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Intro duc tion

Zeta Plus fil tra tion media are widely accepted as 
the depth fil ters that meet more cri te ria of excel -
lence than any com pa ra ble prod uct.  Their
exten sive use is a reflec tion of their ver sa til ity
and con sis tent fil tra tion per for mance. Hun dreds 
of CUNO Zeta Plus pro cess sys tems are in oper -
a tion world wide, pro vid ing reli able, cost-effec -
tive fil tra tion per for mance at phar ma ceu ti cal,
bio tech nol ogy, vac cine, vet er i nary, diag nos tic,
and other pro cess facil i ties.

Scale-Up

Proc ess devel op ment engi neers are respon si ble
for devel op ing scale-up strat e gies for effi cient
and cost-effec tive man u fac ture of  phar ma ceu ti -
cal, bio log i cal, and bioprocess- derived prod ucts
at bench scale, at pilot plant scale, and at manu -
fac tur ing scale.

A Range of Zeta Plus Prod ucts for Lab-
 Scale, Pilot- Scale, and Manufacturing- Scale
Opera tions

CUNO offers a range of com pletely encap su -
lated Zeta Plus dis pos able cap sules, the Bio -
Cap Series, for laboratory- scale fil tra tion, for 
process devel op ment scale-up work, and for
small lot pro duc tion runs. (Request prod uct lit -
era ture LITZPBC1.0197).  Bio Cap dis pos able
Zeta Plus cap sules are ideal for scaleup evalua -

tions as work ing process vol umes move from
labo ra tory or bench- scale through pilot plant
scale to full manu fac tur ing scale opera tions.
Numer ous phar ma ceu ti cal and bio tech nol ogy
com pa nies world wide have scaled-up relia bly
and pre dicta bly to high area 12- inch and 16-
 inch diame ter car tridge sys tems using small
sur face area Zeta Plus benchtop devel op ment
kits which included Bio Cap dis pos able assem -
blies. For instance, stud ies by Singhvi et al.*

have con firmed that small scale Zeta Plus data
can accu rately pre dict large- scale Zeta Plus fil -
ter sys tem require ments.

Guide lines for Scale-Up

This docu ment is intended to pro vide guide lines 
for scale-up using Zeta Plus fil tra tion prod ucts.
If addi tional infor ma tion is required, please
con tact CUNO Incor po rated, Sci en tific Appli -
ca tions Sup port Serv ices (SASS), 400 Research 
Park way, Meri den, CT 06450, Tele phone (203)
237-5541.

Guidelines for Scale-Up with
Zeta Plus

CHOICE OF BIOCAP® FILTERS

A series of one or two small-scale fil ters
(bench-scale and/or pilot-scale) is often stud ied
when attempt ing to define pro duc tion-scale fil -
tra tion require ments. Cap sule data should first
be gen er ated using the Zeta Plus Biocap Sys -
tem, Biocap 30, and/or Biocap 1000/2000. In
crit i cal appli ca tions, both Biocap 30 and Biocap 
1000/2000 data should be gen er ated. After col -
lec tion of the data, pro duc tion-scale fil tra tion
area require ments can then be safely esti mated.
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Scale-up:

Design process in which the data of an experi -
mental scale opera tion is used for the design
of a large unit, usually of commer cial scale.

(From McGraw Hill Dictionary of Scientific & Technical Terms)

* Singhvi, R., Schorr, C., O’Hara, C., Xie, L., and Wang, D.I.C. (1996). “Clarification of Animal Cell Culture Process Fluids Using Depth
Micro   filtration,” BioPharm, 9 (4), 35 - 41.



MEASUREMENT ACCURACY

Vol umes and flow rates should be accu rately
meas ured. (Do not assume that posi tive dis -
place ment pumps or cali brated flow meters are
per form ing prop erly, espe cially when proc ess -
ing debris- laden sus pen sions.) Effec tive fil tra -
tion areas rather than nomi nal fil tra tion areas
should be used in all through put and scale-up
cal cu la tions. For the Bio Cap series of dis pos -
able Zeta Plus cap sules, use the fol low ing effec -
tive fil tra tion areas for scale-up calculations:

Bio Cap 30 Cap sule 24 cm2

Bio Cap 1000 Cap sule 650 cm2

Bio Cap 2000 Cap sule 1300 cm2

REPRODUCIBILITY

Fil tra tion processes may not be highly repro -
duci ble, espe cially when bio logi cal flu ids are
involved. There fore, all impor tant experi ments
should be repeated, usu ally in triplicate. Fil ter
per form ance is also affected by upstream proc -
ess ing vari ables. There fore, a rep re sen ta tive
range of incom ing sam ples should be tested.

FLUX SELECTION & THROUGHPUT
OPTIMIZATION

Depth fil tra tion is scaled up using a fixed value
of fil ter flux (fluid flow rate per unit of effec tive
fil tra tion area, in mil li li ters per minute per cm2 ).
Once iden ti fied, this flux will be held con stant -
irre spec tive of oper at ing scale. Deter mi na tion of 
maxi mum rea son able flux, typi cally 0.2 - 1.0
ml/min/cm2  (120 - 600 LMH or 0.05 - 0.25
gpm/ft2), is based upon the fil ter's abil ity to
deliver fil trates of mini mum accept able qual ity.
The vol ume of fluid fil tered per unit of fil tra tion
area, or through put (mil li li ters per cm2, liters per 
m2, or gal lons per ft2), affects opera tional cost
and over all process econ omy. Reduc tions in
flux rela tive to maxi mum achiev able val ues
usu ally give rise to increased through put. Thus,

flux and through put should be stud ied at the
bench- scale until rea son able fil trate through puts 
are pro duced. Opti mized through put is then
used to proj ect large- scale Zeta Plus fil tra tion
area require ments.

PRESSURE DROP SELECTION

A batch fil tra tion opera tion is typi cally ter mi -
nated at a pre de ter mined pres sure drop such as
one- half of the fil ter's maxi mum rated pres sure
drop (20 psid for Zeta Plus fil ter media).

PRODUCTION-SCALE FILTRATION AREA 
DETERMINATION (BATCH PROCESSING
TIME FLEXIBLE)

For a batch of known vol ume, choice of
through put T (ml/cm2 ) and flux f (ml/min/cm2)
pre de ter mines batch proc ess ing time P (min):

P  =  T / f

When an accept able P is estab lished, con stant
fil ter through put T is then used as the scal ing
fac tor for deter mi na tion of pro duc tion-scale fil -
tra tion area.  Dur ing scale-up, the fol low ing
rela tion ship usu ally holds:

Tbench  =  Tpilot  =  Tpro duc tion

Since through put T equals the ratio of batch vol -
ume V (ml) to fil tra tion area A (cm2 ) at each
scale (T = V/A), cal cu la tion of production- scale
fil tra tion area is based upon solv ing either of the
fol low ing equa tions for Apro duc tion :

[ V / A ]bench  =  [ V / A ]pro duc tion

       or    

[ V / A ]pilot   =  [ V / A ]pro duc tion
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PRODUCTION-SCALE FILTRATION AREA 
DETERMINATION (BATCH PROCESSING
TIME CRITICAL)

In appli ca tions where fur ther mini mi za tion of
batch proc ess ing time is impor tant, selec tion of
fil tra tion area Apro duc tion is based upon one’s abil -
ity to process a batch of vol ume V at flux f in
batch proc ess ing time Pmax,  pro duc tion :

Pmax, pro duc tion  =  [ 1 / f ] [ V / A ]pro duc tion

This equa tion is solved for Apro duc tion , and Pmax is
used as a con stant scal ing fac tor through out
experi men ta tion:

Pmax, bench  =  Pmax, pilot  =  Pmax, pro duc tion

The fol low ing rela tion ship should hold dur ing
scale-up, and it is used to select batch vol umes
to be stud ied at each scale:

[ 1 / f ] [ V / A ]bench  =  Pmax, pro duc tion

[ 1 / f ] [ V / A ]pilot   =  Pmax, pro duc tion

NON-CONSTANT SCALING FACTORS

In those cases where through puts or batch proc -
ess ing times unex pect edly dif fer with scale, the
most con ser va tive value of through put (low est)
or the most con ser va tive value of batch proc ess -
ing time (high est) should be used when esti mat -
ing Apro duc tion . When large dif fer ences between
Tbench and Tpilot or between Pbench and Ppilot have
been observed, the details of the experi ments
should be care fully scru ti nized to deter mine the
source of the unex pected scal ing behav ior.
Typi cal prob lems include sys tems which natu -
rally exhibit high degrees of non- reproducible
fil ter abil ity, poor opera tional tech nique, etc.
Only robust, repro duci ble fil tra tion solu tions
should be incor po rated into actual pilot or
manu fac tur ing scale opera tions. When uncer -
tain as to how to pro ceed, con tact an appli ca -
tions spe cial ist at CUNO, Inc., Sci en tific
Appli ca tions Sup port Serv ices in Meri den, Con -
necti cut, at 203-237-5541.

ENGINEERING SAFETY FACTOR

Ini tial esti ma tion of Apro duc tion, the production-
 scale fil tra tion area, should be made using con -
ser va tive, non- inflated num bers. Increas ing the
cal cu lated fil tra tion area by an engi neer ing
safety fac tor of 20 to 50% should be con sid ered
as the final cal cu la tion step. Choice of engi neer -
ing safety fac tor is in part gov erned by real
world con straints such as stan dard hous ing
sizes, con sis tency of feed solution and car tridge
area options.
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1.  Bio Cap 30 Dis pos able Cap sule - Ini tial
Evalua tion

a.  Through put was opti mized up to 57
liters/ft2  by reduc ing the flux from a
max i mum value of 1.0 ml/cm2/min to
0.5ml/cm2/min (0.46 LPM/ft2).

b.  Con stant flux was stud ied there af ter.

c.  1.7 liters of sus pen sion was proc essed in
120 min utes to a final pres sure drop of
15 psid.

2.  Bio Cap 1000 Dis pos able Cap sule Study -  
Con fir ma tion of Bio Cap 30 Proc ess Data

a.  48.5 liters of sus pen sion was proc essed
in 115 min utes to a final pres sure drop of 
15 psid.

b.  A through put 5% less than the Bio Cap
30 result was achieved at this scale. This
slight dif fer ence was not con sid ered sig -
nifi cant.

3.  Cal cu la tion of Production- Scale Require -
ment

a.  A through put of 56 liters/ft2 was con ser -
va tively pro jected for the pro duc tion
scale.

b.  A fil tra tion area require ment at scale was 
cal cu lated to be 25 square feet.

4.  Sys tem Siz ing and Rec om men da tion

a.  Selec tion of a two- high, 12- inch diame -
ter Zeta Plus sani tary design hous ing
(model 12ZPC2 or 12ZPB2) con tain ing
two (2) 12- inch diame ter 60LA fil ter car -
tridges (16 cells per car tridge) pro vides
32.8 ft2 of fil ter area, 26% more than the
cal cu lated require ment.

b.  Thus, the rec om mended sys tem would
oper ate at a reduced through put and
would there fore process the 1,400 liter
batch in less than 120 min utes.
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EXAMPLE OF SCALE-UP

Using Zeta Plus 60LA fil ter media, select a car tridge fil ter and hous ing sys tem capa ble of fil ter ing
1,400 liters of sus pen sion in approxi mately 2 hours.

Proc ess
Vari able Units Bio Cap 30 Bio Cap 1000

Cal cu lated
Pro duc tion

Require ment
Rec om mended

Sys tem
Safety
Fac tor

Area ft2 0.026 0.70 26 32.8 26%

Flux LPM/ft2 0.46 0.46 0.46 0.46 —

Throughput liters/ft2 57 54 54 43 —

Volume liters 1.5 38 1,400 1,400 —

Time min utes 120 118 118 93 —
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CUNO SCIENTIFIC APPLICATIONS
SUPPORT SERVICES (SASS)

The cor ner stone of CUNO’s phi loso phy is serv -
ice to cus tom ers, not only in prod uct qual ity and
prompt deliv ery, but also in appli ca tions and
vali da tion sup port and in the shar ing of sci en -
tific infor ma tion. 

CUNO is ready to sup port your on- site test ing
needs. CUNO’s Sci en tific Appli ca tions Sup port 
Serv ices (SASS) group works closely with phar -
ma ceu ti cal and bio logi cal manu fac tur ers to
solve dif fi cult sepa ra tion prob lems and to rec -
om mend the most effi cient, eco nomi cal fil ter
sys tems. SASS spe cial ists are skilled in per -
form ing scale-up evalua tions with actual
process flu ids and in relat ing test results to full
manufacturing- scale opera tions.

CUNO’s SASS group is com prised of highly
quali fied sci en tists and engi neers, sup ported by
state- of- the- art labo ra tory facili ties.  Located
world wide, SASS teams pro vide prompt on- site
response to your fil tra tion needs.
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