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Abstract

This paper presents the research and development of brown ceramic pigment synthesized by solid-state reaction of Zinc
Ferrite doped with Magnesium oxide that formed complex inorganic compound pigment (CICP) of Zn, Mg,Fe,O,. The
pigment offered shades of brown 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 absorbed by 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 ZnO, FeZO3 and MgO at various compositions
to reactively form Zn, Mg Fe,O, in the calcination process at 1,000, 1,100 and 1,200 °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
brown. 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 brown to red brown.

The brown 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, Zn,,Mg,Fe,O,, and calcined at 1,000 °C offered the highest NIR reflectance at
72.9 %
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1. Uni (Introduction)

‘Lumﬂmmﬂvmmmmmmmwmmm muﬂavmmwaﬂ‘lﬂm@uﬂumm ANANTUATTIRNENARIANS I s lAomEam
”Lﬂnumiﬂiummﬂemm'wmmmuqami@ﬂlm 50 -60 T8N F AL ANT [1] unanwnisaanslindanu
a1 linaneds usnslidanilasnanasiianuainsnlunisasiauiadeniing Lasunsigalinihiidsniilssansna
g9 wazaansazananiaunelulangiennns dealaenssianisannislindsuiunisdivenie 2 - 4] i
Usrlemilnansssianiseyinndsnu uazanilyminislansesfiazeunszaniiduaivndAnyresilyvigiiennie
raslaniaanulag . .

ANWAEETRIULN WU wWReneransindeufasdniAnsariieuisdeniing (Solar reflectance) lATN 94%
annnmnaanslindsauasldldtianndy 20% [5] @dsnanadaulun)iudlunguinudeeu Fap1aazlainaudueInny
Nanalazeadnresannis atalainiu mﬁmimumum"tﬂwmmmmmﬂmmmwmﬂu@ﬂmmmum@mmnamm
afndlul3Nnniunnndn [6] muu‘hwﬂmﬂm*’nmmvmmmmwmmimLm nnafiAsanslFR A lunuRsN 7 16 wridla
asdlanuaansnlunisaziienivdeingdlutduiadaunsisalng (Near infrared) 16

unAnuiliisusauddanasiumddimanamnmnagiieuidenfindddurniealng (NIR) 145 91134
1/1mummmiwmmmmL&ﬁa’mﬂmu’]m@mnfafaﬂiéﬁmmq 1 Inel¥gmearssznausing < [7-9] a1#iitu YoMo, MO, .
Cr,Sb,Ti,, 0, s mmamm@wmmrfﬂ,mnummimwammmmmwLLmnm\mu@@ﬂiﬂmmmﬂrgumv@mumlumi
W . }

dwinanAduilandunisdunnziduasnindiinasisdisenaniuzaeauds (Solid state reaction) AN F9r
wafls uraziinaRedauuniidungenlas (Magnesium oxide) eiimaifluanstsznaunaiiu vizeiiedau (Complex
inorganic compound pigment, CICP) Zn, Mg,Fe,O, m‘l‘wmmmmmvmﬁmumma‘ﬂlummvmmmmwm&ﬂm\mquLsm
na

2. aﬁmﬁ'ﬁ’ﬂ (Experimental methods)
2.1 mumaumsmmumaﬂmma

ma‘mmevw\mammaimmwu MMIABNITLANAN Zinc oxide (99.9%, S|gma -Aldrich) waz iron(lll) oxide
(99%, Fluka) LW@Lﬂmmmmm (Based raw material) wariNI7amUFN0L Zinc oxide AENITLNUNGRE Magnesium
oxide (98%, Fluka) Tt Fanausig 7 LW’aVI’]LﬂmZIQ’]‘iﬂi‘:ﬂ’a‘LI Zn, Mg,Fe,0, AMNLHBN9FIENFIDL 1N LAASAIRNI
1 LL@’iﬁ\iﬁﬂmmi”ﬂﬂuLwi@”mmmuﬁﬂmﬂmﬁ@mmﬁ 1,000 1,100 W&z 1,200 NATALTER ﬁf;mml,m (Modu
Temp ﬁ‘u SC96BV-N) LﬂuL'J@"I 3 ‘HQI?N IﬂﬂﬁquLWNﬂmvﬂNLquNﬁﬂ 5 OC/‘LL’W] mnuuuﬂﬂum Lﬂﬁlm ﬁ"J‘EJLﬁTﬂ\‘l Planetary
Ball Mill (Retsch 31 PM200) mﬂmmm 300 i@‘um@mm wuan 10 W mﬂuummmiﬂmamﬁm LLZ\]w’ﬂ‘]_ILLM\'iﬂ"J?;I
fanmnu 'IOO ’ﬂ\iﬂ’]lﬁ]@lﬂ]ﬂ'& L']JLLLQ@’] 24 °TJ'JI?~I\‘1 "ﬁ\‘lLN@Lﬁi‘@'&uﬂﬁ‘vUQu @JL@B’]Q’B?;I’N 18 FNBEY LL‘]_I\'iL‘]JLL ﬂ@N‘V] '] Anaeng
B1-B6 LEJ’W] 1,000 °C ﬂQN‘V] 2 Anaeng B7-B12 LN’W] 1,100 °C LL@wﬂqu 3 pinaeng B13-B18 LN’W] 1,200 °C Gﬁ\ﬂ“]‘vgﬂuq
lAwmsnzvianiimsing 7 sialdl

3197 1 Tadhetwldnsgaugaunangnaanssznen Zn Mg Fe O, WAz QuungRiansin |

Fasata
X gnsaslsznay AUUDALN (°C)
1,200 1,300 1,400
0 ZnFe,0, B1 B7 B13
0.2 Zn, Mgy ,Fe,0, B2 B8 B14
0.4 Zn, Mg, .Fe,0, B3 B9 B15
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Fasating
x gnsasisenay AUNDALHI(C)
1,200 1,300 1,400
0.6 Zn,.Mg, Fe,0, B4 B10 B16
0.8 Zn,,Mg,sFe,0, B5 B11 B17
1.0 MgFe, 0, B6 B12 B18

2.2 msfmu,mmmmmmsﬂmauﬁﬂmwmmmmmmmmm.,mwnmﬂ
ANFARIEEnN Azt auaRanindunsneandanneile MidaaniednAInIsazieuisdending mmmm UV-
VIS-NIR spectrophotometer (Shimadzu UV-VIS-NIR 3100) Lmvmmmmmammmmmmwmmmqmu 780 D4 2,500
wilums wAuAINsasfiauiidenfinddasdunsenlng muninsgiu ASTM E903 waziinnsdinssidiing
pnellsunssiiAsesianenadessuLntn CIE L* a* b*
2.3 meAmnAnHUEIATIAFINHEAN
qmmm“ﬂm‘qmwmnmmmm@q X-ray diffractometer (XRD) #8158 Cu KQL, 40 kV, 20 mA lutiaayu 203zudn
20-80 89F1 mnuuuwamwimmamevmumimqmwmﬂ TneniBaumeudnynyn (Peak matching) yuffinaWL
Imqmwmmﬂmluﬂﬁwu@g@
2.4 msAnulAseasIvNIaMALsEasALlsEnaUTRIEs 3 .
qmmwmﬂwmﬁmqmwmwamﬂLL@,,@mﬂimfaummmmmﬁm%u AaELATRY Scanning Electron Microscope
(SEM) ‘Vlsﬁ‘w:nm Energy Dispersive Spectrometer (EDS)

3. NAWAZIANSDE (Results and DlscuSS|on)
3.1 mmsmwammmwmﬂmmmmmmaummwnm
mmmm@uammwmu‘iumqqcﬁmwamau 300 042,500 U TR I09F e ENARLNANG B1-B24 7i3aTldann
isaa spectrophotometer meﬂmﬂm 1-3 LL@Wmemmmmmmmm@mmmmmmwuwmLmiﬂa ANNNIATFIU
ASTM E903 La¥ANALATIHA AUMAN CIE L* a* b* azldnadaudadlumnansd 2 Lngﬂm 4

uisRDYVIALL

Isi = _.-.-_-:L'.----' |
c UISIbIE{f S : / Near Infrared
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AnsardD

—_—

91 1 nsazvienssdenindnaanueaaai 300 T 2,500 wluwmms 199698819 B1-B6 (rumaiinn 1,000 °C)
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MRLL %)

mInaroauiaao

aTuuTakulom)

917 2 Meazvienisdenindnaanuaaaan 300 19 2,500 WlwmmAs 199698819 B7-B12 (grungiiin 1,100 °C)

TR %

UV Visible

oudedo

ATATTATIN

ATIMNETIR AU

717 3 Meazvieussdenindnanueaaau 300 Ta 2,500 Wlwimms 1e96a8ting B13-B18 (grungiiun 1,200 °C)

o

AINT 2 AdnanAulAeNszUL CIE L* a* b* waz Ansasviauiadeniingdludodunsealng (R ) 189n@ainandunszild

RLURNIED 1,000 °C 1,100 °C 1,200 °C
umnangns
QUL ART ERE L a b Rir L a b R L a b R
(%) (%) (%)
ZnFe,0 5165 | 28.08 | 4763 | 662 | 5181 | 271 | 4550 | 60.5 | 44.94 | 2662 | 3351 | 534

Zn, Mg, ,Fe,0, 46.17 | 27.53 | 38.31 66.0 39.69 | 26.35 | 26.1 56.4 36.99 | 22.38 | 19.27 | 46.8

Zn, Mg, .Fe,0, 4464 | 2725 | 3618 | 68.8 | 3852 | 25556 | 23.16 | 59.0 | 35.76 | 22.13 | 1861 | 45.0

Zn, ,Mg, 4Fe,0, 44.67 | 26.51 | 33.92 68.3 39.36 | 24.81 | 24.21 65.2 35.18 | 20.94 | 16.35 53.1
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AIRENINIRE 1,000 °C
A :

ueangns

TASIREI6N L a* b* R L a* b* R, L* a* b* .

(%) (%) (%)

1,100 °C 1,200 °C

Zn, ,Mg, 4Fe,0, 4419 | 28.33 | 3449 | 729 39.98 | 26.31 | 24.28 66.0 37.88 | 24.31 | 21.57 60.2

MgFe,0, 41.47 | 26.29 | 29.71 741 97.48 | -0.26 | -0.48 711 96.76 | -0.28 0.34 64.1

917 4 dnwnuzAuessinetng B1-B18

]
a
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"meﬂw 5 sﬁ\‘l’ﬂ“’L“VluvLﬂ')’]ﬂ’]ﬂ’]ﬁ‘@”ﬂ'ﬂuﬁ‘ﬂ@ﬂuwfﬂLﬁ‘ﬁﬂ,ﬂ@ﬂ‘ﬂ\i NQ@W@QL@T’]”MWL@NLLH’JI‘LAN meum@ X Nﬁ’]L‘WN"ﬂu @F;I’]\ivl,ﬁ‘

ﬂﬁ]’mﬁ’mLﬂ"MN’mﬁ@ﬂ’ﬁ"ﬁ\‘iLﬂﬁ"]wﬁ/ﬂmﬂN\i’s‘iu’]W]Z’\]LL@vNﬁWﬂ’]?ﬂvWﬂuN@@uWi’]Liﬁﬂ,ﬂ@'&ﬂ ] A x ﬂ')i‘llﬂ"l'ﬂf;liwﬁ'l’]\‘i
0.6-0.8

EOL.DD

7500

Ainsardaciafaviad (%)
. / -

—=—1000 —8—1100 —8—1200
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3.2 anduelASIRIIaNAN
ﬂ’a"]WLLE“?;I‘.I_ILW;I‘]_IN@ XRD mﬂqmmmmawmLﬂmvuﬂlmmmunuLm 1,000 1,100 W&z 1,200 °C LmemﬂJw 6-8
ANNANGU TAREWL1 A x = 0 mwu‘immmwm zinc iron oxide (04-006-0787) EX NI PRTEY xim‘qmwmmaﬁumu
Magnesioferrite (00-036-0398) LLi¥Iq 2 Tasaaiailsumisiifafia (Peak) InALAerarii

O
w
O
w
{ [ o

(O 04-006-0TET Zinc Iron Owide Zn, Fe O

Ea L
L 00-006-0358 Magnesioferrite MgFe'™0,
[0 000330868 Hematite FeO,

o 2
2 2
O O
Q o]
T4 Jo *% #
LR =T e A ; EA——
[ l )
it G i I i lt I T
2 =02 4 .|. A Ll
}“—.JL__.JI | - l - ]. _J. : o A J._? i

317 6 WhtuWauna XRD 289599619 B1-B6

o] () 02-006-0787 Zinc won Cwide Zn_ Fe O
w o 00-036-0398 Magnesloferrite MgFe™'0,
3
9 o)
0 o
b3 O 0
L f o] e O
B2 %=1 * l L ? ].* ?
Ml E=0F I i l [ I.l i
bitivond L ! .l == l -
i Rttt T VAR | __'LI__- \— | S _.L._Jn ; e
BN x-07 )LGL ] ]_____,..._______,‘___._.__ = O d-LL._..._Jl-
BT e N _.ll.. | | J A /. i 1_?_ o

917 7 Whauiauna XRD 989sa9te B7-B12
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o) () 040060787 Zinc ron Owide Zn Fe O
® Iy 000360396 Magresicferrite MgFe"‘D.
o &
O
T 0 5
* °of o
x| |' ¥ n %
L - A e | - = L_.I._; b
o s b e 11 ToN PR
5., SRS Y [ (S = e PO e O, IR
s xeas . l[\_l B (| e SN - I
O
LI 1 - _fl...___ — _J.,_,.;_ _lb_ - _.-.__.J-_? -

3.3 iﬂ‘i\iﬂi'\\iﬂ'\\iﬁ@.ﬂ'}ﬂ LLﬂ“ﬂﬂﬂﬂi“ﬂ'ﬂ‘Ll“ll'aQﬁ’lﬁl

97 8 Wltuiiauna XRD 289509819 B13-B18

LﬁJ'ﬂ‘LA’W]']'ﬂEI%? B5 @lﬂ‘ﬁﬂﬁ\‘i@‘é‘q\‘i Zn MgOSFe o, VILN'W]’BMMJ']N 1,000 °C mwzﬁmﬁmmmmm
ﬂﬂ‘]:fm“’m\ﬁ'ﬂ'ﬂ 9 LL@“’LN@V]’]H’]‘J"JLV’W']“’M@Q?;I EDS ‘Emﬂmuumiummmmmvu 3 AU (ﬂﬁ‘ﬂU@LL@\ﬂu?ﬂ‘V} 9) WA
AR "*ltbl,mN@ﬂ"]i‘)Lﬁi’]ﬁﬂﬂ\‘iﬂﬂi‘gﬂ@ﬂ‘ﬂ@\‘iﬁ’]ﬁ]LL‘LI‘LIL"E].@EILL'&@QIHM’]?’W\W} 3

Ch1 MAG: 20000 x HV. 10.0 kV WD: 5.1 mm

717 9 Tnsesiranneqanipmes Zn Mg Fe O, ¥ 1,000 °C fisunisuaaziden
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AN3190 3 MaAlAszsfesAtlsznausin 1einedne Zn Mg, Fe O, fimnfigaumgil 1,000 °C

drunan(@nsdan) AUUDHLN asAlsznauARIENg (%)
fiaaging grnsansisznay ©c)
Zn Mg Fe Zn Mg Fe (0]
B5 0.2 0.8 2 Znozl\/lngezo4 1,000 9.60 9.37 50.44 30.60

4, ﬂqﬂ (Conclusion)

g LINAN89aN Tz na Laluyids Zn, Mg, Fe O, mm:mzﬁ“qmmm”lﬁﬁwﬂﬁﬁ“&mmmmnﬁnmnmm%’fau (Solid
state reactlon) mmsn\imwfﬂﬂiw (Zinc Femte) Vll,’ﬂ'ammmﬂumﬂw@'ﬂﬂmm (Magnesium oxide) Lﬂmﬂ{]ﬂimmumm
mmmmmm@wmmma”mmqmumwLac-ﬂ,ﬂa mmmmmmmmmmmu CIE L* a* b* "Lmﬂ@ﬂuuﬂmmnumm
@mmummﬂmuuﬂm LL[F]LLﬂﬁ‘LﬂZ\]F;IuN’mEl’mﬂ’] X mfa ANLFN MgO lAe WATWLGN Aaz waauanndvinanaithy
ArnAnaund e x ummmu LmvmmLsnmmmmmfommmm”ﬁim 34mmmmmlummvmmmmwmmmum]m 190
na Imﬂﬂﬂﬂﬁm”wﬂuuﬁﬁmmut,u@ X TiAfnEw HaRRIANAT X = 0.8 (Coy,Mgy,ALO,) tazinfigauunil 1,000 °

aclilnudtinng Lmvmmmmm@ummmwmmq\ifauWﬁLamiﬂ@mmmmmu 72.9%
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