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ABSTRACT
The high strength, wear and corrosion resistance, and fine microscopic texture of the nickel-phosphorus alloy render it as a potential
candidate for replacing the cadmium or hard chromium plating mostly employed in automotive, aerospace and printing industries.
In this study, the pulse current was adopted to be the power source of the electroplating in the sulfamate bath. It can raise the
phosphorus content in the deposition, improve the current efficiency of the process and reduce the deposition stress as well. The
corrosion and wear characteristics of an electrodeposited Ni-P coating were studied using block-on-ring wear tester. The testing
environments included dry wear and immersion wear in 5% NaCl water solution at 25° C and 50° C to simulate the corrosive
atmosphere. The wear behaviors in friction coefficient, wear rate and surface roughness were discussed. Under the boundary
lubrication circumstance, it is found that the wear mechanism originates from both adhesive and abrasive wear for dry contact to
abrasive wear dominant situation for corrosion wear. The corrosion film formed at accelerated corrosion wear testing not only
lowers the friction coefficient but also the wear rate.

Keywords : Ni-P coating ; residual stress ; corrosion wear ; boundary lubrication ; corrosion film

Table of Contents
0000 OO0 OO e T VO DODOO e, v [
O e VIO O e VIE2O O e xiad
O e XVO OO OO i 12200 e, 112000
O e 21300000 e, 2000 0000 e, 3210000000
O e 3211000000 e, 321200000000000000 4213000000
OO e, 6214000000000000 .. 621500000 e 82200000
O e 9221000000000 iieieiiereann, 92220000 wiiiiiiiireeeieeeeeeenas 10223000
O e 1323000000 e, 152310000 e, 15232000
O e 162330000 e 1823400000 i, 192350000
O e 20240 0000000000 .. 2124100000000000 . 2124200
00000000000 ... 22243000000000 . 23000 0000 ciiiiiiiiiiieeeeieeieas 25310
OO0 e 26311000000 e, 263120000 e 2932000
O e 31330000 i 32340000000 i, 343500000
O e 34360000000 i 3B3.7000000 e, 3837100000
O e, 38372000000 i, 383.730000000000 e, 39374000000
[ 39380000000 e, 3938100000000 v, 40382000000
[ TS 4139000000000000 ... 2000 0000000 . 434100000
[ I PR 4341100000 e A4 4120000 e, 45413000
L e 464200000 i 474210 0000000000000000.... 4843000
OO0000 i 5043.10000000000 .. 5043200000000 . 514400
DO00000 i, 534410000000000 .. 5344200000000 iiciieinnn 54450
O e 56451000000000 . 564520 000000000 .. 58 4.5.3 XPS
OO0 e 60454 XRDO O O e, 2000 0000000 e, 645.10
O e 64520000 e, 640000 e 66

REFERENCES

[1].D. S. Lashmore and J. F. Weinroth, “ Pulse Electrodeposition of Nickel-Phosphorus Metallic Glass Alloys,” Plating Surface Finishing,
69(72-76), 1982.00
[2].L. Wang, Y. Gao, T. Xu, Q. Xue, “ Corrosion Resistance and Lubricated Sliding Wear Behaviour of Novel Ni— P Graded Alloys as an



Alternative to Hard Cr Deposits,” Applied Surface Science 252 (7361— 7372), 2006.00

[3].A. Bai, P. Y. Chuang, C. C. Hu, “ The Corrosion Behavior of Ni-P Deposits with High Phosphorus Contents in Brine Media,” Materials
Chemistry and Physics 82 (93-100), 2003.00

40000 0000000000000 0000000000000 00ooe200002000

(10000 000000000000 0000000" 0000000000000 0000200306000

[(l0000* 000000000 00000000000000000000000200507000

[(1.00000000* 000000000 0000001986000

[8]:N. S. Qu, K. C. Chan and D. Zhu, “ Surface Roughening in Pulse Current and Pulse Reverse Current Electroforming of Nickel, ”  Surface
and Coatings Technology, Volume No.(220-224), 1997.0

[Ql0 000 DO0D0D0D000000D00000" bO0DbOooOo0ooooOoooooooooz001000

[10 0000 0000000000000 0000O0000O” DOD0O000oOo00oo0ooooooooDooOo2004000
[11].J. L. Carbajal, R. E. White,” Electrochemical Production and Corrosion Testing of Amorphous Ni-P,” Journal of the Electrochemical
Society, 135 (2952-2957), 1988.00

[12].K. H. Hou, M. C. Jeng, M. D. Ger,* A study on the Wear Resistance Characteristics of Pulse Electroforming Ni— P Alloy Coatings as
Plated,” Wear, 262 (833— 844), 2007.00

[13].1. Apachitei, F.D. Tichelaar, J. Duszczyk, L. Katgerman, “ The effect of heat treatment on the structure and abrasive wear resistance of
autocatalytic NiP and NiP— SiC coatings,” Surface and Coatings Technology 149 (263— 278), 2002.00

[14].A. P. Sannino, H.J. Rack, “ Dry Sliding Wear of Discontinuously Reinforced Aluminum Composites :Review and Discussion,” Wear, 189,
(1-19), 1995.00

[15].K. Z. Gahr, “ Microstructure and Wear of Materials,” Elsevier Science Publishing Company Inc, 1987.00
[161000000000000D0D0O0O00O0O0O0O0OOY 000000 00000000 (834-837)0 199500 O

[171.0 0000000 000000 00000000000 000000D0 0O (445-457)0 19940 0O

[1810 00000 000000 000000 (368-379)0 20070 O

[191.000000* 000000 0000000198500

[20000000,* 00000000 00000 1998/01/100 O

[21].D. A. Jones, “ Principles and Prevention of Corrosion,” 2Ed, Prentice Hall International, Inc., (44-171),1997.00

[22].D. H. Jeong, U. Erb, K. T. Aust, G. Palumbo, “ The Relationship Between Hardness and Abrasive Wear Resistance of Electrodeposited
Nanocrystalline Ni-P Coatings,” Scripta Materialia 48 (1067-1072) 2003.00

[23].1. Apachiter, F. D. Tichelaar, J. Duszczyk, L. Katgerman, “ The Effect of Heat Treatment on the Structure and Abrasive Wear Resistance of
Autocatalytic NiP and NiP— SiC Coatings” , Surface and Coatings Technology 149 (2002) 263-278.00

[24].S. Alirezaei, S. M. Monirvaghefi, M. Salehi, A. Saatchi, ” Wear Behavior of Ni-P and Ni-P-Al203 Electroless Coatings, ” Wear 262
(978-985) 2007.0

[25].V. V. N. Reddy, B. Ramamoorthy, P. K. Nair, ” A Study on the Wear Resistance of Electroless Ni-P/Diamond Composite Coatings,”
Wear 239 (111-116) 2000.00

[26].B. Bozzini, C. Martini, P. L. Cavallotti, E. Lanzoni, ” Relationships Among Crystallographic Structure, Mechanical Properties and
Tribological Behaviour of Electroless Ni-P(9%)/B4C Films,” Wear 225— 229 (806-813) 1999.00

[27].L. Wang, Y. Gao, T. Xu, Q. Xue, “ Corrosion Resistance and Lubricated Sliding Wear Behaviour of Novel Ni— P Graded Alloys as an
Alternative to Hard Cr Deposits,” Applied Surface Science 252 (7361— 7372) 2006.00

[28].C.S. Lin, C. Y. Lee, F.J. Chenand W. C. Li, J. “ Structural Evolution and Internal Stress of Nickel-Phosphorus Electrodeposits,” Journal of
the Electrochemical Society, 152 (C370)2005.00

[29].K. H. Hou, M. C. Jeng, M. D. Ger, “ A Study on the Wear Resistance Characteristics of Pulse Electroforming Ni— P Alloy Coatings as
Plated,” Wear, 262 (833— 844) 2007.00

[30].D. H. Jeong, U. Erb, K. T. Aust, G. Palumbo, “ The Relationship Between Hardness and Abrasive Wear Resistance of Electrodeposited
Nanocrystalline Ni-P Coatings,” Scripta Materialia 48 (1067-1072) 2003.00

[31].1. Apachiter, F. D. Tichelaar, J. Duszczyk, L. Katgerman, “ The Effect of Heat Treatment on the Structure and Abrasive Wear Resistance of
Autocatalytic NiP and NiP— SiC Coatings,” Surface and Coatings Technology 149 (263-278) 2002.0

[32].S. Alirezaei, S. M. Monirvaghefi, M. Salehi, A. Saatchi, “ WearBehavior of Ni-P and Ni-P-Al203 Electroless Coatings,” Wear 262
(978-985) 2007.0

[33].L. Wang, Y. Gao, T. Xu, Q. Xue, “ Corrosion Resistance and Lubricated Sliding Wear Behaviour of Novel Ni— P Graded Alloys as an
Alternative to Hard Cr Deposits,” Applied Surface Science 252 (7361— 7372) 2006.01

[34].A. Bai, P. Y. Chuang, C. C. Hu, “ The Corrosion Behavior of Ni-P Deposits with High Phosphorus Contents in Brine Media,” Materials
Chemistry and Physics 82 (93-100) 2003.0J

[35].B. Bozzini, P. L. Cavallotti, G. Parisi, “ Corrosion and Erosion Corrosion of Electrodeposited Ni-P/ B4C Composotes,” British Corrosion



Journal 36 (49-55) 2001.00

[36].L. Benea, P. L. Bonora, A. Borello, S. Martelli, ” Effect of SiC Size Dimensions on the Corrosion Wear Resistance of the Electrodeposited
Composite Coating,” Materials and Corrosion 53 (23-29) 2002.01

[37.0000" O0DOO0O00O0OOO00DOO0O0OO" oO0bOoOo0oDboOOoOooooOooooao07Oo6eC O



