Example.3.10. Calculation of AH for a gas mixture:

An economic feasibility study indicates that solid municipal waste can be burned
to a gas of the following composition (on a dry basis):( CO2=9.2% , CO=1.5% ,
0,=7.3%, N2= 82%)

What is the enthalpy difference for this gas per Ibmol between the bottom and the
top of the stack if the temperature at the bottom of the stack is 550°F and the
temperature at the top is 200°F.

The heat capacity equations for the gases are: ( T in °F; Cp in Btu/(Ibmol)(°F) )

Cp=6.895 +0.7624 x 10>T — 0.7009 x 107'T?>
Cp=7.104 +0.7851 x 10°T — 0.5528 x 107'T?
Cp=6.865+0.8024 x 10°T - 0.7367 x 107'T?>

Cp=28.448 +5.757 x 10°T -21.59 x 107'T?
+3.059 x 107!1°73

Solution:-

xn>Cp_ =(0.82)(6.895+....)
X02Cp. =(0.073)(7.104+....)
Xc02Cp. . =(0.092)(8.448+....)
XcoC _(0 015)(6.865+....)

Obtaining 2x;Cp;:
(Cp),,, =7.053+1.2242x107°T—2.6124x107" T?
+0.2814x107'°T"

Basis: 1.00 Ibmol of gas mixture

The enthalpy difference (AH) 1s calculated as:

AH:ICPciT




The Cp of the gas mixture 1s determined from the equation:

PC‘O 2 co

(Co )avg =Xn2Cp, X020 +Xc0,C

Solving for AH:

200( 7.0534+1.2242x103T-2.6124x107'T?
AH = j ) d

550 +0.2814x107'°T3
1.2242x107° (

AH =7.053(200-550)+ 200° -550°)

—_

_2.6124x10—7(

)+0.2814x10—‘°(

200° —550° 200" —5504)

AH =-2616Btu / Ibmol




Energy Balances: How to Account for Chemical Reaction
The Standard Heat (Enthalpy) of Formation:

-The observed heat transfer that occurs to or from a closed isothermal system in
which a reaction takes place represents the energy change associated with the
rearrangement of the bonds holding together the atoms of the reacting molecules.

- For an exothermic reaction, heat is removed from the process in order to
maintain a fixed system temperature; that is, energy is produced by the reaction
to maintain isothermal conditions. The reverse is true of an endothermic reaction,
in which heat is added to the system.

-To include energy changes caused by a reaction in the energy balance, we make
use of a quantity called the standard heat (really enthalpy) of formation, often

called just the heat of formation, denoted by the symbol AH} . The superscript

(°) denotes the standard state (reference state) for reaction of 25°C and 1 atm,
and the subscript f denotes “formation.” In this chapter the overlay caret(”*) will
usually denote that the value is per mole.

-the standard heat of formation is the name given to the special enthalpy
change associated with the formation of 1 mol of a compound from its
constituent elements and products in their standard state of 25°C and 1 atm.

the heat of formation as zero in the standard state for each stable (e.g., N2
versus N) element.

-An example is the enthalpy change that occurs for the reaction of carbon
and oxygen to form carbon dioxide at 25°C and 1 atm,

C(s)+02—CO02(9)

Q =-393.5 Kj/kgmol C

1 System boundary

1 kg maol C
25°C, 1 atm

Combustion 1 kg mol CO,
pragess 25°C, 1 atm

1 kg mol O,
25°C, 1 atm 25°C




If you simplify the general energy balance,for the isothermal process in
Figure (steady-state, flow, no KE or PE, etc.), you get the standard heat of
formation of CO2, calculated from

~393.5kJ/kg mol CO, = Q = AH = (1)AHjco, — (AR} — (1)ARR,,
i {1}3131?5(}: — @ =4y=a AECU;

-it is possible to design a system to express the heats of formation for all
compounds at 25°C and 1 atm.

Example.4.1.Use of Heat Transfer Measurements to Get a Heat of Formation:
Suppose that you want to find the standard heat of formation of CO from
experimental data. Can you prepare pure CO from the reaction of C and O2 and
measure the heat transfer? This would be far too difficult. It would be easier
experimentally to find first the heat of reaction at standard conditions for the two
reactions shown below for the flow process as shown in Figure below (assuming
you had some pure CO to start with).

CO.(g) CO;(g)

=

|

Reactor A

| |

G,.\ QZ—'!

Reactor B

C(s) + 1/202(g)— CO(g)

C(s) + O,(g) = CO,(g) Q= —39351kJ/gmol C = AH, (a)

. 1 i
CO(g) +50x(g) > COg) Q= ~28299KJ/gmol CO = AH;  (b)

Basis: 1 g mol each of C and CO

According to Hess,s law, you subtract Reaction (b) from Reaction (a), subtract
the corresponding AH: | and rearrange the compounds to form the desired
chemical equation:
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C(s) + 1/20,(g)— CO(g) (c)

for which the net heat of reaction per gram mole of CO is the heat of formation
of CO:

AH? oo = —393.51 — (—282.99) = —110.52 k] /g mol CO

Enthalpy Calculations from Standard Heat of Formation:

The enthalpy from a standard reference state is given by:

T
H = H; + fcpdT
TR

Where H; Is the standard heat of formation and Ty is the reference temperature.

For a mixture:

N T
Hmixture = Z(H; + fCPdT)
i=1

Tr

Consider an open system with no chemical reaction:

Input, T, s Open System | Output, T
A: Hai (No Reaction) A: Hyo
B: Hg; B: Hgo

The enthalpy difference between inlet and outlet will be:
AH = Hyye — Hipy = (Hpp + Hpy) — (Hyq + Hpq)

Calculating the enthalpies from standard heat of formation :




T, T

Hep + j CpadT |+ | Hpp + j CppdT
Tr Tr
T, T,

= H;A+ijAdT + H;B+fCPBdT
TR
Simplifying:
T, T,

AH: f CpAdT‘l‘ j CdeT

T T

The Heat (Enthalpy) of Reaction:-

The heat of reaction (which should be but is only rarely called the enthalpy of
reaction) is the enthalpy change that occurs when reactants at various T and p
react to form products at some T and p.

The standard heat of reaction (AHz. or AHg ) is the name given to the heat of
reaction when stoichiometric quantities of reactants in the standard state (25°C
and 1 atm) react completely to produce products in the standard state.

Consider an open system with chemical reaction:

Input, T} Open System Output, T>

A:Ha A+B ===> C+D =5 Be
B: Hs D: Hp

The enthalpy difference between inlet and outlet will be

AH = Hout - Hin — (HC + HD) - (H*\— + HB)




Calculating the enthalpies from standard heat of formation

o T, = : o T, ~ ‘
AH = [(ch + jT Co dT)+ (HtD + jT Cor, dTﬂ

; Lo . T
- [(HfA + ITR C,, dT) + (Hﬂ3 + ITR Crp dT)]
Rearranging the terms,
T, . |
AH = [(ch +Hpp, ) (Hj, + Hig )] +[ > Cpedr
T, = _ T = T = _
+ ITR Cpop dT — ITR C,, dT - LR C,p dT
The group of terms mvolving the standard heats of formation is
called the standard heat of reaction, AHR.
In general,
AHp = > (nH;) - > (nHj)

products i reactants i

The n in the equation is the stoichiometric coefficient of species i
in the chemical reaction.

The standard heat of reaction 1s the difference between the heats
of formation of the products and that of the reactants.

Example.4.2. Calculation of the Standard Heat of Reaction from the
Standard Heats of Formation:

Calculate aHz. or AHR, for the following reaction of 4 g mol of NH3 and 5 g mol
of O2: 4NH3(g) + 502(g) — 4NO(g) + 6H.0(Q)

Solution:




Basis: 4 g mol of NH;
Tabulated data: NH(g) Oy(g) NO(g) H,O(g)
AHY per mol at
25°C and 1 atm —46.191 +90.374 —241.826
(k] /g mol)

We shall use Equation AH; = ZProducts(nHj:)i - ZReactants(nH;)i to

calculateAH, or Az, (25°C, 1 atm) for 4 g mol of NH3, assuming complete
reaction;

AH®, = [4(90.374) + 6(—241.826)] + [(—5)(0)
+ (—4)(—46.191)] = —904.696 K]

A 904.646 k] .
AHE,,, = = —226.174 K] / g mol NH;
Per gram mole of NH3, 4 g mol NH,




