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Research progress of crop straw fiber extraction technology

YANG Yi', PENG Hua">*, DENG Kai', JI Xionghui"*?, DAI Yanjiao', SONG Min'

(1.Hunan Academy of Agricultural Sciences, Institute of Agricultural Environment and Ecology of Hunan Province, Changsha 410125,
China; 2. Key Laboratory of Agricultural Environment in the Middle Yangtze River Plain, Ministry of Agriculture and Rural Affairs,
Changsha 410125, China; 3. Engineering Technology Research Center for Agricultural Non Point Source Pollution Control in Dongting
Lake Basin, Hunan Province, Changsha 410125, China)

Abstract: The high—value utilization of agricultural waste can help to alleviate resource constraints and reduce environmental pollution.
Cellulose is the most dominant substance in the cell walls of straw, which is stably nested within lignin and hemicellulose and is difficult to
separate. Therefore, the separation and extraction of effective components of straw are key to achieving its high—value utilization. In this
study, first, the microstructure, formation mechanism, and physicochemical properties of fibers in straw are elaborated in depth; second,
various technologies for cellulose extraction are introduced and the principle of cellulose separation and advantages and disadvantages of
cellulose separation are condensed; finally, in view of the existing technological barriers and limitations, we look ahead to the research field
and development direction of the separation, extraction, and purification of straw fibers with the aim of exploring efficient and green
techniques. Finally, the research areas and development directions of straw fiber separation, extraction, and purification are anticipated in
view of the existing technological barriers and limitations, with a view to laying a foundation for exploring efficient and green technology
and achieving high—value utilization of straw cellulose.
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Figure 1 Schematic diagram of cellulose structure
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Table 1 Composition of five typical crop straws
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% KA INAE FK e ki3
Composition Rice Wheat Maise Rape Cotton
2142 Cellulose/% 36.21~48.88 25.03~50.56 31.57~48.65 30.41~51.96 25.03~51.96
LF 4 % Hemicellulose/% 9.98~23.70 13.80~30.40 9.63~26.46 8.93~19.53 8.93~30.40
AJF % Lignin/% 11.59~26.70 15.13~27.90 14.66~30.02 12.07~25.47 11.59~33.03
IKIEHERR KL A9 Water soluble carbohydrates/% 0.49~12.65 0.36~4.41 0.91~18.47 0.40~2.39 0.36~18.47
HLZE 15 Crude protein/% 1.25~7.94 1.52~6.27 2.21~10.60 1.44~10.55 1.25~10.60
S P Total P/(g-kg™) 0.30~10.59 0.13~1.75 0.04~3.65 0.15~3.42 0.04~10.59
JK Total K/(g-kg™) 6.26~35.38 2.78~47.81 3.70~38.41 2.94~31.58 1.30~47.81
N/% 0.13~1.58 0.23~1.04 0.15~1.68 0.23~1.69 0.56~1.69
SI% 0.18~0.77 0.19~0.90 0.15~1.04 0.29~1.21 0.18~1.30
TRy Ash/% 8.62~19.45 3.37~15.55 1.77~16.65 2.83~12.12 1.81~7.47
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Figure 2 Cell wall deconstruction : separation of cellulose
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JoL 5345 88.0% S B[] 3 h /K R 100 C AR}
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Table 2 Comparison of cellulose yield in different extraction methods'
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Chemical method Solid-liquid ratio/%  Agricultural productivity/% Cellulose content/%
HAEAR Hydrogen peroxide 1:60 57.6 60.28
5% 1R 5% Nitric acid 1:30 39.41 47.72
AN AR EN T Sodium hydroxide—sodium chlorite method 1:9;1:32 38.60 86.65
A AR - R Hydrogen peroxide—hydrochloric acid method 1:40:1:100 41.72 87.32
T2 -2 A AN Nitrie acid—sodium hydroxide method 1:8;1:9 36.10 88.25
iR -2 F LA Sulfuric acid—sodium hydroxide method 1:30;1:2 30.23 95.45
A A S -l 1:2:1:37;1:10 22.26 84.69

Sodium hydroxide—hydrogen peroxide—nitric acid method
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Figure 5 NMMO fiber manufacturing process
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