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04-CHIM-A1 BILAN DES TRANSFORMATION ET THERMODYNAMIQUE
CHIMIQUE

Spts 1. Nitrogen compression

Five moles of nitrogen undergo a quasi-static compression, from the initial state at
P1 = 100 kPa and 7} = 88 °C to the final state, P, = 300 kPa and 7> = 88§ °C.
Initially the system is heated at constant volume to reach the final pressure and
then cooled down at constant pressure. You may consider nitrogen, N», as an
ideal gas.

a) Tlustrate the process on a P-v diagram.

b) Compute the following quantities: Wi, g12, Au et Ah,

c) What would be the work done from state 1 to 2 if the compression was
isothermal? Briefly justify the difference with respect to the previous
result.

3pts 2. Compression of liquid methanol

10 L of liquid methanol at 20°C and 100 kPa are compressed in a reversible and
isothermal process to the pressure of 20 MPa. Knowing that the isothermal

compression cocfficient is B, =1.22x107Pa™ and p = 787m/kg .

a) Obtain the reciuired work.

b) Does the entropy of the methanol increase or decrease? Briefly discuss.




Spts

3.

Concentration of chlorhydric acid

We wish to concentrate chlorhydric acid at 10 mass% to obtain pure acid. The
dilute acid (1000 kg/h) is fed to an inverse osmotic process (séparateur par
membrane) at 15 °C and the pure components are removed at 25°C (see sketch).

a) Compute the flow rates for the pure H,O and HCI.

b) Obtain the heat rate to be added or removed to the process (kW).
Consider that the work required to do the separation is negligible
compared to the heat of mixing.

el PLiTe HLO at 25 °C

1000 kgfh Séparateny

HC1 o e
10.% mass > &= Q
15°C membrane

e Pure HC) at 25 °C
Data :

i)  Heat of mixing at 25 °C

0,0, (mote H,O/mole HCDY | Ak, k¥imiole BCI
1 -26.22
2 -48.82
3 -56.85
4 -61.20
5 -64.05
10 -69.49
20 7178
100 -73.85
1 000 -74.68
106G 0060 63,10
o -75.14

i) Cp(10%mass oy = 3.55 kl/kg.°C
111) MHCI =136.5 kg/kanl




3pts 4. Liquid-vaper equilibrium

The equilibrium diagram of temperature vs molar composition for the methanol
water system at atmospheric pressure is presented in the following figure.
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Considering a solution containing initially 40 mol % of methanol, determine :
a) the temperature of the dew point and the composition of the first drop formed,

b) the temperature of the bubble point and the composition of the first bubble
formed.

4pts 5. Dissociation of calcium carbonate

Calcium carbonate will dissociate according to the following reaction :
CaCO, (s)e—=2CaO(s)+CO,(g)

One can consider that the two solids are immiscible and at 1000 K the free Gibbs
energies of standard formation are :

g_;‘)'IUDUK , kI/mol

CaCoO, 9513
Ca0 -531.1
CO, -395.8

a) Determine the chemical equilibrium constant, X, at 1000 K and P=1 atm.

b) What is the minimum partial pressure of CO, to initiate the dissociation?
Mention the required hypotheses.




