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Practical value. It was developed an algorithm and 
software for selecting optimal route for fire-rescue units 
the fire location based on the optimization model (on 
the example of the State Fire-Rescue Station Number 1 
Galician Regional Department of the State Service of 
Ukraine for Emergency Situations of Lvov). 

Keywords: integrated model of fire, toxic products of 
combustion, time of free development of a fire 

 
   . .  

. . .    
23.09.13. 

 541.18.045: 628.165 

. . ,  -  . , ., 

. . , . .  
    „ -

  “, . , ,  
e-mail: inna.trus.m@gmail.com 
 

      
       

    
  

 
M.D. Gomelya, Dr. Sci. (Tech.), Professor, 
I.M. Trus, I.V. Radovenchyk 
 

National Technical University of Ukraine “Kyiv Polytechnic 
Institute”, Kyiv, Ukraine, e-mail: inna.trus.m@gmail.com 
 

INFLUENCE OF STABILIZING WATER TREATMENT ON WEAK ACID 
CATION EXCHANGE RESIN IN ACIDIC FORM ON QUALITY OF MINE 

WATER NANOFILTRATION DESALINATION 

.           
      ,         

            -
   . 

.       1,0 3,    
  -  (   – 113,04 2).     

70%,      0,20–0,40 .     , 
, , , ,    . 

.   -       - .  
      .     -

        . 
 .        -

, ,       ,     -
 . ,          

   4  9,          -
 . 

 .          -
         , , 

,    .       -
          ,  

   . 
 :  ,  , , , , 

 ,  
 

 .3   -
 ( ,    ) 

      
,       -

     

                                           
©  . .,  . .,  . ., 2014 

.     
   . 

      -
       

    -
 .      

    ,     
  ,  -



ISSN 2071-2227, Науковий вісник НГУ, 2014, № 5 101

Е К О Л О Г І Ч Н А  Б Е З П Е К А ,  О Х О Р О Н А  П Р А Ц І

       
.     -

 ,   -
  ,   

     
  ,     

    . 
  .  -

  ,   -
   , 

, -  -
     

 [1]. -   (    
)     -

     
    .  
      

     
 [2; 3].       

   ,  -
,       

   100–200 / 3. , 
      

 ,   -
     -

    . 
  .   

       
        

 ,    -
      -

 . 
  .  -

    , 
       

 ,    -
                     

( . ) (  = 9,40 - / 3;  ( 2+)  = 2,85 -
/ 3;  (Mg2+)= 6,55 - / 3;  = 4,40 - / 3; 

 (SO4
2-) = 600,00 / 3;  ( l-) = 122,00 / 3;  = 

8,50).     -
      -

 DOWEX MAC-3    (  = 8,60 -
/ 3;  = 0,40 - / 3;  (SO4

2-) = 600,00 / 3; 
 ( l-) = 122,00 / 3;  = 3,65). 

    -
  - ,  -

  : 
…………………………..  

 , …………... 1,6 
  

   250 , 3/ 2· … 
 
100 

  ……………... 2–12 
     1,0 3  -

  113,04 2.   -
  0,20  0,40 .    -
     100 3,   

.      10  70%. 
    , -

, , , ,    -

.    , 
 –  , , , 
     . 

    -
    

 

100
0

.0 CC
R ,                 (1) 

 
 0, . –      

 . 
  ,   , 

    
( 0)      . 

  (  -
 )    

 

tS
V

J ,   (2) 
 

 V –   ( 3),    
 S ( 2)    t ( .). 

   
  ,       -

,  ,   –  
  .    

      -
 . 

     
      -

   .      
     

(   0 - / 3).   
 0,2–0,7 - / 3,     3,5–4,1. 

   , -
    (  (SO4

2-) = 
600 / 3;  = 9,4 - / 3;  = 4,4 - / 3;  ( l-) 
= 122 / 3)      

    3,65,    
0,0 - / 3,    0,4 - / 3 

    8,6 - / 3    -
   . 

     
  -   -

    ,   
     
       

 ( . 1).    . 1, -
      

       
. ,    ,  

 ,      
   .   

     
0,40 ,   0,20 ,    

      -
      

   . 
 ,    -

        
   .  -



102  ISSN 2071-2227, Науковий вісник НГУ, 2014, № 5

Е К О Л О Г І Ч Н А  Б Е З П Е К А ,  О Х О Р О Н А  П Р А Ц І 

 

    ,    
    
 .    ,   -

    
     -

       
,    -

 .      
    

   . 
 

 
 

. 1.   (J) -
 -      

    (A)   
     

   : 
  ( ), : 0,2 (1); 0,25 (2); 

0,3 (3); 0,35(4); 0,4 (5) 
 

     
   .    . 2, 

     -
       -

 ,      .  
,       

   ,      -
 .      

    -
  .     -

      -
       

       -
  0,20  0,35 .    

0,40      
       

     . 
 ,     -

   ( . 3)    55–76%,  
  ( . 4)   49–70%,   

10–30%      -
. ,      

     -
      -
      
,      . 

 ,       -
      -

 .      
      

   ( . 3–4). 

 
 

 
 

 
 

 
 

 
 

 
. 2.     -

     (A)  
    

- :   ( ), : 0,20 ( ); 
0,25 ( ); 0,30 ( ); 0,35 ( ); 0,40 ( ). -

 :  (SO42-) (1); ( l-) (2);  
( 2+) (3);  (Mg2+) (4);  (5);  (6);  (7)  

2,00

4,00

6,00

8,00

0 10 20 30 40 50 60 70 , %

J, 3/ 2  

1 2 3 4 5

0,00

2,00

4,00

6,00

8,00

0 10 20 30 40 50 60 70 80 , %

, - / 3

3,9

4

4,1

1 2 3 4 5 6 7

0,00

2,00

4,00

6,00

8,00

0 10 20 30 40 50 60 70 80 , %

, - / 3

3,9

4

4,1

1 2 3 4 5 6 7

0,00

2,00

4,00

6,00

0 10 20 30 40 50 60 70 80 , %

, - / 3

3,9

4

4,1

4,2

1 2 3 4 5 6 7

0,00

2,00

4,00

6,00

0 10 20 30 40 50 60 70 80 , %

, - / 3

3,9

4

4,1

1 2 3 4 5 6 7

0,00

2,00

4,00

6,00

0 10 20 30 40 50 60 70 80 , %

, - / 3

3,9

4

4,1

4,2

1 2 3 4 5 6 7



ISSN 2071-2227, Науковий вісник НГУ, 2014, № 5 103

Е К О Л О Г І Ч Н А  Б Е З П Е К А ,  О Х О Р О Н А  П Р А Ц І

 
 

. 3.   (R)  
-     (A)   

   : -
  ( ), : 0,20 (1); 0,25 (2); 

0,30 (3); 0,35 (4); 0,40 (5) 
 
 

 
 

. 4.   (R)  
-       
 (A)    -

:   ( ), : 0,20 (1); 
0,25 (2); 0,30 (3); 0,35 (4); 0,40 (5) 

 
      

      -
  [4, 5].    -
   = 4,      

   0     
   [6].     

 

 4,     
    . 

 +   -
 NH3

+ –  ,    
     -

,      
     -

 .     -
      

 ,   
 -,    -

    -
 .     

      
    

. 
 

 
 

. 5.     (R) -
 -    0,2   -

 (1),   (2)   
  10 % 

 
  -

 ,     -
 ,     70%, 

  . 1.  . 2   
 , , , 

    -
       

 0,25–0,40      
70%. 

 1 
      

 

 
/  ,  2

4SO
C , 

/ 3 
Cl

C ,  
/ 3 

, 
- / 3 

, 
- / 3 

2Ca
C , 

- / 3 
2Mg

C , 

- / 3 
 

1 0,20 870 122,2 0,23 15,70 10,20 5,70 4,05 

2 0,25 830 122,2 0,23 15,40 10,15 5,25 4,05 

3 0,30 920 122,2 0,23 16,10 10,40 5,70 4,10 

4 0,35 940 122,2 0,24 14,00 7,95 6,05 4,05 

5 0,40 740 122,2 0,27 11,80 7,05 4,75 4,00 

50,0

60,0

70,0

80,0

0 10 20 30 40 50 60 70
, %

R, %

1 2 3 4 5

45,0

55,0

65,0

0 10 20 30 40 50 60 70
, %

R, %

1 2 3 4 5

50

60

70

80

90

3 4 5 6 7 8 9

R, %

1 2



104  ISSN 2071-2227, Науковий вісник НГУ, 2014, № 5

Е К О Л О Г І Ч Н А  Б Е З П Е К А ,  О Х О Р О Н А  П Р А Ц І 

 

 2 
       

 

 
/  , . 2

4SO
C , 

/ 3 
Cl

C ,  
/ 3 

, 
- / 3 

, 
- / 3 

2Ca
C , 
- / 3 

2Mg
C , 

- / 3 
 

1 0,25 1450 122,2 4,50 25,50 8,90 16,60 8,60 

2 0,30 1580 122,2 4,50 26,80 8,80 18,00 8,60 

3 0,35 1530 122,2 4,50 27,40 9,20 18,20 8,60 

4 0,40 1490 122,2 4,50 27,00 9,50 17,50 8,60 
 

   . 1, ,   
    

     , 
   - 

 –  940 / 3     16 -
/ 3,      

     . 
  ,   -

    -
,      -

    1500 / 3  - 
 – 27 - / 3.    -

        
       -

 [7–11].     -
    

      
   .   -

      
     -

      . 
    . 

1.    -
     -

    -   
 . 

2. ,    
     

  ,     -
  -   ,  

    . 
3.       

   , -
,    -  -

       
      ,  

      
      . 

 
  / References 

1.     -
      

 / [ . . , . . , . . -
  .] //  -  

: -    -
. – 2005. –  1. – . 62–67. 

Visotskiy, S.P., Fatkul na, G.V. and Konovalchik, 
M.V. (2005), “Water desalination with the usage of re-
verse osmosis technology and different device inclusion 
configurations”, V st  avtomob lno-dorozhnoho nstytutu: 
naukovo-vyrobnychiy zb rnyk AD  DonNTU, no 1,  
pp. 62–67. 
2. Zhang Qinghua, Mao Zai-Sha, Yang Chao, Zhao 
Chengjun, (2009), “Numerical simulation of barium 
sulfate precipitation process in a continuous stirred tank 
with multiple-time-scale turbulent mixer model”, Ind. 
and Eng. Chem. Res., . 48, no. 1, pp. 424–429.  
3.  . .      -

     -
 :    /  

. . , . .  //    
  – .:  „ “, 2009. –  

. 49–51. 
Butseva, L.N., Potapova, L.V. (2009), “Sewage 

treatment from sulfates by liming and coagulation with 
using aluminium oxychloride”, Ochistka prirodnykh i 
stochnykh vod: Sbornik nauchnykh trudov, Moskva., 
pp. 49–51. 
4. Serena Bandini, Jennifer Drei and Daniele Vezzani 
(2005), “The role of pH and concentration on the ion 
rejection in polyamide nanofiltration membranes”,  
J. Membr.Sci., no. 264, pp. 65–74. 
5. Jian-Jun Qin, Maung Htun Oo, Hsiaowan Lee and 
Bruno Coniglio (2004), “Effect of feed pH on permeate 
pH and ion rejection under acidic conditions in NF 
process”, J. Membr.Sci., no. 232, pp. 153–159. 
6. Mika Mänttäri, Arto Pihlajamäki and Marianne 
Nyström (2006), “Effect of pH on hydrophilicity and 
charge and their effect on the filtration efficiency of NF 
membranes at different pH”, J. Membr.Sci., no. 280, 
pp. 311–320. 
7.  . .  ,  -

      
  / . . , . . -

, . .  // -   
 . – 2011. –  5/3 (53). – . 51–

55.  
Risuh n, V.V., Shabl y, T.O., Gomelya, M.D. (2011), 

“Treatment of concentrates which are formed during 
nanofiltration purification of water with the high 
mineralization”, Eastern-European Journal of Enterprise 
Technologies, no 5(3(53)), pp. 51–55. 



ISSN 2071-2227, Науковий вісник НГУ, 2014, № 5 105

Е К О Л О Г І Ч Н А  Б Е З П Е К А ,  О Х О Р О Н А  П Р А Ц І

8. Haghsheno Reza, Mohebbi Ali, Hashemipour ss , 
Sarrafi (2009), “Study of kinetic and fixed bed operation 
of removal of sulfate anions from an industrial 
wastewater by an anion exchange resin”, J. Hazardous 
Mater, Vol. 166, no. 2–3, pp. 961–966. 
9. J.C.S.S. Menezes, R.A. Silva, I.S. Arce, I.A.H. Schnei- 
der (2010), “Production of a poly-alumino-iron sulphate 
coagulant by chemical precipitation of a coal mining acid 
drainage”, J. Minerals Engineering, no. 2 3, pp. 249–251. 
10.  . .    

        
’  / . . , . . , . . -
 // -    -

. – 2012. –  6/10 (60). – . 13–17.  
Trus, .M., Grab tchenko, V.M. and Gomelya, M.D. 

(2012), “Application of aluminium coagulants for 
wastewater treatment from sulfates with their 
demineralization”, Eastern-European Journal of 
Enterprise Technologies, no. 6(10(60)), pp. 13–17. 
11.  . .    

,     /  
. . , . . , . .  // -

.  . . .  . – 2011. –  4. –  
. 15–18. 

Kutzenko, S.A., Hruleva, Z.V., Alimova, U.V. 
(2011), “Reagent desalting of wastewater containing 
heavy metal sulfates”, Fundamentalnye i prikladnye 
problemy tehniki i tehnologii, no. 4, pp. 15–18. 

 
.    -

       
      ,  -
      

      -
      

   -
 . 
.     

 ’  1,0 3,    
  -  (  - 

 – 113,04 2).     
70%,      0,20–0,40 . 

    , , -
, , ,    . 

.   -   
    - .  
      

.       -
      . 

 .   -
     , -

,       
,      . 

,     -
        4  9, 

      -
    . 

 .   -
       -

     
    ,  

, ,    . 
      

      
    ,  
   . 

 :  ,  
, , , , 

 ,  
 
Purpose. Evaluation of nanofiltration process ef-

fectiveness when desalinating aqueous solutions, de-
pending on their ionic composition and pH, consider-
ing prospects for stabilizing water treatment with 
weak acid cation exchange resin in acidic form and 
processing of concentrates with reagent method to cre-
ate low-waste slightly mineralized water conditioning 
technologies. 

Methodology. The nanofiltration process was carried 
out in 1.0dm3 volume cell where previously nanofiltra-
tion membrane OPMN-P (working area – 113.04cm2) 
had been placed. The degree of permeate selection was 
70%, operating pressure was changed within 0.20–
0.40MPa. Content of sulphates, chlorides, calcium, mag-
nesium, hardness, alkalinity and pH were measured in 
permeate. 

Findings. The removal of sulphate ions and hardness 
ions on the OPMN-P membrane was studied. The pH in-
fluence on slightly mineralized water purification pro-
cesses was shown. The pressure influence on productivi-
ty and selectivity of the membrane to sulphates and hard-
ness ions were defined. 

Originality. The dependences of membrane produc-
tivity and selectivity to chlorides, sulphates, bicarbonates 
and hardness ions to the working pressure, pH and ionic 
composition of a solution were discovered. Was found 
that the efficiency of hardness ions and sulphates remov-
al raise with the pH increase from 4 to 9, and the selec-
tivity of membrane to hardness ions raise with sulphates 
content increase. 

Practical value. Determination of the conditions of 
effective water treatment from sulphate and hardness 
ions by nanofiltration will solve the problem of effective 
treatment of mine water, which containis mainly sulfates 
and hardness ions. In this case effective stabilizing treat-
ment will significantly increase the amount of treated 
water while reducing the volume of liquid waste as its 
disposal is a difficult problem. 

Keywords: mines water, membrane processes, concen-
trate, membrane, nanofiltration, desalination, permeate 
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