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REMOVAL FI ELD OF INVENTION 5 The present mvenﬂﬂ“ M@@Eto an ap ayrm‘ymg
for continuously separating polyner solids fro di um co r'i si ng
an inert diluent and unreacted nononers in a slurr$SYF ynerizati on process.
In parti cW@PY6Q0RE 10 15 20 25 30 present invention rel at esPEGUSK/1AHTar at us
for continuously separating polyner sol |lds froma liquid nedium drying the
pol ymer, and recovering the diluent and unreacted nononers with a reduction
in conpression needed for diluent vapor condensation to liquid diluent for
reuse in the polynerization pr @fiﬁ@f[Nﬂjblﬁ:ﬂS’LﬂﬁRﬁsF’eCt the invention
relates to a nmethod for continuously separating polynmer solids f romes
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continuously separating polynmer solids froma liquid medium

pol ymer, and recovering the inert diluent and unreacted nono

in the pol ymegjpz@bh iR IRVEReSoN' 166166° BACKGROUND OF THE | NVENTION I n many
pol ymeri zati on processes for tnhe production of polynmer, a polynmerization

ef flsient is fornedThhiprhsens iaveitionr yelmtfes p@r tanc@pmrewpofqmeontswbuds

n in liguid i_nar.i i on an nr
vonomors. A (JRrEAne Bl eobs Kitme bpcbefem Ehpeing end®h oliun and
Bank's U. S Paind meac?edaﬁémc%aérs irt B@luﬁ'y%lﬁﬁéﬂz%u@ﬁ pifeegh Ihg)ahr&wrnﬂé at ed
herein by reference. Wiile the polyneri Zati on processes described in the
Hogan documerregamplinygestion relates josan appepatissfargoetnusnslyniepsiating aabymer suppor t
conpr sing. a Srar e IRLAPREGRRY b oRLYoIBhRE 338 BEAHAL e B U2
medilom conpr i &idngnraadéd m@ndbmardwvittn b ¢adicedn ﬂiDﬂﬁl‘ﬁﬁfessx&umhedeﬁafbt diloerfir ocesses

i ncl ude those which CEﬁi‘yve come.to be kngwn in th%ieart as particle form
pol ymeri zat i oYAPOT CANGRRSIIoRG AT diluant prereyifotnat d}ngymprﬂzapgn PEGeFabl e to

separate the j, HRIEMRIpeRthe! 1H€edtxbﬂ¥él§em Meah%eméowgom geissfatmdl ! uent
and unreacted nononers in such manner that the liquid nediumis

exposed to ~ folyrr SQG fROT /aLNSQIQi 11(6) 0178 In partivhiar,2H@ 3vention relates to a
method for continuously separating polymer solids from a liquid medium,
15 drying the polymer, and recovering the inert diluent and unreacted monomers

for reuse in the polymerization process.

BACKGROUND OF THE INVENTION

In many polymerization processes for the production of polymer, a

20 polymerization effluent is formed which is a slurry of particulate polymer
solids suspended in a liquid medium, ordinarily the reaction diluent and

unreacted monomers. A typical example of such processes is disclosed in

Hogan and Bank’s U.S Pat. No. 2,285,721, the disclosure of which is

i

incorporated herein by reference. While the polymerization processes
25 described in the Hogan document employs a catalyst comprising chromium
oxide and a support, the present invention is applicable to any process
producing an effluent comprising a slurry of particulate polymer solids
suspended in a liquid medium comprising a diluent and unreacted monomer.
Such reaction processes include those which have come to be known in the art
30 as particle form polymerizations.
In most commercial scale operations, it is desirable to separate the
polymer and the liquid medium comprising an inert diluent and unreacted

monomers in such a manner that the liquid medium is not exposed to -



Z. contam nation 50 that the liquid nr"diumcan be recycled to the
polynlerilatit~n zattc with minimal iF any purification, A particularly
favored tcchniyuc that has been used heretofore is that discl %zmia t he
Scoggin et al, U S. Pat, Nu. 3,157, ~7Z, nore particularly the Pent
illustrated in conjunction Wth s Fig. ~ oC that ratent, In such processes
the reaction diluent, dissolved n,oht>n,ers, and cstalyst arc circulated in
a |l oop reactor wherei the pressure ol' rho polynerization reaction is about
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diluent is then ed throu h a trcatcr to renove catal yst poi sons and
then on to t¥Iel ?36\’39‘8?" W "b@iEll“B’h‘Eﬁ‘?t‘s QFFE‘ ‘gf‘i # iy BEsUBSUE #or distillation

and treat mendpogan) peia gl 3i 0o ntwmrihbcnasm;; Eelaﬂtscm%hbs@afnunryodum ng the
pol ynmer, 25 Inpz*con’merm al scal e ogperatiaon) i s desirable to liquefy the
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intermediate pressyre flash step remves a signifi cant portion of the
di | ent at s(PRACTEC IS Hproyded i B’B%}h?jaﬁﬁ“'g&fﬁ syiableclot (e liphas el s (1 ashed
portion of diiluegnb iRBYolPRerdatiH 2oht, eq‘h@b’osﬁ@f%gsfresﬁoﬁﬁ tdfastead oCby a
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cont i nuous| Ythé Bpdhdatih vdved yrgajm@%; A froma liquid nedium conprising an
inert diluent and unreaeted nonoier$ |In another aspect, the invention
relates t~ an appARFAtRpymasizatiosrmrpesssst slisiil sba Hinuafics dlilpral phier tosol i ds from a
I ogai d ndi UnQdyciinglfe/ ihB Jesbldf 1?94 MliBdse o PRilaGGPNGEMBA Lf‘ﬁmgﬁ#el&e”t and
unreacted nononers with a reduction in conprcsston needed for dilucnt vapor
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separating polymer solids trorn I qui medi um 1| n another aspect, the
i nvention reqqatpé‘s?’“c%S‘da-‘“i‘h?ﬁtqﬁéiéjfiffdﬁﬂ&%lﬁﬂ mr@wrwt sepker atignifirspoi y~ncr sol i ds
froma Iiqui FHR coblloY P r, and recovering the inert d~luent=
and unreact e%nmorrercg b{bgﬂ&s*eytlhnmyn% yrrerl zation “pr 0CesS, , In
acddrdance with the Dﬁfﬂéﬁéfm( SFﬁ&'/eM%I@m it {shdesieabiestopgiayefydbaldithent i s appar at us
for conti nucuif,brg af ﬁ,q:,ﬁ,\ﬁgll}.‘lclgg e%g&rtea\ghugﬁscfdtheg;qrgu JHYJ‘BQ%J E\atl on effluent

conprising a slurry of said polymer solids In a conpri si ng
an inert di II'IEF@H?" "snﬁicﬁheﬁr‘dé@t e Nro A4, in Fhish appacrrmtcdme pressure

flash siep removes a significant portion of the diluent at such a emperawure
and at such a pressure that this lashed portion of diluent may be liquified by

30 heat exchangc insicad of by 1 more costly compression procedure,



conprises a discharge valve on a slurry reactor, exanples of which include
slurry loop reactors and stirred tattle slurry reactors, for the
continuous zo discharge of a portion of the slurry reactor cont enys Mmmaa
f rst transfer conduit: a Cr,t flash tank having a bottom defi ned by
substantially straight sides inclined at an angle to the horizontal equal ‘
to or greater than the angle of slide3of the slurryJpolynEr solids; u~herem
the pressure of the first (lash ta~Zk and tet~~peraturc of the '
pol ymeri 2ati o EH hE §Lﬁﬂ. | m about j0'Y~ to ?5 about 100% of
the liquid mm&%mrﬂm G e inErt diluent conponetu of said
vapor is condensablte, pwkinhoudtendontiessionan ypiread fex chaimgeusyi th a fluid
| tavi nE a tengeﬂejratureli n thg r@nrge of about 65" F.( ] .$Ca to about 13~ F
(57"0): a firEPEIshlYBFcoNds Ford 8l HRRINER COPIRREMRIAT H'g‘"\?\ith said first
flash tank) ofndsuebactdl @p&MEe{ | )in ARsth&i BPRA e (IYendén tedatgerrhc such . 1~) a
| evel of concentrated pol yner solids/slui ré/ t.o accunm ~l at C and form a
pressure Seal “NPATLS;(BF $QMHBYOUY SER3THIAH ROISRFT SOUES OBy mediyMseal chanmber
exit reducer gERyingh fatrhdiland ce@Rtih e Ydudit SRhAFRRe Ohod mksubibfd 0g- of
concentrated poly~rnC solidsl sl urr¥ to a second transfer conduit which
cont r nuni cat 4%dudyien in compiesigRigeded for Adilugnaept aderdalps| L id sovds~sl urt ~~
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tcrnperature o e concentrated pol yner solid INn~~ arc such thrst
essential | y atelasflo armyethagintar adutigudusia sepaditing pnlymanidilids framredingided nononer

w il . be vapor| a 0 i 4, COMPr essi on
and Weat exchlgggg“_\a%a{og&ez?%%%}%grnc‘gﬁgr(\j?c%casﬁgg&lﬁg%ﬁgérrggrgﬁé@él! t he bottom
of sai d, econdsepiradiy pelmincd solids &dahi ¢ digwidmgsivmp cdegigt g palyrserosmige, The

i nvention proyj I or I Nt | s.remval qof a stream oC
pol yneri zati oprékggﬁ\‘%etﬁg ﬁ?rgﬁélgl%sll Enrd; y"{;g%%)oré‘;"{gﬁ%ué{ﬁ Egséﬁ smcﬁ\ar ge vt,lve;

i ncreasi ng t hgplyreatzationgresess, of t he pol ynmeri~, atitin effluent dut'ing its to
transit through sgid first transfer conduit to a tcnperatut' e below the
fusi on point oC tﬁ@ HEPARSE \V/’\’/H%?I‘Ee d’éﬁf’iqnlfc‘)'ﬂg'lc’Q’ ?Teéenghprﬁ'%’l-‘té%iﬂg t he
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substantially_straight .sides inclinedq at an angl e to.th&e hqri aontal equal
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sol i dsl sl ur r y¢ongeining nuroLiséry diapor indi godercd mMmbboradout Thd Lappaparasbout 104% of
the liquid megoi Utri@esi and‘ssci (r:IefJ vsto haatled hcaC hr tmz{iank 140 ryvilh(?:l:hdinal oncent r at ed

Pol yner sol t dS/ arry-an vapoh StYeamtath Ste'a %enperaf‘lﬁre and preS~ure '
that the, i nesgitmd' lédpuedattrscont eirtedofanis aluthyvepasrs] sorctht adasmall e) wit hout

conpJ.ession, heat .exchange with a fluid having a tenperature in the
range€ Crom ab‘g‘%ﬁha'@%%@?r&‘@ﬁtﬁ%ﬂﬁﬁdﬁiJ%§Q§‘q§"—“‘5‘(‘§°?é) }“‘é’@“@%ﬁ?‘? fousl y
di schargi ng thergomseniniah@cagdolhoten dhéddsy Stbstanyalfyr QriightisidesFr st fl ash

tank to a first,!lash tapk exit seal chanmber of such a length (1) and
i it or (d) | EHREY 3 ATGIRe G heBTRoRh taL Ba: BERGB 6 MIHAR ry i <

continuously éfehatRirpalys@r adidi; Quiferdiinha ppds8ss UF the TR NakNagiabgd first flash
tank exit seal chanber; conti nuousl
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chandser about 100% of the liquid mecdium will be vaporized and the inert diluent
component of said vapor s condensable, without compression, by heat
exchange with a fluid having a temperature in the range of about 65° F (13°C)
to about 135° F (57"C): a first flash tank exit seal chamber, communicating
with said first flash 1ank, of such a length (1) and diameter (d) as to permit such
30 a level of concentrated polymer solids/slumy to accumulate and form a
pressure scal in said first flash tank cxit scal chamber: « seal chamber exit
reducer providing for a contiruous discharge of a plug flow of concentrated

polymer solids/slurry to a sucond transfer canduit which communicates the



exit reducer defined by substantially straight sides inclined at an angle
to that of horizontal equal to or greater than the angle of slide of the
pol ymer soliJs Lvhic:h rcn~ain after renoval of about 50 to 1 t)0% ?f7 T\lllARtﬁJﬂH
inert diluent thercfirom con, nuni canne a continuous plug flow of
concentr:,lcd polymer solids/slurry 30 CGcsmsaid ftr5t flash tank exit
seal chanber through stud Seal chanbey- exit reducer to a second transfer
conduit which con ~t~u~iicates aid continuous plug flow of concentrated

pol ymer Soli 3y dufite SORANML! ARN o188k A tank whelR(RO0S - 42

c~oci nuousl y vapori zing "e, senti al any remainig | nert di | ucnt
and/ or unr caqn&dunmﬁ@nrbmomd Nashg endoand tcfrmmsmlrc ofdhe-conscalrRe® OBnAND 99/ QD028
PCT/U899/1I007 t ank oper teda r n idfirst flash
tank; condenst H%S/SF(H@ a\f%ﬁ%?‘ltl}"gdﬁ?“ﬁ'él auof"‘@rFrR ﬁgwe‘aﬁinlp%‘éé?‘gd nmononer from
sai d second funasbet ankorby uﬂkbhw;qasﬁwamnamoham\/eﬂmmtangmduamdmcont| nuously
di schargl ng the essenti al dried po sl urr m sai gﬁsecond fl ash

t ank3f or furtqa{éf’m@“b’r'%@g#ﬂ(‘jxc(S‘F"%’taB? é’c"’ﬁﬁ‘émfi e‘g% lt“'\“% Pfon al so

rel ates to anh@ppRnaddsd b@bondmgh thk ig addildr@hgtcendighopge.cent age of pol ymer
solids froma ci rcrul ating sl untg in a |loop.reactor, than the i ght
per cent age of sol i'd8 ”}"hmt“HeP'%’i & EFuE iMeghod ey coritpheus e e 4§d | ncl udes a

condui t havi Rgresin foir HSlyn@RtioVPELEI Trchth Alriy Eict@RNBrofott £aMehatR for a
di stance into the | oop reactor. The conduit al so has portjons defining an

openi ng wher eflyes Hickr B Hie iyl eonpBis Pt 1 rmelymearaion w&luedt SWBEAISr ection of t he
cirqyl ating sty mm@ﬁ%h:ﬁ%ﬂ Wrant R ANIER td) tﬂﬁﬁérﬂtﬂﬁc et ?\nﬁ)nd' rection of

flow of the circulating slurry rgdd‘fmlona portion of the conduit may
extend out wamrdiny of teenpa mzrlwitalp coRlTOBYY twmmlwhmfgl redymesigriannuousl y or

ot herwi se t h%rél'xénPB' IR R dnlfiads Ef%&% LafRd 59?\9}53&13[1)/ straight

sides Inclined at an angle (o the horizontal equal to or greater than the angle of
slide of thc concentrated polymer solids/slurry; continuously vaporizing from
15 about 50% to about 100% of the liquid medium in said first heated Nash tank
0 yield a concentrated polymer solids/slurry and 2 vapor stream at such a
temperatuce and pressure that the inert dilueat content of said vapor is
condcnsable, without compression, by heat exchange with a fluid having a
temperature in the range from about 65° F (18°C) to about 135° F (57°C):
20 continuously discharging the concentrated polymer solids/slurty Irom said fivst
flash tauk to a first Nash tank exit seal chamber of such a length (1) and
diamcter (d) that a2 volumc of concentrated polymer solids/slumry is

continuously maintained so as to form a pressure seal in said first flash tank

1]

exit seal chamber; continuously discharging the concentrated polymer
25 solids/slurry [rom said first flash tank seal chumber through a seal chamber
exit reducer defined by substantially straight sides inclined at an angle to that
of horizontal equal to or greater than the angle of slide of the polymer solids
which remain after removal of ahout 50 to 100% of the incrt diluent thercfron:
communicatiag a continuous plug flow ot concentrated palymer solids/slurry
0 from said first flash tank exit seal chamber through said seal chamber exit
redvcer 10 a second transfer conduit which communicates said continuous plug

flow of concentrated polymer solidy/slurry to a second Mash tank: and



The present invention also provides a process for capturing a higher weight
percentage of polyner solids froma circulating slung in a |oop readbrll
than the wei ght percentage of polynmer solids in the circulating slurry This
process includes the step of extending for a distance into a the |oop
reactor a 20 conduit having portionsddefining an openi ng wherein said
opening is extends into the circulatthg slurry. Additionally, this process
may include the step of discharging, continuous or otherw se, the polyner
sol i ds from theinkeap vpaskes e_,tsm%gbn Af DY Eh@ml inlgngandiid, extending
outwardly fromthe | oop reactor. The present invention al so provides an
appar at us f oP"5¢i ng poMYHREICT 25 solfids frdma cémendit confsbted to a | oop
reactor and in fluid comrunication with the | oop reactor. This apparatus
includes a sensor, a first valve in fluid communication with the conduit, a
second val ve positioned between a first inert diluent and the conduit,
wherein the first inert diluent is in fluid conmunication wth the conduit
bet ween the | oop reactor and the first valve 30 In response to a signal
produced by the sensor, the first valve is closed and the second valve is
opened allowng the first inert diluent to enter the conduit in sufficient
quantities and under sufficient pressure to purge polyner solids fromthe
conduit. This apparatus may further include a third val ve positioned 17
MAR 2003 WD 99/ 60028 PCT/US99/i 1007 -6 between a second inert diluent and
the conduit, wherein the second inert diluent is in fluid comunication
with the conduit between the | oop reactor and the first valve In this way,
when the first'valve is open and the second valve is closed the third val ve
is opened allowi ng the second inert diluent to 5 enter the conduit. The
present invention also provides a process for purging polyner solids froma
conduit connected to a |loop reactor and in fluid comunication wth the

| oop reactor conprising. This process includes the steps of (i) closing a
first valve in response to a first signal froma first sensor, wherein the
to first valve is connected to and in fluid communication with the conduit,
(2) opening a second valve in response to a second signal froma second
sensor, wherein the second valve is fluid communication between a first
inert diluent and the conduit, and wherein the first inert diluent is in
fluid conmunication with the conduit between the | oop reactor and the first
valve, and (3 ) flowng 15 sufficient quantities of the first inert diluent
under sufficient pressure into the conduit to purge polynmer solids fromthe
conduit. In this process the first and second sensors nay be a conmon
sensor and the first and second signal may be a common signal. The present

i nvention al so provides an apparatus for returning fines to 20 a

pol ymeri zation slurry in a |oop reactor. The apparatus includes a discharge
val ve for discharging a portion of the polynerization slurry fromthe | oop
reactor into a first transfer conduit. The first transfer conduit

comuni cates the polynerization slurry into a first flash tank. The first
flash tank converts a portion of the polynerization slurry into a first _
fluid, such as a vapor. The first -



25 fluid includes a portion of the diluent and the fines fromthe

pol yneri zation slurry. A second transfer conduit communi cates the f|r§§
fluid to a first cyclone. The first cyclone converts a portion of th 7@%t
fluid into a second fluid, such as a vapor. The second fluid includes a
portion ofWOR&6@N2Buent and the fines. A third transfer condBCT/USHMITOGT cat es
the second fluid into a heat 30 exchanger. The heat exchanger converts the
second fluid into a liquid conprising the diluent and the fines. A fourth

transfer conduit returns the , liquid to the polynerization slurry in the
| oop reactor.,lhi e?’a’?&ﬁﬁ@%qé Qfﬁ ressul%t%%a?@?ﬁ tash tMLC'déPlﬂ’exﬁuTg' {h%t
transfer conduit healer tar cxchanse betL een the'first transfer
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comt uni cating the t P N %rﬁstohée?esf 40 8P I CAP Y e cycl one,
(v) converti ngighér wEightyataigetofipddrtsonts 8bmth@rdulating simdi & 4 BB n second
fluid conprising the diluent and the fi nes, (v i ) conm-uni ¢ sting the
second fl a itfagtonthan thc seighe perrgnigee of (solifls jin ythe siidatingslurm. The heat
excl zangcr th nd the
fines, and (vii ?faq‘?ggvglvtcnddlégq hg&fﬁl @a&nﬁf’?%‘%%@%*&%@%?@gﬁ tgéﬁlld; uérnrdgll in the
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which tends to plu ownst ream equi pnment. The present i~lvenllon willcll

cltinat25 the need Tier psenetihvdnnign | g ptovides| a pratase fort purgimObelyhnieal f or
downst ream cqui pni ¢nt pl uggi ng b voi ding the Initial .di SSA utian or
fusion OF LI 160B6§ gfﬁﬁ‘rf%cm H)@P“@:}fﬁo‘?ﬁe Ogﬁfa&ﬂr 25 lf‘ﬁt"‘gf%mgw,“fcagﬂ%en| i ~~n
I's to Incr easwmer@ﬁg%&wnﬂmhfgo%wmt:&@ ifGudts (ROAEHIOUS dmchar ge

and increased ethyle once,nrrations in the liquid nmedium e, g" grctctcer
than or equal d@ing awdisyhalvearesponsato 7 etsignaldion efirstdensorashsgreinrtben 4

~~~~ight percent tqQ k.wei ght rcent, ~still nore desirably frc>ir wei ght
otrolnt to 7 WHPGYRVE cameceds And i TR compupieation wifh i condih @R rat rons.
due to an incrpas@d 4 ROSEIGVE th Rkpshse @o-avREdMd AFhA FHund ABNRLoRAL&GR6r, DY

accelerated reaelion within the ~ellling leg,.."'1 centinous polynerization
ef fl uent sl ur ryhareigihesacend valvpyg Brid coBiRENEation; keyean Best |ingr ddeendl ~l y by

the ethyl ene sgliybl lc%rwﬁiti Bnd Qfﬁexleindtﬂeq}rgtir ilngrg {Z{illuieﬂ. i hrt‘? .ﬂru?@%rgﬁmnlicatigr? reby

increasing the speeifc réeaction rate merization and Increasing ~ 5
react or t hr oughiphuthe cndtihbetwebn et loop reaawr pné slenfirsi nelynt arah(3) fSlomang ncr ease

t he i ght percent. (wt 9. of _polyner sol.jds in the.polynerization, Slurry
ci'r bl a1 g ORHem tgRALier PRI 1eE Siven ieb ST PR BABRAE v ¢ he
W % of pol yrtdoafuis & pudge bolzﬁ.eplstﬂgd@q}mel@oaamnmwmmg 1B Bk @hd t han 4~)
nore desirably) from45to 65) still nore desirably from SO to 55, and nost
dcstrably frorfesend snegs maydieresorampa sensef and the isEarchsecond signabmays t c~

inerca, e the i yigld (5T1"), expressed in | em-s of pounds per
hour - gal | on (ﬁ%?fcﬁ@r“ﬁ%g’??’é{’ﬁl Ihihr- gal = 3.3 x 10' ' kgs ~dm ). Desirably,

the S fY is greaterThehyansedt Gyvemtorealso provides an apparatus for returning fines to
20 a polymerization slurry in a loop reactor. The apparatus includes a discharge
valve for discharging a portion of the polymerization slurry from the loop

reactor into a first transfer conduit. The first transfer conduit communicates the

polymerization slurry into a first flash tank. The first flash tank converts a
portion of the polymerization slurry into a first fluid, such as a vapor. The first
25 fluid includes a portion of the diluent and the fines from the polymerization
slurry. A second transfer conduit communicates the first fluid to a first
cyclone. The first cyclone converts a portion of the first fluid into a second
fluid, such as a vapor. The second fluid includes a portion of the diluent and
the fines. A third transfer conduit communicates the second fluid into a heat
30 exchanger. The heat exchanger converts the second fluid into a liquid
comprising the diluent and the fines. A fourth transfer conduit returns the

liquid to the polymerization slurry in the loop reactor. This apparatus may



desirably from2.6 lc~ 4.0, and nost desirably from3.3 to 4,0. is Oher
~tSpC. 'S, objects, and advantages of the present invention wll b}em
apparettt fromthe following disclosure and Figures 1 and 2. Thé %Wd
appat' atus and process provide several advantages over the prior art
including: ( 1) allowing for a continuous processing of LhC t;ontcnts of a
slurry reactor fromthe point of diseharge c~F the ~olynierizarion slung ~o
ef fl uent through a discharge valve; a first ftzstt t2nk, a seal chanber; a
seal than chag exicfqk 9%&%@@%&hentﬁtrwamctapt\%h&@e@a@ttnl fehgank. (2)
significat; tIy | ncreat si ng 71 I'ene concentration™in th oop reactor
liquid r’redl umrhlts«quemytun hialC?r J.ﬂﬂ ;hﬁ@olX@t‘)&duow&uwmct casi rt~ react or

t| ou~h-put, (3) nifi i ngrcasi solids in
the pol ytner L at; aeet G yig] A5 BRHAR ARG ratedoelBY R o | 37 W
2003 WO 991 609«28n19€‘iﬁhb1899c/r)11r1]a09c7p reacharO TP AOEst Inomdasi(Blditclangdnd H) ener gy
consurrptlon i's reduc ? reducﬁg@ tp dto compress and/.or distill the
reactor vapor PPFguP ”%P?'Iyt‘}érl’(t“““‘ {]Vcl?‘?ua eI L o & CUMY T RS downst r eam
equi pment Canlhb&ltﬂ’cﬂﬂ@@ﬁﬁivm&w&h@t&.l@*y Rlo & MNAESKANG (iBRh&EcmE§GRI PTION OF THE
DRAW NG Fi gs. are a schematic diagramillustratin n apparatus for
conti nuously g‘éﬂ‘gn@itai“ kg PpErY tJ‘E?B‘IYf“B‘ézaf'P?)Ht‘W I"teth ”S'a Hdu‘ﬁ? g%\‘:bt ed nmononer

i n accor dance quit dbnfphiginpheg R a'nH'\(ﬁ‘cnthn(wﬂoﬂtmﬁnc‘aﬁngamQﬂitaﬂtﬁﬂ@d Cross
sectional vi ew of the drscharge conduit with 10 opening extending a

di stance into fP‘He‘hF (fkb% egnenbro adustarelops. (KUSRYSTHE PoW sEdeat i on sl urry.

Fig. #is a Cﬁﬁ'ﬁ%%?ﬂtevﬁrﬁ"%ﬂ& u‘ﬁ'ﬂ Qrs@c%ﬁa”rﬁu&%t r@mgﬁIYesﬁlﬁm-tt JRE-IZ LED
DESCRI PTI ON TI 3E I NVENTI ON 15 As used the term "pol ynerization

slurry" neans ﬁSﬁbét"érﬂopwulnwlwgt s iﬁhﬁ@eﬂe'érr'p@sﬁtliceh ckahesesdi (vg) pol ymer
solids and I'stwvauﬁgFrpmtﬁt.hIagchwgtmh@sécbﬁd hagnr 1:5 FRALComd: ﬂg‘tﬁ%ﬁ’c} i ds I nclude

catal yst and a polynerized olefin, such as po ene. i qui ds
i ncl ude an i néityengrad thatiinesuend A4i bz e, ll<MﬂMdtlI¢1 fﬁ¢ gslymersduierononer
cononormer, mLtGﬁ-}'lnazhe%}?]&Q&oFO”tm' agents, such as 20 hydrogen, antistatic
agents, antlfoul ng agent scavengers, and other process additives. As
usedlherein, the t@tcnwftspameerttibmréuryieeme\déSiW)tpn:mmssand Ipencess for

producing polymer from a polymerization slurry in a loop reactor operating at
a space time yield greater than 2.8 bs/hregal (9.3 x 10°kg s”'dm™). In this
inslance, the polymer is formed in the polymerization slurry which includes a
liquid medium and solids. The polymerization slurry is discharged into 2 first
20 transfer conduit. The polymerization slurry is referred (o as a polymerization
e[fluent vpon leaving the loop reactor. The polymerization cfflucnt is heated
in the first transfer conduit to a temperature below the fusion temperature of

the polymer sohds. The heated polymerization effluent is communicated

through said first transfer conduit to a first Mash tank. [n the first Aash rank,
23 {rom about 50% 10 about 100% of the liquid medium is vaporized. The vapor
15 condenscd by heat exchange. Polymer solids arc discharged from the first
flash tank to a second flash (ank through u seal chamber of sufficient
dimension such as to mainlain a volume of polymer salids in the said seal
chamber sufficicat lo maintain a pressure seal. The palymer solids are thea
30 communicated o a second flash tank. In the second fash tank. the polymer
solids arc caposed to a pressure reduction from u higher pressurc in the first
(lash tank to a lower pressure in said sccond Nash. The polymer solids are then

discharging {rom suid second flash tank, Additionally, the weight percent of



production rate of polyner per unit of |oop reactor volune or

pol yneri zation slurry volune. 25 As used herein, the term "catal yst
productivity" neans wei ght of polyner produced per weight of cat él?y@&\R 12003
introduced into the | oop reactor As used herein, the term "polyner

resi dence tinme" neans the average duration that a polyner particle remains
within the | oop reactor. The presentgi.nvention is applicable to any m xture
whi ch conprises a 30 slurry of polyner solids and a |iquid nedium
conprising an inert, diluent and unreacted polyvmeri zable nmononers including
slurries resﬁ?'f‘%‘zﬁﬁ #erpgl}ﬁmocl”é?liu'r‘\ Ah ;‘/"n':%ruldfa‘idlpcgrl\%n'léﬂé @Fé?‘)lpr{“dﬁ%honers

general |y enmplagyedopduiaiugha t@ackiianase pumpby Yeddiebdugedikaet @i ns havi ng
from2 up to 8 carpon 0, p nol ecul e 1 '~ ~ 2003 WO 991 60028
PCT/ US99/ 1 | BT 14 98# c@?" eié%‘?%s"f‘?i‘b‘l (g% "Zﬁ"h?? SRE2EH 8Py ene, but ene,

pentene, hexefac@RchgOth@Ne b Bk @XBIRdrequdnebome (¥0.5). asd BRL I ¢ nDnomner s,

| i ke styrene and al ky| -substituted styrene, gemnally distributed nononers
such’ as’ i sobOiA BaR &M eRipal [Fgs. dasisatlneteqadR 48 1ASFIHEA R uhd Vi nyl

nor bornene. fyiae@heRuced |H4eRNS VBRI RYEthds NSy 0 &lical B yper i zat i ons

i nclude saturated aliphatic hydrocarbons having 3 to 8, preferably 3 to 4
carbon at ons vpEme wHpErnsIEatienstiiryas the aspagesior mepbeigrasier, hasrdP0P ene, n- but ane,
n- pent ane, | %9%%%?@%"" -hexane, isooctane, and the like O these diluents
those of 3t on atons per nolecule are preferred, and isobutane is
nmost preferred. 14nPhectrodtte rofsentiswehizmge teofrotiie beth lay ppmeranatdhdn ef fl uent i s
such, as to all . ti us Qc r h lurry | oop reactor
f ror'r(% t he poi lmcmoélfjai&?g%hg%ggu%? R’E‘ﬁes‘?iisg?q%}s‘g i%@gh%ool ;/mn% ?lzgxtc;i“lé“r%x%f fl uent

t hrough a si fgleeigpihatcodineahargeval af e mhehcakgontdifeugtorphient i rst fl ash
tank and the_assqci or, recovery and sqgl.i recovery systens. The
rate of di scﬁ‘gllyélg'g(k) fd?%éﬂi!@md "Bchlﬂ'/nr‘ré:ro%‘z’% "i“bh"%gfﬁuﬁ'(’a'n?mi%mésé‘h% as to

mai ntai n a comnsbmes fppmesdurereadrorttveughl ayoiny diselectcoval\@nd cdnénelus m nat e

intermttent _hi ssure pul ssoci ated, wth a discharge of a portion
of the react Efpldgg%‘&&g?"sm[ H"aF16 c@%fﬂﬂg‘ R KNG & Hﬂg"cf S pr(%%gsl frry reactors.
The11 enper at pregsutosadhihelkeirt vlich @hybirsaidalirsionask fridku@ndpetatel ¢dded § 20 di schar ged
fromthe reactor j.s . _heated duri transit to the first flash tank for
vapori zat i ons‘l‘b§£‘5€ézﬁl5\ﬁ"'ta ép‘fcffé‘feolﬁg‘thé‘%&’r"&% 15]?58' %’p‘ ‘f’{ﬁ‘ pﬁiﬂ"@fﬁé‘ﬁ‘us This may be
acconpl i shedaycoafiproofly idatkardedahiongh Ok stdlicharhber Sdxittreduasdfialo ®ONdui t The
gquantity of heat,fo he s lied to.th ol rization,effluent during its
transit throtGh™t {W’égf f?“gﬁri)ﬁ‘ﬁ‘n(gﬁl?cf "F%&FE °¥c{rﬁ§k‘ lﬂ“%é@‘l‘fht" RSHoul d
preferably bpluggink &adt first flash tank and the continuous liquification of from about

20 50% to about 100% of the iner diluent vapor by heat exchange rather than

compression,
Another object of the invention is to ¢liminate the need for a seuling

leg on the slurry reactor and the intermittent high pressure pulse in the slurry

1]

reactor caused by periodic discharging of the contents of the settling leg,
25 Anather object of the present invention is to improve safety by eliminating the
possibility of plugging in a seltling leg.

Another object of the invention is 1o eliminate plugging in equipment
downstream from the discharge valve. In a sctiling lcg of a polymerization
rcaclor palymierization conlinues and the heat of reaction further hears (he

30 liquid medium and a potential exisis for some of the polymer solids to dissalve
or o fuse together, As the contents of the settling leg exit the discharge valve,
the pressure drop causes flashing of some of the liquid medium which resuls

in cooling the remaining hquid medium causing the dissolved polymer 1o



25 equal to that quantity of heat which equals the heat of vaporization of
that quantity of inert diluent which is to be flash vaporized iln7 MAR 260§ r st
flash tank. This then will provide for the concentrated pol ynmer solids
formed in the first flash tank to be passed to the second flash tank to
pass thereto at a higher solids tenp@rature and thus facilitates the
renoval of residual diluent in the 30 pores of such polyner solids by the

operati on of tJaﬁsuﬁ@GQM tf:rld@ﬁ{j!pl@gam@nsﬂ'eha{cqqm&x@ﬁtl e pfesdmebveduoansferred to
t he polymsrlzatlon effluent during its transit throﬂgh the first transfer

conduit to t heigh ¢lgpinatesgn nged fge W“@Q/Bﬁ 358 PMERIcE NS BRIGRIUUOE only that the
quantity of 38% 1Rl q?ﬁ?&tr‘ﬁ \%‘élnﬁ‘bglavﬁﬁﬁ%%‘%ﬁﬁ’lal: fSolution or AifiofA ~ 2003

pol yrmer sol i cr0|n ated To s~1ch v tenpc rtture al ~~hic:h
they will tendthcoolyosesars.aggl otrerate oe with anothec '1'' he conccntratcd
pol yper solidsl sl yr i ged f I I nk into a fir;

t hash tank exit é{gé er ﬂléecq O§CJ‘| sfﬁ? n(\%ﬁnugnﬁ [\)ﬂedae t‘ﬂ%h‘c cgr’ret er (d) ,ca
as to provi dehrauphepuuney sisf fmccnfenctnuhoouﬂadwm:mgm mdvmt:umd o:thyluootl cetttrat~=d
polym :r solids/slutr o mai nt ai Pressyre se in the exit
scat uhar nbEr;f’“t'fH‘é“t?B?\;HeﬁH'gf g(ﬁmﬁ Y ivér Es%}”c'i ’u“#‘?“y are” %fhéchar ged tram
the exil 5€u|pc@hxambmzclbm@[ughm&ibl)ex'mh %&@ht@hﬂtﬁﬂwﬂmcg\hcwceho ~t second
transfer condujt W‘IICTL grmg rcs the concen ntrate gg mer solids/slut-~y
as a plug ' BUHMOFGEGTERYY JoRacurert Pre 1 ANk Héceé‘Xl? &8 hanber reducer
i s defined byinsLdusti@ntcb@eheyatisisraat @hin isdrebesy lbmhdmedlugﬁo@mtrangl e to that of
horizon~a) equal to or ~r$atr than Ilte ang e og sl ||de ?f the concentrat ed
pol yrmer sol i GSPEIEHr GRuserh &Y prederpipd afion nEitee (8 iensgt e wi 11 wary

dependi ng oncbthﬁma@.tﬂmm%mtoh@memm&ty @mlluw&emgmwcdamqmns and the
tenperaturr of tht; ~ ri2alion efLluent. Typically) pressures in

the range of “FP“o‘r‘h“é‘E?o?j‘ﬂV ‘1"4’@° E}§Y‘5“°(59l“9"“58 ‘PG%I\‘IHH‘%““?"&S BB IECSS ps(a (21.8 X ‘I

105Nt ~~~) - CaRy &y QRRLRNE e s*ﬂRfie: rQic%E@l'a@tp"oy1>$l§fn19'3-'llt‘ora4?\@lﬁcre%g9 psia ( 13.8 x
L OSNmi) to about 270 psia ( .7 X 105Nni " ~); arid nost preferably froth

aboui 225 psirgecter $oughput) 03Nm 2) to about 250 psia (17.3 x 10sNm z). 20 The

heat exchangi N { bk 1P FOBASHHS Gplelifor ADGY neid hbyin( st 11 ash step
is at a tcn~perature in fhr: range of fromabUut 6~'"' F (18C) to about |50

,F (66"C). ~ PﬁrrtérrtéWéMO’@wb@w FRAIE inemol yngrigationglury ciraiigfisg e d at ~t
t enperat ure @bl fleRFaiaR dHe irf Be h:of» £ALer, tﬁhsﬁ%@&uﬁhetwl‘wo’: dyrPsduls A nost

preferred enmhodi nenl uses a heat exchange ui d at s terr?erature of Fromis
about 55 F (2‘91*’6)130{)‘6“&%‘8{' SIugy) ST gated dyan 45, wcgﬁuﬁblw fieraér &t ®ndi ng of the

present Inve@t.m%rcvuwubnbﬁor@so)eﬁ's@%d*a%szro%&ﬁrowfﬂgns:om%lsg | whi ch
illustrates a system conprising an enbodi nent of the invention. ' In the

cn, bodi nent i || usPPRMEPRIGE B G present fenpnyit [nststseghe FRaCCHRE| ed JO out in

a | oop react Held ﬁrh éNbﬂcLsc@ﬁn lb&aﬂ%rﬁéﬁ@d%émar-gdum dllﬁllﬁ%ﬂ?tmﬂﬁ reactor | is
iltusti~ated Wth four yerti react or may be equi pped

rah nore | eg$! Gek? rab? J\gétdghﬁ B‘FS"H%{YttheﬁsY "dé@F‘F’aB‘P@ AHetiéen R and 20,
m e dest UaalGlynehget &0 ARfinbe gedlhp oSl ke w Lh 12 | egs, The

pol ymeri ~. ation - urr | rection<<liy circulatzd throughout —
t he?} oop rector 104gr pqpqu{;pp;aqt@@nq)g,dvanlages of the present invention will be -

apparent from the (ollowing disclosure and Figures 1 and 2.
The claimed apparatus and process provide several advantages over the
prior art including: (1) allowing for a continuous processing of the contents of
a slurry reacror (rom the point of discharge of the polymerization sluny
in efflucnr through a discharge valve; a first flash rzak, a scal chamber; a scal
chamber exit reducer; and therefrom to a second fash tank. (2) significantly

increasing clhylene concenlration in the loop reactor liquid medium thareby



arrows n-D by one or nore punps) s~ich as axial flow punps, 2A and ?B
Dcairably, the | oop reactor L i~ equipped wish nmultiple punps wherein vacl
~ ~ MAC 2003 ~ 7 MAQ 2003 5 WD 99/ 0028 PCT/ US99/ 11007 -13 pump is
dedicated to an even nunber of |egs, such as for exanple, four |egsl7$% 2003
| egs, eight legs, etc Diluent cononomer and nonomer are introduced into the
| oop reactor 1 fromthe diluent storage.vessel 40, the conobnoner storage
vessel 41, and the nononer source 42 through their respective treater beds
37, 38, and 39“&hﬁgu Refze4n O a SP ectively, connected to
conduit 6 Catal yst |g angH; w&ﬁh Em ?33 Hg’?’é%‘@% Cfcatsﬁl;ohéﬁ"oﬁe%r nor e

catal yst feed @Vﬁ?@ﬁ@“@ﬂl&ndm7$enuhmfﬂmtyywsQ@H&hy@hmygyh@haggpced in a
hydr ocarbon di luent. Polynerization slurry nay be renoved fromthe | oop
reactor by 10 15 20 25 continuous di scharge through a discharge conduit 8A
It wll be understood that the |oop reactor 1 may be equi pped wth one or
nore di scharge conduits 8A. It will be also understood that the discharge
conduits) 8A may be operated in a continuous or discontinuous node, but
desirably a continuous node. The discharge conduit 8A extends for a

di stance through a portion of the wall of the loop reactor 1 and into the
circulating polynerization slurry. By extending for a distance into the

pol ymeri zation slurry, the discharge conduit 8A may renove pol ynmeri zation
effluent fromthe circulating polynerization slurry over an area defi ned
fromnear or adjacent the inside wall of the |oop reactor 1 to a distance
extending into the circulating polynerization slurry. In this way, a higher
wei ght percentage of polyner solids may be forned within the conduit 8A and
ultimately renmoved fromthe |oop reactor 1 than the wei ght percentage of

pol ynmer solids wthin the otherw se circul ating polynerization slurry. A
pressure control system{not shown in Fig. |I) operates in concert wth the
di scharge conduit 8A. The di scharge conduit 8A and the pressure control
system 410 are nore clearly illustrated in Figs 3 and 4 and wll be

di scussed in greater detail below The polynerization effluent passes from
the di scharge conduit 8A to the discharge valve 8B to a conduit 9 which is
provided with a line heater 10 30 and into the first flash tank 11 which ,
separates vaporized liquid nmediumfrom polyner slurry/solids. Conduit 9 has
an indirect heat exchange neans such as a flash |line heater 10 Vapori zed

i quid medi um conprising diluent and unreacted nononers exit the first
flash tank 11 via transfer conduit 12 through which it is passed



17 M ~R 2003 WD 99160028 PCT/11S99/ 11007 -14 into a separator, such as 63‘3
cyclone, illustrated by reference nunber 13 which separates ent r AiTndAK 10
pol ymer solids fromthe vapor Polynmer solids separated by the cyclone 13
are passedV9PHWehduit 14 through a dual val uing assenbly 1BATYERYHREY to
mai ntain a pressure seal below cyclone ;33 to a | ower pressure 5 second
flash tank | 5 The dual val uing assenbl e 14A includes val ves 14B and 14C.
The val ui ng assenble 14A in conjunction with conduit 14 operate to

peri odi cal | y sghcaiiae gield aind(BY ereedy etssuhbttn aveudsee byaedesing thetrdeed condui t
14 fromthe cyclone 13. The val uing assenbly 14A al so maintains the
pressure dif ft@reepass rodiost istdlh haerenstgherapprr-bgwdr efflugnt r oRpedietingn t he
cyclone 13 a ) ir t.in the fl. tank 15
In the oper a{a ?%]E?p%lsé)rg\tg\%{dvgfh%?ndé@gg% |G§Uﬁ%ﬂ“‘\ﬁ§ vg;es fi"i’%&gﬂa 4f%‘sc%zg\re
sequenti al | y etipgnfed.and cl osed. At the begi nning of this sequence, the

valve 14B is oEen and the valve 14C is closed allowi ng the polynmer solids
from the cycl H BESCRHTION QF THEDRAWINGyi t 14, Upon t he passage of

time and/or the cagléectig SUEEHGIBRT 4iR R, e [ canduit 14,
t he val ve 14B cl ogJe1 Se'cggtﬁrzio%\ré’ A;E%c()i?dta‘:ﬁgn Io?‘Ja%ﬁhe uﬁ?gk{gp?%sa B%X}éﬁjén@?r onment
from t he cyclcongnuisiynsephmting pdlyinier kdlidsAfrbmr difteat yad uereitBd edoowasr t he

val ve 14C opens angathe B‘?h mer solids collected in the conduit 14 are
forcibly di s¢hAFGELICAMBIHEPFPHEAMCAHRY 15 by the differential 20 pressure

between the hi gherpig.rﬁfssaweﬁ]ae | ERNRBLiohd? vENStLE dikéhABE o1 GHET
pressure environnent in the fTash tank 15. After discharging the pol yner

sol§0ds from ©pruingt edténding oa tdistafideagtio t thak lobp, reahter vanidy ¢hel 4@ culatisgs. Once
the val ve 14C ¢l oses.. the valve 14B is opened at which tinme polyner solids
will again cdP %E?r’%aHOEBﬁ‘HUit 14 fromthe cyclone 13. The above sequence is
then 25 repeated. IRefeisrd RPehackvitw of B@rdskurslcohkdshstbank 11, the
concentrated polynmer solids/slurry in the bottomof the first flash tank 11
continuously settles by sliding along the straight Iine bottom surface 16

t hereof into | @ﬂlj: ]\V\bIFOfQI TESIN ed in enlargenent Figure
2. A pol yner I?S?IAZ%E:)I E!rﬁ‘r%y |e\'/r3'rb 3043 E‘Wﬁ?ﬁﬁ?ﬁ;d in the seal chanber 17
to Bl imnate plugghnygseaddredemcthe serinn'pblynsdrizhtiars Slutrphinedds subdtandaliyoam a
pressure seal_so.that the.first flash.tank 11 can,operate at a.,.

subst ant i al | y™RiRJREF CUPRAIGAnLInewding Ry e Soli SFP%\%’ﬂgﬁaﬂff”ﬁ{“g%‘lﬂyﬁer

sl urry/ sol i dghéi®pGesibNumissbliddinsridacaersf 4 pbigmenzdd sleAALREh &Y ~ 7
MAR 2003 WO 99/ 60028 PCT/ US99/1 1007 -1 S into the | ower Eressur_e second
flash tank 19otyfhylessytThe hquidginghudecn ipprt ddueptysichms pbwnee,swith chanber
L7 and the 0ooUBivet HoddiferSefthofdHAFPROIRNLE e (Bhidfadlints, GGREN SO as to
provi de a vari abl e resi é)ence time and provide a continuous plug ow of
conent r at ed hydroges; amotatusagehtsy antifowing agenisz ecayerigien dhdspherepracedsr educe

pl uggi ng tend ﬁr&i es. The seal chanber 17 length nust be sufficient to allow
particle (polz\? F®olids) |evel neasurenent and control . Particle |evel

measurenent and CORE rg¥ed "Baretde tAECRAP| tsphed thie dield" (STY) means the

production rate of polymer per unit of loop reactor volume or polymerization

slurry volume.
25 As used herein, the term "catalyst productivity" means weight of
polymer produced per weight of catalyst introduced into the loop reactor
As used herein, the term "polymer residence time" means the average
duration that a polymer particle remains within the loop reactor.
The present invention is applicable to any mixture which comprises a
30 slurry of polymer solids and a liquid medium comprising an inert diluent and
unreacted polymerizable monomers including slurries resulting from olefin
polymerization. The olefin monomers generally employed in such reactions

desirably include 1-olefins having from 2 up to 8 carbon atoms per molecule



nucl ear | evel indicating system 18D. The nucl ear |evel indicating system
18D to includes a nuclear radiating source (not shown) and receiver or

| evel el ement 18A in signal communication with a |evel indicatitid-"° 2003
controller 18B. In operation, the |evel elenent 18A generates a si ?nal
proporti oNd *¥Y%%he particulate Ievel in the seal chamber FETHHOLTW gnal
is conveyed to the | evel indicating co_r]t]_rol |l er 18B. In response to this
signal and a preset value, the 15 |l evel indicating controller 18B sends a
signal through a conduit (illustrated by broken line 18C) to a control

val ve 18 E whiphias ek 8apley htud0fhyRhS, Hi3Byidhs ONRERE peiteRO! oRhe 241 dS intoO
a conduit 19. "Typical residence tines of ¥he concenpr ated pol yner

sol i d/ sl urry ocrent heOthemexapipdesbimclutiz vanyd dromatiSrmomets like strent aod es,
preferable residence. tines 20 are fro econds to 2 mnutes and nost

b of or abl o AUPIEREE PRSP oRrraey Bt BulEh B8N mard sEehed HoBR TR ug 11 ow
of concent r atad cpPal VaTBfinsS Alch S ndtdiishelal Wy nbibefRHE S Sealryyhgrein the
concentrated pol ynmer solids/slurry have an I'/d ratio inside the seal

charfber 17 wililepnts empjestedan|sych obefinop@ymgriaftions bn@dudy sptiratel alophstiand nost
preferable i . 2 3. Typicall h exit reducer 25 18 sides
are incli ned?’yrg%chéb?’\r}seh%\’(')'y‘t(p %go iér(ﬁré f:ftzega(r%]’ggs?g %ga'-%ggg{oglesxreé&oﬁe Lﬁ%fsg\; bl e 65

80 degrees ang pidsinepisebirimdpeofifene, Fbuting] geniald)dssiRataneNAMRRINSXI t
reducer 18 geonetry iIs defined by substantially straight sides inclined at
an angl e to tspRctage. sk thedikeal ObEese dilyenss thpseaf Sy tor hgarboneatamgIner of sl i de
of the conce [ ! ni cates the concentrated
pol yrmer sol i 3&@?%Lﬁ%x@%&?ﬁédaﬁég%sgﬁgéﬁ% gﬂg?sg:ﬁgect%ﬁ uit 19 which comuni cates
witly a feed inlet Tife rhleafldischagk oflthe dahyrhérdemhon affluedbissubis hant aldwy all of
any remaining inert diluent and unr nomer igrat he con.cen}r at ed

, acted

pol yrmer i zat i GnCNPE,Progess s4isam; ﬁcfg‘{ré}k Pol7aTe m, the PYREGIt 20 to a
second cycl ongscBdrge off the nhmﬁeag&ﬁym_e.li@aﬁ!aﬁf Sfhbmgotb @ §ingieCysinpne 13,
the major portion of the liciuid nediumin the Po(ynertzation effluent may
be been takerflischargealvstand Al hsoughrhe firstHlasly sankandghe essokimedheaper porti on
of the cntr~~j atal vst and. pol | rene L se ja conduit
22 through >Sre%\'\e%9{ a%éc%héefecg\ﬁg eﬁé‘?% Sq\?]\/ﬁefag‘? Wﬁ@%@ggo"gtﬂ{% pressure
from about 146lynRérdzaliOn éffiucht ik SNH 25 totrRaiataiiia c3istanp predsire ih thesltisry LO Nrn' ')
i s condensed bKFéi ndi rect _heat exchange with a heat_ exchange fluid Such as
to elininate FHEONBUYY BiMingirpnBIETRL higfe PFSFUT Priteh Rt eh Vil Aed
catal yst and QIR orSPdrish HOfhe TEARR conttnBYihhtGuct¥ it Sertihg lep€ogener al Iy
smaller in size and may be rcferied to as "fines”) "polyner “fihes" and/or
"catal yst fi rdry reafiossse tines general ly include unreacc~d and/ or
und-rrcactcd cat al'yhsé[ ‘temperature to which the polymerization effluent which is
20 discharged from the reactor is heated during transit to the first flash tank for

vaporization is below the fusion temperature of the polymer. This may be

accomplished by appropriate heating of this first transfer conduit The

quantity of heat to be supplied to the polymerization effluent during its transit
through this first conduit to the first flash tank should preferably be at least
25 equal to that quantity of heat which equals the heat of vaporization of that
quantity of inert diluent which is to be flash vaporized in the first flash tank.
This then will provide for the concentrated polymer solids formed in the first
flash tank to be passed to the second flash tank to pass thereto at a higher
solids temperature and thus facilitates the removal of residual diluent in the
30 pores of such polymer solids by the operation of the second flash tank. That
quantity of heat transferred to the polymerization effluent during its transit
through the first transfer conduit to the first flash tank may even be greater,

provided only that the quantity of heat so transferred will not cause the



The heat eYChattger system 23A includes a heat exchaneer Z3L and a tenpered
wat er circulating punp 23B conneetEd to the heat exchactga~ Z3E 1y ﬁdﬁ\?gﬁﬁ
Z3.C. A tenpered water tenperature control valve Z3D is connected [ he
heat exchanger 2 3E and t<<ater circulating punp ~3I~ by conduits 23~ and
23G respectively. Cooling warcr fi.jem a cooling water source (not shown)
is conveyed via a cooling water conduit 231li into the conduit Z3G between
the conttrol valve nd the circu rature
i ndi cating cBﬂf’f“’*oﬁ#&”‘(’W’\“é)’ boapRe; 'Eatﬁ%‘%’n%lglf eélmﬁ’ef“\’r/z\{gée# wrh‘g{@’g’ht rol valve z3D
and the 2~ cenidhd ted3E.or B@lmmebuhavmﬂmbrned |l er 23J and the conduit Z3C
resides a tenperature el ement 23K g heat ﬁ g %ﬁge Kstem 33A operac-s
to controt the ar‘rHan‘imB‘:f““@‘&‘b(BP‘YE‘B’n@é Y AT HYE et TARNGHGEr 23E. This is
acconpl i shedphy GANtHROL NN Gk leQW O chRMch B sWBtLladR{ Qduiced into the
conduit 23G fromthe 25 conduit 23H by exhausting healed water fornmed in

| hc sheat exchiamger (@3E as tp o idat selumatseiickpiom THeRaroleReWhnger 23E i 5
conveyed to t V. , it s ated wat er
exits the conopl%mﬁgval H%g%\{@f/ég%gdf@toénmﬁ% 't%)‘ggf") q\/géuems%ggll lh ically,

cool i ng wat eexif scalmhtdiesrc ThdaintenR Bkt eaiyretnsnlgMShsy@ermmrE@S’Gnm xes wWith
circul ating in th re tltcror~f
renters the %h Egu g%ngﬁb. tFro h an exﬁtsea?aqﬁﬁgr r%ghger b gg%méﬁr}e{} %rt he condui t
23C, a porti cgndoit uxhitlhehmamnicacstmc hctmcdtarvp@nmﬂnrsedadséslmmuerl@BK, rn 17

MAR 2003 - | ha rou~c ro at exch e ro ure el enent 23K

genérat es an"'V A4 Seﬁ?%jp@arsflt 'ﬁa lhscg '}?B‘gf‘ aE%”r%’ fsn&glﬁéﬁlf%i t ~3C. Tlte
~na( is connsemadally sMDngQIdGOIB\ZI&ed 1:7an]angle|\dA;hE& T BO3zoRGETEEA6 1007 to t he
enperature indi cati nt | ler 23] In r onsetothls signal and a

pr eset tenpef&tEr a’{/‘ﬁgﬁ‘ég‘?f[?gd"[ Wﬁéﬁeﬂ‘rﬁeﬁ%“&"éf‘?'wa ¢BWtrol ler 23J sends a

signal through a "ﬁieQﬂ@slsm@%}dH\t Firs( ﬂishld&bl’vﬂ[ledlthpinhﬁgbhmtdrt ne 23L) to the
control valve 23D which selectively control{g LE‘he vol une ofr eated water 5
h 2

exiting the Pedbt eRUMRIngRt WALt DARMER: & f NEMEGHYGi €1 283, The

congensed | i y.eluﬁaadwemhmmagp.amyt ﬁk@s:h@@-‘in B¥chgagerom3fodtned udes dil uent,
unr eact ed/under-react sol o d and unreact ed nmononers

This condens®d® (3§t § ’ﬁ%‘g} EPrr?hC'ﬁ‘ %Wei%‘ap@éée’ﬂ‘?@“aﬁ e bufPlarsy 24B via a

conduit 22A phe ﬂr&feifaﬁly(hib%i sm{ mot[fasaQWHQbSMQ [@EBMNL70Qsia\(#RPr  condensed in
t he heat exchan%e ,23E an intain sufficient vapo‘iwprzessure in the
accunul at or A8 NWX pnd %S/)""%F"’&l‘yegg'i‘]raé%‘o%ﬁsrﬁla VafveONWR 24 nai nt ai n

sufficient bage pyogsayies enotNehaccunul ator 24B. By naintaining a
sufficient back pressure on the accunul ator 24B, a proper aqperating

predsure i s maint ettt Fxshingenes uid pseddo f‘P%@Pﬁct‘éhKapﬂL fromjpe pfkssure control

val ve 24A 'Sﬂ%tsk&?t@ﬁ abnxmaeramesweemagradﬁmw.Jagu‘qs@nrc(:csb¢)as aBAE in concert
with a pressure el ement The pressure element 24D is in sensing

communi cat i ol ik & Re @c&‘iﬁfﬁmeﬁt"mb@wl YshE apreas sishange  Wikeat 2 24D gener at es
an si gnal - pr RAELIANGE dofh 1AG: PEESIMRE Iuldle 1 ASRUIBIG! Ok 4G, 10 T esponse

to this si gna and a pr eset pressure val ue,
preferred embodimenl uses @ hcat exchange fluid at & tcmperature of from _
23 about 85°F (29°C) to sbout 130°F (54°C).

A further understanding of the present invention will be provided by

referring to Fig. | which illustrates a system comprising an embodiment of the

invention.
In the embodiment illustrated in Fig, 1. the polymerization is carvied
30 out in a loop reactor 1. 1t will be undersiood that while the loop reactor | is

illustrated with four vertical legs. the loop reactor | may be equipped wilh
more legs, desirably cight or more legs, desirable between § and 20, maore

desirable between 8 and 16, most desirable with 12 legs. The polymerization



20 the pressure indicating controller 24C sends a signal through a signal
conduit (illustrated by the broken line 24E) to the control valve 2 gﬁjch
selectively controls the back pressure on the accunmul ator 24B A gdd@ﬁé S
provi ded for conveying the condensed |liquid mediumfromthe accunul ator 24B
back to the polynerization zone by a conduit 26. In 2s this way, the

unr eact ed/ under-reacted catal yst and- pal-yner solids not renoved by the
cyclone 13 are returned for further polynerization to the Ioop reactor 1.
The pol yner sodii@sisioftedifds | are passed
via a conduit Z;Qfo a Conégﬁ??%%gﬁﬁﬁ%ﬂgﬁ:g@@&gquhﬁﬁqs1% ﬁﬁd

secondary cycléBA¥S 21D byfansrorfingre rpanpsonuthﬁsaxfal ﬂberpuumstZAZQHd 33 passed by a
conduit 30 30 he sed vapors are passed

t hr ough a coné&gpﬁggqgg%g§ggﬁagﬁsegmgﬁefV EgRJE‘meW§‘§%Wﬂ%h§@d and t he
condensate is passed , through conduit 34 to storage vessel 35. The
condensed liquid nediumin the storage vessel 35 is typically vented
overhead for renoval of light-end - ~ ~ r~~, R 2003 WO 99/ Q0028 PCT/ US99l |
| 007 Is_ contam nants The inert diluent can be returned to the process
through a treater bed 37 to renove catal yst poisons or distilled in unit 36
for nore conplete renpval of |ight-ends and then returned to the process
through a treater bed. 5 Turning nowto Fig. 3, a portion of a wall 310 of
the loop reactor 1 through which the discharge conduit 8A extends is
illustrated The di scharge conduit 8A may extend into the reactor at various
angl es Desirably, the discharge conduit 8A extends into the |oop reactor at
substantially a right angle relative to the wall 310. to The wall 310

i ncludes an inside surface 312 and an outside surface 314. The inside
surface 312 supports the circulating polynerization slurry illustrated by
directional arrows 318. The di scharge conduit 8A has a top 316A, and a
continuous side 316B. Portions of the side 316B define an opening 320. The
openi ng 320 has a vertical opening dinmensions vl and v2 15 defined by walls
320A and 320B of the side 316B. Desirably, the vl dinmension is greater than
the v2 di nension. The opening 320 has hori zontal opening di nensions hl and
h2 (not shown). The opening 320 may be forned in any suitabl e shape, such
as rectangul ar, oval, or a conbination thereof. In one enbodi nent, the
openi ng 320 may be coni cal -shaped or scooped shaped. 20 The openi ng 320
comuni cates with a channel 322 defined by the inside surfaces of the top
316A and the side 316B. The channel 322 conveys captured pol ynerization
slurry, illustrated by directional arrow 324 to the discharge val ve 8B (not
shown). The opening 320 is sized and positioned relative to the direction
of 2s novenent of the circulating polynerization slurry 318 Desirably) the
opening 320 is in a substantially facing position to the direction of the
circulating polynerization slurry 318. Mre desirably, the opening 320
faces the direction of the circulating slurry 318. In this way, a portion
of the polynerization slurry 324 containing polyner solids is renoved from
the 30 circulating polynerization slurry 318 over an area from near or

adj acent the inside wall 312 of the loop reactor 1 to a distance extendi ng
into the circulating polynerization slurry 318. In this way, a higher

wei ght percentage .of polynmer solids may be fornmed within the conduit 8A

t han t he wei ght 1 7 MAR Z003 Irc~ntagz of polymer solids within tht

ot herwi se circul ating pol ynmeri zauun



slurry. This weight percentage increase of polyner ,c~lids ni-~y deww gpon
the location of the di,stharge conduit 8A al ong the | oop reacl cl} 910
insertion 5 death of the di scharge conduit 8A within the |oop reactor, the
si ze ttnglosfEdobgurati on of the opening 3z11, the orientatpefusfo/ i
opening 3?0 relali~~c to .. the direction of the circul at ~nE

pol ~~ntrization slurry, and the we~~htl3~.rccnl age of polyner solids in the
circulating polyrneriration shirty 31$. For exanple, btav~~ecn | to S

wei ght percent age calculated increase i s observed |17 ~~ith a discharge
conduct $A mm@ GdliGRreddP rABYER MUETD eaefok@&.%béﬁ or-exNefphedOWHess; . ~ h |

di mensi on Of Cé(lb(}lltg% g% 'Dn!d%‘ﬁhcém?x%‘?ﬁ'%r ang%nghr% Hﬁo&féﬁcﬁj}ﬂtc‘i 8l ~

| 50si tioncd ownstream o cgrecr Int oop reactor
lin a portltbﬂ lcnfp tehetot dFmn elm:diidnenwaﬂoragal\tkssadjﬂa,cmatcotnloeovgexommige The

di scharge condu t . 8A extended appr oxi teI i nches m,info I5
the circul at‘ieﬁij’ (b1 SHEPE DATOFIET g‘$ HFr §}£T§tf errﬁ%spsgpvgéfqagprg%stﬂe

ei reul ati nE 330k )4 ReNthadbh @Bndli HERLLSR 'r@sﬁe@ﬁ’vé]y zaa%e&éd #Pcdnusd frscc
(8.5to010.3fns'i) with .~eigbt percent of polyner solids in the range of

48 to 53. Turadlyst rsosdded tdi ge 149p trhaactcpfr &9Bpugh gart eromorey satedystafedd i s
illustt~. ted. The stem4|00 ates to i ntain

subst ant i al ISRt 2% 'Egt]&:eo@ tcﬁfalltysf H ‘E@%%“%@di%r%#’%oﬁef%e%nt cc~lling
t he di schar gRjueht pol yrneri zatiott eFtluent fromthe |oop reactor | via the
di scharge conduit 8A. ~fhe control system dl10 al so operates to prevent

pl uggi ng of the dielymarigdion cewanimag-be wynqyad yirem thel loep fdimtqfng) pressure
fl ucni stions C |

pol'ymeri zati o\ﬁm}él&{}lqp&at"% '%% %18{5'51!}a g‘ﬂ éogémx\yk%’s Iégﬁéfﬁl tqmg%séaggcondw t 9
i, intenvpt atawheliesp &haﬁpednayThee@npﬁaiuwehmebr a{orsxd&tmrgdcdxﬂulmcl udes a

first inert djlucnt. source 412, such but ane, n jnert diluent
conduit 414 § |]r‘o‘HHhHF@i%q yadegstepd gh "Pto@ &%éai'@f%’r Q,‘H{‘Jiﬂﬁﬁ%t 8416y Yhe flow of
inet Z di |l uerdpetRENUIR oRBnbdR dr ﬁk&dﬁﬁnb&uscﬂﬂﬁjé“ﬂut ‘%Aratbg' LhenfifRRs M eact or

conduit 41 61, controlled by the control 3t) n concert with a
cl ew cl ementmad® H‘tﬁ?ddlaihﬁlrgﬁvﬁmldmtédv\/ﬁxtsml foalal ﬁstamthrwgheﬁ pestion obe of

rr icring t Lnert didl t Cru irst iricrt djiluent source
Fro the B8 EREMsopf Fide LR I W H eGP R bl S Ty
poI yner Sol iBg. extd’mdiriy SorV\a}dlstﬂndeODﬁo rtlﬁaﬁ(pbtymdﬂzeﬁcsmrsﬁjr@i aherfiscistkte 1 7 MAR
2003 (Di scussed helou~), in comrunl cation W | oop reactaqr conduit
QL16, may nofRddcdAatedy TRBIRVE oPOlYRE AU & qnﬁ R [tofiicBREE®r . The

pressure CO“ﬁJl%eﬁi’a’ifoﬁrktluﬁy QV&UEH Beh defifddfe™ Eh%axs&céﬂ}&l:eh{‘ﬁ\'e ~indld ucnt

source 424 and a third inert [ucnt source 4?ti, Inort dilucnt, stlcll as
5 i sabut ane, Walﬂocpﬁ thee l@@cmtqrnerm pJdistanes esmdme abizell thewnwglatlngo a
conpduit 42N vvards a_cqntrol Ive a30 c onmuni cati on
~~|9 h a con Xmﬁ%ﬁamfhgu@' r%f‘rt NN \7eh\g§ Q’e}’?’% n%cé?t?g fﬁ"‘amﬁ ow cl ement

431 and a flmlvdls mgyCis formed lithirl thercoddat Smerulmmhﬂas/ fetr@edfromnaet diluerr|

fromthe second inert diluent source 424 into conduit 43Z. 'fhe epnduit 43Z
is in Ilutd loop reactor 1 than the weight percentage of polymer solids within the

otherwise circulating polymerization slurry. A pressure contro! system (not -
shown in Fig. 1) operates in concert with the discharge conduit 8A. The
25 discharge conduit 8 A and the pressure control system 410 are more clearly
illustrated in Fig.s 3 and 4 and will be discussed in greater detail below.
The polymerization effluent passes from the discharge conduit 8A to
the discharge valve 8B to a conduit 9 which is provided with a line heater 10
and into the first flash tank 11 which separates vaporized liquid medium from
30 polymer slurry/solids. Conduit 9 has an indirect heat exchange means such as
a flash line heater 10

Vaporized liquid medium comprising diluent and unreacted monomers

exit the first flash tank 11 via transfer conduit 12 through which it is passed -



to communication with a conduit 43s and the discltargt conduit 8A,
ttm-inatins in the discharge conduit 8A at a point between the | ogp MAR 2003
reactc>'r e discharge val et $B. The purpose of netey) e ou-
of inert |(I)g§:}g({°5$]r omthe s~coiid inch dituent source 422 i%{:@%ﬁ{gngénduit
432 i5 to prevent pluesing of the conduét 432 by pol yner solids Which m ght
otherwi se bath flowinto the t5 conduit 432 froth the discharge conduit 8A.
Additionally, the flow of inert diluent fromthe second inett diluent
source 422 alisto psepgrmmirssyshugg explafe, ilhvetratod dyi efed8ve ancthbehé3 oanth ol val ve
440 by polyner' solids \A@r cq m ght dbafck flow i ntg’7 i:ondui ?'d432 frocrln t he

di schar ge contRATeYAIiReq POLYME] SoH ISt PP R h RN EQNMHSPHAYSERAHED sour ce
42G flows intg tBe ePAIEMKE 13 2R Fd3fed GURLASIA 1S ALEA] a MBAMAIAAL Mty i s in
fluid communi Cation with conduit 434. As will be explained in gleate~f
detai | bel ow,l4Andesigped iemaingdin 4 psessiire spa ibeloyy ewdaneel 3 toudowat psswiet hi n t he

| oop reactor |, t ntrql valve 440 operates to initiate a sufficient
fl 0\% under Sﬁ?*&dgﬁaﬁﬁgﬁn&@ure of inert diluent fromthe third inert Hiluent

source 426 to pur ggead\l dfalvihs ahvaniite POAYiREudeOVAIdSEs 14BNand 14C~Fht he
di scharge conduit RAinto the loop reactor 1. In this instance, generally

the flow of ivalving assemblet 144 dmcemunetion, wWith gapduitgj4 operatespnreciodwzly i nt o t he

conduit 432 w. K - ' di Atk t he second
inert dil ucn\tﬁllgs?hﬁ gé% Jl%g'{ Sn({l@%{\ﬁfé@go}%gg;@? H%.%%J]%FSE}}C g@e@b lez 1([)% tF ¥ ow of
i nert dil ucntkcytione 13 hThsedomd asseently da A udsotm siataimsehd presdupe tifeeretitit har ge
conduit 8A may be rn ~ 30 ranee of Q,5 to l.ess than ?.0 gallons/n~in (Q 03

to ¥0~ss t han PEMeEERrtbe higher prewsurg enyifogmeph ap theieydent 18 raam bReloMsf rd inert
di l uent sour : i schar bk P j of z.0 to
2U gal | onsf mﬁﬁes? 1,%&%@‘?‘5@@~h§ StofORRH tapichls TBY (8 ohda ol BRI 0F 1007
-21 The | oop vabamg @sseprbdg ddre wlleseiMB 44 B aae pepestialty iopdhahtndg
controller 44 rform sever al nctions. reyj,ously nmentjoned, the
pressure el er?ic?‘?gg‘ﬁ‘g{hﬁd’ﬁﬂ"&%g cEffht 'SISB%"E“F%:}[@‘? ngiyﬁéss%%“ém itae Yﬁ@econdui t

41 6. 1 n resparsss Rstdaifowihg S RymbhdIido aBnT ®8eHQbnPI RESIRcEhaRENt  44]
generates an 5 signal proportional to the pressure in conduit 416. This

si gfal is corfeBgwH Ifo Hipen phe Passase jofdireaEna@r dbhicebeqtion o sufficient esponse
to this sign : : 14N e i.ndi cat i Ag
controller 4 513212% shg£ ?’.Sg‘tr?aﬂ%tgﬁ'?gﬂg‘ﬁ’gg’h@?dﬁg ag%rr.sl?ﬁ?{t%?ﬁa%gsrg%?gd by the
br oken | i ne 4Hehighopredseredersaioamget frainvtbe 8pclane 13 e tteoenndolt Mal Béted40. 1o

During normal, | o react or erations, the discharge valve 8B ig.positioned
Lo permt tnahd FNe SFB SiRsbt valvr SAC oprR afh oF PONER 8oL celertsd Bonaul o
to conduit 9.théodduf 192¥E fdrtibBy diEcE}ﬁr%_erhtlb_Qhe fladh@nid 49 bly She liigfeeshial event i ng
the flow of inert diluent fromthe third inert diluent source 426 to the

di s¥har ge corraeRserelsereenthe highenprepiussenyironmegcinanighds aed the lamsr or 15
when parti al p‘i’é‘s%ﬁsé&wof.ﬂaw)tfh il ﬁtgﬁh{aﬂmsf e?CerPfdisjchf?rféggggmtefg&%epy the

| oop reactor ‘pressure elenmen e signal genera e pressure
i ndi cati ng cootidofrbmrcohdidit dausteshe fleshdiask Nar e vableVidC8Botes. ddrasahand t he

control valve 440 open By cl osi di scharge.yalve 8B, thus interrupting.
t he di schar geva}‘feo}fi(fﬁlé?g Sog_b'y Yagﬁ%?%élqﬁ?wﬁ’lﬁg%g’?’éc\f‘vﬁ"f‘ﬁipﬂ@% 5P %Wﬂlzac_t or 1
may be rest orggdinRlidd iARVBHME 14 FRdne BRtdyelon¥ aBY eTH4BoE dedueA¥d RAKSNT i Ci ent
vol unmes of inert diluent
25 repeated.
Referring back to the first flash tank 11, the concentrated polymer
solids/slurry in the bottom of the first flash tank 11 continuously settles by
sliding along the straight line bottom surface 16 thereof into the seal chamber
17 which is illustrated in enlargement Figure 2. A polymer solids/slurry level
30 43 is maintained in the seal chamber 17 to eliminate plugging tendencies in
first flash tank 11 and to form a pressure seal so that the first flash tank 11 can

operate at a substantially higher pressure than the second flash tank 15.

Polymer slurry/solids are continuously discharged from the seal chamber 17



fromthe third inert diluent source 426 into the discharge conduit 8A under
sufficient pressure, polyner solids remaining in the discharge cqnpgm 20@3’\
bet ween the di scharge valve 8B and the | oop reactor 1 may be flushed out of
and/or p m t he di scharge conduit 8A and into the | 1. 25
Addi ti ong{vlg)%thtilﬁrmi ntaining a sufficient flow of inert di ?g@ﬁﬁ@@gﬁ?l nuous
or otherwi se, into and/or through the-mi-scharge conduit 8A while the

di scharge valve 8B is closed, the polyner solids within the |oop reactor 1
are prevented fromentering and/or substantially collecting in the

di schar ge comtuthe I@werrdysore sscomgyiflash tank 14i Jbhdengeh dbdeametegd), agdon return
of normal operatio 390 the control wvalve 440 closes termnating the flow
of inert di I\O%!H?qef(gts)%etsﬁél t ”?‘cb&rilﬁe ntd @‘Flﬂegﬂ]teggoouf(r)t?:'% SﬁilGC}éar?’ etrhee)‘g‘:l‘di scharge
val ve 8B opepnguted 18654 8kbsbhSo b RVprotideal waresle zadiddbe @hid diindrovide@ugh t he

di scharge conduit 8A into the conduit 9 17 MAR 2003 .ZZ. Having broadly
descri bed t heonsingsisn plugnflomt af oppricentrased, diof yaes dsalatslurpe 1e amiEnimige | b~conE
evep ntorc appape y. refaren Q t .l owh N~ , ih be
app?eci at ed tcﬁeg? t%aecge?grr% ‘écge é‘rﬁéélg%@gdr?}gl&gsmh?lnglla:%l%z ]|07L¥e|8 she of

i ' Tuytrsti onmasdbes befficiEnned abew gankld (dymaer dolids) lengl flesurémemtdndn. k~; hAM
PLF; S L; xanple 1 A typical ethylene polynerization process can be conducted
at a ten, pert9tigde of about 21 j F ( Ui2C) and tt pressure of ShS psta

(?9.12 x Ifl" Vm~ : ch 4 Lh.a

pol ynmeri aatton a %?rluﬁenf%glm aeg%)uﬁm%,% Ucpcgl(t}ﬁﬁgéyp‘g? Cgalﬁﬁ?k”ftd&%kag s'~)
eonpri si st g abdedr leMz} GidcanagngserpdBDhdllte (usledr-legelsindicatfig pysteretlB ene

pol ynmer solids, and about 3g, 000 pounds per hour, (4..79k ‘') ,of isobutane
BB Un eact oAb ARSI O SPITIG (a7 TV EL At EAVeh o Giots! s on
effluent is fliiﬁsilﬂeﬂghaﬂ dembhikStor, badha lieve] liglkamle RoMEQRSUIEB Of ipabout ~40
psia (16.6 x | OSNtn and a tenperatttr~ of about 780 F (82C) co renove

over head aboaperamothe ploueldslepent H86r geueratky 25'signalofprefioruenal @ntheunr eact ed
Tononer vapors. a0 SRt o) Ded BRTAL Syl abesr AL ALY egt (S g ¢ an

addi ti onal qBan y e polyimerizafion e ent 1I's supplied by
appropri at e hridating copasiter BRB. Nk fddporise anshis simalhvesd azneddh&allies cizar ge val ve

and the first flash tank. After renoval  of the@es, t he i sobul ane vapor is
40

corldensed) waVRbirdicatng FadElish 181 sends 2 signad HUR nduy @listrateddyy about 240
psia (16.6 xplyeNmime) 18600 1@ 4 ESMAS Al 19TE abipet sdRetidel{ Xdnfrbls e pol ymer

slutrylsolids discharging fromthe bottomof the first Llash tank into the
seal chanber dischargaotralyinpusmlids pitog condnit W& concentrated ~5, pol yner

slurry/solids, which. provi.des a pr re I ¢ h hg.rati.o.of the plug
csf polynmer Slurr ;ﬁ' glC():F]i r(‘f%'dg?cezmggs'l oﬁﬁgﬁc?ns%ﬁ@at%&@%ﬂq)eﬁ %lhdg’msl%gl'g%eanber

havi ng an | | dedl @haribeQ 72arb fidifls Wedofdatcc D eidnes, predérableredidériteaimdst ~~ st : al
chanber extt fs;(e)t_ducer. The residence tjnme of é%% cont i nuous p | ow of

ug
corf@ent r at ed 2FoTSAEP seFands (9 2anpgtss prd mpsH Rrefergbledegifience tmes 1P Joent r at cd

30 pol ymer slLusrydongl i e 86RiruBHE iRk Moo afwnéﬁnﬁfagsb@har@&lm/smﬁtorn oC
ths: C-r~a flash tank at a tenreratts-z of about 180 (~t~""C and a

prv5surc of &brmsta presshrgpséah (Whefdin the concensrated pplymyr sdlidsishyiryahasgadn chanber ,_
2erL chamer 55kl SR Dbyt 2GR AR s G BkArdS R P07
2 to 6 and most preferable is 2.2 10 3. Typically the seal chamber exit reducer
25 18 sides are inclined, relative to the horizontal, 60 - 85 degrees, preferable 65 -
80 degrees and most preferable 68 - 75 degrees. The seal chamber exit reducer
18 geometry is defined by substantially straight sides inclined at an angle to
that of horizontal equal to or greater than the angle of slide of the concentrated
polymer slurry/solids and communicates the concentrated polymer solid/slurry
30 to a second transfer conduit 19 which communicates with a feed inlet of flash
tank 15. In flash tank 15 substantially all of any remaining inert diluent and
unreacted monomer in the concentrated polymerization effluent is vaporized

and taken overhead via conduit 20 to a second cyclone 21. -



17 MCR 2003 _i;. liquid nmediumin the concentrated polyner slurryhalid5
comuni cated to the errand flash tank is flashed at a tenperature of about
| 75" P (79JC) and zt a rressure of about ~5 psia (1.7 x 10' Nm 1) §q MAR 2003
rcnt o~~e about 4,300 pounds per hour (().54kd s'') of isobutanc and
unreacted ttlanontcrs wtii :h are cnnpgenscd 5 b5~ conpression and heat
exchange. CXatnp[e Z' A typical ethylene polynerization process can

additionally hE ' cc~nducled at a tenp ahﬁﬁure of about é} | 02" C) ~tnd
a pressure of SG5 Rg&@L-now taghg cyelgne) daythe mjajor\pogian By o‘l’q”échh a process
woul d resul t r|1£hl@m lpl%&wlﬁéﬁyatrdnwdeﬁnm@; bbtue@nthk@lfma@%ﬁe $3,0C) 0 pounds
per hour (10.6k )r15ing about 45.0Q() pounds per hour (5.6%kg
s'') of polyethIdﬁé\9mﬂyﬁﬂdﬁvmgéopﬂﬁsOaWéLabWU#‘%Qb@%mﬁ@@“ﬁ@@ per hour
(4.79kg s'~) { [ t,J nuously

di schar ged oﬁ;}trirsle'r%ﬁ@g LﬁOﬁas@?ﬁ ﬁ%ﬁtﬁﬁ?ﬁfﬁ (ﬂgﬁQgt“{lkgtllﬁngegrﬁleﬁo?lAash tank z~l a
pressure of abiwdin 2%0vapwian aPtedsu Kor @RI Z) pdiS(9Thd 19Ny mpehoat , ur ~ of about
175 F (79" O r hea t ou 2.9kg s'') of
di | uent and LPHSebacte AT qég\lr%ﬁ gao“ggrgc%ﬁghgq?u Ré)#@gfimgq%tw'n lfactm(es After
renoval of t I‘t@.cfﬁangeﬁuldt\hdw assoblumlane cheaﬁexl for sompmde:mse‘l‘tﬂs pwut)dﬂ()[lt

conpr essi on, heat yre oC .about 740 I
OsNrri z) ancfp%lf:'i}L N rcgr[a t”ag‘g PP V%E)[Eh“ l’émffw(j}l djﬁfychflﬁgﬁpoﬁ yner Zo
sl utry/ sol i dsgedérsibhangicngn ticomdt hey b@tdr@nfﬂoé at hignel1, radlyditr. Bick'h tank into

t he stal chenh For nt con i nu % é dof congentratfd pol ymer

sl ur'Pyl sol i ds‘a‘n |??F?hﬁf Sde h‘écg lydipcipde ungaaptd apd/qriugdarai i o7 of t he

pl ug of p0|yﬂ€ﬁmﬁhﬁﬁn&lso|lds of 2.5 in an $ a" (2.53nm |ong seal chanber
with an Ud ratio of 5.5 and v. ith a cone angle of about 6B on the seal
chanmber exit reduddf hestisactoneer systemn abheineludes oheat prebpagat 23dde plug 1 ow oC
concent r at ed (aabaanaa@J mcwh@qmr@me&omexeswdmﬁmm%ng 52396!063Ut 16 seconds.
About 60, 000 poun %%ﬁ hour ) concgntrated polyme

sl urry~sol i d5FORF! th Hﬂ'@ﬁ@h‘}"‘ﬁi ‘eﬁ‘ﬁa?ﬁ%’d:"lﬁf‘oﬁ‘f“t"ﬁe‘%&tﬁ%’ﬁﬁ%? o he first
flasf tank atth@héa@@id%@u}i\%ﬁli Wlﬁmﬁlf\ aﬁ‘@%ﬁulﬁ{%@ puﬁp(ﬁ@@y Rnghid 2pr gssure of abut
2a0 p~ia ( I GG x 10 roug a seal of chanber) Seal chanber exit
reducer and a?3§béfi§ﬁ?f“t/?lar§@diﬂ2 ¥awHiTPm 3 qeplingawatercsoydeet Apdsham # second fl ash
tank. The rengfiyed vialaqwoﬁ dgw&:@ﬂ HnBuit Bk m?o &eregﬁdm;aéaodbdaoéa{ttmef
slurry/solids eomurri~ote second flash tank is (lashed at a

t enper at ur e cPnigowive123hy am (hczccyulams FalF‘Pa231ﬁ' s samperbire atdirating25 Asia (1.7 X
- 7y VAR 2003 congtier (LN ok ek £ RRAUor) b 040 BAYS er hour (2. 0kO
s' ~) of isobutanc and unrcacte tonl cr which arc cc~ndcnscd

conpfessi on aABduediC.exBryergeth crurmler 231 2pd Bwkarpadwt @B esidey i caI et hyl ene
pol y~~ten~at i RndRceRfeardk. carried 5 out in an eight lea, iGinclt

(0,50nm icactor mnth settling lets having an overall length OF 833 ft

(Z54m) ttnd a vol (ie hew §xchanBOOsydamm B opeamesgBdpaajrol thehamouny efacl c~r Leas
equi pped w-itfy apakg b ashel b | on of al

di | uent dlschaFgoééir%n1t zﬂrggéﬁggy&lgqsy% nﬁuiéfﬁ%%%%ﬂgﬁgagit circul ating
punp ha~i nn Fopistpnhbadoviof cadlieg walegistedused BB the canduit 30 frbm(R5 9 to 33, ) ,—
| 0 ggoduci ng r B, 000 gal | ons~
per ?nnute (g%n?‘l l(%%gg c%ﬁ@%ﬁuét@d WE ?m m ‘\e{l{??fé} 9%1“ ‘cont i nuous

di schar Ec nodée hFired wetkr/men iwatatsmhmrwwpkirl’as mroremddo mca;srsml Ealvcn t he reactor
woul d be bet N 3Ch0d @ pressure
0C565 pbia (ggﬁllﬁngggﬁﬁﬁﬁfﬁ gég%ﬁwg%%&g?§b§§§mg+8%m§ lhl'the react or
slurry densi topndwt33h t he range from 0.S55 grnlcc to 0965 gn1cc a pol yner
productlon rate r ? n o} ‘ ounds er hour (3.5 to
3.9kg s't) while ﬁ%?%t ({cﬁ?cﬁl %bge Q%{,!FJ, ésj((?) ﬁhsc%nolﬁggz% TR V~ei ghl

per oént age i monhl Lhgexes rorh dGulatng-leBipericd hamr polly:msndmemaje}nce time in the
range from O, a |ne‘ 1 in the range
from2.4 to f%;mf,%(@m?&nmgy@ Ju'%? %[?r?a%cu‘f A @Ef(h" é‘W@:QBtBI "I"Eést rtted in
‘(Table L, Ekla?’r‘fﬂ'\éuulﬂC a portion ol Wthh conlacts LhL lcmper.uu:c element 23K,

X |



Anot her exanpl E of a typical ethylene polynerization procc~s , illustrating
hi gh pol yner solids | oading was carried out in an eight leg) 20 inch 25
reactor' having an overall length of 333 ft (?54nt) and a vol une qf & & @go
gal l ons (43585dm-). The reactor in exanple 4 was equi pped dual P &
singl e di scharge conduit, two circulating punps its series consumng a
total i.~f between 890 and J24 kil ewsts producing a total punping head in
the range from190 t't to 200 ft (57.9 to 7.i.Im, produe~ng a circulation

rats in the qu\cHrgcihcopcqt [Q[ﬂr%g‘h Q@O THe e@a@@e Elefeti AR sh il BAPkg s' ') and

oherat:d in a conlinueus <lischarge no f he _pol ynerization tenperature
ari d pressureghah ptaperiipodet b leppeitirdie Cb@fttht—eﬁ bwﬁnabtswnm(d 1 D2,8C) to
218 F ( 1 p3.3"C) and a pre3surt: of 565 psia (39.1 x 105Nni" j. 'S In

the process of exanple 4 a polynt:rixation eC(lucnt wed prQdutod ha~inr~ a
reactor sluiTy density in the range from U 588 to 0.59z gm cc, a holynter
production rate in the range from 3g, 000 to 42,000 pounds per hour (4,s n~
5.3kg s~ ) while maintaining a reactor s,alida cnnr:entratictn 4voin~ht 5
percentage ilt the range of 54 to 57 with a polynmer re~tdertee tinme in the
rar~~~c of U G to 0.7~) hours. Space tine yield (STY) was tit the range of
3,3to 3.7. Gxanmtle 4 data and results arc further illustrated in Table 1.
~~~he continuously Q scharEed pol ynerization effluent is flashed in tits
Ctrst flasit tank at a przssurc' of about 240 psia (16.6 x tOSNM 1) snd a t
O tenperature o f about 175" F (79) t renove overh cad about 1 h, 000 pounds
pZr hour (2.Ckg s'i) of dituent and uttreacted nononer vapors and
cntraincc9 particulates. After renoval of the fines) Itte |Isobui 3ne vappr

i s condcnsoc~l, w thout conpression, by heat exchange at a pressure of
about Q40 psia ( 16.6 x IUsIW1~~) and a tenperature of about 1 12" F
(44C). The polymer slurrylsoli>s is discharging fromthe boctotn of the
first flash tank into the seal chanber forma continuous plug flow of
concentrated polynmer slurry/solids) which provides a pressure seal) ~yith
an | /d ratio of the plug of polyner slurrylsolids of 2.5 in an 5 4" (2 53m
| ong seal chanber with an I/d ratio of 5.5 find wilt a cone angl e of about
68 on the seal chanber exit reducer. The residence tine of the zA
continuous plug flow of concentrated polyner slurrylsolids in the seal
chanber is about |6 Seconds. Concentrated polyner slurryl5olids arc
continuously discharged fromthe bottomof the first flash tank at a 1 a
M-ft 2003 tenperature of about 17~ F (79C) acrd a pressure of about 240
psia (IC_G x 105Nni" ") through a seal chanber, seal chanber exit reducer
and a second i5 transfer conduit into a feed inlet on a second flash tank.
The rentainin~ liquid nmediumin the concentrated polyner slurrylsolids
comuni cated to the st:c~nd Dasl 1 tank is flashed at a ccnpcrttturc of
abort 125 F (SzZC) and ~t a pressure; of ahout 25 Asia ( [,7 x LOSNrri ~) to
remove | bout 16,000 hounds per hour (3.0kg s~t) of isobulane and unreacted
nononer whi ch are condt: nscd by 31) conpression and heat exchange.
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punps) size, inchtrs Reactor solids concentration, , % Pol yrer

production rate, K lIbs.|lhr. Reactor circulation punp pocr, KWO rpﬂulmﬁllﬂﬁa

punp hea
| t edct or

f rculation rate, GPM Reactor slurry densit n
q’f%ﬁ%g@% ut e, degrees F ~thylcnc concentration, \A%(?T/ﬂé??é'r\gm

concentrati on, : Heat trattser coeff.icient, btu/hr-F-Ft Reactor vol une,
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xmng the:}fleat exchar?ger sys?e%DMA:%l?roggl?the conduit 231.

The condensed liquid medium formed at the heat exchanger 23E
includes diluent, unreacted/under-reacted catalyst, polymer solids and
unreacted monomers This condensed liquid medium is then passed to an
accumulator 24B via a conduit 22A.

It is desirable to control the amount of vapor condensed in the heat
exchanger 23E and to maintain sufficient vapor pressure in the accumulator
24B 1n this way, a pressure control valve 24A can maintain sufficient back
pressure on the accumulator 24B. By maintaining a sufficient back pressure
on the accumulator 24B, a proper operating pressure is maintained in the first
flash tank 11. The pressure control valve 24A is actuated by a pressure
indicating controller 24C in concert with a pressure element 24D. The
pressure element 24D is in sensing communication with the accumulator 24B.
The pressure element 24D generates an signal proportional to the pressure in
the accumulator 24B. In response to this signal and a preset pressure value,
the pressure indicating controller 24C sends a signal through a signal conduit
(illustrated by the broken line 24E) to the control valve 24A which selectively
controls the back pressure on the accumulator 24B

A pump 25 is provided for conveying the condensed liquid medium
from the accumulator 24B back to the polymerization zone by a conduit 26. In
this way, the unreacted/under-reacted catalyst and polymer solids not removed
by the cyclone 13 are retumned for further polymerization to the loop reactor 1.

The polymer solids in the lower pressure second flash tank 15 are
passed via a conduit 27 to a conventional dryer 28. The vapor exiting the
secondary cyclone 21, after filtration in a filter unit 29, is passed by a conduit
30 to a compressor 31 and the compressed vapors are passed through a conduit
32 to a condenser 33 where vapor is condensed and the condensate is passed
through conduit 34 to storage vessel 35. The condensed liquid medium in the

storage vessel 35 is typically vented overhead for removal of light-end

92U



(1453 -1 b95drn~5-t) 0.58Et - U. 592 217 -218 ( 102.6 ... 103.3C) 5.0 - 6.0
0.13 -0.19 230 - 245 11,50D (43585dnms) R33 (254m 0.22% . 0.288 2,700 -
3,000 o.se - 0.79 3.3 - 3.1 (11.012.3x10'"' kg s'tdrri') a5 - GP7 WiA/108v of
the about Y¥R2¥F9%BEi on and exanpl es. several observations | PEEPEYVBT o t he
apparatus and process can be nade. It hgs beon observed that by increasing
thz head and fl o~w~ capability of the |oop tractor circul ating puntp(s),
ttibltcr w-eidht percent solids can he circulated in the reactor. It has

al so been obs@&mtgsinahat PhaideHngilidie casaRsEAlied @Athe piddeds! @vodfdhom one;
punp i increasingly difficult as percent solid: a~~~ i nerea~c§ ttbove 45
wei ght per cerffeagiddesh 37 dadempve saghist iPeIsPat e gkisidfed in unt B6 for morp003 - 2Ga
"therefore, t S ri c in, ~ of

oot TPt e e HEE Biol WobERE ] BT EE Bhlnall BELRES Migudia

Lner cased ~~argyndr bedr co~~r 17 MAC 2003 WO 99/ 60028 -27 PCT/US99/1 1007
solids in the |loop_reactor increases catal yst residence tinme, which for

chrome oxide and ZDWZING 1qaiq 1% &k &l RASHaN © ﬁé’faéb%]é)so%ﬁ‘_tedp%tre%ﬁ%dhct ivity
One can chooitgrcg@htvaha] AANA0R Lhalth IAh8RE GeMhdRbd ITne Bl chagger

residence ti keepi ng production rate constant at reduce al yst feed
rate and i nprawduit A Snoataieydting @ledreadtootahesarials engled i Desifably axhemi nt ai n

catal yst feed,rate constant, and increase the reactor throughput, and
t heref or incr ?fg‘ér @P‘t%ﬂxﬁe“é%r\g‘@aﬁf loap 4FaFLar 9rsuhtiantialive 9 right gher

solids al so ifglERERe iR WRIIGN, Percent sol ids renpved fromthe reactor
whi ch reduces i sobutane processing cost in recycle equi pnent. Desirably,

t hel%i gher sol i ds BrewabridPeidcludat anunsid¢ yurface 312 and an outside surface
314, The inside surface 312 supports the circulating polymerization slurry
illustrated by directional arrows 318. The discharge conduit 8A has a top
316A, and a continuous side 316B. Portions of the side 316B define an
opening 320. The opening 320 has a vertical opening dimensions v1 and v2

15 defined by walls 320A and 320B of the side 316B. Desirably, the vl
dimension is greater than the v2 dimension. The opening 320 has horizontal
opening dimensions h1l and h2 (not shown). The opening 320 may be formed
in any suitable shape, such as rectangular, oval, or a combination thereof. In
one embodiment, the opening 320 may be conical-shaped or scooped shaped.

20 The opening 320 communicates with a channel 322 defined by the
inside surfaces of the top 316A and the side 316B. The channel 322 conveys

captured polymerization slurry, illustrated by directional arrow 324 to the

i

discharge valve 8B (not shown).
The opening 320 is sized and positioned relative to the direction of
25 movement of the circulating polymerization slurry 318  Desirably, the
opening 320 is in a substantially facing position to the direction of the
circulating polymerization slurry 318. More desirably, the opening 320 faces
the direction of the circulating slurry 318. In this way, a portion of the
polymerization slurry 324 containing polymer solids is removed from the
30 circulating polymerization slurry 318 over an area from near or adjacent the
inside wall 312 of the loop reactor 1 to a distance extending into the
circulating polymerization slurry 318. In this way, a higher weight percentage

of polymer solids may be formed within the conduit 8A than the weight



to Continuous discharge may occur through a single point discharge line. In
a loop reactor, it is not always possible to | ocate the conti nuous
discharge line in an optinal location to take advantage of centrifugal
force to increase the wei ght percent solids and therefore reducé 7tM& Xifount
of isobutane entrained with the polyner solids. It has been observed that a
15 specifically designed pipe as iltistrated in Figure 3 inserted into the

| aop reactor can increase wei ght percent solids renoved fromthe reactor.
This pipe i ns@Fbnidd df Joued Qs Whhande s@eidiarci@blakdiepd @arizsRactor and in a
straight section wll ‘increase the weight percent solids to that equal to
that in a | oé8¥Yon whi ch takes advantage of centrifugal force to
concentrate soli dfnm?x@e,M\':tthH?ﬁ ¢ FEYELOPMBIN m& T so MGG g (R cent sol i ds
circulation capability Tn oop reactor and two-stage fTash the need to
concentrate shy joggiohnf thidisptaegsteondugibédcienegbe jugp rﬂé@utbd‘edﬂﬁm@ned to the
conventional | C i d cul,ation,

si ngle-stage df“? shr,r ﬁ'go&r% Earggﬁc'ér?dg é"qume‘\ p?nlleo?e{va glototﬁ% %Hﬁoﬂg di scharge or .
ot herw se. Thenﬁagtmt‘en ot tMeuwnxgdWemﬂnmnaho»i efoe urpeajoww skttdtlong | egs, which ..

are desi gned imz centrati r| or, Lo di schar ge,
can be repl aced %af h°"a°coﬁ°f |°¥E§ﬁ[§’kd?%lbﬂg 155e i°n éry st fies the
system rrecharpkmahthgk,orrpedrumeslldﬁpllmajmﬂ:lmdg, palmmn@ams sma'&el& Fgreduces

mai nt enance and | EI(ﬂves [ eact or control ﬁ ‘Jn % [’ﬁ%lre routine
i nt onance FUETEE RRERP b PIRY BEer R EHEY “Ch Ve F GPHOL or  al whi ch

pl ugs downst rvaams RIdcATES cmnﬁlIsn«ngave@usrpvemmme.%xldnsppdoﬂamen,eactor et hyl ene
concentration is |i b g settling ’g ho t he_tendency for poiyner
to growin tH'éChF%EfE‘{n‘a |“é°\/§9‘é€lr %‘WI“&‘\ YddH‘Ef‘e 13- ShsUBLREEen di schar ges
and theref or @oRduiBA B do8Boned 18 B PBOB RO DM Bree BGRCH L1S99/ 1 1007

Cont i nuous d| scharge eli m nat es this tendencx Anot her advant age of
conti nuous dilSPERGY § B Hetriey ol B 98k &Eciop Y4 s-‘uﬁél@f‘lccﬂ‘r‘é?)gic’ﬁnq eact or

pressure) WhiTeB diRRarbap@RiL sk ﬁtelayddewrofxlr@awsasdmuﬁlélyaacﬁﬁuﬂed Under this
condition, settlin gs, W || stop dischargi ng and can plug wth pol ymer

thPn m nut % QWA%HEQ/BP‘%??FFEHWW?%“%EHd en‘@Pé@éé%‘héch%’r‘@ﬁcy of the

two- stage fl gshnavshRisiug tulaﬁmwm%msl@mfjeta@&cka R mezaﬁse'lt) wilfhe heat er

woul d vaporize up to 1000 the diluent discharged fromthe reactor with
the pol ymer HiEMPSEAR of P&I‘M“G\V\F‘ﬁﬁdéﬁ}t‘@rm?@af\ﬁé#"5/53of the diluent by the

i ntermediate pressr%ﬁ]lg%ad@rﬁfm Wil pr&Qlre rc@rﬁfavefsvenmroowﬂmsa{l first flash
tank woul d reduce uti 10 and capital cost.. Conventional 1ow pressure

si ngl e- st age T4F |PESHHC F@Bt?\’/é.‘r‘%‘"sﬁboc eneER §snie| Trietaip spyasgalyoynifosn st i | | ati on and

treapnment whigeiop@v@idith OhheCaRpt aacidnd caqerca&mg«gcql&t dibRurfd agh i ne heater
woul d increase the tenperature of the polymer in the downStream dryer

syst em and weQI¥ENeEFRIAR SR ot @‘ﬁt‘@ﬂlf“ﬂ?ﬁ | e d\FEh“éEel‘:PEduPlé\i‘el s in the

final pr OdUCtThe\MBht% s\,ogblhdlqufop&émy@& hﬁbélﬁ pﬁ@ﬁin Jry my&%a@af ety and aids
attai nnent of environnental standards The first f ash t ank I‘OVI des an

i nt er medi at e PRk &Y fRofaT selds dnring RreaturofucIienss wihin dhecbaplensat i on of

di luent and rglldr N hot Dﬁcnrtﬁé‘%@rof di pﬁeﬁﬂaa&hcﬂmmrJaﬁae\p@a. ..WQJng be capabl e -
of supplying sufficient heat to vaporize up to 1 F1 rluent in the ~
firdé flash tardul 82goppadyisAts imigpopcdand/onpiopdt ed/ under react ed

cat al yst/ pol yrrer frhf_n s AR QKRS fah des &l @shndrg cycl one The
bul k of the poly goses ou“ ! gﬁgrgt tlg@ owt f |'rqstﬁ‘¢ﬂ'\cxll Wutagnk t hrough t he
seal chamber 419 't"h'ba%é@bln@hef hlaisfﬁ\ tnarmldl‘u@@)mrefbltleﬂd4tlm compukiotibom of the first
fllash tank i %xﬁ\@!oﬁgﬁdcﬁrm il 478 WRU n{h \‘él‘tdder‘lﬁcm?l'(m%rh W EgS! dence time
plug flow area to contro ynmer | eve essure in the first
fl ash tank. ?H@“Sé@ﬂd"%ﬁm&e logp Ge%qrgnw“t%ﬁmomiﬁdm degomehge of pol ymer
forag fromconcenid &l &desd Wi ¥ 159 P I Aot treamfromthe
first flash tank is recféLl ve[ t %8‘ one ﬂ° mﬁdeﬁﬁ{%ﬁn@@g nost of the
pol yner fined2andV¢ ét‘WPWsOftfh@mlftBolht ﬁe\vmjllkcrbﬂ'htbh'efrmllberr@tsf fikow i n t he
second fl ash dtigduk sdulideQ@ho deti a8 SYSEETRAIL fines to
accumul ate bet%/veenL ce vaovgsml er‘n dIlSChgl‘ gen g% gh ﬂﬁmlggﬁtom val ve

whi l'e mai nt ai*hf By R9PERS dplidsi ning his Wave 3tloen sespros prssara clement AEMAR 2003 WO

991 60028 PCT/ U899/ 11007 -29 The overhead streamfromthe cyclone contains ’
some unreact ed/ under reacted



catal yst and polyner fines These particles are carried with the diiuent
vapor to the condenser, entrained with the liquid diluent after
condensation, collected in the accunmulator and returned to the r ?CWrm'g?n
the diluent. The condensation 5 and accunul ator systens are desig ed an
operated to accommpdate fines The condenser provides for |ow variable and
capital cost liquefaction of the dil-dént renoved fromthe rector with the
polymer via the first flash tank. Conventional single flash tank systens
flash the polyIRILZALIAN Gf dhiifleaddh FiiEk Uth BRAY oIl mpr essure, whi ch
requires conpression to liquefy tﬁe diluent to prior to recycle to the |oop
reactor. An imemesvditdy wopitedwpresiyid adhe pppiepded. f or condensation with a
commonl y avai | abl | .0 iU u 00/ r. The
condenser system ﬁ%‘g?ﬂqﬁgﬂgﬁﬂ[h%ﬁcﬁ‘ug@t ﬁj}rlllgg g\géif%ng!ds{lgnﬁ%mmdate a

| evel of fi nedluasitshowt 4Bcadnmihat inon ddnenpbauuggisdg. iEhdiloondernser i s cool ed by
a tenpered wat er system which controls the ondensatiqn nperature to
achi éve the pf '@Pé{' ];{?)lar[h'“p?“é%’kddf‘@ i‘l'ﬁ“"?lh“fg”ré{%%fsjm "Gt '61° ﬂ%"‘gll"l%) efficient
pressure conttw@krdby chhidl pales S8y ehepnd holuiy edivieurgdatibmeithacwAidiat or vent. The
condenser te?%reﬁéwat er s stsm,is a pun ar(i)und | oop gf @ool ing water, the
tenperature of ZwhinEieTe! CBHE AOPITB GO Eh e vy SRR s A"E 8P ng wat er as
netedled tZ;) Tlheinaieﬂ?tméh@dmr éne,cﬁﬁie{:a?% hh@_oc?@denﬁbﬁdrkrditaIm?sﬁﬁonlamd:n Cor based
catal yst/pol ynmer fines and punps e m xtyre back he_ | oop reactor base
on | evel contaﬂg'F'“i SO G5e 4% cliuICarYt. dhe 5[‘,%&%‘?‘%& 8?2 Hasifa 86k t om shape

desi gned to aGGMUNRERIOW ik ReSndu 4¥LRld 1R dikihSrpB GEAHTHISAL RimPLE Ges the
accurrul ated di | uent of |ight-ends/non-condensahl es and controls pressure on

the first fla8Hhegisdieaeeiondtiessatarreint baticn HRKooRPAFSR | Agd fifst above

anbi ent  pr essykBargt GG MESTRYMIR o il 1R bllod tnehlsfah kapknseal chamber.
Conpl et e vapori zafl on, if not al rIeada/ acconplished in the first flash tank,
will occur i rseend iasscimentispushid2anik. hepsongdiis Al saeevenhpueritg om of t he
second flash hapkdh® 436y gwﬁer SV8L &k %%?TG@:CMI’&%EQ he ;.gsr%er woul d

i ncrease the tenperature the pol yner ich allows the dryer systemto
renoVe resi dughdwoft frere dhendipcharge feprdud ey y Additiorally.cbs flow(of ifete over head of
the second flagRntRknid g a0 LouMRROS 2I0Pbr -3 0

PCT/ L1S99/ 1 1007n_[~ ~ Lr %C'Ig%pglégg errhg‘c%o\;ler ed ?ﬁ‘p%lﬁ‘éen}é%@q%{@%ggﬁ system and

wi Il be filtetwsduiahtt andnipe eandrel vilor 440chyupaiyma sl wigdpmugbtibadsr Wil e the
present invengj.Q Hef by I strated by reference to

parti cul ar en%dod{afroert%tﬁé, i?ﬁ\(/iﬁ g%lg&gr gr@&ejng!"gtb}éd by those of 5 ordinary skill
in the art that t&eidivenfioortht divdinertid8enf souese Adhilow ifbarcendvitvar i at i ons not
i1 lugtrated herelPradfiOlontdhiBafe 28R RR1E is ih G &@Lmﬁmﬁ%mghq]u@l be made
solely to the appended clains for purposes 019_ etermning the true scope of
the present if¥feritsivoH be Akpipperin srdater dppibblamtin deaiven ohaveTisiengl e

appendenci es d-R.@#e ARGEARE Sith R o PRIHERbnR S4itd 48, of the
features in a#rgy.sof thte_appéndadr‘l\étitogﬁ gia_crct’r%! ¢an be gonbi_nggpgm&tgﬂmeach of the
features of dthiele sapyasierardtovcbadorsulBeient meesprat of dlerti dituent from the

third inert diluent source 426 to purge and/or discharge polymer solids from

]

25 the discharge conduit RA into the loop reactor 1. In this instance, generally the
flow of incrt diluent from the third inert diluent source 426 into the conduil
432 will be greater than the flow of incrt diluent fram the second inert diluent
sourcc 424 into the conduit 432, For example, the flow of inert diluent from
the second inert diluent source 424 o the discharge conduit 8A may be in a
30 range of 0.5 (o less than 2.0 gallons/min (0.03 to less than [.3dm’s™). The
Now of inert diluent from the third inert diluent souree 426 1o the dischacge

conduit A may be in a range of 2.0 to 20 gallons/min (1.3 to 13dm’s™).



-31 CLAIM5 1 7 MAR 2003 1. A n apparatus fox capturing a higher weight
percentage of polynmer solids froma circulating slurry in a | oop T ®aR 2008
than the wei ght percentage of solids in the circulating slurry, the
circulati | yrry being circulated in a direction in the | r
conpri si n{gw) gg’(’lcdé)zrtfdui t hawng a first end, wherein said fi rgggg)r%gﬁﬁoﬁ)gnds
for a distance into the |oop reactor s@j.d conduit having portions defining
an opening wherein said opening is positioned relative to the direction of
the circulating slurry. 2. The apparatus of claim1l wherein the opening is
facing the directiThe ®dopt hRacek rptedsatd BRnehur44y. aidl aThesappdndicisnof claim 1
wherein a portion of the conduit extends outwardly fromthe | Qop reactor,

4, The appar 80M&l8f 42aperfamuseyestln fungloRso| yikPredPydy msianedc s ged from

the | 000 reagtat,t BaHAPal DRGAREKIANSD rbiforagpdilie Y bENdIAgaYEVr dl ¥

fromthe | oop reactor, e aratu C erein e pol yner
sol ids are comtdsparcedséd yhidpressned, geclobp crattor piessure elenreead4 logenetatasugh t he

portion of the conduit, ezﬁtendi ng outwardly, from he.Io?p r eact oc{. 6. A
process fox ERPRURTPRYIUANH G PR EhID setisl &g Bt SR e VERHd s from a
circul ating %ﬁé%r%é’su%“inﬂic'aﬁf?g?SérﬁﬁﬁfePMihi’rﬂrésP@ns}é’EibQlli‘iE SRELE ST ?g?esetf pol ymer

solids in the circulating sfurry, the circulating slurry beling circul ated
in a directi presiure tvhle] the preseae tindicamgpongolier 442esesdep sighalkethtarliang for a

di stance into. the | oop teactor a condyit havj rti.o def i ni an
openi ng wher SigaAseArdug URETHR Y dRieeioker dMerAd i) i dRTREESYANE OB 7 The
process of chal ReGonfre] Wltdunot he step of positioning the opening in a

substantially facing direction to the direction of flow of the circulating
sl Ufry. 8. The pr&bekg vermal dpep Gedctas| oRAr¢Pnshehes disgharge eselvendPnds a portion

of conduit o f At r . oGes f claims$8
i ncl udi ng thégé@é’gédg%o é?@é%@?gf#oﬁg%{ ﬁgﬂ"g’%ﬁ?gzﬁ%?ﬂ ggqu}ggfr%]oﬁ%%t(ﬁ%c e ep react or
t hrough t he ponduin®Aab dohéuic ONdAL the @4inenithé)ghe wbnasiciayve #401ist Hlesddoop

reactor, 10. The process of claim9 including the step of contjnuously
di schar gi ng tp!ﬁ%’eﬁgl?%/ﬁ\érﬁ%ﬁH?”fﬂéﬁmtﬁ%mltgﬁr}}“ %Fd*t‘l“’?’?frﬁ?mcteh‘éz%'&ti ~on of
the oa~.t e~ahd WisBRarye (cBRduit 1 WhénisiriéRA8 preddurk MudnR@iBné @REEOknd/br 1. AN
apparatus fot purging polynmer solids froma conduit connected to a | oop

realt or and ivhen|parighl cispreasirizatioroimn thei lohp treastdrobprer detedtet bedhpléapi ng: a
sensor; a finalo ot rdSule eidh il SaG O G e 0 atth ) hEBr&ONEYhdicating
controller 442 causes the discharge valve 8B to close and the control valve 440
to open By closing discharge valve 8B, thus interrupting the discharge from
the loop reactor 1, pressure within the loop reactor 1 may be restored By
20 opening the control valve 440 and flowing sufficient volumes of inert diluent
from the third inert diluent source 426 into the discharge conduit 8 A under

sufficient pressure, polymer solids remaining in the discharge conduit 8A

between the discharge valve 8B and the loop reactor 1 may be flushed out of
and/or purged from the discharge conduit 8A and into the loop reactor 1.
25 Additionally, by maintaining a sufficient flow of inert diluent, continuous or
otherwise, into and/or through the discharge conduit 8A while the discharge
valve 8B is closed, the polymer solids within the loop reactor 1 are prevented
from entering and/or substantially collecting in the discharge conduit 8A
and/or plugging the discharge conduit 8A. Upon retum of normal operations,
30 the control valve 440 closes terminating the flow of inert diluent from the third
inert diluent source 426 and the discharge valve 8B opens to resume the flow

of polymerization effluent through the discharge conduit 8A into the conduit 9



a second val ve positioned between a first inert diluent and the conduit,
wherein the first inert diluent is in fluid conmunication wth the conduit
bet ween the | oop reactor and the first valve; wherein, in response to a
signal produced by the sensor) the first valve is closed and the 1deMihi0]
val ve is opened allowi ng the first izert diluent to enter the conduit in
su~cient quantities and under su~ci éht pressure to purge polyner solids
fromthe conduit. 12. The apparatus of claim 1l the sensor is a pressure
sensor, 13. The app&gdtusiyodesaibad e pieswhenentinnt i edmadithatiles a first end,
wherein said firsH end extends for diﬁtanqg ﬂngﬁ Lihe lo%@ﬁreactor wher ei n
portions adjREEAT PETEEVE PYE SRR U FRESHOSBR I Mg e FEMMBe apparat us of
claim 11 furfiRErb& opRcl:sd g 1@ ckitilél avedd bentp@sdlély Gralk hegoeeen a second
inert diluent and the conduit, wherein the second,inert diluent is in fluid

communi cat i OHUHRHPN TSt ERIDE cBENRESh PRBE IO Pt or and the first

val we; wherein, when the first valve is open and the second valve i s
closed the third valve is open allow ng the second inert diluent to enter

t he conduit . EXAMPLES ocess for purging pol ymer solids froma conduit
connect ed tob-,?ﬂr,;rggp reactor and in fluid communication with the | oop
reactor conpri sing the steps of: closing a first valve in response to a
first signal from ayfi¢al sthysrengolymerigrtior|piocessecdn b coqdicipe 4t connected to
and in fluid, | Sah,L g ] AUt e QPREY heSEcQpd valve in
response todlél%ge;ngg;rgd @%bg'%a'll\g:‘$g“rn}2kaasﬂg§8§ﬂés‘suéﬁggig aﬁ%?‘ei nkt e second val ve
is fol uid conNmiil.cafn exaripdd weewhaz pracst Wowdd resdit lilwanpolpmetizaten condui t, and
wherein the f#gr } i t s in flui aggﬁfp,iq\g' AP t he conduit
bet ween t he ﬁftg‘(’)%{ ?’g%g o@‘dgﬁgpﬁnﬁéeg Efrih?%rt(&@%%vse? or ’V\?n%&éﬁﬁ&dgi ent
quantities ofoutdsepet ihowt(568i@rst’) dif golyethtylcumpdyms ublidscneatoupd®éure into t he
conduit to pur ol yner, lids fromthe conduit., 16 _The process of claim
15 wherein trﬁ’élg%l Eesrt Nt’e’i‘ﬁcﬁd‘zg‘éo%z °£é5r? oS gl(raeu 4 aé&gamncg].omftfi Te process of

cl ai m 15 whedosiimuoukle dischagedapdynseicaivd cfiignals Naaled inhthe figmflash 1 ~ i, f r r~
~~~3 -33 18. An_apparatus. for t urni fi < I rization slurry in
a I%op react%‘l"'Ak %:IoEp clssglrcnogf,ab&”‘o{@c‘)ﬁg%gg\’falloﬁl%f)E)gndal %%Wérgg'f‘n(é’aa portion of

t he pol yner izbatt I80° B (RR*C)yto frermave toerhdad apour 250000youndst por Bodri(4.4itg t r ansf er

condui t; the.lai rfs({. trtan fer conduit conmmunicafi nl?a. sz?i dﬁqpo%rreri zation
slurry there b 3 rfityedl 19 Wqrestied JROMPRIGR 2R 399 PRYAMF RSP converting a
portion of theilmwy neRrs irapanosh RkidioAa quantiey 6f Hebr withd palyelgrizaliey first fluid
conprising a diluent and the fines: a second, transfer . duit communi catin
thremfi rst gfI tFnt Ffesrugl?]ﬁ%tbé’ apPRoprialt healing Jians qupne ¢ crtéi“S‘EBaﬁ'F%’ne converting g
porivi on of tihe distlfasge Vdlwti ghdithd OrsaflgRamid Afkadiremenpf thsiMmes, tiee di | uent and
the fines; a th transfer, conduit conmunicat, the second fluid into a

'l rd | sf du1|;t | ng )
heat exchang&f) ' PReRELT BUERAHQEFP U RV EFRE PhE S SRS did into a
| i dui d conprprassurg of himudddousiat(l @ad [0 innes enazestirao ffabomti BS*Fr ansf er condui t
communi cat i the liquid to th I ri.zation slurry in the |oop reactor.
19. The appgtsgaw's 11#%@:]’&?%5'3[@7%}&@%36@%?’?& e bﬁ"‘frxr%tra“t {Snsfer conduit
heater for heak l#xdhangesebedhiiin fbrivea Edntisdout papIoerofeondtirdicdneat er and theo
merization slu retyrni ines to a

Bg: %jl‘rrer i zat iWr@qrd[%kpgp%éwﬁuagbgg@ggf Er?:gsure seal, w:tl?gn E/d ratio of the
plug o polymer slurry/salids of 25 in an §'4" (2.93m) long scal chamber
having an 1/d ratio of 5.5 and with a cone angle of about G8° on the stal
chamber exit reducer. The residence ume of the continuous plug fow of
concentrated polymer slutry/solids is about 16 seconds. The concentrated

30 polymer slurry/salids are continuously discharged from the bottom of the lirst
flash tank at a temperature of about 180° F (82'C) and a pressure of about 240
psia(16.6 x 10°Nm™) through a sea! chamber, seal chamber exit reducer, and 4

sccond transfer conduitinte a {eed infet on 2 sccond flash \ank. The remaining



conprising the steps of , discharging a portion of the polynerization
slurry fromthe | oop reactor; conmunicating the discharge polynerization
slurry into a first flash tank; convening in the flash tank a po I‘\’?Ag of

t he polynerization slurry into a first fluid, the first fluid coin%r 'Zﬂﬂﬁ a
di luent and the fines; conmuni catlng { he flrst fluid fromthe first flash
tank tQ a first cyclone; converting “Ph"t he cyclone a portion of the first
fluid into a second fluid conprising the diluent and the fines;

conmmuni cat i nglqmmn&ﬁwomrdrhfeIcuincdntiatﬁd@oa/nhealun‘ﬁ/x@hlamg'emuniezmrd\/tenlbd ng in the
‘heat exchanger _t e |d i,nt o I di l uent and
the fines; anaurgﬁ} | &ﬁg a r{]]aé g ﬂdﬁ ‘%f“‘fcf)a“frhe Béjﬂt'y?/?rggralrz(zl[) (Pfrdarry in the

| 0oop react or .pr@ture Af abappapat (is7 k ap Nwhtio mmslayomaﬁmnrpnmghaml gher wei ght

R tho wei gL BEGR it e G oM R KroRe D oy Brdesd e

Ci rcul ating s:lyup,wlebgmmg,dmm@whaﬁsed in adrection in the | oop reactor
conprising: a conduit having a first end, wherein said first end extend s
for a di standef 3ol t he | oop reactor sai d conduit havi ng portions defining

an opening wher ei sgﬁl@uoaﬁgueﬁkg A:'oﬁrmeﬁfdueg Eda@essi'zaﬁctaa&fbn@ﬁ tifie circul ating
slurry. 17 MAR 20 rocess for continuously capturl ng a

hi gher u>ei gifongysicd@ht &g@c@fuffpﬁlawréﬁl%"é] (IORCY proln prcekee olF @astig slurry in a
| oop react or ?‘.an e K3y el th‘texli’rﬁﬁl‘éed?t age of r&’c‘?#sy%ﬁ\dsf&dlﬁ igh the

circulating slurry, the circulating slurry being circu | n a direction
in tBe | oop rP@h/(b\!Léleal@Oanlusfilngf EMI 9&3@@00mounés<tpehd1ong (1®¥kgasdi st ance into

the 100p I eackfinf AadLsodBus 9 &%S.J@@m%d@ggmm @%52?*’9**99 =herein said

openi ng extends'into the ¢irceulatl 1"urr us for returning
fines to a pGPW?eMdzabw@rﬁﬂél(Jermyndsnma hooomﬂ%@cﬁdr conpwisi g, a di scharge

val ve for - contyugsalye gl oChRl Moy POEI:AR: Bhuh%AG] YFRL] 211 on Sl urry

fromtlae | oop reactor FPSetr AnsE I st transfer
condui t commfhiledtin iy fedifdsipehly serdreatre ohalekuz40ypstah(es. eurioimmb a first flash

tan the fir a n A a Qrtion of t rization
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inlet on a second tlash tank. The remaining liquid mcdium in the concentraicd
polyter slurry/solids communicated o the sccond flash tank is fashed at a
tempzrature of about 125° F (52°C) and al a pressuee of about 25 psia (1.7 x
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are further sllustrated in Table 1.
Example 4
Another example of a typical ethylene polymerization process

illustrating high polymer solids loading was carricd out in an eight leg, 20 inch

i

25 reactor having an overall lenpth of 833 i (254m) and a volume of 11,500
gallons (43585dm?). The reactor in example 4 was equipped dual flash tanks,
single discharge conduit, two circulating pumips in series consuming a total of
berween 890 and 920 kilowatts producing a total pumping head in the range
from 190 ft 10 240 ft (57.9 to 73.1m), producing a circulation rate ia the runge

30 from 23,000 to 30,000 gpm (1453 to 1895kg ¢') and operated in a continucus
discharge mode, The polymerization temperatucc and pressure in the reactor
would be between about 217° F (102,8°C) 10 218%F (103.3°C) and a pressvre
of 565 psia (39.1 x 10°Nm™).
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(191/%2/3&1:4?&(%) r-!r‘l)fé fg 8&?@5&% /@@% Fh §§ Ql)e isobutane vapor is condensed.
without compression, by heat exchange at a pressure of about 240 psia (16.6 x
10°Nm™) and a emperaiure of about 112°F (44°C). The polymer slurry/solids

\s discharging from the bottown of the first flash tank into the seal chamber form &
continuous plug flow of concentrated polymer slurry/solids, which provides a
pressure seal, with an 1/d ratio of the plug of palymecr slurry/solids of 2.5 in an
8'4" (2 $3m) long seal chamber with an I/d ratio of 5.5 and with a cone angle
of about 68" on the seal chamber exit reducer. The residence time of the

20 continuous plug fow of concentcated polymer slurry/solids in the seal
charmber is about 16 seconds. Conccntrated polymer slurry/solids arc
contiwously discharged from the bottom of the first flash tank at a

temperature of about 175° F (79°C) and a pressure of about 240 psia (16.6 x

10°Nnc?) through a seal chamber, seal chamber exit reducer and 2 second
5 wansfer conduit into a feed inlct on & sccond flash tank. The remaining liquid
medium in the concentrated polymer slurry/solids communicaled to the sceond
fash tank is flashed at a temperature of about 125° F (52°C) und at 2 pressure
of about 25 psia (1.7 x 10°Nm™) to remove about 16,000 pounds per hour
(2.0kg s') of isobulane and unreacted monomer which are condenscd by

k1] comprassion and heat exchange.
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(25.9 -~ 33.5m) (57.9 -73,1m)
Circulation rate, GPM 21,000 - 28, 000 23,000 - 30,000
(1326 - 1768dm’s™") (1453~ 1895dms™)
Reactor slurty density, gnvee 0.555-0.565 0.588 - 0.592
Regelor temperature, degrees F 215-218 217-218
(101.7 - 103.3°C) (102.8 - 103.3°C)
Ethylcnc coneentration, wt. % 40-44 50-6.0
Hoxene concentration, wit, % 0.13-Q.19 0.13-0.19
Heat ransfer coeflicient, buw/hr-f-ft 215-225 230 - 245
Reactor volume, gallons 11,500 11,500
(43585dm’) (43585dm*)
Reactor length, f. 833 833
(254m) (254m)
Circulating pump head
per reactor length, A/ft 0.100 - 0.132 0.228 - 0.288
Catalyst productivity, Ib/lb 2,700 - 3,000 2,700 - 3,000
Polymer residencs time, hrs. 0.83-0.92 0.68 - 0.79
Space time yield, Ibs/hr - gal 24-27 33-37
(8.0 - 90x10’kgs (11.0~12.3x 107
dm™) kg sdm®)
[soburtane campressed and recycled, % 100 45 - 00

\Y.)

Discussion

In view of the above description and cxamples, several observations
relative Lo the apparatus and process can be made.

It has beon observed that by increasing the head and flow capability of
the loop reaclor circulating pump(s), higher weight pereent solids can he
lo circulated in the reactor. [t has zlso been observed that allaining the neccssary
head nd llow from one pump is increasingly difticult as percent solids are

increased ubove 45 weight percent and/or rcactor length is increascd
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Thercfore, the use of two pumps in scries allows 3 doubling of pumping head

capabilily and a resulting pereent solids increase. Lncrcased weight percent
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recycle equipment. Desirably, the higher solids are removed continuously
10 Continuous discharge may occur through a single point discharge line.
In a loop reactor, it is not always possible to locate the continuous
discharge line in an optimal location to take advantage of centrifugal force to
increase the weight percent solids and therefore reduce the amount of
isobutane entrained with the polymer solids. It has been observed that a
15 specifically designed pipe as illustrated in Figure 3 inserted into the loop
reactor can increase weight percent solids removed from the reactor. This pipe
insert will function in any section of the loop reactor and in a straight section
will increase the weight percent solids to that equal to that in a location which
takes advantage of centrifugal force to concentrate solids.
20 With the development of high weight percent solids circulation

capability in the loop reactor and two-stage flash, the need to concentrate

solids in the reactor discharge is reduced compared to the conventional loop

i

reactor operations having low solids circulation, single-stage flash, continuous
discharge line, and continuous discharge or otherwise. Therefore, the
25 conventional loop reactor settling legs, which are designed to maximize
polymer solids concentration prior to discharge, can be replaced with a
continuous discharge line, which simplifies the system mechanically, reduces
capital cost, improves safety, reduces maintenance and improves reactor
control. Settling legs require routine maintenance due to their plugging
30 tendency and can form material which plugs downstream polymer handling
equipment. Maximum loop reactor ethylene concentration is limited by
settling legs due to the tendency for polymer to grow in the legs at elevated

ethylene concentrations between discharges and therefore plug the leg
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system is the continuous flash line heater. The heater would vaporize up to
100% of the diluent discharged from the reactor with the polymer which
would allow greater recovery of the diluent by the intermediate pressure
condenser Diluent recovery through the first flash tank would reduce utility
10 and capital cost. Conventional low pressure single-stage diluent recovery
systems include compression, distillation and treatment which have high
capital and operating cost The flash line heater would increase the
temperature of the polymer in the downstream dryer system and would create
the potential for lower volatile levels in the final product, which would lower
15 variable cost, improves safety and aids attainment of environmental standards
The first flash tank provides an intermediate pressure flash step which
allows for simple condensation of diluent and return to the reactor. The flash
line heater would be capable of supplying sufficient heat to vaporize up to
100% of the diluent in the first flash tank.
20 Diluent vapor and unreacted/under reacted catalyst/polymer fines go
overhead from the flash tank to the cyclone The bulk of the polymer goes out

the bottom of the first flash tank through the seal chamber to the second flash

i

tank.
Connected to the bottom of the first flash tank is the seal chamber
25 which provides for a low residence time plug flow area to control polymer
level and maintain pressure in the first flash tank. The seal chamber is
designed to accommodate a range of polymer forms from concentrated slurry
to dry polymer.
The overhead stream from the first flash tank is received by the
30 cyclone, which removes most of the polymer fines and returns them to the
bulk of the polymer flow in the second flash tank through a two valve system
which allows the fines to accumulate between the valves, then discharge

through the bottom valve while maintaining pressure in the first flash system.
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The condenser provides for low variable and capital cost liquefaction
of the diluent removed from the rector with the polymer via the first flash tank.
Conventional single flash tank systems flash the polymerization effluent to the
just above ambient pressure, which requires compression to liquefy the diluent
110 prior to recycle to the loop reactor. An intermediate pressure flash provides
for condensation with a commonly available cooling medium, such as Plant
cooling water. The condenser system is flushed with diluent and designed to
accommodate a level of fines without accumulation or plugging. The
condenser is cooled by a tempered water system which controls the
15 condensation temperature to achieve the proper vapor pressure in the
accumulator to allow efficient pressure control by the pressure control valve
on the accumulator vent. The condenser tempered water system is a pump-
around loop of cooling water, the temperature of which is controlled by
metering in fresh cooling water as needed
20 The accumulator receives the condensed diluent and catalyst/polymer
fines and pumps the mixture back to the loop reactor based on level control in

the accumulator. The accumulator has a bottom shape designed to

i

accommodate fines. A vent on the accumulator purges the accumulated
diluent of light-ends/non-condensables and controls pressure on the first flash
25 system
The second flash tank, operating just above ambient pressure, receives
polymer from the first flash tank seal chamber. Complete vaporization, if not
already accomplished in the first flash tank, will occur in the second flash
tank. Polymer leaves the bottom of the second flash tank to the dryer system.
30 The flash-line heater would increase the temperature of the polymer which
allows the dryer system to remove residual volatiles more efficiently and

effectively The overhead of the second flash tank will be diluent vapor not
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2. The apparatus of claim 1 wherein the opening is facing the direction of the

circulating slurry.

3. The apparatus of claim 1 wherein a portion of the conduit extends outwardly from
the loop reactor,

4, The apparatus of claim 3 wherein the polymer solids are discharged from the loop
reactor through the portion of the conduit extending outwardly from the loop reactor,

5. The apparatus of claim 4 wherein the polymer solids are continuously discharged
from the loop reactor through the portion of the conduit extending outwardly from the
loop reactor.

6. A process for capturing a higher weight percentage of polymer solids from a
circulating slwrry in a loop reactor than the weight percentage of polymer solids in the
circulating shurry, the circulating sharry being circulated in a direction in the loop reactor
comprising the step of;

extending for a distance into the loop reactor a conduit having portions defining
an opening wherein said opening extends into the circulating slurry.

7. The process of claim 6 including the step of positioning the opening in a
substantially facing direction to the direction of flow of the circulating slurry.

8. The process of claim 6 including the step of extending a portion of conduit
outwardly from the loop reactor,

9. The process of claim 8 including the step of discharging the polymer solids from
the loop reactor through the portion of the conduit extending outwardly from the loop
reactor,

10.  The process of claim 9 including the step of continuously discharging the polymer
solids from the loop reactor through the portion of the conduit extending cutwardly fram
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reactor and in fluid communication with the Joop reactor comprising:

a sensor;

a first valve in fluid communication with the conduit;

a second valve positioned between a first inert diluent and the conduit, wherein
the firstinert diluent is in fluid communication with the conduit between the loop reactor
and the first valve,

wherein, in response to 2 signal produced by the sensor, the first valve is closed
and the second valve is opened allowing the first inert diluent to enter the conduit in
sufficient quantities and under sufficient pressure to purge polymer solids from the
conduit.

12.  The apparatus of claim 11 the sensor is a pressure sensor.

13.  The apparatus of claim 11 wherein the conduit has & first end, wherein said first
end extends for a distance into the loop reactor wherein portions adjacent to the first end
define an opening,

14.  The apparatus of claim 11 further comprising;

e third valve positioned between a second inert diluent and the conduit, wherein
the second inert diluent is in fluid communication with the conduit between the Joop
reactor and the first valve;

wherein, when the first valve is open and the second valve is closed the third
valve is open allowing the second inert diluent to enter the conduit.

15, A process for purging pelymer solids from a conduit connected to a loop reactor
and in fluid communication with the loop reactor comprising the steps of:

closing a first valve in response to a first signal from a first sensor, wherein the
first valve is connected to and in fluid communication with the conduit;

opening a second valve in response to a second signal from & second sensor,
wherein the second valve is fluid communication between a first inert diluent and the
conduit, and wherein the first inert diluent is in fluid communication with the conduit
between the loop reactor and the first valve;

flowing sufficient quantities of the first inert diluent under sufficient pressure into
the conduit to purge polymer solids from the conduit.

)

16.  The process of claim 15 wherein the first and second sensors are the same,

17.  The process of claim 15 wherein the first and second signals are the same.



10 10 v/zX9? 10 -10% & ()-!y9(10%& ()- !t9(10% ()- Y10% & ()-! #10%& ()-!
#109&' () -/ 9i LMNJ ar S4S10% &' {)-10%& ()- 1088 1088
1088! p° Y7) 10988&' () - Z! yLy/ #10%&' () - ZLy/ #10% & () - Zar sa?r S4! f 17 %7 9003
"10% (r (& ()-!f "10%v& ()- 10%& ()-10%& ()-
" 940%& ()-"10%& ()-_yfghi nusT5109%& €¥- 109 ()- 10z2z2 10z2z2
102222! 1( 10%2228&' ()-1
| (10% & ()-/10%& ()-u| EaBsT5t! 10%& ()- @ 109& ()-109%&' ()-!!10%ré& ()-!10% &
' () - #109%&' ()-] LoaBsTaY) S&L0Y&: () -y) S&L0YOE () - R10%&" () -, ! ' 1 109& ()-"
ook AnbpSaes s e B b o TESaon s B e e 10
101! 1GURBHISIGY & | 109K () - o
11 {Y: bC, MLOZ4dhstHzrgd dalMOfmdREYarging Mpoofamolhe)polymdrizaden{skiny) from the
OM L0%6off félor 186 Wbt LGRS <DCl VAL 10%mm & () - & 10% () |
10%mE () - tpe ) o dnabAWHiiubikating hOPBErheri VBB lurry therein into &
Pyt = DY . : = X
ﬂrst} tﬁgsxh ta}ﬂé‘ Raishtank converting a portion of the polymerization shury nto 2
first fluid, the first fluid comprising a diluent and the fines;
a second transfer conduit communicating the first fluid therein to a first cyclone,
the first cyclone converting a portion of the first fluid into a second fluid comprising the
diluent and the fines;
s third transfer conduit communicating the second fluid into a heat exchanger, the
heat exchanger converting the second fluid into a liquid comprising the diluent and the
fines; and
a fourth transfer conduit communicating the liquid to the polymerization slurry in
the loop reactor.

19.  The apparatus of claim 18 further comprising a first transfer conduit heater for
heat exchange between the first transfer conduit heater and the polymerization slurry.

20. A process for returning fines to a polymerization slurry in a loop reactor
comprising the steps of:
discharging a portion of the polymerization slurry from the Joop reactor;
communicating the discharge polymerization slurry into a first flash tank;
converting in the flash tank & portion of the polymerization slurry into a first fluid,
the first fluid comprising a diluent and the fines;
communicating the first fluid from the first flash tank to a first cyclone;
converting in the cyclone a portion of the first fluid into a second fluid comprising
the diluent and the fines;
communicating the second fluid into a heat exchanger;
converting in the heat exchanger the second fluid into a liquid comprising the
diluent and the fines; and
returning the liquid to the polymerization slurry in the loop reactor.

i

21.  An apparatus for continuously capturing & higher weight percentage of polymer
solids from a circulating slurry in a loop reactor than the weight percentage of solids in
the circulating shurry, the circulating slurry being circulated in & direction in the loop
reactor comprising:

a conduit having a first end, wherein said first end extends for a distance into the
loop reactor said conduit having portions defining an opening wherein said opening is
facing the direction of the circulating slurry.
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oop reactor compnsmg the step of:
extending for a distance into the Joop reactor a conduit having portions defining
an opening wherein said opening extends into the circulating slurry.

23.  An apparatus for returning fines to a polymerization slurry in & loop reactor
comprising,

a discharge valve for continuously discharging a portion of the polymerization
slurry from the loop reactor into a first transfer conduit;

the first transfer conduit communicating said polymerization slurry therein into a
first flash tank, the first flash tank converting a portion of the polymerization slhurry into &
first fluid, the first fluid comprising a diluent and the fines;

a second transfer conduit communicating the first fluid therein to a first cyclone,
the first cyclone converting a portion of the first fluid into 2 second fluid comprising the
diluent and the fines;

a third transfer conduit communicating the second fluid into & heat exchanger, the
heat exchanger converting the second fluid into a liquid comprising the diluent and the
fines; and ,

a fourth transfer conduit communicating the liquid to the polymerization shurry in
the Joop reactor.

24. A process for returning fines to a polymerization slurry in a loop reactor
comprising the steps of:
continuously discharging a portion of the polymerization slurry from the loop
reactor;
communicating the discharge polymerization slurry into a first flash tank;
converting in the flash tank a portion of the polymerization slurry into a first fluid,
the first fluid comprising a diluent and the fines;
communicating the first fluid from the first flash tank to a first cyclone;
converting in the cyclone a portion of the first fluid into a second fluid comprising
the diluent and the fines,
communicating the second fluid into a heat exchanger,
converting in the heat exchanger the second fluid into a liquid comprising the
diluent and the fines; and
returning the liquid 1o the polymerization slurry in the loop reactor,

25. An apparatus for purging polymer solids from a conduit connected to a loop
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wherein the first inert diluent is in fluid communication with the condvit between
the loop reactor and the first valve, wherein, in response to a signal produced by
the sensor, the first valve is closed and the second valve is opened allowing the
first inert diluent to enter the conduit in sufficient quantities and under sufficient
pressure to purge polymer solids from the conduit; and

a third valve positioned between & second inert diluent and the conduit,
wherein the second inert diluent is in fluid communication with the conduit
between the Joop reactor and the first valve, wherein, when the first valve is open
and the second valve is closed the third valve is open allowing the second inert
diluent to enter the conduit.
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