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Molecular Species Balances with DOF Analysis

C3H8 [
200 mol/min
————— C.H
Reactor Hzog
co
H
H,0 2
C3Hg+3H,0—>3CO+7H;
DOF Analysis - - -
Unknowns: Nuao,in, Nc3ng, NH20, Nco, NH2 - = 6-
# of Rxns = .4_,\
# of Species Balances - Y
I
# of Other Equations = o
Degrees of Freedom = Mto specify two things in order to solve problem)
o——---_-

Let’s say that (a) there is 65% conversion of CsHg, and (b) there is 25% excess H,0.
, o

We now have 2 other equations, so the DOF=0 l %\
- _n w - A" ( - t
A. Start with Conversion X_ = N 0 n - l _ ©
< T V~e 4TS
(7Y
0.65 =1 — nczng / 200 mol/min = Ncang = 200(1-0.65) :?Gmol of CsHg/min

—_—

B. Now use the 25% excess H,O

First find the stoichiometric amount of HzO

(200 mol/minC3H8)\ JLLZ;ZZZ ) (0 mol H,0 /min

0
With 25% excess, Nw0,in = (1.25) (Iq = }{ ol H,O/min

C. Now use species balances

vco moles CO formed

)

Nco,out = Nco,gen = \Nc3Hg
ou gen ( Cons)(v moles C3Hg consumed

C3Hg

" 280
w & — % =130 moles/min C3Hg consumed ( :’..(-- ) =‘% mol/min CO

NH2 = (Neamg,cons) ( ————— q— Hy 9 = 130 x?‘- q[ mol/min H,

mol C3Hg cons

Q
,; mol/min H,0

%)

‘ ?moles H,
NH20,0ut = NH20,in — NH20,cons = 750(— (30 mols CsHs con'%( mol CsH
— . —— - 3118
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Atomic (Element) Balances with DOF Analysis

C3H8
200 mol/min
— GCiHg
Reactor HZO
co
H
H,0 z
C3Hg+3 H,.0—>3CO+7H,
DOF Analysis
Unknowns: Nw0,in, Nc3ns, NH20, Nco, N2 = +5
Reacting elements = —-3
Non Reacting Species = 0
# of Other Equations = (Use 2 other equations from previous page)
Degrees of Freedom = 0

From fractional conversion and % Excess H20, ncsns = 70 mol/min, npzoin = 750 mol/min

C Balance (in = out)

(200 mol C3Hs/min)( 9 ) = (70 mol CsHg/min)( 3 )+ nco ( ‘ )
Song = (00() — _Llo = 3?0 V"‘-GL C&/W\_.([,\

H Balance (in = out)

(200 mol CsHg/min)( Y )+ (750 mol H,0/min)( "L )=

(70 mol C3Hg/min)( ? ) + r‘l:i(z-( 'L ) + nua( )

el 2
: —

O Balance (in = out)

(750 mol H,0/min)(  \ ) =(390 mol CO/min)( \ ) + nhzo ( \ )
SonHZO,out: j(_é - -2"{0 - ?(00 W“A \"L'z() /V'V\..-‘lf\
Now go back to H balance:

e (luob +150° - 50 — 7’10} = Qo il Ho
- S TS
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Extent of Reaction Balances with DOF Analysis

CsHg N
200 mol/min
——— GCsHg
Reactor HQO
co
H
H,0 2
CsHg+3H,0—>3CO+7H,
DOF Analysis
Unknowns: Nu20,in, Nc3ng, NH20, Nco, NH2 - = +5
Reactions =&\
Reaction Species =-U4
Non Reacting Species = O

~Z- (Use 2 other equations from previous page)

O

# of Other Equations

Degrees of Freedom

From fractional conversion and % Excess H20, ncsns = 70 mol/min, npzoin = 750 mol/min

T B SO 0t- Qo - ZOD}/CIB - 3o el
Miao =Niojn + (-3)E, somwo= F§(5 — 3(1 26) = 33O vt /lM_‘um
Mz =Mz + TAG, 50 e = "-2-( (2s8) = 4lo V\A_ue-/\,wfh
st B wnos 3 ((3¢) T 396 ve e



