
� 47� � 3� ��������	                           Vol.47, No.3

2018�      3�                        RARE METAL MATERIALS AND ENGINEERING               March 2018

�����2017-03-20

���	����	
��
����2014-XCL-005������������������


��
��  !"!1992�#!$%#!&'()(*
�+,��-./�0!�� &' 211106!E-mail: ytydbjs@163.com

Al�Ti ����� Incoloy825 ��	
�

�
������

� �

1

�� �

1,2

����

1

��	


1

(1. &'()(*
�, �� &' 211106)

(2. 1234567+,89:;!�� 12 215517)

� ��<=>�?@ Incoloy825A6BCDEFGHIJ AlKTiLMNA6OPQOPRSTUVW!XYZ�[

\](OM)K^_`](SEM)abcA6[\defghijTklmn!XY`o��pqfrstuvwicA6

< 1K3 mol/L HClxyzT{`|}o~�K`o����fgh�����k�!����� Incoloy825A6�U

� γQf�M Ti(C, N)OPQdB��� AlKTiLM��!�� Ti(C, N)OPM��!de�o��s Incoloy825A6

Tgh`����
!�h���!�#�hT ¡�
�A6Tgh�¢£dez�� Ti(C, N)¤|P¥�h���

AlKTiLM��!A6klTgh¦§¨©�ª�«¬­®¯°!NU�T±²pY���

�����s Incoloy825A6�AlKTiLM�de��gh�³

�������TG146.1

+

5 ������A �����1002-185X(2018)03-0860-07

Incoloy825 ��������	
 Fe-Ni-Cr ��


�����������	����������

��

[1-4]

 G. Roventi1�!" Incoloy825�Incoloy800�

Sanicro28 3 �#���$%&'()* Cl

-

+,-.

/
0123456789Incoloy825 ��:�1$

;
<�=>?@AB2C	DE�$% Cl

-

2/
F

G.HIJK 2 ���L&MN2�
0

[5]

 "

Incoloy825 ��OP/
23478$%&Q	R2

S0/
FG.�T	UVWX��OYUZ Cr[2

\]�^_`ab��2OP/


[6]

 $cdce

H

2

S/CO

2

FG. Incoloy825 ��/
fgh��i/


jk7lm&nopq�r&;
$OYU<��

s8 Incoloy825��2OYtuvwxy�z{|A

}~

[7]

 Incoloy825��C	�$ pH t 5 2 NaCl �

�.2�x/
���tCE���E��x/
 3

����$�x/
�]��CE���E���n

o���Eno2���c�C	��'�����

��x/
21i���

[8]

  

Al�Ti�#��
��.��2��	����

���b��2� ¡¢�i£��
01 Al+Ti

%¤¥¦ 0.5%(§¤�¨)©�ª«¬ Incoloy800��

$©­��.®n γ'H�^_¯c��2°±01²

Ti"°±�*2³´'µ¶� Al�_·"°±¸02

¹º»� Al

[9]

 "�¼�½ Incoloy800 � Incoloy825

��. TiN 23478�Incoloy800� Incoloy825�

�:�%&¾¿ Ti���WX��$½À��.{<

¢ TiNÁÂ�Ã¢tpqÄ]Å

[10]

  

Æi£ÇÈÉ��34#���

[11]

 Ê34$Æ

i£ÇÈ Incoloy825��¢�ËÌÍ'( Al�Ti%¤

"��®nH®nÎÏ2�ÐÑ�34b Al�Ti%¤

"ÒE Incoloy825��� �$'()* HClFG.

�
02��  

1  �  � 

7 1 ÓnbÔÕ��	£¢����2½À$É

Ö × Ø Ù � Ú Û Ü & Ý Þ ß a à  ¬ �

DLZTXZ-Z90KW
 30 kg.�á�â½À�ãÀäå

©Pt 60 min�æ�çèéêë ì=Òí¢Φ 30 mm

2îï(ðÒd*t 1050 ñ�òÒd*t 900 ñ�Ò

íIt 16.8)�-ó  

^ 3� Incoloy825��Òô(�xyõö÷k�

jkÎøt 10 mm×10 mm×5 mm �H� jk�ù

Sújû(10 gCuSO

4

+50 mL HCl+50 mL H

2

O)/
�æ

� MM6
ü£ýhþ� Hitachi-S4800
���þ�

���2�  

 

æ� CHI600D 
�	£����jÔÕ��2



� 3�                        �  ���Al�Ti���	
 Incoloy825��
����������                 �861� 

�		
��	£��
 ���jk�Få���

����l�t 1 cm

2

 ÔÕ�§t 1�3 mol/L HCl

��(:�®� HCl ����-��_¢)�ÔÕd*

t 25 ñ æ������9«���t !��(l

�t 4 cm

2

)�"�#$��t%I����j��t

�����3����P&�'t 30 mm �		


�j%¨9�y��?*t 0.1 mV/s��	�yËÌ

t–0.6~0.5 V �	£��
�j%¨9����ËÌ

t 0.01 Hz~100 kHz�()*+,-./0t 5 mV�

ÔÕ¨1¬� ZSimpWin23È�  

/
4�jk$56�7��ì=�8$ 1�3 

mol/L HCl��.56 1�4�7 d�ÔÕd*t 25 ñ�

÷n=� 15%CrO

3

+1%AgNO

3

���9/
\R�:

;�<=�7�Ã��u/
<>�¬���é?�

��2@'/
?� v($ 3 mol/L HCl��.56 4 d

=2jkAaà SEM�EDS�®�ì=�9/
\R

��/
<>)�BCÞDt9 

0 t

W W

v

At

=

� � �

                          (1) 

D.9vt/
?�(mg/d·cm

2

)�W

0

t/
�§¤(mg)�

W

t

t/
=§¤(mg)�A tjk7l�(cm

2

)�t t5

6©P(d)  

2  ����� 

2.1  JMatPro ���� 

Incoloy825��@EHF2Æi£BC÷ Ni�Al�

Cr�Fe�Mo�Ti�C�N 8����F 1tæ� JMatPro

BCGA2 AlloyH�AlloyI2@EHF(çJt�x

K¶F) Incoloy825��Ld@E� :�� γ�M(C, 

N)(MM�t Ti)�bcc(α-Cr)�M

23

C

6

(MM�t Cr«N

O¤ Fe�Ni)�η-Ni

3

Ti� σ(% Cr�NiNO¤ Mo)H�

¢ $ 1050 ñ2ðÒd*ç�Incoloy825 ��@E

� :�� γH�O¤ M(C, N)�¢�$Òíd*[P

Í���@E� ìPd*Q¥m&<¢BH�$ò

Òd* 900 ñ©��2H�¢Rt γ�M(C, N)�SH

%¤�@E¢�T7 2 UV òÒd*ç Incoloy825

��. 99% (W��¨)«Ñt�� γH�M(C, N)®n

¤'A 1% (W��¨) X��. Al%¤'± Ti%¤

YZ©("I AlloyH� Alloy[)�M(C,N)®n¤:

0.81%Y¶A 0.89%²X��. Ti%¤'± Al%¤Y

Z© ("I Alloy[� AlloyI )�M(C, N)®n¤:

0.89%Y¶A 0.97%�78 Incoloy825��. M(C, N)

®n¤ìP Al�Ti %¤¯c_Y¶ ·ìP Al�Ti

%¤¯c�����. Al%¤Y¶_ Ti%¤\O  

2.2  ���� 

F 2tÒE AlloyH2 SEM]�®nH EDS1


�®NOYU EDS ��
��56 AlloyH2ýh

� : γ ���^D®nH�¢�^D®nH2M� 

 

� 1  Incoloy825 �������	
������ 

Table 1  Chemical composition range of Incoloy825 and chemical composition of tested alloys (ω/%) 

Alloy Cr Ni C Mo Al Ti Si N Fe 

825 19.5~23.5 38~46 ~0.05 2.5~3.5 ~0.2 0.6~1.2 ~0.5 - Bal. 

� 20.47 40.15 0.025 2.98 0.120 0.74 0.31 0.064 Bal. 

� 

20.52 40.14 0.025 3.01 0.120 0.88 0.32 0.071 Bal. 

� 20.49 40.17 0.026 2.98 0.20 0.88 0.31 0.082 Bal. 
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Fig.1  Equilibrium phase diagrams of Incoloy825 alloy: (a) alloy�and (b) alloy � 
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Table 2  Content and balance composition of each phase of as-forged Incoloy825 alloys at final forging temperature (at%) 

Content of the alloying elements in each phase  

Alloy Phase 

Content of 

phase  

Ni Al Cr Fe Mo Ti C N 

γ 99.19 40.52 0.23 22.84 32.2 1.8 0.63 <0.01 <0.01 

� 

M(C, N) 0.81 - - <0.01 - <0.01 52.05 10.36 37.59 

γ 99.11 40.42 0.24 22.51 32.82 1.78 0.59 <0.01 <0.01 

� 

M(C, N) 0.89 - - <0.01 - <0.01 52.28 13.55 34.16 

γ 99.03 40.01 0.36 22.61 32.95 1.77 0.54 <0.01 <0.01 

� 

M(C, N) 0.97 - - <0.01 - <0.01 52.46 14.89 32.64 
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Fig.2  SEM image (a), EDS analysis (b) of precipitates and EDS element line scanning (c) of grain boundary in as-forged alloy� 
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Fig.3  Microstructures of as-forged Incoloy825 alloy: (a) alloy�, (b) alloy', and (c) alloy ( 
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Fig.4  Polarization curves of as-forged Incoloy825 alloy �, ',

(  in HCl solutions of different concentrations:        

(a) 1 mol/L and (b) 3 mol/L 
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Fig.5  Nyquist and equivalent circuit diagram of as-forged 

Incoloy 825 alloy � , ' , (  in HCl solutions of 

different concentrations: (a, b) Nyquist diagram of tested 

alloy in 1, 3 mol/L HCl solutions; (c) equivalent circuit 

diagram 
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Table 4  Electrochemical impedance spectrum fitting results 

of as-forged Incoloy825 alloy in HCl solutions of 

different concentrations 
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Fig.6  Corrosion morphologies of tested alloy: (a, c, e) alloy�

and (b, d, f) alloy (; (a, b) 1 d, (c, d) 4 d, and (e, f) 7 d 
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Fig.7  SEM images (a, b) and EDS spectra analysis (c, d) of corrosion products of tested alloy soaked in 3 mol/L HCl for 4 d: (a, c) alloy

%; (b, d) alloy &; (c, d) EDS analysis of A and B in Fig.4a, 4b, respectively 
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Effect of Al, Ti Contents on the Microstructure and Corrosion Resistance of As-forged 
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Abstract: Effect of varying Al and Ti contents of Incoloy825 alloy on the phase transformations was simulated by a thermodynamic 

modelling tool. The microstructure and corrosion morphology of Incoloy825 alloy were investigated by the optical microscope (OM), and 

scanning electron microscope (SEM). The Potentiodynamic polarization curves, electrochemical impedance spectroscopy and corrosion 

rate of the tested alloy were investigated by electrochemical workstation and static weight-loss method in 1, 3 mol/L HCl solutions. The 

results indicate that the microstructure of as-forged Incoloy825 is composed of γ substrate and a small quantity of Ti(C, N) at the final 

forging temperature. With the increase of Al, Ti contents, precipitation volume of blocky Ti(C,N) increases gradually, and the grain is 

refined; corrosion current density increases gradually, corrosion resistance decreases significantly, and pitting of the tested alloy is easier to 

occur. Large, faceted Ti(C, N) particles in Incoloy825 alloy provide preferred sites for pit initiation in the chloride environments. With the 

increase of Al, Ti contents, corrosion products on the surface of the alloy become more porous, and the protection ability to matrix 

decreases.  

Key words: as-forged Incoloy825 alloy; Al, Ti contents; microstructure; corrosion resistance  
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