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中  文  摘  要

	本论文以聚丙烯（PP）作为基体物质，以麦秸纤维作为增强材料，通过共混、造粒、模压成型等加工工艺制造麦秸纤维/PP复合材料，探讨了热磨、改性处理、工艺条件对麦秸纤维/PP复合材料界面特性、力学性能、热性能及热流变性的影响。

在麦秸纤维的制备过程中，采用中密度纤维板热磨系统分离麦秸纤维，蒸汽压力分别为0.4、0.6、0.8、1MPa，磨盘的转速分别为2500和3000rpm，磨盘间隙为0.1和0.05mm，对麦秸纤维的形态和化学性能进行测试，优化热磨条件。对麦秸纤维进行改性处理并试制麦秸纤维/PP复合材料。处理方法分别为：碱处理（处理剂为NaOH水溶液，其浓度分别为2、4、6、8、10%，温度为20°C、45°C），乙酰化处理（处理剂为乙酸酐，处理时间分别为0.5、1.0、1.5、2.0、3.0、4.0 h）及2%的马来酸酐接枝聚丙烯（MAPP）改性处理，然后将处理前后的麦秸纤维分别在170°C、190°C、210°C和230°C时等温1h。对改性处理前后麦秸纤维进行红外光谱分析、热重分析和表面形貌分析。此外，在密炼机（Thermo Haake Rheomix）将改性处理前后的麦秸纤维与PP进行共混，温度为170°C、转数为55 rpm，时间为7 min，制成麦秸纤维/PP复合材料，探讨改性处理对麦秸纤维/PP复合材料力学性能、热性能和热流变性能的影响。通过对处理前后的麦秸纤维特性及其麦秸纤维/PP复合材料的性能进行分析，优化处理方法和处理工艺。在麦秸纤维/PP复合材料的制造过程中，工艺条件为麦秸纤维的添加量（10、20、30、40、50%，质量比）、MAPP的添加量（1、2、5、10%，质量比）和麦秸纤维的尺寸形态（<9、9-28、28-35、>35目），在密炼机（Thermo Haake Rheomix）将麦秸纤维与PP进行共混，温度为170°C、转数为55 rpm，时间为7 min，制成麦秸纤维/PP复合材料，对不同工艺条件下试制的麦秸纤维/PP复合材料进行静态力学性能、动态力学性能、热性能、热流变性能的分析，并利用SEM观察麦秸纤维/PP复合材料的界面形貌。

本研究得到的结论归纳如下：

1. 在热磨过程中，随着蒸汽压力从0.4MPa提高至1MPa、盘磨转数从2500 rpm提高至3000rpm，细小纤维所占的比例由66.8%降至51.1%；在宽度方向上麦秸纤维的分离效果逐渐显著，直径从28.5µm降至23.5µm；长度为0.30-0.42mm，长宽比为11.2-17.7，弯曲指数为0.15-0.17，缠结指数为1.54-2.04，呈现不规律性。麦秸经热磨成纤维后，其pH值由7.19降低至4.4-4.8，呈明显的酸性，酸缓冲容量由42.38降低至12.37-15.24，而碱缓冲容量没有明显变化，为29.89-38.86。麦秸经热磨成纤维后，硅含量由5.04%降低至1.7-2.2%。TG研究表明，当麦秸纤维暴露在170°C以上的环境中时，纤维开始热解，温度升高至370°C时，纤维各组成成分及结构发生剧烈热解，尤其以纤维素热解为突出，在麦秸纤维/PP复合材料的共混过程中，加工温度控制在170°C。结合热磨时的动力消耗及纤维的形态、性能测试，麦秸纤维/PP复合材料的增强相将采用蒸汽压力为0.8MPa，磨片转数为2500 rpm时分离得到的麦秸纤维。

2. 碱化处理时，当碱温度由20°C升高至45°C时，重量损失率（WPL）由26.7%增加至34.6%，当NaOH溶液的浓度由2%增加至10%时，麦秸纤维的WPL由34.6%增加至45.0%。乙酰化处理时，随着处理时间从0.5 h增加至4 h时，麦秸纤维的WPG从5.3%增加至14.4%。SEM测试显示，碱化处理能够使得纤维表面产生细小孔洞，增加纤维表面与PP基体的可接触面积；乙酰化处理的麦秸纤维的断裂加剧；MAPP可以均匀的覆盖在麦秸纤维表面。ATR-IR分析表明，乙酰化处理通过酯化作用取代了麦秸纤维的部分羟基。预处理前后的麦秸纤维分别在170°C、190°C、210°C和230°C时等温1 h后的TG图谱表明，未经预处理的麦秸纤维的WPL为6.1%、8.8%、11.6%和19.7%，碱化处理的麦秸纤维的WPL为5.0%、5.6%、6.7%和9.9%，乙酰化处理的麦秸纤维的WPL为2.6%、4.7%、7.3%和15.4%，MAPP预处理的麦秸纤维的WPL为4.3%、6.0%、9.3%和16.5%。预处理有利于提高麦秸纤维的热稳定性。

3. 麦秸纤维/PP复合材料的ATR-IR图谱表明，当纤维经MAPP改性处理后，在1740 cm-1处出现吸收峰，表明麦秸纤维的羟基与MAPP的马来酸酐通过酯化反应形成酯键。拉伸性能测试表明，麦秸纤维经碱化处理后，其复合材料的拉伸强度、拉伸模量、拉伸断裂伸长率分别为23.85MPa、1353.12MPa、4.59%；经MAPP处理后，其复合材料的拉伸性能分别为30.85MPa、1345.77MPa、5.35%。纤维经两者共同改性处理后，拉伸性能进一步改善，其拉伸性能分别达到32.24MPa、1491.7MPa、4.95%。经乙酰化处理后，其复合材料的拉伸性能下降，分别为20.2MPa、1209.09MPa、3.89%。DMA测试结果表明，麦秸纤维的加入可以提高麦秸纤维/PP复合材料的储能弹性模量（E’），降低复合材料的损耗系数（tanδ）。麦秸纤维分别经碱化处理后，在25-150°C的范围内，其复合材料的E’为2.27-0.37GPa，tanδ为0.038-0.095；经MAPP处理后，其复合材料的E’为2.26-0.34GPa，tanδ为0.038-0.089；经乙酰化处理后，其复合材料的E’为2.25-0.37GPa，tanδ为0.041-0.104。DSC测试结果表明，麦秸纤维的加入使得麦秸纤维/PP复合材料的结晶温度提高至122°C。当麦秸纤维经碱化处理后，其复合材料的结晶温度提高至125.4°C；经MAPP处理作用后，结晶温度提高至123.2°C。碱化处理和酯化处理的协效作用，可以进一步提高基体在麦秸纤维表面结晶温度。经乙酰化处理后，结晶温度反而下降，为119.7°C。麦秸纤维/PP复合材料的热流变特性研究表明，麦秸纤维的加入明显地增加了麦秸纤维/PP复合材料的粘度，达到3.0×104Pa.s。随着温度由170°C升高至190°C，剪切速率由0.01-1增加至0.1s-1，麦秸纤维/PP复合材料的粘度降低。碱化处理的纤维与PP形成的交互作用最为强烈，复合材料的粘度最高，为7.2×104Pa.s。MAPP接枝处理后复合材料的粘度为3.1×104Pa.s，MAPP有利于降低复合材料的粘度，提高PP的流动性，有利于纤维在基体中的均匀分散。SEM研究表明，MAPP接枝处理改善了麦秸纤维与PP形成的界面的相容性，提高了两者形成的界面的结合强度。

4. 麦秸纤维的加入可以提高麦秸纤维/PP复合材料的拉伸性能。当麦秸纤维添加量从10%增加至30%，麦秸纤维/PP复合材料的拉伸模量从1215MPa逐渐增加至1986MPa，拉伸强度从29.96MPa逐渐增加至34.31MPa，拉伸断裂伸长率从6.36%逐渐降至3.38%。麦秸纤维的添加可以提高麦秸纤维/PP复合材料的弯曲模量。当麦秸纤维添加量从10%增加至40%时，麦秸纤维/PP复合材料的弯曲模量从1790MPa增加至3437MPa；当添加量达到50%时，麦秸纤维/PP复合材料的弯曲模量和拉伸性能均下降。当以麦秸纤维为增强材料添加到PP基体中时，麦秸纤维/PP复合材料的E’增加，并且随着麦秸纤维含量的增加逐渐增加；而tanδ有所降低，并且随着麦秸纤维含量的增加逐渐降低，具体表现为当麦秸纤维从10%增加至50%，复合材料的E’从2.08GPa增加至4.12GPa，tanδ从0.039降至0.03，结晶温度从120.9°C逐渐增加至126.1°C，但结晶度从46.9%递减至31%。此外，麦秸纤维的加入可以增加体系的粘度，在170°C、0.01s-1时，当麦秸纤维含量从10%增至30%，复合材料的粘度从7.4×103Pa.s增加至4.4×104Pa.s。SEM研究表明：随着麦秸纤维含量的增加，麦秸纤维在整个体系中团聚现象越来越明显，分布越来越不均匀，在麦秸纤维含量较高（大于30%）时，麦秸纤维从基体中拔出的现象越来越明显。

5. 随着MAPP添加量的增加，麦秸纤维/PP复合材料的拉伸强度逐渐增加。当MAPP添加量从1%增加至10%，麦秸纤维/PP复合材料的拉伸强度从30.85MPa增加至34.01MPa，但拉伸断裂伸长率有所升高，达到4.89%；MAPP的添加量对麦秸纤维/PP复合材料的弯曲模量影响不大，当MAPP的添加量为2%时，麦秸纤维/PP复合材料的弯曲模量达到最大，为2138MPa。利用MAPP为界面改性剂时，麦秸纤维/PP复合材料的结晶温度提高了约1°C，结晶度增加了4-8%，但MAPP的添加量对麦秸纤维/PP复合材料结晶过程影响不大。当MAPP添加至纤维与基体中后，由于本身具有较高的熔融指数，其流动性能很强，整个体系的流动性能加强，麦秸纤维/PP复合材料的粘度为2.2×104-3.1×104Pa.s。随着温度和频率的增加，麦秸纤维/PP复合材料的粘度降低。

6. 当麦秸纤维分别以9-28目、28-35目的形态添加至PP基体中时，增强效果较好，麦秸纤维/PP复合材料的拉伸性能较高，其拉伸模量、拉伸强度、拉伸断裂伸长率分别达到1439MPa、30.51MPa、4.28%和1451MPa、30.36MPa、4.61%。麦秸纤维的形态与麦秸纤维/PP复合材料的弯曲模量的变化不呈相关性。当麦秸纤维以小于9目的形态添加至PP基体中时，麦秸纤维/PP复合材料的弯曲模量达到最大，为2368MPa。麦秸纤维以28-35目的形态作为增加相，PP的结晶温度为122.7°C，同时结晶率也最高，为45.8%。当麦秸纤维形态较小时，麦秸纤维/PP复合材料的粘度增加，如麦秸纤维以大于28目的形态作为增加相，麦秸纤维/PP复合材料的粘度较大，达到2.9×104Pa.s以上。优化麦秸纤维添加量和纤维形态、MAPP的添加量可以改善麦秸纤维/PP复合材料的性能。
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Study on the PREPARATION AND PROPERTIES OF WHEAT STRAW FIBRE/POLYPROPYLENE COMPOSITES
Pan Mingzhu
ABSTRACT
	This study aims to evaluate potentials of wheat straw fibre used as reinforcement of wheat straw fibre/polypropylene composites, and to investigate the effects of modification, fibre addition, fibre size distribution and compatilizer addition on interfacial compatibility and mechanical properties of resultant composites. 

With thermomechanical refining, wheat straw fibres exhibit more surface irregularities and heterogeneity, especially in terms of fibre length and proportion of fines. Higher steam pressure helps soften the lignin and is thus advantageous for fibre separation. With increasing steam pressure, the ratio of fines decreases and the aspect ratio of the resulting fibre increases. Refining lowers the pH value in comparison to that of original wheat straw. The base buffering capacity of the fibre is not influenced by refining. The TGA results demonstrated that fibres and pellets are prone to weight loss on exposure to temperatures up to 170°C, and the exposure to higher temperatures results in decomposition of cellulose, hemicelluloses and lignin. It appears that 8 bar of steam pressure and a 2500 rpm refiner speed are the optimal conditions for producing high-performance fibres in terms of fibre length and aspect ratio. Such fibres are well suited as filler for polypropylene composites. Fibres produced at 10 bar of steam pressure and at 2500 rpm refiner speed would also be good for polymer matrix reinforcement because they would be exposed to saturated steam temperatures above 180°C. Under this condition an explosive pressure release occurs which leads to a qualitative change in crystalline cellulose.
The wheat straw fibre, thermomechanically refinging from 8 bar of steam pressure and a 2500 rpm refiner speed followed alkalization, acetylation and maleic anhydride polypropylene (MAPP) treatments at different temperatures. In all cases (and when the temperature is lower than 170°C from TGA), chemically pretreated wheat straw fibres exhibit more thermal stability than the control. Alkalization eliminates a number of hemicellulose, thus increases the cellulose content and makes the fibre surface rougher. Thanks to the higher crystallinity of cellulose, degradation of the wheat straw fibre is prolonged at higher temperatures. Acetylation has more effect on the thermal and chemical stability, contributing to the ester bond formation. The wheat straw fibres held for 1 h in air at 170°C, 190°C, 210°C and 230°C indicates that no obvious thermal decomposition exist in holocellulose and lignin, but the wheat straw fibres are prone to be extremely friable and char.

The composites made of polypropylene (PP) and wheat straw fibre treated by alkalization, acetylation and maleic anhydride polypropylene (MAPP) were prepared, and the tensile, dynamic flexural mechanical and thermal properties of the untreated and treated wheat straw fibre/PP composites were investigated by differential scanning calorimetry (DSC) and dynamic mechanical analysis (DMA). The composites made of the treated wheat straw fibre exhibited an increase in tensile modulus and strength, however, their tensile elongation at break decreased. With incorporation of 2wt% MAPP, the wheat straw fibre-PP composites showed the lowest storage flexural modulus (E’) (2.26-0.34 GPa) over the entire temperature range from 25-150°C, due to the creation of a thin and irregular polymer layer around the wheat straw fibre and thus increased ductility of the MAPP-treated composites. The PP composites containing 20wt% of alkalized and MAPP treated wheat straw fibre showed the highest E’ (2.34-0.38 GPa) due to higher stiffness of cellulose and better interfacial bonding strength. The DSC study revealed that the addition of the wheat straw fibre to PP matrix increased the melting temperature and crystallization temperature. The nucleating ability of PP could be improved by the addition of the wheat straw fibre into PP. The composites made of the alkalized and MAPP treated fibre have the highest crystallization temperature as a consequent of the co-effect of alkalization and esterfication. The melt flow studies of wheat straw fibre/PP composites were carried out at the temperature of 170°C, 180°C and 190°C and shear rate of 0.01 to 0.1 s-1. The melt rheological behavior of composites showed that the addition of wheat straw fibre to polymer matrix could increase the melt viscosity of composites, as a result of hindering the mobility of chain segments in flow. Among the three treatments, the composites filled with alkalized fibre showed the high melt viscosity due to the strong chemical interaction among polymer and fibre. The introduction of MAPP to the system increased the flow behavior of polymer, which decreased the melt viscosity. It was found that viscosity of the melt decreased with the increase the temperature. The observation on the fractured surface morphology of composites from SEM indicated that the composites treated with MAPP exhibited better bonding between fibre and matrix.
The wheat straw fibre/PP composites were subsequently prepared for investigating the effects of (a) wheat straw fibre size (9, 28, 35mesh); (b) wheat straw fibre addition (10, 20, 30, 40 and 50 wt%); and (c) the compatilizer addition (1, 2, 5 and 10 wt%) on the mechanical, dynamic mechanical and thermal properties and melt rheology of composites. With increasing wheat straw fibre addition in system, the tensile modulus and strength of the composites increased linearly with fibre additions up to 50%, and the tensile elongation at break decreased dramatically because of the reinforcement of wheat straw fibre. By increasing MAPP concentration, the composites showed better tensile strength, with the concentration of MAPP up to 10%, the composites had the best tensile strength. The fines had a slight higher elongation at break and tensile strength than the bigger one. By increasing the wheat straw fibre addition from 0 to 40%, the flexural modulus of composites gradually increased. The MAPP concentration and fibre size distribution had no obviously effect on the flexural modulus of composites. The thermal and mechanical properties of composites were studies by DSC and DMA. The E’ of the composites exhibited higher values with an increase of wheat straw fibre concentration. DSC indicated that the wheat straw fibre act as nucleating agent for PP, and an increase of fibre loading resulted in increasing the crystallization rate. MAPP slightly accelerated the nucleating of wheat straw fibre, although, by increasing MAPP concentration in system, no significant difference was found in crystallization temperature. The fines could increase the crystallization temperature. The introduction of wheat straw fibre to the system increased the viscosity and went on increasing with the fibre loading due to an increased hindrance to the flow. The viscosity of melt increased when the composites filled with fines, due to the increased interaction between the fines and polymer molecules. The observation on the fracture surface of composites morphology from SEM indicated that a higher concentration of wheat straw fibre (>30 wt%) resulted in fibre agglomeration, difficulty in dispersion, and a reduction in interfacial bonding strength, which led to an increase in fibre pull-out. It is suggested that the overall desirable mechanical properties of composites could be predicted and designed by appropriate usage of fibre and suitable coupling agents and size distribution of fibre.
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