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CONTAM NANTS | N PROCESS LI QUI DS Thi s application
clainms priority of provisional application Serial No.
60/ 774,773 filed February 17, 2006, the disclosure of
Q)

Whi 6B o8 SRR RGOLRREA! £dr

MIlistak(r) : 2 :
MI|ipore Corporation, are typically used in the . _
pr BBUEt PO G tHPR phbt isc Sut PEAFS, O PT@Er PYRDA | gl tcation
Seriabmiif i P /déft 7 el tire FePTihe pur pgS8Pof Lt arttiyitigte of
whighrio i rePude P oaGetes i dsfeTHESe conposite filters
include a layer of tightly structured cellulosic depth
medi a, and carBAEGHRA 25 THE ANVENTTON: appl i cati on,
such as retaining colloidal particles and cell debris or
r eCailfibiigswholdepadl | 61 bnelrd ar gechdelsr %61 1 TheyakonbEnéters
sequential grades of nedia in a single filter cartridge.

commbBeseafiibt ecsaanapmest feommMiy lugedd N otpstaigo®f are
secondary clarification processes to renove snal

rypgHant it iL%%CPH@“@E’@”E?Q&IBH@E brom agieous product s, a
(protein) streams. The primary function of these filters
derli\SfeEio P{”&%e%a alel)%tnengeﬁlﬂe C?S{%/\E]?g lfofre c&fhsenoh%éﬁgose of

expensi ve downstream separation processes, uc

s

1 sterile filtration qu affini%y:¢¢gggytogﬁiggy. That is
claglighften “HpiqCat FoRIT oP TPHESE filiters i s &S prefiPearse
., protecting downstream equi pment and nedia from .
£11 58P Foi daf L Ebnt am MRS BAd GHHET cePF raebprsd | fellulosic
addi tion, such depth filters are also used for the _
depphot extdom, of andi r atal edeancepfihieed bya emsvi ngpecaec
gquantities of aggl onmerated proteins.
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 separatibn processes, such as sterile filtration
and affinity chromatography. That is, a common application
for these filters is as “prefilters”, protecting downstream

equipment and media from colloidal contaminants and other

cell debris. In addition, such depth filters are also used



It is also known in the industry that conposite depth

filters also can retain, to varying degrees, sone

sol ubl e contam nants conmmonly found in manmal i an cel

cul tures, such as nucleic acids, host cell proteins,

l'ipids, surfactants, etc. This retention capability for
forcerteai prevkobl encordt anirent sl ésrhased fol ttches adgongmorelng

properties of the depth filter nedia. The filter
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present invention to reduce or elimnate the rel ease of

thecontam mants friomeadsorbent di etdeaseous 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



It is another object of the present invention to

i ncrease the content or |oading of adsorbent in filter
medi a. It is a further object of the present
invention to provide a filter with small er adsorbent
particles in order to maximze the avail able surface
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conposite filter allows for a higher anmount of adsorbent
60%wW by swalbkt, adsot berite parinipbss phapicle size for the

adsorbent to be retained in the fiber matrix is about 10
microns.

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



conventional depth filters. Elimnation of cellulose

fiber, as well as the elimnation of the water-soluble

t hernoset binder, results in reduced contam nation of

the process liquid. As a result, extensive pre-flushing

is no longer required to reduce extraneous contamn nants.
medb Bpr aved imedia per f onhedde iferobt aémeda by iafcr easbhggtibe 1

content of the adsorbent material, and/or by using
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surface area for adsorption
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conpletely devoid of cellulose and t nosét bind and
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ore-filter differential pressure versus throughput;
fiber, as well as the elimination of the water-soluble
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.



Figure 3 is a graph of sterile filter differenti al

pressure versus throughput; and Figure 4 is a

chart of conductivity values of effluent passing through

various nedia. DETAILED DESCRI PTI ON OF THE | NVENTI ON

The filter nmedia of the present invention includes an
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bi nder. Thi's"conbrnation can be used to forma porous,

fi xed,bed (of s adsor besty mMabephaknyi tikisat t ablecapahani,cab

?rope{tles for the application, including perneability,

ensile stren a in h. he fi j
ComPgsbg?FicﬁFar%bgusggﬁgggg aggzgﬁﬁq%%ﬁtéphﬁl &éﬁgﬁﬁ?g%ﬁ%l

adsorbent materials include di atomaceous
Comﬁa?%ﬁ?gilica,porous gl ass, zeol ites, and activated carbon.

Di at omaceous earth is particularly preferred. . .
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forms (beads, ground powder, etc.) and surface
preshenmesveress(tbnoughput;

Figure 3 1is a graph of sterile filter differential

pressure versus throughput; and

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



exchange, hydrophobic, etc.), can be used as adsorbents

in such porous nedia. Suitable binders include

t her mopl asti ¢ binders such as pol yol efins, preferably

pol yet hyl ene, pol ypropyl ene or m xtures thereof. The

bi nder is preferably used in bead, powder or fiber
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adsorbent particles together such as by partially melting

or softening 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,



Alternatively, a wet-laid process can be used to form

the nmedia, particularly where the binder is in the form

of fibers.For exanple, fine polyethylene fibers

(Fybrel TM from Mtsui Chemi cal) can be dispersed in

i sopropanol and water, then blended into a slurry with
havdi ateemcetusnear tdty powder natpedportions aof favemagsoutoead

1:1 to about 1:3 binder:adsorbent, by weight. The slurry
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m cron nonwoven support material in its base to prevent
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the media, particularly where the binder is in the form of
fibers. For example, fine polyethylene fibers (Fybrel™,
from Mitsui Chemiéal) can be dispersed 1n isopropanol and
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.



retenti onpropertiesrel ativetotheconventional cellulosic

depth filter media conventionally available. Gavity

settling of diatomaceous earth particles with

pol yet hyl ene fiber or powder produces a | owdensity

conposite structure with relatively |arge void spaces.
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earth conposite materials of the present invention, the
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The application of nechanical conpression to the
pri@@nnmﬁl;oqn@teﬁuathamootda@.be bHsed examedgul atempatersing

permeabi lity, which can approach that of standard
theCek] 1 081 gnalent h fibties pads. Rigpiie Ba | lsesbhatses usahgr a
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



perneability measurenents (flowrate relative to
pressure differential) of conposites nade from Cel pureTM
(Advanced M neral s) diatomaceous earth and Fybrel TM
(Mtsui Chemcal)
pol yet hyl enem crof i bers, conpar edt oconvent i onal
thaM Lhistaklr) bAkla101depth birl ek sarples. Tenddges are
shows that the water perneabilities of the instant
conposites ar . nge .consi t Wwth at :
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the perneability of the product to allow for
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thebedsoriegitze/ ahtingeaniiikyute measuradiys apfedtaheulating
pernmeability of the nmedia. Test results have shown that

theabtegskbbd liegi afpeheealioducy ite thilswndmremaoese hbective
substantially conprom se (reduce) the adsorbent capacity
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within the nedia allows for deeper / broader penetration
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sizgog%%ﬂqégngfg§n@Qigéasurably 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



In addition to particle capture, the adsorbent porous

nonol iths of the present invention have significant

advant ages over conventional cellul osic adsorbent depth

filters, particularly with regard to water extracti bl es.

Any extractible materials are a serious concern in the
extpbodiupleorn cfdipar ertier akephor@mcenteaslise Teushing prior

conventional cellulosic depth nedia is known to have a

to helativehy highemextiaedihle | 0adi ngehbak th@QWd e8hat the
extensive flushing prior to use. The present inventors
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conductivity (1 norganics) do not
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In general terns, one preferre od for preparing a
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pol yet hyl ene powder, MAth an average particle size of 25
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lowak bpapdat tdhat inpcyades antiateshabshi ghnrsweelragictfat puch

The m xture is transferred fromthe blender to a powder
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m xed powders onto a noving web of porous non-woven
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thi ckness of up to 0.5 inch. Miltiple applications of
Con? % erent  powder m xtures could be applied in simlar

ion to create a gradient conp05|t|on adsor bent
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polwftineerpowgdewdairxt wiecH sahelatreatagae naxituoief warmundf 25
340F for several mnutes before applying an additiona

um, NOAAVWeMERn rRal wetdefmiweb v 10p. 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
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The conposite material is then continuously conpressed
at approximtely 100 psi to a thickness of 0.10 - 0.20"
by passing through two heated cal ender rollers also set
to a tenperature of around 340F. The finished materi al
is then allowed to cool on a netal plate open to the
ontai o MEXAVR Bieéb of por@spl@as-wivararpolige btendsackrial at
di at onaceous earth and pol yet hyl ene mi crofi bers fused
roohnt@erg@gﬁa@&r@p@rtoxé mabekYo12=4 Mpiacibiskngssuperes 0.5
tested in a standard clarification process step rel ated
- o pr W 0 ty a1 Ly om ia ;
e PP R P R P SR TR AR e iy
, i.th a suspensian of. E.coli _lysate (in buffer) under .
coulSndiGn PP O i §BhE" hi P& MBHI (6 | RB°FRE o egadrd ent
rise on the nmedia sanple (rate of plugging) as well as
compRalfighi f¢IS6FPERE BEfLdent relative to the vol ume of
fluid processed. Effluent or filtrate quality was
Teasdpedebyrigiacecp¢ydés | tevieng tshethpni d itHriokigh cempazted
m cron sterilizing grade nmenbrane filter, in this case
andDieapdee( )y Génthaeseiexpemn remtdleacbnposi¢e saffipkesbeing
were again conpared to MIlistak(r)+ cellulosic depth
heatibht erc @i abelow HyOUr&5c2t ANeh Bl ghigwst 88 PrESstES  and
profiles for the adsorbent nedia sanples and
: [ )t S he,assaei at erile fj
Slmg&%%hééggﬁ¥hrgggﬂpu??gyg rggorggd g%gF%£ J%%un%bggg?lufge
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figures, the DE/PE fiber conposites were capabl e of
escﬁﬁgEﬁFnﬁlPﬁéi Gt BTt 1P tP3 et ehPi e Tgr bfmperature
MIllistak(r)+ DE nedia (75 grade) in both throughput and
of repenokonatThe va#dolis cHmpositersanples hafe Ehtespofider
rise in pressure that |lie at or below that of the 75DE
mixMibei Stsakife)d pediza. mdnimddi bfomrdurel r at eSForf or essueeal
rise on the downstreamsterile filters are all nearly
nin€edkVaeaire 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



for the conposites of the invention as conpared to 75DE
MIllistaled4 media, indicating a conparable |evel of
particle retention. EXAMPLE 2 Sanpl es of
di at onaceous earth fused into a fixed-bed pad using
pol yet hyl ene powder (M pelon't Mtsui Chemcal) were

2-4t est ed frori dkineisrs osp&citesttedl protecttandardl cletredtiicee ion
menbrane, NFP Viresolve 180. In this test, the DE/ PE

pro€eBABoSktep(apprextaat eby Sromeihi ckyonastchakkengeqd witthym
a solution of polyclonal human 1gG protein at a

mamﬁ9@§gﬂt rc?élil_oncgﬁtgrésgm !—TEQG t\égtes%la%e fr@nbfkﬁile_Le ge the
typically yields a capacity of approximately 150 f}nﬁ

ads%?%?%pismégﬁgskﬂﬁh% %ﬁ:gg?égﬁ%%gklis aﬁénggifm ﬁgggﬁgth(in

er to pre-trea ock Tor tHe Teno
[ gl onerates,__the Viresal ve ngg%ggne capacit
)

rotern a )
but 58] pUPFRGT 69960 D0 (6T S O TS0 508 LTAbe Lqgony the
sanpl es of diatomaceous earth (Cel pure 25 and Cel pure
presePreAdvidifc e M et alsy)y aneraabliend&d tfi t ol t el WIDErdh as
PE powder and fornmed into 2-3mm pads after heating
wel{washdite corprigssi@n) thdhef DEAPEE corpesiitve samptles werame
then used to pre-treat the IgG feedstock and the
of filtratemaseagain progessedtt hpeughivViresel vegud80tto was
deternine the effect on menbrane capacity.
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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The Cel pure 25 (a fine grade DE) yielded a Viresolve
capacity of 440 1,/n2 and the Cel pure 300 (a | arger
coarse grain DE) yielded a Viresol ve capacity of >1000
L/ n2. These tests indicate that a nonolith of
di at onaceous earth formed with a PE powder bi nder can
forprd deothpessanme |eveknef piwdecidoOn H0rcamphial to 75DE
retentive nmenbrane (by the renoval of protein
131 F90LONEY 3 88)a ASi CUILENLLY Proyhgerabyo CeLLUh oS AGpLf1
ilters such as MIIlIstak(r)+ depth filters. Nﬁ
~gauge t he cleanllness of the conposite materials of
ﬂe Pnvention, materi al sanpl es were flushed with clean
dei oni zed water and the conductivity of the effluent,
after a prescribed flush vol une, was neasur ed.
Conductivity values were taken to represent the | evel of
sol ubl e netals present BX2MPRE 2 |ter media. Figure 4
shows the conductivity val ues obtained for various DE PE
cofposilte sdnpliestomtatowe tercomireddl iNtlol i &t dexed-bed
depth filter sanples. The MIlistak(r)+ DE nedi a

pad '%s%n%0W99$yé€h91e§£|k%heé% aﬂ@qﬁéﬂ&QWHCQ9u§m9ﬁrbhe&ﬁ%%l
a wat er -sol ubl € t her nbset reS|n blnder The CE med |a

n eIIu ose f.i ber [
ver g Bhe b s S el SmERPE ot hds (Ehgus et b/ b8 ERAFRLive
contribute to conductivity (inorganics) do not derive
membBE audm ang | Y FHSHRt1%e &Iﬁét omacEous et t ﬁeséorrpglhlengDE/PE
these values to the DE/ PE conposites tested, there is
compesgliict i dapphnoafnbtedy Somductihigly ghs75:ha 19690 EXANPLE a
4
solution of polyclonal human IgG protein at a concentration

ret?

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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10 - 20% of 75 - 100 m cron porous gl ass beads when

added to a 2:1 m xture of powdered pol yethylene (20 - 30

m cron) and diatomte (0.5 - 10 mcron) can reduce the

hydraulic perneability of the finished nedia by 10 - 30%

with no neasurable | oss in adsorbent capacity as

nmeaser et lpyumar2bcl(ie daptaurgrame pEQCesiss Mtddime. Viledolve

is clained is: 1, A conposite filter nedia,
cap§MByl.cH 409 a/60nprhessed heatpfusedogonposibeghicl t&farse

mat eri al hayi ng an adsorbent material and a water

=i nseh ubl: ar : [ [ s . JA Xt resse
92 g TGt he or Fornar va Se of "Che Toar Apa e T er Liiene

teri,al _prior to and/or, during heat fusing binding of
tes[R GrcaPBem A ar A L e Hor f o2 sHP A e BB osPea R forned
 filter. luctLeffial being substantially devoid of

witRe|3 ulFésePaldethel HpSet Ei%eP,roé’ﬁﬂiechgpgct%‘?Ii’“ez’edl?‘hel of

t hat -sai dadsorbentmafferial is selected. front the group
progentisni fyrofa divatredacedmitaare hpesbraga, (gvassheamgmpval

zeolite, wherein said binder to adsorbent nmaterial ratio
of i spfoomind: 1 d@yloB=tytawi ghtas currentld,y Therconpesite by

nmedia. of claim1l1l, wherein said adsorbentmateri al
celTOIPEi segegtnt oMmeeoySseant bs BaiUistak®™ depth filters.

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)
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wat er -i nsol ubl e thernopl astic binder is polyethy-fene
fibers or powder, and said conposite tuff-they conprises
gl ass beads, 3. The conposite nedia of claim1l, wherein
said. thernoplastic binder conprises a polyolefin.
The conposite nedia of claiml, wherein said
do trhelr noplrdstel cobéAdeingonpyi sen | ehe ahick pulype bpy| e th.
5. The conbbsite ne c¢c. of claim 1, wherein said
Companpasi t ehesef orakdebr theattiny <&l /Pradsordpersti treat erdeadted,
and said hi.------ to a tenperature at which said binder

thedt heastqgpartial hy eeltscar sehhiansitettihernslsl v bend
said material together,

EXAMPLE 4
10 - 20% of 75 - 100 micron porous glass beads when
added to a 2:1 mixture of powdered polyethylene (20 - 30
micron) and diatomite (0.5 - 10 micron) can reduce the
hydraulic permeability of the finished media by 10 - 30%

with no measurable loss in adsorbent capacity as measured

by particle capture and process volume.
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6. Abi opharmaceutical clarificati onsystem conprising a

bi oreactor and a sterile filter downstream of said

biorictor” and further conprising a conposite. filter.

medi a conprising a conpressed heat fused conposite

filter material. having an adsorbent materiali and a.

wat er -insoluiele ther=plastic binder dry mxture

conpressed to 50-70% of the oriinal. volunme of the

oposd _desfiddersmaterial prior to and/ or during heat

fusi ng binding of said adsorbent material together, said

conposite filter material being substantially devoid of

eel |- ulos Ther roset,. b o a I [ '

t hat %éid‘ﬁ SO <g%f€nat§ff§{9?§ﬁ§g,§§F§§qf?§§$%h§8§$%§gsed

leontsi stsag obmdoatioraceousseanthersali tayvigicassy addoabent

feblite, wherein said binder to adsorbent terial ratio

T FGH 1 1AP 0 2195 1y W Ght o K o A 16 (PLPERF ary

redi & beidgHomnstd eansof 78ai dr bi ok eact pmand WpstdLam the

of said sterile filter, .tn method of formng a

conposite ffiteernpditariadcordiog to cnal/mr 1,dwhieh heat
hod i s a) _dr I ' h i nd i .

:gfég} é%pgﬁgggr?gls é%f%¥§$%h%§§§bﬁgﬁ%ﬂ%ﬁ%%ﬁ%%g?iggr, sged

ddnideeyitat etilabr h)atcomsessiencja $hesdaytbhenhdedlevoid of

conposite filter material at 100-325 psi to 50-70% of

I Bre st AR vbNGRBO6E Tt hetBoRpostte f[IX&E it erGalty that

sl%rﬂcpadfser%%ft%agéﬂag,i§is cheatingrobmtires @&b%oegﬁgitsﬁing
e

conposite filter wherein the adsorbent. material an
dfi ndéraapeahneatied dartd + eapeiatur e lagtssvi ehdsaiad biadeéite,

w%erl eiahstsaplaff tb'l&l%lelry t%EIatdSso?f. eanZf tm%mcserti% t I}%q:q%l l')é k%%rc])% 1:1
said conpressed conposité filter material together, and

td i1 forug ng=aghconposite filter nedia pad having a
thickness from2 to 4 mm filter media according to
claima.. 9, Theconpbsite nedia of. claimhere.l said

2. The composite media of claim 1, wherein said
adsorbent material comprises diatomaceous earth, said
water—-insoluble thermoplastic binder is polyethylene fibers

or powder, and said composite further comprises glass beads.

3. The composite media of claim 1, wherein said

thermoplastic binder comprises a polyolefin.

4. The composite media of c¢laim 1, wherein said
thermoplastic binder comprises polyethylene and
polypropylene.

5. The composite media of claim 1, wherein said

composite is formed by heating said adsorbent material and
said binder to a temperature at which said binder at least
partially melts or softens to thermally bond said material

together.
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adsorbent material conprises di atomaceous earth having
an average particle size of 25 mcrons, said

wat er - i nsol ubl e thernopl asti c bi nder conprises

pol yet hyl ene fibers or powder, and said conposite filter
material further conprises porous glass beads having an
aver age bead di aneter of 20-30 m crons. 10. A
porous adsorbent fixed bed filter for :he renoval of

bi ol ogi cal Aconbasbharts cet tpregess dliLui fscLomphi S| system,
a conpressed heat fused conposite filter materia
GBSt ant @l 3 Y Hevdiatof Tl araserahd fherpbsePvbrhgepm of

égggﬁéggggkggg/r%ﬁﬁt%g Of o PO ;&H?lg%ﬁés aPedSesite filter

ent. particles se ected rom the group consi sting
nofdih atenacesusg ear thnpskikised, l"@laa:ssﬁusa&rdj aomze@dslte fander
ter-%ﬁﬁ?luble t her no Egstlc i nd er

RS R G s et 21 RRUCE T o f oLt DR S L 1

U MOV €N binder dry mixtsakdc6appeskta £b!3®I70% of the
material. conpressed. at 100-325 c.si. to 50-70% of the

origital  vollime off tihe aﬂwﬂt@fﬂ%@rnﬁﬁ?raﬂlpprépr to
R s e L o nanr L v PA0 ST e o8 Pt earger !
Embﬁnﬂﬁmu:sﬁﬁkbtbmboamdesﬁlHt@nnmﬂ&nguﬁsbeha@dsubstantially
devoild of cellulose and thermoset binder, and characterized
in that said adsorbent material 1is selected from the group
consisting of diatomacecus earth, silica, glass, and a
zeolite, wherein said binder to adsorbent material ratio is
from 1:1 to 1:3 by weight, said composite filter media being

downstream of said bioreactor and upstream of said sterile

filter.

7. A  method of forming a composite filter media
according to claim 1, which method includes a) dry blending
the binder with the adsorbent material to form a dry blended
composite filter material, b) compressing the dry blended
composite filter material at 100-325 psi to 50-70% of the
original volume of the composite filter material, prior to
and/or during, c) heating of the dry blended composite filter
wherein the adsorbent material and the binder are heated to
a temperature at which said binder at least partially melts
or softens to thermally bond said compressed composite
filter material together, and d) forming a composite filter

media pad having a thickness from 2 to 4 mm.

8. A biopharmaceutical clarification method

comprising an aqueous product stream through a composite
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wherein said binder to adsorbent raLio is from1:1. Lc
1:3 by weight _

filter media according to claim 1.

9. The composite media of claim 1, wherein said
adsorbent material comprises diatomaceous earth having an
average particle size of 25 microns, said water-insoluble
thermoplastic binder comprises polyethylene fibers or
powder, and said composite filter material further comprises
porous glass beads having an average bead diameter of 20-30

microns.

10. A porous adsorbent fixed bed filter for the
removal of biolecgical contaminants in process 1liquids
comprising:

a compressed heat fused composite filter material
substantially devoid of cellulose and thermoset binder
including a dry mixture of,

porous glass beads,

adsorbent particles selected from the group
consisting of diatomaceous earth, silica, glass, and a
zeolite, and

water-insoluble thermoplastic binder powder or
fibers selected from the group consisting of polyethylene and
polypropylene,

said composite filter material compressed at
100-325 psi to 50-70% of the original volume of the composite
filter material prior to and/or during heat fusing binding,
wherein said thermoplastic binder powder is softened to fuse
salid adsorbent material and said porous glass beads,

wherein said binder to adsorbent ratio is from 1:1

to 1:3 by weight.
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