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Development of Portable Micro-X-ray Fluorescence Spectrometer
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Abstract: The portable micro-X-ray fluorescence spectrometer was developed and its
hardware, software and performances were analyzed in this paper. In this spectrometer,
the distance between the irradiation spot of sample and exit of polycapillary X-ray optics
was automatically controlled by laser displacement sensor (LLDS). By this way, the sizes
of focused X-ray spot keep constants in order to decrease the errors caused by irregular
or curving surface of archaeological object. In order to test the feasibilities of this spec-
trometer, the elemental mappings on the irregular colored glaze of a piece of ancient
porcelain whose height difference is nearly 5 mm were scanned by portable micro-X-ray

fluorescence spectrometer. The experimental results show that LDS can effectively
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reduce measurement errors caused by irregularity or curvature of sample surface. In the

same time, an area with a size of 4 mm X4 mm on the RMB 5 Jiao coin’s surface was

measured by the spectrometer, and the distributions of Cu, Sn and their alloys’ crystal

phases were got after data processing. It indicates that this spectrometer not only can do

micro energy dispersion X-ray fluorescence analysis (-EDXRF) , but also can do micro

energy dispersion X-ray diffraction analysis (u~-EDXRD).

Key words: polycapillary X-ray optics; X-ray fluorescence spectrometer; laser displace-

ment sensor; ancient porcelain; energy dispersion X-ray diffraction
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Fig. 1 Portable micro-X-ray

fluorescence spectrometer
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Fig. 2 Scanning area (a) and distance between

the highest point A and the lowest point B (b)
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with and without laser displacement sensor
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Fig. 4 Element mappings of K, Ca, Zn and Fe measured with (a) and without (b) laser displacement sensor
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Fig. 6 Sum spectrum of scanning area
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Table 1 Data measured by spectrometer and reference data

RS V€I 2% Bl
E/keV n d/nm PDF d/nm (h kD)
6. 34 1 0.138 5 CuzSn#01-1240 0.1380 (083)
7.59 1 0.1155 CuO#45-0937 0.115 5 400
10. 10 1 0.086 9 Sn# 05-0390 0.086 7 (64 2)
11. 22 2 0.156 3 CuO# 48-1548 0.158 2 (202
11.90 2 0.147 4 Cu, O # 34-1354 0.148 6 220
13. 65 2 0.128 4 Cu# 04-0836 0.127 8 220
15. 10 2 0.116 2 CuO#45-0937 0.116 1 (222
16.01 2 0.109 5 Cu# 04-0836 0.109 0 310D




H121 B WA A 4 xURIOR. X2 96 G AL T 2247
I T AR 4
Bl 7 X BOCER S0 () KA 4370 (b)
Fig. 7 Element distribution (a) and crystal phase distribution (b) of scanning area
“ A7 2 Ca Fl Sn JT R WY AH R 5 i
Z > ANIEL 7h 1 &R 23 A n] R AT R ST
. ;2 ¥ @ HE CusSn(0 8 3)F1 Sn(6 4 2) Kkt 7 it 7 »
= 1M CuO(2 0 2) AHX & FEAK . 2 BIA B 25 0] [ i)
+= .
% XFTEER R AR & RO E R . TR
10* TR 425 45 SR Y AT S M of AR S 56 T 6 P A s T
B 1 X-pert-pro-MPD X JF £k i1 5 35 (L ik 47
L3 A A5 20 R B (P 8) L i g AR S

200(°)

8 X-pert-pro-MPD X S £ AT 5 1% (S 4ok H 4
Fig. 8 Data measured
by X-pert-pro-MPD XRD spectrometer

MNIEL 6 ATt ) T AS SCRIF A Y 4 485 =X Bt
WX G S TE AL AN AT A I 3] A T K T
Cu.Sn SF A JT &, i AT £ I ] Cu;Sn, Cu,
CuO W BT A W] A . AN 7a b vh 2 Al
HE B T 4 A DI A SR SR AR AR
B B SDD X5 48 4400 g 14 73 B 38 L3 2
TEG X e 4 B X R 90 0 B b L BT R
TR R R R T HL W R AR X RE
B XS AT S 43 BT S B T A4 4 R
PSR A B Ta BT R A R R

CORIURS 2T SP O A2/ 7 O N GRS | N
SCRF A 01485 2 BOR X5 2 HEOE 3 A0 (L nT
PEAT R RE R L X B IO b i R AT
T IX R et (R X SR ATT S 43 T

4 Hit

A AR SCF e 18 45 485 SOBOR X I 2098
TS TE W A5G P O B A2 I A 1 3l 4
75 5 95 R i R A ) B R AR T IE T
X AR sty ] — 41 48 DX I AT AG I 30 o X EE e B
I 000 e 2 2R B B O SR A AR
ASCS S 113 2 T AT Bl X4 i AN A5 B T A
P DX 19 96 2R J3 A A1 AH 23 A1 38 T4 0 3R
Lt AR 5 O SE YR AT DRI AR SCBIE A Y
4% A BIOR X I 2R 9 I 3 A U AE 52 BLAS P



2248

JRTRERLERR RS2k

REE I 2 T PO RS 9 N0 5 SR 7 TR AT PR A 114 L
i BN B OR XS R 5O 1% A 1 5 THT 1Y
AN s i AT (R IR AT Al IXCRE R A X R PO
G AT RS S 23 s B e R XS 2SO ALY
IS (L

£ % k-

(1]

(2]

(3]

[4]

(5]

[6]

[7]

LIN C, LI M, YOUSHI K, et al. The study of
chemical composition and elemental mappings of
colored over-glaze porcelain fired in Qing Dynasty
by micro-X-ray fluorescence[ J]. Nuclear Instru-
ments and Methods in Physics Research Section
B, 2011, 269(3): 239-243.

LACLAVETINE K, AGER FJ, ARQUILLO J,
et al. Characterization of the new mobile confocal
micro X-ray fluorescence (CXRF) system for in
situ, non-destructive cultural heritage analysis at
the CNA: pXRF-CONCHA[J]. Microchemical
Journal, 2016, 125. 62-68.

FIGUEIREDO E, PEREIRA M A S, LOPES F,
et al. Investigating early/middle bronze age cop-
per and bronze axes by micro X-ray fluorescence
spectrometry and neutron imaging techniques[J].
Spectrochimica Acta Part B: Atomic Spectrosco-
py. 2016, 122, 15-22.

BRAI M, GENNARO G, SCHILLACI T, et al.
Double pulse laser induced breakdown spectros-
copy applied to natural and artificial materials
from cultural heritages: A comparison with mi-
cro-X-ray fluorescence analysis[J]. Spectrochim-
ica Acta Part B; Atomic Spectroscopy. 2009, 64
(10): 1 119-1 127.

HLOZEK M, TROJEK T, KOMOROCZY B, et
al. Enamel paint techniques in archaeology and
their identification using XRF and micro-XRF
[J]. Radiation Physics and Chemistry, 2017,
137 243-247.

SCRIVANO S. RUBERTO C. GOMEZ-TUBIO
B, et al. In-situ non-destructive analysis of Etruscan
gold jewels with the micro-XRF transportable spec-
trometer from CNA[]J]. Journal of Archaeological
Science Reports, 2017, 16. 185-193.

BONFIGLI F, HAMPAI D, DABAGOV S B, et
al. Characterization of X-ray polycapillary optics
by LiF crystal radiation detectors through confo-
cal fluorescence microscopy[ J]. Optical Materi-

als, 2016, 58.: 398-405.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

MORADLLO M K. SUDBRINK B, HU Q, et
al. Using micro X-ray fluorescence to image chlo-
ride profiles in concrete[ J]. Cement and Concrete
Research, 2016, 92. 128-141.

RAMOS I, PATACO I M, MOURINHO M P,
et al. Elemental mapping of biofortified wheat
grains using micro X-ray fluorescence[J]. Spec-
trochimica Acta Part B: Atomic Spectroscopy,
2016, 120. 30-36.

RICCIARDI P, LEGRAND S. BERTOLOTTI
G, et al. Macro X-ray fluorescence (MA-XRF)
scanning of illuminated manuscript fragments;
Potentialities and challenges[ J]. Microchemical
Journal, 2016, 124. 785-791.

ZHA J L, LI H Z. Analysis of the principle of laser
displacement sensor and its application[ J ]. Applied
Mechanics and Materials, 2015, 734 84-89.
SCHOONJANS T, SOLE V A, VINCZE L, et
al. A general Monte Carlo simulation of energy-
dispersive X-ray fluorescence spectrometers: Part
6, quantification through iterative simulations
[J]. Spectrochimica Acta Part B: Atomic Spec-
troscopy, 2013, 82(4). 36-41.

FE BBARHE DL A IO X BT S iR R 40
Bt KSR Trik ] JeTa R, 2017,46(12) . 84-88.
TANG Bo, HEI Dongyi, MA Ge, et al. Flash
X-ray diffraction imaging system and study on
experiment approach[J]. Acta Photonica Sinica,
2017, 46(12): 84-88(in Chinese).

R RE SR EE K X AT R
00 8 VR P R B P S A REVR LT ] OBl
5563% 4y #7,2011,31¢6) ;1 712-1 716.

MOU Jianlei, ZHANG Jin, GAO Zhenhuan, et
al. Boundary threshold value method used in
crystalline material internal defect detection by
short wavelength X-ray diffraction[J]. Spectros-
copy and Spectral Analysis, 2011, 31(6).: 1 712-
1 716 (in Chinese).

IME R, T 45 XOSF R AT S 1 5 AR
WS B 8 DA SO R B SR AT LT et
#2,2007,27(4) :749-754.

SUN Yi, ZHUN Peiping, YU Jian, et al. Ab-
sorption, refraction and extinction contrast com-
puterized tomography of X-ray diffraction

enhanced imaging method[ J]. Acta Optica Sini-
ca, 2007, 27(4): 749-754(in Chinese).





