DENSI TY PHASE SEPARATI ON DEVI CE CROSS REFERENCE TO RELATED APPLI CATI ONS
[0001] This application clainms priority to United States Provisional Patent
Appl i cat iwo 268visaissNo. 61/ 178,599 filed May 15, 2009, tlreTantémwes@bscl osure
of which is hereby incorporated by reference. BACKGROUND OF THE | NVENTI ON
Field of the Inventio 21 The jon relates to a device for
separati ng hi gher and PEN = HE uid sanple. Mre
particularly, this invention relates to a device for collecting and
transporting fluid sanpl es whereby the device and fluid sanple are
subjected to centrifugation in order to cause separation of the higher
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by venipuncture 't ough a cannul @ or Heedl e attached to a syringe or
evacuairedrporaetby aiftrendd. on t ube. After collection, separation of the bIood
into serumor plasma and red blood cells is acconplished by rotation of the
syringe or tube in a centrifuge. In order to maintain the separation, a

barrier nust be pOSItIOﬁgﬁjggkwﬁggDQbﬁ]ﬂigbﬁﬁmﬁgninﬁy and | ower density

phase conponents. This allows the separated conponents to be subsequently
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barriers may react chemcally with the analytes. Accordingly, if certain
drugs_Eﬁﬁ9¥§¥£ﬁﬂﬂ&jJﬁﬂﬁﬁé bl ood sanple when it is taken, an adverse cheni cal
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cells (the higher density phase components). Samples of whole blood are typically collected
by venipuncture through a cannula or needle attached to a syringe or an evacuated blood
collection tube. After collection, separation of the blood into serum or plasma and red blood
cells 1s accomplished by rotation of the syringe or tube in a centrifuge. In order to maintain
the separation, a barrier must be positioned between the higher density and lower density
phase components. This allows the separated components to be subsequently examined.
[0004] A variety of separation barriers have been used in collection devices to divide the .
arca between the higher density and lower density phases of a fluid sample. The most widely
used devices include thixotropic gel materials, such as polyester gels. However, current
polyester gel serum separation tubes require special Vmanufaoturing equipment to both prepare
the gel and fill the tubes. Moreover, the shelf-life of the gel-based separator product is
limited. Over time, globules may be released from the gel mass and enter one or both of the
separated phase components. Furthermore, commercially available gel barriers may react

chemically with the analytes. Accordingly, if certain drugs are present in the blood sample

when it is taken, an adverse chemical reaction with the gel interface can occur. Furthermore,



[ 0005] Certain nechanical separators have al so been proposed in which a
mechani cal barrier can be enpl oyed between the higher and | ower density
phases ofwoheidiseisd sanpl e. Conventional nechanical bar pcens2@s3pPesi ti oned
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in which the mechanical separator prematurely releases during blood collection, trapping of a

significant quantity of fluid phases, such as serum and plasma, poor sample quality, and/or
barrier failure under certain circumstances. Furthermore, previous mechanical separators are
costly and complicated to manufacture due to the complicated multi-part fabrication
techniques.

[0007] Accordingly, a need exists for a separator device that is compatible with standard
sampling equipment and reduces or eliminates the aforementioned problems of conventional
separators. A need also exists for a separator device that is easily used to separate a blood
sample, minimizes cross-contamination of the higher and lower density phases of the sample
during centrifugation, is independent of temperature during storage and shipping, and is
stable to radiation sterilization. A need further exists for a unitary separation device that
requires fewer relative moving parts and that allows for enhanced ease of introducing a

specimen into a collection container.



[ 0008] The present invention is directed to an assenbly for separating a
fluid sanple into a higher density and a | ower density phase. Desirably,
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density, and a ballast, having a second density greater than the first density. A portion of the
float is connected to a portion of the ballast.

[0011] The mechanical separator may have a spheroid shape. Optionally, the float may
include an exterior surface and a joining surface, and the ballast may include a contact
surface connected to the joining surface of the float and an exterior surface. The exterior
surface of the float and the exterior surface of the ballast taken together may form the
spheroid shape.

[0012] In certain configurations, the float defines the through-hole adapted for allowing
fluid to pass therethrough. The through-hole may have a circular cross-section. In other
configurations, the through-hole may have an elliptical cross-section. The through-hole may
be defined along a through-axis, and the float may be adapted for deformation in a direction
perpendicular to the through-axis upon applied rotational force.

[0013] In another configuration, the float further includes a first extended tab adjacent a

first opening of the through-hole and a second extended tab adjacent the second opening of



[0013] In another configuration, the float further includes a first

extended tab adjacent a first opening of the through-hole and a second
ext ended wehkoadizament t he second openi ng of t he t hr ough- polrass2dib/ob@ast a
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bal | ashnd the second extended portion of the extended tab band have a concave downwardly-
directed orientation, and the joining portions of the extended tab band have a concave
upwardly-directed orientation. In certain configurations, the float may include the extended
tab band. Optionally, the float and the extended tab band may be formed of TPE and the
ballast is formed of PET.
[0015] The mechanical separator may also include an initial engagement band
circumferentially disposed about the separator body. The initial engagement band may be
continuous or at least partially segmented. The initial engagement band and the float may be
formed of the same material. The initial engagement band may bisect at least a portion of the
ballast.
[0016] In another configuration, the ballast may include a base portion and a joining
structure for engaging a portion of the float. The joining structure may include a plurality of
arms for engaging a portion of the float, and the joining structure may provide flexure

between the float and the ballast. Optionally, at least a portion of the float may have a



[0016] In another configuration, the ballast may include a base portion and
a joining structure for engaging a portion of the float. The joining
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mechani cal separator may be engaged with a portion of the closure in the
first THiqual [o8essition, and the mechanical separator may be engaged with a
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through-hole of the mechanical separator is oriented along the longitudinal axis of the
collection container in the first initial position, and the through-hole is oriented perpendicular
to the longitudinal axis of the collection container in the second sealing position. Transition
of the through-hole from the open position to the closed position may coincide with rotation
of the mechanical separator from the first initial position to the second sealing position. The
mechanical separator may sealingly engage a portion of the collection container wall in the
second sealing position to prevent flow of fluid therethrough or therearound.

[0019] In certain configurations, the separator body further includes a first extended tab
adjacent a first opening of the through-hole and a second extended tab adjacent the second
opening of the through-hole. The first extended tab and the second extended tab may engage
a portion of the sidewall of the collection container in the second sealing position. In other

configurations, the separator body further includes an extended tab band disposed about a



second sealing position to prevent flow of fluid therethrough or
therearound. [0019] In certain configurations, the separator body further
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separ apdrifieter for providing sealing engagement with a second portion of the collection container

while maintaining a barrier for separation between the first and second phases.

[0022] The separation assembly may include a closure adapted for sealing engagement
with the open end of the collection container, in which the mechanical separator is releasably
engaged with a portion of the closure.

[0023] In accordance with another embodiment of the present invention, a separation
assembly for enabling separation of a fluid sample into first and second phases includes a
collection container having an open end, a closed end, and a sidewall extending therebetween
defining an interior. The collection container further defines a longitudinal axis between the
open end and the closed end. The separation assembly further includes a closure adapted for
sealing engagement with the open end of the collection container, and a post engaged with
the closure and adapted for positioning within the interior of the collection container. The
post includes a post through-hole aligned along the longitudinal axis of the collection

container. The separation assembly also includes a mechanical separator releasably engaged



assenbly for enabling separation of a fluid sanple into first and second
phases includes a collection contai ner having an open end, a closed end,
and a si deoabio/sxtsendi ng t her ebet ween defi ni ng an i nt er ipomustéw/osobe ecti on
contai ner further defines a |ongitudinal axis between the open end and the

I d i : Mol ] osu g d for
ceal t ng e HSL "RRETEh o SSEMRLY ilotdey Bloch i 3By BaCRRL i ARAREC,
P O P e e - hol &
|nterirqQr o e 0] ectl o on | her. ROS | -
al i gne eaqt%wggie-hih? %F@@W%EIOE&IH@%%&@P% avipgp gt degstyc gt Hbaliast, ﬂam%g

: s .
separ ahis@na USRI gfeaﬁélstﬁaﬁ e ﬂf&%na}yrgse; Eéﬂioﬁ%lf tl‘ﬁeefﬁ’cfa'i &m&&é@@ygo%o day

engagedw th the post. The nmechani ca arator 1 ncludes a sepa
havi ngoathehrablagthaibh @odehi ofdtic pherieirevenled vgthan ther thugighdwiesof thie tsbpariter

t hrough- hol e adapted.f or | owi n | ui d. to pass therethrough. The. separator
body TR PR S Thn 6% A e it So ey Shan G PG o
second[@eapi tyhedr &ph@kort I@agt hgay | fifthefeRgdlide 4h Pﬁﬁﬁélorbngﬁg&ﬁk%tf lbaad s
connected to a portion of the ballast, and a portion of the post is

recei vedcumpierintaliy disphsedugiiouhelporiadn phéhessepatator drody or henitéal fengaggmsat h

t hrou the S nd_the.nmechani,cal separator hi an.i.nitial fjyrst, position.
[ 00247 DaebgRE Pt B 6 e 37 ik oa® SPRGR e he Aokt s e PR

ci rcunbreant iqakl ¥psltispos et et Ghtpailly, #it &patahe bsepay alapled 16 @¥nsitlhie
initial engagenent band and the float may be fornmed of the same material
and t h&omng fifshinibelpegdionne vihithde perionos thetpost is|dispescdavithip thothrefghtiiede

bal | as i he. . : - . transi.ti m a
frrse i ERSEORE0 oo BRa R hEbndticon (A IRA AR bRl AR SR (T

t he t htoougdrohdkenliaggotilion $ie paichtthe sdpachfor odgris &igé@gfcﬂﬁ‘aﬂl P @ostR@d ithd \m f gr
al | ow fluid to pass therethrqugh, to a second sealing position in iC

t he seglg?%ﬁfoqﬁdam%teéi Yeagdhwd PoHiAn fY pr¥entgy e fopy 8991@5-%%643
orient J I i L r o i i r i

her ot A SR oGBS St rR! PHERk ol b o HEELRR) Bi EELUET,
body fpaaitidrhé dpeclopmispedition tmaytiheludd as ediganovantent withe Bedander Bodyaxd al

novenent of the separator, body.to di sengage fromthe post, and a rotational
noverne ﬂﬁ?g?E@H@@EQPﬁta%i%Bﬁ%Kmﬁ%m@%ﬁmq g?ﬂ@ﬁ°@?@§¥b%§@$@Péﬁ1@83g8§Econd
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i ncl udes_a cl osure adapted for sealln% engagenment with the open end of the

col | ectstovng amiderivar Theselledtivnsoatainge g defines a longitudinal axis between the
open end and the closed end. The separation assembly further includes a closure adapted for
sealing engagement with the open end of the collection container. The closure includes a
receiving end for positioning within the open end of the collection container, with the
receiving end defining an interior cavity and including an undercut protrusion extending into
the interior cavity. The separation assembly further includes a mechanical separator
releasably engaged with the closure. The mechanical separator includes a separator body
having a through-hole defined therein along a through-axis, with the through-hole adapted for
allowing fluid to pass therethrough. The separator body includes a float, having a first
density, and a ballast, having a second density greater than the first density, with a portion of
the float connected to a portion of the ballast. The undercut protrusion of the closure may be
disposed within the through-hole of the separator, and at least a portion of the separator body

may be disposed within the interior cavity of the closure in an initial first position.
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being greater than a diameter of the second interior. The separation assembly further
includes at least one fluid flute extending between the first region and the second region to
allow passage of fluid therethrough from the first region to the second region. The separation
assembly may also include a mechanical separator having a float, having a first density, and a
ballast, having a second density greater than the first density, with a portion of the float
connected to a portion of the ballast. At least a portion of the mechanical separator is
prevented from entering the second region in an initial first position, and the mechanical
separator is transitioned into the second region upon application of rotational force to a
second sealing position.
[0029] The mechanical separator may include a separator body having a through-hole
defined therein and adapted for allowing fluid to pass therethrough.

[0030] In accordance with still a further embodiment of the present invention, a separation

assembly for enabling separation of a fluid sample into first and second phases includes a
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'S having a varying position about a portion of the interior, with the varying position defining an
average sealing height. The mechanical separator also has a maximum height and a
minimum height within the collection container, such that the average sealing height is less
than the maximum height minus the minimum height.
[0032] The assembly of the present invention is advantageous over existing separation
products that utilize separation gel. In particular, the assembly of the present invention will
not interfere with analytes, whereas many gels interact with bodily fluids and/or analytes
present within a collection container. The assembly of the present invention is also
advantageous over existing mechanical separators in that the separator does not require
piercing of the separator body to introduce a specimen into the collection container thereby
minimizing pre-launch and sample pooling under the closure. The structure of the present

mechanical separator also minimizes the loss of trapped fluid phases, such as serum and

plasma within the separator body. Additionally, the assembly of the present invention does
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2. [00 |G 6 is a cross-sectional View o mechani cal separalil r of
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[0041] FIG. 8 is a cross-sectional view of the mechanical separator of FIG. 2 taken along

line B-B of FIG. 7.

[0042] FIG. 9 is atop view of an alternative mechanical separator having a float defining a
through-hole and a ballast, with first and second extended tabs forming a substantially convex
upper float surface in accordance with an embodiment of the present invention.

[0043] FIG. 10 is a side view of the mechanical separator of FIG. 9.

[0044] FIG. 11 is a cross-sectional view of the mechanical separator of FIG. 9 taken along
line C-C of FIG. 10.

[0045] FIG. 12 is a front view of the mechanical separator of FIG. 9.

[0046] FIG. 13 is a cross-sectional view of the mechanical separator of FIG. 9 taken along
line D-D of FIG. 12.

[0047] FIG. 14 is a perspective view of an alternative mechanical separator having a float
defining an elliptical through-hole and a ballast in accordance with an embodiment of the
present invention.

[0048] FIG. 15 is an alternative perspective view of the mechanical separator of FIG. 14.
[0049] FIG. 16 is a top view of the mechanical separator of FIG. 15.

[0050] FIG. 17 is a side view of the mechanical separator of FIG. 15.
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substantially round interior and side-cuts taken along a similar cross-sectional line as that
shown in FIG. 18.

[0060] FIG. 26 is a partial perspective view of the mechanical separator having a
substantially round interior and side-cuts as shown in FIG. 25.

[0061] FIG. 27 is a partial cross-sectional side view of a mechanical separator of the
present invention affixed to a closure in accordance with an embodiment of the present
invention.

[0062] FIG. 28 is a partial cross-sectional side view of a mechanical separator disposed
within a collection container in an initial position for allowing fluid to pass through the
through-hole in accordance with an embodiment of the present invention.

[0063] FIG. 29 is a partial cross-sectional side view of a mechanical separator disposed
within a collection container as shown in FIG. 28 in a sealing position for establishing a
barrier between lighter and denser phases within a collection container after application of
rotational force in accordance with an embodiment of the present invention.

[0064] FIG. 30 is a perspective view of a mechanical separator in accordance with an
embodiment of the present invention having a seal line for engagement with a collection

container in an initial position.
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cross-sectional line as that shown in FIG 18. [0060] FIG 26 is a parti al
per spect iwe 2vioes28 t he mechani cal separator having a swostmpéioabdogo r ound
interior and side-cuts as shown in FIG 25. [0061] FIG 27 is a parti al

Cr 0Ss- i o0 iide view of a.nechanical separataqr o resent
oo TEfESLo M, 1S o fofadlye 3idW S0AR Wi ha R ER A0, Of micIA LSRG N scnl

pr esentiné forengdgemen{ WL dcofiddBon 28nthimiepinpadehiidd paitas- secti onal side view of
a nmechani cal separator disposed wiithin a collection container in an_ initial
posi ti HH6pbr lglcgo%%qs f4 QPEPYEVpade™ t Mr duBsrhemigalt saPaisém- PolRe nPaBE#bY dance
Wth al ABBRALIRRL iOloct B RARPA chBUEREL A hd HBQA inkhifiond 1. @ part ial
cross-sectional side view of a nechanical separator disposed within a

col | ec{(06f] cdriai3iBris asroahaww dfithdshéhafiBal separatoeal FI@. Josi ti on for

est abl { shing rrier between |ighter and denser phases within a
col | ectq%ghp cﬁé%&é 159% PEFPHNE (ViR POA B Cﬂﬁ‘%“ﬁatﬁ%ﬂa‘i"f F%FE@WS%C%@E@ HYance
wi th ap,goedh®nhe flesddi®RhgSENt i nvention. [0064] FIG 30 is a

! : .

perspective view of a mechani cal separator in accordance with an enbodi nent
of t he[(968keHIG. 3UBris bdop Yiawiofgheamsahahichl separhior oERHEAGHIENt wWith a

|1 ecy Loer. i initial position. 0065 1] .
i ew ol P R AR s Rl Pue Mgt P Bl elc o ma REFIC U 11 me ror
engage[umn| WItIG. 3190k heeddsQBetial AeRest thénRcEARlal BPaRas 4 191G, A0k FI G

31A is a perspective view of a nechanical separator having a partially
scal | opledg §ue SHE81F i §Eeodtance with an enbodi ment of the present
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is a top view of the nechanical separator of FIG [0070] FIG 31E is a
front ¥pesting 3tHS1HeeEl;-3dG.separator of FIG 31C. [0071] FIG 31F is a
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[0076] FIG. 33 is an alternative perspective view of a mechanical separator having an
initial engagement band as shown in FIG. 32.

[0077] FIG. 34 is a side view of the mechanical separator having an initial engagement
band as shown in FIG, 33.

[0078] FIG. 35 is a partial cross-sectional side view of the mechanical separator having an
nitial engagement band of FIG. 33 engaged with a portion of the sidewall of a collection
container and closure in accordance with an embodiment of the present invention.

[0079] FIG. 35A is a perspective view of a mechanical separator having an extended tab
band in accordance with an embodiment of the present invention.

[0080] FIG. 35B is a left side view of the mechanical separator of FIG. 35A.

[0081] FIG. 35C is a front view of the mechanical separator of FIG. 35A.

[0082] FIG. 35C1 is a cross-sectional view of the mechanical separator of FIG. 35A taken
along line 35C1-35C1 of FIG. 35B.

[0083] FIG. 35D is a cross-sectional view of the mechanical separator of FIG. 35A taken
along line 35D-35D of FIG. 35C.

[0084] FIG. 35E is a perspective view of a mechanical separator having an alternative

extended tab band in accordance with an embodiment of the present invention.
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[0075] FIG 32 is a perspective view of a nechanical separator having an
initial engagenent band in accordance with an enbodi nent of the present

i nvent i onwo[20007/8k7851 G. 33 is an alternative perspecti ve peiras2em/ 034920
mechani cal separator having an initial engagenent band as shown in FIG 32.

[0077] i Sl ' 3 g%]w r r - N initial
cngage el p g 2P R AR Pl e diend BFa FRERANERueRER g Gl Bt

Cr 0Ss- sesicbniate withean vimbwdiafent bidhepebaninahtisepar at or having an initial
engagenent band. of FIG_ 33 engafgﬁd with a portion of the sidewall of a

col | ec{Y®I c Mt GiNEr Isadt risslielehs meghapiabzrme !t FTGn3bodi ment of the
Pr esenods?y er¥F@BsH AW absddtiontP dicko Anb BERARLI KehatdiSibOFI R J5REHRA cal

separator having an extende band i n acco w th an enbodl nent of
t he prebepiing 3YHMSILOf FIGM¥ FIG 35B is a left side view of the

nmechani separ t of FLG A. 081] FIG, 35C. i front view of the
rrpchani@%] sgig@rfg{sgis PP RIY 0%@‘&.““%@@8@% SgRagatory, Iqségg cross-secti onal

Vi ew ogodsb RN 2 SRRAMAIOHoRf vichCor 3RAnicRkGRcA! sepfatol N PleE1351PCl of
FIG 35B. [0083] FIG 35D is a cross-sectional view of the nechani cal

separ atlispossfl Wwilldn 8%alleciicencamtasmgy ini vaxiods Bt@GDobdeswe® Wb, tHe0o8ULtitn G 35E
is a persc%)ecj[.i ve vi.ew of. .a rrecbh%\%jcrﬁl ﬁlepar at or hz%.vi ng an alternative

ext end€Y" 28 lBélﬁ%Prfi?“ch(Yvd YA NPE 05 CSREEaT HEHINO8f Tt he pr esent

i nvent {om9o] 00&E}. FBIKGs B5dhehnatia flvat SRACHH e nydcBMMiOH sepaiBeNaNFr@! 35EeRes at or
having a joining structure in accordance with an enbodi nrent of the present

i nvent PHNE pooBe) inFceprdame wish an embedimentead ted presrat myemfsnii. cal separat or of

FIG 3 0 : i .0SS-Sect | ie t he nechani cal

cepar a0ty Kk s ¥ BshSus i G POR Sl bl TEIBRLAR o s,
i's a tjpnivgemodiiretihecoredhadiviidlan 2apatiaiar odthe ptdsent3bfentip089] FIG 35J] is a
schematic front view of the nmechanical separator of FIG 35F di sposed

wi t hi n[@92b |13&G-36M Borfirentverw af the atechanicad sepesdorgt Fesddht within the

col | ectq C i - : j et 3 ' :

nvent |21 {065 RH i P gBROALARNGG N I RBGIAP SR Bhybe % MIERERY.

separ ajoamning btridtide i3 dccordanac wéthlah renbpdsindnit ofithie preyeanvtarioe Wi t h an

enbodi t of t resent inventjon. [009 FIG 35L is_a perspective view
of a n@aﬁhi c‘gﬁ‘hgé af 4t6} L KV (;}Idh%we‘é}{w&%???ﬁ?@rjogﬁ_ﬁGnﬁs%t ructure in
accor dgjpos] WG, 396 & PRdlimedbssHfecliditi RIERSERY olf AVRBHaRR Al separator having a

circuitous though-hole in an initial position in accordance with an embodiment of the present

invention.

[0096] FIG. 37 is a partial cross-sectional side view of the mechanical separator of FIG.
36 having a circuitous though-hole in a sealing position in accordance with an embodiment of
the present invention.

[0097] FIG. 38 is a representational cross-section of a mechanical separator having a float
and a ballast separated by a thermoplastic elastomer section defining a through-hole in an
mitial resting position in accordance with yet another embodiment of the present invention.
[0098] FIG. 39 is a representational cross-section of the mechanical separator of FIG. 38
having a float and a ballast separated by a thermoplastic elastomer section defining a through-
hole in an activated position during application of rotational force.

[0099] FIG. 40 is a cross-sectional side view of a separation assembly having a
mechanical separator engaged with a portion of a collection container having a closure

engaged therewith in accordance with an embodiment of the present invention.
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[0092] FIG 35Mis a front view of the mechanical separator of FIG 35L.
[0093] FIG 35N is a perspective view of a nechanical separator having an
al ternatiwe 2pm/mBemg structure in accordance w th an enbedirrsnéionsssohe
present invention. [0094] FIG 350is a front view of the nechani cal

separa )95 : I | - i .5l de

i ow of P10l e, A% crtb ko e o Sy PR, o Ry Bt

i ni ti ala madbbicadrscpira@e cogapat cathna pdst arhichnio edgaged twitf art eleprue o€ nlosuravent i on.
[ 0096] FI 37 i.% a rtial crgss-sectional side view of the mechanical
separ afBrOTHNCE a@(?p“%ﬁ\??rﬂﬂﬁé?f LR ONE Bugh- hol e in a sealing position

! n acc%@@@]:e MG.WZ%Qa%E@ﬁﬂ&rB?snéep%naﬁ P@rsﬂcﬁ?’@af thle iRt ?rGl 49971 . FIG 38
is a representational cross-section of a nmechanical separator having a

fl oat #9103] baflGagB is e parspectivte fipnbvitwer bepoaseiFIGMast oner secti on defi ni ng
athro -hpl e i ninitial. restin ition.pn.accordance with yet

2ot ned PO s = Prsb ek & Ve ey bt o Blsef R G 30 1's

repr esggiidl| ONAIG.450RSa §i86 i oPh doNBctRChARiSR haSBRA BtRhe@bn,H cod®
having a float and a ballast separated by a thernoplastic el astoner section

def i ni megien tandoughireliey oihfluid Hetes vataseprgasiet With aduerbrylimpnsl ¢fc Hei prasent

rotati ?p%h-force. [0099] FIG 40 is a cross-sectional side view of a
nvention, : . . .

separation assenbly having a nmechani cal separator engaged with a portion of

a col | geutiosp CUIG.d6N8ra Havd-agtienat lpagial eideNgeQod atdpiretdd AssbbBCERiance
wi th an enbodi nent of the present invention.[00100] FIG 41 is a
cr oss- Sehimeid serarger Jispased vitn tictceHerionvenwings ph¥l GrdBswapidgndsavithg a

nmechani,gal  S&paLak eﬁf@&ﬁgﬁe\f)ﬁi&b a post which is engaged with an undercut

of closure In accordance w an ‘enbodi rent of the present invention.
[00101J0HNGE 4AG.46A Bad trosd-sectioms skiecti¢w ndlan pREBPEEE collRcidn tdigaiféroforir e of
FIG 41. [001 OZL Fl ? 43 i s, a perspective front view of the post of FIG
41. [ 0810%]th gpegchanicsl separyer Wneeqriiuoe ety angrekpdgnentiod thsgyesest inpprgons 1

[00104}odibs 4. 9738 l:l%@s%’%:ﬁghegfsid% \fl?&)!r l)?%r% él%aﬁ%@%%ﬁ&?ﬁfonﬁ@é’éﬂﬂy Radihg St

regi on, a second region, an lurality tes in accordante with
an enbedmnegricel stperatpr engagedi witbimt koportip@Od0s]clédu@ idGaccardance with an
cross-s]g]gt(il.onajtle 1‘;;t?rti al side_.view of a separation assenbly having a
mechanfEapPt PGPS ANEBHO% t hin the col | ection container of FIG 45 in

accor qusﬁ tﬂ@ﬂS@@@Bﬂ&iHﬁ?Bss@ecﬁﬁlﬁl PESRRAVe bIHEBILRE of FPELPR] FIG 46A is

a cross-sectional side view of an alternative collection contai ner for

[00109] FIG. 49 is a cross-sectional side view of a separation assembly having a
mechanical separator engaged with a closure having an engagement boss in accordance with
an embodiment of the present invention.

[00110] FIG. 50 is a cross-sectional side view of an alternative separation assembly having
a mechanical separator engaged with a closure having an alternative engagement boss in
accordance with an embodiment of the present invention.

[00111] FIG. 51 is a cross-sectional side view of the separation assembly of FIG. 50
having a sealant disposed between a portion of the mechanical separator and a portion of the
closure in accordance with an embodiment of the present invention.

[00112] FIG. 52 is a close-up sectional view of the sealant shown in FIG. 51.

[00113] FIG. 53 is a cross-sectional side view of an alternative separation assembly having
a mechanical separator engaged with a closure having an alternative engagement boss in
accordance with an embodiment of the present invention.

[00114] FIG. 54 is a cross-sectional side view of an alternative separation assembly having
a mechanical separator engaged with a closure having an alternative engagement boss in

accordance with an embodiment of the present invention.
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use with a mechani cal separator in accordance with an enbodi nent of the
present invention. [00107] FIG 47 is a cross-sectional side view of an
al t ernat iwe 288p@pA&Bi on assenbly havi ng a nechani cal sepacatuseoengsged
within a portion of a closure in accordance with an enbodi nent of the

resentad Nt @h. 0 Fl. j I o] i I ective
ot no 1 1F8Er EE- 5y A RBocelih Y b iR Bl BLrEG ORI nAREL W REIHPUT )
of a séepariatludingapdenily\fidapendthgadestrechani cal separator engaged with a
cl osure havjn engagenent boss.jn accordance with an enbodi nent of the
presen Oqliﬂentgﬂ@m.56[1¥)®?EP§’]'S?5P@131§ cjvievh oL phREernative senakdtiogiaae mhe hrens an
al ternaty I : {4 I r ; wth
g dlééﬁaﬁ,@aﬁ%ﬁérbt%f‘ te@@%@@%% Mmdgrggr@rs]%? gﬂé&&bﬁ%cé\%ﬁﬁ gﬁ%ﬁ{boﬁﬁgﬁg gﬁ

a closure having an a ative enga Ss i n accordance w
enbodi fenqreseht inentpmesent i nventi on. [00111] FIG 51 is a cross-sectional

si de vi t aration_.assenbly of FLG. 50 havi a seal ant di sposed

blet vve\é:[\(ﬁ) lgijrt g%\%gfes?ﬂeerls%{:‘ﬁ%megaqf% ee]ﬁlﬁﬁél? S%ﬁtaﬁﬁcg%!ﬁti on of the cloosure

in accyragee mid.5gana erBQicBMI sRfe idie o PALSRM ativE ¥EALARA asdeRbl RAvild G 52
P{) FIG 51. [

is a close-up sectional view of the sealant shown in Fi 00113] FIG
53 is amgcbeycaesepdrainnbngsigad withevmoldinginagrt ar sravidaeceseithracnbadiaswend| y
havi ng .a meché.ni cal separator engaged with a closure having an alternative

engageﬁjeeﬁfres% 3

VPN Yecor dance with an enmbodi nent of the present invention.

[00114]00819] THG.S93s £ERSSscedbhd] iRlvisH VAR Bifve 8épaddtiofrBRiibEhseRar at i on
assenbly having a nechani cal separator engaged with a closure having an

al t er nampsgbade sgearalat cirssed withaomeldignimecrivint drcandarsebwidh pe wmbedimdne obr esent
i nvent | . . G 55 is a perspective view of the closure of FIG 54
havi ng*%ﬂ’l%%géég‘l%ﬁ "boss including a plurality of depending feet. [00116]

FIG 5f0180]a dFI0s$03eL tiogsdctishad8ideivesw of arbdltedddtiot Bepatation S8RAbA; hhing
assenbl y havi _ngl a nechani cal separator engaged with a nolding insert in
accor darfBeehanichl sapaeiRiosngasst vah ¢ warrier esarged; witk it poion [gothe TlosprGin 57 i s

a_per SRt aeo YUy Qbbb IEndiPb i b3S ferbn | G 56. [00118] FIG 58 is a
Sl or an f

Cross-sectiona e view ternative separation assenbly having a
mechan{AR1seddGabdis eogagsdtivadl kida vinw of aigalienseive séparaion astabiehmiid an
enbodi nent _of. the present i ven,tai on. [00119] FIG 59 is. a cross-sectional
i de v P dUFHFISH SoPRRIR AOEIEFSWHA By HISHIREE SHBISY HaeHGVED HeRHEAR GhIthe

separ atREue RIASHNE With alChBbithhDSEE pllcRGHRLAGNCE W th an enbodi ment of
[00122] FIG. 62 is a perspective view of the carrier of FIG. 61.
[00123] FIG. 63 is a cross-sectional side view of a separation assembly having a
mechanical separator engaged with a carrier in an initial position in accordance with an
embodiment of the present invention.
[00124] FIG. 64 is a cross-sectional side view of the separation assembly of FIG. 63
having a mechanical separator in a sealing position disengaged from the carrier after
application of rotational force in accordance with an embodiment of the present invention.
[00125] FIG. 65 is a cross-sectional side view of an alternative separation assembly having
a mechanical separator engaged with an alternative carrier in an initial position in accordance
with an embodiment of the present invention.
[00126] FIG. 66 is a cross-sectional side view of the separation assembly of FIG. 65
having a mechanical separator in a secaling position disengaged from the carrier after
application of rotational force in accordance with an embodiment of the present invention.
[00127] FIG. 67 is a cross-sectional side view of an alternative separation assembly having
a mechanical separator engaged with a dissolvable carrier in an initial position in accordance

with an embodiment of the present invention.
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the present invention. [00120] FIG 60 is a cross-sectional side view of an
alternative separation assenbly having a nechani cal separator engaged with
a carrierwengagsassi th a portion of the closure in accordanseoniosdy2@n
enbodi nment of the present invention. [00121] FIG 61 is a cross-sectional

si de vigyy I t [ {.ng hani-.gal
separato ggﬁe(% &éang Clrélsg Sgafoﬁlaﬁlgl\(}gq’é%ﬁo?gg é%n& gégﬂé)g %g%lﬂﬁg (%21;@0?17 of the
cl osur eavmgaa:(mrcﬁancai %ptaﬂatoarnnem:sealmgapbsr@cin h]ﬂlstrpmegsehrd chni¢ent i the fullPO122]
FIG 62.is a perspective view.of the carrier of FIG, 61. [00123] FIG 63 is
& or os SissREd GAia ATGF ARPlipeloR Bf Toga Icoaqq Bricedas vy hhan PO AMREHARS cal
separ a@?éseﬁﬁﬂ@éih gawith a carrier in an initial position in accordance wth
an enbodi ment o the present invention. [00124] FIG 64 is a
cross-sectional DESCRIPWION ORdHHe PREFERREBSEMBORIMENAISG. 63 having a

nmechani rator in seal i ng. pasi t.i on di sen ed fromn e,carrj,

rcer 4Beob el bugtostb o Bt TR e R ecsR GRS WEEh Al b dEnt o
the prer@nt (US| HorizbMBT25lopP| Gotlom S‘Iaiierslr’osmgﬁﬁmm%dsm@ syitRw of an
alternative separation assenbly having a mechani cal’ separator engaged with

an al t &rmat IfWéeéeshalﬂ eglatierio dlre described erpbmilmsmﬂ aS arigged itrdﬁlq:cﬁhfawmg LGS

S v ey it B e BRERlslo BaLaRy <5 ok o SubolRER ARG

separ ab§umied eﬁc@@@I}HefbgeX@%kI@'s@éblﬂécﬁ@rtﬁéig&ﬁrafri Omid €0 &Abd inklersbdddethat the
application of rotational force in accordance with an enbodi nent of the

pr esenspiciiceeviens. andognborimmptsillgnaied ia the eecompanying riatwisie end idesgribed an
altern n S I ni cal separator engaged with
a di sngI\?}e/{ @B@l?%@n ls:é‘l&%'aen |On| Qﬁ%f&ggg}‘{%ﬁ&?n accordance with an

enbodi N@IB0Pf THeempeles®al sepivaot odnhd PEbE@] inkbfBion6R infended IFOS fscs @ithi Hnal
side view of the separatiogn assenbly of FIG 67 having_ a nmechani cal
separ ateiectian gorfginey f?@ PHRY&4IRE é‘?PaFf’rtIOEIsch PeemRly niedhighar ape low e deREty Rii2sy

di I th an
erbodi Loap oAty pE WP be BRPhsEFhLER, NorsRiblephP ary e iy R R S
EI\/BCDI MENSS [DpbR8le Feecpapatiopasiesroh otrhﬂasdmsﬁommhain bltmrdeﬂartajfghethe usdref wor ds

upper ht", "left!, "vertic "horizontal " top",
" bgf t omffewqﬁgf i?}lav/ancy i Sipie figPHEe: arca ig cpmreaectsvﬂaep prig Eedsin 3 FPYEBEN shal |
rel at ee&ﬁbs&cﬁ‘% desstd Q@%a‘%ﬁﬁﬁ’ldfo%é‘ﬁﬁo@g% eﬁfyh@c’i‘}cﬁﬂldn'al fo'i’é% &r&i’l\ﬂrilfﬁg%ftl'oﬂuﬁl?s

However, it Is to be understood that alternative vari at s and
enbodi mﬁmbmeb’e the elevated gravitational forces can be provided at a rate of at least 2,000

(T.‘

revolutions/minute, such as at least 3,400 revolutions/minute.

[00131] Referring to FIGS. 2-8, the mechanical separator 40 of the present invention
includes a separator body 41 including a float 42 and a ballast 44 connected to the float 42.
In one embodiment, the float 42 has a first density and the ballast 44 has a second density,
with the second density being greater than the first density. In another embodiment, the float
42 has a first buoyancy and the ballast 44 has a second buoyancy, with the first buoyancy
being greater than the second buoyancy. In one embodiment, it is desirable that the float 42
of the mechanical separator 40 be made from a material having a density that is lighter than
the liquid or specimen intended to be separated into two phases. For example, if it is desired
to separate human blood into serum and plasma, then it is desirable that the float 42 have a
density of no more than about 1.020 g/cc. In one configuration, the float 42 of the
mechanical separator 40 may be extruded and/or molded of a resiliently deformable and self-
sealable material, such as a thermoplastic elastomer (TPE). In yet another embodiment, the
float 42 may be extruded and/or molded of a resiliently deformable material that exhibits

good sealing characteristics when contact is established with a collection container, as will be
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assunmed except where expressly specified to the contrary. It is also to be
understood that the specific devices and enbodi nents illustrated in the

acconpanywogotyadwisags and descri bed herein are sinply ererpisasiyogbodi nent s
of the invention. [00130] The nechani cal separator of the present i nvention

is intended use l.ec tai per. for 0 arati on of
1 sampraoreh relh oMot 8t ohoR SRS NA BLRE s Sheli 1R Ahef 1 BlgRe

di scussmllyh&ﬁﬂhéu b aisingX@ BRh&ard trhgted] a8 &Ndocl BN 28tjue@| congPpandihgrwidgfobe used
to provide a separation of serumor plasma from whol e bl ood through the use

of di f EEHENE, Shss prisPatPligres i1 edeste reduse g materplalensity. cont ract when subner ged
d
in a Sgdzg?ffn RS ETiLQ :fré(t%% 5 aﬂB iRk gﬂn%h%ﬁ HOESS de (% F]He] efﬁ? %géﬁa

rotati orce or centri ion. n one nment,
gravitat 'akmngla thengphsaxtal dfethprsep/aratedbedy 41.r eseshofvnain FEGS1 3 , 5, (Hﬂa 8, the
such as at | east. 3,400 r [ 00131]

s/
ngfvce)'r %1'%55'& o qe &maz e tend flarop gl fherpntitg sca@sior §9§f Xﬂéf?CQle ﬂfﬁnm ? 18 gpgIng
| nvent y@nnjNCLAdRS ofe @%ha&l@he@eﬁ%g%e 'tﬂgh%gaﬂg 4G fnh% £ cégﬁ%\ﬂﬁn&h hed | ast

44 connected to the float 427 I n on the f oat s a first
densi t threugh-ldie 46d:h$eat$tor4s¢bkta1$t1aé1yslﬁmtsdthdemhnmwmc weitter ofththe sepaatdr Hedysi t y

bei n eater than the f rst d ty odi.nent, .the float 42
nas 5 flrab SBBGYBRASE AuoBaT role Woas GRSl SWETRA DA 4 (R dhe
first hygypReK¥odRIcHY tlgarﬁ@s&‘iﬁ AR rthSEnSI8EO R 4rd URXANGY P 52 QB AT ENT , it

is desirable that the float 427of the nechanical separator 40 be nmade from
a mat eppaningvdl/piidc thrdegishely 46 end 4 ®c¢nct;¢1¢t@1ded bedorB4t ad@cbmqhe second spedigren

Separ aob oh e BEBIRT it oM Pih PR ARG R UREREReoRd hlsa TR T e

float B2 ddawaned dansitie floht 4Q, MhEnd ha oﬁllaﬁuéf ﬂheOﬁQatglt'eqselfn D &nother
configuration, the float 42 of the mechani cal separator 40 nmay be extruded

and/ or cordleuedioss ths firatsqxtanded fap etnsiordhe secand exiendoseab S meaynhe S@pﬁrately such
as at H) é@g{l 81?%?1?1 HD{TEH 3&1’[ Pé)e ﬂoa{ 4 e1t"he 11%{ d&?ndse %t? gﬁr%ral ’the S ortuiloat 42

may be a resi |ent orme eria

exhi bi e;aelgmactals ealm@gbecb@wmﬂeﬂbbs& isG&h mgubsgﬁﬁilgcabdvs bstuablzished ™Mot h a
col |l ecti on contai ner bedi scussed herein. M ntenance of the fl oat

densi t revieRaipiar pody %#ae@ilq ﬁeae)stem@fié@ké% andsthespcond g¥tengeigh afmey Ase bsi ng a
stand vi@ﬁ%hﬁtj shdbds ﬁ%@tﬁnﬁ'ﬂ% egbgggggﬁorﬁ&mpue%f& %‘h%ﬂ: 44, %f‘ﬁésaﬁ% The

gl ass cro-sphefes in order t e materi al nsit
mec hanowalardppatcadiog addhatd sape abdwtdasuppet homiog r56hmf| the 41&od§{ holedt6t hBhei n,

such a alon thr axis T of th earator dy4 sho in FIGS.
3,5, BhoBondadda i aggwews?eldﬂt%«? i Y i leﬁpme%afa‘}?at or
body 44, anidedinhpUAes] & sfubétﬁﬁtl we% ﬁ%%@%ﬁﬁ%ﬂﬂ@%@&&%ﬁ&'4@ned

al ong the through-axis T. 0 confirguratio
such that the first extended tab 52 and the second extended tab 54 may have the same shape

and curvature or substantially the same shape and curvature. In yet another embodiment, as
shown in FIG. 8, the first extended tab 52 includes a first outermost edge 68 at the upper
outermost portion of a first side of the through-hole 46, and the second extended tab 54
includes a second outermost edge 70 at the corresponding upper outermost portion of a
second side of the through-hole 46. In one configuration, the first outermost edge 68 extends
outwardly a distance that is greater than the lower outermost portion 72 of the first side of the
through-hole 46. The second outermost edge 70 also extends outwardly a distance that is
greater than the corresponding lower outermost portion 74 of the second side of the through-
hole 46. Accordingly, the diameter D; of the separator body 41 taken about the first extended
tab 52 and the second extended tab 54 about an upper portion of the through-hole 46 is
slightly greater than the diameter D of the separator body 41 taken about the lower portion of
the through-hole 46 defined by the lower outermost portions 72, 74.
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t hr ough- hol e 46 bi sects or substantially bisects the volunetric center of
the separator body 41. hi one enbodi nent, the through-hole 46 is disposed
entirely wotbiomsttse float 42. hi a further enbodi nent, the/dsh@atos£hH2o may
further include a first extended tab 52 adjacent the first opening 48 of

openi nig i br era? PSS SRERYE T HhERr Bla) A3t B BRTE el P G
secondiestiapadach bad 164kt payialde rcﬁiﬁdé@bﬂﬁdsmnﬁidllytrbendeﬁpatd Adinih® sumfamg 68,
portion of the float 42 itself. In another configuration, the

ext endSPWl S 9ing:S, adrptedsion reeagsnenaath 1 nertisa ofHly tylasy éﬁaffa'@ réiﬂiﬁs? or med
and sufgg H%%lﬁafe Ja | RES o%ﬁr@ac%g thdtQ@h1sé § dneIAggy frbdad i nﬁ@fltagé' % 1ah 1@&% and
tab 54 may d S

t he secon exten e provi suc tantla |y
above, ptihelly hmmdgdh oaxubstahtially tdvaded madatmtabbsiyfada 64.Theo fhavat ireKk@Ehded t ab

52 and t second ext ed tab 54 al so be pro such as

S opat aftd B RSB cEnd e ok Biin{ L ioteuantie ) 26 he Jont 12T

out war ghyo@xtean ding t@k&yﬁigéthéh aARE cRRAVE s@ficHPResT Meridapa2 2B dahe tRRrior

t hrough-hol e 46. The first extended tab 52 and the second extended tab 54

may exswirge 2t alehel bylla‘st ddnforirea fgbwaaallyi®ungd eatedior, suth ana pplreadideshape: 1t is

substant al | ar al | o0 the through .axis T of arat bod such
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yet another enbodi ment, as shown in FIG 8, the first extended tab 52
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a second er Mmos € corresponding upp orti on of

a sec om@tyﬁjgdﬁamétef hed gtht olighidoab @ gberall roirled 0N bhiglikatedNanitdl @efdritst
out ernpst edge 68 extends outwardly a distance that is greater than the

| over #thayinBst sqhsrqwi Shapep B ong éff%P@lmGHS‘ ithe float 4hend probylshét enaygbe The
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t han t cor espon er rms |on € secon e of the
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about th(f first xtended taa 52 a d the second extended tab 54 abqut an

upper Pt FWS%‘? PR PTRYFDHS th%ﬁe gorRONEN{S Grg e bakdked dpggthar fe ffManet er
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one enflodi4eatd, the helldst é&m%ﬁom@rsatahbeﬁtmateml twud batech8hd tvad comspagensy al | y
arcuatg in _shape, .suc S | east ially round or, supstant.i al |
Foundely AtFeRR! RGOtk Pty 6 5onBRGHA 13 FIES b S0 dqRprEdeDy
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an exterior surface 62 that is also generally arcuate inh shape, such as at

| east ptmtmczidillllg opoatidsduch asadhssizetheal-stgking andod plimschia webimg cAs showmce 64,
al'so Shoﬂbé % 4 dc? theGballast 44 may include an attachment protrusion 66 which assists in the
engagement of the ballast 44 and the float 42.
[00134] In one embodiment, it is desirable that the ballast 44 of the mechanical separator
40 be made from a material having a higher density than the liquid intended to be separated
into two phases. For example, if it is desired to separate human blood into serum and plasma,
then it is desirable that the ballast 44 have a density of at least 1.029 g/cc. In one
embodiment, the ballast 44 can be formed from mineral filled polypropylene. It is anticipated
herein that both the float 42 and the ballast 44 could be formed of various other materials
with sufficient biocompatibility, density stability, additive compatibility, and neutrality to
analyte interactions, adsorption, and leachability.
[00135] Due to the differential densities of the float 42 and the ballast 44, the mechanical

separator 40 includes a center of mass R that is offset from the center of volume R1 of the
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and 8, that is adapted for joining wth the joining surface 60 of the fl oat
42. hi one enbodi nent, when taken together, the exterior surface 58 of the
fl oat 42 wodotoms2s3t eri or surface 62 of the ballast 44 fpormsawesenal |y

round exterior, such as a spheroid shape. It is understood herein that the
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such as adhesive, heat- st aki %g and/or ultrasonic welding. As shown in
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liquid intended to be separated into two phases. For exanp if it s
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It is affisticémpipbids hE8, diSh, irhintechmt Hiapbrenlllyl cFatet 4AdpsinkstISBAD 259 Astag4actoul d be

fornmed. of varjous qQther materials w th sufficient bioconpatibility, density
st abi | ¢ ,dea&fefr&??r\? AR Arateialistgh ashbEneut ral ity to anal yte interactions,

adsor prgoe87) and ARarhadd iy - a8t Sahbddifeh© dsh8nAWA T £ qiEisal 14gpsiid es of

the float 42 and the ballast 44, the mechanical separator 40 includes a
cent er methamers$ sdRatatet240sndfiflsset sepriatnrtbody 2éhhavingh float Wearid a billast 244
t hesepa

st R 9RO bl AR i, YT 1Rl I, o DS, SSPRLALCY ol 41
of thecsgRarAbAr tROtYodsh-RAE 248t dy fike DY sttR@nidlly a8lptitdl ASECHbAgLY. 1N
certain enmbodi nents, the center of  mass R of the 'separator
specifically shown in FIGS. 18-19. In one embodiment, the major axis M; of the ellipse,
shown in FIG. 18, is oriented perpendicular to the thfough—axis T, shown in FIG. 17. By
extending the major axis M of the ellipse perpendicular to the through-axis T, the float 242
may be adapted for increased elongation in the direction of the minor axis M, (shown in FIG.
18) of the ellipse upon application of rotational force, as will be discussed herein.
[00138] In this configuration, the curvature of the first extended tab 252 and the curvature
of the second extended tab 254 are elongated to substantially mimic at least a portion of the
elliptical first opening 248 and second opening 250 of the through-axis T, respectively. In
another embodiment, the first extended tab 252 is at least partially curved in shape, such as
having a convex shape, and is provided adjacent the upper portion of the first opening 248 of
the through-hole 246. The second extended tab 254 may also be at least partially curved in

shape, such as having a convex shape, and may be provided adjacent the upper portion of the

second opening 250 of the through-hole 246.
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body 41 may be offset fromthe through-hole 46. [00136] hi accordance with
anot her enbodi nent of the present invention, as shown in FIGS. 9-13, the

mechani cayvoepaatser 140 i ncl udes a separator body 141 Ipaviusgod/obdooat 142
and a ballast 144 with a through-hole 146 defined within the float 142, as
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an uppesd1 pdakigr 164 XAt ikl 4 baalst 1444 witr MhrohlslapiaéRldefingonitein thipper
fl oat surface 157, As shown in FIG 9, the profile of the separataor body
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each include a thickened area of material, such as TPE.
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substantially elliptical cross-section, as specifically shown in FlGS.
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thr ougmiﬂaoslmol niapeuéd PRludé4lrephy, dethadapt §e@6nd eﬁte@@ﬁeﬁbebmazsm in
the direction of the mnor axis M (shown in FIG 18) of the elllpse upon

appl i cheyiss apfingrensad fogleicss srdée, dismetan, Ishclbes dividansd &pehadiagant tl{ewﬂe 8f hi
this C%f firgff‘jﬁr?(#e(agnd E)Pc (feldrtm% dﬁ&% %84%213& Ee%ﬁ atloe ndgq%afg qqht he

curvature o e secon exten are €l nga ar | y
m m c &dtrohgalsdlc 24@QArti on of the elliptical first opening 248 and second

openi n 5 of the through-axjis T, respectively hi anqther enbodi nent, the
first ahed‘\% Q@%@ F St 21-22si rrt?sh%m%aﬂ sepasaipy, a4 ph thenpiseent dipeRtion

havi ng nﬁhﬁféﬁl Y &P I@@P @nd a1 3k O%ﬂddﬁq% et ertifcat Bﬂgﬂorpﬁw dde?gg%fz%t he

first opening 248 of the through- he second exten 4 may
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240A i &ms%ﬁﬁllﬁcﬁﬁﬁﬁﬁﬁttﬁéu@%ﬁe 346. In one embodiment, the filler material 362 may be
a TPE material or other sufficiently flexible material. Alternatively, as shown in FIGS. 23-
24, a mechanical separator 440 of the present invention, including a float 442 and a ballast
444, may include an elliptical interior 460 defining an elliptical through-hole 446. In yet
another configuration, a mechanical separator 540 of the present invention, including a float
542 and a ballast 544, may include a through-hole 546 having a circular cross-section and a
cylindrical shape. Optionally, the float 542 may also include a slit 548 or plurality of slits
548, such as adjacent an interface 550 with the ballast 544. The inclusion of a slit 548 or a
plurality of slits 548 defined within the float 542 may provide for increased elongation of the
float 542 upon application of rotational force, as will be discussed herein.
[00141] As shown in FIG. 27, the mechanical separator 40 of the present invention may be
provided as a portion of a separation assembly 80 for separating a fluid sample into first and
second phases within a collection container 82 having a closure 84. Specifically, the

collection container 82 may be a sample collection tube, such as a proteomics, molecular
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241A having a float 242A and a ballast 244A with a through-hol e 246A
defined within the float 242A, as di scussed above. In this configuration,
the firstwoxtvenderdst ab 252A and the second extended tabp2paA2emmp3ddave an
elliptical profile that is substantially coincident to the dianeter 243A of
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in FIGS. 23- 24, a nechanical  separator 440 of the present invention

i ncl udFergbiaations gheraofy Hiecrodlesfian confaingr 82 camyndludel aenela fvadl orjmgliipleiwalht er i or
460 def i eyt qI -4 ' tion,
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cross-section_.and. a cylindrical shape, Optionally, the float 542 may al so
nol udBaK & Pf B850 GRIHRT, {0y copYenpnal fopes salmes s, sunalh Al et e or f ace
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slits 548 defined within the float 542 may provide for increased el ongation
of t hecdiigatr 4Raypoa stapgrd ¢ Anilewaoiated b eid amhlattiondnios as ssalsei klownandhscussed
herein, [00141] As shown in FIG 27, the nmechanical separator 40 of the

pr esent™i nventi on may be provided as a portion of a separation assenbly 80

for semmiad) nanad obbiidh 2@Molistti@cd i flle@NFhrtially receive the closure 84 therein
to form a liquid impermeable seal. The closure 84 includes a top end 96 and a bottom end 98
structured to be at least partially received within the collection container 82. Portions of the
closure 84 adjacent the top end 90 define a maximum outer diameter which exceeds the
inside diameter of the collection container 82. In one embodiment, the closure 84 includes a
pierceable resealable septum 100 penetrable by a needle cannula (not shown). Porﬁons of the
closure 84 extending downwardly from the bottom end 98 may taper from a minor diameter
which is approximately equal to, or slightly less than, the inside diameter of the collection
container 82 to a major diameter that is greater than the inside diameter of the collection
container 82 at the top end 96. Thus, the bottom end 98 of the closure 84 may be urged into a
portion of the collection container 82 adjacent the open top end 90. The inherent resiliency
of closure 84 can insure a sealing engagement with the inner surface 94 of the cylindrical

sidewall 86 of the collection container 82. In one embodiment, the closure 84 can be formed

of a unitarily molded elastomeric material, having any suitable size and dimensions to
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second phases within a collection container 82 having a closure 84.
Specifically, the collection container 82 nmay be a sanple collection tube,
such as awproieegmisss, nol ecul ardi agnostics, chem stry saophs2e10bss9260] ood,
or other bodily fluid collection tube, coagul ati on sanpl e tube, henatol ogy
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bottom en osure 84 may
collection container 82 substantially preventing fluid from being received through the

through-hole 46 or around the separator body 41.

[00145] In one configuration, the through-hole 46 is substantially aligned with the open top
end 90 of the collection container 82 along at least a portion of the longitudinal axis L in the
open position, and the through-hole 46 is substantially aligned perpendicular to the
longitudinal axis in the closed position. It is noted that transition of the through-hole 46 from
the open position to the closed position coincides with the rotation of the mechanical
separator 40 from a first initial position to a second closed position. In another configuration,
the mechanical separator 40 is engaged with a portion of the closure 84 in the first initial
position, and the mechanical separator 40 is engaged with a portion of the sidewall 86 of the
collection container 82 in the second sealing position. Referring again to FIG. 27, the
closure 84 may include an engagement boss 102 for engagement with the mechanical

separator 40. In one configuration, the engagement boss 102 is disposed within a portion of
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portion of the collection container 82 adjacent the open top end 90. The
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configurafion, the t hrough-hol € 46 is substantially afigned with the open
t op entbréDaagbsstthemedhaneet saparatan tthiringreeBifisgating, the diffeasttiabfopardavgms thd t he
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position to the closed position coincides with the rotation of
mechanfa dhe flow of fluid, such as higher and lower density phase components, past the separator

body 41. It is noted that the float 42 may be adapted for deformation in a direction
substantially perpendicular to the through-hole 46. As the applied rotational force is
removed, the float 42 recovers and the sealing area defined by the float 42 and the first
extended tab 52 and the second extended tab 54 re-expands to seal against the inner surface
94 of the collection container along a second sealing perimeter 106, as shown in FIG. 31.
Accordingly, the mechanical separator 40 is adapted to prevent fluid from passing between or
around the separator body 41 and the collection container 82, and also prevents fluid from
passing through the through-hole 46, effectively establishing a barrier. The second sealing
perimeter 106 establishes a barrier between higher and lower density phases within the
sample.

[00148] As shown in FIGS. 31A-31B, the mechanical separator 140A includes a separator
body 141A having a float 142A and a ballast 144A with a through-hole 146A defined within
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separator 40 froma first initial position to a second cl osed position hi
anot her configuration, the nechanical separator 40 is engaged with a
portion olotom/ghkmsure 84 in the first initial positionpcang2éilosssveehani cal
separator 40 is engaged with a portion of the sidewall 86 of the collection
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perimeter 104 as shown hi [ 30. During speci men draw into the collection
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the neehavical tkered ator 40. Upon application of rotational force and
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attach t he, ¢l osure, 84 and,, .a rel ease fromth osut.e ot at es
apbr ox (il 14 180 TeORHR o R unf AEA, P ERD P LG a0 B0 Enetr B £ om
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bal | astx#ddedvhbc hSerdHAt lesim i ihérenedtihiakndso mtoradinmsisr, tsheh aes hvadened!
separ at or . ?’Fg);ri ng cent rjjetihu ation, the differential force causes the fl oat
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42 comfRTedtatgt Beshdne taphesoard cxfRapdrialsmehe 1314 atmpricgngplopge
col |l ecty | W2hr [ uel ect %laeﬁ fﬂﬂa
openi ntS{ %Q%mrﬁinggtf itve p&él?ﬁv@%y H)(,?Qt ﬁ{e&%i %(fl}vﬁigﬁ ;ainl%ﬁ’l %g%g%(k: aslﬁ{[lsl gher and
| ower deuys facylitpleasteddmgpofientls, arpast thdensbparadt sapataoaly bddy 144 Ai sluring ed

t hat thelfl at 42 o cge.adiﬂ ted fgr dlgf rmation in a direction

subst afb} 5‘1&&9“3%?115’5% e %6“[’ ABCAESAT THBl e 46. As the applied

rotati l50{ OrfR QcbSrdhRRBVigH a fuflifer fch@Hintkeht LE BRVEESn BbIIcAG0S 68 shH@n 3 €2
defined by the float 42 and the first extended tab 52 and the second

ext end&GBabl GB11 ghe xppahaiical sepesatpr 4YAinvdudes heeparator bedyr #H2 daving a float
42D and a ballast 44D with a through-hole 46D defined within the float 42D, as discussed
above. In this configuration, the separator body 41D may have a substantially egg-shaped
outer perimeter for improving the barrier seal between the mechanical separator 40D and the
sidewall of the collection container in the sealing position, such as is shown in FIGS. 29 and
68.
[00151] In this configuration, the diameter Ds of the separator body 41D, specifically the
float 42D as shown in FIGS. 31D and 31G, taken across the float 42D in the direction along
the through-axis T,y of the through hole 46D, as shown in FIG. 31F, may be less than the
diameter D of the separator body 41D, specifically the float 42D as shown in FIG. 31D,
taken across the float 42D in the direction perpendicular to the through-axis Tays of the
through hole 46D, as shown in FIG. 31F. In this configuration, the diameter D7 of the
separator body 41D, specifically the float 42D as shown in FIG. 31D, taken across the float
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94 of the collection container along a second sealing perineter 106, as
showmn in FIG 31. Accordingly, the nechanical separator 40 is adapted to
prevent fwoihdmemspassi ng between or around the separ atror/usesiy/oddb2@nd t he
col l ection container 82, and also prevents fluid from passing through the

t hr ough»fo effeetiyel abl ishin arrier. . The second sealing
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i ncl ude opposi.n cal | oped regi ons 150A, . suc shown.in Fl 31B...The
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surfac @esgé'tﬁdcdi PG 334851 Qad/or SHGHItRAP effdoeRhiCBind, Q¥ &liscuSdet Vifdow apith t he
like. [00149] In this configuration, the separator body 141A may al so

i ncl udeesperd td FIGS. Bx3®nded tab 152A and the second extended tab 154A havi ng
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position, as described herein. The enl arged_ fillets 180A &l}fl i ncl ude a
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eg9g- shareslsecond portion 42B substantially bisects the ballast 44.
[00154] As shown specifically in FIG. 35, the initial engagement band 116 provides an
interference engagement between the separator body 41 and the inner surface 94 of the
collection container 82. In this configuration, a first sealing perimeter 104 about the
separator body 41 is inline with the initial engagement band 116. This first sealing perimeter
104 assists in maintaining the separator body 41 in proper alignment with the open top end 90
of the collection container 82, such that fluid entering the collection container 82 from a
cannula (not shown) disposed through the pierceable septum 100 will pass through the first
opening 48 of the separator body 41, through the through-hole 46, and out the second
opening 50.
[00155] In accordance with yet another embodiment of the present invention, as shown in
FIGS. 35A-35E, the mechanical separator 40C includes a separator body 41C having a float
42C and a ballast 44C. The separator body 41C includes a through-hole 46C defined therein,
such as defined entirely within the float 42C. In this configuration, the float 42C may
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outer perineter for inproving the barrier seal between the nmechani cal
separator 40D and the sidewall of the collection container in the sealing
posi ti on,weroty/m37s8s shown in FIGS. 29 and 68. [00151] IpicTtUS2610/034920
configuration, the diameter D5 of the separator body 41D, specifically the
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circunferenti.all sposed about the separator body 41. hi a further
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t hr ough- I'al engagenent "116 may be conti nuously
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that a first portion the float 42 for initia engagerrent band
116, ageherllyemmnaveparwardiy- di@BteﬁLmEInairtmnaIIh)onblesrﬂmﬁﬂmm,ethbabm pattiony 00154]
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therewith, forming a generally “rope-like” appearance wrapped around a portion of the float
42C. In a further embodiment, the joining portions 62C, the first extended portion 54C, and
the second extended portion S8C form a continuous sine function shape about a portion of the
outer surface 52C of the float 42C. In another embodiment, the extended tab band 50C may
be co-formed with the float 42C, forming a portion of the float 42C itself. In an alternative
embodiment, the extended tab band 50C may be separately formed and subsequently joined
with the float 42C. In certain configurations, both the float 42C and the extended tab band
50C are made of a lower density material, such as TPE, and the ballast 44C may be formed
of a higher density material, such as PET.

[00158] In one embodiment, shown specifically in FIGS. 35C and 35C1, the joining
portions 62C may each have approximately the same thickness Ty. In another embodiment,
the first extended portion 54C and the second extended portion 58C may also have
approximately the same thickness Ty. The cross-section of the extended tab band 50C may

have any suitable sealing shape such as rounded, squared, ribbed, or the like. It is also
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i nterference engagenent between the separator body 41 and the inner surface
94 of the collection container 82. hi this configuration, a first sealing
peri met erwdQdi0ai3o188 t he separator body 41 is inline witirctrhus2emiosioad
engagenent band 116. This first sealing perinmeter 104 assists in
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[00160] When the mechanical separator 40C of the present embodiment is in use, the
extended tab band 50C provides a robust sealing surface against a portion of the collection
container wall (not shown), similar to the seal defined by the first extended tab and the
second extended tab described above with reference to FIGS. 1-8. In certain embodiments,
the extended tab band S0C may provide additional sealing and minimize lcakage between the
mechanical separator 40C and the collection container. In addition, in the configurations in
which the float 42C is formed of TPE, the extended tab band 50C provides a mechanism for
enhanced sealing in that TPE does not appreciably deform under conventional applied
rotational forces but rather displaces to another location. The location of the arcuate
extended tab band 50C about an outer surface 52C of the float 42C allows for the TPE to
displace uniformly against a sidewall of the collection container in a sealing position, as
described herein. As the extended tab band 50C may be provided in an alternating concave

upwardly-directed and concave downwardly-directed orientation, the sealing surface of the
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therewith, formng a generally "rope-Ilike" appearance w apped around a
portion of the float 42C. hi a further enbodi nent, the joining portions
62C, the wonstosxtsended portion 54C, and the second ext egdas2@onsivon 58C
forma continuous sine function shape about a portion of the outer surface
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[00163] As shown in FIG. 35H, the ballast 44A may include a base portion 52A having a
contact surface 54A and a joining surface 56A. In one configuration, the contact surface S4A
may include an at least partially curved surface 58A corresponding to an inner curvature of a
collection container (not shown). The joining surface 56A may include an attachment
between the base portion 52A and the joining structure 48A. In one configuration, the
joining surface S6A and the joining structure 48A are co-formed. In another configuration,
the joining surface S6A and the joining structure 48A are separately formed and subsequently
provided in permanent attachment through mechanical or adhesive locking means.
[00164] The joining structure 48A may include a first end 60A for engaging the base
portion 52A of the ballast 44A and a second end 62A for engaging a portion of the float 42A.
The top view of the float 42A may have a substantially circular outer perimeter P, as shown
in FIG. 351, and the float 42A may have a substantially curved cross-sectional side view,

such as a substantially concave down cross-section as shown in FIG. 35H. In a further
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54C and the second extended portion 58C during sealing with a collection
contai ner (not shown) in the sealing position. [00160] Wen the nechani cal
separ at orwéQeioof32188e present enbodiment is in use, the extrasdedossb band
50C provides a robust sealing surface against a portion of the collection

cont ai ne | 1. (;no imlar to.the seal defined by.the.first
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orientatiop, the sealing surface.af thenechani cal separator 40C may, be
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additional configuration, it is intended hefein that the mechanical
separ atitachne® briveergthadirehxend ridddot the jdaing sE@Tureed8 Abendsihicthadd gorfion S48 i n

col | ect,i on,_cont ai,ners Vi n tilted ientation due to t enh d

coal | niheoRedaRk T RE Sp B Bnd sht pAR At bEL Sl s i DR BERer (s
descri bertha pexe points 682805188 difidg BESItilcWBA. It 1S al so intended herein that

t he mechani cal separator 40C may include an initial engagenent band 116, as

si mi | al00}66les dicifesang ip FRGr 3&r thp decchenifdl GepBBion BBAanay Do pevidddi witbivor dance

withy her {ent. of the present in L on,,. as .shown in FlGS.
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t hrough- hol e 46A defined therein hi this confi %urati on, the ba?l ast 44A may
¥

i ncl udwith apesidomefra seppes 3% Anwich thab pmpripnaf i fiopns 4844 extiends thgoughghair al i ty
of ar . g gagi .10 fl.oa I . 44
speci Fﬁ%‘gf%ﬁyﬁ"? é‘% jgoigg itﬁg %Cgﬁg%d&r%p %%&h% %eh%séﬁﬁddgggvﬁ&%e@n%%en
engageaentdanéd With apothti enbafimeiteofithe ptesé?2 Apvestied) thsmbyhanahsdpdiang,40Awo- shot
nmol di n]gl, \Qel di n%:’df or_ ot her adhesjve joining nmeans hi_one configuration, the

float FSAORRYPBEYFhE BPORINAIdhe et 42 dyAndwinortion of the base2oriPE2/0Al t he
bal | asthc4hyaleds D enk MR ier JuPh@NEF 110G Iekdon container 100A to restrain the

mechanical separator 40A within the upper end 102A of the collection container 100A such
that the through-hole 46A of the mechanical separator 40A is aligned with the longitudinal
axis La of the collection container 100A.

[00167] Referring again to FIG. 35J, a fluid specimen 108A, such as blood, is introduced
mto the collection container 100A, such as through the stopper 104A and aligned with
through-hole 46A of the mechanical separator 40A when the mechanical separator 40A is
oriented in the initial position as shown by reference character A. As rotational force is
applied, the float 42A flexes and initiates a flexure between the float 42A and the ballast 44A,
as described above. The resulting flexure deforms the through-hole 46A and the mechanical
separator 40A disengages from the stopper 104A and begins to rotate in the direction shown
by arrow R, as shown by reference character B.

[00168] As the mechanical separator 40A becomes submerged within the fluid specimen

108A, the float 42A begins to orient in an upward direction and the ballast 44A
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material, such as PET. In a further configuration, the nechanical separator
40A may be di nensi oned such that the overall density of the separator body
41A i s bewoeen/tsbsidensity of higher and | ower density eomatsbéwepiozo of a

bl ood sanple, such as serumand red blood cells hi yet a further

enbodi nent.,, the,overall density of th epar at or, bo 41A is 1.45 cnB.
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float 42A and subsequently bonded or ot herw se adhered thereto. [00165] hi
one coﬁlﬂgt@uﬂa&gﬁbﬁhﬁnf dnjegPheirynaerenes ofthe sidawahy 10 sl thgeoflscdivncentsdeneen

t he fIQg@Aﬁ@fte e%gﬁ’?ggc Ap6stRehitthQ8s o The flexure may be provided by at

| east one © ment between the first end 60A of the joining
st ruct (04 7dBA Refelrihpeyebagsn porRIGO 35K Anct hige aictlambivak sépapadme@n Habdesiecond
end 62A of .t hﬁj {qut ning.structure 48A and the flopat 42A t he pivot

the

/ n
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mechanj r 4A : i Lt [ .08 t B4 Ner
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and the mechanical separator 40A. As shown in FIG. 35K, the sealing perimeter along the

outer perimeter Po has a varying position about the interior circumference of the sidewall
110A as measured from the closed bottom end 113A of the collection container 100A. In one
configuration, the sealing perimeter along the outer perimeter Po includes various sealing
heights at each localized sealing location, Sy, S,, S3, etc. corresponding to the overall height
of the seal between the mechanical separator 40A, specifically, the float 42A, and the
sidewall 110A. The sealing perimeter accordingly has a height which varies slightly at each
localized sealing location Sy, S, S3, etc. The sealing perimeter also defines an average
sealing height Ha,, which corresponds to the average height of each localized sealing
location Sy, Sz, S3, etc., i.e., Hayg = Avg [Sy, Sy, S3, etc.]. The mechanical separator 40A also
has a maximum height Hy,x and a minimum height Hyg, within the collection container.
The maximum height Hyay corresponds to the distance between the highest seal point along

the outer perimeter Po and the closed bottom end 113A of the collection container 100A.
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IOOA in an initial position. The nechani cal separator 40A nmay be provided
in engagenent with a portion of a stopper 104A, such that a portion of the
st opper MWdAomxtsends t hrough the through-hol e 46A of thecmsbaniossbo
separator 40A, as described el sewhere herein hi accordance wi th anot her
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be secured therein, such as by way of a mechanical interlock. In one embodiment, the joining

structure 48B includes a continuous arm 50B connected to the float 42B at a first end 68B
and a second end 70B. The joining structure 48B may include an opening 64B having a
locking portion 72B of the ballast 44B extending therethrough. In one embodiment, the
opening 64B may be disposed within the continuous arm 50B at a location opposed from the
apex 62B of the float 42B. In another embodiment, the ballast 44B, such as the locking
portion 72B, and the float 42B may be provided in permanent engagement so as to minimize
separation of the float 42B and the ballast 44B.

[00173] Referring to FIGS. 35N-350, in a further embodiment of the present invention,
the mechanical separator 40B includes a separator body 41B having a float 42B and a ballast
44B. The separator body 41B includes a through-hole 46B defined therein. In this
configuration, the float 42B may include a joining structure 48B, such as a plurality of arms

SO0B for engaging a portion of the ballast 44B. As similarly described above, the joining
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toits initial position, as shown in FIG 351, thereby formng a seal
between the outer perineter Po and the interior circunference of the
si dewal | WdQdopf32188e col | ection contai ner 100A. The fl oaCtTARS0l0@S4920 OUut er
perimeter Po having an outer circunference that is at |east slightly |arger
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- HAVg < HVvax - H Mn- [00171] In accordance with anot her enbodi ment of the

pr esenEPPRIBRt MofTCUHRUS RBin{or reqeiags liggid thepthrowgh. n@emﬁu@aﬁg@@w dhor 408
| ud h te,44R.. Th
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separ at or I'ncl udes roug his

conf i ge¢cahd openih$ 651 ﬂmahre&ﬁﬁenwythlrmpbude eacl ehei. pesificalty, uhe idBBpersueh as a
pl ural it arns 50B for engaging a portion of the ballast 44B. As
si i aﬁﬂf%// a@mes%i AsHing, Sxheay b pifig stchiehiP@” eB®) miglaseVidh BvPeéde i n

per mnghl, SRIAIEBB'h G236 thMill pbdfoRdhd At ofkhBhie 549 is aligned with

the top open end 590 of the collection container 582, represented herein in section. Fluid is
directed through the through-hole 546 in the direction as shown by directional arrow R. In
this configuration, at least one surface of the second opening 551 contacts the sidewall of the
collection container 582, while another surface of the second opening 551 remains free within
the interior of the collection container 582. Accordingly, a gap is provided between the
sidewall of the collection container 582 and the second opening 551 of the through-hole 546
to allow fluid to exit the through-hole 546 and pass into the interior of the collection
container S82.

[00175] Upon application of rotational force, the mechanical separator 540 will transition
from the initial position, as shown in FIG. 36, to a sealing position, as shown in FIG. 37,
along directional arrow S, due to the moment of the float and ballast components as described
herein. In this configuration, both the first opening 549 and the second opening 551 of the
through-hole 546 are provided out of alignment with the top open end 590 of the collection
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such as by co-nol ding, two-shot nol ding, welding, or other adhesive joining
means hi this configuration, the joining structure 48B may exhi bit
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configuration, the float 42B may include a joining structure 48B, such as a
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engaged with a portion of the closure 84 (shown in FIG. 41) or a portion of the sidewall 86 of
the collection container 82 (shown in FIG. 40) and the center of mass R is oriented on a first
side S1 of the longitudinal axis L of the collection container 82, to a second position, such as
shown in FIG. 29, in which the mechanical separator 40 is disengaged from the closure or
initial engagement position with the collection container, and the center of mass R is oriented
across the longitudinal axis L. of the collection container 82. At some point, during the
transition of the center of mass R across the longitudinal axis L. of the collection container
82, the float 42 of the mechanical separator 40 must deform in a direction substantially
perpendicular to the through-axis T of the separator body 41 in order to allow for transition of
the mechanical separator 40 from the initial first position to the second sealing position.
During elongation of the float 42, the higher and lower density phases of the specimen may
pass between the mechanical separator 40, specifically the elongated float 42, and the

sidewall 86 of the collection container 82 in which the mechanical separator is in an
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structure 74B and the joining structure 48B allow the float 42B and bal | ast
44B to at least partially flex wwth respect to each other, as described

her ei n hiwoentemisarsgonfi gurati ons, a bal |l ast cut-out 8OBpamyusbeopsowe ded
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the ne 540 includes a through-hole 546 having a first
openinépﬁﬁﬁggkggggng%%% opening 551 that are offset with respect to each

ot her . (0B8] f iArbidmngly,tBe fietkdnip edpari@ortIhep@sdnd enveEaNthap PeBbiidcd&ll may
be offset, such as at 60 or 90 angles with respect to each other. As shown

in FI Go gausition pefwvepmithiea phptssiaf Seratiope e msttal dpass HgWhed ¢ §P€a?|1m@fhé% with
Socti o MERY Rt i Boubfifo U EC R EILE ME ARt S eRLEP AT M S 0 0

shown kapaditoreledsi dinaigaged ﬁerthehmlttaﬂl |p©smomfang Lthatﬂoan 42 at dleratedaneallow f ace

of the second. openi ng 551 contacts t of the collectlon cont ai ner
582, wAtSEEe oloRRST At oRes d 8?Sltﬁ7r{81a§°§ctgﬂr8L p@\éﬁ thg ssrme RasHiomsy Viigh g hi n

the i nfigkil 4 fohs berG! Jvi%l%'p%ﬁuﬁlo&t @b 'E‘éﬁec%%ﬁ coaff. dbﬁﬁhg thid s&%%dn&f%fe

provi ded between the sidewall of the collection container 582
secondplopeni thg B&haoical h@aremrou@y o ensidiBed @s dbpewopdnaéldsetid vebdrtint dre

t hr ough- hoJ, e, 546 ass i to t terior the co Iect n contai ner
S50 LGPPSR QR 5 s o B FSHE R OBt oo et P S Bl at or
540 Wi birribF 3N/ thPRoflEPiht &ﬁltdlﬂért&)@k/elﬂﬁl%' {HeOPass@A §f‘Cﬂ’Mi'd itRerbihfaugBband O @
sealing position, as shomn in al ong directional arrow due to

t he notherperasndt fiecdritat a ﬁl@s@alﬂha@tlsdgﬁMrﬁ@mséatagl whish mdghehited searatpn ¢ hi s

i ough Abrerosg: b PailchdliooRE Pt foRBie! R ATERE e RBRER 3R Sao of

t he COﬂkﬁﬂhb@@ﬁQﬂhﬁﬁﬁgﬁuﬁ£2 and are adapted such that fluid is not directed

into the throagg hol e 546. A second sealing perimeter 595 is al so
est abl [09h&Y a thhémﬁr@cf’r‘?ﬁ?ﬁa@él0f§b®ﬁ¥®éﬁlﬁrm‘ﬁ@10§u&IﬁlSPHatenddeJfQﬁ usarfidt pass

bet wee t col | ec O n

t hr oug { rough%%%Fﬁgga@a&g Pﬁ%?g@&%anﬁggr-segh?% or 5%5%&’$%%%??vely
est abl a‘;@brattg 48 hay bd bintdikEALR Ghe J.Inmay @bsiaNOb e iteftichty Bdtivosh thasloafudwn hi
FI GS. 38- gﬁ the el ongation _of the mechanical separator 640 durin

appl i c#td B iaitial gresesBa bapd lda aiﬂé thag @ﬁﬁwl% PR @l thecqllgeidon contamer 82 In

this configuration, the mechanical separator 40 is not restrained by any portion of the closure

84.

:

[00180] In another configuration, as shown in FIGS. 41-44, the separation assembly
includes a closure 84 and a post 180 engaged within a recess 181 of the closure 84. The post
180 may include a separator receiving end 182 and a closure engagement end 183. The
closure engagement end 183 may be adapted for positioning within the recess 181 of the
closure 84 and may optionally include at least one barb 184 for securing the post 180 within
the closure 84. The separator receiving end 182 may have any suitable profile such that it
may be at least partially disposed within the through-hole 46 of the separator body 41. In one
embodiment, the separator receiving end 182 has a substantially circular cross-section. In
another embodiment, the separator receiving end 182 has a substantially elliptical cross-
section. The separator receiving end 182 is dimensioned to snugly fit within the through-hole
46 to provide a releaseable engagement with the mechanical separator 40. The post 180 is

also adapted for positioning within the interior of the collection container 82 and includes a
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configuration, the nechanical separator 640 may include a float 642 and a
ballast 644 with a third section 643 joining the float 642 and the ball ast
644. |1t iwoconwsepkated herein, that in this configuratiromusbebliobe fl oat
642 and the ballast 644 may be nade of a substantially rigid material with

the float 642 Vi n ensity that.is.less than_.the nsity of.the,ball ast
oas. 1 R0 SPeFOlT 807 alERS! iind JG MR B LIS LS cREB A ol 2 he
third seieh oo BéchahiRbinBshapfiorad( i£xhdileed FattetHeapost 1962 FRid Bhth ReKpriied

provi ded therebetween. During centri fgugati on, the third section 643

el ongabeiveer hesthiamghihaletef tBo mephanicapapretorstOmnddhe posidyevstvlale WBe Af
thira SE bl et it P By B PR B Rt IR CLP PR R Gk

adj aceitto tthe dollutttbnpassaiger 8r f Upes #Hfbcativn ehomitional FbiGe, 8% ASchanical

direction extendihg into_the page. [00177] Wth reference again to FIG 2
and FI ERaaiey Swljﬁg?est ‘F’léhggtp&}néfg%‘ih%}oﬂﬂ?vﬂewqrn@l theeial; é%ﬁ@rn 8% thass R
that i 538l sdgafddib uﬂwmaﬁﬁbﬁftﬁe %o%mw?ﬁihég% ierot@font he separ at or

body 41. In this configuration, e nechani ca ator 40 1s
t ransi {00384b| Rdferong éo FIGSt 4946, ani adtarngBvefepasitish essambly iEiskEByn #tudling 4 n

whi ch t hani cal at 40 | ed with a porti f the.cl osure
84 (snbtgrePn Eptieings 785 RO fitbrecien TG PETiol airen B end R8T ot ol on

cont ai BiaEwH2 785 IeMIink N filsCintéfDr BEhniNE ke Bk @FioOT871TBS e Bolicktidh ic§Mthddr ON a
first side S1 of the longitudinal axis L of the collection contaliner 82, to

a secoid? pleginduiss asewmdasgign @8 havinghr Gos@bbottnim v 289 artien seecihsiderdll

separa 40 .i s dise ed omihe closure or jinitjal epgagenent position
win ¢ R gemidersRrognearn i M nehnd Bkfer g Tk PR Mo Eer oo
t he | oRgidnmBnald d¥isscondatgibh 88 ald Afht®RlongRtiBhARIAIRL axiblL SQHIE PRI .

during the transition of the center of mass R across the |ongitudinal axis

L of tfestdupiect8oomddbe sesondinterior 19 earg prowidedin duid grsnmspibatitine aThes@str at or
40 nus f i ir i On bst ant.i al | r pendi ar t he

t hr oug t %)%rgﬁg@ g#lli%ﬁgei asgl%gr aatncl)ef%‘%lrbgﬁ;a/‘1 & 1t%|6 n%%(gn ejr%??rg) I%IOWC#HE{P S fr Sa‘?ﬁ?ﬂ i on of
t he nedhaicdbs, seipatiat Ofst 4nidia@nDf heinghireatad tHah rthé sp@aidtdigfeted DgheTigecond

seal ing position., During elongation of the float 42, the higher and | ower
densi tgzol%%\%légmmm@h@ ¥ eqyeflegshene Hridyibite 79 exigpding heteven dhepiisht or

40, SpREYJH #8 hyq &@%e@%ﬂﬁ%@l&ﬁ%%l tgaatllo@aﬁ%g%g i s olugiﬁgrotﬂn e st

col I ection contal ner ich the cal ‘separ at or
ani nt erageah Z3etoptbs k¢dood regdroM88.hin thiv esnfigdiative, the Sirétieateriok 187 e cteatiist al

separ at or subsequently transition to the sealjng position, in whjch a
port i offE8* the™pY gﬁ‘?e aproffe fhat aogwpp%toe%b@igm%lefgw ke, god theotecdtd t he

Fotati uar ' orce, VoBTIaT HECDranary MRE BB AR LBt Ta e

pr esentollepfi@ntubon may be consi der ed
[00182] The first interior 786 of the first region 783 may be dimensioned to accommodate
a mechanical separator 40 therein in any of the configurations described herein. The second
interior 791 is dimensioned to at least partially restrain a portion of the mechanical separator
40 from passing therein in the initial position and absent applied rotational force. During
application of rotational force, the float portion 42 of the mechanical separator 40 may
clongate thereby decreasing the effective diameter of the mechanical separator 40 and
allowing passage of the mechanical separator into the second interior 791. In this
configuration, the orientation of the through-hole 46 of the mechanical separator 40 is
urelevant as the introduction of fluid sample into the collection container 782 occurs around
the separator body 41 as opposed to through the through-hole 46. Specifically, fluid is

introduced into the collection container 782 into the first interior 786 and around the

mechanical separator 40. The sample then passes into the second interior 791 by way of the
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to transition between three phases of operation: the initial phase in which
a specinen is provided through the through-hole of the separator body; the
i nt er nediwbeophadsmssi n whi ch the separator has di sengage@cfrrusmeibhsbni ti al

position and the float 42 is elongated to all ow passage of higher and | ower

densit hases ereby; and the sealin Siti in i.ch the float .42
forms. HuBLARREAAFT Aetorsitly ofi® PR RSt cirdfe sl SRl ol i s
sequengel@fanPase functibie of e Repair &8l in9@iPamdb@meARY be considered as _
"open-open-cl osed” wherein an "open" phase is defined as a state in_which

t he metldB3kalln seprrdancerwidoesfurber srbadinonieaf] the grosapt ingentigng s shpwn in
col | ectk@n nt_aj \, J h f i r r.0

ter oat Sind68n " bRGtaRGF SO i GeRRRArRGR ot bE JBIENUILCRIRA, . o1
mec hant@ahinsreTs2mAak0fingdd slilhe sapediiloh@ a perlonnd theagidévedll 183Ahettbeligobdt@edd on
cont ai ner preventing the passage of i_d_therethrough and thengaround.

fl
[ 0017971 PREN HEHEN 4 2 glosedpotiam eh¢ 7874 s dRdhis sorigyrafion, shes¢allselionh ended

for usg,ihb M i j i DAl &; i ring
o Fil iRt T2 YRS QI Rally APRROTRefab A1 Ak B PRES RS [
posi ti esvtiby A tselisposat dleng apertivatofitlensitdveal f 783k atdPdiatadced TROA fibni the open

engagenment band 1 and the si dewal 6 of the collection container 82. In
this c@ﬁf?@u‘?g%'o#?‘etcﬁ eGHoBHRTAEaT J§%8anﬂa¥a o Apclpde fseconddegian ARHCHY any

por ti ogecabn BEF FIEHENE Séond 9&1&91111&&0@@6&1%@13 ﬁ%%ﬂogw ﬁBﬁ4Q goﬁﬁ)nsﬂ Qe in

FI GS. 41-44, the separation assenbly includes a closure nd a post 180

engagesidewalhi783 at redistescel B8 A ffronh ¢hecdmuiop Bd. 78Ae poshe t8Bfigmgtidndhaide a

t i Vi 182 d | . t 183.. Th osure
S i S bR R SRS T AR R St o
the cl geyneve4ulnatinBy neRhpRNah! dnottRE Eéiﬁ%u@étidnﬁﬁﬁ:t re@i8 REnBd b84vcbRlthe

securing the post 180 within the closure 84. The separator receiving end
182 maiirshasegorpingicsior sembioa Aopwst the écepnd legipraindiqetorddympe hae Jubsentigdlayrmaal | y

di sposed w thi.n .t he .through-haol e 46 of .t he. separator. bo 1. 1np one
erboat ot SRR il Bpd T B el Sy SRR AL s R er, e PR a

Cr 0Ss- £ PIdidator aROHdIEA SihaRd fReid rdghth ERIRAIRIBMALBeiavbiighenspdsed has a
substantially elliptical crosssection. The separator receiving end 182 is
di mensEABHOR Gragsitign Detiicen et separater dugher adyinvesdenstly rhesqsrad v lgmidyto be
releas%ig&ga_ngagenent wi th the nechanical separator 40. The post 180 is
al so adapted for positioning within the interior of the collection

cont ai [081842 amdyeci rnbihde enpdtiient, hstoughih HIEGS1 816-48, | the edpahituig assembly

| ongi t udj nal is of the collection container 82. \Wen the pechani cal

separ ROTRITS %S‘Eﬁgéﬁé@aﬁm r pereing Gagasement with fhgicallpelion cpatapmst ik ‘b ween

h h | : | i
: h(raotl gf}l_@ﬂg? 33? égclggesoii r&&?\nﬁ@ %H@ R4S %r ﬁSﬁﬁ&ﬂhg 'Wlfh@ﬂ W of)é}leerﬁp 853 of the

collection container 852. The receiving end 842 defines an interior cavity 854 and includes
an undercut protrusion 855 extending into the interior cavity 854. The undercut protrusion
855 of the closure 850 is at least partially disposed within the through-hole 46 of the
mechanical separator 40 in the initial position. Also in the initial position, at least a portion
of the separator body 41 is disposed within the interior cavity 854. The positioning of the
mechanical separator 40 within the interior cavity 854 ensures that the mechanical separator
40 remains captured in the closure 850 during assembly of the closure 850 with the collection
container 852. This configuration may be utilized with the collection container having a first
region and a second region, as described above. During application of rotational force, the
float 42 of the mechanical separator 40 elongates allowing the mechanical separator 40 to
disengage from the closure 850.

[00185] Referring now to FIGS. 49-59, various other engagements between the

mechanical separator 40 and the closure 84 are also contemplated herein. As shown in FIG.
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the post 180. This effectively forns a "sealed" fluid path for the
direction of the fluid sanple into the collection container 82. Upon

appl i cat iwo 20fo/m3etsat i onal force, the nechani cal separat ecTaspebiosnees a
slight |ongitudinal novenent prior to the axial rotation as the nechanical

£ 00262 10k EneB iyl sCHRP R G e RY andif BOPiieH S e B P PEBPY ARER RIS, ¢
shown iicthktfligAGoe 460l tBE tigd) posifibARl AGKhokBRinIBIG.MD, thefrhdchbnitAGERNat6880 havi ng
an open top end 784 and a first sidewall 785 defining a first interior 786
and a faysinclade argubptarigiily opiadaed]|cagrgenient bptsa?Hedisrraed avithen hectbieied- a
second i . i .8 C . bo . S| | 790
ot i i HORCCH, G itk bdich. ChMRERIADI B 86 of i} AN SaBPRANhHRIES
configu&ﬁt&manek%ﬁofﬁﬂﬁ&e9©gbbme5ﬁﬁhﬁﬁdﬂkﬁﬁuf&@ﬂhﬂﬁﬂﬁgﬂﬁﬂﬁigggaﬁﬂ%HOigned
al on | ongi t udi na xis L A such that the first 1 nterlior and the
secogd%?rn beecrie 4he mscBieRl Sepaator Li‘iOdWEBrF%ﬁi%“él'tei s a%éstﬁblfséglgi dterior
786 ine s @ fi i : . interior 791 includes a
SRR i o ShiRlRGo) BRRiicP S06 fERRfLoh

second di anet er rst ing greater than the

second [@l186Ft RefBsing tFHAGSH T4, iacmralaoin®@l may bEGRoeikdsd adjacdnt dies flatkihgast

one fluid flute 793 extendi ng be en the first regi.on 783 and th econd
r egi onPYBEN W2 2F &ﬁfﬂﬁ@eg ﬁggveof O FYiiTar £FFBe Hﬁ%ab@ﬁhafm%smafﬂ ﬁgtanﬁéé? on 783

to the REGRYI3I a9k QBalARD07IHay Tt Surf QB yIHIERS 1098kaid € nhdchSlic AL RAAeF 487 Of
the first region 783 may have a profilé that corresponds to a 16 nm

col | ecii place wbibg iaha pokioneysd mebak xh@rghdp ped2it ofleashef eausrtaniegisopar788 may

have a  pr.ofile that rresponds..to : ol l ection tube. [00182] The

oy ot ARk i ol 3Rt ARG PRl inktoBE RBS' be o mensi oned o
aCCOme(ﬂﬂB? a Rer&Hiab ite PGS $PAfRbth4Qlbhatied Mdldl &herlt BBssCOVB hGpb@t i ons
descri bed ngein. Tﬁe second%?nterior 7911'5 é%neﬁg¥%ne% to at Ieggt

par t i adisposedswitlin the thyewghi-bele 36 inHbe mutdaprstion. skefarrangole BIGS. r¥dpdbsi ng

therein in initial, position and abseni applied r ignal .force.. During
oot - calerds o3P Al inbRor B R 08, SRR R R BPt Sin S Gt BB emaliatin o
separ atier mébhaigsl etingat @0t hpr ehy ceefdieaion) @adthdehtipgt Ave 90 ansit@ls #f the

mechani cal separator 40 and all owi ng passage of the mechanical separator
into tREMAIJBAEsioR 8d2 der pogaging,atneriéon: shilicgmeahaningl senveater AR WiERIR dhe of t he

throug ﬁﬁ'@u?éh@hoqg 4? rin i %?ﬁﬁfﬁﬁ %@H-hgfi‘.l Tﬁﬁ %Eﬁ{;r hee il Sen' thE %Bﬁ%@t%@%&ﬂ&p 612

i ntroduction o u sanple 1'nto the collection contal ner oCCur's

ar oundatd éhesmpelraatcal sdpachyordd) amydppasideiitoot festeuing thet Meclidnical gépathudred 6.

Specifigguk%, fluid is introduced.into the coll.ection container 782 into
W ©

the fi Clir O el i dnisRbeRRian ¢ chiliave Arcdiperngagranat of thromegtigicehnpl e
ner BRSSO, SEGRDIN AT RlIBh loumhyplbdel | 9 Tl utes 793
[00188] Referring to FIGS. 56-57, the closure 915 may include a molding insert 916
having a wedging basket 917 for further securing the molding insert 916 with the closure 915.
As described above, the molding insert 916 may include a separator receiving end 918 for
engaging the mechanical separator 40 through the through-hole 46, and a closure engagement
end 919, as described above. Referring to FIG. 58, another molding insert 920 may include
at least one barb 921 for further securing the molding insert 920 with the closure 922.
Referring to FIG. 59, yet another molding insert 930 may include at least one protrusion 931
for securing the molding insert 930 with the closure 932.
[00189] Referring to FIGS. 60-68, the separation assemblies described herein may also
include a carrier 650 releasably engaged with a portion of the mechanical separator 40 in the

mitial position. In each of these configurations, the carrier 650 disengages from the

mechanical separator 40 upon application of rotational force and enters the fluid phase
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irrelevant to the function of the separator in this enbodi nent. [00183] hi
accordance with a further enbodi nent of the present invention, as shown in
FI G 46A we wreiarsscal separator, as described herein, way/useowsssnith a
col l ection container 782A having a slight taper along a portion of the

si dewal,l| 78 xt endi ng, bet ween an e op end 784A and. a ¢l osed.bottom
ona Tepdsn b TR hatncal e 208 W pR Bl PRI R i e
first E@gideMronmhi& fidl wilht 8PerfXi6t offth&mcdiiicaFidpatatdre®i on i ndi cat or

section A is disposed along a portion of the sidewall 783A at a distance

786A f I¥HIPhe Apehevinop Ble GI3K camier 6591 max: trichile corlowiry engaggantigytian so

i ncl ud I I ndi 0, i I ion
i carsl DLePTiebE Bl SACL paRER T eRiuck o2, £ cRBRENR LERET
di st anes3 T 8échsabln enhggeppnwithp pnidbn/84Re nfsthapival sepafatguitatichns thirbegh egi on
defined between the first region indjcataor section A and the second region

i ndi cathsrthiguginpoleAfe Avthoradn it 91.4be ¢aperoS0maxinsludep closwricgergsmesh, t he

. h £ . L . scond
Fegi onPf g A RSHCE Bl o BhaboB O ThEChERE 850 S5, pRT ARG baReE SO0
a furt beparaterbadiapantnt onigorr 6§5 dor cedapmgch bettiweerf théendchisital rseparator i40gi cat or

[ A and.th d [ i ndi B be ab
Separ aP¥Brt WA BP OFroNeh e P pRp B RBHORHdOTSswATe BEHEPISH phases
of al is,egﬂéfaqort@o RfscAERRE at e thi %ﬁﬁﬁ%’osﬂion?/ gld anakhes REBadh R SOpY I n

FI GS. 47-48, the separation assenb I ncludes a closure 850 adapted for
seal i niptengagé teatmevhtinicalhecpesitdred,i e bomtdisemrat8s2ngagement pstiioe 630

i ncl ud i Vi d 842 f i tioni ithin the. d 853 of th
col | ectriel g alRes 1saechsgr BeeBror i Pishtalsoi et gt or  or cavi ty
854 angh019f] Udegefilg U EPGSUS3-86,Qhs Hﬁi%ﬁﬁéaﬁéﬁs@ B irél@ashlglg%oﬁﬁt%tédm)%é or

cavity 854. The undércut protrusion 855 of the closure is at |east

par t i afmeghagiaapespethte40ninre ditestiothernegéd fioinghaelogfre 6h@ Retohans todlIGSep2r at or

40 in e.initial .positian. so_hi t.he,.initial position | east

Sor 1 ofbant PileE esB 5ot hoady Stk ofitcitshbl mRERi WE% RS bty o,

854. Thenfesihkh ooithd iOmalid)as BRshaim @, ¢geparator 40 within the interior
cavity 854 ensures that the nmechanical separator 40 renmins captured in the

cl osur W08 dimery tesyambrant denafieotihe sipcbarasd serargion ofdhepiepast (rvsption
cont ! el Boeih Sy FABLIRU RN, FRLCRECHRL ASH Dbl o LEEHLgD
Dur i ngsamppt iitata edlecofion adrdin@naln daok o€ thd dwveldeatibé@ embodlinente ehenitical
separator 40 el ongates al |l ow _ng r(t)tgteionrglscfgr%gi scu%lh aseC%lallrrflt ori ﬂohtor di seingage
from t prseEplysisrsubiggigd to an applie , s centrifugation, the respective
phases of the specimen, such as blood, will begin to separate into a denser phase displaced
toward the bottom of the collection container, and a less dense phase displaced toward the top
of the collection container. The applied rotational force will urge the ballast of the
mechanical separator toward the closed bottom end and the float toward the top end of the
collection container. This movement of the ballast will generate a longitudinal deformation
of the float. As a result, the float will become longer and narrower and will be spaced
concentrically inward from the inner surface of the cylindrical sidewall of the collection
container. Accordingly, lighter phase components of the blood will be able to slide past the
float and travel upwards, and likewise, heavier phase components of the blood will be able to
slide past the float and travel downwards.
[00193] As noted above, the mechanical separator of the present invention typically has an
overall density between the densities of the separated phases of the blood. Consequently, the

mechanical separator will stabilize in a position within the collection container such that the

heavier phase components will be located between the mechanical separator and the closed
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[00185] Referring now to FIGS. 49-59, various other engagenents between the
mechani cal separator 40 and the closure 84 are al so contenpl ated herein. As
shown i n WwbGo@32188e nmechani cal separator 40 may i ncl udecanysamgloss2o
engagenent boss 900 di sposed within the through-hole 46 in the initial
position, As sho in FIG 50, .the chani cal separator 40 \ clude a

P bst APl G TR PIELon R ROHITD SeD 0T et i ST e et

t hr oughBelLn4& Ihbcﬁahﬁal Rbhiafr aP@BctibPBnd 4 thé 88llebhish 8afdihan 902 of the
closure 903 may be provi ded adjacent an exterior surface 904 of the

nechanil@®94 e pafter this Sﬂ@)ﬂmdaﬁmbaﬁbvénwacmd dpeeantiefu@o il be stoppadnand thecur i ng

the ne i osur.e 3 and esta | i n
: Deal cqPafiFlesRERR) Rl s nbilsdd G WRE WIS <SHie ERHAPUE MEH o 1016,
Ref er 1 iofighe @yl shitwdR of ale&saaba% RaiaimeRy The fipfnenilideid @diaaeat thehde

fl anki ng portion 902, as described above, for further securlng t he
mec haniaeessseseisaratedt fongnalgis+ Beong %@Qﬂd@ngéethe'ﬁﬁfén@éeﬂ gpthage?l seagratgs of

suffic E?‘ S& 40 in place in the
|n|t|ahﬁg&é%?%%%EMuﬁ@naggihgﬁﬁﬁgﬁ rm eg@%Po the mechani cal
separ af@0195p fInomsef the méahamrcel &@%aupmf th@pfdsaﬁtmmuoﬁ miairaizeo dedticd prece.
[00187%@1eferr|ng to ﬁg yet another alternative, angl ed engagenent
boss 9MBMFRYIHE 1811%%%%@8 ngp ﬁ?rncapﬂ@atmlfl%&nvvhwhéuh%aratwﬂf/rf‘émmt@ﬁ ggmple
posi ti I I ast
B, | S0P R T P B P S efirabof D
separ atwnindi@es the lqsmefu:ap]iedghuchphaeﬂ swehch sctepemdlpi@nmr m 911 i ncl udes a

cont ac rotrusign 912 for engagi ng. a n. e nmechani ca rat or
70" Yo S G mete F%eRopnis” ARREbel b et Thestr P Ehoe
bet wee R hB@ink@R §cd mee&h{daﬁgég,ara%?asmw hed %%mmé tﬁ@éaasmteqrm%’e Ry be
sufficient to restrain the mechani cal separator 40 with the closure 910 in

the i nmayamabggnodlﬁnatlcylgt argl labigvafiqms mltélenfgdgmmg fofm tthe screpehand ceplirit.
separ at or sur.e ap ation of. rotation
001601 Rl e dhercasiiig ebSridian RERERY 18" by R e a ng

i nsert +&hfctivavi ng a medglng basket 917 for further securing the nolding
insert 916 with the closure 915. As descri bed above, the nolding insert 916
may include a separator receiving end 918 for engagi ng the nechani cal
separator 40 through the through-hole 46, and a cl osure engagenent end 919,
as descri bed above. Referring to FIG 58, another nolding insert 920 may

i nclude at | east one barb 921 for further securing the nolding insert 920
with the closure 922. Referring to FIG 59, yet another nolding insert 930
may include at | east one protrusion 931 for securing the nolding insert 930
with the closure 932. [00189] Referring to FIGS. 60-68, the separation
assenbl i es described herein may al so
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include a carrier 650 rel easably engaged with a portion of the mechani cal
separator 40 in the initial position hi each of these configurations, the
carrier 6580 2isBegages fromthe nmechani cal separator 40pgpas2@ppbise@t i on of
rotational force and enters the fluid phasedi sposed bel ow t he nechani cal
separa p of preventing clots or fibrin strands from
interfg%&h@QVﬁgﬁﬂﬁﬁgjﬁgéﬁgﬁﬁgn of the nmechanical separator 40. [00190] As
shown in FIG 60, the carrier 650 nay include a closure engagenent portion
651 for rel easabl e engagenent with a portion of the closure 652, and a
dependi ng pdrti oA eB8hdnagal sepasaion irescpaigtine reftidviampleainte Mirstoandosecome

mechani g al ra 40 h _as through the through-hole 46. As shown in
FI G Gkﬁg?%gﬁgg}%%g%w%ﬁﬂfé%%%“Fﬁ%Pﬁggul'closure engagenent portion 651

havi ng a pl ural i tysephraidr @igshHoda aTiheou@hriol€defbdll Mryeidl &R ihiclghdel@ bowed
separator engagenent portion 655 for engaging a portion of the nechani cal
separ agéaptofofor aleswing dluig tormags theethrangy gie-separaton Body gowrprisist i cat i on of
rotational force, the I: 0 0 disengages fromthe initia
position and rotates 3gﬁg£§§%ﬁggé§§§§%@%?£ pon rotation of the nechanica
separator 40, the bowedadspdnaingn seqgdgiensitit grpaert thamtheIhsiclentitygethsroand
al l ows the nmechanjcal separator 40 to separate fromthe carrier 650.

[ 00191 PRESAL 198 isqanaectesiogeportigeolthe prllast 650 may al so be rel easably
connected to the nmechanical separator 40 in a direction opposed fromthe
cl osure 660. Referring to FIGS. 67- 68, the carrier 650 may optionally
consi st of a di s3bévaddhenicalt ecpasdtombi chaidhi ff wehesein nit deddhea partjaine ofitiran
contact is ma eiﬁ%ﬁ shown ﬁn FIE. 68. [00192] One of the significant
benef i ECHMGH& ks @SPNLRIISNARr of the present invention is that it
does not require penetration by a needle cannula in order to permt entry
of a fluid sanple into a collection container. In each of the

above- descr Bbed éhbodichantad sepnaor ohdaias 8 ewbérgini the Slobf ewhmtbes en artedppl i ed
rotational force, .such as centrifugation, the respective phases .of 1he
Gpeci natreeg g oG SuTaes i Bisghiat S PBUBAE GoNHE s e ROUFopda dhe

di spl aggsing QUi e PRhE A8 &f cltheorclhes tWiRkei Y SO sufsk 8¢ heThaflense
phase di splaced toward the top of the collection container. The applied

r ot at i aithihefsicsier syrface af e belest rken togethef formdherendisemd sldpesepar at or t oward
the cl osed bottomend and the float toward the top end of the collection
container. This novenent of the ballast will generate a | ongitudi nal

def or mati on4of tRe hleoRinicahSeparstes of tlairh Ng WHegsh thd flbatRREABE tHeOMARIzhand
narrower and w Il be spaced concentrically inward fromthe inner surface of
the cyh9lpadsnted fosialevyme lud to pass theratheerston cont ai ner. Accordingly, |ighter

phase conponents of the blood will be able to slide past the float and
travel upwards, and |ikew se, heavier phase conponents of the blood will be
able to 5. The mechanical separator of claim 1, wherein the through-hole has a circular

cross-section.

6. The mechanical separator of claim 1, wherein the through-hole has an

elliptical cross-section.
7. The mechanical separator of claim 1, wherein the through-hole is defined

along a through-axis and the float is adapted for deformation in a direction perpendicular to

the through-axis upon applied rotational force.
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slide past the float and travel downwards. [00193] As noted above, the
mechani cal separator of the present invention typically has an overall
density bsbwesmstise densities of the separated phases ofrctrhs:20b08820
Consequently, the nechanical separator will stabilize in a position within

the collection cgntain ch that heavi hase, co nents wll be
| ocat ed bt een (1HE THECHRRF cepad &fﬁ% FBETRD (BF JLBHIBEEE FPRRESSH ( he
col | ectiirg rbx%ﬁ'&%@'tzﬂﬁﬁdj ad¥t herdsh 6pémggﬂ5§fhepdmh%moams Qts%chMd| éxtBfich agat ed
bet ween the nechani cal separator and the top end of the collection

cont ai ﬁé}lacen[tCl@lsgﬂf}ndﬁmeemgtotﬁltmtbm@lﬁh-lhpbed state has been reached, the
centrifuge will be stopped and the float will resiliently return to its
unbi ased state and into sealing engagenent with the interior of the

cylindrical 9si dewak lm&hadibg sepArhO€ oF QMire @) tvdieai thel st boteA®a ab Guid dhdhases
may then be accessed separately for anallﬁgl s hi one enbodi nent, the

assenbbe@ndextraded &b %répmp‘ézﬂéfi abieaﬁth@arb@ aavei anderhonb Fhendiyough-hodmped t o
fit w

separ abaei ol TR ERULERY S BRor o AR o el pal ) (ERCRRL G o

el i m naf the séﬂﬂe&atﬁﬁbdiyf or cannul a puncture which subst ant| ally elimnates
sanpl e pooling under the closure. Additionally, the reduced cl earance of
t he nechani cal separator mnimzes the |oss of trapped fluid phases, such
as serum angypl a 2P SEr W th
reference tgosevgggfnggﬁés}%l&g]g?ﬁ%ﬁ Ied“1 ge‘ﬁ?&%mgééﬁam cal e?etqgraglt%%%p
assenbkyfaadf et fiad, okl the egcohd ostendki thlb fatni athmsapartmlﬂi}ycmlem upptiffoatat i ons
and alterations wthout departing fromthe scope and spirit. Accordingly,
the ab8¥&<8etailed description is intended to be illustrative rather than
restrictive. THE | NVENTION CLAIMED | S: 1. A nechanical separator for
separating a fluid sanple into first and second phases within a collection
cont ai ner; ¢&bnpr 'S¢ ngechanis@psapatator @ﬁ)dyimalgiwgelaint theosephrahng| o dye furthed
therein, the throu ted, for all fluidt er et hr ough,
the seBuPbiSs B suyesnigh ParhigRts i Eondihig b oref sirfBALieyBihng &

bal | ast, having a second density greater than the first density, wherein a

portion of the float is connected to a portion of the ballast. 2. The
mechani cal $&par ah@meshamcwéusmaxatowfed@nhllatWheefasta ﬁistplmrtwmﬁf the extraded

mechanj I heroid s ham c or of
0o b Hand FERRAIRN el ORI e NIRE pydiapfiie RE 438 ot AT
sur f acextcaded thithBardak URBbscd QLS @SendVpLAaS oﬁﬂlreftm@aglf-ﬁ@l@ect ed to the

13.  The mechanical separator of claim 12, wherein at least one of the first portion
and the second portion of the extended tab band have a concave downwardly-directed

orientation.

14.  The mechanical separator of claim 12, wherein at least one of the first portion
and the second portion of the extended tab band are oriented in an outwardly-extending
arcuate shape about an upper portion of at least one of the first opening and second opening

of the through-hole.

15.  The mechanical separator of claim 14, wherein at least one of the first portion

and the second portion of the extended tab band extend radially outwardly from the float.
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joining surface of the float and an exterior surface, wherein the exterior
surface of the float and the exterior surface of the ball ast taken together
f or m t he wpherwisersshape. 4. The nechani cal separat or of pciraismib/o3asber ei n
the float defines the throughhole adapted for allowing fluid to pass

t heret hrough, 5. _The nechani cal separator _of claim1l, wherein the
t hr ough- hol é0has TAe @15chneal sepHer 8kt 2, gherpHbalnlse anpHPN SE by fishr  of

C|a'”‘%ms&ﬂ%ﬁﬁhﬁoﬁQﬁd%ﬁkﬂHﬂbp&%bﬁc@%&:Qﬁoﬁ&%k@ﬁﬂ&@ﬁmﬁ&&%?ﬂﬁﬁ&&&ﬂﬁdtﬁ) The
mechani cal separator of claim1l1l, wherein the through-hole is defined al ong
a t hr obghl levie sheagathet shepd drolaturvaguradapt ed for deformation in a direction
perpendi cul ar to the through-axis upon applied rotational force.8. The
mechani cal separator of claim1l, wherein the float further conprises a
first extenged tafe aticREREM sBpdrdtbSbf ARBNT NOwRdrehBe LREAUANBIBLE] AlRtheR
second extended tab adjacent the second opening of the through-hole. 9. The
mechanfremprisse paptieg pertioe [dipased, bolfieanednd qonaediing $he st exigeded: pitiemend he

second,.ext ended. t ab, ar r.ovi ded at . east .parti al abov nd. about the
Do RAE B0 BirfioP SRYhR InTheh SRRboRRr S dle ABRERARAyS00H LR
direction parallel to the through-axis of the separator body. 10. The

mechani cal separator of claim8, wherein the first extended tab, an upper
surface of the flldwimecharictlrepaaionnticlain dhawhereiaghe Srsheyiended pastign and

parti all.y. r 0 ' ) claim
Do OBl 0 KIS b b B TESURALE BB ERREQL AL
di sposedeminaut aad pbe¢ fjoinimgoforionsovil the Sudridad aatobatdr@atd aabncab2. uplhedly-
mechani cal separator of claim1l, wherein a first portion of the extended
tab bafiested FILYAO8d adj acent a first opening of the through-hole and a
second portion of the extended tab band is di sposed adjacent a second
openi ng of the through-hole. 13. The nechani cal separator of claim 12,
wherei n at lgast Thoenothatikel &e¢masttopof tdlam dmgd wheeeis ebe nftbap ovompwiseofthd he

ext ended Hfg %ggd have a concave downwardl y-directed orientation. 14. The
mechanPEar9edddibalidor of claim 12, wherein at |east one of the first portion
and the second portion of the extended tab band are oriented in an

out war dl y- ext endi ng arcuat e shape about an upper portion of at |east one of
the first op®ni ndhangckaeehdemapaton efgclaim 11, wherein the float and the extended tab

band are formed of TPE and the ballast is formed of PET.

21.  The mechanical separator of claim 1, further comprising an initial engagement

band circumferentially disposed about at least a portion of the separator body.

22.  The mechanical separator of claim 21, wherein the initial engagement band is

at least one of continuous and at least partially segmented.

23. The mechanical separator of claim 21, wherein the initial engagement band

and the float are formed of the same material.

24, The mechanical separator of claim 21, wherein the initial engagement band

bisects at least a portion of the ballast.

25.  The mechanical separator of claim 1, wherein the ballast comprises a base

portion and a joining structure for engaging a portion of the float.
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of the through-hole. 15. The nechani cal separator of claim 14, wherein at

| east one of the first portion and the second portion of the extended tab
band ext emo 2axizadisty outwardly fromthe float.16. The mechaseemdlozsepar at or
of claim 12, wherein at |least a portion of the first extended portion and

at least a rti of the second e nde rtion of, the extended tab band
have the safié shiﬁ%nﬁﬁ%mﬁﬁ$§§Fﬁﬁgﬂﬁ% Pnf%bR%ﬁ@ﬁhﬁ?éﬂpﬂgéﬁaﬂﬁFﬂpngFﬁgfaim
12, whepRirilith be a8 RReRchtiaty Ransh beuht ekt conpri ses a j oi ning portion

di sposed between and connecting the first extended portion and the second

ext ended portion disposed on each connecting side of the separator body.

18. The nechanic separator of claim.l7,.wherein,the first extended
por t1on and2rne. dbe Sarand edeEh et Mo 55 PhaSlpe Afnk b BEHEORER
concavgedavBvaredh Yredilda 6B the ORilgNAt at i on, and the joining portions of the
extended tab band have a concave upwardl ydirected orientation. 19. The

nmechani cal separator of claim 11, wherein the float conprises the extended

tab band. 2 Th I: Cal r. claim 11, rein t I and
t he extendeg&tab%ggﬁgggggg SﬁﬁﬁﬁgéﬁﬁgﬁEQQ%’&ﬁﬁgﬁﬁéﬂfﬁgﬁfﬁg ndgﬁ%%f%%{PET.
21. Theasmechadicaktesppanaegundht tagi arpdrtioh Wi e flogtdapral Girngl @bss-sectidmal
engagenent pand circunferentially di sposed about at |east a portion of the
separ aPePesbeijar toshe thruighdOltani cal separator of claim 21, wherein the
initial engagenent band is at |east one of continuous and at | east
partially segnmented. 23. The nechani cal separator of claim2l, wherein the
initial eng2ageneihe besoharmeed sepeaatol ofitclaimnel ,fwlicied thé flobecaapriscsat jeiriad . 24.
The nechani cal separator of %Iain121, wherein the initial engagenent band
bi sect STH{UIP & ngQ?B%PPPHHmd¥t?ﬂ@d%gllast. 25. The nmechani cal separator of
claim1l, wherein the ballast conprises a base portion and a joining
structure for engaging a portion of the float.26. The nechani cal separator
of cl ai m 2530.whe’b¢ metlraiqadsepiarsgorsificlemidBe wherepr ths genmgpiructatd commisear ns

for engagi a.portion of.the float.,27. The nechani cal separator of claim
25, mmng?ﬂRYREQFEﬂﬁfﬁgﬁ&Fﬁ&U%ﬁ%@l%?B@gﬁgﬁ-f|exure bet ween the float and
the ballast. 28. The nechani cal separator of claim?25, wherein at |east a

portion of the float has a circular outer perineter, and at |east a portion
of the fl oadl-hasThe sarechandcat sepseatercef ¢laim 28, wherein the joining structure provides

flexure between the float and the ballast.

‘ 32. A separation assembly for enabling separation of a fluid sample into first and
second phases, comprising:

a collection container having a first end, a second end, and a sidewall
extending therebetween, the collection container defining a longitudinal axis between the first
end and the second end; and

a mechanical separator comprising a separator body having a through-hole
defined therein, the separator body adapted to transition from a first initial position in which
the through-hole is oriented in an open position for allowing fluid to pass therethrough, to a
second sealing position in which the through-hole is oriented in a closed position for

preventing fluid from being received therethrough, upon applied rotational force.
33. The separation assembly of claim 32, further comprising a closure adapted for

sealing engagement with the first end of the collection container, wherein the mechanical

separator is releasably engaged with a portion of the closure.
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per pendi cul ar to the through-hole. 29. The nechani cal separator of claiml,
wherein the float conprises a joining structure for engaging a portion of

t he bal | asp.208M32788e nechani cal separator of claim 28, waensteoioh®2¢ 0i ni ng
structure conprises a plurality of arnms for engaging a portion of the

bal  ast. 31, The_mechani cal separator. of claim 28, wherein the joining
structure p?%\/i dggg fSPRATAR B%?&E{é’nofﬁ]@mﬁ}atw@%n tthie nk?ﬁﬁ‘l‘%%ztl.se atop 1s

separ a%ﬁg%ge@%ﬁ%éﬁiw br BRAMLAGinSBPAFR iGN fokiti8nS drdl WS BRRhEmcBiidal T ST

and second phases, conprising: a collection container having a first end, a
s econd sepathtorais ¢ngagsid delah ipogionerfdha gidewell @b dtevwmdlngtianhentohdr éo thaosecawht ai ner
defining,a |longitudinal axis between the first end and the second end; and
a machﬁ%ihlﬁpog Parat or conprising a separator body having a through-hole
defined therein, the separator body adapted to transition froma first
initial position in which the through-hole is oriented in an open position
for allow ngdf| uille sepaprdion asseatbdy pif Geigh33, tvdhereis Beahesusehirthancopesises h i n
whi ch - 1S -QF | i 0 osition for .preventing
flura PREREHRRE; URbRed L FBbRS i BrSRRdelr el BRebiiaRhoBa LY 45
The seprrfati @ntiaapssitbh Yorobrraingi aildd scdlbeteh Couron 8 (1@ Rpahs bbey asapt ed
for sealing engagenent with the first end of the collection contali ner,
wher ei Bt BUechani cal separator is rel easably engaged with a portion of
the cl osure.34. The separation assenbly of claim 33, wherein the nechani cal
separator is engaged with a portion of the closure in the first initial
position, abfl wh&hekdpatdtien aesehibiy cadlaigeihidictdin hiSleangpoeidbnwiftie #rqught i on of
the sidewall of the collection container in the second sealjng posjtion.
35. Theosdpaish Yriigas g%?of“;‘ﬂgﬁ‘ﬂd%?la?’% 95 theyFlestion cRelagicp dhntee R tRER
COMPri &G 2RNGARRIE ! 13955 R&ﬁ%ﬁ%ﬁﬁe mﬁ{,%htq}%? ROS Pl 1%! af¥ui g yan- hol e

when the separator body Is 1h the first positio or formng a

flui d bagltubethesesnidheoarletoon ahtdite is dpacaindrsedogypoaitidnt he cl osure. 36. The
separation assenbly of claim32, wherein at |east a portion of the
t hroughhol e is oriented along the longitudinal axis of the collection

contai ner i87theThé k§fardtint ds¥mMPDrlRR, 38Reh AL 18hALHEE of 8RSthrsiBHid On Of
the through-hole is oriented perpendicular to the longitudinal axis of the
col | ecfipontheoencai pesitiamtc Hie eleswsinpositéal coigeides withorptation of the mechanical

separator from the first initial position to the second sealing position.

38.  The separation assembly of claim 32, wherein the mechanical separator
sealingly engages a portion of the collection container wall in the second sealing position to

prevent flow of fluid therethrough or therearound.

39.  The separation assembly of claim 32, wherein the separator body further
comprises a first extended tab adjacent a first opening of the through-hole and a second

extended tab adjacent the second opening of the through-hole.
40.  The separation assembly of claim 39, wherein the first extended tab and the
second extended tab engage a portion of the sidewall of the collection container in the second

sealing position.

41. The separation assembly of claim 32, wherein the separator body further

comprises an extended tab band disposed about a portion of an outer surface of the float.
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37. The separation assenbly of claim 32, wherein transition of the

t hrough-hol e fromthe open position to the cl osed position coincides with
rotati on wb 2oheisepmshani cal separator fromthe first inicatusposiosioon to the
second sealing position. 38. The separation assenbly of claim 32, wherein

t he nechani ¢cal separator. seal i ngl ngages .a portion qf t col l ection
cont & ner waT1 | 10 FTCLEB B PHINF0L 0B E Dot bPRall BAEERA o

t her et Bp @8 r He SV BDTINEIcSFon NGRS RAIRILIMIREABIFYo¥itioh. cl ai m 32,
wherein the separator body further conprises a first extended tab adjacent

a first opening of the through-hole and a second extended tab adjacent the

second openi,ng of. the through-hqgle 0. .The,separation.a ly of claim
35, “wher oi n'the 1t SpakslioBHaRI LS Sl Ao “oEERRIR SR AATL B0 e e "o
por t i oBofnubhiescai HRWEd siddwalllNE teOdd1REM drOdbnedid: i PRIseddhdlsBainggRendnseal i ng

position. 41. The separation assenbly of claim 32, wherein the separator
body further conprises an extended tab band di sposed about a portion of an

outer surfa of . rat | S .al 1. erein
Phe’ ext ondodt ab oSy ki St B BG0A"S: WARCASRERAG: Chpblids™ S\ T o
cont ai sewctura fohenggt@ndpseiahiofighgdsat) b at Bast alhetise paiat flan caspesdl y of
claim4l, wherein the extended tab band forns a conti nuous seal with the
si dewafrc3r Qe PEINEEE N8HNE o EUIV A& C1qsfrsedionsisErmmdicalas tp rifje fiongh-bale, 44.

The separati af @lﬁéle]g%}h}{et&f of i ﬁ%e?t?fonﬂ‘é“irc%b&x% oglﬁ’ fsPﬁ' WAE YRS SR LIT BF e

joining structure f engagi ng a portion o oat, and at least a
port i oroliEktioheorfthinatindlongecosbsabngpositidnar out er peri neter having a curved
cross-section perpendicular to the through-hole, wherein the outer
perimeter of the float fornms a continuous seal with the sidewall of the

col I ection gont airpgkelattidnessS&RRND A B WRSLihi 180 flofbeonl e GPRIALd ON
assenbly of claim32, wherein the float conprises a joining structure for

engagi sigrcarp dert ¢ngagiof at feetityabf thetballastdanalt at [lesata pertioo rof itlenflodt cotmprifésomt

conprises,a circular outer. perinmeter having a curved, cross-sectio

per pentii i afuPo B EHIBUBR O Se GHar SroE e R GLIedp, HetBPUEE TPk f1 oat
fornms @heent tHRUAUS: S&ahettd b iHchBoi M@k | coffinidls sl WREhOBdERa JfARY i N
the second sealing position. 46. A separation assenbly for enabling

separ at?llsation centgingiig tiejepral Jeating positem. and second phases, conprising: a
col l ection container having a first end, a second end, and a sidewal |
ext endi ng t her ebet ween; and

46. A separation assembly for enabling separation of a fluid sample into first and

second phases, comprising:

a collection container having a first end, a second end, and a sidewall
extending therebetween,; and

a mechanical separator comprising a separator body having a through-hole
defined therein, the separator body having a first sealing perimeter for providing sealing
engagement with a first portion of a collection container while allowing a sample to be pass
through the through-hole into the collection container, and a second sealing perimeter for
providing sealing engagement with a second portion of the collection container while

maintaining a barrier for separation between the first and second phases.
47. The separation assembly of claim 46, further comprising a closure adapted for

sealing engagement with the open end of the collection container, wherein the mechanical

separator is releasably engaged with a portion of the closure.
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a nmechani cal separator conprising a separator body having a through-hole
defined therein, the separator body having a first sealing perineter for
provi di ngveealo/mgrsengagenent with a first portion of a eclrhwedioosseont ai ner
while allowing a sanple to be pass through the through-hole into the

col l ection ntainer, and a secopd sealin erimeter for ovi di.ng sealing
engagenment @Fth 4 SBEGHAD ﬁﬁ?ﬂgg'n%éﬁn‘i ]é‘gé%l?a&%t&ni ‘bftrfﬂl B‘Ht%?’%k’rl%ﬁ Sgande
Mai nt akQbRY pRadt@ cbirplisih@r separation between the first and second phases.

47. The separation assenbly of claim46, further conprising a closure
adapt ed for seal angplleeitpageordanervhaving e oprenemhc ofosehendohnd @t sidewall

cont ai ner, ..wherein.the hani cal. .separator..is. rel easabl n d wth a
por t 1 o stipdngeBetied SRS Sp it s sellvlioh SRR ERaN TG SEERLFA | on of
a flui thngan@he dxii Kethédnshe apsh &RGANGhONSE@Snd cONPri sing: a col |l ection
cont ai ner having an open end, a closed end, and a sidewal| extending

t her ebet ween def B slavgreaadaptsd dey snaling pegagempricvitl thecansnand o thaupqliseiion
definig&1t &pngitudinal axi s between the open end and the cl osed end; a

cl osure adapted for sealing engagenent with the open end of the collection
contai ner; a posh pesigagatdwritihthiktosateasidradamad faxgapitioning avithio dHetih@ribng
within the interior of the collection container, the post having a post

t hr ought theicallegtiogsentaes tbe ot hirgpg A Paghithiwnghkels a&ign%ﬁ@%thﬁé@nal@fimal

cont ai NaL »r AR oBeIBARBRLGR}: s5gPar ator rel easably engaged with the post, the
mechani cal separator conpri’sing a separator body having a through-hole

defined therein almoghaaichlhsgpagthax rdgasalilg dnigngadgh-ithothe pabgpthedmbchanalal owi ng
fluid to pass therethrough, th epar at.or baod onpr,i sing: a flopat, having
a firstoPae iWPf]éW@_aéeB%P‘ioégf 1y ﬁ%@%@thao'g%éwﬁagﬁﬁ%éiﬂwﬂ %&tﬂ{%ﬁ_ the

first geasintynobRhSleadpRAr bl AloRingt Medfth daks {@r&ﬁﬁﬂ%ﬁ%ﬁ? i Iﬁar?tﬁlg%&}’ on of

the ballast, wherein a portion of the post 'is receive
t hr ougberhipieengyf t he separator formng a fluid path through the post and the

mechani cal separator i ninitial first position. 49. The separation
assenbly of clain148,a%ﬂ%?@?ﬂngﬁgnggﬁ%W¥t%Ffbody further conprises an
initial engagenment bapgaifist, Geihea@Bdnd!deNsitl FPASAHaPC WstARGNHL WhBred the
separ at or body.
a portion of the float is connected to a portion of the ballast,
wherein a portion of the post is received within the through-hole of the
separator forming a fluid path through the post and the mechanical separator in an initial first

position.

49.  The separation assembly of claim 48, wherein the separator body further
comprises an initial engagement band circumferentially disposed about a portion of the

separator body.

50.  The separation assembly of claim 49, wherein the initial engagement band and
the float are formed of the same material and the initial engagement band bisects at least a

portion of the ballast.

51. The separation assembly of claim 48, wherein the separator body is adapted to
transition from a first initial position in which a portion of the post is disposed within the
through-hole and the separator body is oriented in an open position for allowing fluid to pass

therethrough, and a second sealing position in which the separator body is disengaged from
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50. The separation assenbly of claim49, wherein the initial engagenent
band and the float are forned of the sane naterial and the initial

engagenmenyokandisbissect s at | east a portion of the ball agtr/ustoroibe20
separation assenbly of claim 48, wherein the separator body is adapted to

transition from,a first. initial sitipn jn ich a portion.of. the .post is
i onos i et AR hrch R -5RHS REPBO RS bREemhsalEr DBy okt Bife n an
open pesdetvic@hdréthradlch OWoR Gpplidd Midiidnfaseet her et hrough, and a second seal i ng
position in which the separator body is disengaged fronmt he post and the

t hrough-hole is oriented in a closed position for preventing fluid from

bei ng recei vsd ther r h n |..ed rotatiopal force..b2. The
separat ion Sesentny S sbe0, FRRES ML T bntsiFot 8 sedlion, o

body f boay tfhen abepp® Pokition tbotht heosel gseiopoBtIut &N ah &Il dBsyeatenaolf ahe
novenent of the separator body to disengage fromthe post, and a rotational
nov ene AEPAAoR brdysteghseagege Hoayhe pesh 2 4 retationpl mpyapens 9k the sspargier odwcond
seal i ng. | Lk . i .y for enabling separation of a
fluid glggrrgﬁeﬁllhtn1g@%??ﬁblzﬁpdggsegé%(g%agﬁgggsﬁ%éorrpri sing: a collection
cont ai ner having an open end, a closed end, and a sidewall extending

t herebetween_defining an interior, the collection_ cqgntainer further

defini ng a Péngi tutfPALFoOn2psembsyt {REsHakling sspaatianel 2 HId 3anl pefirstard a

cl osu_rgec%%?hgsqs,fcghp:ﬁgﬁ ing engagement with the open end of the collection
container, the closure having a receiving end for positioning within the

open end of the eotdllectioronomamtaihaeng danhepaereced,va ripseddndebndiangidewmall
interior, cavity conpr i.si ng an undercut protrusi on extendi into the
interi 8%“6]&%9% ?l%ﬁ%a’egl @E}éﬂlgﬁi %‘hlmtg%‘f)rart_ﬁ? _&oﬁ?c&oga% Te %giggvlu_fﬂﬁ the

cl osur eyngtth@in ARG &N tAEBAERLRIand WPEIbSidREda separator body having a

t hrough- hol e defined therein along a throughaxis, the through-hol e adapted

for allow ng fl ukdlasorepaisptetHor stahng eggrgemhet with dreatien doddyf thonglaciomg: a
float, havin tﬁ f'}rst ensity: and aé@?f | ast.,. havi‘%ﬁu.a econd dﬁ?n%i E%

gr eat eFOTHERD (RS CHASPS NHYERs PGOCViRR B Ok PREHPTIBR PHE PPELEN T dBfinect ed
to a pesidcadn 8bnthiRer, Bad ledsiVing \6he defifing BR AR caVity RIPEIMSHsHE Af uddeRue! osure
is disposed within the throughhole of the separator and at |east a portion

of t hePE¥paoaCsendiggynip shelintysios eavih et n the interior cavity of the closure
hi an initial fi b SheddQLAL &Barator releasably engaged with the closure, the mechanical

separator comprising a separator body having a through-hole defined therein along a through-
axis, the through-hole adapted for allowing fluid to pass therethrough, the separator body
comprising:

a float, having a first density; and

a ballast, having a second density greater than the first density, wherein
a portion of the float is connected to a portion of the ballast,

wherein the undercut protrusion of the closure is disposed within the through-

hole of the separator and at least a portion of the separator body is disposed within the

mnterior cavity of the closure in an initial first position.

54. A collection container, comprising:
a first region having an open top end and a first sidewall defining a first
interior and a first exterior;
a second region having a closed bottom end and a second sidewall defining a
second interior and a second exterior, the first region and the second region are aligned along

a longitudinal axis such that the first interior and the second interior are provided in fluid
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54. A collection container, conprising: a first region having an open top
end and a first sidewall defining a first interior and a first exterior; a
second regoenonadyisag a cl osed bottom end and a second sipdemsbéiodsefoomi ng a
second interior and a second exterior, the first region and the second
region are aligned along a.longitudinal axis such that the first interior
and t h&OHBMBIaIoh whereip & At olgbg fost mienoyds st chen gndiafigisr of fhey

di amet ef..Qf idiBsof it interior is greater than a dianeter of the second
interior; é "['east one fluid flute extending between the first region
and t he second regismst o dAuldbWuipassagbngbetfwoan dhe¢ Hastetelgionughl fheosacome fir st

region to the second region., 55, The col l.ection container qf claimb54,
Wher of LA P ass oF DR g St T IR fls Sioediebift or i or has
a 13 mmprofile. 56. The collection container of claimb54, wherein the
first interior is dinensioned to accomobdate a mechani cal separator

t herei n, and5t he Thecokettiontceniamer p§ climers vbersth the fast ¢xdergar hparat iaminy

restrain ortion of the chani cal separator from passing therein absent
app! i eBlOrf@? gntcftﬁi‘ﬁé?coflgre%ﬁt@m% s ailr}lslgﬁlaqlgﬁﬁon assembly for enabling separation

of a fluid sanple into first and second phases, conprising: a collection
container conprising: a first region having an open top end and a first

si dewal | defpni ngheceliqesion cptaineiopt elpien at.fwhesein dha Bist siteris is disemmaionedyi on
havi ng 0 d_sj I Al . i_nterior
o RO AR O A 3000 BB IR DOBGRRGRNGT o
al ong &abtopgiihliyd redahinaX ipdrisaic bf thametimidal kefaratot GohDpariig theeis absnd
interior are provided in fluid communi cation, wherein a dianmeter of the
first rPRlicAireletional doreat er than a dianeter of the second interior; and at

| east one fluid flute extendi ng between the first region and the second
region to all ow passage of fluid therethrough fromthe first region to the
second regi 6n; andscpamtoiassembly foepastdingrsegaaim &f nfjuidsafmpbainio iy a
first density; and a ballast, having a second density greater than the
first SREABY PlasequramBring:

a collection container comprising:

a first region having an open top end and a first sidewall defining a
first interior and a first exterior;

a second region having a closed bottom end and a second sidewall
defining a second interior and a second exterior, the first region and the second region
are aligned along a longitudinal axis such that the first interior and the second interior
are provided in fluid communication, wherein a diameter of the first interior is greater
than a diameter of the second interior; and

at least one fluid flute extending between the first region and the
second region to allow passage of fluid therethrough from the first region to the
second region; and

a mechanical separator comprising:
a float, having a first density; and
a ballast, having a second density greater than the first density, wherein
a portion of the float is connected to a portion of the ballast,
wherein at least a portion of the mechanical separator is prevented from
entering the second region in an initial first position, and the mechanical separator is
transitioned into the second region upon application of rotational force to a second sealing

position.
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a portion of the float is connected to a portion of the ballast, wherein at
| east a portion of the mechanical separator is prevented fromentering the
second regoaoio/2a8 initial first position, and the neclanmusadionsepPasator is
transitioned into the second region upon application of rotational force to
a second sealing position.58. The separation assenbly of claim57, wherein
t he mechani cal separator conprises a separator body having a through-hol e

defined thesgin and REaplied L) | AWiRg, fdwi\?hééanpaésmm%ﬁ;ahrs%mr 59. A

separation assenbly for enabling Separation o fluid sanple into first
and secanpriyhaswparatomody diavige aadthuwighdotd datined theaeinend dupted fear fliomdng end, a

second e and, a sidewal | extending therebetween defining an interior; a
cIosurgugﬁgﬁ?gﬁh?gﬁnggﬁﬁing engagenment with the open end of the collection
contai ner; a nechani cal separator releasably restrained by at |east one of

the closure _and the sidewal|l of the collection container in an initial

first positPdn, Oheppstpmasseablis®dpanhlos sepapinseingilaidsemateainty fitsbayd havi ng
athro - e fi . therein along a through-axis, the through-hole
adapte§§?8?8%FF%3P%§%§P%id to pass therethrough, the separator body
conprising: a fl aadollchigoi Bentainkt mavindenSirkty endingl cdirl kagt andhaviiagvall second
density greater than the first density, wherein a portion of the float is
connecEEENipE Berbetvesh dsfining an iplist : and a carrier rel easably engaged

with a portion of ddiedRGHRRIGALaBfD e Ghlhel il fhd dHichicah PR LdiRBrioher el n
upon application of rotational force, e separator ‘body transitions from
an i ni terbinggsi tion in which fluid may pass through the through-hole, to a
sealing position in i.ch the mechani.cal separator. prevents passage of
fluid therethr ou@ﬁle&ﬁ@rﬂ ﬁ%@ﬁ@%@?@ mgﬁ@ﬁigﬁﬁbwaﬁmi%&q Jpsu and

rotati gadiqdwicss thk RB1EATh! @htdihc? &R Qﬁggil%iaf fii%{f“g%élﬁox‘i[ﬁﬁ@ AUchicad SBH-ALOT - 60.

A separation assenbly, conprising: a 'ect1 on container having a first
end, acoepusige elschardodbalyshaewsd threnghelmde defitddghebimt aleena dedighi-ags, dne

ICQJ:)S[): ﬁ:rr(é)lfg%ﬂgolg a&%%e%afglr gl?olwhslg %{ %%Elssctgg%[ﬂrgdg%g h% sfe;|>a?a E)r gg‘ y c%m%?’fs{nag:St and
a float, having a first density; and
a ballast, having a second density greater than the first density, wherein
a portion of the float is connected to a portion of the ballast; and
a carrier releasably engaged with a portion of the mechanical separator in the
initial position,
wherein upon application of rotational force, the separator body transitions
from an initial position in which fluid may pass through the through-hole, to a secaling
position in which the mechanical separator prevents passage of fluid therethrough or

therearound, and wherein upon application of rotational force, the carrier disengages from the

mechanical separator.

60. A separation assembly, comprising;
a collection container having a first end, a second end, and a sidewall
extending therebetween defining an interior; and
a mechanical separator comprising a float and a ballast and capable of

movement from a first position to a sealing position,
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nmovenent froma first position to a sealing position,wherein in the sealing
position, a sealing perineter is established between at |east a portion of
t he i nt erwonomnd2tshe separator, the sealing perinmeter haeirng2@00349%6 Ng
position about a portion of the interior, the varying position defining an
average sealing %'eﬂaﬂtin ﬁﬁdsem%]@sﬂi&bg s eSS REGRTAED BSyeln FRXT UM
hei ght and a m ninum hei ght wthhin the co I on contalner, such that the
aver agéeastealfongorhef gint interidressl theasepttatormiha saating gieghtetari ausigt hevarsiimg nmum
hei ght position about a portion of the interior, the varying position defining an average scaling
height, and

wherein the mechanical separator has a maximum height and a minimum
height within the collection container, such that the average sealing height is less than the

maximum height minus the minimum height.
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