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[ 0001] The present disclosure relates to an apparatus for the vacuum
devol ati IwWoabins7sh 5 pol yners. The di scl osure further mpce/usediaes1s o a
pol ymer manufacturing plant or a pol ytrer processing plant conprising a
vacuum devol atilizer, and especially to a solution polynerization plant
conprising a vacuum devol atilizer. BACKGROUND OF I NVENTION [0002]1n many
pol yner manufacturing and proce55| ocesses it is necessary to 10 renove
vol atil e conpounds, such as éﬁﬂgaﬁV“ILAJ“LJZEﬂﬁnoners fromthe
involatile polynmer, and various technlques have been developed for
acconplishing that. For exanple, liquid separation involves adjusting the
t enper at FIEIANQHHINCENTEON the nixture to a point in the phase di agram
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devol ati Ipx@KEROUNDMOEINVEXTIOIN en pol yner is exposed to a vacuum whil e
bei ng |ntenS|ve|¥ agitated to draw off volatiles such as 20sol vent and
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ef f1 uent ﬁoﬂﬁmm@m&har&mh\tejhhlq@eﬁhmswdéﬂ@bvmpwn@f ScdBailishiag teTD R ckgmplbe
continuous solution polynerization of olefins. 25 0004 Conti nuous sol ution
pol yner i ZHibiFPBrageR XLV aHBItRg {hei tAmprroae i %&ﬁwm the fmigtrafoys poinbing
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causi ng an exot herm ternatively, in addition, the heat of reaction
can be WPodondy/ t@&%ﬁ@ﬁP@ﬂQbSﬂmmﬁﬁ)tﬂs?,are widely used, both in solution polymerization

and slurry polymerization. A third technique is vacuum devolatilization in which the molten

polymer is exposed to a vacuum while being intensively agitated to draw off volatiles such as

20  solvent and residual monomer, in order to reduce the level of volatiles in the finished polymer
to a desired level. Often, a combination of approaches will be used.

[0003] One process which produces a polymer-containing reactor effluent from which
solvent and residual monomers must be removed is the continuous solution polymerization of
olefins.

25 [0004] Continuous solution polymerization processes generally involve the addition of
catalyst to a monomer and solvent mixture. The mixture may be back-mixed giving a
uniform polymer in an environment with substantially no concentration gradients. WO
94/00500 (Pannell, et al.) describes a solution polymerization using metallocene in a
continuous stirred tank reactor, which may be in a series reactor arrangement to make a

30  variety of products.

[0005] The heat of the polymerization reaction can be absorbed by the polymerization

mixture, causing an exotherm. Alternatively, or in addition, the heat of reaction can be



2 renoved by a cooling system by external cooling of the walls of the
reactor vessel, or by internally arranged heat exchange surfaces cool ed by
a heat exwbangesfizai d. [ 0006] I n the course of the pol ymecirastéione1ii3
typically, a predom nant anount (over250 nol % of the nononmer is consuned
and the polyner fornmed is dissolved in the solvent. The 5 higher the
concentration of the polyner, the higher the viscosity of the

pol ymeri zation reaction m xture containing the polyner, solvent, and
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pol yrer - rgotym@hagen kdcoubj ect to further separation and purification
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st ages, whereby the _solvent and. unreacted nononer are converted to a vapor

phaseld EfPMONeRETSextMachelyMenration) (rapion &kes PlacsqidcePIEsWey Hp 8PS (i e®8litr es

and VaIOO:P aBOTRERSSHS OfhdOfheff ARARRRRL Adnd Hld RUBEr BY BRI 19 thBEd in a
subsequent separation stages. Punping Is used to convey polynmer fromflash

separ at i dmigtizgestipn wathfd eudly 8 Gdéer @hd thdni hieated iexne odeore @0 ¢0hangesobefoicon
oLt s, Sohenl P RST SASLLSIREY A5, A% BUCLLL L an syt e
pol yner i zadhi ghse W 2001 D8 1630 PR USZRILY fifaddsld e Jeparated, with the polymer-lean

20  phase being purified and recycled to be used as solvent. The polymer-rich phase is subject to
further separation and purification stages, including passage through a vacuum devolatilizer.
Following the vacuum devolatilization, the polymer is formed into pellets and/or bales for
storage or shipping. The process is suitable for the manufacture of a range of different
polymer types.

25 [0009] In some solution processes (see WO 98/02471 Kolthammer) the polymerized
mixture is flashed off in two stages, whereby the solvent and unreacted monomer are
converted to a vapor phase. Efficient extraction of solvent, etc., requires low vapor pressures
and vapor phase compression or condensation followed by pumping for subsequent
separation stages. Pumping is used to convey polymer from flash separation stages to a final

30 devolatilizing extruder.

[0010] In solution plants, solvent selection, operating temperatures, and purification

systems have to be designed for a particular operating window for the desired polymerization



process. The range of catalyst available permts a wide variety of polyners
to be made in terns of conononer content, nolecular weight, etc. [0011] Sone
pol ymer s woaduasaraasi ng sol uti on pol ynmeri zati on or ot hePCrashoiogoEs3 ar e
soft and tacky, and are therefore prode to handling problens. There is
therefore a need for 5 plants and processes which allow i nproved handling
of such soft polymers. [0012] Sone polyners are prone to oxidation by

at mospheric oxy en g|V|ng rise to gels and ot her |nperfect|ons in the,
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pol ymer reenffachdind ngqefe Ar BigkSIevéldoPhiiitenahbe ifleyatatd kbge waRiNp! ichgisy a
vacuum chanber haV|n an inlet for a polymer nelt, an outlet for a pol yner
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seal is associated with each stirr shaf t p I ng agalnst the
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cont ent nitrogen. heli dIOX de. WO
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(FDA) regulations.
20 [0015] For additional background, see also WO 94/00500 and W(0Q92/14766.
SUMMARY OF INVENTION

[0016] Provided is a vacuum devolatilizer for use in a polymer manufacturing or
processing plant. The devolatilizer comprises a vacuum chamber having an inlet for a
polymer melt, an outlet for a polymer melt, a vacuum port through which volatiles may be
25 removed and a stirrer shaft port for the entry of a stirrer shaft. The stirrer shaft passes
through the at least one stirrer shaft port and extends into the vacuum chamber and carries an
agitation means, such as paddles. The stirrer shaft seal is associated with each stirrer shaft
port for sealing against the stirrer shaft and each stirrer shaft seal has an external portion
outside the vacuum chamber. The devolatilizer is provided with a motor located outside of
30 the vacuum chamber for rotating shaft and comprises means for blanketing the external
portion of the stirrer shaft seal with a low oxygen content gas or vapor, ¢.g., nitrogen, helium,

steam, or carbon dioxide.



[0017] Figure 1 shows a schematic |ayout of a continuous sol ution

pol yneri zation plant conprising a devolatilizer according to one

enbodi merw0 26{10818BpFi gure 2 shows schematically in norePdettseé10m61113

devol atilizer according to one enbodi #ent. [0019] One enbodi ment of a pl ant
is showmn in Figure 1, the plant is arranged as foll ows. DETAI LED

DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS [0020] Provided is a vacuum

devol atilizer for use in a polymer manufacturing or 10 processing plant
conprising: a vacuum chanber having an inlet, an outlet, at |east one
vacuum pgyEscRIPTION SRSHEBRAWINGS shaft port for the entry of a stirrer
shaft, a h the at | east one stirrer shaft port
and ext erdory i nthu'tehe shmyalrstlodmmﬁbdayoutt b€ asohtimerus sbatibn palyhydriagti@nplant
agi tation neans, &1 addlg a sti rhe, shaft seal associated with each
stirrer <IQEIISHSA: GF’Blra“ BA1areRy g 49 ARE CPPRAIBED r er shaft, each stirrer
shaft ssegpofgvi ng; Pe 217%%)9 &hBRAhL O 3t anHloPéJHéﬂaﬂea %v&l&ﬁlz\éﬁ%éﬂwﬁg%’ﬂ@ﬁe
and at |east one tor cated outside the vacuum chamnb for rotating the
shaft, thentdduotratilizer further conprising nmeans for bl anketing the

ext er nal ion_of at |eas ne stirrer e th a | ow,oxygen

o mtent dHEISI o000 cPnpiRRat o E R i ShSYn kUL Bt s Arered B3 1 sr y ¢
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conventional devolatilizers Teads to oxidation of the pOI yner in the

chanber, [P820] t i Repvidedprsobl wu@udhvcé@ﬂmeacfkr sedRsa ardymgen snappfactyeing or

polymer 1 0.d08e G WD giexalatd Liger deasidhediereine. Lo st ehnal,Pofd | on
of t he sHAF s DrEhRE®ed Wth OW oxyge content gas, ere%

excl udi ngzaawfﬁqabhe amd: atoiy g @ne fstigtr e girefrahe they sealstigor SHaii atshﬁeg asaft
whi ch | eaks through the seal is a gas that is inert to the polynmer in the
chamber, Nastin@Bueysh thoablepstieac sidien shé% PeErd skieadipgiyindhe yraye chambes dhe
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involatile p &fi'n and one’ or nore vol at
is desir e:dclh @tusetpﬂra&t eort fcnrmeh]h]@ p)gﬂnysmhe stiiner shaftc eavhr aired shafk yer rhapingsa

will typi caIIy corrprlse at | east 70 wt0/ prefer at Iea t 80 wt % of
pol yn'er . SX&unglesn qeide of tho yasuap fheg easandsaéieaﬁ PR PROJOKS %qaéedt@lt%m?the

non- pol yngei S@ﬁﬁib%? W'r&tgtlﬁg tﬁ@-@ﬁ?flt eRf jRRidNgiECTRVRY d sir{%e means for
concentrated pol ymer phase by heating to a tenperature be

deconposiltlandeting theexatrnal podfontdfet [pestyome stiaedshafipkaliwith aloracxygen coment gas,
2011/ 087730PCT/ USZIQlO/ 061113 5 [0024] The inlet to and outlet fromthe
vacuum cHERDE LIPS B8} the entry of the concentrated pol ymer phase into and

exit of pebymer fwigiBut BeingaAGHEd 6RanREY it ThBelieved that the leakage of air into the
20 vacuum chambers of conventional devolatilizers leads to oxidation of the polymer in the
chamber, resulting in problems such as black specks and gels in the polymer. In the vacuum
devolatilizer described herein, the external portion of the shaft seal is blanketed with a low
oxygen content gas, thereby excluding atmospheric oxygen from the arca of the seal so that
the gas which leaks through the seal is a gas that is inert to the polymer in the chamber, not
25  air.
[0022] The term “concentrated polymer phase” as used herein refers to any polymer-
containing composition which contains an involatile polymer such as a polyolefin and one or
more volatiles which it is desired to separate from the polymer. The concentrated polymer
phase will typically comprise at least 70 wt%, preferably at least 80 wt% of polymer.
30 [0023] The term “volatiles” as used herein refers to any non-polymeric species which is
capable of being removed from the concentrated polymer phase by heating to a temperature

below the decomposition temperature of the polymer and applying a vacuum.



agi tation nmeans provides agitation of the concentrated pol yner phase in the
vacuum chanber. The agitation neans includes any conventional agitation
appar at uswhkreomwnstsot hose 5skilled in the art. For exanplPeT/isgiasiioh neans
i ncl ude one or nore: conventional cirg&ular or elliptical paddles,
conventional bl ades, conventional rods, or conbinations thereof [0025] The
devol atilizer may al so conprise a screw shaft associated wth the outl et
fromthe vacuun1chanber for drivin t he pol yner through the outlet. In that
case the W84lum fhanblet toiand ands hemeths wsuam shaamber gaet fof Hhe YW &I t he
sorew Shalh ARSRGSH KR! bige H0 GRBNASY of 300 rld oo ACHE A DAR ARG Witle

al so include a scr sha havi ng an-external portion out
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an encl osure sup lied with a | ow oxygen cont ent gas for bl anketi n
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[ 0026]sThey ficligh R arP Off 41l Qm %lﬁau%h 'rﬂeraﬁ§ m@fudé ©hEW: ﬁn'&?é tcoﬁx%hoha‘i cir@@lapétr t

of the stirrer or screW/ seal I's exposed to the atnosphere on
t he outsuﬁ@ﬁmﬁlmhbkmaumumuumahwewm MHWﬂmBnthma(mmomhewdemdhamoflzer of the
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each of those two stirrer shaft ports. In that enbodinment, 20 the stirrer
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content gas may be used, including a streamof inert gas directed onto the
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out er fa ﬁglscr%é ﬁ*hﬁéal lip, quo)ﬁ, FQ%&M%EQ content gas is an

enclosur aro eac osure I'ng nounted on the
out si de dbo2dje cﬁhabefenah@ohmrtgf the strireteat sordvh safs sqaplisy thofpaktoof thx ygeer or

content gas encl re may be fastened to the ext of the vacuum
chanblér |Sﬁreah§ha§ ﬁ@ﬁmgqus@fg?e haﬁmewglmpn i Quedep! i dag A zer
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oxygen content gas. In that way, leaks of air into the énclosure are
preventedmﬂpﬁm@@$ﬁbﬂownaWBV1aﬂm@hgenclosure is provided with an inspection

rr]naa';[ ﬁ[] enlﬁ@gﬁﬂsw}?é@%?g gcllhle\l’%ﬁ 1B]I,leas ia(i’lcl: %Islam%e% ﬁars] Gwo s?irrer Shaft ports
and the stirrer shaft extends through each of those two stirrer shaft ports. In that embodiment,
20  the stirrer shaft typically extends all the way through the chamber. In another embodiment,
the vacuum chamber has only one stirrer shaft port and the stirrer shaft extends only part-way
through the chamber. Any suitable means for blanketing the external portion of each shaft
scal with a low oxygen content gas may be used, including a stream of inert gas directed onto
the external portion of the seal. Optionally, the means for blanketing the outer face of each
25  shaft seal with a low oxygen content gas is an enclosure around each shaft seal, the enclosure
being mounted on the outside of the chamber and being provided with a supply of low
oxygen content gas. The enclosure may be fastened to the exterior of the vacuum chamber in
any suitable way.
[0028] Optionally, in use of the devolatilizer, each enclosure may be maintained under a
30 positive pressure of a low oxygen content gas. In that way, leaks of air into the enclosure are
prevented.
[0029] Optionally, each enclosure is provided with an inspection hatch. The inspection

hatch allows for easy access to the seal for maintenance.



6 [0030] Optionally, each stirrer shaft notor conprises a housing and the
housing fornms part of an enclosure. Optionally, the stirrer shaft has two
not ors, esohlromuBoT30bei ng arranged at a respective end ofCrlus2ewiosries shaft,
and both notors have a housing, each housing form ng part of an encl osure.
Where the devol atilizer conprises a screw shaft, the screw shaft will be 5
driven by a notor and optionally the notor conprises a housing which forns
part of an encl osure. {0031]Cptional|y, the devolatilizer includes a flow
net er to [RBHNt or Opkengllye Rads stiresy shsf Jerfor efRIAtes gakousiendaibp heneing domes. | n
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general ly cyli i zontal such t axis of the
cyl i nder dnclesuticn a horizontal plane, and the stirrer shaft al so extends

15hori zo y and .optjonal | gincides with. axis of the cylinder.
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into the packed seal. Optionally, the devolatilizer conprises at |east one
r eser voi roxyger edatgnd gas mép edch chelpsurhgmagibe matjiteead. oln graese inthe flowakieyf thehe
reservoi r,_cont ai ns food grade oi.l .. such as a f rade Roy Pur.pl eTM
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Kevl ar TMhébdeehsn 08¢ cpolbyurpatha-fdve itk &faber eppthabamthdgad ildeksdh eitlbdare is
(pol ytetrafl uoroet hyl ene) and graphite. Optional ly, each seal is packed
with a pderfcr§hemapiorsd mpardsly &y adlovymaish dedicates foahptaneloswict h PTFE.

[ 0035] Th vi ded..: K - : S I

cont ont | gui s B pBRRELR Ry AR BECS S AR YRk AR hRYC R ot o
oxygen, phefaisablytht egsintddrahie.id avhepiconygeplandbamel phicefsarrablsiyaft tdse kotends
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30[ 0036] @uei @haljtgtiont remp rioremperking dilbmatiof oilhmtos dlvupaketh andder Opgomtllyl dast 2
UG T R RE R NN I Y e T
| engt h ofo@tonhBRAShe feséivoRRbhAMBlal fYodPErai€as, subh B a &5V gdadd RERL BlrpRiTval]. | east
Lm 20 [0034] Optionally, each seal is packed with a packing comprising Kevlar™ fibers (or
poly para-phenylencterephthalamide fibers), PTFE (polytetrafluoroethylene) and graphite.
Optionally, each seal is packed with a packing comprising Kevlar or graphite impregnated
with PTFE.
[0035] The provided apparatus and process use any suitable low oxygen content gas.
25  Preferably, the low oxygen content gas has less than 3 wt% oxygen, preferably less than 0.5
wt% oxygen. More preferably, the low oxygen content gas is substantially free or free (0.0
wt%) of oxygen. Low oxygen content gases include conventional gases that do not contain
oxygen, such as helium, argon, nitrogen, steam, carbon dioxide, or combinations thereof.
Preferably, the low oxygen content gas is nitrogen.
30 [0036] Optionally, the internal volume of the vacuum chamber is at least 2 m’, for
example, at least 4 m’ and is optionally at most 15 m’, for example 11 m’. Optionally, the
vacuum chamber is generally cylindrical with a length of at least 4 m, optionally at least 6 m,

and a diameter of at least 1 m.



WO 2011/ 087730PCT/ US2010/ 061113 7 [0037] Typically, the vacuum devol atili zer
conprises or is connected to at |east one punp for applying a vacuumto the
vacuum chaiotzer1/087 80t he vacuum port or vacuum ports. [ 00B8TiUs2@osenonhd
aspect a polyolefin manufacturing plaht is provided conprising a vacuum
devol atilizer as described herein. 5 0039] The plant may be any type of

pol yol efin manufacturing plant in which it is desired to renove volatiles
froma concentrated polymer phase such as a polynmer nelt. Optionally, the
pl ant i s [A03lant Typicalihehe orenrnslezolaslizari ommpisey vens £apistedoto #nkeagr oifor e
ol efin j J , ovi ded
is apro eggg%fa@ﬁ#@%?ﬁgkggﬁgyﬁﬁéaggﬁgg%gﬁ%%Qﬁg%gpgﬁT%P%%ﬁ8@%??%%§gﬂébIynEr
phase conpo3si ngin kndecadlieipegt b elywdifoe ntanafaediring| plareris phasided cb@pHEsigaUUM
devol atilizer conmprising: a vacyum chanber having an inlet, an outlet, at

| east one2gWEBdRYPHHliZer andeseiPeddisi&dinone stirrer shaft port for the entry of
a stirrer ft, I i I : F Stk r
hart "porltad el ehal e bE ot hee e RSl o B i e
an agi t attb semoeandatiles fragi 4 atricentrgéd aolyore phaseaueld apopylyerer piedts eOptmortalg, 15
vacuun1cq5nb?r, a sthrrgg sBaft ﬁeal as ociatgp mrtq.eacp stirrer sh%%I
port for Bed'# Mg atdlHt O HBC SOPTREHS SHRaHOn BYYMCEE P! ORGT BOL O ng
an ext er nabnddr$ iCNh RIS &bl Rivdhhe vacuum chanber, at |east one notor

| ocat ed outside the vacuum chanber for rotating the stirrer shaft, and the
devol ati [[094H f ult héhird asnset, Pravgdadeis rasprooess If apreving yotdtide exnpensals fpomta on
of il eash SALIINSL: SHEE LoSFRliI & hofd AVRXYAED OB &l daSy,BASKE! N

t he process TR R DHss %ﬁplnP%08UCIngE% conceﬁ}réié%)%o ymer p%ase

i nto the vaaguhcoslanbes compibiikNg vacuiad thifch havigh ahhglegtan! @ABE, 0 M@sVELUUM
port while rotating the stirrer. shaft, thereby agitating the concentrated

pol ymer pPHRESED Parda] ainleattiong stier dieftepartforgbe enten obe stirer #ud aghEcorhathe
stirrer éﬁé‘éﬁ ﬁlg&l@ b bRt lo%"s@?f%’r%gft.(b8ﬂta ?tex&ﬂaing (384 be{&uﬁmf&lg@%&, the
rOV|%e I atl (o] pol yner

aspect, a vacuum devo izer ruse-in a

manuf act wtirmg siaft paviee s agigatiphantans dopagisitiog ofa ccacentrmtahgot@cr plaase g thaen
inlet, an outIeF, at Ieastsgng %gcuunl?ort, and at | east onf stirrer shaft
port Por YRREIBGEYOY 2 stirger shpld seal gagociated with pachrstiggs shatipartfof sealmesggist he

at | east QOGS S bR HirrBOiar2Rd] %&iﬁgdin“&;t&ﬂélop&%n VRESHETLE BRITPE unt he
stirrer shaft carrying an agitation neans, a stirrer shaft seal associ ated

wi t h eaclrhsmber; et legst aht npdoertlofated seside thy wgaimshamber fohaftatingsthd statred shaft

tside.the 30.vacuum r.fo t he hrrer

one notor |.ocated h rofatin

e o g RS HEBARM Rkl B S BT ©F TR Eusohe b8lelal a8l i3t GG
with a degicCakRd sRift sédljvaied b Abw el @bntbiY @Bt Whercid Blel grabésd FuRhdr inblu@ed he
stirrer shaft seal. WD 2011/087730PCT/ US2010/061113 8 [0042]In a fifth

aspec® i dngedicinged cQnpuitpsideplyman nhdsacinter thegvasunmt chaomst.i §iphgna avaeuum
Gevolat | AgEadoe 1 b Lo’ ULUMRRERPe s A0 R LR e Bl
concent r ajoackrpatedrmilypdastAse, and blanketing the external portion of at least one of the stirrer
shaft seals with a low oxygen content gas.
[0041] In a fourth aspect, provided is a vacuum devolatilizer for use in a polymer
25 manufacturing or processing plant comprising: a vacuum chamber having an inlet, an outlet,
at least one vacuum port, and at least one stirrer shaft port for the entry of a stirrer shaft, a
stirrer shaft passing through the at least one stirrer shaft port and extending into the vacuum
chamber, the stirrer shaft carrying an agitation means, a stirrer shaft seal associated with each
stirrer shaft port for scaling against the shaft, and at least one motor located outside the
30 vacuum chamber for rotating the stirrer shaft, in which each stirrer shaft seal is a packed seal

and is provided with a dedicated oil injection pump for injecting lubricating oil into the stirrer

shaft seal.



Optionally, the plant is a plant for the continuous sol ution polynerization
of one or nore 5 olefin nononers in a hydrocarbon solvent. Typically, the

pl ant compoi28BI8AL30| east one punp for applying a vacuumpPCo/ush@omanusim
chanber via the vacuum port or vacuun8ports. [0043] The devol atilizer may

al so conprise a screw shaft associated with the outlet fromthe vacuum
chanber for driving the polyner through the outlet. In that case the vacuum
chanber will also have a screw shaft port through which the screw shaft
passes i Mf842lhe I acﬁﬁhb@pectaﬁdptoﬁate st helyose{lr Mmapsfactuging| plants sompidsinglet a

SCrew s hét)’afcm?ﬁgl e?/tYl}[ﬂ%Qﬂ (ﬁﬁé ‘?cf Hl%lfoM Etép%@t &th&'ﬂs%lo%{lret hﬂlevlﬁ&ﬁ s S%B,:

Preferably, olatiTi1zer SO conprrses nmeans, such as ‘an en
suppl i ed phartthinl me:bv(ytgem des)fe‘detd rgﬁsve fvotatibdsafriseit |angoﬁchetraeexd gilohaherpphdseon

of the screw s@}z;tff'&1 ov¥1 en content gaI [.0044] I n t he
devol at i |PRtna Rd'4 I’éd? £ aa%tpgéﬁtt NERYSepIEHRLY PO ¥%‘8le%0|“1| ofggngqor more
pref ersabl&{etﬂ?meﬁém%ciﬁﬁ tyﬁﬁﬁhrb%ﬁ@el@@ntpr@ifﬁ&ﬁg t‘%tplﬂan@cgrﬁﬁh&@taﬁﬁa&' dne 632

I njection punp f injecting the Tubricating oil “into that seal
conventi cfnaapplr)aogj arvadenotosthe Vaamnschamdehanitbalawenl (erisrevagfiune pous e d. Th o s e

hani | Il i di whi ch t | el
Tort oapolpafi® s The Bivdunta® PY 2ha Softaftod € e Pl st i uESR B e
filled wihh Vgcdugprchmgr foHaweMerthe @Og@g@lty{@?h ged suthet WaaRatt fi8e dhes ¢scuthen

the seal can fail, with the lubricati'ng oil hen running into the chanber

and cont afemaen wel rhe IWBWGW[@@ﬂal]onnthtfmhdeh@hathﬁ |spr2@fr shgift pasecst wiw the

aspeclto ctham%grs gln tasrél(rje tFthe lvsylllal lo 1%fclutdre] ea sscrr]ea Bt a?f? ? aglg%@paaﬁch%emal
seal s.” I n"pac Seal Tater al “suc evlar rope

(brai ded piadH @Iutt,ﬂdbef)he' @cwﬁwheﬁlsed medrmy thbdeedadlizet alsnm@mpdgesan@eal :
Packed seals 25 typically include neans for |ubricating the packed seal and
in the deyelasian guslosyre pywplieduyith low peveer septcpagite dos hlinketinga he gxternal

provi ded sea‘%ﬁtﬁc‘l'gé%'wqﬁ% g&t &6nai1 {)I |Q:}§g&f¢‘l%%np np for injecting oil into

t he pack devol a aving three packed shaft seals
(two for [00dd]sti e dshalbtilizndf ﬁtetfhmrﬂdasfpeast thescrcevshshiadl wWiblmlsdrproferaglyt e
pol ynmer out aof the devolatlll ther wi || be t hree injectjon punps, each
punp Ser A REcksHes@band b provife Wt at deshisid Gf1 PHRSUGBANKIR {PT ANSFHATE Hifis
oil, onl Muﬁx@@ahné%ﬁhntﬁ"tl‘uit bg affected, and the other seals will not be
starved of oil. [0047] Packed seals are furthernore generally easier to
change t HaMStechbnicemlentewll sacuum devolatilizers, mechanical seals are often used. Those

mechanical seals typically comprise a disc which fits closely against a corresponding disc
attached to the shaft, with the gap in between being filled with a lubricant. However, a
20  polymer gets between the discs then the seal can fail, with the lubricating oil then running
into the chamber and contaminating the polymer.
[0046] In the devolatilizer of the fourth aspect, at least one and preferably all of the shaft
scals are packed seals. In packed seals, a flexible packing material such as Kevlar rope
(braided aramid fiber) is compressed against the shaft to provide a seal. Packed seals
25  typically include means for lubricating the packed seal and in the devolatilizer of the fourth
aspect each packed shaft seal is provided with its own dedicated oil injection pump for
injecting oil into the packed seal. Thus, in a devolatilizer having three packed shaft seals
(two for the stirrer shaft and a third for a screw shaft for driving the polymer out of the
devolatilizer) there will be three injection pumps, each pump serving one seal. In that way, if
30 one of the seals fails and leaks oil, only that seal will be affected, and the other seals will not
be starved of oil.

[0047] Packed seals are furthermore generally easier to change than mechanical seals.



WD 2011/ 087730PCT/ US2010/ 061113 9 [0048] Optional ly, the devolatilizer
conprises a reservoir containing a food grade oil for injection into the
packagi ngvof2osash7shaft seal. In that way, any snmall | ezkags2ab/ostie3 oi

into the vacuum chanber will not resubt in the polyner being deened
unacceptable for food use. Preferably, the oil is an oil available from
Royal Purple. Preferably, the punps each include 5a pressure nonitoring
device for monitoring the pressure of the oil. [0049] Any suitabl e packing
materi al [A848lbe (pEenallyr theadowpleglizscogwaisesor raseypy comgiiipg e Koqrgetiaas el ifen
shoul d b f j e s
axper i enciciar e, f gADEleRl ALLROfln (P LEREL R e AT RS FLIE R g |
an excesshy ehguuahcitaimtict mell nbnresune iretio ol ymesrtbeinpeddeack ivngcarpiablei fat fosl usa. t he
formof a rope which can be cut 10 to the required |l ength to wap. around
the shaf tl’.re%b%%hbﬁfaq piy IS aih agplaple fg%ﬂa|ROpfalclf<1€aletrﬁt%59b§agl%i P.\{:}n%?ﬁsﬁiugql one
or morse of pri@UkAo i dfteiev RITEr dBloEUhablauRpogtfiybane) and graphite.
Optionally, the Kevlar "or aram d or carbo I ber 1's inpregnated with PTFE
or graphi[084%jo hdnp sugehlc eatking tmaeridnuaybabbel tdrepashiafztthe cealairateals. The

snoot hl y. [0050] Each seal ,i.s ad t ageousl.y a | tistage seal . tionall
onon Coniparbing pieas Seerd 0k SEMPIY BBGRtRke Multt S Ry e presnes ¥
CONPr i SesxBedcts h M JEMILGE dEQlatdide NREAGAIbYuiSME teihddehchhen Qhlext&sRely on

fromthe space between the innernost and m ddl e packing to the space
bet ween tshertingtd| la oandmbadierambtic neekike mptdrial & ivyld wrm[aesRPOYhichran by cuta

| ow oxygen .cont ent . gas r ef er abl i thoge s hjected intqg th 0.space
et weih cnefieeiined Sehn RESHE EPiie Mo TR ori G SEbrBah g Pl i

conpri sesaskipACeoni@ismy ohe cRNPIblS @8 Kevi@t fibérs2 PTFEL Qholytetrafluoroethylene) and
graphite. Optionally, the Kevlar or aramid or carbon fiber is impregnated with PTFE or
graphite to help reduce friction and enable the shaft to rotate smoothly.
[0050] Each seal is advantageously a multistage seal. Optionally, each seal is a three

15  stage seal.

[0051] Optionally, the devolatilizer comprises a switching device for automatically
switching the oil injection from the space between the innermost and middle packing to the
space between the middle and outermost packing in a cycle.

[0052] Optionally, a low oxygen content gas, preferably nitrogen, is injected into the

20  space between the middle and the outermost packing.

[0053] Optionally, each seal comprises a packing which comprises a set of 2 to 10,
preferably 3 to 6, braided packing ropes.

[0054] Optionally, the oil is injected using a plunger pump or syringe pump whereby a
fixed quantity of oil is delivered for a given period of time.

25 [0055] Optionally, the vacuum chamber has two stirrer shaft ports and the stirrer shaft
extends through each of those two shaft ports, and each stirrer shaft port has a packed seal,
the devolatilizer further comprising two oil injection pumps, each oil injection pump being
arranged to pump oil into the packing of a respective one of the stirrer shaft seals.

[0056] Optionally, the means for blanketing the external portion of each shaft seal with a

30 low oxygen content gas is an enclosure around each shaft seal, the enclosure being mounted

on the outside of the housing and being provided with a supply of a low oxygen content gas.



preferably 3 to 6, braided packing ropes. [0054]Optionally, the oil is
injected using a plunger punp or syringe punp whereby a fixed quantity of
oil is dewDveried7f3or a given period of tine. 25[0055] Oprconskéypoeting vacuum
chanmber has two stirrer shaft ports ad the stirrer shaft extends through
each of those two shaft ports, and each stirrer shaft port has a packed
seal, the devolatilizer further conprising two oil injection punps, each

oi | |nject|on punp being arranged to punp oil into the packing of a

respect i V803He oPriipeallys pechenclopye maydip mainfagpgandyp 4 RASHIVOPICHHE Hdlew or
bl anket i ng ga? oSREE" %?sl) Wi b @t o tl‘?eagﬁwo%ﬁﬁ%r}c éﬁ‘e uréN'tuﬁl Mhé %{20 ﬁér{&eeﬁ«gi’&%

cont ent ga I's an enclosure und eac e enc el ng
mount ed amclob@cout si de of the housi ng and being provided with a supply of a
Iom1oxygen content .g 2011/ 087730PCT/ US2010/ 061113 10

[ 0057] Opt!0B#I | yO Opigiilive S8aleRURAYPR¥IdRE WA R CERIERAE. posi ti ve

pressure gjsgjhe bﬁ%‘(i’oﬁ’aﬁ &k BQJHIeﬁﬂfzelgﬁr%ld’MeE R &S ARGE: chn{o'ﬂﬁoﬂl{@ﬁ&@e&f‘ ow

pressure |n the a acent to the enclosure. [0058 tionally, each
enclosuremwgmpuDWMmgdsmﬂihwhmnﬂnspection hat ch. 5[0059]Cpt|onally, t he
aflowrmtr toantorth

devol ati | |
content 601t oOpERTA die Sl FhoRBT Cpertsnat (3 indistl R brioaiBE st
gener al | yhg\thé REE o€ &e ceyml@ldérqléa% Ia%ﬁ&aﬁtalsplgﬁb tahdthd dMeftaxdoSex@indt RerigontdIRder

lies in a horizontal pllane, and the shaft al so extends horizontally an
CO|nC|desm@#thakB@mwawhéfby@ﬂm@eﬁ 10[ 0061] The process of aII aspects of

the | %Verﬂ)w (s) Tgesggcle%)sr?gf aﬁ I’(alegts ozf‘nhebfa VBetliofn s)%%scrﬁ%&l’lterel E%?lf‘aarmed

cat al yst exanple €ss can u Singre’s

cat al yst )witiThag ESug@lﬂercﬁHlyStColFﬁrabihn@lé rﬂhBSprbté%@ JaBt@llizef aner 980 S(sihgleo sildd of
the Periodic Table, and at |east one anC|IIar¥ | igand that remains bonded

to the treadysth Jheﬁ%g%t}erqilyrqq%aupémﬁﬁw gt T Growrp ey taniOyofithe Periedis Tablen
metal is jgeq if@ oﬁ@tdn%ﬁkg he @Rd @%@Pﬁ '30589(1*% &é'hsg%fah?e'@{s

activator. Especl al pre are ocenes o the %erlodlc
t abl e suqgflyserizatiami Bmferhbalfyrthutmmtlm meahisusesvin ehatmrec staechn'dra;tablhzed by a
polymerization in the d nmpnov Ient cationic tate $ have o e _or

&

anci | Par ortglsay agtvaes dispedally Prefrsied agemstaflosracs af Pequp 41<|‘~fet ﬂ{l%lmble

features Qbh SYGhnsdhah Mg bP %n&ﬁl‘?&rﬂ'vl}lﬁéh arE ﬁ)&hm‘i‘ﬂoﬂﬁﬁéﬂz‘aﬂo@"l@ tﬁeh&o hbggnd
capabl e of abstraction and that ligand into which the ethylene (ol efinic)

group carvabmt cationic state and have one or two ancillary ligands as described in more detail
hereafter. The important features of such catalysts for coordination polymerization are the
ligand capable of abstraction and that ligand into which the ethylene (olefinic) group can be
20  inserted.
[0062] For the purposes of this patent specification the term “metallocene” is herein
defined to contain one or more cyclopentadienyl moiety in combination with a transition
metal of the Periodic Table of Elements.
[0063] The metallocene can be used with a cocatalyst which may be alumoxane
25  preferably methylalumoxane having an average degree of oligomerization of from 4 to 30 as
determined by vapor pressure osmometry. Alumoxane may be modified to provide solubility
in linear alkanes or be used in a slurry but is generally used from a toluene solution. Such
solutions may include unreacted trialkyl aluminum and the alumoxane concentration is
generally indicated as mol Al per liter, which figure includes any trialkyl aluminum which
30 has not reacted to form an oligomer. The alumoxane, when used as cocatalyst, is generally
used in molar excess, at a mol ratio of 50 or more, preferably 100 or more, and preferably

1000 or less, preferably 500 or less, relative to the transition metal.



20i nserted. [0062] For the purposes of this patent specification the term
"metal l ocene” is herein defined to contain one or nore cycl opent adi enyl

noi ety i rwoenasatioon with a transition netal of the Percadisecorvablies of

El ements. [0063] The netal |l ocene can bd used with a cocatal yst which may be
al unoxane 25 preferably nethyl al unoxane having an average degree of
oligonerization of from4 to 30 as determ ned by vapor pressure osnonetry.
Al unoxane nay be nodified to provide solubility in linear al kanes or be
used in d0864lr r y Theiprqcsssgadehaplapt useddnfthe pogesssirg deregned| agioxplgined gbpve to

sol ution ' - . I L.

R i T e e

i ncl udes spoakitig thal gofymak wrd derineditradh cdRerhalsylorat orf rapylent 4otht @lomisdnt (more

ol i gonmer. The al unpxane, when used as cocatalyst, is.generally used in

o ar | oxBEL 3005 AcfomRaFE. of OBy Tigy BelssHely ecpa@rrﬁrfab Sol” o %nef
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metal. WD 2011/087730PCT/ US2010/ 061113 1 [0064?T e process and the plant
used i n t(hedgrooels scrar gy ctie vlgmeduels aexiyraicrrad imthaled) havipgfimnt 2 to 20 carbon

pol ynmeri zation of a wi de varjety of .pol r types .and npl ecul ar wei ghts.
Conoral | yaeaurng® ele (riseetss or B iTBher JBRRuRE Reut iy ding pivlese
propyl enejedised Bfitsy AMBuRERL 1HERER, 4IRNo&ENEOAMBPnG FTBRANSuch B hRliche NPty
preferably contain fromb5 to 45 nol %of 5 cononomer to vary crystallinity

and f1 exingirbdragne, Thliduemeshrsnenend@Nibe netbptiadisnes ¢tas mapihgancluicle nremete
cyclig ol ef étﬂrsaﬁ%“%%p%% RS X5 Hihtiof o, foﬂgclfr“@egéheé‘%’e'r{f&léés O, 82 SoISRELRN
atons, such as ethylene ?l N the case e polyher consisting

pr edom nanédomefdepv@pyligne derived units) 1-butene, 1-hexene, and 1-octene.

Amount s of dienes such as hexadi ene, vinyl norbornene, ethylidene
nor bor ned80¢3NB) In ks 58%n Qi Rd#omes; dhe mégrn%ewmm waBdbe orqshuserbtiecludy the

unsat ur atf"og@wrrgl%ga(ggéct& hﬁre?&wttﬁeo&r&{xg%geg%e%n %ﬁ&-%l%% Ha? | or %StoPi%d%ﬁl;eJnom

pol yneri ze r derive nits. e case 0 ast one
pol ynmer vdorad) mere frefepabdyldcedl 2 nadbonl etdne afid oosviprgerablyes ts 10 Rraeioar atbing. t he

cononomer Ls an al pha- ol ef,%qgoh.ai\l/i ng from3 to 15 carbon atorps, nor e
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polyethylene standard, NBS 1475.10. The molecular weight distribution (MWD) of the

25  plastomers produced by the process describedherein are termed “narrow" that is to say an
My/M,, less than 3, preferably less than or equal to 2.5. The MI of the polymers are generally
in the range of 0.01 dg/min to 200 dg/min, preferably 0.1 dg/min to 100 dg/min, more
preferably 0.2 dg/min to 50 dg/min and more preferably less than 10 dg/min. Contemplated
densities of the plastomers are in the range of 0.85 g/cm’ to 0.93 g/cm’, preferably 0.87 g/cm’

30 to 0.92 g/cm’, more preferably 0.88 g/cm’to 0.91 g/cm’.
[0066] The process can be especially concerned with copolymerization reactions

involving the polymerization of one or more of the monomers, for example alpha-olefin

monomers of ethylene, propylene, 1-butene, 1-pentene, 1,4-methyl-1-pentene, 1-hexene, 1-



25 plastoners produced by the process describedherein are ternmed "narrow'
that is to say an MV M' |less than 3, preferably less than or equal to 2.5.
The M ofwoOhelpsipBrers are generally in the range of 0. @CTdp2emom6t103 200
dg/mn, preferably 0.1 dg/mn to 100 @g/mn, nore preferably 0.2 dg/mn to
50 dg/mn and nore preferably less than 10 dg/mn. Contenplated densities
of the plastoners are in the range of 0.85 g/cnB to 0.93 g/cnB, preferably
0.87 g/cnB 30to 0.92 g/cnB, nore preferably 0.88 g/cnB to 0.91 g/ cnB.

[ 0066] Theocfnecdaceas ﬁn% éYCé@@é%ﬁ%sush toTesRh eQthir FIRNeBEG| SPRBEI %Emow vinyl,
reactions or nore of the nononers, for
exanpl e 1&% q%(pg%ﬁeprg% rs o hﬁaggﬁ%O&glr%opyl ene, 1-butene, 1-pentene,
1, 4- et hy{DGGJ] peint ehe, cake h@(emwrﬂﬁs W 20lyhich 8WARMAPGIRYUS2 0pfdd 06:H1 Tidc 1

t : d I t Qh
el ude. JEPRB G| Sn ERBS aIeH BT eut Y b SR ARS RO RGN
[ 0067l n nghtca»%ﬁagefm@lkaﬁa ONEiG thawgaé%; ey @@ WY dRGe RORAHE Geeehslyude

terpol ymers~of an et hyl ene-a- | n- E Et hyl ene- al pha- QA efi n-Di ene
El ast onergreasér thiug B.05wthe idggie @@u@nagEhmlpebuh@fs nwei lghlergeMmanpliogy aat avetahan

0.3 W % di ene cont.ent r ef er reater .t % di ene content. These
pol ymer sqﬂ%fymbéerpmm ﬁ%%é Gt hivet Do e B BRI A
used her gjolyhéie éo%ﬂseECA?Eeth%ﬁ@m@ﬁ@%fﬁJ HHHOBRE it RBFY MBA-ZokjAPREd SHEhOf

et hyl ene, al pha-ol efin, and one or nore non-conjugated di ene rnononers. The

non- COI’]] urg@lm@@br@h dhe nﬁtﬁom@gat@ém@é raomealcghfoecahﬁranght t@halnch@dcltﬂdanhﬁlmr 10
cycl |

Sui t lb Cﬁ’onc CXQY%@M Ie e Valv?r%d W{SQO 1% carhy Cna£1 28R @ i?a{]r?ip 8%?”‘91113%?6 ot

n uga Ienes rai gh aln acyc nes Suc

1, 4- hex acaoﬁﬁ@a@ﬂdhehe@aﬁcsttﬁdgm RR4in laegzm&hﬁ@he@ Ratmn aﬁ@MQieb(@dlém&ﬂﬁ:iSl suetadase;
5-net hyl - 1, 4- hexadi ene; 3, 7-di net hyl-1, 6- oct adi enge;

3, 7-di nethﬁwhid Phegaasyelisndicaendsueh s of-ms e &- Wa@ﬁwd} oWirpetiEinb o-9gtpdiene;

di hyd | | |

ona’ 1 oo o) ARG ocBallond Bl L oBlASE oo, SUENGHAERE,
ring di enaglstiof a]axsyctletireaﬁydrcblaﬂdlﬁln@cldmm’(yd:net eﬂld h,liyd'ckndﬁdiﬁadiﬁne; and multi-
di cycl opent adi.ene;, bi.c 2,1 h ta- 2, 5-di ene | keny]| ,

al k§| 1|5d2r¥€1g YLV el kwﬁ ﬁ%d1 gwé%ﬁdn ks dioe 2008 ot ﬁ%ﬁ@ﬁ@%ﬁ%? bdhFERe
(M\B) ;  5-tpf; thdee%e aeyd %ﬂfene%lcﬁz&&«@fso(@yj !)dl?éib%a 250REROLIEGRA; alRylidene,

-(4-cycl op entenyl)-2-norbornene,” 5 - cycl ohéxyl i dene-2- nor bornene;,

5- vi ny1- Zynorbgtidere narwrtmabmunhdaserﬁemem@[e@a@&}o@omh@ dive¥igs 63pp®my1 ¥
dt EP t h t | arl f d.di 4-h

(D), - 5- GeFgTine. 2 herpaene 2 gmiat | e SRR B e P gy o

5- met hyl eferoReniaideRs-neReLAMNB) 5-vaRil2diklsrharentadi@ntadiddePD) . The

espeC| ally preferred dienes are 5-ethylidene-2-norbornene (ENB) and
4- HexadBel ( HOf theriiengy episele ds@OD mrpase GBS, rthy padiatlaily peadfergdaligpes o

90 wt % et h p r b 2 % 8 t

prefer abl§ y 33%\;\11'1%7? S%O{F\%I) gteh g&%%eé %bonfl%ﬁ %E%?/l § sé'l?({% ?2 Oéﬁorﬁgnee in
the prepanvaBws rﬁéthgzlleﬂ@rzqu&nwet (ﬂ\/INBhydnertﬁcﬁﬂ‘(Q)edlaeﬁﬁs (BCeDyr afterapédally
propyl ene, 1-butene, 1-pentene, 1- ne, 1l-octene and 1-dodecene. The

al pha- ol STFIRITPS ehrsr atel y- qt%é@ﬁ%?:ﬂoélwmw% (EIHB) EOOE ! gohradiena( B wt B o
80 wt % re
gener al | 3}% %%lggé %gjr?%t@ eg%lr]%}so&g%%@%@%w‘? Wg/bc})2 ]%g%l Mﬁfgfriggre%ﬁ@gs;oa
nor e 1 efetald g5 art’d cthty¥nepmbbe ptctoralaln B Smotls tp r&&f @t%bsltlyylate 2Tint %Iﬂla-oleﬁimvt %
| f desired, %tﬂmfe t han gne di ene ma¥ e i ncor pﬁ{ miirff aneously, " 8f
exanpl e Hetatie feReEse W ¢ PoPaiRtion Oh&Tastosh ovEt PO e\‘ﬂftaﬁ PHe 41 meisradty
speci fi ed,ghave, 1-MRR0U1AQ8AE3ARELLNS2Q4QLQ64Ad 3 -dodecene. The alpha-olefin is

generally incorporated into the EODE polymer at 10 wt% to 80 wt%, more preferably at 20

wt% to 65 wt%. The non-conjugated dienes are generally incorporated into the EODE at 0.5

30 wt% to 20 wt% to 35 wt%; more preferably at 1 wt% to 15 wt%, and more preferably at 2
wt% to 12 wt%. If desired, more than one diene may be incorporated simultancously, for

example HD and ENB, with total diene incorporation within the limits specified above.



13 [0069] The el astomers may al so be devoid of a diene and be a copol yner of
two nononer types. Such copol yners nay be el astoners of high My, | ow
crystal | iwDt2g11/@nt301 ow ash. The copol ynmers may be et hyl eceAsbphasaiefin
copolynmers (EPC) of high M As used h8rein the term"EPC' neans a copol yner
of ethylene and an al pha-olefin, not necessarily 5 propylene, which
exhibits the properties of an el astoner. The al pha-ol efins suitable for use
in the pregaration of elastomers with ethylene are preferably C3-Cl0

al pha- ol P96, | Thelastamere MshalsPnPe idgyeid xefnp| dencopnd heha LopAlamsr & 79 ar e

| . , ol . . . | f

eorY ea moRtiERe, shiPEOldEer o e fom b A HEAENET o S OHAER Synd o o«

may cont aish. %e%dﬁ/élyﬁeﬁs%%gb% Rh&M ARSI cMDéPokPndds el HgB LM A 11SedB5
n

wt % et hyl ene, a nore preferably 35 % to 80 w % ethylene. [0070]In the
case of porymthstednriBPET pradontommistrher dfraimylprcopyd @nelptelofiad nonidcsssatilye
pol yners have the foll ow. features as a,result of e presence, of

oot act; RS SHYATeHe LBdne REBERTS of o SHRETIE: (G5 ANTAOGHE RiBbH e, a
copol ynerjp ofheP el #1088 8N Cel@toh&3S twithN {HGRIHR NAFE e b8yl T CONPAPARLIIRENY
ethyl ene or an al pha-ol efin. Conmononers include ethylene and |inear or

br anched Idustrasiveson-dinphag etasiilessof soeh glohdiokeding erespropdensof -bupmef bpertend, inear
al pha-ol efins inpclude ethyl ene and 0. al phasol ef i ns, .more. preferably
ot by one. ety FRetRE RN L TIGHEE BB W ool R Gkl Ene
or 1-but gneorpbatier Tee HR@RERI®EheA phg- edredih 0 Wikl tgleo DOMBLILy bthylepgnineRe,
3-nethyl-1 -p ent ene, and 365 , 5 -trinmethyl-1 -hexenq).The 29 pr opyl ene
copol WrerPretsrabled Gam|tg 83 Wiz rdeveco ped Piees prefesablindS pétortri®8 vies ¢thelgther ei n
bel ow. [ Th I C | ity . %to
05% i H1oT i o R SR BPYOIRE PR FRlaoliifndy AT bR SHAe deriPr LT
cryst al | ipolyers davd eheSRAlowinkOfatuassdasad tanhalf ithe prepgere dfiisaticicqfolypropylene
crystallini%%lcan e 50% 45% or 40% [0073] The crystallinity of the

pol ypr opyt# ceodhsy theini s deri ved fromisotactic (or 25 alternatively
syndi ot aqhigd| POk BROBYHEAIRGREAUGBER I b G FARAUNITR lcasT BRe ORYAEMAL the
propyl ene can be from65 wt%to 9 % thi'n this range, alternative

| owerl1sl| i mon®nofmepbeapy ledryéeneantapralploasiche TOnwindiners BOlude hydand aalltlmemati ve

1357 b SRR SRR s BBy Yl
non- 21 0.1k Sy RALUTAR. o LR SR FEL R R Do i

val ue of g9 déitnd QUenl AR FroYShRY Idiyidnt Gidbikchd NBRNek &l RlahQRAMIFha-olefins
include 4-methyl-1-pentene, 3-methyl-1-pentene, and 3,5,5-trimethyl-1-hexene.  The

20  propylene copolymer is preferably a random copolymer, as the term is defined herein below.
[0072] The polypropylene copolymer has a crystallinity of from 2% to 65%. Within this
range of crystallinity, alternative lower limits of crystallinity can be 5% or 10%, and
alternative upper limits of crystallinity can be 50%, 45% or 40%.

[0073] The crystallinity of the polypropylene copolymer is derived from isotactic (or

25  alternatively syndiotactic) polypropylene sequences in the copolymer. The amount of
propylene can be from 65 wt% to 95 wt%. Within this range, alternative lower limits of
propylene content can be 70 wt% or 80 wt%, and alternative upper limits of propylene
content can be 92.5 wt%, 90 wt%, or 89 wt%.

[0074] The semi-crystalline polypropylene copolymer necessarily has a non-zero heat of

30  fusion, due to the measurable crystallinity. The crystallinity can be calculated from the heat

of fusion, using a preferred value of 189 J/g for 100% crystallinity and a linear relationship



WO 2011/ 087730PCT/ US2010/ 061113 14 between heat of fusion and
crystallinity; see, B. Winderlich, Macronol ecul ar Physics, vol. 3, Academ c
Press (1980)2011&8p730Chapter 8.4.2. [0075] The pol ypropyl ereTaspalopsen3
preferably has a single broad nelting4transition. Typically, a sanple of

t he pol ypropyl ene copolyner will show secondary nelting peaks or 5

shoul ders adj acent to the principal peak, and this conbination is

considered together as single nelting point, i.e., a S|n?Ie broad mel ting
transiti J¥tWerRdica offusion gp t:IrYéf@Hmﬁear@@, BsWawdailighy vek 3. The

poIypropJA&ﬁgmﬁgﬂg&M??Qng aﬁ&%gmgs a nmelting point of fron125C to 110C

Wthin this range, hative Tower limts of the nelting point can be 30C
or 35C, gno73l t eThatpolypramibek ddpolynser qfrefictudlyribd b ningdo ibrdadcasitipg tSiGonr
90C. 10[ 007 he Mv of th pol ypr opyl ene copol yney can be from 10, 000 to

5, 000, oooT@r%éTlr, aﬁrlepler% bebyplosiane CSB@Y@@@Wl&ﬁéoquéalarefﬂémameﬁ Sa%ve

2. The Mé@oﬁﬁé{rstéﬁ &S0 EHE:":Eﬂln% a] PRkCady lﬁfsecroﬂmlti/atloﬁ§§cc§ﬂgﬁl@reﬁ tg%kgheﬁ%@ §in

preferably |ess t an 3. r enbodinment, 1t is preferr
pol ypr opyhéheg p@pnllymmlﬂmbmad/me(tmg@a@%@ Ths $ighlestrof 10B¢ praksas pm@f@r@ibl y

e o ST DL LRl S35 S, TR SRSkl ot o

preferabliy ji19°@ NARBRNMhisCraisd adrﬂehﬁabé CoWwQPRh¥ITBT tHambRigg ol dalVbe 30°C or
conposrtlonal distribution. The internol ecul ar COHPOSItIOﬂ di stribution of

t he pol yr@r Ci andopdtcaraive eppdsyimitserd ied meltiag ppovagn bh1053Cord8fGent . A typi cal
sol vent sat dro arbon such as hexape her nal
i) the M}’Y oth g P9 eyé%orp ene cgngimer PPE £ Pplyﬂ?aé(ji {15 0561 ?O(f %fran}g,a Wt %

fractlon proce els prca approxi net e

and nore pZQfefarbgf €0,000 6 99,000%6T0E MWD mqiryﬂmbly godve Q| atRMAD @y tereds\Wean
adj acent, soluble fractions, with the bal ance of th polypmer in inmmedjately

pr ecedi ngﬂO@ mosgpreiaehly dess (et srlsmorcupfcrbly kasthan ﬁaél@ peBeraRbogiment, it is
t 0% at t 20%
Crebaci vefbisirdh e B BRBGRIE obolinie? i i MISTE067135:C o R B0, HER

aver age \Mr@ﬁeeaﬂat;ylleemhalc Ohitesnh moie piiréergdy Ygss dpyilc®@nmocopofeyabty lesthian pOr poses

of the pr ent disclosure, the 25 pol ypropyl ene copol yner |s considered to
have 2 * 007 B Z!Ewa PROHYHAE SPEBFICEIYOBICA fovi the fwsess PrEerrblxdt FoRaNeBn

test outli-nediay eopdiPRéB8hdNR: |aeﬁ'agl;ﬁv Bfp gélﬁ&ﬁdl tﬂﬁthgﬂlcﬁlf TheriRRHRGKE @S

propylene sequences |n referred pol ypropy ene copol yners i s consi stent

wi t h subsioarposiibh yilstlalvM@m oftthe pslyimeals d@gmilwﬁeby fatinaln{radtionatgonvel 4 sdmenan

t hat sequgnce. |.ength and distri gre I dtoth 30

ooy HeBicnt Stk P ShRtali Bhdr0uBEE s 36 dab hE Senihe- oThss therrlar 1
randont maenzalo@lomba’dﬁ@é i @bscriBb& beloRke PrRdUay, SfprbXitat@@Aci Witk YandahmbRs 1S
generally 2 or less. In contrast, in st er éobl ock structures, the average

| engt® ofpreferablinBmeksofi the gplymcsrs tsalated: dsaancadr twoknstiasart mlublerfma@m wit

St et ur S8 auT bt PTRSB BRumrEs e RE Rl Tebt  ERER B

sequencesraoosd bdsentompdshionhess etlbylecdmnt@tty with WrdeFereadenE not drasteigthe@nawm
substantlally statistical distribution. n 9] The reactivity ratios and

sequence (latve) Bad more BrefarpRly poigyentsr thas 1 e (&é%teﬁﬁrﬁewhﬁﬁveﬁg%w%wt YAeich
locates the bt Y §BCJIGbANESe IBpdIGhat.! Ofort BulpBSesnE HPPLdBG RICBYLENBhe

25  polypropylene copolymer is considered to have a "narrow" compositional distribution if it
meets the fractionation test outlined above.
[0078] The length and distribution of stereoregular propylene sequences in preferred
polypropylene copolymers is consistent with substantially random statistical
copolymerization. It is well known that sequence length and distribution are related to the

30  copolymerization reactivity ratios. As used herein, the term "substantially random" means a
copolymer for which the product of the reactivity ratios is generally 2 or less. In contrast, in
stereoblock structures, the average length of PP sequences is greater than that of substantially

random copolymers with a similar composition. Prior art polymers with stereoblock structure



5 residues. To produce a crystallizable copolynmer with the required
randommess and narrow conposition distribution, it is desirable to use: (1)
a singl e-wpted/msat3al yst; and (2) a well-m xed, conti nuoRsTfUSeatp/06t1i3 r ed
tank pol ynerization reactor which all®dws only a single polynerization
environment for substantially all of the polyner chains of preferred

pol ypropyl ene copol yners. 10 Pol ynerization and Initial Separation of

Pol ynmer and Sol vent [0080] A feed for polynerization is passed through
condui t 2ang adigtEhutior aGBP sgapcs comstonk sdthcihatca) ackyAystragiueps aather g@lﬂ\ﬁe nt,

B) rmnom-:rﬁndo?r?@ﬁ%ﬁéﬂ%}l}ﬁzE@ti%t'é}cé?@ﬁirfb%%n.@”orrer is ethylene or propyl ene, and

C) conpnoner Whi copol'yneri zabl e al pha- olefin, and D) a diene
or ot her [pe¥9jeneThas rauytvitcratiopahd sefuczehliaribati@r ofathe pélyench eed besdet&niiasis ed

t hr ough chiller or cooler 6 in ich the feed is optjonal]y chilled to a
| ow t enpeRat UseNME: velig @a@mheaﬁi@s%t residyst hestatioattp dbe neighlpginggsopylene

cont | BUOLSigldst Rl phATke 5%@%&a?g§aggeple@o%&r@n@%éh%@ed RndBHh&S dofi Yarrow

sinplicity, only onhe reactor €d In Figure'1l). Activator an
met al | oc eepositiah ydistrivagomeitprsedeswmeblcatd vactd€d at sibglasdédreaialyss eme () abot h

reactors 8. A.scavenger, generally in the formof an al kyl alum num such as
ro| Sobutg-maBaraRai Brv pred ek gpb TR e on BRChas Sl Fsgfe
M ni m ze gonanddRash QfvildemsANTorl Rubdightfaggdaidngk it th®maachahs ¥F pherred
catal yst activity. [0081] The feed tenperature may vary depending on the

avai | abl erodspwemdens copdlysierent of nononmer conversion desired to reach the

pol ymeri zat,i on.t enper at ur.e. - Advant ageously th enperature is no higher
Phan Hoc P 8pe sHarT grauhe el e P20k n L gt SebfT) “no 1 gher than 950G,
opti onal I[9080] hi ghRed tthiapolyRefizatiands PRise@Miabliyh condu@sSs bl hadentrZ&al Fuddp 3.
exanple in the range of from-20C to -40C. [0082] To conpl enent the

nol ecul arThgeliegtheonting:r ) herangiagsalvisyt. o mrenemernggneRdy st pisdemingpt ganomer

t t b . it
(ot shous PR BaERpTRYe 6 € ko oRBE WHitP L) HERES ShroiiAbanel somgu! o
nore, 90 disfin,amdndy e, di&%e babther pobres oarwlcl_as pemilahtryzabROmb&riabr Thorfeed o

even 140 bar or nore. The upper pressure limt _ig not critically
constPai AESHUtRULhi aaquﬁrc%rn cRicr2 §oinp Ry {Heegé?,a SrAtiona f%%l?@ 9af 1o

l'ess, or (120 hgkec Tbr |s@§s%gue£|f' G dpfate Llﬁi??yrﬁé}%{ign SHTthe G&ot BodiBERud RErEEAGTOT

solution in a single phase up WO 2011/°087730PCT/ US2010/ 061113

reactors 8 which are operated in series (for simplicity, only one reactor is depicted in Figure
1). Activator and metallocene catalyst may be premixed and added at 5 and/or 7 to one or
both reactors 8. A scavenger, generally in the form of an alkyl aluminum such as tri-isobutyl
20 aluminum or tri-n-octyl aluminum is next added at 4 to minimize the impact of poisons in the
feed and in the reactor on the catalyst activity.
[0081] The feed temperature may vary depending on the available exotherm and extent of
monomer conversion desired to reach the polymerization temperature. Advantageously the
temperature is no higher than 40°C, optionally no higher than 20°C, optionally no higher than
25 0°C, optionally no higher than -20°C, and optionally is less than -20°C, for example in the
range of from -20°C to -40°C.
[0082] To complement the molecular weight control provided by controlling the
polymerization temperature, hydrogen may be added to one or both reactors through conduits
(not shown).
30 [0083] Working pressures in the reactors can be 80 bar or more, 90 bar or more, 95 bar or
more, and especially 120 bar or more, or even 140 bar or more. The upper pressure limit is
not critically constrained but typically can be 200 bar or less, preferably 140 bar or less, or

120 bar or less. The pressure should suffice to keep the reactor solution in a single phase up



16 to the point of the pressure reducing neans 18, and to provide the
necessary working pressure to convey the fluids through the plant.

[ 0084] Theweahut(8orsp cont ai ni ng pol yner, whi ch energes fPomush@oedes ors 8
through a conduit 11, is first treated with a catalyst killer, preferably
water, or in sone cases preferably 5 nethanol, added at 10 in a nol ecul ar
solution in hexane solvent to term nate the polynerization reaction. A heat
exchanger 12 is arranged as part of a heat integrating arrangenent and

heat ed byo8hq Reift QPitbeircaswed Grngng Psaials. apper Pioidetholrcrysay WoRNgP L.
separ at or ial increase in the tenperature of the
pol ymer ég%é?Ygﬁﬂ?ﬁﬁﬂﬁhQSE dUIkﬂ%ﬁ A trim heat exchanger 16, operating by
usi ng st g8084]hot Tht lsolatiowt dv@taifingpolybiert etrjphratdtpe fromi e réactdrh@rthicugheases

the tenperature to a |evel itable for liq phase separation. The
sol ut i on REH! Elaslg égstﬂwa@éqvilfﬂaa Faé%lmdwrvaqe&é% Wik @ 1 SpRE SaP TP

creat 8d Walifilhot2Udes €1 &Rk ahbRAuAF JoNRicROY TREkaRO!lsHiveRN (dNdrifbi! aEnt

into the | ean phase 20 and a pol ymer rich phase 22 below it. Treatnent of
Lean Phagelyib§r0a86) TtmtlbeanApm ex@iyngerf l2ris bieliangedc a9 lped clzfya thhet [m@ratlng

h 12 f d, | ed furt
passed t HFGOBHNS < JeEd Y az’@a%aﬁﬁ%%e%neﬁ%}%é R apmBerdaten Mot Hodf afdsend

then s Ubrﬁ'ef)érﬁt@r 19, dnd-préN8eschafitalncARN Mshs te@ﬂpeﬂa%uﬁe%f@eet 1@1%&%&&{% in the
concentration of nononer and conononer in the solvent. is cooled | ean

phase 43 dogdwibri nédtri theatf exchiangaseld, olrpe@@ngém ugingl stremerhef ogloot othpr dﬂ,ghde

the dl S| rtgl’(ljl eraﬁl(%ee rHuli(? t furtﬂs ngcreaargg R‘.lpeepen? ure {] Olu rl sulttgl{)keﬁr 1qu1 ase
serves to renove any ’unreac ed "Wat er as the ca aI resent

in the frepitafi@edTEURELIiGH tHeh pABYES Iﬂmﬂaugh wetl dbv&xhealb@qya;m«ﬂe S@Ire»semte cﬁx@;dls
nononer. [0086] The surge tank 26 is arrang?d in the forma vessel

sui t abl e Ftekphidinsangcothe sepaatiorof he pebimer splusionandnettipamant gl@tpltbﬁd%?@
vapor 1,800. 25 [0087] The vapor from
vessel Zéh§§§$g%?%i #g&gﬁéa}§¥$%%y§H§W§g9 of tower 36. Partly it is
processedﬂ%mwmﬁcgwﬁmnvahuable conponents, principally volatile nononer s

such as e ene_and propyl ene, by fracti nat t ower its overhead
vapor!® r{bg si 0 ?%gc‘ﬁaéﬁ@ f@ﬁf@pﬁ?le&]%lﬁ Péébﬂq?%@wwgﬁrg é‘é‘?’FBlE?F?“%@ to
the i nI etis shsled Hfrthtepﬁ'yg b@l‘ing?’&wcyﬁ Bﬂs&dﬂﬁb hYa & ahE bRYdiMA RIS rp%ﬂ% any

ot her non-condensabl es may be flared at 112 0 Treatnment of Poly
Phase [Oaﬂﬁﬁmhéy¢mgmn@ndnh@hswhmsedns1pawsemﬁmmmhahdmmpmeééumewﬁepanatMH 34

wher e evapor ated sol.vent and nomer are arated fromt r rjch

e ond R T A R e o B S T S04 BAR TR B bR 44 &

pol ymer phaifned Wk fieoh &RatdfabRenPad/ABhomBas®to/fovide the desired concentrations

2011/ 087730PCT/ US2010/ 061113 17 nag hfor exanpl e, conprise from70 wt%to
iC

95 WM ofangdhgmpassedaihrenghtredricrst? waichgenves &t foney ey ngxicked|wesert usaf @s the
resi dual B ysErEﬂlser or present in the fresh feed supplied or any impurity in the recycled solvent and

monomer.
[0086] The surge tank 26 is arranged in the form a vessel 26 suitable for stripping out
hydrogen by means of ecthylene as a stripping vapor as is shown in Figure 3 of US 6,881,800.

25 [0087] The vapor from vessel 26 is routed to the reflux drum 39 of tower 36. Partly it is
processed to recover valuable components, principally volatile monomers such as ethylene
and propylene, by fractionating tower 36 and its overhead vapor compression/condensation
system for recycling through conduit 43 to the inlet side of the drier 32. The part mainly
comprising hydrogen and any other non-condensables may be flared at 112.

30  Treatment of Polymer-Rich Phase
[0088] The polymer-rich phase is passed to a low-pressure separator 34 where evaporated
solvent and monomer are separated from the polymer rich phase emerging from the liquid

phase separator 14 to form a concentrated polymer phase. That concentrated polymer phase



[ 0089] The evaporat ed sol vent and nononmer phase is passed through conduit 35
in a vapor phase to the purification tower 36 operating by distillation to
separ at e wol2zogis7f3vnacti on of 5 the highly volatil e sol veotr/tsealoonrienct ed

et hyl ene and propyl ene on the one hand and heavier |ess volatile conponents
such as hexane and any tol uene used to dissolve catal yst or activator and
unreact ed di ene type conononers on the other hand. Use of toluene can be
reduced under_ appropriate circunstances by a suitable selection of catalyst
conponentBayafer %@@fﬁ‘y semprigpiemt 10om e Enf 1’019 pelyerer akith Hherrad dsing volatiles

cat al yst sol Wi 90 Egﬂyﬁgﬂhﬁrﬁ%ﬁo‘hé—rgcr ease the 10solubility of the catalyst
ap t ]

conponents to reac oln ere so little toluene is present that no
separ at e [pogjess Thorvijweateésowaht afd trioaomel pkase iampassee ghioughl.cohdO0) Angear
punp 38 conveys the concentrated pol ynmer. phase | eaving the flash tank 34 to

1
a vacuum'd8ooPHes 19 he PUHFERN QY EhaPratingdy <ligilialer (4 yeppial i ueh fiahigon of
descrisbednbalaw vditilk BeveR Rl dhidab 28 ret%n@ HEDRIpYRIADR theofll A AlihehAlr

purification, condensed and then 15 punped to a purification tower .
heavy f r detsivotatidd caropanens susteas lesan@tral anyttokiohe eset tadoselive ngalystadr aagvator

et hyl ene nqrbor nadi ene (ENB) conmononer .or 1-o0ctene conpnqner are recovered
by This P FRERACHOToWaP SO TRE LR 5y et GG cHi Bb HevcBaPs Fedtioh
outl et 54nd&} hfiroidte 8irlIBRNINCEO BPRIRAESle sSMEtorRST ENByaNnRohene andBitalyst
thereby be stored in separate storage vessels 55, 56, which facilitateés

rapi d pr duerarationagwiditianyssusk tageimarcedsdst iar edialy togpledhuc tenipgpaticeto (neragse the
EP(D) M and . pl ast onens while . still.enabl.i eve |, recovery of the
val o o PR o T el B R R M N BB R b

t hen be pepirefcipz@dsd for @it remdeiIELIRY toReht eic ré@liredf €d Wi th water chilled at
42, washed and spun dried at 44 to formpellets suitable for bagging or
bal i ng atl09¥] 25p0parpEnYds €onveyhdiesconpentiafqdnobeneithags leaviag shttgnki ey

40 in ”P&S 3%%‘%{1-(1&&%1&%}‘%@&4 15156 40 njdhe h&gﬁn ?ﬁg&%ﬁa CAIREE L3N ch
is provided w an inlet or concentrated po r phase comng from
| ow pr esdurthefdecashtiiassé]l alvaper phageais amp 38, foampuafitdten, 208ddne¢d and then

and thto. VAEUSHhPATRETSOITHAT D08, W BNy drStiE0 AR LIS Wr o B e EHEAY
SToun) | AT ! EMCARLL, 319, BTl SLUBCTEREI Ok«
di anet er refovewdrbylthmepwrficalibie tova idm EieahNBror octene can be recycled through outlet
54. Alternative heavy comonomers, such as ENB and octene, may thereby be stored in
separate storage vessels 55, 56, which facilitates rapid product transitions between different

20 product families (e.g., EP(D)M and EO plastomers), while still enabling eventual recovery of
the valuable unreacted comonomers.

[0091] The polymer melt emerging from 40 can then be pelletized in an underwater
pelletizer, fed with water chilled at 42, washed and spun dried at 44 to form pellets suitable
for bagging or baling at 46.

25 [0092] Figure 2 shows the arrangement of the devolatilizer 40 in more detail. The
devolatilizer 40 includes a vacuum chamber 201 which is provided with an inlet 202 for
concentrated polymer phase coming from low pressure flash vessel 14 via gear pump 38, an
outlet 203 for concentrated polymer flowing to the pelletizer 46 (not shown in Figure 2) and
two vacuum ports 204 and 205 which are connected via conduits (not shown) to a vacuum

30 system comprising a pump. The vacuum chamber 201 is generally cylindrical having a
length of approximately 2 to 10 meters and a diameter of over 1 meter. The vacuum chamber

201 is horizontally mounted and is provided at each end with a stirrer shaft port 206, 207.
Extending horizontally through the stirrer shaft ports 206, 207 and being coaxial with the axis



201 is horizontally mounted and is provided at each end with a stirrer
shaft port 206, 207. Extending horizontally through the stirrer shaft ports
206, 207 woadotgisngocoaxi al with the axis WO 2011/ 087730PUNSBRO401961113
18 of the cylindrical vacuum chanber B01 is stirrer shaft 208. Stirrer
shaft port 206 is provided with a stirrer shaft seal 209 for sealing

bet ween the vacuum chanber 201 and the stirrer shaft 208. Stirrer shaft
port 207 is provided with a simlar stirrer shaft seal 210. The function of

stirrer sHake cdgrisalopouynghamberi2)liiystyrensbplt 20%gPEEsr BRrftnest 2oms Ppnaded

t I - ' [ ' - 1.
The vacuLrb L A AR g B B e Bk e T D 1
mount ed &X08t IRirendbafopoit 1267 3¢ proveied shiaf 4 sidtiBir ktrreddhiattisagl 21i9e Blid fuhetiorsdfaf t

208. Those notors 211, 212 are powered. by separate hydraulic drives 213 and
214, respHEFT Yraflyscalgra0p raéé 20hx o woent glgﬁ?%@%wt@m@rq peahigithe YeauHma

nunbers of padd! 61 Hio oM@t Blchitd dhBRbLRObYITEThE RAbln lRGo Y REAY MoChiriber
201. 10[ 0093] At the end of the vacuum chanmber 201 renote fromthe inlet 202

a hori zonhehdlgs twauhyddulsc mevers Rdflt 222 Gnauwmtarpainthe dends td dgostitret shafh@0&tfor r er
shaft 208, (i.n Fi qure screw shaft rs in a.,vertical .directian for

oo oy riga e G FabdB ST AR 2 T AR p Bt oS A Dot tBSer 6
by hydr auljizcandra e re;sigénegivmfe Sunat dman R 8 %@Mﬁ&i"@l}‘oh% 24 Gertgih tAthds nMRLBObEY Mer

out of the vacuum chanber "201 and t hrough the outlet 203 towards the
downst r eareddiss B fostaptating titpolymeewskisdlic vazvemahember 3He vacuum chanber

thr Ou]%g Ogﬂfgew h%%%%rpd; (]Elf; ‘%hz ]V%cﬁl\'h l’Ill %B | ,E?er Vrieglegezg\fli rtnhthg‘ nﬁ%{-.% 3 ﬂ?‘ﬁ%on%aﬁ@lal

219. ch o seal's an Is’a ree stage s

packed wirhburdedd@edi BghfITBLEIK nddune@ngethogbmg tdthaistadr Ko 28TM FighRr Bthe screw

i npregnated wi th PTFE and gr aphite as the main packing Seal 209 has a
portion 209 apprashinexyesies duestionder ¢lnaty).aseram sBatibe is droyepdy hytric eatesr nal
portion 2 . .S 1; imgd wi.thin: Al chyk s a
o1 1 nar i e uch S5 o 98U b7 e pBE A3 ot ShBGTE! SRUE S DI BDR 5

t he housipedymdér dutef thetvacuii Thandber? 0t ad devoglathel duzler 20B0tomardsrtho fewadticam

that enclosure 220 is supplied with nitrogen froma nitrogen source (not
shown)® t PHEIEH ailReSAPha et ZhnTYEHR dhe VaGUERs chaper dievashrecy ?f[ttpr‘?étrg]@y
bl anket i nghithe RATiBEDHithRELIWOMaAQ2A 19 the seal 209 with the inert 25
at nosphere. In‘that way, any leak in seal 209 draws nitrogen fromthe

i nterior [80%4]osuEec220 thanslmft keald A0Br21dy agf 21 hes watbragnstedeasdabpad@l wah ker
than air fromthe atnosphere, T itr supply to engl e 220 |

ot or e BE T s EPRRASHE bt R PR EReR et SR BEHE fnf Bp T

fl ow out tRé nfaliep@iked 0SSk 288 Rath Ipbrthd TRkt casn@ outsldé art VA Bufchamber
possible leak in the seal 209. In a simlar way, stirrer shaft seal 210 has

a por20i or2Okhildwat exteraakigorgon dQacefithe sead 209 és ¢amtaingd whhintraeloge 22Aivdnch & a
encl osed | Lde,nitr n-fil.l ngl osur 21. an h a eal - 219
e o0 o RS RO T bhling ol M S o B8 Suc i AR 0TI 3RE hufiPhe

encl osed thigiotta 21ilt rwgenthkidehldtigsne 4058 ireopb2aionEned @sloses 281s ansplidd 2vithave
their WD 2011/087730PCT/ US2010/ 061113 19 own_ i ndependent supplies _of
ni t r ogen NiHRECSHOMNG NHFAgsNt BTG GRh ShoMBpEnBISHERIAGH; heFtsatmepphges ddthithheany

I ncrease J,p ke jZ'O?Wle?ébyni)lgﬁl&gﬁQ th® ckAARE pgﬂfopnof(}yaeéf' the seal 209 with the inert

25  atmosphere. In that way, any leak in seal 209 draws nitrogen from the interior enclosure 220
into the interior of the vacuum chamber 201 rather than air from the atmosphere. The
nitrogen supply to enclosure 220 is monitored by a monitor (not shown) so that any sudden
rises of nitrogen flow out of the enclosure 220 will be detected as an indication of a possible
leak in the seal 209. In a similar way, stirrer shaft seal 210 has a portion which extends

30 external to the vacuum chamber 201 which is enclosed inside nitrogen-filled enclosure 221,
and the screw shaft seal 219 has a portion which extends external to the vacuum chamber 201

which is enclosed inside nitrogen-filled enclosure 222. Enclosures 221 and 222 have their



[ 0095] As can be seen fromFigure 2, each of the notors 211, 212 and 217 has
a housing which forns part of the enclosures 220, 221 and 222,

respect i weD0113[80096] Each of the encl osures 220, 221 an®#CZAR2019/06113®
provided with an inspection hatch (not® shown) through which an operator can
access the seals 209, 210 and 219 for mai ntenance and repacking [ 0097] Seal
209 is provided with a dedicated oil injection punp 223 which feeds Royal
Purpl eTM | ubricant oil into the seal 209, thereby i nprovi ng the sealing
action amiViendepraidast SLODHeRe] Hifragqnn@ob shaviy veidh fhelaevki Hlepandsnomaniters dor ai r
driven pl f oil to the seal for
each str Gl% ﬁ%?@gﬁcﬁgeu@itﬁghﬁ{%fﬂﬂr egg(}glgy% Cllc%S}s/lr (r%ot injected into the
seal . O I[0095]w | sscai bt sdadnyfrmrFﬁglﬁré Reehch@f khenbtokh2l I, 2g2 @sdé 207 haeahowidg

into cert | ymer s t hat paki ng p ckag| ng materials for
f oods. al&%ﬁ%f@syaﬂtoﬁ&leoﬁinp &52@@@2@%&@%@ ¥hhi t rogen supply 224

whi ch sapp[hbﬁﬁ a ph@pstthé eﬁ&oﬁrés%z%r ¥9i énopizzl@a}k% éj S?Héd Qth ahhr%ﬁg Yonf & NQ
the oil at a specified pressure into the seal 20 0098] Opti o y, an oil
f1 ow net dnot( sbewshdvnigh sviatls ainpoperathedeann acdess dlon dails I@adllrﬁ)g ahd 02ﬂ19p|ﬁoup
223 to seal. 209 so that né oil leak in the seal 209 can be detected. In a
simlar MBYSBHCCHE refpélc‘%P vided with an oil punp 225 and an associated air
supply orjope)r 0988a1MPAL Yrdided Wil aSRBlcakd Dill ﬁje@fl@lygdﬁ M tPhism fQldb R@R&mp
227 having an associ ated nitrogen 20supply 228 tionally, eac

the thr eePlEplaBVé lu:b@awg whingothe seald20% therdhy lmnrqbvleg t@h@ﬁhn&n@mnr@doﬁx

scre ort

8Sh%f1? lif S rne 9P sealzpaafg g F%prnd) Ygeaennalt 8 15%3 u%?edr pzun(ljp Sgna er%wtg‘l%daﬁla
second por et d 3 ages. injec via't
2'd port d&ﬁ@tnqdahﬁtydﬁflﬁﬂlab ithd Z&il fyla@mr@tﬁkarth%by gndiring th@Welceiessiliienbthan

t he anbient pressure. This way, the seal oil is 25 drawn preferentlally

t owar d t Haicgicddnte tbaér%@lngodrﬂpw hiera%@ﬂlwmrreb\%éo ilfmt thetipgress ebscab ol gy,
for exa o] t he
Rl e o S R S K B

| ubri cat e:dl mmé)eqirbsshﬂ:';eelc\tyith) mittazeh epply i2d ohleidh hagliestoptekeard ko 8 treqeovolir, ofvi a
aut omat i c val ves ot s after iod of 1 m 12 hours,

pr ef edabl lybricag] %Ehé’r Hq CHsLhe ottt %SR?)%freéi Nresspie Bl tag E %Eﬁ?%ng as the

equi prentgpgg)i @B%@éllyoﬁn oﬂ%fb&‘(ﬂe?&ﬁh&%h@%ﬁﬁsaﬂ% hRMdRd iR HRNSIHUEt 1dRn L he
packings are wel | "l ubri'cated. Wien the devol atilizer Is not processing

pol yner, fsuc rpum@ 123 rtoexa P esovthariny malnigaln g fheomla®e dayibe dsfected! yimersimdar
anot her or for nt enance, el. sewhere in ant, th hanber, is .

v ant agabHhg! BBk EREaty Bt ot reirpe i aBL AR s filee PE SO miBen
pressur e,supplef Breakhy sefl N6tiveesvided with an oil pump 227 having an associated nitrogen

20 supply 228.

[0099] Optionally, each of the three stage seals on both ends of the stirrer shaft and the
discharge screw shaft has two ports, one port between the 1% and 2™ stages and a second port
between the 2™ and 3™ stages. Seal oil is injected via the 2™ port when the devolatilizer
vacuum chamber is at a lower pressure than the ambient pressure. This way, the seal oil is
25  drawn preferentially toward the middle packing and thereby lubricates it. After a set period,
for example, 10 minutes to 12 hours, preferably 10 minutes to 2 hours, the oil is injected into
the 1% port so that the first stage packing gets lubricated. The oil injection is then switched
back to the first port, via automatic valves (not shown) after a period of 1 minute to 12 hours,
preferably 1 minute to 1 hour. This cycle is repeated as long as the equipment is in operation,
30 switching back and forth to ensure that the packings are well lubricated. When the
devolatilizer is not processing polymer, such as for example when changing from one type of
polymer to another or for maintenance elsewhere in the plant, the chamber is advantageously

blanketed with a positive pressure, that is, above ambient pressure, preferably of between



WO 2011/ 087730PCT/ US2010/ 061113 20 0.25 to 10 psig (1.72 to 68.95

kil opascal s), nore preferably of between 0.5 and 5 psig (3.45 to 34.47

ki | opascaveepiiznsd’sbhe seal oil is injected between the Pst/mado®adizeal s,
wher eby the second packi ng continues 200 get |ubricated. [00100] A | ow
oxygen content gas, preferably nitrogen, is injected into the second port,
5 that is, between the m ddl e packing and the outer packing, that is the
packi ng furthest amgrafron1the vacuum chanber. This ensures that any snall

| eakage ih2% el Qpvian @2 se88-9p &ilppassals hangsa erafergblared befecandt aendhg psigaft® i s

o X195 S SRS ATRETRPLh AT 2, B

because i es a ornms 1ce 1 n-the hy

Oxygen i sceondrppbkiamebatbans & gdt ieggardes t he pol yner and may present a
safety 10hazard. [00101] During operatjon of the devalatjlizer 40 a

concent r dD&HWol Pniov prace cosiept B mECTBEPWeRITOST: Wt eier B6° Wssend port,
vol at is| estBétr@,' B'élt%?éﬁ%g?ﬂﬁdl\é"sp&?lgﬂ% lsaﬁgltﬂe @I%ckﬁ% E)h%g Sdtgg?,‘f‘é%ﬂ%pﬁﬁm“tf VWS

fromthe bottomo oW pres ash tan 38 and into
i nl et 20Zrwh theacagunmaothamber PG4 endunssi the anfesmadideakage matibelynithe seelneweanat ed
pol ynmer 15 phase is agitated b he paddl es 215 fixed to stirrer shaft. 208
Bhi oh r ot Badave and i atefhipaatlsol B0 SIS R MO STHST CAg g OIS air

conti nUOlH&lMidei%iP% %%rﬂ@%ﬁ%c%ﬁ@it%nﬁ&ﬁe@@hdf MEmsl Re81idaht MOdNREBEMERRERET

201 and volatile material is drawn off through the two vacuum ports 204,

205 t owarsoisteime Qagganmissy prabient rhocaush ovdygradasethe golymari andrmin padsereida ispistyde
t he vacuym ¢ anber 201 at a pressure of approximately 20 nmHg. The pol yner

flomslaloﬁém‘he 20 l ength of the vacuum chanber 201 and is driven out of

the end qhoMAguUUDERBRELZOS By derdlatilized 46 Greonc@naicd pdlindriphastdfoniHshgt
203 towards the downstream pel |l etizer 46. 001021 As the stirrer shaft 208

rotates @cEnean 10 v aded0 vt ogrfsvaladiagrainkyr wlvght sed & spald ageynbadresideah s,

t her eb i ' 24 t [ i f
vaouum croaRaRh, BbbS RER ol AR AR HESre Mal DS e bR e PP
oxygen f riowihlee2@bodvacudutch@bert 08 . desidd thiciviacwan clianaar et @micargratddepolaaetum

chanmber 201 through the stirrer shaft seals 209 and 210. Simlarly the
encl oSur @hesvispeaiiedt &y ﬁxerpqﬁi@leﬁgﬂér%ﬂm tPrstirigr shafh 268 wéwfsmtﬁs &kajspeefigof

[ 00103] %M%egdwa@& h@n?ﬁaf hhﬁ_aggaﬁ g&%na&gy Egpo%eg ﬁ%d&,ﬂﬁa&e 8f1ﬁ1e: PN h&ant

oil is provi to the respecti shart sea t he dedi cated ol

i nj ecti onnpderps R@Bym2Psmaad2@2and Bhietilcdn@Orizny dofwit bifgbroselltie fvai Vacunine
e I
seal s Wi [Jachiin Uhahbached: o pHOLROALLRATTAARCTIVRRAND! 964l 16ROIGAL e

oil injection is switched periodically into the 1st port and then into the

2nd 20 arlengthef thecyasuinm qhepbar 2@l ajddB IR Nut pbderendrof orperm Ichambsty2Pd by
content S5t LSRR A SRR ARG TRyt 7O packino
[00102] As the stirrer shaft 208 rotates a small low level of gas leakage through seals 209
and 210 occurs, thereby drawing nitrogen from enclosures 220 and 221 into the interior of
vacuum chamber 201. The presence of enclosures 220 and 221 prevents any oxygen from the
25  air outside the devolatilizer from entering the vacuum chamber 201 through the stirrer shaft
seals 209 and 210. Similarly the enclosure 222 prevents air being drawn in through screw
shaft seal 219.
[00103] During rotation of the shaft 208 and the screw shaft 216 lubricant oil is provided
to the respective shaft seals by the dedicated oil injection pumps 223, 225 and 227. Should
30 any of those seals fail, the pressure of the oil to that seal will drop and the flow rate will

increase thereby allowing early detection of the leak. The oil flow to the other seals will be

unaffected.



5 [00106] Al documents cited herein are fully incorporated by reference
for all jurisdictions in which such incorporationis permtted and to the
extent th&Q?2ari@8nsd i nconsi stent with this specificati oRCTAISROIdOcUNENtS tO
which priority is clained are fully iXicorporated by reference for all
jurisdictions in which such incorporation is permtted. Although dependent
cl ai ns have single dependencies in accordance with U S. practice, each of
the features in any of the 10 dependent clains can_be conbined with each of
the featUPRH4f Fheodinipgioa ipswitthedgeradicbpaiibatl dogiand thgpateddag upsh

t he sane j e iimor clainms. WD 2011/087730PCT/ US2010/ 061113 22
CLAI V5 @HS&P@Q& 13??}3;651%?.5: 1. A vacuum devol atilizer for use in a polyner
manuf act Yo 1eF] or Nixt@ea s iotiger pda ok y ganiumitait ggs isSdso/ igactsth iakvatib apadeatwitweenan
inlet, an ouytlet, ,at | east one vacuumport, and at Ieaft .one stirrer shaft
port for thad" SAf Py PaFkiAE ¥ajifs,ayn RTLPR via hespmenert s @1 PASEPR§Otthr ough t he
at | east tink I ] hg{g‘gﬁ he
sti rrgr s[ﬁgﬁ@haéiﬂﬁ%ocg%@g%icg gdt{ Pﬁ%ﬁﬁgiﬁ%@%é&%gﬁ%ﬁﬁ?ﬁ%ﬁé%ﬁ assog?%% ed
wi t h eachnsthich grchghafrporpoer isfrermgted|and do dpadxatt thdyears mbt meonsidetafith theach
stirrer shaf.f seal ing an external. portion oyt si of the vacuu

chanber | MRS e AT Sond B GE BieBS oo s o bu Moo EnshBor Trgpee
rotating thhelshaddictidnen deMEH 3bdhl ind&pofatibh NE He &R smﬂﬁ)ugmeﬁel{d@ﬁt claims

bl anketing the external portion of at |east one stirrer shaft seal with a
| ow oxygenve sigkerdepgadeneies vngrsprdanes with LH8viprketidel pachrofdle thiireraid any of the m 1
in i.ch the vacuum chamber has two..stinrer shaft ports and the irrer
hat t Mex seeR I AN BR o Bl oReT ROHLET iR rdRY G PEmb i ol SR
devol at i |de§@ddeﬁ6cl@ﬂr@d’é?&1deﬁt Gho the darl indb@inde@ dldimvdtictimb.he neans for

bl anketing the external portion of each stirrer shaft seal with a gas that
is substantially non reactive with polyolefins is an enclosure around each
stirrer shaft seal, the enclosure



20bei ng nmounted on the outside of the vacuum chanber and bei ng provided
with a supply of a | ow oxygen content gas or vapor. 4. A devolatilizer as
cl ai med iwochaiosrB0i n whi ch each encl osure nay be mai nt acmas2a0cer11in
positive pressure of a | ow oxygen cor2ent gas. 5. A devolatilizer as
claimed in claim3 or claim4 in which each enclosure is provided 25with an
i nspection hatch. 6. A devolatilizer as clainmed in any of clains 4 to 5

whi ch includes a flow neter to nonitor the flow of | ow oxygen content gas
into eacHKCeAEMSsure. 7. A devolatilizer as claimed in any of clainms 1 to 6
in which . X hanber is generally cylindrical and is horizontal such
that the ﬂgg?tslyg@w%eﬁcyl inder lies in a 30horizontal plane, and the stirrer
shaft al slo extendsulnardzohtitbéryfangecmi agodgacwiahufaxiusingfort precesginignpletit

WO 2011/ 087730PCT/ US2010/ 061113 23 8. A devolatilizer as clainmed in any of
clains 1 to 7 9°H'PWRI"8h each shaft seal is a packed seal and the

devol atilizer COMNHSEAnAEr heARE afMcPiah dulkOGH 1Q% MU Pachifh S, SR 2P Geast

| ubricating oil 1nto the packed seal. 9. A devolatilizer as clained in
claim8 in which eamk sseat shaGmpodi fnstha epag ki agtifochpiti si ng br ai ded Kevl ar
fibers, inpregnated with PTFE or graphite, 10.. A devolatilizer as clai.ned
1 any of o s shurh Py aened HE AR b S ERE' gud SRendife Fg
11. A devol atili zeryaasuficRAARY, 1he sBAYr $hftGhdinfan hektfRinkGnédaswhi ch the
internal volume of the vacuum chanber is at [east 2 to 10n8. 1012. A

pol yol ef i n martuftitsr shafhepap hssaciatedrpih edchgtisrey shafiupardoy stalingl dgaiest the sdirel ned
|n any of clains 1 §0q 1k, 13 ARKOSESS. of 1 IRYLA8HOLAL]LECHTRODENLS
froma concentrated pol yrrer pFlase conprisimg i'ntroduci ng e bttt ied
pol ynmer phase into chamdeniund devol atilizer conpri sing:

at least one motor located outside the vacuum chamber for rotating the shaft,
the devolatilizer further comprising means for blanketing the external portion of at
least one stirrer shaft seal with a low oxygen content gas or vapor.
15 2. A devolatilizer as claimed in claim 1 in which the vacuum chamber has two stirrer
shaft ports and the stirrer shaft extends through each of those two stirrer shaft ports.

3. The devolatilizer as claimed in claim 1 or claim 2 in which the means for blanketing
the external portion of cach stirrer shaft seal with a gas that is substantially non
reactive with polyolefins is an enclosure around each stirrer shaft seal, the enclosure

20 being mounted on the outside of the vacuum chamber and being provided with a
supply of a low oxygen content gas or vapor.

4. A devolatilizer as claimed in claim 3 in which each enclosure may be maintained

under a positive pressure of a low oxygen content gas.

5. A devolatilizer as claimed in claim 3 or claim 4 in which each enclosure is provided
25 with an inspection hatch.
6. A devolatilizer as claimed in any of claims 4 to 5 which includes a flow meter to

monitor the flow of low oxygen content gas into each enclosure.
7. A devolatilizer as claimed in any of claims 1 to 6 in which the vacuum chamber is
generally cylindrical and is horizontal such that the axis of the cylinder lies in a
30 horizontal plane, and the stirrer shaft also extends horizontally and coincides with axis

of the cylinder.



15a vacuum chanber having an inlet, an outlet, at |east one vacuum port,
and at | east one stirrer shaft port for the entry of a stirrer shaft; a
stirrer swaf2o1ipmssing t hrough the at | east one stirrer ®hafts2@onsiiahd
extending into the vacuum chanber, th8 stirrer shaft having agitation neans
for agitating a concentrated polynmer phase in the vacuum chanber; 20a
stirrer shaft seal associated with each stirrer shaft port for sealing

agai nst the stirrer shaft, each stirrer shaft seal having an external

portion dutsi dbdefolatHizey axelavmedHanpeef clangs hto ¥ anwhichpachhiadl scplois atnsgked
outside the v u I tirres s . e o
devol atilizer asg %‘}r %ﬁ%ﬁ%ﬁ@%ﬁ%gzﬁeﬁg{ﬁg&f%t?l%%ﬁ?adr{{ge i ﬁdggﬁan Bﬁlﬁgrfﬁglmjggﬁ% on
of at 25| east lobcasihg biléiitoshapdicksesdal.wi th a | ow oxygen content gas or
vapor, the process further including the steps of: introducing a i
concentrated gl Iatlﬁﬁ%fsés iqlﬁualegw@ G4BT IE PR cachinpiayi Gogtansy c DREkNg
through the at k«gﬁ@f WG IVERUND ROLL, iMRtdoRatc @bt PG BiSoSitiifar er shaft,

t her eby agi tatcion tklllg concentrat ed rp’(%ilﬂgneg?apﬁase; andg\%bﬁge{neketi ng the
ext ernal Idort iddeaflatdizet eadtinmden afly ohdaistsi I to€} inshiath thedal ©xygenhcomtdnogas
oxygen cont ent. gas or vapor. 14. A vacuum devol atilizer for use in a

pol ymer manuf d80U98RY or processing plant conpri si ng: WO

2011/ 087730PCTA WSZAHAARPAsIdiBinZA iR aNR6 B BInehBIBPRY inhaMEm theahtehial §8lumBRdf the
outlet, at |east one vacuum port, and at |east one stirrer shaft port for
the entry of aaswumrchemidiasatleast 3¢ 10mr. shaft passing through the at |east
one stirrer shaft rd_ and t endi into .the vacuum chanber, the stirrer
ahat ¢ Thaviing AgirehRfle RRRWELEE oty kg S SOB b bR RheL
stirrer shaft 49rof cfaths $&ali.ng agai nst the stirrer shaft; and

13. A process of removing volatile components from a concentrated polymer phase
comprising introducing the concentrated polymer phase into a vacuum devolatilizer
comprising:

15 a vacuum chamber having an inlet, an outlet, at least one vacuum port, and at least
one stirrer shaft port for the entry of a stirrer shaft;

a stirrer shaft passing through the at least one stirrer shaft port and extending into the
vacuum chamber, the stirrer shaft having agitation means for agitating a
concentrated polymer phase in the vacuum chamber;

20 a stirrer shaft seal associated with each stirrer shaft port for sealing against the stirrer
shaft, each stirrer shaft seal having an external portion outside of the vacuum
chamber; and

at least one motor located outside the vacuum chamber for rotating the stirrer shaft,
the devolatilizer further comprising means for blanketing the external portion of at

25 least one stirrer shaft seal with a low oxygen content gas or vapor,

the process further including the steps of:

introducing a concentrated polymer phase into the vacuum chamber;

applying a vacuum through the at least one vacuum port while rotating the stirrer
shaft, thereby agitating the concentrated polymer phase; and

30 blanketing the external portion of at least one of the stirrer shaft seals with a low
oxygen content gas or vapor.

14. A vacuum devolatilizer for use in a polymer manufacturing or processing plant

comprising:



at | east one notor |ocated outside the vacuum chanber for rotating the
stirrer shaft, in which each stirrer shaft seal is a packed seal and is
provi ded wot2h11z208@sdi cat ed oil injection punp for injectiPpag/usatwiocats ng oi
into the packed seal. 1015. A devol ati4i zer as clainmed in claim 14 in which
t he housing has two stirrer shaft ports and the stirrer shaft extends

t hrough each of those two stirrer shaft ports, and each shaft port has a
packed stirrer shaft seal, the devaol atilizer further conprising tmo oi
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whi ch t he nmeans bl anketi ng the external portion o seal with
a | ow oxygen contenma@amdls an encl osure around each shaft seal , the

encl osure bei ng, nount ed on the, outside of the ho r ded
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positive pressure of the |ow oxygen content gas. 20. A devolatilizer as

claimed in claim 18nisetien piimp fogy ijactivig lobriessiol odnetodkupasked sqstovi ded with an
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or vapor into ®dahe efgtioshiftCextefds 2Rroubh @estobAthiokd &0s sﬁﬁelcélﬁftniﬁdtsl Bn@Bychof
claims 14 to 21 in which the vacuum chanber is generally cylindrical and is
hori zont al suchaf patt hana negked Hirrarshate yeqlnde devolaglizey f‘éﬂh% CPEGHBIAR TP Dile
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the cylinder. R o e BB bR et B R PSR O p
clained in anyﬂbﬁeof&hmﬁnﬁﬂﬂmﬁszﬂsin whi ch each seal contains a packing
conpri si braj ded Kevlar f , Inpregnated w PTFE or. aphite. 24. A
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content gas i SoPinidc@8fhto the packing of each shaft seal.
17. A devolatilizer as claimed in any of claims 14 to 16 further comprising means for
blanketing an external portion outside of the vacuum chamber of each shaft seal with
a low oxygen content gas.
20 18. The devolatilizer as claimed in claim 17 in which the means for blanketing the
external portion of each shaft seal with a low oxygen content gas is an enclosure
around cach shaft seal, the enclosure being mounted on the outside of the housing and

being provided with a supply of low oxygen content gas or vapor.

19. A devolatilizer as claimed in claim 18 in which each enclosure may be maintained
25 under a positive pressure of the low oxygen content gas.
20. A devolatilizer as claimed in claim 18 or claim 19 in which each enclosure is

provided with an inspection hatch.
21. A devolatilizer as claimed in any of claims 18 to 20 which includes a flow meter to
monitor the flow of low oxygen content gas or vapor into each enclosure.
30 22. A devolatilizer as claimed in any of claims 14 to 21 in which the vacuum chamber is
generally cylindrical and is horizontal such that the axis of the cylinder lies in a
horizontal plane, and the stirrer shaft also extends horizontally and coincides with axis

of the cylinder.



525. A devol atilizer as clained in any of clainms 14 to 24 in which the
i nternal volune of the vacuum chanber is at least 2 to 10 nB.
WO 2011/087730 PCT/US2010/061113
25

23. A devolatilizer as claimed in any of claims 14 to 22 in which each seal contains a
packing comprising braided Kevlar fibers, impregnated with PTFE or graphite.
24. A devolatilizer as claimed in any of claims 14 to 23 in which the low oxygen content
gas is nitrogen.
5 25. A devolatilizer as claimed in any of claims 14 to 24 in which the internal volume of

the vacuum chamber is at least 2 to 10 m°.



