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1. ALL questions should be attempted.
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SECTION A
QUESTION 1

Methane reacts with chlorine to produce methyl chloride (CHsCl - desired product) and
hydrogen chloride, as shown in reaction (R-1). Once formed, the methyl chloride may undergo
further chlorination to form methylene chloride (CH2Cl - undesired chemical), shown in
reaction (R-2).

CHy + Cly » CH;Cl+ HCI R-1

CH3Cl + Cl, - CH,CL, + HC! (R-2)
A methyl chioride production process consists of a reactor, a condenser, a distillation column,
and an absorption column. A gas stream (n; = 100 mol/h) containing 76 mole% methane 20
mole % chlorine and the balance Inert (I) is fed to the reactor. In the reactor, a single-pass
chlorine conversion of 90 % is attained. The flowrate of the methylene chloride (CH2Cly)
stream (#6) is 2.57 mol/h and the mole ratio of methyl chloride to methylene chloride in the
reactor effluent (ns) is 5:1. The molar flow rate for the purge stream (719) is 26.70 mol/h.

I | 26.7 mol/h
cl, nyy cl, Nig
CH, ny CHy
!
CH, Absorber el
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4% CH,Cl,
a,
I ng
CH,(Cl,
a)  Determine the molar flow rate of the total methyl chloride produced.
4

b)  Calculate the molar flow rates of hydrochloric acid, chlorine, inert and methane in the
reactor effluent (n3).

¢)  Determine the molar flow rates of methane, chlorine and inert in the fresh feed (n1). ®
d)  What is the overall conversion of chlorine? 4
e)  What is the selectivity of methyl chloride formation? @
f)  Define the yield and calculate the yield of methy] chloride? @

)

TOTAL /33/
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UESTION 2

Butane is burned with air. No carbon monoxide is present in the combustion products.

CsHyo + 13/, 0, - 4C0, + 58,0

Draw a flowchart of the process described above.

€)

Using a basis of 100 mol/s of butane, calculate the molar flow rate of all the exit gases
when there is 90% butane conversion and air is 20% in excess.

(11)

What is the mole fraction of nitrogen in the exit stream?

()

TOTAL /17/
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SECTION B
UESTION 3

A vessel of volume 0.04 m® contains wet steam at a temperature of 250.3 °C. The mass of the
liquid water present is 9 kg.

1)  What is the pressure?

(D
if)  Calculate the mass of the wet mixture.
(5)
iii)  Calculate the specific volume and enthalpy of the mixture,
®
TOTAL /15/

DATA
Steam tables are provided on PAGES 7 to 9.
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UESTION 4

The hydrogenation of benzene to cyclohexane is an important large-scale chemical process.
Cyclohexane is a relatively stable cycloalkane and on a commercial scale, cyclohexane
production is mostly based on the catalytic hydrogenation of benzene, which can be conducted
in the liquid or vapor phase in the presence of hydrogen. For the reaction, vaporised benzene
is mixed with hydrogen and passed over a packed bed with a nickel-based catalyst. The reaction
(R1) is conducted at a temperature of 150 - 300°C. Higher temperatures can lead to
thermodynamic limitations on benzene conversion, thermal cracking and increased by-product.
Nitrogen is the inert component of the reaction mixture.

CeHs (g) + 3H2 (g) — CeHi2 (g) (Reaction 1)

i.  Calculate the standard heat of reaction, AHY,
@)
ii.  Calculate the heat of reaction, AH,., at 150 °C.
(10)

Suppose that benzene and hydrogen, in a molar ratio of 1:5, at 150 °C, is fed to the reactor. The
molar ratio of nitrogen to the combined feed is 1:1. The conversion is 70 %,

iii.  Fora feed rate of 100 kmol/h of benzene, calculate the composition of the product stream.
(10)
iv.  The product stream is cooled from 150 °C to 80 °C at 1 atm. Calculate the cooling rate in
kW).
(10)
v.  Consider the components cyclohexane and benzene in the product stream. Will it be easy
to separate these two components in a distillation column to recover the product,
cyclohexane? Comment.

€)

TOTAL /35/

DATA provided on the next page.
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Table 2. Physical property data
Compound Benzene Hydrogen | Cyclohexane Nitrogen
Formulae CsHs H> CeHiz N2
Mol. Wt. 78.11 2.016 84.16 28.08
SG (20°/4°) 0.879 - 0.783 -
Tm (*C)* 5.53 -259.19 6.54 -210.0
AR, (T,) kJ/mol 9.837 0.12 2.34 0.720
Tv (°C)? 80.09 -256.76 80.72 -195.8
AH,0p(Tp) kI/mol | 30.71 0.904 29.87 5577
Aﬁ? kJ/mol 48.66 (1); 0(g) -157.65 (1); 0(g)
82.93 (g) -123.2 (g)

“Boiling point at 1 atm.

Table 3. Heat Capacities
Co (/mol.°C) or (J/molK) =a +bT +cT? +dT° [Tin °CJ

Compound Benzene Hydrogen | Cyciohexane | Nitrogen
Formuiae CeHs Hz CsHi2 N2
Mol. Wt. 64.07 80.07 32.00 28.08
State g g g g

a 74.06 28.84 94.140 29.00
b.1¢? 3295 0.00765 49.62 0.2199
c.l10° -25.20 0.3288 -31.90 0.5723
d.1¢° 77.57 -0.8698 80.63 -2.871
T range (units of 0-1200 0-1500 0-1200 0-1500
T) '

DATA continued on the next page.
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Table 4. Constant Heat Capacities

Benzene | Cyclohexane
Compound
Formulae CsHs CeHi2
Mol. Wt. 64.07 32.00
State 1 1
Cp (J/mol.*C) or 118.4 156.5
(J/mol.K)
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Table 2. Properties of superheated steam
Plbur) Sard Satd Tomporature (*C)—+
{T.20) Water Steam ] ] 106 154 29 2% 00 k-]
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