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(57) Abstract

Apparatus and method are provided for the substantial separation on a continuous flow basis of immiscible liquids.
flowing as a common stream, with one of said liquids substantially encapsulating another of said liquids, in a flow conduit.
The conduit comprises an inner surface which is selectively “wettable” by one of the liquids to the substantial exclusion of
another of the liquids; and the liquid separator apparatus are disposed in the conduit and operate to substantially separate
the liquids, or at least a portion of one of the liquids, from the common liquids stream as that stream flows into contact
with the separator apparatus in the conduit. Apparatus and method for the introduction of a liquid on a continuous flow
basis into a flowing stream of another liquid which is immiscible therewith and is flowing in a flow conduit are also pro-
vided. The conduit again comprises an inner surface which is selectively “wettable” by one of the liquids to the substantial
exclusion of the other of the liquids; and the liquid introduction apparatus are disposed in the conduit and operate to form
a common stream of the liquids for continued flow in the conduit, with one of the liquids being substantially encapsulated
by another of the liquids, as the liquids are merged at the liquid introduction apparatus in the conduit.
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APPARATUS AND METHOD FOR SEPARATION AND/OR FORMATTON
OF IMMISCIBLE LIQUID STREAM

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to new and improved

apparatus and method for the separation and/or formation of
immiscible liquid streams on a continuous flow basis; and
which are particularly adapted for use in automated,
continuods flow sample liquid analysis systems to maximize
the accuracy of the sample liquid analysis results.
2. Description Of The Prior Art
Although a number of methods and apparatus are
known for the separation of sample liquids from immiscible
isolation liquids within which the same are encapsulated
for minimization of sémple liquid carryover attendant
- sample liquid anélysis, these will generally be found to
rely primarily upon the natural separational effects of the
dlfferences in spec1f1c gravity between those liquids, and
thus will not be found effective to accomplish the virtually
;mmedlate,'and complete in terms of totally distinct
locations 6f the thusly separated liquids, substantial
separation of the liquids on a continuous flow basis as
inherently provided by the apparatus and method of this
invention. |
More specifically, United States Patent 4,121,466
issued October 24, 1978 to Allen Reickler, et al for "Liquid
Dispenser Wwith An Improved Probe" and assigned to the
_assignee hereof, discloses the use of an immiscible
-hydrophobic isolation liquid to encapsulate successive
aqueous sample_liquids fof minimization of sample ligquid
éarryover attendant sample liguid analysis. In this
apparatus,rwherein the isolation ligquid is of greater

density than the sample liquids, the former 1is simply
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allowed to settle*out}fromrthe latter to the”bOttom of a
_reaction'reheptac;e:int6 which'the isolation
li@ﬁid—encapsﬁlated Sample liguids are dispensed, thereby
leaving the sample liquid readily accessible for reaction
with'reagehtrliquids as,may theh be introduced into the
:eceptaclé. :This settling odt of the isolation liquid”cah
andidoes take time and, in any eveht,jléaves therthusly
sepatated isolation and sample liquids in essentially the
Same,locéﬁion,;e;g. the reaction receptacle. : 7'

' "_1,Iﬁ like manner, United States Patent 4,357,301
'issued  Noveﬁber 2,'l982 to Michael M. Cassadayr'et al for
ﬁReaction’ cuvette" and assigned to the assignee hereéﬁ,
also disclosed the use of an immiscible isolation liquid to

VencapsulétéTsuccessive 'aqueousrsample liquids'for—
minimization of sample liquid carryover attendant sample
liquidianaleis;  In_tﬁis apéaratus wherein the isolatiOn
Vliquid'is égain hydfpphobic and apparently = of greaﬁer
Vdensityrthah thé—séﬁpie'liquids,,sharprprojections or the
likegof'a hydfophilic'material are pfovided.at the bottom of
the reéctién éuvette,_and'opefate to puncture,the,isolatipn
liquid-encapsulated sample liquids as the same are
inttoducéd into the CuVette; thefeby freeing for reaction .
the'saﬁplé liquidé Vfrom the5is§lation liquid which simply'
:floats-ﬁo_thé top of the_ duvette. Again, this separation
-canrandrdoés take time, and in any event, leaves the
isoiation and sample ligquids in essentially the same
_location}'é;g- the reaction cuvette. _ 7
7 '-Under the circumstances, it has béeh deﬁetmined by
applicénts that the contiﬂﬁed presence Ofrthe,“separated"'
isolaiioh.liquid with the sample liquid at the same location
can and does present significant'problems with regard-tor
the accuraéy of:supsequent sample liquid analysis results;
and especially in those—instancésrhﬁerein thdse_sample
',iiquid,analysis,teéults ére -arrived at through use of

sample liquid analysis metnodologies involving, for
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example, refledtance spectroscopy. ion selective
,electrEdes, colorimetry, cell counting and or enzyme coil
operatioﬁ. ' _ , ,
Hydrophobic filtration, for example as disclosed
by the ‘"nonwet" filter in United States Patent 4,266,559
-issued May 12, 1981 for David S. Akhavi for "Blood
Sampler," wherein a filter of hydrophobic material is used
to prevent the escape of an aqueous sample liguid from a
collection device while permitting the passage of air
therethrough to enable filling of the device, is also known
"in the prior art, but is clearly totally irrelevant to the
substantial,separation'6f immiscible liquids from a flowing
stream to distinct locations on a continuous flow basis.
| Also of limited'relevance to liquid separation are
conventignél debubble:,devices as have now become standard
in continuous flow sample liquid analysis systems and which
operate to remove the air segments from'a continuously
flo&ing, air segmented sample liquid stream prior to sample
liquid analysis. ‘These debubbler devices, which operate
primarily on the very gsignificant differenceé in specific
gravity between air and the éample liquids of interest are
clearly totally inapplicable to the effective substantial
separation of immiscible liguids on a continuous flow basis.
With regard to immiscible liquid stream formation,
it is known in the prior art to form immiscible liquid
streams oh a continuous flow basis by the essentially
concomitant introduction of aqueous sample ligquids, and a
hydrophobic isolation liquid which is immiscible therewith,
into arhydfcphqbic flow conduit which is selectively
"wettable" by the isolation liquid to the substantial
" exclusion of the aqueous sample liguids, thereby
eésentially encapsulating the former in a layer of the
latter and effectively minimizing aqueous sample liguid
.carryover. ,
'~ More specifically, in most instances, this will be




- wos9067 - | PCT/US88/02153

4
seeh to be accomplished by the concomitant aspiration of
.the aquebus' sampie liquids'and the:immisdible isolation
liquid into'the " sample analysis system by the s-mple
‘aspirating probe as disclosed, for example, in United
'Statesrpétent 4,121,466 as _discussed hereinabove, and in
each of United'Statés Patent 4,253,846 issued March 3, 1981
to William'J.»Smythe, et al for "Method And Apparatus For
'~Aﬁtdmated Analysis of,Fluid samples," and assigned to the
assignee hereof, and United states'Patent: 4,517,302 issued
Méy 14, 1986 to'Steven—Saros,ret al for "Sample Analysis-
System)" and alSo:assinged,td the éséignee bereof.'
Although prior art apparatus of this nature do operate to
satisfadtorily continﬁously'form the isolatioﬁ liquid layer-
encapsulated, sample ligquid stream, the same are'of course'
»limiﬁed in location to the‘aspirating probe at the entfy
point of the analysiSVSYStem without the system flow
conduit, thereby,limiting the'versatility'thereof. In
addition, since;these_prior'art,apparatus are strictly tied .
into the operation of the analeis system aspirating probé,
satisﬁactory'opefation theréof by definition regquires the
ﬁsé of'moviﬁgrpértsﬂwhicﬁrcan,?r0ve soméwhatrproblematiéal.
Also, thérektremely:highrspeédé of operation of contemporary
sample 1iquidr analysis systems of the nature here under
diséussion,require'extremely high speeds of aspiration probe
' movement through decidedly limited distances, and these
reqqirehents can adversely afféct the satisfactory formation.
of the isolation liquid probe. = - ,
7 United State Paténﬁ'3,479,l4l'issued November 18,7
1969 to william J. Smythe, et. al, and how expired,  for
"Method AndrrAppératﬁs Fo:jAﬂélysis,ﬁ and assingéd to the
assignee hereof, diécioéeS'tne'formation'bn a continuous
.flow,basié of gn'isolétion liQuid layer encapsulated sample
liquid Stream'by therconcomitédt pumping through separate
: compressible pump tubes of a peristaltic pump of immiscible

isolation and buffer liguids to a tube jﬁnction for merger
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therein and flow therefrom through the recipient side of a
dialyzer to aquire the sample liquids for subsequent flow of
the thusly isolation ligquid encapsulated sample liguid
stream through a glass conduit to a hydrophobic conduit for
additional sample liquid processing. Formation of the
isolation liquid—encapsulated sample liquid stream in this
manner of necessity results in an extremely "rich" isolation
liquid layer, to very significant eéonomic disadvantage as
made clear by FIG. 1 of the drawing of that patent; and
operates to effectively minimize sample liquid carryover
,bnly upon'the arrival of the stream at the hydrophobic
conduit. In addition, formation of the isolation 1liquid
encépsulated sample ligquid stream in this manner is, of
course, unduly comples, and simply cannot in any event
provide the precision of isolation liquid layer formation as
required by more contemporary, highly technically
sophisticated continuous flow sample liduid analysis
systenms. _
United'States pPatent 3,726,297 issued April 10,
1973 to Richard H. Heimann, Aaron Kassel and Donald F.
Kopelman for "Method And Device For Introducing For Mixing A
First Liquid Into A Second Liquid," and assigned to the
Vassignee hereof, discloses a tube disposed within an
elongated passageway in which a first liquid is flowing for
intfoducing a second liquid thereinto for mixture with said
first liquid. In this device, the first and second liquids
are, of course, not immiscible; and the second liquid is
introduced into the first liquid in the countercurrent
direction relative to the flow of the latter. Accordingly,
it will be immediately clear to those skilled in this art
that the device of United States Patent 3,726,297 is totally
inapplicable to the formation!of an isolation ligquid-
~ encapsulated sample liquid stream from immiscible isolation
and sample liqu;ds in a conduit which is selectively

"wettable" by the isolation liquid to the substantial
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.exclusion of the sample,liquid.

OBJECTS OF THE INVENTION

It - is, accordingly, an object of our invention to
prov1de new and 1mproved apparatus and method for the
substantial separation on a continuous flow ba31s ofi
immiscible liquids which are flowing in a common stream in
flow conduit means. o ' |

It is another'object'of our invention to provide
new and 1mproved apparatus and method as above which are
operable to .separate those llquids to a high degree of
separational efficiency. ,

It is another object of our invention to prov1de
?apparatus and method as above whlch ‘are operable to effect.
the virtually immediate separatlon ‘of the liquids from the

: flow1ng common liqulds stream. , |

‘It is another object of our invention to provide
apparatusrand method as above which are operable torseparater
said quuids, or at ieast a significant portion of one of
the liqulds, to distinct ‘and spaced locations w1thout
contact therebetween._ _

It is another object of our invention to prov1de
dapparatusrand method operable as above wherein one of said
immiscible liouids ‘is snbstantialiy encapsulated withinra
rlayer of the other of said liquids in said common flow1ng
stream. , i o

It is another object<of our invention.to provide
fapparatus and'method'as above wherein one of said immiscible
llquids is an aqueous liquid whlch is to be separated from
the other of sald liqulds.

It is another object of our 1nvention to provide
'apparatns and method as above which are partlcularly adapted
tolthe separation of immiscible liquids on a continuous fiow
basis in an automated sample liquid analysis system wherein

said conduit means are hydrophobic, one of said immiscible
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1iquids'is a sample liquid, and the other of said liquids is
a hydrophobic isolation liquid which substantially
encapsulates the same for minimization of sample liguid
carryover in said sample liquid analysis system.

, It is another object of our invention to provide
apparatus and method for introducing one or more liquids on
a continuous £low bésis into a flowing stream of a liquid

“which is immiscible therewith to form a common flowing
stream of said immiscible liquids.

It is another object of our invention to provide
liquid introduction apparatus and method as above wherein
‘the thusiy,formed common stream. of said immiscible liquids
'will comprise a stream of one of said liquids substantially
encapsulated within a layer of the other of said liquids.

7 It is another object of our invention to provide
apparatus and method as above which are operable to
precisely form said encapsulating liquid layer to a
predetermined minimum thickness commensurate with the
function thereof, thereby minimizing the amount of said
‘encapsulating liquid required for such function.

It is another object of our invention to provide

'liQuid introduction apparatus and method as above which are

operable to provide a wide range of predeterminable

thicknesses for said encapsulating liquid layer, and which

enable the formation of that encapsulating ligquid layer to a

' preciseiy predetermined, minimum effective thickness within

that range to thereby minimize the reqguired amount of said
encapsulating liguid to significant eccnomic advantage. |

It is another object of our invention to provide
liquid intreduction apparatus and method as above wherein

" one of said immiscible ligquids is an aqueous liquid which is
to be sﬁbstantially encapsulated in a layer of the other of
sald liquids.

It is another object of our 1nventlon to provide

- liquid introduction apparatus and method as above which are
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particularly adapted'to therformation'of an immiscible
liquid stream on a continuous flow basis in hydrophoblc flow

‘conduit means of an automated sample liquid analy815 systemr
rwhereln one of said 1mmlsc1ble lquIdS is an aqueous sample
liéuid, and the other of said lquldS is a hydrophoblc
1solat10n liquid whlch substantlally encapsulates the ‘same

_for mlnlmlzatlon of sample llquld carryover in said sample'
liquid analy51s system. ' '

. 1,; It is another object of our invention to prov1de"
1iquid'1ntroductlon and liquid separation apparatus and
method as above which are, in”each'instance} of particularly
simple and-straight'forward doufiguration and manner of
operation.' ' ' ' o |

7 It is another object of our invention to proviaer
liquid introduction and liquid separation apparatus as above
Which,pih each inétanoe, essentially require mo:moving
,parts, and are thus ba31cally maintenance-free. 7 ,

‘It is another object of our invention to prov1de
liguid 1ntroductlon and llquld separation apparatus as above
wh;ch,,ln eachrlnstance, require the use of only readlly
'auailable, relativelj inexpensiVe materials of proven

r'effeotiveneSS'and and'dependability'to the task at'hand,'amd

' whlch thus may be fabricated at relatlvely low cost.

7 It is another ob]ect of our 1nventlon to provide
1iquia'introduct10n and liquid separation apparatus ‘and
method as above which are notrlimited by configuration or
mannerrof,operation to particular locations mithin a liquid

- processing system with which the same may be utilized, and
which thus eXhlblt 51gn1f1cant versatility of appllcatlon.

It is a further obiject of our 1nventlon to prov1dep
llquld ‘introduction and liquid separatlon apparatus and
method as above which are particulary adapted for : combined
use in a continuous flow,rautomated sample liqui& analysis

' systemrto form an isolation liquid layeriencapsulated, air-

segmented, successive sample liquid stream for the
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minimization of sample liquid carryover, and to subsequently
separatersaid sample liquid stream, substantially in whole
of in part, from said isolation liquid encapsulating layer
to prevent intefference thereof with sample liquid analysis;
‘thereby in both respects, maximizing the accuracy of the

sample liquid analysis results.

DESCRIPTION OF THE DRAWING
The above and other significant objects and

advantages of our invention are believed made clear by the
following detailed description thereof taken in conjunction
with the rfollowing drawings wherein:

FIG. 1 is an essentially schematic diagram, with
certain parts in cross-section, of a sample liquid analysis
system including apparatus representatively configured and
operable in accordance with the teachings of a first
embodiment of our invention, for separating a portion of
‘one or more liquids'out of a flowing stream of immiscible
liquids on a continuous flow basis;

7 FIG. 2 is an enlarged cross-sectional view of the
probe means of the apparatus of FIG. 1;

FIG. 3 is an essentially schematic diagram, with
certain pafts in'cross—section, of a sample liquid analysis
system including apparatus representatively configured and
_operable in accordance with the teachings of a second
embodiment - of our invention for substantially separating
one or more liquids out of a flowing stream of immiscible
liquids on a continuous flow basis; -

FIG. 4 is an essentially schematic diagram, of a
continuous flow sample liguid analysis system including
embodiments of the liquid separating apparatus of our
invention of both FIG. 1 and FIG. 3;

VFIG. 5 1is an essentially schematic diagram, with
certain parts in cross-section, of a sample liguid analysis

system including apparatus representatively configured and
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Operabié‘in accordance Withrthe teachings of a third

embodiment. of our invention for introducing one or more

rliquidsrinto a floVing stream of liquid which is immiscible

therewith to”fo:m a flowing stream of said immiscible-

liquids on a continuous flow'basis and wherein one said
'llqulds substantlally encapsulates another of said liquids;

FIG. 6 is an essentlally schematlc ~diagram, with

‘certain parts in cross-sectlon, of a sample liquid analy51s :

 system- including apparatus,tepresentatlvely,conflgured and

opetable”iﬂ ~accordance with the teachings of a fourth.

~ embodiment of our inventibn for introducing a liquid into a
flow1ng stream of one or more liquids which are,immiscible
therewith to form a flow1ng stream of'said immiscible
l;qu;ds,on a contlnuous flow basis and wherein one of said
“liquids sﬁbstantially,encapsulatesranother of said liquids;
and '

- FIG. 7 is an essentially schematic diagram of a

continuous flow of sample liquid analysis system includingrr

embodiments of the'liquid intfoduction'apparatus.of our

invention of FIG. 6 and thérliquidréeparatiﬁg apparatus ofrr

our invention of FIG. 3.

SUMMARY OF THE INVENTION

As representatlvely dlsclosed herein in a flrst

preferred embodiment, the lmmlsc1ble liquid separating

apparatus and method of our invention comprises probe means

to continudusly w1thdraw ‘and thus separate an essentlally

“central portion,of an immiscible ‘liquid stream flowing

'therethrough. ~ This stream is formed by an air-segmented

agqueous sample'liquia stream which is substantially

encapéﬁlatedrin a layer of an immiscible hydrophobid

~isolation liquid which preféréntialiy "wets" and is disposed.

at the hydrophobic -inner conduit means surfacerto the
substantial exclusion of the sample liquids which are

flowing therewithin; thus insuring that the essentially
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central portion withdrawn by the probe means is
substantially only aqueous sample liquid. The thusly
substantially separated sample liquid stream portion is
flowed by pump means from the probe means to secondary
conduit means and theréthrough-to s mple liquid processing
and/or analysis means.
As représentatively disclosed herein in a second
rpreférred embodiment, the immiscible liquid separating
apparatus and method of our invention comprise porous flow
- conduit insert means which are operatively associated with
flow conduit méans to continuously withdraw and thus
separate the outer portion of an immiscible liquid stream
_'flowing'therethrough. This stream is formed by an
.air-segmehted agueous sample liquid stream which is
sﬁbstantially encapsulated in a 1ayer of an immiscible
hydrophobic isolation liquid which preferentially "wets" and
is dispoSed'ét the inner conduit means and conduit insert
means hydrophobic surfaces to the substantial exclusion of
the aqueous sample liquids which are flowing therewithin;
thus insuring that the outer stream portion withdrawn
through the porous conduit insert means is substantially
only the isolation liguid. Sleeve means are provided to
surround the porous conduit insert means and provide a
fluid-tight'space therebetween, and pump means are
'opératively connected thereto to provide a differential
pfessure across the porous conduit insert means and promote
the flow of the isolation ligquid therethrough. The
rééultant, subStantiélly isolation liquid-free sample ligquid
. stream is flowed through the conduit means downstream of the
porous conduit inéert means to additional sample liquid
processing and/or analysis means.
oa representati&e combination in series in accordance
with the teachings of our invention of the first and second
preferred embodiments of the immiscible liquid separation

apparatus and method of that invention in the same sample
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liquid analysia system for purposes of increase in the

:overallaliquid separational efficiency is also disclosed.

"As representatlvely disclosed herein in a third

'preferred embodlment,‘tne liquid 1ntroductlon apparatus and

method of our lnventlon comprise. probe means whlch ‘are

';operatLvely assoc1ated with flow condu1t means to

. continuously 1ntroduce an alr—segmented aqueous sampler

iiquid'stream into the essentially central_portlon of an

immiscible hYdrophobic isolation liquid :stream which is

flowing in said conduit means, and which prefétentiallyr

"wets" the hydrophobic inher'su:face of said conduit means

to  the substantial'axclusion of the aqueous sample liquids.

Intrbductidn'of' the,aif—segmehted sample liquid stream
thraugh:thé probe'meansrdisplaces the latter stream to the

inner conduit means surface for retention thereat in

accordance with the,pfeferential "wetting." This

effeétively'fdrms a layer .of the isolation liguid at the

inner conduit means surface for encapsulation of the

'air—ségmented, sample liquidistream and continued flow

rthereof through the flow condult means to sample llqu1d'

proce551ng and/or analysis means.
- As representatlvely dlsclosed herein in a fourth

preferred embodlment, the liquid introduction apparatus and

'method of our invention comprlse -porous flow condult insert

_means ‘which are operatively associated with flow conduit

meahs to-:contlnuously introduce an immiscible hydrophobic
isolation liqdid into the outer portion of an air-segmented
agqueous sample iiquid.stfeam which is flbwing in said
conduit méans. " This isolatiod liquid rpreferéntially "wets"
the inner hydrophoblc surfaces of said flow condult means
and said conduit insert means to the substantlal exclu51on

of the aqueous sample liquids; and thus effectively forms a

'layer of the isolation lquld at. those inner surfaces for

encapsulatlon of the alr—sagmented sample ligquid stream

and"contlnued flow thereof through the flow conduit means
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to sample liguid processing and/or analysis means.

A representative combination in series in
accordance, with the teachings of our invention of the
liquid intréduction apparatus and method thereof and the
liquid separation apparatus and method théreof to in turn
form the isolation liquid encapsulated air-segmented sample
liquid stream and subsequently substantially separate the
sample liquids, or at least significant portions thereof,
from the isolation,iiquid, in the same sample liquid
analysis system is also disclosed.

In each instance, it may be readily understood
that the formation of the encapsulating isolation liquid
layer is to minimize sample liquid carryover in the sample
rliquid'analysis system, while the substantial separation of
the sample liquids therefrom prior to additional sample
liquid processing and/or analysis is to prevent
interference by the isolation liquid with the performance
of those functions. Thus, and in both events, the accuracy
of the sample liquid analysis results is maximized to
significant advantage by the apparatus and method of our

invention.

DETAILED DESCRIPTION OF THE INVENTION
Referring now to FIG. 1, a first embodiment of

apparatus :epresentatively configured and operabie in
accordance with the teachings of our invention is indicated
generally at 10;' and comprises a flow conduit 12 of any
suitably inert, highly hydrophobic meaterial in the nature
for example of an appropriate flourinated hydrocarbon.
'In,addiﬁion to being highly hydrophobic,
fluorinated hydrocarbon materials of the nature utilized in
thé formation of ,fiow conduit 12 are well known and
understood by those skilled in this art to be selectively
"wettable" by a wide range, for example, of flourinated or

perfluorinated hydrocarbon, or silicone ligquids of very low
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_sﬁrface tension, which are.also hydrophobic, to the
substantial exclusion of aqueous liquids which are
immiScible'thereﬁith;5ahd this phenomenon of seiectiVe
"wettability" of hydrophobic materials by these liquids to
the substantial exclusion of immiscible,aqueous'liquids is
discussed in some detail in United States Patent 3,479,141
'issded,November'lB, 1969-td William J. Smythe,'et al, for
“Method And Apparatuerer Analysis" and assigned to the
assighee hereof, the diséiesure of which is° hereby
1ncorporated by reference in this specification. |
7 United States Patent 3,479,141 also discloses the
use ;of this concept of selective “wettablllty“ of -
;hydrephobic' materials to minimize aqueous sample liquia
carryoﬁe:, e.g. the contamination of a succeeding aqueous
'sample,liQuid,by the ‘residue of a preceding aqﬁeous sample -
;liqﬁid,rattendant automated, successive agueous sample
Jliquidranalysis.— In accdrdance with'that patent
'diSCIOSure, this ié_accomplished'by the'encapsulation
within an immiscible hydrophobic silicone 1liquid of the
~ successive aguecus sample liquids of a continuously flowing
stream tﬁereof as the'samerproéresses through a fluorinated
7 hydrocarbon flow conduit length; with thersilicone liquid
functioning as ah isolatida,iiquid to isolate the aqueous
Sample liquids, one froﬁ the other, to prevent centact and
cross—contamlnatlon therebetween, and funetioning,as aa
isolation liquid to selectively "wet" the inner flow
conduit wall to the  substantial exclusion of the aqueous
sample liquids thereby 'isolatiné those sample liQuids from
~that inner flow conduit wall "and preventing a p:eceding
' aqueous sample liquid from contacting the same and leaving
'aa residue thereon for plck—up by and contamination of a
succeedlng aqueous sample llquld
o 7 Other -United States Patents which relevantly
: diéCloSer the appllcatlon of this concept of selective

‘"wettability" of hydrophobic conduit materials by an
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isolation liquid to the substantial exclusion of agqueous
sample ligqguids which are immiscible therewith for the
minimization of aqueous samplerliquid carryover attendant
autohated, successive aqueous sample liquid analysis are
United States Patent 4,253,466 issued March 3, 1981 to
: William J. Smythe, et at, for "Method And Apparatus For
Auto mated Analysis Of Fluid Samples," and assigned to the
assignee hereof, and United States Patent, 4,121,466 and
4,357,301 as referred to hereinabove under the "Description
of the prior art," and United States Patent 4,517,302
issued May 14, 1986 to Steven Saros, et al, for "Sample
Analyéis System," and -assigned to the assigﬁee hereof; and
- the disclosures of each of these United States Patents are
"also incorporated by reference in this specification.
Samplerrand sample processor means are indicated
schematically at 14 in FIG. 1; and may, for example, take
the general form of those disclosed in United States Patent
4,121,466 wherein the same are operable to generate an air-
segmented stream 16 of isolation liquid-encapsulated
successive aqueous sample liquid segments in hydrophobic
flow conduit 12, thereby minimizing carryover between those
agueous sample liquid segments, and significantly
incfeasing the accuracy of the sample liquid analysis
results. In addition, sampler and sample processor means
14 will readily be undertsood by those skilled in this art
to include any and all sample liquid processing components
as requiréd for the particular sample liquid analysis of
interest; and these may include but not be limited to
components may include but not be limited to components for
~ the addition of appropriate réagent(s) to the sample
~ liquids, and sample liquid dilution, heating, incubation
and/or mixing components.
As illustrated in FIG. 1, air segmented sample
liquid stream 16 comprises alternating sample liquid
segments Sl, S2, s3, S4, S5, and S6, as respectively
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,separated in turn by éir“'segments Al, A2, "A3, A4; and A5;
all as respectively encapsulated as shown by thin layers of
the immiscible isolaﬁion liquidﬂas' indicated at 20-betwéén
the'réspective,sample liquid and air segments; Although
the respective thicknesses of the isolation liquid ‘layers
18 and 20 may vary in ach;dance with the particular sample
liqﬁid'anaiysié application in question, it may be
understood that, in accordance with the extremely high costs
'of suitable isolation liquids which may, for example,
,appfoach $l,ooo‘per'gallbn}~contemporary versions of,the
sampler,here under'discuSSion nave:beén devélcped with -the
capability of géheratihg extremely thin, although
nonetheless fdlly'effectivé,r isolation liquid encapsﬁlating
'layets 18 and 20. 1In faCt,'it will be clear to those
skilled in this art that natural sPreading and hydrodynamic
forces tend to force excess isolation liquid to the inner
wall of cdnduit'lz, thusrmaintaihing extremely thin
:inter{seghént isolatioh liQuid layeré 20,'especially at the
génerally central pbrtions thefeof, even under relatively
- "rich" isolation liquid,éonditiqns. For example, and . with .
particular 'regard tO'the1inter-segment isolation liquid
layers:- 20 of FIé.'1 'which are not in éontact with the
highlywhyarophobic'innerrwall of flow conduit 12?
geheration ofVSuch'léyérs,of'essentially mcnolayér or
single_molecdlerthickngSS, at least at the generally
central poftions thereof, is now believed to be pdssible}
| ' Liquid éeparator means are indicated generally at
22 in FIG. 1, and comprise a geﬁérally Léshaped:tubula?"
probe 23 including'a probe length 24 which extends as shown
,tnrough:the wall of flow conduit 12, and a connected probe
‘length 26 whichr extendsrﬁherefrom within flow cbnduit 12
cbncentrically'thereof_ in the upstream direction with -
regard fb air—segméhted sample 1liquid stream 16. Sealing
meahs'a:e—indicated'at 28 and are disposed at the jﬁncture

‘of probe length 24 and flow conduit 12 to prevent leakage
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from the flow conduit at that juncture.

As best seen in FIG. 2, probe length 26 includes a
sharp-edged inlet end 30 communicating the internal probe
flow paséage 32 with the air segmented sample liquid stream
16 in flow conduit 12.

Probe 23 is fabricated from'any appropriately
inerf, hydrophyllic material, for example stainless steel
as shown, or glass; and, as best seen in FIG. 2, the
exterior of probe 23 which is exposed to the air segmented
‘sample liquid stream 16 within flow conduit 12 is surface
coated with an appropriately inert, highly hydrophobic
material in the nature, for ekample, of a fluorinated

"hydrocarbon, as indicated at 34. Under these
ciréuhstances, it will be clear to those skilled in this art
that the isolation liquid will be preferentially attrécted
té the highly hydrophobic surface coating 34 at the
exterior of probe 23 to "wet" the same to the substantial
exclusion of the'aqueous sample liquids, while the agueous
sample;liquids will in turn be . preferentially attracted to
the hydrophyllic wall of the internal probe flow passage 32
to- "wet" the same; and the resultant essentially natural
capability of the probe 23 to effectively discriminate
'bet&eeﬁ the agqueous sample liquids and the immiscible
isolation liquid, especially at the sharp-edged probe inlet
30, will be seen to be of particular significant advantage
with regard to the effective separation of those liquids as
described in detail hereinbelow.

‘Although dimensions may of course vary in
accordander'with the'particular application(s) to which the
apparatus of our invention is put, it may be understood
that with a flow conduit 12 of nominally 1.50 mm. inner
diameter, a respresentative outer diameter for probe
,lengths 24 and 26 would be nominally 0.75 mm, with a
nominal diameter for internal probe flow passage 32 of 0.25

mm; to thus provide a probe length wall thickness of
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nominally . 0.25 mm. Under these conditions, s'representative
'Vnomlnal length for probe length 26 would be 1.50 cm. '

',For reasons made clearer herelnbelow, it is of

partlcular 1mportance that the probe length 26 be centered

as preclsely as . 90551ble vis-a-vis flow conduit 12 to

insure that the probe Intercepts the most central, and thus

jlowest,lsolatlon rllquldrvolume-bearlng, portlon of sample

 liquid stream 16; and ~that the probe length 26 be of the

_smallest practical wall thickness to insure minimal adVerser

effect thereof on the hydrodynamlcs of the sample llquld,f

stream 16 at the juncture thereof.

' Addltlonal sample 11qu1d processing and/or sample
]llquld analy51s means are indicated scnematlcally at 36 in
FIG. 1, and may take any approprlate form(s) compatlble

~with automated successive sample liquid prccessing and/or

analysis. Most ‘relevantly with regard to the apparatus of.

our invention, and for applications thereof to tne
automated successive processing and quantitative analysis
Vin turn of a seriesrof,blood samples, the additional sample

liquid processing means may, for example, comprise a

dialysis device;'vhile the ssmple liquid analysis means

may, for example, comprise colorimetric, spectroscopic, ion

selective electrode, cell counting, enzyme coil and/or dry
chemistry slide:analytical'devices} wherein the continued
rpresence of the isolation lquld with the sample llqulds can
1nterfere with the requisite highly pre01se operatlon of
those ‘analysis -device with resultant, and contemporarlly

unacceptable, degredation in the accuracy of the sample

‘analysis results. For application of the apparatus of our:

inVenticn wherein no additibnel liquid processing of the
aqueous sample liquids from flow conduit 12 is reéuired
prior to the automated successive analysis thereof, means 36
would of course be limited to sample analysis device(s).

A secondary flow conduit is shown at 38 inVFIG;'l)

_and is*connected_as indicated through pump,39lto'the

"

tr
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additional = sample liquid processing and/or sample liquid
analysis means 36 to supply sample liquids thereto in turn
at a flow rate 02 in accordance with the output of pump 39.
Although representatively depicted as of essentially the
same dimension as flow conduit 12, it will be clear to
those skilled in this art that secondary'flow conduit 38
may be of any dimension and composition compatible with
additional sample liquid processing and/or analysis, for
example standard laboratofy tubing. With secondary flow
conduit 38 of essentially the same dimension as flow
c0nduit 12, and thus of significantly greater outer
diameter than probe length 24, an essentially-L shaped
connecting piéce 40, including an enlarged and portion 42,
" of essentially the same size as secondary flow conduit 38,
is prdvided to connect the outlet end of probe length 24 to
the inlet end of secondary flow conduit 38 as shown, and of
cdurse in fluid-tight manner. Alternatively, connecting
piece 40 may, for example, be formed intégrally with probe
23. | . |
7 , Isolation liquid recovery means are indicated
schematically at 44 in FIG. 1 and may take any form
compatible with the effective recovery of the isolation
liquid,,which may be quite expensive as set forth
héreinabove, from the sample liquids, for re-use of the
isolation liQuid. VSince, in the vast majority of
‘instances, the isolation liguid will be of different
specific gravity than the sample liquids, the recovery of
the isolation liquid may be effectively accomplished in
unhurried manner by simply allowing the respective sample
rand isoiation liquids to settle out at different levels
under ﬁhe force of gravity in the same container, and
subsequently removing'the isolation liquid therefrom for
re-use. 7 : | 7
Flow conduit 12 is connected as indicated in FIG.

1 to -isolation liquid recovery means 44 to supply the
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1solat10n liquid rich Sample'iiquid stream 16 thereto.

: 7 A system controller "is indicated schematlcally at
48 in FIG. 1, and may for example take the form of,anr
appropriately programmable microprocessor devicei
Controllerr48 is electridallY'connected as indicated by

"linesrso, 52 and 54 to sampler and sample processing means
14, pump 39, and additional 1sample processing and/or sample
analy51s means 36 to - control and- sYnchroniée the respecpive,

'roperatlons thereof |

' -~ In operatlon of the apparatus 10 for the removal
of substant;ally isolation liquid free sample liquid and
air segment'po:tions from flowing air segmented sample
ligquid stream 16 -in flow conduit 12, and the supply of the

' aame ‘in turn in therrform of a substantially isolation
'llquld freer air'segmented, sample iiqUid stream as
indicated at 58 in FIG. 1 in secondary 'flow conduit738 to
additional sample llquld processing and/or ranalysisrmeana
36 fof'sUcCessive'analysisrin turn of each of those sample
liquid segment portions, it may be understood that pump 39
is preferably operated by controller 48 at a flow rate Q2
which is sllghtly less than the flow rate Ql at whlch the
alrrrsegmented sample llquld stream 16 is flowed in flow'

fcondult 12 ,1mmed1ately upstream of the inlet edge 30 of the
probe means 23. . A representative example of the ratio

© Q2701 is 0.90, whereby willrrbe clear that nearly all of the
sample liquid stream 16 will be withdrawn from flow conduit

12 by probe.means 23 for flow. as sample-liquid stream 58 in

'seoondary flow conduit'38., Under these conditions, the
flowirate of the remainder of sample liquid stream 16 in
flow conduitrlzrdownat:eam of probe means 23 to the
isolation liquid—recovery meansr44 will as indicated be
equal to 0I-02. Of course, it will be immediately clear to
‘those skilled in this art that pumping arrangements other
'than'that shown,—for 'example,'differential pumping or

pressure pumping, may be - utilized to achieve the desired
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ratio between 02 and Ql.

FIG. 2 makes clear that as each inter-segment
isolation'_liquid layer 20 in air segmented sample liquid
stream 16 is flowed into contact with the sharp inlet edge
30 of probe means 23,'that isolation liquid layer will be
cleanly_cut by the same, with only the particularly low
isolation liquid volume of the most central portion of that
isolation liguid layer as indicated at 20C in FIG. 2 being
withdrawn along with the sample liquid from the sample
liquid segment of-interést as shown into the internal probe
means flow passage 32 for flow as described into and
thfough secondary flow conduit 38. Of particular

'sighificancerin accordance with the teachings of our
invention are the facts thét the remainder of the isolation
liquid layer 20 of interest, e.g. that portion thereof

_ disposed radially outward of probermeans inlet edge 30 and
which will most probably re-form in each instance as shown
in FIG. 1 into a very thin isolation liguid layer 20D, and
all of the vastly'greater isolation liquid volume bearing
layer 18 which resides primarily at the inner wall of flow
conduit 12, andrwhibh,will thus be greatly "enriched"
vis-a-vis the'reduded volume sample liquid segment of
interest in each instance as shown at 18D in FIG. 1, will
respectively remain  in sample liquid stream 16 downstream
of the probe means inlet edge 30 for flow as described
therewith to the isolation ligquid fecovery means 44; and it
will be immediétely clear to those skilled in this art that
the highly hydfophobic surface coating 34 on the external
surface of probé means 23, and the highly hydrophobic inner
wall surface of flow conduit 124- both of which operate as
described to strohgly'attfact the isolation liguid to the
substantial exclusion of the aqueous sample liquids-- will
operate to'particularly significant advantage in this
regard.  Of course, the hydrophylic surface of the internal

probe means flow passage 32 which selectively attracts the
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aqueouS'sample liquids is aisq, of significant advantage in
'thls regard. o | ' '
- In accordance with the above, the apparatus 10 of
our invention will be'understood'to operaterto provide a
substantlally 1solat10n liquid free air-segmented sample
11qu1d stream 58 in secondary flow conduit 38 for flow as -
aescribedito addltlonal sample liquid processing and/or
analysis means 36 for hlghly accurate, automated successive
sample 1iquid'analysie; it  having been determined by actual
tests that the extremely small amounts of isolation liquid
ZOC which do remain in sample liquid .stream.58,:and which
willrmost'probably simply diSperse throughoutrthe respectiye'
sample liquid'segmentslﬁhereof aslshown in FIG. 1, will, inr;
the vaat majority ofyinstances;'be of no clinical
,significahce with regard'to'adyerse effect upon the overall
eff1c1ency and/or accuracy of the operation of thef
addltlonal sample llquld proce351ng and/or sample liquid.
1analy81s means . 36. , ,
7 o A second embodlment of ‘apparatus representatlvely
~configured and operable in accordance,w1th the teachings of
our invention is iﬁaicated:generaily at GO'in FIG. 3; and
comprises a 'flow condﬁit 62, again of any suitably inert,
highly hydrophobic material in the nature of an approprlate—
1fluor1nated hydrocarbon.'rr . -
: 7 quuld ‘separator means are 1nd1cated generally atr
63 in FIG. 3 and’ comprlse a condult lnsert 64 whlch is
'prefe:abiy'of the same inner diameter as flow -conduit 62,
- and ﬁhichfie joined therein and attached thereto as shown
- “in fluid—tight,mannerjby, for example, a suitable adhes1ve
aS'indicatea at'66 in FIG. 3. Insert 64 is fabrlcated from
- . any euitably-porous filter material which is alSthlghly
hydrophobic,_againyfor:examplé an ‘appropriate fluorinated
hydrocarbon. o o ' '
A generally coax1al sleeve is 1nd1cated at 68 and

is secured as shown in ‘fluid-tight manner to the adjacent
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éxtérnal " walls of flow conduit 62, again for example by a
suitablé adhesive as indicated at 70, to surround conduit
insert 64 and provide a'generally torous-like enclosed
space 72 therebetween. Sleeve 68 is made of any suitable,r
fluid-tight material, for ekample a suitable plastic.
Annular seals 74, 76, 78 and 80 are respectively pfovided
as shown at the junctures of the insert 64 and the sleeve
- 68 with the flow conduit 62 to prevent fluid leakage
therefrom. Alternativély, these junctures may be formed by
 fluid-tight press fits.
, ‘A secondary flow conduit is indicated at 82 in
Fig. 3 and extends'aé shown through porous insert 64 at the
lower portion thereof into communication with enclosed space
~72. A fluid-tight annular seal 83, or a like press fit, is
utilized to prevent fluid leakage at this Jjuncture.
VSecondary flow conduit 82 is connected as indicated through
pump 84 to supply isolation liquid from spacer72 to
isolatibn ligquid recovery means as again indicated
schematically at 44, and which may take the same form as
déscribed'he:einabove with regard to the embodiment of FIG.
1. o
Sampler and sample processor means, additional
sample processing and/or sample analysis means, and system
controller are respectively again indicated schematically
at 14, 36 and'48; and, in each instance, may take the same
"form as described hereinabove with regard to the embodiment
of FIG. 1. 7
. In the operation of apparatus 60 of FIG. 3,
sampler and sample processor méans 14 are again operable as
VdeScribed,to generate an air-segmented stream as there
rindicated at'86 of isolation ligquid encapsulated successive
aqﬁeous Sample liguid segments in flow cbnduit 62; and this
stream 86 will be seen in FIG.B to comprise alternating
agueous sample ligquid segments sS1, s2, S$3, and S84, as

respectively separated in turn by air segments Al, A2, and
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"A3; all as respectively encapsulated as shown by thin

layers of the isolationrliquid as again indicated at 18

Vbetween, the respective sample liquid and air:segments and

‘the inner wall of flow couduit‘62, and as—again indicated

at 20 between the respectiye sample liquid and air

segments. o : ,
' ﬂ'With,air-segmented'sample'liquid stream 86 flowing
'jas rdescribed in flow conduit 63 at a pressure Pl, and witﬁ

pump 84 operated by - controller 48 to create a lower

"pressure P2 in sleeve space 72 through secondary flow

'conduitfaz, a differential pressure PD is created'across the“

- porous hydrophobic COhduit insert 64. As a result, as each
of the .respective aqueous sample liquid segments S and air
segments A flows into insert 64,7thls differential pressure
PD taken in conjunctlon w1th the interfacial tension driving
fforces arlslng from the selective attractlon of the
isolation liquid to the highly hydrophobic material of the

insert 64, will operate to draw the isolation liquid layers

18 at the insert wall essentially in their respective

'intireties and, to a somewhat lesser extent, the inter-
_' segment.lsolation liquid layers 20, through the'porous
7 hydrophobic inSert'64'ihto the sleeve space 72 as shown in
FIG. 3 thereby separatlng the same from the segmented
"sample llquld stream 86. With more specific regard to the
inter-segment'isolatiou,liquid'layers 20; it will be clear

 that the same will, in'effeot, be naturally drawn to the

1nner wall of porous insert 64 for removal from the sample.

,llquld layer 18 for removal from the sample llquld stream 86,
'therethrough as a result of- spreadlng and hydrodynamlc
forces- with theiremaining'very small portions of those
lnter-segment layers 20 which are not so drawn. most probably
slmply dispersing throughout the sample llquld segment as
;ud;cated at 20C in FIG.3 in and downstream of the insert
64.  The high 1nterfac1al tension between the agueous sample

_llquld segments and the porous hydrophobic - 1nsert 64 will

3
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operate to substantially inhibit aqueous sample liquid
passage through insert 64.
under the above circumstances, it will be clear to
those sgkilled in this art that proper selection of the
differential pressure PD and the pore size of the porous
insert 64, it becomes possible to withdraw substantially
only isolation 1ligquid, plus some measure of air from the
respective air segments A which is of no clinical
significance, from the air segmented sample liquid stream
86 into sleeve space 72 as described; while appropriate
selection of the length of the insert 64 in accordance with
‘the above can be utilized to insure that the maximum
Quadtity of the isolation liquid which can, as a practical
matﬁer, be withdraWn from the stream 86 will, in fact, be
withdrawn therefrom attendant the transit by the stream of
' the insert 64. Although these controlling parameters may,
_of'Course, vary in accordance with the particular
application(s) to which the apparatus of our invention is
‘put, values thereof for a representative application of that
'apparatus-withfan,insert of nominally 1.50 mm inner diameter
and a nominal length of 3.0 cm, would be a nominal pore size
of 2.0 microns for the porous insert 64, and a nominal
pressure differential PD equal to P1-P2 across the insert 64
of up to 10 psirto provide for the withdrawal'of
'substantially only the isolation liquid and some measure of
~air as described through the porous insert 64 into sleeve
space 72. ' 7 '
For application of the apparatus 60 wherein the
maximum achievable removal of the isolation liquid from the
'air—segmented sample liquid stream 86 is required, and
wherein some relatively = small loss of the agueous sample
liquids through porous insert 64, for example 5.0% by
volume, can be accommodated without adverse effect upon the
accuracy of the sample liquid analysis results, it will be

‘clear that the pore size of the porous insert 64, the
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'differential pressure'PD} and/or the. length of porous

,1nsert 64 can be lncreased to that effect.

FIG. 3 makes clear that the isolation liquid whlch'

is w1thdrawn as descrlbed through porous insert 64 into

space 72,' plus any air and/or aqueous sample lquLdS as may -

" be included therew1th, will be pumped by pump 84 to

isolation llquld recovery ‘means 44'for:isolation liquid

_recovery and re—use, if desired, as described hereinabove-

with regard to,the embodimentrof FIG. 1. ~ Concomitantly,
';the nbw Substantially isolationiliquid—free'air—segmented
Vsample llquld stream 86, lncludlng substantlally only the
.remaining very low 1solat10n llquld volume-bearing 1solatlon

'llquld layer portlons 20C, will. ex1t sSleeve 64 for flow as

1nd1cated through condult to addltlonal sample proce331ng"

'and/or: sample analy31s meaus 36 for hlghly accurate,
automated-'suceessive*aqueous sample 1iquid'proce33iug
'.and/or analysis;'it'haViugralso been determined by actual
test of the apparatus 60" of our invention that the extremely
small amounts of 1solatlon liquid 20C which do remain . as

,descrlbed in the sample 11qu1d stream 86 will, 1nrthe ‘vast

lmajorlty of instances, be of no clinical significance with

'regard to adverse effect'upon the accuracy'of the . operation
of the addltlonal sample llquld proce551ng and/or analy51s

Vmeans 36.

method of our invention'wherein an absolute maximum'of
| Vhievable isolation llquld stream is required prior-to
addltlonal sample lquld proce351ng and/or analy51s, the
: llquld separator means’ ot:our’ 1nvent10n may be serlally
rcounectedwor“easoaded."FIG.r, ~schematically depicts a
representative,apparatusVarrangememt to that effect wherein
rthe’liquid,separator>means 22'ofaFIG. lrand the,liquid

separator,meansr63 are serially éqnnected in that .order.

-'Iu'operation, it,will be clear that the substantially’

isolation liquidefree,air-segmeuted sample liquid stream 58

For certaln;applications of the apparatus:and_

o

t
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from secondary flow conduit 38 of FIG. 1 would be flowed in
turn = as air—segmented sample liguid stream 86 through flow
conduit 62 of FIG. 3 by pump 39 for additional isolation
liquid removal therefrom as described within sleeve 68 of
FIG. 3; it;béing noted in this regard that the very small
isolation liquid quantities initially remaining in stream
58 aérformed;by the central portions 20C of isolation
liQuid layers 20 will most probably soon migrate within
secondary flow conduit 38 to the inner wall thereof -~
which, in this instance, would of course be made from a
highly hyarOphobic material -- to again provide for
significant - inhibition of'sample liquid c3rrYover therein,
and to enable the subsequent,'highly effective removal
thereof from the flowing sample liguid stream 86 in flow
conduit 62 by the withdrawal thereof as described through
porous conduit insert 64 within sleeve 68 as descriped. In
this instance, flow conduit 12 and secondary flow conduit 82
would be connected as indicated to the same isolation liquid
recovery means 44. '
As alternatives to the serial liquid separator
" means arrangement of FIG. 4, it will be clear to those
skilled in this art that the same could be serlally
connected with the liquid separator means 63 of FIG. 37
ahead of the liquid separator means 22 of FIG. 1, and that
two or more of the same liquid separator means 22 or 63
could berserially connected as such; again in any event to
improve'the overall efficiency of the isolation ligquid
removal process. _
7 Although disclosed 1in detail'hereinabove as
applied to the partlcularly effective separation of the
isolation liquid from an isolation liquid =nca lated,
- segmented sample liquid stream prior to sample liquid
analysis to improve the accuracy thereof, it will be clear
that the embodiments of the liquid separating apparatus 10

- and 60 of our invention can alternatively be applied to
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that purpose*solelyffor isolation ligquid reclamation
. following sample ahalysiS'ih'those* instances wherein . the
sample liouid ahaleis can be SatlsfactorilY'performed with
xthe lsolatlon lquLd layers' essentially in place as
,descrlbed ~ In such appllcatlons, the substantially
'1solat10n llquld free sample liguid streams downstream of
the separatlng apparatus would . most probably 51mply be’
flowed to waste.rrr
h ‘A third embodlment of apparatus representatlvely
conflgured and operable in accordance with the teachings of
our 1nventlon is 1ndlcated generally at 90 in FIG. 5; and
comprises a flow condult 92, again of any sultably inert,
'phlghly hydrophoblc mater1al lh the nature of an approprlate
fluorlnated hydrocarbon. : o ' )
_An lsolatlon llquld source is'indicate&
schematlcally at 94, and is connected as shown through pump
96 to -supply a stream 98 of the 1solatlon ligquid for flow
through the conduit 92 in the dlrectlon indicated.
7 7 Liquid 1ntroduct10n means are indicated ‘generally
at lOO in FIG. 5, and comprlse a generally L-shaped tubular
_probe 102 1nclud1ng a probe length 104 which ‘extends as
7 'shown'through the wall of flow cohdult,92, and a connected
.. ‘probe length 106 which ektendsrtherefrom within flow
condult 92 concentrlcally thereof in- the upstream direction
with - regard to 1solatlon llquld stream 98. Seallng means
' are ‘indicated at 108 and are disposed at the juncture'of
probe 1ength 104 and condult 92 to prevent fluid,leakage at .
that Juncture. Probe 102 1ncludes an internal flow passage»j
'llO exteﬁaing therethrough as shown- and is fabricated from .
any approprlately inert materlal, for example rrstainless
steel as shown, or glass. ' '
: Although dlmen51ons may of course vary in
7a¢cordance w1th therpartlcular appllcatloh(s) to whlch the
,'apparatus of our - invention is put, it may be‘understood

that with a flow condult 92 of nominally l.5ormm'inner
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diameter, a representative outer diameter for probe lengths
104 and 106 would be nominally 1.3 mm, with a normal
diameter for- internal probe flow passage 110 of 1.0 mm[ to
thus prov1de probe wall thickness of nominally 0.15 mm.
Under these conditions, a representatlve nominal length for
probe length 106 would be 1.50 cm. For reasons made
clearer hereinbelow, it is again of particular importance

' that probe length 106 be centered as precisely as possible
vis-a-vis flow conduit 92 to insure that this probe length
lies in the most central portion of the isolation liquid
- stream 98_fiowing therearound. Minimal probe wall
thickness is also again of importance.

7 Sampler means are indicated schematically at 112
ih' Fig. Siand are operable in conventional manner to supply
an air-segmented stream 114 of sample liquid segments as
shown to probe 102 for flow therethrough through internal
probe flow passage 110 to merge with the isolation liquid
stream 98 as the stream 114 exits the outlet edge 116 of
the probe'length 106. As -illustrated in FIG. 5, stream 114
comprisesesample liguid segments S1 and S2, and air
segments Al and- AZ2.

In-operétion, FIG. 5 makes clear that as each air
segment, for'example air segment Al as shown, exits the
internal probe flow passage 110 through outlet edge 116 of
the probe length 106, that air segment will naturally
expand in diameter to essentially fill the larger diameter
internal flo& passage 118 of the conduit 92 and, in so
doing, the segment or bubble meniscus
120 wili pick up the flowing isolation liguid from isolation
liquid stream 98 and displace and distribute the same in the
form of the isolationrliquid layer 18 at the wall 118 of
that internal conduit flow passage to coaxially surround
the air segment ef interest.

The immediately following flow of the succeeding

sample liquid segment S1 from the internal probe flow
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‘passage 110 into the isolation liquid -stream 98 in internal

 —flow oom&uit'passagerjwill; as that sample liquid segment

naturally expands:inrdiameter in like manner to essentially

>flll the larger dlameter internal flow passage 118 of the.

‘conduit 92,,cont1nue thlS dlsplacement and distribution of
-~ the. isolation lquld, thereby contlnulng the formation of
the isolation . lquld layer 18. 0f course, the preferentlal
r"wettablllty" of the hlghly hydrophoblc wall of the internal
condult flow passage ‘118 by ‘the 1solatlon llquld to thei

substant1al exclus1on of the aqueous sample llqu1ds

' ,v1rtually insures agalnst any contact by the aqueous ‘sample’

liquids’w1th, thatrlnternal conduit flow passage wall

attendant the flow of the . sample liquid stream 1184 into

,—COnduit 92 asrdescribedV This, in turn, virtually insures

‘the formatiom—and retentlon 1n condult 92 downstream'of"

probe 102 of a contlnuous, air and sample liquid stream

encapSulatihg isolation llquld'layer 18. In addltlon, and

”as eaoh’air segment, forrexample Al, exits the probe 102 for

expahsion—asrshown in Fig. 5 within the isolation liguid.

rstteam'98'im cohauit792,;the same will also operate to

'displaoe'the isolation liquid'from that stream to continue

;the:formation'of’the”isolation'liquid laYerVIB,fand to form . -

“the lnter—sample llquld segment ‘isolation llquld layers 20
as shown in FIG. 5. at the respectlve ‘air- sample 11quld
7 segment 1nterfaces.r ' , 7 o
B In accordance: w1th the above, the resultant
'1solatlon llquld-encapsulated,,alr-segmented sample liguid
-stream lzofln:coudult 92. in FIG. 5 downstream of the probe
leugthrloé'ahd,,whioh'as_lllustrated’ comprlses sample

" liquid segments S3 and S4, and air segment A3, will be

~fully protected:againstrsamplemliquid carryover by the-

1solatlon liquid layer.rr
Sample liquid- proce531ng and/or analy51s means are
1ndlcated scnematlcally at- -122 in FIG. 5, and are operable

- as ;ndlcated to,:ecelve the_lsolatlon liquid encapsulated;

[}



WO 89/00697 | - PCT/US88/02153

31

air-segmented sample liquid stream 120 from conduit 92 to
those purposes. In this instance, sample ligquid processing
and/or analysis means 122 would take the form of those
which are satisfactorily operable to those purposes without
degradation of ‘clinical significance in sample liquid
processing.and/or'analysis with the isolation liquid layer
18 in piace., |

A system controller is indicated again
schematically at 48 in FIG. 5, and is operable as indicated
through lines 124, 126 and 125 to synchronize and control
the operation of pump 96, ~ sampler 112, and sample

,,proééssing and/or analysis means 122. '

With pump 96 supplying the isolation liquid stream

198 to flow conduit 92 at a flow rate Ql, and sampler 112
supplying the air segmented, sample liquid stream 114 to
flow conddit 92 at a flow rate 02, it will be clear that
the flow rate 03 of stream 120 in flow conduit 92 will be
equal to Q1 and Q2. Although these flow rates, and the
'fatio petween flow rate Q2 and Ql may, of course, vary
throughout wide ranges in accordance with the
application(s) to which the apparatus of 90 of FIG. 5 are
put, it may be understood that a representative range for
therratio 02/01 is between 10 to 1 énd 100 to 1 in
accordance1with the reguired "richness" of the isolation
liquid layer 18 relative to stream 120.

Of particular advantage with regard to the
apparatus 90 of FIG. 5 are the facts that the same operates
to precisely form the isolation liquid layer 18 where it is
mbst needed and most effective for purposes of minimization

rof sample liquid carryover, e.g. at the inner wall 118 of
flow conduit 92, and that precise and readily
accomplishable control in each instance of the flow rate
ratio Q2/Q1 énabies the precise formation of the isolation
liquid layer of the optimal thickness in accordance with

the particular'application to which the apparatus 90 are to
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be put,with;regara to bbthrsample liquid carryover

‘minimization 'and economy of isolation liquid utilization.

A -fourth embodlment of apparatus representatively

conflgured and operable in accordance with. the teachings of
our, 1nventlon is 1nd1cated generally at 130 in FIG. 6; and
comprlses; a- flow condult l32, agaln of any suitably ‘inert,
- highly hydrophoblc materlal in the nature of an approprlate

Vfluorlnated hydrocarbon. 7
' A sampler is 1ndlcated schematlcally at 134 and is

operable as 1ndlcated in conventlonal manner to supply an

- air segmented sample llquld stream 136 for flow through the

anternal flow ‘passage 138 of conduit '132. As illustrated
_51n FIG. 6,, stream 136'comprises'sample liguid segments S1,.
:SZ,,SB and s4 as  separated by air segments Al, A2 and A3.

quuld 1ntroduct10n means are. 1nd1cated generally

at 138 in FIG. 6, and take much the  same form structurally'

1as"ther'liquid;separator ‘means 63 of FIG. 3. To that

effect, liquid ihtroduccion'means 138 compriseca.conduit

insert 140 which -is ~preferably of the same inner diameter

as flow condult 132, and TWhich is joined therein and
r—attached thereto as shown in fluld tlght manner by, for
example, a sultable adhe51ve as 1ndlcated at 142 in FIG. 6.
Insert 140 ‘is’ fabrlcated from any suitably porous' filter
rmaterlal whlch ‘is also hlghly hydrophobic, again for
example an approprlate fluorlnated hydrocarbon. a

' _ '_A generally coaxial sleeve is indicated at 144 and
is:'securedras,shown.ln fluid-tight manner to the adjacent
external",walls of condﬁlt'l32, again for example by a
suitable,adhesive as 1nd1cated at 146, to surround the

conduit insert 144 and provide a generally torous-like

enclosed space 148 therebetween. Sleeve 144 is made of any

suitable,'fluid—tight material, for example a  suitable
'plastic;',Aanglar seals 150, 152, 154 and 156 are provided

as shown at the:fespectiye junctures of the insert 140 and

sleeve 144 with'the flow conduit 132 to'prevent fluid

o
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leakage therefrom. Again, fluid-tight press fits may
alternativély be utiiized to form these junctures.

An isolation liquid supply conduit is indicated at
160 in FIG. 6 and extends as shown through sleeve 144 into
communication with torous-like space 148. An annular seal
162 is disposed around the juncture of conduit 160 and
sleeve 144 to prevent fluid leakage therefrom,.

7 Anriéolation iiquid source is indicated
schematically at 164 in FIG. 6 and is connected as shown
through a pump as - schematically indicated at 166 for the
supply of isolation liquid through supply conduit 160 to
the space 148. pump 166 is preferably of the positive
displacement type taking, for example, the form of a.
standard laboratofy syringe pump which is operable to
positively pump liqguids at precisely déterminable flow
rates. _

~Im opération of the apparatus 138 of FIG. 6 to
introduce an isolation liquid from source 164 to air-
segmented sample liquid stream 136 within insert 140 to
encapsulate the ~latter therewithin, it will be clear that,
with torous-like space 148 filled with the isolation
liquid, the continued operation of positive displacement
pump 166 will function to flow the isolation liquid from
space 148 through the porous insert 140 to emerge at the
inner wall 168 of the same at the outer boundary of the
fiowing air segmgnted,sample liquid stream 136 therein. Of
course, as the positively pumped isolation liquid emerges
from the inner wall 168 fo the insert 140, it will displace
the air segmented sample liquid stream 136 therefrom; with
the preferential attraction of the isolation liquid to that

‘highly hydtophobic inner wall to the substantial exclusion
.of the aqueous sample liquids, functioning to retain the
isolation 1liquid in contact therewith to form the isolation
liguid layer 18 within insert 140 for flow with the stream

136 through flow conduit 132 in the direction indicated in
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FIG;VGQ'rinladdition,rand with a sufficiently "high" ratio
ofiisolationliquid flow Ql through porous conduit insert 140
torair—segmented sample liquid stream flow Q2 through
oondoit'l32; formation of the respectlve 1solatlon llquld
layers 20 at the respectlve air and- sample llquld segment
rlnterfaces as shown in FIG. 5 will also agaln be
faccomplished . As a result, it will be - clear that sample
llquld carryover is agaln effectlvely mlnlmlzed with regard
‘to the isolation llquld-encapsulated, alr—segmented sample

,llquld stream 172 attendant the contlnued flow thereof 1in

flow conduit 132 downstream of the porous condult ‘insert

~140.
Sample proce531ng and/or ana1y51s means are

schematlcally indicated at 176 in FIG. 6, and operates as

‘indicated torrecelve therlsolatlon llquld encapsulated, air- -

segmented sample liquid stream 172 from flow oonduit 132 to
those':purposes; itrbeing clear that, in this instance,
'sample liquid processing and/or_analysis,means 176 would
take the form of'thOSe _wﬁichlare satisfactdrily'operable
,withont'degradation of clinical. 1significance'ln sample-
liquid proceSSIng and/or analy51s w1th the 'isolation3liquid
,'layer 18 and- 20 in place. ' '
7 A system controller is 1nd1cated schematlcally at
178 :lanIG.,G and is operat;vely connected as indicated by
' samplerr'134, pump 166 and'sample'processingrand/or analysis
':means7l76 to_'control ‘and synchronlze the respectlve
operations threreof. ' , :
, With pump 166 supplying the 1solatlon llqu1d
:stream through ‘porous - insert 140 to flow conduit 132 at a

flow rate Ql, and sampler 134 supplylng ‘the air segmented

sample llqu1d,stream: 136 to that flow conduit at a flow
rate Q2, it will'be'clear that  the flow rate Q3 of stream
l72ewill"be;eQua1;to'Ql'and Q2. Again, these'flow rates,

and the ratio”between Ql'and Q2 may; of course, vary widely

: as ‘set forth hereinabove with regard to the embodlment,of
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Again of particular advantage with regard to the

apparatus 130 of FIG. 6 are the facts that the same operates
to precisly form the isolation ligquid layer 18 where it is
most needed and most effective for purposes of minimization
of sample liquid carryover, e.g. at the inner wall 168 of
the insert 140 and thus at the inner wall 174 of the flow
conduit 132, and that precise and readily accomplishable
control in each instance of the flow rate ratio 02/01
enables the precise formation of the isolation ligquid layer
18 of the optimal thickness in accordance with the
particular application to which the apparatus 130 are to be
?ut withrregard to both sample liquid carryover minimization
and minimization of isolation'liquid consumption.

VFIG. 7 illustrates a sample analysis system as
generally indicated at 190 and-which includes both the
liquid introduction apparatus 130 of FIG. 6, and the liquid
separation Epparatus 60 of FIG. 3. Sampler, isolation
liquid source, and additional sample processing and/or

" sample analysis.means,'are respectively indicated at 134,
164 and 36; while a system controller is schematicaily
indicated at 192, and is connected as shown by lines 180,
182, 52 and'54'to s-mpief 134, pump 166, pump 84 and
additional sample processing and/or sample analysis means
36 to control and synchronize'the respective operations

‘thereof. Sample processing means are indicated
'schematically at 194, and aré:operatively diSposed as shown
between ligquid introduction apparatus 130 and liquid
separation apparatus 60. A flow conduit 196 is provided as
shown in the system of FIG. 7 to connect the outlet of pump
84 to the isolation liguid source 164 to return the
_separated isolation liguid to the latter.

In the operation of the sample analysis system 190
of” FIG. 7, an air-segmented sample ligquid stream is

supplied from sampler 134 through flow conduit 132 to
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liquid introduction épparatusrl3d £ot encapsulation of that

.stream'in;an isolatidnr liquid layer 187asidescribed in

detail-hereineboﬁe withrregatd to FIG. 6. This stream then

flbws ae'indicated to and through sample processing means
194 for proce351ng as requlred,'and therefromrasrindiééted

rto and through liquid separatlon apparatus 607for removal

'of,the isolation liquid layer therefrom as :aeecribed'in'

detail hereinabove with regard to FIG. 3, with the thusly

removed 1solatlon liquid being returned as indicated from

pump- 84 tnrough conduit 196 to isolation llquld source 164

for 'contlnuous re-use ;n the system 190.° Tne resultant,

: Substantially,isolatioh liquid-free, air segmented sample

liquid stream is then flowed as indicated.threugh conduit

. 62 to additional sample proce551ng and/or sample analysis

' means 36 to; those purposes.

‘Under theeabove circumstances, it will be clear

that the sample analysis system 190 of FIG. 7 proVidesrthe,

particularly significant éohfinued advantages of precise

'isdletion liquid laYer'formatioh,forrmaximal sample liguid -

,carryqvetVPreventicn;:and highly effective removal of that
isolation liquid- layer prior to additional sample liquid

processing and/or analysis to maximize the effectiveness and

accutacY of the. same. ‘In'faet, since encapsulation of the

alr-segmented sample llquld stream by the apparatus 130 is.

essentlally limited to the formation of the isolation liquid

layer 18 at the inner ‘wall of flow conduit 132, and since

ﬁapparatus Gorare effectlve to remove substantially all of

,that'eisoletion liquid layer}'it,ﬁill'be'clear that the air-

segmented sample liquid'stream'which is flowed as,deSCribedr

from-apparatus 60 to "additional sample processing and/or

,sample/ahalysis'meanSf 36 through flow conduit762iin'FIG.,6

will be'vi:tually isolatioh liquid-free, Teo, since,the,'

system 190 functions to constantly recirculate and re-use

essentially the same isolation liguid, it will be clear

that maximum economy of isolation. liguid wutilization is, of

<]

o
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course, achieved.
~Although representatively depicted and described
as utilizing the apparatus 130 of FIG. 6 for formation of
the isolation liquid encapsulated, air-segmented sample
liquid stream, and the apparatus 60 of FIG. 3 for the
sepatation of the isolation liquid from that sample liquid
Stream}rit will be immediatelyrclear to those skilled in
this art that the sample analysis system 190 of FIG. 7
could alternatively utilize the apparatus 90 of FIG. 5 for
~isolation liguid encapsulated sample liguid stream
formation, and/or the apparatus 10 of FIG. 1 for separation
~ of the isolétionvliquid from that stream. _

' Although disclosed hereinabove by way of
representative  examples as operable in conjunction with air
segmentéd sample 1liquid streams, it will be clear that the
apparatus and method of ~ our invention are by no means
‘limited to use with sample ligquids; and that, with fhe
exception of the apparatus 100 of FIG. 5 wherein the
expanding meniscuses of the air segments operate as
described to diéplace the isolation liquid to the inner wall
118 of flow conduit 92, the apparatus and method would be
operable to equally advantageous effect with non-air
ségmented continuous 1liquid streams. '

Various changes may of course be made in the
hereinr disclosed preferred embodiments of the apparatus and
method of our invention without departing from the spirit

-and scope thereof as defined by the appended claims.
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WHAT IS CLAIMED IS: ,
1. In llquld separatlng apparatus for substantially

: separatlng at least a portlon of a first llquld from a

. common liquid stream of first and. second llqulds ‘flowing ln:

conduit means 1ncludlng an inner conduit means surface which

"ls selectlvely wettable by said second llquld to. the

: substant1a1 exclusion of said flrst liquid, the 1mprovements
Vcomprlslng,,llquld separatlng ‘means in said: condult means
‘for substantlally separatlng ‘at least a portlon of said
flrst—lquLd from said common liguids stream attendant the
flow thereof'past'said liquid separating means in said
conduit means, and means operatlvely connected thereto for
flow1ng the thusly substantlally separated first 1lquld
:portlon out of said conduit means while enabllng the
contlnued £flow of the remalnder of sald common . llqulds
‘stream througn said conduit means.o 7 '

2. In apparatus as in claim 1 whereln, said second
,liduid‘is flow1ng prlmarlly at said inner conduit means

‘surface 1n substantlal contact therewith; and said first

:llquld is flow1ng prlmarlly within said second llqu1d

'substantlally out of contact with said conduit means inner
'surface, the 1mprovements further comprlslng, said'liquid
separatlng means comprlslng probe ‘means 1nclud1ng a probe
means port;onrwh;ch extends w1th1n said conduit means,out of
contact with said'inner coﬁduit means surface to intercept

substantlally only the flow of sald first llquld in said

condult means,;sald probe means portion compr181ng 1nlet'

. means for llquld flow thereinto.

3. In apparatus as in clalm 2, the improvements

further comprlslng, said means for flOWing the thusly -

,substantlally separated flrst llquld portlon out of said
~conduit means comprising another portion of sald probe

means in commcnlcatlon w1th said first- mentloned probe means

“,portlon and extendlng through the wall of said conduit means

for. the flow of the _thusly substantlally separated first



WO 89/00697 .  PCT/US88/02153 -

39

liquid portion therethrough out of said conduit means.

4. In apparatus as in claim 2, the improvements

further*compriéing, said probe means inlet means being sharp
edged. '
_ 5. In apparatus as in claim 2, the improvements
further comprising, said conduit means and said probe means
portion belng of generally circular cross-section, with said
probe means portlon being disposed generally concentrically
of said condult,means.

6. In apparatus as in claim 2, thé improvements
further comprising, said probe means portion comprising an
outer surface which is selectively wettable by said second
liquid to the substantial exclusion of said first liquid.

7. - In apparatus as in claim 3, the improvements
fﬁrther comprising, secondary conduit means operatively
connected to said another probe means portion for the flow
of the thusly substantially separated first liquid portion
therethrough.

| 8. ~In apparatus as in claim 7 wherein, said inner
conduit means surface is hydrophobic, said second liquid is
an isolation liquid which is preferentially attached thereto
to the substéntial exclusion of aqueous liquids and said
first liquid is an aqueous sample liquid which is immiscible
with said isolétion'liquid, the improvements further
comprising, sample liquid analysis means operatively
connected to said secondary conduit means downstream of said
liguid separating means and operable to analyze the thusly
substantially separated first liquid portion.

9. In apparatus for the substantial separation of a
secondrliquid from a common stream of said second liguid and

a first liguid which is immiscible therewith flowing in
conduit'méans,rsaid conduit means including an inner surface
which is selectivély wettable by said second liquid to the
éubstantial exclusion of said first liquid, the improvements

comprising;'liquid separating means in said conduit means
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for_Substantially separating said second liquid from said

- common stream of said first and second immiscible liquids
'attendantfthe:flowVthereOf'past,said'liquid’separating,means
in saidrconduitrmeans,iand means operatively,COnnectedsto
said;liquia,separating;means'for flowingrthe thusly

substantially separated second liquid out of said conduit

'means while enabllng the contlnued flow of the remalnder of

said common llqulds stream ‘through said conduit means.

_lo. ,In_apparatus as 1n1cla1m 9 Whereln, said second,

liquid is'flowing'primarily at said inner conduit means

surface in substantial'contaCt therewith, and said first '

llquld lS flow1ng prlmarlly w1th1n said second liguid

substantlally out of contact w1th said conduit means inner

surface, the 1mprovements further comprising, sald liguid

separatlng means comprlslng a porous condult means portion
‘of a materlal whlch 1s selectlvely wettable by said second

illquld to the substantlal exclusion of said first lquld

. said porous condult means portlon being disposed in said

conduit means so as to be 1n1t1ally contacted substantlally

only by‘sald second lquld attendant the flow of said flrsti

nd second 1mmlsc1ble llquld through said conduit- means, and

means operatlvely assoc1ated with said porous condult means

'portlon for flow1ng ‘said second llquld therethrough out of
sald conduit means.:—' :
7 ' ll.r In apparatus as. in clalm 10, the improvements

further comprlslng,—sald porous condult means,portion

-comprlslng a ‘conduit means ‘insert whlch is of essentially:

'the same 1nner dlameter as sald condult means.

12.j In apparatus ‘as 1n claim 10, the 1mprovements

further comprlslng, sald means for flowing second liguid
through sald porous condult means portlon out of said

condult means comprlse,‘means to ”reate a dlffertlal_

oressure across sald porous condult means portlon.
'713, In apparatus as ‘in clalm 10, the improvements

further comprlslng, sleeve means surroundlng sald porous

o
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conduit means portion externally of the same to create a
liquidétight,space therebetween for the collection of said
second liquid upon the flow thereof through said porous
conduit means portion.

14. In apparatus as in claim 11 wherein, said inner
conduit means surface and said porous conduit means insert
are hydrophobic, said second liquid is an igsolation liquid
which is preferentialiy attracted thereto to the substantial
exclusion of aqueous liguids, and said first liquid is an
aqueous sample liquid which is immiscible with said
isolation liquid, the improvements further comprising,
.sample liquid analysis means operatively connected to said
conduit means downstream therein of said porous conduit
means insert and operable to analyze said first ligquid.

~15. In apparatus as in claim 13, the improvemehts
further, comprising, said means to flow said second liquid
through said porous conduit means portion comprising, pump
means operatively connected to said liquid-tight spaced and
operable to create a pressure therein which is lower than
the pressﬁre in said conduit means.

16. In apparatus for the introduction of a first
liquid into a stream of a second liguid which is iﬁmiscible
therewith and flowing in conduit means, said conduit means
comprising an inner conduit means surface which is
selectively wettable by said second ligquid to the
substantial exclusion of said first liquid, the improvements
comprising, liquidrintroduction means within said stream of
said second ligquid in said conduit means for introducing
said first liquid thereinto to form a stream of said first
ligquid therewithin by displacing said second liquid stream
substantially to the inner conduit means surface for
retention thereat by the selective wettability thereof by
‘said second liguid to the substantial exclusion of said
first liquid, and meéns operatively connected to said liquid

introduction means for flowing said first liguid
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therethrough into sald condult means whereby, said second

,llquld stream will substantlally encapsulate said first

’ llquld stream for contlnued common flow through sa1d condult"

means. o , ,

C17. aIn'appa;auusias7iurdlaim 16, the improvements
furthef comprising, said first liquid stream being air-
dsegmented' 7 -

18. Inrapparatus as in clalm 16, the improvements

further comprlslng, said liguid lntroduction means -

comprlslng probe means 1nclud1ng a probe means portion whlch,

extends within said conduit means out of contact with the

inne:"surfaéerof said conduit means, said probe means

portion comprising outlet means for the flow of said first

liquid out of the same into said second liquidzstream;

- 19. ,Iu'apparatusdas in c;aimf18,rthe improvements
_further comprising, said means for flowing said first liquid
- into said conduit*meahs comprising. another poftien of-Said
_probe means in communlcatlon with said first-mentioned probe
means po:tlon, and extendlng through the wall of said
conduit means fer‘thefflow of said first liquid into the
rsame. 7 o ' o o '

26., inrapparatus as in claim 18, ﬁhe imérovements
further cOmprising,'said conduit'meaus,and said probe means

'péftidnfbeing*of'generailyrcireular cross—section,iwith said

probe'means portion being diSpdsed generally concentrically

" of said conduit means.dr : o
'21;7 In apparatus as in clalm 18 whereln, saidfinner
) condult means surface 1s hydrophoblc,'sald second liquid is

an 1solat10n llquld whlch is. preferentlally attracted

,thereof to- the substantial exclusion of agqueous sample

llqulds,,and said f;rst liquid is an aqueousrsample liquid
:which7iS*immiSCible,with*said—isolation,liquid, the
improvements further comprising, sample liquid analysis

: means'dperatively connected to. said conduit means:downstream

df'said:liquid,introduction:@eans and operable to analyze '

@
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said sample liquid.

22. In apparatus for the introduction of a second
liquid into a stream of a first liquid which is immiscible
therewith and flowing in conduit means, said conduit means
comprising an inner conduit means surface which is
selectively wettable by said second liquid to the
substantial exclusion of said first liquid, the improvements
comprising, liquid introductioh means in said conduit means
for introducing said second liquid into said first liquid
stream at said innefrconduit means surface to displace said
first liquid therefrom and form a stream of said liquid at
said inner conduit means surface which will be retained
thereat by the'selectiverwettability'of said innér conduit
means surface by said second ligquid to the substantial
exclusion of said first liquid, and means operatively
connected thereto for flowing said second liquid into said
conduit means whereby, said second liquid stream will
substantially encapsulate said first liquid stream for
continued common flow through said conduit means.

23. In apparatﬁs as in claim 22, the improvements
further comprising, said liquid introduction means
comprising a porous conduit means portion of a material

awhich'isrselectively wettable by said second liquid to the

substantial exclusion of said first liquid, and means
operatively associated with said porous conduit means
portionrfor flowing said second liquid therethrough into
said conduit means. '

- 24. In apparatus as in claim 23, the improvements
further comprising, said'porous conduit means portion
comprising a conduit means insert which is of substantially
the samé inner diameter as said conduit means;

25. In apparatus as in claim 22, the improvements
further combrising, said means for flowing said second
liguid through said porous conduit means portion into said

conduit means comprise means for pumping the same
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therethrough

26., In apparatus ‘as in clalm 22, the improvements

,further comprlslng, sleeve means surrounding'said porous‘

condult means portlon externally of the same to create a
11qu1d—tlght space therebetween for the collection of said
second liquid prlor to the flow thereof through said porous
condult means portion. - _

' 27. In apparatus as in claim 22 wherein, said inner

condult means surface and sald porous conduit means portlon'

‘are hydrophobic, said second llquldelsran_;solatlon liquid -

which iSapreferentiaily attached thereto to the substantial

}pexclusion*of1aqueous liquids,_and said first liquid is an

aqueouscsample"liquid~Which-is'immiscible with -said

iSolation liquid, the improvements furtner—comprising,
sample liquid analysis meansroperatively connected to said
,conouit'means"downstreamrthereinrof said porous conduit
' means portion and'operable to analyze said firstfliquid.

7 728., In . apparatus as in claIm 26, the improVements
further comprlslng, said means to flow sa1d second llquld
through sald porous conduit means portlon comprlslng
' pos1t1ve,dlsplacementVpumprmeans operatlvely connected to
said liquid'tignt space and operable to pump said second
liquid thereinto for flow in turn through sald porous

condult means portlon.

29. . In sample- llqulds analy51s apparatus 1nclud1ng—

sample means, a source of an 1solatlon ligquid Whlch is

tlmmlsc1ble w1th said- sample llqulds, and conduit means

'connectlng sald sampler means to said sample liquids

analysis means, said Samplerfmeans being operable tocsupply

a stream of . successive sample liguids to said conduit means

Tfor flow therethrough to said sample llqulds analy51s ‘means,

said condult means comprlslng an inner surface ~which 1is
’select;veLy wettable,by sa;d isolation llquld to the
‘substantial exclusion of said sample liguids, the

7 improvements comprising, isolation liquid introduction means

i
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,operatlvely associated with said conduit means for

introducing said isolation ligquid from said isolation liquid
source into said sample liquids stream in said conduit means
to form a stream of said isolation liguid at said 1inner
conduit means surface to substantially encapsulate said

sample ligquids stream therein and thereby minimize'sample

liquids carryover in said conduit means, and isolation

ligquid separating means operatively associated with said
conduit means downstream of said isolation 1liguid
introduction means for substantially separating said
isolafion liquid stream from said sample ligquids stream
prior to the flow thereof to said sample liguids analysis

means, thereby minimizing interference by said isolation

liquid with sample liquids analysis.

30. In apparatus as-in claim 29, the improvements

_ further comprising, said sampler means further comprising

_means to air segment said sample ligquids stream.

31. In apparatus as in claim 29, the improveménts

“further comprising, means operatively connected to said

lsolatlon lquld separating means and said isolation liquids
source for returning the thusly separated isolation liguid

from the former to the latter for re-use in said sample

liquids analysis apparatus.

32. In a method for substantially separating at least
a portion of a first liquid from a common liguid stream of
first and second liquids flowing in conduit means including

an inner conduit means surface which is selectively wettable

by said second liguid to the substantial exclusion of said

first liquid, the impfovements comprising, the steps of,

‘substantially separating at least a portion of said first

liquid from said common stream of said first and second
liquids attendantrthe flow thereof in said conduit means,
and flowing the thusly substantially separated first liquid
portion out of said conduit means while continuing the flow

of the remainder of said common liquids stream through said
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condult means._‘

33.' in a method as in clalm 32 whereln, said second

 llquld is flow1ng prlmarlly at sald inner condult means

surface in- substantlal contact therewith, and said flrstr

'llquld is flow1ng prlmarlly within said second lquLd T

substantlally out of contact with said inner conduit. ‘means

surface, the 1mprovements further—compr151ng, the steps of

i,substantlally separatlng at least a portion of said flrst7

- liquid from ‘said common stream comprlslng, substantially

,separatlng said first llquld portlon from the'generally
entral reglon of sald common llqulds stream in sald conduit
means. - 7 o R ', :
'34.h In a method as in claim 33 wherein, said flow
conduit . means include probe means- extendlng therethrough and
hav1ng 1nlet means at the generally central region of sald
common llqulds stream, the 1mprovements further comprlslng,
the substantlal separatlon of sald first liquid portion from
'sald common llqulds stream and flow thereof out of said
conduit means comprlslng, ‘the steps of, flow1ng said first
" ligquid- portlon 1nto said probe means. through sald inlet
'meansrfor=flow through,saldlprobe means out  of sald.condu;t
‘means. o - 7

35;— In a method as in claim 32[ the improvements

further comprlslng, flow1ng the thusly substantlally'
separated first liquid portlon through secondary condu1t,

means- which are;operatlvely connected to said conduit means.

36. fInra-method as in claim 35 wherein, said inner

" conduit ‘means surface is hydrophobic, said second liquid is
an isolation- lquld whlch is preferentlally attracted
thereto ‘to the substantlal exclusion of aqueous llqulds, and
'sald first. lquld 1s an aqueous sample liquid whlch is
immiscible w1th sa1d ‘isolation llquld, the 1mprovements

further compr1s1ng, the steps of analy21ng the thusly

fsubstantlally separated flrst ligquid portlon upon the flow

'7thereof through said secondary condult means.

n

L
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37. In a method for the substantial separation of a

seéond liquid from a common stream of said second liquid and

a first liquid which is immiscible therewith flowing in
conduit means including an inner surface which 1is

selectively wettable by said second liguid to the

substantial exclusion of said first liquid, the improvements

- comprising, the steps of, substantially separating said

second liquid from said common stream of said first and
second immiscible liquids attendant the flow thereof in said

conduit means, and flowing the thusly substantially

. separated secondrliquid out of said conduit means while

continuing the flow of the remainder of said common ligquids
stream in said conduit means.

38. In a method as in claim 37 where, said second
liquid is flowing primarily at said inner conduit means
surface in substantial contact therewith, and said first

liquid is flowing primarily within said second liquid

'substantially,out'of contact with said conduit means inner

surface, the improvement further comprising, the step of

substantially separating said second liquid from said common

. stream comprising, substantially separating said second

liquid from said common liquids stream generally at said

" inner conduit means surface.

39. In a method as in claim 38 wherein, said inner
conduit means surface is hydrophobic, said second liquid is
an isolation liquid which is preferentially attracted
thereto to the substantial exclusion of aqueous liquids, and

said first liquid is an aqgueous sample ligquid which is

immiscible with said isolation liquid, the improvements

further comprising, the steps of, analyzing said first

liquid upon the continued flow thereof through said conduit

means. ,
40. In a method as in claim 38 wherein, said flow

" conduit means include a porous conduit means portion at the

inner conduit means surface, the improvements further
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roomorising the substantial separation of said second liquid
from,sald common,llqulds stream and flow thereof out of said
conduit means compr1s1ng, the steps of flowing said second

llquld through said porous condult means portlon out of sa1d

condult means.

41._ In a. method for the 1ntroduct10n of a first llquld,

into a stream of a second liquid whlch 1s immiscible
therew1th and flow1ng in condult means, sald conduit means
.comprising - an_1nner conduit ‘means surface which is
fselectlvely wettable by 'said second llquld to the
_substantlal excluSLon of said first llquld, the 1mprovements

'oomprising,r*“ _steps of 1ntroduc1ng said first llquld 1nto

sald second liquid stream 'in said conduit means to form a

'stream of said first llquld therew1th1n by dlsplac1ng ‘said
"second llquld,stream substantially to the inner conduit
' means surface for'reteotion thereat by the selective
,wettabilityrthereoﬁeby said;second liquid to the substantial

exdlusioo of said first liquid, thereby substantially

‘encapsulating said firSt'liq&id stream in said second liquid

"stream for contlnued common flow thereof thtough'Said

i condu1t means.

',_42., In a method as ‘in claim 41, the improvementSj

7further'oompr151ng, the steps of, air-segmenting said fitSt

llquld prlor to the flow thereof into said conduit means.

43,7 In - a method as in claim 41, the 1mprovementsf

further comprising, the 1ntroduct;on of said flrst'llquld
into said second'liquid stream comprisihgg»the steps of
'introducing'said first liouid intorsaid second liquid stream
' generally centrally thereof. | | |

44. ‘In a method as in claim 41 wnereln, ‘"said inner.

' condu1t means surface is hydrophoblc, said second liquid 1s"—'

~an ‘isolation llquld which is preferentlally attractedt

thereto to the substantlal exclu51on of aqueous liquids, and
saldrflrst liquid 1s'an agqueous samplerllquld which 1is

immiscible with said isolation liquid, the improvements

I}

"
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further comprising, the steps of, analyzing said first

liquid upon the continued flow thereof through said conduit
means.,

45. In a method as in claim 43 wherein, said conduit
means 'nclude means extending therethrough and having outlet
means at the generally central region of said second liquid
stream in said conduit means, the improvements further
comprising, the introduction of said first liquid into said
second liquid stream comprising the steps of flowing said
first liquid through said probe means into said conduit
means for flow from said probe means outlet into the
generally central region of said second liquid stream. 7

46. In a method for the introduction of a second
liquid into a stream of a first liguid which is immiscible
therewith the flowing in conduit means, said conduit means
having an inner surface which is selectively wettable by

said second liquid to the substantial exclusion of said

_first liquid, the improvements comprising, the steps of,

introducing said second liquid into said first liquid away

. from said inner conduit means surface and form a stream of

said second liquid at said inner conduit means surface which

will be retained thereat by the selective wettability of
said inner conduit means surface by said second liguid to
the substantial exclusion of said first liquid whereby, said
second liquid stream will substantially encapsulate said
first liquid stream for continued common flow thereof
through said conduit means.

47. In a method as in claim 46, the improvements
furthérrcompfising; the intfoauction of said second liquid
into said first liquid stream comprising, the steps of,

ihtroducing'said second liguid thereinto substantially at

. said inner conduit means surface.

48. In a method as in claim 46 wherein, said inner
conduit means surface is hydrophobic, said second liquid is

an isolation liquid which is preferentially attracted
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thereto to the substantial excluSion'of said aqueous
liquids, and said first liquid is a sample liquid which is

immiscible with said isolation liquid, the improvements

furtnerrcomprising, the steps of, analyzing said first

llquld upon the contlnued flow thereof through sald condult”

means .

49. In a method as’ 1n clalm 47 whereln sald condult

- means include- a porous conduit means portion at said inner '

'f'condultlmeans surface,.the,lmprovements further comprising,
the introduction of said second liquid into saidetirst
liquid stream comprlslng, the steps of, flowing said second
rllquld through sa1d porous conduit means portlon in to sald

first liquid stream.:

50. In a method as in- clalm 49,,the improvements

-further compr1s1ng, the flow of said second 1liquid through'

sald porous condult means portlon compr1s1ng, the steps:of,

p031t1vely pumplng sa1d second llquld for flow therethrough'

51. ;In!a'methodfforfthe"analysis of sample liquidsfby

sample liquids analysis-apparatus including sampler'means,

sample liquid analysis'means, a source of an isolation

llquld which is immiscible with said sample- llqulds, and
condult means connectlng said sampler means to sald sample

llqulds analy51s means, sald sampler means being operable to

'fsupply a stream of succe551ve ‘sample llqulds to said conduit
. means for flow therethrough to said sample llqulds analysis

means, said flow condult means comprising an inner surface,

whlch is selectlvely wettable by sald 1solat10n—11qu1d to
_the substantlal exclus1on of said sample llqulds, the
1mprovements comprlslng, the steps of,rlntroduc1ng sald
~isolation .liquid ﬁrom sa;d isolation liquid soﬁrce into said

'sample'liquids stream in said conduit means to form a stream

of said isolation ligquid at said inner conduit means surface

' to substantially encapsulate/said sample liquids stream

tnerein and.thereby minimize sample'liquids'carrYOver'in

&

o
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gaid conduit means, and subsequently substantially
separating said isolation liquid stream from said sample

liquids analysis means, whereby interference by said

isolation liquid with sample liquids analysis will be

minimized. . _
52. In a method as in claim 51, the improvements
further comprising, the steps of, air segmenting said sample

liQuids stream prior to the introduction of said isolation

liquid thereinto.

53. In a method as in claim 351, the improvements
further comprising, the steps of, returning the thusly
Separated'isolation liquid to said isolation liquid source
for re~use in said sample liquids analysis apparatus.

54. 1In aéparatus for the substantial separation of at
least a portion of one liquid from a common stream of two
immiscibie liquids £flowing in flow conduit means, said
conduit means including an inner surface which is
selectively wettable by one of said liquids to the
substantial exclusion of the other of said liquids, the
improvements comprising, liquid separating means in said

conduit means for substantially separating at least said

 1iquid portion from said common ligquids stream attendant the

flow thereof past said liquid separating means in said
conduit means, and means operatively connected thereto for
flowing the thusly substantially separated liquid portion

out of said conduit means while enabling the continued flow

of the remainder of said common liquids stream through said

conduit means.

55. In apparatus for the introduction of a liquid into
a stream of another liguid which is immiscible therewith and
flowing in conduit means, said conduit means including an
inner surfacé which is selectively wettable by one of said

liquids to the substantial exclusion of the other of said

- liquids, the improvements comprising, liquid introduction

means in said conduit means for introducing said liquid into
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rthe'stream,ofVSaid anotherhliquid within said conduit means 7
to form a'commonrstreamiof'said liquids'therewithin, with

';sald liquid whlch selectlvely wets sald 1nner conduit means.

surface belng preferentlally attracted thereto to the

'substantlal exclusion of the other of said liquids to form a
,vliquidfstream at said_inner'conduit'means surface which
subétantially encapsulates the stream. of the other of said,u

' llqulds w1th1n sald—condult means-.

1 56. "In a methodrfor the substantial separation of at

least-ajportion'of one liquid'from a common stream of two -

immiscible liquids flowing in flow conduit means, said
conduit means including an inner surface which is

Selectively wettable by one of said liquids to the

substantial exclusion of the other of said liquids, the

improvements comprising,-the steps of,—substantially

'separating at’ lease said liquid portion from said common

liquids streanm attendant the flow thereof in said'conauit

' means, and flowing the thuSly?substantially'separated liquid.

portion out. of said conduit. meansrwhile continuing the:f10w

- of the - remalnder of sald common lquldS stream through sald'
'condult means.

‘57. In a method for the 1ntroductlon of a 11qu1d 1ntof—

a stream of another llquld which is 1mmlsc1ble therew1th and

’flow1ng in condult means, sald condult means 1nclud1ng an
~ inner surface whlch is selectlvely wettable by one of said
'VlquldS to the substantlal exclu51on of the other of said

llqulds, the 1mprovementsrcompr131ng, the steps of,

1ntroduc1ng said-liquid into the stream of said another of

sald llqulds within- said condult means to form a common

stream of sald llqulds therew1th1n, with said llquld whlch

selectively wets said ;nner conduit means surface belngr'
"preferentially attracteaithereto to the substantial
exclus1on of the other of said liquids to form a llquldf

stream at saldrlnner conduit means surface which

substantlally encapsulates the stream of the other of sald

@

@
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liquids within said conduit means.
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