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REACTION CONFIGURATION AND PROCEDURE FOR

POLYMER PRODUCTION

ion relates to a reactilon configuration and a

for the preducticon of polymers, in  particular

In particular, the starting monomers are preferably selected
from butadiene, styrene, isoprene, acrvlonitrile, propviense or
ethyiene.

Freferred are the reaction configurabtion and the procedure for
the production of poelyvbutadiene with a high content of cis-1,4
units {(in this deocument referred Lo as HCBR rubbsr).

In the present document, the average residence ifime in the
reacter 13 calculated as the ratio between the reaction volums

and the delivered volumetric flow rate.

me means the voiume of the
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he present document, reaction wvol

i the present document, the total reaction veolume is the sum of

all reaction wvolumes present in the procedure.

in the present document, mixing cell means a reaction volume
fraction eguipped with an agitator device, which has internal

3

progperties {zuch as viscosity, density, tempearature,

concentration of chemical species) that are homogensous and that

differ from the other miming cells present in the same reaction

volume considered.

g within the mixing cell means that, in at

least 948% of the volume of the mixing <¢ell, the property h

o
n

T

variations of less than 10% of the average calculated value
within said miwing cell.

in the present document, conversion means the percentage of
raeagent. substance consumed by the poelymerisati reaction with

regspect fto  the gquantity, by weight, of reagent substance

delivered to the reaction environment.
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in the present document, specific power means the ratio hetween
the power absorbed by the agitator shaft and the ©
In the preszent patent application, &ll operating condi
mentioned in  the text are to be understood as preferred
conditions, even if not expressly statad.

For the purposes of this discussion, the terms “comprise” oz
“include” also include the terms “consist of” or Messentially
consisting of”.

For the purposes of this discussion,
intervals always inciude the limits, unles

In a conventional plant for the product

reaction section comprises one ©or more reachors  in

compoged of one or mere stirred vertical cevlindrical ta
equal reaction voliume.

The moncomers, the solvent and ths catalytic system are fed,
either together or by separate lines, to the first reactor,
wherein begins the polymerisation that 1is complet in
zubseguent reactors.

all the reactors are stilrred using one or more agitator devices
that operate at different rotaticon speeds to mix the various
components together and keep the walls olean.

The principal concern regarding the reaction section is
formation of fouling within the polymerisation reactors. Th

forms Lg extremely viscous and scoils the tanks. In

polymer

in the areas with little flow and in the presence of

of the monomer and active catalytic system, theres may form

polymer chains that are of higher molecular weight than the

desired polymer molecular weaight, and are inscluble in the

solvent and thearefore tend to be deposited on the walls of the

rezctor and agitator. The fouling is so significant ti the

£
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rst reactor may be practically unusasble after a few days of

-
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operation {less than 30 days in sone cases).

Fouling is a oritical factor for guality of the product and

for managing the polymerisation plant, reducing the service
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factor thereof and necessitating freguent shutdowns for chemical
and/or mechanical cleaning.

In the known art, it is possible to find technical solutions for
reducing fouling chemically, through the usze of chemical
substances that elther limit its formation or that modify the
activity of the catalyvtic system used.

CN 41580560 describes a catalyvitic system based on nickel

v

compounds, organic aluminium compeunds and boron complexes, for
the polymerisation of butadiene, having the aim of reducing the
formation of gel on the rubber.
U8 2006/047033 describes a process for the formation of cis-1,4-
polybutadiens, using a catalytic system containing crgano-nickel
compounds,  crganco-aluminium  compounds, cmpounds  containing

increa

U)
(/J

flucrine and alkylated diphenvlamine. The labttex
solubility in aliphatic solvents and reduces the pracigitation,

and therefore the formation, of fouling deposits.

U3 5,565,533 describes a process for the formation of ethylene

copolymers, such as the elastomers EPM and EPDM. The process

reduces the forxmation of fouling depoesits without using special

or catalyste. Fouling formation is avolded by using 1~

butena in excess.
U8 5,109,082 describes a procedure for the production of ais-1,

-polybutadiene by pelymerising 1,3 butadiene in an organic
scivent in the pressnce of a sultable catalytic system wit

raduced gel formation. For this purpose, an inhibiting agent is

\L‘

used which contains water dispersed in an organic
golvent or in an organic =zcolution containing 1,3 butadiene.
417,930 describes a new reactor for the polymerisation of
elastomers whose geometry enables the formation and deposition
of fouling within the reactor to be avoided.

U8 3,512,149 describes a process for the polymerisation of 1,3-

butadiene to form cis-polvbutadiene in the presence of a suitable

polymerisation zone which opesrates ey stationary
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conditions and with a polymer/monomer weight ratio of at le

insignificant.

%, in such a way as to make the formation of gel
U3 3,549,608 describes a process for the polymerization of 1,3
sutadiens, which has the aim of improving th of the

polymer, in which ftoluene, butadiens and catalytic system are

vigorously mixed in a tank for a very short peri {less
than 1 minute} tc aveid the formation of polymer, and then sent
tc a train of reactors connected in series and in parallel.

CN 1051566 describes a mathod for preparing cis~1,4
polybutadiene or butadiene and other diene copolymsrs by means
of continucus bulk polymerisation. Said method provides for use
2f & rare sarth catalytic system, for the catalytic mixture in
a hydrccarbon and liguid butadiene medium are continucusly fed
into a pre-mixer and then sent to a single or twin-screw extruder
for polymerisation to a conversicn of 20%-100%.

CN 101885734 describes a process for the synthesis of high ols-
polybutadiens rubber {HOBR) having improved mechanical
characteristics and reduced fouling formaticn, in which a
catalytic system—ageing pre-reactor 1s used, to which only a
part of the total monomer is fed, upstresam of the conventional

polymerisation reactor.

8]
Hh

by modifving the configuration

The Applicant

the reaction section in a polymer production plant, it

foe
u

o]

possible to significantly reduce the formation of fouling and ©

ration of the plant and the gquality

substantially improve
of the and product.
3 procedure of polymerisation

of polymers, comprizsing the

- continucusl feeding one oOr WMCOre NONOMErs, ONe oOr more

solvents in a guantity comprised betwesn 70% and 90% by

Lly comprised between 80% and 9%0% by waight
- and a catalytic system toe a first stirred reaction volume,

wherein a single mixing cell is formed, in which the
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pelymerisation begins, until a conversion iz attained that

~ -
7
{

aries from 20% to 70% with respect to the final conversion
- preceeding the poelymerisation in at  least one second
stirred reaction volume connected in series to the first

reaction volume and in which two or more mixi:

g cells are

from which the {final conversion of

formed, at the outl
the monomer is attailned;

said procedure beling characterised in the filryst resciion

volume, the average residence time of the reagent mixture varies

within the interval rangi: i0% to Z5% with respect to the

entire reaction volume.

average regidence time o

The average residence time of the entire reaction volume iz

typically comprised between 1 hour and 2 hours.

In a2 further embodiment, the present inventicon iz a reaction

configuration for the production of a polvmer comprising one or
e & oy e

more stirred reactors connected in series; sald configura
being characterised in that:
¢ the first stirred reactor ls a single mixing cell and
has a reaction volume egqual to a valus varving from 1/10
o 1/4 with respect to the total reaction volume, wherein
the total reaction wvolume i1s the sum of the reaction
volumes of all reactors presenti;
& the reactors subseguent to the first, connected in

serieg, each have a reaction volume in which twoe or more

Therefore, as regards the solutions used in the known art, the
present invention ailms to overcome the technical problem
relating to the formation of

=

reactors,;
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Ugs 2006/04703%, U3 5,565,533, US 5,109,082}, but by USIng a

particular configuration for the reactlion section. This

configuration also differs from that used in the known art (US
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5,417,930, US 3,513,149, US 3,549,60%, CN
101885794}, in that the first reactor i1s not simgply 2 pre-mizer
with very low residence times, typically of less than 1 minute,
or a pre-reactor in which a polymerisaticon does not take place
but solely the formation, activation or ageing of the catalvtic
system, placing 1t in contact with a portion of the menomer

gubsequently fed to the polymerisation resctor. According to the

rh

present invention, polymerisation akes place in the {iy
reactor. In addition, the configuration described and claimed
dogs not provide for the use of one or more substantially

identical reactors connected in series, as the person skilled in

.
<

the art would ke reqguired to do with the objective of oreatin

[

a series of mized reactors, minimising thelr manufacturing,

and maintenance costs: the configuration desocribed

and claimed provides for the use of a particular first reactor
that iz substantially different from the subseguent reactors
placed in series thereto by volume, average residence time and

=

agitation syste

.:.3'

ng a new reacticn configuration in which the

o

Therefore, by us

polymerisation reaction takes place as described in the gresent

invention, substantially different from what is reported in the
prior art or from what the person skilled in the art would be
required toe do, albeit using the same total reaction volume with
respaect Lo what ls uzually used in the prior art, the ghencomesnon
that leads to the formation of fouling within the reactor is
unexpectedly Ly reduced, thus esnabling the quality of

the product an nanagement of to bhe improved, thus

constifn o the technical problem dealt with.
Further aims and advantages of the present invention will hecoms

much clearer from the description below and from the appended

figures that are provided purely by way of non-lir axample,

which represent preferred smbodiments of the present invention.

Figure 1 iliustrates a confiquration of the reaction section

pical of the prior art for a polymer production
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whereln monomer (1), solvent {(2) and catalytic system (3) are
fed te a first reactor {A), followed 1in series by a second
reactor {B). The twoe reactors have the same reactilon volume

(A=8). The two reactors are squipped with an agitator system

~
Q
=
0
"4

{not shown} with 3 radial impellers each, and the speci
transmitted to the fluid is approzimately 1.6 kW/m?,

Figure 2 shows a preferred form of the configuration of the

K r"
raaction section accordi to the present invention, in which
the polymerisation secticn 1is formed by two different reaction
volumes connected in series (A and B} . The first reaction volume
(A 1s 2qual to 1/6 of the total reactilon volume (A+B). The total
reaction volume {A+B} 1z equal to the total reaction volume {(A+H)
iliusgtrated in Figure 1. The first reactor is eguigped with an
agitator device {not shown) having a single Rushton radial flow

impeiler, and the specific power transmitted to the fluid is

approzimately 2.2 kW/w’. The second reactor is equipped with an

agitator device (not shown) having five Rushton radial impelliers

and the specific power transmitted to the fluld is approwinmately

1.6 kW/m3.

in detaill the procedurs that iz the

ent application, also with refsrence

TOM MONOMRrs
vionitrile,

and mixtures

having a high

Ny o, N T N ey o N by o~ N o I oy o .
LG O mMOore monomars one O more solvenits 1n

compy izsed

) . R [a) Q
od batwean 20%
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syatem are fed to a first

and 20% by welght, and a catal

-

atirred reaction volume, wherein a zingle mixing cell is Fformed
in which the polywmerisation in sclution begins for the production
cf polymers. In said first reaction velume, the reagent mixture
remaing until a conversion is attained that varies from 20
70% with respect te the final converazion achieved.

The partialily reacted reacticon mimture continues the
polymerigation in stirred zeaction volumes subsequent to the

first, in which two or more miming cells are formsd.

The polymerisation continues in at least one second
reaction volume, in which fwo or more mizing cells are Fformed.
In the first reaction volume, the average residence time of the

mixture varies within an interval ranging from 10% to

25% with respect to the average residence time of the entire
reaction voluns.

The average residence time of the entire reaction volume is
tvpically comprised betwsen 1 hour and 2 hours.

Praeferably, the average residence time of the mixture in the
first reaction volume varies within an interval ranging from 15%
to 20%, more preferably it is egqual to 15% with respect fo the
total residence time of the entire reaction wolume.

In the first reaction volume, the specific power of agitation is

preferably greater than the specific powser of agitation of the

volumes subseguent to the f
In the first reaction volume, the specific power of agitation is
preferably greater than 2 kW/md, and in the subseguent reaction
volumes, the specific power of agitation is comprised between 1

KW/m? and 2 kW/m3.

ject of the present patent application is a reaction
configuration for the production of a polymer comprising one or
more stirved rsactors connected in series: sald configuration
being characterised in that:

stirred reactor is a single mizing c2ll and has

varying from 1/1C¢ to 1/4

& reacticn volume equal to a
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reaction volume, wherein the total

with respect to the total
reaction volume is the sum of the reaction wvolumes of all
reactors presenit;

# the reactors subsequent to the {first and connected in
series, each have a reaction velume in which twoe or nors
mixing cells are present.

Praferably, the reaction volume of the first reactor varies from
1/8 to 1/5 of the total reaction volume, more preferably egual
to 1/6 of the total reaction volume, wherein the total reaction
volume 1s the sum of the reaction volumes of all reactors

present.
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The number of reactors preferably

subsegquent to the first ave preferably egual o

have the same reaction volume and are eguipped with

and claimed 1s preferab

uzed to conduct the procedure that is the subject of the present

-

As mentioned, the first reaction volume iz a single homogenaous

5

mixing cell, whilst the subseguent reaction wvolumes each have a

plurallty of mixing cells.

To ¢reate a mixing cell in the reactors, and therefore in the

individual reaction volur

, agiltator devices are pressnt. The

configuration of the agitator devices influences the formation

rality of mix

of a single homogensou

ng

from one another.

the persc
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the art, for creating a single

the type of impeliler used in ©!

be, for example, a single Rushton radial flow impeller, or two

vdrofoil axial flow impellers connected on the same

shaft, or eqguivalent solutions. The specific power transmitted

agitator device in the first reactor must

be greater than that used in the szubsequent reactors, preferably
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greater than 2 kW/m?. The reactors subsequent to the first,
connacted in series with each other, are equipped with an
agitator device that divides the reacticn volums into one or

a
S

more mixing cells for each reactor. s known to the parson
skilled in the art, for creating a plurality of mizming cells,
the type of impeller used in the reactors subsequent to the first
can compriss, for exampie, two or more Rushton radial §flow
impelliers, or  eguivalent  solutions. The specific gpowsr
transmitited to the fluld from the agitator device present in the

reactors subsaguent Lo the first is inferior to that used in the

st reactor and is preferably comprised between 1 kW/mY and 7
¥W/m?. Furthermore, both the first and subseguent reactors may
cpticnally be eaguipped with a second agitator device, the
functicn of which is to scrape the walls of the reactor {wall
scraper) . Furthermore, boeth the first and subsequent resactors
may optionally ke equipped with a heat exchange systenm to control

the temperature, which can be selected from among an external

Jacket, externally wound tubing, welded external semi-tubing,

internal coils, external heat exchangers or other devices known

o the person skilled in the art thart a

e conventionally used in
the industry.

The reaction temperaiture in the first reactor may b2 egqual to
60°C and the final temperature at the outlet from the final
reactor may be egual to 110°C.

In Figure 2, the Apglicant describes in detall the procedure and
the reaction sechtion that are he subdect of this patent
applleation.

However, the description below 1 not limited to the ratios
between reaction volumes shown in
Monomer (1), scolvent (&) and catalviic system {3) are fed into
a flrst reaction volume (A} in which the polymerisation hegins.
The polymerisation then continues in a second reaction volume

(B} at the cutlet from which the final conversion value of the

monomar is reached. The an average
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residence time of the mixture that wvaries within the interval
ranging from 18% to 23%, preferably from 15% to 20%, more
preferably it 1is egual to 15% with respect to the average
residence time of the entire resction velume.

This means that the reagent mass containing the monomer remains
in the reaction velume of the first reactor {A) for significantly
less time than the residence time of the reagent mass in the

saction volume of the sscond reactor (B).

=

The reaction volume of the first reacter {A) iz sqgual to 1/6 of

the total reaction volume, where the total reaction volume ias
the sum of the reaction volumes of all reactors present.

In the first reacticn volume, the monomer attains a conversion
varying from 20% to T0%. In subsequent reaction volumes the

conversion continues, attaining final wvaluss at the outlet of

The reaction procedure and system described and claimed solve
the problems relating to the formation of fouling, which form in
particular in the first reacilon voilume.

The Agplicant has c¢hserved that, in this manner, there is an

extension in the running pericd and an imgron 2t in the guality

of the product and, at best, it is possible to avold installation

=

of a packup reactor for the first reactor, as is the usual

practice with state-of-the-art industrial plants.

ome examples are now described of the application of the

U}

presant 1lnvention: these are purely descriptive and non-
Iimiting in  scopse and represent preferred embodiments

:
10,

according to the present invent

COMPARATIVE BXaMPLE 1.

1

The plant layout is composed of two stirred reactors measuring

50 cubic metres {(diameter: 2.8 m, elliptical heads helg]

the lower TL tangent line to the upper TL tangs

cach connechted in series. Fed tce the first reactor iz & shream

conglsting of 37,000 kg/h of solvent, & mizturs of 80% by welght

cyclo-hexzane and 20% by weight normal-hexane ; 5,000 kg/h of
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1,3~butadiene ab 20°C and the oataly

by

2xX characterised

Negdymium versatate (40% by weight solution in n-
Ry £ %

‘o

zna), characterized by a ncelar ratio of

(I} Diischutyl-alumninium~hydride {(LIBAH)
{c}  Diethyl aluminium chloride {(DEAC)

{d})  Molar ratios NJG/AL/CL = {1/4/4 mmolNd/ kg Butadi

(2.01 mmol/kg
Each reactor i1s equipped with an agitator having 3 radial
.

turbines measuring 1.6 m in diameter with ¢ vertical blades,

with a rctation speed of 50 revolutions per minute and an

installed motor of 80 kW. Also present is a sacond agitator that

4

{
4

scrapes the walls of the reactor, having a rotation speed of 10
revolutions per minute and an installed wmotor of 10 kW.

The golymerisation of butadiene to form HCBR procseds in adiabatic
mode, with a final conversion of butadiens of 98%. The plant thus
formed stopped after running for 32 weeks due to the high formation
of fouling within the reactor and relataed blockage of the agitator
in the first reactor.

EXAMPLE 1:

The plant layout provides for 2 reactors: a first stirred reactor
measuring 1% cubic metres {diameter: 2.8 m, TL-TL height: 1.7

n), followed, in

by a second stirred reactor measuring

Q

85 cublo metres {diameter: 2.8 m, TL-TL height: 13 m). The first

reactor 1s esquipped with an agitator device consisting of 1

it
w
~
+
e
¢l
3
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adial turbine measuring 1.6 m in diameter having

]
o
@]

hlades, with & rotaticon spesd of 60 revolutions ger minute
an installed motor of 45 kW. The second reactor is equipped with
an agitator having 5 radial turbines measuring 1.6 m in diamstern

d of 50 revolutions

with 6 vertical blades, with a rotation speesc

per minute and a 140 kKW installed wmotor. Also present is a second

agltator that scrapes the wallis of the reactor, having & rotation

-

speed of 10 revoluticns per minute and a 10 kW installed motor.
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The gtream described in comparative example 1 is fed to the first
reactor. The polymerisation of butadiens to form HCIBR proceeds
in an adiabatic manner, with a final conversion of hutadiene of
58%. The plant thus formed iz run for 6 weeks without finding

any blockage in any agitator.



