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The mercerization of fiber is an important method for the high-value utilization of cellulose. In this study, the bagasse fiber was mercerized by freeze–thaw-assisted alkali treatment (FT/AT). The effects of freezing temperature, freezing time, alkali concentration, and thawing temperature on cellulose and hemicellulose removal were studied. The optimal freezing temperature was −40°C, freezing time was 8.0 h, alkali concentration was 5.0%, and thawing temperature was 30°C. The highest removal rate of hemicellulose was 75.64%. It was 5.80% higher than that of alkali treatment (AT). The alkaline degradation of cellulose was inhibited. The penetration of alkaline solution to fiber was promoted by the assistance of freeze-thaw pretreatment. The effective alkali concentration (5.0%) of cellulose I completely transformed into cellulose II decreased by 66.67% compared with traditional alkaline mercerization (15.0%). The high-efficiency mercerization of fiber was achieved by FT/AT. It provides theoretical support for promoting the high-value utilization of lignocellulosic biomass.
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INTRODUCTION
Currently, lignocellulosic biomass plays an important role in the energy, chemical, and material fields because of its zero carbon dioxide emissions, high content, and renewable properties (Luo et al., 2021; Zhu et al., 2020). Cellulose is the main component of the lignocellulosic biomass (Bian et al., 2019). In addition to pulp fibers, it is used to produce bioethanol and various functional materials, such as microcrystalline cellulose, medical cellulose, and high-absorbent cellulose materials (Alexakis et al., 2021; Li X. et al., 2021; Pang et al., 2015). The most widely used in the industry is cellulose II, although cellulose I occurs naturally (Yagura et al., 2020), (Kita et al., 2020). Cellulose II is obtained by dissolution/regeneration (Reyes et al., 2020) or mercerization (Marzouki et al., 2019). Fibers are inflated using sodium hydroxide solution (Öztürk et al., 2006). The hemicellulose in the amorphous region is dissolved as alkali diffuses (Marzouki et al., 2019; Yu et al., 2017), and cellulose II is obtained. Smooth and round fibers are obtained by mercerization. The fiber kink index increases, and the content of fine components decreases (Noori et al., 2021). Mercerized fibers have good air permeability and chemical stability (Kumar et al., 2011; Oladele et al., 2019). They are widely used in the preparation of air filter paper, dictionary paper, and blotting paper. The color uniformity, fabric surface smoothness, and size stability of the cotton fabric is improved by printing.
Fibers are mercerized using traditional high alkali concentration treatments (15.00–18.00%) (Albán Reyes et al., 2016). The crystalline form of cellulose changes at full swelling. Helena et al. (Halonen et al., 2013) investigated the effect of mercerization on the cellulose supramolecular structure and water retention value. The results showed that partial cellulose II was obtained using 11.00% sodium hydroxide. Liu et al. (Liu & Hu, 2008) studied the effect of mercerization on the supramolecular structure of bamboo fibers. It was found that the crystalline form of cellulose changed when the sodium hydroxide concentration was greater than 12.00%. The effects of alkali treatment temperature and time and alkali concentration on cellulose lattice conversion were studied (SaifulAzry et al., 2017). The results showed that cellulose I was completely converted to cellulose II in a 20.00% sodium hydroxide solution. The thermal stability of the mercerized fibers improved. However, a small amount of cellulose was dissolved during the alkaline degradation, and the cellulose yield decreased. This is a technical problem that needs to be overcome in fiber mercerization. Presently, the mercerization of bleached chemical pulp is employed for the high-value utilization of the traditional pulp fiber (Albán Reyes et al., 2016). However, the mercerization effect and the swelling of the fibers are inhibited by the presence of a small amount of hemicellulose in the pulp (Chen et al., 2020). The hemicellulose is efficiently separated using a new alkali treatment. David et al. (Ibarra et al., 2010) used xylanase and endoglucanase pretreatments-assisted alkali treatment. The removal rate of hemicellulose in the sulfate bleaching chemical pulp was 82.00%. The effect of hemicellulose removal in sulfite pulp by mechanical grinding-assisted alkali treatment was studied by Li (Li et al., 2015). The pore volume and specific surface area of the pulp fibers are increased by mechanical grinding. The dissolution of hemicellulose is facilitated by alkali treatment, and the effective alkali concentration is significantly reduced. Additionally, freeze–thaw pretreatment has been employed to assist alkali treatment for the efficient separation of hemicellulose (Li J. et al., 2021). The results showed that the extraction rate of hemicellulose was 64.71%. This means that the infiltration of alkali was enhanced by the freeze–thaw pretreatment. Therefore, it is of great significance to study the mercerization of chemical pulp by freeze–thaw-assisted alkali treatment (FT/AT).
In this study, the fiber of bleached bagasse pulp was mercerized by FT/AT. The effects of freezing temperature, freezing time, alkali concentration, and thawing temperature on cellulose and hemicellulose removal were studied. The intrinsic viscosity, thermal stability, and water retention value of the fibers after the different treatments were analyzed. The morphology and physicochemical properties of the fibers were analyzed by scanning electron microscopy (SEM), specific surface area analysis (Brunauer–Emmett–Teller theory (BET)), Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), and fiber quality analysis. It provides theoretical support for the efficient mercerization of fibers.
MATERIALS AND METHODS
Materials
Bleached bagasse pulp was supplied by a local factory (Guangxi, China). The viscosity, brightness, and Kappa number of the pulp were 776 ml g−1, 76 %ISO, and 3.1, respectively. The details are listed in Table 1. The main chemical composition was analyzed (Ge et al., 2020). The cellulose and hemicellulose contents were 80.19 and 13.56%, respectively. 90% of Sodium hydroxide solution was purchased from Sigma-Aldrich (United States). Other analytical chemicals were purchased from Aladdin Biotechnology Co., Ltd. (Shanghai, China).
TABLE 1 | Chemical properties of bagasse fiber with different treatments.
[image: Table 1]Swelling of Bagasse Fiber
The bagasse fiber was swollen by FT/AT. The air-dried bagasse pulp (10 g) was thoroughly soaked in an alkali solution (240 ml). The pulp was frozen in an ultra-low temperature quick-freezing machine (ILG500DFD; Bitzer, Sindelfingen, Germany). The solid-liquid ratio was 1: 24. The pulp was treated at different freezing temperatures, freezing times, and alkali concentrations. It was completely thawed at different temperatures. Then, the treated pulp was obtained by vacuum extraction and filtration. The pulp was washed with pure water until after reaction. Then, it was air-dried and sealed. The swelling properties of the fiber was compared with those of traditional high-concentration AT (Halonen et al., 2013). 10 g of pulp was placed in 15.0% alkali at 50°C for 60 min.
Chemical Composition of the Pulp With Different Treatments
The contents of cellulose and hemicellulose in pulp with different treatments were analyzed (Ge et al., 2020). The specific method and process were described by Cavali and co-authors (Cavali et al., 2020). The removal rates of cellulose and hemicellulose were calculated using Eqs 1, 2.
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Where RH is the removal rate of hemicellulose (%), C1 is the hemicellulose content in the initial pulp (g), C2 is the hemicellulose content in the treated pulp (g), RC is the removal rate of cellulose (%), C3 is the cellulose content in the initial pulp (g), and C4 is the cellulose content in the treated pulp (g).
Physicochemical Properties of Fiber
The surface morphology of bagasse fiber with different treatments was characterized by SEM (Quanta FEG 250, FEI, Hills-boro, Oregon, United States) (Yao et al., 2015). The pore volume, pore diameter, and specific surface area of the fiber was analyzed using a specific surface area and porosity analyzer (ASAP 2460; Micromeritics, United States). The length, width and fine fiber content of bagasse fiber were analyzed using a fiber quality analyzer (912, Lorentze & Wettre, Sweden). The degree of hydration and swelling of the bagasse fiber was measured using the water retention value. The water retention value of the bagasse was calculated using Eq. 3.
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Where WRV is the water retention value of the bagasse fiber (%), W1 is the dry weight of the bagasse fiber (g), and W2 is the weight of the wet bagasse fiber after centrifugation (g).
The main functional groups of the different bagasse fiber was analyzed using FTIR (IRTracer-100, Shimadzu, Japan) (Yao et al., 2015). The effect of different treatments on the cellulose crystal shape was analyzed by XRD (Mini Flex 600, Rigaku, Tokyo, Japan) (Ge et al., 2020). The XRD patterns of the monochrome Cu-Kα powders were used. The voltage and current were 40 kV and 15 mA, respectively. The scanning speed and scanning range were 0.131°.S−1 and 5°–50°, respectively. The thermal stability of the fiber was analyzed by thermogravimetric analysis (TGA) (STA 449F5, NETZSCH, Germany) (Tian et al., 2021).
RESULTS AND DISCUSSION
Effect of Freezing Temperature on Fiber Swelling
Wood fibers have strong thermal stability. The effective swelling of fiber is difficult to achieve at high temperatures. However, the softness of the object was enhanced by cryogenic freezing (Biglia et al., 2016). This indicates that fiber swelling can be promoted by freezing pretreatment. The key factors of freezing and thawing include freezing temperature, freezing time, and thawing temperature. Cellulose and hemicellulose were removed during the fiber swelling process. Therefore, the effect of freezing temperature on cellulose and hemicellulose removal was studied using FT/AT. It was −20, −30, −40, −50, −60, −70, and −80°C. The freezing time, alkali concentration, and thawing temperature was 6.0 h, 3.0%, and 25°C, respectively. The result is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Effect of freezing temperature on the removal rate of cellulose and hemicellulose from bagasse fiber in FT/AT.
The removal rate of hemicellulose increased from 49.93 to 70.28% as the freezing temperature was increased from −20°C to −40°C. However, it decreased as the freezing temperature decreased below −40°C. It was 60.61% at −80°C. The alkaline degradation of cellulose was inevitable during alkali infiltration (Liu et al., 2020). The removal rate of cellulose decreased with the decrease in freezing temperature when the freezing temperature was higher than −40°C. It decreased from 8.32 to 4.89%. The degradation of cellulose was promoted when the freezing temperature was below −40°C. The removal rate of cellulose increased to 7.29% at −80°C. Fewer ice crystals were formed inside the fibers at the beginning of freezing. The alkaline degradation of cellulose was promoted by more alkaline solution in contact with cellulose. The formation and growth of the ice crystals in the fibers as the freezing temperature decreased (Zhang et al., 2021). The number of infiltration channels increased after thawing. The osmotic effect of alkaline solution was promoted with the increase in the number of physical channels. The removal of hemicellulose was facilitated. The removal of cellulose was inhibited. Uniform and fine ice crystals were formed at −40°C. The highest removal rate of hemicellulose and the lowest removal rate of cellulose were obtained. However, the ice crystals in the fiber increased as the freezing temperature decreased. Large ice crystals were formed by gobbling up fine ice crystals. Local damage to the fibers was exacerbated. The breakdown and dissolution of cellulose was intensified. Its removal rate increased as the freezing temperature decreased. The osmosis of alkaline solution was inhibited. The dissolution of hemicellulose was inhibited with the decrease in the overall swelling property of the fiber. Therefore, the optimal freezing temperature was −40°C in FT/AT.
Effect of Freezing Time on Fiber Swelling
Freezing time is an important factor that affects food preservation during food refrigeration (Ben Haj Said et al., 2021). In fact, ice crystals grow irreversibly inside objects. Maintaining stable ice crystals is time sensitive. Therefore, the effect of freezing time on cellulose and hemicellulose removal was studied. It was 2.0, 4.0, 6.0, 8.0, 12.0, and 24.0 h. The freezing temperature was −40°C, alkali concentration was 3.0%, and thawing temperature was 25°C. The result is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Effect of freezing time on the removal rate of cellulose and hemicellulose from bagasse fiber in FT/AT.
The removal rate of hemicellulose increased with freezing time. It increased from 44.98% at 2.0 h to 72.31% at 8.0 h. However, it decreased with freezing time when the freezing time was greater than 8.0 h. It decreased to 67.54% at 24.0 h. The removal rate of cellulose decreased from 9.19 to 4.21% when the freezing time was between 2.0 and 8.0 h. The dissolution and degradation of cellulose were promoted under a relatively long freezing time. The removal rate of cellulose increased to 5.94% at 24.0 h. It was attributed to the change in the number and size of ice crystals in the fiber with freezing time. The number of fine ice crystals increased with freezing time at the beginning of freezing (Gong et al., 2020). The number of physical channels for the penetration of liquid medicine increased accordingly. Therefore, the dissolution of hemicellulose was promoted. The alkaline degradation of cellulose was suppressed. The fine ice crystals were evenly distributed inside the fiber at 8.0 h. Large ice crystals were formed by swallowing small ice crystals as the freezing time continued to increase. The damage caused by freezing to the fiber structure changed from slight-overall to significant-local. The breaking and dissolution of cellulose was promoted, the swelling of the fiber were reduced. The dissolution of hemicellulose was suppressed. Therefore, the optimal freezing time was 8.0 h.
Effect of Alkali Concentration on Fiber Swelling
The swelling of the fiber in water was limited. However, the fiber crystallization area was permeated by acid, alkali, and salt. The swelling of the fiber was improved. The alkali concentration is an important parameter in AT. The removal of hemicellulose and alkaline degradation of cellulose are promoted. Therefore, the effect of alkali concentration on cellulose and hemicellulose removal was studied. It was 1.0, 2.0, 3.0, 5.0, 7.0, and 9.0%. The freezing temperature was −40°C, freezing time was 6.0 h, and thawing temperature was 25°C. The result is shown in Figure 3.
[image: Figure 3]FIGURE 3 | Effect of alkali concentration on the removal rate of cellulose and hemicellulose from bagasse fiber in FT/AT.
It was observed that the alkali concentration significantly affected the removal of hemicellulose when the alkali concentration was less than 5.0%. It increased from 53.98 to 74.13%. Additionally, the effect of high alkali concentration on the removal of hemicellulose was limited. The removal rate of hemicellulose was 74.36% at an alkali concentration of 9.0%. This was due to the increase in porosity indicated by the fiber after freezing. The penetration of alkali was enhanced. The effective contact between hemicellulose and alkali was strengthened. The removal rate of hemicellulose increased with the concentration of alkali. The result showed that cellulose was degraded under alkaline conditions (Zaccaron et al., 2020). The alkaline degradation of cellulose increased with the increase in alkali concentration. Therefore, the removal rate of cellulose increased linearly. It rapidly increased from 3.31 to 6.34%. The optimal alkali concentration was 5.0% in FT/AT. More efficient mercerization was obtained at relatively low alkali concentrations.
Effect of Thawing Temperature on Fiber Swelling
Alkali treatment and thawing were carried out simultaneously. The alkali treatment time was compressed to obtain a better fiber swelling effect. Thawing and alkali penetration were simultaneously carried out. The alkaline degradation of cellulose was inhibited while realizing effective contact between hemicellulose and alkali. Therefore, the effect of thawing on cellulose and hemicellulose removal was studied by adjusting the thawing temperature. The temperature was 5, 10, 15, 20, 25, 30, 35, and 40°C. The freezing temperature was −40°C, freezing time was 8.0 h, and alkali concentration was 5.0%. The result is shown in Figure 4.
[image: Figure 4]FIGURE 4 | Effect of thawing temperature on the removal rate of cellulose and hemicellulose from bagasse fiber in FT/AT.
The removal rate of hemicellulose rapidly increased with the thawing temperature and then remained stable. It increased from 55.44 to 75.41% when the thawing temperature was between 5 and 30°C. The thawing time increased as the temperature decreased. Further, the fluctuation of the temperature at the beginning of thawing directly caused the rapid formation of large ice crystals inside the fiber (Kumar et al., 2019). The destructiveness of the fiber structure was gradually enhanced. Severe local damage was formed. The infiltration effect of alkali solution was reduced in large channels formed by melting of large ice crystals. Its accessibility to hemicellulose was poor. More alkali was consumed from the alkaline degradation of cellulose. Therefore, the removal of hemicellulose was inhibited at low thawing temperatures. Conversely, the removal of cellulose was promoted. The growth of ice crystals inside the fiber was suppressed as the thawing temperature increased. The channels were quickly occupied by the alkali after the small ice crystals melted. The effective contact with the hemicellulose was strengthened. The removal rate of cellulose gradually decreased while the removal rate of hemicellulose gradually increased. It was reduced from 7.35 to 4.63% at 30°C. The removal rate of hemicellulose remained stable as the thawing temperature increased due to most of the hemicellulose was removed. It was 75.58% at 40°C. However, the alkaline degradation of cellulose was enhanced at relatively high temperatures (Knill & Kennedy, 2003). Therefore, the removal rate of cellulose decreased as the thawing temperature increased to >30°C. The rate increased to 6.24% at 40°C. The optimal thawing temperature was 30°C.
The optimal condition of FT/AT was freezing temperature −40°C, freezing time 8.0 h, alkali concentration 5.0%, and thawing temperature 30°C. The highest removal rate of hemicellulose was 75.64%. It was 5.80% higher than that of AT treatment. The lowest removal rate of cellulose was 4.63%. It was 5.73% lower than that of AT treatment. In addition, the effective alkali concentration (5.0%) was reduced by 66.67% compared to AT (15.0%). The energy consumption of freeze–thaw pretreatment was effectively compensated by the significant reduction of alkali consumption. Therefore, FT/AT is an efficient method for fiber swelling.
Properties of Bagasse Fiber With Different Treatments
The yield of bagasse fiber changed with the swelling and removal of hemicellulose. Table 1 shows the pulp fiber yield was 78.35% with AT. It was 84.47% after FT/AT. This was attributed to the different degrees of the dissolution of the main components during swelling. The penetration of alkali was promoted by freeze–thaw pretreatment (Li J. et al., 2021). The hemicellulose in the pulp was efficiently removed, and the alkaline degradation of cellulose was inhibited. The content of cellulose decreased from 80.19 to 76.48%. The content of hemicellulose was significantly reduced from 13.56 to 1.82%. Therefore, cellulose - rich bagasse fiber was obtained by FT/AT. The viscosity and degree of polymerization of fiber was affected. Table 1 show that the viscosity of the fiber increased from 776 ml g−1 to 833 ml g−1. This was due to the large amount of hemicellulose dissolved during AT. Additionally, the fiber with FT/AT had greater viscosity (845 ml g−1) than those treated with AT. Further, their degree of polymerization increased from 1,229 to 1,248. This was attributed to the structure of cellulose was protected while the hemicellulose was efficiently removed during FT/AT.
In fact, the morphology of the fiber is affected as the major components change. The fiber length, fiber width, and fine fiber content were reduced by AT. Fiber length decreased from 0.73 to 0.59 mm. Different alkali treatments had the same effect on the fiber length. However, there were differences in the fiber width. The fiber width after FT/AT treatment is larger than that after AT treatment. The fine fiber content decreased from 6.67 to 3.31%. It was reduced by 1.13% compared to that of AT. The results showed that FT/AT had a higher swelling performance than AT. The effect of fiber mercerization action is reflected not only in the swelling performance but also in the kink index of the fiber (Suizu et al., 2009). The fiber form factor, kink angle, and kink index are important indices of fiber distortion. The fiber form factor is the ratio of the projected length of the fiber to the real length. The larger the value of the form factor, the straighter the fiber. The fiber form factors were reduced by 6.63 and 7.14% by AT and FT/AT, respectively. The kink angle increased from 51.63° to 59.14° and 61.90°, respectively. The kink index increased by 0.75 mm−1 and 0.86 mm−1, respectively. This indicates that the fiber had a relatively high kink index using FT/AT. The degree of hydration and swelling of the fiber was reflected by the water retention value. This is directly related to the specific surface area and porosity of the fiber (Arnoul-Jarriault et al., 2016). The water retention value of the bleached bagasse pulp fiber was 114%, as shown in Table 1. It increased to 149% with AT. It significantly increased to 163% by FT/AT. This was attributed to the relatively high specific surface area of the fibers treated with FT/AT (1.04). Moreover, the fiber had a relatively high porosity owing to the few physical channels remaining after the fine ice crystals were melted during freezing and thawing. The water absorption and swelling performance of the fibers improved. More bound water was retained inside the fibers.
Morphology and Physicochemical Properties of Bagasse Fiber With Different Treatments
First, the surface of bagasse fiber was relatively rough (Figure 5). This was attributed to an amount of hemicellulose in the fiber and more fiber fines on the surface. The higher alkali concentration was used in AT to achieve good mercerization. Fine fibers and a large amount of hemicellulose were removed. However, the alkaline degradation of cellulose was promoted at high alkali concentration. This resulted in the presence of wrinkles on the fiber surface. Smooth, round fibers were obtained with FT/AT. This was attributed to the infiltration of alkali was promoted by FT/AT. Hemicellulose and fiber fines were efficiently removed. Further, the alkaline degradation of cellulose was inhibited at low alkali concentrations.
[image: Figure 5]FIGURE 5 | SEM of bagasse fiber with different treatments (bleached bagasse pulp; AT; FT/AT.).
The changes in the fiber components before and after different treatments are shown in Figure 6. The characteristic peak at 3,300 cm−1 was attributed to the O–H stretching vibration of carbohydrate (Yao et al., 2017). The intensities of the characteristic peaks were reduced with different treatments. This was attributed to the breaking of intermolecular and intramolecular hydrogen bonds. More importantly, a large amount of hemicellulose was removed. The absorption peak at 2,890 cm−1 was attributed to the stretching vibration of C–H on saturated carbon. They are mainly derived from cellulose and hemicellulose. Additionally, the absorption peak intensity of C–O stretching attributed to hemicellulose at 1,020 cm−1 decreased (Liu et al., 2021). This showed that the C–O bond in hemicellulose was broken. A large amount of hemicellulose was removed. However, the absorption peaks at 1,161 cm−1 varied in the different treatments. This was attributed to the asymmetric stretching vibration of C–O–C in cellulose (Hosakun et al., 2017). Their strengths were the same in bagasse fiber and FT/AT-treated fiber. This indicates that the structure of the cellulose was protected by FT/AT. The alkaline degradation of cellulose was inhibited, while hemicellulose was efficiently removed. This was consistent with the results of the single-factor analysis.
[image: Figure 6]FIGURE 6 | FTIR of bagasse fiber with different treatments.
The goal of mercerization is to change the crystal shape of cellulose. The XRD patterns of the pulp fibers are shown in Figure 7. The crystal peaks of the bleached bagasse pulp were observed at 16.5° and 22.5°. They belong to cellulose I (Sèbe et al., 2012). The crystallization peak at 16.5° completely disappeared after AT and FT/AT, and a new crystallization peak was observed at 12°. Additionally, the crystallization peak at 22.5° moved to 20° and 21°. These were the characteristic peaks of cellulose II(Nomura et al., 2020). That mercerization effects were obtained using different treatments. Complete mercerization was achieved at 15.0% alkali concentration with AT. The effect of different alkali concentration on cellulose crystal shape was studied by FT/AT. The lowest alkali concentration at which the crystalline form of cellulose is completely changed was 5.0% during FT/AT. The minimum alkali concentration of cellulose crystal by complete transformation was reduced by 66.67% compared with AT. This means that the efficient mercerization of the fibers was achieved by FT/AT, and relatively high fiber crystallinity was obtained (93.47). This was due to the cellulose structure was protected under low alkali concentrations.
[image: Figure 7]FIGURE 7 | XRD of bagasse fiber with different treatments.
In addition, mercerized fibers have relatively high thermal stability (Rashid et al., 2016). Therefore, the thermal decomposition behavior and thermal stability of the different fiber were analyzed. The TGA and derivative thermogravimetry (DTG) profiles of the fiber are shown in Figure 8.
[image: Figure 8]FIGURE 8 | TGA (A) and DTG (B) of bagasse fiber with different treatments.
Figure 8A shows that the initial pyrolysis temperature of the bagasse fiber was 251°C. It was raised to 266 and 271°C after mercerization. This was attributed to the removal of hemicellulose and the change of cellulose crystal shape by different mercerization. Cellulose II exhibited better thermal stability than cellulose I. Additionally, the initial pyrolysis temperatures of these two types of mercerization were different. This was attributed to the removal of more hemicellulose by FT/AT. The maximum mass loss of the bagasse fiber was 76.71%. It increased to 80.95 and 81.21% after mercerization. The alkaline degradation of cellulose was inhibited at low alkali concentrations. Figure 8B shows the maximum weight loss rate of the fibers under different treatment conditions. The maximum weight loss rate of the bleached bagasse fiber was 18.67%.min−1. It increased by 3.65%.min−1 and 4.98%.min−1 by mercerization. This was attributed to the removal of a large amount of hemicellulose and the improvement of cellulose purity. The thermal decomposition of cellulose was enhanced (Lin et al., 2019). Therefore, the maximum weight loss rate of the cellulose increased. The results showed that the thermal stability of cellulose was higher after FT/AT. This was attributed to a significant reduction in alkali concentration. The overall structure of cellulose was protected, while the crystalline form of cellulose was completely transformed. Further, the efficient mercerization effects were obtained. This provides a new method for the mercerization of fibers.
CONCLUSION
A new efficient mercerization for fiber has been discovered. The bleached bagasse pulp fiber was swelled by FT/AT. The bagasse hemicellulose was efficiently removed. The alkaline degradation of cellulose was inhibited at low alkali concentrations. The results showed that mercerized fibers with excellent properties were obtained. Cellulose I was completely converted into cellulose II at 5.0% alkali concentration. The minimum alkali concentration of cellulose crystal by complete transformation was reduced by 66.67% compared with AT. It provides theoretical support for the high-value utilization of cellulose.
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