
INTRODUCTION: 

Acti vated car bon in the phar ma ceu ti cal indus try has been used for many years to reduce impu ri -
ties derived from the reac tions that cre ate active phar ma ceu ti cal ingre di ents (API’s).  The
adsorp tive prop er ties and very large sur face area of acti vated car bon make it ideal for filtering
impu ri ties from API's, with de-colorization being the most com mon phar ma ceu ti cal appli ca tion.

CUNO’s ZetaCarbon® car tridge sys tem immo bi lizes the acti vated car bon within a resin-cel lu lose 
matrix to alle vi ate the dis ad van tages of bulk acti vated car bon usage in gran u lated or pow dered
form.  These dis ad van tages include:

l Operator exposure to carbon dust

l High cost of maintaining and cleaning process equipment

l Inefficient removal of the carbon from the process stream

l Costs associated with batch and solvent re-work.  
Addi tional infor ma tion on issues related to the use of bulk car bon and the ben e fits of a
ZetaCarbon sys tem can be found in CUNO Appli ca tion Brief LITCABZC1, “A Review of the
Prac tices of Using Car bon in the Pro duc tion of Fine Chem i cals”.  

This CUNO Appli ca tion Brief describes how the ZetaCarbon sys tem is eval u ated for use in phar -
ma ceu ti cal appli ca tions and how the opti mal car bon type and media grade are cho sen for a given 
appli ca tion.  In addi tion, the brief describes how a pro cess is scaled-up in order to deter mine the
req ui site ZetaCarbon fil ter area for man u fac tur ing and pro duc tion of an active phar ma ceu ti cal
ingre di ent.  

ZETACARBON FILTER EVALUATION

Upgrad ing a pro cess to ZetaCarbon fil tra tion from bulk acti vated car bon relies on sev eral fac -
tors. For a typ i cal phar ma ceu ti cal pro cess, the type of car bon being used was selected at some
time in the past (often many years) and based on lim ited data and infor ma tion.  The result ing
pro cess is there fore not opti mized for car bon type or the amount of car bon being used. 
ZetaCarbon fil ters are designed to opti mize the pro cess by elim i nat ing the dis ad van tages of bulk
car bon usage and to pro vide the best car bon that most effi ciently pro duces a prod uct with the
high est qual ity.      

ZetaCarbon fil ter eval u a tion test ing is done in order to deter mine:  

l The optimal carbon type used for a given process

l The optimal media porosity

l Optimum flux rate to determine scale-up parameters
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The lab o ra tory scale meth ods used to eval u ate an
appli ca tion for ZetaCarbon fil ters are: 1.) Carbon
Shake Test Screening, and 2.) ZetaCarbon Fil ter
Disc Trials.  Car bon Shake Test Screening pro -
vides a method to deter mine the opti mal acti vated
car bon for a given appli ca tion.  ZetaCarbon fil ter
disc tri als are used to gen er ate the data that is
required to scale-up a pro cess for pro duc tion and
to deter mine the num ber of ZetaCarbon car tridges
required for the pro cess vol ume.  There are cases
where the type of car bon is licensed or locked into
a pro cess and can not be changed.  The eval u a tion
pro cess in this case begins with disc tri als using
the spec i fied car bon.   

CARBON SHAKE TEST SCREENING

Car bon Shake Test Screen ing is a lab o ra tory
method to deter mine the opti mal car bon for use
with a phar ma ceu ti cal de-colorizing appli ca tion. 
Shake test ing is a rel a tively sim ple, qual i ta tive
method that gives quick, visual results.   The
method is scaled-down from actual pro cess con di -
tions and it com pares a panel of car bons to the cur -
rent pow dered car bon used in the appli ca tion to
deter mine the acti vated car bon that best
de-colorizes the API solu tion. 

A typ i cal shake test screen ing pro to col is listed as
fol lows:  

– Ac ti vated car bon of var i ous grades is mea -
sured at a fixed quan tity (e.g. 0.1, 0.5 or 1.0
gram) into a lab jar or bot tle.  

– An aliquot of pro cess fluid (e.g. 100 mL) is
added to each bot tle; the bot tle is then
capped and placed onto a me chan i cal shak -
ing de vice.

– All bot tles are uni formly shaken at con stant
tem per a ture for a 30 min ute pe riod  (Figure
1).

– Af ter the 30 min ute shake, an aliquot of  a
mix ture from each jar is fil tered through a
sy ringe fil ter into in di vid ual test tubes, with
care taken to en sure no cross-con tam i na tion
be tween sam ples.

– Test tubes are vi su ally com pared (or mea -
sured for color us ing a spectrophotometer)
to de ter mine which car bon was most ef fec -
tive (Fig ure 2).  

Figure 1: Shake testing

Figure 2:  Visual comparison

If all of the color or impu ri ties are reduced by
more than one type of car bon, the test should be
repeated using less car bon or more pro cess solu -
tion until the most effec tive car bon type is
identified.    

CUNO’s ZetaCarbon fil ter is avail able in five stan -
dard types of acti vated car bon to cover a broad
range of appli ca tions.  The five stan dard car bon
types have been selected based on their prop er ties
to meet the require ments of the phar ma ceu ti cal
indus try.  Addi tional “a la carte” grades are also
avail able in order to cover the wid est range of car -
bon appli ca tions in the phar ma ceu ti cal indus try. 
In sum mary, 19 types of car bon are avail able for
shake test ing, with cus tom grades avail able as
required.  Shake test ing rep re sents a sim ple cost
effec tive way to select the best car bon avail able
for a given phar ma ceu ti cal appli ca tion.  

ZETACARBON FILTER DISC TRIALS

Once the opti mal type of car bon is deter mined,
bench-scale disc tri als are used to deter mine the
poros ity of the ZetaCarbon media and the flux rate
of a ZetaCarbon fil tra tion pro cess.  Deter mi na tion
of flux rate is required in order to cal cu late the
num ber and size of ZetaCarbon car tridges required 
for a pro duc tion scale oper a tion.  The value of the



fil ter flux is defined as a fluid flow rate per unit of
effec tive fil ter area (mil li li ters/min ute/cm2 at lab
scale, or liters/min ute/ft2 at pro cess scale).  Once
iden ti fied, the flux rate is held con stant regard less
of oper at ing scale and is used to cal cu late the the o -
ret i cal fil tra tion area require ment at pro cess scale
for a given batch vol ume.  

Suc cess ful ZetaCarbon fil ter disc test ing begins
with the selec tion of how the con tam i nant removal 
will be eval u ated.  De-colorization per for mance
can either be visu ally eval u ated or by mea sur ing
the absorbance of the prod uct solu tion at a spe cific 
wave length using a spectrophotometer.  Con tam i -
nant removal can be eval u ated with any ana lyt i cal
method that deter mines the con tam i nant level of
inter est in the prod uct solu tion.  

A typ i cal test set-up for ZetaCarbon fil ter disc test -
ing can be viewed in Fig ures 3 & 4:  

Figure 3: Test set-up schematic

 Figure 4: Actual 

Assum ing the use of 47mm discs (effec tive fil ter
area = 13.0 cm2),  the test ing sequence is:

1.  In stall the ap pro pri ate ZetaCarbon fil ter disc
into the test hous ing and at tach the hous ing 
to the peri stal tic pump.

2.   Rinse the fil ter and hous ing with fil tered
deionized wa ter or sol vent at a flow rate of 10 
mL/min for 10 min utes to wet the fil ter and
flush out any re sid ual car bon fines.  

3.   Mea sure and re cord the ini tial color or level
of con tam i nant of in ter est in the prod uct so lu -
tion.  

4.   Pump the prod uct through the 47 mm
ZetaCarbon fil ter disc at an ini tial flow rate
of 3 mL/min (flux rate = 3 mL/min ÷13.0 cm2

= 0.25 mL/cm2/min).  Col lect fil trate frac -
tions at var i ous time in ter vals, then mea sure
and re cord the color or con tam i nant level of
each sam ple.  

5.   Pre pare a graph of through put vs. absorbance
or con tam i nant level.

A typ i cal absorbance break through curve is
presented in Fig ure 5:   

From this graph, we can observe that a total vol -
ume of approx i mately 240 mL was fil tered before
the color absorbance of the efflu ent was equiv a lent 
to the orig i nal influent.  

The test sequence should be repeated at var i ous
flow rates (e.g. 6 mL/min or twice the flow rate of
the ini tial exper i ment) until the fast est pro cess
flow rate is found that still pro duces the desired
de-colorization or con tam i nant reduction.   

The end point of the test can be defined in one of
two ways: When the required prod uct or other con -
tam i nant reduc tion has been achieved for a pooled
sam ple of frac tions or when the equiv a lent pro cess 
batch through put is reached.  
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DETERMINATION OF PRODUCTION-
SCALE FILTRATION AREA EXAMPLE

Data from ZetaCarbon fil ter disc test ing is rou tinely
used to deter mine the fil tra tion area for a pro duc tion 
scale pro cess.  In order to pro vide an exam ple of
how the test data is used to deter mine the require -
ments of a pro duc tion pro cess, the fol low ing
assump tions are made:  

Batch size: 2,000 liters

Filtration time not to exceed: 2 hours (120 minutes)

Us ing 47 mm discs, ZetaCarbon fil ters were eval u -
ated and found to have op ti mal color re moval at a
flow rate of 6 mL/min, which equates to a flux rate
of 0.5 mL/cm2/min (6 mL/min ÷ 13.0 cm2), or 0.43
li ters/ft2/min.  

1.5 li ters of fluid were pro cessed in 120 min utes to a 
fi nal color read ing just be low the high est ac cept able 
level. The through put was cal cu lated at 0.12 li -
ters/cm2 or 107.1 liters/ft2. 

Us ing the batch vol ume of 2,000 li ters and dividing
it by the through put of 107.10 liters/ft2, the cal cu -
lated fil tra tion area required for the appli ca tion is: 

2,000 liters ÷ 107.10 liters/ft2 = 18.7 ft2. 

The cal cu lated fil tra tion area should be in creased by 
an en gi neer ing safety fac tor to ac count for real-
world con straints, and un fore seen vari ables that oc -
cur at larger scale.  Us ing a typ i cal en gi neer ing
safety fac tor of 10-15%, the rec om mended fil tra tion 
area is be tween 24-36 ft2.  

A sin gle, 16”, 13 cell ZetaCarbon car tridge has 34.4 
ft2 (3.2 m2)  of effec tive fil tra tion area, mak ing this
an ac cept able choice for this ap pli ca tion.  

The fil ter hous ing to ac com mo date the sin gle 16”,
13 cell car tridge is the 16ZPB1 or 16ZPC1.  

SUMMARY OF SCALE-UP DATA

Pro cess Vari able
Units of

Measurement 47 mm disc
Calculated
production

requirement

Recommended
System Safety factor

Area Ft2 0.014 18.70 34.40 47%

Flux Liters/min/ft2 0.43 0.43 0.43 —

Throughput Liters/ ft2 107.10 107.10 107.10 —

Volume Liters 1.50 2,000.00 2,000.00 —

Time Minutes 120.00 120.00 <120.00 —

The increased fil ter area of the 16", 13-cell ZetaCarbon car tridge would enable the rec om mended sys tem to
pro cess the 2,000 liter batch in less than 120 min utes.  Addi tional scale-up test ing with 90 mm discs or
BioCap 1000 or 2000 cap sules should be done to estab lish an addi tional data point for esti mat ing the
require ments at pro cess scale con di tions. 

SUMMARY

ZetaCarbon fil ters pres ent an eco nom i cal option for pro duc ers of active phar ma ceu ti cal ingre di ents over the 
tra di tional method of using bulk acti vated car bon.  Eval u a tion and scale-up is eas ily achieved using lab o ra -
tory-scale shake test eval u a tion and 47 mm disc test ing.  These meth ods have been proven in a vari ety of
phar ma ceu ti cal appli ca tions includ ing the de-colorization for mor phine, pen i cil lin and ethyl ace tate, for
exam ple.  Con sult your CUNO sales rep re sen ta tive to learn more about the ben e fits of ZetaCarbon fil ters in
phar ma ceu ti cal appli ca tions or to sched ule eval u a tion test ing.  
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Impor tant Notice

CUNO MAKES NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED 
TO, ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE. Since a vari ety of fac tors can affect the use and per for mance of a CUNO
prod uct in a par tic u lar appli ca tion, some of which are uniquely within the user’s knowl edge and con -
trol, user is respon si ble for deter min ing whether or not the CUNO prod uct is fit for a par tic u lar pur -
pose and suit able for user’s method of appli ca tion.

Lim i ta tion of Rem e dies and Lia bil ity

If the CUNO prod uct is proved to be defec tive, THE EXCLUSIVE REMEDY, AT CUNO’S OPTION, 
SHALL BE TO REFUND THE PURCHASE PRICE OR TO REPAIR OR REPLACE THE
DEFECTIVE PRODUCT. CUNO shall not oth er wise be lia ble for loss or dam ages, whether direct,
indi rect, spe cial, inci den tal or con se quen tial, regard less of the legal the ory asserted, includ ing, but not
lim ited to, con tract, neg li gence, war ranty or strict lia bil ity. 


