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Conversion

~ Choose one of +4he reactants as
Hhe basis of calculation
(o USuall\cj he I{miHnS reactant

Consider tne .gje_nem\ reactHon

aMh + bB — cC + 4D

t RN T
Stoichiometric  Chemical
CoefRcients S’Fede-“-‘- s

Let A  be l{mih'n?) reactant

P+ bR —— < C+dp
a o a

comNersion XA

Xp = r__mo\es of A reacred X = Xa
moles of A Fed

v For irreversible reoctdns moximum
conNersion is 10 —*= complefe conversion
o For (g\l-e,f's'tb\& reacitadns . Mo imum
Corversion = eqguilibrium wonvemsion Xe
Xmax = X@.
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‘ Batrch reactor design  equations

| — The lenger o reactant stays N
s the reactor , the more +he meactant
i > converted 4o product , unkl
} e ether +he eqUi\lzbraum s
reached or the reachkint s exhausted .
> Conversion X (g o Ffunckon
i oF +me

é \f Npo: No. of moles of @ inil'iquj
present
Nay X&)y Toval aAumber of molesS +hat
! hovwe reacted aofrer time t

mols of P:l — |oles ot pn | ., |MSls OF @ reacted
reacred fed mols &f @ pod

———

3 = ~ Ao ’ X
‘ -
mols of B mols of A ools o B
_ N reador ax-| = lniﬁq\\_:) fed| ~ | Ceacred
i any +ime to reactor
g, L at ¢ =0
N P = Np,-o_ ot (\\go ¥
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when No SpaHo\ variakon 10 reackion
e exists -
Meole balance -
dNa ol er V
ot

— diNa L o)

=> Yor batdh reador we are ir\’nares\Qd
¥a' dek—gr‘m'm\nt:j how . long +to leave e
eackants in 4he reackor to achiere a
Certain conversion X .

dMa =~ Nag d—l(
A ok
- r— O\;{:Ga.f&ﬁﬁq]
Na g aXx = G(‘Q)\[ Pocan O the
A | design equahian
dE = Nap dX @ceo x=o
— gV @Rt=t w=x
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Desion  equatrons for fHow ceactocs.

= Corversfion  increases with wme.
Spent (N the reactoc

= For conkpuous Flow reactocrs
: h\‘sher volume = more Hme spent

S Conuersion X s a funcHon oF
reactor volume V

\F Fap (s molar flow rate of sSpecies 6
fed +o a system opedlted at steady
State |,
molar rafe ar  wWhidn spedes A s
ceac;_ﬁna Withlo  +he enhre s&st-em
will be. F, X

Fap X = mols of A fod = mols of & reacted
e mols o A fed

- mds of A reacked

Hme
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molar flow e molar rate at Molar How

aF which 6 &« = hihh A s = rate a¥

fed to ine stem consumed whid~ A
within +he |eaves +he
System SYystem

= Entefing  molac fBlowmte s a product
of concentrokion (melarty for \ig: ) and
volumetric Flew rate

For gas systeme  Cap can be calculated
fcomm mole &ockan Yeo mmpm{_u(e T—Q;
anao PFQ.SS-u(e. PO us;ina idea\ 86\3 law

C{; o = PPI o — L~j Po Pa




et S R i o PO LU r————rv e e

CSTR

Consider
Fr BB — < C &+ d D
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CSTR male balance :

V — Fab = gA

FP«; L Fp,.c Ll "‘X&.)

V = oo "'"O:Pto = Fp'a XB
.....r—A
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Desig N . equq\-\‘on
V. o= o X for CcstTe_

L_r‘" )-e.ﬂ'i*\-

= Because +he reacter is Per&.d-hj
mixed , +he exit composton Kom
the reackor s ideakcal o the
composition inside Yhe reactor .

= tate of reaction (s ewvaluated al
the  exit+ concentraron.
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Tubular floew reactor  PFER)

Mole balance

— aFa

=—"A
av
for flow systems
FA i Fﬁ'o(‘ 1. X)
Foo Cﬁi - -y @ Vv=0 X=0
olV @ V=v w =X
- K
NV = %ap S d X b__/xdesigf\ -eguation
—A for Pee

Pc.xc.\ced’ bed ceactor ( PBR))

Similar Yo PFR we can show thavs for PR
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X
> W o= F%g dx;
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design é:mﬁm for PBR




Slzina continuous fFlaw reachtors

= %3 Stz'tns we. mean eithecr
— determine the (oactor volume

| . .
for Specified conversion oc

— determine He conversion foc
specified mlume_ |,

1
|« For  oll \rreversible reactians of ocder

greater than o, as we approach
Compiele  corversidn , Yhe re ciprocq[ ate
gPpmo.chea inG‘mi’rb

{L
|
e & 4 00 N —> Go
A ..rA
-(dm"s) :
|~ ma ke = Infinite  reactor wolume

X is necessary ‘o reoch
Complele conversian,
Foc reversible roackan
Ps X —+>=Xg ; -0

>» A _, eco = VYV —» 0o
.-r*ﬁ
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Lev enspeil Plot

~ Fag
1 Yeo_

Clalue -
Fﬁo / Fﬁ
o
—Ca ' -
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% %
Cé‘rR wvolume PR volume
= Orea under = Prmea undec
ch,.*ur.\S\e, : +he curve
. X
v=[Fe \.X N "S(-—F"’ ax
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Reactors 10 series

s Total mols o8 A reacked up o Peint
Moles of p RA +o +he First reackac

FF*{_ = Fﬂ-o (_l — X{) True 0{“3 foc
. Sgs‘v&ms it
N side. Sreams
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CST™R in senes

A%
Ik Ve
Fﬂo—ﬁ/& {:ﬁ - Jo = Fﬁg_
—
—Caq = \"‘V'A-:. =
Reactror 1 : \n - oub + genemtion =o

FH.‘ = F'aa(l-'x.)

\/1 b= F:onl

—Ch4

E Reactor 2 ., ln —ouv -\—Seﬁem"ion = O

T:Q\ ~Fa, +=CpV = O
Ao Fae L= %)
Fraz Pao Ci = x2)
V, = (Fap O -%)) ~(FapCt—%2))
-r;

A~
Nils = Fao C¥2-%)
for ’\“" reacktor
Vi = FrolCXi— ki) Yo = O
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Approximakng o PFR by a large number
oF CSTRs  in  sSeries i

|

_’(Y| 2 38 & |s 4)—"

MM

Fro |
22 { / ‘ = he dotal velume of

i - '\ . CETRs  in series s ‘fauga\tj'
iy _ ; :t Same as the volume ot

| o /S\? X PER
N AN - = Ps we make volume
Cx of each cs™R smallec

: and  increase rhe
numbe of cstRs , +he (volume oF +he (CSTRs
ond  PeR  will become. equal.
= The . c.onr_ep’r O, usina CSTRs | series

o model PFR & used in large numbeC
of srtuahons
= Modding c_q!-nld.rh decay in pqcke.cl
bed
=  Transient heat effeels in PFR
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PFR s

N Series

Fao O

[ 2
‘, Xy X2
X
LN SN 2 A
—a | Pre Vo AX = Jr—'»_’.& G, X
1 \ 0 -~y ; - ~a,
! X
! / \
/\ _— = W is  immaterial
¥4 Xz :
: e i whether you pt two
Plus How reactors (n
series  or one ' continuoeus P\uﬂ Flow
: reackor ; +the tolal reactor volume required
| to  achieve +he same conversion s
idenkcal .

> & Yo reackisn mate is  available o can

be obrmined SO\e.lj as o funcHon of X ,or
- can be se,nemhck los some intecmedilk.

quoulq\-icn,one, Cor desicar\ o vo.riahd af

reacters agnd combinalons of

reactors .,
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Space wme / ho\c\ir\ca Hme / mean residence.

LHSV = \VO\.\E aid

sy = \5—°\3¢&5

e

Obtained by dividing +he reactor velume
b\_..s volumetric. fFlow rate e,n‘r-afing +Hhe
reactor

T = Y

——

Jo

= Time necessary +o process oNe
reador wvalume ofF Ffluid based on

entrtance condions

ijic.q\ space YKme for trial  reacks
Bd\'c.h \S min — 20 W
CSTR \© min~- 4 kK
TUbeular 0SS s - i\

Spoace V?Jocih‘.} SV o= ‘/‘C = Yo/v

Wquid bourly space
v velodity
qas hourl:] space

L \4 vel odl‘t.j .
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