wo 2013715494 A1 || 0000000 T Y OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(29) World Intellectual Property
Organization
International Bureau

~—

(43) International Publication Date
4 July 2013 (04.07.2013)

(10) International Publication Number

WO 2013/100494 Al

WipolpPcCT

(51) International Patent Classification: (74) Agent: CHOI, Kyu Pal; Halla Classic Building 4F., 824-
CO08G 77/448 (2006.01) CO08L 83/10 (2006.01) 11, Yeoksam-dong, Kangnam-gu, Seoul 135-080 (KR).
C08G 64/18 (2006.01) (81) Designated States (unless otherwise indicated, for every

(21) International Application Number: kind d national protection available): AE, AG, AL, AM,

PCT/KR20 12/011232 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

. . BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(22) International Filing Date: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
21 December 2012 (21.12.2012) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(25) Filing Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(26) Publication Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,

(30) Priority Data: SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
10-201 1-0142454 TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

26 December 201 1(26.12.201 1) KR (84) Designated States (unless otherwise indicated, for every

(71) Applicant: SAMYANG CORPORATION [KR/KR]; kind d regional protection available): ARIPO (BW, GH,
263, Yeonji-dong, Jongro-gu, Seoul 110-725 (KR). GM, KE, LR, LS MW, MZ, NA, RW, 3D, 8L, &, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

(72) Inventors. KIM, Jae Hyun; #1016-1304, Daedeok TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Techno Valley, 1280, Gwanpyeong-dong, Y useong-gu, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Dagjeon 305-793 (KR). SHIN, Kyung Moo; #108-402, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
Raemian 2nd Apt., Namgajwa-dong, Seodaemun-gu, Seoul TR), OAPI (BF, BJ, CF, CG, Cl, CM, GA, GN, GQ, GW,
120-120 (KR). RHEE, Hong Choi; #103-704, Haneul- ML, MR, NE, SN, TD, TG).
baram Humansia, Bongsan-dong, Yuseong-gu, Dagjeon .

305506 (KR). CHANG, Yun Ju; 63-2, Hwaam-dong, Fublished:
Yuseong-gu, Dagjeon 305-348 (KR). JIN, Sun Chul; —  with international search report (Art. 21(3))
#101-503, Jeil Apt, Donong-dong, Namyangju-s,
Gyeonggi-do 472-100 (KR).
(54) Titlee METHOD OF PREPARING POLY SILOXANE-POLYCARBONATE COPOLYMER

R Addition. in the e
- dligornerization step.

-‘: "'/ V _ l ;’“‘nm-“."""‘!‘
1/ ey, ERCD
.; _ -[ Calayst l}::;,

Md{iion inthe. et
-Rolymerization step; } -

{"Separation 8f "
i, Heavyliguid __ :

-F{ Palymerization 2 ig

1
1
: N 2

L Washing
o i
Granulation, Orying

. ¥ ’
“.‘.. {Catalyst'Z s " Release § x‘"

S s R St SRL L e s St T o RSl e e lis a7

(57) Abstract: The present invention relates to amethod of preparing polysiloxane-polycarbonate copolymer. More specifically, the
present invention relates to a method of preparing polysiloxane-polycarbonate copolymer which can improve a silicon monomer re-
action ratio and secure superior low-temperature impact resistance and ductility ratio by controlling the addition time of silicon
monomer depending on the molecular weight of oligomeric polycarbonate in the synthesis of the polysiloxane-polycarbonate co-
polymer.
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Description
Title of Invention: METHOD OF PREPARING POLYSILOXANE-

POLYCARBONATE COPOLYMER

Technical Field

[1] The present invention relates to amethod of preparing polysiloxane-polycarbonate
copolymer. More specifically, the present invention relates to a method of preparing
polysiloxane-polycarbonate copolymer which can improve a silicon monomer reaction
ratio and secure superior low-temperature impact resistance and ductility ratio by con-
trolling the addition time of silicon monomer depending on the molecular weight of
oligomeric polycarbonate in the synthesis of the polysiloxane-polycarbonate
copolymer.

Background Art

[2] Polycarbonate has good mechanical properties such astensile strength, impact re-
sistance, etc. and aso has good dimensional stability, heat resistance and optical
transparency. Thus, it has been extensively used in many industries. However,
although polycarbonate has good impact resistance at room temperature, its impact re-
sistance israpidly deteriorated at low temperature.

[3] To improve such adisadvantage, various copolymers have been researched and it has
been known that polysiloxane-polycarbonate copolymer, of which skeleton has poly-
dimethylsiloxane (PDMS), shows relatively good impact resistance at low temperature.

[4] Generally, the synthesis of polysiloxane-polycarbonate copolymer consists of a
beginning step, an oligomerization step, afirst polymerization step and second poly-
merization step. A silicon monomer is added at the oligomerization step, and an in-
termediate isformed via areaction with an oligomeric polycarbonate. Such synthesis
of polysiloxane-polycarbonate copolymer isthrough an interfacial reaction which
occurs at the interface between aheavy liquid of methylene chloride (MC) layer and a
light liquid of water layer. In addition, in order to narrow the molecular weight dis-
tribution of final products, the synthesis of polysiloxane-polycarbonate copolymer
requires aprocess to decrease the reaction rate by lowering pH and increasing awater
phase ratio in the beginning step and oligomerization step. That iswhy the molecular
weight distribution of the oligomers broadens, and accordingly the molecular weight
distribution of final products also widens when high pH and low water phase ratio are
maintained in the initial stage.

[5] In addition, when asilicon monomer having ahigher molecular weight (number
average molecular weight, Mn) isused, the low-temperature impact strength and
ductility ratio is more improved in the same amount but the reactivity becomes worse,
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accordingly silicon monomers which fail to bind to polycarbonate oligomer in the low
pH-oligomerization step (e.g., in the pH range of 6 to 8) stay at the interface of heavy/
light liquid layers and are omitted from the reaction solution during transferring the
heavy liquid into the next step. Such missing of the silicon monomers results in a
decrease of the silicon content in final products and leads to deterioration in the
physical properties. Furthermore, the silicon monomers omitted are accumulated in the
middle layer part during the oligomerization step as the processes go through and then
irregularly introduced into the first polymerization step during transferring the heavy/
light liquid, which causes differences between LOTS of the final product and oc-
currence of defective products and also contaminates the process line. On the other
hand, if more excessive amount of silicon monomers isused in view of the silicon

monomers to be omitted, the increase of production cost isinevitable.
Hence, there is aneed to develop an effective and economical method for preparing

polysiloxane-polycarbonate copolymer, which can impart excellent low-temperature
impact resistance and ductility ratio to the final products by innovatively improving a
silicon monomer reaction ratio.

[Prior Art Document]
<Patent Document>
US 2003/0105226 A

Disclosur e of Invention

Technical Problem

The present invention is intended to solve the problems involved in the prior arts as
stated above. The technical purpose of the present invention isto provide amethod of
preparing polysiloxane-polycarbonate copolymer, which can improve asilicon
monomer reaction ratio and secure superior low-temperature impact resistance and
ductility ratio.
Solution to Problem

The present invention provides a method for preparing the polysiloxane-poly-
carbonate copolymer comprising: a) a step of preparing an oligomeric polycarbonate
having aviscosity average molecular weight of 3,000 to 20,000; b) a step of admixing
ahydroxy-terminated siloxane to the prepared oligomeric polycarbonate; and c) a step
of reacting the oligomeric polycarbonate and the hydroxy-terminated siloxane under an
interfacial reaction condition to polymerize.

In other aspect, the present invention also provides a polysiloxane-polycarbonate
copolymer prepared according to said method.



WO 2013/100494 PCT/KR2012/011232

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

In another aspect, the present invention also provides athermoplastic resin com-
position comprising a polysiloxane-polycarbonate copolymer prepared according to
said method and an additive.

In another aspect, the present invention also provides amolded article prepared from
said thermoplastic resin composition.

Advantageous Effects of Invention

By using the method for preparing apolysiloxane-polycarbonate copolymer of the
present invention, asilicon monomer reaction ratio is significantly improved; desired
physical properties such as low-temperature impact resistance, ductility ratio, etc. can
be secured even when aviscosity average molecular weight of the copolymer is
maintained low; and apolysiloxane-polycarbonate copolymer can be economically
synthesized without the need for an additional process or manufacture of areactor.

Brief Description of Drawings

Figure lisaflow chart illustrating the process of adding asilicon monomer in the
polymerization step of the present invention, comparing with a conventiona process of
adding a silicon monomer in the oligomerization step.

Best Mode for Carrying out the Invention

Hereinafter, the present invention will be described more specifically. The purpose,
features and advantages of the present invention will be easily understood through the
following embodiments. The present invention is not limited to the embodiments as
explained herein and may be reduced to practice in other forms. The embodiments in-
troduced herein are provided in order to make the disclosed matters thorough and
complete, and to sufficiently communicate the concept of the present invention to a
person skilled in the art. Thus, the present invention isnot limited to the following ex-
emplified description and embodiments.

The term "reaction product” as used herein means a substance that is formed by
reacting two or more reactants.

In addition, athough the terms "first,” "second" and the like are used herein for the
description of polymerization catalysts, the polymerization catalysts are not limited by
these terms. These terms arejust used to distinguish the polymerization catalysts from
each other. For example, afirst polymerization catalyst and a second polymerization
catalyst may be of the same kind of catalyst or different kinds of catalyst.

Furthermore, in the chemical formulas described herein, although the English
character "R" used for representing hydrogen, halogen atom and/or hydrocarbon
group, etc. has anumerical subscript, "R" isnot limited by such asubscript. "R" inde-
pendently represents hydrogen, halogen atom and/or hydrocarbon group, etc. For
example, even if two or more "R"s have the same numerical subscript, such "R"s may
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[24]
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represent the same hydrocarbon group or different hydrocarbon groups. Also, even if
two or more "R"s have different numerical subscripts, such "R"s may represent the
same hydrocarbon group or different hydrocarbon groups.

The method for preparing a polysiloxane-polycarbonate copolymer according to the
present invention comprises a) a step of preparing an oligomeric polycarbonate having
aviscosity average molecular weight of 3,000 to 20,000; b) a step of admixing a
hydroxy-terminated siloxane to the prepared oligomeric polycarbonate; and c) a step of
reacting the oligomeric polycarbonate and the hydroxy-terminated siloxane under an
interfacial reaction condition to polymerize.

a) Oligomerization_step
This step isfor preparing an oligomeric polycarbonate to be used in the formation of

polysiloxane-polycarbonate copolymer (Si-PC) by polymerization with silicon
monomers. Silicon monomers are not added in this step and aviscosity average
molecular weight (M,) of the oligomeric polycarbonate is adjusted to 3,000 to 20,000,
and preferably 4,000 to 15,000. If the polymerization with silicon monomers is
conducted when aviscosity average molecular weight of the oligomeric polycarbonate
isless than 3,000, the molecular weight distribution may broaden and the physical
properties may be deteriorated. If the polymerization with silicon monomersis
conducted when aviscosity average molecular weight of the oligomeric polycarbonate
is greater than 20,000, the reactivity may be severely deteriorated.

In one embodiment, the oligomeric polycarbonate may be prepared by adding a
dihydric phenol compound to an agueous akaline solution to make it in aphenol salt
form, and then adding the phenol compound in a salt form to methylene chloride (MC)
or dichloromethane containing injected phosgene gas for reaction. To prepare the
oligomer, it is preferable to maintain the molar ratio of phosgene to bisphenol within a
range of about 1: 1to 1.5 : 1, and more preferably about 1: 1to 1.2 : 1. If the molar
ratio of phosgene to bisphenol isless than 1, the reactivity may be lowered. If the
molar ratio of phosgene to bisphenol isgreater than 1.5, the molecular weight increases
excessively to deteriorate the processability.

Triethylamine (TEA) may be used as a catalyst for forming the oligomers of this
step, but it is not limited thereto.

In addition, as the molecular weight regulator, a monofunctional compound similar
to amonomer used in preparation of polycarbonate may be used. The monofunctional
compound may be, for example, aderivative based on phenol such as p-
isopropylphenol, p-ieri-butylphenol (PTBP), p-cumylphenol, p-isooctylphenol and p-
isononylphenol, or an aliphatic alcohol. Preferably, p-ieri-butylphenol (PTBP) may be
used.
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The above reaction may suitably be conducted under apH range of 6to 8 and a tem-
perature range of 15 to 40°C, and alkali metal hydroxide (for example, sodium
hydroxide) may be used to adjust pH of the reaction mixture. If pH of the reaction
mixture isless than 6, the reactivity may be deteriorated to decline the increase of
molecular weight or to extend the reaction time. If pH of the reaction mixture is higher
than 8, the molecular weight distribution of the oligomers may broaden, which causes
the problem of widening the molecular weight distribution of final products.

In apreferred embodiment, the polysiloxane-polycarbonate copolymer prepared
according to the present invention comprises, as arepeating unit, apolycarbonate
block of the following chemical formula 4:

[Chemica formula 4]

D
O0—Rs—0—C

in the above chemica formula 4,

R represents aromatic hydrocarbon group having 6 to 30 carbon atoms that is unsub-
stituted or substituted with alkyl group having 1to 20 carbon atoms (for example, alkyl
group having 1to 13 carbon atoms), cycloalkyl group (for example, cycloalkyl group
having 3 to 6 carbon atoms), akenyl group (for example, akenyl group having 2 to 13
carbon atoms), alkoxy group (for example, alkoxy group having 1to 13 carbon atoms),
halogen atom or nitro.

The aromatic hydrocarbon group may be derived from a compound of the following
chemical formula 4a

[Chemical formula 44]
( Ts) m ( TG) m

HO@—(X)—@—OH

in the above chemica formula 4a,

X represents alkylene group; linear, branched or cyclic alkylene group having no
functional group; or linear, branched or cyclic alkylene group comprising afunctiona
group such as sulfide, ether, sulfoxide, sulfone, ketone, naphthyl, isobutylphenyl.
Preferably, X may be linear or branched alkylene group having 1to 10 carbon atoms,
or cyclic akylene group having 3to 6 carbon atoms.



WO 2013/100494 PCT/KR2012/011232

[45] R; independently represents hydrogen atom, halogen atom or alkyl group—for
example, linear or branched alkyl group having 1to 20 carbon atoms, or cyclic akyl
group having 3 to 20 (preferably, 3 to 6) carbon atoms.

[46] The subscripts "n" and "m" independently represent an integer of O to 4.

[47] The compound of the above chemical formula 4amay be, for example,
bis(4-hydroxyphenyl)methane, bis(4-hydroxyphenyl)phenylmethane,
bi s(4-hydroxyphenyl)naphthylmethane,
bis(4-hydroxyphenyl) - (4-isobutyl phenyl)methane, 1,1-bis(4-hydroxyphenyl)ethane,
1-ethyl- 1,1-bis(4-hydroxyphenyl)propane, 1-phenyl- 1, 1-bis(4-hydroxyphenyl)ethane,
1-naphthyl- 1, 1-bis(4-hydroxyphenyl)ethane, 1,2-bis(4-hydroxyphenyl)ethane,
1,10-bis(4-hydroxyphenyl)decane, 2-methyl- 1,1-bis(4-hydroxyphenyl)propane,
2,2-bis(4-hydroxyphenyl)propane, 2,2-bis(4-hydroxyphenyl)butane,
2,2-bis(4-hydroxyphenyl)pentane, 2,2-bis(4-hydroxyphenyl)hexane,
2,2-bis(4-hydroxyphenyl)nonane, 2,2-bis(3-methyl-4-hydroxyphenyl)propane,
2,2-bis(3-fluoro-4-hydroxyphenyl)propane,
4-methyl-2,2-bis(4-hydroxyphenyl)pentane, 4,4-bis(4-hydroxyphenyl)heptane,
diphenyl-bis(4-hydroxyphenyl)methane, resorcinol, hydroquinone,
4,4'-dihydroxypheny! ether[bis(4-hydroxyphenyl)ether] ,
4,4'-dihydroxy-2,5-dihydroxydipheny! ether, 4,4'-dihydroxy-3,3'-dichlorodipheny!l
ether, bis(3,5-dimethyl-4-hydroxyphenyl)ether ,
bis(3,5-dichloro-4-hydroxyphenyl)ether, 1,4-dihydroxy-2,5-dichlorobenzene,
1,4-dihydroxy-3-methylbenzene, 4,4'-dihydroxydiphenol[p,p'-dihydroxyphenyl] ,
3,3-dichloro-4,4'-dihydroxyphenyl, 1,I-bis(4-hydroxyphenyl)cyclohexane,
,1-bis(3,5-dimethyl-4-hydroxyphenyl)cyclohexane,
I,1-bis(3,5-dichloro-4-hydroxyphenyl)cyclohexane,
,1-bis(3,5-dimethyl-4-hydroxyphenyl)cyclododecane,

1, 1-bis(4-hydroxyphenyl)cyclododecane, 1,1-bis(4-hydroxyphenyl)butane,
1.1-bis(4-hydroxyphenyl)decane, |,4-bis(4-hydroxyphenyl)propane,
1,4-bis(4-hydroxyphenyl)butane, 1,4-bis(4-hydroxyphenyl)isobutane,
2.2-bis(4-hydroxyphenyl)butane, 2,2-bis(3-chloro-4-hydroxyphenyl)propane,
bis(3,5-dimethyl-4-hydroxyphenyl)methane,
bis(3,5-dichloro-4-hydroxyphenyl)methane,
2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane,
2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane,
2,2-bis(3,5-dichloro-4-hydroxyphenyl)propane,
2,4-bis(4-hydroxyphenyl)-2-methyl-butane,

4,4'-thi odi phenol [ bi s(4-hydroxyphenyl)sulfone],
bis(3,5-dimethyl-4-hydroxyphenyl)sulfone, bis(3-chloro-4-hydroxyphenyl)sulfone,
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[48]

[49]
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[51]
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[53]

[54]

[55]

bis(4-hydroxyphenyl)sulfide, bis(4-hydroxyphenyl)sulfoxide,
bis(3-methyl-4-hydroxyphenyl)sulfide, bis(3,5-dimethyl-4-hydroxyphenyl)sulfide,
bis(3,5-dibromo-4-hydroxyphenyl)sulfoxide, 4,4'-dihydroxybenzophenone,
3,3,5,5-tetramethyl-4,4'-dihydroxybenzophenone, 4,4'-dihydroxy diphenyl, methylhy-
droquinone, 1,5-dihydroxynaphthalene, or 2,6-dihydroxynaphthalene, but it is not
limited thereto. Among them, the representative oneis
2,2-bis(4-hydroxyphenyl)propane (bisphenol A). For other functional dihydric phenals,
US Patent Nos. 2,999,835; 3,028,365; 3,153,008 and 3,334,154 may be referred to.
The above dihydric phenol may be used alone or in combination of two or more of
them.

In case of carbonate precursor, for example, carbonyl chloride (phosgene), carbonyl
bromide, bis halo formate, diphenylcarbonate, dimethylcarbonate, etc. may be used as
another monomer of the polycarbonate resin.

In one embodiment, the heavy liquid comprising the oligomeric polycarbonate
prepared in this step is extracted and separated from the reaction mixture, and then
used in the next polymerization step.

b) and_c): Silicon.monomer_addition_step_and_Polymerization_step
This step isfor forming the polysiloxane-polycarbonate copolymer by admixing the

hydroxy-terminated siloxane as a silicon monomer to the oligomeric polycarbonate
prepared in the a) step; and reacting them under an interfacia reaction condition
consisting of an aqueous akaline solution and an organic phase to polymerize. The
present invention is characterized in that the addition of silicon monomer for forming
the copolymer is carried out after the oligomeric polycarbonate of which viscosity
average molecular weight is adjusted to acertain high level isfirstly prepared, unlike
the conventional method where the silicon monomer is added in an oligomerization
step.

The mixture of oligomeric polycarbonate and hydroxy-terminated siloxane may
further comprise amolecular weight regulator, afirst polymerization catalyst, a phase
transfer catalyst, apH adjusting agent (for example, NaOH) and methylene chloride
(MC), etc. Concretely, the polysiloxane-polycarbonate copolymer may be prepared by
adding the hydroxy-terminated siloxane to an organic phase-aqueous phase mixture
comprising the oligomeric polycarbonate, and subsequently adding a molecular weight
regulator, acatalyst, etc. in the order.

Asthe molecular weight regulator, a monofunctional compound similar to a
monomer used in preparation of polycarbonate as stated above may be used.

Asthe catalyst, apolymerization catalyst and/or a phase transfer catalyst may be
used. The polymerization catalyst may be, for example, triethylamine (TEA), and the
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phase transfer catalyst may be acompound of the following chemical formula 5.

[Chemica formula 5]
(R7),Q*X-

in the above chemical formula 5,

R represents alkyl group having 1to 10 carbon atoms; Q represents nitrogen or
phosphorus; and X represents halogen atom or -OR; wherein Rgrepresents hydrogen
atom, alkyl group having 1to 18 carbon atoms or aryl group having 6 to 18 carbon
atoms.

Concretely, the phase transfer catalyst may be, for example, [CH4(CH,)3] ,NX, [CH,
(CH,)JPX, [CH4(CH,)J] ,NX, [CH4(CH.,)s] ,NX, [CH4(CH,),],NX, CH[CH,(CH,) ],
NX or CH,[CH4(CH,),],NX, wherein X represents Cl, Br or -ORs where Rgrepresents
hydrogen atom, alkyl group having 1to 18 carbon atoms or aryl group having 6to 18
carbon atoms.

The amount of the phase transfer catalyst ispreferably about 0.01 to 10% by weight,
and more preferably 0.1 to 10% by weight based on total weight of the hydroxy -
terminated siloxane and the oligomeric polycarbonate. If the amount of the phase
transfer catalyst isless than 0.01% by weight, the reactivity may be lowered. If the
amount of the phase transfer catalyst is greater than 10% by weight, precipitation may
happen or the transparency may be deteriorated.

Preferably, the hydroxy-terminated siloxane that isfed in this step has a molecular
weight (number average molecular weight, M,) of 2,500 to 15,000, more preferably
3,000 to 8,000. If the molecular weight of hydroxy-terminated siloxane isless than
2,500, the low-temperature impact resistance and ductility ratio may be deteriorated. If
the molecular weight is greater than 15,000, the reactivity may be lowered and thus
there may be aproblem in synthesizing the polysiloxane-polycarbonate copolymer
with adesired molecular weight.

The weight ratio of oligomeric polycarbonate : hydroxy-terminated siloxane is
preferably 80 : 20 to 99 : 1, more preferably 85 : 15 to 97 : 3, in this step. In other
words, the feed amount of hydroxy-terminated siloxane in the preparation of the
polysiloxane-polycarbonate copolymer according to the present invention is preferably
1to 20% by weight, more preferably 3 to 15% by weight, based on the total reactants.
If the feed amount of hydroxy-terminated siloxane isless than 1% by weight, the low-
temperature impact resistance may be deteriorated. |f the feed amount is greater than
20% by weight, physical properties such as flowability, heat resistance, transparency,
etc. may be deteriorated, and the manufacturing cost may be increased to be eco-
nomically infeasible. In the present invention, excellent low-temperature impact re-
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sistance can be achieved even in arelatively low amount of siloxane—i.e., alevel of 1
to 20% by weight—by maximizing the reaction ratio through controlling the addition
time of ahydroxy-terminated siloxane.

Preferably, the addition of hydroxy-terminated siloxane and polymerization in this
step is conducted at ahigh pH range (for example, apH range of 9 to 14). If pH is
lower than 9, the reactivity may be lowered, and thus unreacted silicon may remain or
the polysiloxane-polycarbonate copolymer may not reach the desired molecular
weight. If pH ishigher than 14, amolecular weight distribution may broaden due to a
drastic reaction or alarge amount of acid should be introduced in the washing process
after the reaction for neutralization, and thus extra costs may occur. Therefore, the
method of the present invention can effectively complete the reaction without
unreacted silicon monomer by adding the silicon monomer in the polymerization step
whose pH ishigh due to the addition of significant amount of NaOH after undergoing
an oligomerization step for homogenizing the oligomeric polycarbonate.

In apreferred embodiment, the polymerization of oligomeric polycarbonate and
hydroxy-terminated siloxane is successively performed through first and second steps
of polymerization. Specifically, after conducting the first polymerization from the
mixture in which ahydroxy-terminated siloxane, afirst polymerization catayst, a
phase transfer catalyst, amolecular weight regulator, apH adjusting agent (for
example, NaOH), methylene chloride (MC), etc. are added to the oligomeric poly-
carbonate, the second polymerization is successively conducted by adding a second
polymerization catalyst. The second polymerization step may be performed by
providing a second polymerization catalyst to the resulting mixture after completion of
the first polymerization step.

Preferably, aviscosity average molecular weight of the polysiloxane-polycarbonate
copolymer prepared according to the present invention isfrom 15,000 to 30,000, and
more preferably from 17,000 to 22,000. If the viscosity average molecular weight of
the copolymer isless than 15,000, the mechanical properties may significantly be dete-
riorated. If the viscosity average molecular weight is greater than 30,000, the melt
viscosity increases and thus there may be aproblem inresin processing. In the present
invention, formability can be enhanced under the same processing condition since
good low-temperature impact resistance and ductility ratio can be secured even when
the viscosity average molecular weight of the copolymer islowered to alevel of
30,000 or less by maximizing the reaction ratio through controlling the addition time of
hydroxy-terminated siloxane. Accordingly, molding can be effectively performed even
when the processing temperature for extrusion/injection islowered compared to when
the viscosity average molecular weight is 30,000, and thus aproduction increase in
continuous injection may be expected by decreasing energy cost required for raising
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temperature and shortening cooling time. In addition, akneading with other resins of
poor heat-stability becomes available, which facilitates developments for more various
uses.

In apreferred embodiment, the polysiloxane-polycarbonate copolymer prepared
according to the present invention comprises, asrepeating units, ahydroxy-terminated
siloxane of the following chemica formula | aor chemical formula 1; and a poly-
carbonate block of the above chemical formula 4:

[Chemical formula 1a]
(R1)m R Rz

R | | — X
Ld ol b
T etet b

Ro Ro OH

(R‘i)m

in the above chemical formula la,

R, independently represents hydrogen atom, halogen atom, hydroxy group, or akyl
group, akoxy group or aryl group having 1to 20 carbon atoms. For example, the
halogen atom may be CI or Br, and the alkyl group may be an akyl group having 1to
13 carbon atoms such as methyl, ethyl or propyl. In addition, the alkoxy group may be
an alkoxy group having 1to 13 carbon atoms such as methoxy, ethoxy or propoxy, and
the aryl group may be an aryl group having 6 to 10 carbon atoms such as phenyl,
chlorophenyl or tolyl.

R, independently represents substituted or unsubstituted aryl group having 6to 30
carbon atoms, hydrocarbon group having 1to 13 carbon atoms or hydroxy group. For
example, R, may be alkyl or alkoxy group having 1to 13 carbon atoms, akenyl or
alkenyloxy group having 2 to 13 carbon atoms, cycloalkyl or cycloalkoxy group
having 3to 6 carbon atoms, aryl or aryloxy group having 6 to 10 carbon atoms, arakyl
or aralkoxy group having 7 to 13 carbon atoms, or alkaryl or alkaryloxy group having
7 to 13 carbon atoms.

R, independently represents alkylene group having 2 to 8 carbon atoms.

The subscript "m" independently represents an integer of 0 to 4.

The subscript "n" independently represents an integer of 30 to 200, preferably 40 to
170, and more preferably 50 to 120.

In one embodiment, as ahydroxy-terminated siloxane of chemical formula la, a
silicon monomer available from Dow Corning ( OH CH; CH, OH )

Iéo\l
si{ s
CH; CHg

may be used, but it isnot limited thereto.
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[81]
[82]
[83]

[84]
[85]

[86]
[87]
[88]
[89]

[90]
[91]
[92]

[93]
[94]
[95]

[96]
[97]
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[Chemical formula 1]

( R1)m\— Tz |T2 _/O-
HO<7:/}R3$S|FO%:S|FR3 \ \/>(
RQ RQ R‘]

— O Fliz Ffz __ (Ri),
) (R1)%:/>7R3_zij O_SFleij;Rs \ \/>OH
m
in the above chemica formula 1, R, R, Ryand m are the same as defined in
chemical formula | aabove, and n independently represents an integer of 15 to 100,
preferably 20 to 80, and more preferably 25 to 60.
"A" represents a structure of the following chemical formula 2 or 3.

[Chemical formula 2]
0] 0
I

I

mc—xa— C—

in the above chemical formula 2,

X represents Y or NH-Y-NH, wherein Y represents linear or branched aliphatic
group having 1to 20 carbon atoms, cycloalkylene group (for example, cycloalkylene
group having 3 to 6 carbon atoms), or mono- or polycyclic arylene group having 6 to
30 carbon atoms and being unsubstituted or substituted with halogen atom, alkyl
group, alkoxy group, aryl group or carboxyl group. For example, Y may be an
aliphatic group that isunsubstituted or substituted with halogen atom, an aliphatic
group that contains oxygen, nitrogen or sulfur atom in its main chain, or an arylene
group that can be derived from bisphenol A, resorcinol, hydroquinone or
diphenylphenol. Y can berepresented, for example, by one of the following chemical
formulas 2ato 2h.

[Chemical formula 2]

[Chemical formula 2b]

CH
3

[Chemical formula 2c]
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[99] —
7 N\ X

[100] [Chemical formula 2d]

[101] —
7 N\ X
W

[102] [Chemical formula 2e]
[103]

[104] [Chemical formula 2f]

[105] NO,

[106] [Chemical formula 2g]

[107] SOH

[108] [Chemical formula 2h]

[109] /
~
ES\

[110] [Chemical formula 3]

[111] 0
_F‘)_
R4
[112]
[113] in the above chemical formula 3,

[114] r 4 FEpresents an aromatic hydrocarbon group or aromatic/aliphatic mixed-type hy-
drocarbon group having 6 to 30 carbon atoms, or an aliphatic hydrocarbon group
having 1to 20 carbon atoms. r » may have a structure containing halogen, oxygen,
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[115]

[116]

[117]

[118]

[119]

[120]
[121]

[122]
[123]

[124]
[125]

[126]

nitrogen or sulfur aswell as carbon atom(s). For example, r 4 may be phenyl,
chlorophenyl or tolyl (preferably, phenyl).

In one embodiment, the hydroxy-terminated siloxane of chemical formula 1 may be a
reaction product of ahydroxy-terminated siloxane of the above chemical formula |a
(provided that nis aninteger of 15 to 100) and an acyl compound.

The acyl compound may have, for example, an aromatic structure, an aliphatic
structure, or amixed type structure comprising both aromatic and aliphatic forms.
When the acyl compound is of an aromatic structure or amixed type structure, it can
have 6 to 30 carbon atoms, and when the acyl compound is of an aliphatic structure, it
can have 1to 20 carbon atoms. The acyl compound may further comprise halogen,
oxygen, nitrogen or sulfur atom.

In another embodiment, the hydroxy-terminated siloxane of the above chemical
formula 1 may be areaction product of ahydroxy-terminated siloxane of the above
chemical formula | a (provided that nis an integer of 15 to 100) and a diisocyanate
compound.

The diisocyanate compound may be, for example, 1,4-phenylenediisocyanate,
1,3-phenylenediisocyanate or 4,4'-methylenediphenyl diisocyanate.

In another embodiment, the hydroxy-terminated siloxane of the above chemical
formula 1 may be areaction product of ahydroxy-terminated siloxane of the above
chemical formula | a (provided that nis an integer of 15 to 100) and a phosphorous-
containing compound (an aromatic or an aliphatic phosphate compound).

The phosphorous-containing compound may have a structure of the following
chemical formula Ib.

[Chemical formula Ib]

In the above chemical formula Ib, R, is the same as defined in chemical formula 3
above, and Z independently represents phosphorus, halogen atom, hydroxyl group,
carboxy! group, or alkyl group, alkoxy group or aryl group (having 1to 20 carbon
atoms).

In one embodiment, after the polysiloxane-polycarbonate copolymer is prepared
according to the present invention, the organic phase dispersed in methylene chloride
iswashed with alkali and then separated. Subsequently, the organic phase iswashed
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[127]

[128]

[129]

[130]
[131]
[132]
[133]
[134]
[135]

with 0.1 N solution of hydrochloric acid and then rinsed with distilled water 2 or 3
times. After rinsing is completed, the concentration of the organic phase dispersed in
methylene chloride is adjusted constantly and granulation is conducted by using a
certain amount of demineralized water at 30 to 100°C, preferably 60 to 80°C. If the
temperature of the demineralized water islower than 30°C, the granulation rate islow
and thus the granulation time may be too long. If the temperature of the demineralized
water ishigher than 100°C, it may be difficult to obtain the polycarbonate in uniformly
sized morphology. After granulation iscompleted, it is preferable to dry the product at
100 to 120°C for 5to 10 hours. More preferably, the product isdried at 100 to 110°C
for 5to 10 hours first, and then at 110 to 120°C for 5 to 10 hours.

In addition, according to another aspect of the present invention, the polysiloxane-
polycarbonate copolymer prepared according to the methods of the present invention is
provided. The polysiloxane-polycarbonate copolymer of the present invention has
various applications since it has good processability and formabiltity aswell as
superior low-temperature impact resistance and ductility ratio due to its low viscosity
average molecular weight.

Thus, according to another aspect of the present invention, there isprovided a ther-
moplastic resin composition comprising the polysiloxane-polycarbonate copolymer
prepared according to the methods of the present invention and an additive. Asthe
additive, those typically added to the thermoplastic resin composition (for example,
heat stabilizer, antioxidant, UV stabilizer, flame retardant, release agent, etc.) may be
used.

In addition, according to another aspect of the present invention, there isprovided a
molded article prepared from the thermoplastic resin composition above. For
processing the molded article, methods typically used for processing thermoplastic
resin compositions, for example, extrusion, thermoforming, injection, etc. may be
used.

Examples and Compar ative Examples

Example_ 1
<Preparation of hydroxy-terminated siloxane>

In a IOOmL three-necked flask equipped with acondenser, 0.03 mol of eugenol and
0.015 mol of polydimethylsiloxane were dissolved in 50mL of chlorobenzene under
nitrogen atmosphere. After the dissolution was completed, 0.00364 mmol of platinum
catalyst (platinum(0)-1,3-divinyl-1,l,3,3-tetramethyldisiloxane complex) was added
thereto and the mixture was refluxed for 24 hours. After the solvent was removed from
the reaction solution, washing was conducted with distilled water. By drying for 24
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[136]

[137]
[138]

[139]
[140]
[141]

[142]
[143]
[144]

[145]
[146]

hours in avacuum oven, the hydroxy-terminated siloxane of the following chemical
formula 6 was prepared.

[Chemical formula 6]

GHy CHy OCHs
OH (CH2)3 Si—O Si __(CH2)3
! ! OH
1

HsCO 2

<Preparation of hydroxy-terminated siloxane having ester linkage>

0.4 mol of hydroxy-terminated siloxane having the linkage of chemical formula 6
was dissolved in 300mL of chloroform, and then 67mL of triethylamine (TEA) catalyst
was added thereto under nitrogen atmosphere. Under refluxing the resulting solution,
0.2 mol of terephthaloylchloride (TCL) dissolved in 1,000mL of chloroform was
slowly added thereto for 1hour, and the resulting solution was refluxed for 12 hours.
After the reaction was completed, the solvent was removed from the solution, and the
product was dissolved in acetone and washed with hot distilled water. By drying for 24
hours in avacuum oven, the hydroxy-terminated siloxane having ester linkage of the
following chemical formula 7 (number average molecular weight: 4,000) was
prepared. The synthesis was confirmed by H-NMR analysis wherein the peak of
methylene group of the polysiloxane was observed at 2.6ppm, the peak of hydrogen of
benzene ring of TCL was observed at 8.35ppm and the peak of hydrogen of benzene
ring of the polysiloxane was observed at 6.75-7.35ppm.

[Chemical formula 7]

HaCO (|:H3 (|3H3 ﬁ ﬁ (|3H3 (|3H3 OCH;
7/ \-(CHzls Si—0——3i—(CHa)3 o—¢ ¢—o0 (CHa)s 8i—0 $i—(CHa)s
HO ! I I I OH
__ CHs J CHs CH, CHa
* OCHs HaCO a

<Preparation of polysiloxane-polycarbonate copolymer>

Aninterfacial reaction of bisphenol A in an agueous solution phase of sodium
hydroxide and phosgene gas was conducted in the presence of methylene chloride to
prepare an oligomeric polycarbonate mixture having aviscosity average molecular
weight of about 1,000. To the obtained oligomeric polycarbonate mixture, 2.6g of p-
ieri-butylphenol (PTBP) and 275ulof triethylamine (TEA, 15 wt% agueous solution)
were admixed and reacted for 30 minutes to prepare 400mL of an oligomeric poly-
carbonate mixture having aviscosity average molecular weight of 3,000 to 6,000. To
the obtained oligomeric polycarbonate mixture, 4.5% by weight of the hydroxy-
terminated siloxane having ester linkage of chemical formula 7 dissolved in methylene
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[147]
[148]
[149]
[150]

[151]
[152]
[153]

chloride, 0.8mL of tetrabutylammonium chloride (TBACL1, 43 wt% aqueous solution),
160g of an aqueous solution of sodium hydroxide, 300g of methylene chloride and
25y of triethylamine (15 wt% aqueous solution) were admixed and reacted for 1 hour
for the first step of polymerization. After 260 i of triethylamine (TEA, 15 wt%
aqueous solution) was admixed, the reaction was conducted for 30 minutes. After
phase separation, the viscosity-increased organic phase was washed with alkali and
separated. Next, the resulting organic phase was washed with 0.1N hydrochloric acid
solution and then rinsed with distilled water 2 to 3 times. After rinsing was compl eted,
the organic phase was granulated at 76°C using acertain amount of demineralized
water. After granulation was completed, the product was dried first at 110°C for 8
hours, and second at 120°C for 10 hours. The synthesis of the copolymer was
confirmed by H-NMR analysis wherein the peaks of methylene group of the
polysiloxane were observed at 2.6ppm and 2.65ppm, the peak of hydrogen of benzene
ring of TCL was observed at 8.35ppm, and the peak of hydrogen of benzene ring of the
polysiloxane was observed at 6.95 to 7.5ppm. The physical properties of the prepared
polysiloxane-polycarbonate copolymer were measured, and the results are shown in
Table 1below.

Example 2
<Preparation of hydroxy-terminated siloxane>

0.0666 mol of hydroxy-terminated siloxane having the linkage of chemical formula 6
was dissolved in 100mL of benzene under nitrogen condition, and 6.66 mmol of
|,4-diazabicyclo[2,2,2] -octane was added thereto. Under refluxing of the resulting
solution, 0.0333 mol of 4,4-methylene bis(phenyl isocyanate) dissolved in 200mL of
benzene was slowly added thereto for 1hour. The resulting solution was refluxed for
12 hours. After the reaction was completed, the solvent was removed from the
solution, and the resulting product was dissolved in acetone, washed with hot distilled
water, and dried for 24 hours in avacuum oven to prepare hydroxy-terminated siloxane
having urethane linkage of the following chemical formula 8 (molecular weight:
4,000). The synthesis was confirmed by H-NMR analysis wherein the peak of
hydrogen atom that is combined with the first carbon atom of the aliphatic chain
adjacent to the terminal phenyl group in the following chemical formula 8 was
observed at 2.75ppm.

[Chemical formula 8]

H,CO OCH3

<|3H3 <|3H3 ﬁ i rlt o CH, CH,
|
HO (CH )y ——si—0T—s—(CHy); o—c—NOmZQN—ﬂ—O (CH2)3+S:i*O%SIi—(CH2)3
CHy 1 CH; CH, CH,
» e HyCO' =

CH,
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[156]
[157]
[158]
[159]

<Preparation of polysiloxane-polycarbonate copolymer>

Aninterfacial reaction of bisphenol A in an agueous solution phase of sodium
hydroxide and phosgene gas was conducted in the presence of methylene chloride to
prepare an oligomeric polycarbonate mixture having aviscosity average molecular
weight of about 1,000. To the obtained oligomeric polycarbonate mixture, 2.6g of p-
ieri-butylphenol (PTBP) and 275ulof triethylamine (TEA, 15 wt% agueous solution)
were admixed and reacted for 30 minutes to prepare 400mL of an oligomeric poly-
carbonate mixture having aviscosity average molecular weight of 3,000 to 6,000. To
the obtained oligomeric polycarbonate mixture, 4.5% by weight of the hydroxy-
terminated siloxane having urethane linkage of chemical formula 8 dissolved in
methylene chloride, 0.8mL of tetrabutylammonium chloride (TBAC1, 43 wt% aqueous
solution), 160g of an agqueous solution of sodium hydroxide, 300g of methylene
chloride and 25 of triethylamine (15 wt% agqueous solution) were admixed and
reacted for 1hour for the first step of polymerization. After 260 i of triethylamine
(TEA, 15 wt% agueous solution) was admixed, the reaction was conducted for 30
minutes. After phase separation, the viscosity-increased organic phase was washed
with alkali and separated. Next, the resulting organic phase was washed with 0.1IN hy-
drochloric acid solution and then rinsed with distilled water 2 to 3 times. After rinsing
was completed, the organic phase was granulated at 76°C by using a certain amount of
demineralized water. After granulation was completed, the product was dried first at
110°C for 8 hours, and second at 120°C for 10 hours. The synthesis of the copolymer
was confirmed by H-NMR analysis wherein the peak of methylene group of the
polysiloxane was observed at 2.65ppm, the peak of methoxy group was observed at
3.85ppm, and the peak of hydrogen of benzene ring was observed at 7.1 to 7.5ppm.
The physical properties of the prepared polysiloxane-polycarbonate copolymer were
measured, and the results are shown in Table 1 below.

Example 3
<Preparation of hydroxy-terminated siloxane>

In a500mL three-necked flask equipped with a condenser, 0.01 mol of PMS-25
(available from Damipolychem Corporation) was dissolved in |[OOmL of toluene under
nitrogen atmosphere, and then 0.01 mol of triethylamine (TEA) catalyst was added
thereto. Under refluxing of the resulting solution, 0.005 mol of phenyl phosphonic
dichloride was slowly added thereto for 1hour, and the resulting solution was refluxed
for 5 hours. After the reaction was completed, the toluene solvent was removed from
the solution, and the product was dried for 24 hours in avacuum oven to prepare a
phosphate-containing hydroxy-terminated siloxane of the following chemical formula
9 (molecular weight: 4,000).
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[Chemical formula 9]

0
Il
0——P——0
HO C|3H3 ?Ha (I:H3 Cl:Ha OH
(CH 30T -(CHak (CHa)y =3 =05 ~(CHy),
CHj o CHj CHs - CHs

<Preparation of polysiloxane-polycarbonate copolymer>

Aninterfacial reaction of bisphenol A in an agueous solution phase of sodium
hydroxide and phosgene gas was conducted in the presence of methylene chloride to
prepare an oligomeric polycarbonate mixture having aviscosity average molecular
weight of about 1,000. To the obtained oligomeric polycarbonate mixture, 2.6g of p-
ieri-butylphenol (PTBP) and 275ulof triethylamine (TEA, 15 wt% agueous solution)
were admixed and reacted for 30 minutes to prepare 400mL of an oligomeric poly-
carbonate mixture having aviscosity average molecular weight of 3,000 to 6,000. To
the obtained oligomeric polycarbonate mixture, 4.5% by weight of the phosphate-
containing hydroxy-terminated siloxane of the above chemical formula 9, 0.8mL of
tetrabutylammonmm chloride (TBACI, 43 wt% agueous solution), 160g of an agueous
solution of sodium hydroxide, 300g of methylene chloride and 25y of triethylamine
(15 wt% agueous solution) were admixed and reacted for 1 hour for the first step of
polymerization. After 260 pi of triethylamine (TEA, 15 wt% aqueous solution) was
admixed, the reaction was conducted for 30 minutes. After phase separation, the
viscosity-increased organic phase was washed with alkali and separated. Next, the
resulting organic phase was washed with 0.1N hydrochloric acid solution and then
rinsed with distilled water 2 to 3 times. After rinsing was completed, the organic phase
was granulated at 76°C by using acertain amount of demineralized water. After
granulation was completed, the product was dried first a 110°C for 8 hours, and
second at 120°C for 10 hours. The physical properties of the prepared polysiloxane-
polycarbonate copolymer were measured, and the results are shown in Table 1below.

Example 4
A polysiloxane-polycarbonate copolymer was prepared by the same method as

described in Example 1, except that the polysiloxane-polycarbonate copolymer was
prepared by using 4.5% by weight of hydroxy-terminated siloxane BY 16-752
(molecular weight: 3,000, Dow Corning). The physical properties of the prepared
polysiloxane-polycarbonate copolymer were measured, and the results are shown in
Table 1below.
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Example 5
<Preparation of hydroxy-terminated siloxane>

The hydroxy-terminated siloxane having ester linkage of the above chemical formula
7 (number average molecular weight: 4,000) was prepared by the same method as
described in Example 1.

<Preparation of polysiloxane-polycarbonate copolymer>

Aninterfacia reaction of bisphenol A in an agueous solution phase of sodium
hydroxide and phosgene gas was conducted in the presence of methylene chloride to
prepare an oligomeric polycarbonate mixture having aviscosity average molecular
weight of about 1,000. To the obtained oligomeric polycarbonate mixture, 2.8g of p-
ieri-butylphenol (PTBP) and 275plof triethylamine (TEA, 15 wt% aqueous solution)
were admixed and reacted for 30 minutes. To the obtained oligomeric polycarbonate
mixture, 160g of an aqueous solution of sodium hydroxide, 300g of methylene
chloride and 25pi of triethylamine (15 wt% agueous solution) were admixed and
reacted for 1hour for the first step of polymerization to prepare an oligomeric poly-
carbonate mixture having aviscosity average molecular weight of 8,000 to 12,000.
Thereafter, 4.5% by weight of the hydroxy-terminated siloxane having ester linkage of
the above chemical formula 7 dissolved in methylene chloride, 0.8mL of tetrabuty-
lammonium chloride (TBAC1, 43 wt% aqueous solution) and 260p1of triethylamine
(TEA, 15 wt% aqueous solution) were admixed and reacted for 30 minutes. After
phase separation, the viscosity-increased organic phase was washed with alkali and
separated. Next, the resulting organic phase was washed with 0.1N hydrochloric acid
solution and then rinsed with distilled water 2 to 3 times. After rinsing was compl eted,
the organic phase was granulated at 76°C by using a certain amount of demineralized
water. After granulation was completed, the product was dried first at 110°C for 8
hours, and second at 120°C for 10 hours. The synthesis of the copolymer was
confirmed by H-NMR analysis wherein the peaks of methylene group of the
polysiloxane were observed at 2.6ppm and 2.65ppm, the peak of hydrogen of benzene
ring of TCL was observed at 8.35ppm, and the peak of hydrogen of benzene ring of the
polysiloxane was observed at 6.95 to 7.5ppm. The physical properties of the prepared
polysiloxane-polycarbonate copolymer were measured, and the results are shown in
Table 1below.

Comparative Example 1

The physical properties of alinear polycarbonate 3022PJ (M, : 21,000, Samyang Cor-
poration) were measured, and the results are shown in Table 1below.
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[180] Comparative Example 2

[181] The physical properties of alinear polycarbonate 3030PJ (M, : 31,200, Samyang Cor-
poration) were measured, and the results are shown in Table 1below.

[182]

[183] Comparative Example 3

[184] The physical properties of alinear polycarbonate synthesized to have aviscosity
average molecular weight of 70,800 were measured, and the results are shown in Table
1 below.

[185]

[186] Comparative Example 4

[187] <Preparation of hydroxy-terminated siloxane>

[188] The hydroxy-terminated siloxane having ester linkage of the above chemical formula
7 (number average molecular weight: 4,000) was prepared by the same method as
described in Example 1.

[189]

[190] <Preparation of polysiloxane-polycarbonate copolymer>

[191] Aninterfacial reaction of bisphenol A in an agueous solution phase and phosgene gas

was conducted in the presence of methylene chloride to prepare 400mL of an
oligomeric polycarbonate mixture having aviscosity average molecular weight of
1,000 to 2,000. To the obtained oligomeric polycarbonate mixture, 4.5% by weight of
the hydroxy-terminated siloxane having ester linkage of the above chemical formula 7
dissolved in methylene chloride, 0.8mL of tetrabutylammonium chloride (TBACL),
2.6g of p-ieri-butylphenol (PTBP) and 275ulof triethylamine (TEA, 15 wt% aqueous
solution) were admixed and reacted for 30 minutes. The reacted oligomeric poly-
carbonate mixture was kept for phase separation. After the phases were separated, only
the organic phase was collected and thereto 160g of an aqueous solution of sodium
hydroxide, 300g of methylene chloride and 25y of triethylamine (TEA, 15 wt%
aqueous solution) were admixed and reacted for 1 hour. Then, 260ulof triethylamine
(TEA, 15 wt% aqueous solution) were admixed and reacted for 30 minutes. After
phase separation, the viscosity-increased organic phase was washed with akali and
separated. Next, the resulting organic phase was washed with 0.1IN hydrochloric acid
solution and then rinsed with distilled water 2 to 3 times. After rinsing was completed,
the organic phase was granulated by using acertain amount of demineralized water at
76°C. After the granulation was completed, the product was dried first at 110°C for 8
hours and second at 120°C for 10 hours. The synthesis of the copolymer was
confirmed by H-NMR analysis wherein the peaks of methylene group of the
polysiloxane were observed at 2.6ppm and 2.65ppm, the peak of hydrogen of benzene
ring of TCL was observed at 8.35ppm, and the peak of hydrogen of benzene ring of the
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polysiloxane was observed at 6.95 to 7.5ppm. The physical properties of the prepared
polysiloxane-polycarbonate copolymer were measured, and the results are shown in
Table 1below.

Comparative Example 5

A polysiloxane-polycarbonate copolymer was prepared by the same method as
described in Comparative Example 4, except that the polysiloxane-polycarbonate
copolymer was prepared by using hydroxy-terminated siloxane having urethane
linkage of the above chemical formula 7 (molecular weight: 4,000). The physical
properties of the prepared polysiloxane-polycarbonate copolymer were measured, and
the results are shown in Table 1below.

Comparative Example 6

A polysiloxane-polycarbonate copolymer was prepared by the same method as
described in Comparative Example 4, except that the polysiloxane-polycarbonate
copolymer was prepared by using phosphate-containing hydroxy-terminated siloxane
of the above chemical formula 9 (molecular weight: 4,000). The physical properties of
the prepared polysiloxane-polycarbonate copolymer were measured, and the results are
shown in Table 1below.

Comparative Example 7

A polysiloxane-polycarbonate copolymer was prepared by the same method as
described in Comparative Example 4, except that the polysiloxane-polycarbonate
copolymer was prepared by using hydroxy-terminated siloxane BY 16-752 (molecular
weight: 3,000, Dow Corning). The physical properties of the prepared polysiloxane-
polycarbonate copolymer were measured, and the results are shown in Table 1 below.

Table 1
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[Table 1]
Examples
Physical properties
1 2 3 4 5
Type ol silicon monomer esler urethane phosphate Linear-PDMS esler
Siloxane amount (wt%) 4.5 4.5 4.5 4.5 4.5

Molecular weight of

4,000 4,000 4,000 3,000 4,000

silicon monomer (M;)

Molecular weight of
3,000~6,000 3,000~6,000 3,000~6,000 3,000~6,000 8,000~12,000
oligomer (My)

2nd
Addition time of 1% polarization | 1% polarization | 1% polarization | 1* polarization
polymerizalion
silicon monomer step step step step
step
Si-PC molecular weight (M) 21,200 21,000 20,900 21,300 19,800
Impact strength | Room temp. 82 78 81 80 75
(kg cm/cm) -50°C 62 60 6l 61 58
Reaction ratio of
99 or more 99 or more 99 or more 99 or more 99 or more
silicon monomer (%)
Ductility ratio under
100 100 100 90 100
impact louding at -30°C (%)
[203] [Table 1] (Continued)
Comparative Examples
Physical propertics
1 2 3 4 5 6 7
Type of silicon monomer - - - ester urethane phosphate Linear-PDMS
Siloxane amount (wt%) 0 0 0 4.5 4.5 4.5 4.5
Molecular weight of
- - - 4,000 4,000 4,000 3,000
silicon monomer (M,,)
Molecular weight of
- - - 1,000~2,000 1,000~2.000 1,000~2,000 1,000~2.000

oligomer (M,)

Addilion lime of
- - - oligomerization | oligomerization | oligomerization | oligomerization

silicon monomer
Si-PC molecular weight (M)Y| 21,000 | 31,200 | 70,800 21,100 21,400 21,200 21,800
Impact Room
80 82 92 81 80 82 79
strength temp.
(kg cm/em) -50C 10 20 35 35 32 26 21
Reaction ratio of
- - - 80 75 78 79
silicon monomer (%)
Ductility ratio under
0 0 0 50 45 42 30

impact loading at -50°C (%)

[204] 1) For Comparative Examples 1to 3, amolecular weight (M, ) of linear polycarbonate
[205]
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[206]
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[218]
[219]
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Asshown in Table 1 above, the polysiloxane-polycarbonate copolymer prepared
according to the Examples showed superior low-temperature impact strength, silicon
monomer reaction ratio and ductility ratio, as compared with the polysiloxane-poly-
carbonate copolymer (or linear polycarbonate) prepared according to the Comparative
Examples.

The method for measuring the above properties used in the Examples and the Com-
parative Examples were as follows.

(& H-NMR (nuclear magnetic resonance spectroscopy): This analysis was conducted
by using Avance DRX 300 (Bruker).

(b) Viscosity average molecular weight (M,): The viscosity of methylene chloride
solution was measured by using an Ubbelohde Viscometer at 20°C, and the limiting
viscosity [n] therefrom was calculated according to the following equation.

[n]=1.23x 10-5Mvo-83

(c) Impact strength: Impact strength was measured by using an impact test machine
(RESIL IMPACTOR, CEAST Co., Ltd.) at room temperature and -50°C.

(d) Ductility ratio measured under impact loading at -50°C: The ductility ratio was
caculated by dividing the ductility of specimen by the ductility of all specimens, and
then multiplying it by 100.

[Explanation of Symbols]

TEA: triethylamine

PTBP: p-ieri-butylphenol

Si-monomer: silicon monomer

PTC cat.: phase transfer catalyst.
Catalyst 1:first polymerization catalyst
DMW: demineralized water

MC: methylene chloride

Catalyst 2: second polymerization catalyst
BPA-Na bisphenol A-Na

CDC: phosgene (carbonyl dichloride)
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Claims

[Claim 1] A method for preparing apolysiloxane-polycarbonate copolymer,
which comprises:

a) astep of preparing an oligomeric polycarbonate having aviscosity
average molecular weight of 3,000 to 20,000,

b) a step of admixing ahydroxy-terminated siloxane to the prepared
oligomeric polycarbonate; and

c) astep of reacting the oligomeric polycarbonate and the hydroxy-
terminated siloxane under an interfacial reaction condition to
polymerize.

[Claim 2] The method for preparing the polysiloxane-polycarbonate copolymer
according to clam 1, wherein the hydroxy-terminated siloxane added
in the step b) has anumber average molecular weight (M,,) of 2,500 to
15,000.

[Claim 3] The method for preparing the polysiloxane-polycarbonate copolymer
according to claim 1, wherein the oligomeric polycarbonate and the
hydroxy-terminated siloxane are mixed in aweight ratio of 80 : 20 to
99 : linthe step b).

[Claim 4] The method for preparing the polysiloxane-polycarbonate copolymer
according to claim 1, wherein the oligomeric polycarbonate and the
hydroxy-terminated siloxane are mixed in aweight ratio of 85 : 15 to
97 : 3inthe step b).

[Claim 5] The method for preparing the polysiloxane-polycarbonate copolymer
according to claim 1, wherein the step a) is conducted within apH
range of 6 to 8; and the step b) and step c) are conducted within apH
range of 9to 14.

[Claim 6] The method for preparing the polysiloxane-polycarbonate copolymer
according to claim 1, wherein the polymerization of the step c) is
conducted through first and second steps of polymerization.

[Claim 7] The method for preparing the polysiloxane-polycarbonate copolymer
according to clam 1, wherein the polysiloxane-polycarbonate
copolymer has aviscosity average molecular weight of 15,000 to
30,000.

[Claim 8] The method for preparing the polysiloxane-polycarbonate copolymer
according to clam 1, wherein the polysiloxane-polycarbonate
copolymer comprises, as repeating units, ahydroxy-terminated siloxane
of the following chemical formula | aor chemical formula 1; and a
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polycarbonate block of the following chemical formula 4:
[Chemical formula |&]

R- R5 — AR
o b S
% 1 i =3 y/
| ] \
R =3 OH

in chemical formula la,

R, independently represents hydrogen atom, halogen atom, hydroxy
group, or akyl group, alkoxy group or aryl group having 1to 20 carbon
atoms;

R, independently represents hydrocarbon group having 1to 13 carbon
atoms or hydroxy group;

R, independently represents alkylene group having 2 to 8 carbon atoms;
m independently represents an integer of 0 to 4; and

n represents an integer of 30 to 200;

[Chemical formula 1]
(Ry) Ra Rz 0
M= | | —X
& ) ReTSIFOTSITRe=
Ho S } +|£2 téz \(R

in chemical formula 1,

Ri independently represents hydrogen atom, halogen atom, hydroxy
group, or akyl group, alkoxy group or aryl group having 1to 20 carbon
atoms;

R, independently represents hydrocarbon group having 1to 13 carbon
atoms or hydroxy group;

R, independently represents alkylene group having 2 to 8 carbon atoms;
m independently represents an integer of 0 to 4;

n independently represents an integer of 15 to 100; and

A represents a structure of the following chemical formula 2 or 3;
[Chemical formula 2]

Il l

Cms X <

A—O___ Rz Ry 7/{R1)
X | | m
§e Ry—SiO0—Si—R )
O (Rﬂ)?:/} 3 éjr F|e2+n ) on

in chemical formula 2,

XisY or NH-Y-NH, wherein Y represents linear or branched aiphatic
group having 1to 20 carbon atoms, cycloalkylene group, or mono- or
polycyclic arylene group having 6 to 30 carbon atoms and being unsub-
stituted or substituted with halogen atom, alkyl group, alkoxy group,
aryl group or carboxyl group;
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[Chemical formula 3]
O
i

_P_

R4
in chemical formula 3,
r 4 FEPresents an aromatic hydrocarbon group or aromatic/aliphatic
mixed-type hydrocarbon group having 6 to 30 carbon atoms, or an
aliphatic hydrocarbon group having 1to 20 carbon atoms;
[Chemical formula 4]

Q
O—Rs;—0—C

in chemical formula 4,

R; represents aromatic hydrocarbon group having 6 to 30 carbon atoms
that is unsubstituted or substituted with alkyl group, cycloakyl group,
alkenyl group, alkoxy group, halogen atom, or nitro.

[Claim 9] A polysiloxane-polycarbonate copolymer prepared according to any of
clams 1to 8.

[Claim 10] A thermoplastic resin composition comprising the polysiloxane-poly-
carbonate copolymer according to claim 9 and an additive.

[Claim 11] A molded article prepared from the thermoplastic resin composition

according to claim 10.
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