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(0905422) Chemical Reaction Engineering II Second Semester - 2021/2022

Second Exam

Name: ID #

Dear students:

Answer all questions to the best of your ability and knowledge.

Start with the easiest question first. Use only the available space.

Don’t waste your time on the questions that you are not confident about.

You know that cheating is not accepted and you would not need it anyway!
Good Luck @

Question 1: [8 points]

() [4 pts] Choose the correct answer:

1-

inhibition occurs when the inhibitor deactivates the enzyme-substrate
complex.

N
a. Competitive C‘

Uncompetitive c. Noncompetitive

2- In Lineweaver-Burk plot, as the inhibitor (1) concentration is increased the slope

increases while the intercept remains fixed. This is true for inhibition.
competitive b. uncompetitive €. noncompetitive

3- The class of enzyme that catalyzes the reaction (A +B + E > AB + E) is called

a. transferase b. lyase @ ligase

4- The following reaction steps describe the hibiti
E+S & EeS
EsS>P+E

I+ EeS & I+E«S

a. competitive uncompetitive €. noncompetitive
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cellulase
Question 3 [7 points] cellulose — glucose
Cellulose can be converted to g by lase, but gl acts to inhibit this enzymag
attack! To study the reaction kinetics, a number of runs are made in a CSTR keptat 50°C anq
using a feed of finely shredded cellulose (Cso = 25 kg/m?), and enzyme (Ceo = 0.01 kg/m?).
The results are as follows:
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1- Asshown above, the enzyme follows Michaelis-Ment i Vmax, Keat, and Kw.
4 o
Vmax=o& G WA e s ; m=_327%
2- What type of inhibition does glucose possess? Evaluate Ki.
N oS
Inhibition type: _ \loa co N\\’lp K ]n'\L_ x Ki= .3

Show down you6|:al culations ¥ and how you decided on the inhibition type.
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(b) [4 pts] There are two models for substrate-enzyme interactions, what are they? Draw 5 Sketch &
how each one works.
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Question 2 [6 points]

A substrate inhibiting enzyme reaction S 2 products is carried out in a CSTR with
residence time 7. The inlet concentration of the substrate is Cso = 40 mmol/dm3, and the rate
S
law is defined as v= %
Km+[S]+[S]"/Kg;
where V,,, = 1.8 mmol/dm?® - min, K}, = 16 mmol/dm?,and K, = 0.5 dm?/mmol
(a) At what substrate concentration, Cs, will the rate be at its maximum value?

(b) What CSTR residence time is need:ﬂ to operate this reaction at its maximum rate?
a) dv _ Q(,(*[Sj <10 /Kil)vm —Unls] Q <2[5] /KD -
.A/ESJ f L V- )
v Kok vhghs b i
DK BT s = 5D e
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Question 4 [9 points]

Experimental observation for f
monomde, CO, showed that the

and i

€0 + cl, — coct,

ormation of phosgene, COClz, from chlorine, Clz, and carbon
rate law is first order with respect to the CO concentration

BN

b
ii.

iii.

(i)

(P51}
2 Uy

Byt c~l°f f?ch c ration. Also, it was observed that the rate law is three-
2 atlow Clz concentrati -half- i

Concanti Trations, and one-half-order in Cl: at high Clz

(a) Suggest a rate law consi with )the experi 1 observations.
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(b) Consider the following chain reaction mechanism and answer the following questions:

<, \
b 2¢1- — inibHabie;n 05
= .
€0 +c1-z coct- Propagadion 05

ley

cocl-+cl, S cocl, + cl-
2cl- ‘Ebaz 5  Feningtton asS

Whatare CL-and COCL- called? __acHyue  jntecenedcades, |

Label the initiation, propagation, and termination steps.

Show that this mechanism can represent your suggested rate law in (a).
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(c) [3 pts] What is the second step in a catalytic reaction? What does affect this step rate;
sketch to explain the relations between this factor and the rate.
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Question 2 [12 points] —5 ) g}l + &) ()Aﬂ ‘?‘)’ “:‘4»“'-‘)\

The reaction CO + Cl, > COCI; has been studied over an activated carbon catalyst. Expenmenrzl data
show that the rate of this reaction is

- i kPcoP,
. €ocl: = 14 KyPei, + K2Peoci,

[k = 0.09 mol/atm?/kg cat/mm, Ki=5atm?and Kz = 1 atm1]

(a) Propose an adsorption-surface reacti anda rate-limiting step
with the rate law. ’
(b) What s the ratio of sites containing Cl; to those containing COCl, when the conversion is 20%? What

fraction of total sites is vacant? The feed is equal molar in CO and Cl, with Pco, = Pc 2atm.

(c) The molar feed rate of CO to a fluidized CSTR s 5 mol/min. The feed is equal molar i !
Pco, = Py, = 2 atm. Determine the catalyst weight needed to reach 60% conversion of CO.

Remember, for “fluidized” catalytic CSTR: w= F"x
a7 B G (EE ch; s
/L/B,CJB S+C@, ﬁCOC\z

)/ Cocihe = cocl, +
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Dear students:

Answer all questions to the best of
Start with the easiest question first.
Don’t waste your time on the questi
You know that cheating is not acce|

your ability and knowledge. |
Use only the available space.

ons that you are not confident about.

pted and you would not need it anyway!

Good Luck @
Question 1: [8 points] i
(a) [3 pts] Fill in the space:
0 § 1- Cn~‘\’m\ L(A)zm\ is the occurrence, study, and use of catalysts and catalytic “
processes. i

9 g 2- Catalysts with so small pores that admit small molecules but prevent large ones from
entering are called _mg_lmlmm

% $ An__achive  \wecenedcate  isahigh energy molecule that reacts virtually as
| - S u

l LW e G U I P AND £ e BT

‘o fast as it is formed. - 3}25—

[C 4- M is the number of molecules reacting per active site per
=

second at the conditions of the reaction.

b4 1
N £ 5- Two models of reactant adsorption on catalyst surfa.ce are_mo\ecu \o LT

Y : (nondiss >t ahve)
| / and_l\Sgo cf ﬁ!i _____adsorption. ~§c V%

(b) [2 pts] True or False? Correct the false statement!
é - Catalysts can accelerate the reaction rate but cannot chapge
0 &

I sy
g [
/Z Physnsorpnon on the active site is what causes th'

Chemiser P“’M V

‘; 3- Adsorption equilibrium conslzl%t‘,is ﬂ?’e recip!
P 5 '




Question 3 [5 points]
The decomposition of cumene (C) to benzene (B) and propylene (P) on a Ni-Pt catalyst was studied u
a differential reactor (C — P + B). The reaction is Jirreversible at the studied temperature. There were
two inert species in the feed, X and Y, which may or may not be adsorbing. The following data was
obtained.
Run | —7/ (mol/min.g cat) Pcatm Py atm Ppatm Pxatm Pyatm i l‘-.
1 111 1 0 0 0 0 |
2 63 1 0 1 0.1 0 “
3 2.0 t il 1 1 0 0
4 4.0 il 0.5 1 0 1
9 0.6 i 1 1 1
6 6.9 0.1 0 0 0 0
7 ikl 1 0 2 0 2
8 0.2 1 D] 3 0 4
9 0.05 1 10 ) 0 7
10 0.05 1 0 3 4 0
11 0.6 1 0 0 1 {
12 04 1 1 i 1
13 69 01 0 2 o
(a) Study the obtained data and lete the foll

choose one of the two options:

i. Comparing runs (6) and (13), we can see that
ii. Comparing runs (1) and (7), we can see that _

iii. Comparing runs (3) and (9), we can set
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