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DESCRIPTION

Title of Invention: A
POLYESTER AND POLYURETHANE PRODUCTION METHOD

Technical Field
{0001}

The present invention relates to production methods of a polyester and a polyurethane.
More specifically, the present invention relates to methods for producing a polyester and a

polyurethane with good color tone by using a diol obtained from biomass recourses, such as
1,4-butanediol.

Background Art
[0002]

A polyester such as aromatic polyester, aliphatic polyester, wholly aromatic polyester,
semi-aromatic polygster and polycarbonic acid ester has been conventionally produced by
polycondensing a petroleum-derived raw material. However, in view of recent con-cems
about fossil fuel depletion and global-scale environmental problems such as increase in carbon
dioxide in the air and in addition, with the growing call for establishment of a circu]atidn-type ’
(sustainable) society, in regard to the polyester as well, practical application of a polyester
uéing, as the raw material diol or dicarboxylic acid, a material derived from biomass resources
such as plant and furthermore, a biomass plastic using the polyester, is advancing. When an
yearly renewable plant is used as the raw material, the raw material supply can be irrelevant to .
the fossil fuel depletion and moreover, because of carbon dioxide absorption for plant growth,
a great contribution to the reduction of atmospheric carbon dioxide can be afforded. -

[0003]

Out of polyester feedstocks, as to a dicarboxylic acid such as succinic acid and adipic
acid, various methods for the production from glucose by using a fermentation process are
known, in addition to the conventional chemical process. With respect to a diol as well, there
are known, for example, a method of obtaining 1,4-butanediol (hereinafter, sometimes simply
referred to as "1,4BG™), 1,3-propanediol, ethylene glycol, etc. by directly fermenting the
biomass resource such as plant in bacterial cells, and a method of producing a carboxylic acid

i bacterial cells from biomass resources such as plant by a fermentation process and then
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hydrogenating the dicarboxylic acid with the aid of a reducing catalyst to obtain a dio}
(Non-Patent Document 1).
[0004]

In addition, out of polyurethanes produced on an industrial scale, a polyurethane of a
polyester polyol type where the soft segment is typified by a dicarboxylic acid-based polyester,

is obtained by reacting a polyester polyol and an iéoéyanate compound, and the polyester

_ polyol is produced using a diol and a dicarboxylic acid derivative as raw materials and

therefore, can similarly produced from a plant-derived raw material.
[0005] |

- A polyester containing a diol in the constituent units is industrially very useful. In.
particular, a polybutylene terephthalate (hereinafter, sometimes simply referred to as "PBT")
that is a representative engineering plastic among thermoplastic polyesters is excellent in
easiness of molding process, mechanical properties, heat resistance, chemical resistance,
aroma retentivity and other pﬂyéical and chemical préperties and ﬁlerefdre, is widely used for
an injection inoided article such as aﬁtomotive compénent, electric/electronic component and
precision equipment component. In addition, the polyester has recently found a widespread
application also in the general consumer appliance field such as film, sheet, monofilament and
fiber by making use of its excellent properties and in turn, PBT with good color tone is being
required.
[0006]

Altemativciy,,- an aliphatic poiyester' such as polybutylene succinate (hereinafter,
sometimes referred to as "PBS") and polybutylene succinate adipate has biodegradability that
is & property of biograding the polymer into caxbdn dioxide and water with microorganisms in
soil or water. Such a polyester is produced at present by polycondensing a raw material
derived from fossil fuel resources, and a technique for deriving a raw materiél of ﬁc polyester
from: renewable biomass rcséurces is éxpectcd to become very important in the ﬁlture.‘ With
respect to this biodegradable polyester as well, a polymer having good color tone is required '
due to a recent spread of demand over various fields. ‘

Furthermore, the above-described polyurethane of a polyester polyol type ﬂhas a
feature of being excellent in the heat resistance, weather resistance,)etc, and is applied to a
wide range of uses. '

[0007] _
Among these polyesters, PBT is usually produced by reacting a terephthalic acid or
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an a]kyi ester thereof with 1,4BG,.and when 1,4BG as the raw mateﬁal 1s obtained from
biomass resources, PBT is deteriorated in the color tone compared with a polymer obtained
from a fossil fuel such as petroleum. The main causes of this deterioration in color tone
include the presence of a nitrogen atom-containing component in PBT.

{0008]

For example, Patent Document 1 describes a technique for obtaining a polyestér by
using biomass resources as the raw inaterial, where a polyester having a nitrogen confent of
1,000 ppm by mass or less 1s obtained by controlling the nitrogén content in the raw material
dicaiboxyiic acid. '

[0009]

Also, Patent Doc_liment 2 describes a technique for obtaining PBT by using biomass
resources as the raw materiéi, where PBT having a nitrogen atom content of 50 ppm by mass
or less is obtained by controlling the ni&ogea atom content in the raw material 1,4-butanediol
derived from biomass resources to a range of 0.01 to 50 ppm by mass. Furthermore, it is

staéed that 1,-acetoxy-4-hydroxybutane (hereinafter, sometimes simply referred to as

"1,4HAB") in 1,4BG retards the polycondensation reaction of PBT and thereby causes

coloring in the obtained PBT but when '1,4BG having a controlled nitrogen atom concentration

- is'used as the raw material; coloring of PBT due to retardation of the polymerization can be
reduced.

However, this ‘patcnt document neither discloses nor suggests that a specific carbonyl
compound i:i_'vl,4BG greatly affects the color tone of the obtained polyester, and moreover, is

silent on the content of the specific carbonyl compound having a great effect on the coloring. .

Background Art Document -
Patent Document
{00103 :
Patent Document 1: JP-A-2005-139287 (the term "JP-A" as used herein means an

) "unexamined published Japanese paterit application™)

Patent Document 2: JP-A-2008-101143

Non-Patent Document
[0011]
Non-Patent Document 1: Appl. Microbiol Biotechnol, No. 51 (1999), pp. 545-552
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Summary of Invention
Problem that Invention is to Solve
(6012}

It is generally known that a carbonyl compound or an acetal compound in the raw
material deteriorates the color tone at the time of production of a polyester, but among the
compounds having the same carbonyl group or olefin bond, the degree of effect on coloring of
the produced polyester differé based on' the structure of each compound. The present
inventors have focused attention on the fact that this effect appears to a most prominent degree,
among polyesters, in PBT and PBS, and among polyurethanes, in a thermoplasiéic polyursthane
and a polyester polyol that is a prepolymer thereof. For example, when PBT is produced -
using a2 biomass-resource-derived 1,4BG as a raw material, the deterioration of color tone is
more outstanding than in the case of using the conventional 1,4BG produced from a fossil fuel
such as petroleum. The reason therefor is that a carbonyl compétind by-produced at the time
of production of a biomass-resource-derived 1,4BG and contained in 1,4BG has a significant A
effect on the deterioration of color fone' of PBT, compared with a carbonyl compound
by-produced at the time of producing the conventional 1,4BG from a fossil fuel such as
petroleum, but the reason has not been heretofore sufficiently clarified.

[0013]

The present invention has been made by taking into account those problems, and an
object of the present invéntion is to provide methods for producing a polyestér and a
polyurethane by using a dicarboxylic acid component and a biomass-resource-derived diol as

raw materials, where a polyester and a polyurethane are efficiently produced with good color -

" tone.

Means for Solving Problem
[0014] ‘

As a result of intensive studies to attain the above-described object, the present
inventors have found that at the time of producing a polyester and a polyurethane by using a
raw material diol derived from biomass resources, such as biomass-resource-derived 1,4BG

the content of, among carbonyl compounds in the raw material diol, a cyclic carbonyl

. compound having a carbon atom number of 5 or 6 is strongly correlated with the color tone of

the obtained polyester and polyurethane. Then, it has been found that the color tone of the
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obtained polyester and polyurethane is improved by controlling the content of the compound
above in the raw material diol to a sfxeciﬁc range.
{0015} ‘ (
That is, the gist of the present invention resides in the following [1] to [22]. -
[0016]

[1] A method for producing a polyester by using, as raw rﬁaterials, a dicarboxylic
acid component and a diol produced directly from a biomass-resource-derived substance by a ' |
fermentation process,

wherein a content of a cyclic carbonyl compound having a carbon atom number of $
or 6 in the diol is 12 ppm by mass or less. - »
[0017]

[2] The method for producing a polyester as described in [1] above,

wherein the cyclic carbonyl compound having a carbon atom num‘oer of 5 or 6
contains a compound having a structure represented by the following formula (I) .
[0018]

[Chem. 1]

Ri -0
/J\:g‘m Formula (1)
R2 . ‘
Ra

[0019]

{(wherein in formula (I), each of Ry to Rq independently represents a hydrogen atom, a methyl

group, a formyl group or an acetyl group, any one of R to R4 is a formyl group or an acetyl
group, and the total number of carbon atows contained in respective groups of Ry to Ry'is 2 or
less).
{0020]
[31 The method for producing a polyester as described in [1] above,

wherein the cyclic carbonyl compound having a carbon atom number Gf Soré
contains a compound having a structure represented by the following formula (II):
[0021] -
[Chem. 2] '
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Formula ()
R x X R,

Rg

[0022)

(wherein in formula (II), X represents a carbon atom or an oxygen atom, the oxygen atom
number out of these atoms is 1, each of Rs to Rg independently représcnts a methyl group or a
hydrogen atom, and the total number of carbon atoms contained in respective groups of Rs to
Rgislor Iesé)( ‘
[0023]
" ' [4] The method for producing a polyester as described in [1] above,

wherein the cyclic carbonyl compound having a carbon. atom pumber of 5 or 6
contains a compound having a structure represented by the following formula (1) and a
content of the compound having a structure represented by formula (III) in the diol is 6 ppm
by mass or less:
[0024]
[Chem. 3}

Formula (1II)

[0025]
{wherein in formula (III), each of Ryp to Ri3 independently represents a methyl group or a

“hydrogen atom, and the total number of carbon atoms contained in respective groups of Ry to

R;31s 1 or less).
{00261

[5] The method for producing a polyester as described in any one of [1] to [4]
above,

wherein the diol is 1,4-butanediol,
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the dicarboxylic acid component is at least one of a terephthalic acid and a
terephthalic acid alkylate, and

the polyester is polybutylene terephthalate.
[0027] , -

[6] The method for producing a polyester as described in [5] above,

wherein the 14-butanediol comtains from 1 to 99 ppm by mass of

1-acetoxy-4 whyd;oxybutane.

[0028] ‘

{71 The method for producing a polyester as described in any one of {1] to [6]
above, o ‘ A

wherein a content of a nitrogen atom compound in the diol is from 0.1 to 50 ppm by
mass in terms of mitrogen atom.
[0029]

‘ [8] A method for producing a polyester polyol by using, as raw materials, a
dicarboxylic acid component and a diol produced directly from a bicmass-resource-derived
substaf;ge by a fermentation process, o

wherein a content of a cyclic carbonyl compound having a carbon atom number of 5
or 6 in the diol is 100 ppm by mass or less.
[00301

[9] The method for producing a polyester polyol as described in [8] above,

wherein the cyclic carbonyl compound having a carbon atom number of 5 or 6

containg a compound having a structure represented by the following formula (I):

[0031]
o :
“R I?—'R" Formula (J)
2 . .
[0032]

[Chem. 4]

(wherein in formula (I), each of R; to Ry independently represents a hydrogen atom, a methyl
group, a formyl group or an acetyl group, any one of R; to Ry is a formyl group or an acetyl
group, and the total number of carbon atoms contained in respective groups of R to R4 is 2 or
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[0033]
[10] The method for producing a polyester polyol as described in [8] above,
wherein the cyclic carbonyl compound having a carbon atom number of § or 6

contains a compound having a structure. represented by the following formula (I}:
[0034]

[Chem. 5]

)il
R R
; XY ’ Formula (1)
B Qrinuia
Re™ XX R, |
Rg |
[0035]

{wherein in formula (If), X represents a carbon atom or an oxygen atom, the oxygen atom

-' number out of these atoms is 1, each of Rs to Ry independently represents & methyl group or a

hydrogen atom, and the total number of carbon atoms contained in respective groups of Rs to
Rois I orless).
[0036]

[11] The méfhéd for proﬁucing a polyester polyol as described in [8] abbve,

wherein the cyciic carbonyl compound having a carbon atom pumber of 5 or 6
contains a compound having a structure represented by the following formula (III) and a
content of the compound having a structure represented by formula (III) in the diol is 50 ppm -
by mass or less:
[0037]
[Chem. 6]

o Formula (IT}

[0038]
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(wherein in formula (III), each of Ry to Rz independently represents a methyl group or a

bydrogen atom, and the total number of carbon atoms contained in respective groups of Ryg to

" Rysis I orless).

[0039]

[12] The method for producing a polyester polyol as described in any one of [8] fo
[11] above, ‘

" wherein the diol is 1,4-butanediol,

the dicarboxylic acid component is at ieast one of a terephthalic acid and i
terephﬂxa}ic acid alkylate, and _

the polyester polyol 1s polybutylene adipate.
[0040] _ .

[13] The method for producing a polyester polyol —as described in [12] above,

wherein the 14-butanediol contains from 1 to 99 ppm by mass (of
1-acetoxy-4-hydroxybutane. ‘ -
[0041] : :

[14] The method for producing a polyester polyol as described in any one of [8] to
[13] above,

wherein a content of a nitrogen atom compound in the diol is from 0.1 to 50 ppm by
ﬁasé in terms of nifrogen atom. '
[0042] ,

{15] A method for i)foducing a polyurethane, comprising:

reacting a polyester polyol produced by the production method of a polyester polyol
described in any one of [8] to [14] above with an isocyanate compound.
[0043] A

[16] A method for producing a polyurethane, comprising:

a step of reacting a polyester polyol and an isocyanate compound,

wherein the polyester polyol and a diol used as a raw material for the production of
the polyester polyol are a diol produced directly from a biomass-resource-derived substance
by a fermentation process and a content of a cyclic carbonyl compound having a carbon atom
number of 5 or 6 in the diol is 12 ppm by mass or less.
[0044] '

[17] The method for producing a polyurethane as described in [16] above,

wherein the cyclic carbonyl compound having a carbon atom number of 5 or 6
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contains a compound having a structure represented by the following formula (I):
[0045]
[Chem. 7]

~ Ry 0O :
~ Ig—R" Formula (I)
Rz
[6046] . :
(wherein in formula (I), each of Ry to R4 independently represents a hydrogen atom, a methyl -
group, a formyl group or an acetyl group, any one of R; to R, is a formy! group or an acetyl
group, and the total number of carbon atoms contained in respective groups of RitoRsis2or
less). S ' '
[0047] :
"~ [18] The method for producing a polyurethane as described in [16] above,

wherein the cyclic carbonyl compound having a carbon atom number of 5 or 6
contains a compound having a structure represented by the following formula (11):
[0048]

[Chem. 8]
O
h \)i(/u\)‘(’ . Formmla (II)
RQ,X \-)ﬁ'x“ Ry
Re
[0049]

{wherein in formula (II}, X represents a carbon atom or an oxygen atom, the oxygen atom
number out of these atoms is 1, each of Rs to Ry independently represents a methyl group or a
hydrogen atom, and the total number of carbon atoms contained in respective groﬁps of Rs to
Rgis 1 or less). ”
[0050]

[19] The method for producing a polyurethane as described in [16] above,

wherein the cyclic carbonyl compound baving a carbon atom number of 5 or 6

contains a compound having a structure represented by the following formula (III} and a
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content of the compound having a structure represented by formula (III) in the diol is 6 ppm

by mass or less:

[0051]
[Chem. 97 .
O
Rio Ryq o
o Formula.(IIT)
Rz
R?S
[0052]

{(wherein in formula (III), each of Rjo to Ry independently_ represents a methyl group ora
hydrogeﬂ afom, and the total number of carbon atoms contained in respective groups of Ryg to
Rizis 1 or less).
[0053] ‘
[20] The method for producing a polyurethane as described in any one of [16] to
[19] above, ' - :

wherein the diol is 1,4-butanediol, and

the polyester polyol is polybutylene adipate.
[0054] '

[21] The method for produéing a polyurethane as described in [20] above,

wherein the 1,4-butanediol contains from 1 to 99 ppm by mass of
1-acetoxy-4-hydroxybutane.
[0055]

[22] The method for producing a polyurethane as described in any one of [16] to
[21] above, o

wherein a content of a nitrogen atom compound in the diol is from 0.1 to 50 ppm by

mass in terms of nitrogen atom.

Effects of Invention
[0056] :
According 1o the present mnvention, a polyester and a polyurethane each having high

qualit;y and good color tone can be produced using a diol derived from biomass resources.
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Particularly in the case of producing PBT by using 1,4BG derived from biomass resources, the

present invention -provides a remarkable effect that PBT with good color tone can be produced.

Brief Description of Drawings
[00s71 ' _

[Fig. 1] Fig. 1 is a graph showing the correlation between the content of a cyclic
carbonyl compound having a carbon atom mamber of 5 or 6 in the bio-process 1,4BG used as a
PBT feedstock in Examples 1 to 9 and Comparative Example 1 and‘the color tone b value of
the obtained PBT. '

[Fig. 2] Fig. 2 is a graph showing the correlation between the content of
2-methyldihydro-2H-pyran-3(4Hj)-one in the bio-process 1,4BG used as a PBT feedstock in
Examples 1 to 9 and Comparative Example 1 and the color tone b value of the obtained PBT.

{Fig. 3] TFig. 3 is a graph showing the correlation between the content of a carbonyl
compound in the 1,4BG used as a PBT 'feéd'stoc.:kv in Example 2 and Comparative .Examples 3
to 7 and the color tone b value of the obtained PBT.

[Fig. 41 Fig. 4isan enlarged view of Fig. 3 in the range of ‘the carbonyl compound
content being from 0 to 100 ppm by mass.

Mode for Carrying Out Invention -
[0058]

The present mnvention 1s described i detail bélow, but the constitutional reqﬁifements
described below are a representative example of the embodiment of the present invention, and
the present invention is not limited thereto.

Incidentally, in the description of the present inventjon, the numerical value range
expressed using "to" means a range including the numerical values before and after "to” as the
lower limit value and the upper limit value, respectively.  Also, in the description of the
present invention, the lower limit value or upper limit value means a range including the value
of the lower limit value or upper limit value:

[0059] '
[Raw Material for Production of Polyester]

First, the raw material for the productioﬁ' of a polyester in the production method of a
poiyester of the present invention is described below. In the following description, the

"dicarboxylic acid feedstock” and the "diol feedstock” mean, respectively, a dicarboxylic acid
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component and a diol component as raw materials in the production of a polyester. In
addition, the "dicarboxylic acid component” is a generic term encompassing a dicarboxylic

acid and a dicarboxylic acid derivative such as dicarboxylic acid alkylate.

. [00607 .

The dicartboxylic acid feedstock for use in the present invention may be a
dicarboxylic acid compoﬁent ﬁroduced by either a method using, as the raw material, a fossil
fuel such as petroleum (heremafter somemmes sitnply refen'ed to as "fossilization process™) or
a method of producing the component ﬁom biomass resources through a fermentation step, or
by a combination thereof.

[0061]

Out of the dicarboxylic acid feedstocks for use in the present invention, the aromatic
dicarboxylic acid component includes a terephthalic acid, an isophthalic acid, their lower
alcohol esters, etc., and in view of polymerizability, a ferephthalic acid and dimethyl
terephthalate érc preferred. The aliphatic dicarboxylic acid component inchudes a
dicarboxylic acid such as oxalic acxd succinic acid, glutaric acid, adipic acid, sebacic acid and
dodecanoic diacid, and their lower aloohol esters and anhydrides (e.g., succinic anhydride,
adipic anhydride). From the viewpoint of physical properties of the obtained polyester, the
aliphatic dicarboxylic acid is preferably succinic acid, adipic acid, sebacic acid, dodecanoic
diacid or an anhydride or lower alcohol ester thereof, more preferably succinic acid. One of
these dicarboxylic acid feedstocks may be used alone, or two or more thereof may be mixed
and used. Here, the lower alcohol as referred to above usually means an alcobol having a

carbon number of 1 to 4.

On the other ﬁand, the diol feedstock for use in the present invention must be a diol
derived from biomass resources. Specific examples of the diol feedstock include ethylene
glycol, 1,3-propanediol, 2-methyl-1,3-propanediol, neopentyl glycol, 1,4-butanediol,
1,5-pentanedicl, 1,6-hexanediol, 1,4-cyclohexanediol, 1,4-cyclohexanedimethanol, and
isosorbide. In view of physical properties of the obtained polyester, ethylene glycol,
1,3-propanediol and 1,4-butanediol are preferred, and .in view of heat resistance,
1.4-butanediol is more preferred.  One of these diol feedstocksA may be used alone, or two or
more thereof may be mixed and used.

[0063]

For such a diol feedstock, a diol component produced directly from a
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biomass-resource-derived substance such as glycol by a fermentation pfocess is used. Here,
1,4BG prbduced directly from a biomass-resource-derived substance such as glucose by a
fermentation process is most preferred. .
[0064]

The combination of the dicarboxylic acid feedstock and the diol feedstock is not
particularly limited as Eong as a polyester can be produced, but preferred combinations include
a combination of terephthalic acid and 1,4BG, a combination of dimethy! terephthalate and
1,4BG and a combination of succinic acid and 1,4BG. That is, the pro&uction method of a

polyester of the present invention is suitable for the production of polybutylene terephthalate

(PB'I‘j by copolymerization of terephthalic acid and 1,4BG, the production of polybutylene
terephthalate (PBT) by copolymerization of dimethyl terephthalate and 1,4BG, and the
production of polybutylene succinate (PBS) by copolymerization of succinic acid and 1,4BG.
[0065] '

[Biomass-Resource-Derived Diol)

The diol feedstock for use in the production of PBT of the present invention is .

derived from biomass resources, and this is preferred in view of environmental conservation.

[0066]

The biomass resource encompasses those stored after sunlight energy is converted in
the form of starch, cellulose, etc. through photosynthesis of plants; animal bodies growing by
eating plant bodies; products obtained by .processing‘ plant bodies or animal bodies; and the
like. éi}eciﬁcélly, the biomass resource includes wood, rice straw, rice bran, old rice, cormn,
sugar cane, cassava, sago palm, bean-curd refuse, corncob, tapioca refuse, bagasse, vegetable
o0il cake, potato, buckwheat, soybean, fats and oils, wastepaper, papermaking residue, aguatic
product residue, livestock excrement, sewage sludge, food waste, etc. Among these, plant
resources such as wood, rice straw, old rice, comn, sugar cane, cassava, sago palm, bean-curd

refuse, corncob, tapioca refuse, bagasse, vegetable oil cake, potato, buckwheat, soybean, fats

and oils, wastepaper and papermaking residue are preferred; wood, rice straw, old rice, com,

sugar cane, cassava, sago palm, potato, fats and oils, wastepaper, papermaking residue, etc. are
more preferred; and com, sugar cane, cassava andl sago palm are most preferred.
[0067}

The biomasé resource generally contains a nitrogen atom and many alkali metals and
alkaline earth metals, such as Na, K, Mg and Ca.
[0068)
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Although the method therefor is not ;ﬁarticn]arly limited, these biomass resources are
guided to a carbon source thrbugh, for example, known steps of bretreatment and
saccharification, e.g., a chemical treatment with an acid, an alkali, etc., a biological treatment '
using microorganism, or a physical treatment. This step often involves a step for size
reduction by a pretreatment such as chipping, shaving or grinding of the biomass resource and
if desired, further involves a pulverization step using a grinder or a mill. The thus
size-reduced biomass resource is usually further guided to a carbon source through steps of _
pretreatment and saccharification.  Specific methods therefor include a chemical method for
example, an acid treatment with a strong acid such as sulfuric acid, nitric acid, hydrochloric
acid and phosphoric acid, an alkali &ea@ent, an ammonia freezing-steaming-blasting mefhod,
a solvent extraction, a supercritical fluid treatment, and an oxidizing agent treatment; a
physical method such as micro-grinding, steaming-blasting method, microwave treat;nent‘ and
electron beam irradiation; a biological treatment such as hydrolysis by microorganism or
enzymaﬁc‘ treatment; and the like.

{0069)

As the carbon source derived from biomass resources, there is usually used a
fermentable carbohydrate, for example, a hexose such as glucose, mannose, galactose, fructose,
sorbose and tagatose; a pentose such as arabinose, xylose, ribose, xylulose and ribulose; a
disaccharide and a polysaccharide, such as pentosan, saccharose, starch and cellulose; a fat or .

oil such as butyric acid, caproic acid, caprylic acid, capric acid, lauric acid, myristic acid,

'palmitic acid, paimitoleic acid, stearic acid, oleic acid, linoleic acid, linolenic acid,

monocutinic acid, arachidic acid, eicosenoic acid, arachidonic acid, behenic acid, erucic acid,

docosapentaenoic acid, docosahexaenoic acid, lignoceric acid and ceracoleic acid; and -
polyalcohols such as glycerin, mannitol, xylitol and ribitol. Among these, a hexose such as

glucose, fructose, xylose and saccharose, a pentose, and a disaccharide are preferred, and

glucose is more preferred.  As the plant resource-derived carbon source in a broader sense, a

cellulose that is the main component of paper is also preferred.

[6070]

Usually, a diol such as 1,4BG is synthesized using such a carbon source through a
fermentation process utilizing microbial conversion, a chemical conversion process involving
a reaction step such as hydrolysis, dehydration reaction, hydration reaction and oxidation
reaction, or a combination of the fermentation process and the chemical conversion process.

Above all, a fermentation process by microbial conversion is preferred.
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[0071]
In the case of using a biomass-resource-derived 1,4BG as the diol feedstock, the
biomass-resource-derived 1,4BG 1s. 1,4BG directly produced from a carbon source such as

glucose by a fermentation process. Here, 1,4BG directly produced by a fermentation process

_ is preferably éubj ected to, if desired, purification such as distillation and then used as the raw

material for the production of a polyester. Also, the content of the later-described cyclic
carbonyl compound having a carbon atom number of 5 or 6 is preferably adjusted in the
purification step. . ‘ ' ‘

[0072]

Fuﬁhmmore, a method of producing 1,4BG from biomass resources by a combination '
with 2 known organic chemical catalytic reaction is also used. For example, in the case of
utilizing pentose as the biomass resource, 1,4BG can be easily produced by a combination of a
known dehydration reaction and a known catalytic reaction.

{0073)
<Content of a cyclic carbonyl compound having a carbon atom number of 5 or 6 in the
biomass-resource-derived diof> ' ‘ ’

As a result of intensive studies, the present inventors have found that when producing
a polyester by using a biomass-resource-derived diol, among others, when producing PBT or
PBS, a cyclic carbonyl compound having a carbon atom number of 5-or 6 contained in the diol -
has the effect of a significant deterioration in the color tone of the obtained polyester.

10074] ' | |

The cyclic carbonyl compound having a carbon atom number of 5 or 6 includes a
compound having a S-membered ring or 6-membered ring structure and in particular, baving
an oxygen atom-containing cyclic skeleton.  Specifically, the compound includes one or more
compounds selected from the group consisting of compounds having structures represented by
the following formulae (I}, (II) and (I1I):

{0075}
[Chem. 10]

Ri~_0O . |
: , Iz‘& Formula (I)
. Ry
Ra
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[0076)

(wherein in formula (I), each of R; to R4 independently represents a hydrogen atom, a methyl
group, a formyl group or an acetyl group, any one of Ry to Ry is' a formy! group or an acetyl
group, and the total number of carbon atoms contained in respective groups of R| to Ry is 2 or

» less);

[0077]
- [Chem. 11}
X
Rg R
i X )5’ ) Formula (I)
_Formula
Re’x“%(’x"ﬂv
Rg
[0078]

{(wherein in formula (II), X represents a carbon atofn or an oxygen atom, the oxygen atom
number out of these atoms is 1, each of Rs to Ry independently represents a methyl group or a
hydrogen atom, and the fotal number of carbon atoms contained in respective groups of Rs to

Ro 18 1 or less); and

[0079]
[Chem. 12}
O
Rio _ Ry
O Fomula (I1Y)
Riz
Ris
[0080]

{wherein in formula (1ID), each of Ry to Ry3 independently represents a methyl group or a
hydrogen atom, and the total number of carbon atoms contained in respective groups of Ryp to
Riysis 1 orless). *
[0081]

| More specifically, as examples of the compound having a structure represented by

formula (I),” the compound having a carbon atom number of 5 includes
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tetrahydro-2-furaldehyde, tetrahydro-3-furaldehyde, etc. and the compound having a carbon
atom number of 6 includes 2-acetyltetrahydrofuranf1-(tetrahydrofuran-2-yhethanone],
3-acetyltetrahydrofuran|1-(tetrahydrofuran-3-yl)ethanone], 5-methyltetrahydro-2-furaldehyde,

4-methyltetrahydro-2-furaldehyde, 3-methyltetrahydro-2-furaldehyde,
2-methyltetrahydro-3-furaldehyde, - 4-methyltetrabydro-3-furaldehyde,
5-methyltetrahydro-3-furaldehyde, 4 2-(tetrahydrofuran-2-ylacetaldehyds,
3-(tetrahydrofuran-2-yDacetaldehyde, ctc.

[0082] |

As examples of the compound having a structure represented by formula (II), the
compound having a carbon atom number of 5 includes tetrahydro-4H-pyran-4-one, etc. and
the compound having a  carbon atom number of 6 includes
3-methyltetrahydro-4H-pyran-4-one, 2-1ﬁethylteirahydxo-4H-pyran—4-one,
2-formyl-tetrahydropyran, 3-formyl-tetrabydropyran, 4-formyl-tetrahydropyran, etc.

[oos3] |

As examples of the compound having a structure represented by formula (ITI), the
compound having a carbon atom number of 5 includes dihydro-2H-pyran-3(4H)-one, etc. and
the  compound  having a  carbon étom number of 6  includes
2-methyldihydro-2H-pyran-3(4H)-one, 4-methyldihydro-2H-pyran-3(4H)-one,
5-methyldibydro-2H-pyran-3(4H)-one, 6-methyldihydro-2H-pyran-3(4H)-one, etc.

[0084] '
" Preferably, as examples of the compound having a stmcture répresented by forﬁlula
(1), the compound having a carbon atom number of 5 is tetralyydro-2-furaldehyde, and the

compound having a carbon atom number of 6 s
2-acetyltetrahydrofuran{ 1 -(tetrahydrofuran-2-yl)ethanone],
3-acetyltetrahydrofuran{ 1 -(tetrahydrofuran-3-yl)ethanone] - or

S-methyltetrabydro-2-furaldehyde; as the compound having a structure represented by formula
(ID), the compound hév;‘ng a carbon atom number of 5 is tetrahydro-4H-pyran-4-one, and the
compound having a carbon number of 6 is 2-methyltetrahydro-4H-pyran-4-one or
2-formyl-tetrahydropyran; and as the compound having & structure represented by formula
(1ID), the compound having a carbon atom pumber of 5 is dihydro-2H-pyran-3(4H)-one, and
the compound having a carbon atom number of 6 is 2-methyldihydro-2H-pyran-3(4H)-one,
4-methyldihydro-2H-pyran-3(4H)-one, 5-methyldihydro-2H-pyran-3(4H)-one or
6-methyldihydro-2H-pyran-3(4H)-one. '
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[0085]

More preferably, as the compound having a structure represented by formula (I), the
compound having a carbon atom number of 5 is tetrahydro-2-furaldehyde, and the compound
having a carbon ~ atom | number of 6 is
2-acety1£étrahydrofman[1-(telrahydroﬁlran-z;yi)cthanone}; as the compound having a
structure represented by formula (II), the compound having a carbon atom number of 5 is
tetrahydrd%H—pyran-’%—oﬂé, and the compound having a carbon number of 6 is
2-methyltetrahydro-4H-pyran-4-one; and as the compound having a structure represented by
formula (1), the compound having a carbon atom number of 5 is
dihydro-2H-pyran-3(4H)-one, and the compound having a carbon atom number of 6 is
2-methyldihydro-2H-pyran-3(4H)-one, 4-methyldihydro-2H-pyran-3 (4H)—one or
S-methyldibydro-2H-pyran-3(4H}-one. '

[0086]

These cyclic carbonyl compounds having a carbon atom number of 50r6 are thought
to be derived from biomass resources, among others, from sugar used as a raw material for
fermentation and is presumed to be produced in the fermentation step and/or refining step by

cyclization of polyhydric alcohols having a carbon atom number of 5 or 6 derived from

‘pentose and/or hexose. That is, in the fermentation process using biomass resources for the

raw material, a chemical product is produced from a sugar such as glucose. At this.time, the
sugar is converted to a target compound, carbon dioxide, acetic acid, etc. but a polyfunctional
compound remains as a sugar residue. In addition, it may also be envisaged that the sugar :
itself does not completely disappear, and the residual sugar is dehydrated by heating in a
distillation column, ete. as z; post-step and produces a new component. The cyclic-carbonyi
compound having a carbon atom number of 5 or 6 is presumed to be produced from these
sugar-derived residual impurities in the fermentation step and/or refining step.
[0087] '

The abundance of the cyclic carbonyl compound having a carbon atom number of 5
or 6 in the biomass-resource-derived diol that is provided as a product by .reﬁm'ng a

biomass-resource-derived diol by distillation, etc. is considered to be a very small amount, but

“this compound when contained even in a very small amount in the diol used as a raw material

of the polyester exerts a significant effect on the obtained polyester, particularly, on the color
tone of PBT.

The reason therefor is that since the biomass-resource-derived diol usually contains a
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nitrogen atom-containing compound as described later, the production of a polyester such as
PBT involves the possibility of allowing the cyclic carbonyl compound having a carbon atom
number of 5 or 6 contained in the diol feedstock to react with a nitrogen atom-containing
compound in the diol and produce various derivatives such as amide, amine and amino acid
and the derivative is considered to strongly deteriorate the color tone of the polyester such as
PBT.

[0088]

The content of the cyclic carbonyl compound having a carbon atom number of 5 or 6

" in the biomass-resource-derived diol working out to a raw material of the polyester in the

present invention is, in ferms of the mass ratio to the diol, usually 12 ppm or less, preferably
10 ppm or less, more preferably 5 ppm or less, still more preferably 3 ppm or less. When the
content of the cyclic carbonyl compound having a carbon atom number of 5 or 6 in the

biomass-resource-derived diol, particularly, in 1,4BG is not more than the upper limit above,

the color tone of a polyester in the production thereof, particularly, the color tone at the time of T

PBT production, is improved. Incidentally, in the present invention, the color tone of the
obtained polyester can also be controlled by adjusting the raw material diol to have a content
of the cyclic carbonyl compound having a carbon atom number of 5 or 6 in the
above-described range.
[0089]

The reason why the content of the cyclic carbonyl compound having a carbon atom
number of 5 or 6 in the biomass-resource-derived diol used as a raw material for the
production of a polyester, which is not more than the upper limit above, is preferred in view of

color tone of the obtained polyester, is not clearly known but is presumed because the

~ production volume of various derivatives rich in reactivity, such as amide, amine and amino

acid, produced by a reaction of the cyclic carbonyl compound considered to cause
deterioration of the color tone of the polyester with a nitrogen atom-containing oofnpound, as
described above, can be reduced,
[0050] :

Among others, the compound having a structure represented by formula (IIT)
significantly deteriorates the color tone of a polyester such as PBT and therefore, the upper
limit of the content of the compound having a structure represented by formula (III) in the diol

feedstock for use in the present invention is, in terms of the mass ratio to the diol, usually 6

-ppm, preferably 5 ppm, more preferably 2 ppm, still more preferably 1 ppm. When the
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content of the compound baving a structure represented by formula (III) in the
biomass-resource-derived diol, particularly, in 1,4BG, is not more than the upper limit above,
the color tone in the polyester production, particularly, in the PBT production, tends to become
good. .

[0091]

Incidentally, in the present invention, the content of the cyclic carbonyl compound
having a carbon atom number of 5 or 6 in the biomass-resource-derived diol indicates the total
content of a éyclic carbonyl compound having a carbon atom number of 5 and a cyclic-
carbonyl compound having a carbon atom number of 6, and this content may be determined
using a factor computed from the effective carbon coefficient after analyzing the cyclic
carbonyl compound by gas chromatography (GC) but for the sake of simplicity, may also be
calculated from an area ratio in GC analysis. The content of the cyclic cérbonyl compound
haﬁng a carbon atom number of 5 or 6 in the diol feedstock is specifically measured by the
method described in Examples later.

[0092]

In the present invention, it is important for obtaining a polyester with good color tone

to reduce the content of the cyclic carbonyl compound having a carbon atom number of 5 or 6

in the raw material diol, and as long as the content of the cyclic carbonyl compound can be

.reduced to a predetermined value or less, any process for reducing the content of the cyclic.

carbony! compound having a carbon atom nmber of 5 or 6 may be employed.
[0093] | '

The content of the cyclic éarbonyi compound having a carbon atom number of 5 or 6
in the biomass-resource-derived diol has a greater effect in the case of directly producing
1,4BG by a fermentation process, because a crystallization or large-scale hydrogenation sfep,
e.g., via succinic acid is not necessary and the cyclic carbonyl compound is carried over
together with 1,4BG directly to a refining step such as distillation.

[0094] »

In the case where the diol feedstock is 1,4BG since the cyclic carbonyl compound
having a carbon atom number of 5 or 6 is a componeat lighter in the boiling point than 1,4BG,
it is effective in reducing the content of the cyclic carbonyt coﬁlpound to previously remove
light-boiling point components containing a cyclic carbonyl compound having a carbon atom
number of 5 or 6 from 1,4BG by distillation before using 1,4BG as the raw material for the

production of a polyester. The content of the cyclic carbonyl compound can also be reduced
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by converting the compound to an alcohol by hydrogenation before distilling and separating

light-boiling-point components.
(0095]

Specifically, crude 1,4BG containing the cyclic carbonyl compound having a carbon
atom number of 5 or 6, water, light-boiling-point byproducts and high-boiling-point
byproducts is separated into a plurality of factions by batch distillation, whereby refined
1,4BG reduced in the content of the cyclic carbonyl compound having a carbon atom number
of50r6 ;;an bé obtained ir;'ciesilled punty Frém an economical viewpoint, the distillation is
preferably operated in a continuous mode. '
[0096] L |

That 1s, the crude 1,4BG containing the cyclic carbenyl compound having a carbon
atom number of 5 or 6, water, light-boiling-point byproducts and high-boiling-point
byproducts can be refined in a continuous mode by dehydration distillation, light-boiling .
separation distillation and high-boiling separation distillation. Preferably, product refining
distillation is further added to the dehydration distillation, light-boiling separation distillation
and high-boiling separation distillation, and more preferably, the refining can be performed by
a refining process further including a hydrogenation step of hydrogenating the cyclic carbonyl
compound that 18 a coloring component. The hydrogenation catalyst used for the
hydrogenation of the cyclic carbony! compound may be arbitrary as long as it is a catalyst
capable of hydrogenating a carbonyl compound such as ketone and aldehyde, but among
others, a solid catalyét containing at least a metal such as Ni, P;i, Ru, Pt and Cu is preferably .
used. The order of respective steps above may be arbitrary, but the crude 1,4BG is preferably
refined through, in order, dehydration distillation, high-boiling separation distillation,
hydrogenation step, light-boiling separation distillation, and product refining distillation. The
distillation mode in each of the hydrogenation and other steps may be either in continuous
mode or batch mdde, but in view of profitability, an operation in continuous mode is preferred.
[0097]

In general, the separation distillation of the cyclic carbonyl compound baving a
carbon atom number of 5 or 6 from 1,4BG can be performed as light-boiling separation
distillation by multistage distillation using a packing and/or a tray, where the cyclic carbonyl
compound having a carbon atom number of 5 or 6 is separated as a iighbboiling—point
component. At this time, the cyclic carbonyl compound can be distilled out from the top part
and top periphery of a light-boiling separation distillation column. Furthermore, refined
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1,4BG can be obtained as a side stream from the top part or top periphéry of a product refining

distillation column subsequent to the light-boiling separation distillation columnn. On this

occasion, refined 1,4BG is obtainéd ‘as a side stream from the top periphery, and 1,4BG and
light-boiling components including the cyclic carbényl compound having a carbon atom
number of 5 or 6 are distilled out from the top part, whereby refined 1,4BG more reduced in
the content of the cyclic carbonyl compound having a carbon atom number of 5 or 6 can be
obtained. These hght boiling separation distillation column and product refining distillation
column are preferably operated at a relatively low temperature, and specifically, from the
standpoint of avoiding increase of new impurities, the operation is preferably performed such
that the maximum temperature in the column becomes 180°C or less. |
[0098] ‘
<Content of 1-acetoxy-4-hydroxybutane in biomass-resource-derived 1,4BG>

Out of biomass-resource~derived diols, the impurity contained in the diol feedstock
produce& particularly ‘-‘fhrough a fermentati.on. step includes acetic acid, butyric aéid,
tetrahydrofuran, 2-hydroxytetrahydrofuran, gamma-butyrdlactone, 1-acetoxy-4-hydroxybutane,
1,3-butanediol, 2,3-bﬁmedioL and 2-(4-hydroxybutyloxyjtetrahydrofuran.  These are
components lighter in the boiling point than 1,4BG and can be removed together with a cyclic
carbonyl compound having a carbon atom number of 5 or 6 in the light-boiling separation
distillation step for distilling and separating a cyclic carbony! compound having a carbon atom
number of 5 or 6. OCut of these light-boiling impurities, as for 1-acetoxy-4-hydroxybutane
( 14HAB), the upper limit of its content in 1,4BG preferred as the diol feedstock in the present
invention is preferably 99 ppm by mass, more preferably 90 ppm by mass, still more
preferably 80 ppm by mass, and most preferably 70 ppm by mass. The lower limit is
prefemBly 0.1 ppm by mass, more preferably 0.2 ppm by mass, and in particular, from the
economical view point in the refining step, the lower limit is preferably 0.5 ppm by mass. As
the 1,4HAB content in 1,4BG is smaller, for example, the polycondensation reaction rate in
the PBT production and the color tone of PBT produced are more likely to become desirable.
On the other hand, as the content is larger, the refining step tends to become simpler, which is
economically advantageous.

Here, the content of 14HAB in 1,4BG is measured by the method described in
Examples later. -
[0099] ‘
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As for the 1,4HAB content in the raw material 1,4BG derived from biomass resources,
the 1,4HAB content in 1,4BG is preferably adjusted by previously refining the
biomass-resource-derived 1,4BG before feeding it to a reaction vessel for the production of
PRT. ‘

In this case, 1,4HAB is a comioonent lighter in the boiling point than 1,4BG, and the
1,4HAB content in 1,4BG can be adjusted by separating and distilling light-boiling-point
components in the 1,4BG refining step.

In the case where 1,4BG is directly obtained by fermentation of the biomass resource,
the 1,4HAB content can ‘Se adjusted, for example, by the fermentation conditions, conditions
of neutralization with ammonia, and refining conditions inchuding distillation of the obtained
1,4BG, and also in this case, it is a suitable technique to remove light-boiling-point
components including 1,4HAB by performing refining of 1,4BG.

[0100]

. The saj;a_mtion distillation of 1,4HAB from 1,4BG can be parforﬁae& ‘at thc; time of _
separation distillation of the cyclic carbonyl compound having a carbon atom number 5 or 6
from 1,4ABG.

[0101]
<Content of a nitrogen atom-confaining compound in the biomass-resource-derived diol>

A diol derived from biomass resources sometimes contains, as an impurity, a nitrogen -
atom-containing compound ascribable to fermentation treatment and refining treatment
iﬁvolving a step of neutralization with an acid. Specifically, a nitrogen atom-containing
compound, for example, derived from amino acid, protein, ammonia,-urea and fermentation
bacteria is contained.

[0102] o

The upper limit of the content of the nitrogen atom-containing compound in the
biomass-resource~derived diol working out to a raw material of the polyester in the present
invention is, as the mass ratio to the diol, in terms of nitrogen atom, usually 50 ppm,
preferably 20 ppm, more preferably 10 ppm, still more preferably 5 ppm. The lower limit is
not particularty limited but is usually 0.01 ppm, preferably 0.1 ppm, and in view of
profitability such as load reduction in the refining step, more preferably 0.2 ppl.nv When the
content of the nitrogen atom-containing compound in the biomass-resource-derived diol is not
more than the upper limit above, for example, the polycondensation reaction rate in the

polyester production and the color tone of the polyester produced are more likely to become
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desirable. The reason why the content of the nitrogen atom-containing compound in the
biomass-resource-derived diol used as the diol feedstock, which is not more than the upper
limit' above, is likely to be advantageous in view of, for example, the polycondensation
reaction rate and color tone, is not clearly known but is presumed because the production of a

coloration-inducing substance acting to inhibit the polycondensation reaction and deteriorate

 the color tone of a polyester, other than the nitrogen atom-containing compound, can be

suppressed in the refining step involving treatment and distillation of the fermentation liquid
for the control of the content of the nitrogen atom-containing compound in the diol.

For example, the biomass-resource-derived diol for use in the present invention
contains gamma-butyrolactone, and the gamma-butyrolactone is thought to produce a nitrogen
atom-containing compound and various derivatives such as amide, amine and amino acid.
Since these derivatives are a component having bifunctionality or higher functionality and
being rich in the reactivity, a component that strohgiy deteriorates the color tone of a polyester
is possibly present in these derivatives. In addition, as described above, various derivatives
produced by the reaction of a nitrogen atom-contaiming compound and a cyclic carbonyl
compound having a carbon atom number of 5 or 6, such as amide, amine and amino acid, are
also considered to be causative of coloring.

[0103]}

In the case where the diol such as 1,4BG 1s directly obtained by fermentation of the
biomass resource, the content of the mitrogen atom-containing compound in the raw material
1,4BG derived from biomass resources can be adjusted, for example, by the fermentation
conditions, conditions of neutralization with ammonia, adsorption of amino acid by an ion
eﬁchange resin, and réfming conditions inchuding distitlation of the obtained diol.

[0104]
[Production Method of Polyester]

The production to which the production method of a polyester of the present
invention using the above-described biomass-resource-derived diol is suitably applicable
includes productions of PBT and PBS. In the following, the production method of an
aliphatic polyester including PBS, and the production method of PBT are described.

[0105] '
<Production of Aliphatic Polyester>
A polyester such as PBS is produced using the above-described aliphatic dicarboxylic

acid component and the biomass-resource-derived diol component according to the present
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invention by subjecting these components to an esterification and/or transesterification »
reaction and then to a polycondensation reaction under reduced pressure.
[0106] , '

* The reaction conditions in the esterification and/or transesterification reaction step

can be set as follows.

 [0107]

As for the reaction temperature, the lower limit is usually 150°C, preferably 180°C, A
more preferably 200°C, and the upper limit is usually 250°C, preferably 240°C, more
preferably 230°C. If the reaction temperature is less than the lower limit a,bove,‘ the
esterification reaction rate is low, and a long reaction time is required. On the other hand, if
the reaction temperature exceeds the upper limit above, generation of foreign matters due to
increase of scattering materials in the reaction tank or decomposition of the diol component or
dicarboxylic acid component tends to often occur.

[0108] | , |

As for the reaction pressure, the lower limit is usnally 50 kPa, preferably 60 kPa,

more preferabiy 70 kPa, and the upper limit is usually 200 kPa, preferably 130 kPa, more -

preferably 110 kPa, If the reaction pressure is less than the lower limit above, scattering

materials are likely increased in the reaction tank to bring about a high haze of the reaction

product, giving rise to increase of foreign matters, and in addition, the portion of the diol
component distilled out of reaction system tends to increase, 1eading’ to decrease in the:
esterification reaction rate.  On the other hand, if the pressure exceeds the upper limit above,
it is likely that the portion of the diol component dehydrated and decomposed is increased to
mcur a reduction in the esterification rate.
[0109] ‘

The reaction time is usually 1 hour or more, and the upper limit is usually 10 hours,
preferably 4 hours.
[0110] N

The .fsza;c‘:ticn ’éondjt,ions m the reduced-pressure polycondensation reaction step
subsequen{ to the esterification and/or transesterification reaction step may be set as follows.
[o111y -

As for the reaction temperature, the lower limit is usually 180°C, preferably 200°C,
more preferably 220°C, and the upper limit is uswally 270°C, preferably 265 °C, more
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preferably 260°C. If the reaction temperature is less than the lower limit above, the
polycondensation reaction rate is low, and a long reaction time is required. In addition, the
melt viscosity becomes too high, making it d;‘ﬂicglt to withdraw a polymer. On the other
hand, if the reaction temperature exceeds the upper limit above, generation of foreign matters
due to mcrease of scattering materials in the reaction tank or decomposition of the diol
component or dicarboxylic acid component tends to often occur.

[0112) o _ ‘

As for the final achievable pressure at- thé hme of polycénden.sation reaction, the
lower limit is usually 0.01 kPa, preferably 0.05 kPa, nﬁorc preferably 0.1 kPa, and the upper
limit is usually 1 kPa, preferably 0.8 kPa, more preferably 0.5 kPa. Setting of the reaction
terperature to a range of less than the lower limit above requires an expensive vacuum
apparatus, and this is not economical. On the other hand, if the pressure exceeds the upper
limit above, reduction in the polycondensation rate is likely to be caused, and a side reaction
from an alcohol terminal as the base point readily proceéds, imcurring an increase in the
terminal acid valence, ’ . o
[0113]

The reaction time is usually 1 hour or more, and the upper limit is wsually 10 hours,
preferably 4 hours. '

[0114]

In the esterification and/or transestenﬁcatmn reacmon step and the polycondensanon :
reaction step, the reaction is promoted by usmg 2 reaction catalyst. However, in the
esterification and/or transesterification reaction step, a sufficiently high reaction rate can be
obtained even without an esterification reaction cataiyst Also, when an esterification
reaction catalyst is present at the time of esterification reaction, the catalyst may produce a
deposit insoluble in the reaction product due to water produced by the esterification reaction,
leading to impairment of the transparency of the polyester obtained (that is, increase in the
haze), or may be heterogenized. Therefore, it is preferred that a reaction catalyst is not added
and not used during the esterification reaction. -
[0115] |

In the polycondensation reaction step, the reaction is difficult to proceed without a
catalyst, and therefore, a catalyst is preferably used.

[0116]
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As the polycondensation reaction catalyst, in general, a metal compound containing at
least one ﬁaembe’r out of metal elements belonging to Groups 1 to 14 of the long-form Periodic
Table is used (hereinafter, unless otherwise specified, the "Periodic Table" indicates the
long-form Periodic Table). The metal element specifically includes scandium, yttrium,
samarium, ‘titanium, zirconium, vanadium, chrqmium, molybdenum, tungsten, tin, antimony,
cerium, germanium, zinc, cobalt, manganese, iron, aluminum magnesium, calcium, strontium,
sodium, potassium, etc. Among these, scandium, yttnum, utamum zirconium, vanadium,
molybdenum tungsten zine, iron and germamum are preferred, and titanium, zirconium,
tungsten and germamum are more preferred.

[0117] - |

Furthermore, in order to reduce the terminal acid value affecting the thermal stability
of the polyester, among metal elements above, metal elements belonging to Groups 3 to 6 of
the Periodic Table, which show Lewis acidity, are preferred.  Specifically, the metal elements
are scandium,. titanium, zirconium, vanadium, .molybdenlu_m and fuhgsten_ Above all,
titanium and zirconium are preferred in terms of ease cﬁ‘ avaiiability, and titanium is more
preferred from the viewpoint of reaction activity. - ‘ ‘

[0118]

As the catalyst, a compound containing an organic group such as carboxylate salt,
alkoxy salt, organic sulfonate salt and f-diketonate salt each containing the metal element
above, an inorganic compom}d such as oxide and hailde of the above-described metal, or a
mixture thereof is preferably used.

[0119]

For the reason that the pélycondensation rate is increased when the catalyst‘is ina
melted or dissolved state at the time of polycondensation, the catalyst is preferably a
compound that is liquid at the time of polycondensation or dissolves in an ester low polymer
or a polyester.

[0120]

In addition, the polycondensation is preferably performed without a sdlvent, but aside
from this, a small amount of a solvent may be used so as to dissolve the catalyst. The solvent
for dissolving the catalyst includes alcohols such as methanol, ethanol, isopropancl and
butanol, the above-described diols such as ethylene glycol, butanediol’ and pentanediol, ethers
such as diethyl ether and tetrahydrofuran, nitriles such as acetonitrile, hydrocariaon compounds
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such as heptane and toluene, water, a mixture thereof, etc. This solvent is usually used such
that the catalyst concentration becomes from 0.0001 to 99 mass%.
[0121] .

The titanium compound used as the p&ycondcnsation catalyst is preferably tetraalkyl
titanate or a hydrolysate thereof ana, specifically, includes tetra-n-propyl titanate,
tetraisopropyl titanate, tetra-n-butyl titanate, tetra-tert-butyl titanate, tcﬁ'aphenyl titanate,

tetracyclohexy! titanate, tetrabenzyl titanate, a mixed titanate of these, and a hydrolysate

thereof. Furthermore, titanium (oxy)acetylacetonate, titanium tetraacetylacetonate, titanium
(ditsopropoxide)acetylacetonate, titanium  bis(ammonium  lactato)dihydroxide, titanium
bis{ethyl acetoacetate}diisopropoxide, titanium (tn'ethano1aminate)isopr§poxide,
polyhydroxytitanium stearate, titanjum lactate, titanium triethanolaminate, butyl titanate dimer,
etc. are also preferably used. In addition, a liquid material obtained by mixing an alcohol, an
alkaline earth metal compound, a phosphoric acid ester compound and a titanium compound is
also used. . '

{0122]
Among these, tetra-n-propyl titanatg, tetraisopropyl titanate, tetra-n-butyl titanate,

. titanium  (oxy)acetylacetonate, fitanium tetraacetylacetonate, titanium bié‘.(ammonium

lactato)dihydroxide, polyhydroxytitanium stearate, titanium lactate, butyl titanate dimer, and a
liquid material obtained by mixing an alcohol, an alkaline earth metal compound, a phosphoric
acid ester compound and a titanium compound is preferred; tetra-n-butyl titanate, titanium
(oxy}acetylécetdnété, titanium tetraacetylacetonate, polyhydioxytitanium -stearate, titanium
lactate, butyl titanate dimer and a liquid material obtained by mixing an alcohol, an alkaline
earth metal compound, a pi:;osphoric acid ester compound and a titanium compound are more
preferred; and tetra»ﬁ-butyi titanate,  polyhydroxytitanium stearate,  titanium
(oxy)acetylacetonate, titanium tetraacetylacetonate and a liquid material obtained by mixing
an alcobol, an alkaline earth metal compound, a phosphoric acid ester coﬁzpound and a
titaniwm compound are still more preferred.

[0123]

The zirconium compound used as the polycondensation catalyst specifically includes,
for example, zirconium tetraacetate, zirconium acetate hydroxide, zirconmium
tris(butoxy)stearate, zirconyl diacetate, zircomium oxalate, zirconyl oxalate, potassium
zirconium  oxalate, polyhydroxyzirconium  stearate, zirconium ethoxide, zirconium

tetra-n-propoxide, zirconium fetraisopropoxide, zircomium tetra-n-butoxide, zirconium
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tetra~tert-butoxide, zircohiuin tributoxyacetylacetonate, and a mixture thereof. Among these,
zirconyl diacetate, zirconium tris(butoxy)stearate, zirconium tetraacetate, zircomium acetate
hydroxide, ammonium  zircomium oxalate,  potassium zirconium oxalate,
polyhydroxyzirconium stearate, zirconium tetra-n-propoxide, zirconium tetraisopropoxide,
zirconium tetra-n-butoxide and zirconium tetra-tert-butoxide are preferred; zirconyl diacetate,
zirconjum tetraacetate, zircomium acetate hydroxide, zirconium tris(butoxy)stearate,
ammonium zirconium oxalate, zirconium tetra-n-propoxide and zirconinm tetra-n-butoxide are
more preferred; and zirconium tris(butoxy)stearate is still more preferred for the reason that a
colorless polyester having a high polymerization degree is easily obtained.

[0124]

The  germanium compound used as the polycondensation catalyst specifically
includes an inorganic germanium compound such as germanium oxide and germanium
chloride, and an ofganic germanium compound such as tfetraalkoxygermapium, In view of |
cost and eaée of availability, - germanium oxide, tetmethoxygérmanium and
tetrabutoxygermanium are preferred, and germanium oxide is more preferred.

[0125] N |
Other than the above-described polycondenséﬁon catalyst, a co-catalyst such as

. alkaline earth metal compound and acidic phosphoric acid ester compound can be used.

[0126] .

Specific examples of the alkaline earth metal compound include various compounds
of beryllium, magnesium, calcium, strontium and barium, but in view of ease of handliﬁg or
availability and catalytic effect, compounds of magnesium and calcium are preferred, and a
magnesium compound excellent in the catalytic effect is more preferred. Specific examples
of the magnesium compound include magnesium acetate, magnesium hydroxide, magnesium
carbonate, magnesium oxide, magnesium alkoxide, and magnesium hydrogenphosphate, with
magnesium acetate being preferred. One of these alkaline earth metal compounds may be
used alone, or two or more thereof may be mixed and used.

[0127]

As the acidic phosphoric acid ester compound, a compound having a phosphoric acid
ester structure containing at least one hydroxyl group, represented by the following formulae
(i) and/or (ii), is preferably used: '
[0128]

[Chem. 13]
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RO-P(=0)~OR" (i)
|
OH
R"0—P(=0)—0H (i)
|

OH

[0129] |
(wherein each of R, R'-and R" independently represents an alkyl group having a carbon
number of 1 to0 6, »a cyélohexyl group, an aryl group or a 2-hydroxyethyl group; in formula (i),
R and R' may be the same or different).
[0130]

Specific examples of the acidic phosphoric acid ester compound include methyl acid
phosphate, ethyl acid phosphate, isopropyl acid phosphate, butyl acid phosphate, and octyl
acid phosphate, with ethyl acid phosphate and butyl acid phosphate being preferred. One of

these acidic phosphoric acid ester compounds may be used alone, or two or more thereof may

. be used in combination.

[0131]

Incidentally, the acidic phosphoric acid ester compound includes a diester form -
represented by formula (i) and a monoester form represented by formula (ii), but for the reason
that a catalyst exhibiting a high catalytic activity is obtained, it is preferable to se a monoester
form or a mixture of a monoester form and a diester form. The mixing mass ratio between a
monoester form and a diester form is preferably 20-80:80-20, more preferably 30-70:70-30,
still more preferably 40-60:60-40.

[0132] '

Also, the polycondensation catalyst can be produced by mixing the above-described
titanium compound, alkaline earth metal compound and acidic phosphoric acid ester
compound. At the time of mixing of catalyst components, a solvent 1s usuélly used. The
solvent used may be sufficient if it can form a uniform solution from those titanium compound,
alkaline earth metal compound and acidic phosphoric acid ester compound, but an alcohol is
usually used.

[0133]
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That is, the polycondensaﬁorx catalyst for use in the present invention is preferably
produced by mixing an alcohol, a titanium compound, an alkaline earth metal compound and
an acidic phosphoric acid ester compound. More preferably, the catalyst for use in the
present iﬁvention is preferably produced by mixing an alcohol, a titanium compound, an
alkaline earth metal compound and an acidic phosphoric acid ester compound and |
concentrating the mixture.

[0134] )

The aleohol used for the production of the polycondensation catalyst may be any
alcohol as long as a uniform solution is formed when mixed with a titanium compound, an
alkaline earth metal Acompound and an acidic phosphoric acid ester, and among others, the
alecohol includes a mionohydric alcohol such as methanol, ethanol, butanol, propanol and
2-ethylhexanol, and a dihydric alcohol such as ethylene glycol and 1,4-butanediol. One of
these alcohols may be used alone, or two or more thereof may be used in combination. From
the viewpoint of solubility of the compound and ease of handling, in the case of a monohydﬁc
alcohol, ethanol is preferred, because the solubilitj of the tit_anium, compound, alkaline earth

. metal compound and acidic phosphoric acid ester compound is high and when concentrating

the reaction solution, the solvent can be easily removed thanks to its Jow boiling point. On
the other hand, in the case of a dihydric alcohol, 1,4BG that is the same component as the raw
material diol component is preferably used, because a concentration operation is unnecessary.
[0135] '

As for the contents of titanium atom, alkaline earth metal atom and phosphorus atom
in the polycondensation catalyst used in the present invention, assuming that the content of ..
titanium atom is T (molar basis), the content of alkaline earth metal is M {molar basis) and the
content of phosphorus atom is P (molar basis), the lower limit of T/P {molar ratio) is usually
0.1, preferably 0.3, more preferably 0.5, still more preferably 0.7, and the upper limit is
usually 5.5, preferably 4.0, more preferably 3.0, still more preferably 1.5, and most preferably
1.0. When T/P is not more than the upper limit above, it is likely that the polyester produced
is less colored, the catalyst stability is good, deactivation of the catalyst scarcely occurs and
the risk of a deactivated catalyst being mixed in the prodﬁct to impair the quality of the
product is low. On the other hand, when T/P is not less than the lowler limit above, thle
catalytic activity tends to become high.

[0136] _
On the other hand, the lower Limit of M/P (molar ratio) is usually 0.1, preferably 0.5, .
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more preferably 0.7, still more preferably 0.9, and the upper limit is usually 5.5, preferably 3.0,
more preferably 2.0, still more preferably 1.5, yet still more preferably 1.2, and most
preferably I'1. When M/P is not more than the upper limit above, the thermal stability of the
polyester obtained using this catalyst tends to become good. Also, precipitation of an
alkaline earth metal sqarcely occurs. On the other hand, when M/P is not less than the lower
limit above, the catalytic activity is high and an increase in the terminal acid value is less
likely to occur. A

[0137]

' In the case of using such a metal compound as the polycondensation catalyst, as for

<the amount added of the catalyst, in terms of the metal amount relative to the polyester

produced, the lower limit is usually 0.1 ppm by mass, preferably 0.5 ppm by mass, more
preferably 1 .ppm.by mass, still more preferably 5 ppm 537 mass, yet still more pfeferabiy 10
ppm by mass, and the upper limit is usually 10,000 ppm by mass, preferably 1,000 ppm by
tnass, more p;cfei'ably 500 ppm by mass, still more preferably 200 ppm by mass, yéf still more
preferably 150 ppm by mass. If the amount of the catalyst used is too large, not only this is
economically, disadvantageous but also the terminal acid value at the time of polymer
withdrawal greatly rises, as a result, the thermal stability or hydrolysis resistance of the
polyester tends to decrease. Conversely, if the amount added is too small, thermal
decomposition of the polyester is induced during the production, and a polyester exhibiting
practically useful physical properties can be hardly obtained.

(0138] ‘ '

Above all, as for the content of titanium atom contained in the polyester obtained by
the present invention, in terms of titanium atom, the lower limit is usually 0.1 ppm by mass,
preferably 0.5 ppm by mass, more preferably 1 ppm by mass, still more preferably 5 ppm by
mass, yet still more preferably 10 ppm by mass, and the upper limit is usually 10,000 ppm by
mass, preferably 1,000 ppm by mass, more preferably 500 ppm by mass, still more preferably
200 ppm by mass, yet still more preferably 150 ppm by mass. If the titanium atom content

exceeds the upper limit above, rise of the terminal acid value and coloring of the polyester

-tend fo occur. . On the other hand, if the content is less than the lower limit, it is likely that the

polycondensation rate is low and a polyester having high viscosity can be hardly obtained.
[0139]

The timing of addition of the polycondensation catalyst to the reaction system is not

particularly limited as long as it is before the polycondensation reaction step. The catalyst
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may'be added at the time of charging of raw materials, but when the catalyst is preseht
together in the situation that unreacted dicarboxylic acid or water is present in a large amount
or is generated, the catalyst may be deactivated, giving rise to precipitation of foreign matters,
and thé quality of the product may be impaired. Therefore, the catalyst is preferably added
after the esterification reaction step. i
{0140]

Incidentally, in the production of an aliphatic polyester, when a small amount of a

trifunctional or higher functional oxycarboxylic acid, a trifunctional or higher functional

aloohol, a trifunctional or higher functional carboxylic acid, etc. is added to the raw material
together with an aliphatic dicarboxylic acid component and a diol component, a polyester
having high viscosity is easily obtained. . Among these trifunctional or higher polyfunctional
compounds, an oxycarboxylic acid such as malic acid, citric acid and fumaric acid is
preferably used, and malic acid is more preferably used. In the case of using a trifunctional

or higher polyfunctional compound, the upper limit of the amount used thereof is, relative to

~ all dicarboxylic acid components, preferébiy 5 mol%, more preferably 0.5 mol%, and the

Jower limit is preferably 0.001 mol%, more preferably 0.05 mol%. If the amount used
exceeds the upper limit in this range, a gel (unmelted product) is readily produced, and if the
amount used is less than the lower limit, the effect of increasing the viscosity can be hardly
obtained.

[0141]

The reduced -viscosity (‘rgs;;/c) value of the polyester pfoduced in the present invention
can be controlled by the polycondensation time, polycondensation temperature,
polycondensation pressure, etc. For the reason that a polyester having practically sufficient
mechanical properties is obtained, the lower limit of the reduced viscosity is usually 1,6 dL/g,
preferably 1.7 dl/g, more preferably 1.8 dL/g, still more preferably 2.0 dL/g. Also, in view
of, for example, ease of withdrawing after the polycondensation reaction of polyester and ease

of molding, the upper limit is usnally 6.0 dL/g, preferably 5.0 dL/g, more preferably 4.0 dL/g.

- [0142]

Here, the reduced viscosity of the polyester is measured by the method described in
Examples later.

[0143]

The polyester obtained in the present invention is characterized by having goéd color
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tone. The YI value as an indicator of color tone can be controlled by the polycondensation
temperature, catalyst amount, etc. and is preferably 30 or less, more preferably 25 or less, still
more preferably 20 or less. If the Y1 value exceeds the upper limit above, a molded article
formed may disadvantageously take on a yellow tinge.

Here, the YT value of the polyester is measured by the method described in Examples
later. » ‘

As for the indicator of color tone of the palyester-of the present invention, a value
expressed by the color tone b value can also be used. The upper limit thereof is, usually,
preferably 13.5, more preferably 11, still more preferably 9, yet still more preferably 3. On
the other hand, the lower limit thereof is not particularly limited but is, nsually, preferably -2,
more preferably -1.5, still more preferably -0.8. -

[0144] '

Incidentally, in the polyester at an arbitrary stage of the polyester production process

or in the obtained polyester, various additives such as thermal stabilizer, antioxidant,

nucleating agent, flame retardant, antistatic agent, release agent and ultraviolet absorber may

* be added as long as the characteristics of the polyester are not impaired.

In addition, at the time of molding of the polyester, the molding may also be
performed by adding a reinforcement or an extender, such'as glass fiber, carbon fiber, titanium’
whisker, mica, talc, CaCQs, TiO; and silica, other than various additives above.

[0145] ’

Various additives and other components which can be added to the polyester, and the
methed for molding the polyester are the same as those described later in <PBT Composition>.
and <Molding Process of PBT>.

[0146]
<Production of PBT>

The production method of PBT that is particularly preferred as the polyester produced

by the production method of a polyester of the present invention, is described below.
[0147) |
<Raw Material for PBT Production>

 PBT in the present invention is obtained by subjecting a terephthalic acid or a
terephthalic acid alkylate and 1,4BG to an esterification reaction or a transesterification
reaction and then to a polycondensation reaction.
[0148]
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The terephthalic acid or terephthalic acid alkylate may be a compound produced by
the conventional fossilization process or a biomass-resource-derived compound obtained by a

fermentation process. Incidentally, the alkyl group of the terephthalic acid alkylate is

~ preferably an alkyl group having a carbon number of 1 to 4.
- [0149]

The terephthalic acid or terephthalic acid alkylate used as a raw material preferably
accounts for 8¢ mol% or more, more preferably 90 mol% or more, and most preferably 100
mol%, of ail'dicarboxylic acid components. Also, the biomass-resource-derived 1,4BG
preferably accounts for 80 mol% or more, more preferably 90 mol% or more, still more
preferably 99 mol% or more, of all diol components
[0150]

If the ratio of the tercp-hthalic acid or terephthalic acid alkylate in all dicarboxylic acid
components and the ratio of the biomass-resource-derived 1,4BG in all diol components are
not less than the lower limits above, the molded article tends to be improved in the mechanical
strength, heat resistance, aroma retentivity, etc., in terms of crystallization at the time of |
molding into an electric pasts, etc. and orientation crystallization of molecular chains by
stretching at the time of molding into a film, a fiber, etc.

[0151]

The raw material dicarboxylic acid-component may contain a dicarboxylic acid -
component other than the terephthalic acid or terephthalic acid alkylate as the main component,
and the other dicarboxylic acid component may be fed to a reaction vessel together with the
terephthalic acéd or terephthalic acid alkylate. The other dicarboxylic acid component
includes, for example, an aromatic dicarboxylic acid and an ester-forming derivative thereof,
such as phthalic acid, isophthaiicA acid, dibromoisophthalic acid, sodium sulfoisophthalate,
phenylenedioxydicarboxylic acid, 4,4'-diphenyldicarboxylic acid, 4,4-diphenyl ether
dicarboxylic acid, 4,4'-diphenyl ketone dicarboxylic acid, 4,4'-diphenoxyethanedicarboxylic

acid, 4,4-diphenyl sulfone dicarboxylic acid and 2,6-paphthalenedicarboxylic. acid; an

alicyclic dicarboxylic‘ acid and an ester-forming  derivative thereof, such as
hexahydroterephthalic acid and hexahydroisophthalic acid; and an aliphatic chain dicarboxylic
acid and an ester-forming derivative thereof, such as succinic acid, glutaric acid, adipic acid,
pimelic acid, suberic acid, azelaic acid, sebacic acid, undecadicarboxylic acid and
dodecadicarboxylic acid. One of these dicarboxylic acids may be used alone, or two or more
thereof may be mixed and used.
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[0152] .

On the other hand, the raw material diol component may contain a diol component
oﬁlér than the biomass-resource-derived 1,4BG. The other diol component includes, for
example, an aliphatic chain diol such as ethylene glycol, trimethylene glycol, pentamethylene
glycol, hexamethylene glycol, octamethylene glycol, decamethylene glycol, neopentyl glycol,
2-methyl-1,3-propanediol, 1,2-butanediol, 1,3-butanediol, 2,3-butanediol, 1,3-pentanediol,
2,3-pentanediol, 2-ethyl-2-butyl-1,3-propanediol, potyethylene glycol and pblyteﬁ‘ameﬂxylene
glycol; an alicyclic diol such as 1,2~cycloilexanediol, '1,4-cyclohexanediol,
1,1-cyclohexanedimethylol, 1,4-cyclohexanedimethylol and Z,S-norbcmanedhneﬂlylolg an
aromatic diol such as xylylene glycol, 4,4'-dihydroxybiphenyl,
2,2-bis(4"-hydroxyphenylypropane, 2,2-bis(4'-B-hydroxyethoxyphenyl)propane, .
bis(4-hydroxyphenyl)sulfone and bis(4'-B-hydroxyethoxyphenylsulfonic acid; an ethylene
oxide or propylene oxide adduct of 2,2-bis(4"-hydroxyphenyl)propane; and 1,4BG not derived
from biomass resources. One of these diols may be used alone, or two or more thereof may
be mixed and used.

[0153] _

As the PBT feedstock, the following component may be further used as a
copolymerization component, other than the above-described dicarboxylic acid component
and diol component.” »

The copolymerization component includes, for example, a monofui;cﬁonal
component, e.g., a hydroxycarboxylic acid such as glycolic acid, p»hy&oxybénioic acid and
p-B-hydroxyethoxybenzoic acid, an alkoxycarboxylic acid, a stearyl akcohol, heneicosanol,
octacosanol, a benzyl alcohol, a stearic acid, ‘a behenic acid, a benzoic acid, a tert-butylbenzoic
acid, and a benzoylbenzoic acid; and a trifunctional or higher polyﬁmctional componeﬁt such
as tricarballylic  acid, frimelliic  acid, ftrimesic acid, pyromellitic acid,
naphthalene-tetracarboxylic acid, gallic acid, trimethylolethane, trimethylolpropane, glycerol,
pentaerythritol and sugar ester. One of these copolymerization components may be used
alone, or two or more thereof may be mixed and used. -

[0154]
<Production Method of PBT>

The production method of PBT of the present invention may be sufficient if PBT can

be produced, and is not particularly limited. - '
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Known production methods of PBT are roughly -classified into a so-called direct

polymerization method using a terephthalic acid as the main raw material and a

transesterification method using a terephthalic acid alkylate as the main raw material. These
are different in that water is produced by the initial esterification reaction in the former and an
alcohol is produced ﬁy the initial transesterification reaction in the latter, but in view of
stability of raw material availability, ease of treatment of the distillate, high unit consumption
of the raw material and effect of improvement By the present invention, a direct

polymerization method is preferred.

© [0155]

The direct polymerization method includes;' for example, a method where
dicarboxylic acid components containing a terephthalic acid and diol components containing
1,4BG are continuously subjected to an esterification reaction in the presence of an
esterification reaction catalyst in a single-stage or multistage esterification reaction tank under
the conditions tha; the temperature is usually 18(}"0 or more, preferably 200°C or moré, more

preferably 210“’C or more, and is usually 260°C or less, preferably 250°C or less, more

preferably 245°C or less, the pressure is usually 10 kPa or more, prefefabiy' 13 kPa or more, -~ -~

more preferably 50 kPa or more, and is usually 133 kPa or less, preferably 120 kPa or less,
more preferably 110 kPa or less, and the reaction time is usually 0.5 hours or mbré, pfeferabljf
1 hourlor more, and is usually 5 hours or less, preferably 3 hours or less, the obtained oligomer
as an esterification reaction prodiict is transferred to a polygondensatgon reaction tank, and its
polycondensation reaction is continuously performed with stirring in the presence of a

polycondensation reaction catalyst in a multistage polycondensation reaction tank at a

- temperature of usnally 210°C or more, preferably 220°C or more, and usually 260°C or less,

preferably 250°C or less, more preferably 245°C or less, under reduced pressure at a pressure
of usually 27 kPa or less, preferably 20 kPa or less, more preferably 13 kPa or less, and in at
least one polycondensation reaction tank, still more preferably 2 kPa or less, for usually from 2
to 12 hours, preferably from 2'to 10 hours.
[0156] |

The transesterification method includes, for example, a method where dicarboxylic
acid components containing a terephthalic acid alkylate such as dimethyl terephthalate and
diol components containing 1,4BG are continuously subjected to a transesterification reaction

in- the presencé of a transesterification reaction catalyst in a single-stage or multistage
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esterification reaction tank under the conditions that the temperature is usually 110°C or more,
preferably 140°C 01“~ more, more preferably 180°C or more, and is usually 260°C or less,
preferably 245°C or less, more preferably 220°C or less, the pressure is usually 10 kPa or
more, preferably 13 kPa or more, more prefergbly 60 kPa or more, and is usually 133 kPa or
less, preferably 120 kPa or less, more preferably 110 kPa or less, and the reaction time is
usually 0.5 hours or more, preferably 1 hour or more, and is usually 5 hours or less, preferably
3 hours or less, the obtained oligomer as a transesterification reaction product is transferred to
a polycondensation reaction tank, and its polycondensation reaction is continuously performed
with stirriﬁg' in the presence of a polycondensation ‘reaction catalyst in a muitistage
polycondensation reaction tank at a temperature of usually 210°C or more, preferably 220°C

or more, and usually 260°C or léss, preferably 250°C or less, more preferably 245°C or less,

under reduced pressure at a pressure of usually 27 kPa or less, preferably 20 kPa or less, more

preferably 13 kPa or less, and in at least one polycondensation reaction tank, still more
preferably 2 kPa or less, for usually from 2 to 12 hours, preferably from 2 to 10 hours.
10157] '

The esterification reaction or transesterification reaction catalyst includes, for
example, an antimony compound such as antirﬁony trioxide; a germanium compound suc;h as
germanium dioxide and germanium tetroxide; a titanium compound, e.g., a titanium alcoholate
such as tetramethy! titanate, tetraisopropyl titanate and tetrabﬁtyl titanate, and a titanium
phenolate such as tetraphenyl titanate;” a tin compound such as dibutyltin oxide,
methylphenyltizi oxide, tetraethy]ﬁn, hexaethylditin oxide, cyclohexahexylditin oxide,
didodecyltin oxide, triethyltin hydroxide, triphenyltin hydroxide, triisobutyltin acetate,
dibutyltin diacetate, diphenyltin dilaurate, monobutyltin trichloride, tributyltin chloride,
dibutyltin sﬁlﬁde, butylhydroxytin oxide, methylstannoic acid, ethylstannoic acid and
butylstannoic acid; an alkaline earth metal compound, e.g., a magnesium compound such as
magnesium acetate, magnesium hydroxide, magnesium carbonate, magnesium oxide,
magnesium alkoxide and magnesium hydrogenphosphate, and a calcium compound such as
calcium acetate, calcium hydroxide, calcium carbonate, calcium oxide, calcium alkoxide and
calcium hydrogenphosphate; a manganese compound; and a zinc compound. One of these
compounds may be used alone, or two or more thereof may be mixed and used. Among
others, a titanium compound and a tin compound are preferred, and tetrabutyl titanate is more

ptefefred.
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[0158] _

The amount use of the esterification reaction or transesterification reaction catalyst is
not particularly limited but is, in terms of metal concentration (mass) in PBT, usually 1 ppm or
more, preferably 5 ppm or more, more preferably 10 ppm or more, still more preferably 20

ppm or more, most preferably 30 ppm or more, and is usually 300 ppm or less, preferably 200

ppm or less, more preferably 150 ppm or less, still more preferably 100 ppm or less, yet still

more preferably 90 ppm or less, most preferably 60 ppm or less. When the metal
concentraﬁbn {mass) in PBT 1s pot more than the upper limit above, the catalyst is less likely
o cause genemtidn of foreign matters and moreover, a deterioration reaction or gas evolution
tends to be hérd}y brought about at the time of thermal residence of PBT, and when the rﬁetai
concentration is not less than the lower limit, the main reaction rate is high and a side reaction
is difficult to occur.

[0159]

. Also,. as. the Aﬁdlycpndensaﬁon reaction catalyst, the esterification reaction or
transesterification reaction catalyst may be used directly as the polycondensation reaction
catalyst, or the catalyst above may be further added. The amount used of the
poiyéondensation reaction is not particularly limited but for the same reason as the
esterification reaction or transesterification reaction catalyst, the amount is, in terms of metal
concentration (mass) in PBT, usually 0.5 ppm or more, preferably 1 ppm or more, more
preferably 3 ppm or more, still more preferably 5 ppm or more, most preferably 10 ppm or

more, and is usually 300 ppm or less, preferably 200 ppm or less, more preferably 100 ppm or

. less, still more preferably 50 ppm or less, most preferably 30 ppm or less.

In the case of using an organic titanium compound as the catalyst, from the standpoint
of suppressing generation of foreign matters, the final titanium metal concentration (fnass) in
PBT is pfefcrably 250 ppm or less, more preferably 100 ppm or less, stil more preferably 60
ppm or less, and most preferably 50 ppm or less.

[0160] .

- The metal concentration (mass) in PBT can be measured psing atomnic emission,
Induced Coupled i’iasma (ICP) method, etc. after recovering the metal in PBT by wet ashing
or other methods.

[0161]
In the esterificationi reaction, transesterification reaction and poiycdndensation

reaction, in addition to the above-described catalyst, there may be used a phosphorus
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compound such as orthophosphoric acid, phosphorous acid, hypophosphorous acid,
polyphosphoric acid and an ester or a metal salt thereof; a reaction aid, for example, an alkali
metal compound, e.g., 2 sodium compound such as sodium hydroxide and sodium' benzoate,
lithium acetate, and a potassium compound such as potassium hydroxide and potassium
acetate; a reaction aid, e.g., an alkaline earth metal compound such as magnesium acetate and
calcium acetate; a phenol compound such as 2,6-di-tert-butyl-4-octyl phenol and
pentaerythrityl-tetrakis[3-(3',5'-tert-butyl-4'-hydroxyphenyl)propionate]; a thioether compound
such as dilauryl-3,3"-thiodipropionate and pentaerythrityl-tetrakis(3 -laurylthiodipropionate); an
antioxidant, e.g, @a phosphorus compound such as triphenyl phosphite,
tris(nonylphenyl)phosphite  and  tris(2,4-di-tert-butylphenyl)phosphite;  paraffin  wax, )

microcrystalline wax, polyethylene wax, and a long-chain fatty acid and an ester thereof,”

‘typified by montanic acid and montanic acid ester; a release agent such as silicone oil; and the .

like.
[0162]

The polycondensation reaction tank includes known reaction tanks such as vertical

: stirring polymerization tank, horizontal stirring polymerization tank and thin film evaporation
- polymerization tank. In the latter stage of polycondensation, where the viscosity of the

reaction solution rises, the mass transfer tends to be a factor governing the increase of
molecular weight rather than the reaction rate. Therefore, it is advantageous for achieving
the object of the present invention to drive the main reaction while suppressing a side reaction,
lower the temperature as much as possible and raise the surface renewal property, and it is
preferable to select a single or a plurality of horizontal stitring polymerization tanks having a
thin film evaporation function and being excellent in the surface renewal property, plug flow -
property and self-cleaning property.

[0163]

Also, PBT obtained by the production method of the present invention may be
subsequently subjected to solid-phase polycondensation by a known method to increase the
molecular weight.

[0164]

PBT obtained by the polycondensation reaction is usually fransferred to a polymer
extraction die from the bottom of the polycondensation reaction tank, withdrawn in a strand
form and, with water cooling or after water cooling, cut by a cutter into a pellet-like or

chip-like granular material. The granular material may be subsequently subjected to
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solid-phase polycondensation by a known method, ete. to raise its intrinsic viscosity.
[0165]
<Physical Properties of PRT> :

The intrinsic viscosity of PBT produced by ’.che present invention (hereinafter,
sometimes referred to as "PBT of the present invention") is not particilarly limited but in view
of mechanical properties, pelletization stability and moldability, is preferably 0.50 dL/g br
more, more preferably 0.70 dL/g or more, and is preferably 1.50 dL/g or less, more preferably
1.35 d1./g or less. There is a tendency that an intrinsic viscosity of PBT which is not less
than the lower Himit above is preferred in the light of mechanical properties of the molded
article and an intrinsic viscosity not more than the upper limit above is be preferred in the Iigﬁt
of moldability.

[0166]

The terminal carboxyl group concentration of PBT of the present invention is not
particularly limited, but the lower limit is pfeferably 1 equivalent/ton, more preferably 2
equivalents/ton, still more preferably 3 equivalents/ion, and most preferably 5 equivalents/ton,
and the upper limit is preferably 50 equivalents/ton, more preferably 40 eguivalenisiton, still
more preferably 30 equivalen’cs/tdn, and most preferably 25 equivalents/ton. When the -
terminal carboxyl group concentration of PBT is more than the upper limit above, PBT is
likely to have good hydrolysis resistance, and when the concentration is not less than the fower
limit above, the polycondensation property tends to be good.

The terminal carboxyl group concentration of PBT can be determined by &issolving |
the resin in an organic solvent and titrating the solution with an alkali solution such as sodium
hydroxide. More specifically, the concéntration is determined by the method described in
Exampies later.

(0167

The terminal vinyl group concentration of PBT of the present invention is not
particularly limited but in view of color tone and polycondensation property, is preferably 15
equivalents/ton or less, more preferably 10 equivalents/ton or less, still more preferably 7
equivalents/ton or less.

 The terminal vinyl group concentration of PBT can be determined by dissolving PBT
in a solvent and measuring NMR. More specifically, the concentration is determined by the
method described in Examples later. '
10168}
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<Color Tone of PBT>
Usually, the color tone of PBT produced using raw material 1,4BG derived from

biomass resources tends to deteriorate, but the color tone of PBT of the present invention is

~good. In addition, as described above, the color tone of the obtained PBT can be adjusted by

controlling the content of a cyclic carbonyl compound having a carbon atom number of 5 or 6
in the raw material 1,4BG in the refining step of 1,4BG -
[0169]
<PBT Composition>

PBT of the present invention can be formed 'a:s- a PBT composition containing
components other than PBT as long as the effects of the present invention are not seriously
impaired.  Specific examples of the component other than PBT include various resins such as
thermoplastic resin and thermosetting resin, a release agenf, a filler such as reinforcing filler, a
flame retardant, and other various additives. .
[0170] :

The thermoplastic resin includes polyethylene, polypropylene, polystyrene,
polyacrylonitrile, a polymethacrylic acid ester, a pq_lyacrylic écid ester, ABS résin, a
polycarbonate, a polyamide, a polyphenylene sulfide, polyethylene terephthalate, a liquid
crystal polyester, polyacetal, polyphénylene oxide, etc. The thermosetting resin includes a
phenol resin, a melamine resin, a silicone resin, an epoxy resin, etc.

Only one of these resins may be used, or two or more thereof may be used in

combmauon Out of these resins, a thermoplashc resin is used in many cases.

[0171]

In the case of blending such a resin, the blenéing amount (mass) thereof may be
sufficient if the excellent effects of the present invention are brought out, and the blending
amount is not particularly limited but is such an amount that the ratio of PBT to the total
amount of resins becomes usually 0.1 mass% or more, preferably 1 mass% or more, more
preferably 10 mass% or more, and usually 99.9 mass% or less, preferably 99 mass%‘or less,
more preferably 90 mass% or less.

[0172]

The release agent is not particularly himited but includes, for example, a phenol
compound such as 2,6-di-tert-butyl-4-octyl phenol and
pentaerythrityl-tetrakis[3-(3',5'-tert-butyl-4'-hydroxyphenyl)propionate]; a thioether compound
such as dilauryl-3,3'-thiodipropionate and pentaerythrityl-tetrakis(3-laurylthiodipropionate); an
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antioxidant, e.g, a phosphorus compound such as triphenyl phosphite,
tris(nonylphenyl)phosphite  and  tris(2,4-di-tert-butylphenyl)phosphite; paraﬁ'm Wax,
microcrystalline wax, polyethylene wax, and a long-chain fatty acid and an ester thereof,
t&piﬁed by montanic acid and montanic acid.ester; and silicone oil. One of these may be.
used alone, c;r two or more thereof may be mixed and used.
[0173] ‘

The reinforcing filler is not particularly limited but includes, for example, an
inorganic fiber sé:_:h as glass fiber, carbon fiber, silicasalumina fiber, zirconia ﬁbér, boron fiber,
boron nifride fiber, silicon nitride potassium titanate fiber and metal fiber; and an organic fiber
such as a{rol;natic polyamide fiber and fluororesin fiber. Among these, an inorganic fiber,
particularly, glass fiber, is suitably used. "Only one of these reinforcing fillers may be used, or
two or more thereof may be mixed and used..

[0174] )
In the case where the reinforcing filler is an inorganic or organic fiber, the averagé

fiber diameter is not particularly limited but is usually from 1 to 100 pm, preferably from 2 to

50 pm, more preferably from 3 to 30 um, still more preferably from 5 to 20 um.  The average
fiber length is not particularly limited but is usually from 0.1 to 20 mm, preferably from 1 to
10 mm. |

[0175]

As the reinforcing agent, a filler surface-treated with a sizing agent or a surface
treatment agent so as to enbance the interference adherence to PBT is preferably used. The
sizing agent or surface treatment agent includes, for example, a functional compound such as
epoxy-based compound, acrylic compound, isocyanate-based compound, silane-based
compound and titanate-based compound. The treatment with a sizing agent or a surface
treatment agent may be performed by previously surface-treating the reinforcing filler, or the

- filler may be put into contact with a sizing agent or a surface treatment agent when preparing

the PBT composition.
[0176] '

In the case. of using a reinforcing filler, the blending amount thereof is usually 150
parts by mass or less, preferably from 5 to 100 parts by mass, per 100 parts by mass of resin
components including PBT.

[0177]
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In PBT of the present invention, a filler other than a reinforcing filler may be blended.
This filler includes, for eﬁample, a plate-shaped inorgamic filler, a ceramic bead, asbestos,
wollastonite, talc, clay, mica, zeolite, kaolin, potassium titanate, barium sulfate, titanium oxide, -
siicon oxide, aluminum oxide, magnestum hydroxide, etc. By blending a plate-shaped
inorganic filler, anisotropy and warping of the molded article can ‘be reduced. The
plate-shaped inorganic filler includes a glass flake, mica, a metal foil, etc. Among these
fillers, a glass flake is suitably used.
[0178]

‘ | In PBT of t}ic‘present invention, a flame retardant may also be blended so as to impart
flame retardancy. The flame retardant is not particularly limited and includes, for .example,
an organic halogen compound, an antimony compound, a phosphorus compound, and other
organic and inorganic flame retardants. The organic halogen compound includes, for

example, a brominated polycarbonate, a brominated epoxy resin, a brominated phenoxy resin,.

‘a bmﬁiiﬁate_d polyphenylene ether resin, a brominated polys‘cyrené resin, a brominated

bisphenol A, and polypentabromobenzy! acrylate. The antimony compound includes, for
example, antimony trioxide, antimony pentoxide, and sodium antimonate. The phosphorus

compound includes a phosphoric acid ester, a polyphosphoric acid, ammonium polyphosphate,

_and red. phosphorus. The other organic flame retardant includes, for example, a nitrogen

compound such as melamine and cyanuric acid. The other inorgahic flame retardant includes,

‘for example, aluminum hydroxide, magnesium hydroxide, a silicon compound, and a boron

compound. One of these flame retardants may be used alone, or two or more thereof may be

mixed and used.

{01791

Other varicus additives are not particularly limited but include, for example, a
stabilizer such as 'antioxidant and heat stabilizer, a lubricant, a catalyst deactivator, a
nucleating agent, and a crystallization accelerator. These additives may be added in the
course of polycondensation or after polycondensation. |

in a&dition, other various additives also include a stabilizer such as ultraviolet
absorber and weather-resistant stabilizer, a colorant such as dye and pigment, an antistatic
agent, a blowing agent, a plasticizer, and an impact resistant improver.

[0180]
The méthod for blending the above-described other comiponent is not patticularly

limited but is preferably, for example, a method using, as a kneader, a single- or twin-screw
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extruder having equipment allowing for volatilization or escape through a vent port.

" Respective cdmponents including additive components may be fed en bloc to the kneader or

may be fed sequentially. Also, two or more components selected from respective
components including additive components may be previously mixed.

[0181]

<Molding Process of PBT>

The method for molding PBT of the present invention or a PBT composition
containing the polymer is not particularly limited, and a molding method, etc. generally used
for a thermoplastic resin, specifically, such as injection molding, hollow molding, extrusion
molding and press molding,‘ may be applied. ‘

PBT of the present invention and the PBT composition containing the polymer are
excellent in the color tone, thermal stability, transparency and quality stability and can be
suitably used in the applications to an injection molded article such as electric or electronic
component’ and automotive component, and an extrusion molded grticie such as ﬁln:;,
monofilament and fiber. . '

[0182]
[Production of Polyester Polyol]

The production method of a polyester polyol that is suitably used as a raw material
for the production of the polyurethane of the present invention (hereinafier, sometimes referred
to as "polyester polyol of the present invention"), is descﬁbed below.

This polyester polyol is produced by subjecting a dicarboxylic acid and/or a
derivative thereof (hereinafter, sometimes rt;,fcned to as "dicarboxylic acid component") and a
diol compound to an esterification and/or transesterification reaction. . ‘

"In the production method of the polyester polyol ‘of the present invention, 2
biomass-resource-derived diol having a content of a cyclic carbonyl compound with a carbon
atom number of 5 or 6 of 0.01 to 100 ppm by mass, which is described above in the paragraph
of Raw Material for Production of Polyester of the present invention, is used as the diol
compound., |
{0183]

(1) Dicarboxylic Acid Component

The dicarboxylic acid component for use in the present invention includes, for

example, an aliphatic dicarboxylic acid, an aliphatic dicarboxylic acid derivative, an aromatic

dicarboxylic acid, and an aromatic dicarboxylic acid derivative. One of these may be used
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alone, or two or more thereof may be mixed and used. Among these, in the application
requiring weather resistance; such as synthetic or artificial leather and coating material, the
main component is preferably an aliphatic dicarboxylic acid and/or a derivative thereof,
because yellowing hardly occurs. On the other hand, in the application.requiring strength,
such as elastic fiber, the main component is preferably an aromatic dicarboxylic acid with high
cohesive force and/or a derivative thereof.

With respect to the "main component” as used hérein, the content of the component is,
usually, preferably 50 mol% or more, more preferably 60 mol% or more, still more preferably
70 mol% or more, yet still more preferably 90 mol% or more, based on all dicafﬁoxylic acid
componenfs. -

[0184]

The aromatic dicarboxylic acid includes, for example, a terephthalic acid and an
isophthalic'acid. The aromatic dicarboxylic acid derivative includes, for example, a lower
alkyl ester of the aromatic dicarboxylic acid above. The lower alkyl ester of an aromatic .
dicarboxylic acid specifically includes, for example, a methyl ester, an ethyl ester, a propyl
ester, and a butyl ester. '

Among these, a terephthallc acid and an isophthalic acxd are preferred as the aromatic
dicarboxylic acid. Also, dimethyl terephthalate and dimethyl isophthalate are preferred as ‘
the aromatic dicarboxylic acid derivative. For example, as in a polyester of dimethyl
terephthalate and 1,4-butanediol, a desired aromatic polyester polyol polyurethane can‘ be‘
produced by using an arbitrary aromatic dicarboxylic acid.

[0185] .

The aliphatic dicarboxylic acid i is, usuaﬂy, preferably a cham or alicyclic dicarboxylic
acid having a carbon number of 2 to 40. ’

The chain or ahcychc dicarboxylic acid having a carbon number of 2 t& 40
specifically includes, for example, an oxalic acid, a succinic acid, a glutaric acid, an adipic
acid, a sebacic acid, a dodecane diacid, a dimer acid, and a cyclohexanedicarboxylic acid.
Among these, in view of physical properties of the obtained polyarethane, an adipic acid, a
succinic acid, a sebacic acid and a mlxture thereof are preferred, and a dicarboxylic ac;d
containing a succinic acid as the main component is more preferred.

The aliphatic dicarboxylic acid derivative includes, for example, a lower alky} ester of
the aliphatic dicarboxylic acid above, such as methyl ester, ethyl ester, propy! ester and butyl

ester, and a cyclic acid anhydride of the aliphatic dicarboxylic acid above, such as succinic
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acid. Among these, methyl esters of an adipic acid and a succinic acid, and a mixture thereof
are preferred as the aliphatic dicarboxylic acid derivative.
[0186]

The dicarboxylic acid component for use in the present invention may contain a
biomass-resource-derived component.  Preferable biomass-resource-derived components
contained in the dicarboxylic acid component include, for example, an adipic acid, a succinic
acid, and a sebacic acid,‘with a succinic acid being more preferred. o
[0187]

In the present inveﬁtion, the embodiment where the dicarboxylic acid contains a
biomass-résource—derived component may be, in the case of a single kind of a dicarboxylic
acid éomponent, a mixture of, for example, a succinic acid that is a petroleum-derived raw
material, and, for example, a biomass-resource-derived succinic acid, and in-the case of a
mixture of two or more kinds of dicarboxylic acids, may be sufficient if at least one kind of a
dicarboxylic acid component is derived from biomass }eéoui’ces, that ié, may be a mixture of a
biomass-resource-derived dicarboxylic acid component and a dicarboxylic acid component

that is a petroleum-derived raw material. Ix;~ the case of a mixtwre of a

' biomass-resource-derived dicarboxylic acid component and a dicarboxylic acid component

that is a petroleum-derived taw material, the content of the biomass-résource-derived
dicarboxylic acid component in the mixture is preferably 20 mol% or more, more preferably
40 mol% or more, still more preferably 60 mol% (;r more, yét still more preferably from 90 to
100 mol%. " o ‘ |

[0188]

The dicarboxylic acid component for use in the present invention is, usually,
preferably a dicérboxylic acid with less coloring. - As for the Srellow index (YI value) of the
dicarboxylic acid component for use in the present invention, the upper limit is, usually,
preferably 50, more preferably 20, still more preferably 10, yet still more preferably 6, and
even yet still more preferably 4. On the other hand, the lower limit is not particularly limited
but is, usually, preferably -20, more preferably -10, still more preferably -5, yet still more ’
preferably -3, and most preferably -1. ‘

Coloring of the obtained polyurethane can be suppressed by using a dicarboxylic acid
component having a YI value of 50 or less. On the other hand, use of a dicarboxylic acid
component having a YI value of -20 or more is economically advantageous in that, for

example, an extremely expensive equipment investment is.not required for the production or a
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vast amount of production time is nét necessary. Incidentally, the Y1 value as used in the
description of the present invention is a value measured by the method based on JIS-K7105.
[0189]

(2) Diol Compound . ‘

In general, the diol compound for use in the production of a polyesfer polyol includes
an aromatic diol compound and an aliphatic diol compound each having two hydroxyl g‘roups,
and one of these compounds may be used alone, or two or more thereof may be mixed and
used. o

" Out of these diol compounds, in view of ease of handling of the obtained polyester
polyol and balance of physical properties, an alip_hatic. dioi coinpound, that is, a linear or
branched, chain or alicyclic diol compound, is preferred, and the compound includes those
where the lower limit of the carbon number is preferably 2 and the upper limit is preferably 10,
more preferably 6.

[0190] |

Specific examples of the aliphatic diol compound iﬁciude ethyléne glycol,
1,3-propanediol, 2-methyl-1,3-propanediol, neopentyl glycol, 1,5-pentanediol,
3-methyl-1,5-pentanediol,  1,2-butanédiol,  1,6-hexanediol,  decamethylene  glycol,
1,9-nonanediol, 1,4-butanediol, and 1,4~cyclohcxaneéimeﬂ:1anol. l

Among these, ethylene ghyeol, 1,4-butanediol, 1,3-propanediol,
2-methyl-1,3-propanediol and 3-methyl-1,5-pentanediol are preferred; ethylene glycol,
1,4-butanediol and a mixture thereof are more preferred; and a compound containing
i,4-butanediol as the main component, and 1,4-butanediol are siill more preferred.

The "main component” as used herein indicates that the content of the component is,
usually, preferably 50 mol% or more, more preferably 60 mol% or more, still more preferably
70 mol% or more, yet still more preferably 90 mol% or more, based on all diol compounds.
[0191] ) ) o Ce
’ When a diol compound having an even mumber of methylene chains between
hydroxyl groups and an even carbon number is uséd as the aliphatic diol comﬁound, the b
mechanical strength of the polyurethane produced ﬁsing the obtained polyester polyol is
increased, and when a diol compound having an odd carbon number or a branched structure is
used, the handleability of the obtained polyester poiydl is enhanced.

[0192]

The aromatic diol compound is not particularly limited as long as it is an aromatic
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diol compound having two hydroxyl groups, but the aromatic dicl compound includes a

compound where the lower limit value of the carbon number is preferably 6 and the upper

limit value is preferably 15.

 Specific .examples of the aromatic diol compound include hydroquinene,
I,S—dihydroxynaphﬂialene,‘ 4,4'-dihydroxydiphenyl, bis(p-hydroxyphenyl)methane, and
bis(p-hydroxyphenyl)-2,2-propane.
[0193] _ _

In the preseﬁ.t invention, the content of the aromatic diol compound in all diol
compounds used for the production of a polyester polyol is, usually, preferably 30 mol% or
less, more preferébly 20 mol% or less, still more preferably 10 mol% or less.

[0194] _

In addition, a both end hydroxy-terminated polyether may also be used as the diol
component. The lower limit value of the carbon number of the both end hydroxy-terminated
polyethér‘ is, usually, preferably 4, more preferably 10, and the ui:per limit value is, usually,
preferably 1,000, more preferably 200, still more‘preferably 100. B

Specific examples of the both end hydroxy-terminated polyether include diethylene
glycol, triethylene glycol, polyethylene glycol, polypropyieﬁé giycoi,"'polyfei:ramet}aﬁéne
glycol, poly-1,3-propanediol, and poly-1,6-hexamethylene glycol. In addition, for example, a

- copolymerized polyether of polyethylene glycol and polypropylene glycol may also be-used.

[0195] ‘

The amoﬁnt used of the both end h}}droxy-tcrminated polyether is usually, in terms of
the content of the both end hydroxy-terminated polyether-derived constitutional unit in the
obtained polyester polyol, preferably 90 mass% or less, more preferably 50 mass% or less, still
more preferably 30 mass% or less.

[0196]

In the present invention, a biomass-resource-derived diol compound is used as the
diol compound. The biomass-resource-derived diol compound for use in the present
invention is produced directly from a carbon source such as glucose by a fermentation process.
[0197] ,

As a result of intensive studies, the present inventors have found that cyclic carbonyl
compouﬁds having a carbon atom number of 5 or 6 represented by formulae (I}, (II) and (IID),
contained in the biomass-resource-derived diol, have a significant effect on the deterioration of

color tone of the obtained polyester polyol when producing a polyester polyol by using the
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diol, among others, when producing polybutylene adipate.
[0198]

The content of the cyclic carbonyl compound having a carbon atom number of 5 or 6
in‘the biomass-resource-derived diol working out to a raw material of the polyester polyol in

the present invention is, in terms of mass ratio to the diol, usually 100 ppm or less, preferably

" 50 ppm or less, more preferably 12 ppm or less, still more preferably 3 ppm or less. When

the content of the cyclic carbonyl compound having a carbon atom number of 5 or 6 in the

biomass-resource-derived diol, particularly, in 1,4BG is not more than the upper limit above,

the color tone in the prodiction of a polyester polyol, among others, the color tone in the

;-;roduction -of .polybutylene adipate, tends to become good. Incidentally, in the present
invention, the color tone of the thained polyester polyol can also be adjusted by controlling
the content of the cyclic carbonyl cdmpound having a carbon atom number of 5 or 6 in the raw
material diol within the range above,

[0199]

The reason why the content of the cyclic carbonyl compound baving a carbon atom
number of 5 or 6 in the biomass-resource-derived diol used as a raw material for the
prodiction of a'polyester polyol, which is not more than the upi)er limit above, is preferred in
view of color tone of the obtained polyester polyol, is not clearly known but is presumed
because the production volume of various derivatives rich in reactivity, such as amide, amine
and amino acid, produced by a reaction of the cyclic carbonyl compound considered to cause
deterioration of the color tone of the polyester polyol with a nitrogen atom-containing
compound, as.described above, can be reduced.

[0200]

Among others, the compound having a structure represented by formula (III)
significantly deteriorates the color tone of the polyester polyol and therefore, the upper limit of
the content of the compound having a structure répresented by formula (III) in the diol
feedstock for use in the present invention is, in terms of the mass ratio to the diol, usually 50
ppm, preferably 12 ppm, more preferably 6 ppm, still more preferably 2 ppm. When the
content of the compound having a structure represented by fdrmula (1T} in the
biomass-resource-derived diol, particularly, in 1,4BG, is not more than the upper Limit above,
the color tone in the production of a polyester polyol, particularly, in the production of
polybutyleﬁc adipate, tends to become good. On the other band, when the content is not less

than the lower limit above, the refining step of the biomass-resource-derived diol becomes
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simple and easy, and this is economically advantageous.
[0201]

Incidentally, in the present invention, the content of the cyclic carbonyl compound
having a carbon atom number of 5 or 6 in the biomass-resource-derived diol indicates the total
content of a cyclic carbonyi compound having a carbon atom number of 5 and a cyclic
carbonyl éompound having a carbon atom number of &, and this content may be determined
using a factor computed from the effective carbon coefficient after analyzing the cyclic
carbonyl compound by gas chromatography (GC) but for the sake of sxmphcity, may also be
calculated from an area ratio in GC analysis. The content of the cyclxc carbonyl compound
having a carbon atom number of 5 or 6 in the diol feedstock is specifically measured by the
method described in Examples later.

[0202] - ‘

In the present invention, it is ;mportant for obtaining a polyester polyol with good
color tone. to reduce the content of the cyclic carbonyl compound having :; carbon atom
number of 5 or 6 in the raw material diol, and as long as the content of the cyéiic carbonyl
compound can- be reduced to a predetermined value or less, aﬁy process for reducing the
content of the cyclic carbonyl cempouﬁd having a carbon atom number of 5 or 6 may be
employed.

{0203]

A diol derived from biomass resources sometimes contains, as an impurity, a nitrogen
atom-containing compound ascribable to fermentation treatment and réfming treatment
involving a step of neutralization with an acid. Specifically, a mitrogen atom-containing
compound, for example, derived from amino acid, protein, ammonia, urea and fermentation
bacteria is contétined. N »

[0204]
The upper limit of the content of the nitrogen atom-containing compound in the

biomass-resource-derived diol working out to a raw material of the polyester polyol in the

_present invention is, as the mass ratio to the diol, in terms of nitrogen atom, usually 50 ppm,

prefcmbly 20 ppm, more preferably 10 ppm, still more preferably 5 ppm. The lower limit is
not particularly limited but is usually 0.01 ppm, preferably 0.1 ppm, and in view of
profitability such as load reduction in the refining step, more preferably 0.2 ppm. When the
content of the nitrogen atom-containing compound in the biomass-resource-derived diol is not

more than the upper limit above, for example, the polycondensation reaction rate in the
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polyester production and the color tone of the polyester produced are more likely to become

desirable. The reason why the éqntent of the'nitrogen atom-containing compound in the
biomass-resource-derived -diol used as the diol feedstock, which is not more than the upper -

limit above, is likely to be advantageous in view of, for exéxnple, the polycondensation

~ reaction rate and color tone, is not clearly known but 1s presuined because the production of a '

coloration-inducing substance acting to inhibit the polycondensation reaction and deteriorate
the color tone of a polyester polyol, other than the nitrogen atom-containing compound, can be
suppressed in the f_eﬁning step involving treatment and distillation of the fermentation liquid

for the control of the content of the nitrogen atom-containing compound in the diol.

[0205)

For example, in the case of obtaining 1,4BG by hydrogenating succinic acid obtained
by fermentation of the biomass resource, the content of the nitrogen atom-containing
compound in the raw material 1,4BG derived from biomass resources can be adjusted by

controlling the content of the nitrogen atom-containing compound in the succinic acid by

-fermentation conditions, conditions of neutralization with ammonia, crystallization conditions

of succinic acid, and the like. In addition, the content of the nitrogen atom-containing
compéund in the diol such 'as 1,4BG obtained by hydrogenating succinic acid can be adjusted
by refining conditions including distiltation. Furthermore, also in the case where the dicl
such as 1,4BG is directly obtained by fermentation of the biomass resource, the content can be
adjusted, for example, by the fermentation conditions, conditions of neutralization with
ammonia, adsorption of amino acid by an jon exchange resin, and refining conditions,
including distillation of the obtained diol.
[0206] _

" In the present invention, when using the biomass-fesource-derived diol compouhd as
a raw materal of the polyester polyol, the oxygen concentration or temperature in a- tank for
storing the diol compound, which is connected to the reaction system, may be controlled so as
to prevent the polyester polyol and furthermore, the polyurethane from coloring due to
impurities above. o

By the control above, coloring of the impurity itself or an oxidation reaction .of the

diol compound promoted ‘by the impurity is suppressed and, for example, the polyurethane can
be prevented from coloring due to an oxidation product of a diél' compound such as
2~(4-hydroxybutyloxytetrahydrofuran in the case of using 1,4-butanediol. .
[0207]
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(3) Pioduction of Polyester Polyol -

The polyester polyol in the present invention is produced by subjecting the
above-described -dicarboxylic acid component and diol compound to an esterification and/or
transesterification reaction. |
[0208] ‘ |

The amount of the diol compound used when producing a polyester polyol is
substantially equimolar to the amount of diol compound necessary for obtaining a poiyester

polyol having a desired molecular weight, based on the molar number of the dicarboxylic acid

“component, but in general, the diol compound is pféferably used in excess by from 0.1 to 20

mol%, because distillation out of the diol compound occurs during the esterification and/or

transesterification reaction. .
- [0209]

The esterification and/or transesterification reaction is preferably performed in the

* presence of an esterification catalyst. The timing of addition of the esterification catalyst is

not particularly limited, and the catalyst may be added at the time of charging of raw materials,
may be added after removing water td some extent, or may be added at the start of bressure
reduction.

[0210]

In the case of using the dicarboxylic acid as the raw material, the raw material
dicarboxylic acid itself shows the catalytic action‘and therefore, it is a comﬁzon practice to
perform the reaction without adding the catalyst at the initial reaction stage and when the
reaction rate becomes insufficient in response to the production rate of produced water, add an
esterification catalyst different from the raw material component. On this occasion, the
timing of addition of the esterification catalyst different from the raw- material component is’
preferably when the reaction rate of esterification reaction in progress relative to the
esterification reaction rate at the initial reaction stage without addition of the catalyst becomes™

173 or less, more preferably than 1/5 or less, because the reaction is advantageously easy to

‘control,

[0211) ’ .
The esterification catalyst includes, for example, a compound containing a metal

element belonging to Groups 1 to 14 of the periodic table excluding a hydrogen atom and a

carbon atom. Specifically, the catalyst includes, for example, an organic group-containing
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compoutid such as carboxylate, méuﬂ alkoxide, ofganic sulfohate or PB-diketonate salt each
containing at least one or more metals selected from the group consisting of titanium,
zirconium, tin, antimony, cerium, germanium, zinc, cobalt, manganese, iron, aimnimmz,
magnesium, calcium, strontium, sodium and potassium, an morgamc compound such as ox;de
or halide of the metal above and a mixture thereof,

[0212]

Incidentally, for the above-described reason, such a catalyst component is sometimes

contained in the raw matenai denved ﬁ'om blomass resources, In this case, the raw material

may be ‘nsed directly as a metaLcontammg raw material without performing any particular -
refining of the raw material.
[0213]

Among those esterification catalysts, a metal compound containing titanium,
zirconium, germamum, zine, alummum magnesium or calcium, and a mixture thereof are
preferred, and a titanium compound, a zirconium compound and 2 germanium compound are
more preferred. In addition, for the reason that the reaction rate is increased when the catalyst -
is in a melted or dissolved state at the time of esterification reaction, the catalyst is preferably
a compound that is liquid at the time of esterification reaction or dissolves in the polyester -
polyol. produced.

[0214] , _

The titanium compound as the esterification catalyst is preferably, for example, a

tetraalkyl titanate and specifically inchudes tetra-n-propyl titanate, tetraisopropyl fitanate,

- tetra-n-butyl titanate, tetra-tert-butyl titanate, tetrapheny! titanate, tetracyclohexyl titanate,

tetrabenzyl titanate, and a mixed titanate thereof. )

Also, preferable titanium  compounds include, for exampie, titanium
(oxy)acetylacetonate, titanium tetraacetylacetonate, titanium (diisbpropoxide)acetylacetlonate,
titanium Ibis(ammcﬁium lactato)dihydroxide, titanium bis(ethyl acetoacetate)diisopropoxide,
titanium  (triethanolaminate)isopropoxide, polyhydroxytitanium steamte; titanium  Jactate,
titanium triethanoclaminate, and butyl titanate dimer.

[0215]
~ Furthermore, preferable titanium compounds also include, for example, titanium
oxide and a composite oxide containing titanium and silicon (e.g., titania/silica composite

oxide).
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[0216]

Among these, tetra-n-propyl titanate, tetraisopropyl titanate, tetra-n-butyl titanate,
titanium  (oxy)acetylacetonate, titanium tefraacetylacetonate, titanium bis(ammonium
lactato)dihydroxide, polyhydroxytitanium stearate, titanium lactate, butyl titanate dimer,
titanium oxide and a titania/silica composite oxide are preferred; tetra-n-butyl titanate,

titanium (oxy)acetylacetonate, titanium tetraacetylacetonate, polyhydroxytitanium stearate,

titanium lactate, butyl titanate dimer and a titania/silica composite oxide are more prefezred

and tetra-n-butyl titamate, polyhydroxytitanium stearate, htamum {oxy)acetylacetonate,
titanium tetraacetylacetonate and a titania/silica composite oxide are still more preferred.
[0217}

Examples of the zirconium compound as the esterification catalyst include zirconium
tetraacetaﬁe zirconium acetate ‘hydroxide zirconium tris(butoxy)stearate, zirconyl diacetate,
zirconium oxalate, zmconyl oxalate, ammonium zirconinm. oxalate, potassium zn'comum
oxalate, polyhydroxyzlrcomum stearate, zirconium ethoxide, zirconinm tctra-n~prop0x3de

zirconium  tetraisopropoxide, zircomium tetra-n-butoxide, zircomium tetra-tert-butoxide,

_zirconium tributoxyacetylacetonate, and a mixture thereof,

[0218)]

Furthermore, zirconium oxide and a composite oxide containing zirconium and
silicon are also suitably used as the zirconium compound.
[0219] |

Among these, =zirconyl diacetaté, zirconium  tris(butoxy)stearate, zirconium
tetraacetate, zirconium acetate hydroxide, ammonium zirconium oxalate, potassium zirconium
oxalate, polyhydroxyzirconium  stearate, zircomium tetra-n-propoxide, zirconium
tetraisopropoxide, zirconium tetra-n-butoxide and zirconium tetra-tert-butoxide are preferred;
zirconyl - diacetate, zirconium tetraacetate, zirconium acetate hydroxide, zirconium
tris(butoxy)stearate, ammonium zircopium oxalate, zircomium tetra-n-propoxide and
zirconium tetra-n-butoxide are more preferred; and zirconium tris(butoxy)stearate is still more
preferred.
[0220]

The germanium compound as the esterification catalyst specifically includes, for
exa.mple,-an inorganic germanium_ compound such as germanium oxide and germanium
chloride, and an organic germanium compound such as tetraalkoxygermanium. In view of

cost and ease of availability, genmanium oxide, tetracthoxygermanium, tetrabutoxygermanium,
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etc. are preférred, and germanium oxide is more preferred,
[0221]

In the case of using a metal compound as such an esterification catalyst, the lower
limit value of the amount of the catalyst used is usually, as the mass concentration in terms of
metal relative to the polyester polyol produced, preferably 1 ppm, more preferably 3 ppm, and
the upper limit value is, usually, preferably 30,000 ppm, more preferably 1,000 ppm, still more
preferably 250 ppm, yet still more preferably 130 ppm. By setting the amount of the catalyst
used to 30,000 ppm or less, not only this is economically advantageoas but also the thermal
stability of the polyester polyol obtained can be enhanced. Also, by setting the amount of the
catalyst used to 1 ppm or more, the polymerization activity at the time of reaction for the
production of & polyester polyol can be enhanced.

[0222) ' '

As for the reaction tefnperature in-the esterification reaction and/or transesterification

reaction of the dicarboxylic acid component and the.diol ébmponent, the lower limit s, usually,

preferably 150°C, more preferably 180°C, and the upper limit is, usually, preferably 260°C,

.more preferably 250°C. The reaction atmosphere is usually an inert gas atmosphere such as

nitrogen and/or argon. The reaction pressure is, usually, preferably from ordinary pressure to
10 Torr, more preferably from ordinary pressure to 100 Torr.

The lower limit of the reaction time is, usually, preferably 10 minutes, and the upper
limit is, usually, preferably 10 hours, more preferably 5 hours.
[0223] -

In addition, the esterification reaction and/or transesterification reaction - are
performed under ordinary pressure or reduced pressure, and the timing of pressure reduction -
and the degree of pressure reduction are preferably adjusted in response to the reaction rate
and in response to the boiling point of the raw material diol compound or in the case of
allowing an azeotropic solvent to coexist, the boiling point thereof. In order to perform a
more stable operation, it is preferred that the reaction is performed under ordinary pressure at
the start of esterification reaction and/or transesterification reaction and after the reaction rate
of esterification reaction and/or transesterification reaction in progress becomes 1/2 or less of
the initial rate, the pressure reduction is started at the desired timing. The timing for starting
the pressure reduction may be either before or after the timing of addition of the catalyst.
[0224]
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As the reaction apparatus used for the production of a polyester polyol, a known
vertical or horizontal stirring tank-type reaction vessel can be used. For example, there is a
method using a stirring tank-type reaction vessel equipped with an exhaust pipe for pressure
reduction connecting a vacuum pump and a reaction vessel. A method where a condenser is
coupled between exhaust Iﬁipes for pressﬁre _reductibn connecting a vacuum pump and a
reaction vessel and volatile componénts formed during the ﬁolyc_ondensation reaction or
unreacted raw materials are rec;)vered by the condenser is preferfed.
[0225]

In an industrial production method, the reaction is judged mainly by the outflow of a

_ distillation component to determine the end point of reaction, but the appropriate outflow is

dependent on the boiling point (ease of flowing out) of the raw material diol compound. In
general, the reaction end point is determined by the acid value during the reaction. In
addition, depending on the case, a treatment of adjusﬁ_ng the polyester polyol to a desired
molecular weight (recondensation or depolymerization by the addition of the 1iaw ﬁatéﬁal dio}
compoundj is added. Furthermore, the reaction end point is generally decided in response to
the outflow, but when the producf is measured for the acid value after the completion of
reaction and the acid value falls outside the target standard, the esterification reaction and/or
transesterification reaction are again carried out to adjust the acid value of the produced
polyester polyol to the desired acid value.

[0226] '

The acid value of the 'poiyester polyol, by which the reaction end point is détefrhined, .
is preferably 1.0 mgKOH/g or less, more preferably 0.5 mgKOH/g or less, still more
preferably 0.2 mgKOH/g or less. Also, the preferable water amount at the completion of
reaction is preferably 200 ppm or less, more preferably 100 ppm or less, still more preferably
50 ppm or less, and in order to appropriately adjust the acid value and water amount at the end
point, depending on the case, the reaction can also be performed by adding an azeotropic
solvent capable of azeotroping water and forming two pﬁases and free from active hydrogen.
The azeotropic solvent is not particularly limited as long as it has such performances, but an_
inexpensive aromatic compound such as benzene and toluene is employed in general.

[0227)

After the reaction for production of a polyester polyol, the product may be stored as it

is or fed to a urethanation reaction or may be subjected to a treatment of deactivating the

added catalyst and then stored or fed to a urethanation reaction. The method for deactivating
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the added catalyst is not particularly limited, but use of a catalyst deactivating additive such as
phosphite trimester is more preferred than a method having a concern for breaking the
polyester polyol structure, such as water treatment,

[0228]

" (4) Polyester Polyol

As the polyester polyol for use in the production of the polyurethane of the present
nvention, specifically, a polyester polyol produced by subj ecting a dicarboxyiic acid

component and a diol compound in the followmg combmanon to an cstenﬁcauon or

 transesterification reaction may be exemplifi ed.

{02291

The polyester polyol using succinic acid includes, for example, a polyester polyol of
succinic acid and ethylene glycol, a polyester polyol of succinic acid and 1,3-propylene glycol,
a polyester polyol of succinic acid and 2-methyl-1,3-propanediol, a polyester polyol of
succinic acid and 3~methyl¥1;5-pentanediol, a polyester polyol o_f succinic acid and neopentyl
glycol, a polyester polyol of succinic acid and 1,6—hexaxqethy1ene glycol, a polyester polyol of
succimic acid and 14-butanediol, and a —polyester polyol of succinic acid and
1,4-cyclohexanedimethanol.
[0230]

The polyester polyol using oxalic acid includes, for example, a polyester polyol of
oxalic acid and ethylene glycol, a polyester polyol of oxalic acid and 1,3-propylene glycol, a
polyester polyol of oxalic acid and Z-methyl-l ,3-propanediol, a polyester polyol of oxalic acid
and 3-methyl-1,5-pentanediol, a polyester polyol of oxalic acid and neopentyl glycol, a
polyester polyol of oxalic acid and 1,6-hexamethylene glycol, a polyester polyol of oxalic acid
and 1,4-¥$utanediol, and a ﬁolyester polyol of oxalic acid and 1,4—cyciohéxancdime£hanol.
[0231] .

The polyester polyol using adipic acid includes, for example, a polyester polyol of
adipic acid and ethylene glycol, a polyester polyol of adipic acid and 1,3-propylene glyeol, a
polysster polyol of adipic acid and 2-methyl-1,3-propanediol, a polyester polyol of adipic acid
and 3-methyl-1,5-pentanediol, a polyester polyol of adipic acid and neopentyl glycol, a
polyester polyol of adipic acid and 1,6-hexamethylene glycol, a polyester polyol of adipic acid
and 1,4-butanediol, and a polyester polyol of adipic acid and 1,4-cyclohexanedimethanol.
[0232]

In addition, a polyester polyoi using two or more of the above-described dicarboxylic
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acids in combination is also preferred, and such a polyester polyol includes a polyester polyol
of succinic acid, adipic acid and ethylene glycol, a polyester polyol of succinic acid, adipic
acid and 1,4-butanediol, a polyester polyol of terephthalic acid, adipic acid and 1,4-butanediol,
a polyester polyol of térephthali;: acid, succinic acid and 1,4-butanediol, and the like.
[0233]

The number average molecular weight (Mn) in terms of hydroxyl value of these
polyester polyols_;is,psually, preferably from 500 to 5,000, more preferably from 700 to 4,000,
sﬁll more preferably from 800 to 3,000. When the number avérage molecular weight of the

b polyester polyol is 500 or more, a polyurethane satisfied with physical properties is obtained

by using the polyester polyol, and when the molecular weight is 5,000 or less, the viscosity of
the polyester polyol 1s kept from becoming too high, leading to good handleability.

| [0234]

Furthemiore, the molecular weight distribution (Mw/Mn) of the polyester polyol as
measured by GPC (gel permeation chromatography) ‘is, usually, preferably from 1.2 to 4.0,
more prefefably. from 1.5 to 3.5, still more preferably from 1.8 to 3.0. By setting the
molecular weight distribution to a range of 1.2 or more, the profitability of the polyester polyol
production is enhanced, and by setting the molecular weight distribution to a range of 4.0 or
less, the physical properties of the polyurethane obtained using the polyester polyol are
enhanced.

[0235]

In the case of performing the reaction for the poiyurethaﬁc production without using a
solvent, the polyester polyol is preferably liquid at 40°C, and furthermore, the viscosity at
40°C is preferably 15,060 mPass or less.

The polyester polyol of the present invention may be éolid or liquid (in a liquid state)
at ordinary temperature without any particular limitation but in view of handling, is preferably
liquid at ordinary temperature. ‘ ‘

[0236]

The content of nitrogen atoms contained in the polyester polyol of the present
invention except for those in covalently bonded functional groups is preferably 1,000 ppm or
less as the mass concenfration in the polyester polyol. The content of nitrogen atoms
contained in the polyester polyol except for those in covalently bonded functional groups is
preferably 500 ppm or less, more preferably 100 ppm or less, still more preferably 50 ppm or
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less, yet still more preferably 40 ppm or less, even yet still more preferably 30 ppin or less,
and most preferably 20 ppm or less.

The content of nitrogen atoms contained in the polyester polyol of the present
invention except for those in covalently bonded functional groups is mainly derived from the
nifrogen atom in the raw material, and when the content of nitrogen atoms contained in the
polyester polyol except for those in covalently bonded functional groups is 20 ppm or less,
coloring of the polyurethane is suppressed. '
[02377 ‘ .

The polyester polyol of ihe present invention is, usually, preferably a polyester polyol
with less coloring, The upper limit of the value expfessed by the color tone b value of the
polyester polyol of the present invention is, usually, preferably 1.5, more preferably 1.1, still
more preferably 0.8, yet still more preferably 0.65.  On the other hand, the lower limit thereof
is not particularly limited but is, usuaily; preferably -2, more preferably -1.5, still more
preferably -0.8. ' ‘ ,

” The polyester polyol having a color tone b value of 1.5 or less is advantageous in that,
for example, no limitation is imposed on the use and application, such as film and sheet, of the
polyurethane using this polyester polyol as the raw material. On the other hand, a polyester
polyol having a color tone b value of -2 lor more is economically advantageous, because the
production process of producing the polyester polyol is not cumbersome and an extemely
expensive equipment investment is not necessary.

[0238]

In the present iﬁvention, for the production of the polyurethane, one of the
above-described polyester polyols may be used alone, or two or more of known polyols may
be mixed and used.

[0239]

[Production of Polyurethane]

The production method of a polyurethane by the present invention is described below.

In the present invention, a polyurethane is produced by producing the
above-described polyester polyol while controliing the content of a cyclic carbonyl compound
having a carbon atom number of 5 or 6, and reacting the obtained polyester polyol with an
isocyanate compound. At this time, a chain extender may be used, if desired.

[0240]

(1) Isocyanate Compound
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The isocyanate compound for use in the present invention includes, for example, an
aromatic’ diisocyanate such as 2,4- or 2,6-tolylene diisocyanate, xylylene diisocyanate,
4,4'-diphenylmethane diisocyanate (MDI), para-phenylene diisocyanate, 1,5-n£}phthalene
diisocyanate and tolidine diisocyanate; an aromatic ring-containing aliphatic diisocyanate such
as cx,cx,zx',u‘-tetramethylxylyiené diisocyanate; an aliphatic diisocyanate such as methylene
diisocyanate, propylene diisocyanate, lysine diisocyanate, 224-  or
2,4,4-trimethylhexamethylene diisocyanate and 1,6-hexamethylene diisocyanate; and an
alicyclic diisocyanate such as 1,4-cyclobexane diisocyanate, methylcyclohexane diisocyanate
(hydrogenated TDI), 1-i§ocyanato~3 -isocyanatomethyl-3,3,5-trimethyicyclohexane (IPDI),
4,4'-dicyclohexylmethane diisocyanate and isopropylidenedicyclohexyl-4,4'-diisocyanate.
One of these compounds may be used alone, or two or more thereof may be mixed and used.
[0241] |

In the present invention, in the application requiring weather resistance, such as‘
synthetic or artificial leather and coating maferiai, an aliphatic diisocyaqate and/or an alicyclic

diisocyanate are preferably used, because yellowing by light hardly occurs. Among others,

. in view of good physical properties and ease of availability, 1,6-hexamethylene diisocyanate,

1-isocyanato-3-isocyanatomethyl-3,5,5-trimethylcyclohexane and 4,4'-dicyclohexylmethane
diisocyanate' are preferably used. On the other hand, in the application requiring strength,
such as elastic fiber, an aromatic diisocyanate with hi_gh cohesive force is preferably used, and-
in view of good physical properties and ease of availability, it is more preferred to use tolylene
diisocyanate (TDI) and c{ipizeﬁyhneﬂlane diisocyanate (hereinafter, sometimes referred to as
"MDI"). In addition, an isocyanate compound where a part of NCO groups is modified into
urethane, urea, burette, allophanate, carbodiimide, oxazolidone, amide, imide, etc. may also be
used, and furthermore, the polynuclear form encompasses compounds containing an isomer
other than those described above. .
[0242]

The amount used of such an isocyanate compound is, usually, preferably from 0.1 to
10 equivalents, more preferably from 0.8 to 1.5 equivalents, still more preferably from 0.9 to
1.05 equivalents, per equivalent of the hydroxyl group of the polyester polyol and the
hydroxyl group and amino group of the chain extender.

By setting the amount used of the isocyanate compound to a range of not more than

the upper limit above, an undesirable reaction of an unreacted isocyanate group is prevented
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from occurring, as a result, desired physical properties are easily obtained, and by setting the
amount used of the isocyanate compound to a range of not less than the lower limit above, the
molecular weight of the obtained poiyurethane sufficiently grows, making it possible fo exert
desired performances.

[0243]

The isocyanate compound reacts with water contamed mna polyurethane feedstock
other than the i 1socyanate compound, such as polyester polyol or chain extender, and pamaily
disappears and therefore an amount to compensate for the loss may be added to the desired ‘
amount used of the isocyanate compound Specifically, the polyester polyol cham extender
etc. are measured for the water amount before being mixed with the 1sccyanate compound at
the time of reaction, and an isecyanate compound having isocyanate groups corresponding to
two times the amount of the substance containing the water is added in a predetermined use
amount.

[0244]

The mechanism by which the iéocyanate group reacts with water and disappears is
that an isocyanate group becomes an amine compound by the reaction with a water molecule
and the amine compound further reacts with an isocyanate group to form a urea bond, as a
result, two isocyanate groups disappear per one water molecule. There is a fear that this
disappearance makes the necessary isocyanate compound lacking and desired physical
properties are not obtained, and therefore, it is effective to add an isocyanate compound for
making up the amount correéponding to the water amount by the method described above.
{0245}

(2) Chain Extender

In the present invention, a chain exchanger having two or more active hydrogens may
be used, if desired. The chain extender is classified mainly into a compound having two or
mor¢ hydroxyl groups and a compound having two or more amino groups. Of these, a
short-chain polyol, specifically, a compound having two or more hydroxyl groups, is
preferable for the polyurethane application, and a polyamine compound, specifically, a
compound having two or more amino groups, is preferable for the polyurethane urea
application.

In addition, when a compound having a molecular weight (number average molecular
weight) of 500 or less is used in combination as the chain extender, rubber elasticity of a

polyurethane elastomer is ephanced, and therefore, this is more preferred in view of physical
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properties.
[0246) S,

The compound having two or more hydroxyl -groups includes, for example, an
aliphatic glycol such as ethylene glycol, diethylene glycol, triethylene glycol, propylene glycol, .
dipropylene glycol, tripropylene glycol, 1,3-propanediol, 1,2-butanediol, 1,3-butanediol, -
1,4-butanediol, 2,3-butanediol, 3-methyl-1,5-pentanediol, neopentyl glycol,

‘2~methy1~l S-propanedlol 2-methyl-2-propyl-1, 3-propanedlol

~buty1~2»et§1y1 1,3-propanediol, 1 S-penmneélol 1,6-hexanediol, 2-methyl-2 4-pentanedml
2,2,4-tnmethy1»1,3apentancd101, 2-ethyl-1,3 -hexanedlol, 2,5-dimethyl-2,5-hexanediol,
2-butyl-2-hexyl-1,3-propanediol, 1,8-octanediol, 2-methy1«1,8~ocwnediol and 1,9-nonanediol;"
an alicyclic glycol such as bishydroxymethylcyclohexane; and an aromatic ring-containing
glycol such as xylylene glycol and bishydroxyethoxybenzene.
[0247]

The compound ha%zing twWo Or more aming groupé includes, for ekample; an aromatic
diamine such as  24- or  2,6-tolylenediamine, - xylylenediamine  and
4,4'-diphenylmethanediamine; an  aliphatic  diamine such as ethylenediamine,
1,2-propylenediamine, 1,6-hexanediamine, 2.2-dimethyl-1,3-propanediamine,

2-methyl-1,5-pentanediamine, 1,3-diaminopentane, 2,2,4- or 2,4,4-trimethythexanediamine,

2-butyl-2-ethyl-1,5-pentanediamine, - 1,8-octanediamine, 1,9-nonanediamine and
1,10-decanediamine; and  an alicyclic diamine such A as
1-amino-3-anﬁnomethyl-3,S,S-tﬁmemylcyciohexane | © (IPDA),
4 4"-dicyclohexylmethanediamine . L (hydrogenated . MDA),
isopropylidenecyclohexyi-4,4'-diamine, ‘ 1,4-diaminocyclohexane and

1,3-bisaminomethylcyclohexane.
[0248]

Among these, ethylene glycol, diethylene glycol, 1,3-propanediol, 1,4-butanediol,
3-methyl-1,5-pentanediol, neopentyl glycol, 2-methyl-1,3-propanediol, isophoronediamine,
hexamethylenediamine, ethylenediamine, propylenediamine, 1,3-diaminopentane and
2-methyl-1,5-pentanediamine are preferred in the present invention, and in view of ease of
handling or storage and excellent balance of physical properties of the obtamed polyurethane,
1,4-butanediol is more preferred.

[0249]

For the chain extender as well, a biomass-resource-derived chain extender may also
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be used, and in this case, the production method therefor is the same as thé production method
of the above-described biomass-resource-derived diol compound.

Of these chain extenders, a compound having a hydroxyl group is preferred wheﬁ

using an aromatic polyisocyanate as the isocyanate compound, and a compound having an

amino groﬁp is preferred when using an aliphatic polyisocyanate. In addition, one of these -
chain extenders may be used alone, or twb or more thereof may be mixed and usedl ‘
[0250]

The émount used of the chain extender is not particuiérly limited but, usually,
preferably from 0.1 to 10 equivalents per equivalent of the polyester polyol. -

By setting the  amount used of the chain extender to a range of not more than the
upper limit above, the obtained polyurethane (or polyurethane urea) can be prevented from
becoming excessively hard and not only desired characteristics are obtained but also the resin
is easily soluble in a solvent, making the processing easy. Also, by setting the amount used
to a range of not less than the lower limit, the obtained polyurethane (or polyurethéne ureg)
can be kept from becoming excessively soft and not only sufficient strength and elaétici’cy
recovering performance or ‘ elasticity retaining performance are obtained but also
high-temperature characteristics can be enhanced.

[0251] ' ‘

In the present invention, in the case of a diol compound for the chain extender, the -
compound is prefcrably used by controlling the content of the cyclic carbonyl compound
having a carbon atom number of 5 or 6, and the upper limit of the content of the cyclic
carbonyl compound having a carbon atom number of 5 or 6 in the diol compound as the chain
extender is usually 100 ppm, preferably 50 ppm, more preferably 12 ppm, still more preferably
2 ppm. The lower limit is usually 0.01 ppm, preferably 0.1 ppm, more preferably 0.2 ppm, -
and from the economical view point of the refining step, the lower limit is preferably 0.5 ppm.
When the content of the cyclic carbony1 compound having a carbon atom number of 5 or 6 in

the biomass-resource-derived diol compound, particularly, in 1,4-butanediol, is not more than

. the upper limit above, the color tone in the polyurethane production tends to become good.

On the other hand, when the content is not less than the lower limit, the refining step of the
biomass-resource-derived diol compound becomes simplé, which is economically
advantageous.

[0252]

(3) Chain Terminator
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In the present invention, for the purpose of controlling the molecular weight of the '
obtained polyurethine, a cﬁain terminator having one active hydrogen group may be used, if
desired. Examples of the chain terminator include an aliphatic monohydroxy compound
having a hydroxyl group, such as méthanol, ethanol, propanol, butanol and hexanol, and an
aliphatic monoamine having an amino groﬁp, such as morpholine, diethylamine, dibutylamine,
monoethanolarﬁiué and diethanolamine. One of these compoupds‘ may be used alone, or two

or more thereof may be mixed and used.

| [0253)

(4) Crosslinking Agent

In the present invention, for the purpose of increasing the heat resistance or strength
of the obtained polyurethane, a crosslinking agent having three or more active hydrogen
groups -or- isocyanate groups may be used, if desired. As the crosslinking agent,
trimethylolpropane, glycerin and an isocyanate-modified product thereof, polymeric MDI, etc.
can be used.

[0254]
(5) Production of Polyurethane

In the present invention, a polyurethane is produced using the above-described
polyester polyol and isocyanaie compound and, if desired, using the chain extender, chain
terminator, etc. described above by controlling the content of a cyclic carbonyl compound
having a carbon atom humber of 5 or 6 in the raw material. ‘

[0255]

In the present invention, the polyurethane may be produced by a reaction in a bulk
manner, namely, without a solvent, or by a reaction in a solvent excellent in the solubility of
polyurethane, such as aprotic polar solvent.

[0256]

An example of the production method for a polyurethane of the present invention is
described below, but the production method of a polyurethane of the present invention is not
limited to the following method by any means.

The production method of a polyursthane includes, for example, a one-step method
and a two-step method. ‘

{0257]

The one-step method is a method of reacting a polyester polyol, an isocyanate

compound and a chain extender at the same time.
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The two-step method is a method of first reacting a polyester polyol and an
isocyanate compound to prcpére a prepolymer having an isocyanate' group at both ends, and

then reacting the prepolymer with a chain extender (hereinafter, sometimes referred to

Misocyanate group-terminated two-step method"). In addition, the method also includes a

method of preparing a prepéiymér having a hydroxyl group at both ends, and then reacting the

* prepolymer with an isocyanate compound.
- [0258]

Of these, the isocyanate group-terminated two-step ﬁlethod passes through a step of
previously reacting a polyester polyol with 1 equivalent or more of an isocyanate compound,
thereby preparing an intenmediate having both ends capped with isocyanate, corresponding to
the soft segment of a polyurethane.

The method of once preparing a prepolymer and thén‘reacting it with a chain extender
is characterized in that the molecular weight of the soft segment portion is easily adjusted, the
phase separation between the soft segment and the hard segment is likely to be distinctly ,
created, and the performance as an elastomer is easy to bring out.

In particular, in thé'éase where the chain extender is a diamine, the reaction rate with
an isocyanate group is greatly different from that with a hydroxyl group of the polyester polyol

and therefore, it is more preferable to carry out the polyurethane urea formation by the

prepolymer method.

[0259]
<QOmne-Step Method>

The one-step method is also-called a one-shot method and is a method of performing
the reaction by charging a polyester polyol, an isocyanate compound and a chain extender all
together.  The amount used of each compound may be the use amount described above.

In the one-shot method, a solvent may or may not be used. In the case of not using a
solvent, the isocyanate compound and the polyester polyol, etc. may be reacted using a
low-pressure foaming machine or a high-pressure foaming machine or may be reacted with
stirring and mixing by using a high-speed rotary mixer.
[0260]

In the case of using a solvent, the solvent includes, for example, ketones such as
acetone, methyl ethyl ketone, methyl isobutyl ketone and 'cyciohexancne; ethers such as
dioxane and tetrahydrofuran; hydrocarbons such as hexane and cyclohexane; aromatic

hydméarbons such as toluene and xylene; esters such as ethyl acetate and butyl acetate;
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halogénated hydrocarbons such as chlorobenzene, trichlene and perchlene; aprotic polar
solvents  such as  y-butyrolactone,  dimethylsulfoxide, - N-methyl-2-pyrrolidone,
N,N-dimethylformamide and N,N-dimethylacetamide; and a mixture of two or more thereof.
Among these organic solvents, in view of solubility, an aprotic polar solvent is
preferred. Preferable specific examples. of the aprotic polarAsolvent include methyl ethyl
ketone, methyl isobutyl ketone, N,N-dimeth}'flacetamide, N,N-dimethylformamide,
N-methyl-2-pyrrolidone, and dimethylsulfoxide, with N,N-dimethyifonnémidc and ‘
N,N-dimethylacetamide being more preferred. |
[0261]

In the case of the one-shot method, the lower limit of the reaction equivalent ratio of

NCOfactive hydrogen group {polyester polyol and chain extender) is, usually, preferably 0.50, .

more preferably 0.8, and the upper limit is, usually, preferably 1.5, and more preferably 1.2. -

. By setting the reaction equivalent ratio to a range of 1.5 or less, it can be prevented
that an excess isocyanate group causes a side reaction and thereby pro'dncssl an undesired
effect on the physical properties of the polyurethane. Also, by setting the reaction equivalent
ratio to a range of 0.50 or more, the molecular weight of the obtained polyurethane can |
sufficiently grow, and generation of a problem with the strength or thermal stability can be
inhibited.

[0262] , .

The reaction is’ preferably performed at a‘ temperature of 0 to 100°C, but this
temperature is preferably adjusted according to the amount of solvent, the reactivity of raw
material used, the reaction equipment, etc. If the reaction temperature is two low, the
reaction proceeds too slowly and because of low solubility of the raw material or
polymerization product, the productivity is bad. As well, a too high reaction temperature is
not preferred, because a side reaction or decomposition of the polyurethane occurs. The
reaction may be performed whiledegassing under reduced pressure. ‘

[0263] |
‘ Ftirthermore, a catalyst, a stabilizer, etc. may be added to the reaction system, if "
desired.

The catalyst includes, for example, triethylamine, tributylamine, dibutyltin dilaurate,
dioctyltin dilaurate, dioctyltin dineodecanoate, stannous octylate, acetic acid, phosphoric acid,
sulfuric acid, hydrochloric ac_:id, and sulfonic acid.
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The stébilizer includes, for example, 2,6-dibutyl-4-methylphenol, distearyl
thiodipropionate, di-B-naphthylphenylenediamine, and tri{ dinonylphenyl)phosphite.
[0264] '
<Two-Step Method> )

_. The two-step method is also called a prepolymer process, where an isocyanate
compound and a polyester polyol are previously reacted preferably in a reaction elquivalent
ratio of 0.1 to 10.00 to produce a prcpolmcr and subsequently, an isocyanaie compound and |
an active hydrogen compound component such as the chain extender are added to the
prépolymer, thereby performing a two-step reaction. . Iﬁ pani-éular,. a method of reac;ting an

isocyanate compound in an equivalent amount or more relative to the polyester polyol to

. obtain a both end NCO-terminated prepolymer and subsequently, allowing a short-chain diol

or diamine as the chain extender to act on the prepolymer to obtain a polyurethane is useful.
[0265] '

In the two-step method, a soIveﬁt may or may not be used. In the case of usmg a
solvent, the solvent includes, for example, ketones such as acetone, methyl ethyl ketone,
methyl isobutyl ketone and cyclohexanone; ethers such as dioxane and tetrahydrofuran; -
hydrocarbons such as hexane and cyclohexane; aromatic hydrocarbons such as toluene and
xylene; esters such~as ethyl acetate and butyl acetate; halogenated bydrocarbons such as
chlorobenzene, trichlene and perchlene; aprotic polar solvents such as y-butyrolactone,
dimethylsulfoxide, N—methyl—%—pyzmlidone, N,N-dimethylformamide A  and
N,N-dimethylacetamide; and a mixture of two or more thereof. » '

In the present invention, among these organic solvents, an aprotic polar solvent is .v
preferred in view of solubility. Preferable spe,ciﬁé examples of the aprotic polar solvent -
include N,N-dimethylacetamide, N,N-dimethylformamide, N-methyl-2-pyrrolidone, and
dimethyl sulfoxide, with N,N-éimethylformamids and N,N-dimethylacetamide -being more
preferred.

[0266]

- In the case of synthesizing an isocyanate group-terminated prepolymer, (1) a
prepolymer may be synthesized by directly reacting an isocyanate compound and aApo]yester
polyol without using a solvent and be used as it is, (2) a prepolymer may be synthesized by the
method of (1) and then used by digsolving it in a solvent, or (3) a prepolymer may be

synthesized by reacting an isocyanate compound and a polyester polyol with use of a solvent.
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[0267].

In the case of (1), a polyurethane ig preferably obtained in the form of coexisting with
a solvent by a method of, for example, dissolving a chain extender in a solvent or inﬁoducing
the prepolymer and a chain extender simultaﬁeously into a solvent.

[0268] . o

As for the reaction equivalent ratic of NCO/active hydrogen group (polyester polyol)
at the time of synthesis of a prepolymer, the lower limit is, usuaily, preferably 0.1, more
preferably 0. 8 and 1he upper limit is, usually, preferably 10, more preferably 5, still more
preferably 3, |
[0269]

The amount used of the chain extender is not particularly limited, but in terms of the ..
ratio to the equivalent of NCO group or OH group contained in the prepolymer, the lower limit
is, usualIy, prefcrabiy 0.8, more preferably 0.9, and the upper limit is, usually, preferably 2,
more preferably 12. By se’ctmg this ratio to a range of 2 or less, it can be prevented that an
excess chain extender causes a side reaction and thereby produces an undesired effect on the
physical proplgrties of the polyurethane. -Also, by setting the ratio to a range of 0.8 or more,
the molecular weight of the obtained polyurethane can sufficiently grow, and generation of a
problem with the strength or thermal stability can be inhibited.

[0270]

In addition, a monofunctional organic amine or alcohol may be allowed to coexist at
the fime of reaction. ' '
[0271] o

The reaction temperature is preferably from 0 to 250°C, but this temperature is
preferably adjusted according to the amount of solvent, the reactivity of raw material used, the
reaction equipment, etc. If the reaction temperature is two low, the reaction proceeds too
slowly and because of low solubility of the raw material or polymerization product, the

productivity is bad. As well, a too high reaction temperature is not preferred, because a side

reaction or decomposition of the polyurethane occurs. The reaction may be performed while

degassing under reduced pressure.
[0272]
Furthermoré, a catalyst, a stabilizer, etc. may be added to the reaction system, if

desired.
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The catalyst includes, for example, triethylamine, tributylamine, dibutyltin dilaurate,”

dioctyltin dilaurate, dioctyltin dineodecanoate, stannous octylate, acetic acid, phosphoric acid,

" sulfuric acid, hydrochloric acid, and sulfonic acid.

However, in the case where the chain extender is a compound having high reactivity,
such as short-cham aliphatic amine, the reaction is preferabiy carried out without adding a
catalyst. )

The stabilizer includes, for example, 2 ,6-dibutyl-4-methylphenol, distearyl
tlnodtpropxonate di- B~naphthylphenylcnedxamme, and m(dmonylphcnyi)phosph;te
[0273]

(6) Physical Properties, etc. of Polyurethane ,

The polyurethane produced by the production method of a polyurethane of the
present invention (hereinafter, sometimes referred to as "polyurethane of the present
invention") preferably has the following physical properties. ,

As for the physical properties of the polyurethane of the present invention, for
example, a polyuretbane uéing, as the raw material, a polyester polycl obtained from an
aliphatic diol and an aliphatic dicarboxylic acid, such as polybutylene succinate or

polybutylene succinate adipate, preferably possesses very broad physical characteristics such

that the tensile breaking stress at 23°C is from 5 to 150 MPa and the elongation at break is ‘

from 100 to 1,500%. _

In the case of targeting a ' specialized application, a polyurethane having
characteristics in an arbitrary broad range beyond the limit of the above-described range can
be formed.. These characteristics can be arbitrarily adjusted by varying the kind of the
polyurethane feedstock or additive, the polymerization conditions, the molding conditions, and
the like, according to the intended use.

[0274]

The ranges of representative physical properties possessed by the polyurethane of the
present invention are described below.
[0275]

As for the composition ratio of the polyurethane, it is preferred that the diol unit (the
constitutiona! unit derived from the diol compound) and the dicarboxylic acid unit are

substantially equal in the molar ratio.

- [0276]
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As for the sulfur atom content in the polyurethane of the present invention, in terms
of atom, the upper limit is preferably 50 ppm, more preferably 5 ppm, still more preferably 3 -
ppm, and most preferably 0.3 ppm, relative to the mass of the polyxirethahe. On the other

.hand, the lower limit is not particularly limited but is preferably 0.0001 ppm, more preferably

0.001 ppm, still more preferably 0.01 ppm, yet still more preferably 0.05 ppm, and most
préferabiy 0.1 ppm.

By setting the sulfur atom content to a range of 50 ppm or less, the thermal stability
or hydrolysis resistance of the polyurethane can be enhanced. Also, by setting the content to
a range of 0.001 ppm or more, an eﬁéessive rise in the refining costs is prevented, which is
econornically &;dvantageous in the production of a pélyurethane. ,

[0277) | | |

The pélyurethanc of the present invention is, usualfy, preferably a polyurethane with
less coloring. As for the YI value of the polyurethane of the present invention, the upper
limit is, usually, preferably 20, more preferably 10, stifl mdre preferably 3, yet still more
preferably 3. On the other hand, the lower limit thereof is not particularly himited but is,
usually, preferably -20, more preferably -5, still more preferably -1.

A polyurethane having a YI value of 20 or less is advantageous in that no limitation is
imposed on the use and application, such as film and sheet. On the other hand, a
polyurethane having a YI value of -20 or more is economically advantageous, because the
productaon process of producmg the polymethane 1s not cumbersome and an extremely
expenswe equipment investment is not neccssary
[0278]

The weight average molecular weight of the polyurethane of the present invention as
measuned by gel permeanon chromatography (GPC) may vary,depending on use but as the
poiyurethane, the welght average molecular weight is, usually, preferably from 10,000 to
1,000,000, more preferably from 50,000 to 500,000, still more preferably from 100,000 to
400,000, yet stll more preferably from 100,000 to 300,000. As for the molecular weight
distribution, Mw/Mn is preferably from 1.5 to 3.5, more preferably from 1.8 to 2.5, still more

' pref::rably from 1.9 10 2.3,

By setting the molecular weight to a range of 1,000,000 or less, the solution viscosity
is kept from becoming too high, and the handleability is enhanced. Also, by setting the
molecular weight to a range of 10,000 or more, the obtained polyurethane can be prevented

from excessive reduction in the physical properties. By setting the molecular weight
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- distribution to a range of 1.5 or more, the profitability of the polyurethane production is kept

from excessively deteriorating, and the elastic modulus of the obtained polyurethane is
enhanced. Also, by setting the moiecuiar weight distribution to a range of 3.5 or less, the -
solution viscosity is kept from becoming too high, and the handleability is enhanced. In
addition, the obtained polyurethane can be prevented from excessively increasing in the elastic
modulus,” aid the elastic recovery is improved.

[0279] . '

For cxample, in applications such as synthetic or artificial leather, polyurethane for
shoe sole, ﬁlm sheet, tube and moisture permeable resin, the weight average molecular Wexght
of the polyurethane is, usually, preferably from 10,000 to 1,000,000, more preferably from
50,000 to 500,000, still more preferably from 100,000 to 400,000, yet still more preferably
from 150,000 to 350,000. As for the molecular weight distribution;, Mw/Mn is preferably
from 1.5 to 3.5, more preferably from 1.8 to 2.5, still more preferably from 1.9 10 2.3,

“By setting the molecular weight to a range of 1,000,000 or less, the solution viscosity ‘
is kept from becoming too high, leading to good handlcability. Also, by setting the molecular
excessive reduction in the physxcal properties. By setting the molecular weight dlsmbutmn
to a range of 1.5 or more, the profitability of the polyurethane production becomes good, and
the elastic modulus of the obtained polym‘ethane can be enhanced. Also, by settmg the

molecular weight distribution to a range of 3.5 or Icss the solut]on viscosity is kept from

becoming too high, leadmg to good handleablhty. In addition, the obtained polyurethane can - b

be prevented from excessively increasing in the elastic modulus, and the elastic recovery is
improved.
[0280] _

A solution obtained by dissolving the polyurethane of the present invention in an

aprotic solvent (hereinafter, sometimes referred to as "polyurethane solution") is convenient

" for the processing into a film, a yamn, etc., because gelling scarcely proceeds, the storage.

stability is good, such as little change over time of viscosity, and the thixotropy is low.
[0281]

The polyurethane content in the polyurethane solution is, usually, preferably from 1 to
99 mass%, more ;ireferably from 5 to 90 mass%, still more preferably from 10 to 70 mass%,
yet still more preferably from 15 to 50 mass%, based on the total mass of the polyurethane

solution. By setting the polyurethane content in the polyurethane solution to a range of 1
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mass% or more, removal of a large amount of the solvent is not necessary, and the productivity

' can be enhanced.  Also, by setting the content to a range of 99 mass% or less, the viscosity of

the solution is suppressed and the operability or processability can be enhanced.
Althoug}} not particularly specified, in the case of storing the pclyurcthane solution

over a long period of time, the solution is preferably stored m ah inert gas atmosphere such as

"nitrogen or argon.

[0282)
(7) Additives of Polyurcthane _

In the polyurethane of the present invention, various additives may be added,“ if
desired. These additives include, for example, an antioxidant such as CYANOX AI 790

Tproduced by CYANAMID], IRGANOX 245, IRGANOX 1010 [both produced by Ciba

Specialty Chemicals], Sumilizer GA-80 (produced by Sumitomo Chemical Co., Ltd.) and
2 6-dibutyl-4—methy1phen01 (BHT); a light stabilize such as TINUVIN 622LD, TINUVIN 765
[both produced by Ciba Specialty Chemicals], SANOL LS-2626 and LS-765 {both produced
by Sankyo Co., Ltd. ], an ultraviolet absorber such as TINUVIN 328 and TINUVIN 234 (both
produced by Ciba Speciaity Chemicals);  a silicon compound such as
dimethyisilbxane—pciyoxya}kyicne copolymer; an additive and a reactive flame retardant, such
as red phosphorus, organophosphqms compound, phosphorus- or halogen-containing organic

compound, bromine- or chlorine-containing organic compound, ammonium polyphosphate,

. aluminum hydroxide and antimony oxide; a colorant, e.g., a pigment such as titanium dioxide,

a dye, and carbon black; a hydrolysis inhjbit§r such as carbodiimide compound; a filler such
as short glass fiber, carbon fiber, alumina, tale, graphite, melamine and white clay; a lubricant;
an oil; a surfactant; and other inorganic extenders and organic solvents. In addition, a
blowing agent such as water and chlorofluorocarbon alternative may also be added, and this
addition is useful, among others, in a polyurethane foam for shoe sole. '
[0283] '
(8) Polyurethane Molded Article and Use

The polyurethane of the present invention and the polyurethane solution thereof can
exert a variety of characteristics and can be widely used as a foam, an elastomer, a coating
material, a fiber, an adhesive, a floor material,- a sealant, a medical material, an artificial
leather, etc. The uses [1] to [11] are described below, but the apblication of ﬂne‘poiyﬁrethane
of the present invention and the polyurethane solution thereof is not limited to the followings

by any means.
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[0284]
[1] Use as a casting polyurethane elastomer

For example, rolls such as rolling roll, papermaking roll, office equipment and

" pretension roll; solid tires and casters for a forklift, an automotive vehicle new tram, a carriage,

a carrier, etc.; industrial producis such as conveyor belt idler, guide roll, pulley, steel pipe
liming, rubber screen for ore, gears, connection ring, liner, impeller for pump, cyclone cone
and cyclone liner; belts for OA equipment; paper feed rolls; squeegees; cleaning blades for
copying; snowplows; foéthéd i)eits; and sﬁrf rollers. | | ‘
[0285] |

- [2] Use as a thermoplastic elastomer

For ‘example, tubes or hoses in a pneumatic component for food and medical fields, a
coating apparatus, an analytical instrument, a physicochemical apparatus, a metering pump, a
water treatment apparatus, an industrial robot, etc.; spiral tubes and fire hoses; and belts such

as round belt, V-belt and flat belt, in various transmission mechanisms, spinning machines,

_packhging devices and printing machines.

[0286]
[3]

Heel tops and shoe soles of footwear; device components such as cup ring, packing,
ball joint, bushing, gear and roll; sports goods; leisure goods; wristwatch belts; etc.ﬂ
[0287]

[4] As an automotive doi:npoﬁént :

Oil stoppers, gear boxes, spacers, chassis parts, interior. trims, tire chain substitutes,
films such as key board film and automotive film, curl cords, »cabie sheaths, bellows,
conveying belts, flexible containérs, binders, synthetic leathers, dipping products, adhesives,
ete, ‘

[0288]
[S51Useasa solvent-based two-p-ack coating material

For example, wood products such as musical instrument, family Buddhist altar,
furniture, decorative plywood and sports goods; and as a tar-epoxy-urethane, automotive
TEPAIrs. |
[0289]

[6] Component of a moisture-curable one-pack type coating mater_ial, a block'isocyanate-based

solvent coating material, an alkyd resin coating material, a urethane-modified synthetic resin
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coafing material, an ultraviolet-curable coating material, etc.

For example, coating materials for plastic bumper, strippable paints, coating materials
for magnetic tape, overprint varnishes for floor tile, floor material, paper, wood grain printed
film, etc., varnishes for wood, coil coats for high processing, optical fiber protective coatings,
solder resists, topcoats for metal ﬁrinﬁng, base coats for vapor deposition, and white coats for _
food can.

[0290]

[71 As an adhesive

Shoes, fooﬁvear, magnetic tape binders, decorative paper, wood, structural members,
etc.; and components of }ow—témpera‘tme usable adhesive or hot-melt adhesive.
[02917
[8] As a binder ‘

Magnetic recording mediums, inks, castings, burned bricks, grafting materials,
microcépsules, éxanular Afertﬂ‘izers, granular agrochemicals, polymer cement mortars, resin
mortars,»rubber chip binders, reclaimed foams, glass fiber sizing, etc. '

[0292] | |
[9] As a component of fiber processing agent

Shrink proofing, crease proofing, water repellent finishing, etc.

[0293]

b [10] Asa sealant/cauikir_lgmateﬁa}

Concrete walls, induced joints, peripberies of sash, wall-type PC joints, ALC joints,
board joints, sealants for composite giass, heat-insulating sash sealants, automotive sealants,

etc.
[0294]
[11] Use as a polyurethane for shoe sole, a synthetic leather, and an artificial leather

In this case, the raw material polyester polyol component may have a skeleton of

- adipic acid, sebacic acid, etc. In addition, a polyurethane that is derived from plants and is

biodegradable, is more suitable for non-durable consumer goods such as resin for shoe.
[0295]
(9) Artificial Leather or Synthetic Leather
An artificial leather or a synthetic leather, which is one example of representative
applications of the polyurethane of the present invention, is described in detail below.
[0296]



15

20

25

30

77

The artificial leather or synthetic leather has, as major constituent elements, a base

clbth, an adhesive layer, and a skin layer.
(0297] ' '

The skin layer is formed using a skin layer blended solution obtained by mixing the
polyure&hané of the present invention with other resins, an antioxidant, an ultraviolet absorber,
etc. to prepare a polyurethane resin’ solution, and mixing the solution with a colorant, an
organic solvent, etc. In addition, a hydrolysis ini}iﬁitor, a pigment, a dye, a flame retardant, a
filler, a crossiinking agent, etc. can be addéd, if désiréd, to the polyurethane solution.

 [0298]
10

Other reéins include, for example, a polyurethane other than the polyurethane of the
present invention, a poly(meth)acrylic resin, a vinyl chloride-vinyl acetate-based copolymer, a
vinyl chloride-vinyl propionate-based copolymer, a polyvinyl butyral-based resin, a
cellulose-based resin, a polyester resin, an epoxy resin, a phenoxy resin, and a polyamide
resin. -

The crosslinking agent includes, for example, a polyisocyanate compound such as

organic polyisocyanate, crude MDI, TDI adduct of trimethylolpropane, and triphenylmethane

. isocyanate,

[0299] A

The base cloth includes, for example, Tetron/rayon, a napped cotton cloth, a knitted
cloth, énd a nylon tricot cloth. The adhesive'includes, for example, a two-pack polyuréthane
composed of a polyurethane, a polyisocyanate compound and a catalyst.

The polyisocyanate compound includes, for example, a TDI adduct of
trimethylolpropane. The catalyst includes, for example, an amine-based or tin-based catalyst.
[0300] ‘

For producing an artificial or synthetic leather using the polyurethane of the present
invention, first, the polyurethane of the present invention is mixed with other resins, etc. o
prepare a polyurethane solution, and the solution is then mixed with a colorant, etc. to prepare
a skin layer blended solution. Subsequently, this blended solution is coated on a release
paper and dried, an adhesive is further coated thereon to form an adhesive layer, a base cloth
such as napped cloth is laminated thereto and dried, and after aging at room temperature for a
few days, the release paper is separated, whereby an artificial leather or a synthetic leather is
obtained.

The produced artificial leather or synthetic leather can be used for clothing, shoe, bag,
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etc.

EXAMPLES
[0301]

The present invention is described in greater detail below, but the present invention is
not limited by the following Examples as long as the gist of the present invention is observed.
[0302] -

[ Analysis Method] .
<Content (ppm by mass) in terms of nitrogen atom of a nitrogen—cbntaixﬁng compopﬁd in
i,4BG> ‘ R

15 mg of 1,4BG was collected on a quartz boat, and the sample was burnt using a

trace total nitrogen analyzer (model code: "Moc}el TN-10", manufactured by Dia Instruments

Co., Ltd.) and guantitatively determined l;y a combustion and chemiluminescence method.

As the standard sample employed, those having a concentration of 0, 0.5, 1.0 and 2.0 pg/mL in -

terms of nitrogen atom were produced by dissolving aniline in toluene and used.

[0303] .
<Contents (ppm by mass) of a cyclic carbonyl compound having a carbon atom number of 5
or § and other components in 1,4BG>

The content of the component at each peak, such as 1,4BG, was determined according
to a corrected area peréentage method computed from the effective carbon coefficient in gﬁs
chromatograph analyzer "Model Shimadzu GC-2014" manufactured by Shimadzu Corporation
by using column PEG-20M (polar) manufactured by GL Science.

[0304] _

Incidentally, the amount of the cyclic carbonyl compound having a carbon atom
number of 5 or 6 is small and therefore, the sample was injected into the gas chromatograph
analyzer by not diluting the sample with a solvent. Also, the amount of the cyclic carbonyl
compound having a carbon atom number of 5 or 6 was calculated from the ratio between the
area value of 1,4BG and the area value of the cyclic carbonyl compound without making a
correction to the effective carbon coefficient. |

The ketone and/or aldehyde each having a carbon atom number of 5 or 6 ‘can be
detected by GC-MS and/or GC-IR and can be discrimmated from other components in the
refined 1,4BG These are presumed fo be 2-acetyltetrahydrofuran and
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2-methyldihydro-2H-pyran-3(4H)-one.
2-Acetyltetrahydrofuran (hereinafter, referred to as "ATF"):

GC-MS (EI): 86, 71, 43, 29 |

GC-IR: 2980, 2885, 1734, 1454, 1360, 1176, 1080, 925 cm’
2-Methy}djhydm-2ﬁ-pyran-3(4I-I)-one (hereinafter, referred to as ”MIQO") '

GC-MS (EI): 114, 71,42, 29 \ '

GC-IR: 2956, 2851, 1742, 1240, 1115 om’

{0305] )

In the following, the total of ATF and MHPO is defined as the total of cyclic carbony!
compounds having a carbon atom number 'of 5 or 6 and is reférréd to és""total Cg,CG cyclic
carbonyl”. Also, the component higher in the boiling point than 1,4BG is referred to as
"high-boiling-point component”, and the component lighter in the boiling poiﬁf than 1,4BGis
referred to as "light-boiling-point component”. Each of the components is simply referred to
as follows: ' -

GBL: gamma-butyrolactone

1,4HAB: 1-acetoxy-4-hydroxybutane

BGTF: 2-(4-hydroxybutyloxy)tetrahydrofuran '

In the following, both "ppm" and "%" indicating the component composition are a
value on the mass basis.

[0306]
<Production Volumes of Water and THF in PBT Production>
- A distillate in an esterification reaction was determined for water amount by the Kail

Fisher's method (measured by "CA-03", manufactured by Mitsubishi Chemical Co:pofatioh),

“and the rest except for water was regarded as organic components. The THF amount in the

organic components was determined by the above-described gas chromatography method and
taken as the THF production volume. The THF production volume was expressed by mol%
relative to terephthalic acid, and the obtained value was taken as the conversion ratio.
[0307} S
ntrinsic Viscosity (IV) of PBT>

The intrinsic viscosity was determined uwsing an Ubbelohde viscometer by the
following procedure. That 1s, using a mixed solvent of phenol/tetrachloroethane (mass ratio:

1/1), the falling time in seconds was measured at 30°C on a PBT solution having a

L
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* concentration of 1.0 g/dL and on only the solvent, and the viscosity was determined according

to the following formuja: -
IV=[(1+4Kmgp)”*-1//(2KuC)

wherein ngp=(n/Mo)-1, n is the falling time in seconds of the PBT solution, mo is the falling
time in seconds of the solvent, C is the PBT concentration (g/dL) of the PBT solution, and Ky - -
is the Huggins' constant, A valae of 0.33 was adopted for Kg. .
[0308] L N
<Terminal Carboxyl Group Concentration (equivalent/ton) of PBT>

0.5 g of PBT was dissolved in 25 mL of benzyl alcohol, the resulting solution was
titrated wsing a 0.01 mol/L benzyl alcohol solution of sodium hydroxide, and the concentration
was calculated according to the fdlfowing formula: '

" - Terminal carboxyl group concentration = (A-B)x0.1xf/W (equivalent/ton}

wherein A is the amount (uL) of the benzyl alcohol solution of 0.01 N sodium hydroxide
required for titration, B is the amount (uL) of the benzyl alcohol solution of 0.01 mol/L
sodium hydroxide required for titration of the blank, W is the amount (g) of the PBT sample, .
and f1s the factor of the (.01 moVL sodium hydroxide.
[0309]
<Color Tone (b Value) of PBT>

A columnar powder measurement éell having an inner diameter of 30 mm and a depth
of 12 mm was filled with pellet-shaped PBT. Using a colorimetric color-difference meter,
Color Meter ZE2000 (manufactured by Nippon Denshoku Industries Co., Ltd.), the value was
determined as a simple average value of the values measured in four places by the reflection
method while rotaﬁng the measufement cell at every 90°. The color tone was evaluated by

the b value in the L, a, b color system. A lower b value indicates that the color fone is better

with less yellowing,
[0310]
<Reduced Viscosity (dl/g) of PBS>

Using a phenol/tetrachloroethane (mass mﬁo: 1/1) mixed solution as the solvent and
adjusting the concentration (¢) to 0.5 g/dl (deciliter), 0.25 g of pellet-shaped PBS was
dissolved by keeping the temperature at 110°C for 30 minutes. Thereafter, the relative

viscosity (nrel) to the original solution was measured at 30°C by a Ubbelohde capillary

. viscometer, and the ratio {nsp/C) of the specific viscosity (nsp) determined from the relative
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viscosity (nrel)-1 to the concentration (¢) was determined.
[0311]
<Color Tone (YT Value) of PBS> _
- A columnar powder measurement cell having an inner diameter of 30 mm and a depth

of _}2 mm was filled with pellet-shaped PBS. Usi‘ng a colonimetric color-difference meter,

' Célor Meter ZE2000 {manufactured by Nippon Denshoku Industries Co., Ltd.), the color was

measured based on the method of JIS K7105.  The value was determined as a simple average
value of the values measured in four places by the reﬂecﬁon method while rotating the
measurenent cell at every 90°. A -
[0312] ..
<Color Tone b Value of Polyester Polyol> -

A columnar powder measurement cell having an inner diameter of 30 mm and a depth
of 12 mm was filled with plate-shaped polyester polyol. Using a colonmetnc
color-difference meter, Color Meter ZE2000 (manufactured by Nippon Denshoku Industrxes

Co.,ALtd.), thc value was determined as a simple average value of the values measured in four

places by the reflection method while rotating the measurement cell at every 90°. The color ..

tone was evaluated by the b value in the L, a, b color system. A lower b value indicates that
the color tone is better with less yellowing,. ‘
{0313]
<Number Average Molecuiar ‘Weight of Polyester P01y01>

The number average molecular weight of the polyester polyol was determined by the
hydroxyl value (OH value: mgkOH/g). A polyester polyol sample was heat-treated together
with a phthalating agent and thereby phthalated, and the ﬁydroxyl value was then measured
using an automatic titrator. As the phtfxalaﬁng agent, a solution obtained by adding aﬁd
dissolving 500 ml of pyridine (Kanto Chemical Co., Inc., guaranteed reagent) in 70 g of
phthalic anhydridé (Kanto Chemical Co., Inc.) and allowing the resulting solution to stand still
overnight was used. When adding the phthalating agent to the polyester polyol sample, the
sample amount needs fo be adjusted according to the number of hydroxyl groups, and the
sample amount was weighed by taking, as a guide, the foilo'&ing formula:

S=561/N

(S [g]: the mass of sample, N [mgKOH/g]: the expected hydroxyl value).

The polyester polyol sample was weighed in 200 ml conical flask, and exactly 25 ml
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of the phthalating agent was poured therein by means of a volumetric pipette. After
confirming that the sample was dissolved, an air-cooled cooling tube (length: about 40 cm)
was aftached, and the solution was heated on an oil bath set at 10042°C without stirring for 1.
hour. Titration was performe& with an aqueous 0.5 mol/L NaOH 'solqtion.(Kanto Chem;ical' |
Co., Inc.) by usix;g Automatic Titrator GT-100, manufactured by Mitsubishi Chemical
Analytech Co., Ltd.) as the automatic titrator and using GTPC15B as the electrode.

[0314] A '
<Mass Average Molecular Weight of Polyurethane>

- The polyurethane was measured for the weight average molecular weight in terms of
standard polystyrene by using a GPC apparatus manufactured by Tosoh Corporation (product
name: HLC-8220, column: TSKgel GMH-XL-two_c_:olumns, ‘solvent: lithium bromide-added
N,N-dimethylacetamide). | '

[0315]

<Water A;;xognt in Poiyurcthm{e Production>

The analysis of water at the time of polyurethane ‘production was performed by the

Karl Fisher's method. A water analyzer, Model CA-21, manufactured by Mitsubishi
Chemical Corporation was used as the apparatus, and Agquamicron AKX and Aquamicron
CXU were used as an anolyte and a catholyte, respectively. '

[0316]

<Color Tone Y1 Value of Polyurethane>-

- The ﬁansm{ssiou measurement was performed using a coloﬁmeiric color—differencé
meter (product name: ZE2000) manufactured by Nippon Denshoku Industries Co., Ltd. and
using a liquid cell having an inner width of 1 cm. The polyurethane sample was two-fold
diluted with N,N-dimethylacetamide and used after removing bubbles under reduced pressure.
[0317]

[Raw Material 1,4BG]

| As 1,4BG directly produced by a fermentation process, crude 1,4BG obtained by the
method described in JP-T-2010-521182 (the term "JP-T" as used herein means a published
Japanese translation of a PCT patent application) and U.S. Patent Application Publication No.
US2011/0003355 and further subjected to dehydration was gained from Genomatica, Inc. and
refined by the method described in Reference Example 1 below to obtain Bio-Process
1,4BG(B) (hereinafter, sometimes simply referred to as "Bio-Process (B)").
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[0318]

"~ As 1,4BG by a fossilization process, a product industrially available in practice was

- used.

1,4BG by a butadiene process (hereinafter, sometimes simply referred to as

"Butadiene Process (C)") is obtained by performing an acetoxylation reaction of butadiene,

acetic acid and oxygen to obtain diacetoxybutene as an intermediate and hydrogenating and
hydrolyzing the diacetoxybutene. o

- 1,4BG by a propylene process (hereinafter, sometimes simply referred to as
"Propylene Process {D)") is obtained by an oxo reaction of an allyl alcohol obtamedby .
oxidation of propylene. - |
[03.19]
[Reference Example 1: Refining of Bio-Process (B}]

Refining of crude 1,4BG for obtaining Bio-Process (B) was performed by the
following method. The composition of crude 1,4BG of Bio-Process (B) before refining is -
shown in Table 1. o -

Using a glass-made rotary evaporator, first, dehydration/concentration of crude
1,4BG was perf;)rmcd. This operation was performed at an inner temperature of 175°C by
setting the pressure to 10.7 kPa. The distillation percentage was 10 mass%, and.a 1,4BG

- solution remaining in the flask was recovered in an amount of 90 mass% relative to the

amount charged. Thc- composition of 1,4BG afier the dehydration is shown in Table 1.

" Next, batch vdistillation was performed using, as the raw material, the 1,4BG solution
after dehydration and using a glass-made instrument, and the distillate was separated into a
plurality of fractions, thereby separating the high-boiling portion and the light-boiling portion
from 1,4BG. At this time, a multistage distillation column corresponding to 3 plates as the
theoretical plate was used. The top pressure was set to 13.3 kPa, and the bottom temperature
was controlled to 182°C. The distillation temperature elevated along with removal of the
light-boiling portion and thereafter, settled at 175°C. The stream when the top temperature
settled was collected as 1, 4BG  The fraction of 1,4BG was recovered in an amount of .90
mass% relative {0 the raw material amount charged. The composition of the fraction of this
refined 1,4BG (Bio-Process (B)) is also shown in Table 1.
[0320] -
[Table1]
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Component Unit Before Refining After After Refining
P {crude 1,4BG) | Dehydration | (Bio-Process (B))
Light-boiling-pomnt | 158 469 : 118
component .

ATF ppm | - 102 . 254 ) 6
MHPO ‘ppm. 118 . 477 7"
Water % 8.3 - 0.025 0.002

GBL ppm 103 - 137 SRR
14HAB ppm 184 191 2
14BG % 90.3 - 99.4 . 998
BGTF ppm 636 792 1195

High-boiling-point | 2699 3430 242
component _
Nitrogen atom ppm - 42 48 - 47
Total Cs,Cq cyclic
carbonyl ppm 220 731 : 13
[0321]

Subsequently, 1,4BG (Bio-Process (B)) having the composition after refining in Table
1 was further separated into a plurality of fractions by using the same batch distillation
apparatus, whereby 8 lots of refined Bio-Process (B) differing in the content of total Cs,Cq
cyclic carbonyl, etc. were ‘obtained. These lots are designated, starting from 'the initial
distillate, as Lot 1, Lot 2, Lot 3, Lot 4, Lot 5, Lot 6, Lot 7 and Lot 8 The composition of
each lot is as shown in Table 2 1§ter.
[0322] '
[Production of PBT]
<Example 1>

A reaction vessel equipped with a stirring device, a nitrogen inlet, a heating device, a
thermometer, a distillation tube and an evacuation port for pressure reduction was charged
with 113 g of terephthalic acid, 183 g of raw material 1,4BG as Lot 1 of Bio-Process (B) and
0.7 parts by mass of a 1,4BG solution of Bio-Process (B) having previously dissélved therein
6 mass% of tetrabutyl titanate va's a cétalyst, and a nitrogen atmosphere was created in the

system by nitrogen-vacuum purging. After warming the inside of the system to 150°C with
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stirring, the temperature was raised to 220°C over 1 hour under atmospheric pressure, and an
esterification reaction was further performed for 2 hours while distilling out water produced.
Subsequently, 1.3 g of a 1,4BG solution of Lot 1 of Bio-Process (B) with 1 mass%

© magnesinm acetate tetrahydrate, obtained by dissolving magnesium acetate tetrahydrate in

water and further dissdiving the resulting solution in 1,4BG (mass ratio of magnesium acetate
tetrahydra_te, water and 1,4BG: 1:2:97), was addeq.
[0323] '

Thereafter, the temperature was held at 220°C for 0 25 hours, then raised to 245°C
over 0. 75 hours and held. On the other hand, the pressure was reduced to 0. 07 kPa over 1.5
hours from the initiation of polymenzatmn, and a polycondensation reaction was performed
for 0.8 hours under the same mduced pressure. The reaction system: was returned to ordinary
pressgre' to thereby complete the pélycohdensaﬁon The obtained PBT was withdrawn as a
strand from the bottom part of the reaction tank and passed under water at 10°C, and the strand
was cut by a cutter to obtain pellet-shaped ffBT.

[0324]

The period from the initiation of pressure reduction after the addition of magnesium
acetate to the completion of polycondensation was taken as the polycondensation time, and the
intrinsic viscosity/polycondensation time was defined as the polycondensation rate. The
polycondensation rate was 0.35 dL/g/hr.  As for the THF conversion ratio, the THF amount
was analyzed on a sample obtained by cooling and collecting a distillate during the
ésteriﬁcation reéction by a dry ice trap, and the obtained v‘aiue was expressed by me.l% bcr
terephthalic acid charged. This THF conversion ratio was 54 mol%.

[0325] _

The .anaiysis results of the obtained PBT by the measurement methods described
above and the composition of Lot 1 of Bio-Process (B) used as the raw material 1,4BG are
shown in Table 2. ’ "

[0326]
<Example 2> ' - S A

‘PBT was produced utterly in the same manner except that in Exainple 1, the raw
material 1,4BG was changed to Lot 2 obtained in the refining of Bio-Process (B). The
conversion ratio {%] into THF, polycondensation time [hr] and polycondensation rate

[dL/g/hr] at the time of PBT production and the analysis results of PBT by the measurement
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methods above are shown together in Table 2.
[0327] .
<Example 3> .

PBT was produced utterly in the same manner except that in Example 1, the raw
material 1,4BG was changed to Lot 3 obtained in the refining of Bio-Process (B). The
conversion ratio [%] into THF, polycondénsation time [hr] and polycondensation rate
[dL/g/br] at the time of PBT production and the analysis results of PBT by the measurement
methods léﬁbffe are shown togéther in Table 2‘. . |
[0328] ‘ ’
<‘Exémp1e 4>'-

PBT was produced utterly in the same manner except that in Example 1, the raw
material . 1,4BG was changed to Lot 4 obtained in the refining of Bio‘-Procéss B). The

conversion ratio [%] into THEF, polycondensation time [hr] and polycondensation rate

» [dL/g/hr] at the time of PBT production and the analysis results of PBT by the measurement
~ methods above are shown together in Table 2.
{03291 .

<Example 5>

PBT was produced utterly in the same manner except that in Example I, the raw
material 1,4BG was changed to Lot 5 obtained in the refining of Bio-Process (B).  The
conversion ratio [%] into THF, polyéondcnsation time [hr] and polycondensation rate
[de’g}'hr] at the time of PBT productioﬂ and the analysis results of PBT by the measurement

methods above are shown together in Table 2.

. [0330]

<Example 6>

PBT was produced utterly 111 the same manner except that in Example 1, the raw
material 1,4BG was changed to Lot 6 obtained in the refining of Bio-Process (B). The
conversion ratio [%] into THF, polycondensation time [hr] and polycondensation rate
[dL/g/hr] at the time of PBT production and the analysis results of PBT by the measurement
methods above are shou;n together in Table 2. |
[0331]
<Example 7>

PBT was produced utterly in the same manner except that in Example 1, the raw
material 1,4BG was changed to Lot 7 obtained in the refining of Bio-Process (B). The
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conversion ratio [%] into THF, polycondensation time [hr] and ‘polyéondensation Tate
[dL/g/hr] at the time of PBT production and the analysis results of PBT by the measurement
methods above are shown together in Table 2. ' B

[0332] '

<Example 8>

PBT was produced utterly in the same manner except that in Example 1, the raw

_ material 1,4BG was changed to Lot 8 obtained in the reﬁn.;ing of Bio-Process (B) and ‘the

polycondensation time was changed to the time shown in Table 2. The conversion ratio [%]
into THF, polycondensation time [hr] and polycondensation rate [dL/gfhr] at the time of PBT
production and the —analysis results of PBT by the measurement methods above are shown
together in Table 2.
[0333] '
<Comparative Example 1>
PBT was produced utterly in the same manner except that in Bxampic 1, the raw
material 1,4BG was changed to Bio-Process (B) and the polycondensation time w?ts changed
to the time shown in Table 2. The conversion ratio [%] into THEF, pol}}condcnsaﬁon time [hr]
and polycondensation rate [dL/g/hr] at the time of PBT production and the analysis results of
PBT by the measurement methods above are shown together in Table 2.
[0334]
<Comparative Example 2> .
PBT was produced utterly in the same manner except that in Example 1, the raw
material 1,4BG was changed to Propylene Process (D) having the composition shown in Table
2 and the polycondensation time was changed to the time shown in Table 2. The conversion
ratio [%] info THF, polycondensation time [hr] énd polycondensation rate [dL/g/hr] at the time
of PBT production and the analysis resnlts of PBT by the measurement methods above are
shown together in Table 2,
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[0335]
{Table 2]
muwgvmm\muoawmnmmﬂo Example Example 1 | Example 2 | Example 3 | Example 4 | Example 5-
. N . - Bio-Process (B)
Kind of raw Name Lot Tot2 Tot3 | Lotd Toi5
e |p direct direct direct direct direct
i focess fermentation|fermentation|fermentation|fermentation | fermentation
Nitrogen content {ppm} 14 1.0 1.0 0.6 1.9
Total Cs,Cg carbonyl (ppm) ND 2 7 5 4
ND 1 5 3 1
Compositio ATF (ppm) .
n of raw . : 2 3
material MHPO (ppin) ND 1 2
LABG® 1, 4BG (%) 99.9 99.9 99.8 99.3 99.9
BGTF (ppm) 1100 1100 1110 1545 1123
14HAB (ppm) 10 26 © 22 13 25
momﬁ_wmc: ratio into THF 642 70.6 7.4 63.3 611
(o) :
il Polycondensation time (hr) 2.3 2.3 2.3 23 23
Production .
Polycondensation Rate
(dL/gh) 0.37 0.37 0.38 0.37 0.38
. Color tone b value 1.1 i.6 1.7 1.9 2.2
Physical NI
properties Intrinsic viscosity (dL/g) 0.85 0.85 0.87 0.84 0.87
of PBT  [Terminal carboxyl group _
concentration 4 7 8 5 7
- Mequivalent/ton)

*ND: Below detection lower limit; in case of nitrogen atom, less than 0.1 ppm, and in case of ATF, MHPO,

total Cs,Cq carbonyl and 14HAB, less than 1 ppm.
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(continued)
. . C ti arativ
Example/Comparative Example Bxample 6 | Example 7 | Example 8 MW%MMMM@ OMMMMMWM%
Kind of N Bio-Process (B) Bio-Process | Propylene
raw. ame Loté Lot7 Lot8 (B) Process (ID)
material p direct direct direct direct petroleum-
1,4ABG rocess fermentation|fermentation | fermentation | fermentation]  derived
Zx.ﬂ.omn: content (ppin) 0.6 0.7 3.2 3.5 ND
Total Cs,Cy carbonyl (ppm) 6 7 10 13 ND
... |ATF 4 4 4 6 ND
Compositi ATE (ppm)
on of raw . :
S terial |MHPO (ppm) 2 3 6 7 ND
L4BG™ 11 4BG (%) 99.8 9.3 99.9 - 99.8 99.7
BGTF (ppm) 1461 1332 1212 2000 1216
14HAB (ppm) 16 14 13 100 ND
Conversion ratio into THF 633 65.6 57 50.1 75.1
(%)
PBT Polycondensation time (hr) 23 24 23 2.4 24
Production : ,
Polycondensation Rate ’ .
0.37 0.36 0.37 0.35 0.35
(dL/g/h) ;
Color tone b value 2.5 2.5 2.7 4.9 1.9
Physical 11/ vinsic viscosity (dL/g) 0.84 0.86 0.84 0.83 . 0.84
properties :
of PBT {Terminal carboxyl group
concentration 5 7 5 4 11
(equivalent/ton) _ . :

¥ND: Below detection lower limit; in case of nitrogen atom, less than 0.1 ppm, and in case of ATF, MHPO,
total Cs,C carbonyl and 14HAB, less than 1 ppm. ‘ .
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10336]

Fig. 1 shows the éorrelation between the total Cs,Ce cyclic carbonyl content in the
bio-process 1,4BG used in Examples 1 to 8 and Comparative Example 1 and the color tone b
value of the obtained PBT, and Fig. 2 shows the correlation between the MHPO content in
1,4BG and the color tone b value of the obtained PBT.

In Figs. 1 and 2, the content below detection limit is shown as "ND=0 ppm by mass".
The same applies to Figs. 3 and 4 later.

It can be understood from these results that the color tone b value of PBT is greatly
affected by the total Cs5,Cs cyclic carbonyl content in the raw material 1,4 BG, particularly, by
the MHPO content, and an approximate curve with very high correlation can be drawn.

Accordingly, it is revealed that in the case of using biomass-resource-derived 1,4BG
as the PBT feedstock, controlling the content of a cyclic carbonyl compound having a carbon
atom number of 5 or 6, such as MHPO, in the raw material 1,4BG is effective in producing
PBT with good color tone.

[0337]
<Comparative Example 3> ‘

PBT was produced.in the same manner as in Example 1 except that in Example 1, the
raw material 1,4BG was changed to Butadiene Process (C) not containing a cyclic carbonyl
compound having a carbon atom number of 5 or 6. The color tone b value of the obtained
PBT was 1.3.

{0338]
<Comparative Example 4>

PBT was produced utterly in the same manner as in Comparative Example 3 except
that Butadiene Process (C) used in Comparative Example 3 was used by adding thereto 40
ppm by mass of reagent 4-hydroxy-2-butanone (produced by TCI) (carbon atom number: 4).

The color 'gone b value Qf the obtained PBT was 2.0.

[0339]

<Comparative Example 5>

PBT was produced utierly in the same manner as in Comparative Example 3 except

that Butadiene Process (C) used in Comparative Example 3 was used by adding thereto 80

ppm by mass of reagent 4-hydroxy-2-butanone (produced by TCI) (carbon atom number: 4).
The color tone b value of the obtained PBT was 2.4.
[0340}
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<Comparative Example 6> ‘

PBT was produced utterly in the same manner as in Comparative Example 3 except
that Butadiene Process (C) used in Coniparative Example 3 was used by adding thereto 32
ppﬁl by mass of reagent méthyi vinyl ketone (produced by TCI) (carbon atom number: 4).
The color tone b value of the obtained PBT was 3.3.

[0341]
<Comparative Example 7> wE e -

PBT was produced utterly in the same manner as in Comparative Example 3 except .
that Butadiene Process (C) used in Comparative Example 3 was used by adding thereto 600
ppm by mass of reagent normal-butyl aldehyde (prodﬁced by Wéko) (carboﬁ atom number: 4).
The color tone b value of the obtained PBT was 3.3,

{0342}

The results of Comparative Examples 3 to 7 are shown in Table 3 together with the
results ‘of Example 1 and Cdmparative Example 1.

Also, Figs. 3 and 4 (Fig. 4 is an enlarged view of Fig. 3) show the correlation between
the content of a carbonyl compound in 1,4BG and the color tone b value of the obtained PBT.
[0343] ’

Incidentally, in Table 3, the ‘;Degree of Increase of Color Tone b Value” is, in the case
of Comparative Example 1, a value obtained by dividing the increase of color tone b value (Ab
value) relative to the color tone b value of PBT produced using Lot 1 of Bio-Process (B) of
Example 1 where the carbonyl compound and total Cs,Ce cyclic. carbonyl contents are NI, by

. the carbonyl compound content (ppm) and is calculated as follows:

Degree of increase of color tone b value =
(4.9-1.1Y/13 =0.29 '

In the case of Comparative Examples 4 to 7, the degree of increase is a value obtained
by dividing the increase (Ab value) of color tone b value relative to the color tone b value of
PBT produced using Butadiene Process {C) of Comparative Example 3 where the carbonyl
compound and total Cs,Cs cyclic carbonyl contents are ND, by the carbonyl compound content
{ppm) and, for example, in Comparative Example 4, is calculated as follows:

Degree of increase of color tone b value =

(2.0-1.3)/40=0.018
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[0345]

As seen from the results of Comparative Examples 1 and 4 to 7, the degree of
increaée of the color tone b value of PBT (Ab value/carbonyl compound content (ppm)) by the
increase in the content of a cyclic carbonyl compound having a carbon atom number of 5 or 6
in 1,4BG is 88 times that by normal-butyl aldehyde and 21 times that by
4-hydroxy-2-butanone and even when compared with methyl vinyl ketone having very high -
reactivity and high polymerization activity, is as large as 5 times,

‘ It is understood from these results that the effect of the content of a cyclic carbonyl
compound having a carbon atom number of 5 or 6 in the raw material 1,4BG on the color tone
b value of PBT is verji large as compared with the effects of other general éarbonyi
compounds (ketone, aldehyde, unsaturated carbonyl) on the color tone b value.

[0346] )

[Production of PBS]

<Exaraple 9>

{Preparation of Polycondensation Catalyst) .

100 g of magnesium acetate tetrahydrate was put in a glass-made eggplant-shaped
flask equipped with a stirring device, and 1,500 g of anhydrous ethanol (purity: 99 mass% or
more) was further added. In addition, 130.8 g of ethyt acid phosphate (mixing mass ratio of
monoestcf form and diester form: 45:55) was added, and the mixture was stired at 23°C.
After 15 minutes, it was confirmed that the magnesium acetate was completely dissolved, and
thereafter, 529.5 g of tetra-n-butyl titanate was added. Stirring was continued for another 10
mimutes to obtain a uniform mixed solution. This mixed solution was transferred to an
eggplant-shaped flask and concentrated under reduced pressure by an evaporator in an oil bath
at 60°C. ~ After 1 hour, the ethanol was mostly distilled out, and a semifransparent viscous
liguid Wés obtained. The temperature of the oil bath was further raised to 80°C, and the
liquid was further concentrated under reduced pressure of 5 Torr to obtain a viscous liquid.
This liguid catalyst was dissolved in 1,4-butanediol, and the solution was adjusted to have a
titanium atom content of 3.5 mass%. The sto;;age stability in 1,4-butanediol was good, and in
the catalyst solution stored at 40°C in a nitrogen atmosphere, formation of a precipitate was

not observed for at least 40 days.

10347)

(Production of PBS)
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A reaction vessel equipped with a stirring device, a nitrogen inlet, a heating device, a
thermometer and an evacuation port for pressure reduction was charged with, as raw materials,

68.4 parts by mass of succinic acid, 67.8 parts by mass of 1,4BG of Lot 4 of Bio-Process (B)

used in Example 5, and 0.25 parts by mass of malic acid, and a nitrogen atmosphere was

created in the system by nitrogen-vacuﬁm purging. Subsequently, the temperature was raised
to 230°C over 60 minutes while stirring the inside of the system, and an esterification reaction
was performed at 230°C for 60 minutes under nitrogen at atmospheric pressure while distilling

out water or tetrahydrofuran produced. After the completion of esterification reaction, the

- catalyst solution above was added, and the polycondensation reaction was started. The

amount of the catalyst solution added was adjusted fo an amount corresponding to 50 ppm by
mass in terms of titanium atom per the obtained polyester. The polycondensation reaction
was perfomxéd under the temperature conditions that the temperature is kept at 230°C for 30
minutes while stirring the inside of the system, raised to 250°C over 30 minutes, and held.
On the other hand, the pressure was reduced 10 0.13 kPa over 90 minutes from the start of
polycondensation, and the reaction was further performed for 153 minutes under reduced
pressure ot; 0.13 kPa to obtain PBS. '

The reduced viscosity of the obtained PBS was 2.0 dl/g, and the Y1 value was 19.
[0348] '
[Production of Polyester Polyol]
<Example 10>

A polyester polyol was produceii according to the following method by using, as
1,4BG, Lot 8 of refined 1,4BG obtained in Reference Example 1.

Using a 1-L four-neck flask equipped with a 100-ml scaled ester tube, a 100-ml
dropping funnel, a thermometer and a stirring bar, dehydration condensation was performed
under the following conditions by heating the flask in an oil bath. _

“ 2415 g of 14BG was added to 321.2 g of adipic acid (Wako Pure Chemical
Industries, Ltd.) and after heating the mixture at an inner temperature of 150°C for 30 minutes,
the temperature was raised fo an inner temperature of 220°C over about ! hour. After
reaching an inner temperature of 220°C, the pressure was reduced to 600 torr, and tofuene
(Wako Pure Chemical Industries, Ltd.) was added to obtain an adequate reflux flow rate to the
flask from the inside of the ester tube. Ten minutes after the start of pressure reduction,

0.0264 ml of titanium tetraisopropoxide (Wako Pure Chemical Industries, Ltd.) was added.



10

15

20

25

95

The acid value of water prodﬁced by the reaction was measured as needed, and heating was
performed until the acid value became 0.5 KOHmg/g. The amount of water produced by the
reaction was 79.3 g. Afterthe compit_stion of reaction, toluene was distilled out at 30 torr and
an inner temperature of 140°C to obtain 484 g of a polyester polyol. The number average
molecular weight (Mn) of the obtained polyester polyol was 1,400, and the color tone b value
was -0.5.
[0349]
<Comparative Example 8> . : "
A polyester polyol was produced by the same method as in Example 10 except that
1,4BG after dehydration distillation obtained by the same method as in Reference Exa_mpllei ,
(different in the lot of crude 1,4BG from Reference Example 1) was used as 1,4BG. The
number average molecular weight (Mn} of the obtained polyester polyol was 1,400, and the
color tone b value was 9.8.
[0350] ‘
<Reference Example 2>
A polyester polyol was produced in the same manner as in Ekample 10 except that
Butadiene Process (C) not containing a cyclic carbonyl compound having a carbon atom
pumber of 5 or 6 was used as 1,4BG. The number average molecular weight (Mn) of the
obtained polyester polyol was 1,400, and the color tone b value was 0.6, A

[0351] )
These results-are shown together in Table 4,
[0352] '
[Table 4]
. . o | Reference
Example/Comparative Example Example 10 | Comparative Example 8 Example 2
’ Bio-Process (B) Bio-Process (B) Butadiene
Name (Lot 8) {(no removal of Process (C)
Raw light-boiling portion)
material . , petroleum-
1 4BG Process . direct fermentation derived
i Total Cs,Cs carbonyl .
content (ppm)* 10 ‘ 1005 ND
Color tone b value of polyester polyol -0.5 9.8 0.6

*ND: Below detection lower limit; less than I ppm
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{0353]
It is seen from Table 4 that in the case of using biomass-resource-derived 1,4BG as a

raw material of the polyester polyol, a polyester polyol having good color tone can be

" produced by using raw material 1,4BG reduced in the total Cs,Cs cyclic carbonyl content.

[0354]
[Production of Polyurethane]
<Example 11>

A polyester polyol was produced in the same manner as in Example 10 except that
Lot 5 of refined 1,4BG obtained in Reference Example 1 was used as 1,4BG.  The amount of
water produced by the reaction was 79.2 g, and 482 g of a polyester Polyol was obtained. -
The pumber average molecular weight (Mn} of the obtained polyester polyol was 2,000.

[0355]

In a dry box (water content: 10% or less) with flowing dry aﬁ, 70.0 g of polybutylene
adipate obtained above (hydroxyl value: 56 KOHmg/g, number average molecular weight;
2,000) and, as a chain extender, 6.3 g of Lot 5 of refined 1,4BG obtained in Reference.
Example 1 were added to a reaction vessel (1-L separable flask) equipped with a thermometer,
a stirring device and a nitrogen blowing tube, the mixture was diluted with 240.0 g of

' N,N-dimethylacetamide (hereinafter, referred to as DMAc) (Wako Pure Chemical Industries,

Lid., guaranteed reagent), and furthermore, 0.017 g of a dioctyltin catalyst (Nitto Kasei Co.,
Ltd.: NEOSTANN U-830) (50 mol ppm as tin) was added. The reaction vessel was heated
with stirring in an oil bath (50°C) for about 1 hour so as to make the DMAc solution uniform.
The water amount of the resulting DMAc solution was measured, and the required amount of
diphenylmethape diisocyanate (hereinafter, referred to as MDI) (Nippon Polyurethane Industry
Co., Ltd.: Millionate MT) was. calculated. Specifically, assuming that 1 mol of water
deactivates 1 mol of MDI, the necessary number of NCO groups was calculated. As a result,
32.84 g of MDI afforded the equivalent. The reaction vessel was heated to 70°C, MDI was
gradually added with stirring, and the reaction product was sampled every time the compound
was added, and measured for the mass average molecular weight (Mw) by using GPC. Asa
result, at the point where the amount of MDI added was 0.95 tmes the equivalent, Mw of
polyurethane was 51,000, and the color tone YT of polyurethane was 0.68. This polyurethane
was stored in a closed vessel in a cold dark place. After the elapse of 1 week, the color tone

Y1 of the polyurethane was again measured and found to be 0.73.
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[0356]
<Comparative Example 9> ’ o ‘

. A polyester polyol was produced in the same manner as in Example 10 by using, as
1,4BG; Bio-Process (B) in Reference Example 1, and a polyurethane was produced in the same
manner as in Example 11 except for using the produced polyester polyol and using, as a chain
extender, 1,4BG of Bio-Process (B). At the point where the amount of MDI added was 0.95
times the equivalent, Mw of polyurethane was 84,000, and the color tone YI of polyurethane
was 1.12. This polyurethane was stered‘ in a closed vessel in a cold dark place. After the
elapse of 1 week, the color tone Y1 of the polyurethane was again measured and found to be
44.35, ’ |
[0357}
<Refer§nce Example 3>

A polyurethane was produced in the same manner as in Example 11 except for using
the polyester polyol obtained in Reference Example 2 and using, as a chain extender,
Butadiene Process (C) not containing a cyclic carbony! compound having a carbon atom
number of 5 or 6. At tﬁe point where the amount of MDI added was 0.95 times the
equivalent, Mw of polyurethane was 49,000, and the color tone Y1 of polyurethane was 0.75.
This polyurethan;, was stored in a closed vessel in a cold dark place. Afier the elapse of 1
week, the color tone Y1 of the polyurethane was again measured and found to be 0.93. '
[0358]

[Table 5]
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- . Compafative Reference
Example/Comparative Example Example 11 Example 9 Example 3
- Bio-Process (B) . Butadiene
J. o
Raw material | o Name (Lot 5) Bio-Process (B) | p,ocess ()
proc«lil::itfg:i of material [Process . -~ direct fermentation pe;;.l::;n_
polyester polyol 148G Total Cs,Cq carbonyl 4 . 13 ND
content (ppm)¥
. Bio-Process (B) . Butadiene
Raw;material Chain Name (Lot 5) Bio-Process (B) Process (C)
ro‘ciliiocltfg; of extender |Process direct fermentation p?{g‘s:?'
P 1,4BG -
polyurethane Total Cs,Cq carbonyl 4 13 ND
‘ content (ppm)*
. . Color tone Y1 of polyurethane
COL(;E:nOefYI immediately after preduction 0.68 112 0.75
Color tone YT of polyurethane after
| polyurethane elapse of 1 weck 0.73 44.35 0.93

*ND: Below detection lower limit; less than 1 ppm.
[0359]

) It is seen from Table 5 that-in the case of using biomass-resource-derived 1,4BG as a
‘raw material, a polyurethane having good color tone immediately afier production and having

no problem of deterioration of color tone with aging can be produced by using raw material

 1,4BG reduced in the total Cs,Cq cyclic carbonyl content and a polyester polyol produced

using raw material 1,4BG reduced in the total Cs,Cq cyelic carbonyl content..

[0360] ' '

_ While the invention has been described in detail and with reference to specific
embodiments thereof, it will be apparent to one skilled in. the art that various changes and
modifications can be made therein without departing from the spirit and scope of the invention.
This application is based on Japanese Patent Application (Patent Application No.
2012-128066) filed on June 5, 2012 and Japanese Patent Application (Patent Application No.
2013-39247) filed on February 28, 2013, the contents of which are incorporated herein by way

of reference.
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CLAIMS

[Claim 1] ‘ ‘

A method for producing a polyester by using, as raw materials, a dicarboxylic acid
component and a diol produced directly from a b10mass~re<:our06»denved substance by a
fermentation process,

wherein a content of a cyclic carbonyl compound having a carbon atom number of 5

or 6-in the diol is 12 ppm by mass or less.

_ [Claim 2]
10

The method for producing a polyester according to ¢laim 1,

wherein the cyclic carbonyl compound having a carbon atom number of 5 or 6

" contains a compound having a structure represented by the following formula (1);

[Chem. 1] .

Ri -0 :
RZJ/\?—'& Formula ()
Ra
(wherein in formula (I)? each of R, to R4 independently represents a hydrogen atom, 2 methyl
group, a formyl group or an acetyl group, any one of R; to Ry is a formyl group or an acetyl
group, and tﬁe total number of carbon atoms contained in respective groups of Ry to Ry is 2 or
iess). ‘
[Claim 3]
The method for producing a polyester according to claim 1,
wherein the cyclic carbonyl compound having a carbon atom number of 5 or 6
contains a compound having a structure represented by the following formula (T}
[Chem. 2]

O
X/IL .Rs

Yox Formula (1)

(wherein in formula (II}, X represents a carbon atom or an oxygen atom, the oxygen atom
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number out of these atoms is 1, each of Rs to Ry independently represents a methyl group or a
hydrogen atom, and the fota] number of carbon atoms contained in respective groups of Rs to

Ry is 1 or less).

" [Claim 4]

The method for producing a polyester according to claim 1,

wherein the cyclic carbonyl compound having a carbon atom number of 5 or 6
contains a compound having a structure represented by the following formula (III) and a
content of the compound having a structure represented by formula (IH) in the diol is 6 ppm
by mass or less:
[Chem. 3]

O F?Rﬁlﬂa (i)

{wherein in formula (ITI), each of Ry fo Ry3 independently represents a methyl group or a
hydrogen atom, and the total number of carbon atoms contained in respective groups of Ryg 10
Ry3is 1 or less),
[Claim 5]

The method for producing a polyester according to any one of claims 1 to 4,

wherein the diol is 1,4-butanediol,

the dicarboxylic acid component is at least one of a terephthalic acid and-a-
terephthalic acid alkylate, and ‘

ti)e polyester is polybutyiene terephthalate.
[Claim 6]

The method for producing a polyester according to claim 5,

wherein the 14-butanediol contains from 1 to 99 ppm by mass of

- 1-acetoxy-4-hydroxybutane.

[Claim 7} . ‘
The method for producing a polyester according to any one of claims 1 to 6,
wherein a content of a nitrogen atom compound in the diol is from 0.1 to 50 ppm by

mass in terms of nitrogen atom.
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101

A method for producing a polyester polyol by using, as raw materials, a dicarboxylic

acid component and a diol produced directly from a biomass-resource-derived substance by a

. fermentation process,

wherein a content of a cyclic carbonyl compound having a carbﬁn atom number of 5
or 6 in the diol is 100 ppm by mass or less.
[Claim 9] -

The method for producing a polyester polyol according to claim 8,

wherein the cyclic carbonyl compound having a carbon atom number of 5 or 6

contains a compound having a structure represented by the following formula (I):

[Chem, 4]
Ri~_-O
I?‘R; Formula (I)
Rz
Rs

" (wherein in formula (I}, each of R; to R4 independently represents a hydrogen atom, a methyl

group, & formyl group or an acetyl group, any one of R; to Ry is a formyl group or an acetyl
group, and the total number of carbon atoms contained in re;spcctive groups of Rj to Ry is 2 or
less).
[Claim 10]

The method for producing a polyester polyol according to claim 8§,

wherein the cyclic carbonyl compound having a carbon atom number of 5 or 6
contains a compound having a structure ‘representedA by the following formula (II):
[Chem. 5] - '

O

RS\ /u\ ,Ra

XX /
_X Formula (1)

-~ 'X -
Ry~ X7 "R,
Rg

(wherein in formula (I}, X represents a carbon atom or an oxygen atom, the oxygen atom
number out of these atoms is 1, each of Rs to Rg independently represents a methyl group or a

hydrogen atom, and the total number of carbon atoms contained in respective groups of Rs to
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Ry is | or less).
[Claim 11] ‘
The method for producing a polyester polyol according to claim 8, A
wherein the cyclic carbonyl compound having a carbon atom number of 5 or 6
contains a compoﬁnd having a structure represented by the following formula (II) and a
content of the compound having a structure represented by formula (III) in the diol is 50 ppm
by mass or less: .
(Chem. 6]

Formula (IIT)

{wherein in formula (I}, each of Ryo to R independently represents a methyl group or-a
hydrogen atom, and the total number of carbon atoms contained in respective groups of Ry to
Rz is 1 or less). '
[Claim 12]

The method for producing a polyester polyol according to any one of ¢laims 9 to 11,

wherein the diol is 1,4-butanediol, A -

the dicarboxylic acid componeilt is "at least one of a terephthaiicA acid and a
terephthalic acid alkylate, and

the polyester polyol is polybutylene adipate.
[Claim 13] :

The method for producing a polyester polyol according to claim 12,

wherein  the 14-butanediol contains from 1 to 99 ppm by mass of
1-acetoxy-4-hydroxybutane. |
{Claim 14] ‘

The method for producing a polyester polyol according to any one of claims 8 to 13,

wherein a content of a nitrogen atom compound in the diol is from 0.1 to 50 ppm by
mass in terms of nitrogen atom.
[Claim 15]

A method for producing a polyurethane, comprising:
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reacting a polyester polyol produced by the production method of a polyester polyol
aqcordingtp any one of claims 8 to 14 with an isocyanate compound. ‘
[Claim 16]

A method for producing a polyurethane, comprising:

a step of Teacting a polyester polyol and an isocyanate compound,

wherein the polyester polyol and a diol used as a raw material for the production of

the polyester polyol are a diol produced directly fiom a biomass-resource-derived substance

. by a fermentation process and a content of a cyclic carbonyl compound having a carbon atom

number-of 5 or 6 in the diol is 12 ppm by mass or less.
[Claim 17] - |
The method for producing a polyurethane according to claim 16,
wherein the cyclic carbonyl compound havmg a carbon atom number of 5 or 6
contains a compound having a structure represented by the following formula (I):
[Chem. 7] - - T

Formula (I)

(wherein in formula (I}, each of R, to R4 independently represents a hydrogen atom, a methyl
group, a formyl group or an acetyl group, any one of R; to Ry is a formyl group or an acetyl
group, and the total number of carbon atoms contained in respective groups of Ry to Rgis 2 or
less).
[Claim 18] -

The method for producing a polyurethane according to claim 16,

wherein the cyclic ca;’bonyi compound having a carbon atom number of 5 or 6
contains a compound having a structure represented by the following formula (IT):
[Chem. 8] C

xe!
RS -~ JL - RS
X K
)I( )i( Formula (IT)
-~ -~ ¥n’ - R,’
Rg

Rg
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(wherein in formula (II}), X represents a carbon atom or an oxygen atom, the oxygen atom
number out of these atoms is 1, cach of Rs to Re independently represents a methyl group or a
hydrogen atom, and the total number of carbon atoms contained in respective groups of Rs to

Rois 1 or less).

" [Claim 19}

The method for producing a polyurethane according to claim 16,
~ wherein the cyclic carbonyl compound having a carbon atom number of 5 or 6
contains a compound having a structure represented by the following formmla (III) and a
content of the compound having a structure represented by formula (III) in the diol is 6 ppm
by mass or less:
[Chem. 9]

O ' Formula (1)

(wherein in formula (I}, each of Ryo to R;3 independently represents a methyl group or a
hydrogen atom, and the total number of carbon atoms contained in respective groups of Ry to
Rysis 1 or less). '
[Clain 20] _
The method for producing a polyurethane according to any one of claims 16 to 19,
wherein the diol is 1,4-buténediol, and
the polyester polyol is polybutylene adipate.
[Claim 21]
The method for producing a polyurethane according to claim 20,
wherein the 1,4-butapediol comtains from 1 to 99 ppm by mass of
1-acetoxy-4-hydroxybutane.

[Claim 22]

The method for producing a polyurethane according to any one of claims 16 to 21,
wherein a content of a nitrogen atom compound in the diol is from 0.1 to 50 ppm by

mass in terms of nitrogen atom.



