ADSCRBENT FI LTER MEDI A FOR REMOVAL COF BI OLOG CAL
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filters include a layer of tightly structured cellulosic

depth media, and can Dbe optimized to a specific
application, such as retaining colloidal particles and cell
debris or retaining whole cells and larger debris. They
combine sequential grades of media in a single filter
cartridge. These filters are most commonly used in
polishing or secondary clarification processes to remove
small gquantities of suspended matter from aqueous product
(protein) streams. The primary function of these filters
is to protect or extend the service life of more expensive
downstream separati‘on processes, such as sterile filtration
and affinity chromatography. That is, a common application
for these vfilters is as “prefilters”, protecting downstream
equipment and media from colloidal contaminants and other

cell debris. In addition, such depth filters are also used
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The filter media typically employed 1in these depth
filters includes refined cellulose fibers (wood pulp and/or
cotton derived), diatomaceous earth, and a water-soluble
thermoset resin binder. The diatomaceous earth (a natural
form of silica containing trace amounts of wvarious
silicates) 1in these composites 1is typically 40-60% by
welight, and 1s believed to be the essential component,
adsorbing colloidal size biological matter such as cell
fragments, organelles and agglomerated proteins, as well as
various soluble biochemicals such as proteins, lipids and-
nucleic acids.

However, one of the principal drawbacks of the use of
these «cellulosic depth filters for the production of

parenteral drugs and other pharmaceuticals is the

relatively high level of water-soluble contaminants they
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It is therefore an object of the present invention to
reduce or eliminate the release‘ of contaminants from
adsorbent filters.

It 1is another object of the present invention to
increase the content or loading of adsorbent in filter
media.

It is a further object of the present invention to
provide a filter with smaller adsorbent particles in order
to maximize the available surface area for adsorption.

Other objects and advantages of the invention will be
apparent from the following detailed description and the

accompanying drawings.

SUMMARY OF THE INVENTION

The problems of the prior art have been overcome by

the present invention, which provides adsorbent filter
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thermoset binder, results in reduced contamination of the
process liquid. As a result, extensive pre-flushing is no
longer required to reduce extraneous contaminants.
Improved media performance 1s obtained by increasing the
content of the adsorbent material, and/or by using smaller
adsorbent media to maximize the available surface area for
adsorption.

The resulting composite filter material is
substantially or completely devoid of cellulose and
thermoset binder, and can be placed in a clarifying system
downstream of a Dbiloreactor and upstream of a sterile
filter. Other applications include pretreatment of cell

culture fluids prior to viral clearance filtration as well

as chromatographic separations.
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Figure 4 is a chart of conductivity values of effluent

passing through various media.

DETAILED DESCRIPTION OF THE INVENTION

The filter media of the present invention includes an
adsorbent material andb a water-insoluble thermoplastic
binder. This combination can be used to form a porous,
fixed bed of adsorbent material with suitable mechanical
properties for the application, including permeability,
tensile strength and bending strength. The filter media is
particularly useful as a depth filter.

Suitable‘ adsorbent materials include diatomaceous
earth, silica, porous glass, zeolites, and activated
carbon. Diatomaceous earth 1s particularly preferred.
Additionally, chromatography media, of any variety of forms

(beads, ground powder, etc.) and surface chemistries (ion



tensile strength and bending strength. The filter nedia
is particularly useful as a depth filter. Suitable
adsorbent materials include diatomaceous earth, silica,
porous gl ass, zeolites, and activated carbon.
D at omaceous earth is particularly preferred.
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The media fabrication process can depend on the binder
form used. The media can be prepared by blending the
pbinder with the adsorbent material, followed by fusing the
adsorbent particles together such as by partially melting
or softehing the binder. For example, polyethylene powder
can be blended dry (such as by shaking/tumbling for several
minutes) with the adsorbent particles, such as diatomaceous
earth or silica beads, in proportions from about 1:1 to
about 1:3 binder:adsorbent, by welght. The resulting
blended material can be placed in a mold and heated (e.g.,
in a heated hydraulic press) to a suitable temperature to
fuse the adsorbent particles, such as 130°C to 160°C.
Diatomaceous earth and silica beads bound into 2-4 mm thick

pads using ultra-high molecular weight polyethylene powder

(Mipelon™), commercially available from Mitsui Chemical,



m nutes) with the adsorbent particles, such as
di at omaceous earth or silica beads, in proportions from
about 1:1 to about 1:3 binder:adsorbent, by weight. The
resulting blended material can be placed in a nold and
heated (e.g., in a heated hydraulic press) to a
havsuilbadh e fempet atay ethos fousehode adsorbent pardrisgiees bead
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water, then blended into a slurry with diatomaceous earth
powder in proportions of from about 1:1 to about 1:3
- binder:adsorbent, by weight. The slurry 1is transferred to
a Buchner funnel holding a nominal 1 micron nonwoven
support material in 1its base to prevent the fibers and
adsorbent from passing straight through the perforations of
the funnel. The bulk of the ligquid 1is then drawn off
through a vacuum flask. The formed disk is transferred to
an oven for drying and thermally bonding the adsorbent
particles together by partially melting or softening the
polyethylene fibers.

Composite materials constructed as above exhibit very
high permeability (high  porosity) and low particle
retention properties relative to the ‘conventional

cellulosic depth filter media conventionally available.



support material in its base to prevent the fibers and
adsorbent from passing straight through the perforations
of the funnel. The bulk of the liquid is then drawn off
t hrough a vacuum flask. The fornmed disk is transferred
to an oven for drying and thermally bonding the
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the range of 100-325 psi was found to be effective. The
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conpression; after heating to fuse the structure into
pneumatic press in the range of 100-325 psi was found to be
effective. The media samples do not relax substantially
after compression; after heating to fuse the structure into
a monolith, the media maintains its compressed thickness
dimension. The composite can be compressed to about 50 -
70% of its original volume depending on composition. and

compression force.

The application of mechanical compression to the
composite materials also can be used to regulate water
permeability, which can approach that of standard

cellulosic depth filter pads. Figure 1 1illustrates water

permeability measurements (flow rate relative to pressure
differential) of composites made from Celpure™ (Advanced
Minerals) diatomaceous earth and Fybrel™ (Mitsuili Chemical)

polyethylene microfibers, compared to .conventional

Millistak® AlHC depth filter samples. The figure shows



a nonolith, the nedia naintains its conpressed thickness
di mensi on. The conposite can be conpressed to about 50 -
70% of its original volunme depending on conposition and
conpression force. The application of nmechanica

conpression to the conposite materials also can be used
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ty to neasurably affect the perneability of
size and quantity to measurably affect the permeability of
the media. Test results have shown that affecting media
permeability in this manner does not substantially
compromise (reduce) the adsorbent capacity of the media.
Creating selectively larger flow channels within the media
allows for deeper / broader penetration of "the process
fluid within the porous matrix that can compensate
effectively for the overall lower adsorbent content of the
media.

In addition to particle capture, the adsorbent porous
monoliths  of fhe present invention have significant
advantages over conventional cellulosic adsorbent depth
filters, particularly with regard to water extractibles.
Any extractibie materials are a serious concern 1in the

production of parenteral pharmaceuticals. The conventional

cellulosic depth media is known to have a relatively high



the nmedia. Test results have shown that affecting nedia
pernmeability in this manner does not substantially
conprom se (reduce) the adsorbent capacity of the nedia.
Creating selectively larger flow channels within the
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soluble resin binder with a water-insoluble binder such as
polyethYlene result in DE-based media having a drastically
lower amount of inorganic extractibles. For users of such
materials, there 1is a considerable Dbenefit 1in reducing
flushing requirements with lower risk of product
contamination.

In general terms, one preferred method for preparing a
preferred composite filter materials of the present
invention 1is as follows. Ultra high molecular weight
polyethylene powder, with an average particle size of 25
um, and natural diatomite having a particle size range of
0.2-25 pm, are dry mixed, batchwise, in a rotary V-blender
that includes an internal high-speed agitator. The mixture

is transferred from the blender to a powder dispenser (or

applicator). The applicator dispenses the mixed powders

10



conpared to conventional cellulosic nedia. The

elimnation of cellulose and substitution of the

t hernoset water- soluble resin binder with a

wat er - i nsol ubl e bi nder such as polyethylene result in

DE- based nedi a having a drastically |ower anount of
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there is a considerable benefit in reducing flushing
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applied in simlar fashion to create a gradi ent
simﬁ?ggﬂébEEQQ a??BﬁbegBoUEd'ﬁy IR lamps to soften the
polyethylene powder. The temperature of the heated plates
escalates along the production path to a final temperature
of approximately 340°F. The temperature of the powder
mixture is held at a nmximumvof around 340°F for several
minutes before applying an additional non-woven polyether
web on top.

The composite material is then continuously compressed at
approximately 100 psi to a thickness of 0.10 - 0.20” by
passing through two heated calender rollers also set to a

temperature of around 340°F. The finished material is then

allowed to cool on a metal plate open to the air.

EXAMPLE 1
Samples of various blends of diatomaceous earth and

polyethylene microfibers fused into pads of approximately

11



The | oose m xed powder |ayer is then lightly conpacted
and | evel ed by contact with an overhead roller before
being heated from bel ow by el ectrically-heated pl ates
and sinultaneously from above by IR |l anps to soften the
pol yet hyl ene powder. The tenperature of the heated
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tenperature of approximately 340F. The tenperature of
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product recovery from mammalian cell cultures. The test
of wasul® cghaldengeithe radsoebent oredialwrbhca Suspemnsi olas
of E.coli lysate (in
measured by directly filtering the fluid through a 0.2
micron sterilizing grade membrane filter, 1n this case
Durapore® GV. These experimental composite samples were
again compared to Millistak® cellulosic depth filter media.

Figures 2 and 3 show the pressure profiles for the
adsorbent media samples and Millistak® pads and the
associated sterile filter profiles. Throughput is reported
as the volume of fluid processed relative to the volume of
the depth filter media employed (bed volume).

As shown in the figures, the DE/PE fiber composites
were capable of matching the tightest or most retentive
grade of Millistak® DE media (75 grade) in both throughput
and retention. The various composite samples have rates of
rise 1in pressure that 1lie at or below that of the 75DE

Millistak® media. In addition, the rates or pressure rise

on the downstream sterile filters are all nearly equivalent
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buffer) under constant flow conditions while nonitoring
the pressure rise on the nedia sanple (rate of

plugging) as well as the quality of the effluent
relative to the volunme of fluid processed. Effluent or
filtrate quality was neasured by directly filtering the
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M:Ll?QEfPQ%‘M EnS@P] €5y NEL L. 1 498l nc&%ﬁ%ﬁ%}gget PcWh! gt %'é(rrt)lcle

l'ul osic depth filter nedia and 3 show t
retB Essure profiles for the adsorbent nedia sanples and
M TIPSt akx+ pads and the associated sterile filter
profiles. Throughput is reported as the volune of fluid
processed relative to the volunme of the depth filter

nmedi a enpl oyed (bed volune). As shown in the figures,
t he DE/ PE fi ber conposEE@%&Eﬁbﬁé capabl e of matching the
tightest or nost retentive grade of MIIistako+ DE
nmeflamp (&5 griadeé) atombotdus heeughputuseamd ingbent | dnxefhded
various conposite sanples have rates of rise in

pad PRLESSUS € $h§ét* et BhyRek-owhats vt he 4808  chemical)
M Illstgi la. In addition, the rates or pressure

[ wnstream sterile filters are
wer%qﬁﬁ%?é une goutst eamsierile (i lsers are oll newrly .

npared to 75DE M I Iistak"+ nedia, |ndicating a
mem}ag%%r abVe? | é@é]es&flv‘?argﬁ& e In this test, ~the DE/PE

composite (approximately 3 mm thick) was challenged with a
solution of polyclonal human IgG protein at a concentration
of 0.5 gm/L. The Viresolve® membrane typically yields a
capacity of approximately 150 L/m?> for this feedstock.
Using the Millistak® AlHC depth filter to pre-treat this
feedstock for the removal of protein agglomerates, the
Viresolve membrane capacity can be increased to the range
of 750-1500 L/m?. Two samples of diatomaceous earth
(Celpure 25 and Celpure 300 (Advanced Minerals)) were
blended with the Mipelon PE powder and formed into 2-3mm
pads after heating (without compression). The DE/PE
composite samples were then used to pre-treat the IgG
feedstock and the filtrate was again processed through

Viresolve 180 to determine the effect on membrane capacity.
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retenti on. EXAMPLE 2 Sanpl es of diatonmaceous earth fused
into a fixed-bed pad using polyethylene powder
(Mp(-.1lon"M Mtsui Chemcal) were tested for their
capacity to protect a viral retentive nenbrane, NFP
Viresolve 180. In this test, the DE/ PE conposite
(appheoxiamtiedey 35 et Hiick) gasdehakl) enged ddd haa Viresolve
solution of polyclonal human IgG protein at a

capgenegntg@at i o0 19f?0afd gihle. é@ﬁbd&éeggbve&f)lHEgB&aQ%mrse
typically yields a capacity of apprOX|nater 150

grageer gl%%@,at ack:; roUSh g tcagawl'tlg %tfa o*o ALHE dep@ﬂgse

0 pre treat this feedstock for e r enoval
rotei ner.at es resol ve nenbrane ca
tes?anlsglcﬁ%%eg@ea& o R e of -5 RGO 2 e Semed
npl es of diatomaceous earth (Cel pure 25 and Cel pure
Wlt%00a ( AdvaRe¥dem netafey) @/@é}eprﬁlvéﬁi&edtﬁﬁt hs¢R& M%\éﬁ%n of
PE powder and fornmed into 2-3mm pads after heating
protefthout foanpr egdiren) retFrd iDE PEembapesi ey sahpl esmoval
were then used to pre-treat the 1gG feedstock and the
of fipteoatenwasa@agbomepriocessed s hr aughrenVilnesolowevi8kd o by
determ ne the effect on nenbrane capacity. 13 The

celCelpyie @5?€a FinecgradecPB)symel dedrak¥ resptNerilters.
capacity of 440 L/n2 and the Cel pure 300 (a |arger

coar se
EXAMPLE 3

To gauge the cleanliness of the composite materials of
the invention, material samples were flushed with clean
deionized water and the conductivity of the effluent, after
a prescribed flush volume, was measured. Conductivity
values were taken to represent the level of soluble metals
present in the filter media. Figure 4 shows the
conductivity wvalues obtained for various DE/PE composite
samples relative to commercial Millistak® depth filter
samples.

The Millistak® DE media is a composite of cellulose
and diatomaceous earth plus a water-soluble thermoset resin
binder. The CE media contains only cellulose fiber and
binder. It 1s evident from these measuremenfs that those

extractibles that contribute to conductivity (inorganics)

14



grain DE) yielded a Viresolve capacity of >1000 L/n®.
These tests indicate that a nonolith of di atonmaceous
earth formed wth a PE powder binder can provide the
sanme level of protection for a viral retentive nenbrane
(by the renmoval of protein agglonerates) as currently
do provi dediyy eetflohosagtdeptirdn | tees &iRtprasceous earth.
M1 1istako+ depth filters. EXAMPLE 3 To gauge the
Compheanki negssef theuesnposi teharatier/iral s coflnpddieces tested,
invention, material sanples were flushed wth clean
thed€i 08i zedywateh andetrheueandushibvicty vok yt Be efsf luents,
after a prescribed flush volunme, was neasured.
Conductivity values were taken to represent the |evel
of soluble nmetals present in the filter nedia. Figure 4

shows the conductivity bt ai ned for various

DE/ PE conposite sanplégﬁgéﬁgi#ge to comercia

M1 listakef depth filter sanples. The MIIlistak+ DE

nmedPa 7 s2@° cOpost te I ettt YsePCaRHS di%dtsiTack®ads when

earth plus a water-sol uble thernoset resin binder. The
addelE redi a €ont aiirstorg yoéeldauidssed i betyahdylenadet20 |+ 30

is evident fromthese neasurenents that those
micexhlacdndl es dthatiteont(pi. bute t1® cahnduohivityn reduce the

(inorganics) 14 do not derive predom nantly fromthe

hdeSQEQHa%%Q%%éﬁﬂﬂﬂty of the finished media by 10 - 30%

with no measurable loss in adsorbent capacity as measured

by particle capture and process volume.

15



Conparing these values to the DE/ PE conposites tested,
there is reduction in effluent conductivity of 75 - 90%
EXAMPLE 4 10 - 20% of 75 - 100 m cron porous gl ass beads
when added to a 2:1 m xture of powdered pol yethyl ene
(20 - 30 mcron) and diatomte (0.5 - 1.0 mcron) can

Whatedaceltheedhydraul ic perneability of the finished nedia
by 10 - 30% w th no nmeasurable |oss in adsorbent

capaci ty asm §§yé edi 1By rpatieslie 1Gaptaer athPr 66€s$bent
vol une. 15 is clained is: 1. A conposite filter

matg?£§ﬁ|ajan§ongglSk99e§d§959f@$lenahfﬁhﬁ%:an%l%dlng . said

wat er -i nsol ubl e bi nder binding said adsorbent nateri al

er, sai terial n subst ntiall dev
ads%ﬁ?ﬁ ose. a%er'llirﬁ% contpo% fh Ifgl | ter 8ter| aaltyo]? c a| m%flng
wherein__said adsorbent _pmaterial is selected fromthe

subgFalptaEbnsHeVPhy Bf dFatbnae®ous earth, silica, glass,

a zeolite, and activated carbon. 3. The conposite

mater iThle ofOrP@t Mt e, TWhBPEI Mmagaird 2 ladabr BEAL ek er A TESD

di at onaceous earth. 4. The conposite material of claim
said, whereibersgai dnabendel caosprisesaqml yokemi n.the group

consisting of diatomaceous earth, silica, glass, a zeolite,
and activated carbon.

3. The composite material of claim 1, wherein said
adsorbent material is diatomaceous earth.

4. The composite material of claim 1, wherein said
binder comprises a polyolefin.

5. The composite material of claim 1, wherein said
binder comprises polyethylene and polypropylene,

6. The composite material of claim 1, Wherein said
composite 1is formed by heating said adsorbent material and
sald binder to a temperature at which said binder at least
partially melts or softens to thermally bond salid material
together.

7. The composite material of claim 1, wherein the
binder to adsorbent material ratio is from about 1:1 to

about 1:3 by weight.
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5. The conposite material of claim1l, wherein said

bi nder conprises pol yet hyl ene and pol ypropyl ene. 6. The

conposite material of claim1, wherein said conposite

is formed by heating said adsorbent material and said

bi nder to a tenperature at which said binder at |east

pafti al Tlye nebtnp oo teoftadres ited. t hier pakliyp bondsskisdantially

material together. 7. The conposite material of claim
devdidwber ei pekha bbhader to adsorbent material ratio is

fromabout 1:1 to about 1:3 by weight. 16 B. The

cogposi tg materd3Ha 0fs duaiimal, substantiiabky ondevoikdsebn,

a resin binder. 9. A biopharmaceutical clarification -
confy3temy Lcomrisinga biorsactar;3nd @ 8teridg, AL LSy of

ownsStreamof  sai i oreact _or, and further conprising

: gnposite filte material conprising adsorbent .
saidt PAFTAT ARd 2 Wl of UL T RSl GBFE" bF hBer “bi ety af g f11ter

adsorbent material together, said material being
matggbat antdAAN: HeVbi d2BFCERFI I 0§€LeFaidd conPosid e water-

filter material being downstream of said bioreactor and
insopsbteamiofdegaildimiiord | eafill edsorbgnt material together,

said material being substantially devoid of cellulose, said
composite filter material being downstream of said

bioreactor and upstream of said sterile filter.
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