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 –  
 – ,  

 (III)  (II). -
-

.  

 
 (II)  (III) -

. -2 
). :  – 35%,  – 

10%,  – 10%,  10%,  – 5%,  – 5%, -
 – 5%,  – 5%,  – 5%.  

, , , , . 
,  

, -
 4,7%.  0,1  

, .  ( ) -
 5%-  1,0–1,5. , 

, . -
, ,  

 60–70 ° . -
 66%,  ( ) – 34%.  

,  3-4 , . 
 18,75%. , , 

, -
 5%- .  

.  
 Vario EL Cube  Elementar. -

 
[6].  1. 

 (II)  (III)  1000  1  HCl -
 

,  HCl -
 1  HCl.  

,  Pd (II)  Au(III).  
 (II)  (III)  

 200  500 .  
 (III)  (II) -

, -
. -

 1 . 
-

-4.  
 1  « »-180-50. -

 ( ), -
 1 .  

 1.    

-
 

, % , %  daf , 
 

Wa d Vdaf   N S O    

 9,30 35,57 70,26 59,77 7,31 4,35 1,12 27,45 0,85 5,01 
 4,67 0,24 – 58,29 5,50 3,49 0,74 31,98 2,57 4,41 
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 «Spectrum One», -
-

 4000–500 -1.  2 -1. 
 

 JSM-6490LV c  INCA Energy, X-max  INCA Wave. 
-

, .  

  

 Pd (II)  Au 
(III) [7–8]   

. -
:   

. 
 [9–11].  

. , -
, .  

, , , -
, , , 

, , , , . -
 [PdCl4]2-. -

+  Cl-  [Pd(H2 )nCl4-n]n-2,  n  
 0  3. 

[PdCl4]2- +  H2  [Pd(H2 )Cl3]- + Cl- . 

 Cl- 0,1-0,5  [Pd(H2O)Cl3]- 
 [PdCl4]2-,  1  [PdCl4]2-. 

, 2[PdCl4], -
, H-  H2  –  ([Pd(H2 )2 H]+  

 [Pd(H2 )2 H)2]),  Pd(II). -
 pH  [Pd(OH)]+ [Pd(OH)4]2-, -

.  (II) -
, < 3 ;  >3–4 -

,  >8  [9]. 
 (III)  

(III) [Au l4]- [12].  Au (III)  HCl -
 [Au l4(H2O)2]-[13].  AuCl4

–
2  AuCl3OH-+H++Cl-  

 0,5 10-2 -1. ,  2,25; 2,56; 2,71; 2,90  3,11  
6,45; 7,70; 8,52; 12,90  23,30% Au (III). ,  10-5–10-4  Au (III), 10-2 

l  2,6–4,2,  (III) . 
 

[Au( )4].  (III)  
Au OH.  Au OH+ + H2O= [Au(OH)4] [14]. 

,  
 [Au l4]-  [PdCl4]2-,  

[Au l3OH]-, [Au l4(H2O)2]-, [Pd(H2 )Cl3]-, [Pd(H2 )2 H]+  [Pd(H2 )2 H)2]. 
  

.  – -
, . 

 ( , , , ), -
 ( , ),  

.  
 –  2  14.  
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.  
: , , -

, , ,  
[15]. , , -

. :  –
 –OH,  pK 3–5  8–9 -

.  6  
,  [3].  

, , -
. , ,  

, -
. 

,  ,  ,    
,  

. 
, ,   

,  
 (« » )  

 (« » ).  1,  (  
) u (III), d (II)  0,05  HCl  1,3 -

 2  ,  .   24  u  (III)  
,  36  48 .  

, -
,  

.  11,7  6,3  
.  1,3  72  

 32,5  22,2 . , ,  
, .  (II)  

 (III) -
, , -
. ,  Pd  +2  

 [16].  72 .  
, 

 ( . 2).   
, , -

 ( , ), -
, -  

. 
 2,  Au (III) , -

 3  5–6  10 . -
 99,9%.  

, , ,  Au(OH)3,  
 [Au(OH)4]-.  

 
 S- . :  

, , -
,  

, -
 

.  [17],  Pd(II) : -
 3. 
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.1.  
 (1),  (2)  (3),  (4). 

 Pd (II) 60 , Au (III) 65 , 
 20 , m .=40  

. 2.  
: 1 –  (Pd), 2 –  (Pd),  

3 –  ( u), 4 –  ( u).  Pd (II)  
50 , Au (III) 46,1 ,  10 , 
m .=20–30  

 
, ,  

 –  94,7%,   7   9.  -
 87 % ,  6. 

-
.  

 1–3  (III)  [AuCl4]-, [Au l3OH]-, [Au l4 (H2O)2]-,   (II) – 
 [PdCl4]2-, [Pd(H2 )Cl3]-, [Pd(H2 )2 H]+  [Pd(H2 )2 H)2]. -

 
-

,  (II)  (III)  
. -

,  
.  

 (III) d (II)  ( . 2).  
, 2[PdCl4]  1,18  

 0,18–0,23 . l-, [Pd(H2 )Cl3]- -
.   
,  

. 

 2. [Au l4] 2[PdCl4] 

 (III)  (II) 
 

[Au l4] 
 -

2[PdCl4] 
 

    
1,30 1,21 1,13 1,18 1,36 1,41 
3,02 2,74 2,77 3,01 2,91 2,93 
4,01 3,09 3,38 4,01 3,19 3,43 
5,01 3,3 3,76 5,11 3,24 4,01 
6,00 4,11 4,61 6,05 3,75 4,33 
7,02 4,76 6,15 7,09  6,41 
8,03 4,95 6,41 8,11 6,04 6,74 
9,00 5,35 6,68 9,00 6,55 7,11 
10,00 6,03 7,45 10,04 6,80 7,34 
11,01 6,83 7,85 11,03 8,25 8,12 
12,00 10,23 9,6 12,00 10,06 10,68 
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, -
,  87-95%  

,  – 99,9%. -
, -

, . ,  
-

. , ,  
[Pd(OH)4]2-, [Au(OH)4]- . , -

.  
-

 ( .  3).  -
, , -
, , . 

, 
, , 

-
. , 

 [15]. 
 3 ,  

 3395–3388 -1, -
, -

.  3100 -1  N-H  
, ..  2925  2853 -1 

 – 2–  – 3 ,   
.  

 – 2–  – 3  1460  1377 -1.  
 2600–2500 -1, -

. -
, -

. ,  
, , -

, -
 1720 -1. 

 
, -

 1590  1390 -1 [15]. -
, -

. 1720 -1 .  
 

1638 -1 -
 ( ) -

 ( ,  
, ), -

 [18].  1564 -1 -
,  1543 -1  

 [19].  
1511 -1 -

, -
.  1237-

1223 -1  
.   1127  -1 -

 

 

. 3. - :  
1 – ; 2 – +Au; 3 – +Pd;  
4 – ; 5 – +Au; 6 – +Pd 
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.  1077–1083  
 1036–1040 -1  Si-O4. 

 850  694 -1 ,  
,  

. ,    
, , -

. 
: , -

 (1237 -1)  
 (1127 -1), -

 1090  797 -1,  
 SiO4  2347 -1,   

 –NH2  –C N .  
  

 ( . 3).  
1237 -1,  –  13 -1 d ,  

, , + d, . 
,  

 ( ) , -
.  Au-Au  Pd-Pd -

,  400–4000 -1 [20]. 
-

.  
,  ( . 4).  

 
 

 
 

 
 

 
 

. 4.    
 ( , )  ( , ) 
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. -
 

.  0,2 . 
 « »  1–3 . -

 
Cu (  1–2 . %). 

, -
. 

. -
 ( . 5) ,  0,2 .  

-
, . , -

,  
. 

  -
 c ,  

. , , -
 –  

. -
, .  

 c -
, , -

.  

  

. 5.  

 

-
,  99,9%  3–6,  

–  3–10. :  Pd , 
 87%,  6.  95%  7–9.  

. ,  
,  –  

. , -
, -

.  
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Radomskaya V.I.1*, Pavlova L. .1, Noskova L.P.1, Kotelnikov V.Yu.2, Ivanov V.V.3, Poselyuzhnaya A.V.3 SORPTION 
PROPERTIES OF PEAT AND HUMIC ACIDS TOWARDS PRECIOUS METALS 

1Institute of Geology and Nature Management Far Eastern Branch Russian Academy of Sciences; Relochniy line 1, 
Blagoveshchensk, 675000, (Russia) 
e-mail: radomskaya@ascnet.ru 
2Criminal Expertise Centre of Amurskyi Regional Office of the Ministry of Internal Affairs of Russia; Batareinaya st. 30 
a, Blagoveshchensk, 675000, (Russia) 
3Geological Institute, Far Eastern Branch of Russian Academy of Sciences; Vladivostok’s 100-years avenue 159, 
Vladivostok, 690022 (Russia) 
Experimental investigations of gold and palladium sorption by peat and humic acids are executed. Results of researches 

displayed the high sorption possibility of extraction precious metals by natural sorbents. At interaction of gold solutions with 
pear and humic acids surface, palladium interaction with peat, there is a precious metals restoration within the formation of 
nanoparticles on its surface. Humic acids interaction with palladium solutions stops at a sorption stage. 

Keywords: peat, humic acids, sorption, restoration, gold nanoparticles, palladium. 
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