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(54) PROCESS FOR THE PREPARATI ON OF AN ETHYLENE:POLYMER (71) Ve,
-CH M QUE DES CHARBONNAGES,. A French Body Cor- porate of Tour Auror
5\ 492080 Pariss, Francé, do hereby declare the.invention for which

that & pat eit BATENTSPECIRIGATION: hodchy wicis3s 5685 be
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[ ERR},  ‘usy, nown. cat al ysts. - | eavi ng the high,_pre \ ¥

whi ch weh &2 'fﬁ}?@?&%ﬁ’?@&?‘i}/has been carried out) the pre!

10 mixture is let down in at |east one separator in whi ¢ = 9% I ng. :
cefllitions are chosen so as to separate the ethyl ene (and, A€ rel evant,
#hé ot her nononmers) in one or nore stages fromthe pol ymer. which has froned
‘ib/n\t he reactor. In particular, the pressure in this first. separator is

—¢f ow 500 bars. 15 _|f_ ¢ S > 7] ype, which are active
' o¥er a wide range 01(545(51 %Ir‘.ﬂ‘ ﬁ%’;lﬂﬁ&§%§ﬁﬁméé% are used in the

pol ynerisation reactor, the worki

Ing conditions (tenperature, pressure and

resi dence (vi)me) WeNSOCETHRCHIMEPIE DES (A RBONNNGES) A Freficht Bdd) €or-
pol ymer i perpiewf Tour Aurore-Cedex 5-, 92080 Paris, France, do hereby declare the invention for
' which we pray that a patent may be granted to us, and the method by which it is to be
performed, to be particularly described in and by the following statement:— :
W 5  The present invention relates to the preparation of polyethylene by the high pressure, §
high temperature process using a catalyst of the ZIEGLER type. . - S o ‘
The conventional processes for the polymerisation and copolymerisation of ethylene
under high pressures and at high temperatures are carried out at pressures above 500 bars
-and at temperatures above about 160°C, using known catalysts. On leaving the high pres- :
10 sure reactor (in which the polymerisation has been carried out) the pressure of the reaction 10
mixture is let down in at least one separator in which the working conditions are chosen so
as to separate the ethylene (and, where relevant, the other monomers) in one or more
stages from the polymer which has fromed in the reactor. In particular, the pressure in this

: first separator is below 500 bars. - '

- 15 If catalysts of the ZIEGLER type, which are active over a wide range of temperatures 1§
and pressures, are used in the polymerisation reactor, the working conditions (temperature,
pressure and residence time) in the said separator(s) may be such that thé polymerisation
(or copolymerisation) of the monomer (or monomers) can continue and give rise to unde-
sirable products (for example low molecular weight products, waxes and the like), the

20 formation of which it is desirable to avoid. The present invention provides a process for 20
‘avoiding such disadvantages. _ ' '
. It has already been disclosed, in connection with the use of catalysts of the ZIEGLER
type for the low pressure and low temperature polymerisation of alpha-olefins, to add
various reactants (alcohols, epoxides, alkali metal hydroxides and the like), to the reaction

25 mixture in order to eliminate the organo-aluminium compound of the polymer by causing it 2§
to react with the additive to produce a reaction product soluble in a solvent (alcohol, water

: , and the like). In the present invention on the other hand, the réactant, which is of a different

— chemical nature from the additives cited above, deactivates the two constituents of the

R 3

catalyst so that its reaction products with them remain in the polymer. _
30 Accordingly, the present invention provides an improved process for the continuous 30
polymerisation and copolymeérisation of ethylene, which process comprises polymerising or
copolymerising ethylene under a pressure above 500 bars and at temperatuies above 160°C.
in the presence of a catalyst comprising a transition metal compound (as hereinafter -
defined) and an organo-metallic compound of aluminium, e:g. an aluminium alkyl said
35 polymerisation or copolymerisation being stopped by injecting into the reaction mixture at 35
least one zinc, alkali metal or alkaline earth metal (as hereinafter defined) salt of a carbox-
2] : ylic acid which is either in the pure molten state or in suspension or in solution in a
hydrocarbon in an amount sufficient to bring about the deactivation of the catalyst, the said -
T salt being so chosen that its reaction products with the constituents of the catalyst remain in
40 the recovered polymer. This process aims to avoid the secondary reactions which might 4¢
develop in the separator(s) and the products obtained as a result of the reaction between the
metal salt and the constituents of the catalyst remain in the finished polymer (i.e. the
polymer recovered from the reaction system after monomer separation). '
| A “transition metal compound” is defined herein as a compound of an element occurring -
'~ 45 in any of Groups Illa to VIII of the Periodic Table shown in Cotton and Wilkinson’s 45
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erisation or copo
of an el enme nB(] 08 %ﬁg ore the metal salt(s) must be injected into the reactron mixture at the: point in
: the installation where it is considered that the polymerisation or copolymensatlon reaction
.must be stopped. This point in the installation may be located at or near to. the outlet from - . .
‘the reactor or at or near the inlet of one of the monomer/polymer: separators in which the 1
“reaction mixture. leavmg the reactor is collected. In general, it is preferred that the material - - -
35 should be injected as close as possible to the point wheré the polymer leaves the polymensa— 35 &
tion reactor, e.g. the reactor outlet’ valve. .
.The amount of metal salt injected must be sufficient to, énsure deactivation of the catalyst
This deactivation is effected by destruction of at least one of the constituents of the catalyst, -
:namely the transition metal. derivative and the alkyl-aluminium. However, it is preferable to
40 use sufficient metal salt for both of the constituents of the catalyst to react with the said salt. 40
" According.to- the invention, the amount of salt used.is prefera’oly such that the atomic ratio
.of the metal in the said salt to the aluminium and t1tan1um or other transmon metal in ‘the
.catalyst is. between 0.4 and 8.,
. Among: the alkali and alkaline earth metal salts’ of the carboxyhc amds which can be'used -
45 in the invention,. the alkali and alkaline earth metal salts of saturated fatty acids and of 45 U
aromatic ‘acids are preferred ‘for example, sodium stearate, potassium, stearate, calcium
.stearate, magnesium stearate, sodium benzoate and potassrum benzoate. Sodium naphthe- -
nate: and potassium naphthenate may also be employed. ‘All these salts can be injected
either in the pure (molten) state of.in suspension or in solution in a hydrocarbon. .
50 . -The main industrial advantages of the _process of the invention are the following: 50
-Secondary reactions which might develop in the separator(s) and lead to the formatlon of
: undes1rable polymenc products for example greases or waxes) are avorded The formatron ,
"of I-biitene by dimerisation; of ethylene is also avoided.
Easier. control of the composition of the gases, and consequently of the polymensat1on .
55 ,.reactron itself, is possible when the gases are recycled. . 55
... .The chlorme which may be present in the catalyst and whlch is hberated in unctonrolled -
;destructlon of the catalyst, is neufralised. o
- Examiples 2 t0 8, 12 to 16, 1€ and 20 which follow illustrate the mventron Examples 1,9 ™
to 11,.17 and 19 are comparatrve The deactlvator is ‘added i m the’ fonn of a hydrocarbon
60 emulsron e _ _ 60
. S e AMPLES1t08 o ' 2
. These Examples are. carr1ed ot ofi 4 high pressure (1 500 bars) ethylene polymensatron .
line comprising a reactor of the stifred autoclave type, the volume of which is 5 litres, and
two separators in series, the first of which operates at a pressure of 250 bars and the second
65 at a pressure of 15 bars; the reaction temperature is of the order of 260°C, and the mean 65
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45 in any of Goups Illa to VIIl of the Periodic Table shown in Cotton and
W ki nson's 45 2 1,535,568 "Advanced Inorganic Chem stry”, 3rd edition,
excluding el ements occurring in the Lanth- anide and Actinide series.
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astirre the content of catalyst residues, namely A1, Ti and alkali metal or alkaline earth metal
. 25 (M) expressed in ppm; - - 25
the percentage of 1-butene recycled;
the percentage of ethyl branches; this percentage expressed in moles and determined by
infra-red spectroscopy ~ constituting an approximate measure of the degree of copolymer-
isation of the l-butene. _

30 Each experiment is characterised by a sample taken after two hours’ running (A) and 30
after four hours’ running (B); this procedure makes it possible to check that none of the
destroying agent or of the products produced in the reaction between the destroying agent
and the ZIEGLER initiator has been recycled (and that there are no major variations in the
content of catalyst residues). : e .

35 For each of experiments 1 to 8, a particular feed rate of the titanium constituent of the 35
catalyst, and two ratios A1/Ti of the constituents of the said catalyst, one of these ratios
being 1 and the other being 5, were used; Table I bis below shows the amounts of salts used
in each experiment, these amounts being expressed as the ratio of the number of atoms of
the metal of the said salt to the number of atoms of alumium and titanium in the catalyst.
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either in the pure (nolten) state or in suspension or in solution in a

hydr ocar bon. 50 The main industrial advantages of the process of the
invention are the followi ng: 50 Secondary reactions which m ght develop in
“the separator(s) and lead to the formati on of undesirable polymeric
products (for exanple gr eases or waxes) are avoided. The formation of-

1- butene by dinerisati .on of et hyl ene is al so avoi ded. Easier control/0fy\the
conposi ti.on of the_gasés, and consequently of the polynerisation 5 /
reaetion itself, is possi bl e when jt3g sggses are recycl ed. o

55 The—cThtorime Wit ey bE pl eSEnt T the—cat-ayst—and—whi f t ber at ed
in.unctonroll ed destructj ofrtheweatras—r-s qe tralised. Exanples 2 to
8, 12 to 16,. 18 and 20 V\EEkﬁfEIQ bW i | 1148 at|& { Be| i nvention. Exanples 1, 9
to 11,17 and 19 are conp ve.— The *éau___i_v-%t_nr is .added in.the formof a

hydr ocarbon 60 enul sion.| . | _ kz -
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recycled into the installation. Except in Conparative Exanple 1, the netal
salt (i.e. the agent for destroying the catalyst) is injected into the
reactor just before the extrusion valve. The results obtained are 10 shown

I n Tabtre—t—betow—tmmthis Tabte, the followi ng itens have been shown in the

vari o 10 col ums: The nunber of the experinent; the name of the salt

I nj eq the hourly feed rate (in g/hour) of the salt- Ldestroylng agent)\ ,
15 “hourly production (in kg/hour) of polyner;

15 th --nsﬁty of the polyethylene expnessgas i n g/ [ ERR], th|s belng 6 \4

nmeasured a : TS th-fRave been teneated tor L hoar at
[ ERR], and been cooled at a speed of [ERR]/hour ‘the nelt index (M1.)
measured in accordance wi-t h- st andar d SP§ ,H cation ASTM 1238-62 20 at a
tenperature of [ERR], and with a | pad -6 uLf-Kg, =
20 the pol ydi sper Expeyimefidex: hhiveda rtsofthe {r.ati o- [ERR],o\ﬁfofuaeow ght| aver age
mol ecul ar wei ght [to theannb=mﬂdm%ﬁu@GmmtlecuIar wei. ghgentageddef i nedf i n
"Pol yt hene", Renfrem/&.Nbrga1 (réngmﬂp Lot ent of 5yst
residues, nanely A, Ti and alkali netal " or aIK§4|n eaft h F 26 (M 4
expressed in ppmf 1 - 1T 86 g
25 the percentagq of 1-buteng¢ recycled; tlhe percentage of ethyI br Bnches;
t hi s percentage expr@ssed inj noles73nd ddt er mi ne¥ by |nfra-redJspe,troscopy
- constituting ar] apgroxiimat & measy¢ge of |the degsee of dopol ygeg- | sation
of the 1-butene. |30 Each ¢xperinent iq characterised|by a sanplp taken -
after two hours' |rundi ng (A [and 8@ aftdr four hburs" funnind08B)} this =
procedure makes ijt pgssible §o chegk that| nene of the déstroylng apent or
of the products produced in-fhe reactionbetween the de<troy|ng agent and
the ZIEGLER initijat oe has begn. recgeled (and t hat.54 here |are na.18®j pr
variations in the : : - oo -

- 7 8 156 0.52

e e o

EXAMPLES 9 to- 16
In these Examples, which wére carried out in an apparatus s1m11ar to that descnbed in the
Examples above, the circuits for.recycling the ethylene coming from the medium pressure
(250 gars) separator-are not used, and are shut off. Accordingly, only the circuits for
recycling the ethylene from the low pressure separator (at 8 bars) are used.:
The working conditions are as follows: . S
5 Reactor pressure: 1,500 bars. ' : S : 3 %,
Stirred autoclave reactor, 1 zone : volume 1.4 1. - .
Average residence time : 35 seconds.
Average molar percentage of hydrogen : 1 to 2%.

10 Catalyst system : TiCls SAICIs - AlBus. ' . - 10
The temperature of the separator was different in each experiment. )
Except in Comparative Examples 9.to 11, the metal salt (destroying agent) is mjected :
into the reactor just before the extrusion valve.
The results obtained are shown in Table II below. In this Table, the various columns give
15 the following items: . 15
Number of the experiment; . ' . ,
name of the injected salt (destroying agent) ~/
hourly feed rate (g/hour) of the injected salt; . :
hourly production (in kg/hour) of polymer; : _ _
20 temperature of the reactor (°C.); . . 20
temperature of the separator (°C)
density of the polyethylene (in g/cm’) measured as above,
melt index (M.L.) of the polyethylene, measured as above,
percentage of I-butene recycled;
25 content of catalyst residues in the polyethylene AL Ti and M (alkah metal or alkaline 2.
earth metal) expressed in ppm. -
For experiments 12 to 16 Table II b1s gives the feed rate of the titanium constituent of the
catalyst (in milliatoms of titanium per hour) and the amounts of destroying agent used for
two ratios A1/Ti, one of these ratlos being 1 and the other bemg 5.



content of catalyst residues). 35 For each of experinents 1 to 8, a
particular feed rate of the titaniumconstituent of the 35 catalyst, and
two ratios AI/Ti of the constituents of the said catal yst, one of these
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5 8 3 16

6.9 3.54 1.18 7 8.2

1.56 0.52 8 8.8 2

0.67 EXAMPLES 9 To0 I6 Tn these ‘Exanples, which were carried out in an
apparatus_simlar to that described in the Exanpl es abaove, 'the eircuits for :
recycli \he ethyl ene comi ng fromthe nedi um pressure (250 bars) separator
are no{ 394d, and are shut off. Accordi ngly, only the circuits for o

recycli hé et hyl ene fromthe | ow pr eg3gs,se8epar at or (at 8 bars) are 8 o/
used. The WOTRIIIg-COMATTTONS—are as fof oS! React ur PTrESSUr e~ 500~ ars.
5 Stirred autocl ave react or —F—Zefe—yotyre 4 —Aver age reS|dence time:
35 seconds. Average nol ar- p Weﬁtj 08 hyiBroge :xol*‘%d 2% 10  Catal yst
system [ ERR] 0 o ' 10 The tenperature of
the separator was di tferent | &1 BachReiFer|i feph®. - [FRcpt in Conparative
Exanples 9. 'to 11, the netal _galt [(desLrayLno, ageg ol[S 1 hjected into the
reactor just before the extfogion valye. |The| Tesuft b= dbt ai ned are shown in
Table Il below. In this Table] the valoscolunm grve 15 15 the A
follow ng itenms: Nunber of {he e_ngrl rent|; nane of fhd | nj ected salt \v
(destroying agent); hourly {8ddZrat & ‘ﬁ/Hol‘irD iof | ﬁhqeml njected salt; hourly
production (in kg/hour) of poHyrer] ﬁ;,ﬁneﬂrﬁi w-e—pof—-he-reactor ([ERR]);
20 tenperature of the separatar ({[ERR]); [density of the pol yethyl ene (in ¢
o/ [ERR]) neasured as above; _ : S .
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melt index (M1.) of the polyethyl ene, nmeasured as above; percentage of

1- butene recycled; 25 content of catalyst residues in the polyethyl ene:
A, Ti and M (alkali netal or alkaline 25 earth netal) expressed in ppm
“For experinents 12 to 16 Table Il bis gives the feed rate of the titanium
~constituent of ‘the catalyst (in mlliatonms of titanium per hour) and.the
amounts of destroying,agent used for two ratios Al/Ti, .one of thesg, | 0S
beic©ig 1 and the other being 5. 1,535,568 [ERR] 1, 535, 568 [Eﬁ 2
. 13535,%68 ) 11,535,568 9 TABLE || (bis) Experinent
Feed Tate of - Anount  of destroying agent the catal yst
used (ml'liatons of Ti/hour) o AT =01 ' Al/Ti =5 12
2.4 . 3.42 - TABLEN(bis);4 - ~
Experiment Feed rate of . ‘Amount of destroying agent
' the catalyst ' used
.| (milliatoms '
.. : " | of Tifhour) ' AlfTi=1 AlfTi=S5
RV 12 1 24 342 P 114
" l 13 . 44 375 125
. 14 | 27 T T S
; ; .15 : 3 _ : 5.85 ; 1.95
’ : 16 . 4 B 3.96 . 132
1 ]
— _ L
EXAMPLES 17 to 20

Experiments were carried out as in Examples 9 to 16 while modifying the catalyst used.
In experiments 17 and 18, a catalyst svstem composed of TiCls (in the form of
TiClL1A1Cl3) and of pentalllc]ylsiloxalane (Me2EtSiOA1Etz) was used, with a catalyst feed
rate corresponding to 2.7 milliatoms of titanium per hour and a ratio Ti¥Al of 1 or 5. In

5 experiments 19 to 20, a catalyst system composed of TiCls supported on Mg(OEt)2 and 5
activated with tributyl aluminium was. used. Before activation the solid_catalyst had the
following weight composition: Ti = 8.2%, Mg : 28.4%, Cl : 62,3 %. The catalyst feed rate is
2.2 milliatoms of titanium per hour and the ratio A1/Ti is 1 or 5. The results obtained are
- reported in Table III which has the same volumns as those given in Table II.

s ® O 3



13 4.4 3.75 1.25 14

2.75 3 1 15 3

5.85 1.95 16 4 3.96

1.32 EXAMPLES 17 to 20 Experinments were carried out as in Exanples 9 to 16
whil e nodi fying the catal yst used. .In experinents 17 and 18, a cat al yst

system cpnposed of TiCl3 (in the formof [ERR]) and of 9ental kyl sil oxal ane
([ ERR]) ¢ used, with a catalyst feed rate corresponding to, 2.7 mlliatons ¢
of titark 18r hour and a ratio Ti/Al of53:,%8 5. In 5 experiments 19 t¥ o/

20, a catal yST system conposed of 1 CI'4 supported on Mg(O&t)Z and 5

activated with- tributyl alum-mnium ST _—BEHU1q:aL ivation the solid
catal yst had the follow ng weight|s si ti AN Til 2 8l 29 My: 28.4% O
62.3% The catalyst feed rate is 2‘&%{1 i a&OTﬁadf.c:_tl t ani um per ‘hour and
the ratio AI/Ti .is 1 or 5. .The res@@ Sbta|n=6*are.reported in Table I
whi ch has the same vol ums. as thope g Ven fa Tabljesl | 1, 535, 568 [ERR]
11 1, 535 568 WHAT WE CLAIM | S: -
Cont i nuous process ‘for the polyne gsqglon and| coplol yneri sati on . of ethylene\d
whi ch process conprises polyneris gg%m Lopal yegriigi ng under a pressure '
above 500 bars and at:tenperatureES&ﬁB\e*[ERR]"rn_@he presence of '‘a -
catal yst conprising a transition ‘@t"a?r - ' o :
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5 conmpound (as herei nbefore defined) and an organonetal | ic conmpound of

al um nium said 5 polynerisation or copol ynerisation being stopped by
injecting into the reaction m xture at | east one zinc, alkali netal or

al kaline earth metal (as, hereinbefore defined) salt of a carboxylic acrd

"which is either in'the pure nolten state or in suspension or in solution in
_qT hydr ocar bon isn*an*anount sufficient to bring about the deactivalion

th catal yst the said 10 salt being so chosen that its reactlo

p&oduc%s with the constituents ofi,58f86&atalyst remain in 10 the Fered
polymer. 2. Process accordlng to cIa|n11 In which the sard alkarl or

al-kal i ne sal t , of sa urated f y acid -a salt of
an aro oy Eﬁ?é Q&'ﬁ? &‘l‘gﬂﬁ:"@gﬁ%‘ yl i h the said
salt is eﬂip@xﬁ de & QR prbendd of cataryst A ngl a BahsionV¥a&he t he

pol ynmes éommemd {ab Berpinbefore idefiratl) and ah&agahmnetalhc compound of alumiﬁmﬂ saldr 0gess

accordin Wl’é?tm“ﬂ °R9Y Saﬁl ingintp ﬂiesfeﬂl e@?t or near
thé inle ggfl 1dQ3 ‘%%g?i g;“p}g%’ or}‘}ﬁéreactlon

M XEUr e hydrécRibof fif Rtnid tesﬁfﬁ ButltRSdeh&ivati e%ﬁ@& @ ding to any
oné ofg thhbpmg;m(isenghatitsanemmn pradhnmhtltthecdmtaumtstafdrc catlystirer@n mcompound of

t he cata SQWY%“efhPQIX@?inl u ri 20
6 P ofj or lplie-saith metal sgltis ¢ |
. roceg% &E‘@ﬁﬁﬂm@agé MO&%%%EE&%&@ is infeciel ntS fhie deabtot At Itg ? Ee

unt sugh Proadss dcoerd gﬂfﬂlﬁmrliﬂrlzq
um 15 uem mdthblpbmnwhmtm nomeckaws tpOIymebatlmeﬂactﬁr 4 and 8...7. F]socess
atcor di n 105 2.4 ‘;W ng’&‘l‘]s tiginjegt ‘Z”ﬁ iglel in the
. cat al ystl éﬁﬁ@ﬁ erﬂ?d’r’fleffeipﬁr“ i lfehrgacgg'? ‘El“x “JLT’ fsc? ecls éerl n an anount

such that st h&oaésoﬂac&drngtd ghy@he bhihe p&'seemtgaiamsnn sviichl tma}ahslﬁa, hé® al um ni um
and t20aneampound ofcthexfatilyst isladitana dgryatives bet ween 0.4 and 8. Pr aness

P; t
sccord ngh Fep PR Sl iRt o one o
whenever abt Piobsslacoyrdinh & 4ay ofe@sims Do 4w lﬁcrhetheatfrarﬁﬁon mleal inghekatalyst6 or 8.

S o fhihe spid s t(%?y am@ﬁ atfp of
30. 1025 Al g}e ? gﬂﬁi ummng)‘nﬁ ar?%i ansﬁglglé n?etal int ecatalyst is etween g’ﬁe ZSI‘ ocess of

met
claim7. 8. Process according to claim 1, substantially as hereinbefore described in any one of
Examples 2 to0 8, 12 t0 16, 18 or 20.

‘9. An ethylene polymer or copolymer whenever obtained by the process of any one of
30 claims 1 to 6 or 8. 30

10. An ethylene polymer or copolymer whenever obtained by the process of claim 7.

J. A. KEMP & CO.
Chartered Patent Agents
- 14 South Square

35 : Gray’s Inn London WCIR SEU. 35

+ b

Printed for Her Majesty*s Stationery Office, by Croydon Printing Company Limited, Croydon Surrey, 1978.
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
: which copies may be obtained.

) R R



J. A KEMP & CO Chartered Patent Agents 14 South Square 35 .

Gray's Inn London WCIR SEU. 35 Printed for
Her Majesty's Stationery Ofice, by Croydon Printing Conpany Limted,
Croydon, Surrey,. 1978. Published by the Patent O fice, 25 Southanpton

Bui | di ngs, London; WC2A | AY, from which copi es may be obtai ned.

SPECI FI CATI ON NO 1535568 The inventors of this invention in the sense of
bei ng the actual devisers thereof within the neaning of Section 16 of the
Patents Act, 1949 are Pierre G orod, Bernard Levresse and Jean-Pierre
Machon all citizens of France of rue Sagnol -62 Bully-les Mnes Pavilion Le
Toupin no. 5 76170 Lill ebonne and 366 rue Benoite Vincent 62 -Bethune,
France. Bas 53556/ 1

l. - .' . ERRATA ' _' : b @

SPECIFICATION NO 1535568

The inventors of this invention in the sense of being the actual devisers thereof within the meaning of

Section 16 of the Patents Act, 1949 are Pierre Gloriod, Bernard Levresse and Jean-Pierre Machon all

| citizens of France of rue Sagnol — 62 Bully-l
1 See nmy o Fran Vinoent 6 - Bottorn an:cse Mines Pavillon Le Toupin no. 5 76170 Lillebonne and

(: Bas 53556/1




