lec.4

Heats of Solution and Mixing

1. Heats of Solution, Dissolution, and Mixing
2. Introducing the Effects of Mixing into the Energy Balance

-In this chapter we explain how mixing and solution of one component in another to form
a binary solution affect the energy balance.

1. Heats of Solution, Dissolution, and Mixing

We have assumed that when a stream consists of several components, the total properties of
the stream are the appropriately weighted sum of the properties of the individual
components. For such ideal solutions, we could write down for the heat capacity of an ideal
mixture, for example

Cpmixture = XACpA + XBCpB + XcCpC +. .
or, for the enthalpy, A Hiixwure = Xa AHa + Xg AHg + Xc AHc +. ..
- In particular, mixtures of gases have been treated as ideal solutions.

- However, you must take into consideration other types of mixtures. You can prepare
various kinds of binary solutions or mixtures:

a. gas-gas. b. gas-liquid. c. gas-solid. d. liquid-liquid. e. liquid-solid. f. solid-solid.

- You can ignore the energy changes that occur on mixing for cases a, ¢, and f. They are
negligible. The other mixtures constitute real solutions.

- When a gaseous or solid solute (the compound to be dissolved) is mixed with a liquid
solvent (the compound in which the solute is dissolved), the energy effect that occurs is
referred to as the heat (really enthalpy) of solution.

- When a liquid is mixed with a liquid, the energy effect is called the heat (enthalpy) of
mixing.

- The negative of the heat of solution or mixing is the heat (enthalpy) of dissolution.
- The heat of solution can be positive (endothermic) or negative (exothermic).
Heat (enthalpy) of solution The enthalpy change that occurs when a solute is mixed with a

solvent.

-You can treat heats of solution/mixing in the same way you treat chemical reactions




Example.1. Application of Heat of Solution Data

You are asked to prepare an ammonium hydroxide solution at 77°F by dissolving gaseous
NHj3 in water. Calculate the amount of cooling needed in British thermal units to prepare a
3.0% (mass fraction) solution containing 1 Ib mol of NH3

Composition State —AH¢ (Btu/lb mol) ~AH?,,. (Btu/lb mol)

soln

g 19,900 0
1H,0 aq 32,600 12,700
2H,0 aq 33,600 13,700
3H,0 aq 34,000 14,100
4H,0 aq 34,200 14,300
5H,0 aq 34,350 14,450
10H,O aq 34,600 14,700
20H,0O aq 34,700 14,800
30H,0 aq 34,700 14,800
40H,0O aq 34,700 14,800
50H,0 aq 34,750 14,850
100H,0O aq 34,750 14,850
200H,0 aq 34,800 14,900
» H,O aq 34,800 14,900

Solution:

The solution will be presented in abbreviated form.
Reference temperature: 77°F

Basis: 1 Ib mol NH3 = 17 Ib NH3

Ib NH;
b H,O + Ib NH;

wt % NH3 = (100)

17(100) . _
R e T = h y : . ]
17 + my,0 mp,o = 550 Ib or about 30 Ib mol H,(

From the table above, the AHgom = —14,800 gyy/Ih mol NH3, which is equal to 14,800
Btu removed from the system




Example.2. If the heat of formation of LiCI(s) is -408.78 kJ/kg, calculate heat of formation
of LiCl in 10 moles of water. The heat of solution -32.84 kJ/kg LiCl.

Solution:

o

s k _
AHg ) ici(s) = —408. 78é , 10mole of H20 , AH,,1i0n = —32.84 kJ/kg LiCl

Li + % Cl, — LiCI(s) AH 1ic1(s) = —408. 78%

o

LiCI(s) +10H,0 — LiCL10H,0  AHypsion = —32.84:—;Li61

kJ
kg LiCl.10H20

Li+%Cl, + 10H20 — LiCLI0H;0  AH[ ¢oppi0n = —441.62




Enthalpy-concentration diagram:

- Enthalpy-concentration diagrams (H-x) are plots of specific enthalpy versus
concentration (usually mass or mole fraction) with temperature as a parameter.

- Figure below illustrates one such plot. If available, such charts are useful in
making combined material and energy balance calculations in distillation,
crystallization, and all sorts of mixing and separation problems.
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Figure. Enthalpy-concentration chart for sodium hydroxide-water




Example 3. Application of an Enthalpy-Concentration Chart
Six hundred pounds of 10% NaOH per hour at 200°F are added to 400 Ib/hr of 50% NaOH
at 290°F in an insulated vessel. Calculate the following:

a. The final concentration of the exit solution
b. The final temperature of the exit solution
c. The pounds of water evaporated per hour during the process

Solution:

(a)

wty X wt%(1) + wty; X wt%(2)
wt(total)

wt%(final) =

600 x 10 +400 x 50
1000

wt%(final) =
(b)

= 26%(final concentration)

AH1 X Wt1 + AHZ X Wtz

wt(total)

. 152 X 600 + 290 x 400
AH(final) = 1000 = 207.2 Btu

From chart for NaOH-H20 (0.26 and 207.2 Btu) :
final temperature (Trinai=232°F)(a)
(¢
Wt(total)XAH(ﬁnaD: (X(water evaporated ) X AH(steam table)) +( Wt(total)'X)AH(from chart H-X)
AH(from chart):-
) 1w & boiling point ba e duilgl) Ahadil) Wb (3 sh ¢e a8 Al G habda (1)
. (dEy) lad

AH(final) =

AH(steam table):-

(Tefinany ) Atgdd) 30 adl da 3 e slaie YU steam table (w)
The enthalpy of the saturated water vapor (no NaOH is in the vapor phase) -
from the steam tables at 232°F is 1158 Btu/lb.

1000 x 207.2 = (X x 1158) + (1000 — X)175
X=32.8 of H>O of evaporated/hr




Basis: 1000 Ib of final solution
x(1158) + (1000 — x) 175 = 1000 (207.2)
x = 32.8 of H,O evaporated/hr

Interpoloted Tie Line
AH
(Btu/Ib)

A
AH =207

AN = {75 ; Final tempecature of the
solution = 232°F

Example 4. An insulated closed tank contains 250 kg of a 20% solution of
sulfuric acid at its boiling point. One hundred pounds of a 98% solution of
sulfuric acid at 98°F are carefully added to the original solution with stirring.
What are the final temperature, composition, and weight of solution in the tank?

Example 5. One thousand pounds of 10% NaOH at 100 °F is to be forified to
30% NaOH by adding 73% NaOH at 200 °F. How much 73% solution must be
used? How much cooling must be provided so that the final temperature will be
70 °F?




