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Effects of Zn®* and Cr** Doping on Nano-sized CoAl,O, Spinel Pigments by
Hydrothermal Processing
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Abstract: Nanosized spinel type cobalt blue pigments of CoAl,0,(AB,0,) were hydrothermally synthesized using
CoCl,'6H,0, ZnCl,, AICl; and CrCl;:6H,0 as raw materials. Colorimetric analysis, X-ray diffraction (XRD),
transmission electron microscope (TEM) and High resolution transmission electron microscope(HRTEM) were em-
ployed to investigate the effects of various amounts of Zn*" doping at A site and Cr’" doping at B site and various
hydrothermal temperatures on the coloration, crystal phase compositions, crystal size and interplanar spacing of the
CoAl,0, spinels. The results indicated that Zn*" and Cr’" doping cause incomplete crystal growth and result in
smaller particles than that of undoped spinels obtained at the same hydrothermal conditions. Zn** doping at A site
lowered the synthesis temperature of the spinel crystalline colorants. CoggsZngsAl,O4 pigments with good colora-
tion were obtained at 230°C. The hues of the as-prepared pigments changed from blue to green with increased
amount of Zn>" doping, and the coloration of samples became lighter. Similarly, the hues of the pigments also
changed from blue to green with increasing the amount of Cr’", but the coloration became deeper. Zn’* doped
spinels are of better coloration than that of Cr’” doped.
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Table 1 Colorimetric results of Co,,Zn,Al,O,samples
with different Zn?* doping amounts

X L* a* b*

0 41.10 -8.58 -28.46
0.05 31.40 —7.54 -29.54
0.10 32.72 -8.41 -25.44
0.20 33.14 -14.70 -19.73
0.50 47.03 -16.70 -11.74
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Fig. 1 XRD patterns of Co;4Zn,Al,O4 samples with different
Zn** doping amounts

T ) B 48 Co™ " T 5 04 ot e W A J3E 25 /N

Kl 2 /& x=0.05 B 7KHAF=H) Cog95Zng 0sA1,04 ]
TEM [, WTRAEH, 5% Zn® 515 S ks B,
A D ERLUR B AKGERE(WE 2(a)), H 577
HFIK G AE T A BN AR B 2210 CoALO, okl
FITHI b, B2 SRR B N —2 £ 50 nm
Jedi. XRW] Zo® (R ANEE TR ER, AT
(A% sE 2, BRI AE R 6 2% A7 0K 5 I 40 /).
B 2(c)f3 2 AL dan i 0.5000 nm, 11 ARB A
CoALO, ) di1yfti A 0.4679 nm!”, JX A Ky Zn*"2f
g KT Co™', Zn™ HEADUTH RS0 Co™ Ja il
5 T ) B2 484 Jm T
22 ARIRRKREXT CooosZngosAlLOs BHLH]
A

AN AR FE KA 1 Coo9sZno0sAlLO, (AR
JEEH XRD B340 40 2% 2 FHE 3 Fros. 7EK A 1L
BRSO RE I Zn® e gt R I A, B
ZnALO, MK HE R g 2 155°CHY, fEkif g~
G ZnALO, BIAE N i F, 5% CoALO, 7EHHIIK
R R A k. B 3 ml %N, 75 230°CHI 245°CH,

HAFEN 1K CoALO, ATt IE; (HAE 215 CI, B
CoALO, TS IEEAL, b Hi B E A ) (Co-Al-LDHs)
1 y-AIO(OH) IRT S, BLHA A L3524 Zn> M1 &
FiUEH], A& M4 PRK CoALO, TR A IRIE. M
% 2 PIB T LA, 245°CH1 230°C A B IRE A L*.
a* oM LA RET, 1T 215°C & R I RE i AT IR A 247
R e,

2.3 A[E Cr*i#sz &% CoAl,,Cr,0, & KA
A

2 245°C R 20 h BRI Cr B 2 BpE i
(1 €0 5 (B AR &5 SR an 56 3 TR, XRD FI TEM 45 14
BLPE 4 RIE S, d13 3 w4, B Cr B AR I
I, FER LHME ) F-b*E AW /N, -a*(EAS
Wik oK, IR R 5 D e o e, Jf B
BWAE, XEBEREMT B RERE N, HE
Crr i 2 BN, BRSSO B % 5 R LA (.
HHE 4 7%, 24 y=0.1 I, AU CoALO, fiT i I
1E1E, 2 y=0.2, ATHHETEA, FEPRiARm.

Kl 5 J& CoAl, oCro 04 £ 1) TEM M S 3L
SRS ER. RE SR LA H, [ Znt B
B, T B2 OO g g B, AR SR B AN
M ORI AN, AP NI I 42 0.054 nm,
Crr 42 0.062 nm, EATEANZEM KT Zn”
Co 2P 42y 2 Al , b A R A8 R % B g, BT LA
CoAl, yCryOy4 F G577 W) 1) &b b Wy AL 72 B Ll
CoixZn,AL,Oy RE WK, H Criipdei y=0.2

%‘% 2 *Iﬂiﬁfﬁ’%ﬁk COO<95Zn0<05A|204 @.*SI' E"J@.}EUHIJ ﬁtﬁ%
Table 2 Colorimetric results of Cog g5Zng sAl,0, samples
synthesized at various temperatures

Temperature/C L* a* b*
245 32.72 -8.41 -25.44
230 33.86 -12.96 -24.26
215 30.50 -15.50 -21.53
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Fig. 2 TEM (a), (b) and HRTEM (c) images of Cog95ZngosAl,04 samples
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Fig. 3 XRD patterns of Cog95Zn 05A1,0,4 samples synthesized
at different temperatures
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