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DESCRIPTION

Title of the Invention:

METHCD FOR PRCODUCING METHACRYLIC POLYMER CCOMPOSITION, AND

MOLDED ARTICLE

Technical Field
[0001]

The present invention relates to a method for
producing a methacrylic polymer composition, and a molded
article obtained/obtainable from the methacrylic polymer

composition obtained/cbhbtainable by the method.

Background Art
[06027

Methacrylic resin composition has superior
tra@sparency and weather durability. The methacrylic resin
composition is utilized as a molding material for a light
guide plate, which is used as a member of a backlight unit
for wvarious types of ligquid crystal displays, oxr for
vehicle members such &as a rear lamp cover, & head lamp
cover, a meter panel, and so on (See Patent Literatures 1
aﬁd 2).
[C0C3]

As a methacrylic resin composition, there 1s a known
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composition containing a higher molecular weight polymer
and a2 lower molecular weight polymer {See Patent
Literatures 3-7}. The methacrylic polymer composition
containing both of the higher mblecular welght polymer and
the lower molecular weight polymer has advantages such as a
broader molecular weight distribution as well as a superior
solvent resistance and a superiocr flowability for molding.
As a method for producing a methacrylic resin composition
comprising a higher mclecular weight polymer and a lower
molecular weight polymer, some methods are suggested such
as a method comprising an addition of methyl methacrylate
and methyl acrylate in the presence of a methacrylic resin
obtained by a suspension polymerization, and a subseguent
suspension polymerization (See, for example, Patent
Literature 3}); a method‘comprising a bulk polymerization
and a subsequent additional bulk polymerization by adding
an initiator and a chain transfer agent (See, for example,
Patent Literature 4), and a method comprising separate
preparing of methacrylic resins having different average
molecular weights, respectively, and subseguently blending
the separately prepared resins (See, for example, Patent

Literatures 5-7), etc.
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PATENT LITERATURE
PATENT LITERATURE 2: JP 2006-298966 A
PATENT LITERATURE 3: WO 2011-045203 A
PATENT LITERATURE 4: JP 554-148788 A

PATENT LITERATURE 5: JP S58-101140 A

PATENT LITERATURE 6: JP 2008-538794 A
PATENT LITERATURE 7: JP 2010-059305 A

PATENT LITERATURE 8: JP 2004-211105 A

Summary of Invention
Problems to Be Solved by Invention

[00065]

In the conventional method for producing a methacrylic
resin composition having a brcad melecular weight
distribution, there are disadvantages in transparency,
productivity and controlling of molecular welght
distribution. For example, 1in the method comprising
separately preparing methacrylic resins having different
average molecular weights, respectively, and blending the
separately prepared resins, the method reguires an
extruding step, a dewatering step or a drying step, or the
like, as a process, when the separately prepared resinsg are
produced in a pellet form or a powder form, respectively,

and an additional extruding step is required during the
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blending of the resins. On the other hand, the multi-stage
polymerization has efficiency since the desired product can
be obtained in a single extrusion process.

[0006]

Method for achieving the multi-stage polymerization
includes a suspension polymerization process, a solution
polymerization process and a bulk polymerization process.
In the multi-stage ©polymerization process comprising
suspension peolymerizations, 1f a methacrylic polymer
composition is produced, transparency of the composition is
decreased since dispersion stabilizing agent or emulsifier
is used (See Patent Literature 7).

Generally, in the case of the solution polymerization,
there are occurrences of problems such that the resistance
to the thermal decompesition of the resulting polymer is
decreased due to the solvent, and the process for
collecting the solvent and monomer(s) 1s complicated.

In the case of the bulk polymerization, controls of
the reactions are difficult, since viscosity of the
reaction mixture is increased. As a method wherein the
reactions can be controlled in two-stage polymerizaticns by
using of bulk polymerizations, without any solvent, there
is a known method wherein a polymerization takes place
until the polymerization conversion within a range from 1

to 50% is achieved, and then, a chain transfer agent 1is
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additionally added to carry out the polymerization until no
less than 60% of the polymerization conversion is achieved
(See Patent Literature 4). However, in these procedures,
the conditions for the first polymerization comprise
temperature of 130 °C and the time period of 2 hours, and
the conditions for the second polymerization comprise
temperature of 60 °C and the time period of 10 hours.
According to this method, the polymerization is carried out
again under milder polymerization conditions, in the second
state, than those of the first stage. Therefore, this
method needs a long time period, and gives insufficient
productivity.

[0007}

In order to increase the productivity in the bulk
polymerization, i1t is desired to shorten the time period
for the polymerization and increase the polymerization
conversion.

(0008]

In the continuocus solution polymerization process
disclosed in Patent Literature 4, the chain transfer agent
is not diluted with the monomer to be added to the second
reactor, and the chain transfer agent is directly added to
the reactor (See Examples). As a result, contrxol of the
concentration of the chain transfer agent in the reactor

becomes to be difficult. In Patent Literature 4, the
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supply amount of the chain transfer agent 1s smaller, the
amount being no more than 1/50 compared to the flow rate of
the monomer. Therefore, 1f supply amount of the chain
transfer agent is wvaried, even by a slight amount, the
concentration of the chain transfer agent in the reactor is
varied, and physical properties of the resulting polymer
are varied such as flowability. Accordingly, in this
method, it is difficult to stably obtain any polymer having
the desired physical properties by the continuocus bulk
polymerization.

[0009]

In the method employing two-stage bulk polymerizations
disclosed in Patent Literature 8, the amount of the chain
transfer agent to be added into the second reactor is small.
The concentration of the chain transfer agent in the first
reactor is approximately same to that in the second reactor.
Therefore, in this method, polymers having almost the same
molecular welghts are generated in the first and second
stages, fespectively. Thus, a sufficiently broad molecular
weight distribution is not achieved.

[Co10]

Accordingly, cobjects of the present invention consist
in controlling the ratio or proportion of the lower
molecular weight polymer to the higher molecular weight

polymer, and providing a method for efficiently producing a
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methacrylic polymer composition having a broader molecular

weight distribution. Furthermore, objects of the present
invention consist in providing a molded article
obtained/obtainable from the . methacrylic polymer

composition obtained/obtainable by the method described

above.

Means for Solving Problems
[0011]

The present inventicn provides those described in the

following items [1]-[57:

[1]

A method for producing a methacrylic polymer
composition, which comprises

a first polymerization step wherein a raw material
composition A comprising a raw material monomer A
containing no less than 50% Dby weight of methyl
methaérylatey a polymerization initiator A, and a chain
transfer ageﬁt A 1is supplied into a first complete mixing
type reactor through a supply port of the reactor, and the
raw material compesition A is subjected to a continuous
bulk polymerization in the first complete mixing type
reactor, and a resulting intermediate composition is

withdrawn through an effluent port of the first complete
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mixing type reactor; and

a second polymerization step wherein a raw material
composition B comprising a raw material monomer B
containing no less than 50% by weight of methyl
methacrylate, a polymerizatioﬁ inifiator‘ B, and a chain
transfer agent B, and the intermediate composition
withdrawn in the first polymerization step are supplied
into a second complete mixing type reactor through a supply
port of the reactor, and the raw material composition B and
the intermediate composition are further subjected to a
continucus bulk polymerization in the second complete
mixing type reactor, and a resulting methacrylic polymer
composition 1s withdrawn through an effluent port of the
second complete mizxing type reactcr;
wherein the follewing formulae (1), (II}, (III), (IV) and

(VY are satisfied:

120 = T1 < 160 (1)
140 = T2 s 180 (IT)
20 = T2-T1 £ 60 (III}
1.7 s [82]1/(81] (IV)
1 £01/02 £ 50 (V)

wherein

Tl is a temperature (°C) in the first complete mixing
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type reactor in the first polymerization step,

T2 is a temperature (°C) in the second complete mixing
type reactor in the second polymerization step,

[81] is a concentration (% by weight} of the chain
transfer agent A in the raw material composition A supplied
into the first complete mixing type reactor,

[S2] i1s a concentration (% by weight) of the chain
transfer agent B relative to the total amount of the raw
material composition B and the intermediate composition,
both of which are supplied into the second complete mixing
type reactor,

01 is a flow rate (cm’/min) of the intermediate

composition supplied into the second complete mixing type

reactor, and

Q2 is a flow rate (cm’/min) of the raw material
composition B supplied in the second complete mixing type

reactor.

The method for producing & methacrylic polymer
composition according to the above-described item [17,
wherein the following formulae (VI) and (VII}) are further

satlisfied:

A
>

40 £ 60 (VI)
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61 + 82 <180 (VII)

wherein

x is a polymerization conversion (% by weight) of the
methacrylic polymer composition ‘withdrawn through the
effluent port of the second complete mixing type reactor,

81 is an average residence time {(min) in the first
complete mixing type reactor in the first polymerizaticn
step, and

02 is an average residence time {(min) in the second
complete mixing type reactor in the second polymerization

step.

[3]

The method according to the above-described item [1]
or [2], wherein each of the effluent ports of the first and
second complete mixing type reactors is located on a top of

each of the reactors.

[4]

The method according to any one of the above-described
items [1]-{3), wherein the continuous bulk polymerizations
in the first polymerization step and the second

polymerization step are conducted under adiabatic

conditions.
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(5]

A  molded article obtained/obtainable from  the
methacrylic polymer composition produced by the method

according to any one of the above-described items [1]1-{4].
d t n n f th bove-des bed it 11-{4

Effects of Invention
[0012]

According to the present invention, a mixture
containing a lower molecular weight polymer and a higher
molecular weight polymer can be continuocusly and easily
produced. Conseqguently, a methacrylic polymer composition
can be produced in a higher productivity, wherein the
molecular weight distribution is broader and the mixing
ratio of the lower molecular weight polymer and the higher
molecular welght polymer 1s controlled. The methacrylic
polymer composition obtained/obtainable by the method
according to the present invention <can be preferably

utilized as a material for a molded article.

Brief Description of Drawings
[0013]
Fig. 1 1is schematic view for explaining the method for

producing a methacrylic polymer composition as one
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embodiment according to the present invention.
Fig. 2 is molecular weight distribution curve of
methacrylic polymer composition produced 1in each of
Examples 1~-3 and Comparative Examples 1 and 2.
Fig. 3 is molecular welght distribution curve of
methacrylic polymer composition produced in each of

o

Examples 4 and 5.

Fig. 4 is molecular weight distribution curve of
methacrylic polymer composition produced in each of

Examples 6 and 7.

Description ¢f Embodiments
[0014]

The present inventive methed for producing the
methacrylic polymer composition (hereinafter, which is also
simply referred to as "polymer composition”) 1is conducted
by using at least two complete mixing type reactors. In
each of the reactors, a continuous bulk polymerization is
conducted.

[0015]

Hereinafter, one embodiment c¢f the present invention
is described in detail with referring to Figure 1. Herein,
the following embodiment is described with the aim of an
exemplification. Therefore, the present invention is not

limited to that embodiment.
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[GCle}

Initially, an apparatus to be used for carrying out
the method for producing the polymer composition according
to the present embodiment 1s described below. The method
for producing the polymer composition according to the
present embodiment 1s carried out by using at least two, or
a first reactor 10 and a second reactor 20. Both of these
reactors 10 and 20 are complete mixing type, respectively,
and these reactors can be used to conduct continuous bulk
polymerizations, in this embodiment, as continucus
polymerizations in the first polymerization step and the
second polymerization step, respectively.

(00171

More specifically, the first reactor 10 is provided

with a supply port 1lla and an effluent port 1lb, and

referably further provided with a Jacket 13 surrocunding
the outer surface of the reactor as a temperature
regulating means for adijusting a temperature of the outer
surface of the reactor, and a stirrer 14 for stirring the
contents therein. Similarly, the second reactor 20 is
provided with a supply port 2la and an effluent port 21ib,
and preferably further ©provided with a Jjacket 23
surrounding the outer surface of the reactor as a
temperature regulating means for adjusting a temperature of

the outer surface of the reactor, and a stirrer 24 for



10

20

25

14

stirring the contents therein. The effluent ports 1lb and
21b are provided to be located at the top of each of the
reactors. On the other hand, the supply ports 1la and 21a
may be generally located at an appropriate position of the
lower part of each of the reactors, although this
embodiment is not limited thereto. Each of these reactors
10 and 20 may be provided with a temperature sensor T as a
temperature detecting means for detecting a temperature in
the reactor.

[0018]

The first reactor 10 and the second reactor 20 may
have the same or different inner volume from each pther.
Making the inner volume of the first reactor 10 and the
inner volume of the second reactor 20 to be different from
each other is possible to effectively differentiate between
the first reactor 10 and the second zreactor 20 in the
average residence time, respectively.

[0019]

The stirrers 14 and 24 may be a member for
substantially attaining a complete mixing condition(s) in
the reactois, respectively.

These stirrers may have any appropriate stirring
blade(s), for example, may have blades of MIG impeller,

MAXBLEND impeller (registered trademark, manufactured by

Sumitomo Heavy Industries, Ltd.), paddle impeller, double



10

15

20

25

15

helical ribbon impeller, FULLZCONE impeller (registered
trademark, manufactured by Kobelco Eco-Sclutions Co., Ltd.j,
and so on. In order to increase stirring effect in the
reactor, it 1s preferable to provide the reactor with a
baffle(s). However, this embodiment is not limited thereto,
but may have any appropriate configuration(s) in place of
the stirrers 14 and 24 as long as a complete mixing
condition{(s) can be substantially attained in the reactors.
[0020]

In general, the reactors 10 and 20 are more preferable
when they have a higher stirring efficiency. However, in
view of avoiding the reactors from being added with an
unnecessary amount of heat by the stirring operation, it is
preferable that a power of stirring 1s not more than
necessary. The power of stirring 1s not particularly
limited, but preferably within a range from 0.5 to 20 kW/m?,
and more preferably within a range from 1 to 15 kW/m?. As
a viscosity of the reaction system becomes higher (or a
content ratio of a polymer in the reaction system becomes
higher), it is preferable to set the power of stirring at a
larger level. |

[0021]
As shown in the drawings, the supply port 1la of the
first reactor 10 is connected through a raw material supply

line 9 to a raw material monomer tank (or a supply source
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of a raw material monomer{s} and, if necessary, of a chain
transfer agent(s)) 1 and a pelymerization initiator tank (a
supply source of a polymerization initiator(s) and, 1if
necessary, o©of a raw material monomer{s} and/or a chain
transfer agent{s)) 3 via pumps 5 and 7, respectively. In
this embodiment, the supply sources of the raw material
monomer, the polymerization initiator and the <chain
transfer agent to the first reactor 10 are the raw material
monomer tank 1 and the polymerization initiator tank 3.
However, the number of the supply source(s) of the raw
material monomer, the polymerization initiator and the
chain transfer agent, the state of the raw material monomer,
the polymerization initiator and the chain transfer agent
(in a case of mixture, for example, formulation thereof)
and so on are not particularly limited as long as the raw
material monomer, the polymerization initiator, and the
chain transfer agent can be supplied to the first reactor
10, appropriately. Although it is not necessary for this
embodiment, but other supply port 1llc may be provided to
the first reactor 10 and this supply port 1lc may be
connected to the polymerization initiator ftank 3 wvia the
pump 7, for example, as shown by a dotted line in Figure 1.
The effluent port 1lb of the first reactor 10 may be
connected to the supply port 2la of the second reactor 20

through a connection line 15. The effluent port 21b cf the
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second reactor 20 is linked up to an effluent line Z5.
Thus, the first reactor 10 and the second reactor 20 are
connected in series. There 1is preferably no pump on the
connection line 15 between the effluent port 1lb of the

first reactor 10 and the supply port 2la of the second

reactor 20.

[0022]

The second reactor 20 1s connected to a polymerization
initiator tank (an additional supply source of a raw
material monomer(s), a polymerization initiator(s) and a
chain transfer agenti(s)) 17 via a pump 19. In this
embodiment, the additional supply source of the raw
material monomer, the polymerization initiator and the
chain transfer agent i1s the polymerization initiator tank
17, but the number of the additional supply source(s) of
the raw material monomer, the polymerization initiator and
the chain transfer agent, and the state of the raw material
monomer, the polymerization initiator and the éhain
transfer agent {in a case of mixture, for example,
formulation therecof)} and so on are not particularly limited
as long as the additional raw material monomer, the
additional polymerization dinitiator and the additicnal
chain transfer agent can be supplied to the second reactor
20, appropriately. The supply port 2la of the second

reactor 20 may be connected to the polymerization initiator
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tank 17 via the pump 19 through the connection line 15 as
shown in Figure 1, or the second reactor 20 may be provided
with other supply port 2lc so that this supply port 21c may
be connected to the polymerization initiator tank 17 via

the pump 19 as shown by, for example, a dotted line in

Figure 1.
[0023]

The pumps 5, 7 and 19 are not particularly limited,
but are preferably pumps being able to set flow rate from
the raw material monomer tank 1, flow rate from the
polymerization initiator tank 3, and flow rate from the
polymerization initiator tank 17 at constant values,
respectively. Specifically, multiple reciprocating pumps
are preferred, and more preferred are pulsation-free
controlled~volume pumps such as a duplicate pulsation-free
controlled-volume pump  and a triplex pulsation-free
controlled-volume pump. By using these, it is possible to
control supply amounts (or supply flcow rates, which also
apply hereinafter) of the raw material monomer, the
polymerization initiator, and the chain transfer agent to
the first reactor 10, and additional supply amounts of the
raw material monomer, the polymerization initiator, and the
chain transfer agent to the second reactor 20.

[0024]

Furthermore, it is preferable that the connection line
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15 which connects the effluent port 1lb of the first
reactor 10 to the supply port 2la of the second reactor 20
comprises a Jjacket (not shown in the drawings) surrounding
the outer surface of the connection line 15, as a
temperature regulating means which can adjust the
temperature of the connection line 15, or the like,
although the jacket is not always necessary for the present
embodiment. Thus, the temperature of the connecticn line
15 {(more specifically, the temperature of the outer surface
of the connection line, consequently the temperature in the
connection line) can be adjusted so that the temperature
substantially corresponds to the temperature in the first
reactor 10. As described in the present embodiment, 1if the
first reactor 10 has a température sensor T as a
temperature detecting means for detecting the temperature
in the first reactor 10, the temperature regulating means
on the connection line 15 can be controlled so that the
temperature of the connection line 15 substantially
corresponds to the temperature in the first reactor 10 to
be detected by the temperature sensor T.
[0025]

It is preferable that each of the members described in
the above with reference to Figure 1 1s appropriately
connected to a control device (not shown in the drawings)

and construct the whole so as to enable the contrel device
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to control their operations. Thereby, in order to set the
temperature of the outer surface of the reactecr set for
each of the jackets (as a temperature regulating means) 13
and 23 to co;respond. to the temperature 1in the reactor
detected by & temperature sensor {as a temperature
detecting means) T, with respect to each of the first
reactor 10 and the second reactor 20, these temperatures
can be controlled by adjusting the supply amounts of the
raw material monomer, the polymerization initiator and the
chain transfer agent to the first reactor 10 by controlling
the operations of the pumps 5 and 7, zrespectively, or by
adjusting the temperature of the outer surface of the
reactor set for each of the jackets 13 and 23, or by
adjusting the additional supply amounts of the raw material
monomser, the polymerization initiator and the chain
transfer agent to the seccond reactor 20 by controlling the
operation of the pump' 19. Alternatively, so that the
temperature in the connection line 15 substantially
corresponds to the temperature in the first reactor 10
detected by the temperature sensor (or the temperature
detecting means} T, these temperatures can be controlled by
adjusting the temperature of the outer surface of the
connection line, which is set for the Jjacket (or the
temperature regulating means which 1s not shown in the

drawings) covering the connection line 15. It is
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preferable that the temperature in the connection line 15
is actually determined by the temperature detecting means
for detecting the temperature in the connection line 15.
However, in 'some cases, depending on the polymerization
reaction conditions in the first reactor 10, due to some
causes such as that all of the supplied polymerization
initiator is spent, an intermediate composition
(hereinafter, which is described) taken from the effluent
port 1lb does not let the polymerization reaction proceed
in the c¢onnection line 15, that is, no heat of the
polymerization reaction may be generated in the connection
line 15. In such case, the temperature of the Jjacket
covering the connection line 15 <can be set at the
substantially same temperature to the temperature in the
first reactor 10, or the connection line 15 can be covered
by a heat insulating material instead of the jacket.
Thereby, the temperature in the connection line 15 can be
set at the substantially same temperature to the
temperature in the first reactor 10. In this case, it can
be believed that the temperature in the connection line 15
substantially corresponds to the temperature of the Jacket
covering the connection line 15.
[00Z6]

The jackets 13 and 23 surrcund almost the whoie of the

reactors 10 and 20, respectively to appropriately heat or
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retain the heat of the reactors 10 and 20 by introducing
heat medium such as steam, hot water, organic heat medium
or the like from a heat medium supply route (not shown in
the drawings). The temperatures of the jackets 13 and 23
are able to be appropriately regulated with a temperature
or pressure of the heat medium to be intrecduced. The heat
medium introduced into the jackets 13 and 23 1is removed
from a heat medium discharge route (not shown in the
drawingsj).

The temperatures and/or pressures of the jackets 13
and 23 can be detected by a senscr such as a temperature
sensor (not shown in the drawings} located on the heat
medium discharge route. The point of location of a sensor
such as the temperature sensor is not particularly limited,
but it may be located, for example, on the heat medium
supply route, or in the jackets 13 and 23. Herein, if the
connection line 15 has a Jjacket, the Jacket for the
connection line 15 may have a structure similar to that of
each of the Jackets 13 and 23.

[0027]

For the polymerization reactions in the reactors 10
and 20, it 1is reqguired to proceed at a generally constant
polymerization temperature in each of the reactors 10 and
20 in view of obtaining & polymer with a constant quality.

Therefore, the above-described temperature regulating means



10

15

20

25

23

{or jackets 13 and 23) can be controlled at a constant
temperature which has been set beforehand, so that the
temperatures inside the reactors 10 and 20 can be
maintained respectively at a generally constant temperature.

The setting temperature cf the above~described
temperature regulating means {or Jjacket 13 or 23} 1is
transmitted to a supply flow rate controlling means
described below, to be used as data for determining whether
control of the supply flow rate with the raw material
monomer supply means (or pump 5) and/or the polymerization
initiator supply means (or pump 7 or pump 19) is necessary
or not. The setting temperature of the above-described
temperature regulating means (or jackets 13 and 23} can be
regulated by controlling the temperature or pressure of the
above~described heat medium.

[00z28]

Examples of the supply flow rate controlling means
include, for example, a control unit (not shown in the
drawings) provided with CPU, ROM, RAM, and so on.

The ROM of the control unit is a device for storing a
program which controls the pumps 5, 7 and 19, and so on.
The RAM of the control unit is a device for temporary
storing data of the temperatures in the reactorsAlO and 20
detected by the temperature sensor T, data of the setting

temperatures of the jackets 13 and 23, and data of the
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setting temperature of the Jacket, if present, of the
connection line 15 in order to execute the above program.
[06029]

The CPU of the control unit executes the program
stored in the above ROM based on data such as the data of
the temperatures in the reactors 10 and 20 and the data of
the setting temperatures of the jackets 13 and 23 stored in
the above RAM so¢ that the supply flow rates of the raw
material monomer, the polymerization initiator and/or the
chain transfer agent to the reactors 10 and 20 is
controlled by the raw material monomer supply means (or
pump 5) and/or the polymerization initiator supply means
{or pumps 7 and 19). In the case of that the connection
line 15 has a Jjacket as the temperature regulating means,
the CPU of the control unit can execute the program stored
in the above ROM (which may be either a part of the above
program, or other program than the above program) based on
data such as the data of the temperatures in the reactors
10 and 20 and the data of the setting temperature of the
jacket (not shown in the drawings) on the connection line
15 stored in the above RAM, in order to adjust the setting
temperature of the jacket of the connection line 15.

[0030]
An example of thé control by the supply flow rate

controlling means (or a control unit) will be described
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below.

When the temperature in the reactor 10 detected by the
temperature sensor T exceeds the setting temperature of the
jacket 13 as the temperature regulating means, the above-
described CPU executes the program in the above-described
ROM to control, for example, the pump 7 so as to decrease
the supply flow rate of the polymerization initiator into
the reactor 10. When the temperature in the reactor 20
detected by the temperature sensor T exceeds the setting
temperature of the jacket 23 as the temperature regulating
means during the pump 19 supplies the polymerization
initiator to the reactor 20 to conduct the polymerization,
the CPU executes the program in the ROM to control, for
example, the pump 19 so as to decrease the supply flow rate
of the polymerization initiator into the reactor 20. By
conducting such controls, polymerization heat generated in
the reactors 10 and/or 20 can be decreased, and thereby the
temperatures in the reactors 10 and/or 20 can be lowered.

[0031]

On the other hand, when the temperature in the reactor

10 is below the setting temperature of the jacket 13, the

CPU executes the program in the ROM to control, for example,
the pump 7 so as to increase the supply flow rate of the
polymerization initilator into the reactor 10. When tThe

temperature 1in the reactor 20 1s Dbelow the setting
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temperature of the HJacket 23 during the pump 1% supplies
the polymerization initiator to the reactor 20 to conduct
the polymerization, the CPU executes the program in the ROM
to control, for example, the pump 19 so as to increase the
supply flow rate of the polymerization initiator into the
reactor 20, By conducting such control, polymerizaticn
heat generated in the reactors 10 and/or 20 <can be
increased, and thereby the temperatures in the reactors 10
and/or 20 can be raised.

[0032]

Alternatively, for example, when the control over the
pumps 7 and 19 for the polymerization reactions in the
reactors 10 and 20 results in remarkable decrease in the
total of the supply flow rates into the reactors 10 and 20,
it is preferable to not only control the pumps 7 and 19 to
decrease the supply flow rate of the polymerization
initiator, but also to contrel the pump 5 so as to increase
the supply flow rate of the raw material monomer at the
same time.

[0033]

Further, as other example o0of the control, the
following control is noted. That is, when the temperature
in the reactor 10 detected by the temperature sensor T
exceeds the setting temperature of the jacket 13 as the

temperature regulating means, the pump 5 is controlled to
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increase the supply flow rate of the raw material monomer,
so that the relative supply flow rate of the polymerization
initiator into the reactor 10 is decreased. By conducting
such controls, the temperature in the reactor 10 can also
be lowered.

[0034]

A ratio of the supply flow rate of the raw material
monomer to the supply flow rate of the polymerization
initiator can be appropriately set depending on the kind of
the polymer to be generated, the kind of the polymerization
initiator to be used, and so on.

Also, degree of increase or decrease in the supply
flow rate of the raw material monomer and/or the supply
flow rate of the ©polymerization initiator can be
appropriately set depending on the kind of the polymer to
be generated, the kind of the polymerization initiator to
be used, and so on. However, the polymerization initiator
may be not supplied alone in the reactor 10 by the
polymerization initiator supply means. In the case of that
a mixture of a polymerization initiator and a raw material
monomer and/or a chain transfer agent is supplied thereto,
and in the case of a mixture of a polymerization initiator,
a raw material monomer and a chaln transfer agent to be
supplied into the reactor 20, it is necessary to consider a

content ratio of the polymerization initiator in the
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mixture to  control the supply flow rate of the
polymerization initiator.
[0035]

Furthermore, as other example of the control, if the
connection line 15 has a Jacket as the temperatﬁre
regulating means, the controls described below are
available. Accordingly, 1f the temperature in the reactor
10 detected by the temperature sensor T is different from
the temperature in the connection line 15 {(or, conveniently,
the determined temperature of the jacket on the connection
line 15), for example, 1f the difference 1is beyond the
range of * 5 °C, the determined temperature of the jacket
on the connection line 15 can be adjusted, so thét the
temperature in the connection line 15 (or, conveniently,
the determined temperature of the jacket on the connection
line 15) substantially corresponds to the temperature of
the reactor 10.

[0036]

Additionally, it 1s not necessary for this embodiment,
but a preheater 31 and a devolatilizing extruder 33 may be
located downstream of the effluent line 25 from the
effluent port 21b of the second reactor 20. There may be a
pressure adjusting valve (not shown 1n the drawings)
provided between the preheater 31 and the devolatilizing

extruder 33. An extruded obiject after devclatilization can



10

15

20

25

29

be discharged from a discharge line 35.
[0037]

As the preheater 31, any appropriate heater can be
used as long as it is able to heat a viscous fluid. As the
devolatilizing extruder 33, a single or multi screw
devolatilizing extruder can be used.

[0038]

Furthermore, there may be a recovery tank 37 for
storing the raw material monomer (s) which is separated and
recovered from a volatile component(s) (comprising
unreacted raw material monomer (s), mainly) separated with
the devclatilizing extruder 33.

[0039]

Next, a process for producing a polymer composition
conducted by using such apparatus will be described. In
this embodiment, a case of conducting continucus
polymerizations of a monomer (s) comprising methyl
H@thécfylat@, in the other words, a case of producing a
methyl methacrylate-based polymer(s) will be described, as
an example, although the present invention is not limited
thereto.

[0040)
<Raw Material Monomer, Polymerization Initiator, Chain
Transfer Agent and Other Components>

At first, the raw material monomer, the polymerization
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initiator, the <chain transfer agént, and the like, are
prepared.
{0041}

A monomer(s) comprising methyl methacrylate can be
employed, as the raw material monomer, in this embodiment.

In the present specification, the raw material monomer
to be supplied into the first reactor 10 is also referred
to as raw material monomer A. The raw material monomer to
be additionally supplied into the second reactor 20 is also
referred to as raw material monomer B. The raw material
menomers A and B, as a coﬁposition, respectively, may have
the same formulation, or may have different formulation
from each other.

.According to the present invention, the raw material
monomer (s) contain(s) no less than 50% by weight of methyl
methacrylate.

Containing no less than 50% by weight of methyl
methacrylate can give features such as transparency,
weather durability and heat resistance to the resulting
methacrylic resin composition, which are characteristic of
the methacrylic resin. The content of methyl methacrylate
in the raw materlal monomer 1s preferably no less than 80%
by weight, and more preferably no less than $0% by weight.

In addition to the methyl methacrylate, the raw

material monomer {s) may comprise other monomer {s)
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copolymerizable with the methyl methacrylate. The other
monomer (s} can be used alone, or can be used in a
combination of at least two monomers. The content of the
copolymerizable other monomer(s) in the raw material
monomer (8) 1s 50% by welght or less, preferably 20% by
weight or less, and more preferably 10% by weight or less.
The other monomer copelymerizable with the methyl
methacrylate includes, for example, alkyl metﬁacrylates {or
alkyl methacrylates having alkyl group having 2~8 carbon
atems) such as ethyl methacrylate, n-propyl methacrylate,
iscpropyl methacrylate, n-butyl methacrylate, t-butyl
methacrylate, sec-butyl methacrylate, iscobutyl methacrylate,
and 2-ethylhexyl methacrylate; aryl methacrylates such as
benzyl methacrylate; acrylic acid esters such as methyl
acrylate, ethyl acrylate, n-propyl acrylate, isopropyl
acrylate, n-butyl acrylate, t-butyl acrylate, sec-butyl
acrylate, 1iscbutyl acrylate, 2-ethylhexyl acrylate and
benzyl acrylate; unsaturated carboxylic acids or acid
anhydrides thereof such as acrylic acid, methacrylic acid,
maleic acid, itaconic acid, maleic acid anhydride, and
itaconic acild anhydride; hydroxyl group-containing monomers
such as 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate,
monoglycerol acrylate, Z2Z-hydroxyethyl methacrylate, 2-
hydroxypropyl methacrylate, and monoglycerol methacrylate;

nitrogen-containing monomers such as acrylamide,
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methacrylamide, acrylonitrile, methacrylonitrile,
diacetoneacrylamide, and dimethylaminoethyl methacrylate;
epoxy group~containing monomers such as allyl glycidyl
ether, glycidyl acrylate, and glycidyl methacrylate;
styrene-based monomers such as styrene, o-methylstyrene,
and divinylbenzene; diesters of unsaturated carboxrylic
acids and glycols such as ethylene glycol dimethacrylate,
and butane diol dimethacrylate; unsaturated carboxylic acid
alkenyl esters éuch as allyl acrylate, allyl methacrylate,
and aliyl cinnamate; polybasic acid polyalkenyl esters such
as diallyl phthalate, diallyl maleate, triallyl cyanurate,
and triallyl isocyvanurate; esters of unsaturated carboxylic
acids and polyalcohols such as trimethylolpropane
triacryvlate; and the like.

[0042]

In the present specification, the polymerization
initiator to be supplied into the first reactor 10 is also
referred to as polymerization initiator A. The
polymerization initiator to be additionally supplied into
the second reactor 20 1s also referred to as polymerization
initiator B. The polymerization initiators A and B, as a
composition, respectively, may have the same formulation,
or may have different formulation from each other.

As the polymerization initiator, for example, &

radical initiator is used in this embodiment.
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Examples of the radical initiator include azo

compounds such as azobisisobutyronitrile,
azobisdimethylvaleronitrile, azobiscyclohexanenitrile,
1,1'~azcbis (l~acetoxy-1l-phenylethane), dimethyl 2,2'=
azobisisobutylate, and 4,4'~azobis-4-cyanovaleric acid;

organic peroxides such as benzoyl peroxide, lauroyl
peroxide, acetyl peroxide, caprylyl percxide, 2,4~
dichlorobenzoyl peroxide, isobutyl peroxide, acetyl
cyclohexylsulfonyl peroxide, t-butyl peroxypivalate, t-

butyl peroxyneodecanocate, t-butyl peroxyneocheptanocate, -~

butyl peroxy-2-ethylhexanoate, 1,1-di{t~
butylperoxy)cyclohexane, 1,1-di(t-butylperoxy)-3,3,5-
trimethylcyclcochexane, 1,1~di(t~hexylperoxy)=-3,3,5~
trimethylcyclohexane, diisopropyl peroxydicarbonate,
diisobutyl peroxydicarbonate, di-sec-butyl
peroxydicarbonate, di-n-butyl peroxydicarbonate, Dbis(2-
ethylhexyl) peroxydicarbonate, bis{4~t-butylcyclohexyl)

peroxydicarbonate, t-amyl peroxy—Zmethylhexanoate, 1,1,3,3~
tetramethyl butyl peroxy-ethylhexanoate, 1,1,2-trimethyl

ropyl peroxy~2-ethylhexanocate, t-butyl peroxy isopropyl
monocarbonate, t-amyl peroxy isopropyl monocarbonate, t-
butyl peroxy-Z-ethylhexyl carbonate, t-butyl peroxy allyl
carbonate, t-butyl peroxy iscopropyl carbonate, 1,1,3,3-
tetramethyl butyl peroxy isopropyl monocarbonate, 1,1,2-

trimethyl propyl peroxy iscopropyl monocarbonate, 1,1,3,3-
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tetramethyl butyl peroxy isononate, 1,1,2-trimethyl propyl
peroxy-isononate, and t-butyl peroxybenzoate.

These polymerization initiators may be used alone, or
may be used in a combination of at least two of them.

{0043}

The polymerization initiator canh be selected depending
on the kinds of the polymer to be produced and the raw
material monomer to be used. For example, the preferable
radical polymerization initiators are those having half-
life within 1 minute at their polymerization temperatures,
respectively, but the present invention is not particularly
limited therewith. In the case of the half-life at the
polymerization temperature is within 1 minute, the reaction
rate is not too small, and therefore, it 1s suitable to the
polymerization reactions in the continuous polymerization
apparatus. It is preferable that the half-life at the
polymerization temperature is 0.1 second or more. In the
case of that the half-life is less than 0.1 secohd, there
may be occurrences of problems such that the line ’is
obstructed, and the 1like, since sudden polymerization
occurs at the connected part to the reactor.

[0044]

The supply amount of the polymerization initiatexr (or

radical initiator) is not particularly limited, but may be

selected so that the total of the supply amounts of the
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polymerization initiator(s) supplied to the reactor 10 and
the reactor 20 is within a range generally from 0.001 to 1%
by welght with respect to the sum of the raw material
monomer eventually supplied to the reactor 10 and the raw
material monomer additionally supplied to the reactor 20.
[0045]

In the present specification, the chain transfer agent
to be supplied into the first reactor 10 is alsc referred
to as chain transfer agent A. The chain transfer agent to
be additionally supplied into the second reactor 20 is also
feferred to as chain transfer agent B. The chain transfer
agents A and B, as a cocmposition, respectively, may have
the same formulation, or may have a different formulation
from each other. The chain transfer agent can be used for
adjusting the molecular weight of the produced polymer.

As to the chain transfer agent, eifher monofunctional
cr polyfunctional chain transfer agent can be used. More
specifically, examples of the chain transfer agent include
alkyl mercaptans such as n-propyl mercaptan, isopropyl
mercaptan, n-butyl mercaptan, t-butyl mercaptan, n-hexyl
mercaptan, n-octyl mercaptan, Z2Z~ethylhexyl mercaptan, n-
dodecyl mercaptan, and t—dodécyl mercaptan; aromatic
mercaptans such as phenyl mercaptan and thiocresol;
mercaptans having 18 or less carbon atoms such as ethylene

thioglycol; polyalcohols such as ethylene glycol, neopentyl
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glycol, trimethylolpropane, pentaerythritol,
dipentaerythritol, tripentaerythritcl, and sorbitol; those
of which hydroxyl group is esterified with thioglycolic
acid or 3-mercaptopropionic acid, 1,4-dihydronaphthalene,
1,4,5,8~tetrahydronaphthalene, B-terpinene, terpinolene,
1,4-cyclohexadiene, hydrogen sulfide, and so on. These
chain transfer agents may be used alone as a single, or may
be used in any combination of at least two of them.

[0046]

In addition to the raw material monomer, the
polymerization initiatcr and the chain transfer agent,
which are described above, any appropriate other
component (s}, for example, a mold release agent, a rubbery
polymer such as butadiene and styrene-butadiene rubber
{(SBR}, a thermal stabilizing agent, and an ultraviolet
absorbing agent may be used. The mold release agent can be
used for improving moldability of a resin composition
obtained from the polymer composition. The thermal
stabilizing agent can be used for preventing a produced
polymer from thermal degradation. The ultraviolet
absorbing agent can be used for preventing a produced
polymer from being degraded by ultraviolet rays.

10047)
Examples of the mold release agents are not

particularly limited, but include esters of higher fatty
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acids, higher fatty alcochols, higher fatty acids, higher
fatty acid amides, metal salts of higher fatty acids, and
so on. These mold release agents may be used alone as a
single, or may be used in any combination of at least two
of them.

[0048]

Examples of the esters of higher fatty acids
specifically include, for example, saturated fatty acid
alkyl esters such as methyl laurate, ethyl laurate, propyl
laurate, butyl laurate, octyl laurate, methyl palmitate,
ethyl palmitate, propyl palmitate, butyl palmitate, octyl
palmitate, methyl stearate, ethyl stearate, propyl stearate,
butyl stearate, octyl stearate, stearyl stearate, myristyl
myristate, methyl behenate, ethyl behenate, propyl behenate,
butyl behenate, and octyl behenate; unsaturated fatty acid
alkyl esters such as methyl oleate, ethyl oleate, propyl
oleate, butyl oleate, octyl oleate, methyl linoleate, ethyl
linoleate, propyl linoleate, butyl linoleate, and octyl
linoleate; saturated fatty acid glycerides such as lauric
monoglyceride, lauric diglyceride, lauric triglyceride,
palmitic monoglyceride, palmitic diglyceride, palmitic
triglyceride, stearic monoglyceride, stearic diglyceride,
stearic triglyceride, behenic monoglyceride, behenic
diglyceride, and behenic triglyceride; unsaturated fatty

acid glycerides such as oleic monoglyceride, oleic
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diglyceride, oleic triglyceride, linolic monoglyceride,
linoclic diglyceride, and linclic triglyceride. Among them,
methyl stearate, ethyl stearate, butyl stearate, octyl
stearate, stearic monoglyceride, stearic diglyceride,
stearic triglyceride, and son on are preferred.

[0049]

Examples of the higher fatty alcohcls specifically
include, for example, saturated fatty (or aliphatic)
alcohols such as lauryl alcochol, palmityl alcohol, stearyl
alcohol, isostearyl alcohol, behenyl alcohol, myristyl
alcohol, and cetyl alcoholy; unsaturated  fatty {or
aliphatic) alcohels such as oleyl alcochol, and linolyl
azlconol. Among them, stearyl alcohol i1s preferred.

[0050]

Examples o©of the higher fatty acids specifically
include, for example, saturated fatty acids such as caproic
acid, caprylic acid, capric acid, lauric acid, myristic
acid, palmitic_acid, stearic acid, arachidic acid, behenic
acid, lignoceric acid, and 12Z2~hydroxyoctadecanoic acid;
unsaturated fatty acids such as palmitoleic acid, oleic
acid, linoleic acid, linolenic acid, cetoleic acid, erucic
acid, and ricinoleic acid.

[0051]
Examples of the higher fatty acid amides specifically

include, for example, saturated fatty acid amides such as
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lauric acid amide, palmitic acid amide, stearic acid amide,
and behenic acid amide; unsaturated fatty acid amides such
as oleic acid amide, linoleic acid amide, and erucic acid
amide; amides such as ethylene-bis-lauric acid amide,
ethylene~bis-palmitic acid amide, ethylene-bis-stearic acid
amide, and N-oleyl stearamide. Among them, stearic acid
amide and ethylene~bis-stearic acid amide are preferred.
[0052]

Examples of the metal salts of higher fatty acids
include, for example, sodium salts, potassium salts,
calcium salts and barium salts of the above-described
higher fatty acids, and sc on.

[0053]

An amount of the mold release agent to be used is
preferably adjusted in a range from 0.0l to 1.0 part by
welght, and more preferably adijusted in a range from 0.01
to 0.50 part by weight, with respect to 100 parts by weight
of a polymer contained in a polymer composition to be
obtained.

[0054]

Examples of the thermal stabilizing agent are not
particularly limited, but include, for example,
phosphorous-based thermal stabilizing agent and corganic
disulfide compounds, and the like. Among them, the organic

disulfide compounds are preferable. These thermal



10

15

20

25

40

stabillizing agents may be used alone as a single, or may be
used in any combination of at least two of them.
[0055]
Examples of the phosphorus-based thermal stabilizing agent
include, for example, tris(Z,4-di-t-butylphenyl)phosphite,
2-112,4,8,10~tetrakis{l,1-dimethylethyl)dibenzo
[d,£1[1,3,2]dioxaphosphepine-6-ylloxy]-N,N-bis[2~
[{2,4,8,10-tetrakis (1, l1-dimethylethyl)dibenzo
[d,£111,3,2]dioxaphosphepine~-6-ylloxy]l-ethylljethanamine,
diphenyl tridecyl phosphite, triphenyl phosphite, 2,2~
methylenebis (4,6~di~-tert-butylphenyl)octylphosphite,
bis(2,6-di~tert~butyl-4-methylphenyl)pentaerythritol
diphosphite, and so on. Among them, 2,2-methylenebis(4,6-
di-tert-butylphenyljoctylphosphite is preferred.
[0056]

Examples of the organic disulfide compounds include,
for example, dimethyl disulfide, diethyl disulfide, di-n-
propyl disulfide, di~n-butyl disulfide, di-sec-butyl
disulfide, di-tert-butyl disulfide, di-tert-amyl disulfide,
dicyclchexyl disulfide, di-tert-octyl disulfide, di-n-
dodecyl disulfide, di~tert-dodecyl disulfide, and so on.
Among them, di-tert-alkyl disulfide is preferred, and di-
tert-dodecyl disulfide is more preferred.

[0057]

An amount of the thermal stabillizing agent to be used
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is preferably within a range from 1 to 2,000 ppm by weight
with respéct to a polymer cecntained in a polymer
composition to be obtained. On molding a polymer
composition (cr, more specifically, a resin composition
after devolatilization) to prepare a molded article from
the polymer composition according to the present invention,
a molding temperature may be set at a higher temperature
for the purpose of improving its molding processability in
some cases. Use of such thermal stabilizing agent 1s more
effective for such case.

[0058]

As a kind of the wultraviolet absorbing agent, a
benzophencne-based ultraviolet absorbing agent, a
cyancacrylate-based ultraviolet absorbing agent, a
benzotriazole~based ultraviolet absorbing agent, a malonic
ester-based ultraviolet absorbing agent, an oxalic anilide-
based ultraviclet absorbing agent and so on are exemplified.
These ultraviclet absorbing agents may be used alone, or
may be used in any combination of at least two cof them.
Among them, the benzotriazocle-based ultraviolet absorbing
agent, the malonic ester-based ultraviolet absorbing agent,
and the oxalic anilide-based ultraviolet absorbing agent
are preferable.

[0059]

Examples of the benzophenone-based ultraviolet



10

15

20

25

42

absorbing agent include, for example, 2,4~
dihydroxybenzophenone, 2-hydroxy-4-methoxybenzophenone, 2-
hydroxy-4-methoxybenzophenone~5-sulfonic acid, 2-hydroxy-4-
octylexybenzophenone, 4d-dodecyloxy~2-hydroxybenzophenone,
d-benzyloxy-2-hydroxybenzophenone, 2,2"'-dihydroxy-4,4"'~
dimethoxybenzophenone, and so on.

[0060]

Examples of the cyanocacrylate-based ultraviolet
absorbing agent include, for example, ethyl 2-cyano-3,3-
diphenylacrylate, 2-ethylhexyl 2-cyano-3, 3-diphenylacrylate,
and so on.

[0061]

Examples of the benzotriazole-based ultraviolet
absorbing agent include, Zfor example, 2-{2-hydroxy-5-
methylphenyl)~2H-benzotriazole, 5-chloxo-2~(3, 5~di-tert-
butyl-2-hydroxyphenyl)-2H-benzotriazole, 2-(3-tert-butyl-2-
hydroxy-5-methylphenyl)~5~chloro~2H~benzotriazole, 2-(3,5~-
di-tert-pentyl-2~hydroxyphenyl)-2H-benzotriazole, 2-1(3,5~
di-tert-butyl-2-hydroxyphenyl)~2H-benzotriazole, 2-{2H~
benzotriazole-2-yl)-4-methyl-6-(3,4,5, 6~
tetrahydrophthalimidylmethyliphenol, 2~ {2-hydroxy~5-tert-
octylphenyl)~2H-benzotriazole, and so on.

[0062]
As to the malonic ester-based ultraviolet absorbing

agent, 2-{(l-aryl alkylidene)malonates are generally used,
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and examples thereof include dimethyl 2-{p-
methoxybenzylidene)malonate, and soc on.
[0063]

As to the oxalic anilide~based ultraviolet absorbing
agent, 2-alkoxy-2'-alkyloxalic anilides are generally used,
and examples thereof include 2-ethoxy~-2'~ethyloxalic
anilide, and so on.

[0064]

An amount of the ultraviclet absorbing agent to be
used 1s preferably within a range of from 5 to 1,000 ppm by
weight with respect to a polymer contained in a polymer
composition to be obtained.

[0065]

In the raw material monomer tank 1, the raw material
menomer {in one kind or a mixture of two or more kinds
thereof) as described above 1is appropriately formulate
together with the chain <transfer agent {and other
component (s} such as the mold release agent as the case may
be), if necessary. In the polymerization initiator tank 3,
the polymerization initiator as described above 1is
appropriately formulate together with the raw material
monomer and/or the chain transfer agent, if necessary (and
other component({s) such as the mold release agent as the
case may be). The polymerization initiator tank 3 may

store the polymerization initiator alone, or may store a
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form of the mixture of the raw material monomer and the
polymerization initiator {may  further comprise other
component (s) such as the mold release agent as the case may
be}. The polymerization initiator tank may store the
polymerization initiator in a form of the mixture of the
raw material monomer, the polymerization initiator and the
chain transfer agent (may further conprise other
component (s} such as the mold release agent as the case may
be) . The c¢hain transfer agent supplied into the first
reactor 10 may be contained in at least one of the mixtures
such as the mixture containing the raw material monomer to
be combined in the raw material monomer tank 1 as well as
the mixture containing the polymerization initiator to be
combined in the polymerization initiator tank 3.

At a polymerization initiator tank .17, the above-
described polymerization initiator is appropriately
combined together with the raw material monomer and the
chain transfer agent (and other component (s}, if necessary).
In the polymerization initiator tank 17, the polymerization
initiator is stored in a form of a mixture containing the
raw material monomer, the polymerization initiator and the
chain transfer agent {which may additionally comprise cther
component (s), if necessary).

In the case of that a supply port 1llc is communicated

with the polymerization initiator tank 3 via a pump 7, or
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in the case of that a supply port 2lc is communicated with
the polymerization initiator tank 17 via a pump 19, the
polymerization initiator may be solely stored in the
polymerization  initiator  tank 3 or 17, and  the
polymerization initiator may be solely supplied into the
reactor 10 or the reactor 20. Therefore, there is a
pessibility that local polymerization reaction takes place
at the reactor 10 or the reactor 20. Whereas, in the case
of that it is stored in a form of a mixture containing the
raw material monomer and the polymerization initiator, the
polymerization initiator is previously combined with a part
of the raw material monomer. Therefore, such possibilities
can be removed.
[0066]
<First Polymerization Step>

In the first polymerization step, a raw material
compesition comprising the raw material monomer(s), the
polymerization initiator(s) and the chain transfer agent (s)
is supplied to the first reactor. In the present
specification, the raw material composition to be supplied
into the first reactor is also referred to as raw material
composition A.

The raw material monomer, the polymerization initiator
and the chain transfer agent are supplied into the first

reactor 10 through the supply port l1la from the raw
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material monomer tank 1 and the polymerization initiator
tank 3 as the supply sources of the raw material monomer,
the polymerization initiator, and the chain transfer agent.
Specifically, the raw material monomer(s), and the chain
transfer agent(s), 1f necessary, are supplied from the raw
material monomer tank 1 Dby the pump 5, and the
polymerization initiator (preferably, the mixture of the
raw material monomer and the polymerization initiator, and
the chain transfer agent, 1f necessary) 1s supplied from
the polymerization initiator tank 3 by the pump 7, and they
merge together through the raw material supply line 9 into
the first reactor 10 via the supply port 1lla. Also, the
polymerization initiator may be supplied from  the
polymerization initiator tank 3 by the pump 7 to the first
reactor 10 via the supply port 1llc as shown by the dotted
line in Figure 1.

[0067]

For supplying the polymerization dinitiator into the
first reactor 10, when the mixture of the raw material
menomer (s) and the polymerization initiator(s), and the
chain transfer agent(s), 1f necessary, is prepared in the
polymerization initiator tank 3 and supplied therefrom, it
is preferable to adjust a ratio A:B within a range from
80:20 to 98:2 wherein A represents the supply flow rate

Mmf/min) of the raw material monomer (¢or the raw material
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monomer and the chain transfer agent, 1f necessary) from
the raw material monomer tank 1, and B represents the
supply flow rate (cm®/min) of the mixture containing the
raQ material monomer and the polymerization initiator, and
the chain transfer agent, 1if necessary (or a mixture having
a content proportion of the polymerization initiator within
a range from 0.002 to 10% by weight) from the
polymerization initiator tank 3.

[0068]

The temperature of the raw material composition tTo be
supplied to the first reactor 10 is not particularly
limited. However, this is one of factors which may change
the polymerization temperature by losing heat balance in
the reactor, and‘therefora it is preferable to adjust the
temperature appropriately by a heater/cooler (not shown in
the drawings) before supplying it into the reactor 10.
[0069]

The raw material compesition to be supplied to the
first reactor 10 as described in the above are subjected to
a continuous bulk polymerization in the first reactor 10
{in other words, polymerization with no solvent). This
first polymerization step has only to proceed the
polymerization reaction partway, and an intermediate
composition 1is taken from the effluent port 1lb of the

first reactor 10.
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[G070]

In the first polymerization step, 1t is preferable
that the continuous bulk polymerization can be conducted
under a condition{s) in which the reactor 1is filled with
the reaction mixture while substantially no gas phase is
present {(hereinafter, which may be referred to as a fully
filled condition{sj}. The fully filled condition{s) can
prevent beforehand the occurrences of the problems such as
that gel adheres to and grows on the inner surface of the
reactor, and that this gel is contaminated into the
reaction mixture to degrade guality of a polymer
composition obtained in the end. Furthermore, the fully
filled conditions enable all of the inner wvolume of the
reactor to be effectively used as a reaction space, and
thereby a high productivity can be attained.

[0071].

By locating the effluent port 1lb of the first reactor
10 at the reactor's top, the fully filled conditions can be
conveniently realized simply by conducting the supply to
and the taking from the first reactor 10, continuously.
{0072]

Furthermore, in the first polymerization step, it is
preferable that the continuous bulk polymerization may be
conducted under the adiabatic condition{s) (or condition(s)

with substantially no heat transfer to or from outside of
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the reactor). The adiabatic condition(s) can prevent
beforehand the occurrences of the problems such as that gel
adheres to andvgrows on the inner surface of the reactor,
and that this gel is contaminated into the reaction mixture
to degrade gquality of a resin composition obtained in the
end. Furthermore, the adiabatic conditions enable the
polymerization reaction to become stable, and self
regulating characteristics for suppressing a runaway
reaction(s) can be brought about.

[0073]

The adiabatic condition(s) can be realized by making
the temperature of the inside of the first reactor 10 and
the temperature of the outer surface therecf generally
egqual to each other. More specifically, this can be
realized, with the use of the above-described control
device (not shown in the drawings), by the supply amounts
of the raw material monomer and the polymerization
initiator into the first reactor 10 by adjusting the
operations of the pumps 5 and 7 such that the temperature
of the outer surface of the first reactor 10 set for the
jacket (as a temperature regulating means) 13 and the
temperature in the first reactor 10 detected by the
temperature sensor {(as a temperature detecting means) T
correspond to esach other. If the temperature of the outer

surface of the reactor i1s set much higher than the
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temperature in the reactor, it may add extra amount of heat
into the reactor.

The smaller the difference between the temperature in
the reactor and the temperature of the outer surface of the
reactor is, the better it is. More specifically, it is
preferable to adjust the temperature difference within the
range of % about 5°C. Polymerization heat and stirring
heat, which are generated in the first reactor 10, are
generally taken away together with the intermediate
composition being withdrawn from the first reactor 10. The
heat amount taken away by the intermediate composition
depends on the flow rate of the intermediate composition,
specific heat, and temperature of the polymerization
reaction.

[0074]

The temperature of the continuocus bulk pclymerization
in the first polymerization step can be understcod as the
temperature in the first reactor 10 (which is detected by
the temperature sensor T). The first polymerization step
is conducted at a temperature in the range from 120 to 160
°C, preferably at a temperature in the range from 120 to
150 °Cc. It is noted, however, that the temperature in the
reactor may be changed according to wvaricus conditions
until it reaches a static state. In the case of that the

continuous bulk polymerization 1is conducted wunder an
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adiabatic condition(s), the temperature of the first
reactor 10 depends on the heat of the polymerization. A
higher concentration of the pclymerization initiator in the
raw material composition supplied intc the first reactor 10
gives a higher polymerization conversion. As a result, the
temperature in the first reactor 10 can be increased.

[0075]

The pressure of the continuocus bulk polymerization in
the first polymerization step can be understood as the
pressure in the first reactor 10. This pressure is set at
a pressure not less than a wvapor pressure of the raw
material monomer at the temperature in the reactor to
prevent gas of the raw material monomer from generating in
the reactor, and is generally within a range from about 1.0
to 2.0 MPa 1n gauge pressure.

[o0o7e¢]

A time period subjected to the continuocus bulk
polymerization in the first polymerization step can be
understood as an average residence time in the first
reactor 10. The average residence tTime 1in the first
reactor 10 can be set according to the productivity of the
polymer in the intermediate composition, and so on. A
shorter average residence time reaching to the determined
polymerization conversion gives a higher productivity.

Therefore, a shorter average residence time is preferable.
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It is more preferable that the average residence time is
set within a range from 15 minutes to 2 hours and 45
minutes. The average residence time in the first reactor
10 can be adjusted by using pumps 5 and 7 to change the
supply amount (or supply flow rate) of the raw material
monomer, or the like, to the first reactor 10.

[0077]

As  described in the  above, the intermediate
composition is taken from the effluent port 11lb of the
first reactor 10. The obtained intermediate composition
comprises the generated polymer(s) and the unreacted raw
material monomer(s), and may further comprise the unreacted
polymerization initiator(s), decomposed substance(s) of the
polymerization initiator{s), and so on.

[0078]

The polymerization conversion in the intermediate
composition 1s, preferably, within a range from 30 to 50%
by weight. The polymerization conversion in  the
intermediate composition corresponds to the content
proportion of the polymer in the intermediate composition.
[007¢9]
<Second Polymerization Step>

The second polymerization step is conducted in series
with and following to the first polymerization step.

The resulting intermediate composition as described in
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the above is withdrawn or taken from the effluent port 1lib
of the first reactor 10, and then, through the connection
line 15, supplied into the second reactor 20 from a supply
port Z21la. Then, the intermediate composition is further
subjected to a continucus bulk polymerization in the second
reactor 20. This second polymerization step is to let the
pelymerization reaction proceed to the desired
polymerization conversion. The resulting polymer
composition {or ©polymerization syrup) 1is continuously
withdrawn or taken from the effluent port 21b of the second
reactor 20.

(6080}

Hereinafter, the second polymerization step will be
described mainly with respect to the different points from
the first polymerization step, and explanations similar to
those for the first polymerization step are applied thereto
unless particularly otherwise explained.

[0081]

In the second polymerization step, a raw material
compesition containing & raw material monomer (s}, a
polymerization initiator({s} and a chain transfer agent{s)
is supplied to the second reactor in addition to the above-
described intermediate composition. In the ©present

specification, the raw material composition to be supplied

into the second reactor is also referred to as raw material
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Specifically, the raw material composition containing
a raw material monomer(s), a polymerization initiator(s)
and a chain transfer agent(s) is supplied from =a
polymerization initiator tank 17 to the second reactor 20,
via a supply port 2la or an additional supply port Z2lc,
through a connection line 15 by a pump 109. Thus, an
additional polymerization initiator may be added to the
intermediate composition.

Alternatively, while the raw material composition B is
prepared, during a raw material composition containing a
raw material moncmer(s) and a polymerization initiator (s}
is transferred, in a liguid form, from the polymerization -
initiator tank 17 to the connection line 15 by the pump 19,
it is combined witﬁ a chain transfer agent in a liguid form,
which has been stored in other tank than the polymerization
initiator tank 17 and transferred from the other pump than
the pump 19, by controlling the flow rates of these two
pumps, respectively. Thereby, a desired concentration of
the chain transfer agent can be achieved.

Temperature of the raw material composition B to be
supplied from the polymerization initiator tank 17 to the
second reactor 20 1s not particularly limited. However, it
is preferable that the temperature is appropriately

adjusted by a heater / a cooler (hot shown in the drawings)
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balance in the reaétor may be deteriorated or affected, and
the polymerization temperature may be varied. It is
preferable that the content of the polymerization initiator
contained in the raw material composition B is within a
range from 0.002 to 10% by weight.

[0082]

A sufficient amount of the chain transfer agent is
added to the second reactor 20. Thereby, in the second
reactor 20, a polymer having a smaller average molecular
weight than that of the polymer obtained in the first
reactor 10 can be produced. 1A higher concentration of the
chain transfer agent can produce a polymer having a smaller
average molecular weight. Therefore, when the supply
amount of the chailn transfer agent to the second reactor 20
is increased, the difference between the average mclecular
welght of the polymer obtained in the first reactor 10 and
that of the polymer obtained 1in the second reactor 20
becomes large. Accordingly, the molecular welght
distribution can be broadened. Herein, [81] is defined as
a concentration (in % by weight) of a chain transfer
agent({s) in a raw material composition (containing a raw
material monomer(s), a polymerization initiator(s) and a
chain transfer agent(s), and other component (s}, if

necessary) supplied intoe the first reactor. [82] 1is
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defined as a concentration (in % by weight) of a chain
transfer agent(s) relative to total amount of a raw
material composition {(containing a raw material monomer (s),
a polymerization initiator(s) and a chain transfer agent(s),
and other component(s), if necessary) and the intermediate
composition, both of which are supplied into the second
reactor. In the method according to the present invention,
the supply amount of the chain transfer agent 1s adjusted
so as to satisfy the following formula:

1.7 £ {821/181)
Preferably, the supply amount of the chaln transfer agent
is adjusted so as toc satisfy the following formula.

2.0.51[82]1/1[811
The upper limit of the ratio, or [S2]/[S1] is not
particularly limited, but it is preferably 100 or less,
more preferably 50 or less, yet more preferably 20 or less,
particularly preferably 15 or less, and most preferably 10
or less.

The wvalue of [81] is preferably less than 0.2, more
preferably less than 0.14., When the value of [81] is 0.2
or more, while a strand extruded from an extruder is
withdrawn to a pelletizer and formed into pellets,
mechanical strengths of the strand sometimes may be
decreased. Tnerefore, the strand sometimes may be break

dewn, or generation of £fine powders sometimes may be
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increased.

The lower limit of the value of [S1] 1s preferably
0.05. When the value of [81] is less than 0.05, the
molecular weight of the polymer obtained in the first
reactor 1s increased. Therefore, the viscosity of the
syrup in the first reactor sometimes may be increased. As
a result, 1t may become to be difficult to be uniformly
stirred in the first reactor, or to be transferred
therefrom in a liguid form. Herein, there is a possibility
that a runaway reaction occurs in the first reactor due to
the increased viscosity of the syrup. Herein, burden on
the extruder sometimes may be increased since the resulting
polymer hés an increased average molecular weight.

Furthermore, it 1s preferable that the value of ([5Z]
satisfies with the following formuia.

0 < [82] =1

It is preferable that the upper limit of the value of
[s21 is 1. When the value of ([82] is more than 1, the
viscosity of the polymer obtained in the second reactor
sometimes may be significantly decreased. As a result,
while a strand extruded from the extruder is withdrawn to a
pelletizer and formed 1into pellets, the mechanical
strengths of the strand sometimes may be decreased. Thus,
the strand sometimes may be broken down, and fine powder

sometimes may be increased.
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The wvalue of [852] is preferably more than 0, more
preferably 0.2 or more.
[0083]

Herein, it is preferable that the continuous bulk
polymerization is conducted so that the temperature of the
connection line 15 substantially corresponds to the
temperature in the first reactor 10. The temperature of
the connection line 15 can be determined not to be
excessively lowered than the temperature 1in the first
reactor 10. Thereby, increase in the wviscosity of the
intermediate composition in the connection line 15 can be
prevented, and the intermediate composition can be stably
supplied to the second reactor 20. The temperature of the
connection line 15 can be determined not to be excessively
increased rélative to the temperature in the first reactor
10. Therefore, increase 1in the temperature in the second
reactor can be prevented, and qualities such as thermal
stability of the finally produced resin composition can be
maintained. So that the temperature of the connection line
15 substantially corresponds to the temperature in the
first reactor 10, a jacket can be placed on the connection
line 15, as a temperature regulating means. It can be
achieved by controlling the temperature determined on the
Jacket. Herein, in the case of that nc heat of

polymerization 1s generated in the connection line, any
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heat insulating material is placed on the connection line
15, 4instead o¢f the djacket, and the temperature o¢f the
connection line 15 can be maintained. Therefore, the
temperature of the connection line 15 can substantially
correspond to the temperature in the first reactor 10.
[oo84;]

Herein, a flow rate of the intermediate composition to
be supplied into the second reactor 20 is defined as Q1 (in
cm®/min) . A flow ‘rate of a raw material composition
{(containing a raw material monomer{s), a polymerization
initiator{s) and a éhain transfer agent(s)) to be supplied
into the second reactor 20 is defined as Q2 (in cm®/min).
The pumps 5, 7 and 19 are controlled so that the values of
01 and Q2 satisfy the following formula.

1 £ Ql/02 < 50
Thus, the flow rates of the intermediate composition and
the raw material composition, both of which are supplied to
the second reactor 20, are adjusted, respectively, and the
chain transfer agent i1s diluted, and the diluted chain
transfer agent is supplied into the second reactor 20.
Thereby, the value of [S82] can be stably contrclled since
influence on the variation(s) of Ql and/or Q2 becomes more
benign in comparison with the case of that the chain
transfer agent is directly supplied thereto without any

dilution. As a result, the methacrylic polymer composition
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having the desired molecular weight distribution can be
stably obtained.

When the ratio of Q1/Q02 is more than 50, in order to
produce the lower molecular weight polymer, the
concentration of the <c¢hain transfer agent in the raw
material cbmposition supplied into the second reactor
should be considerably increased. In this case, slight
changing in the value of Q2 significantly influences on the
molecular weight of the lower molecular weight polymer.
Therefore, it is not preferable.

When the ratio of Q1/02 is less than 1, the polymer
produced in the first reactor can be diluted with the raw
material composition tc be supplied into the second reactor.
Therefore, the productivity can be lowered.

[0085]

Also, in the second polymerization step, it is
preferable that the continuous Dbulk polymerization is
conducted under a fully filled condition(s).

The fully filled condition(s) can prevent beforehand
the occurrences of the problems such as that gel adheres to
and grows on the inner surface of the reactor, and that
this gel 1is contaminated into the reaction mixture to
degrade gquality of the resin composition obtained in the
end. Furthermore, the fully filled conditions enable all

of the inner wvolume of the reactor to be effectively used
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as a reaction space, and thereby a high productivity can be
attained.

[008e]

| By locating the effluent port 21b of the second
reactor 20 at the reactor's top, the fully filled condition
is conveniently realized simply by continuously conducting
the supply to and the taking from the second reactor 20.
[0087]

Also, furthermore, in the second polymeriéation step,
it is preferable that the continuous bulk polymerization is
conducted under the adiabatic cendition{s)}. The adiabatic
condition{sg) can prevent beforehand the occurrences of the
problems such as that gel adheres to and grows on the inner
surface of the reactor, and that this gel is contaminated
into the reaction mixture to degrade quality of the polymer
composition c¢btained 1in the end. Furthermore, the
adliabatic conditions enable the pelymerization reaction to
become stable, and self regulating characteristics for
suppressing a runaway reaction{s) can be brought about.
[0088]

The adiasbatic condition(s) can be realized by making
the temperature of the inside of the second reactor 20 and
the temperature of the outer surface thereof generally
egqual to each other. More specifically, this can Dbe

realized, with the wuse of the above-described control
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device (not shown in the drawings), by the supply amounts
of the intermediate composition and the raw material
composition B to the second reactor 20 by adjusting the
operations of the pumps 5, 7 and 19 such that the
temperature of the outer surface c¢f the second reactér 20
set for the jacket (as a temperature regulating means) 23
and the temperature in the second reactor 20 detected by
the temperature senscr (as a temperature detecting means) T
correspond fto from each othér. If the temperature of the
cuter surface of the reactor is set at much higher
temperature than the temperature in the reactor, it
sometimes may add extra amcunt of heat into the reactor.
The smaller the difference between the Temperature in the
reactor and the temperature of the outer surface of the
reactor is, the better it is. Specifically, it 1is
preferable to adiust the temperature difference within the
range of * about 5°C.

[00882]

The temperature of the continucus bulk polymerization
in the second polymerization step can be understood as the
temperature in the second reactor 20. The second
polymerization step is conducted at a temperature within a
range of 140 to 180 °C. 1In the case of that the continuous
bulk polymerization 1s conducted under an adiabatic

condition{s), in the second polymerization step, the
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temperature in the second reactor 20 depends on heat of the
polymerization. A highex concentration of the
polymerization initiator relative to the total amount of
the intermediate composition and the raw material
composition B, both of which are supplied to the second
reactor 20 gives a higher polymerizaticn conversion. As a
result, the temperature in the second reactor 20 can be
increased.

[0090]

A time period during the continuous pbulk
polymerization in the second polymerization step can be
understcod as an average residence time 1in the second
réactor 20. The average residence time in the second
reactor 20 can be set according to the productivity of the
polymer in the polymer composition, and so on. A shoerter
average residence time to the determined polymerization
conversion gives a further improved productivity.
Therefore, a shorter average residence time is preferable.
However, 1f the average residence time i1s too short,
increased friction may be generated in the connection line
between the first reactor and the second reactor. Thus, it
sometimes may be difficult to transfer the liguid
composition by the pump. Accordingly, it is preferable to
set the average residence time within a range from 15

minutes to 2 hours and 45 minutes. A ratio of the average
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residence time in the second reactor 20 relative to the
average residence time 1in the first reactor 10 is
preferably within a range from 9/1 to 1/9, and more
preferably within a range from 8/2 to 2/8. The average
residence time in the second polymerization step may be
generally equal to the average residence time in the first
polymerization step, but preferably different from it. The
average residence time in the second reactor 20 can be
adjusted by using of the pumps 5, 7 and 19 to change the
supply amounts (or supply flow rates) of the intermediate

1

composition and the raw material composition B to the
second reactor 20. According to the present embodiment, sum
of an average residence time 981 in the first reactor 10 and
an average residence time 82 in the second reactor 20 (i.e.,
61 + 02) is preferably 180 minutes or less. Accordingly, a
polymer composition can Dbe produced in an excellent
productivity.

[0091]

As described in the above, the polymer composition is
taken out from the effluent port 21b of the second reactor
20. The obtained polymer composition comprises the
generated polymer, and may further comprise the unreacted
raw material monomer (s), the unreacted polymerization

initiator(s), decomposed substance(s) of the polymerization

initiator{(s), and so on.




10

15

20

25

[0092]

The polymerizatioh conversion (x) in the methacrylic
polymer composition is preferably within a range from 40 to
60% by weight. Herein, the polymerization conversion in
the polymer composition corresponds to the content of the
polymer in the polymer composition. A higher
polymerization conversion gives a higher productivity of
the polymer. "However, viscosities of the intermediate
composition and the polymer composition are increased,
respectively. Therefore, a vlarge stirring power is
required.

Herein, a higher polymerization conversion gives a
larger amount of the generafed polymerization heat.
Therefore, a local and sudden cooling on the reaction
system tends to be easily occurred during removal of heat
for maintaining the temperature of the polymerization
reaction in the reaction system at a constant temperature,
As a result, gel adhesion to and gel growth on the inner
wall of the reactor become mcre remarkable. Therefore,
there may be occurrences of problems such as contamination
of gelled substance as an impurity into the resulting
polymer composition. On the other hand, a lower
polymerization conversion gives a lower productivity of the
polymer. There is an increased purden on the recovery of

the unreacted raw material monomer (s). Therefore, 1t is
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preferable that an appropriate polymerization conversion is
determined as a target or a standard.
[0093]

Herein, the difference between the temperature of the
continuous bulk polymerization in the second polymerization
step and the  temperature of the continuous bulk
polymerization in the first ©polymerization step 1is
correlated tc the polymerization conversion in the second
pelymerization step. A larger difference between the
temperatures gives a larger amount of the polymer obtained
in the second polymerization step. Thus, the ratio of the
polymer obtained in the first polymerization step to the
polymer obtained in the second polymerization step can be
controlled by the temperature in each of the polymerization
steps. According to the present embodiment, the first
polymerization step is conducted within a range from 120 to
160 °C, preferably within a range from 120 to 150 °C. The
second polymerization step is conducted within a range from
140 to 180 °C. Furthermore, the difference (T2-T1) between
the temperature (T2) of the continuous bulk polymerization
in the second polymerization step and the temperature (T1)
of the continuous Dbulk polymerization in the first
polymerization step can be determined within a range from
20 °C or more to 60 °C or less. Accordingly, the average

molecular weight of the polymer obtained in the second
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polymerization step may be lower than the average molecular
welght of the polymer cobtained in the first polymerization
step. While the proportion of the lower molecular weight
polymer is controlled by the temperature of each of the
polymerization steps, the polymer compesition can be
obtained in an excellent productivity.

Less than 120 °C of the temperature of the first
reactor gives a lower polymerization conversion obtained in
the first reactor. As a result, the productivity is
decreased. More than 160 °C of the temperature of the
first reactor gives a higher propcortion of the higher
molecular weight polymer. Therefore, any desired content
of the lower molecular weight polymer is not obtained.

Less than 140 °C of the temperature of the second
reactor gives a lower polymerization conversion obtained in
the second reactor. As a result, the productivity is
reduced. More than 180 °C of the temperature of the second
reactor gives depolymerization. Therefore, the desired
proportion of the lower molecular weight polymer and the
desired molecular weight c¢f the lower molecular weight
polymer cannot be achieved. Herein, polymerization at a
higher temperature generates a larger amount of dimers as
byproducts.

In the case of that the value of TZ-T1 is lower than

20 °C, the proportion of the lower molecular weilght polymer
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is excessively lowered. Therefore, the average molecular
welght of the resulting polymer is increased. Accordingly,
burden on the extruder is increased.

In the case of that the value of T2-T1 is more than 60
°C, the proportion of the lower molecular weight polymer is
increased. As a result, during a strand extruded from the
extruder 1is withdrawn to a pelletizer toc form pellets,
mechanical strengths of the strand are lowered, and
therefore the strand is sometimes Dbroken down, and fine
powders are sometimes increased.

[0094]

How the polymerizatién reaction conditions are set for
each of the first polymerization step and the second
polymerization step may vary depending on the polymer to be
generated, the raw material monomer to Dbe used, the
polymerization initiator to be used, and the chain transfer
agent to be used, the molecular weight distribution to be
desired, the ratio of the lower molecular weight polymer to
be desired, the heat resistance to be desired, thermal
stabillity to be desired, and the productivity to be desired,
and so on.

(009357
<Devolatilization Step>
As described in the above, the polymer composition (or

polymerization syrup) taken from the effluent port 21lb of



10

15

20

25

69

the second reactor 20 may comprise the unreacted raw
material monomer{s) and polymerization initiator{s) and so
on, in addition to the generated polymer. Although this
embodiment is not limited therewith, such polymer
composzition is preferably subjected to devolatilization to
separate and recover the raw material monomer(s), etc.
[0096]

Specifically, the polymer composition is transferred
to the prehesater 31 through the effluent line 25. In the
preheater 31, the polymer composition is added with a part
or all of an amount of heat necessary to veclatilize the
volatile component which 1s mainly composed of the
unreacted raw material monomer. Then, the polymer
composition is transferred to the devolatilizing extruder
33 wvia the pressure adjusting valve (not shown in the
drawings), and the volatile components are at least
partially removed in the devolatilizing extruder, and a
residual extruded obiject 1s withdrawn to a pelletizer, and
then, formed into pellets and discharged from the discharge
line 35. Thereby, the resin composition comprising a
methacrylic ester-based polymer can be produced in the form
of the pellets.

[0097)]

As a method for transferring the above polymer

composition, a method described in JP  4-48802 B is
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preferable. As a method of using a devolatilizing extruder,
methods described in, for example, JP 3-49925 A, JP 51-
29914 B, Jp 52-17555 B, JP 1-53682 B, JP 62-89710 A and so
on are preferable.

[0098]

Furthermore, during or after devolatilization of the
polymer  composition in the devolatilizing  extruder
described above, the polymer composition or the extruded
object can be added with mold release agents such as higher
alcohols and higher fatty aclid esters, an ultraviolet
absorbing agent, a thermal stabilizing agent, a colorant,
an antistatic agent, and so on, 1in order to incorporate
them into the resin compcesition, if necessary.

[0098]

The volatile component (s) removed in the
devolatilizing extruder 33 comprise(s) primarily of the
unreacted raw material monomer (s} and includes impurities;
e.g. impurities originally contained in the raw material
moncmer{g), additives used, 1f necessary, volatile by-
product (s} generated in the process of polymerization,
oligomer(s) such as dimer(s) and trimer(s), decompoéed
substance({s) of the polymerization initiator{(s), and so on,.
In general, a larger amount of the impurities makes the
obtained resin compesition colored, which is not preferable.

Then, the volatile component {s) removed in the
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devolatilizing extruder 33 (which comprise{s) primarily of
the unreacted raw material monomer(s) and includes
impurities as described above, or the like) may be passed
through a monomer recovery column (not shown in the
drawings), and treated by means of distillation, adsorption
and so on in the monomer recovery column to remove the
impurities from the above-described volatile component(s).,
Thereby, the unreacted raw material monomer can be
recovered with a high purity, so that it can be suitably
reused as the raw material monomer for the polymerization.
For example, a continuous distillation 1s conducted in the
monemer recovery column to recover the unreacted raw
material monomer with a high purity as a distillate liquid
from the top of the monomer recovery column, and 1t may be
transferred and recycled to the raw material monomer tank 1
after it is reserved in the recovery tank 37 once, or it
may be transferred and recycled to the raw material monomer
tank 1 without it being reserved in the recovery tank 37.
On the other hand, the impurities removed in the monomer
recovery column may be disposed as wastes.
[0100]

In order to prevent the recovered raw material monomer
from causing the polymerization reaction in the recovery
tank 37 and/or the raw material monomer tank 1, it is

preferable that a polymerization inhibitor exists in the
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recovery tank 37 or the raw material monomer tank 1 at a
proportion, for example, within a range from 2 to 8 ppm by
weight with respect to the raw material monomer, and more
preferably, in addition to this, an oxygen concentration in
a gas phase in the recovery tank 37 or the raw material
monomer tank 1 is set within a range from 2 to 8% by volume.
If the recovered raw material moncmer 1s wanted to be
preserved in the recovery tank 37 for a long time, it 1is
preferable to reserve it at a low temperature, for example,
within a range from 0 to 5°C.

[0101]

As described above, with referring to the embodiment
of the present invention, the method for producing the
polymer composition according to the present invention is
explained in detail. According to the present invention,
the peolymerizations can be conducted on at least two stages
in series Dby using of at least two, or the first reactor
and the second reactor. Therefore, reaction conditions of
the polymerizations at the first polymerization step and
the second polymerization step can be separately determined,
such as, for example, temperatures, time periods (or
average residence times), amount of chain ftransfer agent
(or proportion of chain transfer agent relative to raw
material composition) and amount of polymerization

initiator {or proportion of ©polymerization initiator
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relative to raw material monomer(s)). According to the
present invention, the first polymerization step can be
conducted within a range from 120 to 160 °C by introducing
a chain transfer agent, and the second polymerization step
can be conducted within a range from 140 to 180 °C by
additionally introducing a chain transfer agent. Thereby,
the ratio 'of the lower molecular weight polymer to the
higher molecular weight polymer, both of which are
contained in the finally produced polymer composition can
be controlled. Accordingly, the polymer composition having
a sufficiently broadened molecular weight distribution can
be more efficiently produced. Particularly, according to
the present invention, the amount of the chain transfer
agent supplied to each of the first and the second reactors
can control the molecular welght distribution.
Additionally, the variation of the polymerization

temperature in each of the first and the second reactors

"can change the proportion of the lower molecular weight

polymer, and Dbreoaden the range of the molecular weight
distribution to be controlled.
[0102]

However, the present invention is not limited to the
above~described embodiment, and variocus modifications can
be made. For example, three or more reactors can be used

to conduct the polymerizations in three or more stages in
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series. Furthermore, the processes for producing the
polymer composition in the above-described embodiment
according to the present invention c¢an be continuously
conducted, but they may be conducted by batch procedures.
[0103]

The polymer compeosition produced Dby the method
according to the present invention can be preferably used
as a material for a molded article. The moided article
produced by using of the polymer composition
obtained/obtainable by the method according to the present
invention has a higher solvent resistance and a higher
molding flowability, which provides advantages. The
resulting molded article can be preferably utilizes as
vehicle members such as a rear lamp cover, a head lamp

cover, a visor, a meter panel, and so on.

EXAMPLES
(0104]

Hereinafter, examples of the method for producing the
polymer composition according to the present invention are

described. The present invention is not limited with these

examples.
[0105]

Exanmple 1

In this example, polymer composition was produced in a
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pellet»form (as a form of a resin composition) by carrying
out the continuous polymerizations at two stages according
to the above-described embodiment, schematically, with
referring to Figure 1. Details are further described as
follows.

(01061

98.826 parts by weight of methyl methacrylate and
0.935 part by weight of methyl acrylate were mixed. To the
mixture, 0.139 part by weight of n-octyl mercaptan as a
chain transfer agent and 0.100 part by weight of stearvl
alcohol as a mold release agent were added to prepare a raw
material monomer liguid mixture 1.

99.840 parts by welght of methyl methacrylate and
0.160 part by weight of t-amyl peroxy-Z-ethylhexancate as a
polymerization initiator were mixed to  prepare a
peolymerization initiator liquid mixture 1.

96.868 parts by weight of methyl methacrylate, 0.116
part by weight of 1,l-di{t-butylperoxy)cyclchexane as a
polymerization initiator and 3.016 parts by weight of n-
octyl mercaptan as a chain transfer agent were mixed to
prepare a polymerization initiator liguid mixture 2.

[6107]

In this example, the apparatus illustrated in Figure 1

was used to produce polymer composition. A complete mixing

type reactor with a volume of 13 L was used as the first
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reactor 10. A complete mixing type reactor with a volume
of 6 L was used as the second reactor 20. The above-
prepared raw material monomer ligquid mixture 1,
polymerization initiator liquid mixture 1 and
polymerization initiator liquid mixture 2 were supplied to
the raw material monomer tank 1, the polymerization
initiator tank 3 and the polymerization initiator tank 17,
respectively.

[0108]

The raw material monomer liguid mixture 1 and the
polymerization initiator liquid mixture 1 were continuously
supplied, respectively, from the raw material monomer tank
1 and the polymerization initiator tank 3 into the first
reactor 10, via the raw material supply line 9, through the
supply port 1la located at the lower part of the reactor.
[0109]

The supplies of the raw material monomer 1liquid
mixture 1 and the polymerization initiator liquid mixture 1
to the first reactor 10 were conducted so that the ratio of
these flow rates were to be 17.10:1.00 and the average
residence time (81) 4in the first reactor 10 was 63.6
minutes. The temperature (T1) in the first reactor 10 was
set at 120 °C. The temperature of the Jjacket 13
surrounding the outer surface of the first reactor 10 was

set at 120 °C. The continuous polymerization was carried
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out under the adiabatic conditions without substantial heat
coming in and out. This continuous polymerization was
carried out under the conditions {or fully filled
conditions) wherein the first reactor 10 was filled with
the reaction mixture (or liquid mixture) and there was no
substantial gas phase.

[0110]

The reaction mixture in the first reactor 10 was
continuously withdrawn as an intermediate composition
through the effluent port 1lb located at the top of the
first reactor 10. The withdrawn intermediate composition
was continuously supplied, via the connection line 15, into
the second reactor 20 through the supply port 2la located
at the lower part of the reactor.

The connection line 15 had a jacket surrounding the
outer surface thereof. So that the temperature of the
intermediate composition passing through inside of the
connection line 15 corresponded to the temperature in the
first reactor (or 120 °C in this example), the jacket was
used to adijust and maintain these temperatures. Herein,
the polymerization initiator  liquid mixture 2 was
continuously supplied from the polymerization initiator
tank 17 to the second reactor 20 through other supply port
2lc.

[0111]
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The supplies of‘the intermediate composition and the
polymerization initiator ligquid mixture 2 to the second
reactor 20 were conducted so that the ratio of these flow
rates was to be 9.54:1.00.‘ The average residence time (62)
in the second reactor 20 was 26.0 minutes. The temperature
(T2) in the second reactor 20 was set at 175 °C. The
temperature of the jacket 23 surrounding the outer surface
of the second reactor 20 was set at 175 °C. Continuous
polymerization was conducted under adiabatic conditicns
without substantial heat coming in and out. This
continuous polymerization was carried out under the
conditions (cr fully filled conditions) wherein the seccond
reactor 20 was filled with the reaction mixture {or liguid
mixture) and there was no substantial gas phase.

[0112]

Concentration {(in % by weight} of the chain transfer
agent in the total amount o©f the raw material monomer
ligquid mixture 1 and the polymerization initiator liquid

mixture 1, both of which were supplied into the first

oo

reactor, was defined as [S11]. Concentration {in by
weight) of the chain transfer agent to be additionally
supplied into the second reactoﬁ, in the total amount of
the polymerization initiator 1liquid mixture 2 and the

intermediate composition, both of which were supplied into

the second reactor, was defined as [32]. The values of
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respectively, which were calculated with the ratio of the
flow rates. .The flow rate of the intermediate composition
flowing from the first reactor to the second reactor was
defined as Q1. The flow rate of the polymerization
initiator liguid mixture 2 tc be supplied into the second
reactor was defined as Q2. The wvalue of Q1 was 201.85
cm®/min. The value of Q2 was 21.15 cm’/min.

[0113]

The reaction mixture in the second reactor 20 was
continucusly withdrawn as a polymer composition through the
effluent port 21b located at the top of the second reactor
20. Thereby, the resulted polymer composition was passed
through the effluent line 25, and heated to 200 °C in
preheater 31, wvolatile components such as unreacted raw
material monomer (s) were removed at 240 °C at
devolatilizing extruder 33 having a wvent, and the
devolatilized resin composition was extruded under melting
conditions, and cooled with water, and subsequently cut
into pellets, and taken out from the discharge line ’35.
Thus, the resin composition was produced in a pelliet form.
[0114}

The polymerization conversion (x, in % by weight) was
determined from the supply weights of the raw material

monomer liquid mixture 1, the polymerization initiator
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ligquid mixture 1 and the polymerization initiator ligquid
mixture 2 per an unit time as well as the producing (or
discharging) weight of the pellets per an unit time.

[0115]

In the Examples, the molecular weight distribution of
the obtained resin composition was determined by using of a
gel permeation chromatography (GPC). A methacrylic resin
having a known molecular weight and a narrow molecular
weight distribution, which was produced by SHOWA DENKO K.K.,
was used ag a standard agent to prepare a calibration curve
by using of GPC. The calibration curve was prepared with
the elution time and the molecular weight. The molecular
weight distribution on each resin composition was
determined.

Specifically, 40 mg of the obtained resin composition
in the pellet form was dissolved in 20 ml of
tetrahydrofuran (THF) as solvent to prepare a measurement
sample. A measurement apparatus was used wherein two
"TSKgel Super HM-H" columns and one "Super H2500" column
were placed and arranged in series, both of which were
produced by TOSOH CORPORATION, and RI detector was employed
as a detector. |

The determined molecular weight distribution curve was
that fitted with a normal distribution function, as

logarithm to the molecular weight in horizontal axis. If



10

15

20

81

the molecular weight distribution curve had only one peak,
the fitting was «conducted by using of the normal
distribution function represented by the following Formula
(1). If the molecular welght distribution curve had two
peaks, 1in the mixture containing twe polymers having
different average molecular weights, the fitting was
similarly carried out by using of sum of two normal
distribution functions (See the following Formula (2)).
Among these two normalized distribution functions obtained
from the fitting with the Formula (2), one was determined
as the function relating to the lower molecular weilght
polymer component wherein x 1s smaller when y is the
maximum. The area of the lower molecular weight polymer
was calculated relative to the total area (hereinafter,
whic is also referred to as area ratio of the lower
molecular weight polymer). Thus, calculated was the value
corresponds to the proportion of the lower molecular weight
polymer component in the polymers contained in the resin
composition. Regarding these fittings, an analysis
software IGOR PRO 4.0 was used which was produced by
WaveMetrics, Inc.

[011l6]

¥y =Axex “{xég) Formula (1)
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Herein, A, B and C are constants, respectively; x is a
logarithmic value of the molecular weight; and y is a value
after differentiating the concentration proportion with the
logarithmic value of the molecular weight.

[0117]
[x-BY | orx-eY
y= Axex ,M(M&MJ + D xexp “(““%‘“‘“) ' Formula (2)

Herein, A, B, C, D, E and F are constants,
respectively; x 1s a logarithmic value of the molecular
weight; and y 1s a value after differentiating the
concentration proportion with the logarithmic value of the
molecular weight.

[0118]

The meclecular weight distribution curve obtained by
the procedures described above is shown in Figures 2 {a)
and {f). In the graph of the molecular weight distribution
curve, "W" means the concentration proportion, and "M"
means the molecular weight.

The area ratio of the lower molecular welght polymer,
and the molecular weight distribution Mw/Mn were determined
by the results of GPC measurement.

Herein, Mw and Mn represent weight average molecular

weight and number average molecular weight with respect to

the measured resin composition, respectively.
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[0119]

Example 2

In this example, resin composition was produced in a
form of pellet according to the similar method to that
described in Example 1 except the following points.

The raw material monomer liguid mixture 1 was prepared
with the similar formulation to that described in Example 1.

99.823 parts by weight o©f methyl methacrylate and
0.177 part by weight of t-amyl peroxy-Z-ethylhexanocate as a
polymerization initiator were mixed to prepare a
polymerization initiator liquid mixture 1.

96.900 parts by weight of methyl methacrylate, 0.084
part by weight of 1,1-di(t-butylperoxy)cyclohexane as a
polymerization initiator and 3.016 parts by weight of n-
octyl mercaptan as a chain transfer agent were mixed to
prepare avpolymerization initiator liguid mixture 2.

The temperature {(T1l) in the first reactor 10 was set
at 130 °C. The temperature of the jacket 13 surrounding
the outer surface of the first reactor 10 was set at 130 °C.
These temperatures were adjusted to maintain 130 °C of the
temperature of the intermediate compesition passing through
the inside of the connection line 15..

[0120]
According to the similar procedures to those described

in Example 1, the polymerization conversion (x in % by
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weight) was determined. According to the similar
procedures‘to those described in Example 1, GPC measurement
was conducted on the resulted resin composition, the
molecular weight distribution curve was calculated out, and
fitted with sum of two normal distribution functions. The
obtained molecular welght distribution curve 1is shown in
Figures 2 (b) and (f).

Furthermore, from the results of the GPC measurement,
area ratlio of the lower molecular weight polymer, and
molecular weight distribution Mw/Mn were determined.

[0121]

Example 3

In this example, resin composition was produced in a
form of pellet according to the similar method to that
described in Example 1 except the following points.

The raw material monomer liguid mixture 1 was prepared
with the similar formulation to that described in Example 1.

99.838 parts by weight of methyl methacrylate and
0.162 part by weight of t-amyl peroxy-2-ethylhexanoate as a
polymerization initiator were mixed ta prepare a
poiymerizatieﬁ initiator liquid mixture 1.

96.921 parts by weight of methyl methacrylate, 0.063
part by weight of 1,1~di(t—butylperoxy)¢yclohexane as a
polymerization initiator, and 3.016 parts by weight of n-

octyl mercaptan as a chailn transfer agent were mixed to
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prepare a polymerization initiator liquid mixture 2.

The temperature (T1) in the first reactor 10 was set
at 150 °C. The temperature of the Jjacket 13 surrounding
the outer surface of the first reactor 10 was set at 150 °C.
These temperatures were adjusted to maintain 150 °C of the
temperature of the intermediate composition passing through
the inside of the connection line 15.

[0122]

According to the similar procedurés to those described
in Example 1, the polymerization conversion (x in % by
weight) was determined. According to the similar
procedures to those described in Example 1, GPC measurement
was conducted on the resulted resin composition, the
molecular welght distribution curve was calculated out, and
fitted with sum of two normal distribution functions.

The obtained moclecular welight distribution curve was
shown in Figures 2 (c) and (f).

Furthermore, from the results of the GPC measurement,
area ratio of the lower molecular weight polymer, and
molecular weight distribution Mw/Mn were determined.

[0123]
Example 4

In this example, resin composition was produced 1in a

form of pellet according to the similar method to that

described in Example 1 except the following points.
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98.826 parts by weight of methyl methaciylate and
0.935 part by weight of methyl acrylate were mixed. To the
mixture, 0.139 part by welght of n-octyl mercaptan as a
chain transfer agent, and 0.100 part by weight of stearyl
alcohol as a mold release agent were added to prepare a raw
material monomer liguid mixture 1.

99.840 parts by welght of methyl methacrylate and
0.160 part by welght of t-amyl peroxy-Z-ethylhexanocate as a
polymerization initiator  were mixed to  prepare a
polymerization initiator liquid mixture 1.

96.921 parts by weight of methyl methacrylate, 0.063
part by weight of 1,1-di(t-butylperoxy)cyclohexane as a
polymerization initiator, and 3.016 parts by weight of n-
bctyl mercaptan as a chain transfer agent were mixed to
prepare a polymerization initiator liquid mixture 2.

[0124]

The supplies of the raw material monomer liguid
mixture 1 and the polymerization initiator liguid mixture 1
into the first reactor 10 were conducted sc that the ratio
of these flow rates was 17.10:1.00, and the average
residence time (81) in the first reactor 10 was 63.6
minutes. The temperature {(T1) in the first reactor 10 was
set at 140 °C. The temperature of the Jacket 13
surrounding the outer surface of the first reactor 10 was

set at 140 °C. Continuous polymerization was conducted
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under adiabatic conditions without substantial heat coming
in and out. This continuous polymerization was carried out
under the conditions (or fully filled conditions) wherein
the first reactor 10 was filled with the reaction mixture
{or ligquid mixture) and there was no substantial gas phase.

[0125]

The reaction mixture in the first reactor 10 was
continuously withdrawn as an intermediate composition
through an effluent port 11lb placed at the top of the first
reactor 10. The withdrawn intermediate composition was
continuously supplied into the second reactor 20, through
the connection line 15, wvia the supply port 2la located at
the lower part of the reactor.

The connection line 15 had a jacket surrounding the

outer surface thereof. The jacket was used to adjust and

th

maintain 140 °C of the temperature of the intermediate
composition passing through the inside of the connection
line 1%. Additionally, the polymerization initiator liguid
mixture 2 was continuously supplied from the polymerization
initiator tank 17 to the second reactor 20 through the

other supply port 2lc.

[0126]

The supplies of the intermediate composition and the
polymerization initiator 1liquid mixture 2 to the second

reactor 20 were conducted so that the ratio of these flow
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rates was 9.54:1.00. The average residence time (B2) in
the second reactor 20 was 26.0 minutes. The temperature
(T2} in the second reactor 20 was set at 175 °C. The

temperature of the jacket 23 surrounding the outer surface
of the second reactor 20 was set at 175 °C. Continuocus
polymerization was conducted under adiabatic conditions
without substantial heat coming in and out. This
continuocus polymerization was carried out under the
conditions (or fully filled conditions) wherein the second
reactor 20 was filled with the reaction mixture {(or liquid
mixture) and there was no substantial gas phase.

[0127]

The concentration (in % by weight) of the chain
transfer agent in the total amount of the raw material
monomer liguid mixture 1 and the polymerization initiator
liquid mixture 1, both of which were supplied into the
first reactor was defined as [S1]. The concentration (in %
by welght) of the <chain transfer agent additionally
supplied into the second reactor in the total amount of the
polymerization initiator liquid mixture 2 and the
intermediate composition, both of which were supplied into
the second reactor, was defined as [S2]. The values of
[S11 and [S2] were 0.131% by weight and 0.286% by weight,
respectively, which were calculated with the ratio of the

flow rates.
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Ql was defined as the flow rate of the intermediate
composition flowing from the first reactor to the second
reactor. 02 is defined as the flow rate of the
polymerization initiator liguid mixture 2 supplied into the
second reactor. The value of Q1 was 201.85 cm®/min. The
value of 02 was 21.15 cm’/min.

[0128]

According to the similar procedures to those described
in Example 1, the polymerization conversion (x in % Dby
welght) was determined. According to the similar
procedures to.those described in Example 1, GPC measurement
was conducted on the resulted resin composition, the
molecular weight distribution curve was calculated out, and
fitted with sum of two normal distribution functions. The
obtained molecular welight distribution curve is shown in
Pigures 3 (a) and (c).

Furthermore, from the results of the GPC measurement,
area ratio of the lower molecular weight polymer, and
molecular weight distribution Mw/Mn were determined.

[0129]
Example 5

In this example, resin composition was produced in a
form of pellet according to the similar method to that
described in Example 4 except the following points.

98,871 parts by weight of methyl methacrylate and
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$0.935 part by weight of methyl acrylate were mixed. To the
mixture, 0.09%4 part by weight of n-octyl mercaptan as a
chain transfer agent, and 0.100 part by welght cf stearyl
alcohol as a mold release agent were added to prepare a raw
material moncmer liguid mixture 1.

99.860 parts by weight of methyl methacrylate and
0.140 part by weight of t-amyl peroxy-2-ethylhexanoate as a
polymerization initiator were mixed to prepare a
pelymerization initiator liguid mixture 1.

96.900 parts by weight of methyl methacrylate, 0.084
part by weilght of 1,1-di{t-butylperoxy)cyclohexane as a
polymerization initiator, and 3.016 parts by weight of n-
cctyl mercaptan as a chain transfer agent were mixed to
prepare a polymerization initiator liguid mixture 2.

[0130]

The concentration (in % by weight} of the chain
transfer agent in the total amount of the raw material
monomer liquid mixture 1 and the polymerization initiator
liguid mixture 1, Dboth of which were supplied into the
first reactor, was defined as [S81]. The concentration
(in % by weight) of the chain transfer agent additionally
supplied into the second reactor in the total amount cf the
polymerization initiator liguid mixture 2 and the
intermediate composition, both of which were supplied into

the second reactor, was defined as [S52]. The wvalues of
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[S1] and [S2] were 0.089% by weight and 0.286% by weight,
respectively, which were calculated with the ratio of the
flow rates.

Q1 was defined as the flow fate of the intermediate
composition flowing from the first reactor to the second
reactor, 02 was defined as the flow rate of the
polymerization initiator liquid mixture 2 supplied into the
second reactor. The value of Q1 was 201.85 cm®/min. The
value of 02 was 21.15 cm®/min.

[0131]

According to the similar procedures to those described
in Example 1, the polymerization conversion (x in % by
weight) was determined. According to the similar
procedures to those described in Example 1, GPC measurement
was conducted on the resulted resin composition, the
molecular weight distribution curve was calculated out, and
fitted with sum of two normal distribution functions. The
obtained molecular weight distribution curve is shown in
Figures 3 (b) and (cj.

Furthermore, from the results of the GPC measurement,
area ratic of the lower molecular welght polymer, and
molecular weight distribution Mw/Mn were determined.

[0132]

Example 6

In this example, resin composition was produced in a
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form of a pellet according to the similar method to that
described in Example 1 except the following points.

98.856 parts by weight of methyl methacrylate and
0.951 part by weight of methyl acrylate were mixed. To the
mixture, 0.093 part by weight of n-octyl mercaptan as a
chain transfer agent, and 0.100 part by weight of stearyl
alcohol as a mold release agent were added to prepare a raw
material monomer ligquid mixture 1.

98.747 parts by welght of methyl methacrylate and
0.253 part by weight of t-amyl peroxy-Z-ethylhexanoate as a
polymerization initiator were mixed to prepare a
polymerization initiator liquid mixture 1.

95.775 parts by weight of methyl methacrylate, 0.815
part by weight of methyl acrylate, 0.170 part by weight of
1,1-di{(t~butylperoxy)cyclchexane as a polymerization
initiator and 3.140 parts by weight of n-octyl mercaptan as
a chain transfer agent were added fto prepare a
polymerizaﬁion initiator liquilid mixture 2.

[0133]

The supplies of the raw material monomer liguid
mixture 1 and the polymerization initiator liguid mixture 1
to the first reactor 10 were conducted so that the ratio of
the flow rates was 17.47:1.00, and the average residence
time (81) in the first reactor 10 was 36.8 minutes. The

temperature (T1) in the first reactor 10 was 140 °C. The



10

15

20

25

temperature of the jacket 13 surrounding the outer surface
of the first reactor 10 was set at 140 °C. ‘Continuoﬁs
polymerization was conducted under adiabatic conditions
without substantial heat coming in and out. This
continuous polymerization was carried out under the
conditions (or fully filled conditions) wherein the first
reactor 10 was filled with the reaction mixture (or liquid
mixture) and there was no substantial gas phase.

[0134]

The reaction mixture in the first reactor 10 was
continuously withdrawn as an intermediate composition
through the effluent port 1lb placed at the top of the
first resactor 10. The withdrawn intermediate composition
was continuocusly supplied into the second reactor 20,
through the connection line 15, via the supply port 2la
placed at the lower part of the reactor.

The connection line 13 had a Jjacket surrounding the
outer surface thereof. The jacket was used to adjust and
maintain 140 °C of the  temperature of the intermediate
compesition passing through the inside of the connection
line 15. The polymerization initiator liquid mixture 2 was
continuously supplied f£rom the polymerization initiator
tank 17 to the second reactor 20 through the other supply
port 21c.

[0135]
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The supplies of the intermediate composition and the
polymerization initiator liguid mixture 2 to the second

reactor 20 were conducted so that the ratio of these flow

rates was 12.08:1.00. The average residence time (02) in
the second reactor 20 was 15.4 minutes. The temperature
(T2) in the second reactor 20 was set at 175 °C. The

temperature of the jacket 23 surrounding the outer surface
of the second reactor 20 was set at 175 °C. Continuous
polymerization was conducted under adisbatic conditions
without substantial Theat coming 1in and out. This
continuous polymerization was carried out under ‘the
conditions (or fully filled conditions) wherein the second
reactor 20 was filled with the reaction mixture (or liguid
mixture) and there was no substantial gas phase.

[0136]

The c¢oncentration (in % by weight) of the chain
transfer agent in the total amount of the raw material
monomer liquid mixture 1 and the polymerization initiator
liguid mixture 1, both of which were supplied into the
first reactor, was defined as [S1]. The concentration
{in % by weight) of the chain transfer agent additionally
supplied into the second reactor in the total amount of the
polymerization  initiator  liguid  mixture 2 and  the
intermediate composition, both of which were supplied into

the second reactor, was defined as [SZ2]. The values of
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[S1] and [S2] were 0.088% by weight and (.240% by weight,
respectively, which were calculated with the ratio of the
flow rates.

The wvalue of Q1 was defined as the flow rate of the
intermediate compositicon flowing from the first reactor to
the second reactor. The value of Q2 was defined as the
flow rate of the polymerization initiator 2 supplied into
the second reactor. The value of Q1 was 348.3%6 cm’®/min.
The value of 02 was 28.89 cm®/min.

10137]

According to the similar procedures to those described

e

in Example 1, the polymerization conversion (x in by
weight) was determined. According to the similar
procedures to those described in Example 1, GPC measurement
was conducted on the resulted resin composition, the
molecular weight distribution curve was calculated out, and
fitted with two normal distribution functions. The
obtained molecular weight distribution curve was shown in
Figures 4 [{a) and (c). Furthermore, £f£rom the results of
the GPC measurement, area ratlio of the lower molecular
weight polymer, and molecular weight distribution Mw/Mn
were determined.

[0138]

Example 7

In this example, resin composition was produced in a



10

15

20

25

96

form of pellet according to the similar method to that
described in Example 6 except the following points.

98.856 parts by weight of wmethyl methacrylate and
0.951 part by weight of methyl acrylate were mixed. To the
mixture, 0.093 part by weight of n-octyl mercaptan as a
chain transfer agent, and 0.100 part by weight of stearyl
alcohol as a mold release agent were addedAto prepare a raw
material monomer liguid mixture 1.

$9.747 parts by weight of methyl methacrylate and
0.253 part by weight of t-amyl peroxy-Z-ethylhexanocate as a
polymerization initiator were mixed to prepare a
pelymerization initiator liquid mixture 1.

92.692 parts by welght of methyl methacrylate, 0.815
part by welght of methyl acrylate, 0.183 part by weight of
1,1-di{t-butylperoxy)cyclohexane as a polymerization
initiator, and 6.210 parts by weight o©f n-octyl mercaptan
as a chain transfer agent were mixed to prepare a

polymerization initiator liquid mixture 2.

{0139]

I3

The concentration (in % by weilght}) of the chain
transfer agent in the total amount of the raw material
monomer liquid mixture 1 and the polymerization initiator
liguid mixture 1, both of which were supplied into the
first reactor, was defined as [S81}]. The concentration

{(in % by weight) of the chain transfer agent additiocnally
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supplied intc the second reacteor in the total amount of the
polymerization initiator 1liquid mixture 2 and the
intermediate composition, both of which were supplied into
the second reactor, was definedAas [827. The wvalues of
[S1] and [S2] were 0.088% by weight and 0.475% by weight,
respectively, which were calculated with the ratio of the
flow rates.

0l was defined as the flow rate of the intermediate
composition flowing from the first reactor to the second
reactor. Q2 was defined as the flow rate of the
polymerization initiator liquid mixture 2 supplied into the
second reactor. The value of Q1 was 348.96 cm®/min. The
value of 02 was 28.89 cm’/min.

[0140]

According to the similar procedures to those described
in Example 1, the polymerizaticn conversion {(x in % by
welght) was determined. According to the similar
procedures to those described in Example 1, GPC measurement
was conducted on the zresulted resin composition, the
molecular weight distribution curve is calculated out, and
fitted with two normal distribution functicens. The
obtained molecular weight distribution curve 1is shown in
Figures 4 (b) and {(c). Furthermore, from the results of

the GPC measurement, area ratio of the lower molecular

weight polymer, and molecular weight distribution Mw/Mn
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were determined.
[0141]

Comparative Example 1

In this comparative example, as described hereinafter,
a polymerization inhibitor was introduced into the second
reactor 20 to terminate the polymerization. Thereby, the
resin composition was produced, which corresponded to that
prepared in one step polymerization. The molecular weight
distribution was analyzed.

98.956 parts by weight of methyl methacrylate and
0.935 part by weight of methyl acrylate were mixed. To the
mixture, 0.008 part by weight of n-~octyl mercaptan as a
chain transfer agent, and 0.100 part by weight of stearyl
alcchol as a mold release agent were added to prepare a raw
material monomer liquid mixture 1.

98.816 parts by weight of methyl methacrylate and
0.184 part by weight of 1,1-di{t-butylperoxy)cyclchexane as
a polymerization initiator were mixed to prepare a
polymerization initiator liquid mixture 1.

99,99995 parts by weight of methyl methacrylate and
0.00005 part by welght of
2,6-bis(tert-butyl)~4-methylphenol as the polymerization
inhibitor were mixed to prepare a polymerization inhibitor
liguid mixture.

(0142}
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In this comparative example, the apparatus illustrated
in Figure 1 was employed to produce resin composition. 13
L volume of a complete mixing type reactor as the first
reactor 10 was used. 6 L volume of a complete mixing type
reactor was used as the second reactor 20. The raw
material monomer liguid mixture 1, >the polymerization
initiator liguid mixture 1 and the polymerization inhibitor
liguid mixture, which were prepared above, were supplied
into‘the raw material monomer tank 1, the polymerization
initiator tank 3 and the polymerization initiator tank 17,
respectively.

[0143}

The raw material monomer liguid mixture 1 and the
polymerization initiator liguid mixture 1 was continuously
supplied, respectively, from the raw material monomer tank
1 and the polymerization initiator tank 3 to the first
reactor 10, through the raw material supply line 9, via the
supply port 1la located at the lower part of the reactor.
[(0144]

The supplies o¢f the raw material monomer liquid
mixture 1 and the polymerization initiator liguid mixture 1
into the first reactor 10 were conducted so that the ratio
of these flow rates was 17.10:1.00, and the average
residence time (B1l) in the first reactor 10 was 63.6

minutes. The temperature (T1l) in the first reactor 10 was
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set at 175 °C. The temperature of the Jacket 13
surrounding the outer surface of the first reactor 10 was
set at 175 °C. Continuous polymerization was conducted
under adiabatic conditions without substantial heat coming
in and out. This continuous polymerization was carried out
under the conditions {(or fully filled conditions) wherein
the first reactor 10 was filled with the reaction mixture
(or ligquid mixture) and there was no substantial gas phase.
[0145]

The reaction mixture in the first reactor 10 was
continuously withdrawn as an intermediate compositiocon
through the effluent port 1lb located at the top of the
first reactor 10. The withdrawn intermediate composition
was continuously supplied to the second reactor 20, through
the connecticn line 15, wvia the supply port 2la located at
the lower part of the reactor.

The connection line 15 had a jacket surrounding the
outer surface thereof. The jacket was used to adjust and
maintain 175 °C of the temperature of the intermediate
composition passing through the inside of the connection
line 15. Additionally, the polymerization inhibitor Iligquid
mixture was continucusly supplied from the polymerization
initiator tank 17 to the second reactor 20 through the
othexr supply port Z2lic.

[0146]
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The supplies of the intermediate composition and the
polymerization inhibitor liguid mixture to the second

reactor 20 were conducted sco that the ratio of these flow

rates was 9.54:1.00. The average residence time (B82) in
the second reactor 20 was 26.0 minutes. The temperature
(T2) in the second reactor 20 was set at 175 °C. The

temperature of the jacket 23 surrounding the outer surface
of the secoﬁd reactor 20 was set at 175 °C. Continuous
polymerization was conducted under adiabatic conditions
without substantial heat coming 1in and out. This
continuous polymerization was carried out under the
conditions (or fully filled conditions) wherein the second
reactor 20 was filled with the reaction mixture (or liquid
mixture) and there was no substantial gas phase.

[0147]

The c¢oncentration (in % by weight) of the <chain
transfer agent 1in the total amount of the raw material
monomer liguid mixture 1 and the polymerization initiator
liguid mixture 1, both of which were supplied into the

first reactor, was defined as [S1]. The value of [S51] was

0.094% by weight, which was calculated with the ratio of

the flow rates.

Ql was defined as the flow rate of the intermediate
composition flowing from the first reactor to the second

reactor. 02 was defined as the flow rate of the



10

15

20

25

102

polymerization inhibitor liquid mixture supplied into the
second reactor. The value of Q1 was 201.85 cm®/min. The
value of Q2 was 21.15 cm®/min.

[0148]

The reaction mixture in the second reactor 20 was
continuocusly withdrawn as a polymer composition through the
effluent port 21b located at the top of the second reactor
20, Thereby, the resulted polymer composition was passed
through the effluent line 25, and heated to 200 °C in
preheater 31, volatile components such as unreacted raw
material monomer (s) were removed at 240 °C at
devolatilizing extruder 33 having a vwvent, and the
devolatilized resin composition was extruded in melting
conditions, and cooled with water, and subsequently cut
into pellets, and taken out from the discharge line 35.
Thus, the resin compositicn was produced in a pellet form.

[0149]

According to the similar procedures to those described
in Example 1, the polymerization conversion (x in % by
welght) was determined. According to the similar
procedures to those described in Example 1, GPC measurement
was conducted on the resulted resin composition, the
molecular weight distributicn curve was calculated out, and

fitted with a single normal distribution function. The

obtained molecular weight distribution curve 1s shown in
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Figures 2 {d) and (f). Furthermore, from the results of
the GPC measurement, area ratio of the lower molecular
weight polymer, and molecular weight distribution Mw/Mn
were determined.

[0150]

Comparative Example 2

In this comparative example, resin composition was
produced in a form of a pellet according to the similar
method to that described in Example 6 except the following
points.

98.817 parts by weight of methyl methacrylate and
0.951 part by weiéht of methyl acrylate were mixed. To the
mixture, 0.132 part by weight of n-cctyl mercaptan as a
chain transfer agent, and 0.100 part by weight of stearyl
alcohol as a mold release agent were added to prepare a raw
material monomer liquid mizxture 1.

99.719 parts by welght of methyl methacrylate and
0.281 part by weight of t-amyl peroxy-Z-ethylhexanoate as a
polymerization initiator were mixed to prepare a
polymerization initiator liquid mixture 1.

97.930 parts by weight of methyl methacrylate, 0.915
part by weight of methyl acrylate, 0.105 part by welight of
1,1-di(t-butylperoxy)cyclohexane as a polymerization
initiator, and 1.050 part by weight of n-octyl mercaptan as

a chain transfer agent were mixed to prepare &



10

15

20

25

104

polymerization initiator ligquid mixture 2.
[0151]

The concentration (in % by weight) of the chain
transfer agent in the total amount of the raw material
monomer liquid mixture 1 and the polymerization initiator
liquid mixture 1, both of which were supplied into the
first reactor, was defined as {[S81]. The concentration
(in ¢ by weight} of the chain transfer agent additionally
supplied into the second reactor in the total amount of the
polymerization initiator liguid mixture 2 and  the
intermediate composition, both of which were supplied into
the second reactor, was defined as [82]. The wvalues of
[s1] and [S82] were 0.125% by weight and 0.080% by weight,
respectively, which were calculated with the rate of the
flow rates.

01 was defined as the flow rate of the intermediate
composition flowing from the first reactor to the second
reactor. Q2 was defined as the flow rate of the
polymerization initiator liquid mixture 2 supplied intc the
second reactor. The value of Q1 was 348.96 cm’/min. The
value of Q2 was 28.89 cm’/min.

[0152]

According to the similar procedures to those described

o

in Example 1, the polymerization conversion ({x in by

weight) was determined. According to the similar
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procedures to those described in Example 1, GPC measurement
was conducted on the resulted resin composition, the
molecular weight distribution curve was calculated out, and
fitted with a single normal distribution function. The
obtained molecular welght distribution curve is shown in
Figure 2 {e). Furthermore, from the results of the GPC
measurement, area ratio of the lower molecular weight
polymer, and molecular weight distribution Mw/Mn were
determined.

[0153]

In Examples 1-7 and Comparative Examples 1 and 2, the
polymers could be stably produced without any problems such
as any runaway reaction, and cbstruction in the line or gel
adhesion inside of the reactor.

[0154]

The results of Examples 1-7 and Comparative Examples 1
and 2 are shown in Table 1 below.

[0155]
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Table 1

Ti T2 §T2-T1] 61 62 1681+872 % {S'} [52} LS_.I QJ mkrea ratio of
ey feey ] o) faminfmind mim Tovt. Dlort. %lowt. Bl IS1T1 02 [Mn faeror oot

lEx,j 120§ 195} 55 le36)260) 896 | 53 | 0431 J o206 f21600.54]34f 068

!EX.Z 120 § 175} 45 Jeas]2s0) 8s6 | s5 | o131 Jozes]2is]esefas] o2

EEX_ Jf 150 f 175 25 [636)260] 896 55 10131 §0.286)218{954[33) o041

[EX.4 140 f 175} 35 |636{260) 806 | 54 | 0131 o286 {218fo54(34] o053

{EX. 5! 140 1 175§ 35 §636f260) B3%S 52 0089 § 0286 1327 19.5404.3 0.53

!&x, B 140 75| 35 [sesfisa] 522 | se |ooss |o2sof2rs]izs]as] os

!Exj 140 § 175 | 35 [36.8) 154} 522 | 54 | 0088 | 0475 [540f121f52] o048

bl s ts] o Jess] - | - 57 Loosal o | o foselar] ~

ng,plfx‘g 140 1751 35 [368]154) 522 | 55 | 0425 { 0080 [0645121f23 -

[0156]

With referring to Figures 2-4, 1t can be seen that
each of the molecular weight distribution curves cf the
resin compoesitions produced in Examples 1-7 shows
distribution having two peaks. Therefore, it can be seen
that, in Examples 1-7, polymers having different average
molecular weights (or lower molecular weight polymer and
higher molecular weight polymer) were produced in the first
polymerization step and the second polymerization step.

Whereas, with referring to Figures 2 (d)-(f}), it can be

- seen that each of the molecular weilght distribution curves

of the resin compositions produced in Comparative Examples
1 and 2 shows distribution having a single peak. Therefore,

in the Comparative Example 1, wherein the polymerization
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inhibitor was supplied into the second reactor 20 and
polymerization was conducted in a single stage, 1t can be
seen that polymers having different average molecular
weights could not be produced. In the Comparative Example
2, wherein the ratio of [S81]/[582] is smaller than 1.7, it
can be seen that polymers having almost the same average
molecular weight could be  produced in the first
polymerization step and the second polymerization step.

Furthermore, with referring to Table 1, it can be seen
that, in Examples 1~7, the molecular weight distribution
Mw/Mn 1is within a range from 3.3 to 5.2, and that the
molecular weight distribution i1s broadened in comparison
with Comparative Examples 1 and 2 wherein the molecular
weight distribution Mw/Mn is 2.1 or 2.3, respectively.

As described above, 1t can be seen that the resin
compositions containing lower molecular weight polymer and
higher molecular weight polymer and having Dbroader
molecular weight distribution can be produced by twe stage
continuous bulk polymerizations and adjustment of the ratic
of [821/181] to 1.7 or more. In Comparison Example 2/
although additional chain transfer agent was supplied into
the second reactor, the molecular weight distribution could
not be significantly broadened since the value of [S2]/[S1]
was small.

[0157]
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As 1t can be understood with referring to Table 1 and
Figures 2 (a)~-{(f), the area ratio of the lower molecular
welght polymer component in the molecular welght
distribution curve obtained by GPC can be changed by fixing
the temperature T2 in the second reactor at 175 °C, and

changing the temperature Tl in the first reactor.

"Accordingly, the content of the lower molecular weight

polymer in the resin composition can be varied.
Specifically, with the wvalue of T1 being higher, the area
ratio of the lower molecular weight polymer component was
smaller.

As it can be understood with referring to Table 1 and
Figures 3 (a)=-{c), the molecular weight of the higher
molecular weight polymer «can be increased, and the
molecular weight distribution can be broadened, by fixing
the value ¢f {82}, and lowering the value of [S1].

As it can be understood with referring to Table 1 and
Figures 4 (a)-(c}, the molecular weight o¢f the lower
molecular weight polymer can be reduced, and the molecular
weight distribution can be broadened, by fixing the value
cf [81}, and increasing the value of [S2].

As described above, it can be seen that the molecular

welght distribution depends on the balance of the values of

[s1) and [82].
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Industrial Applicability

[0158]

According to the present invention, a nixture
containing a lower molecular weight polymer and a higher
molecular weight polymer can be continuously and easily
produced. Consequently, a methacrylic polymer composition
can be produced 1n a higher productivity, wherein the
molecular weight distribution is broad and the mixing ratio
of a lower molecular weight polymer and a higher molecular
welight polymer is controlled. The methacrylic polymer
composition obtained/obtainable by the method according to
the present invention can be preferably utilized as a

material for a molded article.

Explanations of Letters or Numerals
[0159]
1: raw material monomer tank
(or supply scurce of a raw material monomer and
an opticnal chain transfer agent)
3: polymerization initiator tank
(or supply source of a peolymerization initilator
and an optiocnal raw material monomer and an optional chain
transfer agent)
5: pump

7 pump
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10:

lla:
1ib:

11lc:

13:

14:

15:

monomer,

110

raw material supply line

first reactor

sﬁpply port

effluent port

other supply port

jacket {as temperature regulating means)

stirrer

connhection line

polymerization initiator tank

{or supply source of an additional raw material

3

an additional polymerization initiator and an

additional chain transfer agent)

19:

20:

2la:

21b:

2lc:

23

24

25:

31:

33:

35;

37:

pump

second reactor

supply port

effluent port

other supply port
Jacket (as temperature ﬁegulating means)
stirrer

effluent line

preheater
devolatilizing extruder
discharge line

recovery tank

temperature sSensor {as temperature detecting
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means)
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CLAIMS

1. A  method for producing a methacrylic polymer
composition, which comprises

a first polymerization step wherein a raw material
composition A comprising a raw material monomer A
containing no less than 50% by weight of methyl
methacrylate, a polymerization initiator A, and a chain
transfer agent A is supplied into a first complete mixing
type reactor through a supply port of the reactor, and the
raw material composition A 1is subjected to a continuous
bulk polymerization 1in the first complete mixing type
reactor, and a resulting intermediate composition is
withdrawn through an effluent port of the first complete
mixing type reactor; and

a second polymerization step wherein a raw material
composition B comprising a raw material monomer B
containing no less than 50% by weight of methyl
methacrylate, a polymerization initiator B, and a chain
transfer agent B, and the intermediate composition
withdrawn in the first polymerization step are supplied
into a second complete mixing type reactor through a supply
port of the reactor, and the raw material composition B and
the intermediate composition are further subjected to a

continuous bulk polymerization 1in the second complete
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mixing type reactor, and a resulting methacrylic polymer
composition 1is withdrawn through an effluent port of the
second complete mixing type reactor;

wherein the following formulae (I), (II), (III), (IV) and

(V) are satisfied:

120 < T1 < 160 (I)

140 < T2 < 180 (IT)
20 £ T2-T1 < 60 (III)
1.7 < [S2]1/[51] (IV)
1 £01/Q2 < 50 (V)

wherein

Tl is a temperature (°C) in the first complete mixing
type reactor in the first polymerization step,

T2 is a temperature (°C) in the second complete mixing
type reactor in the second polymerization step,

[S1] is a concentration (% by weight) of the chain
transfer agent A in the raw material composition A supplied
into the first complete mixing type reactor,

[S2] 1s a concentration (% by weight) of the chain
transfer agent B relative to the total amount of the raw
material composition B and the intermediate composition,
both of which are supplied into the second complete mixing

type reactor,
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Q1 1is a flow rate (cm’/min) of the intermediate
composition supplied into the second complete mixing type
reactor, and

02 1s a flow rate (cm?/min) of the raw material
composition B supplied in the second complete mixing type

reactor.

2. The method according to claim 1, wherein the following

formulae (VI) and (VII) are further satisfied:

40 £x <60 (VI)

01 + 02 <180 (VII)

wherein

x 1is a polymerization conversion (% by weight) of the
methacrylic polymer composition withdrawn through the
effluent port of the second complete mixing type reactor,

01 is an average residence time (min) in the first
complete mixing type reactor in the first polymerization
step, and

02 is an average residence time (min) in the second
complete mixing type reactor in the second polymerization

step.

3. The method according to claim 1, wherein each of the
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effluent ports of the first and second complete mixing type

reactors is located on a top of each of the reactors.

4., The method according to claim 1, wherein the
continuous bulk polymerizations in the first polymerization
step and the second polymerization step are conducted under

adiabatic conditions.





