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DEPARTMENT OF CHEMICAL ENGINEERING
FACULTY OF ENGINEERING
PRINCE OF SONGKLA UNIVERSITY

Final Examination : 1 Semester Academic year : 2009
Date : October 5th, 2009 13:30 - 16:30, Room : R300

Subject : 230-321 Chemical Kinetics and Reactor Design |
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1. (30 points) The gas phase reaction 2A + B - C + D is carried out in a packed bed
reactor. Assuming temperature is constant during the operation and the reaction is second

order to A and pseudo zero order to B

Given:

Porosity = 0.4

Diameter of particle in the bed = 0.2 mm

Bulk density of the catalyst = 1000 kg/m3

The specific reaction rate is 3 dm3/g cat  min.
Total volumetric feed rate is 20 dmslmin

The initial pressure is 5 atm

Temperature is 1 50°C

Pressure drop parameter, ¢, is 0.01 g~1.

Calculate
1. Catalyst weight that one could use and maintain an exit pressure above 0.5 atm.

2. Determine the catalyst weight necessary to achieve 90% conversion.
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2. (20 points) The elementary rate law gas phase reacton 24 — 2B+ C is carried out in

3
dm”_ ¢ 300K with E = 3254

mol.s mol
To produce 10,000 kg per year of B at 80 % conversion would required a feed rate of A at

PFR at 500°C and 15 atm. The rate constant is k£ = 0.3

0.5 mol/s. If you would like to plot the molar flow rates as a function of volume down the

length of reactor by using Polymath Program, what are the differential equations and explicit

equations which you must input to this program? Show all detail
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3. (20 points) Initial rate data of the following reaction are in table 1.
H, +Br, > 2HBr
Using some of the data explore the kinetics of a reaction only for
a. Overall order of the reaction
b. Reaction order with respect to individual reactants (If you could not calculate the

overall order from part a, please assume the overall order is equal 1.35)

Table 1
H, initial (mol/l) Br, initial (mol/l) I o X 103
0.900 0.900 10.9
0.675 0.675 8.19
0.450 0.450 4.465
0.225 0.225 1.76
0.5637 0.2947 4.48
0.3103 0.5064 3.28
0.2881 0.1517 1.65
0.1552 0.2554 1.267
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4. (30 points) The liquid phase reaction 2A + B —> C takes place in a batch reactor under

constant temperature. The experiment was done resulting in the following Table.

b)

c)

Reaction time X C. Cs
{min) (Conversion) (Molar) (Molar)
0 0.000 3 30
6 0.474
12 0.643
24 0.783
48 0.878
80 0.923

Complete experimental results in the table.

Find rate law parameters by Integral Method when the rate constant k is 0.5 and the

unit of -r, is mol/liter-min

To scale up this reaction with a PFR, determine space time to achieve 75% conversion

when C,g is 10 Molar in a stoichiometric feed.
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5. (25 points) From the given competitive reactions in liquid phase CSTR,

3C+2B > Do 2)

The rate law of (1) reaction is -ra = k4 ACA2CB

The rate law of (2) reaction is -r,c = kz‘;C,fCB2

a.
b.
C.

d.

find mole balance: f(C,), f(Cg), f(C¢) and f(Cp)
find net rate: ra, rg, rc and rp
find relative rate: rqg, ic, r2g @nd ryp

find selectivity Scp

Additional data: Liquid phase reactions take place in a 1000 dm3

The feed is equal molar in A and B with Fao = 100 mole/min

The volumetric flow rate is 50 dm3/min

Page #10 out of 14
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6. (25 points) There are three reactions,

A>D  -r= 3250 exp(-10,000 K/T)Ca

D> U, -ryp= 10000 exp(-12000 K/T)Cp

A U, -r3s =50 exp(-17000 K/T)Cx
D: desired product, U: undesired product, K: Kelvin, T: temperature in K
a) Find Spy
b) Suggest your reactor system and conditions to maximize the selectivity to D give a

reason to support your answer.
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7. (20 points) Tasausnmiaing Woudnaungndatlutesiininue

van 7.1 72 7.3 74 7.5 7.6 7.7 7.8 7.9 7.10

71

n?agaﬁuﬂﬂﬂuﬂﬂm'ﬂu%'mdﬁ vnn e iU iATer A+ 28— products @»&zﬁﬂ'lu‘fg
mﬂmmmm?uta?aadﬁmsﬁuuum (bateh reactor) A1 Nd WG uAUYD 9135 s u i 12 e
Huldminddad sunraa1s FUWUT (steichiometris ratio) soa g ud ud aduaeca,

drauenal §ATen uazarnafivaanis fnd §ATe

50 - , {
45 i
40 o=
35
= 30
-:% 25
g 2
15 5
10 5?
5
0 :
0 10 70 30 40 50 60
Tirree [}
feau 1: 10 mol/l, 1, 0.68 I/molss
faay 2: 10 mol/l, 2, 0.68 I/molss
feay 3: 0.1 mol/l, 1, 0.34 I/molss
faay 4: 0.1 molil, 2, 0.34 l/Imol-s
faay 5: lifigalagn

7.2 Ujfsnnmansdinessns A ludfAtendudy % iielweiasdfnsalununs (batch reactor) 1w
a 4 ¢ P ' ° aaa ° o

2 §as Wanariuly 5 wifi wudians A wdennmaid§ATen 64% asmdwmsmnduanluavesans

A ganeaa I lunan 1 Falas

dmau 1: 0.6 mol
fdmay 2 1.2 mol
fdqau 3: 2.4 mol
dqau 4: 4.8 mol

fMaay 5: 9.6 mol
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7.3 'lumsvmaawmlauaaumsamnnﬂgnsm (rate equation) Tﬂu’l’mﬂsaaﬂgnsmumma'lm (PFR)
Lnmmmau’nLﬂsaoﬂgnsmﬂ?mﬂm%ﬂmmuauwuﬁ (differential reactor) ma‘luuuammﬂau

12855 (conversion) PDIFNTAINH malﬂma'l,ﬂugnmaa

fieay 1: d'\ﬂaunas‘{umiﬁmqau’ln
feay 2: mﬂaunas”ﬁumsﬁd'\gd
fnaeu 3: FrnaunaTufifidndunans
fmsu 4: drnaunaisuiiiand
fmay 5: drnamaTTuddrdann
74

Ro19u i Sryag U lementary reaction) Tuigninvoanad 4+ B —3C ERGRET
& 88, § W . B Sl o ] S 4=¥ 2 ) <
ﬂgﬂ?mm'm'u 0.2 (mol mm) AlffFedandindatuluaiealgnsaluuuny a.

qmwﬂuﬂmw 25 ¢ Tasfnmmnmivaesves e sl as e a2 mtfuwuu
G veens Auaemy B wirfiuffe 2moll saminamu ?maa“lum?mﬂgﬂifuu

'
&4

seansadsnaasa ¢ Winaudadudlu 3 mold

fnaau 1: 60 Juii
fnaoy 2: 90 A
feau 3: 150 Jw
fnaay 4: 180 w1l
faay 5: 200 3wl

aana a o o a A P v a  w e
75 Y55 A > B halwigmafalumausianfifunasafiuazanuensuauuasssuuimng 1
atm ¢ A fiaUfisely 50% udnnuduasszuvaziiauiiwrils

fAaau 1: 0.5 atm
fdeay 2: 1 atm
fmay 3: 1.5 atm
feay 4: 2 atm
fneau 5: Hannda

7.6 Talagndas

faau 1: A1 Half Life 2a3Ufnsen fo nnAlFlunsnaandasalikldaTmilines
KA AITInYA

feay 2: @i Half Life vasufjfisen Ao nanfllumsfimsaduanaanianiomils

feey 3: #1 Half Life 1890775t A infildlumsfigasmsified fiseddnriiy

o4 4 O a ann
asonflsnasdasmaiadjizengega
° : . aaa ¥ o d o =]
faay 4: @i Half Life 789137581 fa WSunoiwssaniasduiinionssniia
faay 5: Liddalagn
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7.7 Talalulatesialumsiiaszimennsfilfisen (rate constant) lasld Differential Method

fmay 1: dwdfisedunauld

faay 2: Juyfsendunaulalld

feay 3: 5@5’\mﬂﬁ@1ﬂ§f"f%ﬂ'mﬁaaLﬂuﬂeﬁ%umaamsé?aéfuﬁmﬁm

feay 4: gusaldmdrasivassaniaiad fAorldlaslddayavasnnuiduduny
LI

fmay 5: ligidalagn

[ ' [y 4 o aaa . a a a aaa A L)
7.8 Folandngndaaisriudisaljitn (catalysy) i) msfiiavieandaniiljisen aiigauga
X o oy @ aan | ' s Y aaa e 1
Faaundadhad i) sl fidurdresadinasnunszduresuizen i) s
Uiisegnldlulul§ismadneomis ivauialjism fnadannumanInlu
A ° aan Ad | aaa o = . . a X
madanvufazen unsdlin§isendradies (side reaction) tiatiu

ey 1: YNBNZ i Wi
fAfay 2: QLA i ean
faau 3: i uaz i gn

Aqau 4: it iii W8z iv gn
fmau 5: iii waz iv gn

¥ o o 9 L4 d a hed ! P . .
7.9 R1IAIAW A 9NN UH 3 mol/l t;}m':laulfmLﬂ%adllgﬂinfLL‘Ullmmmlamad (continuous stirred-tank
4 a aaa [ ar a $ . v 9
reactor) BIUTTARITIFATN dhsdannisinaiafiinasaiii 0.2 imin Mnmesaswuirdasly
FusRATENF NN 10 kg 113 A Fsdianandntufinseaniiu 0.5 moll JIMEATIMITNLAIVBIATT

feay 1: 0.025 mol A/kg cat.*min
Anau 2: 0.05 mol A/kg cat.*min
Aeay 3: 0.1 mol A/kg cat.*min
fAneay 4: 0.25 mol A/kg cat.*min
feau 5: 1.25 mol A/kg cat.*min

d = a o Z a a . i ' . aaa
7.10 luns@fiedonlfnsol 2 &2 1ndasufnsal A ussgunanis (packing) N liinadan1sisjiEem
A s ar i o an L% ] @ = ] ° & A
wi3avllfnsol B msqmmﬂgmmh:J’L%ﬁﬂ'%mmm'muﬂ%mmmaauwana winUsasliansasdn
o 1 o a ¥ LY a . | 3 Qr
Usnanfmenadwadasdjnscinisasdanananiugeae (space velocity) i dnauiasu
. ¥ o P y o a ¢ & | '
(conversion) ’uaamsmmmﬂ‘%ﬂumuuszmnLﬂsaoﬂ{]nsmmaawuﬂuazm'lm

faoy 1: faauaiturasmsnsduluatasfnsel B ganin \w3asUfnial A B
faay 2: mnounaituvasmnsnsdulaosjnsal A ganin \w3asufnsol B
feay 3: fhﬂaunas'%waamsé’aﬁu’tum’%aaﬂﬁnszﬁﬁoaauﬁ'ﬁu

fnasy 4: Qnﬁy'eﬁa (M), (@) uae (M)

feay 5: ifisnaeufigneas



