(=5 o= 2oy
oo = )

CH.(g) +O:(g) — HCHO(E) + H.O(g)

10 L, 200 kPa
ng (mol feed gos) ac 25“9 :: ((rr:'m‘;: :g)’.)‘o)

0.85, mol CH./mol s
i
0.15 mal O /mal ;’rig; P%:i;-):) toL
Q (kD

Basis: =200 kP Jiooopa |toL |10 m® | 1malk
S [ TkPa | T 1L |82tam'Pa |298 K

= (QB072Z mol fecd gas mixture

08072 mol feed gas mixture = (0.8510.8072) = 0.6861 mol CH,.
= (0.15}0.8072) = 0.1211 mol O

1 mol CH, |0.1211 mol O, fed
CH gLz =012
a el Oy Il | 11 mol CH,

= n, = (0.6861—0.1211) mol CH, = 035650 mol CH,

= .
HCHO prod e 1 mol HCHO | @12l m°1CH'c°“sum=d—0.lzllmuIRCHO
—_— 1 mol CH, consumed |
1 mol HaO | 91211 mel CH, consumed

H prod d: =0.,121 I H,O
g produbudiiey o 1 mol CH, consumed | Lsoniils

, = ¥ — 0.
Extent of i :4-1( 0, You = 10, | o=ty = 01211 mol

[vo.| It

References : CH, (g), O, (g), HCHO(g), H,O(g), at 25"C

Substance o in Haur Haw
mol el /mol mal k1/mol
CH, 0.6861 0 05650 &,
O 01211 o - =
HCHO — - 01211 &y
HLO = = a1zl &y

r r
O, = Jcoar= J(c,-ryar =123
23 s

Using (C,), from Table B.2 and R = 8.314x 107" kI / mal . K.

£}, = (002599 T+27345=10"* T2 +01220= 107" T* -275= 107" T —0.6670) ki / mol
Oy = (002597 T+2.1340= 107" 72 ~21735= 107'* 7* —0.6623) kJ/ mol

£ = (0.02515 T +0.3440= 107 72 ~02535=10"* 7% —0.8983 = 10™'? T" —0.6309) ki / mol

Q=IOGJ1SSS| 1 kJ — 8.5 T
s 1000 1
Tl 01

AP =AY yono + (SB8T) no — (BB ) en, = ((—11590)+(—24183) —(~7439) kI / mol
=—282.88 kI / mol
AU =af? —RT( 3, vi= 2,v)
e i
2314 ) |293K'|(]-0-1——1—IJ| 1 kJ

= —282.88 kI / mol -~ I I IECEE]

= —282.88 kil / mal



Energy Balance :
Q=8AU? + > (M) aw (T Do = 2 (1310 (T Vin
= (0.1211)(—282.88 kJ/ mol) +0.5650 7, +0.1211 &, +0.1211 Oy
Substinute for £y through £y and @
0= 0.02088 T + 1.845 =< 10™° T? +0.09963 x 10~ 7% —1.926 < 107" 7* —43.29 kJ / mol
Solve for Tusing E - Z Solve = T =1091°C = 1364 K

08072 mol | 8.31am® -Pa | 1364 K| 1L
mol-K | 0L |107m?
Add heat to raise the reactants to a temperature at which the reaction rate is significant.

= P=nRT/ V=

=915=10> Pa=915 kPa

Side reaction : CH, + 20, — CO, + 2H,0. 7 would have been higher (more negative heat of
reaction for combustion of methane), volume and total moles would be the same, therefore
P = nRT / ¥ would be greater.



2.36 ZCHy -+ CaHy +3H,
CiH,; — 2C(s) +H,
Basiz 10 mol CH,(g) fed/s

10.0 mol CH 4 (g)/ s m (mol CH, /5)
1500° C

Ay (mol C,H, /5)
7y (mol C(s) /5)

F
H 1300°C
975 kw'
0% conversion =, = 10(1—0.600) = .00 mol CH, /s
C balance: 10{1) = 3(1) + 2y + iy = 2y + /1, =6 &%)
H balance: 10(4) = 4(4)+ 25, +2A; = 21, + 2, = 24 (23
R for alculati 1 Cgs). H(g) ax25°C
H, =(u‘r;’)‘ +C o (1500—25), i=CH,,C:H;,C, H;y
Tia , ot 2 :
Sub: n au
Romtanas (mol/s) {(kJ/mol) | (mol/s) (kJ/mol)
CH.(g) 10 41.68 3 4168
C:H:(g) - - "y 303.45
H;(g) - - s 4572
c(s) o = A 32.45

Encrgy Balance: Q= AH = 975 kI /s= > aH, -2 aH, (3
e ™

iy =250 mol C.H, /s
Solve (1} -(3) simultaneously = <Ay =930 mol H, /s

1y = 1L00 mol C /s

1 2350 1 CaH
Yield of acetvlens = ——=="0 '2':_“ 2Ha/s 7 = 0417 mol C3H,/mol CH, consumed

h. If no side reaction,
fip = 10.0(1=0.600) =400 mol CH, /3
riy = 0= 1, =3.00 mol CyH, /5 #, =9.00 mol Hy /s

= 3.00 mol CyH, /s
6.00 mal CH,

0417 _
0.500

XYield of ncetviene

T =0.500 mel C;H,/mol CH, consumed
2

Reactor Efficiency =

0.834



9.50

CH, +20; —» CO; +2H,0(1) , HHV = —AH? =89036 kI/mol (Table B.1)
CaHy + 203 — 2CO, +IH;0(1), HHY =1559.9 ki/mol

O =+ CO,., HHV =282.99 ki/mal

1
co+3 .
Initial moles chan:t: 2000 L | 273.2€ | 2323 mmitg | t.mdl = 0.25 mol

TAswurme (d2al gas) | (25+273.2)K | 760 mm Hg | 22.4 L(5TPF)

Avernge mol, wi. (4.929 g)/(0.25 mol) = 19.72 2/ mal
Let 5y = mol CH, /mol gas, x; = mol C;H,/mol gas (= (1—x — x; }mol CO(mal gus))
MW = 1972 = £,(16.04 g/mol CH, )+ x;(30.07) - (1 - ¥, —x:)(28.01) = 19.72 (1)
HHV = 9637 kl/mol = x, (890.36) + x4 (1 5599)+ (1 —x, —x:)(282.99) = 963.7 (2)

Solving (1) & (2) simultaneously yields
®; =0.725 mol CH, /mol, x; = 0.188 mol -CiHs/mol, l—x;, —x; =0.087 mol CO/mol




