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End of Semester Course Outcomes Assessment Reports
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Summary of Topics covered by Test

Original Test Questions & Master Solution/grading scheme used
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Above Average (Graded original work)
Average (Graded original work)
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V. QUIZ
Summary of Topics covered by Homework
Original Homework Questions & Master Solution/grading scheme used
Above Average (Graded original work)
Average (Graded original work)
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V. PROJECT
Summary of Topics Covered by Project
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Above Average (Graded original work )
Average (Graded original work)
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|. COURSE DESCRIPTIONIN 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

the course (catalog description)

a. Brief description of the content of

(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,

program

elective, or selected elective (as per
definition provided) course in the

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)

NG~ wWDPE

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



Il 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 Outcomes
(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 &

The average for this outcome
Comments on Trend of .
Data (Improving or shows gradual increase from
deteriorating) class average 64 in the Spring
g 2019 to 81 in the Spring 2022

*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

. Performance Statistics
e Total number of students in class

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

e The acceptableclass average forthe class in each outcome area as set by your
Department.

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

. Implementation Summary

e Brief summary of plansimplemented during the semester based on last
assessment report

. 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.

. 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 thingsthat, you, the instructor can
implement to help students to improve. Be creative.

. Overall Trend over last three assessment periods

¢ Instructors summary of overall performance trend for each outcome
measured over the last three periods.

. Were Expectations Met?

e Answer YES if the class average wasabove 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
S t problems using the problems using computing | principles of mathematics,
emester P . - : .
principles of mathematics, tools. engineering, and science.
_ | Number | engineering, and science.
Analysis of
Type | Students
Expected % Expected % Expected %
Expected |Percent of| Students | Expected |Percent of| Students | Expected [Percent of| Students
Class |students & Class meeting Class |students & Class meeting Class [students @& Class meeting
Average/ | orabove | Average |Expected | Average/ | orabove | Average |Expected | Average/ |orabove | Average | Expected
average Average average Average average Average
Spring 2022 Direct | 20 75|70 [74 |55 | 75|70 |89 (100} 75|70 | 81 | 75
Spring 2021 Hybrid| 30 75170 |72 |57 [ 75| 70|78 |80 75|70 | 75| 67
Spring 2020 Direct | 30 75 170 |69 [ 60|75 |70 |84 |96 |75 |70 |76.6|72.4
Spring 2019 Direct 33 75 |70 | 75 | 64

Implementation Summary

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:

o Surface pro is used to

deliver online lectures.

e OneNote software gave

the opportunity to

write the lecture topics
on white page and
simultaneously share
with students.

e The split screen option

is a game changer, it

gave the privilege to
share the theory and
solve the problem side
by side.

e Used active learning and
collaboration tools to
make the class more
interactive,.

e Individually students
were assessed using
exams and quizzes.

Items implemented
from previous
report or after

meeting previous
instructor

e 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.
o A detail rubric on the
project
o Aspen HYSYS
tutorialwas given to
students. In CHEG
3305 the number of
Aspen assignments
were increased for
students to get more
familiar with process
simulation. A SOP
was provided showing
the steps to get remote
access. However, due
to license issue they
could not complete
three projects
o A detailed SOP shared
with student to
complete ASPEN
HYSYS project on
distillation unit.

Students learned in detail

about different separation

units. Pressure drop and

temperature variation in
column

Perceived Problems

o Students had trouble
formulating the
material and energy

Perceived
problemsare
directly related to

the PC and the balance equation and
sub items under basic mass transfer
them

e Students just presented
graphs from
simulation;
explanation was not
clear

e Students are not ready to

Problems were mentioned in
the sub-outcomes.

theorems for example




Rault’s law, Fick’s
law.

e Instructor get
overwhelmed with
grading

® Not all students were
focused during the
class

e Due to pandemic

work hard.

academic integrity
was at risk.

Plans for Addressing
Problems

address PC and

Plans for
address specific
measures to

their sub areas

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

® The instructorshoulddo
more active learning in
class and give

assignments collaborative
learning.

TAis 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

. were percentage of students ) >
Periods  mproverensoval - rescingiheexpctd | S perbmmeonet Sudons perimanes et
previous outcome did not meet P ge. P g
semesters requirements.

Ascertain if there

Class average andthe

Were Expectations
Met?

Class Average >75%

Performed at or
Above Expected
Average.

and >70% of Students|

NO

YES

YES




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 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 problems using the problems using computing | principles of mathematics,
principles of mathematics, tools. engineering, and science.
_ | Number | engineering, and science.
Analysis of
Type | Students
Expected % Expected % Expected %
Expected |Percent of| Students | Expected |Percent of] Students | Expected [Percent of| Students
Class |students & Class meeting Class |students & Class meeting Class [students @& Class meeting
Average/ | orabove | Average |Expected | Average/ | orabove | Average |Expected | Average/ |orabove | Average | Expected
average Average average Average average Average
Spring 2020 Direct | 30 75 170 |69 | 60|75 [70 |84 |96 |75 |70 |76.6]|72.4
Spring 2019 Direct | 33 75 |70 | 75 | 64
The importanceof the useof
HYSIS/ASPEN in
engineering practice was
stressed at the middle of the
2. Students worked [course.

Items implemented
from previous

on identifyingand
formulating problems in

Tutorial class were takento
familiarize student with

Students leamed in detail about

N 6 e groups HYSIS. ) different separation units.
Implementation Summary meeting previous 3. Individually Complex assignmentswere |Pressure dropand temperature
S G students wereassessed [given in groups basedon variation in column
usingexamsand technical issues students use
quizzes. JASPEN to solve.
IA detail rubric on theproject
Instructor made necessary
arrangements to access
software remotely
Perceived Students hadtrouble Students workedas a groupto

problemsare
directly related to

formulating the material and
energy balanceequation and

finish the assignments
however there was lack of
team effort. Students just

Problems were mentioned in

Perceived Problems | thePCandthe |basic masstransfertheorems the sub-outcomes.
sub itemsunder | for exampleRault’s law, - presgntgd graphsfrom
them Fick’s | simulation; explanation was
1oKs faw notclear
The following is . .
Plans for recommendedgfor The instructorshould:
address specific implementation, The Continue providing handouts

Plans for Addressing
Problems

measures to
address PC and
their sub areas

instructor shoulddo more
active learningin classand
give assignments
collaborative leamning.

detailing effectiveuse of
Excel spreadsheet and
HYSYSand how to explain
data.

Plans to address problems
mentioned in the sub-outcomes

Overall Trend over
Periods

Ascertain if there
were
improvements over
previous
semesters

Class average andthe
percentage of students
reachingthe expected
outcome did not meet
requirements.

Students’ performance met
the expected class average.

The class average was same as
before and expected outcome
were significantly higher than

the previous year.

Were Expectations
Met?

Class Average >75%
and >70% of Students
Performed at or
Above Expected
Average.

NO

YES

NO




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
BREAKSNO COLLABORATION

PROVIDE UNITSON ALL CALCULATIONSAND ANSWERS

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

WORK ALL PROBLEMS ON THE QUESTION SHEETS AND DO NOTUSE ANY SHEET
OF YOUR OWN

Student SigNAature: .....ccoveviiiiiiiniiiiniiiieiiieieineieiererneceenecnns

12



Problem 1 (40 Points) Molasses is fermented to produce a liquor containing ethyl alcohol. The
COzrich vapor containing a small amount of ethyl alcohol enters the column at 180 kmol/h at
300C and 110KPa, which contains 97% CO2 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/u (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 1-in. Intalox
saddles. (1,000 Ib/ft-h = 1.356 kg/m”-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 fromthat 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)s(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.

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/sCicm? of solid surface at
steady state. The composition of the bulk gas phase (z = 0) is 35 mol% CO. The binary
diffusivity is Das= 20.0 mm2/s. (10 Points)

20
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&> Separation Process CHEG 3305 P02 (Spring 2022)
0‘\ Exam 1 Time: 2 Hrs Date: March 7 2022
Q

¢

STUDENT NAME: ....\lfwhn...‘Pw.\.\homm.\mna ............ DATE: ... 0%/07 /23083

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: U‘ﬁ‘.‘(‘ s vk AN L
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roduce a liquor containing ethyl alcohol. The

¢ column at 180 kmol/h at
CO; rich vapor containing a small amount of ethyl s;lcohollctllfteor‘s1 ;Jl\ Jngene i ”
300C and 110KPa, which contains 97% COz and 3 % ethyl a Duri;)g e i o
recovered by absorption with pure water in a sieve tray tower. NS W
989 cthvl alcohol is absorbed. The liquid flow rate (z.nct.ual siolutes ; .

the minimum liquid rate.  The equilibrium relationship is Y* =0.57 &

i i+ clearly showing all given
a Draw a schematic diagram of the absorption column and label it clearly ki)

information and unknown.

Problem 1 (40 Points) Molasses is fcnncmcd to p

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)
4 Calculate the pure water flow rate used to absorb ethyl alcohol. (8 Points)
c. 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
@ —— &Jb'jfoﬂ\ " (10 Points)
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P
roblem 2 (20 Poingg 2 Points each)

a) F g
) s:;':;: ;’:f:"nlmatiox'n of driving force in any mass transfer operation, the solubility of a
e ; solvent, i.e., equilibrium distribution between phases is important. With the
oL " temperature, solubility of a gas in liquid increases. Hence, absorption is done
ARJer temperature. On the contrary, desorption is done at lower temperature. (True/

Diffusivity in gas is propottional to 1/u (fr;False)
€) 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
electrical gradient. False)

Answer the following two questions using the plot below (Zpoints each)
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king is not appfecigbly
& to flow through a series of

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

different from that of dry packing and pressure d?P 1S

variable openings in the bed that is called channeling.
’ ing takes

From the above grc write down what is the pressure drop when flooding

place, HPs & ¢ fill in the blank)

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

b. Low liquid girculation rates
C. Small diameter towers

All of the above
L

h. A _Fhe process of the purification of nag
_~ ¥ solution is called absorption (Truc fal¥

il gas by contact with an ethanolamine (alkaline)

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

Np: - D%%c—; . ca(Na*Nb-)

MR £ O_“_Q df.a -+ Pﬁ (NQ*N(},‘)
RT d? pT
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Prob)
e:: ;s(;-d) (40 points) Nickel carbony! (A) is produced by passing carbon monoxide (B)
K and 1 atm over a nickel slab, The following reaction takes place at the solid

Surface:

§ 8 A

’Pﬁ(s) HACO(g) = Ni(CON(R)

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.

Z=0 cecanneen :
N‘l N“I Gas film

z=L
b Nickelslab __J

Ability of Identify Engineering Problem

w®)  (WMto)

20 o fatsty S -
°>/ l —
2-L T U

| Nicke! sib |

a. List all the assumptions; simplify the general mass transfer equation for species A.

2 assumphion 4o —> A (5 Points)
- = ;,:{j stote r_};& - "_."i
= F:.Lam:or,ems dﬂQﬂ‘
rogcHon ~—3—= Ny = Ng= ~HER
N fwtuienews surkece &
Np, z -CDAB dXA * Xp(MpﬁNfbj BL VR
: -CD, d ( ) Ny = 200 QM<HBXAQ
: a0, W‘ Xp(Np=Yhp ARTL [+DXm /

Np = -COpp, 0XA _ ap,x
NP e

a_?'
= Ox
g CDAQS |*3XH
|
NA('L) T - cona S ' dXA
x9| |*3XA
led U= 1432
tu: 3dxp
‘Edn - d)‘A
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G i specify
b. Draw a schematic diagram of the concentration profile for the given system( i;r‘\)dp :in“;'
your boundary conditions,

2.0 . _co(®) _ _ ni(col

1 x&\<
2-1 £ X1

r Ni Slab I

- = =1=-0:35 Xgq = 0.26
@ z-0 x“n—o.sf; 8,
@ Z= L x“a’- |-0 Xba., O
Yo = |

Ability of Formulate Engineering Problem

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

boundary conditions. 48 - A ( 15 Points)
NA=-'%5 :
led W: |- 210
Na = < CDin 9XB . %o (N2 +Np ) A
B an o2 + 8( A O] di - - -?4:;5
n N "&dﬂ *
- = C JAFQ %ﬂ -~ XB(:"’,_,.?.\l’fb /‘ 3 6
e 1 Ng- 4C0a0, (, (e 2%6a )
Ng = - COpp 38 + S%plp 3L 4- DX,
03 T
C - - Xy
N, - P%gNe - _cen e - Y4PDap ‘QM(L}
e m 4 a7 3RT| 4 -DXn

"

i 4P Dao g,{q-acov )
bn, VAR Sk odd
i x,;:? 3aTL Y-3(0%)
NBS d? = -Cn,, g |__ dxp

. 2% Ng = “P:wo (030
3ATL

\
AN, ,;—_x-m% /




d. Estimate th
€ rate of production of nickel carbonyl (A), in mole/s-cm? of solid surface at

steady st i
Y state. The composition of the bulk gas phase (z = 0) is 35 mol% CO. The binary

diffusivity is Das = 20.0 mm?/s. o ( 10 Points)
iven Dpp - ¢ [Am ), 0.2cre |
d AR = 80 o] ((\o)“ma
P=1oim
T= 350"K

L= 0q3mm= 0-07

Ng- PPap (), 1+3x,‘2)

3RTL I+3Xp
= (o) QM(Ham
3(22.06)(350)(0:07) 1 +9(0-63)

l-le165&mol 9457/

&
>
"
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] T= 30c , P=1l0kpa
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N min - ' ~
0.053=0 Xp = 0052

L
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A el

X

= 1:5(0-565 )
L
< V)ac—\oa\ = 0.848
E) é 9!‘\-\!' S|
(V 0dua)| Xy-X0
s Ynar =Y, 0.03 - 0-00062
(!\ﬂadual o8

4

bigyo ¥

Xn= 0.035 »

o

‘7&;'+ Vivat Ynar = bwa + V1Y,

LN - Ve ue) = WY . <180)(°'033‘ O-H‘-“\("‘OOOGQ‘
e

0085
Ly = 15119 kmofh
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Lo = 2

amamd of  edhy | alcoho) ‘eau'nj in Ly (ag1Y) - (0.98) (5.4) = 5.993 Kmd [h
Lo = 15k19 Kmol - 5.8 Kl [h
Loz 45,89 \<mo\ll'v//
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N Separation Process CHEG 3305 P02 (Spring 2022)
,/\U Exam | Time: 2HrsTate: March 7 2022

=
Total points: 100

e (00 Williors o DITZE

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 Signaturer 5 e
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Probl.e ™ 1 (40 Points) Molasses is fermented to produce a liquor containing ethyl alcohol. The
©0: rich vapor containing a small amount of cthyl alcohol enters the column at 180 kmol/h at
300C and 110K Pa, which contains 97% CO, and 3 % ethyl alcohol. The alcohol can be
recuvered by absorption with pure water in a sieve tray tower. During the absorption process

0, P :
:)hSe/o it alCo.hol.|s absorbed. The liquid flow rate (actual solute free absorbent).is 50% above
minimum liquid rate, The ¢quilibrium relationship is Y* = 0.57 X.

oo 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)
¢ Determine the mole fraction of ethyl alcohol at the top of the column (7 Points)
d. Caleulate 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. : :
y Use McCabe Thiele Method to graphically calculate the theoretical number of stages
1 Les L (10 Points)
a. vy, Y=o W =t 2 /;‘)
Tsotherne] wnd Tsobarit
4%, [-3% = 0,02 lett
abjetbul 1] — ~
c. ( (%) = 0.02 (‘Jnﬂ) Unﬂ) = 0,02([%0,000)(0,03)
X —
Vot = 110K, bn (U)Ye) = 198 ey agn v ¢ Wiy
7 —] |

\ﬂ\ 0% > e -ﬁ‘\‘f
Yns1=0.0% y'—_m ‘7, = gé,omo /}
xe ) .

/

{/ v A"/ ; Y, » “ r
do Vpay Yo tLa¥ = VY L 0.0006

Yoty = 0:87 X F w&= %%:0.()53

Yot =y —  0.0%= (4.0 xlo‘j} /
L o agom o T s =i
l /“)l"h‘ "\’"Xo 2,05% -0 - rJ' gr;
Ofusting = L5(Y) = 1.5(0.665) = 0.%3
Yo+, = 0573 ¥nt Y‘ > I -7[ =N = 0.01- ((’"o.q)

0-82 0.?5

2
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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
increase in jémperature, solubility of a gas in liquid increases. Hence, absorption is done
at highepfemperature. On the contrary, desorption is dorfe at lower temperature. (True/

s is proportional to 1/n (Tme@)

following is NOT true of diffusion in gases, liquids and solids?

b) Diffusivity in

c) Which o

C./. 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

d) Mass transfer is driven by soncentration dient as well as by pressure gradient and
electrical gradient. (True/ a;‘, /“)/‘m

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

Poching heigh 0%

T

AP b woter /B packing

i ) Lurd vt Bocfe ».’ ‘ ’
B By s | I

T300 100400 600 1000 2000 5,000
Aw mass velocity, G, To/f? - h

FIGURE 184
Presste drop i i pached o er Forairswaiter sy sem with e Intaloy
sardkes, CLANRY IR By 1330 Kdm' sz i HLOME= 81T Pafon
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(V

s .
. ing is not appreciably
At very low liquid rates, the effective cross section o i packig ::ugﬁ a series of
different from that of dry packing and pressure Hrp & 'i}”’ yr -
variable openings in the bed that is called channeling. (True / [Fil

- ing takes
From the ahove figure write down hat-is the pressure drop when flooding
place...... (fillin the blank) (| 5] ' Xy wyer /Y ‘l,/

l.\ _’/I -
Factors tha may lead 1o flooding: ~
a, High inlet £as flovy-Fates

Low liguid cir¢ ation rates
[ Small diamet

) Allof the

natural gas by contact with an ethanolamine (alkaline)
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/

Problem 3 (a-d) (40 points) Nickel carbonyl (A) is produced by
at 350 K and 1 atm over a nickel slab. The following reaction takes place

surface:

l:'r.g_; P

——

IJAQ dy 4 ¥ ',/ l//, i

RT (21}
T \“z »1,‘(&* ?/A‘: _/ x I)ﬁ

Nifs) + 4C0(g) = N(CONtg)
(R

. Ne
The reaction is very rapid, so t

essentially zero. The gases diffuse throu

.....

hat the ?)anial p

Ability of Identify Engineering Problem

a. List all the assumptions;

| L

passing carbon monoxide (B)
at the solid

ressure of CO at the metal surface is

gh a film with a thickness L = 0.7 mm.

simplify the general mass transfer equation for species A.

e =
NA - NB 150 'z{ﬁc 166thynt) /Q/ (5 Points)
| G Y Ngz-alA

- X
Ny =Ca P X4 )

Cor

CNA +N{;)

(
Na = 'Dang-‘—i%z'r X(NA'?NpD
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i spect
b. Draw a schematic diagram of the concentration profile for the given SYS“’"; alr:ldP:ints? \
Your boundary conditions.

(Gp g:(tokf

Ability of Formulate Engineering Problem

¢. Develop the final inte

grated equation for the flux of species B; be sure to use your
boundary conditions.

( 15 Points)

= o & X =4N
NA‘ DM) Cr Az +X(/NA 1 A)

Na (I=~%0)= L‘C"’_(L ;«dix

N3y, - Iaf]~ e
Y o _Dﬁachg X £
Nﬁdez = TZF L2 5
\
C
Na GO = - Dana n (1-3x, /g
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Ability of solve Engineering Problem

d. Estimat ;
steady stt:::tte 1";:: :;?,mdl}f,-m" of nickel carbonyl (A), in mole/s-cm’
diffusivity is Dag = Z(I;SS :n;lz\,:fme bulk gas phase (z = 0) is 35 mol%

solid surface at
CO. The binary
(10 Points)
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Separation Process CHEG 3305 P02 (Spring 2022)

'\ Exam | Time: a<Hes Date: March 7 2022
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Problem 1 (49 Points) Motasses is fermented to produce a iquor containing ethyl alcohol. The
Ch v

i cmol'h at
(;i)- fich Containing a small amognt of ethyl alcabol enters the column ut 180 ::l

NC and 1 1ok p, Which containg 974, (0 and 3 % cthyl alcohol. The alcobol can
feCovereq by

g absarption with pure water jn a sweve tray tower. Dunng the absarption proc :c;,mc
s <thyl alcohq 1 absorbed. The liquid flow rate (actual solute-frec absorbent) '\S\W !
AR liquig e The equilibrigny relstionship I(Y' ~057X. ) o K\Q
e T N
& Draw, schematic diagram of the absarption column and lsbel it clearly showang all grven
formatiog s unknown, (5 Points)

b. Clearly Wrige the Assumptions of McCabe- Thicle Method (5 Points)

* Determine the mole faerion of cthyl akcobol at the tap of the column (7 Paints)

4 Coloulage the pure water flow rye used 0 absarb ethyl alcohol, (?8 Paints)
¢ Determine the pyge frsction of ethy) atoohor i water at the borom of col M
Use MeCabe Thigle Method 10 #raphically calculate the theoretical nmumber of stages
L) ATsrpawns of p Caloe =Tl Myded : %0"3 ”om"u’ /)/

Q) ’q,.’l- Wivhe feves ooy bbb liaLow
Y, I Voo * o= g v, paln
V| Z: ¥ L)
JauVon =YVt kaln
T=%¢ . % = Yot Vg = v,
P‘H'XA
P= ok, s e
= SYvlh - e ptine,
/ c*‘vyquuhcfw‘bs e Y" - e - erey /i
¥ La (¥
T iVag, (o7 1gy 4=
Ina F0.03 n, = SHkmaf( . 5
Vo= iy L Vial, = Lot Vary #
et | Altonolc bgy ihegy
- Ly = Vi - vy
. 0.98 (s «v—-'/L) oy VR
L/Dz “w‘j/ll“':) - e~ /—x. v ot
—— il In=l5(1gs)« S0z %
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Problem 2 (20 Points 2 Points each)

) For the determination of dniving force in any mass transfer operation, the solubility of a
spectes in a solvent, i.c., equilibrium distribution between phases s important by 'vlh e
increase in temperature, solubility of a gas in liquid Increases. Hence, absorption 1S do‘nc
at hightf temperature. On the contrary, desorpiion is one a g temperaure: (714

LB 2=
fulse /’
b) Diffusivity in gas is proportional 1o 1/ (Tﬂ!(f_ﬂga fralst, "F
¢) Which of the following is NOT true of diffusion in gases liquids and solids?

@Thc rate of diffusion depends on the component diffusing: the medium i"}“‘/my
\

pom y
b. The rates of diffusion in Tiquids and gases is differcat by several orders of
magnitude :
¢. The rates of diffision in liquids and solids is differcat by several orders of

magnitude /
d. The‘mme of diffusion in solids and the rate of diffusion in liquids are both slower
than in gases . s
d) Mass transfer is driven by concentration gradient as well as by pressure gradient a
clectrical gradient. (True! @ y q/
— D’ ;
Answer the following two questions using the plot belaw (2points each)

i,

w poch 4

i = 1 mgssvﬂa(;ﬂ
: 3 -
s ot 1114
< s 11 ]“ =17in (alomn
i e AiDrmites

fim 2 '3 4+

R )\ = 2.
AL
' 200 %80 _':4:(7 | 0,‘-'7 2000 3000
Ay senh whicty & Wb

PR vol of coluwmn
Fycwatc ot 00 i hond 10 T B 0 T A e with b Ity

s o e s B s R« Lin [ X7 P

1 1
Td k= 3 Castt)nb)
=39.2% &3

(-‘ ¢ “?—'}& '\L)
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2 e ™ T
[

: ing i ciabl
At very low liquid rates, the effective cross section ofthe packing is not appreciaby

. . through a senies of
different from that of dry packing and pressure drgp 18 du u: ,f:lol“ ; gha
variable openings in the bed that is called channeling. (Prug! Fase

From the above figure write down what is the pressure drop when flooding takes
plage....... :ﬁll in the blank) %"

Factors that may lead 10 flooding:
o High inlet gas flow rates
b, Low liquid circulation rates
¢ Small diameter towers

All of the above

gy 4 y V . _ ‘
The process of the purification of natwral gas by contact with an ethanolamine (alkaline)
solution ts called absorption (True |

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

4

\
dca  O(NatNg |
Np= ~Pre g ** Aors‘, ,,
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Problem 3 no B
‘"d) (40 Points) Nje carbon mo
atisng and | ayy 0) Nickel carbonyl (A) is produced by passing carbon monoxide (B)

VEr a nic ) s takes place at the solid
e ckel slab. The following reaction takes p

% A

Nilv) + 4000y — Nt Opig)

The redction 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,
250 e R :
N l N, ML)
X Gas film| g -
z=L

P T Y — Miey)

-~

b , -
a. Listall the assumptions; simplify the gencral mass transfer equation for species A.

Steady - :«\"vl\-g'/]? Gb(",)\‘o\ /\)\ R

Ability of Identify Engineering Problem (k)

Aarn Cr =\ - 3
dc, (Nm Ng) Tg'WA
Nuz - Pho 3o =
Ng ="‘H\IA
B A8 (Na-4Na)
AT VM= G
- ACr SN
NP{ D"Qa;’ GT
IN = & d_(_.é \ {(V r
N g+ ?:h = 1P de t"}-‘“" Todes oy o7 e presisve
Cyrz\ L}NA', ’DA%‘%% pbb NA = -‘M
i e ¥RT G
KL,NA d% =|- Ong den (’
2, ok ,

7/
L‘NA (,71'}') = 'DM} Cem~Car)




b. Draw o schematic diagram of the concentration profi

your boundary conditions.

(&Y (8

2sL >
st P

Ability of Formulate Engincering Problem

¢. Develop the final integrated equation for the flux of species B
boundary conditions.

Ore

N = .-

8 AT %) Fyum A)/) %
&

=L ﬂ“;‘
[HN‘ dr = S .—"'h'g'dpl
AT

i Facpy,

)

*

o (20 P

Je for the given

i,

system and specily
( 10 Points)

\

be sure to use your
( 15 Points)
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Ability of solve Engincering Problem

n mole/s

d. Est
imate the rate of production of nickel carbonyl (A}
0)is 35 mol% CU-
(10 Points)

steady state. The compositi
e mposition of 5 ==
diffusivity is Do = 200 mm’I:. the bulk gas phase e

(521 4. o ) m Y (3525 .7.-..4)(0‘._’:,)

54



1.
2.

Separation Processes
Spring 2022

Quiz1
TOPICS COVERED IN Quiz1

Principles of Mass Transfer
Calculating molar flux of evaporating water

A




56



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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. Nina Patthammavo
Name: V‘ﬁ CHEG 330

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 e¢m
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:

1. Draw a schematic diagram of the mass transfer process. 2 Points
II.  Calculate the molar flux of evaporating water across the air film. Consider equimolar

diffusion. 5 Points

I1I.  How fast will the water level drop in a day? 3 Points

Given vapor pressure of water at 200C is 17.54 mm. \13

"C h¢ CA

0 \.60/0"“

T- ao’C + 3T =

Toy = 11 PADAHY WS

= [
r# = a.pxio lb
DHB‘ 0.26@?([6 X 7
Cro /
Np - Q
Dr. Nabila Shamim Page 1

61



N % _.D dPn P 4
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R (23 3) RT (25-2)

(3.p HX10 ) (o 6 Pouy )

pr (25-2)
(3 6“057 (o. \3)(0 oabn
(o.08a1) (392) (0.205)

ma . 1&.4*‘0 Vj.\’“(‘{m (2
o daiq

Mot %09’\ dhe wo'\ot d('oi) in
" {m
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Name: Olm;&m;.qm B A{w CHEG 3305

Separation Process: Quiz 1
@ Date: January 31, 2022

1. Water cvaporating from a pond docs so as if it were diffusing across an air film 0.50 cm
thick. The diffusion cocfficient 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
1. Calculate the molar flux of cvaporating water across the air film. Consider cquimolar

diffusion. S Points

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

Given vapor pressure of water at 200C is 17.54 mmﬂsf-

Na= -Dag —3Ca_ . Ca (N, +Np)

dz G
LB Total Concentration

Na= - PR‘T‘ ‘;‘;A— + pr - (Na* Ng)
Total Pressure ' A&N N
-(;;bm:“aﬂ' W
W N 5 i saburtted (o - R Vet

B‘(B’- 015‘—‘“"5

12
1, - -bdb

R1d=
?A \4-5'{,“\‘3, 5 @%‘-:i wmxa z Lssg.qq-,g

P“t z 50‘&) Sd’urdtw{

[
Dr. Nabila Shamim Page 1
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RT W\\f! (o282 J?,-
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3314 %23 X9 P
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Name: Edaar Menco2a CHEG 3305
Separation Process: Quiz 1
\N Date: January 31, 2022

1. Water cvaporating from a pond does so as if 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:

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

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 mmw‘

dC G
Na= -Das Ay CA (Na+ Ng) E* ™
iv
dz N Total Concentration W
[‘ - : N+ N Wkt

Total Pressure

AN 1] P
p= ga.0@x1o0 odm /e

(Mbébzsc o .25mz\/5:2..§x{.2

Lodwn= QUOMM“S

v 2 2 Am* = .52
o O Y| e

=438
oty
= W35 atm

Fiv = 907 Satwked
¢ 4 213+ 29%¥¢

T= 20
Trcena=S0mm I oot \NA=
: PR, 7 S

lchbz 2y = YOO Fomas S I

Dr. Nabila Shamim Page 1




CHEG 3305 P02 Separation Processes
Spring 2022

Final Project
TOPICS COVERED IN Project 1

1. Use Aspen HYSYS to design Distillation column




CHEG 3305 P02 Separation Processes
Spring 2022

Final Project # QUESTIONS, SOLUTION,
AND GRADING SCHEME
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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 studentsto 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 paraffin)
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 HY SY'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 Naphtha 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
calculated 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 methy!] 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 calculating a value of 4946 kgmol'h. Our recycle
stream calculated a 93 mole fraction composition for n-hexane (heavy key) and 067 for methyl
pentane (light key). In conclusion, for our isomerization 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 isomenze 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 is 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

05% 15 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 countries 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 eolumn unit was composed of 50 wi% of n-hexane and methy] pentane. 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 calculated 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 Resulis

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 kgmole/h 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. Mo, 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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Stream Name
Vapour / Phase Fraction
Temperature [C]

Pressure [kPa]

Molar Flow [kgmole/h)
Mass Flow [kg/h]

Std ideal Liq Vol Fiow [m3/h]
Molar Enthaipy [kl/kgmole]
Molar Entropy [kl/egmole-C]
Heat Flow [i/h]

Liq Vol Flow @Std Cond (m3/h]

Fluid Package
Utilty Type

EEERE.

~1829¢+005
8863
-6.987¢+005

Basis-1

Vapour Phase
1063

8.367e-004
7.210e-002
1.090e-004
-1.56%e-005
157

-1313
1.085¢-004

Liquid Phase

1063

04977
-1829¢-005
ga62
-6.986e+005
04953

Table I: Input Conditions for Shortcut Distillation Column

2-Mpentane
n-Hexane

02000 0.2000 0n
08000 05000 076668

Table 2: Mole Composition of 2-Mpentane and n-Hexane for Shortcut Distillation Column

Prassaie 1013

Mosar Flow 5751

N-Daxane Meshyipeatans

2]

Beparaiic Tyne: | .Sepansice

Verssed Torpocshure | 2578 | C
Vsl Prossure 1300 | kPw
Vepour Mol Flow 9571 | kgmolah
Liquid Molar Flow 0 0000

Hoat Flow 0.0000 | kJ'h

Mix-101 T.100
Q-Haster B Coaier
ouTY 52250005 [ irh
Food Tomporature 2578 | C
Procuct Tamoansiure 1080 | C
R
Faator Rovid Bamams

ouTYy S5 9180+005 | K

Feed Temporoture 6551 | C

Product Temparsiure 2500 | C

Figure 1: Schematic for Shortcut Distillation Column
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Component Maote Fraction

Hesvy Koy = Datliste L wHeane a2 |
| Pressures

;’Eumm 300,000 kPa

| Reboder Pressere 300.000 kPa

Feftha Ranos

 Dernal Retun Rato 0.9%

| Mewmum Raefiux Rate 7330

Table 3: Data from Shortcut Distillation Column

Name

Vapour

Temperature [C]

Pressure [Pa)

Molar Flow [kgmole/h]
Mass Fiow [kg/h]

Std ideal Lig Vol Flow [m3/h]
Molar Enthalpy [k)/kgmole]
Molar Entropy [k/kgmale-C]
Heat Flow [iu/h)

Tays

Ninmmum Nuvger of Trays o
Actusl Number of Trays 61289 '
Conclensar [C] was 1
Reboler €] 1063
Flows —

Rectity Yapour [kgmoie/h] STan
Rnctify Lgue (kymale/h] 51701
Stnppeng Vapour [kgmote h| STASY
Stpping Liqued figmoie/h 61272
Condanser Duty i) 1461603429
Fuboler Duty fuvh] 1428687176 |

Table 4: Data from Shortcut Distiliation Column

7133
6.147e-004
93.08
-1281e+005
2186
013824007

5

0.0000
2587

1300

0.0000
0.0000
0.0000
-1456e+005
1781
-0.0000

Table 5: Input Data for Distillation Column

n-Hexane
2-Mpentane

10 | Recycle
09328 0.9332
00672 0.0668

4
1.0000

2587

1300

7133
6.147e+004
9335
-1.281e+005
1647
-0,138e+007

Table 6: Mole Composition of 2-Mpentane and n-Hexane for Distillation Column
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Column Name  T-100

Sub-Flowsheet Tsg  COL1

Cond

& Total 0 Partisl ) Full Refiux

Condenser Energy Stream
0 0.0000 AP Ovhd Liquid Outlet
SRR -
1 a3 >
»| 2 | Pcond Optional Side Oraws
Indet Streams Num of
L et Stages Stream | Type | Draw Stage
7 33_Main Tow ns 50 SSowven 2>
<< Stream >>
Stage Numbering
@ Top Down 0 Bottom Up
I EdaTrays... |

Figure 2: Detailed Components needed in Distillation Column
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i 1300 | s Foud Tomparatin 0w |c T ~ 'mo;c
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ACY-t o&’l
Figure 3: Isomerization Process of Naphtha Schematic
7
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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 HYSYS. 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 learned in our
chemical engineering courses. The isomenization 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 smubltion using ASPEN to
determine the recyck flow rate and composition of a crude oll mixture that mchides n-hexane
and methyl pentane which will be input through a distillation column. A part of the objective this
project will alko give us more experience with using real world problems to create solutions
within a simulation modelng software whikt working as a team to gather nformation through
textbook material and connect our past course 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 recycked 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 consistencies through the process and shows that the specified
values followed within the system where accurate the rates in the distiltion 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 sucecessful simulation with a refhex ratio of
T.610 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 tenure of this
project and have become more familiar with creating an aleorithm to pass in this simulition. 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 this mixture.
The recycle flow rate was 218.6 kgmol'h and the composition of our two components came out
as follows: n-hexane=0.6545 in bquid phase and 2-Mpentane={0.3455 in liquid phase. The ideal
conditions were followed m our process and the molke fractions of each component at the specific
values allowed a correct process to be converged.

Problem State me nt

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

A simple naphtha somerization process has a feedof 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 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 i rich
in n-hexane and & recycled to the reactor feed. An overall conversion of 95% & achieved.
Simulate the process to determine the recyvele flow rate and composition.
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Process Description

Our process design consisted of the following components m order: a mixer, heater,
Gibbs reactor, a second mixer, a distillation column, a pump, and a recycler. 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 agamn and then cooled to the dew pomt, 108°C. At state point
7. the & where the distillation process begms. The stream goes through the distillation process
where distillate and bottoms products are formed. The distillate is our mam product, whereas the
bottoms contimues through a pump. The pump allows the stream to be recyeled and reentered
mnto the cyele ata pressure consistent with the mitial pressure of the feed. The entire simulation
is shown in the figure below.

0-Reboker

RCY-1 O-Pummg

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 methodically. By this we were inclined to design each unit one-by-one, making sure that
eachwas converging successfully before proceeding. We had to familiarize oursebves with the
software and understand the problem statement overall.

Barrels/day of o n-hexane, P-methylpentane, at 1300 kPa and heated and
isomerzed at2 then cooled t6the dew point at 300 kPa before it & fed into a distillation
column. (The mass flow rate was calculated through dimensional analysis and by taking the
average densities of the components into our calculations below).

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

m* m?

10000 —Eﬂrr‘efs 0.1589 ——= 15899 —
v = day barrel 7 day
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(06549 1kg-1000mL1000L) kg kg md kg
P = i ienngiiTem = 054 1 654 1215899 = = 1,039794.6 75

kg
hr

9. 7946 kg ! ritl:l.-' = 4332478
day 24hr )

Specifymg the temperatures and pressures at the states m between the units allowed the
software to defime 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 230C at constant pressure before
entering the Gibbs reactor. The Gibbs reactor was mplemented to carry out the somerzation n
our process. After leaving this reactor the mixer is responsible for bringing the components into
equiibrium before feedmg nto our condenser. Afier the feed was brought to our Dew pont of
{108C) before entering the distillation umit.

It was necessary for us to first conduct a short-cut distilation first. The short-cut
distillation smulation design is shown m Figure 2. Domg this allbwed us to determine the
optmal feed stage and the theoretical number of trays withn the column. This was ako the stage
in the process where the external reflux ratio was determmed. (By pluggmg m certam vahes for
the column, the simulator automatically supplied ws with the minimum reflux ratio. We then
nultiplied this number by 1.2 to find the actual refhee ) Finding this component then led to the
development of our final distillation. Through these findngs we were able to mput the specific
values of the compositions and finalwe the distillate and the bottoms product.

)

A N

Figure 2: Simulation with Short-Cut Distillation
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¥l shorteut Column: T-100

| Design | Rating | Werksheet | Performance | Dynamics |

Performance

~Trays
Minimum Number of Trays 23.939
Actual Mumber of Trays 49.605
Cptirmal Feed Stage 32290
- Temparatures
Condenser [C] 9916
Reboiler [C] 105.2
- Flows
Recufy Vapour [kgmole/h] 1310.580
Rectrfy Liquid [kgmole/h] 1158.364
Stripping Vapour [lkgmole/h] 1059.211
Stripping Liquid [kgmole/h] 1158364
Condenser Duty [lclfh] - 2991 8263.310
Rebailer Duty [kifh] 26002501.226

| v

Figure 3: Short Column Performance Specifications

Once we determined the number of trays, optimum feed location, and reflux ratio n
Figure 3, we were then able to apply those conditions to a Rigorous Distillation model The
distillation specifications are shown i 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 vale.

95



W AR L e At s g e 1 e

Oengn | Paumsss | 5ive O | mossrat | Rabeg | Wocksnmes | Fooamance | Fiamsneet | sexcions | Dymanics |

Design Colurn Narre  1-100 Ss-Powtest Tag  LORT Conderder
Connaction) ® Torad © Py ! Bl Reten
Moreoe
Seet Condemier Evergy Stwam
——ee————— e’
Specs Surrrrary 102 - Cwia ?
Suscachng 0 aooooiRe  Ovh Lguid Ouser
Nates = .
- Distidate  ~ ~
' - >
> # coed Cptoeal S Duvs
Iriat Srearne Num of 2000 WP
et P 1
Seam éet Stage | agn e Sy g
7 33_Main Tow e 5 Lctfpprs S—
<€ Strean >3 Fret
3000 WPy
! : St i e

- Wage Nurterng
& Top ODows Bomom Up

I

L.

Figure 4: Distillate Specifications

After sending the bottoms feed through a pump for recyclng, 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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Worksheet | Astachments | Dynamics |
Worksheet

Male Fractiors Liguid Phaze

n-Hexane TE5 Q5545

E'UP!"'"! 2-Mpenitane 0.3455 0.3455
ompasition

il & Gas Feed

Petraleurn Adiay

K Value
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Mot
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Tatal 100000
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.
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Figure 5: Material Stream Bottoms Compositions




EI' Mlatenal Stresm: Bothormes - o #

Warksheet | Attachments | Dynamics |

Waorksheet Stream Mame Bottoms Liqjuid Phase
| Conditions | ¥epour/ Phase Fraction L0000 10000
Properties Temperature [C] 103.7 103.7
Compasition Pressure [kPa] 3000 00,0
0l & G F:‘d Molar Flow lknmole/hl 2186 2186
petraleum A3 | hass Fiow (ugih] 188404004 188404004
Usss Varisblas St Ideal Lig Vol Flow [mi/h] 2853 853
Motes Molar Esthalpy [lfgmale] -1.838-008 18388005
Cost Parameters | Molar Entropy [ki/kgmale-C] 173 117.3
Maormalioed Telds | jas Fow [lc/h] -4018e-007 -4018e+007
Lig Wed Flew @5d Cond [m3/h] 28.40 2840

Fiuid Packasge Baosin-1

Utility Type

e
e | e s

Figure 6: Material Stream Bottoms Conditions
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) Material Stream: Distillate

Worksheet | Attachments | Dynamics |

Waorksheet
Conditions
Properties

Composation
04l & Gas Feed

Petroleum Assay
K Walue

User Vamables
Mates

Ciost Parameters

MNommalized Yiekds

Mole Fractions Liquid Phase
n-Hexane 00515 00515
2-Mpe=ntane 0.9485 09485
Taital 1.00000

Figure T: Material Stream Distillate Compositions
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) Material Stream: Distillate - X
Worksheet | Attachments | Dynamics |
Worksheet Stream Name Distiliate Liquid Phase
[ Conditions Vapour / Phase Fracton 0.0000 1.0000
Properties Temperature [C] 9930 9930
Composition Prassure [kPa) 3000 3000
?::%f::f::d Molae Fiow [kgmole/h] 2514 2514
Vot 2S5V | Mass Flow (kg/h) 216604004 2166e+004
User Variables Std Ideal Liq Vol Flow [m3/h] 3298 298
Notes Molar Enthalpy [kl/kgmole] -1882¢+005 -1.882e-005
Cost Parameters | | Molar Entropy [k)/kgmole-C] -3.763 -3.763
Normalized Yields | teat Fiow [ki/h) -4.730e+007 -4.730e-007
Lig Vol Flow ©5td Cond {m3/h] 3289 3289
Fluid Package Bosis-1
Utilty Type

el

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 recycle
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 tutorial 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 smulations 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 lubricate 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 soparaffin 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 and 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 is 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

After leaving the Gibbs Free Reactor, the stream 1s cooled into the distillation column at its
dew point properties. The bottom stream is then pumped to the recycle stream while the
distillate stream exits the system. The bottom stream is then recycled back through the entire
system, starting the process once again. The initial temperature is assumed to be 50 degrees
Celsius 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 calculated to be 0.0250. The condenser pressure is
assumed to be 4 atm, and the re-boiler pressure is 6. The external reflux ratio is then chosen

to be 7.

Process Simulation and Results

After simulating the process in Aspen HYSYS, 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 5 1 T Distilate Boftoms| Recvele 10 1

Comp Moke Frac n-Heuome) O5E138 | 05 | 0339 035356 033209| 033219 005186 048655 (68565 | OL6RASS 0.5E23R
Caomp Mok Frac (2-Mpentane) 041762 05 | 066TR] 064644 (66TED | (LGGTHL 094814 031345 031335 031M5 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 is 7.610. Once the reflux ratio was calculated, Aspen gave an estimated
value of trays needed which was 30 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
Name i} Feed 4 3 i 1 Distilste  Botoms  Recve 10 1
Presaure kP I M3 1IN0 DN N W 0 mw T EEE
Tenperaure ] 15 st 13008 (5T H13% 251308 |tk 207621 103599661 |DAETISLE | I4BELET B4 ST
Mass Flw [lg 2071355 ZAITE 426718355 0 ANTIANES DETLESS DSOMATIL ISATESSH 1RESIEGN 1SMATASSH 41671835
St Mcal Liy Vol Flow [m3) 46465841 361419312 BLTT6766 0 BATIGTOE BATHTNTEG IAITISI0N | TRAISALS 1RSMETN DTGNS GhEURAI
Viper  Plosc Fracion. | i 1 0 1 1 ] 0 ] 0 LTRSS
Mo Entusyy [l gmok]  -LZB1E2 -IORITITS -LIGMLED -4SWRSS IIBMIAD -ISERIASG -ISEIGASE -IREMOIT -IATMAM LEGHES -ISTLON
Uty Type
Stream Prce
Stream Price s Malar Pl Mtar Flow Matar i MolarFlow Makir Fow MolarFlow Makar Fow Molar Flow Molsr Flow Mokir Flow Mol Flow
st Baie |Casis]

Table 1: 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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