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Forming mechanism of mica iron oxide from glazed tiles
in Yuanmingyuan
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Abstract This experiment analyzes the diffused red in yellowing phenomenon of partial yellow
glazed tiles unearthed from Yuanmingyuan by means of optical microscope, EDXRF, SEM, XPS,
and XRD in order to study the color change mechanism. The analyses suggest that the glaze layer of
the sample tiles belongs to a kind of lead silicate glass and that the diffused red in yellowing
phenomenon of glaze is due to the different forms of Fe within the glaze layer, with a-Fe,O; crystal
dominating the red area and Fe’" and Fe’* existing simultaneously in the yellow area. The study
shows the phenomenon can be explained by the process of oxidation of Fe’* into Fe’*in the yellow
area at high temperature during which glaze layers are lost. It further results in abundant

precipitation of Fe'*

in the form of hexagonal plate a-Fe,O, crystal particle, which is also called
micaceous iron oxide red being very important rust preventive and pearlescent pigment.
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Fig.1 Glazed tile samples that were yellow in the red
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Fig.2 Electron microscope photographs of the samples
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Table 1 EDXREF content analysis of the samples

%

g Al 0,4 Si0, K,0 CaO TiO, Fe, 05 Cu0 7Zn0 PbO total
A-Yellow-1 4.20 21.87 0.25 0.29 0.17 2.20 0.04 0. 00 70. 99 100
A-Yellow-2 4.14 22.43 0.44 0.34 0.13 2.35 0. 06 0. 02 70. 06 100
A-Yellow-3 4.97 23.76 0. 00 0.38 0.16 2.46 0. 06 0.01 68.2 100
A-Red-1 6.27 29.79 1. 40 3.90 0.25 4.02 0. 06 0.02 54.29 100
A-Red-2 5.95 31. 1 0.98 0. 68 0.23 3.91 0.07 0.01 57.06 100
A-Red-3 4.91 28.09 0. 66 0.34 0.23 4.18 0. 06 0.01 61.51 100
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Table 2 The Fe2p peak values and corresponding contents for the Fe valence states in the
A-Red and A-Yellow samples
b Fe2p, , Wi/ eV TR/ eV Fe JUR M AAX 5 /% Total/%
" Fe?* Fe*+ Fe?* Fe*+ Fe?* Fe’* 100
A-Red 709. 43 711. 18 715. 80 719. 63 12. 60 87.40 100
A-Yellow 709.70 711. 10 715.90 719.70 37.10 62.90 100
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Fig.4 XRD diffraction patterns of the samples
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Table 3 Results of SEM-EDS composition analysis of the red and yellow areas of the A sample

=3 0 Na Mg Al Si K Ca Fe Ph total
. % (JETFIt) 49.851  0.569  0.447 12.527 13.864  0.279  0.637  13.358  7.888 100
% (B k) 20. 02 0.33 0.27 8.48 9.77 0.27 0. 64 18.73  41.03 100

5 % (JEFE) 49.255  0.797  0.759  12.728 15.544  0.516  0.748  11.196  7.8% 100
% (&) 20.03 0.47 0.47 8.73 11.10 0.51 0.76 15.90  41.59 100

3 % (JEFIL) 49.266  0.555  0.419 12.609 14.718  0.423  0.789  11.750  8.675 100
% (FTitll) 19.27 0.31 0.25 8.32 10. 10 0.40 0.77 16.04  43.94 100

. % (JEFLH) 48.127  0.565  0.450  13.137 17.388  0.33 0.705  10.420  8.261 100
% (&) 19. 30 0.33 0.27 8. 88 12.24 0.32 0.71 14.58  42.89 100

s % (JETLb) 40.881  1.121 0.539  15.978 25.914  0.732  0.495 2.014  11.344 100
% (FTittl) 14. 89 0.59 0.30 9.81 16. 56 0. 65 0.45 2.56 53.50 100

6 % (JEFL) 40.761  1.002  0.621  16.076 25.099  0.495  0.230  2.259  12.720 100
% (JFEIL) 14. 05 0. 50 0.32 9.34 15.18 0.42 0.20 2.72 56.78 100

; % (JRT L) 41.495 1.123  0.602  15.606 25.739  0.394  0.333 2.106  12.416 100
% (BifEll) 14.51 0.56 0.32 9.21 15.58 0.34 0.29 2.57 56. 24 100

X % (JETFL) 43.676  0.921 0.721  15.133  24.672  0.418  0.439  2.288  11.127 100
% (L) 16.16 0.49 0.41 9.44 16. 02 0.38 0.41 2.95 53.31 100




$4H I, A5 - B PR B BU AR 2 B AR BRI BB 497

Tk B T R BRI T GIX K Fe J5UF 1140
HA2.0% ~2.28% , 5 XRE )4 45 R %30, i LA
SRR L0 A R ) Fe JER Y

R LI MY B 5 Fe A7 GNP, A
2B AT LA X UL O 5 LA K TE R K,
XPHAEAT SEM 234, anfsl 6 \J& 7 F1 4 FiR

®4 ABEEBHSNEEER
Table 4 SEM-EDS composition analysis of the hexagonal plate-shaped particle

¥ 0 Na Mg Al Si K Ca Fe Cu Ph total
1 % (JRFt) 54117 0.677 0. 580 7.122  10.294  0.185 0.324 23.116  0.392 3.194 100
% (Figltk)  25.66 0. 46 0.42 5.69 8.57 0.21 0.38 38.25 0.74 19. 61 100

) % (JRFLb) 53.103  0.918 0. 706 7.803 9.889  0.284 0. 285 25.332  0.271 1.410 100
% (FThtbk)  27.21 0. 68 0.55 6.74 8.89 0.36 0.37 45.30 0.55 9.35 100

3 % (JRFIb) 49.262  0.347 0.613 8.498 9.571  0.408 0.273  27.918  0.096 3.015 100
% (JEHE L) 22.35 0.23 0.42 6. 50 7.62 0.45 0.31 44.22 0.17 17.72 100
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Fig.6 SEM images of the A-Red sample with different magnifications
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Fig.7 Element distribution on the surface of hexagonal plate-shaped particle

FpAAETT Fe' ™ MR A BT 1 B B R IR 1 4 Ak ik
NS 8

LA LA BB g A, FRATTUE B R 5 BU R 2
LT JE DR RlZ s P Fe® DR i 3 1
o SR R R R TR, S BUE R LR AS, Ar i
eI a-Fe, 05 AiAFTEL, a-Fe,0, LN NM A
AR X ROR AL R AT AR 4R W FR = B4 AL
BREL i SRR AT S SOk A S PR E 2T 6

3 #Fig

DA b B, (6 B el B3 FOORD 23 4 30 B vh
Z LG B EURJE Fe 78216 XU AN BT 3 X
WA AR, 6 X, Fe 2 L) a-Fe, 0,
REIERAFAE (a-Fe, 0y XHEFR A = RE ALk LT,
AR EE ML AR, T UL BCE B A 6) W
6 XI5 Fe 2L Fe’ 5 Fe’ " IE R AEAE . SRS
BT HIE I a-Fe, O fib 1A 1 A 5 J52 A 2 J B B
RhZ g Fe® 22 31 R I #A e = IR A T R
bk Fe' | TRIA, i i S B0 2 5 ok A5
Fe' H1 & 50 RR IS ATE a-Fe,0, fiik
E I A
ZFG. PEBIFEAR S M. JUaT B R, 1998.
ZEpa, @ T E RIS ESEARM]. dbat.
BTV A, 1987,
B AR, BRI BCE S R T SE (M. -
T IR EOR 1 A, 2010.
Lee H. The ruins of Yuanmingyuan: Or, how to enjoy a
national wound [ J]. Modern China, 2008, 35(2). 155-
190.

e, 7 e 2z bl B B [ 7). T09R%k4E,1995(6) :16-17.



%4 S 41, A5« R BH e s B0 bk 2= R 4 Ak X TR I AT L3 499
[ 6] ETFBH. BRI 5 B R E i X aG b s Sk 5 X ko [16] Graat P C J, Somers M A J. Simultaneous determination of

[10]

[11]

[12]

[14]

[T]. dbstie G R 2 4R (A SCHE 2 BE2A D) , 2004, 2

(1) 3945.
S 52 B K /2 o 112 e S ] 7 S I B s (= e

Repp i (2R, 2012(2) :55-65.

Pt o, B, S N RS s A a wg (1]
FI SRR 5, 1985 (1) :54-58.

kAR EEAE (M) B BB ARSERE
Jifkt:,2000.

Bo W, Gao F, Ma H. Preparation and XPS studies of
II) and Fe (II, 1)

macromolecule mixed-valent Cu (I,

complexes[ J]. Journal of Hazardous Materials, 2007, 144
(1/2) :363-368.

Hawn D D, Dekoven B M. Deconvolution as a correction for
photoelectron inelastic energy losses in the core level XPS
spectra of iron oxides [ J]. Surface & Interface Analysis,
1987, 10(2/3) :63-74.

Roosendaal S J, Asselen B V, Elsenaar J] W, et al. The
oxidation state of Fe(100) after initial oxidation in O, [ J].
Surface Science, 1999, 442(3) .329-337.

Muhler M, Schloegl R, Ertl G. Chemlnform abstract: the
nature of the iron oxide-based catalyst for dehydrogenation of

Part 2. Surface chemistry of the

138(14) .413444.

ethylbenzene to styrene.
active phase[ J]. Cheminform, 1993,
Yamashita T, Hayes P. Analysis of XPS spectra of Fe?* | and
Fe’* | ions in oxide materials[ J]. Applied Surface Science,
2008, 254(8) :2441-2 449.

Mayer T. Black spots on carbon steel after contact to
lubricating oil with extreme pressure additives: an XPS study

[J]. Applied Surface Science, 2001, 179(1) ;257-262.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

composition and thickness of thin iron-oxide films from XPS
Fe 2p spectra[ J].
(2) :36-40.

Applied Surface Science, 1996, 100/101
Mekki A, Holland D, Mcconville C F, et al. An XPS study
of iron sodium silicate glass surfaces[ J]. Journal of Non-
Crystalline Solids, 1996, 208 (208) :267-276.

SHLTAR R R B4, % La, _ Ce, FeO, £5EKA R AR (AL
FIHg XPS WL [T]. H E AR L 24k, 2003, 21 (4) :445-
448.

W, LI, F A RO A R B R R A K
[J]. %RTol, 2003, 33(7): 53-55.

TRE, A, MBL BT R RGN A L B AEBR
SEERH AR, TR B2, 2013, 34(2) :113-
118.

FEMT, MLLFF, XUKE. RO Fe, Oy B £ K H A= K AL B
[J]. R R (AARBSMD) , 2010, 41(5) ;1 718-
1723.

R4, WAk, SR, %
TR HILT]

Lo ] A B R Ak
FEMARR AR, 2012, 18(5) :40-44.

IR, IR R, 2RI, 5. KL A W B ALk Sh
[ T]. AB T4 ,2004, 55(5) :846-849.

X AL BT et /K AT ) £ o B S Ak B H i 38
WD) Kb PRIk, 2011

el JREE G U IR E S IR T [ D], K.
Hrg k% ,2005.
JORFS , 5K 2. ZEHELERI A UCRAE D] . A s m R

5T H,2015,6(5) :57-62.
XUE, SRR 2, 55 — TR SLBR el 26 = BR AL Bk
14 )5 ¥ : CN102923789A[ PJ. 2013-02-13.



