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COURSE SYLLABUS IN ABET FORMAT

DESIGN PROJECT PRESENTATION
Summary of Topics covered by DESIGN PROJECT PRESENTATION
Original Design Project Questions & Master Solution/grading scheme used
Above Average (Graded original work )
Average (Graded original work )
Below Average (Graded original work )

EXAMII

Summary of Topics covered by EXAM II

Original Homework Assignment Questions & Master Solution/grading scheme used
Above Average (Graded original work)
Average (Graded original work )
Below Average (Graded original work)

REACTOR QUIZ

Summary of Topics covered by Quiz

Original Quiz Questions & Master Solution/grading scheme used
Above Average (Graded original work )
Average (Graded original work )
Below Average (Graded original work )




Course Description in ABET Format

CHEMICAL ENGINEERING DEPARTMENT
CHEG 3306-P02: Kinetics and Reactor Design

Course number and name:

CHEG 3306-P02:Kinetics and Reactor Design

Credits and contact hours:

3 credit hours; 3 contact hours; Engineering Topic

Instructor’s or course
coordinator’s name:

Dr. Sheena M. Reeves

Text book: Title:

Elements of Chemical Reaction Engineering

Author:

H. Scott Fogler

Publisher, Year & Edition:

Prentice-Hall, 5th Edition

a. Other Supplemental material

Specific course information

a. Brief description of the content of
the course (catalog description)

Application of fundamental concepts of reaction
stoichiometry, kinetics, and equilibria to the interpretation
of reaction rate data. Application of reaction rate, heat, and
mass transfer correlations to the design of batch,
continuous tank, and tubular reactors.

b. Prerequisites or

Co-requisites

CHEG 2053, MATH 4013, and CHEG 3053

c. *Indicate whether a required,
elective, or selected elective (as per
definition provided) course in the
program

Required

Specific goals for the course

Students will be able to :

a. specific outcomes of instruction

a. Identify and formulate reaction/reactor problems using the
principles of mathematics, engineering, and science.

b. Solve complex reaction engineering problems using
graphing and computing tools.

c. Select appropriate reactor and operating conditions for safe
and economic reactor operation.

d. Conduct a Review of Literature and determine preliminary
design considerations.

e. Perform detailed design of complex chemical reactors.

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 1
Ability to identify, formulate, and solve complex engineering problems
by applying principles of engineering, science, and mathematics.

Outcome 2
Ability to apply engineering design to produce solutions that meet




specified needs with consideration of public health, safety, and welfare,
as well as global, cultural, social, environmental, and economic factors.

Brief list of topics to be covered

Introduction/Notation Review 3)
Mole Balances 3)
Conversion/Reactor Sizing 3)
Elementary Rate Laws 3)
Stoichiometry 3)
Isothermal Reactor Design/Pressure Drop “)
Multiple Reactions/Selectivity/Yield 4
Non-elementary Rates/Reaction Mechanisms  (3)
Semi-batch/Membrane Reactors 4
Thermodynamics/Heat Transfer 3)
Catalysis 4)

Design 3)




CHEG 3306-02: KINETICS AND REACTOR DESIGN
SPRING 2022 SEMESTER

Title of Assignment: DESIGN PROJECT PRESENTATION

TOPICS COVERED IN DESIGN PROJECT PRESENTATION

DESIGN PROJECT covered the following topics:

o9 = ey T o e ) =

Mole balance

Rate law

Stoichiometry

Energy balance

Catalysis

Power requirements

PowerPoint presentations

Reactor simulation (ASPEN, Polymath)



CHEMICAL ENGINEERING DEPARTMENT

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET
KINETICS AND REACTOR DESIGN
SPRING 2021 SEMESTER

Instructor: Dr. Sheena M. Reeves

Title of Assignment

Design Project

Outcome Measured Using this Assignment

Outcome 2

An ability to apply engineering design to produce solutions that meet specified
needs with consideration of public health, safety, and welfare, as well as global,
cultural, social, environmental, and economic factor

Check the engineering design characteristics related to this assighment

Involves identifying the specific needs to be met by defining/understanding the problem
and developing plans for the project to satisfy the need

Involves conducting a review of the literature and performing preliminary design by
generating alternative ideas/solutions and applying creativity

Involves performing detailed engineering design leading to specification and
fabrication/selection of components for system being designed.

Involves consideration of one or more of the following (Please check those involved in
this assignment.)

X Public health

X | Safety and welfare

X | Global factors

Cultural factors

X | Social factors

X | Environmental factors

X | Economic factors

Involves fabrication and testing of model or prototype

Il e

Brief justification of why this assignment is suitable for this outcome

This design project involves the design of a reactor given a set of design constraints. The project involved
conducting a literature review, writing a report, and giving a presentation.




CHEG 3306-P02: Kinetics and Reactor Design
Group Project Spring 2022

(ABET Criteria 2. Ability to design a system, component, or process to meet desired needs within realistic constraints such as
economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability.)

Background Report
Acrylic acid is produced from propylene, a gaseous product of oil refineries, by a two-step gas-phase oxidation via
acrolein. For the background report, you will complete the Cover Sheet, Introduction, Project Summary/Details, and
Materials Background section of your final report. This report is due on eCourses by midnight on Saturday, April
9, 2022. You will receive a Plagiarism report that must be addressed prior to submitting your final report.
*NOTE: ALL GROUP MEMBERS MUST BE COPIED ON ANY PROJECT EMAILS TO THE INSTRUCTOR.

Project Overview

Acrylic acid has many usages in the chemical industry as an intermediate for several materials including polymers
and textiles. The most commonly accepted method of producing acrylic acid is through the oxidation of propylene.
For this project, the process will take in two series reactors containing different catalyst materials. All separation
processes are ignored.

Project Details and Guidelines

Your group must design a reactor system to produce acrylic acid (AA) from the oxidation of propylene using SI
units. The plant capacity is recorded as 10,000 metric tons of acrylic acid per day. Propylene vapor is available at
600kPa and 30°C. Assume that compressed air supplies oxygen to reactor and that the compressor has a turbine
efficiency of 75% and a motor efficiency of 90%.

In the first reactor, propylene is converted to acrolein.
O
‘ézb—ﬁ}—— + Da_}vé:':‘_[l— + H0

propylens oxygen  acrolein water
Figure 1: Propylene Oxidation Reaction (AIChE)

In the second reactor, the acrolein is converted to acrylic acid.

B 1T
i I

—L=C—L— + 1? 0, - —C=C—C—0H
acrolain oxygen acrylic acid

Figure 2: Reaction of Acrolein to Acrylic Acid (AIChE)

It is noted that side reactions may occur which produce acetic acid and water.

A H Rx
kcal’kgmole
CyH; at

The propylene reactions are: 20 deg C

(2) CsHs + 2.5 0 —» C:H0, + CO: + HO 2.76 ES

(3) C;H: + 4.5 Oy — 3C0; + 3H.0 4.89 E5

Figure 3: Main and By-Products of Propylene Oxidation (AIChE)

As a safety precaution, steam at 550kPa is fed into the reactor at a composition of 40 mole% and an O,/C3;Hs feed



ratio of 2.5 must be maintained. Your group must research catalysts for this process and email a memo of your
catalyst to Dr. Reeves by Monday, March 28, 2022. NOTE: CORRECT MEMO/EMAIL FORMAT IS
REQUIRED. Each group will have different catalysts so choose wisely and quickly. Before a catalyst is accepted,
each group must email a memo with the catalyst of choice, the diameter of the catalyst, the density of the catalyst,
and source of information (pdf of journal article). A good reference will contain values such as reaction rate
constants, equilibrium constants, activation energy, etc.

For this project, you will:
1. Complete the steps of the algorithm including energy balance and pressure drop

equations assuming elementary reactions.

2. Input all information into Polymath and produce graphs for temperature, conversion,
and concentration based on reactor type. (REACTOR #I only).

3. Determine the operating conditions of each reactor and the size of the reactor required.

4. Determine the material balance and energy balance for each reactor in ASPEN HYSYS
(simulation).

5. Achieve a yield of greater than 75% acrylic acid.

6. Determine the bulk volume of catalyst (p, = 4.75 % ) and/or number of tubes required

to meet specifications based on type of reactor.

7. Determine the heat duty, type of coolant, and amount of coolant (if necessary) for each
reactor.

8. Assume the reactor tubes are 45 mm. ID, 50 mm OD, and 5 m long.

9. Perform an economic analysis of operating and capital costs (labor, utility, materials,
and equipment) to determine the feasibility of your process.

10. If you find competing data in your literature review for your catalyst, discuss them with
Dr. Reeves.



ADDITIONAL INFORMATION:

Information gathered from a pilot plant. (Acquired from AIChE database)

Table 1. Physical Property Data

2At normal boiling point.

Normal
Boil. Melt.
Mole Point Point

Component Wt DegC Deg C
C,H 4208 -474 -185.4
CO, 44.01 — —
AA 7206 1416 13.0
HAc 60.05  117.9 16.6
0, 32.00 —_ —
Na 28.01 - -
H,0 18.02  100.0 0.0

'At 20 deg C organic + O, to CO,(g) + H.0 ()

Liquid
Heat of Comb." Heat of Vap.* Sp. Gr.
Kcal/g-mole cal/g-mole Typ. Cond.
489.4 4697 —
317.2 7872 1.010
218.4 5733 0.973
— NR —
- Use Steam Tables
211.2 NR —

Table 2. Heat Capacity Data

CP=A+BXTx10*+ CxT*x10~7

Liquid
Component A B C
GiH;
CO,
AA 0.4833 0.418 34.67
HAc 0.4790 0.524 11.28
0,
N,
H,0 0.9985 0.057 16.52
CH,

Where CP is cal/gideg C

and T isdegC
Vapor
A B c
0.339 1.007 -5.80
0.196 0.230 -1.59
0428 5.106 —280.26
0.703 -1.086 -8.34
0.223 0.043 -0.06
0.247 0.048 -0.08
0.445 0.026 7.74
0.512 0.816 0.55

FINAL REPORT GUIDELINES:

*ALL EQUATIONS MUST BE TYPED USING EQUATION EDITOR.
1. Overall, the report should be at least ten pages in length, double-spaced, 12 pt. Times New Romans font,

and contain one inch margins. Preliminary report and presentation are due May 2, 2022. Project

presentations are May 3" and 5%, 2022. Each group should upload their finalized report as a PDF to

eCourses by May 11, 2022.

2. The report should not contain any instances of plagiarism. All thoughts/facts not belonging to group
members must be cited within text (Last Name of Author/Editor, Year). Since this report is a technical
paper, no direct quotes are allowed.




3.

5.

The report should be grammatically correct and contain new paragraphs when a new main topic is
discussed. Do not use words such as I, you, me, we, they, and us.
Follow the outline of:

o

Cover Sheet
= Report title, course name, group members, instructors, and the due date
Project Summary
= This section is a 1-2 page summary of your design. It includes a 1-2 sentence
description of the problem statement and includes all design parameters for the project.
= It is considered a summary of the overall process and it provides direct answers to the
given design questions.
Introduction/Material Background (3-5 sources of information required; not websites)
= This section should contain the background information on acrylic acid and the propylene
oxidation process.
= Questions to answer include: Why the process is important? How does acrylic acid
impact the chemical industry? Production vs. Usage? Projections? What are the Process
Safety considerations?
Problem Statement/Project Details
=  This section details the given design problem and any constraints given; do not copy and
paste the assignment as given. Summarize and write it in your own words.
= [t should discuss the limitations and questions that are posed in this document.
=  This section discusses the reaction mechanism and other parameters given in this
document. NOTE: You must discuss the information and not simply place it in a table.
Design Specifications
= This section details your catalyst selection and expected results (yield, selectivity,
conversion, etc.) based on your literature search.
= [t shows the reaction and products that are expected as a result of your catalyst selection.
= This section contains your kinetic and/or transport models (algorithm): Mole balance, rate
law, stoichiometry, combine, pressure drop, energy balance, evaluate (Polymath),
simulate (ASPEN HYSYS). You must discuss all graphs and tables.
Results and Discussion
=  Answers all questions such as final volume, composition, etc.
=  Provide printouts of stream specifications, reactor parameters, flow chart, etc.
= Discuss and label all figures and tables. Do not insert random tables of data.
References
= References should be from credible journal articles and library books.
= You should cite information within the text (Last Name, Year) and provide a list of
references at the end of the document.
= Utilized the APA style.
Appendix
=  Appendix may contain summary reports and graphs, handwritten calculations, memos,
and any other notable material that is not discussed in the body of the report.

Follow the framework of:

a.
b.
c.

Tell the reader what you will discuss.
Discuss the material with the reader.
Tell the reader what was discussed.



ABOVE AVERAGE




DEPARTMENT OF CHEMICAL ENGINEERING
CHEG 3306-P02: KINETICS AND REACTOR DESIGN
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT
SHEET FOR SPRING 2022 SEMESTER

ABET OUTCOME 2: Show an ability to design a system, a component, or a process to meet desired need within
constraints.

Group Name: Date: 05102022

Title of Assignment:_Acrylic /\cldi’?odincTuﬁ\w

Competency Area Points Grade
 Presentation, Design (Outcome 2.3) 8s ?O
Determine the type of reactor and the phase of the reactants/products. 3 9
Determine the operating temperature and pressure. s 2
Determine reactor volume, number of tubes, and catalyst weight required 10 T
Presents an accurate algorithm of equations Lf 4
Meet design constraints given in the problem statement. 10 e
ﬂq{sﬂ@lﬁlion results from Polymath for material and energy balances 15 12
FHas an ASPEN reactor simulation 13 (o}
Includes a cost analysis S i
Dressed for occasion, speak with confidence, answers questions professionally 5
Determine the heat required/produced during process 5 )
| Research common safety procedures require for the reactor materials. 5 5
Report, Content (Outcome 2.2) 85 6 ‘2
Contains the required sections: 5 5
At least ten pages, double-spaced, 12 pt Times New Roman font; Grammar 5 4]
Contains all design findings in the Project Summary 10 2
Contains an adequate reaction mechanism explanation based on chosen catalyst 10 10
Introduces the topic of acrylic acid production 5 5
Explains/discusses tables and graphs in the report 10 13
Details a full design of the reactor operation including design equations and parameters 15 /D
Cost Analysis is explained in report 10 (6]
Concludes by listing design challenge, approach to solving, and the solution achieved 5 )
Write a full technical report of literature review without plagiarism. 10 lo
Group Participation Grade (input from group members; Outcome 2.3) 30
Handwritten Algorithm 20
Background Report (Outcome 2.1) \ 30
Simulation ‘ 30 35
TOTAL POINTS \ 300 \

NOTES:
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REACTOR DESIGN:
Catalytic Omadation of Propyvlene fo Acrylic Acd

DE. REEVES - CHEG 3063-P02

Group members:
Zznah Coulibaly-Diakite,
Ebonie Henderson, and Devin Luckett

Introduction

Aarylic Acid

Versatile Product
Szvenl indsiries
binil Piclisk, Sarstary Pack in Coarmetics
Wemlher mrisianl coutings i Commtruction
- Two-step eridadon process from Propylens

Hazards
- Smong pungent order
- Corrosive
- Tmitates skin, nose and ngs

Problem Statement

* Plant Capacity of 10,000 Metric Ton per Year [about 15854.9 moles per hour)
* Propylene Vapor 600 kPa and
* Mimimumn Yiedd of 75 % and 303 K

* Reactor Tube Dimensions
= 45 mm Inner Diameter
= 50 mm Quter Diameter

= Smlong



Reactors and Catalyst Selection

Raactor #1 Reactor#2
Pramvi e o Acrolen to Acrylic Acid
: PaLEEdE-:limcmr o Packed Bad Reactor
o Catalyst > Hiph comwversion per catalyst weizht
o Gmﬂm?;;hhfbdmum = Alpha Cobalt Molybd had
: }Il-jh?g;h'ﬁmfpmml " = Yellow powder
1 o Low selectiviry
o 65015 -TBI15KE

o Low temperafure : 523 — 700 K

Reactor #1
Prnp;l:nttn Acrolein Reaction Chemistry
Comversion (3 = 55% cﬂ”ﬁ(pj-'- ﬁi—iCH2= CHCHGW+ HIO[JJ
Selectvity (5) =88% Side Reaction Chemistry
Gamma Bismuth 9
Maobbdenum CHyCHCH; +3 0y = 300 + 31,0

Pore Radms=21.67mm
Paore Vohme = 4.5 *10%/g
Denaty = 6950 g/m’

3
CHyCHEHy + 20y — 3CHSCHO

CHLCHOH, + 30y — 300 4 35,0

REACTOR #1 CONTD
Mole Balanece Rate Law

Ty = Tha + Taa + Toa + Mg

Wy =y iy oy 2y

diFayd(W)=ra =T,
d(Fb)d(W)=1b Fg = T1g + ¥az +1
d[FC}"m=I\C a 14 "4 Id
d(Fdyd(W)=rd =i
d(Fe)d(W)=re =Ty
dFf/d(W) =rf
—rip = K10
5
a0 = KaCall
—ren = KL £



Reactor #2

Acrolein to Acrylic Acid Main Reaction
Parameters .
Cafly Qg + 2 Mgy i iy Oy
Comersion () =45%
Salectmvity (5)=11.8% Side Reactons
Yield=75% .
£y Mol + 20, 5 710 # 2 HoF
Alpha Cobalt Molybdennm o
Specific Surface =9.0 m 3% 1 CafaD + 50 ™ Calilh + (4
Weight=5g
Density = 8.4 glem3

Aorodein : A, Oeygen: B, Aorylic acd : C, Carbone Diowide : D, Water : E |, Acetic Aoid - F

REACTOR#2 CONT'D

Mole Balances Rate laws
2Fs _ .
dw @ = kGl 4+ bl 4
SEen =lp oty Ipe oty lpo 03
dur e =ghbtaly + R2baly +.:,‘|u3,
dFe A2
aw e = _klcﬂf‘;'
‘;_;1! =1y 1y = -3k CaC0" = RyC, G
e _ =2kl
= Fer
o —rp = — ksl
dFf ¥ A
aw F

REACTOR#2 CONT'D

Stoichiometry Pressure Drop
. _Fa_p FaPT o
Ca=3'=Croppy ar _ _ip(i}(%}
P o aw —Fro" Ty
P Pk Py
Co ek T
R F P Ty 28
g, =Fi_ o FafTe
d = =lrop T 'G G(1-0)
_FRe_ F P | ]
Co=t=Crop T Pgdclpl?
= _p PR
& = v =Cro Frig T



Energy Balance

d_T _ U{I*(Ta—f} - Tmf.'l.Hﬂ+ rzg_aHrz‘f r3aﬂHr3

AW FaCpa+FpCpp+FeCpct Falpg+FeCpa+F lpy

AH; = Ay prpguces) = W presetants)

POLYMATH

and
ASPEN

Polymath Report

Reactor #1
Wariahle |Initial wailua |Final walus|

o L ¢ o 26, L] 21 | 03412006 |0 2dlnia i.2412415 0.2412415
2 |Fa za14E+4  |emaeE0z  [ealssens Ls11e12 | |2z e EE 5.0 5.3 D

3 |e LASTE+D4  |LOSTE+(4  |2.0D4E+4 20HE+4 | [23 |5 1059 (] 1460 1067

e [rc o 4 228461 2rE4 6L 24 o FAEZI  |LBSIEDZ  |TaEEs BAZTE14
= |/ N Lam05.152 o 3905192 25 | 27474 A2 M 1117682 11.17882
e |F= > -8833.829 u 9833829 | L8 [ra -1z4418  |-3724.418 548 7E-D8 -LEIE-11
£l (i 0 0 4056 738 4055 754 39 Jrad 3767E+1a|-2.648E-07  |2J6TETI4 [B4E-LL
B |Fg o o 1064087 1054, 057 Mo rat Boziz+rs [-.308E07  [8adlEsds  [27EEW
5 |r 20, 00, 600,103 500,023 Bl SISHETOE |-5.3SEF05 3530607 -1BLEE-10
10 [1a 72315 37.15387 72115 sogprs4 | (20 EIETECS | EHEDT  JRIOTELE |8ASELL
11 |Fas  |sie7 157 157 3167 il & & La7HEs LTS
12 [ro 3171604 [z.004E+4  [3a7IE+4 FOMERD | i . itk LS L




Polimath Report Cont'd

:
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Polymath Graph

R et i, bt 11

Pk o§F 8 0§ § 0§

Polymath Graph

Reactor §2

-
-

Design of Production System Includes

++2 Heat exchanger
“Mixer

%2 Reactors in series
%+ Air Compressor
2 Valves



Aspen Hysy Design

o

pra .

i S

- [ g o — a_._u -;-am‘:lu_.._q__—-b
_.—‘ ‘ ! " b T wewm d
1

G
am

Safety
Specification

Proper FPE

Exposure of Chemicals

Very flammable

Corrosion Protection

Release large amounts of
heat

Wash =kon after handling

Mames acrylic acid

Pressure [IPa] 600

Tesngerabure [iZ] 580.848 A S p e n
Mass Flow [kg/h| 583,786

Std Ide=al Lig Vol Flow [m3/h) 0.974262 H y Sy
Vapor / Phase Fraction 1

Bdalar Enthelpy |kl kgmele] IR R | t
Ukility Trpe e S u
Strearn Price

Strearn Price Basis B lar Flow

Cost Faste [Cost/s]




References
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- ) DEPARTMENT OF CHEMICAL ENGINEERING

AAS CHEG 3306-P02: KINETICS AND REACTOR DESIGN
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT

SHEET FOR SPRING 2022 SEMESTER

ABET OUTCOME 2: Show an ability to design a system, a component, or a process (o meet desired need within

constraints.
Group Name: Date. 03102022
Title uI‘ANgnmml “Acrylic "Acid Produgtion
Competency Area Points Grade
Presentation, Design (Outcome 2.3) 88 -%___l
Determine the type of reactor and the phase of the reactants products. 3
Determine the operating temperature and pressure. 3
Determine reactor volume, number of tubes, and vatalyst weight required 10
Presents an accurate algorithm of equations b4
Meet design constraints given in the problem statement. 10
1as simulation results from Polymath for material and energy balances i5
as an ASPEN reactor simulation 13
3

Includes a m\l am.l!)w«

Dressed for occasion, speak with confidence, answers guestions professionally

Determine the heat rcqunul produced during process

Research common safety procedures require for the reactor matcrials.

( nl-ll ams thL rugunud sections:

s

s

s

wan (untcut (Oulmnu- 2.2) 85
| 5

5

At least ten pages, double- -spaced. 12 pt Times New Roman font; Grammar 3

uoim“T‘ﬂ“‘z_mM“mﬂ SNV

Contains Jll dun_n lmdmgs in the Project Summary 10
C unl.nm an |du|u.|lL reaction mulwusm explanation based on chosen catalyst 10
]',‘l'i“li“* the luplL of m_\ln. ac id produulon 5
3 10
15
10
C unLrludur b\ |1~.lln):, dan Lh.l”LI‘I"L‘ approach to solving, and the solution achieved 5
Write a full technical report ol literature review without plagiarism. 10 o
Group Participation Grade (inpuf from group members; Outcome 2.3) 30
Handwritten Algorithm 20
Background Report (Qutcome 2.1) 30
Simulation 50 35

TOTAL POINTS 300

NOTES:
Pms'_v.d-dl‘bn.' _ T
m::mr\f) dT/dW *Assumedh Rc=0" - PFD

DA not wse (a o rude laws Too wumy trossed l‘neS

le’
o #L Dp= 32““‘ ,  Conversion  St&
+Reactor P 1 o) CARCOST 3 de

. L\u‘m?\ek S\nw\\
Needs o uaiky of undls

o odion resulls,
- exdremely gl (p\'u rwy- !

Covectly used f, =%

. “Ch\ohjc.* Can pu¥ ‘Ewd-l'"



CHEG 3304-PD2

«ows | Production of

TYECIA FRAMELIN

- -
e e Acid
CEDRIC SANHOUDI ry

Background

Project Scope

Reaction Mechanism

Reactor Selection

OUH"’]E} Catalyst Selection

Design Specifications

Safety Considerations

Economic Analysis

References

Background

Acrylic Acid CgH 0y
Simplest unsaturated carboxylic acid
Obtained by oxidation of Propylens

Expected annual production of 8,750 kilo
tons by 2022

Commonly used in creafion of polymers
in many industies| plastic, medical,
water freatments._._)




Eopem oigiemant
Design a reacior by coddzing
propylene to oonyiic acid

Produce 10,000 MT/year of Acnic Acid

Project e
SC 0 pe Input data info polymath

Project Goais

Determine openating condifions and size of
regciorns

Simuiate in Aspen HYSTS
Bulk cotalyst volume/number of fulbes colculation
Perfoim economic anaiyss

Reaction 1 in Reoctor 1:

Reaction From propylens to Acrolein

Mechanism o

Reaoction 2 in Reachor 2:

From Acrolein to Acrylic acid

A= Propylene

B= Oxygen CHy==CH—CH, + 03— e (== H—CHO + Hy0
C=Acrolein Fropylene Acrolein
D=Water :

E=Acrylic Acid ST T

Acrvlic Acid

Reactor Selection

Packed Bed Reaciors

* High conversion rate/ catalyst weight MAAMARE

 Low operating cost

¢+ Confinuous cperation AN Heatin




Catalyst Selection

2 + Vanodivm Molydbenuvm Oxide
» Copper Rolicycidine with Silica [¥MoyDy, )
oOxide Inert (CuPc-Py/5i0; )

* For conversion of ocrolein info
» For conwernion of propylens into Acrylic acid
ocrokein
= Conversion percenfoge of T0E
»  Conversion centoge of 29.
W Diameter: 0.004m
» Diometer 2 2=-0%m

yeresiby: 1 A -
¥ Densty: 0.05 kgfm® ik e

Mole Balances
and Rate Laws

1, =—ky .0y
= k1 Calal
o=k L0y
ta= k0

Taahet = Ky CaCp—ka Lol

ragmet = 2~k CaCy + kaCoC3)

fo = —kaCaly”

Falyp
C, = Ct, —_—
I
FpT
c - CF_&UFE?DE
Stoichiometry PP
FeTop
El." CtDFFFE
Bphyp
Cp = Cty—— —
PR T

Cty = CAg+ CBy + CCy + CDg




Catalyst Selection

2 + Vanodivm Molydbenuvm Oxide
» Copper Rolicycidine with Silica [¥MoyDy, )
oOxide Inert (CuPc-Py/5i0; )

* For conversion of ocrolein info
» For conwernion of propylens into Acrylic acid
ocrokein
= Conversion percenfoge of T0E
»  Conversion centoge of 29.
W Diameter: 0.004m
» Diometer 2 2=-0%m

yeresiby: 1 A -
¥ Densty: 0.05 kgfm® ik e

Mole Balances
and Rate Laws

1, =—ky .0y
= k1 Calal
o=k L0y
ta= k0

Taahet = Ky CaCp—ka Lol

ragmet = 2~k CaCy + kaCoC3)

fo = —kaCaly”

Falyp
C, = Ct, —_—
I
FpT
c - CF_&UFE?DE
Stoichiometry PP
FeTop
El." CtDFFFE
Bphyp
Cp = Cty—— —
PR T

Cty = CAg+ CBy + CCy + CDg




Polymath Graphs (Reactor 2)

F Fowrate vs Weight

Row Rates from 0-20 kmolhr,

Catalyst Weight

Polymath Graphs (Reactor 2)

F Conceniration vs. Weight

: |
=
5
§
2
3
3
8

Catalyst Weight

Polymath Graphs (Reactor 2)

¥ Pressure vs. Weight

Pressure crop from 0-600 kPa

Catalyst Weight




Polymath Graphs (Reactor 2)

F Conversion vs Weight

Conversion from 0-1500

Catabyst Weight

Polymath Graphs (Reactor 2)

F Temperature vs Weight

&
:
&
E
E
&
5
&
g
E.

Caotalyst Weight

Polymath Resulis

¥ The polymath was used to calculate the relationship the flow rates,
concentration, temperature and pressure. Using supporting
equations, polymath was able produce the desired value of Acrylic
Acid. This value was assumed to equal the initial flowrate of acrolein.

Although the comrect value for Acrylic Acid was produced, the
graphs showed that the catalyst ran out fast.

COwerall, the flow rate and concentration relafionship to weight
were similar.




Polymath (Reactor 1)

Code was in a confinvouws loop
Received Emors

Graphs and reports were unable fo
be refrieved

Aspen HYSYS
Simulation




Aspen HYSYS Simulafion cont.

s
Corpurvess ipred el

Pomeer P

o ey b P i sl T |
At GHcacy

[Ty re— |

[T )
Peba TECL E

[t Ll Hhiciency: 75+%
okt opsc Herd i

ad i< i )

[T

Tobytropa: P Head Ul

el e P bl e (Ao |

Dy e F i bl | 1)

Wkt pc Hiaid Faros

[Ty Te——

Froduct Sakes: $220/MT

Total CAPCOST
Malerial Pricing

- Row Malerials
= Propylene $1.2M/ton
= Water $0.0015/kg
= AIr{ofeg

Total Openating
Raw Materials

Utiities Cost

5Oy ~ $350/kg

pment Cost
Y FSE0z~ $30/kg Equp

Installaticn Cost

afety Considerations

* Comect PPE

F Reaction calorimetry | to avoid

runaway] + toxic to humans following
innalation, onal or dermal
EXpOsUres.

¥ Acrolein:

F Minimize chemical exposures
to the air

F Acrylic Acid:
F Propylene: o
+  Comosive to metals
+ Can cause bums, N
severe inury or frostbire © Polymernze
under long exposure 1o
Extremely flammabie neat

s may
require downwind evacuafion




Conclusion

T S e
7 RS a

Initial Value 15.8%

Final Value 0.00FE o.ooe 15668

Conclusion

For Reactor 2, Polymath calculated to comect value of acrylic acid
which was assumed to be the same as the inifial lowrate of
acrolein.

For Reactor 1, there were inaccurate data [/ code emors

Cwe fo the design parameters, Aspen was unakble fo produce
acrylic acid.

Recommendations:
* Inciude side reactions

* Inclede the separafion processes

Questionse
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DEPARTMENT OF CHEMICAL ENGINEERING
CHEG 3306-P02: KINETICS AND REACTOR DESIGN
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT
SHEET FOR SPRING 2022 SEMESTER

ABET OUTCOME 2: Show an ability to design a system. 8 component, of 8 process to meet desired need withio

constraints,

Date: 05102022

GroupName: @
Title of Assignment:Acrylic Acid Production

Compelency Area Points Grade
Presentation, Design (Outcome 2.3) 8s 59
Determine the type of reactor and the phase of the reactants’products. 3 5
Determine the operating temperature and pressure. s 3
Determine reactor volume, number of tubes, and catalyst cight required 10 Z
Presents an Eﬁ@@i\ﬂhrﬁ;t equations S 2
Meet design constraints given in the problem statement. 10 [A
1as sinufl;niinf{cigll?ﬁﬁ Polymath for material and energy balances 5 10
Has an ASPEN reactor simulation 15 /0
Includes a cost '.nmlrg,/s{is“—~ b A
Dressed for occasion, sbcﬂilh confidence, answers questions professionally 5 3
Determine the hé'{llfr'cqui[cj{g{gdyccd during process S
Rescarch common safety procedures require for the reactor materials. S
Report, Content (Outcome 2.2) 85 P4
Contains the required sections: 5 s
At least ten pages, double- ed, 12 pt Times New Roman font; Grammar 5 3
Contains all design findings in the Project Summary 10 Z
Contains an adequate reaction mechanism explanation based on chosen catalyst 10 7
Introduces the topic of acrylic acid production 5 S
Explains/discusses tables and graphs in the report 10 10
Details a full design of the reactor operation including design equations and parameters 15 1S
Cost Analysis is explained in report 10 10
Concludes by listing design challenge, approach to solving, and the solution achieved 5 5
Write a full technical report of literature review without plagiarism. 10 5
Group Participation Grade (input from group members; Outcome 2.3) 30
Handwritten Algorithm 20
Background Report (Outcome 2:1) 30
Simulation \ 50 \ ‘1’ (%
TOTAL POINTS \ 300 \

NOTES:
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Reactor Design Project

Group 6

Majam Din, Kiara Graham, & Ezzy Tatmon

Introduction

Equipment:
ASPEN HYS5YS Simulation
Polymath

ASPEN HY5YS Simulation- addre:
engineering challenges within flo
models, gas proces and refineries.

Palymath- defining unk
parameters within a sy

To stimulate a reactor design to produce acrylic

Ob ] ective from the oxidation of propylene using Aspen HYSYS

and Polymath Simula




Project Statement/ Details(!]

First reactor propylene is converted into ac n
Second reactor acrolein is converted into acrylic acid
Maximum of 10,000 metnc tons of acrylic acid per year
Propylene has 400 kPa and 30°C available

550 kPa of steam is fed into the reactor with a composition of 40 mole%

Compressed air supplies oxygen to reactor

Design Specifications!!

Assume a yield of 75% or greater of acrylic acid must be achieved
Assume turbine efficiency of 75% and motor efficiency of b

Assume reactor tube lengths: 45mm Inner Diameter, 50mm Cuter
Diameter, and 5m Long

H, feed ratic 1s 2.5

Side reactions may occur

Reactor Selection

Packed Bed Reactor (PER)

Used primarily in homogenous reactions with
a catalyst

Advantages:
High conversion per unit mass
Low operating cost

Continuous operation

2sired thermal gradient




Materials Background3-+-]

Propene Acrylic Acid
Also called propylene, CH, Colorless liguid
rless gas Acrid odor
Odor similar to petroleum Corrosive to metals and tissue
Hazard(s): Hazard({s):

Highly flammable and can cause If large amounts swallowed, itcan be
explosion deadly

Materials Background[¢7!

Acrolein Hazard(s):
Also called propylene aldehyde, CiH O Highly c and reactive
Liquid that is clear of yellow Cause irritaion to the eyes
Horrible odor
Used as a pe

Soluble in water and burns easily

Catalyst Selection®!]

Bismuth Molybdate (Bi;Mo;0,5)
Found as a gray crystal or yellow powder
Used as a catalyst for the oxidation of propylene to preduce acrylic acid

Process possible through dehydration




Reaction Mechanism!(8!

CH, + 0, & CHO + H,O

i, + 440 2 300, + 31,0
CsH, + 30, 3 300 + 3,0

M + 308 25 G MR 4 00, # 1

Reaction Mechanism!é!

CHO + 050, = CHO,
CyH o A0, S C 0+ OO

Mole Balances & Rate Laws!8!

Reactor #1 and #2:
dF yfdW=r, T
dFg/dW=rg
dF/dW=re
dF/dW=rp
dFg/dW=rg
dF/dW= ry
dFfdW=rg

= i e Po,
KI‘P‘PPP + K.MC'P_\,C T knnl'PDl
Epp =k + 2ky + 4k + 6k + 9k




Pressure Drop & Catalyst Weight™!

o

2= F=
== =l — 0

dn
A

Catalyst Welghts 7 = zim, = 24,01 - &in,
A = B danuriby
¥y = el raalp demsry
# = porvaity [oid fraciia}

[1- @} = rolid Fraceren

Energy Balancel”!

L (T, - T))+vy A HeolT)

U~ overall heat-transfer coefficient (J/m2*
T= temperature (K}
AHr= heat of reaction {J/mol A)

f reaction (kmolfhr)

Cpi- mean heat capacity o i{J/mol/K)

Reactor 1

‘Waight of catalyst is 2300kg Tor reactor 1
L

Fog = 353.0?

RO

Pl = 8820
Fra=Fdy =Fea =Ff =

hmd
Fa =209

A
Fb=33013

kmoi
Fo= mae%

Fod = TP63—
hr

amai

Fim 273.1]?
!

Ef =231

Jomal
Fp= ?3&.4T

E l'-_-l:I[I‘:lZlilql-dh



Flow Rates Vs Catalyst Weight For Reactor 1

Concentration Vs Catalyst Weight of All Species
Including Side Reactions for Reactor 1




Conversion of Propylene Vs Weight of Catalyst for Reactor 1

Temperature Vs Weight of Catalyst for Reactor 1

Pressure Vs Weight of Catalyst for Reactor 1




Feactar 2
Weight of Catabyzt for Reactor 3: 1400kg
krnal
Fan = lﬂ?
Ko
o = et
Fey=Fdy=Fe,=Ffp=10

kmol
Fe= Ulﬂ—h’

kmel
Fbh=36T—
hr

Fr = lS.'?M
fer

kmaat
Fil = D059 ——
Kt

Fe = 273022
B A

Polymath Code for Reactor 2

Concentration Vs Catalyst Weight of All Species
Including Side Reactions for Reactor 2




Conversion Vs Catalyst Weight for Acrolein

Temperature Vs Weight of Catalyst for Reactor 2




Cost Estimation

Propylene: £0.48. $52,600,000
Labor cost: Assume 500 employees get paid $60,000- $30

Heat Exchanger Cost:
1% Rlsacios: D= d Serm, Bl 0319, AmL2 3na?

59640153 m{njmuﬁ(muy’]

284 Bacicr, DS, B- 0257, Am 99,67 e
1st Reactor: $11619.42
2nd Reactor: $38976.53

Conclusion

The proce stemn went well but some challenges cccurred along the
way.

Aspen Simulation was unable to be complete

Many cost estimation parameters were unable to be calculated
Recommendations:

Asking for help when issues first arise

Making sure to look at more than one research pa
calculations
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CHEG 3306-02: KINETICS AND REACTOR DESIGN
SPRING 2022 SEMESTER

Title of Assignment: EXAM II

TOPICS COVERED IN EXAM 11

EXAM II covered the following topics:

Multiple Reactions
Selectivity
Desired/Undesired products
Optimal operating conditions
Energy Balance

Heat Calculations

oy g 29 N =




DEPARTMENT OF CHEMICAL ENGINEERING
CHEG 3306-P02: KINETICS AND REACTOR DESIGN
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT
SHEET FOR SPRING 2022 SEMESTER

ABET OUTCOME 1: Show an ability to identify, formulate, and solve complex engineering problems by
applying principles of engineering, science, and mathematics.

ABET OUTCOME 2: Show an ability to design a system, a component, or a process to meet desired need within
constraints.

Name:

Title of Assignment: Exam 2b Date: 04/28/2022

Competency Area Max for this | Your
Assignment | Score

Outcome 1.1 — Identify and Formulate
e Derive mole balance equation for various reactors.
e Combine rate laws, mole balances, and stoichiometry to solve for volume,
concentration, or flow rate.
e Calculate conversion and concentration using appropriate equations.

Outcome 2.1 — Selection/Safety
e Evaluate the selectivity of products in reactions and choose feed location of raw
materials.
e Increase desired product for single and multiple reactants by selecting appropriate
reactor and feed conditions.
e Recognize the importance for safety and determine the risk associated with
gas releases from reactors

TOTAL 150
= o, Bl | | 7V T |

e dT _ Ua(T,—T)+Sr,AHg, Ua ,

EB —AH === . __ """'(T“_T)‘{“J'A A[_IRx(T)
" dv..____ SFCy - |dT _ ps
T=T,+ (_—Afka)'x aw EF‘.CP[
Y47 — )+ 1y AHp(T)

dT _ vs 4 Stk dT _ Ua(T,— T)+ i, AH ()| | dT _ Ua(T, = T) + r,AHu ()

aw Fpo(20,Cp +ACLX) dVv Fpo(20,Cp+ ACLX) av EFfo'j




Problem 1: (30 pts). The production of ethylene oxide occurs from the reaction of ethylene and
oxygen; however, carbon dioxide and water is produced in a side reaction as shown below.
Provide net rates of disappearance for each compound.

1) C,H,+ 20, > 2C0, + 2H,0

2) C,H,+ 0, > 2C,H,0

Problem #2: 15 pts Acetic anhydride reacts violently with water to make acetic acid; therefore,

the reaction must be controlled.
(CH3C0)?0 (1) + H,0(1) > 2CH;COOH(I)

a.  What type of reaction is occurring?
b. Is this reaction homogeneous or heterogeneous? (Simply circle your answer).
c. Is this reaction endothermic or exothermic? (Simply circle your answer).

Problem #3(15 pts) Answer the following set of questions.
1. Runaway reactions are caused by which of the following types of reactions?

a. Isothermal b. Endothermic c. Exothermic d. Adiabatic
2. For exothermic reactions, what does a negative value of heat of reaction mean?
a. Isothermal b. Endothermic c. Exothermic d. Adiabatic

3. The following image refers to the mechanism.

OA B O Product @O
BSads
| /:75 7 W e

Asad S




Problem #4: (30 pts) A reversible, liquid phase reaction has A + B < 2C occurs in an adiabatic CSTR. The feed
contains 100 mol/h of A and 200 mol/h of B. The initial reactor temperature is 450K. The heat capacities of reactant
A and B is noted as 42 cal/mol K and 60 cal/mol K respectively. At 298K, the equilibrium constant is 12,000 and the
heat of reaction is -4,000 cal/mol.

a. Assuming ACp = 0 and a conversion of 70%, calculate the adiabatic equilibrium temperature?

b. What is the equilibrium conversion if the exit temperature is 1000K?




Problem #5: 35 pts A second order, liquid phase reaction A + B — C occurs in a jacketed CSTR. The reaction is
assumed as elementary. The feed contains 1.5 kmol/m® of A and 1.0 kmol/m?® of B with an initial volumetric flow

rate of 0.002 m?/s. A coolant is used at a constant 283K. The heat of reaction is -6.15 kmo’;]of e

Additional information:
X = 0.85; U=20KJ]/m? s K; Cpa = 30 J/(mol-K); Cpg= 18 J/(mol'K); Cpc =
3

22 J/(mol'’K) k= 0.01—

kmol-s

a. Determine the reactor volume of the CSTR.

b. Calculate the heat transfer area necessary for a reactor temperature of 300K?

c. How much heat is being removed during the reaction?



Problem #6: 30 pts
The following first order, elementary reaction takes place in a catalytic membrane reactor (CMR):
Ae B+2C
Component B diffuses through the membrane and component C is the desired product. Unfortunately, component A
also diffuses through the membrane. :
a. Provide mole balance equations for each compound in terms of flow rate.

b. A rate of disappearance for component A.

c. Transport equations (kinetics) for the components that diffuse through the membrane.

Problem #7: 25 pts Consider the following parallel reactions where the desired product is achieved in the first
reaction.

500
A+B ->D b = 1000e(~ —-)CFC}

1500
A+B ->U Ty = 50e"(—T)CjC§

a. Derive and simplify an expression for the selectivity of D to U.

b. To maximize the production of the desired products, what setting is required for the
temperature?

c. What type of reactor should we use? Sketch an image to support your suggestion.
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DEPARTMENT OF CHEMICAL ENGINEERING
CHEG 3306-P02: KINETICS AND REACTOR DESIGN
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT SHEET

FOR SPRING 2022 SEMESTER

ABET OUTCOME 1: Show an ability to identify, formulate, and solve complex engineering problems by

applying principles of engineering, science, and mathematics.

ABET OUTCOME 2: Show an ability to design a system, a component, or a process to meet desired need

within constraints.

Name: Nina Patthawm ma\lov\ca

Title of Assignment: Exam 2b Date:

04/28/2022

Competency Area

Max for this Your
Assignment | Score

e Increase desired product for single and multiple reactants by selecting
appropriate reactor and feed conditions.

o Recognize the importance for safety and determine the risk associated with

Outcome 1.1 — Identify and Formulate —d
e Derive mole balance equation for various reactors. —F
e Combine rate laws, mole balances, and stoichiometry to solve for volume, @( +4
concentration, or flow rate. 7’ L'{
e Calculate conversion and concentration using appropriate equations.
Outcome 2.1 — Selection/Safety 3
o Evaluate the selectivity of products in reactions and choose feed location -0
of raw materials. -2

6S Lo

gas releases from reactors

TOTAL 150 /3:./
Y — i/ i‘r:v #{L, :dEsvs U__A A @ PN N
0 ”S+i>:_111 oy ‘{jriﬂi dl_ » [FA()(T T,) +@fﬁ§7 >\)
_— EB —AHg, g
20,0 (7= Ty
Xep = *‘—*\‘——
2 ~Ally, dr  Ua(T,— T)+2r.jAHR ij Ua
4 = fo 1 xi 24T, = T)+r)AH (T
(=AML X dy 2FC, T ik R
= T 4 .M..,.E'l'../_ - Jw S F.
T=T,+ o dw FCp
Ua j
(T, =T+ 0y Ay,
Al e dT _ Ua(T, = 1)+ nAH (D) [ dT _ Ua(T,= 1)+ r Hy(T)
diV  Fpo(20,Cp + ACHY) AV Fpo(20,Cp+ ACLX) dv ZFCy,




Problem 1: (30 pts). The

E bl : production of ethylene oxide occurs from the reaction of ethylene and oxygen;
ever, catbon dioxide and water is produced in a side reaction as shown below. Provide net rates of
disappearance for each compound. A: CoHy  C: CO3 e GHLY
l) C2H4+ 202 b 2602+2H20 b, g D %
2) C2H4 + 02 =, 2C2H40 a :

Hy0

(- r,(ﬂ + CGp)

D A+ a0 it‘—s aC + 3D '%‘cnc;' [GLNIVE
a) A =+ Q, R 9\5 ‘kac’acb (_(e’hﬂ 3&‘% CAC + %&Ch 9.
Rladve rte
: A # C
lactlon | —Yin . e “Nic . Hp CQT o )net ° CY‘C /{ﬁ
—\ - Q X AL
leaction & ‘fc}g oMo - Ve (/’VD)NQ* Gﬂb) ’(Q /§
=\ -1 P P
C- (:fD\No:} = _’a{’ C“C@
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,
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Problem #2: 15 pts Acetic anhydride reacts violently with water to make acetic acid; therefore, the reaction
must be controlled.

(CH3C0)20 () + H,0(1) = 2CH3COOH()
a. What type of reaction is occurring? 4 H‘f deation - o aetion.

b. Is this reaction{lomogeneousor heter: cen\,ousﬂ‘%xmply circle your answer).
c. Is this reaction Endothermicyo @ 2 (Simply circle your answer). "}

Problem #3(15 pts) Answer the following set of questions.

1. Runaway reactions are caused by which of the following types of reactions?

a. Isothermal b. Endothermic@ Exothermic d. Adiabatic
2. For exothermic reactions, what does a negative value of heat of reaction mean?
a. Isothermal b. Endothermlc@Exothel mic d. Adiabatic

3. The following image refers to the LQQM\( H\ﬁ@nwobﬁ#echamsm

A B Product :
D O

Wy W tisy Y
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‘l’rol)lom #3: 35 pis. A second order, liquid phase reaction A + B — C occurs in a jacketed CSTR. The reaction
is assumed as elementary. The feed contains 1.5 kmol/m?* of A and 1.0 kmol/m? of B with an initial volumetric

fow rate of 0.002 m¥s. A coolant is used at a constant 283K. The heat of reaction is -6.15 Imv.'cﬁ—j(u‘—ff mol CBo
Additional information: o VR
X = 085, U= 20 K]/Tnz LG K: CI’A = 30 ,l/(molK), CPB =18 J/(molK):
Cre = 22 J/mol-K) k=001 Fy
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a. Determine the reactor volume of the CSTR. °
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problem #6: 30 pts

The following first order, elementary reaction takes place in a catalytic membran
¥ Ao B+2C

Component B diffuses through the membrane and component C is th

component A also diffuses through the membrane. :

a’xF Provide mole balance equadtigw for each compound in terms of flow rate.

A

N R L Ok,

owv av

b. A rate of disappearance for component A. C ca
C YAjNu # v&.\cn -Jé,q Cfb co . .%ﬂ C A K.

e reactor (CMR):

e desired product. Unfortunately,

Ye

Transport equations (kinetics) for the components that diffuse through the membrane.

p\h - \&F(CA/ Chﬁw
-4
Ry - J&Gﬁ“@f Cog)

alle] reactions where the desired product is ac

C.

par. hieved in the first

Problem #7: 25 pts Consider the following

reaction. °p
500, 5o
A+B - D rp = 10003“(——T—)CAC3

By.
1500, 5 .,
A+B U ry = 50e"(— T YCiCs
Derive and simplify an €x ression for the selectivity of Do U
oL Tl ab s W oo

v Po exp C-‘—r’%-) C§ Cg

1e production of the desired product

” "y _Boo ) — VBeo
UD’U B %— M = &D ‘«Q, i ) C(Z\ \ C® = a0 & Cﬁ cﬁ)

s, what setting is required for the temperature?

it ie vequired Ror low The 4 emperatvre

b. To maximize ti
€, Ep To maximize Fhe Produets |
but Not %o low

What type of reactor should we use? Sketch an im
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& age to support your suggestion.
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DEPARTMENT OF CHEMICAL ENGINEERING
CHEG 3306-P02: KINETICS AND REACTOR DESIGN
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT SHEET
FOR SPRING 2022 SEMESTER

—-\l’m\ :m ability Io identify, formualc,nnl solve pe eniccring problems by
applying principles of engineering, science, and mathematics.

ABET OUTCONME 2: Show an ability to design a system, a component, or a process to meet desired need
\\illlill»(‘(}li\ll'ﬂilll\.

Name ﬁ)a "\‘yrj \ {\ﬁw N P SR —

Date: 04/28/2022

~ Manx for this . Your ‘

. ) | Assignment | Score |

Outcome 1.1 — Identify and Formulate ’ [
| | >

Title of Assignment. Exam 2b

Competency Area

¢ Derive mole balance equation for various reactors.

* Combine rate laws, mole balances, and stoichiometry to solve for volume, ?S
concentration, or flow rate.

e Calculate conversion and concentration using appropriate equations.

T e =1 : T ‘—-(7

Outcome 2.1 - Selection/Safety
e Evaluate the selectivity of products in reactions and choose feed location | g’ | -3

of raw materials. ‘ é ‘
e Increase desired product for single and multiple reactants by selecting
appropriate reactor and feed conditions. ,
e Recognize the importance for safety and determine the risk associated with l

gas reicases from reactors —
150 ‘ /O"

) — If / (i’hr—m% 20,Ca (T~ ? 1

£ ) TAD s . ,,/ et ¥
- New = —AHy,

r 20 75}

Hpg = s ; — TY4+ S,

: Al ﬂ - L‘a(T.l T) 1 “"’I'JAI{RN'/ U—”(Yu— T)4 l‘;' AIIR‘(T)

— 377 dV, ¢ 2 FCh dT _ Pa

3 R e V4 /19 ) : I S P

! f - ,l g .i i=) (~ .4— d'f :"’ M - ["C’,'

1/a ;=
Pl dT _ Ua(T, = T)+ n,AH(T)| | dT _ Ua(T, = T) +r Al (T)
T Fa(X0, av Fro(20,Cp+ ACRX) il ee 1L o

G




r——————' -

Erablem 1; (30 ps). The production of ethylene oxide oeeurs from the reaction of ethiylene and oxygen;

however, carbon dionide and water is prndum“m as shown below. Provide net ates of
dl\npq‘.u_arﬂhL for cach ¢ compound ~
1) CaHy + 20, — 2€0, +2H,0 A 28 e o
2) Gl 4+ 0, = 20,H,0 A+ B — 2F
= L 1' =
Ay Gale “Gr s o Vo= PR
1 -3 vE Lar
B - =
=€, = AR CAle" _“} _’ i
. 2
‘TD" = —fEIChL%
~Cag= Bale
“(p.= R2QUACy

“Ce, = -ﬂbq{l pln

ey = h,t’_s(:*f' 4 % Crle

~Coner = LR Caly” 4 Ralale
- Tona # ~ARCRCo™ s
-pner = - 2h.Caly

=Teper = - 2R Cale

Problem #2: 13 pis. Acetic anhydride reacts violently with water 1o make acetic acid: therdfore, the reaction
mitast e contredled

(CHICOP0 (1) + Hp0(1) = 2CH,COOH(T)
6. What ppe of reaction is oggorring? _ ML&&H\G&E‘D
b Ns this re uum"hunuu.c;:u:cn—_:;\wyﬂ |s" {simply circle your .!n:wtl"i
¢ s this reaction endothermis I?Ff":;tlmrlnlc 4 ply cirche your answer).

- e

Problem 83 05 (o diswver the following set of guestions.
1. Runaway renctions are caused by which ofﬂlu@ﬂg'mgxi of reactions?
e §
i Dsothennal b [-miulh!'rnﬂc ¢. Exothermi d. Adiabatic
2. For exothenn': reactions, \.\hmd aive -.a]u-. of heat of reaction mean?
8. lsothermal =~ hjl f{h_\__t_l.l"ﬁ_l'm d. Adiabatic™ 3
3. The fellowing image refers 16 the i 1 mechanism, it
oane
o? ) Froduct OO
Bs'lll

g@%ﬂ
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- A Y el f j
: _Jl,"c':._]m,_ . . r,l L] | I-' : i I
Problem #5. 35w second order, | | ;I
o du“wmlm S lguid picase reaction A+ B = oeeurs in a jackeled CSTR. The reachion

@ feed
comlaims | 5 1-.nm| mof A and 1.0 kmol'm' of B with an iataal volumetric

How rate o {1

s A conlan |
_____'_'-——_ U d k) b
."'u.1-;html1.a'| ks rmarion TR 13‘ H‘Th: DEW B rcﬂt‘l'!\nn A, lk_m_”.‘["'_. ul'ﬁ
K= DH.'-!I If = \ ':- =
= LOK]fm 5. k. Cra= 30 J{mol K. Cog = 18 Jimol KX

Ciy = o2 Jimal-Ky & m! I
s~ Ve 02wl Ta=208%

5
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fﬁ = A
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Hon o (7-288) 20005 /mel %

€ How much hew ks being removed during the resction?

G ~F
r

k= sq2043s Slhma & 32000 3 /np “(T"amb
(T -2623k) 2000 /mol K
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Problew #4. E= r d

The Tolho, Inge firs opder |

elementary reacrign takes place in o catalytic membran reactor (CMR) ™

Component B diffyy g Av B43C
R lilunlu through the membrane and component C is the desired product. Unforunately.
? l:‘m r\. 5o diffuses through the membrane -
naq% mole hakinge equations for each compound in terms of Mow rate. 1
A -
o= 9 TR 8% Bro-ge R g
b ¢ av ay

A e of disappearnnce for Companent A,

AV R N S G

€ Transpont equations {kineties) for the companents that diffuse through the membrane. =

aba
aN

4
= bl 5.0 (- Aap %‘ _~hea+BaleCo—Rg

Problem #7: 25 pis Consides the following parallel reactions where the desired product is achieved in the first
— -

Teaclion.
— 500 Cee |V Oy 7
A+H =D T = 1000e"(—==)CiCE S
& i
1500 ahir b Y Peby By
A+B =1 ry = 50e* (- ——)C} i T

LA o d G
a Derive and sinplify an expression for the selectivity of Do UL

o
A 2
Sows fo . IOAER\G (b
v 50 e A(-1E2\ 0y (s
b Tomasimiee the production of the desired products, what seting is required fior the Lemperature?

o Jaa. e T ol WWM By, ::
B, = by 0 rTh Nemer bo e e 1O DO
Mo Grklbeen O SLEMss
C. Wihat b pe of resctor should we use” Sketch an bmage to suppor your sugzestion,

USTH groR B oxd Dol o 4O, whitn ort
GOES D 34 oor com 4 18 Ly readins @ frienn
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COURSE ASSIGNMENT GRAD

DEPARTMENT (,
CHEG 3306-P02; i WR

FOR spR SEMESTER

[ ENGINEERING
EACTOR DESIGN
UTCOME ASSESSMENT Spp

W
ABET OUTCOME 1: Show an ability ¢, ide and solve complex engineering problems b
S,

lying princi
appET OUTCOME 2: Show an ability ¢o d’ez?d mathemat;c
n

AB

vithin constraints.

ples of engineering, science utify, Ormula_te,

gn system’

S.
or a proc :
component, process to meet desireq need

W
a S

Name:

Mo SPOAKE, T e

Title of Assignment: ___&(M)_\ Date: 04/28/2022
C ¥
| AsSignment | Score

Identify and Formulate

Outcome 1.1-—

Derive mole balance equation for varioy

Combine rate laws, mole balances, and

concentration, or flow rate.

Calculate conversion and concentratiop, usin appropriate equations.
g

S regctors:

stoichiometrY to solve for volume,

gs

Outcome 2.1 — Selection/Safety

Evaluate the selectivity of products in reactjons and choose feed location
of raw materials.

Increase desired product for single and Mmultiple reactants by selecting
appropriate reactor and feed conditions.

Recognize the importance for safety and determine the risk associated with
oas releases from reactors

bS

ot

-2
,l’

=5
HAS

s - e O e —
TOTAL 150 ) D )
o = REw UA
O- I+ N FyH, — > FH == ==(T-T, d.Co(T -
- i'/_j'll ) 'le i d( [F/\n( ))'*'EO,CI:‘(] /“]
Xey = =l ‘
Ry
5 5 20,C.(T-Ty) U Lhole o
s ~ Ay, dT _ Ua(T, = T)+3ryAHgy, Vg s s
- dv EFiCI' dT "p—‘( o= T)+ry AHg(T)
T=T (—Alg,)X i =k
0 1(—').(’—/' dh 3FCy,
Yo7 ~ T)+ £ AT | cAtk
ar g S gy UaTGT) 4 AR (T [ dr _ UalT, = )+ rbR (@)
AV Fpf20,C, +ACH) av FaGOC,+ACK) | |4V SFCp
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Problem 1: (30 pts). The produycy
. 10n of -eaction of ethylene an ,
however. carbon dioxide and wate, ; “thylene . curs from the rea [ d oxygen;
i " Oxide 0° s shown below. Provide net rates of

disappearance for each compoungd, Sproduce in ;e redc jona B s CZ H" 8 o e
\ l)» CoHy +(20, - 2C02+2H20 () 4 o 2
Q 2)@21'14-}‘ > = 2C,H,0 20"‘ 5 H;D =15
g NeT ATt  —————u
A+ 316 C .
2A+ B € gy ” “Va INEY) = [(CACE k():()g,
P . =de =B eql W kCa &% | g ner = 3oy + L)
- Iy, NET :z,[kcﬂc,;]u,z(\&zd

» . - [o)
i u«rn)é“”"?{b -\"O'NET = ‘2( ¥a,) ;% Af_
/ (,NET = ZkCAQ@
3 -fs-alte) by et = 2ta) P
5 S -y - ’2L'r‘“> 5, NET = —2\45,,\(,%3
' -ve, ver = i 4 -1,
e ner =

‘k('AicG

Problem #2: 15 pts Acetic anhydride reacts Violently yyith water to make acetic acid; therefore, the reaction

must be controlled.
(CHC0)20 (1) 4 1, (1) » 2CH3COOH(D)

a.  What type of reaction is occurring? i’\_\/_‘d_@i\ onNn
b. Is this reactio or heterogeneous? (Simply circle your answer).
c. Is this reaction or exothermic? (Simply circle your answer).

Problem #3(15 pts) Answer the following set of questions.

C

1. Runaway reactions are caused by which of the following types of reactions?

}[\ [sothermal b. Endothermic(c) Exothermic XK Adiabatic
2. For exothern: 2 reactions, what does a negative val heat of reaction mean? 6

a. Isothermal b. Endothermic @ther‘lﬂj Adiabatic —-3
The following image refers to the u{%ﬁmﬂ;‘hﬁ&\w@ anism.

A B Product
O O O

“ads

.5[7'

ASsds

o
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P\o’

?roblem ::: 33l pts A second order, |; iqui _, C occurs ina Jacketed CSTR. The reaction
is assumed as elementary. The feeq conta nsI hage teqction AT il 0 kmon of B with an mmal volumetric = 0007

,(IDOOO lemer
kmolo/A | k7 m‘)wo'

Crs = 18 J/(mol-K);

flow rate of 0.002 m¥/s. A coolant is Used 5 " Kmg)/m” © { reaction is -6.15

heat O
Additional information: WE
X =0.85; U=20K]/mz2.
Jim? sk, _ 30 jl(mol K):

Coc = 221/ : Cp;
PC (mol-K) k=0.01 7:13\ \( o. Oozm/s

f kmol's -

a. Determine the reactor volume of the ¢ 0 ; FAo = (l 6+ ) 2 6
S
TR (0.163

" cCSWR = FP\ X a f St iy
VIS ~0Q_ Y
n b .

W Lt e
< "\-4*\0 «\/c_, \psre * Fa Lk)

\ere ® &
° Vesre MW)(MW 1088

b. Calculate the heat transfer area necessary fo; , reactor temperature of 300K? ¥ |0 ()QZLS h.
I'a e

gl 5 Ua( Ta -T)'\'\' AHN(-) ot 283k

# e LD T &
: Fay (£8;C Co 1 ACP)Q ol
: .

ACpX = WalTa-T)sra B ’dwT Y4

(Zb%\.g T _r“ﬁnn‘k 0%) U.DDD" < )k) L’l‘ﬂak 3%“)'\([0 )
¢. How much heat is being removed during the reaction? (<b.\% 3

T \t0

A = k\'}&- (t-Ta) B { Wi 8 —Sqwo&r

FAD )0



problem #6: 30 pts

The following first order. elementary réaction tyy, ina catalytic!
a (Y ceé 1
pla

nembrane reactor (CMR):

1ent B diffuses through the mMembrane A, B Cis the desired product. Unfortunately,

Compor et i il
component A also diffuses through the Membrgy, omp
a. Provide mole balance equations for eache. : {interms of flow rate. .
¢ in
d FA . Ompol dFQ _ tr = Q(b)
=iy, =y e
Y ) av
*b. A rate of disappearance for component A é% o rc/
& 2 = 2
( rp\) b \\‘ CIA \(’IQBQQ

fXQ:, Transport equations (kinetics) for the components the diffuse through the membrane.
he

Ka WQ@L A
Re %\,\@L .

parallel reactions where the desired prod

[\)

uct is achieved in the first

Problem #7: 25 pts Consider the following

reaction. .
A+B >D 1 = 1000eA(——)CACB
1500
A+B -U 1y = 50e* (= T JG G5 :
girf M
a. Derive and simplify an expression for the selectivity of D to U. L'GODE
600 2 e 10 — 7(1::
" -22)Ch' Cn L T
Cop, = B = \o&og'rvi_r_d - s

3 1600 2. Fe00 1
= 30 ot )Ca Ly AT

b. To maximize the production of the desired products, what setting is required for the temperature?

TO  naxi nong #ns. dLgveq OrodMcAs TE\Q’WMM@
“howdd e rugjnex. oy

¢. What type of reactor should we use? Sketch an image to support your suggestion.

A wUvorane voockor $oud. \se, -f

Wn g
o NN Wit
O oncortaten o & (Coge 2)




CHEG 3306-02: KINETICS AND REACTOR DESIGN
SPRING 2022 SEMESTER

Title of Assignment: REACTOR CHARACTERISTIC QUIZ

TOPICS COVERED IN REACTOR CHARACTERISTIC QUIZ

REACTOR CHARACTERISTIC QUIZ covered the following topics:

1. Reactor advantages/disadvantages
2. Phases in each reactor
3. Optimum operating conditions
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Score for this quiz: 25 out of 25
Submitted Jan 31 at 4:49pm
This attempt took 8 minutes.

Question 1

I 3
Question Score / 3 pts

Which reactor is primarily operated in the gas phase?
Correct!

3
PFR

c
BATCH

PBR

CSTR

Question 2

I 3
Question Score / 3 pts

What type of reactor is used to minimize unwanted side reactions?
Correct!

(e
Semi-batch

C
Batch

FBR

CSTR

Question 3

I 3
Question Score / 3 pts

Which of the following reactors has concentration changes down the length of the reactor?

.
Semi-batch



c
Batch

Correct!

3
PFR

C
CSTR

Question 4

I 3
Question Score / 3 pts

Which type of reactor is used in the pharmaceutical industry?
C

PBR

Correct!
(e

Batch

C
Semi-batch

c
CSTR

Question 5

I 3
Question Score / 3 pts

Which of the following is NOT an advantage of using a CSTR?
.

Low labor operating cost

c

Easy to clean

c

Good temperature control

Correct!
[0

High conversion per unit volume



c

No answer text provided.

Question 6

I 2
Question Score / 2 pts

A CSTR is a reactor with a continuous flow of reactants and products that assumes a uniform composition
throughout the reactor.
Correct!

(e

True

C

False

Question 7

I 2
Question Score / 2 pts

A packed bed reactor uses catalysts. The catalyst may cause channeling in the reactor.
Correct!

(e

True

C

False

Question 8

I 2
Question Score / 2 pts

The phases in a PBR include liquid and solid catalyst.
.

True

Correct!
[0

False

Question 9

I 2
Question Score / 2 pts

For a PFR, there is no change in concentration down the length of the reactor.

c

True

Correct!



False

Question 10

I 2
Question Score / 2 pts

A semi-batch reactor is a combination of a CSTR and a PFR.
C

True

Correct!
(e

False

Final Score: 25 out of 25



AVERAGE




Score for this quiz: 22 out of 25
Submitted Jan 31 at 11:36pm
This attempt took 7 minutes.

Question 1

Question Scorel ° / 3 pts

Which of the following is NOT a disadvantage of a fluidized bed reactor?
C

Large pressure drops

Correct!
0

Uneven particle mixing

-
Large reactor volume required

C
Vessel erosion

Question 2

Question Scorel 0 / 3 pts

Which type of reactor is also known as a fixed bed reactor?
You Answered
g

FBR

-
CSTR

c
PFR

Correct Answer
C

PBR

Question 3

Question Scorel ° / 3 pts

Which of the following reactors does not have good temperature control?
Correct!
g



PFR

CSTR

C
Semi-batch

-
Fluidized Bed

Question 4

Question Scorel ° / 3 pts

What type of reactor is used to minimize unwanted side reactions?
-

FBR

C
CSTR

-
Batch

Correct!
&

Semi-batch

Question 5

Question Scorel : / 3 pts

Which type of reactor is used in the pharmaceutical industry?
C

Semi-batch

-
PBR

Correct!
&

Batch

C
CSTR



Question 6

Question Scorel 2 | 2 pts

The phases in a PBR include liquid and solid catalyst.
C

True

Correct!
&

False

Question 7

Question Scorel 2 | 2 pts

A CSTR has poor temperature control.
-

True

Correct!
0

False

Question 8

Question Scorel 2 | 2 pts

A CSTR runs at unsteady state.
C

True

Correct!
&

False

Question 9

Question Scorel 2 | 2 pts

A CSTR is a reactor with a continuous flow of reactants and products that assumes a
uniform composition throughout the reactor.

Correct!

g

True

-
False



Question 10

Question Scorel 2 | 2 pts

The catalyst in a PBR undergo fluidization.
-

True

Correct!
0

False

Final Score: 22 out of 25
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Score for this quiz: 19 out of 25
Submitted Jan 31 at 10:22pm
This attempt took 19 minutes.

Question 1

Question Scorel ° / 3 pts

Which of the following is NOT a disadvantage of using a PFR?
Correct!
®

High operating cost

C
Undesired thermal gradients may exist

-
Poor temperature control

C
Shutdown and cleaning may be expensive

Question 2

Question Scorel ’ / 3 pts

Which of the following is an advantage of using a BATCH reactor?
Correct!
g

High conversion per unit volume for one pass

I~
Consistent product quality

C
Low operating cost

I~
Limited flexibility in usage

Question 3

Question Scorel ° / 3 pts

Which of the following reactors has concentration changes down the length of the
reactor?

Correct!

o



PFR
Batch

CSTR

I~
Semi-batch

Question 4

Question Scorel 0 / 3 pts

Which type of reactor is also known as a fixed bed reactor?
Correct Answer
-

PBR

c
PFR

You Answered
0

FBR

-
CSTR

Question 5

Question Scorel ° / 3 pts

Which reactor is primarily operated in the gas phase?
Correct Answer
-

PFR

C
CSTR

-
BATCH

You Answered



0
PBR

Question 6

Question Scorel 2 | 2 pts

The catalyst in a PBR undergo fluidization.
-

True

Correct!
&

False

Question 7

Question Scorel 2 | 2 pts

A packed bed reactor uses catalysts. The catalyst may cause channeling in the reactor.
Correct!
®

True

C
False

Question 8

Question Scorel 2 | 2 pts

A CSTR runs at unsteady state.
-

True

Correct!
&

False

Question 9

Question Scorel 2 | 2 pts

A BATCH reactor undergoes continuous operation.
C

True

Correct!
0



False

Question 10

Question Scorel 2 | 2 pts

Both PBR and FBR use catalyst.
Correct!
g

True

-
False

Final Score: 19 out of 25
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	ABET OUTCOME 1: Show an ability to identify, formulate, and solve complex engineering problems by applying principles of engineering, science, and mathematics.
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	 Recognize the importance for safety and determine the risk associated with gas releases from reactors

