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Measurement of the Elastic Modulus of Single Paper Fiber

Based on the theory of beam bending under transverse load [S1], a method has been
proposed to calculate the elastic modulus of paper fibers, which is briefly summarized by
the following steps [52,53]:

Use fluorescence to dye different types of fibers separately and dilute the fibers to
the concentration of 0.03%.

Drain the pulp onto a piece of filter paper and place the filter paper on two pieces of
dry blotting paper.

Press the filter paper on a glass slide with some glass fibers. When hanging on the
glass fiber, the paper fiber will bend under the action of a transverse load q and the
support of glass fiber.

Use a confocal laser scanning microscope (CLSM) to find single paper fiber hanging
perfectly on single glass fiber, which means that the single paper fiber and the glass fiber

should come into contact vertically. The experimental schematic is drawn in Figure S1.
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Figure S1. Experimental schematic of bending beams under transverse load for single paper fiber

Measure the free span length L of paper fiber hanging on the glass fiber and calcu-
late the flexibility Flex of paper fiber as:

72d
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where dg is the diameter of the glass fiber, and g is the transverse loads actuating on
the paper fiber.
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By operating in the YZ scanning mode of CLSM, the image of the cross-section of
paper fiber is obtained (Figure S2).
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Figure S2. Illustration of single paper fiber cross-section with bending beams under transverse load

According to the definition of cross-sectional moment of inertia in material me-
chanics [S4] and the experimental schematic in Figure S2, the cross-sectional moment of

in-ertia I can be calculated as:
3
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where [i and Ai are the moment of inertia and the area of the /™ pixel of paper fiber
cross-section in the image, respectively; ai and bi are the width and height of the i pixel; x:
is the distance of the it pixel to the neutral bending plane.
Calculate the elastic modulus E of paper fiber by the definition of E as:
1
Flex - 1 (S3)
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