
METHOD FOR IMPROVED SCALING OF FILTERS 

This application is a continuation of U.S. Patent 
application Serial No. 12/848,435 filed Aug. 2, 2010, 
which 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 for initial evaluation of process 

streams and for estimating membrane area reguirements 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 reguirements, 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 
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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:RgffM©aes%soiasj$teji6y a0^iteretaJjfiifetingiMfci§K«ut5Miai6ia largt aii 
scale performance can be predicted from small scale performance. The 

of)ertam§@ce^i§iltoil3Eg.e scal$$§mpte$fc$raalt scaterftotiQH#vicesil@_ts 
often used to estimate the sizing requirements of large scale devices. The 

d4t@ecC^-smaUi®cale^ievipe^fer^yng:f)rovKte(S^Lrtofevioys ecoinsmictherefore 
advantage. For example, in sterile filtration of biological fluids, 47 mm or 25 

lirrititraemb^n^rl^csgDiffer atcommnient fomoffeforse^aatipgip^fenmaoce can 
against the discs to large scale membrane devices (e.g., cartridges 

bfcoptajmiflgtteds terttousaad&ofetafes nporearea^rFof.accurate scale-up, the 
membrane in the small scale device must be representative of the 
mem©i^epfiJtlf©iatfge<3eatefdevjd&s.rHciwew, as- tni&ny^map ill factum gs ma 11 
process, there is a finite tolerance in acceptable performance from one 

scale filtration devices is often used to estimate the 

sizing reguirements 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 in any manufacturing process, there 

is a finite tolerance in 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 

reguired sizing of full scale devices, the variability in 

membrane performance must be accounted for, necessitating 

the use of liberal safety factors in scaling estimates. 
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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 u?api literal c§n fe(^{Mr<atecfcai 
by considering a hypothetical distribution of membrane performances as 

d^WfidntBIGn 10In tfer^Mi^e^^^g^npeircftMiaiige i&t&m peiwiesbiBty 1. 
or throughput capacity) of all membrane lots is normalized to one and the 

iraccepiableferMig^K^perleH'iii®^ i^detecinascSO^^ftemef^r^^biiity 
commonly employed approach is to use a small scale device containing 

ojmetmbraiu^H'pndora^pselect^jd from ympo^ilaim^iwhichtiaoulicfeperfesfnTfeatized 
anywhere from 0.7 to 1.3. Similarly, a large scale device could perform at 

tcanywheremdthirhttee sam^CLiiiOd ,3:ramge. VWhepescati0 gitorn;a femaHis<£aJeed 
to a large scale device, the possibility that the small scale device contains 

a^iigih (4>S)ttonbraiie.whifertteecta^ecsc&ie dro&e^euildapptfaE^bwienclto 
(0.7) membrane must be accounted for. That is, a scaling safety factor of 

u£|e3/0a7 = ̂|iTS0-iTlUSfcto©le 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 reguirements 

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 (0.7) while the large scale device 

contains high end (1.3) membrane. Applying the same safety 

factor would result in a full system performance of 

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

fiQ.-?j5Mhilgrth%lfig|ft5pate1^vi(¥te CQrtaiiiSihiafeerKi/1 3) iR§mfer§n%f 3.45. 
Applying the same safety factor would result in a full system performance of 

ctfl&4&e"Oie ^ultw@ul(i^@iaLr%filtrMi©ecsysteimdhsteinty 
oversized by a factor of 3.45. This value is defined as the scaling factor 

riroertgtmjy) ^^(iMXa^ofdin^rto tlie>falMn@f(ffmtrtaitla): UBf = (Fh/SI) / 
(Fi/Sh) _ (Fh/FI) * (Sh /S1) (1) where Fh is the full scale high end potential 
performance^ 1=is(th£/fsil)sbgJ§/l(^)end pot^i^l^e^rr^ncetSih 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 

wfreCfWeFfoentS attdesafet4)StS.cSlLJfe/ll\M-lf¥ end potential performance, 

Fi is the full scale low end potential performance, Sh is 

the scaling device high end potential performance, and Si 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 reguirements 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 

gualified manufactured membranes or filtration media for 

installation into scaling devices. In certain embodiments, 

the scalability factor is reduced by determining where 

within the performance distribution a particular membrane 
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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 

b^rgpecilffl^sLgitM^w re age or^jggfiff th?§gte.tall qwaliftegingiy. 
manufactured membranes or filtration media for installation into scaling 

R^teisesgln geiabr^TibQ^imrttiiry^scstoiiit^fectefiis mtyGed&yant cost 
determining where within the performance distribution a particular membrane 

s^Mies^iipd ae$&atin©stbie scaling fa£tapccqrdin§jy. Redti©m$cscaimg in the 
uncertainty results in significant cost savings, realized, for example, by a 

s(feductiip iaiher^aiee^p^iarT^Mj^uirements. 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 apgrapfpoff^wg^figtical 
distribution of 

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 scale devices; 

FIG. 3 is 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 
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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 

pcRSSegiPTIOMgMemlg^nfirB^n^gtMtiSigiRfSc^^g ir^etn%rfg§yliiirted to 
some variability in membrane properties even though materials and process 

c£90^ili©ps a,rje kepfefc%constant a&a^p@sstkfe. Asig_ result, 
been instituted to classify or "rate" each batch or roll of membranes after 

mmam^acttJE^,bas^l^iperf0rmpsc€f.cfiMaexainple, water p©Mie$&iyty andter 
throughput capacity tests are often carried out such as by constructing 

pmerabtarceidevi cesriisingtMembfti^nes frormfi^iviea^batd^^iueasuaiEtg waterten 
permeability, and challenging the devices with a solution containing particles 

caofaiseiectectsizeiand©ond^tratjoiratorpltrcjith^ merrftoramesporesices using 
Throughput capacity (volume filtered) within a specified time period, such as 

m^i0bmffTlft©S, frfiS0m© 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, 

polytetrafluoroethelyne, polyvinylidene fluoride, 

polyvinylidene chloride, and polysulfone. 
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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 
mediitip na^gfiiliftatsifitjmlysgBii^teggoli^grff^iir^soMien ̂ MorMvlfbds 
select materials in solution. Types of filter media include: non-woven fabrics, 

d^s^ddcart^^vats^aybQ^b^s^^ram^iQQtts®, ^atomiseoustion 
earth, glass fiber, ion exchange resins, metals, minerals, paper, nylon, sand, 

m^nthetipfito^cI©flon_,£poly@ihersittfoBe,zp0fyesl£r, p&typropytene^, and a 
polytetrafluoroethelyne, polyvinylidene fluoride, polyvinylidene chloride, and 

p(pofysttlf©ne:.e6 In eej^n£MiibdGtimentsL©f car^ngiioufrtfteemethodsrdisclosedat 
herein, each batch of membranes or filtration media produced is 

djcharaidteiiiizieehlpy perfonraaace^atodatpeirforraaQeedisfribfltion iferestabltehedon 
From that distribution, a small subset is selected for installation into scaling 

ii*te3/ic@S2By®pedfym§:0Bly a i^rrwmn^/6fi#ieDdfe|ritaitiomforcscalj0gige 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 gualified 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 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 eguation (1), 

where Sh becomes the scaling device high end potential 

performance within the subset of the distribution, and Si 

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 reguirements compared to 

conventional random membrane selection used for scaling 

devices. 
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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 
devicpMll rapggt^O.gcfe/icgs wWrraegSn of 
from 0.7 to 1.3, the scaling safety factor will be, (in accordance with equation 

siiliiwh^-g^beq^rae^thfesc^ng glgyjp higtwid pateati^ipertorran^e of 
within the subset of the distribution, and S1 becomes the scaling device low 

m^drpotentialap^rlotfran^. withioithe st^seMtthesfetr&utisfi), the art is 
(1,3/0.9)/(0.7/1.1) 2.3. In this example, this method results in about a 35% 

dfsavimgs inis^alefeULpsizi^Eequir^mjentseon^trsd tGuconventionahrandoethod 
membrane selection used for scaling devices. 7 FIG. 4 shows scaling safety 

dfeetODas<a fiitnctbtirof s^rBiaH/scafe perfertftama rangefor^eveirafefces/eteetly as 
membrane variability. The current state of the art is defined by the upper end 
of each curve.;The method: 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 

gualification 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 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 in FIG. 1, 

assume that a specific membrane has a performance value 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 
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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 

account for the specific portion of the distribution that the scaling device 
e<fameLfem( ir^ tfedappeeaohj jany 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 hypojtlielicek^kLtributionOB FIG. 1, assume that a 
specific membrane has a performance value of 0.9. The scaling factor simply 

Tiwoukfcbia(0ii/0^sti3r Tte^factodrepi^eseiatsitbe adjustment foattoe aoatogies 
device with respect to the low end of the full distribution. Since the 
l p^/fbrrtiancerraing^f th&sc&inge^jrtsvffcetis we 11n e d c^ji>cftkrtow n; Strands d 

Si are the same, so 
to uninformed membrane selection. 

Example 1 

A key performance parameter of sterilizing grade membrane 

filters is 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 is calculated according to the 

formula: 

Lp = Q/(A*AP) 

where Lp is 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/ (m2-hr-psi) 

or LMH/psi. 
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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 

ative set 
permeability is measured by supplying water to the membrane, maintaining a 

ojprefSLtfgt4ifferem;#ta<¥S§%yie gte^raeena&dmsf^urisjgcite walee flew? of 
rate. Permeability is calculated according to the formula: Lp = Q/(A*AP) 

PcW.h^eii#risMMeihpern^aibMy)^ i&ih@imemkram^rea,pariefe APiisiheDf o. 2 
pressure difference across the membrane. Water permeability is commonly 

virexpre&s^jlmturats afilifn^-ht-psii^ijru'iLMH^i.ihTheiwateripBmie&bilityMfaser 
measured on a representative set of pleated cartridges each containing 

pafaQefe0:SLitv2iOf j|Hit^herSijriftMieati©rriit)ratie(Withia4H0paial pore sfeejQf 012;oo 

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 

range was restricted to membranes with between about 1100 

and 1200 LMH/psi, which constituted about half of the 

entire membrane population. In accordance with eguation 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 
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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 

miarafewas.restrgifpjitp y£0t«l<413fl&nbrarie 
LMH/psi, which constituted about half ofthe entire membrane population. In 
accordance v^%^uaii©n^ ,vt&§ s5p,^MardJr^eda®iti^raii@ai4SLn^ai^ctor 
membrane in the population (prior art method) is (1300/1000)*(1300/1000)= 

url i^Q:.dicing fieimetiiod ofethis linventbn, the =scaiing /actetfitifi©§rtatoly ratio2 3% 
was reduced to (1300/1000)*(1200/1100) = 1.42, which represents a 16% 

iiiippm.vement iniscatingitator uflcertaintyiamddi/tfltiichntrfnslate^dlredlytoathe 
proportionally smaller sized full size system compared to the prior art. 

pjExampieS.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 
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What is Claimed is: 

1. In combination, a plurality of membranes having a first 

performance distribution, a filtration scaling device and a 

full scale filtration device related to said filtration 

scaling device by a scaling factor, said filtration scaling 

device having a high end potential performance and a low end 

potential performance within said performance distribution, 

said full scale filtration device also having a high end 

potential performance and low end potential performance 

within said first performance distribution, said filtration 

scaling device comprising a scaling device membrane selected 

from said plurality of membranes and having a known range of 

performance within said performance distribution that is a 

subset of said first performance distribution; said full 

scale filtration device comprising a full scale device 

membrane selected such that said scaling factor is directly 

proportional to the product of said full scale filtration 

device high end potential performance within said 

distribution and the filtration scaling device high end 

potential performance within said subset of said 

distribution, and inversely proportional to the product of 
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the filtration scaling device low end potential performance 

within said subset of said distribution and the full scale 

filtration device low end potential performance within said 

distribution. 

2. The combination of claim 1, wherein said scaling factor 

is the product of the full scale filtration device high end 

potential performance within said distribution and the 

filtration scaling device high end potential performance 

within said subset of said distribution, divided by the 

product of the filtration scaling device low end potential 

performance within said subset of said distribution and the 

full scale filtration device low end potential performance 

within said distribution. 
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