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The present disclosure provides ethanol comprising an inor 
ganic component and / or an organic component . The inor 
ganic component may contain at least one component 
selected from the group consisting of : silicon having a 
content of 10 mg / L or more and 100 mg / L or less ; chromium 
having a content of 0.6 mg / L or less ; iron having a content 
of 2.0 mg / L or less ; sodium having a content of 150 mg / L 
or more and 1000 mg / L or less ; and potassium having a 
content of 1.0 mg / L or more and 10 mg / L or less . The 
organic component may contain at least one component 
selected from the group consisting of : aliphatic hydrocarbon 
having a content of 0.16 mg / L or more and 10 mg / L or less ; 
aromatic hydrocarbon having a content of 0.4 mg / L or more 
and 10 mg / L or less ; and dialkyl ether having a content of 
0.1 mg / L or more and 100 mg / L or less . 
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ETHANOL 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is based upon and claims the 
benefit of priority from Japanese Patent Application Nos . 
2019-012564 and 2019-012568 , filed Jan. 28 , 2019 ; Japa 
nese Patent Application Nos . 2019-050436 , 2019-050465 , 
2019-050472 , 2019-050474 , 2019-050480 , 2019-050484 
and 2019-050489 , filed Mar. 18 , 2019 ; Japanese Patent 
Application Nos . 2019-117720 , 2019-117745 , 2019 
117749 , and 2019-117754 , filed Jun . 25 , 2019 ; and Japanese 
Patent Application No. 2019-126455 , filed Jul . 5 , 2019 ; the 
entire contents of which are incorporated herein by refer 

not decompose naturally , and therefore they are not effective 
as a fundamental solution to environmental problems . 
[ 0006 ] Currently , combustible waste disposed of in Japan 
reaches to about 60,000,000 tons / year . The amount of 
energy is equivalent to about 2 hundred trillion kilocalories , 
which is much more than that of naphtha used as a raw 
material for plastics in Japan , and it can be said that these 
wastes are also heavy resources . If these waste resources can 
be converted into petrochemical products , it will be possible 
to realize an ultimate resource recycling society that does 
not rely on petroleum resources . In view of the above , Patent 
Documents 1 and 2 disclose techniques for producing a 
synthetic gas ( a gas mainly composed of CO and H2 ) from 
waste and producing ethanol from the synthetic gas by a 
fermentation process . 
[ 0007 ] However , as also pointed out in Patent Document 
3 , synthetic gas produced from waste contains a wide variety 
of impurities that have not been revealed , and some of them 
are toxic to microorganisms , so that the productivity has 
become a large problem in producing alcohol from synthetic 
gas by microbial fermentation . Also , alcohol obtained by 
microbial fermentation of synthetic gas contains various 
components derived from impurities in the synthetic gas , 
and these components cannot be completely removed by 
purification treatment such as distillation . Therefore , the 
development of derivatives from alcohol obtained by micro 
bial fermentation of synthetic gas has been a major technical 
problem . 

ence . 

BACKGROUND OF THE INVENTION 

[ 0002 ] The present invention relates to ethanol and , more 
particularly , to ethanol in which the content of specific trace 
components is adjusted . Furthermore , the present invention 
relates to novel resource recycling type ethanol using a gas 
comprising carbon monoxide and hydrogen as a substrate , 
which is not derived from conventional petroleum resources 
or biomass resources . 

BACKGROUND ART 

PRIOR ART DOCUMENTS 

Patent Documents 

[ 0008 ] Patent Document 1 : Japanese Patent Application 
Laid - Open Publication No. 2016-059296 
[ 0009 ] Patent Document 2 : International Publication No. 
WO2015-037710 
[ 0010 ] Patent Document 3 : Japanese Patent Application 
Laid - Open Publication No. 2018-058042 

SUMMARY OF THE INVENTION 

[ 0003 ] Petrochemical products are used in various parts of 
our lives . On the other hand , because they are familiar 
products , they cause various environmental problems due to 
mass production and mass consumption , which is a major 
problem on a global scale . For example , polyethylene and 
polyvinyl chloride , which are representative products of 
petrochemical industry , are consumed in large quantities and 
disposed of , and these wastes are a major cause of environ 
mental pollution . In addition , concerns about the depletion 
of fossil fuel resources and global environmental issues such 
as the increase of carbon dioxide in the atmosphere have 
been discussed when petrochemical industry products are 
mass - produced . 
[ 0004 ] In view of increasing awareness of such environ 
mental problems on a global scale , methods for producing 
various organic substances from raw materials other than 
naphtha , which is a raw material for petrochemical products , 
have recently been studied . For example , attention has been 
drawn to a method for producing bioethanol from edible raw 
materials such as corn by a sugar fermentation method . 
However , it has been pointed out that such a sugar fermen 
tation method using edible raw materials uses the limited 
farmland area for production other than food , which leads to 
escalation in food prices . 
[ 0005 ] In order to solve this problem , the use of non - edible 
raw materials that have conventionally been disposed of has 
also been considered . Specifically , there have been proposed 
methods for producing alcohols by a fermentation method 
using waste wood , cellulose derived from waste paper , or the 
like as non - edible raw materials , and methods for producing 
alcohols by gasifying biomass raw materials as described 
above and using a catalyst from synthetic gas , but the current 
situation is that these methods have not yet been put into 
practical use . Furthermore , even if various petrochemical 
products can be produced from these de - petrochemical raw 
materials , they will eventually become waste plastics that do 

Problems to be Solved by the Invention 
[ 0011 ] According to examination by the present inventors , 
for example , C2 raw material represented by conventional 
ethanol is known as a starting material for various chemical 
products , but as described above , it has been found that 
alcohol produced from resources other than petroleum 
resources or biomass resources ( recycling type resources ) 
contains various unknown substances in small amounts 
unlike chemical raw materials derived from naphtha . How 
ever , in the prior art , the properties of the substances are also 
unknown , and thus no conventional studies were carried out 
on whether all the substances should be removed or only 
specific substances should be removed . Therefore , even if 
the above - mentioned patent documents propose alcohols 
produced from recyclable resources , there is still room for 
technical improvement in order to put the alcohols into 
practical use . 
[ 0012 ] On the other hand , according to the above - men 
tioned documents , although general fermentation and distil 
lation methods , optimum composition of synthetic gas , and 
the like are disclosed , the details of the process , etc. are not 
described , and even the obtained alcohol substance is not 
specified . 
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[ 0013 ] Accordingly , the present invention has been made 
in view of such background art , and the problem is to 
provide a practically novel alcohol having an industrial 
value more than that of existing petrochemical raw materi 
als , and derivatives thereof . 

Means for Solving the Problem 
[ 0014 ] As a result of intensive studies to solve the above 
mentioned problem , it has been found that it is possible to 
specify a wide variety of trace substances contained in 
alcohol produced from recycling type resources , and further 
to control the content within a specific range by a novel 
production method , and that various derived products 
thereof exhibit superior effect compared to existing petro 
chemical derived alcohols . For example , in the process of 
synthesizing butadiene from ethanol , it has been found that 
the ethanol conversion rate was improved compared to the 
case where the conventional ethanol derived from petro 
chemical is used , and an alcohol of a practical level equiva 
lent to or higher than that of the alcohol derived from 
petrochemical is obtained , thereby arriving at the present 
invention . 
[ 0015 ] More specifically , when ethanol is produced from 
a gas substrate containing carbon monoxide and hydrogen 
using waste as the carbon source , it was found that the 
conversion rate of ethanol is improved when butadiene is 
synthesized from the ethanol , and when the reason for this 
was examined in details , it was found that the content of 
inorganic components such as specific metallic elements is 
extremely low and a small amount of organic components 
exist in ethanol derived from a recycling type resource using 
a gas comprising carbon monoxide and hydrogen as the 
substrate . The present invention is based on such finding . 
[ 0016 ] That is , the present invention includes the follow 
ing features . 
[ 1 ] Ethanol comprising an inorganic component and / or an 
organic component , wherein 
[ 0017 ] the inorganic component comprises at least one 
component selected from the group consisting of : 
[ 0018 ] silicon having a content of 10 mg / L or more and 
100 mg / L or less ; 
[ 0019 ] chromium having a content of 0.6 mg / L or less ; 
[ 0020 ] iron having a content of 2.0 mg / L or less ; 
[ 0021 ] sodium having a content of 150 mg / L or more and 
1000 mg / L or less ; and 
[ 0022 ] potassium having a content of 1.0 mg / L or more 
and 10 mg / L or less ; and 
[ 0023 ] the organic component comprises at least one com 
ponent selected from the group consisting of : 
[ 0024 ] aliphatic hydrocarbon having a content of 0.16 
mg / L or more and 10 mg / L or less ; 
[ 0025 ] aromatic hydrocarbon having a content of 0.4 mg / L 
or more and 10 mg / L or less ; and 
[ 0026 ] dialkyl ether having a content of 0.1 mg / L or more 
and 100 mg / L or less . 
[ 2 ] The ethanol according to [ 1 ] , wherein a substrate is a gas 
comprising carbon monoxide and hydrogen . 
[ 3 ] The ethanol according to [ 1 ] or [ 2 ] , derived from 
microbial fermentation . 
[ 4 ] The ethanol according to [ 2 ] or [ 3 ] , wherein the gas 
comprising carbon monoxide and hydrogen is derived from 
waste . 

[ 5 ] A method for manufacturing ethanol , comprising : 
[ 0027 ] a step of converting a carbon source into a syn 
thetic gas comprising carbon monoxide and hydrogen ; 
[ 0028 ] a microbial fermentation step of supplying the 
synthetic gas comprising carbon monoxide and hydrogen to 
a microbial fermentation tank to obtain an ethanol - contain 
ing liquid by microbial fermentation ; 
[ 0029 ] a separation step of separating the ethanol - contain 
ing liquid into a liquid or solid component containing 
microorganisms and a gas component containing ethanol ; 
[ 0030 ] a liquefaction step of condensing and liquefying 
the gas component ; 
[ 0031 ] a purification step of purifying ethanol from the 
liquid obtained in the liquefaction step ; 
[ 0032 ] wherein the purified ethanol comprises at least one 
inorganic component selected from the group consisting of : 
[ 0033 ] silicon having a content of 10 mg / L or more and 
100 mg / L or less ; 
[ 0034 ] chromium having a content of 0.6 mg / L or less ; 
[ 0035 ] iron having a content of 2.0 mg / L or less ; 
[ 0036 ] sodium having a content of 150 mg / L or more and 
1000 mg / L or less ; and 
[ 0037 ] potassium having a content of 1.0 mg / L or more 
and 10 mg / L or less , and / or at least one organic component 
selected from the group consisting of : 
[ 0038 ] aliphatic hydrocarbon having a content of 0.16 
mg / L or more and 10 mg / L or less ; 
[ 0039 ] aromatic hydrocarbon having a content of 0.4 mg / L 
or more and 10 mg / L or less ; and 
[ 0040 ] dialkyl ether having a content of 0.1 mg / L or more 
and 100 mg / L or less . 
[ 6 ] The method according to [ 5 ] further comprising the step 
of purifying the synthetic gas . 
[ 7 ] The method according to [ 5 ] or [ 6 ] , wherein the carbon 
source is derived from waste . 
[ 8 ] The ethanol of any one of [ 1 ] to [ 4 ] , used in a chemical 
product , a polymer raw material , or a fuel . 
[ 9 ] A chemical product using ethanol according to any one 
of [ 1 ] to [ 4 ] as a raw material . 
[ 10 ] A fuel comprising ethanol according to any one of [ 1 ] 
to [ 4 ] and / or ethyl - t - butyl ether using ethanol according to 
any one of [ 1 ] to [ 4 ] as a raw material . 
[ 11 ] A polymer raw material using ethanol according to any 
one of [ 1 ] to [ 4 ] as a raw material . 
[ 12 ] The polymer raw material according to [ 11 ] , selected 
from the group consisting of ethylene , propylene , butadiene , 
ethyl acetate , isobutene , methyl ( meth ) acrylate , acrylic acid , 
aminohexanoic acid , and diethyl carbonate . 
[ 13 ] A polymer comprising the polymer raw material 
according to [ 11 ] or [ 12 ] . 
[ 14 ] A molded article comprising the polymer according to 
[ 13 ] . 

Effect of the Invention 
[ 0041 ] According to the present invention , by using etha 
nol having extremely low contents of specific metal ele 
ments or ethanol containing very small amounts of organic 
components , various different effects can be obtained com 
pared with commercial ethanol for industrial use . For 
example , according to the present invention , it is possible to 
improve the ethanol conversion rate when butadiene is 
synthesized using ethanol as a raw material , to improve the 
reaction rate when a carboxylic acid ester is synthesized by 
adding ethanol to a carboxylic acid , and to improve the 
combustion efficiency when ethanol is used as a fuel . In 
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addition , even in the case of existing alcohols , it is expected 
that the same effect can be obtained by adjusting the contents 
of inorganic components such as specific metallic elements 
to an extremely low content or by adding specific amounts 
of organic components . 
[ 0042 ] The ethanol according to the present invention can 
be used as a raw material for producing , for example , 
butadiene , ethylene , propylene , isobutene , acetaldehyde , 
acetic acid , ethyl acetate , methyl ( meth ) acrylate , ethyl - t 
butyl ether ethylene glycol , ester composition , polyester , 
acrylic acid , aminohexanoic acid , diethyl carbonate , poly 
ethylene ( PE ) , polyethylene terephthalate ( PET ) , polypro 
pylene ( PP ) , polyisobutylene , polymethylmethacrylate 
( PMMA ) , ethylene propylene diene rubber ( EPDM ) , poly 
butylene terephthalate ( PBT ) , polyethylene furanoate ( PEF ) , 
polyurethane ( PU ) , and the like . The ethanol according to 
the present invention can be used in various purposes of 
chemical products such as cosmetics , perfumes , fuels , anti 
freeze solutions , bactericides , disinfectants , cleaners , mold 
removers , detergents , shampoo , soaps , antiperspirants , face 
wash sheets , solvents , coatings , adhesives , diluents , food 
additives , and the like . 

MODE FOR CARRYING OUT THE INVENTION 

[ 0043 ] One example of a preferred embodiment of the 
present invention will be described below . However , the 
following embodiment is an example for describing the 
present invention , and the present invention shall not be 
limited to the following embodiment . 

Definition 

[ 0044 ] In the present invention , the term “ ethanol ” does 
not mean pure ethanol as a compound ( ethanol represented 
by the chemical formula : CH3CH2OH ) , but means a com 
position containing water and impurities ( impurity compo 
nents ) inevitably contained in ethanol produced through 
synthesis or purification . 
[ 0045 ] In the present invention , the content of each com 
ponent such as an inorganic component or an organic 
component in an alcohol raw material is the amount ( mg ) of 
each component per 1 L of alcohol . 

[ 0056 ] dialkyl ether having a content of 0.1 mg / L or more 
and 100 mg / L or less . 
[ 0057 ] When silicon ( Si ) is contained as an inorganic 
component , the content thereof is 10 mg / L or more and 100 
mg / L or less . Si may be contained in ethanol as silica or 
organosiloxane , and is preferably contained as silica . The 
concentration of Si in ethanol can be measured by a method 
known in the art . As a method for measuring the concen 
tration of Si , for example , a method for directly analyzing Si 
( silicon ) using an inductively coupled plasma mass spec 
trometry ( ICP - MS ) can be mentioned . In this method , silica 
( SiO2 ) is ionized in ICP - MS , and the concentration of Si 
( silicon ) is measured to quantitatively analyze the concen 
tration of silica . In the method for directly analyzing Si 
( silicon ) using ICP - MS , the concentration of Si ( silicon ) is 
determined by preparing a calibration curve by analyzing a 
standard solution for atomic absorption ( Si ) after concen 
tration adjustment , and analyzing a sample to be measured 
based on the calibration curve . 
[ 0058 ] There is also a method for analyzing the silica 
concentration by the rhodamine B method . In this method 
for analyzing the silica concentration by the rhodamine B , 
sulfuric acid , rhodamine B , molybdic acid and several kinds 
of silica standard solutions are prepared . Then , these chemi 
cals are injected into cells by using a fluorometer , and the 
fluorescence intensity of rhodamine B of the fluorometer is 
monitored . Then , a calibration curve is prepared based on 
the concentration of the silica standard solution and the 
degree of quenching of the fluorescence intensity . Based on 
this calibration curve , silica concentration is determined by 
analyzing the sample to be measured . 
[ 0059 ] The content of Si ( silicon ) in ethanol with respect 
to ethanol is preferably 15 mg / L or more , more preferably 20 
mg / L or more , further more preferably 30 mg / L or more , and 
preferably 90 mg / L or less , more preferably 80 mg / L or less , 
and further more preferably 70 mg / L or less . The content of 
Si is an amount equivalent to Si element in the Si compound . 
When the content of Si is within the above - mentioned 
numerical range , it is possible to improve the ethanol 
conversion rate when butadiene is synthesized using ethanol 
as a raw material , to improve the reaction rate when car 
boxylic acid ester is synthesized by adding ethanol to 
carboxylic acid , or to improve the combustion efficiency 
when ethanol is used as a fuel . 
[ 0060 ] When chromium ( Cr ) is contained as an inorganic 
component , the content thereof is 0.6 mg / L or less , prefer 
ably 0.5 mg / L or less . The content of Cr is an amount 
equivalent to the amount of Cr element in the Cr compound . 
When the content of Cr is within the above range , it is 
possible to improve the ethanol conversion rate when buta 
diene is synthesized using ethanol as a raw material , to 
improve the reaction rate when a carboxylic acid ester is 
synthesized by adding ethanol to carboxylic acid , or to 
improve the combustion efficiency when ethanol is used as 
a fuel . 
[ 0061 ] When iron ( Fe ) is contained as an inorganic com 
ponent , the content thereof is 2.0 mg / L or less , preferably 1.5 
mg / L or less , more preferably 1.0 mg / L or less , and further 
more preferably 0.5 mg / L or less . Note that the content of Fe 
is an amount equivalent to the Fe element in the Fe com 
pound . When the content of Fe is within the above range , it 
is possible to improve the ethanol conversion rate when 
butadiene is synthesized using ethanol as a raw material , to 
improve the reaction rate when a carboxylic acid ester is 

< Ethanol > 

[ 0046 ] The ethanol according to the present invention is 
ethanol containing an inorganic component and / or an 
organic component , wherein 
[ 0047 ] the inorganic component comprises at least one 
component selected from the group consisting of : 
( 0048 ] silicon having a content of 10 mg / L or more and 
100 mg / L or less ; 
[ 0049 ] chromium having a content of 0.6 mg / L or less ; 
[ 0050 ] iron having a content of 2.0 mg / L or less ; 
[ 0051 ] sodium having a content of 150 mg / L or more and 
1000 mg / L or less ; and 
[ 0052 ] potassium having a content of 1.0 mg / L or more 
and 10 mg / L or less ; and 
[ 0053 ] the organic component comprises at least one com 
ponent selected from the group consisting of : 
[ 0054 ] aliphatic hydrocarbon having a content of 0.16 
mg / L or more and 10 mg / L or less ; 
[ 0055 ] aromatic hydrocarbon having a content of 0.4 mg / L 
or more and 10 mg / L or less ; and 
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synthesized by adding ethanol to carboxylic acid , or to 
improve the combustion efficiency when ethanol is used as 
a fuel . The content of iron in ethanol can be measured by a 
method known in the art . 
[ 0062 ] The content of iron or chromium in ethanol can be 
measured by a conventional known method . As a method for 
measuring the content of iron or chromium , for example , an 
analyzing method using an inductively coupled plasma mass 
spectrometry ( ICP - MS ) can be mentioned . In the method for 
analyzing using ICP - MS , the content of iron or chromium is 
determined by preparing a calibration curve by analyzing a 
standard solution for atomic absorption after concentration 
adjustment , and analyzing a sample to be measured based on 
the calibration curve . 
[ 0063 ] When sodium ( Na ) is contained as an inorganic 
component , the content thereof is 150 mg / L or more and 
1000 mg / L or less . Sodium may be contained as a sodium 
ion or a sodium compound in ethanol . 
[ 0064 ] The content of Na ( sodium ) in ethanol is preferably 
170 mg / L or more , more preferably 190 mg / L or more , 
further preferably 500 mg / L or more , and preferably 400 
mg / L or less , more preferably 300 mg / L or less with respect 
to the ethanol . The content of Na is an amount equivalent to 
the Na element of in the Na compound . When the content of 
Na is within the above - mentioned numerical range , it is 
possible to improve the ethanol conversion rate when buta 
diene is synthesized using ethanol as a raw material , to 
improve the reaction rate when carboxylic acid is synthe 
sized by adding ethanol to carboxylic acid , or to improve the 
combustion efficiency when ethanol is used as a fuel . 
[ 0065 ] When potassium ( K ) is contained as an inorganic 
component , the content thereof is 1.0 mg / L or more and 10 
mg / L or less . Potassium may be contained as a potassium ion 
or as a potassium compound in ethanol . 
[ 0066 ] The content of K ( potassium ) in ethanol is prefer 
ably 1.5 mg / L or more , more preferably 2.0 mg / L or more , 
further more preferably 2.5 mg / L or more , and preferably 7 
mg / L or less , more preferably 5 mg / L or less with respect to 
ethanol . The content of K is an amount equivalent to the K 
element in the K compound . When the content of K is within 
the above - mentioned numerical range , it is possible to 
improve the ethanol conversion rate when butadiene is 
synthesized using ethanol as a raw material , to improve the 
reaction rate when carboxylic acid ester is synthesized by 
adding ethanol to carboxylic acid , or to improve the com 
bustion efficiency when ethanol is used as a fuel . 
[ 0067 ] The content of sodium or potassium in ethanol can 
be measured by a method known in the art . As a method for 
measuring the content of sodium or potassium , for example , 
an analyzing method by using an inductively coupled 
plasma mass spectrometry ( ICP - MS ) can be mentioned . In 
the method for analyzing using ICP - MS , the content of 
sodium or potassium is determined by preparing a calibra 
tion curve by analyzing a standard solution for atomic 
absorption after concentration adjustment , and analyzing a 
sample to be measured based on the calibration curve . 
[ 0068 ] The compounds containing the above - mentioned 
elements ( Si , Cr , Fe , Na , K ) can be inorganic compounds or 
organometallic compounds . 
[ 0069 ] When an aliphatic hydrocarbon is contained as an 
organic component , the content ( sum ) thereof is 0.16 mg / L 
or more and 10 mg / L or less . The aliphatic hydrocarbon is 
preferably a chain saturated hydrocarbon having 6 to 14 
carbon atoms , and examples thereof include n - hexane , 

n - heptane , n - octane , n - decane , n - dodecane , and n - tetrade 
cane . Only one of these may be contained , or two or more 
may be contained . 
[ 0070 ] The total content ( sum ) of aliphatic hydrocarbon 
contained in ethanol is preferably 0.2 mg / L or more , more 
preferably 0.3 mg / L or more , further preferably 0.4 mg / L or 
more , and preferably 7 mg / L or less , more preferably 5 mg / L 5 
or less , and further preferably 3 mg / L or less , with respect to 
the entire ethanol . 
[ 0071 ] In the case where the aliphatic hydrocarbon is 
n - hexane , the content of n - hexane is preferably 0.1 mg / L or 
more , more preferably 0.2 mg / L or more , further preferably 
0.3 mg / L or more , further more preferably 0.5 mg / L or more , 
and preferably 5 mg / L or less , more preferably 3 mg / L or 
less , further preferably 2 mg / L or less , further more prefer 
ably 1 mg / L or less , with respect to the entire ethanol . 
[ 0072 ] When the aliphatic hydrocarbon is n - heptane , the 
content of n - heptane is preferably 0.01 mg / L or more , more 
preferably 0.02 mg / L or more , further preferably 0.03 mg / L 
or more , further more preferably 0.05 mg / L or me and 
preferably 1 mg / L or less , more preferably 0.5 mg / L or less , 
further preferably 0.2 mg / L or less , and further more pref 
erably 0.1 mg / L or less , with respect to the entire ethanol . 
[ 0073 ] In the case where the aliphatic hydrocarbon is 
n - octane , the content of n - octane is preferably 0.01 mg / L or 
more , more preferably 0.02 mg / L or more , further preferably 
0.03 mg / L or more , further more preferably 0.05 mg / L or 
more , and preferably 1 mg / L or less , more preferably 0.5 
mg / L or less , further preferably 0.2 mg / L or less , and further 
more preferably 0.1 mg / L or less with respect to the entire 
ethanol . 
[ 0074 ] In the case where the aliphatic hydrocarbon is 
n - decane , the content of n - decane is preferably 0.01 mg / L or 
more , more preferably 0.02 mg / L or more , further preferably 
0.03 mg / L or more , further more preferably 0.05 mg / L or 
more , and preferably 1 mg / L or less , more preferably 0.5 
mg / L or less , further preferably 0.2 mg / L or less , and further 
more preferably 0.1 mg / L or less with respect to the entire 
ethanol . 
[ 0075 ] In the case where the aliphatic hydrocarbon is 
n - dodecane , the content of n - dodecane is preferably 0.01 
mg / L or more , more preferably 0.02 mg / L or more , further 
preferably 0.03 mg / L or more , further more preferably 0.05 
mg / L or more , and preferably 1 mg / L or less , more prefer 
ably 0.5 mg / L or less , further preferably 0.2 mg / L or less , 
and further more preferably 0.1 mg / L or less with respect to 
the entire ethanol . 
[ 0076 ] In the case where the aliphatic hydrocarbon is 
n - tetradecane , the content of n - tetradecane is preferably 0.01 
mg / L or more , more preferably 0.02 mg / L or more , further 
preferably 0.03 mg / L or more , further more preferably 0.05 
mg / L or more , and preferably 1 mg / L or less , more prefer 
ably 0.5 mg / L or less , further preferably 0.2 mg / L or less , 
and further more preferably 0.1 mg / L or less with respect to 
the entire ethanol . 
[ 0077 ] When the aliphatic hydrocarbon is hexadecane , the 
content of hexadecane is preferably 0.01 mg / L or more , 
more preferably 0.02 mg / L or more , further preferably 0.03 
mg / L or more , further more preferably 0.05 mg / L or more , 
and preferably 1 mg / L or less , more preferably 0.5 mg / L or 
less , further preferably 0.2 mg / L or less , and further more 
preferably 0.1 mg / L or less with respect to the total ethanol 
content . 
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[ 0078 ] When an aromatic compound is contained as an 
organic component , the content ( sum ) thereof is 0.4 mg / L or 
more and 10 mg / L or less . The aromatic compound is 
preferably an aromatic compound having 6 to 14 carbon 
atoms , such as toluene , ethylbenzene , o - xylene , m - xylene , 
and p - xylene . Only one of these may be included , or two or 
more of these may be included . As the aromatic compound , 
ethylbenzene is preferably included . 
[ 0079 ] The content ( sum ) of aromatic compound con 
tained in ethanol is preferably 0.5 mg / L or more , more 
preferably 0.7 mg / L or more , further preferably 1.0 mg / L or 
more , and preferably 10 mg / L or less , more preferably 7 
mg / L or less , further preferably 5 mg / L or less , and further 
more preferably 3 mg / L or less with respect to the entire 3 
ethanol . 
[ 0080 ] In the case where the aromatic compound is eth 
ylbenzene , the content of ethylbenzene is preferably 0.1 
mg / L or more , more preferably 0.2 mg / L or more , further 
preferably 0.3 mg / L or more , further more preferably 0.5 
mg / L or more , and preferably 5 mg / L or less , more prefer 5 
ably 3 mg / L or less , further preferably 2 mg / L or less , and 
further more preferably 1 mg / L or less with respect to the 
entire ethanol . 
[ 0081 ] When the aromatic compound is toluene , the con 
tent of toluene is preferably 0.01 mg / L or more , more 
preferably 0.02 mg / L or more , further preferably 0.03 mg / L 
or more , further more preferably 0.05 mg / L or more , and 
preferably 1 mg / L or less , more preferably 0.5 mg / L or less , 
further preferably 0.2 mg / L or less , and further more pref 
erably 0.1 mg / L or less with respect to the entire ethanol . 
[ 0082 ] When the aromatic compound is 0 - xylene , the 
content of o - xylene is preferably 0.1 mg / L or more , more 
preferably 0.2 mg / L or more , further preferably 0.3 mg / L or 
more , further more preferably 0.5 mg / L or more , and pref 
erably 5 mg / L or less , more preferably 3 mg / L or less , further 
preferably 2 mg / L or less , and further more preferably 1 
mg / L or less , with respect to the entire ethanol . 
[ 0083 ] When the aromatic compound is m - xylene and / or 
p - xylene , the content ( sum ) of m - xylene and / or p - xylene is 
preferably 0.2 mg / L or more , more preferably 0.3 mg / L or 
more , further preferably 0.4 mg / L or more , further more 
preferably 0.5 mg / L or more , and preferably 5 mg / L or less , 
more preferably 3 mg / L or less , further preferably 2 mg / L or 
less , and further more preferably 1 mg / L or less with respect 
to the total ethanol . 
[ 0084 ] When dialkyl ether is contained as an organic 
component , the content ( sum ) thereof is 0.1 mg / L or more 
and 100 mg / L or less . Examples of dialkyl ether include 
dimethyl ether , diethyl ether , dipropyl ether , dibutyl ether 
and dipentyl ether . Only one of these may be included , or 
two or more of these may be included . As the dialkyl ether , 
dibutyl ether is preferably included . 
[ 0085 ] The content ( sum ) of dialkyl ether contained in 
ethanol is preferably 1.0 mg / L or more , more preferably 2.0 
mg / L or more , further preferably 5.0 mg / L or more , further 
more preferably 10.0 mg / L or more , and preferably 80 mg / L 
or less , more preferably 60 mg / L or less , further preferably 
50 mg / L or less , and further more preferably 30 mg / L or less 
with respect to the entire ethanol . 
[ 0086 ] When dialkyl ether is dibutyl ether , the content of 
dibutyl ether is preferably 1 mg / L or more , more preferably 
2 mg / L or more , further preferably 5 mg / L or more , further 
more preferably 10 mg / L or more , and preferably 50 mg / L 

or less , more preferably 40 mg / L or less , further preferably 
30 mg / L or less , and further more preferably 25 mg / L or less 
with respect to ethanol . 
[ 0087 ] When the contents of the above - mentioned organic 
components ( aliphatic hydrocarbon , aromatic compound , 
dialkyl ether ) are within the above - mentioned numerical 
ranges , it is possible to improve the ethanol conversion rate 
when butadiene is synthesized using ethanol as a raw 
material , to improve the reaction rate when carboxylic acid 
ester is synthesized by adding ethanol to carboxylic acid , or 
to improve the combustion efficiency when ethanol is used 
as a fuel . 
[ 0088 ] Ethanol according to the present invention is pref 
erably ethanol using a gas comprising carbon monoxide and 
hydrogen as a substrate , or ethanol derived from microbial 
fermentation . This is because it is convenient in the produc 
tion process to incorporate Si , Cr , Fe , Na and K at the 
above - mentioned concentrations with these ethanols . Here , 
ethanol having 100 % purity , i.e. containing no impurities at 
all , does not contain Si , Cr , Fe , Na and K at the above 
mentioned concentrations . In addition , usually commer 
cially available industrial ethanol derived from fossil fuels 
or ethanol produced by a fermentation method using bio 
mass materials such as cellulose , does not contain Si , Cr , Fe , 
Na and K at the above - mentioned concentrations , but Si , Cr , 
Fe , Na and K may be added so as to attain the above 
mentioned concentrations . 
[ 0089 ] Similarly , it is convenient in the manufacturing 
process for ethanol using a gas comprising carbon monoxide 
and hydrogen as a substrate or ethanol derived from micro 
bial fermentation to contain aliphatic hydrocarbons , aro 
matic compounds and dialkyl ethers at the above - mentioned 
concentrations . Ethanol of 100 % purity , i.e. , containing no 
impurities at all , does not contain aliphatic hydrocarbons , 
aromatic compounds and dialkyl ethers at the above - men 
tioned concentrations . Also , commercially available indus 
trial ethanol derived from fossil fuels or ethanol produced by 
a fermentation process using biomass materials such as 
cellulose does not contain aliphatic hydrocarbon , aromatic 
compound and dialkyl ether at the above - mentioned con 
centrations , although aliphatic hydrocarbon , aromatic com 
pound and dialkyl ether may be added to achieve the 
above - mentioned concentrations . 
[ 0090 ] Without being bound by theory , ethanol derived 
from microbial fermentation using a gas comprising carbon 
monoxide and hydrogen as a substrate is considered to 
contain various trace components other than carbon mon 
oxide and hydrogen in the synthetic gas used in the manu 
facturing process . Therefore , even if the alcohol is obtained 
through a purification step such as distillation , it is difficult 
to remove all the impurities such as inorganic substances and 
organic substances , and it is considered that inorganic sub 
stances and organic substances are inevitably contained in 
alcohol . In the present invention , by including these 
unavoidable substances in ethanol , it is considered that it is 
possible to improve the ethanol conversion rate when buta 
diene is synthesized using ethanol as a raw material , to 
improve the reaction rate when carboxylic acid is synthe 
sized by adding ethanol to carboxylic acid , and to improve 
the combustion efficiency when ethanol is used as a fuel . 
[ 0091 ] The ethanol of the present invention is obtained by 
extracting and further purifying an ethanol - containing liquid 
obtained from a microbial fermentation tank as described 



US 2022/0090147 A1 Mar. 24 , 2022 
6 

a 
later , but may contain other components in addition to the 
above - mentioned unavoidable substances . 
[ 0092 ] The ethanol of the present invention contains inor 
ganic components and / or organic components as described 
above , but the concentration of ethanol ( pure ethanol as a 
compound ) , which is the main component in ethanol , is 75 % 
by volume or more , preferably 80 % by volume or more , 
more preferably 90 % by volume or more , further preferably 
95 % by volume or more , further more preferably 98 % by 
volume or more , and preferably 99.999 % by volume or less , 
more preferably 99.99 % by volume or less , further prefer 
ably 99.9 % by volume or less , and further more preferably 
99.5 % by volume or less , relative to the total ethanol . 
[ 0093 ] The ethanol concentration in the ethanol of the 
present invention may be set according to the intended 
purpose , for example , in the case of cosmetics or the like , 
those with 90 % by volume or more is preferably used , in the 
case of ethanol for disinfectants , those with 75 % by volume 
or more is preferably used , and the upper limit can also be 
conveniently set according to the purpose . From the view 
point of transportation cost and the like , the higher the 
concentration of ethanol is , the more preferable as a product . 
< Method for Manufacturing Ethanol > 
[ 0094 ] As a method for manufacturing ethanol having a 
specific gas chromatographic peak as described above , for 
example , ethanol can be produced by microbial fermentation 
of a synthetic gas containing carbon monoxide derived from 
waste or exhaust gas . In such a process , the content of 
aromatic compounds and the like in the raw material gas 
derived from waste or exhaust gas and the purification 
conditions may be controlled so as to control the amount of 
aromatic compounds contained in the final product . Here 
inafter , as an example , a method for manufacturing ethanol 
from a synthetic gas containing carbon monoxide derived 
from waste or exhaust gas by microbial fermentation will be 
described . 
[ 0095 ] A method for producing ethanol comprises the step 
of converting a carbon source into a synthetic gas compris 
ing carbon monoxide and hydrogen ; a microbial fermenta 
tion step of supplying the synthetic gas comprising carbon 
monoxide and hydrogen to a microbial fermentation tank to 
obtain an ethanol - containing liquid by microbial fermenta 
tion ; a separation step of separating the ethanol - containing 
liquid into a liquid or solid component containing microor 
ganisms and a gas component containing ethanol ; a lique 
faction step of condensing and liquefying the gas compo 
nent ; a purification step of purifying ethanol from the liquid 
obtained in the liquefaction step ; but may optionally com 
prise a raw material gas generation step , a synthetic gas 
preparation step , a wastewater treatment step , and the like . 
Each step will be described below . 

lent operability can be achieved by partial combustion of 
waste . The waste is gasified in a fluidized bed furnace of low 
temperature ( about 450 to 600 ° C. ) and low oxygen atmo 
sphere to decompose into gas ( carbon monoxide , carbon 
dioxide , hydrogen , methane , etc. ) and carbon - rich char . 
Furthermore , the incombustibles contained in the waste are 
separated from the bottom of the furnace in a hygienic and 
low oxidation state , so that valuable materials such as iron 
and aluminum contained in the incombustibles can be selec 
tively recovered . Therefore , the gasification of waste enables 
efficient resource recycling . 
[ 0097 ] The temperature of the gasification in the raw 
material gas generation step is , without particular limitation , 
usually 100 to 2500 ° C. and preferably 200 to 2100 ° C. 
[ 0098 ] The reaction time of gasification in the raw mate 
rial gas generation step is usually 2 seconds or more , 
preferably 5 seconds or more . 
[ 0099 ] The carbon source used in the raw material gas 
generation step is not particularly limited , and various 
carbon - containing materials such as coal used in a coke oven 
of a steel plant , a blast furnace ( blast furnace gas ) , a 
converter or a coal - fired power plant , general waste and 
industrial waste introduced into an incinerator ( especially a 
gasification furnace ) , carbon dioxide produced as a by 
product by various industries , and the like can also be 
suitably used for the purpose of recycling . 
[ 0100 ] More specifically , the carbon source is preferably 
waste , specifically , plastic waste , raw garbage , municipal 
solid waste ( MSW ) , industrial solid waste , waste tires , 
biomass waste , household waste such as duvet and paper , 
waste such as building members , coal , petroleum , petro 
leum - derived compounds , natural gas , shale gas , and the 
like , among which various types of waste are preferable , and 
from the viewpoint of separation cost , unseparated munici 
pal solid waste is more preferable . 
[ 0101 ] The raw material gas obtained by gasifying the 
carbon source contains carbon monoxide and hydrogen as 
essential components , but may further contain carbon diox 
ide , oxygen and nitrogen . As other components , the raw 
material gas may further contain components such as soot , 
tar , a nitrogen compound , a sulfur compound , a phosphorus 
compound , an aromatic compound and the like . 
[ 0102 ] The raw material gas may be produced as a gas 
containing , without particular limitation , 0.1 % by volume or 
more , preferably 10 % by volume or more , more preferably 
20 % by volume or more of carbon monoxide by performing 
heat treatment ( commonly known as gasification ) for burn 
ing a carbon source ( incomplete combustion ) in the raw 
material gas production process , that is , by partially oxidiz 
ing the carbon source . 

< Raw Material Gas Generation Step > 
[ 0096 ] The raw material gas generation step is a step of 
generating a raw material gas by gasifying a carbon source 
in the gasification unit . In the raw material gas generation 
step , a gasification furnace may be used . The gasification 
furnace is a furnace for burning ( incomplete combustion ) a 
carbon source , and examples thereof include a shaft furnace , 
a kiln furnace , a fluidized bed furnace , and a gasification 
reforming furnace . The gasification furnace is preferably a 
fluidized bed furnace type since high hearth load and excel 

< Synthetic Gas Purification Step > 
[ 0103 ] The synthetic gas purification step is a step of 
removing or reducing specific substances such as various 
contaminants , soot and dust particles , impurities , and unde 
sirable amounts of compounds from the raw material gas . 
When the raw material gas is derived from waste , the raw 
material gas usually contains 0.1 % by volume or more and 
80 % by volume or less of carbon monoxide , 0.1 % by 
volume or more and 70 % by volume or less of carbon 
dioxide , 0.1 % by volume or more and 80 % by volume or 
less of hydrogen , and tends to contain 1 mg / L or more of a 
nitrogen compound , 1 mg / L or more of a sulfur compound , 
0.1 mg / L or more of a phosphorus compound , and / or 10 

a 
a 

a 
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mg / L or more of an aromatic compound . It may also contain 
other substances such as other environmental pollutants , 
soot and dust particles and impurities . Therefore , when the 
synthetic gas is supplied to the microbial fermentation tank , 
it is preferable to reduce or remove from the raw material 
gas substances that are not preferable for stable cultivation 
of microorganisms or an undesirable amount of a compound 
so that the content of each component contained in the raw 
material gas is within a range suitable for stable cultivation 
of microorganisms . 
[ 0104 ] Particularly in the synthetic gas purification step , 
carbon dioxide gas in the synthetic gas is adsorbed on the 
regeneration adsorbent ( zeolite ) by using a pressure swing 
adsorption device filled with the regeneration adsorbent , 
thereby reducing the concentration of carbon dioxide gas in 
the synthetic gas . Further , the synthetic gas may be subjected 
to other treatment steps known in the art to remove the 
impurities and adjust the gas composition . Other treatment 
steps include , for example , treatment using one or two or 
more of a gas chiller ( water separator ) , a low - temperature 
separation system ( deep cooling system ) separator , a fine 
particle ( soot ) separator such as a cyclone or bag filter , a 
scrubber ( water - soluble impurity separator ) , a desulfuriza 
tion device ( sulfide separator ) , a membrane separation sys 
tem separator , a deoxygenator , a pressure swing adsorption 
system separator ( PSA ) , a temperature swing adsorption 
system separator ( TSA ) , a pressure temperature swing 
adsorption system separator ( PTSA ) , a separation system 
using activated carbon , a deoxygenator catalyst , specifically 
a separation system using a copper catalyst or a palladium 
catalyst , or the like . 
[ 0105 ] In the present invention , the concentration of ele 
ments such as Si , Cr , Fe , Na and K derived from the raw 
material gas can be controlled by adjusting the conditions of 
the above treatment process . For example , the concentration 
of these elements can be reduced to less than the detection 
limit by adjusting the conditions such as the residence time 
of the scrubber and the membrane separation . By thus 
reducing the concentration of inorganic components in the 
raw material gas , the final content of inorganic components 
in ethanol can be reduced to less than the detection limit . 
[ 0106 ] The synthetic gas used in the ethanol manufactur 
ing method of the present invention contains at least carbon 
monoxide as an essential component , and may further con 
tain hydrogen , carbon dioxide and nitrogen . 
[ 0107 ] As for the synthetic gas used in the present inven 
tion , it is possible to use as the synthetic gas a gas obtained 
by generating a raw material gas by gasifying a carbon 
source ( raw material gas generation step ) , and then perform 
ing a step of reducing or removing substances and com 
pounds as described above together with adjusting the 
concentration of each component of carbon monoxide , car 
bon dioxide , hydrogen and nitrogen from the raw material 
gas . 
[ 0108 ] The carbon monoxide concentration in the syn 
thetic gas is usually 20 % by volume to 80 % by volume , 
preferably 25 % by volume to 50 % by volume , more pref 
erably 35 % by volume to 45 % by volume , with respect to the 
total concentration of carbon monoxide , carbon dioxide , 
hydrogen and nitrogen in the synthetic gas . 
[ 0109 ] The hydrogen concentration in the synthetic gas is 
usually 10 % by volume to 80 % by volume , preferably 30 % 
by volume to 55 % by volume , more preferably 40 % by 
volume to 50 % by volume , with respect to the total con 

centration of carbon monoxide , carbon dioxide , hydrogen 
and nitrogen in the synthetic gas . 
[ 0110 ] The carbon dioxide concentration in the synthetic 
gas is usually 0.1 % by volume to 40 % by volume , preferably 
0.3 % by volume to 30 % by volume , more preferably 0.5 % 
by volume to 10 % by volume , and particularly preferably 
1 % by volume to 6 % by volume with respect to the total 
concentration of carbon monoxide , carbon dioxide , hydro 
gen and nitrogen in the synthetic gas . 
[ 0111 ] The nitrogen concentration in the synthetic gas is 
usually 40 % by volume or less , preferably 1 % by volume to 
20 % by volume , more preferably 5 % by volume to 15 % by 
volume , with respect to the total concentration of carbon 
monoxide , carbon dioxide , hydrogen , and nitrogen in the 
synthetic gas . 
[ 0112 ] The concentrations of carbon monoxide , carbon 
dioxide , hydrogen and nitrogen can be set within a prede 
termined range by changing the elemental composition of 
hydrocarbon ( carbon and hydrogen ) of the carbon source 
and nitrogen the raw material gas generation step , or by 
appropriately changing the combustion conditions such as 
the combustion temperature and the oxygen concentration of 
the supply gas during combustion . For example , in the case 
where one wish to change the concentration of carbon 
monoxide or hydrogen , there is a method in which the ratio 
of hydrocarbons ( carbon and hydrogen ) such as waste 
plastics is changed to a carbon source having a high ratio , 
and in the case where one wish to reduce the concentration 
of nitrogen , a gas having a high oxygen concentration is 
supplied in the raw material gas generation step . 
[ 0113 ] The synthetic gas used in the present invention is 
not particularly limited in addition to the components 
described above , and may contain a sulfur compound , a 
phosphorus compound , a nitrogen compound , and the like . 
The content of each of these compounds is preferably 0.05 
mg / L or more , more preferably 0.1 mg / L or more , further 
preferably 0.5 mg / L or more , and preferably 2000 mg / L or 
less , more preferably 1000 mg / L or less , further preferably 
80 mg / L or less , further more preferably 60 mg / L or less , and 
particularly preferably 40 mg / L or less . When the contents 
of the sulfur compound , the phosphorus compound , the 
nitrogen compound and the like is not less than the lower 
limit value , there is an advantage that the microorganisms 
can be cultured suitably , and when the contents are not more 
than the upper limit value , there is an advantage that the 
medium is not contaminated by various nutrients not con 
sumed by the microorganisms . 
[ 0114 ] Sulfur compounds usually include sulfur dioxide , 
CS2 , COS , and H2S , among which H2S and sulfur dioxide 
are preferred because they are easily consumed as a source 
of nutrients for microorganisms . Therefore , it is more pref 
erable that the synthetic gas contains the sum of H2S and 
sulfur dioxide within the above range . As the phosphorus 
compound , it is preferable that phosphoric acid is easily 
consumed as a nutrient source for microorganisms . For this 
reason , it is more preferable that phosphoric acid is con 
tained in the synthetic gas within the above range . 
[ 0115 ] Examples of the nitrogen compound include nitro 
gen monoxide , nitrogen dioxide , acrylonitrile , acetonitrile , 
HCN , and the like , and HCN is preferable because it is easy 
to consume as a nutrient source for microorganisms . There 
fore , it is more preferable that HCN is contained in the 
synthetic gas within the above range . 
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[ 0116 ] The synthetic gas may contain an aromatic com 
pound of 0.01 mg / L or more and 90 mg / L or less , preferably 
0.03 mg / L or more , more preferably 0.05 mg / L or more , 
further preferably 0.1 mg / L or more , and preferably 70 mg / L 
or less , more preferably 50 mg / L or less , further preferably 
30 mg / L or less . When the content is not lower than the 
lower limit value , microorganisms tend to be cultured suit 
ably , and when the content is not higher than the upper limit 
value , the medium tends to be less contaminated by various 
nutritional sources not consumed by microorganisms . 

a 

a 

< Microbial Fermentation Step > 
[ 0117 ] The microbial fermentation step is a method for 
manufacturing ethanol by subjecting the synthetic gas 
described above to microbial fermentation in a microbial 
fermentation tank . Preferably , the microbial fermentation 
tank is a continuous fermentation apparatus . In general , the 
microbial fermentation tank can be of any shape , including 
a stirring type , an air lift type , a bubble column type , a loop 
type , an open bond type , and a photo - bio type , but in the 
present invention , suitable use is made to a known loop 
reactor in which the microbial fermentation tank has a main 
tank portion and a reflux portion . In this case , it is preferable 
to further comprise a circulation step in which the liquid 
medium is circulated between the main tank portion and the 
reflux portion . 
[ 0118 ] As the synthetic gas to be supplied to the microbial 
fermentation tank , the gas obtained through the raw material 
gas generation step may be used as the synthetic gas as it is , 
as long as the component conditions of the synthetic gas 
described above are satisfied , or the synthetic gas may be 
used after adding another predetermined gas to the gas 
obtained by reducing or removing impurities from the raw 
material gas . As another predetermined gas , for example , at 
least one compound selected from the group consisting of a 
sulfur compound such as sulfur dioxide , a phosphorus 
compound , and a nitrogen compound may be added to form 
a synthetic gas . 
[ 0119 ] Although the synthetic gas and the microbial cul 
ture solution may be continuously supplied to the microbial 
fermentation tank , it is not necessary to supply the synthetic 
gas and the microbial culture solution at the same time , but 
the synthetic gas may be supplied to the microbial fermen 
tation tank to which the microbial culture solution has been 
supplied in advance . It is known that certain anaerobic 
microorganisms produce ethanol or the like from a substrate 
gas such as synthetic gas by fermenting action , and such 
gas - utilizing microorganisms are cultured in a liquid 
medium . For example , a liquid medium and the gas - utilizing 
bacteria may be supplied and contained , and the synthetic 
gas may be supplied into the microbial fermentation tank 
while the liquid medium is stirred in this state . Thus , the 
gas - utilizing bacteria may be cultured in the liquid medium , 
and ethanol can be produced from the synthetic gas by the 
fermentation action thereof . 
[ 0120 ] In the microbial fermentation tank , any tempera 
ture may be employed for the temperature of the medium or 
the like ( culture temperature ) , preferably about 30 to 45 ° C. , 
more preferably about 33 to 42 ° C. , and further preferably 
about 36.5 to 37.5º C. The culture time is preferably 12 
hours or more , more preferably 7 days or more , particularly 
preferably 30 days or more , and most preferably 60 days or 
more in continuous culture , and although there is no par 
ticular limitation , the upper limit is preferably 720 days or 

less , and more preferably 365 days or less from the view 
point of regular maintenance of the facility or the like . The 
culture time is to be noted that it means the time from the 
addition of the seed bacteria to the culture tank to the 
discharge of the entire culture medium in the culture tank . 
[ 0121 ] The microorganisms ( species ) contained in the 
microorganism culture solution are not particularly limited 
as long as ethanol can be produced by microbial fermenta 
tion of synthetic gas using carbon monoxide as the main raw 
material . For example , it is preferable that the microorgan 
isms ( species ) produce ethanol from synthetic gas by the 
fermentation action of gas - utilizing bacteria , and in particu 
lar , that the microorganisms have a metabolic pathway of 
acetyl COA 
[ 0122 ] Among the gas - utilizing bacteria , the genus 
Clostridium is more preferable , and Clostridium autoetha 
nogenum is particularly preferable , without limitation . 
Examples will be further described below . 
[ 0123 ] Gas - utilizing bacteria include both eubacteria and 
archaebacteria . Examples of eubacteria include Clostridium 
spp . , Moorella spp . , Acetobacterium spp . , Carboxydocella 
spp . , Rhodopseudomonas spp . , Eubacterium spp . , Butyrib 
acterium spp . , Oligotropha spp . , Bradyrhizobium spp . , and 
Ralsotonia spp . , which is an aerobic hydrogen - oxidizing 
bacteria . 
[ 0124 ] On the other hand , examples of the archaebacte 
rium include Methanobacterium spp . , Methanobrevibacter 
spp . , Methanocalculus spp . , Methanococcus spp . , Metha 
nosarcina spp . , Methanosphaera spp . , Methanothermo 
bacter spp . , Methanothrix spp . , Methanoculleus spp . , 
Methanofollis spp . , Methanogenium spp . , Methanospiril 
lium spp . , Methanosaeta spp . , Thermococcus spp . , Thermo 
filum spp . , and Arcaheoglobus spp . Among these , Metha 
nosarcina spp . , Methanococcus spp . , Methanothermobacter 
spp . , Methanothrix spp . , Thermococcus spp . , Thermofilum 
spp . , and Archaeoglobus spp . are preferable as archaebac 
teria . 
[ 0125 ] Further , since the utilization of carbon monoxide 
and carbon dioxide is excellent , Methanosarcina spp . , 
Methanothermobactor spp . , or Methanococcus spp . are 
preferable as the archaebacterium , and Methanosarcina 
spp . , or Methanococcus spp . are particularly preferable as 
the archaebacterium . Specific examples of the Metha 
nosarcina spp . include Methanosarcina barkeri , Metha 
nosarcina mazei , and Methanosarcina acetivorans . 
[ 0126 ] From the above - mentioned gas - assimilable bacte 
ria , a bacterium having a high ability to produce the desired 
ethanol is selected and used . Examples of the gas - assimi 
lable bacteria having a high ability to produce ethanol 
include Clostridium autoethanogenurn , Clostridium ljung 
dahlii , Clostridium aceticum , Clostridium carboxydivorans , 
Moorella thermoacetica , Acetobacterium woodii , and the 
like . Among these , Clostridium autoethanogenum is particu 
larly preferred . 
[ 0127 ] The medium used for culturing the above - men 
tioned microorganisms ( species ) is not particularly limited 
as long as it has an appropriate composition according to the 
bacteria , but is a liquid containing water as the main 
component and nutrients ( e.g. , vitamins , phosphoric acid , 
etc. ) dissolved or dispersed in the water . The composition of 
such medium is adjusted so that gas - utilizing bacteria can 
grow well . For example , a medium for the use of 
Clostridium as a microorganism can be obtained by referring 

a 
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to paragraphs [ 0097 ] to [ 0099 ] in U.S. Patent Application 
Publication No. 2017/260552 . 
[ 0128 ] The ethanol - containing liquid obtained by the 
microbial fermentation step can be obtained as a suspension 
containing microorganisms , dead microorganisms , proteins 
derived from microorganisms , and the like . The protein 
concentration in the suspension is usually between 30 and 
1000 mg / L , depending on the type of microorganism . The 
protein concentration in the ethanol - containing solution can 
be measured by the Kjeldahl method . 

[ 0133 ] The separation step described above can be used 
without particular limitation as long as it is an apparatus 
capable of efficiently separating an ethanol - containing liquid 
into a liquid or a solid component ( microorganisms , dead 
microorganisms , proteins derived from microorganisms , or 
the like ) and a gas component ( ethanol ) by thermal energy , 
and drying apparatuses such as a rotary dryer , a fluidized bed 
dryer , a vacuum type dryer , and a conduction heating type 
dryer can be used , but it is preferable to use a conduction 
heating type dryer from the viewpoint of efficiency when 
separating the liquid or solid component and the gas com 
ponent from an ethanol - containing liquid having a particu 
larly low solid component concentration . Examples of the 
conduction heating type dryer include a drum type dryer , a 
disk type dryer and the like . 

< Separation Step > 
[ 0129 ] The ethanol - containing liquid obtained in the 
microbial fermentation step is then subjected to a separation 
step . In the present invention , the ethanol - containing liquid 
is heated to room temperature to 500 ° C. under conditions of 
0.01 to 1000 kPa ( absolute pressure ) to separate the liquid or 
solid component containing microorganisms and the gas 
component containing ethanol . In the conventional method , 
the ethanol - containing liquid obtained by the microbial 
fermentation step is distilled to separate and purify the 
desired ethanol ; 
[ 0130 ] however , since the ethanol - containing liquid con 
tains microorganisms , proteins derived from microorgan 
isms , and the like , foaming occurred in the distillation 
apparatus when the ethanol - containing liquid was distilled 
as it is , sometimes inhibiting continuous operation . 
Although it is known to use a membrane evaporator as a 
method for purifying a foaming liquid , the membrane 
evaporator has low concentration efficiency and is not 
suitable for purification of a liquid containing a solid com 
ponent . In the present invention , the ethanol - containing 
liquid is heated and separated into a liquid or a solid 
component containing microorganisms and a gas component 
containing ethanol , before separating and purifying the 
desired ethanol from an ethanol - containing liquid obtained 
by a microbial fermentation step by a distillation operation 
or the like , and the desired ethanol is separated and purified 
only from the separated gas component containing ethanol . 
The distillation operation can be carried out continuously by 
carrying out the separation step because foaming does not 
occur in the distillation apparatus in the distillation operation 
at the time of separating and purifying ethanol . Further , 
since the concentration of ethanol contained in the gas 
component containing ethanol is higher than the ethanol 
concentration in the ethanol - containing liquid , ethanol can 
be efficiently separated and purified in the purification step 
to be described later . 
[ 0131 ] In the present invention , the ethanol - containing 
liquid is heated under conditions of preferably 10 to 200 
kPa , more preferably 50 to 150 kPa , further preferably under 
atmospheric pressure , preferably at a temperature of 50 to 
200 ° C. , more preferably at a temperature of 80 to 180 ° C. , 
and further preferably at a temperature of 100 to 150 ° C. , 
from the viewpoint of efficient separation into liquid or solid 
components containing microorganisms , dead microorgan 
isms , proteins derived from microorganisms , and the like , 
and gas components containing ethanol . 
[ 0132 ] The heating time in the separation step is not 
particularly limited as long as the gas component can be 
obtained , but from the viewpoint of efficiency or economy , 
it is usually 5 seconds to 2 hours , preferably 5 seconds to 1 
hour , and more preferably 5 seconds to 30 minutes . 

< Liquefaction Step > 
[ 0134 ] The liquefaction step is a step of liquefying the gas 
component containing ethanol obtained in the separation 
step by condensation . The apparatus used in the liquefaction 
step is not particularly limited , but it is preferable to use a 
heat exchanger , particularly a condenser . Examples of the 
condenser include a water - cooled condenser , an air - cooled 
condenser , and an evaporative condenser . Among these , a 
water - cooled condenser is preferable . The condenser may 
have a single stage or a plurality of stages . 
[ 0135 ] It can be said that it is preferable that the liquefied 
product obtained by the liquefaction process does not con 
tain components contained in the ethanol - containing liquid , 
such as microorganisms , dead microorganisms , or proteins 
derived from microorganisms , but the present invention 
does not exclude the fact that proteins are contained in the 
liquefied product . Even when proteins are contained in the 
liquefied product , the concentration thereof is preferably 40 
mg / L or less , more preferably 20 mg / L or less , further 
preferably 15 mg / L or less . 
[ 0136 ] The condensation heat of the gas component 
obtained by the condenser may be reused as a heat source in 
the purification step described later . By reusing the conden 
sation heat , ethanol can be produced efficiently and eco 
nomically . 

< Purification Step > 
[ 0137 ] Next , ethanol is purified from the liquefied product 
obtained in the liquefaction step . The ethanol - containing 
liquid obtained in the microbial fermentation step can be 
supplied to the purification step without going through the 
separation step described above when components such as 
microorganisms have already been removed . The purifica 
tion step is a step in which the ethanol - containing liquid 
obtained in the liquefaction step is separated into a distillate 
having a higher concentration of the target ethanol and a 
bottoms product having a lower concentration of the target 
ethanol . Examples of the apparatus used in the purification 
step include a distillation apparatus , a treatment apparatus 
including a pervaporation membrane , a treatment apparatus 
including a zeolite dehydration membrane , a treatment appa 
ratus for removing a low boiling point substance having a 
boiling point lower than that of ethanol , a treatment appa 
ratus for removing a high boiling point substance having a 
boiling point higher than that of ethanol , a treatment appa 
ratus including an ion exchange membrane , and the like . 
These apparatuses may be used alone or in combination of 
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[ 0143 ] When ethanol is distilled , the pressure in the dis 
tillation apparatus may be normal pressure , preferably less 
than atmospheric pressure , and more preferably about 60 to 
95 kPa ( absolute pressure ) . By setting the pressure in the 
distillation apparatus within the above range , the separation 
efficiency of ethanol can be improved , and thus the yield of 
ethanol can be improved . The yield of ethanol ( the concen 
tration of ethanol contained in the distillate after distillation ) 
is preferably 90 % by volume or more , more preferably 95 % 
by volume or more . 
[ 0144 ] A known separation membrane can be appropri 
ately used in the membrane separation , and for example , a 
zeolite membrane can be suitably used . 
[ 0145 ] The concentration of ethanol contained in the dis 
tillate separated in the purification step is preferably 20 
volume % to 99.99 volume % , more preferably 60 volume 
% to 99.9 volume % . 

[ 0146 ] On the other hand , the concentration of ethanol 
contained in the bottoms product is preferably 0.001 volume 
% to 10 volume % , more preferably 0.01 volume % to 5 
volume % . 

a 

two or more types . As the unit operation , heating distillation 
or membrane separation may be suitably used . 
[ 0138 ] In heating distillation , the desired ethanol can be 
obtained in high purity as a distillate using a distillation 
apparatus . The temperature in the distillation still at the time 
of distillation of ethanol is not particularly limited , but is 
preferably 100 ° C. or lower , more preferably about 70 to 95 ° 
C. By setting the temperature in the distillation still within 
the above range , separation of ethanol from other compo 
nents , that is , distillation of ethanol can be performed even 
more surely . 
[ 0139 ] In particular , high - purity ethanol can be obtained 
by introducing an ethanol - containing liquid obtained in the 
liquefaction step into a distillation apparatus equipped with 
a heater using steam at 100 ° C. or higher , raising the 
temperature of the bottom of the distillation column to 90 ° 
C. or higher within 30 minutes , introducing the ethanol 
containing liquid from the middle of the distillation column , 
and performing the distillation step with the temperature 
difference between the parts of the bottom , middle , and top 
of the column within + 15 ° C. The distillation temperature 
difference is preferably + 13 ° C. , more preferably + 11 ° C. 
With the difference in distillation temperature , separation 
from other components , that is , distillation of ethanol can be 
performed even more surely . 
[ 0140 ] Without being bound by theory , it is believed that 
the ethanol - containing liquid contains Si in the form of an 
organosiloxane having a boiling point of 100 ° C. or less ( for 
example , 1,1,3,3 - tetramethyldisiloxane , hexamethyldisi 
loxane , or the like ) . By leaving organosiloxane having a 
boiling point close to that of ethanol in the ethanol obtained 
by distilling the ethanol , a small amount of Si can be 
contained . In the present invention , the Si content in in the 
ethanol contained in the distillate can be controlled by 
controlling the above - mentioned distillation conditions . As a 
result , the Si content in the final ethanol can be controlled by 
controlling the above - mentioned distillation conditions . It is 
also possible to control the Si content in the final ethanol by 
stabilizing the organosiloxane in the synthetic gas by main 
taining the gas introduction temperature to the separator at 
20 ° C. to 40 ° C. in the separation step . 
[ 0141 ] As the distillation apparatus described above , it is 
preferable to use a plurality of distillation columns . In this 
case , it is preferable to use a treatment apparatus including 
an ion exchange membrane between the distillation col 
umns . In the present invention , by passing through the ion 
exchange membrane , the concentration of sodium ions and 
potassium ions can be controlled , so that the sodium content 
and potassium content in the final ethanol can be adjusted to 
a suitable range . 
[ 0142 ] The ethanol - containing liquid is considered to con 
tain aliphatic hydrocarbon ( e.g. , heptane , octane , decane , 
dodecane , tetradecane , etc. ) , aromatic compound ( e.g. , tolu 
ene , ethylbenzene , xylene , etc. ) , and dialkyl ether ( e.g. , 
dibutyl ether , dipentyl ether , etc. ) , having a boiling point 
higher than that of ethanol . In the present invention , by 
adjusting the above - mentioned distillation conditions , for 
example , by raising the temperature at the top of the 
distillation column to 5 to 10 ° C. or higher than the normal 
temperature , the aromatic compound is also distilled , 
whereby the aromatic compound contained in the ethanol 
contained in the distillate can be adjusted . As a result , the 
content of the aromatic compound in the final ethanol can be 
adjusted . 

[ 0147 ] The bottoms product separated in the purification 
step is substantially free of nitrogen compounds . In the 
present invention , “ substantially free ” does not mean that 
the concentration of nitrogen compounds is 0 mg / L , but 
means that the bottoms product obtained in the purification 
step has a nitrogen compound concentration of a level that 
does not require a wastewater treatment step . In the sepa 
ration step , the desired ethanol is not purified from the 
ethanol - containing liquid obtained in the microbial fermen 
tation step , but the ethanol - containing liquid is separated 
into a liquid or a solid component containing microorgan 
isms and a gas component containing ethanol as described 
above . In this process , the nitrogen compound remains on 
the liquid or solid component side containing microorgan 
isms , so that the gas component containing ethanol contains 
almost no nitrogen compound . Therefore , it is considered 
that the bottoms product obtained at the time of purifying 
ethanol from the liquefied product obtained by liquefying 
the gas component contains substantially no nitrogen com 
pound . Even when the bottoms product is contained in the 
nitrogen compound , the concentration of the nitrogen com 
pound is 0.1 to 200 mg / L , preferably 0.1 to 100 mg / L , more 
preferably 0.1 to 50 mg / L . 
[ 0148 ] For the same reason as described above , the bot 
toms product separated in the purification step does not 
substantially contain phosphorus compounds . The term 
" substantially free ” does not mean that the concentration of 
phosphorus compounds is 0 mg / L , but means that the 
bottoms product obtained in the purification step has a 
phosphorus compound concentration of a level that does not 
require a wastewater treatment step . Even when the bottoms 
product is contained in the phosphorus compound , the 
concentration of phosphorus compound is 0.1 to 100 mg / L , 
preferably 0.1 to 50 mg / L , more preferably 0.1 to 25 mg / L . 
Thus , according to the method of the present invention , it is 
considered that the bottoms product discharged in the etha 
nol purification step substantially contains no nitrogen com 
pound or phosphorus compound and hardly contains any 
other organic substances , and thus it is possible to simplify 
the wastewater treatment step conventionally required . 
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< Wastewater Treatment Step > 
[ 0149 ] The bottoms product separated in the purification 
step may be supplied to the wastewater treatment step . In the 
wastewater treatment step , organic substances such as nitro 
gen compounds and phosphorus compounds can be further 
removed from the bottoms product . In this process , organic 
substances can be removed by subjecting the bottoms prod 
uct to anaerobic treatment or aerobic treatment . The 
removed organic substances can be used as a fuel ( heat 
source ) in the purification step . 
[ 0150 ] The treatment temperature in the waste water treat 
ment step is usually 0 to 90 ° C. , preferably 20 to 40 ° C. , 
more preferably 30 to 40 ° C. 
[ 0151 ] Since liquid or solid components containing micro 
organisms and the like are removed from the bottoms 
product obtained through the separation step , the load of 
waste water treatment and the like is reduced compared with 
the bottoms product obtained by being supplied directly 
from the microbial fermentation step to the purification step . 
[ 0152 ] In the waste water treatment step , the concentration 
of the nitrogen compound in the treatment liquid obtained by 
treating the bottoms product is preferably 0.1 to 30 mg / L , 
more preferably 0.1 to 20 mg / L , further preferably 0.1 to 10 
mg / L , and it is particularly preferable that the nitrogen 
compound is not contained . In the waste water treatment 
step , the concentration of the phosphorus compound in the 
treatment liquid is preferably 0.1 to 10 mg / L , more prefer 
ably 0.1 to 5 mg / L , further preferably 0.1 to 1 mg / L , and it 
is particularly preferable that the phosphorus compound is 
not contained . 

mixture of Al2O3 and Zno , a catalyst having a magnesium 
silicate structure , and the like . As the catalyst , vanadium , 
manganese , iron , cobalt , nickel , copper , zinc , gallium , nio 
bium , silver , indium , cerium , and the like are used other than 
those described above . 
[ 0155 ] When the ethanol of the present invention is 
brought into contact with the above - mentioned catalyst and 
heated , an ethanol conversion reaction occurs , whereby 
1,3 - butadiene can be synthesized . By synthesizing butadiene 
using the ethanol of the present invention as a raw material , 
it is possible to realize an ultimate resource - recycling soci 
ety that does not rely on petroleum resources . 
[ 0156 ] The heating temperature for allowing the conver 
sion reaction to proceed is such that the temperature in the 
reaction system is , for example , 300 to 450 ° C. , preferably 
350 to 400 ° C. When the temperature in the reaction system 
is lower than the above range , there is a tendency that the 
catalytic activity cannot be sufficiently obtained , the reaction 
rate decreases and thus the production efficiency decreases . 
On the other hand , when the temperature in the reaction 
system is higher than the above range , there is a possibility 
that the catalyst is easily deteriorated . 
[ 0157 ] The reaction can be carried out by a conventional 
method such as batch , semi - batch , continuous or the like . 
The conversion rate of ethanol can be increased when the 
batch or semi - batch system is employed , but when the 
ethanol according to the present invention is employed , 
ethanol can be converted more efficiently than in the prior art 
even if the continuous system is employed . Although the 
reason for this is not clear , it is considered that ethanol 
derived from a recycling type resource having as a substrate 
a gas comprising carbon monoxide and hydrogen as 
described in the present invention has a characteristic peak 
which is not observed in ethanol derived from fossil fuel in 
a gas chromatograph measured by gas chromatography mass 
spectrometry . 
[ 0158 ] Examples of the method for bringing the raw 
material into contact with the catalyst include a suspension 
bed system , a fluidized bed system , a fixed bed system , and 
the like . Further , either a vapor phase method or a liquid 
phase method may be used . It is preferable to use a immo 
bilized bed gas - phase continuous flow reactor in which the 
catalyst is filled in a reaction tube to form a catalyst layer and 
the raw material is circulated as a gas to react in the vapor 
phase , from the viewpoint of easy recovery and regeneration 
of the catalyst . When the reaction is carried out in the vapor 
phase , the ethanol of the present invention may be supplied 
to the reactor without being gasified and diluted , or the 
ethanol may be appropriately diluted with an inert gas such 
as nitrogen , helium , argon or carbon dioxide and supplied to 
the reactor . 
[ 0159 ] After the conversion reaction of ethanol has com 
pleted , the reaction product ( 1,3 - butadiene ) can be separated 
and purified by separation means such as filtration , concen 
tration , distillation , extraction , or the like , or by separation 
means obtained by combining these separation means . 

< Use of Ethanol > 

? 

[ 0153 ] Ethanol according to the present invention can be 
used as a raw material for manufacturing various organic 
compounds . For example , ethanol according to the present 
invention can be used as a raw material for manufacturing 
butadiene , ethylene , propylene , isobutene , acetaldehyde , 
acetic acid , ethyl acetate , methylmeth ) acrylate , ethyl - t 
butyl ether ethylene glycol , ester composition , polyester , 
acrylic acid , aminohexanoic acid , diethyl carbonate , poly 
ethylene ( PE ) , polyethylene terephthalate ( PET ) , polypro 
pylene ( PP ) , polyisobutylene , polymethylmethacrylate 
( PMMA ) , ethylene propylene diene rubber ( EPDM ) , poly 
butylene terephthalate ( PBT ) , polyethylene furanate ( PEF ) , 
polyurethane ( PU ) , and the like . Hereinafter , a method for 
synthesizing butadiene using ethanol as a raw material and 
a method for producing polyethylene and polyester of the 
present invention will be described by way of example , but 
it is needless to say that they can also be used for other 
chemical products and polymer raw materials . 

a 

< Method for Synthesizing Butadiene > 
[ 0154 ] Butadiene is produced mainly by refining C4 frac 
tion produced as a by - product in the synthesis of ethylene 
from petroleum ( i.e. , naphtha cracking ) and is used as a raw 
material for synthetic rubber . However , recently there has 
been a desire for a technology for converting ethanol not 
derived from fossil fuels ( ethanol derived from microbial 
fermentation ) into 1,3 - butadiene in place of the chemical 
industrial raw material obtained from petroleum . As a 
method for synthesizing butadiene using ethanol derived 
from microbial fermentation as a raw material , there are 
known a method using MgO as a catalyst , a method using a 

< Polyethylene > 
[ 0160 ] Ethanol according to the present invention can also 
be suitably used as a raw material for polyethylene which is 
widely used as a general - purpose plastic . Conventional 
polyethylene is produced by synthesizing ethylene from 
petroleum and polymerizing ethylene monomers . By manu 
facturing polyethylene using the ethanol of the present a 
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invention , it is possible to realize an ultimate resource 
recycling society that does not rely on petroleum resources . 
[ 0161 ] First , using the ethanol according to the present 
invention as a raw material , ethylene is synthesized which is 
a raw material for polyethylene . The method for manufac 
turing ethylene is not particularly limited and can be 
obtained by a conventionally known method , and as one 
example , ethylene can be obtained by dehydration reaction 
of ethanol . When ethylene is obtained by dehydration reac 
tion of ethanol , a catalyst is usually used , and this catalyst 
for use can be a conventionally known catalyst with no 
particular limitation . An advantageous process is a fixed - bed 
flow reaction in which the catalyst and the product are easily 
separated , and y - alumina or the like is preferable . 
[ 0162 ] Since the dehydration reaction is an endothermic 
reaction , it is usually conducted under heating conditions . If 
the reaction proceeds at a commercially useful reaction rate , 
the heating temperature is not limited , but a temperature of 
100 ° C. or higher , more preferably 250 ° C. or higher , and 
further preferably 300 ° C. or higher is suitable . The upper 
limit is not particularly limited , but is preferably 500 ° C. or 
lower , and more preferably 400 ° C. or lower from the 
viewpoint of energy balance and equipment . 
[ 0163 ] The reaction pressure is not particularly limited , 
but a pressure of at least normal pressure is preferable in 
order to facilitate subsequent gas - liquid separation . Indus 
trially , a fixed - bed flow reaction in which the catalyst can be 
easily separated is suitable , but a liquid - phase suspension 
bed , a fluidized bed and the like may be used . 
[ 0164 ] In the ethanol dehydration reaction , the yield of 
reaction is influenced by the amount of water contained in 
ethanol supplied as a raw material . In general , when the 
dehydration reaction is carried out , it is preferable that there 
is no water , considering the removal efficiency of water . 
However , in the case of the dehydration reaction of ethanol 
using a solid catalyst , the amount of formation of other 
olefins , especially butene , tends to increase when there is no 
water . The lower limit of the allowable water content is 0.1 % 
by mass or more , preferably 0.5 % by mass or more . The 
upper limit is not particularly limited , but from the view 
points of material balance and heat balance , it is preferably 
50 % by mass or less , more preferably 30 % by mass or less , 
and further preferably 20 % by mass or less . 
[ 0165 ] By performing the ethanol dehydration reaction as 
described above , a mixture of ethylene , water , and a small 
amount of unreacted ethanol can be obtained . However , 
since ethylene is a gas at about 5 MPa or less at room 
temperature , ethylene can be obtained by gas - liquid sepa 
ration from the mixture , except for water and ethanol . This 
method may be carried out by a known method . Subse 
quently , the ethylene obtained by the gas - liquid separation is 
further distilled , and there are no particular restrictions on 
the distillation method , operating temperature , residence 
time and the like , except that the operating pressure at this 
time is not less than normal pressure . 
[ 0166 ] In the case of ethanol derived from a recycling type 
resource using a gas comprising carbon monoxide and 
hydrogen as a substrate as in the present invention , there is 
a characteristic peak which is not observed in ethanol 
derived from fossil fuels in gas chromatography measured 
by gas chromatography - mass spectrometry . Therefore , it is 
considered that ethylene obtained from ethanol contains an 
extremely small amount of impurities . Depending on the 
application of ethylene , these extremely small amounts of 

impurities may become a problem and may be removed by 
purification . The purification method is not particularly 
limited and can be carried out by a method known in the art . 
As a suitable purification procedure , an adsorption purifi 
cation method can be exemplified . The adsorbent to be used 
is not particularly limited , and conventionally known adsor 
bents can be used . For example , a caustic water treatment 
may be used in combination as a method for purifying 
impurities in ethylene . In the case of caustic water treatment , 
it is desirable to perform the treatment before the adsorption 
purification . In this case , it is necessary to perform the water 
removal treatment after the caustic treatment and before the 
adsorption purification . 
[ 0167 ] A method for polymerizing a monomer containing 
ethylene is not particularly limited , and the polymerization 
can be carried out by a conventionally known method . The 
polymerization temperature and polymerization pressure 
may be appropriately adjusted according to the polymeriza 
tion method and the polymerization apparatus . The polym 
erization apparatus is not particularly limited , and conven 
tionally known apparatuses can be used . Hereinafter , one 
example of a polymerization method for a monomer con 
taining ethylene will be described . 
[ 0168 ] The polymerization method for polyolefins , par 
ticularly ethylene polymers and copolymers of ethylene and 
a - olefins , can be appropriately selected depending on the 
type of polyethylene to be obtained , for example , the dif 
ference in density and branching of high - density polyethyl 
ene ( HDPE ) , medium - density polyethylene ( MDPE ) , low 
density polyethylene ( LDPE ) , and linear low - density 
polyethylene ( LLDPE ) . For example , it is preferable to use 
a multisite catalyst such as a Ziegler - Natta catalyst or a 
singlesite catalyst such as a metallocene catalyst as the 
polymerization catalyst , and to carry out the polymerization 
in one stage or two or more stages by any of gas phase 
polymerization , slurry polymerization , solution polymeriza 
tion , and high - pressure ion polymerization . 
[ 0169 ] The single - site catalyst is a catalyst capable of 
forming a uniform active species , and is usually prepared by 
bringing a metallocene transition metal compound or a 
non - metallocene transition metal compound into contact 
with an activation co - catalyst . The single - site catalyst has a 
more uniform active site structure than the multi the multi 
site catalyst , it is preferable that a polymer having a high 
molecular weight and a high uniformity can be polymerized . 
A metallocene catalyst is particularly preferable as the 
single - site catalyst . The metallocene catalyst is a catalyst 
comprising a transition metal compound of Group IV of the 
Periodic Table containing a ligand having a cyclopentadi 
enyl skeleton , a co - catalyst , an organometallic compound if 
necessary , and each catalyst component of the carrier . 
[ 0170 ] In a transition metal compound of Group IV of the 
Periodic Table containing a ligand having a cyclopentadi 
enyl skeleton , the cyclopentadienyl skeleton is a cyclopen 
tadienyl group , a substituted cyclopentadienyl group or the 
like . The substituted cyclopentadienyl group has a substitu 
ent such as a hydrocarbon group having 1 to 30 carbon 
atoms . Examples of the transition metal include zirconium , 
titanium , hafnium , and the like , with zirconium and hafnium 
being particularly preferred . It is preferable that the transi 
tion metal compound has two ligands having a cyclopenta 
dienyl skeleton , and that each ligand having a cyclopenta 
dienyl skeleton is bonded to each other by a cross - linking 

a 
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group . One or a mixture of two or more of the above 
mentioned transition metal compound can be made as a 
catalyst component . 
[ 0171 ] The promoter can be referred to as those that make 
the transition metal compound described above effectively 
as a polymerization catalyst , or those that can equalize the 
ionic charge in a catalytically activated state . Examples of 
the promoter include benzene - soluble aluminoxane of an 
organoaluminum oxy compound , benzene - insoluble organo 
aluminum oxy compound , ion - exchangeable layered sili 
cate , boron compound , ionic compound consisting of a 
cation containing or not containing an active hydrogen 
group and a non - coordinating anion , lanthanoid salts such as 
lanthanum oxide , tin oxide , phenoxy compound containing 
a fluoro group , and the like . 
[ 0172 ] The transition metal compound described above 
may be used by being supported on a carrier of an inorganic 
or an organic compound . As the carrier , a porous oxide of an 
inorganic or an organic compound is preferable , and specific 
examples include an ion - exchangeable layered silicate such 
as montmorillonite , SiO2 , Al2O3 , MgO , ZrO2 , TiO2 , B203 , 
CaO , ZnO , Bao , ThO2 , and the like , or a mixture thereof . 
[ 0173 ] Examples of the organometallic compound which 
may be used if necessary include an organoaluminum com 
pound , organomagnesium compound , organozinc com 
pound and the like . Of these , organoaluminum compound is 
preferably used . 
[ 0174 ] As the polyolefin , a polymer of ethylene or a 
copolymer of ethylene and a - olefin may be used alone or as 
a mixture using two or more . 

: 

temperature is about 0 to 80 ° C. , preferably about 0 to 50 ° 
C. The suitable reaction time is about 1 to 5 hours . 
[ 0178 ] As another example , ethanol can be oxidized in the 
gas phase in the presence of oxygen molecules and a catalyst 
to produce acetaldehyde . For example , a base metal oxide in 
which gold fine particles are dispersed and fixed can be used 
as such a catalyst . Examples of the base metal oxide include 
La , 03 , MoO3 , Bi203 , Sro , Y203 , MgO , BaO , WO3 , CuO , 
and a composite oxide containing one or more of them . 
[ 0179 ] The ethanol oxidation reaction is carried out by 
bringing a gas containing ethanol and oxygen molecules into 
contact with the catalyst at , for example , 100 to 280 ° C. The 
oxygen molecules used in the reaction may be supplied as 
oxygen gas or air may be used . In addition , the raw material 
gas which is the gas may contain a dilution gas ( carrier gas ) 
if necessary . In this case , the apparatus used for the reaction 
may be a general apparatus which is usually used for 
performing a gas phase reaction . For example , the reaction 
may be carried out by filling a reaction tube with a catalyst , 
feeding a gas containing ethanol and oxygen gas or air into 
the reaction tube while the reaction tube is in a heated state 
to a predetermined temperature , bringing the raw material 
gas into contact with the catalyst , and recovering the reac 
tion gas . The reaction may be carried out at atmospheric 
pressure and , if necessary , a pressure of about 0.5 to 5 Pa 
( atmospheric pressure ) may be applied . As the diluent gas , 
for example , a so - called inert gas such as nitrogen , argon , 
helium or carbon dioxide is used . The amount of the diluent 
gas to be used may be appropriately determined in consid 
eration of the composition , flow rate , reaction heat and the 
like of the raw material gas , but is preferably 1 to 100 times 
by volume with respect to ethanol . 
[ 0180 ] The proportion of ethanol and oxygen molecules 
( oxygen gas ) supplied to the reaction tube is not particularly 
limited , but is usually 0.5 to 100 % by volume of oxygen gas 
or oxygen gas in air , preferably 1 to 10 % by volume , and 
more preferably 2 to 5 % by volume , with respect to ethanol . 
The amount of catalyst used is not particularly limited , but 
may generally be about 0.1 to 1.0 g when the inner diameter 
of the reaction tube is 6 to 10 mm . In practice , it is preferable 
to use an amount such that the space velocity ( SV ) is in the 
range of about 10,000 to 40,000 hr - 1.ml.gcar - 1 in relation to 
the flow rate . 
[ 0181 ] Furthermore , acetaldehyde can be manufactured by 
dehydrogenating ethanol in the presence of a catalyst . For 
example , a solid catalyst containing copper as an active 
species can be used as such a catalyst . Copper as an active 
species may be in a form having an activity to convert 
ethanol into acetaldehyde , and may be in any form of metal 
copper ( single substance ) , copper compounds ( oxides , 
hydroxides , copper salts ( inorganic acid salts such as copper 
sulfate , copper phosphate , copper nitrate , copper carbonate ; 
organic acid salts such as copper salts of carboxylic acids ) , 
etc. ) . The solid catalyst may contain at least one selected 
from such a copper single substance and a copper com 
pound . The copper as an active species is preferably in the 
form of metallic copper . In addition , the copper may be used 
in the form of metallic copper or a copper compound as it is 
or in the form of being supported on a carrier . The copper as 
an active species may act as a main catalyst of the solid 
catalyst and may be used in combination with a co - catalyst 
or the like . Further , the solid catalyst may be in a form in 
which both the copper and the co - catalyst are supported on 
a carrier . 

< Acetaldehyde > 
[ 0175 ] Acetaldehyde is an important chemical as an indus 
trial raw material . Acetaldehyde is useful as a raw material 
for acetic acid and ethyl acetate , for example . 
[ 0176 ] Acetaldehyde can be produced by oxidizing etha 
nol by conventionally known methods . For example , ethanol 
can be oxidized with chlorine to give acetaldehyde . Chlorine 
usually reacts with ethanol in a gaseous state . Chlorine may 
be supplied at a concentration of approximately 100 % or 
diluted with an inert gas ( e.g. , nitrogen , helium , neon , argon , 
etc. ) . In this case , the amount of dilution is 50 % by weight 
or less , preferably 25 % by weight or less in consideration of 
the reaction efficiency . It is preferable that ethanol and 
chlorine are reacted with 100 g of an aqueous ethanol 
solution at a feed rate of 25 to 100 sccm , for example . 
( 0177 ] The oxidation of ethanol by chlorine is preferably 
carried out using chlorine - containing compounds such as 
chlorine gas , hydrogen chloride , phosphorus pentachloride , 
phosphorus trichloride , phosphorus oxychloride , thionyl 
chloride , and hypochlorous acid compounds . This oxidation 
can be accomplished by , for example , photoreaction , ther 
mal reaction , catalytic reaction , and the like . Among these , 
photochlorination of ethanol by chlorine gas and oxidation 
by thermal chlorination are preferable , and more preferably 
oxidation by photochlorination by chlorine gas . Examples of 
the photoreaction include a method of irradiating light of 
various wavelengths such as ultraviolet rays and visible 
light , and among these , it is preferable to irradiate light from 
a light source having a wavelength of about 300 to 500 nm 
to cause a reaction . The light source is not particularly 
limited , and fluorescent lamps , mercury lamps , halogen 
lamps , xenon lamps , metal halide lamps , excimer lamps , 
LED lamps , and the like can be used . The suitable reaction 

gas 
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[ 0182 ] The dehydrogenation reaction may be a liquid 
phase reaction as long as ethanol can be brought into contact 
with the solid catalyst , but it is usually a gas phase reaction 
in which gaseous ethanol and the solid catalyst are brought 
into contact in the gas phase . From the viewpoints of the 
equilibrium relationship between ethanol and acetaldehyde , 
the catalyst life , and the like , the reaction temperature may 
be 150 to 350 ° C. , preferably 170 to 300 ° C. , and further 
preferably 200 to 280 ° C. The higher the reaction tempera 
ture is , the more the equilibrium shifts to the acetaldehyde 
side , so that the conversion can be improved . The reaction 
may be carried out under pressure , but from the viewpoint 
of convenience , it may be carried out under atmospheric 
pressure . The reaction may also be carried out under reduced 
pressure from the viewpoint of advantageous ethanol con 
version . 

< Acetic Acid > 

[ 0183 ] Acetic acid is an important chemical as an indus 
trial raw material . Acetic acid is useful as a raw material for 
vinyl acetate monomer , acetic anhydride , acetic ester , and 
the like , for example . 
[ 0184 ] Acetic acid can be produced by the oxidation of 
acetaldehyde by conventionally known methods in the art . 
For example , acetic acid can be produced by air oxidation of 
acetaldehyde in the presence of a catalyst . The catalyst 
includes manganese acetate and cobalt acetate . 

< Ethyl - t - Butyl Ether > 
[ 0185 ] Ethyl - t - butyl ether ( ETBE ) is an important chemi 
cal as an industrial raw material . ETBE is useful , for 
example , as an alternative fuel to gasoline , especially as a 
high - octane fuel . 
[ 0186 ] ETBE can be synthesized from ethanol and 
isobutene by conventionally known methods . For example , 
ETBE can be produced by the reaction of ethanol and 
isobutene in the presence of a reaction catalyst . The molar 
ratio of isobutene to ethanol of the raw material is preferably 
from 0.1 to 10 mol , more preferably from 0.5 to 2 mol . 
[ 0187 ] A cation exchange resin is preferably used as the 
reaction catalyst , and a strongly acidic cation exchange resin 
is more preferably used . As the strongly acidic cation 
exchange resin , a porous type ( MR type ) styrene resin is 
preferable , into which a strong acid group such as a sulfonic 
acid group ( SO3H ) is introduced as an ion exchange 
group . The particle size of the strongly acidic cation 
exchange resin is preferably 0.5 to 1.0 mm . The amount of 
reaction catalyst used is preferably 1 to 90 g , more prefer 
ably 1 to 90 g , and further preferably 4 to 9 g per mole of 
ethanol . 
[ 0188 ] The method of using the reaction catalyst is not 
particularly limited , and it can be used for the reaction in the 
state of a fixed bed , a fluidized bed , or a suspended bed . The 
method of reacting isobutene with ethanol is not particularly 
limited , and it is preferable to carry out the reaction by a 
pressurized gas - liquid mixed phase reaction method in 
which ethanol can retain the liquid phase . In this case , the 
yield of ETBE obtained is further improved . 

acid , and diethylene glycol , which is a raw material for 
polyester , can be obtained from ethanol via ethylene . By 
producing polyethylene using the ethanol of the present 
invention , it is possible to realize an ultimate resource 
recycling society that does not rely on petroleum resources . 
[ 0190 ] The polyester comprises a diol unit and a dicar 
boxylic acid unit , and is obtained by a polycondensation 
reaction using ethylene glycol as the diol unit and tereph 
thalic acid , isophthalic acid , or the like as the dicarboxylic 
acid unit . Ethylene glycol is derived from the ethanol of the 
present invention as a raw material , and for example , 
ethylene glycol can be obtained from ethanol by a method 
known in the art , a method for producing ethylene glycol via 
ethylene oxide , or the like . 
[ 0191 ] As the dicarboxylic acid , aromatic dicarboxylic 
acid , aliphatic dicarboxylic acid and derivatives thereof can 
be used without limitation . Examples of the aromatic dicar 
boxylic acid include terephthalic acid , isophthalic acid and 
the like , and examples of the aromatic dicarboxylic acid 
derivatives include lower alkyl esters of aromatic dicarbox 
ylic acid , specifically , methyl ester , ethyl ester , propyl ester 
and butyl ester . Among these , terephthalic acid is preferable , 
and as the aromatic dicarboxylic acid derivative , dimethyl 
terephthalate is preferable . Specific examples of the ali 
phatic dicarboxylic acid include chain or alicyclic dicarbox 
ylic acid having 2 to 40 carbon atoms , such as oxalic acid , 
succinic acid , glutaric acid , adipic acid , sebacic acid , dode 
canedioic acid , dimer acid , and cyclohexane dicarboxylic 
acid . Specific examples of the aliphatic dicarboxylic acid 
derivatives include lower alkyl ester such as methyl ester , 
ethyl ester , propyl ester and butyl ester of the aliphatic 
dicarboxylic acid , and cyclic acid anhydrides of the aliphatic 
dicarboxylic acid such as succinic anhydride . Among these , 
adipic acid , succinic acid , dimer acid or a mixture thereof are 
preferable , and those containing succinic acid as a main 
component are particularly preferable . As the aliphatic dicar 
boxylic acid derivative , more preferred are methyl ester of 
adipic acid and succinic acid or a mixture thereof . 
[ 0192 ] Polyester can be obtained by a conventionally 
known method in which the diol unit and the dicarboxylic 
acid unit are subjected to polycondensation . Specifically , 
polyester can be produced by a general method of melt 
polymerization in which an esterification reaction and / or an 
transesterification reaction between the dicarboxylic acid 
component and the diol component is carried out , followed 
by a polycondensation reaction under reduced pressure , or 
by a known method of solution heating dehydration con 
densation using an organic solvent . 
[ 0193 ] The polycondensation reaction is preferably car 
ried out in the presence of a polymerization catalyst , and 
examples of the polymerization catalyst include a titanium 
compound , zirconium compound , germanium compound 
and the like . 
[ 0194 ] The reaction temperature of the esterification reac 
tion and / or the transesterification reaction between the dicar 
boxylic acid component and the diol component is usually in 
the range of 150 to 260 ° C. , and the reaction atmosphere is 
usually an inert gas atmosphere such as nitrogen or argon . 
[ 0195 ] In the polycondensation reaction step , a chain 
extender ( coupling agent ) may be added to the reaction 
system . After the polycondensation is completed , the chain 
extender is added to the reaction system in a uniformly 
molten state without a solvent , and is reacted with the 
polyester obtained by the polycondensation . 

< Ester > 

[ 0189 ] A wide variety of esters can be synthesized by 
reacting ethanol with various carboxylic acids . For example , 
ethyl benzoate can be obtained from ethanol and benzoic 
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[ 0196 ] After the obtained polyester is solidified , solid 
phase polymerization may be carried out , if necessary , in 
order to further increase the degree of polymerization or to 
remove oligomers such as cyclic trimers . 
[ 0197 ] Various additives may be added in the manufac 
turing process of polyester within a range in which the 
properties thereof are not impaired , and for example , plas 
ticizers , ultraviolet stabilizers , coloring inhibitors , matting 
agents , deodorants , flame retardants , weathering agents , 
antistatic agents , friction reducing agents , demolding agents , 
antioxidants , ion exchangers , coloring pigments , and the like 
may be added . 
[ 0198 ] Ethanol according to the present invention is not 
limited to the above - mentioned polymers and can be used as 
a raw material for various other polymers , and since the 
molded product of the obtained polymer is a carbon - neutral 
material , it is possible to realize an ultimate resource recy 
cling society that is not dependent on petroleum resources . 

a 

< Product Containing Ethanol > 
[ 0199 ] Ethanol according to the present invention can be 
used not only as a polymer raw material as described above 
but also in various products . Examples of products include 
chemical products such as cosmetics , perfumes , fuels , anti 
freeze solutions , disinfectants , disinfectants , cleaners , mold 
removers , detergents , shampoo , soaps , antiperspirants , face 
wash sheets , solvents , coatings , adhesives , diluents , food 
additives , and the like . By using these products in these 
applications , it is possible to exhibit an appropriate effect 
according to the application . 

significantly change due to the occurrence of azeotrope with 
another gasoline substrate , thereby ensuring proper oper 
ability of a gasoline vehicle . 
[ 0204 ] The water content in the ethanol - blended gasoline 
is preferably 0.01 to 0.9 mass % , and more preferably 0.01 
to 0.7 mass % . The lower limit of water content depends on 
the saturated water content of the gasoline substrate and the 
water content in the ethanol , but is substantially about 0.01 
mass % . If the upper limit is 0.9 mass % or less , phase 
separation can be prevented , and even in the case of phase 
separation , the gasoline layer enables proper operation of the 
gasoline engine . The water content can be measured by 
“ Crude oil and petroleum products - water content test 
method ” described in JIS K 2275 , and for example , Karl 
Fischer coulometric titration can be used . 
[ 0205 ] As the gasoline substrate , a commonly used gaso 
line substrate can be optionally used , and there is no 
particular limitation . Examples of the gasoline substrate 
include light naphtha obtained by atmospheric distillation of 
crude oil , preferably desulfurized light naphtha obtained by 
desulfurization thereof , catalytic reformed gasoline obtained 
by catalytic reforming of heavy naphtha after desulfurization 
thereof , debenzene catalytic reformed gasoline obtained by 
debenzene treatment thereof , debenzene light catalytic 
reformed gasoline , debenzene heavy catalytic reformed 
gasoline , and mixtures thereof , cracked gasoline obtained by 
catalytic cracking or hydrogenolysis methods , light cracked 
gasoline , heavy cracked gasoline , and mixtures thereof , and 
isomerized gasoline obtained by isomerization of light naph 
tha . 
[ 0206 ] Furthermore , the ethanol - based ETBE according to 
the invention can be mixed with gasoline and used as an 
ETBE - blended gasoline . The environmental burden can be 
reduced by using the ETBE - blended gasoline . The ETBE 
content of the ETBE - blended gasoline is preferably from 1 % 
by volume to 15 % by volume , more preferably from 2 % by 
volume to 12 % by volume , and further preferably from 3 % 
by volume to 10 % by volume . When the ETBE content is 
1 % by volume or more , the advantage of improving the 
octane number by blending ETBE can be obtained , and 
when the ETBE content is 15 % by volume or less , the 
evaporation characteristics do not significantly change due 
to the occurrence of azeotrope with another gasoline sub 
strate , thereby ensuring proper operability of a gasoline 
vehicle . 

< Fuel > 

EXAMPLES 

[ 0200 ] Ethanol according to the present invention can also 
be used as a raw material for fuel ( for example , jet fuel , 
kerosene , light oil , gasoline ) and the like . Because ethanol 
has high germicidal activity , it can also function as a 
germicide for preventing bacteria growth of bacteria and the 
like in fuel systems such as engines and pipes . 
[ 0201 ] According to the Japanese Society of Automotive 
Engineers Standards ( 2006 ) , the concentration of ethanol in 
fuel ethanol is prescribed as 99.5 volume % or more . In other 
countries ( e.g. , India ) , the concentration of ethanol in fuel 
ethanol is prescribed as 99.5 volume % or more . Accord 
ingly , ethanol with a purity of 99.5 to 99.9 volume % can be 
suitably used for ethanol - only vehicles . Since fuel ethanol 
can be used for purposes other than ethanol - only vehicles , 
ethanol with a purity of 99.5 to 99.9 volume % has particu 
larly high versatility . 
[ 0202 ] The ethanol according to the invention can also be 
mixed with gasoline and used as an ethanol - blended gaso 
line . By using ethanol - blended gasoline , the environmental 
burden can be reduced . Ethanol used in the ethanol - blended 
gasoline has a purity of 92.0 % by volume or more , prefer 
ably 95.0 % by volume or more , further preferably 99.5 % by 
volume or more . 
[ 0203 ] The ethanol content in the ethanol - blended gaso 
line is preferably from 1 % by volume to 15 % by volume , 
more preferably from 2 % by volume to 12 % by volume , and 
further preferably from 3 % by volume to 10 % by volume . 
When the ethanol content is 1 % by volume or more , it is 
possible to attain the advantage that the octane number 
improves by blending ethanol , and when it is 15 % by 
volume or less , the evaporation characteristic does not 

[ 0207 ] Hereinafter , the present invention will be described 
in more details with reference to the examples , but the 
present invention shall not be limited to the following 
examples as long as the gist of the invention is not deviated . 

< Ethanol Component Evaluation Method > 
[ 0208 ] In the following Examples and Comparative 
Examples , the contents of Si , Cr , Fe , Na and K in ethanol 
were measured using an inductively coupled plasma mass 
spectrometry ( ICP - MS ) ELAN DRCII manufactured by 
Perkin - Elmer . 
[ 0209 ] In addition , the content of aliphatic hydrocarbon 
( n - hexane , n - heptane , n - octane , n - decane , n - dodecane , and 
n - tetradecane ) , aromatic compound ( toluene , ethylbenzene , 
m - xylene , p - xylene ) , and dibutyl ether in ethanol was mea 
sured using a gas chromatography apparatus ( GC 2014 , 

2 
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manufactured by SHIMADZU ) GC / MS method . The mea 
surement conditions were as follows . 
[ 0210 ] Column : DB - WAX ( 60 m in length , 0.25 mm in 
inner diameter , 0.25 um in film thickness ) 
[ 0211 ] Oven temperature : 40 ° C. , 1 minutegº 
C./min - > 100 ° C. , 10 minutes- > 10 ° C./min->250° C. , 4 
minutes 
[ 0212 ] Sampling time : 5 minutes 
[ 0213 ] Carrier gas : He ( 3.0 mL / min ) 

followed by re - cooling using a double - tube - type heat 
exchanger using steam at 150 ° C. by using a double - tube 
type heat exchanger using temperature increase of gas and 
cooling water at 25 ° C. to precipitate impurities and remove 
the precipitated impurities with a filter , thereby giving a 
synthetic gas . 

< Butadiene Quantitative Method > 
[ 0214 ] Quantitative evaluation of butadiene was carried 
out by analysis using a gas chromatography apparatus 
( GC - 2014 , manufactured by SHIMADZU ) . The measure 
ment conditions were as follows . 

( Microbial Fermentation Step ) 
[ 0229 ] The synthetic gas thus obtained was continuously 
supplied to a continuous fermentation apparatus ( microbial 
fermentation tank ) equipped with a main reactor , a synthetic 
gas supply hole , and a discharge hole , which was packed 
with a seed of Clostridium autoethanogenum ( microorgan 
ism ) and a liquid medium for culturing the microorganism 
( containing an appropriate amount of phosphorus com 
pounds , nitrogen compounds , various minerals , and the 
like ) , and culture ( microbial fermentation ) was carried out 
continuously for 300 hours . Thereafter , about 8000 L of a 
culture solution containing ethanol was extracted from the 
discharge hole . 
( Separation Step ) The culture solution obtained in the fer 
mentation step was used in a solid - liquid separation filter 
device to obtain an ethanol - containing liquid under condi 
tions of a culture solution introduction pressure of 200 kPa 

< Analysis Conditions of GC / MS Method 
[ 0215 ] Column : Rt - Q - BOND ( length 30 m , inner diameter 
0.32 mm , film thickness 10 um ) 
[ 0216 ) Oven temperature : 60 ° C. , 11.5 minutes > 10 ° 
C./min-100° C. , 14.5 minutes > 10 ° C./min->250° C .; 
[ 0217 ] Sampling time : 5 minutes ; 
[ 0218 ] Carrier gas : He ( 30 cm / s ) ; 
[ 0219 ] Split ratio : 75 

or more . 

< Ethyl Benzoate Determination Method > 
[ 0220 ] Quantitative evaluation of ethyl benzoate was per 
formed by analysis using a gas chromatography apparatus . 
The measurement conditions were as follows . 

< Analysis Conditions of the GC / MS Method > 
[ 0221 ] Column : DB - 1 ( length 30.0 m , inner diameter 
0.254 mm , film thickness 0.25 m ) 
[ 0222 ] Heating condition : 30 ° C. - 300 ° C. 15 ° C./min 
[ 0223 ] Carrier gas : He 100 kPa 
[ 0224 ] Split ratio : 50 

( Distillation Process ) 
[ 0230 ] Subsequently , the ethanol - containing liquid was 
introduced into a distillation apparatus equipped with a 
heater using steam at 170 ° C. After the temperature at the 
distillation column bottom was raised to 101 ° C. within 8 to 
15 minutes , the ethanol - containing liquid was introduced 
from the middle of the distillation column , and during 
continuous operation , purified ethanol was obtained by 
continuous operation under the conditions of 15 seconds / L , 
at 101 ° C. at the bottom , 99 ° C. at the middle , and 91 ° C. at 
the top . 

< Combustion Efficiency Quantification Method > 
[ 0225 ] Quantitative evaluation of combustion efficiency of 
ethanol was carried out by total heat generation analysis 
using a cone calorimeter manufactured by FTT . 

Example 1 

< Preparation of Ethanol > 
[ 0226 ] Ethanol was prepared as follows . 

[ 0231 ] The content of Si in the obtained ethanol was 50 
mg / L . 
[ 0232 ] The content of chromium in the obtained ethanol 
was less than 0.5 mg / L . 
[ 0233 ] The content of iron in the obtained ethanol was less 
than 0.5 mg / L . 
[ 0234 ] The content of sodium in the obtained ethanol was 
190 mg / L . 
[ 0235 ] The content of potassium in the obtained ethanol 
was 2.9 mg / L . 
[ 0236 ] The obtained ethanol contained n - hexane at 0.1 
mg / L , n - heptane at 0.04 mg / L , n - octane at 0.02 mg / L , 
n - decane at 0.32 mg / L , n - dodecane at 0.1 mg / L and tetra 
decane at 0.03 mg / L . 
[ 0237 ] The content of toluene in the obtained ethanol was 
0.07 mg / L , the content of ethylbenzene was 0.8 mg / L , and 
the total content of m - xylene and p - xylene was 0.2 mg / L . 
[ 0238 ] The content of dibutyl ether in the obtained ethanol 
was 20 mg / L . 

( Raw Material Gas Generation Step ) 
[ 0227 ] Gas discharged after combustion of general waste 
in a waste incineration facility was used . The raw material 
gas consisted of about 30 % by volume of carbon monoxide , 
about 30 % by volume of carbon dioxide , about 30 % by 
volume of hydrogen and about 10 % by volume of nitrogen . 

( Synthetic Gas Purification Step ) 
[ 0228 ] Using a PSA device , which is an impurity remov 
ing apparatus for the raw material gas produced as described 
above , carbon dioxide contained in the synthetic gas was 
removed so that the content will be 60 to 80 % by volume of 
the original content ( about 30 % by volume ) under condi 
tions in which the gas temperature was heated to 80 ° C. , 

( Production Method of Butadiene ) 
[ 0239 ] Butadiene was produced using the ethanol obtained 
as described above . First , the ethanol obtained was vapor 
ized by passing it through a single tube heated to 90 ° C. in 
order to prepare a gas to be used for the reaction , and the 
vaporized ethanol gas was combined with nitrogen . At this 

a 
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TABLE 2 
9 9 

Ex . 1 
Derived 
from 

synthetic 
gas 

Comp . Ex . 1 
Derived 

from fossil 
fuel 

Comp . Ex . 2 
Derived from 
saccharification 

and 
fermentation Ethanol Raw material 

time , mass flow was used to control the flow rate of ethanol 
gas to SV360L / hr / L , and nitrogen to SV840L / hr / L , thereby 
obtaining a mixed gas of 30 % by volume of ethanol ( gas 
conversion ) and 70 % by volume of nitrogen ( gas conver 
sion ) . Subsequently , a stainless steel cylindrical reaction 
tube having a diameter of 1/2 inch ( 1.27 cm ) and a length of 
15.7 inch ( 40 cm ) filled with 0.85 g of a butadiene synthesis 
catalyst mainly composed of Hf , Zn and Ce was continu 
ously supplied with the mixed gas while maintaining the 
temperature of 350 ° C. and the pressure ( pressure of the 
reaction bed ) of 0.1 MPa , thereby obtaining a butadiene 
containing gas . The butadiene - containing gas thus obtained 
was used for quantifying the butadiene content using a gas 
chromatography apparatus of GC - 2014 ( manufactured by 
SHIMADZU ) . The results were as shown in Tables 1 and 2 . 

Concentration 
of organic 
components 
in ethanol 

( mg / L ) 

n - hexane 
n - heptane 
n - octane 
n - decane 

n - dodecane 
n - tetradecane 

0.1 
0.04 
0.02 
0.32 
0.1 
0.03 

< 0.1 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 

< 0.1 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 

0.61 < 0.15 < 0.15 Total of 
aliphatic 

hydrocarbons 
toluene 

ethyl benzene 
m - xylene 
p - xylene 

0.07 
0.8 
0.2 

< 0.01 
< 0.1 
< 0.2 

< 0.01 
< 0.1 
< 0.2 

Comparative Example 1 
1.07 < 0.31 < 0.31 Total of 

aromatic 
compounds 

Dibutyl ether 
Butadiene content ( vol % ) 

20 
61.2 

< 0.01 
57.2 

< 0.01 
57.5 

[ 0240 ] Butadiene was produced by the same method as in 
Example 1 using 99 ° ethanol ( manufactured by Amakasu 
Chemical Industry Co. , Ltd. ) which is ethanol derived from 
fossil fuel , and the content of butadiene was determined in 
the same manner as in Example 1. The results were as shown 
in Tables 1 and 2. None of the concentrations of Si , Cr , Fe , 
Na , and K in 99 degrees ethanol derived from fossil fuels 
were measurable ( below the detection limit ) . Further , none 
of the concentrations of toluene , ethylbenzene , m - xylene 
and p - xylene , n - hexane , n - heptane , n - octane , n - decane , 
n - dodecane , and n - tetradecane , dibutylether were measur 
able ( below the detection limit ) . 

[ 0242 ] As shown in Tables 1 and 2 , it has been found that 
ethanol produced using the gas discharged after burning 
general waste in a waste incineration facility has a higher 
conversion efficiency to butadiene than ethanol derived from 
conventional fossil fuels or ethanol derived from sacchari 
fication and fermentation from plants . 

Example 2 
Comparative Example 2 

[ 0241 ] Butadiene was manufactured by the same method 
as in Example 1 using 99 degrees ethanol ( manufactured by 
Amakasu Chemical Industry Co. , Ltd. ) derived from the 
saccharification and fermentation of plants , and the content 
of butadiene was quantified in the same m ner as in 
Example 1. The results were as shown in Tables 1 and 2 . 
None of the concentrations of Si , Cr , Fe , Na , and K in 99 
degrees ethanol derived from the saccharification and fer 
mentation of plants were measurable ( below the detection 
limit ) . Further , none of the concentrations of toluene , eth 
ylbenzene , m - xylene and p - xylene , n - hexane , n - heptane , 
n - octane , n - decane , n - dodecane , and n - tetradecane , dibuty 
lether were measurable ( below the detection limit ) . 

( Production of Ethyl Benzoate ) 
[ 0243 ] Ethyl benzoate was produced using the same etha 
nol as that used in Example 1 in the following manner . First , 
36.8 g of benzoic acid and 200 ml of ethanol were mixed 
under a stream of argon , 9 ml of concentrated sulfuric acid 
was added thereto , and the mixture was stirred under reflux 
for 5 hours . Thereafter , the mixture was allowed to cool to 
room temperature , unreacted ethanol was removed under 
reduced pressure , and ethyl benzoate synthesized with 100 
ml of diethyl ether was recovered . The recovered solution 
was washed with distilled water , dried using magnesium 
sulfide , and then filtered and concentrated . 
[ 0244 ] The obtained filtrate was subjected to component 
analysis using a gas chromatography apparatus , and the 
amount of ethyl benzoate synthesized was determined . The 
analytical conditions at this time are as follows . The ana 
lytical results are shown in Tables 3 and 4 . 
[ 0245 ] Column : DB - 1 ( Length 30.0 m , Inner Diameter 
0.254 mm , Film Thickness 0.25 m ) 
[ 0246 ] Heating condition : 30-300 ° C. 15 ° C./min 
[ 0247 ] Carrier gas : He 100 kPa 
[ 0248 ] Split ratio : 50 

TABLE 1 

Ex . 1 
Derived from 
synthetic gas 

Comp . Ex . 1 
Derived 

from fossil 
fuel 

Comp . Ex . 2 
Derived from 
saccharification 

and 
fermentation Ethanol Raw material 

< 10 
0.7 Comparative Example 3 

Concentration Si 
of inorganic Cr 
components Fe 
in ethanol Na 

( mg / L ) K 
Content of butadiene 

( vol % ) 

50 
Less than 0.5 
Less than 0.5 

190 
2.9 

61.2 

< 10 
0.7 
2.8 

120 
0.9 

57.2 

140 
< 0.5 
57.5 

[ 0249 ] Ethyl benzoate was manufactured and quantified in 
the same manner as in Example 2 except that ethanol derived 
from petrochemicals used in Comparative Example 1 was 
used . The analytical results were as shown in Tables 3 and 
4 . 
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Comparative Example 4 
[ 0250 ] Ethyl benzoate was manufactured and quantified in 
the same manner as in Example 2 except that ethanol derived 
from petrochemicals used in Comparative Example 2 was 
used . The analytical results were as shown in Tables 3 and 
4 . 

Comparative Example 5 
[ 0253 ] The combustion efficiency of ethanol was quanti 
fied in the same manner as in Example 3 except that ethanol 
used in Comparative Example 1 was used . The quantitative 
results were as shown in Tables 5 and 6 . 

TABLE 3 
Comparative Example 6 

[ 0254 ] The combustion efficiency of ethanol was deter 
mined in the same manner as in Example 3 except that 
ethanol used in Comparative Example 2 was used . The 
quantitative results were as shown in Tables 5 and 6 . Ex . 2 

Derived from 
synthetic gas 

Comp . Ex . 3 
Derived 

from fossil 
fuel 

Comp . Ex . 4 
Derived from 

saccharification 
and 

fermentation Ethanol Raw material 
TABLE 5 

< 10 
0.7 

Concentration Si 
of inorganic Cr 
components Fe 
in ethanol Na 
( mg / L ) K 

Yield of ethyl benzoate 
( vol % ) 

50 
Less than 0.5 
Less than 0.5 

190 
2.9 

94.4 

< 10 
0.7 
2.8 

120 
0.9 

93.2 

140 
< 0.5 
93.4 

Ex . 3 
Derived from 
synthetic gas 

Comp . Ex . 5 
Derived from 

fossil fuel 

Comp . Ex . 6 
Derived from 
saccharification 

and 
fermentation Ethanol Raw material 

< 10 
0.7 

Concentration Si 
of inorganic Cr 
components Fe 
in ethanol Na 

( mg / L ) K 
combustion efficiency 

( kw / kg ) 

50 
Less than 0.5 
Less than 0.5 

190 
2.9 
7.78 

< 10 
0.7 
2.8 

120 
0.9 
7.54 

TABLE 4 140 
< 0.5 
7.57 

Ex . 2 
Derived 
from 

synthetic 

Comp . 
Ex . 3 

Derived 
from 
fossil 
fuel 

Comp . Ex . 4 
Derived from 
saccharification 

and 
fermentation Ethanol Raw material TABLE 6 gas 

Concentration 
of organic 
components 
in ethanol 

( mg / L ) 

n - hexane 
n - heptane 
n - octane 
n - decane 

n - dodecane 
n - tetradecane 

0.1 
0.04 
0.02 
0.32 
0.1 
0.03 

< 0.1 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 

< 0.1 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 

Ex . 3 
Derived 
from 

synthetic 
gas 

Comp . 
Ex . 5 

Derived 
from 
fossil 
fuel 

Comp . Ex . 6 
Derived from 
saccharification 

and 
fermentation Ethanol Raw material 

0.61 < 0.15 < 0.15 Total of aliphatic 
hydrocarbons 

toluene 
ethyl benzene 

m - xylene 
p - xylene 

0.07 
0.8 
0.2 

< 0.01 
< 0.1 
< 0.2 

< 0.01 
< 0.1 
< 0.2 

Concentration 
of organic 
components 
in ethanol 

( mg / L ) 

n - hexane 
n - heptane 
n - octane 
n - decane 

n - dodecane 
n - tetradecane 

0.1 
0.04 
0.02 
0.32 
0.1 
0.03 

< 0.1 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 

< 0.1 
< 0.01 
< 0.01 
< 0.01 
< 0.01 
< 0.01 

1.07 < 0.31 < 0.31 0.61 < 0.15 < 0.15 Total of 
aromatic 

compounds 
Dibutyl ether 

Yield of ethyl benzoate ( vol % ) 

Total of aliphatic 
hydrocarbons 

toluene 
ethyl benzene 

m - xylene 
p - xylene 

20 
94.4 

< 0.01 
93.2 

< 0.01 
93.4 

0.07 
0.8 
0.2 

< 0.01 
< 0.1 
< 0.2 

< 0.01 
< 0.1 
< 0.2 

1.07 < 0.31 < 0.31 [ 0251 ] As shown in Tables 3 and 4 , it has been found that 
ethanol produced using the gas discharged after burning 
general waste in a waste incineration facility has higher 
conversion efficiency to ethyl benzoate than ethanol derived 
from conventional fossil fuels or ethanol derived from 
saccharification and fermentation from plants . 

Total of aromatic 
compounds 

Dibutyl ether 
combustion efficiency ( kw / kg ) 

20 
7.78 

< 0.01 
7.54 

< 0.01 
7.57 

Example 3 
[ 0252 ] The combustion efficiency of ethanol was quanti 
fied using the same ethanol as that used in Example 1. The 
fuel efficiency was quantified by adding 30 g of ethanol to 
a heat - resistant container which is 60 mm longx60 mm 
widex30 mm high under non - heating conditions , subse 
quently igniting , and measuring the amount of oxygen 
reduction until complete combustion in a cone calorimeter 
( manufactured by FTT ) , and calculating the total heat gen 
eration based on the amount of oxygen reduction . The 
quantitative results were as shown in Tables 5 and 6 . 

[ 0255 ] As shown in Tables 5 and 6 , it has been found that 
ethanol produced by using gas discharged after burning 
general waste in a waste incineration facility has higher 
combustion efficiency than ethanol derived from conven 
tional fossil fuels or ethanol derived from saccharification 
fermentation from plants . 

1. Ethanol comprising an inorganic component and / or an 
organic component , wherein 

the inorganic component comprises at least one compo 
nent selected from the group consisting of : 

silicon having a content of 10 mg / L or more and 100 mg / L 
or less ; 

chromium having a content of 0.6 mg / L or less ; 
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iron having a content of 2.0 mg / L or less ; 
sodium having a content of 150 mg / L or more and 1000 
mg / L or less ; and 

potassium having a content of 1.0 mg / L or more and 10 
mg / L or less ; and 

the organic component comprises at least one component 
selected from the group consisting of : 

aliphatic hydrocarbon having a content of 0.16 mg / L or 
more and 10 mg / L or less ; 

aromatic hydrocarbon having a content of 0.4 mg / L or 
more and 10 mg / L or less ; and 

dialkyl ether having a content of 0.1 mg / L or more and 
100 mg / L or less . 

2. The ethanol according to claim 1 , wherein 
a substrate is a gas comprising carbon monoxide and 

hydrogen . 
3. The ethanol according to claim 1 , derived from micro 

bial fermentation . 
4. The ethanol according to claim 2 , wherein 
the gas comprising carbon monoxide and hydrogen is 

derived from waste . 
5. A method for manufacturing ethanol , comprising : 
a step of converting a carbon source into a synthetic gas 

comprising carbon monoxide and hydrogen ; 
a microbial fermentation step of supplying the synthetic 

gas comprising carbon monoxide and hydrogen to a 
microbial fermentation tank to obtain an ethanol - con 
taining liquid by microbial fermentation ; 

a separation step of separating the ethanol - containing 
liquid into a liquid or solid component containing 
microorganisms and a gas component containing etha 
nol ; 

a liquefaction step of condensing and liquefying the gas 
component ; 

a purification step of purifying ethanol from the liquid 
obtained in the liquefaction step ; 

wherein the purified ethanol comprises at least one inor 
ganic component selected from the group consisting of : 

silicon having a content of 10 mg / L or more and 100 mg / L 
or less ; 

chromium having a content of 0.6 mg / L or less ; 
iron having a content of 2.0 mg / L or less ; 
sodium having a content of 150 mg / L or more and 1000 
mg / L or less ; and 

potassium having a content of 1.0 mg / L or more and 10 
mg / L or less , and / or at least one organic component 
selected from the group consisting of : 

aliphatic hydrocarbon having a content of 0.16 mg / L or 
more and 10 mg / L or less ; 

aromatic hydrocarbon having a content of 0.4 mg / L or 
more and 10 mg / L or less ; and 

dialkyl ether having a content of 0.1 mg / L or more and 
100 mg / L or less . 

6. The method according to claim 5 , further comprising 
the step of purifying the synthetic gas . 

7. The method according to claim 5 , wherein 
the carbon source is derived from waste . 
8. The ethanol according to claim 1 , used in a chemical 

product , a polymer raw material , or a fuel . 
9. A chemical product using ethanol according to claim 1 

as a raw material . 
10. A fuel comprising the ethanol according to claim 1 

and / or ethyl - t - butyl ether using the ethanol as a raw material . 
11. A polymer raw material using ethanol according to 

claim 1 as a raw material . 
12. The polymer raw material according to claim 11 , 

selected from the group consisting of ethylene , propylene , 
butadiene , ethyl acetate , isobutene , methyl ( meth ) acrylate , 
acrylic acid , aminohexanoic acid , and diethyl carbonate . 

13. A polymer comprising the polymer raw material 
according to claim 11 . 

14. A molded article comprising the polymer according to 
claim 13 . 

a 

* 


