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ABSTRACT

In high temperature ceramic glazes, a stable range of pink-red colors that produced Cr
2
O

3
-SnO

2
-CaO-SiO

2
 pigments were fac-

tored by Cassiterite(SnO
2
) and Malayaite(CaSnSiO

5
) by Cr

2
O

3. 
The experiment examined the influence of CrCl

3
, a Sn-Cr substitu-

tion added with a mineralizer (H
3
BO

3
), as a chromophore in pigments. The experiment also studied the effect of H

3
BO

3
 (2 wt%)

when added to malayaite(CaSnSiO
5
) to see if the crystalline reaction will increase. Cr

2
O

3
 was also substituted with CrCl

3 
in order

to prove how much influence CrCl
3
 had on the H

3
BO

3.
 Malayaite and cassiterite were the basic compound materials and the

experiment was conducted both with and without mineralizers (2 wt% of H
3
BO

3
).Each compound was synthesized at 800, 1000,

1200, 1300, 1400, 1500oC for 2 h. Synthesized pigments were analyzed by XRD, FT-IR and UV-Vis. The temperature variation

produced two crystal phases that showed the different engaging effects of Cr oxidation. CrCl
3
 produced a better effect on the

malayaite crystal phase, resulting in a more defined pigmentation of the pink-red coloration compared to Cr
2
O

3
. 

Key words : Malayaite, Sphene, CrCl
3
, Pink, Pigment

1. Introduction

ver the past few years, many studies have been

devoted to fabricating a red color glaze, which is stable

at high-temperature. However, red pigments development

has been restricted to Pb
3
O

4
, Cds etc. which produce a pure

red color. Colors such as pink, purple, brick red and maroon

were used to make red-tone colors. There is also a great

demand for a high-temperature stable consistent pink-red

color glaze.1) The addition of Cr
2
O

3 
as a chromophore in

glazes can yield various colors such as pink, red, reddish

brown and green.2) The combination of Cr
2
O

3 
with SnO

2
 and

CaO can produce a pink-red color that is stable at a high-

temperature.

The Cr
2
O

3
-SnO

2
-CaO-SiO

2
 system pigments have attracted

significant attention from the ceramics industry because the

pigments are unique as a cadmium free red color pigment,

which is stable up to 1,300oC.3) In particular, the Cr
2
O

3
-

SnO
2
-CaO-SiO

2
 system pigments have been used for purple

and pink color pigments in a porcelain glaze.4) The represen-

tative pigments are chromium-cassiterite pigments which

show a purple or violet color that originated from formed

Cr(IV) ions that were dissolved in SnO
2
 crystals. Chro-

mium--malayaite pigments also showed a red-brown color

that originated from Cr(IV) ions that were dissolved in a

CaSnSiO
5
 tin-sphene structure.3) 

The main factor of red coloration is the presence of the

Cr(IV) ion in the malayaite crystal3) which contains both

Cr(III) and Cr(IV) ions. CrCl
3
 was substituted for Cr

2
O

3
 as a

chromophore in order to enhance Cr ions’ solubility in

malayaite crystals. It has been reported in previous studies

that the oxidation state of Cr ions was affected by the firing

temperature while the color of the pigments was changed by

a solvent crystal. Furthermore, it was found that the differ-

ent Cr ions significantly affected the color of the pigments

when CrCl
3
 was used as a source of Cr ions, instead of r

Cr
2
O

3
, which then decreased the synthesis temperature of

pigments and also changed the oxidation state of the Cr

ions.2)

The purpose of this study is to synthesize CaSnSiO
5
-based

sphene-pink pigments by partially substituting Cr
2
O

3
 or

CrCl
3 
for SnO

2
. The effects of this substitution on this com-

position were investigated carefully in order to understand

the changes in the pigment synthesis temperature and the

formation of malayaite and cassiterite phases, as well as the

different color variations permitted by the chromium ions.

Additionally, the effects caused by the addition of H
3
BO

3 
as

a mineralizer is also discussed

2. Experimental Procedure

2.1. Starting material

In order to synthesize the pigments, reagent grade Cr
2
O

3

(Duksan, 99%), CrCl
3 

(Junsei, Extra pure), SnO
2 

(Junsei,

Chemial pure) and H
3
BO

3 
(Duksan, 99.5%) were selected as

starting materials. Table 1 shows the basic compositions of

the malayaite(CaSnSiO
5
)-based pigments. The Cr ion con-

tent in the pigments ranged from 0.01 to 0.14 mole % in

order to initiate and observe the variation of color. Two wt%

O
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H
3
BO

3
 were added as a mineralizer, as shown in Table 2.

The pigments were synthesized at 1,300oC for 2 h in an oxi-

dated atmosphere.

In order to analyze the effects of a Cr ion source on the for-

mation temperatures of malayaite and cassiterite crystals,

and on the solubility of the Cr ions in malayaite and cas-

siterite crystals, Cr
2
O

3
 and CrCl

3
 were selected as a Cr ion

source. In the case of adding Cr
2
O

3
 , the compositions were

denoted as (P or H)-(A, B, C, D, E)-O while in the case of

adding CrCl
3
 , the compositions were denoted as (P or H)-(A, B,

C, D, E)-C based on the notations in Table 1 and Table 2. The

compositions were fired at 800oC, 1000oC, 1200oC, 1300oC,

1400oC and 1500oC for 2 h in an oxidated atmosphere.

In orderto fabricate comparative samples, the same amounts

of CrCl
3
 and Cr

2
O

3
 were also added to a single cassiterite

(SnO
2
) composition, and the mixtures were fired under the

same conditions. The CrCl
3
-added samples were denoted as

Sn-L, and the Cr
2
O

3
 added samples, as Sn-O.

2.2. Sample analysis

In order to identify the crystal phase of the synthesized

pigment, XRD (XRD-7000, Shimadzu, Japan) analysis was

carried out. FT-IR (IR Prestige-21, Shimadzu, Japan) DRS-

8000A was used to analyze the employment of Cr ions and

also the crystal phase. The shape and size of the synthe-

sized pigment particles were also observed using SEM (SS-

550, Shimadzu, Japan). The coloration of the synthesized

pigment was examined by applying 6 wt% of the pigment to

lime glaze, followed by firing at 1260oC and UV analysis.

The result was expressed as the CIE L*a*b* colourimetric

value and UV-vis spectra.

The seger formula for the lime-glaze is shown below: 

0.3264 KNaO 

0.6588 CaO 0.4040 Al
2
O

3
3.5526 SiO

2

0.0148 MgO (1)

3. Results and Discussion

3.1. The effects of the addition of CrCl
3 

Figs. 1 and 2 show the XRD patterns of the pigment with-

out-mineralizer and with-mineralizer as described in “Sec-

tion 2.1”, respectively. The patterns show that the addition

of CrCl
3
 accelerated the formation of the malayaite phase.

These results mean that the addition of CrCl
3
 had the same

role as the mineralizer. Fig. 2 shows the results produced

when a mineralizer was added to pigments. It was found

that both Cr
2
O

3
 and CrCl

3
 accelerated the malayaite phase.

However, the amounts of malayaite produced increased

when CrCl
3 
was added in comparison with Cr

2
O

3
. In Fig. 3,

the results of the analysis from the FT-IR spectroscopy dem-

onstrated the solubility of Cr ions with the malayaite phase.

The FT-IR analysis of samples without-mineralizer showed

a result that was more similar to the malayaite characteris-

tic band than the FT-IR result of samples with-mineralizer

did. Fig. 3 shows the FT-IR spectra of pigments synthesized

Table 1. Composition of Samples. (Stoichiometry)

Sample Composition

P-A CaCr
0.01

Sn
0.9925

SiO
5

P-B CaCr
0.03

Sn
0.9775

SiO
5

P-C CaCr
0.04

Sn
0.97

SiO
5

P-D CaCr
0.07

Sn
0.9475

SiO
5

P-E CaCr
0.14

Sn
0.895

SiO
5

Table 2. Composition of Samples with Mineralizer. (Stoichiometry)

Sample Composition

H-A CaCr
0.01

Sn
0.9925

SiO
5 

- (2 wt%) H
3
BO

3

H-B CaCr
0.03

Sn
0.9775

SiO
5 

- (2 wt%) H
3
BO

3

H-C CaCr
0.04

Sn
0.97

SiO
5 

- (2 wt%) H
3
BO

3

H-D CaCr
0.07

Sn
0.9475

SiO
5 

- (2 wt%) H
3
BO

3

H-E CaCr
0.14

Sn
0.895

SiO
5 

- (2 wt%) H
3
BO

3

Fig. 1. XRD patterns of the samples without-mineralizer fired at 1300oC for 2 h: (a) using Cr
2
O

3
 as a Cr ion source, (b) using

CrCl
3
 as a Cr ion source.
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with a mineralizer. The bands at 423, 563, 675, 703, 812,

870, 900 and 1053 cm-1 5,6) demonstrated the malayaite

phase by F. J. Berry. The bands that had the addition of

CrCl
3
 showed a higher intensity rate than those who had

the Cr
2
O

3 
added. This result means that the addition of a

mineralizer and CrCl
3
 increases the solubility of Cr ions, as

well as the formation of the malayaite phase. Particularly

the bands at 675 and 703 cm-1(Fig. 3) proved that the

malayaite phase was produced by the greater solubility of

Cr(IV) by CrCl
3 
compared to Cr

2
O

3
.
.

Fig. 4 shows the UV-vis spectra of lime-glazed samples. In

this study, the glazed samples showed that the absorption

band made from the oxidized state of the Cr ions interacted

with the malayaite phases. The absorption band at 380 nm7,8),

which originated from the un-reacted Cr(III) in pigments,

was not well detected by XRD. As shown in Fig. 4 (a), in the

case of H-A-O, the 0.01 mole addition of Cr
2
O

3
 with mineral-

izer (the composition showed in Table 2), did not exist. The

Cr(III) absorption band was at 380 nm. However, the Cr(III)

absorption bands could be found in all other samples,

whereas Fig. 4 (b) shows all strong Cr(III) absorption bands

at 380 nm. Even though the malayaite phase and the solu-

bility of Cr ions increased with the addition of CrCl
3
, unre-

acted Cr ions also increased. This was considered to be a

second phase because of the limited engagement of the Cr

ions in the cassiterite. 

In order to analyze the effects of Cr ion solubility into the

cassiterite (SnO
2
) phase, the Sn-Oand Sn-L samples were

prepared and fired from 800 to 1400oC. Fig. 5 shows the FT-

IR spectra of Sn-O and Sn-L. The characteristic Cr bands at

529, 572, 617, 660 cm-1 were found in all of the Sn-L sam-

ples. These Cr bands show the existence of excess Cr ions.

In the case of using CrCl
3
 for the synthesis of pigments, the

solubility of Cr ions in malayaite crystal was enhanced and

simultaneously decreased in cassiterite. This corresponded

well with the results shown in Figs. 2, 3 and 4. 

Fig. 6 shows the CIE L*a*b* colourimetric parameters of

the glazed samples that had the addition of pigments. In the

synthesized pigments that did not have mineralizers, the

luminosity (L*) values were similar, regardless of composi-

Fig. 2. XRD patterns of the samples with-mineralizer fired at 1300oC for 2 h: (a) using Cr
2
O

3
 as a Cr ion source, (b) using CrCl

3

as a Cr ion source.

Fig. 3. FT-IR spectra of the samples with-mineralizer fired at 1300oC for 2 h: (a) using Cr
2
O

3
 as a Cr ion source, (b) using CrCl

3

as a Cr ion source.
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Fig. 4. UV-vis spectra of the glazed samples with the addition of pigments that had mineralizer: (a) using Cr
2
O

3
 as a Cr ion

source, (b) using CrCl
3
 as a Cr ion source.

Fig. 5. FT-IR spectra of samples with 4 mole% Cr composition in SnO
2
 single phase (Sn

0.96
Cr

0.04
O

2
) as a function of fired temper-

ature: (a) using Cr
2
O

3
 as a Cr ion source, (b) using CrCl

3
 as a Cr ion source.

Fig. 6. CIE L*a*b* colourimetric parameters of glazed samples with the addition of pigments: (a) without-mineralizer, (b) with-
mineralizer.
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tion. However, the chromaticity (a*) values increased with

the addition of CrCl
3
. The a* values of pigments that were

synthesized with the mineralizer increased with the addi-

tion of a small amount of CrCl
3
. Even though the decrease

was in proportion to the added amounts of H-A-L when com-

pared with the H-B-O, the a* values increased when Cr(IV)

ions formed in the malayaite phases as a result of the addi-

tion of CrCl
3
, Nevertheless, after the amounts of CrCl

3

exceeded the solubility limit, the a* value decreased as a

result of the formation of un-reacted Cr(III) ions.

3.2. The effects of synthesis temperature on phase

and Cr ion solubility 

Fig. 7 shows the XRD patterns of the P-C-O and P-C-L

samples listed in Table 1, as well as the synthesis temperatures

ranging from 800 to 1,500oC. The calcium tin oxide phase,

which was the precursor to the malayaite phase, continued to

exist up until 1,200oC, but completely disappeared at 1,300oC

when the formation of the malayaite phase was initiated.

The P-C-L samples that used CrCl
3
 had the malayaite

phase form faster and had a higher intensity of calcium tin

oxide, which is the precursor of the malayaite phase, at a

lower temperature than that of the P-C-O sample. These

differences were more definite in the XRD results of the

sample H-C-O and H-C-L. 

Fig. 8 shows the XRD patterns of the H-C-O and H-C-L

samples. In the case of the H-C-O samples, a small portion

of the malayaite phase was observed at 1,200oC, and at

Fig. 7. XRD patterns of samples with 4 mole% Cr composition (CaCr
0.04

Sn
0.97

SiO
5
) that had no mineralizer as a function of the

fired temperature: (a) using Cr
2
O

3
 as a Cr ion source, (b) using CrCl

3
 as a Cr ion source.

Fig. 8. XRD patterns of samples with 4 mole% Cr composition (CaCr
0.04

Sn
0.97

SiO
5
) that had mineralizer as a function of fired tem-

perature: (a) using Cr
2
O

3
 as a Cr ion source, (b) using CrCl

3
 as a Cr ion source.
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1,300oC its formation was regularized. In contrast to the H-

C-L samples, the formation of the malayaite phase consider-

ably progressed, even at 1,200oC. These results show that

the formation of the malayaite phase can be enhanced with

the addition of a mineralizer, with further acceleration com-

ing from the addition of CrCl
3
.

Fig. 9 shows the FT-IR spectra of the P-C-O, P-C-L, H-C-O

and H-C-L samples with their synthesis temperatures. All

of the samples synthesized at 800oC showed small portions

of the characteristic malayaite band at 427, 470, 500, 529,

675, 705, 812, 870, 901 and 952 cm-1 5,6). The characteristic

malayaite band was stable within the 1,000oC to 1,300oC

temperature range. Notably, the CrCl
3
-added compositions

((b) P-C-L, (d) H-C-L) showed higher intensities, as well as

the highest value at 1,200oC among the samples, confirming

that the addition of CrCl
3
 enhances the Cr ions’ solubility in

malayaite crystals and decreases the synthesis temperature

of that phase.

Malayaite phases of the sample H-C-L were mainly found

at a lower temperature, 1200oC, while the particle size was

also smaller than H-C-O. This was proved by the SEM

images shown in Fig. 10. 

Fig. 11 shows the UV-vis spectra of the H-C-O and H-C-L

samples. The absorption bands reflect the oxidation state of

the Cr ions. The absorption band at 520 nm originated from

the dissolved Cr(IV) ions in the malayaite crystal, which is

explained by a diagram known as Tanabe-Sugano as 3A
2g

(F)

→

3T
1g

(F)3,4). The 380, 420 and 600 nm bands originated from

the Cr(III) ions as 4A
2g
→

4T
1g

(F), 4A
2g

(F)→4T
2g

, 4A
2g
→

4T
1g

(F)7,8).

The optimum synthesis temperature resulted in the stron-

gest band intensity at 520 nm of the H-C-O and H-C-L sam-

ples at 1,300oC and 1,200oC, respectively. The spectra of the

samples synthesized at the optimum temperature showed

that the intensity of Cr(IV) increased with the formation of

the malayaite phase and the Cr(III) band that represented

un-reacted ions decreased. Considering the results of Figs. 7

and 8, this indicates that the formation of malayaite phase

started at a lower temperature on H-C-L samples and the

Cr ions dissolved in malayaite crystals at a low temperature

with the oxidation state of Cr(IV). 

Fig. 9. FT-IR spectra of samples with 4 mole% Cr composition (CaCr
0.04

Sn
0.97

SiO
5
) both without-mineralizer and with-mineralizer

respectively as a function of fired temperature, dented as (a) P-C-O (c) H-C-O using Cr
2
O

3
 as a Cr ion source, (b) P-C-L (d)

H-C-L, using CrCl
3
 as a Cr ion source.
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4. Conclusion

The synthesis of Cr
2
O

3
-CaO-SnO

2
-SiO

2
 based sphene-pink

pigments, for which different amounts of CrCl
3
 were substi-

tuted for Cr
2
O

3
, and the effects of Cr ion solubility on

malayaite crystals that had the addition of a mineralizer

and CrCl
3
 were studied. The results can be summarized as

follows:

1. The co-addition of a mineralizer and of CrCl
3
 substi-

tuted for Cr
2
O

3
 promoted Cr ion solubility in malayaite crys-

tals synthesized at low temperature.

2. The luminosity and chromaticity of the pigments were

enhanced by the addition of CrCl
3
 because the added CrCl

3

increased the amount of Cr(IV) ions dissolved in the

malayaite crystals.

3. The co-addition of a mineralizer and a small amount of

CrCl
3 

decreased the optimum synthesizing temperature

from 1300oC to 1200oC, and the particle sizes were reduced.

Due to the decreasing engagement in using CrCl
3
 on cas-

siterite, the sphene-pink pigments were successfully syn-

thesized by a small addition of Cr ions. 
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