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Fig. 1 (a) The 2D WAXS patterns of polymorphous PDMS; (b) The 1D azimuthal intensity curves with the azimuthal angle
(w) ranging from 0° to 180° of diffraction peaks at 26=10.42° (Reprinted with permission from Ref.[7]; Copyright (2020)
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Fig. 2 Schematic diagram of uniaxial stretching (a), the design of low-temperature stretching device (b), finite element

simulation of temperature distribution in cryogenic chamber (c), physical image of low-temperature uniaxial stretching device

combined with synchrotron radiation (d).
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Fig. 3 Stress-strain (o-¢) curve and selected in situ 2D WAXS patterns acquired during uniaxial tensile deformation at —60 °C
(a), the evolution of the azimuthal intensity distribution of diffraction peaks at 26 of about 10.42° (b), and the corresponding
peak position and FWHM of the characteristic peaks (c) (Reprinted with permission from Ref.[6]; Copyright (2018) American

Chemical Society).
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Fig. 4 (a) The mask protocols of 2D WAXS patterns for integration of samples stretched to ¢=0.24 and ¢=1.36 at — 60 °C,
respectively. The red enclosed area is the oblique masked (/) signal of (011) plane of § form, the blue enclosed areas is the
equatorial (/.,) masked signals of (001) plane of o form. (b) 1D diffraction intensity profiles of 2D WAXS scattering patterns at
different strains. (c) The stress (o), crystallinity (r.) and equatorial (/.,) and oblique (/,,) masked relative crystal content curves with
the normalized coordinate (Reprinted with permission from Ref.[6]; Copyright (2018) American Chemical Society).
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Fig. 5 The non-equilibrium crystallization phase diagram for SIC of PDMS with 10 phr (a), 25 phr (b), 40 phr (c), and 55 phr
(d) filler in strain-temperature (¢-7) space (Reprinted with permission from Ref.[7]; Copyright (2018) American Chemical

Society).
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Fig. 7 Stretch induced crystallization non-equilibrium phase diagram of PE melt in temperature-stress space (a) (Reprinted
with permission from Ref.[16]; Copyright (2016) Springer Nature) and PB melt in temperature-strain rate space (b) (Reprinted
with permission from Ref.[17]; Copyright (2016) Wiley-VCH Verlag).
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Fig. 8 The structural evolution model of highly oriented lamella by uniaxial tensile (Reprinted with permission from Ref.[20];

Copyright (2018) Elsevier).
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Fig. 9 The structural evolution diagram of the highly
oriented lamella in temperature-strain space (Reprinted with
permission from Ref. [21]; Copyright (2018) American
Chemical Society).
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Fig. 10 The structural diagram of processing in temperature-strain (a) (Reprinted with permission from Ref.[22]; Copyright
(2019) John Wiley and Sons) and biaxial stretch ratio (b) (Reprinted with permission from Ref.[23]; Copyright (2019)

Elsevier) spaces for PE gel film.
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Fig. 12 2D WAXD patterns of the NR samples at the maximum planar draw ratio (4,%4,), where (a~h) denote stretch

conditions of free uniaxial stretch (FS), CS, and v,=0.1, 0.2, 0.4, 0.5, 0.6, and 0.7 mm/s, respectively. v, remains constant

at 1 mm/s, whose direction is given by a two-head arrow in the center (Reprinted with permission from Ref.[25]; Copyright

(2019) American Chemical Society).
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(d)

Fig. 13 Distributions of (a) crystallinity (y.), (b) Hermans' orientation parameter of the amorphous phase (f), (c) weight
portion of the oriented amorphous phase (O,), (d) absolute value of entropy reduction (ASy), and (f) theoretically fitted

crystallinity (x, (P)) in A, versus 4, space. (e) Gradient directions of contours for ASy, £, and . (Reprinted with permission from

Ref.[25]; Copyright (2019) American Chemical Society).

Fig. 14 The model of film blowing process (a) and the physical map of the film blowing device used with synchrotron

radiation (b).
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Fig. 15 The model of evolution of structural parameters during film blowing (Reprinted with permission from Ref.[32];

Copyright (2018) American Chemical Society).
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Fig. 16 The different types of the structure and network evolutions of TIC, TIC coupled with FIC, and FIC. The scale bar of
SEM images is 500 pm. (Reprinted with permission from Ref.[33]; Copyright (2019) American Chemical Society).
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Characterization of Polymer Materials by Synchrotron Radiation Hard
X-ray Scattering Technology: The Development and Application of
in situ Instruments

Jing-yun Zhao!, Wan-cheng Yu'*, Wei Chen!, Xin Chen'?, Jun-fang Sheng', Liang-bin Li'*
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Film, CAS Key Laboratory of Soft Matter Chemistry, University of Science and Technology of China, Hefei 230026)
(®National Co-Innovation Center for Nuclear Waste Disposal and Environmental Safety,

Southwest University of Science and Technology, Mianyang 621010)

Abstract The synchrotron radiation hard X-ray scattering technology is a powerful tool to characterize the
crystalline and other ordered structures of polymer materials. For the high temporal and spatial resolutions,
modern synchrotron radiation light sources own the powerful capability of real-time, in sifu, dynamic and non-
destructive characterization. Thus, it gives the synchrotron radiation hard X-ray scattering technology a huge
advantage for the study of structural evolutions far away from the equilibrium during the processing and service
of polymer materials. To give full play to this advantage, the reasonable design of in situ instruments and the
control of sample environments during the in situ synchrotron radiation experiments are critical. In this review,
we first introduce the whole procedures of in sifu experiments through a specific research case, including the
design of in situ synchrotron radiation experiments, the development of in sifu instruments, operation skills and
data processing. We hope that the detailed introduction can help the audiences establish a fundamental cognition
of the in situ synchrotron radiation experiments. Finally, we select several representative polymer material
systems and the corresponding sample environments, and briefly overview the applications of the synchrotron
radiation hard X-ray scattering technology in studying the multi-scale structural evolutions of these polymers
under complex processing fields. We believe that these applications would inspire the audiences to think and
deepen their understanding on the synchrotron radiation in situ experiments by using in situ instruments.
Undoubtedly, it is beneficial to further expand the applications of the synchrotron radiation hard X-ray scattering
technology on the characterization of polymer materials.

Keywords Synchrotron radiation hard X-ray scattering technology, /n situ instruments, Processing of polymer

materials, Multi-scale structural evolutions

* Corresponding authors: Wan-cheng Yu, E-mail: ywcheng@ustc.edu.cn

Liang-bin Li, E-mail: Ibli@ustc.edu.cn



