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Batch system

TABLE 3-3.  STOICHIOMETRIC TABLE FOR A BATCH SYSTEM
Initially Change Remaining
Species (mol) (mol) (mol)
A Nao —(NpaoX) Ny =Npp—NyX
b b
B Ngo _; (NoX) NB:NBO_(_ZNAOX
C Ngo € (NpX) Ng=Ng+iN, X
a a
d _ d
D Ny ;(NAOX) ND*NDO"‘;NAOX
I (inerts) &g o Ny=Ny
d,c b
Ny=Ngpy+|=+=—=—1|NyX
Totals Ny T 70 (a g & ) A0




[Argone National Laboratory, batch deposition reactor]


http://www.flickr.com/photos/argonne/3366236801

Flow system: columns 1, 2, 3, 4

TABLE 3-4.

STOICHIOMETRIC TABLE FOR A FLOW SYSTEM

Feed Rate to

Change within

Reactor Reactor Effluent Rate from Reactor
Species (mol/time) (mol/time) (mol/time)
A Fyo —F X Fpy=F,(1-X)
B Fao=0gFy ~bpx Fy=Fp (@B 2 X]
a a
c Foo = OcF (EZFAOX FC=FAO[®C+£XJ
_ d _ d
D Fpo = OpFy ;FAOX Fr="Fy ®D+;X
I Fio=01Fy . F1=Fp0,
Fro FT=FT0+[5+£—§—1]FAOX




Flow system: column 5 (concentration)

c.=Fa_Fall=X) = Fall— T r =c |1=X|T(F
o v u,,(|+sX) P, M1+ eX | TP,
C, = ﬁ - Fun[®— (bla)X] = Fu By —(b/a)X] E W c Oy — (bla)X 5 P
By v v, (1+eX) TP, AT v ex TP,
C.= Fo _ Fal@cte/a)X] _ FalOc+(c/a)X][Ty| P _ c @¢-+(c'x'(r)X]£ r
T v v, (1 +eX) T |P, W l+ex TP,

c =ﬂ =’G-.-\||[®I)+(f‘r-"’a)x] - Fa[®p +(d/a) X] 1‘_
e v vl +eX) T

":1|-;

I+eX

c.=Fi_Fu® _ _Fu® [T\ P _Cu® (To) P
Ty v vyl +eX)| T |P, T+ex T P,

Let's derive where this all comes from.



Summary from last class
> FA:FAO (1—§X)
> Fg = Fao (05 — 2X)
> FC:FAo(ec+ X)
> Fp = Fao (©p + 4X)

In general, we write:

Fj = Fao (©; +v;X)

» v = stoichiometric ratio, accounting for sign

>I/B:—§

>I/D:—{—g



What you should recall from chemistry

» ya = mol fraction of A

» pa = partial pressure of A

» P = total pressure

» pa = (ya)(P) « applies anywhere along the reactor

> Pa0 = (yAO)(PO) < applies only at the feed point
» but, pa = C4RT
» so, (ya)(P) = CaRT

yaP
> Or CA = ﬁ < applies anywhere along the reactor
YaoPo
» and CA() = < applies only at the feed point

RTy



In the printed notes, page 115 (F2011)

» Create a “total concentration” (fictitious concentration)

P

s Cr—

T = ZRT
Fr

F
» but, Cr = —_ or, as | prefer: Cr = —-
v q



In the printed notes, page 116 (F2011)

Fr P
> CT = —— = ——— < applies anywhere along the reactor
v ZRT
Fro Po
> CTO = = < applies only at the feed point
Vo Zo RTO

Assuming Zy = Z

Most important equation for this page

() (3) )

» How do we interpret this?

P F
» Sign of (FO) and when is (F_TTO) =17



In the printed notes, page 116/117

Recall the total flows (see columns 2 and 4)
» Entry flow = Fro mols per second

» Flow at any other point = F1 mols per second
Fr = Fro+ FadX

F F
T = 1+(ﬂ)5xz1+ex
Fro

€ = Yaol

Back to our important equation ...

() () ()00 (2) ()
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Middle of page 117 and top of page 118

Fj
> CJ = — < applies anywhere along the reactor

"4
> Numerator: Sub in our definition for F; = Fao (©; + 1;X)

» Denominator: Sub in our important equation for

volumetric flow, v

Fi _ Fao (€ + 1X)

e ()0
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Top of page 118

The general concentration expression, for any
species, at any point in the reactor:

- SR ()

|
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Example
A mixture of 28% SO, and air, 72% are added into
a flow reactor at Py = 1485 kPa and To = 500K

250, + 0O, = 2503
A+1B = C

The reaction takes place isothermally, and with no
pressure drop. Express the outlet concentrations of
ALL species as a function of conversion, X, only.

Use the table provided to lay out your answer.
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