
 

 

四川理工学院课程实施大纲 

 

 

 

课程名称：化工原理（下） 

授课班级：生物 2016（卓越） 

任课教师：杜怀明 

工作部门：化学工程学院 

联系方式：13541669678 

 

 

 

 

四川理工学院 制 

2017 年 1 月 



 

 

《化学原理（下册）》课程实施大纲 

 

基本信息 

 

 

 

课程代码： 

课程名称：化工原理（下） 

学    分：3.5 

总 学 时：56 

学    期：2018-2019-1 

上课时间：3-17 周 

上课地点：LA4-405 

答疑时间和方式：课前，课间和课后，考前集中 

答疑地点：上课教室，N2S-215 

授课班级：生物 2016（卓越） 

任课教师：杜怀明 

学    院：化学工程学院 

邮    箱：susedhm@163.com 

联系电话：13541669678 

 



1 

1  ......................................................................................................... 1 

2  ......................................................................................................... 2 

2.1  ............................................................................................... 2 

2.2  ................................................... 2 

2.3  ........................................................................... 2 

2.4  ........................................................................... 2 

2.5  ................................................................... 3 

2.6  ............................................... 3 

2.7  ............................................................................... 4 

3  ......................................................................................................... 5 

3.1  ................................................................................... 5 

3.2  ................................................................................................... 5 

3.3  ................................................................................... 5 

4  ......................................................................................................... 6 

5  ......................................................................................................... 7 

6  ......................................................................................................... 8 

6.1  ....................................................................................... 8 

6.2  ....................................................................................... 9 

6.3  ................................................................................................. 11 

7  ............................................................................................... 12 

7.1  ............................................................................................. 12 



2 

7.1.1  ........................................................................................ 12 

7.1.2  ........................................................................................ 12 

7.1.3  ........................................................ 12 

7.1.4  ........................................................................................ 12 

7.1.5  ........................................................................................ 13 

7.1.6  .................................................................... 13 

7.1.7  ............................................ 13 

7.1.8  ........................................................................................ 13 

7.2  ............................................................................................. 13 

7.2.1  ........................................................................................ 13 

7.2.2  ........................................................................................ 13 

7.2.3  ........................................................ 13 

7.2.4  ........................................................................................ 14 

7.2.5  ........................................................................................ 14 

7.2.6  .................................................................... 14 

7.2.7  ............................................ 14 

7.2.8  ........................................................................................ 14 

7.3  ............................................................................................. 14 

7.3.1  ........................................................................................ 14 

7.3.2  ........................................................................................ 15 

7.3.3  ........................................................ 15 

7.3.4  ........................................................................................ 15 



3 

7.3.5  ........................................................................................ 15 

7.3.6  .................................................................... 15 

7.3.7  ............................................ 15 

7.3.8  ........................................................................................ 16 

7.4  ............................................................................................. 16 

7.4.1  ........................................................................................ 16 

7.4.2  ........................................................................................ 16 

7.4.3  ........................................................ 16 

7.4.4  ........................................................................................ 16 

7.4.5  ........................................................................................ 17 

7.4.6  .................................................................... 17 

7.4.7  ............................................ 17 

7.4.8  ........................................................................................ 17 

7.5  ............................................................................................. 17 

7.5.1  ........................................................................................ 17 

7.5.2  ........................................................................................ 17 

7.5.3  ........................................................ 18 

7.5.4  ........................................................................................ 18 

7.5.5  ........................................................................................ 19 

7.5.6  .................................................................... 19 

7.5.7  ............................................ 19 

7.5.8  ........................................................................................ 19 



4 

7.6  ............................................................................................. 19 

7.6.1  ........................................................................................ 19 

7.6.2  ........................................................................................ 19 

7.6.3  ........................................................ 19 

7.6.4  ........................................................................................ 20 

7.6.5  ........................................................................................ 20 

7.6.6  .................................................................... 20 

7.6.7  ............................................ 20 

7.6.8  ........................................................................................ 20 

7.7  ............................................................................................. 21 

7.7.1  ........................................................................................ 21 

7.7.2  ........................................................................................ 21 

7.7.3  ........................................................ 21 

7.7.4  ........................................................................................ 21 

7.7.5  ........................................................................................ 22 

7.7.6  .................................................................... 22 

7.7.7  ............................................ 22 

7.7.8  ........................................................................................ 22 

7.8  ............................................................................................. 22 

7.8.1  ........................................................................................ 22 

7.8.2  ........................................................................................ 22 

7.8.3  ........................................................ 22 



5 

7.8.4  ........................................................................................ 23 

7.8.5  ........................................................................................ 23 

7.8.6  .................................................................... 23 

7.8.7  ............................................ 23 

7.8.8  ........................................................................................ 24 

7.9  ............................................................................................. 24 

7.9.1  ........................................................................................ 24 

7.9.2  ........................................................................................ 24 

7.9.3  ........................................................ 24 

7.9.4  ........................................................................................ 24 

7.9.5  ........................................................................................ 25 

7.9.6  .................................................................... 25 

7.9.7  ............................................ 25 

7.9.8  ........................................................................................ 25 

7.10  ........................................................................................... 25 

7.10.1  ...................................................................................... 25 

7.10.2  ...................................................................................... 25 

7.10.3  ...................................................... 25 

7.10.4  ...................................................................................... 26 

7.10.5  ...................................................................................... 26 

7.10.6  .................................................................. 26 

7.10.7  .......................................... 26 



6 

7.10.8  ...................................................................................... 26 

7.11  ....................................................................................... 26 

7.11.1  ...................................................................................... 26 

7.11.2  ...................................................................................... 27 

7.11.3  ...................................................... 27 

7.11.4  ...................................................................................... 27 

7.11.5  ...................................................................................... 28 

7.11.6  .................................................................. 28 

7.11.7  .......................................... 28 

7.11.8  ...................................................................................... 28 

7.12  ....................................................................................... 28 

7.12.1  ...................................................................................... 28 

7.12.2  ...................................................................................... 28 

7.12.3  ...................................................... 28 

7.12.4  ...................................................................................... 29 

7.12.5  ...................................................................................... 29 

7.12.6  .................................................................. 29 

7.12.7  .......................................... 29 

7.12.8  ...................................................................................... 30 

7.13  ....................................................................................... 30 

7.13.1  ...................................................................................... 30 

7.13.2  ...................................................................................... 30 



7 

7.13.3  ...................................................... 30 

7.13.4  ...................................................................................... 30 

7.13.5  ...................................................................................... 31 

7.13.6  .................................................................. 31 

7.13.7  .......................................... 31 

7.13.8  ...................................................................................... 31 

7.14  ....................................................................................... 31 

7.14.1  ...................................................................................... 31 

7.14.2  ...................................................................................... 31 

7.14.3  ...................................................... 32 

7.14.4  ...................................................................................... 32 

7.14.5  ...................................................................................... 33 

7.14.6  .................................................................. 33 

7.14.7  .......................................... 33 

7.14.8  ...................................................................................... 33 

7.15  ....................................................................................... 33 

7.15.1  ...................................................................................... 33 

7.15.2  ...................................................................................... 33 

7.15.3  ...................................................... 33 

7.15.4  ...................................................................................... 34 

7.15.5  ...................................................................................... 34 

7.15.6  .................................................................. 34 



8 

7.15.7  .......................................... 34 

7.15.8  ...................................................................................... 35 

7.16  ....................................................................................... 35 

7.16.1  ...................................................................................... 35 

7.16.2  ...................................................................................... 35 

7.16.3  ...................................................... 35 

7.16.4  ...................................................................................... 35 

7.16.5  ...................................................................................... 36 

7.16.6  .................................................................. 36 

7.16.7  .......................................... 36 

7.16.8  ...................................................................................... 36 

7.17  ....................................................................................... 36 

7.17.1  ...................................................................................... 36 

7.17.2  ...................................................................................... 36 

7.17.3  ...................................................... 36 

7.17.4  ...................................................................................... 37 

7.17.5  ...................................................................................... 37 

7.17.6  .................................................................. 37 

7.17.7  .......................................... 37 

7.17.8  ...................................................................................... 38 

7.18  ....................................................................................... 38 

7.18.1  ...................................................................................... 38 



9 

7.18.2  ...................................................................................... 38 

7.18.3  ...................................................... 38 

7.18.4  ...................................................................................... 38 

7.18.5  ...................................................................................... 39 

7.18.6  .................................................................. 39 

7.18.7  .......................................... 39 

7.18.8  ...................................................................................... 39 

7.19  ....................................................................................... 39 

7.19.1  ...................................................................................... 39 

7.19.2  ...................................................................................... 39 

7.19.3  ...................................................... 39 

7.19.4  ...................................................................................... 40 

7.19.5  ...................................................................................... 40 

7.19.6  .................................................................. 40 

7.19.7  .......................................... 40 

7.19.8  ...................................................................................... 40 

7.20  ....................................................................................... 41 

7.20.1  ...................................................................................... 41 

7.20.2  ...................................................................................... 41 

7.20.3  ...................................................... 41 

7.20.4  ...................................................................................... 41 

7.20.5  ...................................................................................... 41 



10 

7.20.6  .................................................................. 41 

7.20.7  .......................................... 42 

7.20.8  ...................................................................................... 42 

7.21  ................................................................................... 42 

7.21.1  ...................................................................................... 42 

7.21.2  ...................................................................................... 42 

7.21.3  ...................................................... 42 

7.21.4  ...................................................................................... 42 

7.21.5  ...................................................................................... 43 

7.21.6  .................................................................. 43 

7.21.7  .......................................... 43 

7.21.8  ...................................................................................... 43 

7.22  ................................................................................... 43 

7.22.1  ...................................................................................... 43 

7.22.2  ...................................................................................... 43 

7.22.3  ...................................................... 43 

7.22.4  ...................................................................................... 44 

7.22.5  ...................................................................................... 44 

7.22.6  .................................................................. 44 

7.22.7  .......................................... 44 

7.22.8  ...................................................................................... 44 

7.23  ................................................................................... 44 



11 

7.23.1  ...................................................................................... 44 

7.23.2  ...................................................................................... 45 

7.23.3  ...................................................... 45 

7.23.4  ...................................................................................... 45 

7.23.5  ...................................................................................... 45 

7.23.6  .................................................................. 45 

7.23.7  .......................................... 46 

7.23.8  ...................................................................................... 46 

7.24  ................................................................................... 46 

7.24.1  ...................................................................................... 46 

7.24.2  ...................................................................................... 46 

7.24.3  ...................................................... 46 

7.24.4  ...................................................................................... 46 

7.24.5  ...................................................................................... 47 

7.24.6  .................................................................. 47 

7.24.7  .......................................... 47 

7.24.8  ...................................................................................... 47 

7.25  ................................................................................... 47 

7.25.1  ...................................................................................... 47 

7.25.2  ...................................................................................... 47 

7.25.3  ...................................................... 47 

7.25.4  ...................................................................................... 48 



12 

7.25.5  ...................................................................................... 48 

7.25.6  .................................................................. 48 

7.25.7  .......................................... 48 

7.25.8  ...................................................................................... 48 

7.26  ................................................................................... 49 

7.26.1  ...................................................................................... 49 

7.26.2  ...................................................................................... 49 

7.26.3  ...................................................... 49 

7.26.4  ...................................................................................... 49 

7.26.5  ...................................................................................... 50 

7.26.6  .................................................................. 50 

7.26.7  .......................................... 50 

7.26.8  ...................................................................................... 50 

7.27  ................................................................................... 50 

7.27.1  ...................................................................................... 50 

7.27.2  ...................................................................................... 50 

7.27.3  ...................................................... 50 

7.27.4  ...................................................................................... 51 

7.27.5  ...................................................................................... 51 

7.27.6  .................................................................. 51 

7.27.7  .......................................... 51 

7.27.8  ...................................................................................... 51 



13 

7.28  ................................................................................... 52 

7.28.1  ...................................................................................... 52 

7.28.2  ...................................................................................... 52 

7.28.3  ...................................................... 52 

7.28.4  ...................................................................................... 52 

7.28.5  ...................................................................................... 53 

7.28.6  .................................................................. 53 

7.28.7  .......................................... 53 

7.28.8  ...................................................................................... 53 

7.29  ................................................................................... 53 

7.29.1  ...................................................................................... 53 

7.29.2  ...................................................................................... 53 

7.29.3  ...................................................... 53 

7.29.4  ...................................................................................... 54 

7.29.5  ...................................................................................... 54 

7.29.6  .................................................................. 54 

7.29.7  .......................................... 54 

7.29.8  ...................................................................................... 54 

7.30  ....................................................................................... 54 

7.30.1  ...................................................................................... 54 

7.30.2  ...................................................................................... 54 

7.30.3  ...................................................... 54 



14 

7.30.4  ...................................................................................... 55 

7.30.5  ...................................................................................... 55 

7.30.6  .................................................................. 55 

7.30.7  .......................................... 55 

7.30.8  ...................................................................................... 55 

8  ....................................................................................................... 56 

8.1  ......................................................................................... 56 

8.2  ......................................................................................... 56 

8.3  ......................................................................................... 56 

8.4  ......................................................................................... 56 

9  ....................................................................................................... 57 

9.1  ................................... 57 

9.2  ................................................................. 57 

9.3  ................................................................. 58 

10  ..................................................................................................... 59 

10.1  ........................................................................... 59 

10.2  ....................................................................... 59 

10.3  ................................................................................... 59 

11  ..................................................................................................... 60 

11.1  ............................................................................................... 60 

11.2  ............................................................................................... 60 

12  ..................................................................................................... 61 



15 

12.1  ....................................................................................... 61 

12.2  ....................................................................................... 61 

12.3  ............................................................................................... 61 

12.4  ....................................................................................... 61 

13  ..................................................................................................... 62 

13.1  ....................................................................... 62 

13.2  ....................................................... 62 

13.3  ................................... 62 

14  ..................................................................................................... 63 



1 

1  

 

 

 

 

(1) 

 

(2) 

 

(3) 



2 

2  

2.1  

(1) (2)

(3)  

2.2  

2.3  

1915 Little. A. D 1923 Walker. W. H Lewis. W. 

K Mcadams. W. H

 

2.4  

 

 



3 

 

2.5  

 

GDP

GDP

 

 

2.6  

 

 



4 

2.7  

 



5 

 

 

3．教师简介 

3.1 教师的职称、学历 

杜怀明，副教授，工学博士。 

3.2 教育背景 

起止时间 学校名称 专业 学位 证明人 

2005.09-2008.12 四川大学 化学工程 工学博士 朱家骅 

2002.09-2005.07 四川大学 化学工程 工学硕士 朱家骅 

1997.09-2001.07 四川轻化工学院 化学工程与

工艺 

工学学士 颜杰 

3.3 研究兴趣（方向） 

无机精细化工，化工过程模拟与优化，化工过程装备开发，钒电池。 
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