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Controllable Preparation and Decorative Effect of Iron-based Crystalline Glazes
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Abstract: Based on the study of ancient black glazed porcelains, high-fired glazes of SiO,-Al,0; K,0-MgO-CaO-Fe,0; system were
designed and prepared. Different glaze decoration effects were achieved by changing the firing schedules to modify the crystallization
behavior and microstructure of the glazes. The influence of thermal history on the crystal attribute and morphology, glaze appearance
and coloring mechanism was investigated by using optical microscopy, field emission scanning electron microscopy, electron
backscattered diffraction, X-ray diffraction and Raman spectroscopy, respectively. e-Fe,O; crystalline layer was prepared in a slight
oxidation atmosphere at about 1 000—1 050 ‘C. The results show that a-Fe,0; crystals precipitated on the glaze surface have a good
orientation and a variety of morphologies, which are related to the crystallization position and the direction of the crystallization plane.
a-Fe,05 crystals on the glaze surface show a silvery metallic luster, which belongs to a physical structural color.
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(a) Optical microscopy (OM) image of the glaze surface of the bowl wall

(b) OM image of the glaze cross section

(c) SEM image of the silvery speckles on the glaze surface

Glaze

surface §

(e) SEM image of the glaze cross section

(d) Enlarged SEM image of the partial of a silvery speckle

(f) SEM image of the glaze-body interface layer composed of anorthite crystals
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Fig. 5 Microstructure of the glaze at bowl wall of B1 sample
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(b) Micro-Raman pattern of the silvery speckles on the glaze surface
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(c) Micro-Raman pattern of the precipitated plate-shaped crystals at the

glaze cross section

Kl 6 Ffih Bl BEEERIYT XRD i 5 micro-Raman i
Fig. 6 XRD and micro-Raman patterns of the glaze at bowl
wall of B1 sample
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(a) OM image of the glaze at the bow!’s matte (b) SEM image of the area within the white rectangular in Fig.7a

rim and yellowish-brown substrate

(c) SEM image of the crystals on the substrate of zone I in Fig. 7b (d) SEM image of the crystals on the matte rim of zone II in Fig. 7b
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Fig. 7 Microscopic morphology of the glaze near the rim region of Y1 sample
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(a) OM image of the leaf-shaped crystals on the (b) OM image of the snowflake-shaped crystals (c) OM image of the glaze cross section

glaze surface on the glaze surface

(d) SEM image of the leaf-shaped crystals on the glaze surface (e) SEM image of the snowflake-shaped crystals on the glaze surface
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(f) SEM image of the glaze cross section
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Fig. 8 Microstructure of the glaze at the bowl wall of Y1 sample

X8 i Y1 Rl T R AR 1 22 )2 IR AT it
4T micro-XRD 737, 22 J2 IR SR THI BT it 0,475 228 JUe i 42
FERR AR B A0 (R AEAR AR SR A,
A RN 9a s « HALIK AR 5 IR AR XRD
AT XS N T ARTE a-Fe,Os MIKFAENE, LEHAMNE 30°
FUTIEHBL T 1 ANMUES FesOg ATHTIE . T (1
FEJR BARTE 13.98°, 19.08°, 28.13°. 36.80°, 38.38°,
40.56°. 41.83°. 46.23°. 59.12°, 61.54°, 63.71°kt
AU BRI, BT e-Fe,05 di iR % A ir & 4
[EHEN Pra2l, &S %08 @=0.507 15nm, 5=0.873
59nm, ¢=0.94178nm, a=f=y=90°, XRD i %>
(AT S U 55 4 B TR ) B AR AT ok . TRl B, R
micro-Raman t5G1E T FIAR micro-XRD 45 %, =
TEIR AR SR B JE T o-Fe,05(& 9b). £ 5L
Ot I AT R A 5 R 2T B A (5 RS R A 1)
micro-Raman &6 —F, N e-Fe,05° (&l 9¢). Hitk
AT, BES YD BE A ST R A R
e-Fe;03. e-Fe 03 F A T E MR IRIL G AL = 1)
WL AR, I HESE N ESGRN S, N
(R T N P S

FE Y1 IR el FE (B 2 b 28 3) bk T %A
il 2 TR B0 B TR AR 22 8 177  o-Fe, O 3 ML AT
pn— S —a-Fe,0y kML 7 X —1d 2, XHH W
B1 3R a-Fe,O5 #RAHE Y it #2— 8. (HIX 2
R S AE PR IR BT b 0 KN AR R s Bl v #0143
FIMIFESD Y R, R RENT H BT S 8 e-Fe, 03
i TR ZHOT I P45 2 RS B R 510
BRI, KA e-Fe,05 ik,

RIRTL e-Fe O3 JE AL FE, DAFES: Y1 [ il
FE A, vt T ORI 18] 43 519 40 min A1 3.5 h,
P ENIEFE 23 T R B A R B A A B0 % Bl s
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(c) Micro-Raman patterns of the crystals on the substrate and on the matte rim
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Fig. 9 Micro-XRD and micro-Raman patterns of the glaze at
the bowl wall of Y1 sample
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(a) OM/SEM image of a-Fe,0; on the glaze surface

50 pm

s Fe,O, mmm o-Fe,0,

(c) Phase map of an orientation imaging microscopy (OIM)-scan

showing the locations of a-Fe,O3 and Fe;O4 phases in Fig.10a

(b) OM/SEM image of ¢-Fe,0; at the matte rim

e c-Fe,O,  mmmm o-Fe O, Opm

(d) Phase map of an OIM-scan showing the location of &-Fe,05
and a-Fe,O; phases in Fig.10b

(e) Orientation map of an OIM-scan performed on a-Fe;O3 in Fig.10c

(f) Orientation map of an OIM-scan performed on &-Fe,0Os in Fig.10d
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Fig. 10 Phase map and orientation map of the crystals of the silvery speckles on the glaze surface at the bowl wall, and the

yellowish-brown surface at the matte rim of Y1 sample
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(a) OM image of the inner bottom surface

a-Fe,0s 50 um

(c) Phase map of an OIM-scan showing the locations of
a-Fe;O3 phase in Fig. 11b

001 X,

(d) Orientation map of an OIM-scan performed on
a-Fe;O3 in Fig. 11b
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(e) Inverse pole figure (IPF)-map of an OIM-scan performed on a-Fe,;Os in Fig. 11b
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Fig. 11 Phase map, Orientation map and IPF of the silvery crystallization layer on the inner bottom surface of sample Y1
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