Introduction to Chemical Engineering I

Problem Sheet - Week 10

Problem 1

9.36 2CH, -» C,H, +3H,
C,H, - 2C(s)+H,

Basis: 10.0 mol CH, (g)/s - 7, (mol CH, /s)
1500° C - i, (mol C,H, /s)
- 7y (mol H, (s)/s)
' 1, (mol C(s)/s)
975 kW 1500°C

60% conversion = i; = 10(1—-0.600) = 4.00 mol CH, /s

C balance: 10(1) = 4(1)+2n, +n, = 2n, +1n, =6 1)
Hbalance: 10(4)=4(4)+2n, +25; = 20, +210; =24  (2)

References for enthalpy calculations : C(s), H,(g) at 25°C
H, =(AHZ) +C,(1500-25), i=CH,,C,H,.C. H,
1

f'in Hgn ﬁout Hom
(mol/s) (kJ/mol) | (mol/s) (kJ/mol)
CH,(g) 10 41.68 4 41.68
C,H,(g) - - 1, 30345
H,(g) - - N 4572
C(s) - - Ny 3245

Substance

Energy Balance: 0 =AH = 975kJ/s= Zﬂ,—[-}, - Zﬁ,-f},- 3)
out in

n, =250mol C,H, /s

Solve (1) -(3) simultaneously = |7n; = 9.50 mol H, /s
7, =1.00mol C/s

250mol C,H, /s

=0417 mol C,H, /mol CH, consumed
6.00 mol CH, consumed/s =

Yield of acetylene =

If no side reaction,
ny = 10.0(1-0.600) = 4.00 mol CH, /s
3 =0=>n, =3.00mol C,H, /s, iy =9.00mol H, /s

3.00 mol C,H, /s

=0.500 mol C,H, /mol CH, consumed
6.00 mol CH, consumed/s =

Yield of acetylene =

. 0417
Reactor Efficiency = —— = 03834
0500 =——
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Problem 2
9.55 .
A CH,; +20, - CO, +2H,0 CH,,«I-EO2 — CO+2H,0
Basis: 1000 mol CH, /h fed )
0(J/s)
1000 mol CH, /s | 7
25°C Stack gas, 400°C
. n; (mol CH, /s)
n, (mol O, /s) n, (mol G, /s)
3.76n, (mol N, /s) 3.76n; (mol N; /s)
100°C n; (mol CO/s)

10 n; (mol CO/s)
n, (mol H, O/s)

90% combustion => 7, =0.10(1000) =100 mol CH, /s
Theoretical O, required = 2000 mol/s

10% excess O, = O, fed=1.1(2000 mol/s)=2200 mol/s

C balance:
(1000 mol CI—L/s)(l mol C/mol CI—I4)=(100)(1)+iz3(1)+10i13(1)=>ia, =81.8 mol CO/s

= 10n, =818 mol CO, /s

H balance: (1000)(4)=(100)(4)+ 2, = i, =1800 mol H,0/s
Obalance: (2200)(2) =24, +(81.8)(1) +(818)(2)+(1800)(1)=> A, = 441 mol O, /s

References :C(s), H,(g), 0,(g), N,(g) at25°C

Substance | %, H, Ry H,
(mol/s) (kJ/mol) | (mol/s) (kJ/mol)
CH, 1000 ~74.85 100 -57.62

0, 2200 224 441 11.72
N, 8272 2.19 8272 11.15
CcO - - 81.8 -99.27
CO, - - 818 -377.2

H,0 - - 1800  -228.63
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Tabie 8.1 Table B2

. ¥ rod
H=AH?+| C, dTforCH,

25

TatleBE
~

= AFI? + f1,(T) for others

Energy balance: Q =AH =Z"’.H.. —Zﬁ‘ﬁ‘ =-5.85x10" kJ/s (kW)

b ) T, T(increases)=-0T

(i1) %XS T=-04 (more energy required to heat additional O, and N; to 400°C, therefore
less energy transferred.)
(1i1) Sco, /COT => -0 T (reaction to form CO2 has a greater heat of combustion and so releases

more thermal energy)
(iv) T, . T= -0l (more energy required to heat combustion products)

stack
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Additional problem

9.16 1
50,(g) +50,(8) > 505(e)

100 kg SO5 | 10° mol SO; |

Basis : i
min | 80.07 kg SO; |

=1249 mol SO;/min

7iy(mol SO, /min). 450°C 1249 mol SO,/min

100% excess air, 450°C 7, (mol SO,/min)

7, (mol O,/min) - 7y (mol O,/min)

3.765, (mol N,/min) 3.76n,(mol N, /min)
550°C

m (kg H,0() /h)  m (kg H,0(l) /h)
25°C 40°C

Assume low enough pressure for H tobe independent of P.

SO, balance - 1y (mol S.OZ fed) | 0.65 mol SO, react | 1 mol SO; produced 1 mol $03

(Generation=outpu) min | 1molSO, fed | 1molSO, react min

= 1y = 1922 mol SO, / min fed

1922 mol SO, | 0.5 mol O, reqd | (1+1) mol O, fed
min ] 1mol SO, | 1molO, reqd

N, balance : 3.76(1922) = 7227 mol/ min (in & out)

100% excess air: 7, =

=1922 mol O, /min fed

65% conversion : 71, =1922(1-0.65) mol/s =673 mol SO, /min out

O balance: (2)(1922)+(2)(1922) =(3)(1249) +(2)(673) + 2715 = 715 = 1298 mol/ min out
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9.16 (cont’d)

b. . .
(150, ) o — (1150, );
. 270 2 /i 73—
Extent of reaction: & = = [673-1922) =1249 mol /min
vso, 1 —_—
Table B.1
AH? = (AHR)s0,) — (AH)so, = —39518—(-296.9)=-99.28 kI /mol

References : SO,(g). O,(g). N,(g). SO;(g) at 25°C

Ny H Mot H .

Substance . " . ou
(mol/min) (kJ/mol) | (mol/min) (kJ/mol)

SO, 1922 H, 673 H,

o, 1922 H, 1298 H

N, 7227 H, 7227 Hy

S0, - - 1249 H,

T2

S0, (2.450°C) : H, = j::o Clp dT =19.62 kI / mol
T ss

0,(450°C) = H, = Hy, (450°C) : 13.36 kJ / mol
Tiens

N, (g450°C) = H; = Hy (450°C) = 12.69 kI /mol

Out :

. T“’T’Bl
S0,(2.550°C) : A, =[" C, dT =24.79 kl/mol
TabliB.S

0,(g:550°C) = Hs = Hy (550°C) = 16.71kJ/mol

Table B8

N, (g:550°C) = Hg = Hy (550°C) = 1581kJ/mol

Table B2

. 550
S05(g.550°C) : Hy = Ls C, dT =3534 kJ /mol

O=AH=E&H’+> nH,~> nH,
out in

=(1249)(-98.28) +(673)(24.796) + (179.8)(16.711) +(7227)(15.808) +(1249)(35.336) - (19
~1922(13.362) —(7227)(12.691)
- -8.111x10* kJ \ 1 min \ 1 kW

min ‘ 60 s ‘IU/SZM

Assume system is adiabatic, s0 that Qo gom reactor = Pgained by cooling water

O=4H =, | H, (L 40°C)-A,, (L 25°C)

Table B.S TableB.S

kg
min

kI kI . .
=8111x10* == mw[ )[167.5— 1048]— = m,, =1290 kg/min cooling water
min kg

If elemental species were taken as references. the heats of formation of each molecular species would
have to be taken info account in the enthalpy calculations and the heat of reaction term would not have
been included in the calculation of AH .



