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Fig. 1
(a): RC; (b): W-C; (o) tailing; (d): W-R; (e): W-Y;
(H: W-G; (i—k): W-R, W-Y, W-G after calcination at 1 200 C

Appearance of different samples
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Fig. 2 XRD patterns of red clay samples
a: Raw; b: Washed clay; ¢: Tailing
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Table 1 Chemical compositions of Guangdong red clay samples (Wt%)

Sample Na; O K. 0 SiO; Al; O3 Fe, O; MnO, TiO: MgO CaO SOs
RC 0.01 4. 16 70.92 21.07 2.25 0.12 0.11 0. 84 0.17 0. 35
W-C 0.10 3.30 68.70 23.52 2. 85 0.03 0.03 1. 37 0. 06 0. 04

Tailing 0.21 4. 31 79. 25 13.01 1. 39 0.11 0.12 0. 38 0.65 0.57
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Fig. 3 SEM images of washed clay and tailing

after elutriation and sieving

F2 W-R, W-Y #1 W-G f9{L 3 AR
Table 2 Chemical compositions samples W-R, W-Y and W-G (Wt%)

Sample Na; O K,O SiO. AL O, Fe; 0, MnO; TiO; MgO Ca0 SO;
W-R 0.36 412 61. 05 27. 38 4.84 0.02 0. 20 1.01 0.32 0.70
W-Y 0.55 4.26 65. 71 20. 57 7.56 — — 0. 87 0.43 0.05
W-G 1. 41 8. 14 59. 19 27.05 1.9 0.01 0.13 1.87 0.39 0.02
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WRTE MM AR . FRAM FeMg n 88 FEEM, 254 WRBPoYhaxE, skaffpary. CooRbm
XRF{ESE W-G Fh L0 P b i B 2600 £ A, & I BEBDR e h e — BB LY. B Fe ST 410 B 7T
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Fig. 4 XRD patterns of W-C, W-R, W-Y and W-G
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Fig. 6 SEM/EDS image of iron impurity mineral occurring

between structures of layer and sheet in W-R
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Fig. 7 SEM/EDS image of iron impurity occurring

on layer structure in W-R
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Fig. 5 SEM image and element mapping in W-R
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Fig. 8 SEM image and element mappings in W-Y sample
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Fig. 9 SEM image of iron impurities distributed randomly in

the W-Y sample and corresponding EDS date
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SEM images and element mappings in W-G sample
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TEM image of iron-bearing mineral in W-R

sample (a) and SAED pattern of point 17 (b)

Fig. 11

£3 R1LEXBFITHEE
Table 3 Selected area electron diffraction

analysis data of point 17

Indicator ED/
(denm 1)

Goethite/(d * nm™ 1) —

0.368 0.270 0.220 0.184
values 1

0.269 0.218 0.180

Standard Intensity — 80 50 40
values  Hematite/(d » nm~!) 0.368 0.270 0.220 0.184
Intensity 33 100 17 31

W-Y & 8 LARSE LA 21 T 9 K (8] 9 R RR A7
TE T AL R S AR T . AR I X R AE T 76 35 4 i B8 T 4R B K
AN AR B B S, WA 12Ca,b) Bk, W R BLR ~F 4L
TR KRR 5 A B T AR R AR R, B AR R I
SR BEAEIR ROR SO R R G . O T IR I R ORIk B R
PR R R OROREIR AE TR 1 X8 2 6 47 B IR 39 40 A 40 Hr 25
SRR 4 FroR . BT 48 AR 5 £ LFeO (OH) J i b
WEHIER WA . ATH I d=0. 218 A1 0. 149 nm &b 43 51 % B
AR R (113) . F(214) 1T s BLAk, AT 35 d =246 nm
36 B T gk Y (222) f T . T d=0. 172 nm Xt 5 F 7k
R iy (L16) 4 TE ARG e P i (422) fhE . B, W-Y
Xk 2 Kb oRREAR K S £ AR BT BERAETE Y
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Fig. 12 TEM image of iron oxides in W-Y sample
and SAED pattern of point 27
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Table 4 Selected area electron diffraction analysis data of point 27

Indicator values 2 ED/(d+ nm™ 1) 0.418 0.246 0.218 0.172 0.153
Goethite 0.418 0. 245 0.218 0.172 0. 151
Intensity 100 80 50 70 40
Hematite/(d » nm ™) — — 0. 220 0. 169 0.149
Standard values
Intensity — — 17 36 22
Magnetite/(d » nm 1) — 0.243 — 0.171 —
Intensity — 30 — 50 -

2.2.5 R JRAEIR AT L LT 4 o bR B o
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Fig. 13 Vis-NIR spectra of samples W-C, W-R, W-Y, W-G
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Fig. 14 First derivative curves from visible absorption
data of samples W-C, W-R, W-Y. W-G
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Analysis of Iron Impurity and Its Occurrence Form in Red Clay of
Guangdong Province
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Abstract The centuries of development of fine white porcelain in China has made the shortage of high-quality clay mineral
resources increasingly serious. How to remove impurities of low-/medium-quality clay minerals and effectively utilize them have
been attracted many attentions from potters, artists and material researchers. Iron, as a common impurity in minerals, plays a
key harmful role in ceramic productions. One of the key technologies of improvement of low-/medium-quality clay minerals is to
remove iron impurities. However, the unclear understanding of occurrence forms of iron in clay minerals limits the development
of purification technology. The red clay in Guangdong province has a wide distribution and large storage. However, the high
iron content restricts its further utilization as a high-quality resource. In this work, the occurrence forms of iron impurities in the
red clay from Meizhou city, Guangdong province were investigated. Three types of impurities (red, yellow and gray green,
respectively) in the red clay were selected and separated elaborately via washing and sieving processes. X-ray fluorescence
spectrometer, scanning electron microscope equipped with energy disperse spectroscopy, transmission electron microscope
equipped with selected area electron diffraction, visible-near infrared spectroscopy and first derivative spectra of visible
absorption spectra were exploited to analyze the mineral assemblages, chemical composition, microstructure and spectral
characteristics of the separated clay minerals. The occurrence forms of iron were identified. The results showed that iron was the
key element that affected the appearance of the red clay. The clay minerals in the three samples were mainly composed of
kaolinite and illite. In the red and yellow impurities, iron was absorbed or clamped on the surfaces of laminated clay minerals in
the forms of hematite-goethite aggregate. In gray-green impurity, the iron was in the form of ions locked in Fe-Mg muscovite
structure. The results also found that during the separation of red clay minerals, iron impurities were separated together with
clay minerals from the red clay in the forms of both free and structural irons. This work is helpful for the selection of purification

methods for southern red clay and for improving the processing efficiency and quality of low-grade clay.
Keywords Red clay; Iron impurity; Occurrence forms; Selected area electron diffraction
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