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DESCRIPTION
POLYAMIDE COMPOUND AND MOLDED ARTICLE THEREOF

Technical Field

[0001]The present invention relates to a polyamide compound
and a molded article thereof.
Background Art

[0002]In recent years, there are growing expectations for
plastics derived from a plant as a raw material
(hereinafter, referred to as bioplastics), which are
important for shift to an environmentally—friendly
zero-waste society. The bioplastics are produced from
a recyclable resource and enable reduction of
consumption of fossil resourcesvand suppression of
increase in atmospheric carbon dioxide concentration.

[0003]0One of the practically available bioplastics is a
polylactic acid. The polylactic acid is an aliphatic
polyester resin obtained by polymerizing lactic acid
obtained by fermentation of starch of corn or the like.
In recent years, a resin composition containing the
polylactic acid is used as a material for an exterior
part of a copier, a personal computer, or a mobile
phone. However, the polylactic acid has low heat
resistance and low mechanical strength compared with a
petroleum-derived aromatic polyester resin such as PET
or PC. Therefore, the resin composition cannot be used
in the vicinity of a part accompanied by heat
generation such as a fixing member in a copier or a
laser beam printer.

[0004]Accordingly, various proposals have been made to
improve the heat resistance and mechanical strength of
the bioplastic. As an example, Non Patent Literature 1
proposes a method of synthesizing a wholly aromatic
polyamide from a plant-derived furandicarboxylic acid
and an aromatic diamine. In addition, Non Patent

Literatures 2 and 3 propose methods of synthesizing a
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polyamide from a furandicarboxylic acid and an
aliphatic diamine having four, six, or eight carbon
atoms. On the other hand, Non Patent Literature 4
discloses that a polyamide (product name: PAll) can be
obtained by condensing amino-ll-undecanoic acid
synthesized from castor oil fatty acid methyl ester
obtained from castor oil.

Citation List

Non Patent Literature

[000S5]NPL 1: Polymer Communications, 1985, Vol.26, pp.246-249

[0006]NPL 2: Progress in Polymer Science, 1997, Vol.Z22, No.6,
pp-1238-1239

[0O007]NPL 3: Delft Progress Report, 1974, Vol.Al, pp.59-63

[0008]INPL 4: Environmentally-friendly engineering plastics,
Arkema
Summary of Invention
Technical Problem

[0009] However, the wholly aromatic polyamide proposed in Non
Patent Literature 1 has a low melting point and hence
is difficult to mold. Further, the polyamides proposed
in Non Patent Literature 2 and Non Patent Literature 3
are soft and are not expected to have high mechanical
strength, and there are no description on a glass
transition temperature (Tg) which gives an indication
of heat resistance. In addition, the polyamide
disclosed in Non Patent Literature 4 has a Tg of 37°C
and hence cannot be used as a part in the vicinity of a
fixing device required to have a Tg of 160°C or more.
Solution to Problem

[0010] The present invention provides a polyamide compound
containing a plant-derived component which has high
heat resistance and good moldability.

[0011]A polyamide compound according to the present invention
is represented by the following general formula (1) and
has a weight-average molecular weight of 5,000 or more

and 200,000 or less.
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(0012]In the formula (1), m represents 2 or 3, and each end
of the polymer is one of a hydroxyl group and hydrogen.
Advantageous Effects of Invention

[0013]According to the present invention, the polyamide
compound containing a plant-derived component which has
high heat resistance and‘good moldability can be
provided.

Brief Description of Drawing

[0014]) [FIG. 1] FIG. 1 is a schematic diagram of a production
apparatus for a polyamide compound used in Comparative
Example 1 of the present invention.

Description of Embodiments

[0015]A polyamide compound according to the present invention
is represented by the following general formula (1) and
has a weight-average molecular weight of 5,000 or more
and 200,000 or less.

-0 0
%';—Q—é':—r;l—(cm-};rﬁf
H ' H (1)

[0016]In the formula (1), m represents 2 or 3, and each end
of the polymer represented by the formula (1) is one of
a hydroxyl group and hydrogen.

[0017]In this embodiment, when the weight-average molecular
weight of the polyamide compound is adjusted to 5,000
or more, a polyamide compound having excellent heat
resistance can be obtained. " Note that, in view of
facilitating synthesis of the polyamide or facilitating
processing of a product, it is desired to adjust the
weight-average molecular weight of the polyamide
compound obtained as a product to 200,000 or less.

[0018]Further, the polyamide compound according to the
present invention preferably has a glass transition

temperature (Tg) of 160°C or more and 350°C or less.
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Note that, the Tg tends to increase relatively as the
molecular weight of the polyamide compound increases.
[0019] The polyamide compound according to the present
invention can be obtained by, as represented by the
following reaction formula, polycondensation of 2,5-
furandicarboxylic acid (hereinafter, sometimes
abbreviated as FDCA) or a derivative thereof and

ethylenediamine or 1,3-trimethylenediamine.

O (0] iami o O
HO—('%Q—&—OH—» m—g@(ﬂ:—cud'ﬂe (":—O—('ﬁ—r;:—(criz-)m—rﬂ—
FDCA ° FDCC ° polyamide " "
[0020]In the formula above, m represents 2 -or 3, and each end
of the resultant polymer is a hydroxyl group or |
hydrogen.
[0021]1In this case, FDCA is a plant-derived monomer obtained
by the following processes (A) and (B).
(A) A process for dehydration of a monosaccharide
(fructose or glucose) (a process for production of 5-
hydroxymethylfurfural (5-HMF) ) .
(B) A process for oxidation of 5-HMF.
[0022] In the above-mentioned process (A), it is desired that
a dehydration reaction of the monosaccharide (fructose
or glucose) be performed in water or an aprotic dipolar
solvent under an acidic catalyst.
[0023]A specific method of the above-mentioned process (B)
includes air oxidation in the presence of a metal
catalyst. Specifically, examples thereof include, but
are not limited to, the following methods (Bl) and (B2).
(Bl) A method involving oxidizing 5-HMF with air in an
alkaline aqueous solution under a noble metal catalyst
such as platinum.
(B2) A method involving oxidizing 5-HMF with air in an
acetic acid solvent in the presence of a complex
catalyst such as cobalt, manganese, or bromine under

high-pressure and high-temperature conditions.
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[0024]In synthesis of the polyamide compound according to the
present invention, FDCA may be used as it is, but may
“be converted into a derivative before use. Specific
examples of the derivative include an acid chloride of
FDCA (FDCC) and an ester derivative of FDCA such as
FDCA dimethyl ester or FDCA diethyl ester.

[0025]As a polymerization method employed in synthesis of the
polyamide compound according to the present invention,
a known method may be employed. Examples thereof
include interfacial polymerization, solution
polymerization, and bulk polymerization. The
interfacial polymerization is preferred. Note that,
the polymerization method is appropriately selected
depending on the type of a molded article. 1In addition,
polymerization conditions of the above-mentioned
polymerization methods, that is, polymerization
temperatures, polymerization catalysts, and media such
as solvents may be appropriately determined depending
on the respective polymerization methods.

[0026]A synthesis example in the case of the interfacial
polymerization is described below.. In the case of the
interfacial polymerization, the polyamide compound of
the present invention is synthesized by the following
two steps.

[0027] First step: Step of synthesis of FDCC (acid chloride)
Second step: Step of reaction of FDCC with a diamine
(ethylene diamine or 1,3-trimethylenediamine)

[0028]The first step is a step of converting FDCA into an
acid chloride (FDCC) with a chlorinating agent. As the
chlorinating agent used in this step, a known one is
usually used. Specific examples thereof include
thionyl chloride, sulfuryl chloride, phosphoryl
chloride, and phosphorus pentachloride, and thionyl
chloride is preferred because the compound can be
easily removed in a post-treatment step after the

reaction.
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[0029]In the first step, the chlorinating agent is used
desirably in an amount of 2 equivalents or more
relative to FDCA. If the amount is less than 2
equivalents, the carboxylic acid remains after the
chlorination reaction, which may cause synthesis of
small polymers each having a molecular weight of less
than 5,000 in the next step (polycondensation step).

[0030] Further, the chlorination reaction is preferably
performed at a temperature equal to or lower than the
boiling point of the chlorinating agent. For example,
in the case where thionyl chloride is used as the
chlorinating agent/ the reaction is preferably
performed at a temperature ranging from 50°C to 85°C.
In addition, usually, the reaction time of the
chlorination reaction is desirably about 30 minutes to
5 hours. If the reaction time is less than 30 minutes,
the chlorination reaction is insufficiently performed.

[0031]The above-mentioned chlorination reaction is usually
performed using no solvent, but may be performed in a
solvent as long as the solvent is inactive to the
chlorination reaction and has a boiling point higher
than the reaction temperature. Further, the
chlorination reaction is preferably performed in an
inert gas atmosphere at ordinary pressure, but may be
performed in an air atmosphere or under reduced or
increased pressure.

[0032]In addition, usually, the chlorination reaction can
progress even with no catalyst, but if necessary, a
known catalyst may be added. For example, in the case
where thionyl chloride is used as the chlorinating
agent, dimethylformamide is added preferably in an
amount ranging from 0.001 equivalents to 0.5
equivalents relative to FDCA.

[0033]As described above, FDCC synthesized by the
chlorination reaction is usually purified by a known

method and used in the next step (polycondensation
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step) . »

[0034]Next, the second step (polycondensation by interfacial
polymerization) is described. The diamine used in this
second step (ethylenediamine or 1,3-triethylenediamine)
is used in an amount of 1 equivalent or more relative
to FDCC, and isvused particularly preferably in an
amount ranging from 1.1 equivalents to 1.7 equivalents.
In the case where the diamine is present sufficiently
relative to FDCC, there is no effect on the
polycondensation reaction. However, in the case where
the diamine is used in an amount of less than 1
equivalent, FDCC or a derivative thereof remains after
the polycondensation reaction and causes deterioration
of physical properties of the polyamide compound
obtained as a product.

[0035]Meanwhile, in the case where the interfacial
polymerization is employed, an aqueous layer is
prepared by dissolving the diamine in water or an
aqueous solution, and an organic layer is prepared by
dissolving FDCC in a water-immiscible organic solvent.
In this case, the organic solvent used for dissolving
FDCC is preferably chloroform.

{0036] The polycondensation reaction is preferably performed
at ordinary temperature. Specifically, the reaction is
performed by adding the organic layer to a reactor and
then pouring the aquecus layer to the reactor to
initiate the reaction (interfacial polymerization
reaction). Note that, in this émbodiment, the reaction
is more preferably performed by adding the aqueous
layer to a reactor and then pouring the organic layer
to the reactor to initiate the reaction. 1In addition,
specific examples of the reaction operation technique
after pouring preferably include a stationary method
and an agitation method, and an appropriate technique
is selected from the methods. 1In the case where the

reaction is performed by the stationary method, a
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~polymer product generated on the interface is drawn to
generate another polymer product on the interface,
thereby producing a fibrous (cord-like) product. The
reaction container used in the case of the stationary
method is preferably one having so large reaction area
that a polymer product membrane generated on the
interface is not broken by the weight of the membrane.
Further, in drawing of the polymer product, the polymer
product on the interface is drawn using an automatic
winder whose speed is set to a constant speed (for
example, a bar with a diameter of 8 mm is rotated at a
rotating speed of 60 rpm) until no polymer product on
the interface remains. In addition, in the case of the
stationary method, the reaction time of the
polycondensation reaction is about 1 hour to 6 hours.

[0037]Meanwhile, in the case where the agitation method is
employed, the interface between the aqueous layer and
the organic layer becomes larger by agitation, and the
reaction can be performed rapidly compared with the
stationary method. Specifically, the reaction can be
performed at a reaction time ranging from about 30
minutes to 2 hours. ©Note that, in the case where the
reaction time is less than 30 minutes, the
polycondensation reaction is performed insufficiently.
As the reaction container used in the agitation method,
a container appropriate for the amount of a liquid to
be added is preferably selected.

[0038] The inventors of the present invention have considered
that the reason why a conventional polyamide which is a
bioplastic (such as PAll) has a low Tg is because amide
bonds in the resultant polyamide have a low density due
to a long carbon chain contained in an aminoalkylene
carboxylic acid. 1In this embodiment, the amide bond (-
C(=0)-NH-) content in the resultant polyamide can be
increased by using aliphatic diamines having two and

three carbon atoms.
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[0039]As described above, the pdlyamide compound according to
the present invention is a bioplastic having high heat
resistance and good moldability. Therefore, a molded
article obtained by molding the polyamide compound
according to the present invention can be used as
interior and exterior parts for a copier or a printer.
Specifically, the molded article can be preferably used
as a part such as a paper feed guide in the vicinity of
a fixing member in a laser beam printer and an exterior
part thereof. Further, the molded article is
preferably used as a machine part or an automotive part
such as a bearing, a bush, or a gear which are required
to have abrasion resistance, or a tube required to have
toughness and chemical resistance.

[0040]1In addition, the polyamide compound according to the
present invention is a plant-derived polyamide obtained
by using a plant-derived monomer FDCA as one of its raw
materials. On the other hand, an aliphatic diamine
such as ethylenediamine or 1, 3-propylenediamine is
produced from petroleum. Therefore, as the carbon
chain of the aliphatic diamine becomes shorter, the
plant degree (use rate of a plant-derived raw material)
of the polyamide compound becomes higher. Further, as
the plant degree of the polyamide compound becomes
higher, the amount of CO; emission in incineration
becomes smaller.

Examples

[0041]Measurement and analysis conditions
Measurement and analysis conditions for polyamide
compounds synthesized in the following Examples and
Comparative Examples are shown below.

[0042] (1) GPC analysis
Sample concentration: 0.2%

Analyzer: Alliance 2695 manufactured by Waters
Corporation

Detector: Differential refractive index detector
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manufactured by Wyatt Co..
Eluent: 5 mM sodium trifluoroacetate in HFIP
Flow rate: 1.0 ml/min
Column: Shodex GPC HFIP-806Mx2+HEFIP-803x1
Column temperature: 25°C
Calibration curve: PMMA calibraﬁion

[0043] (2) Glass transition temperature (Tg) measurement
Apparatus name: Differential scanning calorimeter (DSC)
manufactured by TA Instruments Co.
Pan: Aluminum pan
Sample weight: 2 mg to 3 mg
Heating starting temperature: 30°C
Heating rate: 1st; 10°C/min, 2nd; 5°C/min
Atmosphere: Nitrogen _

[0044](3)‘Thermal decomposition temperature (Td)
measurement Mote 1)
Apparatus name: thermogravimetric analyzer (TGA)
manufactured by TA Instruments Co.
Pan: Platinum pan
Sample weight: 3 mg
Heating starting temperature: 30°C
Measurement mode: Dynamic rate method ™ot 2)
Atmosphere: Nitrogen
(Note 1) A temperature at which a reduction in weight
by 10% was observed was defined as Tg.
(Note 2) A measurement modé of improving resolution by
controlling heating rate depending on the degree of a
change in weight

[0045] (4) 'H-NMR
Apparatus: Nuclear magnetic resonance apparatus
manufactured by JEOL Co. Ltd.
Solvent: CF3CO0D

[0046] (5) FT-IR _
Apparatus name: Fourier transform infrared
spectrophotometer manufactured by Perkin-Elmer Co.,thd.

Measurement resolution: 4 cm*?
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Number of scans: 20
Measurement wavenumber range: 4,000 cm? or 400 cm™t
Example 1 |

[0047]Synthesis of poly(ethylene-2,5-furandicarbonamide)
Poly(ethylene-2,5-furandicarbonamide) was synthesized

~according to the following synthesis scheme.

o}
O O I
Ho -¢ Q_& —OH - == L CI—ELI} _Q,;%_ Cl
| | c =~ 0
FDCA FDCC

0 8] NBOH ag.
FDCC Y

[0048]Note that, the end of the resultant polymer is a

. J N . . HiN—CHCH,—NH, ]
Cl %‘Q% Ci +%Q%—N—CH§H2—H%
0

hydroxyl group or hydrogen.

[0049] (1) Synthesis of FDCC
The following reagents and solvent were charged to a
50-mL three-necked flask equipped with a nitrogen inlet
pipe, a cooling pipe, a thermometer, and a stirring
blade
FDCA (in-house product): 15.6 g (100 mmol)

Thionyl chloride (manufactured by Kishida Chemical Co.,
Ltd.): 30.6 ml (400 mmol)

Dimethylformamide (manufactured by Kishida Chemical Co.,
Ltd.): 0.741 ml (9.57 mmol)

[0050]Next, stirring was started while feeding nitrogen into
the three-necked flask and the three-necked flask was
immersed in an oil bath adjusted to 85°C. This state
was maintained for about 2 hours. Subsequently, the
temperature of the oil bath was set to 40°C, and the
pressure was reduced tob20 kPa or less. After that,
the pressure reduction was continued until no
distillate was produced, and the pressure was returned

to ordinary pressure. Then, the reaction solution was
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coocled to room temperature. Next, hexane (1 L) was

-charged to the three-necked flask to dissolve the
reaction product. Subsequently, the hexané solution
where the reaction product was dissolved was cooled to
-20°C to precipitate needle crystals followed by
filtration. As a result, 8.03 g of an FDCA chloride
(FDCC) was obtained (yield 41.6 mol%).

[0051] (2) Synthesis of polyamide compound
First, a 200 ml-beaker (for aqueous layer), a 100 ml-
conical beaker (for organic layer), and an
automatically rotating bar for drawing polymer product
were prepared.

[0052]Next, the following reagent and solvent were charged to
the 100 ml-conical beaker, and the solution was stirred
until the following FDCC was dissclved using a magnetic
stirrer, to thereby prepare an Qrganic layer solution.
FDCC (obtained in the process (1) above): 1.16 g (6.01
mmol) | ' ‘

Chloroform (manufactured by Kishida Chemical Co., Ltd.,
dehydrated with magnesium sulfate before use): 50 ml

[0053] Subsequently, the following reagent and solvents were
charged to the 200 ml-beaker, and the solution was
stirred using a glass bar until the solution became
uniform, to thereby prepare an agueous layer solution.
Sodium hydroxide (manufactured by Kishida Chemical Co.,
Ltd.): 0.502 g (12.6 mmol)

Distilled water: 50 ml
Ethylenediamine (manufactured by Kishida Chemical Co.,
Ltd.): 0.496 ml (7.33 mmol)

[0054] Next, the organic‘layer solution was charged to the
beaker for aqueous layer. In this procedure, the
organic layer was poured rapidly so as not to cause
bubbling in the aqueous layer solution in the beaker
for aqueous solution. After that, a polymer product
generated on the interface between the aqueous layer

and the organic layer was pulled up using a pair of
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tweezers, and the end of the polymer product was
attached to the automatically rotating bar. Then, the
polymer product was twisted around the automatically
rotating bar with a diameter of 8 mm at a rotating
speed of 60 rpm. The reaction was performed for about
1 hour while the speed was kept until the reaction on
the interface was completed, to thereby obtain a
polymer product. Next, after completion of the
reaction performed by the stationary method, a magnetic
stirrer was placed in the residual reaction solution,
and the solution was stirred at a rotating speed of
1,000 rpm to generate a polymer product, followed by
collection of the polymer product. Then, the generated
polymer product was washed well with acetone and dried
under reduced pressure drying conditions at 130°C for 1
day. After drying, 0.861 g of the polymer product was
obtained (yield 79.5 mol%).

[0055] Poly (ethylene-2, 5-furandicarbonamide) obtained in
Example 1 was found to have a weight-average molecular

~ weight of 51,000 and a Tg of 206°C.

[0056])In addition, for the resultant polymer, FT-IR spectrum
measurement was performed, and the following
absorptions were observed:
around 3,300 cm™t (N-H stretching vibration); around .
3,000 cm™' (aliphatic C-H stretching vibration); 1,639
cm! (Cc=0 stretching vibration); 1,572 cmt (N-H bending
vibration); and 1,286 cm? (interaction of N-H bending
vibration and C-N stretching).

[0057] The above-mentioned infrared absorptions show that the
polymer obtained in Example 1 is a polyamide.

[0058]10n the other hand, for the resultant polymer, 'H-NMR
spectrum measurement was performed, and the following
peaks were observed. Note that, the N-H proton could
not be detected because of overlapping with a solvent
peak (0=11.6 ppm). In addition, the following (a) and
(b) correspond to hydrogen atoms represented by (a) and
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(b}, respectively, in the following partial structural
formula.

0=3.85 ppm (b), 5=7.28 ppm (a)

b
0] 0] 13
0 Co N
\ %N/ ~c” \lyv
-C H2
H H

(b)- "
(@) (a)

[0059] The results of the FT-IR measurement and the
integration ratio of peaks of 'H-NMR spectra (a:b=1:2)
show that the polymer obtained in Example 1 is
poly{ethylene-2, 5-furandicarbonamide) .

Comparative Example 1
[0060]Poly (ethylene-2,5-furandicarbonamide) was synthesized

according to the following synthesis scheme.

0 0
H,N—CH,CH,—NH
1 I 2 2 2 2 @ @
HO—CQ—C—OH @o—%ﬂ—c";—o@ | HN—CH,CH,—NH,

0]

(@] (0]

FDCA .
H H
(-H0) o 9 4 n

[0061l]Note that, the end of the resultant polymer is a
hydroxyl group or hydrogen.

[0062] (1) Synthesis of nylon salt
The following reagent and solvents were charged to a
300-ml beaker. v
FDCA (in-house product): 31.2 g (199 mmol)
Ethylenediamine: (manufactured by Kishida Chemical Co.,
Ltd.): 12.3 g (199 mmol)
Distilled water: 160 ml

[0063]Next, the beaker was heated to raise the temperature of
the reaction solution to 60°C, and the reaction
solution was stirred using a magnetic stirrer at this
temperature (60°C) for 1 hour. Subsequently, the

reaction solution was returned to room temperature, and
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activated carbon (Shirasagli A (manufactured by Japan
Enviro Chemicals, Co. Ltd.); 3.01 g) was charged to the
reaction solution, followed by stirring of the reaction
solution for 1 hour. Then, the reaction solution was
filtered, and the residue was washed well with
distilled water. After that, the solution obtained
after filtration was poured élowly into ethanol
(manufactured by Kishida Chemical Co., Ltd.; 350 ml) to
reprecipitate a nylon salt.

[0064] (2) Synthesis of polyamide compound
Next, a polyamide was synthesized Uusing a reaction
apparatus illustrated in FIG. 1. Note that, the
reaction apparatus illustrated in FIG. 1 includes a
reaction container 1, a cooling condenser 2 connected
to the reaction container 1, and a pressure exhaust
valve 3 for adjusting the pressure in the reaction
container 1. 1In addition, the reaction apparatus
illustrated in FIG. 1 is provided with a nitrogen line
for feeding nitrogen to the reaction container 1. On
the nitrogen line, an oxymeter 4 for measuring an
oxygen concentration in nitrogen passing through the
pressure exhaust valve 3 is provided.

[0065] First, the following reagent and solvent were charged
to the reaction container 1 equipped with a stirring
machine (not shown).

Nylon salt (obtained in the process (1) above): 17.8 g
(82.3 mmol) )
Distilled water: 7.6 ml (30 wt%)

[0066]Next, stirring of the reaction mixture was started at a
rotating épeed of 30 rpm while the reaction container 1
was filled with nitrogen. Then, the temperature in the
reaction container was raised to 190°C, and the
pressure in the reaction container was raised to 1.3
MPa. Further, stirring of the reaction mixture was
performed for 5 hours while this state was maintained.

[0067]Next, a brown oligomer of a viscous solution was taken
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out from the reaction container 1 and transferred to a
100-ml eggplant flask, and the temperature of the
oligomer was raised over 5 hours to a temperature
ranging from 210°C to 240°C while stirring using a
mechanical stirrer. After completion of the reaction,
the generated oligomer was taken out using a dropper.

[0068] Subsequently, the resultant oligomer was transferred to
a 100-ml eggplant flask and then stirred using a
mechanical stirrer (at a rotating speed of 30 rpm) in
an oil bath heated to 210°C while heating the eggplant
flask under reduced pressure. Note that, in heating of
the eggplant flask, the solution was allowed to react
at different temperatures (210°C, 220°C, 230°C, and
240°C) each for 1 hour while raising the temperature
from 210°C to 240°C at an increment of 10°C. Note that,
the reaction was completed when it became difficult to
stir the content in the eggplant flask due to its
raised viscosity. After completion of the reaction, an
HFIP solution was added to the eggplant flask to
dissolve solid matter generated in the eggplant flask,
and the resultant solution was poured to a beaker
containing distilled water (300 ml) to reprecipitate it,
to thereby collect a polymer generated.

[0069]Meanwhile, for the resultant polymer, measurement was
performed in the same way as in Example 1, and the
polymer was found to have a weight-average molecular
weight of 3,700 and a Tg of 159°C.

Example 2

[0070]Synthesis of poly(propylene-2,5~-furandicarbonamide)

Poly(propylene-2, 5-furandicarbonamide) was synthesized

according to the following synthesis scheme.
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FDCC
[0071]Note that, the end of the resultant polymer is a

] — / \ HEN_CHzCHz—NHz
gL Iogo e W
O

hydroxyl group or hydrogen.

[0072] The same procedure as in Example 1 was repeated except
that 1,3-triethylenediamine (0.611 ml, 7.33 mmol) was
used instead of ethylenediamine used in ‘(2)’ of
Example 1, to thereby obtain 0.957 g (82.0 mol%) of
poly (propylene-2, 5-furandicarbonamide) .

[0073]In addition, for the resultant polymer, measurement was
performed in the same way as in Example 1, and the
polymer was found to have a weight-average molecular
weight of 31,000 and a Tg of 179°C.

[0074] Further, for the polymer obtained in Example 2, FT-IR
spectrum measurement was performed, and the following
absorptions were observed:

Around 3,300 cm™! (N-H stretching vibration); around
3,000 cm™ (aliphatic C-H stretching vibration); 1,639
cm™! (C=0 stretching vibration); 1,575 cm* (N-H bending
vibration); and 1,283 cm™? (interaction of N-H bending
vibration and C-N stretching) |

[0075] The above-mentioned infrared absorptions show that the
polymer obtained in Example 2 is a polyamide.

[0076]10n the other hand, for the resultant polymer, lH-NMR
spectrum measurement was performed, and the following
peaks were observed. Note that, the N-H proton could
not be detected because of overlapping with a solvent
peak (8=11.6 ppm). In addition, the following (a) tb

{c) correspond to hydrogen atoms represented by (a),
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(b), and (c), respectively, in the following partial

structural formula.
$=2.08 ppm (c), ©=3.67 ppm (b), 5=7.35 ppm (a)

%_% EE

(a) (a)

[0077]The results of the FT-IR measurement and the
integration ratio of peaks of 'H-NMR spectra
(a:b:c=1:2:1) show that the polymer obtained in Example
2 is poly(propylene-2,5-furandicarbonamide) .

Comparative Example 2

Q / Q H,N—CH,CH,CHs;—NH,
HO—C C—OH -
| 0

FDCA
S O A
o 9 0§ . (-Hz0)

% ﬂC—N—CHZCHZCHZ—N%
i (0] g H Hin

[0078] The end of the resultant polymer is a hydroxyl group or
hydrogen.
The same procedure as in Comparative Example 1 was
repeated except that 1,3-diaminopropane (15 g, 0.2 mol)
was used instead of ethylenediamine used in Comparative
Example 1, to thereby obtain poly(propylene-2,5-
furandicarbonamide) .
For the resultant polymer, measurement was performed in
the same way as in Example 1, and the polymer was found

to have a weight-average molecular weight of 3,200 and
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a Tg of 150°C.
Table 1 below shows the results of Examples and

Comparative Examples.



20

PCT/JP2012/055737

WO 2012/132792

(spTweRUOgIRDTPURINT

7z oTdwexq saTiexedwo)d

05t ooz’e -G ‘7-suaTAdoad) ATo4

6LT 000°TE anwmmmmmmmwwmwmww 7 orduexy

65T 00L’€E A.mm_om%.mmcco%ﬂwﬂou%c\ﬂmmos% I orduexy oaTiezedwuon
902 0001 Alm%m% ot faon I orduexg

o | e

[T e1ae1] {6L00]




WO 2012/132792 21 PCT/JP2012/055737

Reference Signs List

[0080]1: reaction container
2: cooling condenser
3: pressure exhaust valve
4: oxymeter

[0081]While the present invention has been described with
reference to exemplary embodiments, it is to be
understood that the invention is not. limited to the
disclosed exemplary embodiments. The scope of the
following claims 1s to be accorded the broadest
interpretation so as to encompass all such
modifications and equivalent structures and functions.

[0082]This application claims the benefit of Japanese Patent
Application Nos. 2011-069660, filed March 28, 2011, and
2011-219084, filed October 3, 2011, which are hereby

incorporated by reference herein in their entirety.
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(2]

CLAIMS
A polyamide compound of the following general formula
(1) having a weight-average molecular Weight of 5,000

or more and 200,000 or less:
o) o) '
Il il
C@C—N—(CHﬁ——N%
o) | m |
H H (1)

in the formula (1), m represents 2 or 3, and each end
of the polymer is one of a hydroxyl group and hydrogen.
A polyamide compound according to claim 1, which has a
glass transition temperature of 160°C or more and 350°C
or less. |

A molded article, which is obtained by molding the
polyamide compound according to claim 1.

A molded article according to claim 3, which is used as
interior and exterior parts for one of a copier and a

printer.
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