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POLYMERI ZATI ON PROCESS The present invention relates to a
process for starting up a reaction for the pol ynmeri zati on of an
olefinin the gas phase carried out in a fluidized bed reactor usi ng
a catal yst based on chrom um oxi de. When starting up a

reaction for the polynerization of an olefin in the gas 5 phase
enpl oyi ng a catal yst based on chrom um oxi de, formation of aggl onerates
and/or of fine particles of polyner is regularly observed. Furthernore, it

may al so happen that pol ynmer having an undesirable quality is
produced, for exanple by formati on of a pol yner having an undesired
melt flow index. These phenonena appear in particular after having
begun to introduce the catalyst into the fluidized 10 bed and up to the
time when a certain anmount of polyner is produced, in particular up
to the time when a stable | evel of production of polynmer is reached, that
is to say the desired maxi mum | evel of production. It

has al so been observed that, during the start-up period, the instability of
the pol ynerization conditions often results in uncontrolled reactions and
the 15 formati on of aggl onmerates and/or of fine particles of polyner.

A novel process for starting up a reactlon for the polynerization of an’
olefin in the gas phase car®is U Py RIAAAIDNHBRROGESDS or has now been

found whi ch makgg rEseH@i%ﬁérﬁioﬁ rEthe§ @&, ¥ Prddess P Q&iﬁﬂi@lip' epﬂﬁ&tdi{ fRPkIRTS.
More particularly pr.ocess 0 e invention possi ble to
start up a pol yrﬁﬂllm‘?i’czﬁw ?fgaé’c‘l ingh @gas g CaFEed, Ot IRy ‘zqdrhfééﬂaci‘é"r o,
formation of agaistpes @t bmﬂtoh%}mammﬁdds al so the case that no

o on of e P S B YRSt 51 8 eatonst ol ngh B 01
a reaction feér tphaspehploping azbtatyst bifsedion chehimmioxidehformasopbbagglameraiesd out
using and/or of fine particles of polymer is regularly observed. Furthermore, it may also
happen that polymer having an undesirable quality is produced, for example by
formation of a polymer having an undesired melt flow index. These phenomena
appear in particular after having begun to introduce the catalyst into the fluidized
10  bed and up to the time when a certain amount of polymer is produced, in particular
up to the time when a stable level of production of polymer is reached, that is to
say the desired maximum level of production.
It has also been observed that, during the start-up period, the instability of
the polymerization conditions often results in uncontrolled reactions and the
15 formation of agglomerates and/or of fine particles of polymer.
A novel process for starting up a reaction for the polymerization of an
olefin in the gas phase carried out in a fluidized bed reactor has now been found
which makes it possfble to solve the abovementioned problems. More particularly,
the process of the invention makes it possible to start up a polymerization reaction
20  with very limited, indeed zero, formation of agglomerates. Furthermore, it is also
the case that no formation of fine particles of polymer is observed.
According to the present invention there is provided a process for starting
~up areaction for the polymerization of an olefin in the gas phase carried out using
a catalyst based on chromium oxide in a fluidized bed reactor through which moves
25  areaction gas mixture containing the olefin, characterized in that in the start-up of
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a catal yst based on chrom umoxide in a fluidized bed reactor through which
noves 25. aypeasiiydn gas m xture contai ning the ol efin, charer/caps/esssin
that in the start-up of PCT/ GB98/ 03738 the reaction the
olefinis introduced into the reactor until the desired production of

pol ymer is reached by neans of a two-stage process, during the first stage
of which the introduction of the olefin is carried out so as to

mai ntain a constant parti al pressure of olefin in the reactor and

during the sec ﬂ{é@eﬁd@ﬁ@he &16fin isittarilided ineonthefreactor undil tHeidesired progudtivingst at a
constant flowr ' ect tot

) W nt _.inventi.an, the
period for staPP 5 geached P%%?qsoqf[ﬂ\wo-ss{fgespr? ‘Pg evﬁ'f't(:sﬁ %@gh
bet ween the ti e iatroddutioh of the adlefinrio darded omt mfastthmamtam a uoaktaiwm'tlal nto the

‘s b .
ol yrer 15 1 oabfhafle of bah e Mactail abitfe HESER] oblod WS efulion gt
which 10  §he ofefiodsmegulatedat aponsyatﬁrﬂowgatmcreased until a maxi mum | evel of

production is (y?@& ﬁ:‘s{?&q to fHe hﬁménﬁontthégéﬁﬂi for Eﬁﬁ\%rdéﬁﬂ eiréaction

i medi ately followe uctlon er | ren aimis

to maintain a mhgmamfywhwbm@a twamt;letlme atv@mhsvbamtrqslnmwbﬁ of
pol yner. The src&ral LRt OBE &t b MQﬂdﬁﬁQﬁHéﬁ%vlﬁ&hthedesxré&r 86@dnldf one or

nore purificatio erlod he reactor .i.s freed,as 1 far as
bossi ble. from RBEHSF i Seched B Bearhbtiahe SarunRTiod b BHGISERS Yhieh

catal yst. 10 thdpdpstionidfpat st)flcrbkbedhﬁﬁlcdﬁﬁxﬁﬁm lecel ofiptodudtionis as

i ndi cated in Eu pe Pz;\t eg?tylml $€ | icatd.on I%P g,fl@ogzé)‘? l

The duration of ﬁf’ée Fggﬁ?%emgm Pe&oc\/\'ﬂrhm?ﬂée i"ZEO%FE thd Im:galfli di zed
bed r eaqiroductibt p wteng airh & tguadintaip 2odonstast ot swbstantiplly
o1 51 TP el hodudon o BEELTRE SAR-b el b o Pod Bl 6L 1 VY11

i ndustrial -scale rea hour and
48 hours, pref qregsded bxeomemmgreazwﬁsammgds during which the reacton is fiiged he

start-up pgsi Oty 415 BB@QH%i rifibs, rseéwm g?én Siwatet RHiGPSisbn the catalyst,.  dO

this, theflowrate |nt ctlono in into’the reactor is
i ncreased Thed?%’éf’%ﬁ%’go e%?a?"\%% ried,out 8§ Indjoated in European Patept ¢ j 1 st
stage begins atApmaﬁdmpmemommoduct ion of the catalyst into the

reactor is begun. | eeral reactiaon,is.obseryed. to nfr

i ntroduction ’ nBl?acg ‘9%“‘{3 éiﬁnoflﬂén?sgggf%ﬁ‘%%be%

begi n some ti rrerehetberlt al$mdepends on the gotlity of theham@mtenalswmplmddnt o} begl n
by an incr %Se % chnze d‘ﬁgﬁ%‘b"fgxeoéleﬁxh%vuh mdu%ﬁl%ﬁ%'rﬁ&u?@%t emswlﬁ

eX|t|ngfromt tage, the

olefinis intr d@tﬁlbatwqwé hoxeandA4fhays, Wfa@bbcbet&w@ 5 and 35 hours
During the start-up period, the production of polymer is thus increased. To

do this, the flow rate for introduction of olefin into the reactor is increased
according to a two-stage process. )

25 The first stage begins at the time when introduction of the catatyst into the
reactor is begun. In general, the reaction is observed to begin from the introduction
of catalyst. However, the reaction may be observed to begin some time later. In
practice, the reaction is found to begin by an increase in the temperature of the
reaction gas mixture exiting from the fluidized bed.

30 During the first stage, the olefin is introduced into the reactor so as to keep
the partial pressure of olefin constant. This means that the aim is to keep the partial
pressure of olefin at a given value, in particular using pressure regulation.
However, in particular at the time when the polymerization reaction is observed to
begin, a slight fall in the partial pressure of the olefin may be observed. During the

35 first stage, the partial pressure of olefin must be sufficient to observe that the '
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the partial pressure of olefin constant. This neans that the aimis to keep
the partial wooomsigpressure of olefin at a given value, in paCTiGB$ea3738si ng
pressure regul ation. However, in particular at the time when the

pol ynerization reaction is observed to begin, a slight fall in the.
partlal pressure of the olefin may be observed. Durlng the 35 first )
stage, the partial pressure of olefin nust be sufficient to observe that

t he 2 PCT/ GB98/ 03738

reaction has b?&uﬂo@Mb%gﬁk‘saWﬁm&é ehtly © mttﬁeheamaqimsmb stoppl ng.

Ge lly, the ole % bl t 15%
e e L B Tt A LD B T 9
pressure of ol efthe reaouahgas tbdurepso as to haveqpaﬂtxatpreﬁsuie oﬁmleﬁlegﬁdatenmﬁat er

i nta nChe. paREaF O Bl Bl hn i Sl v o RO s
period. This flgemrallyttagaamtamabe phrtiak prassupowkich has bden sdammecehet stmrte1$>s | ast

bet ween 10 Pt QP MoM ad Rl 2R ok REVGMRERsSad beniodiOHS ©

dependi ng on tl?e SI'zé I'S genera
conpl et e when minutes anddhouss, prefeeably beswegmband 2 hours en@agneaheasxsmf. ci ent

val ue whi ch ge@ﬁé%&xr %E{ﬁﬁh% generali @v&eﬁ%;ﬁg%dﬁograte fj?%ﬁaﬁé?'

bet ween 10 and _20% e productl de |rﬁ for t pr.o uctlo
peri od which fé‘F‘NﬂﬂB ufficient valye which generally corresgon Srfé’t@ﬁ‘ﬂe%‘f anb30%y st

stage, thejget hpsterbl g:lu;hl;hﬁéﬂﬂtw and 2008 ofhied prodidlion debiced for the prédsdtivn |1 S

nodi fi ed. I\/bre S essure nmay be regul ated whi ch nmakes
it possible toﬂeﬁf’ﬁy ?b%@s{%éfﬁ 1?nto the reactor throughout the second

stage at a 15  condAtahe efid ofithe firs staghcthp anethod ofjintesducing thé olzfiafinto then t hen
undergo vari at 'rg%i r%ggnogﬁ'xed More %%cﬂi:?%“ kl?et QSS\,HO V\'E%ué teﬁ{%?emﬁxtch ?tlakes

pressure of the Ue set
advance, in or dbposstblmontdodme élxe:@sfén inge thetreagtorrthtanghéut the second stage ata

pol ymeri zaggon. gon tant flovy rate. T e?&h?]d‘ Qré%glfre 3 Sﬁﬂﬂ cal AR ungé}g? bW R4 iL"

i ntroduction of t reactor 1S I NCr eased,

conti nuously or“Otﬁ?&*F?é?chﬁ%WW%qh%P&mﬂlHf955“‘lerP ﬁh%%lﬁﬁ%éc’es not excqeﬁ@, ol efin

flow rate is i napemeRtvalierdetinn dd0bsceSRGRDE 161a06id aR)exEes6ivEI§ Hightrafd ¢t | onary
phases, the set_value of the flow rate for introduction-of ol efin bei ng

steadily 928100 1y general, during this stage, between 5 and 40
stationary phases arBunngthesbcrqﬂdest@a;ihdﬂommtaaﬁo'rummdyctﬁmaﬁiahgetbﬁmahﬂoythbasts

et veon 5 201 AseaLPeraiany Wprgses. chithondl'ol vl jARBRIG InShG, ' °
second stage eriis OhﬁarﬂOthfphsmmsﬂé) Auririg thisl speand stagechyumiccessive statlomxy h e
desired val ue fgasldtheRePEtE bOMe ABW R for introduction of olefin being steadily
modified. In general, during this stage, between 5 and 40 stationary phases are
implemented. A stationary phase generally lasts between 30 and 90 minutes. The
25 total duration of the second stage is between S and 40 hours, preferably between

10 and 30 hours. The second stage ends when the production of polymer is equal
to the desired value for the production period.
At the beginning of the start-up period, the fluidized bed can contain

essentially charging powder, that is to say inactive polymer powder which

30 originates from a previous reaction. The initial height of the bed is generally low. It
can represent from 30 to 60% of the desired final height at the end of the start-up
period. However, the height of the initial bed can already be at its final maximum
height. Polymer is generally withdrawn as soon as the fluidized bed is at its
maximum height.

35 The fluidization rate can be constant throughout the start-up period.
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At the beginning of the start-up period, tne f1ui di zed bed can contain
essentially wbasgiigg powder, that is to say inactive pol ynmer PODAGB98/03E ch 3
0 originates froma previous reaction. The initial height of the bed is

generally low It can represent from30 to 60% of the desired final
hei ght at the end of the start-up peri od. However, the height of the
initial bed can already be at its final nmaxi num hei ght. Polyner is
generally withdrawn as soon as the fluidized bed is at its maxi num

height. 35  However, ifltun alsolncteasatslighnlyrtatoaghaut drduring paraof tltehta)ﬂgpout t he
start-up period

PCT/ GB9S/ 0373g Period. In particular, it can increase as a finction of the height of the, q“‘d‘%"hr Sghout
or during part Fof esimple;the initigh fuidizatipe rate dan tange EomidOtoS, GHII/S, efinalncr ease
as a function qf;dibgioRghkhn &n Eh%n{#ﬂdjSSZ <bed. For exanple, the
initial fluidization rate can rom4 o 45 cms; the final
fluidizatiof rate ca}her@mj@shﬂﬂbﬁf reastion gasmixturesvhich passes thropgh the

conposi tion of i &Rt deaﬁ?a%e&ls!&tééf ridtoqhe aa&aﬁﬁpehtsaoumhmgref rably
fluidized bed is advanta eously set” priqQr, to the start g@gerlo

t hen pref er abl ﬁexberate)gjlgqpt BW%PSIS@&?P“@U@F%W ing (e RehStags. | v constant

during the fi rSSub‘ééc?ﬁﬁtly, it can su&tmiamyetmn ¥ dutifig theResonl Stapelof dd q_rosésaaﬁe
during the secopd he, gas

m xture cont ai t'WE ﬁjhﬁ %WW%%E“%W@hB 9lgfin @’E‘é’h’lﬁg‘\é’ Rave P°r EBRle? to 10
carbon atome, sheh2as 19tdaionratomysoghydsetiylent; brdpgleae, llb\kten'ea Nehemenedor 4-

T L™ gt S8R 65 oo e B ods o bR 2
conononers. Th eh)dmnarhme hydrogen ands:pgendtyanrtewran@e@omdnwng’st ”Fhe qtmoq@mec es S
Is generally usrﬁgetaa B @gécohtpﬁgpﬁ gn&tﬂre&st i%rzenel?lly utegeto E&Wﬁtﬁgt&%

et hyl ene with optionally anot ef n havi'n

atoms, such as ‘ib‘Pé’ﬁW’@rﬁ’éﬁt‘%Q{ Isfiene Witheptionall X)?“OA qt@!qﬁnhavmgét%%éo 10

on

At the begiusi ngarbén itbﬂ.sssuanhsp pl@ﬁé qdbutehte 1LiRRERd GHY-InefYRI Pletifefle CaN
usually range from8 100 WI; an Egt constant hr oughout t he
start-up ~ periogt lleﬁ'r? géﬁt?%‘lupfe?ﬂ%rt eactt #re@fper at ur e

at the end of thsmally eange filom 80 to 1068C] hdamhetke;amgﬁstﬁﬂtahnoagham tHel staftampr | C,

Tr oughout t e Briels dek sBlsedeRPREIR. The Boot IRRUEAR WiRdend of the starioe, . o1
moves t hrough th@qdeca@tremgerﬁmn 990 313°G, dmndmgmrﬁéeammy Dﬁgﬁm@bﬂ@ft he

fluidi zati gfyy of manufactubdde PO! yner particles in the course of formation

constituting the flul ﬂrougﬂout tﬂe start-up period, the total pressure of the gas mixture which

moves through the reactor must be sufficient to be able to ensure the fluidization of
the polymer particles in the course of formation constituting the fluidized bed. It
must not be excessively high in order to avoid entrainment of particles, in particular

25  of catalyst particles, outside the fluidized bed. The entrainment of particles is to be
avoided in particular during the first stage of the start-up period. The final total
pressure can be between 0.5 and 5 MPa, preferably 1.5 and 2.5 MPa.

The introduction of catalyst into the reactor is carried out continuously or

sequentially. Throughout the start-up period, the throughput for introduction of

30  catalyst is increased, preferably in parallel with the increase in production of
polymer. More specifically, during the first stage of the process, the catalyst is
advantageously introduced with a constant throughput. During this stage, a
decrease in the content of chromium in the polymer produced may be observed. An
increase followed by a decrease in the content of chromium may also be observed.

35  Atthe end of this first stage, the content of chromium in the polymer produced
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must not be excessively high in order to avoid entrainnent of particles, in
particul ar 260 99/&ffi4xat al yst particles, outside the fluidi zed PEFYBIBIG738

entrai nment of particles is to be avoided in particular during the
first stage of the start-up period. The final total pressure can be
between 0.5 and 5 MPa, preferably 1.5 and 2.5 MPa - The

I ntroduction of catalyst into the reactor is carried out conti nuousl y or
sequential l'y. Throughout the start-up period, the throughput fo
i ntroduction ofmgstgot beencassively hgh.iltis peeferably eguakterosishigh lyrgrp@tfe@hpe theni t h

the increase i rl:oﬂfeﬂ?'HPéHerﬂmﬂ{ desired for tH@kJﬁGH%Et1orl\/§’éerd5?ﬁE |aktef 8dr ﬂéngé’%hﬁg the

first stage of rocess,, the catalys advant ageousl| y
i ntroduced witH#od @Pﬁb@&?f?fa?lﬂpsm&a“dlﬁﬁmﬂg this stage, a decr ease
in the content of Cflbﬁﬁﬂdglmb'sébohb@ta@@'ﬁ/i?&fes@é%%@dud@pd’ﬁn - An

I ncrease followed by a e in the content Iso be
observed. 38 9&“3‘9%@08%“ BF%HW“W? E'tlmé’{htéb%q“a?%mc%ﬁftéﬁ?auéf alrtSrﬂ‘%}m in
t he pol ynmer pr odbsigedifor the production period. Generally, when the first stage of the process is 4
WO 99/ 31143

PCT/ GBO8/ 03738 fairly fast, it is equaltp sy obfained gt the end of the firsh, stage. To,ackieve thigy,
equal to or sl |tbh1thryu§rp&1afca‘nntr¢mtlomaf catalyst intorthe reactor lmdvomagmusb'm red for

the production IBS,%%Q in §5&§llé] ifrdack HirdaR0BNE 8% ¢ thte te fof H\trotdﬁ n, S‘%‘% Ly

preferably between
i s desiredt0o pFQfdblse’eafopdb?ﬁ?ém ofabe thgoughpgt forer@rmuamn @m@mt totheflowni um

in particular e&%@foﬁrﬁr&ﬁmﬁ&b&tﬁameﬁh ksyk@%aﬁst&rﬁ mﬂaaghout the se@6id §ﬁge filpr the

production periqd. General 3 first stage qQ process
fairly fast, itthiswayths pqlm@rmip l&f&éépﬁea ﬂmst@rtr@pmo%haweorfsmﬂu%lt%ge To
achi eve this, pamculﬁﬂ’l@cdd‘gfaﬁtJﬂE}@lﬁbwfxﬁde)d ntroduction of catalyst into the

reactor is advant age raI | .el th e h I ncrease in
the flowrate for W@H%X’F\Véﬂ trgfea&nggﬁq.'yleffd)fe -eatalyst; ’;{M‘ 8eQY5dOr at i o
of the thr mﬂghphﬁroﬂo«e intd the deactdrpin adfliticattaltlyestatdlpst) iteorgkmmetalhc comgbwmf or

i ntroduction of fg&e&h Bohlitolad SRTIARL BUhod D EAMARBM o itn BRAG L0

this way, the polynmer pro ¥ erro as a cohs
quality, in as, forgxampld, aR ogaa@ﬂgmmm ﬁempomnd;Whlmound isused in Wt h

a viewto incr e?ﬁgﬁ@ga“bepdﬂfghgrggcﬁtohegagaﬁ,ah%st it is advantageous to 15
I ntroduce into e reactor cat ala%gstp an organonetal lic

IL.n add |t|on tog} %
conpound of a THEPEuCHMPE B YS! "}m? polymeg; th SAY Hhgi amount of
d assificatagn pblymelaﬁid@m@ ,ho&usrhi perm offﬁﬁxzédfﬁede%%lﬁhﬁblyﬁiw

O g0l T ST the R, g BBRHR 1 5Fb k. T incrBed bbb ot ©

purify the reac
) the second stage to reach approxxmately from 100 to 200 kg/m’/h at the end of the

. start-up and in the production period.
The increase in production per unit volume of polymer must not be
25  excessively high during the first stage. In general, it is maintained at a value of less
than 10, preferably of less than 5, kg/m’*/h/h. During the second stage, this variation
is preferably kept constant, in principle at a value of between 3 and 20 kg/m’/h/h
for industrial-scale reactors.
The introduction of an optional comonomer into the reactor can be carried
30  out during the start-up period. However, it is preferable to introduce the
comonomer when the polymerization reaction is stabilised, in particular at the end
or following the start-up period. The introduction of the comonomer is preferably
carried out so that the ratio of the flow rate of ethylene to the flow rate of
comonomer is constant, in particular with a constant flow rate.
35 The chromium-based catalyst is a catalyst comprising a refractory oxide
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The production per unit volune of polynmer, that is to say the amount of 2 O

pol ymer prod hour and per nB of fluidized bed, is relg&tBbjodroy
t hr oughout th‘g&??’?‘gt@ stage, generally less than 20 kg/r‘r{err]/ﬂalt

i ncreases t hroughout the second stage to reach approxi mtely from
100 to 200 kg/nferr]/h at the end of the start-up and in the
producti on peri od. The increase in production per unit

vol une of polyner nust not be 25 excessively high during the first stage.
In general, it ¢ompBuinddiicheid activatedisl dieadiredtfiRht advantagedubigitarkied qut af gr abl y

of less than 5, kg/nferr]./h/h. \ng, the second stage, this variation

is preferably K& eg&ﬂfg ﬁih{,eaﬁtﬁ?gur(#?@%I"éoséfq‘??%ﬁiﬁégwer%fw & they 20
kg/nferr]/h/'h granular fupportbegiat td sihtesaml indecandfelucing atmosphere and  The

out dur ng t he BRI AY RRFR RARRbe, ThR e RRE RIS €80 duce ¢ he
comononer wien mimberef knewn patcessas, ik paticwar bystheseadvicbidingrto whiclpam aificstl ar  at
t he end I - ard, s '&Eli%n i ' f the
conmononer is pr% %%’gb y 1[19.1 é%ggw}isg%}*%ua?a{srg a%gat8 ﬁeéé ?’é{?ﬂ%g%#o%ﬁfe% flow
rate of et hyl en6r@s of pehramjumrcgmponnd which can beeanysried by ealeipatinndnto, i n

particul ar w t helgroffiit bAdk, SucRWs, Tek é‘cam]pﬁ,' 2 chromium nitratd BEsulpHadd]latl ™ based
catalyst is a catal yst gb?o risi a.re rﬁctory oxi de

5 PCT/ GBY¥8M93i#ER ate, a CRropyR GRIRANALR ACAateorAce iy paetanats, Or tedlat

treat ment aply anbagbettomyteczicombihed withad granular suppéré 6RRE VnUeRadtbrydixidecast
250[ err] C and at st.e '

ual ,to.the,tenperature at,which the .gr anul ar
support begins & snf{oggxme,ﬂ{fg,rahémﬁg,rprrcgaﬂ& %%é‘?ﬁ?&ﬁﬂ@fﬂée&ﬁamg‘m
pref erably an oefthezs oxjdest s pdeend stagd)itle dmomalupstompount ehwslonribined wish a
reat 5 nunb CER ' i -al,. th rding to
ohich, in afir o Senlill 3ot RNGERERY o B o Sl GhioRbakNOBR LORER T I
oxi de, gener al | jreatmenbatatemperature ofpideast 350°% andras mastratcwhipb thecgramilah can be
converted bys cakgidiaf begthsitdsRiter, The tefpEafire BF B%i tre%uﬁ&taéger{?% exanple, a

chromummnitrate or sulphate . an. moni um chromate, a-chrom um
carbonate, acet EF@%P%QQEVP%%%G&?%P“%F@Yk’%‘ﬂeﬁni@oa“q:)mqq’cchromate, i s
conbi ned with a-gr andiharcagligpeintcobtefion0, 0%bor 36 preféradl} flom 0.1 to 2%SPgh as,
for exanple, sili Cgap‘t ?I um na, zirconi um oxide, titanium-oxide or a m xture
of these oxi des™ 2 gtg88’i'1‘5h'stage, t he chrom um conpound thus conbi ned

with t he gr anulThe catabysbean dogtainy fin akditewh toahaclromiuh | fesn Aabi10%6 oHn
operation byoNeRaniym in 16 BPibniih GideUHA Hubhifie R/ atbufififidm, 3ROL 7 1) C
I C e granul ar .

and at nost at [ f . .
particular in the form of aluminium oxide.

The catalyst can be used as is or optionally in the form of a prepolymer
containing, for example, from 10 to 3, preferably from 10? to 10, millimol of
chromium per gram of polymer. The process of the invention is particularly suited

25  to the use of a non-prepolymerized catalyst.

The polymerization is carried out continuously in a fluidized bed reactor
according to techniques known in themselves and in equipment such as that
described in French Patent No. 2,207,145 or French Patent No. 2,335,526. The
process of the invention is particularly well suited to industrial-scale reactors of

30  verylarge size. The reaction gas mixture containing the olefin and the alpha-olefins
to be polymerized is generally cooled by means of at least one heat exchanger

-arranged outside the reactor before being recycled using a recycling pipe.
Following the start-up period, the polymerization reaction is advantageously
carried out as indicated in French Patent No. 2,666,338.

35 The polymer produced in the production period at the end of the start-up
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15 support begins to sinter. The tenperature of the heat treatnent is
generally  wosBgilsseen 250[ err] C and 1200[ err] C and pr ef er aldgr/oB9smsess 350
and 1000[eir] C. The catal yst can contain fromO0.05 to 5%
preferably fromO0.1 to 2% by wei ght of chrom um The .
catal yst can contain, in addition to the chromum from1l to 10% of 20
titaniumin the formof titanium oxide and/or fluorine and/or alumnium in
particular in the formof alum nium oxi de. The catal yst can
be used as is peraptanegaaliywelhbe &bomopolymer of the efefinyamarcopolymer of thet ai ni ng,
for examp! e 1 bReh ol diptaLotdin Af EHRR el Akl FnkirladroH 08725 ko

mllinmol of ramo
i nvention is pal%iscumltligwsmﬁc 215, measurqdhmdes%xléﬂcganﬁ@ﬁawwtymﬂ zed

catal yst. 190°C, 5angmg TSm0 V(5T F?@it l@ﬂu %scﬁrrﬁdl@c‘ﬁka?%asgﬂﬁﬁb%ﬁeﬂg y ina

fluidi zed bed reac accqrd ves
and in equ@rremeasm’e‘h by, thet MafM, ratio, ran&légérpnb%ép 35} eefersbly frem 8o hjpa

2,207,145 or Feghehe &%@%mﬁﬂaﬂénéﬁoﬂx 53@05 preferablyFﬁ‘&ﬁQ%& 4%pnt 40d a
i nvention is partlcul §well sult 3é°3 r{StI‘I :sCal e reactors of 30

very large si z€f°“t1’H‘e° [:f&?rmﬂl % WeBHt t he ol efin and the

al pha-ol efins Figwee beha:g@imm&ﬁd:aﬂydeprSseﬁm:.ﬁﬂtyd-Bai}|g@§l-pha4seﬂ'ean8 of at
| east one heat ex

change e.the ore being
recycl ed using 8 g’f‘?"rﬁaﬁf’bg) °°mpoge%dq§87qtt'30¥ 2 Y‘Ffﬂcétcﬁ Ef)per i od, the
pol yner i za10on samaaintadby s diaehgageraentovessel/(3) eqmpped:mntsﬂedexopart withiandi cat ed

in French Pat € “°ﬁﬁ§ﬁgﬁg§§§ f?‘ahSrec%ctlmg tpxpe (S{Q&m%&!uygﬁg & geyged in the

production perio
6 PCT/ GB@&fe@mment vessel to thedpwetiparhaf @qmmctq; sitested pades thofleidizationr  of

the olefin or .@eg@%cnr{?é%n gpédhﬁth a heat%kafahgems hy @d?np%i%gﬁgﬁaﬁa ifd ;Jxéssc an

have a relativ ty r fromQ I ndex

M 2. 16, neasur dar ehylene ()10 gamgnemek (% fophysirpgan (18) and for mtrogggﬁ

ranging frem Or@actbﬂsmseea dPwith AUt EBpipe foratibyst grz)aaésnmasﬁx w#t i on 5
measur ed by the Mo&mi tio, ranging fromb5 to 25, preterably from
8 to 15, a Yktct mumranging from0.5 to 5 ppm preferably
from1l to 4 pprMeﬂnﬂl ﬁrmeasurmgmhentolaiilmmoﬂﬁhiﬁmngi ng fromO to 10% by

wei ght . In thg!#{eg xﬁUeﬁg&r) ;nl(a Ha}’mE?JO&x Et%gn ?ftL%w di zed- bed,
pol

gas- phase, ose essen ly of a

vertical cyli nd&l)’f(tmlemls CMM’M@GT@}O 8 t!xﬁs’eqm@:;@emg@ medesylar magy, M.,
equi plped i Bol t Stoltﬂmmﬂé}qvem Eli'ncﬁecular masé, |} Wﬁﬂ.,(ﬂ&ﬁﬁ 'cgﬂeg)'bhﬁ'néd@y 206t&f 150
recycling pipe é@@%?g rbe%ungg equxgpédoxelth reﬁtactometrxc detection and with a set of three
25-cm Shodex AT 80/MS columns arranged in series. The operating conditions are
as follows:
- solvent: 1, 2, 4-tnchlorobenzene (T.CB))
25 - flow rate: 1 ml per minute
- temperature: 145°C
- concentration of the sample analysed: 0.05% by weight
- injection volume: 250 pl
- refractometric detection
30 - calibration by a polyethylene sold by BP Chemicals S.N.C. (France) having
a distribution of 17.5 and a molecular mass M,, of 210,000.
The following example illustrates the present invention.
Example
The operation is carried out in a fluidized bed reactor, such as represented
35  diagrammatically in Figure 1, composed of a vertical cylinder with a diameter of

.7



di sengagenent vessel to the lower part of the reactor situated under the
fluidizati ogygogsi1439ri d, which is equipped with a heat exchamyEGB$)3738
conpressor- (7) and feed pipes for ethylene (8), for conononer (9),
for hydrogen (10) and for nitrogen (11). The 15 reactor is also equipped
with a feed pipe for catalyst (12) and with a pipe for wi t hdr awi ng
pol ymer (13). Met hod for measuring the nol ecular mass distribution
In the present invention, the nolecular mass distribution of the

pol yet hyl enes 3 m audlachéight ofl 10w, This readtorowed purifedbefaybliandysr age havé esul ar
mass, Merr], 20 - r r I froma
curve obtai neotﬁﬁgllé'%ﬁhét_g?asf%ggﬁ Jn;gé’t?bnz%?[nggr g%@pﬁ%écvolr%%gééﬁe ped with
refract omet ri cmetspddescsibediindExempie b of Europian Hatert ApplicatieERA-GhBHER0. AT
80/ M5 col umms arran ' RS EQToNE (ofe 2 To I N T £S
ol los o o A IRE ol Hidly °3?@ﬁ’fﬁﬁﬁi‘ﬂ%%§‘%benzﬂﬁ%eé*?'ﬁé?‘s‘y?%’“ :
flow rate: 5 nofppolymererginating from a previous spgstippand bavingigrelgtivecdensity of .
concentration g5 Eemek FBWAndEXNLIE MeaSured Undr 2S Bhnd at a temperature of

o ect1 o ol ettt s et e e o T S e v
a di stributi oncirbmivm of 2 pPmaandn) cdatentbf MBafndloflekd thah 0330 by Aeight.
The oLl oW 10 exaTpl g b L S5 5S35 SRR bt ity >
represent exb  3bontaitls,byrveloes, i62% ofinitrogen] 30reeofbthybeneaad @ 8%06f ydvegeni The
7/ B i L fessile of s mistur g ) 7 MBe andite fidizgion efee 40 it o,
was purified b&hetenperaturesef thepelpmprzation geastion is them@CL vpm of water in the
Exanpl o 1007 Eur opesh Ron s org Rcpolpeiid Ay, profRed OF stfiniig B, 1
reactor initiaMaptiveeatalytssolidspldiwdsiihe tade Rrme 5P 407 ghY Jorep Crosfisldaded 5
of a pol yngs oiSofls (Whirigtdn, Grea Bpit4lN) UshdabarehtnAt fRd Hoayd £F58°C TR | ve
gﬁ 3 S 1’1: y aOI enpe rca\‘pgrl'sggq%ﬁaigs, g‘)af lv}eigfhlt,ol\% 'of g}(\ar)c()m%rlx ?r( tr}Je “form o &{rggﬁu%] g}%f:le‘zof 16 kg
formula CrO; and 3.8% of titanium in the form of TiO,, in combination with a
granular silica support. '
The reaction is started up by a two-stage process. During a first stage, the
20  catalyst is introduced into the reactor with a throughput of 450 g/h. Furthermore,
ethylene is introduced so as to keep the composition of the reaction gas mixture
constant and equal to the initial composition. After 2 hours, the total pressure is
1.8 MPa, the fluidization rate is still 40 cm/s and the height of the fluidized bed is
8 m. Furthermore, the reaction temperature is 97°C and the content of chromium in_
25  the polymer manufactured is 4 ppm.

At the end of this time, this first stage is complete and the second stage is
begun; the flow rate for introduction of ethylene is then 1.12 t/h and the regulation
system is modified so as to introduce the ethylene into the reactor with a constant
flow rate, The ethylene flow rate is then increased by 225 kg/h every hour. The

30 catalyst throughput is increased in parallel by 87 g/h. After 20 hours, this second
stage is complete. The final total pressure is 1.95 MPa, the reaction temperature is
97°C, the fluidization rate is 52 cm/s and the height of the fluidized bed is § m. A
polymer having the characteristics of the polymer powder employed in the initial
fluidized bed is withdrawn with a throughput of 5.6 t/hour. This production

35 throughput is then kept constant.



190[err]C, of 0.2 g per 10 mnutes, a nolecular mass distribution of 12, a
content of WO993tHdom um of 4 ppm and a content of 1-butene pET/AGBSE037B®N
0. 5% by wei ght. The reaction gas m xture passing through the
flutdized bed initially 10 contains, by volune, 62% of nitrogen, 20% of
et hyl ene and 18% of hydrogen. The initial total pressure of this

m xture is 1.7 MPa and the fluidization rate is 40 cnis. The
tenperature of the polynerization reaction is then 92[err]C.

Use is made of a norFhseughout therstareep pericd, potfprmatmpasfagglomeratéy andtofifigean

i nactive catal yhj | t “EP 307" by Joseph
Crosfield and %hﬁl%g%}ggs(e 5@? %%@ﬁ?ﬁ%&gﬁd?%ﬁ?@lﬁsy ’F 8b%‘f' eélat? % rvé'i‘f nt for
5 hours at 550[epstt. The catal yst contains, by weight, 1% of
chromumin the formof chrom um oxi de of formula Cr 3 and 3. 8% of
titaniumin_the formof TiQ2, in conbination with a granul ar silica
support. The reaction is started up by a two-stage process.
During a first stage, the 2 0 catalyst is introduced into the reactor
with a throughput of 450 g/h. Furthernore, ethylene is introduced so
as to keep the conposition of the reaction gas m xture constant and
equal to the initial conposition. After 2 hours, the total pressure is

1.8 MPa, the fluidization rate is still. 40 cnis and the height of the
fluidized bed is 8 m Furthernore, the reaction tenperature is
97[err]C ah@ the content of chromiumin 25 the polymer manufactured is 4
ppm At the end of this tine, this first stage is conplete
and the second stage is begun; the flow rate for introduction of
ethylene is then 1.12 t/h and the regul ation systemis nodified so
as to introduce the ethylene into the reactor with a constant flow
rate. The ethylene flowrate is then increased by 225 kg/h every hour. The
30 catal yst throughput is increased in parallel by 87 g/h. After 20
hours, thi%5second stage is conplete. The final total pressure is
1.95 MPa, the reaction tenperature is 97[err]C, the fluidization
rate is 52 cmls and the height of the fluidized bedis 8 m A

pol ymer having the characteristics of the polynmer powder enployed in the

initial fluidized bed is withdrawn with a throughput of 5.6 t/hour.
Thi s production 35 t hroughput is then kept constant.
PCT/ G3B98/ 03738 Thr oughout the start-up period, no formation
of aggl onezates and of fine particles is observed. Furthernore, the
pol ymer quality is observed to be virtually const ant.
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Claims:
1. Process for starting up a reaction for the polymerization of an olefin in the

10

15

20

25

gas phase carried out using a catalyst based on chromium oxide in a fluidized bed
reactor through which moves a reaction gas mixture containing the olefin,
characterized in that in the start-up of the reaction olefin is introduced into the
reactor until the desired production of polymer is reached by means of a two-stage
process, during the first stage of which the introduction of the olefin is carried out
50 as to maintain 2 constant partial pressure of olefin in the reactor and during the
second stage, the introduction of olefin is regulated at a constant flow rate.

2. Process according to Claim 1, characterized in that the start-up lasts
between 1 and 48 hours.
3. Process according to either one of Claims 1 and 2, characterized in that the

partial pressure of olefin is kept constant during the first stage using pressure
regulation.

4, Process according to any one of Claims 1 to 3, characterized in that the
first stage lasts between 10 minutes and 3 hours.
S. Process according to one of Claims 1 to 4, characterized in that the first

stage is complete when the production rate of polymer has reached from 5 to 30%
of the production desired for the production period which follows the start-up.

6. Process according to one of Claims 1 to 5, characterized in that the
production per unit volume of polymer at the end of the start-up is between 100
and 200 kg/m’/h.

7. Process according to any one of Claims 1 to 6, characterized in that the
olefin flow rate is increased during the second stage by successive stationary
phases.

8. Process according to any one of Claims 1 to 7, characterized in that the

10



35 9. PCT/ GB98/ 03738

dains: . wd.ggmmPr ocess for startin i on for thEPCT/GBQS/O3738
pol ynmeri zation of an olefin in th mllm @%gﬁLcarrl ed out using a
catal yst based on chrom um oxi de reactor through
whi ch noves a reaction gas mxture cont a| n| ng the olefin,
characterized in that in the start-up of the reaction olefin is introduced

into the 5 reactor until the desired production of polyner is reached by

means of a twothyb@dput for intrqduetien Sfcdﬂystﬁgottheréabto‘i'fduﬁﬁgﬂﬁ setondstagde it he
i ntroduction of the ale

constant parti Scre3seddn l?tag‘n%llfw%ﬁ g? P}‘E“?“ﬁe {“n%‘e ﬂ&&lcr[ager fog Hﬁmgﬂf‘l’%ofﬂéh X

9, Process according to any one of Claims 1 to 8, characterized in that the
catalyst is 2 chromium-based catalyst comprising a refractory oxide compound
5  which is activated by a heat treatment.

10.  Process for the polymerization of an olefin in the gas phase carried out
using a catalyst based on chromium oxide in a fluidized bed reactor through which
moves a reaction gas mixture containing the olefin, characterized in that in the
start-up of the reaction the olefin is introduced into the reactor until the desired

10  production of polymer is reached by means of a two-stage process, during the first
stage of which the introduction of the olefin is carried out so as to maintain a
constant partial pressure of olefin in the reactor and during the second stage, the
intrc;duction of olefin is regulated at a constant flow rate.
11.  Process according to Claim 10 characterised in that a comonomer is

15 introduced into the reactor and that at the end of the start-up period the
introduction of said comonomer is carried out so that the ratio of the flow rate of
olefin to the flow rate of comonomer is kept constant during the polymerisation.
12.  Process according to any one of Claims 1 to 11, characterized in that the
olefin is ethylene, propylene, 1-butene, 1-hexene or 4-methyl-1-pentene.
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second stage "the introduction of olefin is regulated at a constant flow
rate. ﬁ“’9 ]ﬁﬁocess according to Claiml, characterized in that the
start-up | asts 16 pet ween 1 and 48 hours. 3. Pr oc /SR BEHB g
to either one of Cainms 1 and 2, charactigtized in that the partial
pressure of olefin is kept constant during the first stage using pressure-
regul ation. 4, Process according to any one of Clains 1 to 3,
characterized in that the 15 first stage | asts between 10 m nutes and 3
hour s. 5. Process according to one of Clains 1 to 4, characterized
in that the first stage is conplete when the production rate of

pol ynmer has reached from5 to 30% of the production desired for the
production period which follows the start-up. §6. Process accordi ng
to one of Cainms 1 to 5, char zed in that tk%f 0 production per unit
vol une of polymer at the end of the start-up is between 10Q and 200
kg/ nferr]/h. 7. Procless according to any one of @ains 1 to 6,
characterized in that the olefin flowrate is incregsed during the

second stage by succesgive stafionary phases. 2 5 Process
according to any-one o } 7, characterized in att he
10 t hrou troduction of catalydt ifgteythe reactor
during the second stage reased in parallel with g1 increase in
the flowrate for introdpction of ofefin. 9. Prqcesg according to
any one of Clains 1 to 8] charactergzed in that the cafjalyst is a
chrom um based cat al yst Fonprising refractory oxide conpgund 5 whi ch
is activated by a heat tfeatnent. 10. Process for
pol yneri zation of an olefin in the gas phase carried out using a
catal yst based on chrom pm oxide infa fluidized bed reacto 5rough whi ch
ing the olefin, characferized in that

noves a reaction gas m x{ure conta

in the start-up of\\he react fon the olefin is introdficed into the
reactor until the desired\LO prdduction of polyner is repqched by neans of
a two-stage process, during the fijrst stage of which the
introduction of the olefinfis carfied out so as to nmaintai§ a

constant parti al pressareyof ol efifn in the reactor and durifng the second
stage, the intringtion of yolefin is regulated at ajconstant fl ow

rate.
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11, Pr%ss"accordi ng to Caim10 characterised in that a o,{?§17v‘i"

i ntroduced i nt r eact or 1151%531%5 start- i od the
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(54) Title: START-UP POLYMERIZATION PROCESS
(57) Abstract

The present invention relates to a process for starting up a
reaciton for the polymerization of an olefin in the gas phase carried
out using a catalyst based on chromium oxide in a fluidized bed
reactor through which moves a reaction gas mixture containing
the olefin, characterized in that in the start-up of the reaction the
olefin is introduced into the reactor until the desired production
of polymer is reached by means of a two-stage process, during
the first stage of which the introduction of the olefin is carmied
out so as to maintain a constant partial pressure of olefin inthe
reactor and during the second stage, the introduction of olefin is
regulated at a constant flow rate,
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