and other advantages of the invention will 
become apparent upon reading the following detailed 
description and upon referring to the drawings in which: 
0012 FIG. 1 is a perspective view of a chamber in 
accordance with an embodiment of the invention; 
0013 FIG. 2 is an exploded schematic top perspective 
view of a tray and manifold assembly of the chamber of FIG. 
1; 
0014 FIG. 3 is an exploded schematic bottom perspec 
tive view of the tray and manifold assembly of FIG. 2 and 
FIG. 1; 
0015 FIG. 4 is a bottom view of a top manifold plate of 
the manifold assembly of FIGS. 1 to 3: 
0016 FIG. 5 is a section view of the top manifold plate 
of FIG. 4 along the line 5-5: 
0017 FIG. 6 is a bottom view of an alternative top 
manifold plate; 
0018 FIG. 7 is a bottom view of another alternative top 
manifold plate; 
0019 FIG. 8 is a bottom view of yet another alternative 
top manifold plate; 
0020 FIG. 9 is a perspective view of a drying rack; 
0021 FIG. 10 perspective view of a steam sterilization 
and Superheated Steam drying system in accordance with an 
embodiment of the invention; and 
0022 FIG. 11 is a block diagram of the system of FIG. 
10. 

0023. While the invention will be described in conjunc 
tion with the illustrated embodiments, it will be understood 
that it is not intended to limit the invention to such embodi 
ments. On the contrary, it is intended to cover all alterna 
tives, modifications and equivalents as may be included 
within the spirit and scope of the invention as defined by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0024. In the following description, similar features in the 
drawings have been given identical reference numerals 
where appropriate. 
0025 FIG. 1 illustrates an apparatus 10 for drying medi 
cal or dental instruments and the like using Superheated 
steam. Apparatus 10 comprises a chamber 12 for receiving 
the instruments (not shown). Chamber 12 has an inlet port 
14 (or more than one inlet port) for connecting the chamber 
12 to a steam generation means 16 (not shown in FIG. 1) to 
transfer Superheated Steam from the steam generation means 
16 to the chamber 12. Apparatus 10 further comprises a 
distribution means 18 connected to the inlet port 14 for 
distributing superheated steam within the chamber 12 and 
exhaust means 26 for purging vaporized moisture from the 
chamber 12. Exhaust means 26 may comprise an exhaust 
port 20, as illustrated in FIG. 1 (exhaust port 20 is shown in 
more detail in FIG. 11). 
0026 Chamber 12 may be a cassette, as illustrated in 
FIGS. 1 to 3, but it will be appreciated by those skilled in the 
art that other chamber configurations suitable for holding 
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instruments may be used. Chamber 12 shown in FIG. 1 to 3 
comprises a tray 22 and a lid 24 for covering and sealing the 
tray 22. 
0027. At the end of a sterilization process, the tempera 
ture of any residual moisture in the chamber 12 will drop and 
the moisture will have a tendency to condense on the 
instruments. By distributing superheated steam within the 
chamber 12, the moisture which has condensed on the 
instruments will be re-vaporized. The re-vaporized moisture 
may then be flushed out the exhaust port 20. 
0028. The instruments that are received by the chamber 
12 may be instruments that have been Sterilized using a 
steam sterilization process, instruments that have been 
washed using an instrument washer, instruments that have 
been disinfected using an instrument disinfector or any other 
damp instruments. Chamber 12 may also be used during a 
steam sterilization process, as will be described in more 
detail later in this description. Similarly, chamber 12 may be 
used during a washing process and/or during a disinfecting 
process. 

0029 Distribution means 18 may be any suitable means 
for distributing superheated steam within the chamber 12 
such as a point source diffuser. Referring to FIGS. 2 and 3. 
distribution means 18 may be a manifold assembly 32 which 
comprises a plurality of distributed steam ports 34 connected 
by a plurality of interconnected conduits 36. Interconnected 
conduits 36 are connected to the inlet port 14 via a manifold 
port 38. As shown, inlet port 14 is coupled to the manifold 
port 38 through an opening 40 in the chamber 12. Exhaust 
port 20 is coupled to the chamber 12 though an opening 41 
in the chamber 12. A nut 42 and/or any other suitable 
connector parts may be used to couple the inlet port 14 and 
the manifold port 38. Manifold assembly 32 may be located 
in a bottom portion of the tray 22 or any other suitable part 
of the chamber 12 

0030. It should be noted that by distributing superheated 
steam using the distribution means 18 within chamber 12, 
the drying time for a load of instruments can be significantly 
reduced. For example, in tests of a load in a cassette-type 
sterilizer, the drying time has been measured to be reduced 
by at least 33% compared to that without using distribution 
means 18. Those skilled in the art will recognize that the 
overall drying time will vary from these test results. Nev 
ertheless, this represents a significant improvement over 
existing sterilizer drying systems. Without using distribution 
means 18 to distribute superheated steam within the cham 
ber 12, it is very difficult to achieve complete dryness within 
the chamber 12 as the vaporized moisture will recondense as 
the chamber 12 cools due to heat loss to the surrounding. 
Additional heat cannot be applied to the chamber 12 through 
inlet port 14 to prevent recondensation as the chamber 12 
must be kept below a maximum allowable temperature that 
is dictated by the load, as will be discussed in more detail 
later in this description. Moreover, cassette-type sterilizers 
are not usually equipped with additional heaters around the 
cassette (such as a band heater) that could be used to prevent 
recondensation before drying is complete. 
0031 Interconnected conduits 36 may be a plurality of 
interconnected tubes. These interconnected tubes may be 
made up of metal, silicone, TeflonTM or other suitable 
materials. Alternatively, interconnected conduits 36 may be 
a plurality of interconnected channels, as shown in FIGS. 2 
and 3. 
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0032. Manifold assembly 32 may comprise a top mani 
fold plate 44, a bottom manifold plate 46 and a planar gasket 
48 disposed between the top manifold plate 44 and the 
bottom manifold plate 46. Steam ports 34 are distributed on 
a top surface 50 of the top manifold plate 44 and are 
connected to a plurality of grooves 52 on a bottom surface 
54 of the top manifold plate 44, as shown in FIG. 3. Planar 
gasket 48 also has a plurality of grooves 56 corresponding 
to the grooves 52 of the top manifold plate 44. Planar gasket 
48 is positioned in sealing contact with the bottom Surface 
54 of top manifold plate 44 to form the interconnected 
conduits 36 by coupling together the grooves 52 on the 
bottom surface 54 of the top manifold plate 44 and the 
grooves 56 on the planar gasket 48. Interconnected conduits 
36 are connected to manifold port 38. 
0033. The top manifold plate 44 and the bottom manifold 
plate 46 may be constructed of a high temperature thermo 
plastic. The planar gasket 48 may be made from silicone 
rubber. Those skilled in the art will appreciate and under 
stand of course that other suitable materials may be used. 
0034. Alternatively, manifold assembly 32 may comprise 
a top manifold plate 44 and a bottom manifold plate 46 
without a planar gasket 48. A plurality of grooves 52 may be 
provided in one or both of the top manifold plate 44 and the 
bottom manifold plate 46. The top manifold plate 44 and the 
bottom manifold plate 46 may be sealed together to form the 
interconnected conduits 36. Sealing may be accomplished 
by ultrasonic spot welding between contacting Surfaces of 
the plates and/or placement of sealing material between 
contacting Surfaces of the plates. 
0035. For a homogeneously damp load, the most efficient 
drying occurs when the entire load reaches a dry state 
simultaneously. Thus for an evenly distributed load, steam 
ports 34 are preferably evenly distributed within the cham 
ber 12. It should of course be understood that chamber 12 
may be configured for a specific load which is not neces 
sarily evenly distributed within the chamber 12 by adapting 
the arrangement of steam ports 34 to the shape of the load. 
0036. In order to dry an entire randomly positioned load 
simultaneously, uniform thermal power must be delivered 
by the superheated steam across the chamber 12 for the 
duration of the drying process. Thermal power is a function 
of both temperature and mass flow rate of the Superheated 
steam. The superheated steam will inevitably lose heat 
energy as it moves away from the inlet port 14 So that steam 
being delivered to the front portion 68 of the chamber 12 is 
cooler than steam being delivered to the rear portion 70 of 
the chamber 12. Heat energy will also be lost through the 
periphery 72 of the chamber 12. These effects can be 
compensated for by increasing the mass flow rate through 
the steam ports 34 which are located in the front portion 68 
of the chamber 12 and the steam ports 34 which are located 
close to the periphery of chamber 12. The mass flow rate can 
be increased by increasing the size of the conduits 36 and/or 
increasing the diameter of the steam ports 34. 
0037. As heat energy is being transferred from the super 
heated steam to the instrument load and the chamber 12, the 
Superheated Steam itself will cool down and approach a 
saturated state. Once the steam temperature drops below the 
saturated Steam curve at a given chamber pressure, steam 
will start to condense back to liquid water. This is highly 
undesirable as the condensate will re-wet the instrument 
load and the chamber 12. In order to avoid superheated 
steam from re-condensing, thermal power must be distrib 
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uted in Such a way so as to maintain a minimum chamber 
temperature that is above the saturated steam curve for a 
given chamber pressure. This can be achieved by biasing the 
locations of some of the steam ports 34 towards the interior 
space of the chamber 12 and distributing the remaining 
steam ports 34 towards the instrument load. 
0038 An optional temperature sensor, which is prefer 
ably located at the coldest spot inside the chamber, can be 
used to monitor the chamber temperature to ensure the 
minimum chamber temperature is attained throughout the 
entire drying phase of the cycle. The optional temperature 
sensor can also be used as a dryness indicator to indicate the 
end of the drying phase. As the condensate in the instrument 
load and the chamber 12 evaporate, less heat energy is 
required as there is no need to overcome any latent heat of 
vaporization of water. This will result in an increase in 
chamber temperature and which can be detected by the said 
temperature sensor. It is understood that this optional tem 
perature sensor can also be a chamber temperature sensor 
used to monitor the steam temperature during the steriliza 
tion process. 
0039. A number of suitable conduit and steam port 
arrangements have been contemplated, which will now be 
described with reference to FIGS. 4 to 8. It should be 
understood that these arrangements are examples and that 
embodiments of the invention may comprise any Suitable 
port and conduit arrangement. 
0040 FIGS. 4 and 5 illustrate the top manifold plate 44 
of the manifold assembly 32 shown in FIGS. 2 and 3. The 
sizes of grooves 52 are progressively smaller as they branch 
away from the Superheated Steam inlet in order to maintain 
a relatively constant mass flow rate throughout the entire 
manifold. The grooves 52 are arranged in a fractal branching 
arrangement similar to the fractal branching arrangement of 
bronchial tubes in a mammalian lung. These arrangements 
also attempt to minimize the sharpness of steam turns in 
order to minimize back pressure. Grooves 52 are connected 
to manifold port 38, as shown. 
0041 FIG. 6 illustrates an alternative top manifold plate 
80 in which the grooves 82 are arranged in a fractal 
branching arrangement which is somewhat simpler that the 
arrangement shown in FIG. 4 for ease of fabrication. 
Grooves 82 are connected to manifold port 38, as shown. 
0042 FIG. 7 illustrates another alternative configuration 
of conduits 36 in which tubes 86 are arranged in an H-shape 
having four leg portions 88, a bridge portion 90 and an inlet 
portion 92. Steam ports 34 may be distributed along the four 
leg portions 88. Inlet port 14 of the chamber 12 may be 
connected to the bridge portion 90 via the inlet portion 92 
which is connected to port 94. This arrangement is designed 
to provide a symmetric steam distribution as each leg 88 is 
of the same length. Steam ports 34 can be designed such that 
the steam ports 34 furthest from the inlet have a larger 
diameter than the steam ports 34 closer to the inlet so as to 
allow more flow to the furthest steam ports 34 to compensate 
for the decrease in Superheated Steam temperature at those 
locations and hence maintain an even thermal power deliv 
ery throughout the chamber 12. 
0043 FIG. 8 illustrates yet another alternative top mani 
fold plate 100 in which grooves 102 are arranged in a double 
H-shape having eight leg portions 104, a bridge portion 106 
and an inlet portion 108. Steam ports 34 may be distributed 
along the eight leg portions 104. Inlet port 14 of the chamber 
12 may be connected to the bridge portion 106 via the inlet 
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portion 108 which is connected to manifold port 38. This 
arrangement is designed to provide better coverage across 
the chamber 12. As before, the diameter of the steam ports 
34 can be adjusted to balance superheated steam flow and 
temperature in order to obtain an even thermal power 
distribution anywhere in the chamber 12. It should be noted 
that further multiple H-shape configurations of conduits 36 
have been contemplated. 
0044) Referring now to FIG. 9, chamber 12 may be 
configured to receive a perforated drying rack 130 for 
Supporting and arranging the instruments within the cham 
ber 12. For example, pouches 132 containing instruments 
may be arranged evenly within the chamber 12 by placing 
them in the perforated drying rack 130. The perforated 
drying rack 130 is preferably made of metal such as alumi 
num which stores heat energy quickly during the steriliza 
tion process and releases heat quickly to the Surrounding 
instruments after sterilization. The perforations in the per 
forated drying rack 130 allow superheated steam from the 
manifold to pass through the perforated drying rack 130 in 
order to reach the load during drying. The advantage of the 
perforated drying rack 130 illustrated in FIG. 9 is that it 
provides Support for pouched loads while allowing Super 
heated Steam to rise through the perforations and dry the 
load more effectively than a solid rack would. Moreover, its 
lower thermal mass translates into a more rapid sterilization 
cycle. The perforated drying rack 130 is nonetheless merely 
an example and it should be understood that chamber 12 
could be configured to receive any suitable drying rack. 
Furthermore, it should be considered that the Superheated 
steam distribution conduit or plate configuration could be 
integrated into the perforated drying rack so as to combine 
their respective functions into a single part. 
0045 Apparatus 10 may be used independently or inte 
grated into a steam sterilization system for sterilizing medi 
cal or dental instruments and the like using Saturated Steam, 
Such as that disclosed in Applicant's co-pending PCT appli 
cation No. WO 00/59553, the contents of which are incor 
porated herein by reference. Similarly, apparatus 10 may be 
integrated into washer systems and washer/disinfector sys 
tems such as those used in the medical and dental industries, 
as would be understood by the person skilled in the art. For 
example, in a washer system, the washing chamber could be 
chamber 12. 

0046 FIG. 10 illustrates a steam sterilization and super 
heated steam drying system 140. FIG. 11 is a block diagram 
of the steam sterilization and Superheated Steam drying 
system 140 of FIG. 10. The steam sterilization and super 
heated steam drying system 140 will first sterilize the 
instruments using Saturated Steam and will Subsequently dry 
the instruments using Superheated Steam. The steam steril 
ization and Superheated Steam drying system 140 may also 
perform other processes Such as a conditioning process, a 
pressurizing process, and an air removal process, as would 
be understood by the person skilled in the art. 
0047 Steam generation means 16 may comprise a steam 
generator 142 and a Superheated Steam heater 144. Steam 
generator 142 generates saturated Steam Suitable for steril 
ization and may be a boiler, such as the boiler described in 
Applicant's co-pending Canadian application No. 2,481, 
635, the contents of which are incorporated herein by 
reference. Water is supplied from a water reservoir 148 and 
is injected into the steam generator by a water pump 146. A 
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drain pip 178 may also be provided in order to drain water 
from the system 140, when required. 
0048 Superheated steam heater 144 may be any suitable 
heater such as a tubular or cartridge heater. It should be 
understood that the operating temperature of the Superheated 
steam heater will depend upon drying requirements and 
temperature limitations of the load. Superheated steam 
heater 144 may be connected to a temperature sensor 150, 
for example a thermocouple, which can be used as a control 
input. Superheated Steam heater 144 may also be connected 
to a temperature sensor 152. Such as a thermocouple, which 
can be used as another control input. 
0049. During the sterilization process, saturated steam is 
generated by the steam generator 142 and directed via a first 
inlet port 160 into the chamber 12. During the drying 
process, Superheated Steam is generated by the Superheated 
steam heater 144 by further heating of the saturated steam 
generated by the steam generator 142 and then injected via 
a second inlet port 14 (described previously) into the dis 
tribution means 18 in the chamber 12. A directional valve 
162 may be provided to selectively direct steam from the 
steam generator 142 to the first inlet port 160 or steam from 
the steam generator 142 to the second inlet port 14 via the 
superheated steam heater 144. The directional valve 162 
may be a three-way valve. 
0050 Alternatively, the steam generation means 16 may 
comprise a steam generator without a separate Superheated 
steam generator. Such a steam generator would selectively 
produce saturated steam for sterilization of the instruments 
and Superheated Steam for drying of the instruments by 
selectively metering a received amount of water from a 
reservoir. The amount of water to be metered depends upon 
the watt density of the steam generator. It should be under 
stood of course that any Suitable steam generation means 
may be used. 
0051 While the term superheated steam encompasses 
steam having any temperature above the boiling point of 
water, in preferred embodiments of the invention the super 
heated steam will reach the steam ports 34 at a temperature 
which does not exceed a maximum allowable temperature of 
the instruments as specified by the manufacturer. Exceeding 
the maximum allowable temperature of a particular material 
may cause thermal damage. Careful control of the Super 
heated Steam temperature may be achieved by, for example, 
keeping the pressure in the chamber 12 close to atmospheric 
pressure so that the temperature does not rise above the 
maximum sterilization temperature. 
0.052 The most efficient superheated steam conditions 
occur when the pressure in the chamber is as low as possible 
So as to reduce the boiling point of water. For example, by 
keeping the pressure in the chamber 12 close as close to 
atmospheric pressure as possible, the energy required to 
evaporate moisture within the chamber 12 is reduced. The 
end result is a more efficient use of Superheated Steam and 
faster drying or equally fast drying but at a lower tempera 
ture, which is safer for the load. The apparatus 10 may be 
operable to provide a vacuum condition in the chamber 12, 
thus resulting in a lower water boiling point and therefore 
faster Superheated Steam drying for same Steam temperature. 
0053 As shown in FIG. 11, exhaust means 26 may 
further comprises a normally-closed exhaust valve 118 
which is connected to exhaust port 20 and is opened when 
vaporized moisture is to be purged from the chamber 12. 
More than one exhaust port and more than one correspond 
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ing exhaust valve may be provided. For example, as illus 
trated in FIG. 11, two exhaust ports 20 and 120 and 
corresponding exhaust valves 118 and 122 may be provided 
in order to purge at lower and higher exhaust rates by 
selectively opening one or both of the exhaust valves 118 
and 122. The exhaust port(s) (20,120) may be opened when 
the exhaust valve(s) (118,122) is opened. Alternatively, the 
exhaust port(s) (20,120) may be opened as the chamber 12 
is inserted into a sterilization system. Similarly, the inlet 
port(s) may be opened as the chamber 12 is inserted into a 
sterilization system. 
0054 Exhaust means 26 may further comprise at least 
one moisture removal means 28. Moisture removal means 
28 may be a vacuum pump or a heat exchanger operable to 
lower the pressure in the chamber 12 and draw evaporated 
moisture from the cassette. As explained previously, lower 
ing the pressure in the chamber 12 reduces the boiling point 
of water for vaporization of moisture within the cassette. Of 
course, it should be understood that moisture removal means 
26 is not limited to vacuum pumps and heat exchangers and 
is intended to encompass any suitable means for removing 
moisture from the chamber 12, as would be understood by 
those skilled in the art. Similarly, where moisture removal 
means 28 is positioned between exhaust port 120 and 
exhaust valve 122, it should be understood that moisture 
removal means 28 could be positioned between exhaust port 
20 and exhaust valve 118 or in any other suitable position 
within system 140. Also, more than one moisture removal 
means 28 could be implemented. Vaporized moisture that 
has been purged from chamber 12 cools and may be col 
lected in condensers 176. 

0055 Various additional temperature and pressure sen 
sors 166 may be provided in the steam sterilization system 
in order to monitor and control the steam generation means 
16, exhaust valve(s) (118,122) and directional valve 162. 
Sensors 166 are necessary where the steam sterilization 
system is to be compliant with industry standards. The 
configuration of these sensors 166 may be adapted to Suit 
industry standards in different areas of the world. For 
example, the standards in Europe may differ from those in 
North America. It is conceivable that the same sensors 
required by sterilization standards could be used to control 
the Superheated Steam drying process. 
0056. It should be noted that apparatus 10 is scalable and 
could be adapted for both compact cassette-type steam 
sterilization systems and larger Steam sterilization systems, 
Such as large medical autoclaves and tunnel washers. 
0057. A method of drying medical or dental instruments 
using Superheated Steam in a steam sterilization system 140 
will now be described. First, the instruments may be steril 
ized using Saturated Steam generated by the steam genera 
tion means 16. Next, the instruments may be dried using 
Superheated Steam generated by the steam generation means 
16 to vaporize moisture within the chamber 12. During 
and/or after the drying step, the vaporized moisture is purged 
from the chamber 12 using the exhaust means 26. 
0058. During and/or after drying of the instruments is 
complete, the chamber 12 may be flushed with air by 
injecting air through inlet port 160 into the chamber 12 in 
order to purge any residual moisture from the chamber 12 
via the exhaust port(s) (20.120). This air flushing may last a 
few minutes, depending on the size and nature of the load, 
among other factors. The chamber 12 may also be flushed 
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by, for example, introducing short-duration air pulses to 
evacuate vaporized moisture as it is formed. 
0059. It should be noted that where air flushing is per 
formed, the moisture removal means may not be necessary. 
Of course, moisture removal using air flushing and moisture 
removal using the moisture removal means 28 discussed 
previously may each be used independently or in combina 
tion. 
0060. It should be noted that this air flushing step is 
particularly important where the pressure in the chamber 12 
is kept close to atmospheric pressure, as described previ 
ously, because there may not be enough pressure to effec 
tively force vaporized moisture out of the chamber 12 when 
the exhaust port(s) (20.120) and valve(s) (118,122) are 
opened, resulting in Some re-condensation in the chamber 12 
and on the load when the chamber is opened or allowed to 
cool down at the end of the drying cycle. Hot air may be used 
for flushing in order to prevent cooling of the chamber 12, 
but ambient air may also be used provided the superheated 
steam and chamber temperatures are sufficiently above the 
condensation point. 
0061 Air for the air flushing step may be supplied from 
a compressor 168 which may supply air through the steam 
generator 142 (as shown) or via a separate conduit to be 
injected into chamber 12. The ambient air supplied to the 
compressor 168 may be filtered by pre-filter 170. Similarly, 
air supplied from the compressor may be filtered by filter 
172 which may be a microorganism retentive filter to avoid 
recontamination of the load during the air flushing step. The 
air flushing step may also be achieved using a heat 
exchanger or a vacuum pump to create Suction force by rapid 
steam condensation to forcibly remove residual steam. 
0062. During sterilization, exhaust port 20 (the first 
exhaust port) and corresponding exhaust valve 118 may be 
opened during the sterilization step. A second exhaust port 
120 and corresponding exhaust valve 122 may be opened 
during the drying and air flushing steps. 
0063. The exhaust valve 118 connected to the first 
exhaust port 20 may have a smaller orifice than the exhaust 
valve 122 connected to the second exhaust port 120 in order 
to precisely control the pressure in the chamber 12 during 
sterilization. The exhaust valve 122 connected to the second 
exhaust port 120 may have a larger orifice to ensure good 
flow of air and vaporized moisture from the chamber 12 and 
the lowest possible pressure in the chamber 12 during drying 
and air flushing. Of course, it is also contemplated that a 
single exhaust valve may be used to satisfy the exhaust 
requirements of sterilization, drying and air flushing. 
0064 Directional valve 162 may be operated to selec 
tively direct steam from the steam generator 142 to a first 
inlet port 160 for the step of sterilizing the instruments. 
Similarly, directional valve 162 may be operated to selec 
tively direct steam from the steam generator 142 to a second 
inlet port 14 via the superheated steam heater 144 for drying 
the instruments. 
0065. The Superheated steam heater 144 may be pre 
heated prior to the drying step and/or prior to the Sterilization 
step in order to speed up the sterilization and drying process. 
This preheating step may be performed as part of a start-up 
procedure for the system 140. 
0066. As mentioned previously, the above described 
apparatus, system and method are particularly suitable for 
the Superheated Steam drying of pouched/wrapped instru 
ments or loose (un-pouched) instruments. Sterilization 
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pouches which are commonly used in the medical and dental 
industries are made of plastic-paper, paper-only and/or fab 
ric sterilization wrap. Superheated Steam drying is very 
effective where the pouch material retains moisture. 
0067 Thus, it is apparent that there has been provided in 
accordance with the invention an apparatus and method for 
drying medical or dental instruments and the like using 
Superheated Steam and a steam sterilization and Superheated 
steam drying system that fully satisfy the objects, aims and 
advantages set forth above. While the invention has been 
described in conjunction with illustrated embodiments 
thereof, it is evident that many alternatives, modifications 
and variations will be apparent to those skilled in the art in 
light of the foregoing description. Accordingly, it is intended 
to embrace all such alternatives, modifications and varia 
tions as fall within the spirit and broad scope of the inven 
tion. 

1. An apparatus for drying instruments using Superheated 
Steam, comprising: 

a chamber for receiving the instruments, the chamber 
having at least one inlet port; 

a steam generation means to generate Superheated Steam; 
a distribution means connected to the at least one inlet 

port for distributing Superheated Steam from the steam 
generation means, through the inlet port, within the 
chamber; and 

an exhaust means for purging vaporized moisture from 
the chamber. 

2. The apparatus of claim 1, wherein the exhaust means 
comprises at least one exhaust port and at least one moisture 
removal means connected to the at least one exhaust port for 
removing the vaporized moisture from the chamber. 

3. The apparatus of claim 2, wherein the at least one 
moisture removal means comprises a vacuum pump oper 
able to lower the pressure in the chamber. 

4. The apparatus of claim 2, wherein the at least one 
moisture removal means comprises a heat exchanger oper 
able to lower the pressure in the chamber. 

5. The apparatus of claim 1, wherein the exhaust means 
comprises at least one exhaust port and a compressor 
connected to the at least one inlet port for injecting air into 
the chamber to flush the vaporized moisture from the 
chamber via the at least one exhaust port. 

6. The apparatus of claim 5, wherein the at least one 
exhaust port is connected to a normally-closed exhaust valve 
which is opened to purge the vaporized moisture from the 
chamber. 

7. The apparatus of claim 6, comprising two exhaust ports 
connected to respective exhaust valves for purging the 
vaporized moisture from the chamber at lower and higher 
exhaust rates by selectively opening one or both of the two 
exhaust valves. 

8. The apparatus of claim 1, wherein the distribution 
means is a manifold assembly comprising a plurality of 
distributed steam ports connected by a plurality of intercon 
nected conduits, the plurality of interconnected conduits 
being connected to the at least one inlet port. 

9. The apparatus of claim 8, wherein the steam ports are 
distributed evenly within the chamber. 

10. The apparatus of claim 8, wherein the steam ports are 
of varying diameter. 

11. The apparatus of claim 8, wherein the steam ports are 
distributed along the plurality of interconnected conduits, 
the plurality of interconnected conduits being arranged in an 
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H-shape having four leg portions and a bridge portion, the 
at least one inlet port being connected to the bridge portion. 

12. The apparatus of claim 8, wherein the steam ports are 
distributed along the plurality of interconnected conduits, 
the plurality of interconnected conduits being arranged in a 
fractal branching arrangement. 

13. The apparatus of claim 8, wherein the steam ports are 
distributed along the plurality of interconnected conduits, 
the plurality of interconnected conduits being arranged in a 
double H-shape having eight leg portions and a bridge 
portion, the at least one inlet port being connected to the 
bridge portion. 

14. The apparatus of claim 8, wherein the manifold 
assembly is located in a bottom portion of the chamber. 

15. The apparatus of claim 8, wherein the plurality of 
interconnected conduits is a plurality of interconnected 
tubes. 

16. The apparatus of claim 8, wherein the plurality of 
interconnected conduits is a plurality of interconnected 
channels. 

17. The apparatus of claim 16, wherein the channels are 
created by the coupling of a top manifold plate and a bottom 
manifold plate, at least one of the top manifold plate and the 
bottom manifold plate comprising a plurality of intercon 
necting grooves, and a sealing means disposed between the 
top manifold plate and the bottom manifold plate to maintain 
the top manifold plate and the bottom manifold plate in 
sealing contact when coupled together. 

18. The apparatus of claim 1, wherein the distribution 
means is configured to deliver Superheated Steam of uniform 
thermal power across the chamber. 

19. The apparatus of claim 1, wherein the chamber is a 
cassette comprising a tray and a lid for covering and sealing 
the tray. 

20. The apparatus of claim 1, further comprising a per 
forated drying rack for Supporting and arranging the instru 
ments within the chamber. 

21. The apparatus of claim 20, wherein the distribution 
means is integrated into the perforated drying rack. 

22. In a steam sterilization system for the sterilization of 
medical or dental instruments using Saturated Steam, an 
apparatus for drying the instruments using Superheated 
Steam comprising: 

a chamber for receiving the instruments, the chamber 
having at least one inlet port; 

a steam generation means to generate Superheated Steam; 
a distribution means connected to the at least one inlet 

port for distributing Superheated Steam from the Steam 
generation means, through the inlet port, within the 
chamber to dry the instruments after the instruments 
have been sterilized; and 

an exhaust means for purging vaporized moisture from 
the chamber. 

23. The apparatus of claim 22, wherein the exhaust means 
comprises at least one exhaust port and at least one moisture 
removal means connected to the at least one exhaust port for 
removing the vaporized moisture from the chamber. 

24. The apparatus of claim 23, wherein the at least one 
moisture removal means comprises a vacuum pump oper 
able to lower the pressure in the chamber. 

25. The apparatus of claim 23, wherein the at least one 
moisture removal means comprises a heat exchanger oper 
able to lower the pressure in the chamber. 
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26. The apparatus of claim 22, wherein the exhaust means 
comprises at least one exhaust port and a compressor 
connected to the at least one inlet port for injecting air into 
the chamber to flush the vaporized moisture from the 
chamber via the at least one exhaust port. 

27. The apparatus of claim 26, wherein the at least one 
exhaust port is connected to a normally-closed exhaust valve 
which is opened to purge the vaporized moisture from the 
chamber. 

28. The apparatus of claim 27, comprising two exhaust 
ports connected to respective exhaust valves for purging the 
vaporize moisture from the chamber at lower and higher 
exhaust rates by selectively opening one or both of the two 
exhaust valves. 

29. The apparatus of claim 22, wherein the distribution 
means is a manifold assembly comprising a plurality of 
distributed steam ports connected by a plurality of intercon 
nected conduits, the plurality of interconnected conduits 
being connected to the at least one inlet port. 

30. The apparatus of claim 29, wherein the steam ports are 
of varying diameter. 

31. The apparatus of claim 29, wherein the chamber 
comprises a first inlet port for delivering steam to the 
chamber and a second inlet port for delivering steam to the 
manifold assembly. 

32. The apparatus of claim 31, wherein the steam gen 
eration means comprises a steam generator and a Super 
heated Steam heater. 

33. The apparatus of claim 32, further comprising a 
directional valve to selectively direct steam from the steam 
generator to the first inlet port for sterilization of the 
instruments or from the steam generator to the Superheated 
steam heater and then to the second inlet port via for drying 
of the instruments. 

34. The apparatus of claim 22, wherein the steam gen 
eration means comprises a steam generator that selectively 
produces saturated Steam for sterilization of the instruments 
and Superheated Steam for drying of the instruments by 
selectively metering a received amount of water from a 
reservoir. 
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35. A method of drying medical or dental instruments 
using Superheated Steam in a steam sterilization system, the 
steam sterilization system having a chamber for receiving 
the instruments, at least one inlet port for connection to a 
steam generation means and an exhaust means for purging 
vaporized moisture from the chamber, the method compris 
ing the steps of 

sterilizing the instruments using saturated Steam gener 
ated by the Steam generation means; and 

drying the instruments using Superheated Steam generated 
by the Steam generation means to vaporize moisture 
within the chamber and purging the vaporized moisture 
from the chamber using the exhaust means. 

36. The method of claim 35, wherein the step of drying 
the instruments using Superheated Steam is performed by 
injecting Superheated Steam into a manifold assembly of the 
chamber via the at least one inlet port, the manifold assem 
bly having a plurality of steam ports evenly distributed 
within the chamber which are connected by a plurality of 
interconnected conduits which are connected to the at least 
one inlet port. 

37. The method of claim 35, further comprising the step 
of flushing the chamber by injecting air through the at least 
one inlet port into the chamber. 

38. The method of claim 35, wherein the step of flushing 
the chamber is performed after the step of drying the 
instruments. 

39. The method of claim 35, wherein the step of flushing 
the chamber is commenced during the step of drying the 
instruments. 

40. The method of claim 37, further comprising the step 
of heating the air prior to the step of flushing the chamber. 

41. The method of claim 35, further comprising the step 
of preheating a Superheated Steam heater prior to generating 
the Superheated Steam for the step of drying the instruments. 


