AR WA Es5l
- 154 - SURFACE TECHNOLOGY 20184E5 A

Tbh.0O, *ﬁ Cr,0:-TiO, E =l 72511 Il%;—l:l *ﬂﬂ
AR ERE R R

*ﬁ Hﬁa 153—1—% *ﬁ/l\\; g%%], I;\&; %*’tf\
(MABRRTZI5AT, R 100076)

B E:. By 1235 Cn0s-TiO, R LA ZE M5, Fik VA Cr0;. TiO,. NiO., Tb,0; 4 B4, £ %

TR IR BRI BB R B R T B A AR IRA MG Cr05-TiO, A 2 A A B AHIK, AR

KEAHF BFoikik e TCA 462k @4 & Tb0; 8% Cr05-TiO, A &R E. > Jﬂ#ﬂ#m%%iﬁi%t\

SHEATHAL, IRE-2 LC 484 XAL, 2 ) ST AE S 6 RARLALULE M) | M AaLL R B S ST RE AT T R,

Eﬂfk:JuF B AR IRTG ARSI MERST, THAFETRARESMERA, A& Cr0s-TiO, )%Féa'fc
RBE AR S EIF, RTPRARERS, REFHLEG O LESAHY, TV, TV SHEAEETF, R

)Q NiCr,O4 K 84 B ¥ 7 E 248805 NiZT, CFF, F8 38— TR MGG ERBIR, Sakme E3) A

ARG AR T AT R E BT, ME Tb,O, B30 %, B ELXFEZH LA, BT

KB TS%EE, REL 600 THEkEA L4t 555 091, &3 Tb,0, % LB & A T VU 232 5 Cr05-

TiO, R LR B EIT R, LB 2 F KR dh 6 da R T, If B ERE 0 585 5E

KR FETR; CnOs-TiO, ik By SAMHE; Th,0,454; H54F; fBihitst

FESES: TG174442  XEFRIRED: A XEHS: 1001-3660(2018)05-0154-05

DOI: 10.16490/j.cnki.issn.1001-3660.2018.05.023

Microstructure and Radiation Property of Th,O; Doped Cr,0;-TiO,-based
High Emissivity Coating
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ABSTRACT: The work aims to improve the radiation property of Cr,O3- TiO,-based ceramic coating. Cr,0s, TiO,, NiO and
Tb,0; were used as raw materials to prepare Cr,03-TiO,-based composite powders with mix structures of spinel and perovskite
by spray drying and high temperature sintering densification treatment. Tb4O; doped Cr,0;-TiO,-based high emissivity coatings
were prepared on TC4 titanium alloy surface by atmospheric plasma spraying. The microstructure, phase composition and radia-
tion property of samples were respectively characterized by SEM, XRD, and IRE-2 infrared radiometer. The sphericity and
fluidity of the composite powders were preferable after agglomeration and suitable for continuous plasma spray. The prepared
Cr,05-TiO,-based ceramic coatings were in good melting state and high flatting degree and the distribution of Tb elements
doped in the coatings was uniform. The doped rare earth elements like Tb** and Tb*" ions replaced Ni**and Cr*" with similar ra-
dius in the NiCr,0y spinel. Thus, the uniformity of the single crystal structure was damaged, and the change of the cell volume

inevitably caused the lattice distortion, then the radiation belt was strengthened and widened obviously. The emissivity of coat-
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ings went up as the content of Tb;O; increased, and the normal total emissivity ran up to 0.91 at 600 ‘C when the dopant amount

of Tb,O; reached 7.5wt.%. The addition of rare earth oxide like TbsO; can effectively improve the emissivity of

Cr,05-TiO,-based ceramic coating, and the doped rare earth can cause crystal structure distortion of spinel, so as to improve the

radiation property of coating.
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Tab.1 Powder component ratio of Cr,0;-TiO; based high
emissivity coating

wt.%
REERS Cr0; TiO, NiO Tb,O;
TB2.5 67.5 20 10 25
TB5.0 65 20 10 5.0
TB7.5 62.5 20 10 75

1.2 REH&IE

KRk ERBEERAF] (Oerlicon Metco ) HIRA,
LB TRV (WS FAMB) 45 NiCrAlY K4
g2 (JEEZ R 100 pm) Al Cr,05-TiO, 3 E SR )2E
(JRFEEZ) R 300 um ). 3 2 R TR B K345 B 10t
WIS R TC4 8 A S MR R R R,
T2 4 AL B Al XRD ARSI 40 A ) 1 R
K/NA 12 mmx12 mmx8 mm, T & 5 580 5L A
FERSE N #25.4 mmx10 mm.,

&2 APS ##& NiCrAlY #5&E M Cr.0:-TIO. EF A HRREN I EZSH
Tab.2 Process parameters for NiCrAlY bonding coat and Cr,0;-TiO,-based high emissivity coating prepared by APS

Ve Sl FLIE/A HLE/V ﬁi%‘bﬁﬁ/(bmin*l) %/ﬁﬁﬁ/(bmin*l) iz*ﬁi/(g'minfl) 874 A 28 /mm
NiCrAlY 630 68 38 8 45 110
Cr,05-TiO, R 52 700 75 38 12 32 100
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Fig.1 Surface and cross-section morphology of
Cr,0;-TiO,-based composite powder before and after
sintering: a) Spray dried state, b) Spray dried +sintered
state at 1600 C
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Fig.2 XRD patterns of Cr,0;-TiO,-based composite powder
before and after sintering
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Fig.3 Microstructure of Cr,03-TiO,-based coating: a) Surface morphology of TB5.0; b) Cross-section morphology of TB5.0; c,d)
Cross-section morphology and Tb element distribution of TB2.5 coating; e,f) Cross-section morphology and Tb element
distribution of TB7.5 coating

2.3 ®ZE XRD ¥1tEoth

4} TbsO; 824 Cr,0;-TiO, F R 2 XRD K3
M 4 LA, ZFNRJE AT IR —F, B
BT NiCrO4 2R i A 25 A TiCrO;. TbCrO; P Ff
FERRE S5 F A, X SR SR B FEAR —B, 1
HH 5 B T WU AR R X A R v 0 A 5 4 7 A S, Ry
A R B 2 A A 245 R A 48 55 S T RO S S8 A PR AT 3
WET M Tb,0, B4 2.5%F, 12 H1 L NiCr,0,
R TiCrO; N E, FEE Tb,O, BAEM
5 WETPEM T TbCrO;. B4 N 7.5%K9 TB7.5
FE R, NiCrO4 4R A 85 A A AT B I A X TBS.0
BE A R R B[R] P Fh A Bk 45 4 4 ( TiCrOs
TbCrO5 ) WIAT S Bl THIGR PL S . NiCr,0,4 23/
A F1 TiCrO;. TbCrOs #55kH [A] i) H BULAE —F i 244
b, AT R R 2 A SR A RET O

NiCr,04 2R A1 JE AB,O, B b I AR e 4544
Hr A BN ZMIES T, AT RER S, B &
FHR=MMIEE T, T/ ikE g, Hgs i e siR
THERE. WERRPREESEE T TV S
ZREYHE L ICE BT T . To> e AL NiCr,04 £5H4
BRRARATAY Ni2°L Crf, [l e — R AR S  d
FEWBRE TR, s S LSRN E T AR E
AL, BAA IAEMES . BTk L BRI &5
Y KA TSR R B A RS, A AR FRAR A R 25
5 SRR GE R 7 AR AR R R I R AIG, T

T’ 4B 2% B T 5 0 dh A0 454 TP A B T AR AR R R 1Y
PR, SR R AR IR, (AR S i — 2P HE R
NiCr, 04 R A AIE SRS 0 S5 To' ., To 4%
B T REHURAT 7 A W R SOG I A R E & i
K, BETTIE AR 58 A s 8 4 2%, AT 4 v 0k 2 2 4
RO 5341, TiCrOs Al TbCrO; J& T ML AV EREk 12
R ES RS A AT | S 0 5 N TR TSOML R
TN N SR G A e s N1 T B 1 VA ]
LB R, 185 5 AR R S 3 PR FIAR ST, T —
R TR M R A AR
#TiO, eNi0 #Tb,0, ¥ NiCr,0,
? & 8Cr,0, 4 ThCr0, * TiCrO,

*
¥ 5 5%
v Ta

TB7.5

o0

Intensity(a. u.)

20 30 40 50 60 70 80
26/()

K4 K[ Tb,0, 824 Cr,05-TiO, 2% JZ XRD &l
Fig.4 XRD patterns of Cr,0;-TiO,-based coating with Tb,O-
in different doping ratio
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Fig.5 Radiation property of Cr,05-TiO,-based coating with
Tb405 in different doping ratio
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