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CHEG 2333 - MATERIAL & ENERGY BALANCES
FALL 2021

COURSE DESCRIPTION IN ABET FORMAT

ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS
Program Outcomes Assessed in Course

Assessment Summary of Class Semester Averages for Outcomes

End of Semester Course Outcomes Assessment Reports

TESTS

Summary of Topics covered by Test

Original Test Questions & Master Solution/grading scheme used

(Summary of topics can be a separate page or include on the assignment itself)
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

III. QUIZZES
Summary of Topics covered by Quiz
Original Quiz Questions & Master Solution/grading scheme used
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

IV. HOMEWORK ASSIGNMENTS
Summary of Topics covered by Homework
Original Homework Questions & Master Solution/grading scheme used
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

LABORATORY REPORTS

Summary of Topics covered by lab

Laboratory Handout/Instructions and Grading Scheme
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

VI. PROJECT
Summary of Topics Covered by Project
Project Problem Statement and Grading Scheme
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

[Include any other evaluation used and omit any method above method (Test, Quizzes,
Homework, Laboratory and Project reports) that was not used]




(Note: All Pages shown in Yellow should be printed on YELLOW PAPER)
(Note: All Pages shown in Blue should be printed on BLUE PAPER)

ABET Format Course Syllabus
CHEG 2333 MATERIAL AND ENERGY BALANCES

Course number and name:
Credits and contact hours:

Instructor’s or course
coordinator’s name:

Text book: Title:
Author:

Publisher, Year & Edition:

a. Other Supplemental material

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

b. Prerequisites or
Co-requisites

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

a. Specific goals for the course specific
outcomes of instruction (e.g. The student
will be able to explain the significance of
current research about a particular topic.)

Students will be able to :

1. An ability to apply conservation laws.

CHEG 2333 MATERIAL AND ENERGY BALANCES

3 credit hours; 3 contact hours

Dr. Keisha Antoine

Elementary Principles of Chemical Processes
Richard M. Felder, Ronald W. Rousseau, Lisa G.
Bullard

Wiley, 2019 4™ Edition

“Basic Principles and Calculations in Chemical
Engineering”, D. M. Himmelblau and J. B. Riggs, 2003,
Pearson Education

CHEG 2333 Material and Energy Balances: 3 semester
hours.

Application of laws of conservation of mass and energy to
reacting and non-reacting, simple and complex chemical
systems. Application of both element and species balances
to multiple reaction systems. Application of the degrees-
of-freedom analysis to single process units and multi-unit
process flow-sheets. Numerical solution techniques for the
solution of balance equations.

CHEM 1403 or CHEM 1034
PHYS 2325 or PHYS 2513

Required

b. Explicitly indicate which of the student outcomes
listed in Criterion 3 or any other outcomes are
addressed by the course.

The specific goals for the course specific outcomes listed
on the left column will address the following student
learning outcomes:


https://catalog.pvamu.edu/search/?P=CHEM%201403
https://catalog.pvamu.edu/search/?P=PHYS%202325

2. An ability to present and report basic
engineering information.

3. An ability to analyze, formulate and solve
mass balances with and without Outcome D1

chemical reactions. An ability to identify, formulate, and solve fundamental
engineering problems by applying principles of
4. An ability to analyze, formulate and solve engineering, science, and mathematics.
energy balances.

7 Brief list of topics to be covered 1.Intro to Engineering Calculations (12 hours)
2.Processes and Process Variables (8 hours)
3.Fundamentals of Material Balances (20 hours)

*Required courses are required of all students in the program, elective courses (often referred to as open or free electives)
are optional for students, and selected elective courses are those for which students must take one or more courses from a
specified group



IT ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS

Program Outcomes Assessed in this course

Outcome D1:
An ability to identify, formulate, and solve fundamental 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 D1
Semester Class
Average (%)

Fall 2021 52.9
Spring 2021 70.5
Spring 2020 71.8

Fall 2019 50
Comments
on Trend Of Significant drop in class

average coincides with recent
Data return to in-person classes after

. virtual learning during COVID-
(ImprOVIng OFr | 19 restrictions.

deteriorating)

Semester

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




End of Semester Course Assessment Reports
Fall 2021 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.



END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT

CHEG 2333 P01 MATERIAL AND ENERGY BALANCE: FALL 2021 SEMESTER

Report Prepared by: Dr. KEISHA ANTOINE

Report Date: December 18, 2021

Outcome D1
Analysis Nuglfber An ability to identifyi fo.rmulate, anq solv.e fundgmental engineering.problems by applying
Semester Type Students principles of engineering, science, and mathematics.
Expected Class Average Expc:llf:: :ggc\tn; l(r ;lucdcms Class Average % Students meeting Expected Average

Fall 2021 Direct 16 75 70 52.9 25
Spring 2021 Direct 11 75 70 70.5 73
Spring 2020 Direct 23 75 70 71.8 66.7

Fall -2019 Direct 20 75 70 54 8
Spring 2019 Direct 11 75 70 83 84

Implementation Summary

Items implemented
from previous report
or after meeting

previous instrujtor

First third of the course was spent instructing on basics — mathematical manipulations statistics,
linear interpolation, calibration; physics and chemistry: pressure, moles, molecular weight
balancing equations and stoichiometry. Emphasized relating the general mass balance equation to
its application for non-reactive and reactive systems. Spent a lot of time on sketching to show how
a sketch of the flowsheet relates to formulation of the problem.

Perceived Problems

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

> >

This cohort of students seemed to move at a slower pace and took longer to understand the
material when compared to previous cohorts. They struggled with problem identification and
formulation, so additional time was allocated to in-class, instructor-led problem-solving on the
whiteboard. Perhaps this is due to many of the students experiencing in-person college courses for
the first time.

Plans for Addressing
Problems

Plans for address
specific measures to
address PC and their

sub areas::

The instructor continued to provide homework problems to be worked out during the class periods.
Adding 2 or 3 more group assignments interspersed with regular homework assignments may help
to fix some concepts.

Overall Trend over Periods

Ascertain if there
were improvements
over previous

semesterf

The percentage of students meeting the average for D1 decreased compared to the previous
assessment period.

Were Expectations Met?

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

Class average above 75% 9NO
% of Students meeting/exceeding average = NO




MATERIAL & ENERGY BALANCES
SPRING 2021

Title of Assignment: TEST 1
TOPICS COVERED IN TEST 1

Test 1 covered the following topics:

Unit conversion

Dimensional homogeneity

Linear interpolation

Calculating mass fractions, mole fractions

Specific gravity, mass flow rate, molar flow rate, volumetric flow rate

S g B[ =
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MATERIAL & ENERGY BALANCES
SPRING 2021

SAMPLE TEST QUESTIONS, SOLUTIONS,
AND GRADING SCHEME FOR TEST 1

Page T2




CHEG 2333 P01 Material & Energy Balances Dr. Antoine CHEG 2333 PO1 Material & Energy Balances Dr. Antoine

10/11/2021 Test 1 10/11/2021 Test1

Student Name-_ Student Name-_

1 kslimate the gauge pressure (gsig) in the Gulf of Mexico at a depth of 5053 ft. Assume that 2. Calculate the densities in |hy/ft? of the following substances:
seawater has a specific gravity of 1.03. MOTE: Remember to state your assumptions and show your work.

a.  Aliquid with density of 895 kg/m® [10 points]

b. A solid with a specific gravity of 5.7. [10 points]



CHEG 2333 P01 Material & Energy Balances Dr. Antoine CHEG 2333 P01 Material & Energy Balances Dr. Antoine
10/ 5 10/11/2021

Student Mame-_ Student Name-_

3. Liguid toluene (C;Hg) is flowing through a pipe at a rate of 175 m*/h. 4. The solubilities of L-serine {L-ser) in water have been measured at several temperatures producing

a. What is the mass flow rate of this stream in kg/min? [5G of toluene = 0.867) [15 points] the following data:

I &) [ 2834 [ 2859 [ 2893 | 2991 | 3160 | 3178 | 3229 | 327.1 |
[ x{mole fizction L-Ser) | 0.0400 | 0.0426 | 0.0523 | 0.0702 [ 0.1091 | 0.1144 | 0.1181 | 0.1243 |

‘What is the value of x for I'= 325K7? [25 points]

b. What is the molar flow rate in mol/s? [10 points]



CHEG 2333 P01 Material & Energy Balances Dr. Antoine
10/11/2021 Test1
Student Name-_

5. Amixture is 12.0 mole% methyl alcohol {CHaQ), 73.0 mole3 methyl acetate (C:Hs0:) and 15 moless
acetic acid (C:Ha0z). [M {carbon)=12; M (hydrogen) = 1; M (oxygen) = 16]
a. Calculate the mass fractions of each compound. [15 peints]

b. What is the average molecular weight of the mixture? [10 points]

CHEG 2333 PO1
10/11/2021

Student Name-_

Material & Energy Balances
Testl

Dr. Antoine



CHEG 2333 PO1
10/11/2021

Student Name-_

Material & Energy Balances
Test 1

Dr. Antoine

CHEG 2333 PO1 Material & Energy Balances Dr. Antoine
10/11/2021 Test1
Student Mame-_

FACTORS FOR UNIT CONVERSIONS

Quantity

Equivalent Values

Mass

Length

Volume

Force

Tkg = 1000 g = 0.001 metric ton (tonne) = 2.20462 Iby, = 35.27392 0z
Iy = 160z=5x 107" ton = 453.593 g = 0.453593 kg

I'm = 100 cm = 1000 mm = 10° microns (um) = 10" angstroms (A)
= 39.37in = 3.2808 fi = 1.0936 yd = 0.00062 14 mile
Ift =12in=1/3yd=03048 m = 3048 cm

Im’ = 1000L = 10° em® = 10° mL = 353145 f¢®
= 219.97 imperial gallons = 264.17 gal = 1056.68 qt
1t} = 1728 in* = 7.4805 gal = 29.922qt = 0.028317 m* = 28.317L

1 glem® = 1000 kg/m® = 62.43 Iby/fi®
= density of liquid water at4°C (reference for specific gravities)
IN = 1 kg-m/s* = 10° dynes = 10° g-cmv/s® = 0.22481 Iby
Llby = 32.174 Iby, - fi/s® = 4.4482 N = 4.4482 % 10° dynes
Latm = 1.01325 % 10° N/m? (Pa) = 101.325 kPa = 1.01325 bar
= 1.01325 x 10° dynes/cm’ = 14.696 Ibg/in? (psi)
= 760 mm Hg at 0°C (torr) = 10.333 m HyO(1) at 4°C
= 29.921 inches Hg at 0°C = 406.8 inches H;0(1) at4°C
11 = 1N-m = 107 ergs = 10" dyne-cm = | kg-m?/s* |
= 2,778 x 1077 kW-h = 0.23901 cal = 0.23901 x 10~ keal (food calorie) |
= (1.7376 fi-Ib; = 9.486 x 10~ Bru
IW = 1 J/s = | N-m/fs = 0.23901 calis = 0.7376 fi-Iby/s
= 9.486 x 10~ Buw's = 1.341 x 10~ hp

2.20462 lby

Theﬁcwrnoomrmgmmmlh..is(———)or( L )

1000 ¢ 353503 ¢

M=y My + Myt = iM;

@
camponents
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ABOVE AVERAGE

Above Average Student Original Graded Assignment



CHEG 2333 PO1
10/11/20: .
2021 Material & Energy Balances
Test1

student Nam:—cacumw_

1. Estimate the
Bauge pressure (psil
{psig) in the Gulf a
f Mexico at a depth of 50
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seawater has a specific gravity of 1.03.
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CHEG 2333 pgy

’ 10/11/2021 Material & Energy Balances Dr. Antoine
J Test 1
- Student Name,
5. :oe Mikture s 12,0 mojes methyl alcohol (CH40), 73.0 moled% methyl acetate (C3Hs0;) and 15 mole%
5. ot 25 (CHAO3). (8 (carhon) = 12; M (arogen) 13 M Cmygon) < 16
. ate the mass fractions of each compound. [15 paints] 40
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CHEG 2333 PD1L Material & Energy Balances Do
10/11/2021 Test 1
Student Name:

3. Liguid toluene (CoHy) is flowing through a pipe at a rate of 175 m/h. it
3. What is the mass flow rate of this stream in n kg/min? (56 of toluene = 0.867] [15 points]

Wens Lygaid deluene U,.,Htj cate of NS/

ﬁ.hd\‘_ LS ?\uw el e r_ﬁh\h““ 65-1 s -'ﬁ‘f
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b, What is the molar flow rate in mol/s? [10 points]
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Dr. Antoine
CHEG 2333 P01 Material & Energy Balances

10/11/2021 Test 1

Student Name:

s producing
4. The solubilities of L-serine (L-ser] in water have been measured at several temperatures p
the following data:

5271
[ K | 2834 | 2859 | 2893 | 299.1 | 3160 | 3178 =
[__xtmoc fraction L-Ser) | 0.0400 | 0.0426 | 0.0523 | 0.0702 | 0.1091 | 0.1144 | 0. _

What is the value of x for T'= 325K2 [25 paints]

Find valul of x &r’ﬂaosbﬁ

We keow 45 going o e tieds 0.UR1 + 0N hecnsse
oudy + 01
,_T___ia_.f_lf. £l othween 322.8 omgl 3270 .



CHEG 2333 pgy Material & Energy Balances Or. Antoine
10/11/2021

Test 1

_‘ Student Name:
(3
4 5. Amixture is 12.0 moless methyl sleohol (€HaD), 73.0 molets methyl acetate (CiHs0:) and 15 pia%
7 acetic acid (C;Hi5). (M [carbon) = 12; M [hydrogen) = 1; M {oxygen) = 16] =
2 @ Calculate the mass fractions of each compound. [15 points]
e Xy = mass of A
_Mas> of ¢

& total mass
re
e 02 CHYO = 32 o glnol —¥ 13%
~8 Il 3 glwmel
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b. What is the average molecular welght of the mixture? [10 paints]
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MATERIAL AND ENERGY BALANCES
FALL 2021

Title of Assignment: FINAL EXAM

TOPICS COVERED IN FINAL EXAM

Final Exam covered the following topics:

R A A

Engineering calculations — linear interpolation, density, composition
Scaling

Identifying systems

Sketching flowsheets

Material balance of non-reactive systems

Stoichiometry

Page T1




MATERIAL AND ENERGY BALANCES
FALL 2021

SAMPLE TEST QUESTIONS, SOLUTIONS,
AND GRADING SCHEME FOR FINAL EXAM



CHEG 2333 P01 Material & Energy Balances Dr. Antoine
12/3/2021 FINAL EXAM

Student Name-_

Dear CHEG 2333 PO1 Class,

This is the FINAL EXAM. This is & comprehensive exam. You will be tested on Chapters 1 — 4 of the text,
with a focus on Chapter 4 - non-reactive systems and reactive systems. This testis open bock and open
notes.

Good luck.
Dr. Antoine

Multiple Choice
Questions 1-5: 5 points each

Essay
Question 6: 25 points
Question 7: 50 points

CHEG 2333 P01 Material & Energy Balances
12f3/2021 FINAL EXAM
Student Name-_

FACTORS FOR UNIT CONVERSIONS

Quantity | Equivalent Values
Mass Tkg = 1000g = 0.001 metric ton (tonne) = 2.20462 Iby, = 35.27392 0z
1lby = 160z =53 10~ ton = 453.593 g = 0453593 kg
Length I'm = 100 cm = 1000 mm = 10° microns (#m) = 10'" angstroms (A)
= 39.37 in = 3.2808 ft = 1.0936 yd = 0.0006214 mile
1ft =12in=1/3 yd = 03048 m = 30.48 cm
Volume Im’ = 1000L = 10° em® = 10° mL = 35.3145 f®
19.97 imperial gallons = 264.17 gal = 1056.68 qt
1 = 1728 in® = 7.4805 gal = 20.922 qt = 0.028317 m* = 28.317L
Density 1 glem’ = 1000 kg/m® = 62.43 Iby/ft?
= density of liquid water at 4°C (reference for specific gravities)
Force IN = 1kg-mis* = 10° dynes = 10° g-cnv/s® = 0.22481 Iy
1lby = 32.174 by, - fs® = 4.4482 N = 4.4482 % 10° dynes
Pressure 1atm = 1.01325 x 10° N/m? (Pa) = 101.325 kPa = 1.01325 bar
= 1.01325 x 10° dynes/cm® = 14.696 Ibyfin? (psi)
= 760 mm Hg at 0°C (torr) = 10.333 m H;0(1) at 4°C
= 29921 inches Hg a1 (°C = 406.8 inches HO(1) at 4°C
Energy 1= 1N-m = 107 ergs = 10" dyne-cm = 1 kg-m'/s’
= 2778 x 1077 kW-h = 0.23901 cal = 023901 x 10™" keal (food calorie)
= 0.7376 ft-Tby = 9.486 x 10~ Bru
Power 1W =1W}s=1N-m/s = 0.2390] calls = 0.7376 fi-Ibe/s
1 =9.486 % 10~ Bu/s = 1.341 % 10~ hp

2 2
é:nplf;The factor to convert grams to Ib,, is (2"M'Ih"') or( 1 1o )

1000 153593

M=y M+ My 4o = ¥iM;

@
components

Loz,

i
MM, M - M;

[
components

Dr. Antoine



CHEG 2333 PO1 Material & Energy Balances Dr. Antoine CHEG 2333 PO1 Material & Energy Balances Dr. Antoine
] FINAL EXAM FINAL EXAM
Student Name-_ Student Name-_
1. A mixture of gases has the following composition by mass: 5. Scale the following flowchart as directed. C:Hs is mixed with air. Basis of calculation: 2100 mol of
0 16% exit stream. Scale to an exit stream of 1500 kmgl/h.
co 4.0%
100 mol C;H;
CO: 123
Mz 68% _—
2100 mol
The molar composition in mole fraction is most nearly [5 points] .
2000 mol air
a. 0;—0.15, CO—0.043, CO; — 0.081, N:—0.73 B ———— 0.0476 mol C;Hg/mol
b. 0,-0.13, CO - 0.044, CO; —0.082, N, — 0.73 0.21 mol O,/mol 0.200 mol O,/mol
€. 0:—0.16, CO— 0.044, CO; — 0.082, N;—0.70 0.79 mol N,/mol 0.752 mol N,/mol
d. 0:-0.16, CO—0.041, CO: — 0.082, N.—0.73

What is the new value for the flow of air in kmgl/h? [5 points]
2. Gauge pressure is given by [5 points]

a. phg a. 1504

b. Po+ phe b. 2323

c P ;. 1428.6
. 832

3. Toeffectively scale a process, you should do the following (choose all that apply) [5 points]:
a. Balance the process flowshest
b. Choose a basis
c.  Multiply the scaling factor by the mass fractions and the masses of all streams
d. Scale masses to moles by simple multiplication

4. Agueous solutions of the amino acid L-isoleucine (lle) are prepared by putting 100.0 grams of pure
water into each of six flasks and adding different precisely weighed quantities of Ile to each flask.
The densities of the solutions at 50.0 £ 0.05°C are then measured with a precision densitometer,
with the following results:

rig Ile/100 g H:0) 0.0000 | 0.8821 17683 26412 3.4093| 4.2064

p (g solution/om?) 0.58803 | 058584 | 0.99148 | 0.99297 | 0.59435 | 0.99530
What is the density, p in g solution/cm? for an agueous solution of lle of 1.6230 g Ile/100 g H.OZ[S
points]

0.98572
059126
059135
0.99410

an oo
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6. The neutralization of H;50, with NaOH is given by the equation below.

aH;50: + BNaQH 2 cNa;S0, + dH;0

a. Balance the equation above, where a, b, ¢ and 4 are the coefficients of the species in the
reaction [5 points]:

b. A continuous steady state reaction of the neutralization above is made to occur at room
temperature. The H,50. feed stream has a molar flow rate of 65 kpnol/h and the NaOH feed
stream as a molar flow rate of 100 kmaol/h. What is the molar flow rate of the NaOH
required for complete neutralization to occur? Show all your work, [15 points]

c. Based on your answer in part b} above, identify the limiting reactant. [5 points]

CHEG 2333 PO1 Material & Energy Balances Dr. Antoine
12/3/2021 FINAL EXAM

Student Name-_

7. One thousand, three hundred kilograms per hour of a mixture containing equal parts by mass of
methanol and water is distilled. Product streams leave the top and bottom of the distillation
column. The flow rate of the bottom stream is measured and found to be 874.9 kg/h, and the
overhead stream is analyzed and found to contain 6.0 wi% methanol.

a. Draw and label a flow chart of the process. [5 points]

b. Calculate the flow rate of the distillate. [5 points]



Dr. Antoine

CHEG 2333 P01 Material & Energy Balances Dr. Antoine CHEG 2333 P01 Material & Energy Balances
12/3/2021 FINAL EXAM 12/3/2021 FINAL EXAM
Student Name-_ Student Name-_

Calculate the mass fractions and the mass flow rates of methanol and water in the bottom stream.
[40 points]

c.
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CHEG 2333 P01 Material & Energy Balances Dr. Antoine
12/3/2021 FINAL EXAM - | )
Student Name:__, | (LNINE Qﬂ,m+ﬂ,haf g,-n | e
~ 2
Dear CHEG 2333 PO1 Class, ) a

This is the FINAL EXAM. This is a comprehensive exam. You will be tested on Chapters 1 = 4 of the text,
with a focus on Chapter 4 - non-reactive systems and reactive systems. This test is open book and open
notes.

Good luck.
Dr. Antoine

Multiple Choice
Questions 1 - 5: 5 points each

Essay
Question 6: 25 points
Question 7: 50 points

12/3/2021

CHEG 2333 P01

Material & Energy Balances
FINAL EXAM

Student Name: -\TM M&J’lltp

FACTORS FOR UNIT CONVERSIONS

Length

Volume

Density

Foree

Pressure

Energy

Power

Enample: The factor to comvent grams o b is |I

alent Values

= Jensity

= lhyms
1740,

e dymes

= [HNb g = O etk W
=lhwr =30 [ =4

B2 A3

Pryuid woer

s=d ANl X

ALE2 w10 dapes

Irores A

=23537L

SRRy

1= LOIRE x 10 N Pay = 101325 KPa = 100325 bar
= P DEAZE w1 dnevem = 1A L T i
w47

e inches H

it The = thdsf w0 |

1

ARG LT B

M=y My 4 3 My + o

L_%

MM

TEbmns Hy at 070 o = 18

= 100 = | Nows = L2300 cubs =

WoBL

RIS

X

2262 he

+ 2=

M,

I o= e

(RN
b= iy Thp

1k

(0 = 68 inches 100l 4°C
1F=1Nm= 10 eras = 10 dame om = Tk :
S 0T RW b= 023 Gl = 023

Tatl 1 Fownd caloric

INER R

YiM

al
COMNEnLs

COmpanents

X
M;
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student name: J0ung, Ramtokial .
1. A mixture of gases has the following compaosition by mass: 0.5 !3 24 '. ol "i“? \'9‘2. I
o; 6% U/32= O 2]534 =043 CO |
o a0% 4/2% ~ <142 |42 ]334 =) 082 CO
co. 1% 1920a4d - 230 a33[3:24 | O 2
M 6% Blag- 2.429 a-434|3, aq oaa? Nz

molar composition in mole fraction is mogt nafly (5 points]

@ 0;-0.15, CO - 0.043, CO; - 0.081, N; - 0.73

=" b 0,-0.13,C0-0.044, CO, - 0.082, N; - 0.73
¢ 0;=0.16,C0-0.044, CO; - 0.082, Nz~ 0.70

d. 0;=0.16, CO-0.041, CO; - 0.082, N;-0.73

2. Gauge pressure is given by [5 points]
(a) phg
Pa + phg
c. Po

3. To effectively scale a process, you should do the following [choose all that apply) [5 points]:
O Balance the process flowsheet

Choose a basis
\) \IL Multiply the scaling factor by the mass fractions and the masses of all streams
Scale masses to moles by simple multiplication
4. Aqueous solutions of the amino acid L-isoleucine (lle) are prepared by putting 100.0 grams of pure
water into each of six flasks and adding different precisely weighed quantities of Ile to each flask.
The densities of the solutions at 50.0 £ 0.05°C are then measured with a precision densitometer,
with the following results:

w [rigie/100gH:0) | 00000 | 0.8821 | 1.7683 [ 26412 | 3.4093 | 4.2064 |

p lg solutionfcm’) | 0.98803 | 0.98984 | 0.99148 | 0.99297 | 0.99439 | 0.99580 |
/ at is the density, p in g solution/cm® for an agueous solution of lle of 1, 6230 g lle/100 g H,0? [5

ints) lﬂ tju— X-Jh (%;
) a. 098972
]") () 099126
c. 099135
d. 099410

0agAEd + 1.ua30 - 0L ¢ (0MHG-
[ Aog3- 0882

o .51%‘7%‘” + 03;5(4, ¥ 0.00164 ooﬂa‘-’r
..( (oF ‘MI?\(Q Soluhonﬁu‘ﬂz’)

CHEG 2333 P01 Material & Energy Balances
12/3/2021 FINAL EXAM

Student Name: TUJ‘WU- Qﬂd\‘d ’J&p

5. Scale the following flowchart as directed. CH; is mixed with air. Basis of calculation: 2100 mol of
exit stream. Scale to an exit stream of 1500 kmol/h.

Dr. Antoine

100 mol C,H,
—
2100 mol
& r—
2000 mol air 0.0476 mol C,H./mol
0.21 mol 0,/mal 0.200 mol 0,/mol

0.79 mol N,/mal 0.752 mol N,/mal

1500 kmol h modue |é| %)
b. 2323 0“[{-'“ IM n“/(LU_

s
e ks

Y - ‘|500kmal\h9{]ﬁwm,u.
1500 Kmol [l XXU""L) 8ou0 Akl un)

FEL T .

What is the new value for the flow of air in km 7 [S points]

a. 1504

-

[H3A%, '5’1"
nm( h %M’!

|'|JEI3 el | h i wH&M( 160 A

-4 {v): rzlf'n.s.”
dm:\,,{,l i H‘IJ\l

LQ_HE




CHEG 2333 PO1
12/3/2021

Student Name: Jﬂnmz Qﬂmi&lf‘ﬂj

6. The neutralization of Hz504 with NaOH is given by the equation below.

Material & Energy Balances
FINAL EXAM

Dr. Antoine

aH2504 + BNaOH ¥ ¢NazS0s + dHz0

a. Balance the equation above, where a, b, ¢ and d are the coefficients of the species in the

Aol [smts;(,z H2 S04 +2 NaOH ~ Na Ui + ZHz0
h-2 5
C-| 7

b. A continuous steady state reaction of the neutralization above is made to occur at room
temperature. The Hz50. feed stream has a molar flow rate of 65 kmol/h and the NaOH feed
stream as a molar flow rate of 100 kmol/h. What is the molar flow rate of the NaOH
required for complete neutralization to occur? Show all your work. [15 points]

Imol M35 Qmoly NaOH 1l 6fy Ha304 vuguures 7mal of, NaOH 4e1
Qmols Nat | mak, Ha S04 wnpuArabigation

peeye|

amé NoOH (w‘jf{mn@lh Ho80s ‘EO’M
— napalighion o oo
12z

{ 8]

c. Based on your answer in part b) above, identify the 1in__ming reactant. [5 points]
NOH up te limiting tuaetont Rlcavat b vaguived
120 Kme [n NaOH wid 1+ hgd 0 moler dlow e -76

100 kmel [ 1 %
i3
“

CHEG 2333 P01
12/3/2021

Material & Energy Balances
FINAL EXAM

Student Name:_J0UUNL meﬁa‘f g (

Dr. Antoine

7. One thousand, three hundred kilograms per hour of a mixture containing equal parts by mass of
methanol and water is distilled. Product streams leave the top and bottom of the distillation
column. The flow rate of the bottom stream is measured and found to be 874.9 kg/h, and the
overhead stream is analyzed and found to contain 96.0 wt% me‘d’lano;;‘zﬂc"

a. Draw and label a flow chart of the process. [5 points] Min + m

- s ‘ Mﬁ'lbka'

\
y3wia

F— o= R
ooy
Wt = O 50 water P

ahon - WMoutput -V
1 put= output

b. Calculate the flow rate of the distillate. [5 points]

Flow vak 8 Feed = 1,300 X8-
Flow ok of ¥ = B@h‘;q

Ffb+P
F-P=D

= iqgg‘ =
F\Mraiz%bf\‘?’m% &4 n T

]

nu""
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¢. Calculate the mass fractions and the mass flow rates of methanol and water in the bottom stream.
[40 points]

mewn anel bafpacy ¢ (1,20)(0:70) = m (O %) +(834.9) (mp)
w50 - Mas.)(0u) B3, 2) Gy
50 = “08.0L + 874 xm
\p -40% 0% - 408 Ol
"V e A4\-ACA = 874 . Xme

m&ﬁ 824 q 844 q
~ 0,235 metand

u(. 904 kﬂ”" Xinyp =

vf‘:lagh?)?w N mil?m ;_»&Lm—nﬂ
. (Xop)
Lker e ¢ (1300) (0:50) =(425 (04t (894 Xwe

uSo = Moot + BF4A Xwp
1-4 oo4 -1F004

032996 = 8742 Ywr
L{}ﬂ%f@a‘(——» 683#4 E B74.9
| gz 09235 H20

b

' CHEG 2333 PO1 Material & Energy Balances

12/3/2021 FINAL EXAM
Student Name: ; Eiﬂm& qu!!f@_.al iﬁé
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CHEG 2333 P01 Material & Energy Balances Dr. Antoine CHEG 2333 PO1 Material & Energy Balances Dr. Antaine

12/3/2021 FINAL EXAM 12/3/2021 FINAL EXAM
Name: Student Name:_. -
FACTORS FOR UNIT CONVERSIONS Dear CHEG 2333 POL Class, / | W
Quantity ivalent Values - 1 " 2 |
T T e — This is the FINAL EXAM. This is a comprehensive exam. You will be tested on Chapters 1 -4 of the text,
Muss Phg = 1000 g = (L metrs bom i SIHA2 T, with a focus on Chapter 4 - non-reactive systems and reactive systems. This test is open book and open
L, = Thaow = 3w 1077 lon = 43 R RRLUEY ¥ -
Length
1M g = 0 en L ile Good luck,
304 Dr. Antaine
Volume
= 31TL Multiple Choice
Density Team = HANikene = 624501 Questionsd =1 3 pointsigach
= densay of Iguind waier al 40 rereienue fir spevific gn e
Force TN = Lhgems s 10 dnes = 10 g et = 02480 b Essay
=3 1T as = 4 4daD 1482 3 10 danes Question 6: 25 points
Pressure i = 101525 10 NimS P = 01 235 4P = 101328 b Question 7: 50 points

= L4325 M dy e P
= TRiimm Hg aoC Lt 4C
= 20921 mches Hg l0°C = J06.8 inches HaOh ar 3°C
Energy V= 1N =10 erge = 10 dyneem = Lhe e
=TT 10T MW B = 2300] cal = 23007 x 17 Leal i foud ealonic
=L TETR IR = uash o 10T By

Pawer IW = [ he= 1N e = 0 2300 cula = 0T3TR A Th
= ARG W Bles = | 20 % 1 hp

Enample: The factor o consen gres bl i- |I -

M=y My + My + e = ¥iM;
Wm;nnmrs
1 x x _ x5
MM M, - M;
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Student Name:

5. Scale the following flowchart as directed. C;M; is mixed with air. Basis of calculation: 2100 mol of
exit stream. Scale to an exit stream of 1500 kmol/h.

100 mol C,H,

e -

2100 mol

—

0.0476 mol C;H,/mol
0.200 mol 0,/mol

2000 mol air
0.21 mol O,/mol

CHEG 2333 P01 Material & Energy Balances Dr. Antoine
12/3/2021 FINAL EXAM
Student Name:
1. A mixture of gases has the following composition by mass:
0, 16% L LT i " =
co 4.0% port fe, = ld  ~p.5 3 Bl SR
€0, 12% r | - )
68% Ve =

0;-0.15,C0 - 0.043, CO; - 0.081, N -0.73

0.79 mol N,/mol

0.752 mol N,/mol

N2
L/Pé molar composition in mole fraction is most nearly [5 points]
L
b.
[
d.

0;-0.13,C0 - 0.044, CO, - 0.082, N;-0.73
0;-0.16, CO - 0.044, CO; — 0.082, N; - 0.70
0;-0.16, 0O -0.041, CO; — 0.082, N; -0.73

(= 0.1 ¢ —

What is the new value for the flow in kmol/h? [5 points]
a. 1504 g
b. 2323 g
@ 14286 -

d. 832 "
; N = T | Yo v
¥ . / 0o 5 o =
'rslk':z;\rr-r:, ot G TR Call, = e, 5 (M L e I
o = ) ; B O e
< | Cit tlhzd — g, 1O W = gy . .
Qﬂ Aa P = ~MErl
. . B = EMEL o AL - ¥ Brent
N At Fend i o 55 O had
B N2 i -
> G M NSl | €
15 O &
e ,
g : ol
Aok Eme : 0.4 emet [h
; Co i}
(= maT ¥ 11
\'\ L | 1

v/

2. Galige pressure is given by [5 points]
& phg
b. Po+phg
. Pp
3. Toeffectively scale a process, you should do the following (choose all that apply) [S points]:

a. Balance the process flowsheet
| ®. Choose abasis

U / @ Multiply the scaling factor by the mass fractions and the masses of all streams

d. S5cale masses to moles by simple multiplication

4. Agueous solutions of the amine acid L-isoleucine (Ile) are prepared by putting 100.0 grams of pure
water into each of six flasks and adding different precisely weighed quantities of lle to each flask.
The densities of the solutions at 50.0 + 0.05°C are then measured with a precision densitometer,

with the following results: ( 5
[ r (g lef100 g H;O) 0.0000 | 0.8821 1.7683 2.6412 3.4093 4.2064
P (g solutionfcm’) | 0.98803 | 0.98984 | 0.99148 | 0.99297 | 0.99439 | 0.99580
What is the density, p in g solution/cm® for an aqueous selution of lle of 1.6230 g Ile/100 g H;07 [5
points] “-1 T
T i = x i
a. 098972 a = T gees— } E
\9 & 099126 : . r
c. 099135 4
d. 0.99410 Y -

by &=
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7. One thousand, three hundred kilograms per hour of a mixture containing equal parts by mass of 6. The neutralization of H2504 with NaOH is given by the equation below.
methanol and water is distilled. Product streams leave the top and bottom of the distillation
column. The flow rate of the bottom stream is measured and found to be 874.9 kg/h, and the aH;504 + bNaOH =¥ ¢Na;S04 + dH;0
overhead stream is analyzed and found to contain 96.0 wt% methanal.
a. Draw and label a flow chart of the p . [5 points] 1(
i . Y 94 wyl 4 mdﬁdﬂ oL a. Balance the equation above, where g, b, ¢ and d are the coefficients of the species in the
— - i 5 :
]’ 4w t¢ Hy O reaction [5 points]:
x i 2 -.,: h Vs o | \ N | s 9 H
5_3_,;,ofslhmuluu tes ,yC,J IR P '—'%'/'OU. S I\Jq[h’ _"'D—‘-E\‘Jﬂ; ':/""I-'r T &, cLO /
2.2 0.5 By
P A e : . - :
Y g = ¢ \/ o b. A continuous steady state reaction of the neutralization above is made to occur at room
J - temperature. The H:50. feed stream has a molar flow rate of 65 kmol/h and the NaOH feed
F E stream as a molar flow rate of 100 kmol/h. What is the molar flow rate of the NaOH
@ : BHY- ﬁ kcg required for complete neutralization to occur? Show all your work. [15 points]
' 0.549 HeO — e
-— A - . \ { Hen [ I SO
C) 2549 mulfaifel = Naa? 4
. o H |
e Emef (1T -
b. Calculate the flow rate of the distillate. [5 points] " \.q Ll ;’.‘-"-:—"""_-? B 1 1
) o P ) ) NPT i EryLallen * ) g o
ft'f” wite '|1;‘-"'”" Nas) origenae t ) . ) Ceoncding the gneral o ce b, ) .
@ - r:l..c___,ll‘_Al_- o par 1 rectuze 11 __:;;',-. s inpart de e ;1 Cragreilia . = Dew ~ [yt vy
input - ook Ld‘ - L1 r")ilr:\'\P't;cn -+ por‘:-m"/&-r\ v i iy ool y Hoe o f';"'.; G sichs malue 2qualies r ¢ £+ ]
I}.LL- L P. . U= _AEn = -//, .} i y T ¢ é alt '..I.r‘fﬂl Lo !l)'_'llf r‘-"“"“’[’.‘.?ﬂ{l&ﬂr
I's td st
Ly o o= r""v\u_-t (&//_
— | . - =1 l :
Rg e &+ "ert-ﬂP’cga'n— 4+ 2 '-J,f)%;gjh bl
e 1
'—-:—IBG(‘:f’il" —'8:_1,.3
. Pr— —p— = _
T | N 4o .| g_h')
(JT o Netyr /‘-I . E ( L - R | c. Based on your answer in part b) above, identify the limiting reactant. [5 points]
: Colty Pty 1P |
5 all 7 £ nle of 1R: ¢l | : 1P e p - = . B
e lr'"'OtU e ! L o : G BOJ"': den iy bl the 'tJ.t.r-'\.l_!|r-.r- J-.-_r‘:"{[(!r i g J!JQ_ )
= I syt | . =
Hag) (™ Ng O H | becaws, it wie be Guss %4
: ol Xy, Y (M B+ X s
300 T Heo !9 . L
’ o - @ [ 1.9 " .
L5 2 A ‘) i u'.—».i.-‘-rr_ [%ﬁg'g)
J. 0Ot + 5 21
;:‘ b .o . = ] - "U.
Tz 439, 49 2
T =-ev.5 LYy
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dent Name: [ ~ [\ 0y (i 2 Student Name:,

¢, Calculate the mass fractions and the mass flow rates of methanol and water in the bottom strearn.

(40 paints]
A 'ounite (R, ﬂmcm& g bnlare equatie f)m Ay Stalgp e R oy
ne Jeallien roreo e o~ ﬂn.ue _| A
&.Lput ce urvphgn.}gf raflon = OceRU y
& 6
P =™
The rvﬂk.;:: ous relle gwa{m in the bottom %
oty 0) M) = (s, ™ T ey (=) opagafre ®7
g _ (0f%)(u151) + B3 "J:t WP;‘__&“
BS5D = R"‘é’?h l “L
287092 ZUTT 0 R efor §fow caty of waln dl fhe

7 - CZ{.{?
\lL IL—JI l'?«:HornLo @ Lﬁa Jﬁl(a b
‘Fh ﬁ%éjrmtmn of me Fr”"‘“(’ﬂi +he b«'\'ﬁorr Jo m‘fﬁh 'a

g — "ﬁ 5 - L. bSI
" e \J _ff‘“”’ - 2-o.5L9 . J

. The mevas C}O (our rate gjnrﬂz.(l Ranef ot Ry betl o 1,

refha,, = X | £eerrales) = o = 02651 (alu )) _
RTINS 53 fg s Ih
F‘“ ol
R
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CHEG 2333 P01 Material & Energy Balances Dr. Antoine
12/3/2021 FINAL EXAM

Student Name:

L~

Dear CHEG 2333 PO1 Class, e
J "\)\'/

This is the FINAL EXAM. This is a comprehensive exam. You will be tésted on Chapters 1 - 4 of the text,
with a focus on Chapter 4 - non-reactive systems and reactive systems. This test is open book and open
notes.

Good luck.
Dr. Antaine

Multiple Choice
Questions 1=5: 5 points each

Essay
Question 6: 25 points
Question 7: 50 points

CHEG 2333 PO1 Material & Energy Balances

12/3/2021 FINAL EXAM

Student Name:

FACTORS FOR UNIT CONVERSIONS

Quantity Fipuivalent Values .

Mass Thy = BANbg = 00R prtne oo conaes = 3 20462 I
LIt = Yoy = 5w d07 on = 455 8930 = 1335593k

Lenyth eHEs = s |
k= (LN |4 mils
Th4 o
Volume T o= 0= 10 ot = 10 il = 38 450
21T impenal gallons = 20407 pal = 1036 A5 L
T’ = 1"2sin’ = "4 cal & 29022 gt = D383 T = 2N 3171
Density = MMrka o
= density of fereny T spesifi gna
Foree S’ = 402248 b
A4nZ T danes
Pressure Patm = L0133 10T N P = L0325 WP = [01A2S bar
= LIRS L0 dnesem = FApE6Ibon par
= at o o= 10 3 Em O b O
2 inchies He anifC = J06 % inche- BLOihan 20
Energy 1= eigs = 10 dype-em = | s

TRW R = 0 230 cal = 023900 % 007 bl sfund catoria

LT = ARG x T B

Power R e B L
= dsfie 107 Bl RS I

[ [T

hp

PR TR T [
Exnample: The fctwor i comert srams o b, s | i -t.‘_ o
M= 1My + ypMy o = ¥iMi
cm;onems
1 x + Xz o x
MMM, M;

Dr. Antoine
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1. A mixture cf gases has the following compaosition by mass:

0 16% =N
© 27 4.0% o

o 7 12%

N o 68%

The molar composition in mole fraction is most nearly [S points]

a. 0;-0.15, CO-0.043, CO, - 0.081, N; - 0.73
(/ \TZ b. 0;-0.13,CO—0.044, CO; - 0.082, Nz - 0.73
¢. 0:-0.16, CO-0.044, CO; - 0.082, Nz - 0.70
0;-0.16, CO - 0.041, CO; - 0.082, N;-0.73

ge pressure is given by [5 points]

h .
Eafphs fl/ﬂm& = 6/;3 T /jzj

1. Toeffectively scale a process, you should do the following (choose all that apply) [5 paints):
a. Balance the process flowsheet

/ | Choose a basis
'y J | Multiply the scaling factor by the mass fractions and the masses of all streams
\T" ) Scale masses to moles by simple multiplication

4. Agueous solutions of the amino acid L-isoleucine (lle) are prepared by putting 100.0 grams of pure
water into each of six flasks and adding different precisely weighed guantities of lle to each flask.
The densities of the solutions at 50.0 + 0.05°C are then measured with a precision densitometer,
with the following results:

r (g lle/100 g H:0)

0.0000

0.8821

1.7683

2.6412

3.4093

4.2064

p (g solutionfcm’)

0.98803

0.98984

0.99148

0.99297

0.99439

0.99580

What is the density, p in g solutionfcm’ for an aqueous solution of lle of 1.6230 g ué}mu g H:0? [5

points]

a. 0.98972
(b, 0.99126

e

/ \f\&? 099135
/7d. 0.99410
J

1500

SuingossoRd S| —

CHEG 2333 P01 Material & Energy Balances Dr. Antoine
12/3/2021 FINAL EXAM
Student Name:

5. Scale the following flowchart as directed. C:Hs is mixed with air. Basis of calculation: 2100 mol of
exit stream. Scale to an exit stream of 1500 kmol/h.

100 mol C;H,

—_— ]

2100 mol

e ——
0.0476 mol C,H/mol
0.200 mol 0,/mol
0.752 mol N,/mol

2000 mol air

0.21 mol O,/mol
0.79 mol N,/mol

What is the new value for the flow of air in kmiol/h? [5 points]

b. 2323
1428.6

o~
:.. 83.2 I 1?

](WEE_Q}:.Q‘—‘! 1o pmul

Zokd > > M( 50 keal/h)

%M/

anl m-J)I

=28 ¢
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6. The neutralization of H2504 with NaOH is given by the equation below.

aH3504 + bBNaOH =» ¢Na;S0: + dH.0

A
a. Balance the equation above, where a, b, ¢ and o are the coefficients of the species in the

reaction [5 points]: HSO‘{ +2Na01(.]% NAZSO?-FZ/{ZO

b. A continuous steady state reaction of the neutralization above is made to occur at room
temperature. The H250 feed stream has a molar flow rate of 65 kmol/h and the NaOH feed
stream as a molar flow rate of 100 kmol/h. What is the molar flow rate of the NaOH
required for complete neutralization to occur? Show all your work. [15 points]

Q/- Gys %)w /

1D
(2] m o

((05 kmel 5 r'_nl
( too k""loh{&)%)ﬂ 325 i

€. Based on your answer in part b} above, identify the limiting reactant. [5 points]

/{' W75 fim7ling Cndend
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7. One thousand, three hundred kilograms per hour of a mixture containing equal parts by mass of
methanol and water is distilled. Product streams leave the top and bottom of the distillation
column. The flow rate of the bottom stream is measured and found to be 874.9 kg/h, and the
overhead stream is analyzed and found to contain 96.0 wt% methanol.

a. Draw and label a flow chart of the process. [S points] o z s‘ J( tj /4

o [_7’: Xy
13,00 #3Ik

e JH‘I"YF H\/
/T oevr- I
7 |

€ ?7‘f.1kj/l\

b. Calculate the flow rate of the distillate. [5 points]
f=¢+8
Bk C + d71.1kglk,

]500 kg/ﬁ\ _-ﬁ'/"/‘j-ﬂ k&\}h = 725.)

il C =425 kg,

#
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c. Calculate the mass fractions and the mass flow rates of methanol and water in the bottom stream.
[40 points]

f‘&'muﬁﬂ- =(.50)(1300 kaf) = 656 Ky [h

h ww- (2 (1300 ka/h)= G50 Kyl /

Mm f -GN (H25 Ik ) = Yow, | kst
ey (001251 lolb) = 17 kyon |1

0
Wi ge o mmat+mmﬂ F b

(060 Kﬁﬂl > (50 Pj/f(f— Mmkf-‘ Mtﬁéu-j mass Fm.ak.._

\2>- 0Sokyl — Q‘S—Oé&/j\ B

70
\k M!- = h'uﬂ

Ng;;l'orﬂ_ = wﬂvar M‘W‘*ﬂr‘

Mg = 086 = 1Tl —ps5 ks,
f“\‘«uk&-— mmhc + 'MMUH«B

M wethg= {50 ko/h = H08.) ksl =24 1 43/4
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