EFFERVESCENT NOZZLE FOR CATALYST | NJECTI ON CROSS REFERENCE TO RELATED
APPLI CATI ONS [ 00011 This application clains the benefit of Serial No.
60/ 848, 910, filed COctober 3, 2006, the disclosure of which is
incorporated by reference inits entirety. FIELD OF THE | NVENTI ON

[ 00021 Enbodi nents of the present invention generally relate to a
nozzl e for catalyst injection and nmethods for using same. Mre
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[0003] Liquid catalysts used in gas phase polymerization offer many advantages

over conventional solid-supported catalysts. For example, liquid catalysts require
less equipment and raw materials to make. Liquid catalysts also impart fewer
impurities to the final polymer product. Further, the activity of liquid catalysts is
not adversely influenced by the surface area of a support material. U.S. Pat. No.
5,317,036 discloses additional details for the use of liquid catalysts for gas phase
polymerization. Other background references include GB 618 674 A.

[0004] Regardless of the catalyst type, olefin polymerization, especially gas phase
polymerization, depends on the uniform and reproducible injection of the catalyst
into the chemical reaction. The catalyst should be dispersed uniformly throughout
the reaction materials to promote uniform polymerization. An effective dispersal
of catalyst within the reactor avoids fouling and promotes uniform, consistent

production of polymer product.

[0005] However, the injection of liquid catalyst to a reactor system creates several
challenges. For example, the liquid catalyst is typically soluble in the reaction
medium and can deposit on the resin or polymer forming in the reactor,

accelerating polymerization on the surface of the particles of the bed. As the



coated resin particles increase in size, the particles are exposed to
a higher fraction of catalyst solution._or spray because of the

i ncreased cross-sectional dinensions. I'f too nmuch catalyst is
deposited on the polyner particles, the polymer particles can grow so
| arge that the particles cannot be fluidized, causing the reactor to
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[0009] Such nozzle designs could be improved to address the problems of
accelerated polymer growth discussed above as well as particle growth and
accumulation on the nozzle itself. Such particle growth and accumulation can
plug the nozzle which decreases the rate of catalyst injection if not block the
injection all together. As a result, the catalyst injection and dispersion becomes

unpredictable and unreliable leading to fouled reactors and off-spec product.



SUMMARY OF THE | NVENTI ON [ 0012] A nozzle for catalyst injection for
ol efin polynerization is provided. In at |east one particular

enbodi nent, the nozzle includes a first conduit conprising a body, a
tapered section, and an injection tip. The nozzle also includes a
second conduit having an inner surface and an outer surface. The
first conduit is disposed about the second conduit defining a first
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nozzle to the reactor. The nozzle conprising: a first conduit
conprising a body, a tapered section, and an injection tip; a second
condui t having an inner sur$dasBMARY @R THE BYVENMI@Se, wherein the
first conduit is disposed about the second conduit defining a first
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in which the above recited features of the present invention can be
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effective enbodi nents. [0016] Figure 1 depicts_a _schematic diagram of
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described. ahout the second conduit defining a first annulus therebetween; and a support
member at least partially disposed about the outer surface of the first conduit
defining a second annulus therebetween, the support member having a converging
outer surface at a first end thereof. At least a portion of the first and second

conduits extend beyond the converging outer surface of the support member.

[0014] A method for catalyst injection is also provided. In at least one particular
embodiment, the method comprises providing a nozzle to the reactor. The nozzle
comprising: a first conduit comprising a body, a tapered section, and an injection

tip; a second conduit having an inner surface and an outer surface, wherein the



[0017] Figure | A depicts an enlarged schematic of the injection
nozzl e shown in Figure 1. [0018] Figurg 2 depicts a cross sectional
view taken along lines 2-2 of Figure A [0019] Figure 3 depicts a
schematic of an illustrative second conduit 140. 10020] Figure 4
depicts a cross sectional view of the second conduit 140 taken al ong
lines 4-4 of Figure 3. [0021] Figure 5 depicts an enlarged parti al

schematic o n St - I
DESCRI PTI C]\lfﬁf%%og% bl %ete ltaSWS%g %iozlc rtﬁgﬁg %Bn&dwc?lfdu%ogve@gﬁgr%ﬁ? Jeén nullilésc

of the apperti@ted)emr@ﬂn;rsn@lef suppert ansetparaatieast pyénlly dspoydd afvuf dre outer
i nfringement_ pur s s recogni zed as inc) udi valents to the
vari oug el eﬁ)é[ﬁ?@p%stﬁ i tt‘%&’PﬁB‘ﬂg éﬁ@%iaﬁe&“c{ “ﬂ"% @%bwwbet BAWRAYYE on

the context medter m@m@eﬁeﬁﬁze{a@hgwep stifffee ANy BiRd: 180 "thERBYY. | Thé ABhod
cases refer to certain specific enbodi nents onl In other cases it

will be rec(ﬁ@}ﬂleZ@dmphaQS @fiaganetal v shehethroughehe v anmilng andfrse the
subj ect matter ited i nece sarily all f

the o s ma. YRR I Ao m R Btk diOhe RECRA MY R4 jrta e
det ai | bel ovacioRChnlTIBgingPEE i Gorbedi { BirougBIthé @RSuIaNEf EXRIBOIRSS,
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in the art to nake and use the inventions, when the information in
this patent is conbined with avail able i nfo illation and technol ogy.

[0024] Figure 1 depict SBRIEEMRIBTB?H@%WH&D&AWW%%U on nozzle

100 i n accordance with one or nore enbodi mrents described. I n one or
nmor e enbodi m@nsls Sot thet thezmhenet0@ which ullesbavd recgted deatdes tof 11RO presestond

conduit 140, an u 150, -The cross r.st
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second conduit 140 and support menber 150 are concentric.
invention may admit to other equally effective embodiments.

[0016] Figure 1 depicts a schematic diagram of an injection nozzle in accordance

with one or more embodiments described.

[0017] Figure 1A depicts an enlarged schematic of the injection nozzle shown in

Figure 1.
[0018] Figure 2 depicts a cross sectional view taken along lines 2-2 of Figure 1 A.
[0019] Figure 3 depicts a schematic of an illustrative second conduit 140.

[0020] Figure 4 depicts a cross sectional view of the second conduit 140 taken

along lines 4-4 of Figure 3.

[0021] Figure 5 depicts an enlarged partial schematic of an illustrative first

conduit.

[0022] Figure 6 depicts a flow diagram of an illustrative gas phase system for
making polyolefin.



[ 00251 In one or nore enbodiments, the first conduit 120 surrounds an
outer surface (i.e. outer diameter) of the second conduit 140, and

t he support nenber 150 at | east partially surrounds an outer dianeter
of the first conduit 120. Accordingly, both the first conduit 120 and
t he second conduit 140 are at |east partially surrounded by the
support menber 150. “"outer tubular” is an conduit that surrounds an

outer surface of the second c ifﬁﬁgﬁgéﬁnb gy tubular,” defining

an annulus or zone ("first annulus erebet ween. The first
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[0025] In one or more embodiments, the first conduit 120 surrounds an outer
surface (i.e. outer diameter) of the second conduit 140, and the support member
150 at least partially surrounds an outer diameter of the first conduit 120.
Accordingly, both the first conduit 120 and the second conduit 140 are at least
partially surrounded by the support member 150,

[0026] Figure [A depicts an enlarged, schematic diagram of the injection nozzle

100 shown in Figure 1. Referring to Figures 1 and 1A, the first conduit 120 or



[0030] Figure 3 depicts a schematic view of the second conduit 140
shown in Figure 1. In one or nore enmbodi ments, the second conduit 140
has a closed first end 141 and an open second end 142. The second end
142 can be adapted to receive one or nore fluids to flow t hrough the
annul us 187 (Figure 1) of the second conduit 140. The first end 141
is preferably wel ded shut into a sem -spherical tip. In a preferred

enbodi ment  WHAE oG SEGR Rn RPN durdoBnd P DEfADOhE eco {%ggﬁcﬁﬁto nd
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preferably 10 to 20. In one or nore enbodi nents, each orifice 145 has

an inner di RO AR spdcerd ol aWbelisphdtabBulh oM Hrfd: g@ inBér
0.05 cmto a high of about 0.06 cm 0.08 cm or 1.0 CM 100321
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be used such as three or four depending on flow rates and production
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a. two
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line is pref a 8 s & n
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by about 120 degrees from one another, although any deqree of spacing
can be used ?H%@%@lﬁftsﬁfhﬁépéceﬁéﬁmflierg%ﬂb%fglfﬂg%%trﬁ%%a HohPaerend
second condy}o-314Q abakgnpal ong |lines 4-4 of Figure 3. Figure 4
depicts an illustrative radial spacing of an orifice 145A from a

the first | TRg; BL D (EReRIo QP PER ik s (R EREMIAR PA
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about 100 degrees, and nore preferably about 60 degrees to about 90

degr ees. However, any radial configuration and spacing can be used.

[0029] Referring again to Figure 1A, the spacers 160A, 160B, 160C can be
located about 0.5 in. (1.27 cm), about 1 in. (2.54 cm), about 1.5 in. (3.81 cm),
about 2 in. (5.08 cm), or about 3 in. (7.62 cm) from the end of the nozzle 100. In
one or more embodiments, the spacers 160A, 160B, 160C are located between
about 0.5 in. (1.27 cm) and about 1 in. (2.54 cm) from the end of the nozzle 100.
For example, the spacers 160A, 160B, 160C can be located about 1-5/8 inches

(in.) (4.1 cm) from the end of the nozzle 100. In one or more embodiments above



[ 0035] Referring to Figures 3 and 4, each orifice 145 can be shaped
and sized independent of another. In one or nore enbodinents, the
shape of any given orifice 145 can be circular, curved, oval,
elliptical, squared, rectangular, or any other polygonal shape. For
exanples, the orifices 145 in a given helical |ine can be any

conbi nati on of two or nore shapes including circular, curved, oval,
elliptical, : 0

i keni so. 1 o o Fite DERE, M lcer PO TOPCADRT <BP by AR2RY R ARREernt
sane conbi ndistange diforrs hepad . of [tBOB86]zld hObnEorosxampie eachbspdiereltils, 1668,

orifices 145,.jn a given i .h the s hap nd.sjze. In.o or
mor e enbodi AL S PNES Gom 0-SE U128 P 18 51 AT (48 e i e dhdne
shapes and gbzgsi0d.n one or nore enbodi ments, the orifices 145 in a
given |ine have the sane shape and size as the orifices 145 of one or
nore different lines. In one or nore enbodi ments, the orifices 145 in
a given |ingspaieodlifif ehent shapes and sizes than the orifices 145 of
one or nore different Titnes. - 9 - [0037] The portion of the second

condui t 140, er:Whi ghyt F j , out
508 ana 25 uSHCEiEE BDadails ANREAE R bF B skl EARER 14PAARCH
t he | ast ab®uturd 1t dn Bne or oford rabsdinend, hendtint cbdduif 1 4(Bhasf & dosddh@ st
first end 141). ,10038] In relatjon t first conduit 120, .the
second cond(f 1@(5‘“3:?%‘? Tiémpgﬁg‘?ﬁ %‘%ilﬂ?%o%‘ﬁ a?FCCtQ‘il_ee“Idi 4t can E@ﬁ’t‘?d_s to
positioned Lgsg.t &ﬁ:noxag%% lﬂ%i'ds(tz- 80 ThrdulR rr%% 3}11'119115'-3@7 g(ﬁ%ggea}’) BRI *)

of the first conduit 120. n one or nore e I nents, irst end
141 of the sewoddoodmtlit. AR fisst podildil anedefatabiyt weldsd ishut o 2 %emd)

t bout 3 in. 7. 062 f he.ti.p 121, of he fi t dui 120.
o o Ptk G TR e O Sbp el i th fecon Son GBI bt sh
140 is posi bh@ngd tapibnd condult: 1401cat /ha@ant iAn@Akhetér Panklhg frdnSbotiM

fromthe tip 121 of the first conduit 120. In one or nore
enbodi nent s /¥R &0459 sm)dad/241.23f crphh prefereblyc:boun@081" M40 SPgm) to 1/4"

posi ti oned ?ngimg 5in. (1.27 cm to about 1 in. (2.54 cm fromthe
tip 121 of e |r%t conduit 120. First conduit 120 [0039]

Considering the first conduit, 120 i re detail,. Figur depi ct.s an
enl ar ged, pgw?ﬂaﬁn§Bﬁ8ﬁﬁppﬁaﬁpgﬁpﬁth f*?@gkﬁjéﬁﬂdﬁ P¥%ﬁgsﬁ m@hﬁ%t
condui t 120 o€ aPertited, UdeesarRficed 445 RattdIROSIHel MR FERbIOMidLR cfiPche
first end or tip section 127. The body 122 has an inner surface or

di amet er 123wcondsondiat 1 Has The padisesgbAtaganobe denmgried sind §®sitiheedeabnud tagh.
The inner suyrfage ar .di ter 122A is.relativel.y constant fr .
second end TouBagPRE TR Bl o BB i Mt RoRSH Ehbn oL fuig
126. The i nekvigg thérs@®raighdiragether suk2fofdd by a8si t iI@Nose ki MBrel 26
al so defines a passageway or annul us therethrough and gradual

decr eases ofMOsdaNEe hiemumber phpralicey 1643 farmediin ﬂ@rsewdrc&eéuibi%iyaag@t er
128 of the t i . i f ' 2

{1 secti on ipgyEfl 14 1h6G prlRfeut P00 THE LAGR RECHATTY B a0 Bl 600,
i s rel ati velmore embbdintensc eahsorifive 1M6mgs bn ainet Bianictdd raggdiig 6m a low of

about 0.01 cm, 0.03 cm, or 0.05 cm to a high of about 0.06 c¢cm, 0.08 cm, or 1.0

CI1l.

[0032] Preferably, the orifices 145 are equally spaced about the diameter of the
second conduit 140. In at least one specific embodiment, two lines of two or
more orifices 145 are disposed axially about the diameter of the second conduit
140 although any number of lines can be used such as three or four depending on

flow rates and production requirements. Each line can be arranged in a helical



127. [0040] At least a portion of the inner surface or dianeter 122A
and at |least a portion of the inner surface or dianmeter 126A define
the mixing zone 180 therein. The |ength of the mixing zone 180
depends on process requirenments and can be - 10 - nmani pul ated by the
| ength and spacing of the second conduit 140 in relation to the
converging inner surface or diameter 126A of the first conduit 120.

00411 |
[ n a g%t‘rf]é?{x %[crnpgdthg 'l@siﬁ%gipe o% \éﬁﬁfdecotnﬁﬁlt 46 S iy CRIM W drdsL QcH Srifice

t ubul ar i nner |arreter 126A ¢an vary
dependi ng om4@rmhsescandm3paeaulﬂatﬂlallaamﬁ idially framemeafiotheat al yst
injection. In one or nore enbodi nents, the slope (y/x) of the inner
di anet er 12(:‘0933}1‘ Lilevitd, @B brifide BECIn DAnd 24n banges]yf ¢ftyat &ohﬂm ofifice
about 2:1, 2:1, or 5:1 to_a high of about, 7:1, 10:1 or 20:1. 0042]
I n operati or1|45 phimsiheding. Fopiastanes. fin atwp dine aspngemsnt Heshaypan £1gio3;

creates backy fUI X 1ﬂgtﬂc§gcﬂh§§9%ﬁbﬁs SAlraLMS oA Bg%lb%t% dQ%@éE%GTSOOf

the first con eposit “can subsequently und
pol yner i zat degreenfiofnoan axidley cmzespmdilﬁg)onﬁcm bﬂtijof@lewpcctrideh@utlara three
surface or dianeter 124 of the ti ect| n 1

7 ist
Somver coe t g AEbndepic eIk SEssrRBTRE o e 4o A5 B 30y OLRH bebel ge
froma | ow qbabguts flom2ue Qﬁotﬁeﬂ ftibulh by Qé%rﬁggf%paéﬁg c%b@ﬁseao

H gher taper angles can be tol erat ed gi ven aper of

hori zont al {OS’S‘H %@%ﬁé 4 FpRi&hab) n%b g&tﬂ%af @J%W f’"ﬂ%‘ fcditf! uftlrl(?ﬂi’ﬁ‘ tgpé?lUt

5 to about ne or ‘nore e I ment s, eta er an
7. 100431 Thkngilinesdet bbDRighier3 czmgdﬂta%ede@nomaan dh;straﬂvecnadmk siseaty afival

configuration n t not limted to circular, eli Ilca
oval , squar Qﬁ%F%ggé‘Kgé{ﬂ’gra ﬁbﬂlg}a&ﬁém&r&ﬁ&rbﬂ%@n frgm arﬁ(’émgﬂ chng
outer surfaqgsglorlAmBt Ble it 4o offtl® bSr'aBo&%tdegﬂeeé &bnic@R oi-iﬂl’:é/ 145B of
dependi ng on process requirements and flow rates of catalyst

i nj ection. e ervendrlingor Howrbodane megieetdiespatinpecafi yWexisedf Fohexaoupler

di ameter 124 can ang roma |low of abaut 2:1, .2:1, or 5:1 to a high
of “about 7 pritiegs koBeaissFiSE ey S On REIN sfich? peEnbnd 3 bPefeih
fouling by prewi g8gnd ERE bage 1 @rRerek® o Cabad 160 Pomyrer
to accumul ate. Pr efe?%gf;g%rt eab'?}lupgl secti ongr127 %as an ann%?%e

t hi ckness ofPreferahlyesboot 8 degreey . Bpuimtf0 degted, eabmere Brefemlyiahowrder
to mnim zedfe lé|esi t%gab‘é{‘}t' éoede@éers‘_t ai ni ng adequate strength.

[0035] Referring to Figures 3 and 4, each orifice 145 can be shaped and sized
independent of another. In one or more embodiments, the shape of any given
orifice 145 can be circular, curved, oval, elliptical, squared, rectangular, or any
other polygonal shape. For examples, the orifices 145 in a given helical line can
be any combination of two or more shapes including circular, curved, oval,
elliptical, squared, rectangular, and any other polygonal shape. Likewise, the
orifices 145A, 145B from offsetting lines can have the same combination of

shapes.

[0036] In one or more embodiments, the orifices 145 in a given line have the
same shape and size. In one or more embodiments, the orifices 145 in a given line
have different shapes and sizes. In one or more embodiments, the orifices 145 in
a given line have the same shape and size as the orifices 145 of one or more
different lines. In one or more embodiments, the orifices 145 in a given line have

different shapes and sizes than the orifices 145 of one or more different lines.



[0045] The first conduit 120 can have an inner dianmeter ranging from
about 0.125 in. (0.318cnm to about 3 in._(7.62 cm. In one or nore
enbodi nents, the first conduit 120 can have an inner dianeter ranging
fromabout 0.125 in. (0.318 cm to about 1.5 in. (3.81 cn). In one or
nore enbodi ments, the first conduit 120 can have an inner dianeter
rangi ng from about 0.125 in. (0.318 cn) to about 0.5 in. (1.27 cm.
100461 | n Oyl THRIRARIIPOrl gL chd Ldah 15! o RERAMEA k2ibSarg drilled
positioned wthin the support nenber 150 suc% that the tip 121 of the
first conduicen i@@edrtrentisutdbdand 25 chiRibleagth dlthongli He lerieh @t préferably

FiTor conauPtesason it Braaebdu s Srtrins seambsondnt hihBe FpppierEsend

of the suppepd 14pmber 150. In one or nore enbodi ments, the tip 121 of
the first conduit 120 extends about 1.5 inches fromthe end of the
support ne 150, i h i t r b f

inch to abgﬁ®§%rﬁgﬁgggg?1?hg% ?&%qgﬁgﬁggéﬂ[g%4f¥&} %%ﬁ??ogggcgggﬁé,
the first coeositibtedl@0hatathe lhiestpadildil onpabitemedt hess thaneabbiip3 116 ah) fihm
first conduit.1 xtends. ahout 3". (7.6 G r.less fromthe f.irst
end 141 of i Lo GRRrEE GRi oL St FOBEE b0 bt Bh oAb e
tip 121 of whenfst Ef 1 AT SecdBO cHURNDD i@PQKiorRd Abbit-0.£ th. 272 8h) IP
about 3 in. (7.62 cnm fromthe first end 141 of the second conduit
140. | n one abyutnpime (b oti)fenn dhe tihd 21 iop thfirspfcondvat 3¢ sin emeneluinprel 20

ext ends about .0.5 in. .(1.27 C to.about 1.5 in . 81 r,om

T et ond. 2 mogiitynl. lendfienllar £t A838ont ot 10 s Bheb ML LS
the tip 121 i0f(1 phent)ithSboaons . t(3 32neX@ndse apant ofaf it cdnlud 120M
to about 1 in.(2.54 cn) fromthe first end 141 of the second conduit

140. Suppor {0 pEgtEr mesoembohimentRe ther firsh gna gldilnoft diereged canduith 40 is

support ne " i i d. hayi f [Welyg!
152 The suBgeie Ra 0 3dy 12T el ot ine B L SeD phhRGRH 27 SE L
open to all dwstaohduwit tPto fl ow therethrough. In one or nore
enbodi nents, the support nenber 150 is secured to a reactor wall 110.
Preferably, the support nenber 150 is secured to a reactor wall 110.
I n one or nEiet &mae@iipents, the flanged section 152 can be adapted to
mat e or abut up against a flanged portion 105 of the reactor wall 110
as shown. Azt i@hsiaemyLeMmd dndl condit 1120 SeRidhd RGLAr Fiast enuldct Ul ng
or piping can be used. - 12 -

enlarged, partial schematic view of the first conduit 120. The first conduit 120

can include a body 122, a transition section 126, and a first end or tip section 127.
The body 122 has an inner surface or diameter 122A that defines a passageway or
annulus 185 therethrough. The inner surface or diameter 122A is relatively
constant from a second end 120B of the first conduit 120 to the transition section
126. The inner surface or diameter 126A of the transition section 126 also defines
a passageway or annulus therethrough and gradually decreases or converges (i.e.
tapers) to the inner surface or diameter 128 of the tip section 127. The inner
surface or diameter 128 of the tip section 127 also defines a passageway or
annulus therethrough and is relatively constant across the length of the tip section

127.

[0040] At least a portion of the inner surface or diameter 122A and at least a
portion of the inner surface or diameter 126A define the mixing zone 180 therein.

The length of the mixing zone 180 depends on process requirements and can be



[0049] In a preferred enbodi nent, the support nenber 150 is a tubul ar
or annul ar member. The support nenber 150 preferably has an inner

di aneter |arge enough to surround the first conduit 120. In one or
nore enbodi nents, the inner dianeter of the support nmenber 150 is
about 0.5 in. (1.27 cm, about 0.625 in. (1.59 cn), or about 0.75 in.
(1.92 cm). In one or nore enbodi nents, the inner dianmeter of the
support ne : In. a
i on of abotr P pact BPHReiRTEsr e (RORbP el 14D T RfarBlp o

i nner di anmetcenvepfing renes sipfrwr or dendeéar 1268 of degiest dandmit 420.o0w of about
0.5in. (1.27 cm to a high of about 0.625 in. (1.59 cm. In one or
nmor e enbodi nmat]s In therdfemnal egibadiient vaerd hike Fhrgposdduitendeis WMlaranges
froma | ow of gbout 0,625 in. (1.59 cn) to a high of about 0.75 in.
(1.91 cn. [ae@?@} the, sloRe Brtherdiner HyBelPma A4 CaBtvare §8pedingoen PEIFCEY

the_support \RRERnd SRRy Sk ABREA QUL REEH ATPLEY o3 5RleHED

in Figure 1A " The secon open support ne
i s preferablthe slapefgs) vhthreetnerdirmetendRbAt ¢fi thk essitiah stétont 126 mhgehe

of the seco@maiduptesbLintil i SF s bib Beb LIRS oot the
support nenber 150 helgs prevent fouling. Fouling can be caused due

to aggl oner &0&2lf &F RRETABAL-IIANGREFOR M ﬂédﬁ%ﬁitglgl@e.no%lédl 00 greades
[0051] Ref efiingod,Qn osh GflystOn thd'GueNiBEklP s B FIECic 120! N

e
fluid conmuni cation mf%ﬂ one or nbre feed I'ines %three are(éhomn I'n
Figure 1) 130éh depBA, calh50Bseqiranly freleded polgmedlion lhd Aoullthe AoprleviDtes

SN D N e e
120, 140, 130nver@ds t8%0dTRp 921 f(@@ehyl pdier (" Shitable ﬁaﬁ&darf A8a)glBOA LR\ be

in fluid communication wth the annulus 185 defined by the inner
surface of whabdut¥siSconduica hizh drdowthid®oui’err 200r ftiglerdépet hrglsecand

conduit 140, ILn one, or r odi ts._above or ., els re. herejn, a
Fod |1 ne ( Pedfiofict Bl Riah b Uho RER-D0% & @hol CERRRRIE i lofer
with the anpilegardld fint Mt Sheo 8RROND° CHNGHE dr - endbbdRRENE théRbEr
enbodi ments above or el sewhere herein, a feed line ("third feed

line") 150A3B&EA H®OUA7E| uid communication with the - 13 - annulus
190 defined by the inner surface of the support nmenber 150 and the
out er sur f ad®43f Thhgipf sacion d@Aduanthat@@. varieHse] crany sationdeconfigumatiomsor e

catal yst or .catal yst. systens, purge ses. and nononers can be

nj ect ed i niBTpE By A Emiieg o P YRREAL YR 80U AccTaigB e Bobgena)
one or oI e oeFhasbIiE Mtk ARV B oRbSEWNEE 6r MighRic 124 BEIRNP REtidPIZ
catal yst or catalyst systens can be injected into the first conduit

120 using t Ken Vaysiepprding b meocesORrkqpirements yad fipwentasidfeniplysThecting. or
MR e g ey

conduit 140 using pu fee

The one or (fwnta eneNEoat 2AN2:0eod Nj ech Bighioftaboitivel, 90apar20: Imenber 150
using the third feed line 150A ("nonomer feed line"). The feed lines

120A, 140A #4ad4)120AmeRmipber 126 W%%v%n@%ﬁﬁ%% ProFiHRMRSPARANR Guface
fluid therein. Suitable conduit can include uglng, fl'ex hose, and

pi pe. A t hr exavipycajalysiend pelyoren iheccusatite. Prieferabdy tbetipsastionh2? bis arhe

flow of the fluids. (i.e. -catalyst..slu r NDNONMES 0
tho i ol ot aritbOBickhaior Skt Soint (4 oRUTAR 3D AN ERIGIEbe kO
can be usedmiMaties foalligg ohilCansitaingid Mequate strength.

[0045] The first conduit 120 can have an inner diameter ranging from about 0.125
in. (0.318cm) to about 3 in. (7.62 cm). In one or more embodiments, the first
conduit 120 can have an inner diameter ranging from about 0.125 in. (0.318 cm)

to about 1.5 in. (3.81 cm). In one or more embodiments, the first conduit 120 can



[ 0053] Any of the conduits 120, 140 and 150 described in addition to
the spacers 160 can be constructed of any material that is not
reactive under the selected polynerization conditions. Suitable
materials include, but are not Iimted to, alum num alum num bronze,
Hastal | oy, Inconel, Incoloy, nonel, chrone carbide, boron carbide,
cast iron, ceramcs, copper, nickel silicon carbide, tantal um
titanium z %E& I r r:,C
conposrtron?ﬁﬁggrg?%ﬁp ar pre gpﬂ%ﬁgpggéfgs :ﬁ%(&ﬁiaéggkggﬁéh of
nozzl e [0054]27nmmperat|on a catalyst slurry is introduced to the
nozzle 100 via line 120A as depicted in Figure 1. The catal yst sIurry

flows throu he annul us 18 e fir ndurt 1

second condﬂﬂf’é} Onerple Mt A m‘é\rﬁ QP? ﬁﬁséﬁo 1? P?)Wl?rﬁ% (Eﬂfout
1 I'b per howi I{O!rthﬁ&ﬁ%er(lgo%u&gfhlﬂf thetip 12D thSHkst @fnhﬁlt 1 28 eXeBhd¥raboutor”
about 3 Ib/hr 1.4 kg/lu-) to about 30 I b/hr (14 kg/hr); or about 5

| b/hr - 14(2. 5(Cm)§fqagﬁh¢r9ﬂdt%° the sippontonerphdirl 504 %Okgphmpfft ¢rnbadimentie
annut us 185 mdBPLA GRY ol BE PI0Slordl MK SR B BBy L/ PR
cat al yst par es suspen I'n ‘one”of nore iner n one or

nmor e enbodi mt)smetdnpp@rat@hmt wtar I 6heSr 106 ea:tbddaaatts aBé¢ tip dkl wf the
di ssolved in one or. nbre inert ﬁurds In one or nore enbodi nents,

the cat al ystirgondef 630 ar@n%&qua £3 Hichss fremnbe eadmbithe svnpod; weBbsed
in the one gk,MpKe, oﬁ%?tenlbbﬁh P diFs ﬁJﬂ%bS@ttaaﬁz}{FL PRA Gb&R o E 'r%?%dﬁde
one or nore catalysts, catalyst systens or co bi nat! ons th&r eo

[ 0055] Surtawbﬁuhenurds |ncIude but are not limted to non-functional
hydr ocar bons and al i phatic hydrocarbons such as butane, isobutane,

et hane, propmeg, ARenémid8ed hisOREMETRS, con@XanE) c@ﬂieﬁﬂﬁttwﬁi@@@@ﬂta‘t the tip
dodecane, hexadecane, octadecane and the |ike; alicy

hydr ocar bond 25 @& theafirst gendswelA0asrécndsmbayy T @IQ)E)‘@?\P&PF@S ﬁ@?tﬂ‘@r@ifaﬁ’él
cycl ooctane, P%rflt’r%r {4 c&{d}ﬁ}t l%dlﬁh)%ao@tq'%@rﬁ%ﬂb%ﬁuﬁénl&e ’thé”‘ﬁ]? T84 0? the

hydrocarbons such as benzene, toluen
but ylI benzenéirstxphdiie] 20aexdertdsabbutkes 1raroﬂ2’i)em) o eho B rtac(ﬂ rﬁanm)s[‘tmh tlaas

gasoline, k rosene light oils, and the Iike. Likew se, hal ggenated
hydr ocar bondirgges 14k o ﬁ%@rﬁ%ﬁé%ﬁ%ﬂrueh %I%H%%ﬁ&’@ﬂ@me&ﬁdﬂteﬁé’ 1alke,

can al so be OF%%rs&’ondﬂRQQUQQEhQQ%out 0lstini V\}]totzh)%ht {Renl i3qyi gg) do
not contain groups such as strong pol ar groups can deactrvate
the active twanthetfirshendel 4l ofsthe sscanfl dohduit a#@l Yrs bne onpormel(8)dimpAB56]

e 1a0n < i B bt e B iRabtl 20 artOO BRET 8 fn | J o BRE et 10y
t hrough t he jamisy &%) ﬂf&ﬁ t4é tihk Bnd e sEEOB£OBEHHL: 1440 and are

di spersed into at |least a portion of the annulus 185 via the one or
nore orifices 145 arranged about the second conduit 140. The exiting
inert gases sihdorMnkeRbbhgscat al yst slurry when contacted within the
annul us 185 and Turther m x in the m xing zone 180 prior to entering
the injecti i F 7 t

Fi gures IA 4& @3%%5 %qgﬁhﬁéﬁq rgﬁrygggﬁp?ﬁé?% ﬁ%r%gagéghﬁkagafﬂﬁ

t hrough t he enahjhmhg (anﬂangpd bedtioantb2exThe tupportanehbervis) ddnealtd mchide.a

The m xture of st sIurr nd inert gas i ay d nto the
support tubée‘iﬁ?ﬂg gstt‘lfi‘telérﬂp%cﬁ r?’ﬁ%’sa Hidotor %Wftﬁ?IF‘gF OIgf Or more

pol yrmer . The,pempided @6t LppoRl mhBePristRlY satptd 28t %aétaoraatuhqm' p
121 and the secondary atom zation frominteraction wt

Preferably, the support member 150 is secured to a reactor wall 110. In one or

more embodiments, the flanged section 152 can be adapted to mate or abut up
against a flanged portion 105 of the reactor wall 110 as shown. Any other

conventional way for securing or fastening tubing or piping can be used.



- 15 - the support tube flow nmakes snmall droplets that are well

di spersed into the fluidized bed, thereby reducing aggl omeration of
the incomng catal yst particles. [0058] Accordingly, the flow rate of
t he purge gas should be sufficient to deliver a finely sprayed m x of
catalyst fromthe tip 121 of the nozzle. hi one or nore enbodi nents,
the purge gas flowrate is between about 1 Ib/hr (0.4 kg/hr) and

about 20 | b/ ( : i as
flow rate | o0l dadphdiiembQUARR. By SJRE: RO TR SO o it
(6. 8 kg/ hr) mdmbeoné&hesupportenenbadistgnefsrabivhiens purigeer gisndtérdarge aheugh

f | f t | R}l 0.4 kg/hr), 2 1blhr, (0.8 [hr),
or 3T e (g Ebeartii dalot ST ibafigeds tegnigyd el
b/ (5.9 Kgia duppk w28bebli60 i Sk b0 fr 1121 OR5SoTFe s 50

catal yst particle population per droplet exiting the nozzle 1 IS
preferably smabduténbuigh(t.B! pmevdmone pr mede embadjgicotsethationdr sliarattenoof

For exanple, the resultin roplet size exitin he zle 10Q.i.s

bref or ably JreapepFieab LR a0 o d £ droPlus AR B up 2degor
mcrons. | napae (075 HD(E9EBMPAIBIY 6r mbREeRFlithEdtHOhe PRt Blam@te? F the
exiting the nozzle 100 can range from about 50 m crons to about 150

m crons. [OSWPorReeEbei Y egaehies Filguiodabautaghd inAl.2gnenbio arbigh of
nonomers fl ' : .
NOMer S gﬁ%@r@% & k%n%&ntﬁl%;lg ?)?%wggéﬁqﬂgﬁm%%}r’\ﬁ@ Ehﬁepﬂla%}éi’e‘?;%ﬂé‘the

tube 150 an rst\c oné or nore nononers a
i ntroduced topgdremaabal 5 01@0gdshkan ghotvhe dbone).8230A. (T e chneaigh dow

keeps the catalyst injection area clean and provi des stabl e operation
by preventi & °%§t7eﬁl9341-9éc%}ml ation and fouling on the outer surface
of the first conduit 120. The npnomer should flow at a sufficient
rate to swed®5tlhén eug e mefesarghasimerits tah feagt & partien Al thiesunmot mpmbeihS0

nmonomer fl ow. | t ric |.¢..chynk n._farm.on
the end of Lo b GER SahASYTS1-h SRR TR TR Tpf Mscl iy
t he cat al ys{"opbh ehd Wdflthdeuppodisabies 159 ia prefelublyi tafered taoreddeecth Gull
rate. Exenplary rates may be from 2,000 to 2,500 | b/hr._Another
function of HRFESY BbhoIPnEhhesuPRPTRMAMEES 8o iAs fesribed @bpregvith

nozzle syst effleicd Ratheldp B1SHSLS ?ecboﬁﬁtcalllé{ﬁtt 13000 Rni{18in %%{Qé ra{ fheShC h

a way that polymer agglonmerates in the reactor are reduce
el i mi nat ed. of thelippenrinoaibeeit8 hetpseremenpfeting| Gouiisg bet heemsd] 060toand

3,000 | b/ hr 07 kg/hr to 1360 kg/ hr In one_or nore enbodi nents,
t he nonormer aé$8we¥ %8’@?&??%%?%911’1395%%588%?33 i?%oo | b/ hr (455 kg/ hr),
1,500 I b/hr (682 kg/hr), or 2,000 Ib/hr (907 kg/hr) to a high of

about 2,200_| b/hr (1,000 kg/hr), 2,500 Ib/hr (1,136 kg/hr), or 3,000
| b/ hr (1, 366% :

[0051) Referring to Figures 1 and 1A, the injection nozzle 100 is in fluid
communication with one or more feed lines (three are shown in Figure 1) 1204,
140A, 150A. Each feed line 120A, 140A, 150A provides an independent flow
path for one or more monomers, purge gases, and catalyst and/or catalyst systems
to any one or more of the conduits 120, 140, 150. For example, feed line ("first
feed line") 120A can be in fluid communication with the annulus 185 defined by
the inner surface of the first conduit 120 and the outer surface of the second
conduit 140. In one or more embodiments above or elsewhere herein, a feed line
("second feed line") 140A can be in fluid communication with the annulus 187
within the second conduit 140. In one or more embodiments above or elsewhere

herein, a feed line ("third feed line") 150A can be in fluid communication with the



POLYMERI ZATI ON [ 0062] The injection nozzle 100 is suitable for use

wi th any polynerization process. Suitable polynerization processes

i ncl ude sol ution, gas phase, slurry phase and a high pressure
process, or a conbination thereof A desirable process is a gas phase
or slurry phase polynerization of one or nore olefins at |east one of
which is ethyl ene or propylene. [0063] Figure 6 depicts a flow

di agram of aniihd 15 dchnby By 9SinRYAR 8y 5 BELESTRLHOG BOIHGUES dter | 1
one or nore enpbodi nents, the system 200 | ncludes a reactor 240 In
flui d comupirdzeiod thesitshcomdeit d20.nor e di scharge tanks 255 (only one
shown), surge tanks 260 (only one shown), recycle conpressors 270
(only one sigr)) Angnef theadnexc hangeaklRAY or (catal yst epgemfiopwrge ghf8 and
pol ymeri zati on system 200 can, al so i n¢l ude nore thﬁ% one reactor_ 240

arranged i nTEEPIEE C3hahenigsted "6‘1“_’ éne iFr orF Pheepe grtnef gt hd0A,
other react 95§ §Rehe LPAIOEmBAYM s dbovO VP RSFRGL Abksh, ttﬁé“&ﬁe éPmore
260, conpressors 270, recycle conpressors 270, and heat exchangers
275 or al t ecatalystval optalysheaystangs @nypeanjected it tle fokt donduiad 20 using 8w firsink s

255, 260, c r.essQr 70,. re .e coppressors 270, and heat

o ohanger s SP8ITROR0R, GltintiEddlife SoThe 57 BEer Bired Assen fh b &S

of the invegid 8 iWebled8tof et f286ndeSduitbesh iuﬂn% hBe Gh@Xkedlingd 190R0 €
S,

reactor train. [0064] In one or nore enbodi nen the reactor 240 can
i ncl ude a r €purdeogaszzae 1wh). | Hhe lone drovmeumpemers reani ehingected| imét the

reduction zgone 250. The reaction . zo 5 C i hcl ude a.bed. of

G ow ng_por BT RFPPE L0 s REIFRTRertdmen b CRotoRshrcd ks oo
particles flasddimed 2oy, 1heACHat i5M0Ys bt awy ebndal Yapablezstbiarspiiting a
nodi fyi ng gaseous components in the formof make-up feed and recycle

flui d throudnid heraieauitgne seprityop includg ubing ds hoae.fasd P1RL r dair s
make-up str e | LNt it i, zat] m
at any. poi nterpapt fENefithd IR it Bd SREIIREL E MO RBKTL ET,
be i ntroducestalyst shieryr @aedeopad land dnbedndri té e riepetioromozziael (R45 Aary t o
t he expanded sectiaon 250 or to any point within the recycle stream
215. Pref er §pjperdifly yadabls threspyralyaran sy eam 210 is i ntroduced
to the recycle stream 215 before or after the heat exchanger 275. In
Figure 6, the feed stream or nake-up stream 210 is depicted entering
the recycl e MateridsnoGensipetign t he cool er 275. [0066] The term "feed
streant’ as used herein refers to a raw material, either gas phase or
| i qui d phas&053iséayiaf the poidpiied 2Q.atd0cmd gi50 slesssibed ip addiivete taathp sp3osesr
product. For,.examl e, a fee tream, mmy be any .ol efin noper

et udi ng. s bR ecser St of boF AR A B HrEivAgTRgE MG sefepted
carbon at onpolysiegiRatash esdiili@Re, SoRaY hen@iald iR, bREAtELAS: limited to,
4- et hyl -1 - pent ene, hexene, octene, decene, 1-dodecene, styrene, and
deri vat i ves atunpsf algmanung bepnge, Hastallayslocenebl loerdey.ieenst. ehrdine caghide,
such as nit n h o : - fe . enter: the t

mul tiple ang8gﬁf?%?g%t% 5c% foﬁ%gﬁférg@%ﬁ%g%%,ahgﬁgﬁgr%ﬁﬁgﬁ %émﬂhm

i ntroduced titndurh, herdooluyireungsthni carbidg e well asadertainspodayaridc chpditivgs.
direct injection throu h($_nozzlesggft shown in the drawing) into the
bed. The fed@tStRENMEEmed HstaREsSi% & ude one or nore non-reactive

al kanes that nmay be condensable in the pol ynerization process for
renovi ng the heat of reaction. Illustrative non-reactive al kanes

i ncl ude, buCpsraEonefnezzle t ed t o, propane, butane, isobutane, pentane,
i sopent ane, hexane, isoners thereof and derivatives thereof [00671
The fl ui di zéW54dedn pperatidne a getabsbsluap paamradieeed & thg nderls é 0pamdingf120A

i ndi vi dual | Vi articles created.h e perco on.of g
hrough-t he baabioRfePOFRE, 7o Fs cRRS uR NOSsERRFEh Sk ofhoflys OFES
slightly greateen tikafirst ttduRi1gDtn® thet Secordegbndiiv i1 d@d ThY cAthl®st slurry can

cross-sectional area. It _is thus dependent on the geonetry of the
have a flow rate of about 1 Ib per hour (Ib/hr) (0.4 kg/hr) to abouf 50 Ib/hr (23

kg/hr); or about 3 Ib/hr (1.4 kg/hr) to about 30 Ib/hr (14 kg/hr); or about 5 Ib/hr



- 18 - [0068] In general, the height to dianeter ratio of the
reaction zone 245 can vary in the range,of fromabout 2:1 to about
5:1. The range, of course, can vary to larger or snmaller ratios and
depends upon the desired production capacity. The cross-sectional
area of the velocity reduction zone 250 is typically within the range
of about 2 to about 3 multiplied by the cross-sectional area of the

reaction ZOQ@.g?%ﬁg% [PRGRL 137 h eggg/lhg)thﬁf& tth&&rﬁmezs%.5%£%§ab?y, the

| ar ger inner er than t n zone 245. As the na

suggest s, t ketalyst sloityycondhsciivily fomuadeca® gst pladivdest duspendtd @i dye of mivhe
gas due to the il.ncrea d cross secti oHaI ar ea. Th'is red.uFti on inagas
vel oci ty al I'SHE IERHET JPeQ% At MATR ETTOPAIRENS: Jﬁ%v&?”& Yo PRIHG g £LC @b Teaat |

back into tharthed.diablvedifNends MBfd th¥t 8GhMs IBSodLorible WRINEAHs, Ahe
the reactor 240 through recycle gas stream 215. [0070] The recycle

stream 215 cafalyseputiniss exsudstantiallyef osohprmaglsisty desmradsisdhe 279 onmdre

ot oo 14 1 4 9bEHPEG T R AR JaE R GRE b SR AR K

the hori zontsadte@s ov@irhbiGadonk YiRgeofl f desired, several heat exchangers
can be enployed to |lower the tenperature of the cycle gas streamin

stages. It ifsgl $9il0EHqRlR it QudeaRRbR AR EnRRARS ﬁé@%ncﬁ@ﬁ‘ﬂ%&&%%ﬁ?bﬁﬁsom
t he heat exchanger or at an inten-nedi ate point between several heat

exchanger s. apd tafiphatwohyduegartdne snele e butage, risctmtants ethgng, grepanedpantanehe
reactor 240.. Thet coql ed recE/cI edstreaéln absorgs t.he heat%f%f reac iﬂ?n
generated by IPRAARG BFRENS P50 En 798 1108 RCANE o BT RfCBPEr Aral5FRRe. ARd the
recycl e str e 24ychc I @foa@Bohd i@ rRaACEHRIpeAEnaNdntlylch@opentane,
fluidized bed through a gas distributor plate 280. A gas deflector
280 is pref svalohgxanpsewslaastings nerhermiang, exthyleya ohexpre and the ke rasermpfic

cont ai ned PRLYIIELLAAT LIGLES of T QLAEEL | G 0ut ANShABGLOMBLaling: it 0

a solid mas to prévent Tiquid accunulation

reactor as Wwahflbdngedenaciyldneptied eRs Yiktr amb peirsibembgic@an speloassassline,
whi ch contain liquid in_the cycle gas_stream and thaose which do not
and vi ce vek§msens, light qis.rand; the liker | lekewiseshalogmmried ihydracaibong sppioae

is descri be(i'nétﬁ&l chibalie, moroéex%é?eéf%igltﬁgqﬂé’ @% ’alséll%ou{eﬁg7$%/d;%8p—z od

catal yst or cat a%st systemis pre y intfroduce
bed within tfimectiveallfiofs @Adant thmt chugliquidedona ntaimg@eupniehtas strompgahes

100 described in fluid co ication with str.eam 230.. The_.cat al yst or
cat al yst syﬁ%ﬁ‘ﬂsi gfl'ﬂ%i‘l can %Bva‘ce the ac\tqﬁve transition metal sites of the cat%lsyst
compound(s).

[0056] One or more inert purge gases can be introduced to the nozzle 100 via line
140A. Referring to Figures 1A and 3, the inert purge gases flow through the
annulus 187 within the second conduit 140 and are dispersed into at least a portion
of the annulus 185 via the one or more orifices 145 arranged about the second
conduit 140. The exiting inert gases mix with the catalyst slurry when contacted
within the annulus 185 and further mix in the mixing zone 180 prior to entering

the injection tip 127 (depicted in Figure 5).

[0057} Referring to Figures 1A and 5, the catalyst slurry and inert purge gas flow
through the injection tip 127 and exit the nozzle via the tip 121. The mixture of
catalyst slurry and inert gas is sprayed into the support tube purge stream and
mixes into the fluidized bed of polymer. The combined action of the primary

atomization from the tip 121 and the secondary atomization from interaction with



- 19 - preferably introduced as pre-fornmed particles in one or nore
liquid carriers (i.e. a catalyst slurryy. Suitable liquid carriers
include mneral oil and Iiquid hydrocarbons including but not limted
to propane, butane, isopentane, hexane, heptane and octane, or

m xtures thereof A gas that is inert to the catalyst slurry such as,
for exanple, nitrogen or argon can also be used to carry the catal yst
sturry intOgdedRACKAE BA0- mhkesOlfalPlardfie EHDRY! BN Aspchdaf ﬂ{eyst
or catalyst systemcan be a ry po In one or nore ep i me

t he cat al ystfluglizeddted| thstebs ystuemgaggloberdionsd Ith/@dcmmmghetalysqpardcles
carrier and introduced to the reactor 240 as a solution. [0073] Under
a given set [mfs]opecatdiniy, chadotvi rarsof thdpurfgk @adslzoatl besuffisicnmionietivaed
at essenti al Ity a const ant helq%ﬁlt 01%Ovvlth ravvln a portion of the bed
as pr oduct atfinehesnrayed Bix pordalyitoFoBihe e 184 t’afap%ée plcn We?r more

product . ﬁl%oEI ?r?en(sattl?e rg@egge FRGNELA BéI?uketéh%&ﬁClt B! ta‘%hdt he

rat e of pro uct mati o asurenent o e tenperat
the fluid acbogl0tér f%hkg/&hr) (It loee di fiber @nuaihettydbapingt gas ﬂidnunrzde is

tenperature ,and exjt fluid erature) is indicativ f the rate of
par £ cul at o DpdiesmePoyicy Tt & Bhd g abenns BlAsyeug 1o oo
negligi bl e ¢aREAEAR @hé bﬁﬂgbfkab ¥ %“t@@&ngeg fidf'ﬁ al IBlweéf fbgik d. Ibllﬁqa‘hl
On di scharge of particul ate pol ymer product fromreactor 240,

desi rabl e akg/hp), &f brtabl& kghléepaﬂdb/dar f1.Gikg/try drmatthgh pf el t8 Bzr‘hi (6@

return the id h one or nore enbodi nents,
this separ a{kig)gl‘ﬁ) 1%%5@@%%/@ %gﬁ“ﬁgkéhjg)nd product | eave the
react or 240 and ter the product di schar e tanks ?Zé éone i.s shown)
through val V5357 e\t Pngrggrakyal Rargie) Papy a&‘@“d’é&ud@ e PRI %S um

restrictionhgid bl%‘ﬂérxﬁi?@nﬁﬁee%ggh Bolﬁ’e{/ér@%?%(ﬁi@@‘égglﬁﬁgra?@fd?fﬂaﬁ&? For
product discharge tank™ 255 are conventional valves 25

val ve 267 alekawslepthssmgeting dp@rﬂctumze exitiog the npradel U6e is pmj@ablarﬁrsataxﬁo
(only one i 0075] In a odi ment, . to_di schar ge
parti cul at eiba& 3‘#@% 3?4 &hcwlélécéfngr Sh anvﬁﬁ?}g g(g]?“?lgro%en@d fhite more’

val ves 259, egfhédidicptd, Thr&hRmeddbeist El'z@%mtiﬁgotﬂbl%zﬁedof)'d&h@aﬁgﬁ gbnt he
product di schar%e tank 255. Valve 257 is closed and the product is

al | owed to $beut58 misranhéo praydhie? migrsahar ge tank 255. Valve 259 is
then opened permtting fluid to flow fromthe product discharge tank
255 to the nWayt Referfud agaratow BigRES li sudt heroneloo sede momm/f@vﬁﬁﬂom@

Che pr oauct ey RuRtap diist baflen 36 s tiiah Erd Ao ouuditi 4 2bhen
di scharged fiemreh® RbRIMGhoS I Re iRtdduded td OB ﬁd)()’ %ré’@éh thENene

product can be further purged via purge stream 263 to renove residual
hydr ocar bond 584d H@hm@y@mem dow lmeps da thﬂgstsys@feon anea tcbrag tand ayeviderot
shown) . The t| cular 1i gue e 5

264 14 accotbpisher Ry bhB0@atal NG bl 48 sty e oL
controllers sta@mfah@ﬁmlcbndimm | Thé MEn@nér. s}@ﬁmﬁﬂmﬁraoa befficlehefes feed
product discharge system which can_be alternatively enployed is that
di scl osed af@ee Hierratier dametsr opghe fingh condugolplo sl thsonones {lgWeiflow,

Cank and &ty R A BeRa o k! A Vg AR o M ek 1202

gas phase r dhiy neldl rBdwm thieeeffiofenof of hike setatyist mchithamkl] tte andixakait by

the reactor cle ac‘amg g? prodgct?gn ;[atc]ee xle}illlp 3!1‘)21 ?ges gl%y be from 2,000 to 2,500 ib/hr.
Another function of this flow of monomer in annulus 190 in the described nozzle
system is that it disperses catalyst into the reactor in such a way that polymer

agglomerates in the reactor are reduced or eliminated.

[0061] In one or more embodiments, the monomer flow is between about 1,000

Ib/hr and about 5,000 lb/hr (455 kg/hr to 2,273 kg/hr). In one or more



[0077] The fluidized-bed reactor is equipped with an adequate venting
system (not shown) to allow venting the,bed during start up and shut
down. The reactor does not require the use of stirring and/ or wall
scraping. The recycle line 215 and the elenments therein (conpressor
270, heat exchanger 275) should be snooth surfaced and devoi d of
unnecessary obstructions so as not to inpede the flow of recycle
fluid or entohitAftknRaild biSmol A8 nARcLPYH0b AL IS/ 07 Koy to
preventing fouling of the reactor and polyner agglémeration can be
used. |11 ustidad kgroflntdnese niare embqdiessnss; éhet thenanmdrritcucingenfrom 4 lomel y

di vi ded parti.cul at r revent,. aggl.o tiqn, as rib j n
U s par net afobalBaie (s ReBe de g Badneon G2 A3 b0 07
charge genenatirng £ Rem Gedvdut 9,208 THAE €1 OBk y/hve2 ¥0b 19aes!, P16 kH8r), or
addi tion of positive charge generating chemicals to neutralize

negati ve volBt§ebmhofledtldkd/br)as described in U S. Pat. No. 4,803, 251.
Antistatic substances may al so be added, either continuously or
inten-nittently to prevent or neutralize electrostatic charge

gener at i on. PCINMERIAHTiBNe operati on such as disclosed in U S. Pat.
Nos. 4,543,399 and 4,588, 790 can al so be used to assist in heat
renoval fromdhe Theuinitchied noatlynBi0 zathicble €actisy with- add polyh®iz@fonlThe

conditions for polynerizations, vary dependin pon the nononers

cat al yst s, é’é‘f%ﬁ%sé%?@? é}?b?n%{lﬂ?ﬁ“%‘h@if‘iﬂ%‘sﬁﬁ I%Qg‘é‘?q é‘gP"I“?fbﬁaS G ﬁ@lﬂ?’fi c
condi ti ons : i L ; Kial j
e g e i S T
-10C t o aboug a g@&0hasodt Bmrapoase ptEGdraatdooft ont b Gor@Ppkedias ptdsasapee of

wi thin the rﬁggﬁ. 0 1irom abou# 0.1 bar to about 100 bar, such as
about 5 bar B RBSUY BE BEIOPYIEF exanpl e. Additional details of

pol ynmeri zation can be found in U S  Patent No. 6,627,713, which is

i ncor por at ed®¥3 FéSEF Ondepicis 2 o diagsan a aiplrative gis ¥R system for
pol ymeri zat i ,0n: I CA T, I -

can incl ude n%kg%eg@ly lIil%tﬁ %1 a i(l:ﬁfi\%j rja{ﬁ!/;g?g&g%%o%ﬂﬁ%%a@gﬁ %@a?%%@ﬁe@rg
met al | ocene reatal3#dtis fhndl comhemicstiog methsotecorcad @l disthargdertahlsd 35g(o@iyoup

The coraryoond EOR atee RulT2 fapdie SRA ShAPHD sesiE. eResSaLPiol i
chrom um chipRisHAWRK M8 1at 'éEéﬂahEérQS:ivsc@h@l ¥2d ShowM)Y TRE dbKMerzaiorPe
used alone or in conbination with the othérs. I n one or nore

enbodi nent s syseZ0Q sakt alsairmlydetmore tpmafrereasthr 240@81hgetine semgspparallel,

"catal yst system: includes at. l.east o "cat al yst . conponent.” and _at
east one - SEipOaptRs MEFEh, FERS e Mier R GiRY Biep CRTRRD Einar g oo
catal yst syab@@la€ntagksS2s9, ME0UESMPlelREs CPNPOSRIK SomPésddrAs7E URRHchS
and is not limted to the catal yst conponent and/or activator al one

or in conbi séehagacrs P o attampivelyyshedng s onher ek ainthe maasiatedofnks
R e R I S e B e et

activator in ahy ¢ ation as §| erm st
conmponent "  iFoe Isidgl$cignyndc eageoshdeschiption, g dapattoprithé ehwendei iwidlt ied,
is capable of catalyzing the polynerization or oligonerization of
ol efi ns. Pr &¥@heagesFribet i the cantgstofdompdaieactor Hailudes at | east one

Goup 3 to Goup_12 atom and optionally at |east one |eaving group
bound t her eti®64] In one or more embodiments, the reactor 240 can include a reaction zone

245 in fluid communication with a velocity reduction zone 250. The reaction
zone 245 can include a bed of growing polymer particles, formed polymer
particles and catalyst particles fluidized by the continuous flow of polymerizable
and modifying gaseous components in the form of make-up feed and recycle fluid

through the reaction zone 245.



[0083] The term "l eaving group” refers to one or nore chem cal

noi eties bound to the netal center of the catalyst conponent that can
be abstracted fromthe catal yst conponent by an activator, thereby
produci ng the species active towards olefin polynerlzatlon or

ol i gonerization. Suitable activators are described in detail bel ow

[ 0084] As used herein, in reference to Periodic Table "C?oups" of

El enents, t ngw n %ﬁﬂg

are used as %65] % f%f%}égﬁa&{&bgrok eﬁléasnil P%lozﬁgﬁ otﬂéyg?tgcgﬁ% %?e
Li de, ed. ﬁmnﬁnea;tsmﬂmmad at 2000pint.[| FO8skariple, thenfeed studxst iot llllilc‘ﬂid'-'up
means that t he | lowi_ng that term pos es_at |east on

moi ety in pré%”é’géw g%int‘F?SP dpd %Q‘E’ﬁ?r%? Cgﬁ‘iff PoSF F5agHon FoRe 545 or
noi et i es Selt@filﬁééxﬁe{n%& %E@tkbnglz%'% t@sad}ab&%%ﬁﬁ@'tﬁ@'récy@fe%trc%ﬁ@'i@'je
Cl, F, Br), hydroxyl groups, carbonyl ¢roups, carboxyl "groups, am ne

gr oups, phoé’pﬁrﬁ:nablyg theufesd stikdkoroy ngakeuys strgahed|0 igimegssednaphe higdycle

o nat i onS TP boP e BL st g, BETHTE 207 oYy B i g1 dream o

includes, byakan@ shehm!d i &elpiced @edHng BEirédkR stRhinyl BNMS hadbdal S,
al koxy rad| cals, aryl oxy radi cal s, al kyI thio radicals, dialkylam no

radi cal s, aPR@xycarbonyl radi cal s, aryl oxycarbonyl radlcals,
carbonoyl radi cal s, al kyl- and dialkyl- car banoyl radicals, acyl oxy
radi cal s, awa‘amTlh@ terendifeed streaar’ydsarsed bereadiedes ¢ a amd noaderbil nathieo gas

t her eof Chro um cat al ysts [0086] Suitable .chrom umca sts

ol ude di - OB AN PES: GRe b2 RAROLGUES BT B Piere srodigHer
triphenyl si bpera@cpr Far teRhthbR! ¥ feed »s«ﬁlemﬁyﬁhy Gedhlyy blefil hBofdh&Nindding
catal yst system %ﬁfurther i nclude Cr03, chronocene, silyl chromate,

chronyl chl eubsgittg @@w)bstlwmdoﬁlkamszhaétn@twméo(éadm@n dhmgrbuph as
acetyl acet O@ﬁty?en{e, &%@I?Q %zlfeug %n%eng tﬂ-meﬁ-lyl 1-pentene, hexene, octene, decene,

1-dodecene, styrene, and derivatives thereof. The feed stream also includes non-
olefinic gas such as nitrogen and hydrogen. The feeds may enter the reactor at
multiple and different locations. For example, monomers can be introduced into
the polymerization zone in various ways including direct injection through a
nozzle (not shown in the drawing) into the bed. The feed stream can further
include one or more non-reactive alkanes that may be condensable in the
polymerization process for removing the heat of reaction. Illustrative non-
reactive alkanes include, but are not limited to, propane, butane, isobutane,

pentane, isopentane, hexane, isomers thereof and derivatives thereof.

[0067] The fluidized bed has the general appearance of a dense mass of
individually moving particles as created by the percolation of gas through the bed.
The pressure drop through the bed is equal to or slightly greater than the weight of
the bed divided by the cross-sectional area. It is thus dependent on the geometry
of the reactor. To maintain a viable fluidized bed in the reaction zone 245, the
superficial gas velocity through the bed must exceed the minimum flow required
for fluidization. Preferably, the superficial gas velocity is at least two times the
minimum flow velocity. Ordinarily, the superficial gas velocity does not exceed

5.0 ft/sec and usually no more than 2.5 ft/sec is sufficient.



Met al | ocenes [0087] Metall ocenes are generally described throughout
in, for exanple, 1 & 2 Metallocene- BasEgl Pol yol efi ns (John Scheirs &
W Kam nsky, eds., John Wley & Sons, Ltd. 2000); GG Hatky in 181
Coordi nati on Chem Rev. 243-296 (1999) and in particular, for use in
the synthesis of polyethylene in 1 Metall ocene-Based Pol on efins

261- 377 (2000). The netal | ocene catal yst conmpounds as described - 23

- herein in e S H) 768 Sy i ng
one or m)re(id Hﬂl |Igga{(ffral %sgl'lw etr?t(g |eetﬁy : |gan§s |sgP4%EﬁQl apf%
cycl opent adrtlmuylhge bbfred etooufaz 1It@a1sctut6rie ”&mpg@ off coiEsg Lpn rzrynaﬂager
atom and one or re | eayi.n ro ound to the at ast. one
meral atom cheralfarfies 554 na%ets SHEE He ASHPS Pt et gnagross
“met al | ocen@écnoﬁm ar%bﬁ[ﬂe%&y%&@t%ﬁtzoﬁ@Q’?@'fte%ﬁ:all?/ Thdideleakhgesne
cat al yst co onent is supported on a support material in an

enbodi ment , abeid Zrtaypbp Ssupliphiedbly Wetdnossrsegtianabarea afibe eactiomzerio s
conponent . [0088] The Cp ligands are one or nore rings or ring
systen(s), &i06¥eddt wlquiiyt rednctam wbriec P50 hes udmsge?rinbﬂndﬁametﬁysthmme

Fin0(e) of FREOS RIS ) AP Bauny Spegtrin e LeapbnE Bt dutaais 2P Shnt
ring(s) or r e
group consi sfd Vo@fy (@tﬁé’?{% &R th hel P cRh @M roR sedthRaPdrOATS THR #dueBKLinIP

the Cp ligands are sel ected fromthe group consisting of carbon,
ni trogen, oxgyeelocig allfbf@rparts@ea‘ mﬁramldos plhmmmﬁgsl ngemmsamfalbbmknnmwd

al um num an atlonsth wherei.n c s u | east
20bbof the. T alBkbg Bk SRl et B i oA Se TR Rt 2R piriRE
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between several heat exchangers. After cooling, the recycle stream 215 is

returned to the reactor 240. The cooled recycle stream absorbs the heat of

reaction generated by the polymerization reaction.

[0071] Preferably, the recycle stream 215 is returned to the reactor 240 and to the
fluidized bed through a gas distributor plate 280. A gas deflector 280 is
preferably installed at the inlet to the reactor to prevent contained polymer
particles from settling out and agglomerating into a solid mass and to prevent
liquid accumulation at the bottom of the reactor as well to facilitate easy
transitions between processes which contain liquid in the cycle gas stream and
those which do not and vice versa. An illustrative deflector suitable for this

purpose 1s described in U.S. Pat. No. 4,933,415 and 6,627, 713.

[0072] A catalyst or catalyst system is preferably introduced to the fluidized bed
within the reactor 240 through the one or more injection nozzles 100 described in

fluid communication with stream 230. The catalyst or catalyst system is



G oup 15-containing catal yst RO891 The "G oup 15-containing catalyst”
may include Goup 3 to Group 12 netal gpnplexes, wherein the netal is
2 to 8 coordinate, the coordinating noiety or noieties including at

| east two Group 15 atons, and up to four Group 15 atons. In one
enbodi ment, the G oup 15-containing catalyst conponent is a - 24 -
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desirable and preferable to separate fluid from the product and to return the fluid
to the recycle line 215. In one or more embodiments, this separation is
accomplished when fluid and product leave the reactor 240 and enter the product
discharge tanks 255 (one is shown) through valve 257, which may be a ball valve
designed to have minimum restriction to flow when opened. Positioned above
and below the product discharge tank 255 are conventional valves 259, 267. The
valve 267 allows passage of product into the product surge tanks 260 (only one is

shown).

[0075] In at least one embodiment, to discharge particulate polymer from reactor
240, valve 257 is opened while valves 259, 267 are in a closed position. Product
and fluid enter the product discharge tank 255. Valve 257 is closed and the
product is allowed to settle in the product discharge tank 255. Valve 259 is then
opened permitting fluid to flow from the product discharge tank 255 to the reactor



- 25 - Xian Chen & Tobin J. Mrks, Cocatal ysts for Metal-Catal yzed

A efin Polymerization: Activators, Acygygtion Processes, and
Structure-Activity Relationships 100(4)" Chem cal Reviews 1391-1434
(2000). The activators may be associated with or bound to a support,
either in association with the catal yst conponent (e.g., netall ocene)
or separate fromthe catal yst conponent, such as described by G egory
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G oups 4 to 12, or oups. 4 to.6 of .the Periodic Table of.FEl ts,
[0055] Thesdisnath (bt Sitlis o q'p Boih o it Traftdt Feal My Gt faTipdhen
representedpby the fornmula: MRX, where Mis a nmetal fromGoups 3 to
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the elements therein (compressor 270, heat exchanger 275) should be smooth
surfaced and devoid of unnecessary obstructions so as not to impede the flow of

recycle fluid or entrained particles.

[0078] Various techniques for preventing fouling of the reactor and polymer
agglomeration can be used. Illustrative of these techniques are the introduction of
finely divided particulate matter to prevent agglomeration, as described in U.S.
Pat. Nos. 4,994,534 and 5,200,477; the addition of negative charge generating
chemicals to balance positive voltages or the addition of positive charge
generating chemicals to neutralize negative voltage potentials as described in U.S.
Pat. No. 4,803,251, Antistatic substances may also be added, either continuously
or intermittently to prevent or neutralize electrostatic charge generation.
Condensing mode operation such as disclosed in U.S. Pat. Nos. 4,543,399 and
4,588,790 can also be used to assist in heat removal from the fluid bed

polymerization reactor.



Ti Br4, Ti(0C2H5)3C1, Ti (0C2H5)C13, Ti (0C4H9)3C1l, Ti (0C3H7)2C12,

Ti (0C2H5) 2Br 2, Ti C13. 1/ 3A1C13 and Ti (OG12H25) C13. [ 0096]
Conventional -type transition netal catalyst conpounds based on
magnesi unf titani um el ectron-donor conpl exes are described in, for
exanpl e, US Patent Nos. 4,302,565 and 4, 302,566. Catal ysts derived
fromM/Ti/CO/THF are al so contenpl ated, which are well known to
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one Group 3 to Group 12 atom and optionally at least one leaving group bound

thereto.

[0083] The term "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, thereby producing the species active towards



101001 Vvarious ternms have been defined above. To the extent a term
used in a claimis not defined above, iLf should be given the broadest
definition persons in the pertinent arf have given that term as
reflected in at |east one printed publication or issued patent.
Furthernore, all patents, test procedures, and other docunents cited
in this application are fully incorporated by reference to the extent

such disclo ' iz tHAGONS bB & S s tdi: (oo 1 | +«f or . al
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t he foregoi dgtaildelbtiw.ected to enbodi nents of the present invention,

ot her and further enbodi nents of the invention nmay be devised w thout

departing fnmeat s asiherest; apeefehaceaf Perdsiic Thisle SCoRSst BEERMentsS the
determ ned by the clains that follow  -28- CLAIM5S Wat is cl ained:

1. A nozzl e ‘DRt armpeing sghewe ifonthefPesioficqlable Savms weg used asdn arg/ SRC
slurry, or m i -0l 1.1 ol ri hHpn or
conpri si ng: Iﬁaaﬁpwog(tsoigﬁ%ﬁl%wc@{%??@fﬁg&;&vgﬂo%,D{gétégézttr%g E%%?lg?)n,ed'and
an injectio0bdp; a second conduit having an inner surface and
an outer surface, wherein the first conduit is disposed about the

second condujos;dahk B0 sabitithst” aRa ®©st thbefRPEbMSOME tRdiderm possesses
at least one moiety in place of one or more hydrogens in any position, the moieties
selected from such groups as halogen radicals (for example, Cl, F, Br), hydroxyl
groups, carbonyl groups, carboxyl groups, amine groups, phosphine groups,
alkoxy groups, phenyl groups, naphthyl groups, C1 to C10 alkyl groups, C2 to
C10 alkenyl groups, and combinations thereof. Examples of substituted alkyls
and aryls includes, but are not limited to, acyl radicals, alkylamino radicals,
alkoxy radicals, aryloxy radicals, alkylthio radicals, dialkylamino radicals,
alkoxycarbonyl radicals, aryloxycarbonyl radicals, carbomoyl radicals, alkyl- and
dialkyl- carbamoyl radicals, acyloxy radicals, acylamino radicals, arylamino

radicals, and combinations thereof.
Chromium catalysts

[0086) Suitable chromium catalysts can include di-substituted chromates, such as
CrO2(OR)2; where R is triphenylsilane or a tertiary polyalicyclic alkyl. The
chromium catalyst system may further include CrO3, chromocene, silyl chromate,
chromyl chloride (CrO2Cl2), chromium-2-ethyl-hexanoate, chromium
acetylacetonate (Cr(AcAc)3), and the like.

Metallocenes

(0087] Metallocenes are generally described throughout in, for example, [ & 2
Metallocene-Based Polyolefins (John Scheirs & W. Kaminsky, eds., John Wiley
& Sons, Ltd. 2000); G.G. Hlatky 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



a support nenber at |east partially disposed about the outer surface
of the first conduit defining a second,annulus therebetween, the
support nenber having a converging outér surface at a first end
thereof 2. The nozzle of claiml1l, wherein the body of the first
conduit is disposed about the second conduit. 3. The nozzle of claim
1 or 2, wherein an outer surface of the injection tip of the first
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wherein an inner surface o e injectron tip Is constant.
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defines a flow path therethrough. 6. The nozzle of any one of clains
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embodiment, and may be supported with or without another catalyst component.

(0088] The Cp ligands are one or more rings or ring system(s), at least a portion
of which includes w-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 group consisting of carbon,
nitrogen, oxygen, silicon, sulfur, phosphorous, germanium, boron and aluminum
and combinations thereof, wherein carbon makes up at least 50% of the ring
members. Or the Cp ligand(s) are selected from the group consisting of
substituted and unsubstituted cyclopentadienyl ligands and ligands isolobal to
cyclopentadienyl, non-limiting examples of which include cyclopentadienyl,
indenyl, fluorenyl and other structures. Further non-limiting examples of such
ligands include  cyclopentadienyl, cyclopentaphenanthreneyl, indenyl,
benzindenyl, fluorenyl, octahydrofluorenyl, cyclooctatetraenyl,
cyclopentacyclododecene, phenanthrindenyl, 3,4-benzofluorenyl, 9-
phenylfluorenyl, 8-H-cyclopentfa]acenaphthylenyl, ‘TH-dibenzofluorenyl,
indeno[1,2-9]anthrene, thiophenoindenyl, thiophenofluorenyl, hydrogenated
versions thereof (e.g., 4,5,6,7-tetrahydroindenyl, or “H4Ind”), substituted versions

thereof, and heterocyclic versions thereof.
Group 15-containing catalyst

[0089] The “Group 15-containing catalyst” may 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



-29- 9. The nozzle of any one of clains 1 to 8, wherein the second
conduit conprises a plurality of orifigges spaced radially and axially
t hereabout. 10. The nozzle of any one of clains 1 to 9, wherein the
second conduit conprises a first line of axially spaced orifices that
is helically disposed about the second conduit. 11. The nozzl e of
any one of clains 1 to 10, wherein the second conduit conprises a

first line ggmgygkadﬁa)’Gﬁﬂlﬁ%gﬁ%F bhd 6% ﬁ;ﬂftoafoafﬁgﬂfas'shaﬁ m&bhm
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5,889,128 US 6,333,389 B2 and US 6,271,325 Bl. In one embodiment, the
Group 15-containing catalyst includes a Group 4 imino-phenol complexes, Group
4 bis(amide) complexes, and Group 4 pyridyl-amide complexes that are active

towards olefin polymerization to any extent.
Activator

[06090] The term "activator" includes any compound or combination of
compounds, supported or unsupported, which can activate a single-site catalyst
compound (e.g., metallocenes, Group 15-containing catalysts), such as by creating
a cationic species from the catalyst component. Typically, this involves the
abstraction of at least one leaving group (X group in the formulas/structures
above) from the metal center of the catalyst component. The catalyst components
of embodiments described are thus activated towards olefin polymerization using
such activators. Embodiments of such activators 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.

[0091] Lewis acids may be used to activate the metallocenes described.
[Mustrative Lewis acids include, but are not limited to, alumoxane (e.g., “MAQO”),
modified alumoxane (e.g., “TIBAQ”), and alkylaluminum compounds. Ionizing
activators  (neutral or ionic) such as tri  (n-butyl)ammonium
tetrakis(pentafluorophenyl)boron may be also be used. Further, a
trisperfluorophenyl boron metalloid precursor may be used. Any of those

activators/precursors can be used alone or in combination with the others.

[0092] MAO and other aluminum-based activators are known in the art. Ionizing

activators are known in the art and are described by, for example, Eugene You-



13. The nozzle of any one of clains 1 to 12, wherein the tapered
section of the first conduit extends beyond the converging outer

surface of the support nenber. 14. The nozzle of any one of clains 1
to 13, wherein the injection tip of the first conduit extends beyond
t he converging outer surface of the support nmenber. 15. The nozzle
of claim8, wherein the closed end of the second conduit extends

beyond the wmec&mg&owo%fn SHI Vg Otokaglggeép@&f tVBRITPSatyzed SO1HNE

noZzl e of any one of clains 1'to 15, furt conpri sing orie or nore
radi al spac@chmthirgpiosed wihttivatdre s@ﬂnaﬂmanﬁukamea b7d Bhectnozatteipf

claim 18, Wﬂe a 1'09511%5‘561(?622) 8Lermca g\?ig\ivsa llB&P—?&?&{ %20%85“)"1“112 %ctivators may
be associated with or bound to a support, either in association with the catalyst
component (e.g., metallocene) or separate from the catalyst component, such as
described by Gregory G. Hlatky, Heterogeneous Single-Site Catalysts for Olefin
Polymerization 100(4) Chemical Reviews 1347-1374 (2000).

Ziegler-Natta Catalyst

[0093] Ilustrative Ziegler-Natta catalyst compounds are disclosed in Ziegler
Catalysts 363-386 (G. Fink, R. Mulhaupt and H.H. Brintzinger, eds., Springer-
Verlag 1995); or in EP 103 120; EP 102 503; EP 0 231 102; EP 0 703 246; RE
33,683; US 4,302,565; US 5,518,973; US 5,525,678; US 5,288,933; US
5,290,745; US 5,093,415 and US 6,562,905. Examples of such catalysts include
those comprising Group 4, 5 or 6 transition metal oxides, alkoxides 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

alkyl halides, and inorganic oxide supports.

[0094] Conventional-type transition metal catalysts are those traditional Ziegler-
Natta catalysts that are well known in the art. 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 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.

[0095] These conventional-type transition metal catalysts may be represented by
the formula: MRx, where M is a metal from Groups 3 to 17, or a metal from
Groups 4 to 6, or a metal from Group 4, or titanium; R is a halogen or a
hydrocarbyloxy group; and x is the valence of the metal M. Examples of R
include alkoxy, phenoxy, bromide, chloride and fluoride. Examples of

conventional-type transition metal catalysts where M 1s titanium include TiCl4,



three or nore equally spaced spacers di sposed about an inner surface
of the support nmenber. -30- 18. A nozzle useful for injection of a
liquid catalyst, a catalyst slurry, or mxtures thereof into an

ol efin polynerization reactor, conprising: a first conduit conprising
a body, a tapered section, and an injection tip; a second
conduit having an inner surface and an outer surface, wherein the

first conduiftpiss d apoutr; nd 1€ | fidy st
annul us there ]i)’et vveign; afr% ’ 1(b§%§1§ p%?t ﬁn%é)gtégl egg?@[%g?gjl(g 1y
di sposed abduOGH&)2Bit2e TiGIAr T €1 dhnd TEOLOI2HES XHBRhdui t defining a
second annul us there between, the support nmenber having a converging

outer surfag@@t Canténtidhaleyge t haf@Bdn metal cuaBEEI fordpoundasbaskd on
portion of the first and second conduits extend begonﬂ t he convergi ng
out er surf adweEBFsHRLitaniyp Slactrapsigaer commexesiqee desstibed iy for| expmpleg |

wher ei n t he phadyngl 4409 3ds' Sl £99856¢ EnaRkSRRIE ABAUINAIPREP IR

condui t.
also contemplated, which are well known to those of ordinary skill in the art. One

example of the general method of preparation of such a catalyst includes the
following: dissolve TiCl4 in THF, reduce the compound to TiCl3 using Mg, add

MgCl2, and remove the solvent.

[0097] Conventional-type cocatalyst compounds for the above conventional-type
transition metal catalyst compounds may be represented by the formula
M3M4vX2cR3b-c, wherein M3 is a metal from Group 1 to 3 and 12 to 13 of the
Periodic Table of Elements; M4 i1s a metal of Group 1 of the Periodic Table of
Elements; v is a number from 0 to 1; each X2 is any halogen; ¢ is a number from
0 to 3; each R3 is a monovalent hydrocarbon radical or hydrogen; b is a number
from 1 to 4; and wherein b minus c is at least 1. Other conventional-type
organometallic cocatalyst compounds for the above conventional-type transition
metal catalysts have the formula M3R3k, where M3 is a Group IA, IIA, IIB or
IIIA metal, such as lithium, sodium, beryllium, barium, boron, aluminum, zinc,
cadmium, and gallium; k equals 1, 2 or 3 depending upon the valency of M3
which valency in turn normally depends upon the particular Group to which M3
belongs; and each R3 may be any monovalent radical that include hydrocarbon
radicals and hydrocarbon radicals containing a Group 13 to 16 element like

fluoride, aluminum or oxygen or a combination thereof.
Mixed catalyst system

[0098] The mixed catalyst can be a bimetallic catalyst composition or a multi-
catalyst composition. As used herein, the terms “bimetallic catalyst composition”
and “bimetallic catalyst” include any composition, mixture, or system that
includes two or more different catalyst components, each having a different metal

group. The terms “multi-catalyst composition” and “multi-catalyst” include any



20. The nozzle of claim 18 or 19, wherein an outer surface of the
injection tip of the first conduit conyerges. 21. The nozzle of
claim 20, wherein an inner surface of the injection tip is constant.
22. The nozzle of claim2l, wherein the inner surface of the
injection tip defines a flow path there through. 23. The nozzle of
any one of clains 18 to 22, wherein an inner surface of the tapered

section of thephiifist, SR br GONYEN 8RF EAURE W 8r It CdifeRnt khralys24-
The nozzle of any one of clains 18 to 23, wherein an i nner surface of
the body of comgofdntstegauietsiof the netaist driverefor2stheTieans Sbinetallpé catalysione

of clainms 18 to 24, whegrein.the second _condui.t has a first, opened
ond and & sSEBRETIRbos GlTEANC cadyet Sgtfniatian dhinstsiroy, s o Tt
claims 18 t catdbyst"Wadl @encdiireti s ¢ QB0 e Uhdrei@ ORI ‘SBiked datalfsed khisOf
orifices spacec radlalky and axially thereabout. _
specifically noted otherwise. In one preferred embodiment, the mixed catalyst
includes at least one metallocene catalyst component and at least one non-

metallocene component.

[0099] Certain embodiments and features have been described using a set of
numerical upper limits and a set of numerical lower limits. It should be
appreciated that ranges from any lower limit to any upper limit are contemplated
unless otherwise indicated. Certain lower limits, upper limits and ranges appear
in one or more claims below. All numerical values are ‘“about” or
“approximately” the indicated value, and take into account experimental error and

variations that would be expected by a person having ordinary skill in the art.

[0£00] Various terms have been defined above. To the extent a term used in a
claim is not defined above, it should be given the broadest definition persons in
the pertinent art have given that term as reflected in at least one printed
publication or 1ssued patent. Furthermore, all patents, test procedures, and other
documents cited in this application are fully incorporated by reference to the
extent such disclosure is not inconsistent with this application and for all

jurisdictions in which such incorporation is permitted.

{0101} While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims

that follow.



27. The nozzle of any one of clains 18 to 26, wherein the second
conduit conprises a first line of axially spaced orifices that is
helically di sposed about the second corfuit. 28. The nozzle of any
one of clains 18 to 27, wherein the second conduit conprises a first
line of axially spaced orifices and a second line of axially spaced
orifices, wherein each line is helically disposed about the second
condui t sucht hpdggcor respondi ng axial orifices in the first and
second lines are radially spaced. 29. The nozzle of any one of
clainms 18 t &WR&,s dlheteeli n t he tapered section of the first conduit

ext ends beyaqnd the convergj out.er. surface of the support nber .
30. The noﬁﬁre off* &RYZ Sﬁ@g@? %%‘i Jugrtiongo 6(52‘191} GRawes n’ip ﬁ@lwtﬁ%ﬁ Bh

tip of the frﬁi&ﬁx‘resctﬁ&éwihtcﬁﬁﬁﬁ@%p&%ﬂ%ﬂdﬁ%&&é}y%ﬂfﬁﬁnﬁuﬁer surface
of the support nenber. 31. The hozzle of claim 25, wherein the

cl osed end of the fgsicwnduit ormipiitingexbedids tireyahatctide asdav yefiting tiput er
surface of the support, ne . .. 32..The nozzl e,of any one of, cl.ains
T8 to 31, furt hor BTG PERGRErEE 81 g s Pkgrat S pReLrErropsEel 6
the second gpgubsifiuit B3 disphRANSFAL ahOfseedbi bRt \WBBAIAL N 1S anguI
nore radi al spacers conprise three or nore equally spaced spacers

di sposed abdbarebgiweamend surface of the support menmber. 34. A nethod
for catalyst injgefion, | 1ihe R385 RIASRy RUSIR B8 1O Dufcf 3G of the

conpri si ng:
first conduit defining a second annulus therebetween, the support member having

a converging outer surface at a first end thereof.

2. The nozzle of claim 1, wherein the body of the first conduit 1s disposed

about the second conduit.

3. The nozzle of claim 1 or 2, wherein an outer surface of the injection tip of

the first conduit converges.

4, The nozzle of any one of claims 1 to 3, wherein an inner surface of the

injection tip is constant.

5. The nozzle of claim 4, wherein the inner surface of the injection tip

defines a flow path therethrough.

6. The nozzle of any one of claims 1 to 5, wherein an inner surface of the

tapered section of the first conduit converges toward the injection tip.

7. The nozzle of any one of claims 1 to 6, wherein an inner surface of the

body of the first conduit is constant.

8. The nozzle of any one of claims 1 to 7, wherein the second conduit has a

first, opened end and a second, closed end.



- 32- provi ding one or nore nozzles to the reactor, at |east one
nozzl e conpri sing: a first conduit conprising a body, a tapered
section, and an injection tip; a?%econd condui t havi ng an i nner
surface and an outer surface, wherein the first conduit is disposed
about the second conduit defining a first annul us therebetween; and

a support nenber at |east partially disposed about the outer surface

of the firsy condpid ,ged Bf%g}zaan%e&fj&gm?ﬁ‘%“? &rﬂ&%&bﬂﬁe 20nd tcg&‘?duit

support nenber having a conver gi ng outer surfdce at a first

t her eof ; fl owmpgsea agdtralitysif osificey gpatdiradiglly thé atinlig thesmaboktus and into
the reactor; flow ng one or nore nononers through the second annul us
and into the reactor; and fl owi ng one or nore inert gases

through the gnnulpg H&zz‘ié‘%f%ﬁf%@ &PE!QHM 118t 9 R&cld iRt s lysanand
into the reactor. Th hod of claim 34, wherein the catal yst

slurry conprpmpdsesaefinst linepricaxdalyapgstd quiices tiaes tefidalndismsedrabant the

1 qui ds. second conduit.

1. The nozzie of any one of claims 1 to 10, wherein the second conduit
comprises a first line of axially spaced orifices and a second line of axially spaced
orifices, wherein each line is helically disposed about the second conduit such that

corresponding axial orifices in the first and second lines are radially spaced.

12. The nozzle of any one of claims 1 to 11, wherein at least a portion of the

first conduit extends beyond the converging outer surface of the support member.

13.  The nozzle of any one of claims 1 to 12, wherein the tapered section of the

first conduit extends beyond the converging outer surface of the support member.

14.  The nozzle of any one of claims 1 to 13, wherein the injection tip of the

first conduit extends beyond the converging outer surface of the support member.

15. The nozzle of claim 8, wherein the closed end of the second conduit

extends beyond the converging outer surface of the support member.

16.  The nozzle of any one of claims 1 to 15, further comprising one or more

radial spacers disposed with the second annulus.

17.  The nozzle of claim 16, wherein the one or more radial spacers comprise
three or more equally spaced spacers disposed about an inner surface of the

support member.



36. The nethod of claim 34 or 35, wherein the catalyst slurry
conprises one or nore catal yst corrponents sel ected fromthe group
consisting of Ziegler-Natta catal ysts, 3&hr oni um based cat al ysts,

net al | ocene catal ysts, Group 15-containing catalysts, binmetallic
catal ysts, and m xed catalysts. 37. The nethod of any one of clains
34 to 36, wherein the catalyst slurry conprises one or nore catal yst
conponent s | ecte 10, .+ i Std oup henol
compl oxes. &oup s BrAT SerE o BRGNS £ 1ol Qe beduldh 8D 08"
conpl exes. nﬂBturéEhHerH@‘hhmohnoo‘le@rnyolgmerizﬁtionIredcmr SAngprixidl, wherein the

flowrate of the gne or nore npnone s through the s nd, annul us is
about 455 kg/ hr tacfr}s} @?@‘k@qrﬁ?nsmg%go ¥> 8dapeigdes eﬁtéctnhé’&‘f@ﬁ IGIOBHB of

clains 34 to 38, i I : h
the first annul ug\geg(fngbcgﬂalh?hgdl@ﬁ?ﬁl?r oﬁlfé %ﬂﬁn di%{ ﬁ'{ﬁ ﬁu.rﬁlc%df%{%g&wg

met hod of arfystawedwt icdiaporsd &homtothegpcdndraohéuit defipng si fugt adlmythete
one or nore.i ert agﬁses and catalyst slurry within the first annul us.
41. The met &S y one of clainms 34 to 40, further conprising

flowi ng the m Xt ldrsﬁ prt BMbeNS: 184st ?ﬁk‘n@ﬂy ARpbscdaBBSt B BuRAbB B of the
slurry through the injection tip of the first conduit into the

reactor. A4firstTheduibddintnod S@ngxd @muluﬁ th@nedqeﬁvsemth@@umoﬁ mgmbpiclaving
conprising ataom nore inert gases and

catal yat o1 GePPERPERLEE RS Rl bR o The one or “more
nmonomer s t hr ough viegeis eCreast ApsiibiiSf the first and second conduits extend beyond

the converging outer surface of the support member.

19. The nozzle of claim 18, wherein the body of the first conduit is disposed

about the second conduit.

20.  The nozzle of claim 18 or 19, wherein an outer surface of the injection tip

of the first conduit converges.

21. The nozzle of claim 20, wherein an inner surface of the injection tip is
constant.
22. The nozzle of claim 21, wherein the inner surface of the injection tip

defines a flow path there through.

23.  The nozzle of any one of claims 18 to 22, wherein an inner surface of the

tapered section of the first conduit converges toward the injection tip.

24, The nozzle of any one of claims 18 to 23, wherein an inner surface of the

body of the first conduit is constant.

25. The nozzle of any one of claims 18 to 24, wherein the second conduit has

a first, opened end and a second, closed end.
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26.  The nozzle of any one of claims 18 to 25, wherein the second conduit

comprises a plurality of orifices spaced radially and axially thereabout.

27.  The nozzle of any one of claims 18 to 26, wherein the second conduit
comprises a first line of axially spaced orifices that is helically disposed about the

second conduit.

28.  The nozzle of any one of claims 18 to 27, wherein the second conduit
comprises a first line of axially spaced orifices and a second line of axially spaced
orifices, wherein each line is helically disposed about the second conduit such that

corresponding axial orifices in the first and second lines are radially spaced.

29.  The nozzle of any one of claims 18 to 28, wherein the tapered section of
the first conduit extends beyond the converging outer surface of the support

member.

30.  The nozzle of any one of claims 18 to 29, wherein the injection tip of the

first conduit extends beyond the converging outer surface of the support member.

31. The nozzle of claim 25, wherein the closed end of the second conduit

extends beyond the converging outer surface of the support member.

32. The nozzle of any one of claims 18 to 31, further comprising one or more

radial spacers disposed with the second annulus.

33.  The nozzle of claim 32, wherein the one or more radial spacers comprise
three or more equally spaced spacers disposed about an inner surface of the

support member.

34, A method for catalyst injection into a gas phase polymerization reactor,

comprising:
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providing one or more nozzles to the reactor, at least one nozzle
comprising:
a first conduit comprising a body, a tapered section, and an
injection tip;
a second conduit having an inner surface and an outer surface,
wherein the first conduit is disposed about the second conduit defining a
first annulus therebetween; and
a support member at least partially disposed about the outer surface
of the first conduit defining a second annulus therebetween, the support
member having a converging outer surface at a first end thereof;
flowing a catalyst slurry through the first annulus and into the reactor;
flowing one or more monomers through the second annulus and into the
reactor; and
flowing one or more inert gases through the annulus of the second conduit

into the first annulus and into the reactor.

35. The method of claim 34, wherein the catalyst slurry comprises one or more

catalyst particles and one or more liquids.

36.  The method of claim 34 or 35, wherein the catalyst slurry comprises one
or more catalyst components selected from the group consisting of Ziegler-Natta
catalysts, chromium-based catalysts, metallocene catalysts, Group 15-containing

catalysts, bimetallic catalysts, and mixed catalysts.

37.  The method of any one of claims 34 to 36, wherein the catalyst shurry
comprises one or more catalyst components selected from the group consisting of
Group 4 imino-phenol complexes, Group 4 bis(amide) complexes, and Group 4

pyridyl-amide complexes.

38. The method of any one of claims 34 to 37, wherein the flow rate of the one

or more monomers through the second annulus is about 455 kg/hr to 2,273 kg/hr.
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39.  The method of any one of claims 34 to 38, wherein the flow rate of the
catalyst slurry through the first annulus is about 1.4 kg/hr to about 14 kg/hr.

40.  The method of any one of claims 34 to 39, further comprising mixing the

one or more inert gases and catalyst slurry within the first annulus.

41.  The method of any one of claims 34 to 40, further comprising flowing the
mixture of the one or more inert gases and catalyst slurry through the injection tip

of the first conduit into the reactor.

42.  The method of any one of claims 34 to 41, further comprising atomizing
the mixture of the one or more inert gases and catalyst slurry in the reactor with

the flow of the one or more monomers through the second annulus.



