FH Y omEmEE R s v —
IR RS LR

@I RIF—EHK X R

T679-5198 ILpiiR Ve = H ANTEHS 1-1-1
T162-8601 HGUARHT1E K AHIR 1-3

E B mrrb¥— (116keV L E) Ofst X)) AR X OO AV 5 & T 1OV F—RE X a4
3, ULTOITRTOLEHRE KB THONMTEEHETH S, HEXBARY PLO K BEBETEOSHICH S &L
FRC X D IER R\ W7D E OB IR OERE SN N & e %, BEIEIL, HEEICED XD ICEENICEE LD
< Cd, Hg, Pb O X D ICHEMEPH S BRERFEICDEE TH 5, S DICETLEIDT, WEHORFESCBEAZFHNSLDICH & /x
LILZETHDHT LD, B« Sl « SRR « B « SRR YOS TFICE W TR OVFE -8 X i
SIEEBR N KRS IE E L TSR L 22H 5, AT, B IN/ -G IOLF—< A4 71— LOFH
LEHHT, TNHEDOFBICHT SR« IS B2 L CARSHE 2 f#3d 5,

1. [RU®IC

BRIV F— X ARt s U THW S0 X o
FEIIVF—HK X (High Energy X-ray Fluores-
cence, HE-XRF) Z5#1 & 505, i X O T RV F—
CHTERELZ O T NI N TV LI Tk, TIT
i3, PF e ¥ O —AROBSHE THEFE DN T
XM O T+ IVF—D FRTH520keV 8 & L
T, SN EEZBTFVF XM EFATHEEED T
LT EITL72vy,

WEKEEIT £ B SR-XRF 5 Tid20keVEEU FO X
WMrTO—TLLTHWAZ LPIFZEALETHY, MED
WO R TAME LOE A RH 720 b & L
LD EI>TWhH, PIZERRET VF—%222keV &7
% &, Ru (Z=44, KW =22.12keV) kO RETHES

DREVWELERFILBEZFHL 20T %bkv, &25A
NLBO T FVF—FHBIC T RN TEEEDO SV —E
BEBRTHRTEOKBEIELZ LD INICHEIN

D, BROBELEIPBHELELEESD LOLHFOY—7
DELDH-> TEDRBRIEHIC LG50 4\, ZC
T, 116keV U EO TR VF—0 X BEFIEXEICHS
L, LIEECLD2PRAZEDTE >/ RuPHUET
DETLHEO KB rEHEHKT L EPTELDOT, B
FICL B EZRSTIENTESL, 2D LI, HE-
XRF OFEDO—>2 ¢ LT, fERTREETH - /-MEE
TCHEDGMIPARE L T 5 2 EMBETF B 5,

Table 1/2 % TIZH 15 S h/z HE-XRF 311>\ T
F LD, HHIEFIH %M - TH1987F DLk &, FE
SR L K B A DI, FREAICIE RS Lo
TWTah, BrrbF— X HFIHEOE M A R/oRIE7R 6k

Table 1 Review of studies on high energy XRF analysis

Excitation source

MDL (ppm): Element

Laboratory X-ray sources

M. Harada & K. Sakurai (1999)"
White
Filter

W target

40: 1
8: 1

Synchrotron radiation light sources
V. B. Baryshev et al. (1987)%
A. V. Daryin & V. A. Bobrov (1987)%

V. P. Khvostova & V. A. Trunova (1987)%
J. R. Chen et al. (1993)%
K. Janssens at al. (1998)6

I. Nakai et al. (2001)7)

Secondary target

VEPP—-4, 30-90 keV (LiF)
VEPP—4, 70, 82 keV (LiF)

VEPP—4, 70 keV (LiF)
NSLS, 250 um Ta filter

HASYLAB,
60 keV, lead-glass capillary

SPring-8, 116 keV

8: 1

1.45: La, 1.11: Nd, 1.23: Sm
0.1-0.3: light rare earth elements
0.5-1.0: heavy rare earth elements
1-0.2: La, Sm, Tm

6: La—26: Lu

0.8-2: Mn-Gd

3.8: Ba, 0.1: W
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2. BIRNF—HEXRRIR
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e, AEOBCIFIF—D X ReniEs Lz, BiK
Bh=90.5keV) 19984F24, SPring-8 &\ & 4,100 keV
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Fhov—AF5 A4 /12T HE-XRF 5O A 7
CRBHEK CH-7ce COXDBRFFOL LT, LHEE
A (%) O¥IWrA 6, BLOSW TEEERAITS &
e o700 XTIV F—ITSI(00)E/ /7O A —%—%
FAWT116keV & L7, EREEOY v 74V 71F, E—
LEEGDIOD A GRAY v F, FAkERHXY A7 —
Vb, BT Ge-SSD # /o, X R &R
DOAEENI LD LK OREEE L s Ak
XRF 5oty 54 V7 ERUTH S, 722 LEHTDH
BRI E B0, aVT P VBELIS L BNy 775U F R
WY 57201, O —A AL y/R=baY A—R—%
FERAL TWAESHHERE L TEFON A,

£, 116keV L VLI EIHRIVF—DXBTED LD
IR ANYT FIVPR LN D DR T2, AXI T W
D1 Y58k, U0, 0FER) %k & L THIEL
7o X AR L% Fig. 11C=¢, U, Th, Hf #{3 U
OEFTHELED KEHBEHATEETH Y, F/z, Ce~Yb
FETOLEKOF LFTLHEIC OV T L ZNFE NI ERN
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Fig. 1 HE-XRF spectrum of a metamict mineral (a variety of
uraninite UO,).
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Fig. 2 HE-XRF spectrum of JG-1. MDL (ppm) was calculated for
each element and the data are given in parenthesis.

BoND T EHMERL T2 KRIC, AOWTEORKE % 2Ffi¢
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BWEREMRSE OGN/, I 56 MDL=3*C/I}1,)? D
BIfRA (> C MDL %#3kd7- L 2 5, 16pg WD EEEN
Bohnic, FaxBEEWRS RN, EREL LR, THEE
THZERTEAERL, NIV 7RIS E TN SRR
GCHHTENE N, TDD, BAEEREJG-11Co
W REOHEIEARIT, MDL #E L7z, OO
27 )& MDL % Fig. 21Z/~rd, Ba (3.8 ppm), Nd (1.1
ppm), Gd (1.1 ppm), Yb (1.0 ppm), W (0.1 ppm) &9~
ppm VNIV OMEITLHE T TEIEWETHOMTESL &
Whroi,

HE-XRF IZHiff SN 5L 5 —2DHThH M HHTLE
DOHBHCBIL ¢, METETEYEI LD ETHEROTED
40 ppm OIS N/ H 5 AREHER R NIST6120 Hll%E %
f7-7- (Fig.3(a)), DT, EREROIEHE
(OURSTEX 100FA, 40 kV-0.75 mA) THlE L 7= Ut
Bt A7 )L % Fig. 3(b) i2779, Fig. 3(b) Tid Pd K
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Fig. 3 XRF spectrum of NIST SRM612 glass. Measurement condi-
tions (a) SR source 116 keV, Ge-SSD, measurement time:
1000s. (b) Excitation source: X-ray tube, Pd Ka, 40kV,
0.75 mA, Si drift detector, measurement time: 300 s.
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HE-XRF spectra of glass pieces, which had an identical

refractive indexes. (a), (b), (c): glass samples are from
different products of the same company in Japan, (d): a
glass sample made in France.
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Fig. 5 XRF spectrum of iron meteorite (octahedrite).

XRF imaging of Ce, Gd, and Yb in a garnet sample. Yellow
to black colors correspond to the highest to lowest XRF
intensity.
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Fig. 7 Photograph showing nondestructive SR-XRF analysis of a
museum-grade dish sample (Old Kutani).
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Fig. 8 SR-XRF spectrum of a fragment of old Kutani chinaware
excavated from an old kiln in 17C.
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Fig. 9 Ba/Ce vs. Nd/Ce plot showing three clusters of analytical data. Samples were antique dishes of Kutani and Arita
from private collections and fragments of chinaware excavated from old kilns of Arita, Kutani, and Himetani.
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High energy X-ray fluorescence analysis

Yasuko TERADA SPring-8/JASRI, 1-1-1 Kouto, Mikazuki, Sayo, Hyogo 679-5198, Japan

lzumi NAKAI

Abstract

Tokyo University of Science, 1-3 Kagurazaka, Shinjyuku, Tokyo 162-8601, Japan

High-energy X-ray fluorescence analysis (HE-XRF) utilizing 116 keV X-rays is suitable for non-

destructive multielemental analyses of heavy elements up to uranium. Since XRF spectrum above 20 keV con-
tains only K lines without disturbance of any L lines, utilization of high energy X-rays enables a high sensitive
analysis of trace heavy elements. Heavy elements such as rare earths are industrially important, while Cd, Hg,
Pb are toxic and therefore environmentally interesting elements. Moreover, information about the abundance
of the heavy elements is useful to reveal origin and history of a sample. Therefore, HE-XRF is a powerful tech-
nique in archaeology, forensic analysis, material sciences, geochemistry, and environmental sciences. This
paper introduced the HE-XRF technique through some practical examples in these fields. A recent advance in
fabrication of high-energy X-ray microbeam is also viewed.
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