
     

  

  

  7   4  1397  

39  

  

       TiN    

             

  

 
*

      

         

* majid.mohammadi@shahroodut.ac.ir 

 :    :  

 :29  1397    

 :28  1397    

    

 :    

    

    

    

  

                                       

                        .           

                                        

                      .             

        (Grazing incident XRD)   .    

                           H2SO4    HF     

 ºC 70        .    (Interfacial contact resistance)   

                                  .

                                 TiN    

         TiN          

    .                  TiN            

                 V 214/0-         V 102/0-    

  600                                    

µA/cm
2 29/6          µA/cm

2 83/1              TiN        

nm 600  .  

  

1-   

                    

                        

                        

  .                  

                          

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.3
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-1

2-
17

 ]
 

                             1 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.3.3
http://ijcse.ir/article-1-652-en.html


               ...  

 

40    7     4    1397  

 

           ]1 .[       

                   

                   

                      ]12 .[

                  

              .      

                    

  .                 

)PEFC(
1

                         

)PEMFC(
2

                

)          °C 100 (          

        .          

                      

                     ]2   

3.[  

                 

                      

                     

             .        

                    

                   

                        

   ]3.[                    

                      

                  

                       

  
1 Polymer Exchange Fuel Cell 
2 Proton Exchange Membrane Fuel Cell 

       .           

                  

              .     

                     

                       

      .               

                    

                    

                       

     .             

                 

                   

    ]45 .[  

    2004 ]4 [    

                       

  316        

      5/0            .

       66               

                      

         .             

                     

  3      

   .  

         

                   ]6[ 

       .               

  
3 Interfacial Contact Resistance (ICR) 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.3
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-1

2-
17

 ]
 

                             2 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.3.3
http://ijcse.ir/article-1-652-en.html


     

 

  7     4    1397  41  

 

                   

                        

         .     

                   

                     

    /    .        

                     

                 

       

     .  

      2011] 7[     

                 

                 

                     

  316         .             

                         

      316     .             

                 

                           

                 

          1     .

   5/0  1/0      

  ZrN        .  

              Ti/TiN 

                         

  7075            ]8[       

   .               

                      

         .         

    TiN                     

TiO2                 

 .  

        ]9 [          CrN   

                 

              L316        

 .                   

                   

                      

       .              

                     

                   

  .  

                       

                         

                     

 .                  

                

                     

            .          

                        

                       

                .  

                     

                    

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.3
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-1

2-
17

 ]
 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.3.3
http://ijcse.ir/article-1-652-en.html


               ...  

 

42    7     4    1397  

 

                    

         .           

                  

 .                        

                    

                          

                   )    

 (                   

 .  

2-     

                 2       

mm1      cm 1×1                .

                   1 

  .          

                 

         .  

 1-        

) (  

 C H Fe N O Ti 

 1/0 015/0 3/0 03/0 25/0 3/99 

                      

                   

         .  

                    

      MSS-160           21     26 

   .      

      4.5×10
-5

 Pa  ×10
-5

 Pa  5.5 

                      

           .       

            8    1          

   .                

SCCM 30     .           

   TiN   200 350  600 

           120  155    180     

.  

                    

    X    (GIXRD)     .  

  X      XPert pro 

MPD    PANalytical      CuK        

54/1         kV 40  mA 40 

  2     .    

             

    )FE-SEM (    TE-SCAN    

MIRA3      .  

2-1 -     

                     

      ]10[        .      

        1         

 ICR       4 

(GDL)                        

        20    200         

 .             Burster 

  
4 Gas Diffusion Layer 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.3
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-1

2-
17

 ]
 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.3.3
http://ijcse.ir/article-1-652-en.html


     

 

  7     4    1397  43  

 

  2318       .   

           90     900       

  .  

  
 1-         

 .  

2-2-     

               

   0.5 M H2SO4+2ppm HF    

   .               

PGS 2065              

RE)(          )AE (       

  1           mV500 -  

mV1000     .          

                

ºC70      .               

                    

          

                  

        .  

3-     

3 -1-     

                      

  200  350    600          2     

.                       200 

      2-        Ti    TiN            

  PDF-00-001-1197    PDF-00-001-1197   

  .                     

               .          

                      .  

                  2       

                      

              .       

         nm 350    nm600       

     2-      2-                

                     

                    

                     

                         

 .            

              

    .  

                  

                   EDS   

                       

 3   .  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.3
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-1

2-
17

 ]
 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.3.3
http://ijcse.ir/article-1-652-en.html


               ...  

 

44    7     4    1397  

 

  
 2-         TiN   (- 200 (- 350  (- 600 .  

 3-        TiN     (200  (350  (600 .  

 

 

 

 

  

 

  

  

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.3
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-1

2-
17

 ]
 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.3.3
http://ijcse.ir/article-1-652-en.html


     

 

  7     4    1397  45  

 

  

                         

                    

     .            

                              

                   

             .           

                   

                      

   .    EDS            

                     

                       

                    

        XRD 

     .    

             TiN       4 

                       

                 200       

  .    600  )   4- (   

            .             

                       

                       

                    

 .   

3 -2 -       

                   

                        

   .             

       .                

               

         .5          

        .   

 4-       TiN     (200  (- 600 .  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.3
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-1

2-
17

 ]
 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.3.3
http://ijcse.ir/article-1-652-en.html


               ...  

 

46    7     4    1397  

 

  

 5-               TiN   .  

                   

        N/cm
2 100 

            .        

                      

             (GDL)      .    

N/cm
2 140                 

       m .cm
2 97 

       5                   

                 

           .      

                      

     ]11 .[            

                  

           

        .         

                   

 .  

          TiN          

        .               

       200            

        N/cm
2 140 

             m .cm
2 97   

       200     

m .cm
262    .          

            TiN       

                 

]1213 .[                 

  600       .     

                  

                        

               .         

                     

                      

             .      

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.3
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-1

2-
17

 ]
 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.3.3
http://ijcse.ir/article-1-652-en.html


     

 

  7     4    1397  47  

 

                 

                       

                       

     ]14 .[           

     TiN             

    ]15 .[          TiN    

 500 100    1000             

         1000 

                    

               

         m .cm
2 52      100     

m .cm
2 17  1000   .  

3 -3-       

         

   TiN                 6 

     .                

                     

                    

                   

     .              

                .   

                 

                  .     

                     

          TiN         

             ]16.[     

                        

                

         .           

                   

                        

        .          

             

]8 18 .[  

  

 6-            TiN   

  200 350  600 .  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.3
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-1

2-
17

 ]
 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.3.3
http://ijcse.ir/article-1-652-en.html


               ...  

 

48    7     4    1397  

 

  

           TiN              

                     

                     /  

    .    

                   

           

         TiO2            

     ]8.[  

                    

                     

  -              

2       .               

               µA/cm
2 29/6 

          µA/cm
2.

83/1
 

        

 
  600              

                   

                    

  TiN                    

    TiO2         /      

       .            

         TiN         

      Ward    ] 17[        

               µm2   

  µA/cm
2 

2/3-82/1    .       

    Raoufi      ]18[         

          TiN             

PACVD               

        µA/cm
2 61/82-5/3     .

                      

                      

 TiN       .  

 2-        

    TiN     

  (nm)
 

200 350 600 

Icorr.(µA) 29/6 75/3 36/2 83/1 

Ecorr.(V) 337/0 - 214/0 - 175/0 - 102/0 -

                /     

                         

       .                 

                     

                 

                       

                      

                     

                      

                    

               .     

                    

          .         

]19[                     

                   

                      

   .                  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.3
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-1

2-
17

 ]
 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.3.3
http://ijcse.ir/article-1-652-en.html


     

 

  7     4    1397  49  

 

                   

             .    

  TiN                       

                    

                   

         .  

4-    

                    

            

                  

   :  

-                  

                      

                    

   .  

-   TiN                  

   .          200   

  600                 

          µA/cm
2 29/6       

     µA/cm
2 83/1   600 

                  

  V 214/0-   V 102/0-    . 

-                   

       .         

   )N/cm
2 140 (   

  m .cm
2 97                

    200    m .cm
2 62    .   

                

 m .cm
2 33   600   .  

  

[1] S. M. Haile, “Fuel cell materials and 

components,” Acta Materialia, vol. 51, 

no. 19. pp. 5981–6000, 2003. 

[2] I. EG&G Technical Services, “Fuel Cell 

Handbook,” Fuel Cell, vol. 7 Edition, no. 

November. pp. 1–6, 2004. 

[3] T. Cheng, “Proton Exchange Membrane 

Fuel Cells: Materials Properties and 

Performance.” pp. 24–32, 2010. 
[4] S. J. Lee, C. H. Huang, J. J. Lai, and Y. 

P. Chen, “Corrosion-resistant component 

for PEM fuel cells,” J. Power Sources, 

vol. 131, no. 1–2, pp. 162–168, 2004. 

[5] M. C. Li, C. L. Zeng, S. Z. Luo, J. N. 

Shen, H. C. Lin, and C. N. Cao, 

“Electrochemical corrosion 

characteristics of type 316 stainless steel 

in simulated anode environment for 

PEMFC,” Electrochim. Acta, vol. 48, no. 

12, pp. 1735–1741, 2003. 

[6] S. H. Wang, J. Peng, W. B. Lui, and J. S. 

Zhang, “Performance of the gold-plated 

titanium bipolar plates for the light 

weight PEM fuel cells” Journal of Power 

Sources 162 (2006) 486–491. 

[7] E. Dur, O. N. Cora, M. Koc, 

“Experimental investigations on the 

corrosion resistance characteristics of 

coated metallic bipolar plates for 

PEMFC,” Int. J. Hydrogen Energy, vol. 

36, no. 12, pp. 7162–7173, 2011. 
[8] S. Ghasemia, A. Shanaghia, P. K. Chub, 

“Corrosion behavior of reactive sputtered 

Ti/TiN nanostructured coating and 

effects of intermediate titanium layer on 

self-healing properties” Volume 326, Part 

A, 15 October 2017, Pages 156-164. 

[9] A. Pozio, F. Zaza, A. Masci, and R. F. 

Silva, “Bipolar plate materials for 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.3
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-1

2-
17

 ]
 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.3.3
http://ijcse.ir/article-1-652-en.html


               ...  

 

50    7     4    1397  

 

PEMFCs: A conductivity and stability 

study,” J. Power Sources, vol. 179, no. 2, 
pp. 631–639, May 2008. 

[10] D. P. Davies, P. L. Adcock, M. Turpin, 
and S. J. Rowen, “Bipolar plate materials 
for solid polymer fuel cells,” J. Appl. 
Electrochem., vol. 30, no. 1, pp. 101–
105, 2000. 

[11] J. Pouilleau, D. Devilliers, F. Garrido, S. 
Durand-Vidal, and E. Mahé, “Structure 
and composition of passive titanium 
oxide films,” Materials Science and 
Engineering: B, vol. 47, no. 3. pp. 235–
243, 1997. 

[12] J W. Simka, A. Sadkowski, M. Warczak, 
A. Iwaniak, G. Dercz, J. Michalska, and 
A. MacIej, “Characterization of passive 
films formed on titanium during anodic 
oxidation,” Electrochimica Acta, vol. 56, 
no. 24. pp. 8962–8968, 2011. 

[13] Y. Wang and D. O. Northwood, “An 
investigation into TiN-coated 316L 
stainless steel as a bipolar plate material 
for PEM fuel cells,” J. Power Sources, 
vol. 165, no. 1, pp. 293–298, 2007. 

[14] M. Henini, Handbook of Thin-Film 
Deposition Processes and Techniques, 
vol. 31, no. 3. 2000. 

[15] C. Turan, Ö. N. Cora, and M. Koç, 
“Investigation of the effects of process 
sequence on the contact resistance 
characteristics of coated metallic bipolar 
plates for polymer electrolyte membrane 
fuel cells,” J. Power Sources, vol. 243, 
pp. 925–934, 2013. 

[16] S. Takemoto, M. Hattori, M. Yoshinari, 
E. Kawada, and Y. Oda, “Corrosion 
behavior and surface characterization of 
titanium in solution containing fluoride 
and albumin,” Biomaterials, vol. 26, no. 
8. pp. 829–837, 2005. 

[17] L. Ward, A. Pilkington, and S. Dowey, 
“Studies on the Effect of Arc Current 
Mode and Substrate Rotation 
Configuration on the Structure and 
Corrosion Behavior of PVD TiN 
Coatings,” Coatings 2017, 7, 50. 

[18] M. Raoufi, Sh. Mirdamadi, F. Mahboubi, 

Sh. Ahangarani, M.S. Mahdipoor, 
Correlation between the surface 
characteristics and the duty cycle for the 
PACVD-derived TiN nanostructured 
films,” Surface & Coatings Technology 
205 (2011) 4980–4984. 

[19] V. H. Baggio-Scheid, G. de Vasconcelos, 
M. A. S. Oliveira, and B. C. Ferreira, 
“Duplex surface treatment of chromium 
pack diffusion and plasma nitriding of 
mild steel,” Surf. Coatings Technol., vol. 
163–164, pp. 313–317, 2003. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
97

.7
.4

.3
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

25
-1

2-
17

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.23222352.1397.7.4.3.3
http://ijcse.ir/article-1-652-en.html
http://www.tcpdf.org

