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Preparation and Properties of Electrodeposited Amorphous Fe-Co-Ni-P Coatings
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Abstract: Fe-Co-Ni-P alloy coatings with different P content were prepared by adjusting the amount of H;PO3(15~40 g/L) in
the bath. The influence of P content on the structure and properties of the electrodeposited Fe-Co-Ni-P alloy coating was
analyzed by XRD, AC impedance spectra and ultrasonic cavitation test. The results show that these alloyed coatings are
amorphous. Higher P content is benificial to refine the cellular structure of coatings, which helps to improve the corrosion
resistance of the coating. When the H;PO; content in the bath is to 40 g/L, the coating has the best corrosion resistance. When
the H3POj; content in the bath is to 15 g/L, the AC impedance spectra show the characteristic of Warburg impedance. However,
when the H;PO; content in the bath is 20—40 g/L, it only have a capacitive arc, which indicates ablocked diffusion in the
electrode process. When the H;PO; content in the bath is to 40 g/L, the charge transfer resistance Rf of the equivalent circuit
coating reaches the maximum value 3 494 Qecm? in all the coatings. Moreover, the coating fabricated from 40 g/L H;PO; has
the best cavitation resistance performance.
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Table 1 Bath formula of Fe-Co-Ni-P alloy coatings

Reagent Content / (g'L™")
NiSO,-6H,0 120
NiCl,-6H,0 40
FeSO,-7H,0 20
CoCl, 6H,0 10
H,PO, 15-40
H,BO; 30
C¢HsNa;0,-2H,0 40
CH,(CH,),,;SO,Na 0.08
CsHgOg 10
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Fig.1 XRD patterns of Fe-Co-Ni-P alloy coating with different
H;PO; content in the bath
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Fig.2 Effects of H;PO; additions on the surface morphologies of Fe-Co-Ni-P alloy coatings
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Table 2 Mass fraction of each element in the alloy coating (w/%)

Content of H;PO5
Element
25 g/L 30 g/L 35¢g/L
P 11.06 11.30 11.59
Fe 2.64 2.89 2.89
Co 8.73 7.86 8.89
Ni 77.57 77.95 76.64
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Fig.3 Polarization curves of Fe-Co-Ni-P alloy coating with
different H3;POj; content in 3.5% NaCl solution
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Table 3 Corrosion current and corrosion potential of Fe-Co-Ni-P
alloy coating with different H;PO5 content in 3.5% NaCl solution

Chypo,/(g+ L") Corrosion current / pA Corrosion potential / V

0 16.355 -0.187
15 31.570 -0.300
20 8.638 -0.332
25 8.927 -0.408
30 7.572 -0.308
35 5.564 —0.494
40 4.071 —0.451
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Fig.4 AC impedance spectroscopy of Fe-Co-Ni-P alloy coatings
with different H;PO5 content
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Fig.5 Enlarged view of AC impedance spectroscopy with 15 g/L
H3PO; content in the plating bath
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Table 4 Effects of H;PO; additions on the surface porosities of
the alloy coatings
Cupo,/(g-L7") 15 20 25 30 35 40
Porosity (pellet-cm™) 2.857 1.143 0 0 1097 O
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Fig.6 Equivalent circuit for the corrosion of Fe-Co-Ni-P coatings
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Table 5 Fitting data of the AC impedance spectra for Fe-Co-Ni-P
alloy coatings

Ciro. ! ©1/(10° Rf/ 0,/(10* Ret/

(gL uF-cm?) (Q-em’) uE-cm’) (Q-em’)
20 25.25 290.8 2.281 21.44
25 6.191 1639 2.631 2391
30 3.767 1910 1.592 24.51
35 2.231 2720 3.783 15.86
40 1.741 3494 1.230 49.18
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Fig.7 Weight loss of the samples after 8 h cavitation



5230

B, . IR M Fe-Co-Ni-PHEJZ Yl & S Mk 97

(a) 25 g/ L H;PO,

X

(b)35 g/ L H,PO,

20, >

(c) 40 g/ L H,PO,

K8 S AN HAPOS 5 1 Y PR U5 R RTE A

Fig.8 Eroded surface morphologies of the samples made from different H;PO; content in the plating bath
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