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Fig. 1 Machine time of SR experiments used by Toyota CRDL.
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Table 1 Aim of Toyota beamline

Real Time X-ray Analysis Micro X-ray Analysis

Time Resolved-XAFS
resolution ~ 10 msec
(current ~sec)

3D X-ray Diffraction Microscope
resolution ~100 nm
Feature (current um)

| |
in situ, dynamic reaction in situ, interior texture

*Plastic deformation
«Stress distribution
*Magnetic domain structure

Research| «Catalytic reaction
theme |+Chemical reaction
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Table 2 History of Toyota beamline

2006 Jul.  Start Planning
Dec. Workshop at SPring-8
2007 Feb. Proposal of TOYOTA Beamline
Nov. Official acceptance
2008 May. Construction of Out Station
Aug. Optics Hutch, Front End
Oct. Completion of Construction of Out Station
Dec. Experimental Hutch
2009 Jan. Undulator
Mar. Inspection
Apr. Commissioning
First Light in Optical Hutch: April 3
Jul.  Confirm super quick XAFS performance
Nov. Start user operation

2010 Mar. The 2™ compact monochromator

Experimental Hall

Front End

Optical Hutch

T T
Beam Transport

Out Station of TOYOTA BL

Fig. 2 Layout of Toyota beamline.
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Fig. 6 Experimental hutch 2.

Table 3 Specification of the mirrors

M1 M2 M3 M4
Length (mm) 1000 1000 700 700
Coating Pt/Rh | Pt/Rh Pt/Rh Pt/Rh
O range —1~3 —1~3 —1~8 —1~8
(mrad) vertical | vertical | horizontal | horizontal
X range (mm) +10 +12 +15 +15
Z range (mm) +10 +15 +15 +20
Bend — possible | possible possible
Cooling method water water water water

Fig. 4 Optical components in optical hutch.
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Fig. 7 Undulator of Toyota beamline.

Table 4 Specification of the undulator

Power 13.7 kW
Periodic Length 32 mm
Number of Periods 141
Total Length 4512 mm
Gap Range 6~50 mm
Max. Taper Value 2mm/4.5 m
Magnetic Field 0.87T
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Wx—=1linzbnsb (Fig. 8),
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YV 7 Fid LabVIEW % FHWTIER L 72 VN7 B o30K
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AC servo motor

Limit switches

LN, flow path

Magnetic fluid rotary
motion feedthrough

Themocouple

Si channel cut crystal Cu cooling blocks

Fig. 8 Compact monochromator.
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Fig. 9 GUI of beamline controller software.
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Table 5 XAFS measurement modes in Toyota beamline

Mode Time resolution | Motion pattern | Data acquisition
Step >1 min Step by step Counter
Continuous 1 sec~1 min Straight line Counter/ADC

Super Quick <1 sec Sinusoid ADC

e Sun | Cononme Sen | 5050 [[100] B

File name

Trigger Sample
positon

Scan mode # of Loops

Fig. 11 GUI of XAFS macro software.
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Fig. 12 Beam profile at 11.8 keV with M2, M3, M4 bent.

— log(Iy) Taper=0.0mm/4.5m
— log(Iy) Taper=0.5mm/4.5m
log(T) Taper=2.0mm/4.5m
— In(IyT) Cu-K edge

Gap 14mm

L

log(1y), In(Iy/1) |a.u.|

85 9 95 10 10.5 11
Energy [keV]

Fig. 13 Undulator spectra with and without tapering.
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Fig. ¥4 Super quick XAFS spectra (XANES).
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Fig. 15 Super quick XAFS spectra (EXAFS).
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Fig. 16 Gas supply system and MS for operand XAFS.
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Fig. 17 Reduction of Pt under NO/C;H4s/CO/0O,/H,O atomo-
sphere.
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Construction and application of Toyota beamline
“BL33XU’" at SPring-8

Yoshiharu HIROSE Toyota Central R&D Labs., Inc.

41-1, Aza Yokomichi, Oaza Nagakute, Nagakute-cho, Aichi-gun, Aichi-ken,
480-1192, Japan

Abstract We have constructed BL33XU (Toyota beamline), which is the first contract beamline owned by
a private company in the SPring-8. Owing to adoption of tapered undulator and a compact monochromator, a
XAFS spectrum can be acquired in 10 msec. BL33XU is especially designed for the observation of chemical
reaction dynamically through XAFS technique. Therefore it will be very useful for research of catalysts, secon-
dary batteries and fuel cells, which are very important technological targets for our sustainable future.
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