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1 - XAFS and its application to chemical state imaging

Photon Factory, National Laboratory for High Energy Phyisics

A synchrotron X-ray microprobe has been applied to XAFS measurements over a srall

region. Either an ellipsoidal mirror or a modified Kirkpatrick-Baez configuration is used

as an X-ray focusing element in combination with a double crystal monochromator. The

X-ray beam size at the sample is around 5 gm with a photon flux of 107 to 10°

photons/s/300 mA. Minerals in thin sections of rock samples have been analyzed. For

analysis of practical samples, fluorescence detection is useful and effective. Deformation

of the XAFS spectrum due to a self-absorption effect has been experimentally minimized

using the small exit-angle condition; it can also be numerically corrected using physical

parameters. Chemical state imaging has also been carried out using the chemical shift of

the absorption edge. Lateral distributions of magnetite and hematite in a sintered iron ore
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Table 1 SR X-ray micro-probe
K-B: Kirkpatrick-Baez system
Z. P.: Zone plate
- ‘Opticé . ‘ Research groyup (Fécilitj}) ; ‘Re’f‘e'rences:
Pinhole/slits | (NSLS.DESY,PF) | 8
unltlylayarK—Bf ‘ (NSLS;SSRL) 11
Elliptical K-B |  Hitachi i
(Metal) . _ (PF) e
Elliptical K-B ~_PF
- 18
(Quartz s |
e C ieoum .
Walter type . Tsukuba Univ,, PF 13 i
CEllipsoidalMirr. | (NSLS,PB) | 59
o - Free Univ. o
-‘Elhp’sox’dalCrys; (SRS)  17:
Multilayer ZB. ; ‘ULVAE},)SPF‘(PF)" . 15, 16
o - ChalmerUniQ“ , ’
Guide Tube (DESY) 14
mirror 1
mirror 2
slit T slit f
_>J~ | ion
SR 1| chamber
double crystal chamber
monochromator Si(Li)
detector
Fig.1 Experimental arrangement for the micro-XAFS measurement.
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Fig.2 Micro-XAFS spectrum (pt=1n(l/l;)) of the
iron K-edge in imagnetite measured with the
transmission mode after background sub-
traction. The zero of the X-ray energy was
determined as the first inflection point of the
XANES spectrum from pure iron film; 300
data points with a 2 s measurement time for
each point,
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Fig.3 Principle of correction procedure for the
self-absorption effect in the X-ray fluores-
cence XAFS. A solid line is a calculated
calibration curve. From the measured X-ray
fluorescent intensity (los), the corrected
intensity (l.,.) or the corrected absorption
coefficient (U ) is obtained.
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Fig.4 Optical micrograph (a) and Fe (b) and S (c) Ka fluorescent X-ray
intensity distributions of a rock sample obtained from Mizuhiki mine.
The excitation energy was 7.5 keV. The X-ray beam size was 6.1 um
X 6.1 um. A region of 500 pm X 500 um was measured with a step
of 10 um. The data-collection time was 0.5 s/pixel. The minerals
marked on the optical micrograph are (A) pyrite, (B) pyrrhotite and

(C) silicate.

Fluorescent X-ray Intensity (a.u.)

X-ray Energy (eV) +7.11 keV

Fig.5 Micro-XANES spectra of pyrite (a), pyrrhotite
(b) and silicate (c) in a rock sample shown in
Fig.4. Fe Ka fluorescent X-rays were mea-
sured. The solid lines indicate the measured
spectra, and the dotted lines are spectra
corrected for a self-absorption effect.
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Fig.6 Calibration curve for a numerical correction of the self-absorption
effect. The caluculation was made for pyrite with various sample
thicknesses (t=1 um, 5 um, 10 um and 20 um); a and B are assumed

to be 80° and 30°, respectively.
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Fig.7 Optical transmission micrograph (a) and the
Fe Ka fluorescent intensity distributions at
energies of 7.4 keV (b) and 7.122 keV (c) for
iron ore, The beam size was 6.1umX 6.1um.
The scanned area was 160 um square with a
4 um step. The collection time was 5 s for (b)
and 9 s for (c). (d) and (e) are chemical state

images of hematite and magnetite obtained
from (b) and (c) through eq.-(2).
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Fig.8 Micro-XANES spectra of the Fe K edge from Fe in hematite and
magnetite (see Fig.7). Fluorescent X-ray detection mode.
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