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Preparation and corrosion resistance of
Ni-P amorphous-nanocrystalline composite coatings
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Abstract: Amorphous-nanocrystalline composite coatings were prepared by annealing electrodeposited Ni-P alloy with
12.3%P (mass fraction). The structure of coatings is studied using X-ray diffractrometry, transmitted electron microscope
and high resolution transmission electron microscope. The results show that the as-plated coating exhibits a
rounded-mound topography and has an amorphous structure. Through the potentiodynamic polarization curves, the
corrosion data of the coatings are obtained. The corrosion resistance of the partially crystallized coatings is improved. The

corrosion resistance of partially crystallized coatings is better than that of Ni-P amorphous alloy, due to a small quantity

of nanoscale crystals embedded in amorphous matrix.
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Table 1 Composition and conditions for electrodeposition of

Ni-P

Composition/(g'L™") Operating condition
NiSO,4 7H,O 240 Temperature/'C 60+1
NiCl,'6H,0 28 pH 5
H;BO, 30 J/ (A-dm™?) 2
H;PO; 20 Deposition time/min 120
Na;C¢Hs0, 40

12 WA

B AU SE R i TEM—100CXIT 4375 ) ri s
JEM—2010 &4 % 4 S (HRTEM) A1 D/max-RB X
SHRATHAN (XRD, Cu K )7 H7. #2855 SAE X
S RETE (U (EDS) T

ZERFIH 2 (DSC) SR AL 5 [E) NETZSCH /A A
A7) DSC204 AR A BT, IIRAE
A J RN T, FHEEA R 10 °C/min.

KB AR, 7F EG & GPAR Y 273 i}
SR E A BT, WA 1 em X 1 em,
YRH R A Z L b, AR r AR B i, Hfi
JiCh 3.5%NaCl i«
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Bl L, ARESEERENAE TEM Wi {50h S 15058 W
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Fig.1 Bright field image and diffraction pattern of Ni-P alloy

coatings
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Fig.2 DSC curve of amorphous Ni-P alloy coatings in

nitrogen
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Fig.3 XRD patterns of amorphous Ni-P alloy coatings at

various temperatures for 10 min
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Fig.4 TEM diffraction patterns for samples annealed at
various annealing temperatures: (a) 270 C; (b) 300 C; (c)
320 C;(d)360 C
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Fig.5 HRTEM micrograph of Ni-P coatings by annealing at
320 C for 10 min
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Fig.6  Potentiodynamic polarization curves of coatings in

3.5% NaCl solution
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Table 2 Corrision parameters of coatings

Type of coating E.o/mV J/(nA-cm %)
As-plated —326.1 0.914
Annealing at 270 C —174.6 0.494
Annealing at 300 C —-167.6 0.625
Annealing at 320 C —196.9 0.823
Annealing at 360 C —213.7 1.005
Annealing at 420 C -212.0 1.242

10 min J5 8% )22 (10 16 et Hh 30 5 P AT B 20 )2 110 1 o
MR, e A I 5 R A 0B 2 1 g el e 3
T B TS 2 . R Rk R
B GERBEJAE 3.5%NaCl ¥ HH 109 65 ok 370 5 AR
3 0.494 F1 0.625 pAlem?, FATEEFAmMME. BT
AU AR TR G 82 A, F, JE8
A AT TR RRAH 1Al i, SRR AR AR A
(1) P & ERGARLL, FRAERAK AR AR ENE
T AT S R NS, 8% 22 N NaCl i i
B ICEAN TP BAT A B W, YRR
BB RE PR e, S b, A A IR TR o 4
Bre AL, ARMAK R ESMEE I AT, gk
Bl A T TSR AR B A, R IT
TE R BRI ) S AR e PR 22 A B AR AR A B
BEALIE A Dy I RAR o BEAG AC IR B 0 T, A
B JAAEAN T T T BBl B 1 380 T R e T BRI

EARHLEE H AEATE A, AFE 5 AR R 5
ik, AT LLE AR 2 I o o st Rt

BIF 52 MU A Al R A ) ) ST AT AR A 4
FAEPE TG R YL PR S PR . Schenzel
SRS T A2 IR A Ni-P 2 T RO 5 ) R S
1700 GUR R 52 Ja T A AR b Ni-P 8= (TR
JERE A IR, MBS CUL SO 45
TS, ek, ARG SRR, W LY
SR R R . AR NisP, W RASE

AP,
3 #ig

1) PRI &5 12.3%Ni-P 5482 B Ak

A G o AR ASERIE S 2 2 A B B gk
diAH B AR BRI T, BT (AR OR R .

2) S AR AR SR AN K A A )2 0 AL 2 A SR
W, HA DRIk AR TS E 58 EE
3.5%NaCl i H B AT 5L (P il

REFERENCES

[1] Inoue A. Bulk amorphous and nano-crystalline alloys with high
functional properties[J]. Materials Science and Engineering A,
2001, 304-306: 1-10.

[2] Zhang S, Sun D, Fu Y, Du H. Recent advances of superhard
nanocomposite coatings: A review[J]. Surf Coat Technol, 2003,
167: 113—119.

[3] Inoue A, Kimura H. Fabrications and mechanical properties of
bulk amorphous, nanocrytalline, nanoquasicrytalline alloys in
aluminum-based system[J]. Journal of Light Metals, 2001, 1(2):
31-33.

[4]  Skorvanek I, Kim C G, Kovac J, et al. Soft magnetic behaviour
and permeability spectra in amorphous and nanocrystalline
FegosNb;B), 5 alloys[J]. Journal of Magnetism and Magnetic
Materials, 2000, 215-216: 440—442.

[5] Okumura H, Laughlin D E, Mchenry M E. Magnetic and
structural properties and crystallization behavior of  Si-rich
FINEMET materials[J]. Journal of Magnetism and Magnetic
Materials, 2003, 267: 347-356.

[6] BN, AEbL, 35 WOAHERVAUK S AlesSiss B

WMALZI]. FELIRR, 2002, 11: 32-34.
ZHAO Zhan-kui, LI Jian-chen, JIANG Qing. Microstructure of
amorphous and nanocrystalline AlgsSizs alloy prepared by
supercooling[J]. Journal of Materials Engineering, 2002, 11:
32-34.

(71 skZME, EE, 7 L AERSES ST KBRS
KRATHITIN]. 24, 2002, 38(6): 609-612.

ZHANG Hong-wen, WANG lJian-qiang, LU Ke. Kinetics of



ERVES R

O, S BREARRAK O S R B R

1485

[9]

[10]

(1]

crystallization nucleation and growth in Al-rich metallic glass[J].
Acta Metallurgica Sinica, 2002, 38(6): 609—-612.

e, W B, MOBH]L B KPR AR /90K S SR
NdFeAl )4 5 gl & (7], b B A 8@ 2= 4%k, 2001,
11(3): 363-366.

SHA Yuan-zhi, LAN Tu, LIN Guang-ming. Investigation on bulk
rare-earth Nd-Fe-Al amorphous/nano-crystalline alloy[J]. The
Chinese Journal of Nonferrous Metals, 2001, 11(3): 363—366.
Marshall G W, Lewis D B, Bodds B E. Electroless deposition of
Ni-P alloys with and without the use of superimposed pulsed
current[J]. Surf Coat Technol, 1992, 53: 223-230.

FRRE, W, AR A EBES SRS 5 M Ee[T].
[ 042 B 2441, 1998, 8(3): 415-419.

WU Yu-cheng, DENG Zong-gang. Microstructure and properties
of amorphous Ni-P alloys[J]. The Chinese Journal of Nonferrous
Metals, 1998, 8(3): 415-419.

FORT. AR S B QUK A AR AR D], SR AR, 1994,

[12]

[13]

[14]

[15]

30(1): B1-21.

LU Ke. Phase transformation from an amorphous alloy into
nanocrystalline materials[J]. Acta Metallurgica Sinica, 1994,
30(1): B1-21.

Tam M K, Shek C H. Crystallization and corrosion resistance of
CusoZrssAls bulk amorphous alloy[J]. Materials Chemisity and
Physics, 2006, 100: 34-37.

Malfatti C F, Zoppas Ferreira J, Sontos C B, et al. Ni-P/SiC
composite coatings: the effect of particles on the electrochemical
behaviour[J]. Corrosion Science, 2005, 47: 567—580.

Sousa C A C, Kiminami C S. Crystallization and corrosion
amorphous  FeCuNbSiB[J].
Non-Crystalline Solids, 1997, 219: 155-159.

resistance  of Journal  of
Schenzel H G, Kreye H. Improved corrosion resistance of
electroless Nickel-phosphorus coatings[J]. Plating and Surface
Finishing, 1990, 6: 50—54.

(Wi PREE)



