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&5EFGHICB5 +;5JCE +G;5KC>8F<;LGMB5L5 N@F<?CBBO KC>8FGN +F8>@B5N5P L;<+@ Q 
8N>5K5RGFSB@T -8>8FGQ8>5;GN. &FO JS5L5 N@N?CB5 N+F@N +;@;5H@ KC>8FGN--5FC->5;GN 
(Cu, Pb, Zn, Hg, Ga) >8 >CK+C;8><;@ +;5JCE< B8 N@TGH KC>8FGN +F8>@B5N5P L;<+@. 
D5-8Q8B8 K5IF@NGE>S N@-5;@E>8BBO ;GH-@T KC>8FGN – L8FG* >8 ;><>G HFO 
B@QS-5>CK+C;8><;B5L5 +G;5KC>8F<;LGMB5L5 N@F<?CBBO +F8>@B@, +8F8HG* G ;5HG* Q 
NGH+;8JS5N8B5L5 -8>8FGQ8>5;8. �E>8B5NFCB5 C-5B5KG?B< +C;CN8L< < N@-5;@E>8BBG ;GH-@T 
KC>8FGN L8FG* >8 ;><>G HFO N@F<?CBBO KC>8FGN +F8>@B5N5P L;<+@. 

'F*?5NG EF5N8 – BCM>;8FGQ8>5;@ N@TF5+B@T L8QGN 8N>5K5RGFGN, +G;5KC>8F<;LGO, 
KC>8F@ +F8>@B5N5P L;<+@, KC>8F--5FC->5;, 8]GB8I. 

The process of pirometallurgy exception of metals of platinum group is investigational 
from motor-car catalysts. For this purpose influence of nature of metals-collectors (Cu, Pb, 
Zn, Hg, Ga) and temperature of process is studied on the output of metals of platinum group. 
The shown possibility of the use of liquid metals – Gallium and Mercury is for the low 
temperature pirometallurgy exception of platinum, palladium and rhodium from an exhaust 
catalyst. The set economic advantage is in the use of liquid metals of Gallium and Mercury for 
the exception of metals of platinum group. 

Keywords – neitralizators of exhaust-gass of cars, pyrometallurgy, metals of platinum 
group, metal-collector, affinage. 

	*'"���k&��l !&+�"#"$�h��+ *'"�&(�� "�&'k���l �&e!'�#�m�!"'�� ��+#"*��+ $�m�� !� i+ 
%!�#�m���i ��j�$�n '"m'"o#&��l j&!"��� ��#%h&��l j&!�#�� *#�!��"�"i $'%*� (���) m ���*'���"-
����+ )�!�#�m�!"'�� !� ���+"��� i+ ��'"o���!��. t%�"�� e �#�(!��"(!� )&'�j�h�"$" )�!�#�!�h�"$" 
o#")� ��u!� mj"$% m�(!"(%��!� *�'"- �o" $��'"j&!�#%'$�e��e *'"�&( *&'&'"o)� ��ni �!"'���"i 
(�'"���� [1, 2]. ��'"j&!�#%'$�e��e j&!"� ��#%h&��l *#�!��"��+ j&!�#�� (��(")"!&j*&'�!%'�� 
j&!�#"&)(!'�)��l) m�"��!�(l �" *#��)� (%j�x� *"'"x)�� )�!�#�m�!"'� !� j&!�#% )"#&)!"'� (Pb, Cu, 
Ni, Zn, Fe, Ag !� ��.) � *'�(%!�"(!� #&$)"*#��)�+ g#u(�� (o%'�, )'�"#�!, +#"'��� � (%#�g��� )�#���u 
� ��!'�u !"�"). 	��"j" [2], �" % *'�(%!�"(!� (%#�g���"i, ")(���"i � j&!�#&�"i g�m *#�!��"�� j&!�#� 
)"��&�!'%u!�(l % j&!�#&��e. �� �j�(!% 0,01—1,0 % *#�!��"�"$" j&!�#%, ��� m�j���n � )'�(!�#�h��e 
'&x�!�� (*#��% �!"j� ��)&#u �o" j���, �& %!�"'uuh� (�j"(!�e��+ )'�(!�#�h��+ (!'%)!%'. 
 !�)�e 
(*"(�o "!'�j%u!� (*#��, �" j�(!�!� 2–50 % *#�!��"��+ j&!�#��, l)� � *"��#�x"j% ��#%h�u!� 
���"j�j� j&!"��j�. �"o!" m��e(�un!�(l )"��&�!'%����l *#�!��"��+ j&!�#�� � m��h�" (*'"�%n!�(l 
!� *'�()"'un!�(l !&+�"#"$�l *&'&'"o)� )�!�#�m�!"'��. 

� ���*'���"����+ )�!�#�m�!"'�� *#�!��% � *�#���e j"k�� ��#%h�!� *#��)"u �� j����e (*#�� 
[3]. �#l x#�)%����l !%$"*#��)"$" ")(��% �#uj���u � x�+!% ��"�l!� ��*�" � *#���)"��e x*�! 
(CaF2), � �#l %!�"'&��l )"#&)!"'�"i g�m� — *"'"x)"�% j���. �#��)% �&�%!� m� !&j*&'�!%'� 1500—
1550 °�. �����e (*#��, � l)"j% )"��&�!'%u!�(l *#�!��"�� j&!�#�, ��*'��#lu!� � �g���k. �#�)� m 
�&��(")�j �j�(!"j o#�$"'"���+ j&!�#�� *"�&'!�u!� �� *&'&'"o)%. 
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���h�� !'%��"�� ����)�u!� *�� h�( *&'&'"o)� )"j�')"��+ )�!�#�m�!"'��, �" n �"$�&!'��)�j� 
j�!&'��#�j�, *#��)�j� m� !&j*&'�!%' *"��� 1500 °� ()"'��n'�!, j�$�&m�!). ��(#l *"*&'&���"$" 
'"mj&#u����l �"�� j"k%!� *&'&'"o#l!�(l �� (����&��e (*#�� m� �&#�)�+ )�#�)"(!&e "o"'"!��+ 
#&$)"*#��)�+ x#�)��. t#�$"'"��� j&!�#� *'� ��"j% )"��&�!'%u!�(l % (����&�"j% (*#���. 
�"��o��e (*"(�o "*�(���e � *'�)#��� *�!&�!% [4]. 
 ��"j% "$�'") ")�(#u��#��"$" ��*�#&��l 
��"��"$" x#�j%, �" j�(!�� x#l+&!�� j&!�#� (%): Pd – 0,65; Pt – 0,16; Au – 0,04, � )�#�)"(!� 100 $ 
mj�x�#� m 250 $ $'��%#�"���"$" +#"'�(!"$" )�#���u CaCl2 (m !&j*&'�!%'"u *#��#&��l 772 oC), 20 $ 
$#&!% PbO � �%$#&�&��j j�!&'��#"j (��g!"��j )")("j). 
!'�j��% (%j�x % $'�g�!"�"j% !�$#� 
��$'���#� � j%g&#���e *&h� �" !&j*&'�!%'� 950 oC � ��!'�j%��#� m� ��ni !&j*&'�!%'� *'"!l$"j  
30 +�. ��(#l "+"#"�k&��l ����#�#� j&!�#&�% �"��% g�m% (����u j�("u 18,1 $ �m �j�(!"j 
o#�$"'"���+ j&!�#�� (%): Pd – 3,31; Pt – 0,77; Au – 0,21. �!%*��� ��#%h&��l o#�$"'"���+ j&!�#�� % 
(����� (!��"��� (%): Pd – 92; Pt – 87; Au – 95.  

�(!"!�"u *&'&��$"u ���&�&�"$" (*"("o% n ��m�)� !&j*&'�!%'� *'"�&(% – 950 oC, *'"!& ��+�� 
*#�!��� �&��(")�e – 87 %. ���h�" &g&)!����x�j n (*"(�o m ��)"'�(!���lj l) j&!�#%-)"#&)!"'� 
m�#�m�, �" %!�"'un!�(l m F&2
3 � *'"�&(� ����"�#u��#��"i *#��)�. �#l ��"$" �"(#��k%��#� 
$'���!���e��e )"��&�!'�!, "!'�j���e *�� h�( mo�$�h&��l �� ����&�!'"�"j% (&*�'�!"'� +�"(!�� 
g#"!���i �"'�#�(�)�+ j���"-��)&#&��+ (%#�g����+ '%� (m !�)�j �j�(!"j )"j*"�&�!�� (%): *#�!��� – 
0,57; *�#���e – 0,11; j��� – 0,5; ��)&#� – 2,3; (�')� – 21,0; m�#�m" – 45,0; )'&j�&m&j (Si
2) – 9,6; 
$#��"m&j (�l2
3) – 3,5 [5]. �"j*"�&�!� x�+!� *&'&j�x�#�, m����!�k�#� % $'�g�!"��e !�$&#� (�#l 
m�o&m*&h&��l ���#�x)% ����"���)� *" ����"x&��u �" (!&+�"j&!'�i �#l *"��"$" ����"�#&��l 
")(����+ ()#��"��+ m�#�m� � j&!�#�� *#�!��"�"i $'%*�) � *#���#� � &#&)!'"*&h� m� !&j*&'�!%'� 
1200 o�. �'� ��"j% %!�"'�#�(l '"m!�x"���� "��� ��� "���j m�#�m��, (%#�g���� � (�#�)�!�� g�m�, � 
j&!�#� *#�!��"�"i $'%*� g�)!�h�" *"���(!u ()"��&�!'%��#�(l % g&'"*#�!��"�"j% (*#��� (46 % Fe 
� 54 % Pt).  

�"��#�x& �����#&��l *#�!��"��+ j&!�#�� ��� m�#�m� *'"�"��#� ��*�#u����lj "!'�j��"$" 
g&'"*#�!��"�"$" (*#��% m� !&j*&'�!%' 800–1000 o� � (!'%j&�� )�(�u �o" m� !&j*&'�!%' 1000– 
1100 o� – � (!'%j&�� *"��!'l. 
 '&m%#�!�!�  "�&'k�#� h�(!% *#�!��% � ii ��#%h&��l (!��"��#" 98 %. 
���#"$�h�" ��#%h�#� *#�!��% ����!� m� j�m&'�"$" ii �j�(!% – 2–9 $/! . 


!k&, m ���&�&��+ *'�)#���� j"k�� m'"o�!� ��(�"�") *'" j"k#���(!� *'"j�(#"�"$" ��#%-
h&��l j&!�#�� *#�!��"�"i $'%*� m ���*'���"����+ ��!"j"o�#���+ )�!�#�m�!"'�� *�'"j&!�#%'$�e��j 
j&!"�"j.  

��e��k#���x�j &#&j&�!"j *�� h�( '"m'"o#&��l !&+�"#"$�h�"$" *'"�&(% *�'"j&!�#%'$�e�"$"  
��#%h&��l j&!�#�� *#�!��"�"i $'%*� (���) n ��o�' j&!�#%-)"#&)!"'�. 
��"h�(�" ��j �&"o+���" 
o%#" "����!� *"��"!% ��#%h&��l, &�&'$&!�h�� !� j�!&'��#��� m�!'�!� �#l )"k�"$" j&!�#%-
)"#&)!"'�.  

�"j% j� *'"�&#� *"'���l#��� ��*'"o%����l *�'"j&!�#%'$�e��+ j&!"��� �� m'�m)�+ j�("u 0,1–
0,5 )$, �" j�(!�#� 0,175 % ���. ��'"j&!�#%'$�e�& ��#%h&��l m��e(�u��#� ��"j� j&!"��j� – 
��(")"- !� ��m�)"!&j*&'�!%'��j (&�&'$""�����j). ��m�)"!&j*&'�!%'�& ��#%h&��l x�'")" 
m�(!"("�%n!�(l �#l ��#%h&��l '"m(�l�"$" m"#"!� '!%!!u m $'���!���e�" mo�$�h&��+ '%�. ���$'�j� 
(!��% *"���e��+ j&!�#�h��+ (�(!&j [6] �)�m%u!� �� j"k#���(!� m�(!"(%����l '!%!�, j&�x 
!")(�h�"$", '��)"$" j&!�#% $�#�u �#l ��#%h&��l ���. ���#"$�h�" l) � '!%!� *�� h�( )"�!�)!% 
j&!�#�� m �&u %!�"'un!�(l �j�#�$�j�, $�#�e %!�"'un $�#�j�. 

 
�-E+C;@KCB>8FSB8 ?8E>@B8 
1. 	�(")"!&j*&'�!%'�& *�'"j&!�#%'$�e�& ��#%h&��l *'"�"��#� ����"�#u��#��"u *#��)"u 

(%j�x� '"mj&#&�"$" )�!�#�m�!"'� (*"'"x") �" 100 j)j) m *"'"x)"j j&!�#%-)"#&)!"'� ((���&��, 
j���, ���)), *"��#�x�j '"mh��&��lj m#��)% % '"m�&�&��e ��!'�!��e )�(#"!� !� �g���k&j *#�-
!��"��+ j&!�#�� m '"mh��% !� �&'"mh���"$" m�#�x)%. �#��)% *'"�"��#� % ��#���'�h��e 
#�o"'�!"'��e *&h�, )%�� *"j���#� $'�g�!"��e !�$&#� "o’nj"j 1 #, m�*"��&��e �" *"#"���� x�+!"u 
m� ()#��"j, ���&�&��j % !�o#. 1. 
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2. ��m�)"!&j*&'�!%'�& *�'"j&!�#%'$�e�& ��#%h&��l *'"�"��#� m ��)"'�(!���lj '��)�+ 
j&!�#�� – '!%!� !� $�#�u, l)� *"j���#� '�m"j m *"'"x)"j )�!�#�m�!"'� % $&'j&!�h��e ()#l��e 
'&�)!"', "o#������e j�x�#)"u !� m�"'"!��j +"#"��#���)"j. �"'"x") )�!�#�m�!"'� *"*&'&���" 
*������#� ����"�#u��#��"j% ���*�#% % $�m"�"j% *"#%j’i �o" ����"�#u��#� �"���j '"mh��"j 
j%'�x��"i )�(#"!� �#l *&'&�&�&��l ")(��% *�#���u % j&!�#&�% g"'j%. ��$'�����l '&�)!"'� 
m��e(�u��#� m� �"*"j"$"u (�#�)"�"�"i �o" *�("h�"i o���. �)#�� x�+!� !� %j"�� *�'"j&!�#%'-
$�e�"$" ��#%h&��l ��� ���&�&�" % !�o#.1. 

 
F�G��H
 1 

�-F8H A@T>@ >8 <K5N@ +G;5KC>8F<;LGMB5L5 N@F<?CBBO �D� 
 Q 8N>5K5RGFSB@T -8>8FGQ8>5;GN 

�)#�� x�+!�, $ 
j"�� !&'j""o'"o)� x�+!� � 
m/* �&!�# – )"#&)!"' �"'"x") 

)�!�#�m�!"'� 
�#u( �j��(!� �#l 

x�+!� 
�&j*&'�!%'�/ 

!'���#�(!� 
1 �"'"x") j��� ���-1 – 50 $ 500 $ t%'� *#��#&�� o/� – 100 $ 

�&'&��& �%$�##l – 10 $ 
�'�g�!"��e 
!�$&#� 

1100 
�/ 
1 $"� 

2 �����&��e $#&! (�bO) – 55 $ 500 $ �#"'�� )�#���u *#��#. o/� – 
1000$; �&'&��& �%$�##l – 15 $

�'�g�!"��e 
!�$&#� 

950 
�/ 
1 $"�. 

3 �"'"x") ���)% – 50 $ 500 �#"'�� ���)% o/� – 100 $ �'�g�!"��e 
!�$&#� 

800 
�/ 
1 $"� 

4 �!%!� (�=13,5 $/(j3 
t *#��#. = -39
�) – 10 $ 

100 $ - �)#l��e '&�)!"' 
m j�x�#)"u 

200 
�/ 
1 $"� 

5 ��#�e (� = 5,9 $/(j3 
t *#��#. =30
�) – 10 $ 

100 $ - �)#l��e '&�)!"' 
m j�x�#)"u 

200 
�/ 
1 $"� 

 

!'�j��� *�(#l !&'j""o'"o)� m#��)�, �j�#�$�j� !� $�#�j�, �" j�(!�#� )"��&�!'�! ���, 

*������#� �g���k%, � '&m%#�!�!� l)"$" o%#� �����#&�� h�(!� ���, ��+�� l)�+ ���&�&�" % !�o#. 2.  
 

F�G��H
 2 

�+F@N +;@;5H@ KC>8F<--5FC->5;8 B8 N@TGH KC>8FGN +F8>@B5N5P L;<+@ Q NGH+;8JS5N8B@T 
8N>5K5RGFSB@T -8>8FGQ8>5;GN  

	�+��, % j�(.  
�&!�# – )"#&)!"' Pt Pd Rh �%j� ��� 

���� (Cu) 0,103 0,052 0,018 0,173 
����&�� (Pb) 0,095 0,046 0,014 0,155 

���) (Zn) 0,098 0,047 0,009 0,154 
�!%!� (Hg) 0,092 0,052 0,006 0,150 
��#�e (Ga) 0,101 0,053 0,010 0,164 

 
�@EB5N-@. 
 '&m%#�!�!� *'"�&�&��+ &)(*&'�j&�!�� �(!��"�#&�", �" )"k&� m �"(#��k%����+ 

j&!�#��-)"#&)!"'�� j�n (�"i !&+�"#"$�h�� "("o#��"(!�, *&'&��$� !� �&�"#�)�. ����, (���&�� !� ���) 
��u!� "��"��#��� m#��)� �� ��� !�$#l, � '��)� j&!�#� %!�"'uu!� )'�*#�, m#�*���l l)�+ %!'%��&�& 
*�#"j )�!�#�m�!"'�. 
h&����", �& j"k�� *"l(��!� ��l���(!u g#u(�� *�� h�( ��(")"!&j*&'�!%'��+ 
*'"�&(��. �#l *")'�����l m#�*���l )'�*&#� '��)�+ j&!�#�� � ���*"����" i+ �����#&��l ��� (%j�x� j� 
m�(!"("�%��#� ��(*&'$%����l (%j�x� *�(#l "+"#"�k&��l % +#"'"g"'j� �o" h"!�'�+#"'�(!"j% 
�%$#&��. �� ��x% �%j)%, j"k#��" &)(*&'�j&�!�#��" ��o'�!� &g&)!����e m�j����) g#u(�� �#l 
��m�)"!&j*&'�!%'��+ *'"�&(��. �& j"k& o%!� �o" ��(")")�*#lh� '�����, �o" '"m*#�� (%j�x� 
��&'!��+ ("#&e. 

� ���&�&��+ % !�o#. 2 ����+ m'"m%j�#", �" ��+�� ��� m� ��(")"!&j*&'�!%'�"$" *�'"j&!�-
#%'$�e�"$" ��#%h&��l m'"(!�n � 'l�%  Zn<Pb<Cu. �&, "h&����", *"�’lm��" m� m'"(!���lj 
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!&j*&'�!%'� *#��#&��l j&!�#�� % ��"j% 'l�% � ���*"����" m *'�()"'&��lj ��g%m�i ��� �" j&!�#%-
)"#&)!"'�. 	�)"'�(!���l '��)�+ j&!�#�� '!%!� !� $�#�u �#l ��m�)"!&j*&'�!%'�"$" *�'"j&!�#%'-
$�e�"$" ��#%h&��l ��n mj"$% m��h�" m��m�!� &�&'$&!�h�� m�!'�!�, *'"!& �&e j&!"� �& ��j�$�n 
*"��#�x"$" �""*'��u����l �#l *�����&��l ��+"�% ���. 

 
1 I�����G���� ��������J� 	K��
, 	����L�M�J� ���J�H���K� ������K / O���. ���.  
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�GKG?B@K +5NC;TBCN@K 5E8HICBBOK (�D	) 5>;@K8B5 >5B-G +5-;@>>O CdS GQ N5HB@T 
;5Q?@BGN -8HKGM-NKGEB@T E5FCM B8 B8+GN+;5NGHB@-5N@T +GH-F8H-8T Si, CdTe. �@N?CB5 
E-F8H, K5;]5F5LG* +5NC;TBG >8 E><+GBS -;@E>8FG?B5E>G 5>;@K8B@T +5-;@>>GN. 

The CdS thin coatings were obtained on Si, CdTe semiconductor substrates from 
aqueous solutions of cadmium-containing salts by chemical surface deposition (CSD). The 
composition, surface morphology and crystallinity degree of obtained coatings were studied. 

D5E>8B5N-8 +;5RFCK@. ���j�u (%#�g�� (CdS) – ��k#���e ��*��*'"�����) $'%*� �II	VI, l)�e 
m���l)� ��m�)�e ��'!"(!� � m��!�"(!� %!�"'u��!� !"�)� *#��)"�� *")'�!!l x�'")" m�(!"("�%n!�(l % 
!&+�"#"$�l+ ��'"o���!�� ("�lh��+ &#&j&�!�� [1], (��!#"��"��� �#l *#"()�+ !&#&��m�e��+ *��&#&e [2], 
!'��m�(!"'�� �#l &#&)!'"���+ ��j�)�h�� [3]. �"o"!� o�$�!�"+ m *&'&#�h&��+ *'�(!'"i� ¨'%�!%n!�(l 
�� ��)"'�(!���� $&!&'"*&'&+"�% CdS/Cd�& �o" CdS/Si. �+�� *�'�j&!'� !� +�'�)!&'�(!�)� 
��m��h�u!�(l !&+�"#"$�h��j� %j"��j� ��$"!"�#&��l $&!&'"(!'%)!%'�.  

 

�B8FGQ 5E>8BBGT H5EFGHICBS G +<RFG-8JGM. �#l ���&(&��l !"�)�+ *#��") CdS ��)"'�(!"�%u!� 
j&!"�� ��*�'"�%����l % ��)%%j� [4], '"m*�#&��l [5], j"#&)%#l'�"-*'"j&�&�"i &*�!�)(�i [6], 
$�#����"!&+��)� [7] !� ��. 
(!����j h�("j *"*%#l'��j� (!�u!� +�j�h�� j&!"�� "!'�j���l *#��") 
CdS. �")'&j�,  j&!"� +�j�h�"$" *"�&'+�&�"$" "(��k&��l (��
) ��'�m�ln!�(l ��� ��x�+ j"k#���(!u 
"!'�j%��!� *")'�!!l �&#�)�+ *#"� m� ��m�)�+ !&j*&'�!%', j���j�#���j ��)"'�(!���lj '&�$&�!��  
m j���j�#��"u )�#�)�(!u ���+"��� [8]. �!'%)!%'��, +�j�h�� � g�m�h�� �#�(!��"(!� *#��") CdS m�#&k�!� 
��� ��o'��"$" (*"("o% "(��k&��l � *"�&'+��, �� l)% *'"�"�l!� "(��k&��l. ��*'�)#��, 

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua


