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ABSTRACT: The work aims to improve thermal insulation and durability of coating by investigating optimal coating structure
of building energy-saving coating. With a coating containing hollow glass micro-bead and titanium dioxide as base coat, and si-
lica sol-styrene-acrylic composite emulsion as finishing coat, effects of different base coats and finishing coats on properties of
building energy-saving coatings were investigated. Optimal combination scheme of base coat and finishing coat were obtained
in method of orthogonal experiment. Comprehensive performance test was performed to the optimal combining scheme coating.
What’s more, relevant mechanism was disscussed. Provided that color appearance of the coatings remained the same, the base
coat could improve solar reflectance of the coating while the finishing coat could increase static contact angle, water resistance,
stain resistance and ageing resistance of the coating, and reduced change rate of solar reflectance and chromatic aberration of the
coating after pollution and artificial ageing treatment. Optimal combination scheme of coating was, hollow glass micro-bead and
titanium dioxide in base coat as 5%, and mass ratio between styrene-acrylic emulsion/silica sol as 14 : 1 in finishing coat. The
solar reflectance and insulation temperature difference was 0.6455 and 6.9 ‘C, respectively. The coating was of good overall

performance and certain application value. Coating structure has certain effects on thermal insulation and durability of building
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energy-saving coating. Satisfactory performance can be obtained by changing coating structure during practical application.

KEY WORDS: pigment; building energy saving; solar reflectance; coating structure; composite coating; staic contact angle;

reflective insulation

AF AR R — R e R, HAE U 1k shit
Yok > A IR 1) SR AL Y, DT AR SR 2
T EE M= RS, LIIRBIREKRERERY H W 1R £
BN FHAE AN | R TR, o] b T A
BE A2 A A5 AR AR

SRy HESR A SRTT RE VR 2 00 S SRR IR BE A DG4
AIRIFFE N AT KA RIFSE o T A3 o e IR B 114
i MR B G5B 3, X2 %050 B RHA R kAT
Pk, RIE T RAAL B R B BURHEER R X
URZVEREM R o ORI BT 2 B — R B IS R A
PEBE, HE—2EH0 58 7K Z R TR R T RE AL AR I
Fil o G O TR B A SR FH KR TR B be 5 125 4 i K K
BB FURH A0 K ATO R 78 70 25 O B RS S ek 1
il & T A% -SE 25 R 0 T B A A O ML) . FH X P A
IR} ] 2% 1) 5 B A 2 A 30T 21 A I B 1 S 3 R
FbIE 50%Z8 47, HEA BT 0.90 195 & 5%, bRk
PEREDL S ZEEBLR R AL R Ak, DL IR
RN DI TR ZLICR BEURE 48 1 T 3k ¥ o A
PR B RE IR G- O IR TR E A 7L, I R G
TRV I S PR BRI FLARFIEC EL L LIRS
i Bl RFHE DL T 2S00 E G2 Z ERe )
AU

KT HEFUITRETR R T YRGS AR £, (HA)HF
SRR, BREPORA, B RE TR BH LN H
2 B U 2 0k 35 1 A S A T A ) il 2948 K .
WERE Y BE, TRk, BYE. 64 K
SRR, X SCAT RN | R it A A M R i A
Ko BUAL, V)20 S B 3R 52 4 L AN 2 25 A 1 52
Wi, (HL R OG T 00 2 45 M % S5 B B #Au Pk BE Y 5 i A 52
RIBER D,

B DA R N, A S Ao R U SR A e B
PR IEURHAD L 25 7 2, IR IR IR B A5 M U 2 R B A
PERE . TR V5 M A At S sr A PERE R R, A
FUTRER R HE— 20 N RIS %

1 K58

1.1 SCIgE#l

EWNALW 503 (FEEE 48% ), T INERE; &%
2k GN-M (FHRif2 2.0 um ), FEEFFEHE; S0
TARARER RO02T (SEHJRIAR 300 nm ), SEEFEFR; o8
OB MER VS-5500, “FHPRifE 65 pm, EE 3M;

MR Texanol, ZEEJH; 7#F BYK-163,
EEEE T, VIR L-1311, EEWAZ; WK
SN-162, HAWEFR; KBFK, LHEHG; H5
e, .

1.2 SRBREREES&

MR I P INAZ B TR, m (RN
FLE) m (K) K51, RIFHIAGERRERF,
FEBERER AT AR AR 10% (b7 s S RE B I
WA, S S ER . 5% DR +5% A
fRER . 10% 58 AkER, FRIMAGE 1 20 8500 . TH 500
BB, BERE A A i R, AR EDRE R 439
it A Dy, D, Al Ds.

BodI BRI 1 14, 1: 12 F1 1 : 10 f5E
VS IE-ARTN A A FLW, I 1) o A & G B 550 AN
HHF, PRSI R E R, e M. M,
1 M;,

] 50 g M REJE RN LB I A 5 g BE Sk Bk}
1 g 4FHGR L 2 g BRI AR R, RG50S0
ok, SR ak Rk

FEAR A A MR R T Rl U3 JPS TR el A 2 U ), TR Bh R
I 7E HL T VR B SRR R R TR, BT AR IESR
P CGIRIEQ3+2) C, HRHRE(50£5)% ) FRiP
168 h.

1.3 |/ ERIE

KRR ZHEAE 1 Cary-5000 7148 4k/a] L/
UL LLANY 6 BE T, I B R R VR 2 K B OG
(400~2500 nm ) FIIT LAk ( 780~2500 nm ) I Bt F¥ L
SEEG, (R U L0 AT R A . SR TG
SEHL R A R R HP-200 K5 %5 68 25 S04 2 1
B L*, O4pPERR a* M EPERR p*P), 208 IG/T
2352014 (RS SRRAGRRL) MR 2 K B
SBFHE TSR, ML LA i b NIR | 15 445 1R 2 A A BH
e B AL R ATSRy . N TAMEZALGIRIZ K
FH % 5 5 b A8 4k % ATSR, Fl {8 252 AE* ( AE*=
AL +(Aa*) +(Ab*) o W2 i 15 bR e GB/T
9780—2013 AR AR Z Wit v M58 i ) Wi
A BRI 5 WIS YALBE . YRR TR ST bR
GB/T 1865—2009¢ i filil i N T A& T
TR DR A AR B ) SEA T T IR A b B

K H i R EROR B AS A BR A Fl ) JC2000-




5o £ WO

PN 2017 £ 9 H

Cl RIS HE Ml A3, D0 U 2 0 i S 4 A A
K G2 M5 1AL, $ GB/T 1720—1989 (3 f
BFEE 30N % ) WS IR 2 R BRE T o SR A2 T
%, % GB/T 6739—2006 { (0 MG HE LN &
VR MR R ) I S A R

2 ZRE5T1E

2.1 ER., EERNBEEENRETEE

M T HORE | IS SRR 404 J2 1 K PO SO Ee
2, SR WNE 1 PR, mIERTAL, ZEARERTE AT LG
W B B i LR A 6T S i 2k, — AR RIS
B B AT LT SO 2R, O T A
REMEE . B2 0 RS e 470 nm A1
580 nm ALAEFERCHR LA, R LR EUR R
BICTEI Ay, 1] *Tog. T WG EAI, T H., X
B IR IS 14 2 AE 540 nm Ak 77 4R T & 060 5T
e, bR E MR,

10

0.8

0.6 [

Reflectance

04 |

0.2

1 1 1 1
500 1000 1500 2000 2500
Wavelength/nm

BT R R AV SRR R Y S e 2k
Fig.1 Reflectance curves of filler, undercoat and chrome
green coating
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Tab.1 Reflectance of filler, undercoat and chrome green
coating

PEfE ek ALk WEIRE D D, D;
TSR 0.6273 0.8719  0.6280 0.7501 0.8253 0.8180
NIR 0.6281 0.8625  0.7003 0.7393 0.7994 0.7905
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Fig.2 Reflectance curves of coatings

® 2 NITEAARRA R IR R T 2050 SO
Foo M3k 2 I, IR ER Dy FURE D, iRZ R K
JCR H o i R B VR 2 e i 5.54% A1 3.79%, 1
AR &1 51 B Naae ol iR TR Y (e e o S SR R
iSES =P N B AR TR B iRA A R R TN
TS 1 48 2 A HE 1,

x2 RERRS

Tab.2 Reflectance of coatings
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TSR 0.6280 0.6187 0.6518 0.6628
NIR 0.7003 0.6884 0.7288 0.7396
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Fig.3 Effect of base coat on total solar reflectance composite

coatings
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Tab.3 Properties of different finishing coat coatings
with/without aging treatment

WZE L* a* b* TSR NIR ATSR/% AE*
JCIIEE 36.41 —7.71 10.07 0.6280 0.7003 4.78  3.10
BM,; 36.69 —7.66 11.36 0.6078 0.675 3.34 233
HM, 3731 -7.60 9.950 0.5983 0.6629 321 1.88
M, 3823 —7.65 12.34 0.6003 0.6666 3.11 156
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Tab.4 Effect of finishing coat on properties of coatings
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Tab.5 Factors and levels of coatings

E-9 K1 K2 K3

Al% 5 10 0

B/% 5 0 10
C 14:1 12:1 10:1
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Tab.6 Scheme and results of orthogonal test

5 HE TSR #C
1" A1BICI 0.6455 6.9
2F A1B2C2 0.5945 6.2
3* A1B3C3 0.6056 6.7
4* A2BIC2 0.6308 6.4
5* A2B2C3 0.6157 6.3
6" A2B3C1 0.6687 72
7* A3BIC3 0.6326 6.4
8* A3B2C1 0.6078 5.7
9* A3B3C2 0.6478 6.6
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Tab.7 Performance test of coating
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Fig.4 Schematic illustration of effect of coating structure on properties of coatings:a) common coating, b) finishing coating, c)
undercoat composite coating, d) finishing coat-undercoat composite coating
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