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Abstract: Nb-Cr, Nb-Cr-Al and Al/Nb-Cr coatings were deposited by DC reactive magnetron sputtering and the
microstructures and initial oxidation resistance of the three coatings were studied. The results show that the as-deposited
Nb-Cr coating is composed of Cr,Nb phase and exhibits columnar structure. The Nb-Cr-Al coating is columnar with
amorphous phases. The structure of Al/Nb-Cr duplex coatings is a combination of columnar structure in the Nb-Cr and
featureless in the Al overlayer. The main phases in the Al/Nb-Cr duplex coatings include FCC Al, Cr,Nb and NbAl;.
During thermal exposure at 1 200 C in air for 60 min, the Nb-Cr coating exhibits a parabolic mass gain vs time and the
mixture of Cr,O3 and CrNbOj is formed on the surface. The Nb-Cr-Al coating presents a linear increase in mass gain and
the oxidation products are Cr,Osand CrNbO, on the surface and Al,O;in the sub-layer. The mass gain is slight and the Cr
content remains high in the Al/Nb-Cr coating after exposure. Continuous, dense and mainly Al,O;scales are formed on the
surface. It can be concluded that the AI/Nb-Cr coating possesses strong high temperature oxidation resistance.
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Fig. 1 XRD patterns of deposited Nb-Cr, Nb-Cr-Al and Al/
Nb-Cr coatings
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Fig. 2 Surface SEM and AFM images of deposited coatings: (a), (c) Nb-Cr; (b), (d) Al/ Nb-Cr
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Fig. 3 Cross-sectional fracture SEM images of deposited
coatings: (a) Nb-Cr; (b) Nb-Cr- Al; (c) Al/ Nb-Cr
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Fig. 4 XRD patterns of coatings after annealing in Ar

atmosphere

U RTAIOE/N A

2.3 AREHIMENKE
B R J2 R B R T AR A EA BT R O W THE B

1 200 C, IRFEM TR BERE AR E S@)FTR.
&l 5(a)i &, Nb-Cr-Al fil AI/Nb-Cr i/Z 4145 700
ChiAa KA WA ARSI, 1 Nb-Cr ¥R 2 1 W) 5
900 CZifi, UL Al I (LAA G sl 2 1 77 20 B
fI& T Nb-Cr ¥3)2 TP IR AL 4k 2L THE 52 950 °C,
Nb-Cr-Al i JZ I TS, XN Z2 iR AR
T AR TR W3 K3 B A A v P 3

B S 1200 CHITR)JZIAFE ORI 60 min, ik
FEAE ORI R i Bt e A an ] by HHE 5(b)
A, AUNb-Cr EEWREELRRIE R U AR T
TAIIE I, 60 min Ji 4L 540 0 0.089 mg/em’s
Nb-Cr-Al V)2 I I AE CRif e R o M T AL 1 11
BN, 60 min 53 )5E K 0.528 mg/em?®, AL A
(A REARARFE B TR 233t — 2K Nb-Cr ¥ )2 (13
JT et SR R £ 07 5K, S I DO R N S
RPER L TR EE 52 , 60 min 38 5200 0.462
mg/cm’,

X1 200 CE AL 60 min J5 (5 E TR H SEM

0.8

(@)

Mass gain/(mg-cm2)

0 200 400 600 800 1000 1200

Temperature/'C
0.6
(b)
- -
- 7~
(IG\ Nb-Cr P
£ o4f —
d -
E P
5 L~ b-CrAl
.50 .
2 7
@ 0.2+ -
= -
// Al/Nb_C]‘ .................
/ ......................
i s - I I |

0 10 20 30 40 50 60
Time/min

E5 3R EEETHEAN 1200 C A Fe e (s 4k o it
24

Fig. 5 Mass gain of coating samples during thermal exposure

to air: (a) Increasing temperature till 1 200 C; (b) Held at

1200 C for 60 min
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Fig. 6 Surface SEM images and XRD patterns of coatings exposed at 1 200 C for 60 min in air: (a), (b) Nb-Cr; (), (d) Nb-Cr-Al,

(e) Al/ Nb-Cr; (f) XRD patterns
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