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Cu, P

Ni-P
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 IJKLMNOPQRS TUVWX YVZ[\ ]VV^\ _` a^X bVcR\ ]d` efghPi jkelmXn klolokplqVr n kNi-PsNi-Cu-P TtPut kselovPt kfwPx kX10CrNiTi189ah flyd` zrs[{mr ` |se TX}~qts[{mr ` �mq�s[mVS _` �fl�{q�` lqX vPt ~Xsel�LEO4401zUud_ vPt [{SP{Z`[�df �fl�{�` lX jkpPrPxePSD500sEDXvPtOxford 7059TX ghPi kePQX el{�l� YV\[\lo[�lU� k_l� ePQX �V�l� s�qx[� e`[q� ~q�e[X fePS zS s [��x}elq{xe z�q� ghPi ~�feP�loah T̂ r l�S kes T�P� |se TX ePX�S k}�fl�{q�` [d_ �[h TX OPQRS elW� _` eP�US ]d` k`[X ah����deaV�[QZ aV�`��j���deP�rP� aV�`���jewPS���l̂ � �ut���s��esn_Pq� fP���}� dlq{t ¡l¢t £l̂ r l�S~SofghPi ef [��x [¤U� zm� [X zS [¤U� TZaUloTqdli [qX kplqVr n kNi-P ePqQX �Vq�l� fe`f k_l�}¡l¢qt ~�feP� £l¢dlS_n  dl{t [¥df kP� _`~qSgqhPi ]qd ` TqZ aqUoflqo¦VqRS eflqoaVq�` k¡l¢{SslcS �deaV�[QZ aV�` ¦VRS ef TmV\eP� ef aU{�o �slcS esn _P� fP� s �l̂ � �ut jbV�e �deP�rP�§Z ��`}Ï ©ª JK«¬­®¯°mVt jkelZ ghPi j~�feP� jzrs[{mr `�°mVt j[��x�zS�[��x ±²³́ µ¶´·ghPi kse [V�` klWr l� ef TmUd ` TX T�P\ lXlqozrs[q{mr ` k

Ni-PsNi-Me-P� ḑPqqqX sNi-Cu-Pkflqqqd_ £lqqqcVcR\ ��` T{x[� £eP�[1-4]}gqhPi ]qd ` ~�feP� el{xe ~rslqo _PUo��` _se vP¹PS}¡`elmuo s ~d`s ºtlX ºtlo_[5][V»lq\~�fePq� �Vq�l� s el{�lq� kse ¼qQ� � ḑPqX kplqVr n [q�lU�ghPiloTdli [X kNi-PTqZ at ` �f`f ¡l¢t s �f[Z T̂ r l�S `eghPi ]d` ef ¼Q� [¤U� fP�sloh ]dePQX [V� Y½�q]qd` ¡a hPiqqglo¾¿ÀÁÂÃ¡`elmuo s ºUVr ºt`sf ]VUÄuoTrlcS ef�ePqV\ §Z elV�X e`acS ¡fs�x ` TZ at ` �aV�e TyV{t ]d` TX fP�OPQRS efloTqdli [qX zrs[{mr ` kNi-P¡aqh ]dePqQX Y½q� ghPi~SfPh[6]}TqZ �q�` �aqh �f`f ¡l¢qt [¥df kP� _` ghPilokNi-Sn-P
¦VqRS _` kelV�X eflqos kaVq�` �deaqd[QZ aV�` ¦VRS klUÅ{�` TX ~dlVQ�ef ~XPq� �qSslcS

                                                 
 ÆÇÈÉÊÊË ÈÌ ÍÊÊÎ ÉÏÐÑÑÒÑÑÒÑÓÔÕÆÇÈ ÉÊÊË ÈÌ Ö ×ØÊÊÙ ÚÊÊÛ ÉÇÈÌÕÜÒÝÒÑÓÔÓÊÊÞÍ Úßà ×ØáßÈ âÇ Éãä åÇæçËèâéêëÊì ×ÉíîÊä àÌ ïÌàæÊÐ âßØëãÐ ×Øðîä àÌ È Éáîä àÌ ñØòóà âëÇÖôõ âÏä ôéöÌï÷ÇôøË Øëãßparvini@sut.ac.ir×ÉíîÊä àÌ ïÌàæÊÐ âÊßØëãÐ ×ØðîÊä àÌ È ÉÇÌÉéÊßà âùÉÙÖôúû ñÈüý þæßÈ ôéöÌï÷ÇôøË Øëãß âéêëìrakhosroshahi@sut.ac.ir 

¡l¢t fP� _` ~�feP� °XlcS~SaUof[5]}ef [q¹lÿ Tqr lcS efel{�lqq� £`[qqVV�\ ef zqqS s [��qqx [¤qqU� [V»lqq\ Os` TqqQÿ[SgqqhPilqqokplqqVr n kNi-PsNi-Cu-P�sf TqqQÿ[S ef s ghPi ~�feP� �V�l�loTq{x[� e`[q� Tq^r l�S fePS ePX�S k ��`}�²�� �́ �� ��	 t _` kelqqmXn k`[qqXTqqtPulqqokfwPqqx kDIN1.4541
lqqX °½u�X10CrNiTi18 9 

Osa� YVZ[\ TX�flq^X ` ef�
� ah �fl�{�` [{uV{t l�}TtPutloOPQRS ef `a{X `��[q{Vr [X �[� esn_Pqq� fPqq�(NaOH)£aqqS TqqX��ef TqqcV�f��Tqq�efef [q�cS �n ¦q�P\ ~¢qmXn _` aq^X s ~d`f_ ~X[� f`[¥V{t l��dead[QZ aV�`���TqX¦VqRS klqSf ef TqcV�f  Uqi £aqS atah ~d`f_aV�Z`}TqX [q�cS �n ef ~¢qmXn _` a^X �dlWt efataqqh kelqqmXn zrs[qq{mr ` |se}_` kpPqqrPxePS ]VqqV^\ k`[qqX vPqt ~Xsel� ~ts[{mr ` �m�s[mVSLEO4401]VqV^\ k`[qX j ghPi el{�l�lozUud_ [{SP{Z`[�df _`D5000_` �fl�{�` lX a\lZ ~{tnCuK  qX sgqhPi Tqd�y\ k`[lqo_`EDXvPqt
Oxford 7059 ah �fl�{�`}|se TqX ~�fePq� klW¢dlS_nTqtPut ¡_s golqZ _` �fl�{�` lX kes T�P�lqo¦VqRS eflqok �deaV�[QZ aV�`���deP�rP� aV�` j����lq^� �qut jewPS
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� �� ���esn_P� fP� s����xld �lyt `}�qd _` ePq�US ]qd` k`[X o �d ��f lX ks_`[\ah �fl�{�` �[� �e`�}��` 
V¹P\ TX �_w[qo k`_` TqX ¡_s golZ k[V� �_`at ` gdlS_n �s[� [o k`[X TZe`acS TtPut 
�� ¼X[S [{uV{t l���£aS TX OPQRS [{Vr ~QVS�x[� e`[� �fl�{�` fePS ��l� elW� s ��VX[7-9]} �ªJ������ª J��� ����� I�­��� © ���� � �! "K¬#$
%Ti%Ni%Cr%S%P%Mn%Si%C
0.6510.7518.250.0290.0421,980.970.079 %²&'( � )� �*+ ,'-./	�� ��0��� + �1���2��� �+� �1���� �$��� ��3 �4�	lX _`[\ j5[x s °Q� ¡saX j��`PUmd ~¢hPi ¡fesn ��aX k`[Xj�luÿ YVZ[\ £sl�{S ¦d`[h ef 6[\ ¡saX s OPc^S kaUX Tt `f

pHselqZ ¦d`[qh s YqVZ[\ TqyV{t ef jah elZ £e`[ÿ T�efOsa� �[h TX kelmXn klWrPQRS�ah �l7{t `}£l¢dlS_n  dl{t ¡l¢t~SelV�qX OPqc^S ~¢hPi ¡fesn ��aX ¦d`[h TZ aUofOsaq� �fsaqRS _` Osaq� £ePq� ef j��` fsaRS�gqhPi t °�lÿ Y�lUS~ufPh}s £e`[qÿ T�ef ¡lVS ]d` efpH[q» ` elV�Xfe`f ghPi �V�VZ kse kfld_}°mh�
�� kpPrPxPS�eluqqqh �lqqquÿ ef kelqqqmXn _` aqqq^X `e TqqqtPut�Osaqqq��

8Ni-Cu-P9¡l¢t~S£e`[qÿ Tq�ef TqZ £slq�\ ]qd ` lX jaofkl� TX TtPut ]d` k`[X kelmXn:�T�ef:�f`[¥V{t lq� Tq�ef ��`}�aol¢S ePX�S °mh _` TmdeP� TX~S` gqhPi fPhflqyd ��` 6[\ kslÿ �ah}°mqh�`e k[q¥df TqtPut kpPqrPxePS ¡l¢t~S�eluh �luÿ OPQRS ¦d`[h s YVZ[\ ef ;SlZ TZ aof ���` �ah kelmXn}�aol¢S TmdeP� TX~qSkpPqrPxePS fPqh ��` Y�lUS elV�X ghPi}Tq�ÿ;S °Xl� £sl�\ T̂ r l�S ]d` efghPi ]VX ef kpPrPxePS [�t _` k`lokNi–PsNi–Cu-P Osa� ¦d`[h ef TZ�a¢t T�ÿ;S jatfPX �ah kelmXn}kelqmXn k`[qX [¹lÿ TrlcS vP¹PS ka^X £l̂ r l�S k`[X s[Ud ` _`TtPutloOsa� ¦d`[h s TtPut YVZ[\ _`�ah �fl�{�`} �ªJ�<���«=� >? ©#@ ª "K¬#$­®��«=� A­� � BCDª#�LD © ANEFA�ª GH�I �J� B�©#JK��­� G���N�BKL­�pH = 9 MNOP QRNOSMNOP TUVWXYV ZN[\U]^g/l_à ZN[\U]^g/l_bcd] eY[fgUhYi^g/l_bcd] ZjklY]^g/l_bcd] ZNl]j^g/l_ mNi-Pnopqrpnoornr nNi-Cu-Pnomqrpnoornr

sL@��CDª#�LD ©t@�uNi-Cu-P
­� � BCº

EvBwpH= °mh _`�l\xP{Z`[�df�`[�ghPi kloTdli [X zrs[{mr ` kloNi-

P
Osa� s�ghPi el{�l� s YVZ[\~S ¡l¢t `e ePX�S kloaUof} �`[�P{Z`[�df�ah TVW\ ksl�S ;SlZ ¦d`[h ef loat `}~S �aol¢SghPi ef TZ fPhzS [¤U� _` kel� klo8ghPiklo

Ni – P9TR�� TQu� _` �VXPZ §{�V� £lR�� [ÅZ`8���9j 8���9j8���9s8���9TR�� _` [V� TX8���9aU{�o fP�PS}
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�1���� �$��� ��3�4�
Cu, P
�/	�� ����� ��0��� + �1���2��� �+��1���� ��	Ni-P�+� �� �
	 .��� �...��

��	�.�� +�0�� �/	��Ni-Cu-P
��. 
Cº

	

%pH= gqhPi fePqS ef vP¹PS ]d`lqo_` [q{uZ kslqÿ k��[��qx ��` �fl� [{¢VX8�`[�P{Z`[�df �dPr ` YV\[\ TX�s�}9 ghPi ef zS [¤U� fP�s £eP� ef TmV\eP� ef8ghPilok
Ni–Cu–P9£lR�� zS e`acS TX T�P\ lX8���9s8���9lX [ol� fld_ elV�X £ah~S°�`aÿ lWtn £ah TmdeP� TX atPh� gqhPi ef £lR�q� ]Vuo _` [{¢VX [X `[XlqokNi – Pj�q�` golZ £ah TX [¥df £lR�� £ah ~rs~Sef TmdeP� TX aXld kslÿ ghPix��~u\`£lR�� _` [V� TX zS8���9s8���9 aU{�qqo |PSlqq� lqq½d[c\ [qq¥df £lR�qq�8�qqdPr ` YqqV\[\ TqqX �`[�P{Z`[�dfxs�}9ef ~Xlq\_lX ~q�l�` £lR�� £eP� [o ef gqhPi sf [qo(Ni-Cu-P, Ni-P)£lR�q�8���9s8���9 aU{�o}TtPut TmdeP� TXlqok�s�8Osaq��°mqh jlqok� s�9¡l¢t~Se`acS TZ ~{�s jaUofut ghPi ef [��xTtPTX lo YV\[\���s��
~u\` a�efghPi j��`kePqQX el{�lq� lqo ate`f8TtPut�s�}9TtPut ghPi TmVtlS_ ~rslo����aq�ef�q�` kePqQX s[qmVS lqd s �ePqSn ¡n el{�l� jfe`f [��x ~u\`

��`8TtPut�Osa��°mh j�}9~S s[Ud ` _`TqZ �q�� ¡`P\ k`[X ghPi [��x e`acS �l�ÿ aÿkePqQX [V� el{�l� flyd` 8�ePSn9fsaÿ���~u\`��`}[dflcS ef [��x [¥df £el½� TX _` gVX l½d[c\���~u\`s �ePSn el{�l� lX ghPi flyd` Y½� _` [{uZ [dflcS ef���~u\`el{�lq� lqX ghPi °Vm¢\ Y½� ~qS kePQXfPqh}TqtPut [q¥df kPq� _`klqo�s�8Osaq�� °mhklo�sx9qt~qS ¡l¢TqtPut TqZ aqUof�¡fPqX `e`f lqX 
����TtPut s [��x ~u\`�¡fPX `e`f lX���:�[��qx ~qu\ ` ate`f kePQX el{�l�}gqhPi ef TqZ �q�` ]qd ` [qS ` ]qd ` �Q� TtPutYV\[\ TX ePX�S klo���sx�����` fP�PS zS ~u\`}lX ~S vP¹PS ]d` _` �fl�{�`zqm� [qX zqS [¤U� TZ ��� ¡`P\ ghPi ef [��x [¤U�kloTdli [XNi-Pk_lq� ePqQX �V�l�[¤qU� ]qd` [\fld_ [dflcS [¥df kP� _` jfe`f8Cu9gqhPi ef £lR�� ~RV�[\ ~hPSl� Y½�8���9s8���9~STqX fPqh l½d[c\ ¡n�l�ÿ e`acS TmdeP��l\��~u\`��`}
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Cu, P
�/	�� ����� ��0��� + �1���2��� �+��1���� ��	Ni-P�+� �� �
	 .��� �...�	
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o
�o�
om
m��cRU�� ��<��� ���� s�­�� �� K�ª­��TtPut ~�feP� °XlcS ef �SslcSlo°mh eflok
l\��¡l¢t ��` �ah �f`f} TtPut ~�feP� e`fPut _` �fl�{�` lXlo8°mqh vP¹PS
lq\��9 TqqtPut gqqhPi ~�fePqq� �[qqtlqqoY�qqÿ[X8Olqq�}mg/cm29 Osa� �[h TX ¡n  dl{t TZ ��` �adf[� T½�lRS���`} °mh _` TmdeP� TXklo
l\���aol¢S~S~qQZ eP� TX jfPh ghPiloTdli [X kplVr n kNi-P
¦VRS eflqoj�lq^� �qut k°qXlcS ef ~XP� elV�X �SslcS �deP�rP� aV�` s esn_P� fP�¡l¢t fP� _` ~�feP�~SfaUo}ghPi ]d` ~�feP� �[t �;{�`lo¦VqRS ef [¥daqmd lXlqokef j�qq�` ¡f[qZ [q�t �[qq� °qXl� �fPqX ~qq��� elV�qX ePqX�S��` §Z ¡l¢{SslcS �deaV�[QZ aV�` ¦VRS ef TmV\eP�} Osaq� ¡lVS ]d` ef�~qS ¡l¢qtgqhPi TqZ aqofNi-P

lqX �ePSn el{�l�8TtPut�9ghPi TX �½�tkloNi-P
l{�l� lXe kePqqQX8TqqtPut�s�9�qqSslcS �deaqqd[QZ aVqq�` ¦VqqRS ef ~S ¡l¢t k[{¢VXaUof}gqhPi �qSslcS [q¥df kPq� _`Ni-

Cu-PgqhPi TqX �½�t ePX�S ¦VRS eflqokNi-P
lqX Tq� ��` [{¢VX �ePSn T�s kePQX el{�l�}

ghPi ]d` ~�feP� �[tlo¦VRS eflo~�feP� �[t lX ePX�S k fwPxX10CrNiTi18 9 
Osaq� [�n ¡P{� ef�T�qdlcS ��` �ah} �aol¢qS TqmdeP� TX~qS~�fePq� �[qt ~qQZ ePq� TqX fPqh ghPiloTdli [X kNi-Pfsaÿ�l\�Tdli fwPx _` [{uZ [X `[X 8X10CrNiTi18 99�dead[QZ aV�` ef����`} gqqhPi ~�fePqq� �[qqt �qqVt [qq¥df fe`PqqS eflqqokNi-Ps

Ni-Cu-Pfsaqqÿ�lqq\��~�fePqq� �[qqt _`[qq{uZ [qqX `[X fwPxX10CrNiTi18 9 
¦VRS eflo��` TXl¢S k} �²���� ³��*+ ÂÁ! "À #$%& #'() *+) #, *¿ #'()-.#/, 01-234 0 56 -!Ni-P À"7À 08-/9 "Á:, ;2< -=Ã07#/, #$%/& "7>/?¿  ÂÁ! @6 7 08-9 A"Á¿4-.BC 7>DEFG¾HI 7;9 7Ã J "-2%, #6 À-?¿ "ÁKD "À¾H"À*/¿ 87 /ÂÁ! @/6 7-/.87 5L9 -J #$%& 08-9 A"Á¿4 ;2< -=¾¿ÀÁÂÃ
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� �� �ªJ���t@�u �� ���� �#�­®ANi-P*BNi-Cu-P*
��� J� � �! ªX10CrNiTi18 9 �ª­��� A­�D�«=� ��

* `V{t kse _Ty���ghPi Ol� ef ~�feP� �[t gdlS_n ��l�lo��` �ah T½�lRS8Ol�mg/Cm2.9
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I�­�@A­®�B<B�ª�Aª� I�­�@ G� ��=���ªJ� �� IJ@ ���A­®�ª�J���® ���#�

0

5

10

15

20

25

0 4 8 12

m
g

/C
m

1, 2, 3, 4

sL@E�t@�u ��ªt®­¬A­®Ni-PªNi-Cu-P
��«=� ��. %5 HCl
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o^�V� d	 
�Ug_[5] � 
 � � �VUOV âòË à ØìÈÌ �
 
�Ò��
 

�Ò��  
�Ò��  Ni �Ò�
  �Ò��  
Ò�  �Ò�  P �Ò
  - - - Cu 

 
X10CrNiTi18 9 �ÇÈæ�Þ �ÈæÐ ý �ÇÈæ�Þ �ÇÈæ�Þ ÈÉéûÉß 

 _mg/Cm2. ^�N]  ��
RU� �kV 
Ò��  ����  ����  ����  ����  H2SO4 0.5M �Ò���
  
� ������  

� ������  
����� ��  

����� ��  HCl %5 �Ò��  
�Ò���Ò�  ���Ò�  ���Ò�  ���Ò�  NaCl %10 �Ò��  ���Ò�  �Ò���  �Ò���  �Ò���  NaOH %50 
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