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SFE Manual 
 

Disclaimer of Documentation Warranty 
 
 
This publication is provided “as is” without warranty of any kind, express or implied. Applied 
Separations does not warrant, guarantee, or make any representations regarding the use, or the 
results of the use, of this publication in terms of correctness, accuracy, reliability, correctness, or 
otherwise. Further, Applied Separations reserves the right to revise this publication and to make 
changes from time to time in content herein without obligation of Applied Separations to notify any 
person or organization of such revision or changes. 
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INTRODUCTION       Section 1 
 
Although most references and figures refer to the Spe-ed SFE model 7070 (SFE-2, 120VAC), 7071 
(SFE-2, 240VAC) the information in this manual applied equally to our models 7011 (SFE-NP, 
120VAC), 7013 (SFE-NP, 240VAC), 7072 (SFE-4, 120VAC), 7073 (SFE-4, 240VAC). 
 
When using this manual in conjunction with the 7072 or 7073, the user must be aware that these 
units have the capacity to support 4 vessels; figures showing 2 vessels should be reinterpreted for the 
appropriate number. 
 
Warranty 
This manual provides basic information for the user to install and operate the Spe-ed SFE, the 
maintenance required, and how to obtain necessary service or parts. WARNINGS, CAUTIONS and 
NOTES are used throughout this manual to emphasize pertinent or critical instructions to the user 
according to the following definitions. 
 

 
Warning   A procedure, that if not followed properly, can prove to be extremely 
hazardous to the operator, the environment, or both. 

 

 
Caution Emphasizes a procedure that must be followed to avoid possible damage to 
the instrument. 

 
Note  Highlights important information about the instrument or procedures associated with 
the operation of the instrument. 
 
Several internationally accepted symbols are used to label certain parts of the system and 
throughout this Operator Manual as required for CE Mark Safety Certification.  These 
symbols are defined below. 
 

 
Caution Risk of Electric Shock- High voltage exists within enclosures. Allow access 
to qualified personal only. 

 

 

Easily Touched Higher Temperature Parts  Surface is normally hot 
during operation. Exercise caution when operating in this area. 

 

 
Caution  (refer to accompanying documents)- Read Operators Manual before 
applying power or operating system. 
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Purpose of the Spe-ed SFE      1.1 
 
The Spe-ed SFE allows an analyst to perform supercritical fluid extractions simply and efficiently. 
Developed in conjunction with the USDA, the Spe-ed SFE has achieved simple sophistication in 
design and use. With its flexibility of both dynamic (continuous flow) and static (where supercritical 
CO2 is pressurized in a sealed extraction vessel for a specific period of time) modes, the Spe-ed SFE 
offers precise, repeatable performances for a variety of laboratory procedures including, but not 
limited to: 
  •Extracting pesticides and PAHs from soil samples 
 •Extracting antibiotics and steroids from veterinary products 
  •Extracting natural products 
  •Extracting monomers from polymeric compounds 
 •Extracting fat from food products 
 (For specific application procedures, please see Appendix D.) 
 
Specifications        1.2 
 
Physical Dimensions 
 Oven (including Controller) 
 Outside:   13”w x 20 1/2” D (115v Circulating Fan Motor) x 28” H 
   13”w x 21 3/4” D (240v Circulating Fan Motor) x 28” H 
 Inside:  10”w x 9” D x 19” H 
 
 Pump Module 
 Outside: 16”w x 18” D x 8 1/2” H 
 
Electrical 
 Oven Module   
 120 VAC/ 60Hz @ 17A                            220-240VAC/50Hz@8.5A    
           Use 20A TimeDelay 1/4”X11/4”               Use 10A Time Lag 5X20mm Fuse 
 
 
 Pump Module 
 120 VAC/ 60Hz @ .5A                            220-240VAC/50Hz@.25A max.    
           Use.5A TimeDelay 5x20mm Fuse       Use .25A Time Lag 5X20mm Fuse 
 

 
Warning  To avoid fire hazard, replace fuses only with the same type and rating as 
specified in Operator Manual and labeled on back of system. 

 

 
Caution  High Voltage exists within enclosure. Allow access to qualified personal 
only. 
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Warning   The Spe-ed SFE instrument may be pressurized to10,000 psi (690 Bar) at 
temperatures up to 240C.  Check with the extractor vessel manufacturer to determine 
whether vessels used can withstand the pressures and temperatures that the Spe-ed SFE is 
capable of delivering.  Do not operate the Spe-ed SFE beyond the MAWP (Maximum 
Allowable Working Pressure) of the vessel.  No warranties are given on the extraction 
vessels beyond those provided by the manufacturers. 

 

 

Caution  The Spe-ed SFE was designed to use CO2 or CO2 containing organic 
solvent modifiers only.  The use of any other fluid will render all warranties void. 

 

 
Caution   This instrument is not intended for use with Nitrous Oxide, or with 
corrosive compounds such as ammonia or sulfur hexafluoride, which can form an 
explosive mixture with organic compounds. 

 
 
Site Preparation        1.3 
 
Location  Bench Space Required 
 
Width 
Oven Module  22” 
Pump Module  22” 
Depth 
Oven Module  22” 
Pump Module  22”* 
Height 
Oven Module  28” 
Pump Module  9” 
Weight 
Oven Module  100 lb. 
Pump Module  55 lb. 
 
*Rear access occasionally required to drain air filter or replace broken rupture disc. 
 
If you are setting up the Spe-ed SFE in a stacked configuration, you may want to keep the height of 
the table less than 33” (84cm) high so that an operator can reach all parts of the instrument. The Spe-
ed SFE can also be set up in a side-by-side configuration. 
 
Compressed Air Line 
The Spe-ed SFE requires a compressed air line (or cylinder) with a minimum delivered pressure of 
100 psig (6.9 BAR) and capacity of 6.2 actual cfm (cubic ft./min.) or 48 standard  cfm. The 
compressor should be set to turn on at 95 psig (6.6 BAR) and turn off at 125 psig (8.6 BAR) 
 
Electricity 
The Spe-ed SFE will need a dedicated electrical outlet of 120VAC, 20 amps or 240VAC, 10 amps. 
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Vial Venting 
Accessory connections and tubing are available for venting into collection vials and flow meter 
hookup. 
 
Pressure Relief Connections 
A 3/8” female NPT fitting can be connected to a CO2 safely head outlet. This connection may be 
used to direct emergency venting to a remote location in the event of a rupture disc failure. 
 
Cylinder Safety Requirement 
Provisions should be made for clamping the CO2 cylinder to either a permanent table edge or wall by 
using the appropriate cylinder bracket. 



Applied Separations · 930 Hamilton Street · Allentown, PA 18101 
www.appliedseparations.com 

Pre-Installation        1.4 
 
The following items are included with your Spe-ed SFE. If any are missing, please contact Applied 
Separations. 
 
 • Spe-ed SFE Oven Module, P/N 7700/7260/7760, 120 VAC; 7701/7761/7761, 240 VAC 
 • Spe-ed SFE Pump Module, P/N 7102, 120 VAC; 7103, 240 VAC 
 • Spe-ed SFE Control & Collection Module (Micrometering Valves) 
 • Power cord (for oven), P/N 7759, 120 VAC; 7763, 240 VAC 
 • Power cord (for oven to pump), P/N 7105 
 • Solvent collection rack, P/N 7798 
 • Extractor vessel oven brackets (2), P/N 7932 
 • Discharge tube for collection in solvents (1), P/N 7713 
 • Sample of polypropylene wool, P/N 7952 

 • SPE Vent Adaptor, P/N 7732 
 • Collection Tube Vent Assembly, P/N 7733 
 • Flow meter Kit, P/N 7928 

 
Note   Other necessary parts and accessories may have been on your order and are included 
in the shipment. Check your packing slip and invoice. 
 
Save the Spe-ed SFE boxes and packing materials for use if it becomes necessary to return the Spe-
ed SFE for service. 
 
Tools needed for assembly: 
 Wrenches:  5/16”, 1/2”, 9/16” and 5/8” sizes 
   OR 
   8mm, 13mm, 15mm, and 16mm 
 
Extractor vessels are required for operation (See “Accessories” section of this manual). 
 
If you have additional questions about the assembly or operation of the instrument, contact Applied 
Separations Engineering Services Office at (610) 770-0900. 

 • Sample of polypropylene frits, P/N 7956 
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REQUIRED UTILITIES        SECTION 2 
 
Liquid Carbon Dioxide (CO2)     2.1 
Most analyses will require SFE grade CO2 or CO2 passed through a CO2 clean-up column. (See the 
“Accessories” section of this manual.) A dip tube will be required in the CO2 cylinder.  
 

 
Caution   The CO2 cylinder must contain a dip tube to ensure that liquid CO2 is 
delivered to the pump module. 

 
Note  The CO2 tank shut-off valve controlling the carbon dioxide must be opened before the 
pump module system can be pressurized. 
 
Note  Refer to section 3 for operating instructions with a refrigerated cooling bath (RCB). 
 
Note  Prior to operating Spe-ed RCB, it is important to pressurize the SFE pump to a 
minimum CO2 Pressure. After opening the CO2 tank, slowly increase pressure to avoid pump 
cavitation, and then turn on RCB. When RCB reaches the desired cooling temperature, operating 
pressure may be increased of decreased to its optimum setting. 
  
Electricity         2.2 
The Spe-ed SFE will operate with a dedicated circuit on either: 
 
  120 VAC / 60Hz, 20 amps 
   OR 
  240 VAC / 50Hz, 10 amps 
 
For use outside the United States, the power cord will require an appropriate adaptor. Your dealer 
will be able to assist you in the necessary adaptation for your specific power supply. 
 

 
Caution  High Voltage exists within enclosure. Allow access to qualified personal 
only. 

 
Compressed Air        2.3 
Compressed air is necessary to drive the pump. Maximum air pressure should be 125 psig (8.6 BAR) 
the minimum is 100 psig (6.9 BAR). The air supply may be obtained from an air compressor or from 
air cylinders, although it is recommended that an air compressor be used. If it is necessary to use gas 
cylinders, use a technical grade of air. 
 
Recirculating Coolant       2.4 
Recirculating Coolant is required by the Pump Module for CO2 pressurization. The recirculating 
coolant should be maintained at a controlled temperature of 0°C. 
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ASSEMBLY AND SET-UP     SECTION 3 
Figures 2 and 3 
 
Front View of Spe-ed SFE      3.1 
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Rear Panel of Spe-ed SFE 

 

 

 
 

 



Note For use with optional electric CO2 pump. 
Refer to Appendix F
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CO2 Outlet Port (Oven /Pump Module Connection)  3.5 
Figure 6 
 
SFE-2, SFE-4: 
Connect the 1/16”OD high pressure 
tubing from the rear of the oven 
module to the CO2 outlet port on 
the pump module. Tighten fitting 
with a 5/16” wrench. 
 
SFE-NP: 
Connect the 1/8”OD high pressure 
tubing from the rear of the oven 
module to the CO2 outlet port on 
the pump module. Tighten fitting 
with a 7/16” wrench. 
 

 
 
CO2 Safety Head Outlet        3.6 
The safety head (shown in Figure 6) on the rear panel of the pump module, contains a rupture disc 
that will burst if the CO2 outlet pressure exceeds 12,500 psi (862 BAR). In the event of a ruptured 
disc, the CO2 will vent from the safety head outlet until the pressure in the system is relieved.  
 
Note  This outlet has a 3/8” female NPT pipe thread fitting. This fitting allows the user to 
vent, if desired, the discharging gas to a housing ventilation system.  
 
 
Note  In the event of a burst rupture disc, a new disc must be installed to seal the port. The 
system cannot be pressurized unless a new rupture disc has been installed. (Please see the 
“Accessories” section of this manual.)



Note For use with optional electric CO2 pump. Refer to Appendix F
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Connecting the Flow meter       3.8 
 
The flow meter is attached to the right side of the oven module. It is calibrated for gaseous CO2. 
Instructions for using the flow meter for SPE collection and for solvent collection follow. 
 
For SPE Collection 
Slide the 6mL SPE cartridge onto the cartridge adaptor (interfaced to the C&C Module) and connect 
the tubing adaptor to the 6mL cartridge. Affix a length of tygon tubing to the ends of both the tubing 
adaptor and to the flow meter (Figure 7). The micro-adjustment valve at the outlet of the flow meter 
should be full open. If the balls in the flow meter oscillate during use, slightly close the valve until 
the oscillations stop.  
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For Solvent Collection 
Perforate the septum on the collection vial with the collector vessel vent. Affix the tubing adaptor to 
the flow meter (Figure 8). 
 
 
Note   If a solvent is used in the collection vial, the vial must be positioned so that the 
solvent level is below the tip of the vent needle. 
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EXTRACTOR VESSEL PACKING    SECTION 4 
 
 
Packing the Extractor Vessel   4.1 
 
 

 

 
1. Choose an appropriate sized vessel rated at the pressure 
required for your application. 
 
Note  The following instructions describe the use of the 
analytical scale extraction vessels available from Applied 
Separations. Vessels obtained from other suppliers may 
vary slightly in design. 
 
2. Remove one of the end-fittings and push a plug of glass 
or polypropylene wool or a polypropylene frit (P/N 7956) to 
the closed end of the vessel with a tamping rod. 
 

 
Caution  In the end-fittings of the extractor 
vessels are metal frits that hold the sample in 
place and prevent particulate matter from 
entering the fluid transfer lines. Since the frits 
can be easily clogged by the sample matrix, it is 
important to place some kind of coarse 
filtration material such as polypropylene wool 
in the vessel to protect the frits from fine 
particulate matter. The metal frits are available 
in pore sizes from 2 - 20 microns. 

 
3. Fill the vessel with the sample and tamp the bed. (See the 
“Accessories” section of this manual for tamping rods.) Be 
sure to pack the sample bed firmly to ensure that the 
supercritical fluid diffuses uniformly through the sample 
matrix. 

4. Add a second plug of polypropylene wool or a frit to the top of the sample bed (Figure 9). If a 
large void remains, fill the additional space in the vessel with Spe-ed Matrix (P/N 7950). 
 
5. Add a final plug of polypropylene wool or a frit and tighten the end-fitting. 
 
6. Set the vessel aside or refrigerate until ready to perform the extraction. (See Section 5.3 for details 
on mounting the vessel in the oven.) 
 

 
Warning Make sure that the Seals are properly installed and the end caps are 
properly tightened. 
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Note  For many samples, packing the tube in this manner would result in a sample bed that 
would not permit even diffusion of the supercritical fluid. In such instances, some materials must be 
used to disperse the original sample. Among the materials which have been used are glass and metal 
beads, sand, silica gel, sodium sulfate, and Spe-ed Matrix (P/N 7950). 
 
Note  Extraction vessels usually have recessed seals at each end. During cleaning of the 
vessels after the extraction, the seal may become dislodged. The vessel will not fully pressurize 
unless the seal is replaced in the vessel. 
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Packing the Extraction Vessel for  
 In-line Analyte Trapping     4.2 
 
 
Below is a procedure for packing an extractor vessel with SPE columns (in a Teflon sleeve) to 
perform in-line SFE applications. 
 
1. Attach the top end cap to the vessel and 
tighten. Engrave this end of the vessel as 
“TOP” (Figure 10). 

 
Warning  Make 
sure that the end 
caps of the 
extractor vessel are 
secured tightly to 
prevent CO2 
leakage and 
subsequent analyte 
loss.  

2. Carefully 
remove the 
sealing ring 
from the 
other column 
end (Figure 
11). 

3. Insert the 
Teflon 
sleeve/SPE 
column and 
tamp it into 
place (Figure 
12). 

4. Add a plug of 
polypropylene wool 
or a frit and tamp 
(Figure 13). 
 
5. Add the sample 
matrix and tamp it 
into place (Figure 
13). 
 

6. Fill the remaining portion of the vessel 
with Spe-ed Matrix and polypropylene wool 
or a frit and tamp them into place (Figure 
13). 
 
7. Clean the extractor vessel to prevent any 
CO2 leakage and replace the seal.  
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8. Attach the bottom end cap to the extractor vessel and 
tighten (Figure 14). 
 
9. Set the vessel aside or refrigerate until ready to perform 
the extraction. (See Section 5.3 for more details on 
mounting the vessel in the oven.) 
 
Note  Extractor vessels usually have recessed seals at 
each end. During cleaning of the vessel after the extraction, 
the seal may become dislodged. The vessel will not fully 
pressurize unless the seal is replaced in the vessel. 
 

 
Caution  At the ends of the extractor vessels 
are metal frits that hold the sample in place and 
prevent particulate matter from entering the 
fluid transfer lines. Since the frits can be easily 
clogged by the sample matrix, it is important to 
place filtration material (ex. wool, Spe-ed 
Matrix) in the vessel to protect the frits from 
fine particulate matter.  

 
Vessel Packing Example      4.3 
It is beyond the scope of this manual to provide examples of all CO2 extraction sample preparation 
techniques. One example has been chosen to serve as a guide for other applications. 
 
Preparation of a Potato Chip Sample for SFE 
1. Grind a sample of potato chips with a mortar and pestle.  
 (Note: Ground potato chips will ensure a higher fat extraction output.) 
2. Pour the dry mixture into a high pressure extraction vessel fitted with a plug of polypropylene 
wool or a frit in the TOP end cap. 
3. Add a second smaller plug of polypropylene wool or a frit. Tamp to tightly compact the dry 
mixture in the vessel. 
 
Note   This step may be critical to the success of the extraction. Loosely packed material 
may allow the supercritical fluid to flow through the vessel without adequately penetrating the 
sample matrix. 
 
4. Fill the void volume in the extractor vessel with Spe-ed Matrix. 
5. Push a third polypropylene wool plug or a frit into the vessel and press it firmly against the Spe-ed 
Matrix. Lastly, place a seal in the vessel and screw the bottom vessel end cap onto the vessel. 
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NOTE  Figure 15 shows a sample matrix 
compressed with a tamping rod. 
 

 
NOTE  Figure 16 depicts the vessel from 
Figure 15 mounted in an oven using an 
upward vertical flow of supercritical fluid. 
Observe that the end marked “TOP” (Figure 
15) during the packing process was at the 
bottom; for mounting in the oven, the vessel 
is inverted and the end marked “TOP” is 
now at the top. (Refer to appendix C for 
other flow configurations.) 
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SYSTEM OPERATIONS      SECTION 5 
 
 
Setting the Oven and Control & Collection (Micrometering Valves)  
Temperatures         5.1 
 

 

2. Two large heater AC switches are located on the lower right side of the oven module. The switch 
to the left is for heating the Oven Module and the one on the right is for heating the 
Control & Collection (Micrometering Valves) module. Ensure that both switches are OFF before 
proceeding to step 3.   

 

 
   

  

3. To set the desired Oven and Valve temperatures, 
touch SP (set point) on each temperature control 
block and enter the temperature using the displayed
keypad and select ENTER. 

4. Press the Oven and Valve Heater AC switches ON 
to begin the heating process.

 1. An on/off main AC power switch is located on the lower right side of the front panel.
Flip the switch to ON when ready to utilize the SFE. The touchscreen panel requires about a 5 
minute start-up/initialization period. After this is complete, the display will appear as in the photo
above.
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Inlet, Outlet, Vent, Micro-metering,  
 and Fluid Delivery Valves     5.2 
 
 
Inlet Valves 
The inlet valves are shut-off valves that supply supercritical CO2 
from the pump module to the extractor vessels. Turn them 
clockwise to close and counter-clockwise to open. (Figure 18a). 
 
Note  Inlet valves need only moderate force to effectively shut 
off flow. Excessive force on the handles in neither recommended 
nor desirable. 

 
Outlet Valves 
The outlet valves are shut-off valves that supply supercritical 
CO2 from the extraction vessel to the metering valves (C&C 
module). Turn them clockwise to close and counter-clockwise to 
open (Figure 18b). 
 
Note  Outlet valves need only moderate force to effectively shut 
off flow. Excessive force on the handles is neither recommended 
nor desirable. 
 

 

 
Vent Valves 
The vent valves are shut-off valves that are used to vent 
the supercritical CO2 from the extractor vessels to the 
atmosphere. Turn them clockwise to close and counter-
clockwise to open (Figure 18c). 
 
Note   The vent valves must be closed to perform an 
extraction. 
 
Note  Vent valves need only moderate force to 
effectively shut off the flow. Excessive force on the 
handles is neither recommended nor desirable. 
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Micro-metering Valves 
The micro-metering valves are flow control valves used 
to meter supercritical CO2 to the atmosphere via an SPE 
cartridge or solvent collection. Turn them clockwise to 
reduce the flow and counter-clockwise to increase the 
flow (Figure 18d). 
 

 
Warning  If the micro-metering valves are 
opened too much, pressure may cause the 
SPE cartridge or collection device to be 
blown off, cause overly vigorous bubbling of 
CO2 into the collection solvent and/or 
overrate the flow meter capacity. 

 
 

 

 

Warning  The surface of the C&C Module and the protruding Micro-metering Valve 
parts will normally be hot during operation.  Avoid touching these areas, and/or wear 
protective gloves when operating. 
 

 
Caution  Do not over tighten the micro-metering valves below the zero setting when 
reducing flow. Over-tightening may score the valve seat and result in erratic flow control. 
Outlet valves should be used to shut off the flow. 

 
Note   Before opening the outlet valves during the extraction process, the micro-metering 
valves should be preset at a minimum flow rate of approx. 0.5 - 1.0 L/min. This will limit output CO2 
flow and reduce back pressure stress on micro-metering valves when the outlet valves are 
subsequently opened. 
 
Fluid Delivery Valve 
 
The fluid delivery valve is a shut-off valve on the 
flexible hose that allows the liquid CO2 to enter the 
pump module and start pressurizing the system (Figure 
18e).  
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Operating the Spe-ed SFE      5.3 
The Spe-ed SFE is easy to operate. Mastering the controls requires little training. In this section, a 
basic procedure for conducting SFE experiments is outlined. The steps below are only 
generalizations since each user’s requirements will vary depending on the experiment. 
 
Note   Prior to operating Spe-ed RCB, it is important to pressurize the SFE pump to a 
minimum CO2 Pressure. After opening the CO2 tank, slowly increase pressure to avoid pump 
cavitation, and then turn on RCB. When RCB reaches the desired cooling temperature, operating 
pressure may be increased or decreased to its optimum setting. 
 
1. Prior to beginning the SFE experiment, fill the extractor vessel(s) with sample(s), seal the ends, 
and set aside.  (Refer to Section 4.1.) 
 
Note   The technique used to pack the sample in the extraction vessel may determine the 
success of the experiment. Care must be given to ensure that the sample is uniformly packed in the 
vessel. (See Section 4.1.) 
 
2. Two heating switches are located on the lower right front panel of the oven module. The left 
switch is to heat the oven module and the right is to eat the Control & Collection (C&C) micro-
metering valves (Figure 17). Ensure that both switches are turned “off” before proceeding to step #3. 
 
3. Preset the oven module and C&C module temperature set points on the control panel of the oven 
module. (See Section 5.1.) 
 
4. Begin heating the C&C module by pushing the VALVE switch to “on.” 
 
5. Mount the off-line collection device. Three types of collection procedures can be utilized: SPE, 
“neat” and solvent. Each procedure is outlined. 
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Collecting with SPE 
Mount an SPE cartridge to the C&C 
module (Figure 19) by sliding it onto the 
SPE adaptor (P/N 7712). This will collect 
the off-line extract. Connect the SPE 
cartridge to the flow meter. (Refer to 
Section 3.8) 
 

 

 
Collecting “Neat” 
Collecting “neat” entails collecting 
analytes directly into a vial or collection 
tube. Remove the SPE adaptor (P/N 
7712) from the C&C module and replace 
the “needle” with a longer SFE tube 
adaptor (P/N 7732). 
 
Using a vial or collection tube with a 
septum, perforate the septum with the 
longer SFE tube  
adaptor. Adjust the collection rack (P/N 
7730) to hold the vial or tube. 
 
Pierce the septum a second time with the 
collector vessel vent (P/N 7731) and 
connect to the flow meter (Figure 20). 
 
 

 
 

 
Caution  Ensure that the collector 
vessel vent is not immersed in a 
solvent. Failure to do so may cause 
pressure in the vial to become great 
enough to blow off the vial, or 
extracted material can be forced into 
the flowmeter causing flowmeter 
damage. 
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Collection in Solvent 
Collection in solvent entails collecting analytes into a vial (or collection tube) containing solvent 
(e.g. methanol). Remove the SPE adaptor (P/N 7712) from the C&C Module and replace with a 
longer SFE tube adaptor (P/N 7732). 
 
Perforate the septum in the tube with the SFE tube adaptor. Adjust the collection rack (P/N 7730) to 
hold the vial or tube. Make sure that the end or the SFE tube adaptor is immersed in the mobile 
phase. 
 
Perforate the septum a second time with the collector vessel vent (P/N 7731) and connect to the flow 
meter (Figure 20).  
 

 
Caution   Ensure that the collector vessel vent is not immersed in a solvent. Failure 
to do so may cause pressure in the vial to become great enough to blow off the vial, or 
extracted material can be forced into the flowmeter causing flowmeter damage. 

 
 
6. Insert the filled extractor vessel(s) 
onto the oven mounting brackets. Then 
lock the brackets in the oven 
compartment using the bolt heads on 
the oven side walls (Figure 21). Ensure 
that the vessel is positioned with the 
sample end on top. (Refer to Figures 15 
and 16.) 
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Note   When mounting the extractor 
vessels in the oven, ensure that they 
correspond to the inlet, outlet, and vent 
valves, i.e., the vessel tops are positioned 
toward the vent and outlet valves and the 
vessel bottoms are positioned to receive 
incoming supercritical CO2. Trace #1 and #2 
CO2 lines before operating the Spe-ed SFE. 
In the even of and emergency, this working 
flow line knowledge will be required to shut 
down the Spe-ed  SFE. (Figure 22) 
 

      
 
7. Attach the sample extraction vessels to the 
plumbing system by means of the slip-free 
connectors located in the oven compartment. 
Connect the inlet and outlet fittings to the 
extractor vessels. Each fitting consists of a 
sealing ferrule, a stainless steel retaining 
ferrule, a stainless steel compression nut, and 
a stainless steel locking cap. Insert the tube 
with the sealing ferrule into the extractor 
vessel.  

 
Finger tighten the compression nut firmly. 
Finally, finger tighten the locking cap 
(Figure 23). 

 
 

 
Caution   Firm pressure is only needed when tightening the compression nut and 
only mild pressure is needed for tightening the locking cap. Strong force can crack the 
black sealing ferrule which can cause CO2 leakage. The locking cap will ensure that the 
CO2 tubing is perfectly seated and will prevent slipping or leaking at supercritical CO2 
pressures. 

 



8. Place the tip of the extractor vessel thermocouple between the top of the extractor vessel and 
the extractor vessel bracket. It will provide the vessel skin temperature which can vary from oven 
temperature setting (Figure 21). The extraction vessel temperature is displayed as Vessel Temp on 
the oven touchscreen.  

Pressurization of the SFE Plumbing System 5.31 

Note The SFE Pump is equipped with automatic electronic pressure control. The pressure will
set and controlled by the touchscreen display on the Oven module. In addition, the green, alternate  
action PUMP switch must be depressed to enable the CO2 Pump. When the pump is enabled, the
green ON LED above this switch will be ON.       [ Refer to Figure 23A ]2

 Follow the instructions below to pressurize the system:  

 

b. Turn the POWER of the pump module ON. To pressurize the system, touch SP in 
Pump Pressure field on the touchscreen and enter the desired setpoint using the 
displayed keypad and select ENTER. Always approach the final setting slowly to
avoid overshooting. Press the green PUMP switch (the ON LED will come on)
and the CO2 pump will begin operating to pressurize the system. It will stop 
automatically when the setpoint pressure is reached. When a dynamic operation is 
performed, the CO2 Pump will automatically stroke as required to keep the system2
pressure at the setpoint pressure. Up to a maximum of 690 Bar.

 
c. To prepare for depressurization, press the green, alternate action “PUMP” switch 

once to disable the CO2 Pump.  When the pump is disabled, the green “ON” LED 
above this switch will go OFF.   The CO2 Pump will stop and will be disabled 
from pressurizing in this setting.  Next touch SP in Pump Pressure field on touchscreen
and select 0 then ENTER on displayed keypad. Normal depressurization through the
vent valves and/or Micrometering valves (MMV) can then be performed.

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 23A 

a.         Turn the Main AC power of the oven module ON as described in Section 5.1. 
            Be sure to wait for the complete touchscreen startup/initialization before proceeding .



  

9. Ensure that both outlet and vent valves are closed. (Refer to Figure 18a, b and c.)  

10. Ensure that the micro-metering valves are nearly closed (but not completely). (Refer to the 
discussion on micro-metering valves in Section 5.31.)  
 

Caution  

2Make sure that the “PUMP” switch is set to the disable position, as indicated by the green ON
LED being OFF, and that the pump pressure 
setpoint on the touchscreen controller is set to 0 before introducing CO2 to the system or the pump 
module could over-pressurize. 

 

  
Note The three valves, inlet, outlet and vent, located on the Oven Module, are opened by 
turning the handles counter-clockwise (ccw) and are closed by turning them clockwise (cw). 
CCW - Open CW - Closed  

Note Vent Valves are closed at all times during extraction to prevent loss of the sample.  

11. Turn the “fluid delivery” control valve on the flex hose to “on” (Figure 18e). Activate the 
pressure monitor display by pressing the on/off switch located on the front panel of the Pump 
Module to the “on” position.  
 
12. Ensure that the compressed air is on and flowing into the Pump Module.  
 
13. Open the valve on the CO2 cylinder and observe the reading on the system pressure monitor 
display. This should reflect the cylinder pressure. Check the pressurized Pump Module system 
for leaks before proceeding any further.  
 
14. Open the inlet valves on the oven module. At this point the CO2 tank pressure has entered the 
extraction vessels.  
 

 
15. Close the oven door. Begin heating the oven by switching the oven module on. Monitor the 
temperatures of the oven and the extraction vessel by observing the display on the touchscreen 
controller.

 
Note Pump Pressure on the touchscreen controller is displayed in BAR.2 .  

Note The length of the STATIC heating period must be determined experimentally. As a rule of 
thumb, this heating period is continued until the temperature of the extractor vessel, as observed 
on the readout display, approaches the oven set point temperature. The time required to reach 
this point will depend on factors such as the set point temperature and the size (mass) of the 
extractor vessel.  

Warning Do not set the final pressure until the extractor vessel temperature is 
reached. If the pressure is set first, the increasing temperature may over-pressurize the intended 
setting. If the desired final pressure is preset before the oven temperature has equilibrated, the 
pressure may rise due to thermal expansion, exceed the system limits and blow the rupture disc.  

regulator knob to make the final pressure setting.  

Warning Do not set the final operating pressure above 10,000 psi (690 BAR). 
Pressure above this limit will activate the high pressure safety systems. (See below.) 
 





Note The Spe-ed SFE has been equipped with four (4) independent safety systems.  
Audible Alarm - An audible alarm will sound if the 10,000 psi (690 BAR) limit 
is exceeded.  
Warning Light  - A warning light will give a visual indication that the pressure 
in the system has exceeded the safety limits.  
Rupture Disc - As a backup to the safety relief valve, an in-line rupture disc is 
in place to relieve an over-pressure situation. This occurs when the system 
reaches 12,500 psi (862 BAR).  

Note The system pressure monitor will show a momentary decrease in pressure when the 
pump strokes. This is normal.  

 18. Slowly open the outlet valves to direct the flow of fluid to the C&C module. The outlet 
valve allows the fluid to exit but does not control the rate of flow. The micro-metering valves on 
the C&C module allow for control of the rate of flow.  
 
 19. Adjust the micro-metering valves to the desired flow rates by observing the flow meter. 
Continue the flow of CO2 until the desired number of liters of expanded gas has been recorded. 
(See Appendix A for flow rate calibration.)  
 

Caution The micro-metering valves are not shut-off valves. Do not overtighten them 
when reducing flow. If they are overtightened, the seat will be scored resulting in poor 
flow control. These valves only allow for adjusting the flow of fluid, not for holding it. 
The micro-metering valves on the C&C module should be adjusted until only a slight 

flow of discharged gas is monitored on the flow meter. Additional tightening may result in 
irreversible damage to the valve stem. If this occurs, the valve stem must be replaced. Outlet 
valves should be used to shut off the flow.  



Depressurizing the SFE via Vent Valves   5.32  
after an Off-line Collection Only  

 20. Press the PUMP switch once to disable the 
CO2 Pump.  The “ON” LED will go OFF to show the CO2 pump is disabled.  Then set the 
pump pressure setpoint to 0 on the touchscreen controller.   
 
21. Flip the oven and valve heater on/off switches to the “off” position.  
 
Note Always check the vent valves to ensure that they are closed before repressurizing the 
system for a new experiment.  

22a. After an extraction, shut off the flow to the micro-metering valves on the C&C module 
by turning the inlet and outlet valves clockwise. Open the vent valves to depressurize the 
extraction vessels. After the system has been vented, close the vent valves by turning them 
clockwise.  

22b. Depressuring the SFE via micro-metering valves after an in-line and/or off-line 
collection. Close both inlet valves and continue experimental flow rate amount until vessels 
are completely depressurized (i.e. no flow rate).  

23a. If changing vessels, close the inlet valves to maintain the pressurized CO2 in the pump 
module. By “holding” the CO2 in the pump module, the operator can “reuse” the CO2 already in 
the pump module. CO2 is saved because the entire system does not have to be repressurized for 
each extraction.  

23b. For overnight shutdown, close the CO2 cylinder valve and leave the inlet valves closed 
to prevent any contaminate from entering the pump’s CO2 lines.  

24. Remove extractor vessels from the oven.  

 

Warning The extractor vessels may be hot. Depending on oven setting, oven 
mitts may be required to remove extraction vessels.  



Flushing the Transfer Lines    5.33  
for Residual Analyte Recovery  

 25. Ensure that both vent valves are closed, and fully open both outlet micro-metering valves. 
This will allow for efficient passage of solvent and analyte off-line recoveries.  
  
26. Attach the SFE Purge Adaptors (P/N 7710) to the oven’s slip-free connectors of the extractor 
discharge line. Fit the syringe containing wash solvent(s) to the discharge line fittings. (See 
“Accessories” section of this manual for adaptors and syringes.) Push solvent (about 1.0 mL) 
through the transfer lines. Empty the solvent syringe and reattach the air syringe. Clear the 
discharge line of solvent by pushing air through the discharge line.  
 
NOTE Because the C&C module may still be hot after an extraction, the solvent may exit the 
discharge tubes as a vapor. Its presence will be apparent as the vapor condenses along the walls 
of either the SPE cartridges or the collection vials. This washing action will deposit extracted 
materials on the sorbent bed of the SPE cartridges, at the base of the collection vials, or in 
disposable chem wipes.  

27. If using SPE cartridges, continue normal SPE processing. If using “neat” or solvent 
collection, continue appropriate processing.  

Overview of an Off-line Extraction Procedure  5.4  

The following is a brief overview intended to help you understand how the oven, pump, and 
C&C modules work together. The steps below are only one example of the chronology of steps 
for the Spe-ed SFE. The order that you choose to use the pump, oven, and C&C modules will 
depend on the sample that you are using. In some cases (i.e. extracting analytes from liver), it is 
not desirable to heat the oven before adding pressure. In the liver example, the sample would 
decompose before the desired analytes could be extracted. Your specific application will dictate 
the order you need to heat and pressurize. For more information on this, contact Applied 
Separations Support Office at   
(610) 770-0900.  

1. Place the filled sample extractor vessel onto the extractor vessel hanger and place in the 
oven module.  
 

2. Screw the finger-tight compression nuts and locking caps from the inlet and outlet valves 
into the extractor vessel and shut the oven door.  
 

3. Set the oven and C&C module to desired temperatures and turn the “OVEN” and 
“VALVE” switches to “on”. Make sure that all of the valves (inlet, outlet and vent) are 
closed. The oven and C&C modules will begin heating. Ensure that the C&C module 
temperature is ready before proceeding to the next step. (For specifics on the heating 
parameters, please refer to Appendix B).  
 



4. Adjust the air pressure regulator ( for manual pressure control systems) or pressure 
controller setpoint (for automatic electronic pressure control systems) to the desired CO2 
pressure. 
 

5. Open the inlet valves by turning them counter-clockwise.  
 

6. To check for leaks, pressurize the pump module halfway to the desired pressure and open 
the oven. Make sure that the extractor vessel is not leaking. To continue, close the oven 
door and continue pressurizing.  
 

7. Open the outlet valve at the top of the oven. This will allow the supercritical fluid to start 
collecting in the collection tubes.  
 

8. Open the micro-metering valves on the C&C to the desired flow rate. Use a flow meter to 
determine the rate of flow. (See “Accessories” portion of this manual.)  

 
Note Some researchers suggest allowing several minutes to collect the extract.  
Analytes may not be completely extracted from the sample immediately upon opening the 
valve.  

9. Close the inlet and outlet valves if only utilizing off-line collection mode.  
 

10. Turn off oven and open door (quickly depart from experimental conditions).  
 

11. Open the vent valves in the oven module to vent vessel pressure.  
 

12. Flush the tubing and C&C module. Attach a syringe with an adaptor to the stainless steel 
discharge line from the extractor vessel. Flush the line with an appropriate solvent. (See 
“Accessories” portion of this manual for SFE Purge Connector and SFE Purge Syringe.)  

 
.  
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OPTIONS         SECTION 6 
 
Spe-ed SFE Modifier Pump Module    6.1 
 
The Spe-ed SFE Modifier Pump Module (P/N 7170, 120VAC or P/N 7172, 240VAC) is a special 
pump design that is capable of going to 10,000 psi (690 BAR). 
 
Connecting the Spe-ed SFE Modifier Pump to the Spe-ed SFE  (Figure 26) 
 
1. The Modifier Pump check valve has been factory mounted on the side of the Modifier Pump. 
 
2. Connect the supplied 60 inch long tube assembly as follows: 
Attach the tube end with the clenched ferrule and nut to the outlet port of the check valve on the side 
of the Modifier Pump. 
 
3. FOR SFE-2 AND SFE-4: 
Remove plug from SFE Oven Manifold. 
 
FOR SFE-NP: 
Remove the end cap from the free end of the factory-installed SFE-NP Oven Modifier Inlet Tube 
Assembly. 
 
Note    To make installation of the Modifier Pump easier, the Spe-ed SFE-NP has a short, factory-
installed tube assembly connected to its Inlet Manifold. The free end of this tube assembly exits the 
rear of the oven through the Oven Inlet Port and contains a cap on the end. This serves as the 
Modifier Pump Inlet. 
 
4. For SFE-2 and SFE-4: 
Insert the free end of the 60 inch long tube assembly into the Inlet Port in the rear of the SFE Oven 
and connect to the open SFE Oven Manifold port using the supplied ferrule and nut. 
 
For SFE-NP: 
Connect the free end of the 60 inch long tube assembly to the factory-installed SFE-NP Oven 
Modifier Inlet Tube Assembly using the supplied ferrules and nut. 
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Figure 26
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MAINTENANCE       SECTION 7 
 
Cleaning         7.1 
 
It is recommended that the transfer lines from the outlet valve to the micro-metering valves be 
flushed with an appropriate solvent after each run to remove any extracted material remaining in the 
tubing. This procedure prevents any sample carry-over and ensures quantitative collection of all 
extracted material. 
 
The residual extract may be collected in an SPE cartridge or vial if desired. Otherwise, the wash 
solvent should be disposed of in an appropriate manner. (Refer to Section 5.33, Flushing Transfer 
Lines.) 
 
Preventive Maintenance      7.2 
 
Frequency of preventive maintenance will depend on the level of instrument usage. The following 
items should be monitored routinely: 
 
Cartridge in Air Filter 
Drain the bottom of the filter of coalesced water weekly or as necessary. Replace the filter cartridge 
when the airflow is too low to supply the pump adequately. 
 
 
Cleaning of Vent Valve 
Use the purge syringe. Flush solvent through the vent valves not the outlet valves. Make sure that a 
proper  solvent collection device is utilized (e.g. disposable chem wipes) while cleaning the vent 
valves. 
 
Replacement of Adsorbents in CO2 Clean-up Cartridge 
Replace CO2 clean-up column adsorbent Spe-ed CO2 Clean (adsorbent P/N 7121) quarterly or as 
needed, depending on the purity of the CO2 used. 
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TROUBLESHOOTING      SECTION 8 
 
Symptom  Cause Remedy 
No CO2 pressure indicated 
on the system pressure 
monitor. 
 

1. Pump module not 
operating. 
 
 
2. CO2 cylinder valve may 
be closed. 
 
3. “Fluid delivery” valve on 
flex hose may be off. 

1. Check if pump is 
electrically connected and 
turned on. 
 
2. Open CO2 cylinder valve. 
 
3. Turn “fluid delivery” 
valve on. 

No air pressure indicated on 
air pressure gauge. 
 

1. Compressed air source 
may not be flowing to pump 
module. 
 
2. Air pressure regulator 
closed. 
 
 
3. Air leak in pump module. 

1. Turn on compressed air 
source. 
 
 
2. Turn air pressure 
regulator clockwise and 
observe gauge. 
 
3. Open pump module 
cabinet and slowly raise air 
pressure. Check for tubing 
leaks. Tighten loose fittings 
and/or replace fittings or 
tubing. 
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Pump cycles rapidly 
(cavitates) when air 
pressure regulator is 
increased. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. CO2 cylinder valve 
and/or delivery valve is 
closed. 
 
2. Fluid level and/or head 
pressure in CO2 cylinder 
may be too low. 
 
3. Leak in CO2 lines. 
 
4. CO2 output flow rate is 
too high during and 
extraction. 
 
5. Pump check valves may 
be defective. (Ex. erratic 
pressure readings on 
pressure gauge.) 
 
 
 

1. Check that the CO2 
cylinder and pump delivery 
valves are open. 
 
2. Replace CO2 cylinder. 
 
 
3. Tighten CO2 tubing 
and/or fittings. 
 
4. Reduce flow rate via 
micrometering valves. 
 
 
5. Call Applied Separations 
Engineering Services 
Office. Major fittings may 
need to be replaced. 
 
 
 

No flow when outlet valves 
are opened  

1. Inlet valve may be 
closed. 
  
2. Micrometering valves 
may be closed. 
 
 
3. Blockage in 1/16” tubing 
between outlet valve and 
C&C module. 

1. Re-close outlet valve 
then open inlet valve. 
 
2. Slowly open 
micrometering valves on 
C&C module 
 
3. First attempt to clean line 
with solvent. If it remains 
clogged, open C&C valves 
before replacing tube. 
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Symptom  Cause Remedy 
Desired CO2 pressure 
cannot be attained. 

1. Fluid level or head 
pressure in CO2 cylinder 
may be too low. 
 
2. CO2 output flow rate too 
high. 
 
3. Air source may be too 
low. 
 
 
4. Rupture disc is leaking. 
 
 
5. Pump check valves may 
be defective. 
 
 
6. Pressure relief valve 
inside pump module is 
leaking. 
 
7. Inadequately chilled 
pump head for CO2 pump 
inlet module. 
 
8. No dip tube in CO2 
cylinder. 

1. Replace CO2 cylinder. 
 
 
 
2. Reduce flow rate via 
C&C valves. 
 
3. Turn air pressure 
regulator to increase 
pressure. 
 
4. Tighten and/or replace 
rupture disc. 
 
5. Contact Applied 
Separations Engineering 
Services Office. 
 
6. Contact Applied 
Separations Engineering 
Services Office. 
 
7. Chill SFE pump head to -
5°C to 0oC. 
 
 
8. Install CO2 cylinder with 
dip tube. 

Oven temperature varies 
more than 5° about set 
point. 

1. Control parameters are 
incorrect to match the set 
point temperature. 
 

1. Press AT (Auto Tune) 
button on oven control 
panel. Follow procedure in 
section 5.1. 
 

Rupture disc blown. 
 

1. Overpressurization. 
 

1. Replace rupture disc. 
 

Three (3) way valve 
leaking. 
 

1. Stem nuts may be loose. 
 
2. Inlet, outlet, or vent valve 
fittings are loose. 
 
3. Stem packing may be 
worn. 

1. Tighten stem nuts. 
 
2. Tighten inlet, outlet, 
and/or vent fittings. 
 
3. Replace stem packing. 
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Symptom  Cause Remedy 
Lack of Adjustment 
capability or erratic flow on 
micro metering valves 
(C&C module) 

1. Valve stem may be 
damaged or worn. 
 
 
2. Extractions vessel(s) is 
empty. 
 
3. Extuded vessel (s) is 
empty. 
 
4. Valve clogged with 
extracted sample  

1. Remove micrometering 
valve stem; if severely 
scored, replace  
 
2. Fill extraction vessel(s). 
 
 
3.Replace Teflon washer. 
 
 
4. First, syringe solvent 
through off-line on pump 
module to unclog. If 
unsuccessful, open C&C 
valves and clean. 
 

C&C module does not heat.  
 
 

1. MAIN power switch is 
off. 
 
2. C&C valve switch is off. 
 
 
3. Defective cartridge heater 
or thermocouple. 
 
4. Electrical leads not 
properly connected in 
aluminum block. 
 

1. Turn MAIN power 
switch on. 
 
2. Turn C&C valve switch 
on. 
 
3. Contact Applied 
Separations Engineering 
Services Office. 
 
4. Connect electrical leads 
to block.  

Slip-free connectors leaking 
CO2. 
 

1. Cracked or worn vespel 
ferrule. 
 
2. Damaged slip-free fitting. 
 

1. Replace vespel ferrule. 
 
2. Replace entire slip-free 
connector to 3-way valve. 
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Symptom  Cause Remedy 
Oven does not heat. 
 

1. MAIN power switch is 
off. 
 
2. HEATER switch is off. 
 
3. Defective thermocouple. 
 

1. Turn MAIN power on. 
 
2. Turn HEATER switch 
on. 
 
3. Contact Applied 
Separations Engineering 
Services Office. 
 

No flow through extractor 
vessel. 

1. Extractor vessel is 
packed incorrectly. 
 
2. Stainless steel frit is 
blocked. 
 
 
3. Stainless steel frit clogs 
frequently. 

1. Refer to vessel packing 
section of this manual 
(Section 4.1). 
 
2. First, clean frit with 
solvent and vacuum flask. If 
unsuccessful, replace. 
 
3. Sample extracted 
material may require larger 
frit or vessel sample may 
need a more efficient 
packing procedure. 
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ACCESSORIES       SECTION 9 
 
 
Catalog  
Number Part Name 
7700  SFE-2 Oven Module (120 VAC, 60Hz) 
7701  SFE-2 Oven Module (240 VAC, 50Hz) 
7260  SFE-NP Oven Module (120 VAC, 60Hz) 
7261  SFE-NP Oven Module (240 VAC, 50Hz) 
7760  SFE-4 Oven Module (120 VAC, 60Hz) 
7761  SFE-4 Oven Module (240 VAC, 50Hz) 
7102  Pump Module (120 VAC, 60Hz) 
7103  Pump Module (240 VAC, 50Hz) 
7132  Flexible Hose Assembly  
                        with fittings to connect from CO2 cylinder to pump 
7115                Air Line nylon tubing and connector 
 
Maintenance Kit (P/N 7702) 
Includes all items listed below. Accessories may also be purchased separately. 
 
7740  Slip-free connectors (2) with 10” tubing 
7741  Vespel sealing ferrules (2) for slip-free connectors 
7750  Wrench set* (includes: 5/16”, 1/2”, 9/16”, 5/8”) 
7130  Rupture disc 
7742  Three-way valve ferrules (3) 
7743  Micro-metering valve ferrules (3) 
7751  Micro-metering valve rebuilding kit 
7745  Inlet tubing (3’ of 0.02” ID, 1/16” OD tubing) 
*Uses for the wrenches: 
 5/16” - Used to tighten 1/16” tube connector. 
  Also used for 3-way valve inlet/outlet fittings. 
 1/2” -  Used to install the 3-way valve tube to the micro-metering valve. 
  It can be used to tighten the micro-metering valve SPE adaptor. 
 9/16” - Used to tighten 1/4” tube nut to connect pump to CO2 input. 
 5/8” -  Used for the micro-metering stem fitting and seal fitting. 
  It can also be used to tighten the 3-way valve stem nuts. 
 
Extraction Vessels and Accessories 
7971  5mL extractor vessel (finger tight) 
7972  10mL extractor vessel (finger tight) 
7973  24mL extractor vessel (finger tight) 
7974  32mL extractor vessel (finger tight) 
7976  50mL extraction vessel (finger tight) 
7907  300mL extraction vessel (finger tight) 
7926  500mL extraction vessel (finger tight) 
7908  1000mL extractor vessel (finger tight) 
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7921  In-line 1mL SPE cartridge holder (Teflon) for 1” OD extractor vessel (made to fit) 
7923  In-line 3mL SPE cartridge holder (Teflon) for 1” OD extractor vessel (made to fit) 
7926                500mL extraction Vessel (finger tight) 
7930  Tamping rod for 1” OD extractor vessel (fits 24, 32, 50mL vessels) 
 
Extractor Vessel Oven Brackets 
7932  1” OD (fits 24, 32, 50mL vessels) 
 
7944  SFE filling funnel, fits 1” OD extractor vessel 
 
7950  Spe-ed Matrix dispersing and drying agent, 750 grams 
7952  Polypropylene wool, 1 lb. (454g) roll 
7953  Glass wool, 1 lb. (454g) roll 
7956  Polyethylene frits, pkg. of 50 (fits 10, 24, 32, 50mL vessels) 
7957  Teflon frits, pkg. of 50 (fits 10, 24, 32, 50mL vessels) 
Collection Accessories 
7711  SFE Purge syringe (with adaptor) 
7712  SPE adaptor, 6mL 
7751  Tygon tubing (10 ft.) 
7715  Fixed restrictors (2), 30 micron ID x 100mm long 
 
For SPE Collection  
7914  SPE vent adaptor 
7714  Discharge tube for SPE collection 
 
For Solvent Collection 
7713  Discharge tube for solvent collection 
7733  Collection tube vent assembly 
7735  Collection tube (16 x 125) with cap and septum (250/box) 
CO2 Clean-up Accessories 
7120  CO2 clean-up columns 
7121  Spe-ed CO2 Clean (100g) - Replacement adsorbent for CO2 cleanup columns 
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Appendix A 
 
Calibrating the Pressure Monitor Display 
 
Your Spe-ed SFE has been calibrated at Applied Separations.  
 
To check the calibration: 
 

1.With the system depressurized, verify that the display indicates 0 +/-15 psi(0+/-1 BAR) 
 
      2. If the display indicates a value outside the above range, contact Applied Separations 
Engineering Services Office for calibration assistance. 
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APPENDIX B 
 
Keypad and Temperature Controls 
 
Background to Thermal Control Principles 
 
The two most common modes of thermal control are the ON/OFF control and the PID (proportional 
integral derivative) control. 
 
ON/OFF 
With ON/OFF control, the output device turns full ON or full 
OFF. The SFE oven’s temperature sensitivity is established to 
prevent switching the output device ON and OFF within a 
temperature span that is too narrow. If this established span were 
too narrow, a condition known as “chattering” would occur (See 
figure). 
 
Since this type of control action dictates that there will always be 
a certain amount of temperature overshoot and undershoot, the 
temperature is always controlled “about set point”. 
 
PID 
The PID control category includes devices of varying degrees of complexity that are capable of 
providing accurate control under a variety of conditions. 
 
Time Proportioning Control 
Time proportioning control is required for a more precise 
control of process temperature. As the process temperature 
approaches the set point, the output device is switched ON 
and OFF at the established cycle time. At the lower limit of 
the band, the ON time is considerably greater than the OFF 
time. As the process temperature approaches the set point, 
the ratio of ON to OFF time changes; the amount of ON 
time decreases as the OFF time increases. This ON/OFF 
cyclic action continues until a stable relationship is 
achieved, therefore stabilizing the SFE oven such that the 
process temperature is controlled at a point below the set 
point. 
 
The process temperature stabilizes with a constant droop. 
This condition will remain providing there are no work load 
changes in the SFE oven. 
 
To compensate for this droop in temperature, the SFE oven 
must be reset either manually or automatically (integrally). 
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Tuning Methods 
 
Tuning temperature controls can either be accomplished automatically or manually. 
 
The “Set Point” (SP) button will display the desired temperature of the oven and is needed for tuning 
both automatically and manually. (See section 5.1 for instructions on setting the desired 
temperature.) 
 
Automatic Temperature Control 
Automatic tuning, or autotuning, is possible through the use of digital, microprocessor-based, 
electronic circuitry. This circuitry is able to calculate the correct setting for each of the control 
parameters. After the autotuning is complete, the controller will “remember” the appropriate PID 
tuning parameters by saving them in its memory. It is recommended that an operator record these 
parameters to enable quick oven experimental temperature changes. 
 
The autotune (AT) function, shown on the front control panel, will automatically set the heating 
parameters. Press the button labeled “autotune” to turn the autotune function on or off. This will 
allow the oven to heat and cool for a period of time and to minimize temperature overshoot. The 
oven door should be closed and the extractor vessels in place during this operation. When changing 
the temperature set points, press the autotune function after the set point has been changed to a new 
setting. The autotune indicator (green LED) will flash to show that the autotuning is in progress and 
will shut off when the autotuning is complete. At this time the temperature control parameters are 
optimized. It is important to autotune your Spe-ed SFE before a sample is placed in the extractor. If 
the autotune function is turned off manually before the green LED indicator light goes off, then 
autotuning will not be complete. 
 
Manual Temperature Control 
Manual tuning is manually setting each of the controller’s operating parameters. When tuning 
manually, take note of a few precautions: 

1. It is important to allow enough time when tuning the SFE oven. It will work a long time 
without further attention if it is done correctly the first time. 

2. Do not change more than one parameter at a time. Allow the system to reach equilibrium 
before making another change. 

3. Remember that the amount of time spent tuning the SFE oven is relative to the precision of 
control needed. 
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Manual Tuning (in detail) 
The Spe-ed SFE allows you to change the default parameters for achieving the desired temperature. 
 
The “Parameter List” (PL) button will display the different parameters that can be manipulated to 
achieve a desired temperature. The parameters will be shown, one at a time, on the lower digital 
display where the desired temperature is usually displayed. Each time the button is pressed, the Spe-
ed SFE will show a different parameter that may be adjusted if desired. The parameters are listed 
below. 
  Symbol Description of Parameter 
  blank  Process set-point 
  H  High alarm trip point 
  L  Low alarm trip point (not used) 
  P  Proportional band 
  A  Anti-reset wind-up 
  i  Integral time 
  d  Derivative time 
  r  Cycle time 
  O  Output percent 
  F  Output percent limit 
 
The parameter symbol is displayed on the left side of the “desired temperature” display. Use the 
arrow keys to change the value of the parameter. The following is an example of setting the “High 
alarm trip point.” 
 
Setting the Proportional Band (P) 
By adjusting the proportional band, the operator is able to select the response speed (gain) or 
determine the sensitivity of the proportional controller, and therefore, achieve stability in the SFE 
oven. When setting the proportional band, there are two important criteria that must be met: 

1. The proportional band must be set such that is wider than the natural oscillation of the SFE 
oven but at the same time, not wide enough to dampen the SFE oven response. 

2. The SFE oven cycle time (switching ON then OFF) must be set to switch faster than the 
natural oscillation of the SFE oven. The shorter the controller cycle time, the better the SFE 
oven response. 

   
 Tuning 
 If a recorder is available, simply monitor the actual process variable. If one is not available, 
observe the process response and record the readings over a defined time period. 
  
 If there are oscillations with the proportional band at its narrowest setting (not zero), the 
adjustment of the proportional band should be increased in small increments until the offset (droop) 
starts to increase. Because the proportional band has been adjusted to have the controller seek 
stability of the system, very often an offset (droop) from the set point occurs. At this point in tuning 
the system, the process variable should be in a state of equilibrium, but not right on the desired set 
point.  
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If the SFE oven response looks 
like this, divide the 
proportional band by a factor 
of 2. 
 

 
If the SFE oven response looks 
like this, multiply the 
proportional band by a factor 
of 2 

 

 
If the SFE oven response looks 
like this, the proportional band is 
very close to the correct setting 
for the Spe-ed SFE. Increase the 
proportional band in small 
increments until the temperature 
stabilizes. 
 
 

 
 
Saving the Anti-Reset Wind-up Band (A) 
The anit-reset wind-up band is the proportional band about the set point. The integral is only allowed 
to function with a “proportional band” called the anti-reset wind-up band. In the SFE oven, the anti-
reset wind-up band is equal to the proportional band during autotuning. 
 
 Tuning 
 If there is extreme temperature overshoot (due to a wide temperature band), a decrease in the 
anti-reset wind-up band is needed to control the overshoot. However, if there is extreme undershoot, 
then the anti-reset wind-up band will need to be increased. 
 
Setting the Integral (Reset) (i) 
Since the proportional output results in a droop, it is necessary that the droop be corrected. This is 
done by adjusting the integral (reset) control. 
 
The parameter must be tuned to its SFE oven, although it will automatically make the correction for 
offset errors. Since each SFE oven has its own oven cycle time, the auto reset time constant 
(repeats/minute) must be tuned to match the overall SFE oven response time. 
 
 . 
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Tuning 
 Start with the auto reset at the 
lowest number of repeats per minute. 
Increase the repeats per minute in small 
increments and allow it to return to a 
state of equilibrium before increasing 
any more. When the SFE oven just 
starts to oscillate, begin decreasing the 
setting just enough to stabilize the SFE 
oven 

 
Too Short (overshoots and 
oscillates) 

Too Long (slow warm up 
and response) 

 
 
Setting the Derivative Rate (d) 
The function of the rate parameter is to reduce or completely eliminate any temperature overshoot. It 
is based on minutes and must be tuned to work with the overall SFE oven cycle time. 
 
 Tuning 
 Set the rate at the smallest integer of minutes possible and in small increments, increase it. 
After each adjustment, increase the set point moderately. If the actual process temperature 
overshoots the set point temperature, continue to increase the rate integer in small increments. Then 
increase the set point temperature until optimum approach to set point is achieved. 
  
 If the oven seems unable to reach the new set point, it is necessary to decrease the number of 
minutes of rate. This will reduce the “dampening effect.” 
 
Setting the Output Percent (O) 
The output percent is a real time display of the heating duty cycle, i.e., the percentage of time within 
each cycle time that the heat is being applied. The output LED (yellow light) is a visual indication of 
this heat output. When the light is on, the heat is being applied. 
 
Setting the Output Percent Limit (F) 
The SFE oven accurately controls temperature with minimal overshoot in the standard autotuning 
mode. However, if no overshoot can be tolerated, the parameter can be reduced to under 100%, 
although the heating time will be much slower. 
 
For additional information on resetting the heating parameters of the Spe-ed SFE, contact the 
Applied Separations Engineering Offices at (610) 770-0900. 
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APPENDIX C 
Configuring Oven Plumbing to Alter Direction of Fluid Flow 
 
 
Most SFE applications 
report the use of a 
configuration similar to that 
depicted in Figure A. In this 
arrangement, the direction 
of flow of the supercritical 
fluid flow is vertically up 
through the sample packing 
in the extractor vessel. Your 
Spe-ed SFE was factory 
assembled for extractors 
using this arrangement. 
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However, in certain 
applications, the user may 
wish to reconfigure the oven 
plumbing so that the 
direction of flow is 
downward through the 
sample packing as shown in 
Figure B. This arrangement 
is possible with the versatile 
Spe-ed SFE. The only 
change required to the 
instrument is the 
replacement of the factory 
installed slip-free 
connectors and tubing with 
longer lengths. 
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APPENDIX D 
 
Application Area: Environmental Testing 
 
Total Recoverable Petroleum Hydrocarbons (TRPHs) from Soils, Sediments, Fly Ash, and 
other Solid Materials (EPA Method 3560) 
 

Sample Matrix:  Soils, sediments, fly ash, or other solid samples amenable to extraction 
with conventional solvents. 

 
Sample Preparation: Weigh 3g of sample into an extractor column. A drying agent may be 

added to samples that contain water in excess of 20% to increase 
porosity or to bind water.  

    (See Method 3560, 7.3 Sample Handlings) 
 
 Analyte:  TRPHs 
 
 Instrument:  Applied Separations Spe-ed SFE BAR 
 
 
 SFE:   Use supercritical CO2 
 
 Pressure:  5000 psig 
 
 Oven Temperature: 80° C 
 
 C&C Temperature: 100° C 
 
 Flow Rate: 
 
 Extraction Time: 30 minutes 
 
 Collection:  1g C18 SFE cartridge or 3mL Tetrachloroethylene 
 
 Analytical Method: GC/FID or IR (EPA method 8015 or 8440) 
  
  
Note  This method is not suitable for the extraction of low-boiling TPHs such as gasoline. 
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Application Area: Food Industry 
 
 
Determination of Fat (%) in Potato Chips 
 
 Sample Matrix: Potato chips 
 
 Sample Preparation: Grind sample with a mortar and pestle and fill a tared extractor with  
    sample. 
 
 Instrument:  Applied Separations Spe-ed SFE 
 
 SFE:   Use supercritical CO2 
 
 Pressure:  10,000 psi 
 
 Oven Temperature: 80° C 
 
 C&C Temperature: 110° C 
 
 Flow Rate:  5 L/min 
 
 Extraction Time: 20 minutes 
 

Analytical Method: Indirect Gravimetric: weigh sample in extractor vessel before and after 
extraction. Cool 20 minutes. The difference in weight is calculated as 
weight percent fat. 

 Direct Method:  Weigh tared collection tube before extraction. Collect fat in tared  
    collection tube and reweigh collection tube after extraction. 
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APPENDIX E 
 
Finger Tight Extractor Vessel Information 
 
Applied Separations’ vessels have standard 1/16” female end-fittings for easy use with finger tight 
vessel connectors. No wrenches are needed. 
 

 

Warning After use, the vessels should remain sealed until they have cooled to room 
temperature (20 - 30° C). Do not attempt to open the vessel while it is still hot. If the 
vessel’s end-fitting seizes, wait until the vessel cools before removing by hand. 

 

 
Warning High pressure experiments must be conducted in a shielded area. Vessels 
are made of 316 SS and are intended for extractions, not reactions. Pressure ratings are a 
guideline only. Final responsibility rests with the user for operation in a safe shielded 
area. 

 

 
Warning Do not exceed extractor vessel specifications for temperature and pressure. 
 

 

 
Warning This instrument is not intended for use with Nitrous Oxide, or with 
corrosive compounds such as ammonia or sulfur hexafluoride, which can form an 
explosive mixture with organic compounds. 

 

 
Warning Installation of a new seal requires an insertion tool. (Description follows.) 
 

 
Assembly 
The vessel will come loosely assembled. Please follow all steps to ensure durability of the vessel. 
(Figure below.) 
 
1. Make sure spring-loaded seals are 
pressed completely into the ends of 
the vessel tube. The spring should 
face the tube. If you must insert the 
seal, a seal insertion tool is 
recommended. 
 
2. Make sure the metal frit is in the high pressure fitting. Tighten down the male nut with a 3/8” and 
5/8” wrench. Do not over tighten. 
 
3. Press the high pressure fitting into the vessel tube, being careful not to damage the seal. 
 
4. Screw the endcap onto the assembly unit until it is hand-tight. Do not over tighten. Use thumb and 
forefinger only to tighten. 
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Directions for Use 

1. To fill the vessel, remove one end fitting assembly and fill with sample. Once the vessel is 
filled to the desired level, clean the surface (this ensures the longest possible seal life). 
Reassemble the fitting assembly. 

2. Be sure that all the fittings are tight and place the vessel in-line. 
3. The vessel can now be pressurized in the Spe-ed SFE oven module. Be sure to check for 

leaks at all pressures. 
 
Seal Insertion Tool 
In order to maintain the integrity of the seal, a seal insertion tool 
is recommended. Please use the appropriate sized insertion tool 
for the vessel you are using. The tools are not interchangeable. 
 

1. Remove the endcap, high pressure fitting and faulty seal from the vessel tube. 
2. Remove the plunger from the insertion tool body. 
3. Screw the insertion tool body onto the threads of the vessel tube until hand tight. 
4. Place the new spring-loaded seal with the springs facing away from you (toward the inside of 

the vessel) into the end of the insertion tool body. 
5. Put the plunger into the end of the insertion tool body and press smoothly until the plunger 

meets the body. 
6. Unscrew the insertion tool body from the vessel tube. 
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APPENDIX  F   

Spe-ed SFE Electric CO2 Pump Set-up / Operation

This section describes the optional, electrically operated CO2 pump, P/N 6870.  The operation 
of this pump is similar to the Modifier/Liquid Pump in that a desired flow rate may be set by the 
operator, as well as a high pressure limit setting.  The electric CO2 Pump includes a coolant pre-
chiller in the liquid CO2 inlet for efficient operation when used with a Recirculating Coolant Bath 
(RCB).

Note  The Electric CO2 Pump Pressure display reads in units of PSI, up to 9,999 PSI.
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CO2 Connections

 1. Connect the Flex hose from the CO2 supply cylinder to the electric pump’s   
  CO2 Inlet Filter, located on the left side of the pump cabinet.

  
  

 2. Connect the high pressure tubing from the SFE oven CO2 Inlet to the electric   
  pump’s CO2 Outlet Check Valve on right side of the pump cabinet. 
  Refer to Figure 3 on page 13 of Spe-ed SFE Operations Manual for location 
  of oven tube. 

    
 
             

 

Pump CO2 Inlet

Pump CO2 Outlet Check Valve
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RCB Coolant Connections

 1.  Connect the tubing from the RCB coolant outlet to the electric pump’s  
  coolant inlet located at the center front of pump.

 2. Connect the tubing from the RCB coolant inlet to the electric pump’s coolant 
  outlet on left side of pump cabinet.

Operation

Refer to the included electric CO2 pump user manual for operation and programming details.

Pump Coolant Outlet

Pump Coolant Inlet



 

Warranty 

 

Applied Separations Supercritical Fluid Systems have a one-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 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 for repair. 

 

Applied Separations’ liability is limited to repair or replacement of defective components. Under 

no circumstances is Applied Separations 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. 

 

Applied Separations will pay normal surface return transportation charges within the 48 

contiguous United States if a system proves to be defective within 30 days from the date of 

shipment. Applied Separations will not pay air freight or packing and crating charges. The 

customer will pay transportation charges throughout the remainder of the warranty period. 

 

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 are guaranteed for 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 or through normal use are not covered by this warranty. Products not 

sold under the Applied Separations trademark for which there is another warranty are not 

covered by this warranty. 

 

The warrantor is Applied Separations, 930 Hamilton St., Allentown, PA 18101, U.S.A. 


