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Preparation of TiO, shelled hollow glass microspheres
with high reflectivity by hydrothermal method

YANG Wei' , ZHOU Guangwei’, WANG Kun', CHENG Jue®, ZHANG Junying’
(1. State Key Laboratory of Advanced Power Transmission Technology, State Grid Global Energy Interconnection
Research Institute, Beijing 102211, China; 2. School of Materials Science and Engineering,

Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The high-reflectivity anatase TiO, shell HGM (HGM@TiO,) was prepared by hydrothermal synthesis

method, using tetrabutyl titanate, hydrochloric acid, deionized water, hollow glass microspheres (HGM) as raw ma-

terials and ethanol as solvent. SEM, EDS, FTIR, XRD, UV-VIS-NIR, thermal conductivity meter were used to study

the

effect of the amount of tetrabutyl titanate on the surface morphology, surface chemical composition, phase

structure, reflection performance, and thermal conductivity of the microspheres. The results show that: The anata-

se TiO, is successfully coated on the surface of HGM, the coating morphology is complete and uniform, and the

coating thickness becomes thicker with the increase of the amount of titanium source; Compared with the original

HGM, the thermal conductivity of HGM@TiO, has a slight increase, and the maximum increase is only 0.007

W/(m-K), which proves that the coating of TiO, has little effect on the thermal insulation performance of HGM. The

spectral reflectance of the coated HGM has been greatly improved in the visible and near-infrared bands, with a

maximum increase of 13%, and the highest reflectance of HGM@TiO, has reached more than 90%.

Keywords: hollow glass microsphere; hydrothermal synthesis method; TiO, coating; anatase type; reflectivity
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Table 1 Basic parameters of hollow glass microsphere (HGM)

Paremeter Median particle size/um

True density/(g-cm™)

Compressive strength/psi Wall thickness/pm

Value 55 0.2

500 0.69

1.2 HGM@TiO, &% &
HGM@TiO, il 25 4 BR A1 45 -

B, FTMALFER, FRREFEL 151511 0.03
B EE B o I FR B K OB . £ B F/K . K20 HGM
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J KH550 ik o (B 6 A = HUBE R, SR )5 JF
W e g g b PE ), KIS T AR R
60°C, SN 6h J55¢ M HGM fZ miAb B, 533
TR R, 10/ KH550-HGM., 58 )i 52 v ) B
M E B, )25 BUA W IR 2 U,
T A, TZRERLE 1(a).

o, FEALHE TiO,. HL 0.25 g (2% 1 4b
RIS  HGM, 0.19 g A2 2 F1 2.5 mL 25 & F /K Jin
A 100mL IR, REWS, o “F
Woa”; FEARHC— 2 & Bk 1Y T FR A1 19 mL G
KO, REHE, A “BHHED . HHEWD
I a TIRE5), B 10 min, #7 B KK
A, BT ERE AT, T 180°C &R
RN 10hy ZJ5, fhuE. BEE . TR QI O IR
BRR), B B TIRABRE T 500°C T5e4h 2h,

=

Standing still and
stratification

Surface treatment

Filtering out

HARHERR S H G/ K, BT & Tio,@
HGM. HGM@TiO, M 545 B AN Bk &, LAk A
HGM H B1F il 22 (550°C L F HGM JT 14 25 ).
HGM@TiO, il % T 25 i 2 K WL E 1(b).

I T 2046 T 6 f HGM@Ti0,, H{A& i
7L 2,

ARSI (AL T 5 9 e R e s N 2L 1ok
1 F KH550 X} HGM 3k [ 5] A K # i Si—OH
HATIGACAL s SRS, BRI VY T R /K i S g e A
Ti—OH, Jf5 HGM [ Si—OH k& & KW IE i
Si—O—Ti &, M1 TiO, JZ7E HGM 2 1f H f 22 18
AR, BB S .
1.3 St E5RIE

% F 2 [ Nicolet 2\ & 1Y) nexus FTIR 670 % 5
£1 AN G5 AT HGM@TIO, #E 17 21 4b (FTIR) A,

G

-»-»[-b%-’

Washing Suction Evaporation

(KH550-HGM)

(a) Preparation process of KH550-HGM

Solution a Solution b Mix

%—P —

Calcining at 500°C for 2 h
(HGM@TiO0,, pure white)

Suction Evaporation

(Light yellow)

" -rD-y‘ﬁ:*::k. -»[j‘-r

Ultrasonic mixing

Reacting at
180°C for 10 h

Washing

(b) Preparation process of HGM@TiO,

51 KH550-HGM H1 HGM@TiO, Il 4 1.2 Fe

Fig.1 Preparation process of KH550-HGM and HGM@TiO,
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£ 2 TiO, = HGM(HGM@TiO0,) & /7
Table2 Formula of TiO, shell HGM (HGM@TiO,)
Sample KH550-HGM/g Tetrabutyl titanate/g Mass ratio/%
HGM@TiO,-1 0.25 0.125 50
HGM@TiO,-2 0.25 0.25 100
HGM@TiO,-3 0.25 0.375 150
HGM@TiO,-4 0.25 0.5 200
HGM@TiO,-5 0.25 0.625 250
HGM@TiO,-6 0.25 0.75 300

FIFH KBr He ik il £ #F i 3547 43 BT R AL, KBr i
FHIRE SR EE S O 1%, I K 4 000~400 cm ™
HEFE A 4cem™; R M H A H 572 A 1) Hitachi
S-4700 14 HL + W U BE (SEM) M %¢ HGM@TIO, (1)
RMEEILH, X HIEFT X 2681 (EDS) 4
Mr; >k A% [E Bruker 23 7] #9 D8 Advance %5 1) X
I 2 A3 S5 4 A 45 48 43 AT AL (XRD) X HGM@TiO,
1) TiO, 5¢ Jz2 #E AT f B 43 B il sk, 434 41 2R 5~
90°; K HILHE P A R Wl #Y Agilent cary 5000
RIS %) UV-VIS-NIR /3G R 11X 0.4 g 1 HGM@TiO,
W A SEAT AR A BROG 3 S G R0, I 2 D K v
4 200~2 500 nm, 4%V K E N 4nm, &
K& 5nm; SR A4S K C-THERM A &) [ TCI #!
SR RREAL, M TR K S ko R A S
AR 3L 22 1 R B 2 emx2 cmx0.3 cm [ 5 Bk AR
i, AL b e e =R T 2k 10 e,

1.6
@ TioGHAM 1 650.750
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12 }
7921 460
. 10+
&
(5}
§ 0.8 |
2
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=)
<<
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02 \&\ A
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4000 3000 2000 1000
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B E A 10 YREE -3 1A .

2 #RE5T
2.1 HGM BB RIE4#

K 2(a) b =Fh Bk nY FTIR 3%, G45. KA
HGM ., KH550-HGM M HGM@TiO,. 7] A& FLH 4
B P R AR W Wi e, HErh L 460 e A I AT 0 X
IV Si—O—Si [ 25 #h ¥z 8, 792 cm™ 4b W g 0 Xof
I Si—O—Si X R 4i 4 5, 1080 cm™ bW UK
UEE X6F ¥ Si—O—Si B A X AR 45 ik 3, 1635 cm™
AU MR AT Sy ) B B K B PR B AR IR R 2, 3440 cm ™!
A T Wi U X6 R Si—OH Y i 45 ik 3 M, M E] 2(a)
o 5 5 HGM 5 KH550-HGM [ FTIR & 3% %J It &
. KH550-HGM F460cm™. 1080cm™ #13440cm™
Ak B R AT I i 5 T HGML, X 26 ] KH550-HGM
FT Y Si—OH 5 Si—O—Si # i FC i 14 .

(b)
0.07 +
g
2 0.06 |
=]
=3
<
2
2 650-750
0.05 /
0.04 +
850 800 750 700 650 600 550
Wavenumber/cm™!

2 HGM, KH550-HGM, HGM@TiO, [ FTIR &3 (a) ; J&i HGM@TIO, (1) FTIR & (650~750 cm™ 7 E) (b)

Fig.2 FTIR spectra of original HGM, HGM after treatment with KH550 and HGM@TiO, (a) ;
FTIR spectrum of partial HGM@TiO, (650-750 cm ™" band) (b)

5 J5 i HGMFTIR [# 3% #H It , HGM@TIO, 7£
650 cm™ £ 750 cm™" I B H B A A 55 W S e X
Ti—O % (400~800 c™") [ 4a 4R 8, X £ Tio,

2T HGM KT 535h, m T AR AL
SMEER IR A, EE R T SRR RZHAAN 1,
1T HGM@TiO, X £1 40 2k 19 W W oik B2 3t /N 7 5 4y
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HGM, Kt HGM@TiO, X} £ 4G 2 i) W Wi 5 B2 1)
SURTT B B4 I T 35 B HGM@TiO % 21 4h 6 46
19 B S B 23459 B R IR BE 3 5
2.2 HGM S ZE MR

SRR DU TR AR R T 20 0T R % A 2 8
KB Ti(OH),,, Firp, x=1~4; X Ff 5 &k 5 B
Eh NS KRBT Ti—O—Ti 4549, Wi
£ HGM R — 2 EUE M Tio, )2,

< 3y HGM miff it KM% . W LA R B . R
i HGM £ SEM T 4N WIE 5 L B8O, R IHK
AATAT 2= 5t (18] 3(a)). M EKAR MU T Mg i JH =& A
0.125 g I}, HGM@TiO,-1 Y 3% [ 28 15 A6, JIF
H BT A AT BRI T Ee K i), ol X
HEL TR TiO, 2, (AEBIESM AT (K 3(b));
MERER DU T FE (0 B 0.25 g BF, HGM@TIO,-2
[ e A R B T ORI Tio, W 2, RS
AL XY o L, bR AR R N T A
(K 3(c))s 44k M U T M i JH o 0.375 g it
HGM@Ti0,-3 1 % i & % # # T HGM@Ti0,-2 %
SERMZ, JF HREAEEMN TIO, )2, MM E
JFIEA e H (K1 3(d)); H4ERER U T IR & 0.5
gy, HGM@TiO,-4 1 #h WL IE 34K 1H 11 31 5¢ %
FIEOGH (B 3(e)); MERMRYY T FE A9 HI &4 0.675 g
it , HGM@TiO,-5 W R HIE S TR M5 )= 1
TiO, %, HU W HMEZ Az, HFHFEN
WHE BB, fEBbeE R TIiO, )2 Bl as, it
DIFFfEd B B4 (K 3(6); kR Y T BR i H &

%13 HGM@TiO, #kAY SEM EIE (B55oKR)

9 0.75 g i}, HGM@TiO,-6 () % 1 £ $il 5 HGM@
TIO,-5 —HUHATZZREMNASL, HE
HGM@TiO0,-5 A~ [F] ) )&, HGM@TiO,-6 H #l T
RM%, MZAMEkEMM Ti—OH Z [H BT
WAKGE4A, WM T Ti—O—Ti, iWIEkmR Y T g
KRR (15 3(g))o

Kl 4 2 HGM YRS CR B . AT LLE RIS
AR DU T B R AT, HGM MU s), R
H B T ok R b RN AT 3R (1] 4(a)~4(e)), HEY
BRR DU T MR R & 0.625 g Y, HGM@TiO,-5
W B, £ HGM K1 Bt £ i
M, MERMUTEAHERA R 758K, 24
HGM i th I K A A, £L 5 ek =z W) & A A
KL,

5 & HGM % [fii fl HGM@Ti0,-3 % [fij ) EDS
AEIE. WAL BL: B4 HGM A S A Tin X,
HGM@Ti0,-3 2 [ &% £ 6.8wt% Y Ti TG, 1 LI
E TiO, J2 M8 T HGM 1Y K 1 -

HAh, RAE 3(h) BTk, K HGM@TIO,
ORI T A B TP R, ] SEM X i R
HEATREJE I, B AR A 10 07 2 R B K
PR AME, 25 R 3. H, HGM@TiO,-1
HHAESOR R 22, ZBA T, R 3ATLIE
Bifi 5 AR DU T R S, AR )2 Y R B A A
.

Zr LTk, TiO, 2 MU #E 41 3 T HGM 1Y &
T, 4ERHER VY T R A9 R 0.375~0.5 g (BRER U T

N

Fig.3 SEM images of HGM@TiO, (High magnification)
((a) Original HGM; (b)HGM@TiO,-1; (c) HGM@TiO0,-2; (d) HGM@TiO0,-3; () HGM@TiO,-4;
(f) HGM@Ti0,-5; (g) HGM@TiO,-6; (h) Cross section of HGM@TiO,-2 wall)
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Fig.4 SEM images of HGM@TiO, (Low magnification)
((a) Original HGM; (b) HGM@TiO,-1; (c) HGM@TiO,-2; (d) HGM@TiO,-3; () HGM@TiO0,-4; (f) HGM@TiO,-5; (g) HGM@TiO,-6)

(a) HGM (b) HGM@TiO,-3
Si Mass . Mass
Element fraction/wt% Si Flement fraction/wt%
o) 53.3 o 48
Na 8.8 Na 6.1
Si 29.8 Si 31.2
Ca 8 Ca 7.9
o Ti 0 Ti 6.8
(0]
Ti
Na Ca N Ca Ti
Si Si
Ca ! J\Sa\ Ca 2 . Ca Ti
0 1 2 3 4 5 1 2 3 4 5
Energy/keV Energy/keV
K5 HGM Fl HGM@TiO,-3 [y EDS [&lii%
Fig.5 EDS spectra of HGM and HGM@Ti0,-3
fif /HGM=150wt%~200wt%) I} , HGM@TiO, [ WOERAT R ML .

A EIE SIS, MR TERMHE /N T
150wt% R, HER MmO E AN NS, HEkR
PO T BE R B OR T 200wt% I, 2 I 40 B A

*3 GEREESHBUTEAENXR
Table 3 Relationship between the thickness of the coating
layer and the amount of tetrabutyl titanate

Sample TiO, coating thickness/nm
HGM@TiO,-1 —
HGM@TiO,-2 83
HGM@TiO,-3 194
HGM@TIO,-4 210
HGM@TiO,-5 223
HGM@TiO,-6 238

2.3 GZETiO, WHEE

J T #9% HGM@TIO, 2 il & 7% JE i 8Bk 0 i
R A AL EK 2, % HGM@TiO, #£ 4T 7 XRD 43
Bro WEI6RTLIE H: Zid 500°C HE4s 2 h J5 1
HGM@TiO, 1 5 iF 1 5 b o &1 3% v (%) 8 Bk o 7Y
TiO,(JCPDS No.21-1272) i 3= & Ifif (101), (004).
(200). (105). (211). (204). (116). (215) 54> —
0, P XRD 45 50T LA E BEEK T B Tio,
WL F HGM £ 1 . 74h, MIE 6 il LIk #L -
Bl & SRR PO T g = A4+, HGM@TiO, /Y X if
AT I 0 BOR BR AR B, U ] TiO, AL BT 2 110 JE 4
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L, GERESIE R, A ARS R ORI, A
R B A R S5 R AT R T B e R B R R

(101)

HGM@TiO,-6

Intensity

20/(°)
%6 HGM@TiO, ) XRD &%
Fig. 6 XRD patterns of HGM@TiO,

2.4 HGM@TiO, it & §f %

&l 7 /& HGM Fl HGM@TIO, (1 ) 3% S5z 5t 5% iy
k. MTLIE 5 HGM (14 I BOGIE I i A
lt., HGM@TiO, 19 J 41 i 4 11 12 % F HGM, X
5 HGM@TIO, 3 JZ Bk & T (1) TiO, 1Y = 1 4t
T — 8, WAV T FR A= M 0125 g3 &=
0.75 g, TEAKT 400 nm i) % 7N B: , HGM@TiO,
5 HGM W S5 K i W] 8 4k s 7E 400~780
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