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Q1

Q2
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Chemical process can only take place once raw materials completed the treatment steps.

(2)

(b)

(©)

(d)

(e)

Explain physical treatment steps and chemical treatment steps in chemical
process.

(4 marks)
Write two (2) ways to slow down a chemical process.
(4 marks)

Combustion of ethane takes place in a cylindrical reactor and the equation is
given as below. This reaction will produce 3 kg/s of HoO while 100 mol
02/(m? sec) of oxygen gas, 02 will be consumed.

2C:Hs + 702 — 4CO2 + 6H20
(i) Calculate the reactor height, given that the reactor diameter is 1 meter.
(5 marks)
(ii) Name the component A, B, C and D for this process.
(4 marks)
Explain the size and operation advantage for batch reactor
(2 marks)
Explain the size and operation advantage for CSTR and PFR
(6 marks)

Conversion value is an important indicator of the completion of a chemical process.

(a)

(®)

(c)

Based on these symbols of Ny, Nyg. X.
(i) Rearrange these symbols into conversion equation.

(2 marks)
(i)  Explain the impact on the N, value when X value is increased.

(4 marks)
The combustion of Magnesium, 2Mg + O, — 2MgO is performed with molar

flow rate of 20 mole of Mg per second with conversion of X = 60%. Calculate
CSTR and PFR volumes based on reaction data in APPENDIX A.1.

(10 marks)

A chemical reaction is carried out via series of reactors with the following
sequence and conversion values of PFR (25%) — CSTR (20%) — CSTR (20%).
The molar flowrate, Fag is fixed at 10 mol/s. Based on reaction data in
APPENDIX A.1, calculate the individual volume of these reactors.

(9 marks)
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Q3  Rate law equation is an indicator of the speed of a chemical reaction.

(a)

(b)

Based on the reaction of 2Na + Cl, — 2NaCl.

(i) Write the elementary rate law equation.

(2 marks)
(if)  State the reaction order for Na and Cl..

(2 marks)
(iii)  Calculate the overall reaction order.

(2 marks)
(iv)  Write the reversible rate law equation.

(3 marks)
Chemical reaction can be identified by the their molecularity.
(i) Explain molecularity of a chemical reaction.

(4 marks)
(ii) Write examples of unimolecular, bimolecular and termolecular reaction.

(6 marks)
(iii)  Write the rate law for all three (3) reactions in Q3(b)(ii).

(6 marks)

Q4  Stoichiometric table is used to monitor movement of components in chemical reaction.

(a)

(b)

Write the complete the stoichiometric table from the APPENDIX A.2 into your
answer script using the symbol N4. The chemical reaction of this batch reactor
is 2C2Hg + 702 — 4CO2 + 6H20, while the inert component is Argon.

(10 marks)

Reaction can be carried out with the aid of catalyst. Sketch a diagram for each
five (5) steps in catalytic reaction of CaHs + Hy — CoHe.

(15 marks)

- END OF QUESTIONS -
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APPENDIX A
APPENDIX A.1
X — ¥4 (mol/ni’.s)
0.00 4.1
0.20 34
0.25 32
0.30 2.9
0.45 2.6
0.60 2.03
0.65 1.54
0.70 1.15
0.75 1.45
0.80 1.03
APPENDIX A.2
Species . Molar, Ni (mol)
Name | Y™ Initial (mol) | Change (mol) | Final (mol)
Ny=
Np =
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List of Formula

X(t) A(r)
Batch reactor: V= h I dX Batch reactor time: f=(C ” J' dX
L Yoy~ x©) a4
CSTR: V= FEnX) CSTR in series: V = Fa0(X1 —Xp) + -
A, rA
r4
Y(1)
PFR: V=F, J' 2.3
vio)y ~ Ta

Simpson’s trapezoidal rule (two-point rule),

X1 h
fX)dX = E[f(Xo) + f(X1)]

X0

Simpson’s one third rule (three point rule),

X2
FOO) dX = SIFCE) + 4FCE) + FC6)]
X0

Where, f{X0) is the value of / / (— r4) at point Xj and h is the distance between conversion
points.

Ciwo=Ngp=V

—E
k = AeRT

Ci=Ca(l1-X)

Fq=Fq9(1-X)

i i dX = i}
f a-x2 " "a-x

Tl
Fy

Fuo=vCy 'I‘ ERBUK.A.

Da =
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