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REMOVAL FIELD OF INVENTION 5 The present invention relates to an apparatus
for continuously separating polymer solids from a liquid medium comprising
an inert diluent and unreacted monomers in a slurry polymerization process.
In particular, the 10 15 20 25 30 present invention relates to an apparatus
for continuously separating polymer solids from a liquid medium, drying the
polymer, and recovering the diluent and unreacted monomers with a reduction
in compression needed for diluent vapor condensation to liquid diluent for
reuse in the polymerization process. In another aspect, the invention
relates to a method for continuously separating polymer solids from a
liquid medium. In particular, the invention relates to a method for
continuously separating polymer solids from a liquid medium, drying the
polymer, and recovering the inert diluent and unreacted monomers for reuse
in the polymerization process. '166166' BACKGROUND OF THE INVENTION In many
polymerization processes for the production of polymer, a 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 incorporated
herein by reference. While the polymerization processes 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 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 ~ 7 MAR 2003 PCT/US99/11007   17 MAR 2d03 



_Z. contamination 50 that the liquid mr"dium can be recycled to the
polynleriLatit~n zattc with minimal iF any purification, A particularly
favored tcchniyuc that has been used heretofore is that disclosed in the
Scoggin et al, U.S. Pat, Nu. 3,15Z,~7Z, more particularly the embodiment
illustrated in conjunction With s Fig. ~ oC that ratent, In such processes
the reaction diluent, dissolved n,onc~n,ers, and cstalyst arc circulated in
a loop reactor wherei the pressure ol' rho polymerization reaction is about
l00 (6.9 x IUjNm'z) to 7U0 psia (,4b,f x 10'Nrtt-''). The produced sulid
polymer is also citculatcd in the reactor. A Slurry of polyter acrd the
liquid medium is collected in one or more Settling to legs of the slurry
loop reactor from which the slurry is pet~iodicahy discharged to a (lash
chamber wherein the nlixture is flashed t~ a low pressure such a5 about 2t?
psia (l.4 x lOSNm'2), while the flashins results in substantially complete
removal oC the liquid medium Crom the polymer, ii is necessary to
rocotripress the val,oriced polymerixatic~n dilucnt (i.e.) isobutane) in
order to is condense the recovered diluem to a liquid Com, suitable Cur
recycling as liquid diluent to the polymerisation zone. ?he cost of
compression equipment and the utilities required for its operation oCxcn
amounts to a significant portion of the expense involved in producing
polymer. Some polymerization processes distill the liquefied diluenl
p'r-iur to 2o recycling to the reactor. The purpose oC distillation is
removal of monomers and light-end contaminants. The distilled liquid
diluent is then passed through a trcatcr bed to remove catalyst poisons and
then on to tile reactor. The equipment and utilities costs for distillation
and treatment can be a significant portion of the cost of producing the
polymer, 25 In a commercial scale operation) it is desirable to liquefy the
diluent vapors at minimum cost. One Such technique used hervtoforo is
disclosed tn Hanson and Sherk'c U.S. Nat. lVo. d,424,341 in which an
intermediate pressure flash step removes a significant portion of the
diluent at such a temp~returc and at such a pressure chat this (lashed
portion of diluent may be liqui,fted by 3o heat e~cchange instead oCby a
more costly compression procedure.   1 7 MAR 2003 -3 BRIEF SUMMARY
01''hliF; 1NV1:N'fl0h The present invention relates to an apparatus for
continuously senuruting polymer solids from a liquid medium comprising an
inert diluent and unreaeted monomers In another aspect, the invention
relates t~ an apparatus for continuously separating polymer solids from a
liquid ndiun5) . drying the polymer, and recovering the diluent and
unreacted monomers with a reduction in comprcsston needed for dilucnt vapor
condensation to liquid d~luent for reuse in x polymerisation process In
another aspect. the in~entior~ relates to a method for continuously
separating polymer solids trorn a liquid t0 medium. In another aspect, the
invention relates to a rncthod for continuou,ly separating poiy~ncr solids
from a liquid medium, drying thr polymer, and recovering the inert d~luent
and unreacted monomers fr reuse in a polymerization proCesS, , In
accordance with the present invention, there is providtd do ' is apparatus
for continuously recovering polymer solids ft~om a polymerization effluent
comprising a slurry of said polymer solids in a liquid medium ; comprising
an inert diluent and unroacted monomers, The apparatus 



comprises a discharge valve on a slurry reactor, examples of which include
. slurry loop reactors and stirred tattle slurry reactors, for the
continuous zo discharge of a portion of the slurry reactor contents into a
f rst transfer conduit: a Cr,t flash tank having a bottom defined by
substantially straight sides inclined at an angle to the horizontal equal
to or greater than the angle of slide of the slurryJpolymEr solids; u~herem
the pressure of the first (lash ta~Zk and tet~~peraturc of the
polymeri2ation effluent arc such thol Crom about j0'Y~ to ?5 about 100% of
the liquid medium will be vaporized and the inErt diluent componetu of said
vapor is condensable, without compression, by heat exchange with a fluid
ltavinE a temperature in the range of about 65" F ( I $C) to about 13~ F
(57"C); a first flash tank axit seal chamber, communicating with said first
flash tank) of such a length (l) and diameter (d) as to pem~ic such .1~) a
level of concentrated polymer solids/sluiry to accumt~latC and form a
pressure Seal in said first flash tank oxit scat chamber; tt seal chamber
exit reducer providing fur a continuous diseharee of a plug flog- of
concentrated poly~rnCr solidslslurry to a second transfer conduit which
contrnunicat45 ihc ,   1 7 MAR 2003 _4. concentrated pol; met soVds~slurt~~
;nco a second flash tank wherein the pressure of said second Clash tank and
tcrnperature of the concentrated polymer solids/slun~~ arc such thrst
essentially all of any remaining inert dilucnt andior unreacted monomer
will be vaporized and removed overhead for condensation S by compression
and heat exchange and the polymer calid;: are discharged Eton! the bottom
of said,econd flash tank fat' additional p~'ocesstng or storage, The
invention provides also a method for rhc continuous removal of a stream oC
polymerization effluent from a slurry reactor through a discharge vt,lve;
increasing the heat content of the polymeri~,atitin effluent dut'ing its to
transit through said first transfer conduit to a tcmperatut'e below the
fusion point oC the polymer while continuously t:ommunic~tting the
polytneriz;~tien effluent to a tirst flash tank ha~~ing a bottom defined by
substantially straight sides inclined at an angle to the horiaontal equal
to or greater than the angle of slide of the concentrated polymer
solidslslurry; continuously vaporizing from 15 about 5U% to about 104% of
the liquid mediutn in said first hated hash tank to yield a concentrated
Polymer soltds/slurry and a vapor stream at such a temperature and preS~ure
that the, inert d'tluettt content of said vapor is cotadcasable) without
compression, by heat exchange with a fluid having a temperature in the
range Crom about GS >~ (18C) to about 135 F (57C); 20 continuously
discharging the concentrated polymer solids/slurry from said Frst flash
tank to a first !lash tank exit seal chamber of such a length (l) and
diameter (d) that a volume of concentrated polymer solidslslutry is
continuously maintained so as to form a pressure seal in said first flash
tank exit seal chamber; continuously discharging the cc,ncentrated polymer
2s solids!slurry from said first flash tank, seal chamber 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 soliJs Lvhic:h rcn~ain after removal of about 50 to 1 t)0% of Ilte
inert diluent thercfirom; con,municanne a continuous plug flow of
conccntr:,lcd polymer solids/slurry 3o Crcsm said ftr5t flash tank exit
seal chamber through stud Seal chamber exit reducer to a second transfer
conduit which con ~t~u~iicates aid continuous plug flow of concentrated
polymer solids/slurry to a second flash tank; anJ   ~ 7 MAR 2003 -4a
c~ocinuously vaporizing e,sentiall5~ all of any rem.ainig inert dilucnt
and/or unrcacred monomer in a second flash   ~ ~ h~A,R ?003 WO 99/G0028
PCT/US99/1 l007 -S tank operated at a lower pressure than said first flash
tank; condensing the vaporized inert diluent and/or unreacted monomer from
said second flash tank by compression and heat exchange, and continuously
discharging the essentially dried polymer slurry from said second flash
tank for further 5 processing or storage. The present invention also
relates to an apparatus for capturing a higher weight percentage of polymer
solids from a circulating slung in a loop reactor than the weight
percentage of solids in the circulating slurry. The apparatus includes a
conduit having a first end, wherein said first end extends to for a
distance into the loop reactor. The conduit also has portions defining an
opening wherein said opening is positioned relative to the direction of the
circulating slurry. Desirably, the opening may be facing the direction of
flow of the circulating slurry. Additionally, a portion of the conduit may
extend outwardly from the loop reactor for discharging, continuously or
otherwise the 15 polymer solids from the loop reactor. 



The present invention also provides a process for capturing a higher weight
percentage of polymer solids from a circulating slung in a loop reactor
than the weight percentage of polymer solids in the circulating slurry This
process includes the step of extending for a distance into a the loop
reactor a 2o conduit having portions defining an opening wherein said
opening is extends into the circulating slurry. Additionally, this process
may include the step of discharging, continuous or otherwise, the polymer
solids from the loop reactor through a portion of the conduit extending
outwardly from the loop reactor. The present invention also provides an
apparatus for purging polymer 25 solids from a conduit connected to a loop
reactor and in fluid communication with the loop reactor. This apparatus
includes 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 first inert diluent is in fluid communication with the conduit
between the loop reactor and the first valve 3o 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. This apparatus may further include a third valve positioned   1 7
MAR 2003 WO 99/60028 PCT/US99/i 1007 -6 between a second inert diluent and
the conduit, wherein the second inert diluent is in fluid communication
with the conduit between the loop reactor and the first valve In this way,
when the first'valve is open and the second valve is closed the third valve
is opened allowing the second inert diluent to 5 enter the conduit. The
present invention also provides a process for purging polymer solids from a
conduit connected to a loop reactor and in fluid communication with the
loop reactor comprising. This process includes the steps of (i) closing a
first valve in response to a first signal from a 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 from a 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, and (3 ) flowing 15 sufficient quantities of the first inert diluent
under sufficient pressure into the conduit to purge polymer solids from the
conduit. In this process the first and second sensors may be a common
sensor and the first and second signal may be a common signal. The present
invention also provides an apparatus for returning fines to 2o 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 3o 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   17 MAR 2003 al`o include a first
transfer conduit healer tar heat cxchanse betLVeen the first transfer
conduit heater and the pc>lymerization Slurry, The present invention also
pro~id~s a process for tcturning ~ncs to a Itolymerioation slurry in a loop
reactor. Thr proecsc includes (i) discharging a 5 portion of the
polymcriratinn slurry from the loop rector, (ii) ~omt~tunict~ting the
discharge pctlymeri~ation slurry info ;~ first Elaslt tank, (iii) convening
in the clash tank a ror-tion of the polymerization slurry into a first
fluid- the first fluid epmprising a dilucnt and lhc fines, (iv)
comntunicating the first fluid from the first hash tank to a first cyclone,
(v) converting in the cyelont a tA portion of the first fluid into n second
fluid comprising the diluent and the fi nes, (v i ) conm~uni c sting the
second fl a id r nto a hca t exchanger, ( vi i ) converting in the heat
exclzangcr the second fluid into a liduid comprising the dilucnt and the
fines, and (viii) rcwtning the liquid to the polymerization slurry in the
loop reactor. t5 'Cite present invention further provides an ;tpparatus and
process for producing polymer from a polymerization slurry in a loop
reactor operating at a spacE lime yield grealcr than 2.8 tbslhr-gal (9.3 x
I 0''kg s''drri ~). In this instance, the polymer is Conned in the
polymerisation slurry which includes a liquid medium and solids. The
polymerization slurry is discharged into a first 2o transfer conduit. The
polymerization slurry is referred to a` a polymerization ~fLlu~nt upon
leaving the loop reactor. The polymerization effluent is heated it, the
first transfer conduit to a temperature below the fusion temperatutc oC the
polymer solids. 'fire lteatcd polymeri2ation effluent is communicated
through Said first transfer conduit to a f rst flash tank. In the C~rst
flash tank,  Z5 from about SU% to about l00% of the liquid medium is
vaporized. The vapor is condensed by hrat exchange. Pol~~mcr Solids arc
discharged from the first flash c2nk to a second flash lank through a st;tl
ehamb~r of sufficient dimension such as to maintain a volume of halynler
~olid5 in the said seal chamber sufficient to mt~inlain a pressure ssal.
The polymer sc>lids are than communicated to a second flash tank. In fife
second flash link, the pofymcr solids arc c~.pusec~ to a pl'CSSUr~
reduction from a Itigh~r pressure in the first (lash lank to a lower
pressure in said second flesh. The polymer solids are then discharging from
satirJ second Clash tank. Additionally, the weight percent of   of
.caua:flod pan[assrp aye 5uisnr, wntpatu p[nbtl ~ututeuao~ oy~ aullona u~
st[nso.t 4ai4,r~ wnipa~u p~nhil ath ~o autos 1o uttiqse sosnra doip
aanssoad alt ~a,.l~n a3~c4a!;tp at;f tlxa oal ~utlifaS at~t ~U stua7lloa
atlt sV ~aastyaeot asn,~ u~ ~o "'~u>>ip of spllos ~auinlod a4~ ~o aucus ion
sts'xa I~ituo~od E p~i~ tuncpaw pinUtl Jtlt s~ea~l ~aytl>1.a uoleat ,~o
~eatl a~[t pue `anu[tuna uo[tEzuaw~Clod ~o~o~u~ uc~iw~uow~tlod r. do ~o~
~utl>,7as ~ uI ~an[en a3~eyastp ayt uaoa~ utea.ut.umop W uudlnba ut 9uu~n~d
a~~uttuya of st uottuanut ay 3n taafgo aatltouy -~tal nulltt;i5 E ul
~ut~~nld~o ~(t'[Iqlssc~d alt 9ultEUlw[[a ~fq ~Cj~~ES anoJdUJI Ut sl
uuituanut auasa~d aut ~0 toafqo ~atlaut'y 'iai ~ul~atas ay1 Jo s~uo~uoo alt
~0 ~Ut;~JEI[751p a'po'aad ~Cq pasnxa ao~oea.t ~mn~s ayt m aslnd a~nssa~d y;
~y atrayuu,atut ay pue aolaeal ~n[s ayi uo dal 3uthr,as >~ ao; paau aya
aa,:ucLUcla ot, st uonuonut aq~ ~o ~aafqo iapouy ~uo~ssasdu~o~ uey~ aay~~e~
o~usqoxa peat[ ,(q ~odrn tuanl[p uaul aye ~o o~u001 anode o;! ,%OS oZ ~noqs
mot' 3o uonra~inby snonur~uoa auk pub ?1u2 t~sE~ lslt~ ay7 ut ~uy~n~d sat>;
ulwtla yalqr" ~ut;l yse~ puoaas aq~ om aaq~r~ pne ympuoa .ra3sueaa puoaa5
aqt o~m ~aanpoa pxa ,taqwEyo leas oy1 y8noat~a pa~~eyostp ~tlsnonut~uoo
a.te spilos lat,tayod apqnn ~uea 4se0 puoaas pies uE4~ amssa.rd ~o~eaW
.Clletaueasqns p ~apun amado of xum tlse0 7S~iJ pies SolqEUa yoit;n~ ma~ap
leas oanssa~d 



a sopyo~d teyt saqu.te,aa lens >.txo ~utrt LISe~ ~s~'~ avp m pouoo ~ano~
spyos snonu~auoa s `onlen a3?4ostp ~utod a tl3no.tt[t roea~ ~(un[s a wo~~
saawouout [~ata~osun pue tuanlip ~tauc quisi~diuoa ~untp,,w ptnbrl pue
spi~os ~aw~C[~l autslrdutoa tuan()J3 uoraEZl~atiJ~clod ,4t ~o lenoutaa
snonu[~ttoa aqt ~ui~sollo~ spyns ~aunlod atla 30 ~ut~ttp yse~ a~x~s om~
snonunuoa ayt Col Poy ~a~u pur. snt~~edd~ ue r_~toq api,~o.rd o~ sc
uoiJuanu~ tuasa~J aqt w loo~qo u~ '(Etup00gSL) uollE~ 000'Z aryl m~.u oq
~'ztu aotaso~ dooi 3y1 UI ~c~anls uoyeauautyod ~a 3um[ct,~ oil 'S~a~
pnt.tan Z 1 ~Iq~usa~t tsotu 'seal leatuan Z 1 Pup O 1 uoomt.oq yqL.t[svP
a~oui '~~~[ l~~IlJ~n g l Put' O i uaaMt.q yq~ysap 'seal Ipot~an a4~ra uey7
amu a,,ey pup ~(u~g'09) la 00Z o1 [2nba .to uetlt ~atem9 peat' nu~dmnd
~uypn,uaa~ t: tltin~ patr,~ado oq os[ct r(ew aota':ai dool ay '>.31~ S I'0
nt=4~ latt:o~~ ~o aou~e~sip ~olaea~/peat~ ~uidtG'nd ~uttelnoataa.' [slot a
pat4;~ado aq ~Ci:u~ .~ot~ea~ dool ay 'L~ ueyl ~ol~a.t ad ~rumCunps
un~te7uauzyod aya m spi los E~~Z ~~W ~ ~.   1 ~ MAR 2003 _g_ precipitate
which tends to plug downstream equipment. The present i~lvenllon w111c11
cltinat25 the need for a settling log also eliminates this p0lenlial for
downstream cquipnicnt plugging by avoiding the Initial diSSOlution or
fusion Of Ll1C polymer soltdx. S Another ~hjecl of the pre~e~,t ~nvenli~~n
is to increase the rCactor through-put by the sc of continuous discharge
and increased ethylene conce,nrrations in the liquid medium, e,g" grctctcr
than or equal l0 4 weight percent at reactor outlet, dc,ira6ly from 4
~~~~ight percent to k weight percent, still more desirably frc>ir 5 weight
ptrcent to 7 weight percent. Settling Icgs t4 limit ethylene concsnrrations
due to an increased tendency to plug do~~~nstrram equipment caused by
accelerated reaelion within the ~ellling leg, .'1 centinous polymerization
effluent slurry flow allows ethylene concenlrxtions to be limited ol~ly by
the ethylene solubility in the liduid diluent in the reactor, ' thereby
increasing the speeifc reaction rate for polymerization and increasing ~ 5
reactor throughput. Another object of the present invention is to increase
the weight percent (wt %) of polymer solids in the polymerization Slurry
circulating in the polymerization zone in the loop reactor. Desirably, the
wt % of polyrtier solids ' in the polymerization slurry is greater than 4~)
more desirably) from 45 to 65) still more desirably from SO to 55, and most
dcstrably from 55 to G5. Another object of ttie prESent invention is tc~
inerca,e the space time yield (5T1'), expressed in lem~s of pounds per
hour-gallon (Ibsfhr-gal) ( l lhlhr- gal = 3.3 x 10''kgs ~dm'j). Desirably,
the S'fY is greater than 2.6, more 



desirably from 2.6 lc~ 4.0, and most desirably from 3.3 to 4,0. is Other
~tSpC.CtS, objects, and advantages of the present invention will be
apparettt from the follow-ing disclosure and Figures 1 and 2. The claimed
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 from the point of discharge c~F the ~olynierizarion slung ~o
effluent through a discharge valve; a first ftzstt t2nk, a seal chamber; a
seal than char exit reducer; and therefrom to a second flash rank. (2)
significat;tly increatsing ethylene concentration in the loop reactor
liquid medium lh~rehy   1 7 ~';^0 2003 - ~a inct'casirt~ reactor
tlou~h-put, (3) significantly incrcasins the wt "/u of polymer solids in
the polytneritatian slul~'y) (4) 5isnitiCantly inerea5inc reactor   17 MAR
2003 WO 99I60028 PCT/US99/1 1007 - I 0 space time yield and (5) energy
consumption is reduced by reducing the need to compress and/or distill the
reactor vapor-liquid effluent. Recycling compressors and other downstream
equipment can be reduced in size or el iminated. 5 BRIEF DESCRIPTION OF THE
DRAWING Figs. 1 and 2 are a schematic diagram illustrating an apparatus for
continuously separating polymer solids from diluent and unreacted monomer
in accordance with the present invention. Fig. 3 is an enlarged, cross
sectional view of the discharge conduit with 10 opening extending a
distance into the loop reactor and the circulating polymerization slurry.
Fig. 4 is a schematic view of a pressure control system. DETAILED
DESCRIPTION OF TI3E INVENTION 15 As used herein, the term "polymerization
slurry" means substantially a two phase composition including polymer
solids and liquid circulating within the loop reactor. The solids include
catalyst and a polymerized olefin, such as polyethylene. The liquids
include an inert diluent, such as isobutane, with dissolved monomer,
comonomer, molecular weight control agents, such as 2o hydrogen, antistatic
agents, antifouling agents, scavengers, and other process additives. As
used herein, the term "space time yield" (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   1 7 '~'''~ 2003 WO 99I60028
PCT/US99/1 I007 -11 Typical examples include ethylene, propylene, butene,
pentene, hexene and octene Other examples include vinyl aromatic monomers,
like styrene and alkyl-substituted styrene, geminally distributed monomers
such as isobutylene and cyclic olefins, such as norbornene and vinyl
norbornene. Typical 5 diluents employed in such olefin polymerizations
include saturated aliphatic hydrocarbons having 3 to 8, preferably 3 to 4
carbon atoms per molecule, such as propane, isobutane, propylene, n-butane,
n-pentane, isopentane, n-hexane, isooctane, and the like Of these diluents
those of 3 to 4 carbon atoms per molecule are preferred, and isobutane is
most preferred. 1U The rate of discharge of the polymerization effluent is
such as to allow a continuous process stream from the slurry loop reactor
from the point of discharge of the liquified polymerization effluent
through a single point discharge valve and also through the first flash
tank and the associated vapor recovery and solids recovery systems. The
rate of discharge of the 15 ' polymerization effluent is such as to
maintain a constant pressure in the slurry reactor and to eliminate
intermittent high pressure pulses associated with a discharge of a portion
of the reactor contents that occurs with settling legs on slurry reactors.
The temperature to which the polymerization effluent which is 2o 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 3o 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 ..'   17 MAf~ Z003
polymer solids rhcroin to become heated to s~ich v tempc,rtture al ~~hic:h
they will tend to fuse or agglotrerate oe with anothec 'I''he conccntratcd
polymer solidslslurry are discharged from the first flash tank into a fir;
t hash tank exit seal chamber of such a length (l) and S diameter (d) ,ca
as to provide a volume sufficient to maintain a volume ot~ coticetttrat~=d
polymi:r solids/slutry sufhcienl to maintain a pressure seal in the exit
scat uharnbEr. The concentrated polymer solidslslurry arc drscharged tram
the exil 5eul chamber through an exit seal chamber reducer to ~t second
transfer conduit w~iich communicarcs the concentrated polymer solids/slut~y
as a plug ' l n tlotv to a second flash tank. ThE exit scat chamber reducer
is defined by substantially straight sides inclined at an angle to that of
horizon~a) equal to or ~reatr than llte angle of slide of the concentrated
polymer solids/slurry. The pressure for the first flash step will wary
depending on the nature of the diluent and unreucted monomer, and the
temperaturr of tht: ~ 5 polymcri2alion efLluent. Typically) pressures in
the range of From about 140 psia (9.7 x IOSNrn-2) to about 31S ps(a (21.8 x
105Nt~~~) can be employed; more preferably ft'o11~ about 200 psia ( 13.8 x
L OSNm i) to about 270 psia ( I 8.7 x 105Nni ~); arid most preferably froth
about 225 psia ( 15,6 x 103Nm 2) to about 250 psia (l7.3 x IOsNm'z). 2o The
heat exchanging fluid used to condense the vapor Crom the first flash step
is at a tcn~perature in thr: range of from abUut 6~'' F (18C) to about l50
,F (66"C). ~ preFerYed embodiment uses a heat e~:cllange fluid at ~t
temperature of Crom about 75 h (24C) to about t 40 F f,60"C). A most
preferred emhodimenl uses a heat exchange fluid at s temperature of From is
about 55 F (29^C) to about l30 F (54C). A ii.srther understanding of the
present Invention wi II be ptovidod by referring to Fig. I which
illustrates a system comprising an embodiment of the invention. ' In the
cn,bodiment illustrated io Fig, i, the polymerization is ~sn~ied JO out in
a loop reactor I. It will be understood that .vhilc the loop reactor I is
iltusti~ated With four vertical legs, the loop reactor I may be equipped
rah more legs, desirably ctght or mart legs, desirable between R and 20,
mr.~rc desit'ablc between $ and l6, ntost desirable with 12 legs, The
polymeri~.ation   - L Za  slurry i5 direction<<lly circulatzd throughout
the loop rector 1 as illustrated by 



arrows n-D by one or more pumps) s~ich as axial flow pumps, 2A and ?B.
Dcairably, the loop reactor L i~ equipped wish multiple pumps wherein vacll
~ ~ MAC 2003   ~ 7 MAQ 2003 5 WO 99/G0028 PCT/US99/11007 -13 pump is
dedicated to an even number of legs, such as for example, four legs, six
legs, eight legs, etc Diluent comonomer and monomer are introduced into the
loop reactor 1 from the diluent storage vessel 40, the comonomer storage
vessel 41, and the monomer source 42 through their respective treater beds
37, 38, and 39 through conduits 5, 4 and 3, respectively, connected to
conduit 6 Catalyst is added to the loop reactor 1 through one or more
catalyst feed systems 7A and 7B.. Normally, catalyst is introduced in a
hydrocarbon di luent. Polymerization slurry may be removed from the loop
reactor by 10 15 20 25 continuous discharge through a discharge conduit 8A
It will be understood that the loop reactor 1 may be equipped with one or
more discharge conduits 8A. It will be also understood that the discharge
conduits) 8A may be operated in a continuous or discontinuous mode, but
desirably a continuous mode. The discharge conduit 8A extends for a
distance through a portion of the wall of the loop reactor 1 and into the
circulating polymerization slurry. By extending for a distance into the
polymerization slurry, the discharge conduit 8A may remove polymerization
effluent from the circulating polymerization slurry over an area defined
from near or adjacent the inside wall of the loop reactor 1 to a distance
extending into the circulating polymerization slurry. In this way, a higher
weight percentage of polymer solids may be formed within the conduit 8A and
ultimately removed from the loop reactor 1 than the weight percentage of
polymer solids within the otherwise circulating polymerization slurry. A
pressure control system {not shown in Fig. I) operates in concert with the
discharge conduit 8A. The discharge conduit 8A and the pressure control
system 410 are more clearly illustrated in Figs 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 l0 30 and into the first flash tank 11 which
separates vaporized liquid medium from polymer slurry/soIids. 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   



17 M:~R 2003 WO 99I60028 PCT/llS99/11007 -14 into a separator, such as a
cyclone, illustrated by reference number 13 which separates entrained
polymer solids from the vapor Polymer solids separated by the cyclone 13
are passed via conduit 14 through a dual valuing assembly 14A designed to
maintain a pressure seal below cyclone 13 to a lower pressure 5 second
flash tank I 5 The dual valuing assemble 14A includes valves 14B and 14C.
The valuing assemble 14A in conjunction with conduit 14 operate to
periodically discharge polymer solids which have collected in the conduit
14 from the cyclone 13. The valuing assembly 14A also maintains the
pressure differential 10 between the higher pressure environment in the
cyclone 13 and the lower pressure environment in the second flash tank 15
In the operation of the valuing assembly 14A, valves 14B and 14C are
sequentially opened and closed. At the beginning of this sequence, the
valve 14B is open and the valve 14C is closed allowing the polymer solids
from the cyclone 13 to collect in the 15 conduit 14. Upon the passage of
time and/or the collection of sufficient polymer solids in the conduit 14,
the valve 14B closes capturing a portion of the high pressure environment
from the cyclone 13 in the conduit 14. After the valve 14B closes, the
valve 14C opens and the polymer solids collected in the conduit 14 are
forcibly discharged into the flash tank 15 by the differential 20 pressure
between the higher pressure environment in conduit 14 and the lower
pressure environment in the flash tank 15. After discharging the polymer
solids from conduit 14 into the flash tank 15, the valve 14C closes. Once
the valve 14C closes, the valve 14B is opened at which time polymer solids
will again collect in conduit 14 from the cyclone 13. The above sequence is
then 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   ~ 7
MAR 2003 WO 99/60028 PCT/US99/1 1007 -1 S into the lower pressure second
flash tank 15 The length (1), diameter (d), and volume of the seal chamber
17 and the geometry of the seal chamber exit reducer 18 are chosen so as to
provide a variable residence time and provide a continuous plug flow of
concentrated polymer solids/slurry to minimize 5 "dead" space and reduce
plugging tendencies. The seal chamber 17 length must be sufficient to allow
particle (polymer solids) level measurement and control . Particle level
measurement and control may be accomplished by a 



nuclear level indicating system 18D. The nuclear level indicating system
18D to includes a nuclear radiating source (not shown) and receiver or
level element 18A in signal communication with a level indicating
controller 18B. In operation, the level element 18A generates a signal
proportional to the particulate level in the seal chamber 17. This signal
is conveyed to the level indicating controller 18B. In response to this
signal and a preset value, the 15 level indicating controller 18B sends a
signal through a conduit (illustrated by broken line 18C) to a control
valve 18 E which selectively controls the discharge of polymer solids into
a conduit 19. Typical residence times of the concentrated polymer
solid/slurry in the seal chamber 17 are from S seconds to 10 minutes,
preferable residence times 2o are from 10 seconds to 2 minutes and most
preferable residence times from 15 - 45 seconds. The continuous plug flow
of concentrated polymer solids/slurry forms a pressure seal wherein the
concentrated polymer solids/slurry have an I/d ratio inside the seal
chamber 17 which is typically 1.5 to 8, preferable 1/d is 2 to 6 and most
preferable is 2.2 to 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 sluiry/solids and communicates the concentrated
polymer solid/slurry 3o to a second transfer conduit 19 which communicates
with a feed inlet of flash  tank 15. In flash tank 15 substantially a11 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.   a ~ ~l~R 2003 - l6 RefetTing nou to the cyclone 13,
the major portion of the liciuid medium in the Po(ymertzation effluent may
be been taken to c~~clotte l3 a5 vaPar. The valror after having a portion
of the cntr~~intJ t:atalyst and polymer slids renewed is passed via conduit
22 through >3 /teat exchanger system 23rd 5 wherein the vapoo at a pressure
from about 140 psia (9.7 x I(lSNm'Z) to about 3I5 psia (~.l.f~ t; LOiNrn'')
is condensed by indirect heat exchange with a heat exchange fluid Such as
to eliminate the need for tompr~ssion. The rorticrn of the entrained
catalyst and polymer solids not rrrno~~~d by the cyclonr 13 ;ire generally
smaller in size and may be rcferied to as "fines") "polymer fines" and/or
"catalyst fines" . These tines generally include unreacc~d and/or
und~rrcactcd catalyst. 



The heat eYChattger system 23A includes a heat exchaneer Z3L and a tempered
water circulating pump 23B conneetEd to the heat exchactga~ Z3E by conduit
Z3.C. A tempered water temperature control valve Z3D is connected to l5 the
heat exchanger 2 3E and t<<ater circulating pump ~3I~ by conduits 23~ and
23G, respectively. Cooling warcr fi:om a cooling water source (not shown)
is conveyed via a cooling water conduit 231i into the conduit Z3G between
the conttrol valve 23b and the circulating pump 23$. A temperature
indicating contt'oller (TIC) 23J is connected between the control valve z3D
and the 2~ conduit 23C. Between the controller 23J and the conduit Z3C
resides a temperature element 23K. 'fhe heat exchanger system 33A operac~s
to controt the amount of vapor condensed in the heat exchanger 23E. This is
accomplished by controlling the /low of cooling water introduced into the
conduit 23G from the 25 conduit 23H by exhausting healed water formed in
lhc heat exchanger 23E. 'fhe heated water from the heat exchanger 23E i5
conveyed to the control valve 23~ via the conduit 23F. The heated water
exits the control valve 23D via tho conduit 23I) More speci.f.ically,
cooling water from the conduit 23H entering the conduit 23G mixes with
circulating temprrrCd u;tter in the conduit Z3G, the mixture tltcror~f
renters the lump 33D. The water exiting lhc puntr Z38 enters the conduit
23C, a portion of which contacts lh~ lemperatur~e etcrncnt ?3K, rn   1 7
MAR 2003 - lba rou~c ro the hcat exchxngcr 23F. The romperature element 23K
generates an ~i~nal proporticmal to the temperature in cnntluit ~3C. Tlte
si~na( is conveyed   WO 99/60028 -17 1 ~ MA,R 2003 PCTNS99/11007 to the
temperature indicating controller 23J In response to this signal and a
preset temperature value, the temperature indicating controller 23J sends a
signal through a signal conduit (illustrated by the broken line 23L) to the
control valve 23D which selectively controls the volume of heated water 5
exiting the heat exchanger system 24A through 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. to 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 In 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 15 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, 



2o 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 2s this way, the
unreacted/under-reacted catalyst and polymer solids not removed by the
cyclone 13 are returned 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 3o 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 -   ~ ~ r~~,R 2003 WO 99/G0028 PCT/US99Il
l007 _ls_ contaminants The inert diluent can be returned to the process
through a treater bed 37 to remove catalyst poisons or distilled in unit 36
for more complete removal of light-ends and then returned to the process
through a treater bed. 5 Turning now to Fig. 3, a portion of a wall 310 of
the loop reactor 1 through which the discharge conduit 8A extends is
illustrated The discharge conduit 8A may extend into the reactor at various
angles Desirably, the discharge conduit 8A extends into the loop reactor at
substantially a right angle relative to the wall 310. to The wall 310
includes an inside surface 312 and an outside surface 314. The inside
surface 3l2 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 vl 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 hl 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. 2o 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 discharge valve 8B (not
shown). The opening 320 is sized and positioned relative to the direction
of 2s 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   1 7 MAR Z003 Irc~ntagz of polymer solids within tht
otherwise circulating polymerizauun 



slurry. This weight percentage increase of polymer ,c~lids ni~y depend upon
the location of the di,stharge conduit 8A along the loop reaclclr 1. the
insertion 5 death of the discharge conduit 8A within the loop reactor, the
size ttnc! configuration of the opening 3z11, the orientation of the
opening 3?0 relali~~c to .. the direction of the circulat~nE
pol~~mcrization slurry, and the we~~ht p~.rccnlage of polymer solids in the
circulating polyrneriration shirty 31$. For example, btav~~ecn I to S
weight percentage calculated increase is observed II7 ~~ith a discharge
conduct $A having an vl dimension of approximately ~ inches and ;.~ h l
dimension of apprciximately I inch (~.Sem). The discharge conduit 8l~ was
l5ositioncd SO ft (3.0m) downstream of a )0 dcgrcr bend in the loop reactor
1 in a portion of the loop reactor wall 3l4 adjacent the ground. The
discharge conduit 8A extended approximately 5.5 inches ( ld.Ocm) info l5
the circulating polymerization slurry stream. The velocity of the
eirculatinE polyrnerization slurry was in the t'znge of 28 to 34 ftJscc
(8.5 to l0.3 rns'i) with .~eigbt percent of polymer solids in the range of
48 to 53. Turning now to dig. 4, the pressure control system 4I0 is
illustt~.ted. The pressure contml system 4l0 operates to maintain
substantially uniform Z9 pCessure within the Loop reactor 1 by contcc~lling
the discharge of polyrnerizatiott eFtluent from the loop reactor l via the
discharge conduit 8A. ~fhe control system d10 also operates to prevent
plugging of the discharge . conduit 8~. by palymcr solids during pressure
flucnistions within the loop reactor 1 and/or When the flc~uv o.f
polymerization ci~tlt~ent Frorn the disch3rec _ 25 conduit 8A to conduit 9
i, intenvptcd andlor stopped. The pressure control system d 10 includes a
first inert dilucnt source 412, such as isobutane, and an inert diluent
conduit 414 in irommunieation with a loop reactor conduit 416) The flow of
inetZ diluent thrnugh the inert dilue~it conduit 414 to the loop reactor
conduit 4l 6 i, controlled by the control 3t) ual~e 418 ;n concert with a
clew clement 420 and a flow tndicawr conlrallar 4z2. 1'he p~rrro5e of
rrtcicring the clew of~ inert dilucnt Crum the first iricrt diluent source
4l2 to the loop reactor t is to prevent plugging of the conduit 41( lyy
polymer Solids. In this way, a loop reactor pressure clement 44I   1 7 MAR
2003 (Discussed helou~), in communication Witl1 the loop reactor conduit
Q116, may more accurately monitor the pressure in the loop reactor f . The
pressure control systcnt 4l0 further includes as second inei~ difucnt
source 424 and a third inert dilucnt source 4?ti, lnort dilucnt, stlcll as
5 isabutane, from the second inert rJiluent source 424 flw,~s into a
conduit 42N towards a control valve a30 which is in tluid communication
~~ith a condui~ 432. The cr~ntrol ~alVe 430, in concert with a flow clement
431 and a flow indicator controller 433, meter:; the flaw of inert diluerrl
from the second inert diluent source 424 into conduit 43Z. 'fhe epnduit 43Z
is in Ilutd 



to communication with a conduit 43s and the discltargt conduit 8A,
ttm~inatins in the discharge conduit 8A at a point between the loop
reactc>'r 1 and the discharge valet $B. The purpose of metering the tlou-
of inert dilucnt from the s~coiid inch dituent source 422 into the conduit
432 i5 to prevent pluesing of the conduit 432 by polymer solids Which might
otherwise bath flow into the t5 conduit 432 froth the discharge conduit 8A.
Additionally, the flow of inert diluent from the second inett diluent
source 422 also presents plugging of the conduit 434 and the control valve
440 by polymer' solids which might back flow into conduit 432 from the
discharge conduit gA. Lnert diluent from the thicd i,nerl diluent source
42G flows into a conduit 20 438 towards a control valve 440 which is in
fluid communication with conduit 434. As will be explained in gleate~f
detail below, in the event of a suifieient pressure fluctuation uithin the
loop reactor I, the control valve 440 operates to initiate a sufficient
flow under SufTcient pressure of inert diluent from the third inert Hiluent
source 426 to purge andlar discharge polymer solids iron, - , ~5 the
discharge conduit RA into the loop reactor 1. In this instance, generally
the flow of inert diluent from the third inert diluent Source 4Z6 into the
conduit 432 will be grater than the flow of inert diluent from the second
inert dilucnt source 424 into the conduit 43?. Fur example, the tlow of
inert dilucnt fror the second inert drluent source 424 to the discharge
conduit 8A may be rn ~ 30 ranee of 0,5 to less than ?.0 gallons/n~in (Q,03
to I~ss than I,3drr~ts-r). The ll~~w of inert diluent from the third inert
diluent source d2b to the discharcc condrtit $A may be in a range of z.0 to
2U gallonsfmin ( 1,3 to (3dms~'),   17 MAR 2003 WO 99/60028 PCTlUS99/11007
-21 The loop reactor pressure element 44l and a pressure indicating
controller 442 perform several functions. As previously mentioned, the
pressure element 441 monitors the loop reactor 1 pressure via the conduit
4l6. In response to'this pressure, the loop reactor pressure element 44l
generates an 5 signal proportional to the pressure in conduit 416. This
signal is conveyed to the pressure indicating controller 442. In response
to this signal and a preset pressure value, the pressure indicating
controller 442 sends a signal through a signal conduit (illustrated by the
broken line 444) to the discharge valve 8B and the control valve 440. 1o
During normal loop reactor operations, the discharge valve 8B is positioned
to permit the flow of polymerization effluent from the discharge conduit 8A
to conduit 9. At the same time, the control valve 440 is closed preventing
the flow of inert diluent from the third inert diluent source 426 to the
discharge conduit When sufficient pressure fluctuations occur and/or 15
when partial depressurization in the loop reactor 1 are detected by the
loop reactor pressure element 44l, the signal generated by the pressure
indicating 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 8A 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 return
of normal operations, 3o 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   17 MAR 2003 .ZZ. Having broadly
described the pre>cnt snvcnt;ion it is believed that the same .Hill b~comE
even ntorc apparent by reference to the fnllowin~ eaamplcs, ft wih be
appreciated that the examples arc presented soltly For tho purpose of
illuytrstion and should not be construed as limiting the in~cntion. k~;hAM
PLF;S L;xample 1 A typical ethylene polymerization process can be conducted
at a ten,pertiture of about 21 j F ( Ui2C) and tt pressure of SbS psta
(?9.1 x IfI' Vm `). An example of such a process would result in a
polymeriaatton a (fluent of about 83,00U pounds per hour ( 1 U.Skg s'~)
eomprisistg about 45,000 pounds per hour (5.6~kg s'') of polyethylene
polymer solids and about 3g,000 pounds per hour (4.79kg s'') of isobutane
and unreacted monomers. The continuously discharged 1)Olyn7erizati0n
effluent is flashed in the ftrsl flash I s tank at a pressure of about ~40
psia (16.6 x lOSNtn") and a temperatttr~ of about l80 F (82C) co remove
overhead about 35,00U pounds per hour (4.4kg 5'') of diluent 2nd unreacted
monomer vapors and enttcined particulates. Auxiliary heat c~ impart an
additional quantity of heat to the polymerization effluent is supplied by
appropriate heating means Burins the transit between zo the discharge valve
and the first flash tank. After removal of the Gnes, the isobulane vapor is
condensed) without compression, by heat exchange at a pressure of about 240
psia (16.6 x 105Nm'~) and a temperature of about 135 F (5?"C). The polymer
slutrylsolids discharging from the bottom of the first Llash tank into the
seal chamber form a continuous plug flow of concentrated ~5, polymer
slurry/solids, which provides a pressure seal, with an hd ratio of the plug
csf polymer 5lurrylsolids of 2 5 in an f~'4" (2.53u) long seal chamber
having an lld ratio oC 5.5 and with a cone angle of abuut (8 on tt~~ st:al
chamber extt seducer. The residence time of the continuous plug (low of
concentrated polymer slurrylsolids is about l6 seconds. The c~t~centratcd
3o polymer slurrylsolids are continuously discharged from the br~ttorn oC
ths: C~r~a flash tank at a temreratus-z of about 180 F (~t~''C) and a
prv5surc of about 2~!? psia(I fi.f~ x l p'lv'n~'~) through a seal chamber,
seal chamher exit reducer) ancJ ~t sacnnd transfer conduit Into a feed
inlet on a second flash tank. The remaining   



17 MICR 2003 _i;. liquid medium in the concentrated polymer slurryhalid5
communicated to the errand flash tank is flashed at a temperature of about
l75" P (79JC) and zt a rressure of about ~5 psia (1.7 x 10'Nm'1) to
rcnto~~e about 4,300 pounds per hour (().54kd s'') of isobutanc and
unreacted ttlanontcrs wtii`:h are cnndenscd 5 b5~ compression and heat
exchange. Cxatnp[e Z ' A typical ethylene polymerization process can
additionally hE ' cc~nducled at a temperature of about 215" F ( l02"C) ~tnd
a pressure of SG5 pSia ~ ' (39.t x lt)`Ntn'~). M example of such a process
would result in a Io polyrttt:rizalion eftluettl of about 83,0C)0 pounds
per hour (I0.6kg s'') Conll)rl5ing about 45.0Q() pounds per hour (5.6$kg
s'') of polyethylene polyntcr , solids and about 3$,Q~Q pounds per hour
(4.79kg s'~) of isobutanc and unreacted n~onotrters. The continuously
discharged polymerization effluent is flashed in the first (lash tank z~l a
pressure of about 240 psia (t6.6 x IOSNm'Z) IS Tnd r~ tcmperat,ur~ of about
I75 F (79"C) to remove overhead about 23,000 pounds per hour (2.9kg s'') of
diluent and unreacted monomer vapors and entrained particulates, After
removal of the fines, the isobutanc vapor is condensed, without
compression, by heat exchange at a pressure oC about Z40 psia ( l (.6 x l
OsNrri z) and a temperature o f about 1 ~ 2 F (44''G). The polymer Zo
slutry/solids discharging from the bottom of the first (l.a:th tank into
the stal chemher Fornt a continuous plug flow of concentrated polymer
slurrylsolids, which provides a pressure seal, ~vith an Ild ratio of the
plug of polymer slurrylsolids of 2.5 in an $'a" (2.53m) long seal chamber
with an Ud ratio of 5.5 and v. ith a cone angle of about 6B on the seal
chamber exit reducer. The 25 resid:nee time of the continuous plug flow oC
concentrated pnlymZr slurrylsolids in the sezl chamber i5 about 16 seconds.
About 60,000 pounds per hour (7.SGkg s'') of concentrated polymer
slurry~solid5 are continuously di.charged From the bottom of the first
flash tank at a tentperaturc of about 175" F (79C) and a pressure of abut
2a0 p~ia ( I G.G x 10`Nrn'') through a seal of chamber) Seal chamber exit
reducer and a second transFor conduit info a, fctd inlet un a second flash
tank. The remsining liquid n,cdiurn in the cpnccmratcd polytner
slurry/solids eommurri~oted to the second flash tank is (lashed at a
temperature of about 125a F (~2C) and at a pressure of about 25 Asia (1.7 x
~ ~ MAR 2003 _ z~ . IQSNn~'') to remo~c about I6,040 pounds per hour (2.0k0
s'~) of isobutanc and unrcacted moltonlcr which arc cc~ndcnscd by
compression and heat exchange l;xample 3 An examplo ctf a typical ethylene
poly~~ten~ation process ~~as carried 5 out in an eight lea, iG inclt
(0,50m) icactor with settling lets having an overall length Of 833 ft
(Z54m) ttnd a volume oh I I,500 gallons (43~85dm~). 'Chc , reaclc~r Leas
equipped w-ith ,1 single flash tank (requiring 1 AO% compression of all
diluent discharged from thz reactor), a single 46U-4b0 kilowatt circulating
pump ha~inn a pump head tit the cangc from 85 ft to 110 fl (25 9 to 33,m),
l0 producing a circulation rate in the tango fwom 21,000 to 2B,000 gallons
per minute (gpm) (132b to 1768dt>,~s~') and operated in a discontinuous
discharEc mode, The polymerisation temperature and prcssurE in the reactor
would be between about Z15 F (101.7C) to 2I8 F (I03.3C) and a pressure
oC565 p5ia (39.1 a 105Nm'~), t5 1n the process of example 5, the reactor
slurry density is in the range from 0.S55 grnlcc to 0g65 gmlcc, a polymer
production rate range froth ?8,000 pounds to 31,00J pounds per hour (3.5 to
3.9kg s't) while maintaining a reactor solids concentration v~eighl
peroentage in the cange from 4G to ~I8 with a polymer residence time in the
range from 0,83 to 0,92 hours, Space 20 time yield (STY) was in the range
from 2.4 to Z.7, Example 3 data apd results are further tllustrtted in
'(`able L, Ekample 4 



Another examplE of a typical ethylene polymerization procc~s , illustrating
high polymer solids loading was carried out in an eight leg) 20 inch 25
reactor' having an overall length of 333 ft (?54nt) and a volume of 1 l,500
gallons (43585dm~). The reactor in example 4 was equipped dual (lash tsnk3,
single discharge conduit, two circulating pumps its series consuming a
total i.~f between 890 and J24 kilowatts producing a total pumping head in
the range from I90 t't to 200 ft (57.9 to 7.i.lm), produe~ng a circulation
rats in the r;,ngc ?0 from 23,000 to 3U,000 ~~m (1453 to 1895kg s'') and
oherat:d in a conlinueus <lischarge modo. 'fhe polymerization temperature
arid pressure in the roactor vould be betwtcn about ? 17 F ( 1 D2,8C) to
218 F ( 1 p3.3"C) and a pre3surt: of 565 psia (39.l x 105Nni' j.   'S  In
the process of example 4 a polymt:rixation eC(lucnt wed prOdutod ha~inr~ a
reactor sluiTy density in the range from U.588 to 0.59z gmlcc, 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 polymer re~tdertee time in the
rar~~~c of U.GB to 0.7~) hours. Space time yield (STY) was tit the range of
3,3 to 3.7. Gxamltle 4 data and results arc further illustrated in Table 1.
~~~he continuously QischarEed polymerization effluent is flashed in tits
Ctrst flasit tank at a przssurc' of about 240 psia (16.6 x tOSNm'1) snd a t
0 temperature o f about 175" F (79) t remove overh cad about 1 h,000 pounds
pZr hour (2.Okg s'i) of dituent and uttreacted monomer vapors and
cntraincc9 particulates. After removal of the fines) Itte Isobui3ne vappr
is condcnsoc~l, without compression, by heat exchange at a pressure of
about Q40 psia ( 16.6 x IUsIW 1~~) and a temperature of about 1 12" F
(44C). The polymer slurrylsoli>is is discharging from the boctotn of the
first flash tank into the seal chamber form a continuous plug flow of
concentrated polymer slurry/solids) which provides a pressure seal) ~yith
an l/d ratio of the plug of polymer slurrylsolids of 2_5 in an 5'4" (2 53m)
long seal chamber with an I/d ratio of 5.5 find wilt a cone angle of about
68 on the seal chamber exit reducer. The residence time of the zA
continuous plug flow of concentrated polymer slurrylsolids in the seal
chamber is about l6 Seconds. Concentrated polymer slurryl5olids arc
continuously discharged from the bottom of the first flash tank at a 1 a
M~ft 2003 temperature of about 17~ F (79C) acrd a pressure of about 240
psia (IC_G x 105Nni'`) through a seal chamber, seal chamber exit reducer
and a second i5 transfer conduit into a feed inlet on a second flash tank.
The rentainin~ liquid medium in the concentrated polymer slurrylsolids
communicated to the st:c~nd Dasl1 tank is flashed at a ccmpcrttturc of
abort 125 F (SZC) and ~t a pressure; of ahout 25 Asia ( [,7 x LOSNrri ~) to
remove lbout l6,000 hounds per hour (3.Okg s~t) of isobulane and unreacted
monomer which are condt:nscd by 31) compression and heat exchange.   



~ ~ t ' ^'~ 2003 -26 Tf~BLE t LThIYI.ENE I'OLYMt:RIZ.ATfON DATn tXAM('1!= 3
l~ominal pumps) size, inchtrs Reactor solids concentration, wt,% Polymer
production rate, K Ibs.lhr. Reactor circulation pump pocr, KW Circulation
pump head, ft, Circulation rate, GPM Reactor slurry density, gn~Jcc
ltedctor tempetatut'e, degrees F ~thylcnc concentration, wt. Hcxcnc
concentration, wt. l Heat trattser coefficient, btu/hr-F-Ft Reactor volume,
gallons Reactor length, ft. Circulating pump head pee re2ClOr Length) flJft
Catalyst productivity, Ibllb Polymet residents time, hrs, Space time yield)
Ibslhr- gal (solautane eoinpt~essed and recycled, Discussion 20 (0.5 l m)
46 - 48 28 - 3 l (3 5 ~-3.9ks s'') 460 - 480 fi5~-L10 (2S,9 -~ 33.5m) Z
l,UOU - 28,000 (l326- l~f8dm~s'~) 0.555 - 0.5G5 215 - 218 ( 10 l .7 ~ l
03.3C) 4,0 - 4.4 0.I3 -0.19 2l5 - 22S 1 l.500 (43585dm3) 833 (25arn) 0. t
00  0, l 32 2,70D - 3,000 0.83 - 0.92 2.4 - 2.7 (8.0 - 9.0 x l0-Skg s'~
dm') 100 Ex~E ~ zo (0.5 I In j ~4 - 57 38 -4? (4.l1- 5.3kg s-t ) R90 - 92U
i 90 -?~0 (51.9 - 73, l ~i~) 23,00D - 30,000 



(1453 -1 b95drn~5-t) 0.58Et - U.592 217 -2I8 ( l02.6 ... 103.3C) 5.0 - 6.0
0.13 -0.l9 230 - 245 11,50D (43585dms) R33 (254m) 0.22$ . 0.288 2,700 -
3,000 o.se - o.79 3.3 - 3.1 (II.O-12.3x10'' kg s'tdrri') a5 - GO In view of
the about description and examples. several observations lU relative to the
apparatus and process can be made. It has beon observed that by increasing
thz head and flo~w~ capability of the loop tractor circulating puntp(s),
ttibltcr w~eidht percent solids can he circulated in the reactor. It has
also been obser~ed that auaining the necessary head ;end flow from one;
pump i` increasingly difficult as percent solid: a~~~ inerea~cd ttbove 45
weight percent andlor reactor length is increased   ~ '2 h:~,'~r 2003 -2Ga
'therefore, the use of two pumps in series allows a cloublin,~ of
p~irnPin~; head capability and a resulting percent solids increase.
Lnercased ~~e~ghr p~rco~~r   17 MAC 2003 WO 99/60028 -27 PCT/US99/l 1007
solids in the loop reactor increases catalyst residence time, which for
chrome oxide and Z~egler-Natta catalysts, increases catalyst productivity
One can choose to take advantage of higher percent solids and longer
residence time by keeping production rate constant at reduced catalyst feed
rate and improve the 5 catalyst yield. Another alternative is to maintain
catalyst feed rate constant and increase the reactor throughput and
therefor increase STY at nearly constant catalyst productivity. Higher
solids also increases the weight percent solids removed from the reactor
which reduces isobutane processing cost in recycle equipment. Desirably,
the higher solids are removed continuously 



to 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
laop 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. 2o 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 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 3o 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 poiymer
to grow in the legs at elevated ethylene concentrations between discharges
and therefore plug the leg   17 MAR 2003 WO 99/60028 -28 PCT/L1S99/I 1007
Continuous discharge eliminates this tendency Another advantage of
continuous discharge is better response to a sudden drop in reactor
pressure) which can happen if ethylene flow is duickly reduced Under this
condition, settling legs will stop discharging and can plug with polymer
within minutes 5 A development which would increases efficiency of the
two-stage flash 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. 2o 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 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.   1 7 MAR 2003 WO
99I60028 PCT/US99/11007 -29 The overhead stream from the cyclone contains
some unreacted/under reacted 



catalyst and polymer fines These particles are carried with the diiuent
vapor to the condenser, entrained with the liquid diluent after
condensation, collected in the accumulator and returned to the reactor in
the diluent. The condensation 5 and accumulator systems are designed and
operated to accommodate fines 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 to 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 pumparound loop of cooling water, the
temperature of which is controlled by metering in fresh cooling water as
needed 2o 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 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. 3o 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   WO 99/60028 -3 0
PCT/L1S99/1 1007 ~ ~ r~~,~5 2003 recovered in the first flash system and
will be filtered and compressed for return to the loop reactor While the
present invention has been described and illustrated by reference to
particular embodiments, it will be appreciated by those of 5 ordinary skill
in the art that the invention lends itself to many different variations not
illustrated herein. For these reasons, then, reference should be made
solely to the appended claims for purposes of determining the true scope of
the present invention. Although the appendant claims have single
appendencies in accordance to with U.S patent practice, each of the
features in any of the appendant claims can be combined with each of the
features of other appendant claims or the main claim.  



-31 CLAIMS 1 7 MAR 2003 1. A.n apparatus fox capturing a higher weight
percentage of polymer solids from a circulating slurry in a loop reactor
than the weight percentage of solids in the circulating slurry, the
circulating slurry being circulated in a direction in the loop reactor
comprising: a conduit hawing 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 positioned relative to the direction of
the circulating slurry. 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 axe 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 frorr~ the loop reactor through the
portion of the conduit extending outwardly from the loop reactor. 6. A
process fox capturing a higher weight percentage of polymer solids from a
circulating slurry in a loop reactor than the weight percentage of polymer
solids in the circulating slurry, the circulating slurry 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 snLids fran the loop reactor thmu~ the po~ti~on of
the oa~.t e~aitv~a~.y fmn   1 ~ P~~R 2003 -32 the loop reactor. I 1. An
apparatus fot purging polymer solids from a conduit connected to a loop
reactor and in fluid communication, with the loop 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 first inert diluent is in fluid communication with the conduit
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
su~cient quantities and under su~cient 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 a first end,
wherein said first end extends for a distance into the loop reactor wherein
portions adjacent to the first end define an opening, la, The apparatus of
claim 11 further comprising; a 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 loop reactor and the first
valve; wherein, when the first valve is open and the second valve i s
closed the third valve is open allowing the second inert diluent to enter
the conduit. 1 ~. A process for purging polymer 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 a second sensor, wherein the second valve
is fluid communication between a first inert diluent and the conduit, and
wherein the first inen diluent is in fluid communication with the conduit
between the loop reactor and the first valve; florwing cuff cient
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,   1 ~ i,f r r~
~~~3 -33 18. An apparatus for returning fines to a polymerization slurry in
a loop reactor comprising, a discharge valve for 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 slurry into a 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 c~~clone converting a
portion of the first fluid into a second fluid comprising the diluent and
the fines; a third transfer conduit communicating the second fluid into a
heat exchanger) the heat exchanger converting the second fluid into a
liduid comprising the diluent and the fines; az~d 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 loop reactor; communicating the discharge polymerization
slurry into a first flash tank; convening 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 tQ 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. 21. A.n apparatus for continuously capturing a higher weight
percentage of polymer solids from a circulating slurry in a loop reactor
than the weight percentage of solids in the circulating slurry, the
circulating slurry being circulated in a direction in the loop reactor
comprising: a conduit having a first end, wherein said first end extend s
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.   1 7 MAR 2003 -34 22, A process for continuously capturing a
higher u>eight percentage of polymer solids from a circulating slurry in a
loop reactor than the v~~eight percentage of polymer solids in the
circulating slurry, the circulating slurry 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 =herein said
opening extends into the circulating slurry. 23. An apparatus for returning
fines to a polymerization slurry in a loop reactor comprising, a discharge
valve for continuously discharging a portion of the polymerization slurry
from tlae 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 converking a portion of the polymerization
slurry into a fast fluid, the first fluid comprising a diluent and the
fines; a second transfer conduit communicating the first fluid therein to a
frst cyclone, the first cyclone converting a portion of the first fluid
into a second Fluid comprising the diluent and the fines; a 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 polyrx~erization slurry in the loop 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 ofthe
polymerization slurry into a first fluid, the first fluid comprising a
diluent and the fines; communicating the first fluid from the first flasla
tank to a fzrst 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. 25. An apparatus for purging polymer solids
from a conduit connected to a loop   1 7 f~fi~f~ 2003 -3 5 reactor and in
fluid communication v,~ith the loop reactor corr~prising: 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 first inert
diluent is in fluid communication with the conduit 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 su~cient pressure to purge polymer solids fxom the conduit; and a
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 loop reactor and the first valve, wherein, when the first valve
is open anal the second valve is closed the third valve is open allowing
the second inert diluent to enter the conduit.
.Ah.A.As,.As.Ay7.A2.A9.AM,.A.A[ .A&6.A`Hl.An.A`H.AHfl.An.A9[,R.A&nS.AY
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.A..AR) ?R,/258;m %
"&`u|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]c^aU]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]c^a]c^a]ca]caU]ca]cRa >n}q S
D!!4""#$&U'b'g'''zupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]ca]c^a]ca]ca]ca]ca!''Z(((3)L))))*y**,,,q,
,-\---J...+/\0011113467}xsnid_Z]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!7{:;$;;<?@APBBC
E[FBGHGWGGGGGZH]HH
III9IDIJIQIYIJ~xsmhb]Xnid_Z]]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]ca
U]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
J/KKLbLvLNNNNNbOOOPPQUUVVWWXQXXXXYYYYZ,[zupkf`[V]ca]ca]c^a]ca]ca]ca]ca]ca]c
a]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]c
a!,[C[|[[]z]]```aeaaaGbfccd/e|eeefpffggg0iiijpjsj|wrmhc^X]U]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
c^a]ca]ca!sj}jss-tttttttLuwYw\w_wbwew&yz|||(~+~5~V~@V+|wrmhc^Y]U]ca]ca]ca]c
a]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca!B j-f*zhL;
x5}xsnid_Z]U]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!53)\ip ,:hW8CH|wrmha[V]caV]ca 



UV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca!['7r_l,J$38x_-}N}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!N
-RKq
rv2<izupkfa\W]]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]c
a]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!in~?+u'M^cjl !<
{vqkfa\W]]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca! ,[VXchn*/?# 0 P
v{vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca!/9iO[ars_inu|EBI]o"x{vqlfa\W]]ca]ca]c
aU]ca]ca]ca]ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca!!!"$ '\'''''''#((z+&,U/Q1S1^1c1+36(:z:::::;
zupkfa\W]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!;A>!!"$
'\'''''''#((z+&,U/Q1S1^1c1+36(:z:::::;
zupkfa\W]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca ?R,gE!@"10%PP&'()-@"10%UdU&'()-,
m10%T&'()- `m 10%T&'()-10%T&'()-10%T&'()-,/258;
mdE10%T&'()-710%T&'()-/10%T&'()-'10%T&'()- 10%T&'()-10%T&'()-m
aBY110%T&'()-!$"10%TmTm&'()-'$"10%T&'()-',&z10%T&'()-s!10%T&'()-&10%T&'()-
%  "uj_@&$10%\&'()-  10T 10T
10T"10%T&'()-',10%T&'()-G!97!10%TT&'()-97!10%TM&'()-"&`
s}[9j_@!`)10%&'()-!`)10%&'()-! `f@ 10%\\&'()-!d`f@
10%\\&'()-f,:10%\&'()-`l10%\&'()-u?xY:j_@!@-910%\&'()-&*(10%&'()-z
#&*(10%77&'()-z'!\( 10%p\p\&'()-z!9%g
10%(\(\&'()-g!`)10%&'()->`>!!)10%TITI&'()-
()10%hqh&'()-&m10%@&'()-f&s10%@&'()- 10\ 



10\ 10\&3 10%\&'()-
nwX6`>!6)10%vv&'()-)10%@&'()-!e)10%&'()-!)10%PaPa&'()-!)10%T\T\&'()-!)10%YY
&'()-<R;
wU3`>!,`)10%l^l^&'()-!,)10%ll&'()-!1)10%qq&'()-!6)10%@$@$&'()-!1)10%qq&'()-
!6`)10%vCvC&'()-xY:!, :10%&'()-M10%&'()-zSM10%&'()- &10%&'()-'10%&'()-
10l^l^ 10l^l^ 10l^l^q S  D!!}^?xY:!,s10%&'()-M10%&'()-f3@
10%&'()-M10%&'()-!9$10%&'()-z!F(10%KK&'()-z!4""_##$'%}^<xY:!,!#
+f)10%&'()-&t10%&'()-` z 10%&'()-f!( z 10%&'()-f3`10%&'()-!FT
10%&'()-f'%&&R'S'T'U'b'g'}oP1L10%&'()-&10%&'()-4 10 10 10!#s2y
10%&'()-f!s2y 10%&'()-f! +f)10%&'()-g'''''''
(Z(b@L1!!10%88&'()-S!10%T&'()-S&10%T&'()-4 10 10 10yM10%&'()-y,`10%&'()-
Z(((3)L)))dEb@L1!10%T&'()-f10%T&'()-m 10%T&'()-,10%T&'()-10%T&'()-
10%T&'()-))*y**,,,q,dEb@L1!`!10%T&'()-Z10%T&'()-l10%T&'()-"10%T&'()-F10%T&'
()-10%T&'()-q,,-\---J.dEb@L1!&*m"10%Tm&'()-3@)10%T&'()-'#10%T&'()-&10%T&'()
-$10%T&'()-"10%T&'()-J...+/\001dEb@L1!L`9!10%T&'()-7(10%Tz&'()-
&F110%T&'()-/#10%T&'()-
.10%T&'()-y,F10%T&'()-11111113C4~\:!SS#10%ZOZO&'()-l!FF$10%//&'()-!FF$10%#O
#O&'()-L'10%O&'()- 10T 10T 10TL;
!10%T&'()-C4456782:}[9~\:!tL'g#10%{O{O&'()-!fL'g#10%mOmO&'()-9%10%O&'()-!aS
#10%hOhO&'()-!\S#10%cOcO&'()-S#10%O&'()-l2:{:;
;;;$;;E<b@!t!l10%bb&'()-f!$10%;&'()-%10%b&'()-4 10O 10O 



10Os83"10%O&'()-L'g#10%O&'()-E<<=9??@Az[9b@! %@ 10%%b%b&'()-y3910%b&'()-f ,
10%b&'()-  ! , 10%bb&'()-  ! , 10% b b&'()-  !^l10%bb&'()-APBBC EEE
E[F}oaS4l g 10%d&'()-y 10bb 10bb 10bb! 4@ 10%bb&'()-y/:$10%z&'()-!,-
10%8b8b&'()-y3+"10%b&'()-[FBGHYIJ/KKzX9aS4Y
`':10%<&'()-f!QL$$10%E<E<&'()-zY @ 10%8&'()--!S (10%<<&'()-! S
(10%mm&'()-!S (10%mm&'()-KLbLvLNNNNNaVK@ 10< 10< 10<=10%<&'()-G  .
10%&'()-3 `-10%<&'()- !L+!10%@<@<&'()- Y `*- 10%B&'()-NNNbOOOPdEVK@ 10l 



10%z&'()-10%z&'()-F 910%z&'()- 3:10%z&'()-yZ10%z&'()-$10%z&'()-
PPDQQRR|SzX6VK@!;)10%&'()-!)10%zz&'()-!@)10%&'()-! 10%{{&'()-y!
10%vv&'()-y910%z&'()-f|STeTTKUUVxW5VK@!,)10%&'()-
1)10%C&'()-!1)10%&'()-!)10%UU&'()- 6)10%&'()-)!;
)10%&'()-VVWWWWWXQXrS4Ly:10%"&'()-&10%"&'()-0&10%&'()- 10 10
10!1)10%&'()-!6)10%&'()-QXXXXXXXYY_@Ly
F10%&'()-!!10%cc&'()-g!10%&'()-g%10%&'()- 10" 10" 10"&
M10%"&'()-YYZ,[C[|[[}[<_@,M10%&'()-!`10%&'()-`10%+&'()-!I`&f#10%&'()-!&10%&
'()-10%&'()-[]z]]^^&_wU3_@!s))10%,Q,Q&'()-!~s))10%44&'()-!ts))10%PP&'()-!\s
))10%[[&'()-!~`f#10%&'()-3 !p`f#10%&'()-3 &_``````aeauS4!
10%z&'()-!!10%UU&'()-f!10%z&'()-f$10%z&'()- 10>> 10>>
10>>!ks))10%>>&'()-eaaaGbfccddEuS4!
1010%z&'()--#10%z&'()-y10%z&'()-"10%z&'()-,10%z&'()-10%z&'()-d/e|eeefpfdEuS
4!
10'-#10%z&'()-@&10%z&'()-$10%z&'()-#10%z&'()-!10%z&'()-#10%z&'()-pffggg0iid
EuS4! 107S)10%z &'()-
Y110%z&'()-/-#10%z&'()-,10%z&'()-*"10%z&'()-f)10%z&'()-iijmjnjojpj}jkb@!!10
`3)10%LL&'()-2&10%&'()-  10z 10z 10z&<Z"10%z&'()-;
10%z&'()-s93"10%z3&'()-kklxmnnpwU3b@!(`3)10%QQ&'()-2!`3)10%HH&'()-2!(`3)10%
HH&'()-2!(`3)10%&'()-2!,`3)10%[[&'()-2!`3)10%HH&'()-2pwqq<rrssszXJ<@!( 



10>>
10>>!`3)10%>>&'()-2!``3)10%qq&'()-2!1`3)10%HH&'()-2`3)10%&'()-2!,`3)10%CC&'
()-2sss-ttttttttuVK@5 10\ 10\ 10\l%f10%\&'()- `10%\&'()-
`10%\&'()-&y&10%\&'()-9@10%\&'()- 10>>ttttLuwYwaBVK@5 10\ 10%\&'()-,l
10%\&'()-
!L!10%]]&'()-@L!10%\&'()-@&s`10%\&'()-%m10%\&'()-3Yw\w_wbwew&yzdEVK@5 10\ @
10%\&'()-@f10%\&'()-S/10%\&'()-`'10%\&'()-10%\&'()-y10%\&'()-z|L|||}%~&~a?1
K@5
10\\!y510%\\&'()-y510%\&'()-l710%\&'()-!y010%\\&'()-3y010%:&'()-3fs*10%\&'(
)-&~'~(~5~V~_@K@5 10\\!L3g#10%&'()-m!aL3g#10%((&'()-m  %10%&'()-!`
%10%''&'()-f&,10%&'()-  10\\ 10\\@V}[9@K@5 10!k`&0)10%22&'()-M!tL ((10%;
;&'()-Y9@ z#10%&'()-F!y9@
z#10%@@&'()-FLLT#10%&'()-G!aLLT#10%((&'()-G+BrS15!!10%JJ&'()-@!10%"&'()-@%S
10%"&'()- 10OO 10OO 10OO!`&0)10%OO&'()-M!y`&0)10%@@&'()-MB
jdErS15!!10%y10%"&'()-y10%"&'()-s`"10%"&'()-f 10%"&'()-f&10%"&'()-f 



10%"&'()--aBrS15!!109-#10%"&'()-yF10%"&'()-y10%"&'()-
10%"&'()-!X&@#10%""&'()-@S&10%"&'()-f*zdErS15!!10(10%"&'()-9`'#10%"&'()-%10
%"&'()-S9$10%"&'()-"-10%"&'()-!10%"&'()-hLdErS15!!109"10%"&'()-`Y7)10%"&'()
-010%"&'()-LS/#10%"&'()--10%"&'()-*,#10%&'()-;uvwxb@5!!1!y
10%PP&'()-Yf10%T&'()-S&10%T&'()-  10" 10"
10"9<10%"&'()-:10%"&'()-5`zX6b@5!! 10%  &'()-a! 10%rr&'()-a!
10%mm&'()-aH10%T&'()-!:$10%TT&'()-g!Uy 10%PP&'()-Y3)YZ[\}^SH=5!! 10T 10T
10T5`10%T&'()-f!2z 10%dd&'()-f0F10%T&'()-!,g 10%hh&'()-)-#10%Td&'()-\ip
bC5!! 10`10%t&'()-`10%t&'()- 10 10 10yS:10%&'()-&@10%&'()-&10%&'()- :h
xV4bC5!!&'*10%`B`B&'()-m4!&'*10%WGWG&'()-m4!&'*10%HBHB&'()-m4 &'*10%L4
L&'()-m4'!&'*10%DBDB&'()-m4!3"y10%tt&'()-yW8hQxV4bC5!!+&'*10%$$&'()-m4!!&'*
10%TT&'()-m4 &'*10%==&'()-m4m!&'*10%&'()-m4!(&'*10% 8
8&'()-m4!&'*10%o4o4&'()-m4rQ/!t`  S#10%((&'()- t`
S#10%((&'()-'10%&'()-!`"10%00&'()-9!i"10%&'()-9 10$$ 10$$
10$$jCHzX9rQ/!t,510%&'()-!tL&(10%&'()- !xL&(10%@(@(&'()- #10%&'()-!t`  



S#10%((&'()-!t`  S#10%((&'()-'foP/ [:10%&'()-@:10%g&'()-!0`10%??&'()-`
107Z7Z 107Z7Z 107Z7Z!`6)10%7Z7Z&'()-!x`6)10%<`<`&'()-f[@'^<oP/
[!)10%c5c5&'()-!y@ 10%hh&'()-z!y@ 10%cc&'()-z`$10%g&'()-
f10%g&'()-:10%g&'()-3bwU6oP/ y,g 10%g&'()-z!")10%{ {
&'()-!")10%&'()-!")10%&'()-!")10%ww&'()-!)10%_0_0&'()-7r\]^_}^SH=  10g 10g
10gf5L10%g&'()-!f2g 10%gg&'()-f0M10%g&'()-y/`10%g&'()-!y,g
10%&'()-z_l,zX6SH= !-)10%2C2C&'()-@!-)10%@[@[&'()-@!YS 10%oo&'()-y!FYS
10%'o'o&'()-y!YS 10%oo&'()-y&`m10%'o&'()-J<wU3SH= !#1@
10%JoJo&'()-!&&`*10%MM&'()-!&`*10%=o=o&'()-!&&`*10%M}M}&'()-!-)10%'o'o&'()-
@!-)10%7e7e&'()-@ $38uV7 !L10%&'()-"10%&'()-10%&'()-%10%&'()- 10;o;o 10;o;o
10;o;o!1@ 10%;o;o&'()-8x_dEuV7 !L,10%&'()-"10%&'()- 10%&'()-L10%&'()-
10%&'()-10%&'()--}NdEuV7
!L)10%&'()-`',#10%&'()-&!10%&'()-`#10%&'()-F10%&'()-L-#10%&'()-N-RdEuV7
!L&9F"10%&'()-7#10%&'()-110%&'()-sy/-#10%&'()--10%&'()- *#10%<&'()-RK_@
!f,`10%:&'()-z!S`10%::&'()-10%:&'()-%10%:&'()- 10 10 10:z10%&'()-}[<_@ !Lz
10%:&'()-!Lz 10%NN&'()-!Lz 10%SS&'()-!sS
10%--&'()-yfy10%:&'()-S10%:&'()-}rP1 10%T&'()-!%10%&'()-  10]] 10]]
10]]!#9S,z 10%]]&'()-!#9S,z 10%]]&'()-S&)10%&'()-y<$q ^<rP1
!(,g)10%TT&'()-Z+!#,g)10%ww&'()-Z+,g)10%T&'()-Z+!#,g)10%ww&'()-Z+,g)10%T&'(
)-Z+&$10%T]&'()-/4opqrwi[M1 !(,g)10 10hh 10hh
10hh!,g)10%hh&'()-Z+!,g)10%mm&'()-Z+!,g)10%hh&'()-Z+!#,g)10%ww&'()-Z+r)c}[9
M1
!,-)10%..&'()-!,-)10%33&'()-!^,-)10%zz&'()-!,-)10%88&'()-`&10%z&'()-&s10%z&
'()- 



D2<zY7M1 !,)f)10%&'()-G $g 10%2&'()-)!`$g 10%&'()-!`$g 10%&'()-! $g
10%&'()-10%z&'()-XfghinoM1 !,)f)10%!3y 10%HH&'()-3 !910%HH&'()- 10 10
10!`)f)10%&'()-G!()f)10%&'()-G~zX9M1 !@ 10%H&'()-!@
10%HH&'()-,:10%H&'()-!9!10%HH&'()-z!M10%HH&'()-z!P3y 10%HH&'()-3 ?+udEM1
!&910%H&'()-'`10%H&'()-z&y 10%H&'()-,#910%H&'()-@!M10%H&'()-
M10%H&'()-'JKLM^uj_@ !3%L10%<&'()-G 10H 10H 10H4F10%H&'()-
/`10%H&'()-f*'10%&'()- !@*'10%@@&'()- ^clS}^?j_@ !`F`10%&'()-L&  10%&'()-L&
10%<&'()-! & 10% < <&'()-!& 10%77&'()-10%<&'()- !dBj_@ !!,&10% |
|&'()-,10%<&'()-`L* 10%0&'()-`@# 10%<&'()-`L!L10%<&'()-`F`10%<&'()-TlwU3j_@
!\&10%PP&'()-!h&10%&'()-!&10%<<&'()-!p&10%&'()-!&10%""&'()-!&10%&'()-<Y}[9j
_@ !\!)S & 10%MM&'()-!-S & 10%&'()-!;S & 10%//&'()-s!
10%<&'()-9$310%<&'()-!^9$310%RR&'()- FzX9j_@ !\ 9$`10%<&'()-!
9$`10%??&'()-!aS & 10%UU&'()-!wS & 10%}}&'()-!S & 10%<<&'()-S &
10%<&'()-F[ST^?4@ !
10<5s10%<&'()-f!3110%<<&'()-/f10%<&'()-F410%<&'()-3.10%<&'()-!P
9$`10%DD&'()-TUVhnvkL 



10<5$F10%:&'()-  10: 10: 10:10%:&'()-z`S10%:&'()-@&910%:&'()-  10<
10<*/?w=^?vkL
10<L*10%:&'()-Z4!@L*10%zKzK&'()-Z4!1L*10%kZkZ&'()-Z4"10%:&'()-F10%:&'()-10%
:&'()-=bSwUG9vkL 10 10 10!L*10%&'()-Z4!L*10%
&'()-Z4!tL*10%BB&'()-Z4!\L*10%KK&'()-Z4!SL*10%==&'()-Z4AuS4vkL-#10%&'()-!-#
10%&'()-"10%&'()-@10%&'()-10%&'()-&10%&'()- 10&q  ! zX7) 10
t9(10%&'()-&!f9(10%&'()-&!t9(10%;
;&'()-&!t9(10%;;&'()-&!f9(10%--&'()-&310%&'()-! " # 0 P  a? 10 t!
#10%uu&'()-! #10%&'()-!!10%&'()-!10%:&'()-%Sl10%:&'()- 



10 10  v/zX9? 10 -10%:&'()-!y9(10%&'()- !t9(10%&'()- Y10%:&'()-! #10%&'()-!
#10%&'()-/9iLMNO[arS4S10%z&'()-10%z&'()- 1088 1088
1088!p`Y7)10%88&'()-Z!yLy/#10%&'()-ZLy/#10%:&'()-Zarsa?rS4!f
"10%r(r(&'()-!f "10%vv&'()-`10%z&'()-10%z&'()-
%10%z&'()-"10%z&'()-_yfghinusT510%&'()-10%&'()- 10z2z2 10z2z2
10z2z2!1(10%z2z2&'()-/
I(10%(&'()-/10%z&'()-u|EaBsT5t!10%&'()-@!10%&'()-10%&'()-!!10%rr&'()-!10%_&
'()-#10%&'()-]LoaBsT5y)S&10%&'()-y)S&10%O&'()-&10%&'()-,! '!10%&'()-`
'!10%&'()-`:!10%&'()-:o"bCYs10%m&'()- 10%m&'()-%10%m&'()-  10 10
101!10%&'()-Sy&-!10%&'()-
!!{Y:bC,M10%m&'()-!M!10%mm&'()-:!M!10%mm&'()-:!M!10%{{&'()-:
0M!10%{Y{&'()-:M!10%m&'()-:!""#$$W%}^<bC!!%&'10%m~m~&'()- %&'10%m&'()- !
10%mm&'()-t! 10%mm&'()-t 10%m(&'()-tY 10%m&'()-W%~&
'\''''''}rg\=!y&&10%G&'()- 



10m 10m 10m93`10%m&'()- 010%m&'()- !%&'10%mqmq&'()- !%&'10%mm&'()-
''#(()^*+}[9g\=!&M!10%GG&'()-!!M!10%G#G#&'()-!M!10%GG&'()-!M!10%G-G-&'()-M!
10%G
&'()-10%G&'()-+z+&,u,,-l.}[9g\=!'10%UU&'()-@!'10%G#G#&'()-@!'10%cc&'()-@'10
%G&'()-@y10%G&'()-!&M!10%GG&'()-l../U/r0N1O1P1Q1}[M?1 10GG 10GG 10GG!,
10%GG&'()-, 10%G&'()- '10%UU&'()-@@!'10%GG&'()-@
'10%ZMZ&'()-@Q1^1c12+334a?M?1 10GG!3M!10%&'()-33M!10%&'()-3! 10%BB&'()-
10%B&'()-m10%B&'()-'10%B&'()-45566S77wX6M?1 10!!M'10%
&'()-!M'10%&'()-!3M!10%BB&'()-3!3M!10%BB&'()-3!3M!10%&'()-3!3M!10%BB&'()-37
8#999(:w:x:z[<11 10B1`!10%B&'()- !M'10%&'()-!M'10%&'()-!!M'10% B
B&'()-!!M'10% ] ]&'()-!!M'10%UU&'()-x:y:z:::::;mN1 10B1`!10%  10% h&'()-  



&t10% h&'()- 10% h&'()- l10% h&'()-'m10% h&'()- 10B 10B;<A>;mN1 10B1`!10%
10% h&'()-  &t10% h&'()- 10% h&'()- l10!`10% h h&'()-!`10% h h&'()- Normal"
"Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Paragraph FontT$$.8BKTU]ogpq'{w[^qhLU"Nh$P.y7A;
@BDFHJLNPRTVXZ\^`bdfhjlnprtvxz|~'7J,[sj5Ni ;A>,m
"!'%g'Z()q,J.1C42:E<A[FKNP|SVQXY[&_eadpfikpstYwz&~B\f_8NRr^FT=!
/auo!W%'+l.Q147x:;A>   !"#$%&'()*+,-./0123456789:;<=>?@ABCD6Times New
RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGH 


