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Abstract: The ancient porcelain is the treasure of Chinese civilization. In this paper,
multiple surface analysis tools were applied to characterize the attractive silvery bright
spots on the glaze of black-glazed tea bowl fragment. The raindrop-shaped silver flecks

covering the surface were symbols of North China oil spots. High-resolution time of
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flight-secondary ion mass spectrometry ( TOF-SIMS) data confirmed the main compo-
nent of the oil spot was iron oxide. Positive ions were Fe' (m/z 55.93), FeO"' (m/z
71.93), Fe,O" (m/z 127.86), and negative ions were FeO~ (m/z 71.93), FeO; (m/z
87.92). A series of peaks were detected by micro-Raman spectroscopy, such as 230,
294, 412, 502, 611, 1 337 cm™ .
spot. Secondary ion imaging of TOF-SIMS indicated the oil spots (~ 120 pm) was

This suggested existence of hematite (a-Fe, O;) in the

formed by self-organization and dispersion of hundreds hexagonal hematite crystal (~2-
10 ym). Hematite was spatially complementary to alkaline calcareous glaze that contains
silicon, aluminum, calcium, and sodium. TOF-SIMS depth profiling of the spot sugges-
ted a more than 5 ym continuous hematite layer on the glaze of black-glazed tea bowl.
The main mineral of a-Fe; O; crystals was hematite, which was ochre usually. Specular
hematite, a subspecies of hematite with silver or black color, was believed to play criti-
cal role in the formation of the oil spot. With the optical microscope observations, we
believed that the silvery material on the surface of the oil spots should be a thin layer of
specular hematite and the lower ochre layer was hematite. In fact, the oil spot appeared
silvery-white and reflective when viewed from 15° to 165°, while it appeared ochre when
the angles of gaze was not greater than 15° from the glazed surface of the specimen. The
extraordinary visual property of color changing with different angle of gaze formed the
charm of Song dynasty oil spot tea bowls. With these results, a hypothesis for the
formation of the North China oil spots was enlightened. The molten phase of Fe-rich
soy-black glaze gradually formed micron-sized hematite particulates at sealed kiln of high
temperature (1 250 °C). When the kiln was unsealed, the hot porcelain was exposed to
cold air immediately. A thin layer of specular hematite was generated on top of hematite
particulates.

Key words: North China oil spots; hematite; specularite; ion imaging; secondary ion

mass spectrometry (SIMS)

a4t

FEARAR A 2WAT R S B A 327
VAT a0 RN B B WA 7 4 R 5
SRR R A AR 45 L A AT — Y 3R AR
AR SCNATS SR 7 IR 3 [ AR AR SRR 2% = 0 - LA
R 5T o WL ORI DA B 43 26 2 30 [ 2
sz, fate . AR N W HT LR H 1L =5 i
RIS 1T X R 2R AR Z K H
C RPN ¥iwo) LN IR PNER IR SN
H =26, HFTTE B A A WO, o™ i & . iih
i K W23 o s 7 i S AR AL R BT A
FEmEEM. J5& ™ ARERIEZE D,
R FAS KBRS R 7 ) B SR AR AT 1 H
Aeduihig e TR E S AL s R
Yo le A S 22 55 s T S Ah o IR Y H SG
NPT AR OB S T 31 1 R 227 L 3
C T AR BRI . H AT AR S TR A AL

BTl e S 28 0T 11 A S T 3% e 5 R i B
BEULEE I B O AR O L R E Ok Rk A X
SR AT ST AT AR IR T T & S 4
23 1) 18 0 B B X R R . R s L 3
TIE A4 A L gt e 7 w5 19 T 0 B 5 ML S o AR
HEFR E A B W B Se Ak i T E AR SRR,
A Bl TR O 5 A R

AT Al R B BT (TOF-SIMS) J2& 6
FrBIF e B SR 3000 T 1 6 46 S b T AR
Tz F TS R AR AR T 2R OB
S BRBERL 2 MR R A R
SpUSI ARG, S RGN B 2 Y R T 43 AT
ARz —., TOF-SIMS 4 ¥7  R B A 4 %f 75
B0 F B IR R B BT T R L 5 AR
TSR 7 il AN AN R £ 8 BT R R S [ 4y
Wk s, BB 7R Z A0 B R B3 (MS/MS)



5514

T T A R RN 3500 R AT I ] R TR R AL 27

A JHE 0 B 0 10T 5 328 7 S o ) /N AR 400
Wt SC A s AE ot Y e 2R
an Y T R A L Lee ZE TR TOF-
SIMS 73 #r & ™ 5 [ fift (9 7 AR 25 2k RS T
) Y L B E B9 7 76 5 Alexandra 2% F)
TOF-SIMS %} Dk 131 Akko Tower JTfiiFH 2 #t
P00 A [s] 1 25 0 85 1 14 Jif (A RO TET 47 T o0 R
Y MO AT TE 2500 B » 25 2R R W 2 B i A 7
T I R T AN [ B JEORE (AR T2

ATAE LR R R S T8 7 it T Xt &
& M TOF-SIMS HIHiL 2 6 3% 73 i R AR 35
T DX 70 2R 2 B A 0 K B DA ) 2 A BE AR
AL ARG S SO S . B 1 £ W R
FH k.

1 ZIWEH
1.1 {8

TOF-SIMS 5-100 % & A7 i [B] — ¥R 8 F i
TEA A8 E ION-TOF 24 ) 7= i Be A 5 U5 A
4 I8 B T — U AR (LMIG) Rl 4% 1 5% (Ar, )
W B B I 59 4 (GCIB) . TOF-SIMS fE X

— TP A5 23 BT B S AT ARSI H~U 7E N B
A ICER SRR - HARA R A REUE (10 ° ~

g

QLT T e i
- ERRHECT e TSI A
- IR ST R
IR AC T T
R —
W
-

TEea BRI iR

107, LI R LA &9 (R 5/ L&Y 1)

JF 3% 53 T R BE AT R RAR 40 T . LabRAM

HR800 AL R M hir & 56 3% . % [ HOR-

IBA Jobin Yvon 2y &)=, B A 633 nm 456,
AE A% 42 (AL AE ot A9 Al 2 4l A RH AR 25 285 a0 B %

S FAHEAEISEER .

1.2 HEXR5H#

A S 5T R AR o — B IR A Y
WA ORTE L AE RN AZEL 11,5 cm, 247
293.5 cm FIE Y 5. 2 em BYAEILHTH =% . JEAK
it LA s A7 6 Y o 2R Rl (N8R IS T iR R
PR A 3508 A ) A 2 R AR B Bl
i R s X T S RN E NS o P U R (R (A2 023
A 20 B 24 Sk 5 21 i IR A 5 I ) i 41 8 B
5 WRUEE T 2 BE R BIOK 90w (R URL B 2H 2L 1A
BT 120 pm 245 B IE  S TR 2.

MAEARL ) — A YIHIH 1 em X 1.5 em
HIFE R 7 T 18 2a, K™ AT F- 4 DA ) 3

I 2 A 5 110 B0 T A0 20 FRf S 4 3 2 D i o
Y- b S &5 B2 AR T

1.3 kA&

1.3.1
ERE L B

TOF-SIMS %Uﬁﬁ@%ﬂiﬂ%#ﬂiﬁl%
b AR ATA PR A L Y A A

d

E——

AR b BT AL R R R RS (e SRAAMU A R R

B 1 REELHBEIRMAR

Fig. 1

Blackglaze fragments of North China oil spots made in Song Dynasty
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Fig.2 Sample and morphology of oil spots under polarizing microscope
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Fig.3 Raman spectra of the sample
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Fig. 4 Secondary ion images of oil spots
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Fig. 5 Positive and negative secondary ion images of oil spots
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Fig. 6 Fe' depth analysis of iron ions in oil spots
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