
/ 
CHEM-E6100 FUNDAMENTALS OF CHEMICAL THERMODYNAMICS 

EXAMINATIQN 4.12.2023, 14:00-tS:OO 

All relevant calculation .steps should. be included in th . • • : h · t •· rovided at 
th • d f th d t 11 · e responses. An equation s ee 1s p 

e en e ~cu men • A questions give maximum 5 points each, maximum sco_re is 30- points •.. 

Responsible teacher: Daniel Lindberg (Daniel.k.lindberg@aalto.fi) 

Questions 

1• The reduction of iron oxide in the blast furnace proceeds according to the following reactions 

i) 
ii) 
iii) 

3 Fe2O3 + CO 2 Fe3O4 + CO2; 
Fe3O4 + CO 3 FeO + CO2 
FeO + CO Fe + CO2 

Calculate £\H0 29s for the reaction 

iv) Fe2O3 + 3 CO 2 Fe + 3 CO2 

£\H0 29s = -53.1 kJ 
£\H0 29s = +41.0 kJ 
£\H0 29s :; -18.4 kJ 

.1H0 29s =? 

2. Calculate the enthalpy change of 1 mol of iodine ('2) when it is heat~d from 298.15 K to 

473.15 Kat 1 bar from the following data: 1 
\ Heat capacity of solid iodine: • 

Cp(s) (J/ (mol·K)) = 54.28 + 0.001343 (T/K); / 

• Heat capacity of liquid iodine: 
: Cp(SJ (J/ (mol·K)") = 80.33; ·. 

Heat capacity of gaseous iodine: 
Cp(S) (J/ (mol·K)) .= 37.20; 

Enthalpy of melting: 
Enth~lpy of vaporization: 

15774 J/mol; melting·point: 
41714 J/mol; boiling point: 

114,°C 
183 °C 

3. The enthalpy of formation of Ag2O at 298.15 K is -30543 J/mol. Calculate the approxim~te, • 

temperature at which Agi-0· begins to decompose to Ag a~d 02 on heating, (a_) in pure_ 

oxygen, P(02)= 1 !bar; an_d (b) ·in air, P(O2)=0.21 bar .. 

. 
Use the following data: 
.. S029s.1s (Jf.mol·K) ·cp/.(J/ mol·K) .. 

Ag2O ' 121'.75 65.7 

02 205.0 ·29.3 

Ag 42.7 
I 25.5 
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4. 20 tons of molten copper'is cooled from 1350 °c to 1200 °cby adding solid copper (T = 25 °C). (Pure) copper has a. melting·point of 1083 °c. • 

we know the following properties: 
Cu(s) Cp = 22.64 + 0.0063xT 
Cu(I) Cp = 31.38 

°C) = 13.054 

J/mol K 
J/mol K 
kJ/moI: 

How much coolant (Cu) is needed? The heat losses are assumed as negligible. 

5. a) What is th~ Gibbs· phase rule and the ~eaning of its variables? 
/ 

_b) Identify the P-T-coordina~e for the invariant point in the P-T phase djagram of car~on below (Left figure), and identify the stable phases at these invariant points. 

er Estimate the change in mofar volume for the reaction 'C(diamond) -> C(graphite), based on the phase equilibria (right Figure) and the Clausius-Clapeyron relations. I 

~S(diamond->graphite) is 4.7 J/(mol K) . 
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6. rhe included Kellogg diagram shoWS . eq~ilibria ;ni the phase. bound~ries betw'een pure •. 

substances a_nd. gas ~limited to 52 a'nd 0~) at.a constant temperature· in system Ag-s-o: • ' ' ' 

a) Write ~he _equilibri_u,:n·, rea~tion an~ the Gibb~- ~nergy of th~. reaction fc;>r the ~quilibriurn 

betw~~n ~il_ver oxide· and silver-sulphate. ' • . ., · · · . . • . . · . 
• • • . . . ' . 

b) ~alculate the eqyilibrium pr~s·sure of sulfur.~t t~e f'Jletalli~.sil'(er / siJve.r s:uffide_phase µoundary _· . , .. 

usin~ the Gibbs energy_vafues giyen below. . 

c) At which partial pressures of S2 and. 0 2 tan : three solid phases .occur. in equilibrium 

simultaneously_?· Which_._three phases are st~ble tog~ther at these conditions·? _· 
. . 

Reactions T = 523.15.K .1G0./J/mol 

3622 

-68903 

2Ag + ½O2(g) = Ag2O 

2Ag + ½S2(g) = Ag2S 
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REMEMBER Tb ANSWER THE WEBROPOL COU,RSE SURVEY! · 
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