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| IF the rate law depends on more than

11[ one species; we MmMust relate  Hhe

concentrations of the different Species
+v  each other.

i => Stoichiome+tric hblel

| — Represents stoichiometric relattonships
between reacking  molecules for a

| sinale reacktion . -

— How maru.' molecules g one
species  will  be formed Jduring a
chemical reaction _sat\Jen a NAumlboer
o moleawules of another species

_Alsaoppear.

Lets consider Seneﬂl\ reacton
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Rasie of calcularon : Species A

oA BR —= < c + 4D
a = o

= everything on basis of per
mole oF A.

’BIC:I’r-cJ's systrems

= HA‘Q,HM,NCOI
Cll' t:o NDQ, Nlo

- Np, Ng, N, -
| " =t ND, Nzt

— primarily used for proeducHon ot
S‘Pac:ial-!-‘:j chemicals
- 4 obtin rmwre dato. for determi-

nakon of rate law and i+ts pParameles,

MNas @ Mo oFf moles ofF A inittally
Present
Y. . conversion abF Hme +
X:Npe,: mMoles ofF A consumed of Hme €
Mp : Moles of A N system aoF rime &

= Nac -~ MNaoX = Ao i=- %)
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Stoichiometric ~able

S‘Pe.;.ies : ini\'iq“.j Chqﬂge Remqinmc\:j
( Mo\ Cmal) (@22t
| & Nao —Npaa X N g = Npo—MNasX
] Ng o =B (NpsX) g =Ng,
o o
2N X
& £ Np X
: = -
D N'DC) +£_ NQOX ND: NDO -+
A -c—|-. Mﬁax
[~ §
X ‘\\Id o Ny = Nxgo
TTo tal ~Nto Pl = Mg

Mo . oF mels oF B (emaining av t

Mmool | mo\ B reacked ” mo\ A reqd-e_d

i reacred . Ao\l B readed
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5-2 _é.._p_e,_.
o X

p|o

=\

change in Yoral Aumber of Mg
per Mol A reacked -

Tom! Aumber ofF molkes

Ny = H‘rc-\- SNQDX
Now ,
—  feackion rare usua“d depends on
{ ‘e concentmbicon ofF +he reacHnS
? Species Misad +o some pPower,

} - T derermine reackan mbte as o
Funcon of X , concentrutien as o

funcHon of X ¢ CS:hJC")) 'S read.
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Equalions For balrch concentrations

Conc: — To. ofFf moles /u_n(’r volume
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J‘,
Ca = e . Nag — (B/aYNp, %

\Y) V

‘ C. = Ne _ Neo + (/a)NmoX

i N V

" Co = Mo = MNog+ (Ya)Naox
v N

e Bt

. ler V = Vo ( constart)

Cn :NA —_ HP'QC"‘X'B
Vo Yo
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let us define ©¢ 4+ fackor ou+
Nas in each of +he concentration
euarons
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Cfb - Neag [-NBQ/NAQ —(b/a) Xj
Yo

o - cro(on-ix)

e o
For equi meolar feed 69 =0
Cor shroichiometrric feed Op = b
(e

4=

W — .
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ec___ = Nco

—

Nao

- and
| il Cgc(-aD—t%x)

C
O, Do

CAro

= These ojve us equakons for
| conc: for comnstant \olume Bakln
| reackee .

L e can obtmain - = f(X)

> For liquid phase reacrtions
+:\\Ain3 place N saluHon, e
so\vent deminates +he situgtion .

L— densites do not change dur-ing
(ourse of mackHon
(excepr for Pa\dmdza@-c‘on processes)
C..,. Solubon s cencenrared P4
pure compenents are used .
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—fa =k Cp Cqp

—ra = kCag (V\-X) - Cao(e'e,-(c% x)
| = kC,,:; C""‘XGB"-E-"B
VA = FCX)D)

- Flow systems

- Envering \eq.vina
 Fas =)
Ro o a - & e
- oo S Fo
| P Fr

—w Form of stolichiome®rric mble
= Yirtualy identcal o batc

Sysrems

™™ Replace MNja by Fjs  and
Bty —touy By
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Stoichiometric +table for Flow system

!

. Species  Teed mke change ECFluent rate

' ™ reacvrec within Fromm reactor
feackr

(mol/rime) (MY rmey Cmel/iime)
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e = Fio _ Cwo So
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Feo - Coo UE:

Eqguations for concentabon (n

flow sashm

Cp= Fo MV kme _ mo
I me’/ me \Me.

Ca = - = e a2 CL=x)
\V'o v

—_ FG - F'Bd"' Foo (‘0/0‘3)(

e [ s

Ce = ES; = ‘-_:C-o“' oo (_C'/CL)__X
S _ 5"

C_D — o — Foo + Fp,o CdI/QBX :
Kd e

Lquid phase concentrakon

-0 phqse

for \tquids U = I charge

(

\"NQ%\(%(\O\: change in liq. velume
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Cn = Fro (1-x%)
So
Ca = Cpo (1= X) using
these
e = CPo(Br-(§)x ) ) e an
be Svpr-
~ essed in
=0y = £CX) +erms of
X

For qas phase reackons
— Volumervric Flow rare c:haree.s
durinﬂ +he course ofF reacton
——Changes in toral Aumber of mdak
—=Changes in pressyre and temp.

| ﬁa: J:)h_qse. con@ntratons

—Vavickle How mte —
; qas phae mackons +Huat do not
have equal no. of pmdu ck and
reackant moles
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— 4 mo\l.  veackants S’Ne 2 mo\-
products :
— equal no. of mols Occupy equal
Volume. at same P LT

Stoidhidomerric tables

— Mo asumptions made reg .
volume

— The “‘pble are ex.cxd—\s Same
For constant* volume ( constant
dms’lﬁ-tj) and variabie | valume

C varialb\e de_nsil'-i.j s\\js&-ems)

= Only for concentation expressel
N terms ofF conversion -~
d@nsitrj Jwlume comes into

play ..
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Flow reacrors with variable
Volumetric How) rate

—— e will use re\ah'onships e
Aora)  concentyabon.

C. = Fr Yol molar flow mate
T .
I voelumerric fHow it

fof“ SQSQS .

C—r = _P Z . tompressi ‘oi(“’ﬂ
ZRT foctor

=4 for ideal gas

ar +he entrmnce of +the reactacr

Zo R T LZ =Z4)

7

_assuming hegkieib\e_ c.h:xnse iy 2

7= (2




We can now express
Yerms ofF T, P,and T

—— .

R T 5

CJ' M

J =

| T (E)(B)E)

§ eecd FTO __FJ PO

——

\:OFrP—T-;

F.IL Po T
FE_P To

(O
—
1
N
4

n
Fr = E_ Fj = Fa+Fa+F +Fg +Fy

F:J . Feurnd oy so\va

e_quq-hons

Q:nceﬁh’clHoﬂ 1N “terms

Use +his

for gas

pPhase readong

mole balance

of conversion

T = p't‘a—"’ FAo S X
| dividing by Fro
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Fr, Fro
: (JAG', m\ R.-
= \+ Yao & X at inlet
e ;:
(S :'
EI__ |+ E X
Fro

E = Ypo &

m Change N rolal no. ofF moles
_ For completre conversion
VA P

2 Yoral moles fed
X =4

e=FTo

S st




Eququr\ for vol. €low rote

O =S (i+ex) B T

ﬁ—

P To

: Maelar Flow rmte
> Fy= Fo+ ¥ BagX

! )JJ 2 Stoichiometric coe Ktcient

c d

a
2, = Ma = c/a .... —ve Gvr\—
= ) +ve for
| GJ - Fio producr
| Fpo
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Yearram 31(') q -

¢ = Cpo (8 -X) (E.) _Tg)
+ e Pa/\UT

i (L ex)
-y =930X)

Concerntrarions in a variable wvolume
Qas Flow system

oo (1~ X
CQ—EQ_"" ﬁ\s_ D

- Feo (A\—%) P)(E)

S (L€ XD

Ca = CL—%) L
i -5 (+ex) )
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Nz Wt
— %eo(Be -2x) _p_)(-ro

Isli+exy “PNT

} Cp = o . Fao(BB—QD/A)XB

-— Fro( Bc*S/a x) P To
Jo L\-EEX\) Po T

CC. = Cio Lﬁ"c‘\'c/a)( T -
\ e e X Po T

Cp = Fp _ Feo(Bp+Faxd

S & o
! - Fro (_@'O—'Pd/C\XB ° Te_:
| Fo (\+ €X) = T

Co = Cro [ Ep+Fa X\ P T
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