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CHROVATOGRAPHY APPARATUS CROSS- REFERENCED TO RELATED
APPLI CATI ONS Thi s application clainms the benefit of
U.S. Provisional Patent Application 5 No.: 61/131, 640,
filed on June 11, 2008, the entire contents of which
are incorporated by reference herein. BACKGROUND OF
THE | NVENTI ONCIROMATORIRABYT APBARATUS @

chr omat ogr aphy apparatus and nore 10 particularly to a
modul ar cBROGRREGEBPRGER PP REAATIED ABElrlgAHObJSpI urality of
chr omat ogr aphy nodul es can be connected to each ot her
to enable linear scaling of a chromatographic process
in elrlﬁi‘ﬁfph@atﬂﬁf ﬁélhfé'th@ﬁen‘éﬁf b J. IPeyvidiondPatenPAPFIRSEON
chromatog Eedy presently is utilized in many
Nappl/i £abé4bfided embingdil nd08sthsicotiteeaontsals, ofcwhlﬂr N
envi ronnent and petrol eum chem stry. In a
m%oﬁpoﬁ% rr%% ﬁ?ngég(?rglc:ess a m xture of conmponents in a
fluid is typically resolved in a chromatographic
medi um (heretofore referred to as th sin or media)

having an aBAGRG WQtQE@W\(ENﬁIO he resol ution
Coul i@l Gndifh BERET0 QUNIABSMEBIR qoliARIGRImGE2e of Lhe
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chpRABRAY BigAah A Sesnarsted Fyeort ol aral R R

of%‘ﬁ?&h&% laf)ﬁae %%&cessqn eRhére] SHrhlYed by sdrs %“ﬁﬁﬂﬁsﬂ ty
ocess Bhi | e attaini ng essentially the same results is

not Rroeess ghiofratogaapdy poerenidy istthidized asmary dnplicatinns
alffICUHy of scaling.up the capacity 25 of the
Hf0&at ogr aphi ¢ apparatus is that the wall effect does

bibHenS&Al @inldal %ﬁ{n'rdnméﬁtélhfo@@'aﬁﬂ'get&blé@n chémis&yl aiger in
smal | di aneter colums (< 10-2 onpared to

cm@n@tegmp@m@qess; eInpip e OWWNS & ¢ Hyid is éﬂ%}??él}’tfésqlﬁ‘éi
ct N f

Al S Moo A U6 S Wl i

anHcEiPe adtsk@mmrfundtia)ﬁS"Ehé reclagomesuld alse%a bhsedroinythé nydrb e

i mredi ate vicinity 30 of, the coI um ase
dypmigig Fize ebihgFRmpPReniTASIRYSIZe Ineelusinh &ﬁ%m@%ﬂﬁw ese
AR sl ety
ofar@&mdﬁ&dt:ohmﬂi area and help offset sonme of the

’ In chromatography, scalability from a relatively small capacity process to
a relatively large capacity process while attaining essentially the same results is
not straightforward. One of the reasons for the difficulty of scaling up the capacity
of the chromatographic apparatus is that the wall effect does not scale linearly
with column size. It is larger in small diameter columns (< 10-20 cm) as |
compared to large diameter columns. The wall-effect refers to the frictional forces
at the walls of the column. These forces allow higher flow rates at a given
pressure drop. However, these forces are relevant only in the immediate vicinity

of the column wall. In the case of small columns (< 10 cm), the contribution of

these forces is significant as the area in which they are relevant may be a
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hydraulic drag forces.. As the columm size increases,
the relative contribution of these forces is |owered
in a nonlinear fashion. In addition, the relative

contribution of these forces is dependent on the type
of nmedi a being packed. The 5 wall effect affects the

s SRR e leb s oo,
hydmaliadiagdbress ppahé colomnlsizedheroasas,dbe setive coetsibation of

al | owi ng_hi gher linear velocities,f.or the same pressure
(nci G3Ees AISERBHIP HRODIER P ieh b GO THIANA of o
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I evement of a” honogeneous flow profile in the 10
watlaffeetlafifets the doiteBowmes thewalimesulinginmombenogerivus flow

f .d .not. | [« | i th | ize. A
o AR BnmERT s oRSes SR meebiey SR gt aphy
chRInPA8SaREC k&in doNiR@higheRicat dé1bEiHeLR HeamePRessure drop.

scal e-up. This is nmainly due to the hydraulic
| i miA sgcong probien Weth@tms@%wqimﬁﬁy incaegsey, thegitiect affl@wy on

.scal e-up, th ' I m
iR R el bEe dotab IO BRI EEE ™Y,
patldderdibeyorfés 6@ @d wibre frdnounddd. Phisletfesndoss hétascalthe
_chromat ographi.c 1 oad (volune or nmass) cannot easily be
lingpel - With c@luH %% corr espondi ng required resin vol une.
Current: [ t;
ai 8 BicproBERTRL HAR Enth IS bR,
tygibalynmahingiimgdropnstahtiomssaledipt Thisns hejnly decioshehgdraulic

i L SPGB s Tob o
(CQP%' 1ideh/ENuh® difEEH M B sha§ CIBPSSo ach@rgagdihﬁ)lamltmm as

emand or plant schedul e changes. Finally,
linsatyi af gcalerepchr omat ogr aphic nedia in a columm is | abor

i ntepsi ve. 25 Thi | | |y, wi.th le. Al
iy § S R e A S
cahfot@asiiyshe ttcR&l WitR tiRA®KeBEbndiRteguitedtssin Soliiey

transfer system colum hydraulics, etc) present
Curiapitlyf ¢hrematogeaphicaolunmsease afpred ahdiscrgiersideacdiven iy space

faoot.print. Accordingl it I ' . ,
tyBﬁc%‘\}F%detllgescéF gﬁn%) (?go%@ﬁ%jr]}%yccog%%gér(gféﬁlgog@gj’ &gﬁ %ﬁn%éh easily
coliifn giced it &b Ye Aaad Bakl en ahRstidake of ¢, martufaauling dapacity.

desirable to _ provide such an apparatuys having wi de
Thig rrglscestthe laxibaiby to ipereaseey dgerepse the media volume as drug

demand or plant schedule changes.

Finally, packing the chromatographic media in a column is labor intensive.
This scales nonlinearly with scalé. At manufacturing scale, the auxiliary
equipment required to assist in column packing (media tank, slurry transfer
system, column hydraulics, etc) present significant capital investment and
manufacturing space footprint. '

Accordingly, it would be desirable to provide a chromatographic apparatus
which is easily and accurately scaleable. In addition, it would be desirable to

provide such an apparatus having a wide range of available volumes of
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chromat ographic nedia/resin. In addition, it would be
desirable to provide such an apparatus wherein scaling
up of the chromatographic apparatus, as desired, is

not | abor intensive. Such an apparatus woul d provide
flexibility as to the chromatographic capacity as well

. e - . :
e B BB R AR AR R WA LIORRIE08 0 Pvide s s
anappiramsetheriagdaliog ap pAthetchsomdtbgriaphis appayatus ds desiradoise
of.a plurali of identical dul.es i.ch can be joined
nof e s o SUFH SRR P BRI RR TIPS 11
chfdrifogapiae gﬁgaﬁitf Q% ﬁ/@ﬂ‘h@ Efol@ﬁﬁhgf acklrdea ok eduhedh&f scaling

partictles within e nodules and fluid flow out from
upt he nodul es. The nodul es conprise a housi ng having one

or -norenore fluid.in ' utl et and
optionally, a %WAméF% ﬁ%&ﬁ%ﬂ\gt can be
connBftRekeheinPEion oM ddsth c}ﬁ&ﬁaﬂo?fa@hic(hfppﬁmﬁls QFhiciDise
such nmodul es and to the outlet of the one or more such

formesUfreny one or paturaliiy ofrisisntieal magiles ydvieh eanihe jpined fqgsthep,

[ Les, E . ' hi c
to s ali o aRE I RIS & ABHARERER o SRATR AGIAD
pavleddiad. of partichdliviittil tHesmediéseand dludy flpwiout figni the muodeodesr

of nodul es desired to ohtain the desi eﬂ,effect ive.
Thegnegilessomirise AROBHRS MRS PREKIBOKETE Byid dalefsgd adlhid s

: ool o e

ol d GRS & vEhE THRIMCE AR O B onn e Pliettivi o
th¢ Irdetrofione of morenamdh meslnle§ hnd topthe wirtdetf tlweorechr amdra gachof

renderi calabjlity linear. |.n. additi.on,_.the u of
mofSooB heopanFatonste fueerali S5 ey Bieantifife
coRfaiRC I¥EmMBLHIRR alkee¥ea TR HAGRR b Sub¥RMtially HRistme

provi des theé advantage of providing optinmum operation
valgne.a wi de variety of chromatographi c processes. In

addi g i .the present.i.nvention .enabl e I.SPQ I 5

Fesi SeeBbuiny RoanRisas By iR SR P B oty BARAT Bouh
th€ Q6B LOBERRN Tuli® £ RS MRl phRMPa¥kedtied. Hgteahethodiles

parallel flow. Serial flow also can be effected. BRI EF

hape StortiFatisizr agh stiame, braAINES cFvibineagh medulepeths sameiag e
ol T YRR s b
refd@tg-segabiligniadeay.i Bvuddition, thedist ef hkschngdules dermits the use
df a wide range of effective volumes of chromatographic media. This provides
the advantage of providing optimum operation for a wide variety of
chromatographic processes. In addition, the present invention enables disposable
resin-based chromatographic operation. The chromatographic modules preferably
are operated in parallel flow. Serial flow also can be effected.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of modules of this invention including .

means for connecting a plurality of modules.

Figure 2 is a cross-sectional view of a module of Figure 1.
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Figure 3 is an exploded view of a plurality of nodul es
of Figure 2 which are joined together. Figures 4 A and
B show a plurality of nodules in cross-sectional view
joined together in a series flow format. 5 Figures 5
A-C show different header configurations of the present

i nv . - [ ; : :

r o B b By SRRk LORRh N b S SOt B
ar¢ fymeeltepdtbert he data of the Exanple. 10 DESCRI PTI ON OF

SPEC|.FI C ENBODI MENTS The chr qmat ogr aphi ¢ appar gt us

pr oVi1gss # AendB SRy aippraliiy o H{f’df‘lﬂié “E‘éré’a%'s coPna Ve

joi‘ﬁ??itc%eﬁleﬂn&wrfégﬂbﬁ%ﬁﬁm processes in that the
effective chromatographic bed volunme can be easily

t ai |Kigems 6 \-8 shpwdlifferenidieaderastontjgaphivns offhoprgseant Al |

. t%&t one need§ tfii do is to identify the nunber of
INYHOREE B PSR A5 Whdul es of this invention, whether

t heyrigh@ 68 aReosysedidnbl \ewiofs nvduRestatibat 2f | ow
configurations and then connect themto provide the

desi Figeref/ igprgsentnihedntecidhe Exameplpeds in t he nodul es and
then recover the effluent or recover the desired
conmponent retai ned by the chromatographic beds in a
manner WelDESCRIPTION ORSPEATFIC EMBGDIMENESur al i ty of

chr omat ogr aphi ¢ ppdul es have substantially the_sane, 20
conf Thaghaematagraphic appgrptug Previqdes ﬂ?ﬁxﬁ’rﬁ]iltﬁ 1} gieetipgthedsedss

L3l AL , $dey have
of B ARk i Sl R prfRics RAL BBl
cisothstograbhialHeyt viotharet éandle ehsilyetadbred tda speckfer ehrdmatogtaphis,
preferab no detectabl e . perfarmance differenpce ..
PBEo ) tli%émﬁ_&a 538 4ot foddbnfitu et f groipgtagmphic
m‘aﬁml@{'@ﬁ tﬁ&ﬁﬁﬂ%&i@n,ﬂbﬁ&ﬁ&%@?’m@@b@ﬂsem RS or paxallel flow

scalability is substantially linear. 25 This nakes
cqufiguiativhsandathen esnuectshenh o providegbe Hesired plujst Bew dhropgle h
i han .t -hat t he dFi gure

f i . Referrij .
0§ e Tohomaetss ahPen R abd e g o s iR detifdon i <
conlsNent reagted ¥y thdenroBEtdgbsphicibedt it Hmatherarl lawvapinithe

apparatus 10 (in this instance, two nodul es are shown)

art, obipe¢ theplurality pdichrpmepographieproidslea haxgesybstantiadlydhe sargg
L o
Aggitishall, badthey hhvtedibstanatialete samervslieeandrard sackepped 11
substantially identical to each other there is little, preferably no detectable
performance difference between the modules. Thus, when one scales up the
chromatographic process by adding modules, the scalability is substantially linear. |
This makes predicting of results with the scaled up process much easier than that
of the prior art.

Referring to Figure 1, a chromatographic apparatus 10 of this invention is
shown. Each of the modules 17 of the chromatographic apparatus 10 (in this
instance, two modules are shown) comprises a housing 12, an optional vent 9, one

or moremore fluid inlets 14 which is connected at surface 16 to one or moremore

second fluid inlets 14 on a substantially identical second module or is capped 11
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at the end nodule if npre than one nodule is used or is
capped on each nodule if the nodules are used in a
series flow format.. The one or nore nodul es are
arranged on a support mechani sm conprising the end
plates 19, bolts 23 and nuts 21. Connection of the

o b odbl e e 0B moH RS WG i FRP R e 1

thﬁ%ll)&lﬁl_g@ére S inSNRYBY 16w frnRNMEe oielok mdf&fdaules afehe art
erein sealing is effected at contacting gaskets 13.

arr@ngedsanchsuppon peechaniss leamipy sing pheet endolafeef U bolty 23 padnuts

invention i.s the,P ilter. hol der, . avaj I
21\ R PstR8 ol BRalinl b Ehe BY ARyl el heMoo-
2009 psing endddtbL BY With af hyidli@eylindemes shovan) it b enanuéswell
are tightened on bolts 23. Fluid 1Q enters the nodul es

knowntim thsiaghwharein; saalénesis effeeied ptrontagtinggansetsls ong Bicheach

R S S A R . 20
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avidkefrohMilliperb Coxperaiin eiBilieriea, Mabachosetts. herirggur f ace
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j | L8ed d f
en\l%?iéﬁ% %é@%ets hﬁ?ﬁ%@gﬂ’fﬂe‘iﬁle&eﬂgast]iﬁd&ﬁed}] §¥ Raswag. and from

uen I'S renove roug luid outlet 11. A
f eeEaohmiddate DRalsbisgiroaded wishma fflmatiountBt i1 §. Hachetuiddnleblh

cond lLe. When th i d dul h
anf gH Pl et oo ersket 7 WaeE S8R a TR St
outldONRE00 T #BhEfeh sl e PhE BOMRY | &onbdihd #PAckegONnect or s
I ncl ude gaskets or o- rings or the Iike.

the |i A smal |
choamatographis bed (s shovas tsee elementet2a0f igyre 23 threwgd) whish deedd

0 can,al t ernat,.vel ¥y be ilized t
1838 pESed Al PR R plfeR 20t sfigReaiol B RuPEIcP Pt R L
fedPpdriiod 22 BBtaldedlfron0fdelas i¢ Hieedi@N@laseodndaasdiile.t When there
connecting adjacent nodules 17 can be mnimzed. An

is ax eerond modlss ehegeedisgnded angnits entizely pRsses BhRVShithe et 14
S SOF
IR v KL L ANE R oL L

rifh8\or €Rslilel e\ smhle doraiudt, Sueh as hisiingr mnstahpige s@ifablby sealed
apglying'h¥draulic ressur$. It hﬁ to understoqg.
capfglierngively ba niligaddetgerndnoqules to SHREIRPHYE CHNCHIY I IbS

1411564086 hal BRGerfath bf bnthuitd Winba
pré)%?rgacpg%oﬁt?@ﬁ?ﬁg Fnleet gs thr oug% t he Ciﬁlr 1élmat ogr ag_li% c
adiedst, moditles Hecamtel reingmized. Apaxemplaty fodew! Refestrdnrgas o

igure 2, the flow path of fluid through Cross .
follane: it bt arpudeo! RoEHE Lhoiegrpererinen RS Tacgiye 2
gdRAUBETHY o 4R 3B 0P 18283 UBH G RiatedFnE MBEABARRIAIe

particles 32, the thickness of which can vary dependi ng
byugmphying bydraulic pressure. It is to be understood that any available means
for connecting the modules together can be utilized so long as fluid flow is
effected from the inlets, through the chromatographic beds, out the outlets, in
parallel flow.
Referring to Figure 2, the flow path of fluid through a cross section of the

module of Figure 1 is shown. The module 17 contains a packed bed of

chromatographic particles 32, the thickness of which can vary depending upon the
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5 nodul e desi gn chosen. The nodule 17 is provided wth

a fluidinlet 34 and a fluid outlet 36. The bed 32 is

retained within the housing 12 by fluid porous frits 38

and 40. The portion of fluid inlet 34 bel ow the

header header 42 is fluid porous or preferably open

space 35. The rtiqn of .fluid qutlet_ 36 . t he .
maybis dosiamshiusn. §hainodrieq 7is plaviied YU b ALAGRRD £ pid S pis
ouflBESY. SHRMd33-is fbfnd PRANARMERSRINY 127byefluidporous Hi Jghe

space 35 below the header 42, passes 't hrough upper frit
an880. {The pogionteé dluidinjet 84 beloghtht beaxderlfeailer 420 Auisl prapus or

tlet 36 ffl t 41, I desi.r,ed ¥
orSlpib St one8 Bsr e TR PertfotinfTivia 95 5P Apl O34 Bhube header
44540 i@ PR §rbild @préfenBiyt openspade 37. STHerfoMI 6 entédoenlar 34,
The space 35 and 37 are designed to provide a

intgithe snapbeiBd bplowthe herdenf2.cesses thrapghaunpes FE3S; thepyghrksd
the flhuid in..t f tQr

2 el ST LR B 5o 1 et

citheiClcdeadd inlkeflinat ghbr Adbm HedS2fumdehastable rtlgionsohdisiond dsan

_that nearest the mddle where the inlet 34 OJ' olL)Jt et 36

is jnar it the erty The spassowiand P dsianed iipodidedigEbrign

on ST Bk b O R PR i 17 R Mot el A A e B

32t s ehigan & thissnimxinherg, it T$hepaalzdicahapearmeh grat dfe height at

the S 804 t54Se4Ten et aHBga visHt e B T3 quget 36
re%ﬁgmelg aelshBhm] TheShlet 3 sttt B8 avBRRmuhRhfe vith BkpRle 36

e porous. This enables the device to operate in
35eandedTriera vahety ofiwdysi-2e ong ewbedimsnt tlspconwmenigationgnay be

f the bed 32 . adj t
niigh SiEuseletne Vrarg ROECER o APERB0F S0 3 BhRa Ygs
tofrhinirRiz8 preSife 1d3GesPRANSthes Bmbbdiineat, thecditpeRiveg halfy inlet
media is effectively and evenly utilized. Preferably
34 and thpnppss hak of autles 36 gpuldhemorruse d hisenehles therdspiceimat
t hey. hi . dl st r] [ '
onehly in PP Rl PRt il A ESSHCE of iR 32

adpacehtath spaebsBRamf 31 el apaes 13 tirkdis Ive distribatideof thas
shown as Fi

re 3, a plurality of the, l.es of
flyid gerosssthe ba% 32 50 thagall glsr%a@ﬁlr%%thadn%g@ @t%gt.w@?% andesies
= _ S q
R e e p S
adhievefgbed tstibution aghpresmeilep choraatedstics. Gemdralty, B szallebe

capped or mated . w th_anot her _nodul.e | et 60 can be
the Fplgbiansoveryopans P SRR aRe %{m e. The flow

thr oggby RAFCAs FipRidyl & Ipﬁﬂam!y drhR AoRItTHiglrby 1 bRe2 sATE

that I's, fromrthe infets, through the 30 o
caninedieditoggthap HT e edulenSQ 4rel oate jenedivgetber atilwidinidteds .
and 55 and at fluid outlets 60 and 61. Parallel fluid flow is effected through
modules 50 and 51. Inlet 55 can be capped or mated with another module. Outlet
60 can be capped or receive fluid from another module. The flow through each
module should be substantially the same that is, from the inlets, through the

chromatographic bed in the module and out the outlets.
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6 Figure 4A shows two nodules set up in a series flow
format. The first nodule 80 has an inlet 84 that feeds
to space 35. The fluid passes through upper frit 38
and into the packed bed 32. It then flows out through

| ower frit 40 and space 37 to the outlet 86. The quid

t hen, f| t

thr SURFE Sabav St SGp R e up 16 PRI R BB, T8 B8y o
mddde §0 Kas48 B8t Sthat REALO spdcel 3. trhe ﬂQMﬁa@iesQﬁ‘ou@lﬁ]&pper

second end of inlet 84 is capped or.salid

frit@f andoine the prakgr ded BRdt thep lows et 6?0\&111 1P1§’Ff B8 40rapd
spiFeIap ) se. ey R el oo ihlsphs Sl Rop Sl ®
SZ?P%ugﬁig?ermlcﬁlt 3%14? irito tiertebdr32tand @fif thetfrind G388 amdb
OoW. i tional rnodul es e 10 added,in the s
SP%F@rWﬂ@ theautishoQsTheisesandiend @ gé‘"ﬁ?té‘ﬁ‘ 1S $RPCHOY 1 8 OF ﬁ&f e
[ § ikAsHMie fﬁé} of eu@é@gogegewnawn& BF in®a 38 AAfl the

erstandi ng but t ey woul mated to each other as

ﬁr@t&ﬁd off betlet &0 avesiimilarly gappedtby ardaguor eslidiwall PR Bad24@land

o2 Famreve i oreet e BT Aol IR trotio eanos ¢

| adH&ijl‘ﬂl tRe S EQsHHBrafioh 8§ ShoVal i AbsitddOTh@modhieyh the Figure

Alternatively, "as shown in 15 Figure 4B, one can form
4 AparbIshown ipetyilasled viaty fasrenserofpinderstapding b gy avouidhbet 95

t.h n let.86 a t{
7 RREOBE B Ry U B o0E
antl REE (RRS@N istmpI¢ iveemthé bRedtatidit ofahelsetdndiRdtlatven
that fluid can be brought fromthe outlet 86 to t he,

the firss modnlg topnuse direcgserial dlewt asghowny Alterpatiyely, @p shoppin
it 3250 Bl BB I 0 BT ST 08 BVIRE RN B T2

thétftbﬁ@ecmmﬂs ottt I86and bs osthe\WT donndsitgiindni2t 8xbdtogtlvly a

bottom 74. and a mddle 7 Thet d, bott
mediept T gF heaslgrs andiinterpogs ﬁiPta*(e@néh an : (fmsglﬂeﬁ%

theft 1id ?%yl?ee%héht fﬁiﬁ@m%' Jedist 84 1%%?]{’{1%% lenc%f llaye@ BORINH thét all

or Sscreen header sheaders 42 and
thérhklletmaﬁerwrahg@imnmdmﬂtom can be 25 machi ned and the
tr arts can he mate h nuts dbolt or r
" ifash ShiogestGitanin Moagl o bE ateeRadPt v anetily SHBuen
m@&tﬂ@%l%ﬂeﬂﬁree %ﬁg BitchaR Gk §HoGv ihH8gure A 4 RIpIAYL b BBltdm 74

overnol ding wth | astic acket that holds the entire
angdhrreieldsi B éBhe topgmi ettong gan beeidgntidal aadiwilhinceipaeats & bed, |

t he ree pjece n. Qined J ' W th
sl AP/ A &0k AP SREat Tt ML R R, "oy
mbdhCor36rebRt TREheHleEBEndeR 4Pnded iA$hetdp apd Begormichinbé he

mddle 72 or it 70 or 74 can be
machined and the three parts can be mated with nuts and bolts or screws or the.
like with an appropriate sealil_lg mechanism such as an O-ring, gasket and the like.
Alternatively, overmolding with a plastic jacket that holds the entire three pieces
together can be utilized. Alternatively, the three pieces can be joined by heat
bonding or with adhesives. In another embodiment, either the top 70 or the

bottom 74 can be molded as one piece with the middle 72 or it 70 or 74 can be

overmolded to the middle 72.
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overnol ded to the mddle 72. 7 Figures 5A-C show ot her
desi gns of the headers that nay be used in the present
i nvention. Figure 5A shows a header 42A which has a
linear taper from the inlet 34 to an area adjacent the
outer edge 76. Figure 5B shows a header 428 havi ng a

hyper. bol i rvat ur e 0S to th

Fi gﬁ;{l@“%scg%%g%“éo er4‘%éf$§\s/ h{j‘ea{lef‘ﬁleﬁ% Eg? élgmt% 1é\eper
préeRMbdiohFighre3A Siovaih itader AN daRAthat héineattisger fRdge

76. Fi gure 5c shows a header with two |inear tapers of

thwmae} |3ﬁgo &l ayse adjack dhesouterdep 86 o Higurg/SB Heygna hesdend2Bne
|
heg g ar e Aty QpbBiedd e BF P, Kighfiose s

42@h8vinganlinead |th @tagb adpet fromahs inled4ftb @Wamwdjaeemeh@omeﬂ

and enter fromthe bottomand exit fr mtheto {3
edge 26.Feayre f5 Hhoms agreafen it iirss tapssso aﬁfYﬂfrgeS b&‘éd Ebtefsof

ag e lé!ls?ly%h&'ﬁ{hg‘llt Ufifé)pn_gné &eordfﬁHfﬁkﬂP ?ﬁﬂ‘l@ Grt olﬁref'etﬂﬁ)ﬁ;1 B)eitgf- The

evi Ce di'ment I's a three piece design
cohﬁgm'a@oraaﬂdi’pbttbm conifigdtation df drechebddrs ermidentichlsot thatsf

enbodi nent, the pieces ar,e h er
depijecslaw maydegpves %G%QHH%&?& %@85&& gfmﬂgl 360 3
deQﬁ%&"E 15 the top 70 and mddle 72 and bottom 74 and
le 72..

To pack the chromatographic nedia in the
d ev i ngure\ﬁ sboms an ambadinivat ofthe geadudt efd'i 1@3@ R mﬂgdme dhen

onfeaaE B P T Eery AN e SPBLERAT T Pesinigee denien

ha¥¥# dt@ﬁh@ Ifnidame 7Mud bRRIE7ATR BAE @an@dlnféﬁt md piedes €70, 72,
Massachusetts ), ion exchange medi a agarose 20, bas

ed
T4yerti eld togethar bscas@ms of serawp 800 aed sreling gasksts 102 between

dr t mat ogr aphi ¢ nedi a
th%i(ﬂ)ﬁi( ? dgfe&oefnrﬁlcq%%ainn’éf nd%g%ngfsz.r;eC| ally porous
beadpo zmkrtﬁé thrbmatgrdphly edia tiathe defisanpbrtoméamint er i al s
to be pur| fied i ncI ude prot e| ns, recoggl nant or

effpstedria Packsthe medin wih 2 ghnimwm of Fds.oPUiaRle examplesdft <
ch%xﬁ%tggl%f%@ rmeﬁﬁahﬁxrchﬁF @A fe%r A éda?lal?}@ Inmyll es
SucC I gonuc eot I es er sel ecte nmol ecul es

M?lhﬁoﬁehf(a)rbm’g&?n &xBitipties Wssmhutaltsl)aop@kg/}mnge mediat agarede

or the u e i ncl ud t ar

based editstias eaborh GpyiEad kgﬁgre 70 H%‘ffo’ﬁ?ﬁﬁt‘ﬁeé’é Hediken g
g;ge%gy g H{aﬁb%%p\hm&lédla Q6H ¥ bﬁ&pﬁ)‘?gd RIS Dalls, sy

sul fones, " po yethersulfones

 probyy he@dssmbﬁ@llthsor I}Hubysmytse asmplesiof wiateyialsghbe phriied

include proteins, recombinant or natural, antibodies, enzymes, DNA or RNA
fragments, plasmids or other biomolecules, synthetic molecules such as
oligonucleotides, other selected molecules and the like.

Examples of suitable polymeric material for the module include but are
not limited to, polycarbonates, polyesters, nylons, PTFE resins and other
fluoropolymers, acrylic and methacrylic resins and copolymers, polysulfones,
polyethersulfones, polyarylsulfones, polystyrenes, polyvinyl chlorides,
chlorinated polyvinyl chlorides, ABS and its alloys and blends, polyolefins (e.g.,
low density polyethylene, high density polyethylene, and ultrahigh molecular
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30 chlorinated polyvinyl chlorides, ABS and its alloys
and bl ends, polyolefins (e.g., |lowdensity

pol yet hyl ene, high density pol yethyl ene, and ul trahigh
nol ecul ar 8 wei ght pol yet hyl ene and copol yners

t hereof), pol ypropyl ene and copol yners thereof, and

I fi

el ol R A B A PR SO o Oy R s Dpolymers
tha%6$?m£MBmH0ﬁme@§n@®kypoﬁbhﬁmeas“ﬁhaxﬂesnﬁﬁiﬁeﬂgkasmd

rei nforced epoxies,, synthetic¢c rubbers suc si |l ircones
othgs gurahle Ralymeriampisrigle sughas R HBNANGORRIKES: f?{%&&l@m ng to
refnftficdd YRR s AnaRflc FUBEA LRSS licsRl emtierk fedi a are

nounted on a“support device. At |east and preferably,

one [amge o @treorsimaedwesswppding totishianéiontzad cantaining a

or rrespondi ng i nlet and outl et tjonal l.y vent

sefelsl TR B OGEBP i Hev e DR B e P 7 o
pl4Fe @P{lﬁssugﬁcﬁﬁﬁle&?an&ﬁ’ﬁhési L0Rspadinishlet Bfd Qb Bhat e(s)

having the inlet, outlet and option vent. 10 The
optipdallyuvent thet alégn wiith Blese of the fithe epfeorgpotsgReiuesd

l.ates..i s ;used .tpo no l.at es r
o iper AR e B PR gl Bp e AR A T3LE i oPRE Pen
THasMedusic phay whidhi idaftached theid ortRsipent plutes isnised & move
outlets and optional vents until a liquid tight seal

the end plates doward sah qther and@maias! the apmpraeregpdlessingdhe o
ga?]ﬁe%?ﬁle% %@}@Qig]?&ﬁ tlhgig ?%Eéc(tf% nﬁkt@, Jé}ltfét%ﬁ%%iigﬁaétggﬁ@i tif § om

e su raw f eedstream ration
liduid fightSealiafiombdf Cardsits st asniainless sed pigepot huses, shielt aof

e en | ate are, attached. ndui t, r hoses to the
ru_@'?qrtor iosls s o Gbs tioah 4 SkepTy ft s g‘f“.”t}e?%{fff%ﬂal ly,
equllitiBon! tifferd %a@ﬁ'&@f?&@,@%ﬁtﬁm‘%ﬂﬁm 36 Raf-COMAe @ﬁ‘d‘%la%@

S a storage tank or the next piece of equipnent to be
attasleddl. Conduits drihbsasdo therfilprecatesire sttashedito thanoti¢ter

Ot o5 SaR RS oSt Efapl h B foraee

tafjl_l%] bl @E nekt ;ﬁe&e&ﬂ@@ﬁ?hﬁht blRwséd I thatilteioh Précess] evdica.
: e

vent ‘may be attached to a vent fjilter such as an
anaBRYBIPPEr)mephenifinl qostaining i diffirent mediginpimilaghpdesigned

r.por at i. f_.Bil ' Ma Yy M- MY Iy
m3iHBed TR na A GG ot ERR AR I G FhAG The,
vénPfay Hedith@led Yo a vestUiler ucdhlss ah ERVENTE( gos fHvdl aeailabke
via the outlet. If the nmedia in the 25 nodul e(s)

fromp¥illirae Compratianeef BileriqgeMaswaghwselisuct is in the first
filt . . pedi a_hi i t,
t herUBhE s plinpSf B e TR0 ok bl HETELATRMET , .
mbdsi@) dignidoexéts tite modde(@patieexiis atn the entléelfalxpinedid in the

mBHIF SRR BRO g AT RO SiaR i BT e ahibeph
media binds to the desired product, then the impurities are in the first filtrate. In
this instahce, one or more washes can then be applied to remove any loosely
bound impurities and then an elution buffer (such as liquid having a different pH,
salt concentration conductivity, etc) as is well known in the art is pumped

through the bed to elute the desired product which exits the outlet from the system.
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salt concentration conductivity, etc) as is well known
inthe art is punped 30 through the bed to elute the
desi red product which exits the outlet fromthe system
9 Val ves, punps and ot her such commonly used devices
can also be attached to the system as needed. EXAMPLE
Two ot .ot s qof evi I ' LS
pat é%ﬁvegp%tﬁx? At c%ﬁé\%glrxgl é’dgﬁrlﬁ%ﬁg u?%f‘?ng\}é%rgngfi%r S{) gét hat of
attiil@d i@ the Ay a0 o6 nedded. pr ot ot ypes were fornmed from

pol ypropyl ene using stainless steel screen frits in a
three piece design hel EWPIP%get her by screws.

CFDX . , ot .
oar FMA P AR RE IncTdeic aPUBRALES i BlsPIE b AR Fere
in b f@mnf sioiihato thatrofdsgures? awb6l Thelqeoexypes etk forred from 10

rot ot ype.. The . prot ot ypes re _each packed .w 2
POFYPFRIYACTSUSIDE) Sf! Sﬁsestfei?%efglvﬁﬁ E&aﬁﬁﬁwl%‘%ﬁ%@ﬁiﬁdﬁo
to egrp;?tsglg(,@phy resin. Vibration packing using a OR65
ibrator fromOQOLl,lne, using an air pressure of 50 psi

( agFKompiitipnalF00id-DReO0C) vinhHations vere exsiad putepsthis

used in.a cle of .gne. m.nute vi.brati t ] Ut es
it i Pt B Shin Loy W BhRs o e
pr&tbfpbe, consolidated bed of this resin. Subsequently,
t he ﬁ{qot otypes were equilibrated with purified vwater
and Tdiearotetygeswatetagch packed withol?; Litess of Millipowe GRTRCHI or i de

i nif ... T ' r : r { ned
i L
vidar fiadheOLhthceliding e bie presfurt b 5P psik egptoainatElygb080-7

conpares the frontal curves ogﬁt)ai ned with these

200PQ ¥ trafinms/segon) WhnYsed R & CHEE ChPRHMEYS YATAOBNAC col umn
mfks nB ér?d}ht?&n\?wﬁtr Eé(ttvx%gﬁ%b ahd 90'Syc1d Y8 Binh hSEBRL cAREHEUE g e

carried o rototype and these are referre
betlofdsis Ramk A and Pack B in the figure. The data | abel ed

"col " ted ML . ik |
G50 ( ASHORAGNGY horaryes8ioss R Lol HE PROIESEH o
and-chhltigbd Qthal st R Dr IRt &dned ciokile I SurBicAt Aty The VT €

sharper than predicted by the sinulation. Qotim zing
sotlven ¢tdauids weoinrateingd on thdwepia and akigd a5 aitareranelpeuleitd d up

ev%ﬁllatjeﬁﬁg f_:&l%genic%f &%%aglpe% b%?l.\/f:icégree; écin%a?@sctﬁe froMfal curves
obtained with these prototypes with that obtained with a traditional column and
predicted by simulations. Two different packs were carried out with the prototype
and these are referred to as Pack A and Pack B in the figure. The data labeled
“column” was generated on a Millipore QuikScale® QS450 (450 mm dia) column.
As is evident from Figure 7, the frontal curves obtained with the prototype
were sharper than predicted by the simulation. Opﬁmizing the header volume and
shape would minimize the hold up volumes and improve the device efficiency

even further.
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30 10 CLAIMS What is clainmed: 1. A chromatographic
apparatus conprising: 5 a nodule, a fluid inlet to the
nodule, a fluid outlet fromthe nodule, a
chr omat ogr aphi ¢ packed bed positioned within the nodul e
between the fluid inlet and the fluid outlet, 10 the
bed is retained within the nodule by a first fluid
porous frit located adjggemisthe inlet and a second
orous frit located adjacent the outlet, and a portion
Whit i$ elpimeedand a portion of the outlet is fluid porous

in fluid. co i cat Wth their respective frits
1 gggmf)ﬁlg{%éﬁ)%l %Pp%cé%lgﬁ%@rgat us of claim1 further

conprrh&édulg a first connecting nmeans on the fluid inlet
for providing a fluid connection to a second fluid
i nl étfluidhindetdaégimodiedul e, and a second connecti on

ma%%hﬁ@gﬁﬁ%tqrofrﬁ‘cﬂeqn ‘%et for providing a fluid

connec 0 a second fluid outlet on a second nodul e.
20 3 chidrratagraphiapaskedfbeCipasitivdednitiiaitie modhlabeatweey thef

the nodyl es_are joined together at their respective
ﬂur“illﬂl‘?}apalﬂéat%mgﬁﬂh?ttui d outlets. 4. The apparatus of

d ai AL i i : ough
St &ﬁ%. %%dha\fét%e& Wthﬁpt{ae %&d@lﬂ}jefﬂﬁi ﬁfél{( h67d paﬁomlk fochf2d 0

the fluid inlet an t'he f_ ui d outl et extend.
adfacerithize gt anda wsconfl pGaais dritllopted adjaceat ewudet, 8gd of t he

nodul es..ar e..| pi ne t oget her a hej . respective, fluid

o aort S AR pp S SRl et STl L AGRRSE duiq oL
colndureRies With thidtespdtieifigfs an@lthesbddhr ough which the

fluid inlet and the fluid 30 outlet extend. 6. The

apparatus of Claiml further conprising the nodul e(s)
2. g@ﬁ%ﬁﬁa&%ﬁ% SP dlaim { %ur?her ’é\orﬁBﬁﬁHEB %%t%BIﬁhe%ﬁﬁg RRLA HPthe
fluid inlet for providing a fluid connection to a second fluid inlet on a second
module,

and a second connection means on said fluid outlet for providing a fluid

connection to a second fluid outlet on a second module.

3. The apparatus of Claim 1 wherein a plurality of the modules are joined

together at their respective fluid inlets and fluid outlets.

4. The apparatus of Claim 1 having two opposing flat exterior walls through
which the fluid inlet and the fluid outlet extend.

5. The apparatus of Claim 1 wherein a plurality of the modules are joined
together at their respective fluid inlets and fluid outlets and wherein each module
has two opposing flat exterior walls through which the fluid inlet and the fluid

outlet extend..

6. The apparatus of Claim 1 further comprising the module(s) having a vent.

11
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5 a support nechani smhaving a first and a second end
pl ate and one or nore bolts and nuts connecting the
first end plate to the second end plates, one or nore
nodul es, the one or nore nodul es having a
chr omat ogr aphi ¢ packed bed positioned wthin each
nodul es, 10 a fluid inlet to the nodules, a fluid
outlet fromthe nodul es, a sealing nmeans on the inlet
and the outlet of the nodules for establishing a
liquid tight seal with a device selected fromthe group
consisting of the end plates and one or nore
itiona dul es, 15 8.. .The apparatus of claim?7
'72%@F%Wﬂm§FmFg5?Pm?ﬂgCvagﬁnéhd plate has an inlet and
an b &t Meihdifisna h@wﬁ%@@b&t%n@& séddndend @laddighd ériplord
gutly sealing with the inlet and outlet of the
It ancuty comwetl%qoﬁbs iiastigad platetogherseropghendplatosne
nDduI nore in nunber, and wherein each
nDduP&3%3é8§I¥@ S ’connecting means on the fluid inlet
of tthe ondsiuhereatipddartavinge chearhatopriphie packedired\positiogeda
fluid connection to the fluid inlet on the adjacent
withja greh mAdles.second connecting neans on the fluid
out | fi adj acent the next nodule for
prOV|]P§5ﬂg ﬁE?ggggﬁﬁectlon to the fluid 25 outlet of
t he affjidoatitt fwo theemodides, A chronatographlc appar at us

G e lims s PR RS BT B et B
a H LIS §891 Witea bbvisd se@é@ecpﬁr@h%é Srolip BorSRf ?@f gircend

at es, one or nore nodul es, 12 each of the one or
planm elmmresorhaddlﬁgnd miodwles. i nl et and a fluid outl et
fromthe nodul e, a chromatographi c packed bed
positioned Wi thin the nodul e between the fluid inlet

F)Beﬁatfuh of lainl U Ivierei® af 108st ledfiisSerideslate haslaminldtiand he
a first fluid porous frit |Iogcated _adjacent

Oltthéwhmh@te eapablg of elignine et bawd tightly sesling sdthdhs H\%@@pdt he
ou%é{ LFt'he module.

9. The apparatus of claim 7 wherein the modules are two or more in number, and
wherein each module has a first connecting means on the fluid inlet of the

module adjacent the next module for providing a fluid connection to the fluid inlet
on the adjacent module and a second connecting means on the fluid outlet of the
module adjacent the next module for providing a fluid connection to the fluid

outlet of the adjacent module.

10. A chromatographic apparatus comprising:
a support mechanism having a first and a second end plate and one or
more bolts and nuts connecting the first end plate to the second end plates,

one or more modules,

12
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a portion of inlet and a portion of the outlet is fluid
porous and in fluid communication with their
respective frits and the bed, and a sealing neans on
the inlet and the outlet of the nodules for
establishing 10 a liquid tight seal with a device

| ect.ed . i sti RO .
ond SHEOLHE R B Ref RUBIEPRRARI4 Alaipt A3 ERtha diuge B0
froph tied rabdald, wherein a plurality of the nodules are

joined together at their respectjve fluid inlets and
i ui@Wﬁt@g@p@ﬁ@amt@ﬁmogaeﬂewahﬂmé{le mgdyls betgn the

i : ior walls through which the fluid

ﬂlﬁ%ﬁg‘?a@%éﬁ%%d%ﬂ% outl et extend an dthe nodul es are
run theibad pactainké withor thatmodiR: byTd Brsh flpak iross foit lachwidm 1
wherejn, a plurality of the dul es. are _joi ned together
adlpenifhs i Budadesorl sPrayat RPBES SEAFHT M Bht 1 ets and
wherLiii 66 iR IR 8 podnREthd WRlePRIRS Perolib Ald Behed i or

wal I's” through which the fluid inlet and the fluid
copuhirg¢ationtvativthein despeesivediits and thebed amd i n a seri es

format...13. The ar,at f i1 wher ei o '

e e BRI R Lo SIS Ao,
a HQSPaght 9481 Witk devitd Sllsctedforhlthe %roﬁpl thiglising®f deveaxdt er

plate i nterposed 25 between each pair of nodul es so

plathsiand ongi of neern apditiond wagduldsy om t he outl et of the first
nodul e of the pair to the inlet of the second nodul e of
the pair such that all the inlets are arranged on one
1 1? MHe apParehBrofictuirh Hewlaeiulagqdurality ofuhe modaleparcddined
ormat. 30 13
together at their respective fluid inlets and fluid outlets and wherein each module
has two opposing flat exterior walls through which the fluid inlet and the fluid

outlet extend an dthe modules are run in a parallel format.

12. Thé apparatus of claim 1 wherein a plurality of the modules are joined
together at their respective fluid inlets and fluid outlets and wherein each module
has two opposing flat exterior walls through which the fluid inlet and the fluid

outlet extend and the modules are run in a series format.

13. The apparatus of claim 1 wherein a plurality of the modules are joined
together at their respective fluid inlets and fluid outlets, a diverter plate interposed
between each pair of modules so that fluid can Be brought from the outlet of the
first module of the pair to the inlet of the second module of the pair such that all
the inlets are arranged on one end and wherein the modules are run in a parallel

format.
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