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Safety Notice

(-Important Notice
Refer to safety instructions before use.
Safety instructions in this language are
available from Pall.

Viktigt att notera

L&s sékerhetsinstruktionerna fére
anvandandet.

Sakerhetsinstruktioner pa svenska finns
att fa fran Pall.

BEREA
BABTHDNICHRAREIR—ILKD AFARETY .

Sikkerhetsintruksjon pa norsk vil veere
tilgjengelig fra Pall.

Belangrijke informatie:

Voor gebruik veiligheidsinstructies goed
doornemen.

Veiligheids instructies in het
Nederlands zijn bij Pall verkrijgbaar.

Avvertenza importante

Prima dell’uso leggere le istruzioni
per la sicurezza.

Le istruzioni per la sicurezza in
Italiano possono essere richieste
a Pall.

Aviso importante

Antes de utilzar, consultar instrugdes de
seguranga.

Instrugdes de seguranca em Portugués,
encontram-se disponiveis na Pall.

CHEAFICRECHBEVVREL D DRBEEBHTEH < EE L,

Aviso importante

Antes de usar, consultar Instrucciones de
Seguridad.

Instrucciones de Seguridad en este
idioma estan disponibles por Pall.

Important

Se référer aux instructions

concernant la sécurité d’utilisation avant
usage.

Les instructions concernant la

sécurité d’utilisation sont disponibles en
francais chez Pall.

. . Vigtigt
\Iflktlg_lz:elglrt\g_ truksi for bruk Lees sikkerhedsinstruktioner for
es Sikkerhetsinstruksjonen for bruk. ibrugtagning.

Sikkerhedsinstruktioner pa dansk
kan fas fra Pall.

Tarkea tiedote

Lue turvallisuusohjeet ennen kayttda.
Pall toimittaa tarvittaessa suomenkieliset
turvallisuusohjeet.

Wichtige Anmerkung

Vor Gebrauch bitte die
Sicherheitsrichtlinien lesen. Die
Sicherheitsrichtlinien in dieser Sprache
erhalten Sie von Pall.

Erprawursy E nraf vt

fuafdant r Oemyag Aopakoag, rpn ank i A
1 THATAE, A ReLhr, 210 ThANa1na qiva Baa@fniprg, ond inv PALL

This guide is designed for T-Series cassettes with Omega membrane only. The specifications detailed in this
document do not apply to other Pall tangential flow filtration membranes and cassettes.
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Learn About Safety

Please read and follow the safety instructions in this User Guide.

Important — Read First

Storage solutions recommended for sanitizing, cleaning, flushing, and storage may be hazardous or corrosive.

Follow proper safety procedures when preparing, mixing, and handling these reagents. Refer to Material Safety
Data Sheets (MSDS) — available from your supplier — to learn about the specific characteristics, necessary
precautions, and suitable remedies for each reagent used.

1. Always wear protective clothing including safety glasses and gloves when working with membrane cassettes,
equipment, samples, and reagents.

2. Provide sufficient space for assembling all system components and operating the system.

3. Disconnecting a system component or dismantling an installed cassette holder without first isolating and
depressurizing it can result in personal injury and equipment damage. Depressurize a TFF system and cassette
holder before dismantling any component.

4. Some system components may be very heavy. Take proper precautions when moving or lifting equipment to
prevent personal injury. In some cases, hoists or other lifting equipment may be required.

5. You should always use pressure gauges or pressure sensing devices in your system so you can monitor the
system pressure and differential pressure across the membrane cassette.

6. Take suitable precautions before sterilizing the holder with steam or using the holder with hot fluids.
7. Do not use your cassette holder as a coded pressure vessel.

8. Wipe up spills promptly to prevent injury from contact or slipping.

9. Complete the following safety procedures:

a. Read about the operating limits of the membrane cassette and the proper methods for use detailed in this
User Guide.

b. Ensure that your process and cleaning conditions do not exceed the operating limits of the cassette holder,
membrane cassette, and sealing materials.

c. Check that your process equipment and the cassette holder meet local safety codes.
d. Inspect the holder and seals regularly to detect damaged components.

Pre-use Recommended Storage Conditions
Pall cassettes can be expected to perform within specifications if stored and handled in a manner consistent
with the parameters below:

e The cassette is stored unopened in the original packaging at 4 to 25 °C and in a dry environment.
e The cassette is protected from direct sunlight, radiation, or weather conditions.
e Care is taken to avoid physical damage while handling.

e Thermal shock is avoided.

www.pall.com/biopharm 5



Safety Conventions in this Manual

Safety information is identified in this instruction manual by the following convention:

Information

6 Information: Identifies important information about the current topic.

Caution

f Caution: Identifies a situation that may cause product damage and may pose a safety risk that can
cause personal injury.

Warning

f Warning: Identifies a dangerous or potentially dangerous situation that may cause irreversible damage to
equipment and poses a safety risk that can cause serious personal injury.

1. Introduction

1.1

Applications in TFF

Tangential Flow Filtration (TFF) is an efficient method for concentrating, desalting, or exchanging
buffer solutions of biomolecules ranging in volume from several milliliters to thousands of liters.
It can be used to fractionate large from small biomolecules, depyrogenate buffer solutions,
harvest cell suspensions, and clarify fermentation broths and cell lysate.

TFF is utilized to perform various steps on a wide range of applications in the biopharmaceutical
industry, such as:

e Concentration and desalting of solutions of proteins, peptides and oligonucleotides

e Purification and recovery of antibodies or recombinant proteins from cell culture media
e Clarification of cell lysate or tissue homogenates

e Recovery of products expressed into the media from cell culture

e Preparation of samples (concentrate, desalt, or buffer exchange) before or after
column chromatography

Caution: This guide is designed only for T-Series cassettes with Omega membrane. Its contents
and specifications do not apply to other Pall tangential flow filtration membrane cassettes.

Tangential Flow Filtration Process

The process conditions for using membrane cassettes in a Tangential Flow Filtration system
depend on the specific application. Important process parameters that must be considered
include:

e Retentate flow rate (cross flow rate)

e Transmembrane pressure

e Temperature

e Product characteristics (such as concentration, viscosity, and additives)

Variations in any of these parameters can affect the quality and reproducibility of the TFF
process.

The operating conditions for any TFF process must be established by performing trials,
evaluating results, and then modifying conditions as necessary to achieve the required results.

Because tangential flow filtration membrane cassettes and assemblies are used in repeated
processing modes, proper care and use is crucial to ensure reliable and reproducible
performance from run to run, and to maximize the life of the membrane cassettes.

This manual contains detailed steps for the proper installation, preparation, cleaning and
storage of a tangential flow filtration (TFF) membrane cassette and assembly. The procedures

Life Sciences



1.3

include protocols for Pall T-Series screen channel cassettes with Omega membrane.
Some processes may require adaptations to suit the specific requirements of a given system
configuration or application, but essential protocols should not be omitted.

To perform these procedures, it is recommended that the TFF assembly include 3 pressure
gauges/transducers and 2 valves for proper execution of the protocols presented,

see Figure 2. To include integrity testing capability (highly recommended), additional valves may
be required (Figure 22).

The TFF Process
The steps required in a Tangential Flow Filtration process are displayed in Figure 1.
Preconditioning and post-use conditioning are covered in Sections 4 and 5 of this manual.

Information on product process optimization and processing can be found in other supporting
literature, at www.pall.com or through Pall Life Sciences Technical Support:

e PN33289 Diafiltration: A Fast Efficient Method for Desalting or Buffer Exchange of Biological
Samples

e PN33213 Introduction to TFF for Laboratory and Process Development Applications

Figure 1
The TFF Process
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1.4

System Hardware Configurations
System hardware configurations vary, but should all have key components (Figure 2).

All TFF systems should have:

Feed/Retentate Flow Path
e Sample/feed tank

e Feed pump

e Feed and retentate pressure gauges or transducers

e Adjustable retentate valve

e Connecting piping

Permeate Flow Path
e Pressure gauge/transducer

e \alve

Figure 2

Typical TFF Hardware Setup

1.4.1

Retentate

Permeate

Options

In addition to the basic configuration, a valve on the feed side may be added to
isolate the system for integrity testing or to separate it from the feed tank. A flow
meter is also typically included with larger systems to allow feed or retentate flow rate
measurement. A second flow meter may be used on the permeate. Alternatively, the
permeate receptacle may be placed on a balance. The weight of permeate collected
can be used to calculate permeate volumes.

Temperature sensors may also be located at the feed tank, on the feed line after the
pump, and on the permeate line.

* Measuring temperature right after the pump will indicate if the pump is causing
excessive heating and possible denaturing of proteins.

e Measuring the temperature in the feed tank will only show gradual heating.

e Measuring the temperature of the permeate gives the actual temperature of
the fluid passing through the membrane for determining normalized water
permeability (NWP).

Life Sciences



1.4.2

1.4.3

System Design

The specific type, size and location of components in a system can significantly
affect the performance and cleanability of the system (elimination of bioburden).
Critical evaluation of the system design and components should be performed by
qualified design engineers, especially when the system will be used in process
development and production and will require appropriate validation. Pall process
engineers have extensive experience in TFF system design and are available to help
you with your engineering questions.

Ports and Flow Rate

The permeate side of most TFF cassette holders have two ports. While these ports in
Pall TFF holders are internally connected through the cassettes, closing off one of the
ports can create an internal pressure drop in the cassette at high permeate flow
rates, > 100 LMH (L/m&/hr). These high flow rates are frequently encountered when
performing water permeability measurements on the cassettes. Since the pressure
drop is before the permeate pressure gauge/transducer, it is not measured by the
system. This results in a transmembrane pressure (TMP) measurement/calculation
(Equation 1: Transmembrane Pressure Calculation) that is in error on the high side
resulting in a low calculated value for water permeability (Equation 2: Water
Permeability Calculation). In applications where the process is controlled by TMP,

the result may be a low process flux.

Equation 1
Transmembrane Pressure Calculation

TMP = (Pfeed +2Pretentate

) - Ppermeate

Equation 2
Water Permeability Calculation

Permeate Flux Rate (LMH)
TMP

Water Permability =

2. T-Series Cassettes with Omega Membrane Installation

2.1 First-time Use of Cassette Holder/TFF System

2141

Flush and Clean the System

Before using your TFF system for the first time, flush the system (without cassettes
installed) to remove any oil and particulates from the manufacturing process that
could damage the cassette or contaminate your product.

Use a detergent-based cleaning solution to clean the system. The solution you
choose should be chemically compatible with the components in your system.
Typically, detergent cleaning solution concentrations between 0.5 and 1.0 percent at
temperatures from 25 to 45 °C are used.

A flushing gasket or SIP/CIP Plate (available from Pall Life Sciences) should be
installed in the holder in place of a cassette.

You can make a flushing gasket from the silicone gaskets supplied with membrane
cassettes. To prepare a flushing gasket, cut the center out of two spare silicone
gaskets (also available as spare parts). Use the two gaskets in place of one flushing
gasket.

www.pall.com/biopharm 9



21.2 Making a Flushing Gasket

O Flushing gaskets (also called SIP/CIP plates) are not supplied with holders, but
flushing gaskets for Centramate and Centrasette holders may be purchased (see
Table 20 in Appendix).

In the generic drawing (Figure 3), the dotted line illustrates where to cut the gasket.
The cut line should bisect the channel holes while providing about 2 cm (0.75 in.) of
space around the outside of the gasket.

Figure 3
Preparing a Flushing Gasket

Silicone Gasket / _____________________
Channel Hole

inside the dotted
lines

Cut Line

©

3

O

Cut out the area (:5
O

o

O

Q

2.1.3 System Flushing Protocol
1. Fill the feed tank with water.

. Direct the retentate and permeate lines to drain.
. Open retentate and permeate valves.

. Pump the water out through both the retentate and permeate lines to drain.

o B~ W DN

. Prepare a sufficient amount of detergent-based solution to fill the system flow path
and add to feed tank. (You should be able to run the system without drawing air
into the pump.)

6. Position both the retentate and permeate lines to return to the feed tank.

7. Adjust the pump to provide an aggressive recirculation flow rate. Use the
recommended CFF for cleaning listed in Table 3. Do not exceed a feed pressure
of 0.34 barg (5 psig). Higher pressures can distort the gasket and cause leaks.

8. Allow the detergent solution to circulate through both the retentate and permeate
lines for 30 to 60 minutes.

9. Drain the system.
10. Wash and then refill feed tank with water.

11. Flush the system thoroughly to drain using deionized water to remove the
detergent solution. If caustic detergent was used, measure the pH of the waste
streams and continue flushing until the pH matches that of the influent.

12. Drain the system and remove the flushing gasket.

13. Install the cassettes.

Life Sciences



22 Installing T-Series Membrane Cassettes with Omega Membrane into Autotorque (AT)
and Manual Torque (MT) Holders

2.21

2.2.2

Preparation for Loading Cassettes

Procedure
1. Remove the retaining nuts, spacers and washers. Separate the sliding end plate
from the fixed flow-distribution manifold:

(i) for horizontal units, lift the end plate off the manifold;

(ii) for vertical units, slide the end plate away from the manifold about 15 to 22 cm
(6 to 9in.).

2. Inspect and, if necessary, clean the cassette holder sealing surfaces. Inspect the
cassettes and gaskets prior to installation for any damage or foreign material
which could hamper sealing of the cassettes.

Figure 4
T-Series TFF Cassettes with Omega Membrane Product Packaging

Unpacking the Cassettes
Warning: This product is stored in 0.3 N Sodium Hydroxide. Refer to the MSDS for
proper protection and handling instructions.

Open the cassette package carefully!

To avoid accidental exposure to the storage reagent, open the cassette package
over a container or sink. Please see photos below for proper handling:

1. Remove cassette package from shipping container.

Figure 5
Cassette Package in Shipping Container

www.pall.com/biopharm 11
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2. Use scissors to cut below the seal of the outer bag. Do not to cut the inner
bag seal.

Figure 6
Opening Outer Bag

3. Remove cassette (still in the inner bag) from the outer bag.

Figure 7
Cassette Package in Inner Bag

4. Turn the cassette so that the seal is turned upright. Use scissors to cut
the seal of the inner bag while holding the cassette upright.

Figure 8
Opening Inner Bag

Life Sciences



2.2.3

5. Discard the storage solution from the inner bag package.
Proceed to flushing step.

Figure 9
Preservative Solution Level

Installing Cassettes and Gaskets

Preparation
Remove the film cover from the gaskets and discard before installation.

Caution: Use only the gaskets supplied with the cassettes. Using thinner gaskets
(as supplied with C and F Series cassettes) may not allow proper sealing of the
cassette into the holder.

Procedure

1. Rinse the silicone gaskets (supplied with the cassettes) with deionized or
pharmaceutical grade water. Place a gasket flat against the manifold, aligning the
holes in the gasket with the holes in the manifold.

2. Place the cassette into the holder against the gasket.

Place another gasket flat against the cassette. Ensure the holes in the manifold,
gaskets, and the cassette line up.

3. If your application requires multiple cassettes, continue the same gasket-cassette-
gasket pattern, ending with a gasket between the last cassette and the end plate
(Figure 10).

Install multiple cassettes with the printed cassette information all facing the same
side and direction. Try to position cassettes so that they can be read without having
to reopen the holder.

4. Place or slide the end plate against the last gasket of the cassette stack:
(i) for horizontal units, place the end plate on top of the cassette stack;
(i) for vertical units, slide the end plate against the cassette stack.

5. For hardware assemblies that require tie-rod spacers (Centramate, Centrasette LV,
Centrasette 5), place the spacers and washers on each bolt leaving a minimum of
18 mm (0.75 in.) of thread exposed on the rod. Screw the nut on each bolt and
hand tighten firmly.

For auto-torque holders, ensure that the piston is fully retracted into the hydraulic
cylinder before hand tightening the nuts. If it is not, push the piston in by hand (with
no hydraulic pressure applied to the system).

www.pall.com/biopharm 13
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2.3

6. Set the clamping force on the cassettes in the holder to the recommended torque
for manual torque (MT) holders or hydraulic pressure for auto-torque (AT) holders
according to the instructions found in Section 2.3.

Two gaskets are supplied with each cassette. Installing the first cassette in a holder
requires two gaskets. Installing each additional cassette requires only one gasket. In
holders where cassettes are installed on each side of the central manifold, two
gaskets will be required for each first cassette. Save extra gaskets to replace worn or
damaged gaskets.

Gaskets lose their resiliency over time. Therefore, it is recommended that you replace
gaskets every six months, or more frequently if a gasket appears to be damaged or
you repeatedly open and close the holder.

Figure 10
Example of Multiple Cassette Installation

Hardware End-plate

| Gasket
Pall Omega 10 kD
Centrasette Cassette
| Gasket
Pall Omega 10 kD
Centrasette Cassette
| Gasket

Hardware Manifold

U

How to Torque Pall AT and MT Cassette Holders
1. Install the membrane cassette and gaskets in the holder according to Section 2.2.

2. Choose the value at the low end of the hydraulic pressure range for AT assemblies (Table 1)
or the torque range for MT holders (Table 2) — unless experience has established a different
value for use.

3. Compress the holder:

AT Assemblies

(i) Ensure that the nuts are screwed up against the end plate. They need not be tight.
(i) Close the bypass valve on the hydraulic pump.

(i) Turn on the air supply (1) to the hydraulic pump.

(

iv) Increase the hydraulic pressure (2) on the hydraulic pump until it reaches the pressure value
you determined in step 2.

Life Sciences



Figure 11
Hydraulic Pump

A Air Pressure Gauge

B Hydraulic Pressure Gauge
C Air Supply Filter

D Bypass Valve

E Pressure Relief Valve
Factory Set
(Do not adjust or remove seal)

F Air Pressure Control Valve (2)
G On/Off Switch (1)

H Sight Tube
Figure 12
Example of /-turn Torque Procedure
@) )
O O
O
Ya turn
Ya turn Y4 turn
Step 1 Step 2 Step 3
@) O
O
Ya turn / Ya turn
Step 4 Step 5, etc.

MT Assemblies
(i) Tighten the nuts firmly by hand.

(i) Set the calibrated torque wrench (supplied with the cassette holder) to the torque value
you determined in step 2. Refer to the instruction sheet for the wrench for additional
calibration details.

(i) Using the torque wrench in the sequence displayed in Figure 12 for your holder, tighten each
nut no more than % turn at a time. For example, tighten the first nut % turn, and then tighten
the next nut in the sequence ¥ turn.

Figure 13
Pall Manual-Torque Cassette Holders and Torquing Sequence
Centramate LV Centrasette LV Centrasette P
Centramate Centrasette 5 Centrasette 10

2 2
1 ; 3 2
1

www.pall.com/biopharm 15
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(iv) Stop tightening each nut immediately when the torque wrench “clicks,” or the wrench arm
pivots slightly away from the socket indicating that the nut has reached the correct torque.
Continue torquing each nut in sequence until the torque wrench “clicks” immediately on
each nut in sequence. If torqued properly, the nuts should reach the set torque value at
about the same time. The indication that the torque wrench has reached the set value may
be very subtle. Therefore, tighten the nuts slowly to prevent exceeding the required torque
value.

Note: At this point in the installation, the hold-up volume and minimum working volume should
be determined. See Section 3.3.

4. After cassettes have been installed and flushed with water, the system should be inspected
for leaks. If liquid is found leaking from around the cassettes, increase manual torque in 10%
increments or the hydraulic pressure in increments of 3 barg (45 psig). Flush the system with
water and check again for leaks. Stop increasing the hydraulic pressure when no more leaks
are observed. With the system filled with water, pressurize it to exceed the maximum
expected process operating pressure by about 10%.

Warning: Do not exceed pressure limits for the cassettes and system components or torque
and hydraulic compression limits.

Check for leaks. If liquid is found leaking from around the cassette, increase manual torque in
10% increments or the hydraulic pressure in increments of 3 barg (45 psig). Stop increasing
when no more leaks are observed.

Warning: Do not exceed the maximum recommended torque or hydraulic pressure.

If liquid is found leaking from around fittings, check the fittings and gaskets. Replace if
necessary. Once properly installed and compressed in the holder, cassettes can be pre-
conditioned and used in a process. A forward flow air integrity test including a system integrity
(pressure hold) test should be performed prior to adding product to the system (Section 4.6).

5. Periodically check the torque on each bolt for MT holders. Cassettes will compress initially
upon installation and will require adjustment. Temperature changes to the environment or
feed solution may require a torque adjustment to the holder. AT holders compensate for
reduced cassette compression and normally do not require periodic adjustment of the
hydraulic pressure.

Caution: Increasing the temperature of the feed solution will cause expansion of the cassettes,
causing the clamping force to increase unless the torque on MT assemblies or hydraulic
pressure on AT assemblies is relieved or reduced. It is possible that the maximum clamping
force may be exceeded. If a heated solution will be pumped into the cassette system, set the
clamping force on both MT and AT holders just below the minimum setting prior to adding the
heated fluid.

When finished using a calibrated torque wrench, adjust the wrench to its minimum force setting
for storage. Leaving a torque wrench set to a higher value can cause it to go out of calibration.

The torque required to apply the correct clamping force on cassettes depends on the size and
number of tie rods and the surface area over which the force is applied. On Pall AT hydraulic
closure systems, it also depends on the diameter of the pistons. Values listed in Table 1 and
Table 2 are recommended for cassettes from Pall Life Sciences. When installing cassettes from
Pall Life Sciences in holders from other manufacturers, contact Pall with the specifications of
the holder so that the correct torque or hydraulic pressure can be determined.

Caution: Excessive compression can permanently damage the cassette.
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Table 1

Recommended Hydraulic Pressure Range for Pall AT Cassette Holders

Number of Hydraulic

Recommended Hydraulic

Holder Type Pistons on Holder Pressure Range for AT Holders

T-Series Cassettes with Omega Membrane

(barg) (psig)
Centrasette LV AT 4 34-54 500 - 800
Centrasette 5 AT 4 34-54 500 - 800
Centrasette 10 AT 2 75-110 1100 - 1600
Centrastak™ AT 2/level 75-110 1100 — 1600
Table 2

Recommended Torque Values for Pall MT Cassette Holders

Number of Bolts on

Recommended Torque Range for Manual —

Holder Type Holder Torque Cassette Holders'
T-Series Cassettes with Omega Membrane
(in—1b.) (Nm)
Centramate LV 4 50-70 6-8
Centramate 4 70-90 8-10
Centrasette 5, 350 — 550 40 - 60
Centrasette LV
Centrasette 10, 2 700-1100 80-120
Centrasette P
Centrasette 10 4 350 — 550 40 -60

! Pall membrane cassettes

Operating Specifications

3.1

Recommended Cross Flow Rates for T-Series Cassettes with Omega Membrane
Table 3 lists recommended cross flow flux (CFF) rates for operating Pall TFF cassettes with
Omega membrane. Other parameters such as TMP and temperature can be evaluated at these

CFF values.

CFF = /min/ft2 or m? [retentate flow rate/membrane area]

The values listed under Processing Mode are recommended for use when processing a
sample. Higher flow rates are recommended for cleaning and sanitization (Cleaning Mode).

Table 3

Recommended Retentate Cross Flow Flux Rates (CFF) for Pall T-Series Cassettes

with Omega Membrane

Minimum CFF Recommended CFF' Recommended CFF!
Holder Type Processing Mode  Processing Mode Cleaning Mode
Screen Channel Screen Channel Screen Channel
Cassettes Cassettes Cassettes
Centramate and L/min/m? 3 5-8 7-12
Centrasette
L/min/ft2 0.3 05-0.8 0.7-1.2

1 Trials must be performed to determine the most effective cross flow rate to use for any specific application.
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3.2

3.3

Operating Pressures, Temperatures and pH
Operating limit specifications for pressure, temperature, and pH are listed in Table 4.

Table 4
Cassette Operating Limits of Pressure, Temperature, and pH for T-Series Cassettes with Omega
Membrane (All Formats)

Maximum Recommended

Operating Pressure™ Maximum TMP Temperature Range pH Range
6 barg (87 psig) @ 23 °C 4 barg (58 psig) -51t0 55 °C 21014 @ 4 barg (58 psig)
4 barg (58 psig) @ 55 °C @55°C @50°C

** Clamping pressure must be set to the recommended level to avoid leaks.

Hold-up Volume and Minimum Working Volume
It is imperative to determine the hold-up volume and minimum working volume for your system
following installation of cassettes and prior to flushing out the system.

Feed/Retentate Hold-up Volume is the total volume, most of which is recoverable, contained
within the feed/retentate flow path.

Minimum Working Volume is the hold-up volume plus a minimum volume of liquid that must
remain in the bottom of the feed tank at the operating flow rate to prevent air from being drawn
into the cassette system.

The minimum working volume limits the maximum concentration factor achievable. It is affected
by the cross flow rate. At a higher cross flow rate, a greater liquid volume in the bottom of the
feed tank is required to prevent air from getting drawn into the pump. Tank design significantly
affects the minimum volume required to prevent air from getting into the system.

Permeate Hold-up Volume is the total volume contained within the permeate flow path.

Non-Recoverable Volume is the volume remaining in the Feed/Retentate flow path after the flow
channel has been pumped out and drained. Optimization of the product recovery step will
ensure high product recovery.

3.3.1 Determining Feed/Retentate Hold-up Volume
This procedure assumes the system is dry and cassettes have just been installed,
and that the retentate line is flexible and can be directed either to the feed tank
or the drain.

1. Add a measured volume of water into the feed tank that will be at least three times
the expected hold-up volume for the system. Record the volume. (If insufficient
volume was used, more can be added later.) Use the following table as a guide.

Table 5

Required Vlolumes for Determining Feed/Retentate Hold-up Volume
System Approximate Volume to Add'
Centramate 300 - 500 mL

Centrasette 1-3L

! Actual volume will depend on tubing / piping diameter and lengths, as well as amount of membrane area

installed.

O Note: For bench-top systems with flexible hoses on the feed and retentate lines, add
a measured volume of water to a graduated cylinder and place the ends of the feed
and retentate tubing into the cylinder.

2. Close the permeate valve.

3. Open the retentate valve completely.

Life Sciences



3.3.2

4. Start the pump and circulate the water through the system until no air bubbles exit
the retentate line. Adjust the flow rate so the feed pressure is about 0.3 barg
(5 psig). If the feed tank or graduated cylinder is completely drained, add an
additional measured volume of water so that residual liquid is left in the feed tank
or cylinder when circulated.

5a. If the liquid was initially poured into the feed tank, put the retentate line into a
graduated cylinder, leaving the feed line in the feed tank, and slowly pump out
the water just until the level reaches the very bottom of the feed tank.

Do not allow air to be drawn into the feed line.

5b. If a graduated cylinder was initially used as the feed tank, carefully remove the
feed and retentate lines from the graduated cylinder. Hold up the ends so that
water does not run out. If the tubing is not completely filled with water, use a little
water from the cylinder to fill them back up.

6. Record the volume in the graduated cylinder (B). The difference between the
starting volume, plus any volume added (A), and the volume in the graduated
cylinder (B) is the feed/retentate hold-up volume (C), Table 6.

Table 6

Feed/Retentate Hold-up Volume Calculation Chart

Total Volume Added A mL (A
Remaining Volume

In Cylinder B - mL  (B)
Feed/retentate Hold-up

Volume (A-B) = mL  (C)

Determining Permeate Hold-up Volume

Procedure

1. Add the volume collected in the graduated cylinder to the feed tank (or leave in the
graduated cylinder if it was used as a feed tank). If the volume collected (B) was
not at least double the retentate hold-up volume (C), add an additional measured
volume to the feed tank or cylinder to increase the total volume in the system to
more than 3 hold-up volumes.

2. Open the retentate and permeate valves.

3. Direct the feed, retentate and permeate lines into the feed tank or
graduated cylinder.

4. Start the pump and circulate the water for a few minutes through the system
until no more air bubbles are seen exiting from the retentate or permeate line.
(Adjust the flow rate so feed pressure is 1 to 2 barg (15 to 30 psig). Restrict the
retentate valve if necessary.

5. If the liquid was initially poured into the feed tank, put the retentate line into a
graduated cylinder, close the permeate valve, and slowly pump out the water just
until the level reaches the very bottom of the feed tank. If a graduated cylinder was
initially used as the feed tank, carefully remove the feed, retentate, and permeate
lines from the graduated cylinder. Hold up the ends so that water does not run
out. If the tubing is not completely filled with water, use a little water from the
cylinder to refill them.

6. Record the volume remaining in the cylinder (D). The difference between the total
volume added (A*) and the volume remaining in the cylinder (D) is the total system
hold-up volume (feed/retentate and permeate). Subtract the feed/retentate hold-up
volume (C) to get the permeate hold-up volume (F), Table 7.
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3.3.3

Table 7
Total System Hold-up Volume Calculation Chart

Total Volume Added A* mL (A%
Remaining Volume In
Graduated Cylinder D - mL (D)

Total System Hold-up
Volume (feed/retentate/

permeate) (A*-=D) = mL (B
Feed/Retentate Hold-up

Volume from Table 6 C - mL (C)
Permeate Hold-up

Volume (E-0) = mL (F)

T A* = initial volume of water added (A from Table 6) plus any additional volume added from Section 3.3.2 in
Step 1.

Determining the Non-recoverable Volume

Procedure

1. If the liquid was initially poured into the feed tank, close the permeate valve, then
put the retentate line into the graduated cylinder and slowly pump out the
remaining water in the system (combining with the volume collected from the
previous step), allowing air to purge out the lines. If a graduated cylinder was
initially used as the feed tank, close the permeate valve, then carefully remove the
feed line leaving the retentate and permeate lines in the cylinder and slowly pump
out the remaining water in the system, allowing air to purge out the lines.

. Carefully remove the permeate line from the graduated cylinder.
. Hold the end up and fill the line with water from the cylinder.

. Record the total volume in the graduated cylinder (G).

o~ W DN

. Subtract the volume in the graduated cylinder (G) plus the permeate hold-up
volume (F) from the total volume added (A*).

The difference between the total volume added and the volume in the graduated
cylinder plus the permeate hold-up volume is the Non-recoverable Volume (X),
(Table 8).

Table 8

Non-recoverable Volume Calculation Chart

Total Volume Added A*? mL (A"
Volume in Graduated

Cylinder G - mL (G)
Permeate Hold-up Volume F + mL (F)

Non-recoverable Volume,
Feed/Retentate A= (G+F mL (X

2 A* = initial volume of water added (A from Table 6) plus any additional volume added from Section 3.3.2 in
Step 1.

Determining the System Minimum Working Volume
Note: For this measurement, the actual feed tank must be used. This procedure may
be performed after the cassettes have been sanitized.
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Procedure
1. Add a volume of water to the feed tank equal to at least 4 system
hold-up volumes.

2. Open the retentate and permeate valves. Direct retentate and permeate lines into
the feed tank.

3. Adjust the pump to deliver the retentate flow rate that will be used in the process
and circulate the water for a few minutes through the system until no more air
bubbles are seen exiting from the permeate line. If necessary, add additional water
to the feed tank to prevent air from being pulled into the feed line.

4. Direct the retentate line to drain and pump out water just until air is about to be
pulled into the feed line. Then return the line to the feed tank. If air is pulled in, add
just enough water to the feed tank so that no air gets drawn into the lines at the
required flow rate.

. Stop the pump.
. Close the permeate valve.
. Remove and hold the permeate line up.

. Direct the retentate line to a graduated cylinder and slowly pump out the remaining
water in the system, allowing air to purge out the lines.

9. Fill the permeate line with water from the cylinder.

10. Record the volume collected in the graduated cylinder.

To determine the Minimum Working Volume, add the Non-recoverable volume (X) to
the Volume Collected in the graduated cylinder (Y).

Table 9

Minimum Working Volume Calculation Chart

Volume in Graduated

Cylinder Y mL  (Y)
Non-recoverable Volume

from Table 8 X + mL  (X)
Minimum Working Volume X +Y= mL (9

Preconditioning T-Series Cassettes and Systems

Before processing product, several steps must be performed (Figure 14) to assure that the cassettes
are properly installed in the holder and fit-for-use to prevent possible sample loss or contamination from
storage agents. This preconditioning process consists of six steps:

Figure 14
Steps for Preconditioning T-Series Cassettes

Hold-up
Volume

A\AJ
i Determine Integrity ',[ Buffer j
[WFI FIush)—»( Samhze}»(WFl Flusra—b( NWP }»( Tout Conditidl
2 3 4

Step (1 5 6
Y

Optimization or
Processing Mod
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The combination of steps 1 to 3 are required to assure that the storage agents have been effectively
and sufficiently removed.

Step 1 WFI Flush, quickly removes the bulk of the storage agent, so only small quantities of water are
required in this step.

Step 2 is designed to reduce or eliminate bioburden from the cassette and to extract most of the
remaining storage agents.

Step 3 flushes out the sanitizing agent and reduces extractables to acceptable levels. Flushing volumes
must be determined by the user for the specific application.

The combination of steps 4 and 5 establish the fitness of the cassette for use or reuse.

Step 4 measurement of Normalized Water Permeability (NWP) is required to establish a pre-use baseline
value against which the cassette can be measured following its use in a process and
subsequent cleaning. Comparing the initial NWP to the NWP value measured after cleaning is a
way to establish the effectiveness of the cleaning process.

Step 5 establishes the integrity of the cassettes and system against leaks and possible product loss.

Step 6 buffer conditioning, prepares the wetted surfaces of the system as well as the membrane in the
cassette before the addition of process fluid by removing trapped air from the system and
equilibrating the system in the process buffer to reduce the risk of product precipitation or
denaturation. It also equilibrates the system temperature to the product temperature.

Details of each step are presented in the following sections.

Warning: Exceeding the maximum operating pressure for the cassette can permanently damage the
cassette.

4.1 Using a Cassette for the First Time
First time use of new Omega membrane cassettes requires the removal of the storage agents
(such as sodium hydroxide) from the cassettes. A material safety data sheet with important
information about the preservative agents is included with each cassette.

The volume of flushing agent and flushing time to achieve the required minimum level of
extractables may be greater for first time use of cassettes compared to subsequent use and
will depend on the porosity of the membrane and the temperature of the flushing solution.

The procedures outlined in Sections 4.2, 4.3 and 4.4 are designed to efficiently and effectively
remove these agents but may need to be modified to meet your specific requirements for trace
level contaminants.

4.2 Initial Flushing of the Cassette and Assembly (WFI Flush)
Put the cassette in holder. Use 2 X 1/16 silicone gaskets cleaned with DI water. Flush the
cassette and hardware assembly with pharmaceutical-grade water. Use of a lower quality water
to flush the system may introduce inorganic impurities that could affect membrane performance
and product recoveries.

Water Quality for Flushing:
WFI (water for injection) at 25 °C or

0.2 um filtered DI water at 25 °C

Volume Required:
10 LW/me (1 L/ft?)

4.2.1 Flush the Feed/Retentate and Permeate Line to Waste
Direct the retentate and permeate line to waste.
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Figure 15
System Setup for Flushing

Permeate

Waste

Procedure
1. Fill the feed tank with water (or attach feed line to water supply).

. Direct the retentate and permeate lines to drain.
. Open the retentate and permeate valve.

. Adjust the pump to deliver a flow rate of 5 to 10 L/min/m2 (0.5 to 1 L/min/ft?).
Do not exceed a feed pressure of 2 barg (30 psig).

A W N

. Adjust the retentate valve to split flow 25% retentate, 75% permeate.
. Readjust pump to give required retentate flow rate.
. Pass 10 L/m? (1 L/ft?) to waste.

o N O O

. Stop the pump.

Sanitizing and Depyrogenating the Cassette and Assembly
The following agents and conditions are recommended for sanitizing the specific Pall Omega
membrane types listed:

Volume Required:
5 1/m? (0.5 L/ft?)

Sanitizing and Depyrogenating Solutions:

0.1 t0 0.5 N NaOH at 40 to 45 °C

0.1 t0 0.5 N NaOH + 200 to 400 ppm NaOCI at 40 to 45 °C
10 to 50 ppm NaOCI (pH 6 to 8) at 40 to 45 °C

For cassettes that may have been subjected to high levels of endotoxin, the use of an acid
solution may be required as an alternative or additional procedure to the caustic processing
step listed above:

0.1 N Acetic Acid (HAc) at 40 to 45 °C

Warning: Many solutions recommended for sanitizing and depyrogenation may be corrosive
and/or hazardous. Ensure proper safety procedures are followed while handling, mixing and
preparing these reagents.
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4.3.1 Add and Recirculate Sanitizing Solution

Figure 16
Set-up For Circulating Sanitizing Fluid

p

Retentate - i
Permeate

Procedure
1. Drain the system and feed tank.

2. Direct the retentate and permeate lines into the feed tank.
3. Fill the feed tank with sanitizing solution.
4

. Open the retentate valve. Allow 0.14 barg (2 psig) backpressure. Permeate valve
should be completely open.

5. Adjust the pump to deliver a flow rate of 5 to 10 L/min/m? (0.5 to 1 L/min/ft?).
Do not exceed a feed pressure of 2.8 barg (40 psig).

6. Adjust the retentate valve to split flow 25% retentate, 75% permeate.
7. Readjust the pump to give required retentate flow rate.
8. Run for 30 minutes.

O The effectiveness of this sanitization procedure to reduce or eliminate bioburden will
depend on the nature and level of the contamination. The user must evaluate and
validate the effectiveness of the process with respect to time and temperature and
the effectiveness of the sanitizing agent for their process.

4.4 Flushing the Cassette and Assembly after Sanitization

Water Quality:
WEFI at 25 °C or

0.2 pm filtered DI water at 25 °C

Volume Required:
30 L/m? (8 L/ft?) minimum
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4.4.2

Flush the Retentate and Permeate Line to Waste
Direct the retentate and permeate lines to waste.

Figure 17
System Setup for Flushing

Permeate

Procedure

1. Drain, wash and refill feed tank with water (or attach feed line to water supply).

. Direct the retentate and permeate lines to waste.
. Open the retentate and permeate valve.

. Adjust the pump to deliver a flow rate of 5 to 10 L/min/m?2 (0.5 to 1 L/min/ft2).
Do not exceed a feed pressure of 2 barg (30 psig).

A~ WODN

. Adjust the retentate valve to split flow 25% retentate, 75% permeate.
. Readjust pump to give required retentate flow rate.

. Pass 30 L/m? (3.0 L/ft?) to waste.

. Stop the pump.

o N O O

Water Recirculation

Volume Required:
8 L/m? (0.85 L/ft?) minimum

Temperature: 25 °C

www.pall.com/biopharm
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Figure 18
System Recirculation Setup

P = i

3

Retentate

Permeate

Procedure
. Fill the feed tank with required volume of water.

. Direct the retentate and permeate lines into the feed tank.

. Open the retentate and permeate valve.

. Adjust the pump to deliver a flow rate of 5 L/min/mz2 (0.5 L/min/ft2).

. Adjust the retentate valve to split flow 25% retentate, 75% permeate.
. Readjust pump to give required retentate flow rate.

. Recirculate for 30 minutes.

. Direct retentate and permeate lines to drain.

O© 0O N O O M WO N =

. Drain the system.

10. Repeat steps 1 to 7 two (2) additional times.

4.4.3 Flush the Retentate and Permeate Line to Drain

Volume Required:
40 L/m? (4.0 L/ft?) minimum
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Figure 19
System Setup for Flushing

Permeate

Waste

Procedure
1. Refill feed tank with water (or attach feed line to water supply).

2. Open the retentate and permeate valve.

3. Adjust the pump to deliver a flow rate of 5 to 10 L/min/m? (0.5 to 1 L/min/ft?).
Do not exceed a feed pressure of 2 barg (30 psig).

. Adjust the retentate valve to split flow 25% retentate, 75% permeate.
. Readjust pump to give required retentate flow rate.

. Pass 40 L/m? (4 L/ft?) to waste.

. Stop the pump.

~N O O &~

The effectiveness of this flushing protocol to reduce or eliminate TOC will depend on

O the nature and level of the extractables and minimum acceptable levels. The user
must evaluate and validate the effectiveness of the process with respect to time,
temperature and other operating conditions.

Determine Normalized Water Permeability (NWP20 °c) for Cassettes

The initial NWP20 °c of the membrane cassette is essential to calculate because it is used as the
basis for determining membrane recovery (i.e., how effectively the membrane was cleaned back
to its original state).

This procedure must be performed with all new cassettes after steps 4.2 through 4.4 are
completed.

Water quality should be Water for Injection (WFI) or minimally 0.2 um filtered DI water.

All calculated water permeability rates are normalized to a temperature of 20 °C by applying a
temperature correction factor (TCFz2o °c) given in Table 11.

The procedure recommended for performing NWP is with the retentate valve closed (Dead-end
Method). This will apply a uniform pressure across the pathlength of the cassette.

The initial NWP should be measured on the new cassette after sanitization/flushing
(Section 4.3). The NWP should again be determined after cleaning and flushing (Section 5.3),
and before and after each use. An example for determining NWP is shown in Section 4.5.4.

Note: If the cleaning protocol for the process uses harsher conditions (such as higher
concentration, higher temperature, or a different cleaning agent) than the sanitization
procedure, then it is recommended that a full cleaning protocol and flushing be performed prior
to performing the initial NWP2o °c.
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4.51

4.5.2

Remove Air from Cassette and System

Caution: It is important to completely remove air from the feed channels to wet out
the membrane before determining NWP2o «c. Both permeate ports should be open
for determining NWPz2o -c. Closing one port can cause a significant error in TMP
measurement due to internal pressure drops.

Direct the retentate and permeate lines back to the feed tank to minimize the volume
of water needed.

Figure 20
System Setup for Determining Membrane Water Permeability

[ 0

%

Retentate

Permeate

Procedure
1. Check the water level in the feed tank and refill if necessary.

2. Open the permeate and retentate valve completely.

3. Adjust the pump speed to deliver the recommended cross flow flux. Refer to
Table 3.

(i) If required, set the pump flow rate to the required retentate flow rate.

(iiy Adjust the permeate valve till retentate and permeate flow rates are
approximately equal.

(i) Readjust the pump speed to deliver the required retentate flow rate.

4. Close the retentate valve till the feed pressure increases by 0.7 to 1 barg
(10 to 15 psig) or the valve is completely closed, then open immediately.

Caution: Do not exceed a feed pressure of 3 barg (45 psig).

5. Repeat previous step at least three times to remove air.

Determine Initial Water Permeability (Dead-end Method)
Procedure
1. Close the retentate valve and open the permeate valve.

2. Adjust the feed pump flow rate to generate the desired transmembrane pressure
(TMP). Start at the lowest TMP.
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Equation 3
Calculation for Transmembrane Pressure

TMP = (Pfeed +2Pretentate

It is recommended that water permeability be measured at three different
TMP values.

e Up to 1 barg (15 psig) for UF membranes < 100 kD and

) - Ppermeate

e Up to 0.65 barg (10 psig) for UF membranes over 100 kD

For example, choose the TMP values 0.3, 0.65, 1.0 barg (5, 10, 15 psig) for a 10 kD
membrane cassette.

Choose the highest TMP, so that the permeate flow rate does not exceed 150 LMH.

3. Quickly open and then close the retentate valve at least three times to expel any
trapped air.

4. Measure the permeate flow rate and calculate the permeate flux rate in units of
LMH (L/mz/hr).

5. Measure the temperature of the permeate stream.

6. Adjust the feed flow rate to the next transmembrane pressure and repeat steps
2 to 5.

7. Repeat steps 2 to 5 at the highest TMP.
8. Plot the water permeate flux rate vs. TMP for the 3 points measured.
9. Draw a straight line from the origin that best fits the data points plotted.

10. From the graph, determine the water permeate flux rate at the transmembrane
pressure in Table 10.

11. Calculate the water permeability at the recorded TMP from Equation 4: Water
Permeability Calculation.

Table 10
Measuring Water Permeability

Nominal Molecular Weight

Membrane Cutoff (NMWC) T™MP

Omega <100kD 0.7 barg (10 psig)
> 100 kD 0.3 barg (5 psig)

Equation 4

Water Permeability Calculation

Permeate Flux Rate (LMH)
TMP

Note: The plot should be linear for UF membranes. If the points do not fall close to
the line, check the pressure gauges for accuracy and re-measure.

Water Permability =

The accuracy and reproducibility of measurements are very dependent on the
accuracy and readability of the pressure gauges or transducers used. Be sure to use
calibrated equipment that is accurate within the measurement range.

Use pressure gauges and transmitters with a maximum range of O to 2 barg
(0 to 30 psig) for accurate, repeatable results.
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4.5.3

4.5.4

Normalize the Water Permeability

1. Normalize the water permeability to a temperature of 20 °C using Equation 5:
Normalized Water Permeability Calculation and the temperature correction factors
(TCF20°c) in Table 11.

Equation 5
Normalized Water Permeability Calculation

NWPa.-c = Fermeate I:!::/)I(PRate (LMH) TCFa0-c

An Example of How to Determine Membrane Water Permeability
Example: Water permeate flux was measured for a 10 kD UF membrane cassette at
transmembrane pressures of 0.5, 1.0, and 1.5 barg and plotted in Figure 21.

Determine the initial normalized water permeability (NWP20 °c).

Figure 21
Determining Membrane \Water Permeability
150
= Temp = D(:/
2100
X
=] -
2 <
5 /
T 50
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E ~
[9]
o
0 \
0.5 1.0 1.5
Transmembrane Pressure (barg)
Equations

Water Permeability = 75 LMH @ 1 barg
NWP20 °c = 75/1.0 barg X TCF

Temperature Correction Factor = 1.109 (Correcting the water temperature from
16 °C to 20 °C)
Normalized Water Permeability
(NWP20°c) = 75 x 1.109
= 83.17 LMH/barg

Table 11
Temperature Correction Factors (TCF) for Normalizing Water Permeability

Temperature Correction Factors (TCF20 °c)

T°C TCF20°c T°C TCF20°c
4 1.57 28 0.83
5 1.52 29 0.81
6 1.47 30 0.80
7 1.43 31 0.78
8 1.39 32 0.76
9 1.35 33 0.75
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Table 11 Continued
Temperature Correction Factors (TCF) for Normalizing Water Permeability

Temperature Correction Factors (TCF2o °c)

T°C TCF20°c T°C TCF20°c
10 1.31 34 0.73
11 1.27 35 0.72
12 1.24 36 0.70
13 1.20 37 0.69
14 1.17 38 0.68
15 1.14 39 0.66
16 1.11 40 0.65
17 1.08 41 0.64
18 1.05 42 0.63
19 1.03 43 0.62
20 1.00 44 0.61
21 0.98 45 0.60
22 0.95 46 0.59
23 0.93 47 0.58
24 0.91 48 0.57
25 0.89 49 0.56
26 0.87 50 0.55
27 0.85

System and Membrane Cassette Integrity Test

Air diffusion (or forward flow) is a quantitative test that measures the rate of air diffusing
through the wetted membrane or seal defects at a given pressure differential. Since the
measurements are relative, air diffusion rates can be performed on cassettes wetted with
water or buffer solution.

Before performing a forward flow air integrity test on a membrane cassette, the membrane
must be completely wetted out. Sections 4.2 through 4.4 should be performed before
performing the integrity test.

If the system temperature will be altered from the current value, it is recommended that buffer
conditioning and temperature stabilization (Section 4.7) should be performed before the integrity
test. Refer to Figure 22 for the setup with the Palltronic® Flowstar Integrity Test Instrument.

This instrument regulates air and pressure to perform the forward flow air integrity test.

The Palltronic Flowstar Integrity Analyzer measures and displays the rate of air that is diffusing
through the membrane.

There are two important steps to the integrity test protocols:
1. System Integrity Test (external test)

The System Integrity Test checks the external seals, fittings, plumbing and gasket
assemblies within the pressurized feed/retentate flow path for leaks.

2. Membrane Cassette Integrity Test (internal test)
The Membrane Cassette Integrity Test checks the membrane and internal seal
assemblies within the cassette for defects.

The System Integrity Test is usually performed first. This assures that any airflow measured
during the Membrane Cassette Integrity Test is not the result of an external leak.
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Performing a System Integrity Test is recommended but not required. If the Membrane Cassette
Integrity Test passes, the integrity of the membranes and system is confirmed. However, if the
Membrane Cassette Integrity Test fails, then the System Integrity Test should be performed to
confirm that no external leaks contribute to the measured airflow.

The integrity test instrument should be placed at a level above the TFF system to prevent
gravity feed of liquid back into the instrument. (This is good manufacturing practice but not
absolutely necessary. The tubing arrangements of the Flowstar instrument protect the unit
against liquid ingress.)

Figure 22
System Setup for Determining Air Integrity
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4.6.1 Drain the System (Feed/Retentate Flow Path)
O Note: The feed/retentate flow path must be drained of liquid before performing the
system or membrane cassette integrity test.

The procedure for draining the feed retentate flow path will depend on the system
configuration. The objective is to remove most of the liquid. It is not necessary to
completely remove all liquid.

Procedure
The liquid can be removed by any combination of the following steps:

1. Opening the drain and vent ports on the system to allow liquid to drain out.

2. Draining or disconnecting the feed tank and then using the feed pump (positive
displacement) to pump air into the system to displace liquid out through the
retentate line.

3. Using an integrity test air source to pressurize with air to force liquid out through
feed/retentate line. Liquid can also be forced out through the membrane and
permeate line.
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4.6.2

4.6.3

System Integrity Test (External Test)
Procedure
1. Connect the integrity test unit to the system.

The integrity tester may be connected as shown in Figure 23, or disconnect the
pump and attach the air supply from the integrity analyzer in its place. The integrity
tester may also be connected to the retentate line if an isolation valve is placed
between the feed port and pump.

2. Close the permeate valve and any other valves in the feed and retentate flow path
as required to allow the system to be pressurized with air.

3. Charge the system to a pressure of 2 barg (30 psig).

4. The airflow rate displayed on the integrity test unit will increase at first, then drop
off. As the pressure stabilizes to 2 barg (30 psig), the air mass flow rate should
decrease to zero (as shown in the example given in Figure 23).

If the mass flow rate = zero (< 5 sccm for membrane area > 0.1 m2 [1 ft2]), the
system integrity has passed, so continue with step 5.

If the mass flow rate levels off above zero (> 5 sccm), go to Section 4.6.4.

On some systems, it may take 15 minutes or longer for airflow to drop to zero, since
the air diffuses through the membrane to pressurize the permeate side. If there is still
airflow (> 5 sccm) after the permeate and feed/retentate pressures are equal, a leak
is indlicated.

5. Once the system pressure test has been completed, slowly open the permeate
valve to relieve the pressure.

6. Slowly open the integrity outlet valve or the retentate valve to reduce the air
pressure to zero in the feed/retentate channels.

7. Close the integrity outlet valve or retentate valve.
Membrane Cassette Integrity Test

Membrane Type: Omega

Cassette Format: Centramate, Centrasette

Channel Format: Screen

Procedure
1. Set the pressure on the integrity test unit to the value listed in Table 12.

2. Open the permeate valve.

Table 12
Air Integrity (Forward Flow) Specifications for T-Series Cassettes with
Omega Membrane

Allowable Air Forward Flow
Membrane NMWC Test Pressure Rate per Unit Area of Membrane

< 300 kD 2.0 barg (30 psig) <1600 scem/m? (< 150 scem/ft?)

3. Turn on the air supply from the integrity tester to pressurize the system.

4. The air flow rate displayed on the integrity test unit will initially increase as the
system pressurizes, then drop before leveling off to a constant flow rate. This
measured constant mass flow rate is the air forward flow (diffusion) rate
(Figure 23).
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5. If the constant mass flow rate falls below the acceptance specification listed in
Table 12 (and is consistent with previous measurements), the membrane integrity
has passed. If the mass flow rate is above the recommended specification or
substantially above previous measurements, go to Section 4.6.5.

4.6.4 Troubleshooting System Integrity Failure

Procedure

1. If a manual-torque (MT) holder is used, check the torque. If an auto-torque (AT)
assembly is used, check to make sure the hydraulic pressure is at the correct
setting.

2. Check all sanitary clamp connections and fitting assemblies to assure they are
securely tightened.

3. Remove the cassettes and rinse with WFI water. Inspect the cassette gaskets and
the holder contact surfaces for imperfections. If the gaskets look worn or
deformed, install new gaskets. Reinstall the cassettes in the holder.

4. Repeat the System Integrity Test, Section 4.6.2.

4.6.5 Troubleshooting Membrane Integrity Failure

Procedure
1. If a manual-torque (MT) holder is used, check the torque. If an auto-torque (AT)
assembly is used, check to make sure the hydraulic pressure is set correctly.

2. Repeat the System Integrity Test.

3. Remove the cassettes and rinse with WFI. Inspect the cassette gaskets for
imperfections. If the gaskets look worn or deformed, install new gaskets. Reinstall
the cassettes in the holder.

4. Repeat the Membrane Cassette Integrity Test (Section 4.6.3). If the cassette still
fails an integrity test, contact your local Pall representative for assistance. If
multiple cassettes are installed and the air diffusion rate continues to exceed
specification limits, disassemble the stack of cassettes and test the integrity of
each cassette individually to determine if integrity failure is specific to a cassette.

Figure 23
Typical Mass Air Flow Example Plotted for System and Membrane Integrity Test
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4.6.6 Integrity Testing Systems with Multiple Cassettes
True integrity can only be validated on individual cassettes. Hence, testing should first
be done on each cassette separately. Then the individual cassettes can be installed
in the holder and tested as a unit. For a stack of cassettes, the air diffusion rate is
additive and should approximate the sum of the individual cassettes.
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4.7

Buffer Conditioning
Buffer conditioning the membrane cassettes and TFF assembly is critical for most
biopharmaceutical applications.

Buffer conditioning removes trapped air from the membrane cassette and system and
establishes conditions for pH, ionic strength and temperature to match the process sample.
This is important to prevent sample precipitation or denaturation when it is first introduced into
the system.

For this operation, use the same buffer that was used to prepare the sample.
The buffer must be at the same temperature as the process fluid.

Membrane cassettes and hardware that are subject to substantial temperature changes

(> 10 °C) will require a torque adjustment to be made on the cassette holder after steady state
is reached. For example, if the hardware surface temperature is 20 to 25 °C and fluid is
introduced at 4 °C, the torque on a full stack of cassettes may drop 20 to 40% due to
contraction of the polymeric elements. In such cases, integrity testing should be performed
after all adjustments have been made.

Volume of Buffer Required: 5 to 20 L/m? (0.5 to 2 L/ft?). (Less buffer may be required for large
process systems.)

4.7.1 Flush the Retentate and Permeate Lines with Buffer
Direct the retentate and permeate lines to waste.

Figure 24
Setup for Buffer Conditioning — Initial Flush

Permeate

Procedure
1. Drain the system and feed tank, then fill feed tank with buffer.

2. Open the permeate and retentate valves.

3. Start the pump and increase pump speed until liquid begins to flow through both
the retentate and permeate lines. If necessary, adjust the retentate valve to force
flow through permeate.

4. Run for 5 to 10 seconds, then stop.
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4.7.2

Remove Trapped Air from the Retentate Line
Direct the retentate and permeate lines to feed tank.

Figure 25
Setup for Buffer Conditioning — Recirculation
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Procedure
1. Set up the system for recirculation.

2. Open the retentate and permeate valves.
3. Adjust the pump speed to give the recommended cross flow flux. Refer to Table 3.

4. Close the retentate valve until the feed pressure increases by 0.7 to 1 barg
(10 to 15 psig) or valve is completely closed, then open immediately.

Caution: Do not exceed a feed pressure of 3 barg (45 psig).
5. Repeat this step at least three times to remove air.

6.If necessary, adjust the pump flow rate to maintain a feed pressure of 1 to 2 barg
(15 to 30 psig) for UF membranes.

7. Recirculate fluid for 10 to 15 minutes if conditioning for pH and ionic stability at
ambient temperature. For equilibrating temperature between the hardware and
fluid stream, continue until the temperature has stabilized.

8. Check the torque on the cassette holder (not required for auto-torque (AT)
systems).

9. Remove the excess buffer from the feed vessel. Keep all piping, tubing, and
cassette assembly to and from the feed vessel flooded with buffer to prevent air
from entering the system.

It is necessary to determine the system hold-up volume in the feed/retentate flow
path. This volume will dilute the process fluid and must be considered when
calculating concentration factor. Refer to Section 3.3.
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Post-use Treatment of Cassettes and System

Once the TFF Process has been completed and the product recovered, the Omega membrane
cassettes can be cleaned and reused. There are several steps that must be followed to remove
remaining contaminants and return the cassettes to initial condition.

Figure 26
Sequence of Steps for Post-use Treatment of TFF Cassettes
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The cleaning process should also be documented and validated if cassettes will be reused in production
of a biopharmaceutical product. This flushing and cleaning process takes considerable time and uses
substantial quantities of water and cleaning agent. It may be worth evaluating the economics of cleaning
and validation for reuse compared to discarding cassettes after a single use.
5.1 Flushing Cassettes after Use
Following a TFF process, the product, if in the concentrate, would have likely been recovered
by displacement with buffer followed by a recirculation and flushing with a small additional
volume of buffer. In this case, it may not be necessary to flush the cassette before adding
cleaning solution.
If the product was in the permeate, the concentrate should be flushed from the cassette using
water or buffer prior to introducing cleaning solution.

51.1 Flush the Feed/Retentate Line to Waste

Volume Required:
10 L/m? (1.0 L/ft?)

Direct the retentate and permeate lines to waste.

Figure 27
System Setup for Flushing to Waste
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5.2

1. Drain and refill the feed tank with 10 to 40 L/m?(1 to 4 L/ft?) buffer or WFI.
2. Open the retentate and permeate valves.

3. Adjust the pump to deliver a flow rate of 5 to 10 L/min/m? (0.5 to 1 L/min/ft?). Do
not exceed a feed pressure of 2 barg (30 psig). If necessary, restrict the permeate
valve, so at least 50% of flow is removed from the retentate line.

4. Pass a minimum of 15 to 20 L/m? (1.5 to 2 L/ft?) through the retentate line to
waste.

5. Stop the pump.
5.1.2 Flush the Permeate Line to Waste
1. Close the retentate valve. Open the permeate valve.

2. Adjust the pump to deliver a permeate flow rate of 5 L/min/m? (0.5 L/min/ft?) or
until the feed pressure equals 2 barg (30 psig).

3. Pass 15 to 20 L/m? (1.5 to 2 L/ft?) through the permeate.
Cleaning Cassettes

Volume Required:
5 1L/m? (0.5 L/ft?) minimum

Recommended cleaning agents for Pall membranes (see Section 6.2):
Membrane Types: Omega

Cleaning Solutions: 0.1 to 0.5 N NaOH at 25 to 45 °C
0.1 to 0.5 N NaOH + 200 to 400 ppm NaOCI at 25 to 45 °C

Warning: Many solutions that are recommended for cleaning may be corrosive. Ensure proper
safety procedures are followed while handling, mixing and preparing these reagents.
5.2.1 Adding Cleaning Agent to System

1. Drain the system and feed tank.

2. Fill the feed tank with 15 to 20 L/m? (1.5 to 2 L/ft?) of cleaning solution.

3. Open the permeate and retentate valves.

4. With the retentate and permeate line still directed to waste, start the pump and
run a small volume of cleaning solution through the system to waste.

6 Typically flushing with one or two system hold-up volumes is sufficient. It may be

necessary to partially close the retentate valve to force liquid through the permeate.
5. Stop the pump.

6. Return the retentate and permeate line back to the feed tank.
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5.3

5.2.2 Recirculate Cleaning Solution

Figure 28
System Setup for Circulating Cleaning Solution
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Return the retentate line to the feed tank.

1. Open the retentate valve and close the permeate valve completely. Adjust the
pump speed to give a retentate flow rate in the range of 1 to 1.5 times the
recommended process CFF rate in Table 3.

A Caution: Do not exceed a feed pressure of 2.8 barg (40 psig).
2. Run 45 to 60 minutes for cleaning.

If the cleaning solution looks dirty after only a few minutes, stop cleaning and drain

O the cleaning solution. Follow steps 5.1.1 and 5.1.2 to flush with water through the
retentate then the permeate. Add fresh cleaning solution to the feed tank and follow
the steps in Section 5.2.1.

Flush Cleaning Agent from Cassettes and Assembly
Flush the cassette and hardware assembly with either:

1. WFI at 25 to 45 °C, or

2. 0.2 um filtered DI water at 25 to 45 °C
Volume Required:

40 L/m? (4 L/ft2) minimum

To establish required flushing volumes for a specific application, test the pH and/or conductivity
of water from the retentate to determine when acceptable conditions have been reached. If the
product will be in the permeate, test the pH and conductivity of the permeate.
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5.3.1 Flush the Retentate Line to Waste

Figure 29
System Setup for Flushing Cleaning Solution to Waste

Permeate

1. Drain, wash, and refill the feed tank with water (or attach the feed line to the water
supply).
2. Open the retentate and permeate valve.

3. Adjust the pump to deliver a flow rate of 5 to 10 L/min/m? (0.5 to 1 L/min/ft?).
Do not exceed a feed pressure of 2 barg (30 psig). If necessary, restrict the
permeate valve so at least 50% of flow is from the retentate line.

4. Pass 10 to 20 L/m? (1 to 2 L/ft?) through the retentate to waste.
5. Stop the pump.
5.3.2 Flush the Permeate Line to Waste
1. Close the retentate valve.
2. Open the permeate valve

3. Adjust the pump to deliver a flow rate of 5 L/min/m2 (0.5 L/min/ft?) or until the feed
pressure equals 2 barg (30 psig).

4. Open the retentate valve until the retentate flow rate is 5 to 10% of the permeate
flow rate.

5. Run until a minimum of 20 L/m? (2 L/ft?) is flushed through the permeate, or until
the pH and/or TOC has reached an acceptable value — normally close or equal to
the pH/TOC of the incoming water.

O The addition of one or more recirculation steps through both retentate and permeate
can be used to reduce the total volume of water needed to achieve the required pH,
TOC, or extractable levels. See Section 5.3.3.
5.3.3 Recirculation Procedure to Reduce pH, TOC, and Extractables (optional)

Volume Required:
8 L/m? (0.8 L/ft?) per cycle

Temperature Range: 25 to 45 °C
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5.4

Figure 30
System Setup for Recirculation
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Procedure
. Set up the system for recirculation (Figure 30).

Fill the feed tank with required volume of water.
. Open the retentate and permeate valve.

. Adjust the pump to deliver a flow rate of 5 L/min/m2 (0.5 L/min/ft?).

. Readjust pump to give required retentate flow rate.
. Recirculate for 30 minutes.
. Direct retentate and permeate lines to drain.

]
2
3
4
5. Adjust the retentate valve to split flow 75% retentate, 25% permeate.
6
7
8
9. Drain the system.

1

0. Perform steps 5.3.1 and 5.3.2 using minimum volumes of water for flush.
Take samples of retentate and permeate from the effluent at end of flush and
assay. If the pH, TOC, and extractable levels are not acceptable, repeat steps 2
to 10 until acceptable levels have been obtained.

Determine Membrane Recovery for the Cassettes

Membrane recovery is a calculation to determine the efficiency of the cleaning performed on the
membranes. It compares the normalized water permeability (NWP) after cleaning to the initial
NWP, measured when the membrane was first installed and preconditioned (Section 4.5).

Water quality should be Water for Injection (WFI) or, at minimum, 0.2 pm filtered DI water. All
water permeability rates are normalized to a temperature of 20 °C by using a temperature
correction factor (TCFzo °c) obtained from Table 11.
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5.4.1

5.4.2

Remove Air from Cassette and System
Caution: It is important to completely remove air from the feed channels and wet out
the membrane before determining NWP2o <c.

Direct the retentate and permeate lines back to the feed tank to minimize the volume
of water needed.

Figure 31
System Setup For Determining Membrane Water Permeability
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Caution: Both permeate ports should be open for determining NWP20 °c.
Closing one port can cause a significant error in TMP measurement due to
internal pressure drops.

1. Check the water level in the feed tank and refill if necessary.
2. Open the permeate and retentate valve completely.

3. Adjust the pump speed to deliver the recommended cross flow flux. Refer to
Table 3.

4. Close the retentate valve till the feed pressure increases by 0.7 to 1 barg
(10 to 15 psig) or the valve is completely closed, then open immediately.

Caution: Do not exceed a feed pressure of 3 barg (45 psig).

5. Repeat the previous step at least three times to remove air.

Determine the Water Permeability after Cleaning
Procedure
1. Close the retentate valve and open the permeate valve.

2. Adjust the feed pump flow rate to generate the desired transmembrane pressure
(TMP). Start at the lowest TMP.
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Equation 6
Calculation for Transmembrane Pressure

TMP = (Pfeed +2Pretentate

It is recommended that water permeability be measured at three different
TMP values.

e Up to 1 barg (15 psig) for UF membranes < 100 kD and

) - Ppermeate

e Up to 0.65 barg (10 psig) for UF membranes over 100 kD

For example, choose the TMP values 0.3, 0.65, 1.0 barg (5, 10, 15 psig) for a
10 kD Omega membrane cassette.

Choose the highest TMP, so that the permeate flow rate does not exceed
150 LMH.

3. Quickly open and then close the retentate valve at least three times to expel any
trapped air.

4. Measure the permeate flow rate and calculate the permeate flux rate in units of
LMH (L/m?/hr).

5. Measure the temperature of the permeate stream.

6. Adjust the feed flow rate to the next transmembrane pressure and repeat steps
2 to 5.

7. Repeat steps 2 to 5 at the highest TMP.
8. Plot the water permeate flux rate vs. TMP for the 3 points measured.
9. Draw a straight line from the origin that best fits the data points plotted.

Note: The plot should be linear for UF membranes. If the points do not fall close to
the line, check the pressure gauges for accuracy and re-measure.

The accuracy and reproducibility of measurements are very dependent on the
accuracy and readability of the pressure gauges or transducers used. Be sure to use
calibrated equipment that is accurate within the measurement range.

10. From the graph, determine the water permeate flux rate at the transmembrane
pressure in Table 13.

Table 13

Measuring Water Permeability

Membrane NMWC T™MP

Omega <100 kD 0.7 barg (10 psig)

> 100 kD 0.3 barg (5 psig)

Use pressure gauges and transmitters with a maximum range of 0 to 2 barg
(0 to 30 psig) for accurate, repeatable results.

11. Calculate the water permeability at the recorded TMP from Equation 7: Water
Permeability Calculation.
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5.5

5.4.3

5.4.4

5.4.5

o

Equation 7
Water Permeability Calculation

Permeate Flux Rate (LMH)

Water Permability = T™MP

Normalize the Water Permeability

Normalize the water permeability to a temperature of 20 °C using Equation 9:
Calculation for Membrane Recovery and the temperature correction factor (TCF2o °c)
in Table 11.

Equation 8
Calculation for Normalized Water Permeability

NWPaoc = Permeate IflltI:I)I(PRate (LMH) X TCFaoec

Determine the Membrane Recovery
Calculate the membrane recovery using Equation 9: Calculation for Membrane
Recovery.

Equation 9
Calculation for Membrane Recovery

NWP after cleaning

NWP initial
Evaluate the Effectiveness of the Cleaning Regimen
For a new process, if membrane recovery is less than 100%, the cleaning regimen
should be repeated. This is to determine that the initial cleaning time at the selected
conditions was sufficient, and if not, to determine the appropriate number of cleaning
cycles or time required. If membrane recovery has improved after the second
cleaning cycle, a third cycle should be performed. When no additional improvement
in recovery is achieved, you know the last cycle time had reached maximum effect
for the conditions used. You may then use one cleaning cycle for the established
time or two or more cycles of shorter duration to equal the desired time. Several
cycles may be preferred, especially if cleaning is done at an elevated temperature
and the system cannot maintain temperature of the cleaning fluid.

NWP Recovery = x 100%

Studies altering conditions, cycle time, temperature, or reagent concentration should
be performed to evaluate the most effective cleaning protocol for your process.

Note: Between uses, membrane cassettes are typically stored in a caustic solution
(0.05 to 0.1 N NaOH). During this time, remaining foulants on the membrane may be
degraded and removed when the membrane cassettes are flushed prior to the next
use. As a result of membrane relaxation and additional cleaning during storage, it is
not unusual for the membrane recovery, measured after storage, to increase relative
to the membrane recovery measured immediately after cleaning.

Post-Use Air Integrity Test (optional)

Post-use air integrity tests are not usually performed on TFF cassettes. There are no
requirements, as with sterilizing grade filters, that the cassette must pass a post-use integrity
test. Usually analysis of results, including performing a mass balance to establish if there is
product loss and where the loss might be, is sufficient to establish that the system is working
satisfactorily. If you wish to determine post-use integrity, follow the procedure given in
Section 4.6.
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5.6

Storage of Membrane Cassettes

The objective for proper storage of the membrane cassettes is to ensure the membranes
remain wet and prevent microbial growth during the time the membrane cassettes are not
being used.

Compression on cassettes stored in the holder should be reduced during storage. Reduce the
torque or hydraulic pressure by 25%. Check that there is no external leaking from around the
cassettes.

5.6.1 Recommended Storage Agents for Omega Membranes
Recommended storage agents for Omega membranes is 0.05 to 0.1 N NaOH.

Cassettes may be stored for periods up to 1 year or longer. However, it is
recommended that at 6 months storage, the pH of the storage solution be tested to
determine if it is sufficiently caustic. Cassettes may be flushed with fresh storage
solution at this time.

Table 14

Recommended Storage Temperatures for Used Cassettes
Temperature

4-15°C optimal

25°C maximum

A Caution: Do not freeze.

If cassettes will be stored in water, skip Sections 5.6.2 and 5.6.3 go to Section 5.6.4.

5.6.2 Adding Storage Agent to System

Figure 32
System Setup for Flushing Storage Agent through System

Volume of Storage Agent Required: 5 to 10 L/m? (0.5 to 1 L/ft?)

Procedure
1. Drain the system and add storage agent to the feed tank.

2. Open the retentate and permeate valves.

3. Start the pump and increase speed until the flow comes through both the
retentate and permeate lines. Allow a volume equivalent to about 2 hold-up
volumes to pass out of the retentate to waste.
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5.6.3

5.6.4

4. Allow a volume equivalent to about 2 hold-up volumes to flow from the permeate
to waste. If necessary, partially close the retentate valve to increase permeate
flow rate.

Recirculate Storage Solution

Figure 33
System Setup for Recirculating Storage Solution
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Procedure
1. Open the retentate valve. Leave permeate valve partially open.

2. Adjust the pump speed to maintain a feed pressure of 1 to 2 barg (15 to 30 psig)
for UF membranes.

3. Adjust permeate valve so that the permeate flow rate is 5 to 10% of feed flow rate
within the specified pressure range.

4. Run for 3 to 5 minutes.

5. Stop the pump.

Cassette Storage

Procedure for Storage in the Holder
1. Close the feed, retentate, and permeate valves. (The holder and cassettes remain
flooded with storage agent.)

2. Reduce the torque or hydraulic pressure on the holder by 25%.
3. Check that there are no external leaks from around the cassettes.

4. Increase the torque or hydraulic pressure slightly if it is necessary to stop a leak.

Procedure for Storage out of Holder
1. Place the cassette into a plastic bag and seal. Use a separate bag for each
cassette. A small amount of storage agent may be added to the bag.

2. Place the bag with the cassette into a plastic container with a lid.
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3. Keep the cassettes in a temperature-controlled room, optimally at a temperature
of 4 to 15 °C.

Alternatively
1. Place the cassettes in a plastic container with an airtight seal.

2. Add storage agent to cover the cassettes completely.
3. Cover and seal the container.

4. Keep the container in a temperature-controlled room, optimally at a temperature
of 4to 15 °C.

6. Appendix

6.1

Omega Membrane Chemical Compatibility Chart

The chemical compatibility of Omega membrane cassettes can be described in terms of
changes in physical characteristics due to continuous contact with a chemical solution for
several hours. Changes can affect dimensions, hardness, swelling, the integrity of internal sea
and membrane integrity. Changes can also be described in terms of the functional
characteristics of the membrane (such as water permeability, and retention characteristics).

Table 15 illustrates the compatibility of different Omega membrane cassettes at 20 °C, unless
otherwise noted, with respect to physical characteristics. The table should only be used as a
guide. Cassettes should be tested in the appropriate solvent and product under actual

Is,

operating conditions for an appropriate time to determine compatibility for a specific application.

Table 15

Membrane Chemical Compatibility Chart

Reagent Compatible?
Acetic Acid (5%) °
Alconox® (1%) °
Citric acid (1%) o
Ethanol (70%) o
Formaldehyde (1%) o
Glycerine (50%) °
Guanidine HCI (6 M) o
Hydrochloric acid (0.1 N) °
Hydrogen peroxide (1%) o
Phosphoric acid (0.1 N) o
Sodium dodecy! sulfate (0.01 M) o
Sodium hydroxide (0.5 N @ 50 °C) °
Sodium hypochlorite (0.05%) o
Terg-a-zyme* (1%) °
Triton® X-100 (0.002 M) o
Urea (25%) °

' Data for cassette membrane and components at 20 °C, 24-hour exposure, unless otherwise noted. There may be
changes in porosity and/or selectivity of membrane.

Pall offers validation services to test compatibility of membranes and cassettes with different
solvents. Contact your local Pall representative for information on Validation Services.
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6.2

Alternative Cleaning Agents

Table 16
Alternative Cleaning Agents

Agent Mode of Cleaning Foulant

Alkalies High pH hydrolysis Biomolecules, fats, proteins, starches
Solubilization

Acids Solubilization Inorganic salts

Oxidizers Oxidation degradation Biomolecules, proteins,

polysaccharides

Surfactants Wetting, emulsification, dispersion,  Biomolecules, fats, oils, proteins,
solubilization insoluble particles

Solvents Solubilization Qils, fats, grease, proteins,

biomolecules

Enzymes Enzymatic digestion Proteins

Table 17

Acids

Type Foulant Condition

Phosphoric Acid (HsPO4)’ Inorganic, Nucleic Acids 0.1N,25-45°C,pH ~2

Citric Acid Iron 1%, 25 —45 °C, pH ~3

! Long-term storage (> 7 days) in Phosphoric Acid (HsPO4) may cause slight yellowing of the cassette’s polyurethane

encapsulant.

Table 18

Alkalies and Oxidizers

Type Foulant Condition

Sodium Hydroxide (NaOH)

Proteins, enzymes, vaccines,
viruses,bacterial cells and lysates,
polysaccharides, organic colloids,
pyrogens, lipids

0.1-0.25N,25-45°C, pH ~13

Sodium Hydroxide with Sodium

Heavy fouling of above foulants,

0.1 -0.5 N NaOH +

Hypochlorite (NaOCl) bacterial whole cells and 200 — 400 ppm NaOCl, 25 — 45 °C,
cell lysates pH ~13

Table 19

Surfactants

Type Foulant Condition

Sodium Dodecyl Sulfate (SDS),
Triton X-100, Alcono,
Terg-a-zyme

Bacterial whole cells and lysate,
lipids, oils, antifoams,
polysaccharides, and precipitated
proteins

0.1%,25-45°C,pH4 -9

Table 20
Flushing Gaskets (CIP Plates)

Part Number

Product

FS159X01

Centramate CIP Plate

FS079X05

Centrasette CIP Plate
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Glossary

Air Diffusion Rate
Method to determine membrane cassette integrity. Also called Forward Flow value. It is the rate of gas
diffusing through the wetted pores, or bypassing seals of the membrane at a given differential pressure.

Concentrate (Retentate)
The feed solution remaining above the membrane during or after concentration.

CIP (Clean in Place)
Act of using a chemical cleaning protocol to clean the membrane and membrane assembly free of
any foulants.

Cross Flow Rate (CFR) (Retentate Flow Rate)
The flow of fluid across (parallel to) the membrane surface measured as L/min.

Cross Flow Flux (CFF)
The CFR per unit of membrane surface. Measured as L/min/m? (L/min/ft?).

Depyrogenate
The removal or inactivation of pyrogens (endotoxins, lipopolysaccharides) from within the membrane
cassette. Pyrogens are substances that cause a fever reaction when injected into mammals.

Endotoxin
The outer cell wall of gram-negative bacteria.

Feed
The starting sample volume.

Feed Pressure
The pressure (barg/psig) measured directly at the feed port (inlet) to the cassette holder.

Fouling
A build-up of retained or adsorbed species on the membrane surface resulting in decreased flux and
possibly an increase in retention of permeable solutes.

Foulant

The material that coats, adsorbs to, or plugs pores in the membrane causing a reduction in flow rate
through the membrane. The foulant may be the product or impurities (organic or inorganic) in the
product or from other sources like water, buffers, etc.

Hold-up Volume
The total volume contained within the feed/retentate flow path. (Most of this volume is recoverable.)

Microfiltration (MF)

Membranes with pore sizes greater than 0.1 microns (um) through 10 microns. Used in TFF mode for
clarification or removal of micro particulates such as bacteria, mycoplasma, large virus, aggregates,
whole cells and cellular debris from a solution.

Minimum Working Volume
The (system) hold-up volume plus a minimum volume of liquid that must remain in the bottom of the
feed tank at the operating flow rate to prevent air from being drawn into the cassette system.

The minimum working volume limits the maximum concentration factor achievable. It is affected by
cross flow rate. At a higher cross flow rate, a greater liquid volume in the bottom of the feed tank is
required to prevent air from getting drawn into the pump. Tank design significantly affects the minimum
volume required to prevent air from getting into the system.

Molecular Weight Cutoff (MWCO)
Used in some documents; has been replaced by Nominal Molecular Weight Cutoff (NMWC).

Nominal Molecular Weight Cutoff (NMWC)

The pore size designation for ultrafiltration membranes. The NMWC is defined as the molecular weight
of a globular protein or solute which is 90% retained by that membrane after a 2X concentration.
Retention of molecules of the same molecular weight, but which have elongated shapes, can be
significantly lower. Concentration polarization, which occurs during ultrafiltration, can affect the retention
characteristics of the membrane.
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Non-Recoverable Volume
The volume remaining in the Feed/Retentate flow path after the flow channel has been pumped
out/drained. Optimization of the product recovery step will insure high product recovery.

Normalized Water Permeability (NWP)
The water flux measured at 20 °C, divided by the average applied transmembrane pressure (TMP).

NWPa-c = Fermeate If|!l|</)|(pRate MH) v TCFu0-c

NVR
Non-volatile residue

NWP Recovery
The percent ratio of the NWP after cleaning relative to the initial NWP measured before the membrane
came into contact with a process fluid.

NWP after cleaning

0
NWP initial x100%

NWP Recovery =

Permeate (Filtrate)
The portion of sample (feed solution) that has passed through the membrane.

Permeate Flow Rate (Filtrate Flow Rate)
The rate of sample flow through the membrane (rate of sample filtration), measured in volume/unit time.

Permeate Flux (Filtrate Flux Rate)
The rate of sample flow through a given membrane area per unit time. Commonly expressed as LMH
(liters/mz/hr).

Permeate Hold-up Volume
The total volume contained within the permeate flow path.

Pyrogen (Endotoxin)
A substance that produces a fever within a warm-blooded animal when injected into the bloodstream.

Retentate
The liquid that flows through the feed/retentate channels of the cassette, returning from the cassette
(retentate port) back to the feed tank.

sccm
Standard Cubic Centimeters per Minute

SIP
Steam in Place. Process where steam sterilization is used in a complete assembled system.

Screen Channel

A tangential flow filtration cassette that contains a screen in the feed/retentate channel. The screen
generates resistance to flow (P) and a gentle turbulence at the membrane surface to minimize the
effects of concentration polarization.

System Hold-up
The total volume contained within the feed/retentate flow path. (Most of this volume is recoverable.)

Tangential Flow Filtration (TFF) (Cross Flow Filtration)

A process which uses a pump to circulate sample across the surface of membranes (“tangential” to the
membrane surface) housed in a multilevel structure (cassette). The applied transmembrane pressure
acts as the driving force to transport solute and small molecules through the membrane. The cross flow
of liquid over the membrane surface sweeps retaining molecules from the surface, keeping them in the
circulation stream.

TCF
Temperature Correction Factors (for Normalizing Water Permeability)
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TOC

Total Organic Carbon

Transmembrane Pressure (TMP)

The average differential pressure from the upstream side of the membrane (applied pressure) and
downstream side (permeate).

TMP = (Pfeed + Pretentate

2

Ultrafiltration (UF)

) - Ppermeate

A filtration technique that uses controlled pore, semi permeable membranes to concentrate or
fractionate dissolved molecules. Molecules much larger than the pores are retained in the feed solution
and are concentrated in direct proportion to the volume of liquid that passes through the membrane.
Molecules whose size are close to that of the pores, concentrate to a lesser extent with some of the
molecules passing through the membrane in the permeate. The concentration of freely permeable
molecules (salts) in the sample remains essentially unchanged.

uv
Ultraviolet Adsorption
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