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Low-temperature Synthesis of High Rendering BiVO, Yellow Pigment
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Abstract: BiVO, yellow pigment was synthesized by using a template-free chemical co-precipitation method at low
temperatures, with bismuth nitrate pentahydrate [Bi(NO;);-SH,0] and ammonium metavanadate (NH,VO;) as Bi and V
resources and deionized water as solvent. Phase composition and morphological characteristics of the samples were studied by
means of X-ray diffraction (XRD), Raman and field emission scanning electron microscope (SEM). CIE-L* a* b* color system
and UV-vis diffuse reflectance spectra were employed to characterize chromatic properties of the BiVO, pigment. It is found
that the resulting products have monoclinic scheelite-structure and irregular bulk-like morphology with an average particle
size of 1.7 um. Meanwhile, the formation temperature is much lower than that of the conventional solid state method (700 °C).
When the concentration of precursor solution and pH value are 0.05 mol-L™" and 6, the BiVO, yellow pigment shows excellent
chromatic performance, with L*=76.66, a*=0.22, b*=76.12, which is much higher than that of the commercial BiVO,.
Importantly, the as-prepared BiVO, pigment is applied in polymethyl methacrylate (PMMA) and exhibits excellent color and
dispersion properties in the matrix.
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Fig. 1 XRD patterns of the BiVO, pigments derived from
the precursor solutions with different concentrations

B2 AEBTRERETAR BIVO, Hi#H SEMBH: (a) 0.01 mol-L™"; (b) 0.05mol-L™"; (c)0.10 mol-L™";
(d) 0.15 mol-L™"; (e) 0.20 mol-L™"
Fig. 2 SEM images of the BiVO, pigments derived from the precursor solutions with different concentrations:
(a) 0.01 mol-L™!, (b) 0.05 mol-L™", (¢) 0.10 mol-L™", (d) 0.15 mol-L™" and (e) 0.20 mol-L™"
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Fig. 3 L*-a*-b* values (a) and chromatic coordinates (b) of the BiVO, pigments derived from the precursor
solutions with different concentrations

F1 AEBIRERETHE BIVO, BRI BER

Tab. 1 Color characteristics of the BiVO, pigments derived from the precursor solutions with different concentrations

Concentration CIE

(mOl‘Lil) L* a* b* Cab h
0.01 70.52 5.79 67.90 68.15 85.13
0.05 77.75 0.03 75.96 75.96 89.98
0.10 82.06 -2.93 75.20 75.26 87.77
0.15 80.92 -1.69 74.10 74.12 88.69
0.20 79.68 -0.73 70.84 70.84 89.41

C,=(a%+b?)".

purity of hue (0-100) and h, = arctan(b’ /&) , hue angle (0-360 °, Pure yellow=90 °)
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El4 7A[E pHETHIE BiVO, Bk XRD B
Fig. 4 XRD patterns of the BiVO, pigments from the
precursor solutions with different pH values
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Fig. 5 SEM micrographs of the BiVO, pigments from the precursor solutions with different pH values:
(@) 5, (b) 6, (¢) 7, (d) 8 and (e) 9
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Fig. 6 L*-a*-b* values (a) and chromatic coordinates (b) of BiVO, pigments from the precursor
solutions with different pH values

®2 AEHEHFETAER BIVO, BRI B EE

Tab. 2 CIE coordination of the BiVO, pigments obtained by using different methods

pH Temperature/°C " ZI*E o Ca Nap Reference

5 RT 75.79 2.2 71.99 72.02 88.25 This study

6 RT 76.66 0.22 76.12 76.12 89.83 This study

7 RT 77.75 0.03 75.96 75.96 89.98 This study

8 RT 79.35 —-1.44 73.29 73.30 88.87 This study

9 RT 78.88 —-1.86 72.00 72.02 88.52 This study
Solid-state method 700 80.19 12.08 69.76 70.80 80.18 [21]
Hydrothermal-method 180 95.62 1.24 7.15 7.26 80.16 [22]
CBD method <100 68.08 16.52 42.32 45.43 68.68 [17]
sol-gel method 500 77.18 —0.53 71.19 71.19 90.44 [19]
NHSG method 400 74.83 —-0.34 71.18 71.18 89.73 [20]

Commercial BiVO, — 94.4 -16.7 76.9 78.7 77.8 [31-32]
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B 7 BiVO, BRI E 2 5h—7T Wi I 5F 5t ik
Fig. 7 UV-Vis diffuse reflectance spectrum of the BiVO, pigment
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Fig. 8 Raman spectrum of the BiVO, pigment
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Fig. 9 Photograph of the BiVO, pigment embedded
in PMMA
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