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This invention relates to the polynerization of olefin nmononmers in a I1quid

di | uent. Addi ti on polynerizations are freq =
inaliquid which is a solvent for the reStrJTInLi ng pol yrrer’ T BHEFH HASEIREN
(linear) ethylene polynmers first became conmercially avall abl SERAGED
1950's this was the nethg L re ’
efficient way to produce 5‘&%%%3'%%&@ 8*[23&%"@%23%3‘50&@5@1 herization
under slurry conditions. Mre KGR OF TP OINVENTION i on t echni que of
choi ce becane continuous slyrry polynerization [n a, pipe too reactor with
the product being taken of Flipinveptigrsrelatessior the ipg “?%ﬁén&hp HlegﬁéP%ﬁoé‘EFrBHla
bat ch principle liq?icf gfigyer product. This technique has enjoyed _

I nternational suctess wth billions of pounds of ethylene polyners being so
produced annual ly. Wth thhAddition pelymetiaationsmee fraquenttlyicaerted| dut ym afliquid wiiiahg

a snmall er nunber, of |ar react oy s as, oppo t 0. arger.. nu r .of snall
reactors for a d?\?é‘?i‘ﬁpg?ﬂ' &P "P?.pdy“%)r' S&genﬁ,g% ‘%é’f% Elff&aﬁbeeglé)flerﬁomever,
do present two HoMh&IHirstbecate chi®brdiflBf 8vaiRbleliighé TPSPBS tHi Wad thedmeftRUCh”

techni que onto a basic continuous process. Each tinme a settling |l eg reaches
t he stage wher e used." duwps Soasr disqoversd thatacmard effiei¢npwiy te prasiuge sychi polymerse s

an interference wt I lurry inthe |00 0 n
the recovery sys?méesmgd%a?/\ﬁséurtggénﬁ &Xﬁ’se 04 e ngﬁguﬁgc‘%géﬁgﬁn;eé@(g%? IIS%.: 019’ ﬂle
periodi cal |y seglolphérizdiionteshinique @ficheise becuind Esntin@ows shirry pelystizatiorlin fe

recovery system downstream requl res frequent maintenance due tQ the )
difficulty in neiiPe }Q0R 15actar withike product heing taken pHy Rjemaans o settling jegs vhich

needed for seali s | Yot 3

gotten | arger, I%f%%t?ghg%?ﬁhe%%mg)rl%topfeé:g‘é%rﬁgg@%' m’ésa%gﬁ‘tﬁﬁﬁg&f%@? aI f a
pi pe di amet er i sintbondtiondl suceess wwithnkllinhs o @oumdsodfosthy]esespal pmersibeigosad .
However, because of, the valye hapi sns i pvol ved, the, si.ze of the settling
| egs cannot easi Prgdyse i%}‘%ﬁal}'segﬁ SHEFces @Wﬁ@%&?ﬁ%‘?‘ﬁﬁﬁwé@ﬂgﬁg&ﬁui red
begi ns to exceednidiRr Ryber 8 1aPgAE8ct84%s! HBbSd to a larger number of SnAPrdaBtopd

these limtations, settling | egs have continued to be
for a given plant capacity.

1

3

Settling legs, however, do present two problems. First, they
represent the imposition of a “batch” technique onto a basic continuous process.
Each time a settling leg reaches the stage where it “dumps” or “fires” accumulated
polymer slurry it causes an interference with the flow of slurry in the loop reactor
upstream and the recovery system downstream. Also the valve mechanism
essential to periodically seal off the settling legs from the reactor upstream and the
recovery system downstream requires frequent maintenance due to the difficulty in
maintaining a tight seal with the large diameter valves needed for sealing the legs.

Secondly, as reactors have gotten larger, logistic problems are
presented by the settling legs. If a pipe diameter is doubled the volume of the
reactor goes up four-fold. However, because of the valve mechanisms involved,
the size of the settling legs cannot easily be increased further. Hence the number
of legs required begins to exceed the physical space available.

In spite of these limitations, settling legs have continued to be
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-2 - enmployed where olefin polyners are fornmed as a slurry in a liquid
diluent. This is because, unlike bulk slurry polynerizations (i. e waesres
the nononer is the diluent) where solids concentrati onfF=ot
percent are routinely obtained, olefin polynmer slurri '
generally limted to no nore than 37 to 40 wei ght percgnt _solj €
settling | egs have been believed to be necegsary to give a final slurry

roduct at the exit to the tling | egs.of greater than 37:40. percent..
This s becaus@mBIYSnee A timasITaEts 206 FTIeH g doRtArY 1 A Lo SIS J Bisias
i ncrease the S%b&lfse,cmﬁc%rﬁu'n@&m%g Opt%%yrﬁé}?zaﬁbw (i, (WhBR! thy nidiemes wd,eqmuent)l

product slurry. er tactor affecting nmaxi mum practica
react or sol i ds wiere solads cohcentratiehsocf better thanhb(apércagit are xosktioelytoptdined, @lefin/en

t di t || owi ng f i gh | i ' | i mtin ct i n.the
o St B R L T S8 BV e 26 e
I't woul d be parderdent solids. dsnict abtithg! IRgPRBIARn DeRbwed Hé'rﬁf:édﬂgrty to give a

pol ymeri zation process in a diluent in a reaction zone of greafter than
113,550 |itres fisd soy pratincas the exit to the settling legs of greatsr thancyy -4 percenie

present inventign there is gvi ded. a.process_for pol rizi ol efins
Corpr 1 i ng: - pol JHE B1eAge> P8 e bt o6 i oGt i A dkas touf ftseP e
nonomer in a |istls céidet@ationt ¢f the QRS Lfimallyl retshvetddUds pro@@itRiirsi.ng | i quid
di luent and solid olefin polynmer particles; maintaining a concentration of
said solid olefin pol ymer ¢ri fapter affecting) maximu practical sgagtor salidsis gr eat er
t han 40 wei ght i . Of i ra: ' .
the wei gnt. of <D RRRE Bl gl itk for SefleR 3eakii aiBbt & 0o s
production run kigidrisolidsisihge avliiditdiigfdchg ia ahel opdrationyisaeagss Huligg dué laslr awn
liquid diluent and withij({avvn %ol I d polynmer particles as an internediate
product of sai dPYyBewld up m the reactor. I n one enbodi nent the slurry is
continuously w thdrawn s ' : [l lthy '
I n anot her enbodi nent du%ﬁ%&%té@g%(ﬁgﬁlﬁﬁ r une go @t?eré%bggglc nﬂerflitr}ousl y
wi t hdr awi ng t hepolymerization paddesy imod diluesit il aaeation zonerpf preateg thani 3HaAGBW ng
said slurry, aléa?vm' ng said slurry to settle into at | east one settling zone
and thereafter 1f’ﬂii_rawi ng a batch of the thus settled slurry fromsaid
settling zone as an interpedigligndd AN Me pesctRintheRGE BRFe isAHvidBELGRbLSS
shutting off said settling

for polymerizing olefins comprising: polymerizing, in a loop reaction zone, at least

one olefin monomer in a liquid diluent to produce a fluid slurry comprising liquid
diluent and solid olefin polymer particles; maintaining a concentration of said solid
olefin polymer particles in said slurry in said zone of greater than 40 weight
percent based on the weight of said polymer particles and the weight of said liquid
diluent; and for at least a portion of a production run continuously withdrawing
said slurry comprising withdrawn liquid diluent and withdrawn solid polymer
particles as an intermediate product of said process.

In one embodiment the slurry is continuously withdrawn
substantially throughout a portion run.

In another embodiment during the production run a step of
continuously withdrawing the slurry is alternated with a step comprising:
withdrawing said slurry, allowing said slurry to settle into at least one settling zone
and thereafter withdrawing a batch of the thus settled slurry from said settling zone
as an intermediate product of said process, and thereafter shutting off said settling

zone. .
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-3 - I n accordance w th another aspect of this invention, a
| oop reactor olefin polynerization process is carried.out_ by ogperating 9t a
hi gher circulation velocity for a given reactor pi pe{ ' :

I n accordance with another aspect of this invention, ?@ﬁ%&t&m ?IEE%'[,OI’]
apparatus is provided having an el ongated hol | ow app ‘eam
end of one of the |ongitudinal segments of-Yhe |oop, the holl ow appendage
being in direct fluid conmuni c&ttion_vvith a heated_fl ash |line and thus being

adapted for continuous rdnaeeordagee prithpanotheg agpect of this invention, a loop reaclgy £
DESCRI PTI ON OF f e : ; | D 9Shioh& dHclBtdnPart
hereof, Fig. 1°| S S er%at |0 f:l pﬁ%cregspxg,cctalrr\beél (\g/l?e%eg%&}go%p rlgact orc anldn

pol ynmer recovenwglosity tfera givien red@tar pipr diameteect i on along line 2-2 of Fig. 1
showi ng a continuous take off pendage; Fig. 3 is.a cross section along
line 3-3 of Fig 2 show ngnéc“roa%ﬁ%m@l %‘W}éﬁ’ig‘éﬁ’f"ﬁﬁf’ﬂmﬁ f’?’(@nté%taﬁlﬁ%us t ake
of f assenbly; Ebgrmé}izhﬁoﬁaﬁ?ﬂa%ﬁs_ 25rbvia8d Rivifg haREMBhed hollowalpheage at hhe
continuous take off assenbly; Fig. 5 1s a side view of an el bow of" the | oop
react or show ngobustream sed of omeyof the lomgitudinal sepnoants ofathe lody, the helhdvi es;

Fig. 6 is a cross sectjan acr,0s .ne 6-6 of .Fig..,5 show the orjentation
0 % v of Lo CBMIAGs Hae af d7ge il CommnBation ity e B Sid flRS L o
anot her orient %irfgrhdaﬁfedtfbﬁc&ﬁiahbﬁku@ﬁ@vmadﬁgp&aﬁct%wbIy; Fig. 8 is a cross
sectional view of the inpeller rrechan sm Fig. 9is a schematic view

showi ng anot her confi gurat i & Ber segnents 1l4a

are 180 degree half circl a wherein.the venticalose nt . at | east
tw ce as Igng as the horilgglflﬁ gﬁ“’é‘&?h‘gmn%ﬁc? ihé:.reoi’ol:l%'sgg?gcsg}ée%a%llcc Vi ew
show ng the | opgfspectisieSvielv Df@sloch faaktoz @l pblyyner recovery system; Fig. DisTéboksD
DESCRI PTI ON OF THE | NVENTI ON . . Sur pri si ngl It has heen_ .
found that contseetipsalong lise d1% ofFigpl shewingss eqntipupys take e&eﬁpppndage; Fig. 3 is

ol ynerization | rrl FB: Pn . ' of an
PRert i et & (O SeSor Bloh Ble 314 of Ridk, sBARinG GAGKE Lall ¢ alrlfaehleRP AR
concentration. contimwusitalle ¢ff ashaniblyy Figf4 3recioss swtibh vf attingeatial Ipcdtionefos i n
i sobut ane di | u%ﬁé has generally been limted to a maxium [

olids
concentration ithe FoRiNUAYE take off assermbly; Hig: gHs ap%‘?ec%‘ﬁW.Of%\@g%‘f’,o {thgeloop

conti nuous tak : f L ont k4 &S0l i ds
concentrati on. %%%frtérh%r%%%,g&? ﬁgéégglrl\% %rtl %ﬁ‘ﬂ %&tl a %ﬂg ?%ladt}g g%s? &%5?8?’1 ggg'a (l:)StSJ?

sone addit i onalcrossceetaseadrossdimeitdé of &ig. nghomdng the orientation of two of the

continuous take off assemblies; Fig. 7 is a side view showing another orientation
for the continuous take off assembly; Fig. 8 is a cross sectional view of the
impeller mechanism; Fig. 9 is a schematic view showing another configuration for
the loops wherein the upper segments 14a are 180 degree half circles and wherein
the vertical segments are at least twice as long as the horizontal segments and Fig.
10 is a schematic view showing the longer axis disposed horizontally.
DETAILED DESCRIPTION OF THE INVENTION

Surprisingly, it has been found that continuous take off of product
slurry in an olefin polymerization reaction carried out in a loop reactor in the
presence of an inert diluent allows operation of the reactor at a much higher solids
concentration. Commercial production of predominantly ethylene polymers in
isobutane diluent has generally been limited to a maximum solids concentration in
the reactor of 37-40 weight percent. However, the continuous take off has been
found to allow significant increases in solids concentration. Furthermore, the

continuous take off itself brings about some additional increase in solids content as
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-4 - conmpared with the content in the reactor fromwhich it takes off

product because of the placenent of the continuous take off appendage which
selectively renoves a slurry froma stratumwhere th : ‘
concentrated. Hence concen- trations of greater than G%ﬁ%@ﬂﬁéﬁ re
possi ble in accordance with this invention. SAGERUL 1 hi's
application, the weight of catalyst is di s'r%garded SsiMce the productivity,

particularly wth r.om oxide on.silica, .S extre j

Ao sur pr i o1 naPyPar Wt BeCeintae B e sckiB: bl i ATt Sbrodes ot oF
i ts attendant hh@pReerhent ¢Fahe enapinbiRiake BIf ipRndpeaMitioyedstivedRathvedae
aggressive circulation in conbination with the continuous take off, solids
concent r at i ons ShETYyfrea: & strathanwheye ke slids geg mers coneantiated. e Fgneaicancedn t he
reactor by the ' . | ast . ' t.ake of f
can easily all #v%(&g%}épgg%%& %%%@gé%ﬁc%eﬁggﬁsﬁfépﬁf %‘%g{r‘daggé)g? th tﬁ'ﬁe
reactor can be iaedmtiohed to easily raise solids by 10 percent; and the nore

aggressive circulation can easil {thadd anot her_7- Qiggercent age, poi nts_which

7 .
puts the reactor above 50Utgapghoyt thigapplicatien the weight ob patalydlols iregasdesk 1 | s
positioned to tgke Py f {@']Er t ' ; ' a
hi gher than averagetﬁékﬁo?gg{“?l ¢ ip(%ﬁ 0 l?o‘%%gmo?ﬁ%ﬁlgﬁ é%éfggg%gﬁ?ggﬁggovered
has about 3 perhigint age poi nts(or greater) higher concentration than the

reactor slurry average. Thus the operation can apptoach an effective slurry
concentration of 55 wei g£g$§W5ﬁ93§P ‘Wg’,eeﬁl ?@P@%ab@?@e?&gr%’é{%’&émﬁﬂmf he
reactor and thQvﬁﬁm%\/ﬁt]enﬁﬁnt%immonﬁéﬂﬂﬁfhﬁﬁ%&ég:hgbbyécf’. PRIcE@ Mork! - € 3

percent age points) higher. nphasi zed that in a
commer ci al operaggressive sirtilatidreinacombinatimnpeitic dret cogptinparisrtake offy salils i n sol i ds
concentration is _of major significance. .Therefore ing fr 37-40 average
per cent ol i ds CORTEREPER PEEERISt HAB ToupiERt Preemt Sal by fetmavad fiim e reaclo s
going to great &y thonfkudus tikeUdfY. FBFBistedbE, @he continuous take off cabl\&sily QHSWL
invention is applicable to any olefin polynerization in a Ioog react or

utilizing a di laperating@t §s6 percentaghipeints highetuics., thee reacjorafanphs! adjustedatoceasily

gie'r uent. Sultahlge Qs By T5RONEHS ol Fhe'mSleSldofRsiE thrdatith b &isi§a0Q" 2t 0N

pomn.w v >y

another 7-9 percentage points which puts the reactor above 50 percent. But,
because the continuous take off is positioned to take off slurry from a stratum in
the stream which has a higher than average concentration of solids, the product
actually recovered has about 3 percentage points(or greater) higher concentration
than the reactor slurry average. Thus the operation can approach an effective slurry
concer_ltration of 55 weight percent or more, i.e. 52 percent average in the reactor
and the removal of a component which is actually 55 percent (i.e. 3 percentage
points) higher.

It must be emphasized that in a commercial operation as little as a
one percentage point increase in solids concentration is of major significance.
Therefore going from 37-40 average percent solids concentration in the reactor to
even 41 is important; thus going to greater than 50 is truly remarkable.

The present invention is applicable to any olefin polymerization in a
loop reactor utilizing a diluent so as to produce a product slurry of polymer and
diluent. Suitable olefin monomers are 1-olefins having up to 8 carbon atoms per
molecule and no branching nearer the double bond than the 4-position. The

invention is particularly suitable for the homopolymerization of ethylene and the
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nmol-ecul e -and no branchi ng nearer the double bond than the 4-position. The
i nvention is particularly suitable for the honopol yneri zation_aof
and the T & HAS BEEN
copol yneri zati on of ethylene and a higher 1-olefin & H Tkggg,

1- pentene, 1- hexene, 1l-octene or 1-decene._Especi al ' '
ethylene and 0.01 to 10, preferably 0.01 t'055, nost preferably 0.1 to 4

wei ght percent higher .ol efi ed on the,tota [ ght _of et hyl ene and
Comnoner . Al 1 EPRCIYREFon I IR St iRbie - Slegi hER as Bt 1pSlEedd
above- descri begheRéfRl Mcztedt of AUMRERE" Esgeellp Pratbired id éthylege R YIMRIto 10,
Suitable diluents (as &Bgosed to solvents or nononers) are well known in

the art and i n@referably/@Pddadbmest prefesablnOd tond weight gercegiuhighemelefin basedteron
diti . Sui I o) | ncl ude i sobyt,ane... RO n- t ,
oot ane.” nos e P FPUBER AR HoRE A S B AR e SRS

preferred. can be used to Sk tteDhiovealesdritell SnffulitsVstl dontonomr intobfratidd in
Particularly suitable is chrom um oxide on a support such as silica as
broadl y di scl odeeipolygier. nst ance, in Hogan and Banks, US 2,285,721 (March
1958), the disclosure of whi i: I '

Referring now to the draw r11gis;1,Q *ﬁg{ﬁg (?sgypﬁ?g%foﬁééﬁ%ﬁlgsgoﬁ%gﬁ%%f?1%2»3?1(1)r 10
havi ng verti calkneegnnrthes art 2nd dmghade Incirocashuna lwlbelg areninert hdd diqdid avder

hori zontal segnents 16. . These ‘S‘Eﬁ% r a(rd | ower, hori zoptal segnments define
upper and | owerc3HAB SOBItiARY. | 5 hyqrgarbonsdneluds isgputage, JEepang. mpeR@sns of

_ . ; . _ O
two pi pe heat Q-gﬁﬁﬁﬂg,eﬁe%ggm%;@%h&a%i ﬁ&ggﬁg)uiaﬁg %@@gvlﬁg%@%g&w gi n; a

connected to theé next segnent sSnNDO or el
continuous flow pat h subsSSuitableaiatalysts &re wWelloknawit Br thalarto bRarticderdly ssitablé és

pol ymeri zation m xture i.§ circul ated nmeans of inmpel.ler 22.(shown in Fig.
By tr i ven by mSERIS XA G SR SHET e Sirs e hrpady diseiited 5 AT ar o
i ntroduced Vi a HigaBandBaaRS B8 21 BSPRGLIMERLY 1948)Cthe CRRIQREEHT WARKI S REtBY
directly at one or a plurality of [ocations or “"can conmbi ne with condenSed

di l uent recycl én¢drpera®g hysrefdrenos. Cat al yst is introduced via catal yst

I ntroduction nmeans 32 whi I ovi de zone. (1 qgati.o for gatal yst

i ntroduction. The el ongatlg%er_ﬁ'gglw %p%&ﬁ@%‘ﬁ‘@gﬁ’gﬁerﬁdﬁf'%{}‘sﬁg- 33:15088 of f an
i ntermedi at e prresbisrt 16haviny vedicslenbaRmt ad, BpRa%oYizMal segments 14 and lower

horizontal segments 16. These upper and lower horizontal segments define upper

and lower zones of horizontal flow. The reactor is cooled my means of two pipe
heat éxchangers formed by pipe 12 and jacket 18. Each segment is connected to
the next segment By a smooth bend or elbow 20 thus providing a continuous flow
path substantially free from internal obstructions. The polymerization mixture is
circulated by means of impeller 22 (shown in Fig. 8) driven by motor 24.
Monomer, comonomer, if any, and make up diluent are introduced via lines 26 and
28 respectively which can enter the reactor directly at one or a plurality of
locations or can combine with condensed diluent recycle line 30 as shown.

Catalyst is introduced via catalyst introduction means 32 which provides a zone
(location) for catalyst introduction. The elongated hollow appendage for
continuously taking off an intermediate product slurry is designated broadly by
reference character 34. Continuous take off mechanism 34 is located in or adjacent
to a downstream end of one of the lower horizontal reactor loop sections 16 and

- The continuous take off appendage is shown at the downstream end
This Sheet Has Been I
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reference character 34. Continuous take off nechanism 34 is |located in or
adj acent to a downstream end of one of the |ower horizontal reactor |oop

sections 16 and adjacent or on a connecting el bow 20.
conti nuous take off appendage is enbir s SHEET HAS BEEN \
-6 - of a lower horizontal segnment of the |oop reag gﬁ gHLACED he |
preferred | ocation. The | ocation can be in” Qn area nig EastT—poT Nt i N

t he | wh fl t d bef h tal yst i.nty oduct i | nt
as o al 1 ow fr @€ 1oseh PGrorbHlermsi ih e S Bacion i Ui refected 0P0B or o
it first passesrip [bédtRniah B0 Hn arkPWEY Ghe 1asNFoiROM thB USE whateSRY furns

appendage can be | ocated on any segnent or any el bow. Al so,
t he segnent of upkvard beforethetcatalyst dtraductieropeinhsmasstot alloav fesh epsplastathge i s
attached can be_of. | arger..di anet.er, to slo 0 e flow and nce further

| ow straci i CEOTBHELRSERE BFEIR 0 Rede” PR strchestSrh AR ffPESh have: an
even greater CqéRser,athe @Bni@tuoa® tdkd<off appendage can be loddt€d 6RAhy REGHSItYor any

wi t hdrawn i nternedi ate product slurry i's passed via conduit 36 into a high

pressure flash ebpyber 38. Conduit 36 includes a surrounding conduit 40

which is provided wth a t ' | ch _provyi i adirect heat,j Ng.to
the slurry material in fl‘gfsgﬁ’ @?ﬁeérg%ngc?me %Etogg%g;r%?%’e@ gPﬁtE%ur?ng%etogft he
flash chanmber 3Ippendage dnaitiched 2ard be of largdiliarétacRssowgionn 1B flowe hndiBénce
condensati on by_ sjnple heat,ethange usi ng recycl e condenser 50, and return

to the system rtherallow peatification pt therfigw o that despraduct,Gomipg ofic¢aa have @ent

i ne 30. RecycIe%ﬁ%g%?é}zcﬁ)&c%grﬁglgﬁDyg&h‘*’g_zed any suitable heat exchange fluid

known in the art u lons known in the art. However preferably
a fluid at a tenperature Thatontianousty edthdmaminciateryiedinte\produtt ishirtysishassed via

suitable tenperatyre_range for this flujd is 4.4Jerr]C.to 54 .5[err]C (40
degrees F t(r)rp 1%“3% ?éégt%liﬁ .{“gE‘d}rﬁﬁsﬂéﬁe g&ﬁ*‘t"h@@%‘ Qecﬁq%ﬁgﬁmhf#m hi gh
pressure flash ghaihsihg 3Bndlif4d %ﬁh;’i‘é@‘?{i dd iR 8 heafeACRRE WAHCH' BidVEdes

techni ques known in the art. Prefer ey are passed to | ow pressure
fl ash chanber 4fidisecti hedtingtaf the slureycmeterialdinafash ding roendyit 36ludfaperized dient 8.

Separ at ed dil uent sses t.hrqu conmpressoy, 47 tq line 42. This hi
pressure flash ed‘é@?%nﬁﬁ"é’ M&??sd’i‘g@?"‘ég@o{zi for further professiing, ¢ %‘E@% es
4,424,341 (Jan.coddensdifdh by istepldhest! @ehdrige using recycle condenser 50, and return to the

system, without the necessity for compression, via recycle diluent line 30. Recycle

condenser 50 can utilized any suitable heat exchange fluid known in the art under
any conditions known in the art. However preferably a fluid at a temperature that
can be economically provided is used. A suitable temperature range for this fluid
is 40 degrees F to 130 degrees F. Polymer particles are withdrawn from high
pressure flash chamber 38 via line 44 for further processing using techniques
known in the art. Preferably they are passed to low pressure flash chamber 46 and
thereafter recovered as polymer product via line 48. Separated diluent passes
through compressor 47 to line 42. This high pressure flash design is broadly
disclosed in Hanson and Sherk, US 4,424,341 (Jan. 3, 1984), the disclosure of
which is hereby incorporated by reference. Surprisingly, it has been found that the
continuous take off not only allows for higher solids concentration upstream in the
reactor, but also allows better operation of the high pressure flash, thus allowing
the majority of the withdrawn diluent to be flashed off and recycled with no
compression. Indeed, 70 to 90 percent of the diluent can generally be recovered in

this manner. This is because of several factors. First of all, because the flow is
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of ‘which:is hereby incorporated by reference. Surprisingly, it has been
found that the continuous take off not only allows for (FeHe
concentration upstreamin the reactor, but also allows
the high pressure flash, thus allowing the magjority of VY
diluent to be flashed off and recycled with_no conpresston. [ndeed, 70 to
90 percent of the diluent can generally be fécovered in this manner. This
i s because of several factars. . .

7. conti nuoudOntHuus dFsiRed; intermittent, the fesb Ynehsgters Werk bettes, Alser e
better. Also, th&sketRsp bfierdthepréfor§onal a@nt%l%%tmmtgulﬁﬁgttﬁ@kawafve t hat
regul ates the rate of continuous flow out of the reactor has a | ower
pressure whi ch contimwusiflow out dfl the neastor thasl adpwen pressuranphichimeans| whearit t hus
further giving re.efficient use of .the flash.line.heaters.. .

Referring now S F ,pst e reglqegat%rﬁ&%ere{h% T\ e CORY Fﬁfh%%rg “ts%|?£ ﬂ%ﬁf
mechani sm 34 | flagh ¢iak @eateet ai | . The continuous take off mechani sm conpri ses
a take off cylinder 52, a slurry withdrawal |ine 54, an energency shut off
val ve 55, a proportional Befersing\nam® Bg. 2othexegisishown elboy 2havith ¢antigHoys ne
60. The reactor,y whlauigh'. f u | ekt he
liquid has slig es%%lrf#g‘rcgé’gl&gi% 1{1#&%%@&%%}3}' The %é“‘%#“?@é’t%‘g%éfo‘n*{é?@%% t he
liquid full sysomprists & take\off sydindek 52ientluirp prithdrsval dinersd, lay ehasrgenco shtant

t he proportional  notor _val ve 58 being used to control _the rat f.

conti nuous wi t F 53¥e SPo? REAPREtANG] mekoriver 5§ toaregulate ey apd @ ﬁﬁ?w#w 60.

desi gnated set ! @hdor is ryn liquid® full. BESLSE bf BksS19 frBnbind e 1ighhd Bl | S
t aken al ong section line 3-3 i Fig. 2, there is shown the snooth curve or
el bow 20 havi ngligbtsenmpressibilitye thesiallowingepressatd contro$ of dlecliqfid fulk sirstern smitl8 4
in greater detail, the.el baw 2Q thus bej an appendage-carryi ng el bow  As
Shown. the mec R DifE et 1s epraio bR PR CIRe SO GEA SBOT R I8
i nstance, at a Heirpised@R§ cBnttdl the tAE QL Bbntiriold HithtiaHal &' flafififinGhe 18 RhAOW
Comng off cylinder 52 is slurry wwthdrawal [ine 54. D sposed wthin the
take of f cyl i ngeess@® within designated set pentshi ch serves two purposes. First it

I d I mpl d 4 abl | - Qut hani f t he tak f
Byl i nder 11 1t shoul d evelBEO8REY BUTEc3un oS PR ATBREEHER LR Scaff serve
as a n; : npl e andrigel,ithéreqs Shotm eHef snycdtly Bufvefor el ve 20 hh@ing ABocitlitheteith Of f
assenbl y.

the continuous take off mechanism 34 in greater detail, the elbow 20 thus being an
appendage-carrying elbow. As shown, the mechanism comprises a take off
cylinder 52 attached, in this instance, at a right angle to a tangent to the outer.
surface of the elbow. Coming off cylinder 52 is slurry withdrawal line 54.
Disposed within the take off cylinder 52 is a ram valve 62 which serves two
purposes. First it provides a simple and reliable clean-out mechanism for the take
off cylinder if it should ever become fouled with polymer. Second, it can serve as
a simple and reliable shut-off valve for the entire continuous take off assembly.
Figure 4 shows a preferred attachment orientation for the take off
cylinder 52 wherein it is affixed tangentially to the curvature of elbow 20 and at a
point just prior to the slurry flow turning upward. This opening is elliptical to the
inside surface. Further enlargement could be done to improve solids take off.
Figure 5 shows four things. First, it shows an angled orientation of
the take off cylinder 52. The take off cylinder is shown at an angle, alpha, to a
plane that is (1) perpendicular to the centerline of the horizontal segment 16 and

~ (2) located at the downstream end of the horizontal segment 16. The angle with

This Sheet Has Been Replaced

AT




Figure -4.shows a preferred attachnent orientation for the take off cylinder
52 wherein it is affixed tangentially to the curvature of elbow 20 and at a

point just prior to the slurry flow turning upward. This—operRg—S==7.
elliptical to the inside surface. Further enlargenent] Tididl SHEE S BEEN J;

i nprove solids take off. Figure 5 shoys fouREPhAGER. Firist,
It shows an angled orientation of the take Bf f cyl i nder—52.—The take f
cylinder is shown at an angl.e, alpha, to Lang that is ( er dj,cul ar
to the centerl ﬂHéPgﬂetlﬁ?iﬁgr"i‘ i@nﬁi‘g’l’nsgréﬂﬁéﬁ‘?&i@ ﬁ'ﬂ’a‘ tsgpﬁqnscﬁlggapgg?ﬁﬁbe
downst ream end aﬂéletigﬁleh%iéﬁﬁéxﬁg)f i B0 rafius A ShAPLEFY 5D The plane can be

-8 - this plane®is taken 1| wnstreamdirection fromthe plane, The
apex for the adgscribed as e bariroatal pegment ofoss sectiohalomanea dters the apglevdepictedri g.

5. The pl ane can be scri bed_as the horizontal. nent cro t.i onal

pl ane. ﬂere t hds ﬁl?fﬂﬂtgidéﬁfeff'ege?%“daﬁo%Pwiﬁ Ig‘érél"té’:@gcogg%%ﬁ,tg% géﬁo:/vs a

plurality of ngf;éﬁwg&? 3438 39hf 'ﬁﬂﬂ?ﬂ%ﬁ% ,otné‘%p?é?ﬁaé‘e‘}@4 otf¥nted, or 4 veARWE
center lin

one appendage, 34 orrented on a vertical e plane of |ower segnent
16, and the ot lventer Hne plano of lewerasegmantalfylapd the ethet 34aplogafed gt apangle e

shown in nore detail ,in Fi 6. ,Finall [ h t he [ |

conti nuous t akéuf.‘)l? f péaﬁlﬁeaﬁc}%&e 3 %‘E@n‘& réorgo%%ﬁn@},%ﬁ‘a& SP‘(i; i ﬁ%hb‘g’gﬂ%{l for
bat ch renoval, combitetioh & continuous take off appefifaged 34mdseeomventivhal beatlingllagi ve
sizes, the continuous take off_ cylinders are nuch smaller than the
conventional sd¥tfor bgichagmovaleif deirede 5. 08cm (2-inch) 1D continuous take
of f appendages can r ey e, a5 fhe LRI e AldE i8S dd cSRtintol tkeigteh) |0
settling legs. This is signlticant because w current Targe conmerci al

| oop reactors aylibders@ft muth emalerGBadthie dontvertiongliseitiifg) 1€p80 et ghdek @rinch ID
capacity, six 20.3cm (eight_inch) settling legs are required. It is.n
desirabl e to i rfoPERRQuSHtEkS off Appendagesccan dempYeas MUGR PrRdSt darry s It -inch 1D

difficulty of - | i : SR eufll r
previously, dou %Ié%le[gﬁ'e [ afrgresl\:{@r1 %@t% eau%ol pe icﬁgl?ztggltegg ct% e vgﬁaﬁir?g)g
four-fold and tresoterssif 5000+ ¥8000tgaloro vagacityyaiw ight fnohi settlingelegaarenmeqyired.

settling legs to,be easjl ositioned. ,He the.invention s feasjble
the operation dt ig gt {ra%?%ngqap% r?ézer‘gpa‘gF 8F mg&@% %ﬁagfeg&# @fﬁlfg’g’ﬁhy
litres (30,000 &ﬁh%lﬁﬁ%}elﬁ'blﬁﬁ@és%r %gerr&mﬂet&%is lSAé;h&e@;srévmu%w, Qv Bl the

General ly the cont us take off cyl ' ave a nom nal internal

nders w
di amet er wi t hi rdisheter afithe mipe tcEeases the volume four-fold and there simply in not enough

room for four times as many settling legs to be easily positioned. Hence the
invention makes feasible the operation of larger, more efficient reactors. Reactors
of 30,000 gallons or greater are made possible by this invention. Generally the
continuous take off cylinders will have a nominal internal diameter within the
range of 1 inch to less than 8 inches. Preferably they will be about 2-3 inches
internal diameter.

Figure 6 is taken along section line 6-6 of Fig. 5 and shows take off
cylinder 34a attached at a place that is oriented at an angle, beta, to a vertical plane
containing the center line of the reactor. This plane can be referred to as the
vertical center plane of the reactor. This angle can be taken from either side of the
plane or from both sides if it is not zero. The apex of the angle is located at the
reactor center line. The angle is contained in a plane perpendicular to the reactor
center line as shown in Fig. 6.

It is noted that there are three orientation concepts here. First is the

attachment orientation, i.e. tangential as in Fig. 4 and perpendicular as in Fig. 2 or
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to l'ess than 20.3 cns (1 inch to less than 8 inches).
be about 5 to 7.6cns (about 2-3 inches) internal dianet

cylinder 34a attached at a place that is oriented at an
vertical plane containing the center |line of the react T
referred to as the vertical center plane o the reactor. This angl e can be

taken fromeither side .,of the ane or, fro ot ides if it t,S t zero.
The apex of t bohARY 81816 belstesn aesa pwpifiniahf ohd ol egRer | setonis Mgl e | s
contai ned in asmlARRHNRRERPO W GoWahar ﬁ}?tﬁeh&lr(/@éf:ﬁﬁrelﬁtﬁwﬂ% attdcRfeASisSioWn in
Fig. 6. It is noted that there are three orientation

concept s her e. reptesented by tahgle alpha ( Fig. 5). This can be anything from 0 to 60 degrees

-9- attachne arientati Lla€. tangential. as in Fhg.. 4 and-perpendi cul ar
2s inFig 2 oputss greteRb g 4o BeerBL i ol e p¥ derplh TR BEtHe
degrees. Seconghdié Hebf fiont &He!l @hted Dldne! oFtthy Borghudiail degmeniP(Rifle6)c UTNE aBiflet he
el bow the attachnent is as represented by angle alpha ( Fig. 5). This can
be anyt hi ng frmbrfrgmafbtmé@degrge%mefp@bé'rQetteﬂéldpgregs,tr@ramr#e be8-20npr e
preferably 0 tge%g)sdegrees. Third is the angle, beta, fromthe center plane
of the l.ongitu |gna‘?'segment (Fig. 6). This angle can be fromO to 60

degrees, preferably O tOFi‘g57CH1Weaﬁ,enﬂ%ﬁﬁnﬁfcﬁlﬁfaﬂie}boﬁﬁﬂﬁblﬂft@teéeﬁ'.cylinﬁer
Fig. 7 shows an_enbodi nent where the continuous take off cylinder 52 has an
attachment ori ohbas A ATRAIMSE} prEeHatian of perpendiquiasqan alpBa OHeRtgHoR P §

(i nherent sincg.id..t:Sqal i1 he L | , Al jon), and
a beta orientati oér{e%t?sngcfe lli geétetﬁge?@lgﬁtgwtl o(k)lhﬁ{éhse eF ?%c?:lg{]ﬂ%gﬁ'?‘er I ne pl ane
of the | ower horiemativradf &dgritnis right on the vertical centerliriegplaie sfthwedowar det ai |

t he inpeller ans 2& for continuously noving the slurry along its flow
path. As can b&° iSEeENtdOenbodi ment the inpeller is in a slightly

enl arged section of pipephigtlioRe iy Staftthd ﬂrﬁ;?aremwaﬁéﬁﬁgapéﬁﬁmauape
circulating reactants. Preterably the systemi1s operated so as to Qgenerate

a pressure dif meving thelslunfy dlong éadowl@athk PAs(ch8 hesseq) irpthid embbdiyneat tHeeast

NGRS L C NI e G AN

foot) zone for the circulating reactants. Preferably the system is operated so as to
generate a pressure differential of at least 18 psig preferably at least 20 psig, more
preferably at least 22 psig between the upstream and downstream ends of the
propulsion zone in a nominal two foot diameter reactor with total flow path length
of about 950 feet using isobutane to make predominantly ethylene polymers. As
much as 50 psig or more is possible. This can be done by controlling the speed of
rotation of the impeller, reducing the clearance between the impeller and the inside
wall of the pump housing or by using a more aggressive impeller design as is
known in the art. This higher pressure differential can also be produced by the use
of at least one additional pump.

Generally the system is operated so as to generate a pressure

differential, expressed as a loss of pressure per unit length of reactor, of at least
0.07, generally 0.07 to 0.15 foot pressure drop per foot of reactor length for a
nominal 24 inch diameter reactor. Preferably, this pressure drop per unit length is
0.09 to 0.11 for a 24 inch diameter reactor. For larger diameters, a higher slurry
velocity and a higher pressure drop per unit length of reactor is needed. The units

for the pressure are ft/ft which cancel out. This assumes the densitv of the slurry
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di-ameter reactor with total flow path |length of about 289m (950 feet) using
i sobutane to make predom nantly ethyl ene polymers. As much as 344kPa 0
psig) or nore is possible. This can be done by contrg e

rotation of the inpeller, reducing the clearance bei\z\ﬁg TIH?@@QE%}‘ nd
the inside wall of the punp housing or by using a ngre agggessﬁ/‘é i e | er
design as is known in the art. Thi s hi ghért¥pr essur e idi-ffe FeFETal can al so

be produced by .t.he use e additional punp.
General |y t he “GJ&l grnerd yoﬁeqt'bgl"egg 's to generate a pressure differential,

expressed as a | oss of Fl(éi“éﬁkh@%ol@sefo Fgi b th@ﬂﬁieli‘ s@émérﬁ@ﬁieodhovﬁfasamo' ®avde
0.07, generally 0.07 to 15 m pressure drop m of reactor |ength (foot
pressure drop halfi rCthbiﬁthtPh n%ﬁvgt\dmh enie iprefene aorrfcgwatanln eli_hﬁwe(mqall nch)
diameter r eact nér(x %,lt)al%aéf ’tw1ce tﬁe R:ngtsns"gl nerg Ogbd%? sev%ﬂ'to elg%t Si‘lmes tﬁe 0.09 to

0.11 for a 61¢

10 - dianet erleﬁgambtf@llie h&@zontaars%eﬁ erfld. 2FS @Eance? thy Gitcal Slow path\eah el 190 and
a hi gher pressure drop unit length of reactor i s needed. The units for

the pressure @28 feeyand thaiberizenplospments 25FriGTegt iuflew patte lensiki Anyof t he
slurry which %We?loﬂodtps CQH%Et g; V\(/l':}'ed 19 f.ggman to the our Feyélcﬁﬁfh%fé’ é\xﬁ?té%ow to

Fig. 9 the upper segnen are egr ee FFEIES is the

which is the mgfterepecbdcmrﬁxggurwtlgemralrﬁﬁom‘e&tsbcaie lsegnﬁafaex&eeto abnligAst
twice the | ength, gegerally about ;seven to eight tine ﬁ | engt h, of _the
hori zont al gn@rﬁog wgwtqrmaaﬁe@mtmél diametes A abvwlp%m ek Ko 5Bt s

68. 4m(190- figet)
in flow path %ﬁ ny Mg&ﬁ%&%&&?%?&g@%@p%e ’{Ogllﬁ%gbdo%tl%gg o t he
four depicted lhﬁ(bfaenﬂemgquﬁegkﬂsfaimmct ed in Fig. 1, but generally four or
six are used. Reference o nom al 6lcm}gtwo foot) di arinat er nmeans an

internal di ameter of abd Aupeps for piiliirsspch oy sigeylating: the ireactanieing | v

greater than | r With
7 T ey S O B 88 i

Commer ci al purgresstuss toravoidtdawitationcire aasﬂm andubuatinely detesninedct ants in a
cl osed | oop reactor are routinely testmggir manuf acturers and the
necessary pressures to avoid cavitatio ily and routinely

det er m ned. A four vertical leg polymerization. reactor using a 26 inch Lawrence
Pumps Inc. pump impeller D51795/81-281 in a M51879/FAB casing was used to

polymerize ethylene and hexene-1. This pump was compared with a 24 inch pump
which gave less aggressive circulation (0.66 ft of pressure drop vs 0.98). This was
then compared with the same more aggressive circulation and a continuous take off
assembly of the type shown by reference character 34 of Fig. 5. The results are

shown below.
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EXAMPLES-

66cm (26 i nch) Law ence Punps Inc.
Mb1879/ FAB casi ng was used to polynerize ethyl ene an
was conmpared with a 61cm (24 inch) punp which gave |adiss

A four ve

rtical

circulation (0.66m (ft)) of pressure drop v

with the sanme nore aggressive circulation

are shown bel o

sheet - 24 Feb
DATA TABLE
i n)

Dat e of QOperat
React or Sol i ds
w % Pol ynmer .
Rat e,
React or
Power ,
Pressure D ff,
Circul ation Pu
(61.8ft)

46

Crcula
kw Cr¢

0. 558
103. 5[err] C

Ak

punp i npel | er

D51

| eg polymerization reactor using a

REIGCPRERT HARIBEERNUD
ss_ag SIEBSACE B

0.98. This was
a conti nuous take off

assenbly of thetype shown by reference character 34 of Eig 5 _The rgsuylts
V. Substitute
uary 2000 DATA TABLE - 11 -
Descri ption 6lcm (24 in) 66cm (26 in) 66Ccm (26
Dnm'\ ) =] np. Dnmp + CTO
on 4-9, 1994 24-28. 1995 Nov ]5-26inPamsp A}g.
Desegg)tlon 24 in Bump | 26 in Pump 53 ConC@fbr ati oh,
Pl ouu fL OTl t 8 ARy T
Date o OP%UTI i bs ‘ﬁ 949 h??47 nMB%/ZﬁT# D39 Nevid 349,
tor SHIRA 45 753 s3Punp
%‘%ﬁﬁa‘; ;}m@t o o skpa | 154kPg 163kPa
nci) (’)’) pei) 23 7 ncl\
Polymer Producti8n8m 40.1 28.|11m  40.7 28. 089. 9Head
R(aﬁ.‘2nﬂb$/hr (92.4ft) Heactor Slurry|Fl ow 39
_REHC%UT—Si Y 0532
Reectgg %‘Pty gt B0 Readt or Téfper at uf e, 75302[er|]C
err]d
Circulation Pump 14.3 22.4 23.7
Pressure Diff, psi
Circulation Pump 61.8 92.5 92.4
Head, ft
Reactor Slurry Flow 39 46 45
Rate, mGPM
Reactor Slurry 0.534 0.558 0.592
Density, gm/cc
Reactor Temperature, 215.6 218.3 217.0
F
Ethylene 4.43 3.67 4.9
Concentration, wt %
Hexene-1 0.22 0.17 0.14
Concentration, wt %
Reactor Heat Transfer 270 262 241
Coefficient
Reactor Inside 22.0625 22.0625 22.0625
Diameter, inches
Reactor Volume, gal 18700 18700 18700
Reactor Length, ft 941 941 941
Pressure Drop per Foot 0.066 0.098 0.098
of Reactor, ft/ft

While this invention has been described in detail for the purpose of

illustration, it is not to be construed as limited thereby, but is intended to cover all

changes within the spirit and scope thereof.
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(215. 6F) (218. 3F) (217.0F)  Ethyl ene 4.43

3. 67 4 9. . Concentration, wt % Hexene-1 0.22
0.17 14 Conce wt % Reactor 2F
262 m“m‘gm r\ﬂg&\ React or | nsi de THIS S%WBEEN }
56. 0387cm \ ( 22. 062BERLACED .
(22.0625i ns) (2280 625" ns) Reactor Vol .ugpe, 70,7791

70, 7791 70, 7791 (18700 gal) (18700 gal)
(18700 gal) Reactor Length, czzs@m MS 286m

286m 941 f 941 ft (941 ft)

Pressure Drop ber Foot APresss rpolymenzmg)o@tj s compriSing: o 098 of .
Reactor, mm (ft/ft) polymetizing, ity ﬂos%tréucﬁoh Y] Lak ‘Pélslh«%\% SIBAR misRmter iR d

in detail for the purpose of strati i's not constr.ued as
limted ther el:g/hqtludtdllugml tot pradues a Buideshery edhprising liquid diluent and sohd olefin
- 12- changes vm terhba{]rtxgllge spirit and scope thereof.
maintaining a concentration of said solid olefin polymer particles in
said slurry in said zone of greater than 40 weight percent based on the weight of
said polymer particles and the weight of said liquid diluent; and
for at least a portion of a production run continuously withdrawing
said slurry comprising withdrawn liquid diluent and withdrawn solid polymer
particles as an intermediate product of said process.
2. A process according to claim 1, wherein said olefin monomer
comprises ethylene.
3. A process according to claim 1, wherein said olefin monomer
comprises ethylene and 0.01-5 weight percent hexene based on the total weight of
said ethylene and said hexene, and wherein said liquid diluent is cyclohexane.
4, A process according to any one of the preceding claims, \_’vherein
said concentration of said solid olefin polymer particles in said slurry in said zone
is greater than 50 weight percent based on the weight of said polymer particles and
the weight of said liquid diluent.

5. A process according to any one of the preceding claims, wherein a
pressure differential of at least 18 psig is maintained in a propulsion zone to
circulate said slurry through said reaction zone.

6. A process according to any one of the preceding claims, wherein a
pressure differential of greater than 0.07 per foot of reactor flow path length is
maintained in a propulsion zone.

7. A process according to claim 6, wherein said differential is within
the range of 0.07 to 0.15 ft/ft per foot of said reactor flow path length.

8. A process according to any one of the preceding claims, wherein

said reaction zone is maintained liquid full.
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-13 - - . CLAI M5 1. A

process for polyner|2|n rising:
pol ymeri zing, in a ﬁ@ “ ﬂ e, at |east one drefraTroROMEF—HA—,
a liquid diluent to ul I urry conprisi nq ITH¢RBHERT HA@rﬁEEahta

solid olefin 5 polymer particles; ILmai MERLACKD ;
concentration of said solid olefin pol yrm'rli)art icles Tn sard sTurry in

said zone of greater than 40 we t .percent bas ht

said pol ymer particles aﬁoPrPFFés\%g‘?%ﬂil‘Pgé‘P agy pge Pfﬁmwe%ﬁ %"‘ﬁ?ﬁ’n H@‘erem

conti nuous| y Weh oL aubAg &ﬁn fb&iﬁﬁ%o? té[rsthagzwob@gam liquid 10

di l uent and w thdrawn so? pol yner par es as an internedi ate product of

sai d prockgs. A. process according Ao ptamme&; whweein saiidrgactioncioat thag a
wherein said ol i ses et hyl ene. 3. A

fin .
process accord?"ﬁ (ﬁr%ﬁ?ﬁ‘?an%ﬂ@ﬁ@%ﬁ%d ol efin nmonomer 15  conpri ses
ethyl ene and 0 Pl 5 wei gt praBss AorRE 9 AnPIRE A A prdcediy Slaindeivikeif
sai d ethyl ene and sai d hexene and wherein said liquid diluent is
i sobut ane. said intermediate produgt ?ﬁmdass)ceasc@ contirypously pagsed teropgh mtheating
precedi ng cl ai ns erein. at.i

ol yrer | part 1 cPe VHEER HiEPigrmpdie SRR REED Soai £r3dhd fridiniagy

wei ght per cent hﬁ&@ﬂmﬂﬂh&ﬂ&@ﬁéﬁaﬂhhea@éd ﬁx?drﬂle&@ieymﬂud?ai bkpsed to’vlﬂ(ﬂ)résb@'eZO
wei ght of sai d l'iquid diluent. g(gr ocess accordin

any one of t hedipsacuhigh R§¢S§W|¢Bﬂashﬁ@n%lsﬁlddleated infgrraedjate oreyct beiagthea eddf’ at
| east 124kPa (%xb 8% 9guc LY n%fg)'r rf,g,ﬂlon of%af W@HJ:II%.{Nnrll(ﬁl?({]gllue'&lt is Léc)po?iz%&m ate

said slurry th sal reac one

according to apyd €Hie soparkteé fm:ee&d ivithdedver salid %ﬂ’l?m&l particies, the muss&pmmed
differential of t%reater than 0.07 foot slurry ht pressure drop per foot
of r eact Withdrayn bauid dulmjttherp%ﬁ%dqemgathnéwSie for sseypie withopt 28%e

G ttorential i SBPRSHST, BLRAT ALk uah T Ml po VIR ElelpR B NARES M6 ponee

pressure drop pﬁabdtmdmhftor&amt IBO°F fl ow path | engt h 30 8.
A process accor ing to any one of t pr ecedi ng %al ns, f sai d
reacti on zone &4 maintai %eHrOF?ﬁlﬁcEPr |to any one of the precedmg alms wherein

said slurry is continuously withdrawn from an area near the last point in said loop
reaction zone where flow turns upward before a catalyst introduction zone.
13. A process according to any one of the preceding claims, wherein
said slurry is continuously withdrawn from at least one area adjacent the end of a
lower zone of horizontal flow.
14. A process according to claim 13, wherein said slurry is withdrawn at
a point along the vertical centerline plane of said lower zone of horizontal flow and
prior to said flow turning upward.
15. A process according to claim 13, wherein said at least one area is
along the vertical centerline plane of said lower zone of horizontal flow and after
said flow has turned upward.
16. A process according to claim 13, wherein said at one area is oriented
at an angle away from the vertical center plane of said lower zone of horizontal
flow an amount within the range of 0° to 45°.
17. A process according to claim 16, wherein said at least one area is
oriented away from said vertical center plane at an angle within the range of 0° to
200- o Co- .
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14 - - - A process-according to any one of the preceding

cI ai ns, V\/nerel n sai one has a vol une of greater t han 75, 700
litres (20,000 gallE!H!ll |Uj|gﬁﬂmﬂm T
wherein said reacti T L “171 )
(30,000 gallons). 5 A proc ' s

precedi ng cl ai s, mhereln sai d I nt er

ot inuously ppesed thr dr?fggeassgﬁé‘ottlggt?%?%m&éﬁrat’é%% 4111%%83“ {*F&E%gte

thereaf ter sajsthriveab asidi fidw ifBidgalpvagd.oduct is exposed to a pressure
drop in a hi gh pressure flash zonée, said heated internedi ate product being

heated to 10 1%n ext ent Asprepess aegordingwp shaimdiér oroh, Gvhesein gaidi at heaskape Aredui d
diluent is v t t | %dgﬁms

pol ymer part?iéloags lg??tuont e?g%gpﬁawg gseR@ﬁé% ‘ﬁgﬂe{rﬂ% o ﬁbqw ugn?}ol“ga

t hereafter becej@rhmdénpﬁdrdfmwrecycl e, Wi thout any conpr essi on, by
heat exchange with a fluid having g tenperature within the ran%3

about 4.4[err?& to aboud M‘:@Féﬁﬁﬂf@neé%&m’ one pE praceding slaims 8- 1 o\[l@wr} F)
15 12. o) C ny one of the preceding clains,
wherein said said aﬁleg%t &{%sa'}lagﬁc%%ﬁ g%%gﬁeg w t hdrawn from an area near the
| ast point in2kaid | oopA processraemﬂmgno anp enavof ithe pﬂecemmgjclaﬁnymﬂw bef ore
a catal yst int OdUCtI one. process according to

any one of t h'é’ t?ﬁgfeettaﬁwewaévt?h@apﬁms slurry is continuously
W thdrawn fro at I east A0 one of
hori zontal fl %v {\41.%(:%%0&%@28%%%tgggg?g%cg‘feg%ﬁgé)%ﬁ%%%h&?};

wher ei n sai d #icludey adjnisting fedctanwomatitions during stavt up ofi khergrocdse usmgtcnmaimous

centerline plar wer zone of hori.zon lor to
said flow turﬂ’ﬂtﬁsraﬁ‘ﬁg\éfgle slurry so g to raise reactor Siﬁﬁrbéf@ég%asag%é??ﬁfﬂ?fg to cI a| m
13, wherein sgj3d at |eagf x‘&@é‘ss%@cﬁdi‘n tgin oﬁé%‘f'%laﬁxﬂﬁ’ 1V, G %tch%ets

pl ane of said | ower zone of hori zont al ow and after said fl ow has
turned upwar dis continuously withdrawn substmtmlladhwgh@ncarpmdgctm mhai m 13, wherein

said at one area is oriented at .an _an e.vert.ic
center plane g? said |l o pro%sﬁé@tc%qrdwgrtpfgx gF OfCYva&lls %“g’ﬁ éﬁ@&ﬁt‘ %Ft hi n
the range of Brddacdéd A4 step@f cortiuously mthdrMéQH@ﬂﬁr@q@ ahéthatgd tvathch ai m
16, wherein said at |east one area is oriented away fromsaid

vertical cent etppgpmesmg an angle within the range of O[err] to
20[err].

withdrawing said slurry, allowing said slurry to settle into at least
one settling zone and thereafter withdrawing a batch of the thus settled slurry from
said settling zone as an intermediate product of said process, and thereafter shutting
off said settling zone.
25. A loop reactor apparatus for olefin polymerization comprising:

a plurality of vertical segments; '

a plurality of upper horizontal segments;

a plurality of lower horizontal segments;

wherein each of said vertical segments is connected at an upper end
thereof by a smooth upper bend to one of said upper horizontal segments, and is
connected at a lower end thereof by a smooth lower bend to one of said lower
horizontal segments thus defining a continuous flow path adapted to convey a fluid
slurry, said reactor being substantially free from internal obstructions;

means for introducing monomer reactant. ~~--—jerization catalyst and

diluent into said reactor; cet Has Been Replaced
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-15 - - 18. \\g“ accord| ng to claim 16 or 17 wherein
[

igi-d at | east Xng'r'gre &\\\\

ng to claim16 or | east

' Tm,sslB&Eat

one area S at Cé.’tIOI’l after said fl ow hd Lapw®er d at Ieast
| but less than 45[err] froma 5 centerline of L-._,:: oo
A process according to any one of precedi r]ra ‘clainms 13-19, wherein sai d

at |l east one area is exactl one .
according to any one of '?‘?‘im rre%oegf“fl'nousgl go??l[s‘éfgld Sémy alongvﬁ‘ed? élg‘%ep gn ’d at

| east one area is a pl Uraﬁldakt}’orﬁfelarig%w hol®w appéndage adjacent a déwnstream end
pol ymeri zation process conpris pol ynmerizing, in a

| oop reacti on©f @ae of said|lawex h@r?@ntaﬂ é«fqtrﬁwmn@pemage being i 9pequi d di | uent

pol yrror par 1 GPAEERHbR MANERL Heh i) Ko “ﬁ@gﬁ@% bRty

particles is and greater than 40 vvel ght percent;
wi thdrawing said fluid slurry corsrﬁjrl sing w thdrawn I | qui d dil uent and
wi t hdrawn sol i d pol ymer aplerngateddlash line up fiyid eommunication, yith said #rpepddgconi ng

steps: for transfemfx% I1')roduct sl(ﬁ% R Qéﬁgrﬁgﬁer eg td Hirdsp iahy bR ﬁ&%’ e

into at | east one sett one ter W thdraking a batch of
t he thus settlhavﬁnglmﬁnea;erfasmmasbeﬂ ﬂieneahﬂh]ﬂodgaﬂﬁld pranet slsrrpn i nt er nedi ate

roduct of sai rocess,, thereafter shutti se one
hnd 8. ‘An Sbreggts frseRRg o Adigh s TBEEIn i FHIFRATG sa

fluid slurry I"‘Pﬁﬁﬁhg% tfaclaédjﬁpox{e | PIowWeP BEri& rée fg@ﬂts%ﬁsh%‘bﬁx | qui d

di luent and wi ol yner partic an 1 nt | at e
product of salappq:ndagesm'ylﬁg lowéralonzontal segment, Aalpiramemhgadmmgdom@tddoalohgl m

22, conprising in.a d|t| us react or .condj ti ons

e Lot SLr &yl el ihe Sns e B anpendpge oy iie I5R8F hagsontal SEmaft and,
24. -afjaBNt o ehe éﬁbétﬁrloﬁéxo&ﬁﬁsatﬁ@lﬁartb&h@ downstream end of said
polyner|2|ng, in a |loop reaction zone, at |east one ol efin nononmer 30

using a cat al yppensegprarying loserdrorizontek seggenh a support in a liquid diluent
bol yrer partiGres.  AppatiniyaciBRR & i 28 il $ETa a”ﬁ%ﬁs?fa'ﬁ il g
solid olefin Q@hﬂ'ﬁﬁgleﬂx%t\bée%'@ﬁnd B0°.

28. An apparatus according to claim 25, wherein said at least one

appendage is attached to said smooth bend attached to said downstream end of said

appendage-carrying lower horizontal segment thus giving an appendage-carrying

smooth bend.

29. An apparatus in accordance with claim 28, wherein said appendage

is attached to said appendage-carrying smooth bend at a point at least 1 but less

than 45° from a centerline of the adjacent vertical segment.

30. An apparatus according to claim 28, wherein said appendage is

attached at an angle between 0 and 90°.

31. An apparatus according to claim 29, wherein said at least one

appendage is attached at a right angle to a tangent to said appendage-carrying bend.

32. An apparatus according to claim 29, wherein said at least one

appendage is attached tangentially to said appendage-carrying bend.

33. An apparatus according to claim 32, wherein said at least one

appendage is attached at a point spaced away from said vertical center plane an

amount within the range of 20-45°.
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REPUCACEMENT SHEET . .. U 16 - said slurry in said zone of
greater than 40 we u Eﬂ ed on t he wei ght of sai d polvnﬁg

particles and the |qU|d di | uent; §
continuously with mwﬁy Conprising wi t hdr awn ﬂ?ﬁ%? E TﬁA %EEN 1
and wi t hdrawn SO|Id polyner particles as aﬁ |nternedh”1 £-d
process. 5 A polyner|zat|o 6process conpr|5|ng

pol ymeri zi ng, a |l oop eactlo zone | east i

51 quid dil ueh fo pr oadubaiperitul BOSiat i Elnine S cige e UL e

ol ef i n pol yner least on@é)iﬁehﬂdg@ﬁs exactly one appendage. circulating said fluid
slurry through said | oop reaction zone, Fhus 10 stratifying said fluid
slurry wherei n3fhe concerf apnamtusaccotdingtsl any meetvﬁﬂalms@/&ﬁe}% whereingsaid atc| es

is greater tha conti nuously .
w t hdrawi ng a agg?%{/@%&%da%%sg %;l{lmah%%fr%’pggda&esol i ds are nore

concentr at ed, the thus withdrawn slurry thus having an increase in solid
concentration as conpared with said fluid slurry circulating in said zone,
said thus 15 w thdrawn slurry conprising withdrawn liquid diluent and

wi t hdrawn solid pol yner particles, as an internedi ate product of said
process.
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