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Microstructure and formation mechanism of plasma-sprayed
nanostructured composite ceramic coatings

WANG Dong-sheng" % TIAN Zong-jun"?, SHEN Li-da?, LIU Zhi-dong"?, HUANG Yin-hui"?

(1. Jiangsu Key Laboratory of Precision and Micro-Manufacturing Technology,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. College of Mechanical and Electrical Engineering,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The nanostructured ceramic coatings were fabricated on TiAl alloy surface by plasma spraying with
agglomerated Al,03-13%TiO, (mass fraction) powders. The morphology, microstructure and phase of the powders and
coatings were investigated by scanning electron microscopy and X-ray diffractometry. The formation mechanism of the
coating was discussed. The results show that the nanostructured ceramic coating consists of the fully melted regions and
the partially melted regions, and the fully melted region has a lamellar-like structure as the conventional coating.
According to different microsturctures, the partially melted regions are divided into liquid-phase sintered regions such as
a three-dimensional net or skeleton-like structure, Al,Os-rich submicron particles distributing in the TiO,-rich matrix, and
solid-phase sintered regions such as remained nanoparticles. Partially a-A1,0; phase and all #-A1,0; phase in the
nanostructured powder change to y-Al,O5 after plasma spraying. The fully melted region, liquid-phase sintered region and
solid-phase sintered region of nanostructured composite ceramic coating are derived from the region of

the nanostructured agglomerated powders, where the temperature is beyond 2 045 °C (melting point of Al,O3), ranging
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between 1 840 (melting point of TiO,) and 2 045 °C, and less than 1 840 “C during plasma spraying, respectively. The

formation of the solid-phase and liquid-phase sintered regions in the partially melted region is attributed to the melting

point difference between A1,0; and TiO,.

Key words: Al,05-13%TiO, nanostructured composite ceramic coating; plasma spraying; agglomerated powder;

formation mechanism

P AR B AT UL RO I Tl AR BT it
SEATERE, AR, TR ST IR 22 X A
LU, HAELUINT, AN HIRZ SRS, a)mk
TP e 2% S B REAT ML R A 5 e R T g e o =
ME g GlER, EAREPRMBIZR G LS, RN
AR R PERERNIABEVE B T 28, BRAGAH M FRAR I &L
ERRE . A, N TR 37 BE RER = L G <
JeE FEARERE LA 3 55 B BE A RN IV I (1 — 251 250
2.

PR BAE R T A Ry (K SR,
EAERMEA A T AL PEREATE FE A2
T FRISORG LR AR I B B AOIRES .
2o R TR BUE TR AL 20, I M e 28 A B
MR b, A RR A 2 e st SRR
AT BECUNT B B S DL veiil 35 A I Ay — Foft
MRS BER IR AR, Hrh S5 3 FmiiRboR
peta i MU R e SR NN A B ] o ez =5 2 NI E
C N THOR ALy 164, HUBORI A= 4540
igz[kZ]Q

GURAPBE T ISR IR NE . HoA— bR
CIgRA LR BE, D55 B iR R TERE M midk
PATRIZAT o AH B TAPRBRA BT (1~100 nm) Al
RN, SIS RE R 5 f ke s, ik, A
RE BRI AR, SEBn A AR g KOk A4 L
A ERGE S e ELR AT AR TR 4K
PRI R . S8BT WRRGPK SRR 2 S 24

FLL, 258 FBERACK A MR Z R . BT, Pl
i B\ AR NG 57 A5 T A W i, HA sy
WAL I B A FIRZFERE. A2 2= A HAKE
BRI PERE AR = A PR T 2 v 3RA 1 58 A4 A X R
TR A DX (R IR P AR 45 44

A A UL BB AR ALOs-13%TiO,(JF 543 %)
A BB R AR I MRL, SR A B TR 7 TiAl
BRI ARG ER)Z, TN RARIZN
T ZREE 4, T A YK B SR Aok AR AR i +F
VRZ T A P AL G5 14 (T B LEE

1 LG

11 sKIewtHd

SIS AR RE A b st AT 77 Bt e i A R L
FEHTIEIRIN p-TiAl 244 (TAC-2), ] 20 mm X 16
mm X 5 mm, 4 AAE S R Ti-46.5A1-2.5V-1Cr( B
IRMEL, %)o ILUEE AL IR W TR BE & JE A kLT
A FE I Y,05 5K B NiCoCrAl 8 & 4 i K
(KF-113A), H Wi 4 45~105 pm, % X5 Hh
Ni-20Co-18Cr-15A1-2Y,0;(Jli i 0 51, %) K iU
JA TN TN &R )5S AR S 2 VK 1)
PMEREZE S, DAASNY ), BEGRIRETTRL, (R
SRR AR S IR G & 1. AR ISR Mok R 35 ]
Inframat 2 7] 24E 7 {524 Nanox S2613P [Py K, 1L
4 SURY H ALOs-13%TiON(BA R RI#R A n-AT13). %
AR STl g, Hom TRARE A : Hok
FERiAE 30~80 nm GAKRL T LB ARAETFI, IIA—
SEIN NG, R BRI A 7185 5545 B /Nt
Fis SRR 20 1)/ INBURE 58 5 HEAT 250 °C A2 47 G
FRLEA 1 000 CA A milhledt, IRAFERIRTICK Zeah
KT B RORL, IR AR RS 43 A 10~50 pm,
K 1(a) T AR (R 40K BUER Ak K IR TE S .
Bl 1(b) ] LUE 2 e & ook R IR 9Kk 1 2.4
AR IWEL 1B R AERIES AT UG H, A
YRR L TRA KK, FEARGERERMGAK R, H
I TR A AT KR A A — 58 B FE R 4 2
FURGIE, S9N T DUE B oK I FLBR 245

5] o

12 RBER&EILZMEE

RIS B TR H % KF-113A 12 K n-AT13
P BE2E, WV b 3 B 3 s T A W) AR 1Y) 3710
VS B TR RS WHRTTAFELTTBE . B A a5
TALEE . FEARAGIOAE B WA T 2N, W BASRIG4IK
TORLA A 5 P45 15 380 1) SE AR AR R R 58 A AR I gl oK
TR NAH AL R R AR G5 oK bR 2, 52
5B R FH MIRHAL I T &S 55 T4 1.



919 & 10

FRA, S SFETBURYORE G W RR)E AL LI LR 79

1 n-AT13 EEFEERIA AL M N HE SEM T3
Fig.1 SEM morphologies of n-AT13 composite ceramic

powder(a), surface(b) and internal of powders(c)
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Table1 Plasma spraying parameters

Process parameter

Bond coating  Ceramic coating

(KF-113A) (n-AT13)

Current/A 710 870
Voltage/V 42 42
Primary gas, Ar/PSI 65 45

Secondary gas, He/PSI 115 140
Carrier gas, Ar/PSI 45 45
Powder feed rate/(rmin”") 2 3

Spray distance/mm 110 110

Traverse speed/(mms*l) 100 100

Coating thickness/um 100 350

1.3 SRR FE

KM ISM=7100F M(JEOL)¥ & S 414 i 1 54
BI(FESEM)MLSH A RNRZTES: i X I 4eAi741(XRD)
e BEAT K AR AR JZAH 23 B, A7 5 S0 06 AE AR B 4
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50 kV, HL#A 200 mA, FHEEER 4(C°)/min, 6
4 0.02°,
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Fig.2 Cross-sectional SEM morphology of plasma-sprayed
n-AT13 coating
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B3 S5 TWHR n-AT13 J7E 210 SEM 4
Fig.3 SEM images of plasma-sprayed n-AT13 ceramic coating
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Fig.4  SEM morphologies of partially melted region:
(a) Non-etched; (b) Etched, liquid-phase sintered region (a
three-dimensional net or skeleton-like structure: Al,Os-rich
submicron particles distributing in TiO,-rich matrix); (c) Solid-
phase sintered region (remained nanoparticles)
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Fig.5 XRD patterns of as-received n-AT13 powder(a) and
plasma-sprayed n-AT13 coating(b)
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Fig.6 Schematic illustration of melting states of nanostructured

agglomerated composite ceramic powders during plasma

spraying and microstructure in ceramic coating
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