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I. COURSE DESCRIPTION IN ABET FORMAT

COURSE SYLLABUS

CHEMICAL ENGINEERING DEPARTMENT

CHEG 3305 P02 Separation Processes

1. | Course number and name:

CHEG 3305 Separation Processes

2. | Credits, contact hours,
categorization:

3 credit hours; 5 contact hours; engineering

3. | Instructor’s or course
coordinator’s name:

Dr. Nabila Shamim

4. | Text book: Title:

Transport Processes and Separation Process Principles. 5th
Edition, ISBN: 0-13-101367-X

Author:

Geankoplis, C.J.,

Publisher, Year & Edition:

Prentice-Hall, (5th Edition).

a. Other Supplemental material

Unit Operations of Chemical Engineers. 7th Edition, McCabe,
Smith and Harriott, McGraw-Hill, 2005 ISBN: 9780073104454

5. | Specific course information

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

(3-0) Credit 3 semester hours. Applications of heat and mass
balances and phase equilibria to the design of staged separation
processes. Use of graphical methods such as McCabe Thiele.
Application to distillation, absorption, stripping, and extraction
Goals: The goal of this course is to teach students the science
and design of separation processes.

b. Prerequisites or

Co-requisites

CHEG 2304 (CHEG 2043) and CHEG 3304 (CHEG 3053)

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 outcomes of instruction

1. Solve for an unknown process variable using general
algebra and linear algebra techniques.

2. Apply calculus and differential equation principles when
determining diffusion.

3. Interpret and construct graphs and tables such as a
triangle plot and calculating area under a curve.

4. Write and reduce mass balance equations around trays,
stages, or overall processes.

5. Write and reduce energy balance equations around trays,
stages, or overall processes.

6. Identify the phases present and select an appropriate




method of separation.

7. Depict a process in a flow diagram labeling unknown and
known quantities.

8. Utilize Henry's and Raoult's laws to determine vapor and
liquid composition.

9. Calculate compositions for single stage and multiple stage
systems using Fenske equation.

10. Calculate mass fluxes, molar fluxes, and overall fluxes
using correct formulas.

11. Calculate tower heights, number of trays, and efficiency
using correct formulas.

12. Simulate separation processes using computer software
such as Aspen/HYSYS.

13. Plot equilibrium data and operating lines on an XY plot
and determine the number of stages/trays and the feed
location.

14. Discuss simulation results and recommendations in
memos and reports.

b. Explicitly indicate which of the This course addresses:
student outcomes listed in Criterion | Course Outcome 1: Ability to identify, formulate, and solve
3 or any other outcomes are complex engineering problems by applying principles of
addressed by the course. engineering, science, and mathematics

1. Identify and Formulate engineering/technical/computing
problems using principles of
engineering/mathematics/science

2. Solve CEP/computing problems.

7 | Brief list of topics to be covered Mass Transfer and Diffusivity (6 hours)
Evaporation (3 hours)

Contact Stages (3 hours)

Absorption (6 hours)

Humidification and Drying (6 hours)
Distillation (9 hours)
Leaching/Extraction (6 hours)

Design using Aspen/HYSYS (6 hours)

XN B DD =

Prepared by: Dr. Nabila Shamim Date: May 20, 2022



II ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS

Program Outcomes Assessed in this course

Outcome 1:
An ability to identify, formulate, and solve complex engineering problems (CEP) by applying principles of
engineering, science, and mathematics.

Assessment Summary of Class Semester Averages for Qutcomes
(Should be provided for Fall 2019 through Spring 2022 Assessment Period)

Outcomes 1

Semester Semester Class Average (%)
Spring 2022 81
Spring 2021 75
Spring 2020

Spring 2019 o4

The average for this outcome
shows gradual increase from

class average 64 in the Spring
2019 to 81 in the Spring 2022

Comments on Trend of
Data (Improving or
deteriorating)

*Expected Semester Class Average = 70% (or as defined by the program)
Ideal Semester Class Average =75% (or as defined by the program)




End of Semester Course Assessment Reports
Spring 2022 and Last Three Assessment Periods.

Each summary contains the following Information

1. Performance Statistics

e Total number of students in class

e The class average performance (stated as %) in each course outcome assessed
in this class and the two previous times course was assessed.

e The acceptable class average for the class in each outcome area as set by your
Department.

e Percentage of students who scored below the expected average in each
outcome.

2. Implementation Summary
e Brief summary of plans implemented during the semester based on last
assessment report

3. Perceived Problems
e 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
e 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
e Instructors summary of overall performance trend for each outcome
measured over the last three periods.

5. Were Expectations Met?
e 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
CHEG 3305 SEPARATION PRCESS: SRPING 2021 SEMESTER

Report Prepared by: Dr. NABILA SHAMIM Report Date: May 18, 2022
Outcome 1.1 Outcome 1.2 Outcome 1
Ability to identify and Ability to solve complex Ability to identify and
formulate Separation Absorption and distillation [formulate problems using the|
Semester ] prhoblems using the ] problems using computing prir{ciple.s of mathe{natics,
principles of mathematics, tools. engineering, and science.
_ | Number | “epgineering, and science.
Analysis of
Type | Students
Expected % Expected % Expected %
Expected |Percent of] Students | Expected |Percent of] Students | Expected [Percent of] Students
Class [students at| Class meeting Class [students atf Class meeting Class [students aff Class meeting
Average/ | or above | Average | Expected [ Average/ | or above | Average | Expected | Average/ | or above | Average | Expected
average Average average Average average Average
Spring 2022 Direct | 20 75 170 | 74 [ 55| 75 [ 70 [ 89 |100] 75 | 70 | 81 | 75
Spring 2021 Hybrid | 30 75 170 |72 [ 57 |75 |70 [ 78 | 80 || 75 | 70 | 75 | 67
Spring 2020 Direct | 30 |75 |70 |69 | 60 |75 |70 |84 |96 |75 | 70 [76.6 [72.4
Spring 2019 Direct 33 75 70 75 64

Implementation Summary

Items implemented
from previous
report or after

meeting previous

o the following techniques
and technologies were
included:

1.Students were divided
into small groups with
a specific problem to
Think-Pair-Share.

2. Discussion topics were
assigned in CANVAS
to shared thoughts
with instructor, peers
and made comments.

Technology used:

e Surface pro is used to
deliver online lectures.

e OneNote software gave
the opportunity to
write the lecture topics

® The importance of the
use of HYSIS/ASPEN
in engineering practice
was stressed at the
middle of the course.

e Complex assignments
were given in groups
based on technical
issues students use
ASPEN to solve.

e A detail rubric on the
project

e Aspen HYSYS
tutorialwas given to
students. In CHEG
3305 the number of
Aspen assignments

Students learned in detail
about different separation
units. Pressure drop and
temperature variation in

Perceived Problems

instructor on white page and wete increased for column
simultaneously share stud'epts to, get more
with students familiar with process
e The split screen option s1mu1at19n. A SOP .
is a game changer, it was provided showing
gave the privilege to the steps to get remote
share the theory and access. However, due
solve the problem side to license issue they
by side could not complete
N . three projects
e Used active learning and .
collaboration tools to |* A d@ttlzlnlfddSOtl: shared
make the class more with student 1o
interactive complete ASPEN
. ” HYSYS project on
e Individually students distillatior; anit
were assessed using ’
exams and quizzes.
Perceived  |* Students had trouble e Students just presented

problems are
directly related to
the PC and the
sub items under
them

formulating the
material and energy
balance equation and
basic mass transfer

theorems for example

graphs from
simulation;
explanation was not
clear

e Students are not ready to

Problems were mentioned in
the sub-outcomes.




Rault’s law, Fick’s
law.

e Instructor get
overwhelmed with
grading

® Not all students were
focused during the
class

work hard.

® Due to pandemic
academic integrity
was at risk.

Plans for Addressing
Problems

Plans for
address specific
measures to
address PC and
their sub areas

The following is
recommended for
implementation.
e Teaching assistance is
needed to support
instructor.

® The instructor should do
more active learning in
class and give
assignments collaborative|
learning.

TA is needed to support
instructor. One day workshop
on ASPEN HYSYS will help

students complete projects

Plans to address problems
mentioned in the sub-outcomes

Overall Trend over

Ascertain if there

Class average and the

. t f t
Periods . were pereentage o students Students’ performance met [Students’ performance met the
improvements over|  reaching the expected
. . the expected class average. expected class average
previous outcome did not meet
semesters requirements.
Were Expectations ~ |Class Average 275%
Met? land >70% of Students
et Performed at or
Above Expected NO YES YES
Average.




Table 2.1 END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT
CHEG 3043 SEPARATION PRCESS: SRPING 2020 SEMESTER

Report Prepared by: Dr. NABILA SHAMIM Report Date:

May 18, 2020

Outcome 1.1
Ability to identify and
formulate Separation

Outcome 1.2
Ability to solve complex
Absorption and distillation

Outcome 1
Ability to identify and
formulate problems using the

Semester problems using the problems using computing | principles of mathematics,

principles of mathematics, tools. engineering, and science.

_ | Number | “epoineering, and science.
Analysis of
Type | Students

Expected % Expected % Expected %
Expected |Percent of] Students | Expected |Percent of] Students | Expected [Percent of] Students
Class [students at| Class meeting Class [students atf Class meeting Class [students aff Class meeting
Average/ | or above | Average | Expected [ Average/ | or above | Average | Expected | Average/ | or above | Average | Expected
average Average average Average average Average
Spring 2020 Direct | 30 175 |70 {69 | 60 |75 [70 |84 |96 |75 [ 70 |76.6 |72.4

Spring 2019 Direct 33 75 |70 | 75 64

Implementation Summary

Items implemented
from previous
report or after

meeting previous
instructor

Students worked
on identifying and
formulating problems in
groups

Individually
students were assessed
using exams and
quizzes.

The importance of the use of
HY SIS/ASPEN in
engineering practice was
stressed at the middle of the
course.

Tutorial class were taken to
familiarize student with
HYSIS.

Complex assignments were
given in groups based on
technical issues students use
JASPEN to solve.

A detail rubric on the project
Instructor made necessary
arrangements to access
software remotely

Students learned in detail about
different separation units.
Pressure drop and temperature
variation in column

Perceived Problems

Perceived
problems are
directly related to
the PC and the
sub items under

Students had trouble
formulating the material and
energy balance equation and
basic mass transfer theorems

for example Rault’s law,

Students worked as a group to
finish the assignments
however there was lack of
team effort. Students just
presented graphs from
simulation; explanation was

Problems were mentioned in
the sub-outcomes.

Plans for Addressing
Problems

address specific
measures to

address PC and

their sub areas

implementation. The
instructor should do more
active learning in class and
give assignments
collaborative learning.

them Fick’s law. not clear
The following is . )
Plans for recommended for The instructor should:

Continue providing handouts
detailing effective use of
Excel spreadsheet and
HYSYS and how to explain
data.

Plans to address problems
mentioned in the sub-outcomes

Overall Trend over

Ascertain if there

Class average and the

The class average was same as

Periods . were percerlltage of students Students’ performance met | before and expected outcome
improvements over|  reaching the expected L .
. . the expected class average. | were significantly higher than
previous outcome did not meet .
. the previous year.
semesters requirements.
Were Expectations  |Class Average >75%
and >70% of Students|
Met? Performed at or NO YES NO
Above Expected
Average.




CHEG 3305 SEPARATION PROCESSES, SPRING 2022
Title of Assignment: Exam 1
TOPICS COVERED IN Exam 1

Test 1 covered the following topics:
1. Solving complex problems on Absorption and Diffusion process
a. General balance equation
b. Calculate number of stages



CHEG 3305 SEPARATION PROCESSES, SPRING 2022

SAMPLE TEST QUESTIONS, SOLUTION,
AND GRADING SCHEME FOR MID-TERM EXAM
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Separation Processes CHEG 3305 P02 (Spring 2022)
Exam 1 Time: 2 Hrs Date: March 7 2022

Total points: 100

STUDENT NAME: ... e DATE: ...

Closed Book Exam NO CELL PHONE USE (PUT THEM AWAY), NO RESTROOM
BREAKS NO COLLABORATION

PROVIDE UNITS ON ALL CALCULATIONS AND ANSWERS

ANY DISHONESTY DURING THE EXAM WILL RESULT IN “F” GRADE

WORK ALL PROBLEMS ON THE QUESTION SHEETS AND DO NOT USE ANY SHEET
OF YOUR OWN

Student Signature: ....cccvviiieiiiiiniiiiineiiiiinrieiinresesnsccsennces
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Problem 1 (40 Points) Molasses is fermented to produce a liquor containing ethyl alcohol. The
CO2 rich vapor containing a small amount of ethyl alcohol enters the column at 180 kmol/h at
300C and 110KPa, which contains 97% CO; and 3 % ethyl alcohol. The alcohol can be
recovered by absorption with pure water in a sieve tray tower. During the absorption process
98% ethyl alcohol is absorbed. The liquid flow rate (actual solute free absorbent) is 50% above
the minimum liquid rate. The equilibrium relationship is Y* = 0.57 X.

a. Draw a schematic diagram of the absorption column and label it clearly showing all given
information and unknown. (5 Points)

b. Clearly Write the assumptions of McCabe-Thiele Method (5 Points)

c. Determine the mole fraction of ethyl alcohol at the top of the column (7 Points)

d. Calculate the pure water flow rate used to absorb ethyl alcohol. (8 Points)

e. Determine the mole fraction of ethyl alcohol in water at the bottom of column (5 Points)

f.Use McCabe Thiele Method to graphically calculate the theoretical number of stages
(10 Points)

13
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Problem 2 (20 Points 2 Points each)

a) For the determination of driving force in any mass transfer operation, the solubility of a
species in a solvent, i.e., equilibrium distribution between phases is important. With the
increase in temperature, solubility of a gas in liquid increases. Hence, absorption is done
at higher temperature. On the contrary, desorption is done at lower temperature. (True/
False)

b)Diffusivity in gas is proportional to 1/ (True/False)

c) Which of the following is NOT true of diffusion in gases, liquids and solids?

a. The rate of diffusion depends on the component diffusing; the medium is not very
important

b. The rates of diffusion in liquids and gases is different by several orders of
magnitude

c. The rates of diffusion in liquids and solids is different by several orders of
magnitude

d. The rate of diffusion in solids and the rate of diffusion in liquids are both slower
than in gases

d)Mass transfer is driven by concentration gradient as well as by pressure gradient and
electrical gradient. (True/ False)

Answer the following two questions using the plot below (2points each)

16
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FIGURE 18.4
Pressure drop in a packed tower for air-water system with I-in. Intalox
saddles. (1,000 Ib/ft>-h = 1.356 kg/mj-s; 1 in. H,O/ft = 817 Pa/m)

At very low liquid rates, the effective cross section of the packing is not appreciably
different from that of dry packing and pressure drop is due to flow through a series of
variable openings in the bed that is called channeling. (True / False)

From the above figure write down what is the pressure drop when flooding takes
place........... (fill in the blank)

Factors that may lead to flooding:
a. High inlet gas flow rates

b. Low liquid circulation rates

c. Small diameter towers

d. All of the above

The process of the purification of natural gas by contact with an ethanolamine (alkaline)
solution is called absorption (True /False)

Write only the general equation for diffusion of gases A and B

17



Problem 3 (a-d) (40 points) Nickel carbonyl (A) is produced by passing carbon monoxide (B)
at 350 K and 1 atm over a nickel slab. The following reaction takes place at the solid
surface:

Ni(s) +4CO(g) — Ni(CO)(g)

The reaction is very rapid, so that the partial pressure of CO at the metal surface is
essentially zero. The gases diffuse through a film with a thickness L = 0.7 mm.

NBJ, NAT Gas film

z=L

Ability of Identify Engineering Problem
a. List all the assumptions; simplify the general mass transfer equation for species A.

(5 Points)

18



b. Draw a schematic diagram of the concentration profile for the given system and specify
your boundary conditions. ( 10 Points)

Ability of Formulate Engineering Problem

c. Develop the final integrated equation for the flux of species B; be sure to use your
boundary conditions. ( 15 Points)

19



Ability of solve Engineering Problem

d.Estimate the rate of production of nickel carbonyl (A), in mole/s[Jcm?of solid surface at
steady state. The composition of the bulk gas phase (z = 0) is 35 mol% CO. The binary
diffusivity is DaB = 20.0 mm?/s. ( 10 Points)

20
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. Separation Process CHEG 3305 P02 (Spring 2022)
.-'"-I

IS
%l

STUDENT NAME: .. \/iVion.. fi}dihammunnﬂ ............ DATE: .. 03107 (3083

Exam | Time: 2 Hrs Date; March 7 2022

Total points: 100

Closed Book Exam NO CELL PHONE USE (PUT THEM AWAY), NO RESTROOM
BREAKS NO COLLABORATION

PROVIDE UNITS ON ALL CALCULATIONS AND ANSWERS
ANY DISHONESTY DURING THE EXAM WILL RESULT IN “F” GRADE

WORK ALL PROBLEMS ON THE QUESTION SHEETS AND DO NOT USE ANY SHEET
OF YOUR OWN

Student Signature; .... %""’ .......................
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P
Foblem 3 (20 Poings 3 Points each)

a) Forh i
speci ¢ determination of driving force in any mass transfer operation, the solubility of a
ing e “-1 4 solvent, i.e., equilibrium distribution between phases is important, With the
FEAse in temperature, solubility of a gas in liquid increases. Hence, absorption is done

41 bigher temperature. On the contrary, desorption is done at lower temperature. (True/

Diffusivity in Eas is proportional to 1/ @;’F“'“]
©) Which of the following is NOT true of diffusion in gases, liquids and solids?

a. The rate of diffusion depends on the component diffusing; the medium is not very

important
b. The rates of diffusion in liquids and gases is different by several orders of

magnitude
The rates of diffusion in liquids and solids is different by several orders of

/ magnitude
d. The rate of diffusion in solids and the rate of diffusion in liquids are both slower

than in gases
Mass transfer is driven by concentration gradient as well as by pressure gradient and

\f{ electrical gradient, False)
Answer the following two questions using the plot below (2points each)
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king is not appreci:lably
& to flow through a series of

At very low liquid rates, the effective cross section of the
/ False)

e -
different from that of dry packing and pressure drop 1
variable openings in the bed that is called channeling.

. ta-kﬂs
From the “bﬂ"cﬁ;:m write down what is the pressure drop when flooding

2
place. H0% & ¢ fill in the blank)

E Factors that may lead to flooding:
a, High inlet gas flow rates
b. Low liquid girculation rates

C. Small dimyﬁ:tcr towers
All of the above

h. ~ The process of the purification of na urdl gas by contact with an ethanolamine (alkaline)
” # solution is called absorption.( True ﬂl:@
Write only the general equation for diffusion of gases A and B

Ny - Dﬁ:adﬁ-; . CE“T(NMN&)

'.UH' : - Onp df,»:, -+ ?ﬂ (NRH"J;}D
AT d? Pr

T = C'D-ﬁﬁ d;_}f:; - )(P' (NH-:NQ.J
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P
Foblem 3 (a-q) (40 points) Nigkel
at 350 K and | atm over o ni
Surface:

& A
';ﬁl{:} FACD g — MiCOWg)

The reaction is very rapid, so that the partial pressure of CO at the metal surface is
essentially zero. The gases diffuse through a film with a thickness L = 0.7 mm.
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Ability of Identify Engineering Problem

a. Listall the assumptions; simplify the general mass transfer equation for species A,
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carbonyl (A) is produced by passing carbon monoxide (B)
ckel slab, The following reaction takes place at the salid
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b. Draw a schematic diagram of the concentration profile
vour boundary conditions.

co(®) i (CO
£=0 o e -
=L Vd Xm1
l tJi slob
- = :1'0-35 X = 0‘35
@ z-0 Ka,= Ais 8,
@ E: L 'KHB: =0 XB!;-__ )
““a =1

Ability of Formulate Engineering Prohlem

for the given system and specify
{ 10 Points)

c. Develop the final integrated equation for the flux of species B; be sure to use your

boundary conditions. 48 - A { 15 Points)
mﬁd_% .
jed Wz |- 978
Ne « - CDan QX8 . %, (a4t Ne. M
B D'“G&.—? + B( At '-r\] dy - - '%dcta
OO B,y ) | TH Ve
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= ' = 4PD 4-3xag
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L xﬁc:? I 3aTL Y-2(0-3)
) "B, 4 3QTL
y. = xp
(v cn%i 2 nm%
- 222
o el
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d. C .
Estimate the rate of production of nickel carbonyl (A), in muolels-cm? e solid surface at

steady state. The composition of the bulk gas phase (z = 0) is 35 mol% CO. The binary
diffusivity is Dan = 20,0 mmi/s. - { 10 Points)

: a
given  Dpp =30 mel S (ﬁ?nﬁw' s
P: ladm

Tz 350"K
L= 0amm= 0-071

Na-= PDap 0. HE}:H;I)

BRTL I+ 3 XA,
- (o) Qh(l-\-?:(ﬂ
3(R3.06)(350)(007) | +2(0-65)

=5 a
Ny = 1.01x10 W
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Lo=?
amant of elhy | aloho] leaving im Ly (a812) - (0.98) (5.4) = 5.393 kmd [h
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s Separation Process CHEG 3305 P02 (Spring 2022)

_,/\U Exam | Time_2HrsTate: March 7 2022

Total points: 100
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PROVIDE UNITS ON ALL CALCULATIONS AND ANSWERS

ANY DISHONESTY DURING THE EXAM WILL RESULT IN “F” GRADE

WORK ALL PROBLEMS ON THE QUESTION SHEETS AND DO NOT USE ANY SHEET

OF YOUR OWN
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Problem 1 (40 Points) Molasses is fermented to produce a liquor containing ethyl alcohal. The
CDJ rch \rapur co

ntaining a small amount of ethyl alcohol enters the column at 180 kmol/h at

300C and | 10K P, which i
i contains $7% A -ohol. The alcohol can be
recovered by abse, n COz and 3 % ethyl alcohol

98% ethyl al IP"“ with pure water in a sieve tray tower. During the absorption process
the mjniy i 'l:l;l'jﬂul. 15 absorbed, The liquid flow rate (actual solute free absorbent) is 50% above
mum liquid rate, The equilibrium relationship is Y* = 0.57 X.

- Draw a schematic g ) i
i i 1agram of the a i i showing all given
information and unkngwn bsorption column and label it clearly g

{5 Points)
>+ Clearly Write the assumptions of McCabe-Thicle Method {5 Paints)
c. Determine the mole fraction of ethyl alcohol at the top of the column (7 Points)
d Calculate the pure water flow rate used to absorb ethyl alcohol. (8 Points)
& Determine the mole fraction of ethyl alcohol in water at the bottom of column (5 Points)
f.

u j )
se McCabe Thiele Method to graphically calculate the thearetical numbet of stages

(10 Points)
i-j' T = Ouy¥

S ot ] 72

|-3% = 0,02 left
Co W) = 002 (i) (o) - 002 (11,009 0.09)
(W) = 108 ety gy,

W II“)IH-Jl
e
Tan =00 - f,-”-TlsT?-;f_nFm 7= fﬁ.oﬂ‘fq/
Lt v ’ o 0. 0004
(a]- "I'lll"h ‘fr_4.| + [,-r;:'fﬂ = ']!‘,(I 4 I-H\rn, Y
Yoty = 0.67 X* 7 xx = %‘%:ﬂ-ﬁw
. YnH"‘fq = G‘.lﬂ'&— rL.U”Q"’fl /
Hen= 55— = "——'—-———-—-—-j-k ol | C
\ i"’“']l""ﬂ =X, 2,055 — o - (. l;;

Ik

4]

Df‘{.\‘nllnj: Lrg(qu:J: 1,5{'{3.59‘&) = G'%—B

Yoty = 03X Y Y P h g 00%- (vieY
g.¥1 " 0.5
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Problem 2 (20 Points 2 Points each)

a) For the determination of driving force in any mass transfer operation, the solubility of a

species in a solvent, i.¢., equilibrium distribution between phases is important. With the
liquid increases. Hence, absorption is done

increase in fémperature, solubility of a gas in
¢ at lower temperature. (True/

at highepdemperature. On the contrary, desorption is d

by Diffusivity in

5 is proportional to L/p {TM@}

¢l Which o following is NOT true of diffusion in gases, liquids and solids?

{_/.f The rate of diffusion depends on the component diffusing; the medium is not very
Impaortant
b. The rates of diffusion in liquids and gases is different by several orders of
miagnitude
c. The rates of diffusion in liquids and solids is different by several orders of
magnitude

d. The rate of diffusion in solids and the rate of diffusion in liquids are both slower

than in gases
d) Mass transfer is driven by e camratri]cr}padicm as well as by pressure gradient and

electrical gradient. (True” ﬁ?

'y
F
i
3
EH
2
£
=
| 1
| | Logpared i, o f-l |
| ot :.'h‘\ﬂnp\ll |
0l _ I P N N
100 00 100400 400 1000 2000 5,000
A mass velacity, G, o/ h
FlGal RE 154
Pressiire dr i i grach e B er for aiewaer sy a il - Itk
sortklhes, L ENKE G b 1530 kg Din HLWN =8 17 Fwmi
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./(l/ .
. ing is not appreciably
At very low liquid rates, the effective cross section of the packing is P

) rough a series of
different from that of dry packing and pressure drop is '%}“* “;Ii: ug
variable openings in the bed that is called channeling. (True /[Fil

e i kes
From the ahave figure write down haﬂ? & pressure dr"f when flooding

ill i i Lo LA AL
place, . { fill in the blank) |H 7 f’fjﬂ/’

\__a-/l
Factors thay may lead to flooding:
a. High inlet £as flo

Low liquid circ ation rates
c, Small diameg

) Allof the

The process of the purificatio
solution is calleg absorption |

natural gas by contact with an cthanolamine (alkaline)
/False)
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b (e fag dY o ¥ ( Naly

1 b BT, o
VAC T e
uced by passing carbon monoxide (B)

Problem 3 (a-d) (40 points) Nickel carbonyl (A) is prod
place at the solid

at 350 K and 1 atm over a nickel slab. The following reaction takes
surface:

Ni(s) + 4C0(g) — NilCOhlg)

L

Ne

The reaction is very rapid, so
essentially zero. The gases diffuse through a fi

that the;aﬂial pressure of CO at the metal surface is
Im with a thickness L= 0.7 mm.

Ability of Identify Engineering Problem
cral mass transfer equation for species A,

a. List all the assumptions; simplify the gen
(5 Points)

Nﬂ& - NB 150 L@f.b , ;fa:i‘}he:r;kl F,Q//
| [-J— .:} Nﬂ i s—‘-?l-..]q;\‘____’_-.f

A 1'_(«_&,&5# % + X (NatNg)

Er
Na = 'D,qﬁ;%j:i%ﬁ' K(MQ"{TLM,E‘)
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. I 1 4
b. Draw a schematic diagram of the concentration profile for the given 31“5['5":'{ E;::}d;:i:tls? "
your boundary conditions,

£ G d (Cok

- e
5e 2=0 ;é:g"!ﬁ\ C)g“ %49
-4 & l\}f\jy Vs

Ability of Formulate Engineering Problem

¢. Develap the final integrated equation

for the flux of specics B; be sure to use your
boundary conditions.

{ 15 Paints)
Ca

— o x —
e =Tho ¢ 24 X(h=N0)

Na (] ~%X) < - ”“:TE#_ ;f‘?‘g

.
g _ —Dag S I_@.JE--—
N"*SEZ T TCr Jh0-%9)

h, .I-" -lel | = :n || "'_ y
(R
-~
Dap, Ca s g
=Lj—= =~ -2y
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Ability of solve Engineering Problem

d. Estimate the rate of production of nickel carbonyl (A), in mole/s-cm’ o
5 mol%s

steady state. The composition of the bulk gas phase (z = 0)is 3
diffusivity is Das=20.0 mm/s,

golid surface at
CO. The binary
( 10 Points)
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Separation Process CHEG 3305 P02 {spring 2022)

Exam | Time: a<Hes Date: March 72022
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Closed Book Exam NO CELL PHONE USE (PUT THEM AWAY), NO REST ROOM
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Prohley, |

1 alcohol. The
o 40 I"Uil'llinl Molasses js fermented to produce a liguor con taming ethyl alc
1rnich

0 kmolh a
PP L Contaiming o smgll amatent of ethyl alcool enters the coliumn D:JJ-- be

H0aC 4ng 10Ky, which eaniaing 7% OOy and 3 % ethyl aleohol. The alcobol can =
m:.mcr"'d by absarprion With pure wales i 5 steve tray tower. Dunng the absorption i hove
T':_- * Syl aleohol jg absorbed. The Tiguid flow rate (nchusk sofuss-fiec ghsuortient) i GSH A

the mingyy, I rage The cquilibriygg relationship if v « 0.57 Y/' *:'f.;l. -.FQP

: Draw i sehemaric diagram of the absorpion column and fabed it clearfy showing all grven

oy, And wnkpgyg, {3 Points)

P Clearly ey the assumprians of McCabe. Thicle Meihod (3 Poinis)

© Detenmine the mofe Fraction af ethyl alcohol g1 he topalthe colump {7 Points)

& Coloulage ghe PRITE Watex flow rate used 1o aborh vyl aleohol, (‘Iﬂ I"ufﬂ,/'

€ Determing the mole fragtin of ethyl aleotiol im waicr at the bamem afcnlu'r(ﬁ mr;hﬁ

L Use MeCabe Thiele Methad 1 saphically caleulate the thevresical pumber ufsl;_gz_ 5 )
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Moles inVapor phase, ¥
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Problem 2 (20 Points 1 Paints each)

i : dafi
) For the determination of driving force in any mass transfer operation, the solubility of 2

?me in a solvent, i.e., equilibrium distribution between phases 18 jmportant. With the
wnerease in termperature, solubility of a gas i

: m liquid imcreases. Henge, absorphiof 15 done
at highef temperature. On the contrary, desorption is Tome at Ioier temperature. (True/

Vi b gees
Fﬂ.i'&L !

-
b} Diffusivity in gas is proporiional 1o 1p I:Tm Falst, _.IF’_
e Which of the following is NOT true of diffusion i g3ses, liquids and solids?

Thu sate of diffusion depends on the component diffusing: the medium isPrrI' very
imperiant

b. The rates of diffusion in liquids and gascs

is different by several orders of
magmitude
e The rates of diffision in liquids and solids is different by several orders of
magnitude
d. The rate of diffusion in solids

and the rate f diffusion i liquids ar¢ hath slower
thar in gases

dy Mass transfer is driven by concentration radient as well os by pressure gradigit and
clectrical gradient. {True! f
___,_r;_g}g; gradicnt. | True! [ﬁ o l//

Answer the following two qﬁulhn: using the p

s

Joi below (2points cach)

st vt e b
F oW 1“ =1Lm faloren
I . 1 I Shipured s
i, B . I
yaciel (i f—— % =
*}u F'W'L |E..ﬂ\, 2-5F4
- 2 (K § K
& v L
ML 13 yol ol eqlurnm
P i 1w posbial limay B il AT v sl with 1-m
cabdlin i 110NN = B MR s i 100 = HIT P s R |
Zd = 3 (256wt
=39,13 &°
-]
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o

) A reciabl
Al very low !Iql.l]d rates. the elfective cross sechion of the Fﬂﬂlﬂg 15 nod app ¥

: senes of
different from that of dry packing and pressure drgp 5 dug o ptiut;hmush as
variable openings in the bed that is called channeling. (Jrug? Fais
From the sbove figure write down what i the pressure drup when flooding e
plage.......... (i1 the blank) Vv
Factors that may lead 1o flooding:
aP High inlet gas flow rates
b Low higuid cerculation rates
& Small diameter towers

All of the above

ghipne 7 . .
The process of the purification of natugal gas by contact with an ethanolamine (alkaline)
solutson is called absorption (True Fakg)

Write anly the general equation for diffusion of gases A and B

/

LY
Y

ACa f’ﬁf |
- P2 S0 )
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Problem 3
(-dl " )
at 350 H0 Polnts) Nickel carbonyl (A is produced by passing carbon monoxide (B)
b K and | alm over a , &

nickKg ha fi ; s, a : = 5'.1-|Id
surface: kel slab. The following reaction takes place at the

% p

Mils) ¢ dg ) — NilC Opig)

The reaction is ve

Y rapid, so that the partial pressure of CO at the metal surface is
cssentially zero,

The pases diffuse through a film with a thickness £ = 0.7 mm

Biahitad LU L L T TR

N | )
3 Gas film| te Ml

Ability of Identily Engineering Problem - "D
\ e
(| : ;
A List all the assumptions; simplify the gcm;}.[lmaﬁs transfer equation for species A.

A
Sheady - shale 7.? ﬂbc')) ’,R {5 Poinis)

Feswpnn L=\

ey + (Nas 1) ~G ¥
NJ:": -HG 'd."l‘l: CH,- N ' L“\ll
B TTTINA
(Na-t4NaD
MA_:-"DAGE*EA ¥ L.——--—""ﬁ -

L P

N« - gl _ 3
b M o]

Np+ 3Ny - o 40 [ W
; C‘, A8 dz \}f} Tt aay oF e pretsue

T e el

“LNA dt =

2,

AV Nz "2 (Rh)
YRT -1

Cryp

-Dag ‘ (7
Ly, |

7
LEFJF.(-T'F}"}": "Dh% Lt_h.,"f:.tfj
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jven system and 5p:¢r'f;,r

b. Draw a schematic diogram of the concentration profile for the & ( 10 Paints)
your boundary eonditions.
2-0 Bl
i Modedd =
o § £ eet B= Of=
(&) [ #Y Fé}; '
Z2#L- -} ( @E:‘?} F#r“‘ I'IR“""'.-'E"J-'E

Ability of Formulate Engincering Problem

¢, Develop the final integrated equation for the flux of species B; be sure o use your
boundary conditions. { 15 Paints)

Nﬂ. s Dma (Fﬂ v J?q'-:.}

msfn () g
4
Ll ﬁi;"“
r"fﬂ* d&"" E —-—Ed[ﬁl
AT
el P"'F'.,.

vurs (Pa By
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Ability of solve Engincering Problem
2, solid surface at

d. Estimate the rate of i | .
£ production of nickel :—a.rhﬂl'l}'l (A) 0 male/s-Cm : !
£t:|.'ad:,j state. The composition of the Bulk gas phase (7 = 0y is 35 mol%e CO- The binary
diffusivity is Dan = 20,0 mm’s. | G
'I..-‘

N

N‘q.;. T}HEJ (?ﬂlﬂ ]?%){45"‘ O
AT L j d.'& \
= (e omer]s \) f;l?i'i:’ E(v'sﬁ*-ﬂqiw‘?if

“-____________._———-»
(00521 9. o ) (352 ‘.:wﬁ)(gﬂz—_)
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Separation Processes
Spring 2022

Quiz 1
TOPICS COVERED IN Quiz 1

1. Principles of Mass Transfer
2. Calculating molar flux of evaporating water
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CHEG 3305 P02 Separation Processes
Spring 2022

Quiz #1 QUESTIONS, SOLUTION,
AND GRADING SCHEME
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Separation Processes
CHEG 3305

Quiz 1 Date: January 31 2022

Water evaporating from a pond does so as if it were diffusing across an air film 0.50 cm thick.
Air is not diffusing in water. The diffusion coefficient of water in 20°C air is about 0.25 cm?/s. If
the atmospheric air is 50% saturated, answer the following questions:

1. Draw a schematic diagram of the mass transfer process.
2 Points

2. Calculate the molar flux of evaporating water across the air film.
5 Points

3. How fast will the water level drop in a day?
3 Points

Given vapor pressure of water at 200C is 17.54 mm.
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. Niva Patthammavo
Name: "I'J CHEG 3305

Separation Process: Quiz 1
\O Date: January 31, 2022

1. Water evaporating from a pond does so as if it were diffusing across an air film 0.50 em
thick. The diffusion coefficient of water in 20°C air is about 0.25 com’/s. If the atmospheric air
is 50% saturated, answer the following questions:

I.  Draw a schematic diagram of the mass transfer process, 2 Points
I.  Calculate the molar flux of evaporating water across the air film. Consider equimalar

diffusion. 5 Points

.  How fast will the water level drop in a day? 3 Points

Given vapor pressure of water at 200C is 17.54 mm, }13

VRELE R\ vl 7 B YA

dz e Total Concentration

Total Pressure

Dr. Nabila Shamim Page 1
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Name: OLmahmmm ' —Pﬁadﬂ' CHEG 3305

Separation Process: Quiz 1
C,j Date: January 31, 2022

Water cvaporaling from a pond docs so as if it were diffusing across an air film 0.50 cm

thick. The diffusion cocfTicicnt of water in 20°C air is about 0.25 em®/s. If the atmospheric air
15 'S_E:'Iigiurﬂcj:l_, answer the following questions:

1. Draw a schematic diagram of the mass transfer process. 2 Paints
Il Calculate the molar flux of cvaporating water across the air film. Consider cquimolar

diffusion, 5 Points

I,  How fast will the water level drop in a day? 3 Points

Given vapor pressure of water at 200C is 17.54 mmﬂ:‘r

dC, . Ca (Na+ Ng)

dz C
T~ Total Concentration

Ny= --2ae 9P Pa N+ Ny
Tatal Pressure Aﬂ“m{q‘mﬁ .

J{;;Eua:daf W

:,u-.sy/. M s 56%, satwrabed - (o - Tredwrt dhop

ﬁ&hz ﬁ15¢7#;3

o1 = 2238 4E4
?ﬁ,z- '!:tl._ﬁ‘fmm![b_ : éﬁﬂﬂ@

bz 50% seburatnd-
‘Pﬁu E
Dr. Nabila Shamim

FPage 1
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Name: Edgor Men oz CHEG 3305

Separation Process: Quiz 1
\N Date: January 31, 2022

1. Water evaporating from a pond does so as il it were diffusing across an air film 0.50 cm

thick. The diffusion coefficient of water in 20°C air is about 0.25 cm’/s. If the atmospheric air

is 50 saturated, answer the following questions:

. Draw a schematic diagram of the mass transler process. 2 Points
. Calculate the molar flux of evaporating water across the air film, Consider equimolar
diffusion, 3 Points
How fast will the water level drop in a day? 3 Points
Giitgn vapor pressure of water at 200C is 17.54 nurq};,s
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Final Project CHEG 3305
This is a group project. The project is due on May 6 2022
Project Goals
The goals of the project are

(1) to give the students more experience with real world problems beyond the scope of those
typically included in undergraduate textbooks,

(2) to connect major concepts from the course, using material balance, energy balance and phase
equilibrium equations

(3) to provide students with opportunities to explore industrial applications in areas of interest.
The activity connects course concepts to real world applications and requires students to design
their own case studies through exploring the research and patent literature.

Problem Statement

Light naphtha is a mixture producd by distillation of crude oil. Light naphtha primarily contains
alkane compounds (paraffin) and it can be blended into gasoline. The octane value of methyl
substituted alkanes (iso paraffin) is higher than that of staring chain compounds (normal paraftfin)
so it’s often advantageous to isomerize the light naphtha to increase the proportion of branched
compounds.

A simple naphtha isomerization process has a feed of 10000 barrels per day of a 50 wt% mixture
of n-hexane and methyl pentane. The fed is heated and sent to a reactor where it is brought to
equilibrium at 1300KPa and 2500C. The reactor products are cooled to the dew point and fed to a
distillation column operated at 300KPa. The bottom product of the distillation is rich in n-hexane
and is recycled to the reactor feed. An overall conversion of 95% is achieved. Simulate the
process to determine the recycle flow rate and composition.
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How to submit your report :
Final report :

The final report for the project should follow the following formatting. Point breakdowns for the
100 points allocated to the final report are indicated in parenthesis. Grammar and formatting
errors may be deducted from any relevant sections. The report must be submitted electronically
via ecourse. No handwritten notes are allowed, and all equations must be typed. Label all of the
following sections and subsections in the order listed.

1. Title Page (1) — course number, project title, project group number, group members, date
a) Table of Contents(1)
b) List of tables (1)
c) List of figures (1)

d) Page number on each page ( except title page) (1)

2. Executive Summary (10) — A 1/2-page, or less, statement that should contain the objective
(1), results (2), and conclusions (3). The purpose is to succinctly convey why the project
was done, what the objective was, what the result of the work was.

For Example: The objective of the study is to design a separation unit using Aspen for synthesis
of Ethyl Benzene process which consists of reactors and distillation column.

3. Process Description. ( 25 points)
4. Process Simulation and results (40 Points)

o Present the numbers in a way that is clearly stated and identified . Mention the
graphs or figures you have obtained from Aspen HYSYS.

Primary Control objectives such as reboiler heat input, reflux ratio
o Recycle stream properties

o Acceptable composition

o Is further processing required?

The graphs or figures you have obtained from Aspen HYSYS.

o Estimate the number of ideal stages required and feed stage
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5.Recommendations for further development (10 points)
6. Conclusions. (5 ponts)

7.References (5 points)

Hints: To get an initial estimate of the distillation column conditionsm first simulate using a
shortcut column model. Consider methyl pentane as heavy key. Assume mole fraction of methyl
pentane at the bottoms is 0.2. With recycle not closed the short colum will give you minimum
reflux.

o If a group member is absent for the work and does not help leave his/her name from
the report. Attach a short note explaining why this member’s name not included.

o All groups must attach their HYSY'S project in canval along with the report
o Do not attach the entire Aspen HYSY'S results printout

o At the end of the project, you will be asked to complete a confidential report
evaluating your group members.
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Executive Summary

The objective of this project was to provide us with a real-world application of the concepts we
have been learning about for distillation columns. The isomerization of Maphtha involved
material balance, energy balance, and phase equilibrium techniques which allowed us to explore
industrial applications. First, we needed to design our process using a short distillation column to
give us a range of parameters to eventually design our full process design. Our first trial
caleulated that we needed 30 minimal trays, 62 actual trays, the optimal stage was at 40, an
external reflux ratio of 8.9, a minimum reflux ratio of 7.5, a methyl pentane (light key)
composition of .2, n-hexane (heavy key) composition of .8 in the liquid phase and .23 and .77 in
the vapor phase respectively. Finally, using those parameters for our complete distillation
process our results indicated that our distillation column required 50 trays and our optimal feed
stage was at 33. From the 10,000 barrels/day we calculated a value of 459 kgmol'h molar flow
rate, which Aspen Hysys confirmed by it caleulating a value of 494.6 kgmol'h. Our recyele
stream calculated a 93 mole fraction composition for n-hexane (heavy key) and .067 for methyl
pentane (light key). In conclusion, for our 1somerization process of light naphtha, we had to first
use a short distillation column to extract a range of parameters to eventually be able to run a

complete process which exposed us to real-world industrial applications.

Problem Statement

Light naphtha is a mixture produced by the distillation of crude oil. Light naphtha primarily

contains alkane compounds (paraffin) and it can be blended into gasoline. The octane value of
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methyl-substituted alkanes (isoparaffin) is higher than that of staring chain compounds (normal
paraffin} so it"s often advantageous to 1somerize the light naphtha to increase the proportion of
branched compounds. A simple naphtha isomerization process has a feed of 10,000 barrels per
day of a 50 wt.% mixture of n-hexane and methyl pentane. The feed is heated and sent to a
reactor where it i1s brought to equilibrium at 1300kPa and 250°C. The reactor products are cooled
to the dew point and fed to a distillation column operated at 300kPa. The bottom product of the
distillation is rich in n-hexane and is recycled into the reactor feed. An overall conversion of

95% 1s achieved. Simulate the process to determine the recyele flow rate and composition.

Process Description

Isomerization is the process of transforming straight-chained hydrocarbon components into
branched hydrocarbon components with a higher-octane number. With Light naphtha,
isomerization has been recognized in the refining industry for many years because of its ability
to higher the octane number in gasoline. The isomerization process converts light naphtha into
higher-value gasoline by changing the molecular shape and raising its octane content. This
process of Isomerization is a simple and cost-effective process for octane enhancement compared
with other octane-improving processes available. The isomerization process is being used by
many couniries worldwide because it provides a way to improve the quality of fuels to decrease
the impact of environmental and health issues. The high demand for clean fuels and premium

gasoline grades makes the isomerization process common worldwide.

Light Naphtha is primarily composed of alkane compounds, also known as paraffin, and is mixed
to create gasoline. To get an initial estimate of the distillation column conditions a simulation
using a short column model was used as shown in figure 1. In the model, the feed for the
distillation column unit was composed of 50 wi%: of n-hexane and methy] pentanz. The feed was
fed into a mixer and sent to a heater where it was heated and sent to a Gibbs reactor where it was
brought to equilibrium at 1300 KPa and 250°C. The reactor products were then cooled to the dew
point and fed to a distillation column operated at 300 KPa. The mole fraction of the light key 2-
methyl pentane at the bottoms was assumed to be 0.2. With the given conditions, and with the

recycle not being closed, the shortcut model estimated a minimum reflux of 7.5 and an external
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reflux ratio of 8.9 as shown in table 3. Using the shortcut model, we caleulated that we need 30
minimum number of trays, 62 theoretical trays, and an optimal number of trays of 41, as shown
in table 4. The parameters obtained from the shortcut model were used for our complete
distillation column. The results from the complete distillation column with the inputs of the

shortcut model indicated that our column required a flow rate of 494.6 kgmolh

Process Simulation and Results

During this process simulation, we calculated the reboiler heat input and reflux ratio which is
61.9 degrees Celsius and 7.7 respectively found in Figure 3. The recycle stream includes a
temperature of 107.8 degrees Celsius, a pressure of 1300kPa, and 218.7 kgmoleh which can be
found in Figure 3. Yes, it is an acceptable composition because the light key and heavy key was
identified, and the overall conversion was accurate. Wo, in our estimation the overall process is at
90 percent with the conditions we used in the project. Realist 90 percent efficient is a great
efficiently for this distillation column and to try to increase the overall conversion would cost

extra money, time, and people.
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Table I: Input Conditions for Shortcut Distillation Column
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Table 2: Male Composition of 2-Mpentane and n-Hexane for Shorteut Distillation Column
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Figure 1: Schematic for Shortcur Distillation Column
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Table 3: Data from Shortcut Distlfation Column
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Table 4: Data from Shortcwt Distillation Colunin
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Table 5: Input Data for Distiflation Column
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Table 6: Mole Composition of 2-Mpentane and n-Hexane for Distillation Columan
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Figure 3: lsomerization Process of Naphtha Schematic
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Figure 4: Temperature vs Tray Position Graph with Specifications

Recommendations for further development

During this project we hit many obstacles with the limited problem statement and no research
material with subject dealing how we put in different components into ASPEN HYSY'S. ASPEN
has many tutorials on YouTube which we have used but for some reason our program would not
run right so we just recommend that we get a more in dept tutorial of ASPEN HYSYS. This
project should include pictures of final results needed because there was no way for us to know if

our data was correct.

Conclusion This project was aimed to further showcase the skills we have leamed in our
chemical engineering courses. The isomerization of naphtha is a real world application and
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byusing a short cut column to extract a range of parameters to be able to fully design our
complete process with a distillation column.
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Executive Summary

During this project our group objective study was to design a simulation using ASPEN to
determine the recycke flow rate and composition of a crude oll mixture that nchides n-hexane
and methyl pentane which will be input through a distillation column. A part of the objective this
project will ako give us more experience with using real world problems to create solutions
within a simulation modeling software whikt working as a team to gather information through
textbook material and connect our past couwrse knowledge. The solutions to this project will be
depicted throughout our process description and simulation results which we should notice an
overall conversion of 95% achieved from the reaction. The bottom product of this distillation
shall be rich in n-hexane and to be recycled to the reactor feed for a continued flow process.
Within our process we assumed that the feed comes in at 1300KPa with an isobaric heater. We

also assume that regular sensible heat occurs in the first heater under the same conditions  listed
in the problem statement.

Our project displays consstencies through the process and shows that the specified
values followed within the system where accurate the rates in the distilation and bottoms came
out as required outputs. The 95% achieved conversion is an accurate value depicted within the
tables observed in the ASPEN software. We ran a successful simulation with a refhux ratio of
7610 and our products produced the proper solutions to make the problem statement true. We
have developed a greater understanding of the ASPEN software throughout the temure of this
project and have become more familiar with creating an alzorithm to pass in this simulation. The
number of trays within our distillation column came out to 50 with an optimal feed stage of 33.
By doing this simulation we determined the recycle flow rate and composition of ths mixture.
The recvecle flow rate was 2186 kgmolh and the composition of our two components came out
as follows: n-hexane=0.6545 in liquid phase and 2-Mpentane=0.3455 in liquid phase. The ideal
conditions were followed i our process and the moke fractions of each component at the specific
values allowed a correct process to be converged.

Proble m State ment

Light naphtha is a mixture produced by distillation of crude oil. Light naphtha primarily
contains alkane compounds (paraffin), and it can be blended mto gasoline. The octane value of
methyl substituted alkanes (so paraffin) is higher than that of staring chain compounds (rormal
paraffin), so it is often advantageous to somerwe the hght naphtha to ncrease the proportion of
branched compounds.

A simple naphtha somerization process has a feed of 10000 barrels per day of a 50 wt.%
mixture of n-hexane and methyl pentane. The fed is heated and sent to a reactor where it &
brought to equilibrum at 1300KPa and 250°C. The reactor products are cooled to the dew pont
and fed to a distillation column operated at 300K Pa. The bottom product of the distillation i rich
in n-hexane and B recycled to the reactor feed. An overall conversion of 95% & achieved.
Simulate the process to determine the recycle flow rate and composition.
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Process Description

Our process design consisted of the followmg components m order: a mixer, heater,
Gibbs reactor, a second mixer. a distilation column, a pump, and a recyeler. Firstly, the feed
enters the mixer with the recylced product at 40°C and 1300 kPa. At state point 2, the stream i
then heated and then sent through a Gibbs Reactor for isomerzation.  The two product streams
from the Gibb’s Reactor are mixed again and then cooled to the dew point, 108°C. At state point
7. this & where the distillation process begins. The stream goes through the distillation process
where distillate and bottoms products are formed. The distillate is our mam product, whereas the
bottoms continues through a pump. The pump allows the stream to be recycled and reentered
into the cycle ata pressure consistent with the mitial pressure of the feed. The entire simulation
is shown in the figure below.

Q-Retoer
’ Botoms P 1
RCY-1 D-P?rr:l

Figure 1: Rigorous Distillation Process Simulation

Process Simulation and Results

In order to solve the problem statement, we needed to follow the specifications from the
problem methedically. By this we were inclined to design eachunit one-by-cne, making sure that
each was converging successfully before proceeding. We had to familiarize oursebves with the
software and understand the problem statement overall.

Barrels/day of & n-hexane, P-methylpentane, at 1300 kPa and heated and
isomerzed at2 then cooled t5the dew point at 300 kPa before it & fed into a dstillation
column. {The mass flow rate was calculated through dimensional analysis and by taking the
average densities of the components into our calcubtions below).

The feed conditions were specified in the begnning  as follows: An nitial feed of 10,000
Q

Barrels m? m?

= 10000 ————— - 0.1589 ——= 1589.9 —
e day harrel day
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_ (06549-1kg-1000mL-10M0L) kg kg m Ry
P = miiovogiiimm = 094 o 65415715899 1= =1,039,794.6 1 -

kg 1day kg
9.794.6 Tav Tahr - 43324.78 I

Specifymg the temperatures and pressures at the states m between the units allowed the
software to define heat duties from the heat exchangers. We chose to set our mitial feed
temperature to 40C since that’s the temperature at which our density & equal to 654 kg/m3. This
feed then went through the heat exchanger to be brought to 250C at constant pressure before
entering the Gibbs reactor. The Gibbs reactor was mplemented to carry out the somerization n
our process. After leaving this reactor the mixer is responsible for bringing the components into
equiibrium before feedng nto our condenser. After the feed was brought to our Dew pomt of
{ 108C) before entering the distillation umit.

It was necessary for us to first conduct a short-cut distillation first. The short-cut
distillation smmubtion design is shown n Figure 2. Domg this allowed us to determine the
optimal feed stage and the theoretical number of trays within the column. This was ako the stage
in the process where the external reflux ratio was determmed. (By pluggmg m certan vahes for
the column, the simulator automatically supplied us with the mmimum refhix ratio. We then
nultiplied this number by 1.2 to find the actual refhre) Finding this component then led to the
development of our final distillation. Through these fimdngs we were able to mput the specific
values of the compositions and finalze the distillate and the bottoms product.

a
AR B

Figure 2: Simulation with Short-Cut Distillation
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D shortcut Column: T-100

| Design | Rating | Worksheet | Performance | Dynamics |

Performance

~Trays
Minimum Number of Trays 23.939
Actual Number of Trays 49,605
Ciptirnal Feed Stage 32.290
- Temperatures
Condenser [C] 99.16
Rebailer [C] 105.2
- Flows
Recufy Vapour [kgrmoleh] 1310.580
Rectify Liquid [legmole/h] 1158.364
Stripping Vapour [kgmole/h] 1039.211
Stripping Liquid [kgmolesh] 1158.384
Condenser Duty [klfh] - 29018263310
Rebailer Duty [kifh] 26092501.226

| v

Figure 3: Short Column Performance Specifications

Ongce we determined the number of trays, optimum feed location, and reflux ratio in
Figure 3, we were then able to apply those conditions to a Rigorous Distillation model The
distillation specifications are shown in Figure 4 below. As shown, the number of trays used was
50, and the feed was designated to enter at stage 33 (optimum feed location). This unit was to be
operated under pressure conditions of 300 kPa throughout the column. Therefore, the reboiler
and condenser pressure were set at that value.
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Figure 4: Distillate Spe cifications
After sending the bottoms feed through a pump for recycling, the compositions and flow

rate were determmed. The feed conditions of the product streams are shown i the figures below
(bottoms, distillate, and recycle).
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Figure 5: Material Stream Bottoms Compositions
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Figure 6: Material Stream Bottoms Conditions
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Figure 7: Material Stream Distillate Compositions
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Figure 8: Mateial Stream Distillate Conditions
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Figure 9: Material Stre am Recycle Figure 10: Material Stream Recycle
Compositions Conditions

As shown in Figures 9 and 10, we successfully completed the problem by solving for the recvele
stream flow rate and compositions. For the flow rate, it was determined to be 218.6 kgmol'h, and
the compositions were 0L6545 for n-He xane and 0.3455 for 2-me thylpe ntane.

Recommendations for further developme nt

One recommendation that would be beneficial for the future would be to try to do a similar type
of simulation beforehand using a mitorial so the group would not be trying to figure out how to
do the smmulation at the same time as it is due. That way the project would have gone smoother.
Multiple smwlations would give the group a greater sense of security n knowing that the project
could be completed. With all these tasks being accomplished, the result of a more efficient
simulation process would be achieved at a higher rate than it did this time.

Conclusions

In conclusion, with the help of ASPEN HYSY'S we were able to further our understanding of the
distillation process of binary systems. In this process we also had to test our knowledge of
Thermodynamics in making sure that the conditions of the feeds left eachunit lmed up with the
desired specifications needed to reach our optimal product. Overall, our team feels more
prepared knowing that we can now create a multi-unit system in ASPEN.
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Executive Summary

Gasoline is a mixture of hydrocarbons with many branches needed to lubrnicate an engine to
prevent ‘knocking.” which makes the isomerization of light naphtha ideal. In this process,
crude oil is distilled to produce light naphtha. The octane value, a fuel’s ability to prevent
‘knocking” when light, increases during this process. The octane value of isoparaffin or

methyl-substituted alkanes is greater than the starting chain, normal paraffin.

In this simulation, it was required to design the isomenzation process of light naphtha in

ASPEN HYSYS with a final conversion of 95%. The problem statement was as follows:

A mixture of 50 wt. % of n-hexane amd methy] pentane at 10000 barrels a day is heated and
sent to a reactor. The mixture is brought to equilibrium at a pressure of 1300 kPa and a
temperature of 25°C. Onee the product leaves the reactor, the product 15 cooled to the dew
point of the mixture. The mixture is then fed into a distillation column with an operating
pressure of 300 kPa. Rich n-hexane is the product at the bottom of the distillation column and

is then recyeled back into the reactor.

The objective of this project, after designing the process, is to generate the recycle stream

values, flow rates, and composition values.

Process Description

An Aspen HYSYS simulation 1s run utilizing the Peng-Robinson model to start the process.
The two components, n-hexane, and methyl pentane were entered into the program. After the
components were entered, a mixer was placed on mixing the two streams to begin building
the simulation. After leaving the mixer, the stream heads into the heater to increase the

temperature before heading into the Gibbs Free Reactor.
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Figure 1: Isomerization of Light Naphtha Process

Afier leaving the Gibbs Free Reactor, the stream is cooled into the distillation column at its
dew point properties. The bottom stream is then pumped to the recycle stream while the
distillate strearn exits the system. The bottom stream is then reeyeled back through the entire
system, starting the process once again. The initial temperature is assumed to be 50 degrees
Celzius to keep the stream in the liquid phase since the boiling points of n-hexane and methyl
pentane is 69 degrees Celsius and 60 degrees Celsius. respectively. The mole fraction for the
light key (methyl pentane) is assumed to be 0.2000 in the bottoms. The mole fraction for the
heavy key to distillate {n-hexane) is then caleulated to be 0.0250. The condenser pressure 13
assumed to be 4 atm, and the re-boiler pressure 15 6. The external reflux ratio is then chosen

1o be 7.

Process Simulation and Results

After simulating the process in Aspen HY SYS, the objective of the project was met. The
recycle stream values were found, as well as the compositions and flow rates. The results are

shown below.
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Uit ¥ Feed 4 § fi T Distilate Bottoms| Recvele 10 1
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Caomp Mok Frac (2-Mpentane) 041762 05 | 066TR] 04644 (66TED | DG6THD 094814 031345 031335 031MS5 041762

Table 1: Component Composition

After putting in the assumed and known values, HYSYS calculated the minimum reflux ratio.
The external ratio was calculated by using a factor of 1.2 times higher than the minimum. The
value caleulated 15 7.610. Once the reflux ratio was caleulated, Aspen gave an estimated
value of trays needed which was 50 and the feed stream coming in at tray number 25, Aspen

then generated a Material Stream table, which is shown below. Table 2 gives the value of the

re-boiler heat input. The value calculated is -183,.933——

kgmole
N 1 Fed 4 3 i i Dol Bomas  Reovde 10 1
Pressure P | I3 M3 M0 DN M0 W m m TEEEEE
Temperate €] 1 5 IST3I0ME 257303 ISTII0NE wk 207621 103599661 (DAETISLE | IMBEIT BHEITIONG
bass Flw g 4TI ZMAITE 42671835 0 ATIANS DETLESS DMOMATIL ISMTEGSH 1SESI6GN 1SMTASSH 41671835
54 eal Ly Vol Flows [m3 ] SLE4ET41 361419312 647976766 |0 BATUIGTHS BATVINTEG JAITISI0N BRI IRSDMESN DALY A6MRAI
Viper /Phuse Fractin. | 0 1 0 1 1 ] I ] i TS
M Endusyy il gk | -LZBB162 -IBGITITS -LIGMLED -4SWRS -IIGMIAD -ISERIARG -IBEIGASK -IREMOIT -1ATMAOM EEHES -19STLOR
Uity Type
Sipeam P
Siream Price s Matar Flow MplarFlaw Matar Few MolarFlaw Makir Few MolarFlow Malar Fiow Molar Flow Molar Flow Mok Flaw Molar Flow
st Bake [Cisis]

Table 2: Case — Material System
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Recommendation

An extensive recommendation cannot be concluded because the required software to analyze
the cost of the component streams listed in table 2 15 unavailable. Therefore, it is our

recommendation to complete the simulation again with the correct software.

Conclusions

In Aspen HYSYS, a model distillation process was created using the Peng-Robinson

package. The goal of this simulation was to ereate and find the composition information,

recycle stream values, and the different flow rates needed to make the process run efficiently.

After the process was made and ensured to run properly, Aspen was able to caleulate the
needed values which can be seen in the results section. Since the cost information was not
able to be generated, there was no substantial recommendation for the future. However,
another group could run this same simulation once the cost information is able to be given

and supply a recommendation.
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