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ABSTRACT 
 

Previous research work by present authors showed that the synthesis time of ultramarine pigments is high, 
which leads to the consumption of high energy. Therefore, decision has been taken to replace nano-kaolin 
for kaolin in the production of blue ultramarine pigments. The traditional method, consisting of firing 
mixture of nano-kaolin, sulfur, carbonate sodium and resin under controlled atmosphere has been used for 
synthesis of pigments. Pigments were characterized by XRD, UV-Visible and colorimetery. As shown by 
XRD results, using nano-kaolin compared to kaolin enhanced the formation of blue ultramarine phase, and 
lead to the elimination of minor phases. Also using nano-kaolin significantly reduced the synthesis time. 
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1. INTRODUCTION 

 
The natural ultramarine (Lazurite, Lapis Lazuli) has been known, since the ancient times. It was valued 

as semiprecious gem applied for jewelry and decoration [1]. Of the few worldwide sources of Lapis lazuli, 
the sar-e-sang deposit, located in the Badakhshan province of Afghanistan, has the most attention for its high 
quality [2]. Lazurite is a member of the sodalite group of feldspothoid minerals whose principle members 
include sodalite (Na8Al6Si6O24Cl2 ), nosen (Na8Al6Si6O24SO4 ) and hauyne [(Ca,Na)4-
8Al6Si6O24(SO4,S)] [3]. 

The sodalite group of minerals exists structurally as a framework of alternating silica and alumina 
tetrahedral enclosing large cubo-octahedral cages, known as β-cages or sodalite cages [4]. 

It is within these cages that the many potential extra framework cations (e.g. Ca2+, K+, or Na+), anions 
(e.g. Cl-, OH-, SO42-, or Sn-), and neutral species (e.g. H2O) are entrapped. As Na+ is present, the general 
composition is Na8-Y [Al6-YSi6+YO24Sx]. 

Fig.1 showed  sulphure and sodium sites in ultramarine structure[2]. The size of these β-cages is 2.2 Å, 
as compared to the molecular and ionic radius of these compounds insures the enclathrated species remain 
resident inside the structural framework [6]. Also Lazurite contain the other sodalite group minerals as well 
as pyrite (FeS2), calcite (CaCO3), wollastonite (CaSiO3), dolomite [CaMg(CO3)2], and others [7].  

 
Fig.1. Structure of ultramarine including S and Na sites in aluminosilicate framework 

 

Limited sources of Lazurite, big demand, high price due to its scarcity, lead to wide research work, as 
scientists synthesized various colors of ultramarine [8]. 
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The anion radicals S2-, S3-, and S4- are responsible for various ultramarine colors. These radicals 
have major role in the formation of blue, yellow and red chromophores, respectively [9]. Also in recent 
year some research groups have been use various clays in order to obtain yellow and green ultramarine 
pigments. In the present research work nano-kaolin has been used assuming to decrease synthesis time due 
to the higher reactivity of it.  
 
2. Experimental Procedure 

Sodium carbonate and nano-kaolin were supplied by Merck, sulfur was provided by Ghatran Shemi 
Co., and silica from Hamadown mine in Hamadown. Formulation of the samples are given in table 1. 
Sample batches according table 1 were prepared by milling materials using planetary fast mill for 2 hours. 
To activate the clays, they were calcined at 550°C for 2 hours. 
 

Table 1. formulation of prepared samples 
silica resin sulfur Sodium hydroxide Calcined nano-kaolin  Meta-kaolin C code 

8 6 32 28  - 34 1 
8 6 32 28 3232  - 2 

 
The calcinations temperature was determined by DTA/TG analysis (Fig.2). After milling, the samples 

were place in alumina crucibles. In order to control the atmosphere a lid was placed on the crucibles and 
sealed with clay paste. 

 

 
Fig.2. DTA/TG result of the kaolin 

 
The samples were heated in furnace according to four different programs as given in table 2. Optical image 
of various pigments powders are shown in Figs 3-4. Produced pigments powders were characterized using 
XRD (Jeol JDX-8030), UV-Vis spectroscopy (Rayleigh) and colorimetery. 
 

Table 2. heating program of synthesized samples at 800°C 
Firing time(h) Heating rate Program code 

4 3°C/min 1 

2 2°C/min 2 
2 13°C/min 3 

2 13°C/min 4 
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Fig.3. Optical image of sample 1 

 

 
Fig.4. Optical image of samples 3 to 6 

 
Table 3. Synthesis condition and various pigments which obtained under different heating programs 

Color Heating program Compound code Samples 
Very light blue 1 1 1 

White with blue shade 2 1 2 
Dark blue 1 2 3 
Dark blue 2 2 4 

blue 3 2 5 
blue 4 2 6 

 
3. RESULTS AND DISCUSSION 

 
3.1.  X-ray Diffraction analysis 

Fig.5-6 shows XRD analyses of the synthesized samples. According Fig.5. Ultramarine phase did not 
form due to decrease of synthesis from 14 hours to 4 hours. Details of ultramarine production process using 
kaolin has been described in previous papers [1-2]. However using nano-kaolin lead to production of blue 
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ultramarine pigment even for 2 hours at 800°C (see Fig. 4 sample 4 and Fig. 6 sample 6). As can be seen 
from Fig. 6 all ultramarine XRD peak formed in samples 3-6. The variation on intensity of colors which 
can be seen in Fig. 4 is related to different heating time, because all conditions such as compound, 
atmosphere of furnace and heating temperature were similar for samples.  

 
Fig.5. XRD analysis of sample 1 (NO: Nosean, SASS: sodium alumina silicate sulfate, L: Lazurite) 

 

 
 

Fig.6. XRD analysis of sample 3-6 (NO: Nosean, SASS: sodium alumina silicate sulfate,  
L: Lazurite, Ne: Nepheline) 
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3.2. Reflection spectra analysis 
UV-Visible spectra of the samples 3 and 6 are shown in Fig.7. Reflection spectra of both samples  are 

very similar and both show wide reflection centered at about 470 nm, which formed as a result of the 
presence of S3- radicals, and sign of blue ultramarine pigment formation. There is another reflection band 
which lead to red tint as centered at about 700 nm, result of presence of S2- radicals [5].  
 

 
Fig.7. Reflection spectra of samples 3 and 6 

 
3.3. Spectrophotometery analysis    

CIELab results of samples 3 and 6 are given in Table 4. Considering a* and b* values, it is obvious 
that the colors are located in the fourth area in CIELab color space.  

Also in the high negative b* in compare with negative a* is representative of that S3- radical is more 
dominant than the resulting in blue color. On the other hand the sample which has higher -b*/-a* ratio, 
shows intense blue color. 

As can be seen in Table 4, sample 3 has higher -b*/-a* ratio, which is accordance with optical 
images shown in Fig.4. 
 

Table 4. Color characteristics of samples 3 and 6 
Sample code L* a* b* C* h° 

6 27.54 -6.76 -20.1 21.21 251.42 
3 28.57 -5.06 -21.41 22 256.71 

 
Conclusion 

1. Using nano-kaolin instead of kaolin led to decrease of synthesis time. 
2. Using nano-kaolin resulted in better colors. 
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