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OBJECTIVES

This proposal details a complete Supercritical Fluid Extraction System,
optimized for a variety of natural product extraction, as requested by SECO
VINA. A system having one (1), 100L extraction vessel is outlined in this
proposal.

The pricing of the proposed system is specifically based on the stated
specifications. Changes to these proposed specifications may necessarily
result in changes to the proposed pricing. Specific system certifications are
not included in this proposal.

NOTE:  Applied Separations, Inc., reserves the right to amend any specification
predicated on the assumption that there is no material effect in the overall
performance of the system.
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PHILOSOPHY OF CONSTRUCTION

The equipment needed to process supercritical fluids for natural product
extractions must be rugged, reliable, inexpensive, and easy to maintain.  In
addition, the components must be manufactured to industry standards to
ensure safe operations at high pressures.

It is the philosophy of Applied Separations, Inc. to provide the necessary
pumps, valves, vessels, and control systems from proven, reliable equipment
suppliers.  This method of procurement minimizes the risk to the purchaser
associated with the use of “unique components” from suppliers whose
technology has not met the test of time in the marketplace.  It ensures that
the purchaser of supercritical extraction systems supplied by Applied
Separations, Inc. have components that are easily replaced and repaired, if
necessary. Also, this philosophy minimizes system downtime since
replacement parts are easily available.  This conservative method of
component supply also minimizes the risk of parts and components not being
available because of obsolescence.  All major system components are
manufactured in the United States of America and are available worldwide.

Although Applied Separations, Inc. will manufacture according to the technical
specifications proposed, it will accept these specifications as minimums.
Applied Separations, Inc. will suggest upgrades and improvements to the
proposed specifications to ensure further safety, improved reliability and
increased capability.
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SYSTEM DESCRIPTION

Liquid CO2 from a commercial cylinder with a dip tube will pass through a filter
and enter the CO2 condenser.  The liquid CO2 then will pass to the CO2 storage
vessel and then to the CO2 compressor.  The feed line into the compressor and
the pump head of the compressor will be chilled by a re-circulating cooling
bath that also chills the CO2 condenser.  This use of coolant by Applied
Separations, Inc.’s design enhances the compressor efficiency by up to 200%.

The CO2 compressor is a hydraulic-driven liquid pump.  This is a high flow rate
pump capable of increasing the pressure of the CO2 from the storage vessels
(nominally 840 psi at room temperature) to 690 Bar.

The CO2 passes from the compressor through check and isolation valves.  At
this point the liquid CO2 is at high pressure, but not yet high enough in
temperature to be a supercritical fluid.

The CO2 enters a heat exchanger where it is pre-heated.  The now supercritical
CO2 enters the heated extraction vessel.  The vessel temperature is controlled
externally through a thermocouple inside the vessel.

The vessel is equipped with fail safe devices to guarantee the safety of
operation at all times.  The outlet of the vessel is connected to a valve and an
auto-flow controller.

The supercritical fluid changes into gaseous CO2 at about 840 psi, depending
on the separating vessel temperature.  Extracted material will drop out of
solution at the bottom of the separating vessel.  A level indicator mounted in
parallel with the separator vessel will show the level of liquid in the separator
vessel. The liquid will contain the extract and liquefied CO2 in 2-phases.
Temperature control can be used to gasify the CO2. For safety and operation
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concerns, this feature is included as a standard item in all of Applied
Separations, Inc.’s systems. It is not standard on many competitive systems.

The bottom valve on each of the separating vessels can be opened to allow
the transfer of the extracted material to a stainless steel collection vessel
during extraction.  The collection vessel acts as a pressure buffer allowing for
the harvest of extract even during operation. This isolation design has been
developed by Applied Separations, Inc. primarily for safety reasons, but is also
very important to have this capability when using modifiers so that they are
not recycled back into the CO2 storage vessel.

The re-circulating system takes the gaseous CO2 from the top of the separator
vessel and returns it to the CO2 condenser where it is liquefied and returned
to the storage vessel.  The entire system, in addition to the vessel, is equipped
with pressure gauges, safety relief valves, sensors, and rupture disks to ensure
safe operation at all times.
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DESIGN MEETS FUNCTION

Known for its cutting edge technology, Applied Separations, Inc. is pleased to
now match its impressive technical capabilities with a fresh and modern
design. Not only has the design improved, the technology it showcases has
made leaps as well. This is not the instrument of the past. With new
capabilities and engineering advancements, this is the most powerful,
versatile and technically impressive production scale system we have ever
made. Unlike competitive systems on the market, advancements in both form
and function provide users with a unique experience in handling all of their
supercritical fluid needs.

The production scale Supercritical Fluid system has been updated and
streamlined. A system that had been utilitarian, and possibly even
intimidating, at first glance is now polished and sophisticated, allowing form
to meet function. The closed cabinet design still grants easy access to all
controls, but hides the technology, keeping an air of mystery to your SCF
processes. Marketing campaigns complete with public relations interviews,
tours, and photographs, can be conducted without permitting your
competitors to see your intellectual property process equipment. With the
closed-front/open-back design, secrets can remain secret.

The clean design still grants easy access to all controls, but meets the
standards of cleanliness for GMP.

The new production scale Supercritical Fluids system from Applied
Separations, Inc. is not the same old technology with a new coat of paint. It is
a new look, a new instrument, and a new tool for your business to compete in
a difficult economy.
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For visual reference, Figures #1 and #2 below show a similar 2x100L liter
system as viewed from the front.

All controls are all readily accessible from the front of the system. Notice the
modular, caster-mounted frame design which facilitates repositioning of the
system.

The included stainless steel product baskets can be easily loaded into the
extraction vessels using the integrated lifting boom with electric hoist (Figure
3).

Figure 1 Figure 2

Figure 3
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The rear of the system is readily accessible for maintenance and cleaning
(Figures 5, 6). The included system recirculating cooling bath is a separate
unit and can be relocated, as required (Figure 7).

Figure 5

Figure 6

Figure 7
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SYSTEM CONTROLS

An industrial Windows-based PC controls and/or monitors a series of PID
controllers and digital indicators for the extraction vessel temperature,
separating vessel temperature, collection vessels temperature, variable
restrictor temperature, extraction vessel pressure, CO2 temperature, and CO2

flow. This touch screen computer allows for set-point entry, process
parameter status monitoring and full data logging functions.  Analog gauges
will also be available for CO2 cylinder pressure, and separator pressure.

The system is monitored by sophisticated computer software that provides
real-time updates as to the progress of the extraction. Program parameters
and data are stored and can be downloaded for off-site storage,
transmission, or display for presentation. Extensive data graphing capabilities
are provided.
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SAFETY FEATURES
Pressure:

 Extraction, separator, collection, and CO2 storage vessels are
manufactured using applicable ASME or DOT guidelines, as required.
Specific ASME or other vessel certification available for an additional
fee.

 Patented Emergency Pressure Relief Device on the extraction vessel
(see Addendum A)

 Pressure relief valves are strategically located throughout the system:
• On the hydraulic regulator
• On the CO2 storage vessel
• On the extraction and separator vessels

 Each vessel has been individually hydrostatically tested with written
verification

 All high-pressure lines are rated to 690 Bar (10,000 psi) and meet
applicable ASTM standards, where appropriate.

Electrical:

 All system AC lines can be disconnected by operator-controlled circuit
breakers

 All system heater AC lines electrical lines will be individually fused as
back up

 Emergency shutdown switch is located at the operator’s panel
 Thermocouples directly monitor heat sources

Venting:

 It is the customer’s responsibility to, using suitably pressure-rated
devices, properly and safely vent components, such as, but limited to,
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the extraction vessel safety head which contains the rupture disc, the
patented emergency pressure relief device, CO2 vent valve, the
separator vessel pressure relief valve, the CO2 storage vessel pressure
relief valve, customer-supplied collection vessels for safely containing
extracted product, and any other similar vented connections.

 It is the customer’s responsibility to be prepared for and safely mitigate
any potential leaks resulting from component failure, such as, but not
limited to, gaskets, seals, packings, valves, fittings, tubing, etc.

 It is the customer’s responsibility to protect the health and safety of the
system’s operators at all times by requiring the proper use of suitable
safety equipment in case of improper venting or leakage.

General:

 Systems can be designed to meet UL, CE, CSA standards, as required,
which may involve additional fees.

 Specially designed collection vessel
 All system vents directed away from operator position
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PRELIMINARY FLOW DIAGRAM
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TECHNICAL SPECIFICATIONS

System Recirculating Cooling Bath (RCB):

 10 Tons of Cooling Capacity
• Circulates water/inhibited glycol mix
• Rated to -10°C

CO2 Pumping module:

 Electric-powered, Hydraulic CO2 pump
• Delivers up to 6kg of CO2/min. at 690 Bar (10,000 psi) max
• Pump heads cooled by the system recirculating cooling bath

Extraction Module:

 One (1) stainless steel, 100 liter vessel
• Manufactured using applicable ASME guidelines. Specific ASME or

other vessel certification available for an additional fee.
• 690 Bar (10,000 psi) maximum operating pressure
• 100° C maximum operating temperature
• Patented Emergency Pressure Relief Device (see Addendum A)
• Breach lock-style closure
• Heated with special flexible electrical heaters
• CO2 inlet line in vessel sidewall to simplify opening and closing

 One (1) interior stainless steel basket for quick loading/unloading
 Automatic flow controlling valve between extraction vessel and

separator.
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Separation Module:

 Separator
• One (1) stainless steel, heated, 15 liter cyclonic separator vessel

o Rated for 124 Bar (1,800 psi) at 100° C
o Manufactured using applicable ASME guidelines. Specific ASME

or other vessel certification available for an additional fee.
o Pressure relief safety device installed
o Level Indicator

• One (1) stainless steel, 4 liter collection vessel
o Collects precipitated material from separator
o Rated for 124 Bar (1,800 psi) at 100° C
o Manufactured using applicable ASME guidelines. Specific ASME

or other vessel certification available for an additional fee.
• Flow meter

CO2 Recirculation System:

 One (1) CO2 condenser
 Stainless steel, CO2 storage vessels

o 200L of total storage capacity
o Rated for 113 Bar (1,650 psi) at 100° C
o Manufactured using applicable ASME guidelines. Specific ASME

or other vessel certification available for an additional fee.
o Pressure relief safety valve installed

Control, Monitoring:

 Pressure control
• Hydraulic pressure regulator
• Monitored by an analog pressure gauge
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• Digital CO2 pressure gauge

 Temperature control
• Heat exchanger provides heating for the supercritical fluid before

entering the vessel
• Vessel temperature is maintained with a PID controller

 Flow Control
• Heated auto-flow control valve between extraction vessel and

separator vessel.
• Flow rate monitored on HMI

 Control / Monitoring
• Windows-based, Touch screen PC with LabVIEW-based ASI Vision

software interface controls and/or monitors critical system
variables

• All PID controllers have RS-485 outputs for extensive data logging
through software

• Local pressure indicators
• Local flow indicators

Valve and Fittings:

 All 10,000 psi (690 Bar) rated and meet applicable ASTM standards,
where appropriate.

Modular System Frame:

 Welded/bolted steel construction
 Caster-mounted for easy repositioning
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 High performance, chemical-resistant, polymer coating to minimize
corrosion

 Integrated pressure vessel lid lifting hoist with overhead boom
 Modification of standard system frame layout may incur an additional

fee

Documentation:

An operator’s manual will be included with full details covering:
 Instructions as to the principles of SFE
 Scope, purpose and operating parameters of the system
 Set up (utilities, assembly) installation and startup
 Instrument set up and instruction
 Operation, care and maintenance
 Troubleshooting
 List of part numbers for consumable items and major components.
 Pressure vessel raw material certification, hydro-test certification, and

design calculations, where applicable

WARRANTY
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Applied Separations, Inc.’s Supercritical CO2 system has a one (1) year limited
warranty covering both parts and labor.  Should the system become defective
due to faulty parts or workmanship within the guarantee period, it will be
repaired at no charge to the customer. Applied Separations, Inc. will, at its
option, send a representative to repair the system, or have the customer
remove the defective component and return it to Applied Separations, Inc. for
repair.

Applied Separations, Inc.’s liability is limited to repair or replacement of
defective components. Under no circumstances is Applied Separations, Inc.
liable for consequential damages.  This warranty is expressly in lieu of all other
warranties and obligations.  Only a company officer has authority to change
this warranty.

The warranty for the system is the one in effect on the date of shipment.  The
warranty period begins on the shipping date.  Requests for warranty service
must be received within the warranty period.  Post warranty repairs and
replacement parts are guaranteed for ninety (90) days.

Excluded from this warranty are normal wear items such as valves, seals, and
tubing; damage due to corrosion, misuse, lack of proper maintenance,
accident, or alteration; and suitability for any specific purpose.  Fittings, as
well as variable micro-metering, inlet, outlet, and vent valves damaged by over
tightening, loosened in transit, or worn through normal use are not covered
by this warranty.  Products not sold under Applied Separations, Inc.’s
trademark for which there is another warranty are not covered by this
warranty.

The warrantor is Applied Separations, Inc. 930 Hamilton Street, Allentown, PA
18101, USA.
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Addendum A
Patented Emergency Pressure Relief Device

United States Patent Number 8,714,175

In its on-going efforts to make its supercritical fluid and other high pressure systems even
safer, Applied Separations, Inc. has developed and patented a device to relieve the
pressure in a pressure vessel when the normal inlets and outlets have been clogged after
extraction/reaction conditions.

Standard Pressure relief devices have
been in used for years to prevent a
catastrophic failure of a pressure vessel.
These can take the form of pressure relief
valves or rupture discs (A). When the
pressure rises to the established limit
point (B), the valve opens or the rupture
disc fails and the pressure is reduced (C).
The situation shown in Figure 1 is the
common response to overpressure
conditions.

Figure 2 illustrates a situation in which an
extraction/reaction has been performed
causing blockage of the inlet or outlet
ports (A). The pressure is not great
enough to exceed the relief pressure of
the rupture disc, but the contents in the
pressure vessel are under pressure (B),
resulting in an UNSAFE CONDITION.
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Often a user may attempt to relieve this
unsafe condition by trying to forcibly
remove the cap by opening it just a small
distance so that the pressure can be bled
off. This is usually difficult to do, both in
overcoming the pressure and in stopping
the forced opening at exactly the right
point. The usual result is that the cap is
blown off like a cork from a champagne
bottle but with far more dangerous
consequences (Figure 3).

Applied Separations, Inc.’s patented
device eliminates the problems
associated with this “contents under
pressure,” but not over pressure
condition. Because of an obstruction on
the inside of pressure vessel, the
contents are under pressure, (Figure 4).
Shown here is the patented relief device
that pierces the obstruction layer.

Turning the knob drives the piercing
element through a rupture disc and the
obstruction layer (Figure 5), allowing the
vessel to depressurize safely.  Should the
obstruction layer reseal, the process can
be repeated continuously until the
pressure is released.

The threaded Emergency Pressure Relief
Device is simply screwed into an unused
port in one of the vessel’s end caps or
sidewall.

Pressure

Obstruction Layer

Figure 4


