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Wear behavior and corrosion resistance of NiCrAl/TiC
composite coating on aluminum alloy by laser cladding

LIQi, LIU Hong-xi, ZHANG Xiao-wei, YAO Shuang, ZHANG Xu

(Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: In order to improve the frictional wear behavior and corrosion resistance of aluminum alloy, NiCrAl/TiC
composite coating was fabricated on A390 aluminum alloy by laser cladding. The phase constitution, microstructure,
frictional wear behavior and corrosion resistance of the composite coating were analyzed using X-ray diffraction (XRD),
energy dispersive spectrum (EDS), scanning electron microscope (SEM), friction and wear testing machine and
electrochemical workstation. The results show that the coating is mainly composed of AINi, Al;Ni, and TiC phases, and a
small amount of Cr3NisSi,, CugAly and a(Al) phases. The microstructures of the coating from the bottom to top are
dendrite crystal, cellular crystal, columnar dendrite crystal and equiaxed crystal, respectively. Under the same wear
condition, A390 substrate exhibits serious abrasive wear and peeling characteristics, while the cladding coating exhibits
slight abrasive wear behavior. The relative wear resistance of cladding coating is 3.16. The polarization curves and
electrochemical impedance spectroscopy (EIS) in 3.5% NaCl solution indicate that the corrosion potential of the coating
is more positive than that of the matrix, and the corrosion current density decreases significantly. The coating exhibits
capacitive reactance behavior, but A390 substrate exhibits capacitive reactance in high frequency area and impedance in
medium low frequency area. In Bote diagram, the phase angle of composite coating in low frequency area and the
impedance modulus value of coating in low-middle frequency are larger than those in the matrix. This proves that the
composite coating has better corrosion resistance compared to that of A390 aluminum alloy. The corrosion morphology of
the cladding coating is localized pitting, but the corrosion morphology of A390 matrix is intergranular corrosion and
erosion.
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1.1 RKHEEFE

FEMIE RS LA AL-ST &R A390 BG4, JL L
SRR B) N - Si: 16%~18%. Cu: 4%~5%- Mg:
0.45%~0.65% 45N Al). RIMLLY)E 5T,

Kb BRGNS A A R RS R, AR R 3R TR
JeRE R IR, SRR RS ) S e, DAL BRIA
FER HRAFI A 22 BRIy 55 . SRRl E+E
40 99.8% FLFZ 100 um ff) NiCrAl(Cr: 18%- Al:
6% RHLA Ni, JUE 7 EOMAiE R 99.8%. R 100
pm ) TiC REGH R W JE RN ZWIESE TiC &
SINTIASZE, T 78 = 3 1H 75 B SR R
TR A E A 88:12. FHA HUKL S FIHR AR R
THE AL A390 F55 & Hp R I (FUE 2 A 1.0 mm, 5
& 5 mm) BN TR 70 CTH: 5 h R H
YRR 245 4E GS-TFL-6000 AR Z % CO,
WOLHE BT BAR TZSH T WOLTI% 4.0 kW,
I 400 mmy/min, BAES 45 mm, FJEIGHENGT
Smm, Ar {7 25 L/min(26E 99.99%).

1.2 SRBEREMFMEERIE

I R DIEPRO e A R T BT RO T
) DI UG il AR, A 7K (HNO; F1 HCL A4
LR 13) i & AH R FE AR T 10~15 s, JF4 XL30
ESEM-TMP A4 434 i+ i fl B3 (SEM) WL 42045 782 J = T 4
A3, SR 518 i XL30 ESEM-TMP £ 474 1 5% (SEM)
JILHTI Y Phoenix+OIM REIEA(EDS) /4 2+
AR XA TC 3 3 A

&) D/max—3BXJ & X 512 (Cu K )ATHHMX BT ik
Nl E R IR, T 40 kV, B
30 mA, ELEFHIE, FHEEE 10 (°)/min, fTHA
Tl 200~90°, EiE MMU-5 %4 i & 4 —44 i 1] R4
PEBAR IR 2 AE S RIS R T8 8l 4 1F 1 1 g
BEEERE, EARRE N R E R AT d 4 mm X 15
mm [H44, FiRFER Cri2MoV #57EFR(57~59HRC),
WY 7 5N, #3100 r/min, BEHUNAE] 125 min, SH
FIPHE 1056 m. EEUTCRESURRHKE N 0.1 mg 1)
HL R P R

IR )ZAE 3.5% (73 BONaCl T AR A
LR RNk 2Z B PTIE (EIS) - CHIG60D FEAL 2% T ARk
SERGe  HIAREL T AR = A, AR A S Rb
AT B PR 5 I )2, RER AR I TR 1 em?,
ZHHRC AT 7Rk (SCE), Hlih AR 40 F o AAt il
2R AL -2.2~0.2 V, FIHI#EZE 10 mV/s, FFHE
INFIE) 2 so 76 E Ay N T A ZEBRBTRE I B, 2
W EIRIE A 5 mV, SEJEHECh 10 mHz~100 kHz.
WG R 2 BE BRI 1l f5 () TES50d i 14 v 7 24
BH(SEM)M 5,
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Fig. 1 XRD pattern of laser cladding coating
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Fig. 2 Microstructures of cladding coating at different positions: (a) Bonding zone; (b) Bottom zone; (c) Middle zone; (d) Top zone
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Table 1 EDS analysis results of element chemical

composition at different positions shown in Fig.2

Position Mole fraction/%
Zone
No. Al Ni Ti CcC C O «a
1 38.28 535 149 — 3.59 51.303.59
2 Bonding 76.37 22.12 1.52 — - - =
3 59.28 28.33 1.16 — 1.14 8.63 1.46
4 Bottom 57.6435.64 1.13 — 1.57 4.02 -
5 34.50 39.07 5.69 — 11.19 954 —
Middle
6 35.46 35.14 8.50 8.58 4.70 7.63 —
7 50.66 36.81 2.83 — 235 735 -
8 30.02 19.59 — 13.22 6.78 28.12 2.28
Top
9 - - 65283472 - - =

—_
(=}

— 149 64.6933.82 — - -

B E TS n(Al:n(NDBEIE 1:1. 7] WAERB R A i
FRsEVERAF ¥ AIND AHCGHA Fe—To 3 e AR TR & 1
W, AE ARt TR ARE) . AL 6 A n(Ti):n(C)
214 1:1, KWK TiC Bk & A4E 7 it Ja AF AINi AR
men R AET Ti 5 C B4, TR/ TiC i
Lo 57 2 T 5 2 s TP R M A ST AR/ T
Fi(Z) 5 um), ABTREERAAE -

2.3 BREMERITA

B 3 0 b s 78 J 2 AEAH R B B 4 1F T 125
min P AN]SR I (] B 04 B s 1 e LG . AR 3
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Fig. 3 Wear properties of A390 substrate and cladding
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Fig. 4 SEM images of worn surface of A390 substrate (a) and
cladding coating (b)
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%2 A. BW I EDS JTHEIN T4 R
Table 2 EDS analysis results of positions 4 and B shown in

Fig. 3

- Mass fraction/%
Position
Al Ni Ti C Cr O (l
A 45.87 43.71 097 - 946 - -
B 31.56 27.79 16.14 12.11 - - -
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aluminum alloy substrate and cladding coating

Potentiodynamic polarization curves of A390
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Table 3  Fitting corrosion parameters from polarization curve

Sample Peor/V  Jeor/(107°Acem ™) R, /(Q-cm?)
A390 substrate  —1.436 1572 255.6
Cladding layer ~ —1.029 1145 3422
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Fig. 6 Electrochemical impedance spectroscopy of cladding

coating and A390 aluminum alloy in 3.5% NaCl
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Fig. 7 EIS Bote graphs of cladding coating and A390 substrate in 3.5% NaCl solution: (a) Frequency—¢ curves; (b) Frequency—Z

curves
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Fig. 8 Corrosion morphologies of A390 substrate and cladding coating: (a) A390 substrate; (b) Cladding coating
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