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Thermal Resistant Properties Improvement of Iron Oxide Yellow Pigment via Coating
Substances Containing Aluminum
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Abstract: The application of iron oxide yellow in paints and plastics industries is restricted due to the poor heat resistance leading to
water loss at 177 ‘C. The heat-resistant iron oxide yellow was prepared by combined hydrothermal and precipitation methods to coat
substances containing Al on the surface of iron oxide yellow. The effects of hydrothermal reaction time, hydrothermal reaction
temperature and pH value on the thermal properties of coated iron oxide yellow were investigated. The optimal reaction conditions
obtained are reaction temperature of 180 ‘C, reaction pH value of 8, hydrothermal processing time of 6 h, heat resistance of yellow
iron oxides of 240 ‘C, and color difference of 2.58. The results show that the different coating layers lead to different heat resistances
of the samples. When the pH value is 4 or 6, the coating layer is natroalunite and aluminum oxyhydroxide mixture. While the pH
value increases to 8 or 10, the surface of coating layer is aluminum oxyhydroxide. Based on the results by thermal analysis, the heat
resistance property of coating iron oxide yellow is promoted, compared to that of ordinary pigment.
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Table 1 Effect of pH on the difference in color of samples
before and after baking

Color  Uncoated pH=4 pH=6 pH=8 pH=10
AL -9.04 -2.85 -2.20 -1.24 -2.24
Aa 5.45 1.74 1.15 1.66 1.61
Ab —12.66 -3.51 -3.41 -1.54 -3.24
AE 16.45 4.85 4.22 2.58 4.25

AL, Aa, Ab and AE indicate lightness difference, red/green difference,
yellow/blue difference and color difference of iron oxides yellow samples

before and after heat treatment, respectively.
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Table 2 Hydrothermal temperature on the difference in
color of samples before and after baking

Without Hydrothermal treated
Color Uncoated  hydrotherm-
120 'C 150 °C 180 C

al treated
AL -9.04 -3.12 —2.84 -1.20 -1.24
Aa 5.45 1.62 1.39 1.27 1.66
Ab -12.66 —4.61 —4.96 -2.28 -1.54
AE 16.48 5.80 5.89 2.87 2.58
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Table 3 Hydrothermal treatment time on the difference in
color of samples before and after baking

Without Hydrothermal treated
Color  Uncoated hydrothermal
treated 2h 6h 10h
AL -9.04 -3.12 -2.26 -1.24 -2.27
Aa 5.45 1.62 1.94 1.66 1.46
Ab —-12.66 —4.61 -3.77 -1.54 -3.75
AE 16.48 5.80 4.87 2.58 4.62
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Fig. 1 XRD patterns of coated yellow iron oxideand coating
substances containing aluminum at different pH values
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Fig. 2 FTIR patterns of coated yellow iron oxide and coating substances at different pH values

--

(b) pH=4, coated FeOOH

(c) pH=6, coated FFOOH

(d) pH=38, coated FeOOH

(e) pH=10, coated FeOOH

0

C
Al Fe .
N S F € €
¥ B S W e
stk dhe o R J U, R
5 10 keV 5 10 15 keV S 10 15 keV
Energy/keV Energy/keV Energy/keV

(f) pH=4, flake region (g) pH=4, needle region
3 ANIE pHAH R AR AL BT SEM R FI EDS 1%

Fig. 3 SEM photographs and EDS spectra of yellow iron oxide before and after coated at different pH values

(h) pH=38, coated FeOOH



- 312 -

CREPR $h 5400

J Chin Ceram Soc, 2016, 44(2): 308-313

2016 4F

BUUF o AR pH 454N G R B0 4 s i AR 4 ) 2
SRR, b pH hy 4 A1 6 IS 3b. Kl 3¢), 7Rk
TR T YERR IR IERRGE M 2 Ak, I T Rtk &l
Fy. pH & 8 A1 10 (I 3d. K 3e), A il
REEM . LI pH b 4 F1 8 AL Z T EDS 4>
Br, MIEH pH by 4 1 R H (B 30, KL
R T 5 R I TR A, I BT N

Mass change

Mass change

dm/dt

pH=10

RS 0.6%

pH=6 -10.2%
pH=4 1 9.8%
Uncoated ~10.6%
| f | L | L | L | L | 1 | L
50 100 150 200 250 300 350 400

Temperature/C

(a) TG, coated FeOOH

pH=10
W
pH=6

pH=4

350

50 100 150 200 250 300 400
Temperature/ C
(¢) DTG, coated FeOOH
pH=10
299
N
306 pH=6
300 pH=4
8
289
1 L Il L 1 L Il L 1 L 1 L Il L
50 100 150 200 250 300 350 400

Temperature/C

(e) DTA, coated FeFOOH

L BicE, H n(Na):n(Al):n(S)=1:3:2, &4
LA 223 NaALy(SO4)(OH)g, 1ESEFIRE5 K 11
U T B S % . SIEE pH b 4
(AR X AT pH 4 8 I i (B 3 g K
3w, KR T EHE oA, BEHRITER.
44 XRD M FTIR 3, o] LAIESE, 7R A ks
FT TR I LA AR 1 R4 Sk B B

Mass change

Mass change

dm/dt

50 100 150 200 250 350

Temperature/C

300 400

(b) TG, coating layer

\/M\/\/—vp\li:\g
pH=4

1 L | L | L | L 1 L | L | L

50 100 150 200 250 300 350 400

Temperature/C

(d) DTG, ,coating layer

| L | L 1 L | s 1 L | L |

50 100 150 200 250 350

Temperature/C

300 400

(f) DTA, coating layer

K4 G EYos 508 EDR TG-DTG-DTA |2k
Fig. 4 TG-DTG-DTA curves of coated yellow iron oxide and coating substances



5 44 55 2 W

WEAE AR AR TR A B SOR i A - 313 -

K o4 s s 50 EZEY T
TG-DTG-DTA izk. M\l 4a F1 4b ¥ TG-DTG Hh
LRI, 230 CIF, A A Bk v i 7K A B S
o WEE, ZRERR—EMIETt. & 4e ) DTA
fh 2 1 i K W Rty 289 °C 1) IR IX A B, W
PR fEim e B TR B 4by [#] 4d.
Af 5y N E W) ) TG DTG A1 DTA #h4k. 76
100 °C LA AR 0030 21 BH 55 14 e /K W e, i 4. 78
JERTANR] pH 45N A B A28 R B (1) #4000 A e i
WA K. AR pH 44 N A B a8 21
TG-DTG—-DTA Ak &5 K5 ta 72 Ml 45 R —2L.

3 #®

MR R PGB RS A T, Rk
POERMA — RS, i P A A A Bk
SOIURE. T TN pH AL ZK AL BRI T AT 7K H
Kb B J5E A5 DN O R A PE RE M . 2 A kA A
pH=8, 180 ‘C/KHALEL 6 h If, AH BRI H P i
g, 2N 2.58. ST B A AE AR AL
BReRim. 1 HANE pH ERISAET, i RERY
25 e I 2 I B e AN [ 5 1, b pH O 4
A6 I, A7 2 o B A A LA IR S
pH i 8 F1 10 i}, WHEERILANE . HARME
B A b, WA B A RE W] W Tt

S Hk:

(1] WeVe, FMBRER, ALARFA. WUAHSUHRVE AL ™ A AL Bk S B AR 5[]
TeHLER Tk, 2014, 46(10): 46-49.
YAO Zuosheng, SUN Xiaoqing, DU Songsong. Inorg Chem Ind (in
Chinese), 2014, 46(10): 46-49.

(2] i, W, RER. BRA R BRI Ak ] % a0 2 W Ak o
W] WL AR K224, 2012, 27(2): 64-66.
LI Jinlei, HU Bing, SONG Jianmin. J Hubei Univ Technol (in
Chinese), 2012, 27(2): 64-66.

(3] WK, K, WAL, AOREMERR G % Tk Lk e [1]. 1u)l
H 4R, 2001(1): 15-20.
HU Hongfei, LI Dacheng, JI Hongbing. Sichuan Nonferrous Met(in
Chinese), 2001(1): 15-20.

[4] %%, bz, HOGSE. B TTTE kA A LA A R ORI
WAL T2 Bt 2441, 2003, 18(1): 53-55.

(3]

(6]

(7

(8]

9]

[10]

(1]

[12]

[13]

[14

(15

[16]

HU Bing, LONG Huayun, HUANG Guangdou.J Hubei Univ Technol
(in Chinese), 2003, 18(1): 53-55.

GREA, BB, E AR T 2ZBUR0]. B 2009,
49(7): 16-19.

CHEN Yujie, WEI Qifeng. Shanghai Coat (in Chinese), 2009, 49(7):
16-19.

B SRATH, L SR BN A AL v % R A0 UL Bk B BIE L],
T ARAGT, 2007, 32(2): 17-21.

HUANG Jian, GONG Zhuqing, FENG Gang.Guangdong Chem Ind (in
Chinese), 2007, 32(2): 17-21.

RERRGE, WEEAE, AEadl, S A IR S A Bk B BURHR 4 BOR
WS HEJR[T]. th T3k 2014, 33 (Z1): 224-227.

SHENG Ouwei, PAN Guoxiang, LI Jinhua, et al. Chem Ind Eng Prog
(in Chinese), 2014, 33(Z1): 224-227.

AR, BRRSR, MR, AF. AAEERENERT K S 5 O R EAL ).
TR 244, 2013, 41(5): 669-673.

ZOU Xuehua, CHEN Tianhu, LIU Haibo, et al. J Chin Ceram Soc (in
Chinese), 2013, 41(5): 669—673.

AR, BRRER, TR, 5. RAREHERA ML EL =0 6 G5 M ke PR ).
TR Eh 249K, 2013, 41(10): 14421443,

ZOU Xuehua, CHEN Tianhu, ZHANG Ping, et al. J Chine Ceram Soc,
2013, 41(10): 1442-1443.

TN, A, W, % S8R SRR R B ok R
PEACFRITESL]. TR AEA, 2008, 14(4): 38-39.

SOICHIRO N, TAKASHI A, KAZUAKI A. Method for improvement
of properties of synthetic yellow iron oxide [P]. US patent: 3969494,
1976-07-13.

WL R BUR B BR  CS R TIAL BERCR O BIESE[D]. i
HIRHLTK A, 2000.

CAO Hongming. Shanghai: East China University of Science and
Technology, 2000.

2K, YLk, R, 45 —UEAF4ERa-ALOJ AR 1 /K H- i i
F 5 RAT[I]). MRHFR, 2013, 27(16): 59-62.

LI Zhao, JIANG Yuanru, XU Ke, et al. Mater Rev (in Chinese), 2013,
27(16): 59-62.

FEEESE, SVREAE. pHAEXT S A0 AT B B M R MR, MR
22230, 2001, 32(5): 39-41.

DU Xuelian, SUN Yaozu. J Zhengzhou Univ (in Chinese), 2001, 32(5):
39-41.

BN, Sk, T, S5 hIA AIOOHZK A 1 & i 5 R AE ().
TobUAE 2274, 2007, 23(5): 897-900.

LV lJiangang, ZHANG Juan, DING Weiping, et al. J Inorg Chem (in
Chinese), 2007, 23(5): 897-900.

EERZ, KICE. Fa ety LA ALl K XRDAFAL[].
Heilh 2 5104, 2013, 33(7): 1969-1972.

Wang Cuizhi, Zhang Wenyuan. Spectrosc SpectAnal (in Chinese),
2013, 33(7): 1969-1972.



