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higher. By using the process of the present invention, the
existing production process 1s simplified, the quality of the
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1
PROCESS OF PURIFYING METHIONINE

BACKGROUND

Technical Field

The present invention relates to the field of chemical
industry, and more particularly, to a process for purifying
methionine.

Related Art

Methionine 1s closely related to the metabolism of various
sulfur-containing compounds in an organism. Methionine
deficiency can cause a loss of appetite, retarded growth or no
gain 1n body weight, renal enlargement and accumulation of
iron 1n the hiver, and the like, finally leading to hepatic
necrosis or fibrosis. Another type of methionine 1s a
hydroxyl derivative of methionine (that 1s, liguid methio-
nine), which serves as a methionine nutritional supplement
for promoting the growth and development of animals when
widely used as a feed additive.

Both methionine and liquid methiomine are an amino acid,
and differ only 1n the a position, at which the methionine 1s
linked to —INH2 and the liquid methionine 1s linked to
—OH. When the pH of a solution 1s <pl (1soelectric point),
methionine exists as a cation; when the pH of a solution 1s
>pl, methionine exists as an anion; and when the pH 1s equal
to pl, the solubility 1s the minimum. Methionine 1s soluble in
water, but poorly soluble in non-polar solvents, and has a
rather high melting point. An aqueous solution of methio-
nine 1s similar 1n nature to an aqueous solution with a high
dipole moment. According to the C—S—C structure 1n the
molecular structure of methionine, methionine can be well
separated from a salt by-product by selectively adsorbing
methionine onto a non-polar macroporous adsorption resin
by making full use of the differential binding to the resin of
methionine and salt compounds.

At present, the method for producing methionine in
industry 1s mainly Hydantion, and the method for producing
liquid methionine 1s mainly acrolein method. Both methods
have the process requirement of separating the methionine
solution from a salt by-product during the production pro-
cess. There 1s no eflective desalination means 1n the existing
production methods, resulting in the eduction of a large
amount of salt substances accompanying the crystallization
of the product, thereby affecting the quality and yield of the

product, and increasing the production costs of methionine.
Chinese Patent No. 201310317849.2 entitled “METHOD

AND APPARATUS FOR REMOVING IMPURITIES IN
SECONDARY METHIONINE MOTHER LIQUOR” dis-
closes a method and an apparatus for removing impurities 1n
a secondary methionine mother liquor by using diatoma-
ceous earth, activated carbon or activated clay. These adsor-
bents have low adsorption efliciency, and cannot be recycled
elfectively after adsorption, resulting 1in secondary pollution
to the environment and thus being unsuitable for industrial
applications. Chinese Patent No. 201310194709.5 entitled
“PROCESS FOR PRODUCING METHIONINE” discloses
a process for separating a methionine crystallization mother
solution, 1n which the methionine crystallization mother
solution 1s separated by a continuous chromatographic sepa-
ration system filled with a sodium or potassium chromatog-
raphy resin, to obtain a methionine solution and an inorganic
salt solution. This method 1s only applicable to a crystalli-
zation mother liquor with a lower methionine content and
not validated for the separation of a high content of a
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2

methionine solution from a salt by-product in industrialized
production, and no effective solution 1s provided.

SUMMARY

An objective of the present invention 1s to provide a
process for purifying methionine.

Methionine 1s separated from a salt by-product by using
a macroporous adsorption resin, in which the methionine 1s
adsorbed onto the macroporous adsorption resin, and then
the methionine 1s recovered by desorbing from the resin
using a desorbent; and the salt by-product 1s not absorbed
onto the macroporous adsorption resin during the adsorption
process, but enters an eflfluent resulting from the adsorption.
The process mainly comprises the following steps:

1) resin adsorption: adjusting the pH of a methionine
solution, flowing the methionine solution, from the top to the
bottom, through a macroporous adsorption resin layer at a
certain flow rate, and stopping resin adsorption when the
content of methionine 1n an effluent from the resin column
1s greater than or equal to 10% (w/w) of the content at an
inlet, 1n which the effluent resulting from the resin adsorp-
tion 1s a salt by-product;

2) resin desorption: desorbing, from the top to the bottom,
the resin that has completed the adsorption 1n step 1) using
a certain volume and concentration of a desorbent at a
certain flow rate, and collecting the desorption solution; and

3) subsequent process: subjecting the desorption solution
to subsequent treatments following an existing process.

In the process for purifying methionine, the methionine
comprises methionine and a hydroxyl derivative of methio-
nine (that 1s, liquid methionine).

In the process for puritying methionine, the salt by-
product 1s one of sodium carbonate, sodium sulfate, ammo-
nium sulfate, potassium carbonate, or potassium sulfate, or
a mixture of two or more thereof.

In the process for purifying methionine, the methionine
solution to be adsorbed 1s adjusted to pH 1.0-10.0, prefer-
ably, pH 1.0-5.0, and more preferably, pH 2.0-3.0.

In the process for purifying methionine, the methionine

solution 1s flowed through the macroporous adsorption resin
layer at a tlow rate of 1-10 BV/h, preferably, 1-5 BV/h, and

more preferably, 1-3 BV/h.

In the process for purifying methionine, the desorbent 1s
one of sodium hydroxide, hydrochloric acid, sodium chlo-
ride, aqueous ammonia, methanol, ethanol, 1-propanol, or
acetone.

The concentration of the desorbent 1s 1-10% (w/w),
preferably, 2-8% (w/w), and more preferably, 4-8% (w/w).
The volume of the desorbent for the resin 1s 1-3 BV.

The flow rate of the desorbent for the resin 1s 1-5 BV/h.

In a more preferred implementation of the present inven-
tion, the methionine comprises methionine and a hydroxyl
derivative of methionine, and the salt by-product 1s one of
sodium carbonate, sodium sulfate, ammonium sulfate,
potassium carbonate, or potassium sulfate, or a mixture of
two or more thereof.

In the resin adsorption of step 1), the methionine solution
to be adsorbed 1s adjusted to pH 2.0-3.0; and then the
methionine solution 1s flowed through the macroporous
adsorption resin layer at a flow rate of 1-3 BV/h.

The desorbent 1s selected from sodium hydroxide, potas-
stum hydroxide, hydrochloric acid, sodium chloride, aque-
ous ammonia, methanol, ethanol, 1-propanol, and acetone.

The concentration of the desorbent 1s 4-8% w/w;

The volume of the desorbent for the resin 1s 1-3 BV.

The tflow rate of the desorbent for the resin 1s 1-5 BV/h.
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In the present invention, BV refers to a volume of a resin
bed loaded 1n a resin column, that 1s, a bed volume, referred
to as BV 1n short. 1 BV refers to 1-fold bed volume, and 2
BV refers to 2-fold bed volumes.

The present invention relates to a process for purifying
methionine. Specifically, a methionine product having a
purity of up to 99% 1s obtained by separating methionine
from a salt by-product through a process comprising adsorp-

tion and desorption using a macroporous adsorption resin,
where the methionine content in the salt by-product is
0.03%. The yield of methionine extracted with the resin 1s
>98% (w/w). By using the process of the present invention,
the existing production process 1s simplified, the quality of
the methionine product 1s improved, and the production
costs for methionine are reduced.

Since currently there 1s no available process for puritying
methionine and liquid methionine, the present process 1s
iventive and of great economic benefit.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawing shows a specific implementation of a process
according to the present invention.

DETAILED DESCRIPTION

The present invention 1s further described by way of
examples, in which the methionine solution used 1s available
from two enterprises in Chongqging and Nanjing, respec-
tively.

Example 1

1. Resin adsorption: A methionine solution (pH 10.72)
with a methionine content of 17.24% (w/w) and a sodium
carbonate content of 10.35% (w/w) was flowed evenly, from
the top to the bottom, through a 100 ml resin bed of a
macroporous adsorption resin trademarked as XDA-1 by
X1’An Sunresin New Materials Co., [Ltd at a flow rate of 1
BV/h. An eflluent from the resin column was collected
separately, and feeding to the resin column was stopped
when the methionine content 1n the effluent from the bottom
of the resin column 1s 1.7% (w/w).

2. Resin desorption: The resin was desorbed from the top
to the bottom using 2 BV of a 3% (w/w) sodium hydroxide
solution at a flow rate of 1 BV/h, and the desorption solution
was collected.

3.300 ml of the eflluent from the resin column was
collected, and detected to have a methionine content of
0.02% (w/w), and a sodium carbonate content of 10.35%
(w/w). 200 ml of the desorption solution was collected, and
detected to have a methionine content of 24.60% (w/w),
with a methionine yield of 95.15% (w/w).

Example 2

1. Resin adsorption: A liquid methionine solution with a
methionine content of 2.8% (w/w) and a potassium sulfate
content of 17.4% (w/w) was adjusted to pH 2.2 with a 2%
(w/w) sulfuric acid solution, and tlowed evenly, from the top
to the bottom, through a 100 ml resin bed of a macroporous
adsorption resin trademarked as XDA-8 by X1’ An Sunresin
New Materials Co., Ltd at a flow rate of 1 BV/h. An effluent
from the resin column was collected separately, and feeding
to the resin column was stopped when the methionine
content in the effluent from the bottom of the resin column

1s 0.3% (w/w).
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2. Resin desorption: The resin was desorbed from the top
to the bottom using 3 BV of a 4% (w/w) methanol solution
at a flow rate of 1 BV/h, and the desorption solution was
collected.

3. 700 ml of the eflluent from the resin column was
collected, and detected to have a methionine content of
0.01% (w/w), and a potassium sulfate content of 17.38%
(w/w). 302 ml of the desorption solution was collected, and
detected to have a methionine content of 6.45% (w/w), with
a methionine yield of 98.76% (w/w).

Examples 3-9

The implementation process was specifically the same as
that in Example 1, in which the influence of different pH
values of the methionine solutions on the adsorption capac-
ity of the resin was mainly investigated, where the concen-
trations not specifically given 1n the experiments were all
concentrations in percentages by weight.

Methionine content: 2.80% (w/w), ammonium sulfate
content: 43.5% (w/w), and potassium carbonate content:
2.1% (w/w). Feed volume: 7 BV, and feed tlow rate: 1 BV/h.
S portions of macroporous adsorption resin trademarked as
XDA-8 by X1’An Sunresin New Materials Co., Ltd were
prepared, each portion containing 100 ml resin. The methio-
nine solution was adjusted to pH 1.0, 3.0, 7.0, 9.0, and 10.0
respectively with a 4% (w/w) sodium hydroxide or a 4%
(w/w) sulfuric acid solution, and then subjected to an
adsorption comparison test.

Adsorption capacity of resin=(Methionine content in the

feed*Feed  volume-Methionine  content 1 the
cllluent*Eflluent volume)/Resin volume

Example pH of mother solution Adsorption capacity of resin (g/L)
Example 3 1.0 192.1

Example 4 2.0 195.9

Example 5 3.0 194.1

Example 6 5.0 172.5

Example 7 7.0 1594

Example & 9.0 102.1

Example 9 10.0 80.2

Examples 10-15

The implementation process was specifically the same as
that in Example 1, in which the influence of different
adsorption rates on the adsorption capacity of the resin was
mainly i1nvestigated, where the concentrations not specifi-
cally given 1n the experiments were all concentrations 1n
percentages by weight.

Methionine content: 3.28% (w/w), sodium sulfate con-
tent: 40.19% (w/w), pH 2.40. Feed volume: 7 BV. 3 portions
of macroporous adsorption resin trademarked as XIDA-8 by
X1’ An Sunresin New Materials Co., Ltd were prepared, each
portion containing 100 ml resin. The resin adsorption was
carried out at various flow rates.

Example Flow rate (BV/h)  Adsorption capacity of resin (g/L)
Example 10 1 229.6
Example 11 2 225.1
Example 12 3 211.9
Example 13 5 139.2
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-continued
Example Flow rate (BV/h)  Adsorption capacity of resin (g/L)
Example 14 7 91.4
Example 15 10 55.8

Examples 16-24

The implementation process was specifically the same as
that 1n Example 1, 1n which the desorption rate of various
desorbents and the quality of the desorption solution were
mainly investigated, where the concentrations not specifi-
cally given in the experiments were all concentrations in
percentages by weight.

Methionmine content: 2.95% (w/w), ammonium sulfate
content: 42.04% (w/w), pH 2.20. Feed volume: 7 BV each.
The methionine solution was flowed respectively through 7
portions of macroporous adsorption resin (each 100 ml)
trademarked as XDA-300 by X1’ An Sunresin New Materials
Co., Ltd at a flow rate of 1 BV/h. After adsorption, the resin
was desorbed by using 3 BV of 4% (w/w) sodium hydroxide,
4% (w/w) potassium hydroxide, 4% (w/w) hydrochloric
acid, 4% (w/w) sodium chloride, 4% (w/w) aqueous ammo-
nia, 4% (v/v) methanol, 4% (v/v) ethanol, 4% (v/v) 1-pro-
panol, and 4% (v/v) acetone at a flow rate of 1 BV/h
respectively.

Methionine

10
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20

25

Ammonium sulfate

concentration in the concentration in the

desorption solution

Example  Desorption solution (%) (%)
Example 4% (w/w) sodium 6.03 0.03
16 hydroxide

Example 4% (w/w) potassium 5.98 0.02
17 hydroxide

Example 4% (w/w) hydrochloric 5.81 0.01
18 acid

Example 4% (w/w) sodium 5.21 0
19 chloride

Example 4% (w/w) aqueous 6.69 0.02
20 ammonia

Example 4% (v/v) methanol 6.79 0.02
21

Example 4% (v/v) ethanol 6.75 0.05
22

Example 4% (v/v) 1-propanol 6.84 0.02
23

Example 4% (v/v) acetone 6.84 0.01
24

Examples 25-29

The implementation process was specifically the same as
that 1n Examples 16-24, in which the influences of different
concentrations of a desorbent on the quality of the desorp-
tion solution and the desorption rate were mainly 1nvesti-
gated.

Methionine content: 2.64% (w/w), ammonium sulfate
content: 42.04% (w/w), pH 2.20. Feed volume: 8 BV each.
The methionine solution was flowed respectively through 4
portions ol macroporous adsorption resin (each 100 ml)
trademarked as XDA-8G by by X1’ An Sunresin New Mate-
rials Co., Ltd at a flow rate of 1 BV/h. After adsorption, the
resin was desorbed by using 3 BV of 1% (w/w) aqueous
ammonia, 2% (w/w) aqueous ammonia, 4% (w/w) aqueous
ammonia, 8% (w/w) aqueous ammonia, and 10% (w/w)
aqueous ammonia at a flow rate of 1 BV/h respectively.

desorption solution

50

55
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65

Methionine
concentration in the Desorption

Example  Desorption solution  desorption solution (%) rate (%)
Example 1% (w/w) aqueous 6.03 85.59
25 ammonia

Example 2% (w/w) aqueous 6.69 95.02
26 ammonia

Example 4% (w/w) aqueous 6.97 99.00
27 ammonia

Example 8% (w/w) aqueous 6.95 98.73
28 ammonia

Example 10% (w/w) aqueous 6.55 93.04
29 ammonia

Examples 30-33

The implementation process was specifically the same as
that in Examples 16-24, in which the influences of different
volumes of a desorbent on the desorption rate were mainly
investigated.

Methionine content: 3.07%, ammonium sulfate content:
44.55%, pH 2.41. Feed volume: 7 BV each. The methionine

solution was flowed respectively through 4 portions of

macroporous adsorption resin (each 100 ml) trademarked as
XDA-200 by X1’An Sunresin New Matenals Co., Ltd at a

flow rate of 1 BV/h.

Desorption
rate (%)

R7.6
R6.9
R4.4
75.7
97.3
08.7
08.1
99.4

99.4

Volume of Methionine concentration
desorption in the desorption solution Desorption rate

Example solution (%0) (%)

1 BV
2 BV
3 BV
5 BV

12.47
8.75
6.99
4.21

58.03
81.47
97.79
98.02

Example 30
Example 31
Example 32
Example 33

Examples 34-37

The implementation process was specifically the same as
that in Examples 16-24, in which the influences of different
volumes of a desorbent on the desorption rate were mainly

investigated.
Methionine content: 2.58% (w/w), ammonium sulfate

content: 44.55% (w/w), pH 2.41. Feed volume: 8 BV each.
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The methionine solution was flowed respectively through 4
portions of macroporous adsorption resin (each 100 ml)
trademarked as XDA-300 by X1’ An Sunresin New Materials
Co., Ltd at a flow rate of 1 BV/h. After adsorption, the resin
was desorbed by using 3 BV of 4% (w/w) acetone solution

at a flow rate of 1 BV/h, 3 BV/h, 7 BV/h, and 10 BV/h
respectively.

Flow rate of the Methionine

desorption concentration in
solution the desorption
Example (BV/h) solution (%) Desorption rate (%)
Example 34 1 6.79 98.72
Example 35 3 6.78 9%8.55
Example 36 7 5.55 80.71
Example 37 10 4.84 70.36
Example 38

1. Resin adsorption: A methionine solution (pH 2.75) with
a methionine content of 2.98% (w/w) and an ammo-
nium sulfate content of 41.59% (w/w) was flowed
evenly, from the top to the bottom, through a 100 ml
resin bed of a macroporous adsorption resin trade-
marked as XDA-1 by X1’An Sunresin New Materials
Co., Ltd at a flow rate of 1

BV/h. An efiluent from the resin column was collected

separately, and feeding to the resin column was stopped
when the methionine content in the effluent from the
bottom of the resin column 1s 0.3% (w/w).

2. Resin desorption: The resin was desorbed from the top
to the bottom using 3 BV of a 6% (w/w) aqueous ammonia
solution at a flow rate of 1 BV/h, and the desorption solution
was collected.

3. 750 ml of the eflluent from the resin column was
collected, and detected to have a methionine content of
0.01% (w/w), and an ammomnium sulfate content of 41.55%
(w/w). 300 ml of the desorption solution was collected, and
detected to have a methionine content of 6.75% (w/w), with
a methionine yield of 98.18% (w/w).

What 1s claimed 1s:

1. A process for puritying methionine, wherein methio-
nine 1s separated from a salt by-product by using a mac-
roporous adsorption resin, in which the methionine 1s
adsorbed onto the macroporous adsorption resin, and then
the methionine 1s recovered by desorbing from the resin
using a desorbent; and the salt by-product 1s not absorbed
onto the macroporous adsorption resin during the adsorption
process, but enters an effluent resulting from the adsorption,
the process comprising the following steps:

1) flowing a methionine solution comprising methionine
and a salt by-product being at least one of sodium
carbonate, sodium sulfate, ammonium sulfate, potas-
sium carbonate, ammonium carbonate, or potassium
sulfate, or a mixture of two or more thereof, from the
top to the bottom, through a macroporous adsorption
resin layer, and stopping resin adsorption when the
content of methionine in the effluent from the resin
column 1s 1 to 50% (w/w) of the content at the inlet, 1n
which the eflluent resulting from the resin adsorption 1s
a salt by-product;

2) resin desorption: desorbing, from the top to the bottom,
the resin that has completed the adsorption 1n step 1)
using a desorbent, and collecting the desorption solu-
tion; and
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3) subsequent process: subjecting the desorption solution
to subsequent treatments following an existing process.

2. The process for purifying methionine according to
claim 1, wherein the methionine 1s selected from methionine
and a hydroxyl derivative of methionine.

3. The process for purifying methionine according to
claam 1, wherein 1n the resin adsorption of step 1), the
methionine solution to be adsorbed 1s adjusted to pH 1.0-
10.0.

4. The process for purifying methionine according to
claam 3, wherein 1n the resin adsorption of step 1), the
methionine solution to be adsorbed 1s adjusted to pH 1.0-5.0.

5. The process for purifying methionine according to
claiam 4, wherein in the resin adsorption of step 1), the
methionine solution to be adsorbed 1s adjusted to pH 2.0-3.0.

6. The process for purifying methionine according to
claim 1, wherein the methionine solution 1s flowed through
the macroporous adsorption resin layer at a flow rate of 1-10
BV/h.

7. The process for purifying methionine according to
claim 6, wherein the methionine solution 1s flowed through
the macroporous adsorption resin layer at a flow rate of 1-5
BV/h.

8. The process for purifying methionine according to
claim 7, wherein the methionine solution 1s flowed through
the macroporous adsorption resin layer at a flow rate of 1-3
BV/h.

9. The process for purifying methionine according to
claim 1, wherein the desorbent i1s selected from sodium
hydroxide, potasstum hydroxide, acetic acid, acetonitrile,
sulfuric acid, nitric acid, bromohydric acid, hydrochloric
acid, sodium chloride, aqueous ammonia, methanol, ethanol,
1-propanol, 1sobutanol, ethyl acetate, and acetone.

10. The process for purifying methionine according to
claim 1, wherein the concentration of the desorbent 1s 1-50%
(w/w) with respect to the desorbent solution.

11. The process for purifying methionine according to
claim 10, wherein the concentration of the desorbent 1s
1-30% (w/w) with respect to the desorbent solution.

12. The process for purifying methionine according to
claim 11, wherein the concentration of the desorbent is
2-25% (w/w) with respect to the desorbent solution.

13. The process for purifying methionine according to
claim 1, wherein the volume of the desorbent for the resin
1s 1-10 BV.

14. The process for purifying methionine according to
claim 1, wherein the flow rate of the desorbent for the resin
1s 1-10 BV/h.

15. The process for purifying methionine according to
claim 1, wherein

in the resin adsorption of step 1), the methionine solution
to be adsorbed 1s adjusted to pH 1.0-3.0; and then the
methionine solution 1s flowed through the macroporous
adsorption resin layer at a flow rate of 1-10 BV/h;

the desorbent 1s selected from sodium hydroxide, potas-
stum hydroxide, hydrochloric acid, sodium chloride,
aqueous ammonia, methanol, ethanol, 1-propanol, and
acetone;

the concentration of the desorbent 1s 2-25% (w/w);

the volume of the desorbent for the resin 1s 1-3 BV; and

the flow rate of the desorbent for the resin 1s 1-5 BV/h.

16. The process for purifying methionine according to
claim 1, comprising the following steps:

1) resin adsorption: flowing a methionine solution (pH
1.5) with a methionine content of 2.98% (w/w) and an
ammonium sulfate content of 41.59% (w/w) evenly,
from the top to the bottom, through a 100 ml resin bed
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of a macroporous adsorption resin trademarked as
XDA-1 by X1’An Sunresin New Materials Co., Ltd at
a flow rate of 1 BV/h, collecting the effluent from the
resin column separately, and stopping feeding to the
resin column when the methionine content in the efflu- 5
ent from the bottom of the resin column 1s 0.3%:;

2) resin desorption: desorbing, from the top to the bottom,
the resin using 3 BV of 12% aqueous ammonia solution
at a flow rate of 1 BV/h, and collecting the desorption
solution; 10

this desorbing solution 1s collected and sent back to the
methionine process with improvement of recycling
yield, economical balance, environmental footprint and
a simplification of the process; and

3) the resin 1s regenerated by washing step and prepared 15
for new adsorption with adsorbed solution.

e o e s o

10
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