US010385186B2

a2y United States Patent (10) Patent No.: US 10,385,186 B2

Hayashida et al. 45) Date of Patent: Aug. 20, 2019
(54) CARBON MATERIAL PRECURSOR AND (2013.01); CO8K 3/32 (2013.01); CO8SK 5/092
METHOD FOR PRODUCING CARBON (2013.01); COSK 2003/262 (2013.01); COSK
MATERIAL USING THE SAME 2003/3045 (2013.01); COSK 2003/3054
| (2013.01); COSK 2003/322 (2013.01); COSK
(71) Applicant: KABUSHIKI KAISHA TOYOTA | 2003/324 (2013.01); COSK 2003/329 (2013.01)
CHUO KENKYUSHO, Nagakute-shi, (58) Field of Classification Search
Aichi (JP) CPC ... CO8K 3/38; CO8K 3/32; CO8K 3/30; CO8K
3/28; CO8K 3/26; CO8K 5/092; CO8K
(72) Inventors: Kenichi Hayashida, Nagakute (IP); 2003/329: CO8K 2003/322: COSK
Takuya Morishita, Nagakute (JP) 2003/324; CO8K 2003/3054; COSK
2003/3045; CO8K 2003/262; C01B 32/03;
(73) Assignee: KABUSHIKI KAISHA TOYOTA CO8F 120/56
CHUO KENKYUSHO, Aichi (JP) See application file for complete search history.
( *) Notice: Subject to any disclaimer, the term of this (56) References Cited
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 0 days. U.S. PATENT DOCUMENTS
(21) Appl No.: 15/822.575 2,878,200 A F 3/1959 Holmes .................... CO8K 3/24
" 524/239
5 .
(22) Filed: Nov. 27, 2017 6,485,592 B1* 11/2002 Yoshimura ........... 365H£2§?Sé
(65) Prior Publication Data FOREIGN PATENT DOCUMENTS
US 2018/0148563 Al May 31, 2018 )
JP S37-4405 A 6/1962
: . s . s JP 2015-74844 A 4/2015
(30) Foreign Application Priority Data P 501640410 A 19016
JP 2016-113726 A 6/2016
Nov. 28, 2016 (IP) cooeeeiiiiie, 2016-2304352
* cited by examiner
(51) Imnt. CL
COSK 3/26 (2006.01) Primary Examiner — Daniel C. McCracken
CO8K 3/28 (2006.01) (74) Attorney, Agent, or Firm — Ol PLC
CO8K 3/30 (2006.01)
COSK 3/32 (2006.01) (57) ABSTRACT
COSK 3/36 (2006-O;~) A carbon material precursor comprises an acrylamide-based
CO1b 32/05 (2017-O:~) polymer and at least one addition component selected from
COSK 5/092 (2006-0:~) the group consisting of acids and salts thereof; and a method
COSE 120/56 (2006.01) for producing a carbon material comprises thermally-stabi-
(52) U.S. CL lizing the carbon material precursor and then carbonizing the
CPC ..., CO8K 3/38 (2013.01); CO1B 32/05 carbon material precursor.

(2017.08); COSF 120/56 (2013.01); COSK 3/26
(2013.01); CO8K 3728 (2013.01); COSK 3/30 8 Claims, 1 Drawing Sheet



U.S. Patent Aug. 20, 2019 US 10,385,186 B2

60
F 5 2
®
[
2 40 Q
5
= 3010
N
é 20 O Polyacrylamide only
B¢
(0 ~ 5
S 10 O H,PO, added
A\ (NH,),HPO, added
0

U 2.5 5 7.5 10
Content of Addilion Component Imassl



US 10,385,186 B2

1

CARBON MATERIAL PRECURSOR AND
METHOD FOR PRODUCING CARBON
MATERIAL USING THE SAME

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a carbon material precur-
sor and a method for producing a carbon material using the
same.

Related Background Art

Heretofore, as a method for producing carbon fibers,
which are a type of carbon matenal, a method including;:
thermally-stabilizing a carbon fiber precursor obtained by
spinning polyacrylonitrile; and then carbonizing the carbon
fiber precursor has been mainly employed (for example,
Japanese Examined Patent Application Publication No. Sho
37-4405 (Patent Literature 1), and Japanese Unexamined
Patent Application Publication Nos. 2015-74844 (Patent
Literature 2), 2016-40419 (Patent Literature 3), and 2016-
1137726 (Patent Literature 4)). There has been a problem that
the producing cost of carbon fibers 1s high because poly-
acrylonitrile used 1n this method 1s poorly soluble 1n 1nex-
pensive general-purpose solvents and hence it 1s necessary
to use expensive solvents such as dimethyl sulfoxide and
N,N-dimethylacetamide for polymerization and spinning.

Meanwhile, polyacrylamide, which 1s a water-soluble
polymer, 1s expected to reduce the producing cost of carbon
material because water, which 1s mnexpensive and has a low
environmental load, can be used as a solvent for polymer-
ization and spinning.

SUMMARY OF THE INVENTION

However, there has been a problem that a carbon material
precursor prepared using polyacrylamide has a low carbon-
ization vyield because the mass of such carbon material
precursor decreases to only about 20% when heated to 500°
C.

The present invention has been made in view of the
above-mentioned problem of the related art and an object
thereot 1s to provide a carbon material precursor which
contains an acrylamide-based polymer and has a high car-
bonmization vield, and a method for producing a carbon
material using the same.

The present inventors have made earnest studies to
achieve the object described above and as a result found that
the carbomization yield of a carbon material precursor con-
taining an acrylamide-based polymer 1s improved by adding,
to the acrylamide-based polymer at least one addition com-
ponent selected from the group consisting of acids and salts
thereol, which led to the completion of the present inven-
tion.

Specifically, a carbon material precursor of the present
invention comprises: an acrylamide-based polymer; and at
least one addition component selected from the group con-
s1sting of acids and salts thereof. In such a carbon material
precursor of the present invention, the addition component
1s preferably at least one selected from the group consisting
of phosphoric acid, polyphosphoric acid, boric acid, sulfuric
acid, nitric acid, carbonic acid, oxalic acid, citric acid,
sulfonic acid, and salts thereof. Meanwhile, the addition
component 1s preferably at least one selected from the group
consisting of ammonium salts and amine salts. The addition
component 1s further preferably at least one selected from
the group consisting of phosphoric acid, polyphosphoric
acid, boric acid, sulfuric acid, nitric acid, carbonic acid,
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oxalic acid, citric acid, sulfonic acid, and salts thereof, as
well as at least one selected from the group consisting of
ammonium salts and amine salts. Furthermore, a content of
the addition component 1s preferably 0.1 to 20% by mass
relative to 100% by mass of the carbon material precursor.

A method for producing a carbon material of the present
invention comprises: thermally-stabilizing such a carbon
maternal precursor of the present invention; and then car-
bonizing the carbon material precursor. In the thermal-
stabilization, the carbon material precursor i1s preferably
heated under an oxidizing atmosphere at a temperature of
500° C. or lower. In the carbonization, the thermally-
stabilized carbon material precursor 1s preferably heated
under an 1nert atmosphere at a temperature higher than the
heating temperature during the thermal-stabilization.

Note that i1t 1s not necessarily certain why the carbon
material precursor of the present invention has a high
carbonization yield. The present inventors have surmised as
follows. Specifically, 1t 1s presumed that by heating (in
particular, thermally-stabilizing) the carbon material precur-
sor of the present invention, an acid or a salt thereof which
1s the addition component functions as a catalyst for the
dehydration reaction of the acrylamide-based polymer and
the structure of the acrylamide-based polymer transforms to
a highly heat-resistant structure, enhancing the carboniza-
tion yield of the carbon material precursor.

The present invention makes 1t possible to obtain a carbon
material precursor which contains an acrylamide-based
polymer and has a high carbonization yield. In addition, use
of such a carbon material precursor of the present invention
makes 1t possible to sately produce a carbon material at a
low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a graph 1illustrating the relationship between the
carbonization vields and the contents of the addition com-
ponents 1n the carbon material precursors obtained in
Examples 1 and 2, Examples 21 to 26, and Comparative
Example 1.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

Heremaftter, the present invention 1s described 1n detail
based on 1ts preferred embodiments.

First, a carbon material precursor of the present invention
1s described. The carbon material precursor of the present
invention contains an acrylamide-based polymer and at least
one addition component selected from the group consisting
of acids and salts thereof. Addition of the addition compo-
nent to the acrylamide-based polymer improves the carbon-
ization yield of the carbon material precursor.

(Acrylamide-based Polymer)

The acrylamide-based polymer used in the present inven-
tion 1s soluble 1n at least one of an aqueous solvent (e.g.
water, alcohol, or a mixture solvent thereol) and a water-
based mixture solvent (mixture solvent of the above-de-
scribed aqueous solvent and an organic solvent (e.g. tetra-
hydrofuran)). This makes it possible to perform wet
blending using the aqueous solvent or the water-based
mixture solvent described above in the production of a
carbon material precursor and to safely blend the acrylam-
ide-based polymer and the addition component homoge-
neously at a low cost. In addition, 1n the forming of the
obtained carbon material precursor, dry forming (dry spin-
ning) or wet forming (wet spinning (including electrospin-
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ning)) can be performed using the aqueous solvent or the
water-based mixture solvent described above, making it
possible to safely produce a carbon material at a low cost.
Here, the content of an organic solvent in the water-based
mixture solvent 1s not particularly limited as long as the
organic solvent blended makes it possible for the acrylam-
ide-based polymer to solve in the aqueous solvent which
would otherwise be insoluble or poorly soluble i the
aqueous solvent. Moreover, such an acrylamide-based poly-
mer 1s preferably an acrylamide-based polymer which 1s
soluble 1n the aqueous solvent, and more preferably an
acrylamide-based polymer which 1s soluble 1n water (a
water-soluble acrylamide-based polymer), from the view-
point that a carbon material precursor and a carbon material
can be safely produced at a lower cost.

Such an acrylamide-based polymer may be any of a
homopolymer of acrylamide-based monomer and a copoly-
mer ol acrylamide-based monomer and a different polym-
erizable monomer as long as the acrylamide-based polymer
1s soluble 1n at least one of the aqueous solvent and the
water-based mixture solvent. Nonetheless, the acrylamide-
based polymer 1s preferably a polymer containing 50 mol %
or more of acrylamide-based monomer unit, more preferably
a polymer containing 70 mol % or more of acrylamide-based
monomer unit, still more preferably a polymer containing 90
mol % or more of acrylamide-based monomer unit, and
particularly preferably a homopolymer of acrylamide-based
monomer, from the viewpoint that the acrylamide-based
polymer easily solves 1n at least one of the aqueous solvent
and the water-based mixture solvent (preferably the aqueous
solvent and more preferably water).

Examples of the acrylamide-based monomer include
acrylamide, methacrylamide, N-methylacrylamide, N-meth-
ylmethacrylamide, N-(hydroxymethyl)acrylamide, N-(hy-
droxymethyl)methacrylamide, N-(2-hydroxyethyl)acrylam-
ide, N-(2-hydroxyethyl)methacrylamide, IN,N-
dimethylacrylamide, and N,N-dimethylmethacrylamide.
Such an acrylamide-based monomer may be used singly or
in combination of two or more kinds. Moreover, acrylamide
1s preferable among these acrylamide-based monomers from
the viewpoint that acrylamide 1s excellent 1n water solubility.

Examples of the different polymerizable monomer
described above include a vinyl cyanide-based monomer
such as acrylonitrile and methacrylonitrile, a (meth)acrylic
acid ester such as methyl acrylate and methyl methacrylate,
an unsaturated carboxylic acid such as acrylic acid, meth-
acrylic acid and 1taconic acid, as well as salts thereof, an
unsaturated carboxylic acid anhydride such as maleic anhy-
dride and itaconic acid anhydride, an aromatic vinyl-based
monomer such as styrene and a-methylstyrene, a vinyl-
based monomer such as vinyl chloride and vinyl alcohol;
and an olefin-based monomer such as ethylene and propyl-
ene. The different polymerizable monomer mentioned above
may be used singly or in combination of two or more kinds.
Moreover, acrylonitrile 1s preferable among these polymer-
1zable monomers from the viewpoint that the carbonization
yield of a carbon material precursor 1s enhanced.

Known polymerization methods such as solution polym-
erization and suspension polymerization can be employed as
a method for producing such an acrylamide-based polymer.
When the solution polymerization 1s employed, the solvent
1s not particularly limited as long as the solvent dissolves the
raw material monomer and the obtained acrylamide-based
polymer. Nonetheless, the aqueous solvent (e.g. water, alco-
hol, or a mixture solvent thereot) or the water-based mixture
solvent (mixture solvent of the above-described aqueous
solvent and an organic solvent (e.g. tetrahydrofuran)) 1s
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preferably used, the aqueous solvent 1s more preferably
used, and water 1s particularly preferably used, from the
viewpoint that the production can be safely performed at a
low cost. Furthermore, polymerization initiators include a
radical polymerization initiator which 1s soluble 1n at least
one of the aqueous solvent and the water-based mixture
solvent such as 4,4'-azobis(4-cyanovaleric acid), ammonium
persulfate, and potassium persuliate (preferably the aqueous
solvent and more preferably water).

(Addition Component)

The addition component used 1n the present invention 1s
at least one selected from the group consisting of acids and
salts thereof and 1s a component which 1s soluble 1n at least
one of the aqueous solvent and the water-based mixture
solvent (preferably the aqueous solvent and more preferably
water). This makes it possible to perform wet blending using
the aqueous solvent or the water-based mixture solvent
described above in the production of a carbon material
precursor and to sately blend the acrylamide-based polymer
and the addition component homogeneously at a low cost. In
addition, 1 the forming of the obtained carbon material
precursor, dry forming (dry spinmng) or wet forming (wet
spinning  (including electrospinning)) can be performed
using the aqueous solvent or the water-based mixture sol-
vent described above, making it possible to sately produce
a carbon material at a low cost.

Examples of the acid include an inorganic acid such as
phosphoric acid, polyphosphoric acid, boric acid, sulfuric
acid, nitric acid, and carbonic acid, and an organic acid such
as oxalic acid, citric acid, and sulfonic acid. In addition, the
salts of such an acid include a metal salt (e.g. a sodium salt
and a potassium salt), an ammonium salt, and an amine salt,
an ammonium salt and an amine salt are preferable, and an
ammonium salt 1s more preferable. In particular, among
these addition components, phosphoric acid, polyphosphoric
acid, boric acid, sulfuric acid, and ammonium salts thereof
are preferable, phosphoric acid, polyphosphoric acid, boric
acid, and ammonium salts thereol are more preferable, and
phosphoric acid, polyphosphoric acid, an ammonium salt of
phosphoric acid, and an ammonium salt of polyphosphoric
acid are particularly preferable, from the viewpoint that the
carbonization yield of the obtained carbon material precur-
sor 1s further improved.
<Carbon Material Precursor>

The carbon material precursor of the present invention
contains the acrylamide-based polymer and the addition
component. The content of the acrylamide-based polymer
and the content of the addition component are not particu-
larly limited 1n such a carbon material precursor. Nonethe-
less, the content of the acrylamide-based polymer 1s pret-
erably 80 to 99.9% by mass and the content of the addition
component 1s preferably 0.1 to 20% by mass, and the content
of the acrylamide-based polymer 1s more preferably 85 to
99.7% by mass and the content of the addition component 1s
more preferably 0.3 to 15% by mass, relative to 100% by
mass of the carbon material precursor, from the viewpoint
that the carbonmization yield of the carbon material precursor
1s Turther improved. If the content of the addition component
1s below the lower limit, the carbonization yield of the
carbon material precursor tends not to be improved. If the
content of the addition component exceeds the lower limiut,
the addition efect by the addition component tends not to be
sufliciently obtained.

Such a carbon material precursor of the present invention
can be produced by directly blending (melt blending) the
addition component in the melted acrylamide-based poly-
mer or by dry blending the acrylamide-based polymer and
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the addition component. Since the acrylamide-based poly-
mer and the addition component to be used are soluble 1n at
least one of the aqueous solvent and the water-based mixture
solvent (preferably the aqueous solvent and more preferably
water), the carbon material precursor 1s preferably produced
by dissolving (wet blending) the acrylamide-based polymer
and the addition component 1n the aqueous solvent or the
water-based mixture solvent and then removing the solvent
from the obtained solution. This makes 1t possible to safely
blend the acrylamide-based polymer and the addition com-
ponent homogeneously at a low cost. Moreover, in the wet
blending, the aqueous solvent 1s more preferably used as the
solvent, and water 1s particularly preferably used as the
solvent, from the viewpoint that the carbon material precur-
sor can be produced at a lower cost. Furthermore, the
method for removing the solvent 1s not particularly limated.
A known drying method such as hot air drying, vacuum
drying, or freeze drying can be employed. Hot air drying 1s
preferable among these methods 1 view of 1ts simple
equipment.

<Method for Producing Carbon Matenal>

The method for producing the carbon material of the
present 1nvention includes thermally-stabilizing (flame-
proofing) such a carbon material precursor of the present
invention and then carbonizing the carbon material precur-
SOF.

In the method for producing the carbon maternial of the
present invention, first, the carbon material precursor of the
present invention 1s heated under an oxidizing atmosphere
(for example, 1n the air) (thermal-stabilization). This
improves the heat resistance of the carbon material precursor
because the structure of the acrylamide-based polymer 1n the
carbon material precursor 1s changed by acting of the acid or
the salt thereof 1in the carbon material precursor. The heating,
temperature during such thermal-stabilization i1s preferably
500° C. or less and more preferably 150 to 300° C. Besides,
the heating time during the thermal-stabilization 1s not
particularly limited, and the heating exceeding 1 hour can
also be performed. Nonetheless, the heating time 1s prefer-
ably 1 to 60 minutes.

Next, the carbon material precursor thermally-stabilized
as described above (thermally-stabilized carbon matenal
precursor) 1s heated under an inert atmosphere (1n an inert
gas such as nitrogen, argon, or helium) at a temperature
higher than the heating temperature 1n the thermal-stabili-
zation (carbonization). This carbonizes the acrylamide-
based polymer in the thermally-stabilized carbon material
precursor to obtain the desired carbon maternial. The heating
temperature during the carbomization described above 1s
preferably 500° C. or more and more preferably 1000° C. or
more. In addition, the upper limit of the heating temperature
1s preferably 3000° C. or less and more preferably 2000° C.
or less. Moreover, although the heating time during the
carbonization 1s not particularly limited. Nonetheless, the
heating time 1s preferably 1 to 60 minutes and more prei-
erably 1 to 30 minutes.

Furthermore, in the method for producing the carbon
maternial of the present invention, 1t 1s preferable to form
(spin) 1n advance the carbon material precursor to be used
into a desired shape (for example, fibrous shape) prior to the
thermal-stabilization. Here, melt forming (melt spinning)
using a melted carbon material precursor may be performed.
However, since the acrylamide-based polymer and the addi-
tion component contained in the carbon material precursor
of the present invention are soluble 1n at least one of the
aqueous solvent and the water-based mixture solvent (pret-
erably the aqueous solvent and more preferably water), 1t 1s
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preferable to dissolve the carbon material precursor in the
aqueous solvent or the water-based mixture solvent and then
to perform dry forming (dry spinning), dry-wet forming
(dry-wet spinning (dry-jet-wet spinning)), wet forming (wet
spinning), or electrospinning using the obtained solution.
This makes 1t possible to safely produce the carbon material
precursor in the desired shape at a low cost. Moreover, as the
solvent, the aqueous solvent 1s preferably used and water 1s
particularly preferably used from the viewpoint that the
carbon material can be safely produced at a lower cost.

EXAMPLES

Hereinatter, the present invention 1s described 1n further
detail based on Examples and Comparative Example. How-
ever, the present invention 1s not limited to Examples to be
described later.

Synthetic Example 1

Dissolved into 190 ml of water was 8.52 g (120 mmol) of
acrylamide (manufactured by Wako Pure Chemical Indus-
tries, Ltd. and for electrophoresis). After that, 366 mg (1.20
mmol) of 4,4'-azobis(4-cyanovaleric acid) was added as a
polymerization initiator, followed by radical polymerization
for 3 hours at 70° C. The obtained aqueous solution was
introduced 1into methanol, followed by precipitation of poly-
acrylamide. Polyacrylamide was collected and subjected to
vacuum drying.

Example 1

Polyacrylamide obtained in Synthetic Example 1 was
dissolved into water so as to be a concentration of 10% by
mass. Phosphoric acid was added to the obtained polyacry-
lamide aqueous solution so that the content of phosphoric
acid was 2% by mass relative to 100% by mass of carbon
maternal precursor. Freeze drying was performed using the
obtained phosphoric acid-containing polyacrylamide aque-
ous solution. As a result, a carbon material precursor con-
taining polyacrylamide and phosphoric acid was obtained.

Example 2

A carbon material precursor was obtained i1n the same
manner as that in Example 1 except that diammonium
hydrogen phosphate was used instead of the phosphoric
acid. Note that the content of diammonium hydrogen phos-
phate was 2% by mass relative to 100% by mass of carbon
material precursor.

Example 3

A carbon material precursor was obtained in the same
manner as that in Example 1 except that ammonium dihy-
drogen phosphate was used instead of the phosphoric acid.
Note that the content of ammonium dihydrogen phosphate

was 2% by mass relative to 100% by mass of carbon
material precursor.

Example 4

A carbon material precursor was obtained in the same
manner as that in Example 1 except that polyphosphoric acid
was used instead of the phosphoric acid. Note that the
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content of polyphosphoric acid was 2% by mass relative to
100% by mass of carbon material precursor.

Example 5

A carbon material precursor was obtained 1n the same
manner as that in Example 1 except that trisodium phosphate
was used instead of the phosphoric acid. Note that the
content of trisodium phosphate was 2% by mass relative to
100% by mass of carbon material precursor.

Example 6

A carbon maternial precursor was obtained 1n the same
manner as that in Example 1 except that sodium hydrogen
phosphate was used 1nstead of the phosphoric acid. Note that
the content of sodium hydrogen phosphate was 2% by mass
relative to 100% by mass of carbon material precursor.

Example 7

A carbon maternial precursor was obtained 1n the same
manner as that in Example 1 except that sodium dihydrogen
phosphate was used 1nstead of the phosphoric acid. Note that
the content of sodium dihydrogen phosphate was 2% by
mass relative to 100% by mass of carbon material precursor.

Example 8

A carbon maternial precursor was obtained 1n the same
manner as that in Example 1 except that tripotassium
phosphate was used instead of the phosphoric acid. Note that
the content of tripotasstum phosphate was 2% by mass
relative to 100% by mass of carbon maternal precursor.

Example 9

A carbon material precursor was obtained in the same
manner as that in Example 1 except that dipotassium hydro-
gen phosphate was used 1nstead of the phosphoric acid. Note
that the content of dipotassium hydrogen phosphate was 2%
by mass relative to 100% by mass of carbon material
precursor.

Example 10

A carbon material precursor was obtained in the same
manner as that in Example 1 except that potassium dihy-
drogen phosphate was used instead of the phosphoric acid.
Note that the content of potassium dihydrogen phosphate
was 2% by mass relative to 100% by mass of carbon
material precursor.

Example 11

A carbon maternial precursor was obtained 1n the same
manner as that in Example 1 except that boric acid was used
instead of the phosphoric acid. Note that the content of boric
acid was 2% by mass relative to 100% by mass of carbon
material precursor.

Example 12

A carbon maternial precursor was obtained 1n the same
manner as that in Example 1 except that ammonium sulfate
was used instead of the phosphoric acid. Note that the
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content of ammonium sulfate was 2% by mass relative to
100% by mass of carbon material precursor.

Example 13

A carbon material precursor was obtained in the same
manner as that in Example 1 except that ammonium hydro-
gen sulfate was used instead of the phosphoric acid. Note
that the content of ammonium hydrogen sulfate was 2% by
mass relative to 100% by mass of carbon material precursor.

Example 14

A carbon material precursor was obtained in the same
manner as that in Example 1 except that sodium sulfate was
used 1nstead of the phosphoric acid. Note that the content of
sodium sulfate was 2% by mass relative to 100% by mass of
carbon material precursor.

Example 15

A carbon material precursor was obtained in the same
manner as that in Example 1 except that sodium hydrogen
sulfate was used instead of the phosphoric acid. Note that the
content of sodium hydrogen sulfate was 2% by mass relative
to 100% by mass of carbon material precursor.

Example 16

A carbon material precursor was obtained in the same
manner as that in Example 1 except that sodium nitrate was
used mstead of the phosphoric acid. Note that the content of
sodium nitrate was 2% by mass relative to 100% by mass of
carbon material precursor.

Example 17

A carbon material precursor was obtained i1n the same
manner as that in Example 1 except that sodium carbonate
was used instead ol the phosphoric acid. Note that the
content of sodium carbonate was 2% by mass relative to
100% by mass of carbon material precursor.

Example 18

A carbon material precursor was obtained in the same
manner as that in Example 1 except that sodium hydrogen
carbonate was used instead of the phosphoric acid. Note that
the content of sodium hydrogen carbonate was 2% by mass
relative to 100% by mass of carbon maternal precursor.

Example 19

A carbon material precursor was obtained in the same
manner as that in Example 1 except that oxalic acid was used
instead of the phosphoric acid. Note that the content of
oxalic acid was 2% by mass relative to 100% by mass of
carbon material precursor.

Example 20

A carbon material precursor was obtained in the same
manner as that in Example 1 except that citric acid was used
instead of the phosphoric acid. Note that the content of citric
acid was 2% by mass relative to 100% by mass of carbon
material precursor.
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Example 21

A carbon maternal precursor was obtained 1n the same
manner as that in Example 1 except that the content of
phosphoric acid in the carbon material precursor was
changed to 0.5% by mass.

Example 22

A carbon material precursor was obtained 1n the same
manner as that mn Example 1 except that the content of
phosphoric acid in the carbon material precursor was
changed to 3% by mass.

Example 23

A carbon maternial precursor was obtained 1n the same
manner as that i Example 1 except that the content of
phosphoric acid in the carbon material precursor was
changed to 10% by mass.

Example 24

A carbon material precursor was obtained 1n the same
manner as that mn Example 2 except that the content of
diammonium hydrogen phosphate in the carbon material
precursor was changed to 0.5% by mass.

Example 25

A carbon material precursor was obtained in the same
manner as that in Example 2 except that the content of
diammonium hydrogen phosphate in the carbon material
precursor was changed to 5% by mass.

Example 26

A carbon maternial precursor was obtained 1n the same
manner as that i Example 2 except that the content of
diammonium hydrogen phosphate in the carbon material
precursor was changed to 10% by mass.

Comparative Example 1

A carbon maternial precursor was obtained 1n the same
manner as that in Example 1 except that no addition com-
ponent was added.
<Measurement of Carbonization Yield>

A differential thermal balance (*TG8120” manufactured
by Rigaku Corporation) was used to heat 3.2 to 3.5 mg of
cach of the carbon material precursors obtained 1n Examples
and Comparative Example from room temperature to S00°
C. at a rate of temperature rise of 10° C./min under a
nitrogen stream having a flow rate of 200 ml/min. In
consideration of the influence of water adsorbed to poly-
acrylamide, the mass of the carbon material precursor at
150° C. was taken as a reference to calculate the carbon-
1ization yield of each carbon material precursor by use of the
tollowing formula:

Carbonization Yield[%]=Msqq/M | 50%100

[M.,,: Mass of Carbon Material Precursor at 500° C.,
M, -o: Mass of Carbon Material Precursor 150° C.]Table 1
indicates the addition components and the carbonization
yields of the carbon material precursors obtained in
Examples 1 to 20 and Comparative Example 1. Also, FIG.
1 1illustrates the relationship between the carbonization
yields and the contents of the addition components in the
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carbon material precursors obtained 1n
Examples 21 to 26, and Comparative Example 1.

TABLE 1

Addition Component

10

Hxamples 1 and 2,

Carbonization Yield [%]

Phosphoric Acid 41.2
Diammonium Hydrogen Phosphate 40.3
Ammonium Dihydrogen Phosphate 41.4
Polyphosphoric Acid 42.1
Trisodium Phosphate 19.1
Sodium Hydrogen Phosphate 17.2
Sodium Dihydrogen Phosphate 259
Tripotassium Phosphate 19.9
Dipotassium Hydrogen Phosphate 19.1
Potassium Dihydrogen Phosphate 26.7
Boric Acid 30.1
Ammonium Sulfate 26.1
Ammonium Hydrogen Sulfate 27.5
Sodium Sulfate 17.8
Sodium Hydrogen Sulfate 26.4
Sodium Nitrate 22.7
Sodium Carbonate 21.7
Sodium Hydrogen Carbonate 18.9
Oxalic Acid 1%8.1
Citric Acid 19.6
No Additive 15.1

As 1s apparent from the results shown in Table 1, the
carbonization vyield of the carbon material precursor was
improved by blending at least one addition component
selected from the group consisting of acids and salts thereof
into the acrylamide-based polymer.

Also, as 1s apparent from the results shown 1n FIG. 1, the
carbonization yield of the carbon material precursor was
improved by increasing the content of at least one addition

component selected from the group consisting of acids and
salts thereof.

Production Example 1

A thermally-stabilized carbon material precursor was
obtained by heating (thermally-stabilizing) the carbon mate-
rial precursor obtained in Example 1 in the air at 250° C. for
30 minutes. Carbon material was obtained by heating (car-
bonizing) this thermally-stabilized carbon material precur-
sor under a nitrogen gas atmosphere at 1000° C. for 10
minutes.

As described above, the present invention makes 1t pos-
sible to obtain a carbon material precursor which contains an
acrylamide-based polymer and has a high carbonization
yield.

Thus, the method for producing carbon material of the
present invention 1s useful as a method capable of safely
producing carbon material at a low cost because a carbon
material precursor which 1s dissolved in an aqueous solvent
and exhibits a high carbomzation yield 1s used.

What 1s claimed 1s:

1. A carbon material precursor comprising:

an acrylamide-based polymer contaiming 50 mol % or
more of acrylamide-based monomer unit; and

at least one addition component selected from the group
consisting of acids and salts thereof.

2. The carbon material precursor according to claim 1,

wherein

the addition component 1s at least one selected from the
group consisting of phosphoric acid, polyphosphoric
acid, boric acid, sulfuric acid, nitric acid, carbonic acid,
oxalic acid, citric acid, sulfonic acid, and salts thereof.



US 10,385,186 B2
11

3. The carbon material precursor according to claim 1,
wherein
the addition component 1s at least one selected from the
group consisting of ammonium salts and amine salts.
4. The carbon material precursor according to claim 1, 5
wherein
the addition component 1s the salt of the acid, wherein
the acid 1s at least one selected from the group consisting
of phosphoric acid, polyphosphoric acid, boric acid,
sulfuric acid, nitric acid, carbonic acid, oxalic acid, 10
citric acid, and sulfonic acid; and
the salt 1s least one selected from the group consisting of
ammonium salts and amine salts.

5. The carbon material precursor according to claim 1,
wherein 15
a content of the addition component 1s 0.1 to 20% by mass
relative to 100% by mass of the carbon matenal pre-

CUrsofr.
6. A method for producing a carbon material comprising:
thermally-stabilizing the carbon material precursor 20
according to claim 1; and
then carbonizing the carbon maternal precursor.
7. The method for producing a carbon material according,
to claim 6, wherein in the thermal-stabilization, the carbon
material precursor 1s heated under an oxidizing atmosphere 25
at a temperature of 500° C. or lower.
8. The method for producing a carbon material according
to claam 7, wherein 1n the carbonization, the thermally-
stabilized carbon material precursor 1s heated under an inert
atmosphere at a temperature higher than the heating tem- 30
perature during the thermal-stabilization.

G e x Gx ex
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