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Catalog Description and Requisites:

CHEN 200 - Chemical Process Principles 
Credits 4(3-2)

The course is an introduction to the analysis of chemical processes with an emphasis on mass and energy balances.  Stoichiometric relationships, ideal and real gas behavior are also covered. Topics also include an introduction to the first law of thermodynamics for open and closed systems and the solution of problems with comprehensive mass and energy balance calculations.  Prerequisties: CHEM 106, ENGL 101, GEEN 102, MATH 131; Corequisites: CHEM 107, MATH 132, PHYS 241.

Instructor:  Franklin G. King (e-mail; king@ncat.edu)
Room: 342 McNair Hall


Phone: 334-7564











Home Phone: see book

Teaching Assistants:
Chanda Sanders and Zaki Rizvi


Class Schedule:
MWF

2:00 - 2:50 PM
126 McNair

R

2:00 - 3:50 PM     
128 McNair

Office Hours:

See Office Door

Textbook:
R.M. Felder and R.W.  Rousseau, Elementary Principles of Chemical Engineering, John Wiley & Sons, Third Edition, 1999.

Interactive Chemical Process Principles (ICCP), ICCP-CD ROM (accompanies the textbook).

References:
1.
D.M. Himmelblau, Basic Principles and Calculations in Chemical Engineering, Prentice Hall, Sixth Edition (1996).

2.
Perrys Handbook (Chemical Engineers Handbook), McGraw-Hill Book Co., Seventh Edition (1997).

Course Learning Objectives:  

This course introduces students to the basic principles needed to begin the study of chemical engineering.  The course begins with systems of a review of units and unit conversion; The estimation and representation and correlation of process data follows.  Next, you will study the basic process variables and learn how to specify a process stream.  You will also learn about batch processes and continuous (flow) processes. You will also learn about various chemical process operations.  You learn to do mass balances on single-unit processes and multiple-unit processes. We will learn about the gas, liquid and solid phases.  You will next learn how to characterize the energy content of a process stream.  You will learn how to do energy balances on reactive and non-reactive processes. Finally, you will learn about multi-phase equilibria

.

Upon completion of the course, you will be able to:

1.
Convert a quantity expressed in one set of units into its equivalent in any  other dimensionally consistent units using conversion factor tables.  Identify the units commonly used to express both mass and weight in SI, cgs and American Engineering units (AES).

2.
Given two points on a straight-line plot of y versus x on various coordinate scales, derive the expression for y(x).  Given tabulated data for x and y, fit a straight line by visual inspection.

3.
Calculate density from specific gravity, moles or mass and volume, mole fractions from mass fractions, mass fractions from mole fractions or mass composition.

4.
Convert temperature and pressure among the common scales. Convert a manometer reading or head of a liquid into an equivalent pressure.

5. Given a description of a steady-state process, draw and label a flowchart, chose a basis of calculation, perform a degree-of-freedom analysis.

6. Write mass  balance equations and process the calculations (the processes include single-unit, multi-unit and may or may not include a reactor).

7. Solve problems with gaseous components by applying the ideal gas law or the compressibility factor equation of state for pure streams and Dalton’s Law or Kay’s rule for gas mixtures.

8. Given a description of a process system in which a volumetric flow rate is either specified or requested for any process stream, complete  the mass balance on the system.

9. Determine the vapor  pressure of liquids using the Antoine equation, Cox chart and estimation methods.

10. Given a process in which a specified mass m of a species goes from one state to another and tabulated values of U or H for the species at the initial and final states are available, calculate (U or (H.  Given values of  P and V at each state, calculate (H from the previously calculated (U or vice versa.  Carry out the corresponding calculations to determine (U and (H for a flowing stream.

11. Solve steady-state energy balance problems for non-reactive processes.

12. Determine heat of reaction using Hess’s law and standard heats of formation and  standard heats of combustion.

13. Solve steady-state energy balance problems  on reactive processes. 

14. Complete a team project on mass and energy balancing of a chemical process.

15. Work effectively in a group to complete  an assigned mass and energy balances project. 

16. Effectively communicate the results of an assigned mass and energy balances project in an oral presentation and a written technical report.

17. Apply the lever rule (and the inverse lever rule) the material balances on two-phase systems when phase diagrams are given (e.g. solid-liquid phase diagram, enthalpy-composition diagram).

18. Determine the flow rate and composition of the two streams leaving a process unit in equilibrium for the following cases:  vapor-liquid equilibrium, solid-liquid equilibrium and the saturation of a volatile component in a non-condensable gas.

19. Use the psychometric chart to obtain data to carry out material and energy balance calculations on a heating, cooling, humidification or dehumidification process involving air and water at 1 atm.

Relationship of CHEN 200 To Program Outcomes:

The following BSChE program outcomes, which must be demonstrated by our graduates, are partially met by this course.

1.
CHEN graduates will have the knowledge and skills needed to gain employment as a chemical engineer or to pursue advanced training.

2. CHEN graduates will have a working knowledge, including safety and environmental aspects, of material and energy balances.

3. CHEN graduates will be able to analyze data, and to test theories.

4. CHEN graduates will be proficient in the oral, written and graphical communication of their work and ideas.

5. CHEN graduates will have a working knowledge of chemistry, including advanced chemistry.

6. CHEN graduates will have the ability to work and learn effectively in groups of their peers.


7.
CHEN graduates will be prepared for and understand the need to continue learning through their careers.

Student Involvement:
Since this is your first rigorous chemical engineering course, you might find that the pace is intense. Normally, you must study 2 hours for each lecture hour.  You should be prepared to spend more time, if you have difficulty mastering the material.  The course emphasizes small group effort and team building on all workshops, homework and project assignments.

Class Attendance:
Regular and punctual class attendance is required for all students in chemical engineering.
An attendance sheet will be circulated at the beginning of each class period for you to sign. This sheet should be circulated quickly and given to the instructor. In addition, I will occasionally  call the roll. It is your responsibility to make sure you sign the attendance sheet.  It is the official record.  Tardiness (over 10 minutes) will be considered an absence.

Students are given a grading bonus for perfect, attentive attendance. There will be no excused absences for the bonus. You will also be penalized for excessive absences using the following table. Normal University approved excuses will be applied here.   

Absences




K
0-1





1.05

2-3 1.03

4-6





1.00

7-9





0.90

10-12





0.80

>12





0.69

Office Hours:
The instructor and TA will maintain a set of 10 office hours/week.  This is your time and you have priority, make use of it.  I also have an open-door policy, so you can see me whenever you need help with a short problem.  Please learn to visit me often.   I am here to help you learn CHEN 200. Also, please note that I will not be available MWF from 12:30 - 2:00 pm.

Course Grading:

Performance in this course will be evaluated using homework and project assignments, attendance, three tests and a final exam.  To determine the course average, grades will be weighted as follows:

Course Average
Letter Grade

Tests (3)


(45%)


90%-100%

A

Final



(25%)


80%-89%

B

Homework & Quizzes

(15%)


70%-79%

C

Project



(15%)


60%-69%

D

59% or less

F

The final exam is scheduled by the University and is comprehensive.

Homework:
This is a problem solving course.  Since solving homework is a critical part of the learning process,  regular assignments will be given throughout the semester.  Due dates will be given with each assignment.  Each homework assignment will contain a problem that is solved by individuals to demonstrate their mastery learning on the topics on the assignment. For the individual problem, you will be asked to make-up and solve  a comprehensive problem that demonstrates your learning. A single assignment will be submitted for each group. The group number and a list of contributors must appear on the assignment.  Each group will specify each members contribution to each assignment.  The instructor will assign individual grades based on participation, effort and correctness of the solutions. Some assignments will involve the development of a spreadsheet solution and the use of the software on ICCP.

Project:


Small groups of students will work as teams to complete an open-ended comprehensive mass and energy balance project. Each group will give an oral presentation and submit a written report. Each group will specify each members contribution to each assignment. The project report will be evaluated on the presentation, English, the technical merit of the report and individual contributions.

Exams:

The course has 3, hour-exams that will be given during the Thursday session. Most exam questions will be multiple choice. Problems will be graded based on the answer selected and on the method used to solve the problem. In general, a correct solution will be emphasized.

Course Policies and Responsibilities:

1.
No individual make-up exams will be given.  Absence from exams without a valid medical reason will result in a zero grade.

2.
Homework will be collected at the start of class period in which they are due.  Late homework will be accepted, if graded work has not been returned, but will be graded with a maximum grade of 50%.  A single homework assignment will be submitted for each group.  Homework solutions will be posted, but not copied.

3.
For Exam Grades, a 5% bonus will apply if each member of the group scores x or higher (generally 75), where x depends on the average GPA for your group.

4.
Any grievances you may have with the grading of tests/homework must be brought to my attention by the end of the class in which the graded exam/homework is handed back.

5.
Return of graded material - I will return materials within 2 class periods so you get timely feedback of your performance.

6.
I will do my best to help you meet the course standards, but you must actively participate.  You must attend class, do the homework and study as much as needed to keep pace.

7.
Perfect attendance bonus factor.  Your overall course grade will be increased by up to 5% if you are physically and mentally present for all classes.  There will be no excused absences for achieving this award.

Tentative Course Syllabus and Exam Schedule
A.
Topics: Introduction, units and dimensions, basis, graphics, processes, temperature, pressure, mass and volume, flow rate, chemical composition, general mass balance, problem analysis on SUPS and chemical reactions; stoichiometry limiting and excess reactants; conversion; chemical equilibrium; yield; selectivity; combustion.

Time Period/Text Reference:

8/21-9/22

[PP 7-104 and 116-124]

Exam I:

Thursday, September 20 or 27

B.
Topics: Mass balance on MUPS; tie-components; recycle, by-pass, purge, combustion processes.  Single phase systems; treatment of ideal and real gases. Forms of energy; first law of thermodynamics. Energy balances on closed systems and open system at steady state. Process path dependence.  Use of tables/charts/equations  for getting and estimating thermodnyamic data, especially enthalpy and heat capacity.

Time Period/Text Reference:

9/22-10/25

[PP 7-236 and 313-329]

Exam II:

Thursday, November 8

C.
Topics:  Mechanical energy balance; heats of formation and combustion; Heats of reaction from  Hess’s Law.  Energy balances on reactive systems;  fuels, combustion and flame temperature. Multi-phase systems;  phase equilibria and diagrams.  Saturation, miscibility. Humidity charts.  Heats of solution and mixing

Time Period/Text Reference:

10/27-11/29

[PP 329-475 and selected topics from Ch 6]

Exam III:

Thursday, December 6

D.
Topics: From A, B or C (some new material)

Makeup Exam:
Saturday, December 8

E.
Topics: Entire course

Final Exam:

Tuesday, December 11

10:30 AM – 12:30 PM
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