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ABSTRACT: The work aims to prepare a thermal insulation and energy-saving coating with excellent mechanical properties
and decoration in view of the shortcomings of the widely used traditional thermal insulation building materials, such as
difficulty in construction, too thick system and poor decorative safety. The silica sol was modified by KH560 and compounded
with styrene matrix emulsion to prepare the base film forming material for thermal insulation and energy-saving coatings.
Ultramarine blue and cobalt blue pigments of 5%, 10%, 15% and 20% were added respectively to prepare 8 kinds of thermal
insulation and energy-saving coatings. The grafting modification effect, size distribution, micro morphology and thermal
stability of silica sol were tested by Fourier transform infrared spectrometer, Malvin Zeta potentiometer, scanning electron
microscope and thermogravimetric analyzer. The micro morphology, crystal properties and element composition of the two
pigments were analyzed by scanning electron microscope, X-ray diffraction and electron probe microanalysis. The solar
reflectance and near-infrared reflectance of two blue pigments and energy-saving coatings were measured by UV/VIS/NIR
spectrophotometer. The thermal insulation performance of coated test panels was tested by infrared thermal imager. The
comprehensive mechanical properties and micro morphology of the coating were characterized by a variety of coating
mechanical test tools and scanning electron microscope. KH560 had good modification effect on inorganic silica sol, which
could significantly reduce the agglomeration of silica sol and enhance the thermal stability of silica sol and its dispersion in
organic emulsion. When the amount of ultramarine blue and cobalt blue pigments was 5%, the energy-saving and thermal insulation
effect of the 2 coatings was the best. The solar reflectance and near infrared reflectance of 5% ultramarine blue coating were
0.462 and 0.533 respectively, and that of 5% cobalt blue coating was 0.311 and 0.522 respectively. The infrared thermogram
showed that the back heat balance temperature of 5% ultramarine blue coating and 5% cobalt blue coating were 68.0 ‘C and 65.5
C respectively, which were 4.9 C and 7.4 ‘C lower than those of empty board. When 5% pigment was added, the 2 coatings
had excellent mechanical properties. After soaking in salt solution for 30 days, the two coatings had no obvious micro and macro
defects, which could meet the needs of practical use. The test of thermal insulation and reflection performance shows that the
prepared reflective thermal insulation and energy-saving coating has excellent thermal insulation performance, good mechanical
properties and corrosion resistance, which is in line with the development concept of green environmental protection.

KEY WORDS: silica sol; silane coupling agent; coating; thermal insulation and energy-saving; solar reflectance ratio

2022 43 A

K B AR S A R M 3 A8 3 A5 N I ol #2x nJgl
T B I RN, PR ESRAIRE T . SENTHE
1 CAHEL, 2 MFRIE 1 CEBM 30%MREIR AL, 4¢
TFRESTREFEL it S BREREN =z -1 H
HTN BN )2 SRR AT RE AR, RO 2 0fi
WA SME AR IRIR R | R R AR AR B D TR e
P ERBE IS, AR T T A Rk
R AP APEAS SR, DR e e e PR RE
P RO KT R AR SRR Y BRI 2 B
T EEME LY,

Santamouris ZEPHA Ny, L LLAN S SR B G R
AT DU R B i S S8 R BH A B, AT DA R T S )
PRI RERUR s Guo R A, SRR IR
SRR RERCR A 3, ) EEE N EE
R ATFEAR L 10 °C, ZE N4 H 25 8 fEFE ] [ A%
5.8 kW-h/m*; A6 2IIZE IS FLICH 19 RE IR 2 R 3
BE, RIT T LLANGE SR | T 21 A1 S S AR R B B 2R DR
ST E T RETERE I RE I, S5 RRI, mLTANE Bk
23D PR R IOER . L0 B Aok AR A Ak R LR
(SCH B 7 5ERR ) 43008 25% . 9% 9%HT

TRERZ MR ECR el o 7 LITERI B 2 B,
RERRARIR IR (08 32 o BUBEHORL 2R BAT B m i
UTLLANO e, IRINFLI . SRR RE 2, ek
B, ER VA RTOI R R RY], Stk RE -
KNFLB A U2 BA B W LA R LA R A
(P B 2 M R SO LU REVR IR - R N AL IR &
VOB SR, 2351 LLBAT B R T 21 A0 SR R B Al A
TET BURL A D REVEBUEORL , il 2 PR RE DL 5 AO R (B 50
B AT RERORE, MU Z RO SE PR AR ERE , JF RGEH
BRI BESLEL , AT 5E R T LAB G e O e HL e
T PR R U SR RE R IR 2 I R AR I —E S
/ARIERS

1 K

1.1 E#HE

FEME B 5003, KAZHN 2.5 um, JEE
HAEA T & B2805, RiARZN 4 um, W E
KRB AT BRI IN-30, [ES 8K 30%, pH {H



51 3

R . ST B AT

RETR = 10 ] 55 L% b ik g - 219 -

009, FEINTT S K ERBEIE A A E G KR
KH560, IV y-4 7K H i ik 4000 56 — W SR REGE , 0t
g, Rt TN FIABRA R RIFLI, M &
7 40% , FRMN E IR RN B 5 A AR EERR B B )
CiH,50;, EHZ S HiRH kR AT 268 Bh7
CS-555, mRtBITAL T BIRI A W] 43HGR BYK-163,
EE bR A ] APLEETE R, ERA R T
vul; HCL, 4r#rsl, %R 1.18 g/mL, HERIL TAH
FRSHE]; NaSO4#y AR, Toalkgk, JLEATHRAF;
L 1 R AN 27 A 14 588 7K e i, A% 4351 50 mmx
120 mmx0.3 mm. 50 mmx120 mmx4 mm, JLEEH T8
AR A BBk, TRE A

OCH,

1.2 THRRRERNGIF

1) BRI B A 510 RE I 4K Sio, &
I B BE A —, BT KE AR KRR, 55 A
X, HAEN T S5A DAL AN AT 22, BT ARG 2L
NP I e 2 Th HE AT O, AR THREIR e A MLEL IR P
BN B R O 1 s 1 I TCK Sl S 228 1K
RAWIEAN = ORI, SR J5 2 A S5 TR AW A 55 5
ERREA RS, B HEL 0.5 h, BHERAE 60 CHRIKIE
Farom, AT REDE R, 28 18 T AR A T
R 12.5%09 KH560, i AR B | RSB
fEIR AN 5 b, RIS RO REA I, & UL T

(0]

N\ H 0

H, o
Si0, + OCH; —Sli—(CHz)s —0-C—ZL > 5 §i——0—8i— (CH),0 —C —£

OCH;

2) AT A o K BRI A8 B 68 3K e A 50EE e
PR} 5 BT s B A BOPE R, KR o 1 1 1
EETKGERHRE S, 7S AL IR A kR
1% 5800, FE =R EHLRIFES 2 10 min J5 5T
5 um Fii

3) WRHEIE . FEAB IR, MR EL
WA AT R 25% B RE A IS, BEFESIA)E
RIA5 2075 fe b AR R R AR ] 4 ok roim A BT
WA 5%, 10%., 15%. 20%M9 5%, LLKGE = /)
BB L TR 2 DD RE BRI, BRI A s RIAE F)
I RERR IR R

4) WEH 5 o MImITR 1 0.3 MPa, TR
WA 0.6 kg/m®, FEFES D14k . SR 4k SR K JEAR
30 cm A HEATIEYR, THUGAEZER TR 1H. 50
BRA R 2 T B SR . 12 R R ke
2T 2 358 i K AR T D0 0 2 B A RE

1.3 HRERHATEEMNLEERZIT

Z 8 JG/T 235-2014, RIZMRMTRER EBITR
BEULE 1, R E27 BILLAMT R BHYEIR . 76 525K
PR S min B 1 ORISR, By
30 min ( JLB E AP HREE ). SRIGRHAIITIR, 45
PEER G, AN, FEE BRI R ki A 78
¥, DIHERR U M o B X S A S . 2 YR
BB ZEMAE 1 CLLN
1.4 HeElhid 5 RIE
141 HEBRKERMERRERIE

K 1 35 E 4R 7= 1Y) Nicolet-6700 %I fd B 21 463
e KH560, LA R PRl A R B i FT-IR 6
B FHEVE R 400~4000 cm ', R ECH 32, 4%
RN 4 em', KW E ZETASIZER nano-ZS90
Zeta HL AN 22 oM S R VA I A RL AR A AT . SR H

~

E27 Infrared lamp

Thermocouple
probe &y

Temperature sensor
[ s
O O /

K1 RERRAT AR BTN &
Fig.1 Schematic diagram for design of thermal
insulation and energy-saving coating device

AH L S-3700N FR4 5 H  Id SE UL Ak s e i 2
HIEWOMIESE . % SDTQ600 #Hi i 43 41X I 22 2t
AT G RE AR S i e, Hoh THREE RN
20 C/min, RAAAF, RAHEZEH 50 mL/min,
1.4.2 BRIAR R ERERE

K HAH L S-3700N B 4714 iy, 1~ i 1ol B W ¢
TR VRS W IR SOOI 35 o SR FH FL T RR T AT RE 1Y
A3 AT BB OC 25 4 BCRTAR X 3 . SR A B BRI
Cary-5000 #4840/ 0] UL/3T 21 4053 6 56 B 3 H 3k 2k
() A BHO'E S5 G I 21 40 S5 EE o
1.4.3 HRERSFERBERIERERAE

KA TR ERAY Cary-5000 %1841 /a] /AT 21 4h
A3 66 BE TN 1 2 10 K BH 6 S B HE RN AT 4141 ) S
o SR AR 21 A 0 A4S 33 bR T T 0 A ) IR
B, IR F) ST IR 5 R 2T AN AR AU 5 I3 B il b
LT HMNIRE




- 220 - EN TR NN

2022 43 A

1.4.4 SREBESENFHEENR

5 GB/T 9286—1998 MR 2 M & S %59 .
Z M8 GB/T 6739—2006 MiXWR 2R, S 1 GB/T
1732—2020 MR 2 By vb v . #4E GB/T 1733—
1993 03 % 23 1 T 3 VAR JB8 b, 932 A T PR
W (pH HZR 6, FiEsE0CN 20% ), =il 30 d J5 4
B2 WA MW, R SEM WE4 )2 RO IE SR

2 #R5Hi

2.1 HRARESEERRS
2.1.1 FT-IR &k
KF KH560 SOl R fEVE RS20 A WL 2.

16 470, 795, 1110 cm ' 45051k Si—O—Si #f2S
MRS . REFREGE LR S R R Y 7E 950, 2875,
2938 ecm ! b4 B A A FE C—O—C, —CH;, —CH,
WU . E 3435 om ' Ab ARV IR T —OH {45 ik
Mgl . R KH560 sttt im, REIRTE 796 cm™!
F 1111 em ™' b Si—O—Si WLl Ig 858, 3435 cm ™' &b
Tk R R WA sl 55, FRAE 950, 2875, 2938 em ! AbjE
HEE—CH, . C—O0—C . —CH; Wit , X0
KH560 T2 A7 T REV I 4ok — A A E SOk R 17
It AR AR T R T AL R A O, B X
JREHEAT T Ak

Treated 11 1095(;9‘;79

§

3435 2937

fﬁi@“\f\
/fﬁgr\ﬁw

.
2

3600 3000 2400 1800 1200 600
Wavenumber/cm™
Bl 2 R KH560 Bt RS RER I 2040
Fig.2 FT-IR spectra of silica sol treated and
untreated with KH560

212 KERIEEARNE RIS T

FH L 3 AT, BRI RS - R 987.3 nm,
Oy e ELANTAAT (I M R I S A7 R E 1Y)
PR, et fE, RSB F2RAE R 127.8 nm, kifs
WM, HRAR A AA] . XOEh KH560 7K
HR A R L 5 R VA 4K Si0, R TR —OH 45 A4 1%
BT Si—O—Si #, {2l KHS60 8 25k 5 H 1)
gk Sio, Fifi)a, wEkin THEBMI TS, T
AR, 7B AR TE T REVE I B A ek, BHAE T Rk
2 4y T SR 15T e T A T TR R T S5 4 ) D

da—b, FTLIFEH, SO TR BOR T [H] AH BB A,
A A A R, O S ek v R 1) 6 A L
T, R X FRIH KHS560 XFREA I G
B SCEE T T RE I B ot H SRR BT

35
— Untreated
rys Treated
ot
=y
12}
5
E 14
7 -
0 1 1 1
0 400 800 1200 1600
Diameter/nm

Pl 3 BCPER IS Bk I I RLAR 4 A
Fig.3 Particle size distribution of silica sol
treated and untreated with KH560

Bl 4 BCPERTG REV B Si0, 1Y SEM [E]
Fig.4 SEM of SiO; in silica sol treated and untreated with
KHS560: a) before modification; b) after modification

213 TG H#

AT RE TR IR TE R FHOG MRS T A,
BORE AR Z R AT B i PR E P o PR Rl
JE R B AR 2 DL 5, T LIOULEE B v ik
IR R E I N 3 BB, 18] 5a—b BT BL 1 N EEH
B3 P o ke B ) Tl K R 790 2% A i Y AR
W Bt 11 24 Si—OH 2 [ () /K 46 SR iy Wi o ')
T 9 I ) 0 i i 2 — BN DA T A6 2k 22 45 45 K I )
HREENS XS Sa—b rh B BE IR T T A i R T



Fs51E 3 ARG RGTY AT RE LR )2 I & B b 2R g - 221 -
100
99 I: 1.41%
ool I: 1.18% 1L: 2.56%
- 9% 210°C
T | 1I: 0.85%
L 98l gns S
] 360 °C G
B 97+ 1II: 2.18% =
90 |
9% |-
Y | 87}
780 ¢t
95 1 1 1 1 1 1 1 1
200 400 600 800 200 400 600 800
Temperature/'C Temperature/'C
a eikRT b HE

P15 BCPERJS fki FA  2

Fig.5 TG curves of silica sol treated and untreated with KH560: a) before modification; b) after modification
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Tab.1 EPMA quantification of ultramarine and
cobalt blue pigment

Types of Elements quality of the proportion/%
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Ultramarine  13.52 17.57 26.88 2542 16.61

Cobalt blue 39.54 38.10 22.35
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Fig.13 Micromorphology of coating after soaking for 30 d: a) coating with Swt.% ultramarine blue;
b) coating with 5wt.% cobalt blue; c) styrene acrylic coating; d) styrene acrylic coating
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