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Abstract

This paper presents the research and development of blue ceramic pigment synthesized by solid-state reaction
of cobalt aluminate doped with magnesium oxide that formed complex inorganic compound pigment (CICP) of
Co1_ngxA|204. The pigment offered shades of blue and high reflectivity in the near-infrared (NIR) region. The pigment
can be used as a vehicle for a high solar reflective coating that reduces heat stored in building structures, promotes
energy conservation in an air-conditioning system, and enhance human thermal comfort in the building. The synthesis
was performed by ball-milling raw materials composed of CoO, MgO and AI203 at various compositions to reactively
form CoHMgXAI204 in the calcination process at 1,200, 1,300 and 1,400 ‘C, where x was varied between 0 and 1.
The calcined compound was then washed, oven-dried and ground, that yielded powdered pigment with the shade
of blue. The color of pigment, measured and computed in compliance with CIE L* a* b*, did not alter as the calcining
temperature changed but varied significantly with x. As x increased, the color changed from deep blue to light blue
and became white as x was equal to 1.0. The blue pigment possessed high solar reflectance in the NIR region. Its
reflectance increased with x. It was found that the pigment synthesized with x = 0.8, CoO_ZMgO_SAIZOA, and calcined
at 1,300 C offered the highest NIR reflectance at 66.8%

Keywords: Blue pigment, Solar reflective pigment, Near-infrared reflective pigment, Complex inorganic compound
pigment (CICP)
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1. UNU (Introduction)

‘Lunuﬂavmﬂwummmmmmmmﬂm muﬂmmmm
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2. Eﬁmﬁfa’ﬂ (Experimental)
2.1 mumaumsmsaummmwu
MsdaAs RN GUlwATeE alaenis
UANAN cobalt(|],||l) oxide (100%, Sigma-Aldrich)uaz
aluminum oxide (99.5%, Sigma-Aldrich) teLfluingau
37U (Based raw material) wazdnisaniunn cobalt(|]|I)
oxide 5’3ﬂﬂ’1?Lquﬁﬁ'Qﬁ magnesium oxide (98%, Fluka)
Tutfsunusng 1 s iesiuAnansilsznay Co, MgALO,
ATNUHUNNTLATENA B 1 UAAIAIAIT19T 1 udaA
mi‘ﬂ@xn@umezgmmmummﬂmmmmu 1200 1300
LAY 1400 2IANTALTEA FEiALHT (Modu Temp $4
SC96BV-N) 1iluiaan 3 Folus emsd WD RLALENT]
4°CAndt antuinliunaziden faenaies Planetary Ball
Mill (Retsch §1 PM200) faeia91uiFa 300 sausiauni i
1987 10 117 annutnedlddedaeniy wazauuiiadian
gounnil 100 asansaldea inan 24 dalus Fadlewsa
Aunszuau azliFnating 24 faatne uuiaiu ngui 1
fatina M1-M8 LENTl 1200 °C NNl 2 Fiaating M9-M16
W17 1300 °C UALNgNT 3 Faeting M17-M24 Lund 1400
°C sﬁwmu'ﬂﬂqmm”muummq 7 sielyl

ety anandaudIunaNgnIanstlsznay Co Mg Al O,

Fasatn

X gnsasisenay AUNDHLHI(C)

1200 1300 1400
0 COAIZO4 M1 M9 M17
0.2 Co, Mg, A0, M2 M10 | M18
0.4 Co, Mg, ALO, M3 M11 M19
0.6 Co, Mg, AL.O, M4 M12 | M20
0.8 Co, Mg ALO, M5 M13 M21
0.9 CO MgOQAIQO4 M6 M14 M22
0.95 COOOSI\/IgogtsAIZO4 M7 M15 M23
1.0 MgAI O, M8 M16 | M24
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2.2 msqmLmvmmmﬂ'\mm'vwausmafmmﬂmmmmmwuua“mwnm
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3. Naazidangad (Results and discussion)
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Spectral reflectance of Co(l-x)MgxAI204 calcined at 1,100 C
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Spectral reflectance of Co(1-x)Mg«Al204 calcined at 1,300 C
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Spectral reflectance of Co(1-«)MgxAlz04 calcined at 1,400 C
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;9199 2 ANARENAWILARNIZIL CIE L* a* b* wag Annsasviaufsdeindlutosdunaienlng R, YBINSA
v

al o a a o
A Rundaaszils

Srmsinand 1200 °C 1300 °C 1400 °C
AhRuiigns
Tageadesing 9 L* a* b* R L* a* b* R L* a* b* R
NIR NIR NIR
COA|204 22.72 | -4.84 | -19.63 | 36.21 24.86 9.97 | -41.99 | 44.35 25.37 | 11.32 | -43.30 | 48.61
CO l\/lgMAle4 26.45 | 8.07 | -39.98 | 45.16 26.30 | 13.00 | -46.30 | 49.94 2564 | 12.86 | -44.90 | 47.38
CO Mg04A|204 33.03 | 864 | -4562 | 52.85 29.46 | 12.10 | -48.98 54.43 30.81 14.03 | -51.16 | 52.97
CO l\/IgoﬁAlzo4 37.28 | 9.59 | -52.07 | 59.18 35.09 | 13.99 | -57.01 58.81 34.01 17.66 | -59.29 | 58.97
CO l\/IgOgAlzo4 4428 | 845 | -56.54 | 64.36 43.68 | 10.90 | -59.61 66.81 4298 | 11.93 | -60.10 | 63.59
CO l\/IgogAlzo4 5418 | 1.89 | -52.34 | 72.81 50.80 523 | -56.45 71.89 51.19 6.51 -57.24 | 72.40
(300051\/|9095A|204 64.04 | -1.72 | -38.46 | 77.08 61.19 | -1.18 | -46.57 78.95 59.36 0.41 -49.00 | 78.31
l\/lgA|204 96.84 | 1.32 0.39 101.53 | 97.48 | -0.26 -0.48 102.58 | 96.76 | -0.28 0.34 99.76
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magnesium aluminum oxide (21-1152) Weiviy 2 ‘Emamﬁ\mml,ummﬂmwrw (peak) In&iAeais nsulaeuutladlasaadne
fana1n arnsaiatsanlFanglununisidetiuuaesiddndnyn 20 sendne 44.5-45.0 aarn TaeldnsdlAnmnaes
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4, 'd'i‘ﬂ (Conclusion)
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