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  CHEMICAL ENGINEERING 

 

SUBJECT : CHEMICAL ENGINEERING FUNDAMENTALS 

CODE : CEFCHA2 

DATE : WINTER EXAMINATION 

  25 MAY 2019 

DURATION : (SESSION 1) 8:30 - 11:30 

WEIGHT : 40: 60 

EXAMINATION MARKS    100 

TOTAL MARKS : 118 

 

EXAMINER(S) : MR IM RAMATSA  

MODERATOR : PROF K MOOTHI  

NUMBER OF PAGES : 11 PAGES 

 

REQUIREMENTS : Use of scientific (non-programmable) calculator is permitted  

 

HINTS AND INSTRUCTIONS TO CANDIDATE(S):  

 Purpose of assessment is to determine not only if you can write down an answer, but also 

to assess whether you understand the concepts, principles and expressions involved. Set 

out solutions in a logical and concise manner with justification for the steps followed. 

 ATTEMPT ALL QUESTIONS. Please answer each question to the best of your ability. 

 Write your details (module name and code, ID number, student number etc.) on script(s). 

 Number each question clearly; questions may be answered in any order. 

 Make sure that you read each question carefully before attempting to answer the question. 

 Show all steps (and units) in calculations; this is a ‘closed book’ test.  

 Ensure your responses are legible, clear and include relevant units (where appropriate). 
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Question One                   [Total: 42 Marks] 

The analysis of a coal indicates 75-wt% C, 17-wt% H, 2-wt% S, and the balance non-

combustible ash. The coal is burned at a rate of 5000 kg/h, and the feed rate of air to the 

furnace is 50 kmol/min. All of the ash and 6% of the carbon in the fuel leave the furnace as a 

molten slag; the remainder of the carbon leaves in the stack gas as CO and CO2; the hydrogen 

in the coal is oxidized to H2O, and the sulphur emerges as SO2. Assume that air composition 

is (21%-O2, 79%-N2). 

The selectivity of CO2 to CO production is 10:1. 

1.1 Calculate the theoretical oxygen (kmol/h) required for complete combustion inside the 

furnace.            (9) 

1.2 Calculate the actual amount of oxygen (kmol/h) fed to the furnace.   (2) 

1.3 Calculate the percentage air fed to the furnace.      (3) 

1.4 Use atomic mass balance approach to calculate the total moles of the stack gas  

(kmol/h).                                                                                                                         (17) 

1.5 Calculate the mole fractions of the gaseous pollutants (—CO and SO2—) in the stack gas.

                                   (4)  

1.6 Emitted sulphur dioxide by itself is a health hazard, but it is a more serious threat to the 

environment as a precursor to acid rain. Under the catalytic action of sunlight, the 

sulphur dioxide is oxidized to sulphur trioxide, which in turn combines with water 

vapour to form sulphuric acid, which eventually returns to earth as rainfall. Acid rain 

formed in this manner has caused extensive damage to forests, fields, and lakes in many 

parts of the world. For the furnace described above, calculate the rate of formation of 

sulphuric acid (kg/h) if all the emitted SO2 is converted in the indicated manner (for acid 

rain).             (6) 

 

Question Two                  [Total: 34 Marks] 

Dry ice (solid CO2) has been used as a mine explosive in the following manner. A hole is 

drilled into the mine wall, filled with dry ice plus a small charge of gunpowder, and then 

plugged. The gunpowder is lit with a fuse, vaporizing the CO2 and building up an explosively 

high pressure within the hole. Use each of the following empirical correlations to estimate the 

pressure that will develop if 5.00g of dry ice is placed in a 50 mL hole and heated to 1000 K,  

Mw {CO2} = 44.01g/mol 

2.1 Ideal gas equation of state.         (5) 

2.2 The compressibility factor equation of state                (12) 

2.3 The SRK equation of state                  (13) 

2.4 Calculate the percentage error that results from calculations in 2.2 and 2.3.  (4) 
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Question Three                   [Total: 15 Marks] 

A quantity of liquid chloroform is placed in an open, transparent, three-litre (3L) flask and 

boiled long enough to purge all air from the vapour space. The flask is then sealed and 

allowed to reach equilibrium at 30°C, at which temperature chloroform has a vapour pressure 

of 243 mmHg. Visual inspection shows 10 mL of liquid chloroform present. Density of 

chloroform = 1.489 g/mL and Mw {chloroform} = 119.39 g/mol.  

3.1 What is the pressure in the flask at equilibrium? Explain your reasoning.  (3) 

3.2 What is the total mass (grams) of the chloroform in the flask? You can assume ideal gas 

behaviour.                                                                                       (10) 

3.3 What fraction of chloroform is in the vapour phase at equilibrium?                                (2) 

 

Question Four                             [Total: 27 Marks] 

During your final year of study at University Johannesburg, you were required to conduct an 

experiment to determine the effect of pressure and temperature on phase changes. Your 

supervisor asked you to collect the data and you managed to record the following readings, n-

hexane vapour at 200°C and 2.0 atm relative to n-hexane liquid at 20°C and 1.0 atm, 

assuming ideal-gas behaviour for the vapour.  

 

4.1 Construct clearly the process path for this phase changes     (8) 

4.2 Determine the total specific enthalpy (kJ/mol) at the specified conditions              (12) 

4.3 What is the enthalpy of n-hexane liquid at 20°C and 1.0 atm relative to n-hexane vapour 

at 200°C and 2.0 atm?         (2) 

4.4 Beginning with the value of 𝐻̂ calculated in Part (4.2) and still assuming ideal-gas 

behaviour; determine the specific internal energy of the vapour at 200°C and 2.0 atm. (5) 

 

 
_________________________________________________________________________ 

END                  [Total: 118 Marks] 

EXAMMINATION MARKS              [100 marks] 
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USEFUL EQUATIONS AND FORMULAE 

𝑃𝑉 = 𝑛𝑅𝑇; 
𝑃1𝑉1

𝑇1
=

𝑃2𝑉2

𝑇2
; 𝑣 =

𝑉𝑡

𝑚
;  𝑚̇ = 𝑢𝐴𝜌; 𝑛̇ =

𝑢𝐴

𝑣𝑀
; 𝜌 = 𝑣−1; 𝑉̇ =

𝑉

𝑡
 

t(oC) = T(K) – 273.15;  t(oF) = T(R) – 459.67;  t(oF) = 1.8t(oC) + 32;  

𝑃𝑔 =
𝐹

𝐴
=

𝑚𝑔

𝐴
=

𝜌𝑉𝑔

𝐴
=

𝐴ℎ𝜌𝑔

𝐴
; 𝑃𝑎𝑏𝑠 = 𝑃𝑔(𝑜𝑟 𝜌𝑔ℎ) + 𝑃𝑎𝑡𝑚 

Interpolation: 𝑀 = (
𝑋2−𝑋

𝑋2−𝑋1
) 𝑀1 + (

𝑋−𝑋1

𝑋2−𝑋1
) 𝑀2  OR 𝑀 =

𝑀1(𝑋2−𝑋)+𝑀2(𝑋−𝑋1)

𝑋2−𝑋1
 

Double Interpolation:  

 

∆𝐸𝑢𝑛𝑖𝑣 = ∆𝐸𝑠𝑦𝑠𝑡 + ∆𝐸𝑠𝑢𝑟𝑟 = 0;   =
𝑊𝑖𝑟𝑟𝑒𝑣𝑒𝑟𝑠𝑖𝑏𝑙𝑒

𝑊𝑟𝑒𝑣𝑒𝑟𝑠𝑖𝑏𝑙𝑒
; 

𝑑𝑚𝑐𝑣

𝑑𝑡
= ∆𝑚 = 𝑚̇𝑜𝑢𝑡 − 𝑚̇𝑖𝑛 

Energy balance for open systems: 
𝑑(𝑚𝑈)𝑐𝑣

𝑑𝑡
= −𝑚̇∆ [𝑈 +

1

2
𝑢2 + 𝑔ℎ] + 𝑄̇ + 𝑊̇ 

Energy balance for steady-state flow processes:  ∆𝑚̇ (𝐻 +
1

2
𝑢2 + 𝑔ℎ) = 𝑄̇ + 𝑊𝑠

̇  

Mechanically reversible closed system processes: 

Constant V: 𝑄 = 𝑛∆𝑈 = 𝑛 ∫ 𝐶𝑣𝑑𝑇
𝑇2

𝑇1
= 𝑛𝐶𝑣∆𝑇 

Constant P: 𝑄 = 𝑛∆𝐻 = 𝑛 ∫ 𝐶𝑝𝑑𝑇 = 𝑛𝐶𝑝∆𝑇
𝑇2

𝑇1
;  𝑊 = −𝑅(𝑇2 − 𝑇1) 

Constant T: 𝑄 = −𝑊 = 𝑅𝑇1 ln
𝑉2

𝑉1
= −𝑅𝑇1 ln

𝑃2

𝑃1
= 𝑃1𝑉1 ln

𝑉2

𝑉1
= −𝑃1𝑉1 ln

𝑃2

𝑃1
 

Adiabatic: 
𝑇2

𝑇1
= (

𝑉1

𝑉2
)

𝑅
𝐶𝑉

⁄
;  

𝑇2

𝑇1
= (

𝑃2

𝑃1
)

𝑅
𝐶𝑃

⁄
;  

𝑃2

𝑃1
= (

𝑉1

𝑉2
)

𝐶𝑃
𝐶𝑉

⁄
;  𝛾 =

𝐶𝑃

𝐶𝑉
; 

Adiabatic: 𝑊 = ∆𝑈 = 𝐶𝑉∆𝑇 =
𝑅∆𝑇

𝛾−1
=

𝑅(𝑇2−𝑇1)

𝛾−1
=

𝑃2𝑉2−𝑃1𝑉1

𝛾−1
=

𝑃1𝑉1

𝛾−1
[(

𝑃2

𝑃1
)

𝛾−1
𝛾⁄

− 1] =
𝑅𝑇1

𝛾−1
[(

𝑃2

𝑃1
)

𝛾−1
𝛾⁄

− 1] 

Virial equation truncated to 2 terms: 𝑍 =  
𝑃𝑉

𝑅𝑇
= 1 +

𝐵𝑃

𝑅𝑇
;  truncated to 3 terms:𝑍 = 1 +

𝐵(𝑇)

𝑉
+

𝐶(𝑇)

𝑉2 ; 

Lee/ Kesler correlation: 𝑍 = 𝑍𝑜 + 𝜔𝑍1; 

Generalized Pitzer correlation: 𝑍 = 1 + (𝐵0 + 𝜔𝐵1)
𝑃𝑟

𝑇𝑟
 ; 𝐵0 = 0.083 −

0.422

𝑇𝑟
1.6 ; 𝐵1 = 0.139 −

0.172

𝑇𝑟
4.2  

IG:𝑄 = 𝑛∆𝐻 = 𝑛 ∫
𝐶𝑝𝑖𝑔

𝑅
𝑑𝑇

𝑇1

𝑇0
= 𝑛 [𝐴𝑇𝑜(𝜏 − 1) +

𝐵

2
𝑇𝑜

2(𝜏2 − 1) +
𝐶

3
𝑇𝑜

3(𝜏3 − 1) +
𝐷

𝑇𝑜
(

𝜏−1

𝜏
)] = 𝑛

⟨𝐶𝑃⟩𝐻

𝑅
(𝑇1 −

𝑇0);where, 
0T

T
  
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⟨𝐶𝑃⟩𝐻 = 𝑅 [𝐴 +
𝐵

2
𝑇𝑜(𝜏 + 1) +

𝐶

3
𝑇𝑜

2(𝜏2 + 𝜏 + 1) +
𝐷

𝜏𝑇𝑜
2] 

Clausius-Clapeyron equation: 
𝑑(𝑙𝑛𝑃∗)

𝑑(1
𝑇⁄ )

= −
∆𝐻𝑣̂

𝑅
 𝑜𝑟 𝑙𝑛𝑝∗ = −

∆𝐻𝑣̂

𝑅𝑇
+ 𝐵   

General entropy change: ∆𝑆 = 𝐶𝑝 ln
𝑇2

𝑇1
− 𝑙𝑛

𝑃2

𝑃1
 

Entropy change for IG: 
∆𝑆

𝑅
=

⟨𝐶𝑝
𝑖𝑔

⟩
𝑆

𝑅
ln

𝑇

𝑇𝑜
− ln

𝑃

𝑃𝑜
; 

⟨𝑐𝑝
𝑖𝑔

⟩
𝑆

𝑅
= 𝐴 + [𝐵𝑇𝑜 + (𝐶𝑇𝑜

2 +
𝐷

𝜏2𝑇𝑜
2) (

𝜏+1

𝜏
)] (

𝜏−1

ln 𝜏
) 

 

For residual properties: igR VVV  ;  igR HHH  ;  𝐺𝑅 = 𝑅𝑇 ln  

1

2ln(
P

P

Mr

R
SSS igR  ); 

𝐻𝑅

𝑅𝑇𝑐
= (

𝐻𝑅

𝑅𝑇𝑐
)

0

+ 𝜔 (
𝐻𝑅

𝑅𝑇𝑐
)

1

 ; 
𝑆𝑅

𝑅
= (

𝑆𝑅

𝑅
)

0

+ 𝜔 (
𝑆𝑅

𝑅
)

1

 

𝐻𝑅

𝑅𝑇𝑐
= 𝑃𝑟 [(0.083 −

1.097

𝑇𝑟
1.6 ) + 𝜔 (0.139 −

0.894

𝑇𝑟
4.2 )] ; 

𝑆𝑅

𝑅
= −𝑃𝑟 [

0.675

𝑇𝑟
2.6 + 𝜔 (

0.722

𝑇𝑟
5.2 )]; 

σβ)β)(Z(Z

β)(Z
qββ1Z




  

Fugacity and fugacity coefficient:  = (0)(1)
𝜔

;𝑓 = 𝑃; 
i

iiX  lnln ;𝑙𝑛  =
𝑃𝑟

𝑇𝑟
(𝐵0 + 𝜔𝐵1)

 

Raoult’s law: 𝑦𝐴𝑃 = 𝑥𝐴𝑝∗(𝑇)   

Modified Raoult’s law: 𝑦𝑖𝑃 = 𝑥𝑖𝛾𝑖𝑃𝑖
𝑠𝑎𝑡 where  𝑃 = ∑ 𝑥𝑖𝛾𝑖𝑃𝑖

𝑠𝑎𝑡
𝑖  or 𝑃 =

1

∑ 𝑦𝑖𝑖 𝛾𝑖𝑃𝑖
𝑠𝑎𝑡⁄

 

Henry’s law: 𝑦𝐴𝑃 = 𝑥𝐴𝐻𝐴(𝑇)  

Antoine Equation: 𝑙𝑜𝑔10𝑃∗
= 𝐴 −

𝐵

𝑇+𝐶
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