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Preparation of boehmite sol modified HGMs and properties of

water-based composite coatings

WANG Zhaoyang , GONG Guifen', CUI Weiwei , WANG Yidi , LOU Chenxia
(School of Materials Science and Chemical Engineering, Harbin University of Science and Technology,
Harbin 150040, China)

Abstract: Thermal insulation is of great strategic importance for energy saving and emission reduction, and energy
consumption. In this paper, the surface modification of hollow glass microbeads (HGMs) with boehmite sol was
used to introduce the air cavity structure to improve the thermal insulation performance of the coating and to
prepare a high-performance water-based composite coating that can be produced continuously. The microscopic
morphology and structure of the composite microspheres were analyzed by FTIR, XRD, SEM and other characteriza-
tion methods. Thermal weight loss analysis, thermal conductivity, infrared thermography and other technical
means were used to systematically study the microstructure, comprehensive performance, thermal insulation and
heat preservation mechanism of the coating. The results show that the surface modification of HGMs is successfully
carried out by boehmite sol, and HGMs@Al,O4 retains the basic structure and characteristics of HGMs, enhances
the interfacial compatibility with the aqueous polymer matrix, and solves the practical problem of poor interfacial
bonding between HGMs and the aqueous matrix, resulting in large fluctuations of its thermal conductivity.
Compared with the composite coating without added thermal insulation filler, when the content of HGMs@Al,053 is

7wt%, it reaches the over-permeability threshold, and the comprehensive performance of the coating is the best,
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which significantly improves the thermal insulation of the composite coating and reduces the thermal conductivity

by 58.7%. The application potential and commercialization prospect are huge.

Keywords: thermalinsulation; composite coating; hollow glass microspheres; heatresistance; thermal conduct-

ivity; thermal transfer rate
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PP, SOE B0 3IRE . U0 L )E RS
HORAMIE, K=Y E T 80°C F Tk 5 h 5 I HMA
B KR B T 100 mL Jo/K ZBEE0R T, 95°C R



EAHAE: A S HGMs 1 45 T K 2 &0 2 g

<777 -

FPEFE, A 2gPVP TN AT LiREG .
UE L THRALER, 15 32 T S 1 1Y Tk HGMs-PVP,

DL I -5 I R AE B R HGMs-PVP L 57 A4 K
YRR HLRINR . BUER AL #E Y HGMs-PVP
B, TR M1 2(C,HOH : H,0) & %
rEAT RS S, DA A AIP (30 min P 5%
W) 2g, dil# WA, I HGMs-PVP 3 M
We Ry, Beni 8h AT FaR B . FUE . TRALEE,
5 2 Fh a7 5 e ek M (1) HGMs@AI(OH), & A ik .

B | & HGMs@AI(OH); & & R 78 5 3 b vh

HGMs Surface

———>
% % Adsorption
PVP

500°C. 700°C. 900°C H B fthe, B HIS 153 4%-
7¢ HGMs@ALO; & & ik .

Ph— %€ A 43 8 i 78 7K TR M T 1 2L BV T A
WINA HGMs@ALO,. 7wt% = Fi . 10wt% & 45
¥ . 3WtBHEC K 0.2wt%y-2 A JE = 2 % 3 ik e
(KH550), HAHHH . 50 K FR, 78 s 4 ik
PLAFIR & 614, 153 HGMs@AL O, /K152 &R B,
DL 1o %F AL AT SR FH R . Wik . JR 2k
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PVP—Polyvinylpyrrolidone; AIP—Aluminium isopropoxide
FEl1 25 OBk (HGMs)@ALO; /KPS AR 2 M £ B E

Fig.1 Preparation diagram of hollow glass microspheres (HGMs)@Al,O; water-based composite coating
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b H B PVP R — CH,— 1) X AR B JE X Fk A 46 Ik 2
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fIEWE . 464 con™ A0 A AR F- 1Y Si—O—Si 5 45 i F=
B 798 cm™ AL G AT 78 1Y Si—O X FR A 4 4k
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AR BRIE ;3 347 e fAAE Si—OH 4R IR 3l
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Transmittance

464 cm™!
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K2 HMEIELEE (PVP) Bk HGMs /Y FTIR &3
Fig.2 FTIR spectra of polyvinylpyrrolidone (PVP) modified HGMs
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It HGMs } HGMs@ALO; ) XRD & % % # ,
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(023)

(214) J

Intensity
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Fig.3 XRD patterns of HGMs@Al,0; composite microspheres
2.3 HGMs@AlLO; & & kMR 52 2 47
Pl 4 S 21 Wk AL B HGMSs 1 SEM K TEM [&]
%, MK 4(a) T LLA H, HGMs £ 1 ¥ 5) )6 |
TR A ) . &1 4(b) Al DL . HGMs 2 1 #
PVP {0 B )= HBE R 3G . PVP i HGMs 3 1
RBESE N, X g KRLT BH R . & 4(c) g
WA AL HGMs B ke J5 sk R, 5
K 4(a) Xf 1, HGMs KW EE5) . BUE K ALO;,
Wik, AR FE 50~200 nm Ff T H 5 ST 45 .
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Fig.4 SEM and TEM images of HGMs and HGMs@Al,O5 microspheres: (a) Pure HGMs; (b) PVP activated HGMs; (c) HGMs@Al,O3 microspheres;
(d) TEM image of HGMs@Al,04

TEM K4 0] W,, PVP 7E HGMs % [fii /8 75 v 2 H &
FEAE 130 nm 2247 . R M E 141K ALO; BUkL |
PVP. LM R WL T R e WU AHSE A8, o B AH
B, Ui ALO;. PVP, HGMs 2 1] ;= A b 24
PFEA, DL R4 LD . HGMs@ALO; & & i sk
M EEfFeaE . AR e o
2.4 REMERMEE

1 RNREESORPEG MR EEAERE, 7]
B, RIS HGMs@ALO, & A R 1 15 2 Bt 5
R, BEEAMEKE RN, WIZME A
02, BURE JIHEsR . M twi% B, IR

SR 1A R 1 G 3K T TR 0 TR R A B FLIR
K —OH, —COOH FHER, %53t KimE
. AEIE PRSIk FE, A SnshtE.
MRPESR , TR RHAE [ AL 58 4 W i SR 2R T LB
I Q= E TR B S N AT o 8 R SR
B 71, B HGMs@ALO, fill A, 3458 T L N
T B R, XM ERmERR, oA E )
ER, BRI TFARMEML ., &35, Mk
1o BB 7 Rk ST ARG S SR R, T i AR
34 S AR AS 75, SRR LA B EDRE 45 E
R, DABRIRBLZR G T REREAR

F1 FNARRAENESENKESSREED QKA ESR EHERERE

Table 1 Basic properties of composite coatings with different fillers and contents at normal temperature and pressure

Test item Thickness/pum  Adhesive force (ISO)  Pencil hardness ~ Bending strength/mm  Impact resistance/cm
owt% 300+2.7 1 HB <2 <50

4wt%HGMs 308+1.7 0 2H <2 <50
4wt%HGMs@ALO;  307+3.2 0 3H <2 >50

5wt%HGMs 305+2.1 0 3H <2 <50
5wt%HGMs@ALO;  307+1.8 0 4H <2 >50

6Wt%HGMs 304+2.8 0 3H 5 50
6Wt%HGMs@ALO;  305+1.2 0 5H <2 >50

Twt%HGMs 306+1.5 0 3H 5 50
Twt%HGMs@ALO;  304+1.8 0 6H <2 >50

8wt%HGMs 307+1.5 1 3H 5 50
8wt%HGMs@ALO;  307+0.7 1 6H 5 >50

H & 5 AT W, B HGMs@ALO, B & ki F I 7T PERER BB e R . DA ESSREN]: 2 HGMs@ALO;

SO, WRIZAEREE it ehih MR ) W s . HGMs
PE b R, R 2 B KRR E O 3H, 1l HGMs@
ALO; TE N URLE, IR 2 i KR BE 3K 6H, X &
TYIK o/y-AL O, UKL A FE 5, M7 Bl 35 HGMs BR
WECER L S, v R B A 40 oK R A5 DL R AR
AT = B UKL A HGMs & SE7E B A IR 2 R,
BESRUR JZ AR . 900K ALO, TR R ~F /I, &
THT (14 395 M 05 ) 55 4 iR 3L A 1) —OH B Rig AT i1k
SeAR, BEGR T HGMs KUK 5 2L i A 1w AH 75 1
SRR AR 0 PRI, G Ty 3R, IR 2 B op

B o Twi B, B A IRIZMEEE y 6H, i ip
5 B IR 72 cm,
2.5 REMHKIERE

oA Ak 2 1T A 5 B K 4t & R A 1 6 TR o
N B7 HGMs@ALO3 & & BRI, B & IR E K
fil f CA Ry 70°, KT J& 5 K 1k (CA<90°). Xf kb
HGMs } HGMs@AL,O4 1E JJy SR} i) 35 T 2% i 7K 7
A4k, AIHIBE HGMs & &3, &A% )2 £ H
7K (CA=70°) 28 M i 7K (CA=90.25°), 1H % fih £ 75
90°BfF 3T, HRAKRCR AW &, ANH &I AR A
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Fig.5 Hardness (a) and impact resistance height (b) tests of HGMs and HGMs@Al,05 coatings

. XS T4l HGMs fE BURHIRE, H™ A
T 2R A A K R R AR AR T K AR R 2
XY HL. BE HGMs@AL,O; & 4 ki 118 75 & 1 i,
AR R g KPE (CA>90°), I A IK
Twt% B, 5 AR E KAl A I8 1205, XEH T
AL O, UKL 7E HGMs BK BE & T i 47 & SR (L, il
HGMs Bk BE (G I A2 RIS, 38 1 0N 0K ™ i 25
Fa AT LR B 25 SO8 b e )2, e IS FE R 2 R E
7K, RELRE 7 A U )2 2R R B B K AR .
HGMs@Al, O, i T3 5l 8wt% i}, 15 R S Wi
WER = AR T RAE T, BRARE G IR Z Kk,
IR GIREREA —EHIE T, TEETK
TR, B S WO AR JZ Y, fEER I
TR BORGR IT T I, L 7 B

CA=70° CA=77° CA=81.28° CA=83.45° CA=84.25° CA=90.25°

HGMs

CA=70° CA=102.75° CA=107.5° CA=113.5° CA=120.5° CA=116.75°
HGMs@
. el d— . B B K BB

Owt% Awt%  Swt% 6Wt% Twt%  8wt%

<16 HGMs Fl HGMs@ALOs 12Kl A (CA) B A
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