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Synthesis and Characterization of Brilliant Yellow Color
Pigments using o-FeOOH Nanorods
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Abstract In this work, we synthesize brilliant yellow color a-FeOOH by controlling the rod length and core-shell
structure. The characteristics of a-FeOOH nanorods are controlled by the reaction conditions. In particular, the length of
the a-FeOOH rods depends on the concentration of the raw materials, such as the alkali solution. The length of the

nanorods is adjusted from 68 nm to 1435 nm. Their yellowness gradually increases, with the highest 5* value of 57
based on the International Commission on Illumination (CIE) Lab system, by controlling the nanorod length. A high
quality yellow color is obtained after formation of a silica coating on the a-FeOOH structure. The morphology and the
coloration of the nal products are investigated in detail by X-ray diffraction, scanning electron microscopy, UV-vis spec-

troscopy, and the CIE Lab color parameter measurements.
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g FEHE SAGTH, 2. E A8k ks AVGE 2714
Qo] FES T 14]. S Alofsh] gk A=
A, AAtge] A9 HAEE £o]7] Y3 Yisle} o
Ao} A7} o] o H T} 3, 4]. A ¢tEe] 79 thEF o
Z o-FeOOH®} B-FeOOH FENZ EA)3HH, a-FeOOH7}
2FAF o2 B-FeOOHRETH A4S Uehfx|vH1], oF
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Fo Al o8 4" IAHED) HE 7+ 2=
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9] a-FeOOH 2E 10]%%101 el TrFsr 2o A
T HAAT, T 2% 110°C o] a-2/a1gt 2ol A
= a-Fe,0; AAdo] A4A] HH13-15]. 0-FeOOH A =&
Aofstr] el 2= FAF 24 W 9ol core-shell 73
o] F8 7l&S it 28 B4 HEile g
orgslal w& %@_g il FE x| JEFS = F
ATHS, 6]. B =FAHE a-FeOOHS] =& AEE Ao
&17] ¢35k WHo 2 A 28} core-shell ZE 7|&
7EA o\ A HZstarA}l gtk o-FeOOH 374 Aol & 1
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7104 ) MBulo| 2 7EA] A71E A|ofstarA} st &=
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2.1. a-FeOOH &M

a-FeOOHE §d3tal 348 Alojslr] S8t &bl
£ Fe(NO;);-6H,09F KOHS AH&-3FATtE o-FeOOH T
£ Fe(NO;);-6H,0 0.4 mol(16.16 gy 100 mLY] SHG=
nlo|Lof ol Ay A o] (Sonication) .2 #AAZITE &
AgF WHOF Fe(NO3); 6H,0 845 57 FHIgt. o-
FeOOH 2= &4 A& fJ38l, 7894 1hg-o)|A KOHE
Z} g=g-9lld]] 0.01, 0.05, 0.1, 0.5, 2 mol(0.056 g~11.22 g) 3
7HSteh Hhg 2708 2 THVIY EE 80°CE =99
2AIZH fFA g A Beto]laE 7|8 2E HolE X
Hal7] Yste] aukg-S o] &3ttt gkl o3t a-
FeOOH & &7 110°C o’ 2/318 ZZAM &= a-
Fe,0,7} 14 57] wfo] 2% FAo] F23ltH13-15].
Fe(NO;);-6H,0 0.4 mol(16.16 g)¥+ KOH 0.01 mol(0.056 g)°]
100 mLe] FH<rl £ 84S HZE 874 &4 &
o} autoclave®l] o] 100°C 224 6r]7Hs2t H-2]3153 ).
Hhg-o] B AAELS 271 W21l £, 10,000 rppmell
A 103237 Al Elste] 55 848 e ARt b
g AHE Z 50°C QEOA 2447 FOF U] BT
FETHT

59 ELS 47 GI-G6E HHEIt AlRzEo s
= KOH #H7FS 2, 0.5, 0.1, 0.05, 0.01 mol= 243+ $H4
B0 747} Gl, G2, G3, G4, G5= 718kl &%, ¢tgo] o}
2 Fguks 29E GeoE H715tE 53 a-FeOOH
= FAPAAFA T 73 (SEM, Model JSM-6390, JEOL, Japan)¥}
XRD(Model D/Max 2500, Rigaku, Japan)©. 2 AHS- &<l
B3I, UV-vis©. 2 A% CIE LabS H7V51Th

2.2. a-FeOOH nanorods A2|7}SiO,) &

F2l= a-FeOOHO A2)7} ZHS 617] laliA, e
a-FeOOH 2 0.2 g5 SF< 50 ml9} ethanol 50 ml &3}
Sollo] 7} F YAl 187 BAAZIL S
AHE a-FeOOHE 1087 wRE 3F 3 NH,0H(28%)
0.7mL®} TEOS 03 mLS 158 IHHo2 37} i} A2)7}
FET B S8t A2ellA 24031 FF wnk gt jE
o] ¥ 5 10,000 rpmo A 1034 SF9} ethanol S
2 FaH A mikg- 28 B5E 58 Al
o} o]F, 60°C 73 QE-o|A] 2447t FF Ax3t] A
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Fig. 1. XRD patterns of a-FeOOH by different synthesized
condition. a-FeOOH; G1, G2, G3, G4, G5, G6.
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a9 12 3493 a-FeOOH 22| XRD 27973 ¥4 4
o]}, XRD o]r|A|of|A] & = o] 4% G1~G62] o-
FeOOH A= orthorhombic 2% FZ5 ZH= goethite 4
I} A8+ THICPDS No. 29-0713). a-FeOOHE KOH 3
o] 2~0.01 mol= Hole| we} w2 AAgo] HEES
I 4= T} HE3F, FERkS 2% 100°CAlA 43 Go
2 FAHER] a-Fe,0; §l0] 5731 a-FeOOHE AU

a-FeOOH TS Fe 59 G714 710 &l 4
o] ZA T} FeO, THA7} A3 2831 = 24 KOH
9} Fe(NOs); % W3-8} Fe(OH),7} A4 E T}, Fe(OH), &
A ] NOy 2o]9] ke o} Fe?'7} 4k3lE]o] Fe¥'=
1o]=]o] Fe(OH):] HEl2 Wb, Fe(OH)0l 489 )
Fe'" @ OH®} ¥hg-3te] Akshrl doju HFH o= o-
FeOOHZ} A48 2 =} o] dojufar dAHl(1D) 7+
2 2= o] Hril6).

a9 2= FAE o-FeOOH 2] wlA| Z2|(SEM) &
A Axlo|t}. a-FeOOHE ZE= FARS zk1l 1o KOH
hF 7hacoel] wet YA; Holrt S o] WA Felob
OH ZA3te g FAEE a-FeOOH= 47| s S71=2
pH7} =olAH 34 Ul Fe’oF OH Abolo] AdS o]
2k A71e] YAZE FAAHEHH], 15, 16]. 1€ 2(a)F &
3t o-FeOOH YA} KOH #H7}o] =2 2mol &4 %
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Fig. 2. 0-FeOOH nanorod difference shape and length by KOH molar concentation. (a) G1, (b) G2, (¢) G3, (d) G4, (e) G5, (f)

G6.
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°|7F 1055 nm7HA] S7keks Aiks 83T 5 gloh 53],
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4 248 Tl 2= dol7) 1435 nm=E FFES SIS
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Table 1. The particle size and aspect ratio of a-FeOOH samples
by synthesized condition

KOH Temperature size Aspect
Sample (mol/100 ml) Method ([‘)’C) (nm) rart)io
Gl 2 Fg-olule- 80 68 6.2
G2 0.5 Fg-olule- 80 130 6.8
G3 0.1 gk 80 306 6.6
G4 0.05 Fguke- 80 493 6.6
G5 0.01 &G 80 1055 6.6
G6 0.01 FIure- 100 1435 5.1

60
—#— oa-FeOOH | |
55 - //
Ve
— 7
S s 7
: -
— 7
©
> 1 - : |
2 45 _--
) | g
2 /
> 40 /
g /
Q /
w354 ‘
o |
30 -]
25 1 T T T T T
0 300 600 900 1200 1500

Rods Length (nm)

Fig. 3. The CIE b* values of the a-FeOOH nanorods in the
comparison with various rod size.

F ATHE 2(f), E 1. G6). a-FeOOH = THA Wiz}
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a9 33 % 25 A" o-FeOOHS] 2% CIE Lab
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Table 2. The CIE Lab values of o-FeOOH samples

CIE Lab

Sample I e P
Gl 43.46 15.3 29.85
G2 43.59 20.63 32.08
G3 57.98 17.86 42.47
G4 59.42 13.08 44.27
G5 55.51 18.97 46.27
G6 64.19 16.28 57.1
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Fig. 4. UV-vis analysis of a-FeOOH samples; G1, G2, G3,

G4, G5, G6.
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©]& 1000 nm o’ o= A& 75, B b*=+44.27|
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1435nm<] o-FeOOHE= A2l 24 Qg Biv0,9]
b*=450 [1, 17]RT} =& p*=+570] EA= AL}

% 4= o-FeOOH 2= Zolof W& UV-vis HHALS} A1
= dloJE o]t} a-FeOOH UV-vis peak= 550~750 nm -+
oA T WSS HRITH], 2, 18]. B2 9] AAte EX
St 7HAF G FollA] WS Fate] AdS ERATHL, 2,
18]. £3], 7% 4 570~780 nm Tpgol|x] S A0S
eRdATHI, 2, 18]. 84¥ o-FeOOH ZE+= 585 nm 3+
O AMHFE] 650 nm7kA] HALE: 9FE SRIF 4= Jlom A
o] Ztole] ]3] HhARE-o] W3}3iT} a-FeOOH 2= 0]
1435 nm&l GeollA 4 w1 9] 606 nm $IX|ol|A] HEAL

£ 53%Z 7].21 =o 7Lo] H/HQ 0 51-0161 2= o]q_

a9 5= AE)7F ZEHH o-FeOOH YA vA 284
(TEM)Z} 8 A %ol b2 CIE Lab value A|3E b* H|o]
B} o]t} a-FeOOH ?._‘:54 A7t F-Z FAE °F 10-
20nm B3EE FAHELS 78 S@)ellA] 1T F Q. o]
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Fig. 5. TEM images of (a) o-FeOOH@SiO, at 1000 nm. and,
(b) the b* values of the o-FeOOH@SiO, pigments in the
comparison with a-FeOOH.
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