University of Tecknb!ogv Final Exam. /I* attempt ~ Subject: Gas Technology
Chem. Eng. Dept, 2009-2010 Lecturer: Dr.Talib M. AL-Byati

4*Year/Pet.Ref. Eng. Division Time: 2.5 hours

Answer four Questions:

Q 1/ Define thle following terms:

1. Pipeline Gas. 2.Sweet Gas. 3.  Streford Process. 4. Desulfurization.
5. Liquid Petroleum Gas (LPG).

Q2 / Answer each of the following:

1. What are the types of gaseous fuel?

2. What are the features of the sulfinol process?

3. What are the typical compositions of natural gas?

4. What are the important factors about natural gas?

Q3 / Describe and draw flow diagram for the following Process:

1. SCOT process. 2. Natural gas processing plant.

Q4 / 50 ft’/day of sour manufactured gas stream is sweetened using 30%

DEA and MEA solution. The sour gas contain 0.7% H,S, 4%CQO2 and |
0.1%COS. Determine the total amine circulation rate if the maximum gas

pick up=0.27 mol/mol amine solution. Density of DEA and MEA=8.3

Ib/gal.

Q5 / Answer the following;

1. Compare between MEA and DEA when used in sweetening of sour gas
streams.

2. Discuss the function of the Sponge Absorber in a typical Gas

Processing Unite.
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Dept. of Chem. Eng. 2009-2010 Time: 3 hours

Univ. of Technology Final Exam. Subject: Oil & Gas Technolog):_
Fourth Year- Unit Operation Branch Lecturer: Dr. Neran K. Tbrahim

NOTE: Answer four questions with QI included

Q1:- A) Compare between fwe of the followings; '
1- FCC and Hydrocracking; 2- Continuous and Cyclic reforming;
3- Coil & Soaker visbreakers.
B) Draw a flow diagram for fwo of the following processes;
I- Light end fractionation; 2- Semi-regenerative reforming;
3- Natural gas processing plant.

. (17marks)
Q2:- Evaluate the given crude oil, AT=100°F :
| % Vol. Distilled- | TBP (°C), | "AP1 | %S
0 40
20 200 40 | 0.10
40 280 35 | 0.18
50 305 30 [ 022
80 410 26 | 042
D 500 25 | 068
95 520 | 20 | 0.80 (16 marks)

03:- A furnace is to be designed for a heat duty of 30x10° Btu/hr and 75% efficiency. The
furnace is fired with 17 1b air/lb fuel (NHV=17000 Btw/1b).The tubes are arranged in two rows
(are of 5 in OD, 40 ft long and 20D spacing). Heat rate of 35000 Buvhr.f® of projected area
is available. Calculate: I~ The % heat absorbed in radiation section.  2- Cold-plane area.

- (16marks)

04:- 1200 BPD of 35 °API crude oil at 580 °F is fed to an atmospheric distillation column
operating under hot reflux system. Steam at a rate of 600 Ib/hr and 520 °F is used. The
fractions obtained were 3500 Ib/hr gasoline (MW=110, A = 120) at 310 °F, 2500 lb/hr
kerosene (MW=185, A =108) at 420 °F ,1500 Ib/hr gas oil (MW=250, A = 95) at 510 °F .The
residue is withdrawn at 515 °F . Assume Cp=0.7, Cpv= 0.6 Btw/lb °F. Check the top tower
temperature if the dew and bubble temperatures of gasoline are 296 and 280 °F, respectively.

The pressure at the top plate is 780 mmHg. %NJ \Y>  (I6marks)

05:- On procebsmg, 1000 ton/day of 27 °API catalytic cracker feed stock at 450°C and 1050
mm Hg, the following products were obtained-

Products wi% | MW | °APj]
(Gases - 15 32 -
Cs' gasoline | 35 110 | 63
[ CGO 26 | 260 | 8.5
Coke 4 12 -

Calculate; I-Reactor diameter,  2- Mass of catalyst required,  3- % Conversion
-@Given that LHSV=0.33 U'h Vapor linear velocity = 0. 3—m/s Densn) of catalyst = 420 kg/m’;
_ -Tﬂﬂ*lOOO kg e ... (16 marks)

""" GOOD LUCK
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University of Technology Optimization Date: 31/05/2010

Chemical Engineering Dept. Final Exam-1" Attempt Time: 3 hrs.

BSc. Fourth Year 2009-2010 Dr. Nidhal Al-Azzawi
- | pala ) ally Aoyl ¢ siea

(ANSWER 4 QUESTIONS, Q1 INCLUDED)
Q1) A manufacturer of electronic instruments produces two types. of timer; a standard
and a precision model with net profit of $10 and $15 respectively. They are similar in
demgn, each taking about the same amount of time to assemble. Due to the availability of
resources, no more than 50 instruments can be produced daily. There are four
components in short supply ( a ,b ,c and d ) that they used in different quantities for the
two types of timer as shown in table below with their stocks. Find how many timers of the
two types must be produced per day to maximize the profit. Solve it graphically and by

simplex method. (20 marks)
component ! stock -"- number used per timer
standard _. precision
a 160 4 2
b 160 2 4 |
¢ 370 2 10
d 300 i 5 6

Q2) You are the manufacturer of PCl; which you cell in barrels at a rate of P
barrels/day. The cost per barre! produced is '
C'=50 + 0.1P + 9000/P Dollars
The selling price per barrel is $300. Determine ;
" 1- The production level giving minimum cost per barrel.
2- The production level which maxiniize the profit per day.
3- The production level at Break-even point.

4- Why are the answers in 1 and 2 different? (15 marks)
Q3) A: Find the max:mum of the following function using DSC method; '
y=(x-100) starting atxo=0 and S=3

B: Solve the following functions analytically, showing all the extreme pomts,
1- y=(x% 3)-60x’ +2000x+50000
2—}=10(2\-1)-2(2\—-1) - (15 marks)
Q4) A: Find the minimum point of the followmg function usmg simplex method starting
from point (-1.2, 1).
Z=100(x -y Y} +(1- y) take a=1
B: Find the extreme points for the following functions;
1- P=-60+140 R+ 100 T- 10 R’ - 8 T°— 6RT
2-Z= Xy o X] .
subjected to; g =1 - — X=X =0 {15 marks)
Q5) Prove that in Fibonacci search method one of the experiments for a certain cycle is
retained from prevnous one. Solve the following funetion by Fibonacci method using (n=8)
y—x -6x+3 for -1<x<5 , (15 marks)

GOOD LUGK,




—--FOURTH—-UNIT ----- OPTIMIZATION Lecturer:Dr.Nidhai Al

Note: Answer only ----4-—--questions. Each g_est on (15 marks)
Q1) Consider the graphical representation of the following;
Maximize (or minimize} y=5x; +3x;
Subjected to X +x; <4
2x;-3x; €1
2x1+3x323 also x;€2 , x2<3, & x>0
-a) Indicate if the solution space is feasible or not if; :
1- The constraints as given above.
2- The constraint x; + x; < 4 is changed to x; + x2< 2
3- The constraint x; + X2 <4 is changed to x; + x> 6
b) For each case in (a) determine the number of the feasible extreme points if any.
¢) For each case in (a) in which a feasible solution exists, determine the maximum and.
minimum values and their associated extreme points. ’

University of Techrology Final Examination Time: -3- hour )
Chientical Eng, Dep. 1* attempt - 2010/2011 Date: -06-/-02-/2011"

Q2) A manufacturer of metal office equipment makes desks, chairs and cabinets. The
company has two machines and the required processing time in minutes for each machine on
each product and the profit are shown below;

| Time for producing minutes/unit Max. available |
Desk Chair Cabinet time in minute
Machine A 4 3 : 3 2000
Machine B 2 2 4 2500
Min. Produced 100 200 50 - |
| Profit S/unit 20 11 16 | |

The company must not manufacture more than 150 desks. Formulate the objective function
and the constraints to maximize the profit. Use Simplex method to maximize the profit. ., x\ tewQvni

Q3) A: Use chhotomous search to locate the minimum of the function
y=4r’+5%  subjectedto 2r+3t=6 for 0<r<12 and =001
B: Solve the followmg functions analytically, showing all the extreme points;
1- z=6x"-4x’ +10
2- y=(3x-2)" (2x-3)

Q4) A: Find the stationary point to maximize the following function using Simplex Method
with a = 2 and start from point (2,2).
y=200-(3 -::1)2—(4-x;)2

B: Find the extreme points for the followmg functions;
1+ y—-xl+2x;;+2nxs Xy’ +x; - x3*
2- y= (xl—l) +4(Xz-—2)

, Q5) A: Suppose you are renting a car at $1.2/hr, the gasoline to be supplied by you costs
$0.35/gallon, You propose to drive from Baghdad to Amman, a distance of 900 miles. The
speed must be between 40 to 80 miles/hr, assume that the following relation describes the
mileage;

m =26 —s/5
m = number of miles per gallon. and s = speed in miles/hr.
How can you make this tripe as inexpensively as possible by good choice of s.

B- Find optimum positive (x) using DSC method for xy=0 and S=0.1

y=5+3x-x°
GOOD LUTK.



niversity of Technology
hemical Eng, Dep.
4™ Class

el 2 wuag
Date:"3/2/2011
Lecturer: Dr.Neran K.
Ibrahin

" Finat Examination
1* attempt - 2010/2011
Subject: Gas Technology

Q1: Answer the Followings giving sketches when available:

a)
b)
)
d)

State the main features of the Sulfinol Process.

Explain what is meant by Swifur Removal Train and describe the Claus Process.
Compare between: 1- Biogenic & Thermogenic gas.  2- Rich & Lean gas.
Discuss the principle difference between stabilization using Flash Vaporization &
Fractionation.

(20 marks)

Q2: For the Amine Process

a)
b)

Draw a PFD

35MMSCFD of a sour gas having the following composition at 1000psia and 100 °F is being
treated using 35%DEA. The outlet gas contains 0.05 mole% CO; and no H,S. Calculate the
required DEA circulation rate and tower diameter,

Component | Mole Fraction
CO, 0.1
H-S 0.2
CH;, 0.65
C2Hg 0,05
Given: Ppc = 756.8 - 131.07 7- 3.6 75" , Tpc = 169.2 + 3495 7,- 740y’ , Z=1-227

Cp=0.7, dp=150pm, PpEa sein="T70 b/t , Acid gas loading is 0.5 mole acid gas/mole DEA.

(20 marks)

Q3: For gas dehydration:

a)
b)
c}

State the objectives and the reasons.

Classify the processes used.

35 MMSCFD of wet natural gas saturated with water vapor at 300 psia and 80 °F is
dehydrated to 5.0 1b /MMSCF using 98%TEG. The gas molecular weight is 18.0. Calculate the
TEG circulation rate, Size for 3.0 gal TEG/1b H;0, Py0™ = 0.51psia.

{20 marks)

Q4: Answer the followings:

a)

b)

)
d)

Define the term syngas and explain with the aid of sketch only one process for the production
of hydrogen. '
Draw a block diagram for a typical gas treatment process,

Compare between the performances of MEA & DEA in gas sweetening processes.

Give a list of the types of gaseous fuels and state their advantages.

(20 marks)

GOOD LUCK




Time: {3) hour
Date3/2/2011

Lecturer:Khalid Turki

[University of Technology Final Examination
Chemical Eng. Dep. 1" attempt - 201072011

4" Class(unit operation) Industrial Management

Note: Answer only four questions.
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iniversity of Technalagy Final Examination - Time: 3 hour

Chemical Eng. Dep. 1" attempt - 2010/2011 Date: 1/2/2011

Forth Class Polymer Technology Lecturer:Dr.Najat J.Saleh
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University of Technology
Chemical Eng. Dep.
Forth Class Refinery

£

Final Examination
1* attempt - 2010/2011
Pollution

Time: 3 hour
Date: §/2/2011

Lecturer: Layla A.A.

Note: Answer only Six questions.

Q 1/ Compare between methods of controlling gaseous & particulate pollutants.

Q 2/ State why:

a. Barometric condensers are replaced by surface condensers.

b. Electrical desalting of crude oi! is preferred on chemical desalting.
¢c. Catalytic cracking unit is considered as a pollution source in a refinery.
d

. Drying & sweetening of petroleum products.

Q3/

A. Classify air pollutants or water pollutants.
B. What are the suggestions to control acid rain?

Q 4/ Show the following:

1. Venture scrubber used to control air pollution.

. Combined effect of recirculation & excess air on NO, emissions.

2
3. Effect of air / fuel ratio on exhaust gas composition.
4

. Adsorption break-through curve.

Qs/

A. What are the causes of: (choose only 2)]

. Acid rain.

. Greenhouse effect.

1
2
3. Diurnal variation of dissolved oxygen in water environment.
4

. Regeneration of adsorbent bed.

B. Explain briefly two of the following:

1. Reverse osmosis.

2. lon exchange.
3. Electro dialysis.

Q 6 / BOD results given below are observed on a sample of waste water.

{10 Marks]

[10 Marks]

[5 Marks]
[S Marks]

[10 marks]

[4 Marks]

[é Marks]

t (day) 0

1

2 4

6

8 10

BOD, 0
(mg/D) y

6.5

11 i8

22

24 26

a. Plot BOD curve.

b. Calculate parameters Ki , Lu

[10 Marks]

Q 7/ A stream containing no BOD (rarely occurs) has DO of 5§ mg/l, & flow rate, Q, 8.7 m’/s.
Temperature of stream 18°C, Average velocity in stream 0.174 m/s. Average depth, H, is 5 m.

Determine the reaeration coefficient K, & rate of reaeration? [6=1.024]

~ [10 Marks]

GOOD LUCK
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-, , Univetsity of Technology
- Chermcal Engmeering Department

Final Exam / 1n§3¢'tempt, 2010 Dr Shahrazad R. Raouf -Dr.Farah 'I'a,lib
BS.C. Class: 4% yeat ~ ‘Time: 3 hour - _
Transp_ort Phenomena
swer Four Qu sti n Only, Question F st Included
e cta) ity ¥l

3-1 1-A wet wood having 0.4 kg 120/Kg wet wood is to be dtied on a tray dryer(from one side) to final
moisture of 0.1 kg Hzo/kg wet wood -The wood loading is 40kg/m? tray atea and 30mm thick. The
critical moisture content is 0.23 kg 1120/kg wetwood and the equilibrium moisture content is 0.03 kg
1120/kg dy woba. The drying rate in the Constant rate pedod is 5 kg/mzh. The average diffusibn
coefficient of moistute in a given wood is 5*10%m?/h .Calculate the time needed for the drymg
matcnalmfa]lmgratcpcnod. -

65 mark

2- A liquid with no appreciable elevation of boiling-point is concentrated in 2 triple-effect] & mark
evaporator. If  the temperatute of the steam to the first effect is 395 K and vacuum is apphed to
“We third effect so that the boiling-point is 325 K, what are the approximate boiling-points in the
- ree effects? The overall transfer coefficients may be taken as 3.1, 2. 3 and 1.1 k¥W/m2 K m the
three effects respectively. _

-2 An experimental ﬁlate and frame press filter with 12 frames 0.3m square and 50mm thick is usedm
to filter aqueous BaCOs slurty at a constant working pressure 400KIN /m? throughout, and gave al———
total 1 m? filtrate when filtration was stopped. Estimate the time required to recover 1 m? filtrate.

A sample of the sliiffy had previously been tested in a laboratory leaf filter at a constant pressure of
248.2 KN/m? gave the data shown below. The filter area is 0.044m?2, Assume the-cake to be .
incompressible and the cloth resistance and the specific resistance to be the same in the leaf as in

the filter press.
Filtrate volume liter ] 0.5 |1 15 2 25 |3 3.5 14 45 |5 55 |6
Time sec 5 11.5 | 19.8 | 30.1 | 425 | 56.8 [ 73 | 912 | 111 | 133 | 156.8 | 182.5

Q3- 2500 kg/h of solution containing 18% of dioxane in watet is to be extracted sgmr_msmﬂy with
 .nzene containing 1% dioxane to reduce the dioxane concentration to 4.5% in the outlet
raffinate. Detepmine :- ,
1- The numbet of theoretical stages rcqmrcd if 2000kg/h of benzene is uscd. _ 12.8 mark
2~ The minimum benzene requited.
Equilibrium data are:- -
Wt % dioxane in water 0 |5 {15 123.07
Wt % dioxane inbenzene |0 - {84 | 18.7 | 28.57

| Q-4 1-An air condn;pnmg system of 2 kg/s at 30% RH and 285K, find graphically the following 4 125 mark
humidity of dey air , wet buJb temperature, humidity at wet bulb temperature, hum.td heat ,
and enthalpy.
2- The gas stream in part -1- is mixed with supetheated steam stream of 0.2 kg/s at 420K and
1.atm , what is the humidity , enthalpy and temperature of the resultant gas mixtute. Given
that-
»at 100°C= 2256.9k]/kg ,Cv= 2 kg/k].K, CL=4.18 k]/ kg. K
3~ Drive the relation between the cake thickness and volume of filtrate

13 ¥ .'-",,




Q5 A_ns_ws::_'mg_qf_thc_iqn_omg P8 mark
A-Calculate the mass transfer coefficient for equimolecular - diffusion (drift factor
(Cew/Cr)=1)or water whlch is passed at 0.25m/s through a 50mm i.d pipe lined with
f-napthnol use:-
a-simple Reynolds analogy _
b-modified Reynolds analogy. :
Take:-Di20- p-aspthoa=0.01%10m?/s ,u = 103%kg/m.s , ¢ = 1000kg/m?.

B-Find the kinematic viscosity (u/g) relation in a molecular diffusion.
C-If the temperatute rise per meter length along a pipe carrying air at 10 m/s is 45.deg K, what

will be the corresponding pressure drop for a pipe temperature of 400 K and an air
temperatute of 310 K? The density of air at 310 Kis 1.14 kg/m3. - :
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Note: Answer four guestions with Q1 included

Q1) A) Compare between the two of the followings (draw sketches if available):
1) The different types of reflux systems used in distillation units in reﬁnenes
2) Simple and complex refineries.

3) Hydro-treating and H_ycllr.o-.eraekmg :
L (8 marks)

B) For catalytic reforming (answer fly_e_ Qf the follongs)
a) Define reforming
b) State the main reaction that takes place during reformmg

¢) Discuss why only Heavy Naphtha is a suitable feed stock for eatalytlc :
reforming, ’

d) Type of reformmg processes
' e) Type of catalyst

" (10 mavks)

C) Explain in detalls the Deasphalting process. {Draw sketches if available)
(7 marks)

Q/2: For the gwen crude oil (31,7 "APD), sulfur percent 0.15;

a) Evaluate the given oil. (TMABP=TVABP- 90 (F))

b) Select TBE, cut points for the products to be obtained from pmcnSmg this
crude in an atmospheric distillation unit and estimate the %yield for'each cut.
c) State the effects of the presence of sulfur on the quality of crude oil? -

TBP (*F) %Vol Distilled | ° AP,

122 0.8 78.8

167 1.0 - fei R

212 R I A CUE

287 URT340 o :,55,9‘:--{';__9.: :

302 . 3.1 50.6 1o

347 3.9 45.8

392 49 41.7

427 6.8 . 38.4

482 . 8.0 35.4

527 . 10.9 ; 32.3

585 7.3 30.6

637 7.8 29.5

630 6.2 21.7

738 5.7 _ 25.6

785 6.9 - 28.0

Residuum 20.3 18.2

(25 marks)

-1-



Q3: 1200 BPD of 43.0 °API crude oil, at 650 ° F is fed to an atmospheric

distillation unit operating at hot reflux. Steam at a rate 567 Ib/hr and 535 °F is

used , the vol % yield of distillate products were: 26.8% Gasoline ("API=62.8,

MW=110, 3=120) at 286 °F , 5.63% Naphtha, (*API=52.8, MW=155, 1=113) at 335

°F, 19.8% Kerosene (°API-~ 45.6, MW=185, A=100) at 420 °F,10.6% Gas oil

(°AP1-—39 4, MW=240, 2=90), at 510 °F and the reduced crude (“AP1=31 2) with

drawn at 510 °F.

Assume Cp;=0.7, Cpv=0.6 Btu/lb ° F, and the vaporizer temperature=576 8 0

Given: 1 BPD = 42gal R

Dusier=8.324 Ib/gal SRS

pressure at the top plate is 780 mm Hg ‘‘‘‘

b) Caleulate the diameter of tpe tower if K=735 and py= 42 7 llbi'l"rtJ
: {25 marks)

Q/4: A furnace is to be designed for a heat duty of 29 x 10° Btu/hr. If the overall
efficiency is 75%. The furnace is fired with (17 Ib air / Ib fuel), and an oil fael of
(NHV = 17130 Btu/lb). The tube are arranged in twg rows and are of 5 in OD,,
38.5 ft length and 2x OD. Spacmg, heat rate of 35000 Btwhr fi® of projected area
is recommended calculate: a
1) % heat absorbed in radiation section.
2) The number of tubes in the radiation section.
3) Heat absorbed in the convection section. (State any assumptions used).

' (25 marks)

Q/5: On processing 1000 ton / day of 2‘7 YAPI catalyst cracker feed stock at 2
temperature of 450 °C, pressure =1.5 atm the following products were obtained:

Products wt % API Mw

Gases 15 | _ 32

C5+ gasoline 60 . 163 . |110 -
TCGO 20 g 5 L 260

Coke & T R T e L -— . 12

T
Given that: WHSV 0. T hr ’ Lmear velocity of vapor {U) = 0.3 m/s,
p catalyst =420 Kg fm®
Calculate: a) diameter of the cracker, b) Welght of catalyst needed
¢) Conversion. d) Selectivity and e) efficiency.
Given: 1 ton = 1000 kg

(25 marks)

Good Luck




FU of Technology ~ PROCESS CONTROL  Date  6/6/2010
- Chem. Eng. Dep. Time Three hours

B.Sc. __4"' year Fmal Exam 2009!20‘10 Br. “Karima Marogl
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The Thermal system shown in Fig. (1) controlled by a PD controller.
Data w = 250 Ib/min, p = 62.5 I/, V' =4 1, V2= 5 £°, V3 =6 ft’, C =1 Btu /(Ib) (°F)
A change of 1 psi from the controller changes the fl?w rate of heat g by 500 Btu/min.
The temperature of the inlet stream may vary. There is. no longer Iag in the measuring
clement. Draw a block diagram of the control system with the appropriate tramsfer
function in each block. Each transfer function should contain nymerical values of the
parameters. Note that the controller gain Kc is 3 psi per °F of femperature error and the
derivative time is 0.5 min.

(12.5 Marks)

R )

g

A. In the two-tank mixing process shown in Fig.(2), x varies from 0 ib salt/ft3 to 1 b
salt/ft3 according to a step function. At what time does the salt concentration in tank
- 2reach 0.6 b salt/&3? The holdup volume ofieach tank is 6 ft3. .
HOM 1 |
X(s)  (2s+1)(2s+1)

x
_31‘!|-7’(ml_r3 .

(8.5 Marks)

B. “Answer (True or False) for each of the following statements;- : v
1. For a first order system the time constant of closed loop is less than the open loop
2. For a first order system when the static gain K¢ increases offset deerease _
3 For a second order system the.time constant of closed loop is grater than the apen

“loop.
4.For a second order system when the static gain K¢ increases dampmg factor (¢)
increase. _ (4 Marks)

Q3

A. Draw only one scheme to control distillation column if top and bottom temperature
both are controlled.

(3.5 Marks)




. B. For the following block diagram (Fig.3):-
1: D¥ive closed loop transfer functionénd response for a unit step change in set point.
2y For Ke=2, calculate the offset.

UGs)

r
s

RGs) —>

Gr

Gy |e—

Fig. (3)
m (9Marks)

A. Answer one section only
1. Derive the Amplitude Ratio (AR) & Phase Lag (@) of derwatwe controller (PD) __
shown below, and then plot the Bode dlagram for the same system, '

Ge(s)=2(1+0.4s) 125 Marks;

2. Derive the Amplitude Ratio (AR) & Phase Lag (<i>') ol' . Slecdnd b_rder systeni shown
below, and then plot the Bode diagram for the same system.

1
Gp(s) = g
(4 +5s+1) (12.5 Marks)

2.5

o

A. A step change of magnitude 3 is infroduced into the transfer function

Y(s) 10
X(s) 2s'+03s+0.5

Determine the overshoot and the frequency of oscillation.

(8.5 Marks)
B. Define the following (choose four):-
1. Response time 2. Transportation Iig ._ "~ 3. Linearization 4. Rise time
5. Phase lag 6. T theoretical for thermometer (4 Marks)

ET
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vuoT Final Exam ‘subject : Catalyst
Chem. Eng. Dept 2009-2010 Time: 3 hours
1*tattempt Fourth year clags/Unit operation  Lecturer: Dr. E. Jawad

NOTE: Answer four questions only (including the first question)

Q1 Develop an expression for the rate of reaction C+»B+P and sketch the curve of initial
rate versus pregsure total for an initfal mixture of 50% C and 50% Inert in the first case
and for pure C in the second case where the surface reaction is the limiting step.

C+5 — (C.5

C.S — B.S+P

B.S~B4+S , S w18 : {25)

Q.2 A/ Calculate the mass transfer coefficient between bulk gas and solid surface for
decomposition of hydrazine over a packed bed of alumina. The reactor consists of a fixed
bed of cylindrical particles 0.25 cm in diameter and 0.5 cm in length which the gases
passed at a superficial mass velocity of (240 kg/s.m?) and the bulk mixture contained 2%
hydrazine in 98% helium mixture {16)
Where p=16 kg/m’ Das=089x10° m? /S p=72x 10” kg/m.s

B/ Prove dnd when the equations use

1- az B875x10°
P.
2- NA= Py Dae _dva +YA(Na+Np) . {10)
RyT dx

Q.3 A/Gaseous A reacts ApR in an experimental reactor from the following conversion
data. Find a rate equation to represent the reaction.

W (gm) 05 1.0 2.5

CA (mole/m®) 30 20 10 .

With plug Av‘;!:’re Cao=60 mole/m’ and the volumstric flow rate (3 liter/min) {15)
B/ Prove Ts— To= 0.7 ATwmax _c%? (10)

Q.4 A/ What is the tortrosity factor and Calculate macro pore tortuosity factor in paraflel
pore and in randome pore model for Ethane in the (ethane-helium) system in 1 atm and
25C° were the experimental value of the effective diffusivity is 0.0072 cm®/sec .

(sg=76 miigm Ey=0.18  a,=4800 A°} (25)
Q.5 Af Fiil in the blank: '

1- In nitrogen —desorption method the pore radius is ......... .

2- The importance of chemisorptions......... .

3- The effective diffusivity for Silica gel according to the random model s ......... .

4. The promoters are designed to ........... (10)
B/. The silica gel for n-hexane adsorption mentioned has the following properties
Sg=832 m/gm §P = 0.486, pP =1.13 g/cm’® Vg = 0.43 cm*¥gm using the adsorption data.
Estimate the fraction of the surface covered with an adsorbed mono.molecular layer at
each partial pressure of hexane at 70 C is estimated to be 58.5 * 10 "cm?*

Pl (mm Hg) 1.52 3.04 6.08 8.588

C _gmole __*10° 10.5 16 27.2 34.6 (t5)
gm of catalyst

GOOD LUCK




1.0

| 0.8 |
05
c
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0.06
0.04
0.02 f———tp—
0.0]
0 20 3 40 60 BO 100 200 300 400 600 800 HOOO
Reynolds number, Eﬁ-c
Lennard-Jones ’ %pTiEan [+J keTli g s
parameters® :
0.30 2.662 1.075
) . Molecular |- & - gk - L0380 L 2478 . e LDOO-
Substance weight A oK ' 0.40 2318 30 T 0.949
0.45 2.184 35 0.912
Light elements : 0.50 2.066 40 - 0.884
H, 2016 2915 38.0 055 1.966 5.0 0.842 RS
He 4.003 2.576 16.2 .60 1.877 7.0 0.790 S
Noble pases 0,65 1.798 10.0 0.742 :
Ne ' 20,183 1789 357 . S a7 1.729 200 0.664 - o
Ar 39.944 S 3418 2400 0.75 1667 30.0 0.623
Kr $3.80 3.61 1900 0.80 1612 400 0.596 S
Xe 131.3 4,058 229.0. 0.55 1.562 - 50.0 0.576 o
Simple polyatomic 0.90 1.517 60.0 0.560
substances ] (.95 1.476 . 700 0.546
Air . 2897 3617 970 100 1.439 800 0.535 .
N, o 28,02 3.681 91.5 110 1375 | ¢ 900 0.526'
O, 3200 31433 113.0 1.20 1.320 C100.0 0.513
O, 18.00 . o i.30 S12n 200.0 0.464
<o 28.01 3590 1100 .40 1.233 3000 0.436
o, 44.0 3996 1900 : 1,50 1.198 400.0 - 0.4i7
NO 30.01 1470 119.0 .75 1,128 !
N,O 44,02 3879 220.0 ' I
S0, 64.07 4,290 252.0
F, 38.00 1653 1120
Cl; 70.91 4115 3570 TSN
Br, 159.83 4268 5200 ' a
1; 253.82 4.962 5500 S
Hydrocarbons Do B
CH, 16.04 3822 137.0
C,H, 26.04 4221 185.0
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Q.1 The following data on the reaction A—R are obtained in an experimental packed bed

reactor using various amount of catalyst and a fixed feed rate Fa,=10 Kmol / hr and C,
[W KgCat [1 2 3 4 5 18 7

Xa 0.12 0.2 0.27 0.33 037 041 0.44

0o

A~ Find the reaction rate at 40% conversion .

B- In designing a large packed bed reactor with feed rate Fao=400 Kmol / hr , how much
catalyst would be needed for 40% conversion .

Q.2 The reaction Hy + 0.5 0;—H,0 occurs with a platinum on alumina catalyst . The rate is
0.0189 gmols H; / hr.g catalyst the reactor consists of a fixed bed of 0.01 x 0.0} ftina
cylindrical pellets through which the gases passed at suparficial mass velocity of 250 Ib/r £
and at a pressure of 790 mm Hg . The temperature of the catalyst pellets was 480 C° and the
external area of the catalyst pellets is 5.12 fi%/ 1b

A- Evaluate the concentration difference for Hydrogen between bulk gas and the pellets
surface Dag=1.1 £/ hr p=0.09 lo/fthr  p=0.0304 b/ -

B- Evaluate the temperature difference between bulk and the pellet surface when the heat of
reaction is -23000 cal/mol , prandtle number is 0.7 and cp is 0.26 cal/mol F.

Q.3 A-Diffusion rates for the Hy-N; system were measured at 25 C and 1 atm pressure . The
catalyst had a mean pore radius of 45 A . calculate the effective diffusivity of Hydrogen in
the pellet . .

B- Prove Ts-Ty=0.7( T) (Co—Cs)/ Cy

0.4 An isomerization reaction has the simple form A--B . Propose rate equations.for the
following cases .

A-The adsorption of a on the catalyst is controlling .

B-The surface interaction between adsorbed A and an adjacent vacant center is controlling .

Q.5 Determine the catalyst weight necessary to achieve 80% conversion 0f3T ip a packed
bed to produce 10 mol of B with an entering volumetric flow rate of 400 m’/min also

determine the weight of catalyst in CSTR .
T+H-B+D

r=1.4x10%PPy/ (1 +1.26 Py +1.01 Pr)ingmol T/gcat .3

The initial conditions 20% A , 40% B at 600 C and 10 atm .

GO0D LUCK
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