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Exam 3 aka Final Exam: Chapters 7 – 9 

 
For chapters 7&8 essential concepts and practice problems, see Exam 3 Review for section B 

(uploaded on the SI web-site). 

 

Chapter 9: (Energy) Balances on Reactive Processes 

 

Concepts: 

1. Heat of Reaction  

The heat of reaction, Δ�̂�𝑟(𝑇, 𝑃), is the enthalpy change for a process, in which 

stoichiometric quantities of reactants at temperature T and pressure P react 

completely in a single reaction to form products at the same temperature and 

pressure. 

 

 Exothermic rxn: 

𝛥�̂�𝑟(𝑇, 𝑃) < 0 

 Endothermic rxn: 

𝛥�̂�𝑟(𝑇, 𝑃) > 0 

 

 For low to moderate pressures, assume 𝛥�̂�𝑟(𝑇, 𝑃) = 𝑓𝑢𝑛𝑐(𝑇) = 𝛥�̂�𝑟(𝑇). 

 Stoichiometry and aggregation states matter! 

 Standard heat of rxn: Δ�̂�𝑟
𝑜 @ 25oC and 1atm. 

 

Calculation of 𝚫�̂�𝒓: 

 Hess’s Law (9.2) 

 Heat of Formation (9.3) 

 Heat of Combustion (9.4) 

 

2. Energy Balances of Reactive Processes 

  

Combine 4.7 (Balances on Reactive Processes) + Chapters 7&8 + Heat of Reaction 

 

Two main algorithms (methods): Heat of Formation Method and Heat of Combustion 

Method 

 

See 9.5a for the general procedures. 

 

 

 

 



 

 

 

Practice Problems: 

 

 

1. Use Hess’s law to calculate the standard heat of the water-gas shift reaction 

 

𝐶𝑂(𝑔) + 𝐻2𝑂(𝑣) → 𝐶𝑂2(𝑔) + 𝐻2(𝑔) 

 

 from each of the two sets of data given here. 

 

a. 𝐶𝑂(𝑔) + 𝐻2𝑂(𝑙) → 𝐶𝑂2(𝑔) + 𝐻2(𝑔) ∆�̂�°𝑟 = +1226
𝐵𝑡𝑢

𝑙𝑏∗𝑚𝑜𝑙
  

 

  𝐻2𝑂 (𝑙) → 𝐻2𝑂(𝑣) ∆�̂�°𝑣 = +18935
𝐵𝑡𝑢

𝑙𝑏∗𝑚𝑜𝑙
 

 

 

b. 𝐶𝑂(𝑔) +
1

2
𝑂2(𝑔) → 𝐶𝑂2(𝑔) ∆�̂�°𝑟 = −121740

𝐵𝑡𝑢

𝑙𝑏∗𝑚𝑜𝑙
 

   

  𝐻2(𝑔) +
1

2
𝑂2(𝑔) → 𝐻2𝑂(𝑣)  ∆�̂�°𝑟 = −104040

𝐵𝑡𝑢

𝑙𝑏𝑚𝑜𝑙
  

 

 

 

2. Trichloroethylene, a widely used degreasing solvent for machine parts, is produced in a 

two-step reaction sequence. Ethylene is first chlorinated to yield tetrachloroethane, which 

is dehydrochlorinated to form trichloroethylene.  

 

 𝐶2𝐻4(𝑔) + 2𝐶𝑙2(𝑔) → 𝐶2𝐻2𝐶𝑙4(𝑙) + 𝐻2(𝑔): ∆�̂�°𝑟 = −385.76
𝑘𝐽

𝑚𝑜𝑙
 

  𝐶2𝐻2𝐶𝑙4(𝑙) → 𝐶2𝐻𝐶𝑙3(𝑙) + 𝐻𝐶𝑙 (𝑔): ∆�̂�°𝑟 = ? 

 

 The standard heat of formation of liquid trichloroethylene is -276.2 kJ/mol. 

 The standard heat of formation of ethylene is + 52.25 kJ/mol. 

 The standard heat of formation of hydrogen chloride is -92.31 kJ/mol. 

 

Use the given data to calculate the standard heat of formation of tetrachloroethane 

and the standard heat of the second reaction.  

 

 

 

 

 

 

 

 

 

 

 

 

  



3. The production of most of the steel manufactured in the United States begins with the 

reduction of hematite ore (mostly ferric oxide) with coke (carbon) in a blast furnace to 

obtain pig iron. The basic reaction is  

 

𝐹𝑒2𝑂3(𝑠) + 3𝐶(𝑠) → 2𝐹𝑒(𝑠) + 3𝐶𝑂(𝑔): ∆�̂�𝑟(77 °𝐹) = 2.111 𝑥 105 𝐵𝑡𝑢

𝑙𝑏∗𝑚𝑜𝑙
 

 

 Suppose that stoichiometric amounts of ferric oxide and carbon are fed at 77 °F, the 

reaction is complete, the iron emerges as a liquid at 2800 °F, and CO emerges at 570 °F. Perform 

the following calculations for a basis of 1 ton (35.81 lb-moles) of iron produced. 

 

a. Draw a flowchart and perform all necessary material balance calculations needed to 

determine the amounts (lb-mole) of each feed and product stream component. 

 

b. Taking the reactant and product species at their normal states at 77 °F as references, 

prepare an inlet-outlet enthalpy table and calculate and fill in all unknown component 

specific enthalpies (Btu/lb-mol). Use the following physical property data for iron: 

 

   Fe (s):  Cp [Btu/(lb-mol*°F)] = 5.90 + 1.50 x 10 - 3T (°F) 

   Tm = 2794 °F,     ∆�̂�𝑚(𝑇𝑚) = 6496
𝐵𝑡𝑢

𝑙𝑏−𝑚𝑜𝑙
 

   Fe (l): Cp [Btu/(lb-mol*°F)] = 8.15 

 

Hint: The specific enthalpy for carbon monoxide in this problem is 3486 Btu/lb-mole. 

c. Estimate the furnace heat requirement (Btu/ton Fe produced). 

 

 

4. Normal heptane is dehydrocyclicized to toluene and hydrogen in a continuous vapor-

phase reaction: 

𝐶7𝐻16 → 𝐶6𝐻5𝐶𝐻3 + 4𝐻2 

 Pure heptane at 400 °C is fed to the reactor. The reactor operates isothermally at 400 °C 

and the reaction goes to completion. 

 Data: The average heat capacity of n-heptane between 25 °C and 400 °C is 0.2427 k J/(mol °C). 

 The standard heat or formation of n-heptane is -187.8 kJ/mol 

 The standard heat or formation of toluene is +50.00 kJ/mol 

 Toluene Cp [kJ/(mol °C)] = 94.18 x 10 -3 +38 x 10 -5T –27.86 x 10 -8T 2+ 80.33 x 10 -12  T 3 

 The change in specific enthalpy of hydrogen from 25°C to 400° C is 10.89 kJ/mol 

 

 Taking a basis of 1 mol of heptane fed and elemental species [C(s), H2 (g)] at 25 °C as 

references, prepare and fill in an inlet-outlet enthalpy table 

 Calculate the required heat transfer to or from the reactor. 


