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(57) ABSTRACT

A polythiol composition according to exemplary embodi-
ments includes at least two different polythiol-based com-
pounds, wherein a peak area (%) of the polythiol compound
represented by C8H18S6, which is measured through a high
performance liquid chromatographic (HPLC) analysis graph
obtained at a wavelength of 230 nm, ranges from 0.90% to
1.30%. By controlling the sub-polythiol compound, an opti-
cal product having excellent transmittance and optical prop-
erties can be manufactured.
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POLYTHIOL COMPOSITION AND OPTICAL
COMPOSITION COMPRISING SAME

BACKGROUND

1. Field

[0001] The present invention relates to a polythiol com-
position and an optical composition including the same.
More particularly, the present inventions relates to a poly-
thiol composition including polythiol-based compounds dif-
ferent from each other, and an optical composition including
the same.

2. Description of the Related Art

[0002] A polythiol compound is widely used, for example,
as a raw material for manufacturing a polyurethane resin.
For example, a polythiol compound is used to manufacture
an optical lens using a polyurethane resin, and quality such
as purity of the polythiol compound as a raw material may
directly influence on the quality of the optical lens.

[0003] For example, a polythiourethane-based compound
prepared by reacting a polythiol compound and an isocya-
nate compound may be used as a base material of the optical
lens.

[0004] For example, Korean Patent Laid-Open Publica-
tion No. 10-1338568 discloses a method for synthesizing a
polythiol compound by reacting a polyol compound with
thiourea to prepare an isothiouronium salt, and then hydro-
lyzing it using aqueous ammonia.

[0005] Depending on the number of functional groups, a
chain length, etc. of the synthesized polythiol compound,
optical properties such as a transparency, refractive index,
etc. of the lens may be finely modified. Accordingly, in order
to reliably implement an optical lens with desired optical
properties, it may necessary to finely control the constitu-
tional composition of a polythiol compound.

SUMMARY

[0006] An object according to exemplary embodiments is
to provide a polythiol composition with improved reaction
properties and optical properties, as well as a method for
preparation thereof.

[0007] An object according to exemplary embodiments is
to provide an optical composition including a polythiol
composition with improved reaction properties and optical
properties.

[0008] An object according to exemplary embodiments is
to provide an optical product manufactured using the optical
composition described above.

[0009] A polythiol composition according to exemplary
embodiments includes: at least two different polythiol-based
compounds, wherein a peak area (%) of the polythiol
compound represented by CgH,3Ss, which is measured
through a high performance liquid chromatographic (HPLC)
analysis graph obtained at a wavelength of 230 nm, may
range from 0.90% to 1.30%.

[0010] In some embodiments, the polythiol compound
represented by CgH, iS¢, may have a structure of Formula 2
below:
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[Formula 2]

S SH
s N S
SH SHL.

[0011] In some embodiments, the polythiol-based com-
pound may include a sub-polythiol compound represented
by Formula 2 above, and a main polythiol compound having
a higher molecular weight than that of the sub-polythiol
compound.

[0012] In some embodiments, the main polythiol com-
pound may include a tetrafunctional polythiol compound
having a larger number of carbon atoms than that of the
sub-polythiol compound.

[0013] In some embodiments, the main polythiol com-
pound may include at least one selected from tetrafunctional
polythiol compounds represented by Formulae 1-1 to 1-3
below:

[Formula 1-1]

HS/\/Sj/\S/\[S\/\SH
SH

HS
[Formula 1-2]

SH
S
S
s N S’<:
SH
HS
[Formula 1-3]
HS SH.

\S S
HS SH
[0014] In some embodiments, a Reaction rate Control

Index defined by Equation 1 below may range from 0.006 to
0.017:

Reaction rate Control Index: RCI=4/B

[0015] (in Equation 1, A represents a peak area (%) of the
polythiol compound represented by CgH, ¢S, which is mea-
sured through the HPL.C analysis graph, and B represents a
peak area (%) of the polythiol compound represented by
each of Formulae 1-1 to 1-3, which is measured through the
HPLC analysis graph).

[0016] In some embodiments, a peak area of each of the
polythiol compounds represented by Formulae 1-1 to 1-3,
which is measured through the HPLC analysis graph, may
range from 78.6% to 85%.

[0017] According to a method for preparing a polythiol
composition in exemplary embodiments, a metal sulfide
may be introduced into a preliminary polyol compound to

[Equation 1]
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generate a polyol intermediate. Subsequently, a sub-poly-
thiol compound formation promoter may be added to the
polyol intermediate. Then, the polyol intermediate may be
converted into a polythiol-based compound through thiola-
tion.

[0018] In some embodiments, the polythiol composition
may include at least two different polythiol-based com-
pounds, wherein a peak area (%) of the polythiol compound
represented by CyH, S, which is measured through a high
performance liquid chromatographic (HPLC) analysis graph
obtained at a wavelength of 230 nm, may range from 0.90%
to 1.30%.

[0019] Insome embodiments, the preliminary polyol com-
pound may be synthesized by a reaction of 2-mercaptoetha-
nol and epihalohydrin, wherein the polythiol compound
formation promoter in the polyol intermediate may be added
in a predetermined equivalent range to 2-mercaptoethanol so
as to satisfy the range of a peak area (%) of the polythiol
compound.

[0020] In some embodiments, the sub-polythiol com-
pound formation promoter may include glycidol.

[0021] An optical composition according to exemplary
embodiments may include a polythiol composition and an
isocyanate-based compound. The polythiol composition
may include at least two different polythiol-based com-
pounds, wherein a peak area (%) of the polythiol compound
represented by CyH, S, which is measured through a high
performance liquid chromatographic (HPLC) analysis graph
obtained at a wavelength of 230 nm, ranges from 0.90% to
1.30%.

[0022] According to exemplary embodiments, there is
provided an optical product including a polythiourethane
resin prepared from the above optical and polymerizable
composition.

[0023] According to the above embodiments, the polythiol
composition of the exemplary embodiments may include at
least two different tetrafunctional polythiol-based com-
pounds, and may include a sub-polythiol compound having
a predetermined structure in a predetermined content range
measured through HPLC.

[0024] The sub-polythiol compound may have a relatively
shorter chain length, reduce coloration of a lens, and control
a reaction rate with an isocyanate-based compound,
whereby an optical lens having desired refractive index may
be obtained with high reliability.

BRIEF DESCRIPTION OF DRAWINGS

[0025] FIGS. 1 to 4 are images showing high performance
liquid chromatography (HPLC) analysis graphs of polythiol
compositions prepared according to examples and compara-
tive examples.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0026] Hereinafter, embodiments of the present applica-
tion will be described in detail. In this regard, the present
invention may be altered in various ways and have various
embodiments, such that specific embodiments will be illus-
trated in the drawings and described in detail in the present
disclosure. However, the present invention is not limited to
the specific embodiments, and it will be understood by those
skilled in the art that the present invention is to cover all
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modifications, equivalents, and alternatives falling within
the spirit and scope of the present invention.

[0027] Unless otherwise defined, all terms including tech-
nical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art
to which the present invention belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0028] According to one aspect of the present application,
there is provided a polythiol composition including poly-
thiol-based compounds.

[0029] According to exemplary embodiments, the poly-
thiol composition may include at least two different poly-
thiol-based compounds. In some embodiments, the polythiol
composition may include at least two tetrafunctional poly-
thiol compounds.

[0030] For example, the polythiol composition may
include a main polythiol compound and a sub-polythiol
compound.

[0031] Non-limited examples of the main polythiol com-
pound may include compounds represented by Formulae 1-1
to 1-3 below. For example, the main polythiol compound
may include at least one of compounds represented by
Formulae 1-1 to 1-3 below:

[Formula 1-1]

HS/\/Sj/\S/\[S\/\SH
SH

HS
[Formula 1-2]

SH
S S
s N s{
SH
HS
[Formula 1-3]
HS SH.

S S

HS SH
[0032] In a preferred embodiment, the main polythiol
compound may include a tetrafunctional polythiol com-
pound represented by Formula 1-1.
[0033] The sub-polythiol compound may include a tetra-
functional polythiol compound which has a shorter chain
length, a smaller molecular weight or a small number of
carbon atoms than those of the main polythiol compound.
[0034] According to exemplary embodiments, the sub-
polythiol compound may be represented by CgH,S¢. In

some embodiments, the sub-polythiol compound may
include a compound represented by Formula 2 below:
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[Formula 2]

S SH
as” N S
SH SH.

[0035] As described above, the sub-polythiol compound
may have a shorter chain length and/or a smaller molecular
weight than those of the main polythiol compound. The
sub-polythiol compound may be provided as a regulator of
polymerization (“polymerization regulator””) with an isocya-
nate-based compound to be described below.

[0036] For example, if a reaction rate between the main
polythiol compound and the isocyanate-based compound is
excessively increased, it may cause inhomogeneity (“stria”)
of an optical product such as a lens. On the other hand, if a
reaction rate between the main polythiol compound and the
isocyanate-based compound is excessively decreased, it may
cause white turbidity/coloration of the optical product,
hence reducing a transmittance thereof.

[0037] According to exemplary embodiments, as the sub-
polythiol compound is included in a proper amount, a
desirable reaction rate between the main polythiol com-
pound and the isocyanate-based compound may be main-
tained. Further, an entire thiol value and a liquid refractive
index of the polythiol composition may be finely controlled
by the sub-polythiol compound.

[0038] Thereby, an optical product such as a lens capable
ot having uniform optical properties and inhibited coloration
and stria phenomena may be obtained using the polythiol
composition. Further, it is possible to improve chemical
stability of the polythiol composition or the optical product,
such that a white turbidity phenomenon of the lens may be
efficiently inhibited.

[0039] When an amount of the sub-polythiol compound is
excessively increased, as a low-molecular weight thiol com-
ponent is increased, the reaction rate may be excessively
increased. On the other hand, when the amount of the
sub-polythiol compound is excessively decreased, functions
of the above-described reaction rate regulator may not be
sufficiently implemented, and coloration of the optical prod-
uct and/or a decrease in transmittance may occur.

[0040] According to exemplary embodiments, a content
(e.g., peak area %) of the sub-polythiol compound, which is
measured with a peak area of the sub-polythiol compound
through a high performance liquid chromatographic (HPLC)
analysis graph obtained at a wavelength of 230 nm, may
range from 0.90% to 1.30%.

[0041] Within the above range, the control of reaction rate
and coloration/stria inhibitory effects may be sufficiently
implemented.

[0042] In a preferred embodiment, a content of the sub-
polythiol compound measured through HPLC may range
from 0.95% to 1.30%, preferably 1.0% to 1.30%, and more
preferably 1.03% to 1.26% or 1.05% to 1.26%.

[0043] In some embodiments, a reaction rate between the
polythiol composition and the isocyanate-based compound
(see Mathematical Equation 1 in the experimental example)
may be maintained by the sub-polythiol compound in a
range of 0.18 to 0.25, preferably 0.18 to 0.22, and more
preferably 0.20 to 0.22.
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[0044] Within the above range of the reaction rate, a lens
with improved transmittance may be obtained while inhib-
iting a generation of stria due to excessive increase in
reaction rate.

[0045] In some embodiments, a Reaction rate Control
Index (RCI) of the polythiol composition, which is repre-
sented by Formula 1 below, may range from 0.006 to 0.017:

Reaction rate Control Index (RCI)=4/B

[0046] In Equation 1, A represents a content of the sub-
polythiol compound, which is measured with a peak area of
the sub-polythiol compound through the HPLC analysis
graph, and B represents a content of the main polythiol
compound, which is measured with a peak area of the main
polythiol compound through the HPLC analysis graph.
[0047] The Reaction rate Control Index (RCI) may reflect
a content ratio of low molecular polythiol and high molecu-
lar polythiol participating in a polymerization reaction with
an isocyanate-based compound.

[0048] For example, the sub-polythiol compound may
correspond to the low molecular polythiol, which has a
relatively shorter molecular length and may serve as a
component to increase a reaction rate with the isocyanate-
based compound. On the other hand, the main polythiol
compound may have a relatively higher molecular weight or
molecular length and may provide a reduced reaction rate as
compared to the sub-polythiol compound.

[0049] Therefore, according to the exemplary embodi-
ments, the Reaction rate Control Index in Equation 1 may be
controlled to a proper range from a unit of the polythiol
composition. Accordingly, it is possible to obtain high-
reliability optical products while inhibiting a generation of
stria due to an excessive increase in reaction rate, as well as
a reduction in transmittance, yield due to the excessive
reduction in reaction rate or the like.

[0050] In some embodiments, the Reaction rate Control
Index may range from 0.007 to 0.017, preferably 0.01 to
0.017, and more preferably 0.012 to 0.016.

[0051] In some embodiments, the content (e.g., peak area
%) of the main polythiol compound measured through the
HPLC analysis graph may range from 78.6% to 85%. For
example, the HPLC peak area or content may correspond to
the compounds represented by Formulae 1-1 to 1-3 above.
[0052] In a preferred embodiment, the content of the main
polythiol compound measured through HPLC may range
from 78.6% to 84.1%, 79.0% to 84.0%, and more preferably
81.0% to 83.25%.

[0053] Within the above range of content of the main
polythiol compound, it is possible to easily secure sufficient
efficiency and yield of the polymerization reaction between
the polythiol compound and the isocyanate. Further, it is
possible to improve the purity of the polythiol composition
in an appropriate range and enhance the transmittance of the
lens.

[0054] In some embodiments, the polythiol composition
has a thiol value (SHV) of about 96 g/eq to 97 g/eq.
Preferably, the SHV ranges from 96.1 g/eq to 96.8 g/eq.
[0055] SHV may be measured as a value obtained by
dividing the sample weight by the consumed iodine equiva-
lent when titrating a polythiol composition sample using a
0.1N iodine standard solution.

[0056] In some embodiments, a liquid refractive index of
the polythiol composition may be about 1.6455 to 1.647.

[Equation 1]
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Preferably, the liquid refractive index is about 1.6455 to
1.6468, and more preferably 1.6455 to 1.646.

[0057] The liquid refractive index may be measured at 25°
C. using a liquid refractometer.

[0058] In some embodiments, a gel permeation chroma-
tography (GPC) purity of the polythiol composition may be
79% or more. For example, the GPC of the polythiol
composition may be 79% to 88%. Preferably, the GPC
purity ranges from 80% to 88%, and more preferably 81%
to 85%.

[0059] According to one aspect of the present application,
there is provided a method for preparing a polythiol com-
position including polythiol-based compounds. As described
above, the polythiol composition may include at least two
different tetrafunctional polythiol compounds.

[0060] A method for preparing a polythiol composition
according to exemplary embodiments may include at least
one of the steps, processes or actions described as S10, S20,
S30 and S40 below. It should be understood that the fol-
lowing terms “S10, S20, S30 and S40” are used to distin-
guish processes for the convenience of description and are
not intended to limit the sequential order thereof. For
example, some or all of the processes of S10, S20, S30 and
S40 below may be sequentially conducted, and/or may be
conducted with altered order according to process condi-
tions.

[0061] S10) Introducing a metal sulfide to a preliminary
polyol compound to produce a polyol intermediate.

[0062] S20) Adding a sub-polythiol compound formation
promoter to the polyol intermediate.

[0063] S30) Reacting the polyol intermediate with thio-
urea under acidic conditions to produce an isothiouronium
salt.

[0064] S40) Converting the isothiouronium salt into a
polythiol-based compound.

[0065] For example, in step S10, the polyol intermediate
may be produced by reacting the preliminary polyol com-
pound with the metal sulfide.

[0066] In one embodiment, the preliminary polyol com-
pound may be obtained through a reaction with 2-mercap-
toethanol and epihalohydrin as exemplified in Scheme 1
below.

Scheme 1

HO ,
c1\/Ao - g
on
Cl/\/\s/\/

OH

[0067] A basic catalyst may be used to promote the
reaction of 2-mercaptoethanol and epihalohydrin. Examples
of the basic catalyst may include tertiary amines such as
triethyl amine, quaternary ammonium salts, triphenylphos-
phine, and trivalent chromium-based compounds. Epichlo-
rohydrin may be used as epihalohydrin as illustrated in
Scheme 1.

[0068] The obtained preliminary polyol compound may
be, for example, a diol compound containing a sulfide bond.
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[0069] A reaction temperature for generating the prelimi-
nary polyol compound may be, for example, —10° C. to 40°
C., preferably -5° C. to 30° C., 0° C. to 25° C., and more
preferably 5° C. to 20° C.

[0070] For example, a content of 2-mercaptoethanol may
be 0.5 mol to 3 moles, preferably 0.7 mol to 2 moles, and
more preferably 0.9 mol to 1.1 moles, based on 1 mole of
epihalohydrin. The basic catalyst may be used in an amount
0of 0.001 mol to 0.1 mol, 0.005 mol to 0.03 mol, and more
preferably 0.007 mol to 0.015 mol, based on 1 mol of
epihalohydrin.

[0071] By introducing a metal sulfide to the diol com-
pound having a sulfide bond obtained as described above, a
polyol intermediate may be formed, as illustrated in Scheme
2 below.

Scheme 2

Cl/\/\s/\/OH —-
OH
HO\/\S/\/\S/\/\S/\/OH
OH OH

[0072] As illustrated in Scheme 2, the diol compounds
may be further reacted with each other through the metal
sulfide to obtain a polyol intermediate including a tetrafunc-
tional polyol compound.

[0073] The metal sulfide may include alkali metal sulfide,
and in one embodiment, as shown in Scheme 2, Na,S may
be used.

[0074] For example, in step S20, a sub-polythiol com-
pound formation promoter may be added to the polyol
intermediate. In one embodiment, after addition of the metal
sulfide, the sub-polythiol compound formation promoter
may further be added thereto. In one embodiment, the metal
sulfide and the sub-polythiol compound formation promoter
may be substantially added together or simultaneously.

[0075] In some embodiments, as the sub-polythiol com-
pound formation promoter, glycidol may be used. Glycidol
may act as a neucleophile unlike epihalohydrin functioning
as an electrophile. Thereby, for example, an additive reac-
tion such as S,2 reaction or S,1 reaction may be inhibited
in step S30. Therefore, it may lead to production of a
sub-polythiol compound having a relatively small molecular
weight.

[0076] The sub-polythiol compound formation promoter
may be added in an amount so as to satisfy a HPLC
measured content range of the above-described sub-poly-
thiol compound. In one embodiment, the sub-polythiol com-
pound formation promoter may be adjusted in a range of
0.005 equivalent (“eq”) to 0.02 eq, 0.005 eq to 0.018 eq, and
preferably 0.008 eq to 0.015 eq based on 2-mercaptoethanol.

[0077] Since the sub-polythiol compound formation pro-
moter is added within the above range, a proper amount of
the sub-polythiol compound may be added to the polythiol
composition. Thereby, all of the stria phenomenon due to the
excessively increased reaction rate, coloration due to the
excessively decreased reaction rate, white turbidity, etc. may
be effectively inhibited.
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[0078] For example, in step S30, the polyol intermediate
may be reacted with thiourea. As a result, according to
exemplary embodiments, an isothiouronium salt may be
obtained.

[0079] Acidic condition reflux may be used in the produc-
tion of isothiouronium salts. In order to form the acidic
conditions, acidic compounds such as hydrochloric acid,
hydrobromic acid, iodic acid, sulfuric acid, phosphoric acid,
and the like may be used.

[0080] The reflux temperature may be 90° C. to 120° C.,
and preferably 100° C. to 120° C., while the reflux time may
be 1 hours to 10 hours.

[0081] For example, in step S40, the isothiouronium salt
may be converted into a polythiol-based compound. Accord-
ing to exemplary embodiments, the isothiouronium salt may
be hydrolyzed under basic conditions to produce a polythiol-
based compound.

[0082] Steps S30 and S40 described above may include
thiolation exemplified by Scheme 3 below.

Scheme 3

HO\/\S/\OH/\S/\OH/\S/\/OH
s N

HS

[0083] For example, it may be hydrolyzed by adding a
basic aqueous solution to a reaction solution containing the
isothiouronium salt. The basic aqueous solution may include
alkali-metal hydroxide and/or alkaline earth metal hydrox-
ide, such as NaOH, KOH, LiOH, Ca(OH),, etc.

[0084] In one embodiment, the reaction solution contain-
ing the isothiouronium salt is cooled to a temperature of 20°
C. to 60° C., preferably 25° C. to 55° C., and more
preferably 25° C. to 50° C. Thereafter, the basic aqueous
solution may be added.

[0085] In one embodiment, an organic solvent may be
added before adding the basic aqueous solution. An organic
solvent having low reactivity or substantially no reactivity
and a boiling point exceeding a thiolation reaction tempera-
ture may be used so as to allow a thiolation reaction to
proceed stably.

[0086] Examples of the organic solvent may include tolu-
ene, xylene, chlorobenzene, and dichlorobenzene. Prefer-
ably, toluene may be used in consideration of reaction
stability and toxicity from an organic solvent.

[0087] The polythiol-based compound obtained as
described above may be further purified. For example, by
repeatedly performing acid washing and water washing
processes, impurities included in the polythiol-based com-
pound may be removed, in addition, the transparency of the
optical material prepared from the polythiol composition
may be improved. Thereafter, drying, filtration, etc. may be
additionally performed.
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[0088] In one embodiment, an aqueous layer may be
separated or removed through layer separation after pro-
ceeding with the hydrolysis. Acid washing may be carried
out at a temperature of about 20° C. to 50° C., and preferably
about 30° C. to 40° C. for 20 minutes to 1 hour, or 20
minutes to 40 minutes by introducing an acid solution (e.g.,
concentrated hydrochloric acid) to the obtained organic
phase solution.

[0089] After the acid washing, a water washing process
may be conducted by adding degassed water having a
dissolved oxygen concentration adjusted to 5 ppm or less,
preferably 3 ppm or less, and more preferably 2 ppm or less.
The water washing process may be conducted at a tempera-
ture of about 20° C. to 50° C., preferably about 35° C. to 45°
C. for 20 minutes to 1 hour, or 20 minutes to 40 minutes. The
water washing process may be repeated two or more times,
for example, may be conducted 3 to 6 times.

[0090] After the acid washing and water washing process,
the residual organic solvent and moisture may be removed

NH,

hydrolysis

acid base

S
\/\SH

SH

by heating under reduced pressure, followed by filtering
through a filter to obtain a polythiol-based compound with
high purity.

[0091] In some embodiments, a residual moisture content
of the polythiol-based compound or polythiol composition
may be 1,000 ppm or less, preferably in a range of 100 ppm
to 500 ppm, and more preferably 150 ppm to 400 ppm.
[0092] In some embodiments, a purity of the polythiol-
based compound measured through HPL.C may range from
75% to 88%. Preferably, the purity ranges from 76% to 85%,
and more preferably 80 to 85%.

[0093] Within the above-described ranges of moisture
content and purity, polymerization efficiency may be suffi-
ciently improved while not excessively increasing a process
load, and a side reaction may be inhibited.

[0094] According to one aspect of the present application,
there is provided an optical composition including the
polythiol composition or polythiol-based compound.
[0095] In some embodiments, the optical composition
may be a polymerizable composition including the polythiol
composition and an isocyanate-based compound.

[0096] The isocyanate-based compound may include a
compound which is useable as a monomer for synthesizing
polythiourethane. In a preferred embodiment, the isocya-
nate-based compound may include 1,3-bis(isocyanatom-
ethyl)cyclohexane, hexamethylene diisocyanate, isophorone
diisocyanate, xylene diisocyanate, toluene diisocyanate and
the like. These may be used alone or in combination of two
or more thereof.
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[0097] The optical composition such as a polymerizable
composition for an optical material may further include
additives such as a release agent, a reaction catalyst, a
thermal stabilizer, an ultraviolet absorber, a bluing agent and
the like.

[0098] Examples of the release agent may include a fluo-
rine-based nonionic surfactant having a perfluoroalkyl
group, a hydroxyalkyl group or a phosphoric acid ester
group; a silicone-based nonionic surfactant having a dim-
ethylpolysiloxane group, a hydroxyalkyl group or a phos-
phoric acid ester group; alkyl quaternary ammonium salts
such as trimethylcetyl ammonium salt, trimethylstearyl,
dimethylethylcetyl ammonium salt, triethyldodecyl ammo-
nium salt, trioctylmethyl ammonium salt and diethylcyclo-
hexadodecyl ammonium salt; acidic phosphoric acid ester
and the like. These may be used alone or in combination of
two or more thereof.

[0099] As the reaction catalyst, a catalyst used in the
polymerization reaction of the polythiourethane resin may
be used. For example, dialkyltin halide catalysts, such as
dibutyltin dichloride and dimethyltin dichloride; dialkyltin
dicarboxylate catalysts such as dimethyltin diacetate,
dibutyltin dioctanoate, and dibutyltin dilaurate; dialkyltin
dialkoxide catalysts such as dibutyltin dibutoxide and dioc-
tyltin dibutoxide; dialkyltin dithio alkoxide catalysts such as
dibutyltin di(thiobutoxide); dialkyltin oxide catalysts such
as di(2-ethylhexyl)tin oxide, dioctyltin oxide, and bis(bu-
toxydibutyltin)oxide; dialkyltin sulfide catalysts, and the
like may be used. These may be used alone or in combina-
tion of two or more thereof.

[0100] As examples of the ultraviolet absorber, benzophe-
none-based, benzotriazole-based, salicylate-based, cyano-
acrylate-based, oxanilide-based compounds, and the like
may be used. As examples of the thermal stabilizer, metal
fatty acid salt-based, phosphorus-based, lead-based, organo-
tin-based compounds, and the like may be used. These may
be used alone or in combination of two or more thereof.
[0101] The bluing agent may be included as a color
control agent of the optical material prepared from the
polythiourethane resin. For example, the bluing agent may
have an absorption band in a wavelength band from orange
to yellow in a visible light region.

[0102] Examples of the bluing agent may include a dye, a
fluorescent whitening agent, a fluorescent pigment, an inor-
ganic pigment, and the like, and may be appropriately
selected according to physical properties or resin color
required for the optical product to be manufactured. When a
dye is used as the bluing agent, for example, a dye having
a maximum absorption wavelength of 520 nm to 600 nm,
and preferably 540 nm to 580 nm may be used. Preferably,
anthraquinone-based dyes may be used.

[0103] A polythiourethane resin may be produced through
a polymerization reaction of the polythiol-based compound
included in the polythiol composition with the isocyanate-
based compound.

[0104] In some embodiments, based on a total weight of
the optical composition, the polythiol-based composition or
polythiol-based compound may be included in a content of
about 40 to 60% by weight (“wt. %), and the isocyanate-
based compound may be included in a content of about 40
wt. % to 60 wt. %, while the additive may be included in a
content of about 0.01 wt. % to 1 wt. %.

[0105] Insome embodiments, a reaction rate of the optical
composition included in Mathematical Equation 1 described
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below may be maintained in a range of 0.18 to 0.25,
preferably 0.18 to 0.22 by the above sub-polythiol com-
pound.

[0106] According to one aspect of the present application,
an optical product manufactured through the above-de-
scribed optical composition may be provided.

[0107] For example, after degassing the optical composi-
tion under reduced pressure, the resultant composition may
be injected into a mold for molding an optical material.
Mold injection may be performed, for example, in a tem-
perature range of 20° C. to 40° C., and preferably 20° C. to
35° C.

[0108] After the mold injection, the temperature may be
gradually increased, thereby allowing a polymerization reac-
tion of the polythiourethane resin to proceed. The polymer-
ization temperature may range from 20° C. to 150° C., and
preferably 25° C. to 125° C. For example, the maximum
polymerization temperature may range from 100° C. to 150°
C., preferably 110° C. to 140° C., and more preferably 115°
C. to 130° C.

[0109] The temperature increase rate may be 1° C./min to
10° C./min, preferably 3° C./min to 8° C./min, and more
preferably 4° C./min to 7° C./min. The polymerization time
may be 10 hours to 20 hours, and preferably 15 hours to 20
hours.

[0110] For example, a lens having uniform optical prop-
erties and mechanical properties can be easily obtained by
appropriately controlling the reaction rate within the above
temperature range.

[0111] After completion of polymerization, the polymer-
ized polythiourethane resin may be separated from the mold
to obtain an optical product. In one embodiment, after
separation from the mold, a curing process may be further
conducted. The curing process may be conducted in a range
of 100° C. to 150° C., preferably 110° C. to 140° C., and
more preferably 115° C. to 130° C. for about 1 hours to 10
hours, preferably 2 hours to 8 hours, and more preferably 3
hours to 6 hours.

[0112] The optical product may be manufactured in the
form of a spectacle lens, a camera lens, a light emitting
diode, etc. according to a shape of the mold.

[0113] The refractive index of the optical product may be
adjusted according to the type and/or content ratio of the
polythiol-based compound and the isocyanate-based com-
pound used in the optical composition. For example, the
refractive index of the optical product may be adjusted in a
range of 1.56 to 1.78, 1.58 to 1.76, 1.60 to 1.78, or 1.60 to
1.76, and preferably in a range of 1.65 to 1.75 or 1.69 to
1.75.

[0114] The optical product may be improved by further
conducting surface treatment such as anti-fouling, color
imparting, hard coat, surface polishing, hardness strength-
ening and the like.

[0115] According to the above-described embodiments, a
sub-polythiol compound having HPLC content in the above-
described range may be included in the polythiol composi-
tion. Accordingly, an optical product with inhibited optical
failures such as coloration, stria, etc. while maintaining an
appropriate range of polymerization reaction can be
obtained from the polythiol-based composition.

[0116] Hereinafter, embodiments provided in the present
application will be further described with reference to spe-
cific experimental examples. However, the following experi-
mental examples only illustrate the present invention and are
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not intended to limit the appended claims, and those skilled
in the art will obviously understand that various alterations
and modifications are possible within the scope and spirit of
the present invention. Such alterations and modifications are
duly included in the appended claims.

Example 1
[0117] 1) Synthesis of Tetrafunctional Polythiol-Based
Compound
[0118] After introducing 60.0 parts by weight (“wt. parts™)

of water, 0.3 wt. parts of tricthylamine and 73.0 wt. parts of
2-mercaptoethanol (2-ME) into a reactor, a temperature of
the reactor was decreased to 0° C., and 88.2 wt. parts of
epichlorohydrin (ECH) was slowly added dropwise at a
temperature of 15° C. or lower, and then stirred at 30° C. for
3 hours. Following this, 148.7 wt. parts of 25% sodium
sulfide solution was slowly added dropwise at 20 to 25° C.,
followed by further stirring for 1 hour. Subsequently, 0.56
wt. parts of glycidol (0.010 eq. based on 2-mercaptoethanol)
was further added, followed by further stirring for 3 hours.
[0119] Then, 486.8 wt. parts of 36% hydrochloric acid and
177.8 wt. parts of thiourea were introduced, and stirred for
3 hours while refluxing at 110° C., such that a thiuronium
chloride reaction was proceeded.

[0120] After the obtained reaction solution was cooled to
50° C., 305.6 wt. parts of toluene and 332.6 wt. parts of 50%
NaOH were added, and then hydrolysis was conducted at 40
to 60° C. for 3 hours.

[0121] Then, the water layer was discarded after perform-
ing layer separation for 1 hour, and 120 wt. part of 36%
hydrochloric acid was added to the obtained toluene solu-
tion, followed by acid washing once at 33 to 40° C. for 30
minutes. After acid washing, 250 wt. parts of degassed water
(dissolved oxygen concentration of 2 ppm) was added, and
washing was conducted 4 times for 30 minutes at 35 to 45°
C. After removing toluene and residual moisture under
heating and reduced pressure, it was filtered under reduced
pressure through a PTFE type membrane filter thus to obtain
140 wt. parts of a polythiol composition including the
tetrafunctional polythiol compound represented by the
above Formula 1 as a main polythiol compound.

[0122] 2) Preparation of Optical Composition and Manu-
facturing of Lens

[0123] After uniformly admixing 49.0 wt. parts of the
polythiol composition prepared as described above, 51.0 wt.
parts of xylene diisocyanate, 0.01 wt. parts of dibutyltin
chloride and 0.1 wt. parts of phosphoric acid ester release
agent produced by ZELEC® UN Stepan, a defoaming
process was conducted at 600 Pa for 1 hour to prepare an
optical composition.

[0124] Then, the composition filtered through a 3 um
Teflon filter was injected into a molding cast provided with
a glass mold and a tape. A temperature of the molding cast
was slowly increased from 25° C. to 120° C. at a rate of 5°
C./min, and polymerization was performed at 120° C. for 18
hours. After the polymerization was completed, the molding
cast was separated, followed by further curing the product at
120° C. for 4 hours to manufacture a lens sample.

Examples 2 to 6 and Comparative Examples

[0125] Polythiol compositions and lens samples were pre-
pared in the same manner as in Example 1, except that the

Nov. 9, 2023

added equivalent amount (eq.) of glycidol used in the
synthesis of the polythiol-based compound was altered as
shown in Table 1 below.

Experimental Example

[0126] (1) Content Assay of Main Polythiol Compound
and Sub-Polythiol Compound Through HPL.C Analysis
[0127] In the polythiol compositions according to each of
the examples and comparative examples, a peak area % of
the polythiol compound included in the composition was
measured through HPL.C analysis performed under the fol-
lowing conditions.

[0128] <HPLC Analysis Condition>
[0129] i) Equipment: Agilent 1260 Infinity II
[0130] ii) Column: ZORBAX Eclipse Plus C18, 5 uym

4.6x250 mm

[0131] iii) Mobile phase gradient: Acetonitrile (0.1%
Formic Acid): Water (0.01M Ammonium Formate)
=35-100: 65-0

[0132] iv) Solvent: Acetonitrile (0.1% Formic Acid)
[0133] v) Wavelength: 230 nm
[0134] vi) Flow rate: 1.0 ml/min
[0135] wvii) Injection amount: 20 ul
[0136] viii) Sample pretreatment: sample: solvent=0.1
g 10g
[0137] Specific compounds corresponding to the peaks of

the HPLC graph were identified through liquid chromatog-
raphy-mass spectroscopy (LC-MS). Specific conditions for
LC-MS analysis are as follows.
[0138] <LC-MS Analysis Condition>
[0139] LC Conditions
[0140] i) Equipment: LC 30A System (Shimadzu)
[0141] ii) Column: YMC-Pack ODS-A 150 mmx6 mm
(S-5 um, 12 nm)
[0142] iii) Mobile phase gradient: Solvent A: water,
Solvent B: Acetonitrile

[0143] A:B (60:40) 30 minutes, n (0:100) 10 minutes
[0144] iv) Flow rate: 1 ml/min
[0145] v) Column temperature: 40° C.
[0146] vi) Detector: PDA (190 to 800 nm)
[0147] vii) Injection Volume: 10 ul
[0148] Mass Detector
[0149] 1) Equipment: Q Exactive (Thermo Fisher Sci-
entific)
[0150] ii) Ionization Method: ESI
[0151] iii) Scan Range: m/z 130 to 1,950
[0152] iv) Polarity: Positive & Negative
[0153] FIGS. 1 to 4 are images showing high performance

liquid chromatography (HPLC) analysis graphs of polythiol
compositions prepared according to the examples and com-
parative examples.

[0154] Specifically, FIGS. 1 and 2 show HPLC analysis
graphs of Examples 1 and 4, respectively, while FIGS. 3 and
4 show HPLC analysis graphs of Comparative Examples 1
and 2, respectively.

[0155] (2) Evaluation of Thiol Value (SHV)

[0156] About 0.1 g of the polythiol composition prepared
in each of the examples and comparative examples was
introduced into a beaker, and 25 mL of chloroform was
added, followed by stirring the mixture for 10 minutes.
Then, 10 mL of methyl alcohol was added and stirred again
for 10 minutes, and then, the resultant solution was titrated
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with a 0.1N iodine standard solution, followed by measuring
SHV according to Equation 1 below (theoretical value:
91.7).

SHV (g/eq.)=Sample weight (g)/{0.1xAmount of
iodine consumed (L)}

[0157] (3) Liquid Refractive Index

[0158] For the polythiol compositions synthesized in the

examples and comparative examples, the refractive index at

25° C. was measured using a liquid refractometer (RA-600

(Kyoto Electronics)).

[0159] (4) GPC Purity

[0160] For the polythiol compositions synthesized in the

examples and comparative examples, the purity was mea-

sured through gel chromatography analysis performed under

the following conditions using an APC system (Waters).
[0161] i) Column: Acquity APC XT Column 45A

(4.6*150 mm)x2

[Equation 1]

[0162] 1ii) Mobile phase: THF
[0163] iii) Flow rate: 0.5 ml/min
[0164] iv) Total driving time: 10 minutes
[0165] v) Injection volume: 10 pl
[0166] vi) Detector: RID 40° C.
[0167] (5) Evaluation of Stria

[0168] As described above, a lens sample having a diam-
eter of 75 mm and -4.00D was prepared using the polym-
erizable composition according to each of the examples and
comparative examples. A light from a mercury lamp light
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10° C. for 24 hours for the polymerizable compositions
according to the examples and comparative examples,
respectively. Using the measured values, mathematical for-
mulation (“mathematization”) was conducted with an
X-axis as a time and a Y-axis as a viscosity while converting
the Y-axis in a logarithmic scale as shown in Mathematical
Equation 1 below, and then the reaction rate was derived
therefrom.

Y=axexp(bxX)

[0173] InMathematical Equation 1, ‘a’ value represents an
initial viscosity (cps) while ‘b’ value represents the reaction
rate, the measured value was expressed by rounding to the
two decimal places of the measured value.

[0174]

[0175] The sonication-washed lens sample of each of the
examples and comparative examples was subjected to col-
oring in a coloring bath (Brown coloring solution, 10
minutes, a temperature of the coloring bath: 96 to 98° C.).
The colored lens sample was washed with flowing deionized
water at room temperature, followed by measuring trans-
mittance (Measuring device: LTM-200, LED Transmittance
Meter).

[0176] Measured results of physical properties of the
polythiol compositions as well as measured results of physi-
cal properties of the lenses manufactured using the same,
respectively, shown in Tables 1 and 2 below.

[Mathematical Equation 1]

(5) Evaluation of Transmittance after Coloring

TABLE 1

Physical properties of polythiol composition

Main
Sub- polythiol
polythiol  (Formula 1-1)
Added eq. HPLC HPLC
of glycidol Liquid area % area % GPC
based on  SHV  refractive (A) (B) RCI purity
2-ME (g/eq.) index (230 nm) (230 nm) (A/B) (%)
Example 1 0010 eq.  96.4 1.6462 1.03 83.14 0.012 83
Example 2 0.008 eq.  96.6 1.6465 0.99 83.25 0.012 83
Example 3 0012 eq. 962 1.6458 1.05 82.43 0.013 82
Example 4  0.015eq.  96.1 1.6457 1.26 81.09 0.016 81
Example 5 0.005 eq.  96.8 1.6468 0.90 84.01 0.011 84
Example 6 0.007 eq.  96.7 1.6466 0.95 83.25 0.011 83
Example 7 0018 eq.  95.7 1.6455 1.30 79.22 0.016 79
Comparative  0.020 eq.  95.5 1.6453 1.41 78.57 01018 78
Example 1
Comparative ~ 0.003 eq.  97.0 1.6468 0.89 83.33 0.011 83
Example 2
Comparative Not 97.2 1.6470 0.52 84.21 0.006 84
Example 3 added
source was transmitted through the prepared lens sample, TABLE 2
and the transmitted light was projected on a white plate to
determine the presence or absence of stria according to the Physical properties of lens
presence or absence of contrast. Standards for evaluation are )
as follows Transmittance
: Reaction after
[0169] o: Stria not observed Stria rate coloring
[0170] x: Stria clearly observed visually Fxample 1 R 0.20 8%
[0171] (6) Measurement of Polymerization Reaction Rate Example 2 o 0.18 67%
(Reactivity Slope) Example 3 ° 0.21 69%
. . Example 4 o 0.22 72%
[0172] Using a non-contact viscometer of EMS-1000 Exmgle 5 o 017 670/2
(KEM), the standard viscosity (Standard cps) was first Example 6 o 0.17 67%
confirmed with a viscosity standard solution (Brookfield, Example 7 o 0.23 78%

1000 eps, 25° C.). Thereafter, the viscosity was measured at
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TABLE 2-continued

Physical properties of lens

Transmittance

Reaction after

Stria rate coloring
Comparative Example 1 X 0.26 80%
Comparative Example 2 o 0.17 64%
Comparative Example 3 o 0.16 63%

[0177] Referring to Table 1 and 2, in the examples includ-
ing the sub-polythiol compounds with adjusted contents
according to the exemplary embodiments, it could be seen
that a high-transmittance optical lens with the prevention of
excessive increase in reaction rate and refractive index and
reduced stria/coloration was obtained.

What is claimed is:

1. A polythiol composition, comprising at least two dif-
ferent polythiol-based compounds,

wherein a peak area (%) of a polythiol compound repre-
sented by CgH, ¢S,, which is measured through a high
performance liquid chromatographic (HPL.C) analysis
graph obtained at a wavelength of 230 nm, ranges from
0.90% to 1.30%.

2. The polythiol composition according to claim 1,
wherein the polythiol compound represented by CgH,S
has a structure represented by Formula 2 below:

[

S SH

SH SH.
3. The polythiol composition according to claim 2,
wherein the polythiol-based compound includes a sub-poly-
thiol compound represented by Formula 2 above, and a main

polythiol compound having a higher molecular weight than
that of the sub-polythiol compound.

Formula 2]

4. The polythiol composition according to claim 3,
wherein the main polythiol compound includes a tetrafunc-
tional polythiol compound having a larger number of carbon
atoms than that of the sub-polythiol compound.

5. The polythiol composition according to claim 3,
wherein the main polythiol compound includes at least one
selected from tetrafunctional polythiol compounds repre-
sented by Formulae 1-1 to 1-3 below:

[Formula 1-1]

HS/\/Sj/\S/\[S\/\SH
HS

SH
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-continued
[Formula 1-2]

SH

S
S e
SH
HS

[Formula 1-3]

S SH.

'S S
HS SH
6. The polythiol composition according to claim 5,

wherein a Reaction rate Control Index defined by Equation
1 below ranges from 0.006 to 0.017:

Reaction rate Control Index=4/B [Equation 1]

(in Equation 1, A represents a peak area (%) of the
polythiol compound represented by C H, .S, which is
measured through the HPLC analysis graph, and B
represents a peak area (%) of the polythiol compound
represented by each of Formulae 1-1 to 1-3, which is
measured through the HPL.C analysis graph).

7. The polythiol composition according to claim 5,
wherein the peak area of each of the polythiol compounds
represented by Formulae 1-1 to 1-3, which is measured
through the HPL analysis graph, ranges from 78.6% to 85%.

8. A method for preparing a polythiol composition, the
method comprising:

introducing a metal sulfide to a preliminary polyol com-
pound to generate a polyol intermediate;

adding a sub-polythiol compound formation promoter to
the polyol intermediate; and

converting the polyol intermediate into a polythiol-based
compound through thiolation.

9. The method according to claim 8, wherein the polythiol
composition includes at least two different polythiol-based
compounds, and

wherein a peak area (%) of a polythiol compound repre-
sented by CgH, ¢S, in the polythiol composition, which
is measured through a high performance liquid chro-
matographic (HPLC) analysis graph obtained at a
wavelength of 230 nm, ranges from 0.90% to 1.30%.

10. The method according to claim 9, wherein the pre-
liminary polyol compound is synthesized by a reaction of
2-mercaptoethanol and epihalohydrin,

wherein, in the step of adding the sub-polythiol com-
pound formation promoter to the polyol intermediate,
the promoter is added in a predetermined equivalent
range to 2-mercaptoethanol so as to satisty the range of
a peak area (%) of the polythiol compound.

11. The method according to claim 8, wherein the sub-

polythiol compound formation promoter includes glycidol.

12. An optical composition, comprising:

a polythiol composition which comprises at least two
different polythiol-based compounds, wherein a peak
area (%) of a polythiol compound represented by
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CgH, ¢S, which is measured through a high perfor-
mance liquid chromatographic (HPLC) analysis graph
obtained at a wavelength of 230 nm, ranges from
0.90% to 1.30%; and
an iocyanate-based compound.
13. An optical product, comprising a polythiourethane
resin prepared from the optical composition according to
claim 12.



