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Abstract: Recently, Minalux alloy, a base metal free from Be, has been presented on the market while 
no special soldering has been recommended for it. On the other hand, based on the manufacturer’s claim, 
this alloy is similar to Verabond2. The aim of this study was to investigate the tensile strength of 
Minalux and Verabond2, soldered by Verasolder. Twelve standard dambble shape samples, with the 
length of 18 mm and the diameter of 3mm, were prepared from each alloy. Six samples of each alloy 
were divided into two pieces with carboradom disk. Soldering gap distance was 0.3mm, measured by a 
special jig and they were soldered by Verasolder alloy. Six other samples, of both Iranian and foreign 
unsoldered alloys were considered as control group. Then samples were examined under tensile force 
and their tensile strength was recorded. Two- way variance analysis showed that the tensile strength of 
Minalux alloy and Verabond2 were not statistically significant (Verasoler 686, Minalux 723), but after 
soldering, such difference became significant (Minalux 308, Verabond2 432). Verabond2 showed higher 
tensile strength after soldering.

Key words: Tensile strength- Soldering- Base metal alloy

Journal of Dentistry. Tehran University of Medical Sciences (Vol. 15, No. 2, 2002)

�����
 �������	 
���� �
���
)���������� �
 ���� ���	 ( ���� ��� �
 � �
 !"#$ %&�'	 %(�)� *� �
�� + !", -.�� �
��� -�

"$��
�+ -��#	 
���� /�
 0!"$��� -$����� ����
 �� ���1%	 ",�� . 
���� +� %##�  	+�3	 %���� 4"5 �� -'��6	 /�

7�)� �� !",Verasolder", ��8$
  . �
"'9:1%�;	� -$�($  ��< -� =>,:? �6@ + A%��	  ����� B;< 
���� �5 �
 ��	

", -�C�� !"$��� -$����� . �
"'9D-$�($ �
 �"�  �"$", !�
� E�� F�+ �
 GH�� -���+ -� I�& 
���� J�$ +� �5 ��5
 G� �
 !��K��
 �� �L�Jig -�M�& -� 0N�OC	 A/Q9 + "��&�R �
�@ 75 �
 ��(���	  
���� F��Verasolder 7�)� 75 -� 

 + "$",D �L� �"$", -�&�R �S$ �� ����� !+�R *
��� -� 0!"#$ 7�)� %T��� + %$
��
 
���� J�$ +� �5 �
 ���� �"� 
-$�($-$�($ %##�  	+�3	 + "��&�R �
�@ %##� �+��$  )9 �5"���R  ;U �5 . -� �
� *�#$ 0-&�< +� �$���
+ V���$�

%##� ��>)��
"$��
�+ + �������	 ��5
���� 1%�'	 4W��
 �
�
� ���	� �S$ �
 %($ ��
� "�,��)D?DVerasolder 0

Archive of SID

www.SID.ir



�()��$���*� +���, 	 �-�./ 0�(1 ��2���
 �-�.3����
  ,�����
                                         5�!*' ) ��	
78 , ��� �� , 9�#7:;7(

19

X1A�������	 (%�'	 4W��
 �
�
� 07�)� �
 !��K��
 �
 "'� I�& 
���� J�$ +� %##� ��>)��
 �	
 � "$��� ��
�
)AQ? 0�������	 YA1"$��
�+ 1 .("$��
�+ 
����1	 
���� -�  ;H$ 7�)� �
 �Z 
� ���#�� %##� ��>)��
 0������� *���

�
� *�#$.
���  ��!��":��� 
���� ���	 [7�)� ���� [%##� ��>)��
 

��$���*� +���, 	 �-�./ 0�(1 ��2���
 �-�.3����
 �() , 5�!*' �����
) ��	
=> , ��� �? , 9�#=@A=(

$	��	
��� ������	
��
����� �� ���� ��� �� ���� ���

���� ����  (PFM)!� ��" ��  �" #$�% ��
��& ' �%'�
 �� '� �(��) �� *� #��+ ,
-��- .�	� �� �/%
 0- ���1��-

#�- ,
-��- .��� ������	
 ��
-�� 0- 3����Yield 

Strength4���5- 6
�7 ' 5���/%
 � ��
0 #�'�8� ��% ' 
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 C�-�\pWV C�� �� �-�e��%�� �)�� LV �>���H �-�+ �8�+� 

�%��% �r� ' �� ���" ���� �& �>���H �-�+ ���" .:-� ��
aWV�%��% ' ���� �-�e��%�� �)�� h�� �� c�%�< w%�

�%��% �r� I�J	 `'d �-�� ' �%�< z��: ���" 0- ��
Verasolder����  ��\�% �� .@< �-Gap0�H m��& 0- 3�
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 ��(< ��� �" Dn�$"-
2
1 .@< ' !�
 D
 w%� ' t>
- 
�< ���1��- 3��� !�'�=� D
 . �& ��(< ��F�� #	�\ �
- ��

Gap c�< ��<-� �e% R�H ��" ' �1\ t>
- 4
 �0-�%- �� 
I�J	 ��\�% �" !�+' 3��
�� w%��" ���+ w%� �� ��%�<

 �� ���i
 I�J	Flux .J� �� Gap) I�J	 ��|� ( �-�+
 �� ' �
��H 4
��% ��G&- .J� �� y*��" ��(< c�< ��-�

��F68� ' ��) #"�\ CC�-�\ `'d �& D�-� 3I�J	 D�<
#��
 ��-�- . ��% D
 0- � YV c#��
 ��-�- D�-� C�-�\ ��%�^ 

�%��% �r� l��& �r� c�%�< ��� 3}�&- �-�� �� ��

�%��% R��>���	
 ��$"- ���%�< #�*��>� . �� I�J	 C���7-
4$
� ����'R'�" ���� 0- �  ' �%�< ��<-��� #	�;" 

 C�����Finishing ' Polishing�%��%  #$& #/) ��
�%�< ����
 !��" . �
�G&T�%��%  ��/& 0- �  -� ��

I�J	 0- �(� ' .;+ !�-�H�
�-�!� D��% ���"��� . ��
��/& !�-�H�
�-�t�� ��<�% 0- R-�"�%� 0- �(� ' .;+ ��

��% ������ !�=�=& 3I�J	.
�0-�%- #/) !���� �
- �� �'�H !��" R�@J��- ���H

,�" #$& ��<�� 0- #$& �'�H ' ���<Instron 1195

�< ���1��- . �'� ��e��� 4� ,�" #���
min

0/5mm

I�J	 ������	
 �-�� ' ��<
min

mm1����	
 �-��  ��
I�J	 #/) vi�" #"�\ #��� !	' c�
��H I�[>& ���%

 �'� �-���% I��
min

10mmc�< I�[>&  ��� ��>o��
I�J	 ������	
 �-�� vi�" ���%LV �-�� ' �&��% ���" 

I�J	 ������	
 ��<W�< ����H �[% �� �&��% ���"  . D-���
-�� ���" ,�" #��� ��>o�� ' ���" �'��% ����- �

�%��%I�J	 ��� !>J>� I�%-��� �" #�- #�� �
- �� ��<
�%��% 0- -� ���H���I�J	 ���I�<�� ��<-� ��<.

 #$@< �" ��" -��  ��-�- ��\ �& !��" �'��% ����-
�%��% �� I�J	 �
 ���	
 ���-� h� �� . D0�� �[J	 �
- ��

S���< .
���� �1F ��� �� y-��X� ��e% . �-�� �" ����
�% �� #;^ ��e��� �� �%� �-�� ' ��� �&��% 6$\�� 3�<

 #\�$� �� 3��< .
�;& ��@�� �e� �� ��� �
- �" �
-
�< I�$8& �%��% gP8� ~P� . C��F �� #$& R�X%- 0- �(�

,�  !
��0
(Pilot) �%��% �'�H ��/j p�< ��/& ���� .
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 ���O91[ %	�	 ����
 ��
]R+�L�
 !�)$ 
�
 B;< ��
"$��ADA

���O9A[-$�($ �
 %&
�R���
� ��5 
���� +� �� "5�, !+�R 
 + �������	"$��
�+1-$�($ + 7�)� ��5!+�R +� �5 !",

$�&���"
 �'�) ��L D�>���- ��F�� ' ���(� u-�J%- ' ��e%��� 

NW % ' �"�	�>�� ������	
 !��" R�@J��- �� E����
�%��-�'Y' I�J	 #	�\ �� #�- ��< ��-� D��% I�J	��i .

 ��/	'�) 6	�+ �� k�8J& �
- B
��% �
���3b3� ' 
 ����
�G&f 3W' p#�- ��< �?-�- .

 �'�) ���- ��Y�%��-�' ' �"�	�>�� ������	
 Y �[% 0- 
!>(� u*�:- ����
 Q�% '� �
- ��- c�%�-�% D��% -� ��-�

!>(� u*�:- �-�-� I�J	 0- ���1��- 0- �(� ���	
 �%��� ��-�
)VW/VP<( .��8�� �^- �" �-� D��% }�� �'�) ��>o�� c

!>(� ����
 �[% 0- ��% I�J	 ' ���	
 D���!�% �-��<��.
�%��-�' ���	
Y !��" R�@J��- �"�	�>�� ���	
 �� #;$% 

I�J	 0- �(� -� ������ D��% D��"�-� .

'��
� !%-'-�� �����" !%-�%� ����&'�  �:�< �� I�J	 �" ��-

 �&'�  ����\-' ��G&- !@<�r%-�%� �� �/%
 �
���/� 0- !@

 ��/%-�%� �'� ���\-' k�+� }�;P%- D���5�� ��[>� �� #��^

!� �
� �<��.
 �'� ���\-' k�+� }�;P%- 0- �(� -���- ��[>� �
- �-��
 ��/& �"�>
- 3#��^ B
�� ." 0- 3D��� �� �
�  ��/%-�%�

!����1��- �� �r� 3���H4�>@& '� 0- !@
 0- 
Pre Soldering�
 ' Post Soldering ��G&- �-�� 

!� R-�+- ��"v� ����\-' !��J	��< .
!� �-�+ D��� �� #��^ �&'�  �" !��e>� �� 3���H

!� #$@< ��j� !��" �'��% �]"-�\ �[% �� ' ��<
!� R�@J��- ���(& �-�� !;��>� #$& 3!��" #$& ���

�&'�  I�J	 .J� !��"�<�� .
RasmussenD-��@�� ' ��: C�8�8J& ��  #�'�8� 

I�J	 !��"-� .�-�� ��  #;$% �
0  �%�-�)Y:(
���8P>� �]"-�\!� I�J	 ����' �� �" �- �%-�&

��< ��%�<� .
�� ��<-�%Void

b� �X��% �� ' ,>& �"��& 6;� �" ���& ��<-�%
��< {�& ���<- 6;�.

����
- ��F�� �(P+ '� �-�� �
I�J	 I�J	 �& 3��%�<
I�J	 ~P� �%-��� ���	
 �'� ' �
��% `���� `�: -� ��%�<

 ����Flow�>" -��  .
Townsend D-��@�� ' ) ��� ��LNaT ( �>�<-� ��/x-
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I�J	 �"�
��/� �� !���+��i ������	
 �� k��� ���" #	�\
B
��%!� ��)�� -� ���A�� ���>" l
-�< �� !�\ ' ��'
 3��<

����\- �� #$@< 0'�� 
3
1��-� ��)' C5�G&- ) �(.

R�X%- C�8�8J& k;� !���� �
- �� #"�\ #��� 3��<
��e��� 4�#$& !��" Instron3

min
0/5mm

�-��I�J	 ������	
 ' ��<
min

1mm ������	
 �-�� 
I�J	vi�" #"�\ #��� ��>o�� ' ���%S�� ��  ��e%

��e���
min

10mm�< `�=�%- .
�%��% 3k�8J& �
- �� �� �$
�8� �� �"�	�>�� ���	
 ���

�%��% �%��-�' ���	
 ���Y D��% -� ������ !��" R�@J��- 3
�%��% !	' 3�%�-�I�J	 ��� �%��-�' ���	
 ��<Y ���	
 �� 

Verasolder#;$% -� ������ !��" R�@J��- 3 ���	
 �� 
I�J	 �"�	�>���� ��<Verasolder�%�-� D��% .

 ���	
Verasolder�%��-�' ���	
 ��%0�� �%�:��" ��/>��  Y
)�@
��
 #%��;	
 �%�:��" (!� ���	
 ��%0�� �%�:��" !	' �<��

 �"�	�>��)D-��"�-�� !��>/� #"�< (t�� ���/>��  �%�H
#�- ��-�% I�J	 ���	
 �� �P�-� �� . �(�I�J	 0- ���	
 D�<
 ��&5�� ���A& 6
�7 �"�	�>��)Wp ( ���	
 �� #;$% -�

�%��-�'Y)LL (�-� D��%) �'�)L .(
�%��% ��� �" .�	� �
- ��!� I�J	 �
�� �" !
�� 3�%�<

!&�-�\ l
-�< �� ���	
 Q�% 4
 �� ' D�$@
(Verasolder)

 Q�% 4
 ��>o�� 3�%�< I�J	Flux) Verasolder ( ��
��"I�J	 ' #��  ���	
 Q�% �� #;$% ��% ��>>"Blind �� 3��� 

I�J	 ���	
 '� ��� ���A& 6
�7 C'�1& �X��% �"�	�>�� ��<
�%��-�' 'Y!�% -� I�J	 4�>@& C'�1& �� D-�& #;$% ���"

�-� . 0- �  �"�	�>�� ���	
 �5�� ���A& 6
�7 #�� �
�<
I�J	4�>@& �� #;$% ���	
 �
- D��� ��$\ 3D�<
I�J	 ' ���"Diffusion �� D�-� C�-�\ R�e>� �� !�&- 

��>>@< ' m��&�<�� }�� .�� �� I�J	 .J� D�<.
 6�"�& �'� �� !&�-�\ C����� ��^_& 3�e
� .�-�� 0-

!� �"�	�>�� ���	
 ��<-� !��=� �^- #�- �@�� �" �<��
 D-��% -� I�J	 .J� R�@J��- �" ��< 6;� ' �<��

,�  �
 ' ��" !>�����) !
�)Vera Flux ' 5�� C�-�\ �� 
`���� �^- �� E���� C*@�� ���	
 �'� I�J	 ���	
 !H�>>"

 �
- �� -� ������ C�8�8J& ��\ �� �� �" �<�� �"�	�>��
!� �>��0�;��.

 �%�
�-' ��	�%
 �'�) 0- B
��% ��$1& �-�� k�8J& �
- ��
 ���� '�) �'�)� (R�@J��- 3D
 k;� �" �< ���1��-

 �%��-�' ���	
 !��"YI�J	 �%��% '  I� �� y�;
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 ��<
��� 4
��% .

�+"T:[%���� ���	 ��5��^�	 %K�M�9 ��_O��, 

��^�	 /`��,-$�($ �
"'9/��$��	%##�  	+�3	 ���'	 4
�)$
 *���(<
 -�M�&ab %/��$��	 �
�����^9 d��.
�"�	�>�����b/�b�(MPa)���/���)���/�b� 3���/���(WWN/LO

 �%��-�'�����/���(MPa)���/���)���/��� 3���/���(NTN/Lp
I�J	 �� �"�	�>���b��/b��(MPa)���/��b)��b/��� 3���/���(Wp

 �%��-�'�I�J	 �� ����/�b�(MPa)���/��)���/��� 3b��/b��(NVf/LL

�+"T1[$ �U
 /��'9 �
�� -&�< +� �$���
+ V���$�  �� 7�)� + 
���� J��+�%##� ��>)��
 

e���$ P   ;H$F f
�+]8	 /��$��	 ��
�� -T�� f
�+]8	 g(T f
���^9 g;�	
N* fWf/V Waf/V YpO/NLfO L YpO/NLfO 
����
S** VVV/V VYa/ff WTW/paNNOY L WTW/paNNOY 7�)�
N* LLY/V OpN/Y WYa/fTTNO L WYa/fTTNO �U
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VWf/LWpOL YV VOa/TLTfYL �6�
�+"TA[ ����
 *�	�� -$�����!","���9 
���� %##� ��>)��
 ���	 �� 

%���� ���	 
����-$����� ����
��(�h
 i6���HK9-8��$
�"�	�>��NfVVLL/V��-� C�
�A� �%�:��" ����- �� !���� ���� ������	
 !��" R�@J��-.S

 �%��-�'YOLfWaO/V����	
 !��" R�@J��-��-� !%-�=�� �%�:��" ����- �� !���� ���� ��.NS

*NS= Non Significant ** S= Significant

 ���O9Y[
���� J�$ +� �� 7�)� %##� ��>)��
 /��$��	 -H��3	 

 ���O9j[ dHh �� 
���� J�$ +� %##� ��>)��
 /��$��	 -H��3	 
7�)� f
���^9
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$(���)���*+,�-   �
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����
 k;� k�8J& �
- !
�/% �X��% D��� ����
 ���

!� ���	
 �" �>"Verasolder!�% -� � �� D-�& ���	
 D-�>
 ��" !��(� �"�	�>�� ���	
 �-�� !��J	) ��/	'�)T3Y3L ' 

 ����
�G&Y3L.(
 0- !@
 �" �
- �� �)�& ��pI�J	 �%��%  ���	
 ��<

 �� ,�" R�e>� �� �"�	�>��WTO 0- I� D
 ��@�� �e� 
!� 3�< #$@< ��j� .=�=& #�� �� ��
�-� ��\�% �%-�&

 �� ���	
 �
- �" �<�� �
- �e%���I�J	 D�$@
 l
-�< 3���"
�%��% �-�� -� ���A�� !��" R�@J��-!� D��% �� �� c���

!� ��/>��  ����� D�>���- �-�� .�	� ���� �
- �� �" ��<
���H C��F ������ !���@& C�8�8J& �>��0 . ��>o��

!� ��/>��  �P+ �� �)�& �� �" ��<T�%��% ��������  3��
Gap 0- �[% ���� T/V������  �� �f/V -��  ���A& ������� 

 ��%��
 �|� �
- �� �%-��� I�J	 �& �>"Flow�>" -��   .
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