TI TLE: Method of discharging a polynmer froma

pol yneri zati on reactor. The present invention rel ates
woaom/oet7hod and apparatus for dischargi ng pol POEEP2005/007257

particles froma continuously operated polynerization

reactor. In particular, according to the present

i nvention, a piston valve having a specific functiona

design is applied at the outlet of a polynerization

reactor with the aimof finely adjusting the discharge
TrYALE: of polymer fromthe reactor. It is known that the

w t hdrawal of pol yner product froma pol ynerization

MAERGHYE ARBNAFEhAL & Ry ftd a BOh N b3y pr bRt Rl
reactor a typical batch scharge proces %PﬂSIStS of
Therreseat inyrntuep tlapssto awmetio [fad §aparaa f?fe@& Ipg, pplypgE particles
gas phase reactor rises as a result of polynerization,
frqm laycostinposlyerperatedipdprheniztidn réactougin rartiaugroddcording/ie the present
to an outlet tank. A part of the fluidizing gas
inPaRnl APidhie vilgs lhawlngfa ?)@lt\iﬁerﬁlhﬁidnabdesli@ﬂistappﬁed at the outlet of a
conpressor back to t | ui di zed bed, while the
?ff‘z%ﬁﬁn RO FwiktS(he GFR b8 el gadaﬁjusﬁﬁé n@kdnarsubiceSt W mer from
urt processi ng. Howev SONe serious
thdl saﬁ)vant ages are associated with the batchw se
rge, which is a rather corrpl i cat ed system It
conprises several phases and a er o
It Sokums i PR LU PPl Br R BN E OB 8 Rq?m%rlzsﬂ% ggetor can be
There has to be at | east two di scharge systens, i
carmedyeutpuitshvesd emconsinuphsntBordpsanagpinecasyipl ¢ gaéa?thaﬁf‘eﬂuldlzed bed
makes the batchw se di scharge systemrather expensive
re@@oBd typioat datek dischmge ptevess dvasisti ofttbe folloeving steps: when the surface
cost-consum ng. Moreover, if the batchw se di scharge

le§é{ls\§fﬁﬁh hee gaﬁeﬁha%le 9%@& 1% tab aresulSoRpSIPmeARtichapblyhr powder is
in the system the whol e pol ynerlzatlon plant has to

dlgcﬁlgf'%ﬁtthl%%pﬁ an’OrvdtE 920850 b6y ?&%ﬁrﬁg LAY rﬁ)gf e @Jldi‘éir%‘é%ag entering

I'scontl nuous operation o e ou et syst em |

to tinct fluctuation in the |eve .

thp e B s ARG POPRERSE D PEARAMREL while the
fromthe reactor. This fluctuation influ es the

degessefrmovsion ée rrepsered and mptianally Bibirstedyier &?&F’é processipg, However,
as the concentration of hydrogen and conononers, which

somtd serious disadvantages are associated with the batchwise dlscharge which is a rather

complicated system. It comprises several phases and a number of on/off valves, which
typically operate tens of times an hour. There has to be at least two discharge systems, in
large polymerization plants even more. This feature makes the batchwise discharge system
rather expensive as an investment and also the maintenance is cost-consuming. Moreover,
if the batchwise discharge system becomes clogged or there is a serious failure in the
system, the whole polymerization plant has to be shut down. As regards the operative
point of view, the discontinuous operation of the outlet system leads to a distinct

fluctuation in the level of the polymer bed, when a batch of the polymer product is



taken together have a strong inpact on the quality of
t he pol yner product. The di scontinuous operation
wonvwlweg4al so wi de variations of pressure at POEEPAI0SO07257
outlet, thus requiring great volunmes downstreamthe
valve in order to reduce any pressure oscillation.
Sone di scharge systens of polyner powder from a _
withdrgwe rfrom tthe meacteic This fhuctuation drilisndes theERonOOG2@Rcetitrtion and
EP 0245043. In EP 0006288 the discharge is effected
also athar farpmegs, suth ahtheasaemtiatiomof hedroggn afid tér@onomers, which all
reactor to a point near the bottom The dip leg is
taREH B8t Chave a%&o% {Bpdct ¥RtHeRualy Fhihd SolpReRSdduct.
intermttently. en the valve i's open, a m xture of
Ol . r- . . @
TRt GRRRAITR ol S BORES A e B BrestthE Pl Valve outier,
0245043 teaches .an apparatus for degassin nd
MBS FPRBETIE AP OTRJBPET K VIRHEARi(RS) VARG B PRIRO gy any pressure
nozzl e equi pped with a | ock chanber placed between two
osgilatien. activated alternatively. The nmixture of gas and
solid particles, withdrawn fromthe reactor, is
Sdme diselthrgasyatops ofgojynkegmssler frowmra mdpaentatiog redetor swd degeribed in
phase froma part of the gas phase acconpanying the
EPa0b6R8esd HPtos804d.d be noted that the control val ves
descri bed in EP 0006288 and EP 0245043 are actually

Tnl BP @053 deek! HscARGEak %?flect@@ h&ha W %ﬁ%sefrd.nﬁ th® top of the

conti nuous streamof polyner po eE%fhroug the outl et
nozzl e

s. JThus hese s e re nerely d 0 h ey
reiGE Haf e Lyeitelh TR0 oF P Mool Qopeetsd [RgPURB VANE which is
di sadvant ages. A continuously operated polynerization .
opeagd taerraiiiEnthior Whem the yalvady onm ¢ arixiet ot \Ban@n&ﬁm gpd; ponomer s

the discharge rate of polyner is continuousl
paxsgdustasyclong, Where mostefrthermenaeer fs|separaiad ifr(@ﬁst)l/l@ polymeer.
operating conditions (tenperature, pressure, nononers

EP 004 803rtaidhes in appuraan fordiegassing and peBatdnppolgelefieg s which there
the production rate of polyner: as a consequence, a

isCRANbRY: Y Ruippad AR 1b&le chHnMtd 14 d | HeBeedd tvid1Qalves activated

pol ynmer is necesSary to mmintain stabl eoperation of a

SRR, AR P o BB SRR o e

in errimary degasser for separating the solid phase from a part of the gas phase

accompanying the particles. It should be noted that the control valves described in EP
0006288 and EP 0245043 are actually intermittently operated, which means that there is no
continuous stream of polymer powder through the outlet nozzles. Thus, these systems are
merelif improved batch discharge systems having the above described disadvantages.

A continuously operated polymerization reactor can work in a steady and reliable way only
if the discharge rate of polymer is continuously adjusted. In fact, even minimal fluctuations
on the operating conditions (temperature, pressure, monomers concentration) can
considerably increase or decrease the production rate of polymer: as a consequence, a

control device placed on the discharge line of the polymer is necessary to maintain stable
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di scharge line of a polynmer froma reactor. These
val ves are commonly used as on-off val ves, capabl e of
wohoewkomg4t he flow of a fluid froma vessel torParfEPp®s/007257
The position of the piston inside the valve body can
cause or not the passage of fluid through the pipe,
the piston being capable of sliding into the valve
opdretiyn Gict pedgEmetizgdioaxeactare positions. The first position
of the piston does not hinder the passage of fluid
Till R@Ugkoh valves heved pesi ddeared "umstiijablevu be usddeassenmtnot valves on the
position totally bl ocks the passage of fluid through
diskRBePliRE FROFIIYMER froff B "rbactdr TBESERGHIPdsCar0 RRIBAIIY used as on-off
positions are hot contenplated in this type of valve.
. i ng, . .
valg¥E caBapl b BTG Lo O TR 1R BOATs YESURS B The posiion of he
.operated under pressure. B y, of exa . .
pishE Bk s VRS ot Ao proseant fyid dfyfe pive. te
_the dunping of the slurry when the reactor pressure ..
pistorc being capablfpk plidingiintorthe velwe bedy defesn tHReexier)s; positions. The
this is a typical application where the adjustnent of .
firsthpesitionwf it piston dves noebinierettie pFesage bf Suidethramgh the pipe (position
segnental ball valves or eccentric rotary type val ves
"of) € whilB TR | sgcdiftie fodsort asthllp Iblockk RS patsapd efofldil ethrdughnthe pipe
a polynmerization reactor. For instance, according to
disgpho R #08€ | BEntBRbMIRY in this type of
(pépiq'gt\?\%ler&?g' ?g%ﬁe%aggsolp%&\%ﬁ?&%ﬁ%\?ﬁﬁwﬂa&ogwa fgrll ui gi zed bed P
hgactor via a discharge pipe, while sinultaneously
Va¥bni toring the surface | evel of the fluidized bed
wi thin the gas-phase reactor. The flow of pol ric .
Dyegipethism-ofh vauking Ristod; Y?ﬁr%"epfﬁ?ﬁé{ﬂiyse%ﬂ %%/%n@a?m&% valves in
as-to maintain an essentially constant bed level intg
redches rapactiot unde prsissuse.e Byhwey aifnexande.r thexten pg used in a bulk
provided with an outlet nozzle equipped with a

pog@&iﬂzﬁﬁlﬁu plocesper aingdout ahd dompingl ofethé shurtyhehgothenreactor pressure
i scharge. The di scharge system of EP 1159305

ex?&'&p lbh SPPePBmBUoh She 892! 4T.th@ pRanithilis vatyyiRalbashlidatiadwhere the
evel indicator: ball valves, V-ball val ves and hose

adﬁ%ﬁﬁ%ﬁP?&%fﬂﬁpﬁﬁﬁﬁﬁﬁt?ﬂgﬁg? cont i nuousl yoper at ed

val'ves I'scharge line and the
A REIIREN N e T R S
control valves at the outlet from a polymerization reactor. For instance, according to the
disclosure of EP 1159305 free-flowing polymer powder is continuously withdrawn from a
fluidized bed reactor via a discharge pipe, while simultaneously monitoring the surface
level of the fluidized bed within the gas-phase reactor. The flow of polymeric material
through the discharge pipe is controlled, so as to maintain an essentially constant bed level
into the reactor. To achieve this aim, the reactor is provided with an outlet nozzle equipped
with a continuously operated control valve for the polymer discharge. The discharge
system of EP 1159305 comprises an outlet nozzle, a control valve and a bed level

indicator: ball valves, V-ball valves and hose valves are mentioned as the continuously
3



It should be noted that a segnental ball or eccentric

rotary type valve is a valve in which the fluid flow
woO00emgul7at ed by a plug (having a hem spheric BOaE®2005/007257

with a special cut) noving relative to a spherical

socket as a result of fluid pressure and the opening

of the plug itself. The design of this type of valve |
opeisHgs Feseo] A venidinth dsndisMeeciie et epRTEpibte e discontinuously

socket: therefore, if this type of valve was directly
backfivsbed edithtaollushingrgak Yioer togirsehbithgir cloggirige on t he

reactor wall, serious problens would arise in said
It Sklslile bk @Btedang d seghrBe] Bhll lopvedehtrizu@hpy tyef valVeispl @dive in which

or whenever the valve is closed. In fact, after a

thE HIRA §lcSy & 'opgeﬁ.g?y ey h¥€ing_té‘ﬁe&lﬁﬁﬁéricoﬁha?gdxifvifﬂgnv%a@écial cut)

t he grow ng particles Wll continue

insid ai d adducti.on zone Wt ' .

mEBRg @Pﬁ%ﬁ% %ﬁpq?eﬁlcglaﬁog ﬁ‘%to & Eﬁ’?‘glt % g g@‘i‘% E%E%lg% F%% élllen(épegfng of the
the valve itself, In order to avoid this awback, an

plag Jeelf. Tag desig obHE kRpadl Ve GRIPHESS ANGRAUEHOR, 2Py Upstream the
is usually interposed between the discharge nozzl e and

sphergcat sacket| therefare, if Tthisr &¥perod, valvebwhs diredtlye cymestieditp ghe polymer
rotary type valves with the function of a contro

dischbiee moasle@n the refictoe otdlly serdous geoldems ovonhibansel iy rseid adduction zone
di scharge nozzle on the reactor wall and generally, at

in! @88 bf 3w ARRBLELMR! Of&hé D1k B Wehedbveh BARUEDIIS close® B fact, after a
control valve. Preferably, on-off valves are placed

t re cont ' : .

cop s YRS e R E T Pt O RE A b M BRUBP bkl Bl her prtices will
depressyri zat.i on.of .the polynerizatian.reactor .and af .

PR v u SRtk PAdBTioR 2ol M eSO ASu TR ALisn In said zone
according to the present industrial technique, the

andsionsaamery dhevalyaitseds i s general |y arranged on
the discharge line of the polyner: a first on-off

Invartiaretp aaoslethisadrbabadiabh oualff/ealve oebloektvaive, sushasya piston valve, is
val ve as the control valve, and a second on-off val ve.

ustihllys HEPURIACKtREer fhle Vi scharbet e zIdi ahie @entrolnealwd. Thegefore, a ball
reactor inplies sone disadvantages. First, the correct

valfy &' ﬁ&é@f rdt '%ﬁgva%s @/fth:f NEStisR e t68rdl YV @nAdthe directly

extraordi nary enance, us causing an I ncrease In

oS P b7 s B BB SRl SRR MR s n
oftf ge%vg (i)snglgc?eld u\fngtlrga?ﬁ t]filig ty%gloif %grgtr(}l %alve. Preferably, on-off valves are placed
both upstream and downstream the control valve in order to enable maintenance on said
valve avoiding the depressurization of the polymerization reactor and of the devices
downstream the valve. As a consequence, according to the present industrial technique, the
following sequence of valves is generally arranged on the discharge line of the polymer: a
first on-off valve, a segmental ball valve or eccentric rotary valve as the control valve, and
a second on-off valve. This sequence of valves on the discharge line of the reactor implies

some disadvantages.

First, the correct working of this number of valves requires routine and extraordinary
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pass through a relatively I ong piece of pipeline plus
at |l east one on-off valve. This inplies that in case
wohowperdati on at a | ow productivity, there is aChiEgmos/007257
risk of formation of polynmer |unps inside the pipeline
or inside the on-off valve, since the entering polyner
particles may be not sufficiently cool ed down and the
majrgénames, ithustdabsing em incraase iatbp opeatingrersts ofiadialyfaerizagipn plant.
such event depends on the residence tine of the .
Abpo¢ YNEthe fiovi bf belymien phrdieles hibe fpiepehéhing thedcontrel yalvesfis obliged to
val ve. Substantially, in the presently used
padthiUge ﬁ%‘ltati(/éﬁ QMY pifeeldfDipeline tphe dlilcdstaeont-offbalve. This implies
covered fromthe pol ymer between the reactor outl et
nd th . ' >0S f.lexd kil | i
tha?1 MY EAse Z)g %gél}%{lﬁ{e atlef .oﬁﬁ&fr’@g theREis fal g Rk bf ormation of polymer

operative ds of the process. In

iew of fhe, f [ ' d be high ' [ )
lurillésggégleitﬁe glpﬁg}E% ggiqgg@tqhtg Is?vr\% g%lgg, ﬁl%cge 1!(§1¥Se ge%félrgap%lﬁnéropamcles

bet ween the pol ynerization reactor and the val ve f€§°h Th

mayohe mot suffisientlyospaled gerpnand Hiei POIXBCIRRINCERAPYIM KEFRS, 00 the
the aimof reducing the risk of plugging the discharge .

likblitmedvdfesnclt beeny depends on cheorssidefasr time pf theapndyimer particles inside the
(enmergency situation or other reasons inplying the '

pigelins iah@ t1ef of-BEf Wl ISabaantisdilyy B) the Ipreseatly neat dresngefonin@hown in
that the insertion on the polyner discharge line of a

Pt ¥ ki rhddSbeybotethd fe@t6r outlet and the
Fl% Iﬁ?i t%gzd?{sﬁ%mtghtgq{ei% %@S%@E;%?nlﬂé’g{ he dei scharge |i ne?u o

wi th the further adyantage. L0l
coBlit d5rRBtEnEr St RE T AT AL R ocess.
di scharged from the reactqr. .Therefore, according.tg.a
In vieveef the Jf‘gég‘?mgaﬂlewﬁ\ﬂéi’@ﬁ’ﬂg?lﬁ G%Wia][’f‘?ﬁo BFBYF e ry Y%@f‘ﬁ%&m Process
of - di schargi ng pol ynmer froma continuously operate
thepdistamee betstcen ther pelpmerizatighapastor and the yakve Whigh sprirols the flow of
pol ymerized to form polymer particles, the method )
polangdxEingghasavet,iwith the eimiof cdilacigg theatisk afpleggingbiedinsharge line
particles by neans of a piston valve having a piston

Wl‘felb 1B Phive A6 T8 41y RikoAGEMaigehcy Sidatloi6t othtorcasods gplying the
able to rodul ate the pi ston stroke inside said piston

val ve, The. et ho the present invention can be
Cl%%fstg? §1S?l‘§arg%p?f1?é d to a polynerization process

It Elgﬁr ggﬁg:te%g%omtﬂa%ﬁlp 38%%3(}(3{1051?81 g%”&l%&% gl%lzlgargeh fAR& of @biston valve

wofkfng as a modulating valve allows minimizing the risk of plugging the discharge line,

with the further advantage of attaining an accurate and prompt control on the flow rate of
polymer discharged from the reactor.

Therefore, according to a first object, the present invention provides a method of
discharging polymer from a continuously operated polymerization reactor, wherein at least
a monomer is polymerized to form polymer particles, the method comprising adjusting the
discharge rate of the polymer particles by means of a piston valve having a piston element
connected to an actuator, said actuator being able to modulate the piston stroke inside said

piston valve.



pol ynmer particles exiting the reactor is nmade nore
accurate and reliable with respect to the prior art.
woheoste®7ef a piston instead of a ball as a coRCT@IP2005/007257
device at the outlet of a polynerization reactor
avoi ds pluggi ng of the discharge |ine when the valve
is closed (i.e. enmergency situation), thus mnimzing .
Thenmethedneft thenpigsens dnyaniien | G@apke wrsaSSTHEY prlpd fosa polymerization
running at a reduced throughput. To this purpose, the
proess caried oat lpitls iroa gasebyearibs liqwd phassu By dbis enkthal o wentrol on the
changes in order to nmake it working as a nodul ati ng
poYahdtartiiled é’ﬁi’tﬁl{%ﬁe red®Rtii§ maaé hofe hcugity et R¥iableevith respect to the
connection of the piston to an actuator, which is able

pr%og =B haeby 2 dlistBh 3f§edd 6 B SAOEs LN&Ind8] WBFcY 3t B outlet of a

us nodulating its stroke. The structural arrangenent
f the.piston valve of the e ' j . .
pepuBL Pt SO b Bl CHECPhS e s cled e

slide inside_the valve body; .- a.discharge conduit, )

empeagenCY 110 PP TARHEHE She foreiatien phPARTIR WITRY Bhémyfhe plant s
sai d discharge conduit. Preferably a sleeve is

rupmisg rat ededursil derouplputal o ghip puyposertbe gesigmaf el pdstemvalvg has to be
a solid cylinder able to slide inside said sleeve or,

subfectet etos k@ay &hinsgeabiaesdder itmahale itheorkdhg @s ko dyodulbhiag valve. An
position of the piston elenent nmay cause or not the

impBRERAB QiR RESiva b Wt c 4R ctikins 651 fiste R A6l dh tactubfiR, which is

axis of the discharge conduit generally forns an angle

i | : I ' f fi
oL BT R 1 pL Bt TS e S SRl A0
iR Bt S of e YR o BB P B
shaped orifice form ng the inlet of said discharge
- caalyebody peshg pistaa ehement ghlsite skide iasidp the valve kagii r ol

behavi or as expl ai ned afterwards. According to the
- metdizoblargé coddmit, amdent i on, the piston val ve can be
directly coupled to the reactor wall on the line of

- pakyerdllykhasdibdrifoe foAnihp e ARt Yiedid pRcldrgd emdaltspended

in a liquid or gaseous pol ynerization medi um can enter

Prgfegat%%bﬂegp@is;iﬁée\‘t@d i&ségkg}hé hevd Bbi§ T&?Jiﬁ&? lerdeli€is a Sé)gd cylinder

el ement 1s pu agal nst the reactor wall,

abl B el e, S il R B AR} € BhRA o la® e ytve body. The
pogigtirc])%egfu?h%cgi’stogoelgn%grtlti r%gy cause or not the passage of polymer through the
discharge conduit. The axis of the discharge conduit generally forms an angle from 30° to
90° with the valve axis, preferably from 40° to 60°C. The inlet of the discharge conduit is
placec} along the axis of the valve at a suitable distance from the inlet of the valve itself.
The specially shaped orifice forming the inlet of said discharge conduit allows the
attainment of a specific control behavior as explained afterwards.

According to the method of the invention, the piston valve can be directly coupled to the

reactor wall on the line of polymer discharge, so that polymer particles suspended in a

liquid or gaseous polymerization medium can enter directly the valve. When the valve is
‘ 6



of valve can be filled by the polynerization material,
t hus assuring a continuous operability of the
wdizemslvarge |ine. This is an inportant advant ageCv@Eprses/007257
the ball valves used as control valves, in which after
a conplete closing of the valve the reaction nedium
and the grow n ol yner particles may continu o flow
clgspdithe pis el%;ﬂgntﬁ%pgﬁlﬁd ég%whe THReiT )u/%le%q thab ‘end ‘surtace of the
pol yneri zati on and consequent clogging of the valve
pistrs elefentTissupstagiey aligvenwito thesichdtobwall t Aer eafiseguence, no section
described in nore details with reference to the
of vl ®saf BY aMadgby thBi pélymesizdtiohusiaterial,vehuangksuring a continuous
non-limtative of the scope of the invention. Fig 1

opé%gﬂﬁ%( Bﬁﬁemﬁﬁge Enef TM&] svﬁsmﬁf)ft@rﬁ%%nté‘gec\%?ﬁis R8e b4l valves used

Ior art n the di scharge Ilne of a pol yner

fro o] r
as §8Etf? ré E’nes n?ug]? gely g%rhﬁl% 5‘81{1% e fvoa}\fectgﬁ ?edc?lfn‘? medium and
h I
ethg{eqy@gg}ép r di Sa%i‘cz : g]i%,a{l] rcg{lnqqglegq% (SJ‘?% r1 a&%gglg g? %he valve body, with
illustrated in a fully open arrangenent. Fig 3 is a
undesitablsrmmllynérination and ponseqyentelpgging sbthervglvedBelr ol | i ng
t he pol yner discharge froma reactor according to
Theejrbst afvehtien il s} ihereafieh) dleqiribbdin wadre elefafls with reference to the
illTustrated in a totally closed arrangenent. Fig 1

enSIRONBdrh i Eh a3 eﬁHi%H af iflistidivé afd HenlBlditatias bAME8cbpe of the invention.
accordlng to the prior art, on the di scharge line 10

F1gf1 S%OQ/? 3}%%?{ @ftléehcgfr \?amsfa%‘rﬁﬁgé%l Q&ﬁf 8RG8 ‘:i’ﬁcf! gtnod}r £80n%he discharge

I on react I ze r éact or

fl d d ,bed
hnlelﬁlad%o %%%rg’%ﬂ&‘ X ghqza:p@g%f&r&?alt’ﬁnrr%&%tl on zone 4 and

a recycle line 5 of the gaseous_nononers. éI
Fig2gs ervesiimekvigwi of 4 pisten yaye ysybioneerirelline H}e ischarge from
nozzle 6 and a ball valve 8 used as a control valve A
a 1sectonatcording fo méthodof tha inventon: sheppistondetyedvillustratediin a fully open
the ball valve 8. As it is evident fromFig. 1, the
ah?&hgﬁ_polyner particles, before reaching thecontrol
ve 8, is obliged to pass through a relatively |ong

Flg '3el§ @ sQétlo‘i’l'ap@ile{Nrtﬁ Aisten Fhivk Y8&E £ BN GRS fhe\ﬁfﬂlﬁﬁer (ﬁ§charge from

ted out background of the invention, th
a Peactor accordlng to method of the invention: the piston valve is illustrated in a totally

closed arrangement.

Fig 1 shows the sequence of valves usually arranged, according to the prior art, on the
discharge line 10 of a polymer withdrawn from a polymerization reactor. The
polymerization reactor is a fluidized bed reactor 1 comprising a fluidized bed 2 of polymer,
a ﬂuidizaﬁon plate 3, a velocity reduction zone 4 and a recycle line 5 of the gaseous
Monomers.

An on-off piston valve 7 is interposed between the discharge nozzle 6 and a ball valve 8
used as a control valve. .A second on-off piston valve 9 is provided downstream the ball

valve 8. As it is evident from Fig. 1, the flow of polymer particles, before reaching the
7



arrangenent gives high risks of formation of pol yner
aggl onerates in the pipeline between the discharge
waaawle7954and the control valve 8. Fig 2 i s a BETEP2W&07257
view of a piston valve according to nethod of the
i nvention, where the valve is shown in a fully open
operation. The piston valve is directly flan un
confolt ¥edver e pbhgwatq papy thgpugh elgtanely @&&P&?Fer%amgame us at least
The val ve conprises a valve body 13 represented by the
onhadrcbffdvater t Aprpoimteicsit dn the draekigrousd afidthe inverdivar glis prior art
conduit 18. A sleeve 14 represented by crosshat ching
arﬂaﬁgérﬂéh@ gives hidhG s bh foriativeoBpdlsmenapigttendrbes iadhe igetidy between
13. The piston elenent 15 is a solid cylinder able to

thec'!h's&ﬁr%erﬁfgﬁ SMGns L&V vate@nd i s connected to an

act uat e to selectively displace the piston 15

N e the val ve .haod hus

Fisrla® pog e oy dd et diiv) AHRrTREH Rrd draf BYGRiR, where the
it can be easily understood by Fig. 2, the relative

valjeds shayyn wra Rl OpeR ORFHAM i nsi de t he sl eeve 14 may
cause or not the passage of polyner particles com

Ther piston halveeiscditactly Aange-sghtedhen Hesiehetpyavatlobldaf e Pp%’meﬂzatlon
A specially shaped orifice 19 is forned at the

readiérel B EMe wilvdedmpeisest healst dedg 1B4reprederttérk bylithe harched section, a
conduit 18, said orifice 19 being the inlet of the

1§jcbnl-'f' Qféﬁfeﬁ? 15 o4 igtsclBee E¥hduhiel 8l af dlesvieda r@prebir@edbypfrosshatching is
arged view of a possible geometrical profile of

1nﬁseﬁl=p§ L?, r| f %ail\% é)ﬁs ﬁ{%@@(}hs \@fveﬁﬂrogl 1Y The Sn element 15 is a solid

the presen the term "piston en

mnll erred t f. the on 15
ol e 25 LTSGR Gl Tl APaBURL 0 s AR e
said end E during the piston stroke, the follo
selotively dinglase sherpisis 18 dnsigrthe galyeibodeds, tug H@dﬁl%lpg fity gtroke. The

A corresponding to a conplete alignnent of the piston
pistonl 1 Emwivehatihigy theaghathe slabve 41; - ' the position B
where the piston end E starts to uncover the specially
AS$ had%ﬁdoeoéa’sﬂy afdekStood 'bz M@s1, tthe Rel §iwhgositionhef the piston efdnside the

E totally oversteps the specially shaped orifice 19.

sleeve 14 may cause or not the passage of polymer particles coming from the reactor 12
through the discharge conduit 18. A specially shaped orifice 19 is formed at the
intersection between the sleeve 14 and the discharge conduit 18, said orifice 19 being the
inlet of the discharge conduit‘ 18. On the left side of Fig 2 an enlarged view of a possible
geemetrical profile of said orifice 19 is shown.

For clarity's sake, throughout the present disclosure the term "piston end E" will be
referred to the end of the piston 15 facing the reactor wall 11, With reference to the
position of said end E during the piston stroke, the following operating positions can be
identified:

- the position A corresponding to a complete alignment of the piston end E with the

reactor wall 11;



According to the nethod of the present invention, the
noti on of the piston 15 through the sleeve 14 can
woOdasstoofog4t wo di fferent portions of stroke. | nrarfEPe®s/007257
portion AB, conprised between the above defi ned
position A and the position B, the piston stroke is
not nodul ated by the action of the actuator 16. This .
- nhapesitinaB whara the pistopend Ectarisgo paeovist thesRedalioshapedsorifice 19;
substantially ineffective and the piston val ve does
- Nt pokitivh dewheraciid gisten ehd Epetallp gversteps e specialtyhshaped orifice 19.
internmedi ate positions fromA to B are not operative

AdBsditd RNe nfdthdd6f 68 @&és@ﬁmnvérﬁiohb@le&mmcbfaﬁ@l piston 15 through the
successive portion BC of piston stroke, conprised

t. i 1i . 1L : :
sIG% T e Y I RO RARIL ' fire Pign 4T, comprised
of openi of ,the. orifice 19, .so that.th i st on .
begysegy e n"g‘}‘fﬁd&!ﬁfgleédpwl‘{%é 204 B, BpUtioRy 2bS alen sigoke is not
Thus, the flow rate of polyner_particles |eavi t he,
masbilgiods bY ke oehon £hdecorerigior 46aipissneans dhey Heg i pegion AB the
the notion of the piston 15 in said second portion BC
pisién piraiedn sststankielly Feflobtiv andithe pistancyatveddes apot providet fyactions of
pi ston el ement 15 is nechanically connected to an
opefifnt ak elosuB: th iitBrm At pekitignstfeorh MetodBrvediorpdratdfe feisgions.
2, conprises a second piston 17 and two pressurization

of W@&g&rg th @B%elohd Itli't?_mgd'c%s% Bdrti6h B@%fﬁﬁ&tﬁﬁts@bk%Gclomprised

I S sandwi Ched between said pressurization chanbers
nd . _Moreoyer . .t he t yat Y [ | :
oefiipdne pattonard g e B pofidT o RS BEtG A kA Redifterent
actuator is pot limtative of the scope .of t sent .
leyely ehppeaineapid SRFf'ﬁEtlgaf% bl SRR AEUE 1S ERIHER by Fherpction of
the piston 15 of the val ve may be adopted. For o
thé actiatne £9. Thiwe, the Sowrraterofafolymer pasialest leaving thgrobymerization reactor
be al so hydraulically driven. The enbodi nent of Fig. 2
12eRvidyageisetdhesiwdn beahé atioh dfithe piston 20 imistid second portion BC of
pneumatically driven piston 17, which can nove back

pi&tBfl skQkd h between the pressurization chambers 2 1 and
25. As said, the piston 17 of the actuator 16 is

SRR LAt PEUAL Y, O LEREE, P MRy g o n
actfu%t rolsé %vh%ﬂ, iactco(re 1r611é: t[(l) ¥heagmgci)cﬁrtn%}1tegf ﬁ% 2, comprises a second piston 17
and two pressurization chambers 21 and 25. The piston 17 of the actuator 16 is sandwiched
between said pressurization chambers 21 and 25. Moreover, the actuator 16 is associated
with a valve positioner 22. Of course, the choice of said actuator is not limitative of the
scope of the present invention and any actuator able to move back and forth the piston 15
of the valve may be adopted. For instance, the piston 17 of the actuator 16 which can be
also hydraulically driven.

The embodiment of Fig. 2 envisages the connection of the stem 20 with a pneumatically

driven piston 17, which can move back and forth between the pressurization chambers 21

and 2;5.



the input signal comng froma process controller. In
particul ar, the positioner 22 receives an electronic
wonrog@ewTat i ¢ signal from an advanced process PCT/EP2005/007257
controller (APC) and conpares said signal to the
position of the piston 17 of the actuator 16 by neans
of the positioner link 26. If the received signal agd .
Asshid, thegiistomh7 of themastysitert énis Bysogiatedyvith 8r@hite pasHioner 22, which is
positioner 22 sends the necessary power, usually
an {rRtromeit #blconpnesktad pbiitionl pf sroacteater tolpesipios fitosxadtly as dictated by
until the correct position is reached. Generally, the
theﬁﬁéﬁtts'igﬂﬁﬁﬁotﬁfn%%&ﬁ% RBcRy tphtiol RO Thipagitube Cthe Posigoher 22 receives
4-20 mA input signal comng fromthe process

an ge%}:ttxroglcl Gt ﬁ@%&a‘gpusg na; o : %?iefagaﬁctéﬁ MRL¥8 &ontroller (APC) and

ressuri ze erera conpr essed air, com ng

fromthe posjtioner 22 is jintroduced.into
copgEs i saRb e D dimsgonist ihd P FECO YR Goleliot by mpegns of the
openi ng the val ve, conpressed air ,com f .
bosSeice Hghap. K2 Sopived SOATMPAPYYEh SliTF SR hbare different,the
pressuri zati on chanmber 25, while conpressed air is
positionsr P2 rsendssthy negasbaty @awvef, onalbyHbraigh rompressed flgid, i gove the
23. Any variation of the inputs fromthe APC to the
pisBSi 1 i) €he SrdchyeNiti@sisaedohsd &idniesatiynhiipositiofiertfreduces an output
pi ston 17 and stem 20 and accordingly, of the piston

poﬁjti&{'?&'brd]h?% J[d(}?&-‘é? éﬁﬂgnﬁ{ﬁ LisRalR@ehing Bom! the pRRess controller APC.

arrangeneg the pistonend Eis in the
osi ti.on correspondl n : ' .
Tt iOTRE PRELET IRt . FRIRAEY EoBBRRARIGLoRIIR from the
t he same piston valve of Fig. .2 with t di.f f er.ence
positigrer2Rds piodpeeddrtg tﬁe P@S%ﬁ%ﬁﬁl‘&} %WE’S{ EEW&P '92{3h t he
reactor wall (position A): this corresponds to a .. )
Vicowphetier oposug shofvatise cpaipiessedrigl’ sameelteme fiss pagtioner 22 15
described in Fig. 2 can be recogni zed. According to
inttdiRice® tviw dink 024 dntot thel biesgurizhtorpchgmber 5. whée geonppressed air is
the present invention, the described piston valve can
sirRQAYAN REBAUFrRR Bleahambas Bviadine 08f val ve as
regards thenovenent of the piston 15 along the portion
A@Bvaﬁifatigﬁ P hl%nil};m? er{nO[BQ AP RO E!t)%ﬁ RED2 2yt aQ%%)éb?ﬁe motion

sharp varration of pressure | Ines 23 and 24 o
connect i i . .
of the piston lqpanvg tstre]mt 51(‘)e and %gc%tr(%lgly, of the piston element 15 inside the valve

body 13.

In the arrangement of Fig. 2, the piston end E is in the position C corresponding to a
complete opening of the valve.

On the contrary, Fig 3 is a sectional view of the same piston valve of Fig. 2 with the
diffprence that the piston end E is completely aligned with the reactor wall (position A):
this corresponds to a complete closure of the valve. The same elements as described in Fig.
2 can be recognized.

According to the method for controlling the polymer discharge of the present invention, the

described piston valve can be advantageously operated as an on-off valve as regards the
10



so as to nove quickly the piston end E fromthe
position Ato the position B or viceversa. For
wonsdeanre4 at a prefixed conventional val ue pOPOT/EPR®S/007257
signal from APC, the piston end E can be at the
position A, corresponding to the alignnent of the
piston end with the reactor wall (conplete closing, of
moteraentalfie) pistan|1i5taldrg theportion évB of stediedTharefiesd, ther psitioner 22 can
exanpl e, an increase or decrease of 5% can cause a
provasta SRy MEMdtioafoftpiesspiestioninks 20 pmtl @4uwfaousectivhevith the actuator,
specially shaped orifice 19 (position B). As a
50 %%{bslﬁg%,egﬁgklﬁrtﬁé Bistid dnlE RBRChe hobifibR Al ehthe PEsitiB® B or viceversa.
'S

yner charge fromthe polynerization reactor, a

| Cosing of | za al .
Fof BALFL S, EPLRE B Y f BRSSO Bopt, e o e
ol S sS85l USE Ry B 35 0P LG e st

with no chance for the polyner particles of enterin
watlh@omiptets, elosingagidthel W) ng: tiktle yarietien af a3aide signply &0 %@,mplea an
when the polynerization reactor is started up and the
incB&sy BE Hedreasg @if 1366, toan bausdiasfabtangeanent of shespiston 16iupete uncover the
are required to pass froma conplete closing of the
spt1N8shbSedordti deUdt (pBEltibid BMA CH chideqiidnowy raiding thé need of interrupting
di's¢harged pol ymer begins to be finely controlled

L85 B S i e £ gty o e v

the present invention is.advant,ageausl :
angi 45 p rsavvay Peyanes FhURIGOLNEY 1 PR A2 cose, he
15 along the portion BC of stroke. Therefore, .startin .
et DN hPBles ARICE 14 TP BUS DKk dodRS ifdtor, with
i ncrease of the pressure signal such that the .
nophagredssihe polyimdr pertislestof antetiog thetshesvp d# end pluggingdhe piston valve.
about linear with the signal increase. The relative
LiR&sikd, | wherothe togyiéritation ecuttdrriemtattetl apCamiaths gwlymer is going to be
different | evels of opening of the orifice 19, thus

di%ﬁ%‘éle@txieggsﬁd?ﬁtiﬁlleéjw‘srr Wrelfto %ﬁésyﬁf@lﬁ andipl&k @Rbsingafithgvalve to a

pcl yreri zation reactor 12 and entering the
.di scharge.copdujt 1 i ' 5,00 trolled
SRR SRSy i, PR RS i RS, convo
an_ elliptic shape, as it _would result e
(oo B ks o hs Fr gk BRPEY I Geryer e lidfies AB 1 4
and thedi scharge conduit 18), but it is forned éﬁth a
As peidj dhe pigipe veheoof ke Presente invgntiqn 4s agvaragegusly ogperated as a
the special geonetrical profile of the orifice 19
médlatRg vabtctstrbgardd theweovement of the piston 15 along the portion BC of stroke.
Therefore, starting from the position B, the positioner 22 can provide an increase of the
pressure signal such that the progression of the piston along the portion BC is about linear
with the signal increase. The relative position of the piston end from B to C causes
different levels of opening of the orifice 19, thus modulating the flow rate of polymer
particles leaving the polymerization reactor 12 and entering the discharge conduit 18. To

make said modulating action as much as possible effective, the orifice 19 has not an elliptic

shape, as it would result by the intersection of two hollow cylinders (the sleeve 14 and the
11



14 in correspondence of the inlet of the conduit

di scharge 18. It may be seen that a first section of
weabw/or974i ce 19, and precisely the one near er PCO/EPR®S5/007257

reactor wall, is V-shaped and forns a triangle with

vertex in B. On the other hand, the remaining section

of said orifice 19 has a substantially elliptic shape
disahiatgde Gndsit 1 $)ebetritlisfoinmd witha seasial shansntaidsskegyadt-on

the control needs, the stroke of the piston 15 can be
Fig®Ptah@adtow &k epasd desfnetrizal hrefifrost the onifiGy 19 dotn ortthréhe sleeve

el liptical portion of the orifice 19 nay renain

14 Hrfoq}/e%ﬁ&gien&{ﬁf el iAROYF e Shat® ddfchidde 18 ItShap ot se@nthat a first
allows*to achi eve a quadratlc control characteristic.

Thi , i i | -
el B L RS 9188 AL PR R, gV hoped v
for}gggtéﬁgqg}pg &%@n\%g%;?tiﬁ gﬁrg%at%g oﬁ{w%ﬁﬁ? ﬁezﬁjagliﬁglsgcQ%ln of said orifice

percentage increase on the actual flow rate of polyner

19 pasra subktestiaht @liptigshepewith £catbgené poiali t 18, The
triangul ar shape gives the further advantage of giving,.

In RnBaEesAd€psnding ohctht caltrobneddssthe swoke efithe pistandlSyassbe optionally
when a | ow t hroughput of polynmer is discharged from

sto BERCHBE pokifioh X lso thét O RNPtcsloporitbit bf theeorifice 19 may remain
i ptical sShape, the V-shape considerably mnimnm zes
th%:anount of pol ynerization nediumwhich is
UNPVEEHar ged together with the pol ymer particles: as a

consequence, m nor apou of, uny.eac st
The B RE e NS FERV RIS 8 SEHE PSS AbAERROMRID) Miacterisic

reactor. The reaction nmedium w t hdraw, together wth . this
Thistrevesds gmedvanagepbeiag sagrcoatp] ghATaCteRStg flfgﬁ,y cgpalcheroeptage:

met hod of the present invention can be successfully

meappihiaed ptocytage/mercascadf the prsne sigaal givan hyethepgpitigpgry2 involves
in a liquid-phase or a gas-phase. O course, a device

thd e BARERhE thckd¥Se WAr hacicad] fomorae of frobmdrhgarpaley metering the
has to be arranged downstreamthe piston valve of the

. LV i.on.. tkhe choice of said separatingdevices
dﬁﬁ@%gggéﬁg%]Ehe liquid or gaseous state of the nononers

e B P AT P S A8l n
flow rate of polymer when a low throughput of polymer is discharged from the reactor. In
fact, in comparison with the elliptical shape, the V-shape considerably minimizes the
amount of polymerization medium which is discharged together with the polymer
partic&es: as a consequence, a minor amount of unreacted monomers has to be recovered
and recycled to the polymerization reactor.

The reaction medium withdrawn together with the polymer can be either a liquid or a gas,
since the method of the present invention can be successfully applied to polymerization
processes carried out both in a liquid-phase or a gas-phase.

Of course, a device for separating the unreacted monomers from the polymer has to be

arranged downstream the piston valve of the invention. The choice of said separating
12



di scharge nmethod of the invention can be successfully
applied to a | oop polynerization reactor, wherein the
weoabosroerd7zat i on of one or nore |iquid nononer sPOTIERY®S/007257
to the formation of a slurry of polymer particles. As
an exanple of a polynerization process continuously
operated in a gas phase, the discharge nethod of the
deviices dlapéngs ondbe hauid or sasseysAtaty Obihg MeIPryess tp be recovered.
pol ymeri zation reactor having interconnected o
As Pl sxariplez af b golynonizatias press ¢dngiduousiiEPparaed 1935, ligad ghase, the
gas- phase process is carried out in two polynerization
disGORES meHARAN & fhe tifPerfio Wah Sesukydsefullpaipblied &s aflogwpolymerization
through a first polynerization zone (riser) under fast

£ i di | b € héke 1 HorB8Yk Ebris to the

e IR N A S TR
they flowin densi fied, form under the action of

foraxaagﬁlf){}%\gfa“ iogeafyms SeSpol ymer i s establ i shed
bet ween the two pol ynerizati on zgnes. The]%{aton valvg th

Asgan expmple ef ot POIYAREERREQh PROSASSHePnEeusly yperated ' a gas phase, the
fl ange-nmounted on the reactor wall in correspondence,

disoharph eetimidt afithp amventién cdnebaisnsnessfibly apphed toag RPF{Iekgation reactor
all the advantages inherently given by the nethod of

ha®thg GRefcahi@tdicholmeErigftichenénueddscibed ThBP i LS. Srid gas-phase
the invention is |ikew se suitable to be applied to

&l C IRt ZR1on O néL FHeRS theStt6WirRSpolymer particles
pn%%%v'fg@%dgggﬁfggg#ogglénd sti?red bed rgégtors. It is

angt her ohj ect .of th r : ol [ JiRRA 8dddStions, leave
A by ALy ReE s el CUEE (AR (BAPRRG! hidhions
polynerjzation reactor, .said apparatus havin [ .
salddisahangnser alf)%?fégﬂém@ﬂ%ﬁ‘il@n FP‘EEE@W%?YBES?{?{BQ%@‘Z’IM they flow in
pol ymer discharge line; 2) carrying out an accurate .
a dediffedofopn coderr e ayﬁonmf) gEwyr atcacBletion Afpalyagr 15 established
pol ymer. Therefore, the present invention further )
befW@ui te $wa polypnalzatiors zbwes. Thes piseangvalye pbihenpresent gegtion can be
conti nuously operated pol ynerization reactor, wherein

sufthbly %ﬁ%e-ﬁfb%nf@ﬁ%ﬂﬁfe et HOWNINE iceekponddrioe ofties bottem ghrt of the
a polynerization catal yst, the apparatus being

CEROERE Ml bl Ofe3 hSERG givéh MySt@Nmethod of
S SEGBREAR 1 H” ETARO, g stmtn «

olynerization.reactor 12 or in its
dispcharyging poﬁymer of tLe mvention.

The method of the invention is likewise suitable to be applied to other gas-phase
polymerization reactors, such as fluidized bed reactors and stirred bed reactors.

It is another object of the present invention an apparatus for discharging a polymer from a
continuously operated polymerization reactor, said apparatus having as main advantages:
1) reducing the risk of plugging the polymer discharge line; 2) carrying out an accurate and
prompt control on the flow rate of discharged polymer.

Therefore, the present invention further provides an apparatus for discharging polymer
from a continuously operated polymerization reactor, wherein at least one monomer is

polymerized in the presence of a polymerization catalyst, the apparatus being represented
13



close proximty, said piston valve having a piston
el ement 15 able to slide inside the valve body 13; -
wano@oowator 16 connected to said piston el emeRCTAEB2005/007257
said actuator 16 being able to nodul ate the stroke of
the piston elenent 15 inside the valve body 13. - a
val ve positioner 22 associated wth said actuator 16.
in FIf@ @i sdamicongirismgof t he di scharge apparatus of the
invention preferably includes a sleeve 14 inserted
- ansitee vile fvabyendvaty dk3tharvehlial dof e lpatygeerizaticuidactd,12 or in its
which forms an angle from30 to 90 with the valve
éiﬂsé I’(B{ll?lﬁtgr ?a@% gls&ﬁi 18k En P8 fﬂ“‘zﬁoﬁ ERMeAD 15 @bROo slide inside the
Rer nor pi ston val ve further conprises a
§ﬁf allg shaped orifice 19, which is forned at the
[ ﬁ?g% ?bn bet ween said sl eeve 14 and the di scharge

condui t 18 For t ea and advapt ages ab

- GRpIcHiNRIS eRBEIoce SULPIUH BFmE 1o pRt ratreY fsine oble 0
orifice 19, and precisely the one nearer to t
mecttlase theestioke pEthypisterpdementd ipddathsiva espé)éi/ n of
said orifice 19 has a substantially elliptic

. shape (osAloh& 22 asdocietbhedthohiddicsminarlgi ng pol yner from a
conti nuously operated polynerization reactor, wherein

Thé1 1s{oﬁ%lveébf MR @& ar deSapp @t i¥RITH lt}ZeelﬂVérﬁloanTréfemhl}ylmremdes a sleeve 14
rticles, the nethod conprising adjusting the

1ns%I Scf gldg er %l@e 8&{11}; e 2RQ laycm%hax%@rcbh&dlﬁ $8,BYhidR #ensOdn @hngle from

ISt on el"enent connect ed to an
to
SR i S T 5 g

accordlng to claiml applied_to a at|
theppiston sl veafurther cyuprises aaSPQ%EIS gha R?Bra%r icesl S, pichis fogpped at the
according to claiml applied to a p nmeri zation
intpsatienbetaenisaid stasive ﬂﬁaadthe@uﬁchaqghagléy il18.The et hod
according to any of clains 1-3, wherein said piston

FoV #leViasofiRid S@Sintage ab@levexphiistyl, dredit gictiowof edié wpevially shaped
able to slide inside said val ve body;

orifice 19, and precisely the one nearer to the reactor wall, is V-shaped. The remaining

section of said orifice 19 has a substantially elliptic shape.
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a di scharge conduit, and a specially shaped orifice
formng the inlet of said discharge conduit. 5. The

worbttsmd7daecordi ng to claim4, wherein a sl eevePCS/EP2005/007257

inserted inside the valve body. 6. The nethod
according to any of clainms 4-5, wherein said piston
elenment is a solid cylinder able to slide inside said

CLalIMS/e. 7. The nmethod according to claim4, wherein

1.

the axis of said discharge conduit fornms an angle from
30 AOm8BoWidfhditdhargieg polyinet Heomval ventinBousTh@pematedopolymerization
according to claim7, wherein the axis of said

di s POAYL TeabOf HondMeARP Ry hérdsBd40 fon GOlynier Iparticles, the
theﬁgéPg%g% tﬁe f?lve. 3. Theq%g¥hod according to any

of clai 1-8.. L [ [ v, [ I FRRIda b

71 afsRorsanening S Rla 3 sk oE pbBrlirgRRicat by means
reactor, 10. The nethod according to 0, ' :

1561 RS e DAV oIS GB B AR o Sy U sid actuator
conpri sed between the position A (conpl.ete alignnment

of béing pbls tomodnlatethapistpr; sioke ingidespid PIstPR valyg t he

position B (where the piston end E starts to uncover

. sai Uhs préiodl doyordieyte dlaimi If appdipd tq hpolymesikatiosf PropRSs carried out in

pi ston is not nodul ated by the action of said
act H%&é%usﬂﬂase.The met hod according to any of clains
1- 10, wherein in a second portion BC of piston stroke,

Compy | & | Shipos i ; hot &8 chiried out i
L e e 5 g0l Do on i out

e plI's

speci,al {?ZP shaped orifice), the piston stroke is
mod &gt ‘the action of said actuator. 12. The
nmet hod accordi ng to anyone of

Laips 1-1.1.. wherej -
- oai dnaswkiecrdingsiodey af S 1. yhus Bt pfgomprises:

13. The method according to any of clains 1-12,
whekei nvales todyomidtd wiston clemsatielde taagidsdpsida saidbEalys Bedy:
according to a 4-20 mA input signal comng froma
pr ocesgdischarge conduit, and
-‘ a specially shaped orifice forming the inlet of said discharge conduit.
The method according to claim 4, wherein a sleeve is inserted inside the valve
body.
The method according to any of claims 4-5, wherein said piston element is a solid
" cylinder able to slide inside said sleeve.
The method according to claim 4, wherein the axis of said discharge conduit forms
an angle from 30° to 90° with the axis of the valve.
The method according to claim 7, wherein the axis of said discharge conduit forms
an angle from 40° to 60° with the axis of the valve.

The method according to any of claims 1-8, wherein said piston valve is directly

flange-mounted on the wall of said polymerization reactor.

10.  The method according to any of claims 1-9, wherein in a first portion AB of piston

15



controller. 14. The nmethod according to any of clains
1-13, wherein said positioner provides a sharp

woaoica7om of pressure into the |ines of conneeCTm®r2005/007257
with said actuator, so as to nove quickly the piston
end E fromsaid position Ato said position B or
viceversa. 15. The nethod according to any of clainsg
1- 1strokehamairised hetvesodhe pesiéan Arlevmplsts alignmeat ek Pison end E
the pressure signal such that the progression of the
pi sivin ti RAgot hallpaid iherpoBGon B Gtlienk thei stbn rad E stirthto uncover
the signal increase. 16. The nethod according to any
of Qic?'s?&iélﬁ 1 Shap¥ld R FicE), ahé istrlke BEEHd PIRtodf isS@dtdmodulated by the
specialty sﬁ%ped orifice, the one nearer to the
react.or [, -shaped and fornms a triangle wth
Verggynﬁﬁ@gdagy%n he net hod accordi ng to anyone of

claims 1-14, wherein the nmai nj ng section o ' .

ori Fhe ekt secatie Bomapd geaiy | 36 JEEHEPR £ 3Rl ferion BC of
met hod according to any of clains 1-17, erein.sabd h h
conpistonciioky, epepriacd disoNgeReTdS RETIBAN o psition C (where the
slurry loop reactor. 19. The nethod according to any .
of piswnnendlElfétallpheveestepssthi dspecially soaped| oriftsghrthe guston stroke is
pol ymeri zation reactor is a gas-phase reactor having

| Nt gloaRRAYYaH: RAlonBTshidaktvabrzones. 20. An apparat us
for discharging a polyner froma continuously operated

pol | i I 1YV hE RS S hdtFatoris associated
12pis?gﬁﬁbgﬁbéggfgﬁggg%%ﬂﬁ%gg°§ﬁﬁ?ﬁ§lﬁ§1| of said

pol riéﬁxti on..reactor or inits close proximty, said

pi stER ANFPRUPORY a piston el ement able to slide
i nside the val ve body;

: - act or, connecied.to sa
13pi o b reeasksReorcing 19 wit EalEmsLt gV BEFR P PRRATST Broduces an
the stroke of said piston elenent inside the valve
bodyutput ositibn eacporslintg ther 4o} Ay signah coayipg from a process
act uat or.
controller.

14.  The method according to any of claims 1-13, wherein said positioner provides a
sharp variation of pressure into the lines of connection with said actuator, so as to
move quickly the piston end E from said position A to said position B or viceversa.

15.  The method according to any of claims 1-14, wherein said positioner provides an
increase of the pressure signal such that the progression of the piston along the
portion BC of stroke is linear with the signal increase.

16.  The method according to any of claims 1-15, wherein a first section of said
specially shaped orifice, the one nearer to the reactor wall, is V-shaped and forms a
triangle with vertex in B.

17.  The method according to anyone of claims 1-14, wherein the remaining section of

said orifice has a substantially elliptic shape.

18.  The method according to any of claims 1-17, wherein said continuously operated
16



2 1. The apparatus according to claim 20, wherein said
pi ston valve further conprises a sleeve inserted
wonsiche747me val ve body. 22. The apparatus accopPdirmg2106/007257
any of clainms 20-21, wherein said piston valve further
conprises a discharge conduit formng an angle from 30
to 90 with the valve axis. 23. The apparatus according
t o polymefizaicaireact@(s 23lurppHeerreact®ki d pi st on val ve
further conprises a specially shaped orifice, forned
19.at The neticdr seoidimgntobatyetclana +13) wberinasedd seantihuously operated
di scharge conduit. 24. The apparatus according to
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. An apparatus eijmlr ! thsélfargsqu RS polymer from a continuously operated
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polymerization reactor, the apparatus comprising:

- a piston valve flange-mounted on the wall of said polymerization reactor or in
its close proximity, said piston valve having a piston element able to slide
inside the valve body;

- an actuator connected to said piston element, said actuator being able to
modulate the stroke of said piston element inside the valve body.

- avalve positioner associated with said actuator.

21.  The apparatus according to claim 20, wherein said piston valve further comprises a
sleeve inserted inside the valve body.

22.  The apparatus according to any of claims 20-21, wherein said piston valve further
comprises a discharge conduit forming an angle from 30° to 90° with the valve
axis.

23.  The apparatus according to any of claims 20-22, wherein said piston valve further
comprises a specially shaped orifice, formed at the intersection between said sleeve
and said discharge conduit.

24,  The apparatus according to claim 23, wherein a first section of said specially
shaped orifice, the one nearer to the reactor wall, is V-shaped.

25.  The apparatus according to claims 23-24, wherein the remaining section of said

orifice has a substantially elliptic shape.
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