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Correlation of Paper Properties, Fiber Molecular Structure and Fiber Morphology
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ABSTRACT: The work aims to study the correlation of fiber molecular structure, fiber morphology and paper strength by
applying different beating mechanical effects on pulp fibers. The tensile related mechanical properties, such as tensile in-
dex, zero-span tensile strength and Z-direction tensile strength of the paper for different pulping time were measured. The
fiber morphologies in the paper were observed by biological microscopy and scanning electron microscope. The func-
tional groups, hydrogen bonds and crystallinity of the paper were analyzed by Fourier transform infrared spectroscopy and
X-ray diffraction. With the increase of pulping time, the fiber molecular structure and properties of the paper firstly in-
creased and then decreased. The fiber crystallinity, intermolecular hydrogen bond content, and tensile index of the paper
all reached their maximum values at the 14" min, which were 79.63%, 43.64%, and 45.25 N-m/g, respectively. Within a
certain range of pulping time, the tensile properties and molecular structure of fibers, such as crystallinity and intermole-
cular hydrogen bonds of the paper, show a trend of firstly increasing and then decreasing with the decrease of fiber size
and the increase of brooming rate.
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Fig.2 Tensile-related mechanical properties of paper samples prepared for different pulping time
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Tab.1 Average value of fiber length and width for different pulping time
3% B 18] /min UK B H/um 212 v B B A /um 2 Yy AR /% FHEE A4 5 /%
2 1 796.06 4490 2.07 28.6
10 1724.06 41.55 2.10 232
14 1647.24 39.63 2.26 22.9
20 1345.84 38.94 2.60 18.5
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Fig.5 X-ray diffraction patterns for different pulping time
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Tab.2 Calculation results of crystallinity parameters of
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Tab.3 Hydrogen bond content obtained by FTIR Gaussian fitting

6—OH-+-0—3 43 [F] & fi:
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HA/em™! 5 /% WeE/em™! 5 E /% % /em™ 5 H/%
2 3225.03 31.49 3319.62 39.00 344342 29.50
10 3 244.82 40.05 3 323.57 31.02 3438.73 28.93
14 3250.20 43.64 3319.12 28.92 3443.34 27.44
20 3234.34 36.98 3321.69 36.15 3 444.62 26.87
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