WD 20071037815 PCT/ US2006/ 031703 METHOD FOR OPERATI NG A GAS- PHASE REACTOR
AT OR NEAR MAXI MUM PRODUCTI ON RATES WHI LE CONTROLLI NG POLYMER STI CKI NESS
TECHNI CAL FI ELD [ 0009] Enbodi nents of this invention relat el} gwg/ﬁﬁg@ti ng a
gas- phase rwaces/037815 or near maxi num production rates arG s 't ori ng and
controlling incipient stickiness of polynmer particles in gas phase

pol yneri zation reactors, and controlling resultant polyner particle

aggl oneration caused by this stickiness, that if |eft unchecked, nmay

further result in a reactor shutdown. BACKGROUND [0002] Generally in a
gas-phase flul di g sl FROBRERA ANPAWASIBIHASEREABTOR ATORNEAR' S: 2
gaseous stream contalning one or nore nononers i S continuously passed .

t hrough a fl ui di MAXIMEM PRODUCTION RATES Wil £ CONTROLILNGPOLYMEROf a
catalyst. This gaseous streamis w't %ﬁm % omthe fluidized bed and
recycled back into the reactor. Sinul E § pol ynmer product is

w thdrawn fromthe reactor and new nononer is added to replace the

pol ymeri zed nmononer. The recycled gas streamis heated in the reactor by
the heat of polyeeHNIGALFELHh S heat is renoved in another part of the
cycle by a cool¥'h'g‘§y'§‘[‘€ﬁ1"€$<‘r'ernal to the reactor. [0003] It is inportant to
renove heat genipei]ed Byhodimeniadcifitbis invensionenelate do raperatingna ges-rhasper at ur e

of the gaseous str I nsi t J t . r pol yrer
Tel 1 img por nt aRAFST MaPhirey RSB toaRiuche BRI o BaRford Rl
removal is inpogdrarllingo ipcipleant stokiressi \of polymri pastikley ipolgaserphaget i cl es
that if left unchecked, may result in | oss qf quigﬁiqZ;ati n or %C{_ﬁlorreration
of the sticky peRYMeligatiafni eacirs 13K strolingraesuitas ®'s SReets of
pol ymer: that canqqbmBRatioRTeYRdAEy tRICHISKInesLT WRAT if et ClniedRke, Raysheet s

may fall onto di stributor pl causing Inpaired fluidization, "and in

many cases f or ciungearasgiidn areactonghutd®y.037815 PCT/ US2006/ 031703 shut down.
The prevention of such stickiness has been acconpli shed

BACKGROUND
[0002] Generally in a gas-phase fluidized bed process for producing

polymers from monomers, a gaseous stream containing one or more
monomers is continuously passed through a fluidized bed under reactive
conditions in the presence of a catalyst. This gaseous stream is withdrawn
from the fluidized bed and recycled back into the reactor, Simultaneously,
polymer product is withdrawn from the reactor and new monomer is added
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



t hrough controlling the tenperature of the gaseous streamin the reaction
bed to a tenperature below the fusion or sintering tenperature of the

pol ymer part lvf(g %7/9;7€guced during the polynerization reaci,{:p/la DO Kt hi's
fusion or sintering tenperature, enpirical evidence suggests ? at such

fusion or sintering |leads to aggloneration or stickiness, which in turn can,
if left unchecked, may |l ead to the above conditions. [00041 It is understood
that the anount of polynmer produced in a fluidized bed polynerization
process is directly related to the anount of heat that can be w thdrawn
from a reacti orshutdewn.nThe fprevenitiond ob stichi stitkiness heas dgenoaccaniizbed i onal |y,

heat has been r df ] r I e : ' 1 he

recycl e st reamtg{ﬁ?"\sé’ﬁcf:eo "Erﬁ’@]"bgg%?%ﬁsg%§”rfee°zﬁ'¥$gﬁ%%dsf‘%ﬁ?{|“ﬁiﬂ% }ze tl%ed
process is thatbddhe aetepapdratupé Heitay gas dosion dresiyitdriag stengmmatoee sfftheci ent to
mai ntai n the reaﬁtion zane in fl uidj zeg éﬁyate. l.n a cc%nve%i ong{.
fluidized bed g¥NReTPFHEESPradured uringrhe RolIRRNZagpn feaftienc APEYR %y t o
remove the heatfygbnPéY ¥ikdring2idnibrafrd’ 8RbRicaf Bidehbe suggestett_ha{ stibii d
required for support of the fluidized bed and for adequate m xing of the

solids in the ffusicaiofsintedny lepds tergelosearaliant pt stigkingss dwhichda duni eafal  gas
flowto (and tl'Hr @H%hé%d‘c Hg qe&fﬂ) tfhgra %gg‘ig%&ggﬁs'cool I ng capacity and
he Pedat or eé’. wev

nore intensive mxing o er, to prevent excessive
entrai nment of [sei4] ds K nsaunressiood that diaen ammolrdr efvpolymernpidaecéd undazed bed,

the velocity of_the seous stream nust be. regul ated. Al so, in a, steady
State f1ul df zeduiEed By TyBatN Hatess's (el e thae gl 3 by
the pol yneri zathe thaasdn 198 withdRIAPR6MI & Rgdctioh ZohBean rafl@idiekd R YWIEHin
production, the heat generated Isﬂue;ﬂ?al to the heat absorbed by the gaseous

stream and | ostthByregeier Carayentionalls heaidias; heen penovedjeratthe 93seRHs ns
tant. 000 ' [ t fath
constant. [ 5rbc¥<':é?é ?treltdrﬁmoy ;%o}rlYZg; éﬁ@%@%lﬁe\%}?&arﬁ h@;t&ﬁgpﬁfeatrﬁé&or‘? Athe

gaseous streamekxternal to't tor, w se known as the recycle
stream tenper aequiscemeniudida fluidided ket proasses ishiabthe Welodtynwobihiergasebus he

wh oh 1 qui o oBRELRSLERT Br it TERKED fof refil et & BBERE' ot eam

The 2 dew poi ndtateain bBecohebatidral fdididedvheatopdipmedatictopioesss,ithe antslint s
of fluid circulated to remove the heat of polymerization is greater than the
amount of fluid required for support of the fluidized bed and for adequate
mixing of the solids in the fluidized bed. The excess velocity provides
additional gas flow to (and through) the fluid bed for additional cooling
capacity and more intensive mixing of the reactor bed. However, to
prevent excessive entrainment of solids in a gaseous stream withdrawn
from the 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
liquid condensate first begins to form in the gaseous recycle stream. The

2



t her rodynam cal | y defined using an equation of state. It was believed that
condensed liquid in the recycle streamwould inevitably result in plugging
of the recycle streamlines, the heat exchanger, the area bel ow the

flui dized bed and especially the gas distributor plate. As a consequence of -
operating at a tenperature above the dew point of the recycle streamto
avoi d the expected problens associated with liquid being in the gaseous
recycle stream production rates in comrercial reactors could not be
significantly increased w thout enlarging react or dianeters for increased

neat removal cBRPILihY ol "6E CclBfa e RnBRNESHA: | AL GSIAANe AW S of

liquid in the recy reamwo I'sru |d|zat|on process to the
extent that thdhérhwdgihamtd:abyedeﬁmd utsmg)bhaensatlmreetstatmgt wastbieliewddnthat i ng of

[id I I ' t. t d
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Pat. No. 4, 5430896e&l&dy¢|e|§tteaﬂn Uines, Maé .hdsb. e%héB@er?%eaareecpelow e eam can

b |l ed t t t bel d ed bed
ool yrer | zat i on THIREALET 2 Frrenip! ﬁvtiﬁ%@%év@ﬂ@"%o L Piaf o SHASEE P g el o gas

stream The re%ﬁbtatnng #itd eMperatraiabone tedded p6iAt bf e fecybletdiean & urned to
the reactor wi thout causing the aforementioned a%uf(gmer ation and/or

pl uggi ng phenod¥Aid thapxPreRdPBRIEMS23Ractated withg bgiEgKin 8¢ gaspeus process

of purposefull Ye&ﬁl@%ﬂéémg Fro@@EtidnOFated ih NermmesaiCreticistdedidd o in the
I ndustry as a "condensed node" operation in a gas phase polynerization

process. (0007pignifisapthvincreasad wibeutuerdarging seacion diamaigisnfor dacrgasedsyggest
that when a r%xflt?%‘né«)gfe eaa&& errf?efrélh%s'aisé BYREEH that ExdRBLINE AR 1 LS dew

poi nt in "condense ope tion, an increase I n polymer production is
possi bl e, as coffiquiddn the mdbcﬁtraam mould dnewpwml&mgnzagomebemm of

| nor eased, Coo! et FRATHEY LS8 beleRblA caiBhs res I W S gl 2nt | 2
i ncrease in space tine yreld, e anoun oduc 'Y a given
react or vol une solichpolpmeaphiticlesdntoya spliekmassicausing themdaotoe tb sidalowni t h

e UE20ber ool HHHA LBBIARLES RE B 5t ¥R BD AR St b o

bel ow t he gas Pat. No. 4,543,399 and related U.S. Pat. No. 4,588,790 a recycle stream
can be cooled to a temperature below the dew point in a fluidized bed
polymerization process resulting in condensing a portion of the recycle gas
stream. The resulting stream containing entrained liquid is then returned to
the reactor without causing the aforementioned agglomeration and/or
plugging phenomena (which had been expected prior to Jenkins). This
process of purposefully condensing a portion of the 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.



dew poi nt tenperature produces a two-phase gas/liquid m xture with solids
cont ai ned i nYWbMT/B¥8¥Bhese phases. The |iquid phase of thPSTUNMIOGREYE
gas/liquid mxture in "condensed node" operation remains entrained or
suspended in the gas phase of the m xture. Vaporization of the |iquid
occurs only when heat is added or pressure is reduced. In the process

descri bed by. Jenkins, et aI , vapori zation occurs when the two-phase
m xture enters the reactor i ncrease .in space tine yiel df? aﬁéeleved by
Jenkins, et at. [89081 { heC %m P the tasyele\sitram Ja@i teRiperalyre, below e BA%r eased

tenperature di ffdﬂv@ﬁénh?‘ien’?ﬁér&ﬁ%‘pF&ﬁlC@é‘b%b%aé@@%,‘(l&uﬁtrﬁ&ﬁﬁém dohgs

fluidized bed tenperature. Both of these factors”increase the heat renoval

capabi l ity of trondgisedin hoth wfidhess pbases. cThe fundd phsseeoh thie typwhase
(hi gher reactor ﬂﬁgﬁ W)r&u @%?S%]onc{eﬂggc?]mc}c?@ké ttézﬁ r&hairls %M%lﬁ%ﬂ et he
rrp XIty 0 A Sf

difficulty and suc reactor contro genera trying
to extend the staisbendmbnratthaggasopbaset ofdpﬂimnxmee.t‘blaparmttlentmfnmethajldi in a

gas phase reactor, ec a ating in cond 0010] The
cool i ng capaci t PGP St B‘yr‘@%‘i‘/’éh&ag%a@%’rff BE pf%éf"éeaéseﬁe Lﬁ?ﬁhg}%%f %&S3t " a
given reaction tfigeabéd WyeJemkng &i WEN vhpometish bceutd wHe tidalvbphabeat
transfer medium One option described is to add non- polynerizing

non-r eact | ve matBKIKE SNasSthe rwasier dNe (0RPaRe Y SPASSHIERSMII® aCkEVShbY |
tenperatures encpuplter e, rbr{e*lﬁeF?éé\ﬂféﬁ}(ﬂke%p&ﬁ%hé@géﬁd afiCthe MefRaceactive,

condensable materials are collective nown as |1 nduced con en5| ng agents
(1 CAs). | ncr easitampetaturen differentiad hﬁtweeJA the enteringarecycle steamsand the

aii i omot os. MRS pel SrbiptEy, A ASERLER ifrcHse 06 neef Bitila 0
linited) productdapabilint @ the Osmstém arentieveby SmablebhigheCApare etirhal yeldar e

sel ected based on,their eC|f| nd boiling point properties. In
particul ar, the d%@j& Riodyc @eréé?tsgd such that a relatively high portion

of the material jhspefondgai@es adt Ahaifsdatd fee ‘Qﬁ’m@lﬂtyt Qﬁ@%@ﬁ&éﬂﬁr 6V%|ubﬁb| ein
pol ymer production plants, which are typically 20-4

2007/ 037815 PCT/e80006puHl fmgenerat, @ndaqférymgdpl%éeqdeﬂaaﬁéable §§ﬁ@k‘&9@0n9ent ane,
| sopentane, but 386 dfflze the space time yield in a gas phase reactor, especially when

operating in condensed mode.

[0010] The cooling capacity of the recycle gas can be increased further
while at a given reaction temperature and a given temperature of the
cooling heat transfer medium. One option described is to add non-
polymerizing, non-reactive materials to the reactor, which are condensable
at the temperatures encountered in the process heat exchanger. Such
non-reactive, condensable materials are collectively known as induced
condensing agents (ICAs). Increasing concentrations of ICA 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



| sobut ane. [0011] Recognition that high concentrations of condensabl e gases,
either I CA conononers or conbinations thereof, can cause the polynmer in
the fluid ng E%Wgﬁggne sticky can be found in US 5,352, pdfusiobeahaBl is).
When eit her "or 2B of these condensable materials are present, the reactor
contents, specifically the polymer contents, can becone sticky because

t hese condensable materials are highly soluble in the polyner particles.
When t he condensabl e concentrations are higher than acceptable |evels they

effectively | ower, the pol r meltin oint, ~and stickjnes an result. The
sane effect caﬁ“%t@"?'ﬁe'ﬁp'ﬂégﬁiex@f‘ei ﬁ@ﬁ EPentalicet HOPERIATES if"fﬂ”@ ?rr’\‘?t he
absence of excasghgameentrati ons of condensabl e conponents, or the result

of conbi nations of increased reactor tenperature and high concentrations of
condensabl e corfptbnt sRegagnitipsy that Bighncesfcentrationsd/obr cansiepraer 92s§50012] I n

the ~749 docuntghe g0 éégpbjr%rﬁeéo& ﬁ%ﬁgggﬁor@ tﬁ%ﬁeo?,oﬁan Ehtse hﬁél?m@f'

relatively high concentrations to t y I ncrease heat reno capacity of
the system basdn the tfloil lbedete bemmefstickposarz die doures sioc s &35274% t he | CA

or liquid nonongr .~ Upperhimts of | | n.the reactor ar dj scussed,
dependi ng on tﬁ@eppg@ggf%nyﬁ@rperbg{ %ﬂbroédiﬁ\gg%_co d%@ﬁ%flg r[ng{e?l gs l?g?/ond such
| evel s caused tgresdrtuithe bedctor, comentss ppetificaiyl the gongmen doytemts, paar i cl es
suspended in the flui d_cgeg, to becone cqhesivye or _"stich%" ar?@tp{i n sone
cases caused t RECPMG Hickkperaussihesepniansabe materialy ate NIGANROIMHEIR. The
sti ckiness pr OQhéf’Bdlﬁnélhgéﬂiﬁfegf WiRsh e BastRsTishBR! SoncenBafeTs bR highefli zat i on
and mxing in the fl'urd bed, which if left unchecked, may develop into a
react or di scontthajacgeptable: levelsctheyseftaetively lgweh theh polysmaramghing spaiely
reaction secti ' | (P j g, any
of which can I'cel%hg ?‘%@%ﬁ%@bﬁ%@ﬁﬁ?}?ﬁ% eﬁgﬂ&&ﬁi ﬂé\&pf;ﬁ g%uasoéé@gé%gitors are

expensi ve. Thegeastol i termeerakse ofn pihley nabise(itd e of hextess @oncéntrdiopsewént ual |y
becone di sl odged from tlhe wal action.section,and
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(either or both of ICA and/or comonomer).
[0012] In the 749 document, and in US 5,405,922 and 5,436,304, the
ICA is at relatively high concentrations to thereby increase heat removal
capacity of the system based on the latent heat of vaporization associated
with the ICA or liquid monomer. Upper limits of ICA in the reactor are
discussed, depending on the type of polymer being produced. Attempts to
go beyond such levels caused the fluid bed or, more specifically, the
polymer particles 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 fluid 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



react or shut-down for cleaning, any one of which can be terned a
"discontinuity event", which in general is a disruption I n the continuous

operation of RoRGhXsREd zation reactor. The terns "sheetin unki ng"
whi | e used synonyrmusfy herein, may describe different %ﬁ?ﬁ.@é@g{)ng&r}s of

simlar problens, in each case they can lead to a reactor discontinuity
event. [0013] In US 5,352,749, the authors determned that a limting
concentration of ICA (i sopent ane) exi sted, beyond which the reactor

contents woul d su denrl‘%ad g |szat|on The aut.hor s char act erdl zed this
limt by tracklSR'Q" QYT JPF LSRG b AR GENENIEY G35 D& {TEE Al K

density. As thRscopliRGiRl ea&htONwAkhi il CRRRIrANe é(\/élﬁsru rﬁ%@lﬁb cbhtnudusund t hat
the bulk density ratio st eadi | y. decreased. Wen t concentration of

i sopentane waSPeEfien coled I%P'W‘%ﬂ?at'@'ibr reasiobndi g ttgrrgs b§hREMEh AP ati 0 of
0.59, they fogRchiGdt whig %é@t g)?’{bmzmohelg rh%?&ﬁormﬁ‘@sdé&?ﬁ)e Eﬁ@feﬁtherefore

determned that thi's ratio oi nt no return, bel ow which the
reactor will owealfestations oioiiniler problems, nme@chacasel thedicanteashto dredetigh this
was not appr e@xs@ ﬁw Pﬁt aut hors of 5,352,749, the sudden |l oss in
fluidization a y high I CA concentrations was due to the formation
of sticky poljpoes. [GD1UE BBEHTA9,Clties Mh&rsomm y#hiat & hmitogat i on

Limted (PAA " Aggl t t st E " PAA
Aol i cat 1 on notencendaar 1t IR (RRpGDlarah XstE S Sey N Eh ol TIRANR ogy - o
New Sensi ng Té‘&ﬁtéhﬁuﬁodl@rsu@Eéthl&ds@Q‘lﬁd?ié‘tRJneﬁhé deiiesky Ghinpdtter(zel tRR00)

suggest process _control fluidi zed bed Eroductlon of pol yol efins

utilizing acouEWt@YéfﬂC!-’)@the r%%%fdl%d'l%’é(ﬂ' densitwiersedird bukidensits ASn t he
reactor and r efﬁél Egno%'nﬂbﬁ?n of Tgbgvﬁﬁ d?\\ébdvé %dr@ﬁ&oﬁ‘fﬁ&p?éuﬁdoth%?lt fbhme probl em

of detection o arge e reactor, such as chunks
or sheets, ratHemsityt tadio $tbadltyedem‘eas&d themtbelomentnathmef nmlentqmart i cles,

oS D1 out dedd bV S URLIRD' gk shPSRARG s B HeB0. MR PSSR
approxi mately foln@ thet fuigizatioslird e fFacydrtwas lost. C'ﬂﬁé‘;Et‘rmr@l’oré Haiednb\@d reactor.
;I'her e is no nﬁxgtt Iﬂ'(I)IQ rgt]:o thgg)dv(\a/;s? %tp;o?r?t oc;‘fno Peltgrge[)eﬁ)w v?/ |cR ﬁg rgarctgro Vr\}ﬁ'si veness.
n effect, 6
cease” functioning due to loss of fluidization. Although this was not
appreciated by the authors of 5,352,749, the sudden loss in fluidization at
relatively high ICA concentrations was due to the formation of sticky
polymer.
[0014] Two articles by Process Analysis & Automation Limited (PAA)-
("Agglomeration Detection by Acoustic Emission” PAA Application 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,



t he PAA docunents describe the detection of agglonerates after they have
been fornmed in the reactor, rather than the detection of resin stickiness
that, if left unchecked, could lead to the formation of the agglonerates.
Additionally, the PAA docunents suggest that the presence of aggl onerates
I's indicated by an increase in acoustic em ssion signal intensity
(presumably by recording the noise generated when the relatively large
chunks of polyner strike the walls of the reactor). In contrast,

enbodi ments of the present invention teach that increasin | evel s of resin
sti cki ness ar ethenBiA®atecuraentd edeszabe sthie ndatectiost ot aegiogmr@%s aftghthey

i ntensity. [0015 I nese_application 200 8.4/, P | ve the
probl em of det é?‘lﬁ %%ﬁa B’é?‘tegcfne%%? fgaffl%%t fa?t@%ﬁlﬁaﬁ\ tt ?o%jégtﬁgtz&a'ﬁgﬁjg&e?@) si gnal
deconposi ti on. stidkirees i mat,off leftr gectkgBedmeoaltieeads talitbe uksmatiomfof 2them

particle size. specific rrective actjign LS sugges t ress the
probl em (or prﬁql\fﬁ%'ﬁ’%a%??lat é&‘@é‘?’@'lﬁ'hghﬁop&r&%@@%ﬁ%r%&&?S?[@%TG %V\D

03/ 051929 descpliehenicd bragfiémefatedisiadiehiedadly aharsedsecnracoustic emisson t he
onset and presence of shee(tai@gg in a fluid bed reactor Qom a range

.S s f
of i nstrument sSIINACINRNSHY maby byirecqrdingsbRsapise gegpg't%&@ﬁfqnafhepr essure

sensors, stati felfRBROaTge AHINKE Of PEPREF dtrikeetienalsSof EHee réadtérpr elth by
certain specified net ho%s to construct a "tinme-series” of .data, which is

then processedC¥frasht REWOdEREnts o thee Arestih dRYrtione feach thatr BcreasiNds as

chaos theory apdelsasRAticRingas ard imiitated 88 deRledsed Gh Acoustit BinsioM ¢ hout
sheeting. The onset of sheeting is indicated by an increase in nean "cycle

time" (relativeignd ipteas®bntrol reactor), usually with a concurrent decrease

in the "mean dgyiati ok t LR SeR r ' o] t of
sheeting is i n@}‘t ted%;'/ﬁgged%?%%@ni gb?ﬁ?ﬁr%g?ggng’t%ﬁ%%fé ')ﬁgn%?lggyﬂ%gf t he
ti me-series dapwblems of sletermining (pasticlé sizeadistributien through r(peeustict kignal

Centropy 1 of o e HEECST orr b GuhERles s RIsER & 28n O

no di scl osure pértitleesize e Nof spexfics toreetivesadtion isssuggested do cheldeess the

condi tions of |rpends 0a 3L1-6Kh 1eq L e WIpHAS! ShatohratesS there 2
[0016] WO 03/051929 describes the use of mathematical chaos theory
to detect the onset and presence of sheeting in a fluid bed reactor.
Signals from a range of instruments, including acoustic emission sensors,
differential pressure sensors, static sensors, and wall temperature sensors
are filtered by certain specified methods to construct a “time-series” of
data, which is then processed by 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 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



sensors to provide information relevant to distributor plate fouling. There
is no disclosure to the use of sinple averages and standard devi ations of

t he acoustic em ssion readings (without recourse to the conplexities

i nvol ved wi.th chaos theory), and there is no disclosure of the use of these
sensors (or any other nethods) to allow safe operation of a reactor near its
limt of ultimte cooling capacity for nmaxi mum production rates. [0017]
Adding to the conplexity of control of stickiness while using |CAs,

di fferent polyner products vary w dely in their ability to tolerate such

| CA materials, | eleY S |

partial pr essuf e 0 s?ﬁér%@ "{fgtn?]éetlo\rﬁea ?Q) &n@*r%ﬁ%ﬁ?ﬁ%%?gﬁpgﬁgﬁ whi | e
ot her pol yners mng' disolosued to the diset of samk—z 8%erages a6d starglard geviations bkse

| atter polyners, the heat .tr.ansfer 0, e simlar
condi tions, éhéSl?SgP%tH:t |eg“f§}°rl' oRﬁéP'"gﬁQWﬁ’@Pg r%&%é @si’iéss&én %ggés uni form
Cﬁrmnomer f:orrpfim/bwedml? stidashtheony), aridetheroismd dnsblawreaofrﬂwghsle ofttbésE ance to
the partial pressure of the n t cene . catal

produced pol ynSFRSA? é°r£'ﬁ'o?}ae%§‘§tﬂﬂd§;]g¥alﬁﬁ1 ﬁ%PQe(ﬂtﬂPH of gJfagtor pea'd I¥%Jnl form
conmononmer conpafittdf @Rimate\wes kg c@dacﬂpm rﬁ@tmhne;yreaucﬁmemesret al | ocene
produced polynmers_reach a |im B‘ﬁ | CA congcentration. that in uces

sti cki ness. Th&%Tlni t iANSINCAC dBR COMR'SXYoR 8@ g% SlickingsseWafle (Usidr s in

addition to thecRregiférent Fy ?meaaebduacsl W Wi ?ﬁrpmetrtM?ft@tdlél%t@Q@brﬁOWDHOWEF
type and concentration. with the ect of tenperature, |CA |evel

and conononer [efematesials, 5$qrae t hayiNs 2 W‘lét‘v%\hmh delesance (@psessedeiter mi ni ng
the point at ‘g’fi}hﬂﬂl ﬁFés%mélafh?@u@A ifh @hd ¢&abitor) h@g Bas kP (5 9&@5 ewi%en

difficult. [0018] Even wth the constraintS of conventional, safe

oper at i on, co@th&ﬁlpobﬂm%rﬁcma)f iolrrater as litfe @as sl ke éﬁj@ﬁ'ﬂb andrinibese lgttehe
difficulty and ané%tgléé‘tﬁ e tﬁf;rgférmlg %&t B@glu,k:fno@n%t%s%ﬁ& Ogifiygd neéw and

I mproved oper tr'ng Cco tions er production rates.
[0019) Large scahditigss ateasabplaatially dowere dpaymirse which maﬁsleys droodeect i ve.

ke, 22501 2L S BoRERSET Mol Py Rt PRl B Bl 5, AR

oper ati ng boundsieriaase dxthei partidlapiegsune of the A tihehe osactonnietdlioéene 8
catalyst produced polymers are a good example of polymers with such a
more uniform comonomer composition. However, at some point even
these metallocene produced polymers reach a limiting ICA concentration
that induces stickiness. The limiting ICA concentration depends on
several factors in addition to the polymer type, and include reactor
temperature and comonomer type and concentration. Further, with the
effect of temperature, ICA level and comonomer 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 experimentation 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.



WO 20071037815 PCT/ US2006/ 031703 [0020] It would be desirable to provide a
nmet hod of determining a stable operating condition for gas fluidized bed

pol yneri zat i%’m‘?%'?ﬂﬂ% ally if operating in condensed nodgydsReds@sihi t ate
opti mum design of thée plant and the determ nation of desirable process

conditions for optinmum or nmaxi mum production rates in a given plant design.
[0021] It would al so be desirable to have a nmechanismin comerci al

gas- phase reactors to detect the onset of stickiness that is a better

i ndicator, or an earlier indicator of the onset of stickiness than the
conventi onal t efoozo]que ltofvortunbeodesimbiehéo forovide zedndthbd afedstetrpiniras a

described in US 52. 74 or ot her nethods | .owing operators tq .

det ermi ne when 3%@ s%‘?%f@t?iq ?%ﬂ?tffﬁ’ ﬁbggﬁiﬂﬂ'a‘z}aﬂg’egrp@lyéﬁ%rﬂﬁ%%ﬂa’ ??P(%@ﬂygperators
to take correct bygrafif irPCondenisee maiRDtd aclitite bpBRLAT design 6f thegdint dnldi S

opti mum production rate point ermtting higher groduc,tlon rates with
substantial |y | Bgdgtegpinaigy 'raP@d}ZQTe%rﬁ?%G't@U FIARNEH &F BRERYHI nent s

are a process fgroduefss Attt ggggﬁ-ppgpgggsigﬁ_actor at or near maxi mum
production rates, under condehsed node ré&actor conditions, conprising

f eedi ng nonomer Po2tid aft wodldsalsahe desirablpde hayet eaghgnismiecorsaeraal, to
make pol ymer pag&&ﬁih&&% OrreE&SFLJ @8icf]&ge§ﬁ@%:)o§§& b HEGReSOMIANR! BpaaGNt (1 CA

to the gas-phas eac neasur rocessi ng acoustic em ssrons of the
pol ymer par ti cingécatar, tdre agasartibadedicatac tafr theaodsetoof rsfickinegs tthenr thact or  at

or near maxi mum production rate fqQr a given pol t, b he, measuying of
the acoustic gﬁ?’g\éqr@ﬂg?l 3%9!1?"1%@%%@%%9 a@SuﬁgﬁEegm%é'gﬁ oq?@sg y{aéte from
acoustic eni ssi gascribledains ey 362, 748) lopastheF rRétAdds Blowing speratds ien:

pol ymer, by nore than one (negative) standard deviation, the controlling

conpri ses a cor AgEIMe adanoeXeeshive Stising alsj @seUHdoaBd oenAkting| &ase,

comnorter | evel opskah thRIBSAELNECaRbCAIE RELBARSE eaBts atehean  the

processi ng of the signal conprises arithhetic averagi ng using acoustic
eni ssi ons si gnathisaptinaoh pnoduction iate paint demitting highea prpuction raiés wWiho
seconds, where [ requency ranges from 0.01-1000 sanples per
seconds LOSSSATRY 108 A

SUMMARY

[0022] Among our contemplated embodiments are a process for
operating a gas-phase reactor at or near maximum production rates, under
condensed mode reactor conditions, comprising feeding monomers and at
least one catalyst to the gas-phase reactor, to make polymer patrticles;
feeding at least one induced condensing agent (ICA) 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.



9 WD 20071037815 PCT/ US2006/ 031703 (0023] Also contenplated is a process of
produci ng an ethylene copolyner in a gas phase reactor at or near nmaxi mum
production rates for the ethylene copolymer, conprising: nalntalnlng a
signal or si§%87Y81dne or nore acoustic em ssions sensBFEUSHEMEY on a
cylindrical section of the reactor, in the range of zero to mnus three (-
3) standard deviations of the signals of the one or nore acoustic em ssions
sensors, fromthe signal of the acoustic em ssion sensors at steady state
conditions in the reactor. Additionally contenplated is a process for

noni toring stickiness of polyner particles in a gas-phase, fluid-bed

pol yneri zation rea tor ISI f eedi ng et hyl nd a conpnomer
sel ect ed from olff&%, gB %}ggnﬁ 13%% grprﬁf Beipg nan eyigne

met al | ocene cat @éptﬁytmeﬂﬁea &8s p IﬁEHeere@Etoﬁat bPR& A rﬁé*#n‘ﬂﬁi Qfodu@ﬁorﬁfd!@@fb@ne or a
nodi fi ed al unoxane, to the react or feeding an induced condensi ng agent
(ICA) to the retieteihylene sapelymgr conpsising: atdiniaingg asignal obsignalgwioseof t he
par ti ol es usi Ndoahord SERlstBMMIBEONS bbs e iotaldlon BSARaRthl SBGIdR@ARLOr Of

t he reactor, wherein |'east one acoustic em ssion sensor Is [ocated
on an exterior reagtdrniorthe sangseeftzeomtaiminusdhreede 8pstandardadedativnsbeftheen t he
first 0.25 react.Qr i ters above a reactor.distribut at e bel ow
the first o oo sl o bR 2y B BedubRE Sisicils emsPiS. Sorb R Sandlft oot
the reactor, whiheeioousticemissinoedensomgtistesriytateadnditionsfn theereattgnal using an
arithnmetic averagj n ﬁzl ng the acoystic enm ssions su?nal éiﬁlﬁl ed from a

time wi ndow in emplgiad; 402 sROGRRR , folviBPRIRIHY Ne$Ry 9r equency

ranges from 0.Qdy %QOpé.%mbe% P§T g8&pAREE, ANE-BEH Uﬁlymgn%@mofreé&er level,
conononer | evel, react or tenperature or conbi nati ons thereof, when the

si gnal devi at escemplisiag feadingethyleandmndn gempaemenselaeigdtitareope or srran

acoustic signal I r when
produci ng the safnﬁa %%(;;é?ofhgi I'ilehmgarrlq &S&ﬁ) %cb% @%%'f%éﬁ’%%a@%t)éh%gj%
Description of moes Df aniionjs athiédr] aﬁlajmmexélnsbloasn@dlmmmamxaneftoetheypl cal

gas- phase reactPeraC or ?eedlng an induced condensing agent (ICA) to the reactor

measuring acoustic emission signal or signals of the particles using at
least one acoustic emission sensor on the exterior of the reactor, wherein
the at least one acoustic emission sensor is located on an exterior
cylindrical section of the reactor, at a point between the first 0.25 reactor
diameters above a reactor distributor plate, and beiow the first 0.25 reactor
diameters below a cylindrical-conical junction of the reactor, wherein the
signals comprise processing of the signal using an arithmetic averaging
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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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. [00261 Figure 3 shows
acoustic eni YA BB ngs during experimental runs, wi t¥CTAUS2806481783 ur e
overlay. [0027] Figure 4 shows acoustic em ssion readi ngs during
experinmental runs, with a tenperature ranp. DESCRI PTION [0028] W have
surprisingly discovered that by nonitoring the acoustic enissions in a

pol ymeri zati on reactor we can detect the onset of reactor polyner particle
sticki ness and I ft ot iheY i probl ens associated w th excessive
sticki ness nuc earlier than wth other conventional
sensors or ot hqoo2apt hadigud $chowed etegatic oftd typicabyas-phase reampamrwaith ng t he

reactor at or near nmaxinu roduction rates for,k each ol yner. her

enbodi ments of BHPYS Pmmﬁ%%aegm (&ff%repi,sgpglﬁpf; Bhweagﬁogéﬂgt‘i%%@'quegas phase
pol ymeri zati on [ts@aft OrEigtife 2 IsRbWE RBYstAéris¥dh reddifigs dBHAY eXxpefimbatal ocene
catal ysts either al unoxane and/ or non-coordinating “anion activated;

so-cal | ed " convns,ivwithsa fluidized hed density ([RR)0vesleY; or  chronium catal ysts
"Phi | 1ips" catglysts)g bie'd lofi BEHHS! i ' d bed
Lo det er e N o Figie, S3AbuS acBHE BN BRUARS RiFno dipbiifihta ¢ 1°

noni tori ng t he raogweth @ tanparstwesveflaya react or t hrough one or nore acoustic
em ssi on sensor§ 9 Leac';.ors aB be rraole t 0. be rmrg. ef:‘di ci ent ghi ghﬁi
producti on rat d927hy TUAHIS SPRWS ASqUstG LMisFIOPHEAFIGHR FUrDg &¥RSETEPRL | ca
conponent cl oseung avithhg tatapératurBeadp. sti cki ness may begin, than has been
previ ously possible, due to the abiFity to pinpoint when a reactor (and its

contents) are approaching the Iimting of point stickiness, denonstrated by

a less intense mggﬁgﬁ-ﬂdﬂn ssion signature fromthe reactor contents. 11 WO
20071037815 P 703 [0030] As explained in nore detail below, the

cool i ng capaci t[§028F t hé/e haveysurerigiagly discowered tbatdzseenitotinhthe agouséc at a
gi ven, T eact | 0n J GEDER AL AR BhYEHchP TRPERH bcPing BRaditeBopeat

transfer nediu
polymer particle stickiness and therefore prevent the problems associated

with excessive stickiness much more effectively and earlier than with other
conventional sensors or other methods disclosed herein, while permitting
operating the reactor at or near maximum production rates for each
polymer. Other embodiments of this invention relate to monitoring
stickiness in gas phase polymerization reactors utilizing any catalyst type,
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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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 non-reactive, condensable materials are

col | ecti vel yMHSWH3ESi nduced condensing agents (| CAs). |H/e&B816/g1703
concentrations of ICAin the reactor causes corresponding increases in the
dew point tenperature of the reactor gas, which pronotes higher |evels of
condensi ng for higher (heat transfer limted) production rates fromthe
reactor. Suitable ICA materials are selected based on their specific heat

d boili [ t | N, ' I ol ted
e o011 118 B0 o0 g b o e AR 36 o
cool i ng. vva]t Ier tzrgoggawcgasus r;al?1 bie\ézérbatbécbfl.irﬁlmepwhy?mg a rgri]\mﬂuebbﬂlqm tenepdraturevhi ch
are typica -40C, Suc material s.i ncl ude hexane,,. i sohexan
pent a%g, i so%erﬂ@n@?'vﬁﬁﬁﬁﬁlgeﬁwq %fg BtSoRkng &?ahgw?ﬁrem@fjﬁ’,m't B%Qpﬁ%rrpounds

are i npluced congtanfhet i§9ﬁﬁ?aﬁidi moh%lﬁﬁé%é,hﬂbn-rééﬁlﬂéﬂﬁﬁtéﬂﬁlsiﬁ) iﬂﬁ@uced by
an action on the gas conposition to produce condensation. This action
typi cal |y consirggglobfwhighre ssandensable At tthe tempeedygs censounipsed dmdidhsi ng

agent. As used ggg 'snh?él}pegograggé@' SRES $RHEadtie, UERUSIRGLRS nidis i qgiict of

the total reactor abso sure and the nolar concentration of the
condensi ng agemrolle¢ivaty &nownyaseinteced lcandersirgn ggentshf CAser mintyeasing st at e

of the condensin ent ma .used, 0031] As us herein, operating a
eactor . prof er AR EAoRE B ICA N TR raplsr Sales TSR B TP et e £t o
refers to the rdw point tedtserating oe tHeekablor igae, whishfpasihotes Higherdegely of
reactor. Operating a reactor, preferably a qas-pha e reactor, near the
maxi mum pr oductGOFRCREDS Péfmﬂ@_r @Sabﬁéf‘ﬁ%f ngied: pr’%‘i‘&t'é’f‘ @tesifionk theinge of
35% above or %g 4 L 'S‘?JitéblerTS?N ARl Qresé&S&éH];%%ggd onthelfedpetaicieze for a

gi ven reactor, ternatively, within a range o % above or below the a
maxi mum rate sanggesilingl pPpipt prepertienf e paitieulanrthe IgAveompeunst isrselected

alternatively, . h %gg 3000. abqve 0 t i rate
suggest ed by ths\el'\jcwl]tég(/\% 58 &3@58@%@2@8&%@%\% érzr)g‘rqg?ac gﬂﬁ% or a
gi ven reactor, cuoliey natevmperaiutds availabenigepaymer poduatia plamts, bethichv t he a
maxi mum rate Suagrget%lecgllyp y2O'[—E'(%’Crmgtlfc];ha%/&‘{rr?laIe?lrals(’j‘include hexane, isohexane,

pentane, isopentane, butane and isobutane. As used herein, these

compounds are induced condensing agents in the sense that
condensation is induced by an action on the gas composition to produce
condensation. This action typically consists of temperature or partial
pressure of the condensing agent. As used herein, the partial pressure is
defined as the product of the total reactor absolute pressure and the 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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given reactor, alternatively, within a range of 25% above or below the a
maxi mum r at e suggested by the manufacture for a given reactor,
alternatively, within a range of 20% above or below the a maxi mumrate
suggest ed by YhHOHEH¥Sact ure for a given reactor, alternapCwebpps/asitoni n a
range of 17% above or bel ow the a maxi mumrate suggested by the

manuf acture for a given reactor, alternatively, within a range of 10%
above or below the a maxi numrate suggested by the nmanufacture for a given
reactor, and alternatively, within a range of 5% above or below the a

maxi numrate s est by the.manufacture for. a given reactor. ting
and/ or Chunki né%?ﬁéquesﬁrc?(i%\é% reafOn t&”?%w?b;{aé"{' n s%gérﬁqehé)f ?r}%@'hunki ng
or bo:1 h. TherebaV@oa$ﬁlo&aﬁfe ?\Waﬁhemi s sﬁ@gém?@bﬁsh@mém@adth?foo@_cgrdi n
gas phase reactors. e two forps (or types eeting ar scri bed as
wal | sheets oB'VGBrFEa%tﬁéeﬁ‘Ee,m%ﬂélﬁé’md‘(('ﬁ%{j‘ BHQW%PE zﬁﬁ{‘éy’ﬂ‘ VE qrg?e_ﬁ%%ﬂ%at he
reactor. Vall shsshsmanstef %Hg&é’sﬁ@@ by Ethea b fARGRT 3bt Ya V@Uén CRlacRCt i ons)

of the reaction section. Done"sheets are formed nuch higher in the reactor,
on the coni cal aiemativelyowitiin a rengeeati209phaliqve-0r briad the a mexingpn gete t he

caral e st ot Suslesd BT e MEAANER 0 SRBH: Babch Wi AN, MR

catal ysts, it gener occurs In |'over 'secti1 dn o yr’ea
referred to asrawgd of dRégtabuye &i bgloer tHéatt maxiatuah yrates saggestegh dlyl theof
form ng done sheet

but . the.occurrence.is rare. W.th netalloce
catal ysts, she@%ﬁ’\‘@?%‘é’ﬁ B cqr9yen "ae"i"g era"ﬁe&a&'tvfe@n Vm'"%cﬁ ﬁaT%ecé’fi@%'; “that
i's, both wall gbees oh@erMdtHEoaBna AR na!t@sgg%aos@@d:b thé&mightifagtues for Bhi | 1 i ps”
catal ysts are also prone to done sheeting. me _sheeti ng has been

particul arly t BbgpI'eagne anfakernativaly| wiking rangacy ste, @pove psbelpyhe
metal | ocene CoRpAAG BisudiRlRily the IRARIAGE BF 2 GiGRbRY One or more

| i gands capabl nding - to the transition netal” atom usually,
cycl opent adi enyl derived |igands or noieties, in conbination with a

transition net g' Zﬁ! §§é Egmféﬁm llg.iﬁup 4, 5 13 WO 2007/037815 _

PCT/ US2006/ 031 | ant hani de and actinide series of the

Peri odi c Tabl e[mfB2] El Stiekiness can lead to reactor sheeting or chunking or both.
There are at least two distinct forms of sheeting that occur in gas phase
reactors. The two forms (or types) of sheeting are described as wall
sheets or dome sheets, depending on where they are formed in the
reactor. Wall sheets are formed on the walls (generally vertical sections)
of the reaction section. Dome sheets are formed much higher in the
reactor, on the conical section or on the hemi-spherical head on the top of
the reactor (Figure 1).
[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 tfo
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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[ 0034] Reactor chunking occurs when one or nore sections of the reactor

| ose effective fluidization or mxing. Wthout adequate m xing, the rate of
heat renoval “fdg,_m,&hﬁge sections is dimnished. Wth the p&inihs3eM; heat
renoval and continued reaction in these sections, overheating or the

pol ymer can result. The overheating can cause aggloneration or nelting or
aggl oneration of the polyner material, which results in the formation of
solid masses, or chunks of polymer. In sone cases (such as that described

{hr oughout 1 he OB PFESH e bUtp o affachfioe PeheR B ERhA TaBt oL ng

essential ly al IE|l@hettee reactor contents. [0035] Polynmer stickiness is thus a
root cause of the three types of . discontinuity events descri bed, The

sti cki ness may [M@4desdReasker gBUMING i0ReNTgaWBEN "N T B SBFlINShRls fheness of
the | ndi vi dual ragbtyimRse Rt fisidizal®iibt IMbGAQY Wil aRBAuAE rikingkimess cause

fundanental changes in di zation wt the reactor. ese Changes may
be descri bed i fiateeofrsheadf ramevaheliomktiwss cestiwast iscldimisighiegat i Bhthotheparti cl es

(Powder Technol ‘ , - , [ nt.en f ' are
herein incor pordﬁiq pé(‘:? hgé h?é?é@&%@%ﬁ%@l t?lgﬁfﬁ}“g%t b’é%‘tf?gﬁ ;yr?refrhl%ggt F%\éryoﬁg’act ors
normal | y oper atowed®atitg| cfattie @odumerBecaarresalt.e Badsoverheatng lcanhheauss ati vel y

non- cohesive particles allow.the fornation of bbl es when the fl yidizing
Gas vel'ooi ty  SeblootrSToror Mattager fasns g AEtBE PR merBas B ueids pr omot o
mat er | al  mxi _rﬁésu/!ﬂstih!tﬁe_tfbﬁnétld# &F Qﬂid rﬁﬁé’sésh@_r ‘éh_ﬁﬁk@@f b@l@n@‘r. hﬁ%’o_rrfer omt _he
reacting particles wthin the fluid bed. A significant increase in particle

stickiness, oragehédicneeint desadad by Dethelis;prl? @ 2024 Yalluidieriian, C
particle bed. 'aﬁldfrﬁl&clhg@aﬂ bé ﬁsﬁi@??gﬁ%tﬂ%é bﬁ{i% ?g@'?edq&‘dﬁinﬁi %dlﬁrgfeend to be

cohesi ve, are t to and ten orm fl ow“channel's rat her
t han di stinct chublcenptising egsentially all of thégeattor agntents. t he cohesi veness

cSsoeL o, Lol SR Mo bl 8 RS RRPRO IR B el 2 o
essential | y soldistontifuieevdntsvdeseribed). . The stiskinbss mayrbeidegcrbe® afan
Phe. di Soont | nuiRGSaReh IS RRGR0 S8 SaNSBUATESS o (e IR dpUaIgRymer paricies. 7S¢
- Significant increases in stickiness cause fundamental changes in
fluidization within the reactor. These changes may be described in terms
of the well known Geldart classification of particles (Powder Technology,
7, 285-292, 1973, the entire contents of which are herein incorporated by
reference). Fluidized bed polymerization reactors normally operate as
Geldart Group B particle beds, in which the relatively non-cohesive
particles allow the formation of bubbles when the fluidizing 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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enbodi ments provide for determ nation of particle stickiness above GCeldart
Goup C in CGeldart Goup B. [0036] In this context, the point of limting

sticki ness i g,iodzeo\fﬂ'/ %ﬂsas the degree of polyner sticki ne%%T/ﬁ%m%ﬁélﬁﬁ;g;/eness,

t hat causes sruptions fluidization (and a resultant |os

sufficient to pronote any of the discontinuity events of wall sheeting,
done sheeting and/or reactor chunking. Enbodi nents of our invention provide
a neans of detecting onset of increasing stickiness conditions prior to the
initiation of these discontinuity events. [0037] For gas phase

pol ymer | zal | Ons,RET #hd NdiskBnfrRMYCRIERsRGussed IBbdULaN gbhErs neEp Tesul ts
fromincreasing reactor tenperature and/or 1ncreasing the presence of

i nduced condensgmigodiingotsdspravide ofori detesmiatign b verticlef stickingssmaboveiny of
whi ch, or conbi ' her eof, t in higher productivity, to at or
near maxi mum pr%%gélgi@c{ﬂh?g’Z@bfegfaw;ego?@;gn polymer in a given reactor. In
the past, it hgsodspen Inethisseartgxt; ¢therpoint af imitingestiekipesanedefisedhstthe process
Wi t hin conparat | v?é% oﬁ;on?ervat {Sve ran to avoid,conditi ongiat hat woul d

es ,
"nduce stickin RIS Sliskingss 08 (ColRBVEReRS. taet FRYSeS QISTHEYARE nces.

Hovever, our nmfifightRn @%ef FEsRaMQBs O m&lnig? kLARRMt Rﬁpmnﬁ@tetd?@ s7ARs at or  of
such processes to push the process/reactor to nore efticient production

regi mes wi t houtdiseangiaity tevents ofswall kshrativgedatie wihaetigs andier seaelar and
result inare tu?rking'. S ERBOiHE Y ofeéltﬁ;\hvergféﬁhprrogﬁgtQerérESCBPHbfé‘ékiﬁ% events
N e de y i

are costly productio erruptions. erm-nation, acous

em ssi on, of thmset aff dnakasiapi stickiness donditibes rpeiac ttor thepinitizitios dfhthese
prevention, reduycti (t)n r elim nation of the excessive stickiness through
actions on the PEAMUBHINLEYRIS or' s operators. These actions incl ude

reduci ng the | Gozand/ OFolCga®HPEBE pohPRsTRAtioR bpérétiﬁgtihésdrﬂéﬁééd nistfe, phase,
and/ or reducing reactor _fenperature, or, conbjnations thereof. The use of
conventional di¥iguficant ickingge gasitts fﬁ%‘ﬁs'ﬂ?"@ﬁﬁﬁgsra@m tetnperatiee ARELNr e

101 2ed bk sk oSt s SR, Sk ss

measur ement s. Tiaeels ©f codoPOTTE0BRBABWIRCHT,) wSpaGhatkisotBereof, can result in
higher productivity, to at or near maximum production rates for a given
polymer in a given reactor. In the past, it has been necessary to maintain
these parameters of the process within comparatively conservative ranges
to avoid conditions that would induce stickiness in the reactor product and
the resulting consequences. However, our method of determination of
stickiness permits the operator of such processes to push the
process/reactor to more efficient production regimes without concern that
a stickiness event will go undetected and resuit 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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acoustic em ssions of the particles can be neasured and the stickiness
control |l ed using the neans discussed herein, which in turn will prevent,
reduce or elh,ng@%gmrl@actor sti cki ness. [00381 Det ecti on pfr&hidesIgss i n
the fluid b may be carried out through the use of one or nobre acoustic
em ssions sensors. The acoustic em ssion sensors may be positioned on the
cylindrical portion of the reactor. The one or nore acoustic em ssion
sensors may be placed on any part of the cylindrical section fromthe top

of the distribuagiusht aniséions f thé WaridedNca behaedsurkl cld the stitkinessl wal |
with the conical section of the reactor, or that excludes the first 0.05,

0.1, 0.15, 0.2 enteplled LfSéw:tf@r megng Aisceissed hetain.t whichi igtturnwilb prayest e
and/ or that exc}éb‘é@éo?? a'iéF a%t&‘%’tlcklﬁeés 0.15, 0.2 or 0.25 reactor

di aneters bel ow the cy | ca conical junction. [00391 Detection of
stickiness is aWepl i Qea&btlbp obstickindssgina theudlwichpedamayabe errriedaaliings from

one or nore aco Ssi d.on of
the reactor, - adli AR B o Pa MR =S RUE SrRklone ST B aS8RHE S ar e
cal cul ated usi ngmidsbnwséhsdf@qwaynm heditiohed ' dm\thélg:ytlmdmawmm ofivtaeagi ng.
The average is def the sum of n  individual readln s, in ,the tine

as
wi ndow di vi ded RRCIPT -%3@ ORe-OLMGfe agpustic eission RENSALS May: b BiRGed 8f ke

runni ng aver agepattthe Iomu@dhcau @ébtwrﬂﬁaﬂn fh@at‘ébfkﬁ thé @stAbifedipratdual theanpl e
points in the forrrula above are preferably collected at equally spaced tine

i nterval s wit hi knetien if nivewerticalieytindrivai tveait @nthu the wPnigalvseetinon ohehei me
W ndow aver ag nﬂata%{o‘? %r%att %xcl&QQé’ tﬁ&‘?ﬂé}déosorq({) §1620%,5 8500985, re%rcgo]r to 500

seconds. A signiticaht [ ness'i s indicate
si gni fi cant decdnaensdaersrattdwe thmdwtnhngtoayo&ate,wcﬂorgthmt ekclodestlee Grst rﬁo@fe

Co the 110 d bell A-18; 0 (9 cOAp. (RS BTIetete 8ol it O VARALES B~

acoustic emi ssi pictigreadi ng is defined herein as a decrease of one or nore

standard 16
[0039] Detection of stickiness is accomplished by monitoring a running

average of readings from one or more acoustic emission sensors located
on the straight section of the reactor, adjacent to the fluid bed. The
running average readings are calculated using the well known method of
“moving time window” averaging. The average is defined as the sum of n

individual readings in the time window divided by n.

n

£

X ==

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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WO 20071037815 PCT/ US2006/ 031703 devi ations of that signal. The standard
deviation is conputed by the follow ng well known formula: 11 E(X- S2 = 1=1
(n-1) where_s is the standard deviation, X is an individual readln% of an
acoustic emi SQYAGBISr within the window, n is the total PrtiHERio:
observations, and X is the running average of the acoustic em ssion signal,
descri bed above. The nunber of sanple points used in the calculation of
standard deviation is equal to the nunber of sanple points involved in the
cal cul ation of the running average. If, for exanple, the tinme w ndow for

conputi ng the. gy @asa%fefrﬁa@es.@a@ows% o Yulidl isoBmbLEE By SRenCY I

10 p0| nts per secon ual I'tron, sanple points X+
used in the calfolkb\umg(vvelldfnomme‘osmdadard deviation nay be the sane as those
used in the calculation of the running gverage (i.e. the same sanple

wi ndows are used in both cal culations). Y @@4LF) Suitabl e sanpling frequencies
for the acoustic em ssion sensors for G%e int the cal cul ati ons of running
averages and standard devi ati ons descrl 1?bove may be from0.01 to 1000
sanpl es per second, or 0.1- 750 seconds, or froml to 500 sanpl es per
second. The total nunber of sanmples n i nvol ved in the cal cul ati ons (equal

from 10"t o 100, Bifeos ¥ B Yaptbld RePBHah " o oRoRh \BfuIduBE YRS TEH) & Pon
of averages andaciusticlagnissieni séncpnwithidi theusdreibwabovie, theotoiait nempeo\of

non- | i near rret hods of mani pul aLi ng the acoustic em ssion signal, such as
"cycle-time" a?hﬁ’eé\fa iopBanakfe W alsi the: runaing ﬁﬁraéﬁmfdpen%%ﬁﬁﬁ"&'ﬁqﬂoﬂhaos

theory, are notgqAamodubal arlanbie COTRET hhberof |SRDIS BAIf usdiPln ife

mat hemat i cal "en?r opy , the cal cul ation aver ages and
st andard devi at¢aleigatidn oﬂwstaadwdsde\matmm issiqual to theanyrsher ¢f samplacpaine or nore

acoustic em ssi RUovER HOthd! ca?csula%%'%l Hﬁ] eﬁgnaver%ge If, for example, the time
window for computing the running average is 60 seconds, and the
sampling frequency is 10 points per second, then n is equal to 600. In
addition, sample points X; used in the calculation of the standard deviation
may be the same as those used in the calculation of the running average
(i.e. the same sample windows are used in both calculations).
[0041] Suitable sampling 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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WO 2007/ 037815 PCT/ US2006/ 031703 represent conventional nethods of signal
analysis that are well known to those skilled in the art. [00431 The one or

more acoustic _enission sensors may be nounted on the exterior
reactor, adj¥@aW{0¥"8!%he fluid bed. [00441 Ve have sur pr?gT’Ha?o)‘)ﬁ/?%ZPﬁd t hat

when the stickiness of reactor contents is I ncreasing, the |evel of
acoustic emssions in the fluidized portion of the bed disclosed above
decreases. (In terms of its acoustic em ssions signal, the bed effectively

gets "aui eter " o TLG b ARMGEA mBBAL 4P ighal ShAVLYShat HEREI iGup R C2 1 07

of increasing 5 I'ness 1 n such’conditions’ i
unchecked, coultdoskeesld"etd)maheedct or di sconti nuity event, such as sheeting,
or chunklng Such _qui e

g is believed,to he .the resul gf theéeodg mer
particles becorP¥l sof 'é‘? ng of Motk greustic e(‘%f?s'ﬂﬁ‘éﬁ@?c’rst“%% ?1 (b)

hi gher concent ripéieRRFiopbf thedeastor, keiRrert ©IAE O™ bed.t he  pol ymer particles.
It is well known that high concentrations of dissolved hydrocar bons in the

resin are the riB%d] t oWenh@)\f? swirdisingly FoHomdhasrwhen e plicliness ofyeaster r eact or
gas phase, i ”Clébq\'té]g ’]ﬁ gF'hﬁ'bw VelSof a AIOQIQﬁé]en% iBRY 6A. RESRKkisEe herein,
es of pol yfter i

wi th individual produce n gas p ase reactors under
condensed node mm‘mn of ¢ bed atisclosadealsaus detreasesdi (lﬁetzeems otﬁp'ermqm’gc

condi tions and | er ffere 6S) )

conononer (s), a%‘ﬁ%’?ﬁg ﬁ%lattﬁ% b%ic?%ﬁ’é‘?if&eés qf"le% ?’é?%vr?tryl imting
sticki ness thr gabeitids acrelamoemtsensnﬁ% fhdicationef mréde @tfdkmefss(h‘f tHehfRuidli f f er ent
nol ecul ar wei ggs an noner  i_ncor di fferent

grades. To det €5f SHCRAR B%@@ngéﬁfglcgwdﬂﬁ %?(( ?6e?q8$§'§%@tﬁf"5¥luct i on

rates) by use Céve%?%h'a% Q{Ee‘ﬁﬁgo& cRARTR! (Sdoh GhBtiRPR FEIRYEd & bk ke pr ocess,
for each given grade, first run the process at steady state in a saf

condition (as d’ﬁ§@'h§§é’@ﬁ pelyogr nartwles decoming peftaiias rofeseth idi(e) Gigher At
steady state, tfAg acg r%t6&92rﬂlgfn%r%Bﬁcé”ﬂ%ﬂoﬁ?%?ﬁg%ca%‘ﬁg dlsfs%l\)e'aclﬁ‘?ﬁée

production rate, eacpor c ons are I ncreasi ng
cat al yst feed rmdlgmanpaniclesncit ésasiell kno@h thabhrg@nd:csm:tentraﬂdnm/ef dmacl)(/enl

acolst ] © o soi BRECSHACTNAR e EUBuRHY dhe ciRuL: Bhafd s s t°[oft o

devi ation of 0.dondehs&bl@Sin e r@adtor @ds Phake, inkluding comonomers and ICAs.
[0045] As noted elsewhere herein, with individual grades of polymer
produced in gas-phase reactors under condensed mode conditions, each
are subject to different operating conditions and wili tolerate different levels
of ICA(s) and/or comonomer(s), and/or temperature and therefore will
have different limiting stickiness thresholds or points. This is due to the
effect of the different molecular weights and comonomer incorporation
levels 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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18 WO 2007/037815 PCT/ US2006/ 031703 or 2, or 3, or 4, or 5 or 6, or nore
standard devi ati ons bel ow the acoustic em ssions of the relative steady
state, "safe" node | evel of acoustic emssions, that is as the reactor gets
"quieter", a¥OoPEEPBMAed by acoustic emission sensors, tME/GPCABEPE t ake
corrective action as outlined herein. These standard deviations may al so be
noted as -1, -2, -3, and so on, standard deviations fromthe relative
steady state "safe" npde. Positive deviations (a noisier reactor) of
acoustic em ssions fromthe level of emissions at steady state are not the
subj ect of enbaodi e ou vention., Acoustic..em SSjOons sSensors may

al so be used, zdé)gér Pbédor %re?reéfjr?r m%’e&é?rbq%r#HSV@Hgfﬁs E?foé’:\’kﬁiﬁeascgu?thcthe
reactor is i nCréi‘ﬁi§$l6I§15 efethe Yd18tiveN Qi@ SStatd)S'safd’ inedenlevense guoasdtitct i on may
have been taken. [0046] It is the determ nation of quieting of the reactor,
or more speci fATE$IPYS, ttﬁét igaseheigagier ole ‘auigiasnas Cﬁqte'trwae Y AOMSHLs

det er i ned by - igsiBh ARG HRSIBIORIIARS! QirstRS BtflorPbe Rlindg HAIAD her el n,

t hat define i ncr easi ng eve s of sti I Ness 1 n he reactor Acousti c
Eni ssi ons Sensdhesatstardard daviatioosusay alsenbe siotad gendor2,mdy dvd $oeat ed at

one or rre %?%ﬁda?&‘%e\:&tu@ﬁ? fPé;%siulrw?C?él e Sﬁé pg%ﬁét‘éa‘sagﬁ@f@bﬁﬁ l?ésnﬁ\ﬁew di zed

reactor, genera above ener
bed section (defewraﬁdns Her aomerqfeaator)eattambusﬂwpmsélbr)s droyasthphlesel okact or.

Wth the at |east AES) tenplate 1, 2,
54, 5. 6 7. Bsgony o GPach LRI Srenae 8, Sae Ok SRS GoPL | n bne

or nore |ocati GRgendibn. tN&)déﬁétérﬁ@élbﬁy'sbﬂﬁr’sQﬁéy afRt bousel, aslkaelifsd above
the distributor plate and below the junction of the cyli ndrical section and

the conical sedErdA, & defrrming ydies St"*ﬁéasérfé the raactoralsolistaasingne @ on
t t
sensors are YRA:@?HSM cocthRdict ¥ ln%@%?ﬁ(ﬁf&?ﬁﬁ ﬁg%yj Wa\;eooééﬁeta &qctor.

However, in the cussi on of the or ate"” as a ovver limt to
the | ocation offosdake orltnrertheadetﬁtmmatloenofsgmﬁmsgsehstbesre@ntqrh@remp&i or of

st de-of (e 1=RRaTeAN bk dfiied B < SamBits B, 46 eled 45 BelrBliBe Bl o
means above t hainel araadrecatoaisticremissibnosensbes plafed as noted herein, that define

increasing levels of stickiness in the reactor.

Acoustic Emissions Sensors

At least one acoustic emission sensor may be located at one or more
positions in the vertical or cylindrical section of the reactor, generally
above the distributor plate, generally in the fluidized bed section (defined
herein) of a reactor, typically a gas-phase reactor. With the at least one
acoustic emission sensor (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 réactor, and that the use of

“above the distributor plate” means above that location as marked on the
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WO 2007/ 037815 PCT/ US2006/ 031703 exterior of the reactor, and neasured
relative to the top of the distributor plate. [0047] The at | east one

acoustic em g5 R,ee480r is essentially a small  m cropho[pter,&ﬁk}g(;mgia,;a3 det ect
and anplify high (requency (ul'trasonic) sound waves. The at |east one

acoustic em ssion sensor typically utilizes a piezoelectric transducer to
detect the acoustic noise generated by the inpact of resin particles on the
wal I's surrounding a flowing stream (in this case the fluid bed section of a
reactor). The acoustic "noise"” is normally measured in the ultrasonic

range. [0048] Téxterimmefdhe medcton@ndaheasiead sslative Retheotop @frthe rdistrilbutor

bandwi dt h pi ezo-electric sensors with local pre-anplifiers producing an

i ndustry standaﬂl%fegai n of 40 decibels (dB), where O dB equates to a 1

M crovol t out pyboshy OM THEabRASPERe FBSUSHE LrASNbA EbREoray tebénticfly faugraler
anplified using a series of nal anplifiers with a ranﬂ%of ()) to 48 dB.

This produces rfBigEaRNeREdhal r@%ggteptnan amplifiy dighyfrequensy1itiasopie) sewrd s gnal s
b e t i i [
Wereé narrow a%\fe's _e?} Z%%F%b%a%oﬁﬁem Ehlgsﬁtﬁﬂ‘ééﬂg r %{%éa?l? {lizes Upi N9

100- 350 kHz ba pass fi requency of t pfocess rat her
t han t he frequepiezoetdctic éransducssrtoi deteft thet aceustic Foisetganeratedsioyn the he

Toner 1 equency TRAE G esnaba Toteh et TS sEaPHaY AR SRt bl <
em ssi on si gnalcaskthe daid Bed settien ofiadieltier)r Fhgeacdlstic toigd isHormally oot nean

square filter was usg‘g_f r this ,conditioning. [0050] Acoustic em ssion
sensors may be PFERH' H”g'? YHrARONGTaNERa| ysis & Autommtion, Ltd. (PAA).

However, a di stjhgagf i OnTHBISEndEodirAdfe RBLYREEMIBSioR! SEh&FYT aredf ndrfsiy PAA
docunents (discussed herein) and enbodinents of the present invention. The

PAA docunents duagguddth ariego-elestiicdeenraars ovitha lasalipre-amplifiersnkodiieingadm er t he
| te h d._. ; ' f t
aggl omer at aﬁn&%@@ﬂg%ﬁ&é’i% gaifYofC88 lYeBbis @@,g%@bs?gaﬁﬁaﬁsofo:%p

i nvention detect ons¥or 1 ncreasing st ness

unchecked or urnoicrowelit eatput deom dbeseerisbe f Dnergire-ampdifiep auprr isc furiiles or

ts Egeézi ef:){ : 8:] E)afm;%l gdrusir];gorarrgetr}e%néf é:igL;'rr\atlhaerrrlpliﬂIePsewﬁﬁAé Orlaor(r:guemg{‘1 tostos)t'@%'ﬁst that
This produces measurable signals in the range of 1 to 10 volts. The
signals were narrow band filtered around the center frequency of 190 kHz
using a 100-350 kHz band pass filter.
[0049] The frequency of the process rather than the frequency of the
sensor is of interest. For this reason, the signal is further conditioned to
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
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20 WO 2007/ 037815 PCT/ US2006/ 031703 pol ynmer chunk (already forned) is
I ndi cated by an increase in the acoustic noise, whereas, our findings

i ndi cate thatwéh@7onggt of conditions that lead to the CF eets)
is indicated by a decrease in acoustic noise. Catalysts g@ﬁiog%3ll%g

pol yneri zation catal ysts including conventional coordinated transition
nmetal catalysts and netal | ocene catal ysts or conbinations thereof, are
suitable for use in enbodiments of the processes of the present invention.
Al so contenpl ated are catal ysts such as AICI 3, cobalt, iron, palladium or

chr om unt chr onipohyinesdi aneinls (alreidlyl foimped) is indigajed by amiircreass inceragopstic
o e o ! p b sy < N cul i
The i nvent i on. LB MR ol ndifis PisfieBy NG 6%erdl coBhiBhy Higt st v! 1 "

"cat al yst syst ¢othe cluinkddsr shiedts)ds indicater] Bycatdetresse doapaustintmbisend at | east
one "activator", alternately at |east one cocatalyst. The catal yst system
may al so include other conponents, such as supports, and is not limted to

the catal yst cqguianeegs and/or activator alone or in conbination. The

catal yst system may 1 nclude any _nunber of catalyst conponents |n, any

combi nation as [ i B¥liPRWMErKatiosatplysts ingluding seRvardicspl Perrginpted
combination as fsfibh DRfbtd] Cbaialetd MiRSnciSiioiene ERAELR of Neofibihafitns' cal al yst
conmpound” i ncludes any conpou that, once approprrately activated, is
capabl e of cat dhgrepfgarehsuitabde o use dni enbodimentsyofidhé zerocessesf oothef i ns, t he

catal yst conmpound ri.sing.at |ea n t 2 and
optionally at |p2%sse[n??@?@%lﬁ@a\%’l%ogcgﬁgﬁ‘%lag%cﬁﬁg ?%gwgisoguc&%%m&%s&&gg]d her ein,
the phrase "I eanohn?awdmm',' of ehedrRiuhvclnomium dxides or ChRilfipsalcatabjstd.i e bound to
the nmetal cent refr of, the cat al yst,,cong,onent Eﬂ?aih can be abstracted fromthe
catal yst conpor@IfWing 8,3 AONJERiRg  discHSSIgn fiutheng/arnes spelyMesizatiqn ve
towards ol efin dapgl%g@[igg@ﬁhqﬁe fHvenBbh goneri zation. The activator is

el

descri bed further ow. 21 WD 2007/037815 PCT/ US2006/ 031703
General Definitions
[0052] As used herein, the phrase “catalyst system” includes at least
one “catalyst component” and at least one “activator”, alternately at least
one cocatalyst. The catalyst system may also include other components,
such as supports, and is not limited to the catalyst component and/or
activator alone or in combination. The catalyst system may include any
number of catalyst components in any combination as described 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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[ 0055] As used herein, in reference to Periodic Table "G oups"” of Elenents,
the "new' nunbering schene for the Periodic Table Goups are used as in the
CRC HANDBOOK OF CHEM STRY AND PHYSICS (David R Lide ed., CRC Press 81st

ed. 2000). | ¥3uP7/mg8igsed herein, a "hydrocarbyl" incl udescalusRbddsi®s
cyclic, olefinic, acetylenic and aromatic radicals (i.e., hydrocarbon

radi cal s) conprising hydrogen and carbon that are deficient by one
hydrogen. A "hydrocarbylene" is deficient by two hydrogens. [0057] As used
herein, the phrase "heteroatont includes any atom other than carbon and

hydr ogen t hat be u ban. ' het en ahA| grgup" is a
hydr ocar bon ra@?%él t gt H%%&n?]g?%‘é’ 3{‘ rﬁfé%‘{ee Cgagoonq%gitﬁgmnggg%on@gﬁson@ or nore
of the sane orERnidnts,¢hé “nevet mumipéringsschemeoioe trenBerdodie MableaGroups are

het er oat om cont ai pi n ro I§ a_ hydrogarbyl group contapni frgm1l to 3
at ons sel ect ed”?‘?‘gﬂ? ﬂhﬂ‘egﬁggﬁ?ﬁ*\w@@ﬁ ﬁBE'W%T%Yg‘?WPHXWGﬁ%PBHﬁ%gEi II"ﬁﬁon,
germani um nite@YERC PRESHITRL20000xygen and sul fur. Non-limting exanples

of heteroatom containing groups include radicals of imnes, anines, oxides,
phosphi nes, etif8$83 Rt yaed, herebnzal i Mesosasbr deGlufee salinhatieolGyRlSs, and

t hi oet hers. 10 : heg ey " e I(Ea T r stens
having a car b@%%g%(%ﬁﬁe‘éh'ﬁaélﬁcghr;gﬂagé ;][a?%fél ({':%' 3ﬁj§? %?rasrhggl Ea'(gl?: ed ' fromthe
group consi st corgprging dwdrogeal and nanpon shat arendefiplantdryi one hydiagegenA

phosphor ous, xyge nd. sul fur . unl eroatom (non carbon aton) is
descri bed. [Og%’é%(’%gb%ﬁ%%ed 'sf'ng%réq'?ﬁ{ bgﬁ@%&&ﬂ&g%ﬁ%boxyl ate", "aryl carboxyl ate",
aﬂd "al kyl ar yjoosm bOX)g\bause"d iherein, &ekphraser Yeteraatdndl Iﬂp}uﬁi@;! an;lr mad ctively,
that possesses_a carbox roup .in any position. anpl es i ncl ude

CBH5CH2C( O) 0, O@Peéséiy ¢ ,rLegpanﬁdwgmgeﬂsﬂ?éeaam&eeﬁéyﬁgh@ camam substi tut ed"
means t hat t hesgtdyiton]-ebhaIiIndd ofdlAP ik & MyBRRBASTE Facial| 1AEE CoRiaths ™I ety in
pl ace of one or nore hydrogens’in any poSition, the noieties selected from

such groups ashetregateenanddiex| eorteior o appmare cof the wMe ary difiersnt gr oups,

cooor! rosfin SRRl BEeUAR0dRbRe P1eSBeaETE BIAIPR o, Ko

al kenyl 22  hydrocarby! group containing from 1 to 3 atoms selected from the group
consisting of boron, aluminum, silicon, germanium, nitrogen, phosphorous,
oxygen and sulfur. Non-limiting examples of heteroatom-containing
groups include radicals of imines, amines, oxides, phosphines, ethers,
ketones, oxoazolines heterocyclics, oxazolines, and thioethers.
[0058] As used herein, "heterocyclic” refers to ring systems having a
carbon backbone that comprise from 1 to 3 atoms selected from the group
consisting of boron, aluminum, silicon, germanium, 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
CsHsCH2C(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, C; to Cy¢ alkyl groups, Cz to Cyo alkenyl
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WO 2007/ 037815 PCT/ US2006/ 031703 groups, and conbi nations thereof. Exanples
of substituted alkyls and aryls includes, but are not limted to, acyl

radi cal s, algwl,am adi cal s, al koxy radicals, aryloxy ical | kyl t hio
radi cal s, di\gpﬁs{ng%ﬂ%\% radi cal s, al koxycarbonyl radi cal g??gjrsg@(%é:%@r bonyl

radi cal s, carbonoyl radicals, alkyl- and dialkyl- carbanoyl radicals,
acyl oxy radicals, acylamno radicals, arylamno radicals, and conbi nations
thereof. [0061] Unless stated otherw se, no enbodi nent of the present
invention is herein limted to the oxidation state of the netal atom"M as

defined bel ow ighodpae dnlidéorhbivationtte faredtt | ERampRE 6 8uPitRsteti Nglkyls cdridow.
Met al | ocene Cat al yst Conponent [0062] The catal yst system useful,L in

. 2] |
enbodi nent s of ake. Infldassbutiaie dintilmitadnto, gyl Edigals,salkyamingraditdftene

catal yst conpo ~HIRSGR) | A& unds are
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POLYOLEFI NS (ﬁ@m@xmsb@msd @divalka pTviowgadesyl raéinalswqaébormﬂorﬁ%diceusg. .
part) cular, 1 ot Ak BRI Ll ol A b R eBERe. ' Baseo

POLYOLEFI NS 26 angaminp2afigals, ahd combilationethereait al yst conpounds as descri bed
herein include "half

dwi ch" and 'full sandw ch". cgonpqunds having one or
more Cp |igand&%Htyc| ‘?ﬁ%cﬁ%ﬁ@l bR iSeyaRts en]cbé)gm%% q(%ort]'& cP'&5ERL adi enyl)
bound to at | eaflenfit®iCherdih fmited ® BPolidatidiesiate af e matd 61A “M g¥0or e
| eavi ng group(%)S bound to the at |east one netal atom Herejnafter, these

conpounds wi | | dginectbelpydn theindlviduahdesgriptieanard examplesithatfalahe cat al yst
conponents". The netal |l ocene catalyst conponent is supported on a support
material in an enbodi nent, and may be supported with or w thout another
cat al yst conpoietallo¢rEsGatalyst Gympoyantis are one or nore rings or ring

vol oal khii ony IS8R gandl SRl Rt erebuhclrerC S meRite BF bR 71T
systen(s) typi galehlion cinifukdes et aleast G anttatiodenem datelystr @emponssi sds ng of
S(raloggts eéBf ﬁ gmlgﬁgggb%gs’he%int. he I\ﬁétgwgcetngatca@ys? %gmtp%ﬁnggo lalregaggr?ergﬁye
' described throughout in, for example, 1 & 2 METALLOCENE-BASED
POLYOLEFINS (John Scheirs & W. Kaminsky eds., John Wiley & Sons, Ltd.
2000); G.G. Hiatky in 181 COORDINATION CHEM. REV. 243-296 (1999) and
in particular, for use in the synthesis of polyethylene in 1 METALLOCENE-
BASED POLYOLEFINS 261-377 (2000). The metallocene catalyst compounds
as described herein include “half sandwich” and “full sandwich”
compounds having one or more 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 “metaliocene 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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WD 2007/ 037815 PCT/ US2006/ 031703 group consisting of carbon, nitrogen,
oxygen, silicon, sulfur, phosphorous, germanium boron and al um num and

conbi nat i ons whegeedsiswherein  carbon makes up at | east 50 e ring
menbers. Or the Cp ligand(s) are selected fromthe gr oupp(c/%ﬁgﬁoé%%@%f

substituted and unsubstituted cyclopentadi enyl |igands and |igands isol obal
to cycl opentadi enyl, non- |imting exanples of which include
cycl opent adi enyl, indenyl, fluorenyl and other structures. Further

non-limting exanples of such |igands include cyclopentadienyl,
cycl opent aphengraupreansigtingiaiidarhdn, nifeagennaygen, sili¢dn)sudfur Iphosphorous,

oct ahydr of | uor |, .cvcl.ooctatetr I I : I ;

phenant hri nden§g?lm%"?'ﬁ%bet?1°?8él %%‘IE eﬂgﬁlnug] %ﬁ@ﬁﬁ%@ﬁ%yﬁ%@&?%ﬁaﬂem

8- H-cycl opent [ shoamapkédyvp et Ydast Bokdobeziig membiaysd., Or the Cp ligand(s)

versi ons’ t her oBfe EaRgled 1o, BerSiau; apisiog e cripentnd opd 1visupSHUERRcT |t ut e

versions theregfgl " Rfaelk| ' 8f cycfapenbadiémt ORs@l ni ng

Cat al yst Oonponié%?ﬁ%}g%%yg?ﬂme a_lg g%q/qg?hﬁis%ﬂgntqjcnvﬁt | on yiEFncI udes the

use of so cal lieding@xanplasotwhichiinglude cyclepanjadiemdnipdaaylt Buerenyandr i bed

herein as a desi al | : Wth a

net al | ocene Or%ﬁI()é,['rﬂs2¢u%gt.ﬁe i nﬁl%%qegﬁr{egﬁggﬁpé%r?%g{ﬂa Syéft g@%ﬁ%@%@ﬁ !r{é&fdr?er al ly,

'érGr oup31t5- cglbmluﬁiegga«ﬁtan?l ysd:yodmpqmtmﬂnel hahth_rasrtetyh ef érrdtea?ﬂ,_t obbafiedg)yl,i ncl ude
oup o] u metal conmpl exes erein the metal is

coordi nat e, thgugr@’%'rdi nati ng rﬂﬂ? VW‘EII%F%IV& I es incl U@M%oci?te ’8%%3‘3’ t wo
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i nvention include Goup 24
Group 15-containing Catalyst Component
[0064] One aspect of the present invention includes the use of so
called “Group 15-containing” catalyst components as described herein as
a desirable catalyst component, either alone or for use with a metallocene
or other olefin polymerization catalyst component. Generally, “Group 15-
containing catalyst components”, as referred to herein, include Group 3 to
Group 12 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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WO 2007/ 037815 PCT/ US2006/ 031703 4 i m no-phenol conpl exes, Goup 4
bi s(am de) conpl exes, and G oup 4 pyridyl-am de conplexes that are act Ive

t owar ds ol ef iwio psabysmis zation to any extent. Activator
herein, the term"activator” is defined to be any corrpoungg)/gjgiogéﬁiﬁb ation

of conpounds, supported or unsupported, which can activate a single-site
catal yst conpound (e.g., netallocenes, Goup 15-containing catalysts), such
as by creating a cationic species fromthe catal yst conmponent. Typically,
this involves the abstraction of at [|east one |eavi n gr oup group in the
formul as/ str ucﬁdﬁ&o ahenel)compiexes; KEoup abis@snide)r conp S»c%ﬂ?‘hh’@tm donponent .

The catal yst ¢ gqlae %fom(ﬂ?émdeha??@aeﬁvet RIS DRt Sl gr%@hkéﬂbg o thus

activated towa merizatlon using such activators odi ment s
of such activaanyextenhcl ude LeW| s acids such as cyclic or oligoneric

pol y(hydr ocar byl al um num oxi des) and so cal |l ed non-coordi nating activators
("NCA") (alternately, "ionizing activators" or "stoichionetric
activators"), actieagorot her conpound that can convert a neutral metall ocene

catal yst conponent to a netallocene cation that js accj%{'ﬁve with respect to
ol efin pol ymer {%&8li onAS [used7erein. i thewfarml nagthdtycdpedsinathita penaition to

use Lew s aci dgofelindSor ShHERERBE e mpolMO buosild pcumbuspeinage (e o

"MVAO'), and al um num conpounds as act I vat ors and/ or | on| zing
activators (nemcm camractivaiecy singlérsite catalyst rcqmnqnn)ia(ﬂmmnnﬁta"ocenes

bt ar | or o pr ey 2 SBREAhRG, Plal BB St ok y” BiElint b SRRERK] PSR oo
ot her al um numfloasthe caiaiystv@dmpmmteTyplbhllygmwmvawashteeeuusirabtnmn of aty
activators are well in Mt and . ar xanmpl e,

b
Fugene. You- Xi alf%heReasTYBy Froue DRy THEa ory BRlRETureY o Ve, TR eq

A efin Pol ynmer iahiefdl: cewPé‘rtcbthﬂéQfaSEal% CGompine At ?h@%ﬁeﬂg\g nents of
Structure-Activity Rel ationships 0(4) CHEM CAL REVI 91-1434 (2000).

The acti vat or s eftipdiseenta sef dopairegent mnemironbarmth%acaﬂvgtﬂsbtﬂwar eialefiy in
associ ation wt, Ilyﬁgéglzaﬁ@ﬁ Yshiy sGAHRRArs( © EnbodPRkAls! 880N RfivateRar ate

fromthe catalys
include Lewis acids such as cyclic or oligomeric poly(hydrocarbylaluminum

oxides) and so called non-coordinating activators (“NCA") (alternately,
“ionizing activators” or “stoichiometric activators”), or any other compound
that can convert a neutral metallocene catalyst component to a
metallocene cation that is active with respect to olefin polymerization.

[0067] it is within the éCOpe of this invention to use Lewis acids such as
alumoxane (e.g., “MAO"), modified alumoxane (e.g., “MMAO"), and
alkylaluminum compounds as activators, and/or ionizing activators (neutral
or ionic) such as tri (n-butyl)ammonium tetrakis(pentafluorophenyl)boron
and/or a trisperfluorophenyl boron metalloid precursors to activate
metallocenes described herein. MAO and other aluminum-based
activators are well known in the art. fonizing 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 Sfructure-Activity Relationships
100(4) CHeEMicAL 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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WO 2007/ 037815 PCT/ US2006/ 031703 conponent, such as described by Gegory G
H at ky, Heterogeneous Single-Site Catalysts for Oefin Polynerization
100(4) CHEM CAL REVI EWS 1347-1374 (2000). Ziegler-Natta Catal yst Conponent
[ 0068] The cRPYMW&MHnposition may conprise a catal yst cEFpsaean317oahi ch is
(or includes) a non-netall ocene conpound. In an enbodi nent, the catalyst
conponent conprises a Ziegler-Natta catal yst conpound, such as disclosed in
ZI EGLER CATALYSTS 363-386 (G Fink, R Ml haupt and H H Brintzinger, eds.,
Springer-Verlag 1995); or in EP 103 120; EP 102 503; EP 0 231 102 EP 0 703

206, RE 33, 6830 Sulbri02E8 % USsore! By SgohP &, BRART HordiBudnel, 9331 US

5,290, 745; US go 5 and es of 'such catal ysts
i ncl ude those Smg{ﬁr -Séé eptalkgsisupr Dlefn Bolyserizaticr {004) rRHEMICHXREWEWSal koxi des

and hal i des, koxi des and hal i de conpounds of titanium
zi rconi um or vi%%hgﬁ? 20@3’5. onally in conbination with a nmagnesi um conpound,

I nternal and/ or external el ectron donors (al cohols, ethers, siloxanes,
etc.), alum nu n@ ﬁg%@ﬁl k & and al kyl halides, and inorganic oxide
supports. [006 @ alySt GRMRANGAL; i on net al catal ysts are those
traditional  Zjgggjer - Pﬂﬁbt@tﬁ%taédfﬁééslﬂd?\aha?r&rﬁﬁlsb g%YMyétrbdnﬁtfbr%hE Any

reference here|n to Ziegler-Natta cat al s are to these "traditional" or
"conventional ' whgebels (eminglydesy a w%metajlocmpompzuw én ansgmBodimest.yst s and

Pol yneri zat i on ) f type
transition mot Cca:tét a? dj{e@? gon gﬁ%g&éf %1@5{@] @gtttgn%aqﬂgme%h??g’l‘%
4,077,904, 4, 48h és‘.dlsolo@mnGDEGLER CAat1ALYeBs 363888, (5oFmkd R4 Nd@badntl. The
conventional -t .on netal .cat al t co nds. t t e-Hsed in
the present mé@ﬁﬁ@ ”H RS, eg%n§p[|n%e{ g %8&%& ?@X@DEBS 3to
17, or Groups 402 %082 EPD Z¥0Up2 EPLO 7@30146 'RE R36881i 8S B0z 565; BBenent s.
[0070] These convent i onal -tggfé transition metal catal ySt s

represent ed by9©OH8 %76 HH &528R78; Univet’8. 443 V5480145 P&ﬁéﬁ%&gé andi o 17,
or a netal fro%%g\gﬂ??qh tOE@amﬂEsaof”?ﬁé’hl cétra%sen%l'tﬂhé th&de tcbﬁﬁ‘i?blr'@ Ris a

hal ogen or a h yl'oxy group; and x is the valence of the netal M 26
Group 4, 5 or 6 transition metal oxides, aIkoxudes and halides, or oxides,
alkoxides and halide compounds of titanium, zirconium or vanadium,
optionally in combination with a magnesium compound, internal and/or
external electron donors (alcohols, ethers, siloxanes, etc.), aluminum or
boron alkyl and alky! halides, and inorganic oxide supports.

[0069] Conventional-type transition metal catalysts are those traditional
Ziegler-Natta catalysts that are well known in the art. Any reference herein
to Ziegler-Natta 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,
4,482,687, 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: MR, 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 ¢
halogen or a hydrocarbyloxy group; and x is the valence of the metai M.
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WO 2007/ 037815 PCT/ US2006/ 031703 Exanples of R include al koxy, phenoxy,
brom de, chloride and fluoride. Exanples of conventional-type transition
netal catalysts where Mis titaniuminclude Tid4, TiBr4, Ti(0OC2H5) 3Cl,
Ti (0C2H5) C 3WORPUEEP) 3C1,  Ti (OC3H7) 2C1 2, Ti (OC2H5) 2Br ZCTISES/0IV7BAl C13
and Ti (OC12H25)Cl 3. [0071[ Conventional -type transition netal catalyst
conpounds based on nagnesiunititanium el ectron-donor conpl exes that are
useful in enbodinments of the invention are described in, for exanple, US
Patent Nos. 4, 302,565 and 4, 302,566. Catal ysts derived from M/ Ti/d/THF

areal s cont egphpleRdor WHEAE! AU, loEABH! BrBmid ShIGHAeLLAY IRHaEKT 11 11

the art. One exa e gener ] preparation of such
catal yst i ncl Gaamptdse of canyantianal-tipes beusitian anatal ncatalystsr wiete: Mhis conpound

to TiCl3 usin L ad 1 t\h t .-l O

Conventi onal -t 3%‘59’ 3&@3&@scela%bﬁrg%rdhﬁggxgir-lf’)ﬁﬁ'éSgkgé&s)ggh\%ﬁCf@ﬁg’lq’t ype
transition netal(OCaHALGkI TiCOCHAs)sBIs, Tigl. BEAICLeNTETIEDCeMH P! he fornul a
MBMAVX20R3b-c, wherein M3 is a mata% from G.oup t? 3 and 12 to 13 of the
Peri odi ¢ Tabl el%fllE e%&ﬂ?ﬁ’@f‘“%'ﬁt@ea rﬁgﬁ'gq’" r@qtaécaéﬂys OMRYRABLAsETi ¢ Tabl e
of Elenments; vohsnpiagReshRiithhidfM Glé&roh-dorRRC Bonigleixes afhat hale0dRBful Cini S a
nunber fromO to 3; 'each R3 is a nonoval ent h%drocarbon radi cal or

hydr ogen; b i sembadimgnts fof she (inventian argflesgrekim for examples Y8 Ratenteast 1.

O her conventi | 2t 0, teal i e above
conventional -t ;R/I%g 21@}552‘)35%@122%@?&@6% %ﬁé%%tsa%%"\%tg ﬁ'ﬂe %gmrr@"gw&%k wher e
MB is a Group hlap cdntemplatdsl, avhich bre wetl &knpwauothase lof ohdinany skiltlinutine
beryllium bariymaboron al.ypi nu in mum .and_ gal]iu k equals 1,
201 3 depend: A e atnetegiEh 85Rkiaf s higr B PPe PtaiB) b7 atet A Hialal | y
depends upon t neludearthechalléwing odiBsdlge Widi; hn MBHbeleaings ; thensb dRd nay be
any nonoval enf_ radi.cal that include hydrocarbon radicals and hydrocarbon

radi cal s cont air@hbs'_ag &ch @9d Mot angl remqvethe spWent | uori de, al uni num or

gé?fgrergr or a ggfb*amat | @onvBRfiGHAI-type’ ¥EAS0H OddfgouridsT/ 1572006/ Odotes
conventional-type fransition metal catalyst compounds may be
represented by the formula M®M*X%R%., wherein M® is a metal from
Group 1 to 3 and 12 to 13 of the Periodic Table of Elements; M* is a metal
of Group 1 of the Periodic Table of Elements; v is a number from 0 to 1,
each X is any halogen; ¢ is a number from 0 to 3; each R is a
monovalent hydrocarbon radical or hydrogen; b is a number from 1 to 4;
and wherein b minus ¢ is at least 1. Other conventional-type
organometallic cocatalyst compounds for the above conventional-type
transition metal catalysts have the formula M®R3, where M® is a Group 1A,
lIA, B or llIA 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 fo 16 element like fluoride, aluminum or
oxygen or a combination thereof.
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[ 00731 Pol ynerization may be conducted using the above catal ysts and
nononers sel ected fromethylene and one or nore a-olefins selected from

propyl ene, 1-pybRAGs7sls hexene, 4-nethyl-1-pentene, 1-octepgyRbodsodasene.:
[0074] In order to provide a better understanding of the present invention,

the follow ng exanples are offered as related to actual tests performed in
the practice of the invention: EXAMPLES [0075] The pol ynerization reactions
descri bed herein were conducted in a continuous pilot-scale gas phase
fluidized bed reactor of 0.57 nmeters internal diameter and 4.0 neters in
bed hei ght. ThePolymetizationbed was made up of pol yner granul es. The gaseous

f eed f I . o | | 1G]
mixed toget hor Db m keHg e zalEh RS B coRRBbaR itd e s SoEREP BT Sact o

bed into the reppndbmedsseledted frontHeikgibae vad oneant nasrecooiefinsselectBderamdi vi dual
flowrates of ethylene, hydrogen and conononmer were controlled to maintain
fixed conposi tRORYIEREget-BUtenBe LHAWRNSeA-MBEYh]-PENtEsS: r h1ocele PTndintain a
constant conmonoggdenk0 ethylene nole ratio. The ethylene concentration was
controlled to maintain a constant ethylene partial pressure. The hydrogen
was control | ed P&74imi ntraiaider ¢onprodide By Betefennderstandingrf the dresedtti o. The

concentrati ons Blefldy, HE IR SERIEREN Boiy 8 Bldd 15 adlaf tests

chromat ograph to ensure re nst conmpositron 1 recycl e gas
stream [0076 Thefamieddn tied plagtite vitheiimjentioed directly into the fluidized
bed wusing purified nitrogen as a carrier. The catalyst feed rate was
adjusted to nmintain a constant production rate. The reacting bed of

growi ng pol ynerexAMpELES €es was maintained in a fluidized state by the
continuous flow 0 €_ make up_ feed and recycle gas through the reaction
zone. A superfil@0Z gaBe\nolyseerizatioh r@?@mﬂs(;@@cm%P§Veé%c‘!‘/%s°°ﬂ§\é‘é¥e@o

meintain a conshanporauOs ARG PRSLRS SRR PALSB Dest e R Oy A Pe. T

t enper at ur e, t hiotaraaipdiasetercand 4tthenetersyiol kedyheigbht eitienfjuitlized bed was
made up of polymer granules. The gaseous feed streams of ethylene and
hydrogen together with liquid comonomer were mixed together in a mixing
tee arrangement and introduced below the reactor bed into the recycle gas
line. Hexene was used as comonomer. The individual flow rates of
ethylene, hydrogen and comonomer were controlled to maintain fixed
composition 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 supefficial
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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reactor was continuously adjusted up or down to accommodate any changes in
the rate of heat generation due to the polynerization. [0077] The fluidized
bed was mai nwaixnew3adisa constant height (4.0 neters) by pddbbadbawsiyes a

portion of the bed at a rate equal to the rate of formation of particul ate
product. The rate of product formation (the polyner production rate) was in
the range of 50-70 kg/hour. The product was renbved sem -continuously via a
series of valves into a fixed vol une chanber vvhi ch was simultaneously

vented back to th?qrreactor This allows for X efficient renpval of the

product, whil e@&C hieraperature nthe temperatyg of Iﬂéﬁ JECYRI t935n epreringeth@nr eact ed
gases back to Féh%tdre%%%ont-‘:hdoﬁsl pg&]d%& E@Sorp'db%dté %&SW&a@t‘é“a{r@' ned and

di ssol ved hydrocarbons and trea steam of hum di f
ni trogen to degbangestie thejate ofbeat ggn@rationucb@tofthe pelymedizatien.al yst . [0078]

Figure 11 @ RAPAT TheohubBRanbbe At At ldhe S1cBRdf EREIAE (agnd the

approxi mate | ocati‘ons of THEEE o0 iV s hst rune
Readi ngs from tiederdEBy wethelrawiag L portion df hiee bed rat & rate)letqaal toDheaafer ofm

mul tiple probes wer.e co si mul t gneausly .usi bas ta

acqui sition syzqr t'OEJa? p?ﬁtﬂ"ffaé 09{085’%be0'\lﬂ)€ iatgopf]%é?%tbc f[ormiﬁcap C{ﬁ‘

readi ngs/ secongolyfie® pfed@ctioRsrates) Washinohel range of 5oL egl kgMmbdr. arhe prodiigge val ue
was | ogged every 60 secqgnds for plotting purposes. Data reported from four

di fferent acou¥sderoved |38ﬁ”"§@ﬁ§féﬂ%islyo‘6%tae°cfr@§ Qfé/Ia?V&?rsJ“top%iﬁ?ﬁ?% velmene
t t | ot
reactor were rgg%ggfj \{vﬂlgg \f& ﬁlfaﬁe%gﬁlgavs@][tﬁ% ; ggoﬁo gRNfE&G, il ot s

shown in Figur gure ults o a pilot plant
test, in whichatiows fmrebnghlyrefﬁaenbwnpny@ébptm prosiuct, ovhileeatsthiecsamg tierri t by

first lowering e e rto

et hyl ene nol ar é%’gl %geg 'ﬁ'@ﬁdp E@# ﬁg% “W%&@ g%%ggﬁ'é? ﬁ’% re%ﬁ@ ally

gr adual Ié }ncre&giuggzvatsepug@edatgwreenovﬁamtmm axlicgdnsbolveuwbmrmmiseanoat i 0 was
i ncreased from 1o 0. resulting, n a decrease i

densi Ly 1 rom 0 galsA vith 205521 Steare O hYRITH FLIREEHdoviRac VR iy aed 1 rom
0 to 6.8 nol e gRgAMRRLCf [ddllSalW@taljs?! | owed by an increase in the reactor

tenperature set 29 WD 2007/037815 PCT/ US2006/ 031703
[0078] Figure 1 is a schematic of the pilot-scale fluidized bed reactor

and the approximate locations of the acoustic measuring instruments.
[0079] Readings from the AES were measured in the form of volts.
Data from multiple probes were collected simultaneously using a PC
based data acquisition system. Data from each probe were collected at
100 readings/second. The data was continuously monitored, and an
average value was logged every 60 seconds for plotting purposes. Data
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 O to 6.8 mole

percent. This was followed by an increase in the reactor temperature set
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point from175F (79.4 C) in a series of 5F (2.7C) increnents each hour.

Note: due to specific constraints peculiar to this specific reactor, the
addi ti on of +v @r})d | owering of density were not individually sufficient to
drive the po @?@ B he sticking point (although, if pudKd@SReOBEr3 each
of these variables could have individually driven the polynmer to the
sticking point). Therefore the third variable, reactor tenperature was
necessary to arrive at the limting sticking point in these experinents.
These steps (adding I CA, increasing the cononomer concentration, then

i ncreasi ng re@otr\ofrotremﬁé’Fa(VQrM)\ivea3eheﬂ;eﬁ5‘§-‘e@.ﬂ?ﬂl)inﬁrément&‘mchtﬂmnrj ndi cat ed

bed tenperatu s,18 7. 6C adi n 0 thre a oustic
eni ssi on sensor’\g)t €| odug Z‘EI g %‘?ﬁsyfa' gl?aé'a@t m’s(ﬁpgﬁ@f’ereé 7.6 cm
or 2.93 diamet @aantnaﬁqachmhawdiu&ﬁérinlg%foaer@it?tv@rémnnéu@uddeny e@maematw t he
third sensor |ocated on the overhead rec egan to increase As t he

t enper at ur e i néfiE@a e peiMentrthe %twéslr\gémmtdaghwqrgmlftMédtfwﬂ@ eaehebr s
continued to eﬁgésté' Varldbles gﬁ.ﬂ agél vﬁﬂ@ ?l‘l\fén':fh%uﬁ&yr%er 'td‘th&QtH:tkfrﬁzaset he

fluidized bul k nsity bas eren pressure’readin
only slightly @omt)nngneTeﬁare tmeethirdsvagiiable, sesstori tamipetature @as hlaeessdlnotp in

fluidized bul k_densi .ent ual beca . e pronounced, t i did not
bocur anti 1 share o e MM elicki SRIE A7 thse caPEHERE: iest ks Cof [he
'([jerrper at l(Jlfng; ar(r@ddéngmcham%régsing tp?aéomdsm)r?érobbmenwatnbnf thsrdinmhsu’@l kd
en5|ty as determ ne ifferentia S si des
the "slow' resperi®) ?e,rgpgrﬁg{re verg t @E%’br‘?‘?ﬂ%\?’ﬁ)tiﬁ(ﬁ ﬁthr’hLﬁQ i C?t?gé sponse
to increasing Qél’nﬁgﬂa'flﬁéswa@ h%@?‘"g 8'7@° ‘zf‘dre'éﬁﬁ\%@'ﬁ&nut% bf kitee addas®y €
fluidization is lost. In this exanp nal is initially weak and
the signal bec@migsien SRS, l@natyeda% %@mmrtq oY éeaqtqvﬁ diaggetareAnd J6 ryicﬁent ration

i s reached as tcp,f ;grg%,eﬁ.%él’t&s Eﬁﬁir%htor"?%t %%j&%lacr%asé%

commer ci al operation € opera ors ve notice
slight dr op | n ti@3hirde aehsoy laa:aied\mnl theMemintecydedlrleobémdto |nsuqasat ane at a

e o S Bl AR AT . BB s Bt o

have provi ded zepsbrst %ﬁtln@bd”ﬁa@kﬂﬂlﬁ thisi behaadr a8 sHowreas tRigure32. Wa
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contrast, the ﬂmdlzed bulk density based on differential pressure reading
decreased only slightly during this time, as also seen in Figure 2. The
drop in fluidized bulk density eventually became more pronounced, but this
did not occur until shortly before a chunk formed (14 hours after the start
of the temperature ramp). We have found that the problem with fluidized
bulk density (FBD) as determined by differential pressure (DP) cells
(besides the “slow” response) is that it is essentially non-linear in its
response 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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trouble until just before the fluid bed became too sticky and possibly
sintered (creating a chunk). [0081] The experinental data provides sone

i mportant andvanRypesised results. Wien the reactor terrpgg\@.}/%ﬁ,omm:‘
increased in conbination with |ower resin density and | agent

(i sopentane) being present, the polyner bed was forced froma condition of
snooth particulate fluidization to a point of excessive (or limting)
stickiness where particles began to sinter. This becane progressively
worse, and the bed reached its sticking point, which finally resulted in a
fused mass of pgrupeundihdust Heeforsr the iflold ged ditcame ¢ourskickynandt pessibly
conventional sep . detect the eventual chunking point, but
the points in g?%Fe;wv%aﬁpﬁb%ﬁneJngét ection occurred were very different.

Si gni ficant shifbesa] i n Theexperimentaidata eesliidegssdnoe impdréard and uricliipectedust i ¢

em ssion sensors 6-1/2 hours, on the dP .sensors 2-1/2 hours . and on the skin
t her mocoupl es Af@sﬂlfsmﬁe%n ﬁ?ﬁ Eﬁacpqg tempeRtuigavas MereRRGd. in Gﬂ%b'ﬁ%\'%‘ﬂg'a war ni ng
of 6-1/2 hours [bwefidi Eiéﬁ@t@tarﬂﬂd)A\”&j{érﬁ_(i@bﬂJ%ﬁé)_ beis prdsent, ithe pBlymesever al
adjustnents to prevent the point of Timting stickjness by adjusting the

f1 ui di zati on oqu%éf%ef@r%ﬂagom aneanditionpef amnoothTpadicyiate fiwdizatian| towaf or

optim zation of,4; I : t t | i mat e
react or capaci t%/&'m‘[e%f(r)%g%? Ré%ﬂ@é‘ﬁﬁ%ﬂ@@&&wﬁ% %ér}gg'g%ltbte?’ﬁbgﬁtslmg%ﬁ have
been descri bedlkisdecamagirogtesdively wersey amd éhet beghaeached! ity stiskingdpoivhit s, it

wi |l be appreci t hose of ardinar Kill | [ t di ment s
of the inventi%ﬁgﬁgng%‘t rﬁéH@%q {%e%ﬂ.[sgdvr@?%'sac?fip@#@%ﬂﬁ&(ﬂ@&gé’%ﬁ%ﬁ%ﬁﬂ strated
her ei g.d Folr _tmrmfnkeammhetMepﬁ?iarmerssmw @blmt@m&eaome:cqvérhmalhe
appended cl ai [ purposes, O termining the tr scope of the present
Thvention a1 CEupied RRB: BrCeIneed free & WGl eclsle o GsuratWRIBat | cast
one gas-phase rgagidiferaht. OSighfiRant SMilts T ALMRHUMehO Fedd@Stooklaée 6ANeNsed
node reactor conditions, conprising: a) feeding nononmers and at |east one

catal yst to thethg@sopsissemissisicsansors &-1fReursory e dBaensersed1/2 hours
and on the skin thermocouples 40 minutes prior to the actual shutdown.
The advanced warning of 6-1/2 hours is significant and would allow an
operator to make several adjustments to prevent the point of limiting
stickiness by adjusting the fluidization of the bed away from this point.
This also will allow for optimization of the reactor production rate to match
it to the ultimate reactor capacity.
[0082] While embodiments of the present invention have been
described and illustrated by reference to particular embodiments, it will be
appreciated by those of ordinary 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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b) feeding at |east one induced condensing agent (1 CA) to the gas- phase
reactor; c¢) neasuring and processi ng acoustic em ssions of the polyner
particles in the gas-phase reactor; and d) controlling the reactor at or
near maxi num production rate for a given polyner, by the neasuring of the
acoustic em ssions, such that when the acoustic em ssions deviate from
acoustic em ssions of a steady state reactor producing the sane given
polymer, by nore than one negative standard deviation, the controlling
conprises a corrective action conprising: adjusting one of ICA |evel,
conononer | evePLAMSIct or tenperature, or combinations thereof; wherein the

processi ng of Si onprises arithnmetic averagi ng using acoustic
em ssions signa gts%r?pﬁ’@%dﬁgom atime window in the range of 0.01-1000
seconds, where the sanpling frequency ranges from 0.01-1000 sanpl es per

second. 2. The; proge ' : L&l t S I.C

em ssi on sens1o'lro (&éfoc:%fsss ﬁé@g%%t'%%@grllgdggtohrgf%r '%@#n%ra?%glagggﬁa (lr)n of the
reactor, at a | ocatmaximom t peodogliomdratesal usdet i condemised e medepoieactor above a

reactor distributor ﬁl :{zt e. and/ ??r bel ow a cylindrical-conical junction of

the reactor. 32 3. %9 8‘ '8P%cce°§'§pr %1 ai m 2, wherein the at |east one AES is

| ocated on the extayrfeedingfmbhememaahdrat ledstoneocatalysh& tex gasgdase he first
0.25 reactor dianeters ?bov a reactor Lgi stributor plate, and/or that

excl udes the first "B298" R MakgpPoymerhatides o o a cylindri cal - coni cal

junction of the reagtfesdingat lodsebaé induted Toptehsing agent GEARto thergdshnet i ¢
average of 2 or nore iterations (readings) taken in the range of from 1000
time per second toPSRESERAMYT 10 ninutes. 4. The process of any one of the

preceding clai s, \haneasuringe and® F6ESEINC BB UsHBSermiseing ¥5thes pbiAferd from
one of Ziegler-Natta, chromum chrom um oxide, AICI3, cobalt, iron,
pal | adium or a mPegidesiartbe gasshpse reactor; and

d) 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.

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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5. The process of any one of the preceding clains, wherein the catalyst
conprises a netallocene catalyst. 6. The process of any one of the preceding
clainms, wherein the nononers conprise ethylene and one or nore a-ol efins.

7. The process.of any one of the preceding clains, wherein the a- olefins
conprise one or nore of 1-butene, 1-hexene, or 1-octene. 8. The process of
any one of the preceding clains, wherein the <corrective action is taken

onl'y when the3 acousel groesdsSéf €18im 2nwBéfeiry tleyatdenstadre AESHS tduated eady state
acoustic em ssion by two, or nore standard devt'ba%i o&s frgm tfh @%Sady state
7 )

acoustic eni ssi ofhé @xterigg qfrthe ggactsr. atng PO exeudes g i s,

wherein the —COTIGEALYE fifihe@Ps iboldl@eadioy dABuIheplaeoUsd/er fistssi ons
negatively deviate fromthe steaﬁgsy state acoustic em ssjion by three nore or

more standard deviexciudas the Gipt 05 wastendiamelers helgwsa cylindsigakeqnica! 33 wo

2007/ 037815 PCT/ UxgR@iB08¢ 48 rebidtor, RAdPWRERSS Bl 8haf@ofprisBeanr ecedi ng
clains, wherein the processing of the signal conprises arithnmetic averaging

using acoustic eririgyhelic aserggeal of iepiearefitesatiens (rradingakitlennntthe range  of
1500 seconds, wnghgad BPrGAMR0 tnd PECULERGN 1d BROSTRN {iThnind  sanpl es per
, metal | oce

second. 11. The process of clarm wherein the ne catal yst further
conprises one or nore of an ionic activator, an alunoxane or a nodified

I . 12, Th f f.th dj | aj : in th
Scouat e en i ondHRoRiees 4, 3, il GrsPRERECpARnG AhBRein "HELELD, (e
(readi ngs) takﬁn ipro¢ess c@Pgﬂsesf afaammyfs’ltomemédrﬂmrpeune lsfaZmyﬂe_ eylertiatts e eVﬁry 10
m nutes. 13. The process of, any one . t re 1ng.c rein the at
| east three negat Pf«b‘émgt“ahd&?f&"ﬁ‘é’vi 8’6'8‘5&‘%’?8ﬁ]oé?e'gaﬁgn-sf’gl@&%@m}& |gc

em ssi ons neasur ednétalibdeheddatalgstst one acoustic em ssion sensor

5. The process of any one of the preceding claims, wherein the

catalyst comprises a metallocene catalyst.

6. The process of any one of the preceding claims, wherein the

monomers comprise ethylene and one or more a-olefins.

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

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

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

emission.

9. The process of any one of the preceding claims, wherein the
corrective action is taken only 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.
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(AES) are neasuring the sound in the gas-phase fluidized bed reactor of
aggl onerated pol yner particles, wherein the agglonerated polyner particles

are s 21 mmand/or ? 2 nmin their |argest dinmension. 34
WO 2007/037815 PCT/US2006/031703

10. The process of any one of the preceding claims, wherein the
processing of the signal comprises arithmetic averaging using
acoustic emissions signal sampled from a time window in the range
of 1-600 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) alre 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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