DESCRIPTION
PROCESS FOR MANUFACTURING BRANCHED AROMATIC POLYCARBONATE RESIN
WITH DESIRED DEGREE OF BRANCHING
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Disclosure of the Invention
Problems to be Sclved by the Invent
Means for Solving the Problems
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group or a naphthyl group.  "m" represents an integer of 1 or more.
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group or a naphthyi group.  "m" represents an integer of 1 or more.

g

sy o

[ASTOINES IS

COmMpouUna.

le exanp of the aliphatic ¢

sl compounds

4o

the present invention inciude dihydric compounds

BGLLE ﬂdeOXV gIoL

represented by any one of

ollowing formulas (1) to (L1i)

[ 0094]



Tk o
P f
A~ &
e, ] O
ed
oy ™
e A e
~
O
i
] # B3 T_ -
L] L] @ MHM wlll,
& o
" 8 ® = =
Sl o
] o
w4 !
sefffee > 7 s
pion ™ i
a al O
O 0 ¢ o 8

] f " ,
t s
-t o3 i 1
g B A
17 53] 3
pr— - . - :
L S5
A o G
W e
w o w b4 o] .
e s 508
SHS) g
M . a1 oy
— 4 B

Q,
sz

nl
nZ

)

Rp)

2

(CR,R
(CR

HO
HO




r

nood

¢

5
£

SR

-y

I

b

.

.

ene o

vy

]

vl

’

3
_’(\
9

y

=

o
Reit

2

P

res

rep

mpounds

.y
i

&

o~
N




h
M

lroxy

il

on

L

MOre

_;.3
[
[
e

[

indg

O

L
o
O

o

=Fe8

Y

5are

s o

=




I
W

40

£

p—

)

- {A)
(B)
(C

nicl

<

T
e

/

-

4+

red by

-

e

t

-y

.
[

= C

repres

s

VT
.\.AE:)




o
[

(1L

a

s O

examnp]
1] "

e

=1

—

[

R J—

o

R

C) e
|

Rb

(

X

oI

Oms

Gt

3 T IO

J

b.}'

VY Y

-

comk

Y

=

2410

1

!

F

hen

W

'als

L

{




7

i




L
2
i
i
b
2
z
@

)
E
o &
rn.r.wn ’

\
B

7

e
T—

WO

.,..‘o
o

2

Y

5
2

\
Ao




represented by

wherein REa and R each

o aliphatic diol compounds in
10 the caze Y is the organic group represented by the above

shown below.
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compounds among the abosx

15 Z-hydroxyethoxy group-containing compounds are shown below.



[

HO e HolH G e O O G, — Ol

HO———H,CH O~

HO—H,CH,C =0 Qe CH, O, — OH

Iy

T O CHACH,OH "o

b

HowHECH;cwo//\‘:{

TN

wmry D

Preferab

an integer of 1 or

inciude a hydroxymethyvl group and a hydroxyethyl group.
{ 4]

BExamples of "4" include organic groups shown below.



4

21
|




J Ty Sy e Gy e (8 e
; | i R N\
N e i i
NN : HO—=H,CHC T N e, OH

X

HO—Ho O

e HoC

T——
O 3
>‘-\\/ \—/*{ D o
3 jf \\\

=‘L

i?\iia / : - /

HO-F,6

/ CHy-CHH
FIG e 2 \\WW\/\‘CH e O

HO——H,CHC ™\ 7™~ G104y Ot

(/\(\\ e CHL GHy —— OF
HCH G j GHy—OH

HO

HO

HC HOH,C -1

CHyOH
i

CrzCHOH

CH,CHOH

W.A“\
.

S— —




SIS

Comm

s
W

Qe

O

R

HO

CHy—-

o by e

|

5

Sy

| \

P
_._M‘ -
. .m.n,“u
o el
)m - c!“Ts%
= w
Lo
| 8




q
5

o)

s

)

u

COMPGT

oned

[

2T

o

™m

apove-

&

i
P
Ao

oL

4
L.

=3

3 e 1T

P

abhov




0

[

(

-~

-
i
A

O

er

G




,
—,  HO 0=l e J on
o o \;—/ J
R

» \ \i {\\ / / C%"i _
— i, VS 1 TR,
o)
8
R / — o
1 Ry B )
CHy jomed
10 ot ST (-
_ & “““““ j\o H JO\[f/u—r
R,{ ég HO d
CH, HsC
ko ol A o :
““““““ " — O O
m//\ o t\__/,? CH H,C
P 3 ?
AN N
L {_ J HO owwt_ S pd ow
.GH
/\
/N o W [‘

. N_\_ CH,CH,OH

( N o CH,OH
..... N/ W\M.% o- / S CH,CH,OH U N "g}“/ “CH,OH

C H 3 H 3C /\K\
ol :o- 4 _\><f “>}~ /
<

R O = Rz —
HOH,C—+— 1~ CH0H HOH,C—( J CHZOH
Ry O -0 Ry o/ —0

CHyCH,OH

. —, CH;OH
e ( X
\t\.ﬂz\’ o/ T CH,OH />\ - CHCH,OH



N N
I e

HO O s =0 DR
R

S mmmrAn vy Y] e
Loedonaary LDLOoLss

R o L] -~ ~ ~ i P, .
Gependently, Or W LOoTOTa O nem da oe used



el

us
¥

0]
et

me

r

maono

O

<

f

comoOonome

i
Ty
o

C

7

.

fn
i

ompound

Ty

[\ 43
| -
~ O
— Ee,
-, o
o e
[

0 W p
O - -
— [’ s

@

=

mo

=y

d
adec

Y

N [

i

N - .~ &0
oy e . .
I 4/ = p— e co




ol bed o b iy
: i = S/
- a - : o=
ol Q4 1 . N
33 e 13 =

Bt ~ \,.x_
- H !
o Tk
_M.M 4l ot “{v
o O M
— i W

s
L

ry

-
{

RS
S

o

o

.
i

oy IS
(e

.
i

[EGRVEY!
.
-~

-

°t
r

<
a

used

i -~

I B et
5 g
It =
AL

IS
O

o3




- 1]

£ @] <
i i
s o
=y LA

-
/tnf
e
o
. s

o]

m

3

N -

C i

3

N
17

L

s
4

-

H S

Compo

.

]

o
[




3
O
~ =
o -
Feud & et =
P o e
b . e
- &
- o
A2 ¢}
s
£
=
-
Iy
o ]
@
A ~ i
= : hm
boni e s
{ ! - . o)
o L & = ;
i = O
u e = b =
- . =
- %] g !
o 4 1] Ty ]
s S i E o
O a N
o “ = @
= i -
= i
9]
o

s
neo

= Y
. £
m ) © =
ot A

t

of




Al

]

i

1J
@
i
- e
. bt
L =

nzoa

"y

3E

@

et

N ad

21

?

gomed o




I

giels

ol out oual

carrie

-

-
i)

uce

ind

D

=Y
I B
kS

e
O

e

Olic

e
i

car

| U -

N
A

—
.

[N




g

., ’,j

cpresental

T

-

114 6)

L

(.

g
[oRw

[0

M

5

L RO VA

[

M

e
a0
o
vl

[}

Ce

14

jSIeN

e

ATrDOna

Y

H
1

ool

i)

U

ger:




- .
U3 o
€ = @
- 1 ;
. )
L a1

1

Tl
i
T

d

oy

ity
o

S

et
I hL
s )
o & :
.
o ~ i
-pd i
3 = & o)
a3 N "
3
G ;M o
ol - o )
o 4 o ' -
8] I3 £ € ﬂ.,_
d A\G [t
a: . et X
= - 3 o
G _
o e o+ <
%] = i
~ ai [ i
At : -~
W

o~ -~
LA e
2 iy (i
O
. Shd oy
; ~ &) ~
—~ P
o P Ui e 43
e - = .
N o P [
: m A =
A u i -
— . 3] | 5
- G
mJu . ] -
i |4|“ p g
. =t o b
3 | } o (2
1 § el
— & .
3 P aje
S .
i ot
it
.= et 4.
— 3
- [
Q - i s
L A — — = _—




i

e,

7
/wxq

9

GL

SCTLION

o=t

e
i

M




<

Y

o

f
o
@ "
a’
o 4 S
kS . I b -
] T e O
onsd o . - i
e P { )
I8! 9
s ~ ey i
? o =
28} P A5 )
™ e s
St Ui
r N
o8] o &
e oy iy
= [ e
froeg a &
) - B -
) I .
o Lot ' b 9
[ X ~ (o
e < a
o D G
werd -~

1 C
C

vy

orli
Y
L

i

i

et
o
it
7L
]
2
oy
Ty
o
e O
& 4y
PN = {
L .\ ran
i 1 = [N
— i —
= o
i~ i e
= o
rEend el N
* A {1
- i
Ty
s

oy

I's
=

e

A1
Can

N

TCO
o1

Ji
.

i8]

] L




I 5

i , s
O a o wn =
~ et o bt
e {4 :
. : o it
=
o i
L
Ty L [

erei

U
et L2
v E
'
i
el 8] -
- it v
- ; .
i P b
N i
8] 6] T
et it
18 ot
a - =
d ~ -
B o]
o s
- g

xample,
O M

€2

S

Its! o

~ {r
: <
e

) .

T

Ry

o

e

et

ey

Ak

e
j
—
-
S
i
o
- &
23 N "
o i 53]
@ = 4
ot e A
. - s
Bl H -
. 5 9
a ]
a =
& =4
o IS
© :
oy
)
A
f f e
o i O o



1

'els!

e

.
3

13

.

!

G One

-
L.

i

Lademe

N
A

-
&

AT

1

o

&1

car, replacem

=1

and

[=

.
L3

=31

W

el o e e
K& el

1.

M

SWa e

SIC

o~

il

[N

Examples




}

ey
L
3
T
=

I
]
a

<

H

LNE

i

2
3T

L

8}

o b

h A
e O
N
28] 2 i
o 0N

'

e

-
o o
.0 o

o < WY
i o o



-~
8]
St




- oo
< A o

T T 1
a h T @
{ e
A5 @ =
4+ o
N .
& . —
: n v
—
o 5 .
y @ ot
C ) - ﬂ ]
el ) o
= © ¢
o . v
= o o e i o
= C o = i o
i 7 O 0] 2 :L
: ¥, . o
8] L. . ig -
- e o A
o §o] G ey & i
4 J s - (&N
2 Y = 54 o~
i Rt o 1 N
" o @ o
b — IS e
] . o~ B
N ol -
oo 1
i 4 —
G o &
) £
3
-
5 ¢ [
o] 13 o
[ ‘
~ o
i

e} - L
. —
Ui (o) o
= 15 Fand
13 G
“ i
oy
A
.
D
L
L— 7 = e
ke a3 L fn]
w =z [~
W7 < - u
— [N ()




"
OGT

}

-

AT 1NN

(0.96

| O
'S pus
sk * A0
b
(5] i o i
Loy = - ’
-+ O T
=z
| ﬁ‘im -t
e et
b @w m
. =
N @ T
-] 8 |
o] ] -
i [ e ]
o~ !
O 0] €L o
n . - -
e, ] i e o
o I a I ;
O O + g a
] -~ o I8}
goert - = i
N = Vi
o o W 7 >
. o . @ <2 - - '
[ 4 i 2 oy 3 o 5
S oy [} =
o b
& o) & 5 O
joy o3 - s o o
[ . v &4} ) O
; © - B
e ) 48] LS
L L o0y . O sl
Y < W
=i ol [@N




g

-

o
[0

r

TN

PO

i)

wa

and

Ia

@

2guippe

&

el

o

3]

W

e

Ui
L

[ N B

N aron

-
far 4




0

3

for

A
ER

9]
o
b
St
I

~
L
g
i
+ Fm
e h el
oy
... A
i P
— f—
. (]
£y [N
[ N
—

i
£
a
a4

1= N

. i ™ i

& T o

bt 4o e

s a

1y a
o oy
2 o v

I
p - I .
3 [ £ 9
4 ~ o @ a3
3 o 4] b =

o s s
- o 0



-

)
Gl

Tt




ntly,

et

Sedue

-
o

1k

o
=
)

i
4

{ M)

—
JFI L.

o
C

wi T

b2
L

=
O
!

i

S
i

F
il

M

Y‘ef.‘

A




LY

g

ore
i

T~

=

S0 C
ard
nal ym

b

O

[

Laed

]

r

T

=

i

Iture

Lo

mper

re

2.
O
&y
o
O
e

[l
|

g

e

]

Eing
h

G

3
el

()

Ty

L




S

!

i3
[543 e a1
L B [
= i
= oy =
P GBS =
P =
LA i
. 7 g
£ o

]

©= a3
jon 5
=

% -
ey ,
o
# o

/m

.
no L

-
e,

[S51

4
)
ol
1

{
oy
m

i led 73 o . “J
o e — <
oy ®

i
Carnc

L

degree
prope
Z

e}
i et

Sy ] ~ o)
o o U




oy

uoed

hown
orod

")

<

-
1]

I

er

W

=

n
e

L

y

s

¥

@
)
A
(o
[
@
—
0]
=

-

i

“Refe

oT

o)
[

SRR

L.

:

hen

%,

Ty1lp

3
1,

.
'

i3

2.0 mmel)

3}

{ -

&)

ol

I3
L

“t

a 3.

1

,‘hr"_‘i

ne

rd

rha




ole

m oy b o e
sChen

<

in

o F

10w




Table |

Example 1 Example 2 Example 3 Example 4 | Comparative Ex, 1

BPA (g 455 455 45.6 359 458
DPC (g 46.0 46.0 50.1 36.8 461
Branching Agent (g) 0.15 0.30 (.31 0.42 -

Production of Additive Rate of Branching Agent (mol%) 0.25 0.48 0.50 0.87 0.00

Prepolymer Sodium Hydrogen Garbonate T u r?f)l/moi T u zz:a)i/mol 1 r?S/mol 1 u Tg/mo! tu ?;)!,/mol
Molecular Weight of Prepolymer (Mw) 33200 33100 27000 32100 31300
Congcentration of OH (ppm) 450 460 250 270 160
Prepolymear (g) 30.0 30.0 30.0 30.0 30.0
Total Amount of Terminal Groups (mol/tan) 280 270 370 330 300
BPREF () 0.91 0,90 1.21 1.09 1.00

(mmolb) 2.1 2.0 2.8 2.5 2.3

Linking and Amount of BPEF Added Per Mole of Total

Highly Amount of Terminal Groups of Prepolymer 0.25 0.25 0.25 0.25 0.25

Polymerizimg (mol)

Reaction . -
i\;\ldo::;cular Weight of Polycarbonate Obtained 51000 62000 45000 65000 51000
Yi-value 1.2 1.2 1.1 1.2 1.0
N-valus 1.26 1.58 1.48 1.64 1.13

#) Mole number per mole of the total amount of BPA and the branching agent
BRA; 2 2-bis(4-hydroxyphenyl)propane

DFC: Diphenyl arbonate

Branching Agent: 1,1,1-tris{4-hydroxyphenyllethane
BPEF: 9,9-bis[4-(2-hydroxyethoxy)phenylfluorere






Table 2

_ Comparative Ex. 2 | Comparative Ex. 3 Comparative Ex. 4
BPA {g) 456 45.6 456
DPC (g) _ 445 44 4 44.3
Branching Agent (g) . - - 0.33 0.49
Additive Rate of Branching Agent (mol%) 0.00 0.54 079

: i i/mol 1 I/mol 1 I/mol

SQdium Hydrogen Carbonate () B H zﬁ) mo | ﬂg?) mo H ?;c;) mo
Total Time of Reaction _ 420 min 480 min 400 min
Molecular Weight of Polycarbonate Obtained 69000 >95000 >125000
(Mw) (%2) (x3)
Yi-value 2.01 215 2.35
N-value 1.60 1.75 2.30

*1) Mole number per mole of the total amount of BPA and the branching agent
%2) Insoluble in part in chloroform which is a solvent of GPC

*3) Insoluble in chloroform which is a solvent of GPC and gelled

BRA: 2,2-bis(4-hydroxyphenylipropane

DPC: Diphenyl arbonate

Branching Agent: 1,1, 1-tris{(4-hydroxyphenylethane
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Table 3

Reference Ex. 1

Reference Ex. 2

Reference Ex. 3

Reference Ex. 4

BPA (g) 125.0 125.0 125.0 125.0
Phosgene (g} 70.5 70.5 70.5 70.5
Branching Agent (g) _ 0.50 0.84 0.84 1.20
Additive Rate of Branching Agent {mol%) 0.30 - 0.50 0.50 0.71
PTBT (g . 415 3.4 4.38 3.46
(b.;!v'iajvf.;cular Weight of Polycarbonate Obtained 60000 24000 52000 24000
Yi-value 0.80 .80 (.80 0.80
N-value 1.35 1.46 1.53 1.63

BPA: 2,2-bis{4-hydroxyphenylpropane

Branching Agent: 1.1, 1-tris(4~hydroxyphenyl)ethane

PTBT: p~t-butylphenol
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Table 4

Example 5 Example 6§ Example 7 Comparative Ex. 5

BPA (g 420 420 42.0 42.0
DPC {2} 430 43.0 430 43.0
Branching Agent (g) 0.15 0.30 0.60 ~

Production of Additive Rate of Branching Agent {mol%) 0.19 0.38 0.7% 0.00

Prepolymer — 2 4 mol/mol 2 1t mol/mol 2 i mot/mol 2 [t mol/mol
Disodium Phenylphosphate {PhNa,PQ,) ) ) (%) )
Motecular Weight of Frepolymer (Mw) 30000 28000 31000 30000
Congentration of OH (ppm) 180 190 200 200
Prepolymer (g) 30.0 30.0 30.0 300
Taotal Amount of Terminal Groups {mol/ton) 200 200 200 150
BPA-2EQ (g) 0.47 0.47 0.46 0.46

o (mmel) o 15 15 15 1.4

Linking and Amount of BPA-2EO Added Per Mole of Total

Highly . Amount of Terminal Greups of Prepolymer 0.25 0.25 0.25 0.25

Polymerizing (mol)

Reaction - ;
i\:ﬂevlsoular Weight of Polycarbonate Obtained 58000 60000 59000 59000
Yi-vajue 1.0 1.1 1.2 1.1
N-value 1.27 1.43 1.59 118

*) Mole number per mole of the total amount of BPA and the branching agent
BPA: 2.2-bis{d~hydroxyphenyllpropane
DPC: Diphenyl arbonate

Branching Agent: &, &/, & —tris{d4~hydroxyphenyl)-1-ethyi-4—-isopropylbenzene
BPA-2EO: 2,2-bis[(2-hydroxyethoxyiphenyllpropane
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Table 5

Example 8 Example 9 Example 10 Comparative Ex. 6
BPA (g 450 45.0 450 45.0
DPC (g) 46.5 46.5 46.5 46.5
Branching Agent (g) 0.08 0.15 0.20 -
Production of Additive Rate of Branching Agent {mol%) 0.30 0.56 0.75 .00
Prepolymer . 0.5 1 mol/mol 0.5 g mol/mol 0.5 U mol/mot .5 ymol/mot
Cesium Carbonate (Cs,C0,) (%) (%) %) (%)
Molecular Weight of Prepolymer {Mw) 32000 31000 32000 31000
Concentration of OH (opm) 70 80 80 60
Prepolymer (g) 30.0 30.0 300 30.0
Total Amount of Terminal Groups (mol/tan) 180 180 180 180
CHDM (g) 019 0.20 0.20 (.20
{mmol) 1.3 1.4 1.4 14
Linking and Amount of CHDM Added Per Mole of Total
Highly o Amount of Terminal Groups of Prepolymer 0.25 0.25 0.25 0.25
Polymerizing {mol)
Reaction : :
?:;:ive)cuwr Weight of Polycarbonate Obtained 57000 59000 60000 58000
Yi-value 1.1 1.2 1.2 1.1
N-value 1.30 1.52 1,71 1.18

*) Mole number per mole of the total amount of BPA and the branching agent
BPA: 2 2-bis{(4-hydroxyphenylpropane
DPG: Diphenyl arbonate

Branching Agent: trimethylolpropane
CHDM: 1 4~cyelohexanedimethano!
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Table 6

Example 11 Example 12 Example 13 ' Comparative Ex. 7
BPRA {g) 415 41.5 41.5 415
DPC (g) 43.0 43.0 430 43.0
Branching Agent (g) 0.10 0.20 0.40 -
Production of Additive Rate of Branching Agent (mol%) _ 0.18 0.36 0.71 .00
Prepolymer Sodium Tetraphenylborate {(Ph,BNa) i }.!r?ﬁ/mof TH rzc‘:;/moﬁ T T:)I/mo; ! uqz);)\j/mol
k) { L i
Molacular Weight of Prepolvmer (Mw) 28000 27000 25000 28000
Concantration of OH (ppm) 210 220 230 220
Prepolymer (g _ 300 30.0 30.0 30.0
Total Amount of Termina! Groups (mol/tor) 200 200 200 200
DDM  {g) 0.30 0.30 .30 0.30
{mmol) 1.5 1.5 15 1.5
Linking and Amount of DDM Added Per Mole of Total
Highly Polymerizing ﬂ}mount of Terminal Groups of Prepolymer 0.25 0.25 025 0.25
Reaction {mol)
xdolve\cular Weight of Polvcarbonate Obtained 59000 60000 58000 57000
7/
Yl-value 1.2 1.2 11 1.1
N-value 1.30 145 1.60 1.18

%) Mole number per mole of the total amount of BRA and the branching agent
BPRA: 2,2-bis{4-hydroxyphenylpropane

DRPC: Diphenyt arbonate

Branching Agent: 1,1, 1-tris{(d4-hydroxyphenylethane
DDM: decalindimethanot
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