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摘要 

 I

摘要 

 

纳滤膜是一种具有特殊分离性能的低压驱动膜，对高价态离子以及

200~2000 分子量的有机分子具有很高的截留性能。相比于反渗透的除盐作用，

纳滤主要起着水质软化的作用，其在环境保护、废水处理、食品工业等领域有着

广泛的应用。纳滤膜的制备方法有相转化法、共混法、化学改性法、复合法，以

及目前应用最为广泛的界面聚合法。界面聚合法制备复合膜是利用两种反应活性

很高的单体在两个互不相溶的溶剂界面处发生聚合反应，从而在多孔支撑体上形

成一很薄的致密层而获得复合纳滤膜。 

近年来，随着膜分离技术受到越来越多的关注，界面聚合法制备复合纳滤膜

技术得到迅速的发展，各种反应单体和支撑膜的复合体系被成功地应用到纳滤膜

制备过程中。水相单体诸如二元胺或者三元胺因其价格低廉、容易获得的优点首

先得到较深入的研究，而对于高性能以及特殊性质的追求使得一些多功能度的单

体也应用到纳滤膜的制备中。带有高密度端胺基的树状大分子能够提供了较多的

反应官能团，近年来逐渐得到关注。其中最为常见的树状大分子 PAMAM 被成

功地作为引入膜制备领域，Kazama 等人采用原位改性方法引入 PAMAM，制备

了高效的气体分离膜，Li 等人则以 PAMAM 作为水相单体，采用界面聚合的方

法制备了液体分离膜。 

本论文采用界面聚合法，以 PAN 超滤膜和 PVDF 超滤膜作为支撑膜、

PAMAM(1G)和 PAMAM(2G)作为水相单体、均苯三甲酰氯作为油相单体，制备

了新型的复合纳滤膜—PAN/PAMAM 复合纳滤膜、PVDF/PAMAM 复合纳滤膜。

本文还研究了 PAN/PAMAM 复合纳滤膜、PVDF/PAMAM 复合纳滤膜对 Na2SO4、

MgSO4、MgCl2、NaCl、PEG600 的截留性能，并利用红外光谱仪、扫描电镜、

原子力显微镜、X 射线光电子能谱等科学分析仪器对复合纳滤膜表面形态及表面

分子结构进行表征。结果表明，界面聚合法在支撑层上成功复合了一层致密的复

合层；复合纳滤膜对 Na2SO4 和 PEG600 的截留率高于 90%，而对 NaCl 截留率

低于 50%，截留情况表现出典型的纳滤特征。 

实验中还对 PAN/PAMAM(1G)复合纳滤膜、PVDF/PAMAM(1G)复合纳滤膜

制备及操作过程的诸多影响因素进行考察，包括：PAMAM(1G)浓度、TMC 浓度、
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摘要 

 II

聚合反应时间、热处理温度、料液浓度、操作压力、料液 pH 值。结果表明，

PAN/PAMAM(1G)复合纳滤膜最佳制备条件为：PAMAM 浓度 3.0×10-3 mol L-1、

TMC 浓度 5.0×10-3 mol L-1、聚合反应时间 300s、热处理温度 20-80ºC、热处理时

间 15min；PVDF/PAMAM(1G)复合纳滤膜最佳制备条件为：PAMAM(1G)浓度

5.0×10-3 mol L-1、TMC 浓度 5.0×10-3 mol L-1、聚合反应时间 300s、热处理温度

80-120ºC、热处理时间 15min。此外，实验还对 PVDF/PAMAM(1G)复合纳滤膜

的物化稳定性进行考察，结果表明该复合膜结构稳定，压力耐受性优异，具有良

好的耐酸碱性、耐有机溶剂性、耐氯性、耐高温性、长期运行稳定性。 

关键词：PAN；PVDF；PAMAM；界面聚合；复合纳滤膜 
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Abstract 

 III

Abstract 

 

  Nanofiltration membrane is a kind of low-pressure-driven membrane with 

special properties, such as high retention of multi-valent ion salts and organic 

micro-molecular compound with molecular weight of 200-2000. Nanoflitration 

membrane separation technology is usually used for water softening and purifying, 

comparing with reverse osmosis (RO) process for desalination, and is widely applied 

in the industrial fields of environmental protection, wastewater treatment, food 

processing and so on. Nanoflitration membrane can be fabricated by means of various 

methods: phase-inversion process, blending method, chemical modified method, 

compositing method, including interfacial polymerization method which is the most 

widely used method to prepare nanofiltration membranes. The interfacial 

polymerization takes place at two-phases interface to form a nanometer-size polymer 

thin film on the surface of the supporting membrane, so as to obtain the thin-film 

composite (TFC) nanofiltration (NF) membrane. In the recent years, along with the 

developing attention paid to membrane technology, the interfacial polymerization (IP) 

technology for fabricating nanofiltration membrane makes a great progress. Various 

monomers-substrate systems are successfully applied to nanofiltration membrane 

preparation. Monomers in aqueous phase with bifunctional or tri-functionality are 

used widely owing to their easily available. Whereas monomers with 

polyfunctionality are applied to fabricate the TFC NF membrane for higher 

performance and special properties. Dendrimers, containing high-density terminal 

amine group which provides a large number of reactive sites, have received great 

attention. Polyamidoamine (PAMAM) acts as the most-studied dendrimer has been 

studied to be used for membrane modification. PAMAM dendrimer composite 

membranes were fabricated by in situ modification(IM) method by Kazama et al. to 

obtain high separation performance of CO2. Li et al. prepared the PEK-C NF 

membrane using PAMAM as monomer of the interfacial polymerization for purifying 

aqueous solution. 

In this work two novel TFC NF membranes, PAN/PAMAM composite 
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