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METHOD FOR THE PREPARATION OF BISPHENOL-A POLYCARBONATE WITI:I 
REDUCED LEVELS OF FRIES 

BACKGROUND 

This invention relates to a composition comprising polycarbonate, wherein the 

polycarbonate has a low content of a particular branching species. This branching _species 

is depicted below in formula (I), and is commonly known as the "Fries" branching 

species (hereinafter "Fries"). More particularly, this invention relates to low Fries 

S polycarbonate made by the melt synthesis method. This invention further relates to an 

optical disk comprising said low Fries polycarbonate, and to a method of injection 

molding which employs said polycarbonate. 

Conventional industrial plants ·synthesize polycarbonate by mixing together an 

aqueous solution of a dihydroxy compound (e.g., bisphenol-A) with an organic solvent 

l 0 (e.g., dicloromethane) containing a carbonyl halide (e.g., phosgene). Upon mixing the 

immiscible organic and aqueous phases, the dihydroxy compound reacts with the 

carbonyl halide at the phase interface. Typically, a phase transfer catalyst, such as a 

tertiary amine, is added to the aqueous phase to enhance this reaction. This synthesis 
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method is commonly known as the "interfacial" synthesis metltod for preparing 

polycarbonate. 

The interfacial method for making polycarbonate has several inherent 

disadvantages. First, it is a disadvantage to operate a process which requires phosgene as 

S a reactant due to obvious safety concerns. Second, it is a disadvantage to operate a 

process which requires using large amounts-of an organic solvent because expen8ive 

precautions must be taken to guard against any adverse-environmental impact.· Third, the 

interfacial method requires a relatively large amount of equipmerif and capital investment. 

Fourth, the polycarbonate produced by tlie material process is prone to havfug ----

10 inconsistent color, higher levels of particulates, analiigher chlorine content, which can 

cause corrosion. 

A new method of manufacturing has been developed which avoids several of the 

problems which the interfacial method. Specifically> soine newer commercial 

polycarbonate plants synthesis polycarbonate by a: transesteritication reaction where a· 
15 carbonate diester (e.g., diphenylcar6onate) is condensed with a dihydroxy-compound 

(e.~. bisphenol-A). This reaction is performed without a solvent, and is driven to ----­

completion by mixing the reactants wider reduced pressure-and high temperature with 

simultaneous distillation of the phenol· produced by the reaction. This synthesis technique 

is commonly referred to as the"melt" technique. The melt technique is superiOi'-overthe 

·20 interfacial technique because it does not employ ph0sgene, it does not require a solvent, 

and it uses less equipment Moreover, the polycarbonate produced-by the melt process 

does not contain chlorine contamination froin the reactants, ·haS lower partictilate levels, 

and has a more consistent color. Therefore, it is highly desirable to use the melt 

technique in a commercial manufacturing process. In fact, the ·assignee has built the 

25 world's first commercial plants which-use the melt technique. 

The melt technique produces polycarbonate which differs ·from polycarbonate· 

produced by the interracial method. Specifically, the conventional interfacial method 

tends to produce polycarbonate which haS close to zero branching. It is desirable to have 

a low level of branching for some applications,· such as those which require very high--

30 ductility, but a high level of branching is desireable for otlier applications which require 

high melt strength. If branching is desired in polycarbonate produced by the interfacial 

process, it must be introduced by adding aoranching agent during polymerization;--AJso, 
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the Fries branchirig species is not typically present iii appreciable amounts in interfacial 

polycarbonate. In contrast, the melt technique tends to produce polycarbonate having a 

high level of Fries. Accordingly, it would be desirable to produce low Fries 

polycarbonate by the melt technique for certain applications because higher levels of 

5 Fries are associated with low ductility. As noted below, Applicants ~ave solved this 

problem. 

Japanese Published Patent Application Number 9-59371 to Teijin (hereinafter the 

"Teijin Publication") discloses a method for manufacturing polycarbonate by the melt 

process wherein the polycarbonate contains from 0.001 to O.lmole percent of Fries plus a 

1 O second branching species, but contains at least 0.001 mole percent of the second 

branching species. Therefore, the Teijin Publication specifies melt polycarbonate-~ving 

a level of Fries below 0.299 mole percent: However, the Teijin Publication does not 

teach how to make polycarbonate by the melt process which has a very low level of Fries. 

In fact, the Teijin publication only discloses a polycarbonate made by the melt process 

15 having a level of Fries above about360 ppm (working example 3)and does not mention 

catalysts which are effective in significantly reducing Fries content. Moreover, the Teijin 

Publication does not disclose the advantages of using melt polycarbonate having a very · 

low level of Fries in specific applications. 

Polycarbonate is widely used in optical diSk applications. Examples of optical 

20 disks include disks used only for data reproduction, such as the compact audio diSk "CD", 

video disc "VD" and CD-ROM fonnats. Also, newer optical disks can be used for both 

recording and reproduction. Examples of such applications include write-once oi>tical 

disks, and erasable writing and reproduction optical disks. Such disks are typically seated 

into a tray, and slid into the device via an electric servo which moves the disk back into 

25 the device. If the disk is improperly seated in the.tray, the disk will be subject to lateral 

stress as it holds open the tray. This occurrence happens often enough such than many 

manufacturers have modified. their equipment to reverse direction, sliding the tray back 

out -if the motor encounters sufficient resistance. In view of this eventuality and others 

(e.g., bending of mailed optical disks), optical disks must be manufactured with 

30 sufficiently high ductility such that they will not snap easily if they are bent. 

Polycarbonate made by the interfacial process typically has sufficiently high ductility 

such that it can be used, without modification. in optical disk applications. However, 
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polycarbonate made by the melt process typically has fairly low ductility due to its high 

level of Fries. Therefore, there is a need for a method to j>roduce optical. disks from low 

Fries polycarbonate made by the melt process. As noted below, Applicants have solved 

this problem by discovering a way to make low Fries melt polycarbonate having high 

5 ductility. 

Additionally, a general need clearly exists for a polycarbonate made by the melt 

process which has a very low level of Fries. A need alsQ exists for a method for making 

low Fries polycarbonate via the melt process. 

SUMMARY OF 1HE INVENTION 

The above-described deficiencies of the prior art are substantially overcome in 

10 accordance with the present invention. Specifically, the present inventiop provides a 

composition comprising polycarbonate wherein the polycarbonate has a very low Fries 

content ( e.g~, above 5 ppm and below 360 ppm). The present invention also provides a 

polycarbonate having a very low Fries content which is made by the melt process. This 

polycarbonate has high ~uctility and high impact strength. The invention. also provides a 

15 method for making thes~ compositions. Another aspect of the invention is an optical disk 

comprising polycarbonate having a vezy low Fries content which is made by the melt 

process. SU:Ch optical (ijsks resist breakage d\le to lxm.ding. 
' ' 

These and other features~ aspects and advantages of the.present invention will 

become better understood with reference to the following description and the appended 

20 claims ·and accompanying drawings. 

25 

BRIEF DESCRIPTION OF· THE ORA WINGS 

FIG.· I depicts an apparatus used for testing compact disks ·to detennine ductility of the 

resin used to mold the disk. 

DETAILED DESCRIPTION OF 1HE INVENTION 

As used herein, the term ''Fries" or "fries" refers to a repeating unit in polycarbonate 

having the following fonnula: 

.. ··:. 
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wherein X is a bivalent radical as described in fonnula (II). The content of this repeating 

unit in the polycarbonate can be determined by the procedure described below in 

Example 1. 

As used herein, the term ''melt polycarbonate" refer8 to polycarbonate made by 

S transesterification of a carbonate diester with a dihydroxy compound. 

As used herein, the term "interfacial polycarbonate" refers to polycarbonate made 

by mixing an aqueous solution of a dihydroxy compound together with an immiscible 

organic phase comprising a carbonyl halide. 

The present invention provides a composition comprising melt polycarbonate, 

l 0 wherein the melt polycarbonate has a very low Fries content. Specifically. the Fries 

content is lower than 360 ppm, and above that which would be expected for ordinary 

interfacial polycarbonate. Interracial polycarbonate typically has a Fries content of less 

than 5 ppm, and nearly always has a Fries content below 25 ppm. The present invention 

further provides a composition comprising melt polycarbonate having a Fries content of 

15 less than 360 ppm. 

The present invention further provides a composition comprising polycarbonate 

wherein the polycarbonate has a low level of Fries. This polycarbonate may be melt 

polycarbonate or a mixture of melt and interfacial polycarbonate. Specifically, the Fries 

content is preferably from 5 ppm to 360 ppm. In a more preferred embodiment of the 

20 invention, the Fries content is below 290 ppm. In an even more preferred embodiment,. 

the Fries content is from 25 ppm to 290 ppm. In a most preferred embodiment of the 

invention, the Fries content is below 200 ppm. 

In another aspect, the present invention also provides a composition comprising 

polycarbonate wherein the polycarbonate has an MFR of 5 to 30. All of the MFR values 

25 given in this application were measured at 1.2 kg and 250 °C~ and in accordance with ISO 

1133, which is incorporated by reference herein. In a preferred embodiment of the 

invention, the MFR is between 10 and 17. In a more preferred embodiment, the MFR is 

less than 15.5. In a most preferred embodiment of the invention, the MFR is less than 14. 

The composition comprising polycarbonate may further comprise many different 

30 additional polymers. A non-limiting list of such additional polymers would include ABS, 

polyester and polyamides. 
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In another aspect, the present invention also pt()vides a melt polycarbonate having 

an MFRofS to 30. In a preferred embodiment of the invention, the MFR of the melt 

polycarbonate is between 10 and 17. In a more preferred embodiment, the MFR is less 

than 15.5. In a most preferred embodiment of the invention, the MFR is less than 14. 

5 There are at least two different methods of making a composition comprising 

polycarbonate wherein the composition has a fries content above that typically 

encountered for interfacial polycarbonate, but below 360 ppm .. The simplest method 

merely involves blending an appropriate amount of melt polycarbonate into interfaciaJ 

polycarbonate. This can be accomplished by a variety of methods, such as simply adding 

10 appropriate proportions of high Fries melt polycarbonate and interfacial polycarbonate 

into an extruder. Sample (2) and (3), described in Example 4, were prepared by this 

technique. Alternatively, ·one can prepare low Fries melt polycarbonate, by a method 

such as that shown in Example 2, and can add any other desirable in~ents which do 

not contain unacceptable proportions of Fries. Methods for preparing melt polycarbonate 

15 having a level of fries below 360 ppm are described generally below. 

As stated above, the.melt process for preparing polycarbonate comprises reacting 

a dihydroxy compound with a carbonate diester. 

There is no particular restriction on the type of dihydroxy compound that .can be 

used in this invention. For example, bisphenol compounds represented by the general 

20 formula (II) below can be used. 

(II) 

In formula (Il), R• and Rb each represent a halogen atom or a monovalent 

hydrocarbon group and may be the same or different. The p and q variables. represent 

25 integers ftom O to 4. 

R" 
I 

The X variable represents -c- or 
~. 

-c­
l 
R' 
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Variables Re and Rd each independently represent a hydrogen atom or a monovalent 

hydrocarbon group. Variables Re and Rd may form a ring structure. Variable Re is a 

divalent hydrocarbon group. 

Specific examples of the types of bisphenol compounds that may be represented 

S by fonnula (II) include the following: 

1, I-bis( 4-hydroxyphenyl) methane; 

I, I-bis( 4-hydroxyphenyl) ethane; 

2,2-bis( 4-hydroxyphenyl) propane (hereinafter referred to as "bisphenol A"); 

2,2-bis(4-hydroxyphenyl) butane; 

10 2,2-bis( 4-hydroxyphenyl) octane; 

1, 1-bis( 4-hydroxyphenyl) propane; 

1, 1-bis(4-hydroxyphenyl) n-butane; 

bis( 4-hydroxyphenyl) phenylmethane; 

2,2-!bis( 4-hydroxy-1-methylphenyl) propane; 

15 l, l-bis(4-hydroxy-t-butylphenyl) propane; 

bis(hydroxyaryl) alkanes such as 2,2'.""bis( 4-hydroxy-3-bromophenyl) propane; 

l, l-bis(4-hydroxyphenyl) cyclopentane; 

or bis(hydroxyaryl) cycloalkanes such as 1, I-bis( 4-hydroxyphenyl) cyclohexane. 

In the present invention, the X in the bisphenol shown in the above fonnula may 

20 represent an -0-, -S-, -SO-, or -SOr group, for example: 

4,4'-dihyrdoxydiphenyl ether; 

a bis(hydroxyaryl) ether such as 4,4'-dihyrdoxy-3,3'-dimethylphenyJ. ether; 

4,4'-dihyrdoxydiphenyl sulfide; 

a bis(hydroX)'aryJ) sulfide such as 4,4'-dihyrdoxy-3,3'-dimethyldiphenyl sulfide; 

25 4,4'-dihydroxydiphenyl sulfoxide; 

a bis(hydroxyaryl) sulfoxide such as 4,4'-dihyrdoxy-3,3'-dimethyldiphenyl sulfoxide; 

4,4'-dihyrdoxydiphenyl sulfone; 

or a bis(hydroxyaryl) sulfone such as 4,4t·dihyrdoxy-3,3'-dimethyldiphenyl sulfone. 

In addition, the bisphenol used may be a compound represented by fonnula (III) 

30 below. 
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· Qcotl), 
(III). 

In the formula (IIl);Rr may represent a halogen atotD. 8. hydrocarbon group 

containing 1 to IO carbon atoms, or a halogen substituted hy¥carbon group. The 

S variable n represents an integer from 0 to 4. lfn is 2 or greatei~ the groups represented by 

Rr may be the same or different. 

The bisphenol represented by fonnula ·cm) may be, for example: resorcinol; a 

substituted resorcinol compound such as 3-methylresorcinol, 3.:ethylresorcinol, 3-

propylresorcinol, 3-butylresorcinol, 3-t-butylresorcinol, 3-phen~l,;.resorcinol, 3-

10 cumylresorcinol, 2,3,4,6-tetratl.uororesorcinol, and2,3,4,6-tetiabromo-resorcinol; 

catechol; hydroquinone; or a. substituted bydroquinone compoUnd such as 3-

methylhydroquinone, 3;.efhylhydroquinone~ 3-propylhydroquinone,· 3-butylhydroquinone, 

3-t-butylhydfoquinone, 3;.pheriylhydroquinone, 3-cumylhydroq;.uinone, 2,3,S,6-

tetrainethylhydroquinone, 2,3,5,6-tetra~t.:.butylhydroqriinone, ·2,3,S,6-

15 tetrafluorohydroquinone, and 2,3,5,6'.'tetrahromohydroquinone.: 

20 

Alternatively, the bisphenol represented by fonnula (III) may be a compolUld 

according to fOrm.Ula: (IV) below: 

HO 
(IV) 

wherein Re represent$ i C1.3 alkyl or a phenyl group. A preferred compound according 

to formula (IV) is 2,2,2i,2'-tetrahydro-3,3,3',3'-tetramethyl-l,l'-spirobi-[1H-indane]-6,6'­

diol 

Of the above compounds, the bisphenols represented by formula (II) are 

25 preferable. The most preferred compolUld is bisphenol A,. 
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It is also possible to combine, two, three, or more of the above dihydroxy 
·:~::·(. ;""!'.·· • ·.;~: ,,:. ·~~-

compounds by copoljrti~rization to manufacture copolycarbtliiates. 

The carbonate diester compound used in this invention may be: 

diphenyl carbonate, bis(4-t-butylphenyl) carbonate, bis(2,4-dichlorophenyl) carbonate, 

5 bis(2;.4,6-trichlorophenyl) carbonate, bis(2-cyanophenyl) carbonate, bis( o-nitrophenyl) 

carbonate, ditolyl carbonate, m-cresol carbonate, dinapthyl carbonate, bis(diphenyl) 

carbonate, diethyl carbonate, dimethyl carbonate, dibutyl carbonate, or dicylcohexyl 

carbonate. Of these, diphenyl carbonate is preferred. If two or more of these compounds 

is combined, it· is preferable to use diphenyl carbonate as one c<>mponent of the 

10 combination. 

The carbonate diesters used in this invention may also contain dicarboxylic acids 

or dicarboxylic acid esters. Specifically, for the carbonate diester, dicarboxylic acids or 

the dicarboxylic acid esters should preferably be present at no greater than SO mole 

percent, and more preferably at no greater than 30 mole percent 

15 These dicarboxylic acids or dicarboxylic acid esters may include tcrephthalic 

acid, isophthalic acid, sebacic acid, decanedioic acid, dodecanedioic acid, diphenyl · 

sebacate, diphenyl terephthalate, diphenyl isophthalate, diphenyl decanedioate, or 

diphenyl dodecanedioate. The carbonate diesters may also contain a combination of 2 or 

more dicarboxylic acids and/or dicarboxylic acid esters. 

20 Polyester polycarbonates can be also be manufactured by polycondensation of a 

diester carbonate containing the above types of dicarboxylic acids and/or dicarboxylic 

acid esters with the previously mentioned aromatic dihydroxy compounds. 

During the manufacture of low Fries polycarbonates, the amount of the above 

types of carboriate diesters should be kept at a ratio of 0.95 to 1.30 moles, and more 

25 preferably at a ratio of 1.01 to 1.20 mol~ per I mole used of the aromatic dihydroxy 

compound .. 

PolyfunctionaJ compounds haVing three or more functional groups per molecule 

may be added to the above-mentioned aromatic dihydroxy compounds and carbonate 

diesters in order to manufacture polycarbonates by copolymerization. However, it is 

30 generally not preferred to use such polyfunctional compounds when attempting to 

manufacture low Fries polycarbonate. 
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The total amount' of alkali m~tal compounds and· -alkaline eanh metal compounds 

present as impurities in the above diltydroxy compounds and;carbonate diesters should be 

no greater than 1 x 1 <r6 mole, and preferably no greater than· six 1-0·7 mole, per 1 mole of 

the dihydroxy compound. 

S A total amount of alkali metal ~ompounds and/or aJkaline earth metal compounds 

present as impurities within the above dihydroxy compounds :and carbonate diesters of 

greater than l x l 0·7 ·mole per 1 mol~ of the dihydroxy comp~und may inhibit the 

effectiveness of the catalyst.· · · 

These types of high purity dihydroxy compounds and carbonate di esters can be 

I 0 obtained by purifying impure dihydroxy compound and carbonate diesters. Distillation, 

recrystallization, and other well kno\vn methods are suitable for this purpose. 

Polycarbonates are preferably manufactlll"ed in a closed: system wherein the 

apparatus for manufacturing the raw materials ·and the apparatus for manufacturing the 

polycarbonates are directly connected. Manufacturing polycar~onates in this type of 

1 S closed system can help to eliminate mixing in of impurities. ·· 

During the manufacture ofpolycarbonates described in this invention, a 

termination agent may.also be used with the above-mentioned·~tic dihydroxy 

compounds and carbonate diesters. 

The termination agent is preferably an aryloxy coinpound, represented by the 

20 general ·formula (V) below,· and ca,n be introduced as a terminai group to the end of the 

manufactured polycarbonate molecules . 

. ArO- (V) 

In formula (V), Ar represents an aromatic hydrocarbon,group containing 6 to 50 

carbon atoms; There is no specific restriction on the type of aromatic hydrocarbon group. 

25 A condensed ring structure such as a phenyl group, naphthyl group, or anthranyl group 

may be used. Moreover. the aromatic ring with saturated carbon atom(s) and/or different 

atoms may form cyclic structures; In-addition, these.aromatic rings may· be substituted 

with a halogen or alkyl group containing 1 to 9 carbon ato~.: ·· 

These type of aryloxy compounds may include: phenokdiphenyl carbonate, p-

30 tert-butylphenol, p-tert-butylphenylphenyl carbonate. p-tert-butylphenyl carbonate, p­

cwnylphenol, p-cwnylphenylphenyl carbonate, p-cumylphenyl carbonate; and chroman 

compounds such as 2,2,4-trimethyl4-( 4-hydroxypbenyl) cbromJm. 2,2.4.6-tetramethyl-4-
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(3,S-dimethyl-4-hydroxyphenyl) chroman, 2,2,3-trimethyl-3-(4-;hydroxyphenyl) chroman, 

~~· ~~· 
2,2,3,6-tetramethyl-ji(3~S-dimethyl-4-hydroxyphenyl) chr6hian,·2,4A-trimethyl-2-(2-

hydroxyphenyl) chroman, and 2,4,4,6-tetramethyl-2-(3,5-dimethyl-2-hydroxyphenyl) 

chroman. 

S . One or a combination of the above types of aryloxy compounds may be used in 

this invention. 

These aryloxy compounds should be present in amounts of0.01to0.2 mole, 

preferably at 0.02 to 0.15 mole, and more preferably at 0.02 to 0.1 mole per 1 mole of the 

aromatic. dihydroxy compound. 

IO The melt polycarbonate preferably has an end-capping content of at least 85%, 

15 

and more preferably at least 96%. Additional end-capping techniques and agents are 

described in U.S. Patent No. 5,187,242, which is hereby incorporated by reference. 

Other terminating agents may also be used, such as aliphatic monocarboxy 

compounds according to formula (VI). 

R-C-0-
11 
0 (VI) 

In formula (VI), R represents an alkyl group containing 10 to 30 carbon atoms. 

The alkyl group may be linear or branched. The alkyl group may also be substituted by a 

halogen. 

20 Specific examples of such aliphatic monocarboxy compounds include; alkyl 

monocarboxylic acids such as undecanoic acid, latiric acid, tridecanoic acid, 

pentadecanoic acid, palmitic acid,. heptadecanoic acid, stearic acid, nonadecanoic acid, 

heneicosanoic ~id, tricosanoic acid, and mellisic acid; and alkyl monocarboxylic acid 

esters, including alkyl monocarboxylic acid methyl esters, ethyl esters, and phenyl esters 

25 such as metb.ylstearate, ethyl stearate, and phenyl stearate. 

One, or a combination of the above terminating agents may. be used in this invention. 

These types of aliphatic monocarboxy compounds should be present in amounts of 0.01 

to 0.20 mole, preferably at 0.02 to 0.15 mole, and more preferably at 0.02 to 0.10 mole 

per 1 mole of the aromatic dihydroxy compound. Use of the above types of tennination 

30 agents in total amounts greater than 0.2 mole per 1 mole of the aromatic dihydroxy 

compound may reduce the rate of polymerimtion. 
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Several types of catalysts are suitable for making polycarbonate having a Fries 

level below. 360 ppm. , ~perimental investigations have shOWJ;l ,that lithium salts provide 

the lowest level ofFries;when comparing the ascending weighHeries of alkali metals: 
. . ::: 

lithium, sodium and potassium. However, cesium catalyst are Sµperior to potassium in 

S producing low Fries polycarbonate. Experiments showed that tije following anions 

produced more Fries in :accordance with the following relatio~~ip: 
halide>ArCOO:;>H2PO~HPQ4·2<0H"! This order suggests that.Fries formulation may be 

predicted from the relatiye basicity of the added catalyst. 

It was further found that amines, ammonium and phosphonion salts produced 

10 even less Fries than lithium salts. Therefore, these catalysts are.preferred. More 

preferred catalyst include cesium salts, amines, tetra-alky amm~irlum salts, tetra-alkyl 

phosphonium salts, and.guanidines. Am911g these, the most Preferred catalysts are 

guanidines, alkali metal phosphites and alkali earth metal phosphites. Many suitable 

types ofguanidine catalysts are described for example in U.S. P,atentNo. 5,319,066, 

IS which is hereby incorporated by reference. Many suitable types of alkali metal phosphite 

catalysts. and alkali earth m.etal phosphite catalysts are described in U.S. Provisional 

Patent Application Serial Numbers 60/109,496, 60/109,495, 60/109,472 and 601109,473, 

all filed on November 23, · t 998, which are hereby incorporated by reference. 

In the present invention. poJycarbonates are manutactured by melt 

20 polycondensation of the previously menti0ned dihydroxy comp~ds and carbonate 

diesteis in the presence of the above described catalysts. Specifi~ally, the dihydroxy 

compound and the carbotiate diester are preferably reacted at a~~spheric pressure during 

the first stage reaction at ·a temperature of 80 to 250°C, preferably at 100 to 230°C, and 

more preferably at 120 to. l90°C, and in general for 0 to s hours, Preferably for 0 to 4 
'. 

25 hours, and even more preferably for 0 to 3 hours. Next, the dihydroxy compound and the 

carbonate diester should be reacted as the pressure of the system: is lowered and the 

temperature is raised. Finally, the polycondensatfon reaction of the dihydroxy compound 

with the carbonate diester shouJd be carried out at 240 to 320°C at less than 5 mm Hg, 
;,: 

and preferably at less than l mm Hg. 

30 The above polyeondensation reaction may be carried out by a continuous or batch 

method.· The apparatus used for carrying out the above reaction ~ay be a vessel, tube, or 

tower-like structure. 
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The intrinsic viscosity of the polycarbonate products measured in methylene 

chloride at 20°c shouia;~~ 0.10 to 1.0 dJ/g, and preferably 6~a() to 0.65 dllg. 

The above. manufacturing method can provide a polycarbonate with excellent 

color stability. 

S For quantitative detennination of Fries catalyst; an alkali such as sodium 

10 

hydroxide can be added to the manufactured polycarbonates in order to hydrolyze and 

generate the branched compounds represented by the general formulas (VII) and (VIII) 

shown below. 

COOH 

-o-O-x-0-oH (VII). 

COOH 

-o-Q-x-0-o-O-x-Q-oH 

The quantities of these compounds can then be assayed by high~perfonnance liquid 

chromatography (HPLC). This procedure is also described in Example 1, below. 

15 The polycarbonate reaction product obtained as described above does not have to 

be cooled. Instead, immediately after. the polycondensation reaction, a derivative formed 

from a sulfur c~ntaining acidic compound and/or the acidic compound with a pKa of no 

greater than 3 (hereinafter also referred to as the acidic compolllld), may be added. This 

derivative formed may be sulfurous acid. sulfuric acid, a sulfinic acid compound, a 

20 sulfonic acid compound, or any related derivative. Specific examples include ethyl 

benzenesulfonate, butyl benzenesulfonate, methyl p-toluenesulfonate, ethyl p­

tobienesulfonate, and butyl p-toluenesulfonate. 

The amount of the derivative present should be 0.1 to SO moles, preferably 0.1 to 

15 moles, and more preferably 0.1 to 7 moles times the amount of alkali metal phosphite 

25 used in the above polycarbonate reaction. The addition of these amowrts of the acidic 

compound to the reaction product (polycarbonate) will neutralize or dilute any remaining 

(VIII) 
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alkali metal phosphite in the polycarbonate, ulti:mately providing a polycarbonate with 

improved stability and moisture resiittaiice. 

Furthermore, water may also be added with the above acidic compounds. The 

amount of water added to ihe polycarbonate should be from 5 ~o 1000 ppm, preferably 1 o 
S to 500 ppm, and more pteferabJy 20 to 300 ppm. Addition ofthe acidic compound and 

water will further increase the efficiency of neutralization of th~ poJycondensation 

catalyst in the polycarbonate, and can result in the. production. ~fa polycarbonate with 
.. 

good stability during melting together with excellent initial color, transparency, moisture 

resistance, and weather resistance. 

10 Mixing of the polycarbonate may be carried out using a single screw extruder, 

twin screw extruder, or other conventio~l kneader such as a static mixer. A kneader with 

or: without bends can: be effectively used~ 

Furthennore, the acidic compound and water may be ac;tded while the 

polycarbonate obtained by the polycondensation ('.Caction is in a molten state within the 

15 reactor or extruder. The acidic compound and water may be a.c;lded separately or together. 

Although the order of addition is not limited, they should preferably be added at the same 

time. 

Additives may also be added to the polycarbonate product as long as they do not 

'adversely effect the basic objectives of tfajs invention. These a~tives incl.ude a wide 

20 range of substances that::are conventionally added to poly~ates for a variety of 

purposes. Specific e~les include heat stabil~, epoxy compotmds, ultraviolet 

absorbers, mold release agents, colorants, antistatic agents, slipping agents, anti-blocking 
I • • ' • ' 

agents, lubricants, anti-fogging agents, natural oils, synthetic oils, waxes, organic fill~ 

flame retardants, inorganic fillers, and any other·commonJy mown class of additives. 

25 The polycarbonates produced by the method in this U.vention are ideal for a 

nwnber of applications, especially ~ose requiring high ductility and impact strength. For 

example. these polycarbonates are tJSeful for headlight lenses for automobiles, as optical 

lenses for glasses, and· as optical recording materials. These polycarbonates are especially 

ideal for use as molding materials for optical di$CS. 

30 The present invf:liition is further described by way of ~e following examples. 

These examples are inteJlded to be representative of the invention and are not in any way 

intended to limit its scope. 
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Example 1 - Preparaii~'ofMelt Polycarbonate Having Dimfing Levels of Fries 

Nwnerous different catalyst were screened in a melt synthesis process to 

detennine how they affected the Fries content of the polycarbonte product. The results 

5 are summarized below in Table I. 

Table l - Various Catalysts for Melt Polymerization and Their Effect on Fries Product 
.Formation. 

Sample Catalyst Concentration (xl 04
) Fries Product 

Number (moles/mole BPA) lnnm) 
1 Li0H(2.S) 0.81 2227 
2 Na0HC2.5) 0.25 4332 
3 KOHC2.5) 0.15 4902 
4 esoac2~sl 0.042 4500 
s TBPH(25) 0.206 1000 
6 Ti(Obu\a 0.17 150 
7 HEGlBPA)., 0.90 530 
8 1,3,4,6, 7,8-hexhydro-lmethyl- 0.41 ISO 

2H-ovrimdof l .1-a lovrimidine . 
HEO(BPA)2 JS Hexaethyl guanidiniwn bu BPA salt. TBPH as tetrabutyl phosphontum hydroxide or BPA­
salt. 

The followillg is a description of exactly how the preparation was perfonned for 

sample number 5 in Table 1. The remaining samples were prepared by an otherwise 

10 identical procedure using the other catalysts listed in Table 1. 

Svnthesis of Sample 1 

BPA (136.9 g; 0.600mol) andDPC (138.9 g; 0.648 mol) were added into a one 

liter glass melt polymerization reactor as powders along with the tetrabutylphosphonium 

hydroxide (0.206 x 1 o-4 mol); the glass reactor surfilces bad been previously passivated 

1 S via acid washing, rinsing, and subsequently drying at 70° C overnight. The reactor vessel 

was deoxygenated' by evacuation to about 1 torr and then refilling the vessel with purified . 

ni~gen. This deoxygenation procedure was repeated a total of three times. The reactor. 

vessel was immersed in· a fludized heat bath preheated to 180° C. The reaction mixture 

was allowed to melt, producing a colorless, homogenous liquid. Once a majority of the 

20 solid material melted, the remaining powder suspension was slowly stirred to promote 

better heat exchange. Upon forming a complete solution, the system was allowed to 

'. 
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thermally equilibrate for 5-10 min. The solution was then stirred at 250 rpm. At this 

time, the reaction.temperature was raised to 210° C, and.the p~ure lowered to 175 
l . . 

mmHg. Phenol began .to distill ftom the reactor immediately (aj,prox. 3-4 drops/sec). 
!' 

After 3S minutes, the reactor pressure was lowered to 100 nunffg and held at this pressure 

S for an additional 35 min .. Phenol continued to distill into th~ ~feiver flask during this 

time (2 drops/sec) and a total volume of 68 mL was collected ~y the end of 210° C stage. 
: ; ~ 

The reactor temperature was then raised to 240° C (IS torr),~ these conditions were 

maintained for 40 min. During this time period, phenol distilled at an average rate of 

about 1 drop/3-S sec (a total of 105 mL were collected to this point). The reaction 

10 temperature was again raised up to 270° C (2 torr) for 20 min. 'and was fmally raised to 
: : 

300° Cat 0.75 torr, and held for 65 min. The-reaction was thCit tenninated. A total of 
;; 

122.1 grams of distillate was collected during the entire cours~ of the reaction. The 
. ,:;: 

colorless, high molecular weight polycarbonate was collecteciyielding the following 

analytical data: Fries co:Dtent 1000 ppms; Mw= 53,447; M,, ~ i S,256; Mw/M,, = 2.928; 

15 Mz= 103,907; and OH= 0.120 wt%. 

Measurins Fries Content 

The content of Fries for each of the melt polycarbonates listed in Table 1 was 

detennined as follows. First, O.SO ~ of polycarbonate wa5 disSolved in 4.0 mL of 

THF (containingp-terphenyl as intenial standard. Ne~ 3.0mLof18% KOH in 

20 methanol was added to this solution. The resulting mixture was stirred for two hours at 

room temperature. Next, we added 1.0 mL of acetic acid, and· stirred the mixture for S 

~utes. Potassium acetate was allowed to crystallize over 1 hbur. The solid was filtered 

· o'ffand the resulting filtrate was analyzed by liquid chromatograph usingp-terphenyl as 

the internal staitdard. 
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.· 
Example 2 - Preparati~n of Melt Polycarbonate having Less Thari 360 ppm Fries 

The catalysts tlit&i in Table.2 below were used tO pftjjare polycarbonate by the 

melt synthesis method: 

Table 2-Melt Polycarbonate Having Vezy Low Levels of Fries 

Sample Catalyst Mn Fries 
No. Catalyst Concentra- -- --- -------

ti on 2so0c 310°C 2800C 310°C 

1 NaOH I.Ox IO""M 7419 9696 145 471 
2 NaH,.P01 1.0x 10-6M 6626 .9380 47 163 
3 NaHP04 1.0x 10·D M 2240 7414 <25 262 
4 K,S04 I.OX lO"DM 1542 2645 <25 283 
s KH,P0.1. 1.0 x 10"" M 1907 9277 <25 277 
6 CsH1P04 1.0x 104 M 7983 l0676 119 184 
7 Cs,S0.1. 1.0 x 10"" M 8790 10127 238 248 

The following is a description of how the experiment has perfonned for sample 

S number 1 above. Samples 2-7 were produced by exactly the same 

procedure with the exception that the catalyst and its concentration differed as described 

in Table 1. 

Synthesis of Sample 1 

To facilitate observations, and to maintain purity, melt transesterification 

10 reactions were carried out in a 1 Liter glass batch reactor equipped with a solid niclcel 

helical agitator. The reactor bottom had a breakaway glass nipple for removal of the final 

melt. To remove any sodium from the glass, the reactor was soaked in JN HCl for at 

least 12 hours followed by a soak in 18 Mohin water for at least 12 hours. The reactor 

was then dried in an oven overnight and stored covered until use. The temperature of the 

IS reactor was maintained using a fluidized sand bath with a PIO controller and measured 

near the reactor and sand bath interface. The pressure over the reactor was controlled by 

a nitrogen bleed into the vacuum pump downstream of the distillate collection flasks and 

measured at higher press~ (760 mmHg - 40 mmHg) with a mercury barometer and at 

lower pressures (40 mmHg - 1 mmHg) with an Edwards pirani gauge. 

20 The reactor was charged with solid bisphenol-A (General Electric Plastics Japan 

Ltd., 0.6570 mol) and solid diphenyl carbonate (General Electric Plastics Japan Ltd., 

0. 7096 mol) prior to assembly. The reactor was then assembled, sealed and the 
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atmosphere was exchanged with nitrogen three times. With the final nitrogen exchange, 

the reactor was brought to near atmospheric pressure and sUt)merged into the fluidized 

bath. which was at 180oC~ After five minutes, agitation wa8 be8un at 250 rpm. After an 

additionaJ ten minutes. the reactants were fully melted and a hoinogeneous mixture was 

S assumed. Tetramethyl ammonium hydroxide (Sachem, 1.32 x 10-4 rnol) and NaOH (J.T. 

Baker, S.00 x l 0·7 moO were added sequentially after being diluted to the proper 

concentrations (0.220 M TMAH and 1.00 x 10-3 M NaOH) with deionized (18 Mohln) 

water. After the final catalyst was added. timing began and the temperature was ramped 

to 210°C in five minutes. ·0nce attemperature, the pressure was reduced to 180 mmHg 

10 and phenol diStillate was immediately fonned. After 25 minu~, the pressure was again 

reduced to 100 mmHg and maintained for 45 minutes. The ~perature was then ~ped 

to 240°C in five minutes, and the pressure was lowered to 1 S· ~g. These conditions 

were maintained for 45 minutes. The temperature was then ~ped to 270°C in five 

minutes, and the pressure ~ lowered to 2 mmHg. These conditions were maintained for 

1 S 10 minutes. The temperature was then ramped to the final fiilishing temperature in five 

minutes, and the pressure was reduced to 1.1 · mmHg. DependQlg upon the experiment. 

the finishing temperature was either 280°C or 310°C, as shown in Table 1. After 30 

minutes, the reactor was removed from the sand bath and the melt was extruded into 

liquid nitrogen to quench the reaction. 

20 Example 3 Molding Compact Disks 

Compact disks were molded to determine the effect of the Fries content on 

ductility of a CD made therefrom. Specifically, two sets of 40 pl's were molded from 
·. . .· . . 

two different ~elt polycarbonate samples having different levels of Fries. 

The compact disks were molded using a Sumitomo ipj~tion molding machine. 

25 The barrel temperature was set at 330° C, and the mold temperature was set at 80° C. 

The cycle time was 6 seconds. 

The two different melt polycarbonate samples were produced in a melt 

poiycarbonate reactor similar to that described in Japanese Published Patent Application 

Nos. JP 6-32886 and JP 2-153925, which are hereby incorporated by reference. 

30 The conditions for the two runs used to make these samples are given in Table 3 

below. 

Table3 
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' Lot A LotB 
:i:~·r.~ • . 

Na in BPA. ppb /F·· ·. ·so ··.::·. ' 50 

Additional Na, ppb· 60 60 

DPCJBPA, molar ratio 1.095, 1.137 

T3,°C 297 309 

V3, torr· 1.8 0.8 

T4, °C 291 294. 
1~· 

V4, torr 5.0 3.0 

Throughout rate, T/h 5.0 3.0.· 

The CD's were then tested to determine their ductility. Specifically, ductility 

(energy in Kgfx mm} was detennined in an Instron tester with specially designed jigs 10 

and 20. A schematic representation is depicted in Figure 1. This test was specially 

S developed to measure the energy required to bend a compact disk. The disk 20 ( q> = 120 

mm, thickness 1.2 mm) was fixed between the jigs 1 O and pressed with a cross head 

speed of 500 mm/min. The maximal stroke was 95 mm. The energy required to bend the 

disk which relates to ductility, was monitored automatically. 

The reproducibility is very good for this measurement method - the gauge R & R 

10 for this text was measured at 27%. 

We found that the CD's molded from the melt polycarbonate having a mes level 

of1400 ppm (Lot A) had a ductility of 150 Kgfx mm, whereas the CD's molded.from the 

melt polycarbonate having a Fries level of700 ppm (Lot B) had a ductility of 345 Kgfx 

mm. Therefore, it is desirable to use lower Fries melt polycarbonate for making optical 

15 disks to improve their durability. 

·Example 4 - Molding Compact Disks-From the Low Fries Melt Polycarbonate . 

Polycarbonate having Fries levels of 0 ppm, 79 ppm, 198 ppm, 290 ppm and 360 

ppm was prepared, molded into CD's and the CD's were tested as described in Example 

20 3. 

The results are presented in Table 4, below. 

Table4 
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Sample Fries Peak Injection Ductility 
·Pressure 

(}) 0 92.$;.'•• 551 
. (2) 79 92.S 

, . 

SS6 
(3) 198 92.S 536 
(4) 290 90.5 • .. 

520 
(5) 360 89.S 484 

One can see from Table 4 that ductility increases with a decreasing level of Fries. 

Below about 80 to 100 ppm Friest the ductility no longer improves upon decreasing the 

level of Fries. Peak injection pressure is not greatly affected by the Fries content. 

s . The polycarbonate that was molded to make Samples ci) -(5) was prepared by the 

following procedures. 
. . ' 

The polycarbonate having 0 Fries was prepared by a c?nventional, interfacial 

s)rnthesis method. This interfilcial polycarbonate had a melt ~~w index of 10. It was end 

capped with phen01, and contained 0.04 % glycerol monostear8te. 

I 0 The polycarbonates havmg 79 and .19_8 ppm Fries ~ Uiade by blending 

interfacial polycarbonate with melt polycarbonate. Specifi~ly~ the above-descnbed 

interfacial polycarbonate Was blended with inelt polycarbonate having from 800 to 900 

ppm Fries. Samples (2) and (3) were prepared by blending the' intermcial resin with melt 

resin in ratios of 75/25 and 90/10, re5pectively. 

IS Samples (4) and (S) were prepared iii a commerciai meli reactor as described in 

20 

Japanese Published Patent Application Nos; jp 6032g86 and' JP ·2153925. In these two 

reactions, the residual impurity sodium in the bisphenol-A fe~cbtock acted as the ca:taJyst. 

No other catalyst was added. Table S· below presents a summaty of the reaction 

conditions. 

Tables 

OPERATING UNIT OQ1020C-112 OQ1020C-l 12 
CONDITIONS 
NainBPA onb (-) 45 
ADD.Na ooh ·o .. 0 
DPC/BPA molratio 1.077 (-) 

TEMP.RI oc 230 230 
VAC.Rl torr 130.0. .. 130.0 
TEMPR2 oc 270.0 270.0 
VAC.R2 torr 20.0 20.0 
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TEMPR3 oc 293.0 292.6 
VAC.R3 ~~~\;r.t~ torr 1.250,H.·:~··· 1.460 
STIR.SP.R3 

;. 
mm 20.0 20.0 

MELT VISC. R3 noise 814 878 
TEMP.R4 oc 286.3 285.6 
VAC.R4 torr 0.30 0.31 
STIR.SP.R4 mm 10.0 
MELT VISC. R4 noise 1361 1426 
THROUGHPUT b/h 4226 4041 
PELL.SPEED mis 206.0 (-) 

LOT DATA UNIT -- -
MFR l!/lOmin 11.2 11.0 
PELLET IV dl/2 0~358 0.3S8 
EC % 80.8 79.6 
FRIES nnm 290 360 
YI (l) 0.95 0.92 

Although the presentinvention has been descn'bed in considerable detail with 

reference to certain preferred versions thereof: other versions are also meant to be. 

included in the appended claims. Therefore, the spirit and scope of the appended claims 

should not be limited to the description of the preferred versions contained herein.-

: 

;: . . 



W000/37531 22 PCT/US99/24298 · 

We Claim: 11\1111! I"'~ 111!1 IJ"'. 
1. A composition comprising polycarbonate, wherein said polycarbonate has a fries 

content above 5 ppm and below 360 ppm. 

2. The composition according to claim 1, wherein said polycarbonate has a fries content 

below 290 ppm. 

3. The composition according to claim 2, wherein said polycarbonate has a fries content 

above 25 ppm. 

4. The composition according to claim 3, wherein said polycarbonate has a fries content 

below 200 ppm. 

· 5. The composition according to claim 2, wherein said polycarbonate has an MFR (1.2 

kg, 250 °C) of s to 30. 

6. The composition according to claim 5, wherein said polycarbonate has an MFR (1.2 

kg, 250 °C) of 10to17 . 

. 7. The composition liecording to claim 6~ wherein said polyearbonate has an MFR (1.2 

kg, 250 °C) ofless than 15.5. 

8. The composition according to claim 7, wherein said polycarbonate has an MFR (1.2 

kg, 250 °C) of less than 14. 

9. The composition according to claim 1, wberehl said composition further comprises 

ABS resin. 

10. A composition comprising polycarbonate, wherein said polycarbonate is prepared by 

the melt process and has fries content below 360 ppm. 
. . . ·. . 

11. The composition according to claim 10~ wherein the polycarbonate has a fries content 

below 290 ppm. 

12. The composition according to claim 11, wherein the polycarbonate has a fries content 

below 200 ppm. 

13. The composition according to claim 11, wherein said composition has an MFR (1.2 

kg, 250 °C) of 5 to 30. 

14. The composition according to claim 13, wherein said composition has an MFR (1.2 

kg, 250 °C) oft Oto 17. 
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IS. The composition according to claim 14, wherein said composition has an MFR ( 1.2 

kg, 250 °C) of l~,;~ 15.5. 

16. The composition according to claim 1 S, wherein said composition has an MFR ( 1.2 

kg, 250 °C) of less than 14. 

17. The composition according to claim 11, wherein the polycarbonate has an end 

capping content of at least 85%. 

18. The composition according to claim 17, wherein the polycarbonate has an end 

capping content of at least 96%. 

'19, The composition according to claim 10, wherein said composition further comprises 

ABS resin. 

20. An optical disk.which comprises polycarbonate made by the melt process, wh~ein 

said disk has a ductility of greater than l SO kgt7mm~ 

21. The optical disk according to claim 20; wherein said disk has a duCtility of greater 

than 200 kgflmm. 

22. The optical disk according to claim 21, wherein said disk has a ductility of greater 

than 300 kgf/mm. 

23. The optical disk according to claim 22, wherein said disk has a ductility of greater 

than 480 kgf7mm. 

24. The optical disk according to claim 20, wherein said polycarbonate has a content of 

fries below 1400 ppm. 

25. The optical disk according to claim 21, wherein said polycarbonate has a content of 

fries below 1000 ppm. 

26. The optical disk according to claim 22, wherein said polycarbonate has a content of 

fries belm\r 800 ppm. 

27. The optical disk according to claim 23, wherein said polycarbonate has a content of 

fries below 360 ppm. 

28. The optical disk according to claim 27, wherein said polycarbonate has a content of 

·fries belaw 290 ppm. 

29. The method according to claim 21, wherein said composition has an MFR (1.2 kg, 

250 °C) of 5 to 30. 

30. The method according to claim 29, wherein said composition has an MFR (1.2 kg, 

2S0°C)of10to 17. 

1111111111111111111 11111111111 
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. 31. The method.according to claim 30, wherein sai.d composition has an MFR (1.2 kg, 

250 °C) ofless than 15. 

32. The method according to claim 31, wherein said composition has an MFR (1.2 kg, 

250 °C) ofless than 14. 

33. The optical disk according to claim 28, wherein said polyc~bonate has an endcapping 

content of greater than 85 %. 

34. The optical disk according to claim 34, wherein said polycarbonate has an endcapping 

content greater than 96%. 

35. A method for injection molding, which comprises preparing a polycarbonate by a 

melt process, and introducing into an injection molding machine a composition which 

comprises the polycarbonate, wherein said polycarbonate has a fries content above 5 

.. and below 360, and an MFR (1.2 kg, 250 °C} ofSto 30~ 

36. The method.according to claim 35, wherein .the melt process employs a catalyst 

component selected frolll the group consisting of cesium· salts, amines;, ammonium 

. salts, phosphoniwn salts and .guanidines. 

37. The method according to cllli:m 36, wherein the catalyst component is an alkali metal 

phospbite or an alkali earth metal phosphite. 

38. The method according to claim 36, wherein the catalyst further comprises a 

cocatalyst .. 

39. The method according to claim 35, wherein said composition has a fries content 

below 290 ppm. 

40. The method according to claim 39, wherein said composition has a fries content 

above 25 ppm. 

41. The method according to claim 40, wherein said composition has a fries content 

below 200 ppm. 

42. The method according to claim 3~, wherein said composition has an MFR (1.2 kg, 

250 °C) of s to 30. 

43; The method according to claim 42, wherein said composition has an MFR (1.2 kg, 

. 250 °C) ofl 0 to 17. 

44. The method according to claim 43, wherein said composition has an MFR (1.2 kg, 

250 °C} of Jess than 15.5. 

111111111111111111111111111111 
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45. The method according to claim 44, wherein said composition has an MFR (1.2 kg, 

250 °C) ofless than 14. 

46. The method according to claim 39, wherein the polycarbonate has an end capping 

content of at least 85%. 

47. The method according to claim 46, wherein the polycarbonate has an end capping 

content of at least 96%. 

48. The method according to claim 35, wherein said composition further comprises ABS 

resin. 


