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Course Description in ABET Format  

 

CHEMICAL ENGINEERING DEPARTMENT 

CHEG 4104 CHEMICAL ENGINEERING LAB. III 
 

1. Course number and name: CHEG 4104 CHEMICAL ENGINEERING LAB. III 

 
2. Credits and contact hours: 1 credit hour; 3 contact hours 

 
3. Instructor’s or course  

coordinator’s name: 

 

Dr. Jorge F. Gabitto 

 
4. Text book: Title: NA 

 
                   Author: NA 

 
                   Publisher, Year & Edition: NA 

 
  a. Other Supplemental material Holman, J. P., Experimental Methods for Engineers, 4th Ed., or 

newer, McGraw-Hill, New York, 1986. 

5. Specific course information  
 a. Brief description of the content of 

the course (catalog description) 

CHEG 4104. (0-3) Credit 1 semester hours.  Continuation of 

CHEG 3011, but directed to sensors, reaction engineering and control 

systems. Study of reaction rates and equilibria in simple chemical 

systems. Emphasis is placed upon experimental data required for the 

scale-up to commercial scale equipment. 
 b. Prerequisites or  

     Co-requisites 

Senior standing.  

CHEG 4033.  

 
 c. *Indicate whether a required, 

elective, or selected elective (as per 

definition provided) course in the 

program 

 

Required 

6. Specific goals for the course Students will be able to : 
 a. Specific learning outcomes  1. Demonstrate ability to perform quantitative physical 

measurements and operate laboratory scale equipment. 

2. Design, plan, and operate experiments.   

3. Communicate proficiently in oral and written formats. 

 b. Explicitly indicate which of the 

student outcomes listed in Criterion 

3 or any other outcomes are 

addressed by the course. 

This course addresses: 

Outcome 3 

An ability to communicate effectively with a range of 

audiences.  

 

Outcome 5 

An ability to function effectively on a team whose members 
together provide leadership, create a collaborative and inclusive 

environment, establish goals, plan tasks, and meet objectives.  

 



Outcome 6 

An ability to develop and conduct appropriate experimentation, 

analyze, and interpret data, and use engineering judgment to 

draw conclusions.   

 

7 Brief list of topics to be covered 

 

Topic 1        Laboratory Safety and Loss Prevention (Video 

Presentation) 

Topic 2        Design of experiments (Lecture) 

Topic 3 

Topic 3     

Writing lab. reports (Lecture) 

Conversion in a Tank Reactor (Expt. No. 1) 

Topic 4        Conversion in a Plug Flow Reactor (Expt. No. 2) 

Topic 5       Simulating behavior of one and two tanks in 

series system (Expt. No. 3) 

Topic 6       Level Control by a PID Controller (Expt. No. 4) 

Topic 7     Design of Experiments (Assignment project) 
 

 

*Required courses are required of all students in the program, elective courses (often referred to as open or free electives) 

are optional for students, and selected elective courses are those for which students must take one or more courses from a 

specified group. 

  



 
II ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS 

 

 

Program Outcomes Assessed in this course  
 

Outcome 3 

An ability to communicate effectively with a range of audiences.  

 

Outcome 5 

An ability to function effectively on a team whose members together provide leadership, create a 

collaborative and inclusive environment, establish goals, plan tasks, and meet objectives.  
 

Outcome 6:  

An ability to develop and conduct appropriate experimentation, analyze and interpret data, and use 

engineering judgment to draw conclusions.    
   

Assessment Summary of Class Semester Outcomes Averages 
 

Outcomes   3 5 6 

Semester 
Semester Class 

Average (%) 

Semester Class 

Average (%) 

Semester Class 

Average (%) 

 

Spring 2022 

 

72.4 72.8 75.3 

 

Spring 2021 

 

69.5 65.9 65.9 

 

Spring 2020 

 

82.5 79.5 87.1 

Comments on 

Trend of Data 

(Improving or 

deteriorating) 

The class average has 

increased slightly over last 

semester. Several students 

did not fulfill minimum 

requirements (75%). This 

behavior may have been 

produced by the emergency 

that significantly changed 

the teaching procedures. 

More data points are needed 

to determine whether it is an 

anomaly or reflects a trend.   

The class average has 

increased over last semester. 

Several students did not 

fulfill minimum 

requirements. This behavior 

may have been produced by 

the emergency that 

significantly changed the 

teaching procedures. More 

data points are needed to 

determine whether it is an 

anomaly or reflects a trend.   

The class average has increased 

significantly over last semester. 

Most students fulfilled 

minimum requirements. This 

behavior may have been 

produced by the emergency that 

significantly changed the 

teaching procedures. More data 

points are needed to determine 

whether it reflects a trend.   

 
 

  

 

                Ideal Semester Class Average = 75%  (or as defined by the program) 
 



 

End of Semester Course Assessment Reports 

   Spring 2022 and Last Two Assessment Periods. 
 

Each summary contains the following information.  
  

1.  Performance Statistics 
• Total number of students in class 

• The class average performance (stated as %) in each course outcome assessed 

in this class and the two previous times course was assessed.  

• The acceptable class average for the class in each outcome area as set by your 

Department.  

• Percentage of students who scored below the expected average in each 

outcome. 
 

2.  Implementation Summary 
• Brief summary of plans implemented during the semester based on last 

assessment report 
 

3.  Perceived Problems 
• Instructor’s  critical evaluation of perceived problems that affected students’ 

performance. Realistic problems should be identified throughout the semester 

and summarized in this section of the report. 
 

4.  New Plans for Addressing Problems 
• Instructor’s plans for addressing the perceived problems the next time the 

class is taught. These should be specific enough for another instructor to 

implement. Most of these should be things that, you, the instructor can 

implement to help students to improve. Be creative. 
 

5.  Overall Trend over last three assessment periods 

• Instructors summary of overall performance trend for each outcome 

measured over the last three periods. 
 

5.  Were Expectations Met? 

• Answer YES if the class average was above the expected average and the 

stated percentage of students scored at or above the expected average, else 

answer NO. 



Table 2.1. END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT 

CHEG4104-P01 Chemical Engineering Laboratory III 

Spring 2022 SEMESTER 

  Report Prepared by: Dr. Jorge Gabitto 

  Report Date:  May 20, 2022 

Semester Analysis 

Type 

Number of 

Students 

Outcome 5 

Ability to design and conduct 

experiments. 

Outcome 6 

Ability to function on multi-

disciplinary teams. 

Outcome 3 

Oral & Written Communication 

Expected 

Average 

Class 

Average 

% Students 

Meeting 

Expected 

Average 

Expected 

Average 

Class 

Average 

% Students 

Meeting 

Expected 

Average 

Expected 

Average 

Class 

Average 

% Students 

Meeting 

Expected 

Average 

Spring 2022 Direct 12 75 72.8 41.2 75 75.3 75.3 75 72.4 41.2 

Spring 2021 Direct 15 75 69.5 33.3 75 65.9 0.0 75 65.9 33.3 

Spring 2020 Direct 20 75 80.0 85.0 75 75.0 70.0 75 82.1 100.0 

 

Implementation 

Summary 

 Practice sessions in laboratory 

describing procedures for data 

acquisition and analysis.  Design of 

experiments lecture. 

Evaluation of student participation in and 

out of the laboratory.     

Lab report format distributed to students 

and discussed.  A class on how to prepare 

reports/presentations added.  

 

Perceived 

Problems 

 Students perform well the data 

acquisition part of the experiment but 

fail in data analysis.  This issue leads 

to wrong conclusions.   

Uneven participation in conducting the 

laboratory experiments and preparing the 

corresponding Lab. Report.   

Students could not write logical 

conclusions and could not adequately 

comment on the results. 

 

 

Plans for 

Addressing 

Problems 

  

The following is recommended for 

implementation next course offering: 

 

1. Draft data analysis will be 

required during lab. class.  

2. Quizzes will be administered 

to stress the need for proper 

data analysis.   

3. Students will be encouraged 

to check their lab. Reports 

before turning them in. 

The instructor proposes: 

1.  Assign every group a group leader.  The 

leader is responsible for even student 

participation.  The leader evaluates student 

participation in every report/presentation.    

2.  The instructor evaluates student 

participation by direct observation plus 

given individual quizzes when 

appropriate.    

 

The instructor did: 

1. Samples of conclusions on research 

report can be given to students. 

 2.  Instructor discussed the reports with 

the students in class, and privately.   

 

3.  The students should be encouraged to 

discuss their reports/presentations with the 

instructor BEFORE turning them in.  . 

  

Overall Trend 

over Periods 

 The class average has decreased 

significantly over last semester.  More 

work is needed.  Extra data are needed 

to figure it out if it is due to the 

pandemic or a trend.    

The class average has decreased 

significantly over last semester.  More 

work is needed.  Extra data are needed to 

figure it out if it is due to the pandemic or 

a trend.    

The class average has decreased 

significantly over last semester.  More 

work is needed.  Extra data are needed to 

figure it out if it is due to the pandemic or 

a trend.    



 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 
Grades Sheet Showing Student and Class Performance in Outcomes 

 

 

 

 

 

 

 

 

 

 

 

 

 



Grade Sheet Showing Student and Class Performance in Course Outcomes 
 

  CHEG 4104-P01 

SPRING 2022 SEMESTER 

 

Outcome 5 Outcome 6 Outcome 3 

Ability to design and conduct 

experiments. 

Ability to function on multi-

disciplinary teams. 

Oral & Written 

Communication 

Reports 1 & 3 Report 2 & Final Pres Report 4 & Final Pres 

7.85 7.85 7.05 

7.05 7.95 7.7 

7.85 7.85 7.05 

7.05 7.95 7.7 

7.05 7.95 7.7 

7,85 7.85 7.05 

7,05 7.95 7.7 

6.65 6.45 6.95 

6.65 6.45 6.95 

7.85 7.85 7.05 

6.65 6.45 6.95 

7.85 7.85 7.05 

Av.= 7.283 Av.= 7.533 Av.= 7.242 

   

5 (41.2%) 8 (75%) 5 (41.2%) 

 

 

 Report I Report II Report III Report IV Pres 

Student 1 8.9 8.1 6.80 6.5 7.6 

Student 2 7.1 8.5 7.00 8 7.4 

Student 3 8.9 8.1 6.80 6.5 7.6 

Student 4 7.1 8.5 7.00 8 7.4 

Student 5 7.1 8.5 7.00 8 7.4 

Student 6 8.9 8.1 6.80 6.5 7.6 

Student 7 7.1 8.5 7.00 8 7.4 

Student 8 5.3 7.5 8.00 8.5 5.4 

Student 9 5.3 7.5 8.00 8.5 5.4 
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Student 10 8.9 8.1 6.80 6.5 7.6 

Student 11 5.3 7.5 8.00 8.5 5.4 

Student 12 8.9 8.1 6.80 6.5 7.6 
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 CHEMICAL ENGINEERING LAB. III 

SPRING 2022 

 

        

 

Title of Assignment:  Quiz 1 

 

TOPICS COVERED IN QUIZ 1 

 

  

1. Laboratory and Industrial Safety 
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CHEMICAL ENGINEERING LAB. III 

SPRING 2022 

 

 

 

 

 

SAMPLE QUIZ QUESTIONS and SOLUTION FOR QUIZ 1 
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Laboratory and Industrial Safety Quiz 

 
Question 1  

1 / 1 pts  

1). Write out what PPE and SDS stand for:  

   

Personal protective equipment and Safety data solutions 

   

Personal protective equipment and Security data sheets 

   

Personal protective equipment and Safety data sheets 

   

Protective personal equipment and Safety data sheets 

  

Question 2  

1 / 1 pts  

2). What does an SDS contain?  

   

Contains no information if a mixture 

   

Describes only product usage 

   

Contains safety and toxicological information 

   

Contains manufacturer’s label information only 

  

Question 3  

1 / 1 pts  

3) How long do you rinse off in a shower or eyewash station if you get a chemical spilled on 

you?  

   

10 minutes 

   

15 minutes 

   

25 minutes 

   

5 minutes 

  

Question 4  



14 
 

1 / 1 pts  

4) A graduate student was working with concentrated sulfuric acid. She splashed some of the 

acid onto her latex gloves and it quickly burned a hole through the gloves and caused a second-

degree burn. Why did the student suffer a second degree burn to her hand?  

   

The glove that she was wearing was the wrong type for that chemical 

   

She was not paying attention when she was using the chemical 

   

She was using the chemical in an unsafe way 

   

The area where the chemical splashed was not covered by the gloves 

  

Question 5  

1 / 1 pts  

5) Proper chemical storage includes all except:  

   

Storing flammables in a household refrigerator and/or freezer 

   

Dating the chemicals when they are received and opened 

   

Storing alphabetically within their hazard classes 

   

Keeping away from heat and sunlight 

  

Question 6  

1 / 1 pts  

6) What is the one thing you should not do with safety goggles? 

   

Wear them with glasses 

   

Clean them. It removes the protective coating. 

   

Try different sizes to obtain the correct fit. 

   

Remove the vent. 

  

Question 7  

1 / 1 pts  

7) Prescription glasses can replace the use of goggles 
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Yes 

   

Yes if nobody else is around 

   

No 

   

Depends 

 

Question 8  

1 / 1 pts  

8) It is fine to store glass and metallic objects together.  

   

Sometimes 

   

Yes 

   

No 

   

If the drawer is seldom opened. 

  

Question 9  

1 / 1 pts  

9) Flammable reagents should be stored  

   

In the flammable cabinet 

   

In the fume hood 

   

In a household refrigerator or freezer 

   

On the floor 

  

Question 10  

1 / 1 pts  

10) Good housekeeping in the laboratory environment (select all that apply) 

   

Includes keeping a neat and tidy bench space. 

   

Allows easy access to emergency equipment 
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Eliminates fire hazards 

   

Includes keeping empty boxes in the laboratory in the corner. 

Quiz Score: 10 out of 10  

 

 

 

CHEMICAL ENGINEERING LAB. III 

SPRING 2022 

 

Laboratory and Safety Quiz Grade Distribution 

 

The course was administered online; therefore, there are not copies of the 

individual assignments. The statistics for the course are: 

 

Above average (> 9/10) = 13 students. 

Average (> 8/10) = 2 students. 

Below average (< 8/10) = 0 students. 

 

Note: Students with grades below 8/10 had to retake the quiz.  
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CHEMICAL ENGINEERING LAB. III 

SPRING 2022 

 

        

 

Title of Assignment:  Quiz 2 

 

TOPICS COVERED IN QUIZ 2 

 

  

1. Design of Experiments 
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CHEMICAL ENGINEERING LAB. III 

SPRING 2022 

 

 

 

 

 

SAMPLE QUIZ QUESTIONS and SOLUTION FOR QUIZ 2 
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Design of Experiments Quiz 

 

 
Question 1  

1 / 1 pts  

1. List two requirements to select an acceptable experiment.  

   

Suitable subject and acceptable cost 

   

Suitable subject and no matter the cost 

   

Any subject matter and acceptable cost 

   

Suitable subject and no matter safety conditions 

  

Question 2  

1 / 1 pts  

2. How far you should go on your theoretical search? 

   

Far enough. 

   

It does not matter. 

   

As far as possible. 

   

Copy and paste everything you can. 

  

Question 3  

1 / 1 pts  

3. If you have a problem with one dependent variable and two independent ones, how many 

experimental variables you should try to measure? 

   

2 

   

As many as you can. 

   

1 

   

It is not clear. 
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Question 4  

1 / 1 pts  

4. If you have a problem with one dependent variable and two independent ones , the range of 

the independent variables will determine what kind of domain? 

   

Rectangle 

   

Cube 

   

Straight line 

   

Triangle 

  

Question 5  

1 / 1 pts  

5. If you have a problem with one dependent variable and two independent ones, show how the 

errors in the independent variables will impact the dependent one. 

   

dy = dy/dx1 dx1 + dy/dx2 dx2 

   

dy = A1 dx1 + A2 dx2 

   

dy = A1 dx1 + A2 (dx1)^2 

   

dy = dy/dx1 dx1 

  

Question 6  

1 / 1 pts  

6. If you propose to measure a physical property list the two steps to generate credible 

experimental data. 

   

Pick real value. Add and subtract experimental error 

   

Pick any value. Add and subtract experimental error 

   

Pick real value. Add experimental error 

   

Pick real value. Subtract experimental error 

  

Question 7  

1 / 1 pts  
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7. If you are verifying a physical principle list the two steps to generate credible experimental 

data. 

   

Pick the equation representing the principle. Add and subtract experimental errors. 

   

Pick the equation representing the principle. Report several values. 

   

Pick the equation representing the principle. Add experimental errors. 

   

Make-up some values. Add and subtract experimental errors. 

  

Question 8  

1 / 1 pts  

8. Which are the two kinds of experimental errors. 

   

Random and deterministic. 

   

Random and made-up. 

   

There are not two kinds. 

   

Calculated and measured. 

  

Question 9  

1 / 1 pts  

9. Should you consider more than one alternative to achieve your proposed goal? 

   

Yes 

   

No 

   

Maybe 

   

As many as you can 

  

Question 10  

1 / 1 pts  

10. Should you consider cost? 

   

Yes 
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No 

   

Maybe 

   

I do not know. 

Quiz Score: 10 out of 10  
 

 

 

CHEMICAL ENGINEERING LAB. III 

SPRING 2022 

 

Design of Experiments Quiz Grade Distribution 

 

The course was administered online; therefore, there are not copies of the 

individual assignments. The statistics for the course are: 

 

Above average (> 9/10) = 13 students. 

Average (> 8/10) = 1 students. 

Below average (< 8/10) = 1 students. 
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Title of Assignment:  Quiz 3 

 

TOPICS COVERED IN QUIZ 3 

 

  

1. Writing Reports 
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CHEMICAL ENGINEERING LAB. III 

SPRING 2022 

 

 

 

 

 

SAMPLE QUIZ QUESTIONS and SOLUTION FOR QUIZ 3 
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Writing Reports Quiz 

 
  

Question 1  

1 / 1 pts  

Figure captions and Table captions are placed: 
Correct!  

   

Below the Figure and above the Table 

   

Above the Figure and Table 

   

Below the Figure and Table 

   

Above the Figure and Below the Table 

  

Question 2  

1 / 1 pts  

Figure captions and Table captions are labeled: 
Correct!  

   

Sequentially and in ascending order 

   

If required, in any order 

   

If desired, in any order 

  

Question 3  

1 / 1 pts  

Choose all the appropriate responses. 

Theory section: 
Correct!  

   

Contains equations that are used to treat raw data 

   

Contains inferences about the experiment 

Correct!  

   

Contains citations 

Correct!  
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Must refer to pertinent background information for the experiment being reported 

  

Question 4  

0 / 1 pts  

Abstract and Conclusions sections are similar except that: 

   

Abstract contains a high-level summary of the experiment objective 

Correct Answer  

   

Conclusions contain forward-looking statements 

You Answered  

   

Conclusions contain a high-level summary of the results 

   

Abstract contains forward-looking statements 

  

Question 5  

1 / 1 pts  

Data acquired using data acquisition software are typically: 
Correct!  

   

Timed data 

   

Current vs. voltage 

   

Response vs. rate 

   

Dependent on length 

  

Question 6  

1 / 1 pts  

It is better to represent raw data (dependent variable vs. independent variable) as a: 

   

Table 

Correct!  

   

Graph 

  

Question 7  

1 / 1 pts  
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Apart from the data points, a graph must contain the following elements: 

   

Figure caption, axes labels with units and appropriate scale only 

   

Axes labels, legend or key and appropriate scale only 

Correct!  

   

Figure caption, axes labels with units, legend or key, appropriate scale 

   

Axes labels with units and legend or key only 

  

Question 8  

1 / 1 pts  

Which chart type should you use in Excel for plotting series data (dependent 

variable vs. independent variable) 

   

Bubble 

   

Bar 

   

Line 

Correct!  

   

Scatter 

  

Question 9  

1 / 1 pts  

The purpose of the Discussion in the Results & Discussion section is to: 

   

Discuss what’s wrong with the results 

Correct!  

   

Explain, analyze and interpret the results 

   

Show the results 

   

Explain and analyze the results 

  

Question 10  

1 / 1 pts  
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The Discussion in the Results & Discussion section must be linked to: 

   

Procedure 

Correct!  

   

Theory 

   

Conclusions 

   

Abstract 

Quiz Score: 9 out of 10  

 

 
 

 

CHEMICAL ENGINEERING LAB. III 

SPRING 2022 

 

Writing Laboratory Reports Quiz Grade Distribution 

 

The course was administered online; therefore, there are not copies of the 

individual assignments. The statistics for the course are: 

 

Above average (> 8/10) = 7 students. 

Average (< 8/10 and >7/10) = 4 students. 

Below average (< 7/10) =4 students. 
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CHEMICAL ENGINEERING LAB. III 

SPRING 2022 

 

        

Title of Assignment:  REPORT 1 

 

TOPICS COVERED IN REPORT 1 

 

 Report 2 covered the following topic: 

 
1. Kinetic determinations in a tank reactor (Expt. No. 1) 

 

Objective:  

 

Determination of the conversion of a chemical reaction in a batch reactor. A 

saponification reaction carried out with excess ethyl acetate is studied. Final 

concentration of the limiting reactant (NaOH) is determined by titration. 
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CHEMICAL ENGINEERING LAB. III 

SPRING 2022 

 

        

 

RUBRIC AND GRADING SCHEME FOR LAB. REPORTS 

 

 
Laboratory Grading Sheet 

Reports 

 

Technical Content Maximum Grade   

 

2. Abstract/Objective 5points  

3. Theory 5 points 

4. Results 5 points 

5. Conclusions 5 points 

 

Writing Content 

 

6. Organization 5points 

7. Language 5points 

8. Write-up 5 points 

9. Appearance  5points 

 

Every report will be graded according to the items described in this grade sheet.   

 

Technical Content Maximum Grade 

Abstract/Objective 5  

Theory 5  

Results 5  

Conclusions 5  

Total = 20  

   

Writing Content   

Organization 5  

Language 5  

Professional content 5  

Appearance 5  

Total = 20  
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ABOVE AVERAGE  
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Abstract 

A continuous-stirred tank reactor is a common model for the estimation of key unit operation variables with 

specified output. For this experiment, the Armfield CEP-MkII stirred tank reactors model was used to observe 

the second-order reaction of 0.1M EtOAc and 0.1M NaOH. The aims of the experiment were to investigate and 

determine the conversion of a second order reaction in a tank reactor as well as to determine the reaction rate of 

the reaction. The parameters considered for analysis were conductivity, concentration of NaOH, and residence 

time. The steady state conversion was obtained as 0.62 at 25°C with the residence time of 264 seconds. The 

constant rate of reaction was calculated as 0.162L/mol.s. The results were helpful in determining the condition of 

operating variables to achieve a desirable conversion of the saponification reaction in CSTRs on an industrial 

scale. 

Theory 

Reactor is an important equipment in every chemical process. Continuous stirred tank reactors (CSTRs) have 

proven to be more energy efficient than batch reactors. Since the reaction is continuous, there is no need to go 

through an empty-fill and heat up cycles. Despite being under further investigations for various processes, these 

reactor vessels serve as great importance to the chemical industry. A CSTR consists of a tank and an impeller to 

provide efficient mixing. 

 

Figure 1: Schematic Diagram of CSTR 

CSTR can be connected in series or in parallel. In this experiment, CEP-MkII Stirred Tank Reactors in Series is 

used to analyze the steady-state fractional conversion of a limiting reactant in saponification reaction, shown in 

Figure 2. 
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Figure 2: CEP-MkII Stirred Tank Reactors in Series 

The reactants used in the experiment are sodium hydroxide and ethyl acetate. The reaction is called 

saponification reaction which its products are used in different fields, such as petroleum, cosmetics, and textile 

industry. 

The reaction is shown below. 

NaOH + CH3COOC2H5      →  CH3COONa  +  C2H5OH 

Sodium Hydroxide (A) + Ethyl Acetate (B) → Sodium Acetate (C) + Ethyl Alcohol (D) 

Sodium hydroxide (NaOH) and ethyl acetate (EtOAc) are fed in equimolar. Each reactant has a concentration of 

0.1M. The fraction conversion of limiting reactant is expressed by the change in flow rate of NaOH (component 

A). 

𝑋𝐴(𝑡) =
𝐴 𝑓𝑒𝑑 𝑡𝑜 𝑟𝑒𝑎𝑐𝑡𝑜𝑟 − 𝐴 𝑙𝑒𝑎𝑣𝑖𝑛𝑔 𝑟𝑒𝑎𝑐𝑡𝑜𝑟

𝐴 𝑓𝑒𝑑 𝑡𝑜 𝑟𝑒𝑎𝑐𝑡𝑜𝑟
=

𝐶𝐴,𝑖 − 𝐶𝐴(𝑡)

𝐶𝐴,𝑖

 

The saponification reaction occurs in a partially electrolytic solutions, the conversion can be obtained by 

monitoring the changes in conductivity (κ) of the reacting mixture in steady-state condition, including ionic 

species Na+, OH-, and CH3COO-. The reaction is expressed in ion form: 

Na+ + OH- + CH3COOC2H5 → Na+ + CH3COO- + C2H5OH 

Since the conductivity κ(t) is linearly dependent on the concentration of these three ions, it can be expressed as 

the sum of ions’ concentrations (𝐶𝑁𝑎+ , 𝐶𝑂𝐻− , 𝐶𝐶𝑂𝑂−) with their molar conductivities (⋀𝑁𝑎+ , ⋀𝑂𝐻− , ⋀𝐶𝑂𝑂−) which 

COO- represents acetate ion. 

 κ(t) = 𝐶𝑁𝑎+(𝑡). ⋀𝑁𝑎+  + 𝐶𝑂𝐻−(𝑡). ⋀𝑂𝐻− + 𝐶𝐶𝑂𝑂−(𝑡). ⋀𝐶𝑂𝑂−  (1) 

The concentration of each ion can be expressed in terms of initial concentration of OH- (𝐶𝑂𝐻−
𝑜 ), initial volume of 
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the reactant (𝑉̇𝑜), and conversion (𝑋), equation (1) is equivalent to: 

 κ(t) =
𝑉̇𝑜𝐶𝑂𝐻−

𝑜

2𝑉̇𝑜 . ⋀𝑁𝑎+  +
𝑉̇𝑜𝐶𝑂𝐻−

𝑜 (1−𝑋)

2𝑉̇𝑜 (𝑡). ⋀𝑂𝐻− +
𝑉̇𝑜𝐶𝑂𝐻−

𝑜 𝑋

2𝑉̇𝑜 (𝑡). ⋀𝐶𝑂𝑂− (2) 

The relationship between conductivity κ(t) and conversion (𝑋) is then expressed in equation (3): 

 𝑋 =
2κ(t)−𝐶𝑂𝐻−

𝑜 (⋀
𝑁𝑎++ ⋀𝑂𝐻−)

𝐶𝑂𝐻−
𝑜 (⋀𝐶𝑂𝑂− −⋀𝑂𝐻−)

 (3) 

where ⋀𝑁𝑎+ is 50.1 S.cm2/mol, ⋀𝑂𝐻− is 198.6 S.cm2/mol, and ⋀𝐶𝑂𝑂−is 40.9 S.cm2/mol [2]. 

To determine the steady state conversion of the reactor, we look at the conductivity curve in the software. A 

“flattening” of the curve indicates the steady-state conversion of the reactor. 

Additionally, we analyzed the mean residence time (τ) which is the average time that a reactant or product will 

spend in the reactor. 

 𝜏 =
𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑎𝑐𝑡𝑜𝑟 𝑣𝑜𝑙𝑢𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒𝑡𝑟𝑖𝑐 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒
=

𝑉𝑅

𝑉̇𝑜 (4) 

Rate of saponification reaction (rA) can then be determined by 

𝑟𝐴 = 𝑘𝐴𝐶𝐴𝐶𝐵 

where A is NaOH, and B is EtOAc; kA is the rate constant with respect to A and C is the concentration. Since 

NaOH and EtOAc are fed in equimolar, the rate of equation can be expressed in terms of initial concentration of 

NaOH as: 

 −𝑟𝐴 = 𝑘𝐴𝐶𝐴𝑜
2(1 − 𝑋)2 (5) 

Assuming the reaction is elementary, the component mass balance equation is: 

𝐹𝐴𝑜 − 𝐹𝐴 + 𝑉𝑅(𝑟𝐴) = 0 

Since the volumetric flow rate is constant (𝑉̇ = 𝑉̇𝑜), 𝐶𝐴 = 𝐹𝐴/𝑉̇𝑜, and 𝐶𝐴 = 𝐶𝐴𝑜(1 − 𝑋), the mass balance 

equation can be written in combining with equation (5) as: 

 𝑉̇𝑜𝐶𝐴𝑜 − 𝑉̇𝑜𝐶𝐴𝑜(1 − 𝑋) + 𝑉𝑅𝑘𝐴𝐶𝐴𝑜
2

(1 − 𝑋)2 = 0 (6) 

The reaction rate constant as a function of fractional conversion and the residence time can be written in 

combining equation (6) with equation (4) as: 

 𝜏 =
𝑉𝑅

𝑉̇𝑜 =
𝑋

𝑘𝐴𝐶𝐴𝑜(1−𝑋)2 (7) 
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Procedures 

As the equipment was already set up, the experiment proceeded in the following steps: 

1. Start the Armfield software for CSTR in series 

2. Collect conductivity data until all 3 reactors in steady state conditions (“flat” conductivity curve) in 

approximately 25 minutes 

3. Make sure the pump speed controls to give 80mL/min flowrate and the agitator speed controller to 84% 

max capacity  

4. Switch on both feed pumps and agitator motor and click “Go” on the screen to record the data. The data 

were obtained in a 10-second interval. 

Results and Discussion 

Feed flow rate of 80 mL/min 0.1M NaOH and 80 mL/min 0.1M EtOAc were used in the experiment. The 

reaction was carried out at a constant temperature of 25°C and stirrer speed at 54% (6.43 rpm). Ten (10) minutes 

after the start of the experiment, the steady state conditions were reached. Figure 3 shows the conductivity of 

CSTRs as time elapses. The conductivity of the reaction mixture decreases as reaction takes place in all three 

tanks. It is because as the reaction proceeds, the concentration of NaOH reduces resulting in a drop in 

conductivity values. 

 

Figure 3: Conductivity of 3 CSTRs over Time 

Figure 4 shows the trend of conversion of NaOH in Tank 1 over time as it approaches steady state (starting from 

140s). It is determined that the conversion of NaOH at steady state is 0.62. According to Figure 4, it takes 230s 

(almost 6 minutes) for the CSTR to get 75% of its steady-state conversion.   

0

1

2

3

4

5

6

7

8

9

10

0 200 400 600 800 1000 1200 1400

C
o

n
d

u
ct

iv
it

y
 (

m
S

)

Time (s)

Conductivity vs Time

Tank 1 Tank 2 Tank 3



38 
 

 

Figure 4: Conversion of NaOH in Tank 1 over Time 

Figure 5 shows the dynamically change of the concentration of NaOH CA(t) as the 1st CSTR approaches a steady 

state. The concentration reaches a peak of 0.059M (at t = 130s) and gradually decreases to a steady state value of 

0.038M in 540s (9 minutes). 

 
Figure 5: Concentration of NaOH vs Time approaching Steady State Condition 

From Figure 3, 4 and 5, it clearly shows that as the reaction proceeds, the conductivity of the solution decreases, 

the concentration of NaOH decreases, and the conversion of NaOH increases. The three variables, however, will 

eventually achieve their own steady state value. Those values are important in any chemical processes as it 

determines the efficiency of the process and desired rate of production. 

The mean residence time of the first tank was then calculated using equation (4) to be 4.4 minutes (264 seconds) 

in which the reactor volume was 0.7L and the total flow rate was 0.16L/min. The reaction rate constant kA at 
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steady state was found to be 0.162 L/mol.s using equation (7). The reaction rate constant for the saponification 

reaction would not change over time because the CSTR could be consider as a batch reactor. Therefore, the 

volumetric flow rate is constant, and the reaction rate constant is constant under this experiment’s conditions. 

Conclusion 

Understanding the conversion of a second-order reaction in a CSTR is crucial in the estimation of unit operation 

variables with specified output. The steady state conversion of NaOH was 0.62 after about 10 minutes of the 

experiment running. The steady state concentration of NaOH leaving the 1st reactor was 0.38M. The result 

showed that as the reaction proceeded the concentration of NaOH reduced resulting in a dropping of the 

conductivity values; and the conductivity of the reaction mixture decreased as the reaction took place. The 

overall time to reach steady state conditions was approximately 18 minutes. With different conditions (feed’s 

flow rates, feed’s concentration, and temperature), the steady state conversion, the residence time, and the rate 

constant of the reaction can be varied. Therefore, this experiment can be reconducted at different temperatures 

and/or the feed stream’s conditions to determine the conversion of NaOH. 
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Abstract 

 In chemical plants today, reaction processes are essential to produce products at a specific rate using known 

reactants. To accomplish that, there are various kinds of reactors that can produce the products under these 

circumstances. The purpose of this experiment is to be able to determine the conversion of a second order 

reaction in a tank reactor. We are to identify the comparisons between operations of a real tank reactor and an 

CSTR which is the ideal reactor. The CEP-MKII stirred tank reactor in series unit will be used to find out the 

conversion of reactant in a second-order reaction carried out in a 3-series CSTR configuration to study the fluid 

dynamics in tanks.  The purpose of the first two tanks in the reactor is to store and distribute the reactants. The 

variable that we are measuring in this experiment is conductivity. In this experiment, we are to find the 

conversion of the limiting reactant in a tank reactor by measuring conductivity. 

 

Theory 

 

To perform the experiment, the following reaction is used.  

 
The Reactants Sodium Hydroxide and Ethyl Acetate are used to produce Sodium Acetate and Ethyl Alcohol 

through the stir tank reactor. Understanding that each reactant must have a particular set of conditions for us to 

properly operate the series of reactors. Those conditions were set so that the two input streams have the same 

molar flow, volumetric flow, and concentration. In terms of the two-molar feed flow the fractional conversion of 

Sodium Hydroxide can be calculated.  

 

The fractional conversion of Component A (sodium hydroxide) is given by: 

 
When a certain conversion is reached the tanks come to a point of steady state. This process can be observed by 

monitoring the changes on the screen that shows you the conductivity of the effluent. This is caused by the 

changes of the ions present. You may see on a graph the line starting to flatten indicating that the reaction is 

reacting steady state.  

To better understand the ions and the approach to steady state the following formula is written in terms of its 

reacting ions.  

 

 
They are four ions in this reaction present in the output stream. Knowing the chemicals and how they react is a 

major component in this experiment. Initially, understanding that ethyl acetate is not completely dissociated in 

ions, but sodium hydroxide is. In this experiment you will see that the concentration is linear to the conductivity 
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of the reacting mixture.  

 

 

 

 

 

 

 

 

 The objectives of this experiment are listed below 

• Determine conversion of a second order reaction in a tank reactor 

• Study the dynamic behavior of a reaction proceeding in a stirred tank as it approaches steady state 

• Study the effect that the conversion and residence time have on the overall reaction kinetics in tank 

• Understand the limiting reactant  

• Measure the Conductivity and Conductivity of the output solution.  

 

Procedure 

To perform this experiment, we are using the CEP-MkII Stirred tank reactors equipment in series unit. 

 

1.Make up 2.0-liter batches of 0.1M sodium hydroxide and 0.1M ethyl acetate  

solutions. 
 

2. Remove the lids of the reagent vessels and carefully fill them with a  

level approximately 50mm from the top. Refit the lids. 

 

3. Conductivity data will be collected until a steady state condition is reached  

in the reactor and this takes approximately 25 minutes. It is advisable to set  

the data collection period to, say, 30 minutes. 

 

4. Using the calibration graph for each of the feed pumps, set the pump speed  

controls to give 80 ml/min flowrate (from each feed tank.) 

 

5. Set the agitator speed controller to 10.0 (84% max. capacity.) 

 

6. Switch on both feed pumps and agitator motor and initiate the data logger  

program (or begin taking readings if no computer is being used). 
 

7. It has been determined that the degree of conversion of the reagents affects  

the conductivity of the reactor contents so that recording the conductivity  

with respect to time using the Armfield data logger can be used to calculate 

 

 

 

Results & Discussion 

The experiment is conducted to determine the reaction constant and to determine the effect of residence time on 

the conversion in continuous stirred tank reactor (CSTR). Continuous stirred tank reactors are used in this 

experiment to predict the behavior of chemical reactors; thus, the dimensions of the reactor can be estimated. 

Figure 1 shows the conductivity of series of CSTRs as time elapses. The conductivity of the CTSR is reaching 
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steady state at different eslape times. 

 
Figure 1: CSTR Reactor vs Time  

 

Figure 2 shows conversion vs time trend at tank 1 and expressing reactor reaching steady state. Figure 2 shows 

directly proportional to the residence time which is value of conversion increases as the time increases. The 

results show from the experiment a 0.14L/min value of conversion and residence time of 6 minutes to reach 

steady state.  

 
Figure 2: Conversion vs Time 

 

 

Conclusion 

 

For this experiment, their series continuous tan reactor is used. The main objective is determining the reaction 

rate and the effect of residence time on the conversion. The results show reactions proceeded the concentration of 

NaOH reducing resulting in dropping of the conductively values. The overall time to reach steady state 

conditions was 15 minutes. This experiment can be reconducted at different temperatures / feed streams 

conditions to determine the conversion of NaOH. 
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Abstract  

The goal of this project is to determine a conversion of a second order reaction in a tank (real) reactor. 

Another goal is to seek out the comparisons between a real and CSTR, or ideal, reactor.It is relevant because, 

with a second order reaction, there must be multiple tanks to store and distribute the reactants. Tank reactors help 

acquire overall efficiency and are the most widely used and preferred reactors in the industry. Conductivity is the 

only variable measured in the experiment, in the output stream. There are 2 input streams and one output stream 

for the equipment. In this lab, we were to make up 5-liter batches of 0.1M sodium hydroxide and 0.1 m ethyl 

acetate solution. After the reagent vessel lids are removed, they are filled with the reagents until 50mm from top 

is remaining. Conductivity data is collected until steady state is reached. The agitator is set and both feed inlet 

pumps are on as the data begins to be read and is documented.  

For the results, as time increases, the conductivity increases until about 250 seconds and AFTER THIS 

TIME the conductivity curve remains constant throughout. Steady state was achieved at 6.2μS/L. When it came 

to the NaOH Conversion vs Time, NaOH also increases with time before it, too, flattens out for the remaining 

time. Steady state here was achieved at 600 seconds. Overall, to determine the conversion of a second order 

reaction of a tank reactor, an experiment was done, and as time increases, both the conductivity and NaOH 

conversion increase for a set period of time before entering steady state and remaining constant. 

Theory: 

Reactors are an important equipment to the overall efficiency of an industrial plant and the product to 

produce. There are a variety of reactors to choose from depending upon what is being asked to produce. Common 

reactors used in industrial plants are batch, continuously stirred tank reactor (CSTR), plug flow reactor (PFR), 

and  packed bed reactor (PBR).  

Batch reactors are used for a variety of situations such as small-scale operations, testing of new products, 

and for processes where it is hard to convert to a continuous operation (Fogler, 2016). Advantages of a batch 

reactor is that there is a high conversion rate since the reactants can be left in the reactor for an extended period 

of time (Fogler, 2016). Some disadvantages are that the labor costs are through the roof, there isn’t a wide variety 

of products that can be made using this type of reactor, and it is difficult to go from pilot to industrial scale 

(Fogler, 2016). A CSTR is used for liquid-phase reactions. The CSTR operates at steady state and is assumed to 

be perfectly mixed unless stated. The CSTR reactor can either be ideal or nonideal (Fogler, 2016). Advantages of 

a CSTR reactor is that it is a continuous reactor which leads to good temperature control (Fogler, 2016). A 

disadvantage is that conversion is small in comparison to the volume of other flow reactors. A PFR or a tubular 
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reactor operates a steady state similarly to the CSTR, but the phase that the reactor can accommodate are gases. 

In this particular reactor, reactants are consumed as they flow down the reactor (Fogler, 2016). A PBR is unique 

in comparison to the other reactors previously mentioned. This reactor is based on the mass of the catalyst used 

in the product. The reaction occurs on the surface of the catalyst.  

In this particular experiment, an ideal CSTR reactor was used. The basic equation used for a CSTR to 

find various aspects needed for reactors such as: conversion, stoichiometric coefficients is: 

𝐴 +
𝑏

𝑎
𝐵 →

𝑐

𝑎
𝐶 +

𝑑

𝑎
𝐷         (1) 

𝐹𝐴 = 𝐹𝐴0
(1 − 𝑋)         (2)  

𝐹𝐴0
= 𝐶𝐴0𝜈0          (3)  

This equation is based upon the limiting reactant which is given the letter A. Manipulating this equation 

based on the location of the other variables used in the location results in the consequential equations to be 

formed.  

 Industrial safety is a critical component to the success of an industrial plant Industry safety is based upon 

operations management of an event that can occur within the industry. The safety measures are put into place to 

ensure the employees are protected to minimize hazards and risks that are associated when proper safety 

precautions are not taken. Daily tips that are needed in any manufacturing plant are letting supervisors know 

when the conditions are deemed unsafe, wearing proper PPE, prevent slips and trips, keeping work areas and 

emergency exits clear, and to eliminate any potential fire hazard.  

 

Procedures  

1.  Make up 5.0-liter batches of 0.1M sodium hydroxide and 0.1M ethyl acetate solutions. 

2.  Remove the lids of the reagent vessels and carefully fill with the reagents to a level approximately 50mm from 

the top. Refit the lids. 

3.  Conductivity data will be collected until a steady state condition is reached in the reactor and this takes 

approximately 25 minutes. It is advisable to set the data collection period to, say, 30 minutes. 

4.  Using the calibration graph for each of the feed pumps, set the pump speed controls to give 80 ml/min flowrate 

(from each feed tank.) 

5.  Set the agitator speed controller to 10.0 (84% max. capacity.) 

6.  Switch  on  both  feed  pumps  and  agitator  motor  and  initiate  the  data  logger program (or begin taking 

readings if no computer is being used). 

7.  It has been determined that the degree of conversion of the reagents affects the  conductivity  of the reactor 
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contents so that recording the conductivity with respect to time using the Armfield data logger can be used to 

calculate the amount of conversion. 

 

Results & Discussion 

 

 
Figure 1 : Conductivity Curve 

 

 According to figure 1 the tank has achieved steady state conversion when the curve has reached a flattening 

point, Xss
A. The steady state conversion is obtained at a value of 6.2𝜇𝑆/𝐿. 

 

 
Figure 2: NaOH Conversion vs Time 

 

 The graph demonstrates the relationship between NaOH conversion and time, as shown above NaOH 

CONVERSION increases with time until reaching a steady state at a time interval of 600 seconds. Once the 

steady state is reached it is maintained there for the rest of the time interval therefore one knows that for the 
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steady state conversion of NaOH in the first tank is 45% when 𝑡 ≥  600 𝑠𝑒𝑐𝑠. 
 
 

Percentage Conductivity (𝜇𝑆/𝐿) 

25% 5.30 

50% 6.15 

75% 6.23 

 
Conclusion  

 

In closing statements, the group conducted an experiment to determine a conversion of a second order reaction in 

a tank (real) reactor as well as seeking out the comparisons between batch reactor, CSTR, or ideal reactor. The 

relevance of this experiment is because, with a second order reaction, there must be multiple tanks to store and 

distribute reactants. Resulting from this experiment, we can conclude that as time increases, the conductivity 

increases until about 250 second and the curve remains constant. We achieved steady state at 6.2 of conductivity 

in the tanked reactor based on figure 1 shown above. Form figure 2 expresses the relationship between the 

conversion of NaOH and time. As NaOH increases, we reach steady state at 600 seconds therefore one knows 

that for the steady state conversion of NaOH in the first tank is 45% when time is greater than 600 seconds. From 
there we  can determine the concentration, conversion, and conductivity all changed with time, until the 
reaction reached steady state, and residence time was determined. During the analysis of this procedure, 
different linear relationships were found to aid in collecting, calculating, and confirming data. The linear 
relationship between conductivity and conversion is inversely correlated and shows that with one, the 
other can be calculated.  
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CHEMICAL ENGINEERING LAB. III 

SPRING 2022 

 

        

Title of Assignment: REPORT 2 

 

TOPICS COVERED IN REPORT 2 

 

 Virtual Report 2 covered the following topic: 

 

1. Determine the conversion of a 2nd order reaction in a tubular reactor.  
 

Objective: 
 

 To determine the conversion factor X for a given set of condition of the tubular reactor 
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CHEMICAL ENGINEERING LAB. III 

SPRING 2022 

 

        

Title of Assignment:  REPORT 3 

 

TOPICS COVERED IN REPORT 3 

 

 Report 3 covered the following topic: 
 

1.  To investigate Level Response in a Single Tank with a Drain in Open and Closed Loop 

Systems using the Edibon CEAC Controller Tuning Trainer. (Expt. No. 3) 

 

Objective 
 

1. To make a qualitative comparison of the response of a first order system (a tank with a drain) 

in:  

a. An open loop configuration set to different set point values.   

b. A closed loop system in PID control using an industrial controller.  

 

2. To calculate the values of kp and kp Kmax for the open loop system.  
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Abstract 

 

 Process control is a mechanism that is used to monitor the algorithms and operational variables of industrial 

processes. The information that is gathered via monitoring is used to adjust the operational variables to achieve 

the desired product output specifications. The proportional-integral-derivative controller is deemed to be the most 

stable and accurate. It uses a control loop feedback mechanism to manipulate the operational variables. The goal 

of this experiment is to reveal how the behavior of a proportional-integral-derivative controller is influenced by 

inputting varying proportional, integral, and derivative constants. The EDIBON software is used to generate the 

results, which simulate the input conditions. By graphing the generated data, the behavior of the proportional-

integral-derivative controller is shown to be the most efficient. It brings the level sensor reading to setpoint in the 

shortest amount of time. By conducting this experiment, an understanding of controller parameters and their 

effects can be gained. 

 

Theory 

 

 Controllers are used for applying the accurate and responsive correction to a control function to allow for the 

safe and stable operation of a processing unit.1 A proportional-integral-derivative controller (PID) is a popular 

control loop mechanism used in industrial control systems. This feedback or backward control mechanism waits 

for an error to occur before an action enacts. Figure 1 displays the primary elements of a control loop: system, 

sensor, controller, and actuator (valve). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 PID controllers use three control terms (proportional, integral, and derivative) to influence the controller output 

to achieve optimal control. The controller continuously calculates the error, (e(s)), by comparing the measured 

valve with the specified setpoint (SP). The controller also determines a strategy to minimize and eliminate the 

error. The proportional term acts directly on the error in a linear way. The integral term has a memory and 

integrates values of the error. The derivative term predicts a short time into the future. The following equations (1 

– 4) show the mathematical output of the controller. Equation 1 expresses the output, (Au(s)), in a real domain.2 

Equation 2 through 4 expresses the output in a Laplace domain.  

 

 
1 “PID Controller.” Wikipedia. Wikimedia Foundation, March 12, 2020. 

https://en.wikipedia.org/wiki/PID_controller#Control_damping. 
2 “Virtual Lab Level Control Lab Manual.” CHEG 4031. Prairie View A&M University, n.d. Accessed March 30, 2020. 
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𝐴𝑢(𝑡) = 𝑘𝑃𝑒(𝑡) + 𝑘𝐼 ∫ 𝑒(𝜏)𝑑(𝜏) + 𝑘𝐷

𝑑𝑒(𝑡)

𝑑𝑡

𝑡

0

                        (𝐸𝑞. 1) 

 

 

𝐴𝑢(𝑠) = 𝑘𝑃𝑒(𝑠) + 𝑘𝐼

𝑒(𝑠)

𝑠
+ 𝑘𝐷𝑠𝑒(𝑠)                                               (𝐸𝑞.  2) 

 

𝐴𝑢(𝑠) = 𝑒(𝑠) {𝑘𝑃 +
𝑘𝐼

𝑠
+ 𝑘𝐷𝑠}                                                            (𝐸𝑞. 3) 

 

𝐺(𝑠) = 𝑘𝑃 +
𝑘𝐼

𝑠
+ 𝑘𝐷𝑠 =

𝑘𝐷𝑠2 + 𝑘𝑃𝑠 + 𝑘𝐼

𝑠
                                    (𝐸𝑞. 4) 

 

 Other controllers include P, PI, PD, and PID. PID or full mode controllers are considered to be the most 

efficient as they typically converge to the true value the fastest if the optimal values for kP, kI, and kD 

(proportional, integral, and derivative constants).3The correct selection of the constant parameters for the PID 

typically yields optimal behavior for the system: direct, monotonic, and convergence.4  

 

Procedure 

 The Edibon UPCN equipment and software is used to show the effect of PID settings on the behavior of a full 

mode controller used for level control. The experiment involves inputting various sets of values for kP, kI, and kD 

(the P, I, D constants) of the PID1 controller. After the constant values are set, a step signal in set point is 

produced by altering the set point value to a higher value.5 The output level is documented, and an analysis of the 

plot characteristics display the influence of different sets of values on the output response.6 A detailed, step by 

step procedure is listed below.  

 

1. Press START in the top left corner. 

2. A dialogue box will ask you for a file name. The measured data will be recorded in this file. 

3. Input a set of values for the P, I, and D parameters of the PID1 controller. Select CONTROL 1 (Level) in 

the bottom left side and then input the constants values. 

4. Press record and set the time interval (in seconds) between data.  

5. Change the set point to the value listed in Table 1. 

6. Run the experiment for 5 minutes or until steady state is reached. 

7. Repeat the procedure for the three times listed in Table I for each type of controller, P/PI/PID. 

8. After the third set press STOP and retrieve the data file. 

9. Repeat the whole procedure for the other two types of controllers. After changing the controller type 

ALWAYS reset the set point to the original value (120 mm) 

10. Process the three data files for the three separate controller setups. 

 

Results and Discussion 

 

 By following the procedure listed in the prior section, the result for each controller output was obtained. The 
 

3 Bequette, W. B. Process Control. Fifth Edition to First edition. Prentice Hall, 2002. 
4 Bequette, W. B. Process Control. Fifth Edition to First edition. Prentice Hall, 2002. 
5 “Virtual Lab Level Control Lab Manual.” CHEG 4031. Prairie View A&M University, n.d. Accessed March 30, 2020. 
6 “Virtual Lab Level Control Lab Manual.” CHEG 4031. Prairie View A&M University, n.d. Accessed March 30, 2020. 

P - “Present” I - “Past” D - “Future” 
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procedure led to the level sensor reading obtained in each trial. Through plotting the setpoint versus the sensor 

reading, the behavior of the controller was determined. Figures 2 through 4 show the results of the experiment. 

 

 
Figure 7. Proportional (P) Setting Results 

 Figure 2 shows the effect of the proportional setting on the system. The figure shows level readings versus the 

time. As time increases, the level reduces and the constants for kP increases. The constants for kP varied between 

1, 2, and 5, respectively. For kP=1, the behavior is direct, monotonic, and it converges. However, there is an 

offset. For kP=2, the behavior is direct, slightly oscillatory, and converges. For kP=5, the behavior is direct, 

highly oscillatory, and converges.  

 

 
Figure 8. Proportional-Integral (PI) Setting Results 

 Figure 3 shows the effect of the proportional-integral setting on the system. The figure shows level readings 

versus the time. As time increases, the level reduces and the value for kP remains constant. The constants for kI 

varied between 5, 2, and 0.5, respectively. For kI=5, the behavior is direct, slightly oscillatory, and converges. 

For kI=2, the behavior is direct, moderately oscillatory, and converges. For kI=0.5, the behavior is direct, highly 

oscillatory, and converges.   
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Figure 9. Proportional-Integral-Derivative (PID) Setting Results 

 Figure 4 shows the effect of the proportional-integral-derivative setting on the system. The figure shows level 

readings versus the time. As time increases, the level reduces and the value for kP and kI remains constant. The 

constants for kD varied between 0.2, 0.5, and 2, respectively. For kD=0.2, the behavior is direct, slightly 

oscillatory, and converges. For kD=0.5, the behavior is direct, moderately oscillatory, and converges. For kD=2, 

the behavior is direct, highly oscillatory, and converges.   

Since the behavior is direct for all the trials, this proves that the sign of kP must be negative to mirror the 

decrease of the level, or the root of the numerator is less than zero. The behavior of the majority of the results is 

oscillatory. This means that the roots of the denominator are complex or imaginary. Since the denominator roots 

are complex, the roots will only converge if the real part of the roots are negative.  

 

Conclusion 

 

 In the experiment, the behavior of a PID controller was analyzed by graphing the data generated from the 

EDIBON controller software. The system regulated the level by use of the PID controller that automatically 

operated the element of the loop, which is the control valve.7 The results show that in comparison to the 

proportional and proportional-integral controllers, the PID controller allowed for the sensor level to reach the 

setpoint in the most efficient manner. Convergence was apparent, and there was minimal oscillation for each of 

the three PID trials. The first PID trial, with a kD value of 0.2, achieved the setpoint in approximately two 

minutes. This was the fastest time of the three PID trials. By decreasing the value of kD, the setpoint was reached 

quickly and without significant oscillation. Manipulation of controller parameters was necessary in order to 

determine the optimum parameter values. 
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Abstract 

This experiment is concerning the effect of PID (proportional-integral-derivative) controller 

parameters on level control. The equipment used is a hydraulic unit with centrifugal pumps and a 

variety of control valves for the PID controller. The objective of this experiment is to show the 

effect of the proportional, integral, and derivative settings from the behavior of the PID controller 

used for level control. P, I, and D constants are set in the PID controller in which it produces a step 

signal in a set point by changing the set point value from the initial value to one higher. The output 

levels are recorded and analysis the plot characteristics for different set of values. Results showed 

the proportional constant values increasing from 1 to 5, the estimated steady state error occurred 

frequently for set point values 100, 80 and 60 showing over shooted or under shooted values 

compared the level. For the derivative constant, the level values were between became closer to 

the set point values (ranges 100-99.9, 79-84, 51-60 for each set point) due to the derivatives 

characteristic of “anticipating” the error as a result it decreased the magnitude of the error 

occurring. For the integral constant, the persistent errors that occurred were reduced as the integral 

constant is decreasing from 5 to 0.5. 

 

Procedures 

The experiment consists in inputting different sets of values for the P, I, and D constants of the 

PID1 controller. How to do this is explained in detail after the procedure. After setting the values 

of the controller three constants, a step signal in set point is produced by changing the set point 

value from the initial value to one higher. See the values in Table I below. The output level values 

are recorded and an analysis of the plot characteristics shows the influence of different sets of values 

on the output response. 

 

1) Press START in the top left corner. 

2) A dialogue box will ask you for a file name. The measured data will be recorded in this 

file. 

3) Input a set of values for the P, I, and D parameters of the PID1 controller. 

4) Press record and set the time interval (in seconds) between data. 

5) Change the set point to the value listed in Table 1. 

6) Run the experiment for 5 minutes or until steady-state in reached. 

7) Repeat the procedure for the three times listed in Table I for each type of controller, 

P/PI/PID. 

8) After the third set press STOP and retrieve the data file. 

9) Repeat the whole procedure for the other two types of controllers. After changing the 

controller type ALWAYS reset the set point to the original value (12 0 mm) 
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Results & Discussion 

The purpose of this experiment was to observe how changing PID controller parameters affect 

the level control in a tank. PID controllers calculate an error by measuring the difference 

between a desired set point and a measured process variable. The controller then applies a 

correction based on proportional, integral, and derivative terms. In this experiment the 

proportional, integral and derivative parameters were changed and the output variable of the 

controller was measured. In order to see the impact of changing each control parameter, a graph 

was plotted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1: Output of a P controller 

 
The first parameter changed in the experiment is the 𝐾! which represents the proportional 

gain. From the hypothesis, it’s expected to see an increase in the speed of the control system 

response as the proportional gain is increased. This is shown on the graph by the slope of the 

output variable. The value of the proportional gain is increased from 1 → 2 when the set point 

decreases to 80mm. That is indicated on the graph by a steeper slope of the output variable at the 

point the setpoint changes from 100 → 80 compared to the slope at the point the setpoint goes 

from 120 → 100.  According to the hypothesis, as the value of 𝐾! increases even further the value 

of the process variable will eventually begin to oscillate. In this experiment when the setpoint 

decreases to 60mm the 𝐾! value is increased to 7 and oscillation can be observed in Figure 1, 

thereby confirming the hypothesis. 

 

Next, a graph of the controller including the integral parameter is plotted. 
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Figure 2: Output of a PI controller 

 

 
In this graph the integral time parameter 𝑇" is introduced and decreased as the setpoint 

decreases. According to the hypothesis, increasing the integral time should decrease the 

steady state error. The graph shows that the output process variable closely follows the 

level of the setpoint when the setpoint is set to 100. Once the setpoint decreases to 80 and 

integral time decreases from 5 → 1, some oscillation between the setpoint and output 

variable can be observed. The setpoint continues to decrease to 60 and integral times goes 

from 1 → 0.2. At this point, a lot of oscillation or error between the value of the setpoint 

and output variable can be observed. This confirms the hypothesis is correct as the error 

or difference between both levels is greater whenever the integral time value is low. 

Finally, a graph of the controller including the derivative parameter is plotted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3: Output of a PID controller 
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In this graph the derivative time parameter 𝑇# is introduced and changed as the 

setpoint decreases. According to the hypothesis, increasing the derivative time 

should increase the speed of the overall control system response. In the graphs we 

can see the slope of the output process variable is very steep whenever the 

setpoint is changed. This indicates that the system response is very quick to 

match the new setpoint. However, a large derivative time also makes the control 

system sensitive to noise and unstable. When the setpoint decreases to 60 and 

derivative time increases to 1, the control system becomes unstable and starts 

oscillating. For this reason, most control systems use a small derivative time to 

avoid instability. 

 

Conclusion 

In this experiment the effects of changing the proportional, integral and 

derivative parameters in a PID controller were observed. According to the 

hypothesis increasing the proportional and derivative parameter increases the 

control system response speed while increasing the integral time parameter 

decreases the steady state error. After analyzing the data from this experiment, the 

hypothesis was verified. Graphs were utilized to show how the controller responded 

to each change by comparing the setpoint values to the values of the output process 

variable (water level). In the future, it would be interesting to determine the ideal 

parameter values for optimum operation of a control system. 
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Abstract 

Process control is the ability to be able to adjust a process to get a desired output. The variable we 

will be controlling is the flow rate to keep the level constant by using a controller. We are to 

compare the set point to the process variable by using a controller that will eliminate the 

disturbance rejection and to be able to track and maintain a set point. In this experiment we are 

measuring the proportional control of level by the level sensor within different time frames. The 

purpose of this experiment is to show the behavior of a proportional-integral derivative controller 

by inputting selective values for proportional, integral, and derivative constants. From the results 

we were able to conclude that the PID controller was the most effective because we were able to 

receive our set point in a short time period. 

 

Theory 

In industrial industries the application that is used to control and or adjust the feedback of various 

temperatures, pressures, flows and many other processes is known as the PID controller. There 

are 3 levels of control of the application known as the Proportional, Integral, and Derivative hence 

the name PID. The focus is to force feedback to the related set point that is selected whether that 

is P, I, D, PD and or PID. Proportional term constitutes the bulk of your control response. It 

produces and outputs that is proportional to the error value. The given equation for proportional is 

𝑃𝑜𝑢𝑡 = 𝐾𝑝 × 𝜀 (error) and Kp being your proportional gain. Now, The Integral term is the 

accumulation of the instant error over time. Which is a sum that offsets the results of proportional 

control only. When you add the two you can get exceptionally good control and eliminate offset. 

The Equation is then as follows: 𝐼𝑜𝑢𝑡 = 𝐾𝑖   ∫ 𝑒(𝜏)𝑑𝜏
 0
𝑡

 
 . Lastly, The Derivative Term predicts system 

behavior, achieves stability faster.  This term is rarely used in practice. The term is given by: 

𝐷𝑜𝑢𝑡 = 𝐾𝐷
𝑑𝜀(𝑡)

𝑑𝑡
.  

Together the output is as follows: 

𝐴𝑢(𝑡) = 𝐾𝑝𝑒(𝑡) + 𝐾𝐼   ∫ 𝑒(𝜏)𝑑(𝜏)
 0
𝑡

 

+ 𝐾𝐷

𝑑𝑒(𝑡)

𝑑𝑡
 

Using the controller in full mode will give the best true value with the fastest values for Kp, Ki, 

Commented [JG23]: Good structure. Grade= 4 
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and Kd. 

 

The objectives of this experiment are listed below. 

• To show the effect of the Proportional, Integral Derivative settings on the behavior of a 

three-term PID Controller used for level control. 

• Perform a qualitative review of the effect of proportional, integral, and derivative settings 

on level control for UCPN. 

• Determine the best control level. 

 

 

 
 

Figure 1 Demonstrates a simple explanation of how a PID controller works. Using the SP and PV to create the error 

and go into using the P, I, PI, and PID.  

 

 

 

Procedure 

 To perform this experiment, we are using the EBIDON UPC process unit. The equipment that we 

will be using is a hydraulic circuit with a bottom tank, an upper  

process tank, both dual, two centrifugal pumps, two flowmeters with manual  

control valve, three on/off solenoid valves, a motorized proportional valve, and it also includes 

flow sensors, temperature sensors, and electric heating coil, and PH sensor. This equipment is 

used to measure level, flow, temperature and PH regulation. 

 

1. Press START in the top left corner.  

2) A dialogue box will ask you for a file name. The measured data will be recorded in this  

file.  

3) Input a set of values for the P, I, and D parameters of the PID1 controller.  

4) Press record and set the time interval (in seconds) between data.  

5) Change the set point to the value listed in Table 1.  

6) Run the experiment for 5 minutes or until steady state is reached.  

7) Repeat the procedure three times listed in Table I for each type of controller,  

P/PI/PID.  

8) After the third set press STOP and retrieve the data file.  

9) Repeat the whole procedure for the other two types of controllers. After changing the  

Commented [JG24]: Good theory. Some incorrections. 
Grade= 4 
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controller type ALWAYS reset the set point to the original value (12  

10) 0 mm)  

11) Process the three data files. 

Results & Discussion 

  The figure below shows plots of on/off controls with a set point of 60,80,100 and different Kp 

values for different process controllers. By investigating P, PI, PID for (figure 1,2,3) were plotted 

set points versus sensor readings 

 
 

Figure 1: Proportional (P) Results    

 

 

 

Figure 1shows the time increases, as Kp increases closer output to the set point. The Kp=1 

is direct, monotonic then converges. The Kp=2 is direct and oscillatory and converges. The Kp=3 

is direct, oscillatory and converges. The oscillations of each Kp value changes with setpoint. 

 

 
Figure 2: Proportional-Integral (PI) Results 
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Figure 2 shows the results of the proportional-integral setting in the system. In this graph at the 

time increases the kp remains constant. The Ki=5 is direct, monotonic and converges. The Ki=2 is 

direct, oscillatory and converges. The K1=0.5 and is direct, oscillatory and converges. 
 

 
 

 
Figure 3: Proportional-Integral-Derivative (PID Results  

Figure 3 shows the results of the proportional-integral derivative setting on the system. In 

this graph at the time increases the Kp and Ki remain constant. The Kd=0.2 is direct, monotonic 

and converges. The Kd=0.5 is direct, oscillatory and converges. The Kd =1 id direct, oscillatory 

and converges.  
  

 

Conclusion 

In conclusion, the purpose of this experiment was to get a clear understanding in the relations of 

proportional, proportional-integral, and proportional integral derivative constants to also see 

which method of constant would be the most suitable for our experiment. In this experiment our 

team used the p, pi, and pid controller to collect data in a process control system. After comparing 

each graph while using the ebidon upc process unit, pid controller was the most effective level 

controller, being that we were able to collect the data on it faster than any other controller 

throughout the system.  
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Retrieved March 30, 2022, from https://www.elprocus.com/the-working-of-a-pid-controller  
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2. Conduct experiments and data analysis. 
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CHEG 4104_P01 

Experiment: 

Group: 
 

Technical Content Maximum Grade 

Abstract/Objective 5  

Theory 5  

Results 5  

Conclusions 5  

Total = 20  

   

Writing Content   

Organization 5  

Language 5  

Professional content 5  

Appearance 5  

Total = 20  
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