METHOD FOR OPERATI NG A GAS- PHASE REACTOR AT OR NEAR

MAXI MUM PRODUCTI ON RATES WWHI LE CONTROLLI NG POLYMER
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invention relate to operating a gas-phase reactor at

or near maxi mum production rates and to nonitoring and

controlling incipient stickiness of polyner particles

i n gas phase polynerization reactors, and controlling
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to replace the polymerized monomer. The recycled gas stream is heated
in the reactor by the heat of polymerization. This heat is removed in
another part of the cycle by a cooling system external to the reactor.
[0003] It is important to remove heat generated by the reaction in order
to maintain the temperature of the gaseous stream inside the reactor at a
temperature below the polymer melting point and/or catalyst deactivation
temperature. Further, heat removal is important to prevent excessive
stickiness of polymer particles that if left unchecked, may result in loss of
fluidization or agglomeration of the sticky particles which may lead to
formation of chunks or sheets of polymer that cannot be removed as
product. Further, such chunks or sheets may fall onto the distributor plate

causing impaired fluidization, and in many cases forcing a reactor



bed to a tenperature bel ow the fusion or sintering

tenperature of the polyner particles produced during
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sintering tenperature, enpirical evidence suggests

that such fusion or sintering |eads to aggl oneration

or stickiness, which in turn can, if left unchecked,
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poi nt can be cal cul ated knowi ng the gas conposition

afi@n sthe fluidized bed, the velocity of the gaseous stream must be
regulated. Also, in a steady state fluidized bed polymerization process
wherein the heat generated by the polymerization reaction is proportional
to the rate of polymer production, the heat generated is equal to the heat
absorbed by the gaseous stream and lost by other means, such that the
bed temperature remains constant.
[0005] For a time, it was thought that the temperature of the gaseous
stream external to the reactor, otherwise known as the recycle stream
temperature, could not be decreased below the dew point of the recycle
stream. The dew point of the recycle stream is that temperature at which

liguid condensate first begins to form in the gaseous recycle stream. The
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t hernodynam cal |y defined using an equation of state.

It was believed that condensed liquid in the recycle
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recycle streamlines, the heat exchanger, the area

bel ow the fluidized bed and especially the gas

distributor plate. As a consequence of operating at a
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recycle stream is known in the industry as a "condensed mode" operation
in a gas phase polymerization process.
[0007] The above-mentioned U.S. patents to Jenkins et al. suggest that
when a recycle stream temperature is lowered to a point below its dew
point in "condensed mode" operation, an increase in polymer production is
possible, as compared to production in a non-condensing mode because
of increased cooling capacity. Also, Jenkins, et al. found that a substantial
increase in space time yield, the amount of polymer production in a given
reactor volume, can be achieved by operating in "condensed mode" with

little or no change in product properties.



little or no change in product properties.[0008]
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non-reactive, condensable materials are collectively known as induced
condensing agents (ICAs). Increasing concentrations of 1CA in the reactor
causes corresponding increases in the dew point temperature of the
reactor gas, which promotes higher levels of condensing for higher (heat
transfer limited) production rates from the reactor. Suitable ICA materials
are selected based on their specific heat and boiling point properties. In
particular, the ICA compound is selected such that a relatively high portion
of the material is condensed at the cooling water temperatures available in

polymer production plants, which are typically 20-40 °C. Such ICA



pol ymer production plants, which are typically 20-40
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aBegfnaelrl psizlr’ucf)es suspended in the fluid bed, to become cohesive or
“sticky”, and in some cases caused the fluid bed to solidify in the form of a
large chunk. The stickiness problem is characterized by undesirable
changes in fluidization and mixing in the fiuid bed, which if left unchecked,
may develop into a reactor discontinuity event, such as sheeting in the
straight sided reaction section, sheeting in the dome of such a reactor or
chunking, any of which can lead to a reactor shut-down, which in large
scale reactors are expensive. These solid masses of polymer (the sheets
or chunks) eventually become dislodged from the walls and fall into the
reaction section and settle on the distributor plate, where they interfere

with fluidization, block the product discharge port, and usually force a
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reacti on section and settle on the distributor plate,

where they interfere with fluidization, block the
wonoerwstsisi scharge port, and usually force areacrmis2006/031703

shut -down for cleaning, any one of which can be terned

a "discontinuity event”, which in general is a

di sruption in the continuous operation of a

polynerization reactor. The terns "sheeting and/ or
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purport to solve the problem of detection of large
rjmy/fﬁ!éf aggl onerates in the reactor, such as chunks or

BB I pindE RS Fi e o o poq g sy
‘Aggbtnerahemt[betectld'mebyPAQolalittm Frerissiopt BAAIARicgtion note:
2002/111 © 2000; and “Acoustic Emission Technology - a New Sensing
Technique for Optimising Polyolefin Production” © 2000), suggest process
control in fluidized bed production of polyolefins utilizing acoustic emission
sensors located at various positions on the reactor and recycle piping.
These publications purport to solve the problem of detection of large
polymer agglomerates in the reactor, such as chunks or sheets, rather
than the detection of stickiness of the resin particles, as provided by
embodiments of the present invention. The PAA documents provide only
one specific example, showing the detection of a chunk of approximately
1.5 meters in diameter within a commercial fluid bed reactor. There is no

mention of the detection of polymer stickiness or cohesiveness. In effect,



one specific exanple, showi ng the detection of a chunk

of approximately 1.5 neters in dianeter within a
woanmastiial fluid bed reactor. There is no nenPComsefo6/031703

the detection of polymer stickiness or cohesiveness.

In effect,the PAA docunents describe the detection of

aggl onerates after they have been forned in the

reactor, rather than the detection of resin stickiness

that, if left unchecked, could lead to the formation
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methods of non-linear dynamics herein referred to as chaos theory and

compared to data from a control reactor running without sheeting. The
onset of sheeting is indicated by an increase in mean “cycle time” (relative
to the control reactor), usually with a concurrent decrease in the “mean
deviation” of the time-series. Alternatively, the onset of sheeting is
indicated by a decrease in the mathematical “entropy” of the time-series

data, as compared to a similar reactor running without sheeting. (The

n 13 ” (1

terms “time-series”, “cycle time”, “mean deviation”, and “entropy” refer to
calculated parameters defined by chaos theory.) There is no disclosure of
the use of acoustic emission sensors to determine conditions of impending

stickiness in the reactor, nor is there a disclosure of the use of these



terms "tinme-series", "cycle tine", "mean deviation"

and "entropy" refer to cal cul ated paraneters defi ned
woypowwhamast heory.) There is no disclosure of tReTWS2006/031703

acoustic em ssion sensors to determ ne conditions of

i mpendi ng stickiness in the reactor, nor is there a

di scl osure of the use of thesesensors to provide

i nformation relevant to distributor plate fouling.
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cont r ol @f Sti ck| ness while using | CAs, djfferent

pdIMikeF ulbimsie cpeling FPaFtYdoy maximues progysiion tates
t t
i O o o Pl 56 1B SaAlekity X Rof 0 sfeifiedt Wi using
| G8As differentpalyoey predurts Sanpwidely ishihed ahllltyrto tolerate such
t it
tﬁ%”enﬁénef% I STrehaving e telatfvelf sl dpRrartis dgrpressed in

prgxtist ioPesdims esf thEnden i thbafesetelli kiPNso |9§|§ while other
substantially | ower. Polyners which possess a nore

urﬁqlwmﬁf% orayriolsatecasiitiisl as Srpsia.sand buthiese latter Rolymers, the

L et et teh PRt Felsec A7l Sroir” EpHifiely ore

pOéwMtﬂlaﬁtyeoWegd@dymeww\WCWonQéw& oy Uhlf@’m? lRomonomer
mor e uni f or m comonomer conpos tion. However, sone

p&qmp@ww flisdrutian, ane kot %‘F%‘(ﬁj@é‘éﬁ'}%l@'ﬁé@@q tedbR partial
5@ | dFAHL RSN hathon éé&%r DEEGRBeRL! ngéﬁisproduced

T rmting CA Concent T ation depends on seve
famlwmers raradali goaxh exantphes qjopqumer:% wpith sacH anolotsl ainiform
react or tenrgerat ur.e a:]_fl conon

d
C CSRBAROET B PRSIERa FOWRYar 715Prae Rt Syen these metallocene

t eppRauBdr Bolyhiefs | Rackth adqqln‘ﬁﬁﬁgnmrcbl%@{t%téw that induces
affecting on the onset of stickiness, determning the

pos‘cwklrmssmTI@eu Ilmltlrmul% eangiendyation @@@@ndam peveral factors in

coRElT B, UF "Bl e AL TIOEECTSBbSR Rebiffratyre anc

ofccﬂﬁchbmeacwyes arsd coomientratiddi ng H‘umteherwttn the effect of
difficulty and uncertainty of experinment ation if one

Wi f@ﬁggerQWmﬂ IGe IRvR! and qompnarey levels all affecting on the onset of
stickiness, determining the point at which sticking begins to occur has

been heretofore been difficult.

[0018] Even within the constraints of conventional, safe operation,
control of such reactors is complex adding further to the difficulty and
uncertainty of exberimentation if one wishes to find new and improved
operating conditions that might result in higher production rates.

[0019] Large scale gas phase plants are expensive and highly
productive. Risks associated with experimentation in such plants are high
because downtime is costly. Therefore it is difficult to explore design and

operating boundaries experimentally in view of the costs and risks.



operating conditions that mght result in higher

production rates. [0019] Large scal e gas phase plants
wane)7@spnsi ve and hi ghly productive. R sks aspoTiuatmd/031703

with experinentation in such plants are high because

downtinme is costly. Therefore it is difficult to

expl ore design and operati ng boundaries experinentally

in view of the costs and risks.[0020] It would be

desirable to provide a nethod of determning a stable

op@P2li ng Itc wraild jash d%rralglsstq Ipsipidiee@ method of determining a

DO%%BFE %gﬁg C{)ﬁ?lﬂgﬁ 'f?\J 41‘%3 hli':fem grpaeg S@K@ggﬁgﬁ&e%gemally if

t hep@hatmg m namd@medf mdds; tltroafabmtam? optifrine dagighi dmllse b?srnt and
n a given plan

Gele e FtoBUsh Pl SeBiAkle aracsaseanclicnaos Splmiat e maximun
rreg,k@)@ﬁbﬁm fdte§ \Férfablaﬂ §eQ$ﬁse reactors to detect

t he onset of stl cki ness t S a better indicator, or
anfoe2d]| i edt Wndldcalsorbeaﬂesllwolerted‘(avefasmemhamsmsntdmmnercial
of no ring. the £l ui.di zed

the copventjional technj

, §§S'§Eﬂ§?tr§a?§’§s 0‘835? eg:gcefhﬁno'ﬂfse OB HICKiNGSS Jthapipep better
ne“hhwéﬁor abrd e RariRpericitsr P Rt @n@bf‘%f"‘@ﬁékmess than the
excessi ve sticking is occurring and enabling those

opednesitisnal teelkideer pbonpoitoring i tbe, fluidized kedlsi dgnsitie (as

re a t t

ARGl Uon8AaNS BT EAPELARUER perators 1o
su@stlaemh*nealwr)eﬂ e@&esswb stﬁtﬂhﬁﬁ\% [02Q@RingAramdg emabling those
conte ate enbodi nents are process for operating

gaQPYALYE tp QE? SOTRCUR aﬁﬁam WHBl‘F rlﬁﬁﬁpb\goftﬂ‘@c'ﬁaé‘mrﬁ a?tté%f near
UNER! oS@A Qﬁ'ﬂ '&?Qﬁ rét% ‘é%ﬂhﬁ%ﬂgq‘hy r(b(??@u%tﬁinnl%tes with

f eedi ng nDno and eaé one
ga@hﬂhmimllyém 0$K to rrake pol ymer particles; feeding

at b ]jpe i nduced condensi ng agent (1 CA) to the
g—mé‘g—reactor measuri ng and processing acoustic
enms&]onsmoﬁ@eomoldomm?mtéd cémbolitdrits ams-®hpfRess for
reactor; and controlling the reactor at or near

na@(ﬁ’@fﬁﬁﬁ‘%ﬁcﬁﬁﬁclt)h@ﬁe iegctorfasior aiegi wmaxipumypigductign raies, under

TSR0l P08 ST SN NEN Fopbhil apa =

of leastsbradyatalyst éo tieaaiasrpiraged rexotor, ttbanaaaqocgymen particles;
et{g)égﬁgoﬁp ){qu%r y thq({;{qeangondee%s%r%gvggeﬁ% zE‘IrC])A) to the gas-phase
reactor measuring and processing acoustic emissions of the polymer
particles in the gas-phase reactor; and controlling the reactor at or near
maximum production rate for a given polymer, by the measuring of the
acoustic emissions, such that when the acoustic emissions deviate from
acoustic emissions of a steady state reactor producing the same given
polymer, by more than one (negative) standard deviation, the controlling
comprises a corrective action comprising: adjusting one of ICA level,
comonomer level, reactor temperature or combinations thereof; wherein
the processing of the signal comprises arithmetic averaging using acoustic
emissions signal sampled from a time window in the range of 0.01-1000
seconds, where the sampling frequency ranges from 0.01-1000 samples
per second.



conprises a corrective action conprising: adjusting

one of I CA |evel, conononer |evel, reactor tenperature
wonrowestiinat i ons thereof; wherein the processi RgTAK2006031703

signal conprises arithnmetic averagi ng using acoustic

em ssions signal sanpled froma tine windowin the

range of 0.01-1000 seconds, where the sanpling

frequency ranges from 0. 01- 1000 sanpl es per

second. [ 0023] Al so contenplated is a process of

produci ng an et hyl ene copolyner in a gas phase reactor

atjoe28) neaAlsmawom&mplétywq&I anpfedess ©Prprodacipghdnethylene

copol conprising: maintalning a signal or signals

ofCOpR naﬁr i @2 pbase rRAckeR %tsqrdmarsre%mtgn Pérbclighgates for

Sdhbefyeae BBGihRE, BmbianboReRamiida Sihd 37 & of one
siggmabde atoudiie emigsions rwneom:bnatedcomem odindrisalssatéion ©of the
fromithe 3‘1 nal of_the acousti.c e?c?‘i? n senaors at

strEaEPr P Abe ranaRiPt FRLOMINER TPEe Ob PENGRH PYREPTS Of the
p%r?é]?'oﬂl%‘ oh® S ABREBESS1R I orfiRYIdR Ao | dth11RE SigHal of

ner partlc €s I n a gas p ase
pdh9 deougtin emissiaasensors ab madyush@;efmditlm@sen tiye egastor.

S RfiRRaRy et Bl & Hbarss Jorarenitdlind; Sttiits of
d@’h@r OpadidldsOnh C adqfds\ustiatfe, #lidabedOBeNMedization reactor,
ed al unoxane, to the reactor feeding an i nduced

ccmwsslm@f%@ﬂem sthytene aad ereormen@mer salestast frag one or more
ac&u?tb'uferfén ‘Ffﬁb%‘né lgnal f?—;rnes'%}Plasn{gtaﬁ&%naaéét?ﬁ)s?sone or

usi n Shee S oL e S P02 nsor "oh
exhera of anfioibeactieator,cain avimema@ne vha modified sluraorane, to the

acoustl c e sion sensor is located on a iqr
C)fle?ﬁ rg'%c?rﬂ odyred heondensing  aggnt Q@m I &%&ﬂdor
eéé%rﬁg %cgﬁsﬂ’c?%%@é ﬁ“s?@ﬁéleéls sﬁh‘é oft th€3sdrféles using at

d| stributor plate bel Ow t he rst 0.25 reactor
di leastt ene abelistic emcs,siornslemsmlortma ederipuat theoreastort wherein

erein_the signals conpri p f
t 158 B iert R abalf?) Biidof “Hisol phlelif Yl exterior
aC@}lﬁﬁHhéaIGéB&léh QifstheireBstor sain® | paintf be?tWe@ntthﬁEﬁrm 0d8weactor
inthe ran of 0.01-1000 seconds, ere the sa

f réigmeiery Feavges rqacken distobLitaypiateaapd @@l%th%&@gﬁ@5 reactor
- ec(&jg gyt Bé\gwogecryﬁﬁdrlic%?‘cnﬁ\é‘ék ur&?gﬂﬁglﬁeo fe%\é%j,e wherein the

B PeRparat ure orconbl hatl ons
Si ggaélsd@mMQ padcdssigf of khee sigstahudarg adeanithirieticsaveraging
negatively from an
using the’acoustic emissions signal sampled from a time window in the
range of 0.01-1000 seconds, where the sampling frequency ranges from
0.01-1000 samples per second; and adjusting one of ICA level,
comonomer level, reactor temperature or combinations thereof, when the
signal deviates at least three standard deviations negatively from an
acoustic signal or signals of the process at steady state conditions when

producing the same reactor polymer.
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acoustic signal or signals of the process at steady

state conditions when produci ng the sane reactor
weoabormarsiPescri ption of the Draw ngs [0024] Fi garas1006/031703

shows a schematic of a typical gas-phase reactor with

various probes located in different sections of the

reactor and recycle line. [0025] Figure 2 shows

acoustic em ssion readi ngs during experinental runs,

with a fluidized bed density (FBD) overlay. [0026]

FDpsiceipionhofitheaDeawinigs eni ssi on readi ngs duri ng

Fiar s Saues T Sou » SoBarel o 3 Birihel gasdiiAssy Sacr with
g’g%@bRillé;EFBb@s bR iMidifferant SeBRBha o tife FedidRor and recycle line.

I ON [0028] We have surprisingly discovered |
t [eeR5hy nibigiiten i shpwshaceustigmissioni regdings during experimental

| N i OF d th t of
F e ot Ay ieebsq fendBL FERN HEEYand  her of or e
PigigsNt tRigurs BRI asanticadridsitnt fRadifseintgy experimental

stickiness nmuch nore effectively and earlier than with
ot ies, Wikh@ demperaiireseY®Ia¥s or ot her net hods di scl osed

MSEHT,  EU REUTMS BOSSRSEALER, ARG Bgaiena
emos|ivitna $empetadtuse famv@nti on rel ate to nonitoring
stickiness in gas phase polynerization reactors

utilizing any catal yst type, such as netall ocene
cHEsERIPTONNer al unoxane and/ or non-coordinating

armrom actrvated; so-called "conventional" _
Z¢0azBEr - Ndfe havasutprisingly discoveredi that bytaonitaring the acoustic

"Phi|lips" | b i ' i
0k 6h8 i o BhEBlon doCBP e bR ARASEL bl st ofremcto
r QRMfrREr phiticld SRskinedsO4RPInavbiore ipidaritahé Ipyoblbshs associated

monitoring the acoustic em ssions of a reactor through -
orvéttoexeassivesstivlinass rauel 51050 ofiestively ,and@af{'%rr@aeé'wﬂbethef
" b0t o, ot YR mp e Windbot Rkl W periting
Cpepating théosaictdroat ey peantmantiewuen sprodkcticrs satesy for each
begi n, than Plas begn previ Oufil % possi bl e, %u% t,0 the.t .

alalYgr-t o YPRHoPRPOUS t% Pled BotMVEHEN {$2 orP e Aiytoring
rs@icﬁﬂ%%ﬁg'aggﬂ?%l% PAIElPSGH reridrs \fllizig &85 Eatalyst type,

a
denonstrate €sS’ i ntense acoustic enission o
such as metallocene catalysts either alumoxane and/or non-coordinating

anion activated; so-called ‘“conventional” Zeigler-Natta catalysts; or
chromium catalysts (“Phillips” catalysts); by monitoring acoustic emissions
in the fluid bed to determine the onset of reactor stickineés.

[0029] = More importantly, by monitoring the acoustic emissions of a
reactor through one or more acoustic emission sensors, reactors can be
made to be more efficient (higher production rates) by running the reactors
with higher levels of the ICA component closer to the point where
stickiness may begin, than has been previously possible, due to the ability
to pinpoint when a reactor (and its contents) are approaching the limiting
of point stickiness, demonstrated by a less intense acoustic emission

signature from the reactor contents.
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signature fromthe reactor contents.[0030] As

explained in nore detail below the cooling capacity
wofhod7la7aiecycl e gas can be increased further waCraSaie6a31703

gi ven reaction tenperature and a given tenperature of

the cooling heat transfer nmedium One option described

is to add non-pol ynerizing, non-reactive materials to

the reactor, which are condensable at the tenperatures

encountered in the process heat exchanger. Such

ngoo3okact As exptaineid ris ahbre detedrbeldw, thee cooling: capaeityy of the

known as i nducged. cond ' t | CAs). |

COHEGH Bat PaRODoTRERetuter HElk 36 (U ieacton Biptature
CAIndes BN REnpetaflRa Tl Thé oblify Aewt Rahsier eEmEMAIOHE option
of the reactor gas, which pronptes higher |evels of

colegerisethgist & Alghaen-prbumenzings Nen-PRflitedyaterials to the

pr i 0op. ka { ' :

P BAEL) QRghh 2 chAahaeite Bt B L Bk hisred i ne
arpﬁo&éésldhe@t Qﬁ(}:h‘ar}g@gorﬁmh ﬁ?n-rbacﬂn&alr, tdqndlersa?]lbhﬁatéﬁhls are
conpound is sel ected such tha ) t [ ,
psRlpgivedt wrhﬁsemdé{cegs ceaéﬁrgsnéioaa%én\{%e cés | i fgreasing
e FER T SHCHRITINBIEAPOR s s B o R flckedbes in the
madeav pains témpéradereheixtheaeacko lyasawbjchpeionotes higher levels of
i sopent , . but. d jisob . '

{ HEBBeRBRgo M AICARE Pl B8RS Eor B CAyEHes IS fiem the
s§Bastot hady P fDAGhhRMNalsSaldsbleedlyagditl 8AttheiR spacifibeheat
gas conposition to produce condensation. This action

t yapiccaoilipg qeinti propediest elfppadicules, he e CORPINgsis fedected

f t d i, t i ;
orsBCPBeL SBPRLAGE' enBn; 5 Fuftfal 1 Solfenidl at e
ff&ﬂﬂmﬁg v@él?ﬁﬁémpem’c&mttla\ﬁﬂgbw trhpollymeurprﬁdgctiﬂhn phantsyrwhich
o e condensi ng _a . t t .
CRIRGBIEE 20rd0nG o ICAT BASTIAIS {AB U BN ARkt gisohexane,

a arﬁ@,yéérbz)feﬁej%, bIGHL] aﬁﬁ Ise8dtdMe. i As a?@ﬁ ?ér@%,a‘[hese

reactor, y a gas-phase reactor,
mecompoonitsodard | inducatle caidansing apentsaxinmuther asense  that

suggest ed _by.the manuf acture for iven react.or.
Onensgtal i dued byt ap diign,pry e gdS kel iBtRY tg produce
negyndeh8atitrti MFRIPERHYE LiypRRallRicdnsRterst temsdratati 6g partial
the reactor within a range of  35% above or below the

a pressunenofrthecandegeingeauany. ifeusesh hetrinuthe pastiabpressure is

gL%%E\e:gfg%ﬂ]%gwqﬁhgé%blg%#@%{'{)L BbSbite’ YeEuY armtP e molar
concentration of the condensing agent. However any method that
changes the thermodynamic state of the condensing agent may be used.
[0031] As used herein, operating a reactor, preferably a gas-phase
reactor, at the maximum production rate refers to the maximum rate
suggested by the manufacture for a given reactor. Operating a reactor,
preferably a gas-phase reactor, near the maximum production rate refers
to operating the reactor within a range of 35%, above or below the a
maximum rate suggested by the manufacture for a given reactor,
alternatively, within a range of 33%, above or below the a maximum rate
suggested by the manufacture for a given reactor, alternatively, within a

range of 30%, above or below the a maximum rate suggested by the
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suggested by the manufacture for a given reactor,

alternatively, within a range of 30% above or bel ow
woher7a37sEXi num rat e suggested by themanuf act ur eCT@S2@6/031703

given reactor, alternatively, within a range of 27%

above or below the a maxi numrate suggested by the

manuf acture for a given reactor, alternatively, within

a range of 25% above or below the a maxi numrate

suggested by the manufacture for a given reactor,

ahapufagturecloy, a \given neactosnghewrtively, ki & dange| 27 %,

: .
Ak FEHRBY e FaftEERT ) Nodsied'BY 8 it fablle For 2
ah0ei® resctBe | Arhiteely, himaTTdregee ob 2GYe ilrrlebyr belew the a

manuf acture for a given reactor, alternativel Wi t hi
anaxEN ofateo FHIEBBIPE bY e oA ign iPhn i Plyel reactor,

Z@%ﬁ%@\%‘i{vgﬁtlﬁlﬂ% W 8ELHUE ddlvelordb Bl theas hehximaRt rate

a range of 5% above or bel ow
t Sy gestank byLtver mbrufacygesioed diyenireactanuplietnatively owithin a

gi tor. Sh ' / [
daneRi FBIVoarbPEner (tTpEabeon BRNBRTT SagRIS, Dy, e
bR RGeS I 8 @i(/eh e@sktdrvaitdisdtivest, WighiAsaofange of 10%,

sheeting that ocCur in gas phase reactors. The two
f abore Epbetoypés aohaxinsenirate avegerise hyblbg maniacture for a

sheets or, done L [

roianaertior e Sa Bt e G AdBrge 8% o Bdipw the a
VRl (9ieaes aliggested biyahé neamifactas fovfa gilen resator. on
section. Done sheets are formed nuch higher in the

reactor, on the conical section or on the

hWe' el LCIE iRy the top of the reactor (Figure

1?——?@5@%—% _ ng occurs with Ziegler-Natta

;:Etoat]yst sStidkinegsneaml legd docreastom sheetingwes rchiuking @r doth.
e reactor and . s referred to.a | | eef |

ZilBgTe AraEt t'%ag dwal @%‘e@taf?@ﬁ%é“ﬁéi‘ﬁvéﬁw “ﬁ%r ﬁ#‘lr%@qﬁo‘%?é’ phase

S Srs. Puitnd Rfo FBRHE T @RAGpES) bRisheeliid mraededdribednas wall

catal ysts, sheeting can occur in either location o

bshbeisooatdama ; sheeds, depemnding wwh@n@eél%%@r%nf@"a@igrein the

sheet.in . ' "Phi | lins" / :
SISELbE AN S5 s TRARUAT Ml VB LR b aphecions
beennheardacfish aldctioh! 0 Ddhks eecty e rfetraéd auede higher in the

catal yst systens. Typical netall . d
geeiestar on theseanioal sestion ok OB P MBS CRL SR PRfiadoP of

CaRAPL&18f (e 39

[0033] When sheeting occurs with Ziegler-Natta catalysts, it generally

occurs in the lower section of the reactor and is referred to as wall
sheeting. Ziegler-Natta catalysts are capable of forming dome sheets, but
the occurrence is rare. With metallocene catalysts, sheeting can occur in
either location or both locations; that is, both wall sheeting and dome
sheeting can occur. Chromium or “Phillips” catalysts are also prone to
dome sheeting. Dome sheeting has been particularly troublesome with
metallocene catalyst systems. Typical metallocene compounds are
generally described as containing one or more ligands capable of bonding
to the transition metal atom, usually, cyclopentadienyl derived ligands or

moieties, in combination with a transition metal selected from Group 4, 5
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to the transition netal atom usually,
cycl opent adi enyl derived |igands or noieties, in
woaodridzgison with a transition netal sel ected PCDMS2006/031703
Group 4, 5or 6 or fromthe | anthani de and actini de
series of the Periodic Table of Elenents. [0034]
React or chunki ng occurs when one or nore sections of
the reactor |ose effective fluidization or mxing.
o e e h
¢ e 820, B4 B2 ehefaphltond i fychles Bind PRRKSIG TR0 of
r Elspverits and contlnued reaction in these sections,

over heating of the polyner can result. The overheati
c@ﬂWaus@%ﬁfé@bﬁEPﬁ 'T‘Bno‘iﬁurﬁé‘l"’??ﬁ‘lgor@r Oédﬁpb‘?mﬁeé] cgf the
oﬁf}J Iégg loffeRliFe 'fl@id1 Wq t Wltl'fbt}t hRichRa@kiiaAg, the
masses, pol ymer. In some cases
(Eaiehofaéweta’naterﬂe\aairfrbefd tbgs@e@féidnﬁs is rdimdishab2, With the
fLui.di at| e t L he ou

csiRIsBR, el demiL Lfnd nfomius® rpadidlhHk thedd Sections,

Capdrheating 65 e tp t ¥r addn obstilhe Meacoereefingntsn cause
[ 0035] Polyner stickiness is thus a root cause of 'the

t Agalemeyptien or nrltine of iagglameratientaf thepalyrpesmateral, which
{ ‘i{it's.qﬁstﬁe%}'m (P Shli®eh sa%r'c%hﬁ %?S)qume. in some
I ndi vi dua po ymer

THess” or conesi veness o ot e
paases(ch &8 dmatf despnibed oy @e@é&lllsnmsbSc&,Bﬁés?sﬂfQ() dlugization

ﬁ%ﬁgﬁgﬁmﬁe@ihg”%@%@éa bk padh reafip g a targe

f ticl
(B o ey B e Rt (1

cmonﬁgnt s Fdlymier cdtickiness ds eihusuammhooamea@f ghe three types of

PRGBS, AR A o o

W&Qaéé&?“té@klﬁééé/’edm/cd}%’sl\féﬁé%%l c)thé dhdiviiues p@lylnﬁ?atv pdticles.
formati on of bubbl es when the fluid |2|ng gas velocity
a

eﬁd@'ﬁfl@ﬁthemrfﬁﬁsmmﬁl%ﬁl(ﬂﬁ"’tﬂsﬁg Gassec | fupdameatal &UBBQ@% in

POl b Tt 98, frkEb trhBel s obrib el s
t e the well kaslvn ASsldanidassifivation ofesarticies (ﬁ’@wdeml'léechnology,
stickiness, or cohesjveness, a transitjon

o) 88651208, 6@536“1%%?"@ SOBBhIS ShnBBH ARdISIet! (egMpTaed by

{ 0 t
ESEIR) P SRyipiebd Bod peRARc Ao RedtoldDRiomally oBefate as
r Gdfléartt Gaoupjl Bt par(tlcleb lhaoilsesnt whichprtbepradativsily dson-cohesive

p)élrt?c?es allO\tNhﬁ‘l ‘R rlll%%ltl\c/)ﬁ "SFoubhies %ﬁéne%é”ﬂhmizing gas velocity

exceeds the minimum fluidizing velocity. These bubbles promote material
mixing within the fluid bed and the dissipation of heat from the reacting
particles within the fluid bed. A significant increase in particle stickiness,
or cohesiveness, causes a transition to a Geldart Group C particle bed. In
contrast to Group B particle beds, Group C beds tend to be cohesive, are
difficult to fluidize, and tend to form flow channels rather than distinct
bubbles that promote solids mixing. If the cohesiveness associated with
Geldart Group C particles becomes pronounced, fluidization can be lost
entirely, with the gas flow passing through the bed as an essentially solids-
free flow channel. It is this limiting case of pronounced stickiness that can
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Geldart Group C particles becones pronounced,

fluidization can be lost entirely, with the gas fl ow
weaswEiagis hr ough the bed as an essentially sol PAsfusem®e6/031703

flow channel. It is this limting case of pronounced

stickiness that cancause the discontinuity events

di scussed above. In general, our enbodi nents provide

for determ nation of particle stickiness above Gel dart

Goup C, in Celdart Goup B. [0036] In this context,

t lbaupei e oﬁlslcbntlmmlt}g event&i dexsissad daboved las gemeral our

de ree,of nmey, sti cki ess ﬁr co

eigeal Aue” G dtsannglion cAl oATEE. SiskineRss gbove
'@&Héﬁ@bu?@f|h@eqaén@roeP®mte any of the

di scontinuity events of sheeting, done sheeting
ammr r ebacthis contexki thg. painbetlimiingsstigkingss isrdefinedoas the

C RO B PORNRr RicRESES: bF eBeERenFie  El RBRSEF diruptions
dlfl%lfd?iﬁtldw«dn)d £yesuliaint [6¥3rM]miking) gasfidirse promote any of the
ol ynmeri zations operating in condensed node,

SieoniDeRY eYaniRi Abavall SNeRtgar rdame nepeaiiion Ancderc rRCtor
Cgc'ﬁglﬁf(iﬂp rﬁﬂﬁﬂlﬁl’énwg;%@?'lﬁ‘\%rﬁfb‘ﬁ ﬁfo@'ﬁ%‘%en%f Pb”éﬁ“&@l‘éctmg

ndensrng |qU|ds an increasing levels o
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&F?h?r FBr g;'&@ Masde berﬂEi‘anﬁSﬁé‘ OpREAFRA Y cbﬁdensed mode,

|nta|n the parame ers of the process with
cmﬁ@antvﬁloymsss@swas|frmnrlan@@§mgor@aaioﬁt@nnaratur@gnd/or

| d d k
e 14 A5 EOndut P68 AR Brepeio
d gé@s1 8100 FohibhdPhers taing kafv@sish P& corhbinatiens QI%r@ercamf result in
such processes to push the process/reactor to nor

eflfighereptodsictviti t troat pé@ieaéén%lmwmﬂprem@pnrqt%tfo%a given
Steda %?Fg{s ﬁtﬁ@%}? reMdebr. 99 tﬁ@%@% ‘?t;]ﬁé’s Begn rrfe%ékéal‘y%%amtam

nuity "event react
dithese parametere oéthes pmoess wgthiiry cpmmdmtt\neb,nconservatlve ranges

crip ol coBtons IiataraTamd e ditiundsh Waasduar prpduct and

P&RHET fe3ufting %l%(&f‘de‘n@és rﬁ@%VéPrbtﬁr miekhdd Atdesrmaihation of
t he excessive sticki ness throug actions on the part
&

ofsta:kmeaet cnermltepethat ®peratvhe ok sYeh opEoGasseaddo push the
SRR o R s Ry PRAFRS AGL ok e
a stickiness event will go undetected and result in a reactor discontinuity
event. Such reactor discontinuity events are costly production
interruptions. The determination, by acoustic emission, of the state of
stickiness in the reactor, permits the prevention, reduction or elimination of
the excessive stickiness through actions on the part of a reactor's
operators. These actions include reducing the ICA and/or comonomer
concentration in the reactor gas phase, and/or reducing reactor
temperature, or combinations thereof. The use of conventional differential
pressure measurements (DP) (used to measure fluidized bulk density)
provides warning of impending stickiness much later, as compared to the

presently described acoustic emission sensor measurements. The
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tenperature, or conbinations thereof. The use of

conventional differential pressure neasurenents (DP)
wouswEd3tsasneasure flui di zed bul k density) provPdeaS2006/031703

war ni ng of inpending stickiness nmuch |ater, as

conpared to the presently described acoustic em ssion

sensor neasurenents. Theacoustic em ssions of the

particles can be measured and the stickiness

c cataustit exmissiong ofhthenparticledi sau beetheasumd andithehstickiness

turn wl | pr.evggt, reduce or elimnate reactor

B3]

st§tialed sUsing BRI fScyRsed hereiBki M furppwill prevent,

f 1 idlgticE @ NP8 reaétbt Sciitsdt hrough the use of one or
nore acoustic em ssions sensors. The acoustic em ssi on

sefei]ls nbleteetiqnoof t stiskingsenint tee dluid rerd cady gee tdasried out

of actor..The one or nore acousiic em ssi .
Ot RCLEE of S Mo alBlsTc RS SEfisi, the,pcoustic
segisgion sefbbize map bef pbbiioAedt o kHE OfyliPUAES! bertidie of the
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c oieaetar. §be oNerénorerRCQUSEHE EHSSIBR SERsersdRay beddageton any
fi 403, - 0,25 ctik.adi

Lot of the:pyindrical bethion trdmthe opoof fRCURiIATBIE o the
f i juattiéh QfF, tHe Verti®l/t@indical avalD vath tiesictamicali seetioer ®f the

bel ow the cylindrical -conical junction. [0039]
peteCiro s dhak ickidess 18 8redceii |- 4n Qi by ko br (S25 nipactor
a YidMEtES A alstiiad F&‘%e,féﬁd}’bpwatoéxdiﬁaé?s the first 0.05,

acoustic em ssion sensors |located on the straig

seldi dh16f Q2eor &a2h oeactad diametenso below fthei dylleldicalfeenical
ru.nnip aver age readi ngs are cal cul ated using the well

k oW “ﬂ%t hod of "noving tinme w ndow' averaging. The
avehge | Delettidicdf ackinssssidracebniplished %Ydh@hitémfgjamﬁning
inthe time window divided by n. ng._ =1 A. - n
whyerageof repdingg frasnoNeaPUBIOR acrRESHGQARIsROASensgs located
an o e adi Cndi i d
saﬁ%l)fgép%t?én]?gplg%&tlﬂg%; o%%ufggagﬁrb\%d}g& B@e or Q@idybed' The
cotungirige dvartagegealdingsspecealctlater usingrihialveelivkhdwwn méihod of
wi pdow. &.0040 uitable ti meTvvl ndows f.or %.he ti ng

wi RRBUNGVEIR MNP Veiagingt of NrnaveIagedn defingd ag. the An of n
sefmaRAtual Psading® iP MR HRE WAGow AiiHEd b incant

> x,

i
X= i=]
n

where X is the current value of the running average and X: is an
individual reading. The n individual sample points in the formula above
are preferably collected at equally spaced time intervals within the window.
[0040] Suitable time windows for the time window averaging are 0.01 to
1000 seconds, or 0.1-750 seconds, or 1 to 500 seconds. A significant
increase in resin stickiness is indicated by a significant decrease in the
running average signal from one or more acoustic emission sensors
located on the reactor straight section, adjacent to the fluid bed. A
significant decrease in the running average of an acoustic emission

reading is defined herein as a decrease of one or more standard
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increase in resin stickiness is indicated by a

significant decrease in the running average signal
woénremoaTersor nore acoustic em ssion sensors | oearas2m6/031703

the reactor straight section, adjacent to the fluid

bed. A significant decrease in the running average of

an acoustic em ssion reading is defined herein as a

decrease of one or nore standarddevi ati ons of that

signal. The standard deviation is conputed by the

f deviationg ofethat ksignail. f diheubtanda(K-déviation {n compulgrbry the

s.is the standard deviation, X is an individual

réqg%"ﬁﬁgéﬁ‘fel OMILIEMUEA  evi ssi on senor within the

wi ndow, n is the total nunmbger of observations, and X

is the running average of tMe(%aedlstic enission

signal, described aboveg?Thel nunher of sanple points

used in the cal cul ation of st(ardard deviation is equal

to the nunber of sanple points involved in the

cal cul ation of the running average. If, for exanple,

tg\ﬂwéré”? d@" fl"\%ogtefrﬁfar&%i'éﬁdﬂ bheis! HANINARIAUERT RSRIiNGS of an

60 seconds, and the sanpling frequency is 10 points

pacossiio ramissioan sendrs withiralthe owd@iow, | n isdthe itota] number of

sanple points Xi used in the cal cul ation of the . .

stobsgnationsyi and ok imn®LUDRiBIsAYRIage 9hihe. agausfiG gmission

t I o he i v L. Bai

Sal SHSEIED ok IS TR LBther B Sefpb Bopts'Esai the

Suwalaiktorsefrptandgrd deviatios iie eqtial ta the aewbet iof sample points

' . f in th | cul at f .
RS i B o frsdnai e etedend FeBng the tme
ak@AKBoWBYorP @ohipREhg - tHe rAnAPG0 asariYeess PBT Seemad, and the
0.1- 750 seconds, or from1 to 500 sanples per second.

Treanpingl frequdray isf 16 aepitepen sesondydeni i is ipgual to 600 In
CEL Rl S9S SORL o sl R e ot Rt on
1952988, 4490 5o e Al i vergs
di (seutheszhnad samplalwindnwsears usedhiorbath salaulationsbds of
ma[&i)nﬁi“ at lsﬁﬁaﬁlgesampling frequencies for the acoustic emission sensors
for use in the calculations of running averages and standard deviations
described above may be from 0.01 to 1000 samples per second, or 0.1-
750 seconds, or from 1 to 500 samples per second. The total number of
samples n involved in the calculations (equal to the product of the window
width and the sampling frequency) should be from 10 to 100,000 or from
50 to 10,000.

[0042] Note that the calculation of averages and standard deviations
discussed above, do not employ non-linear methods of manipulating the
acoustic emission signal, such as “cycle-time”, and/or “mean deviation”, do
not employ mathematical chaos theory, are not “demodulated” to construct
a “time series”, nor is mathematical “entropy” used. In fact, the calculation
of averages and standard deviations of the acoustic emission signal(s)

from the one or more acoustic emission sensors, as applied herein,
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acoustic em ssion signal, such as "cycle-tine", and/or
"mean devi ation”, do not enploy mathenmatical chaos
wohewrog781ar e not "denodul ated” to construct a PCTMS2006/031703
series", nor is mathematical "entropy" used. In fact,
the cal cul ati on of averages and standard devi ati ons of
the acoustic em ssion signal (s) fromthe one or nore
acoustic em ssion sensors, as applied herein,represent
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pol ymer particles known t hat
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i ndi vi dual grades of polyne produced i n_gas-phase
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PRkl 68 l0Rp8e b ats Jpul BRRORSS dnd s

coloma}rrer (A notettl elsewhenpdraatin; avitmdndividuaf grades bf polymer
have diff erent sticki ness thre

| t hol
o pidlicbdin SheeplinRe teatigts LR congPneRh MRdS cositions, each

”Dét%cé{llgéct\’ts'cﬂﬁ&r&nﬁ&ﬁer‘éﬂﬁ@%ﬁaftlohg %H%Tl%lé%’te'oﬁf(&leﬁt levels
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or HALE e S IR PR e endHE RGN T i UE to the
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bel o th
Ievw?s of the different grades. To determine an expanded operating

window (to increase production rates) by use of acoustic emission
sensor(s), the operators of the process, for each given grade, first run the
process at steady state in a safe condition (as discussed below) with
optimum production conditions. At steady state, the acoustic emissions are
recorded. Then, to increase production rate, reactor conditions are
changed, such as increasing the catalyst feed rate and/or increasing ICA
concentration level and/or increasing reactor temperature. Then the
reactor operators monitor the acoustic emissions and when the acoustic

emissions drop to a negative deviation of 0.1, or 0.25, or 0.5, or 0.75, or 1,
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opti mum production conditions. At steady state, the

acoustic em ssions are recorded. Then, to increase
wonroerwstdidn rate, reactor conditions are changedT/usembk031703

as increasing the catalyst feed rate and/or increasing

| CA concentration |evel and/or increasing reactor

tenperature. Then the reactor operators nonitor the

acoustic em ssions and when the acoustic em ssions

drop to a negative deviation of 0.1 , or 0.25, or 0.5,
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(a noisier reactor) of acoustic em ssjons f
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sensors ma be "used, escri erein
détvantione Abelustfn em{sm sensarbenagaaismnbe ssechcasewsngbed

t duct i
P dpeeibodn deRERNep bDRB SHakeSs: Roliorersiphds o egeng even
A RS cSﬁs&Bl‘i’s hEE®liRErealt p'i'&!llﬁ:t@heiﬁa{l ha@é beehltaken.
guieting of the contents of the reactor as determ ned

byoodsk or Itnisr éhercdetermninabion sei snvietings @fsthe deadefoss or more

"SR, e obREGEED) e BAEbE 8 e

Atorlecisthofs acagstiesdrhission seisors plaiced rasimited) diereinathad define
at one or nore 03|t|ons in the vertical or

cym¢rﬁasmedevglé@@°sw<l@¢3&lﬁéhﬁéﬁwef general |y above
the distributor plate, generally in the fluidized bed
section (defined herein) of a reactor, typically a
gRcqustie Entissions S¥hsore he at | east one acoustic

e SSI on sensor (AES), we conte

ieagt B Sepuiorpinissiin SRBsY R e podlpdkal Spe of more

fohs! th QR \%rtu’%]rﬁr c?ﬁr?dﬁc@ﬂssééﬁohhéf the reactor enerally
rtical/cylindrical section of a reactor, ﬁ

dlallavemheailswbatcuf piate, b@amnatlmm thenfuidized d}eq ﬁ@ctlon (defined
Nk 5 c555h ol L 5a B eatet LR Chel Beiogstone
t yadouatit enmissieh ednsor (AES), we contemplate 1, 2, 3, 4, 5, 6, 7, 8, 9 10
or more of these acoustic emission sensors in one or more locations on
the vertical/cylindrical section of a reactor, above the distributor plate and
below the junction of the cylindrical section and the conical section of the
reactor. The one or more acoustic emission sensors are typically located-
or mounted externally to the reactor. However, in the discussion of the
“distributor plate” as a lower limit to the location of one or more acoustic
emissions sensors on the exterior of the reactor, it is understood that the
actual distributor plate is on the inside of the reactor, and that the use of

“above the distributor plate” means above that location as marked on the
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or nounted externally to the reactor. However, in the

di scussion of the "distributor plate" as a lower limt
woaod7ha7discat i on of one or nore acoustic em SSPOMAIS2006/031703

sensors on the exterior of the reactor, it is

understood that the actual distributor plate is on the

inside of the reactor, and that the use of "above the

di stributor plate" nmeans above that |ocation as marked

on theexterior of the reactor, and neasured relative
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m crophone that can detect and anplify high
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acoustic em ssion sensor typically utilizes
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f |piezd>ellmlﬂrllcs ecinisdacer tca daectt the) acobsticanoiset gentraded ddy the
i'S nornm measu the ultrasonic ragnge. [.0048],. .
Twapeﬁeoforreswop%ma@@ walls SHERUSIRS A Howing %%??'B]vv“ this
b%ﬁ@é"'tﬂ%mﬂ! 8e8-& %réfca %@Q&BJS THet &cdurgig “noise” is normally
re-a |ers produci ng an 1 ndustry standard gain of
4®nehsuredairstf(edlﬁi)rasmen’ang)e.d8 equates to a 1 mcrovolt

out ut fromthe sensor. The pre-a

‘ﬁﬁ]er ahpfi PI8d lsMPCa aggq[f?tgs %B'Sg O&naﬁe%§hg ﬂeernsarrow
V"'btahdﬂndtﬁnﬂléz@felébth@ s‘é&s@ﬁ’s with Sodall grtecaaplifieas Lﬁr@bh@ing an
signals in the range of to 10 volts. The signals

mfem@strar stawdaa:h@am jof é@ede@béﬁn@mhé‘”’@éﬁt%ﬂa‘ eaaa@ifckp a1
Bl Yol I TR bl 1 v

f ramtbmi@dyuﬁﬁgtd@eﬁe@sﬁrsngnaldmpllftws agth aFangehofsO to 48 dB.

reason, the signal is furt her c it one odu
arT higtsadugaso pirasusalle signalsein) raffg?e@ueﬁg?p{o vofts. The

%r?élé Wete 'r{éntokl\? bSHH ?llltefé% Qlfouhtiethe P R rRYBISEICCkHZ

sion signal, typtcal I'n the audi ble range’of O
tcus.’MQ JHD0-360 loidz bmadrp%qddtee filter was used for this

B0l BRI oS AR AR B e

HQMREF is Bf RitSidshCiHop thidelasbR, thewignikriswWeethet lkenditioned to

di'sclosure of the PAA docunents (di scussed herein) and
produce an output proportional to the lower frequency variations in the
envelope of the narrow-band acoustic emission signal, typically in the
audible range of 0 to 20 kHz. A root mean square filter was used for this
conditioning.
[0050] Acoustic emission sensors may be provided by Process
Analysis & Automation, Ltd. (PAA). However, a distinction must be drawn
between the disclosure of the PAA documents (discussed herein) and
embodiments of the present invention. The PAA documents suggest only
the detection a chunk of 1.5 meters, after the agglomerate has been
formed. By contrast, embodiments of the present invention detect
conditions of increasing stickiness that, if left unchecked or uncorrected,
can cause the formation of polymer chunks or sheets, prior to their

formation. Further, the PAA documents suggest that the detection of the

20



enbodi nents of the present invention. The PAA

docunents suggest only the detection a chunk of 1.5
worb@Ers7siaft er the aggl onmerate has been for nedPCBYS2006/031703

contrast, enbodi nents of the present invention detect

conditions of increasing stickiness that, if left

unchecked or uncorrected, can cause the formation of

pol ymer chunks or sheets, prior to their fornmation.

Furt her, the PAA docurent s suggest, that the det

ti .
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decrease in acoustic noise. Catalysts [0051] All
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ce i ed transition netal catalysts and netal |l ocene

or conbi nations thereof, are suitable for
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0052 h
Fﬁepubgﬁgda{#ﬁﬁedoé rSH'umHW?OMUrﬁ‘Stﬁ(ldé%‘raPYlﬁﬁps‘EYéétﬁWbts The

one "catal yst conmponent” ‘and
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cocatal yst. The cat st system nay al so include other
c@ﬁiﬁb)fﬁéﬁﬁ§efuél§bwed§v%'ﬁﬁ)§brts and is not linmited to

the catal yst conponent and/or activator alone or in
conmbi nation. The catal yst system may include any
n@GdrerabDefinitidyst corrponents in any conbi nation

descri bed, herein ) :

MR o5 sedpelih. b wiRed bl SR ”‘Cﬁi%s at least
hejnal Ratdl d‘d?ﬁ@&%ntt ahd|atsléastoasrﬁmwmil\1atmtl alt&fsawlw at least
conpound once approprlately

c aqmbd;cmabaly@’rat Thg gatfqu H:‘é/sbqgn yRaY ?‘%’9{ p&ﬁld&r 6ther components,
OI&H%B”% %J%&pﬂ?egégofseﬁb@mltﬁaetoC ﬁ{@lcéﬁlyé?coémﬁﬁaﬁent and/or

one G oup” 12 atom and
ORictioa®ralomd or dasdontiralieaviThg catalyst wsmm ey scdide any

EgTOng rﬁg E;@‘{@? %q&}netntc]sel ah?sc%mll)lﬁg’éf&{]%sg&é)é&bed herein,

as well as any activator in any combination as described herein.

[0053] As used herein, the phrase “catalyst compound” includes any
compound that, once appropriately activated, is capable of catalyzing the
polymerization or oligomerization of olefins, the catalyst compound
comprising at least one Group 3 to Group 12 atom, and optionally at least
one leaving group bound thereto.

[0054] As used herein, the phrase "leaving group" refers to one or more
chemical moieties bound to the metal center of the catalyst component
that can be abstracted from the catalyst component by an activator, thus
producing the species active towards olefin polymerization or

oligomerization. The activator is described further below.
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chem cal noieties bound to the netal center of the

catal yst conponent that can be abstracted fromthe
woab@lgstisconponent by an activator, thus prodecrug2the31703

speci es active towards ol efin polynerization or

ol i gonerization. The activator is described further

bel ow. [0055] As used herein, in reference to Periodic

Table "G oups” of Elenents, the "new' nunbering scheme

f the P d
St e S h RS PRI A e o
BhEs st "ﬂé\b” ﬁﬁm&%ﬁﬁgkché%%} tHs Péﬁ@dlchmme Groaps are

rocar I nc hatic, cyclic, olefini
acseﬁyéem thea@ERCaHeN‘aB(D@K Dﬁcﬁldﬁ\ﬂ@TF{Y AD P*'IYﬂﬁso@ﬁ“ﬂgrR- Lide

r adi o S drogen and car bon that are
é%@n% r%{] %)r en. A "hydrocarbyl ene" is
3ﬁéde 'ef‘ﬁ\sbSUstD HaY&ih 0 & Nhy dr 6By Amclisied mélpham cyelic,
ra et eroat om’ i ncl udes ny atomo

calefiio, avetyigaicoged ermakiars DA 8 - BYaacHBibh Aadicals)
tcﬂf{%grasgﬁé j&qﬁgiérﬁ BH”@ar?BﬁWat hie aefmgmoswdwhy@a@g@al A

eroatom and nmay contain one or nore
ohytRstasigyBneT isdifitieneby thethydoaganss. | n one

enbod t het
peTBoar e UgeR . pstegh: BenPRIpse: dmeraiod® jhudes any atom
S t{h%?tt%gnf LB &g PYBrdgnS tgdtl BEinObe bBbGNd tal nmbunn A

I"con,” gernmani um nitraogen, phosphor ous, en
‘tHe‘tehbatdm;anltammgngrcmpanpl 2dyerosasben Jagisal c%%? SPH

ar | ud di
oh %’rlégcsﬁl Iﬂgg aur]gte Hé%él Cq?ﬁ%sﬂgﬁfggénéﬂﬁﬁ%ﬁaﬂﬁgﬁ% SASIES different

hRLRS: ﬁHé C9n SrEZPhbaEmentnd lidtemattdrarcontaib BB provp is a
use

erein, "heterocycl f
neyigatoy 3rodn o@am%gef'réma{ T angiorts SPRGIRS gt e group
at ons.
apgpﬁlﬁﬁsj}ﬁ ﬁf)ﬁ @pﬁh%'clf&%ﬂ ﬁ@ﬂﬁérﬁhh\”%t&ggsegpg)?gﬁghorous
O¥¥ aéwblssulfunr Nohemumgﬂee*mnpheeapbnmtﬁmat@ar%ﬁammg

?tg?i@lm&;q?liisérrlabgg %)gélg‘lg Afa({ﬁ%ed he{?e ph%gphf?'llel§¥ ethers,
E@ﬂe@ 8&2&%'?@%&0@&&”0%&%%3 adnd thicstders.

ary respectively, that possesses a carbox .
gr[@usp] in Asyusedsheieim,. H@’@mp}’fd@ ireferside rosHSYHie gyng a

y %&QW p%éf&p %35&8%%2% ?Pﬁgﬁjaetg PR selbBfed! #6M the group
consisting of boron, aluminum, silicon, germanlum nitrogen, phosphorous,
oxygen and sulfur, unless the heteroatom (non carbon atom) is described.
[0059] As used herein, an “alkylcarboxylate”, “arylcarboxylate”, and
“alkylarylcarboxylate” is an alkyl, aryl, and alkylaryl, respectively, that
possesses a carboxyl group in any position.  Examples include
CsHsCH>C(0)O", CH3C(0)O, etc.

[0060] As used herein, the term “substituted” means that the group
following that term possesses at least one moiety in place of one or more
hydrogens in any position, the moieties selected from such groups as
halogen radicals (for example, Cl, F, Br), hydroxyl groups, carbonyl
groups, carboxyl groups, amine groups, phosphine groups, alkoxy groups,
phenyl groups, naphthyl groups, C1 to C1o alkyl groups, Cz to Cqo alkenyl
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foll ow ng that term possesses at |east one noiety in

pl ace of one or nore hydrogens in any position, the
wonbEtseassel ected from such groups as hal ogenpcadiSemb®31703

{for exanple, O, F, Br), hydroxyl groups, carbonyl

groups, carboxyl groups, am ne groups, phosphine

groups, al koxy groups, phenyl groups, naphthyl groups,

G to Cl10 al kyl groups, C2 to Cl10 al kenyl groups, and

conbi nations thereof. Exanples of substituted aikyls

agdoupsyland womieationisutheseef. nt’n':'txahllp1e$e€d !’eubstlad?d alkyls and

radi cal

B0 3B I RGS AHER Ro Al PAcH il iing ractioae,
f%ﬂkcﬁ@' r%dm@éwawm bt‘é@ldalé aéikyﬂfrhé ,ra@bhlsowaaYléde radicals,
| a

radi cal s, carbonoy ? radi cal s, al kyl - and

caiwmqnbonaburedlogls aawl@warmﬂy&awaéilcaé%ywaﬁbmoyl radicals,

t %ﬂ{@a%ﬁ’d ﬁ%ﬁ%)ﬁ%&pg gpl;% icals, %@%lc@@ gRYBmino radicals,

Ofar%lbmlrm mﬁdstilslan'wao?]mbmatlsnhemaeofl imted to t he
oxidation state of the netal atom ' as bel ow

i 1006k i ndnipsgutatgds QlieyiShs Q?noe'gl?ﬁaﬁ" 02 ?h present
f Qb n'\@tt@réﬂclﬁﬂﬁ?c@% e %3( dg%ﬁ%‘ﬂ%tof[t@l@%btaﬂh@om “M” as
catal yst system use in e od| ments of the present

i rdeélned dnelovmm theindivid ush descnipdiomstanid exsenples dnall fpkew.

conmponent as descri bed herein. Metall ocene catal yst
conmpounds are generally described throughout in, for

em‘u%ceiher%a&aiﬁIWNEnBASED POLYOLEFI NS (John
Scheirs & W Kam nsky eds., John Wley & Sons,

200115;21 G. EheHralelyst | Syt aseiubl INAPIMEQdipENS plfzvthe present

< el YitEa IR, eheErBhe THHeRijopsfip Rkl chfoonent as

PQe¥ctibéd NB2edin377 M&@l6jeneTheatatystl tompoendsit aftg/ sgenerally
conmpounds as described herein incl ﬁde gal f sandvvl ch'
n

arﬂfscf'GP“fi thiryahewt 1RonPhuRYIMR Tt QCEYE-BASED
@@W&Emﬁ%eﬁﬁ@cﬁgirgg&/wq@&hnmswr&ﬁ | SHrPPale t8?Sons Ltd.
openta |eny boun to at | eaSt one G ou

gmﬂg)m @El-ﬂdtkymlmﬂﬁ'la@dOIIDIelA@lONrﬁHEVH BEVi a@g L@@Q?) and
Qun ot east one. net.al

? R artSuan dat sk T hecSehEe s of Hol BtV BRE A Mirapacene-

OrBAs@ %LM%ﬁms%ﬁisﬁ(zmm qhethetallotbre eataayst eoapuUnds

cat al yst coO onent 1's su porte on a su port mat eri al

i resandesahgichehereimnin bé‘%up’iﬁﬂ%@“ wi atd orfuli tsg@gich”
AN RESURA RAViRY HRTBPRRAL Cp ligands (cyclopentadienyl and ligands

isolobal to cyclopentadienyl) bound to at least one Group 3 to Group 12
metal atom, and one or more leaving group(s) bound to the at least one
metal atom. Hereinafter, these compounds will be referred to as
“metallocenes” or “metallocene catalyst components”. The metallocene
catalyst component is supported on a support material in an embodiment,
and may be supported with or without another catalyst component.

[0063] The Cp ligands are one or more rings or ring system(s), at least
a portion of which includes m-bonded systems, such as cycloalkadienyl
ligands and heterocyclic analogues. The ring(s) or ring system(s) typically
comprise atoms selected from the group consisting of Groups 13 to 16

atoms, or the atoms that make up the Cp ligands are selected from the
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[0063] The Cp ligands are one or nore rings or ring
systen(s), at |east a portion of which includes p

wehatdeisyst ens, such as cycl oal kadi enyl |i gapds/uaea6/031703
heterocyclic anal ogues. The ring(s) or ring systen(s)
typically conprise atoms sel ected fromthe group
consisting of Goups 13 to 16 atons, or the atons that
make up the Cp ligands are selected fromthegroup

consi sting of carbon, nit , , SiliJ
gﬁgpmppphﬁegmrca@n,g&ﬂreéé’ngfE%yg%é?%ﬁg%iétﬁvﬁﬁ@whgﬁ%
conbi nat i ons_fhe i . .
SHIR B BT bR e, wystn eneior
3‘%‘45%’3 ?ﬁ?l&,{@gptdﬁﬂ??ﬁtcﬂﬂ% g:_mbe FmPngenmesmb@n thet €g ligaad(s)
Ituted cyclo t [ [ .

it e SR BSh S o NS AP AR osgputed
%{f}c&bér{f&éi@ﬂﬁr g%ﬁ@g%ﬂﬂaﬁgéﬂ&@ isoldbignyl eydibp@tadienygnton-

Struc rther” non-limting exanpl es of
slisniting i eyanajsies of Whih nglidepeyeienaniagienyl, indenyl, fluorenyl and

e RS B ST RlbehR ALB1 E gs noe

Crel 5 | odegaepastaphbRasthtdridydenndenyl,  benzindenyl,
S,ﬁ%Qomgreny?, g pﬁenylfl uorglr!}yl ’N Y ’

dﬂlgerewl, opent aJacentapydifilersnyl. 7H di benz SYFIR8CEALGiraenyl,
i ndeno - 9] ant hr ene, ' ' I

S e
( Bhényifidoranfl, 7-8-Bicydhopstmialatmmaphtiylertyti4] Aib:gibenzofluorenyl,

substituted versions thereof, and heterocygl.i
vindsinels2tantBerne, G- oup tﬁ@p SH?@SﬁPﬁlg Cat Zl‘ﬁygﬁhenoﬂuorenyl,
\ . .%5@?4@&@@@%' e B4Ind”),
Icﬁg?@@ggE%%og\(?%é}é)ng}ﬁgge%?g?ltge,d "G oup 1_-colrr1]t ai sr21i ng" dnd’)
c atiBstitatedowaTsions rihareat, atesheteranyclieversionssthgrerisi r abl e
cat al yst conponent, either alone or for use with a

net al | ocene or other olefin polynerization catal yst

C‘Eiﬂ&%ﬁe{%-coﬁ%&iﬁiﬁ lPatalySt Campdnesont ai ni ng cat al yst

conponents”, as referred to herein, .incl

de G
Graosp] 12 Geeabdspesipdl s pragritteinyeptien %555935 st?‘gp't‘%e ‘E:?(% SO

coordi nat e, e [ [ ' i @hd i
e e TPatiabls” Bl Rribdndtts B Mecbed herein as
QpYesidbi@atmyst ldonthentbeittieraiine ohéor@seuwith a metallocene
15- cont ai ni_ ng cat al [

e e ettt ARt i gt o R el Frpue 15

B GulLoyhofinkea clodantatenin, e Srou o

ni Groupens . metal complexes, wherein the metal is 2 to 8 coordinate, the
coordinating moiety or moieties including at least two Group 15 atoms, and
up to four Group 15 atoms. In one embodiment, the Group 15-containing
catalyst component is a complex of a Group 4 metal and from one to four
ligands such that the Group 4 metal is at least 2 coordinate, the
coordinating moiety or moieties including at least two nitrogens.
Representative Group 15-containing compounds are disclosed in, for
example, WO 99/01460; EP A1 0 893 454; EP A1 0 894 005; US
5.318,935; US 5,889,128 US 6,333,389 B2 and US 6,271,325 B1.
[0065] In one embodiment, the Group 15-containing catalyst

components useful in embodiments of the present invention include Group
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Representative Goup 15-containi ng conpounds are

di scl osed in, for exanple, WO 99/01460; EP A 1 0 893
wa3dq7/0BB1A 1 0 894 005; US 5, 318, 935; US 5, 889pa2@SkiB6/031703

6,333,389 B2 and US 6,271 ,325 B 1. [0065] In one

enbodi nent, the G oup 15-containing catal yst

conponents useful in enmbodinents of the present

i nvention include G oup4 imno-phenol conpl exes, G oup

4 bis(am de) conpl exes, and G oup.4 pyri - an
olmpne;RSnoh SO, {3i90P I BB erpiexel afd Group 4
MITE | n i ' 0 i
RETRBER Bl e e ot e Ty o ©
egt. or conbi nati on of conpounds, supported or
unsupported, which can activate a single-site catalyst
conpound (e.g., netall ocenes, G oup 15-containing
CRE@VARYS) . such as by creating a cationic species

fromthe catal yst conponent. Typically, this i I
tfoeseqbst Asctised berein, ﬂ'&%sfﬁffﬁn}éngtlé’ﬁt‘?r)r(lgisgB@ﬁ%le@;/@%gx)%aﬁny

in the formulas/ t f

b5y BB ISR QRN T, thoupporcs
CRARANEAN aictifatenhosihglerdie obtatysé qonesmmd (@yenmietailogeees,
thus activated towards al efiﬂ gl rr%rréa%ztati on i

SGeommdB-entaning EARNEReRuSo i, & eorid species
I i i kiig 3 ; : .
RS 3 EPPEnshe TSOANE NS 1olfss GRAEG staction of at
neast enaedeavingngroapt (4 graupsin( thechormuiag/slevetbires 9pove) from
i oni zi t " "st oi chi : : "
oinenpta et Sh iy riebiss SR ebRvar e GGk gfrtoehts of
”EFrr’%'o!dﬂﬁsﬁ‘t%_ SRHR YpdserRTRGSRIDN hre thuwbativated newaads @iefin
that i's active with respect to olefin pol rizatiop.
[L pa@merlz;agbe WI?]@H guchhackivaipis. ofEmh%mFerN%rﬂ i %H'&t @Cﬂ%%mrs
ewi s, aci ds such_a -
M hevpeds sip AbTEIER P idfrdery PV ysrodEy el ginum
apxRIek) \GHPs®, camstl atfon-cuurdinaging cactivatanss (‘NEAT r @lterately,
lonic) such as tri (n-butyl)anmmoni um,
t epan%pr@fﬁtgﬁ’ @6 6W9&@%lvgﬁﬁar ot any other compound
trl | i
aél?%egc{ag lrjéc[ngligfltgry nOGf AN bt&hdl BatRK)st Sebmpodent to a

\ cenes descri bed herein. MAO and, ot her
alnwstalocarzasatibratbit iscaddive witterasplert tord@fin PRlyMRIIZatieN.

gmsF) b2t IR R e o s R o, s en ae
TfiRoxane (e.g., “MAO”), modified alumoxane (e.g., “‘MMAO”), and
alkylaluminum compounds as activators, and/or ionizing activators (neutral
or ionic) such as tri (n-butyllammonium tetrakis(pentafluorophenyl)boron
and/or a trisperflucrophenyl boron metalloid precursors to activate
metallocenes described herein.  MAO and other aluminum-based
activators are well known in the art. lonizing activators are well known in
the art and are described by, for example, Eugene You-Xian Chen & Tobin
J. Marks, Cocatalysts for Metal-Catalyzed Olefin Polymerization:
Activators, Activation Processes, and Structure-Activity Relationships
100(4) CHEMICAL REVIEWS 1391-1434 (2000). The activators may be
associated with or bound to a support, either in association with the

catalyst component (e.g., metallocene) or separate from the catalyst
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J. Marks, Cocatalysts for Metal-Catalyzed Aefin

Pol ynmeri zation: Activators, Activation Processes, and
werowraBaie- Acti vity Rel ationshi ps 100(4) CHEM €8L/US2006/031703

REVI EW6 1391- 1434 (2000). The activators nay be

associated with or bound to a support, either in

association wth the catal yst conponent (e.g.,

net al | ocene) or separate fromthe catal ystconponent,

such as descri bed by G ego H at Ky,

ergPenaEnt; Sucht aw@%/%crﬂosg by <ETeaa) éﬁéﬂ‘;‘%{f {’3%1%2‘85#’%0“3
AL ABr R o

M Site daRIehets, fo QIR P et T My, Reysws

COBATNIF442000)l yst conponent, which is (or includes)

a non-netal |l ocene conmpound. In an enbodi nent, the
catal yst conponent conprises a Ziegler-Natta catal yst

gg@ggﬁ&@@&ﬁsmgmmtl n ZI EGLER CATALYSTS

Fi nk, R Mil haupt and H H. Brintzinger,
e[®968] Spriheyeatalyst|cognpeiin may cemppse @B catalyst memppnent,

503: EP 23 0 P : 3 - .
L T
g}ﬁleg;%ﬁélyé%tfr@?m@t@nénﬂ%la &eﬁnd Zi8ghera6sttsd @atalgstaspimpseund,
alysts inc t Y

oBUGH safETIoRBH INeE BRLK CATEL PSP aES Ghct HA Fuddufiaupt
or | . i d a . '_ d . .

B e R S e A e
a10R05E> B C @gdoddd;, EPnO 08 R4an REo 33683 ra14,302,565; US

B QIO BhOAPIYE 358 SRy P& PR, g 808sla15 and

| N gRBES oSl deseitRpiest &f sLOYESHtalysRY fitlide dhodey omprising
transi'tion netal catalysts are those traditional ,

ZiGrguprd, Naor § transitigs netahaxides caltexides @sipnhalidasy or oxides,
art. Any reference herej [ - ; PR
S TGS, DR . BBREI S B safcim

C HribKaly in (FRphbindtioBawith a' AisgwlesiuniNaddnapdlaichl intarsalaadd/or
Pol'yrmerizations", Academ c Press (1979

canvemnal elegtrony genersai@isaholh StBets: Saeafios: o, durfinum or

T i T

4,1869) 741 ConVbnticraisgpe transition ypetat catalysts are thasg traditional

| ieal DA AtEa Eherd ok Neha N abRbh A ERGghoe herein

GgUPRgiRriNktta catalysts are to these “traditional” or “conventional” type
catalysts. (Ref: J. Boor, “Ziegler-Natta Catalysts and Polymerizations”,
Academic Press (1979)) Examples of conventional-type transition metal
catalysts are discussed in US Patent Nos. 4,115,639, 4,077,904,
4482 687, 4,564,605, 4,721,763, 4,879,359 and 4,960,741 The

conventional-type transition metal catalyst compounds that may be used in

the present invention include transition metal compounds from Groups 3 to
17, or Groups 4 to 12, or Groups 4 to 6 of the Periodic Table of Elements.

[0070] These conventional-type transition metal catalysts may be
represented by the formula: MRy, where M is a metal from Groups 3 to 17,
or a metal from Groups 4 to 6, or a metal from Group 4, or titanium; R is a

halogen or a hydrocarbyloxy group; and x is the valence of the metal M.
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17, or Goups 4 to 12, or Goups 4 to 6 of the
Peri odi c Table of Elenents. [0070] These
woamr@atdisnal -t ype transition netal catal ysts Ray/usen06/031703
represented by the formula: MRX, where Mis a netal
fromGoups 3 to 17, or a netal from Goups 4 to 6, or
a netal fromGoup 4, or titanium R is a hal ogen or
a hydrocarbyl oxy group; and x is the valence of the
metal M Exargl es of R include al koxy, phepox
I

; .P Yo .
bEsaingies of Foinaiude aikayu oheaexy. ER@fifes cgloride and fluoride.

e

-ZI-EISWZ Er;ﬁgﬁ):gd% gﬂ|§,aﬁi%mfﬂdgzﬁ)aapTﬂmziﬁb@s, mi(gl%ng)sCl,
r i . .
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denc magrbsium/titaniurx aietteon-dsnaratcomplexss thagoaresaseful in

and 4, 302, 566, , Catal ysts derjved,fro ' TH
PP PL 1 URTER P Rel I, Srefiple, T P ftent
ONRsN&r 308564 lanidna, B0, 586, - CaXtysts aiepived Gforh Mg ORIGMTRIF are
met hod of preparation of such a catal yst i|ncl|udes t

f alscoepnigmpdatedomhichracg wellknpym to HiRreeot H@'@%‘pr%ﬂ‘ﬂgﬂ the
to  Ti i .
| Bt U ane B p R e B RORBILN e Sp et

ahleds v fivliowiag - t dissolive aTi€l4t inoTHFetrebuceatthe ysampound to
conpounds may he represented by the formla M3MA vX2
cﬁ%b@%ﬂe‘f"@b Adfdglcandrenoye Hia ¥ 1 to 3 and 12

t of iRl al @ I ; fér atheet ab
o?oogloup ?Bgyg@LdﬂE@eod?ésarlgf ISE of I(?rpedr%s; vVis a ove
nicobeentioraktgpe o tignsitiorh Xretek saialysfl ogempodnds gnay be

nunber fromO to 3: eac L5 nopn . 3

Y AP RPISEh bY oiec O O e > TR ode 2 magtel from

t Grbupath BheEe Dtd1Fiohkse PefisdiatTdiast EleméhiseM* is a metal

conventional -type organonetal |ic cocatal yst corrlpf)unda )
beyj from O to 1;

f @of Glosipabol éhe Seriedia dable-efylemaninisy 15 8ru4R
CARMIESS" NG, hABAEE! B1 M noatfibh VB th 532 eRAUR" s a

such as Ium sodium
benhyhbialent drovarboporaaival @r tydnegen; i isca raadbeufromahdo 4;

gaelnldi uvr{/Leri'(eiI%e q%al rsninltis 2coris 3ap e%eagg | qg b‘%ﬁ’é‘r conventional-type
organometallic cocatalyst compounds for the above conventional-type
transition metal catalysts have the formula M°R3, where M® is a Group IA,
lIA, 1IB or IlIA metal, such as lithium, sodium, beryllium, barium, boron,
aluminum, zinc, cadmium, and gallium; k equals 1, 2 or 3 depending upon
the valency of M which valency in turn normally depends upon the
particular Group to which M® belongs; and each R® may be any
monovalent radiéal that include hydrocarbon radicals and hydrocarbon
radicals containing a Group 13 to 16 element like fluoride, aluminum or

oxygen or a combination thereof.
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t he val ency of M3 which valency in turn normally

depends upon the particular Goup to which M3 bel ongs;
wana7@aths R3 may be any nonoval ent radi cal thaPCirmskewde31703

hydr ocar bon radi cal s and hydrocarbon radical s

containing a G oup 13 to 16 elenent |ike fluoride,

al um num or oxygen or a conbi nation

t hereof . Pol ynmeri zation [0073] Pol ynerization nmay be

conducted using the above catal ysts and nononers

S dZ et hyl ene and one or nore a-olefins
S te el s "
SRR ROTRRERRN RS o BN G ey s and

OfrfisHontiers Refatted franbethlymnelartbose ancdiorg oeblefine sptestethfrom
invention, the follow ng exanples are offeredq a

r Bropviene, o lakytere, t hexeper f%ﬁ?ﬁﬁylr PERENSY agt‘?‘g%n%f or 1-
tagc'ﬁlé(enti on: EXAMPLES [0075] The pol ymerization

reacti ons described herein were conducted in a
covajnuous prdert tscplovidpmsa deites fihdemstarsting eof 1thacpwsent

nNGRRONTRRS oINS XATRIoS 2 i b oirs i actuafests

%gﬁahﬁéd i i Praaee of frefvenfigans of ethyl ene and
hydrogen together wth |liquid conononer were m xed

tboget her in a m xing tee arrangenent and i ntroduced
eactor bed into the recycle gas |ine.
Hg@@—:&gss-rused as conononer. The individual flow
f?ddt%] ﬂc Ehe%l)ﬁoﬁiﬁﬁ_ erii&t@h?@@gaﬁ@ desoniexnbersirreere conducted
controlled to maintain fixed conpositiop target he
C omBneanSnUALS PIPLECR AsOMIASe TORRRHSY IPACaLRIaR hTeters
c . r bt 04 et i
CRRERTphBiE, 0 08, Bl 1710 AL Mt b v
etrhadenp aialymér graesitas: eThd gaseyuly fegenstieams of ettyllenajand
to nmaintajn constant. hydrogen to ethyl e . ‘o
 Quepgeniodelironth g AemHE e PR el fogfast in @ mixing
m?fé‘é ‘érn%‘?llg@heﬁ‘ﬁ aPB-ihtrb@uERPHABRaABreaEtaP bel interthg récycle gas
relativel’y constant conposition in the recycle

as
stlineamH>@nesvashusedb|dsd comoaprysr. wddei jdbddeay flow rates of

g:qrtﬁiltslgﬁ b&%goiegﬁayglrﬂc:gﬁaéggg\%?gfvé% r&?)gg'g“xj?(g ittgd\rl\naasi’ntain fixed

adigisp&itidrd targets. The comonomer was also controlled to maintain a

constant comonomer to ethylene mole ratio. The ethylene concentration
was controlled to maintain a constant ethylene partial pressure. The
hydrogen was controlled to maintain a constant hydrogen to ethylene mole
ratio. The concentrations of all the gases were measured by an on-line
gas chromatograph to ensure relatively constant composition in the
recycle gas stream.

[0076] The solid catalyst was injected directly into the fluidized bed
using purified nitrogen as a carrier. The catalyst feed rate was adjusted to
maintain a constant production rate. The reacting bed of growing polymer
particles was maintained in a fluidized state by the continuous flow of the
make up feed and recycle gas through the reaction zone. A superficial
gas velocity of 0.6 - 0.9 meters/sec was used to achieve this. The reactor

was operated at a total pressure of 2170 kPa. To maintain a constant
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mai ntai n a constant production rate. The reacting bed

of grow ng polyner particles was maintained in a
wohmi7ti3zsad state by the continuous flow of thePaBRS2006/031703

feed and recycle gas through the reaction zone. A

superficial gas velocity of 0.6 - 0.9 neters/sec was

used to achieve this. The reactor was operated at a

total pressure of 2170 kPa. To maintain a

constantreactor tenperature, the tenperature of
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| ower i resin
reported from four different acoustic emission sensors located at various

points on the reactor were recorded in a computer log, and used to
generate the plots shown in Figures 2-4.

[0080] Figure 2 shows the results of a pilot plant test, in which the
reactor was purposely driven to the sticking limit by first lowering the resin
density by increasing the hexene comonomer to ethylene molar ratio, then
adding an ICA (isopentane) and then finally gradually increasing
temperature. The comonomer to ethylene mole ratio was increased from
0.024 to 0.029 resulting in a decrease in the polymer density from 0.9167
to 0.9113 g/cc. The isopentane was then increased from 0 to 6.8 mole

percent. This was followed by an increase in the reactor temperature set
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density by increasing the hexene conononer to ethylene

mol ar ratio, then adding an I CA (isopentane) and then
woimelBy1gr adual |y i ncreasi ng tenperature. ThePCT/US2006/031703

conmononer to ethylene nole ratio was increased from

0.024 to 0.029 resulting in a decrease in the polymer

density from0.9167 to 0.91 13 g/cc. The isopentane

was then |ncreased fromO to 6.8 nole percent. This
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fluidize density (FBD) as determ ned by
di cﬂlﬂe'rcﬂruocar uptiestsortly a ehugk (foéfﬁdjéH hﬁtérs gitefufhe start

res nse hat _it.i

re% ﬁstg p@r? ?é%@Phgwgﬁ%(? é@hb Xh%gﬂ]l nbl%ﬁﬂérm V\ﬂ’gi fiSidized
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this exanple, the FBD signal is injtiall a

si (hesidesethareslowt' r wsgensanisy that tthis GF??W ‘i)rﬂn?f‘e%rf In its

ICAsponse to increasing stickiness, showing limited response until just
before fluidization is lost. In this example, the FBD signal is initially weak
and the signal becomes stronger only at the ultimate limit of ICA
concentration is reached as the temperature was increased. Had this
been an actual commercial operation, the operators likely would not have
noticed the slight drop in FBD reading and would have continued to feed
isopentane at a high rate, or continued to increase reactor temperature,
driving the fluidized bed closer to the sticking limit. Therefore the FBD

would not have provided a substantial meaningful indication of reactor
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concentration is reached as the tenperature was
i ncreased. Had this been an actual commercia
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the slight drop in FBD readi ng and woul d have

continued to feed isopentane at a high rate, or

continued to increase reactor tenperature, driving the
fluidized bed closer to the sticking |imt. Therefore
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prmatzlated/bytthose:lgmdvﬂ;mary skill in the art that embodiments of the
invention lend themselves to variations not necessarily illustrated herein.
For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention
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What is claimed is: 1. A process for operating at

| east one gas- phase reactor at or near naxinum
wonrodwstdion rat es, under condensed node react OPCT/US2006/031703

conditions, conprising: a) feeding nononers and at

| east one catal yst to the gas-phase reactor, to make

pol ynmer particles; b) feeding at | east one induced

condensi ng agent (1 CA) to the gasphase reactor; c)

nmeasuri ng and processing acoustic em ssions of the

pOLAIMS particles in the gas-phase reactor; and d)

c

ra

%ét%tzia'ﬂﬂea@ reactor at or near maxi mum production
e for a grven polyner, by the neasuring of the

acousti c em ssions, such that when the acoustic

em ssigons devigte from acoustic em ssions of a,st

St e ROREAGGES JPbAREIGO idcastnt ISFar e IRAL S, OV near
nore t han;eam S}Eﬁﬁﬁkﬁ&ﬁ) réfeanNdandedeyormtidneed trheéde reactor

controll'ing conprises a corrective action conprising:
adj ust icopditines gfomassingvel , conononer |evel, reactor

t enperat yre,. or _conbi natj on ; [ €na

pr oces?b#ﬁe%lpgt Wgng{n&ﬁ Iangjoélpﬁ%égségoq‘;e} F%@ﬁé&tg the gas-phase
aver agir88ctos it nd@opsliymer partidesyns si gnal sanpl ed from
atinme windowin the range of 0.01-1Q00 secgr’\g: , V\lggre
the samplierding ebderstaier BAYEad FPBARSIBG 2860b (CANIP dte gas-
per se e process of claim1l1, wherein the at

| east g)(rﬁ]gggcr%%%t |P’c em ssi on sensor (AES) is |ocated on
an ext &)i measyfingaindc plocessingoacadstichemissiensoof the polymer
| ocation gon the cylindrica cti og bet ween a poi nt

| s
above PAewe? m’fh&%%%%%ﬁeofe Yi 8"9and/ or bel ow a
cylindr Hf?d)rgf(glﬁ‘hnq: gb teHgd oohedPakipddh Productidrerate for a

process © wherein the at |east one AES |s
| ocat edyiven polynes dyi the oreasheng exfctheracaustig gipisgions, such

that exgludes the first. Q.25 .reactor .di t

react oﬁﬁ@fg’gﬁpbtg? oe?‘cobjlsgl? ee,n%gﬁ'gﬁ%r&%%% @(Fﬁl %ng"s? ﬂ?%é‘ﬁséions

first bf2h dtead) @tatéi aetRr Srodatipy the same given polymer, by

cylindrical - coni cal . . .
more than one (negative) standard deviation, the controlling
comprises a corrective action comprising: adjusting one of ICA
level, comonomer level, reactor temperature, or combinations
thereof;
wherein the processing of the signal comprises arithmetic averaging
using acoustic emissions signal sampled from a time window in the
range of 0.01-1000 seconds, where the sampling frequency ranges

from 0.01-1000 samples per second.

2. The process of claim 1, wherein the at least one acoustic emission
sensor (AES) is located on an exterior cylindrical section of the
reactor, at a location on the cylindrical section between a point
above a reactor distributor plate, and/or below a cylindrical-conical

junction of the reactor.
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junction of the reactor, and wherein the signals
conprise an arithnetic average of 2 or nore iterations
woOnremd3Teys) taken in the range of from 1000 ti RETUSR006/031703
second to one every 10 mnutes. 4 . The process of any
one of the preceding clains, wherein the process
conprises a catal yst selected fromone of
Ziegler-Natta, chromi um chrom um oxide, AlC 3,
cobalt, iron, palladium or a netallocene cat I_ﬁt. 5.
TBe pr dbegroedssaefyclane 2ohereinfhe @ dear) aeafke,is located on
wherei p t \ i I
o Tribepaerlt BHhe (59ERn 3F% BoE el SralAaFIhe s 025
wher ei reddier dizmneRers abover aseaitdry disidbaod mate, candfor dhat

o1 ai eGP TR G5 Grastor st Bdotis HINERLCgical
1- but e[lﬁ%:tiah hs]xetgg, rotdr og,g@mhe.%_in ThE BIgPRERS CoPhprtsdy an

one of e precedi ng clai ns, erein when the acoustic
eni ssi arthmetimaierige ofelian more deratinnss(readipgs) faken in the

‘i i Nl
P om  FNGR eElg et 0R ae sPRo G R B RS Y hthinee
corrective action is taken. 9. The process of any one

of the preceding clainms, wherein when the acoustic .
eri ssi dhe peagessvel yangeenat ef the prerediggegi@ms: afherein the

evi at PERESE; oopriEds, pEAGHER SEIted i BrRTER egler-Natta

state acoustic em ssi O
t he colghesthiung ehitdneiom SoxideeAlQlg,. cbelt,pironegmlladiuamyor a
one of the preceding clains, wherein the processing of
the si @‘ﬂ@?"%‘%ﬁ?@r‘i’%@g’s’hri thmetic averagi ng using
acoustic em ssions signal sanpled froma tinme w ndow
in the range of 1-500 seconds, where the sanplin )
f requethe paoeess Hf canyl-0beo of dhe| precedings elaimg, viherein the
The process .of claimb5 rein t tal | ocene
cat al yﬁa%slwttcﬁ’é?pr&‘?ﬁp? WS@FO&‘?QGO%?%% e of an ionic
activator, an alunoxane or a nodified al unoxane. 12.
The process of any one of the tErecedi ng cl ?i_

S

ns, .
wHer ei Thenepraeesss of canyionsi GhsheoRfRGESING F1aiRTS; Reredn the

ver f 2 or [ .
ave agem8nome(r)s cgr'ﬁpﬁse ethylene and one or more a-olefins.

7. The process of any one of the preceding claims, wherein the o-

olefins comprise one or more of 1-butene, 1-hexene, or 1-octene.

8. The process of any one of the preceding claims, wherein when the
acoustic emissions negatively deviate from the steady state
acoustic emission by two or more standard deviations from the

steady state acoustic emission, the corrective action is taken.

9. The process of any one of the preceding claims, wherein when the
acoustic emissions negatively deviate from the steady state
acoustic emission by three more or more standard deviations from

the steady state acoustic emission, the corrective action is taken.
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iterations (readings) taken in the range of from 1000

times per second to one every 10 mnutes. 13. The
wororasmisf any one of the preceding clains, WReTRIS2006/031703

the at |least three negative standard deviations from

steady state acoustic em ssions neasured by the at

| east one acoustic em ssion sensor (AES) are neasuring

the sound in the gas-phase fluidized bed reactor of

2301 omiha: BPBEE FEPaPE? o dieniecsding Rammapbersin the
MmN bRGidssing 9FSthelisiRiz$! &hprises arithmetic averaging using
acoustic emissions signal sampled from a time window in the range
of 1-500 seconds, where the sampling frequency ranges from 1-500

samples per second.

11.  The process of claim 5, wherein the metallocene catalyst further
comprises one or more of an ionic activator, an alumoxane or a
modified alumoxane.

12.  The process of any one of the preceding claims, wherein the
acoustic emissions comprise an arithmetic average of 2 or more
iterations (readings) taken in the range of from 1000 times per
second to one every 10 minutes.

13.  The process of any one of the preceding claims, wherein the at
least three negative standard deviations from steady state acoustic
emissions measured by the at least one acoustic emission sensor
(AES) are measuring the sound in the gas-phase fluidized bed
reactor of agglomerated polymer particles, wherein the
agglomerated polymer particles are < 21 mm and/or > 2 mm in their

largest dimension.
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