TI TLE OF |1 NVENTI ON COVPQSI TI ONS COVPRI SI NG A

FLUOROOLEFI N BACKGROUND OF THE | NVENTION 1. Field of
woOheo7iosznt i on. The present invention rel ates PAT/US2006/040635

conpositions for use in refrigeration,

air-conditioning, and heat punp systens wherein the

conposition conprises a fluoroolefin and at | east one

ot her conponent. The conpositions of the present

i nvention are useful in processes for producing

cooling or heat, as heat transfer fluids, foam bl ow ng

agents, aerosol propellants, and fire suppression and

fire extinguishing agents. 2. Description of Related

Art. The refrigeration industry has been working for

the past few decades to find replacenent refrigerants

for the ozone depleting chl orofluorocarbons (CFCs) and

hydr ochl or of | uor ocar bons (HCFCs) bei ng phased out as a
IMPROVEY CHROMAT OERAPHYt CORUMNNENDMVETROD! OF OPBRATION

refrigerant producers has been the conmercialization

of hydr of I uor ocgnlgoGRl Dr@ﬁ iﬁVE?QT ?}@ new HFC

refrigerants, HFC- 134a beil ng t nost w dely used at

this tinme, have zero Snﬁﬁqﬁghq%égnnpotentlal and

thus are not affected regul at ory phase

a result of.the l\/bntreal ot ocol . Further
(Y oSt egriionelies aﬁaypaww ol e Giog algeetgiingtsal
g‘ase out of certain HFC refrigerants. CUrrentIg t he
eEerRgnby coRuusendy moge particuerly, égsuchta dinemategraphyigoltian and a
gl obal warm ng potential for refrigerants
method for effectively packing media and/or ensuring that the top flow adapter remains

within a tolerance of being level and/or automatically moving the top flow adapter to at
least one predetermined position.

Description of Related Art
[0002] Chromatography is a process of separating the components of a mixture of
chemical substances through the percolation of fluid through a body or bed of
comminuted or porous rigid material, known as media. In the process, the various
component are often resolved, or separated, by their selective retardation as they are
transported through the bed by a moving fluid or buffer, A solution of the substances to
be separated becomes the moving phase of the system passing through the interstices in
the stationary or continuous phase which are finely divided particles, possibly in the form
of a gel slurry.
[0003] The substances in the moving phase are poured into the top of a chromatography
column filled with the finely divided material, i.e., the media, that can absorb

differentially the substances to be separated. The particular material used for the media



used in nobile air-conditioning. Therefore, there is a
great current need to identify new refrigerants with

woedrmes7gl obal warm ng potential for the nobi PET/US2006/040635
air-conditioning market. Should the regulations be
nore broadly applied in the future, an even greater
need will be felt for refrigerants that can be used in
all areas of the refrigeration and air-conditioning
industry. Currently proposed replacenent refrigerants
for HFC-1 34a i nclude HFC-152a, pure hydrocarbons such
as butane or propane, or "natural" refrigerants such
as CO2. Many of these suggested replacenents aretoxic,
fl ammabl e, and/ or have | ow energy efficiency.
Therefore, new alternative refrigerants are being
sought. The object of the present invention is to
provi de novel refrigerant conpositions and heat

\Iaﬁléy\%fc% fiHind L8RSt td ?&ﬂsce %grranmsqu\ Qﬁuﬂf&i €olates down the

aract ristics to neet ds o OWO zero

cgﬁ“e EPEh R BN e B Rl AP e apoed back

| NVENTI ON The present invention relates
1{”8 te B 8 qq%aﬁn QRIS RtV Baieh thibedis campy. The
(gresent invention further relates to a conposition
deront swbstgnaeres theg fraecl snwnNpBcolbET AL difforaDESOrY fomh brndyrof the

THE | NVENTI ON The present invention relates to
differpoisiubstames eighr drs indiyiduallyealitcteha the ogttevol ef i n. The

conposi tions of the present invention further conprise

[0004] €35 thenrtassHhlyi cofdhn §PMRDY esthplifath HoBYwhRrtalf aRpesed
cylindrical housing including a liquid dispensing section, also referred to as a top flow
adapter or plunger in many embodiments, at the upper end and through which the buffer
and substances to be separated are dispensed to the media bed, and a liquid collecting
section at the lower end for collecting the substances and buffer individually. The media
or bed through which the buffer fluid and mixture to be separated and purified percolates
is located between these sections. The liquid dispensing section and liquid collecting
section may each include a respective distribution plate and at least one of the plates may
be connected in an assembly with an axially movable plunger-like body positioned within
the housing. After the column is charged with the bed media, the plunger body is often
forced toward the bottom to compress or pressurize the media bed which has been poured
into the column.

[000S] Prior art designs have allowed for the plunger to be moved with hydraulics

manually controlled by an operator such as those shown and described in Applicant’s U.S.

Patent No. 6,736,974, incorporated herein by reference. When the operator manually



fl uorool efin, hydrofluorocarbon (HFC), hydrocarbon,
di met hyl ether, bis(trifluoronethyl)sulfide, CF3l , or
wQ@eR7/07é837f | uor ool ef i n conpounds and ot her conNpOMAISE®6/040635
of the present inventive conpositions are listed in
Table 1. TABLE 1The i ndividual conponents listed in
Table 1 nmay be prepared by nethods known in the art.
The fluorool efin conpounds used in the conpositions of
the present invention, HFC 1225ye, HFC 1234ze, and
HFC- 1234ye, may exi st as different configurationa
i soners or stereoisonmers. The present invention is
intended to include all single configurationa
i somers, single stereoisoners or any conbination or
m xture thereof. For instance,
1,3,3,3-tetra-fl uoropropene (HFC- 1234ze) is neant to
represent the cisisoner, trans-isomer, or any
actuated thathydrautic contrdluofthe pribiadrhddsi@nes sr $hie vasild ealsk @alves to
Anot her exanpl e is HFC-1225ye, by which is represented

ofpdheandisBirtsio Medve thé ARBgdrIPTR HowR! TR v%'}';%' ARty W prior art
m xture of both isomers in any ratlo he cofposi t1ons

d&Qigd B9t & &%lkf‘ﬁ%%ﬂ%’bl%i t%'ep RIS ?&aﬁ!}ﬁ( ? ?Peergtop fad to

Z 1 somner o HFC- I ons
entl |ncI e the 0 HFC-1 225ye
ST P B 05 DL B 55 o
conS|§§ of Hﬁg 12ﬁ4ze HFC-1234yf HFC- 1234ye,
n s ls9, thegecvas g wayHe.dyreef meyemengabone of the
HFC- 143a, HFC—152a HFC- 161 , HFC- 227ea, HFC—236ea
hydral p3gtindersdepagiea; ofHREiAEabther proimathis, privr britdasien.
I sobut ane, 2-net hyl but ane, n-pentane, cycl opentane,
[0806fe t Thel hytli’aﬂiips IBRBSAFG 4(Rsightgdovideith §hgle hydraulic pressure from a
control valve to each of three cylinders which moved the plunger. There was no way to
ensure that each of the three cylinders moved in a manner to ensure that the top flow
adapter moved in a level manner. If one side of the plunger became temporarily lodged
on the inside of the column, or on pack material, it was easy for the plunger to become
somewhat canted within the column. This is undesirable. The calculations performed by
the pharmaceutical companies are often done with the assumption that the media pack is
uniform. A lack of uniformity could adversely affect a run of product thereby causing
unintended problems and a poor quality batch of pharmaceutical product.
[0007] The prior art packing technique involved an operator lowering a plunger until it
stopped. If one of the cylinders encountered resistance, the other two could keep driving

the plunger in a “canted” manner until they also stopped. A run of product could be

performed with an unsatisfactory pack. This is believed to be undesirable.



HFC-1 234ze and at | east one conpound selected from

the group consisting of HFC 1234yf, HFC- 1234ye,
woBW7h2¢832f , HFC- 32, HFC- 125, HFC- 134, HFC- 134aCT/US2006/040635

HFC- 143a, HFC-152a, HFC- 161 , HFC 227ea, HFC- 236ea,

HFC- 236f a, HFC- 245fa, HFC-365nfc, propane, n-butane,

i sobut ane, 2-nethyl but ane, n-pentane, cycl opentane,

di met hyl et her, CF3SCF3, CO2 and CF3l; HFC-1 234yf and

at | east one conpound sel ected fromthe group

consi sting of HFC-1 234ye, HFC-1 243zf, HFC 32,

HFC- 125, HFC- 134, HFC-1 34a, HFC 143a, HFC- 1 52a,

HFC- 161, HFC 227ea, HFC- 236ea, HFC-236fa, HFC 245f a,

HFC- 365nf ¢, propane, n-butane, isobutane, 2-

nmet hyl but ane, n-pentane, cycl opentane, di nethyl et her,

CF3SCF3 CO2, NH3, and CF3l; HFC 1 243zf and at | east

one conpound sel ected fromthe group consisting of

[6008] 1284y Rlind G @2d ckisstd '_FOHE@IeléiﬁratﬂdEQ dfiads B¥sroviding an

143a, HFCG-1 52a, HFC- 161, C 227ea, HFC 236ea,

ifipfeved BB matdotaph ﬁ%f&i‘mn. HFC- 365nf ¢, propane, n-butane,

i sobut ane, 2-nethyl butane, npentane, cycl opentane,

di met hyl et her, C 1 234ye
and atyl east one conﬁ&AﬁQﬂgﬁF@h@ﬁﬁp e group

i@%? ing of HFC-1 243zf, 3 HFC- 125, HFC 134
IR, Tl Fesipriinerinn Feitpeiasy sepghese nppets.apd p
HFC- 236ea, HFC-236fa, HFC245f a HFC- 365m‘ c, pr opane
[00030} arensenucsilys i ifean ohiors ohgt lpast emesmbqsbimenirns the present invention
cycl opent ane, dinethylether, CF3SCF3 CO2 and CF3l .
tar m@vi;bmmhscbmzhtomph}j cdalhmn pamkmf maveitihgtherragy floe adapter at least
general ly useful when the fluoroolefin is present at
vaihii predeeirgintd prRéasid ofteingdewd. 99
[00011] It is another object of at least one embodiment of the present invention to
provide a chromatography column capable of evenly packing media.
[00012] It is another object of at least one embodiment of the present invention to
provide a chromatography column with a controller which can move the top flow adapter
to at least one predetermined position.
[00013] Accordingly, the present invention provides a chromatography column having a
cylinder defining a cavity for containing media therein. A top flow adapter or plunger is
operatively coupled to a hydraulic piston moveable through at least a portion of the cavity
within the cylinder during operation. A base is normally connected to the cylinder. The
plunger may be operatively coupled to the hydraulic piston to adjust the height of the
plunger above the base to provide a desired resin height between the plunger and the base

for operation. The plunger may also be utilized to exert a force on the resin to “pack” the

resin in the column.



wei ght percent, preferably about 20 wei ght percent to

about 99 wei ght percent, nore preferably about 40
woeebghsyger cent t o about 99 wei ght percent andPeriusSko06/040635

nore preferably 50 wei ght percent to about 99 wei ght

percent. The present invention further provides

conpositions as listed in Table 2. TABLE 21 MPROVED

CHROVATOGRAPHY COLUMN AND METHOD OF OPERATI ON

BACKGROUND OF THE | NVENTION Field of the Invention

[ 0001] The present invention relates an apparatus and

nmet hod of operating a chromatography colum and, nore

particularly, to such a chromatography colum and a

nmet hod for effectively packing nedia and/or ensuring

that the top fl ow adapter remains within a tol erance

of being level and/or automatically noving the top

fl ow adapter to at | east one predeternined position.
[63¢) i Atdoatrolidr iRelsapraiddd twHiQPE _TerdBly MBAP AR ﬁr§¥iaing one

process of separating the conponents of a mxture o

oo i ; 1 ui
ofdRithbetlof %E&'ﬁi &0 8spablifiiey gagt %@ﬁd@@%\qgér Bﬁp&noe@t. gflr%el Jé)llﬂlggller

t hrough a body or bed of nut e orou
| A S ' I, the.process,. the varigus, .
B 0000, TR G BB i B

PR el By SR Ring ¥ el Sn¢ o Epiaion mla e, Shesieputs
sybstances to be separated becones the noving phase of
c %@@? 19 pavstha don fow adapternelative ortbe tdumnitm at lhast one
stationary or continuous phase which are finely
prgt:‘lqﬁqr:?ggecbmsitim tospacly diesiobinyn tora pdrécflarpresiireant g&dh of at least
so?neuof tl)lle. pistons, and/or to maintain the top flow adapter within a range of being level
separate valves are used for each hydraulic cylinder in such an embodiment.
[00015] The hydraulic system preferably includes at least one piston which is driven by at
least one hydraulic cylinder. In the preferred embodiment, a plurality of hydraulic
cylinders are utilized which are driven from a common hydraulic pressure source which is
coupled to a controller. Unlike known prior art designs, the controller receives feedback
related to each of the cylinders for increased performance capabilities. Upon receipt of a
signal from a controller, the hydraulic cylinder(s) drive the hydraulic piston(s).
Depending upon the configuration of the column, the piston(s) drive the plunger and/or
the cylinder upwardly or downwardly.
BRIEF DESCRIPTION OF THE DRAWINGS
[00016] The particular features and advantages of the invention as well as other objects

will become apparent from the following description taken in connection with the

accompanying drawings in which:



[ 0003] The substances in the noving phase are poured

into the top of a chromatography colum filled wth
woheo7forsssly di vided material, i.e., the nmedi a, PCAS2®8/040635

absorb differentially the substances to be separat ed.

The particular material used for the nediavaries

widely with the substances to be separated. As the

sol uti on percol ates down the colum the conponents are

separated fromthe buffer fluid which may be punped

back into the top of the colum so as to again pass

down through the bed as a carrier. The different

substances as they travel down the colum at different

rates form bands of the different substances which are

individually collected at the outlet. [0004] A

chr omat ography column typically conprises a hol |l ow

vertically disposed cylindrical housing including a

| i quireh, dii$ REIAS ipNk 386 bf@ﬁhroﬁiaﬁ@re[pﬁ&%b_ruﬁﬁl dcRomsngitottRPpresent

fl ow adapter or plunger in many enbodi nents, at the

)i#%ﬂg&mﬁﬂﬁﬁéﬂ fﬁgkﬁgggﬁﬂﬁhchfhe buf f er and subst ances

e Separated are spehsed to the nedia bed, and a
liquiid collecti section at the | gwer.end.fa I .
col | 6t Pre ffe LATLALEE cBivg e @ o dRe i b pieg in Bige 1 in
nmedi a or 'bed through which the buffer fluid and
seRoRe QP ationabBosdYhr at ed and purified percol ates is
| ocat ed between these sections. The |iquid disgensin
sect DEAAIRED D@S@E&ID&OF@EM%R%@D EAMBODIMENES
a respective distribution plate and at | east one of
[00047p| Thepres@nyt ilentiom vaohednédwal a assierddngd apptrhtuaor permitting
axi al ly nmovabl e plunger-1ike body positioned within

nidifeRHRUS Witlin A¢HrEhaloBRpEP L&D WhicHB&BEa Wtk aher BREia during
nmedi a, the plunger body 1s often forced toward the

g el e R T A

desi gns. have allowed for the plu to,be. ed .w
reipeuipe 8 Ao hetshl s o Rt P B Gt 1 or

t hose shown and described in plicant's U S. Patent
cxlndets bpgipggAaspersiRibicgdenl e the mﬁwo}le«ﬂ@ﬂéﬁ@&n {fy e

the ogprator manual I yactuated the hydraulic controls
boftomnh dhp dispersignisedtiosi Igrincladesgreydindricod diwn d8 havng an ypger

to open and shut to nove the plunger up or down. There
cwiisiricel @imder hyad 20 folied prrthotowarend. The plunger 20 or top flow adapter

is normally disposed within the upper portion of the housing 12 such as illustrated in the
first operational position of Figure 1. The plunger 20 may also be moved, such as with a
drive system similar to the hydraulic arrangement illustratéd to the second operational

position of Figure 2. The movement of the head 20 allows for the compression of media
to “pack” resin and/or for the use of a particularly sized media column with the cavity 22
formed between the dispersion and collection sections 14,16 and/or between the plunger

20 and the base 64.



design to have a controller nove the plunger to a

preset |ocation. The operator had to attenpt to stop
wano@E/psxset | ocati on, which could be tricky. POTAIS2®6/040635

especially inportant during calibration steps. Also,

there was no way to direct novenent of one of the

hydraulic cylinders i ndependent of noving the other

two in this prior art design. [0006] The hydraulics in

the prior art design provided a single hydraulic

pressure froma control valve to each of three

cylinders which noved the plunger. There was no way to

ensure that each of the three cylinders noved in a

manner to ensure that the top fl ow adapter noved in a

| evel manner. |f one side of the plunger becane

tenporarily | odged on the inside of the colum, or on

pack material, it was easy for the plunger to becone
[WObEWh aThecdippeeslombdckibn 14 ey eoufdludedp®duék inlet 24 along with an

undesirabl e. The cal cul ati ons perforned by the

i REAARORIEG ©istRBEE MY En P11 6id WloBEn AR go;}%&rﬂo{x ggﬁ reg%n column

assunption that the nedi a pack is uniftor

I we Vel s ff un_of prodyct

b LTk U Rl s Bty B esBaRS Hiiatynepr head
tch of pharpmac | roduct Q007] The prior art

2088 RS e BORRT at SErHOB 7B et dhghdtedviaafon g snse clamp
lunger until it_stopped. If one of the cylinders.

3(gn pleibulgr plads 3t wax be ramyvabletie wellwah diselsdiokedp distributor plate

driving the plunger in a "canted" manner until they

3hdlestgngnappetound in UrS. Patept NduG1 90560, dA byl ealves2 widhtas the
an unsatisfactory pack. This is believed to be

vaividiesghitab be-oed 8] S Aucat Mongll 90,560 magdlse ke ebendcled to the plunger
i nprove the operational nethods by providing an

hdaliR0 Q4EMr BRHQSRH SRR, a8k YRRy 1 T
| NVENTI ON [0009] The present i%Vet?@fﬁgégggggggggwgggﬂthe

ca%g hg %ﬁﬁlsre%ig %vcllﬁltoﬂfat%g %egfgtg. 1 t{ﬂg %ﬁing%r%&uq]of g}?ecavity 22 within the

sequentTy, I 'S an objec . east” ol
S A e RN —
Segéo%vég%gg; g}l&aﬁe Lt?l?zsézl a\ém.vx}elhl.i n a predeterm ned tol erance
[00019] In order to move the plunger head 20 in an operational mode from the first
operational position shown in Figure 1 to the second operational position of Figure 2, a
drive system, illustrated as a hydraulic system is preferably utilized. Other systems, such
as electric or pneumatic may be appropriate drive systems in other embodiments.
[00020] The drive system is comprised of at least one, and preferably three or more,
drive cylinders 34. The drive cylinders 34 move drive pistons 36 which are coupled to the
drum 18. In the preferred embodiment, a portion of the drive pistons is a threaded portion

38 to allow for the drive piston 36 to connect or couple to connection arms 40 at specific

locations relative to the drive piston 36 such as with nuts 42,44. Guide rods 46 may be



[00011] It is another object of at |east one

enbodi nrent of the present invention to provide a
wohowrasogr aphy col uim capabl e of evenly packi RQTS2108/040635

[00012] It is another object of at |east one

enbodi nent of the present invention to provide a

chromat ography columm with a controller which can nove

the top flow adapter to at |east one predetermn ned

position. [00013] Accordingly, the present invention

provi des a chromat ography col um having a cylinder

defining a cavity for containing nedia therein. A top

fl ow adapter or plunger is operatively coupled to a

hydraul i ¢ pi ston noveabl e through at | east a portion

of the cavity within the cylinder during operation. A

base is normally connected to the cylinder. The

pl unger may be operatively coupled to the hydraulic

yilisedin ddditdjtoigie drive shste@hd edurd hgeap hiovegentdfaNediuRe20 within

base to provide a desired resin height between the

n2afthd H@nBase. f or operation. The plunger may
e ut|I|zed to exert a force on the resin to

s
f’(ﬁ‘fﬂ THIG R/g %égerh ﬁls% &djels ‘A{Pam[r@q] 44}8 xﬁh %Rnt L d e 0 era'ted to

row east aSSI S

o L ﬁ@”g%r?? e N T -

i nput relative to at |east two of three of the
Pﬁ‘}/‘d?%ﬁﬂ‘ﬁé URdAr PEREETS 1 Ppdrate dhe drivetaykingiraBé or B@y be connected to a
enbodi nent relating to at | east one of position and/or
hydegba senplyt hesmrdlndliaidow am operatot id diretitheenoneweent bitthe ppinger 20
fl ow adapter relative to the colum to at | east one
withén dearytihdee d 2 p CintroBI50 hay AREK ol bFeréﬂd)IUBT\thE Bydraulic engine, or
particul ar pressure at each of at |east sone of the

platn?)t QSat SAGH Odlrefcﬁoﬁﬁf Hl‘b@érﬁeﬂt RElestR dlaRW BRERLRE valves. Gauges
thin a range of being |evel separate valves are used

i
5?%3 @?L?PLPEW%ﬂ*l%é?f%%@%%?&&r%@er , AP BE R i Bapgtor air
oTe i ston ch is driven by at | east ong
PG pRb e P e s e . b GaPidmpTe grossure
lurality of hydraulic cylinders are utilized which
@qogzb r iTE RORtFQd ank 48 dnrdten Prsfartil kAW PpRdw il asorigeltes avhich is a

which is
hydraulic control unit (HCU) 54. The HCU is preferably equipped with a touch screen 56

for operation of at least certain functions of the HCU 54. As discussed below, some of the
operations which can be performed and or assisted by the HCU include the movement of
the top flow adapter through the movement of the plunger 20 up and down a
predetermined amount, movement of the plunger to a preset height, movement of the
plunger in a pack process, and an auto level movement of the plunger 20 as will be
discussed in further detail below. It will be understood to one of ordinary skill in the art

that as the plunger 20 moves, so does the top flow adapter in the preferred embodiment.



coupled to a controller. Unlike known prior art
designs, the controller receives feedback related to
weaal1/00837t he cylinders for increased perfor maneeT/us2006/040635
capabilities. Upon receipt of a signal froma
controller, the hydraulic cylinder(s) drive the
hydraul i c piston(s). Dependi ng upon the configuration
of the colum, the piston(s) drive the plunger and/or
the cylinder upwardly or downwardly. BRI EF DESCRI PTI ON
OF THE DRAW NGS [ 00016] The particul ar features and
advant ages of the invention as well as other objects
wi |l beconme apparent fromthe follow ng description
taken in connection with the acconpanyi ng draw ngs in
which:Fig. 1 is a side plan view of a chromat ography
columm according to the present invention in a first
operational position; and Fig. 2 is a side plan view

gdo2sher | ' ISR e icl i
o o e s e By i ovice

R e R —

nvention IS concerne

ermtting maintenance within chr ogr.aphy cal umm
S SO SRR R AR R
Fi gures 1-2 depict one such chromatography colum 10
Pigfenablyhave penspsp Mpsommunipaior hergnvithtghielo pasr senesa pressure.
el ongated hol |l ow cylindrical housing 12, or cylinder,
SkasprndB provideparositpon whindtis oaveivdd by theldCUGS ianiek @referred
collecting section 16 at the bottom The dispersion

eseodingent. 18erisors| 6dalsiclascigd porstidrcat alds diploed ahidhpratide a
upper cylindrical plunger head 20 fornmed at the | ower

p8&ifon RivRItH BEAN of2hk SistohOB6.f ORMLARBRLEEsokS60R _raf%lﬂi§vided to the

t
di sposed within the upper portion of the housing
}ﬁy§g4as illustrated in the first operational position
of Figure 1. The plunger 20 may al so be noved, such as

A e EAETRORY T A
which have not been achievable with prior art designs, First, an operator can select from
one of a plurality of preset positions for the plunger 20 to be positioned relative to the
cylinder 12. Figure 1 and 2 show two of various positions of plunger 20 relative to
cylinder 12 which could be pre-selected.

[00025] In operation, the operator may utilize a touch screen 56, or other input device, to
input which of the predetermined positions the plunger 20, and thus the top flow adapter,
should be moved. The HCU 54 preferably then directs selective opening of valves 62 to
each of the cylinders 36 to provide for the desired piston movement with the hydraulic
system. Predetermined positions could be relative positions such as up or down six inches
and/or to a set pre-pack position of providing the top flow adapter at two inches below the

top of the column cylinder 12,



position of Figure 2. The novenent of the head 20

allows for the conpression of nedia to "pack" resin
wanaa7orsdor t he use of a particularly sized me#C&US2006/040635

colum with the cavity 22 fornmed between the

di spersion and col |l ection sections 14,16 and/or

bet ween the plunger 20 and the base 64.[00018] The

di spersion section 14 may al so i nclude a product inlet

24 along with an inlet manifold 26 to distribute

incomng fluid throughout a top portion of a resin

columm contained within the cavity 22. An inlet screen

28 may be connected to the plunger head 20 by

connectors such as TEFLON (TM snaps (not illustrated)
and/ or an inner clanp nut 30. The distributor plate 31
may be renovable as well. A discussion of a

di stributor plate 31 design may be found in U S.

[PO@26) t TRNOHCE, SUOds oy Oferadshatitally fobbrated #h VBaid bek&iad Q@be anew
t he val ve taught in co-owned U S. Patent No. 6,190, 560

AR 110 REurERSH SRAGL AR of paﬂrt%%? lfl ?r%pol %g)q/el%ent of the

di spersion section 14. The sl
A e B SR gtBed Bk b h?ﬁvég%ﬁhy%ls Pt Bl et pesors 0

2. Alth f d
1t B oo ot V4o S Pbiationaf b e apiiomo or other

ect.ions designs could be utilized as well. [00019] In

clivglon eyrerpensling e eastuplfbe liffinedindte comneateddpdrelingeakan be
node fromthe first operational position shown in
nmrgfierasl. Shopldtang pseicolad clepaicatdesinsd freasint iod theafthdringdakered
2, a drive system illustrated as a hydraulic system

eleSfammf er alyltyo el laiczBsin tHat d1Bdr 18 il 2B rred ¥RBo@iSnent a correction can
electric or pneumatic may be appropriate drive systems

bk MaAk Aeplagsride ‘éle@ﬁﬁgrﬁ bablOQRRR] o B erg,E 'ré’r%e%f%hg Q?xétﬁer Corrections

conprised of at |east one, and pr
gp{gl I e drive cyli S 34 mov
“arive dg |Sg%/r§1rl1 %ﬂ%ﬁ %hd?ar SEoPRLgAL &S S‘i‘?ﬁ/ }fglog{wrlrgorel the
eferred enbod ortion of the drive
£1’)hnc¥eon ;’1? B qfﬁ?‘ﬁsatgleﬁi}w%ﬁe 98t allow for the
(gwaéeggjzi n_36 to connect or couple to connection
[ ] pb s digect Beaeleetie onshwgiand closinghd atifeastesome of the
pi ston 36 such as with nuts 42,44. Quide rods 46 may
v#uer 62 Whish arinaddintinination witheespettive cViatlasBl or eMstiigpropriate
| i near novenent of the drum 20 within
driver to ensure that the top flow adapter and the plunger 20 remain level within the
chromatography cylinder 12. By level, it will be understand that being within a
predetermined tolerance range of level will be sufficient, such as within a centimeter for a
two meter diameter cylinder 12, or other appropriate first tolerance.
[00028] If the plunger 20 somehow goes beyond a second tolerance (outside of the first

tolerance), it may be preferable for the HCU 54 to secure any further movement of the

plunger 20 and/or sound an alarm until the situation can be addressed. The HCU 54 in the
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the cavity 22 of the cylinder 12. [00021] The drive
system al so includes a control unit 48 which may be
woper7ared7t o control novenent of the plunger 28CT/TiS2006/040635
control unit may have a hydraulic engine which
provides fluid under pressure to operate the drive
cylinders 34 or nmay be connected to a hydraulic
supply. Controls 50 allow an operator to direct the
novenent of the plunger 20 within the cylinder 12.
Controls 50 may allow for operation of the hydraulic
engi ne, or punp, a float switch, direction of novenent
sel ection and/or controlling valves. Gauges 52 all ow
for the operating paraneters to be nonitored. Gauges
52 may nonitor air pressure, colum pressure and/or
drive system pressure, such as hydraulic pressure.
[ 00022] The control unit 48 is also preferably
g E R T e By Pt Sy KT oo copirgled to
conetm;ﬁ ﬁ BGr een 56 for operation of at Ieast
certaln functiohs of the HOU 54. As di scussed below

of the eratlo s, wh perfor d angd
@@Qf%téaog dentes o %H}gdb%ﬂFﬁ@ FRESTEFT ?rﬂ'éodelasm is the
flow adapter t hrough the novenent of the pl unger 20 up
Rty do fomatsribelpacking nreersambumeutpwiiiaseng oomoregessure sensors 60

pl unger to a preset height, novenent of the plunger in
whiplacéulpgrdetess bacﬂ;rp:tesmreamtthe by irelersrdvemidin prasfurt wathin the cavity

pl unger 20 as will be discussed in further detail
ReIBphavitg e [HCOdowhderds) Oastt e éﬂﬁ@eﬁﬁo Qh@li @Qd]ﬂngsekgﬂeﬂetermined
in the art that as the plunger noves, so does t

Ha@ﬁbrfeésﬁi’! e@sqﬁ@gsﬁlred'ffbrﬁ i sPEBf.ehh %?ef@r?@féﬁl{ at | T n;hQQQg He auto level

he co um 10, unli ke prior art “conf |

%%1 ﬁ%ﬁ{é‘?hen sgcuwaoc\bnv?ag? \r/rllo%gmg% n\fpoglrgac gllg FICU% S5 Prgssure and/or

can var
ert ai rocedures roved manner as will be
a%‘ie% B?@S@”B’é’legwn%r W&i‘lﬂ%l SCRDICHEF er abl y have
sensors 58 in conmunj cation therew th_ which can sense
18005304 sEherssnsedapesspis fan ppogt meteganwnt Phiprovidech inpnt to the HCU
received by the HCU 56 in the preferred enbodi nent.
HBewisioh thef Gpplikschpresnseseipodit té detemnine apsosweapiroy €this pressure
whi ch provi de a
error is applied with a damping factor to attempt to minimize overshoot of a desired
pressure.
[00031] The HCU may also provide the ability to stop movement of the plunger 20, such
as if the operator decided to terminate the automated packing process and/or to move the
top flow adapter to a preset height.
[00032] The HCU may also provide an ability to de-pressurize the hydraulic system.
This can stop top flow adapter movement and reduce top flow adapter pressure. A

pneumatic pump and/or system may be vented to depressurize the hydraulic system.

Other venting or depressurizing techniques could also be utilized. This provides an
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position relative to each of the pistons 36. Qutput
fromsensors 60 is also provided to the HCU 54.
wpQOOA4$37P0si ti on sensors 60 i n cooperation w POTHISE006/040635

HCU 54 provi de various capabilities which have not
been achi evable with prior art designs. First, an
operator can select fromone of a plurality of preset
positions for the plunger 20 to be positioned relative
to the cylinder 12. Figure 1 and 2 show two of various
positions of plunger 20 relative to cylinder 12 which
coul d be pre-selected. [00025] In operation, the
operator may utilize a touch screen 56, or other input
device, to input which of the predetermn ned positions
t he plunger 20, and thus the top fl ow adapter, should
be noved. The HCU 54 preferably then directs selective
openi ng of valves 62 to each of the cylinders 36 to
é&RfQMb&eoffL@fn LN@ndegL ﬁ’ﬁ ﬁltupt g@c\ﬁﬁﬁ'ﬁ?% nltcgg column is set up

ydraullc systen1 Pre ern1n p03|t|on cou

RQ3 it uc own

RS EREE  Fe) ﬁw&?&.rreevgﬂ‘%%Presﬁrmnaﬁ%ccﬁwamtf%rp
flow dapter at two |nches bel ow the top of the colum
WGTaURRer  12. [00026] The HCU 54 al so preferably
nornmal |y operates in what is believed to be a new auto
[P8Q33] Tsriemtennsollend8 mpnsew daatilisfd wite vpiigtseolings. The preferred
whi ch control novenent of the plunger 20 are equi pped
emtiodinpas iof therconieoiko M8 céh jdentify the typstantlfon ieiighesfehe column to
sensors 60 received by the HCU 54 can be utilized. The

veliety atid @mnedte® aThls @4n EJ‘&lvﬁhﬁg&ﬂﬁ ad alfﬁlierﬁtcﬁﬁﬂ'rol%aﬁaﬁ?&ér@ thay be
corresponding to each of the lifting units connected

Jti‘?iz&ch@/ltﬁ lHRGET: sER0 fcg’lﬁmrﬁgm tlgT@?(hr o%%“ébglpﬁf} \pﬁﬂlh il Rrolter

el evation deviate from one e ot her
e n two deviate from other .
ngfhe%{ SRS Bl RSB it £ e B e Vgt can be
el.evations back within a tol erance range of one
I B D3Py SR oIt IR eI ToPSB OF aliopgs! candiomrahtwo switches)
and/or stopping at |east one, if not two or nore of
te Frentity Gydiaderaliathetereandfns ckindap stolest andps rmml@ddlemw gitc. The
out .
switches provide inputs to the HCU 54 through cable 64 or otherwise.
[00034] While the HCU 54 can provide a plurality of automated features, it is also
anticipated that it can provide for manual operation including operation of separate valves
62 to respective cylinders (which was not an option in the prior art). Of course, any and
potentially all of the automated features can be selected to be off through use of input such
as touchscreen 56.
[00035] By using the inputs to HCU 54, alarms can be provided such as if the plunger 20,
and/or top flow adapter is tilted past a predetermined tolerance, if the top flow adapter is

lifted up past an upper height limit, if the column is disconnected (i.e., no top flow adapter

1s sensed), if the cable 64 is disconnected.
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[00027] The HCU 54 can direct the selective opening

and closing of at |east sone of the valves 62 which
wanreo7isxonmruni cati on with respective cyli nder BCBAS2006/040635

ot her appropriate driver to ensure that the top flow

adapter and the plunger 20 remain level within the

chromat ography cylinder 12. By level, it will be

understand that being within a predeterm ned tol erance

range of |level will be sufficient, such as within a

centinmeter for a two neter dianeter cylinder 12, or

ot her appropriate first tolerance. [00028] If the

pl unger 20 sonehow goes beyond a second tol erance

(outside of the first tolerance), it may be preferable

for the HCU 54 to secure any further novenent of the

pl unger 20 and/or sound an alarmuntil the situation

can be addressed. The HCU 54 in thepreferred

[ r ; E Qr: [
[26463? g TRMCP tp?ég}sﬁgg ihBaal 151L<{: @EC is gfdv?&e*dgﬁlﬂg%_% oBHESIFer 48.

to correc situ

O992% AR RSty Svan! B0 1. dolag bR 0K S0 Bl e 150

Ppacking,%é?cess. The out put from one or nore pressure

SRAFETY i/ Qadules o dhes HL& mopiters apgeqnifplscilis gperation eihree
Céllﬂfi nders 34 and/or pressure within the cavity 22. By
chilandengythehaippiattheaneger.dile Wiucksereen 36 iparupg ParRdViemt $50.
reachi ng a predeterm ned backpressure as neasured from

Rdekwsk Asarmatnd afiveleinahiding e lLesie 0 epiengilizéd®toadelélop the PLC
| evel feature, the HCU can secure downward novenent

PHRRAM SRS PhIB LA SBvaPLEISRH S d8RWOS crapRid inferface and RSLink
predeterm ned tine after reaching the set pressure.

V&Sag ngﬁgéd tgt&@m?rﬁﬂﬁcﬁge s s‘??_%CI?A@ %ﬁ\r/gla a{'ﬁ(e?fa%g g/?tlﬂrg;?(la and the

rovide an Input to the en ap
ressur oi nt. to det.erm ne a, pressure errgr. This ..
BB TBR ol LR R SRR RHRE pEEo B g Bebzea
tt to mnimze overshoot of a desired pressure.
I?Wégg?f]the?ﬂ@pm&t RaS: Ardrsihodiugeld: the abnfer A2, apd the gpse are
movement of the plunger 20, such as if the operator
pederable Fongructadriremastainless steak andéor dighprcel aldoyprsié@ssrylic. The
and/or to nove the
drive system may be constructed out of appropriate materials including stainless steel.
Three or more legs 76, only two of which are illustrated, are connected to the base 64.
The drive cylinders 34 are connected to the rim 70 of the base.
[00038] Numerous alternations of the structure herein disclosed will suggest themselves
to those skilled in the art. However, it is to be understood that the present disclosure
relates to the preferred embodiment of the invention which is for purposes of illustration
only and not to be construed as a limitation of the invention. All such modifications

which do not depart from the spirit of the invention are intended to be included within the

scope of the appended claims.
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top flow adapter to a preset height. [00032] The HCU
may al so provide an ability to de-pressurize the
waypdraasi’c system This can stop top fl ow adapPer/us2006/040635
novenent and reduce top flow adapter pressure. A
pneumati ¢ punp and/or system nay be vented to
depressurize the hydraulic system Oher venting or
depressuri zi ng techni ques could also be utilized. This
provi des anadvantage of using a controller 48 with
mul tiple colums 10 (i.e., once a colum is set up for
operation, the controller 48 can then be noved to
prepare anot her column for operation). [00033] The new
controller 48 may now be utilized with various
colums. The preferred enbodi nent of the controller 48
can identify the type and/or height of the colum to
which it is connected. This can be advant ageous as

di fferent control paraneter e utilized with
di fferent sized col umms. A‘%EgS%%$ ot her conputer)

it.hin the troller ch as HCU, or qtherw se,  upon
Batine dissrt 161E Henasiip pE e dnvesgnuakhatineleaedicanh an be
conbi ned as binary nunbers (such as the preset open or
bl osed caeeategraphyofolym cemptisings) to identify cylinder
di aneter and/or cylinder stroke and/or max bed hei ght,
etc. The saktluideswith epluhger cypneced © 4 dréveHd@hiehy sdill phungbr
cable 64 or otherw se. [00034] Wile the HCU 54 can

mowabitewRhiflawadity bHthe tylade Bdreshet AR BSEde, kdididsivaks®em having
anticipated that it can provide for manual operation

étﬁ&ds%d‘&i%pﬁ?éb%nc&fall\%ﬁﬁgﬁﬁ lgn%%{ ves 62 to

respective cylinders an option in the

prior art) o e n nd_potentj.al | | of the

aut onat ed <E§Fﬂﬁ§§%§gﬁ$%§¥gﬁyg§¥gge 3W§Em%f$k?ﬂggﬁgﬁvm&

use of input sugh as touchscreen 56. $00035] By using .

the i nput s {BUQAEY 18 Lommupication sathihe BeIGNREEs A Khesgn said

if the plunger 20, and/or top flow adapter is tilted

soatroller qypligios detarelaiive toIpepitinpeof the at lag twe drivewswand said controller
adapter is lifted up past an upper height Iimt, if
nrheidepatienst o aitm domese tire dortiolléng opreation s fheoa ledbptoadrivers.

2. - The chromatography column of claim 1 wherein the controller calculates an error
using the data derived from the position sensors, and if an error exceeds a predetermined
amount, providing an output to for at least one of temporarily stopping at least one of the

drivers, at least temporarily stopping all of the drivers and sounding an alarm.
3. The chromatography column of claim 2 wherein at least three drivers are

connected to the plunger, and said at least three drivers have corresponding position

SENSOors.
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is sensed), if the cable 64 is disconnected.[00036]
The HCU preferably includes a PLC which is provided
woizodr/orés37control | er 48. The PLC used in one PCT/US2006/040635
operational version is an Allen-Bradley (A-B)
Mocr oLogi ¢ 1500 Processor with I/O nodules. This PLC
nmonitors and controls the operation of three cylinders
t hat support the plunger. The touchscreen 56 is an A-B
Panel Vi ew 550. Rockwel | Automation Software including
RSLogi x 500 were utilized to develop the PLC
progranmm ng, Panel Buil der32 was utilized to devel op a
graphics interface and RSLink was utilized to
conmuni cat e downl oads to the PLC as well as interface
with a PC and the touchscreen 56. O her software and
har dware as known in the art could also be utilized.
[ 00037] The conponent parts, such as the drum 18, the
cylinder 12, and the base are preferably constructed
from stainless steel and/ or high nickel alloy and/or

cryI ste e constr cted. ou f )
Lgppr OTE)% gg&&to raP u?]ﬁ&fn%h’lg Vgieé‘fnﬁlsaé S ’ééﬂafcuf%'ltﬁde@rmg at
I nor e Iggé on two_of which are illustrated,
LR THR A SIS e f e phpger withipdhesavitider s 34

are connected to the rim70 of the base. [00038]

Nunerous alternations of the structure herein

di scl osed will suggest thenselves to those skilled in
5 he dite.chidomsugephyi ¢oliman bbclbin Ynderst oben thatrbhéceeds the
present disclosure relates to the preferred enbodi nent

poddetdiired\eeitiuhg Raidhbstiollc pfdRidedd Wsig?ﬁ?t% o 6ﬂe|réi§)tnrcﬁ“ta't st one of
only and not to be construed as a lTimtation of

thd\Whtrd RBile ﬁlolvuﬁlggg 51%2 Ith bGthu@ %Ber&p&i:gftg?%?eggf tg @%er drivers to

fromthe spirit i nvention are

e thin the scope of the appended
r%:({hg%lrtr}% &% M5 Having thus set forth the nature of the

invention, what is clainmed hereinis: 1. A

chr omat ography columm conprising: a cylinder with a

pl unger connected to a drive system said plunger

bnove %@P @%Q@ﬂfwlﬁﬁmc%‘b’h@‘?mdhe piedetesminediemonnt isa first predetermined
operational node, said drive system having

amount, and if a second predetermined amount is exceeded said controller provides a

signal to stop operation of all drivers, wherein said second predetermined amount is

greater than the first predetermined amount.
7. The method of claim 1 wherein the controller is operably coupled to an input
device and said input device provides for an ability to select at least one movement of the

plunger by the controller while receiving input from the position sensors.

8. The method of claim 7 wherein the input device is a touchscreen.
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at least two drivers operably coupled to the plunger;
position sensors respectively associated with the at
wOeawt078310 drivers; a controller in comuni cat POTUSRG0K/040635
the position sensors, wherein said controller

eval uates data relative to positions of the at |est
two drivers, and said controller provides at |east one
output for use in controlling operation of the at

| east two drivers. 2. The chromatography col um of
claim1 wherein the controller cal culates an error
using the data derived fromthe position sensors, and
if an error exceeds a predeterm ned anount, providing
an output to for at |east one of tenporarily stopping
at least one of the drivers, at |east tenporarily
stopping all of the drivers and sounding an alarm 3.
The chronat ography colum of claim2 wherein at |east

hr ee to the plunger, and said .
et T AR U b B Sl A sl B ion
?/ai%? tﬁ 4. Thg chro aphy colum of claim?2

o ZpAng dpyn 9 gpg clepied dicPng at | east one

of up and down novenent of the plunger within the

cavity. 5. The chromat ography colum of claim4
wherei n when said error exceeds the predeterm ned

dimounthe mathdd ob nlaimo 7] velrergin thel rdesengens isgnabvémers o the plunger to at
operation of at |east one of the drivers while

RagabelitgpaciSic @leahtidroreRAIRE toWle co@ey ation of at | east
of the other drivers to reduce the error. 6. The

nmet hod of claim5 wherein the predeterm ned anmount is
a first predetermned anount, and if a second

ed nt ceq ded. s cont.r.ol J.er .
g{ ovﬁd@émg&gg Ong\#a HP 10, ope)l(%%e? abi ng acg?r El fli’%erc# Ryeipg controller with
det t t
RS et ﬁﬁgﬁgﬁ?ﬁﬁeﬁ%ﬁmﬁﬁ@ G RTngdt ot ok adhbABk b ppecific
claim1 wherein the controller is operably coupled to

eéi*'l""’l'tllf’?}éut devi ce and sai d i nput device provides for an
ability to select at |east one novenent of the

12. The chromatography column of claim 1 further comprising at least one pressure
sensor sensing a pressure related to a resistance pressure exerted on the plunger by media

within the cavity.

13. The chromatography column of claim 12 wherein the pressure sensor provides an
input to the controller and when the controller is placed in a pack configuration with the
plunger directed by the controller until at least about a predetermined pressure value is
obtained, and after obtaining the at least about a predetermined pressure value, said

controller stopping movement of the plunger.
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pl unger by the controller while receiving input from
the position sensors. 8. The nethod of claim7 wherein
woOheo7iongaat device is a touchscreen. 9. The met hedTak2006/040635
claim7 wherein the novenent is a novenent in a
direction selected fromup and down of a predeterm ned
di stance. 10. The nmethod of claim7 wherein the
novenent is a novenent of the plunger to at | east
about a specific elevation relative to the cavity. 11.
The nmet hod of claim 10 wherein a danping factor is
utilized by the controller with input fromat | east
one of the sensors to |ocate the plunger at at | east
about the specific elevation. 12. The chromat ography
colum of claiml further conprising at |east one
pressure sensor sensing a pressure related to a
resi stance pressure exerted on the plunger by nedia

ithipn the cavit 13. Th hr t.aqraphy. colym of
e ity oty B i RGBTl an oo
totge cotr,g%igr d when the controller is placed . in .
UFingABR B HFTT RS TR She RRSIUPDLSRRSORY. ARG Hiandiior X adhs Piedgiermined
controller until at |east about a predeterm ned _
geravnt previdiak aa outpup st g Aldast temepoadrt!e stoppingiahloag ankef dhe drivers,
| east about a predeterm ned pressure value, said
at daaktrtemperarisyt sppping alirof theelniverofand beindingregerdarid. The
chr omat ogr aphy colum of claim 12 wherein the
controller calculates an error using the data derived
fromthe position sensors, and if an error exceeds a

ng_ edeAgﬁM%rﬁ@%jum@g%lﬁiﬂ%gean output to for at

east tenpo stoppi n ast one of the

drivers, at legst te rarily stopping.all of th
ari ver s antABERaRET BRE B S P8R B sl pymeer
colu cQnpri si.ng: cylinder with a plunger cqQnnected )
PeyaD Y D ayayighpt tg%nf’lﬁ‘"}ﬁ‘%ﬁd’é‘ropﬁf?\‘?@% aodis g2 ity system having
cavity of the cylinder in an operational node, said
afl lagteongyisiveneneastln gownled todhe plongerdr i ver operabl y
coupl ed to the plunger;
at least one pressure sensor sensing a pressure related to a resistance

pressure exerted on the plunger by media within the cavity;

a controller in communication with the at least one pressure sensor,
wherein said controller evaluates data relative to the pressure provided by the at least one
pressure sensor, and said controller provides at least one output for use in controlling

operation of the at least one driver.

16.  The chromatography column of claim 15 wherein the pressure sensor provides an
input to the controller and when the controller is placed in a pack configuration with the
_ plunger directed by the controller until at least about a predetermined pressure value is

obtained, and after obtaining the at least about a predetermined pressure value, said
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at | east one pressure sensor sensing a pressure

related to a resistance pressure exerted on the
wohowTgess7by nedia within the cavity; a control PET/USEN06/040635

conmuni cation with the at | east one pressure sensor,

wherein said controller evaluates data relative to the

pressure provided by the at | east one pressure sensor,

and said controller provides at |east one output for

use in controlling operation of the at |east one

driver. 16. The chromat ography colum of claim15

wherein the pressure sensor provides an input to the

controller and when the controller is placed in a pack

configuration with the plunger directed by the

controller until at |east about a predeterm ned

pressure value is obtained, and after obtaining the at

| east about a predeterm ned pressure val ue,

saj roller st [ venent of the plunger. 17.

R ARG aRio R s e TRBTE " 15 Tult her

conprising at |east one position sensor sensing a

position relative to at | east one of the plunger and

the at | east one driver, said position sensor in .

Yo mmubhecreragiogiiaphy eqlams o clabn 1 & furthes gomariging ghleas ong position

havi ng at | east one operational node in which input

fengamseieéngrropasi ticanrekens tr at ileastudriel dfzkoiploygdr hed derdt daist @re driver,

to provide novenent through the at |east one driver.

shill pobitRonGRARIRt eghRaphiYatedl witlthefcoftralidh) dhd saldedodtrbllédRving at
controller has at | east one operational node in which

: i 2 . |
lléﬁét t%ﬁée b%’é?atﬁfna?mggéin @ﬂgﬂﬁlﬁgﬁﬁ% Ry g@sﬁ‘h&%ﬁ%{%&% tﬁﬂ'él‘?z%ﬂ tyShe

esl red novenen er the contro
[l Jo [ [ i fh Lti .
ST SR TS SE T Skt

conprising at |east two drivers connected to the
pl unger with each driver having a position sensor
ggovidin positions relative thereto, and wherein the

nt roha @romatpeiaplt ecdumn of elabm 1Y avhstrin e contrallardips gidgast one
fromthe position sensors, and if an error exceeds a
qeediot@modedd vénduseiectipn of/a désirgd arpvenepiuity an operator results in the

desired movement under the control of the controller in communication with the position

sensor.

19.  The chromatography column of claim 15 further comprising at least two drivers
connected to the plunger with each driver having a position sensor providing positions
relative thereto, and wherein the controller calculates an error using the data derived from
the position sensors, and if an error exceeds a predetermined amount, providing an output
to for at least one of temporarily stopping at least one of the drivers, at least temporarily

stopping all of the drivers and sounding an alarm
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to for at | east one of tenporarily stopping at |east
one of the drivers, at |east tenporarily stopping al
wohod7wesadri ver s and soundi ng an al arn20. The PCT/US2006/040635
chr omat ogr aphy colum of claim 19 wherein the pressure
sensor provides an input to the controller and when
the controller is placed in a pack configuration wth
the plunger directed by the controller until at | east
about a predeterm ned pressure val ue is obtained, and
after obtaining the at | east about a predeterm ned
pressure val ue, said controller stopping novenent of

t he pl unger.

20.  The chromatography column of claim 19 wherein the pressure sensor provides an
input to the controller and when the controller is placed in a pack configuration with the
plunger directed by the controller until at least about a predetermined pressure value is
obtained, and after obtaining the at least about a predetermined pressure value, said

controller stopping movement of the plunger.
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