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Synthesis of Holmium Molybdate Ceramic Pigment with Allochroic Effect

LI Xiangyu, WANG Yanmin, PAN Zhidong
(School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: A holmium molybdate ceramic pigment with ‘allochroic effect’ was prepared via mechanical activation-assisted
solid-state reaction. The effects of mechanical activation mode and time as well as sintering temperature on the properties of
synthesized holmium molybdate pigment were investigated by laser particle size analysis, simultaneous thermal analysis, X-ray
diffraction and scanning electron microscopy, respectively. The color properties and allochroic effect of the synthesized pigments
were evaluated by ultraviolet—visible diffuse reflectance spectroscopy (UV—Vis) and colorimetry. In addition, the high-temperature
stability and chemical stability of the pigments were also investigated. The results show that a sole phase of holmium molybdate
can be obtained from mixed precursors ground at 1 h and sintered at 900 ‘C for 3 h, and the sintering temperature is reduced by
100 C, compared to that from each precursor ground separately for 2 h and then mixed or the mixed precursors unground. This is
because mechanical activation pretreatment can effectively reduce the size and crystallinity of mixed precursor particles and
enhance its solid-phase reaction activity, thus leading to the decrease of solid-phase reaction temperature. In addition, the pigment
obtained from mixed precursors ground for 2 h has better color performance and allochroic effect under different illuminants. It is
indicated that the allochroic effect of holmium molybdate pigment occurs due to the rich energy level structure of holmium ions in
the visible range and the difference between relative spectral power distributions under different light sources. Meanwhile,
holmium molybdate pigment can be used as a potential functional pigment in ceramic decoration and other related fields due to its
high-temperature stability and chemical stability.
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Fig. 1 Particle size distributions, SEM images and XRD patterns of mixed precursor powders unground and ground at different time
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powder ground at 2 h, respectively and then mixed
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SEM images of mixed precursor powders unground and ground for 2 h and then sintered at 1 000 C for 3 h
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Fig. 4 TG-DSC curves of mixed precursor powders unground and ground at different time
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Table 2 Average crystalline sizes and crystallinities of
pigments obtained from precursors pretreated by
different methods and sintered at 900 ‘C

Pre-treatment Average crystalline size/nm  Crystallinity/%
Mixed before grinding 34.8+0.3 70.0£6.7
Ground before mixing 31.4+0.2 57.5£5.0
v-- Monoclinic Ho,MoO,
J\/t 1000 C
v
iy
Z v v v 900 C
Q
k|

) e
L

700 C
| . . . .. JcpDS25-0376
25 30 35 40
26/(°)
(b) Mixed before grinding
v-- Monoclinic Ho,MoO,
v
A oE 1000 C
2
é J/\\ 900 'C
A
//k 800 C
700 °C
I . . .. JCPDS25-0376

25 30 35 40
200(°)

(d) Ground before mixing

K5 SR 2 R RRT IE F AL B 77 2 SRAS H AR AAE A R E e 4 3 h JS 7M1 XRD i
Fig. 5 XRD patterns of precursor powders pretreated by different methods and sintered at different temperatures for 3 h
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Fig. 6 Photographs of the pigments obtained from the
precursor powders pretreated by two methods and
sintered at 900 ‘C for 3 h under different standard
illuminants
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Table 3 L*a*b* values of pigments obtained from the precursor powders pretreated by two methods and sintered at 900 C

under different standard illuminants

D65 F2 F11
Pre-treatment
L* a* b* L* b* L* a* b* L* a* b*
Mixed before grinding 93.31 -3.39 18.93 94.09 0.64 18.70 94.14 0.65 17.41 91.66 7.12 13.36
Ground before mixing 95.08 -3.99 17.10 95.70 0.07 16.49 95.72 -0.53 16.48 93.92 4.17 13.47

F4 TRIFATMLEREEMELE 900 CREFARFSERENENIRZ B EEEWEY)

Table 4 AE* values of pigments obtained from the precursor powders pretreated by two methods and sintered at 900 ‘C

under different standard illuminants

Pre-treatment AE (pssiay AE (pssira) AE posien) AE (2 AE wrin AE" ap1r)
Mixed before grinding 4.11 4.40 12.01 1.29 8.74 8.03
Ground before mixing 4.15 3.57 9.01 0.60 5.39 5.86
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Table 5 Color parameters and color difference (AE*,;,) of
holmium molybdate pigments before and after
chemical resistance tests

Chemical N N « "

) L a b AE
solution
Before treatment 93.31 -3.39 18.93
5% NaOH 93.65 -3.46 18.26 0.75
5% HNO; 93.50 -3.47 18.34 0.62
5% HCI 92.84 -3.50 18.72 0.53
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