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DESCRIPTION

Field

[0001] The present disclosure relates to a production method in a process for chemically
synthesizing taurine, in particular to a method for producing high-purity taurine and salt by an
ethylene oxide method, and a production system thereof.

Background

[0002] Taurine has a chemical name of 2-aminoethanesulfonic acid, and is sulfur-containing
free amino acid which is the richest in content in body cells. A chemical synthesis process route
of the taurine mainly includes an ethylene oxide method and an ethanolamine method, wherein
preparation of the ethylene oxide method includes three steps of:

1. (1) by using ethylene oxide as a starting material, performing an addition reaction on the
ethylene oxide and sodium bisulfate to obtain sodium hydroxyethyl sulfonate;
wherein the main reaction is that:

CHoCH,0 + NaHSO3 — HOCHoCH»SO3Na

2.(2) carrying out ammonolysis on sodium hydroxyethyl sulfonate to obtain sodium
taurate; and

HOCH,CH,SO3Na + NHz — HoNCH>CH>SO3Na + Ho,O

3. (3) adding sulfuric acid for acidification to obtain the taurine and the salt.

2HoNCHoCHoSO3Na + HpSO4 — 2HoNCHCHpSO3H + NaSO4

[0003] The Chinese Patents CN101508657, CN10158658, CN10158659 and CN101486669
and patent application CN 110 483 342 A describe a method of obtaining taurine and sodium
sulfate by neutralizing sodium taurate with sulfuric acid. After cooling, by filtering a crystal
suspension, a taurine crude product can be very easily obtained. However, the waste mother
solution still contains the taurine, ammonium sulfate and other organic impurities. Those
patents also provide feasible methods for further separating these components from the waste
solution so as to implement economy of production and reduce discharge of wastes. However,
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all materials are mixed in the same mother solution, and thus, a high difficulty in separation
between the taurine, sulfate and the like is caused, the process design is complex, energy is
simultaneously extracted, cost of labor and the like is very high, and meanwhile, product
purities of the taurine and the sulfate are relatively low.

[0004] The US Patents US9428450B2 and US9428451B2 and the European Patent
EP3133060B1 introduce a method for circularly producing taurine, and describe a principle and
method of separating the taurine from sodium sulfate in detail. Solubility of the sodium sulfate
is the maximum at a temperature of 33 DEG C. At a temperature between 33 DEG C and 100
DEG C, the solubility of the sodium sulfate is gradually and slightly reduced, but within a range
of 0 DEG C to 33 DEG C, the solubility of the sodium sulfate is sharply reduced. At a
temperature of 40 DEG C or above, the sodium sulfate is separated out in a form of crystals
without crystal water; and at a temperature of 30 DEG C or below, the sodium sulfate is
separated out in a form of mirabilite (i.e., sodium sulfate decahydrate). Each time when the
taurine is extracted, the temperature is controlled within a range of about 33 DEG C, the
taurine is extracted, and meanwhile, sulfate is prevented from being crystallized; then the
mother solution obtained after extraction is evaporated and crystallized; and the sodium sulfate
is separated at a temperature of 70 DEG C to 95 DEG C. The method mainly utilizes different
solubility characteristics of the sulfate and the taurine at different temperatures to implement
separation between the taurine and the sodium sulfate; the operation process recorded in the
method is very complex; several materials are in the same mother solution system, so purities
of the products obtained by separation are necessarily relatively low.

[0005] CN110683970A introduces a method for removing a sodium sulfate solid impurity from
taurine. The method mainly is that the taurine is extracted from sodium sulfate by adopting a
novel deep-eutectic solvent preparation method, a deep-eutectic solvent is formed by utilizing
monoethanolamine and the taurine, the sodium sulfate impurity is removed by filtering, and
separation is carried out by utilizing a series of means of organic solvent reextraction and the
like so as to obtain a pure taurine elementary substance. Such method introduces many types
of organic solvents, and is also relatively cumbersome to operate; an intermediate control point
needs to be very accurate, and the industrialization difficulty is very high.

[0006] CN109020839A introduces a recycling process for preparing taurine by carrying out
ammonolysis on sodium hydroxyethyl sulfonate, the content of a taurine crude product is 90%,
and sodium sulfate is transformed into a water glass product with low requirements for
impurities, and an effect of solving a problem of processing the sodium sulfate is achieved. The
process method has the main problem that the process method cannot solve the purity
problem of the taurine crude product and the sodium sulfate and is just a subsequent
processing process for low-content low-purity products.

[0007] From the above, the existing process for preparing the taurine by a sulfuric acid
neutralization method still has many defects in the aspect of separation and purification of the
taurine and the sulfate, which are mainly shown in a complex separation process, low purities
of separated products, a low extraction rate and high extraction cost. Therefore, it is urgent to
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develop a process capable of preparing high-purity taurine and sulfate or other salts for solving
the problems above.

Summary

[0008] In order to overcome the defects in the prior art, the present disclosure aims to provide
a method and system for preparing high-purity taurine and salt, which are simple in process
and low in production cost.

[0009] In order to fulfill the aim of the present disclosure, the technical solution provided by the
present disclosure is as follows: a method for preparing high-purity taurine and salt includes
the following steps of:

according to the method for preparing the high-purity taurine and salt, reacting ethylene oxide
with bisulfite to generate isethionate, carrying out an ammonolysis reaction on the isethionate
and ammonia as well as a metal salt, carrying out evaporation to obtain a taurine salt
concentrated solution, subjecting the concentrated solution to ion exchange in an ion exchange
system to obtain an adsorption solution with a main ingredient of taurine, separately collecting
the adsorption solution, and extracting the taurine from the adsorption solution; and eluting
adsorbed metal cations by an acid, separately collecting the eluate, and extracting the salt
from the eluate or directly using the eluate as a salt solution product.

[0010] Wherein, the bisulfite is sodium bisulfite, ammonium bisulfite, potassium bisulfite or
lithium bisulfate, and preferably the sodium bisulfite and the ammonium bisulfate. The metal
salt is any one or a mixture of any two or more of sodium hydroxide, potassium hydroxide,
lithium hydroxide, sodium carbonate, potassium carbonate, lithium carbonate, sodium sulfate,
potassium sulfate and lithium sulfate, and preferably is the sodium hydroxide or the sodium
sulfate. The acid is sulfuric acid, hydrochloric acid, phosphoric acid, water-soluble carboxylic
acid or sulfonic acid, and preferably is the sulfuric acid and the hydrochloric acid.

[0011] In the ion exchange system, an adsorption unit and an elution unit of the ion exchange
system are respectively cleaned with purified water, and correspondingly obtained cleaning
water is respectively collected.

[0012] In an adsorbing state, when pH of a solution at an outlet of the adsorption unit is 4 to
10, the adsorption solution is collected; and in an eluting state, when pH of a solution at an
outlet of the elution unit is 2 to 8, the eluate is collected.

[0013] Metal cations which are at least equivalent in amount to residual isethionate anions are
allowed to enter the adsorption solution.

[0014] Preferably, in terms of the taurine, the concentration of the concentrated solution
entering the ion exchange system is 10% to 35%.



DK/EP 3901134 T3

[0015] Preferably, the concentration of the acid added into the ion exchange system is 5% to
35%.

[0016] Preferably, an adsorbent of the ion exchange system is ion exchange resin; and the ion
exchange resin is resin with a function that the cations can be adsorbed.

[0017] Preferably, the taurine extraction process of the adsorption solution includes the steps
of. evaporation concentration, cooling crystallization and solid-liquid separation, cooling
crystallization and solid-liquid separation are carried out at 5 DEG C to 30 DEG C, and a
taurine crude product obtained by separation has a content of over 95% and a purity of 98.5%
or above.

[0018] Preferably, the salt is extracted from the eluate in an evaporation crystallization mode,
wherein the evaporation crystallization is carried out at 60 DEG C to 125 DEG C, and a salt
crude product obtained by separation has a content of over 97% and a purity of 98.5% or
above.

[0019] On the basis of the preparation method, the present disclosure further provides a
system for preparing high-purity taurine and salt, which is used for a process for producing the
taurine by an ethylene oxide method and includes an addition reaction device, an ammonolysis
reaction device, an evaporation device and a taurine salt concentrated solution collection
device. The ammonolysis reaction device is provided with a metal salt inlet, the taurine salt
concentrated solution collection device is connected with an ion exchange system for ion
exchange, the ion exchange system is provided with an acid inlet, an adsorption solution outlet
and an eluate outlet, the adsorption solution outlet is connected with a taurine extraction
device, and the eluate outlet is connected with a salt extraction device; and the ion exchange
system is provided with a purified water inlet, an adsorption unit cleaning water outlet and an
elution unit cleaning water outlet.

[0020] The cleaning water can be efficiently recycled, and preferably, the adsorption unit
cleaning water outlet is connected with the taurine salt concentrated solution collection device,
and the elution unit cleaning water outlet is connected with the salt extraction device.

[0021] From the above, the present disclosure relates to the method for producing the high-
purity taurine and salt. Materials of two target products are efficiently and simply separated in
an ion exchange mode after the ammonolysis reaction, strict separation of material systems is
implemented, and moreover, extraction and purification are separately carried out, so that two
target products of the taurine and the salt have very good crystal forms of crystallization, a final
extraction rate is greatly promoted, and the purities of the obtained taurine and salt are both
very high, wherein the taurine crude product can reach the content of 95% or above and the
purity of over 98.5%, the salt crude product can reach the content of 97% or above and can
reach the purity of 98.5% or above, and after recrystallization, the content of both the products
is 99.5% or above.
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[0022] In a conventional taurine production process, by taking a byproduct sulfate as an
example, the taurine and the sulfate exist in the same mother solution system, separation has
to be carried out by utilizing the solubility difference between the taurine and the sulfate, i.e.,
when solubility of sodium sulfate is the maximum, firstly, the taurine is extracted, and then a
solution containing a great amount of taurine and sulfate after extraction is subjected to
concentration separation; generally, firstly, the sulfate is separated out at a high temperature,
then cooling is carried out to a temperature of about 33 DEG C to extract the taurine, and
extraction is repeatedly carried out for many times; and the process is very cumbersome to
operate, and an extraction rate and product quality of the taurine are also seriously restricted.
Obviously, all the materials exist in the same system and the materials are high in viscosity,
resulting a poor crystal form of crystallization of the sulfate, and thus, the sodium sulfate
obtained by separation is relatively low in purity; meanwhile, it is inevitable that the taurine
crude product contains a great amount of sulfate, and meanwhile, it is also inevitable that the
sulfate contains the taurine, resulting in a difficulty of separating the taurine from the mother
solution, and thus, the extracted taurine is relatively low in content and the yield is reduced.

[0023] Compared to the conventional production process, the preparation method disclosed by
the present disclosure is equivalent to extracting the taurine from the high-purity taurine
mother solution system and extracting the salt from the high-purity salt mother solution system,
and is completely not related to interference brought to product separation when two target
products exist in the same maternal system, so that the processes for extracting two target
products are simplified, the production cost is greatly reduced, and further, the automatic,
intelligent and continuous design is also easier to implement in the whole product production
process.

Brief Description of the Drawings

[0024] In order to clearly illustrate the technical solution of the embodiments of the disclosure,
the drawings of the embodiments will be briefly described one by one in the following; and it is
obvious that the described drawings are only related to some embodiments of the disclosure,
and a person of ordinary skill in the art also can obtain other drawings, without any inventive
work, according to the drawings.

Fig. 1 is a flow chart of a process for preparing high-purity taurine and salt products in an
application example of the present disclosure;

Fig. 2 is a flow chart of a process for recycling cleaning water of an ion exchange system in an
application example of the present disclosure;

Fig. 3 is a flow chart of a process for extracting a taurine product from an adsorption solution in
an application example of the present disclosure;

Fig. 4 is a flow chart of a process for extracting a sulfate product froman eluatein an application
example of the present disclosure;
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Fig. 5 is a schematic diagram of a production system for preparing high-purity taurine and salt
products in an application example of the present disclosure; and

Fig. 6 is a structural schematic diagram of single resin column in an application example of the
present disclosure.

Detailed Description of the Embodiments

[0025] The specific contents of the present disclosure will be further described in detail below
in combination with the accompanying drawings and specific embodiments,

[0026] With reference to Fig. 1 to Fig. 4, a method for preparing taurine and salt includes the
following steps S1 to S5:

S1: ethylene oxide reacts with a bisulfite solution to generate isethionate; wherein preferred
reaction system process conditions are that: the concentration of the bisulfite solution is 25wt%
to 60wt%, a molar ratio of bisulfite to the ethylene oxide is (1.03 to 1.08):1, a temperature is 50
DEGCto 8ODEGC,andpHis6to 7.

S2: the isethionate obtained in the step S1 is mixed with ammonia liquor and a metal salt to
obtain a reaction solution, wherein with respect to a mixing ratio, if an amount of substance of
the isethionate is 1mol, an amount of substance of ammonia is greater than 14mol, and an
amount of substance of the metal salt is 0.01mol to 0.3mol. After the ammonia is adsorbed
until the ammonia content is greater than 20%g/ml, an ammonolysis reaction is performed, and
after the reaction is completed, residual ammonia gas is recycled as a raw material of the
ammonolysis reaction. A feed solution obtained after the ammonolysis reaction is completed is
subjected to evaporation concentration to obtain a concentrated solution.

[0027] Wherein, the ammonolysis reaction is carried out at 150 DEG C to 290 DEG C,
preferably 240 DEG C to 260 DEG C under a pressure of1OMPa to 25MPa for 15min to 60min
preferably 40min to 50min.

[0028] If a last taurine mother solution is reused in the ammonolysis process, a use amount of
the metal salt can be more, and if the last taurine mother solution is not reused, the use
amount of the metal salt can be reduced. Specifically, when the reaction solution is the
isethionate, the ammonia and the metal salt, a preferred molar ratio is 1:(14 to 17):(0.01 to
0.05); and when the reaction solution is the isethionate, the ammonia, the metal salt and the
reused last mother solution, a preferred molar ratio of isethionic acid metal salt to the ammonia
to the metal saltis 1:(14 to 17):(0.05 to 0.3). When ammonium isethionate is in use, an adding
proportion of the metal salt needs to be properly increased, and preferably, a molar ratio of the
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ammonium isethionate to the ammonia to the metal saltis 1:(14 to 17):(1.01 to 1.3).

[0029] S3: the concentrated solution obtained in the step S2 is prepared to be a concentration
of 10% to 35% (in terms of the taurine) and preferably a concentration of 10% to 25%. A
solution added in the preparation process may be purified water and reused cleaning water
discharged from an adsorption unit of an ion exchange system.

[0030] The concentrated solution is sequentially subjected to adsorption, water cleaning,
elution and water cleaning treatment by the ion exchange system. An adsorbent of the ion
exchange system preferably is resin; the resin is resin with a function that cations can be
adsorbed, and includes cation exchange resin such as cation exchange resin with a carboxylic
group, a sulfonic group, a phosphate group, a phenolic group and the like, etc.; and
meanwhile, chelate resin with the function of adsorbing the cations can also be used.

[0031] Metal ions are adsorbed by the resin, and after adsorption, when pH of a solution at an
outlet of the adsorption unit is 4 to 10, the adsorption solution is collected. In the adsorbing
process, part of the cations is allowed to penetrate through, i.e., the metal cations which are at
least equivalent in amount to isethionate anions are allowed to penetrate through to enter the
adsorption solution, and the content of the metal cations in the adsorption solution is 0.05% to
2% and preferably is 0.1% to 1%. There is still part of isethionate which is not completely
reacted in the concentrated solution, the ion exchange system only adsorbs the cations and
the anions can all penetrate through, and thus, it is better to allow the metal ions which are
equivalent in amount to the isethionate anions to penetrate through so as to ensure that
ingredients at an adsorption solution outlet are the taurine and the isethionate. Otherwise,
adsorbing excessive or all the metal ions enables the ingredients at the adsorption solution
outlet to exist in a form of the taurine and isethionic acid, and the isethionic acid in the
ingredients is relatively unstable and is liable to deteriorate and decompose in the subsequent
heating evaporating concentrating process; meanwhile, the isethionic acid is relatively high in
viscosity, which can cause big influence on subsequent extraction of the taurine; and in
addition, the isethionic acid belongs to medium strong acid, and under the superacid condition,
a crystalline state of the taurine is poor, resulting in influence on subsequent extraction of the
taurine and reduction of the purity of the taurine.

[0032] The purified water is added into the ion exchange system, a use volume of the purified
water generally is one to two times of a volume of a resin column of the ion exchange system,
and the adsorption unit is cleaned. Cleaning is carried out until the content of the taurine
cannot be detected out, and the cleaning water is collected. The cleaning water is reused in
the concentrated solution after the ammonolysis reaction.

[0033] An acid used as an eluting agent is added into the ion exchange system, the metal ions
which have been adsorbed in the resin are continuously eluted. The acid may be sulfuric acid,
hydrochloric acid, phosphoric acid, water-soluble carboxylic acid, sulfonic acid and the like. The
concentration of the acid entering the ion exchange is 5% to 35% and preferably is 15% to
25%. Only the cations are adsorbed in the ion exchange system, and thus, the eluted metal
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ions are relatively high in purity so as to ensure that a salt solution with a very high purity is
collected. Specifically, if the acid is the sulfuric acid, the correspondingly obtained salt is sulfate,
if the acid is the hydrochloric acid, the correspondingly obtained salt is chloride, and the sulfate
and the chloride have high solubility in the water. The eluate can be collected when pH of the
solution at an outlet of the elution unit is 2 to 8.

[0034] The elution unit is cleaned by the purified water, a use volume of the purified water
generally is one to two times of a volume of the resin column of the ion exchange system. The
cleaning water obtained after water cleaning is collected and is reused in the salt extraction
process.

[0035] A cleaning mode is adopted for both the adsorption and elution units, and the cleaning
process can be implemented by adopting an automatic control system to carry out online
operation, so that complete isolation between adsorption and elution can be implemented,
thereby ensuring complete isolation between a taurine solution in the adsorption solution and
the salt solution in the eluate. The cleaning water can be recycled into corresponding material
systems according to ingredients of included materials.

[0036] A principle of ion exchange to which the present disclosure relates will be illustrated as
follows:

in the ion exchange system, by utilizing the property that the ion exchange resin only adsorbs
the cations, the ion exchange resin is used for adsorbing the metal cations in a material (the

concentrated solution entering the ion exchange system); in the adsorbing process, H* is
exchanged into the material so as to implement separation of the metal cations in the material,
after adsorption is completed, by water cleaning, it is guaranteed that there is no residual
adsorption solution material in the ion exchange resin; and the obtained cleaning water can be
reused in a production process system. The resin after cleaning contains a great amount of
metal cations, and does not contain other ingredients. The metal cations in the resin are eluted
by the acid, the resin is recycled into an acid state, and a corresponding aqueous solution of
the metal salt is collected. After elution is ended, residual acid and salt are cleaned up by water
cleaning. After the ion exchange is carried out, the aim of independently separating the taurine
and the salt in two material systems is finally fulfilled so as to respectively carry out purification
on the taurine and the salt. In comparison, in the original conventional process, the taurine and
the salt are mixed and the two products are extracted in the same material system.

[0037] lllustration will be further carried out in detail below by taking a process of carrying out

ammonolysis to generate sodium taurate and generating the sodium sulfate after adding the
sulfuric acid as an example.

H2NCH2CH2303'N6++ RH' — H2NCH2CH2303'H+ +R Na*

Ho*S04% + 2R Na*t — Nay*S042 +2RH*
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[0038] After the ammonolysis reaction is performed on a reaction solution obtained after
sodium hydroxyethyl sulfonate, sodium hydroxide and ammonia liquor are mixed, a main
ingredient in the reaction solution is the sodium taurate, and the reaction solution also contains
part of excessive sodium hydroxide, a little sodium hydroxyethyl sulfonate which is not
completely reacted, sodium taurate derivatives and the like; when the ammonolysis reaction is
completed and the ammonia is recycled, by the ion exchange system, a flow rate and pH are
controlled so as to enable sodium ions to be adsorbed according to a certain proportion; and
meanwhile, it has to be ensured that part of residual sodium ions penetrate through the
adsorption solution, so that the main ingredients of the collected adsorption solution are the
taurine and the sodium hydroxyethyl sulfonate. The sodium hydroxyethyl sulfonate is very high
in solubility, and due to very low content of the sodium hydroxyethyl sulfonate in the system,
the sodium hydroxyethyl sulfonate cannot be separated out, so that an extraction rate of the
taurine will not have the problem caused by influence of separation-out of the sodium sulfate in
the conventional process. Furthermore, due to the high solubility of the sodium hydroxyethyl
sulfonate, when solid-liquid separation is carried out, a little residual sodium hydroxyethyl
sulfonate on the surface of the taurine can be very easily washed off in a water cleaning mode,
and thus, the purity of the taurine product is also correspondingly improved. Thus it can be
seen that according to the present disclosure, the method implements complete separation
between a taurine solution system and a sodium sulfate solution system by the ion exchange
system, is an efficient and simple separation method, and meanwhile, also fulfills the aim of
preparing the high-purity taurine and sodium sulfate.

[0039] S4: the adsorption solution collected in the step S3 is separately collected, and
extraction treatment of the taurine is carried out. In the extraction treatment, a collected
adsorption solution material can be subjected to evaporation concentration, cooling
crystallization and solid-liquid separation by adopting the prior art. In this implementation,
preferably, the content for evaporation concentration is 25% to 40% (in terms of the taurine),
the cooling crystallization is carried out at 5 DEG C to 30 DEG C, the solid-liquid separation is
carried out atb DEG C to 30 DEG C, preferably 15 DEG C to 20 DEG C, a taurine crude
product and a mother solution are obtained, and the taurine crude product has a content of
over 95% and the purity of 98.5% or above. The mother solution can be repeately
concentrated and crystallized to extract the taurine so as to further improve the extraction rate.
Wherein, main ingredients of the mother solution in a taurine extraction system are the taurine
and the isethionic acid metal salt. The last mother solution can be recycled as a raw material
directly or after impurity removal treatment, and a preferred solution is that the last mother
solution is returned into the step S2 to participate in the ammonolysis reaction. As a preferred
solution, water and activated carbon are added into the obtained taurine crude product to be
subjected torecrystallization, and after solid-liquid separation, a finished product taurine with a
higher purity is obtained. In order to better carry out recycling, the mother solution after
recrystallization purification can be returned to the initial stage of carrying out evaporation
concentration on the adsorption solution in the step S4, and then concentration crystallization
and separation are carried out.
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[0040] According to a specific implementation solution, the taurine crude product
recrystallization process is that the taurine crude product is dissolved with 2 to 3 times of
purified water, the activated carbon of which the mass is 0.1% to 0.3% of total mass of the
crude product is added, decoloration is carried out for 15min to 40min at a temperature of 85
DEG C to 98 DEG C, and after the activated carbon is filtered, the filtrate is cooled to a
temperature of 5 DEG C to 30 DEG C and preferably 10 DEG C to 20 DEG C to be subjected
to crystallization. Then a crystallized material is dried after being separated so as to obtain the
high-purity finished product taurine.

[0041] S5: the material of the eluate collected in the step S3 is allowed to enter the extraction
treatment process of the salt, and any one applicable prior art can be adopted. In this
embodiment, it is preferred to directly extract the salt by adopting an evaporation crystallization
process, and then solid-liquid separation is carried out, wherein the evaporation crystallization
is preferably carried out at 60 DEG C to 125 DEG C preferably 85 DEG C to 110 DEG C, after
the eluate is crystallized, the solid-liquid separation is carried out at60 DEG C to 100 DEG C,
preferably 85 DEG C to 95 DEG C, and the sulfate obtained by separation has a content of
over 97% and a purity of 98.5% or above. In order to improve the purity of the salt, the
obtained salt also can be recrystallized.

[0042] The method for producing the high-purity taurine and salt, provided by the present
disclosure, can be carried out in a discontinuous, semi-continuous and continuous mode.

[0043] Certainly, as a selection, the eluate collected in the step S3 can also be directly used as
a high-purity sulfate solution.

[0044] According to the process method above, the disclosure provides a corresponding
production system for preparing the high-purity taurine and salt. As shown in Fig. 5 and Fig. 6,
the production system includes an addition reaction device 1 of the ethylene oxide and the
bisulfate, an ammonolysis reaction device 2, an evaporation device 3 and a taurine salt
concentrated solution collection device 4; the taurine salt concentrated solution collection
device 4 is connected with an ion exchange system 5; and a concentrated solution enters the
ion exchange system 5 to be subjected to ion exchange. Each device and system above are all
provided with material inlets and outlets and control valves, which are required for process
demands, wherein the ammonolysis reaction device 2 is provided with a material inlet 21 for
the metal salt, an ammonia liquor and reused ammonia gas inlet and an inlet for receiving a
material discharged by the addition reaction device 1.

[0045] The present disclosure can select any one existing ion exchange system, a structure of
the ion exchange system is not limited, may be a fixed bed, or may also be a pulse bed or a
simulated moving bed which combines a continuous countercurrent system technology on the
basis of a conventional fixed bed resin adsorption and ion exchange process, or may be a
continuous exchange bed. An existing continuous exchange bed includes a plurality of resin
columns, and can complete the whole technological processes of adsorption, elution and water
cleaning in one process cycle. In comparison, the fixed bed carries out operations of all the
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steps in an intermittent process in a mode that each step is carried out for a period of time.

[0046] In this embodiment, the ion exchange system includes four cation adsorption resin
columns 51, 52, 53 and 54, and an electromagnetic pump. Each resin column is provided with
three material inlets and four material outlets, and entrance and exit of the materials are
controlled by the valves. The three material inlets include concentrated solution inlets 511, 521,
531 and 541, acid inlets 512, 522, 532 and 542and purified water inlets 513, 523, 533 and
543, and the material outlets include adsorption solution outlets 514, 524, 534 and 544,
adsorption cleaning water outlets 515, 525, 535 and 545, eluate outlets 516, 526, 536 and 546
and elution cleaning water outlets 517, 527, 537 and 547, wherein the adsorption solution
outlets 514, 524, 534 and 544 are connected with a taurine extraction device 6, and the eluate
outlets 516, 526, 536 and 546 are connected with a salt extraction device 7. The adsorption
cleaning water outlets 515, 525, 535 and 545 are connected with the concentrated solution
collection device 4, and the elution cleaning water outlets 517, 527, 537 and 547 are
connected with the salt extraction device 7. The material inlets and the material outlets of the
resin columns are all fixed, three material inlets can share one inlet, four material outlets can
share one outlet, and entrance and exit switching of each material is implemented by a valve
array or in any one of other feasible valve control modes. When the system runs, in the same
time period, four resin columns are respectively in different process states and simulate a
continuous ion exchange system running mode.

[0047] Fig. 5 shows working states of four resin columns 51, 52, 53 and 54 in the same time
period, in which processes of adsorption, water cleaning, elution and water cleaning are
sequentially carried out. Specifically, the resin column 51 is in an adsorbing state, the valve of
the concentrated solution inlet 511 is opened, the concentrated solution in the concentration
solution collection device 4 flows into the resin column 51, the valves of the acid inlet 512 and
the purified water inlet 513 are closed, at a material outlet end, the valve of the adsorption
solution outlet 514 is opened, the taurine extraction device 6 collects the adsorption solution,
and the valves of the adsorption cleaning water outlet 515, the eluate outlet 516 and the
elution cleaning water outlet 517 are closed; the resin column 52 is in a water cleaning state,
the valve of the purified water inlet 523 is opened, purified water is introduced into the resin
column 52, the valves of the concentrated solution inlet 521 and the acid inlet 522 are closed,
at the material outlet end, the valve of the adsorption cleaning water outlet 525 is opened,
cleaning water flows into the concentrated solution collection device 4, and the valves of the
adsorption solution outlet 524, the eluate outlet 526 and the elution cleaning water outlet 517
are closed; the resin column 53 is in an eluting state, the valve of the acid inlet 532 is opened,
acid is introduced into the resin column 53, the valves of the purified water inlet 533 and the
concentrated solution inlet 531 are closed, at the material outlet end, the eluate outlet 536 is
opened, the eluate flows into the salt extraction device 7, and the valves of the elution cleaning
water outlet 537, the adsorption solution outlet 534 and the adsorption cleaning water outlet
535 are closed; and the resin column 54 is in a water cleaning state, the valve of the purified
water inlet 543 is opened, the purified water is introduced into the resin column 54, the valves
of the concentrated solution inlet 541 and the acid inlet 542 are closed, at the material outlet
end, the valve of the elution cleaning water outlet 547 is opened, elution cleaning water flows
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into the salt extraction device 7, and the valves of the adsorption solution outlet 544, the eluate
outlet 546 and the adsorption cleaning water outlet 545 are closed. Besides the equipment
above, the system further includes a control system, power equipment, a connection part, a
pipeline valve and the like which are necessary for production, are all common technical
means in the art and are not repeated herein. In the processes of adsorption, elution and twice
water washing of the ion exchange system, separate collection of an adsorption unit and an
elution unit on outlet materials can be implemented by the valve array control system, and the
outlet materials include the adsorption solution, the eluate and the cleaning water discharged
from the adsorption unit and the elution unit.

[0048] pH values of the outlet solution are acquired by pH value monitoring devices arranged
in the outlet of the adsorption unit and the outlet of the elution unit in the ion exchange system,
and discharge time of the adsorption solution and the eluate are selected so as to collect an
aqueous solution containing a high-purity taurine adsorption solution material and the high-
purity salt.

[0049] The taurine extraction device 6 and the salt extraction device 7 can adopt any
applicable equipment and system in the prior art, and for example, existing evaporation
equipment, cooling crystallization equipment/crystallization equipment and solid-liquid
separation equipment are utilized to constitute the extraction device. The solid-liquid
separation equipment in the extraction device can select any applicable existing equipment,
such as a panel centrifuge, a top-suspended centrifuge, a continuous horizontal spiral
centrifuge, a plate-and-frame filter press and the like.

[0050] As shown in Fig. 6, as a selection, if only one resin column 55 is arranged in the ion
exchange system, similarly, the resin column 55 includes three material inlets 551, 552 and
553 and four material outlets 554, 555, 556 and 557, the three material inlets can share one
inlet, the four material outlets can share one outlet, the ion exchange system is controlled by
the valve to sequentially proceed to different working states of adsorption, water cleaning,
elution and water cleaning in an intermittent moving mode.

[0051] In order to illustrate the technical effects of the preparation method disclosed by the
present disclosure, the following examples are used for illustration. Unless otherwise specified,
raw materials used in the following embodiments are all commercially available products;
unless otherwise specified, methods used in the following embodiments are all conventional
methods; and unless otherwise specified, the material content all refers to percentage by mass
volume.

Embodiment 1

[0052] This embodiment shows a preparation process of an ammonolysis solution.

[0053] Preparation of the sodium hydroxyethyl sulfonate is that: the sodium bisulfate and the
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ethylene oxide are mixed according to a molar ratio of the sodium bisulfate to the ethylene
oxide of 1.05:1, and the mixture is subjected to a reaction under the conditions of a pH value of
6.2 to 6.8 and a temperature of 60 DEG C to 65 DEG C so as to prepare the sodium
hydroxyethyl sulfonate.

[0054] Preparation of the ammonolysis solution is that: the sodium hydroxyethyl sulfonate,
sodium hydroxide and the ammonia liquor are subjected to a reaction for 45min under the
conditions of a temperature of 255 DEG C and a pressure of 10MPa to 18MPa, after the
reaction is completed, the ammonia gas is discharged and recycled, and concentration is
carried out to obtain the ammonolysis reaction concentrated solution.

Embodiment 2

[0055] This embodiment shows that the ion exchange system adsorbs the sodium ions and
implements separation into two material solution systems of the taurine and the sodium sulfate.

[0056] The ammonolysis concentrated solution is prepared into 18L of solution in which the
taurine content is 20%. 12L of sulfuric acid solution with a concentration of 15% is prepared. In
a small-sized ion exchange system with resin with the sodium ion adsorption function, the
prepared taurine solution is pumped into the system, pH of the collected adsorption solution is
controlled within a range of 7 to 8, the content of the sodium ions in the adsorption solution is
0.05% to 1%, 22L of adsorption solution is collected in total, the taurine content is 16%, and the
sodium hydroxyethyl sulfonate content is 1.5%. The system is cleaned with purified water, the
cleaning water of the adsorption unit is reused in a material of the concentrated solution, and
cleaning is carried out until the taurine content cannot be detected out. The sulfuric acid
solution with a concentration of 15% is pumped into the cleaned system, pH of the collected
eluate is controlled within a range of about 3 to 5, and 16L of eluate of which sodium sulfate
content is 17% is collected in total. After collection is completed, the system is cleaned with the
purified water, and the cleaning water of the elution unit is discharged, so that a cyclic
adsorbing and separating function can be achieved. The system can implement continuous
feeding and discharging control by adopting a plurality of resin columns, and meanwhile,
ensures stability of the material content of different collected solutions.

ltems Adsorption Eluate

Solution
Taurine Content (g/ml) 16% smaller than 1ppb
Sodium Hydroxyethyl Sulfonate Content 1.50% smaller than
(g/ml) 1PPb
Sodium Sulfate Content (g/ml) smaller than 17%

10PPm

Embodiment 3
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[0057] This embodiment shows a process of respectively carrying out concentration extraction
on the adsorption solution and the eluate which are collected in Embodiment 2.

1. (1) Extraction of the adsorption solution is that: 3L of adsorption solution is taken and

concentrated into the taurine content of 33%, and cooling is carried out to a temperature
of 15 DEG C to carry out centrifugal separation so as to obtain a taurine crude product
with the content of 95.5%(g/g) and moisture content of 3.5%(g/g). WWhen moisture is
removed, the content is 98.96%(g/g), and the purity is very high. After the taurine is
extracted, in the mother solution, the taurine content is 10%, the sodium hydroxyethyl
sulfonate content is 4.7%, and the sulfate content is smaller than 10PPm.

. (2) Extraction of the eluate is that. 3L of eluate is taken, subjected to six-time
concentration crystallization at a high temperature of 95 DEG C and subjected to
centrifugal separation to obtain sodium sulfate with the content of 97.5%(g/g) and the
moisture content of 2.0%(g/g). After the moisture is removed, the content is 99.49%
(9/9), and the purity is very high. In the mother solution, the taurine content is smaller
than 1ppb, the sodium hydroxyethyl sulfonate content is smaller than 1ppb, and the

sulfate content is 35%.

Extraction of Taurine from {Extraction of Sodium
Adsorption Solution Sulfate from Eluate

Taurine Content (g/g) 95.50% <1ppb

Sodium Hydroxyethyl <0.05% <1ppb

Sulfonate Content (g/g)

Sodium Sulfate Content <10ppm 97.50%

(9/9)

Moisture Content(g/g) 3.50% 2.00%

Purity After Removal of 98.96% 99.49%

Moisture

Mother Solution after
Extraction of Taurine

Mother Solution after
Extraction of Sodium
Sulfate

(9/ml)

Taurine Content (g/ml) 10% <1ppb
Sodium Hydroxyethyl 4.70% <1ppb
Sulfonate Content (g/ml)

Sodium Sulfate Content <10PPm 35%

Embodiment 4
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[0058] This embodiment shows a process of respectively carrying out recrystallization on the
taurine and the sodium sulfate.

[0059] Recrystallization of the taurine is that: 200g of the taurine crude product collected in
Embodiment 3 is taken, 500g of purified water is added, 0.4g of activated carbon is added,
heating is carried out to a temperature of 95 DEG C, heat preservation is carried out for 20min,
after the activated carbon is filtered, cooling is carried out to a temperature of 15 DEG C to
carry out crystallization, the crystallization solution is separated, and after drying, 155g of dry
fine product taurine is obtained; and the fine mother solution obtained by separation can be
recycled and reused in the previous process which may be the concentration crystallization
process, or can be returned into a next batch of materials in the recrystallization process.
Detected data is as follows:

ltems High-Purity Fine Product Taurine

Appearance: white crystal particles, no odor and tartish taste
Content(C2H7NSO3): 99.9%

Chloride PPM: <10ppm

Sulfate PPM: <10ppm

Ammonium Salt PPM: <10ppm

Residues on Ignition: 0.005%

Loss on Drying: 0.05%

Heavy Metal (in terms of Pb): <1ppm

Arsenic Salt (in terms of As): <1ppm

[0060] Recyrstallizsation of the sodium sulfate is that: 200g of sodium sulfate collected in
Embodiment 3 is taken, 5009 of purified water is added, heating is carried out to a temperature
of 95 DEG C to carry out evaporation crystallization, the crystallization solution is separated,
and after drying, 190g of dry fine product sodium sulfate is obtained; and the mother solution
obtained by separation can be recycled and reused in the previous process, i.e., the
concentration crystallization process, or can be returned into a next batch of materials in the
recrystallization process.

[0061] Detected data is as follows:

ltems High-Purity Fine Product Sodium Sulfate
Appearance: white crystal particles
Content(Na2S04): 99.90%

Chloride PPM: <10ppm

Moisture Content 0.02%

Heavy Metal (in terms of Pb): <1ppm

Arsenic Salt (in terms of As): <1ppm
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Embodiment 5

[0062] This embodiment shows a conventional method for producing and separating the
taurine and the sodium sulfate.

[0063] Extraction of the taurine is that: after the ammonolysis concentrated solution is
prepared into a certain concentration, under the stirring condition, concentrated sulfuric acid is
slowly added for neutralization, a temperature in the neutralizing process is controlled within a
range of 50 DEG C to 60 DEG C, when pH is 8.0, the addition of the acid is stopped, cooling is
carried out to a temperature of 33 DEG C to carry out crystallization, and separation is carried
out to obtain a taurine crude product and a mother solution; and by detection, in the crude
product, the taurine content is 90%(g/g), the sodium sulfate content is 3%(g/g) and the
moisture content is 6%, and in the mother solution, the taurine content is 15%, and the sulfate
content is 25%.

[0064] Extraction of the sodium sulfate is that: the mother solution obtained after the taurine is
extracted is concentrated again into a content of 33%, the sodium sulfate is separated at a
high temperature of 95 DEG C or above, and in the product obtained by separation, the
sodium sulfate content is 90%(g/g), the moisture content is 5%, and the taurine content in the
sulfate is 4%. The mother solution subjected to separation is cooled to a temperature of 33
DEG C to extract the taurine, and separation and extraction of the sodium sulfate and the
taurine are repeatedly carried out in this way.

Extraction of Taurine by {Extraction of Sodium
Conventional Process sulfate by Conventional
Process

Taurine Content (g/g) 90.00% 4%

Sodium Hydroxyethyl <0.05% <0.1%

Sulfonate Content (g/g)

Sodium Sulfate 3% 90.00%

Content(g/g)

Moisture Content (g/g) 6% 5.00%

Purity After Removal of 95.74% 94.74%

Moisture

Embodiment 6

[0065] This embodiment shows that the ion exchange system adsorbs the sodium ions and
implements separation into two material solution systems of the taurine and sodium chloride.
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[0066] The ammonolysis concentrated solution is prepared into 18L of solution in which the
taurine content is 20%. 24L of hydrochloric acid solution with a concentration of 12% is
prepared. The prepared taurine solution is pumped into the ion exchange system, pH of the
collected adsorption solution is controlled within a range of 7 to 8, the content of the sodium
ions in the adsorption solution is 0.05% to 1%, 22L of adsorption solution is collected in total,
the taurine content is 16%, and the sodium hydroxyethyl sulfonate content is 1.5%. The system
is cleaned with purified water, the cleaning water is reused in a material of the ammonolysis
concentrated solution, and cleaning is carried out until the taurine content cannot be detected
out. The hydrochloric acid solution with a concentration of 12% is pumped into the cleaned
system, pH of the collected eluate is controlled within a range of about 3 to 5, and 28L of
eluate of which the sodium chloride content is 17% is collected in total. After collection is
completed, the system is cleaned with the purified water.

Items Adsorption Solution Eluate
Taurine Content (g/ml) 16% <1ppb
Sodium Hydroxyethyl Sulfonate Content(g/ml) 1.50% <1PPb
Sodium Chloride Content (g/ml) <10PPm 17%

[0067] By the embodiments above, it can be obviously seen that in the conventional process,
the taurine and the sodium sulfate of the material systems are mixed together, resulting in that
the product content of the extracted and separated taurine and sodium sulfate is relatively low,
the moisture content is high, the purities are poor, and meanwhile, the process of process
control is relatively complex. Preparation according to the method disclosed by the present
disclosure essentially solves the problem of a case that the taurine and sodium sulfate/sodium
chloride material systems are mixed together to be subjected to extraction and separation, and
fulfills the aim of preparing the high-purity taurine and sodium sulfate/sodium chloride.

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description



CNIQ1C03GET [6803]
CNi0158653 [6603]
ChNI0158655 108033
101486660 [0603]
CGN110483342A 10003

US842845082 [B004]
US042345182 [404]
EP313306081 [G804)
CRI10883070A [000E]

CNIOB0Z0830A [OG06]

DK/EP 3901134 T3



10

15

20

25

30

35

DK/EP 3901134 T3

Patentkrav

1. Fremgangsmade til fremstilling af taurin og salt med hgj renhed, hvilken frem-
gangsmade omfatter et trin til omseetning af ethylenoxid med hydrogensulfit med
henblik pa at generere isethionat, og som endvidere omfatter trin til udferelse af
en ammonolysereaktion pa isethionatet og ammoniak samt et metalsalt, udferelse
af fordampning med henblik pa at opna en taurinsaltkoncentreret oplagsning, un-
derkastelse af den koncentrerede oplgsning for ionbytning i et ionbyttersystem med
henblik pa at opna en adsorptionsoplesning med en hovedbestanddel af taurin, se-
parat opsamling af adsorptionsoplgsningen og ekstraktion af taurinen fra adsorpti-
onsoplgsningen; og eluering af adsorberede metalkationer med en syre, separat
opsamling af eluatet og ekstraktion af saltet fra eluatet eller direkte anvendelse af
eluatet som et saltoplegsningsprodukt, hvor det gaelder, at i ionbyttersystemet ren-
ses henholdsvis en adsorptionsenhed og en elueringsenhed af ionbyttersystemet
med renset vand, og tilsvarende opnaet rensevand opsamles respektivt, hvor det
geelder, at i en adsorptionstilstand, nar pH-veerdien for en oplesning ved et udleb
af adsorptionsenheden er 4 til 10, opsamles adsorptionsoplasningen, og i en elue-
ringstilstand, nar pH-vaerdien for en oplesning ved et udleb af elueringsenheden
er 2 til 8, opsamles eluatet; og hvor metalkationer, der mangdemaessigt mindst

svarer til restisethionatanioner, lades komme ind i adsorptionsoplesningen.

2. Fremgangsmade til fremstilling af taurinen og saltet med hgj renhed ifglge
krav 1, hvor det for sa vidt angar taurinen geelder, at koncentrationen af den kon-

centrerede oplgsning, der kommer ind i ionbyttersystemet, er pa 10 % til 35 %.

3. Fremgangsmade til fremstilling af taurinen og saltet med hgj renhed ifglge
krav 2, hvor hydrogensulfittet er natriumhydrogensulfit, ammoniumhydrogensulfit,

kaliumhydrogensulfit eller lithiumhydrogensulfit.

4. Fremgangsmade til fremstilling af taurinen og saltet med hgj renhed ifglge
krav 3, hvor metalsaltet er en hvilken som helst eller en blanding af hvilke som
helst to eller flere af natriumhydroxid, kaliumhydroxid, lithiumhydroxid, natrium-
carbonat, kaliumcarbonat, lithiumcarbonat, natriumsulfat, kaliumsulfat og lithium-

sulfat.

5. Fremgangsmade til fremstilling af taurinen og saltet med hgj renhed ifplge
krav 4, hvor syren er svovlsyre, saltsyre, phosphorsyre, vandoploselig carboxylsyre

eller sulfonsyre.
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6. Fremgangsmade til fremstilling af taurinen og saltet med hgj renhed ifolge
krav 5, hvor koncentrationen af den syre, der tilfgres ind i ionbyttersystemet, er
pé 5 % til 35 %.

7. Fremgangsmade til fremstilling af taurinen og saltet med hgj renhed ifglge et
hvilket som helst af kravene 1 til 6, hvor et adsorptionsmiddel af ionbyttersystemet
er ionbytterharpiks, og ionbytterharpiksen er harpiks med en funktion, saledes at

kationerne kan adsorberes.

8. Fremgangsmade til fremstilling af taurinen og saltet med hgj renhed ifplge
krav 7, hvor taurinekstraktionsprocessen for adsorptionsoplesningen omfatter fal-
gende trin: fordampningskoncentration, afkglingskrystallisation og faststof-/vee-
skeseparation, idet kolekrystallisationen og faststof-/vaeskeseparationen udfares
ved 5 °C til 30 °C, og et taurinraprodukt opnaet ved separation har et indhold pa

over 95 % og en renhed pa 98,5 % eller derover.

9. Fremgangsmade til fremstilling af taurinen og saltet med hgj renhed ifglge
krav 8, hvor saltet ekstraheres fra eluatet i en fordampningskrystallisationstilstand,
idet fordampningskrystallisationen udfgres ved 60 °C til 125 °C, og et saltrapro-
dukt opnaet ved separation har et indhold pa over 97 % og en renhed pa 98,5 %

eller derover.

10. System til fremstilling af taurin og salt med hgj renhed, der anvendes til en
proces til fremstilling af taurinen ved hjeelp af en ethylenoxidfremgangsmade, og
som omfatter en additionsreaktionsindretning, en ammonolysereaktionsindretning,
en fordampningsindretning og en opsamlingsindretning til taurinsaltkoncentreret
oplgsning, hvor ammonolysereaktionsindretningen er tilvejebragt med et metalsalt-
indlgb, opsamlingsindretningen til taurinsaltkoncentreret oplgsning er forbundet
med et ionbyttersystem til ionbytning, ionbyttersystemet er tilvejebragt med et
syreindlgb, et adsorptionsoplgsningsudlgb og et eluatudlgb, adsorptionsoplagsnings-
udlgbet er forbundet med en taurinekstraktionsindretning, og eluatudlgbet er for-
bundet med en saltekstraktionsindretning, og ionbyttersystemet er tilvejebragt
med et rensetvandsindlob, et adsorptionsenhedsrensevandsudlgb og et eluerings-

enhedsrensevandsudlgb.

11. System til fremstilling af taurinen og saltet med hgj renhed ifelge krav 10, hvor

adsorptionsenhedsrensevandsudlgbet er forbundet med opsamlingsindretningen til
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taurinsaltkoncentreret oplesning, og elueringsenhedsrensevandsudlgbet er forbun-

det med saltekstraktionsindretningen.



DRAWINGS

ethylene oxide o bisulfite
- gddition [
. *
ammonia ~|metal salt
———sammonolysis -
evaporation
F
cnncentrate(ﬂ
solution
¥
acid jion exchange urified watet
svsiem
k
¥ rense of ¥
adsorlp tront cleaning water cluate
solution
extraction of extraction
taurine of salt

Fig. 1

DK/EP 3901134 T3



concentrated
solution

-

cleaning water of]
adsorption unit

ion exchange
system

_icleaning water of]

¥

clution umt

| 4

Fig. 2

cluate

¥

extraction of salt

DK/EP 3901134 T3



ammonolvsis

F 1

last mother

sohation

adsorption
sohmion

concentration

crystallization

 repeated extraction
| of mother solution

recrystallization«

taurine

Fig. 3

ToUse

DK/EP 3901134 T3



DK/EP 3901134 T3

eluate

evaporation
crystallization

repeated extraction
of mother solution

solid-liquid
separation

high-purity
salt




i
y

M7_q$\|

DK/EP 3901134 T3




1
A

(o1

DK/EP 3901134 T3



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - CLAIMS
	Page 22 - CLAIMS
	Page 23 - CLAIMS
	Page 24 - DRAWINGS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS

