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-2,  

, :  (35–40) %, 
 (30–40) %,   

(10–15) %,  (4–5) %,        
(3–5) % [1].  

,  
, . 1. 

 
 [2] (  

Si,  Al,  Fe,  Mg,  Ca,   S),   
 [3]  (  Na   K)  -

 [4]. 
, 
 

 Si/Al = 4.7÷5.9,  
 68÷74 . , 

 
. 1,  

, , , , 
 0.71÷0.08 . 

 ( . 1) , 
 
 

. 
. 1,  

 (1.0 < d < 2.0 )  
.  
 –  

, 
 200–400 ° . 

 
 
. 
 
 

,  
,  

 ( . 2). 

 

 1.   -2 

SiO2 2 Al2O3 Fe2O3  MgO CaO Na2O K2O P2O5 SO3 
67.44 1.75 12.82 10.14 0.09 5.02 0.46 0.94 1.06 0.12 0.11 

 

0 200 400 600 800 1000

25

26

27

28

29

30

31

, %

t, OC  
0 200 400 600 800 1000

1
2
3
4
5
6
7
8

 
, 

2 /

t, OC  
  

. 1.  ( )   ( )  (  
 4 ) 



 
______________________________________________________________________________________________ 

ISSN 2079-1704.  2014. . 5.  3 337

 2.    
 

, °  105 250 400 500 750 850 1000 
, 2  7.25 7.81 7.65 7.58 4.54 3.47 1.82 

, % 2.12 2.48 2.62 3.05 3.45 3.58 3.81 
 

,  
 [5], 

,  10000  
. 2)  

,  
. 
 

 
250  400 ° .       
(400–1000° )  

,  
 

.  1050 ° -
 [6-10]. 

 

    
    

. 2.  :  – 
;  – ,  250, 400  1000 °  
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. . 3,  

 
.  

,  
 105–1000 °  

.  
 
 

.  
 

 ( . 3), ,  
 

,  
. 

 
 

 3.    

, 3  
, °  

, 
3   , % 

105 1.09 2.75 1.95 74.6 
250 1.11 2.88 1.95 76.2 
500 1.20 2.90 2.12 80.5 
750 1.25 2.95 2.18 84.4 

1000 1.25 2.98 2.30 86.2 
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 3  

 –  
1 : 1.5 : H2SO4, HCl, HNO3, 
H3PO4.  3.0 3.  

. 4,  
 

: 

  
 

: l > H2SO4 > 3 4 > HNO3; 
  

:  H2SO4 > 1 > 
3 4 > HNO3; 

  
2 3,  

,   
: H2SO4 > 1 > 3 4 > HNO3. 

 
 4. ,   

) 
 

2+ Mg2+ Al3++ Fe3+  Me2 3  
 ,  , % ,  , % .  , % 

H2SO4 0.3360 68.08 0.1345 0.97 4.9280 14.30 
HCl 0.5605 93.57 0.0895 1.97 4.3900 12.74 
3 4 0.4485 90.88 0.0560 1.23 4.5280 13.14 

HNO3 0.0745 15.09 0.0220 0.49 2.4680 7.16 
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 –  
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 ( . 4 ) , 
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 1045 -1.  

 
 1620–1640 -1  

 
.   
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. 4.  ( )   ( )  :  ) 1 –  ;  2–5 –   
 250, 500, 750, 1000 ° ; ) 1 – ; 2–5 –  

 HNO3, H3PO4, H2SO4, HCl  
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 NaF 
(0.02 3).  F–  

 
. 

 ( . 5) 
,  

 
 NaF.  

 
 105–500 °  

. ,  

 
.  

 
 

.  
  

 
 

)  ( ).  
,  

,  
. 
,  

,  
. 5. 

 
 5.  

 (  NaF 1 c 3 ) 

,  T, °C  6.5  7.0  8.2  9.3  10  11.2 
105 0.095 0.118 0.148 0.182 0.205 0.218 
250 0.134 0.150 0.165 0.184 0.209 0.220 
500 0.155 0.162 0.172 0.188 0.215 0.225 
750 0.086 0.102 0.146 0.164 0.188 0.208 
1000 0.038 0.050 0.094 0.114 0.150 0.185 

 

  
  

. 5.  ( )  ( )  
. , ° : 1 – 105; 2 – 250; 3 – 500; 4 – 750; 5 – 1000. 

 1.07 10-4  
 

 
 

. 6. 
 ( ) 

,  
 250 ° .  

 

.  
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. 
. 7  
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 ( ) ,  

 ( )  [16–21].  
  

,  
,  250 ° ,  

 4.5  ,   
 1000 ° ; 

  
,  

,  250 ° ,  

 4.9  ,  ,  
 1000 ° . 

 ( . 6) 
, 

 L  (  
).  

 
 

. 

 
 6.    (C  = 2.0·10-4 )  

 , °   ( )·103  ( )·103 
105 16.6 13.9 
250 18.3 17.0 
500 8.6 8.3 
750 4.3 3.1 

1000 3.0 2.8 

 
 7.   (  – 240 , 

V = 30 3, m = 0.3 ) 

, °  , 
 250 1000 

3)·104 3 , % ,  , % ,  
250 1000 

 
1.0 32.0 95.0 3.2 22.4 0.7 4.57 
2.0 64.0 69.1 4.4 16.9 1.1 4.00 
3.0 96.0 65.2 6.3 14.1 1.3 4.85 
4.0 128.0 50.1 6.5 11.2 1.5 4.33 

 
1.0 28.9 96.0 2.8 20.1 0.6 4.66 
2.0 57.8 70.5 4.1 14.4 0.8 5.12 
3.0 86.7 66.3 5.8 12.5 1.1 5.27 
4.0 115.6 51.4 5.9 10.8 1.3 4.53 

 

  
  

 
. 6.  ( )   ( ) .  

, ° : 1 – 105; 2 – 250; 3 – 500; 4 – 750; 5 – 1000.  – 240  
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nstpHTR TH6.4)(
2

          (1) 
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 ( ). . 9 
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)()(

)(

3232
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3232
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OFeOAl

SiO

OFeOAl

SiO
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)(

)()(

32

322

32

322

OFe

OAlSiO

OFe

OAlSiO
          (3) 

 8.    

  
,  

 
,  

 
, 

 
2  2  

 
105 21.0 10-6 12.6 1018 13.4 1020 13.4 
250 26 10-6 15.6 1018 16.6 1020 16.6 
500 19 10-6 11.4 1018 12.1 1020 12.3 
750 6.4 10-6 3.8 1018 4.1 1020 4.1 

1000 6.1 10-6 3.7 1018 3.9 1020 3.9 
 

 9.    

 
   

  , 
 

, 
 

1 SiO2 0.684 1.90 9.20 5.4 10-5 
2 Al2O3 0.128 7.96 8.00 – 
3 Fe2O3 0.101 8.15 6.88 – 
4  – 3.08 8.350 2.2 10-5 

 
. 9 ,  
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 ( . 7). 
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,  250 ° , 
 

 ( . 7 ,  1). 
,  750 ° ,  

 
.  

 
.  ,   

, . 
 
 

. 
,  

750 ° ,  
 –  

 
,  

 ( . 7 ,  2). , 
-

 
. 

 
 

. 
,  

,  
 

.  
 
 

.  
 ( )  

– 0.33  = 7,  
 = 0.011  (  = 7). , 

 
 
 

 ( . 7 ).  
 

  
  

. 7.  ( )   ( ) . 
: 1 – 250 ° ; 2 – 750 °  (  = 3.21 10-4 ; t . = 1 ) 

 
 

,  250 ° , 
. ,  

750 ° ,  = f( )  
. ,  

 
,  

. 
,  

,  
 

.  
,  

 250 ° ,  
. ,  

 
+.  

-
,  

 – . 
 
 

 – Cu2+, Zn2+, Mn2+, Ni2+, Pb2+ 

 
 

. . 8 ,  
 
 

. , 
 HCl,  

 Pb2+ < Zn2+ < Mn2+ < Cu2+ < Ni2+; , 
 H2SO4, –  

Pb2+ < Zn2+ < Mn2+ < Ni2+ < Cu2+; , 
 H3PO4 –  
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Pb2+ < Zn2+ < Mn2+ < Ni2+ < Cu2+; , 
 HNO3 –  

Cu2+ < Zn2+ < Mn2+ < Pb2+ < Ni2+.   
,  

.   
,  

. , 
 

.  
 

, -
 
 
. 

2 2 –
 NaOH – 2  (  =  10)  2 2 –  H l  –  2  

 = 3)  
 :  – 1 : 20,  

20 ° .  
-

. -
2 2  1.8–2.5  

, .  

2 2  
 H+  

,   
.  

 
 5 % 

 NaCl  ,   
 

0.02; 0.2; 2.0  7.0 3.  
 0.04÷0.08 . 

 
1  

50×40×0.8 .  
 2520 .  

 [22]. 
,  

 750 °  
 5 %  NaCl, 

. 10. 
 

-
 

. 11). 
 

 
. 8. : 1 – ; 2–5 – , 

 HCl, H2SO4, H3PO4, HNO3  

 10.  

, 3  0 0.02 0.2 2.0 7.0 
,  2.60 2.42 1.42 1.73 2.22 

 

 11.  
, % 
, 3 

0.02 0.20 2.00 7.00 
,  

2520 
6.7 45.5 33.3 14.3 
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,  

 5 %  NaCl  
 

 (720 ),  
(2160 ) .  

 5 %  NaCl  
 

.  
,  

0.2 3 . 
 
 

.  
 

,  
.  

,  
,  

,  
 

. 

 

, 
 

,  
-2 –  

 Si/Al = 4.7÷5.9) 
 

 (68÷74 ),  
, g, Ca, K, Na  

Ti, Mn, Zn, u.  
,  

   
105–400 °  

 
.  

 
.  

 
 
 

.  –  
.  

-
:  HCl  >  H2SO4 >  H3PO4 > NO3. 

,  
 

 –  
 

: nH+(s) + Men+(v) = nH+(v) + Men+(s). 
 
 
. 

,  
 
 

:  
 >  > 

. 
,  

 
 

 1.6–3  
 

.  
, , 

 1.2–4.5 , 
 

 1.8–2.5  
, .  

,  
 5 %  NaCl  

.  
 2520  

 (  = 45.5 %) , 
 0.2 3  
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Studies of different types of modifications and catalytic properties 
of basalt tuff and their possibilities for wastewater treatment 

 
V.V. Tsymbalyuk 

 
Pavl  Tychyna Uman State Pedagogical University 

2 Sadova Str., Uman, 20300, Ukraine, wwala@yandex.ru 

 
Mineralogical and chemical composition of basaltic tuff from Polytske-2 have been examined, the best 

ways considered to modify BT. The influence of temperature modification on the structure, phase 
composition, porosity, specific surface area value has been studied. The optimum temperature of 
modification is 250–400 °C. The best chemical modifiers are found to be solutions of inorganic acids: 
HNO3, H3PO4, H2SO4. Acid treatment of BT is specific, its effectiveness depends on the type of acid; in the 
processing oxide phases are washed from the BT surface, thus increasing surface defectiveness SiO2/Al2O3 
ratio, and total content of acid centers. Catalytic activity of the samples of thermally modified BT in model 
hydrogen peroxide decomposition reaction in 1.6–3 times, and chemically modified samples in 1.2–4.5 times 
greater than that of the natural form of BT. It has been found that basaltic tuff can be used as a corrosion 
inhibitor of metals. In 5 % NaCl solution with the addition of BT, corrosion slowly decreases in time a 
dependent on its content.  

Keywords: basaltic tuff, chemical and thermal modification, adsorbent, catalytic activity, corrosion 
inhibitor 
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