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hal ogenat ed butyl rubber with reduced em ssions FI ELD OF THE | NVENTI ON

5[ 0001] TWe 2presens i nvention relates to a process and appara2v12806435 t he
production of hal ogenated butyl rubber. In particular, the invention
relates to a process for the production pf hal ogenated butyl rubber that
utilizes a closed vessel for both the dissolution of the rubber in a

gfgsgg' fggn%t ed%é gl,iengtna%@éﬂs ke Rrso%egno%t 'og fi,ae,ge,mige 'i)ul&i Qb e whe b%ﬁﬁcedA

proportion emmissiehs/ent to rubber is 10al so provi ded. BACKGROUND OF THE
| N\VENTI ON [ 0002] Pol y(i sobutyl ene-co-isoprene), or IIR is a synthetic
el astomer conmonly known as butyl rubber which has been prepared since the
1940's through the randomcationic 15 copolynerization of isobutylene with

smal | amountgsepb oreRESRVENTIONDl e 9. As a result of its nol ecul ar
structure, |lIR possesses superior air inmpermeability, a high |oss nodulus,

oxi dat kve stygpi] ithy C@é}%@&&ﬂ&@@a&@g wgeprs&% amaﬁﬁmt&@@&% Brdaulichugber i
understood to be a co mer of an 1soolefin and one or nore, preferably
conj ugat ed, hatoganated étﬁtymw@s do potiortey the iGontive relitad totfupry¢esx:bnﬁtelp$®bctamrraj or
20 portion of, i,soolefin .a r a al | ot. r.e than 5 nol

% of a conj’ Eb%l??éaa‘ ?‘iqidlr}lgﬁef Hm ’Igﬁ'tz Cﬂfﬁ‘%g?s rﬁ’ﬁﬁVP %‘Eﬁng%’? ’Ihtg ﬁléh%rr ally
prepared in ifaSokhi¥edAed 88%ent Shd1the rae;sahwonqiﬂlv@urdma&eau@het uentloRBdod
Friedel -Crafts catal yst as part of the polynerization initiator. This
process is PYSahir repevseing Begolvent endmaipinengta degired prameion 26 selvrat O rHphsh s
Encyclgpedlqhg obpdystrial Chemistry, volume A 23, 1993, pages 288-295.
25[006 ] Fblog nation of this butyl rubber produces reactive allylic halide

functionality within the el astoner. Conventional butyl rubber hal ogenation
processes are described in, for exanple, Ul mnn's Encycl opedi a of

| ndustri al Revi sed Edition, Vol ume A231
Editors El vgj"s&éh(éf&l? ﬁ?@?ﬁmg’h‘ymchnm ogy" (Third Edition) by
Maurice Morton, Chapter 10 (Van Nostrand Rei nhol d Conpany (c) 1287),
parti cul ar | 04931 Poly S@Gﬁlenge‘[ DoRTSe)- ¢ s greopthetici Destasrer RAnBgEn 58uE Hut I
rubber, one wehMGhRer Shfth 'h§s e BrgRed %'cmh@fw@osr Wbk &9' ﬂdfado‘&f‘ chtﬂ)nﬁ:
non- halogenated organi ¢ solvent, for exanple hexane, (called rub

cementlp, st appdlymgrizatomof isobigty lererwittbsnallrmmeatte of isope (1-2 mole %). As a result of
2012/ 159198RPCT/ 12/00048 The curr of ar
formng a ruSpaYs ‘gaﬁésmm}”ﬁviﬁ&/B%SS%%VeSr”Q?"%t g%pe%eeaggl t l?e%rgﬁ%s ™ dIttnsry

whi ch typi cakldytieQmpilitysd eﬁreé’&dwfg@xmaawceand 80-95 wt % water) is passed
through a dewatering screen to renove the bul k water, then subsequently

transferred (bm3p mkE-Hbts ol \(,hawstwduw Behs QUG mder 'R AN Dﬁod(éﬁnvﬁldv\@]@r& thére] S

m xed with hexanes.” The swel rubber i s 5t’hen transferred to the

di ssol vi ng @rﬁmldhdomm&atesiumglélot?ﬁmqamrmﬂomgrs h &l coeanciali toty! cohpBT R Mier e are
sever di sadvant age ssociated with su enent R r for
exarrplaklg thé)g}{ on Oﬁ% aefﬁnsén asﬁlrmé){aa P‘ﬁnr%’sllsuaﬁfl} nOt %ore tthan %%e ét/?mogphérglggm?dhe
rotary val V@mﬂﬁbidﬂhe Butd- @bises @k \butyy pelymen ik %er&rzﬁlygﬂdpﬁteﬂaﬂﬂh SPLT i6ced udirgxane
em ssions, the dewatering screens and rotary valve may have process and
mechani cal mehyhshipridey ag §s4jfé§m WP Fsds- Pwﬁér%hﬁ gs pfﬂﬁ@f ﬂ:’ﬁ)P‘éX‘P%ftZF“i*Fﬁ‘
system i s nofisss, t"%ﬁisepr&éés Pssl%n}’x\ért dsGBES A 'TU @%té?@'l\%%nﬁ%qgs Qh&@Mnfanns

sol vents having a | ower ng poi nt than hexane, such as |sopentane or
n- pent ane, cﬁneydcwe@m%lsémswﬂ @h@mslstrxmslum[% 60?(38]99Eﬂfagc8tz§8t2@5| nprove the
current process and i nprove nechanical reliability have been made. For
exanpl2é, a pPaeESkidgenakioovinthisdotyd radbergproducdusstianal it balide 2BROGARy Githin

G <per 3 on a1° BAtGerT b SE it B R R o PG AT SELCRl B g buty

rubber at 2@&% RN EAYFlopdat AUROHS! (HRMSIEn (FIRE, TRt N Bersed Editble but yl
rubber solution with tert-butyl hypochlorite taken in an anpunt of 8% per

rubber. The Voluees® libditers Flyeay eioaly) apdioroRablsy Techaelpgye d Third Editiery §y Yagrice
10-50C, foll | th
aqueoys soul IR PAAE N AGA ANl AR L b hE Sl ntt.

tert- b tylh ite | et el ed an us hase
has 2 0K of TORST ile wiechitich A7 Facdeeks BFOPURER St APkel % SERI prdted

washi ng t he ritbbedlutial Htd ash-Ndldgbnatat @Eani@slidnt, 0BA kkam é)ﬂd’ Béxahd) Qeallbe rubber

chl orinated butyl rubber solution with an aqueous sodi um hydroxi de sol ution
to a pH of PemBentypierting Fpmiribhg AWELTIPYYREG t he rubber. The nethod provi des

i nproved separation of the hydrocarbon and aqueous phases and decreased
content of inorganic substances in the product. However, there are several
limtations to the 25 process dlsclosed Flrst |t speC|f|caIIy deals mnth
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5[ 0010] The present invention is directed to a process and apparatus which
allow direct contact of a rubber slurry having fromgreater than 5 w% to
20 wt % r Wbeni2nisbtvsa non- hal ogenat ed hydr ocar bon sol ventrCTwiAzhrinos need
for all of the water renpval steps, in an effort to mtigate the issues
associated with the current cenent fornfAg process. The new process

di scl osed herein allows direct m xing of an aqueous rubber slurry with a
non- 10 hal d§&itatEd corgmniate of ettvarrfornting avekier tenomt Bvoly 86sterd Stags Yeheraltize r
cement sol utj : e . water. l.ayer i.s then g ate ram the rtially

di ssol ved rurjll:; e? Slcl:lg Ty igpicq! ecof:ngﬁes@eﬁtstbg)h‘ﬁtéP“?’éersﬁﬁtgof%rw%]lwtaﬁgrls passed
processi ng. thivugh Pdaiatting soresihe etinfRIthe bk GvabP PR bR qUREd rhiRfGRE fya kit sai d
process conpri ses an encl osed horizontal vessel conprised of at |east one

m xi ng chantfaFoHa dam fheaeh 2 sy x@ve Vheyit shaineseyith Tranesndhaniwelleryrubbraitber s
in a series wonfhetalth R d%s@olviﬂ% bW AL smgyg%%p& HgbAflod © ¢ ake pl ace,
f I ch crili

with reduced propensity for emufsion tormflon, ates better
phase separ ahjeh. 0 r di t e .aspect of the esent invention,
Phore i o pr ool LR e eRP R AR ST BERRE byl P Ra O BT Gt e
butyl rubberexatple, thr @ersslyosedyurgidigns i6@BHéNTY Glehiiosphay, it @ravabdiof kher ubber

slurry conpri S|.n5% butyl rubber in water;_ dissolving the butyl rubber 20
slurry in a s HsRR egERat e a Sl%?ﬂt’rcﬂtfé?‘%en&s*tﬂ"%ﬁfm%sb?n?’ Shenteavalsting soreenpiy
cement in wWab@fy vahRaas BRBFFREINEd RenMREIGEINIAMSRS, IHBRGE iGSTBRL, kit @
closed separator, thereby formng an interface 1ayer in the separdtor; and,
hal ogéfat i ngxistie ety net spitabic foousevathelbyaipnochdegetatrd duigansgehvattethvingtay |

bber. [00 : I: t t of th t i tion, th
< provi ded- o5 PR U B I o RS neBl sh B R T B Beront

froma butyl sl urr the cenent conpr.ising buty| rubber jn

non- hal ogenaﬁ) ((Sadé?(%? é’g i "g%fmatﬁ? CUTRRt MPEfY ?r}%c‘@ﬁﬁ’ty ?g}eﬁl@j‘“lﬁﬁltrﬁllla%ﬁ%b?d § %P‘i‘?

wat er, the appar R ESakf proéeddis Aowh QSQRUIRE BSRIVA P2 RS 266M ¢ YWhedinf O
receiving the butyl rubber slurry and t he non- hal ogenated organic sol vent,
the di ssol vichgripasisebusyrpbhes inerodtcsd Ay mitema 3£38¢-aqugpusadispargionné betylirubberand

t he saglvent ,; | ' i 3 vent ..to,30 formthe

but yl rubberWl{é%ﬁ%ﬂ%&%ﬁlﬁm\{Na%?{’ dgénozﬁggaw@ﬂ g‘é"é’%’ %2@&?@%’ of arza(t)"ﬁ%thﬁ(%?lle%sw?yaef’l y
adj acent t o antheeadingsalOvisBigbuginebbet dotutise pith arosutdppechiaté lakéndh khgnqhase

separation Céfo/ t he tg)lr,;lt y+ r ubber, cerre(pt fromthe water by formation of a

wat er | ayer VePYTREETyTRERIGSH 1 paFied P4t dhPng OF & ARIeE Of Fepeprs abibiSCdhllaweder f ace
layer, the $9PROMIRECASTEXEQNRE-BI oS Lhadtd j f pat h

- 4 - and hzogi ng at Il_east xt.wo 5ut It%!?ysp%%e?%ti g*gtﬂdﬂgi"'ﬁgé‘ghg‘qﬁézﬁgﬁeaié’ﬁ S231&mc/§\{|nstance
suf ficient thydrexigapedutiang usdl fegdutyihlipochiatieris caypietelanticiniesaemehe kqyers.

BRI EF SCRI ") N 0013] The i i AN b
descrizb@gd bf/oﬁf\;l/\_s/g?z\iL o?; H e‘?gzr'gﬁ\e(’\gtm (C')ﬁ P ?%‘“@F’a V?‘}‘éeg,sleﬁ?aﬁvg%:oglr’}?evﬁhﬁﬁi’g]%s ngﬂee 1

i1l ustrat es rttiber ehftien twithfwatdd] dddabonalgitleatizORe dhildiRale b@GITEREr YRR WiHAase
separation in | abioaatch experi nments; 0015% Figure 2 1|llustrates the effect
of slurry téMFarSsiodie rroxideselptgy toatrtl pin/-B.cad rglating andpbsyingrharebbert Gh8016]
Figure 3 il 8ol 3tRSes &§leli 86105, HE j t rate in

| ab bat ch experi %e_nt se; H)F\%Ole?] gl;Ié‘lmgurrlg @Qﬁwrg‘gsa%tagg%&Lﬁggsﬁgeeétan o?ecﬁeﬁfeci um
st ear at e | eveltenyof ietgahic mgbstaates in thelpaddulyatidweesrpehtie rBdeséral limitations t§ Q18]

Figurec5 ill rates the effect..of splven 0 ettling profile in lab
bat ¢ hQiSex pé }F{}I%%TSI% ﬁdgsgl?)sefiogﬁ%] it gpegifipadlly GB?IF e tcfﬂé?;@gty ng?‘ﬁn%ec%d@wltdﬂeﬁ ®®Posed
horizont al appatails ihgactichlbRege 6RIBN aduebu¥BdiipeRion[ BORB FHIGHI Erhirdly, it
illustrates a front view of another closed horizontal apparatus fof rubber

cement for maPPIBHS 2 bfrHesd Mixing gigssel grdi ¢ vedictlatepaater cpwiastaien. Whithugey &ei ng
the design Weakki@So 8l fak!sOpRfiol 8 ha N AlinPRRALAL; [ gapnt
formation; [0022] Fi gSrpgaQSﬁid amdigso%(lS néncur ea?%‘lgtr% C%taﬁa%g%{)feo%nﬁn “bot h
hexane and dEGpeiie saperate[co0BBin. Fi glditioniiBe iubben nty smohtthaigtetfatebetwleat pHasts y |
rubbegyin b e and i sppent ane; [0024] Figure 11 illustrates
t he ru%ber gxﬁld}hgv}/g?}g‘grlu%%ﬁ eé)ﬁrta%?'n t he rubber cenent sanpl es 25col |l ected
during a pi k@hge]s%al e c?nti nuous, production test; and, [0025] Figure 12

i |lustrates & 2o differsmaing, agieed inaduplon aligsnatize aprpashesdl i@povntet he

pi l ot scal epﬁo@@sl‘,- incM@n%Qﬂ-iaén 9&1@&? é i %12/@09 TA SERLETI ON
OF THE | NVENTI ON [ 0026 Butiﬂé rubtggr[apﬁoﬁﬁynerts a‘?‘gﬁa‘gdng‘%%%%%%bﬂom at
| east one isoolefin nononer, at |east one nultiolefin nononmer and
optionally further copol ynerizable nononers. In one 5 enbodi nent, the butyl
rubber may conprise repeating units derived froman isononool efi n nononer
and a conjugated di ene nononer. In another enbodi nent, the butyl rubber may
conprise repeating units derived froman isononool efin nononmer and a
styreni ¢ nonomer. In yet another enbodiment, the butyl rubber nay conprise

o, - o - Y o o o



i sononool efin is isobutene (isobutylene). [0028] Simlarly, the butyl
rubber is not limted to a specific nultiolefin. Miltiolefins

copol ynmerwoabi2iseiosh t he i sool efins, as known to one skiPClrah2bre/oobussart ,
can be used in the practice of the present invention. Miltiolefin nononers
conprising conjugated aliphatic 20 dieneg_are preferred. Exanples of such
mul tiol efins include, for exanple, those having in the range of from4-14
carbon atons referably fromb5 to car bon at - E aml | e
il 11 ol of nn. PREPEAE Bebrishl el L' 1 B RahS e AR aftfn Lendicl 28

2, 4- di net hy| hepadésgned toqredies ydivaaeemissioret hyl - 1, 3- pent adi ene, 2, 4- hexadi ene,
2- neopent yl but adi ene, 2-nethly-1,5- hexadi ene, 2,5-dinethly-2,4-hexadi ene,
2-met hyl - 1, 4- pent adi ene, 2-net hyl -1, 6- hept adi ene, 25cycl opent adi ene,

met hyl cycl opent adi ene, cycl ohexadi ene, 1-vinyl-cycl ohexadi ene and m xt ures
t hereof. A pseMMARY oW HHOIEFERTRPNPr i ses i soprene. [0029] The butyl
rubber useful in the present invention may include a co-nononer other than
the aboye refigi@negd L Ql&loh S diSUGT 1 AE ke K AUl SMbe ot Qe
aromatic co-(rmn nmer, pnltélr:]%x“ i ng but lnot f?m@%& to aa%l -Cl alﬁiy? 0substci tuted
styrene. Speaginfactofex amhbkresuinf hswghfrao-grE@r niondmet’s to A8 wadbeubben witxeangt e,
a-nmet hyl styrene, p-nethyl styrene,. chlorostyrene, cyclopentadi ene .and

met hyl Gy cl opEIRESHA G BOehreo s R (o OF AL O MESRRE” RO CIBT, 1 the
butyl rubber ¢RR ¥ BitightB¥hd Rl Rociftd w%@&%u%entréﬂﬁﬁ%ﬁﬂﬂ% MERES TAE new

i sobutyl ene, isoprene and para-nethylstryene. - 6 - [00 A preferred
butyl rubber preesst isplosedt hareim aflowys Hireph|mixing roffagr afypaps gubles srryOWith aneingg
nore pigfera I . | 9 5“3?0 nef.6s 1.5 | /0,
still Er(gr e p?%‘%%?%%ﬁ %%gé{w gué‘%lslggf.{ %‘e%r%}rbo o} &rtggga (ﬁgllbﬁer{iac{erggn‘ég?]?u\}%n& fﬁrﬁgm at
| east one mukvtteolagdiinthesepaneted foMQAB partiatie distdiesdlrutibet camebbrmd thescemhert pae f r om

the nonomer mxture, |t is provided to a 5 finishing process as rubber
crunb in an ﬁ(fﬁ’&grﬁrsf“g}‘ifrﬂr%egsl’% 0 'ﬂérp“’%&ir r%\?@ﬁf“%x@é%?%“%ﬁegé‘? Y Bt

solvent, rat el ptdiad SBRREALINGndRE hbRRE! GELTDokipRtBdt freatRES Mone thiging! UT T'Y
is instead vigorously mxed with a non-hal ogenated organic solvent, in
order to di sewmber anet leasbererseingehaniber.t He twomining chabeys ina sexiessepliguatioon
process: t hen s place where the aqueous and..organi hases .are all owed
o sept at e TIoBorE RSEHEES SphE BHEF Khefy MLy BPe a5, B Sulief

i nt er medi at efdnatih, wisioHREilit®Rs bk pusasephdgon. r ag | ayer”, can form bet ween
the phases. It is inportant to disrupt this layer in order to prevent

pl uggi ng and{ooont ABdoRAtd @NonefasfdOViTshd SEThEHUNRSTE Rere it Bfovilled b PrtdeQoPfhe t NeE

| ayer is desirably done in a gentle nmanner in order to prevent

erul si fi cat i emtigfous ipeodypiinsee balogennted) butdr fubless, thatriredssspeasiponigs: ednéintousiy
period requi for te,separation, to take.place.,. 15.0032] |In one
brbodt ment . Hoas e B RS RALREE wb BT P RS prRi R s g
recycl2thg a got o8 moh-hhlbgenaed androcapidaslvemito fofe aSRPparadber cenlie inwint of
recycle is desirably kept small, as recycle decreases the overall residence
time t hr oughPiepfeSeRapiEate Watsh Fom fas whier sepent inrlgser sprarata, thprsbys BFRINGAN on
process. In gfdgte M HelhegfarbGnBTRISK Rz AOLMUBEE cehiRhtUth Rtk d geyc! ed
it is desirable teha%rt he er e%ag%l ednéol vg%lnta t?e ipnt rodctfce% di re(?%%&??\t%gt he
i nt er medi at ehadg@epapatbutyd rgpbert | y di srupt it and thereby prevent plugging of
downst ream equi pnent. [0033] In one enbodinent, the ratio of recycled

or gani ¢ sol v@at2]t Acdootirgd toranbther aspenehthe eresdnt fryeitive, hapay pbdded s dppaatut han
20% preferaply less than 15% re preferably |l ess than 10% by volume. In
anot he%seenbogf%ﬁﬁfo,duftwg 0? ﬁ%&?@%%ﬁf"éﬁqné P EX’H"EE‘H Sbﬁ'Whthﬁc FOMPRE of
from0.001 teu{). ObbeWid.a Hcfrﬁfaﬂ%&ﬁkeﬁ drgAm okt bR Qu@ff_c%{misir{goﬁﬁylprruﬁlg@ rigbly
fromO0.015 to 0.03 W1. 25[0034] The residence tinme in the mXxing zone is
from 3 to 1202 Mtapparajyp eprapripiioy a fclosash dissplying Gowr senfigused fop raseiping thertabll y
from5 to 30,8 1 %] ' 1 ofl & ! | .t he

m Xi ng terrperru até?ugfélﬁgﬁ?ia@%oﬂmg?afggen%{g Vgﬁ?{ﬁ;ys%?gegggﬁe d%%g%g 6@%5@5%&5?%%%&%
conduct ed at meape fiort aginueigathel slerrp and) theab®entf thabutyb aibbéredigel i Us ¢he sblvento Xi ng
and s rati pn steps be conducted at djfferent tenperatures. The
process is S@W 2‘}"3&‘&6?@%&%&& BVt %{‘%t B e SERATRICFone g‘?ﬁ’ﬁo%ﬁx glassnico
preferably f®oakedfidgO0f® te sepRA1Sr ﬁﬁ@fa@ﬁi@gh% HaE@%%QdJnQ)f 3 vhy1 Ribbdrlcei Dt €
preferably from50 to 70 C. WO 2012/15919 %CT/ 012/ 000485 - 7 - [0036]
The process ey tsewaion b &radtian ofaarbrieniaypr estéalle spabel awrtofrorahosementntbyeent
pressure. At : r res. nentioned above.the pressure na Lse t

val ues wel | aact%ggﬁg |a§§§a¥ﬁrr 3“5 SR BluOnf gor{"ﬁleswgtaysblg%%@la@y E‘ngB&aéhWbB?tR
[0037] In order to provide an econonm c throughput while still achieving
efficient separation, 5 it is desirable that the incom ng aqueous rubber
slurry conprises fromgreater than 5% up to 20% by wei ght of butyl rubber
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group consi sting of n-pentane, isopentane, cyclopentane,

2, 2-di met hyl but ane, 2, 3- di net hyl but ane, 2-net hyl pentane, 3-nethyl pentane,
n- hexane,woebtwyilsewsl opent ane, 2,2, 3- 25 tri met hyl but ane pCmxiaapt2znoetss

2- met hyl hexane, 3-nethyl hexane, 2, 2- dlnethylpentane 2, 3- di net hyl pent ane,
2, 4- di net hyl pent ane, 3, 3- dlnethylpentané 3-et hyl pentane and 2, 2-

di met hyl pentane or m xtures thereof [0040] Once the butyl rubber cenent is
formed, t headduliaying rat hlaﬁrt\vmytlénevmdajles;taecﬂ apartaayteaﬁistgmaauffmienmcqamely' n
order to forma halo EF@ but rubber which is herein also referred 30
to as hal obtft ft?ﬁﬂﬁﬁ aye ﬁ@ﬁﬁ YiY8r chlorination can be perforned
according to the process known by those skilled in the art, for exanple,

t he procedures described in Rubber Technol ogy, 3rd Ed., Edi t ed by Mauri ce
Morton, Kl uwer Acaden c Publishers 297 - 300 and further documents

ci ted t her eBRIELRDESCRIPEIQN |OF FHE, %X&W@Sher ein by reference. - 8 -
[0041] In one enbodiment, a hal ogenated butyl rubber includes hal ogenat ed
butyl ¥ ubbeEOOthifhfng@@@uwsﬂl romebedipgribaddy vap ahreferenceril thadrivsiags @W@lChSuch

hal ogenat ed butyl rubber is commercially available for exanple from LANXESS
Deut schl and[0Gi#jHF g $ ollldstuted ethe tdifectnafireniBB2EBOIN tiBE 094 24meTHwatapphasat us
used in carrying out .the,r bg r cene t make up process is an encl osed

hori zont al vesseWp@BWBwpggﬁ’ SGQF“Fﬁﬁét one m xi ng zone (or dissolving
zone) and a Ieast one arator zone (or settling zone) designed to carry
out the cent¥f>hklerreup @hﬁ@@% e qfiseia%] slry Smperebid .Oﬁeﬁtlmewétc ot i85 Br6Yi ded
an apparatus forgf gmgﬁpductlon of a butyl rubber cenment froma butyl
rubber slurry, the cement conpri sing butyI rubber in a non-hal ogenated 10
organjg sol Z(%” %%gx YhlsHaEO IR defabNGE B Bé(' cn!trglp?{% onselRoClate fNGy BRRAT AL US
conpri sing clos I ssol'ving zone con gure recei ving the butyl
rubber slurry anekpgeti@emgn- hal ogenat ed organi ¢ sol vent, the dissolving zone
conprising mxing nmeans for agitating the slurry and the solvent, the butyl
rubber di ss@dov?ingigue 4 NEsBdsviROLTEco of odldiuh RRaftet el balbhigihg eaenankb ibBickat er ;
and, a closed separator zone horizontally adjacent to the dissolving zone,
the 15 separ at or 68K Hci | it ati ng phase separation of the butyl rubber
cement fromthe water by formation of a water |ayer vertically spaced apart
froma cemeHio! 8]a§@idreaér ggragn thatededtaefesdlwpietypet dre sadiparraefte iz dpte batch
conpriging a subﬁ§gg ally horizontal flow path and having at |east two
outlets vertical pacéd apart by a dlstance sufficient to separately

col | ect the nd th enent er

cpparat us 1 BT RE Feb DBt o SRR A 58 s Rn@l Fp e IO REPFRERIY ace

| ayer to agltateﬁﬂmdudlsrupt the interface layer. |In another enbodinent,
the m xing means conprises a fluid conduit for introducing rubber cenent
into the i n{@&f)}aF%mlea’y @[ustre[t&oéﬂontl 'I/Ie\kf S dfsthr Q‘Ms@i ﬁd?ﬁ@mt&l%pg'ht%§ @orViuBikr and
separating steps take place in a closed vessel in order to reduce the total
amount of sol venteneant Synasies; from the process. It is further desirable 25
that both steps take place in a common vessel to reduce piping in between
vessel8, whilall Aigutechdlustontds hefldvaharatiivstratiof ttstdatifrefeetnrts 9f e r®sddiatizontal
negatlvely i npact _se tlln% eff|C|e§d§ The vessel may be divided into a

m xi ng zone and &4 ‘ﬁgdt BhsheemephiemAiBs are preferably separated from one

anot her hﬂ%gbg ssg tructure that restricts or prevents

uncont roI | e ’&‘th B ‘F?"u‘f"ég BBt G988 In 8ol hess anHsePeri#ensi ons of
the m xing zone nay be different fromthose of the separator zone. The

m xi ng zone!H&g! Righe 18 iy p¢igpelving Yive fAPYySREPar éf batlheyerr and depentaseis epar at or
zone. The m xing zone is preferably laterally adjacent to the separator
zone. The flU92H Bigtreetls ilpstratepeths apbhentnd wates carieitrintshs rupber ¢eent spmpjsaced

ggi;}f%ggggggglg%%%?%é8@%§g§ﬂbégﬁgg§g§#$%b%hgﬂé%%gtmﬁgh | ower fractions

w thin the glar rawn S fro ot her e fluid
outlets ar eﬁ)g)rgg 1rga]he ‘t"t)sg%‘ E: ?xagﬁtwg%B %}eew %‘hda’?ﬁ estcﬁgecéegﬂﬁt’%ﬁ%? P‘POF om t he
m Xi ng zone. Thl&apnamntes a nore even residence tinme distribution and
reduces the propensity for fluid short circuiting wthin the reactor.
5[0046] Flow through the m xi ng and separator zones is preferably
horizontal. This is provided in order to inprove the degree of separation
that takes place and to better control residence tinme of the agueous and
organi ¢ phases. By flow ng horizontally, a desired flow rate can be
extracted fromeach of the upper and | ower fractions of the separator to
control the residence tinme of each fraction, preferably in order to

mai ntain a constant residence tinme from 10 each fraction. Vertical flow
patterns pronDte n1X|ng betmeen the “upper and Iomer fractlons and nake it

.



[0050] Figure 8 is a flowhart of an enclosed horizontal vessel 080 in the
rubber cenent makeup process. Rubbery slurry and sol vent were introduced in
t he vessewoant/isa®s t hrough the two m xi ng chanbers 090 PamaAROR/000485
respectively, before entering the settling chanber 110 of the vessel. The
wat er phase is treated to renove entrained solvents and recycled as process
30 water through outlet 120. The rubber |ayer is passed through outlet 130
for downstream processing. The vessel is operated in a flooded condition.
The connection to the downstream process is as short and direct as possible
(hori zont al |1 ght N he._ | t into the mxing zone is
fromthe si d@%@#ﬂﬁyﬂﬁ(‘éﬁﬂgﬁoﬁbﬁ%ﬁﬁ n{%ﬁ@ﬂéﬁhe size of the mxing or

di ssolving z % is determ ned according to the necessary residence tinme. In
one embodi rreﬁPB, 6k ﬁétyiﬁ’gé?rfﬂo&‘/"ﬁ&/\?é? gy derived from of lgnst qgic gsoglefigympmomer, at
preferably T e ohe Zniifldhin mbEB and BEridihiBS R-hbNEhpgOREHIBY HMHIRESS it OF
nore m xi ng chanbers that are equi pped wth a nmul'tr-stage m xer, for

exanpl e a t wembadinggat, \thes bl bV rEaywiotriprise paating emitsoferigS0forman dxenhogookefiade
angl e of 530 nd .t or_nore f.lat baffles. The ition of the stages is
sel ect ed sucﬁmﬁ%n%{ ang & GOREUHHEnC JPOIla Fnf %It‘iop’ﬁ? g’“%‘idﬂ’ée“gtﬂ%?glé‘gy srf@i?r' Yt he
wat er phase. coblyiriBe fepelitifig EnitstierivddiiRhi AaashdnodlefinahéMinkeOdhd fstyenil dtlome MUl Si ON
(locally incorrect phase ratio), when the agitators restart. The inlet

position is ¥figeHer gmpodinik he bRyl S1hBIT e PRIATIS? MepeptEngauits rerieeh frmR @i xi ng
of the shurryoalfholeff mdRbn&M coh gét&f:&éﬂm%ﬂmm\?@?éﬁi ofigitd, Y combini ng

the two in a T-shaped section of “piping, optlona Including static m xing
el emenis. Fo e 1ft-u i.tator .at .the end of the separator Ccross- bar
agi t at E)(? Wi tf]oogﬂbidééd{e)&%ln%foggol? n?tglémlge%(r’rﬁlsgec i feodvite y’S%"ieff?s @%IEIE‘)S’ 23P oduce
an upward di thestdfakillai thelatiare Theterbiged by Ge pRY&E inkéndibh incRkdih@ sosl¥@RBhAng@bout
0.1 kwnB. [Q052] I n one, enbodi nent, the separator zone conprises a series

of overfl ow HRF*YRRIEY f"‘li%W_ e r3ngf o8 fiom LS carBor gt e [b ose pipeimank of fhew
path and a h&@&ﬂ?@ﬁ}éﬁiorn,e%_ogﬁf{'&ﬁeﬁ% rﬁ%vﬂ% did AUl 9ncarbpﬁea&?%mmex{;mé’&%9h
the separator is substantially horizontal overall. e weirs are tor

exanpl e desi Grreplasooffismmneclefes tfamgpe | imthechtesamahyeniion inblndshistHuenaeamnetigvin f | ow

vel oci is tween 0. d 0.5 referably 0.4 ms at maxi pum_ fl qw
rate. 3I%i s eﬁ‘gﬁnree%'"fe&‘é{%l '?ﬂ%“edlz'érﬁg{y E%B&S egg"ﬁ?e?‘y% FREEERH0S 2 i ‘&/ilfj’fqﬁe"e
reference t oisbhenosREih Is@fobwahd (isoBi@enel.nough the 20 di spersed organi c phase
w Il nove upwards relatively to the continuous water phase due to buoyant
force. In onmoggbomtiiEmt the g $&Het & nbiSlfidiClll Atsdidombay I of
from1l.5 to E)%ﬂbpr'elf ejrna_bfy élf from 2.r15 tlo 4.0 mgér'%ld anlacﬁrgeq}élgﬁ%@%g

| ength of freaprl3medzadly with fhe dfoelefity, ys shovir onang skifed & e aftDEG3Re ksad dntae

enmbodi nent , .M X chanbers. .ar igned to provide a nean residence 25
time of 14 rﬁg Jr%ﬁicgs&i tﬁgebéecsﬁn cRERET %&ﬁ&gﬂ}ﬁﬂ?f‘%ﬂ iCAPIAngs aqniented) "’?‘PlhaGFder
to di s3dl ve dibes aterjréfemedd ic ey AfsudhibBIgslefts iiRilude Ofop BRAHAL 18R Halinhifl@E to

ensure a sufficient phase separation performance. There nmay be two or nore
mi xi ng chanb®r&e phired 4-&& cabpn giomsepsisarbiefiom 1 ke L& lcaber atosy. ofxamples wfxi ng
chanmber s andgf SERA r; . vat | | aorder. t e.able to
operate the ial;gglg? at us 1%96%21% ggsr?g{éﬁ%lsoﬁggggé’ te2 ﬁrg%ﬁ)?ﬂléédﬁ%ng’e%ggwe@wg) uedEtha
chanmber 30br gpksligovimethpl- 1 hpentaikse, 2idiexsdaon@-moxénnghtlianbe n-wakyhs- used
as an extensli‘eon.of tiﬁ segﬁ‘rflé%r. This ise(.}@fficul t to do if the top of the
chanber s ar e Aot St THEMERNe2-dediErs n2-melpy birpontadiento SprstitAgvherldisess 85
Exanpl 2% [ 0084 opdrinaichE, ef@ilcytIByARbA) cfBkhRRicAE TARSA-bAl @ Mehdadiliglg0Ce tO
the follow ng non-limting exanples. 5[0055] First, laboratory batch

experi nent sPratled Rigfeaedapltiplalin enmprisesiisegreas.cl osed gl ass reactor appar at us
to simulate plant conditions. Several pertinent data of the cenent
properties wWEPElobtediupésubbercieihia thexpeeitimvstteonamy iareleragpondnenertugieeihan

[ 0056] Subs rial re conducte t. the LANXESS. Rubber pl ant
using a 50Le‘gg?§%€ gg&%gcsege lﬂ‘%é‘s’e&’f IR a%?{ gﬁ??ﬁ%‘b}e‘fﬁlgﬁbaé%m@wfc&m‘f“ﬂ@ desi gn
of the produetlidmg heabelimiedas a CLAStkyl Qbs@PPak@ieHs . STRmicdRahIs dHsudth®-

m xer-gettler is given in the report for a maximumtotal inlet volunme flow

of 3008/ h, MMRMER d¥lides don dxample.1 -methylodtyrenp b @rmethl nisgrend, 0EPstyxe®920L
pi l ot pl ant i it at m xing chaphers and one settling
chanber was %glﬁé%}a\g%tﬁ i%dt%t%%%eﬁ?%gkgegﬂaﬁ eﬁllrkl)%ngrrnerggn Mield valentwn’ fhe
condi tions. Egdmgiber folymdratmyriatlatey fobatamiple xpesrh el EnekS Bt sty R aEdpraat S
were carried ﬁUt usi}p}@ggg cl osed gl ass reactor apparatus to sinulate plant
conditions. *fHEYRAN% F¥bl es that were investigated for their influences
on the cement nake up process are: agitation tine; tenperature (23C, 40C
and 65C); butyl rubber grades (LANXESS chl orobutyl CB1240 and bronobutyl
BB2030, BB2040 and BBX2 base rubbers) rubber particle size (large crunb

_____ ~ N AN N o - ~ O~ o~ - NN e 1



[ 0059] The follow ng steps were followed in dissolving and phase separation
experinments: 101. set up a closed gl ass apparatus equi pped with a 4L
cylindriocab2weastos fl ask, a three- necked reactor headpca/caabevooesss! ed
condenser, an overhead agitator; 2. heat up the water with steamto 75-80C
and transfer the required amount to thebreactor flask (this step i s not
required if the experinment is to be carried out at roomtenperature);

3. neasure [0h20]h4ipgéferradf buti eubket emtamsatndegtt omele préferabinreleastidnisgeds. | evel
and record 15te rafure; 4. i out the r i.red t er and

t ransf er ithrﬁt%Eﬁ?g{yf f’tageﬁs? %&eﬂéd’sdﬁtemf)ﬁeprﬁ%?aéht gto%ea h%gv\qg g’l’ Sﬂl gﬂrﬁ?%ottom
to the wat eprefdRiBiySe W4ast R @Ed % eepe /B hulitst deriRafihilt égast one multiolefifi moassenbl e
the top and ensure the whol e apparatus is well enclosed with no | eaks with
col d 20wat efoo HNOhATtht HuBY Hbteh® FRNLEASAN the Mmonbrkrmikturd, NE isaffbtiaddofo and set
to 600 rpm 8. ‘ensure that the tenperature of the rubber water slurry in
the flask r Beighiess probess e shbled crdpér at @AEors HsY stlapordes tadreverlgticssede i f t he
experinment is.to be carried oyt at : d
ronst or tnETRYAPLarBa Ebpt Sk sk ST H TREL Rhltbrtlon BaUa RSN AT ).
10. start tinelesd eipctoadly ailketineithr ailbbehalsdetitedy orgmiid esivent,an ader a¢ disfadve the

desired tinme period;. 11. stop agitation and meawr'e %}gﬂhei ht, of the water
and the rubBPercamnp thasavert: Apavity seraipn BgFess ten R RICE PEFe e 4aPe%he hour

to ensure C%&W&@Lxﬁc ha%@é)gﬂéteiﬂg@g@{o ge'ﬂ@ra(eyfp(p@roné QnJi’%@.r qg@ﬁi@%ﬁivi Qa;;ﬁrati@n!’Ubber
cenent sanple 1S then taken using a syringe for viscosity, rubber solid and

wat er 1@ont eptogess, WD BGARIEEORISPONCOAZORRM GO485 188 layef o pan\Vioge Getivesn the

Measur ement 0060] Vi sgcosi neasur nts [ r .
Br ookf i el dTRAES: 6‘)%"!“?0%“ o 18R }s}}cfsoiﬁwyaetrérlrorlgegr‘%%prlg ﬂ%ngplﬁ%gﬁggﬁﬁgﬁ%ﬂgﬁoﬁﬁgm was
cal i brated usimgedt aplfnieal dTES andgiod oFithd laynes Gislrablptiont(A gellle MedAG icP, and

12,500 cP and at 25C The Small Sanpl e Adaﬁlteer and spindle SC4-18 were used
for all visewsi oyprersaisamrsitsation of g pisses @b He derfage: yrchapiolongs s eoPRISHt

Measur ement g, }Qed[fgpa@%ua;l;@g SRIRY i QRErties such as rubber concentration
of wer rrea%urgg

and water content using the | aboratory procedures as follows.

[ 0062] < Pl ac ty centrifuge. tube, i . - i i e
hood 1 11 (0082 B epEE bl TGyl 3o Brdreuifc R PURKLE Boefidint ¥
Centrifuge bhtiotefwnérghis phkbe iionkd @paratbr. e appliraxf reagold iy dds@0ily kgpmsmiRgnove
the sanple fromthe centrjfuge and record the vol une of%ﬁager (bot.tqm

| ayer) and PhECYSt Sierpess (e ErE xevisnce s hroupl) theseparater nddhgrobymesadyely nge

wi th about %nmcF%e Eé@@raﬁ'&p cREXANErdbAY Ghinim¥! 10 2Bt SY SINGIE redtiicbdth Be CEMENt
to three decimal places. Record the weight. Weigh a dry alumniumtare to

t hree deci medcyqiédait ésdesRedothdt thh ecopgdedybrtivenPog infoducgl ditectdy inththe injpyinediate
sol uti,gn fromt he ringe.in the tare, Vi the enpty. 20 syringe to
threeb@eci ng erﬁ?ﬁ%’i .dlsﬁg)ggFﬁétﬁﬁgbyv%?vﬁﬂ&p.lucﬁ%%? fiow ntStzS?agp WXP “Uement in it on

the hotpl ate i he funehood and |eave until dry. Once dry, place the tare
in the desi i@éﬁoﬁ“ Ef}‘ftefnlbogﬁ‘f)‘?te_ © rag ﬁ°>t°?"i= CtEaPE S%Yfiﬁ’%m_ttﬂtél rP%b%imePbexfthee
deci mal pl a%ssq[)zﬁ‘)@tspfs%sg RfanWeh g Bleferfod) G B 0395, QB Phefdfalily 10PhET 1@% biyoom
tenperature is taken to be 1g/ Density of hexane+rubber solution is

cal cul at ed felome. & amdthes emodghenh dheainermprditdayer (OmBeR B 2 SoveORPUt 0OrGB0

Total volu S hexanetwa ' B=Vo| 0 ter.l WO
2012/ 15919@8@? &@%ﬁb&ﬁ%@%&ﬁ%bﬂ L4f W”nbf“%’i" PR el b Qo?ﬁtw {equal s
[A- B s D=vei gty Ghe S IB RN Fe GETE bone & ke I 18 TR e ) BLUTR 21 €

60 minutes, more preferably from 5 to 30 minutes. The mixing time may be influenced by at

least the mixing temperature and choice of solvent.

[0035] The process may be conducted at room temperature or greater than room temperature.
The mixing and separation steps may be conducted at different temperatures. The process is

30 preferably conducted at a temperature of from 20 to 85 °C, preferably from 25 to 75 °C, more
preferably from 30 to 70 °C, still more preferably from 50 to 70 °C.



F=wei ght of syringe after transferring the cenent to the tare. G=wei ght of
alumniumtare plus dried rubber. S=solids result. Solids(w/ w) - G- E
%at er (w wowp12/1s408 B+C*d %ot al Sol i ds = (100 - %Mt er) * PETRAIW2/80488063]
The | ab batch experinents were designed to investigate key paraneters
effecting the 15 dissolving and phase separation processes during cement
make up. The following tables list the controlled experinents perforned to

i nvesti gate araneters fqr dji ssolving and,phase separati.on

o ocessaa: riftBal The BRFETER bt & BRpEn Pibs G SBER oL AR A BlebiPesgs at § on
time on phasetsgepemptiafies Exdtiontd 28bxeiht pRagee RdPRBE (CoARRt weldbote 6Mbi¥t
Initial Slurry Tenp (C) Initial Agitation Tinme 1 Hexane LANXESS CB1240 22

70 30 Second§Tessupius pdhqnAxpigadsbedpy 2M0P22 70 1 M nut es 3 Hexane LANXESS

CB1240 22 70 3 Mnutes 4 )
[0037] In order to provide an economic throughput while still achieving efficient separation,

5 it is desirable that the incoming aqueous rubber slurry comprises from greater than 5% up to
20% by weight of butyl rubber in water. Preferably, the rubber slurry concentration
comprises from 6% to 12% by weight of butyl rubber in water. The rubber cement exiting the
separator preferably comprises from greater than 5% up to 30% by weight of butyl rubber.
Preferably, the rubber cement comprises from 18% to 22% by weight of butyl rubber.

10 [0038] In one embodiment, the non-halogenated organic solvent is preferably selected from
the group consisting of non-halogenated aliphatic hydrocarbons. In a preferred embodiment of
the invention the non-halogenated organic solvent comprises at least 80 wt.-% of one or more
non-halogenated aliphatic hydrocarbons having a boiling point in the range of 25°C to 100°C
at a pressure of 1013 hPa, preferably at least 90 wt.-%, even more preferably at least 95 wt.-

15 % and yet even more preferably at least 99 wt.-% the remainder being other non-halogenated
hydrocarbons. Non-halogenated aliphatic hydrocarbons having a boiling point in the range of
25°C to 100°C at a pressure of 1013 hPa include n-pentane, isopentane, cyclopentane, 2,2-
dimethylbutane,  2,3-dimethylbutane, 2-methylpentane, 3-methylpentane, n-hexane,
methylcyclopentane, 2,2,3-trimethylbutane, n-heptane, 2-methylhexane, 3-methythexane, 2,2-

20 dimethylpentane, 2,3-dimethylpentane, 2,4-diﬁ1ethylpentane, 3,3-dimethylpentane, 3-
ethylpentane and 2,2-dimethylpentane.

[0039] In another embodiment, the non-halogenated organic solvent is selected from the
group consisting of n-pentane, Iisopentane, cyclopentane, 2,2-dimethylbutane, 2,3-
dimethylbutane, 2-methylpentane, 3-methylpentane, n-hexane, methylcyclopentane, 2,2,3-
25 trimethylbutane, n-heptane, 2-methylhexane, 3-methylhexane, 2,2-dimethylpentane, 2,3-
dimethylpentane, 2,4-dimethylpentane, 3,3-dimethylpentane, 3-ethylpentane and 2,2-

dimethylpentane or mixtures thereof.

[0040] Once the butyl rubber cement is formed, the butyl rubber may be subjected to a
halogenation process in order to form a halogenated butyl rubber which is herein also referred
30 to as halobutyl rubber. Bromination or chlorination can be performed according to the
process known by those skilled in the art, for example, the procedures described in Rubber
Technology, 3rd Ed., Edited by Maurice Morton, Kluwer Academic Publishers, pp. 297 - 300

and further documents cited therein, which are all incorporated herein by reference.



Hexane LANXESS CB 1240 22 70 5 M nutes 5 Hexane LANXESS CB1240 22 70 7

M nutes 6 Hexane LANXESS CB1240 22 70 9 M nutes 7 Hexane LANXESS CB 1240 22
70 11 M nwoes128issane LANXESS CB1240 22 70 15 M nutes ®CHEa2ne2/00fSXESS
CB1240 22 70 20 M nutes WO 2012/ 159198PCT/ CA2012/000485 - 15 - Table 2:
Control |l ed experinents to investigatei?ﬁiia] slurry tenperature on phase

separati on
[0041] In one embodiment, a halogenated butyl rubber includes a halogenated butyl rubber

having isobutylene and less than 2.2 mol % isoprene. Such halogenated butyl rubber is
commercially available for example from LANXESS Deutschland GmbH and sold under the
name BB2030™,

5 [0042] The apparatus used in carrying out the rubber cement make up process is an enclosed
horizontal vessel comprised of at least one mixing zone (or dissolving zone) and at least one

separator zone (or settling zone) designed to carry out the cement make up process.

[0043] In an embodiment there is provided an apparatus for the production of a butyl rubber
cement from a butyl rubber slurry, the cement comprising butyl rubber in a non-halogenated
10 organic solvent and slurry comprising butyl rubber in water, the apparatué comprising a
closed dissolving zone configured for receiving the butyl rubber slurry and the non-
halogenated organic solvent, the dissolving zone comprising mixing means for agitating the
slurry and the solvent, the butyl rubber dissolving in the solvent to form the butyl rubber
cement in water; and, a closed separator zone horizontally adjacent to the dissolving zone, the
15 separator zone facilitating phase separation of the butyl rubber cement from the water by
formation of a water layer vertically spaced apart from a cement layer across an interface
layer, the separator zone comprising a substantially horizontal flow path and having at least
two outlets vertically spaced apart by a distance sufficient to separately collect the water layer
and the cement layer. In another embodiment, the apparatus further comprises mixing means
20 extending into the interface layer to agitate and disrupt the interface layer. In another
embodiment, the mixing means comprises a fluid conduit for introducing rubber cement into

the interface layer.

[0044] It is desirable that the dissolving and separating steps take place in a closed vessel in
order to reduce the total amount of solvent emissions from the process. It is further desirable
25 that both steps take place in a common vessel to reduce piping in between vessels, which can
lead to the formation of stable emulsions that negatively impact settling efficiency. The vessel
may be divided into a mixing zone and separator zone. The zones are preferably separated
from one another by internal vessel structure that restricts or prevents uncontrolled movement

of fluid between zones.

30 [0045] The dimensions of the mixing zone may be different from those of the separator zone.
The mixing zone may have a larger width and shorter length than the separator zone. The
mixing zone is preferably laterally adjacent to the separator zone. The fluid outlets of the

separator are desirably vertically spaced apart from one another by a distance sufficient to



Expt # Sol vent Base Rubber Cenent Solid (W% Initial Slurry Temp (C) 10
Hexane LANXESS C81240 22 70 11 Hexane LANXESS CB1240 22 65 12 Hexane
LANXESS GB02412/1321940 13 Hexane LANXESS CB1240 22 23 Talplce/cx2002mo0436! | ed
experinments to investigate rubber crunb particle size on phase separation
Expt # Sol vent Base Rubber Cerment Solid_gw% Initial Slurry Tenmp (C
Rubber Crunb Particle Size 14

permit the upper and lower fractions within the separator to be withdrawn separately from one
another. The fluid outlets are preferably located at an opposite end of the separator from the
mixing zone. This promotes a more even residence time distribution and reduces the

propensity for fluid short circuiting within the reactor.

5 [0046] Flow through the mixing and separator zones is preferably horizontal. This is
provided in order to improve the degree of separation that takes place and to better control
residence time of the aqueous and organic phases. By flowing horizontally, a desired flow rate
can be extracted from each of the upper and lower fractions of the separator to control the
residence time of each fraction, preferably in order to maintain a constant residence time from

10 each fraction. Vertical flow patterns promote mixing between the upper and lower fractions
and make it difficult to match the residence times of the fractions in order to maintain a
homogeneous residence time distribution within the separator. Horizontal flow patterns
therefore generally promote better overall separation between the upper and lower fractions. In
addition, a vertical separator genecrally has a smaller interface area for phase separation

15 compared to a horizontal vessel and a vertical separator is prone to matting and plugging due

to rubber accumulation at the interface, especially without agitation of the interface layer.

{0047] Figure 6 illustrates the schematic drawing of an enclosed horizontal vessel 010
comprised of a mixing chamber or mixing zone 020, which is a continuous stirred tank

reactor, and a settling chamber or separator zone 030.

20 [0048] Figure 7 illustrates the schematic drawing of another enclosed horizontal vessel 040

comprised of two mixing chambers 050 and 060 respectively, and a settling chamber 070.

[0049] As shown in the below experiments, the phase separation rate is dependent on mixing
time and amount of dissolved rubbers in the mixture. Therefore, it is concluded that two or
more continuous stirred tank reactors (CSTR) in series provide more homogenous mixing,

25 which enables better separation.

[0050] Figure 8 is a flowchart of an enclosed horizontal vessel 080 in the rubber cement
makeup process. Rubbery slurry and solvent were introduced in the vessel and pass through
the two mixing chambers 090 and 100 respectively, before entering the settling chamber 110
of the vessel. The water phase is treated to remove entrained solvents and recycled as process
30 water through outlet 120, The rubber layer is passed through outlet 130 for downstream
processing.  The vessel is operated in a flooded condition. The connection to the downstream
process is as short and direct as possible (horizontal or slight downhill slope). The inlet into

the mixing zone is from the side near to the top.



Hexane LANXESS CB1240 22 65 6 -19.9 mm 15 Hexane LANXESS CB1240 22 65 0.5 -

3.5 mm 5Table 4: Controlled experinents to investigate cal cium stearate

cont ent omophesEsI®eparati on Expt # Sol vent Base Rubber @emerm20R8amioo4ss(w %

Initial Slurry Tenp (C) Calcium Stearate Level 16 Hexane LANXESS CB1240 22

65 1 wt % 17 Hexane LANXESS CB1240 22 6593 wt% Table 5: Controlled

experinments to investigate cenent solid on phase separation Expt # Sol vent
[0051] The size of the mixing or dissolving zone is determined according to the necessary

residence time. In one embodiment, the specific power input is from 1.0 to 2.0 kW/m?,
preferably from 1.2 to 1.5 kW/m®. The dissolving zone may comprise two or more mixing
chambers that are equipped with a multi-stage mixer, for example a two stage Viscoprop™

3 with a diameter of 2500 mm and a blade angle of 53°, and two or more flat baffles. The
position of the stages is selected such that, in the event of mixer failure, the stages stay in the

water phase. This reduces the likelihood for formation of a stable emulsion (locally incorrect

phase ratio), when the agitators restart. The inlet position is chosen to reduce fluid short-
circuiting to a minimum. Premixing of the slurry and the solvent is recommended, for example

10 by combining the two in a T-shaped section of piping, optionally including static mixing
elements. For the lift-up agitator at the end of the separator, a cross-bar agitator with a blade

angle of for example 45 degree may be used to produce an upward direction of flow. The

specific power input is for example about 0.1 kW/m?.

[0052] In one embodiment, the separator zone comprises a series of overflow and underflow
15 weirs in order to create a serpentine flow path and a homogenous residence time distribution.
The flow path through the separator is substantially horizontal overall. The weirs are for
example designed to form a rectangular channel, in which the mean down flow velocity is
between 0.1 and 0.5 m/s, preferably 0.4 m/s at maximum flow rate. This ensures that the
dispersed organic phase moves down with reference to the settler wall, even though the
20 dispersed organic phase will move upwards relatively to the continuous water phase due to
buoyant force. In one embodiment, the settler is calculated to have a diameter of from 1.5t0 5
m, preferably of from 2.5 to 4.0 m and an active settling length of from 3 to 20 m, preferably

of from 8 to 15 m.

[0053] In one embodiment, the mixing chambers are designed to provide a mean residence
25 time of 14 minutes in each chamber. This mixing time is selected in order to dissolve the
minimum portion of rubber prior to separation in order to ensure a sufficient phase separation
performance. There may be two or more mixing chambers in series. In one embodiment, the
closed top of the mixing chambers and the separator have the same elevation in order to be
able to operate the apparatus in the abnormal case that the mixer of the second chamber
30 breaks down. In this case, the second mixing chamber can be used as an extension of the

separator. This is difficult to do if the top of the chambers are not at the same elevation.



Base Rubber Cenent Solid Initial Slurry Tenp (M% (O 18 Hexane LANXESS
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Examples

[0054] The present invention may be demonstrated with reference to the following non-

limiting examples.

5 [0055] First, laboratory batch experiment studies were carried out using a closed glass
reactor apparatus to simulate plant conditions. Several pertinent data of the cement properties

were obtained from the experiments and are reported herein.

[0056] Subsequent batch trials were conducted at the LANXESS Rubber plant using a 50L
agitated vessel. These trials provided the basis for the design of the production scale mixer-
10 settler apparatus. The design of the mixer-settler is given in the report for a maximum total

inlet volume flow of 300 m?/h, which corresponds to 16 t/h of rubber crumbs.

[0057] A 2920L pilot plant scale vessel with two agitated mixing chambers and one settling

chamber was constructed to verify the design under continuous flow conditions.
Example 1 — Laboratory batch experiments

15 Batch experiments were carried out using a closed glass reactor apparatus to simulate plant
conditions. The main variables that were investigated for their influences on the cement make
up process are: agitation time; temperature (23°C, 40°C and 65°C); butyl rubber grades
(LANXESS chlorobutyl CB1240 and bromobutyl BB2030, BB2040 and BBX2 base rubbers)
rubber particle size (large crumb size: 6.3-19.9 mm, small crumb size: 0.5-3.5 mm); calcium

20 stearate level (1% and 3%); and solvent type (hexanes, isohexane, isopentane, n-hexane).

Materials used in this study

[0058] Butyl rubber crumb (chlorobutyl CB1240 and bromobutyl BB2030, BB2040 &
BBX2 base rubber) was used as supplied by LANXESS Inc.

25 LANXESS bromobutyl BB2030 is a brominated isobutylene~isoprene copolymer with a
bromine content of 1.8 + 0.2 wt-% and a Mooney viscosity (ML 1+8 @ 125°C) of 32 £ 4.

LANXESS chiorobutyl CB1240 is chlorinated isobutylene-isoprene copolymer with a chlorine
content of 1.25 + 0.1 wt-% and a Mooney viscosity (ML 1+8 @ 125°C) of 38 £ 4.

LANXESS BB2040 s a brominated isobutylene-isoprene copolymer with a bromine content of
30 1.8 +£ 0.2 wt-% and a Mooney viscosity (ML 148 @ 125°C) of 39 = 4.
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LANXESS BBX2 s a brominated isobutylene-isoprene copolymer with a bromine content of
1.8 £0.2 wt-% and a Mooney viscosity (ML 1+8 @ 125°C) of 46 + 4.

The following solvents were used: hexane (distillation range 65 to 69°C) and isohexane
(distillation range 57 to 61°C) (from Imperial Oil); isopentane and n-pentane (from Sigma-

Aldrich). Distilled/deonized water was used for all experiments.

General procedure for dissolving and phase separation experiments

[0059] The following steps were followed in dissolving and phase separation experiments:

1. set up a closed glass apparatus equipped with a 4L cylindrical reactor flask, a three-
necked reactor head, a water-cooled condenser, an overhead agitator;

2. heat up the water with steam to 75-80°C and transfer the required amount to the reactor
flask (this step is not required if the experiment is to be carried out at room temperature);

3. measure the height of the water from bottom to the water meniscus level and record
temperature,

4. weigh out the required wet rubber crumb and transfer it into the flask;

5. measure the height of the water from bottom to the water meniscus level and record
temperature;

6. assemble the top and ensure the whole apparatus is well enclosed with no leaks with cold
water running through the condenser;

7. turn on the agitator and set to 600 rpm;

8. ensure that the temperature of the rubber water slurry in the flask reaches the desired
temperature (this step is not required if the experiment is to be carried out at room
temperature);

9. measure and transfer the hydrocarbon solvent into the flask using an additional funnel;

10. start timer and allow the rubber slurry content to agitate for a desired time period;

L1. stop agitation and measure the height of the water and the rubber cement phases;

12. restart agitation and stop after one hour to ensure complete dissolution of the rubber in
hydrocarbon;

13. arubber cement sample is then taken using a syringe for viscosity, rubber solid and water

content.
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Solution Viscosity Measurement

[0060] Viscosity measurements were performed on the BrookfieldTM LV-DV III Ultra
5 Viscometer in a fume hood. The instrument was calibrated using Brookfield standard silicone
oils of 1000 cP, 5000 cP, and 12,500 cP and at 25°C. The Small Sample Adapter and

spindle SC4-18 were used for all viscosity measurements.

Rubber Concentration and Water Content Measurements

10
[0061] The cement properties such as rubber concentration and water content were measured

using the laboratory procedures as follows.

[0062] Place an empty centrifuge tube in the clamp provided in the fume hood. Fill the
centrifuge tube 90 to 100 mL of the rubber solution. Centrifuge the cement for 10 minutes at
15 approximately 1000 rpm. Remove the sample from the centrifuge and record the volume of
water (bottom layer) and the total volume (hexane and water). Fill a clean/dry syringe with
about 3 mL of the upper hexane layer. Weigh the syringe and the cement to three decimal
places. Record the weight. Weigh a dry aluminium tare to three decimal places. Record the
weight. Put 2 - 3 mL of the rubber solution from the syringe into the tare. Weigh the empty
20 syringe to three decimal places. Record the weight. Put the tare with cement in it on the
hotplate in the fumehood and leave until dry. Once dry, place the tare in the desiccator until

cooled. Weigh the tare plus the rubber to three decimal places. Record the weight.

Calculations
25

Density of water at room temperature is taken to be 1g/mL

Density of hexane+rubber solution is calculated from:

d, Density of hexane phase = (0.002071*S*100) + 0.660

A= Total volume of sample (hexanetwater) in mL

B= Volume of water in mL
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C= Volume of hexane+rubber in mL (equals [A-B])

D= weight of syringe plus cement.

E= weight of empty aluminium tare.

F= weight of syringe after transferring the cement to the tare.
G= weight of aluminium tare plus dried rubber.

S= solids result.

Solids(w/ w)= G-£
D-F

) %water(w/ W):—B-}-J—E;@*]OO

%TotalSolids = (100 - %Water)* S

RESULTS

[0063]

The lab batch experiments were designed to investigate key parameters effecting the

15 dissolving and phase separation processes during cement make up. The following tables list

the controlled experiments performed to investigate the key parameters for dissolving and

phase separation processes.

Table 1: Controlled experiments to investigate initial agitation time on phase separation

Expt# | Solvent Base Rubber Cement Solid | Initial Slurry | Initial Agitation
(wt%o) Temp (°C) Time
1 Hexane | LANXESS CB1240 22 70 30 Seconds
2 Hexane | LANXESS CB1240 22 70 1 Minutes
3 | Hexane | LANXESS CB1240 22 70 3 Minutes
4 Hexane | LANXESS CB1240 22 70 5 Minutes
5 Hexane | LANXESS CB1240 22 70 7 Minutes
6 Hexane | LANXESS CB1240 22 70 9 Minutes
7 Hexane | LANXESS CB1240 22 70 11 Minutes
8 Hexane | LANXESS CB1240 22 70 15 Minutes
9 Hexane | LANXESS CB1240 22 70 20 Minutes
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Table 2: Controlled experiments to investigate initial slurry temperature on phase separation

Expt # Solvent Base Rubber Cement Solid Initial Slurry Temp
(Wit%) G
10 Hexane LANXESS CB1240 22 70
11 Hexane LANXESS CB1240 22 65
12 Hexane LANXESS CB1240 22 40
13 Hexane LANXESS CB1240 22 23

Table 3: Controlled experiments to investigate rubber crumb particle size on phase separation

Expt # Solvent Base Rubber Cement | Initial Slurry | Rubber Crumb
Solid Temp (°C) | Particle Size
(wt%)
14 Hexane LANXESS CB1240 22 65 6-19.9 mm
15 Hexane LANXESS CB1240 22 65 0.5-3.5mm
5 Table 4: Controlled experiments to investigate calcium stearate content on phase separation
Expt # Solvent Base Rubber Cement | Initial Slurry | Calcium Stearate
Solid Temp (°C) Level
(wth)
16 Hexane | LANXESS CB1240 22 65 1 wt%
17 Hexane | LANXESS CB1240 22 65 3 wt%

Table 5: Controlled experiments to investigate cement solid on phase separation

Expt # Solvent Base Rubber Cement Solid Initial Sturry Temp
(wt¥o) 4]
18 Hexane LANXESS BBX2 22 65
19 Hexane LANXESS BBX2 22 65
20 Hexane LANXESS BBX2 24 65
21 Hexane LANXESS BBX2 24 65
22 Isohexane | LANXESS BBX2 24 65
23 Isopentane | LANXESS BBX2 24 23
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Table 6: Controlled experiments to investigate solvent type on phase separation

Expt # Solvent Base Rubber Cement Solid Initial Slurry
(wt%) Temp (°C)
24 Isopentane | LANXESS BB2040 24 23
25 Hexane LANXESS BB2040 24 65
26 Isopentane | LANXESS BB2030 24 23
27 Hexane LANXESS BB2030 24 23
28 [sohexane | LANXESS BB2030 24 65
29 n-Pentane | LANXESS BB2030 24 23
30 Hexane LANXESS BB2030 24 65
31 Hexane LANXESS BB2030 24 23

Rubber solution properties

5 [0064] For experiments 1-18, the water content in the cement was determined based on the
initial height of the water phase and the final height of the water phase at the end of the

experiments (Table 7).

Table 7: Calculated water content in rubber cement phase after dissolving/separation

10 experiments
Rubb
wt of
wt of water level | Est. Calc. er in
# water in
water Total water at the end | water in | water | ceme
the wet Height water
added content (g) of exp. | cement in nt
rubber expected (cm)
(2) {cm) (g) cement | {wt
crumb
{(wt %) | %)
(8)
1 1740 5981 1799.81 10.55 9.50 178.39 16.54 18.6
2 1740 59.81 1799.81 10.55 9.50 178391 16.54 | 18.6
3 1724 75.51 1799.51 10.95 9,20 205721 24.73 16.7
4 1724 75.51 1799.51 10.95 9.70 211.03 1899 18.0
5 1727 72.70 1799.70 11.03 9.70 22811 2022 17.7
6 1727 72.70 1799.70 10.43 9.20 208221 18.79| 18.1
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7 1734 65.44 1799.44 10.39 9.00 234841 2069 17.6
g 17341 65.44 1799.44 10.89 9.50 234,84 | 2069 | 17.6
9 1756 43.99 1799.99 10.46 9.20 21339 1917 18.0
10 1735 64.90 1800.00 10.38 9.20 20042 | 18.21 18.2
12 1756 43.99 1799.99 10.26 8.80 24727 | 21.55 17.4
I3 1735 64.90 1799.90 10.28 8.30 33593 | 27.18| 162
14 1715 85.03 1800.03 10.50 9.20 22054 1968 | 179
15 1719 80.78 1799.78 10.48 9.00 250.18 {1 21.75 174
16 1729 71.13 1800.13 10.42 9.20 206.64 | 1867 18.1
17 1729 71.13 1800.13 10.42 8.50 32522 | 26541 163
18 1730 70.08 1800.08 10.91 9.90 171.71 17.16 | 19.9

[0065] For experiments 20-31, the cement samples were collected at the end of the

experiments for total solids, water content and solution viscosity measurements.

[0066] In all cases, the rubber crumb was completed dissolved in solution. The results are

5 summarized in Table 8.

Table 8: Measured physical properties of rubber cement after dissolving/separation

experiments

# | solvent water Solution Solution
rubber slurry | total rubber | (wt%) | viscosity @15°C viscosity
starting temp. solids 2 rpm (cps) @25°C

°C) (wt%o) 2 rpm (cps)

20 | Hexanes 62.5 19.5 19.0 21498 18311

21 | Hexanes 61 18.0 25.8 19826 16609

22 | Isohexane 60 203 17.8 22285 19204

23 | Isopentane 21 19.6 19.3 14592

24 | Isopentane 214 19.6 16.5 9673

25 | Hexanes 64.9 18.3 19.1 7558 6577

26 | Isopentane 20.6 203 22.3 10341

27 | Isopentane 21.7 21.1 20.1

29 | n-pentane 21 21.7 14.6 5787
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30 | Hexanes 64.9 17.7 299 10744 8773
31 | Isopentane 21.1 222 13.7 9050

[0067] The effects of (1) initial agitation time on cement/water phase separation; (2) slurry
temperature on settling rate; (3) rubber crumb size on settling rate; (4) calcium stearate level

on settling rate and (5) type on settling profile are illustrated in Figures 1 to 5 respectively.
5 [0068] Based on the lab batch experiments, it is concluded that:

(1) rubber cement and water phase separation was observed in all hydrocarbon solvents
tested (hexane, methylpentane, n-pentane and isopentane);
(2) at 60-65°C starting slurry temperature, phase separation appears to reach equilibrium
in 15 minutes;
10 (3) the initial rate of phase separation is dependent on the slurry temperature (faster initial
phase separation rate for higher temperature);
(4) the phase separation rate is dependent on mixing time;
(5) phase separation does not appear to be effected by crumb size distribution (6.3-19.9
mm vs. 0.5-3.5 mm crumb size);
15 (6) calcium stearate level in the rubber crumb may influence the initial phase separation
rate; and,
(7) experiments involving lower boiling point solvents such as isopentane and n-pentane
conducted at room temperature showed clear phase separation in 20-30 minutes and

at lower separation rate than other experiments done at higher temperatures.

20

Example 2 — batch trials

General description of procedure

[0069] A 50-L vessel equipped with 4 flat baffles and a 3-stage Viscoprop agitator was used
25 in LANXESS Rubber plant to carry out the batch trials in order to determine the detail design

dimensions of the production scale vessel.

[0070] Crumbs were collected from the rubber plant and separated from the bulk water. The
amount of crumbs for one trial was weighed in the laboratory. Water, which was also taken
directly from the rubber slurry from the plant, was metered into the mixing vessel manually,

30 and then the pre-weighed amount of rubber crumbs was inserted into the mixing vessel. The
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solvent was metered into the closed Véssel in the desired amount. Through a sight glass at the
side of the vessel, the flow and settling behaviour were observed. Samples were taken from the
organic and water phase from thé closed vessel. The sampling rod for the organic phase was

equipped with a screen, thus no undissolved rubber particles infiltrated the sample.

Trial 1

[0071] The purpose of trial 1 was to study the dissolving behaviour of the rubber in hexane
with the bulk water present. The filling volume was 45 1. The rubber concentration in the
slurry was 8 wt%. The dry rubber concentration was max. 19.4 wt% with respect to organic
phase (if fully dissolved). The specific power input of the agitator was 1.2 W/l. The
temperature was 50°C. A picture of the crumbs was taken before insertion into the vessel.
After 3, 7, 14, 30, 60 and 120 minutes mixing time the agitator was switched off and samples
of the organic phase were taken. Then the mixer was started again and the organic phase was
mixed with the aqueous phase. After 3 and 7 minutes mixing time, the separation and
appearance of a sharp interface takes longer than 1 minute. After 14 minutes mixing time, the

phase separation takes about 40 seconds.

Trial 2

{0072] The purpose of trial 2 was to study the dissolving behaviour of the rubber in
isopentane with the bulk water present. The filling volume was 45 1. The rubber concentration
in the slurry was 8%. The dry rubber concentration was max. 19.4% with respect to organic
phase (if fully dissolved). The specific power input of the agitator was 1.2 W/l The
femperature was 50°C. A picture of the crumbs was taken. After 3, 7, 14, 30, 60 and 120
minutes mixing time the agitator was switched off and samples of the organic phase were
taken. Afterwards the organic phase was mixed in the aqueous phase again. After 3 and 7
minutes mixing time, the separation and appearance of a sharp interface took longer than 1

minute. After [4 minutes mixing time, the phase separation took about 40 seconds.

[0073] The dissolving curve is illustrated in Figure 9. 23 minutes was chosen as the standard
mixing time for trial 3, 4 and 5, which resulted in approximately 41% of the rubber dissolved

after that time. This solution mixture allows for good phase separation for settling.

Trial 3

e

t ed
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tion
sol i ds

ity
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(0074] The purpose of trial 3 was to study the settling behaviour of the rubber in
hexane/water and the dissolving behaviour of the rubber in hexane after removal of bulk
water. The filling volume was 45 1. The rubber concentration in the slurry was 8%. The dry

rubber concentration was max. 19.4% with respect to organic phase (if fully dissolved). The

n

specific power input of the agitator was 1.2 W/l. The temperature was 50°C.

[0075] After 23 minutes mixing time, the agitator was switched off and samples were taken
of the organic and water phase directly after settling and 30 minutes later without stirring
(only organic phase). The dissolved rubber concentration in the cement was about 6.3% (after
23 minutes agitation) and 6.4% (30 minutes after mixer stopped, settling time without
10 stirring). This corresponds to a portion of 33% of the rubber being dissolved. The settling
time was about 45 seconds. 2 minutes after the mixer stopped, no further change of interface

was observed.

[0076] After 30 minutes of settling, the water phase was drained and the organic phase was
agitated for 120 minutes again. The agitation conditions were insufficient, because the agitator
15 system was optimized for CMU, or high liquid levels in the mixer respectively. After 30, 60
and 120 minutes mixing time samples of the organic phase were taken. The dissolving curve is

illustrated in Figure 10.

Trial 4

[0077] The purpose of trial 4 was to study the settling behaviour of the rubber in
20 isopentane/water and dissolving behaviour of the rubber in isopentane after removal of bulk
water. The filling volume was 45 1. The rubber concentration in the slurry was 8%. The dry
rubber concentration was max. 19.4% with respect to organic phase (if fully dissolved). The

specific power input of the agitator was 1.2 W/L. The temperature was 50°C.

[0078] After 23 minutes mixing time the agitator was switched off and samples were taken of
25 the organic and water phase directly after settling and 30 minutes later without stirring (only
organic phase). The dissolved rubber concentration in the cement was about 6.4% (after 23
minutes agitation) and 6.4% (30 minutes after mixer stopped, settling time without stirring).
This corresponds to a portion of 33% of the rubber being dissolved. The conclusion is that in

the settler (without agitation) the rubber dissolves very slowly.

30 [0079] The settling time was about 30 seconds. Two minutes after the mixer stopped, no

further change of interface was observed. Afterwards the water phase was drained and the
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5 Trial 5

[0080] The purpose of trial 5 was to study the settling behaviour of the rubber in
isopentane/water with a higher solid concentration. The filling volume was 45 1. The rubber
concentration in the slurry was 8%. The dry rubber concentration was max. 21.7% with
respect to organic phase (if fully dissolved). The specific power input of the agitator was 1.2

10 W/L. The temperature was 50°C.

[0081] After 23 minutes mixing time, the agitator was switched off and samples were taken
of the organic and water phase. The dissolved rubber concentration in the cement was about
7.5%. This corresponds to a portion of 34.6% of the rubber being dissolved. The settling time
was about 30 seconds. Two minutes afier the mixer stopped, no further change of interface

15 were observed.

Trial 6

[0082] The purpose of trial 6 was to study the matting behaviour of the rubber at the
interface between phases in isopentane/water and the power requirement for breaking the mat.
The filling volume was 30 1. The rubber concentration in the slurry was 8%. The dry rubber
20 concentration was max. 19.4% with respect to organic phase (if fully dissolved). The specific

power input of the agitator was 1.2 W/L The temperature was 50°C.

[0083] Water, crumbs and solvent were put into the mixing vessel without stirring. 30
minutes later the agitator was switched on and the rotational speed was increased until the mat
broke. Afterwards the mixture was stirred for another 7, 14 and 30 minutes (stop of mixer
25 after these mixing times) to observe the organic phase at the lower filling level (30 | instead of

45 1) visually.

[0084] The mat was destroyed at low power input (54 rpm, 0.02 W/I). After 7 minutes initial
mixing time, a clear isopentane phase is visible (after settling). After 14 minutes initial mixing
time, no clear organic phase/solvent phase was visible and the stratification of the organic

30 phase was acceptable.
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thus no Und'tésa‘?ihx\ﬁ%&'alrlu@h% Hafnt ! &%an'ncn hdst rc%ﬁe@e& he ﬂ%a{mlaﬁ statd h@dr st

[ 0071] The purpose of tr|a y the dissol ving behaviour of the
rubber in hexpmgioni fThe mheer bwsmhmstvetch@ir ors agrtin. Alkee ifiifidl| mmgigvfgt Urreinvigghe45 1.

concentrat i ORURE. Foll S goh oGt boeclfeorolr famits Y AHReE o

di ssol Med) . rEfLes®88dkith GhenRBIal hoddUIThOS, thibRindGF Emligion msaelbr&eﬂ\éﬁer aTb@
tenperature was 50C. A picture of the crunbs was taken before insertion
into the vesigéiptionpgneer 3 7, 14, 30, 60 and 120 minutes mixing time the
agitator was sw tched of f and sarrpl es of the organic phase were taken. Then
the m xer wagg ed again and the organic phase was 15 nixed with the
aqueous phas‘e_@%ir 3 and 7 mnutes mxing tinme, the separation and
appearance of a sharp interface takes | onger than 1 mnute. After 14

m nutes m xi arat| o akes bout 40 seconds. Tri al
To0v2] he arsBeR et § fnde 5 RaPRG v hORES aToSBr YR BSRTBEd CBF. ¢ he
rubber2g n 20p;| 1%9@?“5%@sﬂehhuggb@s&wn@ww RbpeRbRsS &ifolves BBref lubllet MOthY QAT Was
45 1. The rubber concentration in the slurry was 8% The dry rubber

concent r at i ofmegesiogrthen hagne Fhewaviitipemshthe withinthg agsigcpbidbeangiviicsf ul | y

di ssol ved). The specific power input of the agltator was 1.2 W1. The
terrperature[p@ﬁ t u ek, 30,
60 and 120 'nut]g}gg% %eﬁcﬁl{ %@e&kg Lta]{gl %t g?‘?%ﬁ chedﬁ% 1resu sanr(r)p es of
the organic }mh&g&oueme{n%&}tealeemparékf tvielt Wrd&mfghesselr\gﬂmhe s@imenng/amen‘imed in
t he agueous Se a ain. After and, 7 m nut.es, m xi t.i e separation
and appear arUBORRE A0SR 4F BRI R fie MR TSGR ER AR RS B S AFFORed g

M nut 3 M Xi @Galch @R, thé RBoRNATANIRRRedt-iEde: hRRkhahPUhe ¢SRS ARRM different 0073]
The dissolving curve is illustrated in Figure 9. 23 mnutes was chosen as

t he st andar dii#fserpgf the mixifahamberafseedlable 9And 5, which resulted in
approximately 41% of the rubber dissolved 30after that tinme. This solution
m xture allows for good phase separation for settling. WO

2012/ 159198PCT/ CA2012/ 000485 - 20 - [0074] The purpose of trial 3 was to
study the settling behaviour of the rubber in hexane/water and the

di ssol vi ng behavi our of the rubber in hexane after renoval of bulk water.
The filling volume was 45 1. The rubber concentration in the slurry was 8%
The dry rubber concentration was max. 19.4% w th respect to organi c phase
(if fully dissolved). The 5specific power input of the agitator was 1.2

W 1. The tenperature was 50C. [0075] After 23 mnutes mxing tinme, the
agitator was switched off and sanples were taken of the organic and water
phase directly after settling and 30 mnutes later without stirring (only
organi ¢ phase). The dissol ved rubber concentration in the cenment was about
6.3% (after 23 mnutes agitation) and 6.4% (30 m nutes after m xer stopped,
settllng tlrre WIthOUt 10 stlrrlng) ThIS corresponds to a portlon of 33%of

o —— a4 g —-



agitated for 120 m nutes again. The agitation conditions were insufficient,
because the agitator 15 systemwas optim zed for CMJ, or high liquid |l evels
in the mwenoreaspmsti vely. After 30, 60 and 120 mi nut es Pairxiargi2ziaooss sanpl es
of the organic phase were taken. The dissolving curve is illustrated in
Figure 10. Trial 4 [0077] The purpose of trial 4 was to study the settling
behavi our of the rubber in 20 isopent anetivat er and di ssol vi ng behavi our of

the rubber in isopentane after renoval of bulk water. The filling vol une
was 45 1. The rubber cE_FQth@nDetammnmnnfmhepsstmtanygm B%ing hg dry rubber

concentrati Yo 49%6-W-t-PF-£S 0—gf w.. phaser{-—u-y
di ssol ved). Efeeéis}fl B °fi n Jf’tagrfm‘f"rge a rE was 1 E‘rwsfma
tenperature wa 519&1 [ 00K Akind\ t er | 331k [ es mdwowédne t"lgaewuaﬁ@r was
swi t ched offf an§ sanpl es were taken of 25 the jorganic and ywater phase
directly aft(er") settl i I ng &heindds mi nutes | ater er’ﬂb@rt(%étr rr rﬁgne((arlﬂ)y organi c
phase). Th ssotved—t+t bc%ﬁﬁi"lbt att+on—tnt cerrent—w UULIL 674%
(after 23 mWét es agitation) and 6. Zéf(SO m nut éebs after m (Z% st opped,

settling tijmg w thout sfiprring). Thpg correspdngiss to a por1 gon of 33%of
t he rubber bEl ng di ssolved. The conclusion is lthat in the settler (without

agitation) tHed rubber di&solves verl90.8lowly. WOl 17.2
2012/ 159198.’-"*’6 CA2012+606485—=21— T rganc—pt was—agttatedfor—12¢
m nut es agaj 7’? The agit afion condiltions were ijnSufficient, | f&ause the

agi tator syis¢ggegm was optiim zed for [Ghg). After 3052.60 and 1203menut es mixi ng
time sanples—were takeniof the organic phase. IThe dissolvihg curve is

pictured in Figure 10. 5Trial 5 [0080] The purpose of trial 5 was to study
t he settling |or ubber .i i

solid concen Batr on. Th efmstF g ? uh@arﬁgﬁg%}%&%%ﬁ%%S%%%&lnlggggg%ht?%t| on
in the slur rmam58%sem@e;edoyeobbﬁsbwe dharaaestic adtiliag tivass nvbe rediderotinietif
respect_to organl c (ghase (i f ful I% di ssol ved)., The specjfic power m&ut of
the agil at or hdesignedeongyyously prerated ssidsr It eanebedstinagme 2 Kinsir propagty data oithe

m nutes m xi Qb theRgldat or was switched off and sanples were taken
of the organé}gt an \?/gt e’r?e @lﬂase The di ssol ved rubber concentration in the
cenment was about 7.5% Thi s corresponds to a portion of 34.6% of the rubber
bei ng di ssol 98N] IEhhesastemi ngbdrisoleennasitebembva®f Jmomder, fimnmmdtsséveaf t er

the m xer st no further change of erface r bserved. Tri

[ 0085] The  pUIBBGLEsGRoteF e i ddepamerut hoied ik HRHG. DeRRyrstEsredio

rubber at t heiimtigilACAIRRIMRARIPIAHE Feduls h@qr@enslﬁpaeg@{tarm EWitA AcduiRy p@ver
requirement for breaking the mat. The filling volume was 30 1. The rubber

concent® at i ofissolyingrhehayiaur pihevens agdisopPRignemppearubBeSINEBE oncent r at i on was max.
19. 4% wth respect to organic phase (if fully dissolved). The specific
power i nput he. gl r Ghle & 3]
Pater. orumQral iR e e ckyibrhdrpfRa SIS HHER: MR 1D
30 m nut es | pdvear iriphe(0@giW/at or was swi tched on and the rotational speed was
increased until the mat broke. Afterwards the mxture was stirred for

anot her nutes (stop of, mixer 25after ese m

observe ¢ he @Pgﬁ Fegp ghogrs4 att‘ﬁés r%rr@r P .cmarerfgstrlér/érm{g@e apd f@é?@a%mg's °$f45 1)
visual ly. [ Of8ddion Bf PREoMRSafdE fhnk QYRfioR timeOVIRRVE! inl (HB&H o CRGAird ﬁh@lseerQZ
W1). After 7 minutes initial mxrng time, a clear isopentane P ase i S

vi si bl & ( af t efficigroyt the pryitions thatrmay eswit iruthe stable pmitlsipn powldrhg avoided. Therefrear

organi ¢ phas I »

organic 30ph§{sea(l)l\/\ll}a{tgg{';aclf:m %Wﬁ rg{ﬂ%"%h%ﬂ? %%‘ﬁ%gﬁﬁ%&iﬁg&ggﬁg %eto-
Trial 7 [008sjoidiHtablepuiupisefondation.i al 7 was to study the enul sion formation
of the rubber in isopentane/water. The filling volune was 301 (lower |evel
for observation in sight glass). The rubber concentration in the slurry was
8% The dry rubber concentration was max. 19.4% 5w th respect to organic

phase (if fukkamgle3sQby@hous File SeRETLfti C power input of the agitator was
20

[0093] A pilot mixer/settler scaled down from the full scale design was constructed to verify
the mixing and settling efficiency under continuous flow conditions. The pilot mixer/settler is
composed of two mixing chamber (each has a diameter of 1200mm) and a settling chamber

with a diameter of 508 mm. The total volume of the mixing and settling section is 2920 L.



1.2 WI. The tenperature was 50C. [0086] After initial mxing for 23
mnutes the agitator was swtched off. The separation was conpleted in 1

m nute. AVOepmarse®st he m xture was nixed again for 1 m moTaAzntt/obusa t he
rotational speed was slowed down to sinulate the flowin a pipe. Then the
rotational speed 10 was increased again for 5-7 seconds to sinulate a
punp. Afterwards the agitator was switctiad off. The interface was 20 mm

| ower, thus enulsion formation had happened. This corresponds to additional

1.9 1 wat er The niikifg GHa@RBis %r&é@;@&aﬁe&@ﬂp@é@féré o kA8 ééﬁfa{oﬁ‘ A inR4Rb ?li @b bRl off 1 7St

separation. The m xer was then swi tched on again. After 1nitral mxing for

1 minute thdhs setthner demberdy breakiiony rdber gimaivgiéd upaf Tl rubbar tshier anil planghekor 11
T S B AR Y RN BOTH SR Ao g T

this kind of enul sion can be en afte agi |
[0087] | n Tremrated amadf thetrhicerdictsisobars pgnlﬁddrbaﬂ&togfxe ?@Kxi?dﬁen af/ile.l g‘ﬁ@@_@m&@et wer e
det er m.ned (seg 20Fi gure .. In the system rubber/sol vent/water isopentane
dissorées n%P%ﬁFﬁgHng$ﬁﬁ3%@mggwﬁﬁﬁmﬁe period than hexane. The deviation
m ght be within the accuracy of the analytics. [0088] F[on1phen1cal

i neerin ringiple, two mxing vessel in series results in nore o
ﬁggggenousgnPXTngkgmgﬁhﬁ%ﬁﬁg¥@ %%%quﬁﬁé m xi ng vessel with the same nixing
time. The dissolvying curve of hexane and the residence tinme distribution of
two i deal CSTR s SoReerigtionsp gilg 56Mi¥eat e t he anount of undi ssol ved rubber
after the m xing stage for several different dianmeters of the m xing
chanbers (see TaB{BGforcengsiondasst T8O ¥E8PCT/ CA2012/ 000485 - 23 - Table 9:
Determination of the representative batch mxing tinme Volume of each m xing
vessel (nB) Nu‘rrbé}%X%aavﬁtﬁe{Sreseddﬁa&?%%néPfﬁ&@%hvexiﬁsséiavrﬁé‘ywm.&ﬁierp_(nns) Rati o of
Undi ssgl ved Rubber (% Representative Batch Mxing Time (mn) 175 1 175
59. 0 Zg 7 21. 3 2 Hepang Tigy wes @ntinugys and the $ay, fRWHBS dosed intermittently

~  Settler interface was under manual control relying on frequent visual field check
—  Mixture temperature in the mixer and settler indicated by the outlet water temperature was

57t059°C

—  The mean mixing time tested was from 36 to 112 min.

15 [0094] Rubber cement samples were taken from the cement outlet of the settler section to
measure the rubber content in cement. Water samples were taken from the water outlet of the
settler section and GC analysis was conducted to measure the residual hexane level in the

water phase. The results can be found in Figure 11 and Figure 12.

[0095] The conclusions from the pilot scale tests are:

20 —  the mixing in the first two mixing chambers and the water/solvent exchange worked

well.
— the phase separation worked as designed.

- rubber is partially dissolved as designed and the amount of dissolved rubber is
dependent on the residence time and the temperature. The portion of dissolved rubber

25 is higher in the continuous experiments than expected from batch experiments.

—  the phase separation behavior is not expected to be different if isopentane or

isohexane is used as solvent, based on previous batch tests and Iab tests,



17.2 72.0 2 144 59.0 22,7 98.0 2 196 52.8 32.5 [0089] Based on the results
fromtrial 3, 4 and 5, the characteristic settling tine of the batch trials
was chosewot01EIw® seconds. The characteristic settlingcriaseoizomss t he
residence tinme in 5the designed continuously operated settler. It can be
defined as a kind of property data of thg systemrubber/ water/solvent.
[0090] In the systemrubber/solvent, after renoval of bul k water,

i sopent ane di ssolves slightly |less rubber in the sane tinme conpared to
hexane (see Figure 10). However, because of the insufficient agitation
conditions, the results are not representative. Wthin accuracy, the

10di ssol vi ngyhghaMhaidh i@f hexane and isopentane appears to be simlar.
[0091] Trial~© snows that of the rubber mat observed in the experinents is
destroyabl e jat |/Q§{r&9 0 'tﬁbDU&ntifn%uQﬁ)ré%Lt)on 60 Pknaldd Blyl7rdb@\Wehet ftadesd t 1S
possible to create a stabl e emul sion and that this kind of enulsion can be
broken after | ongmagsitgdtilast thd sieps offowever, in order to ensure the settling
15 efficiency, the conditiqns  that resul.t in.t emul si on shoul d
be avoi’ded. Theraef.oPE’,leéﬂg a%é‘?w'f‘iqﬁ?f&ﬂ‘g%’ ° )?résr"}gsbelﬂlInl]el)ﬁmls%ﬁ?‘léig%’m‘rended to
mnimze transfe) PpidRiJMEnd hebBIIERIBLE Oofatie thatyR abldr Stuatyl & € muh-hilogenated
formation. Exanple 3 - continuous Pilot Scale Tests 20 [0093] A pilot

m xer/settl er scal edredainsolyenbinferea byiylrubbergemende Mgi¥twas constructed to
verify the mxing a L: £l ci r : cmBRdhd i ons.
The piiot i xer /Get o158 SrEhlBRUE vk SEREe HNG cohal UGS s o aoehy

di ameter of 1200mm f@mthgandebiifck tayech drbsepararart dnda di aneter of 508 nm The

total volune of the nmixing and settling section js 29 L. WO

2012/ 1§5198PCT/ A20 P3PErIREshe rubber comepPiofhers P{é’f"éﬁaer?ﬁ%gag"gsi’aéedebd’ﬁﬁl B84 wi t h
agitators. A small agitator is installed at the end of the settling chanber
to break any2.r ubberheppdcefutdotitipto cleire 1) witebe step alisoarrded dupoairtuohexane wer e
punped fromthe main production facility to the pilot unit. The cenent and

wat er separajed qut of the xer settle re e ck I he aprQduct i on
unit. The tests @Erpéo‘?&soﬁaﬂg?tnégo ﬁlﬁiaqei %t %’evvv\%éﬁlrf %\%/I\’}Lﬁbgq‘gggd‘? %@?\Jg, %rso uct
Grade = BB2030 based petyner Slurry concentration to pilot = 6 W% Cenent
concentration target =20 wt% M xing agitator speeds (A8701 and A8702) were

set at 83% |.e._141 rpm 10-. Hexane f1l ow cont i NnUouUS . lL.yrey flow
was dosed i n%'er nﬁetpé?lcte%/accﬁg‘f‘gfoe‘faa‘ﬁ{’ 3?’?3%’2@/\‘5 SeLﬁ é‘?&érgrérﬁggfito%gn Srs%iflw
rel yi ngs on frequgnt whesditdbtep belakesCiifeKandM Kbded @egabitiredons, Wiereimstéthe takex er

and settler indi clated by the outlet water tenperature was 57 to 59 C
place.

5. The process according to claims 3 or 4, wherein flow through the vessel is substantially

horizontal.
6.  The process according to any one of claims 3 to 5, wherein the closed dissolving zone
20 and closed separator zone are laterally adjacent to one another.
7. The process according to any one of claims 1 to 6, wherein the process further

comprises recycling a portion of the rubber cement to the closed separator in order to

disrupt the interface layer.

8.  The process according to any one of claims 1 to 7, wherein the rubber slurry

25 concentration comprises from greater than 5% up to 20% by weight of butyl rubber in
water.
9.  The process according to any one of claims 1 to 8, wherein the rubber cement

comprises from greater than 5% up to 30% by weight of butyl rubber.



The nean mxing tinme tested was from 36 to 112 mn. 15[0094] Rubber cenent
sanples were taken fromthe cenent outlet of the settler section to neasure
t he rubbewocorsatosi n cenment. Water sanpl es were taken PromAzhe/onedssr
outlet of the settler section and GC anal ysis was conducted to neasure the
residual hexane level in the water phasé.- The results can be found in
Figure 11 and Figure 12. [0095] The conclusions fromthe pilot scale tests
are: 20- the, mipheRehcks abdagiidg b Sky $ndRf Blaixisrigo ehetreben the aovdhaldgenawak egahsol vent
exchange worked well. the phase separati on worked as qgaii %gg linhatic r ubber
is partially disseityempasesdalsicgredd atia”t AE ORFnPOSF "YTRIOGFrE] RBES: i s
dependent on t ' b R ¢ 8t §4°€. 1o Tiveear & ipeBsudd of

di ssol ved rubb&?d%gﬁ%&ﬁ?‘g e% b{%llﬁﬁgo%g%téﬁﬁgs experiments thgn expect ed
from bat ch expeltil P4, preferstiip aiplbas 80 woyarcutn ere hesfagdlont Ipast Hort-&dpddtled to

be different if isopentape or isohexane,isg U \V ) oo

previ ous bat ch T8 P8R efaggf ?telgelsg.% V‘a\DA’Za\er% ’%%5%3@%%%’/0%8812?%%%285 - 25 -
What is cl ai medyid@carer® process for the continuous production of

hal ogenat ed butyl rubber, the process conprising at |east the steps of:

S5a. providing a RQutyl rubber. slurry conprising butyl .rubb I . Db.

di ssol vi ng Ighe ﬂﬁtéPceﬁ%B‘H@?‘]"@fmtaﬁ% Bt Iclkﬁ"ﬂsb etPultsO%/lﬂhFrléRi ﬁQ élgﬁgar@%g?%dgenat ed
organi ¢ sol vento b fid QivBnd id sdidbted! fbb ekie ?@ﬁiﬁr&bnsﬁsﬂngvaf @Fpentane, jivaseasepar at i ng
the water fromthe rubber cenent in ac orm ng an

osed separ at or, tﬁg&eb E
i nterface | ayerhexmet Remelsppentaner3-mathliperiog. Rtdvmehdbitag £ ”inEl%ﬂ Ya%enent
to thgreby producg, the but.y D Sh Meding to
claiml, wherei® cg){leexﬁn eagq%llhgﬁggﬁe?%& %Etrheéﬁw pﬁéegﬁlé?yu}%ga%ﬁgeﬁr o}?geg(s
according to claimahylhetand 2, Whietethyipesirepd, 3 Blimamdpeotans, ke dipletiylpedtinet hé- sane
cl osed vessel. 4. The process accordin% Eg clajm 3, wherein the vessel is
divided into a dmss¥acneshethy PgiensA8he 2 WHBFAY A%y b. takes place, and a
cl osed separator zone, wherein step c. takes place. 5. The process accordi ng
to clainms 310r Bhe prbRERicRorlingw dpoacightidihe! weidseheréis tieboyt arbbérabiprises
hori zontal . 6. The process according to any one of, clains, 3 to, 5 r
the cl osed di ss®Cyiney ﬁ%?fé’o?lef&h’@m?ﬂ“}%QB"'f%ré%&P%{?Rﬂs‘“ﬁdsr?butﬁlf’ée’ pag ae(r‘é%‘
adj acent to one AN . bAgkishd i@m¥n®ne of clainms 1 to
6, whgf?ei n the Torg%étgggl%pg%%ch%?w%ﬁg@?’:%?%ggsg??ngr%a@gorti on of the rubber
cenent to the closed separator in order to i;rugt ghe interface | ayer.
8. The procet:s akopraresyacerdigyo slaan &2 "&*}e{ﬁ“hge uty pyrupber EFRHE YGi0ber

slurry 25concentrat i ' N _D%diRed 0 20% by wei ght
ot bty rubber PR sap RS S SRS B PR . 26 -

ein

14,  An apparatus for the production of a butyl rubber cement from a butyl rubber slurry,
the cement comprising butyl rubber in a non-halogenated organic solvent and shurry
20 comprising butyl rubber in water, the apparatus comprising:

a) a closed dissolving zone configured for receiving the butyl rubber slurry and
the non-halogenated organic solvent, the dissolving zone comprising mixing
means for agitating the slurry and the solvent, the butyl rubber dissolving in
the solvent to form the butyl rubber cement in water; and,

25 b) a closed separator zone horizontally adjacent to the dissolving zone, the
| separator zone facilitating phase separation of the butyl rubber cement from

the water by formation of a water layer vertically spaced apart from a cement

layer across an interface layer, the separator zone comprising a substantially

horizontal flow path and having at least two outlets vertically spaced apart by

30 a distance sufficient to separately collect the water layer and the cement layer.



10. The process according to any one of clains 1 to 9, wherein the

non- hal ogenat ed organi ¢ sol vent conprises at |east 80 wt.-%of one or nore
non- hal ogeoavexisaisphati ¢ hydrocarbons having a boi |l i ngPpwiaa20i2000436 r ange
of 25C to 100C at a pressure of 1013 hPa, preferably at |east 90 wt.-%
even nore preferably at least 95 wm.-% yet 5even nore preferably at

| east 99 W .-% the remai nder bei ng ot het non-hal ogenat ed hydrocarbons. 11.

The process according to any gne of clainms 1. tg 10, wherein the )

non- hal ogenat’ed Ve RAREIUE GPRAEHES {sclaig) Ebtvehgroit Bt SEPREtET BIP TGS CQRPISES of

n- pent ane, i sopep: : e, - 2- et MG agie Ydi t

2. 3- di met hyl but ﬁ’ge‘?‘g%’??%?’&négﬂ% ‘Bﬁttgﬁté@%’ggéym g’h%gitéﬁg%"ar%ﬁ%tgé;gte&%&ane,
and et hyl cycl ogeyst.ane, n-hept ane, 2-nethyl hexane, 3-nethyl hexane,

2, 2-di et hyl pent ane, 2, 3-di net hyl pent ane, 2, 4-di rnet hyl pentane, 3, 3-

di et hyl pent gne, 13- c 242, 1 et byl i

pr ocess. accord: i ekl SRLAREs 0t 15 Sddh B AR hORS cpme®s & R,
conpri ses a ¢4 twondift fosionedwomp @fober cemeranires the prtefage jpdry conpri si ng

i sobutylene, and a C5 to C | 1 15conjugated aliphatic di ene nononer,
preferably conprising isoprene. 13. The process according to claim12,
wherein the butyl rubber further conprises one or nore co-pol ynerizabl e

al kyl -substituted vinyl aromatic co-nononers. 14. An apparatus for the
production of a butyl rubber cenent froma butyl rubber slurry, the cenent
conprising butyl rubber in a non-hal ogenated organi c sol vent and slurry
20conpri sing butyl rubber in water, the apparatus conprising: a)a cl osed
di ssol ving zone configured for receiving the butyl rubber slurry and the
non- hal ogenat ed organi ¢ sol vent, the dissolving zone conprising m xing
means for agitating the slurry and the solvent, the butyl rubber dissolving
in the solvent to formthe butyl rubber cenment in water; and, 25a cl osed
separator zone horizontally adjacent to the dissolving zone, the separator
zone facilitating phase separation of the butyl rubber cenent fromthe
water by formation of a water layer vertically spaced apart froma cenent
| ayer across an interface |ayer, the separator zone conprising a
substantially horizontal flow path and having at |east two outlets
vertically spaced apart by 30a distance sufficient to separately coll ect
the water |ayer and the cenent layer. WD 2012/159198PCT/ CA2012/000485 - 27
- 15. The apparatus according to claim 14, wherein the separator zone
further conprises mxing nmeans extending into the interface layer to
agitate and disrupt the interface |ayer. 16. The apparatus according
to claim15, wherein the m xing nmeans conprises a fluid 5conduit for

i ntroduci ng rubber cenent into the interface |ayer.



