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Process Development for Production of Ultramarine Blue from Kaolin
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ABSTRACT : In present study, an alternative process for manufacturing ultra marine blue by using
kaolin, sulfur, sodium carbonate, silica, and rosin was investigated. From the experiments, it was found
in the reductive calcination process that the temperature variation with the bed height of input
materials is relatively high due to the inadequate thermal conductivity of them. It was also found that
the color of the ultramarine blue manufactured is sensitive for the shape of the input materials and the
calcinations conditions, and specially the heating rate is very important to form ultramarine. For
manufacturing green ultramarine by using sulfur, sodium carbonate, silicon, and pine resin, an optimum
condition was investigated to be the heating rate region below 0.6C/min, the reaction temperature of
850T and the reaction time of 4 hr. At the oxidative calcination process to manufacture ultra marine

blue from green ultramarine, the optimum flow rate of air is 500~550 £ /kg (green ultramarine) and
the reaction temperature is 500~550TC.
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Table 1. Chemical analysis of raw materials (wt%)

SiOz A1203 F6203 KQO CaO MgO NaQO TlOz
IHYE 44.50 39.79 0.95 0.86 tr tr 0.07 0.10
7+ 4 99.70 0.11 0.057 0.032 0.042 0.014 0.035 0.003
SAAA Y FQ MFE A4RG &FF T A3} Kaolin, Na,CO., Sulfur, Silica, Rosin
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Fig. 1. Flow diagram of the experiments.
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Fg. 2. Experimental Apparatus for Reductive Calci-
nation (A : Thermocouples, B : Heating Element, C
: Sample port, D : Electric Balance, E : PLC, F :
Computer G : MFC, H : N, Cylinder).
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Fig. 3. Experimental Apparatus for Oxidation of
Green Ultramarine (A : Heating Element, B : Ther-
mocouples, C : Sample port, D : Air Nozzle, E :
Geered Moter, F : Temp. Controller G : MFC, H :
N; and O, Cylinders).
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Fig. 4. Cross Section of Ultramarine at Various Heat-
ing Rate () 1.0C/min., (b) 0.6C/min., (c) 0.2°C
/min.
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Fig. 5. TG & Temperature Variation Curves accord-
ing to the Position at 0.2 C/min., 860TC.

1000 1100

1.0°C/min.

800 L.

600 L

g
Weight{%}

400 L

Temperature(°C)

5(‘)0 !0‘00 1508
Time(min.)

Fig. 6. TG & Temperature Variation Curves accord-

ing to the Position at 1.0C/min., 860C.
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Fig. 7. XRD patterns depending on Heating Rate
(@) 0.4C/min. (b) 0.6C/min. (c) 0.8C/min. @ ;
Ultramarine Green, A ; NaAlSiO,.
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Fig. 8. XRD Patterns of Green Ultramarine Cal-
cined at 830 and 860°C (g : green ultramarine, n :
NaAlSiOy).
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Table 2. Distribution of sulphur content of green ultramarine according to the position of the mass and heating

rate

IHEZRE FAHUE Az

Heating rate

Sulphur content

Heating rate

Sulphur content

(C/min.) Position (Wt%) (C/min.) Position (Wt%)
Side 24.59 side 22.13
Bottom 27.47 bottom 24.33
0.2 Core 22.94 04 core 21.28
Top 23.83 top 22.49
Mean 23.22 mean 23.17
Side 21.96 side 22.86
Bottom 23.34 bottom 24.40
0.6 Core 19.60 0.8 core 20.66
Top 23.20 top 23.35
Mean 22.62 mean 24.29
Side 23.16
Bottom 21.70
1.0 Core 19.52
Top 22.83
Mean 24.26
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Fig. 9. Effect of heating rates and oxygen contents

on color of ultramarine (Temp. : 5007, Time : 150

min.}.
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Fig. 10. Effect of heating rates and reaction time on
color of ultramarine (Temp. : 500C, O, Content : 8
vol%).
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