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BACKGROUND OF THE INVENTION

1. Field of the Invention
(0021 This disclosure is related to the field of liquid extraction systenss. More particularly to
systems, methods, and apparatus for performing Hgnid extraction aad manipulation of a

sample for testing and measurement.

2. Description of the Belated Art
[003]  Anybody who has owned a bottle of salad dressing has likely made a casual chemieal
obscrvation: oil and water do not mix or at least separate over time, The causes of this
axtomatic chemical phenomenon have actually been subject to some debate, with various
explanations offered including electrical charge, density differential, that molecular water
bonds are too strong to be broken by solvent-solute forees, and salvation entropy.
{004} Regardless of the causes, the fact remains that oil and water are iImmuscible, meaning
they do not ordinary blend or mix with cach other. However, as with salad dressing, it is
possible to form an at least temporarily stable mixture of 01l and water through the useof a
third party chemical, which acts as a mediator between the immiscibles. This mediating
chemical 1s known as an emulsifier, and the resulting mixture is known asan eranlsion,
Emulstons can alse be formed, at least temporarily, through the mixing (mechanical
agitation) of the otherwise immiscible components. Such mixing is generally best when it is
involves the inclusion of high shear and substantial speed as is the case when the bottle is
shaken.
{0051 While emulsions ave perhaps most familiar in the culinary arty, they ave not limited fo
culinary applications. Chemically, an enmulsion is a specific type of colloid, a multi-phase
systemn of watter when twe Gsually imimiscible substances form amixture. Unlike s solution,

whose solute and solvent constitute a single phase, a colloid has a disporsed phase comprising
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suspended particles, and a continuous phase, compwising the medinm of suspension. An
enulsion 18 2 specific type ofcolloid in which both substances are Hguids, also knownasa
Hquid-liquid mixtore; that is, both the dispensed sobstance and the mediug of dispersion are
Hauids, One arboth of the Hguids may itself be a solation. For example, m salad dressing, the
oils{a Hguid) are typically dispersed as small droplets throughout a water solution, such as
water and acetic acid (also a hguid), which i the dispersion mediam.

[006]  The dispersed substance is typically formed into small particles, which are distributed
throughout the medium of dispersion, often with the aid of an emulsifier, which acty as a
chemical medistor between the two immiscible substances, or through the application of
force which breaks the dispersed substance into smaller “particles™ and distributes them
throughout the medium of dispersion. There are & number of different meehanisms of
emuisifications, and not all emulsifications are equally stable. While many emulsifications
have a stability measured in minutes up until days or weeks, smulsions in other chemicad
applications may have very little, or effectively no, stability, and require constant or near-
constant mixing to maintain the ermudsion or may require a relatively long time, such ag 13
nhnutes or move, to readily separate. Further, even after separation, the separation may be
incomplete as the dispersed substance nay stick 10the wall of the separation vessel o
otherwise interact with the environment as pan of the separation step.

[007]  Mixing {or remixing) of the dispersant nto the medivm may be performed through
the application of an external force, such as mechanical agitation. Once this foree Iy remioved,
however, the dispersed substance begins to separate from the medium of dispersion. This alse
can be seen with ordinary salad dressing, in which the oils will separate from the water over
time, but are easily remixed via manual agitation by shaking the bottle.

[O0R] Collokds and emulsions can present unique problems when present in chemical

processes. Specifically, it is often desirable in the chemical and mdustrial arts to measure the



WO 2019/118896 PCT/US2018/065787

respective dispersant to medivm content; or other chemical property, of the emulsion or a
portion of the emulston, I can be particularly valuable to do sodn sty or near In si and to
do so with o sample frooy & moving soviromment such a8 fluid lowing through a pipehine or
an industrial process. As g simple exampls; grude off and other materialy presentin an oil
refinery or other processing facility for oils often comprise emulsifications of oil and water.
Ag it 1 generally desired that the emulsifications be separated as past of the processing (or as
part of waste disposal) ¥ can be valuable to determine the amownt of waler present it the
emulsitication fo make sure this process Is performed effectively and econamically.

[G09]  Further, crude a1l i1s notoricusly sticky, even in emulsification snd particularly when
separated from waler by allowing the emudsification to settle. This means that process
machinery that Hamdles crude oil ennddsifications can slowly become degraded theough crude
oil settling on surfices. To control this, chemicals are often added to the emulsification to
keep the erude oil from settling. However, as these chensicals are expensive and the amount
needed is dependent on the amount of ol in the emulsification, it can be highly desirable io
hoth evaluaie the amoant of ol present, and the amount of sach chemicals carrenily present
i the process flow at any thme.

0101 These'types of measdrements and calculations ars typically performed on a sample of
the emulstfication in question through any manber of means known i the art, mnging from
optical spectrometry, conductivily, extraction, reaction, andfor temperatare measurements,
However, most measuring systems require the measured substance to be placed into a
specifie receptacie for measuring, and requive the sample o be i a specific form.. For an
emulsion, removing the substance from its initial coviromment {such as within product
maoving through a pipeline) and placing a sample in the measuring instnignent can result in

suffictent separation after a certain amount of time to allow accurate readings of various
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components of the emulsion, or to make such readings inaccurate depending on if the
separation or emulsion s needed for, or hinders, the measwement.

(011 Fuether, the process of separation cay take tivne and for products suck as erude oif the
separation can result in residoes being left tn the measuring device or otherwise presenting a
situation where the measoring Instrument reguires substantial cleaning between lests to avoid
iaccurate calenlations. This means that performing i sy megsurements, Or even
measarements where a removed sample is from « relatively close period to the product
curvently in a moving stream, can be very difficolt. It has also meant that antomated
measurement machines are ofien notused and tests ave performed by lab technivians. The
problom is compounded i muliiple different tests need fo be performed on the sample where
certain tests may require separation, some may require specific additives and some may not,
or some need to be performed on a portion of the sample only. What is needed is a flexible
systean and method for providing measurements of the components of an enulsion where the
ernudsion can be separsted, mixed (hoth with itself and with additives), analyzed, and
disposed of or refurned to a process stream very quickly, snd the nstrament can also be
quickly returned to g state where a sccond analysis can occur gquickly so that it can operate on
moving process flow to provide pertodic measurements. Finally, it s desirable for sucha
system to perform all such steps without human intervention, at least aftor an initial setup,
and 1o be able {o potentially detect 8 problem such as getting a known to he inaceurate sample
{e.g. because the emulsion input included a large “particle™ or dispersant not correctly

dispersed), correct from that situation, and obiain & new sampls.
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SUMMARY OF THE INVENTION

O3] The ollowing is a smmnary of the fnveuntion, which should provide to the reader
basic understanding of xome aspects of the tvention. Thissunmmary i oot tended to
identify oritical elements of the invention or in any way to delineate the scopeof the
invention. The sole purpose of this sumunary is fo present in simplified text some aspects of
the frvention ag a prelude to the more detgiled description presented below,

[014]  Becapse of these and other problems in the art, described hevein, among other things,
is a mixing syatem that employs a single or double piston pump with a highly sensitive means
of adding and controlling volumes of xingle or muliiple reagentsde a contrellable volume of a
sampie, mixing the samples and reagents, providing the means of eraploving a speeific
measurement tool on some portion of the mixed sample, and finally reporting the resulis to a
final control element sutomatically under indusirial conditions and often essentially i situ to
{Taid flows such s fluid moving threugh a pipeline or indusirial process.

[015]  In an embodiment, there is described g deviee for handling a sample comprising: a
pump: a pump chamber: and g valve arrangement; wherein, the pump will provide a hquid
sample from a sample source to the pump chamber, the Hguid sample passing through the
valve arrangement; whereln, while same sample is moving through the valve afranpement,
tiguid addifive is stmultancously pulled from an additive souree through the valve
arrangement and the Hguid sample and the Hquid additive are mixed in the punp chamber by
the action of the pump: and wherein a measurement can be taken of the Hauid sample and
fiquid additive mixtare in the pump chamber,

{0161 In an embodinent, the device further comprises s mixing chamber, wherein the |
mixture canbe smoved from the pump chamber lo the mixing chamber through thevalve

arrangement by the pump, the mixture being agitated by the movement.

&
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0171 In an embodiment of the device, an additional Hignid additive s mixed imo the
mishure as it passes through the valve arrangement.

(0181 In an embodiment of the device, the mixture can be rotumed to the pramp chamber
fro the mixing chamber twough the valve arrangement by the punp, the mikinre being
agitated by the movement.

[019]  In an embodiment of the device, a further additional Hguid additive is mixed into the
mixture ag i passes through the valve arvangerent from the mixing chamber to the pump
chamber,

10207 Inan swbodiment of the device; the Howid sample is an emulsion.

0211 Inanembodiment of the device; the measorement 13 performied on the Hguid samaple
while the sample is an-emulsion.

{0221 Inan embodiment of the deviee, the liguid additive is a solvent separating a first
inumiseible from the enualdsion.

{0231 In an enbodiment of the device, the measurement is performed on the first
impmiseible

(0241 In an embodiment of the device, the measurement is performed on what remains of
the emnulsion after the first immiscible bas been separated.

fO25]1  In anembodiment the device further comprises: a mixing chamber, wherein fivst
immiseible is moved from the sample chamber to the mixing chamber through the valve
arrangement by the pump and what remains of the emulsion after the first immiscible is left
in the punp chamber,

{0261  In an embodinent of the device, the fiest imnuiseible is then exhausted from the
system and the remains of the emulsion after the first immiscible is separated is moved fo the

mixing chamber by the pump.
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F0271  In an embodiment of the device, the romains of the amulsion after the firstimmiscible
is separated is wixed with an additional additive frow the valve sreangement asit is woved ©
the miixing chamber by the pump.

{0281  In an embodiment of the device, the remains of the emulsion after the first immiscible
is separated is then exhausted from the system and the first immiscible is moved to the pump
chamber by the pump.

{0291 In sn embodiment of the device, the first immiscible is mixed with an additional
additive from the valve arrangement as it i3 moved to the pump chamber by the pump.

10301 In an embodiment of the device, the emulsion is an ol and water cnmudsion.

O3] Inan embodiment of the device, the additive is toluene.

[032]  In an embodiment of the device, the messurement is a fluorescence measurement,

[033] o an embodiment of the device, the measurement is a light absorption measurement
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BRIEF DESCRIPTION OF THE DRAWINGS

0341 FIG: | depicts a front perspective view of a first embodinment of a liquid handling
KYSIEn,

{035] FIG. 2 depicts a front plan view of the embodiment of FIGL L.

[036] FIG. 3 depicts a detail view of the stream switching valve system of the embodiment
of FIG, 1.

{0371 FIGS. 4A and 48 depict side elevation views of the embodiment of FIG, L. FIG. 4A
shows connection panels in place while FIG. 41 has them removed.

[0381  FIG. 3 deptotsaschamatio diagram ol an esbodiment of g flwid valvesuch as canbe
used in the stroam switching valve system of FIG.3.

(0391 FIG. 6 depicts a schematic diagram of an embaodiment of & regulator and syringe
pump system,

(0407 FIG. 7 depicts a schematic diagram of an embodiment of a switching module
according to the present discloswee for illastrating fluid fow.

(0411 FIG. 8 depicts a chart of valve and piston positions of the device of FIGS. 1 through
4B according to an embodiment of a method of handling Hauid,

{0421 FIG. 9 depicts g chart of valve and piston positions of the deviee of FIGS. 1 tvough
48 gecording to analternative embodinient of a method of handing liguid,

{0431 FIG. 10 depicts a chart of valve and piston positions of the deviee of PIGS, 1 through
48 according to an embodiment of & method of cleaning the device.

{044} FIG. 11 depicts a front perspective view of a second embodiment of a lignid handling
system which wtilizes only a single pump, but two sample chambers,

{0451 FIG. 12 depicts a front perspective view of a second embodiment of a liquid handling

systemn which utilize only a single pump and single sample chamber.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
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{0461 Described herein are a variety of automated systems for liguid bandling and testing
which ave conuuonly reforred to ag "atomated extraction systems”™ or staply AES. AliS are
generally contigured to perforn a fully autornated Hguid-Hiqoid extraction, and {o deliver the
extract to an analysis cell either 1o an orignal mixed form, or a separated form, generally
having been mixed with an additive fo assist in the analysis, although that is not required.
The AES will then also include traditivnal measurement or analysis {ools attached theretoto
perform an gnalysis on the extract such ag, but not limited to, measaring the amount of' a
dispersant or other material in the mixture. Finally, an AES will generally be able to return
the tested sample to the process streany, or dispose of it, and provide the resulis of the
measurements performed to a computer or human for analysis,

(0471 Measurement on the extracted sample may be performed by, among other things,
using an absorbance or flaorescence measwrement to determine the concentration of the
exiracted sobute within the sample. These types of measurements may be performed by any
type of testing or measuwrament instrumnent known now or later discovered and these
instruments will generally be mounted to the AES at fixed points as contemplated later in this
discussion. The AES may be used to allow the analysis on the extracted sample to oceur
prior tO separation of compenents of an emulsion of similtar composition, on ars enulsion
which has been sllowed 1o separate naturally, or on gn enpdsion to which specifie solventsor
other additives have been added to induee stronger or faster separation, The latter will
generally be the preferred method of operativn, however, the AES described herein allow R
any and all of such actions to be performed en any sample and can be eperated to provide
different measuwements on a sample in multiple different states based on the test to be
performed.

(048] Erabodiments of AES described herein will generatly perform the mechanical

functions of extracting & sample from a process envivonment and then manipulating that

16
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sample fortesting, Often the sample will beowithdrawn from acontinnous flow (such as
through a prpeling) but that s not reguived and in alternative embodiments savaple can be
takin fromt more statie sotrees (such as, for example, settling tanks), As such, the AES will
generally be meounted near a process line at which measurement will be performed.

[049] The AES generally contains components roguired to operate the handling system and
manipulate the sample and will commonly have mounted thereto a selection of spparatus to
perform any absorbance, fluorescence, or other measurement ou the sample. The system is
designed fo be mounted remotely in & non-hazardous location, or'fe be contained within a
purged enclosure or ether clean room suitable for the particular installation area.

0301 The dutomatic extraction systems and methods deseribed heremn may beused fo
extract one or more variable volume(s) of liguid samples from & provess stream which will
generally have within it an emulsion, often of a petroleun or other oif and water such as can
be the case with crude oil or similar materials. The systers and methods may also be used to
add o this misture one or more reagents or indicators., These may be added both gs the
sample is withdrawn and later as the sample is manipulated depending on embodiment and
the testing 1o be performed. These reagents or indicators may provide a measurable reading
of the componeni(s) of the process stream snd/or to help separate or identify the contponents
of the process stream.  For example, toluene may be added to an oil and water mixtare to help
the oil and water separate quickly and cleanly. Additionally, the systems and methods may
also be used to dynamically dilute one or more samples with a solvent, exiact one or more
components frona Hauid sample, maintainor recreate a colloidal mixture, react oneor more
reagents with a sample (such as fo form a color or a Heorescing tagged molecude), sciddbase
litration, filter solids from a Bquid sample, and other functions each with the ability to control
various parameters in the process. The systems and methods may be nsed with &

fluorescence, reflectance, or absorbance-based photometer, but, in an embodiment, any

1t
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pumber of othermeasuring devices or methods known in the art, may e used. These devices
may nclude, without Hndtation, an ultravielet-visible spectroscopy or spectrophatometry
{UV-VIS), near-infraved {NIR) optical spectrometer, pHelectrode, oxidation/reduction
potential electrode, conductivity electrade, or temperature measuring devies.

(0317 FIGS. 1 through 4B depict g first embodiment of an AES 101 in-accordance with the
present disclosure, The depicied systemn 181 of FIGS. 1 through 4B atilizes two pumps and
two sample chambers and is shown from a front perspective view in FIG. 1, a front
perspective view w FIG. 2, and in two different side views m FIGS 4A and 48, FIG. 3
provides a detatl view of the stream switclung valve systom. The depicted handling system
161 of FIGS. | through 4B comprises four mgjor component systems, First, the depicted
handlng system 181 comprises a stream switching valve systemy 103, which is configwred to
direct and control flnid movement through various configurable fluid paths through the
systean 101, Second, the depicted systam 101 comprises a variable displacement svringe
pumyp system 108 configured to meter fuid vohunes and provide fluid propulsion within the
system 1681, Third, the depicted system 101 comprises two different sample chambers which
are referred {0 as mixing chamber 187 and syringe pump chamber 108 which are used to
perform Hguid-Hquid extraction {or emulsification) s well as mixing of the sample with
varions other chomicals, Finally, the depicted system 101 comprises an analysis system 189
configured to perform measurement, such as using absorbance or flnorescence. Also shown
in FIGS. 1 through 4B are connections for parts 111 for external instrumentation or other
connections.

{0527 Inthe depicted embodinents of FIGS. 1 through 4B, the stream switching valve
system 183, as best shown in FIG. 3, comprises » modular component system 103 haviog one
ot more stream-select madules 113, One or more of these streameselect modules 113 may

comprise built-in pnenmatic actuator(s) configured to intreduce any one of a plusality of
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different fluids to the syringe pump system 105, As can be seen in FIG. 3, the stream
switching valve system 13 conyprises a compact assembly of one or more stream-select
modules TEY In an embodbment, the nunber of strean-select moodules 113 is dedermined or
selected based on the number of incoming fluid streams.

(053] Each of the stream-select modules 113 will generally be connected to & source of
fiquid andfor 10 an exhaust port. At least ong of the stream-select modules 113 will be
conpected 1o the process stream or other source from which the spmple 3 to be drawn, Other
stream-select modules 113 will be connected 1o sources of solvents, reactants, markers, o
other materials which are to be mixed with the sample or a portion of the sample. As would
be readily understood by one of ordinary skill in the art, the system 101 can be modified ©
accept any number of solvents, samples, or other materialy simply by inchuding additional
stream-select modules 113 to the stream switching valve systen: 163 and introducing
additional fluid inlet andfor putlet paths. In the depivied enbodinent, the siream switching
valve system 163 1s constructed of stainless steel and may include Kalrez seals, The method
and manner of producing sach an assembly is well within the knowledge of one of ordinary
sketll vy the art

{0541 The depicted variable displacement syringe pump systorn 105 15 configured to meter
both solvent and sample volumes, and to propel fuids throughout the system 181, Inan
embodiment, solvent and sample ratios may be dynamically calibrated to suif the needs of
each particulay installation. A more detailed view of an embodiment of a variable
displacement syringe pump systeny 1035 according to the present disclosure is depicted in
FIG. 4B, In the depicted embodiment of FIG. 4B, the pump system 185 comprises @
preumatic oylinder 114 sealedly connected to a syvinge punp chamber 108, which is g
borosilicate glass tube in the depicted embodiment but that is by no means required and the

purp chamber 108 may be constructed of stainless steel or other materials depending on the

13
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neads of the particular material to be handled and the tests to be performed. Steel tubes will
often be preferred for while they provide for less ability to perform direct optical
rocasurements without nclision of an thssrted probe, a steel chamber 108 San offen be mors
readily connected to other components without risk of leakage throngh the use of
conventional sealing mechanisms such as O-rings.

[O551  Awnnternal syringe piston 115 in the punap chamber 108 comprises a pistonthead 117
sealedly disposed in the syringe pump chamber 108, The syringe piston head 117 i3
connected to an opposing cap end 118 in the pueumatic eylinder 114 by a rod 126 extending
therebetween. In the depicted embodiment, the pump system 108 volume is approximately
one hundred fifty millilters (1530 mL), bot'the volume in any particular embodiment may
vary according to the needs of the installation. A second syringe piston 115 will geverally be
similarly positioned in the mixing chamber 17 with the second syringe piston 115 operating
in tandenm with the first 118,

{0561 Any number of condrol systerss or means may be used to aetivate and control the
syringe pistons 115, In the depicted embodiment, positional control of the syringe piston 118
is achieved by the ase of one or more proportional pressure regulators 119 which are, in tun,
controlied by a computer running appropriste software or & hardware contrel system in the
form of wired clectronics. The proportional pressure regulator(s) 119 are contigared to
control the position of the syringe piston head 117 in the syringe pump chamber 108, In an
embodiment, such regulators 119 facilitate variable displacement of fluids within the system
181 by moving the syringe pisten 115 to push fuid out of the chamber 108 or 187 or create a
vacuum 1o .draw fluld tato the chamber 108 or 187, Geuerally, which of these is to be
performed will depend on the current location of the sample and the preferred operation of

the svstem 191,

14
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{0571 Asshownin FIG. 6, generally, a firstregulator 1184 maintains a constant pressurs on
the rod side 122A of the pneumatic cylinder 1314, and g second regulstor 1198 controls
pressure on the cap side 12280 By way of exampls and not limitation, one ¢r move of the
proporiienal pressure regulators TI9A and 1198 may be of the type manufactured by
Aventics, part number EDO2. The regulators T19A and 1198 are generally controlled by a
controlier 121, which is configured to send pressure comumand signals to the proportional
pressore regulators HI9A and 119B. The controller 121 may be an analog device; digital
device, or an external computer system running appropriate software. In the depicted
embodiment, the controller 121 is an electro-pnenmatic positioning controller 121.

[058] The controller 121 may be configured to compare the pressure ratio of one side 1224
of the pneumatic eyvlinder 114 to the other 1228, In the depicted embodiment, the controlier
121 is a proportional-integral-derivative (PID) loop controller 121 configured to deliver an
analog output o one or both of the proportional pressure regnlstors 119A and 119B o adjast
pressure gs needed fo move and place the piston 115, Pressare differentials on either side of
the piston cap 118 cause or facilitate movement of the syringe piston 1158, The regulators
1194 and 1198 way continually operate to control the pressure within the pneumatic
cylinder 114, In an embodiment, the regulators 119A and 119B control pressure to within
0,10 pounds per square inch {psi), with the positioning sccwacy of the piston 118 of
approximately plas or minus one millimeter.

(0591 While the embodiment of FIG. 1 provides for two sample chambers 167 and 198 each
of which includes a piston pump 118, ene of ordinary skill in the art will understand that if
the chambers 107 and 108 are sealed, the movement between them may be sccomplished by a
single pump 115 in a single of the chambers 107 or 108, Specifically, the single pump 115

may utilize a push to move fluid from the chamber 107 or 108 in which it is mounted into the

-t
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other chamber 107 or 108, or g pull (to creste & vacuum) o move Huid not 1 the chamber
into it

(9601 T the depicted ombodiment, the mixing chaber 187 13 & clear tube generally located
in a position parallel to the syringe pump system 185, However, as Is the case with chamber
188 a steel or similar material chamber may be preferred for sealing reasons. When in use,
fluids will cormmonty alternate between the mixing chamber 108 and syringe purp chamber
148 1o provide mixing or extraction action as appropriate. During this process, the fluids
exchanged between the syringe pumyp chamber 108 and the mixing chamber 107 pass through
the stream switching valve srrangement 103, This facilitates that fluids within the system 181
being incorporated during an exiraction or mixing process and accurate dispersion of
solvents, additives, indicators, or other materials to be added to the emulsion provided.

{0611 As deseribed elsewhere herein, movement of the syringe piston 118 causes fuid flow
through the system 101, The pressure of fluid being added to of removed from the mixing
chamber 107 may also result in movement of the mixing chamber piston 115 (if present). The
mixing chamber 187 is thos in {had communication with the syringe pump chamber 168, Jtis
preforable that the mixing chamber 107 be disposed 0o vertical alignment with respeet to
gravity such that the point of caress fTofn the mixing chamber 1687 is located at the bottom of
the mixing chamber 187 with respect 1o gravity, Thus, when the piston 118 movesand
creptes a vacuuny in the fluid path of the system 181, Huid in the mixing chamber 187 will
more sasily epress from the mixing chamber 17 at the bottom, aided by geavity. Further,
with the mixing chamber 107 and pump chamber 108 are preferably clongated in a vertical
dimension. In this arrangement, gravity can also be used to more clearly and understandably

gate non-mixing materials into layers. For example, it is well understood that if an oil

ol

segre

and water emulsion is separated, the oil will be vertically (with respect to gravity) on top of
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the water. Thus, with vertical elongation of the chambers 107 and 108 tests performed from
the top or bottow of the chamber will be clearly directed futo a specific material fivst.

(0621 Inan embodiment, Thiid s exchanged botween the mixing chamber 17 and the
syringe purny chamber 108 wutd the extraction process and all measurdinents are complete.
Operation, of the system 181 will generally operate loosely as follows, but various specific
operations are discussed in conjonction with FIG. §-180. When a sample is to be withdrawi
from the process flow, the valve srrangement 103 is set so that a withdrawal action of one of
the pistons 115 will serve to pull fhud through the valve arrangement 163 from the sample
source, To put this simply, the valve 113 connected to the sample source is opened and
piston 115 1s maoved to pull the sample in.

(0631 The sample will generally, however, not be pulled in alone. Specifically, any number
of additional valves 113 may be opened simultaneousty so that the action of the piston 115
will actually pull fluid from mudtiple sources at the same tigie. As should be apparent, how
open cach valve 113 is {as well as its size and configuration) relative o all the other valves
113 will determine a specific ratio of all the fluid to be pulled in with the single pump stroke,
{0641 1t should also be apparent that the action of pulling the fluids from multiple sources
will generally result in a strong mechanicsl agitation {mixing) of the liquids and, thus, the
added chemicals will gencrally be sirongly mechanically agitated with the sample as theyare
withdrawn. This can provide for mixing of a solvent or other additive to the sample as the
sample is withdrawn into the svstem 101 In a preferred embodiment, the sample will
comprise a emulsion and at least one of the added Hquids will comprise some form of
emuldsifier or solvent depending on if measurgments ave 1o be jaken on the emulsion or on Hs
separsted components. For purposes of this discussion, we will presume a solvent to separate

the emulsion s added for case of discussion.

....‘
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f065] By adding such a chomical to the wimulsion, the emulsion will genevally enter o fiest
sample chamber (we are going to ulitize pump chamber 108 as this initial chambeyr simply for
sase of discussion but either chamber 107 ov T8 can be initially used) already combined with
a solvent. Once the sample gud selvent combination is-4n the chamber 108, the sample will
be allowed to settle and the emulsion will generally separate into #ts components. At this
time, measuremnents may be performed on either or both of the separated components and
what measurement is performed on what will generally be determined by the position of the
various measuring mstruments with regards to chamber 168,

[066] It should be recopnized that addittonal nieasurements may be required and
instraments for those are not present on the chamber 108, Alternatively, another chemical
may need to be added to one or both of the constituents (immiscibles) of the emulsion to
perform another measurement. I either case, the pumps 1S will serve to move the liguid
from chamber 108 to chamber 187, As should be apparent, this will be performed by
activating the pomps 115 and the Hquid Howing through the valves 103, 1 shonld also be
apparent that as the Hquid goes through the valves 143 sdditional valves 113 may be opened
simultancously or sequentially to mix additional chemicals with the liguids as they transfer
between the two chambers, Forther, the emudston will also generally be reformed from the
separated state due to the shear imparted on the bguid by passing through the valves 183,
[OR7]  Once tn the other chamber 187, the emulsion may again be sllowed to separate and
now measuwrements based on the instruments located in chamber 107 (as opposed to those in
chamber 108) may be performed). Alternatively or additionally, the liquid may be sent back
through the valve assembly 103 to chamber 188 to perform additional measurerents theve if
the addition of another chemical allows for a different measurement to be performed. Once
all tests are completed, the valve arrangement 183 niay be positioned to aiy exhaust position

where the sample is disposed of or returned to the process stream as desired.
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F0681  Asshould be apparent from the above, the system 101 provides for a large samount of
different fesis o be performed on the sample and allows for a near imitless mmnberof
additional chemieals fo be added to the sample in the performance of those tests, Further, dug
to the separation of the sample and the positioning of the analysis instruments {as discussed
in more detail below), any test may be performed on the same sample in the emndsion state,
i g sepavated state, and on each of the constituents of the sepsrated state individually simply
by how the sample 1s positioned within the system 161,

[069]  In the depicted embodiment, the analysis system 189 is positioned in the fluid flow
path and comprises the interface for the concentration measurement. The interface may be
secnred to the chamber with high-performance Hguid clromatography (HPLC) fittings, Such
fittings may provide a high-pressure seal, with low dead volune within the chamber. The
depicted analysis system 109 comprises an analvsis chamber andfor cell and/or may be
configared for a fluorescence méasuroment interface, and/or one or more absorbance
interfaces. Additionally, the optical path length is adjustable 1 absorbance applications. This
may be done, for example, by fastening the optical interface couplers in the proper position
with the HPLL fittiogs.

{0707 The depicted systeny 181 s configured for use with a number of aptional accessories.
For example, the system may comprise additiona] ports for calibration, samples, or solvents,
These may be added for example, by incorporating additional stream select modules 113 to
the stream switching valve system 103, Additionally, it waste is to be expelled to the sample
streanmy, the waste port may be removed. The system 11 may alse be configured for one or
wore different measurement methods, and 15 configurable to perform automatic selfcleaning
and instrument zero cyeles, as described elsewhere herein,

[071] Sinularly, different measurement instroments miay be positioned at different locations

in the varions chambers. For example, a fluprescence instranent may be positiongd to
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measure downward inte chamber 108 (measure the *top” component of a separated emulsion)
while an absorbance wetroment may be postlioned o measwre upward into the same chambey
U8 (mecasure the “hottom™ camponenis of a separated emulsion), Chamber 17 may also
bave multiple instruinents. It should be noted that istvumients herein are generally mounted
to measure the “hottom™ of the Hquid or the “top™ of the liquid. While positioning the
megsurement instrument abave or below the sample chamber 187 or 108 provides sn easy
method to determine which portion of the separated emulsion is being measured, it s not
required, and an instroment may be presented af the side of the chamber, at any height, to
provide for additional measurement options.. The only keyis that the portion of the saple of
interest be able to reach the height of the insthument 10 allow the measurament to he
performed on that portion.

{0721 The key to instrumentation is that the location of the instrament will allow it 1o act on
ither the emwlsion state of the liquid, or on any of its constituents. Further, movement of the
saraple between the two sample chambers 108 and 107 will sllow for any constituent to be
measured by any instrument. This should be apparent by considering the following. First,
measurement of the cmulsion form is casy, as the emulsion form will generally be visible to
all instruments so fong as a sufficient sample is drawn. If measarement of only a single layer
isto be porformed, this is done by moving the sample betweon the chambers 107 and 108
{and the exhaust rack) to provide the appropriate part of the sample {o he appropriste
nstrument,

{0731 o same cases this is simple, for example, in an o1l and water mixture, which has been
allowed 1o separate, the ol will be on the top and the water will be ou the bottom, thus, in
either chamber, the lower instruments can sasily perform tests on the water while the apper

pertorm tests on the oil.
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(0741 The more difficult sttuation is to reverse the scenarto so as 1o use a lower mount
instruznent on the ol or an upper wouwnd Wnstroment on the water. In this case, generally the
smydsion is allowed to separate i one of thechambers, The separvated slate s then stowly
moved to the other chamber monttoring bow mouch has beenanoved. As should be apparest
since the valve arrangement 103 and egress from the chamber is below the chamber 108 and
187 the water will be moved first. The movement is carefully monttored until an appropriate
amount as been moved. For example, i a top mounted testing instrament in the other
chamber was needed to test the water, generally an amount of water less than the tetal in the
sample would be moved o theether chamber. This eonsures that the other chamber has only
water {and therefore water at the “top™). Shoold a lower instrument in the cwrent chamber be
necded o test oil, an amount greater than the expected amonnt of water will be moved to the
second chamber, This should result in only oil being in the first chamber and, thus, oil being
at the “bottom” of the first chamber.
{075] While the above gives only a simple example, one of ordinary skill will understand
that by moving the sample between the chambers 187 and 198 in the appropriale fashion, any
constituent of the emulsion can be brought to any measurement device. The only truly
difficult arrangement is 1 water 1s neaded to be measured by an ingtrument which ¢an only
measure the water substantially fills the chamber. However, even this is possible.
fenerally, the water will be separated to a chamber with the oif remaining in another. The
chamber of the oil will then be moved to exbaust and the oil exhausted to waste. Ifthis is
insufficient water for a measurement to be performed, the water may be moved to the other
chamber while being mixed with additions! sample material taken from the process flow {and
additional solvent to separate if appropriate). This will increase the total amount of water in
the device 181 The water may then again be separated and the oif exhausted. This process

can be repeated nntil one of the chamber is substantially full of water. This will generally be
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sufficient for any measurement. The same type of action may also be perfiomed to pet a
single chamber substantially full of oil.

(0761 Asdiscassed above, procesy meastvements that require addition of a chemical reagent
or solvent to form a color or extract an analyte can be performed within different tndustrial
environments continuously and awtomatically thereby eliminating the time and expense of
Iaboratory invelvernent by sinply selecting appropriste additives and having them be mixed
into the process fluid as part of the extraction step. Should multiple different tests need to be
performed, the process fluid can be pulled into a first chamber while being mixed with a first
additive, g fest can be perlormed, and then the resuliant Hluid can be mixed with another
additive and sent 1o the second chamber, This process can be repeated any number of Himes
for different tests. Further, should one of the constituents be problematic with a certain
additive, tests mvolving this problematic constituent can be performed first, the material ean
then be scparated with that constituent being completely exhausted, and then the additive can
be added to the remaining and positioned as needed. This can provide g method of extracting
a broad range of anions, cations or chemical species that are not soluble in broad range of
chemical streams found in chemical, petrochemicsl, foodibeverage, boprovessing and
phannaceutical plants arcund the world,

0771 Many examples exist fn sclentific Hieratare of anion or cation messurements which
are reacted with a specific repgent to form compounds that when reacted form absorption or
fluorescent products that are casily measured with laboratory based photometric or
spectrophotometric instrument pver a broad range of wavelengths (200-2400nm). Examples
are; tron ions in boiler feed water, copper tons in power plants, excess ehloring for drinking
water plus many others.

[078] Additionally hydrophilic or hydrophobic solvents can be used to separate components

from analytes from either polar or nonspolar matrices. Examples include, but are not limited
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to, detecting the presence and amount of corrosion inhibitors, scale inhibitors from produced
water streams that contain both the cations and oil, calenan, magnesivan ions i produced
water streany that also contain inferferences such as arovatic or aliphatic hydiocarbons when
mcasuring the spectroscopic characteristics of the sample.

[079] Extraction of a compound from a polar background such as water into a non-polar
compound such as toluene can easily and etficiently be sccomplished with the systems and
method discussed herein because they need not rely on the tradittional methods of mixing or
reacting samples with reagents. Extraction with a solvent with a different polarity than water
will produce a-solvent lyver and an aqueous layer after a brief setthing time, There are
different potential method of mixing samples:with solvents or reagents using the systems snd
methods hevein based on the dual cylinder construction and the ability to exchange a sample
between the two eylinders. First as a sample travels from the mixing chamber 108 into the
prunp chamber 103 there is Inversion mixing that eccurs, the top volume of the sample
becomes the bottom and the bottom becomes the top. Sceondly as the sample travel through
ihe valves there is high shear mixing that occnrs and this happens every time the unit
transfers sample between the mixing chamber 107 and the pump chamber 108,

{0807 FIG, 7 depivis a schomatie disgran of g piping and instrumentation layont for an
embodiment of system 161, The depicted embodiment of F1G. 7 comprises a syringe pump
system 18 in fluid communication with a mixing chamber 167 through g streanyswitching
valve system 103, As described elsewhere herein, the syringe pump system 108 comprises a
preumatic eyvlinder 114 baving a syringe piston 118, The analysis system 189 is disposed in
the Thuid path al the ggress end of the syringe pump chamber 1080 A pair of regolators T19A
and 1198 are attached at the rod end 122A and cap end 1228 of the eylinder 114,
respectively, and controlled by a controller 121, As can be seen in the schematic of P, 7, as

well as the embodiment of FIGS, 1 through 4B, the fluld path of the syringe pump system
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165 passes through the analyvsis systom 109 which is associated with one orboth of the
chambers 17 ov 108 This facilitates vaixed or extracied hquid being analyzed and pregsured
imtnediately after mixing or extraction. FIGL 3 provides some detai] ona valve arvatigement
within a vabve 113 to indicate how material may be selected ornot for that particular attached
souree.

[081} The depicted systemn 181 may be used inany number of different methods to mix or
exiract Hquids or Buids in an emudsification or other colloid. While the above discussed these
types of arrangements geverally, FEGS 8 through 10 provide for some specifies of operation
of an arrangement as shown in.FIG. 7 to pedform & mixing and measurement operation, The
depicted method of FIGL 8 comprises six steps: intialization 861, sample collection 803,
solvent addition 805, mixing 867, measurament 889, and waste evacnation X811 Additionally,
a solvent wash step 813 may be included. During initialization 861, valve 125 of each module
113 i closed, valve 123 ofeach modude 113 s ¢losed, and valve 127 of cach mndule 113 18
open. Additionally, pistons 117 and 116 are both in “emply position.” As will be understood
by one of ordinary skill in the art, the ferm “empty position™ means that the piston head is
disposed af the egress side of the mixing chamber 107 or the syringe pump chamber 108,
respectively. In an embodiment, the pressure cdused by fluid flow into the Svringe pump
chamber 108 can move the piston 118 outof empty position. Alternatively, the piston 118
may he pucwmatically operated to create 8 vacuum in the fluid path and theveby pull fluid into
the system.

{0821 Asalso can beseen in FIG. 5, and iy more detail 1n FIG. 7, the valve svsten 103
comprises a pluralily of stream-select modales 113, Egch stream-select module 113
comprises three valves 123, 125 and 127, The valves 123, 125, and 127 are able to be
inchividually set to pen or closed positions, When closed, Buid fow through the valve is

inhibited or prevented. When opened, fluid flow throngh the valve is facilitated or allowed.
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F0831  Inthe sample collection 803 step, valve 128 for at least one module 113 s opened. In
the depicied evabodiment of FIG. 5, valve 128 for module € s openad. This is because the
samiphe inlet line 128 and sample ouwtlet e 129 ave in fuid eonmmunication with valve 125 in
module C. By opening valve 1258 inmodule €, sample may be received by modude € on the
sample inlet line 128, Additionally, valve 123 in module € s also opened. As shown in the
schematic of FIG. 3, valve 123 of each modude 113 in the velve system 103 1s in Hoid
communication with the syringe puinp systern 105 via g syringe pump fluid Hoe 131, Each
module 113 i3 in fluid communication with this line 131 via valve 123, Because valve 1231
closed and all modules except module C, when sample is received on sample inlet line 128
by module € i flows through valve 128 and valve 123 16 Hne 131, and from thete to the
syringe pump chamber 188, However, because valves 123 e closed in modules &, Band D,
the sample cannot flow through those modules. During this step 803, the path through the
systean is configured so that sample received on line 128 flows anly to chamber 108,

{0841 In the next siep, solvent addition 808, valves 125 and 123 in module C are closed, but
valves 125 and 123 o module D are opened. As can be seen in the schematic of FIG. 5 in this
conbiguration, valve 128 of module D is in. fuid commnunication with & solvent reservoir 133
via & solvent reservoir fluid Hine 138, By opening valves 125 and 123 onmodule D only and
closing valves 1285 and 123 in A, B and €, and closing valve 127 on modale B, the fluid fow
path is configured so that only sobvent flows from the solvent reservoir 133 through the
solvent fuid line 135 through valve 125 and 123 of moedule D to the syringe punp fluid line
131 and froms there into the syringe chamber 108. The addition of the solvent moves the
syringe piston 118 to solvend position, meaning that the presence of both the sample and
solvent i chamber 108 has pushed the piston 115 into the pnenmatic cylinder 114, This

arrangement is schematically represented in FIG. &

]
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FO85]  Inthe nextstep, mixing 8687, valves 123 and 125 in modude D are closed, valve 127 in
module B is opened. Valves 123 and 128 mmodide A are opened and valve 127 of miodule A
is closed. As can be'seen in the schomatic of FIG. 7, m thix configuration, valve 125 of
module A is in Hoid communication with the mixing chamber 187, This configuration creates
a fluid flow path from chamber 108 through fluid line 131 into valve 123 of module A,
through valve 128 of module A to fluid Hne 137, and into mixing chamber 107, The
controlier 121 activates regulstor T19A to advance the syringe piston 118 into chamber 188,
forcing the contents of the chamber 108 through this fluid path into the mixing chamber 107.
This in tum displaces the mixing chamber piston 116 which is operated to withdraw into the
prenmatic ovtinder 1314, creating a vacuum in the Huid Hine and thereby pulling into the
system the sample anddor solvent. This step 807 can be reversed by actuating regulator 1198
via the controller 121 to withdraw the syringe piston 118, which creates a vacuum in the
syrisige chamber 108, which canses the mixtare in the mixing chamber 187 to reverss through
the fluid fow path back inte the syringe pump chamber 198, This process of aliernately
actuating regulators T19A and 1198 to insert and withdraw the syringe piston 115, and fo
thereby force the mixture back and forth through the fluid path o and from chambers 107 and
108, alternatingly, may be repeated one or more times. It should be apparent that the frocess
only requires the use of a single piston 118 as the operation either to push fhuid from the
syringe chamber 188 or to creale s vacuwm which serves to pull fludd into the syringe
chamber 148,

{086} The next step, measurement 809, uses the same fluid path configuration of the valve
system 103, except that the syringe piston 118 is withdrawn into the puowmatic eylinder 114,
pulling the mixture into chamber 108, Becanse the analysis system 189 is disposed i the
fluid path between the chamber 108 and fhuid line 131, anamount of mixture is present in the

analysis system 103 for measursment. Spectrographic, chromatographic, or other
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measurement may then be performed using the analysis svstem 169 according to technigues
known i the arl.

FORTY Innthe next step 81, wasto evatoation, valves 123 and 1258 in modude A are ¢losed,
valve 127 is open, and valves 123 and 128 of module B are opened and valve 127 of
module B is closed. In this configuration, valve 128 of module B is in flaid commanication
with 8 waste fluid hne 137, The regulators 119A and 1198 may then activate the syringe
piston 113 to force fluid info chamber 108 to evacuate the fluid line 131, In this
configuration, the only fluid path in the system is through module B to waste line 137, Thix
stop thus causcs waste o ovacuate the system 101, However, because some solvent may
remain in the variows lines, a solvent wash process 813 may then be followed, This solvent
wash process 813 is depicted in FIG, 10, and described elsewhere hevein. These six steps,
optionally in conjunction in with the cleaning step, comprise 8 liquid-liguid extraction
process performed using a single solvent, with all fluids expelled to waste.

{0881 FIG. © depicts an embodiment of an extraction provess i which a lignid-liquid
exiraction 1s performed withoa single solvent and all Suids are expelled o the semple stream,
instead of waste as in FIG. 8 Inthe depicted method of FIG. 9, the same basic steps are
followed, with shme modifidativns. As cin be seen in the depivted smbodiment of FIG. 9, six
steps are deseribed, along with the optional solvent wash process 813 at the end, These
depicled steps are tnitialization 901, sample collection 903, solvent addition 908, mixing 987,
msstsurement 969, and waste evacuation 911, The first five steps 961, 203, 905, 967 and 949
are all performed i essentially the same manner as i the depicted embodiment of FIG. 8,
with the valves of the modules 113 1o the same open and closed positions, and the regalators
1194 and 1198 used to move the piston 115 in the same mamer. However, with respect to
step six, waste evacuation 911, valves 123 and 1258 of module B are closed and valves 123

and 128 of modnle € are open, with valve 127 of module C closed. Ascan be seen i the

o)
~1



WO 2019/118896 PCT/US2018/065787

schematic of FIG. 7, valve 125 of modale € 18 in fluid communieation with both ¢ sample
inlet 128 and sample outlet 1239 fluid line. When the piston 118 s actuated by regulator T19A
to force the Thuad in chamber 108 out, the only availabie fluid patly is throdeh foid line 13
into modale €, through valvel23, and out of medule € through valve 128 o the sample inlet
128 and sample outlet lines 129,

[089] 1In the depicted method of FIG. 10, a solvent wash/zeroing process 813 is shown to
indicate how the system can siilize the attached material sourees to perform actions which do
not specifically relate 10 a sample measurement, but utilize the same basic process of the

10

i S

device 101 to perfornr system maintenance and testing. The depicted process of FIL
cleansthe system 101 with solvent to remove sainple that may have coated the optical
jnterfaces over tme or where a particolarly poor sample is present in the device 181 and
needs 1o be effectively destroved. When the depicted cleaning process 913 is completed,
fresd solvent may be introduced to the analysis chamber 199, and the measurement may be
re-zerved. The cleaning andfor zeroing process 813 may be user-initiated or set or scheduled
1o occur at g specifie time interval,

{0901 The depicted cleaning/zeroing process of FIG. 10 comprises four primary steps. They
arel solvent sdidition 1001, dbep cleaning 1003, solvent evacugtion 1008 and solvent
addition/zeroing 1007, In the firststep, solvent addition 1861, valve 128 on module D is open
to allow fluid fow from solvent reservoir 133 via ling 138, Additionally, valve 123 in
module B is open to allow sobvent to flow from the reservoir 113 through fhaid Hine 1358 into
modude B and out of module D to fhud Hoe 131, Beoause all other valves 123 1o the other
modules 113 are closed, the only available fluid path for the solvent is to chamber 108
through the analysis cell 109, This moves the syringe piston 118 into solvent position.

[OR1] In the next step, deep cleaning 1083, valves 123 and 125 of nvcdule D are closed, and

valves 123 and 128 of module A are open. Likewise, valve 127 of madule D is open and
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valve 127 of module A s closed. This creates a fluid path between chambers 188 and 187,
siilar to the configuration of the system during wmixing: Regulators 1194 and 1198 can
alternadtingly move the piston 115 into smpty and solvent position to foree the fluid to
alternate through the fluid path between chambers 1687 and 108, Because this only available
fluid path is the path where residue flutd from prior use is likely to be present, this action
cleans the fuid lines, The deep cleaning step may be repeated by allernately actuating
regulators T19A and 1198 via controller 121 until the systern is clean,

[092] Next, in solvent evacuation 1005, valves 123 and 125 of module A are closed and
valve 127 of module A is open. Valves 123 and 125 of module B are opened and valve 127 is
closed. As can be seen inthe scherpatic of FIG, 7 this résults in the only fluid path being from
chamber 108 to waste line 137, Again, by actuating regnlator 1194, the syringe piston 118
can force the cleaning solvent through module B to the waste line 137,

(0931 Finally, in the solvent addition/zero step 1007, valves 123 and 128 of module D we
opened, and valve 127 is closed. Fresh solvent may be placed i the solvent reservolr 133,
and the piston 118 is withdrawn into the cylinder 114 to create o vacoum and pull the fresh
solvent from the reservoir 133 through fuid tine 135 and module I into the analysis system
169, The zeroing process may then be carvied dut according fo techuques kunown i the att
0947 Hoshould be recognized that while the above contemplates a number of difforent
analysis possibilities, others may also be used. For example, gs the movement of samples
between the cylinders involves an inversion {the material on the bottom of one eylinder is the
first to be moved to the other cylinder), it is possible to actually utilize the system to
physically separate two constituent materials so that cach may be acted on complefely
independently. For example, if an emulsion of off and water was originally mixed with a
solvent and allowed to separate, the result will generally be i the eylinder with a lower water

fevel, a next Iayer with sobvent OF rag composition, and ar or laver primarily of oil.
fevel, a next layer with solvent and or rag composition, and an upper layer primarily of ol
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As the flund sample moves from one chamber torthe other, the water would be first to be
gjected, Tollowed by the solventfvag layer. and then the odl. To the extent that a festig to be
performied on ong layer where, for example, a necessary additive would not fonction corvectly
il the other layer(s) were present, the lavers can be physically separated by placing the target
constituent alone in a chamber,

[0951 To mix the addifive with just the water layer glone, the additive would be added whilg
the material is slowly gjected from the chamber to the material as it enters the other chamber.
As this is the water initially, the additive is only mixing with water. Upon detection that the
solvent/rag layer is approaching the bottom, the pump action may cease so none of the rag
fayer Or oil layer ever feaves the mitial chamber, Atthis time, there 1s only water and
additive in the other chamber, and the appropriate test may be performed.

{0961 To mix the additive with the oil layer alone, the same above process would be
performed, but the rag/solvent layer would be sllowed t go to the second chamber ds well as
the water layver and no additive wonld be mixed during this step. The contents of the second
chamber would then be sjecied to waste, and the ofl laver would be mixed with the additive
as i was moved to the other chamber. 1t should alse be apparent that a variation can also be
performed with each layer having a unigue test performed on it by Tollowing the step of
moving/mibxiug the water ater, performing the water test, moving the ragfsobvent laver to the
chamber with the water, gjecting the contents of the chamber with water and rag/solvent to
waste, and then moving/mixing the oil layver.

{0971 While the above focuses on the operation of the device shown in FIGS. 1 through 4B
it should be apparent that it would operate simitarly in less tomplex arvangements of
chambers and pumps. These latter types of devices can be vseful where the types of
meastraments are similar, bt fower michsurements are noeded, less mixing is needed, or

simply where less options for the mixing need to be available. Forexample, while the device
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of FIGS 1-4B mrovides for two sample chambers 17 and 108 and two pumps 115, the devics
191 of FIG. 11 provides for two sample chambers 107 and 108 and ouly a single pump 115,
Parther, the doviee 191 of FIG. 11 generally iy actunally degigned to only have measorement
performed o chamber 107 with chamber 108 used pursly for exirittion, mixing, or
separation steps. The operation of device 191 while being simplified and having less options,
is generally similar fo the operation of device 181,

(0981 FIG. 12 provides Tor a still further simplification of the options by using device 193,
In device 193 only a single chaumber 108 and pump 115 is used. This device 193, therefore,
will generally only be able to perform a single mixing step during extrasction and will ofien
perfonm the liquid inpat selection sequentially as opposed 1o having 8 simultsneous exivaction
from muliiple sowces. Because of this, the valve wrangement 113 is slso simplified and a
valve selector 1213 is used. In operation, the valve selector 1213 will act to sequentially
select from the variety of input valves 113 as the pump 118 is withdrawn. Amounts of each
constituent (incloding the sample) will be selected as the pomp 118 withdraws with each
heing added sequentially to the sample, Thus, the valve selector 1213 may initially selecta
first input and the pump 115 withdraws o pull a first amount, the valve selector 1213 then
changes the input w a second input sfter which the pump 115 withdraiws more o add'a
second smount. This process may be repeated until all constituents are selected and pulled
into chamber 108, Generally, the pamping action will provide safficient shear to mix and to
provide good mixing of the various inputs, but larger constituent amounts may be added later
in the provess to further assist with this.

{0997 Agsin, the device 193 may heve a plurality of messorement devices 109 attached
thereto which may be used to measure the result in emulsion, or the emulsion may be allowed
w settle so measurements may be performed on different continuants, Onee the

measurements are completed in this device, the pump selector 1213 will generally sclect a
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vabve path 113 which is exhaust and the sample will be exhausted by the pump 118 reversing
direction and pushing all the contents from the chamber 108,

(0100} As should beragparent from FIG, 12, thas device 193 allows Bor many of the benelits
of the devices 181 and 191, but does not allow for movement of the sample between two
chambers and therefore camnot allow for later mixing of additional chemicals with the
sample. or of complete physical separation of the two constituents on the emulsion.
However, FIG, 12 does still allow for a single of the continnants to be tested adong, so long as
it is the last to be exhausted based on the valve positions 113,

[0101] The qualifier “gencrally”™ and similar qualifiers, as used in the present case, would be
understood by one of ordinary <kill in the ard 0 accommiodaie recognizable aliempis (o
conform a device to the qualified term, which may nevertheless fall short of doing so. Thisis
because terms such as “cylinder™ are purely geometric constructs and no real-world
component 18 & true “eylinder™ in the geometric sense. Variations from geomettic and
mathematical descriptions are unavoidable dae o, among other things, manufactaring
lolerances resulting in shape vaniations, defects and imperfections, non~uniform thermal
expansion, and natural wear, Moreover, there exists forevery object a fevel of magnmification
at which geometric and mathematical descriptors fail dus ) the netwe ol matter.. One of
ordinary skill would thus understand the term “generally,™ and relationships contemplated
herein regardless of the inclusion of such qualifiers, to include a range of variations from the
literal geometric-meaning of the tern in view of these and other considerations.

[0102] While the invention has been disclosed mn conjunction with a description of certain
embodiments, including those that arecurrently believed to be the preferred embodiments,
the detailed description is intended to be illustrative and should not be understood to Hmit the
scope of the present disclosure. As would be understood by one of ordinary skill in the art,

embodiments other than those deseribed in detail herein are encompassed by the present
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invention. Modifications and vartations of the deseribed embodiments may be made without
departing from the spivit and scope of the tuvention,

PO103] fwill further be anderstood that any of the ranges, valaes, propertics, or
characteristics given for any single compenent of the present disclosure van be used
interchangeably with any ranges, values, properties, or charscteristics given for any of the
other components of the disclosare, where compatible, to form an embodiment having
defined valoes for each of the components, as given herein throughout, Forther, ranges
provided for a genus or a category can also be applied to species within the genus or

members of the catepory nnless otherwise noted.
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CLAIMS
Lo Acdeviee for bandling a sample comprising:

a R,

a pump chamber; and

a valve arrangement;

wherein, said pump will provide s Hguid sample from g sample source to said punp
chantber, said {iguid sample passing through said valve arrangement;

wherein, while same sample is moving through said valve arvangement, a Hquid additive is
simultancounsly palled from an additive souree through said valve arangement and said Hiquid
sampie and said liguid additive are mixed in said pugnp chamber by the sction of said pumg,;
and

wherein a measarement can be taken of said lquid sample and liquid additive mixture in
said pump chamber.
2. The device of elaim 1 further comprising g mixing chamber, wherein said I mixtore can be
moved from said pump chamber to said mixing chamber through said valve arrangement by
said pump, said mixture being agitated by said movement.
3. The device of claim 2 wherein an additional Higuid additive is nuxed into said mixtare as it
passes through said valve armangement
4. The device of claim 3 wherein said mixiure can be refurned to seid pump chamber from
said mixing chamber through said valve arrangement by said pump, said mixture being agitated
by said moveraent.
S The device of elaim 4 wherein a forther additional lignid additive is mixed fivto said mixture
as it passes through said valve arrangement from said mixing chamber to said pump chamber,
6. The device of claim 1 wherein said Haaid sample 8 an enlsion.

7. The deviee of claim 6 wherein said measurement 1s performed on said lignid sample while
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said sample is an emulsion.

§. The device of elaim 6 wherein said hquid additive is a solvent sepavating a fivst immiscible
fromvsand emulsion.

9. The device of claim 8 wherein said measurement 15 performed on said fivst immiscible,
10, The device of claim § wherein said measurement is performed on what remains of said
gmulsion affer said fivst inmmiscible has been separated.

11, The device of claim § fuether comprising & mixing chamber, wherein first immiscible is
moved from said sample chamber to said mixing chamber through said valve arrangement by
said pump and whai remains of said emulsion after said first tmmiscible is left in said pump
chamber,

12, The device of claim 11 wherein said first immiscible is then exhausted from said system
and said remains of said emulsion after said first immiscible is separated 18 moved to said
niising chamber by said pump.

13, The device of claim 12 wherein said remaing of said emulsion after said Srst inumiscible
is separated is mixed with an additional additive from said valve arrangement as i s moved to
said mixing chamber by said pump.

14, Thedevice of claim 11 wherein sald remaing of said saulston after said first fmuniscible
is separated is thenexhausted from saidicestom and said fest immiscible s moved 10 said pump
chamber by said pump.

15, The device of claim 14 wherein said first immiscible is mixed with an additional additive

from said valve arrangement as it is moved to said pump chamber by said pump.

e
e

7. The device of claim & wheretnsaid amulsion ivan ofl and water emulsion.

s
3

. The device of claim 16 wherein said additive is toluene.

1

o

. The deviee of olaim 6 wherein said emulsion is an oiland water entulsion.

19, The device of claim 1 wherein said measurement 1s a fluorescence measurement,

L
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20, The device of ¢laim 1 wherein said measurement is a Hght absorption measursinent.



