SLURRY PHASE POLYMERISATION PROCESS . The present invention is concerned with olefin
polymerisation in slurry phase loop reactors. 5Slurry phase polymerisation of olefins is well known
wherein an olefin monomer and optionally olefin comonomer are polymerised in the presence of a
catalyst in a diluent in which the solid polymer product is suspended and transported. This invention is
specifically related to polyrnerisation in a loop reactor where the  slurry is circulated in the reactor
typically by means of a pump or agitator. Liquid full loop 10reactors are particularly well known in the
art and are described for example in U.S. Patent Numbers 3,152,872, 3,242,150 and 4,613,484.
Polymerisation is typically carried out at temperatures in the range 50-125C and at pressures in the
range 1-100 bara. The catalySIUSBR¥aPEDS EERASAIMANRRICHSEN Polymerisation such
as chromium oxide, Ziegler-Natta or metallocene-type 15catalysts. The produLt slurry comprising
polymer and diluent, and in most cases catalyst, olefin monomer and comonomer can be discharged
intermittently or contiFRFIISHPIEITSARAY SSRABCERCEHItR MR REokE s e A h S HBEYRASA LY Br settiing
legs to minimigg dhgsquantity of fluids withdrawn with the polymer. The loop reactor is of a continuous
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loop reactors of the present invention are of this generlc type. Maximum commercial scale plant
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treatment and recyclingrequirement creased velocity and head requirement of the loop has
however led toiperaasimghsuangdedigh iz d i gatalyst used can be any catalyst typically used for

olefin polymerisation such as chromium oxide, Ziegler-Natta or metallocene-type

-

15  catalysts. The product slurry comprising polymer and diluent, and in most cases catalyst,
olefin monomer and comonomer can be discharged iiltermittently or continuously,
optionally using 'concentrating devices such as hydrocyclones’or settling legs to minimise
the quantity of fluids withdrawn with the polymer.

The loop reactor is of a continuous tubular construction comprising at least two, for

20  example four, vertical sections and at least two, for example four, Hbrizontal sections. The
heat of polymerisation is typically removed using indirect exchange with a cooling
medium, preferably water, in jackets surrounding at least part of the tubular loop reactor.
The volume of the loop reactor can vary but is typically in the range 20 to 120 m?; the loop
reactérs of the present invention are of this generic type.

25 Maximum commercial scale plant capacities have increased steadily over the years.
Growing operating experience over the last few decades has led to operation of
increasingly high slurry and monomer concentrations in reaction loops. The increase in
slurry concentrations has typically been achieved with increased circulation velocities
achieved for example by higher reactor circulation pump head or multiple circulation

30 | pumps as illustrated by EP 432555 and EP 891990, The increase in solids loading is
desirable to increase reactor residence time for a fixed reactor volume and also to reduce

downstream diluent treatment and recycling requirements. The increased velocity and



complexity, and energy consumptions as slurry concentrations increase. This has both capital and
operating cost implications. Historically the circulation velocity in the reaction loop has typically been
maximised to ensure maintenance of good thermal, compositional and particle distribution across the
reactor cross-section, particularly the avoidance of solids settling, stable flow characteristics, or
excessive solids concentrations at the pipe wall rather than reduced to minimise pressure drop/power
in the polymerisation loop. Inadequate cross-sectional distribution could lead to increased fouling,
reduced heat 10 transfer and reduced polymer productivity and homogeneity. Construction and
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polymerise to form a slurry of culate polymer suspended in the polymerisation medium or

diluent. 30 Typieaiissioningeofiney pRIYIRRSABANLREG A6 E5Y SXRBIEhIRSHECTRETS EN st Teactor will
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terminators such as hydrogen and other reactor additives in 3
the successtul operation of the new unit.

In accordance with the present invention there is provided a process comprising
15  polymerising in a loop reactor an olefin monomer optionally together with an olefin
comonomer in the presence of a polymerisation catalyét in a diluent to produce a slurry
comprising solid parﬁculafte olefin polymer and the diluent wherein the Froude number is |
maintained at or below 20,
One advantage of the present invention is that the specific energy consumption of
20  the reactor (i.e. the energy consumed per ﬁnit weight of polymer produced) is reduced
whilst maintaining a given reactor residence time and avoiding unacceptable reactor
fouling. The invention is especially advantageous wher it 1s desired to design and operate
a plant at high solids loadings when it has previously been considered necessary to use
what have now been found to be excessively high loop circulation velocities.
25 This invention relates to a method and apparatus for continuous polymerization of
olefins, preferably alpha mono olefins, in an elongated tubular closed loop reaction zone.
The olefin(s) is continuously added to, and contacted with, a catalyst in a hydrocarbon
diluent. The monomer(s) po’lyinerise to form a slurry of solid particulate polymer
suspended in the polymerisation medium or diluent. |
30 Typically, in the slurry polymerisation process of polyethylene, the slurry in the
reactor will comprise the particulate polymer, the hydrocarbon diluent(s), (co)

monomer(s), catalyst, chain terminators such as hydrogen and other reactor additives In



particular the slurry will comprise 20-75, preferably 30-70 weight percent based on the total weight of
the slurry of particulate polymer and 80-25 , preferably 70-30 weight percent based on the total weight
of the slurry of suspending medium, where the suspending medium is the sum of all the fluid
components in the reactor and will 5comprise the diluent, olefin monomer and any additives; the
diluent can be an inert diluent or it can be a reactive dijient in particular a liquid olefin monomer;
where the principal diluent is an inert diluent the olefin monomer will typically comprise 2-20, preferably

4-10 weight percent of the total weight of the slurry. The slurry is pumped around the relatively smooth
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diameter. The g&@q@i}@sgravity of the solid polymer which is the ratio of the density of the polymer to the
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15  acceptable operating limits whilst maintaining the Froude number in the reactor loop
below 20, preferably between 2 and 15, most preferably between 3 and 10, This is
contrary to what the man skilled in the art would believe to be the case in the light of
conventional process conditions where the Froude number is typically above 20, for
example above 30, typically in the range 30-40.

20 The Froude number will be maintained at or below 20, for example in the range
20 to 1 preferably in the range 15 to 2, more preferably in the range 10 to 3. The Froude
number is a dimensionless parameter indicative of the balance between the suspension
and settling tendencies of particles in a slurry. It provides a relative measure of the
momentum transfer process to the pipe wall from particles compared to the fluid. Lower

25  values of the Froude number indicate stronger particle-wall (relative to fluid-wall)
interactions. The Froude number (Fr) is defined as v*/(g(s-1)D) where v is the average
velocity of the slurry, g is the gravitational constant, s is the specific gravity of the solid
in the diluent and D is the internal pipe diameter. The specific gravity of the solid
polymer which is the ratio of the density of the polymer to the density of the suspending

30 medium is based on the annealed density of the degassed polymer after being
substantially devolatilised and immediately prior to any extrusion as measured using
method ISO 1183 A.

The solids concentration in the slurry in the reactor will typically be above 20



vol%, preferably about 30 volume %, for example 20-40 volume %, preferably 25-35 volume% where
volume % is [(total volume of the slurry - volume of the suspending medium)/(total volume of the
slun-y)TIx100. The solids concentration measured as weight percentage which is equivalent to that
measured as volume percentage will vary according 5 to the polymer produced but more particularly
according to the diluent used. Where the polymer4roduced is polyethylene and the diluent is an
allcane, for example isobutane it is preferred that the solids concentration is above 40 weight % for
example in the range 40- 60, preferably 45%-55 weight % based on the total weight of the slurry. Itis a
particular feature of the present inventjonAhat pperatio o&h slurry phase Ilé// risatitin at low
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further Teature of nt invention that operation of the process can be carried out in larger
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invention is therefarg thatrtighssltsmneontertrations iabeatatively: lopeeiicnlafidre wlovitéssand/or
relatively high reactor loop diameters can be achieved. A further embodiment of the,2bnresent
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taught as being required, particularly at high solids loadings and/or large 5 reactor d@g]eter . This
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polymer prodystion-satasifliabryve:ebisanaR-ahame 453snnespes hour It is possible to employ one or
more than one pump,in the Joop prefer%b on one or mgre ortizontal.sectms , thceggcca Qe located
on the same horizohtSPSEEHRSH SPAREH difte PARCEE BHGHE R A BRSF B P D amps S GRRe same
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section of the reactor where.the pump or pumps ar Lt ' Jg@@!glﬁ employ.a.single pump
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over 600 for example between 600 and 750 millimetres can be used where historically
there would have been increased concern. A further advantage of this invention is
therefore that high slurry concentrations at relatively low circulation velocities and/or
 relatively high reactor loop diameters can be achieved. A further embodiment of the

25  present invention is a process comprising polymerising in a loop reactor an olefin
monomer optionally together with an olefin comonomer in the presence of a
polymerisation catalyst in a diluent to produce a slurry comprising solid particulate olefin -
polymer and the diluent wherein the Froude number is maintained at or below 20,
preferably 3-10 and the internal diameter of the reactor is in the range 600-750 millimeters.

30 It has been found that reactors can be designed and operated at specific pressure
drop both per unit reactor length and per mass of polymer and total pressure drop for the
loop less than that taught as being required, particularly at high solids lpadings and/or large



10Reactor size is typically over 20m3 in particular over 50ma3 for example 75-150m3 preferably in the
range 100-125m3  The discovery of an operating window at low Fronde numbers enables
acceptable design bases for larger reactor diameters to be defined. This enables reactor volumes, for
example of greater than 80 rn 3 to be built with a reactor length to internal diameter ratio of 15less than
500, preferably less than 400 more preferably lesssthan 250. Reduction in reactor length to internal
diameter ratio minimises compositional gradients around the reaction loop and enables production
rates of greater than 25 tonnes (per reactor) per hour to be achieved with only a single point of
introduction for each reagent around the reaction loop. Alternatively it is possible to have multiple inlets
into the loopreesieiclidmeteractihts iventhopRetimdls iedipon presthes dranitioless thayHe3Brssure

employed inghe JerRwiEkba sy isigniic, M BEmte reactiath SURIe BT dicid 18llci&, 18648 IS
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yield which is production rate of polymer per unit of loop reactor volume, for the process of the present
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invention appligs:t® e MieRatatian®f gempositions 5 containing olefin(preferably ethylene) polymers
which can comprise one, or a numper of olefin homo-polymers and/or one or a number of olymers.
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copolymers ygigalhaeampriseanredptia-diafinténsao/bei dblimain olihis whable ¢ asn ceacio s bipmveight,
preferably from, 0,510,636 by Welahfon xample Approximate by weight; J0The.alaa
mono-olefin monomers generally emprf%)ye I SUCH reactions are Ghe or more 1-ofefins avingupto S
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such as ethylene and butene-1 or ethylene and hexeme-1. Butene-1, pentene-lI and hexene-1 are

particularly phesfe freticsshiesiRiolistiorBetioyieiteteion Aeinsagsiper reactor) per hour to be

achieved with only a single point of introduction for each reagent around the reaction loop.
Alternatively it is possible to have multiple inlets into the loop reactor for reactants (e.g:
20 olefins), catalyst, or other additives.

The pressure employed in the loop will be sufficient to maintain the reaction
system ‘liquid full” i.e. there is substantially no gas phase. Typical pressures used are
between 1-100 bara, preferably between 30 to 50 bara. In ethylene polymerization the
ethylene partial pressure will typically be in the range 0itos MPa, preferably from 0.2 to

25 2 MPa, more particularly from 0.4 to 1.5 MPa. The temperatures selected are such that
| substantially all of the polymer produced is essentially (i) in a non-tacky and non-
agglomerative solid particular form and (if) insoluble in the diluent. The polymerization
temperature depends on the hydrocarbon diluent chosen and the polymer being produced.
In ethylene polymerisation the temperature is-generally below 130C , typically between 50
30  and 125C, preferably between 75 and 115C. For example in ethylene polymerisation in
isobutane diluent, the pressure employed in the loop is preferably in the range 30-50 bafa,

the ethylene partial pressure is preferably in the range 0.2-2MPa and the polymerisation



Typical diluents employed in such reactions include hydrocarbons having 2 to 12, preferably 3 to 8,
carbon atoms per molecule, for example linear allcanes such as propane, n-butane, n-hexane and
n-heptane, or branched alkanes such as isobutane, isopentane, toluene, isooctane and
2,2,-dimethylpropane, or cycloalkanes such as cyclopenrane and 20cyclohexane or their mixtures. in
the case of ethylene polymerization, the diluent is@enerally inert with respect to the catalyst,
cocatalyst and polymer produced (such as liquid aliphatic, cycloaliphatic and aromatic hydrocarbons),
at a temperature such that at least 50% (preferably at least 70%) of the polymer formed is insoluble

therein. Isohutane is artic#l?rl referred as.the diluent for ethylene polymerisation. 25The operating
conditions can 2150 be St ﬁg%ﬁﬁ%%cﬁl\%g’e@?g%@gtﬁﬁgxg%F(V)pﬁgﬁs "Set %%0 é%%iﬁt as is the
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the diluent 30for proy/Rspeepbiparadisatiorine inKsaiieR SrHIcR if A haTgREREY HalEASAFE T nown in
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15 for ethylene copolymerisation.

Typical diluents employed in such reactions include hydrocarbohs having 2 to 12,
preferably 3 to 8, carbon atoms per molecule, for example linear alkanes such as propane,
n-butane, n-hexane and n-heptane, or branched alkanes such as isobutane, isopentane,
toluene, isooctane and 2,2,-dimethylpropane, or cycloalkanes such as cyclopentane and

20  cyclohexane or their mixtures. In the case of ethylene polymerization, the diluent is
generally inert with respect to the catalyst, cocatalyst and polymer produced (such as liquid
aliphatic, cycloaliphatic and aromatic hydrocarbons), at a temperature such that at least
50% (preferably at least 70%) of the polymer formed is insoluble therein. Isobutane is
particularly preferred as the diluent for ethylene polymerisation. -

25 The operating conditions can also be such that the monomers (e.g. ethylene,
propylene) act as the diluent.as is the case in so called bulk polymerisation processes. The
slurry concentration limits in volume percent have been found to be able to be applied |
independently of molecular weight of the diluent and whether the diluent is inert or
reactive, liquid or supercritical. Propylene monomer is particularly preferred as the diluent

30  for propylene polymerisation o

Methods of molecular weight regulation are known in the art. When using Ziegler-

Natta, metallocene and tridentate late transition metal type catalysts, hydrogen is



recover requirements. The operation of large diameter reactors with high solids concentrations in the
slurry minimises the quantity of the principal diluent withdrawn from the polymerisation loop. Use of
concentrating devices on the withdrawn polymer slurry, preferably hydrocylones (single or in the case
of multiple hydrocyclones in parallel 20or series), further enhances the recovery of diluent in an energy
efficient manner since significant pressure reductiGn and vaporisation of recovered diluent is avoided.
It has been found that both the slurry concentration and the Froude number in the reactor loop can be
optimised by controlling the average particle size and/or the particle size distribution of the powder
within the reactor loop. The principal determinant of the 95av_era?e particle size (i)f#ée powder is the

residence tifEFTARY He5ttSriphe SXreRT L e SISHBTHbIrsithe [RREIFSr s B SHERcHD fany
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catalyst activirtgmtgg ro usﬁ%g%? ofhl;che catalyst support and susceptibility of the powder to fragment
i :

under reactidfreonditions. olltfégseparating devices (such as hydrocychmes) can be used on the

30slurry Withdrawnlfr@nnmgmédqmm@mbet@mimb}f@@smammﬂpﬂrefeméftavéhagiélmim@ size and the
particle size gistiuting phiheRawderinhe rsacten. IRedaaation tshe withdrawakpointfapthe

concentrating device and the design and operating conditions of the concéntrating device system,

preferably th&ilEen ixthsrolyparsegimneorscyihorspina sorar S WO paffaeding 8 particle size

distribution vt he reacieeta-beeeatoird plhiea virage Radisipwizada pufardysgiween 100 and
1500 microns, most preferably between 250 and 1000 microns. 5The withdrawn, and prettﬁrﬁably

concentratedYHSN ISP R BY i dpratd ey ik ths st iR raaie d, Shofie e oA o a
primary flash.yesselscbhersireareis@iefarnblyifisatechafier tle fressfisatipacross Heegdhrit and any
monoer vapors fecoterec n e prima fash vessel e il candened, preferay withou
recompression a use € polymerization ) essure or thé primary flash vessel
is preferably dibrtrotie d ilceméableusadéns ativindvaitre bvie ackiy gle aitabidt pbotinthdnedal mote.gheooling
Drimary flach e e B R SRS ered rom
the primary fiéssimyeeseldsdopéfehaikpplabsedticn afsbedndanp fsisioviessalstyitbevel IBms ikl
volatiles. Altegnatlyely t0e -5l Ry -mevim REseRde.A fashyessekah ipwen Bressitialy 5-10 om.
- 15 This invention permits large scale polymerisation reactors to be operated with low diluent
recover requirements. The operation of large diameter reactors with high solids
concentrations in the shurry minimises the Quéntity of the principal diluent withdrawn
from the polymerisation loop. Use of concentrating devices on the withdrawn polymer
slurry, preferably hydrocylones (single or in the case of multiple hydrocyclones in parallel
20 or series), further enhances the recovery of 'diluent in an energy efficient manner since
significant pressure reduction and vaporisation of recovered diluent is avoided.
It has been found that both the slurry conce£1trati0n and the Froude number in the
reactor Joop can be optimised by controlling the average particle size and/or the particle
size distribution of the powder within the reactor loop. The principal determinant of the
25  average particle size of the powder is the residence time in the reactor. The particle size
" distribution of the catalyst can be affected by many factors including the particle size
distribution of the catalyst fed to the reactor, the initial and average catalyst activity, the
robustness of the catalyst support and susceptibility of the powder to fragment under
reaction conditions. Solids separating devices (such as hydrocyclones) can be used on the
30  shury withdrawn from the reactor loop to further assist in control of the average particle
size and the particle size distribution of the powder in the reactor. The location of the

withdrawal point for the concentrating device and the design and operating conditions of



than in the above mentioned primary vessel such that recompression needed to condense the
recovered diluent. Use of a high pressure flash vessel is preferred. The process according to the
invention can be used to produce resins which exhibit specific density in the range 0.890 to 0,930 (low
density), 0.930 to 0.940 (medium density) 70or 0.940 to 0.970 (high density). = The process
according to the invention is relevant to all olefin pglymerisation catalyst systems, particularly those
chosen from the Ziegler-type catalysts, in particular those derived from titanium, zirconium or
vanadium and from thermally activated silica or inorganic supported chromium oxide catalysts and
from metallocene-type catal%?sts, 25metallocene being a cyclopenéladienyl %erivativ? ch a tragsition

metal, in palitGPACEATRERRIATBF S PR SR RInR e erROR Harmifi kR Shaln RSP IR B CIGSE are the
compoundsceabigy iingaatichnsito arm gtatichasendisnbgion pE i 1he BsavBray WBafitbigeperiodic

table, magnesium and a halogen obtained ixing a nesjum, compound with ound 30 of
the transitio?%é?’aef%eop gﬁggalezﬁaltge%r %?S%Qggﬁﬁ@%ﬁle{ﬂg%%%a\gc@n%lﬁ %ﬁaf@(’%ﬁﬁe%g%pegm part of
the magneshetwean256umd dPod théctramsition metal compound. 9 Metallocene-type catalysts may be

metaliogenes activaied, gy gIIGL A AllNOxa c8£@ﬁ9&é8?#ﬂ§%n§9%ﬂ&%ﬁgﬁéﬁ@ﬁgis&[ gxample, in

Patent Application EP-500,944-AI Mitsui Toatsu Chemicals er-type catalysts are most
preferred. AppsagelbebeatpériEigaiceimipfiesondila BB Slehe auakitibie FiEMPdhosen from groups

111B, IVB, VrRpsVikamaanesidap.andaideast one halogen. Good results are obtained with those
comprising: from 10 to 30% by weight of transition meta%greferably from_ 15 to 20% by weight"

from 20 to 60% by WeiGHESTHIOGEN HIEAR LRSS Eb 1 R JLy 2815t &S red, from 0.5

to 20% by weighilef eagnesiurprefeualy natvd: lecbadrbyioright riemiGnltie JAYmbyatight of
s, seneablon o1 2 byeit L e sonenl satsgt of gens areng fom
and the halogexensation with a readily available cooling medium (e.g. cooling water) of essentially all -
of the flash vapour prior to any recompression, typically such pressure in said primary
flash vessel will be 4-25, for example 10-20, preferably 15-17 bara. The solids recovered
from the primary flash vessel is preferably passed to a secondary flash vessel to remove
15  residual volatiles. Alternatively the slurry may be passed to a flash vessel of lower pressure
than in the above mentioned primary vessel such that recompression needed to condense
" the recovered diluent. Use of a high pressure flash vessel is preferred.
The process accoraing to the invention can be used to produce resins which exhibit
specific density in the range 0.890 to 0.930 (low density), 0.930 to 0.940 (medium densify)
26 or 0.940 to 0.970 (high density).
| The process according to the invention is relevant to all olefin polymerisation -
catalyst systems, particularly those chosen from the Ziegler-type catalysts, in particular
those derived from titanium, zirconium or vanadium and from thermally activated silica or
inorganic supported chromium oxide catalysts and from metallocene-type catalysts,
25 metallocene being a cyclopentadienyl derivative of a transition metal, in particular of
titanium or zirconium.
Non-limiting examples of Ziegler-type catalysts are the compounds comprising a
transition metal chosen from groups IIIB, IVB, VB or VIB of the periodic table,
magnesium and a halogen obtained by mixing a magnesium compound with a compougd
30  ofthe transition metal and a halogenated compound. The halogen can optionally form an

integral part of the magnesium compound or of the transition metal compound.



15are preferably titanium and chlorine.  Polymerisations, particularly Ziegler catalysed ones, are
typically carried out in the presence of a cocatalyst. It is possible to use any cocatalyst known in the
art, especially compounds comprising at least one aluminium-carbon chemical bond, such as
optionally halogenated organoaluminium compounds, which can comprise oxygen or an element 20
from group | of the periodic table, and almninoxanes. Particular examples would be organoaluminium
compounds, of trialkylaluminiums such as triethylaiuminium, trialkenylaluminiums such as
triisopropenylaluminium, aluminium mono- and dialkoxides such as diethylaluminium ethoxide, mono-
and dihalogenated allzylaluminiums such as diethylalaminium chloride; alk-yialuminium mono- and
dihydrides such asvisalioneRA-TDRiPAGAY HyrRIca FacHHerroaR AriRiAT PR IR A lithium
such as LIAKGR, H5)4niQrganeatannimiiisemnpe eras Rsne tiallthestiwkhich Eres0ophalagenated, are
well suited. Triethylaluminium and triisobutylaluminium are especially advantageous. The
chromium-b%&ﬁ%g@ﬁgﬁé’t@ﬁ?@f@# d to comprise a supported chromium oxide catalyst having a
titania-contamigstippadtdet e xamplesapeofapasitesiigathnd. tiania:B0 sxppplds Agadicularly
preferr?]j crI:Iromium-based catalyst may camprise fro A iy round 1 wt
% chromiu ?%Sﬁé’ﬁea%a& Wt %egﬁrglrﬁ%ér% %%Ig F ﬁ@%{"ﬁ%ﬁﬁh@% fﬁmr@r%ﬁ{)%{tﬁaﬁi%%%atalyst.
The supportieompridedoatiedso@iweHats] Otitdtadmag prshetizdsly caroprisizto 3 wt % titanium, more

preferably around ,3 v, % T3aniuy Basad 0P A% MEIoRLel e AHRRIWR 99taining gatalyst. The

chromium-based cateﬁlyst may havé a specific surface area of from 2(80 to 700 ntsup.2 /g, preferably
from 400 to B8@&hh.sup.2 ig and a volume porosity of greater than 2 ccig preferably from 2 to 3 5ce/g.

Silica supported chgamibin CaiRly sts RLechRicalvgubjested i afdpital actvelion wiegnbainat an
elevated activation temperature. The activation temperature preferably ranges from 500 to 850.degree.
C., moté prd?é?%ﬁl?/dﬁoo to 750.degree. C. The reactor loop can be used to make monomodal or

multimodal, for exagrpien X0Rimmdadypokyghe . nldieh eatilbiraosialypebimens ¢amlhs meaigatin a single
reactor or in multiple reactors. {y reactor system can comprise ope or.mare reactors connected
in series or in paraf%?“&i Vé&g _8?1133%6}% tygf;tleligo %%Cgﬁgeeéao? folfowe B%/s{atl%%y%eég%étion reactor
that is not a loop retaetoulalcthenasdiptsesiss réattors)ia diisingfotorthé tiredeticesis! Sopibkad with

catalyst 15and the, cacaralystin ageiionJa.ie tlbieatand manamesAnd-eaah subseguepleactor is

supplied Witﬁ?%ll%uleas , onomer, In part Jlat ethylene slurry arising from a preceding
reactorlsf thersariefsyabis titixtium sofnpdeiiitpthe catalyst, the cocatalyst and a mixture of the polymers

produced in a preceging, taactorof thaisaries: JisiePtinnall Possibie- SRl Aseeand reaor
and/or, if appropriate, at least one of the following ) .
presence of a cocatalyst. It is possible to use any cocatalyst known in the art, especially
compounds comprising at least one aluminium-carbon chemical bond, such as optionally
halogenated organoaluminium compounds, which can comprise oxygen or an element
20  from group I of the periodic table, and aluminoxanes. Particular examples would be
organoaluminium compounds, of trialkylaluminiums such as triethylaluminium,
trialkenylaluminiums such as triisopropenylaluminium, aluminium mono- and dialkoxides
such as diethylaluminium ethoxide, mono- and dihalogenated alkylaluminiums such as
diethylaluminium chloride; alkylaluminium mono- and dihydrides such as
25 dibutylaluminium hydride and organoaluminium compounds comprising lithium such as
LiAl(Cz Hs)4. Organoaluminium compounds, especially those which are not halogenated,
are well suited. Triethylaluminium and triisobutylalumiﬁium are especially advantageous.
The cliromium-based catalyst is preferred to comprise a supported chromium oxide
- catalyst having a titania-containing suppdrt, for example a composite silica and titania
30  support. A particularly preferred chromium-based catalyst may comprise from 0.5 to 5 wt
% chromium, preferably around 1 wt % chromium, such as 0.9 wt % chromium based on

the weight of the chromium-containing catalyst. The support comprises at least 2 wt %



20reactors with fresh catalyst andlor cocatalyst. However, it is preferable to introduce the catalyst and
the cocatalyst exclusively into a first reactor. In the case where-the plant comprises more than two
reactors in series, the polymer of highest melt index and the polymer of lowest melt index can be
produced in two adjacent or non-adjacent reactors in the series. Hydrogen is maintained at (i) a low (or
zero) concentration in the reactor(s) manufacturingothe high molecular weight components, e.g.
hydrogen percentages including between 0-0.1 vol % and at (i) a very high concentration in the
reactor(s) manufacturing the low molecular weight components e.g. hydrogen percentages between

0.5-2.4 vol A. The reactors can equally be Opg:rated to produce ess lt%ijally thgé}%me polymer melt
index in sucEEade: REERHEY SoPRYic it %r@ifwmﬁ?rrﬁtmﬁ%ﬁ A Frond¥ Aumbers (and
associated grpssusastionahcampasiicTahbrronahen pantdulatecardgietay khsohdweverstken related

to production of polymer resins where palymer of either high or, molegular weight.resins 11 has
been knowncta&iallgétd}!?(h)‘yiri1 ‘éea%%%ﬁb?fﬁiﬁ%%gé%%re%g?géjrlﬁgﬁgr?/?/Iv(?rqgmﬁ'spu gltj}gi greglg%agrll}érésoo molecular
weights less4titarn 56(cadtors /gragieatehtinarpd58 oDl weseThesd cofsenefsrhblielrantittdarly been

confirmed toc(t;)e accentuated at low polymer solids concentrations in the reactor loop. When producing

polymers of . Secular weights less 5 than 50 kDaltons or greater than 200 IcDa (or melt index below

0.1 and above 50) Filiargentiarseteirasismreehatsronaparadiy prifsig toah Bibeboeizaigt fouling
is decreased when,olids, |0RdINGS-RIR INGIERAGEIARROVELA NG o IRHISH ARG 30y v0l%. The

invention will now be illustrated by reference to the fallowin examg{lee. Exam(gle 1 10In an elongated
closed loop FABEAATRBRABP Sl aHsrtsrmE IRRTEterBh 7490 AfIin <tréEEnt -a volumetric capacity of
62 m3, ethylene waghsepahsrridsednbiubexengrdkatraciempdrsireati®a@Antbaduressisre of 30 bara

in isobytane as diluent and using a Ziegler-Natta, catalyst tq produce a copolymer The Froude Number
was méhwtaiﬁé‘&“é@ow gﬁnﬁf 'aqb%eer 5%‘%?)&" o?l %?nv@iﬁggé: aensqgge)n %%yl%gr%r% ?ﬁ rsegl%%r |%%‘éﬁng of about
44.5 wt%. 1mihepleaeiapeirclbatioacon nmstplpvwan asmeEasuracdrythe omp teactsdycensattdempump
motor control system S%?aﬁébjﬁqé}e%@%{?&(ﬂ’}ﬁég {1‘48‘5%3:%%%&@8 @%ﬁ%&%ﬁtﬁgﬁyﬁem and heat

y monitorihg c

0
transfer coefficient as r?neasure ‘ olant water flow and coolant water temperature
change compaledaasataotorasen Jerdamet elpaingdstable to within +/- 0.6% and +/- 0.6% respectively,

indicating that thergyas apdeisgiableauling ¢ thedeastar Ak 0RVIHeneRALY-Rilbuldupsef polymer
-on the walls of the reactor, and that flow was stable )
15  and the cocatalyst in addition to the diluent and monomer, and each subsequent reactor 1s

supplied with, at least, monomer, in particular ethylene and with the sturry arising from a
preceding reactor of the series, this mixture comprising the catalyst, the cocatalyst and a
mixture of the polymers produced in a preceding reactor of the series. It is optionally
possible to supply a second reactor and/or, if appropriate, at least one of the following
20  reactors with fresh catalyst and/or cocatalyst. However, it is preferable to introduce the
© catalyst and the cocatalyst exclusively into a first reactor.

In the case where the plant comprises more than two reactors in series, the poiymer
of highest melt index and the polymer of lowest melt index can be produced in two
adjacent or non-adjacent reactors in the series. Hydrogen is maintained at (i)‘ a low (or

25  zero) concentration in the reactor(s) manufacturing the high molecular weight components,
e.g. hydro gen percentages including between 0-0.1 vol % and at (ii) a very high
" concentration in the reactor(s) manufacturing the low molecular weight components e.g.
h};drogen percentages between 0.5-2.4 vol %. The reactors can equally be operated to
produce essentially the same polymer melt index in successive reactors.
30 Particular sensitivity to operating at reduced Froude numbers (and associated cross-

sectional compositional, thermal or particulate gradients) has however been related to

production of polymer resins where polymer of either high or low molecular weight resins



and well distributed as evidenced by the stable pump power readings. Table 1

Date Day 121:00:00

Day 6 09:00:00 5.5 days amps 32.18 32 -9.6% solids, wt% 44.544.5 0

10

15

20

25

11

has been known to lead to increased fouling concerns. Particularly when producing

-polymers of molecular weights less than 50 kDaltons or greater than 150 kDaltons. These

concerns have particularly been confirmed to be accentuated at low polymer solids 0
concentrations in the reactor loop. When producing polymers of molecular weights less
than 50 kDaltons or greater than 200 kDa (or melt index below 0.1 and above 50) in large‘
diameter reactors it has however surprisingly been discovered that fouling is decreased
when solids loadings are increased to above 20 vol%, particularly above 30 vol%.

The invention will now be illustrated by reference to the following example.
Example 1

In an elongated closed loop tubular reactor having an internal diameter of 711
millimetres and a volumetric capacity of 62 m®, ethylene was copolymerised with hexene-1
at a temperature of 85°C and a pressure of 30 bara in isobutane as diluent and using a
Ziegler-Natta catalyst to produce a copolymer The Froude Number was maintained below
10 for a period of six days, with a essentially constant solids loading of about 44.5 wt%.
The reactor circulation pump power as measured by the amp transducer on the pump motor
control system (see Table 1) and readings of voltége at the motor control system and heat
transfer cosfficient as measured by monitoring coolant water flow and coolant water
temperature change compared to reactor temperature remained stable to within +/- 0.6%
and +/- 0.6% respectively, indicating that there was no detectable fouling of the reactor as
evidenced by a build up of polymer on the walls of the reactor, and that flow was stable

and well distributed as evidenced by the stable pump power readings.

Table 1
Date Day1 21:00:00 | Day6 09:00:00 5.5 days -
amps 32.18 32 -0.6%
solids, wt% 44.5 44.5 0

This provides evidence of heat transfer coefficient stability and pump power

stability at low Froude numbers.




This provides evidence of heat transfer coefficient stability and pump power stability at low Froude
numbers. MC Si. L P 12 Claims: A loop reactor of a continuous tubular constructiﬁ(b%(amprising at
least two horizontal sections and at least two vertical sections wherein the reactor has a volume of
575-150 m3 with a reactor length to internal diameter ratio of less than 500, and wherein the reactor
has a volume of over 80 and up to 150 m3 and an intet@al diameter of greater than 600 millimeters. 2.
A loop reactor as claimed in claiml wherein the internal diameter is in the range 10between 600 and
750 millimetersCI8in#sloop reactor as claimed in claim | wherein the reactor length to internal diameter
ratio is less than 400. 154,A loop reactor as claimed in claim | wherein the reactor length to internal
diameter ratio is less than 250. A reactor system comprising one or more loop reactors as claimed in
claim 1. 206.A feactor’syaterradQlaihfedivietam Bhitarednihecone evnivreNesh f8actvis is preceded

or followed by %&%ﬁiﬁrk%%ﬁ%ﬂsr GAGLRN thal i MOL A QPR FBRAOK herein the reactor has a volume of

5 75-150 m® with a reactor length to internal diameter ratio of less than 500, and wherein
the reactor has a volume of over 80 and up to 150 m’ and an internal diameter of greater

than 600 millimeters.

2. A loop reactor as claimed in claim 1 wherein the internal diameter is in the range

10 between 600 and 750 millimeters.

3. A loop reactor as claimed in claim 1 wherein the reactor length to internal

diameter ratio is less than 400.

15 4 A loop reactor as claimed in claim 1 wherein the reactor length to internal

diameter ratio is less than 250.
5. A reactor system comprising one or more loop reactors as claimed in claim 1.

20 6. A reactor system as claimed in claim 5 wherein the one or more loop reactors is

preceded or followed by a polymerisation reactor that is not a loop reactor.



