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This disclosure relates to a finishing process for an el astoner. Mre

parti cul awbyep10138257di scl osure relates to a nmethod and apparEstus/ B2
dewatering and drying a water-slurried el astoner. BACKGROUND OF THE

| NVENTI ON [ 0002] In the production of elastoneric polyners, such as

i sobutyl ene- based el astoners, the product obtained fromthe polynerization
process is often in the formof an aqueous slur ]y The water-slurried
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dewatering the elastoner, drying the elastoner, and cooling the dried

el astoner so that it may be bal ed/ packaged. [0003] U S. Patent No. 5,729, 91
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anount of astoner they can finish per hour.
the die plate of the extruder and heat the crumb. The dried crumb thus extruded is
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characterized in that it contains less than 1% water.
[0004] However, processes for finishing EP(D)M elastomers may not work for other

20  types of clastomers. For example, some elastomers, such as isobutylene-based elastomers,
are temperature sensitive and are not able to be subjected to extreme temperatures common in
EP(D)M dewatering and drying processes without degradation. Additionally, different
clastomers have different slurry chemistries and different viscoelasticity which affect the
ability to dewater and dry the eclastomer. For example, a slurry of butyl clastomer,

25  particularly halobutyl elastomer, has a higher pH than a slurry of EP(D)M. This higher pH
makes the butyl elastomer crumb more slippery and thus harder to dewater and dry than
EP(D)M crumb. Further elastomer characteristics, such as Mooney viscosity, molecular
weight distribution, and the presence or absence of long chain branching, may also affect the
ability to de-water and dry the elastomer.

30  [0005] A typical finishing line, such as described in U.S. Patent No. 5,041,249, consists
of a dewatering extruder, an optional intermediate drying extruder, and a dryer. Such
finishing lines are limited in the amount of clastomer they can finish per hour. One

bottleneck is in the dewatering step. As the dewatering extruder receives the slurry, it
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bottleneck is in the dewatering step. As the dewatering extruder receives
the slurry, itrenoves water inbibed in the crunbs through nmechani cal

squeezi ngwof2otosszsrunb in the extruder barrel and sone mCmars2evanarsf| ashi ng
at the die. The dewatering extruder renoves a great anmount of water from
the el astoner crunb and is susceptible to contamnants in the slurry water
or on the crunb surface (surfactant, etc.) that can induce slipping in the
barrel and/ or cause waterl oggi ng wherein the crunb floats and can no | onger
be convey&@ovEOBAG] imhbeHdn t|9¢ siunalsi Brough mpchapigphequegzipg of ithe sy i ithees
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wet el astiocressiy tholeapgeasg of figishing live. el ast omer crunb t hrough a second
dewat eri n evice to_produce a partially dried el astoner crunb, wherein the
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20 [0008] In one aspect, the method comprises the steps of obtaining a slurry comprising an
elastomer and 30.0 to 70.0 wt% water based on the weight of the slurry; passing the slurry
through a first dewatering device comprising at least two dewatering extruders in parallel to
produce a wet elastomer crumb, wherein the wet elastomer crumb comprises 3.0 to 20.0 wt%
water based on the weight of the wet elastomer crumb; passing the wet elastomer crumb

25  through a second dewatering device to produce a partially dried elastomer crumb, wherein the
partially dried elastomer crumb comprises 2.0 to 10.0 wt% water based on the weight of the
partially dried elastomer crumb; and passing the partially dried elastomer crumb through a
drying device to produce a dried elastomer crumb, wherein the dried elastomer crumb
comprises less than or equal to 1.0 wt% water based on the weight of the dried elastomer

30  crumb.

[0009] In one embodiment, and in combination the above disclosed aspect, the method
further comprises the step of passing the slurry through at least one dewatering screen prior to

passing the slurry through the first dewatering device.
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further conprises the step of passing the slurry through at |east one
dewat ering screen prior to passing the slurry through the first dewatering
devi ce. [ O80Qp10/138BBMOt her aspect, the nmethod conpri ses olpCaius2ong/oaisst urry
conprising an elastomer and 70.0 to 99.0 wt % wat er based on the wei ght of
the slurry; splitting the slurry into at |east tw streans; passing each
streamthrough a separate dewatering screen to obtain streans of partially
dewatered slurry, wherein the partiall devvatered slurry corrprlses 30.0 to
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20 [0012] In one embodiment, and in combination with any of the above disclosed aspects or
embodiments, the method is capable of producing at least 6 tons of dried elastomer crumb per
hour. In other embodiments, the method is capable of producing at least 8 tons, or at least 10
tons, or at least 12 tons, of elastomer crumb per hour.
[0013] In one embodiment, and in combination with any of the above disclosed aspects or
25  embodiments, the drying device comprises an extruder having at least two screws.
[0014] In another embodiment, and in combination with any of the above disclosed
aspects or embodiments, an inert gas in injected into the compression zone of the drying
device at a pressure in excess of the pressure in the drying device.
[0015] These and other features, aspects, and advantages of the present disclosure will
30  become better understood with regard to the following description and appended claims.

BRIEF DESCRIPTION OF THE FIGURE

[0016] Figure 1 is an illustrative schematic of an embodiment of an apparatus for

dewatering and drying an elastomer.



BRI EF DESCRI PTI ON OF THE FI GURE [0016] Figure 1 is an illustrative

schemati c of an enbodi nent of an apparatus for dewatering and drying an
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enbodi nents, versions and exanples of the invention will now be descri bed,
including preferred enbodi mrents and definitions that are adopted herein for
pur poses of understanding the clained invention. Wile the follow ng
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herein are an aratus and a process f “finishing" the elastoner, i.e.,
dewat er i ri ‘&hdr greyéralgytidse tiena®h Cirer lestranék"é:rrplPreferred ctastonerh balicree hig pf t3e
FL?S&;E G lésssggn{egseures&gpﬁs%f obtaining a slurry, passing the slurry
[0019] As used herein, the term “isobutylene based elastomer,” refers to an elastomer or
20  polymer comprising at least 70 mol% repeat units from isobutylene. These polymers can be
described as random copolymers of a C4 isomonoolefin derived unit, such as an isobutylene
derived unit, and at least one other polymerizable unit. The isobutylene-based elastomer may
or may not be halogenated.
[0020] As used herein, the term “slurry” refers to a mixture of elastomer and water, plus
25  any residual hydrocarbon volatiles that may remain from the polymerization process.
[0021] In the production of elastomers the product obtained from the polymerization
process is often in the form of a slurry. Described herein are an apparatus and a process for
“finishing” the elastomer, i.c., dewatering and drying the clastomer. For example, in one
embodiment, the process comprises the steps of obtaining a slurry, passing the slurry through
30  a first dewatering device to produce a wet elastomer crumb, passing the wet elastomer crumb

through a second dewatering device, and then passing the wet elastomer crumb through a

drying device to produce a dried elastomer crumb.



a first dewatering device to produce a wet el astoner crunb, passing the wet
el astonmer crunb through a second dewatering device, and then passing the
wet el astwoeniocmsas t hrough a drying device to produce &CarniSeao®Besst oner
crunb. [ 0022] The process and apparatus descri bed herein are useful for
finishing tenperature sensitive elastoners. Tenperature sensitive

el astoners are those el astoners which undergo degradati on when exposed to
extrene tenperatures during the finishing process. Hi gh tenperatures nmay
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copolymers of isobutylene and para-methylstyrene containing from 0.5 to 20.0 mol% para-
methylstyrene wherein up to 60.0 mol% of the methyl substituent groups present on the
benzyl ring contain a bromine or chlorine atom, as well as acid or ester functionalized
versions thereof. In certain embodiments, the random copolymers have a substantially
homogeneous compositional distribution such that at least 95.0% by weight of the polymer

25  has a para-alkylstyrene content within 10.0% of the average para-alkylstyrene content of the
polymer. Exemplary polymers are characterized by a narrow molecular weight distribution
(Mw/Mn) of less than 5.0, alternatively less than 2.5, an exemplary viscosity average
molecular weight in the range of 200,000 up to 2,000,000 and an exemplary number average
molecular weight in the range of 25,000 to 750,000 as determined by gel permeation

30  chromatography.

[0025] In another embodiment, the isobutylene-based clastomer may be a brominated
poly(isobutylene-co-p-methylstyrene) ("BIMSM"). BIMSM polymers generally contain

from 0.1 to 5.0% mole of bromomethylstyrene groups relative to the total amount of
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chr omat ogr aphy. [0025] I n another enbodinent, the isobutyl ene-based
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mont g || dogiliss iRQBMGE e LSl S ofOIHRORKS! b2 d AROMLE: HfiSEt O e,
saponite, “sauc ites magpadl(%e, Wi<enya|et &, %t eventite and the 17 Ke M &s Wél I
as verm ghichéh tyhaldfeysime patidls Wt én axhdlempobiydrat ahelidsdicand, ihmotdde
[0027] The finishing process and apparatus described herein allow for

gr eat er fﬂubs@ﬁrme|frq19%1ergemﬁarhplﬁ§€ of spicallethinsgotclays” oriplasg At squepgnbedigents,

dewat er i i _ i LIS Ky .C: or
ot ory 8 MRS ARl Loy e LRl 51 gt 00, JBN SRl 0L

al | ows f anatttids,f sueki 43 hattinal @f dynthiesbiphgllssibddtesr paneuhily oheotikc adaynmarchwizen

needed. Additi O.Qal ly, the .seg%gd .dewa{ ering device is capable of accepting
the varyiRPERBHENHS @enonif Prigchiis splkgaskorier langnitx hFgieite. Saprails.;spugonite,

dewat eri r}ﬁa@aﬁ&%@aﬁe,tﬁ@veﬁ%&aﬂd GRRLE! h G cHEeNd 9§rﬂﬁhl§iﬁe,ahélfl$/si}:tééralﬁrﬁ ate

i€
drying device to dry el astomer crunbs having a w der range o ed m
nmoi st ur e.oxid@028]drathleitt amd thkilkg. pr ocesses and appar at us descri bed herein

AT e e T R
enbodi ment Sundife a ATRG@ss lifd) dHAPRaraaldist Ve dSaRaMELeafuddRWALRFAIRYin the first

20  dewatering device allows for the finishing line to finish greater capacities of elastomer but

also allows for the flexibility of finishing smaller amounts of elastomer when needed.
Additionally, the second dewatering device is capable of accepting the varying capacities
from the first dewatering extruder. The first dewatering device and the second dewatering
device also allow for the drying device to dry elastomer crumbs having a wider range of feed
25  mill moisture.
[0028] The finishing processes and apparatus described herein allow for high capacity
clastomer finishing and are capable of dewatering and drying at least 6 tons of clastomer
crumb per hour. In some embodiments, the process and apparatus are capable of dewatering
and drying at least 8 tons of elastomer crumb per hour, or at least 10 tons of elastomer crumb
30 per hour, or at least 12 tons of elastomer crumb per hour, or in some embodiments at least 15
tons of elastomer crumb per hour.
[0029] The process and apparatus described herein may allow for an improvement in the

finishing ratio compared to conventional finishing processes. The finishing ratio of a
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and drying at |east 8 tons of elastoner crunb per hour, or at |east 10 tons
of elastonmer crunb per hour, or at |east 12 tons of el astonmer crunb per
hour, or wWoe8vBs®Abodi ments at | east 15 tons of el ast orer/useanio3yser hour .
[ 0029] The process and apparatus described herein may all ow for an

i nprovenent in the finishing ratio conpared to conventional finishing
processes. The finishing ratio of afinishing line is the ratio of tons of
el astoner_finished per hour to the nunber_ of extruders required. An

i mpr oved fHIifiEgitpg is heiratioal tons|ablaskari fiigier mgr hpwciosthc deswer pbexthiieri n
to have |l e I J be
needed t% @ﬁ%ds hA?ﬁeggoglrer%q%lﬁ%ﬂ% pd%P qﬂ{l}g%té}gﬁé@ft}g{s&fagcpgﬁ%e(g%? ?ﬁgn%@h&r@?{; I ng
pr ocesseshavt a sealter feotpoidt ﬂ&hEeSmbi‘w:nlefg\yEBﬁﬁtNﬁ thamwhditl wgnlpbo ﬁmdmﬁnehﬁ& a
finishing ratio of | east 2.75, or . at or at_| east 3 2. [0030]
The proce¥8CdHpud %’g*? Y QRCTHEE SApuEntipERk “ﬁl Pg BWCFWSfF‘rﬁoéIFﬁ Nile! badiggents the

el ast gmerj ik EFRish rQEesggHﬁévets% HQsHTh d%%ﬁtl%sof a-[hé%tst 255, g léasfr? dr a(P'f@a\é\pen
the slurry enters th Irst dewatering vice to the tine the dried

el astoner3.Zrunb exits the drying device is |less than or equal to 10

m nut es erabl Ie S than t

erbod merDL; ho ThF REPRe Rt R e S P MehReHlo FE (TshiEE dB Eep PR
devi ce t gedsh@ad 'om%q{uﬂetodf(] Bfin@bastranefs, %eumae%rﬁ SwitdnethershirRg chteMi B8 firSt

| ess than or equal to 3 minutes, or | ess than or equal to 2 ninutes, or

| ess t hardemate@@gailevncetqthmtmmfée d{l@rb@lﬂtomhlecmmbu egﬁiﬂﬂty q@‘ymgéigzlcatsdewb@r@n us
W | '6°We GaMBN9 rRmu | Cl’lflllOI‘aér lrgfera%?c e'ssb d Vé‘r%huaﬁ %c 8 nGeEs. t fh sFolngeur bodlrneltilte
fini sh| ngqprocess and app arpa endr ar % ri 8es passing a gror

through ahéitinsd fidenadiRhi thy W@y caters lﬁ[é\/\Ers)t dbﬁ)vait@m@r OSLEL tA tie tinR ﬁl%t@ﬂi@if
crunb, passing the wet elastomer crunb through a second dewatering device
("SDWD') Shptareerirpah ity thraditying fgrien isdgsseihars vp gaval dp Fnirinuiese of hesh thasal ng
the parti V. Gr I r a drying device 30 to produce a
dried el aezltullr%ros? d&@ﬂ%g&?%sgg% Cf%rleﬂg%r%‘éﬁen%g%l ments, the slurry containing
1.0 to 3(J0 Mt % Fhasihshing, proafesQalﬁi bppaBuOwilt Aowe bastaroparticolarly.ddsdribed Svith Wt %

el ast gnmer, _based qn the, total ght of the slurry assed through one
or ndre d&lEeer it diguriecknd he fBrshatonrocess %ﬁﬂgﬁppéraw &?PF@EWSH}PH&S?SO%&HHH@ t he
slurry touiRewFEWR o s ARG RRRdIVRAL( “FEK’\@D MWRLSENRY & Tl REbrSGT §EAB, | N

parallel. In sone enbodl ments, "t he dewat erl scr en I's a vibrating screen.
After pagsbsgg tthe &wgrelatsmeuiewambrﬂlrrglgbca eecm,ndt deavagdrungr devieey (CSOMYID’s 203®. 0
to 70.0 vvt(Vvvater 60.0 wt Ovvt%vvater

47.0 to 93° %%’6%1? dﬁﬁg té%ftodﬁert %mﬁoﬁg# %%%1 %aﬁfméftg? Wéﬁ?ﬁﬁrdﬁiﬁd Aptupcy he

slurri ed @h@bHRBBEH £HHMSIAIR I 16 phafuged dhic@vlatibmeteraier i ng screen they
20 [0032] In some embodiments, the slurry containing 1.0 to 30.0 wt% elastomer, or 2.0 to
20.0 wt% eclastomer, or 5.0 to 15.0 wt% eclastomer, based on the total weight of the slurry, is
passed through one or more dewatering screens (not shown in Figure 1) prior to introducing
the slurry to the FDWD. In one embodiment, there are two dewatering screens in parallel. In
some embodiments, the dewatering screen is a vibrating screen. After passing through the
25  dewatering screen, the slurry may comprise 30.0 to 70.0 wt% water, or 40.0 to 60.0 wt%
water, or 45.0 to 55.0 wt% water, or 47.0 to 53.0 wt% water, based on the total weight of the
slurry. After the slurried elastomer crumbs are discharged from the dewatering screen they
are fed to the FDWD 10 for additional water removal.
[0033] The FDWD 10 comprises one or more extruders, preferably at least two extruders
30 in parallel. The FDWD typically dewaters the slurry through mechanical squeezing of the
clastomer in the extruder barrel. In some embodiments, there may also be a minor amount of

water flashing at the die. Water flashing is the instantancous release of water that occurs



are fed to the FDWD 10 for additional water renoval. [0033] The FDWD 10
conprises one or nore extruders, preferably at |east two extruders in

par al | el .wOhe10AB38B7t ypi cal |y dewaters the slurry througRCRaESh@E003ED2
squeezing of the elastoner in the extruder barrel. In sone enbodi nents,
there may al so be a m nor anount of water flashing at the die. Water
flashing is the instantaneous rel ease of water that occursupon exit of the
el astomer fromthe extruder at an el evated tenperature and el evated (above
at nospherdpe) cpited dhg elastpmorirpmpthe giireder ¢f apRlevafge tempaigitrenang Bevatpde@boye t he

FDWD i ncl manuf actured by V.D. Anderson or French G| MII
Machi neryamg%&hgﬁﬁgﬁlﬁemterl ng Units or Dewatering Extruders manufactured

by Vel di rQ0Xgi nEeamples nd. extiNdeisothal nfagebe Gs¢dewm M IFDVED icludy thapénpeBteel
Works, Ltd 0035] . The FDWD prefer abI ses.two or_nore extruders in
paral | el mef 91@%‘68% EESON PR ET W@%ﬁw& RS GG Units

extr uger S, (HWSridg Ektruddd rldhifdchiréd n}ar@le $hg ‘Eﬁ%fnh%s”ﬂ{c' q(?atloBQ?FéédJ Ebw

enters the DWES at the extruder input 13, passe ough the DWES erein
t he sl ur rMa¢hsngar by ddpay Stehditeked.td.o produce a wet el astonmer crunb exiting

t he DWEs he i i 14. e mll.noisture (i.e., water c ent of the
wet ol astB cr Db PN BY RETRRE GIPRE BB rRyC AR HE RERBE P BT 1o
20.0 wt %éﬁ?&%[mer% thaFDRED rwr&gapgées&vfa deaiBin® eyawaée@t FPFWES?) (1D ahd g2y @nge
of 10.0 to 170wt%water or inth eras of 12.0 to 16.0 Wt % water.

[0036] Tharaick eordfrayeationr Uttssslurp antetsethe gehémaﬁlxhydmveutal%lpww treughhan
or equal ! n 1.5" ter QL Iestha
(ength) REPNEEEAE by Sufg ppfh VB E bisg 36 pivTFe 4 MRE Rl B P nfing

from t he tkOWvERdt decadt @i At dhe frﬁlﬂnﬂnbﬁﬁlréi(fﬂ\@t %teﬂ@oﬁt@ﬁﬁ@ﬂ’lﬁh,e wit ¢lsRéer S
routed to a fines recoverﬁDts\%Etem(not shown). In the fines recovery

system elragbbgtdhe exipelisthe it ke inthg rapge p%é@ﬁ@?@@ Wigr Weier.pran the range
repr 0cessieng 1€ Wb &hatld 8Mnthe rJn[gg f)o‘g é? 6%2‘1? % &Y Rh M Y tﬁe%frfﬁ)é)@f Lo

to a return water tank or’ purged el ast’'oner cru are
expel | ed for@wt vheattbDWD 10 are then fed into a SDV\D 20. I'n sone enbodi nents,

e RSB  rR L SShRL IS SIS SR By By e L 2910
%83! n”’.;n“*}”s“é“?ﬁ” X R 2R A B LT AT ASATE Gt 8 1 nches
(20. 32 cripp3dr In brasmbodinant Hbs "¢2%E114d't mater dromatth¢ #RSWD1ahd desheisd (B0c4 8
cm. Exar’ﬁ)o éewa%eer{nug scrse[e)\A\SDSlf used, is routed to a fines recovery system (not shown). In the
fines recovery system, elastomer fines in the water may be recovered for future reprocessing.
20  The water from the fines recovery system may then be pumped to a return water tank or
purged.
[0038] The wet elastomer crumbs that are expelled from the FDWD 10 are then fed into a
SDWD 20. In some embodiments, the wet elastomer crumbs discharged from the FDWD are
conveyed to the SDWD via airvey or by an inclined vibrating conveyor 15.
25 [0039] In one embodiment, the SDWD 20 may be a single screw extruder. In some
embodiments, the SDWD has an extruder barrel diameter of at least 8 inches (20.32 c¢m), or
at least 10 inches (25.4 cm), or at least 12 inches (30.48 cm). Examples of useful SDWDs
include Expanders manufactured by V.D. Anderson or French Oil Mill Machinery;
dewatering extruders manufactured by Japan Steel Works, Ltd., Welding Engineers, Inc, or
30  National Feed Screw Machinery; or Volatile Control Units manufactured by Japan Steel
Works, Ltd., Welding Engineers, Inc, or National Feed Screw Machinery.
[0040] In some embodiments, small amounts of an inert gas are injected into the SDWD.

Preferably, the gas is injected into a compression zone of the SDWD at a pressure greater
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i ncl ude Expanders manufactured by V.D. Anderson or French G| MII

Machi nery; dewatering extruders manufactured by Japan Steel Wrks, Ltd.,
Vel di ng Bugizneer3s2571 nc, or National Feed Screw Machi ner yCTaIS2040l0atso2 e
Control Units manufactured by Japan Steel Wrks, Ltd., Wl ding Engi neers,
Inc, or National Feed Screw Machinery. [0040] In sone enbodi nents, small
anounts of an inert gas are injected into the SDWD. Preferably, the gas is
injected into a conpression zone of the SDWD at a pressure greaterthan the
pressur e thin theerepmp, in she ORPYIds &4 epmpissieon zongrs ap akcavivithin the B W wihich

which th i S.J.n. e f . el ; ] W th
the ol ast oot el GG Per P PRRReT e, A5 SRR fiun IREoHAGmEL KR
m xt ure nhy 8®WDowitlidue aap vpitagsothe 2anend as thremditerewhovel ficsn aic anmsgier i ¢

pressure, the nh ture expands causi ng expl osive drying and water flashing.

X
In one erf9B8itPrdRt dig WEICBDRAIS AGRPOMAGEC AIFESH B ttRreafIPaIiS GRUSINGUEHANEU S
at

gaseoys i ReLhQWalr fﬁ'ﬁﬁﬂlgr BN6nPRh B Emehong Swp IﬁQQEQvg%uﬁi R HowH,
the™S may hav

exanpl e, DWD two different gases injected into tthe SDWD

di f f er entsitholtancpon gasbongnjedimnl endifferaft roes SMND tic kchgthsafthet SBSVD ThEor
inert gas _may, c [ ni trqgen, ar , _helium. neqgn, , 1 Xt ug.es

her cof - Ble BnSEN Retey Tee iceRuRRienl Sy st et By ST ok eleite
The amounpcongakonzheaéReh ioftRe SnaY BOMRhEBY MR Eih&S STHe@BIt 359 My asthptifte
el astoner throughput, or Tess than 3.0 wt% or less than 2.0 W % [0841] In

one enbodiiifegen, argea, iclihmpwicen,uE®,, pr anixtupest herapdnt bnone embodemesitast daest
cru at the SDWD.s .dje.dis e 23, Is in-the ranage of.,2 10..0 wt %
vt o0 o e R AL Fu U SR o b bl PR Brn SRt o 6 Y,

7.0 wt % wades.0 Wi, @Maé bRktosRbatbuERBRLL, of fees fiikh B.ONDIYS I0dN&s Blanth@wBWD s di e
di scharge 23 is in the range of 5.0 to 9.0 % water. 00;1}2’] As the partially
dried el d804fer &t onmambedimenty thegmpmpisaye.dree "t’%t@fn@?g‘r“{t, the clastamgy giupy

devi ce 30u ol NoSOTTP  SHDRLIER! 53 i Nl ARLAIT 0 (Y HIBSb Mahiclc? ifllRGALAGE

downward t hrough the S e y a nechanical cutters:
one enbodi.tmen8.0 wiie veltasboimethe cangelast 4.@kd 710rotdh twhager SDM\Bnothtoecrabodimeht, ted

vi brating conveyor 24 and are .fed into_the drying devjce [0043] In
br of &by ed" bRt ac ngDér%ﬁ fgeliresn 2L5do S Wfﬁ& ¥RFuder. In
one enbodpgps)t. WiendpaHing d&d asthas dapextif %@?DW‘L%_@? arel tPhn$YFRA to the

embodi ments the drying device's extruder barrel has a dianeter of at |east
4 inches driidgléewaer 30or lat sdreasmbedimaiie sthe 18agdmen)crumpbeftestatmicy dathdrealst 8

i nch 20. 32 Ex | daryi trud i ncl ude, .but t
i ted (8 owed MoisnkBeme SRR St SalByry. B s dorbnieecitat heone
Control UWUniodahéht! e clMRImPRRIMBY KB rfrdm it SO 8ol MElibdRgbangs B&BicSor

I nc. or bfl National Feed '
20 4 and are fed into the drying device 30.

[0043] In preferred embodiments, the drying device comprises a drying extruder. In one
embodiment, the drying device has two extruder screws. In some embodiments the drying
device’s extruder barrel has a diameter of at least 4 inches (10.16 cm), or at least 6 inches
(15.24 cm), preferably at least 8 inches (20.32 cm). Examples of drying extruders include, but
25  are not limited to, the Expander, manufactured by V.D. Anderson; the Volatile Control Unit
and the Dual Worm Dryer manufactured by Welding Engineers, Inc. or by National Feed
Screw Machine; or counter-rotating or co-rotating twin screw extruders manufactured by
Japan Steel Works.
[0044] In the drying device the partially dried elastomer crumb is heated and compressed
30 by mechanical shear by the screw(s) of the extruder. In some embodiments, additional heat
may be supplied to the extruder via a heated extruder jacket. Upon exiting from the drying
device’s die 33, superheated water vaporizes, flashes, and creates passages (pores) for the

water vapor to escape and evaporate, thus drying the elastomer crumbs. In some
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Screw Machine; or counter-rotating or co-rotating twin screw extruders
manuf actured by Japan Steel Wrks. [0044] In the drying device the

parti al | ywonrowd3etsast oner crunb is heated and conpr esse@Ciyusawolarspzal
shear by the screw(s) of the extruder. In sonme enbodi nents, additional heat
may be supplied to the extruder via a heated extruder jacket. Upon exiting
fromthe drying device's die 33, superheated water vaporizes, flashes, and
creates passages (pores) for the water vapor to escape and evaporate, thus

dryi ng t Hebodgsennehe enipersure of thofiethelatpmenerymbr 4idhe exbdesyipg device die
dried el agtQr it t ' i 6@ndie 33 QS

of | 160"t S 00T et eoud 0GR or (P TMERALOH B AS0CECorth hSrdnllc bER RTGT
to 190 0Q90IC. srenentobidimboits, tht keyidg Menige dey bie epdrasn@prespes at thegapgesSur e

1100 ¢ o' 1808 ‘perote sae b B o€ Pl eitpariacuthis oo ittt SRR
1200 gsi | %téé’%?ﬁpr&sﬁﬁééiaﬂqﬂt?%fﬁ%s?g@@ﬂm ts, small anounts of an inert
into t devi ce.

gas are injecte e drying Preferably, the gas is injected
i nto the [004r eski somz embodifmentsesmdaly amguuats wif @ iadrt gaspresgocted grte dhveedryitgan

the pressure in the. dryjng device, ,The conpression zone.af the dryin

v DeCT At s Dot S R Eied P BE TR SNPR B0 5E Dot ierdsbidicht
pressur e.prdf3redAsats thes thM frBsshR€ineh@atyerEacMéd MK sdi8prdsydmbnd@YitkedMidghout
any venting of the gas and as the m xture noves from'the conpressi on zone

to the didevighiigthg areavihimpdphetht Erespwrs gu e cxacheohitriogplerexpassdss. c i g

expl agi ve, Lyl ag RO RLer ARl D one Sbod] TR, b e vl g, deyi ce
may have nmul'tiple ports all'ow ng si faneous gasesus 'y &ctl a

di f f er entmiz@ir8inSovab Giogn tHeecdngiredstonofonthe thl¥ Wienghide s @teatnﬁ@%he@éap’fbslsﬁre, e
drying device may have two different gases injected into the drying device
at ~ di f f erBifure gxapdsneuaing exrlasevel diydichant waka Qgshingg die\eing ecrahtodipents e

time. Theyiner i j t . i ) ;
it ur oo SHEE sy R R R IR S AR Tl i8R Sl |
dryi ng dewime alohpehahmptht ofdhe dasng d¢vdcd. eBor extampld) ehcddryinpgd déoe ey haye toe

| ess than 5.0 w % of .t he el ast omer t hrough , or. less than 3.0 wt% _or

| ess léharfhgfcr@nwaﬁ@s et theodryse %Fﬂlqeﬁaéﬁf%f@ragt fosptipng w@%\;ﬁﬂ@n&%@f & i s

descr i bechr&iﬁﬁerﬂégﬁg de bR dandetin® #h@%rﬁ%%méﬁ%&hﬁﬁge%ﬁggélﬁ%ﬁéoﬂ Riref RbeNCe.

[0046] In SO nbodi ments, after the el astiomer crunbs” exit t_he drying
devi ce t HeQ:, ar enigtiredothercofredihane calbodimdangrat [east sormeeendogéatehingo thehdryorgunbs

G soher 0ol Ao PO, SENLES e e 0EL o S0 B bt et B
from t he dtRtor@thRughpl, SVRROhah 3MDweRY of RERihAL PD $4¥f aBR injection of an inert
20  gas into the drying device is described in more detail in GB 1 590 532, incorporated herein by
reference.
[0046] In some embodiments, after the elastomer crumbs exit the drying device they are
cut by a mechanical cutter. In some embodiments, the crumbs discharged from the drying
device are further dried on a fluidized bed conveyor (“FBC”) (not shown in Figure 1) for
25  further drying. Heated air from the FBC may aid in evaporating any remaining surface
moisture.
[0047] The process and apparatus described herein produce dried elastomer crumbs
containing less than 1.0 wt% water. In some embodiments, the dried elastomer crumb
comprise less than 0.5 wt% water, or less than 0.3 wt% water, or less than 0.10 wt% water, or
30 less than 0.05 wt% water.
[0048] This process may be particularly advantageous for finishing halogenated
isobutylene-based elastomers, as halobutyl is particularly thermosensitive. In an

embodiment, at no point in the finishing process is the elastomer crumb exposed to a
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noi sture. [0047] The process and apparatus described herein produce dried
el astonmer crunbs containing less than 1.0 wt % water. In sone enbodi nents,
t he dri edwel2zasvisszsr crunb conprise less than 0.5 w % watPemr/uses10l0assg2 t han
0.3 wt% water, or less than 0.10 mt % water, or |less than 0.05 wt % water.
[0048] This process may be particul arly advantageous for finishing

hal ogenat ed i sobut yl ene-based el astoners, as hal obutyl is particularly

t hernosensitive. In an enbodi nent t no point in the finishing process is

the el ast'@meeragiaatsaiex fosetdt ‘@-alfeth%é%wat@regwéa@ Sigh Warslpsonayanay fegrae
t enper at (85 HRO Y gﬁra%bl%b& Es§e%'i‘£?rto n&%aﬂg&{ﬁ?agg%%ﬁng? the %@stfoﬁl%r &Pl

hal obuty Begin to de ogenat'e) Tgiving t e product a “di scol ored
or nottl efld@brchppmattricel appragpned. el @dfcered @dibogintcts, thvecledtaatosrambds uob i s

not exposed to tenperatures greater than 215 0C, or greater than 21 , or
gr eat er tHERI0S OERCTBHIG BTN JoPraEsathyp b ’?fh%iﬁatifg@a’@é&%gi le

in the F%rea?@’i@an gbobbeo W%ﬂé‘afég HREV] g3eoC, | \hiROIENE TRADTRMWD, b enh mer

crunb is exposed to tenperatures greater than 230 0C, or Qreater "t han
215 0C, dlevgreedtepmiehambodirdcr0C, tho clagioert erunthasm@®@3peCd torteigp@atuers grbaer 200

0C, or great fhan 19 C, iJe in any .conpination of the , S or
the ary B 6 O groafes and i ob Bl aRfmg opPoto@eties fiag 2he Cr o ety
degr adat itgsh 260 td@rer@sdrafBf 199 Wbvilile hSnl ¥BALIANLN bheHe RIHW S| IPWOTRE tie U
is not exposed to tenperatures greater than 230 OC while in the drying

devi ce, oitying dayins, entjodheemtisc fiambegapiores. gheatdsr tohieiddogeditioni bl than
the diying, dieylog, h0P4ok, INg, & SERSRSIIE AN BLASE TP EEMT, | SnexRzed o

may differ Trom Fying device. xanple;” the

t enper at YireatéBaeDAEUO MBI ¢ theliryisg expios et it So@¥mbedihRes teMpéardsiiEatand
in the SDAD than in_the drying device. In sone enbodi nents, the el astoner

crumb mayth#bi0HE whikpwdhe diying daisser at ure greater than 230 0C, or greater

t han 200 or r
than 100 B8SJet | $0F Rrffrk Bl B Biner Aot htseh WPl Al QorP neP R o
not be expossEEWDOt® theedp@rgateviec. grimateamphanh 3dnicatuer thgr dastemet bamm2 1S

0C, or. greater, than 205 0C, or_greater. thap 200 OC whjle i.n the drying
devi de. I5¥Ped Ry dhonisy in thpd D8V Bengria the s RRED it%annlatth%ﬁra@%ee%e- alh some

t enper at Wheh (@fiR@€ thd A3Rom3OedfabWhhy Fotitd &g%eﬁ'?é/\@té}ﬁ rhilird h%é@ﬁ% r%gﬁ‘dc,i S

not exposed to a tenperature greater than 200 OC while in
devi ce. lar gagudtritban 20tbWdiomgntatertthen B30a%1, omgreator timdn 13 Wotor grgptes dlehnt IH08C
t enper at ur

e o SR S LS S BRSRPANh b 2R L

temperature greater than 230 °C, or greater than 215 °C, or greater than 205 °C, or greater

20  than 200 °C while in the drying device. In one embodiment, the elastomer crumb is not
exposed to a temperature greater than 230 °C while in the FDWD and in the SDWD, and is
not exposed to a temperature greater than 200 °C while in the drying device. In another
embodiment, the elastomer crumb is not exposed to a temperature greater than 150 °C while
in the FDWD and in the SDWD, and is not exposed to a temperature greater than 200 °C

25  while in the drying device.
[0050] In one embodiment, a method is provided for drying at least 6 tons of elastomer
crumb per hour, where the method comprises the steps of: (a) obtaining a slurry comprising
elastomer and 30.0 to 70.0 wt% water based on the weight of the slurry; (b) passing the slurry
through a first dewatering device comprising at least two dewatering extruders in parallel to

30  produce a wet elastomer crumb comprising 3.0 to 20.0 wt% water based on the weight of the
wet elastomer crumb; and (¢) passing the wet elastomer crumb through a drying device to
produce a dried elastomer crumb comprising less than or equal to 1.0 wt% water based on the

weight of the dried elastomer crumb. In some embodiments, the slurry is passed through a
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while in the drying device. [0050] In one enbodinent, a nmethod is provided
for drying at |east 6 tons of elastoner crunb per hour, where the nethod
conpri seswOhle10138333 of : (a) obtaining a slurry conpri si RgTAISAGN08EP2 and
30.0 to 70.0 wt % water based on the weight of the slurry; (b) passing the
slurry through a first dewatering device conprising at | east two dewatering
extruders in parallel to produce a wet elastomer crumb conprising 3.0 to
20. 0 wt % wat er  based on the wei g;ht of the wet elastonmer crunb; and (c)
passi ng tds@a{Eing spigsh priey oS thﬁr&@@@wrﬁbqsiﬂw% thieslns it i ie fee SEcHms ed
el ast oner % based on the
wei ght ofant(c\1 hggﬁésrtfeggﬁg Ilpgésstg %F#é?é %@Qra%]deg%ﬁég ngnggr%n%%% %%hgg lurry is
passed tHoosigh atiewabtbed re}glbsctimmn primehod as greydéd Yor Uryis@re lessbaditamnsss,
the slurry is spllt into two str each streamis _passed. throu
separat e SrirmgL JKF Bes KTt etTBetgP‘gﬁOWBﬁlseS[’%%tfPS Of (&hgbihing & iy
enbodiseny, Aorhs: LY Bed T8 Wby Watkr Hasd£88 thd Wl 0Pl kR0

crunb per mﬁr V\(/ﬂeroe t he net hod COfT'pI‘I/)\S/eS trhessteps of : ?%h%o obt S.I ni ngg)r
slurry cqmpsing |tlmg skysthoomsh arddst30evdaterangZ dedcevcdtnpasieg atfodsm twn ddventovaigght
of the slurr the slurr hr ou first. d g Vi ce
compr o1 rigHers AR Ep PR RN it G ST BRPEPIEIS- O BPaUES Mt

el ast onerbagé&mh@ QUBREH: DI B WetQIdsRned cBurd; %@)Aﬁetsﬁhg BRsest e@d%t&nli@ eh®ro@h t he
wet el astomer crunb; (c) passing the wet elastoner crunmb through a second
dewat er i rﬂgSQSteml @ewe@ﬁpg |d§v1|qg cam@éwageir iiwgat@rmgr erctydet o prasidoce partpdiyt dragd y
drie ela cru I’IS %, 0f i has the

et oHO or RIS IS POt 1 Bl ey o Daller B dhs FPIA, e

el ast omerelgkdthdt drixhBugld (a) pkrsymg ghedgariisgley a@edpdqmﬁ@ dudb iledugl agtyenedevidaum
conprising less than or equal to 1.0 w % water based on the weight of the

dried el d8terfaice & diigd clasomsp crymb geppraieg kesy thapies v i 1 0avive bpsed on

provi ded of elastomer crunb per hour, where the
met hod cgfrlr%?vle%ﬁ% t 8%@?%@%&%?%% E obtaining a slurry conprising el astoner

and 70. 0 [06589. OIrw[y% avatler dm&sﬂdnm b mectheed gghproefdeti Her diying wit 1dake) 6 passsofhg

t he slurr t hr oug ast ewat eri ng screen to produce a partially
devatler e %Srqum%ﬁé)@éﬁﬁ% e&‘aF impthgd d gEmaT s dbe sk oy (@bRpidRs 2 3870 t 0

70.0 wt %dﬁ?rp?lsm%aél%%rﬁ& 51{1137@’@"[9@9 OTw b NS ald Wabdh oft Ghe RART: G tE@@lu St(!))al ly

dewat ered slurry through a first dewatering device conprising at le
dewat er i mpsexg thedgnsy ithropgh at labt o ¢evoderoey scrovat toeﬂ)méu@nzepamaumewatered

3.0,t0.20.0 wt t d th t el
crunb: *( drpiduiehif e R S RER Shp bR o Th Ry Ch et i el Ph
devi ce Cqv&aght%mﬂheaslaeyva@yﬁ)h@mgemterwﬁmyt @evpart%ucsmray Babhghah I fifstdddvedering

el astomer crunb conprising 2.0 to
20  device comprising at least two dewatenng extruders in parallel to produce a wet clastomer

crumb comprising 3.0 to 20.0 wt% water based on the weight of the wet elastomer crumb; (d)
passing the wet eclastomer crumb through a second dewatering device comprising a
dewatering extruder to produce a partially dried elastomer crumb comprising 2.0 to 10.0 wt%
of water based on the weight of the wet elastomer crumb; and (¢) passing the partially dried
25  elastomer crumb through a drying device to produce a dried elastomer crumb comprising less
than or equal to 1.0 wt% water based on the weight of the dried elastomer crumb.
[0053] In one embodiment, a slurry comprising elastomer and 70.0 to 99.0 wt% water, or
80.0 to 98.0 wt% water, or 85.0 to 95.0 wt% water, is split into at least two streams and each
stream is introduced to a separate dewatering screen to form two streams of partially
30  dewatered slurry. Each partially dewatered slurry stream each comprising 30.0 to 70.0 wt%
water, or 40.0 to 60.0 wt% water, or 45.0 to 55.0 wt% water, or 47.0 to 53.0 wt% water, is
then introduced to a separate dewatering extruder, wherein the dewatering extruders are

operated in parallel. The partially dewatered slurry streams pass through the dewatering
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of water based on the weight of the wet elastomer crunb; and (e) passing
the partially dried elastoner crunb through a drying device to produce a
dri ed el a80anar13825anb conprising | ess than or equal to PCO/UseéMWaLser based
on the weight of the dried elastonmer crunmb. [0053] In one enbodi nent, a
slurry conprising elastoner and 70.0 to 99.0 w% water, or 80.0 to 98.0 Wt %
water, or 85.0 to 95.0 W% water, is split into at |east two streans and
each streamis introduced to a separate dewatering screen to formtwo
streans oRugdersifarmipe denetispmy of |Wat rojastqmaes erpaby pagh| sprgnsipgiee? 8dtosi0g g%
streame i Si (3 9 ,
o 45, 0 1615 00 Do e B Yy G000 18 ILOHEY walk 2 BB NETEE,
a separ atsereatavaf evet Rtsoxicr waenh awhékeeiconbheddadaher imgdexdd wdeSPVEDe The

operated in parallel. The partially dewatered slurry streans pass through
the d_emt%?W%b@erF%H@ihé ANl SOV B UEEToathe BFt SBTOBFLRT Bhg s dhuEh i
conpriss| r!ﬁ)@’-lj)tott%rrgggﬁit%ﬁﬁl?d{”f%ﬁ%[asto%er% B %Iﬁﬁiﬁné"ﬁ.?%mt).@rwt"/ﬁ)(vat]eﬁ);& 3t.(9tr%1)7- 0

wt % water, or 12.0 t wt % water. The streanms of wet el astonmer cru
ar e t hen SoOntlhedtandr theo i nablucetkert 0 The $BRlly TdrecdSEMBomsT prighlensalthan a

single screw extruder.. The wet el astoner crumnb sse hr h the S to
foro o HaPErAEEd din dind S R i ST SRR S b oSt “or
3.0 to 9. Dag¥rlerat®b, THe rythget @ovelisWrdeVdlehn cAhedRHaling! dt Mot k@6l screws.

el astomer crunb is then introduced to a drying device wherein the el astoner
crunb i s Fherdrivdrelabtoraer aromb spmpaisedr lessdthen 49t wiverordessitban FHevds watay, erelgssce

is praferably-.an,extruder havi at, |l east two screws. The dried el astoner
crunbl%cor%%?l}g‘gﬁl/‘gvsv%te{’ﬁéilesi%n@ﬂgﬂﬁ{gw ?eer‘ss than 0.7 wt % water, or |ess than

0.5 wt % wab®4], OlIn lodsSerthbafim@nt3 thé %prvedsercont@36¢ lintkdteg enilesh, netiprisidye
process conprises introducing a slurry conprising tenperature sensitive

el ast omertCAgraliee geupibive glagtoeand e P 1o 48 Advian wetse baxed ghithe feighbokthgshyrt o a

FDWD co IS i g i I I aur at- e
o urry. pas<s kDD AR oSt tyddh fh BYaBleP cofiBn @il TrhE R
renmoved rpasack throgeli thed DWD ehastaoheast cpartibn obthprwaemg rd@ovkdtrosulndinved Het
wat er. The wet el astonmer cru roduced to a §DV\D where a }sﬁf'ler;lgl e

s t i nt
scr ewdextTHHRCT GfH RN AP L AL PHErel Gt ditkrastomep THPBUY
shear i ng jaetdRES B tmrv@i’&r@la)eﬁﬁglgfesscﬁg@' Ohudbh T EAKST OOl 4t BiQNThd he

extruder barrel (viscous heating) as we as against the die restriction.
The el astabastomar amninbi thraulghk shedreghantigesl of hosgewt denSVBgang thh dreakwabelts i n
the crunb

Lompor at 18 A FOr ik JBRGH (HOED GUG0, Sriiie!let Er AN ey o URBIohow e
\?\g_”pr | Si NGaskorfkertcpurb & f%r%h\é@ia@%edi thirdul B fhd ST WaSIHe8thdr®watcd inyihB Grfehs Thes
ich preferably has at | east extruder screws. The drying device heats up

20 off causing the clastomer temperature to drop to a temperature in the range of 80 to 90 °C.
The wet elastomer crumb, now comprising 5.0 to 9.0 wt% water is then introduced to a
drying device, which preferably has at least 2 extruder screws. The drying device heats up
the elastomer crumbs by screw action pressing the wet rubber against the die. The drying
device die temperature must be high enough to cause violent explosion at the die to evaporate
25  the remaining water from rubber crumbs, but not so high as to cause degradation of the
clastomer. The drying device die temperature may be in the range of 180 to 190 °C. The

dried elastomer crumb exits the drying device having a water content of less than 0.5 wt%.
[0055] In another embodiment, the finishing process is capable of finishing at least 8 tons
of a temperature sensitive elastomer per hour in a three step extrusion process. The extrusion
30  process starts from a slurry tank that feeds a slurry comprising 10.0 wt% of a temperature
sensitive elastomer crumb in water, based on the weight of the slurry, to two dewatering

screens in parallel to separate free water from crumbs. The slurries, now comprising 40.0 to

50.0 wt% water, are discharged from each dewatering screen into two dewatering extruders
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the el astonmer crunbs by screw action pressing the wet rubber against the
die. The drying device die tenperature nust be high enough to cause vi ol ent
expl osi orwat2otsszdre t o evaporate the renai ni ng wat er fPomUSadloms1502 unbs,
but not so high as to cause degradation of the elastoner. The drying device
die tenperature may be in the range of 180 to 190 OC. The dried el astoner
crunb exits the drying device having a water content of |less than 0.5 W%

[ 0055] In anot her enbodi nent, the finishing process is capable of finishing
at | east 1B peEksl. dhedopaigsmgaxiuders aprapyq wg@@r&é etasrangdarodisara Vel gastoinele
step extrusi 0 arhe extrusi pr ;

that feediohSplbRSRE e e PP SA I BRSSE, Shathe SLAMLE (B4 ob oAb

el ast onerpaedligirtiewatenved etrudbased thoisdcbed wetnglet thebughhecahmon yibritngt avaveyor.
dewatering screens in parallel to separate free water from crunbs. The

sl urri es, THfoReQUHEH PWS‘“E@T. st 5 g aLcE Flasigrer Qragedns VR disch
dewat &1 i NGy A6 IcBABrLANLY (VP JEBE REIAT TR LIUBRTS LRNAAEH i ed i HRYBLGH NO
extruders renove additional water and produce a wet el astoner crunb

conpri si reytrii@erGare outlty, ® metBanaad entterng thwt fadll ia®t annmpelirdunbratisg fewvefonamd he

two paral]lel dewatering.extruders into the cond extruder through a .common
V1 br 8t 1 ngeEaH vy e <G cifaae e TS A et (vt BHET HiEm B ed oE et
el ast omerenefodMdrt B AaROWater IRH EthtdiRh ChbeHANRAMRAES € The - @iddOcldfoMeMcHaniEt er .
The el astoner crunbs di scharged fromthe second extruder are cut by a

mechani calischatgeé froanthetdigingfdgyice icpntainglass than il Wewt™ iswifanci wigete ohlvegrombaat f ed
into dryin evice, .The,dryi evice has at .l.east two extr.uder .scr ,

and pPovi el Pl 04 47 “CnELEREIRT Sl 38 Yo SR B SRS B 85,
dried el agpner crunbs di scharged fromthe drying device contain | ess than
1.0 % surface water. The crunbs are then further dried in a fluidized bed

conveyor 856 poimyctmethsr cpbodioamt.of methedds prandad. Br e pbtyse) 6 (apsydta
anot her j : i i i t f
tonpor at L e LpafE ens v EBlERhet SO A \or X RN ARk BeiRBE B f
t he st epsbtdininga) slofy @ompnging tepemiure sapitivei digstdrearperdal o eo 9819swt% weater

el astaonmer, and 70,0 t0 99.0 wt % wat er based on the weight of the slurry; (b)
passilg tHeckPithy werghd fHhaplurgadh) Brsgetharéinh &rg%%qb hicpy Preodnaierng

partial | ysc%ﬂ%egﬁgu§é 4r é(ptiaﬂ‘?ede%ja[br&h%hﬁﬂf, LRk AeVBLELed RWY slurry
conprises 30.0 to 70.0 % wat er based onthe weight of the slurry; (c)

passi ng tdeeppiaes 30 ko 708 wetl ewettr bhagdrop théymeighh ofithicishaty; dewsaseng thy mhetvillye
COD oL Uk ik RS 6 BP0 st BB AR KRS e
wet el astQmBferS it PRiallcbo PRIGENT Wl lWRImE| @$hB BMpeik BB § hé 20ohway, seaend
dewat eri ng device conprising a dewatering extruder to produce a partially
dri e@0 Dbased on the weight of the wet elastomer crumb; (d) passing the wet elastomer crumb through
a second dewatering device comprising a dewatering extruder to produce a partially dried
clastomer crumb comprising 2.0 to 10.0 wt% of water based on the weight of the wet
clastomer crumb, wherein 5.0 wt% or less, based on the elastomer throughput, of an inert gas
is injected into the SDWD at a pressure greater than the pressure in the SDWD; and (¢)
25  passing the partially dried elastomer crumb through a drying device to produce a dried
elastomer crumb comprising less than or equal to 1.0 wt% water based on the weight of the
dried elastomer crumb, wherein the partially dried elastomer crumb is not exposed to a
temperature greater than 200 °C while in the drying device.
[0057] In a further embodiment, a method is provided for drying at least 6 tons of
30  temperature sensitive elastomer crumb per hour, where the method comprises the steps of: (a)
obtaining a slurry comprising temperature sensitive elastomer and 30.0 to 70.0 wt% water

based on the weight of the slurry; (b) passing the slurry through a first dewatering device

comprising at least two dewatering extruders in parallel to produce a wet elastomer crumb
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el astonmer crunb conprising 2.0 to 10.0 wt % of water based on the weight of
the wet elastomer crunb, wherein 5.0 wt % or | ess, based on the el astoner

t hr oughpuwo 20fo/@ses7nert gas is injected into the SDW afCa/Use@sssirse2 gr eat er
than the pressure in the SDWD, and (e) passing the partially dried

el astonmer crunb through a drying device to produce a dried el astoner crunb
conprising less than or equal to 1.0 wt % water based on the weight of the

dried el astoner crunb, wherein the partially dried elastomer crunmb is not

exposed t@MRrisEEpdP 400 griavaterthased pochoapghtiaf tha wHeelatgmergeyabs de).
0057] 1 Jur e inen d.i Vi . LN s t 6
'Eons Lf {bea?rsﬁé at%lg‘ra‘éets gﬁgﬁlﬁe&gpgsg%%@ cr E%Bge?gﬁ%?}f#% vﬂ%gl?'% %}@rrlrgét gad
conpris e&ietwlraeeriﬁlgeaﬁrudﬁr :éo peoyduobi pariahg deicd blustbmetbma’pfoi ca)irrqgiﬁhgrﬂ)@ tcﬁtmo f’t%h
sensitive elastonmer and 30.0 to, 70.0 w % wat er bas on the weight of the
slurry; (W)Vadseseyor fhe Eight §f th sk GRSMET FRmy @Rgf@rnaﬁanaélm R BniG%si ng

at | egst JNeHERLRH itlﬁguz%%% Hm Fovidt tQ%E@duS@b dh@% Bla0WHEP cﬁrﬁt?%or?gﬂr%g%gol@?sr

crunbconprising 3.0 to wat er based on the wel ght of

el ast onerthor andsjual to)1.pat%i wgert rwedven thel vas glotrod the drugrbel e doroergttuab sdeond 5.0
dewat eri ng, devi ce conpri Si a dewat ering, extruder.to produce artiall
i od el AEXbir o (DG it ts PHYOR 5 RA5e i oftoichaley Hageseddnihate
wei ght  ofcobfifedih RIBSIOMBIngCAMIES afBDrédhreP@Rstcn thanh@ePedsual tny tHd d8thg

el astonmer crunb through a drying device to produce a dried elastoner crunb
conpri si rigvices raferablyothcangrngastcomprigestiogeit er based on the wei ght of the

dried el rer [ ei .0 % or, | ess, bas on. t he. el astoner
hr odgnpdP08E " o B B oRolt ¢ B adS T 888 R el R A IR ohy i ng
devi ce atte@pHhRSS WitFge eRis®mdrhamethiehd esmptiesi(n) dhginthgyd Norrlevhpeising a
Preferably, the inert gas conprises nitrogen. [0058] In still another
enbodi merdtMperatiss sagitivg clasigpicaard P Q1790 g atvatcebased gn thyecight ¢f the slurry;

t enper at |t I i: .0l hg

st Uy conpe TR b BuEhEahe R casd oo THEIAE, ETTRRUAL Ind, ey b0y Tipy,
wat er basteeragminghdeviveitgiprodice tstrearsd af wyt claktbmspliuintt caght doenpsisingr 3.0 ite20.0at

| east. _two reans; (¢) passing the strea through a first dewatering.
devi dé t deEQ% S reed Bartee a\felg%_éto?éh%w& AL tog ﬁﬁlr%l%tcw{‘?ﬁ%ﬁh? ﬁrﬁgg@a&w
20. 0 wt %Rt ercoRasiRe &WeﬁﬁQWWe%Eerﬁgl A8 ¥8tin ?Jg@a‘-ﬂtepgf?d whERED eadgfnﬁfe‘ﬁhlnoft he

first dewatering device conprises at | east two dewatering extruders in
par al | el shndy wheasetdntheagh s semeeate dewsteting exirgdguasbemdnithmiogghe streepasfavet

(HERA AR e R Lo WO
produce aoRasducalalpartthlllyeiictl astoANeER lcr@hb BBmBPATRE DI 100102 (t%0ykE: Bhsid ¥ et er
based on the weight of the partially dried elastonmer crunb, wherein 5.0 Wt %
or | &8s, wrightdobtha partially dried elastomer crumb, wherein 5.0 wt% or less, based on the
clastomer throughput, of an inert gas is injected into the SDWD at a pressure greater than the
pressure in the SDWD; and (f) passing the partially dried elastomer crumb through a drying
device to produce a dried elastomer crumb comprising less than or equal to 1.0 wt% of water,
wherein 5.0 wt% or less, based on the elastomer throughput, of an inert gas is injected into
25  the compression zone of drying device at a pressure greater than the pressure in the drying
device. Preferably, the inert gas comprises nitrogen.
[0059] A further embodiment provides an apparatus capable of drying at least 8 tons of
an isobutylene-based elastomer hour. The apparatus comprises a first dewatering device
which comprises at least two dewatering extruders in parallel; a second dewatering device
30 comprising a dewatering extruder, wherein the inlet of the second dewatering device is
connected to the outlet of the first dewatering device by a pneumatic transport; and a drying

device having a diameter of greater than or equal to 6 inches, wherein the outlet of the second

dewatering device is connected to the inlet of the drying device by a pneumatic transport.
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el astonmer throughput, of an inert gas is injected into the SDW at a
pressure greater than the pressure in the SDWD, and (f) passing the

parti al | yworowd3edsast omer crunb through a dryi ng devi cePCo/yse@dwsson dri ed
el astomer crunb conprising less than or equal to 1.0 w % of water, wherein
5.0 % or |ess, based on the el astoner throughput, of an inert gas is
injected into the conpression zone of drying device at a pressure greater

than the pressure in the drying device. Preferably, the inert gas cor%ri ses
ni t rogen.[0p@59] AN raienthand 4B diPREFRtiops.dot dEaccdwca psh as i T1Od pashedsot/L
drying at,Least .8y {h%q'ﬁ%e?,fanarbéhe?%ldﬁﬁgﬁggitpcﬁﬁ&gi\ﬂ%lr@?ﬁl rcogﬁgfﬁrted lg}h eference
apparatus conpfises a first dewatering device which conprises at’ | east two
dewat er i ng tlex¢xterdanch disclpaurald wit incnsisenndithl ehvisimentigh deivfoe ell gaigdidtisham a
dewat er i nglf_gﬁtr der, wherejn the inlet of the second dewatering device is
connect edVRigh B4 IBRRPIRLIYE ISGENHICHst dewat eri ng devi ce by a pneumatic
transpor tipggy]d avdehi fichHRYI 168cPAMIiQUnd ndliRAEHSIpAS 1i9fE BSlstdd RRIAT rafEUA!
to 6 i nch[es?ﬂV\herei n the outl ete of 1t hIel gecond gig\%atéri ng desv% ce ?ls’ra :
connect edram arhe lowbetlinof tohendryppay ldevi e byntemplatdnat While r dwes gorstratiG060]

Al'l patent nd patent applications, test. procedures (such as ,AST t hods,
0L et hodsioRiaernar fiadEy hieRessE hetn dERtmBh AT Gt Ga Oy elt 0 peryood

i ncor por ahgd,abpug 6ther MBEEichQorsheilieset Hphreit®olndi @6 RS Elyl Had¥Oby thBS&ONSIIEt ent
with this invention and for all jurisdictions in which Such incorporation

i s perm tindlet arf 00bo}t dgperingram itheaipititondrscppeand i the angnhemeAreudingbypéris PP t s
are li,sted herein anges. from a lower limt o any.upper.limt are

cont o1 AnihFitt dhyRect LA Al gl Msrd st IBE R bR e RsvE been
descr i bediewérigtiopakéti fotth akeidiny but fathak khat lige clBhey 5¢ endtrhdBhs ¥iddohpdSsigd Hithe
nodi fications will be apparent to and can be readily made by those skilled
in the arfeatiifes pdurateatable hPYRIYT Whigh trRdas B fhe prasrat devepionfingliding afle fpafuges
Accor di ngl ¥ b of..J . p J | aj

ner ot o bariieh ol RO SEEEivhAl: o RINROR kil HhhF R RP S e

rat her t hatentibe pcttainsts be construed as enconpassing all the features of
pat ent.abl e novel ty which reside in t.ge present invention, including. all
feat UPes iA?dh it EVBRIQT Ragthegn descafed von Vet lteﬁ%?@sfto BYMEFRYS EmORIIIEE i n
the art ta‘ﬂd‘%@é&ﬁc Ei’h‘?n;&l@é.’ ehh P DarRRioh @ Wil suég%&ﬁﬁimﬁ&‘es‘t@‘ﬂﬁﬂ& koM asthResPin
descri bed above with reference to nunerous enbodi ments and specific

exanpl es.lighhwy tharabavé datwiled [dessiptgest Atlhewh edbwesist wriahose askivithed thenfullhi s
art in li.ght of the ‘%ﬁove d t@iled description. Al such obvious variations

f
are wi t hi ACPAE! SS6PT ©F Bt aPRAISE LB of t he appended cl ai ms. CLAI NS What i s
clainmed is:
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1. A nethod for drying an el astomer conprising the steps of: a . obtaining
a slurry conprising an elastoner and 30.0 to 70.0 wt % water based on the
wei ght ofwohelwissasry; b. passing the slurry through a fiPCSUSd@nasespt ng
device conprising at |east two dewatering extruders in parallel to produce
a wet el astoner crunb, wherein the wet el astoner crunb conprises 3.0 to
20.0 wt % water based on the weight of the wet elastoner crunb; c . passing
the wet elastomer crunb through a second dewatering device to produce a
partially dried el astomer crunb, wher&ekAIM®e partially dried el astomer
crumb conprises 2.0 to 10.0 w % water based on the weight of the partially
dri ed el d&toneclagnashidd; and d. passing the partially dried el astonmer crunb
through a drying device to produce a dried elastomer crunb, wherein the
dried el astoner cr onprises less than or equal to 1.0 w % water based
on the we]i-ghtA@Fﬁ‘Pﬁgg’b‘fW’é‘& BIHSOSE COBPUNBE HRFBIOF 1 he et hod | 5 capabl e
of Pr oduci ng at oy £16@NS0Rbridht SloBLBSLPRRS 360 W&o NIOHEr bed Sithe
met hod of Claim1, ereln t%e el astonmer 1s a tenperature sensitive

el ast oner sel ecweighfofche slugryene- but adi ene rubber, sol ution

styrene-but adi ene rubber, isoprenebutadi ene rubber, .polyisoprene rubber,
sbut yi one. ageis bl a0t oS RSB obatedo a0 yicwirE. AR 4Lt B0 and
m xtures ther eofewaferinbt & i8R Al pallaNg pratRicet Wit dldiorder @Furdh, WRHREIR itK: H/BE
met hod further conprises the step of passing the slurry through at | east
one déwat eri ng dettewmer grinbreomprisas $i0rig A0k wtouwatyr based @ghihe meight 0§ the wet
dewat eri ng devié:le 4. The,nmethod of any one of Cains 1 to 3, wherein the

dryi ng device coﬁ%?rflgrecsmrélﬁ; extruder having at |east two screws. 5. The

met hod of any. opgsial thd det®lastomer drunbhdfRigh af feeorll i @ehtelimSIOARS toGirbdite a
conprises less than or equal to 0.5 wt% water based on the weight of the
dri ed el ast onerpatialiphdlrigdt eladomer gpymbnwheringths martiallyodhed \ghasfamngy eyab
met hod i s capabl e r [ 0 n {; rgq@a per
hour. 7. The ms‘% ﬁnolgisg Z(é)lﬂggoirﬁltgog%t)eje‘g?[%rrs%i&?o&%%%qgérlg&ngﬁ%%é g)rgﬁl{a}llg evi ce
conprlisses a congasssmeostumbnandand an inert gas is injected into the

conpression zone of the dryjng device. : .
P . passing the part1¥1hy %rleg ellastorner crumb through a drying device to produce a

(@)

dried elastomer crumb, wherein the dried elastomer crumb comprises less than or
equal to 1.0 wt% water based on the weight of the dried elastomer crumb;
wherein the method is capable of producing at least 6 tons of dried elastomer crumb per

20 hour.

2. The method of Claim 1, wherein the elastomer is a temperature sensitive eclastomer
selected from styrene-butadiene rubber, solution styrene-butadiene rubber, isoprene-
butadiene rubber, polyisoprene rubber, isobutylene-based eclastomers, halogenated

25 isobutylene-based elastomers, and mixtures thereof.

3. The method of any one of Claims 1 or 2, wherein the method further comprises the step
of passing the slurry through at least one dewatering screen prior to passing the slurry

through the first dewatering device.

30
4.  The method of any one of Claims 1 to 3, wherein the drying device comprises an
extruder having at least two screws.
5. The method of any one of Claims 1 to 4, wherein the dried elastomer crumb comprises
35 less than or equal to 0.5 wt% water based on the weight of the dried elastomer.
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8. The method of any one of Clains 1 to 7, wherein the elastomer crunb is
not exposed to tenperatures greater than 230 OC while in the first

dewat er i yodew/138257second dewat eri ng devi ce, or dryi ng ®€viuse0109315% et hod
for drying a tenperature sensitive elastoner conprising the steps of: a .
obtaining a slurry conprising a tenperature sensitive elastoner and 70.0 to
99.0 wt % water based on the weight of the slurry; b. splitting the slurry
into at least two streans; c . passing each streamthrough separate
dewatering screens to obtain streans of partially dewatered slurry, wherein
t he partitl | Yhd ewdhet efchnylane of (Gomsrli tos wdoretn the mrah@! istc¥pabde ef prodsang ain

the wei ght of t sluery:.d. passing.the streans through a first dewatering
device to pr(%ec?ﬁggtosntgpégﬁ%d %?Stgrélf’rcerfl%gtpgﬁg?ur(:runb, wherein the wet el astoner
crunb conprises 5.0 to 18.0 wt % wat er based on the wei ght of the wet

el ast gmery cr yme, m¥Med &ifMankyhénd bf TaiBWRLETd, NGhFENWI B8 GPMRI dSER 8mpER§ta t WO
dewat ering extruders in parallel and wherein each streamis passed through

a separate dewapemssing zend puden incet gasdpibeqi¢chuita He eompsessnofongeet thed diyingrer
crunb; f . pgs%i ng the conbi ned stream of wet el astoner crunmb through a
second dewat er| ﬁ% device to forma partially dried el astoner crunb
conprising 2.0 to 10.0 wt % water based on the weight of the partially dried

el ast omerg_cr U imcl &F anRahs iof e 14iRg 1R8It Lliblcvh BEicREtoflRSHAETs rof Bdséhioough
a drying device at a tenperature of 200 OC or less to produce a dried

el astl@ner cr terbpergibiess epivatchethar | 39 éCasthdaen dhafistcdaprticseg daviss, tsgeendor
equal to 1.0d\évt ‘Ve}/v%t %Vigeasoeﬁ on (tier{gcewei ght of the dried el astoner crunb;
wherein the Msthod ¢S capaB &bt producing at | east 8 tons of dried

el astoner crunb per hour.10. The nethod of Caim9, wherein the tenperature

sensitive el ashefiRl fbisdr§RlgRGtRPehfPe @k e BRsRulAdbAPasihk BR&Eops 90 Ut ON
styrene-but adi ene rubber, i soprene-but adi ene rubber, polyisoprene rubber,

i sobut yl ene- Baselaigingsa shustysconpyisoipen derepkritish sangition ecldstoseds andadt®ned9.0 and

m xt yr.es thereof , 11 he et hod of i 9 or 10, wherein the dried
el ast1 mer cr uanE{S aFelr;[)%%edloélstéﬁet"vﬁ%lt%%ggr;ugy’to 0.5 wt % wat er based on the
wei ght of the. diliethpehaslegyento al Bastihe sereihigd of any one of Clains 9 to 11,

wherein the method i s capabl e of producing ) )

c. passing cach stream through separat¢ dewatering screens to obtain streams of
partially dewatered slurry, wherein the partially dewatered slurry comprises 30.0 to
70.0 wt% water based on the weight of the slurry;

20 d. passing the streams through a first dewatering device to produce streams of wet
clastomer crumb, wherein the wet elastomer crumb comprises 5.0 to 18.0 wt%
water based on the weight of the wet elastomer crumb, wherein the first dewatering
device comprises at least two dewatering extruders in parallel and wherein each
stream is passed through a separate dewatering extruder;

25 ¢. combining the streams of wet elastomer crumb;

f. passing the combined stream of wet elastomer crumb through a second dewatering
device to form a partially dried elastomer crumb comprising 2.0 to 10.0 wt% water
based on the weight of the partially dried elastomer crumb; and

g. passing the partially dried elastomer crumb through a drying device at a temperature

30 of 200 °C or less to produce a dried elastomer crumb, wherein the dried elastomer
crumb comprises less than or equal to 1.0 wt% water based on the weight of the
dried elastomer crumb;

wherein the method is capable of producing at least 8 tons of dried elastomer crumb per

hour.
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at least 12 tons of dried elastonmer crunmb per hour. 13. The nethod of any
one of Clains 9 to 12, wherein the drying device conprises a conpression
zone and WO 2010e13825gas i s injected into the conpression rpomased1onBESIdryi ng
device. 14. The nethod of any one of Clains 9 to 13, wherein the el astoner
crunb is not exposed to tenperatures greater than 150 OC while in the first
dewat eri ng device or the second dewatering device. 15. An apparatus for
drying an el astoner, conprising: a . a first dewatering device which
conprises at |least two dewatering extruders in parallel; b. a second

dewat er i nlg. dd aectbehpf Cdimg), avhiaoiantthe itemgpeaxttireustasifivevelasiomsr tihecléai¢d fromf

t he second dewat er,i ng,.devi is.connected.to . the tlet of the first

dewat o i ng debrYB:OuHE TuSEer R ST bU AR R T gnlnsro U db
than or equalpoly@soprdndC Agber, Myeb&ty RntbescaUtlaglontts, t Rflogearad ideusiakivagd
device is connected to the inlet of the drying device; wherein the
appar at us i s ctasioamre abd naxtyrasdhasgof] east 8 tons of el astonmer per hour.

11. The method of Claims 9 or 10, wherein the dried elastomer crumb comprises less than

or equal to 0.5 wt% water based on the weight of the dried elastomer.

10 12. The method of any one of Claims 9 to 11, wherein the method is capable of producing

at least 12 tons of dried elastomer crumb per hour.

13. The method of any one of Claims 9 to 12, wherein the drying device comprises a
compression zone and an inert gas is injected into the compression zone of the drying

15 device.

14. The method of any one of Claims 9 to 13, wherein the elastomer crumb is not exposed
to temperatures greater than 150 °C while in the first dewatering device or the second

dewatering device.

20
15. An apparatus for drying an elastomer, comprising:

a. a first dewatering device which comprises at least two dewatering extruders in
parallel;

b. a second dewatering device comprising a dewatering extruder, wherein the inlet of

25 the second dewatering device is connected to the outlet of the first dewatering

device; and

c. adrying device having a diameter of greater than or equal to 6 inches, wherein the
outlet of the second dewatering device is connected to the inlet of the drying device;

wherein the apparatus is capable of drying at least 8 tons of elastomer per hour.

30
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