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ASSIGNMENT
FOR GOOD AND VALUABLE COMSIDERATION, the receipt, sufficiency and adequacy of which are hereby
acknowledped, the undersigned, does hereby:

SELL. ASSIGN AND TRANSFER to Chevron Phillips Chemical Company, LP (the "Assignee™), a corporation of
the State of Delaware, having a place of business at 10001 Six Pines Dr., The Woodlands, Texas 77387, the entire right, title
and interest for the United States and all foreipn countries in and to any and all improvements which are disclosed in the
application for United States Letters Patent, which has been executed by the undersigned concurrently herewith and is entitled
“IMPROVED PUMPING APPARATUS AND PROCESS FOR SLURRY POLYMERIZATION IN LOOP
REACTORS,” such application and all divisional, continuing, substitute, renewal, reissue and all other applications for patent
which have been or shall be filed in the United States and all foreign countries on any of such improvements; all original and
reissued patents which have been or shall be issned in the United States and all foreign countries on such improvements; and
specifically including the right to file foreign applications under the provisions of any convention or treaty and claim priority
based on such application in the United States;

AUTHORIZE AND REQUEST the issuing authority to issue any and all United States and foreign patents granted on
such improvements to the Assignee;

WARRANT AND COVENANT that no assignment, grant, mortgage, license or other agteement affecting the rights and
property herein conveyed has been or will be made to others by the undersigned, and that the full right to convey the same as
herein expressed is possessed by the indersigned;

COVENANT, when requestad and at the expense of the Assignee, to carry out in good faith the intent and purpose of
this assignment, the undersipned will (1) execute all divisional, continuing, substitute, renewal, reissue, and all other patent
applications on any and all such improvements; (2) execute all rightful oaths, declarations, assignments, powers of attorney and
other papers; (3) communicate to the Assignee all facts known to the undersigned relating to such improvements and the history
thereof: (4) cooperate with the Assignee in any interference, opposition, dispute, or litigation involving any of the applications or
patents for such improvements; and (5) generally do everything possible which the Assignee shall consider desirable for vesting
title to such improvements in the Assignee, and for securing, maintaining and enforcing proper patent protection for such
improvements;

TO BE BINDING on the heirs, assigns, representatives and successors of the undersigned and extend to the successors,
assigns and nominees of the Assignee.

(Signatire): Date:
Name: JOHN D, HOTTOVY

STATE OF §
§ ss.
COUNTY OF §
BEFORE ME, the undersigned authority, on this day of » 2004, personally appeared

JOHN D. HOTTOVY known to me to be the person whose name subscribed to the foregoing instrument and acknowledged o
me that he executed the same of his own free will for the purposes and consideration therein expressed.

Notary or Consular Officer

[SEAL]
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(Signature): Q/ / ga%w Date:_ [J2 -£ 2 ~20

Natne: DALE A. ZELLERS

STATE OF Wﬂ_; §

N § ss.
COUNTY OF % §

g9 m&
BEFORE ME, the undersigned authority, on this day of ﬂﬁ { Mgﬁ , 2004, personally appeared

DALE A, ZELLERS known to me to be the person whose name subscribed to the foregoing in. ent and acknowledged to me
that he executed the same of his own free will for the purposes and consideration therein expressed.

o SO Qi

Notary or Consular Officer

[SEAL]
(Signature); Date:

Name: ROBERT K. FRANKLIN
STATE OF §

§ s5
COUNTY QF &
BEFORE ME, the undersigned authority, on this day of . 2004, personally appeared

ROBERT K. FRANKLIN known to me to be the person whose name subscribed to the foregoing instrument and acknowledged
to ine that he executed the same of his own free will for the purposes and consideration therein expressed.

Notary or Consular Officer

[SEAL]
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FOR GOOD AND VALUABLE CONSIDERATION, the receipt, sufficiency and adequacy of which are hereby
acknowledged, the undersigned, does hereby:

SELL, ASSIGN AND TRANSFER to Chevron Phillips Chemical Company, LF (the "Assignee™), a corporation of
the State of Delaware, having a place of business at 10001 Six Pines Dr., The Woodlands, Texas 77387, the entire right, title
and interest for the United States and all foreign countries in and to any and all improvements which are disclosed in the
application for United States Lettera Patent, which has been exscuted by the undersigned concurrently herewith and is entitled
“IMPROVED PUMPING APPARATUS AND PROCESS FOR SLURRY POLYMERIZATION IN LOOF
REACTORS,” such application and all divisional, contimiing, substitute, renewal, reissue and all other applications for patent
which have been or shall be filed in the United States and all foreign countries on any of such improvements; all original and
reissued patents which have been or shall be issued in the United States and all foreign countries on such improvements; and
specifically including the right to file foreign applications under the provisions of any convention or treaty and claim prierity
based on such application in the United States;

AUTHORIZE AND REQUEST the issuing authority to issue any and all United States and foreign-patents granted on
such improvements to the Assignee;

WARRANT AND COVENANT that no assignment, grant, mortgage, license or other agreement affecting the rights and
property herein conveyed has been or will be made to others by the undersigned, and that the full right to convey the same as
herein expressed is possessed by the undersighed;

COVENANT, when requested and at the expense of the Assignee, to carry out in good faith the mteat and purpose of
this assignment, the undersigned will (1) execute all divisional, continuing, substitute, renewal, reissue, and all other parent
applications on any and all such improvements; (2) execute all rightful oaths, declarations, assignments, powers of attorney and
other papers; (3) communicate to the Assignee all facts known to the undersigned relating to such improvements and the history
thereof; (4) cooperate with the Assignee in any interference, opposition, dispute, or litigation involving any of the applications or
patents for such improvements; and (5) generally do everything possible which the Assighee shall consider desirable for vesting
title to such improvements in the Assignee, and for securing, maintaining and enforcing proper patent protection for such
Improvements;

TO BE BINDING on the heirs, assigns, representatives and successors of the undersigned and extend to the successors,
assigns and nominees of the Assignee.

Datc:
JOHN D. HOTTOVY
Witnessed by: Date:
Signature
Printed Name of Witness
Witnessed by: Date:

Signature

Frinted Name of Withess
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(Signature): i Date:
Name: DALE A. ZELLERS
STATE OF §
& s8
COUNTY OF g
BEFORE ME, the undersigned authority, on this day of , 2004, personally appeared

DALE A. ZELLERS known to me o be the person whose name subscribed to the foregoing Lnstrument and acknowledged to me
that he executed the same of his own free will for the purposes and consideration therein expressed.

Notary or Consular Officer

[SEAL]

ciomer_ L2l A M | ke 3 2004

Name: ROBERT K. FRANKLIN

S]gna

Am\a‘l o VJ-'V'\ -Om Ko

Printed ]Fa.me of Witness

Witnessed by: Méﬁ& Date: Avds T, 2O %
ignature ) -

Tames & (e, 4

Printed Name of Witnzss

Witnessed by O""\k \ l/AV\ Q%M Date: F‘(jl‘ 3 2 00M
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FOR GOOD AND VALUABLE CONSIDERATION, the zeceipt, sulficiency snd adequacy of which are herchy
acknowlndged, the undersigned, does hetebry:

SELL, ASSIGN AND TRANSFER (o Chavron Fhillips Chendeal Company, LT (the "Assigneo™), a corperation of
the State of Deojwwmre, having & place of business at 10001 Six Pines Dr.. The Woodlands, Texas TTIET, the strirs right, title
and intsrwar for the United States and all forelgn counirles in and to say and &)l improvenents which wm digslosed in the

seation for Tnited States Tetters Parenr, which has been exscutcd by the umdenignsd concurently herewith and is eptitled
“IMPFROVED FPUMPING AFPABATUS AND PROCESS FOR SLURRY POLYMERIZATION IN LOOFP
REEACTORS” such application and all divisienal, contmuiog, substimts, renewal, rclasue and all othor applicatioos for patent
which bave boen or shall bo Sled in the United Stetes and all foreipn covmtrion muwnfuuchlin:prmmnnu;nnnﬂnmlmn
i putente which hgve been or «hall be jssued in the United States and all fireign countries on such itmprovenwnts, and
spocibianlly inchuling the cight fils forcign spplications under the provisions of any eonvention or eaty and ¢laim priority
B on such application i the United States;

AUTHORIZE AND REQUEST the issulag autharity to issue any tnd all United Swetes anA forcign patents granted on
such inproveroents to the Asvipmna;

WARRANT AND COVENANT dhat sio mim:ﬂmtmmmummuuﬁnwmm&ﬁghbmﬂ
pmpum'hn-h:nnnwyudhmhunwmdnb:nuﬂntuuﬁmbyﬂmmsipﬂd, and that tho fall right tov convey T e s
berein expreasad iz posdcaicd by the: unAsesipned;

COVENANT, whin requested and st the expenss of S Asiigaers, to carry out i good fhith the intent and purpose of
thir astigrenent, tho undosigned will (1) exscute gll divisional, contimuing, substimie, renewal, reissus, and all other patent
applications an ey and all such jopeovenents; {2) exscute all rightful enths, declumtions, REsignrents, powe of atinrasy and
other papexs; (3) commpumicats o the Assignee all facw known to the undrrsigned relating to such improvernonts and tho hiatory
theyent; (4) coapersto with the Assignes in any inteyfarence, spposition, dispuis, or lirigatiem {nvolving any of the mpplications or

far quch improvesents; and (5) geperlly do everything pogsile which the Assignee shall comyider dnm-lbl_: For vesxing
titlo to such improvemsnts in the Asiignee, sud for securing, rnudintaining and eaforcimg proper patemt protaction far such
improvesonts;

TO BE BINDING on the hrir, sasigns, representutves and successors of the yndersigned and extond to the successors,
assigns and nominoes of the Assignes.

g/“!" L Date: Z/ ﬁAf
JORN . HOTTOVY

Wimeased bry: % 1 Date, 3 _, Of’ o) (‘P

Signahpe i
GEORGE RATAEORAN
Printed Nampe of Witness

Wimesacd by: d—‘( z"?‘-—-‘\-—'—— Date: 5 Fow 2ot
Signanur

bAvdl . FEIDERSo]
Fromed Name of ' Witneas
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- (Signature): Date:
Name: DALFE A. ZELLERS

STATE OF §
§ ss
COUNTY OF §
BEFORE ME, the undersigned authority, on this day of , 2004, personally appeared

DALE A, ZELLERS known to me to be the person whose name subscribed to the foregoing instrument and ackmowledged to me
that he executed the same of his own free will for the purposes and consideration therein expressed.

Notary or Consular Qfficer

[SEAL]
(Signature): Date:

Name: ROBERT K. FRANKLIN
Witnessed by: . Date:

Signature

Printed Name of Witness
Wimessed by: Date:

Signature

Printed Name of Witness
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c~press Mail No. EL849003298U%

Attorney Docket No. 1879-13825U801

IMPROVED PUMPING APPARATUS AND PROCESS FOR SLURRY
POLYMERIZATION IN LOOP REACTORS

RELATED APPLICATIONS
[0001] This application claims the benefit under 35 U.S.C. § 11%e) of U.S.
Provisional Application No. 60/411,612 ("the '612 application") filed on September
17, 2002. The '612 application is incorporated by reference herein.

- FIELD OF THE INVENTION

{0002] This invention relates to slurry polymerization in a liquid medium. More
particularly, the invention relates to improved pumpmg apparatus and processes for a

large-volume loop reactor used for slurry polymerization:.

BACKGRDM OF THE INVENTION

[0003] Polyolefins such as polyethylene and polypropylene may be prepared by
particle form polymerization, also referred to as slumry polymerization. In this
technique, feed materials such as monomer and cataltyst are fed to a loop reactor, and
a product slurry containing solid polyolefin particles 1 a liquid medium is taken off

or withdravwn from the reactor.

[0004] In a loop pelymerization operation, a fluid slurry is circulated around the loop
reactor using ome or more pumps, typically axial flow pumps having impellers
disposed withun the reactor. - The pumps provide the motive force for circulation of
the fluid slhurry. As the volume of the reactor and the solids concentration of the fluid
slurry increase, the demands on the pumps also increase. In general, the flow rate,
pressure, density, and viscosity of the fluid slurry must be considered in selecting and
operating the loop reactor pumps. '

[0005] Slurry polymerization in a loop reaction zone has proven commercially
successful.  The slutry polymerization technique has enjoyed international success

with billions of pounds of olefin polymers being so produced annually. However, it is

PATENT
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still desirable to design and build larger reactors. The size of a reactor has a
significant impact on the pump requirements, particularly as to the head (differential
pressure across the impeller of the pump, expressed i feet of liquid) and fiow
(velocity multiplied by cross-sectional area of the pipe, expressed in gallons per

minute or GPM) developed by the pump.

[0006] Until fairly recently, fluid slurries of olefin polymers in a diluent were
generally limited to relatively low reactor solids concentrations. Seftling legs were
used to concentrate the slurry to be withdrawn, so that at the exit lDf the settling legs,
the slurry would have a higher solids concentration. As the name implies, seftling

occurs in the setting legs to increase the solids concentration of the slury to be
withdrawn.

[0007] In addition to the concentration of the slurry, another factor affecting the
solids concentration in the reactor is fluid slurry circulation velocity. A higher slurry
velocity for a given reactor diameter allows for higher solids, since the slurry velocity

affects such limiting factors as heat transfer and reactor fouling due to polymer build

up in the reactor.

[0008] By increasing the head and flow capability of the loop reactor circulating
pump(s), one can circulate a higher weight percent solids in the reactor. The use of
two pumps in series may allow a doubling of pumping head capability and a resulting
solids increase. The two pumps may be located on different segments of the reactor

and it may be desirable for each pump to be dedicated to an even number of legs.

ERIEF SUMMARY OF THE INVENTION

[0009] A loop reactor apparatus can comprise a plurality of vertical segments, a
plurality of vupper horizontal segments, and a plurality of lower horizontal segments.
Each of the vertical segments is connected at an upper end to one of the upper
horizontal segments, and is connected at a lower end to one of the lower horizontal
segments. The vertical and horizontal segments form a continuous flow path adapted
to convey a fluid slurry. The loop reactor apparatns also includes at least two pumps
for imparting motive force to the fluid slurry within the reactor. Each pump is

operably connected to an impeller disposed in the continuous flow path. Two

PATENT
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impellers face each other and rotate in opposite directiong and the two impellers are
spaced sufficiently close so that one of the impellers benefits from the rotational
energy of the other of the impellers. The loop reactor apparatus also inclides means
for introducing an olefin monomer into the continuwous flow path; means for
mtroducing a diluent into the continuous flow path; means for introducing a
polymerization catalyst into the continnous flow path; and means for removing a

portion of a fluid slurry from the continvous flow path.

[0010] A loop reactor apparatus can comprise a plurality of major segments and a
plurality of minor segments. Each minor segment connects two of the major
segments to each other, whereby the major and minor segments form a continuous
flow path. The loop reactor apparatus- also includes a monomer feed attached to one
of the segments, a catalyst feed attached to one of the segments; and a product take-
off attached to one of the segments. The loop reactor apparatus also includes an
upstream pump and a downstream pumnp, wherein the pumps each are attached to an
impeller disposed in the interior of the continuous flow path. The pumps are arranged
so that the impellers rotate in opposite directions and are sufficiently close so that the
rotational energy imparted by thc upstream pump is at least partially recovered by the
downstream pump. The impellers are situated in at least one enlarged section of one
of the segments. The enlarged section and the impellers having diameters greater than

diameter of the segments.

[0011} Either of these loop reactor apparatus may also include two impellers are
disposed in the same horizontal segment. Furthermore, a portion of continuous flow
path upstream of at least one of the impellers may house at least one guide vans

arranged to nnpart rotational motion in a direction opposite to the rotational rnotion of

the impeller.

[0012] A loop reactor apparatus can comprise a plurality of major segments and a
plurality of minor segments. Each minor segment connects two of the major
segments to each other, whereby the major and minor segments form a continuous
flow path. The loop reactor apparatus algo includes a monomer feed attached to one
of the segments, a catalyst feed attached to one of the segments, and a product take-
off attached to one of the segments. The loop reactor apparatus also includes at Jeast

one guide vane disposed ‘within the continuous flow path and a pump downstream of

PATENT
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the guide vane. The purmmp iz attached to an impeller disposed in the interior of the
flow path and the impeller 1s also downstream of the guide vane. The guide vane and
the impeller impart rotational motion on the flow path in opposite directions and are
sufficiently close so that the shury is engaged in rotational motion upon engaging the

downstream pump.

[0013] A lbop reactor apparatus can comprise a pipe loop reactor adapted for
conducting an olefin polyimerization process comnprising polymerizing at least one
olefin monomer in a liguid diluent to produce a fluid slurry comprising liquid diluent
and solid olefin polymer particles. The loop reactor apparatus can also comprise a
monomer feed attached to the pipe loop reactor, a catalyst feed attached to the pipe
loop reactor, a product take-off attached to the pipe loop reactor, and at least one

mixed flow pump disposed within the pipe loop reactor.

[0014] Any of these loop reactor apparatus may have an impeller situated in an
enlarged section of one of the lower horizontal or minor segments. The enlarged
section and the impeller(s) have diameters greater than a diameter of the lower
horizontal segments. Generally, cach impeller will have a diameter greater than the

average diameter of the segments.

[0015] A loop slurry polymerization process cam include introducing monomer,
diluent, and catalyst to a loop reactor, polymerizing the monomer to form a shrry
comprising the diluent and solid polyolefin particles, circulating the slurry using two
unpellers, imparting a first rotational motion to the slurry with a first of the impellers,
and mmparting a second rotational motion to the slurry with a second of the impellers.
In the maproved process, the second rotational motion is opposite to the first rotational
motion. The process may also include pre-swirling the slurry upstream of the first
impeller, in a direction opposite to the first rotational motion of the impeller of the
first itnpeller. The process may also include post-swirling the slurry downstream of
the second pump to recover swirling motion of the second pump impeller and covert it

mnto flow and head in the axial direction of the pump.

[0016] A loop slurry polymerization process can comprise infroducing monomer,
diluent, and catalyst to a leop reactor, polymerizing the monomer to form a slurry
comprising the dilnent and solid polyolefin particles, circulating the slurry using at
least one impeller, imparting a first rotational motion to the slurry prior to the shury

PATENT
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reaching the mnpeller(s), and imparting a second rotational motion to the slurry with
the impeller(s). In the improved process, the second rotational motion is in a direction

opposite to the first rotational motion. The first rotational motion is desirably

imparted by pre-swirl vanes.

[0017] In any of these loop slurry polymerization processes, one may minimize the
clearance between at Jeast one impeller and a portion of the 10015 reactor housing the
impeller. In the improved processes, the slurry may have has a ﬁesirad toinimurmn
concentration of the solid polyolefin particlés, for example at least about 45 weight
percent. The shirry may be circulated at a flow of from about 20,000 gallons per
minute to about 100,000 gallons per minute. - The impeller(s) alone or together may

achieve a head of from about 120 feet to about 600 feet.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] FIG: 1 shows a prior art loop reactor and polymer recovery system.
[0019] FIG. 2 is a cross-sectional view of the impeller mechanism.
[0020] FIG. 3 shows a loop reactor having two pumps arranged to make improved use
of rotational energy.

[0021] FIG. 4 is a closer view of the two-pump arrangement of FIG. 3.
[0022] FIG. 5 shows the loop reactor with guide vanes.

[0023] FIG. 6 is a different view of the gunide vanes.

DETAILED DESCRIPTION OF THE INVENTION
[0024] The present process and apparatus are applicable to any loop reaction zone,
which comprises a slurry of polymer solids in a liquid medium, incloding slurries
employed in olefin polymerization processes. In particular, the present process and
apparatus are applied to large-volume loop reactors in which a fluid shury having a

high solids concentration is circulated.

[0625] As used herein, the term "slurry" means a composition in which solids and

liquid are present in separate phases. The term "fluid slurry" means the slurry

PATENT
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comprising polymer solids and Liquid medinm circulating in a loop reaction zone. The
solids may include catalyst and a polymerized olefin, such as polyethylene. The liquid
medinm may include an inert diluent, such as isobutane, with dissolved monomer,
comc:mc-nir:-r, molecular weight control agents, such as hydrogen, antistatic agents,
antifouling agents, scavengers, and other process additives. Altermatively, the liquid
medium may be made up primarily of the unreacted monomer, such as in some
propylene polymerization processes. The term "product slurry" means the portion of

slurry withdrawn from the loop reaction zone for recovery of the polyolefin product.

[0026] It is not easy to design and build a single pump that is able to provide the
necessary head and flow capability for a large-volume loop reactor for slurry
polymerization, particularly if the slurry will have a high solids concentration.
Greater head and flow capability are desirable because they allow operation of the
Teactor at a higher solids concentration. A higher =olids concentration has several
advantages. For instance, a higher solids concentration in the reactor generally means
less diluent will be removed as part of the product slurry. Also, a higher solids
concentration can increase the yield of polymer over a period of time (or increase the

residence time of the polymer at the same production rate there by increasing the

catalyst efficiency).

[0027] In TJ.5. Patent No. 6,239,235, which is incorporated by reference herein, some
of the present inventors disclosed a process and apparatus in which a high solids
pump and a continuous take-off appendage enabled significant increases in solids
concentrations within the reactor. Concentrations of greater than 40 weight percent
are possible in accordance with this process and apparatus. (Throughout this
application, the weight of catalyst is disregarded since the productivity, particularly

with chromium oxide on silica, is extremely high.)

[0028] The presemt process and apparatus are sumitable for circulating a fluid shurry
having a minimum solids concentration of at least 45 weight percent, alternatively at
least 46 weight percent, alternatively at least 47 weight percent, alternatively at least
48 weight percent, alternatively at least 49 weight percent, alternatively at least 50
weight percent, alternatively at least 51 weight percent, altermatively at least 52
welght percent, alternatively at least 53 weight percent, alternatively at least 54
weight percent, alternatively at least 55 weight percent, alternatively at least 56

PATENT -
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weight percent, alternmatively at least 57 weight percent, alternatively at least 58
welght percent, alternatively at least 5% weight percent, altermatively at least 60
welght percent. The process and apparatus are also suitable for circulating a fluid
slurry having a maximum solids concentration of at most 75 weight percent,
alternatively at most 74 weight percent, at most 73 weight percent, at most 72 weight
percent, at most 71 weight percent, at most 70 weight percent, at most 69 weight
percent, at most 68 weight percent, at most 67 weight percent, at most 66 weight
percent, at most 65 weight percent, at most 64 weight percent, at most 63 weight
percent, at most 62 weight percent, at most 61 weight percent. The foregoing
minimums and maximums may be absolute minimums or maximums or may be the.
minimums or maximums of the average solids concentration. Any minimum and any
maximum amount of solids concentration, as specified above, may be combined to
define a range of solids concentrations, providing that the minimum selected is less

than the maximum selected. In some situations, the foregoing weight percents may be

approximate.

[0029] The present processes and apparatus are suitable for the homopolymerization
of ethylene and the copelymerization of ethylene and a higher 1-olefin such as butene,
l-pentene, 1-hexene, I1-octene or l-decene. A preferred process is  the
copolymerization of ethylene and, as a starting material, an amount of comonomer in
the range of 0.0]1 to 10 weight percent, preferably 0.01 to 5 weight percent, more
preferably 0.1 to 4 weight percent, wherein the comonomer is selected from the
foregoing higher l-olefins, and the weight percent is based on the total weight of
ethylene and comonomer. AMernatively, sufficient comonomer can be used as a
starting material to give a resulting product polyolefin having an incorporated amount
of comomnomer in the range of 0.01 to 10, preferably 0.01 to 5, more preferably 0.1 to

4 weight percent. Such copolymers are still considered polyethylene.

[0030] Suitable diluents for vse as the liquid medium in the pfes:snt processes are well
known in the art and include hydrocarbons that are inert and liquid under slurry
polymerization conditions. Suitable hydrocarbons include isobutane, propane, n-

pentane, i-pentane, neopentane and n-hexane, with isobutane being especially

preferred.
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[0031] Additionally, the present invention may be Bmplo'yed where the unreacted
mmonomer is the liquid medium for the polymerization. For example, the present
techniques may be used for the polmerization of propylene where propvlene is the
liquid medium and an inert diluent is not present in any substantial amount, A diluent
may still be nsed for the catalyst. For illustration, but not as a limmitation, the present -
invention will be described in connection with a polyethylene process using aﬁ inert
diluent as the liquid medinm, but it is to be understood that the present invention may
also be employved where the monomer is used as the liguid medium and would take

the place of the diluent in the {following descriptions.

[0032] Suitable catalysts are also well known in the art. Particularly suitable is
chromium oxide on a support such as silica as broadly disclosed, for ingtance, in 1.8,
Patent No. 2,825,721, which is hereby incorporated by reference. Reference herein to
silica supports is meant to also encompass any known silica containing support such
as, for instance, silica-alumina, silica-titania and silica-alumina-titania. Any other
known support such as alumipum phosphate can also be used. The invention is also
applicable to polymerizations using organometal catalysts including those frequently

referred to in the art as Ziegler catalysts and metallocene catalysts.

[0033] Additional details regarding loop reactor apparatus and polymerization
processes may be found, for example, in U.S. Patent Nos. 4,674,290; 5,183,866;
5.455,314: 5,565,174, 6,045,661; 6,051,631; 6,114.501; and 6,262,191, which are

incorporated herein by reference.

[0034] Pumps are used for slurry polymerization in a loop reactor to provide the
motive force for circulation of the fluid slurry containing solid polymer particles in a
diluent. Purnps having impellers disposed in the reactor or in the reaction zone rmay
be employed. Such axial flow pumps can circulate the fluid slurry at a velocity. As
the slurry velocity increases, the transfer of heat from the reacior to cooling jackets
(or other coolmyg systems) improves, and a higher level of solids can be circulated.
Increased slurry velocity, however, requires more power supplied by the pump motor,
higher head, and more shaft, bearing, seal and impeller strength. It is therefore
desirable to emphasize pump efficiency, constuction detajls and purnp specification

details. A number of techniques are available to emphasize these points and facilitate
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pumping a large volume of polymerization slurry having a high solids concentration

at a high velocity,

[0035]) First, one may employ a dual pump arrangement in which the pumps are
arvapged so that the rotational energy imparted by the upsitream pump is at least
partially recovered by the downstream pump. For example, two pumps can be
arranged on a single horizontal segment or a single minor segment. Two pumps may
be placed at adjacent loop reactor elbc;ws so that the rotational energy imparted on the
shirry by the first pump (the upstream pump) is partially recovered in the second
pump (the dDWnstrearﬁ pump) that is turning its impeller in an oppesite direction.
This arrangement improves the head and flow of the slurry and thus the pumping
efficiency for two pumps in series. FIGES. 3 and 4 demonstrate this technique. In
other situations, the impellers need not be disposed in the same segment, so long as
they are sufficiently close so that the downstream impeller benefits from the rotational
energy of the upsiream impeliler. In still other situatioﬁs, substantial benefits may be

found by positioning the pumps and/or impellers in an asymmetrical atrangement.

[0036] Second, one may employ guide vanes (also referred to herein as pre-swirl
vanes or post-swirl vanes) or another means for passively rotating the slumry, to imﬁart
" rotation into the slurxy. The pre-swirl vanes may impart a rotation into the slurry
before it arrives at the impeller. The guide vanes may impart a rotation in the
opposite direction of the rotation imparted by the impeller, so that the pump has an
increased relative rotational velocity and the slurry has a greater discharge vélocity
and flow. This produces improved pump efficiency. Post-swirl vanes may impart a
rotation to the slurry after it passes the impeller. The rotation imparted from the post-
swirl vanes may be the same as or the opposite of the rotation imparted by the
impeller, depending on the desired effect. Post-swirl vanes can be incorporated into
the design of the struts that support a bearing or seal housing for the pump shaft. Also
if there are two or more impellers on one shaft rotating in the éame direction, a guide
vane can be placed between the impellers to redirect rotational motion into axial
motion or counter rotation ito improve the efficiency, pump capacity and pump
differential head. FIG. 5 illustrates the placement of pre-swirl vanes or guide vanes in
relation to the pump impeller for the practice of this technique. Such pre-swirl vanes

can increase pump efficiency by at least 2%, altermatively at least 3%, alternatively at
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least 4% alternatively at least 5%, alternatively at least 6%, altermatively at least 794,
alternatively at least 8%, alternatively at least 9%, alternatively at least 10%. In some

situations, the foregoing values are approximate.

[0037] Third, one may minimize the clearance between a pummp impeller and a reactor
pipe housing the imnpeller. The impeller and the reactor wall in which the impclle.r is
disposed (located) define a clearance. Minimizing this clearance reduces back
circulation from the discharge of the pump (high pressure) to the pump suction (low
pressure). This improves pump flow and head. However, a balance must be struck
with an increased tendency to break solids into smaller particles or fines. The
clearance may be 1/72 inch or less, 1/64 inch or less, 1/48 inch or less, 1/32 inch or
less, 1/24 mch or leas, 1/16 inch or less, or 1/8 inch or less. The foregoing clearance

values may be approximate In some situations.

[0038] Fourth. one can manufacture the reactor pump impeller out of aluminum,
titanium or steel using the manufacturing technique of machining on a 6-axis
computer controlled milling machine. This allows fabrication out of solid masses of
metal that can be screened for voids in advance. This prevents weak impeller
segments due to voids, and the thickness of an impeller section can be closely
conirolled to impart the necessary strength to withstand high head and flow

requirements of operating a loop reactor at a higher solids concentration.

[0039] Fifth, one may employ a purmnp impeller having a diameter greater than the
loop reactor's diameter (as shown in FIG. 2 herein and in FIG. 8 of U.S. Patent No.
6,239,235). For example, for a 24-inch diameter polyethylene loop reactor, one may
use an impeller having a diameter of 26 inches or more. Alternatively, one may use
an impeller having a diameter of 28 inches or more. Alternatively, one may use an
impeller having a diameter of 30 inches or more. One also may use a polyethylene
loop reactor circulating pump with a speed (RPM) of 180 to 18,000 to achieve a
reactor circulating pump with a pump head of 120 to 600 feet of head and 20,000 to
100,000 GPM with a 24 inch (pominal) diameter polyethylene loop reactor. Oﬂmr

ranges are appropriate for loop reactors of other sizes.

[0040] Sixth, one may employ a radial or mixed flow pump. In a radial or mixed
flow pump, the impeller blades irnpart a greater amount of speed and energy into the

flow of slurry upon contacting the slurry than conventional axial purnps. Thus, radial
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or mixed pumps generafe greater flow head and velocity to better address the pressure
needs of larger reactors. This changes the character of the axial flow pump to one
more like the radial or typical centrifical pump where the fluid flow leaves the
impeller in radial direction after entering the pump in an axial direction. In a mixed
ﬂéw pump, the fluid flow leaves the impeller with a vector that has both axial and
radial components. This vector can have an angle from 0 degrees to 90 degrees,
where 0 degrees indicates a vector leaves the pump in the axial direction and 90

degrees indicates a vector leaves the pump in the radial direction.

'['0041] Any or all of the foregoing techniques may be used in comjunction with a
polymerization process that employsh continuous take-off, settling legs, flashline
heater(s), a flash system for separating diluent from polymer by vaporization, and
direct recycle of diluent to the reactor in a mew or retrofitted loop process for
‘pmduc'ing polyolefin. The present apparatus and process may employ continuous
take-off to obtain a further increase the reactor solids concentration, as described in
U.S. Patent No. 6,239,235, which is incorporated by reference herein. Alternatively
or additionally, the present apparatus and process may employ settling legs to ncrease
the settling efficiency. The term "settling efficiency” is defined as the Ib/hr of
polymer withdrawn from a settling leg (or continuous take-off) divided by the total of
Ib/hr of polymer plus Ib/hr of isobutane diluent withdrawn over the same time from

that settling leg (or continuous take-off).

[0042] Referring now to the drawings, FIG. 1 shows a typical loop reactor 10 having
vertical segments 12, upper horizontal segnmhts 14 and lower horizontal segments 16.
These upper and lower horizontal segments 14 and 16 define upper and lower zones
of horrzontal flow. An impeller is located in the ]ooi: reactor 14 to circulate the
shurry. Each vertical segment 12 is connected to another vertical segment through a
corresponding horizontal segment 14. The vertical segment 12 may include heat
exchange jackets (or cooling jackets) 18. The vertical segments 12 and horizontal
segments 14 define a loop reaction zone. The loop reaction zone may include more or
fewer vertical segments 12 and corresponding horizontal segments 14 as that shown
in FIG. 1. Further, the loop reaction zone may be oriented vertically or horizontally.

Additionally, some or all of the horizontal segments 14 may be curved members that
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commect vertical segments. In fact, the connecting segments 14 may be any shape or

form that connects the vertical segments 12 and allows fluid to flow there between.

[0043] The reactor is cooled by means of heat exchangers formed by vertical
segments 12 and cooling jackets 18. As mentioned above, the greater the velocity of
the shurry through the pipes 12, the better the transfer of heat from the loop reactor 10
to. the cooling jackets 18 and thus a higher concentration of solids in the fluid slurry.
Each segment is connected to the next segment by a smooth bend or elbow 20 thus
providing a continuous flow path substantially frée from internal cobstructions. The
slurry is circulated by means of impeller 22 {shown in FIG. 2) driven by motor 24.
Monomer, and make up diluent are introduced via lines 26 and 28, respectively,
which can enter the loop reactor 10 directly at one or a plurality of locations or can
combine with condensed diluent recycle line 30 as shown. Comonomer may also be
introduced to the reactor by these lines. The monomer and comonomer may be fed to
the loop reactor 10 by any suitable techmiques, such as a simple opening to the

reactor, a nozzle, a sparger, or other distribution apparatus.

[0044] Catalyst is introduced via catalyst introduction means 32 that provides a zone
(location) for cé,talyst introduction. Any suitable means of introducing catalyst to the
loop reactor may be employed. For example, the process and apparatus disclosed in
U.5. Patent No. 6,262,191 hereby (incorporated by reference herein) for preparing a
catalyst mmud and pmvidin'g it a loop reaction (polymerization) zone may be used with

the present process and apparatus.

[0045] The elongated hollow appendage for continuously taking off an intermediate
product slurry is designated broadly by reference character 34. Continuous take off
mechanism 34 is located in or adjacent to a downstream end of one of the lower
horizontal segments 16 and adjacent or on a connecting elbow 20. The loop reactor

can have one or more continuous talee off appendages.

[0046] In the apparatus shown in FIG. 1, the product siwry is passed via conduit 36
into a high pressure flash chamber 38. Conduit 36 includes a surrounding condnit 40
which is provided with a heated fluid which provides indirect heating to the slurry
material in flash line conduit 36. Vaporized diluent exits the flagh chamber 38 via
conduit 42 for further processing which includes condensation by simple heat

exchange using recycle condenser 50, and returns to the system, without the necessity
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for compression, via recycle dilnent line 30. Recycle condenser 50 can utilize any
suitable heat exchange fluid known in the art under any conditions known in the art.
However, a fluid at a temperature that can be economically provided (such as steam)
is usually employed. A suitable temperature range for this heat exchange fiuid is 40
degrees F to 130 degrees F. '

[0047] Polymer particles are withdrawn from high pressure flash chamber 38 via line
44 for further processing techmiques known in the art. They can be passed to low
pressure flash chamber 46 and thereafter recovered as polymer product via line 48. A
fluff chamber (not shown) may be disposed between the high pressure flash chamber
38 and the low pre:ssuré flash chamber 46 to facilitate maintaining the pressure
differential between the flash chambers. Separated diluent passes through coimpressor
47 to conduit 42. This two-stage flash design is broadly disclosed in Hanson et al.
U.S. Patent No. 4,424,341, the disclosure of which is incorporated by referemce

herein,

[0048] Any number of vertical segments 12 or "legs" can be employed in addition to
the eight depicted in FIG. 1. It is contemplated that a twelve-leg reactor may benefit
from the techniques disclosed herein. The flow length of the loop reaction zone is
generally greater than 900 feet, alternatively greater than 1000 feet, aliematively
greater than 1100 feet, alternatively greater than 1200 feet, alternatively greater than
1300 feet, alternatively greater than 1400 feet, allematively greater tham 1500 feet,
alternatively greater than 1600 feet, altematively greater than 1700 feet, alternatively
greater than 1800 feet, alternmatively greater than 1900 feet, alternatively greater than

2000 feet. The foregoing lengths may be approximate in some sitnations.

[0049] The present process and apparatug are particularly useful for reactors of
30,000 gallons or more, altermatively about 33,000 gallons or more, alternatively
35,000 gallons or more, alternatively 36,000 gallons or more, altermatively 40,000
gallons or more, alternatively 42,000 gallons or more, alternatively 44,000 gallons or
more, alternatively 46,600 gallons or more, alternatively 48,000 gallons or more,
alternatively 50,000 gallons or more, altematively 60,000 gallons or more,
alternatively 70,000 gallons or more, altermatively 80,000 gallons or more,
alternatively 20,000 galloms or more, alternatively 100,000 gallons or more, because

they efficiently ufilize pumping equipment to generate superior performance. The
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foregoing volumes may be approximate. The present techniques may make it
desirable to comnect two loop reactors that were previously separate. Indeed, for
relatively little capital cost, two 18,000 gallon reactors can be combined to form a
36,000 gallon reactor using the same two pumps, but with more than twice the
productivity.

[0050] The loop reactor 10 may be operated so as to generate a pressure differential
of at leasi; 18 psig, alternatively at least 20 psig, alternatively at least 22 psig,
alternatively at least 24 psig, altemmatively at least 26 psig, alternatively at least 28
psig, alternatively at least 30 psig, between the upstrearn and downstream ends of one
or more pumps in a nominal 24-inch diameter reactor. Generally the loop reactor 10
is operated so as to generate a head, expressed as a loss of pressure per unit length of
reactor, of at least 0.07, foot shurry height pressure drop per foot of reactor length for
a nominal 24-inch diameter reactor, Reference to a nominal two-foot (or 24-inch)
diameter means an internal diameter of about 21.9 inches. For larger diameters, a
higher slurry velocity and a higher pressure drop per unit length of reactor is needed.

This agsumes the density of the slurry generally is about 0.5-0.6.

[0051] Higher pressure differential or head can be achieved by using one or more of
the techniques disclosed herein. For example, differential pressure can be improved
by controlling the speed of rotation of the pump tmpeller, reducing the clearance
between the blades of the impeller and the inside wall of the pipe, or by using a more
aggressive impeller design. Differential pressure or head can also be increased by the

use of at least one additional pump.

[0052] FIG. 2 shows mmpeller 22 for continuously moving the slurry along a flow
path. Impeller 22 has blades 74 and is mounted on shaft 78 connected to motor 24,
Pipe 21 has a vertical segment 12 and a lower horizontal segment 16 that interconnect
at an elbow 20. Motor 24 turns shaft 78, and thus the blades 74, such that impeller 22
pushes the s]uﬁy in the direction of arrow A into elbow 20 and up vertical segment
12. As can be seen, impeller 22 is located in an enlarged section 66 of pipe 21 that
servesg as the propulsion zone 70. The enlarged section 66 of the pipe 21 has a greater
diameter than the rest of pipe 21. By way of example only, the diameter of pipe 21 is
24 mches. By way of example only, the diameter of enlarged section 66 is greater

than 24 inches. Therefore, impeller 22 has a diameter measured across the blades 74
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that is larger than the diameter of pipe 21. By way of example only, the diameter of
impeller 22 measured across the blades 74 is greater than 24 inches. Becauge the
enlarged section 66 allows for the nse of a larger impeller in the pipe 21, impeller 22
pushes the slurry at a greater velocity through pipe 21. The larger impeller 22 also
imcreases head by increasing the pressure on the slurry at discharge. By way of
example only, for a 24-inch reactor, the larger impeller 22 penerates 20,000 o
100,000 gallons per minute of slurry and 120 to 600 feet of head. Thus, the larger
impeller 22 also creates more heat transfer at the cooling jackets 18 (Fig. 1) such that

loop reactor 10 (Fig.1) produces greater levels of solids.

[0053] Alternatively, instead of increasing the diameter of impeller 22, a smaller
impeller 22 may be operated at a speed of 180 to 138,000 RPM to achieve a head of
120 to 240 feet and a flow of 20,000 to 50,000 GPM with a 24-inch (nominal)

diameter loop reactor.

[0054] FIG. 3 shows two pumps 100 and 102 positioned at opposite ends of a lower
horizontal segment 16 of pipe 21. For clarity, other apparatus shown in FIG. 1 is
omitted but would be used in a functioning polymerization system. As shown, pumps

100 and 102 direct the slurry flow in the direction of arrow A through loop reactor 10.

[0055] FIG. 4 shows the two pumps 100 and 102 and pipe 21 in greater detail. Pump
100 includes impeller 22a, which has blades 74a and is mounted on shaft 78a
connected to the motor 24a. Pump 102 includes an impeller 22b, which has blades
74b and is mounted on a shaft 78b connected to a motor 24b. Pipe 21 has two parallel
vertical segment 12a and 12b and a lower horizontal segment 16 that interconnects the
vertical segments 12a and 12b at elbows 20a and 20b, respectively. Motor 24a turmns
shaft 78a, and thus the blades 74a of impeller 224, in a first rotational direction, and
motor 24b turns shaft 78b, and thus the blades 74b of the impeller 22b, in a second
opposite rotational direction. By way of example only, impeller 22a rotates in a
clockwise direction and the impeller 24b rotates in a counter-clockwise direction.

The slurry flows through pipe 21 in the direction of arrow A first through pump 102
and then through pump 100,

[0056] The slurry flows head-on into impeller 22b generally parallel to shaft 78b. As
the slurry flows past the blades 74b of impeller 22b, the blades 74b discharge the
slurry tangentially at angles to shaft 78b and toward the inner wall of pipe 21. The
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slurry is discharged in a particular direction at a particular angle depending on the
rotational direction of jmpeller 22b. Impeller 22a is positioned close enough to
mmpeller 22b such that the shury is still flowing at such tangential angles when the
slurry approaches impeller 22a. The slurry engages the blades 74a of impeller 22a
and, because impeller 22a rotates in the direction opposite the rotation of impeller
22b, is deflected by the blades 74a such that the shurry is discharged from impeller
22b traveling in the direction of atrow A at an orientation essentially parallel to shaft
78a. Thus, impeller 22a "straightens out” the directiomal path of the shury and
discharges the slurry at an axial alignment essentially parallel to shaft 78a. The slurry
then flows to elbow 20a and up vertical segment 12a. Additionally, becanse the shurry
engages the blades 74a at an angle, the slurry slides past the angled blades 74a with

reduced resistance.

[0057] Because the slurry is flowing at an axial alignment generally parallel to shaft
782 upon being discharged by impeller 22a, the slurry travels at a greater velocity
after passing through purmp 100 than if the slurry flowed through only pump 102. The
slurry discharged from puimp 102 fravels at a slower velocity because the slurry flows
at angles toward the inner wall of pipe 21 and is thus deflected and slowed down by
the inner wall. Additionally, becanse the slurry slides past the blades 74a with less
Tesistance, less power is required by impeller 22 to engage. the shury. Therefore, by
closely positioning two oppositely rotating pumps 100 and 102 in a series, the
rotational energy imparted on the slurry by pump 102 is partially recovered in pump
100 such that the slurry flows through pipe 21 more efficiently and exits pumyp 100 at
a preater velocity. Thﬁs, the two pumps 100 and 102 produce improved levels of

solids.

[0038] A two-stage pump could be used as a substitute for the two separate pumps
100 and 102. The two-stage pump includes two impellers in the same pump aligned

next to each other and rotating in opposite directions.

[0059] FIG. 5 shows pump 100 and guide vanes 114 in pipe 21, The guide vanes 114
are situated upstream from pump 100 as the slury flows through pipe 21 in the
direction of arrow A. As such, these guide vanes are pre-swirl vanes. The guide
vanes 114 extend from the inner wall of pipe 21 toward pump 100. The guide vanes

114 all curve radially inward at the same angle from the inner wall. The slurry
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approaches the guide vanes 114 in the direction of arrow A in a straight orientation
generally parallel to shaft 78. As the slurry engages the guide vanes 114, the guide
vanes 114 impart an angular rotation or swirl into the slurry such that the slurry flows
toward the inner wall of pipe 21 at an angle to shaft 78. Depending ‘on which
direction the guide vanes 114 curve from the inner wall of pipe 21, the gnide vanes
114 cause the slurry to rotate i a clockwise or counter-clockwise direction, By way

of example only, the guide vanes 114 are oriented to create a counter-clockwise
rotation of slurry.

[0060] The slurry departs guide vanes 114 aﬁd flows into contact with impeller 22 at
an angle to shaft 78. Preferably, impeller 22 rotates in the opposite direction of the
rotation of the slurry created by guide vanes 114. The impeller may rotate in the same
direction as the slurry rotation created by the guide vanes. By way of example only,
tmpeller 22 rotates in a clockwise direction. Because the slurry engages the blades 74
at an angle and is rotating in a direction opposite the blades 74, the slurry slides past
the angled blades 74 with rednced resistance than if the slurry flowed to the blades 74
directly head-on. Thus, the velocity of the slurry flowing past impeller 22 is impeded
less by the blades 74, and the rotational velocity of impeller 22 is impeded less by the
slurry.,  Therefore, less power is needed to increase the velocity of the slurry as it
departs from impeller 22, and impeller 22 requires less power from motor 24 to
engage and push the slurry,

[0061] Additionaily, when impeller 22 rotates in the direction opposite the rotation of
the shury after passing the guide vanes 114, the blades 74 deflect the shurry such that
the slurry is discharged from impeller 22 fraveling in the direction of arrow A at an
orientation essentially parallel to shaft 78. Thus, impeller 22 "straightens out" the
directional path of the slunfy and discharges the shury at an axial alignment essential
parallel to shaft 78. The slurry flows faster when it is discharged parallel to shaft 78
than when it is discharged at an angle to shaft 78 toward the inner wall of pipe 21

because the inner wall resists and deflects the flow of the slurry.

[0062] FIG. 6 provides a different view of guide vanes 110. In this view, the guide

vanes 110 are shown emerging from a pipe 21 which is not connected to the rest of

the reactor.
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[0063] Therefore, the use of guide vanes with pump 100 improves the efficiency of
moving the sluryy through loop reactor 10 (FIG. 1) by increasing the velocity of the
slurry as the slurry departs pump 100 and by reducing the power needed to rotate

mmpeller 22. Thus, the uge of guide vanes with impeller 22 produces improved levels
of solids.

[0064] In a conventional axial pump used in reactors, the imipeller blades have a
limnited range of pitch, or angle to the shaft. Therefore, the slurry discharged from the
axial pump blades travels predominantly in the axial direction generally parallel to the
shaft of the impeller. However, because of the limited pitch of the blades, the blades
interfere with the flow of the slurry, and thus the shury is slowed down upon
contacting the blades. Thus, a significant amount of energy is required to increase the

velocity of the slurry with the axial pump.

[0065] FIG. 7 shows a mixed pump 200 within a pipe 21. Pump 200 is ftted within
pipe 21 in an arced pump case 204 that has a greater diameter than pipe 21. Pump
200 has an impeller 228 joined to a shaft 212 extending through pipe 21. Impeller
228 has blades 208 that are positioned at an angle to shaft 212. Blades 208 may be
oriented to the shaft 212 at an angle between 0 and 90 degrees. Pump 200 includes a
bulge 216 positioned about shaft 212 within pump case 204 to define a curved or
arced flow path 220 between bulge 216 and a wall 224 of pump case 204,

[0066] In the mixed pump shown in FIG. 7, shury flows through pipe 21 to pump 200
in the direction of arrow B and engages blades 208. Because blades 208 may be
aligned at different pitches (angles to shaft 212), as impeller 228 rotates, the slumry
flows past the blades 208 with less interference, and less energy is needed to increase
the velocity of the flow of the slurry. Therefore, mixed pumps can more efficiently
increase the velocity of the flowing slurry than axial pumps. The slurry that leaves
blades 208 haz sizable velocity components in directions both perpendicular and
parallel to shaft 212. The flow velocity components of the shurry are captured within
flow path 220 and the arced wall 224 of the flow path gradually redirects the direction
of the velocity components of the sjurry such that the slurry flows in an axial direction
parallel to the shaft 212 upon discharge from pump case 204 into pipe 21. Therefore,
mixed pumps can generate more head and velocity in the slurry flow than a

conventional axial flow pump, and then efficiently redirect the flow of the slurry upon
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discharge from the impeller 228 such that the improvements in velocity and head are
‘not lost. Thus, mixed pumps efficiently generate the necessary flow head and

velocity to address the pressure needs of larger reactors.

[0067] It should be noted that a radial pump may be used in the configuration of FIG.
7 as well. A radial pump operates similarly to a mixed pump and provides many of
the advantages of the mixed pump, however, a radial pump discharges the slurry flow

from the impelier blades more in a direction perpendicular to the shaft 212.

[0068] Additionally, post impeller guide vanes may be positioned along flow path
220 to redirect the rotational flow and velocity of the slurry. Shirry discharged from
the impeller 228 generally travels in the same rotational direction as the impeller 228
and thus is not directed toward the exat of the flow path 220. The post impeller guide
vanes convert and redirect the rotational dlre:ctmn of the velocity, SDEXLY. and flow of |
the slurry such that the slurry that is dlscharged from the guide vanes travels more in a
direction parallel to the shaft 212. Thus, the post impeller guide vanes improve the
flow head of the slumry and the pump efficiency. These guide vanes may also be
known as diffusers, stators, or struts. They may alse provide mechanical support

within flow path 200.

[0069] The mixed or radial pump may be used in combination with any of the other
aspects to be used with reactor loops that are herein disclosed, including: the dual
pump arrangement, guide vanes, minimized clearance between the impeller blade and
the pipe, manufacturing techniques, and the impeller with a larger diameter than the

diameter of the pipe.

[0670] Returning to FIG. 2, blades 74 of mmpeller 22 have tips 88 that exiend closely
to the inner wall of the enlarged section 66 without actually touching the irmer wall.
The distance between the tips 88 and the inner wall is the clearance distance. During
operation, some of the slurry circulates back over the tips 88 of the blades 74
upstream of impeller 22 after being discharged downstrearn of impeller 22, Thus,
impeller 22 often has to re-engage slurry that it has already engaged once. The
reprocessing of the slurry requires more power for iImpeller 22 and slows down the

pumping process. Thus, recirculated slurry leads to a legs efficient reactor loop with a

reduced shirry velocity.
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[0071] The smaller the clearance distance, the less likely the slurry 15 to circulate back
over the tips 88 of the blades upstream of impeller 22 after being discharged
downstream of umpeller 22. The preferred clearance distance in FIG. 2 is 1/64 of an
inch or less. By bringing the tips 88 of the bladés 74 within 1/64 of an inch or less of .
the inner walls of pipe 21, the impeller 22 reduces recirculation, increasing the
velocity and pressure of the slurry at discharge and thus improving the flow and head
of the shurry. 'The improved head, velocity, and flow of the slurry past impeller 22

result in improved levels of solids in the production slurry.

[0072] Finalty, manufacturing impeller 22 out of aluminum, ftaninm, or steel
produces a stronger impeller tﬁat is more durable and that lasts ldnger. Commercial
pumps for utilities such as circulating the reactants in a closed loop reactor are
routinely tested by their manufacturers and the necessary pressures to avoid cavitation
should be determined. Manufacturing impeller 22 on a 6-axis computer controlled
milling machine allows for the fabrication of impeller 22 out of solid masses of metal
that can be screened for casting voids that may threaten the structural integrity of
impeller 22. Additionally, the 6-axis computer controlied milling machine can be
used to closely control the thickness of impeller 22 and ensure that impeller 22 has the
necessary overall sttength to endure higher velocity, head, and flow requirernents and

thus improve the efficiency and solids production of reactor loop 10 (FIG. 1).

[0073] Increasing the head, velocity, and flow of the slumy by applying the
techniques described above results in an improved level of solids being produced.
Increasing the velocity of the shury as it flows through the loop reactor causes a
greater heat transfer from the slurry to the cooling jackets. The improved heat

transfer results in a more efficient polymerization process and thus a greater vield of

solids in the production slurry.

[0074] While the mmventon has been described with reference to certain
embodiments, it will be understood by those skilled in the art that various changes
may be made and equivalents may be substituted without departing from the scope of
the imvention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from its

scope. Therefore, it is intended that the invention not be limited to the particular
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embodiment disclosed, but that the invention will include all embodiments falling

within the scope of the appended claims.
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CLATMS

That which is claimed is: -

1. A loop reactor apparatus comprising:

a plurality of major segments;

a plurality of minor segments;

wherein each of the major segments is connected at a first end to one of the
minor segments, and is connected at a second end to another of the minor segments,
such that the major and minor segments form a continuous flow path adapted to
convey a fluid slurry;

at least two pumps for imparting motive force to the fluid slurry within the
reactor, each pump operably connected to an impeller disposed in the continuous flow
Path';

wherein two of the impellers face each other and rotate in opposite directions
and the two impellers are spaced sufficiently close so that one of the impellers
benefits from the rotational energy of the other of the impellers;

means for introducing an olefin fn.onomer into the continuous flow paﬁ;

mesns for introducing a diluent into the continuous flow path;

means for introducing a polymerization catalyst into the continuous flow path;

and
means for removing a portion of a fluid slurry from the continuous flow path.

2. A loop reactor apparatus according to claim 1 wherein the two

mnpellers are disposed in the same segment.

3. A loop reactor apparatus according to claim 1 wherein a portion of the
continuous flow path upstream of at least one of the impellers houses at least one
guide vane arranged to impart rotational motion in a direction opposite to the

rotational motion of the impeller.

4. A loop reactor apparatus according to claim 1 wherein at least one

mnpeller is situated in an enlarged section of one of the segments, and the enlarged
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section and the at least one impeller have diameters greater than a diametsr of the

segments,

5. A loop reactor apparatus according to claim 1 wherein at least one
impeller and the segment which houses the impeller define a clearance, and the

clearance 1s 1/16 inch or less.

6. A loop reactor apparatus according to claim 5 wherein the clearance ig

1/64 inch or less.

7. A loop reactor apparatus according to claim 1 wherein each impeller

has a diameter greater than the average diameter of the segments.

8. A loop reactor apparatus according to claim 1 wherein each impeller

consists of a material selected from the group consisting of titaniurm, aluminum and

steel,

9. A loop reactor apparatus according to claim 1 wherein each impeller is

a solid mass of metal having no substantial voids.

10. A loop reactor apparatus according to claim 1 wherein the loop reactor

apparatus defines a reactor volume, and the reactor volume is 30,000' gallons or more.

11. A loop reactor apparatus according to claitn 1 wherein the loop reactor

apparatus defines a reactor volume, and the reactor volume is 33,000 gallons or more.

12. A loop reactor apparatus according to claim 1 wherein the loop reactor

appatatus defines a reactor volume, and the reactor volume is 35 .000 gallons or more.

13. A loop reactor apparatns according to clairmn 1 wherein the major

segments are vertical,
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14, A loop. reactor apparatus according to claim 1 wherein the major

segments are horizontal.

15. . A loop reactor apparatus comprising:

a plurality of major segments;

a plurality of minor segments, each minor segment commecting two of
the major segments to each other, whereby the major and minor segments form a
continuous flow path;

a monomer feed attached to one of the segments;

a catalyst feed attached to one of the segments;

a product take-off attached to one of the segments;

an upstream pump and a downstream pump, wherein the pumps each
are attached to an impeller disposed in the interior of the continuous flow path, and
the pumps are arranged so that the impellers rotate in opposite directions and are
sufficiently close so that the rotational energy imparted by the upstreamn putnp is at

least partially recovered by the downstream pump;
wherein the impellers are sitnated in at least one enlarged section of

one of the segments, the enlarged section and the impellers having diameters greater

than diameter of the segments.

16. A loop reactor apparatns according to claim 15 wherein the two

impellers are disposed in the same segment.

17. A loop reactor apparatus according to claim 15 wherein a portmn of
the continuous flow path upstream of at least one of the impellers houses at least one

guide vane arranged fo impart rotational tnotion in 2 direction opposite to the

rotational motion of the impeller.

18, A loop reactor apparatus according to c¢laim 15 wherein at least one
impeller is situated in an enlarged section of one of the segments, and the enlarged

section and the at least one impsller have diameters greater than a diameter of the

segments.
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19, A loop reactor apparatus according to claim 15 wherein at least one
impeller and the segment which houses the impeller define a clearance, and the

clearance is 1/16 inch or less.

20. A loop reactor apparatus according to claim 19 wherein the clearance

is 1/64 inch or less.

21. A loop reactor apparatns according to claim 15 wherein each impeller

has a diameter greater than the average diameter of the segments.

22. A loop reactor apparatus according to claim 15 wherein each impeller

consists of a material selected from the group consisting of titanium, alaminum and

steel.

23. A loop reactor apparatus according to ¢laim 15 wherein each impeller

is a solid mass of tnetal having no substantial voids.

24. A loop reactor apparatus according to claim 15 wherein the loop

reactor apparatus defines a reactor volume, and the reactor volume is 30,000 gallons

OT Imore.

25. A loop reactor apparatus according. to claim 15 wherein the loop

reactor apparatus defines a reactor volume, and the reactor volurmie is 33,000 gallons

Or IMore.

26. A loop reactor apparatus according to claim 15 wherein the loop

reactor apparatus defines a reactor volume, and the reactor volume is 35,000 gallons

OT ITore.

27. A loop reactor apparatus comprising:

a plurality of major segments:
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a plurality of minor segments, each minor segment connecting two of
the major segments to each other, whereby the major and minor segments form a

continuous flow path:
a monomer feed attached to one of the segments:

a cafalyst feed attached to one of the sepments;

a product take-off attached to one of the segments;

at least one guide vane disposed within the continuous flow path; and

a pump, wherein the pump is attached to an impeller disposed in the
interior of the flow path downstream of the guide vane, wherein the guide vane and
the impeller impart rotational motion on the flow path in opposite directions and are

sufficiently close so that the slurry is engaged in rotational motion upon engaging the

downstream purnp.

28, A loop reactor apparatus according to claim 27 wherein at least one
mmpeller is situated in an enlarged section of one of the segments, and the enlarged

section and the at least one impeiler having diameters greater than a diameter of the

SegInents.

29. A loop reactor apparatus according to claim 27 wherein at least one

impeller and the segment which houses the impeller define a clearance, and the

clearance is 1/16 inch or less.

20. A loop reactor apparatus according to claim 7 wherein the clearanes ig

1/64 inch or less.

31. A loop reac-tor apparatus ac'cord'mg to claim 27 wherein each impeller

has a diameter greater than the average diameter of the segments.

32, A loop reactor apparatus according to claitm 27 wherein each 1mpeller

consists of a material sc—:lec:ted from the group consisting of titanium, aluminum and

steel.
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23. A loop reactor apparatus according to claim 27 wherein each impeller

15 a s0lid mass of metal having no substantial voids.

34, A loop teactor apparatus according to claim 27 wherein the loop

reactor apparatus defines a reactor volume, and the reactor volume is 30,000 gallons

T nmiore,

35. A loop reactor apparatus according to claim 27 wherein the loop

reactor apparatus defines a reactor volume, and the reactor volume 15 33,000 gallons

O ITHOTES.

36. A loop reactor apparatus according to claim 27 wherein the loop

reactor apparatus defines a reactor volume, and the reactor volurne is 35,000 gallons

or more.

37. A loop reactor apparatus according to claim 27 wherein the major

segments are vertical.

3&. A loop reactor apparafus according to claim 27 whercin the major

segments are horizontal.

309. A loop slurry polymerization process comprising:

introducing monomer, and catalyst to a loop reactor;

polymerizing the monomer to form s slurry comprising solid po]yolaﬁn
particles in a liquid medium:

circulating the slurry using two impellers:
imparting a first rotational motion to the slurry with a first of the jmpeliers;

imparting a second rotational motion to the slurry with a second of the

impellers, wherein the second rotational motion is opposite to the first rotational

moton.
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40. The loop slurry polymerization process of ¢laim 39 further COImMprising
pre-swirling the shury upstream of the first impeller, in a direction opposite to the

first rotational motion of the impeller of the first impeller.

41. The loop slurry polymerization process of claim 39 further comprising
post-swirling the slurry downstream of the second pump, in the same direction as fhe

second rotational motion of the impeller of the second pump.

42, A loop slurry polymerization process according to claim 39, further
comprising minimizing a clearance between at least one impeller and a portion of the

loop reactor housing the impeller.

43, A loop slurry polymerization process according to claim 39, wherein
the slurry has a comcentration of the solid polyolefin particles of at least about 45

weight percent and at most about 75 weight percent.

44, A loop slurry polymerization process according to claim 39, wherein

the shory is circulated at a flow of from about 20,000 gallons/minute to about 50,000

gallons per minute.

45, A loop slurry polymerization process according to c¢laim 39, wherein
the impeller achieves a head of from about 120 feet to about 240 feet.

46. A loop slurry polymerization process comprising;:

ntroducing monomer, diluent, and catalyst to a loop reactor;

polymerizing the monomer to form a slurry comprising the diluent and solid
polyolefin particles;

cireulating the slurry using at least one impeller;

imparting a first rotational motion to the shury prior to the shirry reaching the

at least one impeller;
imparting a second rotational motion to the slurry with the at least one

impeller, wherein the second rotational motion is in a direction opposite to the first

rotational motion.
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47. A loop slurry polymerization process according to claim 46 wherein

the first rotational motion is imparted by pre-swirl vanes.

48. A loop slurry polymerization process according to claim 46, further
comprising minimjzing a clearance between at least one impeller and a portion of the

loop reactor housing the impeller.

49, A loop shirry polymerization process according to claim 48, wherem

the clearance 15 1/64 inch or less.

50. A loop slury polymerization process according to claim 46, wherein
the slurry has a concentration of the solid polyolefin particles of at least about 45

weight percent and at most about 75 wei ght percent.

51. A loop slurry polymerization process according to claim 46, wherein
the slurry is circulated at a flow of from about 20,000 gallons/minute to about 50,000

gallons per minute.

52. A loop slurry polymerization process according to claim 46, wherein

the impeller achieves a head of from about 120 feet to about 240 feet.

53. A loop reactor apparatﬁs comprising:

a plurality of major segments:

a plurality of minor segments, each minor segment connecting two of
the major segments to each other, whereby the major and minor segments form =
contmuous flow path for carrying slhurry;

a monomer feed attached to one of the segments:

a catalyst feed attached to one of the Segments;

a2 product take-off attached to one of the segments;

2 pump within an arced pump case, the purnp case being positioned in
one of the segments, the pump having at least one impeller mounted on a shaft, the
impeller having blades that are oriented at an angle between 0 to 90 degrees to the
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shaft, the pump having a bulge positioned along the shaft proximate the at least one
impeller, such that a2 curved flow path is defined between the bulge and the pump
case, the flow path being disposed such that the slmry flows by the blades and is
redirected out of the bump case by the flow path.

54. A. loop reactor apparatus according to claim 53, further mecluding guide
vanes situated along the flow path to redirect the rotational flow of the slurry upon

discharge from the impeller.

55. A loop reactor apparatus according to claim 53, further including a

second pump having an impeller opposite the pump, wherein the mpellers of the

pumps face each other and rotate in opposite directions and the impellers are spaced

sufficiently close so that one of the impellers benefits from the rotational energy of

the other of the impellers.

56. A loop reactor apparatus according to claim 55, wherein at least one of
the impellers is situated in at least one enlarged section of one of the segments, and

the enlarged section and the impelier situated therein have diameters greater than the

diameter of the segments.

57. A loop reactor apparatus according to claim ‘53, wherein the pump is a

mixed pump having at least two impellers.

58. A loop reactor apparatus according to claim 53, wherein a portion of
the continuous flow path upstream of the impeller houses at Jeast one guide vane

arranged to impart rotational motion in a directon opposite to the rotational motion of

the impeller.

59. A. loop reactor apparatus according to claim 53, wherein the impeller

and the segment which houses the irnpeller define a clearance, and the clearance is

1/16 inch or legs.
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60. A loop reactor apparatus according to claim 53, wherein the impeller

has a diameter greater than the average diameter of the segments.

61. A loop reactor apparatus according to claim 53, wherein the impeller
consists of a material selected from the group consisting of titanium, aluminum and

steel.

62. A. loop reactor apparatus according to claim 53, wherein the impeller is

a solid mass of metal having no subgtantial voids.

63. A loop reactor apparatus according to claim 53, wherein the loop

reactor apparatus defines a reactor volume, and the reactor volume is 50,000 gallons

QI IMOoTeS.

64. A loop reactor apparatus according to claim 53, wherein the major

segments are vertical.

65. A loop reactor apparatus according to claim 53, wherein the major

segments are horizontal.

66. A loop reactor apparatus comprising:

& pipe loop reactor adapted for conducting an olefin polymerization
process comprising polymerizing at least one olefin monomer to produce a fluid
slurry comprising solid olefin polymer particles in a liquid medium;

a monomet feed attached to the pipe loop reactor:;

& catalyst feed attached to the pipe loop reactor;

a product take-off attached to the pipe loop reactor; and

at least one mixed flow pump disposed within the pipe loop reactor.
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ABSTRACT

[0074] An olefin polymerization process and apparatus wherein a fluid slurry
comprising monomer, diluent and catalyst is circulated in a continuocus loop reactor
by two or more pumps. The Process and apparatus allow operating the reaction at
significantly higher solids content in the circulating fluid slurry. In a preferred
e:mbod1ment the fluid slurry is circulated by two impellers arranged so that the
dowustream impeller benefits from the rotational energy imparted by the upstream
Amn olefin polymenzm:lon process operating at higher reactor solids by

impeller.
virtue of more aggressive circulation has improved efficiencies, particularly in larger-

volume reactors.
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ABSTRACT

[0074] An olefin polymerization process and apparatus wherein a flnid slurry
comprising monomer, diluent and catalyst is circulated in a continuous loop reactor
by two or more pumps. The process and apparatus allow operating the reaction at
significantly higher -solids content in the circulating fluid slurry. In a preferred
embodiment, the fluid slurry is cireulated by two impellers arranged so that the
downstream impeller benefits from the rotational energy imparted by the upstream
mnpeller. An olefin polymerization process operating at higher reactor solids by
Virtule of more aggressive circulation has impnjve:d efficiencies, particularly in larger-

volume reactors.
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