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Tensile behavior and structure evolution during tensile process of POK
FU Lin, XUE Zhirong, DU Guangce, SUN Cheng, LI Weiyu, HU Jian, XUE Meiling
(School of Polymer Science and Engineering, Qingdao University of Science and Technology, Qingdao 266042, China)

Abstract : The stress-strain behaviors of aliphatic polyketone (POK) at the tensile rate of 30-200 mm/min were investigated. It
was found that POK exhibited similar mechanical behaviors of three times yielding, two times cold drawing and two times strain
hard-ening at different tensile rates, and the higher the tensile rate, the larger the corresponding deformations of yielding, cold
stretching and strain hardening, which showed the strong structural adjustment ability of POK under external forcing. Take the
stretching process of 60 mm/min at the room temperature as an example, the structural evolution during stretching was tracked in
real time using synchrotron radiation wide angle X-ray diffraction(WAXD)/small angle X-ray diffraction(SAXD). The results show
that with the onset of plastic deformation, 3-crystals are forced to transform into a-crystals with the assistance of stress, and the
transformation reaches its maximum proportion near the yield point (around 22% strain), and then the content of a-crystals is gradu-
ally less with the increase of strain, and its diffraction signal disappears at 150% strain. The SAXD results show that with the onset
of plastic deformation, the thicknesses of the crystalline layer and the amorphous layer (L) of lamellae, as well as the long spacing
of lamellae along the meridian direction (tensile direction) increase linearly with the tensile strain, but the increase of L, is more
significant. When the strain exceeds 50%, the alternating “crystalline layer-amorphous layer” structure of the lamellae along the
tensile direction is destroyed. At the beginning of stretching (at 10%-30% strain), the lamellae first undergo rapid dimensional expan-
sion perpendicular to the direction of stretching (equatorial direction), then this expansion weakens rapidly to disappear (at 30%-50%
strain). The author believes that the changes trend of higher-order structure perpendicular to the stretching direction may be influ-
enced by the synergistic effect of the lamellar crystal stacking structure in the stretching direction, and its formation mechanism
needs further investigation.

Keywords : aliphatic copolymeric polyketones ; stress-strain behavior ; structural evolution ; wide angle X-ray diffraction ;
small angle X-ray diffraction
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(a) Stress-strain diagram
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(b) Enlarged view of the first yielding part in figure (a)
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Fig. 1 Stress-strain diagram of POK at room temperature
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Fig. 2 Tensile behavior and its live pictures of POK when stretched at
60 mm/min
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Fig.3 2D-WAXD diffraction patterns of POK under different tensile
strains(0,30%,50%, 150%,250%) when stretched at 60 mm/min
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(b) Detailed integral plot at 30% strain in figure(a)
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Fig. 5 2D-SAXD diffraction patterns of POK under different tensile
strains(10%,30%,50%, 150%,250%) when stretched at 60 mm/min
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Fig. 6 One-dimensional SAXD curves and Lorentz-corrected integral

plots of POK under different tensile strains when stretched at 60 mm/min
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(c) Plots of L, vs tensile strain in directions of meridian and equator
Pl 7 60 mm/min fr LRI POK A0 L, , L L BEH 01 A2
RAES
Fig. 7 Variation curves of L , L and L, of POK lamellar crystal with

tensile strain when stretched at 60 mm/min
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