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(57) ABSTRACT

Provided are a tricyclodecane dimethanol composition
which may be usefully applied to the preparation of a high
heat resistant polyester by reducing the content of impuri-
ties, and a preparation method thereof.
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TRICYCLODECANE DIMETHANOL
COMPOSITION AND PREPARATION
METHOD OF THE SAME

TECHNICAL FIELD

Cross-reference to Related Application

[0001] The present application is based on, and claims
priority from, Korean Patent Application No. 10-2021-
0072734, filed on Jun. 4, 2021, the disclosure of which is
hereby incorporated by reference herein in its entirety.

[0002] The present invention relates to a tricyclodecane
dimethanol composition, in which the content of impurities
is reduced, and a preparation method thereof.

Background Art

[0003] Tricyclodecane dimethanol (3(4), 8(9)-dihy-
droxymethyltricyclo[5.2.1.0>%|decane, TCDDM) is a mate-
rial used as a monomer in the preparation of polymers such
as polyester, polyacrylate, etc.

[0004] Tricyclodecane dimethanol may be prepared by
performing hydroformylation of dicyclopentadiene (DCPD)
to prepare tricyclodecane dialdehyde (TCDDA), followed
by hydrogenation thereof, as disclosed in Korean Patent No.
10-1200288.

[0005] TCDDM prepared by such a method is a mixture of
various structural isomers and stereoisomers, and a polyester
resin prepared using the same is characterized in that its
crystallization is difficult. Therefore, it is suitable for use as
a coating agent for coating the inner surface of a can, etc.
However, TCDDM prepared by the above method may
include impurities derived from some raw materials or
impurities generated during the preparation process, and
thus it is necessary to develop TCDDM with a higher purity
and a preparation method capable of preparing the same.

PRIOR ART DOCUMENT

[0006] Patent Document 1: Korean Patent No.
10-1200288
DISCLOSURE
Technical Problem
[0007] There are provided a tricyclodecane dimethanol

composition which may be suitably used in preparing a
polyester with high heat resistance and high quality by
controlling the content of impurities in the composition, and
a preparation method thereof.

Technical Solution
[0008] To achieve the above objects, there is provided a
tricyclodecane dimethanol composition including
[0009]

[0010] an ether compound represented by the following
Chemical Formula 1 in an amount of 1% by weight or less:

tricyclodecane dimethanol, and

R—CH,—O—CH,—R [Formula 1]
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[0011] in Formula 1,
[0012] R’s are each independently
HO or
HO
[0013] There is also provided a method of preparing the

composition, the method including the following steps of'ii),
iii), iv), and vi), and further including one or more of the
following steps of 1) and v):

[0014] 1) purifying dicyclopentadiene by performing the
retro Diels-Alder reaction and the Diels-Alder reaction of
dicyclopentadiene;

[0015] 1ii) performing a hydroformylation reaction by
introducing a catalyst composition including a rhodium-
containing catalyst compound and an organophosphorus
compound into a reactor, and by adding dropwise dicyclo-
pentadiene under a mixed gas of hydrogen and carbon
monoxide;

[0016] iii)) performing a hydrogenation reaction of the
reaction mixture obtained after the step ii) in the presence of
a hydrogenation catalyst;

[0017] iv) removing the hydrogenation catalyst and the
solvent from the reaction mixture obtained after the step iii);
[0018] V) performing thin film evaporation of the reaction
mixture obtained after the step iv); and

[0019] vi) performing vacuum fractional distillation of the
reaction mixture obtained after the step iv) or the step v).

Effect of the Invention

[0020] A tricyclodecane dimethanol composition of the
present invention may be suitably used in preparing a
polyester with high thermal stability and high quality by
controlling the content of impurities in the composition.

BEST MODE FOR CARRYING OUT THE

INVENTION
[0021] Hereinafter, the present invention will be described
in detail.
[0022] Tricyclodecane Dimethanol Composition
[0023] A composition of the present invention includes

tricyclodecane dimethanol represented by Formula 3, and an
ether compound represented by the following Formula 1 in
an amount of 1% by weight or less:

R—CH,—O—CH,—R

[0024]
[0025]

[Formula 1]

in Formula 1,
R’s are each independently
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[Formula 3]

I+

OH

HO \/
[0026] Tricyclodecane dimethanol (TCDDM) may be pre-
pared by a preparation method including preparing tricyclo-
decane dialdehyde (DCDDA) by hydroformylation of dicy-
clopentadiene (DCPD), and then reducing DCDDA.
[0027] In the preparation process, the final product
TCDDM may be condensed under high temperature condi-
tions of 150° C. or higher to form a dimer such as Formula
1. Since the dimer has an ether bond, its rotation is possible.
For this reason, when the dimer is incorporated into the
polymer chain, physical properties of the polymer, such as
the glass transition temperature, etc., may be affected.
[0028] Accordingly, the TCDDM composition of the pres-
ent invention includes the dimer in an amount of 1% by
weight or less, based on the total weight of the composition
such that the composition is suitable for preparing high-
quality polymers such as polyester. Preferably, the total
weight of the ether compound represented by Formula 1
may be 0.7% by weight or less, 0.5% by weight or less, or
0.3% by weight or less, based on the total weight of the
composition, and more preferably, the TCDDM composition
may not include the ether compound represented by Formula
1.
[0029] Specifically, the ether compound represented by
Formula 1 may be one or more selected from the group
consisting of the following compounds:

HO
|
OH
HO
| ‘%\
OH
om_\
HO OH
- O/\@Q_\
OH
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-continued -continued

0
HO \\%
Q oH

HO

O
OH
HO OH
HO OH
O
(6]

[0030] Meanwhile, DCPD, which is a raw material used in
the above preparation method, is usually prepared through
dimerization of cyclopentadiene (Cp) obtained in a naphtha
cracking process. Accordingly, in the cyclopentadiene raw
material during the naphtha cracking process, C, 5 diene
compounds, for example, compounds such as butadiene,
piperylene, isoprene, etc., may be present as impurities. The

OH

0 diene compound may form C,_,, co-dimers by causing the
Diels-Alder reaction with cyclopentadiene during the
dimerization reaction of cyclopentadiene. Accordingly, the
DCPD raw material includes a small amount of Cg 4

HO OH co-dimers as follows:

HO
oH @i\
HO
(6]

OH
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[0031] The co-dimers have two double bonds in the mol-
ecule, like DCPD, and thus a hydroformylation reaction may
occur, and through the subsequent hydrogenation reaction,
they may be converted to a C,; ;, diol compound of the
following Formula 2-1 or Formula 2-2:

[Formula 2-1]
.
R’Z
/ OH
HO 7N
[0032] in Formula 2-1,

[0033] R', and R', are each independently hydrogen or
methyl, provided that none of R', and R', is methyl,

[Formula 2-2]

—— )} ——C,H,,0H
HO \)

R'3
[0034] in Formula 2-2,
[0035] nis 3 or 4,
[0036] when n is 3, R'; is hydrogen or methyl, and
[0037] when n is 4, R'; is hydrogen.
[0038] The TCDDM composition according to one

embodiment of the present invention may include the C,,_;,
diol compound in an amount of 3% by weight or less, 2.3%
by weight or less, 2% by weight or less, or 1% by weight or
less, thereby exhibiting high purity.

[0039] The C,, ,, diol compound may be one or more
selected from the group consisting of the following com-
pounds:

OH

HO

OH
HO

OH
\/

HO
HO OH

OH

HO
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-continued

HO/_@(\/\
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~
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LN N on
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s

HO

+

HO
/T o1
HO
[0040] The contents of the TCDDM, ether compound, and

C,;.1» diol compound included in the composition may be
identified by analysis of the composition through gas chro-
matography (GC). The gas chromatography analysis may be
performed by, for example, the following method.

[0041] The composition is loaded onto a capillary column
with a length of 30 m, an inner diameter of 250 um, and a
film thickness of 0.10 um. An oven is maintained at an initial
temperature of 40° C. for 3 min, and then the temperature is
increased to 380° C. at an increasing rate of 15° C./min,
followed by holding for 5 min. A temperature of the inlet is
set to 260° C., and 1.0 pL of the sample is injected. Nitrogen
is used as a carrier gas, a flame ionization detector (FID) is
used as a detector, and a detector temperature is 260° C.

[0042] In the gas chromatography analysis, an elution
peak of the TCDDM is observed at a retention time of 13.0
min to 14.0 min, an elution peak of the ether compound is
observed at a retention time of 24.0 min to 27.0 min, and an
elution peak of the C,, ,, diol compound is observed at a
retention time of 11.5 min to 13.0 min. In this regard, the
relative content of each compound may be derived by
comparing the area of each peak with respect to the total area
of the elution peak (excluding the solvent peak) of the
TCDDM composition.
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[0043] Meanwhile, the composition may include 96% or
more, 97% or more, or 99% or more of TCDDM, based on
the total weight of the composition, or the composition may
consist of 100% of TCDD.

[0044] The TCDDM may include a total of three types of
structural isomers of 4,8-dihydroxymethyltricyclo[5.2.1.0%
sldecane;  3,8-dihydroxymethyltricyclo[5.2.1.0>%]decane;
and 3,9-dihydroxymethyltricyclo[5.2.1.0*%]|decane, and a
composition ratio thereof is not particularly limited.

[0045] Method of Preparing Tricyclodecane Dimethanol
Composition
[0046] The tricyclodecane dimethanol composition, in

which the content of the ether compound represented by
Formula 1 is 1% by weight or less, may be prepared by a
preparation method including the following steps of ii), iii),
iv), and vi), and further including one or more of the
following steps of i) and v):

[0047] 1) purifying dicyclopentadiene by performing the
retro Diels-Alder reaction and the Diels-Alder reaction of
dicyclopentadiene;

[0048] 1ii) performing a hydroformylation reaction by
introducing a catalyst composition including a rhodium-
containing catalyst compound and an organophosphorus
compound into a reactor, and by adding dropwise dicyclo-
pentadiene under a mixed gas of hydrogen and carbon
monoxide;

[0049] iii) performing a hydrogenation reaction of the
reaction mixture obtained after the step ii) in the presence of
a hydrogenation catalyst;

[0050] iv) removing the hydrogenation catalyst and the
solvent from the reaction mixture obtained after the step iii);
[0051] V) performing thin film evaporation of the reaction
mixture obtained after the step iv); and

[0052] vi) performing vacuum fractional distillation of the
reaction mixture obtained after the step iv) or the step v).
[0053] In other words, the preparation method of the
present invention is characterized by essentially including
the steps of performing hydroformylation of DCPD, per-
forming hydrogenation of TCDDA obtained from the hydro-
formylation, and purifying the reaction mixture by vacuum
fractional distillation after the hydrogenation, while further
including the step of purifying DCPD before the hydro-
formylation reaction, and/or the step of performing thin film
evaporation of the hydrogenation reaction mixture before
vacuum fractional distillation.

[0054] As described above, the preparation method of the
present invention may include one or more of the step of
puritying DCPD and the step of purifying the reaction
mixture after the hydrogenation reaction by thin film evapo-
ration, thereby obtaining a TCDDM composition with the
reduced content of impurities.

[0055] Hereinafter, each step of the method of preparing
the tricyclodecane dimethanol composition according to one
embodiment of the present invention will be described.
[0056] Step of Purifying DCPD

[0057] In the method of preparing the tricyclodecane
dimethanol composition according to one embodiment of
the present invention, the step of purifying DCPD by per-
forming the retro Diels-Alder reaction and the Diels-Alder
reaction of DCPD may be performed in order to control the
impurity content of the raw material DCPD before the
hydroformylation reaction (step 1).

[0058] When the step of purifying DCPD is performed,
the TCDDM composition, in which the content of impurities
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is controlled as described above, may be obtained without
the thin film evaporation process of the step v) after the
hydrogenation reaction. Alternatively, the TCDDM compo-
sition with a higher purity may be prepared by further
performing the thin film evaporation process of the step v)
to be described later, together with the purification of DCPD.
[0059] Specifically, the step of purifying DCPD may
include the step of performing the retro Diels-Alder reaction
by adding dropwise dicyclopentadiene to a reactor which
contains an organic solvent and is maintained at 150° C. to
250° C.; and the step of reacting the cyclopentadiene mono-
mer obtained by the retro Diels-Alder reaction at a tempera-
ture of 10° C. to 30° C. to obtain the purified dicyclopen-
tadiene.

[0060] The reactor used in the retro Diels-Alder reaction
may include a reflux cooling condenser and a distillation
head and a receiver connected thereto. Crude DCPD may be
injected into the reactor in a dropwise manner. DCPD added
dropwise at a high temperature is decomposed into Cp to be
vaporized, which is cooled in the distillation head through
the reflux cooling condenser, and then collected in the
receiver. At this time, DCPD not decomposed during the
reaction; and the co-dimers of Cp and C, 5 diene contained
in the DCPD raw material are condensed by the reflux
cooling condenser, and refluxed back to the reactor.

[0061] The organic solvent used in the reaction may be
diphenylether, triethylene glycol dimethylether, C,, 4
alkane, C,,_, alkene, etc., but is not limited thereto, and any
organic solvent having a boiling point of 170° C. to 300° C.
may be used without limitation.

[0062] In addition, during the retro Diels-Alder reaction,
the reaction temperature may be preferably 170° C. to 200°
C., and the reaction may be carried out under normal
pressure (740 torr to 780 torr).

[0063] Pure Cp may be obtained through the retro Diels-
Alder reaction, and when it is left at a temperature of 10° C.
to 30° C., or 20° C. to 25° C., the Diels-Alder reaction
between Cp occurs, and thus it is possible to obtain pure
DCPD, in which the content of co-dimers of Cp and C,
diene is significantly reduced. DCPD purified by this
method may have the content of the co-dimers of Cp and
C,_s diene of 0.01% to 2.0% or 0.1% to 1.0%.

[0064] Step of Performing Hydroformylation Reaction of
Dicyclopentadiene

[0065] The step ii) is a step of preparing tricyclodecane
dialdehyde (TCDDA) by performing hydroformylation of
dicyclopentadiene (DCPD).

[0066] The catalyst composition used in the hydroformy-
lation reaction includes a rhodium-containing catalyst com-
pound and an organophosphorus compound as a ligand.
[0067] The rhodium-containing catalyst compound appli-
cable in the present invention is not particularly limited, as
long as it exhibits the hydroformylation activity in the
presence of hydrogen and carbon monoxide by forming a
complex with the organophosphorus compound. For
example, one or more selected from the group consisting of
Rh(acac)(CO),, Rh,0;, Rh,(CO),,. Rhg(CO), 6, RA(NO;);,
Rh/Al, and Rh/C may be used. Among them, Rh(acac)(CO),
may be preferably used.

[0068] In the known TCDDA preparation method, the
rhodium compound is commonly used in an amount of 70
ppm to 300 ppm in order to increase the conversion rate.
However, when it is used at such a high concentration, a
separate process is further required to recover the expensive
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rhodium catalyst, and thus there has been a problem in that
the efficiency and economic feasibility of the TCDDA
preparation process are reduced. In contrast, in the present
invention, since hydroformylation is performed by adding
dropwise DCPD in small amounts without adding at once, it
is possible to obtain excellent TCDDA conversion rate even
with a significantly reduced amount of catalyst. Thus, a
separate process of recovering the catalyst is not required,
thereby greatly improving the efficiency of the process.
[0069] In the present invention, the rhodium-containing
catalyst compound is preferably used in the range of 1 ppm
to 50 ppm, or 10 ppm to 35 ppm, or 10 ppm to 20 ppm (based
on the rhodium element) of the total weight of the reactant
dicyclopentadiene. When the content of the rhodium-con-
taining catalyst compound is less than 1 ppm relative to the
weight of dicyclopentadiene, the amount of the catalyst is
too small and the hydroformylation reaction does not prop-
erly occur, and therefore, the conversion rate may decrease.
When the rhodium-containing catalyst compound is used in
excess of 50 ppm, there may be a problem in that impurities
due to side reactions are generated, and a separate process of
recovering the catalyst is required. Thus, the above-de-
scribed effect may not be achieved. For this reason, it is
preferable to satisfy the above range.

[0070] The rhodium-containing catalyst compound may
exhibit catalytic activity by forming a complex with the
organophosphorus compound in the organic solvent. In this
regard, the applicable organophosphorus compound may be
phosphine, phosphite, etc., and preferably, phosphite having
a formula of PCOR)(OR?)(OR?) (wherein R', R?, and R? are
each independently a substituted or unsubstituted alkyl
group or aryl group). Specifically, the organophosphorus
compound may be one or more selected from the group
consisting of triphenylphosphite, tris(2-t-butylphenyl)phos-
phite,  tris(3-methyl-6-t-butylphenyl)phosphite,  tris(3-
methoxy-6-t-butylphenyl)phosphite, tris(2,4-di-t-butylphe-
nyl)phosphite, and di(2-t-butylphenyl)phosphite, but is not
limited thereto.

[0071] The amount of the organophosphorus compound
may be adjusted according to the content of rhodium in the
catalyst composition. In one embodiment, the organophos-
phorus compound is used in an amount of 5 moles to 200
moles per 1 mole of rhodium. When the content of the
organophosphorus compound satisfies the above range, the
content of the ligand per catalyst is sufficient, and thus the
hydroformylation reaction may proceed smoothly. Prefer-
ably, the organophosphorus compound may be used in an
amount of 10 moles or more, 15 moles or more, and 170
moles or less, 150 moles or less, 100 moles or less per 1
mole of rhodium.

[0072] The organic solvent applicable to the catalyst com-
position is not particularly limited, and commonly known
inert organic solvents may be appropriately used. Specifi-
cally, the organic solvent may include aromatic hydrocarbon
compounds, aliphatic hydrocarbon compounds, and alicy-
clic hydrocarbon compounds.

[0073] As the aromatic hydrocarbon compounds, methyl-
benzenes such as benzene, toluene, xylene, mesitylene,
pseudocumene, etc., ethylbenzenes such as ethylbenzene,
diethylbenzene, triethylbenzene, etc., propyl benzenes such
as isopropylbenzene, 1,3-diisopropyl benzene, 1,4-diisopro-
pyl benzene, etc., and other various alkyl benzenes may also
be suitably used. As the aliphatic hydrocarbon compounds,
pentane, hexane, heptane, octane, isooctane, dodecane, and
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decane may be exemplified, but they are not limited thereto,
as long as they are a liquid at standard temperature and
pressure. As the alicyclic hydrocarbon compounds, cyclo-
hexane, cyclooctane, cyclododecane, decalin, methyl cyclo-
hexane, etc. may be suitably used.

[0074] The concentration of the catalyst composition is
not particularly limited, but it may be, for example, in the
range of 0.01 mM to 5.0 mM, or 0.05 mM to 0.5 mM, based
on the rhodium element. When the concentration of the
catalyst composition is less than the above range, there may
be a problem in that the catalyst reactivity deteriorates due
to the excessively low concentration of the catalyst, and
when the concentration exceeds the above range, there may
be a problem in that the cost of the process increases due to
excessive use of the catalyst. Accordingly, the concentration
is properly controlled within the above range.

[0075] The hydroformylation reaction of DCPD is per-
formed under a mixed gas atmosphere of hydrogen and
carbon monoxide, wherein the pressure of the mixed gas is
preferably maintained at 20 bar to 150 bar. When the
reaction pressure is less than 20 bar, the hydroformylation
reaction may not proceed smoothly, and when it exceeds 150
bar, a side reaction may occur to lower the TCDDA yield.
More preferably, the pressure of the mixed gas may be 30
bar or more, or 50 bar or more, and 120 bar or less, or 100
bar or less.

[0076] In this regard, for smooth progress of the hydro-
formylation reaction, a volume ratio of hydrogen and carbon
monoxide is preferably in the range of 1:10 to 10:1, more
preferably, in the range of 1:2 to 2:1.

[0077] Under the pressure conditions as described above,
the temperature of the hydroformylation reaction step is
preferably 50° C. to 100° C., more preferably, 70° C. to 90°
C., or 75° C. to 85° C. When the reaction temperature is
lower than 50° C., smooth progress of the reaction may be
difficult and the yield may decrease. When the reaction
temperature is too high by exceeding 100° C., the retro
Diels-Alder reaction of DCPD and Cp oligomerization by
the Diels-Alder reaction of cyclopentadiene (Cp) generated
by the retro Diels-Alder reaction and DCPD may occur.

[0078] Meanwhile, in the hydroformylation reaction step
of the present invention, the raw material DCPD is added in
a dropwise manner to the reactor including the catalyst
composition, thereby achieving the excellent conversion rate
even with a small amount of the catalyst and minimizing
side reactions.

[0079] When DCPD is added in a dropwise manner, the
concentration of DCPD relative to the concentration of the
catalyst composition in the reactor is maintained low, and
thus Cp oligomerization that may occur in the presence of a
high concentration of DCPD may be suppressed. In addition,
since the concentration of DCPD in the reactor may be
controlled by controlling the dropwise addition rate, a high
conversion rate may be achieved even with relatively small
amounts of the catalyst compound and the ligand.

[0080] DCPD introduced into the reactor may be prepared
in the form of a solution. In this regard, as the organic
solvent, an organic solvent applicable to the catalyst com-
position may be used. The organic solvent used for the
catalyst composition and the organic solvent used for the
DCPD solution are not necessarily the same as each other,
but it is preferable that the same solvent is used, because the
reaction may smoothly proceed.
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[0081] The concentration of the DCPD solution is not
particularly limited, and for example, it may be in the range
0f 0.1 M or more, or 1.0 M to 7.6 M. When the concentration
of the DCPD solution is less than the above range, the
concentration of the rhodium-containing catalyst compound
and the organophosphorus compound in the reactor
decreases, as the dropwise addition proceeds, and thus there
may be a problem in that the hydroformylation reaction does
not proceed smoothly. Accordingly, the concentration is
appropriately controlled within the above range.

[0082] The dropwise addition rate of DCPD may be
controlled according to the concentration of the dicyclopen-
tadiene solution and the capacity of the catalyst composi-
tion, and the number of moles of dicyclopentadiene added
per minute with respect to 1 mmol of the catalyst (based on
the rhodium element) of the catalyst composition is prefer-
ably allowed to be 10 mmol to 10,000 mmol, or 100 mmol
to 1,000 mmol, or 100 mmol to 500 mmol.

[0083] When the dropwise addition rate is too fast by
exceeding the above range, it is difficult to achieve the
above-mentioned effect due to by-product generation, and
when the dropwise addition rate is too slow, the overall
reaction rate may become slow, and the process efficiency
may be reduced. Accordingly, it is preferable to satisty the
above range.

[0084] The hydroformylation reaction time may be appro-
priately adjusted according to the reaction conditions and the
contents of the reactants.

[0085] The reaction mixture including TCDDA which is
obtained after the hydroformylation reaction undergoes a
purification process such as vacuum distillation or thin film
evaporation, and then injected for the hydrogenation reac-
tion. For example, the reaction mixture may be subjected to
the thin film evaporation under a pressure of 0.1 torr to 10
torr, or 0.1 torr to 1 torr and a temperature of 90° C. to 150°
C., or 100° C. to 120° C. to remove the solvent, followed by
the hydrogenation reaction.

[0086] Step of Performing Hydrogenation Reaction of
Tricyclodecane Dialdehyde

[0087] Next, the tricyclodecane dialdehyde (TCDDA)
mixture prepared through the hydroformylation reaction of
the step ii) is hydrogenated in the presence of a catalyst to
prepare a tricyclodecane dimethanol (TCDDM) mixture
(Step iii).

[0088] The hydrogenation reaction may be performed in a
solution. As the reaction solvent, a lower alcohol such as
methanol, ethanol, isopropanol, etc., water, or a combination
thereof may be used. For example, a mixed solvent of water
and isopropanol may be used.

[0089] As the hydrogenation catalyst, a metal catalyst
generally used for hydrogenation of a carbonyl group, for
example, a metal catalyst, such as nickel, platinum, palla-
dium, rhodium, ruthenium, copper, chromium, etc., may be
used. The metal catalyst may be used in an elemental form,
an oxide form, a form of being supported on an inorganic
carrier, or a metal complex form. For example, as the
hydrogenation catalyst, a ruthenium catalyst (Ru/C) sup-
ported on a carbon support may be used.

[0090] The amount of the catalyst used may be appropri-
ately adjusted in consideration of the efficiency of the
hydrogenation reaction. For example, the hydrogenation
catalyst may be used in an amount of 50 ppm to 5000 ppm,
or 100 ppm to 500 ppm with respect to the total weight of
the reactant tricyclodecane dialdehyde mixture, based on the
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metal element. When the content of the catalyst is less than
50 ppm, the reaction rate may be too slow, and when the
content exceeds 5000 ppm, the preparation cost increases
due to excessive use of the catalyst without any particular
advantage, and thus it is preferable to satisfy the above
range.

[0091] The hydrogenation reaction may be performed at a
temperature of 80° C. to 250° C. and a pressure of 20 bar to
200 bar, preferably at a temperature of 90° C. to 130° C. and
apressure of 60 bar to 80 bar. When the reaction temperature
is lower than 80° C., or the reaction pressure (the pressure
of'the hydrogen gas) is less than 50 bar, the reaction rate may
not be sufficient. When the reaction temperature is higher
than 150° C., or the reaction pressure is higher than 200 bar,
deactivation of the catalyst may be accelerated, and process
costs may increase.

[0092] Step of Purifying Reaction Mixture

[0093] Next, the reaction mixture obtained after the hydro-
genation reaction may be purified to obtain the TCDDM
composition.

[0094] Specifically, the step of purifying the reaction mix-
ture may further include the step (step iv) of removing the
hydrogenation catalyst and the solvent from the reaction
mixture obtained after the step iii), and the step (step vi) of
performing vacuum fractional distillation of the reaction
mixture (step vi), and may further include the step (step v)
of performing thin film evaporation of the reaction mixture
obtained after the step iv).

[0095] Through this purification step, the ether compound
of Formula 1 having a high boiling point may be effectively
removed without side reactions.

[0096] The step of removing the hydrogenation catalyst of
the step iv) may be performed by, for example, filtration. The
filtration of the reaction mixture may be performed using a
vacuum or pressure filtration device commonly used. Fil-
tration conditions are not particularly limited, but filtration
may be performed, for example, at a temperature of 0° C. to
150° C. and a pressure of 1 torr to 5 torr.

[0097] After the filtration, the solvent is removed from the
filtrate through a method such as vacuum distillation, etc.
The vacuum distillation may be performed using a device
such as a rotary evaporator, etc., and temperature and
pressure conditions may be appropriately adjusted according
to the used solvent.

[0098] After the step iv), thin film evaporation may be
optionally performed (step v). Since TCDDM has a high
boiling point of 334° C. under atmospheric pressure (760
torr), it has a disadvantage of requiring high temperature
conditions when the distillation method is used. However,
when the thin film evaporation step is performed, primary
purification is possible at a high speed under reduced
pressure, and thus the degeneration of TCDDM may be
suppressed.

[0099] In the thin film evaporation step, acidic or basic
high boiling point impurities derived from the hydrogena-
tion catalyst may be effectively removed. The acidic or basic
high boiling point impurities are not removed by filtration
and may exist in the concentrated reaction mixture after the
step 1v). When the reaction mixture including these impu-
rities in a concentrated state is subjected to fractional
distillation, the dimerization reaction of TCDDM may be
accelerated under high-temperature, acidic or basic condi-
tions. Since the boiling point of impurities is high, there is
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a problem in that long-time distillation is required under
high-temperature conditions for purification.

[0100] However, when thin film evaporation is performed
before fractional distillation, the step vi) may be performed
after removing the acidic or basic high boiling point impu-
rities, and therefore, the dimerization reaction of TCDDM is
significantly reduced, and the subsequent vacuum distilla-
tion of the step vi) may be performed at a relatively low
temperature, thereby further suppressing the degeneration of
TCDDM.

[0101] To achieve the above effect, the thin film evapo-
ration may be performed at a temperature of 100° C. to 200°
C. and a pressure of 1 mtorr to 20 mtorr, preferably, at a
temperature of 130° C. to 150° C. and a pressure of 10 mtorr
to 15 mtorr.

[0102] The thin film evaporation may be performed using
a thin film evaporator including an evaporator, a condenser,
and a decompression means.

[0103] The time for which the thin film evaporation step is
performed may be appropriately adjusted according to the
capacity of the used thin film evaporator, the amount of the
reaction mixture, etc. For example, the thin film evaporation
step may be performed for 5 seconds or more, 10 minutes or
less, preferably, for 5 minutes or less, preferably, 1 minute
or less.

[0104] Next, after the step iv), or the step v), the obtained
reaction mixture is subjected to vacuum fractional distilla-
tion to obtain the tricyclodecane dimethanol composition.
[0105] The vacuum fractional distillation may be per-
formed, for example, under a pressure of 0.1 torr to 10 torr,
or 0.1 torr to 1 torr, and a temperature of 100° C. to 250° C.,
or 150° C. to 220° C.

[0106] When the step v) is performed, vacuum fractional
distillation may be performed at a lower temperature than
the case where the step v) is not performed. Specifically,
vacuum fractional distillation after the step v) may be
performed under conditions of a pressure of 0.1 torr to 10
torr, or 0.1 torr to 1 torr and a temperature of 100° C. to 200°
C., or 130° C. to 150° C.

[0107] The tricyclodecane dimethanol composition pre-
pared by the above-mentioned preparation method, wherein
the content of impurities such as the ether compound rep-
resented by Formula 1, furthermore, the C,, ;, diol com-
pound is controlled, may be suitably used in preparing a
high-quality polyester with high thermal stability.

[0108] Hereinafter, the actions and effects of the present
invention will be described in more detail with reference to
the specific exemplary examples of the present invention.
However, these exemplary examples are provided only for
illustrating the present invention, and the scope of the
present invention is not defined thereby.

EXAMPLE

Comparative Example 1

[0109] (Step 1)

[0110] In a 1 L high-pressure reactor, 7.9 mg of Rh(CO)
s(acac) (15 ppm, based on Rh, relative to dicyclopentadi-
ene), and 2 g of tris(2,4-di-tert-butylphenyl)phosphite were
dissolved in 100 g of toluene. The mixture was heated to 85°
C. while maintaining a pressure of a mixed gas (CO:H,=1:1)
at 100 bar. The DCPD solution, in which 10 g of toluene and
210 g of dicyclopentadiene (DCPD) were mixed, was slowly
added dropwise to the high-pressure reactor at a rate of 1.3
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ml/min (i.e., the amount of DCPD added dropwise per
minute with respect to 1 mmol of Rh was 320 mmol) for 3
hours. During dropwise addition of the DCPD solution, the
temperature and the pressure inside the high-pressure reactor
were maintained at 85° C. and 100 bar, respectively. After
completing the dropwise addition of the DCPD solution, the
reaction was further allowed under the same temperature
and pressure conditions for 1.5 hours.

[0111] (Step 2)

[0112] The reaction mixture in the step 1 without addi-
tional purification was further reacted for 3 hours while
heating the mixture to 130° C. and maintaining the pressure
of the CO/H, mixed gas at 100 bar. Then, a sample of the
reaction mixture was taken and analyzed by gas chroma-
tography (GC).

[0113] (Step 3)

[0114] The reaction mixture of the step 2 was concentrated
under reduced pressure to remove toluene. The toluene-
removed mixture was subjected to thin film evaporation
under conditions of 0.2 torr and 130° C. to obtain 281.1 g
(vield: 92.0%) of TCDDA(TCD-dialdehyde).

[0115] (Step 4)

[0116] 200 g of TCDDA of the step 3, 100 g of isopropyl
alcohol (IPA), 25 g of water, and 3 g of 5% Ru/C (wetted
with ca. 50% Water) were mixed and put into a 600 ml
high-pressure reactor. The mixture was allowed to react for
4 hours while heating to 130° C. and maintaining a pressure
of H, gas at 70 bar. Then, a sample of the reaction mixture
was taken and analyzed by gas chromatography.

[0117] (5 Step)

[0118] The reaction mixture of the step 4 was filtered to
remove Ru/C, and subjected to vacuum distillation under
conditions of 100° C./10 torr to remove isopropyl alcohol
and water. The TCDDM (TCD-dimethanol) mixture thus
obtained was subjected to vacuum fractional distillation
under conditions of 150° C. to 220° C. and 0.1 torr to obtain
181 g of a final TCDDM composition.

Example 1

[0119] Before hydroformylation, dicyclopentadiene (Cg_;
co-dimer content of 1-5%) was purified by the following
method.

[0120] Ina 1 L three-neck flask, 400 ml of diphenylether
was placed. A thermometer was installed on one side of the
three-neck flask and a funnel for dropping DCPD was
installed on the other side thereof. A reflux cooling con-
denser was installed in the center of the flask, and the
temperature of the condenser was maintained at 80° C. A
distillation head was installed in the reflux cooling con-
denser. The three-neck flask containing diphenylether was
maintained at 200° C. and 1 kg of DCPD was added
dropwise at a rate of 10 ml/min using the dropping funnel.
The DCPD added dropwise was decomposed into Cp mono-
mer and vaporized. At this time, the decomposed Cp mono-
mer was cooled in the distillation head through the reflux
cooling condenser and dropped into a receiver flask. DCPD
not decomposed into Cp monomer and Cp-co-dimer were
condensed in the reflux cooling condenser and refluxed
again into the three-necked flask. 850 g of Cp monomer was
obtained by the above method, and left at room temperature
(25° C.) for 5 days to be converted into DCPD.

[0121] Thereafter, the procedures of the step 1 to the step
5 were performed in the same manner as in Comparative
Example 1 to prepare a TCDDM composition.
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Example 2

[0122] The procedures of the step 1 to the step 4 were
performed in the same manner as in Comparative Example
1, and a procedure of the step 5 was performed by the
following method.

[0123] After Step 4, the reaction mixture was filtered to
remove Ru/C, and subjected to vacuum distillation under
conditions of 100° C./10 torr to remove isopropyl alcohol
and water. The TCDDM mixture thus obtained was sub-
jected to thin film evaporation under conditions of 150°
C./10 mtorr. During the thin film evaporation, a thin film
evaporator with an evaporation area of 0.04 m* was used,
and the TCDDM mixture was fed at a rate of 15 ml/min. The
thin film evaporation step was performed for 15 seconds.
The distillate obtained through thin film evaporation was
again subjected to vacuum fractional distillation under con-
ditions of 130° C. to 150° C. and 0.1 torr to obtain 181 g of
a final TCDDM.

Example 3

[0124] DCPD was purified in the same manner as in
Example 1, and subsequently, the procedures of the step 1 to
step 5 were performed in the same manner as in Example 2
to prepare a TCDDM composition.

[0125] [Gas Chromatography (GC) Analysis]

[0126] The contents of TCDDM, ether compound, and
C,,.1» diol compound in each of the TCDDM compositions
obtained in Examples and Comparative Examples were
analyzed by gas chromatography.

[0127] Agilent 7890B (GC-FID) as an instrument and
DB-5HT (length of 30 mxinner diameter of 250 umxfilm
thickness of 0.10 pm) model as a column were used, and an
oven was maintained at an initial temperature of 40° C. for
3 minutes, and heated to 380° C. at a rate of 15° C./min, and
maintained for 5 minutes, followed by analysis. An inlet
temperature was 260° C., a detector temperature was 260°
C., aflow rate was 1 mL/min, a split ratio was 30:1, a sample
injection volume was 1 pl, and a carrier gas was nitrogen.

[0128] Detailed analysis conditions are as follows. An
elution peak of TCDDM was observed at 13.0 min to 14.0
min, an elution peak of the ether compound was observed at
24.0 min to 27.0 min, and an elution peak of the C,, ,, diol
compound was observed at 11.5 min to 13.0 min, and the
content (% by weight) of each compound, based on 100% by
weight of the TCDDM composition, was derived from the
area of each peak with respect to the total area of the elution
peak (excluding the solvent peak) of the TCDDM compo-
sition.

[0129] <Inlet>

[0130] Heater: 260° C., Pressure: 10.7 psi, Total Flow:
33.1 ml/min, Septum Purge Flow: 2 ml/min

[0131] Split Ratio: 30:1

[0132] <COLUMN>

[0133] DB-SHT, 30 mx250 pmx0.10 pm, Agilent

[0134] Mode: constant flow, Nominal initial flow: 1.0

ml./min, Average velocity: 20.0 cm/sec
[0135] <DETECTOR (FID)>
[0136] Temperature: 260° C. (On), Hydrogen flow: 35.0

ml/min (On), Air flow: 350.0 mL/min (On), Makeup flow:
25.0 mL/min (On)
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[0137] Makeup Gas Type: Nitrogen

TABLE 1

Cy_» diol Ether

compound TCDDM compound

(%) (%) (%)

Comparative Example 1 231 96.62 1.07
Example 1 0.02 99.63 0.35
Example 2 2.32 97.68 0.0
Example 3 0.01 99.99 0.0
[0138] [Preparation of Polyester Resin]
[0139] Polyester resins were prepared using each of the

TCDDM compositions of Comparative Examples and
Examples by the following method.

[0140] In a 2000 mL four-neck flask equipped with a
thermometer, a condenser, a mantle, a stirrer, and a vacuum
pump, 549.0 g of terephthalic acid and 6.3 g of trimellitic
anhydride as an acid component, 117.9 g of 2-methyl-1,3-
propanediol as an alcohol component and 521.5 g of the
TCDDM composition were placed, and tetrabutoxy titanium
was added as an esterification catalyst.

[0141] When the temperature was slowly raised from
room temperature to 240° C. and water or methanol as a
by-product flowed out to a theoretical amount, tetrabutox-
ytitanium was added as a polycondensation catalyst, the
temperature was raised to 260° C., and vacuum reaction was
carried out for several hours. As a result, as shown in Table
1 below, copolymerized polyester resins having an intrinsic
viscosity of 0.40 dL/g to 0.65 dL/g and a number average
molecular weight of 17,000 g/mol to 19,000 g/mol were
obtained.

[0142] Physical properties of the prepared polyester resins
were measured by the following methods, and the results are
shown in the following Table.

[0143] (1) Intrinsic Viscosity (IV)

[0144] 0.36+0.0002 g of the sample was dissolved in 30
ml of ortho-chlorophenol at 150° C. for 15 minutes, and
then the intrinsic viscosity of the sample was measured
using a Ubbelohde viscometer in a thermostatic bath at 35°
C.

[0145] (2) Glass Transition Temperature (Tg)

[0146] Using a differential scanning calorimeter (MET-
TLER TOLEDO, DSC 1), about 6 mg to 10 mg of the
polyester resin was filled in an aluminum pan, and the
polyester resin was heated from room temperature to 280° C.
at a rate of 10° C/min (first scan), and annealed at 280° C.
for 3 min. Thereafter, the polyester resin was rapidly cooled
to room temperature, and then heated again from room
temperature to 280° C. at a rate of 10° C./min (second scan)
to obtain a DSC curve.

[0147] When the polymer undergoes glass transition, the
specific heat of the amorphous material increases, and the
DSC curve shows a characteristic shift in the endothermic
direction. Therefore, the temperature at which the maximum
slope of the curve appeared at the point where the DSC
curve showed a first step transition during heating was
defined as the glass transition temperature (Tg) of the
polyester resin.

[0148] (3) Number Average Molecular Weight (Mn) and
Weight Average Molecular Weight (Mw)

[0149] The number average molecular weight and weight
average molecular weight of each resin were measured using
Tosoh’s gel permeation chromatography (GPC) and RI
detector.
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[0150] 0.03 g of the resin was dissolved in 3 ml of
ortho-chlorophenol at 150° C. for 15 minutes, and then 9 mL
of chloroform was added at room temperature to prepare a
sample. The sample was injected at a temperature of 40° C.
at a flow rate of 0.7 ml/min using 12 ml of ortho-chloro-
phenol:chloroform=1:3 (v/v) solution as an eluent for mea-
surement. The values of Mw and Mn were derived using a
calibration curve formed using polystyrene standards. 9
kinds of polystyrene standards having a molecular weight of
2,000/10,000/30,000/70,000/200,000/700,000/2,000,000/4,
000,000/10,000,000 were used.

TABLE 2
Glass

Intrinsic transition

viscosity  temperature Mn Mw
TCDDM composition dl/g) °C) (g/mol) (g/mol)
Comparative Example 1 0.49 68.3 17700 48000
Example 1 0.49 90.4 17600 47900
Example 2 0.52 85.5 17300 47900
Example 3 0.50 93.4 18000 48300

[0151] Referring to Table 2, it was confirmed that the
polyester resins prepared using the TCDDM compositions
of Examples 1 to 3 showed a significantly high glass
transition temperature, as compared to that of the polyester
resin prepared using the TCDDM composition of Compara-
tive Example 1, indicating excellent heat resistance.

What is claimed is:

1. A tricyclodecane dimethanol composition comprising

tricyclodecane dimethanol, and

an ether compound represented by the following Chemi-

cal Formula 1 in an amount of 1% by weight or less:
R—CH,—O—CH,—R [Formula 1]

in Formula 1,
R’s are each independently

HO
HO

2. The tricyclodecane dimethanol composition of claim 1,
comprising no ether compound.

3. The tricyclodecane dimethanol composition of claim 1,
wherein a C,,_,, diol compound represented by the follow-
ing Formula 2-1 or Formula 2-2 is included in an amount of
3% by weight or less:

[Formula 2-1]
R'l
R’Z

P

HO

~L_on

in Formula 2-1,
R'; and R', are each independently hydrogen or methyl,
provided that none of R', and R', is methyl,

Jun. 22, 2023

[Formula 2-2]

in Formula 2-2,

nis 3 or4,

when n is 3, R'; is hydrogen or methyl, and

when n is 4, R'; is hydrogen.

4. A method of preparing a tricyclodecane dimethanol

composition comprising

tricyclodecane dimethanol, and

an ether compound represented by the following Chemi-
cal Formula 1 in an amount of 1% by weight or less,

the method comprising the following steps of ii), iii), iv),
and vi), and further comprising one or more of the
following steps of i) and v):

i) purifying dicyclopentadiene by performing the retro
Diels-Alder reaction and the Diels-Alder reaction of
dicyclopentadiene;

ii) performing a hydroformylation reaction by introducing
a catalyst composition including a rhodium-containing
catalyst compound and an organophosphorus com-
pound into a reactor, and by adding dropwise dicyclo-
pentadiene under a mixed gas of hydrogen and carbon
monoxide;

iii) performing a hydrogenation reaction of the reaction
mixture obtained after the step ii) in the presence of a
hydrogenation catalyst;

iv) removing the hydrogenation catalyst and the solvent
from the reaction mixture obtained after the step iii);

v) performing thin film evaporation of the reaction mix-
ture obtained after the step iv); and

vi) performing vacuum fractional distillation of the reac-

tion mixture obtained after the step iv) or the step v):
R—CH,—O—CH,—R [Formula 1]

in Formula 1,
R’s are each independently

HO
HO

5. The method of claim 4, wherein the step 1) includes the
step of performing the retro Diels-Alder reaction by adding
dropwise dicyclopentadiene to a reactor which contains an
organic solvent and is maintained at 150° C. to 250° C.; and
the step of reacting the cyclopentadiene monomer obtained
by the retro Diels-Alder reaction at a temperature of 10° C.
to 30° C. to obtain purified dicyclopentadiene.

6. The method of claim 4, wherein, after the step 1), the
content of co-dimers of C,_5 diene of dicyclopentadiene and
cyclopentadiene is 2% by weight or less.

7. The method of claim 4, wherein, in the step ii), the
reaction pressure is 20 bar to 150 bar and the reaction
temperature is 50° C. to 100° C.
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8. The method of claim 4, wherein the organophosphorus
compound is included in an amount of 5 moles to 200 moles
per 1 mole of rhodium.

9. The method of claim 4, wherein, in the step ii), the
dropwise addition of dicyclopentadiene is performed such
that the number of moles of dicyclopentadiene added per
minute with respect to 1 mmol of the rhodium element in the
catalyst composition is 10 mmol to 10,000 mmol.

10. The method of claim 4, wherein the hydrogenation
catalyst of the step iii) is a Ru/C catalyst.

11. The method of claim 4, wherein the hydrogenation
reaction of the step iii) is performed at a temperature of 80°
C. 1o 250° C. and a pressure of 20 bar to 200 bar.

12. The method of claim 4, wherein the thin film evapo-
ration of the step v) is performed at a temperature of 100° C.
to 200° C. and a pressure of 1 mtorr to 20 mtorr.

#* #* #* #* #*



