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Surface morphology of hemp fibers
The morphology of hemp fibers was observed by JSM-840 JOEL scanning electron microscope. The surfaces of the hemp fibers treated with different methods were compared for estimating the degumming effect.
Chemical composition analysis
The chemical composition of the raw hemp materials and the fiber pretreated with different processes was determined by the NREL method (Sluiter et al., 2004). 
FTIR analysis
[bookmark: _GoBack]The FTIR analysis was performed with a Fourier transform infrared spectrometer (NICOLET 5700). The FTIR spectra was performed to observe the chemical structure and analyze the change of chemical functional groups. The spectral data was acquired over the wavelength range of 600–4000 cm-1 with a resolution of 2 cm-1 for 32 scans per spectrum.
NMR analysis
The NMR was performed with a Bruker Avance III apparatus operating at 100.6 MHz and using a CP-MAS probe of 4 mm. All the spectra were recorded at 295 K using the combination of cross-polarisation, high-power proton decoupling and magic angle spinning (CP/MAS) methods. The spinning speed was 12,000 Hz with a contact time of 2000 μs and repetition times of 2 s. The acquisition time was adjusted at 0.035 s and the sweep width at 29,761.9 Hz (Mnasri et al., 2022).
X-ray diffraction
Crystal structure and crystallinity degree of hemp fibers were analyzed by X-ray diffraction spectra, which was conducted on a D8 Advanced X-ray diffractometer (Bruker, Germany). The spectra were collected in a range of 5° to 40° at 40 kV and 50 mA, with a scanning rate of 2°/min (Song et al., 2018). The crystalline index (CrI) of fiber was calculated according to the Segal method for native cellulose (Dai et al., 2018). The equation was listed as follows: 

where I200 represents the maximum peak intensity of the 200 cellulose crystalline lattice diffraction (around 22.6 for native cellulose). While, Iamorph is the intensity observed at 2θ = 18, associating the amorphous area in native cellulose (Araujo et al., 2014).
Thermal Stability Characterization 
Thermogravimetric analysis of the fiber samples was conducted on Pyris TGA, (PerkinElmer, USA). Before the TGA test, the different fiber samples were cut to 40 mesh and stored at room temperature for 24 h. TGA analysis was conducted using approximately 10 mg samples. The temperature was increased up with a constant heating rate of 10℃/min at a range of 40-700℃ under nitrogen atmosphere (Song et al., 2019).
Physicochemical Properties
The fiber fineness, breaking tenacity and fiber length were tested to compare fiber physical properties. Before testing, samples were conditioned in a constant temperature and humidity environment (23 ± 2% and 50 ± 5% RH) for 2 days. Three properties were measured according to the Chinese National Standard GB5884-86, GB 5886-86, GB 5887-86, respectively.

1. Araujo, F.D.D., Araujo, I.C., Costa, I.C.G., de Moura, C.V.R., Chaves, M.H., Araujo, E.C.E., 2014. Study of degumming process and evaluation of oxidative stability of methyl and ethyl biodiesel of Jatropha curcas L. oil from three different Brazilian states. Renewable Energy 71, 495-501.
2. Dai, H., Ou, S., Huang, Y., Huang, H., 2018. Utilization of pineapple peel for production of nanocellulose and film application. Cellulose 25, 1743-1756.
3. Sluiter, A., Hames, B., Ruiz, R.O., Scarlata, C., Templeton, D., 2004. Determination of structural carbohydrates and lignin in biomass.
4. Song, Y., Jiang, W., Zhang, Y., Ben, H., Han, G., Ragauskas, A.J., 2018. Isolation and characterization of cellulosic fibers from kenaf bast using steam explosion and Fenton oxidation treatment. Cellulose 25, 4979-4992.
5. Song, Y., Kai, N., Jiang, W., Zhang, Y., Ben, H., Han, G., Ragauskas, A.J., 2019. Utilization of deep eutectic solvent as a degumming protocol for Apocynum venetum bast. Cellulose 26, 8047-8057.
6. Mnasri, A., Dhaouadi, H., Khiari, R., Halila, S., Mauret, E., 2022. Effects of Deep Eutectic Solvents on cellulosic fibres and paper properties: Green “chemical” refining. Carbohydrate Polymers 292, 119606. https://doi.org/10.1016/j.carbpol.2022.119606


