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プレゼンター
プレゼンテーションのノート
Well, I'll talk about the background
Property of structural materials, like metal, polymer, and so on, depend on their hierarchical structure with size of wide range. angstrome order to micrometer order.
 When we observe these structure, atomic level structure can be observed by XRD, and these structure with size of nm - a few 10 nm like particle, precipitation, and so on, can be observed by SAXS. For the SAXS instrument, such SAXS camera utilized with 2-dimensional detector is usually used. In this camera, 2dimensional detector enable effective measurement, but low-q resolution has limit from the camera length and the divergence of light source.
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X線の干渉 
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SAXSプロファイル 
孤立粒子：球体の場合 
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SAXSプロファイル 
孤立粒子：球体／粒径に分布を持つ場合 
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SAXSプロファイル 
孤立粒子：いろいろな形状の違い 
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放射光 － 実験室X線光源との比較 
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BL19B2：産業利用Iビームライン 
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プレゼンター
プレゼンテーションのノート
As the first introduction of instrument, I'll explain the beam line here. Utilized beam line is BL19B2 of SPring-8. This BL has the name of  Engineering Science Research I, and is the public BL for industrial application. The light source is bending magnet and there are three experimental hatches. The whole length is 115m.
This beam line has 4 instruments. In the 1st hatch, X-ray imaging is installed, and in the 2nd hatch multi axis diffractometer and powder diffractometer are installed.
 And using this long length of  BL, we developed USAXS camera.



BL19B2：産業利用Iビームライン 
光源：偏向電磁石 

     全長: 115m       

第1ハッチ 第2ハッチ 第3ハッチ 

SAXSで利用可能なX線エネルギー：15～30KeV（標準：18 keV） 

USAXS 

n-SAXS 
サンプル 検出器 モノクロ 

第2ハッチ 第１ハッチ 第3ハッチ 光学ハッチ 

サンプル 

検出器 
モノクロ 

カメラ長：42m 

カメラ長：1～3m 

小角X線散乱 

プレゼンター
プレゼンテーションのノート
As the first introduction of instrument, I'll explain the beam line here. Utilized beam line is BL19B2 of SPring-8. This BL has the name of  Engineering Science Research I, and is the public BL for industrial application. The light source is bending magnet and there are three experimental hatches. The whole length is 115m.
This beam line has 4 instruments. In the 1st hatch, X-ray imaging is installed, and in the 2nd hatch multi axis diffractometer and powder diffractometer are installed.
 And using this long length of  BL, we developed USAXS camera.



Camera Length = 40m 

Monochrometer 

Slit Slit Slit Slit 

Sample 
Detector 

BS 

モノクロメータ 

検出器 
スリット 

サンプル BS X線ミラー 

小角X線散乱装置 

光学ハッチ 第1実験ハッチ 第2実験ハッチ 第3実験ハッチ 

カメラ長 = 1~3m 

スリット スリット 

スリット スリット 
ガード 
アパーチャ 

ガードアパーチャ 
真空パス 

検出器 

ビームストッパーチャンバー 
サンプルステージ 

第3実験ハッチ 

プレゼンター
プレゼンテーションのノート
Furthermore, we prepared normal SAXS camera in the 3rd Hatch. In this layout, available camera length is about 1 to 3 m. Combining USAXS camera with this normal SAXS camera, wide range of hierarchical structure can be measured.
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Here, I'll the detail of USAXS camera. 
Sample is setted on the sample stage of diffractormeter  in the 2nd Hatch, and the 2dimensional detector is setted at the downstream end of the 3rd Hatch.
This setting realize the camera length of 40 m.
The incident X-ray beam is shaped in 0.1mm by the slit set in the upstream side of monochrometer. The beam size  becomes about 0.2 mm at the detector position. The size of the direct beam stopper set in the upstream side of detector is 3 mm.
Between the monochrometer and the sample, three slits are set for the guard from the noise scattering.
In the downstream side end of the optics Hatch, X-ray mirror is installed for filtering the higher harmonics of X-ray and vertical forcusing.. In the USAXS layout, these X-ray mirrors are escaped because the diffuse scattering from the mirrors increases the background noise.
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As the 2-dimensional detector, the pixel detector PILATUS-2M is used. The feature of PILATUS-2M are single photon counting type, 20 bits data, the maximum frame rate is 200Hz. These feature realize High S/N ration and wide dynamic range of the data and high speed of measurement.
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As the 2-dimensional detector, the pixel detector PILATUS-2M is used. The feature of PILATUS-2M are single photon counting type, 20 bits data, the maximum frame rate is 200Hz. These feature realize High S/N ration and wide dynamic range of the data and high speed of measurement.
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利用事例 
タイヤゴム中のフィラー分散評価 
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Then, I'll talk about applications of users.
At first, I'll introduce the application to structural analysis of tire rubber.
For  improvement of Fuel consumption of car, reduction of rolling resistance of tire is important.
This rolling resistance is from hysteresis loss of deformation of tire. In the tire rubber, filler of carbon black or silica is admixed for reinforcement. The hysteresis loss is closely related to the dispersion of the filler in rubber. So, the investigation of the dispersion of filler is important for reduction of rolling resitance of tire rubber.   
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This is the result of evaluation of dispersion of filler performed by JSR corporation Tominaga's group. They successfully reduced tire rubber's hysteresis loss by modification of SBR polymer structure. SBR is typical tire ruber. In order to investigate dependence of dispersion of filler on modification of SBR, they evaluate the wide range hierarchical structure of silica filler in SBR using combination of USAXS and normal SAXS. As shown here, they succesfully obtained SAXS data with wide q range of 0.005 to 2 nm-1. In these data, these shoulders in higher q range are supposed to reflect the primary particle structures, and these shoulders in lower q range are supposed to reflect the aggregation structure. Comparing the data of the non modified SBR and modified SBR, the primary particle structures are almost same. On the other hand, because this shoulder of modified SBR shifted to higher q side than that of non-modified SBR, it's suggested that the modification of SBR miniaturizes the size of aggregation of silica filler. So, they concluded that the modification of SBR reduces Hysteresis loss improving the dispersion of filler.
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