: 2H2(g)+02(g)_) 2H20(V)
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o After completing this chapter, you should be
able to do the following:

— Explain in your own words the concepts of heat of
reaction ; exothermic and endothermic reactions;
heat of formation; combustion; heat of combustion;
standard heats of formation, combustion, and
reaction; heating value of a fuel ; adiabatic flame
temperature ; ignition temperature ; ignition lag ;
lower and upper flammability limits and flash
point of a fuel ; a flame ; blue and yellow flames ;
flashback ; and detonation.



— Given (a) the amount of any reactant consumed
or any product generated In a reaction at a
given temperature and pressure and (b) the heat
of the reaction of the reaction at that
temperature and pressure, calculate the total
enthalpy change.

— Determine a heat of reaction from heats of other
reactions using Hess’s law. Determine standard
enthalpies and internal energies of reaction
from known standard heats of formation and
heats of combustion.



—Write and solve an energy balance on a chemical
reactor using either the heat of reaction method
(taking reactant and product species as references for
enthalpy calculations ) or the heat of formation
method ( taking elemental species as references) ,
and specify which method is preferable for a given
process. Write the process path implicitly adopted
when each method Is used.




— Solve reactive-system energy balance problems
for (a) the heat transfer required for specified
Inlet and outlet conditions, (b) the outlet
temperature corresponding to a specified heat
Input ( e.g., for an adiabatic reactor), and (c )
the product composition corresponding to a
specified heat input and a specified outlet
temperature.

— Solve energy balance problems for processes
Involving solutions for which heats of solution
are significant.

— Convert a higher heating value of fuel to a
lower heating value and vice versa.




S 3|-¢LH%

= M
1. BF= & (Heat of Reaction)
H S Al -

sk AL: CaC, (s) + 2H,0(1) — Ca(OH), (s) + C,H, (g)

Stoichiometric quantities of reactants : molar amounts of reactants =
stoichiometric coefficients

— Stoichiometric quantities : CaC, (calcium carbide)= 1 mol, H,O

= 2 mol
_ GRUOZT 22 UIS AA Al MASO| MAHUS F=2t 012 M
o — y O Ot o Lo o
-
O
St g (Bt= HE L)
- =S EZ20|dE 25, 2 ol) A BtES0| 225 H s &t
=L, A oliA ME=0| M=l AN e dEL HoF &
— 25°C,1J|& ol & eHE2Aal9 Bt=<E .

AH_ (25°C, 1 atm) =-125.4 kJ / mol
- H products H reactants —125.4 kJ
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=& BHS0ll CHet I E 1] H 2t
- 50k -50k]  —50kJ

2mol A consumed 1 mol B consumed 3 mol C generated

— 100°C, 1 J| & S}0|l A1 150 mol C/s M A Bt=2| Al EH ]

HSI2E: Ao —50 kJ (150 mol C generatedj__2500 /s
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_ OlErT]| B35} 2t AH, (T,P
AL Hoteh AH = ‘(‘ )nAr
_ ] oA o ‘nA,out _nA,in nA,r
— Bt= &I & (extent of reaction), & AtE HJI: &= =
Val Vil

AH = EAH (T, P)
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> }g (AH ) =hges EF%ZAHAr(T) <0
ELESAH (T) > 0
> w2 oreg A AH, 2 et 22,

> ErS Aol =X TS et AH, © 3t0] ZetA,
CH, (g) +20,(g) — CO,(g) + 2H,0(l) : AH, (25°C) = —890.3kJ / mol
2CH, (g) +40, (g) — 2C0O, (g) + 4H,0(1) : AH ., (25°C) = —1780.6kJ / mol
> AH 208220 MAS20 S& AR (D1, A, D) off Tt 18t
CH, (g) +20,(g) — CO, (g) + 2H,0(1) : AH, (25°C) = —890.3kJ / mol
CH, (g) +20,(g) — CO, (g) + 2H,0(g) : AH  (25°C) = —802.3kJ / mol
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Ex 9.1-1 Calculation of
Heats of Reaction

1. The standard heat of the combustion of n-butane vapor is

~

C,Hy,(9) +Eoz(g) —4C0,(g)+5H,0(l): AH, =-2878 kJ/mol
Calculate the rate of enthalpy change, AH (kJ/s) .

If CO, = 2400 mol/s, T=25T

2. What is the standard heat reaction
2C,H,,(9) +130,(g) > 8CO,(g)+10H,0O(l)
Calculate AH , if CO,=2400 mol/s, T=25T

3. Heats of vaporization of n-butane =19.2 kJ/mol, those of water = 44.0kJ/mol.
What is the standard heat of the reaction

13
C,Hy, (1) "‘?Oz(g) —4CO0,(g9) +5H,0(v)
Calculate Ap, if CO,=2400 mol/s, T=25T



Solution

1.  From Equation 9.1-3,

) n
. (Neo, ) _ 2400 mol/s — 600 mol/s

‘Vco2

EQ.9.1-4=> AH = éAH® _(600m—0|j( 2878£j = | —1.73x10° KkJ/s

S mol

2. Since doubling the stoichiometric coefficient of a reaction must
double the heat of reaction,

AH®, =2 AH?, = 2(-2878 kJ/mol) = | —5756 kd/mol

From Eqg. 9.1-3,

‘o (Neo,)oe  2400mol/s

=300mol/s

Vco,

EQ.9.1-4= AH = &AH' = (soom—o')( 5756%} =| —1.73x10%kJ/s
S mo

3.  Compare the two reactions:
C,H,(9) + 3O ,(g) > 4CO,(g)+5H,0(1): (AH?,) =-2878 ki/mol

C,H, () + 230 (g) > 4CO,(g) +5H,0(v): (AH:,) ="



Since AHAr =H H

products ~ ' 'reactants

(AH;,) = (AH) +5(AH, )y 0 + (AH e .
=[-2878+5(44.0) +19.2]kJ/mol = |-2639kJ/mol

AH = EéAH:, = (600 mTO')(— 2639 mk—(J)J = |-1.58x10° ki/s



Ol X

LH

o
0l

N

AU (T)

U reactants

U products

Ml

FO4 U, Al

Hd= = JIMHS Blud

S U= HIH A2

=
=

010

—r

g
l_

puy

O
Tl

0

xS

K0

2 Al ol Al 9.1-2

A\

010

—r

]
—

F

J

A\

AU (T) = AH, (T)-RTQ il D [vi)

p

= S /M= dR S UHF UL

AH Ad
oo

-
=,

010

—

(]
_



Ol A 9.1-2: LI= BtS I Al &H=.

C,H,(9)+2Cl,(g) - C,HCI; (1) + H,(9) + HCI(g)
AH® =-4208kJ/mol |, LHEEISMH X, AU° 2

=0]) FEALE=FH

> vi(product gases)=1+1=2

> vi(reactant gases)=1+2=3

AU, (T) = AH, (T)-RT(X vi| - X i)
AU (T) = Al—?r(T)-RT(zp—s) |

— —420.8 kJ / mol —(8'31“ j(ZQSK)(—l)[ LK) j

mol e K 10° J
=—-418.3 kJ / mol
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1) C+0, > CO,:AH ,

—393.51 kJ / mol

e

2) CO+1/20, - CO, :AH.

—282.99 kJ /mol

1)-2):C+0,-CO-1/20, — CO, - CO,

r2 =

N

N

N

3) C+1/20, 5 CO:AH ,=AH_ +(-AH )

AH ", = (~393.51+282.99) kJ / mol = —110.52 kJ / mol
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Ex.0.2-1: 29 A& 2N 22 H AH Ol 2= FGIAI2L.

1. C,H, +%o2 —52CO, + 3H,0 : AH® =-1559.8 79
2. C+0, — CO, . AH® =-393.5 k)
3. H, + %02 — H,O . AH®, —-285.8 79
4. 2C+3H, —> C,H, L AHS, = ?

=00) Hessro 1 10O

AHY = 2AHY, +3AHY -AHY, = -84.6 KJ/



