University of Massachusetts, Amherst                                                                                                                                   Fall 2008


ChE 401 – Chemical Engineering Practice I

Course Description and Objectives

Our Senior laboratory is (or can be) one of the CAPSTONE courses in your education in Chemical Engineering. It exposes you to a series of experiments that demonstrate the principles that you have learned in your classes. Each experiment reflects a combination of concepts that you have learned in different courses, e.g., thermo., mass balances, fluids, heat & mass transfer, kinetics, separations, control and design, etc.. Specific examples such as polymerization, catalysis and bioengineering are represented in the experiments, which reflect the applications of Chemical Engineering in industry and research. You will learn to apply combinations of principles you have seen to real processes. You will find that there are often many practical differences between the idealized theories that you learned in class and the realization of these concepts. This is a crucial aspect to your education. The concepts are sound and correct. As an engineer, you are challenged to evaluate the application of these principles to complex processes. 

This laboratory course will allow senior chemical engineering students to apply the technical skills acquired through previous coursework to the design, execution and analysis of experiments.  Students are introduced to real-time data acquisition and are responsible for the organization and management of short experimental projects.  Students will further develop communication skills through working in teams, participation in preliminary and final oral presentations and the preparation of a final written report for each experiment conducted.

Course Outcomes
The expected outcomes for the students of this course are:

1. To understand the importance of laboratory experimentation and to be able to apply concepts developed in coursework to design and analyze experiments in the field of Chemical Engineering;

2. To better understand the concepts developed in the core courses in Chemical Engineering;

3. To be able to function effectively as part of a team; 

4. To improve communication skills through both oral and written presentations;

5. To apply computational tools for data reduction, modeling and/or parameter determination;

6. To develop familiarity and competence in real-time data acquisition;

7. To be able to design and conduct experiments to solve a technical problem; and

8. To be prepared to use the principles and tools learned in this class to solve problems not covered in detail as part of this course and to continue learning related material as needed in the future.

Instructors

Prof. W.C. Conner

Chemical Engineering Department

wconner@ecs.umass.edu

105 Goessmann Lab

(413)545-0316

Office Hours : Drop in or by appointment
Web site: 


http://www.ecs.umass.edu/che/che401-2/
Teaching Assistants and Laboratory Staff
The teaching assistants for this course will be responsible for providing assistance during experimentation in the laboratory and can answer questions concerning the individual experimental modules. 

We are extremely fortunate to have three knowledgeable people available for assistance with laboratory experimentation and equipment troubleshooting – Tom Spooner, Gary Czupkiewicz and Joe Smith.  They will be present during laboratory periods and will also be available to turn on necessary equipment before the laboratory session so that everything is ready to go when you arrive at 12:30.  There is a clipboard positioned at every experimental station and these much be filled out for each experiment on each day of laboratory. If you want a particular piece of equipment turned on in advance or set to a particular temperature, you must fill out a specified form in the laboratory 24 hours prior to action needed.  This is crucial for experiments such as distillation, methanation polymer processing etc. otherwise you will not have a laboratory to run. 

TAs
Fortunately, we have four TA’s, which will be primarily responsible for 2- 3 experimental stations each. The TA responsible for the experiment you are next to run should be consulted before you propose or run the experiment. They will also be available for final questions when you first run an experiment, during the first hour. 

Torren Carlson 

Office location: 211 Goesmann

Lab. Location: 107 Goesmann

Phone Numbers: 413-577-3123 (office), 612-419-3352 (cell)

Email address: tcarlson@ecs.umass.edu
EXPERIMENTS: Methanation, BioDiesel

Other Duties: Design of Experiments & Statistics, Peer Review Proposals and Reports

Vikram Daga 

Office: A336, Conte Building

Lab: B232

Cell: 413-658-7481

Email: vdaga@engin.umass.edu (primary), vdaga@ecs.umass.edu

EXPERIMENTS: Polymerization, Injection Moulding, Extrusion

Other Duties: Instron, GPC, and, DSC

Sumeet Pandey 

Office and Lab Location: 213 Goesmann Laboratory

Phone Numbers :(413)-545-6147 (Office and Lab), (407)-666-7895 (Cell)

Email: scpandey@ecs.umass.edu , scpandey@engin.umass.edu  

EXPERIMENTS: Distillation, Heat Exchanger, pH Control

Other Duties: Website (manuals)

Soumitra Choudhary 'Sam'

Office: ELab2 #112

Lab: Elab2 #108

Phone: 413-577-2593

Email: schoudha@ecs.umass.edu 
EXPERIMENTS: Permeation and Ion Exchange

Other Duties: Instron, GPC, and, DSC
Course Organization
This course will meet on Monday, Wednesday and several Friday afternoons from 12:30 - 4:45 pm. Laboratory experiments will be performed in Goessmann 61 while presentations will take place in Goessmann 261. Experimental stations should be shut down by 4:30 to allow 15 minutes for clean up. A fifth period provides additional laboratory experimentation time if necessitated (e.g., due to equipment breakdown during a previous session), final oral presentations and occasional lectures. If you need additional experimentation time, you must schedule in advance with Tom Spooner in the Chemical Engineering Shop and Dr. Conner. Refer to the course syllabus for the complete schedule. 

The experiments to be run in the laboratory are taken from ten experimental stations:  Distillation, Polymerization, Polymer Processing (extruder and injection molding), Gas Permeation, Heat Exchange, Methanation, Ion Exchange, pH Control, and BioDiesel.  Detailed descriptions of these experimental stations can be found on the course website.  A series of four projects will be assigned for each group during the semester.  Each group will give a preliminary oral presentation before commencing work on an experimental station.  Five class sessions will be dedicated to experimental work.  Following each round of experiments, final presentations will be given and a final report will be completed.   Details as to the preparation of preliminary and oral presentations as well as the final report are provided on the course website.

All group members will participate in the preparation, execution and reporting of a project, rotating their roles within the group.  For example, during an experiment the group leader will manage the operation; a second group member might operate the computer, valves and controls; a third group member might log the steps that are being taken as well as record any data in the laboratory notebook; while a fourth group member may be responsible for set-up, monitoring and clean-up.  Group leaders will be responsible for giving the oral presentations for the experiment to which they are assigned.  However, it is important that all students partake in preparing for the oral presentation as questions may be asked of the entire group.  Additionally, all students will be required to complete a “Group Member Evaluation” form at the completion of each experimental module to ensure that everyone is doing their fair share of the work.  One written report per group will be submitted to the instructor for grading both as a hard copy and electronically as an email attachment for the written portion of the report (without appendices). All group members must read the final reports and any grammatical and spelling errors are thus shared by all members. This includes subject-verb agreement (e.g., data are) and “et al.”

At the end of each laboratory period, each group must “check-out” with the TA assigned to their experimental station.  The TA will inspect the station to ensure that waste is properly disposed of and that the lab space is neat and orderly.  The TA will also inspect all group members’ lab notebooks.
Preparation for Laboratory is crucial!

You must become familiar with the experiments and equipment before you actually enter the lab.

Check out all the information on the website. 


Bring copies and be prepared to answer questions. 

Read the laboratory reports from prior groups!

Find your references and read them.


You will be asked questions which you need to be able to answer!

Know the Equipment and the software before you first enter the Lab.


Visit with the other groups in the prior session and ask questions.


Ask questions in the presentations and reports of the prior group(s).


Use the make-up days to ask questions of the lab techs (Tom, Gary and Joe).


If you are not familiar with the experiment and/or are not prepared, you will not be allowed to perform your experiments and 10% will be deducted from your grade on that experiment for each day you fail to be prepared.
Analyses Throughout the Laboratory


You should not collect four sets of data for the four periods that you will be in the laboratory for a specific experiment and then analyze these data the night before your reports are due. You might have done this in the past, but not now! Before you come into your third period for a laboratory, you will need to have analyzed the results from your first two sessions. You will be required to show evidence of these preliminary analyses, including graphs of your data. The analyses do not need to be complete, but, they must be sufficiently detailed to determine if the experiments are running well and if you should be able to meet your stated objectives. Otherwise, we can modify the objectives and/or the experiments to be performed for the last two laboratory sessions. I will be available to discuss any potential changes during my office hours. You should take advantage of this!

If you have not analyzed the results from your first two sessions prior to your coming into your third session in the laboratory, you will not be allowed to perform your experiments and 10% will be deducted from your grade on that experiment for each day you fail to be prepared.

The purpose of this requirement is to assure that you accomplish a meaningful set of objectives in your studies. These objectives can be modified due to unanticipated factors: experimental glitches or over-ambitious proposals. Ongoing analyses of the data will enable you to synthesize these into pragmatic objectives. Otherwise, you might find that you have accomplished little due to problems that occurred early-on but were not seen until the night before your final presentation.  

Updating the Manuals

I hope to maintain a continuously updated manual for each experiment that we are running. This will enable successive groups to make fewer mistakes and accomplish more in their studies. We will maintain a series of these on the website. Each group will download the manual from the website and will submit an updated version at the time of their final report to me and to the TA responsible for the website. This will be reviewed and incorporated into your final grade. You can assign this to one of the group members, let me know who is responsible. 

Textbooks and Other Materials
There are no required textbooks for this class (Thankfully!). You will need to refer to past course textbooks (e.g., Thermodynamics, Heat Transfer, Fluid Mechanics, Kinetics, etc.) to develop and/or apply the appropriate analysis methods to interpret and understand the results obtained through experimentation. You must also take advantage of the technical literature to complement your textbook knowledge and to supplement your discussion sections. Searchable electronic databases including Ei Compendex® and ISI Web of Science are available at no cost to the UMass community through the library homepage. 

You will be required to wear safety glasses/goggles when working in the laboratory (Goessmann 61); each student will be given a pair of safety goggles at the start of the semester. If you lose these goggles, you will be responsible for replacement. You must purchase a satisfactory laboratory notebook to record all of your data as described under data recording guidelines.


You need to become able to search the literature for prior studies related to the experiments that you are to do. You will need this capability throughout your career. You will receive a brief introduction to the use of the Web of Science and other literature search engines… learn to use them! You will be expected to find new references and to use them as a basis for your proposals and final reports!
Laboratory Safety

The entire class will participate in laboratory safety training that will be facilitated by the UMass Environmental Health and Safety Department.  Safety training will include Chemical and Laboratory Safety, Hazardous Waste Disposal and Fire Safety.  The instructor, TAs and laboratory staff will strictly enforce safety standards (especially safety glasses and no shorts or sandals in the laboratory!).  No food or drink will be permitted in the laboratory and items such as coats and book bags should not be brought into the laboratory.  These personal items can be stored in lockers located in 158A Goessmann (combination to this room is 5 and 4 together followed by 1).  You will need to provide a lock.  Failure to comply with safe practice standards will result in your dismissal from the laboratory immediately.  You will not be able to reenter until you have spoken with Professor Conner.  Violations will be noted by the TAs and considered in the participation/safety component of the final grade.  A Safety Assessment Form for Experiments (SAFE form) must be completed prior to working at a new experimental station and is available on the course website.  This form must be submitted immediately following the preliminary presentation and must also be included as an Appendix in the final report.  Additionally, Material Safety Data Sheets (MSDS) for each chemical/compound used in the experiment must be included in an Appendix.  Resources can be found online as links from the course website.  All waste must be disposed of according to University policy as discussed during the laboratory safety training session.  Be sure to properly label (full name of each chemical species) and date all waste containers! The hazardous wastes must be attended to at the end of each laboratory period, not just at the end.

Attendance
Attendance at all meetings and laboratory sessions is mandatory and roll will be taken. Job interviews are inevitable and therefore absences will be excused for this purpose under the following conditions:

· You request permission in writing (or by email) at least 48 hours advance.  Please include the company name and the location of the interview.

· You inform your group leader and other members at least 48 hours in advance.

· You are not a group leader scheduled to make an oral presentation.

· You have made every effort to schedule the interview outside of class hours.

Comments on Presentations


The presentations will be on Powerpoint® employing the computer in the conference room. These should be limited to 15 minutes + discussion. The presentations should start with an outline by which you let us know what is coming and encourage us to pay attention to certain points in your presentation. The focus will be on the new aspects of your studies, the new theory behind it and a discussion of the relations between what you intend to do (or have done) and the theory. You should end with a conclusions slide(s) where you summarize your accomplishments or the approach you will be taking. A recommendations slide will be used at the end or a report and a safety slide at the end of a proposal. Do not use too many words on each slide, abbreviate and then explain. Use variable font sizes and colors to make the slide interesting and focus our attention on the key words or concepts. A copy of your slides (4-6 slides/page) will be presented to me after your presentations. 

\

Comments on Other Group-, Self- and Peer- evaluations


Group leaders must send in evaluation for others by email to me and the TA responsible for reporting on the next day or hand them to me after the presentations. I will track those other group leaders and a 5% decrease in your personal evaluation will be assessed for late reports, 10% for no reports! If you are excused (at least one day before the presentation or with a doctor’s note and email before) you will be responsible to designate another group member to fulfill your duties. 


Self-evaluations for both the proposals and final oral presentations are due at the same time as are the final report. These should be given to me or be sent to me and the TA responsible for reporting by email. Penalties for not providing these in a timely fashion will be assessed, as above. These are personal penalties and will not affect the grade for other group members, but they can be significant.


Peer evaluations are required from all group members for each experiment and are due at the time of the final report. These are to be given Again; similar penalties apply for lateness or failure to submit these peer evaluations. I will, however, accept individual statements that “Each member of the group Y(A->I) contributed significantly and equally to the conduction and report for experiment X (1->10) submitted on (date).” Alternately, I would accept a statement such as, “ The conduction and report for experiment X (1->10) submitted on (date) was primary the product of group members X, Y and Z while the contribution of Q was (significantly) less.” These must be submitted with the final report or submitted by email at the same time (or before) the report is submitted.

Comparison with Prior Experiments:

All groups must be familiar with the results of prior groups for the same experiment. This is crucial as you must present these in your proposal and will compare your results to theirs in your report. You do not necessarily have to accept their results and their interpretation in total; indeed, alternate interpretations for prior results will be awarded extra credit if they are reasonable and supported by your reasoned analysis. This will not result in a re-grading of the prior reports by the earlier groups (unless you demonstrate that their results were improper). 

Experiments


1. Methanation in a fixed bed catalytic reactor
CatReact

TA: Torren Carlson 
This experiment studies the nickel catalyzed methanation from CO and H2. The catalyst can easily deactivate due to the formation of coke on the Ni. This occurs when CO is added in excess of stoichiometric. H2 at ca. 300C for several hours activates the catalyst and reverses coke formation.  This semester we have two reactors in place, a CSTR and a PFR. The general kinetics (L-H kinetics), including activation energies for the rate controlling step, the regions for diffusion control, and catalyst deactivation (and regeneration) can be studied. We have a new surface analyzer (a single point BET system) in the lab by which you can measure the surface areas for the catalyst and thus to estimate a TOF, turn over frequency. There are several kinetic simulation packages for catalytic reactions that may be employed to represent the catalytic reactors.  

2. Polymerization kinetics
PolyKin

TA: Vikram Daga
Methyl-Methacrylate is polymerized with AIBN as the initiator in this batch polymerization in a dilatometer. The polymerization can be run in several ways: bulk, or in toluene, butanol, methanol, benzene and/or cyclohexane. In all cases, you are to focus on the differences between the results you find and those of prior studies in our labs or in the literature. In the case of literature results, you will most probably confirm their findings. Differences in the kinetics should be studied; specifically, the activation energies will differ for certain optional changes. In other cases, the differences will be most reflected in the nature of the polymer product that is produced. For polymer products, the first measure is the molecular weight distribution, which will be measured with GPC in the PSE department (you will need to understand the technique). We will work a protocol whereby this characterization data can be obtained for a limited number of samples (e.g., < 6 in two sets of four). You should be familiar with those kinetic and mechanistic components that control the molecular weight distribution.  These experiments are typical in the development of a new polymer product(s) wherein the range of reaction variables are studied to optimize a polymer for specific applications based on the polymer properties, MWD being the first. 

3. Binary Distillation
Distill 


TA: Sumeet Pandey
The purpose of this experiment is to introduce you to elementary aspects of the most widespread separation technique in the chemical industry – distillation. The assignments allow the important concepts of reflux and reboil to be demonstrated, and to examine how these variables influence the purity of the distillate and bottoms streams. Because the column is fitted with view ports on many trays, hydrodynamic effects such as flooding and weeping can also be observed.

The primary control variables are the steam into the reboiler and the reflux flow. The dependant variables are the bottom and product compositions, respectively. Several variables dictate the dynamics and eventual control of product compositions. It is crucial that you present a proper energy analysis of this system. There are several options in the analysis of energy, depending on where you draw the boundaries. All involve measuring the rate of steam condensing in the reboiler. We will have a sight glass to monitor the level of liquid at the exit of the reboiler and you will need to work out a protocol to quantify the energy transferred from the steam. 

4. BioDiesel
BioDiesel                                TA: Torren Carlson
The production of BioDiesel is one of the fastest growing processes to produce liquid fuels from renewable resources. Vegetable oils, fats and algae extracts are converted to Diesel fuels for use in home heating, Diesel engines and turbines (including jets and generators). The basic reaction is a trans-esterification process that converts the triglycerides of oil to FAMEs (look it up) by the base catalyzed reaction with methanol (or ethanol). However, current processes and plants are far from optimum. You will study the kinetics of these reaction and associated separation processes with the goal of understanding the opportunities for process improvement in BioDiesel plants from raw or waste vegetable oil.Ion exchange
5. Characterization/Control of a heat exchanger
HeatExTA: Sumeet Pandey
The focus for this semester is heat exchange. One is first to estimate the various heat transfer coefficients for the system at the several interfaces in this system (inner and outer) and the changes that occur as a function of the various flows (water and steam). You should complete an energy balance on the system for different configurations. These options involve control of any of several temperatures (of the process or cooling water at various points) employing any of several variables (steam, cooling and process water). The process can be operated in co- or counter-current flow modes for the water-water heat exchanger. What are the differences?
6. Membrane separation  by permeation
Perm

TA: Soumitra Choudhary 'Sam'
The permeation experiments studies the enrichment of oxygen from binary and tertiary gas mixtures flowing in series or/in parallel into two permeation bundles. You can investigated separation of O2 from N2, Ar and He. You will have mixtures of O2 in He, N2 and Ar and O2 in CO2 as well as ternary mixtures of N2/O2/CO2 and N2/Ar/CO2, often with different mole fractions. You will propose to compare the enrichment of oxygen as a function of flow-rate/back-pressure from different feeds and to compare these to prior separations (employing different feed compositions).  

7. IonEx


TA: Soumitra Choudhary 'Sam'
The Ion exchange experiments will compare a variety of ion-exchange resins for the removal of Copper Sulfate from an aqueous solution. There will be four new resins available, all strong acid cation resins produced by Dow. These represent different particle sizes for the same resin. Another represents a different degree of cross-linking. And, finally, there is a product called, “Marathon”. Each new group is to choose a resin to compare to the prior results and to show and explain the differences. It is obviously required to understand the differences based on their composition and morphology, as extracted from DOW. In addition we have a new surface analyzer in the lab by which you can measure the surface areas for the different resins. One will need to understand the basic theory as it relates to the potential differences. Finally, you will compare your results to the theory and to the results from prior research groups. The theory and the data from prior studies will be part of your proposal.
8. pH Reactor Control
pHControl 


TA: Sumeet Pandey
This experiment involves the control of a liquid-phase reactor to neutralize acid-base streams. As in all control situations, the initial approach is to understand and analyze the reactor dynamics followed by the design and implementation of a control scheme. A buffer stream can also be introduced into the reactor as a disturbance. You have potential control over several reactor parameters: Liquid flows (in and out), Reactor volume, Reactor stirring, … etc. There are any of several control schemes that can be implemented from simple PID to MIMO. You are to choose a scheme, collect appropriate data on dynamics, Implement the scheme and evaluate the resultant controlled dynamics.

9. Polymer Injection Molding 
InjMold

TA:
Vikram Daga
The obvious purpose of polymer injection molding is to produce a part (plastic dogbone or spiral) with certain properties. These properties are subject to testing by an Instron mechanical testing instrument  (an assigned TA in PSE will run these)  or to other tests you can devise. Normally, the goal is to produce the strongest part but it could also be to produce a part that breaks within a given region of force. There are several variables that can be manipulated in this process that change the strength, uniformity and/or mechanical performance of the final part. These are ideally suited to experimental design to optimize this process. We will have several polymers to choose from for extrusion. You will study one of these in contrast to the other polymers to be studied by other groups.

10. Polymer Extrusion
Extrusion

TA: Vikram Daga
A new extruder has been added to the laboratory that will be more automated than in the past. You can control many parameters such different temperatures along the barrel of the extruder. The purpose of polymer extrusion is to produce a continuous strand of polymer of uniform dimension from pellets. Several dies of varying dimension are available. The conditions throughout the extruder control the nature of the product strand. This experiment should first employ experimental design to optimize the production process and its influence on dimension and uniformity for different die sizes. You will have several choices of polymer and will need to characterize the product (dimension and uniformity). A protocol should be developed for this. Die-swell can be a complicating factor for certain polymers under specific conditions. We may be able to develop access to DTA, differential thermal analysis,  to characterize differences in the polymer crystallinity which will depend on process conditions.  By employing polymers of different colors, you may be able to quantify the uniformity of the mixing in the extrusion process. Do Not start the extruder until the barrel has been heat up… you would then brake the pin and loose a period for experiments. 

Grading

Your grade in this course is determined through your performance in several areas and is weighted as follows:

Presentations



30%

Final reports
50%

Participation/Safety


10%

Self-critiques of presentations

10%
The instructor will grade all presentations and final reports. Additional information concerning grading, including sample grading sheets, is provided on the course website. Scores for each report and presentation will be counted once for team members and twice for the group leader in the calculation of the final grade for the semester. Therefore, it is critical that group leaders manage their groups effectively! Each presentation will be videotaped. The presenter will review his/her presentation and complete a self-analysis of their performance to be submitted independently of the laboratory report. This analysis should summarize areas where the presenter feels he/she has done well and areas that need some improvement. The self-assessment is due within seven days of the oral presentation and should be approximately one page in length.

Academic Honesty

Plagiarism will NOT be tolerated!!!  You must adequately reference all presented material obtained from the literature, textbooks or previous groups (see “report writing” on website).  The University policy on academic honesty will be strictly enforced.  The details of this policy as well as examples of violations are outlined in the “Undergraduate Rights and Responsibilities” document distributed by the Office of the Vice Chancellor for Student Affairs, 319 Whitmore.

You will hand in your own work! Copying as much as a sentence from another source without referencing the source and putting the passage in quotes is illegal, academically dishonest and will result in failure! If you borrow figures of graphs from another source these must be identified and the source shown whenever that you use them (including in Powerpoint presentations)!! 


You will be submitting two forms of your lab reports, one electronically and these will be scanned for plagiarism. 
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