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e DESCR'I'PT.I."ON'

POLYCARBONATE RESIN MOLDING MATERIAL FOR OPTICAL USE AND
'l OPTICAL DISK SUBSTRATE

" Field of the Iiventi '. a
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B ':,1nformation by the 1rradiation of laser 1ight such as digital' .

The present invention relates to a polycarbonate res:Ln '

' .molding material for optical use which volatilizes during -
| _the molding of an optical disk’ substrate and 1mproves ' |

. '_ 'continuous productivity by reducing the amount of a substance ) .

| (deposit) accumulated on a metal mold and a stamper and to'-

-an optical disk substrate. The present J.nvention further
” ) relates to a polycarbonate resin molding material for optical 3
"'use which volat:l.l:l.zes during the molding of an optical disk |

' substrate ~can’ improve continuous productiv:.ty by reducing_. |

the amount of a substance (deposit) accumulated on a metal' o

| mold and a stamper and retains high reliability for a long .~
-time and to an optical disk substrate made from the material g

Optical disks for recording and reproducing

:audio disks (so called compact disks) ; optical v1deo disks

| '_ : (so called laser disks) . various Write Once Optical disks,- '

optomagnetic disks and phase change disks have already been '_

‘-'_'implemented. - , o T R
Out of these compact disks and laser disks are ROM '

(Read Only Memory) optical disks. In these optical disks, C

-',"'-'__-pits corresponding to information s1gnals are formed in ai
" :':"_transparent substrate .as; rugged shape and a 40 nm or more

30 .'thick Al reflection layer :Ls formed on the pits._ In’ such' L

_optical disks, information s:l.gnals are reproduced by

'_--'detecting changes 1n reflectance caused by optical

“:Iinterferences generated by the pits.

S § Meanwhile the Wr:l.te Once Optical disks are recordable o
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N optical disks to which any information can be written by a

user and optomagnetic disks and phase change disks are RAM

(Random Access Memory) optical disks to which any information

'_can be written many times. o - : - v

That is, the recordable optical disk comprises a N

-transparent substrate and a Write Once recording layer whose

. optical characteristics are changed irreverSibly or rugged

:shapes are formed by the irradiation of laser light and which

is formed on the transparent substrate . This recording 'laye_r :
is made from a cyanine- phthallocyanine— or azo-based

organic pigment- which is decomposed by heating, for example, _

| ‘with. the irradiation of 1aser light whereby its optical
'__"_constant is changed and its volume is also changed thereby'_
_ 'causing the deformation of the substrate. o
15 .

The optomagnetic disk is a rewritable optical disk to.

| .which a user can write and erase information repeatedly and_

which comprises a vertically magnetized film haVing a

f_magneto optic effect (for example, Kerr Effect) such as' a
fTb Fe- Co amorphous alloy thin film formed on a transparent,

substrate.s In this optomagnetic disk .a recording pit is._'
'-formed by magnetizing a micro area of the vertically
'magnetized film upward or downward according to an

iinformation signal. The information signal ‘is reproducedh"
~ making use of the fact that the rotation angle Bk (Kerr
Jrotation angle) of linear polarization of reflected lighty .
'idiffers according to the magnetization direction of the |

: _'vertically magnetized film. :

The phase change disk is a rewritable ‘disk like the_ '

_ 'l_?'optomagnetic disk and made from a Ge Sb -Te phase change :
30 . .'material which assumes a crystal state initially and changes a
| :“from the crystal state to an a.morphous state by the "

| "-irradiation of laser light.' In this recording layer a .

' recording pit is formed by changing the phase of a micro area'-' .

. : '-'according to an information Signal and the information Signal o
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is reproduced by detecting a difference in reflectance -
between an amorphous portion corresponding to the pit and

-__.,other crystal area._

The optomagnetic disk and phase change disk are in most

. cases a disk haVing a four layer structure consisting of a -
s recording layer two transparent dielectric layers

'sandWiching the recording layer from both Sides of the

recording layer and an Al reflection 1ayer ‘formed on the

. _dielectric layer in- order to prevent the oxidation of the'-
- 10 E recording 1ayer and increase the degree of Signal modulation '
| by multiple interferences . The dielectric layer is a silicon -

2 _nitride £ilm or Zn SiOz composite film. -

Studies have recently been made energetically on use -

_ _of the above optical disks for recording digital images and |
15 ca digital versatile disk (DVD) has been developed as such -

an optical disk. -

This DVD has the same diameter as: CD (120 mm) but can:

record image information equivalent to one movie film ‘and
: ' '_ _-reproduce image information of quality as high as current'

vV images o

To record such image information on an optical disk

a recording capacity 6 to 8 times more than cD is necessary

o Therefore in DVD the wavelength of laser light is reduced .

i to 635 to 650 nm compared with 780 nm for CD and the numerical'
f‘aperture (NA) of. an objective lens is increased to 0.52 or o

0. 6 compared with 0 45 for CD thereby reducing the track_

- _' pitch or the shortest recording mark length of a pit to

:increase the recording density

An increase in the numerical aperture (NA) of an

_objective 1ens results in a reduction in the tolerance of_'_'_ L

o :."_" 'deflection of a disk substrate . Therefore compared With 1 2.

mm for CD the thickness of a DVD substrate is reduced to_' T

'_.0 6 mm S0 as to shorten the distance of the disk substrate'_'-“'. SR

L "through which laser light passes thereby compensating for""'
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. 'the reduction in the tolerance of warpage (Nikkei Electronics

No. 630 :Lssued on February 27, 1995) To compensate for a .

'reduct_ion in the str__eng_th of a d.isk caused by the redu_ction
' -'.in' the th:ickness' of the sub’stra'te, a so- called"laminate
| structure that another substrate is laminated on a recording

- layer formed on a substrate is employed as disclosed by JP-A .

6- 274940 (the term "JPp- A" 'as used herein means an

10
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unexam:.ned published Japanese patent application ). The

,'__recording 1ayer of the laminated optical disk is a ROM

' .recording layer recordable recording layer or RAM recording' C

layer used in the above described s1ngle substrate

' structure._ -

Further, . the laminated optical disk 1ncludes a one- .

: j-'s:|.de laminated optical disk us:Lng only one side thereof and _ o

_. a both side laminated optical disk us:.ng both sides thereof B
. A polycarbonate res1n which has excellent moldability, L
) "strength 1ight transmittance and humidity res1stance :|.s

'used in most of “the: above optical disk substrates.

However when substrates .are molded continuously, the |

; characteristic properties such as transferability and
- optical and mechanical propert:l.es of the substrates

'-deteriorate and dust is adhered to the substrates. .

It has been found that volatile matter generated from__

o '.'_"the polycarbonate is adhered to a metal mold or a stamper :. S
- 25 .'f"as the cause of the above problems, thereby caus:.ng such a

S :trouble as outgassing with the result that the optical and' o
"mechanical properties of the substrates deteriorate and the .

'deposit comes off falls on the stamper and :|.s transferred._ o

"uito the substrate.

molecular weight polycarbonate compound contained in the raw _.: '.

materials as a causative agent 1s taken.- For example as

" described J.n JP A 9 208684 the formation of a deposit 1s"

o i prevented by reduc:Lng the amount of -a 1ow molecular weight :

Therefore a measure for reducing the amount of a low |
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: pOlycarbonat_e compound_ having"a mol_e(:ular_weight of 1,000

or les"s contained in a pol'ycarbonate.' However, it has been

-confirmed that the agent of the depos:.t is not only the low_ '_

molecular weight polycarbonate compound and that this effect '

'-is not sufficient.'

The polycarbonate resin :|.s readily hydrolyzed at a hlgh '

'-"temperature and a high humidity, resulting in reductions in

'_--molecular weight and :meact strength Further- when it is. |

left at a high temperature and a high hum::.dity for a long.
10 time, very small white points are formed on the substrate,'

.thereby 1mpairing long term reliability. -

Meanwhile one of characteristic properties required

_of an. - optical disk substrate and an optical information

- recording medium comprising the same is the retention of high
' 15 : 'reliability for a 1ong time. However as the polycarbonate'

' res:Ln is eas:.ly hydrolyzed at a h:|.gh temperature and a high_

humidity, it has been difficult to fully satisfy this

requirement ..

_ : Problems to be solved by the Invention
20

: Currently, _ the continuous molding of compact d:l.sk

substrates which are generally used must be suspended for' -

' '-the cleaning of a metal mold and a stamper to remove a deposit
"on them. 'I'herefore, it has been found that ‘there is _
limitation to the throughput of continuous production andi _'
25 .

that the productivity of a substrate material for high

' .:.-recording density optical disks typified by CD R, MO MD MO '
" and further DVD ROM DVD Video, DVD R and DVD RAM is not o

30

o J.mproved .

For the molding Of a high recording dens:l.ty optical disk =

substrate for DVD ROM and DVD RAM the molding temperature

— _'jmust be 1ncreased to about 380" C s0 as to improve the fluidity .

o and tranSferabilitY Of a resin, which increases the amount

S ,of volatile matter from a polycarbonate res:Ln and narrows:.

' :;'the vent clearance of a. metal mold thereby promoting the_ o
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_accumulation of volatile matter.

The present invention has been made in view of the above

problems and :|.t has been discovered from 1ntens:|.ve studies

on solutions to the above problems that the amount of a depos:.t

‘on ametal mold and a stamper during molding is greatly reduced

and productivity is surprisingly improved while the

| .characteristic properties of a substrat_e are_fully retained
by reducing 'th'e total amount of'sub"stances having as %'weight‘ g
reduction start temperature measured by thermogravimetric

_analys:l.s of 400°Cor 1ess to 1 wt% or less as means of reducing

volatile matter from a polycarbonate.

_ According to the present invention there are provided- '
(1) a polycarbonate reSin molding material for optical use
which .contains substances (A) having a 5 $ weight reduction

start temperature measured by thermogravimetric analysis of:

."-400’C or less :Ln ‘a total a.mount of 1 wt% or less, (2) a
- 'polycarbonate resin molding material for optical use, _
-"wherein when 10 000 CD substrates are molded at a cylinder _'
2"0 f'_-temperature of 340°C and a mold temperature of 75°C, the :

_ amount of a deposit on a sta.mper is 15 mg or less, (3) a '

_polycarbonate res:l.n molding material for optical ‘use,

:wherein when 10 000 DVD substrates are molded at a cylinder'-' .
S _'temperature of 380°C and a mold temperature of 115°C ~the -
" 25 --amount ofa deposit on -a stamper is 15 mg or less, ‘and (4) B

' _.optical disk substrates made from these molding materials."

The term "deposit" as used in this specification means

| La liquid or solid substance accumulated on the periphery of.' |

P o _a stamper or in the vent portion or gap of a metal mold caused'_ o .
30 .bY molding continuously of optical disk: substrate.

Therefore 1t can be said that the substances (A) are deposit- L

"'-:'?__-_'forming substances :Ln the present invention. K _' '

According to the present invention :|.n order to obtain"-._ : -

sufficient reliability for a disk substrate for use in.
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o of more- than 1 wt% a deposit is accumulated on a metal mold o

20

or less._

. high-density optical disks'such'as'digital video disks,:;

substances contained in a molding material (aromatic

polycarbonate resin) for molding the substrate must have a

5 % weilght reduction start temperature measured by

. _-thermograv:.metric analysis of 400°C or less and the "

' "substances _(_._A) must be contained in a total _amo_unt .of 1 wts

Substances ‘having a 5 % weight reduction start
temperature of 400°C or more rarely volatilize from a

polycarbonate whereas substances having a 5 % weight

' -'reduction start temperature of 100° C or less volatilize and'

-'_are discharged to the outs:Lde of a metal mold w1thout being_

accumulated and are: not adhered to a stamper or/and a metal_

mold. When continuous molding 1s carried out using a

: material which contains substances having a 5 % weight

| reduction start temperature of 400° C or less in a total amount

and a stamper in a relatively early stage and sufficient _

: '.productivity cannot be obtained. _
_ When the total amount of the substances (A) having a .
-5 % weight reduction start temperature of 400°C or less, o
preferably 100 to 400°C 1s 1.0 wts or less preferably 0. 5'..

wt% or less more preferablyo 3wt% or less amore stabilized.

o | -".'effect can be obtained._[ It is preferred to reduce the total'
..25_ _amount of" the substances as much as poss:.ble .but 1t 1s :

substantially 1mpossible to. completely eliminate these

substances. The minimum total amount of the substances is

..-30 0001 wtd and when the total amount is 0 001 wt% or more,'..
. economical efficiency becomes high | ' '
30

The substances (A) contained :Ln the polycarbonate and'

:__'_'hav:Lng a; 5 % weight reduction start temperature of 400°C or )

jless include unreacted products of a raw material used for -

" "'_'the production of the polycarbonate and a terminal capping'

- _'agent and modified products thereof catalyst deactivator, ._
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"subs'tance"s relat"ed' to the production-' of the polycarbonate. :

'such as low molecular We:l.ght materials exemplified by

polycarbonate oligomers (may be referred to as - substances

derived from PC production hereinafter), and stabilizers
_':anluding a heat stabilizer antioxldant and" ultraViolet :
-_light absorber release agent modified products thereof and'
.all of th.ch are added to- :merove the characteristic

) properties of a polycarbonate resin (may be referred to as '_

substances derJ.ved ‘from additives hereinafter)

The substances derived from PC productlon Wlll be

.described J.n deta11 hereinafter. The low molecular weight

- materials exemplified by polycarbonate ol:l.gomers are a low _

o _"molecular weight carbonate oligomer containing 1 to 5

15

_.diphenol skeletons ({or raw material monomer skeletons) used
_as a raw material. ) '

Examples of the raw mater:l.al :|.nclude diphenols typified' o

| . 'by bisphenol A and carbonate esters typified by diphenyl

' .'20 .:.

'carbonate.. Examples of the terminal capping agent J.nclude-_

"monofunctional phenols such as p tert butylphenol and p—

cumylphenol. Examples of. the modified products of the

. unreacted products of the raw material and the terminal _
'.capping agent include monocarbonate compounds of the raw

: _ ._material monomer and the terminal capping agent and carbonate

_ _-fcompounds of terminal capping agents. - '

- 25

Most of the substances derived from PC product:n.on are_

..'_-a 1ow molecular weight material represented by the follow:.ng.

'general formula (1)

W

: _where:l.n X is a group for combining two phenols when a dlphenol . :
= forming the polycarbonate :|.s a compound having a biSphenol_ S

_ skeleton as exemplified by alkylene group P alkylidene group ’
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| -'.J--example, JP-A 63- 278929 - Jp- 63 316313 and JP-A 1- 146926

20

cycloalkylidene group th.ch may be substituted by an alkyl

"'-group, -O -CO- -OCO- —S-,' -S0- or. -SOZ, Y 1s a hydrogen _

'atom or a group represented by O & @ >/R_'r' :

(R is'a hydrogen atom or alkyl group hav1ng 1 to 25 carbon

'- atoms and r is an integer of 1 to ‘5), 'R is a hydrogen atom
or alkyl group hav1ng 1 to 4 carbon atoms with the prov:Lso |

Jthat when there are two or more R s, they are the same or .

different p and q are the same or different ~and each an

: integer of 1 to 4, m is an 1nteger of 1 to 5 and n. is 0 or .

The method of reduc:.ng the amounts of the substances s

derived from PC production is not particularly limited

_' There have been made various proposals for reducing the amount .

of the low molecular weight material of a polycarbonate. For "

.'_'_._propose such methods... '

. Stated spec:.fically, these methods may be carried out -

"'repeatedly, _comb:l.ned together or combined w:.th other

' methods .

A description is subsequently given of the substances

derived from additives Typical examples of the substances‘ '

der:Lved from additives are a. stabilizer and a release agent - '

25 ¢

o A phosphorus containing antioxidant :|.s mainly used as

-a stabilizer.- Examples of the phosphorus containing
'-.antioxidant J.nclude phosphates, phosphorous acid and

.fphosphites represented by the follow:l.ng formulas (2) and (3)

o __Most of the phosphorus containing antioxidants have

functions for serving as a heat stabilizer for aromatic '

- 30 . polycarbonate resins. :
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: \P-%o—_Azl '- o (3)

N In the above formulas (2) to (4), m and n are'-

'_independently an integer of 0 to 2 and {m + n) is 1 or 2.

10

A, to A, are the same . ‘or different and each an alkyl
group having 1 to 9 carbon atoms phenyl group phenylalkyl
group (alkyl mo:.ety has 1 to 9 carbon atoms) or alkylphenyl'

' group-. (alkyl moiety has 1 to 9 carbon atoms) a, and/or A3

15

’may be a hydrogen atom.-.._

Illustrative examples of the phosphorus containing '

antiox:.dant represented by the above formulas (2) to (4)

. include tris(2 4~ di t- butylphenyl)phosphite, tris(mono-

o and di nonylphenyl)phosphite, tetrakis (2,4- d:|. t-

, _butylphenyl)4 4 -biphenylene -di- phosphonite and the 1ike.:
©20 '

Out of the substances derived from additives, the

'release agent can be represented by the follow1ng formula' .

(5)

[Ho}*fro_a_m) —

In the above formula (5) R,L is an alkyl group having

L to 22 carbon atoms or alkylene group, R is an alkyl group =

'_.-'___having 12 to. 22 carbon atoms ' t is 0 or a pos:.tive 1nteger,_ '

o a :Ls a positive integer and (t + u) is an integer of 1 to
c 6 preferably 1 to 4. ' '

' The substances derived from PC production and the

substances derived from additives which are represented by'

S ,the above formulas (1) to (5) are. given as examples and cther

' substances hav:Lng a 5 % weight reduction start temperature

o _'-_of 400“ C or less are included in the category of the substances'
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(A) as the deposit forming substances of the present

J.nvention .

The total amount of the above deposit forming

.' substances contained in the polycarbonate resin molding
material for optical use of the present invention is 1 wt%

or less . The total amount is preferably as small as poss1ble.

The 5 % weight reduction start temperatures of some of

R the above deposit forming substances were measured. That is B

using the 951 TGA apparatus of DuPont Co. . Ltd. . the 5% weight

'- reduction_ s_tart temperature. was measured_under_a nit.rogen_'_.""
'atmosphere at a-.tem'pe'rature"elevation rate of 10° C/min. a
low molecular weight polycarbonate oligomer containing 1 or
.2 bisphenol A skeletons had a 5 3 weight reduct:l.on start
" temperature of 370:|:10°C. “As for raw material related _
. 15 .-_substances, bisphenol A had a 5 % weight reduction start
. temperature of 257:l:5° C, diphenyl carbonate had a. 5 % weight'

-"'reduction start temperature of 139:|:5° C, p tert butylphenol

had a 5 % weight reduction start temperature of 145:|:5°C

, -'p cumylphenol had a 5 2 weight reduction start temperature,
20 .

of 17015°C and di- t butylphenyl carbonate which 1s a '

carbonate bonded product of a terminal capping agent had a-'
_:.5 % weight reduction start temperature of 240:|:5°C. _A__s_ for_-"
_-_the additive related substances,_tris(z 4-di- t'? | .'._
_ butylphenyl)phosphite which is'an antioxidant had a 5% weight': "
'.i '2_5__'-'reduction start . temperature of 254:|:5°C tris(mono—:- -
" "-nonylphenyl)phosphite had a. 5 23 weight reduction start o N
| '.temperature of 218:|:5°C stearyl stearate which J.S a release
_ 'agent had a 5 % weight reduction start temperature of 276+5° 'C _
- =.-:"_behenyl behenate had a 5 % weight reduction start temperature ' _
30 'of 302:|:5°C pentaerythritol tetrastearate had a. 5 % weight-.
o reduction start temperature of 356:!:5° C, glycerin tristearate-' |

'-'had a 5 % weight reduction start temperature of 355:|:5° C and S _-

o glycerin monostearate had a. 5 % weight reduction start

_._temperature of 245:|:5°C. |



These measurement valu_es change by around 10°C

'a-cc"ording' to the purity and crystallinity of a product.' It

o _ is only illustrated that all of the above compounds have a

15
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5 % weight reduction start temperature of 400°C or less.

' The polycarbonate resin always contains substances -

: derived from PC. production (A- l) such as a raw material

monomer and a modified product thereof and a low molecular

'weight polycarbonate and substances der:Lved from additives'
_ _"(A 2) such as a heat stabilizer, release agent and modified
10

'products thereof as. deposit forming substances. The weight

'-'ratio of (A 1) to (A 2) is’ 10 90 to 90 10, preferably 15: 85_ _
'.Ito 85: 15 more preferably 20: 80 to 80 20 based on 100 wt%__

of the collected deposit

The dep051t forming substances always contain both

"_(A 1) and (A 2) and ‘the ratio of (A- 1) to (A 2) changes
' according to res:.n compos:Ltion (the amounts of additives and

”the content of an oligomer) and molding conditions.

According to the above described present J.nvention, o

| when an optical disk substrate :Ls to be molded from a

_polycarbonate resin molding material the amount of a depos:l.t

o adhered to a metal mold or a stamper 1s greatly reduced and'

| -:"the total amount of the substances (A) having ab5s weight._ |

o a large number of disks can be molded continuously by reducing

n .'””reduction start temperature of 400°C or less contained in -
' 25 | the molding material to 1 wt% or less. Therefore according-'
o ;;_to the present invention there 1s prov:.ded a polycarbonate-_'

_ __'_resin molding material for optical use wherein when 10, 000'
-,-loptical disk substances are molded at a cylinder temperature_.-
..".'_'..of 340°C and a mold temperature of 75°C the amount of a.

| 3 30 "".i_i_'deposa.t on a stamper 1s 15 mg or less, preferably 10 mg or I_ o

".leSS-;T:"

The above cylinder temperature and mold temperature are _ :

"..'-average temperatures when compact disk substrates are

LT molded. L
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According to: the present invention there is further.

._3"_ prOVided a polycarbonate resin molding material for optical. :

use, wherein when 10 000 optical disk substances are molded :

'at a cylinder temperature of 380°C and a mold temperature
- of: 115°C the amount of a deposit on a stamper is 15 mg or

less, preferably 10 mg ox less.

: The above cylinder temperature and mold temperature are

" average temperatures when DVD disk substrates are molded

The inventors of the present invention have conducted L '

researches on the. further improvement of a. polycarbonate

.resin molding material which enables long- time continuous'-

.'molding and - gives a high quality optical disk substrate.. ,

_ That is when an optical disk (or its substrate) made
from a polycarbonate reSin is maintained ata high temperature -

and a high hum1dity for a long time very small white pOlntS '

‘may be formed on the surface of the substrate or in the

_ substrate become bigger along the passage of time and affect

the reliability of a recording medium. Therefore, the o

- present inventors have conducted researches to find the cause'
' -'20_ j.-'of forming the white points._: An influence exerted by the_
':formation of the very small white pOln'tS is more marked in _
'digital versatile disks such- as DVD- ROM . DVD- Video, DVD-R
and DVD RAM having extremely high information storage
density than normal compact disks (CD) -

25

‘To find. the cause of forming the very small white pOints

-on the disk substrate the present inventors have conducted '

: _'_further researches paying attention to metal compounds

. __-"_'contained in a pocharbonate resin. ' The polycarbonate reSin '

’ .1S produced industrially using many apparatuses and

30

’equipment. That is many apparatuses and equipment such as

E ".'raw material tanks, polymerizer purifier, granulating

. apparatus product storage tanks and transfer pipes are used

- which differ according to production process.. Most of the"._

' s _'apparatuses and equipment are made from stainless steel and )
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o -j'pure water having high purity which contains no metal ions_.'

14

other corrosion "resistan't steel materials..- 'Th‘erefore th.e.'
_1ndustr:|.ally produced polycarbonate resin .contains many . |
.' metal components derived from a catalyst additives solvent
and the materials of apparatuses and equipment used in the'
-production process 1n no small quantities. '
- According to the present invention :|.t has been found_
. that in order to obtain sufficient long term reliability for '
a disk substrate for use in a high density optical disk such :
as a digital v1deo disk the content of Na or an Na compound' :
in a molding material ( aromatic polycarbonate res:.n) used
. to mold the substrate ‘-must be reduced to 1 ppm or. less in
terms of metal Na as well as the reduction of the total amount' R
: of the deposit forming substances. ' _ _ '
N h It has been revealed that when the content of Na is -
_-larger than 1 ppm, the number of very small white p01nts

'- 'increases causing a problem in reading s:.gnals and exerting |

a- bad influence upon reliability.

Consequently, according to the present invention

there is prov1ded a polycarbonate resin molding material for '

' optical use which contains substances (A) hav:.ng a 5 % weight, o
'5__'ﬁ-reduction start temperature measured by thermograv1metric
"'-analys1s of - 400°C or less in a total amount of 1 wt% or less
' and a sodium compound 1n an amount of 1 ppm or less :|.n terms
of metal sodium . e o

25

Therefore it is des:Lred to employ means of preventing

| ".the elution or mix:Lng of Na as much as poss1ble in the _

'production process of a polycarbonate resin. As one of - the"'
' means, 1t is recommended to use a steel material hav:.ng a'

. o .small content of Na and select a material with a small amount

. 30 of eluting Na. A method of removing a Na compound may also

be employed.__ ‘I'his means is precis:Lon filtration washing in

"or water soluble impurities or the like._,-:r“

_ It 1S also desired to reduce the contents of metals of .'
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-lthe group VIII other than Na, such as Al Si, Ca, Mg and Cr,_ _

"as other metal components to. 1 ppm or less.

. The content of a sodium compound in the polycarbonate.

resin is preferably 0.6 ppm or less, particularly preferably

0.5 ppm or less in: terms of metal sodium

According to the present invention, there can be

" obtained such advantages that when a polycarbonate re51n :

containing deposit forming substances and a sodium compound

- in the above small amounts is used to mold. optical disk
: substrates, the amount of a deposit on a metal mold and a
' st-amper is extremely small _even in th_e case of lon-g-term

'continuous molding, thereby making it po‘Ssible to mold.

optical disks at a high yield ‘and further that When the

o o_b_tained optical disk (or substrate) i_s m_a_int_ained _at a high-- I
' ..'1.5_

-temperature and a high himiidity' for a long time, the nufnber' i

of wh:l.te po:l.nts formed on the surface of the substrate or n '
__1n the substrate :|.s extremely small thereby making 1t

. poss:Lble to obtain an optical disk which is _capable of -

o ifretaining reliability for a long time.

' Therefore according to the present invention there_

"'-:Ls provided a polycarbonate resin molding material for

o '.'optical use wherein (1) when 10, 000 .CD optical disk

o prov:.ded a polycarbonate re51n molding material for optical '-. o '

_ substrates are molded at a cylinder temperature of 340° C and .
| a mold temperature of 75°c the amount of a depos:Lt on a

_'stamper J.S 15 mg or less and (2) the number of white po:.nt""
defects of 20 |:lm or. more ‘in size is 2 or less (preferably ' '.
1 or less) per a 120 mm diameter disk like substrate after e
'_'-__':.an acceleration deterioration test (80°C X 85 %RH x 1 000. o
S hours) on the optical disk substrates. |
30 .

| ""use wherein (1) when 10 000 CD optical disk substrates are‘

-_'_molded at a cylinder temperature of 380°C and a mold

"'_’temperature of 115°C the amount of a deposit on a. stamper'_

According to the present :anention there is further'- L
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fis 15 mg or less and (2) the number of white- p01nt defects

of 20 um or more in 51ze is 2 or less (preferably 1l or less)

per. a 120 mm dlameter disk like substrate after an

' 'acceleration deterioration test (80° Cx85 %RH x1,000 hours) B

on the optical disk substrates.

A description is subsequently given of ‘the

:polycarbonate re51n and production method thereof 1n the |

”present 1nvention.

B The polycarbonate re81n used.in the,present 1nvention
is generally obtained from a reaction between a diphenol and '

a carbonate precursor by a solution method or melting method.

zTypical examples of the diphenol used herein include

rﬂhydroquinone resorcinol 4 4’ dihydroxydiphenyl bis(4-

- hydroxyphenyl)methane bis{(4 hydroxy 3, 5-'

15

}dimethyl)phenyl}methane, 1, 1- bis(4 hydroxyphenyl)ethane,
1,1-bis(4- hydroxyphenyl) i1- phenylethane 2,2- bis(4—
”hydroxyphenyl)propane (so called bisphenol A), 2,2-

f;7bis((4 hydroxy 3 methyl)phenyl}propane, 2,2- bis{(4-

20

' hydroxy -3, 5- dimethyl)phenyl}propane 2,2- bis{(3 5-
_dibromo -4- hydroxy)phenyl}propane, 2, 2 blS{(3 isopropyl-

4- hydroxy)phenyl}propane, 2 2- bis{(4 hydroxy 3-

:_phenyl)phenyl}propane,.2 2 blS(4 hydroxyphenyl)butane,
"2, 2 bis(4 hydroxyphenyl) 3-methylbutane,_2 2- bis(4-g

- hydroxyphenyl) -3,3- dimethylbutane, 2,4- bis(4-

25

,hydroxyphenyl) -2- methylbutane, 2 2- blS(4- . L
;_ hydroxyphenyl)pentane, 2 2 bis(4 hydroxyphenyl) 4-
:”methylpentane, 1 1- bis(4 hydroxyphenyl)cyclohexane,:1 1-

bis(4 hydroxyphenyl) -4- 1sopropylcyclohexane, 1,1-bis(4- . -

."hydroxyphenyl) -3, 3 5 trimethylcyclohexane, 9.,9- bis(4-
thdroxyphenyl)fluorene, 9 , 9- bis{(4 hydroxy 3- f :
:;methyl)phenyl}fluorene a o. -bis(4 hydroxyphenyl) o-.;_j“
fjdiisopropylbenzene o, a -b1s(4 hydroxyphenyl)-m—'f--'
.i:diisopropylbenzene,(x oL -bis(4 hydroxyphenyl) p—-_
'Ifdiisopropylbenzene,.l 3 bis(4 hydroxyphenyl) 5 7~
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' more.

-177

dimethyladamantane 4 4" - dihydroxydiphenyl sulfone,

4,4° dihydroxydlphenyl sulfox1de, 4, 4' dihydroxydiphenyl

sulfide 4,4’ -dihydroxydiphenyl ketone, 4,4 -

_dihydroxydiphenyl ether 4,4’ d1hydroxyd1phenyl ester and

- the like, "They may be used alone or 1n admixture of two or

Outofthese homopolymersandcopolymersobtainedfrom

:.at 1east one. bisphenol selected from the. group con51st1ng
'.ofbisphenolzk 2,2- bis{(4 hydroxy 3-methyl)phenyl}propane;
‘2,2- bis(4 hydroxyphenyl)butane, 2 2 -bis(4-
-hydroxyphenyl) 3-methylbutane, 2,2- bis(4 hydroxyphenyl)-
'3'3-dimethylbutane,.2 2-bis(4- hydroxyphenyl) 4-

f methylpentane, 1 1- bis(4 hydroxyphenyl) 3 3 '5-
'_trimethylcyclohexane and o, 11--bis(4 hydroxyphenyl) m-

diisopropylbenzene -are preferred and a bisphenol A o

homopolymer and a copolymer of 1 1- bis(4 hydroxyphenyl)-

' 3 3,5- trimethylcyclohexane and bisphenol A 2 2- bis{(4-
'_hydroxy 3-methyl)phenyl}propane or a, aﬂ-bis(4-
Vhydroxyphenyl)-m diisopropylbenzene are particularly

20 :preferred

"'3 A carbonyl halide carbonate ester or haloformate is

""used as the carbonate precursor as exemplified by phosgene,

1idiphenyl carbonate and dihaloformates of. diphenols.

To produce a polycarbonate resin by reacting the above'

-diphenol with the carbonate precursor by an interfacial .

'Vyfpolymerization or melt polymerization method a catalyst

“'.rterminal capping agent and.antioxidant for ‘the diphenol and;

" the  like may. be used as required._ The polycarbonate res1n_ -
:mmay be a branched polycarbonate res1n containing a Vo'

'tSQ“ polyfunctional aromatic compound hav1ng a functionality of_f,y

o .3 or more -a polyester carbonate resin conta:l.ning an aromatic

'~Q;Qr aliphatlc dicarboxylic ac1d or a.mixture of two or more_f

'f_fof the obtained polycarbonate re51ns.-

T The reaction carried out by the 1nterfacial
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polymerization method is generally a reaction between a

diphenol and phosgene in the presence of an ac:l.d binder and

an organic solvent. Examples of the ac:Ld binder 1nclude

._alkali metal hydroxides such as sod:Lum hydroxide and .

.potassium hydrox::.de and a.mine compounds such as pyridine.

Examples of the organic solvent include hydrocarbon halides'

o such as methylene chloride and chlorobenzene. A catal_yst_ '

- such as a tertiary amine, quaternary ammon:l.um compound or

20

25

o ; 'wherein A :Ls a hydrogen atom, linear or branched alkyl group', o
" 4

) '.'_-lquaternary phosphonium compound exemplified by

triethylamine tetra n butylammonium bromide and tetra-- '
n- butylphosphonium bromide may be used to promote the

reaction. The reaction temperature is generally 0 to 40° C

| -the reaction time is about 10 minutes to 5 hours and pH during
the reaction :|.s preferably maintained ‘at 9 or more._'
- 15

A terminal capping agent is generally used in the above _ '

"polymerization reaction._ A monofunctional phenol may be o

'__used as the terminal capping agent. The monofunctional

phenol is generally used as the terminal capping agent to

' adJust molecular weight and the obtained polycarbonate resin' '

:|.s capped by a group derived from the monofunctional phenol '

to be superior in thermal stability to a polycarbonate res:Ln -

k '.'whose term:l.nal s not capped The monofunctional phenol is .:
'-".a phenol or lower alkyl substituted phenol exemplified by.

- .”f'_monofunctional phenols represented by the follow:Lng general o

'formula (T 1) ' ' ' '

.:(A");':'-

--having 1 to 9 carbon atoms or phenyl group substituted alkyl. ) .
'sgroup, and r is an 1nteger of 1 to 5, preferably 1 to 3._"

Examples of the monofunctional phenol 1nclude phenol

p tert butylphenol p cumylphenol and 1sooctylphenol.__' '

Other monofunctional phenols 1nclude phenols and
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-preferred.

X 19 :

'benzo:l.c ac1d chlorides having a long chain alkyl group or -

aliphatic polyester group as a substituent and long-chain

.alkyl carboxylic acid chlorides.. When they are used to cap. '
' the terminal of a polycarbonate copolymer they not only serve_' :
~as a terminal capping agent or molecular weight modifier but-

also improve the melt fluidity- of a .res:Ln,_ thereby making

m‘olding easy, and has the effe'ct of iniproving the physical

'properties of a substrate espec1ally reducing the water
absorption of the res:.n and the effect of suppressing thel_ _'
'birefringence of the substrate. Out of these phenols having
‘a long -chain alkyl group as a substituent and represented

. by the following general formulas (T 2) and (T- 3) are

- o : .an2n+1 .l . L '_

| X—CHyuy

'-wherein X is -R- O- -R- co- 0- or -R- o- co-~ (R is a single bond-" "

or divalent aliphatic hydrocarbon group hav:.ng 1 to 10 carbon

s ._.atoms preferably 1 to- 5 carbon atoms) and n .'LS an integer '

of 10 to 50..

The substituted phenol of the general formula ( T 2) is. '

. _preferably a phenol in Which n is an integer of preferably"_ '
10 to 30 particularly preferably 10 to 26, as exemplified.

_ :',_by decyl phenol dodecyl phenol tetradecyl phenol

.. '.'._.:hexadecyl phenol octadecyl phenol eicosyl phenol docosyl? _

S .'phenol and triacontyl phenol ' ) |

30 '

The substituted phenol of the general formula (T 3) is'_'

preferably a. compound 1n which X 1s -R CO 0—; R'is a s1ngle_ ,

:__--..bond and n- is an 1nteger of preferably 10 to 30 part:l.cularly N
R _preferably 10 to 26 as exemplified by decyl hydroxybenzoate, :' :
_'_dodecyl hydroxybenzoate,'. tetradecyl hydroxybenzoate, ' E



.20

hexadecylhydroxybenzoate eicosylhydroXybenzoate,docosyl.

| hydroxybenzoate and triacontyl hydroxybenzoate.

‘The terminal capping agent is introduced in an amount-

d'of at least 5 mol% preferably at least 10 mol% based on the_i.

etotalofalltheterminalsoftheobtainedpolycarbonatereSin."

;__The above terminal capping agents may be used alone or in

10

g admixture of two or more.

The reaction carried out by the melting method is'

-'generally'an ester exchange reaction between a diphenol and

a carbonate ester which is carried out in the presence of

an inert gas by mixing together the diphenol and the carbonate

'-___ester under heating and distilling off. the formed alcohol'

or phenol. The reaction temperature 'which changes

' :according to the bOiling point or the like of the formed

15 alcohol or phenol is generally 120 to 350°c. In the latter -

stage of the reaction the pressure of the reaction system :

"g.is reduced to 10 to 0 1 Torr (about 1, 330 Pa to 13 Pa) to

o tphenol. The reaction time is generally about 1 to 4 hours...fﬁ'
20 -

”facilitate the distillation off of the formed. alcohol or

The carbonate ester is an ester such as an aryl group

”N_having 6 to 10 carbon atoms,'aralkyl group or alkyl group

b _ haVing 1 to 4 carbon atoms which may be substituted. : Examples

- of the carbonate ester include diphenyl carbonate ditolyl -
_ L ?carbonate bis(chlorophenyl)carbonate m-cresyl.carbonate,';
"3 25f_dinaphthyl carbonate, bis(diphenyl)carbonate dimethyl '

?carbonate diethylcarbonate dibutylcarbonateandthelike.i

o Out of these diphenyl carbonate is preferred.u-

To accelerate the rate of polymerization, a

polymerization catalyst may be used.t Examples of the-'--.
5polymerization.catalyst include.alkali.metal.compounds such

'yias sodium hydrox1de potass1um hydroxide and sodium salts'f

iﬂ'and potaSSium salts of . diphenols, alkali earth metal C

Efd7compounds such as calcium hydroxide barium hydroxide andlf'

-magneSium hydroxide, nitrogen containing baSic compounds
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: such as tetramethylammonium hydroxide, tetraethylammonium__
'hydroxide,:trimethylamine and triethylamine,ralkoxides of

":alkali metals and alkali earth metals, organic acid salts

of alkali metals ‘and alkali earth metals, 21nc compounds,

K boron compounds, aluminum compounds, 51licon compounds-”
.'germanium compounds organic tin compounds lead compounds,'_"
'3;osmium compounds antimony compounds manganese compounds;
-titanium compounds, and 21rcon1um compounds,'all of whichq
"are generally used for an esterification reaction or ester

exchange reaction,_ These catalysts may'be used alone or in ..

combination'of two or more. The amount of the polymerization

catalyst is preferably l x 10 to 1x 10'3 equivalent more

-preferably 1 x 10‘7 to 5 x 10'4 equivalent based on 1 mol of
'the diphenol as a raw material ' ' '
_15.:

To reduce the number of phenolic term:l.nal groups in the :

-_polymerization reaction a compound such as

bis(chlorophenyl)carbonate, bis(bromophenyl)carbonate,_
bis(nitrophenyl)carbonate, bis(phenylphenyl)carbonate,_
chlorophenylphenyl.carbonate bromophenylphenyl.carbonate,

-;nitrophenylphenyl carbonate, phenylphenyl carbonate,_

f'ymethoxycarbonylphenylphenyl carbonate or ,'f

: ".ethoxycarbonylphenylphenyl carbonate is preferably added J.n.' _ '
ff the latter stage of a polymerization reaction or after the
,_y“end of the polymerization reaction.. Qut of.these, 2- f_,.
ﬁsz-chlorophenylphenyl carbonate, 2- | 'r'.' o
' '[methoxycarbonylphenylphenyl carbonate and 2-

":ethoxycarbonylphenylphenyl carbonate are preferred and
'{2 methoxycarbonylphenylphenyl carbonate is particularly

’preferred.

The viscos1ty average molecular weight (M) of the

"_,polycarbonate res1n is preferably 10 000 to 22 000 more

e;ﬂpreferably 12, 000 to 20 000 particularly'preferably'13 000

;Zfﬁto 18, 000. The polycarbonate resin hav1ng the above

fv1scosity average molecular weight has sufficient strength
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as an optical material ‘and ex'cellent melt fluidity at the

time of molding and is free from molding distortion. _

Therefore molding distortion does not occur advantageously.

The viscos1ty average molecular weight as used herein is '

' obtained by inserting a specific Visc051ty (nsp) obtained from_ :

_' a solution of 0.7 g of a polycarbonate reSin dissolved in
© 100 ml of methylene chloride at 20°C into the fOllOWJ.ng -

"expression.;

'qspyc- -Iml + 0.45 X [1]] c (['r|] is an intrinsic Viscosity) .'
[-'rll 1. 23 x 10‘4 M° -8 '
c=20.7 ' S

It is preferred that impurities and foreign matter such- |

'as 1ow-molecular weight components and unreacted componentsl .
_ o should be removed by filtering the polycarbonate reSin in . '-
..-_'1'5 .-a solution state. after it is produced by the above .
| _ -conventionally known commonly used method (such as
f:interfacial polymerization or melt polymerization) or

' _ __washing a granular raw material after granulation (solvent'

has been removed) with a poor solvent such as acetone under '

-.heating '- In the extrusion step (pelletization step) for
- obtaining a pellet of the polycarbonate resin to be injection
p 'molded foreign matter is preferably removed by passing the '

- polycarbonate reSin through a Sintered metal filter haVing |

o f-a filtration accuracy of 10 pm while it is molten v An additive

25

such’ as a phosphorus based antiox1dant is preferably added :'_

' ".__'-_as required. _ In either case it is necessary to reduce the'

amounts of foreign matter, impurities and solvent as much-

as- pos51ble for a resin as . -a raw material before injection

L molding

An injection molding machine (including an injection o

compression molding machine) is used to produce an- optical-.:_'-'-"'

: -"."disk substrate from the above polycarbonate resin. a '

' "generally used injection molding machine may be used but an-- o

:'_ injection molding machine including cylinders and screws



made from a material having low adhesion to resins, corrosion |

'-resistance' and. abrasion resistance is p'referre'd to suppress
.the formation of a carbide and. improve the reliability of

o a disk substrate._ As for injection molding conditions the_

cylinder temperature 1s preferably 300 to 400" C and the mold

_'temperature 1s preferably 50 to 140‘ C, whereby an optically :

'_excellent optical disk substrate can ‘be obtained.' The

environment of the molding step .'LS as’ clean as poss:n.ble in

T cons:.deration of the object of the present invention. It is

T 10 -

_-also important to remove water by drying a material to be

'molded completely and to- eliminate res:.dence for causing the _

decomposition of a molten resin.

‘I'he thus molded optical disk substrate ‘is used as a’

- substrate for a high density optical disk exemplified by .
- 15 compact disks (may be abbreviated as CD hereinafter) . CD-R,

'.MO MD MO and further digital video disks (may be abbrev1ated-

' -DVD hereinafter), DVD ROM DVD-video, DVD. -R and D_VD -RAM.

o .Exa.mples
200

- The following examples are prov1ded for the purpose of' _

- _ further illustrating the present J.nvention but are in no way p
- to be taken as limiting Evaluations were made in accordance o
..with the following methods. L '
U a) adhes1on measurement test
25 .

A CD metal mold :|.s set in the DISK3 M III :LnJection_”.

__molding machine of Sumitomo Heavy Industries Ltd. , a nickel o

' CD stamper hav:l.ng a pit is set :|.n this metal mold a molding -

o '_material is injected into the hopper of the molding machine

30

' automatically, and 10 000 optical disk substrates hav:Lng a' "

diameter of 120 mm and a thickness of 1 2 mm are molded

continuously at a cylinder temperature of 340°C a mold

i : temperature of 70°C Jan J.njection speed of 100 mm/sec .and o

'__'a holding pressure of 40 kgf/cm .. Also a DVD metal mold is- ": '

set in a similar molding machine, a nickel DVD stamper
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"'_including information such as an addreSS signal is set in

‘the metal mold, and 10, 000 optical disk substrates hav:.ng" '

a diameter of 120 mm and a thickness of 0 6 mm are molded__-

'_continuously at a cylinder temperature of 380°C a mold

temperature of 115°C ‘an inJection speed of 300 mm/sec and_'- :

-a holding pressure of 40 kgf/cm .

- After 10 000 optical disk substrates are molded

continuously, a deposit on the stamper was extracted and dry

'solidified w1th chloroform to measure the amount of the :

: deposit .

' The amount of the depos:Lt is evaluated according to the

- following criter:l.a. -
' evaluation criteria

Ay 1 to 7 mg of deposit after molding of 10 000 substrates:

B: 8 to 15 mg of depos:Lt after molding of 10,000 substrates -

o C- 16 mg or more of depos:Lt after molding of 10, 000 substrates. -
'D: deposit is transferred to_. substrate_s .before _molding of
- 10, 000 substrates - - | L B
(b) quantitative determination of substrates derived from_- '

. 'PC product ion

The total content of the substances of claim 1 derived'

. from PC production, such as a 1ow molecular weight
polycarbonate, polycarbonate raw materials,. terminal' _
.' .'_'.capping agent and modified product thereof 1s obtained from"'_
25 - the peak areas of the substances on the chart of the obtained '_ : .' .

' '--polycarbonate sample and depos:l.t using the GPC system (column o

o filler TSK gel GZOOOHXL + 3000HXL of Tosoh Corporation) of . |

30

"?.Waters Co. Ltd.,'

(c) quantitative determination of substances derived from

"additives o L o o
'I'he total content of substances derived from additives_ R

-is obtained from the calibration line of substances derived* )

L _1"‘from additives contained in the deposit us1ng the UNITY300:-

- NMR apparatus of Varian Co., Ltd. (300 MHz)
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.'__-_(d)- " amount of Na

'I'he content of metal Na is obtained uSing inductively"

o -coupled plasma emiSSion spectroanalYSis.

15

(e) number of white pOints after mOist heat treatment

. To check the formation of white pOints when a disk is-

’ 'left in an extreme atmosphere for a long time the disk is

R kept in a thermo hygrostat maintained at a temperature of |
.. 80°C and a relative humidity of 85 $ for 1 000 hours and the
"'number of white points as large as 20 |1m or more is counted_
10

using a polarization microscope. This is made on 25 CD

,._'substrates (diameter of 120 mm, thickness of 1.2 mm) and 25.
: 'DVD substrates (diameter of 120 mm, thickness of 0 6 mm) to_.
- -obtain an average value which is taken as the number of white -
:points._’ _' ;
'Example 1

219.4 parts of ion exchange water and 40 2 parts of a

'48 % aqueous solution of sodium hydrox1de were injected into
_'.a reactor equipped Wlth a thermometer, stirrer and reflux
S _"'_-condenser, 57.5 parts (0 252 mol) of 2 2- bis(4- ' '
_': 20 __.-hydroxyphenyl)propane and 0.12 part of hydrosulfite were _
- -dissolved in this solution 181 parts of methylene chloride' B

was added and 28 3. parts of phosgene was blown into the

"_j:resulting solution at 15 “to - 25°C under agitation over 40 '-

_ minutes. After the blowing of phosgene 7.2 parts of a 48 %
-'-25_ '-'?'aqueous solution of sodium hydroxide and 2. 42 parts of

- p- tert butYlphenol were added stirred and emulsified 0.06 "

' "part of triethylam1ne was added and stirred at 28 to 33° C

_ ""reaction, the reaction product ‘was diluted With methylene o
s 3.0,:

"-for 1 hour to complete a reaction. After the end of the

'chloride washed with water made acidity With hydrochloric _' o

]acid and washed with water. When the conductiVity of a water'

B Z.fphase became almost equal’ to that of ion exchange water, the
".:-'polycarbonate solution was added dropWise to hot water in_:-_ -

.an kneader including a sealing chamber haVing a foreign matter__: s
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extraction port in 1ts bearing unit to produce a flaky
"polycarbonate resin while methylene chloride Was distilled

E off. Thereafter this flaky'polycarbonate:reSin.containing'

water Was ground and dried to obtain a powder hav1ng a

-pviscosity average molecular weight of 15 000. A heat
'stabilizer and a release agent were added to the powder as

additives in amounts shown in Table 1 and melt- kneaded

together at a cylinder temperature of 240°C by a vented _
double screw extruder (KTX- 46 of Kobe Steel Ltd ) under

-degassing to obtain a pellet shown in Example 1. The total.

'content of substances derived from PC production in thlS-

._.pellet is- shown in Table 2._'

"The pellet was used to mold 10, 000 cD substrates to

psfmeasure the weight and compOSition ratio of deposits on the_

o lSV_stamper._ The results ‘are shown in Table 2.

fb-Example 2

20

A pellet having compos1tion shown in Table 1 was

'yproducedinthesamemannarasinExamplel. Thetotalcontent,

'of substances derived from PC production in this pellet is

shown in Table 2.,l:;' .
The pellet was used to mold 10 000 DVD substrates to

"measure the weight and composition ratio of" depos1ts on the_

'_“stamper. The results are shown in Table 2._

| fﬂExample 3

"ij A pellet having composition shown in Table 1 was :

.;fproduced in the same manner as in Example 1 except that 10 o

KN N of acetone per 1 kg of the polycarbonate powder obtained._

'r_in Example 1 was added stirred at room temperature for 2

- yt_thours filtered and dried under'vacuum to obtain a.purifiedlf-:;
o 30 'polycarbonate. The total content of substances derived from-__ o

B _'.'_PC production :|.n this pellet is shown in Table 2 . Thereafter,

L 10 000 CD substrates were molded in the same manner as in

I;wExample 1 to evaluate a dep051t.' The results are shown in';-f
fTable 2 ' '
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) 'Example 4

A purified polycarbonate powder was obtained in the

.same manner as. in Example 3 to produce a pellet 1n the same :

manner as in Example 1 uSing the powder 1n an amount shown -

in Table 1. The total content of substances derived from PC -_

.'production in this pellet is shown in ‘Table 2.

DVD substrates were molded using this pellet in the same.

'manner as in Example 2 and evaluated._ ‘The results-are shown

in. Table 2.

Example 5

A pellet haVing CompOSJ.tlon shown in Table 1 was

- produced in the same manner as in Example 1 except that 2. 72

"parts of pP- tert butylphenol was added to obtain a powder

o _haVing a viscos1ty average molecular weight of 14 000. ' The"_ |

.20 -

30

-total content of . substances derived from PC production in -
" this pellet is shown in Table 2. CD- substrates were molded
' in the same manner as in Example 1 and evaluated. The result—s |
~are shown in Table 2. '. ' ' o

.Example 6

50. 2 parts (0 22 mol) of 2 2- bis(4-

. -hydroxyphenyl)propane, 49 2 parts. ( 0. 23 mol) of diphenyl

carbonate (of Bayer AG) and 0 000005 part of sodium hydroXide_'

and 0 0016 part of tetramethylammonium hydroxide as.
o '_catalysts were injected into a reactor equipped With a stirrer' -
25 and fractionating column and the inSide of the reactor was '
substituted w:|.th nitrogen. ) The mixture was dissolved by
-' heating at 200°C under agitation. : Thereafter most of the' |
"formed phenol was distilled off at a reduced pressure of 30
- Torr (about 4 000 Pa) under heating in 1 hour and a - "
h polymerization reaction was carried out by further elevating -
'-the temperature to 270° C at a reduced pressure of 1 Torr (133 _

rPa) for 2 hours,-and then O 51 part of 2—

' methoxycarbonylphenylphenyl carbonate was added as a

- 'terminal capping agent . A terminal capping reaction was then |
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'- carried out at 270° C and 1 Torxr (133 Pa) or less for 5 minutes .

_ 0.00051 parts (4 X 10°° mol/l mol of bisphenol) of

tetrabutylphosphonium dodecylbenzene sulfonate as

_neutrizating agent was added to continue the react:l.on at 270° c E

~ and 10 Torr (about 1,330 Pa)- or less for 10 minutes to obtain

. a 'polym'er having a’ 'visco-si'ty- ave-ragei molecular 'weig’ht' of

15

20

o .were molded in the same manner as in Example 2 and evaluated. R

B 15, 10"0'. This polymer was. supplied into an extruder by a gear
. 'pump. - A heat stabilizer and a release agent were. added as
' additives before the extruder in amounts shown :|.n Table 1
10 -

to obtain a pellet shown in Example 6. :

The total content of substances derived from PC _

: production in the obtained pellet is shown in Table 2.: ICD -
o substrates were molded 1n the same manner as J.n Example 1.

i and evaluated The results are shown 1n Table 2.-

Comparative Example 1

‘A powder was produced in the same manner as in Example

-_l except that the reaction was terminated after 2 hours of
’ agitation without adding triethylam:.ne and only washing w1th -
water was carried out. Additives were added to this powder

.__'-_.in amounts shown in Table -1 to obtain a pellet shown in

omparative Example 1 in the- same manner as 1n Example 1 :

.-The total content of substances derived from PC production } _.
'-in this pellet is shown in Table 2. . CD substrates were _molded-' .'
_ ' in the same manner as in Example 1 and evaluated. The'results-' '

-"2"5'_“.-are shown in Table 2. ' L ' B |

' 'Comparative Example 2

A pellet was . produced in the same manner as in

"'-Comparative Example 1 except that a heat stabilizer and a___-
_ '".-release agent were added as additives in amounts shown in
30 '.'_Table 1.. The total content of substances derived from Pcf- '

a _"production :|.n this pellet J.S shown in Table 2 DVD substrates . o

' __"The results are shown in- Table 2. -

Comparative Example 3 L
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' A polycarbonate powder was obtained in the same manner-'

_ as in Example 5 and add:l.tives were added to th:|.s powder in

amounts shown in Table 1 to produce a pellet J.n the same manner

| as J.n Example 1. The total content of substances derived from'

PC production :|.n th:Ls pellet is shown in Table 2. 'CD

s substrates were molded in the same manner as in Example 1

15

20

L DVD substrates molded out of this material was measured. “The -

“Example 8

: and evaluated - 'The results’ are shown in Table 2.

The follow:l.ng experiments were conducted to fJ.nd the

_relationship between the content of Na and the formation of'__

white po:.nts -after a m01st heat treatment
Example 7 '

‘A polycarbonate powder was obtained in the same manner

as’ in Example 1 and additives were added to this powder in
_ amounts shown :Ln Table 3 to produce a pellet in the same manner

as. 1n Example I. The total content of substances der:l.ved from o

PC production and the content of Na 1n this pellet are shown

in Table 4. CD substrates were molded in the same manner as _

in Example 1 and the number of white po:.nts after the moist
. heat treatment of each of the CD substrates was measured and

.'.evaluated The results are shown in Table 4.

‘A polycarbonate powder was obtained in the same manner

_' as in Example 1 and additives were added to this powder in '

'amounts shown 1n Table 3 to produce a pellet in the same manner

as in Example 1 . The total content of substances derived from g

PC production and the content of Na in this pellet are shown '

_':I.n Table 4. DVD substrates were molded in the same manner
o 'as in Example 2 and the we:.ght and composition ratio of |
'depos:.ts on a stamper were measured Further, _the number of :

th.te po:.nts after the mo:.st heat treatment of each of the _ .

L '_.-results are’ shown 1in: Table 4._

' ':.'-'Example 9

A purlfied polycarbonate powder was obtained 1n the '
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15

30

30 -

same manner._as. .'in Example 3 a'nda pellet was produce'd. in the
~ same manner"as in Example 1 usin'g'thé-' powder in an amount_
shown in Table 3. The total content of substances derJ.ved'__
" -.from PC production and the content of Na in this pellet are"'j
. shown in Table 4. CD substrates were molded us1ng this pellet
-in the same manner as in Example 1 and evaluated ‘The resul.ts B
‘are shown in Table 4 ' o

'_Example 10

A purified polycarbonate powder was obtained J.n the .

same manner as in Example 3. and a pellet was produced in the'.-__'
same manner ‘as in. Example 1 u51ng the powder in an amount'
- shown in Table 3. ‘The total content of substances derived,".

" from PC production and the content of Na in this pellet are'

shown 1n Table 4 DVD substrates were molded in the sa.me-'_-

- manner as in Example 2 using this pellet and evaluated. The-
) _results are shown 1n Table 1. ' |

'Example 11

A purified polycarbonate powder was obtained in the |

 same manner ‘as J.n Example 5 and a pellet was produced in the'-

_'_same manner as in Example 1 us:l.ng the powder 1n an amount

shown in Table 3 "The total content of substances derived '

from PC production and the content of Na in this pellet are 3 |
'-shown in Table 4 . CD substrates were molded in the same manner : o
o _'_as in Example 1 using this pellet and evaluated The results_ |

o - -.Example 12

fare shown in Table 4

A purified polycarbonate powder was obtained J.n the

' same manner as in Example 6 and a pellet was produced :|.n the'
: _"same manner as 1n Example 1 u51ng the powder in an amount :
:shown in Table 3. The total content of substances derived.

from PC production and the content of Na in this pellet are_',-"

. shown in Table 4 . CD substrates were molded in the same manner

" -as in Example 1 using this pellet and evaluated.. The resu_lts i

' are shown in- Table 4. '
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_Comparative Example 4

A polycarbonate powder Was obtained in the same manner

as in Comparative Example 1 and a pellet was produced in the '
_.same manner as in. Example 1- us:Lng the powder in an amount
= shown in Table 3. The total content of substances derived
from PC production and the content -of Na in this pellet are
' shown in Table 4 CD substrates were molded 1n the same manner
o as in. Example 1 us:.ng this pellet and evaluated ‘The result_s
| ~ are shown in Table 4 ' ' '
| 10

Comparative Example 5

A polycarbonate powder was obtained in the same manner

" as in Comparative Example 1 and a pellet was produced in the

same manner as :Ln Example 1 using the powder in an amount

- : _.'shown in Table 3. The total content of substances derived '

.20

| from Pc production and the content of Na in this pellet are

' shown in Table 4. The results are shown in Table 4 A purified'

polycarbonate powder was obtained 1n the same manner as 1n |

- Example 5 and a pellet was produced :l.n the same manner as
'1n Example 1 us::.ng the powder in an amount shown :Ln Table
3. The: total content of substances derived from PC

":._'production and the content of Na in this pellet ‘are shown_

. in Table 4. _ ) substrates were molded in the same m_anner_as :

.in Example 1 using this pellet and evaluated. The-.results_
'-are ‘shown in Table 4. e ' '

_ Comparative Example 6

A polycarbonate powder was obtained in the same manner_"

o as in Example 1 and additives were added to his powder :|.n i

B amounts shown 1n Table 3 to produce a pellet in the same manner
- _' : '_."__as in Example 1 . The total content of substances derived from
30 PC production and the content of Na in this pellet are shown-._
B in Table 4 CD substrates were molded in the same manner as- -
.:_'_in Example 1 and evaluated. The results are shown in Table"-

el

It .i.S:Obvibusv"frbllf_l_.'th':e_se__results thatit __i_'s'_"_'n.ec'es'sary" L
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to reduce the total amount of substances haVing'a 5 %‘weighty
reduction start temperature measured by thermogravimetricy
analysis of 400°C or less and contained in a polycarbonate
res:.n molding material for optical use which is used to mold
.substrates to 1 wt% or less so as to-obtain ‘high-density
: -optical disk substrates retaining high reliability for a long ._ .
time economically and efficiently and it is de51red to reduce :
. the content_of_Na:in the above,polycarbonate.resin molding._

material to 1 ppm or less.’



Ex;l

Ex.2

Ex.3

- Ex.4

Ex.5

"EX.6

C.Ex.1

C.Ex.2]C.

'-'triMéthyl'phbéphafe'

0.005

phosphorous acid

. trisnonylphenyl phosphlte jf

0.003 |

—10.003

0.002

tris(2,4-4di-t- butylphenyl)
phosphite

0.910_

0;005

0.005

0.010

(2,4-di-t- bﬁtylphenyl) ry 4"

"~ | piphenylene diphosphonite

10.003|

0.010

glycerin monostearate =~

0;045

o.oab-

0.080

0.045

0.025

0.025 |

0.080

0.080

0.150

. pentaerythritol tetrastearate

0 048_

0. 033

0.090

0.048

0.090

0.092

" total (wt%)
- . Ex. Example -

" C.Ex.: Comparative Example :

0.030

0.030

0.153 |




dTaﬁle 2

ZEx 1

Ex.2

T Ex.3

.‘Ex.4

" Ex.5

" Ex.6

C.Ex.1

C.Ex.3

. C.Ex.2
My = . o - 15,000 | 15,000 | 15,000 | 15,000 | 14,000 | 15,000 | 15,000 | 15,000 | 14,000
- | () substances derived. | o 520 | 0.510 | 0.260 [ 0.220 | 0.860 | 0.410 | 1.200 | 1.220 | 0.910
| from PC production (wt%): R T R T R A N
“{ (b) 'substances derived ..go;o4a--.o.033z_-o.09o ' 0.048 | 0.030 | 0.030 | 0.090 | 0.092 | 0.153 |
from additives (wt%) S N I T ' _ S N B
total (wt%) 0.568 | 0.543 | 0.350 | 0.268 | 0.890 | 0.440 | 1.290 | 1.312 | 1.063 |..
molded product - . . €D DVD [ €D “DVD | - CD - CD - .CD ' |. DVD CD
evaluation of deposition B B.. | A A ‘B - A . ¢c | c D
| ratio of (A) to (B) f32 :68 | 46:54 | 25:75 | 30:70 | 48:52 | 40:60 | 39:61 | 42:58 | 20:80
C Ex.. ' : : : T

“Ex.: Example

cOmparative Example_ B




. Table 3

Ex.7

Ex.10

Ex.lz

C.Ex.4

L " Ex.8 | Bx.9 Ex.11 C.Ex.5| C.Ex.6
phosphorous acid _ . o.001| | o S
trisnonylphenyl phosphite - . 10.005| 10.003 g 0.004

Co | tris(2,4-d1-t- butylphenyl) 0.005 | - 10.003 | 10,002 0.005 [
1__-phosphite _ . | IR R | g ;
1(2,4-ai-t- butylphenyl) 4,4 - 1.0.003 0.005 | 0.005
biphenylene diphosphonite o g EEE - _ 1
| glyceérin monostearate : 0.050 | 0.040 '0;030 e : | o lom200 ]
”.pentaerythrltol tetrastearate L o 0.030 | 0.010]0.020|0.040 | 0.030
- |total (wt%).- '0.056 [ 0.045 0.033 0.025 | 0.045 | 0.204

0. 033 '

0.015

0.035

Ex. Example ;if

C. Ex.. Comparatlve Example_




" Table 4

Ex.7

T Ex.8

~Ex,9'

BEx.10

Ex.11

TEx.12

C.Ex.4

C.Ex.5

C.Ex.6

v

15,100

15,000

15,200

15,200

14,300

15,100

15,200

14,300

15,100

(A) substances derived
| from PC production (wt)

0. 56'

- 0.54

0.23

. 0.20

- 0.42.

1.22

| o0.85

0.55

(b) substances derived

,o 056

0.045"

70.033

0.025

0.045

0.204

"0.035

from additives (wt%)
total (wtg) ' :

'-0.616.'

0.585

0.263 |

0.233

0.865

0.445

'1.265

0.585

‘molded product :

"CD : -

VD

DVD -

oD

CD

"1.054

R

CD

evaluation of deposition

A

B- -

e

depositions ratio of )
(A) to (B) '

28:72)

35165

24:76

.31:69

46:54

- 55:45

-.14:86d

33:67

content of Na

| 0.3

- 0.4

0.3

0.0

.. 0.6

0.3

olof.
wWN

gl

" [number of white points
' ' Ex.: Example

C Ex.. Comparative Example

leleol

|

lele]
o

o
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- .Ac'cor'ding t.o'the'mo'lding ‘material ef the present_
invention, the amount of a deposit can be reduced, continuous

productivity can.be _improved and a substrate which c_an retain

~ high reliability for a long time can be obtained by reducing

the total content of substances havinga 5 % weight reduction

start temperature measured by thermogravimetr:.c analyszl.s of

- '400°C or less to 1 wt% or. less in the mold:l.ng materlal and'

10

.preferably reduc:.ng the content of Na to 1 ppm or less in_'_
' _the moldlng materlal. The effect obtained by this :Ls |

*exceptional.
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B _1.' u A polycarbonate resin molding material for optical use

' 'which contains substances (a) hav:Lng as % weight reduction

start temperature measured by thermograv:.metric analysis of

'400°C or less in a total amount of 1 wt% or less. '

2 : The polycarbonate resin molding material of cla:l.m 1,

_' 'wherein the total amount of the substances (A) is 0 5 wt%'
10 . or less._ ' .

3. ' The p'o'lycar.bonate r'esi'n molding mat"er'ial of claim 1

' "'which has a viscosity average molecular weight of 10, 000 to

22 000.

15

: 25

4. A polycarbonate resz.n molding material for optical use,

. .wherein when 10 000 optical disk substrates are molded at

a cylinder temperature of 340°C and a mold temperature of

_ _ '75°C the amount of a. depos1t on a stamper J.S 15 mg or less."
20 .. | | L |
- '_5 - A polycarbonate resin molding material for optical use .

'- wherein when 10 000 optical disk substrates are molded at.."

a cylinder temperature of 380°C and a mold temperature of

.' 115' C the amount of a deposit on a stamper is 15 mg or less.:

6 L An optical disk substrate formed from the polycarbonate -

| resin molding material for optical use of claim 1.

7. - An optical disk substrate formed from the polycarbonate_' -

30 -".resin molding material for optical use of claim 4

' '-8L : An optical disk substrate formed from the polycarbonate__. S :

" _:'-res:Ln molding material for optical use of claim 5.-_.
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.' '9. a The optical disk substrate of any one of claims 6. to

-8 which is used for digital versatile disks.

10. A polycarbonate res:Ln molding material for optical use
wh:l.ch contains substances (A) having a 5 % we:l.ght reduction

start temperature measured by thermogravimetric analys:.s of

'400° C or less in a total amount of 1 wt% or less and a sodium_ |

. compound in an amount .of 1 ppm or less in terms of metal so_dium.

"~ 11. The polycarbonate resin molding material for optical

_ use of claim 10, wherein the total amount of the substances_' '

'(A) is 0. 5 wt% or less. '

20

: ‘12, _ The polycarbonate res:.n molding material for optical
15 ¢

use of" claim 10 wherein the amount of the sodium compound‘

--__-is 0 6 ppm or less in terms of metal sodium

1-3‘.-'-- 'I'he polycarbonate res:.n molding material for optical :

' use of claim 10 which has a viscos1ty average molecular weight .

Of 10, 000 'I:o 22 000.-_

. 14. A polycarbonate resin molding material for optical use .
'wherein (1) when 10, 000 CD opt:l.cal disk substrates are molded .

| ‘at a cylinder temperature of 340°C and a mold temperature_

. 25

*of 75°C the amount of a deposit on a stamper is 15 ‘mg . orl
.less and (2) the number of white point defects of 20 pm or
' more 1n s1ze 1s 2 or less per a 120 mm diameter disk like-
_._substrate after’ an acceleration deterioration test (80°C x@'j
_ ll f85 *RH x 1 000 hours) on the optical disk substrates.g'
: .ié.zi?Apolycarbonateresinmoldingmaterialforopticalusej
'wherein(l)whenlo 000DVDopticaldisksubstratesaremolded"

- at a cylinder temperature of 380°C and a mold temperature' -

. of 115° C-',.' the amount of a deposit on a stamper is 15 mg or
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.less and (2) the number of white po:Lnt defects of 20 um or o

more in size is 2 or. less per a 120 mm diameter disk-like

g substrate -after an a_ccelerat_:l.on d_e_terioration_ test (80°C x

85 $RH x 1.,000-hours)_. on the"opt_ical disk substrates.

16 An optical disk substrate formed from the polycarbonate_' o

' _res:l.n molding material for optical use of claim 10.

17, -An optical disk substrate fo_rmed from the polycarbonate

res:in:molding ma-terial for IOptical use .of claim 14.

18. An optical disk substrate formed from the polycarbonate -

| _res:|.n molding material for optical use of claim 15.

19. __ The optical disk substrate of any one of claims 16 to .

L 18 which 1s used for digital versatile disks._

'__'20' . Use of the polycarbonate resin molding material of any

. o_ne of claims 1 4 and 5 for an optical disk substrate.

20

21. Use of the polycarbonate resin mold:l.ng material of" any

| “one. of claims 10 14 ‘and 15 for -an optical disk substrate.-

C mmmmm



