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Preparation of Zircon Encapsulated Zinc Selenosulfide Pigment for Thermal Insulation

ZHANG ti, WANG yanmin, PAN zhidong
(School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: To ensure the color, near-infrared (NIR) reflectance as well as the thermal and chemical stabilities of zinc selenosulfide
(ZnS,Se,_,) pigment, co-precipitated ZnS,Se, , precursors were in—situ encapsulated with mechanically activated zircon (ZrSiOy)
precursors by homogeneous mixing and subsequent sintering at a lower temperature. The structure, morphology, thermal stability and
chromatic property of ZnS,Se;_.(@ZrSiO, encapsulated pigment were investigated, and the thermal insulation property of ceramic tiles
coated with ZnS,Se, @ZrSiO, pigment was evaluated. The results show that mechanical activation can improve the activity and
homogeneity of ZrSiO, precursor, thus reducing the activation energy of ZrSiO, crystallization and facilitating the formation of
ZrSiOy4 at a lower temperature. The crystal formation of activated ZrSiO, precursors occurs simultaneously with the synthesis of
ZnS,Se;_, pigment, and ZrSiO4 grains are formed in—situ on the pigment particle surfaces. ZrSiO,4 grains gradually grow up and
densely encapsulate ZnS,Se; , pigment during subsequent sintering at a lower temperature (i.e., 700 C). The ZnS,Se; @ZrSiO,
encapsulated pigment possesses the superior chromatic property, thermal and chemical stabilities as well. Compared to white ceramic
tiles, ceramic tiles coated with ZnS,Se, (@ZrSiO, pigment absorb less NIR radiation (energy), thus exhibiting a lower surface
temperature and a good thermal insulation property.
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(f) SEM photograph of precursor activated for 6 h

(h) SEM photograph of precursor activated for 9 h
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Fig. 2 »Si NMR spectra of ZrSiO; precursor powders
unactivated and activated at different time
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Table 1 Fractions of silicon species Q" obtained from
least—square fittings of *’Si NMR spectra

Activated

1QY 1Q) Q) 1Q) Si—O-Si bridges per

time/h tetrahedron
0 0.55 0.41 0.02 0.02 3.49
3 0.50 0.45 0.02 0.03 3.43
6 0.42 0.52 0.07 3.31
9 0.22 0.55 0.16 0.07 2.92
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Fig. 3 DSC curves and Kissinger plots for non—isothermal crystallization of ZrSiO,4 precursor powders measured at different heating

rates
2.2 ZnS.Se,_.@ZrSiO, BB &H

Bl 4 N2 700 CHEEFHALHEEM
ZnS,Se . @ZrSiO, 178 i LK) XRD 1% A FTIR Yt i .
EH e 4a 1] 01, B (k) 1 32 AR ZiSi04(JCPDS
K5 06-0266). Sk, I T DR ZnSe(JCPDS

K5 37-1463) T %, XK, GBS
A% 7nS,Sey, Bl SR GE R . BRI,
ZnS,Sey  EUREHH 1 3 fAH A BLAT INEER S5 R TR 11
B, FEEEEN F-43m(216), SONIEFEMN R

3Se + 6NaOHA2Na,Se + Na,SeO; +3H,0 (5



« 882 CRERR Eh2230)

J Chin Ceram Soc, 2020, 48(6): 877-886

2020 4F

6-0!

Intensity
lw)

L1y
—(112)
@11
120y

F420

(220)
F(202)

L(101)

20
=
S
r

Znse JCPDS 37-146]

10 20 20 40
20/(°)

(103)
(321

-(311) (—(212)
—(400)

220y [ G°D
(400)

n
S
L
(<]
~
S

(a) XRD pattern

A
'v_—\w

7150, A0,
—— 708 Se,_@ZrSiO, 250,

,&mw‘\ /ﬂ)_’-o-u-«‘ffr‘"""‘ = f"‘d’\

7 1639 f
445 4
3 ki/ Zn-Se 1110 * 553
: ZnS n—Sel
OH stretching s 69752

4000 3 600 32002 80024002000 16001200 800 400
Wavenumber/cm™

Transmittance/%

(b) FTIR spectra
4 %700 CHMLFLE ZnS,Se,_,@ZrSiO, 1.7 R ] XRD
LA RE
Fig. 4 XRD pattern and FTIR spectra of ZnS,Se, @ZrSiO,
encapsulated pigment sintered at 700 C
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Fig. 5 SEM micrograph and EDS spectrum of
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at 700 'C
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Fig. 6 TEM images, HR-TEM image and SAED pattern of ZnS,Se_,@ZrSiO,4 encapsulated pigment sintered at 700 ‘C
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Table 2 Color coordinates of encapsulated pigment treated
in different solutions

Different solutions L a b AE
Before treatment 84.07 -1.89 29.53
H,0 84.38 -1.36 29.36 1.08
HNO; 85.63 -0.67 28.47 2.25
NaOH 85.06 -0.99 28.95 1.38
C,HsOH 84.82 -0.99 29.28 1.17

2.4 ZnS,Se,_.@ZrSiO4 NIR & 51 ZFERIFBAR

NIR S5 & r% B il 24 A4 i 208 (KT Al oe
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FZ 5 FAE 1050~1 150 CIRLE N AT RhBE .
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9 Fion. R &R 7E NIR 3 K i (700~
2 500 nm)PN ST ERE B ZE . IR IR E I
R RO e R, B B R, Zns,
Sei.@ZrSiO, Hhi T Ff 4 1 NIR H 6 = 5 K N
87.61%, TSR N 70.20%, FKH] ZnS,Se; @ZrSiO,
R &AL AR NIR REFERE, =T AME
RAE ) 60.07% . MR 25 KW, ZnS,Se..@
ZrSiOy EHE1) NIR S5 B8 B AR T 1 4 i Rl B
Bhk

¥ ZnS,Se; @ZrSiO4 NIR S ZEtb ke b B T41
MR T, PN EUR AT BRI AL . 72
ZLAMT RS 10min J5, )R &R IR 2 1
LANEE B, R E A SR 501 C. fE
ZnS,Se| @ZrSiO4 Fill [ & itz 1 it (EURHR 78 IXECH
1. 3. 5009, BEAEWRBXRESE N, R r 2R iR
FEIZ D BAK, 10 B R TR 5 P B A8 SR B U 7
BN TE . ZnS,Sei «(@ZrSiO, K & ik A R
RRHGEIR, 5 AaBRME SR, WwE T aE
ORI NIR Sz 5 8 it il T o] Wi Sc 3 /0 () i 5 A0 NIR
AT, AR B R R TR B PR (LR 3).
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Fig. 9 NIR and solar reflectance spectra of ceramic glazes
samples
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Table 3 Maximum surface temperature of NIR reflective
ceramic samples after exposing to the radiation

NIR RSt EMRESRE

for 10 min
Samples Tmax! C AT/C”
White glaze 50.1
ZnS,Se|_.@ZrSiO, glazes coated once 45.0 5.1
ZnS,Se|_,@ZrSiO, glazes coated for 3 times 434 6.7
ZnS,Se|_,@ZrSiO, glazes coated for 5 times 429 7.2
3 ik

1) XA RSB B ZeSiO, BT IRAR AT AL
WO, P 1 NSRRI S, RS T I
MG RE o RN Y ZrSiO4 B SRR HT i v
1L BEN 389.245 kI/mol, A UMRIEE I [R1 3 in % 3 1
9 h i, ZrSiO, Hf AT S Ak AE 70 I 2 285.160
AT 262.122 kJ/mol. ¥ IEYTIEVEA K ZnS,Se ,

LA IR AR S UGS J5 1 ZrSi0, /678 1T SRR 351 )53 4
BURG G, CRATIRASE A AT fE Si-O-Zr I =4k
I_Jf% ERY R, BABRIEREE (700 C) MBI ZrSiO,

TRLZ T R IF B AL, S T ZnS,Se - (RFRT
*zﬁﬁﬁmé A,
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