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摘要

I

摘要

纤维素由于在自然界中含量丰富，并同时具有不可食用的特点，使得其在生

物质催化转化的领域具有十分重要的地位。根据纤维素自身的结构特点，将其转

化为小分子的葡萄糖后再进一步转化成为平台化学品，是最具原子经济效益的方

法之一。以纤维素水解制备葡萄糖为基础，将葡萄糖经过氧化制备葡萄糖二酸，

再将葡萄糖二酸经过氢解制备重要的化工原料己二酸，是一条十分具有经济效

益，十分环保的转化路径。

本篇论文研究了在纤维素水解为葡萄糖或醇解为葡萄糖苷的基础下，将前一

步产物进行选择性氧化得到相应的酸的氧化规律。研究发现，在使用负载型催化

剂 Pt/CNT 时，在 1 MPa 的氧气气氛中，在 60 oC 温度下，加入等摩尔比的碱

中和生成的酸，反应 4 h，葡萄糖二酸可以达到 81%的收率。对反应过程的研究

显示，葡萄糖在被氧化为葡萄糖酸后，所携带的 H+会催化葡萄糖和葡萄糖醛酸

这两种带醛基的底物发生反羟醛缩合而断裂 C-C 键。并且，在酸性环境中，目

标产物葡萄糖二酸并不能够稳定存在，易发生进一步的氧化和断键反应。在体系

中引入适当的碱中和反应生成的酸，维持体系 pH 在中性至碱性范围内，是得到

高收率产物的必要条件。其次，过高的反应温度亦会增加断键产物的生成，故本

反应需要在相对温和的条件下进行。

本文亦对α-甲基葡萄糖苷氧化制备葡萄糖二酸的路线进行了讨论。Pt/CNT

催化剂在 H2O2作为氧化剂，NaHCO3作为助剂，80 oC 下反应 3 h，即可以达到

80%的α-甲基葡萄糖苷酸收率。但进一步转化α-甲基葡萄糖苷酸时发现，其水解

产物葡萄糖醛酸不稳定，在酸水解体系中存在分解。

关键词：纤维素；选择性氧化；铂；碳纳米管；葡萄糖二酸
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Abstract

II

Abstract

Cellulose has a very important position in the field of catalytic biomass

conversion because of its rich content in nature and inedible. Because of the

structure, the transformation of cellulose to glucose is the first step. System

that is capable of catalyzing the conversion of glucose into other platform

chemicals is one of the most atom-economic pathways for converting cellulose.

We prepare glucaric acid by oxidation of glucose and then hydrogenolysis

glucaric acid to adipic acid, which is one of the most important chemical

materials. Here, we report this very cost-effective synthetic method.

We found that the Pt/CNT is effective for the conversion of glucose and

α-methyl glucoside. Under 1 MPa oxygen atmosphere,333 K, with appropriate

amount of base, the yield of glucaric acid can reach to 81% after 4 h reaction.

The studies on reaction pathways suggest that glucose is firstly oxidated to

gluconic acid, and the H+ from gluconic acid auto catalyse the aldehyde group

in glucose and glucuronic acid go to retro-aldol reaction.And in acidic

environment, the product of glucaric acid is unstable, which easily broke the

C-C bond and over oxidation. So we control the pH of reaction condition to get

the glucaric acid.The study of reaction conditions shows that high temperature

will also increase the by-product.

The oxidation of α-methyl glucoside is also investigated in this thesis. We

use Pt/CNT as catalyst and H2O2 as oxidant, add NaHCO3 to control the

reaction pH, after 3 h under 333 K reaction, the yield of α-methyl glucoside

acid can reach to 80%. But further transformation of α-methyl glucoside acid in

acid, we found glucuronic acid is unstable and quickly converted to

by-products in water.

Kaywords: cellulose; selective oxidation; platinum; carbon nanotubes;

glucaric acid
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