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Abstract: As novel dark red pigment, sodium manganese phosphate, NaMnPO4, imitated with Natrophilite, was synthesized by 
heating at various conditions. The heating temperature and time, volume of water, phosphorus resource were studied in this process. 
The obtained powders were estimated with X-ray diffraction (XRD), Infrared (IR) spectra, ultraviolet-visible (UV-Vis) reflectance 
spectra, and L*a*b* color space. Further, similar chemical compositions with NaMnPO4 were also studied in the same method. The 
obtained samples had weak peaks of NaMnPO4 in XRD patterns. Sample synthesized in Na/Mn = 1/1 at 700 ºC for 6 hours indicated 
high redness, a* value.  
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1. Introduction 

Recently, the use of harmful metals is restricted 

around world. However, because suitable substitutes 

have not been obtained, some materials containing 

harmful metals have been used in many fields [1, 2]. 

For example, inorganic color pigments containing 

metals such as mercury, cadmium, and lead, have 

some merits, including high light stability, heat 

resistant coloring visibility, cost, etc. [3-5]. In addition, 

because oxide pigments have low coloring and 

covering, they are difficult to use for paint and plastics 

[6]. Sulfate and nitrate pigments have lower heat 

resistance than oxide pigments, and require harmful 

and/or combustible gas to synthesize. Furthermore, it 

is difficult to obtain sulfide and nitrate pigments with 

repeatability [7, 8]. Therefore, novel inorganic 

pigments are required with suitable properties and 

without difficult production methods.  

There are some kinds of inorganic red pigments, for 

example, that are available for use, red iron oxide, red 
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lead, cadmium red, vermilion, cinnabar and so on 

[9-12]. However, they have some problems, there is a 

limited colorfulness of red iron oxide. Other pigments 

include harmful metals, lead, cadmium, and mercury. 

Therefore, novel red pigment without precious and 

harmful metals is required. We focus on the natural 

ore, Natrophilite, NaMnPO4, because this ore has only 

low toxicity metals [13, 14]. Natural ores have high 

light stability and heat resistance. Because of their 

solidity, they are expected to have applications for 

plastics, paint, ceramics, and so on. Manganese ion is 

bivalent in Natrophilite. The valence of manganese is 

important to prepare the novel red pigments imitated 

with these ores. 

In this work, novel inorganic red pigments imitated 

with natural ores, NaMnPO4, were synthesized by 

heating the mixture of powder manganese and some 

kinds of phosphates and then estimated from the 

viewpoint of pigment.  

2. Experimental  

Sample (2 g) imitated of Natrophillite, NaMnPO4, 

was prepared as follows. Manganese powder was 

mixed with sodium di-hydrogen phosphate in the 
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following reaction: 

Mn + NaH2PO4 → NaMnPO4 + H2   (1) 

To improve the react, 5 mL of water was added to 

the mixture, and then let stand for 1 day. The mixture 

was heated at 400-800 ºC for 1, 3, and 6 hours. 

Further, the volume of water changed to 10 or 20 mL 

to react more homogenously. 

To obtain the novel red pigment, the similar 

compositions were studied in the following equations. 

2NaH2PO4 + 2Na2HPO4 + 3Mn 

→ Na6Mn3(PO4)4 + 3H2   (2) 

2Na2HPO4 + Mn → Na4Mn(PO4)2 + H2   (3) 

KH2PO4 + Mn → KMnPO4 + H2     (4) 

2KH2PO4 + 2K2HPO4 + 3Mn 

→ K6Mn3(PO4)4 + 3H2      (5) 

2K2HPO4 + Mn → K4Mn(PO4)2 + H2 (6) 

All chemicals were of commercial purity (Wako 

Chemical Industries Ltd., Osaka, Japan) and were 

used without further purification. 

The chemical compositions of these materials were 

analyzed using X-ray diffraction (XRD) and Infrared 

(IR) spectra. The XRD patterns were recorded on an 

X-ray diffractometer (MiniFlex, Rigaku Corp., 

Akishima, Japan) using monochromatic CuKα 

radiation. IR spectra of samples were recorded on a 

HORIBA FT-IR 720 (Horiba Ltd., Kyoto, Japan) 

using the KBr disk method. 

The color of phosphate pigments was estimated 

from the ultraviolet-visible (UV-Vis) reflectance 

spectra (UV2100; Shimadzu Corp., Kyoto, Japan) 

(reference compound: BaSO4). The color of the 

pigments was also estimated with a TES135 plus color 

analyzer (TES Electrical Electronic Corp, Taipei, 

Taiwan). The L* value means the whiteness of 

powder, in which 100 is white, on the opposite site, 0 

is black. The a* value means the redness of materials, 

with positive (maximum; +60) and negative (-60) 

values are corresponding with red and green, 

respectively. The b* value indicates the yellowish, in 

which positive (maximum; +60) and negative (-60) 

values are correspond with yellow and blue, 

respectively.  

3. Results and Discussion  

3.1 NaMnPO4 Composition 

Fig. 1 shows XRD patterns of the samples 

synthesized at various temperatures. All samples 

exhibited low-intensity peaks of NaMnPO4. These 

peaks became intense with the increase of heating 

temperature. The peak at approximately 29° was 

attributed to MnO2. A part of manganese got 

converted to MnO2 by heating under air. The 

formation of MnO2 was expected to influence the 

color of the materials. Because MnO2 is black, the 

suppression of this formation is important to obtain 

brilliant color of pigments. Fig. 2 shows IR spectra of 

the samples synthesized at various temperatures. All 

samples exhibited absorption peaks at 550, 910, and 

1,100 cm-1, due to the presence of phosphate anions. 

The intensity of the peak at 910 cm-1 increased with 

increasing heating temperature. IR spectra of the 

samples heated at 500 and 600 °C exhibited a peak at 

740 cm-1 attributed  to the  formation of  a P-O-P  bond. 
 

 
Fig. 1  XRD patterns of samples prepared at various 
temperatures (1 hour, 5 mL): (a) 400ºC; (b) 500 ºC; (c) 600 
ºC; (d) 700 ºC; (e) 800 ºC. ▼; NaMnPO4, ●; MnO2. 
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Table 1  Color of sample powders.  

Temp. 
/ºC 

Time 
/hour 

Water 
/mL 

L* a* b* 

400 1 5 70.75 4.29 7.01 

500 1 5 68.26 5.74 8.26 

600 1 5 67.46 7.36 7.27 

700 1 5 65.20 9.97 7.44 

800 1 5 51.43 4.74 7.48 

700 3 5 55.33 11.18 7.98 

700 6 5 54.09 13.92 7.34 

700 1 10 60.72 14.32 7.41 

700 1 20 59.20 14.71 6.77 
 

 
Fig. 5  XRD patterns of samples prepared at 700 ºC (1 h, 5 
mL): (a) Na/Mn=1/1; (b) 2/1; (c) 4/1; (d) K/Mn=1/1; (e) 2/1; 
(f) 4/1. ▼: NaMnPO4. 
 

Table 2  Color of sample powders (700 ºC, 1 h, 5 mL).  

 Composition L* a* b* 

Na/Mn=1/1 NaMnPO4 65.20 9.97 7.44 

Na/Mn=2/1 Na6Mn3(PO4)4 79.50 4.90 8.71 

Na/Mn=4/1 Na4Mn(PO4)2 61.05 4.70 4.89 

K/Mn=1/1 KMnPO4 53.87 8.97 12.09 

K/Mn=2/1 K6Mn3(PO4)4 49.56 9.81 12.83 

K/Mn=4/1 K4Mn(PO4)2 36.03 7.62 10.14 
 

darkness. By adding more water, the redness of the 

sample improved. The b* values exhibited little 

difference with the heating temperature, time, and 

volume of water. It is difficult to obtain high a* value 

of samples as a novel red pigment. Further study, for 

example the additives, and so on, is required to obtain 

high a* value. 

3.2 Other Compositions 

To obtain a novel red pigment, evaluations were 

also performed for compositions similar to NaMnPO4. 

Fig. 5 shows XRD patterns of the samples prepared  

at various Na/Mn and K/Mn ratios. The sample 

prepared at Na/Mn = 4/1 exhibited strong peaks of 

NaMnPO4 (Fig. 5c). Peaks at 21.1°, 30.8°, 32.5°, and 

42.8° were observed in the XRD pattern of the sample 

prepared at K/Mn = 1/1 (Fig. 5d). However, these 

peak values were different for the sample with  

sodium salts. Nevertheless, the peak pattern was 

similar to that of NaMnPO4. Samples prepared at 

K/Mn = 2/1 and 4/1 exhibited unknown weak peaks 

(Figs. 5e and 5f). 

Table 2 shows the L*a*b* values of the samples 

prepared at various Na/Mn and K/Mn ratios. Samples 

synthesized with a high sodium ratio presented a 

lower a* value than those prepared at Na/Mn = 1/1. 

Because a high sodium ratio implies a low manganese 

ratio in the sample, the phosphate powder loses its 

redness. Further, potassium manganese phosphates 

presented low L* and high b* values. Therefore, these 

high-sodium and potassium salts were unsuitable as a 

novel red pigment. 

4. Conclusions  

Novel dark red phosphate pigments imitating 

Natrophillite were synthesized from manganese 

powder and other phosphates. The synthesized 

samples exhibited weak peaks of NaMnPO4 in the 

XRD patterns. Samples synthesized at 600 and 700 °C 

had higher a* values, and more redness as compared 

to other samples. By heating for a long duration, the 

samples became darker. Evaluations were also carried 

out for compositions similar to NaMnPO4 using the 

same methods. Overall, the sample synthesized using 

Na/Mn = 1/1, at 700 °C for 6 h, presented a high 

redness and high a* value. 
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