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Abstract

Beamline BL16B1 at Shanghai Synchrotron Radiation Facility (SSRF) is ded-
icated to small angle X-ray scattering (SAXS) study. It aims at probing mi-
crostructure and dynamic processes of polymers, nanomaterials, mesoporous
materials, colloids, liquid crystals, metal materials, etc. At present, SAXS, wide
angle X-ray scattering (WAXS), simultaneous SAXS/WAXS, grazing incident
SAXS, and anomalous SAXS techniques are available. The sample-to-detector
distance is adjustable from 0.2 m to 5 m. For conventional SAXS, the practicable
g-range is from 0.03-3.6 nm-1 at incident X-ray of 10 keV. A continuous g-region
of 0.06-33 nm-1 can be achieved in simultaneous SAXS/WAXS mode. Time-
resolved SAXS measurements in sub-second level can be performed. Detailed
descriptions about status, performance and application of the SAXS beamline
are given in this paper.

Full Text

Preamble
Small Angle X-ray Scattering Beamline at SSRF

Tian Feng, Li Xiu-Hong, Wang Yu-Zhu, Yang Chun-Ming, Zhou Ping, Lin Jin-
You, Zeng Jian-Rong, Hong Chun-Xia, Hua Wen-Qiang, Li Xiao-Yun, Miao
Xia-Ran, Bian Feng-Gang,} and Wang Jie

Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai
201204, China

(Received September 30, 2014; accepted in revised form April 9, 2015; published
online June 20, 2015)

chinarxiv.org/items/chinaxiv-202306.00288 Machine Translation


https://chinarxiv.org/items/chinaxiv-202306.00288
https://chinarxiv.org/items/chinaxiv-202306.00288

ChinaRxiv [f)]

Beamline BL16B1 at the Shanghai Synchrotron Radiation Facility (SSRF) is
dedicated to studying the microstructure and dynamic processes of polymers,
nanomaterials, mesoporous materials, colloids, liquid crystals, metal materials,
and other systems. Currently, SAXS, wide-angle X-ray scattering (WAXS), si-
multaneous SAXS/WAXS, grazing-incidence SAXS, and anomalous SAXS tech-
niques are available for users to conduct diverse experiments. The sample-to-
detector distance is adjustable from 0.2 m to 5 m, providing a practical g-range
of 0.03-3.6 nm~! at an incident X-ray energy of 10 keV for conventional SAXS,
while a continuous g-region of 0.06-33 nm~! can be achieved in simultaneous
SAXS/WAXS mode. Time-resolved SAXS measurements at the sub-second
level were enabled by a beamline upgrade in 2013. This paper provides a de-
tailed description of the status, performance, and applications of the SAXS
beamline.

Keywords: Small angle X-ray scattering (SAXS), Wide angle X-ray scattering,
Grazing incident SAXS, Anomalous SAXS
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Introduction

As a third-generation synchrotron radiation light source, the Shanghai Syn-
chrotron Radiation Facility (SSRF) [1] now operates in top-up injection mode
with a constant electron beam current of 240 mA. The small-angle X-ray scatter-
ing (SAXS) beamline (BL16B1) is one of the seven Phase-I beamlines at SSRF,
designed for measurements of small-angle X-ray scattering (SAXS), wide-angle
X-ray scattering (WAXS), anomalous small-angle X-ray scattering (ASAXS),
and grazing-incidence small-angle X-ray scattering (GISAXS) on appropriate
samples. Constructed and opened to users in 2009 and upgraded in 2013,
the beamline enables time-resolved studies of structural transitions at the sub-
second level. Most user experiments performed on this beamline involve kinetics,
dynamics, and rheology of materials with nanoscale structures, such as polymers,
nanomaterials, mesoporous materials, colloids, liquid crystals, and metal mate-
rials. This paper presents a detailed description of the SAXS beamline and
experimental station.

I1. Beamline Configuration and Technique Specifications

The photon source from the SSRF bending magnet delivers X-rays in the 5-20
keV range. The optics system can accept a beam with 1.2 x 0.12 mrad? diver-
gence. The beamline optics consist of a Si(111) flat double-crystal monochro-
mator (DCM) and a double-focusing toroidal mirror. The optical layout of the
beamline is shown in Fig. 1 [FIGURE:1]. Generally, the beamline operates at
10 keV (0.124 nm) for user experiments.

The specifications of the SAXS beamline are as follows: energy range 5-20 keV;
energy resolution 4.0 x 107* @ 10 keV; flux 3 x 10! phs/s @ 10 keV and 240
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mA; and focus size 0.4 mm (H) x 0.5 mm (V). The measured spot size and
rocking curve results for BL16B1 are shown in Fig. 2 [FIGURE:2].

The BL16B1 endstation is shown in Fig. 3 [FIGURE:3]. The detectors include
a Marl165 CCD for SAXS and an INEL CPS120 (a one-dimensional arc gas
detector) for WAXS. The beam intensity monitor before the sample is an N, gas
ionization chamber, while the monitor after sample absorption is a photodiode
in the beam stop. Two scatter-less slits (Xenocs) are used to suppress parasitic
scattering. The sample holder is mounted on an optical table, and the sample-to-
SAXS detector distance can be adjusted up to 5 m. Scattering from a sample
transmits through vacuum, passing a Kapton window to reach the detector.
Sample stages are available for SAXS, GISAXS, or WAXS (2D). The q ranges are
0.03-3.6 nm ™! for SAXS measurement and 4.5-33 nm ! for WAXS measurement
at 10 keV. A continuous q range of 0.06-33 nm ™! can be obtained in simultaneous
SAXS/WAXS mode. Two conventional sample-to-detector distances of 2 m and
5 m are provided to users, offering q ranges of 0.08-3.6 nm~! at 2 m and 0.03-
1.4 nm™! at 5 m.

The beamline control system is based on an EPICS platform in a Linux oper-
ating system, which facilitates communication among devices. The CPS 120
detector currently operates on a LabVIEW platform in a Windows environment
but will be integrated into EPICS in the future. In addition to the provided sam-
ple environments, users have the option to install their own specialized sample
devices [2-5]. Technical boundary conditions, user-friendliness, and reliability
have been considered important design criteria.

I11. Methodology

The beamline supports several techniques including SAXS, WAXS, simultaneous
SAXS/WAXS, GISAXS, and ASAXS.

A. SAXS Technique

SAXS in transmission mode can be used to study materials such as polymers,
nanomaterials, metals, and biomaterials [6-10]. Most SAXS experiments per-
formed are in-situ studies of microstructural evolution in different samples, such
as in-situ stretching of polymers and fibers at various temperatures. A typical
study [11] investigated the long-time evolution of extension-induced crystalliza-
tion in polyethylene oxide (PEO) by combining rheological measurements with
in-situ SAXS to understand dynamic changes in the spatial arrangement of nu-
clei in terms of chain stretching and orientation. The structural evolution in
the small-strain region is shown in Fig. 4 [FIGURE:4].

B. Simultaneous SAXS/WAXS Measurement

Figure 5 FIGURE:5 shows the instrumentation schematic for simultaneous
SAXS/WAXS measurement. To obtain a continuous scattering vector ¢ across

chinarxiv.org/items/chinaxiv-202306.00288 Machine Translation


https://chinarxiv.org/items/chinaxiv-202306.00288

ChinaRxiv [f)]

the SAXS and WAXS collectable regions, the simultaneous SAXS/WAXS
technique was developed, with the determinable SAXS range being q = 0.06-
3.50 nm~' and the WAXS range being q = 2.50-34.8 nm~'. Consequently, a
continuous q range of 0.06-33 nm~! can be achieved (Fig. 5(b)). Simultaneous
SAXS/WAXS is important for studying fiber stretching, liquid crystals, and
self-assembly systems [12, 13].

The hardware configuration is shown schematically in Fig. 6 [FIGURE:6]. The
Mar165 CCD serves as the SAXS detector, while the 1D arc PSD (CPS 120)
is the WAXS detector. The SAXS detector provides a trigger signal to con-
trol other equipment synchronously. The shutter, WAXS detector, and SAXS
detector can operate synchronously through a pulse generator. Experimental
results of simultaneous SAXS/WAXS for silver behenate performed on BL16B1
are shown in Fig. 5(b). The SAXS and WAXS data are combined by scaling
the SAXS data with a factor to equalize their integrated area in the overlap
region.

C. Grazing Incidence SAXS

GISAXS is a powerful tool for studying film surface and interface structures [14-
17]. A Kohzu tilt stage is used as the GISAXS sample stage (Fig. 7 [FIGURE:T]).
The X-ray incidence angle can be adjusted by the sample stage with an accuracy
of 0.001°. In principle, sample sizes should be larger than 0.5 cm (width) x 1
cm (length).

GISAXS experiments [18-21] performed on BL16B1 include the discovery of
a novel orientation of mesochannels in mesostructured thin films, with results
published in [22]. As shown in Fig. 8(a)

, uniaxially oriented mesoporous titania films in any alignment direction were
prepared by manipulating the magnitude and incidence angle of a shear force
from hot air flow. According to the TEM and GISAXS results in Figs. 8(b)-
8(e), the mesochannel orientation can be well controlled into parallel, vertical, or
oblique alignments at any angle with respect to the plane by simply regulating
the flow rate and incident angle of the air flow.

A one-dimensional profile along the vertical and horizontal directions can be
extracted from a two-dimensional GISAXS pattern using “Pre-GISAXS” (Fig.
9 [FIGURE:9]) [23].

D. Anomalous SAXS

ASAXS measurements can be conducted utilizing the beamline’s energy tunabil-
ity. ASAXS studies have been performed on aluminum alloys (7150 and 7085 Al
alloys). SAXS patterns of 7150 Al alloy were obtained at various energies below
the Zn K-edge. The scattering intensity increased significantly with decreasing
energy. Due to absorption, the alloy sample thickness should be less than 150
pm.
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Figure 1: Figure 8

E. SAXS Study of Protein Solution

To reduce radiation damage, we have developed a peristaltic device with temper-
ature control for solution SAXS measurements (Fig. 10(a) [FIGURE:10]) [24].
Figures 10(b)-10(d) show scattering data for lysozyme collected at BL16B1
using this device, demonstrating its ability to reduce radiation damage for
biomacromolecular solution samples.

F. Supporting Conditions and Data Processing

The BL16B1 beamline at SSRF provides comprehensive support for users to
conduct experimental research. Samples can be prepared in support labora-
tories equipped with an ultra-pure water system, magnetic stirrer, electronic
balance, ultrasonic apparatus, centrifuge, electric oven, vacuum drying appara-
tus, polarizing microscope, and AFM. Available in-situ devices include a Linkam
THMS600 heating stage (—196 °C to 600 °C), Linkam CSS450 shearing system
(ambient to 450 °C), Linkam TS1500 heating stage (ambient to 1500 °C), an
in-situ fiber stretching device (maximum tension: 1000 N, ambient to 500 °C),
and a helium-atmosphere sample chamber to protect samples from oxidation.

Several widely-used data processing packages have been developed, including
Irena, Nika, X-polar, and FIT2D. Special data processing services such as re-
mote data access and data archiving [25] are also available upon request.
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IV. Conclusion

The SAXS beamline at SSRF provides powerful capabilities for studying the
microstructure of polymers, fibers, and nanostructured/mesoporous materials.
Available techniques include SAXS, WAXS, ASAXS, GISAXS, and time-
resolved simultaneous SAXS/WAXS for investigating structural transitions
in the sub-second time regime and partially ordered systems with real-space
dimensions ranging from 1 nm to 240 nm. Additional techniques will be
developed at BL16B1, such as USAXS based on a Bonse-Hart camera system
and micro-focus SAXS. More common in-situ devices will be developed to
facilitate users, and a complete SAXS data analysis platform will be established
for data pretreatment and SAXS/WAXS data analysis.
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Figure 3: Figure 17
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