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Abstract

Abstract

Ultramarine is a nontoxic inorganic pigment with a blue to purplish pink hue, and it
consists of silicate, alumina, and sodium oxide plus sulfur. It is widely used as a
colorant for plastics, rubbers, coatings, and cosmetics. However, in contact with acid,
the pigment is rapidly decomposed and discolored. In practice, there are many
circumstances under which the pigment may come into contact with acids such as acid
rain, fruit juices, carbonated water, and acidic compositions during product processing.
Therefore, producing acid-resisting ultramarine pigments for these applications has
received much interest.

The coloration of ultramarine that has a cage-cavity structure is attributed to its
special crystal lattice and the location of the sodium polysulfide in the cavity, and the
sensitiveness to acids is also due to this structure, so it is impossible to make
acid-resisting ultramarine Dby changing its interior construction. To obtain
acid-resisting ultramarine, attempts have been made through coating the surfaces of
ultramarine particles with transparent SiO; films to protect them from the corrosion of
acids.

Four different methods including dense silica coatings (DSC), Sol-gel,
DSC+(Sol-gel) and (Sol-gel)+DSC were used to prepare silica coated ultramarine
blue. Simultaneous DSC-TGA, X-ray photoelectron spectroscopy (XPS), fourier
transform infrared (FT-IR) spectroscopy, UV-vis, nitrogen isothermal adsorption and
scanning electron microscopy (SEM) were used to characterize the composition of
elements, surface structure, and morphology on the coating films.

Acid-resisting ultramarine blue pigment was prepared by a novel two-step silica
coating process which is dense silica coatings followed by a sol-gel process. Uniform,
smooth, and dense silica films on the irregular particles of ultramarine pigment were
obtained via novel two-step coatings. Acid resistance of the silica-coated ultramarine
blue was evaluated by immersing the pigment in 10 wt% hydrochloric acid. The
silica-coated ultramarine blue prepared by the novel two-step process shows the 10th
grade of acid resistance, which exhibits much higher acid resistance than that by
dense liquid, sol-gel, and conventional two-step coatings.

The silica coated ultramarine blue prepared by dense silica coatings was also
studied in this thesis. The best acid resistance for the coated ultramarine blue reached



Abstract

the eighth grade under the following conditions: silica adding rate of 4 g/h, solid
content of 3:50 g/ml in the slurry , pH of 9.5 and coating time of 3 h under 90 °C.
This can meet the product quality requirement of industrial production and has good

economical application.

Key Words: Ultramarine blue; Pigment; Silica film; Acid resistance; Two-step silica
coatings
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Fig.1-1 Sodalite structure composed of p cages (a) and blue chromophore S3’

(e)encapsulated in the p cages and surrounded by four sodium cations (©) (b).
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Fig. 1-2 Sequences for preparation of LPD silica coatings on matrixes.
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Fig. 1-3 Sequences for preparation of ller DS coatings on titania particles.
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