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Microstructure and properties of Ni/Al/ceramic coatings
plasma-sprayed on AZ91D magnesium alloy
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Abstract: By means of plasma spraying, Ni-Al/Al,O3, Ni-Al/Al,05-13%TiO, (Ni-Al/AT13) and Ni-Al/Al,05-20%TiO,
(Ni-Al/AT20) composite coatings as well as Ni-Al/Al,05/Al,03-13%Ti0O,/Al,05-20% TiO, (Ni-Al/AL,O5/AT13/AT20)
gradient coating were fabricated on the AZ91D magnesium alloy with Ni-Al as the base coating. The microstructure
characteristics of the coatings were investigated by scanning electron microscopy (SEM), energy dispersive X-ray
spectroscopy (EDS) and X-ray diffractometry (XRD). The hardness, bonding strength and thermal shock properties of the
coatings were evaluated by microhardness, tensile and thermal shock tests. The coatings with Ni-Al as the base coating
were compared with Al,O;and AT20 coatings without Ni-Al. The results show that denser interface with metallurgical
bonding forms between Ni-Al and AZ91D substrate due to Ni-Al base coating’s self adhesive effect. Ni-Al coating can
interpenetrate into, cross and gear with Al,O;, AT13 and AT20 coatings, thus remarkably improving the compactness,
bonding strength and resistance to thermal shock. Al,O; coating is mainly composed of metastable y-Al,O; while AT20
coating mainly consists of Al,O; and Al,TiOs. After plasma sprayed with Al,O; coating, the surface hardness of AZ91D
alloy increases evidently. The hardness of AT13 as well as AT20 coatings is slightly lower than that of Al,O; coating
because of the addition of TiO,. The bonding strength of Ni-Al/Al,O;-TiO, composite ceramic coating is higher than that
of Ni-Al/Al,O; single ceramic coating and Ni-Al/Al,O;/AT13/AT20 gradient coating shows high bonding strength than
Ni-Al/AT20 coating.
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Table 1 Process parameters of plasma spraying

TiO, (Ni-Al/AT13). Ni-Al/AL,O5-20%TiO, (Ni-Al/AT20)
HHWZE, LA Ni-AI/ALOy/ALO;-13%TiO,/ALO;-
20%Ti0»(Ni-AVALO5/AT13/AT20) 66 2 i 12, 5T
BT WIRE A W R OB BEUR 2 A S PR ReRr A
hIE R AR RS AR PR AR A S IO AR

LL AZ91D B4 A 3R, ZV)HE% d 25 mm X 12
mm A 30 mmX20 mm X 10 mm FIBHEIREE; BHRH
BV Ni-(17%~20%)A105 030 k4 2, Fy
ARRIEE N 45~109 pm; TAEWRZEN o-ALOs.
ALOs-13% TiO, (i &4 B Al,05-20% TiO,(Jii 25 45)
WA, RIFEHA N 38~75 um. WHATTTIHANIA, FExidt
PRIEAT BRI AN D PRAG BECREFE Ry 550 pum A7 9545,
WP K41 0.41~0.55 MPa), WEPALEEJS 2 h P S
W DURERD B EE AR L. RH Praxair/TAFA
3710 25 TR AL, SG-100 Wiky, #ahEky. L
Ar 4 FSHET, He M4, Ni-ALWREE 2, WG
a3 g 200 mny/s, D 3.2 mm, %3 1 Fios L 2mE
WEWE, 2 H 4% Ni-AVALO; . Ni-AVAT13
Ni-A/AT20 HA54RZ, UL Ni-Al/ALO,/AT13/AT20
BREEUR)Z, R R ERE T 200~300 pm.

K H ISM—6480 14t FUBEILE AT IR 2 5 B R
MAL, HPTH INCA BB M X e srs A
XRD-6000X 5 i S o3 B )= AH . K H MH-5D
S LI E VR IR, N3 50 g, fR¥F 10s, BE
BUBR)Z 5 fUE, BOF4{E . 28 GB/T 8642—2002
“ARBIR PR S R I E 7 AR R Rk
SEIRIZE G L, BAARSE d25 mm X 12mm, H E-7
il BORG 4, R RO B R R BCE 4~5 h, 5
100 CLRIE 4 ho R IEIAT IR ZPTIGE 5L
%, WFERSF 30 mm X 20 mmX 10 mm, RFEINHE]
— B, PR 15 min f5 KRS SE R IR A
W, &, LARIE AR A Ak BRIV A R

Flow rate/(L'min ")

Spray Current/ Spray Rotate rate of powder
material A distance/mm Primary gas Ar Secondary gas He Carrier gas Ar feeder/(r-min”")

Ni/Al 700 100 55 50 40 3.2
Ceramics  650—-750 90-150 50—60 50 45 3.9
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Fig. 1 Surface SEM images of Al,O3(a) and AT13(b) coatings
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Fig. 2 Interfacial SEM images of AZ91D/Al,0s(a) and
AZ91D/Ni-Al(b) coatings
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Fig. 3 Cross-section microstructures of Ni-Al/Al,0;(a), Ni-Al/AT13(b), Ni-Al/AT20(c) and Ni-Al/Al,03/AT13/AT20(d) coatings
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Fig. 4 XRD patterns of Al,0;(a) and AT20(b) coatings
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Table 2 Microhardness of coatings

Coating Hardness range Average hardness
AZ91D - 91

Ni/Al 187-203 195

Al O; 825905 865

AT13 814-865 840

AT20 781832 810

5 JinA Ni-AVAT20 E442 5 Ni-AVALOy/
AT13/AT20 B BEVRIZ MR S5 2 20 TAF 2 00 0 il 52 43
Az, B AAIRG 0.02 mm. SR, AT20 %21l B
SRR S DA S, AT AL 5 )2
FEMBUK, 5 3 RUFMENA AT20 )2, HAEREER
RIGR, BEJEIEADRFF V22, 1 Ni-AVALOy/AT13/
AT20 B vRZr, W 2 b A bl FEL i) Ao 7 A
XEEERE®RIZE RN TiO, 1%, HT TiO, &
TiALOs [P B2 Lt ALO; IS, BT AR TiO, 75 & 1) 4
IR REREZ o/ e 28R, BRI S il FE i
ZURIETRAR TR o34 Sk 2 B0 FER s, 1
Ji 5 A HIHE KR 2 B AR S AR D),
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Fig. 5 Microhardness distribution of coatings along coating

cross-section: (a) AT20 coating; (b) Ni-Al/Al,O5/AT13/AT20

coating
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Table 3 Bonding strength of coatings

Bonding
Coating strength/ Fracture feature
MPa
Break at interface of
Al 25 .
203 ? AZ91D/Al,05 coating
Break at interface of
AT20 14.72 AZ91D/AT20 coating
Ni-Al/ALO; 18.38
Ni-Al/AT13 22.56
Break in coating layers
Ni-Al/AT20 20.35

Ni-Al/ALO5/AT13/AT20  22.48

6 I 7 & %), Ni-AVAT13 . Ni-AVAT20 ¢
Ni-AlI/ALOy/AT13/AT20 % 2 AT Z A B & 45 R IZ 1
SE IR SE ST Ni-AVALO; J—B IR Z 1, iX—TJF
T AT13. AT20 HAFERZE TS A TiO,
M ALTIOs LUGREASIATE ALO; (I FLBRAE 2 T sk
%, H—Jih ALTiOs BABARMANEZIK R4, n2
VR N Ty, D IR RN ) SR R AL
Ni-AI/ALOy/AT13/AT20 #f i ¥ J2 1 45 & 56 JE
Ni-AIVAT20 XUZIR)Z 4G i m  10%, Ui iH
FESE A RN TURIZ AR 77, Jnas T %
JEZ M5

— e, DARETCHRE D A I IRV
PR ZIPTHGERE T AEARREFT, X Ni-AVALO;.
Ni-Al/AT13. Ni-AI/AT20 }% Ni-AlI/Al,O5/AT13/AT20 %5
W BV 2 53 A 250 “CTRAEA 20 ¢, 300 CREH 15
G, WKL, RIHELFPTGENE
fE. WISURMIPY, 16800 CA&MF ALO; M &4 2 1E
35 R 2R, 1 Ni-AVAT13 32 54 a4 T
FIPE . X VLA Ni-Al TR SR AT TR LA
HEWE, SGE TIREBURREMNL ST, TR
P REIR 2 I PIRGEMERE . TR S AUE, — Bt
POE I HA KT 400 'C, A5 B I 22
P A IR S PR Ni-AVAT20. Ni-AVALO+/AT13/
AT20 %653 G iR EFUBR BEVR IZ I T A T R
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1) H¥AE AZ91D B:AERRSE FHIR ALO;
B AT20 F%, WRZALAEE, SN G
T, WESGIBAR@UHIEEL 9~15 MPa), W47 T
WE SRR AT .

2) H Ni-Al VE AR 2 TR ALO; 5 AT13.
AT20 BB, Ni-ALRGZE 2R “ FoRGEE” RN ek
JER T BB BB G M Atm, HY AT13,
AT20 P& 2 HATBE . A XHMG G, TERL “IRa+Hl
B RS 2 G A, WRES S R O (B o
20~22 MPa), Wi & AEAEIRIZ A

3) ALO; R JZ EEH WA p-ALO; 411, FFHkATF
43 a-Al,035 AT20 ¥ )2 LA ALOs(y FH+a 4H)FT AL TiOs
HE, IFikAR D& TiOs.

4) B AR ALO, M B2 5 R AR K
FET(825~905 HV), BT AT13 Fl AT20 32N T
TiO,, IAJE1HE(781~865 HV)IEML T ALO; [f); H.F
BEREAE 250 CRAEER 20 Y&, 300 C FAEIR 15 X,
PRI, R R T AGETERE .

5) BA Ni-AVALOs-TiO, E A & RITRIZ 456
SR Ni-AVALO; P — B % 2 &, 1M
Ni-AlI/ALOy/AT13/AT20 #f 5 4% J2 1 45 & 5 5 B Lo
Ni-AIVAT20 V= ), XUt B 525 W B 45 40 S B2 45

P BETH AT AT 280 N IR 2 P FB N T7 5 IR 2 2 18] )
4ity.
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