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1.0and Vv V, =10.4-0.6, with obtaining a solution of nitric acid in the anodic chamber, and a solution of sodium and potassium
hydroxides in the cathodic chamber. The claimed method allows to obtain crystalline boric acid and highly concentrated solutions
of nitric acid and hydroxides of sodium and potassium, suitable for reuse in the NPP process cycle and for general industrial use.
Conducting electrodialysis at low values of current and voltage provides a reduction of the method's energy intensity. The
involvement of all major components of waste mother liquors into the processing reduces the amount of stored and disposed
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ABSTRACT

The invention relates to the complex processing of NPP’s liquid, boron-containing
waste with a complex composition, being generated during the operation of nuclear
power plants, including of ones VVER-type, and can be used to isolate boric and
nitric acids and hydroxides of sodium and potassium for their reuse in the NPP
process cycle. They execute introduction of calcium nitrate at pH 9.3-11.0 into the
initial borate solution, comprising nitrates and sodium and potassium sulphates,
with obtaining a co-precipitation of calcium borate and sulphate, which they sepa-
rate from the mother liquor. Then they treat co-precipitation of calcium borate and
sulphate with a nitric acid solution until pH 5-7 is provided and at transforming of
calcium borate into the solution and separation of the calcium sulphate sediment.
They treat calcium borate solution with nitric acid at a temperature of 10-20°C un-
til pH 1-3 is provided and with formation of the boric acid sediment, which they
separate from the calcium nitrate solution, wash with a nitrate solution of pH 2-3,
comprising 30-35 g/l of boric acid, and dry at a temperature not exceeding 60°C.
After separation of boric acid sediment they add calcium nitrate solution to the ini-
tial borate solution. They subject mother liquor to electrodialysis in a three-
chamber electrodialysis device with cation-exchange and anion-exchange mem-
branes at a current value of 1-3 A and a voltage of 4-10 V. They conduct electro-
dialysis at the ratio of the mother liquor volume V, in the middle chamber of the
electrodialysis device and the volumes of the anolyte V, and the catholyte V. in the
anodic and cathodic chambers respectively, equal to Vi:V, = 1:0.5-1.0 and V1V,
= 1:0.4-0.6, with obtaining a solution of nitric acid in the anodic chamber, and a
solution of sodium and potassium hydroxides in the cathodic chamber. The
claimed method allows to obtain crystalline boric acid and highly concentrated so-
lutions of nitric acid and hydroxides of sodium and potassium, suitable for reuse in
the NPP process cycle and for general industrial use. Conducting electrodialysis at
low values of current and voltage provides a reduction of the method's energy in-
tensity. The involvement of all major components of waste mother liquors into the

processing reduces the amount of stored and disposed hazardous waste.
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RECYCLING OF NUCLEAR LIQUID WASTE
WITH BORON CONTROL

The invention is related to integrated recycling of complex liquid boric nu-
clear waste generated during operation of the nuclear power units, including
VVER, and which can be used for extraction of boric and nitric acids, and com-
pounds of alkaline elements to be further re-used in NPP process cycle.

Among all types of liquid nuclear waste generated by NPPs, evaporator
sludge is the most difficult for recycling. This type of waste is high-salt nitrate so-
lution of sodium and potassium, containing borates and hardware corrosion prod-
ucts in the form of transition metals salt, as well as decontamination agents deliv-
ered with various effluents. After decontamination the solution is evaporated to be
converted into a fusion cake for further storage. This type of waste cannot be 100%
recycled.

There is information about a boron-controlled method of liquid nuclear
waste recycling (see patent No 2012076 RF, IPC°G21F 9/08, 1994). This method
involves vaporization of waste, crystallization of resulting boron-containing con-
centrate, separation of this concentrate from the mother liquor, dissolution, ultrafil-
tration of the resulting solution, ion-selective filtration, vaporization up to 80-250
g/l in equivalent of boric acid and crystallization of this acid. The yield of boric ac-
id is less than 84% with impurity content of 102-10- percent by weight.

Among the major disadvantages of this method are: high energy consump-
tion for vaporization, low extraction of boric acid, the resulting solutions require
post-purification. This method is used for recovery of boric acid only, which
means a lot of non-recycled waste for further disposal.

There is also information about another method selected as a prototype, this
is a boron-controlled method of liquid nuclear waste recycling (see patent No
7323613 USA, IPC G2IF 9/06, 9/20, G21C 1/00, BO1D 61/42 (2006.01), 2008).
This method is applied for liquid waste containing sodium and potassium nitrates

and includes separate collection of acidic waste (pH < 5.5), which does not contain
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boric acid, and alkaline waste (pH> 5.5), which contain borates, followed by con-
centration and mixing, crystallization of sodium borate with pH 8.0-10.1, separa-
tion from the mother liquor, treatment of the solution with calcium and magnesium
salts, preferable with calcium nitrate or magnesium chloride, and separation of the
resulting borate precipitation of calcium or magnesium. Then the sodium borate
precipitation is dissolved to reach concentration of 20-25 g/l and expose to electro-
dialysis with an electrodialysis device with anion- and cation-exchange mem-
branes, as a result there are boric acid solutions (0.1-60 g/l) and sodium hydrate so-
lutions (with NaOH content up to 150 g/l). The parameters of electrodialysis are:
current intensity = 0.2-45 A, voltage =5-55V

This method has the following disadvantages: It provides only for the recov-
ery of boric acid and sodium hydrate, while the high-salt mother liquor (which
does not contain borates) is not recycled, which means a lot of non-recycled waste
for further disposal. There is another disadvantage of this method: the resulting
boric acid solution is un-marketable, and sodium hydrate solution is of low con-
centration which makes them difficult to re-use. High energy consumption is an-
other disadvantage of this method. The reason is that the sodium borate solution
exposed to electrodialysis has low sodium content and higher electrical resistance,
thus higher current intensity and voltage are required for electrodialysis.

Purpose of this invention is to achieve a technical result, which can be de-
scribed as recycling of complex nuclear liquid waste with high salt content to have
a broader range of post-recycling products, in particular, marketable boric acid,
concentrated solutions of nitric acid, sodium and potassium hydrates, which can be
re-used in NPP process cycle. The expected technical result involves achieving
lower energy consumption and reduction of the amount of hazardous waste to be
buried and to be stored.

The technical result is achieved through boron-controlled method of recy-
cling liquid nuclear waste which contain sodium and potassium salts, including:

adding calcium nitrate to the borate solution with further precipitation of sodium
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borate and separation of sodium borate from the mother liquor; followed by elec-
trodialysis using an electrodialysis device with cathion- and anion-exchange cham-
bers; followed by generation of boric acid and sodium and potassium hydrate solu-
tions; in accordance with the invention, the initial borate solution contains sodium
and potassium nitrates and sulfates instead of sodium and potassium salts; calcium
nitrate is added to the initial borate solution to have calcium borate and sulfate co-
precipitated; boric acid is produced by treating calcium borate and sulfate with ni-
tric acid solution with further separation of precipitated calcium sulfate from the
calcium borate solution; after that calcium borate solution is treated with nitric acid
to cause boric acid precipitation and calcium nitrate solution; boric acid precipita-
tion is separated and dried, and the mother liquor is exposed to electrodialysis to
produce nitric acid solution and sodium and potassium hydrates.

The technical result is also achieved by adding the calcium nitrate into bo-
rate solution with pH 9.3-11.0

The technical result is also achieved by treating the co-precipitated calcium
borate and sulfate with nitric acid solution to reach the value of pH 5-7.

The technical result is also achieved by treating the calcium borate solution
with nitric acid under the temperature of 10-20°C to reach the value of pH 1-3.

The technical result is also achieved by adding the calcium nitrate solution
to the initial borate solution after separation of precipitation.

The technical result is also achieved by electrodialysis of the mother liquor
in a 3-chamber electrodialysis device following the pre-defined volume to volume
proportion of the mother liquor V,, in the middle chamber of the electrodialysis
device, and following the volume proportion of anolyte V, and catholyte V, in
anode and cathode chambers respectively (V,p:V,=1:0.5-1.0 and V,:V,=1:0.4-
0.6), as a result the nitric acid solution will be produced in the anode chamber,
while sodium hydrate solution and potassium hydrate solution will be produced in

the cathode chamber.
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The technical result is achieved by the following parameters of electrodialy-
sis: current intensity = 1-3 A, voltage =4-10 V.

The technical result is achieved by washing the boric acid precipitation with
nitric solution (pH 2-3) containing boric acid with content of 30-35 g/1

The technical result is achieved by drying the boric acid precipitation at a
temperature not higher than 60°C.

The essential features of alleged invention which define the scope of legal
protection and are sufficient for achieving the above technical result have the fol-
lowing functions and are relevant for achieving thereof as follows.

The fact that the initial borate solution contains calcium and sodium nitrates
and sulfates means that electrodialysed nitric acid and alkaline solutions are suita-
ble for re-use, after the sulfate ions in the form of slightly soluble products (for ex-
ample, gypsum, which can be used in construction industry) are removed from the
initial solution.

Adding calcium nitrate into the initial borate solution causes the co-
precipitation of calcium borate and sulfate to form, this makes it possible to ensure
good extraction of boron compounds from the solution and purify the solution
from sulfate ions before electrodialysis.

Treatment of co-precipitated calcium borate and sulfate with nitric acid solu-
tion followed by conversion of calcium borate into the solution and extraction of
precipitated calcium sulfate from the calcium borate solution provides for the good
separation of boron compounds from the existing impurities and ensures high bo-
ron yield in the final product.

Treatment of calcium borate solution with nitric acid makes it possible to
have the boric acid precipitation which can be easily separated from the calcium
nitrate solution.

Drying of washed boric acid precipitation ensures higher boric acid content

in the final product.
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Electrodialysis of the mother liquor which is a result of separation of co-
precipitated calcium borate and sulfate requires lower current intensity and voltage
values, and provides for extraction of usable components in the form of highly
concentrated nitric acid solutions, solutions of sodium and potassium hydrates
which are suitable for re-use in NPP process cycle.

The combination of the above features is necessary and sufficient to achieve
the technical result of the invention which can be described as having a broader
range of resulting products, such as marketable boric acid and concentrated solu-
tions of nitric acid, sodium and potassium hydrates suitable for re-use in NPP pro-
cess cycle, as well as reduction of energy consumption and reduction of the
amount of hazardous waste to be buried and to be stored.

For special cases of invention application the following operations and pro-
cess parameters are preferred:

Adding calcium nitrate to borate solution under pH 9.3-11.0 provides for
good extraction of boron compounds from the solution and makes it possible to pu-
rify the solution from sulfate ions before electrodialysis. Adding calcium nitrate
under pH lower than 9.3 or higher than 11.0 results in partial dissolution of calci-
um borate followed by lower extraction and co-precipitation.

The co-precipitation of calcium borate and sulfate should be treated with ni-
tric acid solution to reach pH value of 5-7, because the solubility of borate com-
pounds in this pH range is highest. If the borate solution has pH lower than 5, the
boron yield is also lower because slightly soluble boric acid has been formed. This
is the reason why it is impossible to produce highly concentrated boron-containing
solutions. If the borate solution has pH higher than 7, slightly soluble sodium bo-
rates are formed, they make separation of co-precipitation impossible.

The calcium borate solution should be treated with nitric acid solution to
reach pH value of 5-7. Treating the calcium borate solution (pH< 1) with nitric ac-
id will results in excessive consumption of nitric acid for extraction of boric acid

precipitation. With pH over 3 the solid yield of boric acid is also lower.
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Treating of calcium borate solution with nitric acid at a temperature of 10-
20°C provides for the best conditions for precipitation of boric acid from the solu-
tion. If the temperature is above 20°C, the solubility of boric acid increases and the
boron yield becomes lower. If treated at a temperature below 10°C, the solution
requires to be cooled and the actual yield of the boron does not get higher.

Adding calcium nitrate solution to initial borate solution after separation of
boric acid precipitation makes it possible to reduce the amount of waste and pro-
vides for better use of chemical agents.

If the mother liquor is electrodialysed following the pre-defined volume to
volume proportion of the mother liquor in the middle chamber of 3-chamber elec-
trodialysis device, and following the volume proportion of anolyte V, and catho-
lyte V. in anode and cathode chambers respectively, it will be possible to control
the concentration of resulting products - nitric acid solution, sodium hydrate solu-
tion and potassium hydrate solution. If the required intervals( V,,:V,=1:0,5-1,0 and
Vup:Vi=1:0,4-0,6 of the mother liquor volume against the volume of anolyte and
catholyte) were not adhered to, it will not be possible to have the nitric acid solu-
tions and alkaline solutions with the necessary concentration range (300 - 600 g/1)
for re-use.

Electrodialysis carried out under the following parameters: current intensity
= 1-3 A, voltage = 4-10 V, ensures over 99% ions to be extracted from the saline
solution with lower energy consumption and with the current yield of about 50-
70% Electrodialysis carried out under I < 1A and V< 4V will result in unreasona-
ble increase of the process duration and lower efficiency, with I> 3A and V>10 V
the current yield becomes lower and the energy consumptions rises.

Washing the boric acid precipitation with nitrate solution (pH = 2-3) with
boric acid content of 30-35 g/l provides for removal of impurities to produce the
sufficiently pure final product - boric acid (H;BOs.) Boric acid is least soluble in
these intervals of process parameters. The boric acid content in the nitrate solution
used for washing ensures a stable value of the pre-defined pH values interval for

6
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the nitrate solution. Using nitrate solution with boric acid content lower than 30 g/l
will cause partial dissolution of the washed precipitation and with the nitrate solu-
tion with boric acid content over 35 g/l the washing solution will get precipitated.

Drying of washed boric acid precipitation under the temperature not exceed-
ing 60°C ensures boric acid mass content in the final product not less than 99.9
percent by weight. If the temperature is above 60°C, the boric acid may turn into
an oxide due to deep dehydration. The lower value of temperature interval was de-
fined following the duration of drying process and may be dependent of rarefaction
of operational atmosphere.

The above particular features of the invention will allow to implement this
method at its best in terms of the opportunity of have a broader range of products
for re-use in NPP process cycle, and to reduce energy consumption and the amount
of hazardous waste to be buried and to be stored.

The core idea of the proposed method can be illustrated with the below Ex-
amples.

Example 1. We take 1,000 ml of initial borate solution which contains, g/1:
104 Na*, 50,8 K*, 263 NO;5, 24 SO4*, 5,3 CI;, 42 H;BOs, pH (borate solution) =
8,7. pH of initial solution is upgraded to reach the value of 11 by adding 69 ml of
NaOH solution (8.5 mole/l) After that 149 ml of Ca(NOs);, solution (5.5 mole/l) are
added to borate solution As aresult a co-precipitation of calcium borate and
sulfate is generated. After the generated co-precipitation is separated from the solu-
tion using the method of filtration, 1,168 ml of mother liquor are electrodialysed,
and co-precipitated calcium borate and sulfate are used for producing boric acid.

Co-precipitated calcium borate and sulfate are treated with the solution
which contains nitric acid (48.4 ml with concentration = 12.2 mole/l) and 120 ml
of water to reach the value of pH = 5 with further conversion of calcium borate in-
to a solution and separation of calcium sulfate precipitation (34 g) which, in terms
of the equivalent amount of anhydrous salt, is 6.95% of overall salt content in the

mother liquor. After that the sodium borate solution is treated with nitric acid solu-
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tion (48.4 ml, concentration = 12.2 mole/l) at a temperature of 20°C to reach the
value of pH=1. The generated boric acid co-precipitation is separated from calcium
nitrate solution, then washed with nitrate solution (pH =2) which contains boric ac-
id (concentration = 35 g/l ) and dried at a temperature of 55°C. As a result 32.4 g
of boric acid are generated. The calcium nitrate solution is added to the initial bo-
rate solution after separation of boric acid precipitation.

The mother liquor is electrodialysed in a 3-chamber electrodialysis device
with cathion- and anion-exchange membranes. 1,168 ml of mother liquor are ex-
posed to electrodialysis, the solution contains, g/l: 319 NOs", 0,8 SO4>, 4,6 CI', 102
Na®, 44 K" and 4,8 H;BO;, with I= 2 A, V=6 V and following the proportion:
Viup:Vy=1:0,5 and V,,:V,=1:0,5 to have as a result 584 ml of nitric acid solution
generated in the anode chamber, this solution contains, g/l: 648,3 HNO;, 1,63
H,S04, 9,5 HCI, in cathode chamber there are 584 ml of sodium and potassium
hydrate solution, which contains, g/l1: 354,8 NaOH, 181,4 KOH, and in the middle
chamber there are 1,168 ml of demineralized mother liquor which contains 1,6 g/l
of the following ions: NOj5", SO4*, CI, Na*, K* and 4,8 g/l of H;BOs. Ion extrac-
tion from the mother liquor is 99.5%. The current yield of electrodialysed prod-
ucts is 60%.

Example 2. We take 1,000 ml of initial borate solution which contains, g/l
111,3 Na*, 31,5 K%, 244,3 NOs’, 35,5 SO4*, 10,2 CI,, 34,6 H3;BOs, solution pH =
8,5. pH of initial solution is upgraded to reach the value of 9,3 by adding 54 ml of
NaOH solution (8.5 mole/l) After that 132 ml of Ca(NOs), solution (5.5 mole/l) are
added to borate solution As aresult a co-precipitation of calcium borate and
sulfate is generated. After the generated co-precipitation is separated from the solu-
tion using the method of filtration, 1150 ml of mother liquor are electrodialysed,
and co-precipitated calcium borate and sulfate are used for producing boric acid.

Co-precipitated calcium borate and sulfate are treated with the solution
which contains nitric acid (41 ml with concentration = 12.2 mole/l) and 150 ml of

water to reach the value of pH = 7 with further conversion of calcium borate into a
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solution and separation of calcium sulfate precipitation (50,3 g) which, in terms of
the equivalent amount of anhydrous salt, is 10.8% of overall salt content in the
mother liquor. After that the sodium borate solution is treated with nitric acid solu-
tion (41 ml, concentration = 12.2 mole/}) at a temperature of 10°C to reach the val-
ue of pH=3. The generated boric acid co-precipitation is separated from calcium
nitrate solution, then washed with nitrate solution (pH =3) which contains boric ac-
id (concentration = 30 g/l ) and dried at a temperature of 60°C. As a result 27.5 g
of boric acid are generated. The calcium nitrate solution is added to the initial bo-
rate solution after separation of boric acid precipitation.

The mother liquor is electrodialysed in a 3-chamber electrodialysis device
with cathion- and anion-exchange membranes. 1,150 ml of mother liquor are ex-
posed to electrodialysis, the solution contains, g/l: 291,4 NOs-, 1,2 SO4*, 8,9 CI,
106,7 Na™, 27,4 K* and 3,1 H;BOs, with I=2 A, V=6,2 V and following the pro-
portion: V,,:V,=1:0,5 and V,,:V,=1:0,4 to have as a result 575 ml of nitirc acid so-
lution generated in the anode chamber, this solution contains, g/l: 592,2 HNO;,
2,45 H,S04, 18,3 HCI, in cathode chamber there are 460 ml of sodium and potas-
sium hydrate solution, which contains, g/l: 463,9 NaOH, 56,2 KOH, and in the
middle chamber there are 1,150 ml of demineralized mother liquor which contains
1,17 g/l of the following ions: NOs", SO4%, CI', Na*, K* and 3,1 g/l of H;BOs. lon
extraction from the mother liquor is 99.6%. The current yield of electrodialysed
products is 60%.

Example 3 We take 1,000 ml of initial borate solution which contains, g/l:
101,9 Na*, 19 K", 141,1 NOs, 4,8 SO4*, 15,1 CI', 80,3 H3BOs, solution pH = 8,2.
pH of initial solution is upgraded to reach the value of 10,1 by adding 82 ml of
NaOH solution (8.5 mole/l) After that 236 ml of Ca(NOs), solution (5.5 mole/l) are
added to borate solution As aresult a co-precipitation of calcium borate and
sulfate is generated. After the generated co-precipitation is separated from the solu-
tion using the method of filtration, 1,250 ml of mother liquor are electrodialysed,
and co-precipitated calcium borate and sulfate are used for producing boric acid.

9
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Co-precipitated calcium borate and sulfate are treated with the solution
which contains nitric acid (103 ml with concentration = 12.2 mole/l) and 200 ml of
water to reach the value of pH = 6,6 with further conversion of calcium borate into
a solution and separation of calcium sulfate precipitation (6,8 g) which, in terms of
the equivalent amount of anhydrous salt, is 1.9% of overall salt content in the
mother liquor. After that the sodium borate solution is treated with nitric acid solu-
tion (103 ml, concentration = 12.2 mole/l) at a temperature of 18°C to reach the
value of pH=2. The generated boric acid co-precipitation is separated from calcium
nitrate solution, then washed with nitrate solution (pH =2) which contains boric ac-
id (concentration = 33 g/l ) and dried at a temperature of 40°C. As a result 69.3 g
of boric acid are generated. The calcium nitrate solution is added to the initial bo-
rate solution after separation of boric acid precipitation.

The mother liquor is electrodialysed in a 3-chamber electrodialysis device
with cathion- and anion-exchange membranes. 1,250 ml of mother liquor are ex-
posed to electrodialysis, the solution contains, g/1: 241,8 NOs’, 1,4 SO4*, 12,1 CI,
94,3 Na*, 15,2 K* and 1,9 H;BOs, with I=1 A, V=4 V and following the propor-
tion: V,p:V,=1:0,6 and V,,:V,=1:0,6 to have as a result 750 ml of nitirc acid solu-
tion generated in the anode chamber, this solution contains, g/l: 409,5 HNO;, 2,38
H,SO4, 27,7 HC], in cathode chamber there are 750 ml of sodium and potassium
hydrate solution, which contains, g/l: 273,3 NaOH, 36,4 KOH, and in the middle
chamber there are 1,250 ml of demineralized mother liquor which contains 2,42 g/l
of the following ions: NOs,, SO4*, CI, Na*, K* and 1,9 g/l of H;BOs. Ion extrac-
tion from the mother liquor is 99%. The current yield of electrodialysed products
is 70%.

Example 4 We take 1,000 ml of initial borate solution which contains, g/I:
155,8 Na*, 11,2 K*, 227 NOs, 6 SO4*, 3,8 CI', 18 H;BO;, solution pH = 12. pH of
initial solution is upgraded to reach the value of 10,6 by adding 130 ml of HNO;
solution (4 mole/l) After that 62 ml of Ca(NOs), solution (5.5 mole/l) are added to

borate solution As aresult a co-precipitation of calcium borate and sulfate is
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generated. After the generated co-precipitation is separated from the solution using
the method of filtration, 1,190 ml of mother liquor are electrodialysed, and co-
precipitated calcium borate and sulfate are used for producing boric acid.

Co-precipitated calcium borate and sulfate are treated with the solution
which contains nitric acid (23 ml with concentration = 12.2 mole/l) and 150 ml of
water to reach the value of pH = 6,2 with further conversion of calcium borate into
a solution and separation of calcium sulfate precipitation (8,5 g) which, in terms of
the equivalent amount of anhydrous salt, is 2% of overall salt content in the mother
liquor. After that the sodium borate solution is treated with nitric acid solution (23
ml, concentration = 12.2 mole/l) at a temperature of 16°C to reach the value of
pH=2,3. The generated boric acid co-precipitation is separated from calcium nitrate
solution, then washed with nitrate solution (pH =2,3) which contains boric acid
(concentration = 33 g/l ) and dried at a temperature of 57°C. As a result 15.6 g of
boric acid are generated. The calcium nitrate solution is added to the initial borate
solution after separation of boric acid precipitation.

The mother liquor is electrodialysed in a 3-chamber electrodialysis device
with cathion- and anion-exchange membranes. 1,190 ml of mother liquor are ex-
posed to electrodialysis, the solution contains, g/l: 346 NOs, 0,8 SO, 3,2 CI,
130,9 Na', 9,44 K* and 0,6 H;BO;, with I=3 A, V=10 V and following the pro-
portion: Vy,:V,=1:1 and V,,:V,=1:0,5 to have as a result 1,190 ml of nitirc acid so-
Jution generated in the anode chamber, this solution contains, g/l: 352 HNO;, 0,81
H>S0O4, 3,3 HCI, in cathode chamber there are 595 ml of sodium and potassium
hydrate solution, which contains, g/l: 455,3 NaOH, 27,0 KOH, and in the middle
chamber there are 1190 ml of demineralized mother liquor which contains 1,04 g/l
of the following ions: NOj", SO4*, CI', Na*, K* and 0,6 g/l of H;BO;. Ion extrac-
tion from the mother liquor is 99,7%. The current yield of electrodialysed prod-
ucts is 50%.

Example 5 We take 1,000 ml of initial borate solution which contains, g/1:
89,2 Na', 22,4 K, 132,7 NOs, 17,3 SO4*, 11,7 CI, 37 H3BOs3, solution pH = 10,7.

11
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After that 336 ml of Ca(NOs), solution (4 mole/l) are added to borate solution
As a result a co-precipitation of calcium borate and sulfate is generated. After the
generated co-precipitation is separated from the solution using the method of filtra-
tion, 1,220 ml of mother liquor are electrodialysed, and co-precipitated calcium bo-
rate and sulfate are used for producing boric acid.

Co-precipitated calcium borate and sulfate are treated with the solution
which contains nitric acid (53 ml with concentration = 12.2 mole/l) and 150 ml of
water to reach the value of pH = 6 with further conversion of calcium borate into a
solution and separation of calcium sulfate precipitation (24,5 g) which, in terms of
the equivalent amount of anhydrous salt, is 7.9% of overall salt content in the
mother liquor. After that the sodium borate solution is treated with nitric acid solu-
tion (53 ml, concentration = 12.2 mole/l) at a temperature of 20°C to reach the val-
ue of pH=2. The generated boric acid co-precipitation is separated from calcium
nitrate solution, then washed with nitrate solution (pH =2) which contains boric ac-
id (concentration = 35 g/1 ) and dried at a temperature of 60°C. As a result 36.1 g
of boric acid are generated. The calcium nitrate solution is added to the initial bo-
rate solution after separation of boric acid precipitation.

The mother liquor is electrodialysed in a 3-chamber electrodialysis device
with cathion- and anion-exchange membranes. 1,220 ml of mother liquor are ex-
posed to electrodialysis, the solution contains, g/l: 198,4 NOs", 0,9 S04, 9,6 CI,
79.1 Na”, 18,4 K" and 2.5 H;BOs;, with I= 1 A, V=5 V and following the propor-
tion: Vyup:V,=1:0,6 and V,,:V,=1:0.,5 to have as a result 732 ml of nitirc acid solu-
tion generated in the anode chamber, this solution contains, g/1: 336 HNO;, 1,53
H,S04, 16,4 HCI, in cathode chamber there are 610 ml of sodium and potassium
hydrate solution, which contains, g/l: 275,1 NaOH, 53,1 KOH, and in the middle
chamber there are 1220 ml of demineralized mother liquor which contains 1,98 g/
of the following ions: NOs, SO4*, CI,, Na*, K* and 2,5 g/l of H;BO;. Ion extrac-
tion from the mother liquor is 99%. The current yield of electrodialysed products
is 70%.
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From the above description and Examples 1-5 it is clear that the proposed
method of liquid nuclear waste recycling, as compared with the prototype method,
allows’ for production of marketable boric acid (in crystallized form) and highly
concentrated solutions of boric acid (up to 648,3 g/l) and sodium hydrate (up to
463,9 g/l) and potassium hydrate (up to 181,4 g/l) which are suitable for re-use in
NPP process cycle and for general industrial needs. Electrodialysis carried out at
lower values of current intensity and voltage ensures lower energy consumption.
The fact that all major components of waste mother liquors are involved in the
process of recycling means less hazardous waste to be further buried and stored.

Mostly standard chemical equipment is used for this embodiment.
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Claims:

1. A method of liquid waste processing for a nuclear power plant (NPP) with boron control,

wherein a waste comprises sodium and potassium salts, the method including:

a) introduction of calcium nitrate into a borate solution to provide a resulting composition,
precipitation of calcium borate and separation of the calcium borate from a mother liquor of
the separated calcium borate;

b) obtaining solutions of boric acid and sodium and potassium hydroxides; and

¢) electrodialysis with the use of an electrodialysis device with cation-exchange and anion-
exchange membranes;

wherein in step a) the borate solution, as sodium and potassium salts, comprises nitrates and

sulphates, of both sodium and potassium, wherein the introduction of calcium nitrate into the borate
solution causes a co-precipitation of the calcium borate and calcium sulphate;

wherein in step b) the obtaining the solution of boric acid is achieved by treating the co-precipitated

calcium borate and calcium sulphate with a solution of nitric acid and separating the calcium sulfate
precipitate from a solution of calcium borate, which is followed by treating the solution of calcium
borate with nitric acid to cause formation of a precipitate of boric acid and a solution of calcium nitrate,
and separating and drying the precipitate of boric acid; and

wherein step ¢) comprises directly subjecting the mother liquor to electrodialysis to obtain solutions

of nitric acid and sodium and potassium hydroxides.

2. The method according to claim 1, wherein the calcium nitrate is introduced into the borate solution

atapH of 9.3-11.0.

3. The method according to claim 1, wherein the co-precipitated calcium borate and calcium sulphate

are treated with the nitric acid solution until a pH of 5-7 is provided.
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4. The method according to claim 1, wherein the calcium borate solution is treated with the nitric acid

at a temperature of 10-20°C until a pH of 1-3 is provided.

5.  The method according to claim 1, wherein after separation of the precipitate of boric acid, the

solution of calcium nitrate is added to the initial borate solution.

6. The method according to claim 1, wherein the electrodialysis of the mother liquor is conducted in
a three-chamber electrodialysis device at the ratio of the mother liquor volume Vi in the middle
chamber of the electrodialysis device to the volumes of the anolyte V, and the catholyte V. in the anodic
and cathodic chambers, respectively, equal to ViV, = 1:0.5-1.0 and Vumi:V. = 1:0.4-0.6, thereby
obtaining a solution of nitric acid in the anodic chamber, and the solution of sodium and potassium

hydroxides in the cathodic chamber.

7.  The method according to claim 1, wherein the electrodialysis is executed at a current value of 1-3

A and a voltage of 4-10 V.

8. The method according to claim 1, wherein the boric acid precipitate is washed with a nitrate

solution of pH 2-3, comprising 30-35 g/1 of boric acid.

9. The method according to claim 1, wherein the boric acid precipitate is dried at a temperature not

exceeding 60°C.
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