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Energy-dispersive X-ray fluorescence spectrometric analysis of
Chinese ceramics is a simple, rapid and nondestructive technique. The
absolute measurement of the concentrations of several trace elements
(Mn, Zn, Rb, Sr, Zr, Nb and Ba) by reference to calibration curves
yields results that can determine whether or not a piece of Chinese
porcelain is a modern reproduction.

1. 1NTRODUCTlON

Antique collectors have often wondered whether their precious pieces of fine
Chinese porcelain of the Ming (1368 - 1644) and Tsing (1644 - 19 11) dynasties are

genuine. If a piece turns out to be a modern reproduction, it may represent a costly
mistake. The reason is that the attribution of Chinese porcelain has never been precise and
scientific. So far the conventional method of dating is subjective, relying on features such
as style, decoration, craftsmanship, foot-rims, base marks, materials of the body and the
glaze. Although this method is generally effective, it is quite powerless when the reproduc-
tions are of good quality and close to the original. A well-known European art historian
who has studied in Taiwan wrote to me, ” . . . I once met an old potter who was employed
by some very ëreputableí Japanese dealers as a copyist of Song and Yuan ceramics. His pro-
duction was small but of remarkable quality, and his pieces are regularly illustrated in art
magazines and auction catalogues . . . .”

In the past, attempts have been made to study Chinese porcelain scientifically. In-
itially, this study was largely some form of chemical analysisí,2.  Other techniques have been

occasionally employed. About 1960, research on thermoluminescence had reached the state
that dating principles could be applied to archaeological materials3.  Unfortunately, all such

methods are destructive: a sample has to be removed from the piece of porcelain for ex-

periments. Obviously, such destructive methods cannot be applied to fine porcelain of the
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Ming and Tsing dynasties because of the great difference in the value of damaged and
perfect pieces. A collector would be reluctant to permit  such a sample to be removed from

the porcelain purely for dating purposes.

11. X-RAY FLUORESCENCE SPECTROMETRlC ANALYSlS

Since 198 1, we have used a non-destructive scientific technique in the study of Chinese
porcelain and have obtained encouraging results4-21  . This energy-dispersive X-ray fluor-

escence technique uses fluorescent X-rays as a method of elemental analysis. An atomic
electron can be removed completely from its shell by a photon (X- or y-ray) having an energy

greater than the binding energy of the electron, whereby leaving the atom in an excited
state. In the ensuing de-excitation, an electron from a higher shell ìdropsî into the vacant
site, giving up an excess but well defined energy by the emission of radiation in the form of
a fluorescent X-ray. Measurement of the energies of these fluorescent X-rays allows the
elements present in the porcelain to be identified. The aim is the complete elemental

analysis of the composition of the glaze and body material of the porcelain. Modern
. porcelain and those made outside Jingdezhen in China have quite different compositions. As

almost all the fine porcelain of the Ming and Tsing dynasties were made in Jingdezhen (in
particular the imperial ware which is the target for reproduction) the elemental composition
is sufficient to determine whether or not a piece is modern. Thus for the first time in the

art world, one can state with certainty, using a scientific method, whether a piece of Chinese
porcelain is a modem reproduction or not. We have examined many pieces of such

porcelain from various collectors. The price paid for such ìantiqueî pieces varied from
about US$500  for a Tsing piece to USSl50,OOO  for a Ming piece although these were pro-
ved to be reproductions from Indonesia, Taiwan, Thailand or even from Jingdezhen itself.

The method is quite simple. The piece of porcelain is exposed to a radioactive source
as shown in Fig. 1; the resulting fluorescent X-rays from the sample impinge on a silicon
detector which has a thin beryllium window and which is maintained at liquid nitrogen
temperature. The detected fluorescent X-rays are then analysed by a microprocessor-based
multichannel analyser, which is coupled to a computer. From the detected fluorescent X-
rays, one could know not only the elements present but also their exact concentrations by
reference to calibration. We customarily use radioactive annular sources (Fe-55, Cd- 109 and
Am-241) because of their convenience, although the exposure time required is much longer
than for an X-ray tube, which is occasionally employed. The radioisotope Fe-55 source
covers elements from magnesium (Z = 12) to chromium (Z = 24), Cd-109 from manganese
(Z = 25) to molybdenum (Z = 42) and Am-241 from indium (Z = 49) (or lower Z if
absorber is used to remove the Np-lines) to promethium (Z = 61). Other elements could be

covered in these energy ranges by their L-lines.

When using annular sources, besides keeping to a fixed geometry, Yap and Saligan22
have shown that it is important to place samples at a particular source-sample distance such
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FIG. I
.

that the fluorescent intensity as seen by the detector is uniform because uniformity of the
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Si(Li)  Detector assembly and Radioisotope excitation system with annular source configuration
for direct irradiation.

excitation intensity across the sample is not enough.

111. QUALlTATlVE  RESULTS

We have previously reviewed the results obtained using this technique.7 However, all
results obtained at that time were either in the form of ratios of intensities such as Mn/
Co4~5  and Zn/Rbg or relative intensities such as for the Rb-Sr-Zr-Nb K-lines region 6 _ It was
concluded that if one or more of the following conditions were not satisfied, then the piece
of porcelain is a modern reproduction:
(1 )  Mn/Co Ratio4> > 2.
(2) The relative intensity6 of Rb-Sr-Zr-Nb K-lines should consist of a great RbK, peak

followed by 3 small peaks (SrK,,  RbKp  and ZrK,) which are roughly the same height,
followed in turn by a minute NbK, peak.

(3) ZnK,/RbKp ratio9 < 0.12.

(4) BaK, /75g ,57 ratio8 must lie between 5 X 10-j and 7 X 1 Oe3.
The absolute values of concentrations of the above elements were not obtained because

such elements of interest are normally present in the porcelain sample to the extent of

about 10 ppm to 1000 ppm (parts per million), such that tedious calibration methods would

have to be employed for employed.
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1111. QUANTlTATlVE RESULTS

For quantitative results, calibration curves are essential. Two methods have been used:
addition for bariumlo using an Am-24 1 source, and a rapid EDXRF methodI for a Cd-l 09
source using a plot of ln[intensity/concentration] vs ln(energy). Although the energy-

dispersive X-ray fluorescence technique is formally non-destructive, the calibration proce-
dure requires that a piece of porcelain be ground to a fine powder (with an agate pulverizer)

so that pellets could be made.

The absolute determination of the concentration of elements of large atomic number
like barium requires several calibration curves, one for each thickness, because the infinite
thickness for the fluorescent K, X-rays is about 20 mm whereas most porcelain is between 2

and 5 mm thick. A large porcelain plate, which was made in 1980 in Tang Shan, China, was

broken, and a few flat pieces of uniform thickness were retained. The rest were pounded
into fine powder, mixed with 9.1% starch and made into pellets of diameter 25 mm under a
pressure of 3 100 kg cm-* with concentrations of Ba 0, 200, 400, 600, 800 and 1000 ppm.
Measurements of K, fluorescent intensity of Ba yielded three curves shown in Fig. 2; correc-
tions have been made therein for both the starch and the density so that these curves’

. correspond to those for the actual porcelain of thickness 2mm, 3mm and 4mm. The inter-
cept at the concentration axis gives a value of 260 ppm for this plate. We checked point A

0 =2mm  Thtck

0 =3mm  Thack

0 =ëmm  Thsck

0 200 LCO 600 800 icco
CONCENTRATIOFI  O F  &I (ppm)

FIG. 2 Calibration of Ba K, Fluorescent Intensity vs Concentration.
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by measuring the K, fluorescent intensity of Ba for a flat porcelain piece of thickness 4.0

mm; the difference was only about 3%.
We have studied over 300 pieces of porcelain from the Ming dynasty to the present;

most were made in Jingdezhen although some were made in other parts of China and else-
where. The thickness varies from 1.5 mm to 4.5 mm. We used the calibration curves of Fig.
2 to obtain the concentration of Ba in the porcelain pieces. Fig. 3 gives a plot of some
pieces to show the trend. From the figure, we observe that the barium concentration for all
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Chinese porcelain from Jingdezhen made from the Ming dynasty until 1940 is 100 - 130
ppm, but for those made thereafter, whether Chinese or not, the barium concentration is
60 - 7000 ppm, with only a few pieces in the range 100 - 130 ppm. This result makes

possible nondestructive detection of most modern reproductions. For the few pieces having
a barium content in the range 100 - 130 ppm, then other criteria may be applied46yg.

An elegant method to determine the concentrations of many elements makes use of
the calibration curve in Fig. 4, a plot of ln(intensity/concentration) vs. ln(energy). To
obtain this calibration curve, a piece of porcelain was ground to fine powder with an agate
pulverizer. Several thick pellets were made, each containing a known amount of 2 or 3
elements of interest (from Mn to Nb) which were homogeneously mixed. The spectra
obtained were analyzed by the program AXIL (Analysis of X-ray spectra of Iterative Least-
squares fitting). This calibration curve can now be used for nondestructive determination of
the concentrations of Elements from Mn to Nb for any porcelain sample. It is obvious that
such a method of obtaining quantitative concentrations of many elements from a single ex-
posure is rapid and efficient.

Although the concentrations of elements from Mn to Nb were determined, only the
following elements are significant for attribution purposes: Mn, Zn, Rb, Sr, Y, Zr and Nb.
The concentrations of these elements against year of manufacture can be plotted. Figures 5

and 6 are two typical plots. The elemental concentrations for Jingdezhen porcelains from
late Ming to 1940 have been found from such plots to lie within narrow ranges:
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FIG. 4 Rot of Iln (Intensity/concentration) vs Rn (Energy) for elements from Mn to Rb in a porcelain
matrix.

250 ppm < Mn < 950 ppm
0 < Zn < 70 ppm

220 ppm < Rb < 430 ppm

60 ppm < Sr < 1 4 0 p p m
10 ppm < Sr < 1 4 0 p p m
35 ppm < Zr < 55 ppm
11 ppm < Nb < 20 ppm

In general, non-Jingdezhen porcelains are quite different. Moreover, modern Jing-

dezhen porcelains have one or more elements lying outside these ranges of concentrations.
These results demonstrate a simple and nondestructive method of detecting modern

reproductions, especially those of imperial quality about which even porcelain experts may
be uncertain.
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FIG. 5 Manganese Concentration vs Time.
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