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Thermal Shock Resistance of Low Emissivity Coatings in 3—5 pm

Band with High Temperature Resistance
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Abstract: To improve the thermal shock resistance of low emissivity coatings in 3—5 pm wave band with
high temperature resistance, the effect of the content of MgO on the thermal shock performance of coat-
ings is investigated. The thermal expansion coefficient of coatings is tested by DILL 402C. The emissivity
in 3—>5 pm band of the coating is measured by IR-2 and the surface morphology of the coatings is charac-
terized by the scanning electron microscope (SEM). The results of experimental investigation indicate
that when the content of MgO is 3%, the thermal expansion coefficient difference between the coating
and the substrate is the minimum and the thermal shock resistance is the best, which reaches 50 times.
The requirement of low emissivity is still met after adding additives, and the lowest emissivity is 0. 212.

Key words: coatings; MgQ; thermal shock resistance; thermal expansion coefficient; low emissivity

W 00 2 00 R B R B K JR S Tt vt AR R S 3 e R DR T ) B AR A R T U B — TR 1
VROBHENTR 225577 100 A9 B D BOR B . Rl sh sl A S R R Ll B R S LR i 41
PURNEFROEAE 3~5 pm PEBIRYLLAN R G RS w AL AMFIEB R LA B H Y - [ i %0 J= B A il 1

EEWHE:HEKAAR IS (90505008) W BT H ; [F 5K [ IR B2 5k 4 55 48 3 4 (51403102) BF By I H s IL 54 A A
2208 4 1 47 35 4 (SBK2014042556) V8 B0 F 1195 5 K U 982 B A 8 TR W B H

Wi EE:2015-07-15;{&1iT HE3:2015-11-20

BIEEE REK. B . #%.H L4 R E-mail: xuguoy@nuaa. edu. cn,

31 R R B FRBR IBERUE . 3~ 5 o DB 5 UG 2 3 2 AR P R 5 L) T, 1 A7 A 6 K2 22 4R
2016,48(1) :48-52. Qian Xue, Xu Guoyue, Tan Shujuan. et al. Thermal shock resistance of low emissivity coatings in

3—5 pm band with high temperature resistance[ J]. Journal of Nanjing University of Aeronautics & Astronautics.
2016,48(1) :48-52.



%1

B 545 3~5 pm P B R AR R S A0 R BURGR MR RERT Y 49

7 BV 32 BB A DR/ INE AR BR A A0 TR AT 45 RE R 1
NS W W AV S AN B R T E e
GrE L RBUR S HLAR PRI H 2 B 208 A A
ek A T 0 P R A B T T i il U3k = 75 i
MEZEHEAR Y. EUILBFST 3~5 pm P BT & i
R AR T2 A DT IR P e BT EE B A0 1 L T [
PN A X T T i A R S AR R U2 T AR TR RE T Y
LEROE TN

AR 117 2 R A2 7 300 o8 T e AR i RO R
AIWE5E . CeO, BRI & IR ZTE 3~5 pm P B A
A AR F 2 HAE 800 °C 23 ¥ 1 B T B #4214 ik
250 5 WA AT RS . T AR S R R
P CeO, FARA T R UK ZAE 800 CF W HT R M
RE o folT R AR B 2 T O 25K

TR )2 5 AR K 2 BB UE S J2 5 W TR )=
PERTEREM GBI R B Ik R BOR VE SR 5
AR KA 5 A IR 7L 5 BOUR SR T B R e
RO ARG EHE T . ok UL, &R
LR 0 AR K 2R B G B i TR e ke AL U T2 0 AR
1% ik 22 OR8N O T A U 2 R AR Y A
2 I 28 BB L AR 3C 2% 18 51N BARZ ik AR R R Y
MgO 153 55 —AHR 52 i I J2 09 3 ik 28 0. R IR
BRI T e R R R RIS GRYERE . ASSC LA
S AT L TR R R 5 0 Ry R L AN ] ) SR A Bk
SASTNGR] g 1 AR R S R AR T R
JE R PTHGR 1R BE A 3 L JF ] DIL 402C B4 A Jig
A K 49 4 B 8% (Scanning electron microscope,
SEM) X} ¥R JZ 48 17 HLER ST

1 S iE

1.1 SREMN

REMR LR G0 Z2S-1071, Jb it 3k B Ae b T
FRLZA ) 5 A8 Ak Bl s 40 A 46 e o Al 2= a0 A R
AL AT ol B AR A BR A ] IR
400, 43 Hr 2l 7 5 Ak 20 A BRA R s oK S 4y
Braki, mE A2 a0 A BR A Al s 28 K, S5 % A
il o
1.2 XWigit

WORHES 7 i A S8 2 i 400 438 7 2L
Yol /NSEURL AT 5 08 v R e 0 A B AR e
AR SCHER 2 B 7R A5 R EE T L BN TR Y
MgO ¥R 2P EERE R . AN R B2
BB oy SRR 1,2 .

®1 YRWESHF
Tab.1 Material physical parameter
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Tab.2 Coating components %

WEHRS CeO, MgO PEG400 #45

a 70 0 0.5 29.5
b 69 1 0.5 29.5
c 67 3 0.5 29.5
d 65 5 0.5 29.5
e 63 7 0.5 29.5
{ 61 9 0.5 29.5

1.3 RE#&

e R A A R R (GH3039, 42 45 mm,
JEREF 1 mm) PEAT WAL HR . AL 2EBR K Uk mb 4%
FTEE—K b4t 5 2R )5 16 Al Rk R &6 K & 7 A
CeO, HERL H2 K 2 B A MgO kbR L
T A0 VR A B FE I AT IF R i A WL EA T 43
I A/ B2 TR 0 KPR S 35 50 98 Rk B IR
EHERE. BERT 12 h J5HA SR b L
5 °C/minfy FHl#E T+ & 120 CEfL 3 h'" L, R)5
Wi o8 L e
1.4 M5 R

(D HLPGEERE (239 6 B4 5 B 1% E REAR
B YR A 800 °C Ay b i v, £ 15 min
JE B FEUR 2 M B RIS R A R R i T
2B AR AL B R R B2 B BT
KSR AING

(2)3~5 pm P B LL 50 & 55 TR-2 Xk B,
% G BN DL R BC-T RS %5 0 B 42 141 2%, vh B
(SR s N7/ B LR R T

(DRI RBC BRI R IEIK R« =
TR Bl AN 5 5 3 B 3 ok e R B RS I AR
A AE TR (AT) o B K B8 b AL R )5 2 :C
(DiF5E 3, i AR5 o DIL 402C (4 [



50 Moa it o= i

PN S 48

Netzsch 24 ] B H BRI AT (42 4 mm, J&
R 25 mm) , A% LR IR v AT 5 (R R A 4R TR
I3 BE S [ R 20~800 °C L, FH#BE 5 °C/min,
MK = R
_ AL
LAT
(O TOTE 3 - 3 % S 348 v 7 4 8% Hita-
chi S4800,

2 GRS

2.1 mMEHEEENK

AN TRV VR 2 T AR R AR I 25 R a3 3 B
H 2% 3 WAL IRZ a 78 800 “Ca5 ¥ 5 L T B iR
WHCHBESE] 1R, BEE MgO &by 1 %01 2
30 IR )2 P IGE PERE SR B L PUHVE R BGR 7 kiR
FH3) 50 ¥k ; MgO 5 & B4k 823 in 3 5% . 7%
9 VoIt VR 2 PP IGE M RE A BE T R Y R A PR
BT MIBE R 31 R, 2 IR MALA 1R, i tw]
HLRZ R PUAGRERE R MgO & & (1 3 K Je 4
B FRREAR, 2 MO &ty 3001, 1Rk )2 ¢ MHT R
PERE AL .

QY

a

R3 IABHENKER

Tab.3 Thermal shock resistance test results
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Tab.4 Average thermal expansion coefficient of coatings at

600—800 C

a 11.07 3,74
b 11.11 3.39
c 11.18 2.78
d 11. 16 2.96
e 11.10 3.48
f 11. 03 4,09

FR I AR AN 1 J5UAS 1) S0 B, S (0 2 1 34
W2 ZR B/ 2 MgO &l U0 IRIE S
FEAR Y Ik R BOE RN 2. T80 L B LABTIAGR
PERE R A o
2.3 SEM i

AR JZ DUIR A A R i B 1 B .
Laf il JR 2 a [R5 TR JZ 52 4 in1ET 1) FT R
HET 1 RPTPGR R 7 ¥ 7% P 1(h) B s IR
JZ c AL JE R sE 4 i 1) B 2838 50 IR
PUIARRJE TR 2 R &% Wl LD P, [ 2
NIRIZE a FER)Z o BAL S B #0E SEM &, al &
WS HARZ B S5 5 FEA B A AL B
S A AR LA A 2 A TR B T 455 0 e
EANTZ B 45 A T B KRR T Y 7> T A A
FEMEE G IEETEAE ) B AR HL AR XA O

(b) After one-time themal shock
of coating a

(a) Before themal shock
of coating a

(c) Before themal shock
of coating ¢

(d) After 50-time themal shock
of coating ¢
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Fig. 1 Coating surface before and after thermal shock
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(a) Sectional drawing of coating a after curing

(b) Sectional drawing of coating c after curing

B 2 %2 ac@Efb/E#EE SEM K
Fig. 2 SEM of coatings a and c after curing
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Tab.5 Infrared emissivity in 3—5 pm band of coatings a and c at different temperatures

MR / C
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c 0.573 0.504 0.447 0.382 0.318 0.212 0.237
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