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© The present invention relates to the waste water treatment field, and discloses apparatus and method for treating 
waste water containing ammonium salts, which contains NH4+, SO?', CL and Na+. In the method of the present 
invention, the pH value of the waste water to be treated is adjusted to a specific range in advance; sodium sulfate 
crystal and relatively concentrated ammonia are obtained by first evaporation, and then sodium chloride crystal 
and relatively dilute ammonia is obtained by second evaporation; alternatively, sodium chloride crystal and 
relatively concentrated ammonia is obtained by third evaporation, and then sodium sulfate crystal and relatively 
dilute ammonia are obtained by fourth evaporation. The method of the present invention can recover ammonia, 
sodium sulfate, and sodium chloride from the waste water respectively, so that the resources in the waste water 
can be reused as far as possible.
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Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en 
schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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Field of the Invention
The present invention relates to the waste water treatment field, particularly to 
apparatus and method for treating waste water containing ammonium salts, more 
particularly to apparatus and method for treating waste water containing ammonium 
salts, which contains ΝΗΛ SCU2', Cl· and Na+.

Background of the invention
In an oil refining catalyst production process, large quantities of inorganic acids, 
alkalis and salts, such as sodium hydroxide, hydrochloric acid, sulfuric acid, 
ammonium salts, sulfates, and hydrochlorides, etc., are required, and a large 
quantity of mixed waste water that contains ammonium, sodium sulfate, sodium 
chloride and aluminosilicate is produced. For such waste water, a common practice 
in the prior art is to adjust the pH to a range of 6-9 and remove the majority of 
suspended substances first, then remove ammonium ions through a biochemical 
process, air stripping process or steam stripping process, adjust the pH of the 
obtained salt-containing waste water, remove the majority of suspended 
substances, decrease the hardness, remove silica and a part of organic substances 
from the salt-containing waste water, remove the majority of organic substances 
through ozone biological activated carbon adsorption and oxidization or other 
advanced oxidization processes, further decrease the hardness in an ion exchange 
apparatus, concentrate in a concentration apparatus (e.g., reverse osmosis and/or 
electrodialysis apparatus), and then crystallize by MVR evaporating crystallization 
or multi-effect evaporation, to obtain mixed salts of sodium sulfate and sodium 
chloride that contain some ammonium salt; or adjust the pH to a range of 6.5-7.5 
and remove the majority of suspended substances first, then decrease the 
hardness, remove silica and a part of organic substances, remove the majority of 
organic substances through ozone biological activated carbon adsorption and 
oxidization or other advanced oxidization processes, further decrease the hardness 
in an ion exchange apparatus, concentrate in a concentration apparatus (e.g., 
reverse osmosis and/or electrodialysis apparatus), and then crystallize by MVR 
evaporating crystallization or multi-effect evaporation, to obtain mixed salts of 
sodium sulfate and sodium chloride that contain some ammonium salts. However, 
at present, it is difficult to treat the mixed salts that contain ammonium, or the 
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treatment cost is very high; in addition, the waste water treatment cost is increased 
additionally owing to the ammonium ion removal process in the early stage. 
Besides, the biochemical ammonia removal process can only deal with waste water 
with low ammonium content; moreover, the catalyst waste water can't be treated 
directly by biochemical treatment because the COD content in it is not enough; 
instead, additional organic substances, such as glucose or starch, etc. have to be 
added in the biochemical treatment process to treat ammoniacal nitrogen through 
the biochemical treatment process. The most critical problem is that the total 
nitrogen contant in the waste water treated through a biochemical ammonia 
removal process often doesn't meet the standard (the contents of nitrate ions and 
nitrite ions are out of specification), and additional advanced treatment is required; 
in addition, since the salt content in the waste water is not decreased 
(20g/L~30g/L), the waste water can't be directly discharged, and further desalting 
treatment is required.
To remove ammoniacal nitrogen in the waste water treated through an air stripping 
ammonia removal process, a large quantity of alkali has to be added to adjust the 
pH, and the alkali consumption is heavy; since the alkali in the waste water after 
ammonia removal can't be recovered, the pH of the treated waste water is very 
high, quantities of alkaline substance is wasted, and the treatment cost is very high; 
moreover, since the GOD content in the catalyst waste water treated through the air 
stripping process has little change, the salt content in the waste water is not 
decreased (20g/L~30g/L), the pH is very high, the waste water can't be directly 
discharged, further desalting treatment is required.

Summary of the Invention
To overcome the drawbacks in the prior art, i.e., the treatment cost of waste water 
that contains NH4L SO42·, Cl· and Na+ is very high, and only mixed salt crystals can 
be obtained, the present invention provides a low-cost and environment-friendly 
treatment apparatus and method of water waste that contains NH4+, SO42’, Cl· and 
Na+. The apparatus and method can be used to recover ammonium, sodium 
sulfate, and sodium chloride from the waste water respectively, and thereby the 
resources in the waste water can be reused as far as possible.
To attain the object described above, in a first aspect, the present invention 
provides a waste water treatment apparatus for treating waste water containing 
ammonium salts, which comprises: a pH adjustment unit, a first evaporation unit, a 
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first solid-liquid separation unit, a second evaporation unit, and a second solid
liquid separation unit, which are connected sequentially,
Wherein the pH adjustment unit is configured to adjust the pH of the waste water 
before evaporation is performed;
The first evaporation unit is configured to treat the waste water by first evaporation, 
to obtain first ammonia-containing vapor and first crystal-containing concentrated 
solution;

The first solid-liquid separation unit is configured to treat the first crystal-containing 
concentrated solution by first solid-liquid separation;
The second evaporation unit is configured to treat the liquid phase obtained in the 
first solid-liquid separation unit by second evaporation, to obtain second ammonia- 
containing vapor and second crystal-containing concentrated solution;
The second solid-liquid separation unit is configured to treat the second crystal
containing concentrated solution by second solid-liquid separation.
In a second aspect, the present invention provides a method for treating waste 
water containing ammonium salts that contains ΝΗΛ SCL2’, Cl· and Na+, which 
comprises the following steps:

1) treating waste water to be treated by first evaporation, to obtain first ammonia- 
containing vapor and first concentrated solution that contains sodium sulfate 
crystal, wherein the waste water to be treated contains the waste water containing 
ammonium salts;

2) treating the first concentrated solution that contains sodium sulfate crystal by first 
solid-liquid separation, and treating the liquid phase obtained in the first solid-liquid 
separation by second evaporation, to obtain second ammonia-containing vapor and 
second concentrated solution that contains sodium chloride crystal;

3) treating the second concentrated solution that contains sodium chloride crystal 
by second solid-liquid separation;

wherein the pH of the waste water to be treated is adjusted to a value greater than 
9, before the waste water to be treated is treated by the first evaporation;
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the first evaporation ensures that the sodium chloride doesn't crystalize and 
precipitate;

in relation to 1 mol SO42' contained in the waste water to be treated, the Cl· 
contained in the waste water to be treated is 14 mol or less.
In a third aspect, the present invention provides a method for treating waste water 
containing ammonium salts that contains NH44·, SCU2’, CI' and Na+, which 
comprises the following steps:

1) treating waste water to be treated by third evaporation, to obtain third ammonia- 
containing vapor and third concentrated solution that contains sodium chloride 
crystal, wherein the waste water to be treated contains the waste water containing 
ammonium salts;

2) treating the third concentrated solution that contains sodium chloride crystal by 
third solid-liquid separation, and treating the liquid phase obtained in the third solid
liquid separation by fourth evaporation, to obtain fourth ammonia-containing vapor 
and fourth concentrated solution that contains sodium sulfate crystal;

3) treating the fourth concentrated solution that contains sodium sulfate crystal by 

fourth solid-liquid separation;
wherein the pH of the waste water to be treated is adjusted to a value greater than 
9, before the waste water to be treated is treated by the third evaporation;
the fourth evaporation ensures that the sodium chloride doesn't crystalize and 
precipitate;

in relation to 1 mol SO42· contained in the waste water to be treated, the Cl· 
contained in the waste water to be treated is 7.15 mol or more.
With the technical scheme described above, for waste water that contains NH4+, 
SO42’, Cl- and Na+, the pH value of the waste water to be treated is adjusted to a 
specific range in advance; sodium sulfate crystal and relatively concentrated 
ammonia are obtained by first evaporation and separation, and then sodium 
chloride crystal and relatively dilute ammonia are obtained by second evaporation; 
alternatively, sodium chloride crystal and relatively concentrated ammonia are 
obtained by third evaporation, and then sodium sulfate crystal and relatively dilute 
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ammonia are obtained by fourth evaporation and separation. With the method, 
high-purity sodium sulfate and sodium chloride can be obtained respectively, 
difficulties in mixed salt treatment and reuse can be avoided, the ammonia and salt 
separation process is accomplished at the same time, the temperature of the waste 
water is increased and the temperature of the ammonia-containing vapor is 
decreased at the same time through heat exchange, and thereby a condenser is 
not required, the heat in the evaporation process is utilized reasonably, energy is 
saved, the waste water treatment cost is reduced, the ammonium in the waste 
water is recovered in the form of ammonia, the sodium chloride and sodium sulfate 
are recovered in the form of crystal respectively, no waste residue or waste liquid is 
produced in the entire process, and a purpose of changing wastes into valuables is 
achieved.
Furthermore, in the method, by using the second evaporation or third evaporation 
with low temperature treatment in combination, the second evaporation or third 
evaporation can be performed at a higher temperature, the content of solids in the 
concentrated solution obtained in the second evaporation or the third evaporation 
and the vaporization efficiency are increased, and an energy-saving effect is 
attained at the same time.
Other features and advantages of the present invention will be further detailed in 
the embodiments hereunder.

Brief Description of Drawings
The accompanying drawings are provided here to facilitate further understanding 
on the present invention, and constitute a part of this document. They are used in 
conjunction with the following embodiments to explain the present invention, but 
shall not be comprehended as constituting any limitation to the present invention. In 
the figures:

Fig. 1 is a structure diagram of the waste water treatment apparatus of the present 
invention;

Fig. 2 is a flow diagram of the method for treating waste water containing 
ammonium salts in an embodiment of the present invention;
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Fig. 3 is a flow diagram of the method for treating waste water containing 
ammonium salts in another embodiment of the present invention;

Fig. 4 is a flow diagram of the method for treating waste water containing 
ammonium salts in another embodiment of the present invention;

Fig. 5 is a flow diagram of the method for treating waste water containing 
ammonium salts in another embodiment of the present invention;

Fig. 6 is a flow diagram of the method for treating waste water containing 
ammonium salts in another embodiment of the present invention;

Fig. 7 is a flow diagram of the method for treating waste water containing 
ammonium salts in another embodiment of the present invention;

Fig. 8 is a flow diagram of the method for treating waste water containing 
ammonium salts in another embodiment of the present invention;

Fig. 9 is a flow diagram of the method for treating waste water containing 
ammonium salts in another embodiment of the present invention;

Brief Description of the Symbols
1 - second evaporation device
2 - first evaporation device
31 - first heat exchange device
32 - second heat exchange device
33 - third heat exchange device
34 - fourth heat exchange device
35 - fifth heat exchange device
36 - sixth heat exchange device
4 - vacuum degassing tank

51 - first ammonia storage tank
52 - second ammonia storage tank
53 - first mother liquid tank
54 - second mother liquid tank
22, 55 - low temperature treatment tank
56 - crystal-liquid collection tank
61 - first pH measuring device
62 - second pH measuring device
71 - first circulation pump
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72 - second circulation pump
73 - third circulation pump
74 - fourth circulation pump
75 - fifth circulation pump
76 - sixth circulation pump
77 - seventh circulation pump

80 - tenth circulation pump
81 - vacuum pump
82 - circulating water tank
83 - tail gas absorption tower
91 - first solid-liquid separation device
92 - second solid-liquid separation 
device

78 - eighth circulation pump
79 - ninth circulation pump 101 - first compressor

102 - second compressor
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Detailed Description of the Embodiments

Hereunder some embodiments of the present invention will be detailed. It should be 
understood that the embodiments described here are only provided to describe and 
explain the present invention, but shall not be deemed as constituting any limitation 
to the present invention.
The ends points and any value in the ranges disclosed in the present invention are 
not limited to the exact ranges or values; instead, those ranges or values shall be 
comprehended as encompassing values that are close to those ranges or values. 
For numeric ranges, the end points of the ranges, the end points of the ranges and 
the discrete point values, and the discrete point values may be combined to obtain 
one or more new numeric ranges, which shall be deemed as having been disclosed 
specifically in this document.
Hereunder the present invention will be detailed with reference to Figs. 1-9, but the 
present invention is not limited to Figs. 1-9.
The present invention provides a waste water treatment apparatus for treating 
waste water containing ammonium salts, as shown in Fig. 1, which comprises: a pH 
adjustment unit, a first evaporation unit, a first solid-liquid separation unit, a second 
evaporation unit, and a second solid-liquid separation unit, which are connected 
sequentially,
Wherein the pH adjustment unit is configured to adjust the pH of the waste water 
before evaporation is performed;
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The first evaporation unit is configured to treat the waste water by first evaporation, 
to obtain first ammonia-containing vapor and first crystal-containing concentrated 
solution;

The first solid-liquid separation unit is configured to treat the first crystal-containing 
concentrated solution by first solid-liquid separation;
The second evaporation unit is configured to treat the liquid phase obtained in the 
first solid-liquid separation unit by second evaporation, to obtain second ammonia- 
containing vapor and second crystal-containing concentrated solution;

The second solid-liquid separation unit is configured to treat the second crystal
containing concentrated solution by second solid-liquid separation.
According to the present invention, the treatment apparatus described above may 
be used in the water waste treatment method of the present invention, the pH 
adjustment unit may be used to adjust the pH of the waste water to be treated, the 
first evaporation unit may be used to perform the first evaporation or third 
evaporation in the water waste treatment method of the present invention, the first 
solid-liquid separation unit may be used to perform the first solid-liquid separation 
or third solid-liquid separation in the water waste treatment method of the present 
invention, the second evaporation unit may be used to perform the second 
evaporation or fourth evaporation in the water waste treatment method of the 
present invention, and the second solid-liquid separation unit may be used to 
perform the second solid-liquid separation or fourth solid-liquid separation in the 
water waste treatment method of the present invention. According to the waste 
water treatment apparatus for treating waste water containing ammonium salts, 
preferably, the apparatus does not comprise separate non-evaporation deamination 
device (device only for removing ammonia from waste water, such as biochemical 
treatment device, deamination membrane and the like), and high-purity ammonia, 
sodium sulfate crystals and sodium chloride crystals can be separated from the 
waste water only by the combination of the evaporation unit and the solid-liquid 
separation unit.
According to a preferred embodiment of the present invention, the waste water 
treatment apparatus further comprises a low-temperature treatment unit arranged 
between the first evaporation unit and the first solid-liquid separation unit or 
between the second evaporation unit and the second solid-liquid separation unit, 
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and the low-temperature treatment unit is configured to perform low temperature 
treatment of the concentrated solution obtained in the first evaporation unit or 
second evaporation unit to obtain treated solution. By providing the low- 
temperature treatment unit, the evaporation process in the second evaporation unit 
or the third evaporation unit can work in combination with the low temperature 
treatment, so that the evaporation process in the second evaporation unit or the 
third evaporation unit can be performed at a higher temperature, the content of 
solids in the concentrated solution obtained in the second evaporation or the third 
evaporation and the vaporization efficiency can be increased, and an energy
saving effect can be achieved at the same time.
Any conventional cooling device in the art may be used as the low-temperature 
treatment unit. For example, the low-temperature treatment unit may be a low 
temperature treatment tank 55. Preferably, the low temperature treatment tank 55 
may be equipped with a cooling component in it; specifically, the cooling 
component may be a component that introduces cooling water. With the cooling 
component, the second or third concentrated solution in the low temperature 
treatment tank can be cooled quickly. Preferably, the low temperature treatment 
tank 55 may be equipped with a stirring component in it. Under the stirring action of 
the stirring component, the solid phase and liquid phase distribution and the 
temperature distribution in the second or third concentrated solution are uniform, 
and a purpose that the sodium sulfate crystal is dissolved fully and the sodium 
chloride crystal precipitates as far as possible is attained.
The waste water treatment apparatus further comprises a pipeline configured to 
return the liquid phase obtained in the second solid-liquid separation unit to the first 
evaporation unit. By returning the liquid phase obtained in the second solid-liquid 
separation unit to the first evaporation unit, the waste water can be evaporated in a 
circulated manner in the waste water treatment apparatus in the present invention, 
and thereby an effect of separating the ammonia and salts in the waste water 
completely is attained.
According to the present invention, the waste water treatment apparatus further 
comprises a heat exchange unit, which is configured to perform heat exchange 
between the ammonia-containing vapor or its condensate and the waste water to 
be treated, and obtain ammonia. Any conventional heat exchanger in the art may 
be used as the heat exchange unit. Specifically, the heat exchange unit may be a 
jacket-type heat exchanger, plate-type heat exchanger, or shell and tube heat 
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exchanger, etc., preferably is a plate-type heat exchanger. The material of the heat 
exchanger may be selected as required. For example, to resist erosion of chloride 
ions, a heat exchanger made of duplex stainless steel, titanium and titanium alloy, 
or hastelloy may be selected. At a low temperature, a heat exchanger made of 
plastic material may be selected. For example, the second heat exchange device 
32 configured to perform heat exchange between the first ammonia-containing 
vapor and the waste water to be treated in Fig. 2 may be used.
According to the present invention, there is no particular restriction on the 
evaporation device used in the evaporation process, as long as the evaporation 
device can accomplish evaporation. For example, the first evaporation unit and the 
second evaporation unit may be selected from one or more of MVR evaporation 
device, single-effect evaporation device, multi-effect evaporation device and flash 
evaporation device respectively. For example, the first evaporation device 2 and the 
second evaporation device 1 shown in Figs. 2-9 may be used. Preferably, the first 
evaporation unit and/or the second evaporation unit are/is MVR evaporation 
devices/a MVR evaporation device.
The MVR evaporation device may be selected from one or more of MVR falling film 
evaporator, MVR forced circulation evaporator, MVR-FC continuous crystallizing 
evaporator, and MVR-OSLO continuous crystallizing evaporator. Wherein the MVR 
evaporation device preferably is a MVR forced circulation evaporator or MVR-FC 
continuous crystallizing evaporator, more preferably is a two-stage MVR 
evaporating crystallizer that incorporates falling film and forced circulation.
The single-effect evaporation device or the evaporators in the multi-effect 
evaporation device may be selected from one or more of falling-film evaporator, 
rising-film evaporator, scraped evaporator, central circulation tube evaporator, 
basket evaporator, external heating evaporator, forced circulation evaporator, and 
Levin evaporator, for example. Wherein the evaporators preferably are forced 
circulation evaporators or external heating evaporators. Each of the above 
evaporators consists of a heating chamber and an evaporation chamber, and may 
include other auxiliary evaporation components as required, such as froth separator 
configured to further separate liquid and froth, condenser configured to condense 
the secondary steam fully, and vacuum device for depressurization, etc. In the case 
that the evaporation device is a multi-effect evaporation device, there is no 
particular restriction on the number of evaporators included in the multi-effect 
evaporation device; in other words, the number of evaporators included in the multi- 
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effect evaporation device may be selected according to the evaporation conditions 
as required, and may be 2 or more, preferably is 2-5, more preferably is 2-4. 
The flash evaporation device may be single-stage flash evaporation device or 
multistage flash evaporation device. The single-stage flash evaporation device or 
the evaporators in the multistage flash evaporation device may be selected from 
one or more of thin-film flash evaporator, high-efficiency vapor-liquid flash 
evaporator, rotary flash evaporator, for example. Wherein the evaporators 
preferably are thin-film flash evaporator, high-efficiency vapor-liquid flash 
evaporator. In the case that the evaporation device is a multistage flash 
evaporation device, the number of evaporators included in the multistage flash 
evaporation device may be 2 or more, preferably is 2-4.
According to a preferred embodiment of the present invention, the first evaporation 
unit is a MVR evaporation device, and the second evaporation unit is a MVR 
evaporation device; or the first evaporation unit is a multi-effect evaporation device, 
and the second evaporation unit is a MVR evaporation device; or the first 
evaporation unit is a MVR evaporation device, and the second evaporation unit is a 
multi-effect evaporation device.
According to the present invention, there is no particular restriction on the first solid
liquid separation unit and the second solid-liquid separation unit, as long as they 
can attain a solid-liquid separation effect. For example, they can be selected from 
one or more of centrifugation device, filtering device, and sedimentation device 
respectively. For the purpose of improving the solid-liquid separation efficiency, 
preferably, both the first solid-liquid separation unit and the second solid-liquid 
separation unit are centrifugation devices.
According to the present invention, there is no particular restriction on the pH 
adjustment unit, as long as it can adjust the pH of the waste water to be treated to 
the specified range. For example, the pH adjustment unit may be a pH adjustor (pH 
adjustment reagent) introduction device. NaOH may be used as the pH adjustor, for 
example. Specifically, NaOH solution may be added into the waste water to be 
treated to accomplish pH adjustment. To monitor the pH after the adjustment, the 
device may further comprise a pH measuring device, which may be any pH meter 
in the art.
In the present invention, the waste water treatment apparatus may further comprise 
heat exchange devices, such as heat exchangers, etc. There is no particular 
restriction on the number and positions of the heat exchange devices. For example, 
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as shown in Fig. 2, the heat exchange devices may include the second heat 
exchange device 32, first heat exchange device 31, and third heat exchange device 
33 that are configured to decrease the temperature of the first ammonia-containing 
vapor and increase the temperature of the waste water to be treated, the fourth 
heat exchange device 34 configured to decrease the temperature of the second 
ammonia-containing vapor and increase the temperature of the first concentrated 
solution, and the fifth heat exchange device 35 configured to decrease the 
temperature of the second treated solution and increase the temperature of the 
waste water to be treated.
As a preferred waste water treatment apparatus in the present invention, as shown 
in Fig. 4, the waste water treatment apparatus comprises a pH adjustor introduction 
pipe, a first pH measuring device 61, a first evaporation device 2, a first solid-liquid 
separation device 91, a second evaporation device 1, a second solid-liquid 
separation device 92, and a conduit configured to return the liquid phase obtained 
in the second solid-liquid separation to a position in front of the pH adjustor 
introduction pipe, which communicate with each other sequentially.
As a preferred waste water treatment apparatus in the present invention, as shown 
in Fig. 2, the waste water treatment apparatus comprises a pH adjustor introduction 
pipe, a first pH measuring device 61, a first evaporation device 2, a first solid-liquid 
separation device 91, a second evaporation device 1, a low temperature treatment 
tank 55, a second solid-liquid separation device 92, and a conduit configured to 
return the liquid phase obtained in the second solid-liquid separation to a position in 
front of the pH adjustor introduction pipe, which communicate with each other 
sequentially.
To take full advantage of the heat in the evaporation process, the apparatus in the 
above embodiment may further comprise a first heat exchange device 31 and a 
second heat exchange device 32 arranged in front of the first evaporation device 2 
and configured to perform heat exchange between the vapor obtained in the 
evaporation in the first evaporation unit and the waste water to be treated; and a 
fourth heat exchange device 34 arranged between the first solid-liquid separation 
device 91 and the second evaporation device 1 and configured to perform heat 
exchange between the vapor obtained in the second evaporation unit and the liquid 
phase obtained in the first solid-liquid separation.
According to the present invention, the waste water treatment apparatus further 
comprises a tail gas absorption unit configured to absorb ammonia in the tail gas 
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from the waste water treatment apparatus. A tail gas absorption tower 83 may be 
used as the tail gas absorption unit. There is no particular restriction on the tail gas 
absorption tower 83; in other words, the tail gas absorption tower 83 may be any 
conventional absorption tower in the art, such as plate-type absorption tower, 
packed absorption tower, falling film absorption tower, or void tower, etc. The tail 
gas absorption tower 83 may be used in combination with a fourth circulation pump 
74 which is configured to drive the circulating water to circulate in the tail gas 
absorption tower 83. The tail gas absorption tower 83 may further be used in 
combination with a circulating water tank 82; for example, water may be 
replenished with a third circulation pump 73 from the circulating water tank 82 to 
the tail gas absorption tower 83; fresh water may be replenished to the circulating 
water tank 82, and thereby the temperature and ammonia content of the service 
water of the vacuum pump 81 may be decreased at the same time.
The present invention further provides a method for treating waste water containing 
ammonium salts that contains NH4+, SCU2', Cl' and Na+, which comprises the 
following steps:

1) treating waste water to be treated by first evaporation, to obtain first ammonia- 
containing vapor and first concentrated solution that contains sodium sulfate 
crystal, wherein the waste water to be treated contains the waste water containing 
ammonium salts;

2) treating the first concentrated solution that contains sodium sulfate crystal by first 
solid-liquid separation, and treating the liquid phase obtained in the first solid-liquid 
separation by second evaporation, to obtain second ammonia-containing vapor and 
second concentrated solution that contains sodium chloride crystal;

3) treating the second concentrated solution that contains sodium chloride crystal 
by second solid-liquid separation;

wherein the pH of the waste water to be treated is adjusted to a value greater than 
9, before the waste water to be treated is treated by the first evaporation; the first 
evaporation ensures that the sodium chloride doesn't crystalize and precipitate; in 
relation to 1 mol SCU2’ contained in the waste water to be treated, the Cl· contained 
in the waste water to be treated is 14 mol or less.
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Preferably, the waste water to be treated is the waste water containing ammonium 
salts; or the waste water to be treated contains the waste water containing 
ammonium salts and the liquid phase obtained in the second solid-liquid 
separation.
More preferably, the waste water to be treated is mixed solution of the waste water 
containing ammonium salts and at least a part of the liquid phase obtained in the 
second solid-liquid separation.
Further preferably, the waste water to be treated is mixed solution of the waste 
water containing ammonium salts and the liquid phase obtained in the second 
solid-liquid separation.
Preferably, the pH of the waste water to be treated is adjusted to a value greater 
than 10.8 before the first evaporation is performed for the waste water to be 
treated. Besides, there is no particular restriction on the upper limit of the pH of the 
waste water to be treated. For example, the pH may be 14 or lower, preferably is
13.5 or lower, more preferably is 13 or lower.
The method provided in the present invention can treat waste water that contains 
NH4+, SO42·, Cl· and Na+, and there is particular restriction on the waste water 
containing ammonium salts, except that the waste water contains NH4+, SO42', Cl· 
and Na+. In consideration of improving the waste water treatment efficiency, in 
relation to 1 mol SO42’ contained in the waste water to be treated, the Cl· contained 
in the waste water to be treated preferably is 13.8 mol or less, more preferably is 
13.75 mol or less, further preferably is 13.5 mol or less, still further preferably is 13 
mol or less, still further preferably is 12 mol or less, still further preferably is 11 mol 
or less, still further preferably is 10.5 mol or less, preferably is 2 mol or more, more 
preferably is 2.5 mol or more, further preferably is 3 mol or more, such as 1-10 mol, 
preferably 2-8 mol. By controlling the molar ratio of SO42' to Cl· within the above- 
mentioned range, sodium sulfate precipitates fully but sodium chloride doesn't 
precipitate in the first evaporation, and thereby a purpose of separating sodium 
sulfate efficiently is attained. In addition, as described above and below, in the 
present invention, the second mother liquid obtained in the second evaporation 
process may be circulated to the first evaporation stage, and thereby the molar 
ratio of SO42’ to Cl· in the waste water to be treated is adjusted and sodium 
hydroxide balance is maintained.
In the present invention, there is no particular restriction on the order of the first 
heat exchange, the adjustment of pH of the waste water to be treated, and the 
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blending process of the waste water to be treated (in the case that the waste water 
to be treated contains the waste water containing ammonium salts and the liquid 
phase obtained in the second solid-liquid separation, a blending process of the 
waste water to be treated is required), and the order may be selected appropriately 
as required, as long as those procedures are accomplished before the first 
evaporation of the waste water to be treated.
In the present invention, the first evaporation ensures that the sodium chloride 
doesn’t crystalize and precipitate, which means that the concentration of sodium 
chloride in the mixed system is controlled so that it doesn't exceed the solubility 
under the conditions of the first evaporation (including, but not limited to 
temperature and pH, etc.), without excluding sodium chloride entrained in the 
sodium sulfate crystal or absorbed to the surface of the sodium sulfate crystal. 
Owing to the fact that the moisture content in the crystal after solid-liquid separation 
is different, usually the content of sodium chloride in the obtained sodium sulfate 
crystal is 8 mass% or lower (preferably 4 mass%). In the present invention, it is 
deemed that the sodium chloride doesn't crystalize and precipitate if the content of 
sodium chloride in the obtained sodium sulfate crystal is 8 mass% or lower. 
According to a preferred embodiment of the present invention, in the case that the 
low temperature treatment is not performed, the second evaporation ensures that 
the sodium sulfate doesn't crystalize and precipitate, which means that the 
concentration of sodium sulfate in the mixed system doesn't exceed the solubility 
under the conditions of the second evaporation (including, but not limited to 
temperature and pH, etc.), without excluding sodium sulfate entrained in the 
sodium chloride crystal or absorbed to the surface of the sodium chloride crystal. 
Owing to the fact that the moisture content in the crystal after solid-liquid separation 
is different, usually the content of sodium sulfate in the obtained sodium chloride 
crystal is 8 mass% or lower (preferably 4 mass% or lower). In the present invention, 
it is deemed that the sodium sulfate doesn't crystalize and precipitate if the content 
of sodium sulfate in the obtained sodium chloride crystal is 8 mass% or lower. 
According to another preferred embodiment of the present invention, the method 
further comprises: treating the second concentrated solution that contains sodium 
chloride crystal by low temperature treatment, to obtain treated solution that 
contains sodium chloride crystal; then treating the treated solution that contains 
sodium chloride crystal by second solid-liquid separation. Namely, the method 
comprises the following steps:
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1) treating waste water to be treated by first evaporation, to obtain first ammonia- 
containing vapor and first concentrated solution that contains sodium sulfate 
crystal, wherein the waste water to be treated contains the waste water containing 
ammonium salts;

2) treating the first concentrated solution that contains sodium sulfate crystal by first 
solid-liquid separation, and treating the liquid phase obtained in the first solid-liquid 
separation by second evaporation, to obtain second ammonia-containing vapor and 
second concentrated solution that contains sodium chloride crystal;

3) treating the second concentrated solution that contains sodium chloride crystal 
by low temperature treatment, to obtain treated solution that contains sodium 
chloride crystal;

4) treating the treated solution that contains sodium chloride crystal by second 
solid-liquid separation;

In the above case that the low temperature treatment is performed, sodium chloride 
crystal precipitates in the second evaporation. In consideration of improving the 
treatment efficiency, preferably both sodium chloride crystal and sodium sulfate 
crystal precipitate in the second evaporation, and thereby second concentrated 
solution that contains sodium sulfate crystal and sodium chloride crystal is 
obtained. In the case that second concentrated solution that contains sodium 
sulfate crystal and sodium chloride crystal is obtained, the second evaporation 
must ensure that the sodium sulfate crystal will be dissolved in the low temperature 
treatment. Specifically, second concentrated solution that contains sodium sulfate 
crystal and sodium chloride crystal is obtained in the second evaporation, and the 
sodium sulfate crystal can be dissolved fully in the low temperature treatment. By 
controlling the amount of evaporation in the second evaporation, sodium sulfate 
and sodium chloride crystalize and precipitate at the same time (i.e., second 
concentrated solution that contains sodium sulfate crystal and sodium chloride 
crystal is obtained in the second evaporation), and then the sodium sulfate crystal 
in the second concentrated solution that contains sodium sulfate crystal and 
sodium chloride crystal is dissolved and the sodium chloride further crystalize and 
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precipitate in the low temperature treatment, so that treated solution that only 
contains sodium chloride crystal is obtained.
The treated solution that contains sodium chloride crystal doesn't exclude the 
sodium sulfate entrained in the sodium chloride crystal or absorbed to the surface 
of the sodium chloride crystal. Owing to the fact that the moisture content in the 
crystal after solid-liquid separation is different, usually the content of sodium sulfate 
in the obtained sodium chloride crystal is 8 mass% or lower (preferably 4 mass% or 
lower). In the present invention, it is deemed that the sodium sulfate has been 
dissolved if the content of sodium sulfate in the obtained sodium chloride crystal is 
8 mass% or lower.
In the present invention, it is understood that both the first ammonia-containing 
vapor and the second ammonia-containing vapor are secondary steam referred in 
the art. All the pressure values are gauge pressure values.
According to the present invention, there is no particular restriction on the specific 
execution of the first evaporation and the second evaporation, as long as the first 
evaporation and the second evaporation can attain the purpose of evaporation 
under corresponding evaporation conditions. For example, the first evaporation and 
the second evaporation may be executed respectively in a conventional 
evaporation device in the art. Specifically, the evaporation device may be one or 
more of MVR evaporation device, multi-effect evaporation device, single-effect 
evaporation device and flash evaporation device. Wherein the first evaporation 
preferably is executed in a MVR evaporation device; the second evaporation 
preferably is executed in a MVR evaporation device. The first evaporation may be 
executed in the first evaporation unit of the waste water treatment apparatus in Fig. 
1, the second evaporation may be executed in the second evaporation unit of the 
waste water treatment apparatus in Fig. 1.
The MVR evaporation device may be selected from one or more of MVR falling film 
evaporator, MVR forced circulation evaporator, MVR-FC continuous crystallizing 
evaporator, and MVR-OSLO continuous crystallizing evaporator. Wherein the MVR 
evaporation device preferably is a MVR forced circulation evaporator or MVR-FC 
continuous crystallizing evaporator, more preferably is a two-stage MVR 
evaporating crystallizer that incorporates falling film and forced circulation.
The single-effect evaporation device or the evaporators in the multi-effect 
evaporation device may be selected from one or more of falling-film evaporator, 
rising-film evaporator, scraped evaporator, central circulation tube evaporator, 
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basket evaporator, external heating evaporator, forced circulation evaporator, and 
Levin evaporator, for example. Wherein the evaporators preferably are forced 
circulation evaporators or external heating evaporators. Each of the above 
evaporators consists of a heating chamber and an evaporation chamber, and may 
include other auxiliary evaporation components as required, such as froth separator 
configured to further separate liquid and froth, condenser configured to condense 
the secondary steam fully, and vacuum device for depressurization, etc. In the case 
that the evaporation device is a multi-effect evaporation device, there is no 
particular restriction on the number of evaporators included in the multi-effect 
evaporation device; in other words, the number of evaporators included in the multi
effect evaporation device may be selected according to the evaporation conditions 
as required, and may be 2 or more, preferably is 2-5, more preferably is 2-4. 
The flash evaporation device may be single-stage flash evaporation device or 
multistage flash evaporation device. The single-stage flash evaporation device or 
the evaporators in the multistage flash evaporation device may be selected from 
one or more of thin-film flash evaporator, high-efficiency vapor-liquid flash 
evaporator, rotary flash evaporator, for example. Wherein the evaporators 
preferably are thin-film flash evaporator, high-efficiency vapor-liquid flash 
evaporator. In the case that the evaporation device is a multistage flash 
evaporation device, the number of evaporators included in the multistage flash 
evaporation device may be 2 or more, preferably is 2-4.
In the present invention, in the case that the first evaporation and/or the second 
evaporation are/is executed in a multi-effect evaporation device, the feeding 
methods for the liquids to be evaporated may be the same or different from each 
other, and may employ co-current feeding, counter-current feeding, or parallel
current feeding. Specifically, the co-current feeding is: the liquid to be evaporated 
flows through the evaporators in the multi-effect evaporation device sequentially, 
and the ammonia-containing vapor obtained in the evaporation in each evaporator 
in the multi-effect evaporation device is charged into the next evaporator. 
Specifically, the counter-current feeding is: the liquid to be evaporated flows 
through the evaporators in the multi-effect evaporation device sequentially, and the 
ammonia-containing vapor obtained in the evaporation in each evaporator in the 
multi-effect evaporation device is charged into the previous evaporator. Specifically, 
the parallel-current feeding is: the liquid to be evaporated is charged to each of the 
evaporators in the multi-effect evaporation device separately, and the ammonia- 
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containing vapor obtained in the evaporation in each evaporator in the multi-effect 
evaporation device is charged into the next evaporator. Wherein preferably co
current feeding is used. In the case of co-current feeding or counter-current 
feeding, the evaporation conditions refer to the evaporation conditions in the last 
evaporation in the multi-effect evaporation device. In the case of parallel-current 
feeding, the evaporation conditions refer to the evaporation conditions in each 
evaporator in the multi-effect evaporation device.
In the present invention, to charge the waste water to be treated into the 
evaporators in the multi-effect evaporation device sequentially, circulation pumps 
may be arranged between every two evaporators, and the waste water produced in 
the evaporation in each evaporator is charged by means of the circulation pump 
into the next evaporator.
In the present invention, the circulation pumps used between the evaporators may 
be any conventional type of pumps in the art. However, to ensure that the material 
can be evaporated uniformly, avoid generation of a large quantity of fine crystal 
nuclei, and prevent the crystal grains in the circulating crystal slurry from colliding 
with the impeller at a high speed and thereby producing a large quantity of 
secondary crystal nuclei, the circulation pumps preferably are low-speed centrifugal 
pumps, more preferably are high-flow low-speed diffuser pump impellers or high- 
flow, low-lift and low-speed axial pumps.
According to a preferred embodiment of the present invention, as shown in Fig. 2, 
the first evaporation is performed in the first evaporation device 2, which is a MVR 
evaporation device, preferably is a two-stage MVR evaporating crystallizer that 
incorporates falling film and forced circulation.
According to a preferred embodiment of the present invention, as shown in Fig. 3, 
the first evaporation is performed in the first evaporation device 2, which is a multi
effect evaporation device composed of a first evaporator 2a, a second evaporator 
2b, a third evaporator 2c, and a fourth evaporator 2d. The waste water to be treated 
is charged into the first evaporator 2a, second evaporator 2b, third evaporator 2c, 
and fourth evaporator 2d of the first evaporation device 2 sequentially for 
evaporation, and thereby first concentrated solution that contains sodium sulfate 
crystal is obtained. The first ammonia-containing vapor obtained in each evaporator 
in the first evaporation device 2 is charged into the next evaporator to perform heat 
exchange and obtain first ammonia. More preferably, the first ammonia performs 
first heat exchange with the waste water to be treated in the first heat exchange 
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device 31 to take full advantage of energy. Heating steam (i.e., live steam 
conventionally used in the art) is charged into the first evaporator 2a, the heating 
steam is condensed into condensate in the first evaporator 2a, and the condensate 
is used to preheat the waste water to be treated in the first evaporation device 2, 
and then is used to prepare sodium sulfate washing solution.
In the present invention, the conditions of the first evaporation may be selected 
appropriately as required, as long as a purpose of causing the sodium sulfate to 
crystallize while preventing the sodium chloride from precipitate can be attained. 
The conditions of the first evaporation include: temperature: 35°C or above; 
pressure: -95kPa or above; in consideration of improving evaporation efficiency and 
reducing equipment cost and energy consumption, preferably, the conditions of the 
first evaporation include: temperature: 45°C or above; pressure: -95kPa or above; 
preferably, the conditions of the first evaporation include: temperature: 45°C~365°C; 
pressure: -95kPa~18110kPa; preferably, the conditions of the first evaporation 
include: temperature: 60°C~365°C; pressure: -87kPa~18110kPa; preferably, the 
conditions of the first evaporation include: temperature: 75°C~175°C; pressure: - 
73kPa~653kPa; preferably, the conditions of the first evaporation include: 
temperature: 80°C~130°C; pressure: -66kPa~117kPa; preferably, the conditions of 
the first evaporation include: temperature: 95Ό~110Ό; pressure: -37kPa~12kPa; 
preferably, the conditions of the first evaporation include: temperature: 95°C~105O; 
pressure: -37kPa~-7kPa.
In the present invention, the operating pressure of the first evaporation preferably is 
the saturated vapor pressure of the evaporated feed liquid.
In the present invention, the flow rate of the first evaporation may be selected 
appropriately according to the processing capacity of the apparatus. For example, 
the flow rate may be 0.1m3/h or higher (e.g., 0.1m3/h~500m3/h).
By performing the first evaporation under the above conditions, sodium chloride 
doesn't crystalize while sodium sulfate crystalizes, and thereby the purity of the 
obtained sodium sulfate crystal is ensured.
According to the present invention, by controlling the conditions of the first 
evaporation, 90 mass% or more (preferably 95 mass% or more) ammonia in the 
waste water to be treated can be evaporated, and thereby first ammonia at high 
concentration can be obtained. The first ammonia may be directly reused in the 
catalyst production process, or it may be neutralized with acid to obtain ammonium 
salt and then is reused in the form of the ammonium salt, or it can be blended with 
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water and corresponding ammonium salt or ammonia and then reused. In a case 
that the first evaporation is performed in a multi-effect evaporation device, to obtain 
strong ammonia, the condensate of the first ammonia-containing vapor obtained in 
the first evaporator and/or second evaporator may be collected separately, i.e., the 
condensate of the ammonia-containing vapor obtained in the second evaporator 
and/or the third evaporator may be collected separately. The above-mentioned first 
ammonia may be collected separately or in combination as required. To control the 
concentration of the ammonia, the evaporation conditions in the evaporators may 
be adjusted appropriately.
According to the present invention, the first evaporation ensures that the sodium 
chloride in the waste water to be treated doesn't crystalize and precipitate (i.e., the 
sodium chloride is not over-saturated); preferably, through the first evaporation, the 
concentration of sodium chloride in the first concentrated solution is X or lower 
(preferably 0.999X or lower, more preferably 0.95X-0.999X, further preferably 
0.99X-0.9967X), where, X is the concentration of sodium chloride in the first 
concentrated solution when both sodium sulfate and sodium chloride are saturated 
under the conditions of the first evaporation. By controlling the degree of the first 
evaporation within the above-mentioned range, sodium sulfate crystallizes and 
precipitates as far as possible while sodium chloride doesn't precipitate. By causing 
the sodium sulfate to crystallize in the first evaporation as far as possible, the waste 
water treatment efficiency can be improved, and energy waste can be reduced. 
In the present invention, the degree of the first evaporation is ascertained by 
monitoring the concentration of the liquid obtained in the first evaporation. 
Specifically, by controlling the concentration of the liquid obtained in the first 
evaporation within the above-mentioned range, the sodium chloride in the waste 
water to be treated doesn't crystallize and precipitate in the first evaporation. Here, 
the concentration of the liquid obtained in the first evaporation is monitored by 
measuring the density of the liquid; specifically, the density may be measured with 
a densitometer.
According to a preferred embodiment of the present invention, before the waste 
water to be treated is treated by the first evaporation, the waste water to be treated 
performs first heat exchange with the first ammonia-containing vapor or first 
ammonia (condensate of the first ammonia-containing vapor) obtained from the first 
evaporation device. There is no particular restriction on the specific method of the 
first heat exchange; in other words, the first heat exchange may be executed in a 
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conventional heat exchange method in the art. The heat exchange may be 
executed for one or more times, preferably 2-4 times, more preferably 2-3 times. 
Through the heat exchange, the outputted ammonia is further cooled, and the heat 
is circulated inside the treatment apparatus as far as possible; thus, the energy is 
utilized reasonably, and waste is reduced.
According to a preferred embodiment of the present invention, as shown in Fig. 2, 
the first heat exchange is executed by means of a first heat exchange device 31, a 
third heat exchange device 33, a fifth heat exchange device 35, and a second heat 
exchange device 32. Specifically, the first ammonia-containing vapor flows through 
the second heat exchange device 32 and the first heat exchange device 31 
sequentially, the condensate of the second ammonia-containing vapor flows 
through the third heat exchange device 33, the second concentrated solution that 
contains sodium chloride crystal flows through the fifth heat exchange device 35; at 
the same time, the waste water to be treated flows through one or more of the first 
heat exchange device 31, the third heat exchange device 33 and the fifth heat 
exchange device 35, and flows through the second heat exchange device 32 to 
execute the first heat exchange with the first ammonia-containing vapor for a 
second time.
According to a preferred embodiment of the present invention, as shown in Fig. 3, 
the first heat exchange is executed by means of the first heat exchange device 31, 
the third heat exchange device 33, and the fifth heat exchange device 35. 
Specifically, the condensate of the first ammonia-containing vapor flows through the 
first heat exchange device 31, the condensate of the second ammonia-containing 
vapor (second ammonia at high temperature) obtained in the second evaporation 
device 1 flows through the third heat exchange device 33, and a part of the 
concentrated solution obtained in the second evaporation device 1 flows through 
the fifth heat exchange device 35; one part of the waste water to be treated flows 
through the first heat exchange device 31, another part of the waste water to be 
treated flows through the third heat exchange device 33, and the remaining part of 
the waste water to be treated flows through the fifth heat exchange device 35; then, 
the three parts of waste water to be treated are merged.
Through the first heat exchange, the waste water to be treated is heated up so that 
it can be evaporated more easily; at the same time, the first ammonia-containing 
vapor is cooled to obtain first ammonia, which may be stored in a first ammonia 
storage tank 51; besides, the condensate of the second ammonia-containing vapor 
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is cooled to obtain second ammonia, which may be stored in a second ammonia 
storage tank 52; in addition, the second concentrated solution is cooled to facilitate 
the low temperature treatment.
According to a preferred embodiment of the present invention, as shown in Fig. 3, 
the first ammonia-containing vapor obtained in the evaporation in the last 
evaporator (the fourth evaporator 2d) in the first evaporation device 2 exchanges 
heat with a cooling medium in the second heat exchange device 32, and thereby 
ammonia is obtained and stored in a first ammonia storage tank 51. Wherein the 
cooling medium may be cooling water or glycol water solution, etc. In the case that 
ordinary cooling water is used, the cooling water is circulated and reused; in the 
case that the waste water containing ammonium salts is used as cooling water, 
preferably the waste water containing ammonium salts is directly returned to the 
treatment process after heat exchange (e.g., returned to the first pH adjustment 
procedure).
In the present invention, there is no particular restriction on the first heat exchange 
device 31, the second heat exchange device 32, the third heat exchange device 
33, and the fifth heat exchange device 35. In other words, those heat exchangers 
may be conventional heat exchangers in the art, as long as they can attain the 
purpose of performing the first heat exchange with the waste water to be treated. 
Specifically, the heat exchange unit may be a jacket-type heat exchanger, plate
type heat exchanger, or shell and tube heat exchanger, etc., preferably is a plate
type heat exchanger. The material of the heat exchanger may be selected as 
required. For example, to resist erosion of chloride ions, a heat exchanger made of 
duplex stainless steel, titanium and titanium alloy, or hastelloy may be selected. At 
a low temperature, a heat exchanger made of plastic material may be selected. 
According to the present invention, to take full advantage of the heat energy in the 
first ammonia-containing vapor, preferably, through the first heat exchange, the 
temperature of the waste water to be treated is 50°C~370°C, more preferably is 
72°C~182°C, further preferably is 85°C~137°C, still further preferably is 
102°C~112°C.
In the present invention, there is no particular restriction on the pH adjustment 
method. For example, the pH of the waste water to be treated may be adjusted by 
adding an alkaline substance. There is no particular restriction on the alkaline 
substance, as long as the alkaline substance can attain the purpose of adjusting 
the pH. To avoid introducing any new impurity into the waste water to be treated 
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and improve the purity of the obtained crystal, the alkaline substance preferably is 
NaOH.
The alkaline substance may be added with a conventional method in the art. 
However, preferably the alkaline substance is mixed in the form of water solution 
with the waste water to be treated. For example, water solution that contains the 
alkaline substance may be charged into a pipeline through which the waste water 
to be treated is inputted. There is no particular restriction on the content of the 
alkaline substance in the water solution, as long as the water solution can attain the 
purpose of adjusting the pH. However, to reduce the amount of water and further 
reduce the cost, preferably saturated water solution of the alkaline substance is 
used. To monitor the pH of the waste water to be treated, the pH of the waste water 
to be treated may be measured after the pH adjustment.
According to a preferred embodiment of the present invention, as shown in Fig. 2, 
the first evaporation process is performed in the first evaporation device 2. 
Specifically, before the waste water to be treated is loaded into the first heat 
exchange device 31, the third heat exchange device 33, or the fifth heat exchange 
device 35 for the first heat exchange, pH adjustment is made for the first time by 
introducing water solution that contains the alkaline substance into the pipeline 
through which the waste water to be treated is loaded into the heat exchange 
device and mixing the materials therein; then, the waste water to be treated is 
loaded into the second heat exchange device 32 for the first heat exchange, and 
pH adjustment is made for the second time by introducing the water solution that 
contains the alkaline substance into the pipeline through which the waste water to 
be treated is loaded into the second heat exchange device 32 and mixing the 
materials therein.
According to a preferred embodiment of the present invention, as shown in Fig. 3, 
the first evaporation process is performed in the first evaporation device 2. Before 
the waste water to be treated is loaded into the first heat exchange device 31, the 
third heat exchange device 33, or the fifth heat exchange device 35 for the first heat 
exchange, pH adjustment is made for the first time by introducing water solution 
that contains the alkaline substance into the main pipeline through which the waste 
water to be treated is loaded into the first heat exchange device 31, the third heat 
exchange device 33 and the fifth heat exchange device 35 and mixing the materials 
therein; then, pH adjustment is made for the second time by introducing the water 
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solution that contains the alkaline substance into the pipeline through which the 
waste water to be treated is loaded into the first evaporation device 2, 
Through twice pH adjustments, the pH of the waste water to be treated is adjusted 
to be greater than 9, preferably greater than 10.8, before the waste water to be 
treated is loaded into the first evaporation device 2. Preferably, through the first pH 
adjustment, the pH of the waste water to be treated is adjusted to be greater than 7 
(preferably is 7-9); through the second pH adjustment, the pH of the waste water to 
be treated is adjusted to be greater than 9 (preferably is greater than 10.8). 
According to the present invention, preferably, the pH of the waste water to be 
treated is adjusted to be greater than 7 before the first heat exchange.
To detect the pH after the first pH adjustment and the second pH adjustment, 
preferably a first pH measuring device 61 is provided in the main pipeline through 
which the waste water to be treated is loaded into the first heat exchange device 31 
to measure the pH after the first pH adjustment, and a second pH measuring 
device 62 is provided in the pipeline through which the waste water to be treated is 
loaded into the first evaporation device 2 to measure the pH after the second pH 
adjustment.
According to the present invention, the method may further comprise crystallizing 
the first concentrated solution that contains sodium sulfate crystal in a 
crystallization device to obtain crystal slurry that contains sodium sulfate crystal. In 
that case, the evaporation conditions of the first evaporation shall ensure that the 
sodium sulfate crystallizes and precipitates in the crystallization device while the 
sodium chloride doesn't precipitate. There is no particular restriction on the 
crystallization device. For example, the crystallization device may be a crystal-liquid 
tank, crystal-liquid collection tank, thickener with a stirrer, or thickener without 
stirrer, etc. According to a preferred embodiment of the present invention, the 
crystallization is performed in a crystal-liquid collection tank 56. There is no 
particular restriction on the conditions of the crystallization. For example, the 
conditions of the crystallization may include: temperature: 45°C or above, preferably 
95oC~107oC, more preferably 85°O105"C; crystallization time: 5min.~24h, 
preferably 5min.~30min. According to the present invention, alternatively, the 
crystallization process of the first concentrated solution that contains sodium sulfate 
crystal may be performed in a first evaporation device with a crystallizer (e.g., a 
forced circulation evaporating crystallizer). In that case, the crystallization 
temperature is the temperature of the first evaporation. In the present invention, the 



26

5

10

15

20

25

30

crystallization temperature preferably is the same as the temperature of the first 
evaporation.
According to the present invention, if crystallization is performed in a separate 
crystallization device, the first evaporation must further ensure that the sodium 
chloride doesn't crystalize and precipitate (i.e., the sodium chloride is not over
saturated); preferably, through the first evaporation, the concentration of sodium 
chloride in the first concentrated solution is X or lower (preferably 0.999X or lower, 
more preferably 0.95X-0.999X, further preferably 0.99X-0.9967X), where, X is the 
concentration of sodium chloride in the first concentrated solution when both 
sodium chloride and sodium sulfate are saturated under the conditions of the 
crystallization.
In the present invention, through first solid-liquid separation of the first concentrated 
solution that contains sodium sulfate crystal, sodium sulfate crystal and first mother 
liquid (i.e., a liquid phase obtained in the first solid-liquid separation) are obtained. 
There is no particular restriction on the method of the first solid-liquid separation. 
For example, the method may be selected from one or more of centrifugation, 
filtering, and sedimentation.
According to the present invention, the first solid-liquid separation may be 
performed in a first solid-liquid separation device (e.g., centrifugal machine, band 
filter, or plate and frame filter, etc.). After the first solid-liquid separation, the first 
mother liquid obtained in the first solid-liquid separation device 91 is stored 
temporarily in a first mother liquid tank 53, and may be pumped by a sixth 
circulation pump 76 into the second evaporation device 1 for the second 
evaporation. Besides, it is inevitable that the obtained sodium sulfate crystal has 
some impurities absorbed thereon, such as chloride ions, free ammonia, and 
hydroxyl ions, etc. Preferably, the sodium sulfate crystal is washed in first washing 
with water, the waste water containing ammonium salts, or sodium sulfate solution 
and dried, to remove the absorbed impurities, reduce off-odor of the solid salt, 
decrease causticity, and improve the purity of the crystal. To prevent the sodium 
sulfate crystal from dissolved in the washing process, preferably, the sodium sulfate 
crystal is washed with sodium sulfate solution. More preferably, the concentration of 
the sodium sulfate solution preferably is the concentration of sodium sulfate in 
water solution where sodium chloride and sodium sulfate are saturated at the same 
time at the temperature corresponding to the sodium sulfate crystal to be washed.
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There is no particular restriction on the specific method for the first solid-liquid 
separation and the first washing. For example, the first solid-liquid separation and 
the first washing may be executed with conventional elutriation apparatus and 
solid-liquid separation apparatus in combination, or may be executed in a staged 
solid-liquid separation apparatus, such as a band filter. Preferably, the first washing 
comprises elutriation and/or elution. There is no particular restriction on the 
elutriation and elution. In other words, they can be executed with a conventional 
method in the art. There is no particular restriction on the number of cycles of the 
elutriation and elution. For example, one cycle or more may be selected. To obtain 
sodium sulfate crystal at higher purity, preferably the elutriation and elution are 
executed for 2-4 cycles. In the elutriation process, the elutriation liquid usually is not 
reused by circulation if the waste water containing ammonium salts is used as the 
elutriating liquid; or the elutriation liquid may be reused by counter-current 
circulation if the washing liquid recycled in the first washing is used as the 
elutriating liquid. Before the elutriation is executed, preferably preliminary solid
liquid separation is executed by sedimentation to obtain slurry that contains sodium 
sulfate crystal (as long as the liquid content is 35 mass% or lower; this step 
preferably is executed in an apparatus known in the art, such as a sedimentation 
basin or sedimentation tank, etc.). In the elutriation process, in relation to 1pbw 
(parts by weight) slurry that contains sodium sulfate crystal, the liquid used for the 
elutriation is 1 ~20pbw. The elution preferably is executed with sodium sulfate 
solution. To further improve the effect of the elutriation and obtain sodium sulfate 
crystal at higher purity, the washing is executed preferably with the liquid obtained 
in the elution, more preferably with water or sodium sulfate solution. The liquid 
produced in the washing preferably is returned to a position before the pH 
adjustment is finished before the first evaporation. For example, the liquid may be 
returned to the second pH adjustment process through an eighth circulation pump 
78, and then fed into the first evaporation device 2.
According to a preferred embodiment of the present invention, the first 
concentrated solution that contains sodium sulfate, which is obtained in the 
evaporation in the first evaporation device 2, is treated through preliminary solid
liquid separation by sedimentation, the treated first concentrated solution is 
elutriated for the first time with the waste water containing ammonium salts in an 
elutriation tank, then is elutriated for the second time with the liquid obtained in the 
follow-up sodium sulfate crystal washing in another elutriation tank, and finally the 
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slurry obtained through twice elutriations is loaded into a solid-liquid separation 
device for solid-liquid separation; then, the crystal obtained in the solid-liquid 
separation is eluted with sodium sulfate solution, and the liquid obtained in the 
elution is returned to the second elutriation. Through the above washing process, 
the purity of the obtained sodium sulfate crystal is improved, no excessive washing 
liquid is introduced into the system, and the efficiency of the waste water treatment 
is improved.
In the present invention, the evaporation conditions of the second evaporation may 
be selected appropriately as required.
According to a preferred embodiment of the present invention, in the case that the 
low temperature treatment is not performed, the second evaporation attains a 
purpose of causing the sodium chloride to crystallize and precipitate while 
preventing the sodium sulfate from precipitating. The conditions of the second 
evaporation may include: temperature: 30°C~85°C; pressure: -98kPa~-58kPa. in 
consideration of improving evaporation efficiency and reducing equipment cost and 
energy consumption, preferably, the conditions of the second evaporation include: 
temperature: 35°C~60°C; pressure: -97.5kPa~-87kPa; preferably, the conditions of 
the second evaporation include: temperature: 40Ό-60Ό; pressure: -97kPa~- 
87kPa; preferably, the conditions of the second evaporation include: temperature: 
45°C~60°C; pressure: -95kPa~-87kPa; preferably, the conditions of the second 
evaporation include: temperature: 45°C~55°C; pressure: -95kPa~-90kPa.
By performing the second evaporation under the above conditions, sodium sulfate 
doesn't crystalize while sodium chloride crystalizes, and thereby the purity of the 
obtained sodium chloride crystal is ensured.
In the above case that the low temperature treatment is not performed, the second 
evaporation ensures that the sodium sulfate in the second concentrated solution 
doesn't crystallize and precipitate (i.e., the sodium sulfate is not over-saturated); 
preferably, through the second evaporation, the concentration of sodium sulfate in 
the second concentrated solution is Y or lower (preferably 0.9Y-0.99Y, more 
preferably 0.95Y-0.98Y), where, Y is the concentration of sodium sulfate in the 
second concentrated solution when both sodium sulfate and sodium chloride are 
saturated under the conditions of the second evaporation. By controlling the degree 
of the second evaporation within the above-mentioned range, sodium chloride 
crystallizes and precipitates as far as possible while sodium sulfate doesn't 
precipitate. By causing the sodium chloride to crystallize in the second evaporation 
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as far as possible, the waste water treatment efficiency can be improved, and 
energy waste can be reduced.
In the present invention, to attain the purpose that the sodium chloride doesn't 
crystallize and precipitate in the first evaporation and the sodium sulfate crystal 
doesn't crystallize and precipitate in the second evaporation, preferably the 
conditions of the first evaporation and the second evaporation meet: the 
temperature of the first evaporation is higher than the temperature of the second 
evaporation by 5°C or above, preferably higher by 20’C or above, more preferably 
higher by 35°C~70°C, particularly preferably higher by 40°C~60’C. By controlling the 
temperature of the first evaporation and the temperature of the second evaporation, 
the sodium sulfate and the sodium chloride crystallize and precipitate respectively, 
and thereby the purity of the obtained sodium sulfate and sodium chloride crystal is 
improved.
According to a preferred embodiment of the present invention, in the case that the 
low temperature treatment is performed, the second evaporation attains a purpose 
of ensuring there is no sodium sulfate crystal in the treated liquid. The conditions of 
the second evaporation may include: temperature: 35°C or above; pressure: -95kPa 
or above; in consideration of improving evaporation efficiency and reducing 
equipment cost and energy consumption, preferably, the conditions of the second 
evaporation include: temperature: 45’0175’0; pressure: -95kPa~18110kPa; 
preferably, the conditions of the second evaporation include: temperature: 
45’0175°C; pressure: -95kPa~653kPa; preferably, the conditions of the second 
evaporation include: temperature: 600175’0; pressure: -87kPa~18110kPa; 
preferably, the conditions of the second evaporation include: temperature: 
600175°C; pressure: -87kPa~653kPa; preferably, the conditions of the second 
evaporation include: temperature: 750175°C; pressure: -73kPa~653kPa; 
preferably, the conditions of the second evaporation include: temperature: 
800130°C; pressure: -66kPa~117kPa; preferably, the conditions of the second 
evaporation include: temperature: 950110°C; pressure: -37kPa~12kPa; 
preferably, the conditions of the second evaporation include: temperature: 
1000110°C; pressure: -23kPa~12kPa.
By performing the second evaporation under the above-mentioned conditions, the 
evaporation efficiency can be improved, and the energy consumption can be 
reduced. The sodium sulfate crystal in the concentrated solution is fully dissolved 
through the low temperature treatment while a maximum amount of evaporation 
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(concentration multiple) is ensured, so as to ensure the purity of the obtained 
sodium chloride crystal.
In the present invention, the operating pressure of the second evaporation 
preferably is the saturated vapor pressure of the evaporated feed liquid.
In addition, the amount of evaporation in the second evaporation may be selected 
appropriately according to the processing capacity of the apparatus and the amount 
of the waste water to be treated. For example, the amount of evaporation may be 
0.1m3/h or more (e.g., 0.1m3/h~500m3/h).
In the above case that the low temperature treatment is performed, the second 
evaporation ensures that the sodium chloride in the liquid phase obtained in the 
first solid-liquid separation crystallizes and precipitate; preferably the sodium 
chloride and sodium sulfate in the liquid phase obtained in the first solid-liquid 
separation crystallize and precipitate at the same time, then treated solution that 
contains sodium chloride crystal at higher purity is obtained through the low 
temperature treatment. Preferably, through the second evaporation, the 
concentration of sodium sulfate in the treated solution is Y' or lower (preferably 
0.9Y’-0.99Y', more preferably 0.95Y'-0.98Y'), wherein Y' is the concentration of 
sodium sulfate in the treated solution when both sodium sulfate and sodium 
chloride are saturated under the conditions of the low temperature treatment. By 
controlling the degree of the second evaporation within the above-mentioned 
range, sodium chloride crystallizes and precipitates as far as possible while the 
precipitating sodium sulfate is fully dissolved under the conditions of the low 
temperature treatment. By causing the sodium chloride to crystallize in the second 
evaporation as far as possible, the waste water treatment efficiency can be 
improved, and energy waste can be reduced.
In the present invention, the degree of the second evaporation is ascertained by 
monitoring the amount of evaporation (or amount of the condensate) in the second 
evaporation or the concentration of the concentrated solution. Specifically, if the 
degree of the second evaporation is ascertained by measuring the amount of 
evaporation, a concentration multiple is controlled by controlling the amount of 
evaporation (i.e., the amount of secondary steam or amount of ammonia), and the 
degree of concentration by evaporation is monitored by measuring the amount of 
evaporation, so that the sodium sulfate precipitating in the concentrated solution 
obtained in the evaporation can be dissolved through the low temperature 
treatment. Specifically, a mass flowmeter may be used to measure the flow and 



31

5

10

15

20

25

30

35

thereby measure the amount of the secondary steam; or the amount of the 
condensate may be measured; if the degree of the second evaporation is 
ascertained by measuring the concentration, the sodium sulfate in the concentrated 
solution doesn't crystallize and precipitate in the evaporation by controlling the 
concentration of the concentrated solution obtained in the evaporation with the 
above-mentioned range, and the concentration of the liquid obtained through the 
evaporation is monitored by measuring the density; specifically, a densitometer 
may be used to measure the density.
According to a preferred embodiment of the present invention, the second 
evaporation process is executed in the second evaporation device 1, the first 
mother liquid is charged into the second evaporation device 1 with a sixth 
circulation pump 76 for the second evaporation, to obtain second ammonia- 
containing vapor and second concentrated solution that contains sodium chloride 
crystal.
According to the present invention, there is no particular restriction on the low 
temperature treatment method, as long as the temperature is controlled 
appropriately in the low temperature treatment so that the sodium sulfate crystal in 
the second concentrated solution that contains sodium chloride crystal obtained in 
the second evaporation is dissolved. Preferably, the temperature of the low 
temperature treatment is lower than the temperature of the second evaporation. 
Specifically, the conditions of the low temperature treatment may include: 
temperature; 13°C~100°C, preferably 15°C~45°C, more preferably 15°C~35°C, 
further preferably 17.9Ό ~35°C, still further preferably 20Ό-30Ό; for example, the 
temperature may be 18°C, 19°C, 20°C, 21 °C, 22°C, 23°C, 24°C, 25°C, 26°C, 27°C, 
28°C, 29°C, 30°C, 31 °C, 32°C, 33°C, 34°C, 35°C, 36°C, 37°C, 38°C, 39°C, 40°C, 41 °C, 

42°C, 43°C, 44°C, 45°C, 46°C, 47°C, 48°C, 49°C, 50°C, 55°C or 60°C. To ensure the 
effect of the low temperature treatment, the retention time of the low temperature 
treatment may be 10min.~600min., preferably is 20min.~300min., more preferably 
is 50min.~70min., even more preferably is 55min.~65min.
In the present invention, by controlling the conditions of the second evaporation 
and the low temperature treatment, the second evaporation may be executed at a 
higher vaporization temperature and an evaporation pressure closer to normal 
pressure, so as to avoid the problem of low efficiency of evaporation at a lower 
temperature; thus, the vaporization efficiency can be improved, the energy 
consumption in the evaporation process can be reduced, and the waste water 
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treatment speed can be improved. On that basis, the temperature control for the 
low temperature treatment is easier and simpler, and the low temperature treatment 
may be executed at a temperature lower than the evaporation temperature (e.g., 
45°C or lower), to further facilitate dissolution of sodium sulfate and precipitation of 
sodium chloride.
In the present invention, the low temperature treatment may be performed in any 
conventional cooling device in the art. For example, a low temperature treatment 
tank 55 may be used. Preferably, the low temperature treatment tank 55 may be 
equipped with a cooling component in it; specifically, the cooling component may 
be a component that introduces cooling water. With the cooling component, the 
second concentrated solution in the low temperature treatment tank can be cooled 
quickly. Preferably, the low temperature treatment tank 55 may be equipped with a 
stirring component in it. Under the stirring action of the stirring component, the solid 
phase and liquid phase distribution and the temperature distribution in the second 
concentrated solution are uniform, and a purpose that the sodium sulfate crystal is 
dissolved fully and the sodium chloride crystal precipitates as far as possible is 
attained.
In the present invention, to attain the purpose that the sodium chloride doesn't 
crystallize and precipitate in the first evaporation and the sodium sulfate crystal that 
has precipitated in the second evaporation can be dissolved in the low temperature 
treatment process, preferably the conditions of the first evaporation and the low 
temperature treatment meet: the temperature of the first evaporation is higher than 
the temperature of the low temperature treatment by 5 °C or more, preferably higher 
by 20°C or more, more preferably higher by 35°C~90°C, further preferably higher by 
35°C~70°C, particularly preferably higher by 50°C~60°C. By controlling the 
temperature of the first evaporation and the temperature of the low temperature 
treatment, the sodium sulfate crystallizes and precipitates separately in the first 
evaporation, and the sodium sulfate can be dissolved in the low temperature 
treatment if sodium sulfate crystal and sodium chloride crystal have precipitated in 
the second evaporation, and thereby the purity of the obtained sodium sulfate and 
sodium chloride crystal is improved.
According to a preferred embodiment of the present invention, as shown in Fig. 3, 
the second ammonia-containing vapor obtained in the evaporation in the second 
evaporation device 1 performs the second heat exchange with the first mother 
liquid (or mixed solution of the first mother liquid, the circulating liquid and the 
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second eluent) in the fourth heat exchange device 34, and second ammonia is 
obtained. According to the present invention, after the second heat exchange, the 
temperature of the first mother liquid (or mixed solution of the first mother liquid, the 
circulating liquid and the second eluent) is 35°C or above, preferably is 
50°C~200°C, further preferably is 75°C~184°C, still further preferably is 
102Ό-117Ό.
There is no particular restriction on the fourth heat exchange device 34. In other 
words, the fourth heat exchange device 34 may be any conventional heat 
exchanger in the art, as long as it can attain the purpose of condensing the second 
ammonia-containing vapor. Specifically, the heat exchanger may be a jacket-type 
heat exchanger, a plate-type heat exchanger, shell and tube heat exchanger, or 
spiral screwed tube heat exchanger, etc. The material of the heat exchanger may 
be selected as required. For example, since the secondary steam is not corrosive 
to stainless steel, preferably a stainless steel spiral screwed tube heat exchanger is 
used.
In the present invention, the second concentrated solution that contains sodium 
chloride crystal or the treated solution obtained in the low temperature treatment 
are treated by second solid-liquid separation to obtain sodium chloride crystal and 
second mother liquid (i.e., a liquid phase obtained in the second solid-liquid 
separation). There is no particular restriction on the method of the second solid
liquid separation. For example, the method may be selected from one or more of 
centrifugation, filtering, and sedimentation.
According to the present invention, the second solid-liquid separation may be 
performed in a second solid-liquid separation device (e.g., centrifugal machine, 
band filter, or plate and frame filter, etc.). After the second solid-liquid separation, 
the second mother liquid obtained in the second solid-liquid separation device 92 is 
temporarily stored in a second mother liquid tank 54, and may be returned to the 
first evaporation device 2 for the first evaporation again. Specifically, the second 
mother liquid may be returned by means of a ninth circulation pump 79 to a position 
before the first pH adjustment or the second pH adjustment and is mixed with the 
waste water containing ammonium salts to obtain the waste water to be treated. 
Besides, it is inevitable that the obtained sodium chloride crystal has some 
impurities absorbed thereon, such as sulfate ions, free ammonia, and hydroxyl 
ions, etc. Preferably, the sodium chloride crystal is washed in a second washing 
with water, the waste water containing ammonium salts, or sodium chloride solution 
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and dried, to remove the absorbed impurities, reduce off-odor of the solid salt, 
decrease causticity, and improve the purity of the crystal. To prevent the sodium 
chloride crystal from dissolved in the washing process, preferably, the sodium 
chloride crystal is washed with sodium chloride solution. More preferably, the 
concentration of the sodium chloride solution preferably is the concentration of 
sodium chloride in water solution where sodium chloride and sodium sulfate are 
saturated at the same time at the temperature corresponding to the sodium chloride 
crystal to be washed.
There is no particular restriction on the specific method for the second solid-liquid 
separation and the second washing. For example, the second solid-liquid 
separation and the second washing may be executed with conventional elutriation 
apparatus and solid-liquid separation apparatus in combination, or may be 
executed in a staged solid-liquid separation apparatus, such as a band filter. 
Preferably, the second washing comprises elutriation and/or elution. There is no 
particular restriction on the elutriation and elution. In other words, they can be 
executed with a conventional method in the art. There is no particular restriction on 
the number of cycles of the elutriation and elution. For example, one cycle or more 
may be selected. To obtain sodium chloride crystal at higher purity, preferably the 
elutriation and elution are executed for 2-4 cycles. In the elutriation process, the 
elutriation liquid usually is not reused by circulation if the waste water containing 
ammonium salts is used as the elutriating liquid; or the elutriation liquid may be 
reused by counter-current circulation if the washing liquid recycled in the second 
washing is used as the elutriating liquid. Before the elutriation is executed, 
preferably preliminary solid-liquid separation is executed by sedimentation to obtain 
slurry that contains sodium chloride crystal (as long as the liquid content is 35 
mass% or lower; this step preferably is executed in an apparatus known in the art, 
such as a sedimentation basin or sedimentation tank, etc.). In the elutriation 
process, in relation to 1pbw slurry that contains sodium chloride crystal, the liquid 
used for the elutriation is 1 ~20pbw. The elution preferably is executed with sodium 
chloride solution (the concentration of the sodium chloride solution preferably is the 
concentration of sodium chloride in water solution where both sodium chloride and 
sodium sulfate are saturated at the temperature corresponding to the sodium 
chloride crystal to be washed). To further improve the effect of the elutriation and 
obtain sodium chloride crystal at higher purity, the washing is executed preferably 
with the liquid obtained in the elution. For the liquid produced in the washing, 
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preferably the elutriant of the waste water containing ammonium salts is returned to 
a position before the second pH adjustment before the evaporation in the first 
evaporation device, and other washing liquids are returned to the second 
evaporation device. For example, as shown in Fig. 3, the liquid is returned by 
means of a tenth circulation pump 80 to the second evaporation device 1 for the 
second evaporation again.
According to a preferred embodiment of the present invention, the second 
concentrated solution that contains sodium chloride crystal or the treated solution is 
treated through preliminary solid-liquid separation by sedimentation, the obtained 
solution is elutriated for the first time with the waste water containing ammonium 
salts in an elutriation tank, then is elutriated for the second time with the liquid 
obtained in the follow-up sodium chloride crystal washing in another elutriation 
tank, and finally the slurry obtained through twice elutriations is loaded into the 
second solid-liquid separation device for solid-liquid separation; then, the crystal 
obtained in the solid-liquid separation is eluted with sodium chloride solution (the 
concentration of the sodium chloride solution is the concentration of sodium 
chloride in water solution where both sodium chloride and sodium sulfate are 
saturated at the temperature corresponding to the sodium chloride crystal to be 
washed), and the liquid obtained in the elution is returned as elutriant to the second 
elutriation. Through the above washing process that incorporates elutriation and 
elution, the purity of the obtained sodium chloride crystal is improved, no excessive 
washing liquid is introduced into the system, and the efficiency of the waste water 
treatment is improved.
In the present invention, when MVR evaporation devices are used to perform the 
first evaporation and/or second evaporation, to improve the content of solids in the 
MVR evaporation device and decrease the ammonia content in the liquid, 
preferably a part of the liquid (i.e., the liquid in the MVR evaporation device, 
hereinafter also referred to as circulating liquid) after evaporation in the MVR 
evaporation device is heated and then circulated to the MVR evaporation device for 
evaporation. There is no particular restriction on the proportion of the part of liquid 
circulated to the MVR evaporation device after the evaporation in the MVR 
evaporation device. For example, the first recirculation ratio for the first evaporation 
may be 10-200, preferably is 40-100; the second recirculation ratio for the second 
evaporation may be 0.1-100, preferably is 5-50. Here, the recirculation ratio refers 
to the ratio of the recirculated amount to the difference of total amount of liquid in
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the MVR evaporation device and the recirculated amount. Preferably, the first 
circulating liquid in the first evaporation is returned to a position before the pH 
adjustment is finished before the first evaporation. As shown in Fig. 2, the first 
circulating liquid may be returned by means of a second circulation pump 72 to the 
waste water transport pipeline between the first heat exchange device 31 and the 
second heat exchange device 32 and mixed with the waste water to be treated 
therein, and then the obtained mixture is treated by the second pH adjustment, 
performs heat exchange in the second heat exchange device 32, and finally is fed 
into the first evaporation device 2. Preferably, the second circulating liquid in the 
second evaporation is returned to a position before the second heat exchange is 
finished. As shown in Fig. 2, the second circulating liquid may be returned by 
means of a seventh circulation pump 77 to the fourth heat exchange device 34 for 
heat exchange, and finally is fed into the second evaporation device 1.
In the present invention, if MVR evaporation devices are used to perform the first 
evaporation and/or the second evaporation, the method further comprises 
compressing the first ammonia-containing vapor and/or the second ammonia- 
containing vapor. The compression may be executed with a compressor, such as a 
first compressor 101 and a second compressor 102. By compressing the ammonia- 
containing vapor, energy is fed into the MVR evaporation system to ensure that the 
waste water temperature rise - evaporation - temperature drop process is executed 
continuously. Initiation steam has to be inputted for initiating the MVR evaporation 
process, but the energy is solely supplied by means of the compressors in the 
continuous operation state, without any other energy input. The compressors may 
be conventional compressors in the art, such as centrifugal compressors, turbine 
compressors, or roots compressors, etc. Through compression with the 
compressors, the temperature of the ammonia-containing vapor is increased by 
5°O20°C.
According to a preferred embodiment of the present invention, after the first 
ammonia-containing vapor is treated by the first heat exchange and condensation, 
the remaining tail gas is treated by ammonia removal and then is vented; after the 
second ammonia-containing vapor is treated by the second heat exchange and 
condensation, the remaining tail gas is treated by ammonia removal and then is 
vented. The remaining tail gas after the first ammonia-containing vapor is treated 
by the first heat exchange and condensation is the tail gas discharged from the 
second heat exchange device 32, and the remaining tail gas after the second 
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ammonia-containing vapor is treated by the second heat exchange and 
condensation is the tail gas discharged from the fourth heat exchange device 34. 
By removing ammonia from the above-mentioned tail gas, the content of pollutants 
in the tail gas can be further decreased, so that the tail gas can be vented directly. 
The present invention further provides a method for treating waste water containing 
ammonium salts that contains NH4+, SCU2', Cl· and Na+, which comprises the 
following steps:

1) treating waste water to be treated by third evaporation, to obtain third ammonia- 
containing vapor and third concentrated solution that contains sodium chloride 
crystal, wherein the waste water to be treated contains the waste water containing 
ammonium salts;

2) treating the third concentrated solution that contains sodium chloride crystal by 
third solid-liquid separation, and treating the liquid phase obtained in the third solid
liquid separation by fourth evaporation, to obtain fourth ammonia-containing vapor 
and fourth concentrated solution that contains sodium sulfate crystal;

3) treating the fourth concentrated solution that contains sodium sulfate crystal by 
fourth solid-liquid separation;

wherein the pH of the waste water to be treated is adjusted to a value greater than 
9, before the waste water to be treated is treated by the third evaporation; in the 
fourth evaporation, sodium chloride doesn't crystalize and precipitate; in relation to 
1 mol SO42· contained in the waste water to be treated, the Cl· contained in the 
waste water to be treated is 7.15 mol or more.
Preferably, the waste water to be treated is the waste water containing ammonium 
salts; or the waste water to be treated contains the waste water containing 
ammonium salts and the liquid phase obtained in the fourth solid-liquid separation. 
More preferably, the waste water to be treated is mixed solution of the waste water 
containing ammonium salts and at least a part of the liquid phase obtained in the 
fourth solid-liquid separation.
Further preferably, the waste water to be treated is mixed solution of the waste 
water containing ammonium salts and the liquid phase obtained in the fourth solid
liquid separation.
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Preferably, the pH of the waste water to be treated is adjusted to a value greater 
than 10.8, before the waste water to be treated is treated by the third evaporation. 
Besides, there is no particular restriction on the upper limit of the pH of the waste 
water to be treated. For example, the pH may be 14 or lower, preferably is 13.5 or 
lower, more preferably is 13 or lower.
The method provided in the present invention can treat waste water that contains 
NH4+, SO42·, Cl· and Na+, and there is particular restriction on the waste water 
containing ammonium salts, except that the waste water contains NH4+, SO42·, Cl· 
and Na+. In consideration of improving the waste water treatment efficiency, in 
relation to 1 mol SO42' contained in the waste water to be treated, the Cl· contained 
in the waste water to be treated is 7.15 mol or more, preferably is 9.5 mol or more, 
more preferably is 10 mol or more, preferably is 50 mol or less, more preferably is 
40 mol or less, further preferably is 30 mol or less, such as 8-20 mol, preferably 8- 
12 mol, preferably 11-20 mol, more preferably 10-12 mol or 11-15 mol. By 
controlling the molar ratio of SO42' to Cl' within the above-mentioned range, sodium 
chloride precipitates fully in third evaporation, and thereby a purpose of separating 
sodium chloride efficiently is attained. In addition, as described above and below, in 
the present invention, the liquid phase obtained in the fourth solid-liquid separation 
may be circulated to the third evaporation stage, and thereby the molar ratio of 
SO42· to Cl· in the waste water to be treated is adjusted and sodium hydroxide 
balance is maintained.
According to a preferred embodiment of the present invention, in the case that the 
low temperature treatment is not performed, the third evaporation ensures that the 
sodium sulfate doesn't crystalize and precipitate, which means that the 
concentration of sodium sulfate in the mixed system doesn't exceed the solubility 
under the conditions of the third evaporation (including, but not limited to 
temperature and pH, etc.), without excluding sodium sulfate entrained in the 
sodium chloride crystal or absorbed to the surface of the sodium chloride crystal. 
Owing to the fact that the moisture content in the crystal after solid-liquid separation 
is different, usually the content of sodium sulfate in the obtained sodium chloride 
crystal is 8 mass% or lower (preferably 4 mass% or lower). In the present invention, 
it is deemed that the sodium sulfate doesn't crystalize and precipitate if the content 
of sodium sulfate in the obtained sodium chloride crystal is 8 mass% or lower. 
According to another preferred embodiment of the present invention, the method 
further comprises: treating the third concentrated solution that contains sodium 
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chloride crystal by low temperature treatment, to obtain treated solution that 
contains sodium chloride crystal; then treating the treated solution that contains 
sodium chloride crystal by third solid-liquid separation. Namely, the method 
comprises the following steps:

1) treating waste water to be treated by third evaporation, to obtain third ammonia- 
containing vapor and third concentrated solution that contains sodium chloride 
crystal, wherein the waste water to be treated contains the waste water containing 
ammonium salts;

2) treating the third concentrated solution that contains sodium chloride crystal by 
low temperature treatment, to obtain treated solution that contains sodium chloride 
crystal;

3) treating the treated solution that contains sodium chloride crystal by third solid
liquid separation, and treating the liquid phase obtained in the third solid-liquid 
separation by fourth evaporation, to obtain fourth ammonia-containing vapor and 
fourth concentrated solution that contains sodium sulfate crystal;

4) treating the fourth concentrated solution that contains sodium sulfate crystal by 
fourth solid-liquid separation.

In the above case that the low temperature treatment is performed, sodium chloride 
crystal precipitates in the third evaporation. In consideration of improving the 
treatment efficiency, preferably both sodium chloride crystal and sodium sulfate 
crystal precipitate in the third evaporation, and thereby third concentrated solution 
that contains sodium sulfate crystal and sodium chloride crystal is obtained. In the 
case that third concentrated solution that contains sodium sulfate crystal and 
sodium chloride crystal is obtained, the third evaporation must ensure that the 
sodium sulfate crystal will be dissolved in the low temperature treatment. 
Specifically, third concentrated solution that contains sodium sulfate crystal and 
sodium chloride crystal is obtained in the third evaporation, and the sodium sulfate 
crystal can be dissolved fully in the low temperature treatment. By controlling the 
amount of evaporation in the third evaporation, sodium sulfate and sodium chloride 
crystalize and precipitate at the same time (i.e., third concentrated solution that 
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contains sodium sulfate crystal and sodium chloride crystal is obtained in the third 
evaporation), and then the sodium sulfate crystal in the third concentrated solution 
that contains sodium sulfate crystal and sodium chloride crystal is dissolved and 
the sodium chloride further crystalize and precipitate in the low temperature 
treatment, so that treated solution that only contains sodium chloride crystal is 
obtained.
The treated solution that contains sodium chloride crystal doesn't exclude the 
sodium sulfate entrained in the sodium chloride crystal or absorbed to the surface 
of the sodium chloride crystal. Owing to the fact that the moisture content in the 
crystal after solid-liquid separation is different, usually the content of sodium sulfate 
in the obtained sodium chloride crystal is 8 mass% or lower (preferably 4 mass% or 
lower). In the present invention, it is deemed that the sodium sulfate has been 
dissolved if the content of sodium sulfate in the obtained sodium chloride crystal is 
8 mass% or lower.
In the present invention, the fourth evaporation ensures that the sodium chloride 
doesn't crystalize and precipitate, which means that the concentration of sodium 
chloride in the mixed system is controlled so that it doesn't exceed the solubility 
under the conditions of the fourth evaporation (including, but not limited to 
temperature and pH, etc.), without excluding sodium chloride entrained in the 
sodium sulfate crystal or absorbed to the surface of the sodium sulfate crystal. 
Owing to the fact that the moisture content in the crystal after solid-liquid separation 
is different, usually the content of sodium chloride in the obtained sodium sulfate 
crystal is 8 mass% or lower (preferably 4 mass%). In the present invention, it is 
deemed that the sodium chloride doesn't crystalize and precipitate if the content of 
sodium chloride in the obtained sodium sulfate crystal is 8 mass% or lower.
In the present invention, it is understood that both the third ammonia-containing 
vapor and the fourth ammonia-containing vapor are secondary steam referred in 
the art. All the pressure values are gauge pressure values.
According to the present invention, there is no particular restriction on the specific 
execution of the third evaporation and the fourth evaporation, as long as the third 
evaporation and the fourth evaporation can attain the purpose of evaporation under 
corresponding evaporation conditions. For example, the third evaporation and the 
fourth evaporation may be executed respectively in a conventional evaporation 
device in the art. Specifically, the evaporation device may be one or more of MVR 
evaporation device, multi-effect evaporation device, single-effect evaporation 
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device and flash evaporation device. Wherein the third evaporation preferably is 
executed in a MVR evaporation device; the fourth evaporation preferably is 
executed in a MVR evaporation device. The third evaporation may be executed in 
the first evaporation unit of the waste water treatment apparatus in Fig. 1, the fourth 
evaporation may be executed in the second evaporation unit of the waste water 
treatment apparatus in Fig. 1.
The types and uses of the MVR evaporation device, multi-effect evaporation 
device, single-effect evaporation device and flash evaporation device may be the 
same as those in the above-mentioned embodiment, and will not be further detailed 
here.
In the present invention, the conditions of the third evaporation may be selected 
appropriately as required.
According to a preferred embodiment of the present invention, in the case that the 
low temperature treatment is not performed, the third evaporation attains a purpose 
of causing the sodium chloride to crystallize and precipitate while preventing the 
sodium sulfate from precipitating. The conditions of the third evaporation may 
include: temperature: 30Ό-85Ό; pressure: -98kPa~-58kPa. To improve 
vaporization efficiency, preferably, the conditions of the third evaporation include: 
temperature: 35°C~60°C; pressure: -97.5kPa~-87kPa; preferably, the conditions of 
the third evaporation include: temperature: 40°C~60°C; pressure: -97kPa~-87kPa; 
preferably, the conditions of the third evaporation include: temperature: 45°C~60°C; 
pressure: -95kPa~-87kPa; preferably, the conditions of the third evaporation 
include: temperature: 45°C~55°C; pressure: -95kPa~-90kPa.
By performing the third evaporation under the above conditions, sodium sulfate 
doesn't crystalize while sodium chloride crystalizes, and thereby the purity of the 
obtained sodium chloride crystal is ensured.
In the above case that the low temperature treatment is not performed, the sodium 
sulfate in the waste water to be treated doesn’t crystallize and precipitate in the 
third evaporation (i.e., the sodium sulfate is not over-saturated); preferably, through 
the third evaporation, the concentration of sodium sulfate in the third concentrated 
solution is Y or lower (preferably 0.9Y-0.99Y, more preferably 0.95Y-0.98Y), where, 
Y is the concentration of sodium sulfate in the third concentrated solution when 
both sodium chloride and sodium sulfate are saturated under the conditions of the 
third evaporation. By controlling the degree of the third evaporation within the 
above-mentioned range, sodium chloride crystallizes and precipitates as far as 
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possible while sodium sulfate doesn't precipitate. By causing the sodium chloride to 
crystallize in the third evaporation as far as possible, the waste water treatment 
efficiency can be improved, and energy waste can be reduced.
According to a preferred embodiment of the present invention, in the case that the 
low temperature treatment is performed, the third evaporation attains a purpose of 
ensuring there is no sodium sulfate crystal in the treated liquid. The conditions of 
the third evaporation may include: temperature: 35°C or above; pressure: -95kPa or 
above. To improve vaporization efficiency, preferably, the conditions of the third 
evaporation include: temperature: 45°C~175°C; pressure: -95kPa~18110kPa; 
preferably, temperature: 45°C~175°C; pressure: -95kPa~653kPa; preferably, 
temperature: 60°C~175°C; pressure: -87kPa~18110kPa; preferably, temperature: 
60°C~175°C; pressure: -87kPa~653kPa; preferably, temperature: 75°C~175°C; 
pressure: -73kPa~653kPa; preferably, temperature: 8O’C~13O°C; pressure: - 
66kPa~117kPa; preferably, temperature: 950110Ό; pressure: -37kPa~12kPa; 
preferably, temperature: 1000110°C; pressure: -23kPa~12kPa.
By performing the third evaporation under the above-mentioned conditions, the 
evaporation efficiency can be improved, and the energy consumption can be 
reduced. The sodium sulfate crystal in the third concentrated solution is fully 
dissolved through the low temperature treatment while a maximum amount of 
evaporation (concentration multiple) is ensured, so as to ensure the purity of the 
obtained sodium chloride crystal.
In the present invention, the operating pressure of the third evaporation preferably 
is the saturated vapor pressure of the evaporated feed liquid.
In the present invention, the flow rate of the third evaporation may be selected 
appropriately according to the processing capacity of the apparatus. For example, 
the flow rate may be 0.1m3/h or higher (e.g., 0.1m3/h~500m3/h).
According to the present invention, by controlling the conditions of the third 
evaporation, 90 mass% or more (preferably 95 mass% or more) ammonia in the 
waste water to be treated can be evaporated, and thereby third ammonia at high 
concentration can be obtained. The third ammonia may be directly reused in the 
catalyst production process, or it may be neutralized with acid to obtain ammonium 
salt and then is reused in the form of the ammonium salt, or it can be blended with 
water and corresponding ammonium salt or ammonia and then reused.
In the above case that the low temperature treatment is performed, the sodium 
chloride in the waste water to be treated crystallizes and precipitates in the third 
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evaporation; preferably, both the sodium chloride and the sodium sulfate in the 
waste water to be treated crystallize and precipitate at the same time in the third 
evaporation, so that treated solution that contains sodium chloride crystal at higher 
purity is obtained through the low temperature treatment. Preferably, through the 
third evaporation, the concentration of sodium sulfate in the treated solution is Y' or 
lower (preferably 0.9Y-0.99Y', more preferably 0.95Y'-0.98Y'), wherein Y' is the 
concentration of sodium sulfate in the treated solution when both sodium chloride 
and sodium sulfate are saturated under the conditions of the low temperature 
treatment. By controlling the degree of the third evaporation within the above- 
mentioned range, sodium chloride crystallizes and precipitates as far as possible 
while sodium sulfate is dissolved through the low temperature treatment. By 
causing the sodium chloride to crystallize in the third evaporation as far as possible, 
the waste water treatment efficiency can be improved, and energy waste can be 
reduced.
In the present invention, the degree of the third evaporation is ascertained by 
monitoring the amount of evaporation (or amount of the condensate) in the third 
evaporation or the concentration of the concentrated solution. Specifically, if the 
degree of the second evaporation is ascertained by measuring the amount of 
evaporation, a concentration multiple is controlled by controlling the amount of 
evaporation (i.e., the amount of secondary steam or amount of ammonia), and the 
degree of concentration by evaporation is monitored by measuring the amount of 
evaporation, so that the sodium sulfate precipitating in the concentrated solution 
obtained in the evaporation can be dissolved through the low temperature 
treatment. Specifically, a mass flowmeter may be used to measure the flow and 
thereby measure the amount of the secondary steam; or the amount of the 
condensate may be measured; if the degree of the second evaporation is 
ascertained by measuring the concentration, the sodium sulfate in the concentrated 
solution doesn't crystallize and precipitate in the evaporation by controlling the 
concentration of the concentrated solution obtained in the evaporation with the 
above-mentioned range, and the concentration of the liquid obtained through the 
evaporation is monitored by measuring the density; specifically, a densitometer 
may be used to measure the density.
According to a preferred embodiment of the present invention, before the waste 
water to be treated is treated by the third evaporation, the waste water to be treated 
performs first heat exchange with the third ammonia-containing vapor or the third 
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ammonia (condensate of the third ammonia-containing vapor). There is no 
particular restriction on the specific method of the first heat exchange; in other 
words, the first heat exchange may be executed in a conventional heat exchange 
method in the art. The first heat exchange may be executed for one or more times, 
preferably 2-4 times, more preferably 2-3 times. Through the first heat exchange, 
the outputted ammonia is cooled, and the heat is circulated inside the treatment 
apparatus as far as possible; thus, the energy is utilized reasonably, and waste is 
reduced.
According to a preferred embodiment of the present invention, as shown in Fig. 6, 
the first heat exchange is executed in the first heat exchange device 31, the fifth 
heat exchange device 35, and the second heat exchange device 32. Specifically, 
the third ammonia-containing vapor obtained in the evaporation in the first 
evaporation device 2 flows through the second heat exchange device 32 and the 
first heat exchange device 31 sequentially, and the third concentrated solution that 
contains sodium chloride crystal flows through the fifth heat exchange device 35; at 
the same time, the waste water to be treated flows through the first heat exchange 
device 31 or the fifth heat exchange device 35 for the first heat exchange, and then 
flows through the second heat exchange device 32 for the first heat exchange. 
Through the first heat exchange, the waste water to be treated is heated up so that 
it can be evaporated more easily; at the same time, the third ammonia-containing 
vapor is condensed to obtain third ammonia, which may be stored in a first 
ammonia storage tank 51.
In the present invention, there is no particular restriction on the first heat exchange 
device 31, the fifth heat exchange device 35, and the second heat exchange device 
32. In other words, those heat exchangers may be conventional heat exchangers in 
the art, as long as they can attain the purpose of performing the first heat exchange 
between the third ammonia-containing vapor and the waste water to be treated. 
Specifically, the heat exchange unit may be a jacket-type heat exchanger, plate
type heat exchanger, or shell and tube heat exchanger, etc., preferably is a plate
type heat exchanger. The material of the heat exchanger may be selected as 
required. For example, to resist erosion of chloride ions, a heat exchanger made of 
duplex stainless steel, titanium and titanium alloy, or hastelloy may be selected. At 
a low temperature, a heat exchanger made of plastic material may be selected. 
According to the present invention, to take full advantage of the heat energy in the 
third ammonia-containing vapor, preferably, through the first heat exchange, the 
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temperature of the waste water to be treated is 52Ό~182Ό, more preferably is 
67°C~182°C, further preferably is 87°C~137°C, still further preferably is 
102°C~117°C.
In the present invention, there is no particular restriction on the pH adjustment 
method. For example, the pH of the waste water to be treated may be adjusted by 
adding an alkaline substance. There is no particular restriction on the alkaline 
substance, as long as the alkaline substance can attain the purpose of adjusting 
the pH. To avoid introducing any new impurity into the waste water to be treated 
and improve the purity of the obtained crystal, the alkaline substance preferably is 
NaOH.
The alkaline substance may be added with a conventional method in the art. 
However, preferably the alkaline substance is mixed in the form of water solution 
with the waste water to be treated. For example, water solution that contains the 
alkaline substance may be charged into a pipeline through which the waste water 
to be treated is inputted. There is no particular restriction on the content of the 
alkaline substance in the water solution, as long as the water solution can attain the 
purpose of adjusting the pH. However, to reduce the amount of water and further 
reduce the cost, preferably saturated water solution of the alkaline substance is 
used. To monitor the pH of the waste water to be treated, the pH of the waste water 
to be treated may be measured after the pH adjustment.
According to a preferred embodiment of the present invention, as shown in Fig. 6, 
the third evaporation process is performed in the first evaporation device 2. 
Specifically, before the waste water to be treated is loaded into the first heat 
exchange device 31 or the fifth heat exchange device 35 for the first heat 
exchange, pH adjustment is made for the first time by introducing water solution 
that contains the alkaline substance into the pipeline through which the waste water 
to be treated is loaded into the heat exchange device and mixing the materials 
therein; then, the waste water to be treated is loaded into the first heat exchange 
device 31 or the fifth heat exchange device 35 for the first heat exchange, and then 
pH adjustment is made for the second time by introducing the water solution that 
contains the alkaline substance into the pipeline through which the waste water to 
be treated is loaded into the second heat exchange device 32 and mixing the 
materials therein. Through twice pH adjustments, the pH of the waste water to be 
treated is adjusted to be greater than 9, preferably greater than 10.8, before the 
waste water to be treated is treated by the third evaporation. Preferably, through 
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the first pH adjustment, the pH of the waste water to be treated is adjusted to be 
greater than 7 (preferably is 7-9); through the second pH adjustment, the pH of the 
waste water to be treated is adjusted to be greater than 9 (preferably is greater 
than 10.8). According to the present invention, preferably, the pH of the waste water 
to be treated is adjusted to be greater than 7 before the first heat exchange.
To detect the pH after the first pH adjustment and the second pH adjustment, 
preferably a first pH measuring device 61 is provided in the pipeline through which 
the waste water to be treated is loaded into the first heat exchange device 31 and 
the fifth heat exchange device 35 to measure the pH after the first pH adjustment, 
and a second pH measuring device 62 is provided in the pipeline through which the 
waste water to be treated is loaded into the second heat exchange device 32 to 
measure the pH after the second pH adjustment.
In the present invention, there is no particular restriction on the order of the first 
heat exchange, the adjustment of pH of the waste water to be treated, and the 
blending process of the waste water to be treated (in the case that the waste water 
to be treated contains the waste water containing ammonium salts and the liquid 
phase obtained in the fourth solid-liquid separation, a blending process of the waste 
water to be treated is required), and the order may be selected appropriately as 
required, as long as those procedures are accomplished before the third 
evaporation of the waste water to be treated.
According to the present invention, there is no particular restriction on the low 
temperature treatment method, as long as the temperature is controlled 
appropriately in the low temperature treatment so that the sodium sulfate crystal in 
the third concentrated solution that contains sodium chloride crystal obtained in the 
third evaporation is dissolved. According to the present invention, the temperature 
of the low temperature treatment is lower than the temperature of the third 
evaporation. Specifically, the conditions of the low temperature treatment may 
include: temperature: 13°C~100°C, preferably 15°C~45°C, more preferably 
15°C~35°C, further preferably 17.9Ό ~35°C; for example, the temperature may be 
18°C, 19°C, 20°C, 21 °C, 22°C, 23°C, 24°C, 25°C, 26Ό, 27Ό, 28°C, 29Ό, 30Ό, 31 °C, 
32°C, 33°C, 34°C, 35°C, 36°C, 37°C, 38Ό, 39°C, 40°C, 41 °C, 42°C, 43°C, 44°C, 45°C, 
46°C, 47°C, 48°C, 49°C, 50°C, 55°C or 60°C. To ensure the effect of the low 
temperature treatment, the retention time of the low temperature treatment may be 
10min.~600min., preferably is 20min.~300min., more preferably is 50min.~70min.
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In the present invention, by controlling the conditions of the third evaporation and 
the low temperature treatment, the third evaporation may be executed at a higher 
vaporization temperature and an evaporation pressure closer to normal pressure, 
so as to avoid the problem of low efficiency of evaporation at a lower temperature; 
thus, the vaporization efficiency can be improved, the energy consumption in the 
evaporation process can be reduced, and the waste water treatment speed can be 
improved. On that basis, the temperature control for the low temperature treatment 
is easier and simpler, and the low temperature treatment may be executed at a 
temperature lower than the evaporation temperature (e.g., 45°C or lower), to further 
facilitate dissolution of sodium sulfate and precipitation of sodium chloride.
In the present invention, the low temperature treatment may be performed in any 
conventional cooling device in the art. For example, a low temperature treatment 
tank 22 may be used. Preferably, the low temperature treatment tank 22 may be 
equipped with a cooling component in it; specifically, the cooling component may 
be a component that introduces cooling water. With the cooling component, the 
third concentrated solution in the low temperature treatment tank can be cooled 
quickly. Preferably, the low temperature treatment tank 22 may be equipped with a 
stirring component in it. Under the stirring action of the stirring component, the solid 
phase and liquid phase distribution and the temperature distribution in the third 
concentrated solution are uniform, and a purpose that the sodium sulfate crystal is 
dissolved fully and the sodium chloride crystal precipitates as far as possible is 
attained.
In the present invention, the third concentrated solution that contains sodium 
chloride crystal or the treated solution that contains sodium chloride crystal is 
treated by third solid-liquid separation to obtain sodium chloride crystal and third 
mother liquid (i.e., the liquid phase obtained in the third solid-liquid separation). 
There is no particular restriction on the method of the third solid-liquid separation. 
For example, the method may be selected from one or more of centrifugation, 
filtering, and sedimentation.
According to the present invention, the solid-liquid separation for the third 
condensate may be performed in a first solid-liquid separation device 91 (e.g., 
centrifugal machine, band filter, or plate and frame filter, etc.). After the solid-liquid 
separation, the third mother liquid obtained in the first solid-liquid separation device 
91 is stored temporarily in a first mother liquid tank 53, and may be pumped by a 
sixth circulation pump 76 into the second evaporation device 1 for the fourth 
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evaporation. Besides, it is inevitable that the obtained sodium chloride crystal has 
some impurities absorbed thereon, such as chloride ions, free ammonia, and 
hydroxyl ions, etc. Preferably, the sodium chloride crystal is washed in first washing 
with water, the waste water containing ammonium salts, or sodium chloride solution 
and dried, to remove the absorbed impurities, reduce off-odor of the solid salt, 
decrease causticity, and improve the purity of the crystal. To prevent the sodium 
chloride crystal from dissolved in the washing process, preferably, the sodium 
chloride crystal is washed with sodium chloride solution. More preferably, the 
concentration of the sodium chloride solution preferably is the concentration of 
sodium chloride in water solution where sodium chloride and sodium sulfate are 
saturated at the same time at the temperature corresponding to the sodium chloride 
crystal to be washed.
There is no particular restriction on the specific method for the third solid-liquid 
separation and the first washing. For example, the first solid-liquid separation and 
the first washing may be executed with conventional elutriation apparatus and 
solid-liquid separation apparatus in combination, or may be executed in a staged 
solid-liquid separation apparatus, such as a band filter. Preferably, the first washing 
comprises elutriation and/or elution. There is no particular restriction on the 
elutriation and elution. In other words, they can be executed with a conventional 
method in the art. There is no particular restriction on the number of cycles of the 
elutriation and elution. For example, one cycle or more may be selected. To obtain 
sodium chloride crystal at higher purity, preferably the elutriation and elution are 
executed for 2-4 cycles. In the elutriation process, the elutriation liquid usually is not 
reused by circulation if the waste water containing ammonium salts is used as the 
elutriating liquid; or the elutriation liquid may be reused by counter-current 
circulation if the washing liquid recycled in the first washing is used as the 
elutriating liquid. Before the elutriation is executed, preferably slurry that contains 
sodium chloride crystal (as long as the liquid content is 35 mass% or lower) is 
obtained through preliminary solid-liquid separation by sedimentation. In the 
elutriation process, in relation to 1pbw slurry that contains sodium chloride crystal, 
the liquid used for the elutriation is 1 ~20pbw. The elution preferably is executed 
with sodium chloride solution. To further improve the effect of the elutriation and 
obtain sodium chloride crystal at higher purity, the washing is executed preferably 
with the liquid obtained in the elution, more preferably with water or sodium chloride 
solution. The liquid produced in the washing preferably is returned to a position 



49

5

10

15

20

25

30

before the second pH adjustment before the third evaporation. For example, the 
liquid may be returned by means of an eighth circulation pump 78 a position before 
the second pH adjustment and mixed with the waste water to be treated, then the 
obtained mixture is treated by the second pH adjustment, flows into the second 
heat exchange device 32 for heat exchange, and then is returned to the third 
evaporation.
According to a preferred embodiment of the present invention, the third 
concentrated solution that contains sodium chloride crystal or treated solution that 
contains sodium chloride crystal, which is obtained through the low temperature 
treatment, is treated through preliminary solid-liquid separation by sedimentation, 
the obtained solution is elutriated for the first time with the waste water containing 
ammonium salts in an elutriation tank, then is elutriated for the second time with the 
liquid obtained in the follow-up sodium chloride crystal washing in another 
elutriation tank, and finally the slurry obtained through twice elutriations is loaded 
into a solid-liquid separation device for solid-liquid separation; then, the crystal 
obtained in the solid-liquid separation is eluted with sodium chloride solution, and 
the liquid obtained in the elution is returned to the second elutriation. Through the 
above washing process, the purity of the obtained sodium chloride crystal is 
improved, no excessive washing liquid is introduced into the system, and the 
efficiency of the waste water treatment is improved.
In the present invention, there is no particular restriction on the evaporation 
conditions of the fourth evaporation; in other words, the evaporation conditions may 
be selected appropriately as required, as long as the purpose of concentrating the 
third mother liquid can be attained. The conditions of the fourth evaporation may 
include: temperature: 35°C or above; pressure: -95kPa or above. To improve 
vaporization efficiency, preferably, the conditions of the fourth evaporation include: 
temperature: 45°C or above; pressure: -95kPa or above; preferably, the conditions 
of the fourth evaporation include: temperature: 45°C~365°C; pressure: - 
95kPa~18110kPa; preferably, the conditions of the fourth evaporation include: 
temperature: 60°C~365O; pressure: -87kPa~18110kPa; preferably, the conditions 
of the fourth evaporation include: temperature: 75°C~175°C; pressure: - 
73kPa~653kPa; preferably, the conditions of the fourth evaporation include: 
temperature: 80’0130Ό; pressure: -66kPa~117kPa; preferably, the conditions of 
the fourth evaporation include: temperature: 95°O110°C; pressure: -37kPa~12kPa; 
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preferably, the conditions of the fourth evaporation include: temperature: 
95°C~ 105°C; pressure: -37kPa~-7kPa.
In the present invention, the operating pressure of the fourth evaporation preferably 
is the saturated vapor pressure of the evaporated feed liquid.
In addition, the amount of evaporation in the fourth evaporation may be selected 
appropriately according to the processing capacity of the apparatus and the amount 
of the waste water to be treated. For example, the amount of evaporation may be 
0.1m3/h or more (e.g., 0.1m3/h~500m3/h).
By performing the fourth evaporation under the above conditions, sodium chloride 
doesn't crystalize while sodium sulfate crystalizes, and thereby the purity of the 
obtained sodium sulfate crystal is ensured.
According to the present invention, the sodium chloride in the waste water to be 
treated doesn't crystallize and precipitate in the fourth evaporation (i.e., the sodium 
chloride is not over-saturated); preferably, through the fourth evaporation, the 
concentration of sodium chloride in the fourth concentrated solution is X or lower 
(preferably 0.999X or lower, more preferably 0.95X-0.999X, further preferably 
0.99X-0.9967X), where, X is the concentration of sodium chloride in the fourth 
concentrated solution when both sodium chloride and sodium sulfate are saturated 
under the conditions of the fourth evaporation. By controlling the degree of the 
fourth evaporation within the above-mentioned range, sodium sulfate crystallizes 
and precipitates as far as possible while sodium chloride doesn't precipitate. By 
causing the sodium sulfate to crystallize in the fourth evaporation as far as 
possible, the waste water treatment efficiency can be improved, and energy waste 
can be reduced.
In the present invention, the degree of the fourth evaporation is ascertained by 
monitoring the concentration of the liquid obtained in the fourth evaporation. 
Specifically, by controlling the concentration of the liquid obtained in the fourth 
evaporation within the above-mentioned range, the sodium chloride in the waste 
water to be treated doesn't crystallize and precipitate in the fourth evaporation. 
Here, the concentration of the liquid obtained in the fourth evaporation is monitored 
by measuring the density of the liquid; specifically, the density may be measured 
with a densitometer.
According to the present invention, the method may further comprise crystallizing 
the fourth concentrated solution that contains sodium sulfate crystal in a 
crystallization device to obtain crystal slurry that contains sodium sulfate crystal. In 
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that case, the evaporation conditions of the fourth evaporation shall ensure that the 
sodium sulfate crystallizes and precipitates in the crystallization device while the 
sodium chloride doesn't precipitate (through the fourth evaporation, the 
concentration of sodium chloride in the fourth concentrated solution is X or lower). 
There is no particular restriction on the crystallization device. For example, the 
crystallization device may be a crystal-liquid tank, crystal-liquid collection tank, 
thickener with a stirrer, or thickener without stirrer, etc. According to a preferred 
embodiment of the present invention, the crystallization is performed in a crystal
liquid collection tank 56. There is no particular restriction on the conditions of the 
crystallization. For example, the conditions of the crystallization may include: 
temperature: 45°C or above, preferably 95“C~107oC, more preferably 85°C~105°C; 
crystallization time: 5min.~24h, preferably 5min.~30min. According to the present 
invention, alternatively, the crystallization process of the fourth concentrated 
solution that contains sodium sulfate crystal may be performed in a first evaporation 
device with a crystallizer (e.g., a forced circulation evaporating crystallizer). In that 
case, the crystallization temperature is the temperature of the fourth evaporation. In 
the present invention, the crystallization temperature preferably is the same as the 
temperature of the fourth evaporation.
According to a preferred embodiment of the present invention, the fourth ammonia- 
containing vapor performs a second heat exchange with the third mother liquid, and 
thereby fourth ammonia is obtained. There is no particular restriction on the specific 
method of the second heat exchange; in other words, the second heat exchange 
may be executed in a conventional heat exchange method in the art. The second 
heat exchange may be executed for one or more times, preferably 2-4 times, more 
preferably 2-3 times, particularly preferably 2 times. Through the second heat 
exchange, the outputted ammonia is cooled, and the heat is circulated inside the 
treatment apparatus as far as possible; thus, the energy is utilized reasonably, and 
waste is reduced.
According to the present invention, preferably, as shown in Fig. 6, the second heat 
exchange is executed in the third heat exchange device 33 and the fourth heat 
exchange device 34. Specifically, the fourth ammonia-containing vapor obtained in 
the evaporation in the second evaporation device 1 flows through the fourth heat 
exchange device 34 and the third heat exchange device 33 sequentially, the third 
mother liquid flows through the third heat exchange device 33, and then is mixed 
with the third mother liquid and the third circulating liquid (a part of concentrated 
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solution in the second evaporation device 1), and the obtained mixed solution flows 
through the fourth heat exchange device 34 for the second heat exchange, so that 
the temperature of the third mother liquid is increased to facilitate evaporation; at 
the same time, the fourth ammonia-containing vapor is condensed to obtain fourth 
ammonia, which may be stored in the second ammonia storage tank 52. 
According to the present invention, after the second heat exchange, the 
temperature of the third mother liquid is 42°C or above, preferably is 52°C~372°C, 
further preferably is 82°C~182°C, still further preferably is 102O~112°C. 
According to a preferred embodiment of the present invention, the fourth 
evaporation process is executed in the second evaporation device 1, the third 
mother liquid is charged into the second evaporation device 1 with a sixth 
circulation pump 76 for the fourth evaporation, to obtain fourth ammonia-containing 
vapor and fourth concentrated solution that contains sodium sulfate crystal. 
In the present invention, to attain the purpose that the sodium sulfate doesn't 
crystallize and precipitate in the fourth evaporation and the sodium chloride doesn't 
crystallize and precipitate in the fourth evaporation, preferably the conditions of the 
third evaporation and the fourth evaporation meet: the temperature of the third 
evaporation is lower than the temperature of the fourth evaporation by 5 °C or 
above, more preferably lower by 20°C or above, even more preferably lower by 
35°C~70°C, further preferably lower by 50°C~59°C. By controlling the temperature 
of the third evaporation and the temperature of the fourth evaporation, the sodium 
sulfate and the sodium chloride crystallize and precipitate respectively, and thereby 
the purity of the obtained sodium sulfate and sodium chloride crystal is improved. 
In the present invention, to attain the purpose that the sodium chloride doesn't 
crystallize and precipitate in the fourth evaporation and the sodium sulfate crystal 
that has precipitated in the third evaporation can be dissolved in the low 
temperature treatment process, preferably the conditions of the fourth evaporation 
and the low temperature treatment meet: the temperature of the fourth evaporation 
is higher than the temperature of the low temperature treatment at least by 5°C, 
preferably higher by 20Ό, more preferably higher by 35°C~90°C, further preferably 
higher by 35°C~70°C, particularly preferably higher by 50°C~60°C. By controlling the 
temperature of the fourth evaporation and the temperature of the low temperature 
treatment, the sodium sulfate can be dissolved in the low temperature treatment if 
sodium sulfate crystal and sodium chloride crystal have precipitated in the third 
evaporation, and the sodium sulfate can crystalize and precipitate separately in the 
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fourth evaporation, and thereby the purity of the obtained sodium sulfate and 
sodium chloride crystal is improved.
In the present invention, the fourth concentrated solution that contains sodium 
sulfate crystal obtained in the fourth evaporation is treated by fourth solid-liquid 
separation to obtain sodium sulfate crystal and fourth mother liquid (i.e., the liquid 
phase obtained in the fourth solid-liquid separation). There is no particular 
restriction on the method of the fourth solid-liquid separation. For example, the 
method may be selected from one or more of centrifugation, filtering, and 
sedimentation.
According to the present invention, the fourth solid-liquid separation may be 
performed in a second solid-liquid separation device 92 (e.g., centrifugal machine, 
band filter, or plate and frame filter, etc.). After the fourth solid-liquid separation, the 
fourth mother liquid obtained in the second solid-liquid separation device 92 is 
returned to the first evaporation device 2 for the third evaporation again. 
Specifically, the fourth mother liquid may be returned by means of the ninth 
circulation pump 79 to the second pH adjustment process. Besides, it is inevitable 
that the obtained sodium sulfate crystal has some impurities absorbed thereon, 
such as sulfate ions, free ammonia, and hydroxyl ions, etc. Preferably, the sodium 
sulfate crystal is washed in a second washing with water, the waste water 
containing ammonium salts, or sodium sulfate solution and dried, to remove the 
absorbed impurities, reduce off-odor of the solid salt, decrease causticity, and 
improve the purity of the crystal. To prevent the sodium sulfate crystal from 
dissolved in the washing process, preferably, the sodium sulfate crystal is washed 
with sodium sulfate solution. More preferably, the concentration of the sodium 
sulfate solution preferably is the concentration of sodium sulfate in water solution 
where sodium sulfate and sodium chloride are saturated at the same time at the 
temperature corresponding to the sodium sulfate crystal to be washed.
There is no particular restriction on the specific method for the fourth solid-liquid 
separation and the second washing. For example, the fourth solid-liquid separation 
and the second washing may be executed with conventional elutriation apparatus 
and solid-liquid separation apparatus in combination, or may be executed in a 
staged solid-liquid separation apparatus, such as a band filter. Preferably, the 
second washing comprises elutriation and/or elution. There is no particular 
restriction on the elutriation and elution. In other words, they can be executed with 
a conventional method in the art. There is no particular restriction on the number of 
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cycles of the elutriation and elution. For example, one cycle or more may be 
selected. To obtain sodium sulfate crystal at higher purity, preferably the elutriation 
and elution are executed for 2-4 cycles. In the elutriation process, the elutriation 
liquid usually is not reused by circulation if the waste water containing ammonium 
salts is used as the elutriating liquid; or the elutriation liquid may be reused by 
counter-current circulation if the washing liquid recycled in the second washing is 
used as the elutriating liquid. Before the elutriation is executed, preferably slurry 
that contains sodium sulfate crystal (as long as the liquid content is 35 mass% or 
lower) is obtained through preliminary solid-liquid separation by sedimentation. In 
the elutriation process, in relation to 1pbw slurry that contains sodium sulfate 
crystal, the liquid used for the elutriation is 1 ~20pbw. The elution preferably is 
executed with sodium sulfate solution. To further improve the effect of the elutriation 
and obtain sodium sulfate crystal at higher purity, the washing is executed 
preferably with the liquid obtained in the elution. For the liquid produced in the 
washing, preferably the elutriant of the waste water containing ammonium salts is 
returned to a position before the second pH adjustment before the third 
evaporation, and other washing liquids are returned to the fourth evaporation 
process. For example, the liquid is returned by means of the tenth circulation pump 
80 to the second evaporation device 1 for the fourth evaporation again.
According to a preferred embodiment of the present invention, the fourth 
concentrated solution that contains sodium sulfate crystal obtained in the fourth 
evaporation is treated through preliminary solid-liquid separation by sedimentation, 
the obtained solution is elutriated for the first time with the waste water containing 
ammonium salts in an elutriation tank, then is elutriated for the second time with the 
liquid obtained in the follow-up sodium sulfate crystal washing in another elutriation 
tank, and finally the slurry obtained through twice elutriations is loaded into the 
second solid-liquid separation device for the fourth solid-liquid separation; then, the 
crystal obtained in the solid-liquid separation is eluted with sodium sulfate solution, 
and the liquid obtained in the elution is returned as elutriant to the second 
elutriation. Through the above washing process that incorporates elutriation and 
elution, the purity of the obtained sodium sulfate crystal is improved, no excessive 
washing liquid is introduced into the system, and the efficiency of the waste water 
treatment is improved.
In the present invention, when MVR evaporation devices are used to perform the 
third evaporation and/or the fourth evaporation, to improve the content of solids in 
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the MVR evaporation device and decrease the ammonia content in the liquid, 
preferably a part of the liquid (i.e., the liquid in the MVR evaporation device, also 
referred to as circulating liquid) after evaporation in the MVR evaporation device is 
heated and then circulated to the MVR evaporation device for evaporation. There is 
no particular restriction on the proportion of the part of liquid circulated to the MVR 
evaporation device after the evaporation in the MVR evaporation device. For 
example, the third recirculation ratio for the third evaporation may be 10-200, 
preferably is 40-150; the fourth recirculation ratio for the fourth evaporation may be 
0.1-100, preferably is 5-50. Here, the recirculation ratio refers to the ratio of the 
recirculated amount to the difference of the total amount of liquid in the MVR 
evaporation device and the recirculated amount. Preferably, the third circulating 
liquid in the third evaporation is returned to a position before the pH adjustment is 
finished before the third evaporation. As shown in Fig. 6, the third circulating liquid 
may be returned by means of the second circulation pump 72 to the waste water 
transport pipeline between the first heat exchange device 31 and the second heat 
exchange device 32 and mixed with the waste water to be treated therein, and then 
the obtained mixture is treated by the second pH adjustment, performs heat 
exchange in the second heat exchange device 32, and finally is fed into the first 
evaporation device 2. Preferably, the fourth circulating liquid in the fourth 
evaporation is returned to a position before the second heat exchange is finished. 
As shown in Fig. 6, the fourth circulating liquid may be returned by means of the 
seventh circulation pump 77 to the fourth heat exchange device 34 for heat 
exchange, and finally is fed into the second evaporation device 1.
In the present invention, if MVR evaporation devices are used to perform the third 
evaporation and/or the fourth evaporation, the method further comprises 
compressing the third ammonia-containing vapor and/or the fourth ammonia- 
containing vapor. The compression may be executed with a compressor, such as a 
first compressor 101 and a second compressor 102. By compressing the ammonia- 
containing vapor, energy is fed into the MVR evaporation system to ensure that the 
waste water temperature rise - evaporation - temperature drop process is executed 
continuously. Initiation steam has to be inputted for initiating the MVR evaporation 
process, but the energy is solely supplied by means of the compressors in the 
continuous operation state, without any other energy input. The compressors may 
be conventional compressors in the art, such as centrifugal compressors, turbine 
compressors, or roots compressors, etc. Through compression with the 
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compressors, the temperature of the ammonia-containing vapor is increased by 
5°C~20°C.
According to a preferred embodiment of the present invention, after the third 
ammonia-containing vapor is treated by the first heat exchange and condensation, 
the remaining tail gas is treated by ammonia removal and then is vented; after the 
fourth ammonia-containing vapor is treated by the second heat exchange and 
condensation, the remaining tail gas is treated by ammonia removal and then is 
vented. As shown in Fig. 6, the remaining tail gas after the third ammonia- 
containing vapor is treated by the first heat exchange and condensation is the tail 
gas discharged from the second heat exchange device 32, and the remaining tail 
gas after the fourth ammonia-containing vapor is treated by the second heat 
exchange and condensation is the tail gas discharged from the fourth heat 
exchange device 34. By removing ammonia from the above-mentioned tail gas, the 
content of pollutants in the tail gas can be further decreased, so that the tail gas 
can be vented directly.
As a method for the above-mentioned ammonia removal, the ammonia may be 
absorbed in the tail gas absorption tower 83. There is no particular restriction on 
the tail gas absorption tower 83; in other words, the tail gas absorption tower 83 
may be any conventional absorption tower in the art, such as plate-type absorption 
tower, packed absorption tower, falling film absorption tower, or void tower, etc. The 
tail gas absorption tower 83 has circulating water in it, the circulating water is 
circulated in the tail gas absorption tower 83 under the action of the fourth 
circulation pump 74, or water can be replenished to the tail gas absorption tower 83 
by means of the third circulation pump 73 from the circulating water tank 82; fresh 
water can be replenished to the circulating water tank 82, and thereby the 
temperature and ammonia content of the service water of the vacuum pump 81 can 
be decreased at the same time. The tail gas and the circulating water in the tail gas 
absorption tower 83 may flow in a counter-current mode or co-current flow mode, 
preferably flows in a counter-current mode. The circulating water may be 
replenished with fresh water. To ensure that the tail gas can be absorbed 
extensively, dilute sulfuric acid may be further added into the tail gas absorption 
tower 83, so as to absorb ammonia and the like in the tail gas. The circulating water 
may be reused in the production or directly sold as ammonia or ammonium sulfate 
solution after it absorbs the tail gas. The tail gas may be charged into the tail gas 
absorption tower 83 by means of the vacuum pump 81.
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In the present invention, there is no particular restriction on the waste water 
containing ammonium salts, as long as the waste water containing ammonium salts 
is waste water that contains NHff, SO42', Cl' and Na+. In addition, the method 
provided in the present invention is especially suitable for treatment of waste water 
that has high salt content. Specifically, the waste water containing ammonium salts 
in the present invention may be waste water from a molecular sieve, alumina or oil 
refining catalyst production process, or waste water obtained by treating waste 
water produced in a molecular sieve, alumina or oil refining catalyst production 
process through impurity removal and concentration as described below, preferably 
is waste water obtained by treating waste water produced in a molecular sieve, 
alumina or oil refining catalyst production process through impurity removal and 
concentration as described below.
The content of NHr in the waste water containing ammonium salts may be 8mg/L 
or higher, preferably is 300mg/L or higher.
The content of Na+ in the waste water containing ammonium salts may be 510mg/L 
or higher, preferably is 1 g/L or higher, more preferably is 2g/L or higher, further 
preferably is 4g/L or higher, further preferably is 8g/L or higher, further preferably is 
16g/L or higher, further preferably is 32g/L or higher, further preferably is 40g/L or 
higher, further preferably is 50g/L or higher, still further preferably is 60g/L or higher. 
The content of SCU2' in the waste water containing ammonium salts may be 1 g/L or 
higher, preferably is 2g/L or higher, more preferably is 4g/L or higher, further 
preferably is 8g/L or higher, further preferably is 16g/L or higher, further preferably 
is 32g/L or higher, further preferably is 40g/L or higher, further preferably is 50g/L or 
higher, further preferably is 60g/L or higher, still further preferably is 70g/L or higher. 
The content of Cl· in the waste water containing ammonium salts may be 970mg/L 
or higher, preferably is 2g/L or higher, further preferably is 4g/L or higher, further 
preferably is 8g/L or higher, further preferably is 16g/L or higher, further preferably 
is 32g/L or higher, further preferably is 40g/L or higher, further preferably is 50g/L or 
higher, still further preferably is 60g/L or higher.
There is no particular restriction on the upper limits of NH-ff, SO42'. Cl· and Na+ 
contained in the waste water containing ammonium salts. In consideration of the 
availability of the waste water, the upper limits of SO42', Cl· and Na+ in the waste 
water are 200g/L or lower respectively, preferably are 150g/L or lower, preferably 
are 10Og/L or lower; the upper limit of NH4+ in the waste water is 50g/L or lower, 
preferably is 40g/L or lower, preferably is 30g/L or lower.
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For the purpose of improving the efficiency of the first evaporation and reducing the 
energy consumption of the treatment process, in relation to the content of SOA in 
the waste water containing ammonium salts, the content of Cl· in the waste water 
containing ammonium salts should be low as far as possible. For example, in 
relation to 1 mol SCU2- contained in the waste water containing ammonium salts, 
the Cl· contained in the waste water containing ammonium salts is 30 mol or less, 
preferably is 20 mol or less, more preferably is 15 mol or less, further preferably is 
10 mol or less. In consideration of practicality, in relation to 1 mol SCU2' contained in 
the waste water containing ammonium salts, the Cl· contained in the waste water 
containing ammonium salts preferably is 0.1 mol or more, more preferably is 0.5 
mol or more, further preferably is 1 mol or more, such as 0.5-10 mol, preferably 1-9 
mol. By confining the molar ratio of SO42' to Cl· in the waste water containing 
ammonium salts within the above-mentioned range, the majority of water can be 
evaporated in the first evaporation, so as to reduce the amount of circulating liquid 
in the treatment system, save energy, and improve economic efficiency of the 
treatment process.
For the purpose of improving the efficiency of the third evaporation and reducing 
the energy consumption of the treatment process, in relation to the content of SO42' 
in the waste water containing ammonium salts, the content of Cl· in the waste water 
containing ammonium salts should be high as far as possible. For example, in 
relation to 1 mol SO42' contained in the waste water containing ammonium salts, 
the Cl· contained in the waste water containing ammonium salts is 1 mol or more, 
preferably is 2 mol or more, more preferably is 5 mol or more, further preferably is
9.5 mol or more, still further preferably is 10 mol or more. In consideration of 
practicality, in relation to 1 mol SCU2' contained in the waste water containing 
ammonium salts, the Cl· contained in the waste water containing ammonium salts 
preferably is 200 mol or less, more preferably is 150 mol or less, further preferably 
is 100 mol or less, further preferably is 50 mol or less, further preferably is 30 mol 
or less. By confining the molar ratio of SO42· to Cl· in the waste water containing 
ammonium salts within the above-mentioned range, the majority of water can be 
evaporated in the third evaporation, so as to reduce the amount of circulating liquid 
in the treatment system, save energy, and improve economic efficiency of the 
treatment process.
In the present invention, the inorganic salt ions contained in the waste water 
containing ammonium salts further include inorganic salt ions such as Mg2+, Ca2+, 



59

5

10

15

20

25

30

35

K+, Fe3+, and rare earth element ions, etc., besides NHff, SO42', Cl·, and Na+. The 
contents of the inorganic salt ions (e.g., Mg2+, Ca2+, K+, Fe3+, and rare earth 
element ions, etc.) preferably are 100mg/L or lower respectively, more preferably 
are 50mg/L or lower respectively, further preferably are 10mg/L or lower 
respectively, particularly preferably there is no other inorganic salt ion. By confining 
the contents of other inorganic salt ions in the above ranges, the purity of the 
sodium sulfate crystal and sodium chloride crystal obtained finally can be further 
improved. To reduce the contents of other inorganic salt ions in the waste water 
containing ammonium salts, preferably impurity removal is performed as described 
below.
The TDS in the waste water containing ammonium salts may be 1,6g/L or higher, 
preferably is 4g/L or higher, more preferably is 8g/L or higher, further preferably is 
16g/L or higher, further preferably is 32g/L or higher, further preferably is 40g/L or 
higher, further preferably is 50g/L or higher, further preferably is 60g/L or higher, 
further preferably is 10Og/L or higher, further preferably is 150g/L or higher, still 
further preferably is 200g/L or higher.
In the present invention, the pH of the waste water containing ammonium salts 
preferably is 4~8, such as 6-7.
In addition, in view that the COD in the waste water containing ammonium salts 
may cause the membrane clogged in the concentration process and has adverse 
effect to the purity and color, etc. of the salts during evaporation and crystallization, 
the COD in the waste water containing ammonium salts should be low as far as 
possible (preferably is 20mg/L or lower, more preferably is 10mg/L or lower). 
Preferably the COD is removed by oxidization during pre-treatment. Specifically, 
the COD may be removed through a biological process or advanced oxidization 
process, etc. If the COD content is very high, preferably an oxidizer is used for 
oxidization, and the oxidizer may be Fenton reagent, for example.
In the present invention, to decrease the concentration of impurity ions in the waste 
water containing ammonium salts, ensure continuous and stable operation of the 
treatment process, and reduce equipment operation and maintenance cost, 
preferably the impurities in the waste water containing ammonium salts are 
removed before the treatment is executed with the treatment method provided in 
the present invention. Preferably, the impurity removal method is selected from one 
or more of solid-liquid separation, chemical precipitation, adsorption, ion exchange, 
and oxidization.
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The solid-liquid separation may be executed by filtering, centrifugation, or 
sedimentation, etc.; the chemical precipitation may be executed by pH adjustment, 
carbonate precipitation, or magnesium salt precipitation, etc.; the adsorption may 
be executed by physical adsorption and/or chemical adsorption, and the specific 
adsorbent may be selected from active carbon, silica gel, alumina, molecular sieve, 
and natural clay, etc.; the ion exchange may be executed with any one of strong 
acidic cationic resins and weak acidic cationic resins; the oxidization may be 
executed with any conventional oxidizer in the art, such as ozone, hydrogen 
peroxide solution, or potassium permanganate, etc., and preferably is executed 
with ozone or hydrogen peroxide solution, etc., to avoid introduction of any new 
impurity.
The specific impurity removal method may be selected according to the types of 
impurities contained in the waste water containing ammonium salts. Suspended 
substances may be removed by solid-liquid separation; inorganic substances and 
organic substances may be removed by chemical precipitation, ion-exchange, or 
adsorption, such as weak acidic cation exchange or active carbon adsorption, etc.; 
organic substances may be removed by adsorption and/or oxidization, preferably 
are removed by ozone biological activated carbon adsorption and oxidization. 
According to a preferred embodiment of the present invention, impurities in the 
waste water containing ammonium salts are removed by filtering, weak acidic 
cation exchange, and ozone biological activated carbon adsorption and oxidization 
sequentially. Through the above impurity removal process, the majority of 
suspended substances, hardness, silica and organic substances can be removed, 
the scaling risk can be decreased, and the wastewater treatment process can 
operate continuously and stably.
In the present invention, if the waste water containing ammonium salts has 
relatively low salt content, the waste water containing ammonium salts may be 
treated by concentration so that the salt content reaches the range required for the 
waste water containing ammonium salts in the present invention, before the 
treatment is executed with the treatment method provided in the present invention. 
Preferably, the concentration method is selected from ED membrane concentration 
and/or reverse osmosis; more preferably, the concentration is executed through ED 
membrane concentration and reverse osmosis, and there is no particular restriction 
on the order of the ED membrane concentration and reverse osmosis. The 
apparatuses and conditions of the ED membrane concentration and reverse 
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according to the specific condition of the waste water to be treated. Specifically, the 
ED membrane concentration may be executed in a unidirectional electrodialysis 
system or reverse electrodialysis system; the reverse osmosis may be executed 
with spiral-wound membrane, flat sheet membrane, disc tubular membrane, and 
vibrating membrane, or a combination of them. Through the concentration, the 
waste water treatment efficiency can be improved, and energy waste incurred by 
high evaporation load can be avoided.
In a preferred embodiment of the present invention, the waste water containing 
ammonium salts is waste water obtained through treating the waste water 
produced in a molecular sieve production process by impurity removal through 
chemical precipitation, filtering, weak acidic cation exchange and ozone biological 
activated carbon adsorption and oxidization, concentration with ED membrane, and 
concentration through reverse osmosis.
The conditions of the above-mentioned chemical precipitation preferably are: 
sodium carbonate is used as a treating agent, sodium carbonate is added in a 
quantity of 1.2-1.4 mol in relation to 1 mol calcium ion in the waste water, the pH of 
the waste water is adjusted to 7, the reaction temperature is 20-35Ό, and the 
reaction time is 0.5-4h.
The conditions of the above-mentioned filtering preferably are: the filtering unit is a 
multi-media filter that employs double layers of filtering media composed of blind 
coal and quartz sand, the blind coal is in 0.7-1.7mm particle size, the quartz sand is 
in 0.5-1.3mm particle size, and the filtering speed is 10-30m/h. The filtering media 
are regenerated through an "air backwashing - air-water backwashing - water 
backwashing" regeneration process, and the regeneration period is 10-15h.
The conditions of the above-mentioned weak acidic cation exchange preferably 
are: pH range: 6.5-7.5; the temperature: <40°C, height of the resin layer: 1,5-3.0m, 
HCI concentration in the regenerated liquid: 4.5-5 mass%; dose of regenerant 
(measured in 100%): 50-60kg/m3 wet resin; regeneration liquid HCI flow speed: 
4.5-5.5m/h, regeneration contact time: 35-45min.; washing flow speed: 18-22m/h, 
washing time: 2-30min.; operation flow speed: 15-30m/h; the acidic cation resin 
may be SNT D113 acidic cation resin from Langfang Sanat Chemical Co., Ltd., for 
example.
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The conditions of the above-mentioned ozone biological activated carbon 
adsorption and oxidization preferably are: ozone retention time: 50-70min.; empty 
bed filtering speed: 0.5-0.7m/h.
The conditions of the above-mentioned ED membrane concentration preferably 
are: current: 145-155A, voltage: 45-65V. The ED membrane may be ED membrane 
from Astom (a Japanese company), for example.
The conditions of the above-mentioned reverse osmosis preferably are: operating 
pressure: 5.4-5.6MPa, inlet temperature: 25-35Ό, pH: 6.5-7.5. The reverse 
osmosis membrane may be TM810C seawater desalination membrane from Toray 
Bluestar Membrane Co., Ltd., for example.
According to the present invention, the waste water treatment may be commenced 
directly with the waste water containing ammonium salts. If the ion content in the 
waste water containing ammonium salts meets the conditions specified in the 
present invention, the first/third evaporation may be executed and then the 
second/fourth evaporation may be executed under the conditions specified in the 
present invention; if the ion content in the waste water containing ammonium salts 
doesn’t meet the conditions specified in the present invention, the first evaporation 
may be controlled so that the concentration of sodium chloride in the first 
concentrated solution is close to the concentration for precipitation, and then the 
first concentrated solution is treated by the second evaporation and the optional low 
temperature treatment, the obtained solution is treated by solid-liquid separation to 
obtain sodium chloride crystal and the second mother liquid, and then the second 
mother liquid is mixed with the waste water containing ammonium salts to adjust 
the ion content in the waste water to be treated to the range specified in the present 
invention, next, the first evaporation is executed to obtain sodium sulfate crystal; or, 
the third evaporation may be controlled so that the concentration of sodium sulfate 
in the third concentrated solution is close to the concentration for precipitation, and 
then the third concentrated solution is treated by the optional low temperature 
treatment and the fourth evaporation, the obtained solution is treated by solid-liquid 
separation to obtain sodium sulfate crystal and the fourth mother liquid, and then 
the fourth mother liquid is mixed with the waste water containing ammonium salts 
to adjust the ion content in the waste water to be treated to the range specified in 
the present invention, next, the third evaporation is executed to obtain sodium 
chloride crystal. Of course, alternatively the ion content in the waste water to be 
treated may be adjusted with sodium sulfate and sodium chloride in the initial 
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stage, as long as the waste water to be treated can meet the requirements for the 
contents of SO42’ and Cl· in the waste water to be treated in the present invention.

Hereunder the present invention will be detailed in embodiments.
In the following embodiments, the waste water containing ammonium salts is waste 
water obtained through treating the waste water produced in a molecular sieve 
production process sequentially by impurity removal through chemical precipitation, 
filtering, weak acidic cation exchange and ozone biological activated carbon 
adsorption and oxidization, concentration with ED membrane, and concentration 
through reverse osmosis sequentially.

Embodiment 1
As shown in Fig. 2, waste water containing ammonium salts (containing 80g/L 
NaCI, 81 g/L Na2SO4, 48g/L NH4CI, and 49.4g/L (NH4)2SO4, pH=6.2) is fed at 5m3/h 
feed rate and mixed with the second mother liquid to obtain waste water to be 
treated (the molar ratio of SO42’ to Cl· is 1:3.7487), the waste water to be treated is 
loaded into the main pipeline of the first heat exchange device 31, the third heat 
exchange device 33, and the fifth heat exchange device 35 (all of them are titanium 
alloy plate-type heat exchangers), the pH of the mixture is monitored with the first 
pH measuring device 61 (a pH meter) (the measured value is 9.2), a part of the 
waste water to be treated (3m3/h) is fed by means of the first circulation pump 71 
into the first heat exchange device 31 to perform the first heat exchange with the 
condensate of first ammonia-containing vapor so that the temperature of the waste 
water to be treated is increased to 99°C, another part of the waste water to be 
treated (2m3/h) is fed into the third heat exchange device 33 to perform the first 
heat exchange with the condensate of the second ammonia-containing vapor so 
that the temperature of the waste water to be treated is increased to 99°C, the 
remaining part of the waste water to be treated is fed into the fifth heat exchange 
device 35 to perform the first heat exchange with the second concentrated solution 
obtained in the second evaporation so that the temperature of the waste water to 
be treated is increased to 102°C; then the parts of the waste water to be treated are 
merged and then the merged waste water is fed into the second heat exchange 
device 32; sodium hydroxide solution at 45.16 mass% concentration is introduced 
into the pipeline through which the waste water to be treated is fed into the second 
heat exchange device 32 to perform the second pH adjustment, the pH after the 
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adjustment is monitored with the second pH measuring device 62 (a pH meter) (the 
measured value is 10.8), then the waste water to be treated is fed into the second 
heat exchange device 32 (a titanium alloy plate-type heat exchanger) to perform 
the first heat exchange with the recycled first ammonia-containing vapor so that the 
temperature of the waste water to be treated is increased to 107°C; next, the waste 
water to be treated is fed into the first evaporation device 2 (a falling film + forced 
circulation two-stage MVR evaporating crystallizer) for evaporation, to obtain first 
ammonia-containing vapor and first concentrated solution that contains sodium 
sulfate crystal. Wherein in the first evaporation device 2, the evaporation 
temperature is 100°C, the pressure is -22.82kPa, and the amount of evaporation 
3.82m3/h. The first ammonia-containing vapor obtained in the evaporation is 
compressed in the first compressor 101 (the temperature is increased by 12°C), 
then the first ammonia-containing vapor flows through the second heat exchange 
device 32 and the first heat exchange device 31 to exchange heat with the waste 
water to be treated sequentially, and is condensed to obtain first ammonia, and the 
first ammonia is stored in the first ammonia storage tank 51. Besides, to improve 
the content of solids in the first evaporation device 2, a part of the liquid after the 
evaporation in the first evaporation device 2 is taken as first circulating liquid and 
circulated by means of the second circulation pump 72 to the second heat 
exchange device 32 for heat exchange, and then the first circulating liquid enters 
into the first evaporation device 2 again for the first evaporation (the recirculation 
ratio is 75.9). The degree of the first evaporation is monitored with the densitometer 
provided on the first evaporation device 2, to control the concentration of sodium 
chloride in the concentrated solution obtained through the first evaporation to be 
0.9935X (306.2g/L).
The first concentrated solution is fed into the first solid-liquid separation device 91 
(a centrifugal machine) for the first solid-liquid separation, 4.48m3 first mother liquid 
that contains 306.2g/L NaCI, 54.0g/L Na2SO4, 13.8g/L NaOH and 0.60g/L NH3 is 
obtained per hour, the first mother liquid is temporarily stored in the first mother 
liquid tank 53, the solid sodium sulfate obtained in the solid-liquid separation 
(664.41kg filter cake of sodium sulfate crystal with 15 mass% water content is 
obtained per hour, wherein the content of sodium chloride is 5.0 mass% or lower) is 
eluted with 54g/L sodium sulfate solution that is in the same dry mass as the filter 
cake of sodium sulfate crystal and then is dried, thus 664.41kg sodium sulfate (at 
99.4 mass% purity) is obtained per hour; the washing liquid is circulated by means 
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of the eighth circulation pump 78 to a position before the second pH adjustment 
and mixed with the waste water to be treated, and the obtained mixture is fed into 
the first evaporation device 2 again for the first evaporation.
The second evaporation process is executed in the second evaporation device 1 (a 
falling film + forced circulation two-stage MVR evaporating crystallizer). The first 
mother liquid in the first mother liquid tank 53 is fed by means of the sixth 
circulation pump 76 into the second evaporation device 1 for the second 
evaporation, to obtain second ammonia-containing vapor and second concentrated 
solution that contains sodium sulfate crystal and sodium chloride crystal. Wherein 
in the second evaporation device 1, the evaporation temperature is 105°C, the 
pressure is -7.02kPa, and the amount of evaporation 2.01 m3/h. To improve the 
content of solids in the second evaporation device 1, a part of the first mother liquid 
after evaporation in the second evaporation device 1 is taken as second circulating 
liquid and circulated by means of the seventh circulation pump 77 to the fourth heat 
exchange device 34 for heat exchange, and then is fed into the second evaporation 
device 1 for the second evaporation (the recirculation ratio is 42.3). The second 
ammonia-containing vapor obtained in the evaporation is compressed in the 
second compressor 102 (the temperature is increased by 12°C), then the second 
ammonia-containing vapor flows through the fourth heat exchange device 34 and 
the third heat exchange device 33 to exchange heat with the first mother liquid and 
the part of waste water to be treated from the first circulation pump 71 and cooled 
to obtain second ammonia, and the second ammonia is stored in the second 
ammonia storage tank 52. The degree of the second evaporation is monitored with 
the mass flowmeter provided on the second evaporation device 1, to control the 
amount of evaporation in the second evaporation to be 2.01 m3/h (equivalent to 
controlling the concentration of sodium sulfate in the treated solution to be 0.979Y,
i.e.,  91.6g/L). After the first mother liquid is evaporated in the second evaporation 
device 1, the obtained second concentrated solution that contains sodium sulfate 
crystal and sodium chloride crystal is treated at a low temperature in the low 
temperature treatment tank 55 (the temperature is 17.9Ό, and the retention time is 
70min.), to obtain treated solution that contains sodium chloride crystal.
The treated solution that contains sodium chloride crystal is fed into the second 
solid-liquid separation device 92 (a centrifugal machine) for solid-liquid separation, 
2.58m3 second mother liquid that contains 277.6g/L NaCI, 91.6g/L NasSCU, 2.34g/L 
NaOH and 0.01 g/L NH3 is obtained per hour, and the second mother liquid is 
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temporarily stored in the second mother liquid tank 54. All of the second mother 
liquid is circulated by means of the ninth circulation pump 79 to the waste water 
introduction pipeline to mix with the waste water containing ammonium salts, so 
that waste water to be treated is obtained. The sodium chloride solid obtained in 
the solid-liquid separation (769.43kg filter cake of sodium chloride crystal with 14 
mass% water content is obtained per hour, wherein the content of sodium sulfate is 
6.0 mass% or lower) is eluted with 277.6g/L sodium chloride solution in the same 
dry mass as the sodium chloride, then a part of the filter cake of sodium chloride 
crystal is used to prepare 277.6g/L sodium chloride solution, and the filter cake of 
sodium chloride crystal is dried in a drier, thus 661.71kg sodium chloride (at 99.5 
mass% purity) is obtained per hour; the washing liquid is returned by means of the 
tenth circulation pump 80 to the fourth heat exchange device 34 for heat exchange, 
and then returned to the second evaporation device 1.
In addition, the tail gas discharged from the second heat exchange device 32 and 
the fourth heat exchange device 34 is introduced by means of the vacuum pump 81 
into the tail gas absorption tower 83 for absorption. The tail gas absorption tower 83 
has circulating water in it, the circulating water is circulated in the tail gas 
absorption tower 83 under the action of the fourth circulation pump 74, water is 
replenished to the tail gas absorption tower 83 by means of the third circulation 
pump 73 from the circulating water tank 82 at the same time; in addition, fresh 
water is replenished to the circulating water tank 82, and thereby the temperature 
and ammonia content of the service water of the vacuum pump 81 are decreased. 
Dilute sulfuric acid is further charged into the tail gas absorption tower 83 to absorb 
ammonia or the like in the tail gas. Besides, the MVR evaporation is initiated by 
charging steam at 143.3 °C temperature in the initial stage.
In this embodiment, 3.83m3 ammonia at 3.45 mass% concentration is obtained per 
hour in the first ammonia storage tank 51,2.01 m3 ammonia at 0.137 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 2
The waste water containing ammonium salts is treated with the method described 
in the embodiment 1, but: waste water containing ammonium salts that contains 
65g/L NaCl, 130g/L Na2SO4, 12g/L NH4CI and 24.4g/L (NH4)2SO4 with pH=6.5 is 
treated, and the molar ratio of SO42' to Cl· contained in the obtained waste water to 
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be treated is 1:2.291. A part of the waste water to be treated (4m3/h) flows through 
the first heat exchange device 31 for the first heat exchange, so that the 
temperature of the waste water to be treated is increased to 94°C, another part of 
the waste water to be treated (1 m3/h) flows through the third heat exchange device 
33 for the first heat exchange, so that the temperature of the waste water to be 
treated is increased to 99°C, and the remaining part of the waste water to be 
treated flows through the fifth heat exchange device 35 for the first heat exchange, 
so that the temperature of the waste water to be treated is increased to 99°C; then 
the parts of the waste water to be treated are merged and then the merged waste 
water flows through the second heat exchange device 32 for heat exchange; finally 
the temperature of the waste water to be treated is 107°C. In the first evaporation 
device 2, the evaporation temperature is 95°C, the pressure is -36.36kPa, and the 
amount of evaporation is 4.31 m3/h. In the second evaporation device 1, the 
evaporation temperature is 100Ό, the pressure is -22.83kPa, and the amount of 
evaporation is 1.17m3/h. The temperature of the low temperature treatment is 20°C, 
and the retention time is 55min.
911,15kg filter cake of sodium sulfate crystal with 14 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 783.59kg 
sodium sulfate (at 99.5 mass% purity) is obtained per hour; 2.68m3 first mother 
liquid at concentrations of 307.2g/L NaCI, 54.5g/L NaaSCU, 1.83g/L NaOH, and 
0.35g/L NH3 is obtained per hour.
456.76kg filter cake of sodium chloride crystal with 15 mass% water content is 
obtained per hour in second solid-liquid separation device 92, and finally 38.24kg 
sodium chloride (at 99.6 mass% purity) is obtained per hour; 1.67m3 second 
mother liquid at concentrations of 279.5g/L NaCI, 88.7g/L NasSCL, 4.13g/L NaOH, 
and 0.011 g/L NH3 is obtained per hour.
In this embodiment, 4.31m3 ammonia at 1.1 mass% concentration is obtained per 
hour in the first ammonia storage tank 51, 1.17m3 ammonia at 0.085 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 3
The waste water containing ammonium salts is treated with the method described 
in the embodiment 1, but: waste water containing ammonium salts that contains 
168g/L NaCI, 35g/L Na2SO4, 40g/L NH4CI and 8.47g/L (NH^sSCU with pH=6.6 is
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treated, and the molar ratio of SO42' to Cl· contained in the obtained waste water to 
be treated is 1:9.3964. The temperature of the waste water to be treated after the 
heat exchange in the first heat exchange device 31 is 99°C, the temperature of the 
waste water to be treated after the heat exchange in the third heat exchange device 
33 is 99Ό, the temperature of the waste water to be treated after the heat 
exchange in the fifth heat exchange device 35 is 105°C, and the temperature of the 
waste water to be treated after the heat exchange in the second heat exchange 
device 32 is 112°C. In the first evaporation device 2, the evaporation temperature is 
105°C, the pressure is -7.02kPa, and the amount of evaporation is 2.36m3/h. In the 
second evaporation device 1, the evaporation temperature is 110°C, the pressure is 
11.34kPa, and the amount of evaporation is 3.16m3/h. The temperature of the low 
temperature treatment is 25°C, and the retention time is 50min.
251.35kg filter cake of sodium sulfate crystal with 14 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 216.16kg 
sodium sulfate (at 99.6 mass% purity) is obtained per hour; 8.22m3 first mother 
liquid at concentrations of 306.4g/L NaCI, 52.5g/L Na2SO4, 2.64g/L NaOH, and 
0.18g/L NH3 is obtained per hour.
1236.21 kg filter cake of sodium chloride crystal with 14 mass% water content is 
obtained per hour in second solid-liquid separation device 92, and finally 1063.14kg 
sodium chloride (at 99.5 mass% purity) is obtained per hour; 5.03m3 second 
mother liquid at concentrations of 279.5g/L NaCI, 82.2g/L Na2SO4, 4.13g/L NaOH, 
and 0.017g/L NH3 is obtained per hour.
In this embodiment, 2.36m3 ammonia at 3.0 mass% concentration is obtained per 
hour in the first ammonia storage tank 51,3.16m3 ammonia at 0.044 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 4
As shown in Fig. 3, waste water containing ammonium salts (containing 158g/L 
NaCI, 46g/L Na2SO4, 57g/L NH4CI, and 16.9g/L (NH4)2SO4, with pH=6.4) is fed at 
5m3/h feed rate into the pipeline of the treatment system, sodium hydroxide solution 
at 45.16 mass% concentration is introduced into the waste water transport pipeline 
for pH adjustment, and then the waste water is mixed with the second mother liquid 
to obtain waste water to be treated (the molar ratio of SO42’ to Cl· contained in it is 
1:7.9515), and the pH after the adjustment is monitored with the first pH measuring 
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device 61 (a pH meter) (the measured value is 9), before the waste water to be 
treated is fed into the first heat exchange device 31, the third heat exchange device 
33, and the fifth heat exchange device 35 (all of them are titanium alloy plate-type 
heat exchangers); then, a part of the waste water to be treated (2m3/h) is fed by 
means of the first circulation pump 71 into the first heat exchange device 31 for first 
heat exchange with the recycled condensate of the first ammonia-containing vapor, 
so that the temperature of the waste water to be treated is increased to 99°C, 
another part of the waste water to be treated (3m3/h) is fed into the third heat 
exchange device 33 for the first heat exchange with the recycled condensate of the 
second ammonia-containing vapor, so that the temperature of the waste water to 
be treated is increased to 99°C, and the remaining part of the waste water to be 
treated is fed into the fifth heat exchange device 35 for the first heat exchange with 
the second concentrated solution, so that the temperature of the waste water to be 
treated is increased to 103°C; then the parts of the waste water to be treated are 
merged and the merged waste water is fed into the first evaporation device 2; 
sodium hydroxide solution at 45.16 mass% is introduced into the pipeline through 
which the waste water to be treated is fed into the first evaporation device 2 for pH 
adjustment, and the pH after the adjustment is monitored with the second pH 
measuring device 62 (a pH meter) (the measured value is 10.8); next, the waste 
water to be treated after the pH adjustment flows through the evaporators in the 
first evaporation device 2 for evaporation sequentially, and thus the first ammonia- 
containing vapor and the first concentrated solution that contains sodium sulfate 
crystal are obtained. The first evaporation device 2 is composed of a first 
evaporator 2a, a second evaporator 2b, a third evaporator 2c, and a fourth 
evaporator 2d (all of the evaporators are forced circulation evaporators). Wherein 
the evaporation conditions in the first evaporation device 2 are shown in Table 1:
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Table 1

Evaporator
Tempera 
ture / °C

Pressure /
kPa

Amount of 
evaporation /
(m3/h)

First 
evaporation 
device 2

First evaporator 2a 145 239.9 0.588
Second evaporator
2b

130 116.8 0.588

Third evaporator
2c

117 42.0 0.588

Fourth evaporator
2d

105 -7.1 0.588

Second evaporation device 1 105 -7.1 3.354

5

10

15

20

The first ammonia-containing vapor obtained in the evaporation in each evaporator 
is fed into the next evaporator to perform heat exchange and obtain first ammonia, 
then further performs heat exchange with the waste water to be treated in the first 
heat exchange device 31; the first ammonia-containing vapor obtained in the 
evaporation in the fourth evaporator 2d performs heat exchange with the cooling 
water (the waste water containing ammonium salts) in the second heat exchange 
device 32 and thereby first ammonia is obtained; the first ammonia is merged and 
stored in the first ammonia storage tank 51. Heating steam (i.e., live steam used 
conventionally in the art) is charged into the first evaporator 2a, and the condensate 
obtained through condensation of the heating steam in the first evaporator 2a is 
used to prepare washing solution. The degree of the first evaporation is monitored 
with the densitometer provided on the first evaporation device 2, to control the 
concentration of sodium chloride in the concentrated solution obtained through the 
first evaporation to be 0.99353X (307g/L). The first concentrated solution obtained 
in the evaporation in the first evaporation device 2 is controlled to crystallize in the 
crystal-liquid collection tank 56 (crystallization temperature: 105°C, crystallization 
time: 5min.), to obtain crystal slurry that contains sodium sulfate crystal.
The crystal slurry that contains sodium sulfate crystal is fed into the first solid-liquid 
separation device 91 (a centrifugal machine) for the first solid-liquid separation, 
7.743m3 first mother liquid that contains 307g/L NaCI, 52.73g/L NaaSCL, 1.67g/L 
NaOH and 0.287g/L NH3 is obtained per hour and is temporarily stored in the first 
mother liquid tank 53; the solid sodium sulfate obtained in the solid-liquid 
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separation (371.47kg filter cake of sodium sulfate crystal with 15 mass% water 
content is obtained per hour, wherein the content of sodium chloride is 5.8 mass% 
or lower) is eluted with 52.5g/L sodium sulfate solution that is in the same dry mass 
as the filter cake of sodium sulfate crystal and then dried in a drier, and thus 
315.74kg sodium sulfate (at 99.5 mass% purity) is obtained per hour; the washing 
liquid is circulated by means of the eighth circulation pump 78 to a position before 
the second pH adjustment and mixed with the waste water to be treated, then the 
obtained mixture is fed into the first evaporation device 2 again for the first 
evaporation.
The first mother liquid in the first mother liquid tank 53 is fed by means of the sixth 
circulation pump 76 into the second evaporation device 1 (a falling film + forced 
circulation two-stage MVR evaporating crystallizer) for the second evaporation, to 
obtain second ammonia-containing vapor and second concentrated solution that 
contains sodium sulfate crystal and sodium chloride crystal; the evaporation 
conditions are shown in the above Table 1. The second ammonia-containing vapor 
obtained in the evaporation in the second evaporation device 1 is compressed in 
the second compressor 102 (the temperature is increased by 14’C), then the 
second ammonia-containing vapor flows through the fourth heat exchange device 
34 for heat exchange and then flows through the third heat exchange device 33 to 
exchange heat with a part of waste water to obtain second ammonia, and the 
second ammonia is stored in the second ammonia storage tank 52. To improve the 
concentration of solids in the second evaporation device 1, a part of the liquid after 
the evaporation in the second evaporation device 1 is circulated as circulating liquid 
by means of the seventh circulation pump 77 to the second evaporation device 1 
for the second evaporation (the recirculation ratio is 41.8). The degree of the 
second evaporation is monitored with the mass flowmeter provided on the second 
evaporation device 1, to control the amount of evaporation in the second 
evaporation to be 3.354m3/h (equivalent to controlling the concentration of sodium 
sulfate in the treated solution to be 0.978Y, i.e., 88.7g/L). After the first mother liquid 
is evaporated in the second evaporation device 1, the obtained second 
concentrated solution that contains sodium sulfate crystal and sodium chloride 
crystal is treated at a low temperature in the low temperature treatment tank 55 (the 
temperature is 20°C, and the retention time is 55min.), to obtain treated solution 
that contains sodium chloride crystal.
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The treated solution that contains sodium chloride crystal is fed into the second 
solid-liquid separation device 92 (a centrifugal machine) for solid-liquid separation, 
4.371 m3 second mother liquid that contains 279.6g/L NaCI, 88.7g/L Na2SC>4, 
2.81 g/L NaOH and 0.287g/L NH3 is obtained per hour, and the second mother 
liquid is temporarily stored in the second mother liquid tank 54. All of the second 
mother liquid is circulated by means of the ninth circulation pump 79 to the waste 
water introduction pipeline and is mixed with the waste water containing ammonium 
salts to obtain waste water to be treated. The solid sodium chloride obtained in the 
solid-liquid separation (1286.86kg filter cake of sodium chloride crystal with 14 
mass% water content is obtained per hour, wherein the content of sodium sulfate is
5.2 mass% or lower) is eluted with 279.6g/L sodium chloride solution in the same 
dry mass as the sodium chloride, and is dried in a drier, thus 1106.70kg sodium 
chloride (at 99.4 mass% purity) is obtained per hour; the washing liquid is returned 
by means of the tenth circulation pump 80 to the fourth heat exchange device 34 
for heat exchange, and then returned to the second evaporation device 1.
In addition, the tail gas discharged from the second heat exchange device 32 and 
the fourth heat exchange device 34 is introduced by means of the vacuum pump 81 
into the tail gas absorption tower 83 for absorption. The tail gas absorption tower 83 
has circulating water in it, the circulating water is circulated in the tail gas 
absorption tower 83 under the action of the fourth circulation pump 74, water is 
replenished to the tail gas absorption tower 83 by means of the third circulation 
pump 73 from the circulating water tank 82 at the same time; in addition, fresh 
water is replenished to the circulating water tank 82, and thereby the temperature 
and ammonia content of the service water of the vacuum pump 81 are decreased. 
Dilute sulfuric acid is further charged into the tail gas absorption tower 83 to absorb 
ammonia or the like in the tail gas. Besides, the MVR evaporation is initiated by 
charging steam at 143.3Ό temperature in the initial stage.
In this embodiment, 2.353m3 ammonia at 4.46 mass% concentration is obtained 
per hour in the first ammonia storage tank 51,3.354m3 ammonia at 0.064 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 5
The waste water containing ammonium salts is treated with the method described 
in the embodiment 4, but: waste water containing ammonium salts that contains
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76g/L NaCI, 128g/L Na2SO4, 16g/L NH4CI and 27.4g/L (NH4)2SO4 with pH=6.7 is 
treated, and the molar ratio of SO42’ to Cl’ contained in the obtained waste water to 
be treated is 1:2.9034. The temperature of the waste water after the heat exchange 
in the first heat exchange device 31 is 95°C, the temperature of the waste water to 
be treated after the heat exchange in the third heat exchange device 33 is 93°C, 
and the temperature of the waste water to be treated after the heat exchange in the 
fifth heat exchange device 35 is 93°C. The evaporation conditions of the first 
evaporation device 2 and the second evaporation device 1 are shown in Table 2. 
The temperature of the low temperature treatment is 25°C, and the retention time is 
60min.

Table 2

Evaporator
Temperature
/°C

Pressure /
kPa

Amount of 
evaporation / 
(m3/h)

First 
evaporation 
device 2

First evaporator
2a

140 193.8 1.037

Second 
evaporator 2b

125 84.9 1.037

Third 
evaporator 2c

110 11.4 1.037

Fourth 
evaporator 2d

95 -36.4 1.036

Second evaporation device 1 107 0 1.386

918.33kg filter cake of sodium sulfate crystal with 14 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 789.76kg 
sodium sulfate (at 99.4 mass% purity) is obtained per hour; 3.73m3 first mother 
liquid at concentrations of 305.6g/L NaCI, 55.15g/L Na2SO4, 1.15g/L NaOH, and 
0.308g/L NH3 is obtained per hour.
547.13kg filter cake of sodium chloride crystal with 15 mass% water content is 
obtained per hour in second solid-liquid separation device 92, and finally 465.06kg 
sodium chloride (at 99.5 mass% purity) is obtained per hour; 2.493m3 second 
mother liquid at concentrations of 280.9g/L NaCI, 83g/L Na2SO4, 1.73g/L NaOH, 
and 0.023g/L NH3 is obtained per hour.
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In this embodiment, 4.147m3 ammonia at 1.41 mass% concentration is obtained 
per hour in the first ammonia storage tank 51, 1.386m3 ammonia at 0.083 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 6
The waste water containing ammonium salts is treated with the method described 
in the embodiment 4, but: waste water containing ammonium salts that contains 
118g/L NaCI, 116g/L Na2SC>4, 19g/L NH4CI and 19g/L (NH4)2SO4 with pH=6.8 is 
treated, and the molar ratio of SO42' to Cl· contained in the obtained waste water to 
be treated is 1:4.4621. The temperature of the waste water after the heat exchange 
in the first heat exchange device 31 is 98°C, the temperature of the waste water to 
be treated after the heat exchange in the third heat exchange device 33 is 103°C, 
and the temperature of the waste water to be treated after the heat exchange in the 
fifth heat exchange device 35 is 103°C. The evaporation conditions of the first 
evaporation device 2 and the second evaporation device 1 are shown in Table 3.
The temperature of the low temperature treatment is 30°C, and the retention time is 
65min.

Table 3

Evaporator
Temperat 
ure / °C

Pressure /
kPa

Amount of 
evaporation /
(m3/h)

First 
evaporation 
device 2

First evaporator
2a

145 239.9 0.520

Second 
evaporator 2b

130 116.8 0.518

Third evaporator
2c

115 32.6 0.518

Fourth 
evaporator 2d

100 -22.9 0.518

Second evaporation device 1 105 -7.1 3.448

793.13kg filter cake of sodium sulfate crystal with 14 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 682.09kg 
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sodium sulfate (at 99.5 mass% purity) is obtained per hour; 5.886m3 first mother 
liquid at concentrations of 305.8g/L NaCI, 53.84g/L NaaSCU, 2.2g/L NaOH, and 
0.18g/L NH3 is obtained per hour.
806.90kg filter cake of sodium chloride crystal with 14 mass% water content is 
obtained per hour in second solid-liquid separation device 92, and finally 693.93kg 
sodium chloride (at 99.5 mass% purity) is obtained per hour; 3.925m3 second 
mother liquid at concentrations of 282.9g/L NaCI, 79.6g/L NaaSCU, 2.76g/L NaOH, 
and 0.016g/L NH3 is obtained per hour.
In this embodiment, 3.448m3 ammonia at 1.53 mass% concentration is obtained 
per hour in the first ammonia storage tank 51,2.074m3 ammonia at 0.05 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 7
As shown in Fig. 4, waste water containing ammonium salts (containing 80g/L 
NaCI, 82g/L NaaSCU, 50g/L NH4CI, and 52.1 g/L (NH4)aSO4, with pH=6.8) is fed at 
5m3/h feed rate into the vacuum degassing tank 4 for vacuum degassing, 45.16 
mass% sodium hydroxide solution is introduced into the pipeline connected to the 
first heat exchange device 31 (a titanium alloy plate-type heat exchanger) for the 
first pH adjustment, and the pH after the adjustment is monitored with the first pH 
measuring device 61 (a pH meter) (the measured value is 7.5); a part of the waste 
water containing ammonium salts after the first pH adjustment is fed by means of 
the first circulation pump 71 into the first heat exchange device 31 for the first heat 
exchange with the recycled condensate of the first ammonia-containing vapor, so 
that the temperature of the waste water is increased to 98°C, another part of the 
waste water after the first pH adjustment is fed by means of the first circulation 
pump 71 into the third heat exchange device 33 for the first heat exchange with the 
condensate of the second ammonia-containing vapor, so that the temperature of 
the waste water is increased to 48°C; the two parts of waste water containing 
ammonium salts are merged and mixed with the returned second mother liquid (fed 
at 8.75m3/h feed rate) to obtain waste water to be treated (the molar ratio of SCU2' 
to Cl' contained in it is 1:6.261), then sodium hydroxide solution at 45.16 mass% 
concentration is introduced into the pipeline through which the waste water to be 
treated is fed into the second heat exchange device 32 for the second pH 
adjustment, and the pH value after the second pH adjustment is measured with the 
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second pH measuring device 62 (pH meter) (the measured value is 10.8), then the 
waste water to be treated is fed into the second heat exchange device 32 (a 
titanium alloy plate-type heat exchanger) for first heat exchange with the recycled 
first ammonia-containing vapor, so that the temperature of the waste water to be 
treated is increased to 107°C; after the first heat exchange, the waste water to be 
treated is fed into the first evaporation device 2 (a falling film + forced circulation 
two-stage MVR evaporating crystallizer) for evaporation, to obtain first ammonia- 
containing vapor and first concentrated solution that contains sodium sulfate 
crystal. Wherein the evaporation conditions in the first evaporation device 2 include: 
temperature: 100°C, pressure: -22.82kPa, amount of evaporation: 3.92m3/h. The 
first ammonia-containing vapor obtained in the evaporation is compressed in the 
first compressor 101 (the temperature is increased by 12°C), then the first 
ammonia-containing vapor flows through the second heat exchange device 32 and 
the first heat exchange device 31 to exchange heat with the waste water to be 
treated sequentially, and is cooled to obtain first ammonia, and the first ammonia is 
stored in the first ammonia storage tank 51. Besides, to improve the content of 
solids in the first evaporation device 2, a part of the liquid after the evaporation in 
the first evaporation device 2 is taken as first circulating liquid and circulated by 
means of the second circulation pump 72 to the second heat exchange device 32 
for heat exchange, and then the first circulating liquid enters into the first 
evaporation device 2 again for the first evaporation (the first recirculation ratio is 
77.8). The degree of the first evaporation is monitored with the densitometer 
provided on the first evaporation device 2, to control the concentration of sodium 
chloride in the first concentrated solution to be 0.9935X (306.2g/L).
The first concentrated solution obtained in the evaporation in the first evaporation 
device 2 is fed into the first solid-liquid separation device 91 (a centrifugal machine) 
for the first solid-liquid separation, 10.58m3 first mother liquid that contains 306.2g/L 
NaCI, 54.0g/L NaaSCU, 1.4g/L NaOH and 0.27g/L NH3 is obtained per hour, the first 
mother liquid is temporarily stored in the first mother liquid tank 53, the solid sodium 
sulfate obtained in the solid-liquid separation (809.7kg filter cake of sodium sulfate 
crystal with 15 mass% water content is obtained per hour, wherein the content of 
sodium chloride is 6.9 mass% or lower) is eluted with 54g/L sodium sulfate solution 
that is in the same dry mass as the filter cake of sodium sulfate crystal and then is 
dried, thus 688.25kg sodium sulfate (at 99.7 mass% purity) is obtained per hour; 
the washing liquid is circulated by means of the fifth circulation pump 75 to the 
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pipeline before the second heat exchange device 32 and mixed with the waste 
water therein, and the obtained mixture is fed into the first evaporation device 2 
again for the first evaporation.
The second evaporation process is executed in the second evaporation device 1 (a 
falling film + forced circulation two-stage MVR evaporating crystallizer). The first 
mother liquid in the first mother liquid tank 53 is fed by means of the sixth 
circulation pump 76 into the second evaporation device 1 for the second 
evaporation, to obtain second concentrated solution that contains sodium chloride 
crystal. Wherein the evaporation conditions in the second evaporation device 1 
include: temperature: 50°C, pressure: -92.67kPa, amount of evaporation: 1,95m3/h. 
To improve the content of solids in the second evaporation device 1, a part of the 
first mother liquid after evaporation in the second evaporation device 1 is taken as 
second circulating liquid and circulated by means of the seventh circulation pump 
77 to the fourth heat exchange device 34 for heat exchange with the second 
ammonia-containing vapor, and then is fed into the second evaporation device 1 for 
the second evaporation (the second recirculation ratio is 16). The second 
ammonia-containing vapor obtained in the evaporation is compressed in the 
second compressor 102 (the temperature is increased by 12°C), then the second 
ammonia-containing vapor flows through the fourth heat exchange device 34 and 
the third heat exchange device 33 for heat exchange sequentially, and is cooled to 
obtain second ammonia, and the second ammonia is stored in the second 
ammonia storage tank 52. The washing liquid after the second solid-liquid 
separation and a part of the first mother liquid after the evaporation in the second 
evaporation device 1 are pumped by the ninth circulation pump 79 and the seventh 
circulation pump 77 respectively and mixed in the pipeline, and then the mixed 
liquid exchanges heat with the second ammonia-containing vapor in the fourth heat 
exchange device 34; a part of the waste water to be treated from the first circulation 
pump 71 exchanges heat with the condensate of the second ammonia-containing 
vapor in the third heat exchange device 33. The degree of the second evaporation 
is monitored with the densitometer provided on the second evaporation device 1, to 
control the concentration of sodium sulfate in the second concentrated solution to 
be 0.9702Y (65.3g/L). The first mother liquid is evaporated in the second 
evaporation device 1 and thereby second concentrated solution that contains 
sodium chloride crystal is obtained.
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The second concentrated solution that contains sodium chloride crystal is fed into 
the second solid-liquid separation device 92 (a centrifugal machine) for solid-liquid 
separation, 8.75m3 second mother liquid that contains 293.8g/L NaCI, 65.3g/L 
Na2SO4, 1.7g/L NaOH and 0.013g/L NH3 is obtained per hour, and the second 
mother liquid is temporarily stored in the second mother liquid tank 54. The second 
mother liquid is circulated by means of the eighth circulation pump 78 to the waste 
water introduction pipeline before the second pH adjustment and mixed with the 
waste water therein to obtain waste water to be treated, the solid sodium chloride 
obtained in the solid-liquid separation (785.29kg filter cake of sodium chloride 
crystal with 14 mass% water content is obtained per hour, wherein the content of 
sodium sulfate is 7.1 mass% or lower) is eluted with 293.8g/L sodium chloride 
solution that is in the same dry mass as the sodium chloride, and then is dried in 
the drier, thus 675.35kg sodium chloride (at 99.4 mass% purity) is obtained per 
hour; the second washing liquid obtained in the washing is circulated by means of 
the ninth circulation pump 79 to the second evaporation device 1.
In addition, the tail gas discharged from the vacuum degassing tank 4, the second 
heat exchange device 32 and the fourth heat exchange device 34 is introduced by 
means of the vacuum pump 81 into the tail gas absorption tower 83 for absorption. 
The tail gas absorption tower 83 has circulating water in it, the circulating water is 
circulated in the tail gas absorption tower 83 under the action of the fourth 
circulation pump 74, water is replenished to the tail gas absorption tower 83 by 
means of the third circulation pump 73 from the circulating water tank 82 at the 
same time; in addition, fresh water is replenished to the circulating water tank 82, 
and thereby the temperature and ammonia content of the service water of the 
vacuum pump 81 are decreased. Dilute sulfuric acid is further charged into the tail 
gas absorption tower 83 to absorb ammonia or the like in the tail gas.
In this embodiment, 3.92m3 ammonia at 3.53 mass% concentration is obtained per 
hour in the first ammonia storage tank 51, 1.95m3 ammonia at 0.144 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process. 
Besides, the MVR evaporation is initiated by charging steam at 143.3°C 
temperature in the initial stage.
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Embodiment 8
The waste water is treated with the method described in the embodiment 7, but: 
waste water containing ammonium salts that contains 60g/L NaCI, 130g/L Na2SO4, 
15g/L NH4CI and 33.0g/L (NhU^SCU with pH=6.8 is treated, and the molar ratio of 
SO42· to Cl· contained in the obtained waste water to be treated is 1:4.462. The 
temperature of the waste water after the heat exchange in the first heat exchange 
device 31 is 67°C, and the temperature of the waste water to be treated after the 
heat exchange in the second heat exchange device 32 is 102°C. The evaporation 
conditions in the first evaporation device 2 include: temperature: 95°C, pressure: - 
36.36kPa, amount of evaporation: 4.48m3/h. The evaporation conditions in the 
second evaporation device 1 include: temperature: 55°C, pressure: -90.15kPa, 
amount of evaporation: 1.05m3/h.
978.40kg filter cake of sodium sulfate crystal with 15 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 831,63kg 
sodium sulfate (at 99.3 mass% purity) is obtained per hour; 7.25m3 first mother 
liquid at concentrations of 307.2g/L NaCI, 54.5g/L Na2SO4, 1.8g/L NaOH, and 
0.18g/L NH3 is obtained per hour.
444.79kg filter cake of sodium chloride crystal with 15 mass% water content is 
obtained per hour in second solid-liquid separation device 92, and finally 378.07kg 
sodium chloride (at 99.5 mass% purity) is obtained per hour; 6.30m3 second 
mother liquid at concentrations of 295.5g/L NaCI, 63.1 g/L NaaSCU, 2.1 g/L NaOH, 
and 0.01 g/L NH3 is obtained per hour.
In this embodiment, 4.48m3 ammonia at 1.4 mass% concentration is obtained per 
hour in the first ammonia storage tank 51, 1,05m3 ammonia at 0.11 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 9
The waste water is treated with the method described in the embodiment 7, but: 
waste water containing ammonium salts that contains 160g/L NaCI, 55g/L Na2SO4, 
32g/L NH4CI and 11,2g/L (NH4)2SO4 with pH=6.2 is treated, and the molar ratio of 
SO42· to Cl' contained in the obtained waste water to be treated is 1:9.249. The 
temperature of the waste water after the heat exchange in the first heat exchange 
device 31 is 73°C, and the temperature of the waste water to be treated after the 
heat exchange in the second heat exchange device 32 is 112°C. The evaporation 
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conditions in the first evaporation device 2 include: temperature: 105Ό, pressure: - 
7.02kPa, amount of evaporation: 2.63m3/h. The evaporation conditions in the 
second evaporation device 1 include: temperature: 45°C, pressure: -94.69kPa, 
amount of evaporation: 2.86m3/h.
385.26kg filter cake of sodium sulfate crystal with 14 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 331.32kg 
sodium sulfate (at 99.4 mass% purity) is obtained per hour; 11,98m3 first mother 
liquid at concentrations of 306.4g/L NaCI, 52.5g/L NaaSCU, 2.6g/L NaOH, and 
0.11 g/L NH3 is obtained per hour.
1151,57kg filter cake of sodium chloride crystal with 15 mass% water content is 
obtained per hour in second solid-liquid separation device 92, and finally 978.83kg 
sodium chloride (at 99.4 mass% purity) is obtained per hour; 9.18m3 second 
mother liquid at concentrations of 291.2g/L NaCI, 67.9g/L NaaSCfo 3.4g/L NaOH, 
and 0.0084g/L NH3 is obtained per hour.
In this embodiment, 2.63m3 ammonia at 2.3 mass% concentration is obtained per 
hour in the first ammonia storage tank 51,2.86m3 ammonia at 0.043 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 10
As shown in Fig. 5, waste water containing ammonium salts (containing 156g/L 
NaCI, 50g/L NaaSCU, 60g/L NH4CI, and 19.55g/L (NH^SCU, with pH=6.3) is fed at 
5m3/h feed rate into the pipeline of the treatment system, sodium hydroxide solution 
at 45.16 mass% concentration is introduced into the pipeline for the first pH 
adjustment, the pH after the adjustment is monitored with the first pH measuring 
device 61 (a pH meter) (the measured value is 7.5), a part of the waste water 
containing ammonium salts (2.5m3/h) after the first pH adjustment is fed into the 
first heat exchange device 31 (a plastic plate-type heat exchanger) for the first heat 
exchange with the condensate of the first ammonia-containing vapor, so that the 
temperature of the waste water containing ammonium salts is increased to 99°C, 
and the remaining part of the waste water containing ammonium salts is fed into 
the fourth heat exchange device 34 (a duplex stainless steel plate-type heat 
exchanger) for the first heat exchange with the condensate of the second 
ammonia-containing vapor, so that the temperature of the waste water containing 
ammonium salts is increased to 60°C; then, the two parts of waste water are 
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merged and mixed with the second mother liquid (fed at 15.31m3/h feed rate) to 
obtain waste water to be treated (the molar ratio of SCU2’ to Cl· contained in the 
waste water to be treated is 1:10.356). Then, the waste water to be treated is fed 
into the second heat exchange device 32 (a titanium alloy plate-type heat 
exchanger) for the first heat exchange with the recycled first ammonia-containing 
vapor, so that the temperature of the waste water to be treated is increased to 
113°C; next, sodium hydroxide solution at 45.16 mass% concentration is introduced 
into the pipeline through which the waste water to be treated is fed into the first 
heat exchange device 2 (a falling film + forced circulation two-stage MVR 
evaporating crystallizer) for the second pH adjustment, the pH after the adjustment 
is monitored with the second pH measuring device 62 (a pH meter) (the measured 
value is 10.8); after the second pH adjustment, the waste water to be treated is fed 
into the first heat exchange device 2 for evaporation, to obtain first ammonia- 
containing vapor and first concentrated solution that contains sodium sulfate 
crystal. Wherein in the first evaporation device 2, the evaporation temperature is 
105°C, the pressure is -7.02kPa, and the amount of evaporation 2.53m3/h. The first 
ammonia-containing vapor obtained in the evaporation is compressed in the 
compressor 10 (the temperature is increased by 14°C), then the first ammonia- 
containing vapor flows through the second heat exchange device 32 and the first 
heat exchange device 31 to exchange heat with the waste water to be treated 
sequentially, and is cooled to obtain ammonia, and the ammonia is stored in the 
first ammonia storage tank 51. Besides, to improve the content of solids in the first 
evaporation device 2, a part of the liquid after the evaporation in the first 
evaporation device 2 is taken as circulating liquid and circulated by means of the 
second circulation pump 72 to the second heat exchange device 32 for heat 
exchange, and then the circulating liquid enters into the first evaporation device 2 
again for the first evaporation (the recirculation ratio is 56.2). The degree of the first 
evaporation is monitored with the densitometer provided on the first evaporation 
device 2, to control the concentration of sodium chloride in the first concentrated 
solution to be 0.99352X (307.0g/L).
The first concentrated solution is fed into the first solid-liquid separation device 91 
(a centrifugal machine) for the first solid-liquid separation, 18.43m3 first mother 
liquid that contains 307.0g/L NaCI, 52.7g/L NasSCL, 1.67g/L NaOH and 0.13g/L 
ΝΗθ is obtained per hour, the first mother liquid is temporarily stored in the first 
mother liquid tank 53, the solid sodium sulfate obtained in the solid-liquid 



82

5

10

15

20

25

30

35

separation (407.73kg filter cake of sodium sulfate crystal with 14 mass% water 
content is obtained per hour, wherein the content of sodium chloride is 6.8 mass% 
or lower) is eluted with 52.7g/L sodium sulfate solution that is in the same dry mass 
as the filter cake of sodium sulfate crystal and then is dried, thus 350.64kg sodium 
sulfate (at 99.4 mass% purity) is obtained per hour; the eluent obtained in the 
elution is circulated by means of the eighth circulation pump 78 to the second heat 
exchange device 32, and then is fed into the first evaporation device 2 again for the 
first evaporation.
The second evaporation process is executed in the second evaporation device 1 (a 
multi-effect evaporation device), which is composed of a first evaporator 1a, a 
second evaporator 1b, and a third evaporator 1c (all of them are forced circulation 
evaporators). The first mother liquid is fed by means of the fifth circulation pump 75 
into the second evaporation device 1, the first mother liquid is evaporated in the 
first evaporator 1a, then is fed into the second evaporator 1b for evaporation, and is 
fed into the third evaporator 1c for evaporation; finally, second concentrated 
solution that contains sodium chloride crystal is obtained. Wherein in the first 
evaporator 1a, the evaporation temperature is 86°C, the pressure is -55.83kPa, and 
the amount of evaporation is 1,08m3/h; in the second evaporator 1b, the 
evaporation temperature is 71 °C, the pressure is -77.40kPa, and the amount of 
evaporation is 1.07m3/h; in the third evaporator 1c, the evaporation temperature is 
56°C, the pressure is -89.56kPa, and the amount of evaporation is 1.06m3/h. The 
second ammonia-containing vapor obtained in the evaporation in the first 
evaporator 1a in the second evaporation device 1 is fed into the second evaporator 
1b to perform heat exchange and obtain second ammonia, the second ammonia- 
containing vapor obtained in the evaporation in the second evaporator 1b is 
charged into the third evaporator 1c to perform heat exchange and obtain first 
ammonia, the second ammonia is fed into the fourth heat exchange device 34 for 
heat exchange with the waste water containing ammonium salts, and then is stored 
in the second ammonia storage tank 52. Heating steam (i.e., live steam used 
conventionally in the art) is charged into the first evaporator 1a, and the condensate 
obtained through condensation of the heating steam in the first evaporator 1 a is 
used to prepare washing solution. The second ammonia-containing vapor obtained 
in the evaporation in the third evaporator 1c is fed into the third heat exchange 
device 33 to exchange heat with the cold medium and obtain second ammonia, and 
the second ammonia is stored in the second ammonia storage tank 52. The degree 
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of the second evaporation is monitored with the densitometer provided on the 
second evaporation device 1, to control the concentration of sodium sulfate in the 
second concentrated solution to be 0.9693Y (63.1 g/L). After the first mother liquid is 
evaporated in the second evaporation device 1, the finally obtained second 
concentrated solution that contains sodium chloride crystal is controlled to 
crystallize in the crystal-liquid collection tank 56 (the crystallization temperature is 
55°C, and the crystallization time is 30min.) to obtain crystal slurry that contains 
sodium chloride crystal.
The crystal slurry that contains sodium chloride crystal is fed into the second solid
liquid separation device 92 (a centrifugal machine) for solid-liquid separation, and 
15.31m3 second mother liquid that contains 295.6g/L NaCl, 63.1 g/L NagSCU, 2.0g/L 
NaOH, and 0.13g/L NH3 is obtained per hour; the second mother liquid is circulated 
by means of the seventh circulation pump 77 to the waste water introduction 
pipeline and mixed with the waste water containing ammonium salts to obtain 
waste water to be treated; the solid sodium chloride obtained in the solid-liquid 
separation (1293.73kg filter cake of sodium chloride crystal with 14 mass% water 
content is obtained per hour, wherein the content of sodium sulfate is 7.0 mass% or 
lower) is eluted with 295g/L sodium chloride solution that is in the same dry mass 
as the sodium chloride, and then is dried in a drier, thus 1112.6kg sodium chloride 
(at 99.4 mass% purity) is obtained per hour; the washing liquid obtained in the 
washing is circulated by means of the sixth circulation pump 76 to the second 
evaporation device 1.
In addition, the tail gas discharged from the second heat exchange device 32 and 
the third heat exchange device 33 is introduced by means of the vacuum pump 81 
into the tail gas absorption tower 83 for absorption. The tail gas absorption tower 83 
has circulating water in it, the circulating water is circulated in the tail gas 
absorption tower 83 under the action of the fourth circulation pump 74, water is 
replenished to the tail gas absorption tower 83 by means of the third circulation 
pump 73 from the circulating water tank 82 at the same time; in addition, fresh 
water is replenished to the circulating water tank 82, and thereby the temperature 
and ammonia content of the service water of the vacuum pump 81 are decreased. 
Dilute sulfuric acid is further charged into the tail gas absorption tower 83 to absorb 
ammonia or the like in the tail gas.
In this embodiment, 2.53m3 ammonia at 4.44 mass% concentration is obtained per 
hour in the first ammonia storage tank 51,3.21 m3 ammonia at 0.072 mass% 
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concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process. 
Besides, the MVR evaporation is initiated by charging steam at 143.3Ό 
temperature in the initial stage.

Embodiment 11
The waste water containing ammonium salts is treated with the method described 
in the embodiment 10, but: waste water containing ammonium salts that contains 
71 g/L NaCI, 132g/L Na2SO4, 16g/L NH4CI and 30.24g/L (NH4)2SO4 with pH=7.0 is 
treated, and the molar ratio of SO42' to Cl· contained in the obtained waste water to 
be treated is 1:4.163. The temperature of the waste water to be treated after the 
heat exchange in the first heat exchange device 31 is 64°C, and the temperature of 
the waste water to be treated after the heat exchange in the second heat exchange 
device 32 is 102°C. The evaporation conditions in the first evaporation device 2 
include: temperature: 95°C, pressure: -36.36kPa, amount of evaporation: 2.53m3/h. 
The evaporation conditions in the first evaporator 1 a in the second evaporation 
device 1 include: temperature: 80°C, pressure: -65.87kPa, amount of evaporation: 
0.43m3/h. The evaporation conditions in the second evaporator 1b include: 
temperature: 64°C, pressure: -84.0kPa, amount of evaporation: 0.43m3/h. The 
evaporation conditions in the third evaporator 1c include: temperature: 46°C, 
pressure: -94.33kPa, amount of evaporation: 0.42m3/h.
970.09kg filter cake of sodium sulfate crystal with 15 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 824.57kg 
sodium sulfate (at 99.5 mass% purity) is obtained per hour; 6.59m3 first mother 
liquid at concentrations of 305.6g/L NaCI, 55.15g/L Na2SO4, 1.15g/L NaOH, and 
0.19g/L NH3 is obtained per hour.
518.3kg filter cake of sodium chloride crystal with 15 mass% water content is 
obtained per hour in second solid-liquid separation device 92, and finally 440.5kg 
sodium chloride (at 99.5 mass% purity) is obtained per hour; 5.42m3 second 
mother liquid at concentrations of 292.6g/L NaCI, 67.4g/L Na2SO4, 1.4g/L NaOH, 
and 0.012g/L NH3 is obtained per hour.
In this embodiment, 4.26m3 ammonia at 1.46 mass% concentration is obtained per 
hour in the first ammonia storage tank 51, 1.28m3 ammonia at 0.095 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.
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Embodiment 12
The waste water containing ammonium salts is treated with the method described 
in the embodiment 10, but: waste water containing ammonium salts that contains 
118g/L NaCI, 116g/L Na2SO4,19g/L NH4CI and 18.99g/L (NH4)2SO4 with pH=6.8 is 
treated, and the molar ratio of SO42' to Cl· contained in the obtained waste water to 
be treated is 1:6.419. The temperature of the waste water to be treated after the 
heat exchange in the first heat exchange device 31 is 97°C, and the temperature of 
the waste water to be treated after the heat exchange in the second heat exchange 
device 32 is 107°C. The evaporation conditions in the first evaporation device 2 
include: temperature: 100Ό, pressure: -22.83kPa, amount of evaporation: 
3.52m3/h. The evaporation conditions in the first evaporator 1a in the second 
evaporation device 1 include: temperature: 86°C, pressure: -55.83kPa, amount of 
evaporation: 0.667m3/h. The evaporation conditions in the second evaporator 1b 
include: temperature: 71 °C, pressure: -77.4kPa, amount of evaporation: 0.666m3/h. 
The evaporation conditions in the third evaporator 1c include: temperature: 56°C, 
pressure: -89.56kPa, amount of evaporation: 0.665m3/h.
792.33kg filter cake of sodium sulfate crystal with 14 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 681.41kg 
sodium sulfate (at 99.5 mass% purity) is obtained per hour; 10.95m3 first mother 
liquid at concentrations of 305.8g/L NaCI, 53.84g/L Na2SO4, 2.2g/L NaOH, and 
0.099g/L NH3 is obtained per hour.
817.22kg filter cake of sodium chloride crystal with 14 mass% water content is 
obtained per hour in second solid-liquid separation device 92, and finally 694.64kg 
sodium chloride (at 99.4 mass% purity) is obtained per hour; 9.06m3 second 
mother liquid at concentrations of 293.3g/L NaCI, 65g/L Na2SO4, 2.656g/L NaOH, 
and 0.0072g/L NH3 is obtained per hour.
In this embodiment, 3.515m3 ammonia at 1.5 mass% concentration is obtained per 
hour in the first ammonia storage tank 51, 1.998m3 ammonia at 0.051 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 13
As shown in Fig. 6, waste water containing ammonium salts (containing 159g/L 
NaCI, 48g/L Na2SO4, 39g/L NH4CI, and 12g/L (NH4)2SO4, pH=7) is fed at 5m3/h 
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feed rate into the treatment system by means of the first circulation pump 71, 
sodium hydroxide solution at 45.16 mass% concentration is introduced into the 
main pipeline of the first heat exchange device 31 and the fifth heat exchange 
device 35 (both are titanium alloy plate-type heat exchangers) for the first pH 
adjustment, and the pH after the adjustment is monitored with the first pH 
measuring device 61 (a pH meter) (the measured value is 7.8); after the first pH 
adjustment, the waste water containing ammonium salts is fed into the first heat 
exchange device 31 and the fifth heat exchange device 35 respectively for the first 
heat exchange with the condensate of the third ammonia-containing vapor and the 
third concentrated solution that contains sodium sulfate crystal and sodium chloride 
crystal (obtained in the third evaporation), so that the temperature of the waste 
water containing ammonium salts is increased to 102°C; then the waste water 
containing ammonium salts is mixed with the fourth mother liquid to obtain waste 
water to be treated (the molar ratio of SCU2’ to Cl· obtained in it is 1:11.346), sodium 
hydroxide solution at 45.16 mass% concentration is introduced into the pipeline 
through which the waste water to be treated is fed into the second heat exchange 
device 32 to perform the second pH adjustment, the pH after the adjustment is 
monitored with the second pH measuring device 62 (a pH meter) (the measured 
value is 11), then the waste water to be treated is fed into the second heat 
exchange device 32 (a titanium alloy plate-type heat exchanger) to perform the first 
heat exchange with the recycled third ammonia-containing vapor so that the 
temperature of the waste water to be treated is increased to 112°C; next, after twice 
first heat exchanges, the waste water to be treated is fed at 476.5m3/h feed rate 
into the first evaporation device 2 (a falling film + forced circulation two-stage MVR 
evaporating crystallizer) for evaporation, to obtain third ammonia-containing vapor 
and third concentrated solution that contains sodium sulfate crystal and sodium 
chloride crystal. Wherein the evaporation conditions of the third evaporation 
include: temperature: 105Ό, pressure: -7.02kPa, amount of evaporation: 4.82m3/h. 
The third ammonia-containing vapor obtained in the evaporation is compressed in 
the first compressor 101 (the temperature is increased by 18°C), then the third 
ammonia-containing vapor flows through the second heat exchange device 32 and 
the first heat exchange device 31 to exchange heat with the waste water to be 
treated sequentially, and is cooled to obtain third ammonia, and the third ammonia 
is stored in the first ammonia storage tank 51. Besides, to improve the content of 
solids in concentrated solution in the first evaporation device 2, a part of the liquid 
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after the evaporation in the first evaporation device 2 is circulated by means of the 
second circulation pump 72 to the second heat exchange device 32, and then is 
fed into the first evaporation device 2 again for the third evaporation (the third 
recirculation ratio is 95.3). The degree of the third evaporation is monitored with the 
mass flowmeter provided on the first evaporation device 2, to control the amount of 
evaporation in the third evaporation to be 4.82m3/h (equivalent to controlling the 
concentration of sodium sulfate in the treated solution to be 0.978Y, i.e., 88.9g/L). 
The obtained third concentrated solution that contains sodium sulfate crystal and 
sodium chloride crystal is treated at a low temperature in the low temperature 
treatment tank 22 (temperature: 20°C, time: 60min.) to obtain treated solution that 
contains sodium chloride crystal.
The treated liquid that contains sodium chloride crystal is fed into the first solid
liquid separation device 91 (a centrifugal machine) for the third solid-liquid 
separation, 7.17m3 third mother liquid that contains 279.8g/L NaCI, 88.9g/L 
NaaSCU, 2.64g/L NaOH and 0.31 g/L NH3 is obtained per hour, the third mother 
liquid is temporarily stored in the first mother liquid tank 53, the solid sodium 
chloride obtained in the solid-liquid separation (1190.32kg filter cake of sodium 
chloride crystal with 15 mass% water content is obtained per hour, wherein the 
content of sodium sulfate is 3.9 mass% or lower) is eluted with 279.8g/L sodium 
chloride solution that is in the same dry mass as the filter cake of sodium chloride 
crystal and then is dried in a drier, thus 1011.78kg sodium chloride (at 99.5 mass% 
purity) is obtained per hour; the washing liquid is circulated by means of the eighth 
circulation pump 78 to the second heat exchange device 32, and then is fed into 
the first evaporation device 2 again for the third evaporation.
The fourth evaporation process is executed in the second evaporation device 1 (a 
falling film + forced circulation two-stage MVR evaporating crystallizer). The third 
mother liquid in the first mother liquid tank 53 is fed by means of the sixth 
circulation pump 76 into the third heat exchange device 33 and the fourth heat 
exchange device 34 sequentially, and then is fed into the second evaporation 
device 1 for the fourth evaporation, to obtain fourth concentrated solution that 
contains sodium sulfate crystal. Wherein the evaporation conditions in the second 
evaporation device 1 include: temperature: 105°C, pressure: -7.02kPa, amount of 
evaporation: 0.78m3/h. To improve the content of solids in the concentrated solution 
in the second evaporation device 1, a part of the third mother liquid after 
evaporation in the second evaporation device 1 is taken as circulating liquid and 
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circulated by means of the seventh circulation pump 77 to the fourth heat exchange 
device 34, and then is fed into the second evaporation device 1 for the fourth 
evaporation (the fourth recirculation ratio is 9.6). The fourth ammonia-containing 
vapor obtained in the evaporation is compressed in the second compressor 102 
(the temperature is increased by 18°C), then the fourth ammonia-containing vapor 
flows through the fourth heat exchange device 34 and the third heat exchange 
device 33 for heat exchange sequentially with the third mother liquid, and is cooled 
to obtain fourth ammonia, and the fourth ammonia is stored in the second ammonia 
storage tank 52. The degree of the fourth evaporation is monitored with the mass 
flowmeter provided on the second evaporation device 1, to control the 
concentration of sodium chloride in the concentrated solution obtained through the 
fourth evaporation to be 0.9935X (306.5g/L).
The fourth concentrated solution that contains sodium sulfate crystal is fed into the 
second solid-liquid separation device 92 (a centrifugal machine) for the fourth solid
liquid separation, thus 6.70m3 fourth mother liquid that contains 306.5g/L NaCI, 
52.5g/L NaaSCU, 2.89g/L NaOH and 0.01 g/L NH3 is obtained per hour, and the 
fourth mother liquid is temporarily stored in the second mother liquid tank 54. All of 
the fourth mother liquid is circulated by means of the ninth circulation pump 79 to 
the waste water pipeline between the first heat exchange device 31 and the second 
heat exchange device 32 and mixed with the waste water containing ammonium 
salts therein to obtain waste water to be treated. The solid sodium sulfate obtained 
in the solid-liquid separation (349.84kg filter cake of sodium sulfate crystal with 14 
mass% water content is obtained per hour, wherein the content of sodium chloride 
is 3.9 mass% or lower) is eluted with 52.5g/L sodium sulfate solution in the same 
dry mass as the sodium sulfate, and is dried in a drier, thus 300.87kg sodium 
sulfate (at 99.5 mass% purity) is obtained per hour; the washing liquid is circulated 
by means of the tenth circulation pump 80 to the second evaporation device 1. 
In addition, the tail gas discharged from the second heat exchange device 32 and 
the fourth heat exchange device 34 is introduced by means of the vacuum pump 81 
into the tail gas absorption tower 83 for absorption. The tail gas absorption tower 83 
has circulating water in it, the circulating water is circulated in the tail gas 
absorption tower 83 under the action of the fourth circulation pump 74, water is 
replenished to the tail gas absorption tower 83 by means of the third circulation 
pump 73 from the circulating water tank 82 at the same time; in addition, fresh 
water is replenished to the circulating water tank 82, and thereby the temperature 
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and ammonia content of the service water of the vacuum pump 81 are decreased. 
Dilute sulfuric acid is further charged into the tail gas absorption tower 83 to absorb 
ammonia or the like in the tail gas. Besides, the MVR evaporation is initiated by 
charging steam at 143.3 °C temperature in the initial stage.
In this embodiment, 4.82m3 ammonia at 1.5 mass% concentration is obtained per 
hour in the first ammonia storage tank 51,0.78m3 ammonia at 0.28 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 14
The waste water containing ammonium salts is treated with the method described 
in the embodiment 13, but: waste water containing ammonium salts that 
contains58g/L NaCI, 120g/L Na2SO4, 19g/L NH4CI and 40g/L (NhLhSCU with 
pH=7.1 is treated, and the molar ratio of SO42· to Cl· contained in the obtained 
waste water to be treated is 1:8.665. The temperature of the waste water 
containing ammonium salts after the heat exchange in the first heat exchange 
device 31 and the fifth heat exchange device 35 is 97Ό, and the temperature of the 
waste water to be treated after the heat exchange in the second heat exchange 
device 32 is 97.5Ό. The evaporation conditions of the third evaporation include: 
temperature: 100°C, pressure: -22.83kPa, amount of evaporation: 3.47m3/h. The 
temperature of the low temperature treatment is 25°C, and the retention time is 
55min. The evaporation conditions of the fourth evaporation include: temperature: 
95°C, pressure: -36.36kPa, amount of evaporation: 2.28m3/h.
454.10kg filter cake of sodium chloride crystal with 14 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 390.53kg 
sodium chloride (at 99.6 mass% purity) is obtained per hour; 25.59m3 third mother 
liquid at concentrations of 280.6g/L NaCI, 82.9g/L Na2SC>4, 2.2g/L NaOH, and 
0.12g/L NH3 is obtained per hour.
962.68kg filter cake of sodium sulfate crystal with 15 mass% water content is 
obtained per hour in the second solid-liquid separation device 92, and finally 
818.28kg sodium sulfate (at 99.5 mass% purity); 23.56m3 fourth mother liquid at 
concentrations of 303.2g/L NaCI, 55.3g/L Na2SO4, 2.4g/L NaOH and 0.005g/L NH3 
are obtained per hour.
In this embodiment, 3.47m3 ammonia at 2.2 mass% concentration is obtained per 
hour in the first ammonia storage tank 51,2.28m3 ammonia at 0.13 mass% 
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concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 15
The waste water containing ammonium salts is treated with the method described 
in the embodiment 13, but: waste water containing ammonium salts that contains 
80g/L NaCI, 78g/L Na2SO4, 29g/L NH4CI and 28.7g/L (NH4)2SO4 with pH=6.6 is 
treated, and the molar ratio of SO42’ to Cl· contained in the obtained waste water to 
be treated is 1:8.745. The temperature of the waste water containing ammonium 
salts after the heat exchange in the first heat exchange device 31 and the fifth heat 
exchange device 35 is 105Ό, and the temperature of the waste water to be treated 
after the heat exchange in the second heat exchange device 32 is 117°C. The 
evaporation conditions of the third evaporation include: temperature: 110°C, 
pressure: 11.34kPa, amount of evaporation: 4.26m3/h. The evaporation conditions 
of the fourth evaporation include: temperature: 100°C, pressure: -22.82kPa, amount 
of evaporation: 1,40m3/h. The temperature of the low temperature treatment is 
20°C, and the retention time is 60min.
657.86kg filter cake of sodium chloride crystal with 15 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 559.18kg 
sodium chloride (at 99.4 mass% purity) is obtained per hour; 13.55m3 third mother 
liquid at concentrations of 280.2g/L NaCI, 89.1 g/L Na2SO4, 1,7g/L NaOH, and 
0.18g/L NH3 is obtained per hour.
632.55kg filter cake of sodium sulfate crystal with 14 mass% water content is 
obtained per hour in the second solid-liquid separation device 92, and finally 
543.99kg sodium sulfate (at 99.5 mass% purity) is obtained per hour; 12.39m3 
fourth mother liquid at concentrations of 306.1 g/L NaCI, 53.9g/L Na2SO4, 1.85g/L 
NaOH, and 0.0099g/L NH3 is obtained per hour.
In this embodiment, 4.26m3 ammonia at 1.8 mass% concentration is obtained per 
hour in the first ammonia storage tank 51, 1.40m3 ammonia at 0.16 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 16
As shown in Fig. 7, the waste water containing ammonium salts (containing 149g/L 
NaCI, 49g/L Na2SO4, 45g/L NH4CI, and 15g/L (NH4)2SO41 with pH=7.0) is fed at 
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5m3/h feed rate into the pipeline of the treatment system, sodium hydroxide solution 
at 45.16 mass% concentration is introduced into the pipeline before the first heat 
exchange device 31 or the fifth heat exchange device 35 (both of them are titanium 
alloy plate-type heat exchangers) for the first pH adjustment, and the pH after the 
mixing is monitored with the first pH measuring device 61 (a pH meter) (the 
measured value is 8); a part of the waste water containing ammonium salts 
(4.5m3/h) is fed by means of the first circulation pump 71 into the first heat 
exchange device 31 to perform first heat exchange with the recycled condensate of 
the third ammonia-containing vapor, so that the temperature of the waste water 
containing ammonium salts is increased to 103°C, and the remaining part of the 
waste water containing ammonium salts is fed into the fifth heat exchange device 
35 to perform the first heat exchange with the third concentrated solution, so that 
the temperature of the waste water containing ammonium salts is increased to 
103°C; next, the parts of the waste water containing ammonium salts are merged 
and then the merged waste water is mixed with the fourth mother liquid to obtain 
waste water to be treated (the molar ratio of SCL2- to Cl- contained in it is 1:11.227); 
then the waste water to be treated is fed into the second heat exchange device 32 
to perform the first heat exchange with the third ammonia-containing vapor, so that 
the temperature of the waste water to be treated is increased to 112°C; then, 
sodium hydroxide solution at 45.16 mass% is introduced into the pipeline through 
which the waste water to be treated is fed into the first evaporation device 2 for the 
second pH adjustment, and the pH after the adjustment is monitored with the 
second pH measuring device 62 (a pH meter) (the measured value is 10.8); after 
the second pH adjustment, the waste water to be treated is fed into the first 
evaporation device 2 (a falling film + forced circulation two-stage MVR evaporating 
crystallizer) for evaporation, and thus third ammonia-containing vapor and third 
concentrated solution that contains sodium sulfate crystal and sodium chloride 
crystal are obtained. The third ammonia-containing vapor obtained in the 
evaporation is compressed in the first compressor 101 (the temperature is 
increased by 17°C), then the third ammonia-containing vapor flows through the 
second heat exchange device 32 and the first heat exchange device 31 
sequentially to exchange heat with the waste water to be treated and the waste 
water containing ammonium salts respectively, and is cooled to obtain third 
ammonia, and the third ammonia is stored in the first ammonia storage tank 51. 
Besides, to improve the content of solids in the concentrated solution in the first 



92

5

10

15

20

evaporation device 2, a part of the liquid after the evaporation in the first 
evaporation device 2 is taken as circulating liquid and circulated by means of the 
second circulation pump 72 to the second heat exchange device 32 for heat 
exchange, and then is fed into the first evaporation device 2 again for the third 
evaporation (the recirculation ratio is 92.6). The degree of the third evaporation is 
monitored with the mass flowmeter provided on the first evaporation device 2, to 
control the amount of evaporation in the third evaporation to be 4.69m3/h 
(equivalent to controlling the concentration of sodium sulfate in the treated solution 
to be 0.976Y, i.e., 83g/L). Wherein the evaporation conditions of the third 
evaporation are shown in Table 4:

Table 4

Evaporation device
Tempera 
ture / °C

Press
ure /
kPa

Amount of 
evaporation / 
(m3/h)

First evaporation device 2 105 -7.02 4.69

Second 
evaporation device 
1
(multi-effect 
evaporation device)

First evaporator
1a

145 239.9 0.25

Second 
evaporator 1 b

130
116.7
7

0.25

Third evaporator
1c

115 32.56 0.25

Fourth 
evaporator 1 d

100
22.83

0.24

The obtained third concentrated solution that contains sodium sulfate crystal and 
sodium chloride crystal is treated at a low temperature in the low temperature 
treatment tank 22 (temperature: 25°C, retention time: 55min.) to obtain treated 
solution that contains sodium chloride crystal.
The treated liquid that contains sodium chloride crystal is fed into the first solid
liquid separation device 91 (a centrifugal machine) for the third solid-liquid 
separation, 9.38m3 third mother liquid that contains 281 g/L NaCI, 83g/L NaiSCU, 
1.66g/L NaOH and 0.18g/L NH3 is obtained per hour, the third mother liquid is 
temporarily stored in the first mother liquid tank 53, the solid sodium chloride 
obtained in the solid-liquid separation (1157.43kg filter cake of sodium chloride 
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crystal with 14 mass% water content is obtained per hour, wherein the content of 
sodium sulfate is 3.6 mass% or lower) is eluted with 281 g/L sodium chloride 
solution that is in the same dry mass as the filter cake of sodium chloride crystal 
and then is dried in a drier, thus 995.39kg sodium chloride (at 99.4 mass% purity) is 
obtained per hour; the washing liquid is circulated by means of the eighth 
circulation pump 78 to the second heat exchange device 32, and then is fed into 
the first evaporation device 2 again for the third evaporation.
The fourth evaporation process is executed in the second evaporation device 1, 
which is composed of a first evaporator 1 a, a second evaporator 1 b, a third 
evaporator 1c, and a fourth evaporator 1d (all of them are forced circulation 
evaporators). The third mother liquid in the first mother liquid tank 53 is fed by 
means of the sixth circulation pump 76 into the fourth heat exchange device 34 and 
the sixth heat exchange device 36 for heat exchange sequentially, and then is fed 
into the evaporators in the second evaporation device 1 for the fourth evaporation, 
to obtain fourth concentrated solution that contains sodium sulfate crystal. The 
conditions of the evaporations are shown in the above Table 1. The fourth 
ammonia-containing vapor obtained in the evaporation in each evaporator is fed 
into the next evaporator to perform heat exchange and obtain condensate, then 
further performs heat exchange with the third mother liquid in the fourth heat 
exchange device 34 to obtain fourth ammonia; the fourth ammonia-containing 
vapor obtained in the evaporation in the fourth evaporator 1d performs heat 
exchange with the cooling water (the waste water containing ammonium salts) in 
the third heat exchange device 33 and thereby fourth ammonia is obtained; the 
fourth ammonia is merged and stored in the second ammonia storage tank 52. 
Heating steam (i.e., live steam used conventionally in the art) is charged into the 
first evaporator 1a, and the condensate obtained through condensation of the 
heating steam in the first evaporator 1 a is fed into the sixth heat exchange device 
36 to further preheat the third mother liquid, and then is used to prepare washing 
solution. The degree of the third evaporation is monitored with the densitometer 
provided on the second evaporation device 1, to control the concentration of 
sodium chloride in the concentrated solution obtained through the fourth 
evaporation to be 0.9935X (308.1 g/L). The fourth concentrated solution obtained in 
the evaporation in the second evaporation device 1 is controlled to crystallize in the 
crystal-liquid collection tank 56 (crystallization temperature: 100°C, crystallization 
time: 5min.), to obtain crystal slurry that contains sodium sulfate crystal.
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The crystal slurry that contains sodium chloride crystal is fed into the second solid
liquid separation device 92 (a centrifugal machine) for the fourth solid-liquid 
separation, 8.70m3 fourth mother liquid that contains 308.1 g/L NaCI, 53.9g/L 
Na2SO4, 1.82g/L NaOH and 0.01 g/L NH3 is obtained per hour, and the fourth 
mother liquid is temporarily stored in the second mother liquid tank 54. All of the 
fourth mother liquid is circulated by means of the ninth circulation pump 79 to the 
waste water pipeline between the first heat exchange device 31 and the second 
heat exchange device 32 and is mixed with the waste water containing ammonium 
salts to obtain waste water to be treated. The solid sodium sulfate obtained in the 
solid-liquid separation (378.37kg filter cake of sodium sulfate crystal with 15 mass% 
water content is obtained per hour, wherein the content of sodium chloride is 4.3 
mass% or lower) is eluted with 53.9g/L sodium sulfate solution in the same dry 
mass as the sodium sulfate, and is dried in a drier, thus 321.62kg sodium sulfate (at
99.5 mass% purity) is obtained per hour; the washing liquid is circulated by means 
of the tenth circulation pump 80 to the second evaporation device 1.
In addition, the tail gas discharged from the second heat exchange device 32 and 
the third heat exchange device 33 is introduced by means of the vacuum pump 81 
into the tail gas absorption tower 83 for absorption. The tail gas absorption tower 83 
has circulating water in it, the circulating water is circulated in the tail gas 
absorption tower 83 under the action of the fourth circulation pump 74, water is 
replenished to the tail gas absorption tower 83 by means of the third circulation 
pump 73 from the circulating water tank 82 at the same time; in addition, fresh 
water is replenished to the circulating water tank 82, and thereby the temperature 
and ammonia content of the service water of the vacuum pump 81 are decreased. 
Dilute sulfuric acid is further charged into the tail gas absorption tower 83 to absorb 
ammonia or the like in the tail gas. Besides, the MVR evaporation is initiated by 
charging steam at 143.3Ό temperature in the initial stage.
In this embodiment, 4.69m3 ammonia at 1.8 mass% concentration is obtained per 
hour in the first ammonia storage tank 51,0.99m3 ammonia at 0.17 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 17
The waste water containing ammonium salts is treated with the method described 
in the embodiment 16, but: waste water containing ammonium salts that contains 
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69g/L NaCI, 138g/L NazSCL, 12g/L NH4CI and 24.4g/L (NH4)2SO4 with pH=7.1 is 
treated, and the molar ratio of SCU2- to Cl’ contained in the obtained waste water to 
be treated is 1:9.085. The temperature of the waste water containing ammonium 
salts after the heat exchange in the first heat exchange device 31 and the fifth heat 
exchange device 35 is 104°C, and the temperature of the waste water to be treated 
after the heat exchange in the second heat exchange device 32 is 114°C. The 
evaporation conditions of the third evaporation and the fourth evaporation are 
shown in Table 5. The temperature of the low temperature treatment is 30°C, and 
the retention time is 50min.

Table 5

Evaporation device
Tempera 
ture / °C

Pressu
re/
kPa

Amount of 
evaporation 1 (m3/h)

First evaporation device 2 107 0 3.31

Second 
evaporation 
device 1 
(multi-effect 
evaporation 
device)

First evaporator
1a

150 291.6 0.58

Second 
evaporator 1 b

135 152.93 0.58

Third evaporator
1c

120 56.97 0.58

Fourth evaporator
1d

105 -7.02 0.58

475.12kg filter cake of sodium chloride crystal with 14 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 408.95kg 
sodium chloride (at 99.4 mass% purity) is obtained per hour; 26.11m3 third mother 
liquid at concentrations of 283.4g/L NaCI, 79.9g/L Na2SO4, 2.66g/L NaOH, and 
0.077g/L NH3 is obtained per hour.
968.12kg filter cake of sodium sulfate crystal with 15 mass% water content is 
obtained per hour in the second solid-liquid separation device 92, and finally 
822.91kg sodium sulfate (at 99.5 mass% purity) is obtained per hour; 24.04m3 
fourth mother liquid at concentrations of 306.3g/L NaCI, 52.5g/L Na2SO4, 2.97g/L 
NaOH, and 0.003g/L NH3 is obtained per hour.
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In this embodiment, 3.31m3 ammonia at 1.4 mass% concentration is obtained per 
hour in the first ammonia storage tank 51,2.32m3 ammonia at 0.08 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 18
The waste water containing ammonium salts is treated with the method described 
in the embodiment 16, but: waste water containing ammonium salts that contains 
106g/L NaCI, 103g/L Na2SO4, 21 g/L NH4CI and 20.7g/L (NH^SCU with pH=7.2 is 
treated, and the molar ratio of SO42' to Cl· contained in the obtained waste water to 
be treated is 1:9.189. The temperature of the waste water containing ammonium 
salts after the heat exchange in the first heat exchange device 31 and the fifth heat 
exchange device 35 is 103Ό, and the temperature of the waste water to be treated 
after the heat exchange in the second heat exchange device 32 is 112Ό. The 
evaporation conditions of the third evaporation and the fourth evaporation are 
shown in Table 6. The temperature of the low temperature treatment is 25Ό, and 
the retention time is 55min.

Table 6

Evaporation device
Tempera 
ture / “C

Press
ure / 
kPa

Amount of 
evaporation /
(m3/h)

First evaporation device 2 105 -7.02 3.86

Second evaporation 
device 1 
(multi-effect 
evaporation device)

First evaporator
1a

140
193.8
3

0.44

Second 
evaporator 1 b

125 84.91 0.44

Third evaporator
1c

110 11.34 0.44

Fourth 
evaporator 1 d

95
36.36

0.44

757.97kg filter cake of sodium chloride crystal with 15 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 644.27kg 
sodium chloride (at 99.4 mass% purity) is obtained per hour; 19.57m3 third mother 
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liquid at concentrations of 280.4g/L NaCI, 82.7g/L NazSCU, 2.64g/L NaOH, and 
0.15g/L NH3 is obtained per hour.
737.81kg filter cake of sodium sulfate crystal with 15 mass% water content is 
obtained per hour in the second solid-liquid separation device 92, and finally 
627.14kg sodium sulfate (at 99.5 mass% purity) is obtained per hour; 18.09m3 
fourth mother liquid at concentrations of 303.2g/L NaCI, 55.1 g/L NaaSCU, 2.85g/L 
NaOH, and 0.0049g/L NH3 is obtained per hour.
In this embodiment, 3.86m3 ammonia at 1.4 mass% concentration is obtained per 
hour in the first ammonia storage tank 51, 1,76m3 ammonia at 0.16 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 19
As shown in Fig. 8, waste water containing ammonium salts (containing 160g/L 
NaCI, 50g/L Na2SO4, 39g/L NH4CI, and 12.4g/L (NH4)2SO4, with pH=6.5) is fed at 
5m3/h feed rate into the vacuum degassing tank 4 for vacuum degassing, sodium 
hydroxide solution at 45.16 mass% concentration is introduced into the pipeline for 
the first pH adjustment, and the pH after the adjustment is monitored with the first 
pH measuring device 61 (a pH meter) (the measured value is 7.5); after the pH 
adjustment, a part of the waste water containing ammonium salts (1m3/h) is fed by 
means of the first circulation pump 71 into the fifth heat exchange device 35 (a 
titanium alloy plate-type heat exchanger) to perform the first heat exchange with the 
recycled condensate of the fourth ammonia-containing vapor, so that the 
temperature of the waste water containing ammonium salts is increased to 48°C, 
and the remaining part of the waste water containing ammonium salts is fed into 
the first heat exchange device 31 to perform the first heat exchange with the 
recycled condensate of the third ammonia-containing vapor, so that the 
temperature of the waste water containing ammonium salts is increased to 49°C; 
then the two parts of waste water containing ammonium salts are merged, and the 
merged waste water containing ammonium salts is mixed with the fourth mother 
liquid to obtain waste water to be treated (the molar ratio of SCU2- to Cl· obtained in 
it is 1:12.656), sodium hydroxide solution at 45.16 mass% concentration is 
introduced into the pipeline through which the waste water to be treated is fed into 
the second heat exchange device 32 to perform the second pH adjustment, the pH 
after the adjustment is monitored with the second pH measuring device 62 (a pH 
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meter) (the measured value is 11), then the waste water to be treated is fed into the 
second heat exchange device 32 (a titanium alloy plate-type heat exchanger) to 
perform the first heat exchange with the recycled third ammonia-containing vapor, 
so that the temperature of the waste water to be treated is increased to 57°C; next, 
the waste water to be treated is fed into the first evaporation device 2 (a falling film 
+ forced circulation two-stage MVR evaporating crystallizer) for evaporation, to 
obtain third ammonia-containing vapor and third concentrated solution that contains 
sodium chloride crystal. Wherein in the first evaporation device 2, the evaporation 
temperature is 50°C, the pressure is -92.7kPa, and the amount of evaporation is 
4.56m3/h. The third ammonia-containing vapor obtained in the evaporation is 
compressed in the first compressor 101 (the temperature is increased by 10°C), 
then the third ammonia-containing vapor flows through the second heat exchange 
device 32 and the first heat exchange device 31 sequentially to exchange heat with 
the waste water to be treated and the waste water containing ammonium salts 
respectively, and is cooled to obtain third ammonia, and the third ammonia is stored 
in the first ammonia storage tank 51. Besides, to improve the content of solids in 
the first evaporation device 2, a part of the liquid after the evaporation in the first 
evaporation device 2 is taken as third circulating liquid and circulated by means of 
the second circulation pump 72 to the second heat exchange device 32 for heat 
exchange, and then the first circulating liquid enters into the first evaporation device 
2 again for the third evaporation (the third recirculation ratio is 95.4). The degree of 
the third evaporation is monitored with the densitometer provided on the first 
evaporation device 2, to control the concentration of sodium sulfate in the third 
concentrated solution to be 0.9705Y (65.7g/L).
The third concentrated solution is fed into the first solid-liquid separation device 91 
(a centrifugal machine) for the third solid-liquid separation, 20.87m3 third mother 
liquid that contains 294.6g/L NaCl, 65.7g/L Na2SO4, 0.22g/L NaOH and 0.11 g/L NH3 
is obtained per hour, the third mother liquid is temporarily stored in the first mother 
liquid tank 53, the solid sodium chloride obtained in the solid-liquid separation 
(1196.17kg filter cake of sodium chloride crystal with 15 mass% water content is 
obtained per hour, wherein the content of sodium sulfate is 3.9 mass% or lower) is 
eluted with 295g/L sodium chloride solution that is in the same dry mass as the 
filter cake of sodium chloride crystal and then is dried, thus 1016.74kg sodium 
chloride (at 99.5 mass% purity) is obtained per hour; the washing liquid is circulated 
by means of the fifth circulation pump 75 to a position before the second pH 
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adjustment and mixed with the waste water to be treated, and the obtained mixture 
is fed into the first evaporation device 2 again for the third evaporation.
The fourth evaporation process is executed in the second evaporation device 1 (a 
falling film + forced circulation two-stage MVR evaporating crystallizer). The third 
mother liquid in the first mother liquid tank 53 is fed by means of the sixth 
circulation pump 76 into the third heat exchange device 33 to perform heat 
exchange with the condensate of the fourth ammonia-containing vapor, and then is 
fed into the fourth heat exchange device 34 to perform heat exchange with the 
fourth ammonia-containing vapor, and finally is fed into the second evaporation 
device 1 tor the fourth evaporation, to obtain fourth ammonia-containing vapor and 
fourth concentrated solution that contains sodium sulfate crystal. Wherein in the 
second evaporation device 1, the evaporation temperature is 105°C, the pressure is 
-7.0kPa, and the amount of evaporation 1,05m3/h. To improve the content of solids 
in the second evaporation device 1, a part of the third mother liquid after 
evaporation in the second evaporation device 1 is taken as fourth circulating liquid 
and circulated by means of the seventh circulation pump 77 to the fourth heat 
exchange device 34, and then is fed into the second evaporation device 1 for the 
fourth evaporation (the fourth recirculation ratio is 4). The fourth ammonia- 
containing vapor obtained in the evaporation is compressed in the second 
compressor 102 (the temperature is increased by 12°C) and then flows through the 
fourth heat exchange device 34 and the third heat exchange device 33 sequentially 
to perform the second heat exchange with the third mother liquid, and the flows 
through the fifth heat exchange device 35 to perform the first heat exchange with a 
part of waste water containing ammonium salts transported by the first circulation 
pump 71, and is cooled to obtain fourth ammonia, and the fourth ammonia is stored 
in the second ammonia storage tank 52. The degree of the fourth evaporation is 
monitored with the densitometer provided on the second evaporation device 1, to 
control the concentration of sodium chloride in the fourth concentrated solution to 
be 0.99355X (307.9g/L). The third mother liquid is evaporated in the second 
evaporation device 1 and thereby fourth concentrated solution that contains sodium 
sulfate crystal is obtained.
The fourth concentrated solution that contains sodium sulfate crystal is fed into the 
second solid-liquid separation device 92 (a centrifugal machine) for solid-liquid 
separation, 20.21 m3 fourth mother liquid that contains 307.9g/L NaCI, 53.0g/L 
Na2SO4, 0.30g/L NaOH and 0.0035g/L NH3 is obtained per hour, and the fourth
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mother liquid is temporarily stored in the second mother liquid tank 54. All of the 
fourth mother liquid is circulated by means of the eighth circulation pump 78 to a 
position before the second pH adjustment and is mixed with the preheated waste 
water containing ammonium salts to obtain waste water to be treated. The solid 
sodium sulfate obtained in the solid-liquid separation (364.15kg filter cake of 
sodium sulfate crystal with 14 mass% water content is obtained per hour, wherein 
the content of sodium chloride is 3.8 mass% or lower) is eluted with 53g/L sodium 
sulfate solution in the same dry mass as the sodium sulfate, and is dried in a drier, 
thus 313.17kg sodium sulfate (at 99.5 mass% purity) is obtained per hour; the 
second washing liquid obtained in the washing process is circulated by means of 
the ninth circulation pump 79 to the second evaporation device 1.
In addition, the tail gas discharged from the vacuum degassing tank 4, the second 
heat exchange device 32 and the fourth heat exchange device 34 is introduced by 
means of the vacuum pump 81 into the tail gas absorption tower 83 for absorption. 
The tail gas absorption tower 83 has circulating water in it, the circulating water is 
circulated in the tail gas absorption tower 83 under the action of the fourth 
circulation pump 74, water is replenished to the tail gas absorption tower 83 by 
means of the third circulation pump 73 from the circulating water tank 82 at the 
same time; in addition, fresh water is replenished to the circulating water tank 82, 
and thereby the temperature and ammonia content of the service water of the 
vacuum pump 81 are decreased. Dilute sulfuric acid is further charged into the tail 
gas absorption tower 83 to absorb ammonia or the like in the tail gas.
In this embodiment, 4.56m3 ammonia at 1.63 mass% concentration is obtained per 
hour in the first ammonia storage tank 51, 1,05m3 ammonia at 0.21 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process. 
Besides, the MVR evaporation is initiated by charging steam at 143.3Ό 
temperature in the initial stage.

Embodiment 20
The waste water containing ammonium salts is treated with the method described 
in the embodiment 19, but: waste water containing ammonium salts that contains 
60g/L NaCI, 130g/L NagSCU, 15g/L NH4CI and 33.04g/L (NH4)2SO4 with pH=6.6 is 
treated, and the molar ratio of SO42· to Cl· contained in the obtained waste water to 
be treated is 1:11.496. The temperature of the waste water containing ammonium 



101

5

10

15

20

25

30

35

salts after the heat exchange in the fifth heat exchange device 35 is 53°C, the 
temperature of the waste water containing ammonium salts after the heat exchange 
in the first heat exchange device 31 is 54°C, and the temperature of the waste 
water to be treated after the heat exchange in the second heat exchange device 32 
is 62°C. The evaporation temperature of the third evaporation is 55°C, the pressure 
is -90.2kPa, and the amount of evaporation is 2.76m3/h. The evaporation 
temperature of the fourth evaporation is 95°C, the pressure is -36.4kPa, and the 
amount of evaporation is 2.93m3/h.
445.34kg filter cake of sodium chloride crystal with 15 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 378.54kg 
sodium chloride (at 99.6 mass% purity) is obtained per hour; 82.63m3 third mother 
liquid at concentrations of 296.6g/L NaCI, 63.6g/L Na2SO4, 0.29g/L NaOH, and 
0.032g/L NH3 is obtained per hour.
977.85kg filter cake of sodium sulfate crystal with 15 mass% water content is 
obtained per hour in the second solid-liquid separation device 92, and finally 
831.17kg sodium sulfate (at 99.4 mass% purity) is obtained per hour; 80.07m3 
fourth mother liquid at concentrations of 306.1 g/L NaCI, 55.3g/L Na2SO4, 0.3g/L 
NaOH, and 0.0013g/L NH3 is obtained per hour.
In this embodiment, 2.76m3 ammonia at 2.26 mass% concentration is obtained per 
hour in the first ammonia storage tank 51,2.93m3 ammonia at 0.087 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 21
The waste water containing ammonium salts is treated with the method described 
in the embodiment 19, but: waste water containing ammonium salts that contains 
81 g/L NaCI, 79g/L Na2SO4, 32g/L NH4CI and 31,72g/L (NH4)2SO4 with pH=6.4 is 
treated, and the molar ratio of SO42' to Cl· contained in the obtained waste water to 
be treated is 1:11.123. The temperature of the waste water containing ammonium 
salts after the heat exchange in the fifth heat exchange device 35 is 43°C, the 
temperature of the waste water containing ammonium salts after the heat exchange 
in the first heat exchange device 31 is 44°C, and the temperature of the waste 
water to be treated after the heat exchange in the second heat exchange device 32 
is 52°C. The evaporation temperature of the third evaporation is 45°C, the pressure 
is -94.7kPa, and the amount of evaporation is 3.73m3/h. The evaporation 
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temperature of the fourth evaporation is 100°C, the pressure is -22.9kPa, and the 
amount of evaporation is 1.99m3/h.
675.13kg filter cake of sodium chloride crystal with 14 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 580.61kg 
sodium chloride (at 99.4 mass% purity) is obtained per hour; 36.26m3 third mother 
liquid at concentrations of 292.4g/L NaCl, 67.3g/L Na2SO4, 0.1 g/L NaOH, and 
0.076g/L NH3 is obtained per hour.
657.0kg filter cake of sodium sulfate crystal with 14 mass% water content is 
obtained per hour in the second solid-liquid separation device 92, and finally 
580.6kg sodium sulfate (at 99.5 mass% purity) is obtained per hour; 34.52m3 fourth 
mother liquid at concentrations of 307.1 g/L NaCl, 54.3g/L Na2SO4, 0.105g/L NaOH, 
and 0.0039g/L NH3 is obtained per hour.
In this embodiment, 3.73m3 ammonia at 2.3 mass% concentration is obtained per 
hour in the first ammonia storage tank 51, 1,99m3 ammonia at 0.13 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process.

Embodiment 22
As shown in Fig. 9, waste water containing ammonium salts (containing 156g/L 
NaCl, 49g/L Na2SO4, 62g/L NH4CI, and 19.8g/L (NH4)2SO4, with pH=6.7) is fed at 
5m3/h feed rate by means of the first circulation pump 71 the pipeline of the 
treatment system, sodium hydroxide solution at 45.16 mass% concentration is 
introduced into the pipeline for the first pH adjustment, and the pH after the 
adjustment is monitored with the first pH measuring device 61 (a pH meter) (the 
measured value is 7.4); a part of the waste water containing ammonium salts 
(3m3/h) after the first pH adjustment is fed into the first heat exchange device 31 (a 
plastic plate-type heat exchanger) to exchange heat with the recycled condensate 
of the third ammonia-containing vapor, so that the temperature of the waste water 
containing ammonium salts is increased to 54°C, and the remaining part of the third 
ammonia-containing vapor is fed into the fourth heat exchange device 34 (a duplex 
stainless steel plate-type heat exchanger) to exchange heat with the recycled 
condensate of the fourth ammonia-containing vapor, so that the temperature of the 
waste water containing ammonium salts is increased to 70°C; then, the two parts of 
waste water containing ammonium salts are merged and mixed with the fourth 
mother liquid to obtain waste water to be treated (the molar ratio of SO42- to Cl· 



103

5

10

15

20

25

30

35

contained in it is 1:12.444), then the waste water to be treated is fed into the 
second heat exchange device 32 (a titanium alloy plate-type heat exchanger) for 
the first heat exchange with the recycled third ammonia-containing vapor, so that 
the temperature of the waste water to be treated is increased to 62°C; after the 
twice first heat exchanges, the waste water to be treated is fed into the pipeline 
connected to the first evaporation device 2, and sodium hydroxide solution at 45.16 
mass% concentration is introduced into the pipeline for the second pH adjustment, 
and the pH after the adjustment is monitored with the second pH measuring device 
62 (a pH meter) (the measured value is 10.8); after the second pH adjustment, the 
waste water to be treated is fed into the first evaporation device 2 (a falling film + 
forced circulation two-stage MVR evaporating crystallizer) for evaporation, to obtain 
third ammonia-containing vapor and third concentrated solution that contains 
sodium chloride crystal. Wherein in the first evaporation device 2, the evaporation 
temperature is 55°C, the pressure is -90.2kPa, and the amount of evaporation 
4.63m3/h. The third ammonia-containing vapor obtained in the evaporation is 
compressed in the first compressor 101 (the temperature is increased by 10°C), 
then the third ammonia-containing vapor flows through the second heat exchange 
device 32 and the first heat exchange device 31 sequentially to exchange heat with 
the waste water to be treated and the waste water containing ammonium salts 
respectively, and is cooled to obtain third ammonia, and the third ammonia is stored 
in the first ammonia storage tank 51. Besides, to improve the content of solids in 
the first evaporation device 2, a part of the liquid after the evaporation in the first 
evaporation device 2 is taken as circulating liquid and circulated by means of the 
second circulation pump 72 to the second heat exchange device 32 for heat 
exchange, and then the circulating liquid enters into the first evaporation device 2 
again for the third evaporation (the recirculation ratio is 96.4). The degree of the 
third evaporation is monitored with the densitometer provided on the first 
evaporation device 2, to control the concentration of sodium sulfate in the third 
concentrated solution to be 0.9707Y (66.25g/L).
The third concentrated solution obtained in the evaporation in the first evaporation 
device 2 is fed into the first solid-liquid separation device 91 (a centrifugal machine) 
for the third solid-liquid separation, 24.13m3 third mother liquid that contains 
293.8g/L NaCI, 66.25g/L Na2SO4, 0.18g/L NaOH and 0.10g/L NH3 is obtained per 
hour, the third mother liquid is temporarily stored in the first mother liquid tank 53, 
the solid sodium chloride obtained in the solid-liquid separation (1306.96kg filter 
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cake of sodium chloride crystal with 14 mass% water content is obtained per hour, 
wherein the content of sodium sulfate is 3.9 mass% or lower) is eluted with 293g/L 
sodium chloride solution that is in the same dry mass as the filter cake of sodium 
chloride crystal and then is dried, thus 1124kg sodium chloride (at 99.4 mass% 
purity) is obtained per hour; the washing liquid is circulated by means of the eighth 
circulation pump 78 to the second heat exchange device 32, and then is fed into 
the first evaporation device 2 again for the third evaporation.
The fourth evaporation process is executed in the second evaporation device 1 (a 
multi-effect evaporation device), which is composed of a first evaporator 1a, a 
second evaporator 1b, and a third evaporator 1c (all of them are forced circulation 
evaporators). The third mother liquid in the mother liquid tank 54 is fed by means of 
the fifth circulation pump 75 into the second evaporation device 1, the third mother 
liquid is evaporated in the first evaporator 1 a, then is fed into the second evaporator 
1b for evaporation, and is fed into the third evaporator 1c for evaporation; finally, 
fourth concentrated solution that contains sodium sulfate crystal is obtained. 
Wherein in the first evaporator 1a, the evaporation temperature is 128°C, the 
pressure is 103.53kPa, and the amount of evaporation is 0.41 m3/h; in the second 
evaporator 1b, the evaporation temperature is 114°C, the pressure is 28.07kPa, 
and the amount of evaporation is 0.40m3/h; in the third evaporator 1c, the 
evaporation temperature is 100Ό, the pressure is -22.83kPa, and the amount of 
evaporation is 0.40m3/h. The fourth ammonia-containing vapor obtained in the 
evaporation in the first evaporator 1a in the second evaporation device 1 is fed into 
the second evaporator 1b to perform second heat exchange and obtain fourth 
ammonia, the fourth ammonia-containing vapor obtained in the evaporation in the 
second evaporator 1b is charged into the third evaporator 1c to perform second 
heat exchange and obtain fourth ammonia, the ammonia obtained from the second 
evaporator 1b and the first evaporator 1c is fed into the fourth heat exchange 
device 34 for heat exchange with the waste water containing ammonium salts, and 
then is stored in the second ammonia storage tank 52. Heating steam (i.e., live 
steam conventionally used in the art) is charged into the first evaporator 1 a, the 
heating steam is condensed into condensate in the first evaporator 1 a, and the 
condensate is used to preheat the waste water to be treated (the raw material) in 
the first evaporation device 2, and then is used to prepare washing solution. The 
fourth ammonia-containing vapor obtained in the evaporation in the third evaporator 
1c in the second evaporation device 1 is fed into the third heat exchange device 33 
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to exchange heat with the cooling water (the waste water containing ammonium 
salts) and obtain fourth ammonia, and the fourth ammonia is stored in the second 
ammonia storage tank 52. The degree of the fourth evaporation is monitored with 
the densitometer provided on the second evaporation device 1, to control the 
concentration of sodium chloride in the fourth concentrated solution to be 0.99355X 
(307.1 g/L). After the third mother liquid is evaporated in the second evaporation 
device 1, the finally obtained fourth concentrated solution that contains sodium 
sulfate crystal is controlled to crystallize in the crystal-liquid collection tank 56 (the 
crystallization temperature is 100°C, and the crystallization time is 10min.) to obtain 
crystal slurry that contains sodium sulfate crystal.
The crystal slurry that contains sodium sulfate crystal is fed into the second solid
liquid separation device 92 (a centrifugal machine) for solid-liquid separation, and 
20.13m3 fourth mother liquid that contains 307.1 g/L NaCI, 54.2g/L NaiSCL, 0.19g/L 
NaOH, and 0.0053g/L NH3 is obtained per hour; the fourth mother liquid is 
circulated by means of the seventh circulation pump 77 to the waste water 
introduction pipeline and mixed with the waste water containing ammonium salts to 
obtain waste water to be treated; the solid sulfate chloride obtained in the solid
liquid separation (407.7kg filter cake of sodium sulfate crystal with 15 mass% water 
content is obtained per hour, wherein the content of sodium chloride is 4 mass% or 
lower) is eluted with 54g/L sodium sulfate solution that is in the same dry mass as 
the sodium sulfate, and then is dried in a drier, thus 346.54kg sodium sulfate (at
99.5 mass% purity) is obtained per hour; the second washing liquid obtained in the 
washing process is circulated by means of the sixth circulation pump 76 to the 
second evaporation device 1.
In addition, the tail gas discharged from the second heat exchange device 32 and 
the third heat exchange device 33 is introduced by means of the vacuum pump 81 
into the tail gas absorption tower 83 for absorption. The tail gas absorption tower 83 
has circulating water in it, the circulating water is circulated in the tail gas 
absorption tower 83 under the action of the fourth circulation pump 74, water is 
replenished to the tail gas absorption tower 83 by means of the third circulation 
pump 73 from the circulating water tank 82 at the same time; in addition, fresh 
water is replenished to the circulating water tank 82, and thereby the temperature 
and ammonia content of the service water of the vacuum pump 81 are decreased. 
Dilute sulfuric acid is further charged into the tail gas absorption tower 83 to absorb 
ammonia or the like in the tail gas.
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In this embodiment, 4.63m3 ammonia at 2.56 mass% concentration is obtained per 
hour in the first ammonia storage tank 51, 1.21 m3 ammonia at 0.19 mass% 
concentration is obtained per hour in the second ammonia storage tank 52, and the 
ammonia may be recycled and reused in a molecular sieve production process. 
Besides, the MVR evaporation is initiated by charging steam at 143.3Ό 
temperature in the initial stage.

Embodiment 23
The waste water containing ammonium salts is treated with the method described 
in the embodiment 22, but: waste water containing ammonium salts that contains 
160g/L NaCI, 25g/L Na2SO4, 39g/L NH4CI and 6.2g/L (NH4)2SO4 with pH=6.5 is 
treated; the temperature of the waste water containing ammonium salts after the 
heat exchange in the first heat exchange device 31 is 44°C, the temperature of the 
waste water containing ammonium salts after the heat exchange in the fourth heat 
exchange device 34 is 100°C, the temperature of the waste water to be treated 
after the heat exchange in the second heat exchange device 32 is 52°C, the molar 
ratio of SO42’ to Cl· contained in the obtained waste water to be treated is 1:14.438. 
The evaporation temperature of the third evaporation is 45°C, the pressure is - 
94.69kPa, and the amount of evaporation is 4.94m3/h. The evaporation 
temperature of the fourth evaporation in the first evaporator 1a is 130°C, the 
pressure is 116.77kPa, and the amount of evaporation is 0.19m3/h; in the second 
evaporator 1b, the evaporation temperature is 117°C, the pressure is 41.92kPa, 
and the amount of evaporation is 0.19m3/h; in the third evaporator 1c, the 
evaporation temperature is 105°C, the pressure is -7.02kPa, and the amount of 
evaporation is 0.18m3/h.
1198.31kg filter cake of sodium chloride crystal with 15 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 1018.57kg 
sodium chloride (at 99.4 mass% purity) is obtained per hour; 9.49m3 third mother 
liquid at concentrations of 291.8g/L NaCI, 67g/L Na2SO4, 0.16g/L NaOH, and 
0.07g/L NH3 is obtained per hour.
177.95kg filter cake of sodium sulfate crystal with 14 mass% water content is 
obtained per hour in the second solid-liquid separation device 92, and finally 
153.04kg sodium sulfate (at 99.5 mass% purity) is obtained per hour; 9.00m3 fourth 
mother liquid at concentrations of 307.9g/L NaCI, 53.1 g/L Na2SO4, 0.17g/L NaOH, 
and 0.0031 g/L NH3 is obtained per hour.
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In this embodiment, 4.94m3 ammonia at 1.38 mass% concentration is obtained per 
hour in the first ammonia storage tank 51,0.56m3 ammonia at 0.118 mass% 
concentration is obtained per hour in the second ammonia storage tank 52.

Embodiment 24
The waste water containing ammonium salts is treated with the method described 
in the embodiment 22, but: waste water containing ammonium salts that contains 
105g/L NaCI, 108g/L Na2SO4, 20g/L NH4CI and 20.91 g/L (NH4)2SO4 with pH=6.7 is 
treated; the temperature of a part of the waste water containing ammonium salts 
(2.5m3/h) after the heat exchange in the first heat exchange device 31 is 49°C, the 
temperature of the remaining part of the waste water containing ammonium salts 
after the heat exchange in the fourth heat exchange device 34 is 85°C, the 
temperature of the waste water to be treated after the heat exchange in the second 
heat exchange device 32 is 57°C, the molar ratio of SO42' to Cl· contained in the 
obtained waste water to be treated is 1:11.333. The evaporation temperature of the 
third evaporation is 50°C, the pressure is -92.7kPa, and the amount of evaporation 
is 3.35m3/h. The evaporation temperature of the fourth evaporation in the first 
evaporator 1a is 125°C, the pressure is 84.91 kPa, and the amount of evaporation is 
0.77m3/h; in the second evaporator 1b, the evaporation temperature is 110°C, the 
pressure is 11.34kPa, and the amount of evaporation is 0.75m3/h; in the third 
evaporator 1c, the evaporation temperature is 95°C, the pressure is -36.37kPa, and 
the amount of evaporation is 0.75m3/h.
745.41kg filter cake of sodium chloride crystal with 15 mass% water content is 
obtained per hour in the first solid-liquid separation device 91, and finally 633.59kg 
sodium chloride (at 99.5 mass% purity) is obtained per hour; 52.06m3 third mother 
liquid at concentrations of 294.6g/L NaCI, 65.7g/L Na2SO4, 0.22g/L NaOH, and 
0.056g/L NH3 is obtained per hour.
768.53kg filter cake of sodium sulfate crystal with 15 mass% water content is 
obtained per hour in the second solid-liquid separation device 92, and finally 
653.25kg sodium sulfate (at 99.4 mass% purity) is obtained per hour; 50.07m3 
fourth mother liquid at concentrations of 306.2g/L NaCI, 55.3g/L Na2SO4, 0.229g/L 
NaOH, and 0.0017g/L NH3 is obtained per hour.
In this embodiment, 3.35m3 ammonia at 1.63 mass% concentration is obtained per 
hour in the first ammonia storage tank 51,2.27m3 ammonia at 0.12 mass% 
concentration is obtained per hour in the second ammonia storage tank 52.
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While some preferred embodiments of the present invention are described above, 
the present invention is not limited to the details in those embodiments. Those 
skilled in the art can make modifications and variations to the technical scheme of 

5 the present invention, without departing from the spirit of the present invention.
However, all these modifications and variations shall be deemed as falling into the 
scope of protection of the present invention.
In addition, it should be noted that the specific technical features described in 
above embodiments can be combined in any appropriate form, provided that there 

10 is no conflict. To avoid unnecessary repetition, the possible combinations are not 
described specifically in the present invention.
Moreover, different embodiments of the present invention can be combined freely 
as required, as long as the combinations don't deviate from the ideal and spirit of 
the present invention. However, such combinations shall also be deemed as falling 

15 into the scope disclosed in the present invention.
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Conclusies

1. Afvalwaterbehandelinrichting voor het behandelen van ammoniumzouten- 
houdend afvalwater, omvattende:

een pH-insteleenheid, een eerste verdampingseenheid, een eerste 
vastestof-vloeistof-scheidingseenheid, een tweede verdampingseenheid, en 
een tweede vastestof-vloeistof-scheidingseenheid, die achter elkaar zijn 
verbonden, waarbij:
de pH-insteleenheid is uitgevoerd om de pH van het afvalwater in te stellen 
voordat het verdampen wordt verricht;
de eerste verdampingseenheid is uitgevoerd om het afvalwater te 
behandelen door een eerste verdamping, om eerste ammonia-houdende 
damp en eerste kristal-houdende geconcentreerde oplossing te verkrijgen; 
de eerste vastestof-vloeistof-scheidingseenheid is uitgevoerd om de eerste 
kristal-houdende geconcentreerde oplossing te behandelen door eerste 
vastestof-vloeistof-scheidi ng;
de tweede verdampingseenheid is uitgevoerd om de vloeibare fase te 
behandelen die is verkregen in de eerste vastestof-vloeistof- 
scheidingseenheid door de tweede verdamping, om tweede ammonia- 
houdende damp en tweede kristal-houdende geconcentreerde oplossing te 
verkrijgen; en
de tweede vastestof-vloeistof-scheidingseenheid is uitgevoerd om de 
tweede kristal-houdende geconcentreerde oplossing te behandelen door 
tweede vastestof-vloeistof-scheidi ng.

2. Afvalwaterbehandelinrichting volgens conclusie 1, verder omvattende een 
lagetemperatuurbehandeleenheid die is aangebracht tussen de eerste 
verdampingseenheid en de eerste vastestof-vloeistof-scheidingseenheid of tussen 
de tweede verdampingseenheid en de tweede vastestof-vloeistof- 
scheidingseenheid,
waarbij de lagetemperatuurbehandeleenheid is uitgevoerd om de geconcentreerde 
oplossing te behandelen die in de eerste verdampingseenheid of de tweede 
verdampingseenheid is verkregen door lagetemperatuurbehandeling, om een 
behandelde oplossing te verkrijgen.
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3. Afvalwaterbehandelinrichting volgens conclusie 1 of 2, verder omvattende 
een pijpleiding die is uitgevoerd om de in de tweede vastestof-vloeistof- 
scheidingseenheid verkregen vloeibare fase terug te bezorgen aan de eerste 
verdampingseenheid.

4. Afvalwaterbehandelinrichting volgens één van de conclusies 1 tot en met 3, 
waarbij de eerste verdampingseenheid en de tweede verdampingseenheid zijn 
gekozen uit één of meer van respectievelijk: een MVR-verdampingsinrichting, 
enkel-effect-verdampingsinrichting, multi-effect-verdampingsinrichting en 
flitsverdampingsinrichting;
bij voorkeur is de eerste verdampingseenheid en/of de tweede 
verdampingseenheid een MVR-verdampingsinrichting.

5. Afvalwaterbehandelinrichting volgens één van de conclusies 1 tot en met 3, 
waarbij de eerste vastestof-vloeistof-scheidingseenheid en de tweede vastestof- 
vloeistof-scheidingseenheid zijn gekozen uit één of meer van respectievelijk: een 
centrifuge-inrichting, filterinrichting, en sedimentatie-inrichting;
bij voorkeur zijn zowel de eerste vastestof-vloeistof-scheidingseenheid en de 
tweede vastestof-vloeistof-scheidingseenheid centrifuge-inrichtingen.

6. Afvalwaterbehandelinrichting volgens één van de conclusies 1 tot en met 3, 
waarbij de pH-insteleenheid een pH-instellende invoerinrichting is.

7. Werkwijze voor het behandelen van ammoniumzouten-houdend afvalwater 
dat NH4+, SO42', Cl· en Na+ omvat, omvattende de volgende stappen:

1) het behandelen van te behandelen afvalwater door eerste verdamping, 
om eerste ammonia-houdende damp te verkrijgen en eerste 
geconcentreerde oplossing die natriumsulfaatkristallen omvat, waarbij het te 
behandelen afvalwater het ammoniumzouten-houdende afvalwater omvat;
2) het behandelen van de eerste geconcentreerde oplossing die 
natriumsulfaatkristallen omvat door eerste vastestof-vloeistof-scheiding, en 
het behandelen van de in de eerste vastestof-vloeistof-scheiding verkregen 
vloeibare fase door tweede verdamping, om tweede ammonia-houdende 
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damp te verkrijgen en tweede geconcentreerde oplossing die 
natriumchloridekristallen omvat;
3) het behandelen van de tweede geconcentreerde oplossing die 
natriumchloridekristallen omvat door tweede vastestof-vloeistof-scheiding; 
waarbij
de pH van het te behandelen afvalwater wordt ingesteld op een waarde 
groter dan 9, voordat het te behandelen afvalwater wordt behandeld door de 
eerste verdamping;
de eerste verdamping waarborgt dat het natriumchloride niet kristalliseert en 
neerslaat;
ten opzichte van 1 Mol SO42 omvat in het te behandelen afvalwater, is het 
in het te behandelen afvalwater omvatte Cl' 14 Mol of lager.

8. Werkwijze volgens conclusie 7, waarbij de tweede verdamping waarborgt 
dat het natriumsulfaat niet kristalliseert en neerslaat.

9. Werkwijze volgens conclusie 7, waarbij het te behandelen afvalwater het 
ammoniumzouten-houdende afvalwater is; of het te behandelen afvalwater omvat 
het ammoniumzouten-houdende afvalwater en de bij de tweede vastestof-vloeistof- 
scheiding verkregen vloeibare fase;
bij voorkeur, ten opzichte van 1 Mol SO42' omvat in het te behandelen afvalwater, 
is het in het te behandelen afvalwater omvatte Cl· 13,8 Mol of lager;
bij voorkeur wordt de pH van het te behandelen afvalwater ingesteld op een 
waarde groter dan 10,8, voordat het te behandelen afvalwater door de eerste 
verdamping wordt behandeld;
bij voorkeur wordt de pH van het te behandelen afvalwater ingesteld met NaOH.

10. Werkwijze volgens één van de conclusies 7 tot en met 9, waarbij door 
middel van de eerste verdamping de concentratie van natriumchloride in de eerste 
geconcentreerde oplossing X of lager is, waarbij X de concentratie van 
natriumchloride in de eerste geconcentreerde oplossing is wanneer zowel 
natriumsulfaat als natriumchloride onder de omstandigheden van de eerste 
verdamping zijn verzadigd;
bij voorkeur is door middel van de tweede verdamping de concentratie van 
natriumsulfaat in de tweede geconcentreerde oplossing Y of lager, waarbij Y de 
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concentratie van natriumsulfaat in de tweede geconcentreerde oplossing is 
wanneer zowel natriumsulfaat als natriumchloride onder de omstandigheden van 
de tweede verdamping zijn verzadigd;
bij voorkeur is door middel van de eerste verdamping de concentratie van 
natriumchloride in de eerste geconcentreerde oplossing 0,95X-0,999X;
bij voorkeur is door middel van de tweede verdamping de concentratie van 
natriumsulfaat in de tweede geconcentreerde oplossing 0,9Y-0,99Y.

11. Werkwijze volgens conclusie 7 of 9, verder omvattende:

het behandelen van de tweede geconcentreerde oplossing die 
natriumchloridekristallen omvat door middel van 
lagetemperatuurbehandeling, om behandelde oplossing te verkrijgen die 
natriumchloridekristallen omvat; daarna het behandelen van de behandelde 
oplossing die natriumchloridekristallen omvat door middel van de tweede 
vastestof-vloeistof-scheiding;
bij voorkeur omvat de tweede geconcentreerde oplossing die 
natriumchloridekristallen omvat ook natriumsulfaatkristallen, zijn de 
natriumsulfaatkristallen opgelost en wordt de behandelde oplossing die 
natriumchloridekristallen omvat bij de lagetemperatuurbehandeling 
verkregen;
bij voorkeur is door middel van de eerste verdamping de concentratie van 
natriumchloride in de eerste geconcentreerde oplossing X of lager, waarbij 
X de concentratie van natriumchloride in de eerste geconcentreerde 
oplossing is wanneer zowel natriumsulfaat als natriumchloride onder de 
omstandigheden van de eerste verdamping zijn verzadigd;
bij voorkeur is door middel van de tweede verdamping de concentratie van 
natriumsulfaat in de behandelde oplossing Y’ of lager, waarbij Y’ de 
concentratie van natriumsulfaat in de behandelde oplossing is wanneer 
zowel natriumsulfaat als natriumchloride onder de omstandigheden van de 
lagetemperatuurbehandeling zijn verzadigd;
bij voorkeur is door middel van de eerste verdamping de concentratie van 
natriumchloride in de eerste geconcentreerde oplossing 0,95X-0,999X;
bij voorkeur is door middel van de tweede verdamping de concentratie van 
natriumsulfaat in de behandelde oplossing 0,9Y’-0,99Y’.
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12. Werkwijze volgens conclusie 10, waarbij de omstandigheden van de tweede 
verdamping omvatten:

temperatuur: 30°C~85°C; druk: -98 kPa~- 58 kPa;
bij voorkeur, temperatuur: 35 °C ~ 60 °C; druk: -97,5 kPa~- 87 kPa;
bij voorkeur, temperatuur: 40°0~600C; druk: -97 kPa~- 87 kPa;
bij voorkeur, temperatuur: 45°C~60°C; druk: -95 kPa~- 87 kPa;
bij voorkeur, temperatuur: 45 °C ~ 55 °C; druk: -95 kPa~- 90 kPa;
bij voorkeur is de temperatuur van de eerste verdamping 5°C hoger dan de 
temperatuur van de tweede verdamping of meer, met grotere voorkeur 20°C 
hoger of meer, met nog grotere voorkeur 35°C~70°C hoger, verder bij 
voorkeur 40 °C~60 °C hoger.

13. Werkwijze volgens conclusie 11, waarbij de omstandigheden van de tweede 
verdamping omvatten:

temperatuur: 35°C of hoger; druk: -95 kPa of hoger;
bij voorkeur, temperatuur 
bij voorkeur, temperatuur 
bij voorkeur, temperatuur 
bij voorkeur, temperatuur 
bij voorkeur, temperatuur

45°C~175°C; druk: -95 kPa~653 kPa; 
60°C-175°C; druk: -87 kPa~653 kPa; 
75°C-175°C; druk: -73 kPa-653 kPa; 
80°C~130°C; druk: -66 kPa~117 kPa; 
95°C~110°C; druk: -37 kPa~12 kPa.

14. Werkwijze volgens conclusie 13, waarbij de omstandigheden van de
lagetemperatuurbehandeling omvatten:

temperatuur: 13°C~100°C, bij voorkeur 15°C~45°C, met grotere voorkeur 
15°C~35°C, verder bij voorkeur 17,9°C ~35°C;
bij voorkeur is de temperatuur van de eerste verdamping 5°C hoger dan de 
temperatuur van de lagetemperatuurbehandeling of meer, met grotere 
voorkeur 20°C hoger of meer, met nog grotere voorkeur 35°C~90°C hoger.

15. Werkwijze volgens één van de conclusies 7 tot en met 14, waarbij de 
omstandigheden van de eerste verdamping omvatten:
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temperatuur: 35°C of hoger; druk: -95 kPa of hoger;
bij voorkeur, temperatuur 
bij voorkeur, temperatuur 
bij voorkeur, temperatuur 
bij voorkeur, temperatuur 
bij voorkeur, temperatuur 
bij voorkeur, temperatuur
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45 °C of hoger; druk: -95 kPa of hoger; 
45°C~365°C; druk: -95 kPa-18110 kP 
60°C~365°C; druk: -87 kPa-18110 kP 
75°C-175°C; druk: -73 kPa-653 kPa; 
80°C-130°C; druk: -66 kPa-117 kPa; 
95°C~110°C; druk: -37 kPa-12 kPa.

16. Werkwijze voor het behandelen van ammoniumzouten-houdend afvalwater 
dat NH4+, SO42’, Cl· en Na+ omvat, omvattende de volgende stappen:

1) het behandelen van te behandelen afvalwater door een derde 
verdamping, om een derde ammonia-houdende damp te verkrijgen en een 
derde geconcentreerde oplossing die natriumchloridekristallen omvat, 
waarbij het te behandelen afvalwater het ammoniumzouten-houdende 
afvalwater omvat;
2) het behandelen van de derde geconcentreerde oplossing die 
natriumchloridekristallen omvat door een derde vastestof-vloeistof- 
scheiding, en het behandelen van de bij de derde vastestof-vloeistof- 
scheiding verkregen vloeibare fase door een vierde verdamping, om een 
vierde ammonia-houdende damp te verkrijgen en een vierde 
geconcentreerde oplossing die natriumsulfaatkristallen omvat;
3) het behandelen van de vierde geconcentreerde oplossing die 
natriumsulfaatkristallen omvat door middel van een vierde vastestof- 
vloeistof-scheiding;
waarbij
de pH van het te behandelen afvalwater wordt ingesteld op een waarde 
groter dan 9, voordat het te behandelen afvalwater door middel van de 
derde verdamping wordt behandeld;
de vierde verdamping waarborgt dat het natriumchloride niet kristalliseert en 
neerslaat;
ten opzichte van 1 mol SO42· omvat in het te behandelen afvalwater, het in 
het te behandelen afvalwater omvatte Cl' 7,15 Mol of meer is.
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17. Werkwijze volgens conclusie 16, waarbij het te behandelen afvalwater het 
ammoniumzouten-houdende afvalwater is; of het te behandelen afvalwater omvat 
het ammoniumzouten-houdende afvalwater en de bij de vierde vastestof-vloeistof- 
scheiding verkregen vloeibare fase;
bij voorkeur, ten opzichte van 1 mol SO42' omvat in het te behandelen afvalwater, 
is het in het te behandelen afvalwater omvatte Cl' 9,5 Mol of meer;
bij voorkeur, ten opzichte van 1 Mol SO42~ omvat in het te behandelen afvalwater, 
is het in het te behandelen afvalwater omvatte Cl· 10 Mol of meer;
bij voorkeur wordt de pH van het te behandelen afvalwater ingesteld op een 
waarde groter dan 10,8, voordat het te behandelen afvalwater door middel van de 
derde verdamping wordt behandeld;
bij voorkeur wordt de pH van het te behandelen afvalwater ingesteld met NaOH.

18. Werkwijze volgens conclusie 16, waarbij de derde verdamping waarborgt 
dat het natriumsulfaat niet kristalliseert en neerslaat.

19. Werkwijze volgens één van de conclusies 16 tot en met 18, waarbij door 
middel van de derde verdamping, de concentratie van natriumsulfaat in de derde 
geconcentreerde oplossing Y is of lager, waarbij Y de concentratie van 
natriumsulfaat in de derde geconcentreerde oplossing is wanneer zowel 
natriumchloride als natriumsulfaat onder de omstandigheden van de derde 
verdamping zijn verzadigd;
bij voorkeur is door middel van de vierde verdamping de concentratie van 
natriumchloride in de vierde geconcentreerde oplossing X of lager, waarbij X de 
concentratie van natriumchloride in de vierde geconcentreerde oplossing is 
wanneer zowel natriumchloride als natriumsulfaat onder de omstandigheden van 
de vierde verdamping zijn verzadigd;
bij voorkeur is door middel van de derde verdamping de concentratie van 
natriumsulfaat in de derde geconcentreerde oplossing 0,9Y-0,99Y;
bij voorkeur is door middel van de vierde verdamping de concentratie van 
natriumchloride in de vierde geconcentreerde oplossing 0,95X-0,999X.

20. Werkwijze volgens conclusie 16 of 17, verder omvattende: 
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het behandelen van de derde geconcentreerde oplossing die 
natriumchloridekristallen omvat door middel van 
lagetemperatuurbehandeling, om een behandelde oplossing te verkrijgen 
die natriumchloridekristallen omvat;
daarna het behandelen van de behandelde oplossing die 
natriumchloridekristallen omvat door middel van de derde vastestof- 
vloeistof-scheiding;
bij voorkeur omvat de derde geconcentreerde oplossing die 
natriumchloridekristallen omvat ook natriumsulfaatkristallen, zijn de 
natriumsulfaatkristallen opgelost en wordt de behandelde oplossing die 
natriumchloridekristallen omvat bij de lagetemperatuurbehandeling 
verkregen;
bij voorkeur is door middel van de derde verdamping de concentratie van 
natriumsulfaat in de behandelde oplossing Y’ of lager, waarbij Y’ de 
concentratie van natriumsulfaat in de behandelde oplossing is wanneer 
zowel natriumchloride als natriumsulfaat onder de omstandigheden van de 
lagetemperatuurbehandeling zijn verzadigd;
door middel van de vierde verdamping is de concentratie van 
natriumchloride in de vierde geconcentreerde oplossing X of lager, waarbij X 
de concentratie van natriumchloride in de vierde geconcentreerde oplossing 
is wanneer zowel natriumchloride als natriumsulfaat onder de 
omstandigheden van de vierde verdamping zijn verzadigd;
bij voorkeur is door middel van de derde verdamping de concentratie van 
natriumsulfaat in de behandelde oplossing 0,9Y’-0,99Y’;
bij voorkeur is door middel van de vierde verdamping de concentratie van 
natriumchloride in de vierde geconcentreerde oplossing 0,95X-0,999X.

21. Werkwijze volgens conclusie 19, waarbij de omstandigheden van de derde 
verdamping omvatten:

temperatuur: 30°C~85°C; druk: -98 kPa~- 58 kPa;
bij voorkeur, temperatuur: 35°C~60°C; druk: -97,5 kPa~- 87 kPa;
bij voorkeur, temperatuur: 40°C~60°C; druk: -97 kPa~- 87 kPa;
bij voorkeur, temperatuur: 45°C~60°C; druk: -95 kPa~- 87 kPa;
bij voorkeur, temperatuur: 45°C~55°C; druk: -95 kPa~- 90 kPa;
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bij voorkeur is de temperatuur van de derde verdamping 5°C lager dan de 
temperatuur van de vierde verdamping of meer, met grotere voorkeur 20°C 
lager of meer, met nog grotere voorkeur 35°C~70°C lager, verder bij 
voorkeur 50 °C~59 °C lager.

22. Werkwijze volgens conclusie 20, waarbij de omstandigheden van de derde 
verdamping omvatten:

temperatuur: 35°C of hoger; druk: -95kPa of hoger;
bij voorkeur, temperatuur 
bij voorkeur, temperatuur 
bij voorkeur, temperatuur 
bij voorkeur, temperatuur 
bij voorkeur, temperatuur

45 °C-175 °C; druk: -95 kPa-653 kPa;
60 °C-175 °C; druk: -87 kPa-653 kPa;
75 °C-175 °C; druk: -73 kPa-653 kPa;
80°C- 130°C; druk: -66 kPa-117 kPa;
95°C~110°C; druk: -37 kPa~12 kPa.

23. Werkwijze volgens conclusie 22, waarbij de omstandigheden van de
lagetemperatuurbehandeling omvatten:

temperatuur: 13°C-100°C, bij voorkeur 15°C~45°C, met grotere voorkeur 
15°C~35°C, verder bij voorkeur 17,9°C -35°C;
bij voorkeur is de temperatuur van de vierde verdamping 5 °C hoger dan de 
temperatuur van de lagetemperatuurbehandeling of meer, met grotere 
voorkeur 20°C hoger of meer, met nog grotere voorkeur 35 °C-90 °C hoger.

24. Werkwijze volgens één van de conclusies 16 tot en met 23, waarbij de 
omstandigheden van de vierde verdamping omvatten:

temperatuur: 35°C of hoger; druk: -95 kPa of hoger;
bij voorkeur, temperatuur: 45°C-365°C; druk: -95 kPa-18110 kPa; 
bij voorkeur, temperatuur: 60°C-365°C; druk: -87 kPa-18110 kPa;
bij voorkeur, temperatuur: 75°C-175°C; druk: -73 kPa-653 kPa;
bij voorkeur, temperatuur: 80°C-130°C; druk: -66 kPa-117 kPa;
bij voorkeur, temperatuur: 95°C-110°C; druk: -37 kPa-12 kPa.
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25. Werkwijze volgens één van de conclusies 7 tot en met 15, waarbij de eerste 
verdamping en de tweede verdamping worden uitgevoerd met één of meer van 
respectievelijk: een MVR-verdampingsinrichting, enkele-effect- 
verdampingsinrichting, multi-effect-verdampingsinrichting en 
flitsverdampingsinrichting;
bij voorkeur wordt de eerste verdamping uitgevoerd met een 
MVR-verdampingsinrichting;
bij voorkeur wordt de tweede verdamping uitgevoerd met een 
MVR-verdampingsinrichting.

26. Werkwijze volgens één van de conclusies 16 tot en met 24, waarbij de 
derde verdamping en de vierde verdamping worden uitgevoerd met één of meer 
van respectievelijk: een MVR-verdampingsinrichting, enkele-effect- 
verdampingsinrichting, multi-effect-verdampingsinrichting en 
flitsverdampingsinrichting;
bij voorkeur wordt de derde verdamping uitgevoerd met een 
MVR-verdampingsinrichting;
bij voorkeur wordt de vierde verdamping uitgevoerd met een 
MVR-verdampingsinrichting.

27. Werkwijze volgens één van de conclusies 7 tot en met 26, waarbij in het 
ammoniumzouten-houdende afvalwater het gehalte aan NH4+ 8 mg/l of hoger is, 
het gehalte aan SO42' 1 g/l of hoger is, het gehalte aan Cl· 970 mg/l of hoger is, en 
het gehalte aan Na+ 510 mg/l of hoger is;
bij voorkeur is het ammoniumzouten-houdende afvalwater afvalwater uit een 
moleculaire zeef, aluminiumoxide- of olieraffinage-katalysatorproductieproces;
bij voorkeur omvat de werkwijze verder het behandelen van het ammoniumzouten- 
houdende afvalwater door het verwijderen van onzuiverheden en concentreren.
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Abstract

The present invention relates to the waste water treatment field, and discloses 
apparatus and method for treating waste water containing ammonium salts, which 

5 contains NH4+, SO42’, Cl·, and Na+. In the method of the present invention, the pH 
value of the waste water to be treated is adjusted to a specific range in advance; 
sodium sulfate crystal and relatively concentrated ammonia are obtained by first 
evaporation, and then sodium chloride crystal and relatively dilute ammonia is 
obtained by second evaporation; alternatively, sodium chloride crystal and relatively 

10 concentrated ammonia is obtained by third evaporation, and then sodium sulfate 
crystal and relatively dilute ammonia are obtained by fourth evaporation. The 
method of the present invention can recover ammonia, sodium sulfate, and sodium 
chloride from the waste water respectively, so that the resources in the waste water 
can be reused as far as possible.
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DESCRIPTION CN105152443

The invention discloses a method for recovering zero-emission crystallization salt resource of 
high-salt wastewater, and the salt-containing wastewater is treated by one or more systems of 
a pretreatment system, a membrane concentration system, a nanofiltration membrane system 
or an evaporation crystallization system, and is recovered. Water and solid salts. The 
invention also discloses a system for recovering zero-emission crystallization salt resources of 
high-salt wastewater, comprising one or more system treatments of a pretreatment system, a 
membrane concentration system, a nanofiltration membrane system or an evaporation 
crystallization system; the evaporation crystallization system comprises a One or more 
evaporation devices, one or more crystallizers; multiple evaporation devices are connected in 
parallel, in series or in parallel and in series, and multiple crystallizers are connected in 
parallel, in series or in parallel and in series Mixed ways are connected. The invention further 
treats the 15% to 25% three high wastewater treated by the traditional water treatment 
technology, so that the water recovery rate reaches 95% or more, and the salt crystallizes into 
a solid hetero salt to realize zero discharge of the high salt wastewater.
Method and system for recovering zero-emission crystallization salt resource of high-salt 
wastewater
Technical field
The invention relates to a method for recovering zero-emission crystalline salt resources of a 
liquid, in particular to a method and a system for recovering zero-emission crystalline salt 
resources of a high-salt wastewater.
Background technique
As the country pays more attention to environmental protection, it begins to control the total 
amount of emissions. The general sewage can meet the discharge standards through biological 
and chemical treatment technologies. However, a large number of high-salt wastewater 
generated by national pillar industries such as petrochemical, coal chemical, electric power, 
oil recovery, mining, etc. can only recover 75%-85% of wastewater through traditional means 
such as chemical, membrane, reverse osmosis, and the remaining concentrated . 15%~25% of 
high-concentration salt-containing wastewater can not be effectively treated so far, and some 
are stored through the exposure pool. The process is sho wn in Figure 1. If there are disasters 
such as mountain floods and geology, high-concentration salty wastewater will leak. It will 
pollute the surface and groundwater systems, especially in the western water-deficient areas. 
The treatment of high-salt wastewater has become a major problem facing China's water 
resources and environmental issues.
Solid mixed salt produced by zero discharge of wastewater is generally required to be safely 
landfilled as hazardous solid waste. It is required to support the construction of high- 
investment hazardous solid waste landfills. When treated as general solid waste, the cost pel- 
ton is more than 600 yuan, accounting for more than 30% of the zero-emission operating 
costs; if it is treated as hazardous waste, the cost per ton is more than 3,000 yuan, accounting 
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for more than 60% of the zero-emission operating costs. In addition, it is necessary to 
constru ct a large-capacity wastewater temporary storage tank. The capacity of the temporary 
storage tank of wastewater generally needs hundreds of thousands or even nearly one million 
cubic meters, and the investment is over 100 million yuan (not considering the investment in 
land occupation). Therefore, the disposal of solid hetero salt is an important problem in the 
process of promoting the zero-emission technology of high-salt wastewater.
Summ ary of the invention
The object of the present invention is to provide a method for recovering zero-emission 
crystallization salt resources of high-salt waste water in view of the deficienci es in the prior 
art, by which the water can be recycled for reuse in the factory, and can also be recycled to 
meet the industrial requirements. Applied solid salt.
The object of the invention is achieved by the following technical solutions:
A method for recovering zero-emission crystallization salt resources of high-salt wastewater, 
wherein the salt-containing wastewater is treated by one or more devices of a pretreatment 
device, a membrane concentrating device, a nanofiltration membrane device or an evaporation 
crystallization device, and then the recovered water is used in the factory. Recycling, while 
recovering the solid salt for industrial application; the solid salt is a mixed salt of sodium 
chloride, sodium sulfate or one of two salts;
Specifically include:
Specifically include:

(1)

Pretreatment: the salty wastewater enters the pretreatment system for pretreatment to remove 
calcium, magnesium ions, silica and suspended solids from the salty wastewater;

(2)

Membrane concentration: the pretreated salt-containing wastewater is concentrated into a 
membrane concentration system to obtain recovered water and a concentrated liquid;

(3)

Pre-evaporation: the concentrated liquid treated by the membrane concentration system enters 
the evaporation device, and is further concentrated by pre-evaporation to obtain a secondary 
concentrated liquid and recovered water;

(4)

Second pretreatment: the secondary concentrate enters the pretreatment system for a second 
pretreatment to separate and remove the miscellaneous salts, organic matter and waste gas;

(5)

2
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Evaporation crystallization: the second pretreated brine enters the evaporative crystallization 
system for further treatment, and the distilled water is recovered as recovered water by the 
evaporative crystallization system, and at the same time, sodium sulfate solid salt, sodium 
chloride solid salt, sodium chloride and sodium sulfate mixed solid are recovered, salt;

(6)

The recovered solid salt is sent to a dry carbonization device for dry carbonization treatment 
to improve the quality of the solid salt, and the industrial salt is reused;
or
(1) Pretreatment: the salty wastewater enters the pretreatment system for pretreatment to 
remove calcium, magnesium ions, silica and suspended solids from the salty wastewater;
(2) Membrane concentration: the pretreated salt-containing wastewater is concentrated into a 
membrane concentration system to obtain recovered water and a concentrated liquid;
(3) Nanofiltration membrane treatment: using a nanofiltration membrane system to separate 
and concentrate monovalent ions, divalent ions and organic matter in the concentrated liquid 
to obtain nanofiltration membrane concentrate and nanofiltration membrane fresh water;
(4) Evaporation crystallization: the nanofiltration membrane concentrate enters the 
pretreatment system for the second pretreatment, and the second pretreated brine enters the 
evaporative crystallization system for concentration crystallization treatment, and the distilled 
water is recovered as the recovered water, and the sodium sulfate solid salt is recovered at the 
same time; The nanofiltration membrane fresh water enters the evaporation crystallization 
system for concentrated crystallization treatment, and the distilled water is recovered as the 
recovered water, and the solid salt of sodium chloride is recovered at the same time; the salty 
wastewater after separating the ammonium sulfate solid salt and the sodium chloride solid salt 
respectively is mixed and concentrated. Crystallizing treatment, recovering distilled water as 
recovered water, and obtaining a solid salt of sodium chloride and sodium sulfate;
(5) The recovered solid salt is sent to a dry carbonization apparatus for dry carbonization to 
improve the quality of the solid salt, and a recycled industrial salt is obtained.
The salt-containing wastewater according to the present invention refers to 15% to 25% of 
high-concentration salt-containing wastewater treated by conventional water treatment 
techniques such as chemical, membrane, and reverse osmosis.
The pretreatment comprises: adding one or one of a medicament such as calcium oxide, 
magnesium oxide, calcium hydroxide, sodium hydroxide, sodium carbonate, flocculant, 
hypochlorous acid, hypochlorite, etc. to the salty wastewater. Above, adjust the pH to 10-12; 
precipitate, filter and separate the formed precipitate; remove calcium, magnesium ions, silica 
and suspended solids from the salty wastewater.
The pretreatment system comprises a clarification tank and a filtration device, wherein the 
filtration device is a filter or a microfiltration membrane filtration device; and the 
microfiltration membrane filtration device is one or more of an organic membrane, a ceramic 
membrane and a metal membrane. The combination.
The membrane concentration system is a combination of one or more of a reverse osmosis 
membrane system, an EDR electrodialysis membrane system or a DTRO membrane system; 
the concentration of TDS (total dissolved solids) in the concentrate is not less than 20,000 
mg/L.
The concentration of sulfate ion in the nano filtration membrane concentrate separated and 
concentrated by the nanofiltration membrane system is not less than 70,000 mg/L, and the 
concentration of sulfate ion in the nanofiltration membrane fresh water is not more than 1000 
mg/L.
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The evaporative crystallization system comprises one or more evaporation devices, one or 
more crystallizers; the evaporation device is a falling film evaporator or a forced circulation 
evaporator, and is connected in parallel, in series or in parallel and in series with each other. 
The mixing mode is connected, the feeding mode is single-effect or multi-effect evaporation 
process, and the heating mode is external steam supply, mechanical vapor compression, 
thermal vapor compression or a combination of the above; the crystallizer is a forced 
circulation crystallizer, DTB type Crystallizer or OSLO type crystallizer, the crystallizers are 
connected to each other by parallel, series or parallel and series mixing. The heating mode is 
external steam supply, mechanical vapor compression, thermal vapor compression or a 
combination of the above; crystallizer operation The pressure can be either positive or 
negative.
The temperature of the crystallizer which precipitates sodium sulfate in the evaporation 
crystallization system is controlled at 90-140 ° C, the mass percentage concentration of 
sodium sulfate is 4% to 31%, and the mass percentage concentration of sodium chloride is 3- 
30%; sodium chloride is precipitated. The temperature in the crystallizer is controlled at 40-60 
° C, the mass percentage concentration of sodium chloride is 20%-28%, the mass 
concentration of sodium sulfate is 1-8%; and the crystallizer of sodium chloride and sodium 
sulfate mixed salt is precipitated. The TDS is greater than 300,000 mgl.
The solid salt is carbonized in a dry carbonization device to remove organic matter and 
nitrate, and the carbonization temperature is 600-700 ° C, preferably 650 ° C; the dry 
carbonization device is a rotary'' kiln carbonization furnace or a push plate. Kiln type 
carbonization furnace, heating method is gas heating.
The recovered water by the membrane concentration treatment, the pre-evaporation treatment, 
the nanofiltration membrane treatment, and the evaporation crystallization treatment of the 
present invention is used as industrial reuse water.
Another object of the present invention is to provide a system for recovering zero-emission 
crystallization salt resources of a high-salt wastewater, including one or more of a 
pretreatment device system, a membrane concentrator system, a nanofiltration membrane 
system, or an evaporation crystallization system The pretreatment system may be disposed 
before the membrane concentration system, or before the evaporation crystallization system, 
or simultaneously before the membrane concentration system and the evaporation 
crystallization system; the evaporation crystallization system includes one or more 
Evaporation device, one or more crystallizers; multiple evaporation devices are connected by 
parallel, series or parallel and series mixing, and multiple crystallizers are connected to each 
other by parallel, series or parallel and series mixing .
In a preferred technical solution, the system for recovering zero-discharge crystallization salt 
resources of the high-salt wastewater includes a pretreatment system, a membrane 
concentration system, and an evaporation crystallization system; and the evaporation 
crystallization system includes a sodium sulphate evaporation crystallization device 
connected in series, a sodium chloride evaporation crystallization device and a mixed salt 
evaporation crystallization device, wherein the sodium sulfate evaporation crystallization 
device is composed of a first evaporation device and a first crystallizer connected in series, 
and the sodium chloride evaporation crystallization device is composed of a second 
evaporation device and a second crystallizer connected in series. The mixed salt evaporation 
crystallization device is composed of a third evaporation device and a third crystallizer 
connected in seri es; the water outlet of the pretreatment system is connected to the water inlet 
of the membrane concentration system, and the water outlet of the membrane concentration 
system and the first evaporation device The water inlet is connected, and the salt-containing 
wastewater (ie, the concentrated liquid) treated by the membrane concentration system is sent 
to the first evaporation device for pre-evaporation, thereby further concentrating the 
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concentrated liquid, and one outlet of the first evaporation device is further combined with the 
pretreatment system. Inlet connection, second pretreatment in the pretreatment system to 
remove impurities, organic matter and waste gas, pretreatment system Another outlet and inlet 
connected to the evaporative crystallizer system, successively and evaporated to give a 
crystalline solid sodium salt, solid sodium chloride salt, and a mixed salt of sodium sulfate 
and sodium chloride.
The first evaporation device for pre-evaporation may also be replaced by a second 
evaporation device or a third evaporation device.
The salt-containing wastewater is pretreated by the pretreatment system and then enters the 
membrane concentration system. The concentrated liquid obtained by concentration treatment 
through the membrane concentration system enters the first evaporation device for pre
evaporation, and further concentrates to obtain a secondary concentrated liquid, and the 
secondary concentrated liquid enters again. The pretreatment system performs a second 
pretreatment to separate and remove the hetero salt, the organic matter and the exhaust gas; 
the second pretreated brine sequentially enters the first evaporation device and the first 
crystallizer in the evaporative crystallization system for evaporation concentration and 
crystallization to be recovered. Water and sodium sulfate solid salt, and then enter the second 
evaporation device and the second crystallizer to obtain recovered water and sodium chloride 
solid salt, and finally enter the third evaporation device and the third crystallizer to obtain 
recovered water and sodium sulfate and sodium chloride. Mixed salt
Or the system for recovering zero-discharge crystallization salt resources of the high-salt 
wastewater includes a pretreatment system, a membrane concentration system, a 
nanofiltration membrane system, and an evaporation crystallization system; the evaporation 
crystallization system includes a sodium sulphate evaporation crystallization device, sodium 
chloride An evaporation crystallization device, a mixed salt evaporation crystallization 
device, a sodium sulfate evaporation crystallization device and a sodium chloride evaporation 
crystallization device are connected in parallel and connected to the mixed salt evaporation 
crystallization device; the sodium sulfate evaporation crystallization device is composed of a 
first evaporation device and a first crystallizer connected in series, The sodium chloride 
evaporation crystallization device is composed of a second evaporation device and a second 
crystallizer connected in series, and the mixed salt evaporation crystallization device is 
composed of a third evaporation device and a third crystallizer in series; the water outlet and 
membrane concentration system of the pretreatment system The water inlet is connected, the 
water outlet of the membrane concentration system is connected to the water inlet of the 
nanofiltration membrane system; the concentrated liquid outlet of the nanofiltration 
membrane system is connected with the pretreatment system to feed the nanofiltration 
membrane concentrate into the pretreatment The system performs a second pretreatment, and 
the other ou tlet of the pretreatment system is then combined with the sodium sulphate 
evaporation crystallization unit of the evaporation crystallization system. Port connection, 
sodium chloride and fresh water evaporative crystallization system outlet nanofiltration 
membrane inlet system evaporative crystallization device is connected.
The salt-containing wastewater is pretreated into the membrane concentration system by the 
pretreatment system, and the concentrated liquid obtained by concentration treatment through 
the membrane concentration system enters the nanofiltration membrane system for separation 
and concentration, and the concen trated liquid outlet of the nanofiltration membrane system is 
connected with the pretreatment system. The filter concentrate is sent to the pretreatment 
system for the second pretreatment, and then sequentially enters the first evaporation device 
and the first crystallizer in series in the evaporative crystallization system for evaporation 
crystallization to obtain recovered water and sodium sulfate solid salt, and nanofiltration. The 
fresh water outlet of the membrane system is evaporated and concentrated by the second 
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evaporation device of the evaporative crystallization system to obtain recovered water, and 
the concentrated liquid is sent to the second crystallizer to crystallize the solid salt of sodium 
chloride; respectively, the ammonium sulfate solid salt and the sodium chloride solid salt are 
separately precipitated. The salty wastewater is mixed and sent to a third evaporation device 
in the evaporation crystallization system, and concentrated by evaporation to obtain recovered 
water, and then the concentrate is sent to a third crystallizer to crystallize and precipitate a 
mixed solid salt.
The pretreatment system comprises a clarification tank and a filtration device, wherein the 
filtration device is a filter or a microfiltration membrane filtration device; and the 
microfiltration membrane filtration device is one or more of an organic membrane, a ceramic 
membrane and a metal membrane. The combination.
The membrane concentration system is one or a combination of one or more of a reverse 
osmosis membrane system, an EDR electrodialysis membrane system, or a DTRO membrane 
system.
The evaporative crystallization system comprises one or more evaporation devices, one or 
more crystallizers; the evaporation device is a falling film evaporator or a forced circulation 
evaporator, and the plurality of evaporation devices are connected in parallel and in series 
with each other. Or connected in parallel and series, the feeding mode is single-effect or 
multi-effect evaporation process, the heating mode is external steam supply, mechanical 
vapor compression, thermal vapor compression or a combination of the above; the crystallizer 
is forced circulation crystallization , DTB type crystallizer or OSLO type crystallizer, multiple 
crystallizers are connected in parallel, series or parallel and series, and the heating method is 
external steam supply, mechanical vapor compression, thermal vapor compression or the 
above method. Combination; the operating pressure of the crystallizer can be positive 
pressure or negative pressure.
The beneficial effects of the invention:
The method for recovering the zero-emission crystallization salt resource of the high-salt 
wastewater of the invention is directed to the problem of water shortage in China, low reuse 
rate of industrial water, serious environmental pollution , and the process of pre-treatment, 
evaporation, crystallization, etc. After treatment, the 15% to 25% high (high concentration, 
high difficulty, high salt) wastewater is further treated, so that the water recovery rate is over 
95%, and the salt crystallizes into solid salt to realize high salinity wastewater, zero emission. 
The utilization of solid mixed salt resources has solved the problem of dangerous solid waste 
disposal. At the same time, the waste of waste is realized as a treasure, which has achieved 
economic benefits, reduced the operating expenses of zero discharge, and zero-emission of 
high-salt wastewater in the future. Application promotion plays an important role.
DRAWINGS
1 is a flow chart of the treatment of high-salt wastewater in the prior art;
2 is a flowchart of Embodiment 1 of the present invention;
3 is a flow chart of Embodiment 2 of the present invention.
Detailed ways
The technical solution of the present invention will be further described below in conjunction 
with specific embodiments.
Example 1
As shown in FIG. 2, a system for recovering zero-emission crystallization salt resources of a 
high-salt wastewater includes a pretreatment system, a membrane concentration system, and 
an evaporation crystallization system; and the evaporation crystallization system includes a 
sodium sulphate evaporation crystallization device connected in series a sodium chloride 
evaporation crystallization device and a mixed salt evaporation crystallization device. The 
sodium sulfate evaporation crystallization device is composed of a first evaporation device 
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and a first crystallizer connected in series, and the sodium chloride evaporation crystallization 
device is composed of a second evaporation device and a second crystallizer connected in 
series. The mixed salt evaporation crystallization device is composed of a third evaporation 
device and a third crystallizer connected in series; the water outlet of the pretreatment system 
is connected with the water inlet of the membrane concentration system, and the water outlet 
of the membrane concentration system and the first evaporation The water inlet of the device 
is connected, and the salty wastewater (ie, the concentrated liquid) treated by the membrane 
concentration system is sent to the first evaporation device for pre-evaporation, thereby 
further concentrating the concentrated liquid, and one outlet of the first evaporation device is 
further combined with the pretreatment system. A water inlet connection, a second 
pretreatment in the pretreatment system to remove impurities, organic matter and waste gas, 
another pretreatment system Outlet and inlet system evaporative crystallization connected 
successively and evaporated to give a crystalline solid sodium salt, solid sodium chloride salt, 
and a mixed salt of sodium sulfate and sodium chloride.
The system for treating salty wastewater by using the zero-discharge crystallization salt 
resource recovery system of the high-salt waste water in the present embodiment: the 
concentration TDS of the salt-containing wastewater is less than 20000 mg/L; the NaCl+Na 2 
SO 4 accounts for 95% of the total solid content, and the remaining 5% The impurities are Ca 
< 2+ > , Mg < 2+ > , K < + > , NO < 3- > , organic matter, and the like.
(1) Pretreatment: the salty wastewater enters the pretreatment system for pretreatment, adding 
the agent to the salty wastewater, adjusting the pH value of 10-12, precipitating, filtering and 
separating the formed precipitate to remove calcium and magnesium ions from the salty 
wastewater., silica and suspended solids;
(2) Membrane concentration: the pretreated salt-containing wastewater is concentrated into a 
membrane concentration system to obtain recovered water and a concentrate, so that the TDS 
in the concentrate is greater than 20000 mg/L;
(3) Pre-evaporation: the concentrated liquid treated by the membrane concentration system 
enters the evaporation device, and is further concentrated by pre-evaporation to obtain a 
secondary concentrated liquid and recovered water;
(4) Second pretreatment: the secondary concentrate enters the pretreatment system again for a 
second pretreatment to separate and remove the miscellaneous salts, organic matter and waste 
gas;
(4)Evaporation crystallization: the second pre-treated brine enters the evaporative 
crystallization system for further processing, and the distilled water is recovered as recovered 
water by the evaporative crystallization system, and at the same time, the solid salt is 
recovered, specifically: the first evaporation device of the brine into the sodium sulphate 
evaporation crystallization device The water is concentrated by evaporation, concentrated to a 
concentration of 4% to 31% of sodium sulfate, and the concentration of sodium chloride is 5 
to 30%, and then sent to the first crystallizer to control the temperature at 90-140 ° C for 
crystallization. The sodium sulfate solid salt is obtained; the brine after recovering the solid 
salt of sodium sulfate is sent to the second evaporation device of the sodium chloride 
evaporation crystallization device to evaporate and concentrate the recovered water, and the 
concentration is adjusted to a concentration of sodium chloride of 20% to 28%, sodium 
sulfate. The mass percentage concentration is 1 to 8%, and then sent to the second crystallizer, 
and the temperature is controlled at 40 to 60 ° C to obtain a solid salt of sodium chloride; the 
brine after recovering the solid salt of sodium chloride enters the mixed salt evaporation 
crystallization apparatus. The third evaporation device evaporates and concentrates the 
recovered water, concen trates to a TDS of more than 300,000 mg/L, and then sends it to a 
third crystallizer for crystallization to precipitate sodium chloride and sulfuric acid, a mixed 
salt of sodium;
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(5)The  recovered sodium sulfate solid salt, sodium chloride solid salt, sodium chloride and 
sodium sulfate mixed salt are respectively sent to a dry carbonization device for carbonization 
drying treatment, and the carbonization temperature is 650 0 C to improve the quality of the 
solid salt, and the industrial back is obtained. Use salt.
The system for recovering the zero-emission crystallization salt resource of the high-salt 
wastewater of the present embodiment can achieve a water recovery rate of over 95%, a 
purity of 99% sodium chloride recovery rate of 98% or more, and a purity of 99% sodium 
sulfate recovery rate. More than 98%, the rest are sodium chloride and sodium sulfate and 
their mixed salts, and the recovered sodium chloride and sodium sulfate reach the first-class 
quality of the industry.
Example 2
As shown in FIG. 3, a system for recovering zero-discharge crystallization salt resources of a 
high-salt wastewater includes a pretreatment system, a membrane concentration system, a 
nanofiltration membrane system, and an evaporation crystallization system; and the 
evaporation crystallization system includes evaporation crystallization of sodium sulfate. The 
device, the sodium chloride evaporation crystallization device, the mixed salt evaporation 
crystallization device, the sodium sulfate evaporation crystallization device and the sodium 
chloride evaporation crystallization device are connected in parallel and connected with the 
mixed salt evaporation crystallization device; the sodium sulfate evaporation crystallization 
device is replaced by the first evaporation device and the first The crystallizer is configured in 
series, the sodium chloride evaporation crystallization device is composed of a second 
evaporation device and a second crystallizer, and the mixed salt evaporation crystallization 
device is composed of a third evaporation device and a third crystallizer; the pretreatment 
system is The nozzle is connected to the water inlet of the membrane concentration system, 
and the water outlet of the membrane concentration system is connected to the water inlet of 
the nanofiltration membrane system; the concentrated liquid outlet of the nanofiltration 
membrane system is connected with the pretreatment system to concentrate the nanofiltration 
membrane The liquid is sent to the pretreatment system for the second pretreatment, and the 
other outlet of the pretreatment system is evaporated and crystallized by sodium sulfate in the 
evaporative crystallization system. The water inlet of the device is connected, and the fresh 
water outlet of the nanofiltration membrane system is connected to the water inlet of the 
sodium chloride evaporation crystallization device of the evaporation crystallization system. 
The system for treating salty wastewater by using the zero-discharge crystallization salt 
resource recovery system of the high-salt wastewater in the present embodiment: the 
concentration of TDS in the salt-containing wastewater is less than 20000 mg/L; the NaCl+Na 
2 SO 4 accounts for 95% of the total solid content, and the remaining 5 The % impurities are 
Ca < 2+ > , Mg < 2+ > , K < + > , NO <3- > , organic matter, and the like.
(1) Pretreatment: the salty wastewater enters the pretreatinent system for pretreatment, adding 
the agent to the salty wastewater, adjusting the pH value of 10-12, precipitating, filtering and 
separating the formed precipitate to remove calcium and magnesium ions from the salty 
wastewater. , silica and suspended solids;
(2) Membrane concentration: the pretreated salt-containing wastewater is concentrated into a 
membrane concentration system to obtain recovered water and a concentrate; and the TDS in 
the concentrate is greater than 20000 mg/L;
(3) Nanofiltration treatment: Separation and concentration of monovalent ions and divalent 
ions and organic matter in the concentrated liquid by a nanofiltration membrane system to 
obtain nanofiltration membrane concentrate and nanofiltration membrane fresh water; 
nanofiltration membrane concentrated and concentrated after filtration The concentration of 
sulfate ion in the liquid is greater than 70,000 mg / L, and the concentration of sulfate ion in 
the nanofiltration membrane is not more than 1000 mg / L;
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(4) Evaporation crystallization: the nanofiltration membrane concentrate enters the 
pretreatment system for the second pretreatment, and then further processed into the sodium 
sulphate evaporation crystallization device in the evaporative crystallization system, and the 
distilled water is recovered as the recovered water, and the sodium sulfate solid salt is 
recovered at the same time; The fresh water of the membrane directly enters the sodium 
chloride evaporation crystallization device through the evaporation crystallization system, and 
the distilled water is recovered as the recovered water, and the solid salt of sodium chloride is 
recovered; the salty wastewater after separating the ammonium sulfate solid salt and the 
sodium chloride solid salt respectively is mixed. And feeding the mixed salt evaporation 
crystallization device of the evaporative crystallization system to obtain recovered water, and 
recrystallizing and separating the mixed solid salt;
Specifically, the nanofiltration membrane concentrated liquid enters the first evaporation 
device in the sodium sulfate evaporation crystallization device to evaporate and concentrate 
the recovered water, and the concentration is concentrated to 4% to 31% by mass 
concentration of sodium sulfate, and the mass percentage concentration of sodium chloride is 
4 to 4%. 30%, and then sent to the crystallizer, the temperature is controlled at 90-140 ° C to 
obtain the solid salt of sodium sulfate; the nanofiltration membrane fresh water enters the 
second evaporation device of the sodium chloride evaporation crystal lization devi ce to 
evaporate and concentrate the recovered water, and is concentrated to chlorinate The mass 
percentage concentration of sodium is 20% to 28%, the mass percentage concentration of 
sodium sulfate is 1 to 8%, and is sent to the second crystallizer, and the temperature is 
controlled at 40 to 60 ° C to obtain solid salt of sodium chloride; The salty wastewater after 
separating the ammonium sulfate solid salt and the solid salt of sodium chloride is mixed, sent 
to a third evaporation device of the mixed salt evaporation crystallization device, and 
concentrated and recovered, and concentrated to a TDS of more than 300,000 mg/L, and sent 
to a third crystallizer. Crystallizing, precipitating a mixed salt of sodium chloride and sodium 
sulfate;
(5) The recovered sodium sulfate solid salt, sodium chloride solid salt, sodium chloride and 
sodium sulfate mixed salt were respectively sent to a carbonization furnace for carbonization 
treatment, and the carbonization temperature was 650 ° C to improve the quality of the solid 
salt.
The system for recovering the zero-emission crystallization salt resource of the high-salt 
wastewater of the present embodiment can achieve a water recovery rate of over 95%, a 
purity of 99.5% sodium chloride recovery of more than 99%, and a purity of 99.5% sodium 
sulfate recovery rate. More than 99%, the rest are sodium chloride and sodium sulfate and 
their mixed salts, and the recovered sodium chloride and sodium sulfate reach the first-class 
quality of the industry.

CLAIMS CN105152443

i.

A method for recovering zero-emission crystalline salt resources of high-salt wastewater, 
characterized in that the salt-containing wastewater is treated by one or more systems of a 
pretreatment system, a membrane concentration system, a nanofiltration membrane system or 
an evaporation crystallization system to obtain recovered water For factory' reuse, while 
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recovering solid salt for industrial application; the solid salt is a mixed salt of sodium 
chloride, sodium sulfate or one of two salts;
Specifically include:
(1) Pretreatment: the salty wastewater enters the pretreatment system for pretreatment to 
remove calcium, magnesium ions, silica and suspended solids from the salty wastewater;

(2)

Membrane concentration: the pretreated salt-containing wastewater is concentrated into a 
membrane concentration system to obtain recovered water and a concentrated liquid;

(3)

Pre-evaporation: the concentrated liquid treated by the membrane concentration system enters 
the evaporation device, and is further concentrated by pre-evaporation to obtain a secondary 
concentrated liquid and recovered water;

(4)

Second pretreatment: the secondary concentrate enters the pretreatment system for a second 
pretreatment to separate and remove the miscellaneous salts, organic matter and waste gas;

(5)

Evaporation crystallization: the second pretreated brine enters the evaporative crystallization 
system for further treatment, and the distilled water is recovered as recovered water by the 
evaporative crystallization system, and at the same time, sodium sulfate solid salt, sodium 
chloride solid salt, sodium chloride and sodium sulfate mixed solid are recovered, salt;

(6)

The recovered solid salt is sent to a dry carbonization device for dry carbonization treatment 
to improve the quality of the solid salt, and the industrial salt is reused;
or
(1) Pretreatment: the salty wastewater enters the pretreatment system for pretreatment to 
remove calcium, magnesium ions, silica and suspended solids from the salty wastewater;
(2) Membrane concentration: the pretreated salt-containing wastewater is concentrated into a 
membrane concentration system to obtain recovered water and a concentrated liquid;
(3) Nanofiltration membrane treatment: using a nanofiltration membrane system to separate 
and concentrate monovalent ions, divalent ions and organic matter in the concentrated liquid 
to obtain nanofiltration membrane concentrate and nanofiltration membrane fresh water;
(4) Evaporation crystallization: the nanofiltration membrane concentrate enters the 
pretreatment system for the second pretreatment, and the second pretreated brine enters the 
evaporative crystallization system for concentration crystallization treatment, and the distilled 
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water is recovered as the recovered water, and the sodium sulfate solid salt is recovered at the 
same time; The nanofiltration membrane fresh water enters the evaporation crystallization 
system for concentrated crystallization treatment, and the distilled water is recovered as the 
recovered water, and the solid salt of sodium chloride is recovered at the same time; the salty 
wastewater after separating the ammonium sulfate solid salt and the sodium chloride solid salt 
respectively is mixed and concentrated. Crystallizing treatment, recovering distilled water as 
recovered water, and obtaining a solid salt of sodium chloride and sodium sulfate;
(5)The recovered solid salt is sent to a dry carbonization apparatus for dry carbonization to 
improve the quality of the solid salt, and a recycled industrial salt is obtained.
2. The method for recovering zero-emission crystallization salt resources of a high-salt 
wastewater according to claim 1, wherein the pretreatment is: adding calcium oxide, 
magnesium oxide, calcium hydroxide, sodium hydroxide to the salty wastewater, One or more 
of sodium carbonate, flocculant, hypochlorous acid, hypochlorite agent, adjusting the pH to 
10-12; precipitating, filtering and separating the formed precipitate; removing calcium from 
the salty wastewater , magnesium ions, silica and suspended solids.
3. The method for recovering zero-emission crystalline salt resources of a high-salt wastewater 
according to claim 1, wherein the concentrated liquid has a TDS of not less than 20,000 mg/L.
4. The method for recovering zero-emission crystallization salt resource of high-salt 
wastewater according to claim 1, characterized in that the concentration of sulfate ion in the 
nanofiltration membrane concentrate separated and concentrated by the nanofiltration 
membrane device system is not less than 70,000 mg/L, and the nanofiltration membrane The 
concentration of sulfate ion in fresh water is not more than 1000mg/L.
5. The method for recovering zero-emission crystallization salt resources of a high-salt 
wastewater according to claim I, wherein the temperature of the crystallizer for separating 
sodium sulfate in the evaporating crystallization system is controlled at 90 to 140 ° C, and the 
mass percentage concentration of sodium sulfate is 4% to 31%, the mass percentage 
concentration of sodium chloride is 5-30%; the temperature of the crystallizer for 
precipitating sodium chloride is controlled at 40-60 ° C, and the mass percentage 
concentration of sodium chloride is 20%-28%. The mass percentage concentration of sodium 
sulfate is 1-8%; the TDS of the crystallizer in which sodium chloride and sodium sulfate are 
mixed is not less than 300,000 mg/L.
6. The method for recovering zero-emission crystalline salt resources of a high-salt wastewater 
according to claim 1, wherein the solid salt is subjected to a carbonization drying treatment in 
a carbonization furnace, and the carbonization temperature is 600 to 700 °C.

7.

A system for recovering zero-emission crystalline salt resources from a high-salt wastewater, 
characterized in that the system comprises one or more system treatments of a pretreatment 
system, a membrane concentration system, a nanofiltration membrane system or an 
evaporation crystallization system; The system may be placed before the membrane 
concentration system, before the evaporation crystallization system, or before the membrane 
concentration system and the evaporative crystallization system; the evaporative 
crystallization system comprises one or more evaporation units, one or more crystals The 
plurality of evaporation devices are connected to each other by parallel, series or parallel and 
series mixing, and the plurality of crystallizers are connected to each other by parallel, series 
or parallel and series mixing.

8.
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The system for recovering zero-emission crystallization salt resources of a high-salt 
wastewater according to claim 7, wherein the system for recovering zero-discharge 
crystallization salt resources of the high-salt wastewater comprises a pretreatment system, a 
membrane concentration system, and an evaporation crystallization system. The evaporation 
crystallization system comprises a sodium sulphate evaporation crystallization device, a 
sodium chloride evaporation crystallization device and a mixed salt evaporation 
crystallization device, which are sequentially connected in series, and the sodium sulphate 
evaporation crystallization device is composed of a first evaporation device and a first 
crystallizer connected in series, ch lorination The sodium evaporation crystallization device is 
composed of a second evaporation device and a second crystallizer connected in series, and 
the mixed salt evaporation crystallization device is composed of a third evaporation device 
and a third crystallizer in series; the water outlet of the pretreatment system and the membrane 
concentration system are advanced The nozzle is connected, the water outlet of the membrane 
concentration system is connected to the water inlet of the first evaporation device, and the 
salty wastewater treated by the membrane concentration system is sent to the first evaporation 
device for pre-evaporation, thereby further concentrating the concentrated liquid, the first 
evaporation An outlet of the device is then connected to another inlet of the pre treatment 
system for a second pretreatment in the pretreatment system The hetero-salt, organic matter 
and waste gas are separated and separated, and another water outlet of the pretreatment 
system is connected with the water inlet of the evaporative crystallization system, and 
sequentially evaporated and crystallized to obtain a solid salt of sodium sulfate, a solid salt of 
sodium chloride, and sodium sulfate and sodium chloride. Mixed salt
Or the system for recovering zero-discharge crystallization salt resources of the high-salt 
wastewater includes a pretreatment system, a membrane concentration system, a 
nanofiltration membrane system, and an evaporation crystallization system; the evaporation 
crystallization system includes a sodium sulphate evaporation crystallization device, sodium 
chloride An evaporation crystallization device, a mixed salt evaporation crystallization 
device, a sodium sulfate evaporation crystallization device and a sodium chloride evaporation 
crystallization device are connected in parallel and connected to the mixed salt evaporation 
crystallization device; the sodium sulfate evaporation crystallization device is composed of a 
first evaporation device and a first crystallizer connected in series, The sodium chloride 
evaporation crystallization device is composed of a second evaporation device and a second 
crystallizer connected in series, and the mixed salt evaporation crystallization device is 
composed of a third evaporation device and a third crystallizer in series; the water outlet and 
membrane concentration system of the pretreatment system The water inlet is connected, the 
water outlet of the membrane concentration system is connected to the water inlet of the 
nano filtration membrane system; the concentrated liquid outlet of the nanofiltration 
membrane system is connected with the pretreatment system to feed the nanofiltration 
membrane concentrate into the pretreatment The system performs a second pretreatment, and 
the other outlet of the pretreatment system is then combined with the sodium sulphate 
evaporation crystallization unit of the evaporation crystallization system. Port connection, 
sodium chloride and fresh water evaporative crystallization system outlet nanofiltration 
membrane inlet system evaporative crystallization device is connected.

9.

A system for recovering zero-emission crystallization salt resources of a high-salt wastewater 
according to claim 7 or 8, wherein said pretreatment system comprises a clarification tank and 
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a filtering device, and said filtering device is a filter or a microfiltration membrane filtering 
device; The microfiltration membrane filtration device is one or a combination of one or more 
of an organic membrane, a ceramic membrane, and a metal membrane;
The membran e concentration system is one or a combination of one or more of a reverse

5 osmosis membrane system, an EDR electrodialysis membrane system, or a DTRO membrane 
system.

10.

A system for recovering zero-emission crystallization salt resources of a high-salt wastewater
10 according to claim 7 or 8, characterized in that the evaporation device is a falling film 

evaporator or a forced circulation evaporator, and the feeding mode is a single-effect or multi
effect evaporation process. The heating mode is external steam supply, mechanical vapor 
compression, thermal vapor compression or a combination of the above;
The crystallizer is a forced circulation crystallizer, a DTB type crystallizer or an OSLO type

15 crystallizer, and the heating method is external steam supply, mechanical vapor compression, 
thermal vapor compression or a combination of the above.

13


