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STIRRED CELL AND METHOD OF USING SAME 

 
This application claims priority of U.S. Provisional 

Application Serial No. 62/114,761 filed February 11, 2015, 

the disclosure of which is incorporation herein by 

reference. 

 

FIELD 

Embodiments disclosed herein relate to fluid 

containment pressure vessels such as stirred cells and 

related methods utilizing the same. 

   

BACKGROUND 

 Pressure vessels for sample concentration or desalting, 

for example, may use air pressure as the driving force to 

effect separation, such as through a suitable membrane. 

Typically outer support housings are containment frames are 

necessary to contain the vessel when under pressure, hold 

the cover on the vessel, help prevent premature or 

accidental release of the cover, as well as to add strength 

to the assembly when pressurized. However, filtration is 

complete, it is often very difficult to remove the vessel 

from the support housing.  In addition, if the vessel was 

attempted to be pressurized without the support housing in 

place, the cover would blow off. 
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 One exemplary application of such pressure vessels are 

stirred cell devices. Conventional stirred cells provide 

pressure-based sample concentration or desalting, such as of 

samples containing proteins and viruses.  Such devices use 

pressure as the driving force to force fluid through a 

membrane while retaining and concentrating the 

macromolecules too large to pass through the membrane.  

Typically the membrane is an ultrafiltration membrane. 

Desalting is achieved by a process of diafiltration where 

fluids are replaced and the system is re-pressurized.  

Conventional stirred cells can include gentle magnetic 

stirring to control the concentration polarization or 

accumulation of macromolecules on the surface of the 

membrane, and to minimize shear stress-induced denaturation.  

The devices are designed for rapid concentration or 

purification of macromolecular solutions, and can typically 

handle volumes of from 3 mls to 1000 mls. 

 The ultrafiltration membranes used in such stirred 

cells are size exclusion membranes; due to the extremely 

small pores, a substantial driving force is required to 

effect the separation.  Exemplary driving forces sufficient 

to create high enough force to push the liquid through the 

membrane are centrifugation and air pressure.  Air pressures 

of less than 75 psi are usually sufficient. 
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In addition to the shortcomings of such pressure 

vessels mentioned above, additional shortcomings specific 

to stirred cell devices can include the magnetic stir bar 

contacting and damaging the membrane; the use of non-

standard connectors; fragile vent valve parts that are 

prone to breakage; and caps that are difficult to open and 

close; and possible system leakage.  

It would be desirable to eliminate the containment 

frame, and provide appropriate venting, pressure relief, 

and a safety interlock in pressure vessels. 

 

SUMMARY 

The shortcomings of the prior art have been overcome 

by embodiments disclosed herein, which relate to a device 

and method for sample preparation, including purification 

or concentration of samples, particularly protein samples. 

In certain embodiments, the device is a fluid containment 

pressure vessel, eliminates the outer support housing 

present in conventional stirred cells, and provides an 

improved cap-to-body interface. In certain embodiments, the 

cap is threaded and configured to threadingly engage with 

the body of the stirred cell, and has sufficient structural 

integrity to withstand the pressures in the device without 

the need for a support housing.  In certain embodiments, an 
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interlock mechanism is provided that prevents the cap from 

being opened (e.g., removed from the body) while the device 

is under pressure. In certain embodiments, a pressure 

relief valve is provided with a pre-loaded biasing 

mechanism to achieve the required pressure release rate.  

 

Brief Description of the Drawings 

FIG. 1A is a perspective view of a stirred cell device 

in accordance with certain embodiments;  

FIG. 1B is an exploded view of a stirred cell device 

in accordance with certain embodiments; 

FIG. 2 is a perspective view of an interlock mechanism 

in an open position in accordance with certain embodiments; 

FIG. 3 is a perspective view of an interlock mechanism 

in a closed position in accordance with certain 

embodiments; 

FIG. 4 is a perspective view, partially in cross-

section, of an interlock mechanism and pressure relieve 

valve in an open position in accordance with certain 

embodiments; 

FIG. 5 is a is a perspective view, partially in cross-

section, of an interlock mechanism and pressure relieve 

valve in a closed position in accordance with certain 

embodiments; 
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FIG. 6 is a perspective view, partially in cross-

section, of an interlock mechanism and pressure relieve 

valve in an open position in accordance with certain 

embodiments;  

FIG. 7 is a cross-sectional view of a base cap coupled 

to a stirred cell body in accordance with certain 

embodiments; 

FIG. 8A is a perspective view, partially in cross-

section, of an interlock mechanism and pressure relieve 

valve in an open position in accordance with certain 

embodiments; 

FIG.8B is a perspective view, partially in cross-

section, of an interlock mechanism and pressure relieve 

valve in a closed position in accordance with certain 

embodiments;  

FIG. 9A is a cross-sectional view of a vent valve 

mechanism in an open position in accordance with certain 

embodiments; and 

FIG. 9B is a cross-sectional view of a vent valve 

mechanism in a closed position in accordance with certain 

embodiments. 
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DETAILED DESCRIPTION 

Turning first to FIGS. 1A and 1B, there is shown a 

stirred cell device 10 in accordance with certain 

embodiments. In certain embodiments, the stirred cell 

device 10 includes a body 12 that may be generally 

cylindrical and having an interior volume for containing 

the sample.  Typical volumes include 50-75 ml, 200-250 mls., 

and 400-500 mls., although other volumes are within the 

scope of the embodiments disclosed herein. In certain 

embodiments, the body 12 can have an open bottom end that 

is closable by a base cap 16, and an open top end that is 

closable by a top cap 14. Positioned in the body 12 is a 

stirring mechanism for agitating the sample in the interior 

volume, such as a stir bar assembly 15 that includes paddle 

15’ that is positioned just above the membrane 60, e.g., 

about 1 mm above the membrane 60 surface. In certain 

embodiments, the paddle 15’ includes an AlNiCo magnet and 

is magnetically actuatable. In certain embodiments, paddle 

15’ is part of an axial stem 15” (FIG. 1B) that is coupled 

to a support member 15’’’ that sits on a ridge 8 formed in 

body 12 that extends radially inwardly, In this embodiment 

the axial stem 15” can freely rotate within support member 

15’’’. In certain embodiments, the materials of 
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construction of the body 12 are preferably thermoplastic 

materials, such as polysulfone and polycarbonate.  

In certain embodiments, a detachable top cap 14 

interfaces with the body 12 and closes the open top end of 

the body 12 when engaged therewith.  In certain embodiments, 

the top cap 14 may be internally threaded and can be 

sealingly coupled to the body 12, such as via corresponding 

threads 7 on the outer surface of the top end of the body 

12. Other suitable securing mechanisms include bayonets and 

¼ turn threads. An annular wiper member or seal 13 (FIG. 4) 

may be positioned radially inwardly of the internal threads, 

the wiper member 13 wiping against the inside wall 12a of 

the top open end of the body 12 as the top cap 14 is 

assembled to and disassembled from the body 12. The top cap 

14 may be constructed of any suitable material, such as 

polysulfone. In certain embodiments, the top cap 14 may 

include one or more quick disconnect fittings 11 (which may 

be valved) that can connect to suitable tubing 61 (FIG. 1B) 

in fluid communication with a pressure source, and that 

provides fluid communication to the interior of the body 12, 

such as via a port in the top cap 14, when the top cap 14 

is coupled to the body 12 in the assembled condition. In 

certain embodiments, the top cap 14 has sufficient 

structural integrity to withstand the internal operating 
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pressure of the device, thereby eliminating the need for an 

outer support housing required in conventional devices. The 

top cap 14 can be equipped with one or more radially 

outwardly extending ribs 29 to assist the user in grasping 

the top cap 14, which facilitates its rotation relative to 

the body 12. 

As used herein, the term “consisting essentially of” 

excludes the outer support housing or containment frame 

required in conventional devices. 

In certain embodiments, a base cap 16 interfaces with 

the body 12 and closes the bottom open end of the body 12 

when engaged therewith.  In certain embodiments, the base 

cap 16 is externally threaded and is coupled to the body 12 

via corresponding threads on the inner surface of the 

bottom end of the body 12. In certain embodiments, the base 

cap 16 may include a base thread stop tab 55 that engages 

flange 27a that defines slot 27 when the base cap 16 is 

fully engaged with the body 12. This ensures consistent O-

ring 22 compression by providing positive tactile feedback 

to the use that the base cap 16 is fully engaged. In 

certain embodiments, a membrane holder or support 18 is 

attached to the base cap 16 and is rotatable with respect 

thereto. In certain embodiments, the membrane holder 18 has 

a snap engagement with the base cap 16 (FIG. 7) via a 
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plurality of axially extending members 56 (one shown) that 

snap into central base cap apertures 57. The snap 

engagement allows for relative rotation between the 

membrane holder 18 and the base cap 16. 

 The membrane holder 18 may include a plurality of 

raised projections or ribs and a channel for fluid flow to 

an outlet 19 (e.g., male luer slip) that may be connected 

to tubing 62 or the like. The plurality of projections or 

ribs support a membrane 60.  Annular O-ring 22 may be 

positioned near the outer annular edge of the membrane 60 

to assist in holding the membrane 60 in place and to avoid 

fluid leakage around the membrane 60.  The outlet 19 is 

accommodated by a slot 27 in the body 12 when the base cap 

16 is attached to the body 12.  To attach the base cap 16 

to the body 12, the outlet 19 is inserted into the slot 27, 

and the base cap 16 is rotated so that threads on the base 

cap 16 engage corresponding internal threads 6 on the 

bottom portion of the body 12. Due to the snap engagement, 

rotation of the base cap 16 does not force a corresponding 

rotation of the membrane holder 18. The base cap 16 may be 

constructed of any suitable material, such as polysulfone.  

The underside of the base cap 16 may have a concave surface 

to compensate for expansion deformation while the vessel is 

pressurized during use.  
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As seen in FIGS. 2-4, in certain embodiments, the top 

cap 14 includes an interlock mechanism 20 to prevent 

opening of the top cap 14 from the body 12 while the device 

10 is pressurized or during pressurization of the device 10. 

In certain embodiments, the interlock mechanism 20 includes 

a lock mechanism 21, such as a lever that is vertically 

slidable relative to the body 12 in track 42 of top cap 14 

between an open position (FIG. 2) and a closed position 

(FIG. 3). When the top cap 14 is tightened on the body 12 

so that it rests on annular flange 24 integral with and 

extending radially outwardly from the body 12, the lock 

mechanism 21 aligns with a lock mechanism-receiving member 

23, such as a slot, in the annular flange 24.  By sliding 

the lock mechanism 21 downwardly in track 42 so that narrow 

bottom extension 26 of the lock mechanism 21 enters and 

penetrates through the lock mechanism-receiving member 23, 

rotation of the top cap 14 relative to the body 12 is 

prevented.  Those skilled in the art will appreciate that 

the lock mechanism-receiving member 23 need not be a slot; 

it could be any member or mechanism that receives the lock 

mechanism and prevents relative rotation between the cap 14 

and the body 12.  

As seen in FIG. 6, the flange 24 includes an offset or 

groove 24a that terminates at about the midpoint of lock 
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mechanism-receiving member 23.  The bottom annular surface 

of the top cap 14 includes a stop lock tab 48 that rides in 

groove 24a as the top cap is screwed onto the body 12 and 

approaches its fully tightened position. Since the groove 

24a terminates at about the midpoint of the lock mechanism-

receiving member 23, the stop lock tab 48 abuts against the 

terminal wall of the groove 24a and prevents further 

tightening of the top cap 14, thereby aligning the lock 

mechanism 21 with the lock mechanism-receiving member 23.   

FIGS. 4 and 5 illustrate an embodiment of a pressure 

relief valve. In certain embodiments, the pressure relief 

valve has two actionable features: it provides a user 

actuated venting system; and it provides a pressure release 

vent in the event the system is over pressurized. In the 

embodiment shown, the pressure relief valve includes a 

self-contained valve cartridge or housing 30 in the top cap 

14. In certain embodiments, the valve cartridge 30 is 

positioned radially inwardly of the interlock mechanism 20.  

In certain embodiments, the valve cartridge 30 includes a 

seal 31, such as an elastomeric seal, at one end and a 

compressible piston 32 at the opposite longitudinal end of 

the cartridge 30, the piston 32 held in place with the help 

of housing endcap 36.  The seal 31 is positioned to seal 

against orifice 33 in top cap 14 that itself is positioned 
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to provide fluid communication to the interior of the body 

12 when the top cap 14 is assembled to the body 12. In 

certain embodiments, the orifice 33 face is offset (e.g., 

0.040 inches) and the seal contact surface has a 0.015 inch 

full radius. The diameter of the orifice 33 controls the 

rate of venting of the interior volume and in certain 

embodiments has a 0.140 inch inside diameter. A biasing 

member 34, such as a uniformly wound stainless steel wire 

of a constant wire diameter and outside diameter biases the 

piston 32 radially outwardly, e.g., towards the interlock 

mechanism 20. In certain embodiments, the biasing member 34 

has a linear spring force; for a given wire size and coil 

length, the more the spring is compressed, the higher the 

force required to further compress the spring and actuate 

the piston 32 thus controlling the pressure at which the 

system vents.  

In certain embodiments, the lock mechanism 21 includes 

a cam slot 35. The cam slot 35 is configured and positioned 

so that the head of piston tracks in the cam slot 35 as the 

lock mechanism 21 is actuated between the fully open and 

fully closed positions. In certain embodiments, the lower 

region of the cam slot 35 extends radially outwardly to a 

greater extent than the upper region of the cam slot 35, 

with a transitioning ramp 35a between these lower and upper 
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regions. Accordingly, when the lock mechanism 21 is in the 

open position as shown in FIG. 4, the piston 32 is 

positioned in the lowest region of the cam slot 35, and 

thus the piston 32 is biased radially outwardly to its 

furthest extent. In this open position, fluid (e.g., air) 

within the body 12 can vent through orifice 33, into the 

cavity 39 holding valve cartridge 30, around the small gap 

between the valve cartridge 30 and the walls of the cavity 

39, and out of the device. In certain embodiments, the 

stroke to close the valve and set the biasing member 34 can 

be designed to cause the piston to move from between 0.030 

inches to 0.050 inches, preferably about 0.040 inches, by 

appropriately configuring the cam slot 35. In certain 

embodiments, the valve is designed to open (e.g., the force 

of the biasing member 34 is overcome by the pressure acting 

on the pressurized area of the elastomeric seal 31) at a 

pressure range of 85 psi to 105 psi.  This is a function of 

the size of the orifice 33 opening and the biasing member 

spring rate and spring compression. 

As the lock mechanism 21 is actuated towards the 

closed position, the piston tracks in the cam slot and is 

forced radially inwardly against the force of the biasing 

member 34, forcing the seal 31 into sealing contact with 

the orifice 33 and thus preventing fluid from venting from 
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the body 12 through the orifice 33.  The cam slot 35 

compresses the cartridge 30 to engage contact between the 

seal 31 and the orifice 33 and compresses the piston 32 and 

biasing member 34 to achieve the final pressure release 

value.   

In certain embodiments, the biasing member 34 is pre-

loaded (e.g., 60%) to achieve the required release rate 

with maximum travel of the piston 32.   

An alternative embodiment of a valve and lock system 

is shown in FIGS. 8A and 8B.  In the embodiment shown, the 

pressure relief valve includes a valve in the top cap 14. 

In certain embodiments, the valve is positioned radially 

inwardly of the interlock mechanism 820. In certain 

embodiments, the valve includes a valve shaft 830 having a 

seal member 831 at one end.  The valve shaft 830 is 

anchored in place (not free-floating) inside the cap 14 in 

a normally closed position, compressing a biasing member 

834 to a pre-determined load.  This results in an applied 

force to seal the valve shaft 830, and in particular, the 

seal member 831, against the orifice 833 in the cap 14, 

that itself is positioned to provide fluid communication to 

the interior of the body 12 when the top cap 14 is 

assembled to the body 12. The valve shaft 830 is connected 

to the rotary handle 890 via a linking member 835 which 
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allows the handle 890 to rotate and pull the valve shaft 

830 into an open position, releasing the seal 831 from the 

orifice 833. In certain embodiments, the linking member 835 

is a pin inserted into the valve shaft 830 through a cam 

slot 836 in the handle 890. In certain embodiments, the 

biasing member 834 has a linear spring force; for a given 

wire size and coil length, the more the spring is 

compressed, the higher the force required to further 

compress the spring. As the lock mechanism is actuated 

towards the closed position, the valve cartridge is forced 

radially inwardly against the force of the biasing member 

834, forcing the seal 831 into sealing contact with the 

orifice 833 and thus preventing fluid from venting from the 

body 12 through the orifice 833.   

In certain embodiments, the interlock mechanism 820 

includes pin 892.  The pin 892 is positioned in a radial 

housing 894 of the top cap 14, and spring loaded via 

biasing member 895. The rotatable handle 890 includes a 

raised boss 893 (FIG. 8B) on the lower extremity which 

engages the spring loaded pin 892 when the handle 890 is 

actuated to the closed position.  This cause the pin 892 to 

move axially and enter the region defined by radial housing 

portion 896 of the body 12. Since portions of the pin 892 

now occupy the interior of the radial housing 894 of the 
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cap 14 and the radial housing 896 of the body 12, the cap 

14 cannot be rotated with respect to the body 12, and it is 

locked in the closed position during pressurization.  

In operation in certain embodiments, the system is 

vented when the handle 890 is in the open position, as 

shown in FIG. 8A.  In this position the cam slot 836 in the 

handle applies a lateral force to the attachment pin 835 

between the shaft 830 and the handle 890 further 

compressing the pre-loaded spring 834 (there is a small gap 

between the orifice 833 and the seal 831 in this position). 

In this position, a gap between the handle 890 and the pin 

835 allows the pin 892 to auto disengage from the 

corresponding geometry on the upper region of the body 12 

(facilitated by a pre-loaded spring mechanism 895). When 

the handle is rotated back 90 degrees as shown in FIG. 

8B, the pin 835 connecting the valve shaft 830 to the 

handle 890 is released and allows the compressed spring 834 

to force the valve shaft 830 radially inwardly, thus 

applying a force to the seal 831 against the orifice 

833.  When handle 890 is rotated to the closed position, 

the raised geometry 893 on the lower extremity of the 

handle 890 engages the locking pin 892 and forces the pin 

892 into the corresponding opening defined by housing 896 

on the body 12. When In the closed position, there is 
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clearance between the cam slot 836 in the handle 890 and 

the connecting pin 835 in the valve shaft 830, if the 

system is over pressurized the pressure/force in the vessel 

will overcome the spring force and move the seal 831 and 

shaft 830 to open.   

In certain embodiments, the valve is designed to open 

(e.g., the force of the biasing member 834 is overcome by 

the pressure acting on the pressurized area of the 

elastomeric seal 831) at a pressure range of 85 psi to 105 

psi.  This is a function of the size of the orifice 833 

opening and the biasing member spring rate and spring 

compression. 

In certain embodiments, the biasing member 834 is pre-

loaded (e.g., 60%) to achieve the required release rate 

with maximum travel of shaft 830.   

FIGS. 9A and 9B illustrate an embodiment of a vent 

valve mechanism. In the embodiment shown, the region of the 

cap 14 that houses the valve includes a cavity region 901. 

The valve stem is a two-component mechanism; in certain 

embodiments it includes a first valve stem member 930A of 

round or cylindrical cross-section, and a second valve stem 

member 930B of square cross-section, positioned radially 

inwardly of the first member 930A. In certain embodiments, 

the valve stem first member 930A is rotatable within cavity 
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901 about pin 936, such as by actuation of handle 990, but 

is not movable radially within the cavity 901. The first 

member 930A has a shaped end face 931 that is configured to 

mate with a corresponding shaped front face 932 of the 

valve stem second member 930B when the valve is in the open 

position as shown in FIG. 9A. In this configuration, the 

combined length of the valve stem members 930A and 930B is 

at a minimum. The shapes of the end face 931 and front face 

932 are not particularly limited, provided they are shaped 

to engage in one position to define a first stem length, 

and disengage in another position to define a second stem 

length greater than the first stem length. The valve stem 

second member 930B can move radially within the cap 14 

(e.g., along pin 936), but cannot rotate within the cavity 

region 901 due to the relative geometries of the cavity and 

the second member 930B. The handle 990 is rotatable, but 

does not move radially. A biasing member 934 is positioned 

about pin 936 between the end face of the valve stem second 

member 930B and the distal end 935 of the valve as shown.   

The system is vented when the handle 990 is in the 

open position, as shown in FIG. 9A, and there is thus a 

small gap between the orifice 833 and the seal 981 in this 

position. When the handle 990 is rotated (e.g., 90 degrees), 

the shaped end face 931 of the valve stem first member 930A 
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is moved out of mating alignment with the front face 932 of 

the second member 930B, thereby forcing the non-rotating 

valve stem second member 930B to move radially inwardly, 

towards the orifice 833, against the bias of the biasing 

member 934, as seen in FIG. 9B.  The valve stem second 

member 930B compresses the biasing member 934, which in 

turn applies a force to the seal 981 against the orifice 

833. Reversing the handle 990 vents the system. If the 

system is over pressurized, the pressure/force in the 

vessel will overcome the spring force of the biasing member 

934 and move the valve to the open position. 

In certain embodiments, the device may be assembled by 

snapping the membrane holder 18 onto the base cap 16, and 

assembling the membrane coupon 60 onto the membrane holder 

18 and retaining it with O-ring 22.  The membrane holder 18 

then may be positioned with the luer outlet 19 aligned with 

the opening or slot 27 in the body 12, and the base cap 16 

may be tightened onto the body 12 by engaging the 

respective threads 6 in the base cap 16 and the body 12.  

The device is now ready to receive sample, which can be 

introduced by any suitable mechanism to the interior volume 

of the body 12. The stir bar assembly 15 is positioned in 

place by resting the support member 15’’’ on the shelf 

created by the radially inwardly projecting ridge 8 in the 
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body 12.  The top cap 14 is then engaged with the body 12 

and tightened.  The lock mechanism 21 is actuated to the 

closed position to lock the top cap 14 in place and load 

the pressure relief valve.  A filtrate tube may be attached 

to the luer outlet 19, which can drain into a suitable 

filtrate container. A pressure source is placed in 

communication with the quick disconnect fitting 11 on the 

top cap 14.  The device is positioned on a stir plate, the 

stir plate is turned on to actuate the stir bar assembly 15, 

and pressure is applied via the pressure source to begin 

filtration.   

In certain embodiments, the filtration run is 

typically monitored until the sample is concentrated to the 

required degree, such as 10x.  When concentration is 

complete, the pressure source is disconnected, and the lock 

mechanism 21 is raised to the open position to disengage it 

with the lock mechanism-receiving member 23, depressurizing 

the interior volume of the body 12 via the pressure relief 

valve by allowing air to vent through now unsealed orifice 

33. Once the cell is depressurized, the top cap 14 can be 

removed to provide access to the concentrated sample. The 

concentrated sample on the membrane can be recovered such 

as with a pipettor. The device may be cleaned and re-used. 



 

 21

What is claimed is: 

1. A fluid containment pressure vessel adapted to be in 

communication with a pressure source, comprising: 

(a) a body having an interior volume; 

(b) a cap sealingly attachable to said  body, said cap 

having an orifice that communicates with said interior 

volume when said top cap is attached to said body; and  

(d) a pressure relief valve actuatable between an open 

position allowing fluid to flow from said interior volume 

through said orifice in said cap, and a closed position 

preventing fluid from flowing from said interior volume 

through said orifice; wherein said pressure relief valve is 

actuatable by a lock mechanism that prevents removal of 

said cap from said body when said pressure relief valve is 

in said closed position. 

2. The fluid containment pressure vessel of claim 1, 

wherein said pressure relief valve is positioned in said 

cap. 

3. The fluid containment pressure vessel of claim 1, 

wherein said lock mechanism comprises a lever movable on 

said cap to engage with a lock-receiving member on said 

body. 

4. The fluid containment pressure vessel of claim 1, 

wherein said pressure relief valve comprises a seal, a 
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piston and a biasing member biasing said piston to a valve 

open position, and wherein said lock mechanism comprises a 

cam slot in which said piston tracks such that actuation of 

said lock mechanism from a first position to a second 

position forces said piston to overcome the force of said 

biasing member and cause said seal to seal against said 

orifice. 

5. The fluid containment pressure vessel of claim 1, 

wherein the lock mechanism comprises a lever which locks 

said cap with the body. 

6. The fluid containment pressure vessel of claim 1, 

wherein the lock mechanism comprises a pin actuatable to a 

position where it prevents rotation of said cap relative to 

said body.  

7. The fluid containment vessel of claim 1, further 

comprising a stir bar assembly in said interior volume. 

8. The fluid containment vessel of claim 1, wherein said 

interior volume comprises a membrane. 

9. The fluid containment vessel of claim 8, further 

comprising a base cap sealingly attachable to said body, 

and a membrane holder rotatingly coupled to said base cap. 

10. A method of filtering a sample, comprising: 

 providing a pressure vessel comprising a body having 

an interior volume, a membrane positioned in said interior 
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volume, a stir member positioned in said interior volume, a 

cap sealingly attachable to said body, said cap having an 

orifice in communication with said interior volume, and a 

pressure relief valve actuatable between an open position 

allowing fluid flow from said interior volume through said 

orifice in said cap, and a closed position preventing fluid 

from flowing from said interior volume through said 

orifice;  

 introducing said sample into said interior volume; 

 sealing said cap to said body; 

 actuating said pressure relief valve to said closed 

position; 

 applying pressure as to said interior volume to filter 

said sample with said membrane; 

 stirring said sample with said stir member; 

 ceasing the application of pressure to said interior 

volume; 

 venting said interior volume by actuating said 

pressure relief valve to said open position; 

 removing said cap from said body to access said 

interior volume; and 

 recovering product retained on said membrane.  

11. The method of claim 10, wherein said pressure relief 

valve is actuatable by a lock mechanism that prevents 
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removal of said cap from said body when said pressure 

relief valve is in said closed position.   

12. The method of claim 10, wherein said pressure relief 

valve comprises a seal, a piston and a biasing member 

biasing said piston to a valve open position, and wherein 

said lock mechanism comprises a cam slot in which said 

piston tracks such that actuation of said lock mechanism 

from a first position to a second position forces said 

piston to overcome the force of said biasing member and 

cause said seal to seal against said orifice. 

 

 


