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中  文  摘  要

	随着石油等化石资源储量的逐渐减少，以农业废弃物等可再生资源为原料生产化工新材料，用来补充和替代以石油为原料的化工产品，正成为一种新的发展趋势。很多国家特别是发达国家已将此列为经济和社会发展的重大战略。对我国这样一个化石资源短缺、人口众多、经济持续快速发展的大国，推动农林废弃物的高效转化利用，具有更突出的迫切性，这将是我国新世纪的工业结构调整与升级的重点战略。本论文以高附加值利用的农业废弃物蔗渣和麦草秸秆可再生资源为出发点，系统地研究了蔗渣和麦草秸秆半纤维素的分离以及结构鉴定，在此基础上研究了分离得到的半纤维素的醚化反应和酯化反应如：季铵化反应、羧基化反应、均相乙酰化反应以及月桂酰化反应等；并对得到的半纤维素衍生物作为湿部助剂在造纸中的应用做了初步探讨，得到的结论如下：
 1. 提出了以蔗渣半纤维素为原料，3-氯-2-羟丙基三甲基氯化氨(CHMAC)为反应试剂、乙醇/水为反应介质，在碱的作用下合成出水溶性好、取代度低的阳离子型半纤维素聚合物的方法。系统地研究了碱的加入方法及用量、反应温度、反应时间、反应试剂用量对阳离子型半纤维素取代度的影响。结果发现通过改变反应条件可以制备出一系列白色粉末状的取代度为0.003―0.19的阳离子型半纤维素聚合物。采用傅立叶红外光谱(FT-IR)和13C核磁共振(13C-NMR)表征了改性半纤维素的结构，发现半纤维素在异相体系中的季铵化反应主要发生在半纤维素木聚糖单元C3位的羟基上。凝胶渗透色谱(GPC)和热分析结果表明改性后的半纤维素有一定程度的降解，并且热稳定性有所降低。(Carbohydrate Polymers, 2007, 67:347-357. New Technologies in Non-wood Fiber Pulping and Papermaking, 2006:20-24. 华南理工大学学报(自然科学版), 2007, 35:86-90.)
2. 提出了一种在碱性水溶液中制备水溶性好、取代度高的阳离子型半纤维素聚合物的方法。以蔗渣半纤维素为原料，以3-氯-2-羟丙基三甲基氯化铵(CHMAC)或2,3-环氧丙基三甲基氯化铵(ETA)为反应试剂，在碱性水溶液中通过季铵化反应合成出取代度为0.01―0.54的阳离子型半纤维素聚合物。发现采用两次加碱的方法比一次加碱的方法得到的改性半纤维素的取代度高。另外，在相同条件下，与CHMAC作季铵化试剂相比，发现使用ETA作为反应试剂合成的阳离子型半纤维素的取代度较高。凝胶渗透色谱分析结果显示：改性过程中半纤维素发生明显的降解，比未改性半纤维素的重均分子量降低了33.0%―46.8%。另外，热分析结果表明改性后半纤维素的热稳定性下降。(Polymer Degradation and Stability, 2006, 91:2579-2587. Journal of Applied Polymer Science, 2007, 105:3301-3308. )
3. 发现了一种能够减少半纤维素降解且能够提高半纤维反应活性的溶剂体系。以二甲基亚砜为均相反应介质，蔗渣半纤维素在催化剂碱的作用下与2,3-环氧丙基三甲基氯化铵反应制备出一系列水溶性的、取代度为0.06―0.24的阳离子型半纤维素聚合物。通过红外光谱和核磁共振表征了改性前后半纤维素的结构，发现蔗渣半纤维素在均相二甲基亚砜体系中季铵化反应主要发生在半纤维素木聚糖单元C2位的羟基上。另外，凝胶渗透色谱分析结果显示了改性后半纤维素的重均分子量有所降低，其降解程度较小，相比而言，比未改性的半纤维素的分子量降低了6.8%―12.9%。热分析结果表明改性后半纤维素的热稳定性降低。(Journal of Applied Polymer Science, 2008, 109:2711-2717. E-Polymers, 2007, 061:1-9.)
4. 提出了一种异相体系合成羧甲基半纤维素的方法。以蔗渣半纤维素为原料、氯乙酸钠为反应试剂、乙醇/水为反应介质，通过醚化反应制备出水溶性的羧甲基半纤维素聚合物。研究发现通过改变反应温度、反应时间、催化剂用量及反应试剂用量可以得到取代度为0.10―0.56的羧甲基半纤维素。通过碳谱分析发现半纤维素的羧甲基醚化反应主要发生在半纤维素大分子链木聚糖单元C3位的羟基上。与分离得到的蔗渣半纤维素相比，改性后半纤维素的重均分子量都有所降低，比未改性的半纤维素的分子量降低了25.7%―45.9%，这说明在羧甲基醚化反应中半纤维素发生了明显的降解。热分析结果发现改性后的半纤维素热稳定性增加，并且取代度高的羧甲基半纤维素的稳定性要比取代度低的羧甲基半纤维素高。(Polymer Degradation and Stability, 2008, 93:786-793. 现代化工, 2006,S1:68-71.)
5. 基于不同介质制备的阳离子型半纤维素以及羧甲基半纤维素，初步探讨了不同取代度的阳离子型半纤维素和羧甲基半纤维素对马尾松漂白硫酸盐浆(BKP)、旧瓦楞纸箱(OCC)废纸浆和马尾松热磨机械浆(TMP)抄造的纸张增强的影响。还考察了阳离子型半纤维素和羧甲基半纤维素在BKP和OCC废纸浆中对阴离子松香胶辅助施胶效果的影响。结构发现阳离子型半纤维素和羧甲基半纤维素对BKP、OCC和TMP抄造的纸张均有较好的增强作用，尤其对OCC和TMP纸张强度的影响尤为显著。另外，阳离子型半纤维素与羧甲基半纤维素具有协同作用，能够显著地提高纸页的物理强度。此外，还发现阳离子半纤维素对阴离子松香胶的辅助施胶效果显著，能够明显改善阴离子松香胶对纸页的施胶效果。(Carbohydrate Polymers, 2009, 75:338-342. Journal of Biobased Materials and Bioenergy, 2009, 3:62-68. Cellulose Chemistry and Technology, 2006, 40:281-289. Appita Journal (in press).)
6. 提出了一种超声波预处理和碱分级抽提相结合的分离蔗渣半纤维素的方法。探讨了不同碱处理方法对半纤维素制备物性质的影响。研究发现，脱木素和超生波预处理后的蔗渣在25oC下分别用15%和18%的KOH抽提2 h；用15%和18%的NaOH抽提2 h；用8%和10%KOH抽提15 h；用8%和10%NaOH抽提15 h，可分别得到89.6%、92.8%、94.9%和97.3%的原本半纤维素。通过13C-NMR证实了半纤维素制备物的结构主要是L-阿拉伯糖-(4-O-甲基-D-葡萄糖醛酸)-D-木聚糖。通过GPC检测了半纤维素制备物的分子量，发现强碱(15%和18%KOH，15%和18%NaOH)溶出的四种半纤维素具有较低的聚合度，重均分子量在21700―28700 g/mol之间；弱碱(8%和10%KOH，8%和10%NaOH)溶出的四种半纤维素制备物分枝度较高，呈酸性，重均分子量在23100―34500 g/mol之间。热分析结果发现强碱分离的半纤维素比弱碱分离的半纤维素的热稳定性要高。(Journal of Agricultural and Food Chemistry, 2009, 57:6305-6317. Journal of Agricultural and Food Chemistry, 2006, 54:5742-5748. E-Polymers, 2006, 067:1-12.)
7. 提出了一种以分子碘为新型催化剂，在绿色离子液体1-丁基-3-甲基氯化咪唑盐(BMIMCl)均相溶剂系统中，温和条件下，对麦草分离的半纤维素进行均相化学改性的方法。产物的产率及取代度分别为70.5%―90.8%和0.49―1.53。随着催化剂浓度从5%增加到15%，反应温度从85oC增加到100oC，反应时间从10 min增加至30 min，乙酸酐用量从10.0增加到20.0(乙酸酐与半纤维素木聚糖单元羟基的摩尔比)，产率和取代度随之增加。在研究半纤维素在离子液体中溶解机理时，发现功能化离子液体是半纤维素的直接溶剂，在溶解过程中没有发生半纤维素的衍生化反应。通过FT-IR和13C-NMR对乙酰化半纤维素的结构进行了表征。热分析结果表明改性的乙酰化产物热稳定性增加，这在生产环境友好的热塑性材料方面具有广泛的应用前景。(Carbohydrate Polymers, 2007, 70:406-414. Bioresource Technology, 2009, 100:3906-3913. Carbohydrate Polymers, 2009, 78:609-619.)
8. 提出了一种在微波辐射的作用下，以N,N-二甲基甲酰胺(DMF)/氯化锂(LiCl)为均相溶剂系统，麦草半纤维素与月桂酰氯发生酯化反应的方法。考察了反应条件对改性半纤维素取代度的影响，例如：月桂酰氯浓度(1:1―1:4，半纤维素大分子链上木聚糖与酰氯的摩尔比)、4-二甲氨基吡啶(DMAP)浓度(2―10%)、反应时间(1―8 min)、反应温度78oC、半纤维素大分子链上木聚糖单元与三乙胺的摩尔比(1:2)等。通过优化条件可以得到取代度为1.63的改性半纤维素，对应的反应条件为：木聚糖与酰氯的摩尔比是1:3，半纤维素大分子链上木聚糖与三乙胺的摩尔比是1:2，DMAP浓度控制在5%，反应温度为78oC，反应时间为5 min。通过红外光谱和和核磁共振表征了改性前后半纤维素的结构。发现在均相DMF/LiCl体系中酯化反应主要发生在半纤维素大分子链上木聚糖单元C3位的羟基上。热分析结果表明取代度低的改性半纤维素热稳定性比天然半纤维素低，然而，取代度高的改性半纤维素的热稳定性比天然半纤维素的热稳定性有所提高。热分析结果还显示与传统的加热方法相比，微波辐射可导致酯化反应中聚合物轻微降解。这种酯化的半纤维素可用于食品包装或可降解薄膜。(Journal of Agricultural and Food Chemistry, 2008, 56:1251-1258. Carbohydrate Research, 2008, 343:2956-2962. E-Polymers, 2008, 0108:1-11.)
9. 提出了一种通过一步合成手段制备带有两种不同官能团的新型半纤维素衍生物的方法。以氢氧化钠为催化剂，在不同介质中，麦草半纤维素与丙烯酰胺发生化学反应，生成白色粉末状、水溶性的带有乙基甲酰胺和羧基基团的新型半纤维素衍生物。通过优化条件如：丙烯酰胺用量、催化剂用量、反应温度、不同介质、反应时间等合成出取代度为0.58的新型半纤维素衍生物。发现随着丙烯酰胺用量的增加，产物的取代度也随之增大。通过FT-IR、NMR和元素分析仪检测了半纤维素衍生物的结构及其特性。热分析结果表明改性后的半纤维素热稳定性有所降低。(Journal of Agricultural and Food Chemistry, 2008, 56:11209-11216. Carbohydrate Research, 2008, 343:2776-2782. E-Polymers, 2009, 003:1-11. )
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Isolation, modification, and application of hemicelluloses from wheat straw and sugarcane bagasse
Ren Junli 
ABSTRACT
	There is a growing urgent trend to produce renewable products, chemicals and fuels, from agricultural residues, such as sugarcane bagasse, and cereal straws, to substitute ones produced from fossil resources, because of the decreasing reserves of fossil fuels. In many countries, particularly in the developed countries like U.S. and some countries in Europe, the agricultural, forestry, life sciences, and chemical communities have developed a strategic vision for using agricultural and forest residues. In particular, in our country, due to its limited natural resource, large population, and high speed of economy, the use of renewable materials is more important and cannot be ignored nowadays, and is also a significant strategy for adjusting and upgrading industrial structure in the new century. In order to use this high value utilization of agricultural residues such as sugarcane bagasse and wheat straw, in this study, the isolation and structural characterization of hemicelluloses from agricultural residues such as sugarcane bagasse and wheat straw were investigated in detail. Importantly, the etherification and esterfication of hemicelluloses such as quaternization, carboxymethylation, acetylation and lauroylation and so on were studied. In addition, the application of hemicellulosic derivatives as wet end additive in papermaking was preliminary studied, and the results are described as follows: 
1. Quaterniztion of hemicelluloses isolated from sugarcane bagasse with 3-chloro-2-hydroxypropyltrimethylammonium chloride (CHMAC) using alkaline as catalyst was achieved in ethanol as reaction system. The reaction parameters including the molar ratio of NaOH/CHMAC, the molar ratio of CHMAC to anhydroxylose units in hemicelluloses, the method of alkaline added, reaction time, and reaction temperature were optimized and the extent of quaternization was measured by yield and degree of substitution (DS). By varying the reaction conditions a series of cationic hemicelluloses presenting white power with DS values from 0.003 to 0.19 were obtained. The structure of the cationic hemicellulosic derivatives was characterized by GPC, FT-IR, and 13C-NMR spectroscopy as well as thermal analysis. It was found that the quaternization of hemicelluloses occurred mainly at C-3 position of xylose, and the thermal stability and weight-average molecular weight of the modified hemicelluloses decreased after chemical modification. (Carbohydrate Polymers, 2007, 67:347-357. New Technologies in Non-wood Fiber Pulping and Papermaking, 2006:20-24. Journal of South China University of Technology (Natural Science Edition), 2007, 35:86-90.) 

2. Cationic hemicellulosic derivatives with a relatively high degree of substitution (0.01–0.54) containing quaternary ammonium groups were prepared by etherification with 3-chloro-2-hydroxypropyltrimethylammonium chloride (CHMAC) or preferably with 2,3-epoxypropyltrimethylammonium chloride (ETA) using sodium hydroxide as a catalyst in aqueous solution. The DS values of the products could be controlled by adjusting the reaction condition. At the same conditions, the products with higher DS could be obtained by the way to add alkaline twice than once. Compared to CHMAC, the reaction preferred to use ETA as chemical reagents. The structure of the products was characterized by FT-IR and 13C-NMR. By the analysis of GPC, it was found that a significant degradation of the hemicellulose polymers occurred during etherification under the alkaline conditions used. The thermal stability of the etherified hemicelluloses was lower than that of the unmodified hemicellulose polymers. (Polymer Degradation and Stability, 2006, 91:2579-2587. Journal of Applied Polymer Science, 2007, 105:3301-3308. )

3. A series of water-soluble cationic hemicellulosic derivatives with DS from 0.06 to 0.24 were prepared by incorporating a cationic moiety 2, 3-epoxypropyltrimethylammonium chloride onto the backbone of hemicelluloses in the presence of NaOH as a catalyst in homogeneous dimethyl sulfoxide (DMSO) media. The characterization of the products was analyzed by FT-IR, solution-state 13C-NMR spectroscopy, and GPC as well as thermal analysis. 13C NMR spectra gave the evidence for etherification reaction and the quaternization of hemicelluloses occurred mainly at C-2 position of xylose. It was found that a light degradation of the hemicellulose polymers occurred during etherification, and the molecular weights (Mw) of modified hemicelluloses was lower than that of unmodified hemicelluloses, by 6.8%–12.9%. In comparison, no significant degradation of the hemicellulosic derivatives occurred during the etherification of the polymers in the homogeneous DMSO system. The thermal stability of the modified hemicelluloses decreased after chemical modification. Therefore, DMSO is an efficient solvent to enhance the reaction activity of hemicelluloses for quaternization, and avoid the degradation of hemicelluloses during quaternization as soon as possible. (Journal of Applied Polymer Science, 2008, 109:2711-2717. E-Polymers, 2007, 061:1-9.)
4. Hemicelluloses isolated from sugarcane bagasse were converted to carboxymethyl hemicelluloses (CMH) by carboxymethylation using sodium monochloroacetate and sodium hydroxide in ethanol/water medium. The reaction was performed under various temperatures, times of alkaline activation, the ways of the addition of alkali, and the amounts of sodium hydroxide and sodium monochloroacetate. The products with the degree of substitution (DS) from 0.1 to 0.56 were obtained by varying the reaction conditions. The structure of the resulting polymers was characterized with Fourier transform infrared (FT-IR) and 13C nuclear magnetic resonance (NMR) spectroscopy. Destructive methods such as thermal analysis and non-destructive techniques such as gel permeation chromatography (GPC) were used to characterize the carboxymethyl hemicellulose preparations. It was found that the molecular weights (Mw) of modified hemicelluloses was lower than that of unmodified hemicelluloses, by 25.7%–45.9%, which could be implied that a significant degradation of the polymers occurred during carboxymethylation. The thermal stability of carboxymethyl hemicelluloses was higher than that of the native hemicelluloses. (Polymer Degradation and Stability, 2008, 93:786-793. Modern Chemical Industry, 2006,S1:68-71.)

5. The influence of cationic hemicelluloses with different DS and carboxymethyl hemicelluloses with different DS as wet end additives on the physical properties of hand sheets of bleached kraft pulp (BKP) of masson pine, old corrugated cartons (OCC) pulp, and thermo-mechanical pulp (TMP) of masson pine was studied in detail. In addition, the effect of cationic hemicelluloses and carboxymethyl hemicelluloses on the assistant sizing of anionic rosin in BKP pulp of masson pine and OCC pulp was comparatively investigated. It was found that cationic hemicelluloses and carboxymethylated hemicelluloses obviously improved the physical property of sheets from BKP, OCC and TMP, especially for BKP and OCC. In addition, cationic hemicelluloses and carboxymethylated hemicelluloses had the good cooperation for the enhancement in the physical property of sheets. It also was found that cationic hemicelluloses could improve the sizing degree of hand sheets of BKP and OCC pulp under the sizing of anionic rosin. (Carbohydrate Polymers, 2009, 75:338-342. Journal of Biobased Materials and Bioenergy, 2009, 3:62-68. Cellulose Chemistry and Technology, 2006, 40:281-289. Appita Journal (in press).)
6. Hemicellulose-type polysaccharides were isolated from the delignified and ultrasonic irradiated sugarcane bagasse by a sequential two-step alkaline extraction. It was found that the successive extractions at 25oC with 15% and 18% KOH for 2 h, 15% and 18% NaOH for 2 h, 8% and 10% KOH for 15 h, and with 8% and 10% NaOH for 15 h resulted in a total dissolution of 89.6%, 92.8%, 94.9%, and 97.3% of the original hemicelluloses, respectively. The structural studies by 13C-NMR spectroscopy showed that L-arabino (4-O-methyl-D-glucurono) xylans were the major constituents of the hemicellulosic polymers. Furthermore, the current results also showed that the four alkali-soluble hemicellulosic fractions, isolated during the first step treatment with relatively lower concentrations of alkalis, were more branched and acidic, and had larger molecular weights (Mw, 23100–34500), but lower thermal stability than the other four alkali-soluble hemicellulosic preparations (Mw, 21700–28700), extracted during the second stage treatment with relatively higher concentrations of alkalis. (Journal of Agricultural and Food Chemistry, 2009, 57:6305-6317. Journal of Agricultural and Food Chemistry, 2006, 54:5742-5748. E-Polymers, 2006, 067:1-12.)
7. Homogeneous acetylation of sugarcane bagasse hemicelluloses with acetic anhydride using iodine as a novel catalyst in 1-butyl-3-methylimidzolium chloride ionic liquid (IL) under mild conditions was comparatively studied. The yield and the degree of substitution ranged from 70.5% and 0.49 to 90.8% and 1.53 as a function of experiment conditions. It was found that the yield and DS increased with iodine concentration between 5% and 15% (based on the dry hemicelluloses), reaction temperature from 85 to 100°C, and reaction time between 10 and 30 min, and the dosage of acetic anhydride from 10.0 to 20.0 (Molar ratio of acetic anhydride to hydroxyl functionality in hemicelluloses). In addition, the dissolution mechanism of hemicelluloses in ionic liquid was investigated. It was found that ionic liquid was only used as a solvent, and not acted with hemicelluloses by the FT-IR analysis of regenerate hemicelluloses. FT-IR and 13C-NMR spectroscopy were applied to characterize acetylated hemicelluloses in detail. The thermal stability of the modified hemicelluloses was higher than that of the unmodified hemicellulose polymers. Such polymers could be found promising for making environmentally friendly thermoplastics. It is the first time that we have demonstrated that ionic liquid could be used as an environmentally friendly solvent for the chemical modification of hemicelluloses. (Carbohydrate Polymers, 2007, 70:406-414. Bioresource Technology, 2009, 100:3906-3913. Carbohydrate Polymers, 2009, 78:609-619.)
8. Lauroylation of wheat straw hemicelluloses in the N,N-dimethylformamide/lithium chloride system under microwave irradiation was studied. The parameters optimized included lauroyl chloride concentration as the molar ratio of xylose unit in hemicelluloses/lauroyl chloride (1:1–1:4), 4-dimethylaminopyridine concentration (2–10%), reaction time (1–8 min), molar ratio of xylose unit in hemicelluloses/triethylamine (1:2), and reaction temperature (78 °C). The reaction efficiency was measured by the yield and degree of substitution (DS). Under an optimum reaction condition (molar ratio of xylose unit in hemicelluloses/lauroyl chloride 1:3, molar ratio of xylose unit in hemicelluloses/triethylamine 1:2, 5% 4-dimethylaminopyridine, 78 °C, 5 min), a DS of 1.63 was obtained. Changes in the structure of hemicelluloses were verified by FT-IR and 1H and 13C NMR spectroscopy. The results showed that the lauroylation occurred preferentially at the C-3 position of the xylose unit in hemicelluloses. The behaviour of the lauroylated hemicelluloses was monitored by means of thermogravimetric (TG) and differential thermogravimetric (DTG) analysis. It was found that the product with low DS had a lower thermal stability than the native hemicelluloses, whereas the lauroylated polymers with high DS showed a higher thermal stability than the unmodified hemicelluloses. (Journal of Agricultural and Food Chemistry, 2008, 56:1251-1258. Carbohydrate Research, 2008, 343:2956-2962. E-Polymers, 2008, 0108:1-11.)
9. Wheat straw hemicelluloses were converted to novel bifunctional hemicellulosic derivatives by one-step etherification using acrylamide as reactant and sodium hydroxide as catalyst. The degree of substitution can be monitored by altering the molar ratio of acrylamide to xylose unit in hemicelluloses in the range of 1.0–10.0 and the molar ratio of sodium hydroxide to xylose unit in hemicelluloses in the range of 0.5–1.6 without changing the structure of the hemicelluloses. Comparison of the reaction in different media is discussed in detail. The optimized product with a high DS value of 0.58 was obtained by varying the condition parameters. Novel hemicellulosic derivatives containing carbamoylethyl and carboxyethyl groups could be confirmed by FT-IR, 1H NMR, and 13C NMR spectroscopy. The behaviour of hemicellulosic derivatives was monitored by means of thermogravimetry (TG) and differential thermal analysis (TGA). It was found that the product with a high DS had a lower thermal stability than the native hemicelluloses. (Journal of Agricultural and Food Chemistry, 2008, 56:11209-11216. Carbohydrate Research, 2008, 343:2776-2782. E-Polymers, 2009, 003:1-11. )
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