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IntroductionIntroduction
 In certain case, upon mixing two liquids (such as concentrated sulfuric acid and water) or 

dissolving a solid in a liquid (such as sodium hydroxide in water), the mixture or solution 

became quite hotbecame quite hot.

 When two different liquids are mixed or when a gas or solid is dissolved in a liquid, 

o Bonds are broken between neighboring molecules and possibly between atoms of theo Bonds are broken between neighboring molecules-and possibly between atoms--of the 

feed materials, and 

o New bonds are formed between neighboring molecules or ions in the product solution.g g p

o If less energy is required to break the bonds in the feed materials than is released when the 

solution bonds form, a net release of energy results. 

o Unless this energy is transferred from the solution to its surroundings as heat, it goes into 

raising the solution temperature

 The heat of solution at a given temperature and pressure is the difference between the 

enthalpy of the solution at the specified temperature and pressure and the total enthalpy of the 

pure solute and solvent at the same T and P.
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pure solute and solvent at the same T and P.

The heat of solution The heat of solution 
 If 1 mol of pure liquid sulfuric acid mixed with water at a specified temperature and pressure, 

temperature rise occurs.

 If the mixture is then cooled at constant pressure to bring it back to the initial temperature. 

Then, the energy balance for this constant-pressure process is

And         is the heat of solution

 An ideal mixture is one for which the heat of mixing or solution is negligible
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The heat of solution and mixing The heat of solution and mixing 

 As approaches a limiting value known as the heat of solution at 

infinite dilutioninfinite dilution.

 The heat of mixing has the same meaning as the heat of solution when the process involves g g p

mixing two fluids rather than dissolving a gas or solid in a liquid.
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The heat of solution and mixing The heat of solution and mixing 
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The heat of solution and mixing The heat of solution and mixing 

calculate ΔH for a process in which 2 mol of potassium cyanide (KCN) is dissolved in 400 mol of 

water at 18°C.

ExampleExample

the moles of solvent per mole of solute

water at 18 C.

 The enthalpy of a solution containing r moles H2O/mole solute is for reference states of pure 

solute and solvent at 25°C and 1 atm.

 The enthalpy of a solution for reference states of pure solvent and an infinitely dilute solution 

at 25°C and 1 atm
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The heat of solution and mixing The heat of solution and mixing 
ExampleExample
Calculate ΔH for a hydrochloric acid solution for which r = 10 moles H2O/mole HCl.

the specific enthalpy of this solution relative to pure

the enthalpy of the solution relative to
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The heat of solution and mixing The heat of solution and mixing 

and the enthalpy change for the

process isp
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Balances on Dissolution and Mixing ProcessesBalances on Dissolution and Mixing Processes
ExampleExample
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Example Cont.Example Cont.
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EnthalpyEnthalpy--Concentration ChartsConcentration Charts--Single Liquid PhaseSingle Liquid Phase
 Enthalpy-concentration chart, a plot of 

specific enthalpy versus mole fraction (or 

l ) f i ( i hmole percent) or mass fraction (or weight 

percent) of one component in binary (two 

component) systems.

 The reference conditions for the plotted The reference conditions for the plotted 

enthalpies are pure liquid H2SO4 at 77°F and 

liquid water at 32°F.

Calculate the specific enthalpy (Btu/Ibm) of a 

ExampleExample

40 wt% sulfuric acid solution at 120°F.
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Example Cont.Example Cont.
 If you know the heat of mixing of sulfuric acid at 77°F, the process path you would follow 

would be 

 T b i li id t f it f t t f 32°F t 77°F (th lf i To bring pure liquid water from its reference temperature of 32°F to 77°F (the sulfuric 

acid starts at 77°F and so does not require this step), 

 Mix the two liquids at 77°F Mix the two liquids at 77 F, 

 Bring the product solution to 120°F, and 

 Calculate and add the enthalpy changes for each of these steps Calculate and add the enthalpy changes for each of these steps.
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Example Cont.Example Cont.
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Example Cont.Example Cont.

ExampleExample
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Adiabatic mixingAdiabatic mixing
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Adiabatic mixingAdiabatic mixing

It follows that

ii. draw a line connecting the points on the chart corresponding to the two feeds,

iii. read the enthalpy and temperature of the product mixture from the point on the connecting line for 
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Adiabatic mixingAdiabatic mixing
ExampleExample
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Example Cont.Example Cont.
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Using EnthalpyUsing Enthalpy--Concentration Charts for VaporConcentration Charts for Vapor--Liquid Liquid 
Equilibrium CalculationsEquilibrium Calculations
 Enthalpy-concentration charts are particularly 

useful for two-component systems in which 

vapor and liquid phases are in equilibriumvapor and liquid phases are in equilibrium

DF =

 If as before we fix the system pressure then If as before we fix the system pressure, then 

o specifying only one more intensive 

variable-the system temperature, or the 

mass or mole fraction of either component 

in either phase- fixes the values of all other 

intensive variables in both phasesintensive variables in both phases.

 In this diagram, the specific enthalpies of aqueous 

solutions and gaseous mixtures of ammonia and 

water are presented 
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Using EnthalpyUsing Enthalpy--Concentration Charts for VaporConcentration Charts for Vapor--Liquid Liquid 
Equilibrium CalculationsEquilibrium Calculations

 If the mass fraction of ammonia in a liquid 

solution of NH3 and H2O at 1 atm is 

ifi d t b 0 25 thspecified to be 0.25, then

 The system temperature and the mass 

fraction of NH3 in the vapor phase arefraction of NH3 in the vapor phase are 

uniquely determined by these specifications

 A tie line is drawn on the enthalpy-

concentration chart from x = 0.25 on the 

liquid phase curve to the corresponding 

point on the vapor-phase curve which is atpoint on the vapor-phase curve, which is at 

y = 0.95.

 Tie line may be labeled with the 

corresponding temperature, l00°F.
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ExampleExample

An aqueous ammonia solution is in equilibrium 

Use of the Enthalpy-Concentration Chart for a 

Two-Phase System 

q q

with a vapor phase in a closed system at 160°F 

and 1 atm. The liquid phase accounts for 95% of 

th t t l f th t t t D t ithe total mass of the system contents. Determine 

the weight percent of NH3 in each phase and the 

enthalpy of the system per unit mass of the 

The mass fractions of ammonia and specific enthalpies of 

each phase may be read from the intersections of the

system contents.

each phase may be read from the intersections of the 

160°F tie line with the vapor and liquid equilibrium 

curves
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Example Cont.Example Cont.

 If the overall composition of a two-phase two-component system at a given temperature and 

pressure is known, the fraction of the system that is liquid or vapor may easily be determined 

from the enthalpy concentration chart.

A i t f i d t th t i 40% NH b i t i d i l d l t

ExampleExample
A mixture of ammonia and water that is 40% NH3 by mass is contained in a closed vessel at 

140°F and 1 atm. Find the L/V ratio.

o Point A on Figure 8.5-2 corresponds to this condition. g p

o Since this point lies between the vapor and liquid equilibrium curves, the mixture separates 

into two phases whose compositions are found at the extremities of the 140°F tie line (points 
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Example Cont.Example Cont.
If 

F:  total mass of the mixture

L: the mass of the liquid and 

V : the mass of the vapor phase and 

xF, xL, and xv are the corresponding mass 
fractions of NH3, then
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Example Cont.Example Cont.

the mass fractions of the liquid and vapor phases are

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 

25

ExampleExample
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Example Cont.Example Cont.
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Example Cont.Example Cont.
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