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SYSTEM FOR MIXING CONTENTS OF CONTAINERS AMD RELATED METHODS

OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS

[001] This patent application ciairas the benefit under 35 U.S.C. § 1 to

U.S. Provisional Patent Application No. 62/478,364, filed on March 24, 2017, the

entirety of which is incorporated herein by reference.

TECHNICAL FIELD

[ 02 This disclosure is directed to systems for mixing contents of containers

and related methods of use.

BACKGROUND

[003] Automated analytical procedures for determining the presence of an

anaiyte in a sample typically require the use, processing, and/or manipulation of fluid

solutions and/or fluid suspensions. Such fluid solutions and fluid suspensions are

frequently stored in containers that can be accessed by a fluid extraction device

having a probe tip (e.g., a robotic pipettor). The fluid extraction device having a

probe tip may remove precise amounts of the fluid contents of the containers. The

fluid contents of t e containers may be accessed through open ends of the

containers (e.g., uncapped and exposed to the atmosphere) during the operation of

the fluid extraction device having a probe tip, although it may be necessary to access

the contents of a container through a penetrable seal, filter, and/or septum.

[004] A fluid solution in a container may require mixing to maintain a solute in

solution. A fluid suspension in a container may require mixing to maintain a material,

such as solid or semi-solid particles, in suspension if the process of mixing a fluid

solution and/or a fluid suspension in a container is inadequate, a fluid extraction



device having a probe tip may remove quantity of the fluid; solution and/or fluid

suspension that does not have the desired amount of solute and/or suspended

materials. On the other hand, the process of mixing can lead to the formation of

foam at the surface of the fluid contents. Detergent-based fluid contents are

especially prone to forming foam when agitated. The foam may make it difficult for

the fluid extraction device having a probe tip to remove a precise amount of the fluid

contents. For example, the presence of foam ca result in inaccurate ievei sensing

by the fluid extraction device having a probe tip, by causing the apparatus to sense

more of the fluid contents than is actually present in the container. The foam also

may enter the fluid extraction device having a probe tip, possibly resulting in the fluid

extraction device having a probe tip aspirating less of the fluid contents of the

container than desired. Any of these factors may affect a result obtained from

performing an analytical procedure using the fluid contents.

S Y OF THE DISCLOSURE

[005] In one aspect, the present disclosure is directed to a method for mixing

fluids in containers. The method may include performing a mixing procedure on a

piuratity of containers on a container support, at least a portion of the plurality of

containers being differently sized. The mixing procedure may include a plurality of

mixing phases, wherein in each mixing phase the container support may be

subjected to a mixing motion at a single rate for a period of time of about 5 seconds

or longer, and wherein the single rate for at least one mixing phase of the piuratity of

mixing phases may differ from the singie rate for at ieast one other mixing phase of

the plurality of mixing phases. The mixing procedure also may include at ieast one

non-mixing phase, wherein the container support may not be subjected to the mixing

motion.



[ 06 Subjecting the container support to the mixing motion may include

rotating the container support about an axis offset from a center of the container

support. Subjecting the container support to the mixing motion may include rotating

the container support about an axis extending through the center of the container

support. Each of the single rates ay be a speed of the container support, and the

speed of the container support may change going from one mixing phase to an

adjacent mixing phase of the plurality of mixing phases. Each of the single rates

may be a frequency of rotation of the container support about an axis of rotation, and

the frequency of rotation may change going from one mixing phase to an adjacent

mixing phase of the plurality of mixing phases. Subjecting the container support to

the mixing motion may result in swirling of fluids in the containers. The swirling o

the fluids may result in the formation of waves in the fluids, and amplitudes of the

waves may reach one or more predetermined threshold values. Feedback may be

obtained after performance of the mixing procedure, and the mixing procedure may

be modified based on the feedback. The feedback may be indicative of an

effectiveness of the plurality of mixing phases at mixing one or more fluids in one or

more containers of the plurality of containers. The feedback may be indicative of an

amount of foam formed in one or more fluids in one or more containers of the

plurality of containers. The mixing procedure may include a first cycle of mixing

phases and a second cycle of mixing phases, wherein the single rates of the mixing

phases of the first cycle are the same as the single rates of the mixing phases of the

second cycle, and wherein the periods of time of the mixing phases of the first cycle

are longer than the periods of time of the mixing phases of the second cycle. In the

at least one non-mixing phase, the container support may be motionless n the at



least one non-mixing phase, the container may move. The mixing procedure may be

repeated at least once.

[007] In another aspect, the present disclosure is directed to a method: for

mixing fluids in containers. The method may include performing a mixing procedure

on a piuraiiiy of containers on a container support, at least a portion of the plurality of

containers being differently sized. The mixing procedure may include a first mixing

phase including a mixing motion of the container support at a first rate for a first

period of time of about 5 seconds or longer. The mixing procedure may include a

second mixing phase performed after the first mixing phase, wherein the second

mixing phase may include the mixing motion of the container support at a second

rate fo a second period of time of about 5 seconds or longer, the first rate being

different than the second rate, and the first period of time being different than the

second period of time. After the second mixing phase, any of the mixing motion may

not be performed for a third period of time.

[008] The mixing motion may include rotation of the container support.

Rotation of the container support may include rotation of t e container support about

an axis of rotation offset from a center of the container support. Rotation of the

container support may include rotation of the container support about an axis of

rotation extending through the center of the container support. At least one of the

first rate and the second rate may include a speed of the container support. At ieast

one of the first rate and the second rate may include a frequency of rotation of the

container support. The first rate may be greater than the second rate. The first

period of time may be shorter than the second period of time. The mixing procedure

may be repeated at ieast once.



[009] In yet another aspect, the present disclosure is directed to a method for

mixing fluids in containers. T e method may inciude performing mixing procedure

on a plurality of containers on a container support. The mixing procedure may

include a first phase including moving the container support at a first rate for a first

period of time of ionger than about 5 seconds, wherein the first rate and the first

period of time may he selected to substantiai!y uniformly mix a fluid in a first

container of the plurality of containers, and wherein the first container may have a

first size. The mixing procedure aiso may inciude a second phase performed after

the first phase, wherein the second phase may inciude moving the container support

at a second rate for a second period of t me of Ionger than about 5 seconds, the first

rate being different than the second rate . The second rate and the second period of

time ay be selected to substantially uniformly mix a fluid in a second container of

the plurality of containers. The second container may have a second size different

than the first size. The mixing procedure also may inciude a third phase performed

after the second phase, wherein the third phase may inciude not moving the

container support for a third period of time, and wherein the period of time may be

selected to allow foam formed in the fluid of at ieast one of the first and second

containers to dissipate.

[0 Moving the container support may inciude rotating the container

support. Rotating the container support may include rotating the container support

about an axis of rotation offset from a center of the container support. Rotating the

container support may include rotating the container support about an axis of rotation

extending through the center of the container support. At ieast one of the first rate

and the second rate may inciude a speed of the container support. At least one of

the first rate and the second rate may inciude a frequency of rotation of the container



support. The first rate may be greater than the second rate. The first period of time

may be different than the second period of time. The first pe od of time may be

shorter than the second period of time. The mixing procedure may be repeated at

least once. The mixing procedure further may include a fourth phase performed

after the third phase, the fourth phase including moving the container support at the

first rate for a fourth period of time shorter than the first period of time. The fourth

period of time may be haif the duration of the first period of time. The mixing

procedure may further include a fifth phase performed after the fourth phase, the fifth

phase including moving the container support at the second rate for a fifth period of

time shorter than the second period of time.

[01 n yet another aspect, the present disclosure is directed to a method for

mixing fluids in containers. The method may inciude identifying a first set of rates at

which a first container is movable to result in a first set of values indicative of

degrees of mixing of a fluid in the first container, and identifying a second set of rates

at which a second container is movable to resuit in a second set of values indicative

of degrees of mixing of a fluid in the second container. The method also may inciude

selecting a first rate from the first set of rates based at least in part on the first set of

values, and selecting a second rate from the second set of rates based at least in

part on the second set of values. The method also may include subjecting a

container support to a mixing motion, the mixing motion being performed at the first

rate for a first period of t me longer than about 5 seconds and at the second rate for

a second period of time longer than about 5 seconds, wherein the first and second

containers may be disposed on the container support during the mixing motion. The

method aiso may include subjecting the container support to no mixing motion for a



third period of time while the first and second containers may be disposed on the

container support.

[012] The first and second sets of rates may inciude speeds of the container

support. The first and second sets of rates may include frequencies o rotation of the

container support. The first and second sets of values may correspond to

movements of the fluids in the first and second containers. The first rate may e

different than the second rate. The first rate may be a minimum rate that

corresponds to a value of the first set of values that reaches at least a predetermined

threshold for mixing of the fluid in the first container. The first rate may result in a

maximum vaiue of the first set of values. The second rate may be a minimum rate

that corresponds to a vaiue of the second set of values that reaches at ieast a

predetermined threshold for mixing of the fluid in the second container. The second

rate may result in a maximum value of the second set of values. Selecting the first

rate from the first set of rates may be based at !east in part on the second set of

vaiues.

[ 13 n yet another aspect, the present disclosure is directed to a method for

mixing fluids in containers. The method may include performing a mixing procedure

on a plurality of containers on a container support. The mixing procedure may

include ordered steps. The ordered steps may include moving the container support

at a first rate for a first period of time longer than about 5 seconds, moving the

container support at a second rate for a second period of time longer than about 5

seconds, wherein the first rate is different than the second rate, and stopping the

container support, and not moving the container support for a third period of time.

The method also may inciude determining an extent to which foam appears in a fluid

contained in at Ieast one of the plurality of containers as a resu of moving the



container support. The method also may include modifying one or more aspects of

the mixing procedure based on the determined extent.

[014] Determining t e extent to which foam appears in the fluid may inciude

inserting a sensing device into the fluid, the sensing device being configured to

detect foam in the fluid. Modifying one or more aspects of the mixing procedure may

inciude decreasing the first rate. Modifying one or more aspects of the mixing

procedure may include decreasing the first period of time. Modifying one or more

aspects of the mixing procedure may inciude decreasing the second rate. Modifying

one or more aspects of the mixing procedure may inciude decreasing the second

period of time. Modifying one or more aspects of the mixing procedure may include

increasing the third period of time.

[0 in yet another aspect, the present disciosure is directed to a method for

mixing fluids in containers. The method may inciude performing a mixing procedure

on a plurality of containers on a container support. The mixing procedure may

include ordered steps. The ordered steps may include moving the container support

at a first rate for a first period of t e longer than about 5 seconds, moving the

container support at a second rate for a second period of time longer than about 5

seconds, wherein the first rate is different than the second rate, and stopping the

container support, and not moving the container support for a third period of time.

The method also may inciude determining an effectiveness of mixing a fluid

contained in at least one of the piura!ity of containers as a resuit of moving the

container support. The method also may inciude modifying one or more aspects of

the mixing procedure based on the determined effectiveness.

[0 Determining the effectiveness of mixing the fluid may include taking

optica! densit measurements of different portions of the fluid and comparing the



optical density measurements to determine if a difference between the optica!

density measurements meets a predetermined threshold. Modifying one or more

aspects of the mixing procedure may include increasing the first rate. Modifying one

or more aspects of the mixing procedure may include increasing the first period of

time. Modifying one or more aspects of the mixing procedure may inciude increasing

the second rate. Modifying one or more aspects of the mixing procedure may

include increasing the second period of time. Modifying one or more aspects of the

mixing procedure may inciude decreasing the third period of time.

[ 17 in yet another aspect, the present disclosure is directed to a method for

mixing fluids in containers. The method may tnciude performing a mixing procedure

on a plurality of containers on a container support, the mixing procedure including

ordered steps. The ordered steps may include subjecting e container support to a

mixing motion at a first rate for a first period of time longer than about 5 seconds,

wherein the first rate and the f st period of time may be selected to substantially

uniformiy mi a fluid in a first container of the plurality of containers, and wherein the

first container may have a first size. The ordered steps also may include subjecting

the container support to the mixing motion at a second rate for a second period of

time longer than about 5 seconds, wherein the first rate may be different than the

second rate, where the second rate and the second period of time are selected to

substantially uniformly mix a fluid in a second container of the plurality of containers,

and wherein t e second container may have a second size different than the first

size. The ordered steps also may inciude not performing the mixing motion on the

container support for a third period of time. The method also may include

determining a value indicative of an extent to which foam appears in at least one of

the fluid in the first container and the fluid in the second container. The method also



may include modifying one or more aspects of t e mixing procedure if the value is

different than a threshold vaiue, wherein modifying one o more aspects of the

mixing procedure includes modifying one or more of the first rate, the first period of

time, the second rate, the second period of time, and the third period of time,

wherein the modification may seiected to move the value toward the threshold value.

[0 Determining t e vaiue indicative of the extent to which foam appears in

at ieast one of the fluids in the first and second containers may include inserting a

sensing device into the at ieast one of the fluids, the sensing device being configured

to detect foam in the at Ieast one of the fiuids. Modifying one or more aspects of the

mixing procedure may include decreasing the first rate. Modifying one or more

aspects of the mixing procedure may include decreasing the first period of time.

Modifying one or more aspects of the mixing procedure may include decreasing the

second rate. Modifying one or more aspects of the mixing procedure may include

decreasing the second period of time. Modifying one or more aspects of the mixing

procedure may include increasing the third period of time.

[ 19 in yet another aspect, this disclosure is directed to a system for mixing

fluids in a plurality of differently sized containers. The system may include a

container support for receiving the plurality of differently sized containers thereon.

The system also may include a drive system operatively coupied to the container

support, wherein the drive system may be configured to move the container support

in a mixing motion. The system also may include a controller operatively coupied to

the drive system, wherein the controller may be configured to controi operation of the

drive system to perform a mixing procedure with the container support. In the mixing

procedure, the container support may be moved in the mixing motion at a first rate

for a first period of time longer than about 5 seconds, the container support may be



moved in the mixing motion at a second rate for a second period of time ionger than

about 5 seconds, t e first rate being different than the second rate, and t e container

support may not be moved in any mixing motion for a third period of time.

[020] The drive system may be configured to rotate the container support

about an axis offset from a center of the container support. The drive system may

be configured to rotate the container support about an axis extending through the

center of the container support. At least one of the first rate and the second rate

may include a speed of the container support. At ieast one of the first rate and the

second rate may include a frequency of rotation of the container support. The first

rate may be greater than the second rate. The first period of time may be different

than the second period of time. The first period of time may be shorter than the

second period of time. n the mixing procedure the container support may be moved

in the mixing motion at one or more rates other than the first and second rates for

other periods of time. The controller may be further configured to repeat the mixing

procedure at least once.

BRIEF DESCRIPTION OF THE FIGURES

[021] The accompanying drawings, which are incorporated in and constitute

a part of this specification, iilustrafe various examples and together with the

description, serve to explain the principles of the disclosed examples.

[022] F!G. 1 is a top perspective view of a fluid container mixing apparatus,

according to an example of the disclosure.

[023] FIG. 2 is a bottom perspective view of the apparatus of F G. .

[024] F!G. 3 is a schematic view of a power and control system of the

apparatus of FIG. 1.



[025 FIG. 4 is a schematic view of the orbital otio of a portion of the

apparatus of F G. .

[026] FIG. 5 is a cross-sectional view of an insert and a container partially

fiiied with fluid contents, according to an example of the disclosure.

[027] FIG. 8 is a cross-sectional view of the insert, container, and fluid

contents of FIG. 5, and a pipette tip, according to an example of the disclosure.

[028] FIG. 7 is a flowchart of a method according to an example of the

present disclosure.

[0293 . 8 is another flowchart of a method according to an example of the

present disclosure.

[030] FIGS. 9A-9C are graphs showing data associated with a step in the

flowchart of FIG. 8 according to an example of the present disclosure.

DETAILED DESCRIPTION

[031] Reference will now be made in detail to examples of the present

disdosure, which are illustrated in the accompanying drawings. Wherever possibie,

the same reference numbers wili be used throughout the drawings to refer to the

same or like parts. In the discussion that follows, relative terms such as "about,"

"substantially," "approximately," etc. are used to indicate a possible variation of ± %

in a stated value, numeric or otherwise.

[032] Mixing Apparatus

[033] A fluid container mixing apparatus 100 is shown in FIGS. 1-3. The

apparatus 1 may include a container support platform 101 configured to hold one

or more containers. In the illustrated example, the container support platform 1 is

rotatabie about an axis of rotation, e.g., at the center of the platform 101 . The

container support piatfomi 101 may include a container tray , configured to hoid



a plurality of fluid containers 128, 128, and 3 , and a turntable 150 (shown in FIG.

2) to which container tray 0 is mounted, otherwise attached, or integral therewith.

[034] Platform 1 1 also is configured to be movable in an orbital path about

an orbital center that is, for example, offset from the center of platform 1 . n the

context of the present description, the terms orbit, orbital, or similar terms, when

used to describe the motion of platform 101 (fluid container tray 110 and turntable

150), may refer to a path of motion whereby an entirety of platform 101 moves about

an orbital center independently of the rotation or spinning of platform 1 1 about the

central ax s of rotation of platform 101 . FIG. 4 illustrates the orbital motion of

turntable 150. During the orbital motion, turntable 150 may be moved such that the

center of turntable 150 orbits about a circle Cv centered at an orbital center Co. The

center of turntable 150 moves through positions . C2, C3, C as turntable 150

moves through positions 150,, 150 , 1503, 0 .

[035] As shown in FIG. 2, turntable 50 may include a circular disk

configured to rotate about a central axis. In other examples, turntable 150 may have

another shape configured to rotate about an axis that is generally perpendicular to

the plane of turntable 150. Turntable 150 may be formed from any suitable materia!

having sufficient strength, rigidity, and machinability, and that may be light in weight.

Suitable exemplary materials include aluminum, stainless steel, or suitable plastics,

including, e.g., polystyrene, polyvinyl chloride PVC), polypropylene, and

polyethylene, among others.

[036] Apparatus 1 also may include a rotational drive system 200 (shown

in FIG. 2) coupled to platform 101. Rotational drive system 200 is constructed and

arranged to cause rotation or indexing of platform 101, as described in connection

with FIG. 3. in the illustrated example, rotationai drive system 200 may rotate



platform 1 1 about an axis of rotation at the center of piatform 101. Apparatus 100

also may include a orbital drive system 300 coupled to platform 1 1 . Orbital drive

system 300 is configured to cause orbital movement of platform 1 1, as described n

connection with FIG. 4. Alternatively, apparatus 100 may include any other suitable

drive system(s), orbital, rotational, or otherwise, for moving platform 1 . Fo

example, apparatus 1 0 may include motors and/or actuators similar to those in

vortex mixers, orbital mixers, nutating mixers, overhead mixers, roiling mixers, and

swinging mixers.

[ 37 As shown in FIGS. 1 and 2, container tray 0 may include a plurality

of cup-iike, generally cylindrical container receptacles of varying sizes, such as

larger container receptacles 1 , smaller container receptacles 113, and even

smaller container receptacles 16, configured to receive and hold containers (e.g.,

bottles) of varying sizes. For example, receptades 112, 3, 1 6 may receive and

hold large fluid containers 128, medium fluid containers 130, and smaii fluid

containers 126, respectively in addition, to accommodate different container sizes,

separate drop-in adapters may be provided for receptacles 112, 13, 16. The

adapters may permit the introduction and fixed placement of containers in

receptacles 112, 113, 116 that have diameters that are smaller than the diameters o

receptacles 112, 113, 116. Container tray 1 0 may be circular n shape, and the

container receptacles 2 , 13, 116, may be symmetricaliy disposed about a central

axis of container tray 110. Container tray 10 may be formed of any suitable

material, and, in one example, t is formed of molded plastic.

[038] FIG. 3 is a schematic view of a control system for controiiing operation

of apparatus 0. As set forth above, apparatus 100 may be configured to provide,

independently or simultaneously, rotation of the containers about a central axis



and/or orbitai movement of the containers t agitate fluid contents of the containers.

The rotation of turntable is shown in FIG. 3 by arrows R, which represents

rotation of turntable 0 about the center C. The rotation of turntable 0 may be

powered by drive system 200, and in particular, by drive motor 202. Orbitai motion s

powered by drive system 300 comprising a drive motor 302. Drive motors 202, 302

may be coupled to and controiied by a controller 802 that also is connected to a

controllable power supply 814. Control ier 802 may provide power and operational

control signals to drive motors 202, 302. Controller 802 also may receive data from

drive motors 202, 302 in the fom of rotary encoder counts as well as other feedback

sensor signals. Feedback sensors 808 may be coupled to apparatus 100, and may

include, e.g., a rotational home flag, a position home flag, etc. Sensors 808 may be

connected to the controller 802 for providing positional, or other status, feedback that

is used in generating control signals for operating drive motors 202, 302.

[039] Rotational drive system 200 and orbital drive system 300 may operate

independently of each other such that platform 1 (container tray 10 and turntable

15 } can be independently rotated about a central rotational axis, or caused to move

about one or more orbitai axes. Rotational drive system 200 and orbital drive system

300 aiso may operate simultaneously to rotate and move the platform 101 about an

orbitai path at the same time, which may facilitate improved mixing of the fluid

contents of containers within container tray 10. Rotational drive system 200 may

be substantially simitar to the turntable drive system described in U.S. Patent

Application Publication No. 2014/0263163. Orbital drive system 300 may be

substantially similar to the vortex drive system described in U.S. Patent Application

Publication No. 2014/0263183.



[040] Aspects of the disclosure . such as controller 802 and one or more of

the components controlled thereby, are implemented v a controi and computing

hardware components, user-created software, data input components, and data

output components. Hardware components include computing and controi modules

(e.g., system controllers }), such as microprocessors and computers, configured to

effect computationa! and/or control steps by receiving one or more input values,

executing o e or more algorithms stored on non-transitory machine-readable media

{e.g., software) that provide instruction for manipulating or otherwise acting on the

input values, and output one or more output values. Such outputs may be displayed

or otherwise indicated to a user for providing information to the user, for example

information as to the status of the instrument or a process being performed thereby,

or such outputs may comprise inputs to other processes and/or control algorithms.

Data input components comprise elements by which data is input for use by the

controi and computing hardware components. Such data inputs may comprise

position sensors, motor encoders, as we i as manual input elements, such as

keyboards, touch screens, microphones, switches, manually operated scanners, etc.

Data output components may comprise hard drives or other storage media,

monitors, printers, indicator Sights, or audible signal elements (e.g., buzzer, horn,

bell, etc.). Software comprises instructions stored on non-transitory computer-

readable media which, when executed by the controi and computing hardware,

cause the controi and computing hardware to perform one or more automated or

semiautomated processes.

[041] Containers and inserts

[042] The fluid contents of containers 26 , 128, 30 carried on container tray

0 of the mixing apparatus 100 may comprise fluid solutions and/or fluid



suspensions. Representative fluid contents may comprise reagents containing soiid

supports, such as silica or magnetically-responsive particles or beads. See, e.g.,

U.S. Patent No. 5,234,809 and U.S. Patent Ho. 6,534,273. The soiid supports may

have a diameter from about 0.88 t about 1.00 r s. Such so!id supports can be

useful for m ob ii ing nucieic acids in a sample processing procedure to remove

inhibitors of amplification and/or detection. Other suitable reagents inciude, e.g.,

target enhancing reagents used for alkaline shock treatment as described U.S.

Patent No. 8,420.317. As discussed elsewhere in this disclosure, mixing of the fluid

contents, e.g., by agitating the container containing t e fluid contents, may heip to

maintain the suspended materials in suspension within the fluid and/or re-suspend

materials mat have precipitated or otherwise come out of solution/suspension. Other

suitable reagents may include those used in ChargeSwitch® nucieic acid purification

kits provided by Thermo Fisher Scientific®, and those described in U.S. Patent

Application Publication No. 2006/0084089. Even in the absence of suspended

particies or soiid supports, it may be possible for one or more components of a fluid

solution to precipitate out of solution, pofentialiy affecting the concentration of the

solution that is drawn out of the container. Even smalt changes in concentrations

can have an adverse effect on a test or assay performed with such solutions.

[043] The containers may be carried in an open state to permit ready access

to the fluid contents of each of the containers by a fluid extraction device having a

probe tip, such as a robotic pipettor. n other examples, the containers may be

sealed and o inciude a filter or septum to limit aerosol dissemination of the reagent,

and to further control for evaporation of the reagent. The fluid extraction device

having a probe tip may access the fluid contents of the container to aspirate or

otherwise extract fluid from the container and/or to dispense additional fluid into the



container. The fluid extraction device having a probe tip may inciude a pipettor

configured to detect a fluid surface within the container, e.g., for the purpose of

determining or verifying the height of the fluid within the container, which can be

used to calculate the volume of fluid remaining n the container . Suitable pipettors

for this purpose are disclosed by U.S. Patent No. 6,914,555. Level sensing,

including, for example, capacitive level sensing, also may be used to signal that an

aspiration step may be initiated, or to signal for the initiation of the aspiration step for

aspirating at least a portion of the fluid contents of a container. For example, once

the surface of a iiquid is detected, the pipettor may continue along a downward path

as liquid is aspirated from the container. Alternatively, after the surface of a liquid is

detected, the pipettor may descend a predetermined distance before aspiration is

initiated. n the latter approach, the pipettor may remain stationary during aspiration.

The pipettor may employ at least one or more of capacitive liquid level detection

cLLD) and pressure-based liquid level detection (pLLD). Capacitive liquid level

detection may be performed with the use of a conductive, disposable pipette tip

mounted on a tip hoider of the pipettor . Additionally or alternatively, the pipetior may

include one or more sensors for identifying irregularities, such as the presence of

foam in dispensed o aspirated fluid, by detecting discontinuities in fluid flow through

the pipettor and/or by detecting irregularities in a pressure signal, as disclosed by

U.S. Patent No. 6,914,555.

[044] When the containers are in an open state, the fluid contents of the

containers are exposed to the atmosphere and, therefore, are susceptible to

evaporation. Mixing may exacerbate this problem, as mixing results in increased

exposure of a fluid surface of the fluid contents to the atmosphere, thereby

potentiaiiy accelerating the rate of evaporation. An evaporation-limiting insert 400 for



reducing the amount of evaporation from a container, e.g., container 800, is shown in

F GS. 5 and 6 . Insert 400 may include the features of the insert disclosed in U.S.

Provisional Application No. 62/466,856, filed on March 3, 20 . Use of insert 400 is,

in some instances, optional.

[045] insert 400 ay include a body 402 having a wall 403 extending from a

first (top) end 404 toward a second (bottom) end 406. A lumen 408 may extend

through body 402 from first end 404 to second end 40 . First end 404 and second

end 406 each may be open and in communication with lumen 408. Body 400 may

include a plurality of openings extending through the wall 403. Each of the plurality

of openings may extend into lumen 408. Body 400 may include, for example, one or

more rows of openings 414, 416. Openings 414, 16 may have different sizes

and/or shapes. An opening may be a through-hole. Any suitable number of

openings 410 may be included on insert 400. However, w hi e a greater number of

openings may improve mixing of reagent within insert 400 and container 600, a

greater number of openings also ay increase evaporation relative to a design w th

fewer openings t also is contemplated that at least one opening is disposed below

a top fluid Sine of the reagent within the container 600 to facilitate mixing of the

reagent.

[046] insert 400 may include one or more axial slots 430 extending from

second end 406 toward first end 404. in various exampies, insert 400 may include

one or more resilient tabs 436 defined by one or more slits 438 extending from first

end 404 toward second end 406. The tabs 436 may be configured to fiex radiaSiy

inward in response to a radiaiSy-tnward directed force (e.g., when insert 400 is

inserted into the opening of container 600). When flexed radia!iy inwardly, the tabs

may apply a radiaSiy outward directed force that may help secure insert 400 within



container 600. Additionally or alternatively to the tab and s it arrangement described

above, insert 400 may include one o more detents not shown) that may engage an

inner surface of container 800, including detents described in U.S. Patent Application

Publication No. 20 4/0263 3. For example, the one or more detents may engage

with corresponding recesses located on the inner surface of container 600. Other

suitable retention features are aiso contemplated, including, for example, snap fit

arrangements, friction fit arrangements, latches, and the like. In some examples, one

or more of the tabs 436 may include a beveied top surface 439. Beveied top surface

439 may assist the insertion of a pipette tip, or other device of substance, into

container 600. Without the bevei, it is possible that pipette tip 700 couid contact a

top ledge o insert 4 0 when directing pipette tip 700 into insert 400.

[047] insert 400 s shown positioned within container 600 in FIG. 6 . insert

400 may be inserted into container 600 through an opening 602 at the top of a neck

604 of container 600. As shown in FIGS. 5 and , first end 404 of insert 400 may be

disposed adjacent to container neck 604 and second end 406 of insert 400 may be

in contact with a bottom surface 606 of container 600. Slot s 430 of container insert

400 may prevent bottom second end 406 of insert 400 from forming a sealing

contact with the bottom surface 606 of the container 600.

[048] in various exampies, when insert 400 is fully inserted into a container

600, the lower end of each slit 438 separating a pair of tabs 436 may extend below

neck 04 of container 600, thereby creating a s a i vent Just below neck 604 of

container 600. The smali vents may help prevent a vacuum from forming in

container 600, and may permit air to escape from the container 600 when it is being

fiiied with liquid. The resilience of the tabs 436, or a bias of the tabs in the radial



outward direction may push tabs 436 against the inner surface 605 of a neck 604 of

container 600 to secure insert 400 within container 60 .

[049] Openings 414, 416 and slots 430 of insert 400 may a!!ovv fluid within

t e container 600, including soiid supports in suspension, to flow between the space

inside insert 400 (e.g., iumen 408) and the space outside insert 400 within container

600. The second openings 416 may be resistant to the formation of films, and may

heip prevent a vacuum from forming inside of container 600. This may help ensure

that the fop fluid ievei 6 inside of insert 400 is at substantially the same height as

the top fluid level 812 outside of insert 400 and within container 600. As used

herein, "soiid support" may refer to a soiid substance or object of any geometry

sufficient to pass through first openings 414 of insert 400. The soiid support may

inciude any materia! that does not appreciably dissolve in a fluid medium in which it

is contained. Examples of soiid support materials inciude eta , siiica, g!ass, rubber,

and plast ics in some embodiments, the solid support is formed from or includes a

magnetically-responsive materia!. In other embodiments, the so!id support may be

adapted to bind an anaiyte of interest. The soiid support may be in particle or bead

form.

[050] Fluid levels 610, 612 may define a fluid surface of the fluid contents in

container 600. A resting height 613 may be a distance between a bottom of

container 600 and the fluid surface. During mixing, the fluid contents in container

600 may swirl around container 600 in the form of a wave propagating in a circular

path along the interior wall of container 600. Such a wave is represented using a

dashed Sine 615 in FIG. 5 . A peak 617 of the wave 615 rises a distance above the

resting height 613 of the fluid contents. That distance between the peak 6 and the

resting height 613 is a n amplitude 619 of the wave 815. The magnitude of the



amplitude 619 is indicative of the evei of mixing undergone by the fiuid contents in

that a iarger amplitude is indicative of more movement/agitation of the fluid contents

than a smaller amplitude.

[051] Methods

[052] A method 800 according to the present disclosure is shown in FIG. 7 .

Method 800 may begin at step 801 , where insert 400 may be positioned inside of

container 600. Method 800 may proceed to step 804, where container 600 is filled

with reagent it is contemplated that the order of steps 8 1 and 804 may be

interchangeable. Method 800 may optionally proceed to step 805, where container

600 is sealed and shipped, for example, to a distributor or end-user. Steps 801 , 804,

and 805 may be performed by a manufacturer, before steps performed by an end-

user or by a machine operated by an end-user. The following steps of method 80

therefore may be separate steps of a method independent of steps 801, 804, and

805.

[ 53 Method 800 may proceed to step 806, where container 600 and insert

400 may be positioned within container tray 1 0 (referring to FiG. 1). Alternatively,

container 600, with insert 400, may be positioned within container tray 1 0 without

containing any fluid therein. In this example, container 600 may be filled with

reagent after it is positioned within container tray 1 . Container tray 110 may have

thereon a plurality of containers of different sizes and/or fit! levels.

[054] Method 800 then may proceed to step 807, where the fluid contents of

one or more containers 600 in container tray 0 may be mixed and/or agitated by

rotation, orbital movement, inversion, vibration, and/or another suitable mixing

motion. After mixing, the concentration of a fluid and/or a distribution of solid

supports within a fiuid may be substantially the same (uniform) both inside and



outside of insert 400. Alternatively, the concentration may not necessarily be

substantially uniform, but rather, may be partially-mixed. Mixing effectiveness may

be empirically evaluated by, for example, taking optical density measurements with

aliquots of the fluid contents taken from within a container insert following agitation of

a container. The optica! density measurements of these aliquots will be similar if the

solutes are in solution and/or the solid supports are uniformly distributed within the

fluid contents. Mixing effectiveness aiso may be performed using chemical reaction

methods and other suitable processes. For example, samples of fluid contents may

be taken from different regions of a container and tested for their absorbance using

spectrophotometry. The absorbance may then be compared to determine if there is

a difference in concentration between the samples.

[055] As used herein, "desired mixing effectiveness" applies to situations

where a substantially uniform concentration (e.g., homogeneity) is achieved for fluid

contents of a container, as welt as to other situations where substantially uniform

concentration is not achieved but a threshold level of mixing is reached. The

threshold level of mixing of materia! may be indicative of, for example, a

concentration or concentration profile) that differs from homogeneity only to an

extent that does not affect results so severeiy that they exceed an acceptabie margin

of error (e.g., ±5% of a true value, but the margin may be different in different

contexts) when the material is in its intended use. f a desired mixing effectiveness

is not achieved, a sub-optimal concentration of solute may form inside bottle 800

and/or insert 400, and/or a sub- p ma concentration of solid supports may form

inside bottle 600 and/or insert 400. As used here, the phrase "sub-optimal

concentration" means the concentration is either too high or too tow, potentially

resulting n results faiiing outside of the acceptable margin of error. If, for example, a



reagent s not properly/sufficiently mixed, then samples being processed using the

reagent will receive varying concentrations of t e reagent, which couid iead to

differences in assay performance. So that the results of assays are comparable, It is

desirable for each sample to receive the same concentration of a reagent.

[056] On the other hand, if excess agitation is performed (i.e., agitation that

occurs past the point where desired mixing effectiveness is achieved), the excess

agitation may result in higher evaporation rates, sloshing (i.e., fluid materia! being

swiried outside of the container), and/or a higher potential for the formation of foam

inside container 600 and/or insert 400. Sub-optimal concentrations, evaporation,

sloshing, and foam formation may negatively affect level sensing and/or accurate

aspiration. Fo example, if pipettor-based level sensing is employed, contact

between the pipette tip and the foam, which may form a foam on the fluid surface of

fluid contents n insert 400, could signal an incorrect position of the fluid surface, and

an associated analyzer couid prematurely initiate an aspiration step before the

pipette tip has actuaiiy contacted the fluid surface in addition, the presence of foam

may result in foam being drawn into the pipettor with the fluid, thereby inhibiting

accurate aspiration of a volume of the f! d.

[057] Method 800 may proceed to step 808, where pipette tip 700 and an

associated fluid extraction device having a probe tip (e.g., an automated pipettor)

may be inserted into container 600. Method 800 then may proceed to ste 809,

where eve i sensing may be conducted to signal that the pipette tip 700 has come

into contact with reagent within container 600. Once it is determined that pipette tip

700 has come into contact with reagent, pipette tip 700 and the associated fluid

extraction device having a probe tip may aspirate an amount of a reagent from one

of the containers 600. Pipette tip 700 may aspirate reagent from a container 60 at



the same location each time an aliquot of reagent is aspirated. The aspirated

reagent may be used in one or more assays or other analytical procedures

performed by the automatic analyzer. Analytical procedures may include any

procedure for determining the presence of ana!ytes in a sample, including, for

example, nucleic acid based assays, immunoassays, chemicai assays, and the like.

Examples of automatic analyzers include those describe in U.S. Pate t No.

9,598,723 and U.S. Patent Application Publication No. US 2016/0080680 A1.

[ 58 After an amount o reagent is aspirated in step 8 , method 8 0 ay

proceed to an optional step (not shown in FiG. 7), where a determination is made

whether a sensed fluid level of container 600 is above a minimum threshold fluid

level (corresponding to a dead volume, below which a container is no longer useful).

The determination may be made by any suitabie mechanism, such as, e.g., one or

more fluid level sensing techniques, including capacitive level sensing and/or any of

the techniques described in U.S. Patent No. 6,914,555. f the sensed fluid level is

above the minimum threshold value, method 800 may return to step 807 to mix

and/or agitate the contents of container 600. If the sensed fluid level is below the

minimum threshold, container 600 may be refilled with reagent or replaced with a

new container 600.

[059] n step 806, container 600 may be positioned within container tray 10

with one or more other containers. For example, container 00 may be one of

containers 126, 128, 130 within container tray 10 (shown in FIG. 1). In some

instances, container tray 1 0 may be fully filled with containers (i.e., each receptacle

2 , 113, 1 includes a container 126, 1 8, 130 . Because the containers within

container tray 10 have one or more different characteristics (e.g., geometries, fill

levels, fluid content viscosity, fluid content composition, etc.), it is possible that



mixing t e fluid contents of all of the containers simuitaneous!y n a way that

produces a desired mixing effectiveness for the fluid contents of one container may

result in inadequate mixing of the fluid contents of another container and/or

excessive agitation of t e fluid contents of another container in such cases, a multi

phase mixing procedure may be performed on the containers in step 807, with the

goal of achieving an overall desired mixing effectiveness (e.g., a condition where a

desired mixing effectiveness is achieved for fluid contents of each of the containers).

The multi-phase mixing procedure may be optimized to minimize the amount of

mixing required to achieve the overail desired mixing effectiveness, thereby

minimizing evaporation of, sloshing of, and/or the formation of foam in, the fluid

contents being mixed.

[060] A method 8 2, shown n FIG. 8, describes exemplary steps for

implementing a multi-phase mixing procedure. Method 812 may be performed apart

from or in conjunction with a!i or a portion of method 800. For example, a step 814 in

method 8 may be performed at any point prior to step 807 in method 800. Step

814 includes identifying aspects of phases of the multi-phase mixing procedure.

This may include, for example, identifying a first set of rates at which one container is

movable in a mixing motion to result in a first set of values indicative of the

effectiveness of the mixing motion at mixing the fluid contents in that container. Step

814 also may include identifying at least one additional set of rates at which at least

one other container is movable in the mixing motion to result in at least one

additional set of values indicative of the effectiveness of the mixing motion at mixing

the fluid contents in the at least one other container. A set of rates at which a

container in container fray 10 is movable in a mixing motion may include, for

example, a plurality of frequencies {including discrete frequencies and/or ranges of



frequencies) at which the container is rotatab!e by o e or more of orbital drive

system 300 and rotational drive system 200 (shown in FIGS. 2 and 3 . Additionally

or aiternattveiy, the set of rates may include a plurality of speeds and/or frequencies

(including discrete values and/or ranges) at which the container is movable by a

vortex mixer, an orbital mixer, a nutating mixer, an overhead mixer, a rolling mixer, a

swinging mixer, and the like. A set of values indicative of the effectiveness of the

mixing motion at mixing the fluid contents in the container may include, for example,

a plurality of amplitudes 819 (shown in FIG. 5} of the wave propagating around the

inside of the container as a result of the mixing motion.

[061] FIGS. 9A-9C depict graphs showing examples of the sets of rates and

sets of values described above. More specifically, FIG. 9A shows, along its x-axis,

frequencies 824 ranging from 3 Hz to 6 Hz, at which a iarge container (e.g., a 280

mi_ bottle having a diameter of 72 mm) of target capture reagent TCR) containing a

magneticaiiy-responsive solid support materia! is movable in a mixing motion by

orbital drive system 300. FiG. 9A shows, along its y-axis, amplitude values 826

indicative of the effectiveness of the mixing motion at agitating the fluid contents of

the large container. Curves 828 show amplitude as a function of frequency for the

large container when the fluid contents of the iarge container are at different fill

heights 830 ranging from 1i mm to 70 mm. FIGS. 9B and 9C show graphs similar to

the graph in FIG. 9A, with curves 832 in FIG. 9B showing amplitude as a function of

frequency for a medium container (e.g.. a 125 ml bottle having a 50 mm diameter)

at different fill heights 834 ranging from 12 mm to 59 mm, and curves 836 in FiG. 9C

showing amplitude as a function of frequency for a small container (e.g., a 60 ml_

bottle having a 35 mm diameter) at different fill heights 838 ranging from 1 mm to

48 mm. The x-vaiues of the curves in each of the graphs may be viewed as the set



of rates for the containers of one of the container sizes (i.e., large, medium, or

smai!), and the y-vaiues of the curves may be viewed as the set of rates for the

containers of that size.

[062] Some or at! of the data shown in FIGS. 9A-9C, and/or similar data for

any other containers, may be received by, or otherwise stored in, controiier 802. For

example, the data may be programmed into controiier 802 before mixing apparatus

0 is provided to a user. Additionally or alternatively, the data may be entered into

controiier 802 by the user. Additionaiiy or alternatively, the data may be

electronically transmitted (e.g., uploaded) to controller 802 from an externa! source

through a network like the Internet. Additionaiiy or alternatively, the data may be

captured from the containers themselves by controiier 802, using a scanner, sensor,

or similar device to read data off of labels or transmitters on the containers.

Additionally or alternatively, controiier 802 may generate the data by performing the

mixing motion on the containers at multiple frequencies and tracking the resultant

amplitudes of their swirling iiquid contents, and then storing the generated data for

later use.

[063] Step 814 also may include selecting, identifying, or otherwise

establishing a rate from each of the sets of rates, at which to perform the mixing

motion. The rate may be, for example, a frequency of the mixing motion that results

in an amplitude reaching a maximum value or a predetermined threshold indicative

of a desired mixing effectiveness. Multiple rates may be used when different types

of containers are present. For example, different rates may be used for mixing the

fluid contents of each type of container in container tray . Containers may be

grouped into types based on their sizes. Aiternativeiy, containers may be grouped

into types based on any combination of their sizes, f i heights, and/or contents.



[064] Additionally or alternatively, the rate may be, for example, a frequency

of the mixing motion that results in maximum amplitudes fo the fluid contents i two

or more types of containers, a maximum amplitude for one or more of the types of

container and an amplitude that reaches a predetermined threshold for one or more

of the other types of container, or amplitudes for the two or more types of containers

that meet predetermined thresholds. Additionaily or aliemaiiveiy, the rate may be a

frequency of the mixing motion that results in maximizing the amplitudes of the fluid

contents of as many types of containers as possibie. Multiple rates may be used in

instances where a single rate is inadequate. One exampie of this is where a first

desired mixing effectiveness is achieved for a first type of container at a first rate, the

first desired mixing effectiveness is not achieved for the first type of container at a

second rate different from the first rate, a second desired mixing effectiveness is

achieved for a second type of container at the second rate, the second mixing

effectiveness is not achieved for the second type of container at the first rate, and

thus, the first rate and the second rate become part of the multi-phase mixing

procedure. Additionaily or aliemaiiveiy, the rate may be, for exampie, a frequency of

the mixing motion that is an average (e.g., mean, median, or mode) of two or more

frequencies of the mixing motion n many instances, a magnitude of the rate may

be directly proportional to the size of a container. In other words, the fluid contents

of larger containers tend to be more uniformly mixed at Sower rates, while the fluid

contents of smaller containers tend to be more uniformly mixed at higher rates.

Each of the rates may be associated with a mixing phase of the mixing procedure.

[065] Step 814 of method 8 2 also may include selecting, identifying, or

otherwise establishing a time period for each of the rates, the time period defining

how o ng the mixing motion is to be performed at each of the rates. A time period



may include, for example, the minimum amount of time needed to ensure that a

desired mixing effectiveness is achieved when mixing the contents o a container at

a rate. The magnitude of the ti e period may be inversely proportional to the

magnitude of the rate in other words, the time periods may be shorter for higher

rates, and may be ionger for shorter rates. Together, the rates and their

corresponding time periods define mixing phases of the mixing procedure. The time

periods may be, for example, about 5 seconds or ionger, during which time the

frequency and/or speed of rotation of a container remains substantially constant at

the rate.

[066] While the above-outlined example describes using one rate associated

with each type of container, it is contemplated that method 812 may include using

mu!fipie rates for any given type of container, such as a plurality of discrete rates

and/or a continuous range of rates. During a mixing phase, the mixing motion may

be carried out at the plurality of discrete rates and/or over the continuous range of

rates during the established time period (e.g., a period of time 5 seconds or longer).

The determination on whether to use one rate for a container, or multipie rates for

the container, may be based on factors including container volume, the viscosity of

its fluid contents, and the like.

[067] Step 8 4 aiso may include establishing a time period for a non-mixing

phase of the multi-phase mixing procedure in the non-mixing phase, the mixing

motion may be stopped (there is no mixing motion). For example, orbitai drive

system 300 may be stopped, and may not be started again until the next mixing

phase. Even when there is no mixing motion, controlier 802 may perform non-mixing

movements (e.g., movements that do not constitute mixing motions) of the

containers to, for example, position the containers for pipetting and/or move the



containers to a pipetting station. For example, non-mixing movements may include

movements that do not follow the path of e mixing motion and/or occur at a lesser

rate and for less t me than the movement of the mixing motion.

[068] The top surfaces of fluid contents of the containers may have

amplitudes of about zero during the non-mixing movements. The non-mixing phase

may be a single continuous phase of the muiti-phase mixing procedure that takes

place after all of the mixing phases have been performed. Alternatively, there may

be muitiple non-mixing phases in a multi-phase mixing procedure, with at least one

of those non-mixing phases taking place between two mixing phases. The non-

mixing phases may have the same or different durations, depending on how much

time is needed to aspirate the fluid contents from the containers and/or reduce the

amount of foam in the fluid contents.

[0 9 Step 814 also may include establishing an order in which to perform

the mixing and non-mixing phases of the multi-phase mixing procedure. n one

example, mixing phases with higher rates may be performed before mixing phases

with lower rates. One reason fo this is that foam formed during mixing at higher

rates may move to a perimeter of a fluid surface during mixing at lower rates,

resulting in less foam being present in a central region of the fluid surface, which is

where a pipettor may aspirate an amount of the fluid materia!.

[070] In some instances, the multi-phase mixing procedure may include

different mixing cycles, each cycle including mu!tipie mixing phases and at least one

non-mixing phase. For example, the mixing procedure may include a first cyde of

mixing phases and at least one non-mixing phase, the mixing phases having

characteristics selected to perform initial mixing of fluid contents in containers. The

mixing procedure may include a second cycle of mixing phases and one or more



non-mixing phases, the mixing phases being selected to mix fluid contents of

containers previously mixed i the first cycle {e.g., preferably before any solutes

precipitate out of solution and/or solid supports settle out . The rates and t me

periods of the phases in the first cycle may result a greater degree of agitation of

the fluid contents of the containers than those of the second cycle. One or more

aspects of the second cycle may differ from the first cycle to ensure that

unnecessary mixing is avoided. For example, in the second cycle, one or more of

the rates of the mixing phases may be decreased, one or more of the time periods of

the mixing phases may be decreased, and/or the time period(s) of the one or more

non-mixing phases may be altered. The appropriate cycle may be selected and

used when the mixing procedure is performed in step 816. t is a so contemplated

that similar changes between mixing cycles may be implemented in response to any

changes in fluid levels of containers during aspiration of fluid contents from any

containers during the non-mixing phase of the earlier of the two cycles.

[071] In step 816 of method 812, which may take piace during step 807 of

method 800, the multi-phase mixing procedure is performed. Where multiple types

of containers are within container tray 1 , performance of the multi-phase mixing

procedure may include carrying out multiple mixing phases, and at least one non-

mixing phase. The phases may be performed by controller 802 through its control

of, for example, rotational drive system 200 and/or orbital drive system 300, or

alternatively, motors and/or actuators similar to those in vortex mixers, orbital mixers,

nutating mixers, overhead mixers, rolling mixers, and swinging mixers..

[072] In step 818 of method 812, which may take place during step 808 of

method 800 or any point downstream, feedback may be obtained that is indicative of

the effectiveness of the multi-phase mixing procedure. The feedback may be



provided by one or more sensors either on the pipettor, on a separate instrument, or

otherwise positioned in the environment around the containers. The feedback may

include data on, for example, the formation of precipitates and/or the degree to which

a solid support is uniformly dispersed within a fluid. Additionally or alternatively, the

feedback may include data on the formation or presence of foam in the containers.

[073] in step 820 of method 812, which also may take place during step 808

of method 800 or any point afterwards, controiier 802 may be programmed to modify

the multi-phase mixing procedure based on the feedback data. For example, if the

feedback data indicates that the degree of uniformity (e.g., solutes in solution and/or

solid supports in suspension) and/or foam formation in the containers does not

comply with one or more thresholds, the multi-phase mixing procedure may be

modified ("YES") by cycling back to step 814. As noted above, the degree of foam

formation may be determined by one or more sensors for identifying irregularities,

such as the presence of foam in dispensed or aspirated fluid, by detecting

discontinuities in fluid flow through the pipettor and/or by detecting irregularities in a

pressure signal. Additionally or alternatively, the degree of foam formation may be

determined through visual observation, level detection heights by a pipettor, and/or

image analysis with a camera, one or more of which may provide for real-time on-

the-fiy adjustment of mixing rates and durations if the degree of uniformity is below

a predetermined threshold, then n step 814, rates and/or the period of time of one or

more of the mixing phases may be increased to enhance mixing, and/or the period of

time of one or more of the non-mixing phases may be decreased to give less time for

solutes to come out of solution and/or for so d supports to come out of suspension.

If the amount of foam is excessive (i.e ., above a predetermined threshold), then

instep 814, rates and/or periods of time of one or more of the mixing phases may be



decreased, and/or the periods of time of one or more of the non-mixing phases may

be increased to generate less foam during mixing and/or to provide foam wit time to

dissipate during a non-mixing phase.

[074] Additionally or alternatively, changing fiii heights of one or more of the

containers, as a resuit of fluid contents being aspirated from the containers, may

warrant modification of the multi-phase mixing procedure, as fit! heights may be one

factor taken into consideration when designing a muiti-phase mixing procedure.

Controller 802 may monitor Hit heights of the containers by comparing present and

past fluid levels sensed by the pipettor, tracking the number of aspirations into the

pipettor, and/or tracking volumes aspirated by the pipettor. Additionally or

alternatively, fiii heights may be monitored using a capacitive sensor on an outside of

a container, a vision/imaging system, a scale or similar weighing device for weighing

a container and its contents, an in-container float sensor, an ultrasonic or Doppier-

based sensor, and the tike. Modifying the multi-phase mixing procedure may include

modifying one or more of the rates of the mixing phases, and/or one or more of the

durations of the mixing and non-mixing phases, to bring the feedback data into

compliance with the one or more thresholds. If, on the other hand, the feedback

data is in compliance with the one or more thresholds, the multi-phase mixing

procedure may be repeated without adjustment ("NO") as method 812 reverts back

to step 816 for subsequent mixing. Repeating the multi-phase mixing procedure

helps keep the fluid contents in the containers adequately mixed over a long period

of time.

[075] In one specific example involving the insertion of one or more large

containers of ICR (bottles having a volume of 280 L and a diameter of 72 mm),

one or more medium containers of TCR (botties having a voiume of 25 mL and a



diameter of 50 ), and one or more sma!l containers of CR (bottles having a

¥o!ume of 60 ml and a diameter o 3 mm into container tray (shown in FIG. ) ,

and using the data associated with the graphs of FiGS. 9.A-9C, a first cycle of a

muiti-phase mixing procedure may inciude performing 30 seconds of a mixing motion

using orbital drive system 300 (shown n FiGS. 2 and 3 running at a frequency of 5

Hz, followed by performing 60 seconds of the mixing motion at a frequency of 3 Hz,

and refraining from performing the mixing motion until 30 minutes from the start of

the first cycie has lapsed. Subsequent maintenance cycies of the muiti-phase mixing

procedure may be performed at a reguiar time interval (e.g., every 30 minutes), and

may include performing two mixing phases at the same frequencies as the two

mixing phases of the first cycie, but for half the duration (e.g., 1 seconds at 5 Hz

and 30 seconds at 3 Hz).

[076] Additional and/or alternative methods of mixing are described in U.S .

Patent No. 7,135,145. Each of the U.S. patent application publications and U.S.

patents referred to in the specification is incorporated herein by reference in its

entirety.

[077] It wilt be apparent to those skilled in the art that various modifications

and variations can be made in the disclosed systems and processes without

departing from the scope of the disclosure. Other examples of the disclosure wi i be

apparent to those skilied in the art from consideration of the specification and

practice of the disclosure disclosed herein it s intended that the specification and

examples be considered as exemplary only.



CLAIMS

We claim:

. A method for mixing fluids in containers, comprising:

performing a mixing procedure on a piura!ity of containers on a container

support, at !east a portion of the plurality of containers being differently sized, the

mixing procedure inciuding:

a piuraiity of mixing phases, wherein in each mixing phase the

container support is subjected to a mixing motion at a single rate for a period of time

of about 5 seconds or longer, and wherein the single rate for at ieast one mixing

phase of the piuraiity of mixing phases differs from the singie rate for at ieast one

other mixing phase of the piuraiity o mixing phases, and

at !east one non-mixing phase, wherein the container support is not

subjected to the mixing motion.

2. The method of ciaim , wherein subjecting the container support to the

mixing motion includes rotating the container support about an axis offset from a

center of the container support.

3. The method of any of claims 1 and 2, wherein subjecting the container

support to the mixing motion includes rotating the container support about an axis

extending through the center of the container support.

4. The method of any of claims 1 to 3, wherein each of the singie rates is a

speed of the container support, and the speed of the container support changes



going from one mixsng phase to an adjacent mixing phase of the plurality of mixing

phases.

5. The method of any of claims 1 to 3, wherein each of the single rates is a

frequency of rotation of t e container support about an axis of rotation, and the

frequency of rotation changes going from one mixing phase to an adjacent mixing

phase of the plurality of mixing phases.

6. The method of any of claims 1 to 5, wherein subjecting the container

support to the mixing motion results in swirling of fluids in the containers.

7. The method of claim 6, wherein the swirling of the fluids results in the

formatton of waves in the fluids, and wherein amplitudes of the waves reach one or

more predetermined threshold values.

8. The method of any of claims 1 to 7, further inciuding obtaining feedback

after performance of the mixing procedure, and modifying the mixing procedure

based on the feedback.

9. The method of claim 8, wherein the feedback is indicative of an

effectiveness of the plurality of mixing phases at mixing one or more fluids in one or

more containers of the plurality of containers.



10. The method of any of claims 8 and 9, wherein e feedback s indicative

of an amount of foam formed in one or more fluids in one o more containers of the

plurality of containers.

1 . The method of any of claims 1 to 0, wherein the mixing procedure

includes a first cycle of mixing phases and a second cycie of mixing phases, wherein

the single rates of the mixing phases of the first cycie are the same as the single

rates of the mixing phases of fhe second cycie, and wherein the periods of time of

the mixing phases of the first cycie are ionger than the periods of time of the mixing

phases of the second cycie.

12. The method of any of claims 1 to 1 , wherein in the at least one non-

mixing phase, the container support is motionless.

13. The method of any of claims 1 to 11, wherein in the at least one non-

mixing phase, the container moves.

14. The method of any of claims 1 to 13, further including repeating the

mixing procedure at least once.

. A method for mixing fluids in containers, comprising:

performing a mixing procedure on a plurality of containers on a container

support, at !east a portion of the plurality of containers being differently sized, the

mixing procedure including:



a first mixing phase including a mixing motion of the container support

at a first rate for a first period! of time of about 5 seconds or longer.

a second mixing phase performed after the first mixing phase, wherein

the second mixing phase includes the mixing motion of the container support at a

second rate for a second period of time of about 5 seconds or longer, the first rate

being different than the second rate, and the first period of time being different than

the second period of time, and

after the second mixing phase, not performing any mixing motion for a

third period of time.

. The method of ciaim , wherein the mixing motion inciudes rotation of

the container support.

17. The method of any of ciaims 15 and 16, wherein rotation of the container

support inciudes rotation of the container support about an axis of rotation offset

from a center of the container support.

18. The method of any of claims 15 to 17.. wherein rotation of t e container

support includes rotation of the container support about an axis o rotation extending

through the center of the container support.

19. The method of any of claims 15 to 18, wherein at least one of the first rate

and the second rate includes a speed of the container support.



20. The method of any of claims 15 to 18, wherein at least one of the f st rate

and the second rate includes a frequency of rotation of the container support.

2 . The method of any of claims to 20, wherein the first rate is greater

than the second rate.

22. The method of any of ciatms to 2 , wherein the first period of time is

shorter than the second period of time.

23. The method of any of claims 1 to 22, further including repeating the

mixing procedure at least once.

24. A method for mixing fluids in containers, comprising:

performing a mixing procedure on a plurality of containers on a container

support, the mixing procedure including:

a first phase including moving the container support at a first rate for a

first period of time of longer than about 5 seconds, wherein the first rate and t e first

period of time are selected to substantiaiiy uniformiy mix a fluid in a first container of

the plurality of containers, and wherein the first container has a first size,

a second phase performed after the first phase, wherein the second

phase includes moving the container support at a second rate for a second period of

time of longer than about 5 seconds, the first rate being different than the second

rate, and wherein the second rate and the second period of time are selected to

substantiaiiy uniformiy mix a fluid in a second container of the plurality of containers,

and the second container has a second size different than the first size, and



a third phase performed after the second phase, wherein the third

phase includes not moving the container support for a third pe od of time, and

wherein the t rd period of time is selected to allow foam formed in the fluid of at

least one of the first and second containers to dissipate

25. The method of claim 24, wherein moving the container support inciudes

rotating the container support.

26. The method of any of claims 24 and 25, wherein rotating the container

support includes rotating the container support about an axis of rotation offset from a

center of the container support.

27. The method of any of claims 24 to 26, wherein rotating the container

support includes rotating the container support about an axis of rotation extending

through the center of the container support.

28. The method of any of claims 24 to 27, wherein at least one of the first rate

and the second rate inciudes a speed of the container support.

29. The method of any of claims 24 to 27, wherein at least one of the first rate

and the second rate includes a frequency of rotation of the container support.

30. The method of any of claims 24 to 28, wherein the first rate is greater

than the second rate.



3 . The method of any of claims 24 to 30, wherein t e first period of time is

different than the second period of time.

32. The method of any of claims 24 to 3 , wherein the first period of time is

shorter than the second period of time.

33. The method of any of claims 24 to 32, further including repeating the

mixing procedure at ieast once.

34. The method of any of claims 25 to 34, wherein the mixing procedure

further includes a fourth phase performed after the third phase, the fourth phase

including moving the container support at the first rate for fourth period of time

shorter than the first period of time.

35. The method of claim 34, wherein the fourth period of time is half the

duration of the first period of time.

36. The method of claim 35, wherein the mixing procedure further includes a

fifth phase performed after the fourth phase, the fifth phase including moving the

container support at the second rate for a fifth period of time shorter than the second

period of time.

37. A method for mixing fluids in containers, comprising:

identifying a first set of rates at which a first container is movable to result in a

first set of vaiues indicative of degrees of mixing of a fluid in the first container, and



identifying a second set of rates at whsch a second container is movable to result in a

second set of values indicative of degrees of mixing of a fluid in the second

container;

selecting a first rate from the first set of rates based at ieast in part on the first

set of values, and seiecting a second rate from the second set of rates based at least

i part on the second set of values;

subjecting a container support to a mixing motion, the mixing motion being

performed at the first rate for a first period of time longer than about 5 seconds and

at the second rate for a second period of time longer than about 5 seconds, wherein

the first and second containers are disposed on the container support during the

mixing motion; and

subjecting the container support to no mixing motion for a third period of time

while the first and second containers are disposed on the container support.

38. The method of claim 37, wherein the first and second sets of rates

include speeds of the container support.

39. The method of any of claims 37 and 38, wherein the first and second sets

of rates include frequencies of rotation of the container support.

40. The method of any of claims 37 to 39, wherein the first and second sets

of vaiues correspond to movements of the fluids in the first and second containers.

4 . The method of any of claims 37 to 40, wherein the first rate is different

than the second rate.



42. The method of any of claims 37 t 4 , wherein the first rate is a minimum

rate that corresponds to a value of the first set of values that reaches at least a

predetermined threshold for mixing of t e fluid in the first container.

43. The method of any of claims 37 to 42, wherein the first rate resu!ts in a

maximum value of the first set of values.

44. The method of any of claims 37 to 43, wherei the second rate is a

minimum rate that corresponds to a vaiue of the second set of values that reaches at

least a predetermined threshold for mixing of the fluid in the second container.

45. The method of any of claims 37 to 44, wherein the second rate results in

a maximum value of the second set of values.

46. The method of any of claims 37 to 45, wherein selecting the first rate from

the first set of rates s based at least in part on the second set of values.

47. A method for mixing fluids in containers, comprising:

performing a mixing procedure on a plurality of containers on a container

support, the mixing procedure including the following ordered steps:

moving the container support at a first rate fo a first period of time

longer than about 5 seconds,



moving the container support at a second rate for a second period of

time ionger than about 5 seconds, wherein the first rate is different than the second

rate, and

stopping the container support, and not moving the container support

for a third period of time;

determining an extent to which foam appears in a fluid contained in at least

one of the plurality of containers as a result o moving the container support; and

modifying one or more aspects of the mixing procedure based on the

determined extent.

48. The method of ciaim 47, wherein determining the extent to which foam

appears in the fluid includes inserting a sensing device info the fluid, the sensing

device being configured to detect foam in the fluid.

49. The method of any of claims 47 and 48, wherein modifying one or more

aspects of the mixing procedure includes decreasing the first rate.

50. The method of any of claims 47 to 49 wherein modifying one or more

aspects of the mixing procedure includes decreasing the first pe od of time.

5 1 . The method of any of claims 47 to 50, wherein modifying one or more

aspects of the mixing procedure includes decreasing the second rate.

52. The method of any of claims 47 to 5 , wherein modifying one or more

aspects of the mixing procedure includes decreasing the second period of time.



53. The method of any of claims 47 to 52, wherein modifying one or more

aspects of the mixing procedure includes increasing the third period of time.

54. A method for mixing fluids in containers, comprising:

performing a mixing procedure on a plurality of containers on a container

support, the mixing procedure including the following ordered steps:

moving the container support at a first rate fo a first period of time

ionger than about 5 seconds,

moving the container support at a second rate for a second period of

time ionger than about 5 seconds, wherein the first rate is different than the second

rate, and

stopping the container support, and not moving the container support

for a third period of time;

determining an effectiveness of mixing a fluid contained in at least one of the

plurality of containers as a result of moving the container support; and

modifying one or more aspects of the mixing procedure based on the

determined effectiveness.

55. The method of claim 54, wherein determining the effectiveness of mixing

the fluid includes taking optical density measurements of different portions of the

fluid and comparing the optical density measurements to determine if a difference

between the optical density measurements meets a predetermined threshold.



56. The method of any of claims 54 and 55, wherein modifying one or more

aspects of the mixing procedure includes increasing the first rate.

57. The method of any of claims 54 to 58, wherein modifying one or more

aspects of t e mixing procedure includes increasing the first period of time.

58. The method of any of claims 54 to 57, wherein modifying one or more

aspects of the mixing procedure includes increasing the second rate.

59. The method of any of claims 54 to 58, wherein modifying one or more

aspects of the mixing procedure includes increasing the second period of time.

60. The method of any of claims 54 to 59, wherein modifying one or more

aspects of the mixing procedure includes decreasing the third period of time.

6 . A method for mixing fluids in containers, comprising:

performing a mixing procedure on a piura!ity of containers on a container

support, the mixing procedure including the following ordered steps:

subjecting the container support to a mixing motion at a first rate for a

first period of time longer than about 5 seconds, wherein the first rate and the first

period of time are selected to subsianiiaiiy uniformiy mix a fluid in a first container of

the plurality of containers, and wherein the first container has a first size,

subjecting the container support to the mixing motion at a second rate

for a second period of time longer than about 5 seconds, wherein the first rate is

different than the second rate, wherein the second rate and the second pe od of



time are selected to substantially uniformly mix a fluid in a second container of the

plurality of containers, and wherein the second container has a second size different

than the first size, and

not performing the mixing motion on the container support for a third

period of time;

determining a va ue indicative of an extent to which foam appears in at least

one of the fluid in the first container and the fluid in the second container; and

modifying one or more aspects of the mixing procedure if the value is different

than a threshold value, wherein modifying one or more aspects of the mixing

procedure includes modifying one or more of the first rate, the first period of time, the

second rate, t e second period of time, and the third period of time, wherein the

modification is selected to move the value toward the threshold value.

62. The method of claim 8 , wherein determining the value indicative of the

extent to which foam appears in at least one of the fluids in the first and second

containers includes inserting a sensing device into the at least one of the fluids, the

sensing device being configured to detect foam in the at !east one of the fluids.

63. The method of any of claims 6 1 and 62, wherein modifying one or more

aspects of the mixing procedure includes decreasing the first rate.

64. The method of any of claims 6 1 to 63, wherein modifying one or more

aspects of the mixing procedure includes decreasing the first period of time.



65. The method of any of claims 6 1 to 64, wherein modifying one or more

aspects of the mixing procedure includes decreasing the second rate.

88. The method of any of claims 6 1 to 65, wherein modifying one or more

aspects of the mixing procedure includes decreasing the second period of time.

7. The method of any of claims 6 1 to 6, wherein modifying one or more

aspects of the mixing procedure includes increasing the third period of time.

68. A system for mixing fluids in a plurality of differently sized containers,

comprising:

a container support for receiving the pSura!ify of differently sized containers

thereon;

a drive system operativeSy coupled to the container support, wherein the drive

system is configured to move the container support in a mixing motion; and

a controller operativeiy coupled to the drive system, wherein the controller is

configured to control operation of the drive system to perform a mixing procedure

with the container support in which:

the container support is moved in the mixing motion at a first rate for a

first period of time longer than about 5 seconds,

the container support s moved in the xing motion at a second rate

for a second period of time longer than about 5 seconds, the first rate being different

than the second rate, and

the container support is not moved in any mixing motion for a third

period of time.



69. T e system of claim 68, wherein the drive system s configured t rotate

the container support about an ax s offset from a center of the container support.

70. The system of any of claims 68 and 69, wherein the drive system is

configured to rotate the container support about an axis extending through the center

of the container support.

7 . The system of any of claims 68 to 70, wherein at least one of the first rate

and the second rate nc udes a speed of the container support.

72. The system of any of claims 68 to 7 , wherein at ieast one of the first rate

and the second rate includes a frequency of rotation of the container support.

73. The system of any of claims 68 to 72, wherein the first rate is greater than

the second rate.

74. The system of any of ciaims 68 to 73 wherein the first period of time is

different than the second period of time.

75. The system of any of ciaims 68 to 74, wherein the first period of time s

shorter than the second period of time.



76. T e system of any of ciaims 6 to 75, wherein in the mixing procedure

the container support is moved in the mixing motion at one or more rates other than

the first and second rates for other periods of time.

77. The system of any of claims 68 to 76 wherein the controiier is further

configured to repeat the mixing procedure at ieast once.

























INTERNATIONAL SEARCH REPORT

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

□ Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3 . □I I Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see addi t i onal sheet

□ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

□ As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
' ' only those claims for which fees were paid, specifically claims Nos. :

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos. :

1-46, 61-77

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
' ' payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
' ' fee was not paid within the time limit specified in the invitation.

I INo protest accompanied the payment of additional search fees.

Form PCT/ISA/21 0 (continuation of first sheet (2)) (April 2005)



A . CLASSIFICATION O F SUBJECT MATTER

INV. B01F9/00 BOlFll/00 B01F15/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B01F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2015/102059 Al (SANTRACH PETER [US] ET 1,3 ,5 ,
AL) 16 Apri l 2015 (2015-04-16) 14-16,

18,20,
23 ,68,
70,72 ,77

A paragraph [0055] - paragraph [0056] 2 ,4,
paragraph [0062] - paragraph [0067] 6-13 , 17 ,
paragraph [0077] - paragraph [0078] 19 ,21 ,
f i gures 1-6 22 ,

24-46,
61-67 ,
69 ,71 ,
73-76

-/--

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

18 June 2018 21/08/2018

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Real Cabrera, Rafael

page 1 of 2



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 5 375 927 A (HERMSEN KENNETH D [US] ET I , 2 ,5-7 ,
AL) 27 December 1994 (1994-12-27) I I , 12 ,

14-17 ,
20-23 ,
68,69 ,
72- 77

col umn 1, 1i ne 6 - l i ne 9 3 ,4,
col umn 2 , l i ne 43 - col umn 3 , l i ne 8-10, 13 ,
col umn 5 , l i ne 60 - col umn 6 , l i ne 18, 19 ,
col umn 8 , l i ne 37 - col umn 11 , l i ne 24-46,
f i gures 2-5 61-67 ,

70,71

US 6 579 002 Bl (BARTICK DON A [US] ET AL) 68,71 ,
17 June 2003 (2003-06-17) 73- 75
col umn 1, ne 9 - l i ne 18 1-46,
col umn 2 , ne 10 l i ne 28 61-67 ,
col umn 2 , ne 50 l i ne 62 69 ,70,72
col umn 3 , ne 66 col umn 4 , l i ne 22
col umn 4 , ne 47 l i ne 54
col umn 6 , ne 21 l i ne 35
col umn 7 , l i ne 45 col umn 8 , l i ne 48
f i gures 1- 6

US 5 060 151 A (MI KYSKA GLENN E [US] ET 68,69 ,
AL) 22 October 1991 (1991-10-22) 71-75
col umn 1, l i ne 20 - l i ne 25 1-46,
col umn 3 , l i ne 26 - l i ne 59 61-67 ,70
col umn 13 , l i ne 58 - col umn 14, l i ne
f i gures

page 2 of 2



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2015102059 Al 16-04-2015 EP 3057695 Al 24-08-2016
EP 3057696 Al 24-08-2016
EP 3057697 Al 24-08-2016
EP 3057882 Al 24-08-2016
US 2015102059 Al 16-04-2015
US 2015102060 Al 16-04-2015
US 2015103621 Al 16-04-2015
US 2015108160 Al 23-04-2015
O 2015058000 Al 23-04-2015
O 2015058002 Al 23-04-2015

WO 2015058003 Al 23-04-2015
WO 2015058004 Al 23-04-2015

US 5375927 A 27-12-1994 NONE

US 6579002 Bl 17-06-2003 NONE

US 5060151 A 22-10-1991 NONE



International Application No. PCT/ US2018/ 024016

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Thi s Internati onal Searchi ng Authori t y found mul t i pl e (groups of)
i nventi ons i n thi s i nternati onal appl i cati on , as fol l ows :

1. cl aims : 1-46, 61-77

Method and system for mi xi ng f l ui ds i n contai ners , wherei n
at l east a porti on of the contai ners are di fferently si zed.

2. cl aims : 47-60

Method and system for mi xi ng f l ui ds i n contai ners , wherei n
an effecti veness of mi xi ng of the f l ui d contai ned i n at
l east one of the contai ners i s determi ned and one or more
aspects of the mi xi ng procedure i s modi f i ed based on sai d
determi ned effecti veness .


	abstract
	description
	claims
	drawings
	wo-search-report

