METHOD FOR IMPROVED SCALING OF FILTERS This application claims
priority of U.S. Provisional Application Serial No. 61/274,142 filed August 13,
2009, the disclosure of which is incorporated herein by reference.
BACKGROUND Manufacturers of filtration devices often offer small scale
sizing tools fournitiebe \whratiPRigvRDe ST ALERG OFN ¢ farestisating
membrane area requirements for the full scale process. Ideally, small scale
devices i shosfsbaantainia mindmyaaef membranearesror filtratior roediaitena 1
Aspve destfluid vehileialso sealingdinearly witdy their cosresponaing large scaleo,
tigevices. Howevere var@abilitywhn the perfosmance-ofrgroalh seale devdees addsby
refeedaindy. to the scale-up requirements, resulting in potentially excessive
sizing to guard against the possibility that the tested small scale device(s)
represented the low end of the pRACKR@ROUADIstribution. In the case of
microfiltration membrane filters, for example, there are many factors that
influendermémbrane: performande; maluding deer poressize distribufidnrthemall
membrane chemistry, membrane thickness, membrane porosity,
scale sizing tools for initial evaluation of ©process

streams and for estimating membrane area requirements for
the full scale process. Ideally, small scale devices
should contain a minimum of membrane area or filtration
media to save test fluid while also scaling linearly with
their corresponding large scale devices. However,
variability in the performance of small scale devices adds
uncertainty to the scale-up requirements, resulting in
potentially excessive sizing to guard against the
possibility that the tested small scale device (s)
represented the low end of the performance distribution.

In the case of microfiltration membrane filters, for
example, there are many factors that influence membrane
performance, including the ©pore size distribution, the
membrane chemistry, membrane thickness, membrane porosity,
and others. While membrane manufacturing processes are
designed to control all of these factors to maximize

uniformity and consistency, there inevitably will be some



and others. While membrane manufacturing processes are designed to
control all of these factors to maximize uniformity and consistency, there
inevitably will be some 1 distribution within normal manufacturing conditions
for all of these variables. This membrane variability limits device-to-device

d Petfoimance gonsistensy andtharetese Jinits theiprecisiondtowhieh large a11
scale performance can be predicted from small scale performance. The

o performance o4 eithgrilakge scalasamplesansmalt scate-fillation €evices:s « s
often used to estimate the sizing requirements of large scale devices. The
dessef -satiscaledlevices forsizing providesarnsobvieys econgmictherefore
advantage. For example, in sterile filtration of biological fluids, 47 mm or 25
1 mmteembrane discsifter atconvanient foematfosevdlvating pestatmanee can
against the discs to large scale membrane devices (e.g., cartridges
beoptaining tens torthrousands obtimes merefarean os . accurate scale-up, the
membrane in the small scale device must be representative of the
membrenediathe targe sealef devités: tHowever, assmnlanysaplfacturingsmall
process, there is a finite tolerance in acceptable performance from one
scale filtration devices 1s often used to estimate the
sizing requirements of large scale devices. The use of
small scale devices for sizing provides an obvious economic
advantage. For example, in sterile filtration of
biological fluids, 47 mm or 25 mm membrane discs offer a
convenient format for evaluating performance against the
discs to large scale membrane devices (e.g., cartridges
containing tens to thousands of times more area). For
accurate scale-up, the membrane in the small scale device
must be representative of the membrane in the large scale
devices. However, as 1n any manufacturing process, there
is a finite tolerance 1in acceptable performance from one
lot of membranes to another. The membrane in a scaling
device could originate from anywhere within the acceptable
performance range. Accordingly, when estimating the
required sizing of full scale devices, the variability in

membrane performance must be accounted for, necessitating

the use of liberal safety factors in scaling estimates.



lot of membranes to another. The membrane in a scaling device could
originate from anywhere within the acceptable performance range.
Accordingly, when estimating the required sizing of full scale devices, the
variability in membrane performance must be accounted for, necessitating

the use of likeral safety facters:a sealingyestivraiesie- This can hedhistratad-a1
by considering a hypothetical distribution of membrane performances as

dskewida it en 1.0 thisnexanple, mveragenperdersanse githen parmenbiity 1.
or throughput capacity) of all membrane lots is normalized to one and the
Iracagpiablestangelef pedoumange ipdefmednasc30% of theemear @Bebility
commonly employed approach is to use a small scale device containing
omerhbranghrandombyp selected from thiel popetation avhichteoulidspertormati zed
anywhere from 0.7 to 1.3. Similarly, a large scale device could perform at
tanywherenvthirhihe samec®.ddod. Irange. YWhepescadingdrone a smaliscaleed
to a large scale device, the possibility that the small scale device contains
ahigh &0l (2.8) orembrame .whilerthe dargecscale deviée godldappntamclowiendco
(0.7) membrane must be accounted for. That is, a scaling safety factor of
ude3/0d7 =486 Inustbale device containing membrane randomly
selected from the ©population, which could perform at
anywhere from 0.7 to 1.3. Similarly, a large scale device
could perform at anywhere within the same 0.7 to 1.3 range.
When scaling from a small scale to a large scale device,
the possibility that the small scale device contains high
end (1.3) membrane while the large scale device could
contain low end (0.7) membrane must be accounted for. That
is, a scaling safety factor of 1.3/0.7 = 1.86 must be
applied to ensure that the large scale device requirements
are not undersized (see FIG. 2). In this situation, the
worst case performance of the full system will Dbe
accurately estimated. However, 1t 1is also possible that
the small scale device could contain membrane at the low
end of the distribution (0.7) while the large scale device
contains high end (1.3) membrane. Applying the same safety

factor would result 1in a full system performance of

(1/3/0.7)/(0.7/1.3), or 3.45. The result would be a



applied to ensure that the large scale device requirements are not
undersized (see FIG. 2) In this situation, the worst case performance of the
full system will be accurately estimated. However, it is also possible that the
small scale device could contain membrane at the low end of the distribution

£ {04} ahilertheslarge scalendevices centains highiend (1:3) mesHyane 3,45,
Applying the same safety factor would result in a full system performance of

TK1B/0ANQ/1:3), onddm ddne sesult weuld bela 3filtrafionsystemdbatisinty
oversized by a factor of 3.45. This value is defined as the scaling factor

ramncertaimty) ratioc@sf) accardingte the fallowing farenha (3): Usf = (Fh/SI) /
(Fi/fsSh) _ (Fh/FI) * (Sh /S1) (1) where Fh is the full scale high end potential
performance], FEis the/ftll) scate fow) end petetitial pestorimnce( Bh is the

scaling device high end potential performance, and S1 is the scaling device

low end potential performance. It therefore would be desirable to reduce the

range of scaling device performance in order to lower large scale device
whegeirefments andesave tostscSUMMARY end potential performance,
F; is the full scale low end potential performance, Sy 1is
the scaling device high end potential performance, and S; is
the scaling device low end potential performance.

It therefore would be desirable to reduce the range of

scaling device performance in order to lower large scale

device requirements and save costs.

SUMMARY

The problems of the prior art have been overcome by
the present invention, which provides a method of reducing
the range of scaling device performance uncertainty. In
certain embodiments, scaling device performance uncertainty
is reduced, thereby reducing the scaling safety factor, by
specifying a narrow range or subset of the set of all
qualified manufactured membranes or filtration media for
installation into scaling devices. In certain embodiments,
the scalability factor 1s reduced by determining where

within the performance distribution a particular membrane



The problems of the prior art have been overcome by the present invention,
which provides a method of reducing the range of scaling device
performance uncertainty. In certain embodiments, scaling device
performance uncertainty is reduced, thereby reducing the scaling safety
1 fagtor, by rspecifyinga taskpw range orssubseh gf the setefrall gualifiedingly.
manufactured membranes or filtration media for installation into scaling
rRélgvicesqin sedainrembediraents. the scalability factonis redyicediyant cost
determining where within the performance distribution a particular membrane
s dliesgand adiastingdhe scaling facstemacegrdingly. Redubemgsscaling in  the
uncertainty results in significant cost savings, realized, for example, by a
sceduction inthe recate-gp isizing neguirements. BRIEF DESCRIPTION OF
THE DRAWINGS FIG. 1 is a graph of a hypothetical distribution of
membrane performance showing an acceptable range; FIG. 2 is a graph of a
hypothetical distribution of membrane performance showing possible values
for large and small BB ARRCRERT.TON DFraiHEoDRAVIINES ical

distribution of
FIG. 1 1is a graph of a hypothetical distribution of

membrane performance showing an acceptable range;

FIG. 2 1is a graph of a hypothetical distribution of
membrane performance showing possible values for large and
small scale devices;

FIG. 3 1is a graph of a hypothetical distribution of
membrane performance showing possible values for large and
small scale devices;

FIG. 4 is a graph of small scale device variability
vs. scaling factor uncertainty ratio; and

FIG. 5 is a graph of the water ©permeability
distribution of a set of pleated cartridges in accordance

with Example 1.

DETAILED DESCRIPTION

Membrane manufacturing processes inherently result in
some variability in membrane properties even though

materials and process conditions are kept as constant as



membrane performance showing possible values for large and small scale

devices; FIG. 4 is a graph of small scale device variability vs. scaling factor
uncertainty ratio; and FIG. 5 is a graph of the water permeability distribution
of a set of pleated cartridges in accordance with Example 1. DETAILED

pRSERIPTIONsMembeane manyfastsingrrecesses imhesenthyvestltined to
some variability in membrane properties even though materials and process

cropditions are kephas consial apa% passihite. Asia restlt, progecireshaveter
been instituted to classify or "rate" each batch or roll of membranes after
mdnaifufacture, basegdsenipedfarmanaee.droraxample, water pexasability anchter
throughput capacity tests are often carried out such as by constructing
paenembranel dgvicesrusingt membtanes fronea gienybatals smeasudng wateften
permeability, and challenging the devices with a solution containing particles
caf aissfected size and gondentratios to-plugithe mendbrame paregices using
Throughput capacity (volume filtered) within a specified time period, such as
mdilomankes, Dreome given batch, measuring water permeability,
and challenging the devices with a solution containing
particles of a selected size and concentration to plug the
membrane pores. Throughput capacity (volume filtered)
within a specified time period, such as 10 minutes, or some
flow reduction amount, such as 70% flow reduction, are
measured, and relative capacity values are obtained. The
membranes from the given batch are then performance rated
based upon the results obtained. The performance of
filtration media may also be similarly characterized.
Filtration media is material that actively separates solids
from a solution and/or binds select materials in solution.
Types of filter media include: non-woven fabrics, activated
carbon, activated clay, cellulose, ceramic, cotton,
diatomaceous earth, glass fiber, ion exchange resins,
metals, minerals, paper, nylon, sand, synthetic fiber,
Teflon, polyethersulfone, polyester, polypropylene,

polytetrafluorocethelyne, polyvinylidene fluoride,

polyvinylidene chloride, and polysulfone.



flow reduction amount, such as 70% flow reduction, are measured, and
relative capacity values are obtained. The membranes from the given batch
are then performance rated based upon the results obtained. The
performance of filtration media may also be similarly characterized. Filtration

mediais matetalithat actively separates solids frgmraysolution amd/or hindsods
select materials in solution. Types of filter media include: non-woven fabrics,

d Bstvateddcarkore agtivategelaybeelthose, Ceramis, cotton, diatomaceeus ion
earth, glass fiber, ion exchange resins, metals, minerals, paper, nylon, sand,

m&ynthetie fibet,c&aflon,polyetheestitfone zpalyesier, pedpropylenee, and a
polytetrafluoroethelyne, polyvinylidene fluoride, polyvinylidene chloride, and

peolystiifenect In cerdain embddimentsi ef cargsngout tecmethodsrdisclosetdat
herein, each batch of membranes or filtration media produced is

d tharadterizethby perfermaancesahdat performanee distribfitian isrestallishedon
From that distribution, a small subset is selected for installation into scaling

imevicesaBy specifyingenly a marrep eangeyoh theodistribaition forcscalingge of
devices, the uncertainty in

the distribution for scaling devices, the uncertainty in

scaling from small scale to large scale devices (which by

definition can contain any qualified membrane or filtration

media) is minimized.

For example, if only the middle third of the
distribution 1is selected for small scale devices, as
illustrated in FIG. 3, then the performance of the small
scale device will range from 0.9 to 1.1. Since the large
scale devices will range from 0.7 to 1.3, the scaling
safety factor will be, (in accordance with equation (1),
where Sy Dbecomes the scaling device high end potential
performance within the subset of the distribution, and S;
becomes the scaling device low end potential performance
within the subset of the distribution), (1.3/0.9)/(0.7/1.1)
= 2.3. In this example, this method results in about a 35%
savings in scale-up sizing requirements compared to

conventional random membrane selection used for scaling

devices.



scaling from small scale to large scale devices (which by definition can
contain any qualified membrane or filtration media) is minimized. For
example, if only the middle third of the distribution is selected for small scale
devices, as illustrated in FIG. 3, then the performance of the small scale

devicenwill range frony 0.9 4a Lih Sincerthe Jarge scale dayicgs williangen of
from 0.7 to 1.3, the scaling safety factor will be, (in accordance with equation

sifd)l IwhereSnr:begomes thesscading devige highcend pateatial 1 perfastnange of
within the subset of the distribution, and S1 becomes the scaling device low

mefisiotentigbperfosniance . withintke stibseteofithesdistribution), the art is
(1.3/0.9)/(0.7/1.1) 2.3. In this example, this method results in about a 35%

desavings inisgalectig Sizifg eatuiraments tompared taucarventionahandesthod
membrane selection used for scaling devices. 7 FIG. 4 shows scaling safety

dfactbpasa furctiohrof ssmallvscafe perferthanee range forseverat levelsnafy as
membrane variability. The current state of the art is defined by the upper end

1 bf eachhzupe®. Ohetthethodrows in FIG. 4.

In certain embodiments, the scalability safety factor
can be minimized by determining where, within the
performance distribution, the small scale device 1lies
(using either a surrogate or actual performance
qualification test, for example), and then adjusting the
scaling factor to account for the specific portion of the
distribution that the scaling device came from. In this
approach, any membrane can be used 1in scaling devices.
Information about membrane performance is collected and the
information is then provided with the finished device.
When the scaling device 1is evaluated, this membrane
performance data is used in determining the scaling factor.
For example, using the hypothetical distribution in FIG. 1,
assume that a specific membrane has a performance wvalue of
0.9. The scaling factor simply would be (0.9/0.7)=1.3.
This factor represents the adjustment for the scaling

device with respect to the low end of the full

distribution. Since the performance range of the scaling



disclosed herein allows for reduced scaling uncertainty as illustrated by the
arrows in FIG. 4. In certain embodiments, the scalability safety factor can be
minimized by determining where, within the performance distribution, the
small scale device lies (using either a surrogate or actual performance

dénakificationtest; forexample) aad thenadjusting:the sscaling fagter time, so
account for the specific portion of the distribution that the scaling device

egamei tsam1n this appreacty any membrane can be used in scaling devices.
Information about membrane performance is collected and the information is
then provided with the finished device. When the scaling device is evaluated,
this membrane performance data is used in determining the scaling factor.
For example, using the hypothetical distribution (2)FIG. 1, assume that a
specific membrane has a performance value of 0.9. The scaling factor simply
Theouktcbd (18/0A=z13r Thisfactar represents the adjustment foa the Scatinges
device with respect to the low end of the full distribution. Since the

1 performance ranggcof thié scalinge 8rdsssaetis veellddefined @andtkinown; Shoande d
Si are the same, so

to uninformed membrane selection.

Example 1
A key performance parameter of sterilizing grade membrane
filters 1s water ©permeability, which relates to the
productivity of the device. Water permeability is measured
by supplying water to the membrane, maintaining a pressure
difference across the membrane, and measuring the water
flow rate. Permeability 1is calculated according to the

formula:

Lp = Q/ (A*AP)

where Lp i1s water permeability, A is the membrane area, and
AP is the pressure difference across the membrane. Water
permeability is commonly expressed in units of L/ (m°’-hr-psi)

or LMH/psi.



equation (1) reduces to: Usf = Fn/F1 (2) The scaling factor uncertainty ratio in
this case becomes 1.3/0.7, or 1.86, which represents a 46% reduction
compared to uninformed membrane selection. Example 1 A key
performance parameter of sterilizing grade membrane filters is water

TiRermeabilityowhichaslates (o thes predustivisrofdthe gdeviserWadeh at ive set
permeability is measured by supplying water to the membrane, maintaining a

o pregsuse tdifferenceracrass the mesnbrasenaad Aieasuriggdhe wages flowt of
rate. Permeability is calculated according to the formula: Lp = Q/(A*AP)
pavhere hers watenhpermeabilify, A is theéy memhranenarea panc APiiséheor 0.2
pressure difference across the membrane. Water permeability is commonly
urexpressed srunits afthd(m2-br=psipuarildviH/ipsi. Snbhey water peameahility wase r
measured on a representative set of pleated cartridges each containing
patoatd bBlm2yof yotyethersulfoneabembranedlithIaigminal pore sizexaf 012300
LMH/psi. A subset of the membranes contained in the entire
population was selected for installation into small scale
disc devices containing 0.0034 m?®. The selected subset
range was restricted to membranes with between about 1100
and 1200 ILMH/psi, which constituted about half of the
entire membrane population. In accordance with equation 1,
the scaling factor uncertainty ratio using any membrane in
the population (prior art method) is
(1300/1000) * (1300/1000)= 1.69. Using the method of this
invention, the scaling factor uncertainty ratio was reduced
to (1300/1000)*(1200/1100) = 1.42, which represents a 16%
improvement in scaling factor uncertainty and which

translates directly to a proportionally smaller sized full

size system compared to the prior art.

Example 2
From the water permeability distribution of Example 1,
a single membrane that had been characterized for water

permeability was selected from the entire population of

10



Pm. A plot of the distribution is shown in FIG. 5. Water permeability ranged
from about 1000 LMH/psi to about 1300 LMH/psi. A subset of the
membranes contained in the entire population was selected for installation
into small scale disc devices containing 0.0034 m2. The selected subset
mdARGe Was restricted-to membranes witbhetweaen abeyt 100 tand 12Q0brane
LMH/psi, which constituted about half of the entire membrane population. In
waECantlanss withequationd, «the sepling factardingedainteratiodisingiamactor
membrane in the population (prior art method) is (1300/1000)*(1300/1000)=
udceSddsing $he raethod efithis 1invention) the-scaling factospineerainty ratio2 3%
was reduced to (1300/1000)*(1200/1100) = 1.42, which represents a 16%
immpronanaent iniscakng factey ufeertainty andaxhich ntrgnstates directlyto athe
proportionally smaller sized full size system compared to the prior art.
pExample 2.From the water permeability distribution of Example 1, a single
membrane that had been characterized for water permeability was selected
from the entire population of 10 membranes. Since the water permeability of
this membrane

11



What i1s claimed

1.

is:

A method of reducing performance variability in a

Ffiltration scaling device used to estimate the

requirements of a Tfull scale filtration device,

the method comprising:

a.

determining a performance distribution of a
plurality of membranes or Filtration media;
selecting a subset of said distribution, said
subset having a known range of performance
with said distribution;

inserting the plurality of the membranes or
filtration media from saild subset into said
filtration scaling device; and

assigning a scaling safety factor to said
filtration scaling device, wherein said
scaling factor is directly proportional to a
product of a full scale device high end
potential performance within said distribution
and the scaling device high end potential
performance within said subset of said
distribution, and inversely proportional to
the product of the scaling device low end
potential performance within said subset of

said distribution and the fTull scale device

12



low end potential performance within said
distribution.
The method of claim 1, wherein said subset of
membranes is a single membrane.
The method of claim 1, wherein said scaling factor
is the product of the full scale device high end
potential performance within said distribution and
the scaling device high end potential performance
within said subset of said distribution, divided
by the product of the scaling device low end
potential performance within said subset of said
distribution and the Tfull scale device low end

potential performance within said distribution.
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