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DESCRIPTION 

RECOVERED-CARBON-DIOXIDE PURIFYING METHOD AND METHIONINE 

MANUFACTURING METHOD INCLUDING RECOVERED-CARBON-DIOXIDE 

	

5 	 PURIFYING STEP 

TECHNICAL FIELD 

[0001] 

This application claims priority to and the benefit of 

	

10 	Japanese Patent Application No. 2017-087749 filed April 27, 

2017, the entire contents of which are incorporated herein 

by reference. 

The present invention relates to a method for 

purifying recovered carbon dioxide, and a method for 

15 preparing methionine comprising a step of purifying 

recovered carbon dioxide. In detail, the present invention 

relates to a purifying method for purifying recovered 

carbon dioxide with activated carbon, a method for 

preparing methionine comprising the same step. As used 

	

20 	herein, "recovered carbon dioxide" means a gas containing 

at least one of 3-methylmercaptopropionaldehyde 

(hereinafter, sometimes referred to as "M-aldehyde") and 

acrolein (hereinafter, sometimes referred to as "ACR") and 

pure carbon dioxide. 

25 
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BACKGROUND ART 

[0002] 

Methionine is an essential amino acid that cannot be 

synthesized in an animal body, and is widely used as a feed 

	

5 	additive for animal, and also is industrially produced by a 

chemical plant. 	In such a chemical plant, if it is 

intended to expand the production scale of methionine, an 

improvement is required from the viewpoint of cost 

reduction and environmental burden reduction. 

	

10 	[0003] 

Patent Document 1 discloses that a hydantoin reactor 

for forming 5-(2-methylmercaptoethyl) hydantoin is used in 

the production of methionine. From this hydantoin reactor, 

an exhaust gas containing carbon dioxide flows out. It is 

	

15 	disclosed in Patent Document 1 that the exhaust gas is 

purified with water, thereby methyl mercaptan (hereinafter, 

sometimes referred to as "MM") contained in the exhaust gas 

is removed, and the purified exhaust gas is used in a 

process for precipitating methionine. 

20 

CITATION LIST 

PATENT DOCUMENT 

[0004] 

Patent Document 1: JP 4881299 B 
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SUMMARY OF THE INVENTION 

(PROBLEMS TO BE SOLVED BY INVENTION) 

[0005] 

It has been reported that when M-aldehyde or ACR is 

contained in the carbon dioxide used in the process of 

precipitating methionine, there occurs some problems in 

that methionine crystal after precipitation shows 

polymorphism, and the color of methionine is changed. 

Further, M-aldehyde and ACR have a strong odor and may 

10 	cause malodor. Accordingly, it is necessary to remove M-

.aldehyde and ACR in advance such that the carbon dioxide 

gas used does not contain M-aldehyde or ACR. 

The purification method disclosed in Patent Document 1 

is conducted at a high pressure of 6 bar (gauge pressure of 

15 	0.6 MPa) ([0050]), and a large production apparatus cost is 

required to adopt an apparatus that can withstand the 

pressure. Additionally, it is necessary to treat waste 

water generated by purification with water, and the 

treatment cost is also required. Moreover, although Patent 

20 	Document 1 discloses the removal of MM, there is no 

description or suggestion as to whether it can be applied 

to the removal of M-aldehyde or ACR. 

In view of the above circumstances, an object of the 

present invention is to provide a purification method for 

25 	purifying recovered carbon dioxide gas and a method for 
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producing methionine comprising a purification step of 

recovered carbon dioxide gas. 

(MEANS TO SOLVE PROBLEMS) 

	

5 	[0006] 

The present inventors have intensively studied, and as 

a result, found a method for purifying recovered carbon 

dioxide in which M-aldehyde is removed by using activated 

carbon from recovered carbon dioxide gas containing M- 

	

10 	aldehyde and the like, and thereby purifying recovered 

carbon dioxide gas under a relatively low pressure, and 

have completed the present invention. 

[0007] 

The present invention encompasses the following 

	

15 	embodiments. 

The method for purifying carbon dioxide gas as 

described herein (hereinafter, sometimes referred to as 

"Method of the present invention") comprises 

[1] Contacting carbon dioxide gas containing at least one 

20 of 3-methylmercaptopropionaldehyde and acrolein with 

activated carbon to remove at least one of the 3-

methylmercaptopropionaldehyde and acrolein, which includes 

the following embodiments. 

[2] The method for purifying recovered carbon dioxide 

	

25 	wherein the carbon dioxide gas is a carbon dioxide gas 
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which is recovered from at least one step of the following 

steps (1) and (2) comprised in a method for producing 

methionine: 	(1) 	a 	hydantoin 	step: 	3- 

methylmercaptopropionaldehyde cyanohydrin is reacted with 

5 carbon dioxide and ammonia to obtain 5-(2-

methylmercaptoethyl)hydantoin, (2) a hydrolysis reaction 

step: the 5-(2-methylmercaptoethyl)hydantoin is hydrolyzed 

in the presence of an alkali compound to obtain the 

reaction solution containing an alkali salt of methionine. 

10 	[3] The method for purifying recovered carbon dioxide 

according to [1] or [2], wherein the carbon dioxide is 

recovered carbon dioxide recovered from a process of 

producing methionine comprising the following steps A to E: 

A. a step of reacting methyl mercaptan with acrolein to 

15 	obtain 3-methylmercaptopropionaldehyde; 

B. a step of reacting 3-methylmercaptopropionaldehyde 

obtained in step A) with hydrocyanic acid (i.e., hydrogen 

cyanide) to obtain 3-methylmercaptopropionaldehyde 

cyanohydrin; 

20 	C. a step of reacting 3-methylmercaptopropionaldehyde 

cyanohydrin obtained in step B) with carbon dioxide and 

ammonia or ammonium carbonate to obtain 5-(2-

methylmercaptoethyl)hydantoin; 

D. a 	step 	of 	hydrolyzing 	5-(2- 

25 	methylmercaptoethyl)hydantoin obtained in step C) in the 
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presence of an alkali compound to obtain a reaction 

solution containing an alkali salt of methionine; and 

E. a step of introducing carbon dioxide into the reaction 

solution containing the alkali salt of methionine produced 

5 in step D) to precipitate methionine, followed by 

separating the precipitated methionine. 

[4] The method for purifying recovered carbon dioxide 

according to any one of [1] to [3], which is characterized 

in that before the removal with activated carbon, the 

10 carbon dioxide concentration of the recovered carbon 

dioxide is 70 vol % or more and 99.99 vol W or less. 

[5] The method for purifying recovered carbon dioxide 

according to any one of [1] to [4], which is characterized 

in that before the removal with activated carbon, the 

15 	pressure of the recovered carbon dioxide is -0.01 MPa or 

more and 0.5 MPa or less as gauge pressure (hereinafter, 

the unit of gauge pressure is sometimes referred to as 

"MPaG"). 

[6] The method for purifying recovered carbon dioxide 

20 	according to any one of [1] to [5], which is characterized 

in that the activated carbon has an average particle 

diameter of 0.1 mm or more and 5.0 mm or less, a specific 

surface area of 1000 m2  / g or more and 1800 m2  / g or less, 

or a total pore volume of 0.2 mL / g or more and 0.6 mL / g 

25 	or less. 
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[7] A method for producing methionine which is 

characterized by comprising the following steps (1) to (4): 

(1) a hydantoin step: a step of reacting 3-

methylmercaptopropionaldehyde cyanohydrin with carbon 

5 dioxide and ammonia to obtain 5-(2- 

methylmercaptoethyl)hydantoin; 

(2) a hydrolysis reaction step: a step of hydrolyzing the 

5-(2-methylmercaptoethyl)hydantoin in the presence of an 

alkali compound to obtain a reaction solution containing an 

10 	alkali salt of methionine; 

(3) a crystallization step: a step of introducing carbon 

dioxide into the reaction solution to obtain methionine 

from the reaction solution; and 

(4) a step for purifying the recovered carbon dioxide 

15 	which comprises contacting the recovered carbon dioxide gas 

containing at least one of 3-methylmercaptopropionaldehyde 

and acrolein recovered from at least one of the steps (1) 

and (2) with activated carbon to remove at least one of the 

contained 3-methylmercaptopropionaldehyde and acrolein 

20 (hereinafter, referred to as "Method for producing 

methionine of the present invention"). 

[8] The method for producing methionine according to [7] 

comprising the following steps: 

A. a step of reacting methyl mercaptan with acrolein to 

25 	obtain 3-methyl mercaptopropionaldehyde; 
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B. a step of reacting the 3-methylmercaptopropionaldehyde 

with hydrocyanic acid (hydrogen cyanide) to obtain 3-

methylmercaptopropionaldehyde cyanohydrin; 

C. a step of reacting the 3-methylmercaptopropionaldehyde 

	

5 	cyanohydrin with carbon dioxide and ammonia or ammonium 

carbonate to obtain 5- (2-methylmercaptoethyl)hydantoin; 

D. a step of hydrolyzing the 5-(2-

methylmercaptoethyl)hydantoin in the presence of an alkali 

compound to obtain a reaction solution containing an alkali 

	

10 	salt of methionine; and, 

E. a step of introducing carbon dioxide into the reaction 

solution containing the alkali salt of methionine, 

precipitating methionine, and separating the precipitated 

methionine, and 

	

15 	A step of contacting the recovered carbon dioxide gas 

containing at least one of 3-methylmercaptopropionaldehyde 

and acrolein recovered from at least one of steps C or D 

with an activated carbon, and purifying the recovered 

carbon dioxide gas by removing at least one of 3- 

	

20 	methylmercaptopropionaldehyde and acrolein. 

[0008] 

According to the method of the present invention, it 

is possible to remove M-aldehyde and the like without 

increasing the recovered carbon dioxide gas to a high 

	

25 	pressure by removing M-aldehyde and the like contained in 
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the recovered carbon dioxide gas with activated carbon. 

Accordingly, it is not necessary to consider the pressure 

resistance of the apparatus using the recovered carbon 

dioxide gas, and the cost of the production apparatus can 

	

5 	be suppressed even when the production scale is expanded. 

Also, compared with the case where M-aldehyde or the like 

is removed with water, moisture in the carbon dioxide after 

purification can be kept low. 

According to the second and third aspects as described 

	

10 	herein, the recovered carbon dioxide gas is carbon dioxide 

gas recovered from at least one of the hydantoin step and 

the hydrolysis reaction step, included in the method for 

producing methionine, and thus the cost of production 

apparatus for producing methionine can be reduced. 

	

15 	According to the fourth aspect of the present 

application, the carbon dioxide concentration of the 

recovered carbon dioxide gas before the removal with 

activated carbon is 70 volume % or more and 99.99 volume Is 

or less, so that M-aldehyde or the like contained in the 

20 recovered carbon dioxide gas can be removed more 

appropriately, and also the carbon dioxide after the 

purification can be used as it is in the crystallization 

step. 

According to the fifth aspect of the present 

	

25 	application, the pressure of the recovered carbon dioxide 



10 

before the removal with activated carbon is -0.01 MPa or 

more and 0.5 MPa or less as gauge pressure, so that the 

pressure resistance of the apparatus using the recovered 

carbon dioxide can be lowered, and the cost of production 

	

5 	apparatus can be reduced. 

According to the sixth aspect of the present 

application, the activated carbon has an average particle 

diameter of 0.1 mm or more and 5.0 mm or less, a specific 

surface area of 1000 m2  / g or more and 1800 m2  / g or less, 

	

10 	or a total pore volume of 0.2 mL / g or more and 0.6 mL / g 

or less, so that an adsorption performance to M-aldehyde or 

the like can be maintained. Also, the pressure drop in the 

apparatus using activated carbon can be suppressed, and the 

pressure of the gas transferred to this process can be 

	

15 	lowered. 

According to the seventh and eighth aspects of the 

present application, the method for producing methionine 

comprises the purification steps of the recovered carbon 

dioxide gas according to the second to sixth aspects, so 

	

20 	that the cost of the methionine production apparatus can be 

suppressed. 

[Brief Description of Drawings] 

[0009] 

	

25 	[Figure 1] 	Figure 1 indicates a flowchart of the 
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purification method of the recovered carbon dioxide 

according to the embodiment as described herein. 

[Figure 2] 	Figure 2 indicates an explanatory 

drawing of schematic constitution of the purification test 

	

5 	apparatus in the purification method using activated carbon. 

[Figure 3] 	Figure 3 indicates an explanatory 

drawing of schematic constitution of the purification test 

apparatus in the purification method using water. 

	

10 	MODE FOR CARRYING OUT THE INVENTION 

[0010] 

Hereinafter, an embodiment of the method of the 

present application will be described by indicating 

examples. 

	

15 	[0011] 

Firstly, a method for producing methionine is 

explained. 

Methionine is produced usually by a production method 

comprising the following steps. 

	

20 	A. M-aldehyde step: a step of reacting MM with ACR to 

obtain M-aldehyde; 

B. Cyanhydrin step: a step of reacting the M- aldehyde 

with hydrocyanic acid (hydrogen cyanide) to obtain 3-

methylmercaptopropionaldehyde cyanohydrin (hereinafter 

	

25 	sometimes referred to as "MCH"); 
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C. Hydantoin step: a step of reacting the MCH with carbon 

dioxide and ammonia (or ammonium carbonate) to obtain 5-(2-

methylmercaptoethyl)hydantoin; 

D. Hydrolysis reaction step: a step of hydrolyzing the 5- 

	

5 	(2-methylmercaptoethyl)hydantoin in the presence of an 

alkali compound to obtain a reaction solution containing an 

alkali salt of methionine; and 

E. Crystallization step: a step of introducing carbon 

dioxide into the reaction solution, thereby precipitating 

	

10 	methionine, and separating the precipitated methionine to 

obtain methionine. 

Through the above steps A to E, methionine can be 

obtained industrially. The chemical reaction in each step 

can be expressed by the following chemical scheme. 

	

15 	[0012] 

A. M-aldehyde step 

0HISH 

 

 

[0013] 

B. Cyanhydrin step 



CH'S 

13 

014 

+ HON 

   

   
 

CHJS 	 ON 

[0014] 

C. Hydantoin step 

OH 
+ NH3 + CO2 

CH3S 

5 	[0015] 

  

÷H20 

 

CH3S 

D. Hydrolysis reaction step 

[0016] 

E. Crystallization step 

NH: 	 NH: 

OH 	 OH 
+COI + H20 	 n 

	
+ KHOO: 

CHIS 
	

OHS 

[0017] 

[(1) Hydantoin step] 

The hydantoin step is a step in which MCH forms a 

hydantoin with carbon dioxide and ammonia to obtain 5-(2- 

10 
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methylmercaptoethyl)hydantoin. 	The carbon dioxide and 

ammonia sources used in the hydantoin step may be those 

usually used, and an excess of the theoretical amount, 

preferably 1 to 4 moles of carbon dioxide and ammonia per 

	

5 	mole of MCH is used. Also, ammonium carbonate or ammonium 

bicarbonate may be used instead of the combination of 

carbon dioxide and ammonia. A general condition such as a 

reaction temperature of about 60 to 85°C and a residence 

time of about 3 to 6 hours are used. 

	

10 	[0018] 

Fig. 1 shows a flowchart of a method for purifying 

recovered carbon dioxide gas according to an embodiment of 

the present invention. As shown in Fig. 1, in the present 

embodiment, carbon dioxide is obtained by recovering carbon 

	

15 	dioxide that is used in excess amount in the hydantoin step 

or carbon dioxide that is generated by decomposition of 

ammonium carbonate. The recovered carbon dioxide contains 

ACR that is remained unreacted in the M-aldehyde step, 

which is the previous step of the hydantoin step, and M- 

	

20 	aldehyde that is remained unreacted in the cyanohydrin step. 

[0019] 

[(2) Hydrolysis reaction step] 

The hydrolysis reaction step is a step of obtaining a 

reaction 	solution 	by 	hydrolyzing 	5-(2- 

	

25 	methylmercaptoethyl)hydantoin in the presence of an alkali 



15 

compound. Examples of the alkali compound used in this 

reaction step include potassium hydroxide, sodium hydroxide, 

potassium carbonate, potassium hydrogen carbonate and the 

like, and two or more of them can be also used if necessary. 

	

5 	The amount of the alkali compound used is usually 2 to 10 

mol, preferably 3 to 6 mol as potassium or sodium per mol 

of 5-(2-methylmercaptoethyl)hydantoin. Also the amount of 

water used is usually 2 to 20 parts by weight per part by 

weight of 5-(2-methylmercaptoethyl)hydantoin. 

	

10 	[0020] 

The hydrolysis reaction conducted in the hydrolysis 

reaction step is a stirring type or a non-stirring type, 

and is conducted in a continuous type or batch type reactor. 

[0021] 

	

15 	This hydrolysis reaction is preferably carried out by 

heating to about 150 to 200°C under pressurized pressure of 

about 0.5 to 1 MPa as a gauge pressure. The reaction 

period is usually 10 minutes to 24 hours. 

[0022] 

	

20 	As shown in Fig. 1, in this embodiment, the recovered 

carbon dioxide gas is obtained by recovering the gas 

generated in the hydrolysis reaction step. The recovered 

carbon dioxide gas contains ACR and M-aldehyde. 

[0023] 

	

25 	[(3) Crystallization step] 
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In the crystallization step, the reaction solution 

obtained in the hydrolysis reaction step is allowed to flow 

into the crystallization apparatus, carbon dioxide is 

introduced into the reaction solution, and a 

	

5 	crystallization is conducted in the reaction solution to 

obtain methionine precipitates. In this reaction, carbon 

dioxide is absorbed into the hydrolysis reaction solution 

by introduction of carbon dioxide, and the alkali salt of 

methionine is precipitated as free methionine. 

	

10 	[0024] 

[Purification of recovered carbon dioxide] 

The recovered carbon dioxide gas obtained in the (1) 

hydantoin step and (2) hydrolysis reaction step contains 

ACR and M-aldehyde. 	These are removed using activated 

	

15 	carbon. .As shown in Fig. 1, the recovered carbon dioxide 

gas obtained in (1) the hydantoin step and (2) the 

hydrolysis reaction step can be also mixed. In this case, 

it flows into a M-aldehyde removal apparatus through one 

transport pipe and is purified. The removal apparatus for 

	

20 	M-aldehyde, etc. is provided with a packed tower filled 

with activated carbon. 	The filling rate of activated 

carbon is usually 0.3 g / mL or more and 1.0 g / mL or less, 

preferably 0.35 g / mL or more and 0.6 g / mL or less. The 

number of the packed towers may be one or two or more, 

	

25 	however the following description is an explanation when 
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two packed towers are provided in parallel. Two packed 

towers provided in parallel (the two packed towers are 

referred to as "first packed tower" and "second packed 

tower") are used alternately without interrupting the 

	

5 	purification action, thereby M-aldehyde and the like is 

removed, so that the recovered carbon dioxide is purified. 

Specifically, the recovered carbon dioxide gas is flowed 

into the first packed column of the two packed columns to 

remove M-aldehyde and the like. The conditions for flowing 

	

10 	the recovered carbon dioxide gas into the packed tower are 

preferably that the flow rate is 0.03 m/s or more and 0.2 

m/s or less as linear velocity, and the pressure is -0.01 

MPa or more and 0.5 MPa or less as gauge pressure. At this 

time, in the second packed tower, the adsorption ability of 

	

15 	the activated carbon is recovered by removing M-aldehyde 

and the like that is adsorbed on the activated carbon. 

When the adsorption capacity of the activated carbon is 

recovered in the second packed tower, the recovered carbon 

dioxide gas is allowed to flow into the second packed tower, 

	

20 	and the adsorption capacity of the activated carbon for the 

first packed tower is recovered. Accordingly, in the case 

of two packed towers, they can be also used alternately. 

Though the case of two packed towers is explained, 

similarly in the case of three or more packed towers, any 

	

25 	packed towers which are not used for removal M-aldehyde and 
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the like in the recovered carbon dioxide is recovered its 

adsorption capacity during not used in the purification. 

Accordingly, when a plural of packed columns with activated 

carbon are set, M-aldehyde and the like in the recovered 

5 carbon dioxide gas can be removed continuously by 

conducting adsorption and desorption in parallel. 

[0025] 

In order to recover the adsorption capacity of the 

activated carbon, an inert gas is circulated in the packed 

10 	tower. Examples of the inert gas include nitrogen, argon, 

and helium. The operating pressure and temperature at this 

time depend on the vapor pressure of the substance to be 

desorbed from the activated carbon, but preferably from 

vacuum to atmospheric pressure, and the operating 

15 	temperature is from 10°C to the boiling point of the 

substance to be desorbed at the desorption operating 

pressure, or more. 

[0026] 

In the apparatus for removing M-aldehyde or the like, 

20 	the concentration of carbon dioxide in the recovered carbon 

dioxide gas immediately before entering the packed column 

filled with activated carbon is preferably 70 volume 	or 

more and 99.99 volume 96 or less. Due to such a component 

constitution, M-aldehyde and the like in the recovered 

25 	carbon dioxide gas can be removed more appropriately, and 
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also the carbon dioxide gas can be used as it is after 

purification in the crystallization step. 

[0027] 

Also, in the M-aldehyde removal apparatus, the 

	

5 	pressure of the recovered carbon dioxide gas immediately 

before entering the packed tower filled with activated 

carbon is preferably -0.01 MPa or more and 0.5 MPa or less 

as gauge pressure. Since it is not necessary to carry out 

at a high pressure as disclosed in Patent Document 1, the 

	

10 	cost of production apparatus can be suppressed. 	An 

adsorption of M-aldehyde or the like on activated carbon is 

sufficiently achieved by setting the pressure to -0.01 MPa 

or more, and an introduction of the recovered carbon 

dioxide gas from the hydantoin step or the hydrolysis 

	

15 	reaction step can be easily performed by setting the 

pressure to 0.5 MPa or less. 

[0028] 

The activated carbon material is preferably derived 

from natural products. 	For example, wood and coconut 

	

20 	shells are preferably raw materials. 

[0029] 

The average particle size of the activated carbon is 

preferably 0.1 mm or more and 5.0 mm or less. By setting 

in this range, the adsorption performance of M-aldehyde and 

	

25 	the like can be maintained. If it is smaller than this 
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range, the pressure drop in the packed tower becomes large, 

which becomes disadvantageous 	The average particle 

diameter is a 50% particle diameter (D50) described by JIS 

K1474, and can be measured by the method described in this 

	

5 	standard. Also, the specific surface area is preferably 

1000 m2  / g or more and 1800 m2  / g or less. Also the 

total pore volume is preferably 0.2 mL / g or more and 0.6 

mL / g or less. 

[0030] 

	

10 	Carbon dioxide after purification from which M- 

aldehyde and the like have been removed by the above-

mentioned activated carbon can be introduced into the 

reaction solution in (3) crystallization step, and used for 

methionine precipitation. Since ACR and M-aldehyde is not 

	

15 	contained in carbon dioxide after the purification, it is 

possible to obtain methionine with high purity. 

[EXAMPLES] 

[0031] 

	

20 	Next, examples of the present invention are shown 

below, but the present invention is not limited thereto. 

[Example] 

Fig. 2 is an explanatory diagram of a schematic 

constitution of a purification test apparatus 10 for 

	

25 	conducting out a purification method using activated carbon. 
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The purification test apparatus 10 is provided with one 

packed column 11, and supplied with the recovered carbon 

dioxide obtained in the (1) hydantoin step and (2) 

hydrolysis reaction step from the left side on the paper 

	

5 	surface of Fig.2. The supplied recovered carbon dioxide 

passes through the packed tower 11 filled with activated 

carbon, and then passes through the flow meter 12. The 

capacity of the packed tower 11 was 44 mL, and the filled 

amount of activated carbon was 22.3 g. The flow rate of 

	

10 	the recovered carbon dioxide to be passed is adjusted by a 

valve provided at each location of the purification test 

apparatus 10, and the flow rate is measured by the flow 

meter 12. The component amount of the recovered carbon 

dioxide before and after passing through the packed tower 

	

15 	11 is separately measured with a gas component measuring 

device. Table 1 shows the measured gas flow rate, gas 

pressure, and the amount of components of the recovered 

carbon dioxide before passing through activated carbon. 

Also, the material of activated carbon used was coconut 

	

20 	shell, and the average particle size was 3.56 mm, the 

specific surface area was 1200 m2 / 9-, and the total pore 

volume was 0.55 mL / g. 

[0032] 

Table 1 

Gas 
	Gas 
	 Component Amount 
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Flow 
Rate 

Pressure CO2 N2 MM ACR M- 
aldehyde 

L / 
min 

MPaG Vol% Vol% Vol.ppm Vol.ppm Vol.ppm 

4.0 0.005 82 18 2050 115 205 

[0033] 

Also, Table 2 shows the measured result of the 

concentration of ACR and M-aldehyde at 10 minutes and 120 

minutes as an elapsed time after the start of supply (that 

	

5 	is, operating time) when the recovered carbon dioxide is 

supplied continuously to the purification test apparatus 10. 

The symbol of "N.D." in the table.  indicates that 

measurement cannot be performed, that is, the concentration 

has not been reached the minimum unit that can be measured 

	

10 	by the measuring instrument used in this example. From 

this result, it was possible to purify carbon dioxide 

containing ACR and M-aldehyde under low pressure by the 

method for purifying recovered carbon dioxide in the 

present embodiment. 

	

15 	[0034] 

Operation Time 10 120 
ACR Vol.ppm N.D. N.D. 
M-aldehyde Vol.ppm N.D. N.D. 

[0035] 

[Comparative Example] 

Fig. 3 is an explanatory diagram of a schematic 

constitution of a purification test apparatus 30 for 

20 	conducting out a purification method using water instead of 
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activated carbon. The purification test apparatus 30 is 

provided with one gas-liquid mixing tower 31, and the 

recovered carbon dioxide obtained in (1) the hydantoin 

process and (2) the hydrolysis reaction process is supplied 

	

5 	from the lower left side on the paper surface of Fig.3. 

The supplied recovered carbon dioxide passes through the 

gas-liquid mixing tower 31 and then passes through the flow 

meter 32. The flow rate of the recovered carbon dioxide to 

be passed is measured by the flow meter 32. Also the water 

	

10 	that flows into the gas-liquid mixing tower 31 is pure 

water, and flows into the gas-liquid mixing tower 31 from 

the upper left side on the paper surface of Fig.3 via valve 

34. The component amount of the recovered carbon dioxide 

before and after passing through the gas-liquid mixing 

	

15 	tower 31 is separately measured by a gas component 

measuring device. Table 3 shows the measured gas flow rate, 

gas pressure, and the component amount of the recovered 

carbon dioxide before passing through the gas-liquid mixing 

tower 31. 

	

20 	[0036] 

Table 3 

Gas 
Flow.  
Rate 

Gas 
Pressure 

Component Amount 
CO2 N2 MM ACR M- 

aldehyde 
L / 
min 

MPaG Vol% Vol% Vol.ppm Vol.ppm Vol.ppm 

4.0 0.005 82 18 2200 150 130 

[0 037 ] 
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Also table 4 shows the results when the recovered 

carbon dioxide was continuously supplied to the washing 

test apparatus 30. 	The ratio of gas-liquid mixing 

represents the amount of the recovered carbon dioxide 

	

5 	supplied per weight of supplied water. From this result, 

it can be found that when the recovered carbon dioxide of 

this embodiment is purified with water under low pressure, 

M-aldehyde can be removed, but ACR is not completely 

removed, and it can be thus understood that a complete 

	

10 	removal is difficult. 

[0038] 

Ratio of gas-liquid (L/G)[wt/wt] 
ACR 	 Vol.ppm  
M-aldehyde 	Vol.ppm 

 

5 

 

20 

 

N.D. 

 

  

[Industrial Applicability] 

[0039] 

15 	The purification method of the present invention can 

be applied regardless of the production of methionine as 

long as the target to be purified is a recovered carbon 

dioxide containing any one of M-aldehyde and ACR. 

20 	Explanation of symbol 

[0040] 

10, 30 	Purification test apparatus 

11 Packed tower 
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12, 32 	Flowmeter 

31 Gas-liquid mixing tower 

34 Valve 
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CLAIMS 

1. A method for purifying carbon dioxide gas comprising

contacting carbon dioxide gas containing 3-

methylmercaptopropionaldehyde and acrolein with activated 5 

carbon to remove at least one of 3-

methylmercaptopropionaldehyde and acrolein wherein the 

carbon dioxide gas is a carbon dioxide gas which is 

recovered from at least one step of the following steps (1) 

and (2) comprised in a method for producing methionine:  10 

(1) a hydantoin step: a step of reacting 3-

methylmercaptopropionaldehyde cyanohydrin with carbon 

dioxide and ammonia to obtain 5-(2-methylmercaptoethyl) 

hydantoin, and 

(2) a hydrolysis reaction step: a step of hydrolyzing the15 

5-(2-methylmercaptoethyl)hydantoin in the presence of an 

alkali compound to obtain the reaction solution containing 

an alkali salt of methionine.   

2. The method for purifying recovered carbon dioxide

according to claim 1, wherein the carbon dioxide is 20 

recovered carbon dioxide recovered from a process of 

producing methionine comprising the following steps A to E: 

A. a step of reacting methyl mercaptan with acrolein to

obtain 3-methyl mercaptopropionaldehyde; 

B. a step of reacting 3-methylmercaptopropionaldehyde25 
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obtained in step A) with hydrocyanic acid to obtain 3-

methylmercaptopropionaldehyde cyanohydrin; 

C. a step of reacting 3-methylmercaptopropionaldehyde 

cyanohydrin obtained in step B) with carbon dioxide and 

ammonia or ammonium carbonate to obtain 5-(2-5 

methylmercaptoethyl)hydantoin; 

D. a step of hydrolyzing 5-(2-

methylmercaptoethyl)hydantoin obtained in step C) in the 

presence of an alkali compound to obtain a reaction 

solution containing an alkali salt of methionine; and 10 

E. a step of introducing carbon dioxide into the reaction 

solution containing the alkali salt of methionine produced 

in step D) to precipitate methionine, followed by 

separating the precipitated methionine. 

3. The method for purifying recovered carbon dioxide 15 

according to any one of claims 1 to 2, wherein before the 

removal with activated carbon, the carbon dioxide 

concentration of the recovered carbon dioxide is 70 vol % 

or more and 99.99 vol % or less. 

4. The method for purifying recovered carbon dioxide 20 

according to any one of claims 1 to 3, wherein before the 

removal with activated carbon, the pressure of the 

recovered carbon dioxide is −0.01 MPa or more and 0.5 MPa 

or less as gauge pressure. 

5. The method for purifying recovered carbon dioxide 25 
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according to any one of claims 1 to 4, wherein  

 the activated carbon has an average particle diameter 

of 0.1 mm or more and 5.0 mm or less,  

 a specific surface area of 1000 m2 / g or more and 

1800 m2 / g or less, or 5 

 a total pore volume of 0.2 mL / g or more and 0.6 mL / 

g or less.   

6. A method for producing methionine comprising the 

following steps (1) to (4): 

(1) a hydantoin step: a step of reacting 3-10 

methylmercaptopropionaldehyde cyanohydrin with carbon 

dioxide and ammonia to obtain 5-(2-

methylmercaptoethyl)hydantoin; 

(2) a hydrolysis reaction step: a step of hydrolyzing the 

5-(2-methylmercaptoethyl)hydantoin in the presence of an 15 

alkali compound to obtain a reaction solution containing an 

alkali salt of methionine; 

(3) a crystallization step: a step of introducing carbon 

dioxide into the reaction solution to obtain methionine 

from the reaction solution; and  20 

(4) a step for purifying the recovered carbon dioxide 

which comprises contacting the recovered carbon dioxide gas 

containing at least one of 3-methylmercaptopropionaldehyde 

and acrolein recovered from at least one of the steps (1) 

and (2) with activated carbon to remove at least one of the 25 
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contained 3-methylmercaptopropionaldehyde and acrolein.   

7. The method for producing methionine according to claim 

6 comprising the following steps: 

A. a step of reacting methyl mercaptan with acrolein to 

obtain 3-methyl mercaptopropionaldehyde; 5 

B. a step of reacting the 3-methylmercaptopropionaldehyde 

with hydrocyanic acid (hydrogen cyanide) to obtain 3-

methylmercaptopropionaldehyde cyanohydrin; 

C. a step of reacting the 3-methylmercaptopropionaldehyde 

cyanohydrin with carbon dioxide and ammonia or ammonium 10 

carbonate to obtain 5-(2-methylmercaptoethyl)hydantoin; 

D. a step of hydrolyzing the 5-(2-

methylmercaptoethyl)hydantoin in the presence of an alkali 

compound to obtain a reaction solution containing an alkali 

salt of methionine; and, 15 

E. a step of introducing carbon dioxide into the reaction 

solution containing the alkali salt of methionine, 

precipitating methionine, and separating the precipitated 

methionine, and  

 a step of contacting the recovered carbon dioxide gas 20 

containing at least one of 3-methylmercaptopropionaldehyde 

and acrolein recovered from at least one of steps C or D 

with an activated carbon, and purifying the recovered 

carbon dioxide gas by removing at least one of 3-

methylmercaptopropionaldehyde and acrolein.   25 
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