
Chil

* larger volume increase the amount of time the fluid spends in the reactor

↑ flow rate out↑ volume in CSTR

Problems : -

QS :

-

Vo = 10 dm3/n (A = 0 - 01 CA0

Cao = 0 .
5 mol/dm3 Fao = 5mol/h

a) CSTR v =
Fro-Fa PFR ~

- NA

FA = CAv v =
-

# [fa-fo]
[0 . 01 (0 .5(] (10) = 0 . 05 mol/n

& (0 . 05 -5] = 99dms

V

=
03 = 99d

* constant Rate of Reaction = Same volume

(zero order)



FAo = Car

b) CSTR V= per v-I Ch=

v = 5 - 0 .05 -KCA

K = 0 . 000 st

CA = 0 . 01 (Ao V= (infa - In fro]

0 . 01 (0 . 5) = 0 . 005 m hs
V:In

V =
5-0 . 05 may i

Y ·no 3600s v =m,h
v = 2750dm3

V = 128dm3

# CSTR always have higher value than PFR

C) CSTR :

- NA
PERV = FAO-FA

V = 5 - 0 . 05 = 6606m3 ~--500 20 .
000512

-

-
V = 6 . 6 dm3



Batch : - ra = K

= NAj= CAoV

Nao = 0 . 5 (1000) = 500 mol

NA = 0 . 01 NAS

t= Note t NA = 0 . 01 (500) = Smol

-- in t
t = -

0 .05momn [NA-NA]
15-500)

t = 9 .9h

B) ra = KCA K = 0 , 0001 SY

t t.j wa
w.

-AKV
NacAr

NA

-
t = als (Int0]

t = 46051 . 7 S = 12 . On



Q8 : 2 A + B k = 0 . 03 dm3/mol . S Cao = Imolar No = 3 dm3/s

CA = 0 . 1 molar

CSTR v = E
-

ra = KCn2

V = Fao-FA Fau = Car Vo

k[A2 2(3) =6 mol/s

FA = CA Vo

V = 6 - 0 . 3 = 19000dm3 0 . 1 (3) = 0 . 3 mol/s

0 .03/0. 1)2



Ch . 4

1) 1 . More Balance Batch NA = -Ar Ca =

CAO = rA

= CA
t =[

2 . Rate Law

- ra = kCA

3. Stoichiometry Ca = Cau() - x)

4 - combine - rA = k (no (1 - X)

t=x) Y

in o

10= - m( -x) X = 0 .877



-
6 = H - (n(1 - 0 .59)k = 0 . 149 min

( - E
k(T2) = k(T1) &

0 . 149 = 0 . 21 east)

E = 58609 j/mol
58 . 6 KJ/mol



Ch .5
Product

EGe 2x108 pounds/year

Cao = 16. / mol/dm3

G -> dilute water

CSTR

k = 0 - 311 min
t

A) X = 0 .
8

1 mole Balance (STR

V = Fo X

- NA

2. Rate Law - rA = KCA * water is dilute

3. Stoichiometry CA = CAo(l -X)

4-combine V = FAo X =

voCKCAo(1 -X)

-> to find to [lig V= 20]

= 2x100m/ yearmonthaghul,a
Fc = 47 . 03 mol/S

=> Fc = FAoX



47 . 03 = Fao (0 .8) Fao = 58 .8 mol/s

Entering for A

-> Car= 16. 1 m =
58 . 8

Myn Zo = 3 . 62 da's

To

-> for water [Equal volumetric]

Upo = 3. 62 Jm/S

-> total 20 = 3 . 62 + 3 . 62 = 7 .24dm"/

-

Visir = 7 . 24 (0 .8) = 5569 . 230m3 k min = 0S

0 . 0052 (1 -0 . 8)

Vo = 3,b2

B) V= 800 gallon
X

Far
For
V V = 3 . 62

N

1. mole Balance

V = faoX
- rA

2. Rate Law - ra = KLA

3. Stoichiometry (n = Cro() - X)

4 . Combine V= CaoTo X = Vo X

k(Ao(1 -X) k(1 - X]

~Ogallon3785dmS = 3

0 .
0052(1 - X)

X = 0 . 81



FAG
fro

C) -> ·fix,e 1800 gallon
Vo

1 mole Balance /first reactor]

V= E

2. Rate Law -rA = KCA

3. stoichiometry (A = Gro(l -X)

4. combine V = Vo X

k(1 - X)

T== 418 . 23 =

-x)
X : F = 418 . 23 20 . 0032)

1 + 418 . 23(0 . 0032)

X = 0 . 684

-> Second Reactor

1 mole Balance V= Fro (X2-XI)
- rA

2. Rate Law - rA = KCAz

3. Stopchiometry CA2 = CAo(l-Xy

4. combine V= vo(Xz - Xi)

k(1 -Xz)

800x3 .785 = 7.24(X2 - 0 . 084)

0 . 0052(1 - xz)

Xz = 0 . 9



product

3x108 pounds/year

X = 0 . 8

isothermal T = 1100K

P = batm

K = 0 . 0725" Ea = 82000cal/mol

5) 0 VT TN X ↓

A + B + ( 270

1 mole Balance (PFR)

= no
pressure
,f

2. Elementary Rate caw - ra = KCA

3. stoichiometry Cr=

4 . Combine - ra =k

v :

"Fo
dX V --! i

kansi

v= [(( + 3) in - 2x]

->
Find far from FB

E = 3x10
-m/eur/monthly /YSUgmo : Is t



Fis = FroX

154 . 4 = Fo (0 .8) Fao = 193mol/s

-> Find Co

Cao = Y00Go = Yo = 1 atmams/
CA0 = 0 . 066mol/Gm3

-> k at 1100

n(T2) = n(T,) exp[E() k(1000 = 0 . 072

k(1100) = 0 . 072 exp15000
k(1108) = 3

.
07st

- E

2 = Yay S 5 = 1 + 1 - 1 = 1

E =(1)(1) = 1

v = 193 I (1 + 1 Intog
- (108))

307X0 . 066

v = 2304 dmS



CAo = <Bo = 2M

To = 5 Jm3/min

Reactor & CSTR V = 2006m3

Reactor2 PFR v = 800 don'

K = 0 .07 Om3/mol min

a 300K & E = Zoncal/mol

ReactorO CSTR : FAU = Cho To

1 Mole Balance V= 2x5 = 10

2. Rate Law - ra = k(A(B

3- stoichiometry (A = CAo(1 - X)

(B = (o(1 - X)

2. Arrhenious Law for k at 77 + 273 : 350

k = Aexp())-
k = 0 . 07 exp(i)(50 -

350)

↳= 8. 45 ums/mol-min

5- combine

- ra = kz (Ao2(1 - X)[

200 = 10X

vo -xy 8 .45 (1)2 (1 - x)2

X = 0 . 92



Reactor & PFR :

↓ Mole Balance v=
2. Rate Law -ra = KCACB

3. stoichiometry CA = CA0(1 -X)

(B = CA0()-X)

4 . Combine - Va = k(no2() - x))

r
800 :d

X = 0 . 85

B) X = 0 .9 Batch Reactor V= 2006m3 Cao=o
= /M

1 Mole Balance No = Av

:No NA = CAV

1 (2001 = Zoomo

2 . Rate law - rA = KCACB

= kCAo(1- x)2

↳
t = 2002001845112/7 = 100 min



C) T=o = 273k

Arrhenius Law K = 0 . 07 exp(20,000 = 2 .
54x10

0. 9

t = 200 ! ↓X

200(1)* x 2.54x103 (1-X)

t = 3543 . 3 min

Fac

D) Series
Fr

& 100t
Vo

1 . CSTR

x = 044

C.
PFR

v Fo
X

800 = 10 -X

r .07x12 Jan 11-x22
X = 0 . 86

Parallel

1 . CSTR VE 200-x
X = ass

2- PFR 800 = 3v = for 207262 ye X = 0 . 92

Xoveral = 00. 92 = 0 . 74



A + B - C + D

A goteniall market = 12 million /b/yr X0-33 = 4 million (b/yr [product]

1 Mole Balance (CSTR]

v = E

1 .
Rate Law - rA = KCACB

FAo = SFBO

3· stoichiometry CA = CAo(1 - X) CA = 0 . 2 16 mole/ft3

CB = Cao (S-X)

Fau = Car To

% combine V = Fo X 10 = 0 . 2 To 20 = 100ft3/s
KCAo2 (1 - X)(5 -X(

-> to find FAo

mc = 4x10lb/yrdayim = 20 moles/h

Faceting = 20moles /n



V : 1000gallonth o
gal

= 133 .7 + +3

133 .7 = 20 X = 0 .33

1 . 2 (0 .2) (1 -X)(5 - X)

FA0 = 20 L X1 = 0 . 33 L X2
,

FAz
B) -> 7

mole Balance on Reactor 2

V = fro
135 .7 = 20(Xz - 0 . 333 X = 0 . 72

1 . 2 (0.272 (1 - Xz)(5- X])

* for highest cour CSIR - PFR with high temp
-

E
V = KoVo X

↳ L K
.

Laok (1 - X)
:

(S -x)

133 . 7

=-xyS-x

X =
0.73

C) X = 0 . 84 V= FAO X

FA
Fao = 1 Ibmde/min

V = 60 0. 85
fAo:hmoreDomin =

60 Imolye

1 . 2 (0 . 2)2 (1-0 .85)(5-0 .85)

v =- 1706
.83 Gm3



D)

1. more Balance PfR v = Fo
v= Enoj vc -x(5 -x

0 . 83

v

=
So

1022
%
x -xi( -x)

V = 535 dm3



A -> B +2(

A) PFR 1 . mole Balance v = fo
2. Rate Law - VA = KCA

3. Stoichiometry La= 2 = Yo8 = (1)(2) = 2

8 = 2+ ) - 1 = 2

4. Arrhenius Law

K = 10" x expl)(s-

k = 0 . 044 min
t

5. Combine !ven"
Cho:~ Loatsaimsis/chmol = 0 .3m

V = 2 . 5



vicoss (C) In - 2x]
V = 967 .

37 6m

13) CSIR ↓ mole Balance v=
2 .

- PA = KCA

C4.
V= 2 . 5 (0 .9) (1 + 2(09)) = 47726m3

0. 3(0 . 044) (1 - 0-9)

f) A -> B + 2C

1 - ra = k[CA- ] =0quilibrium kz = 0 . 225

2. CA = Cao (1 -x)

(1 + 2x)
↑

CB : (AoX BB(1 +2x)
Fas

C = Co2X

(1 +Ex)

5 0 = k (Co-X) - Cox iii)(1 +Ex)

o = KCo) < IX-4CAD &(1 +2x)3k2



Kc:
(Aol-X)

0025 : 0 . 3X .
10 .3 ) 24

. X
.

(1 + IX)

(1 +2x) (1 + 2x)2 0 . 3(1 - x)

Neg = 0 . 52

X = 0 .9(0 ·52) = 0 . 47

Vasir : Ex = 2 .510 .47

0 .04410 . 3)-So a2
VISTR = 1300 dm3

UppR = fo mon software for integration

0 .47

-k x

4 Co2 X3

0 . 47

FA0 . KC ↓ - x x

KCs34 X3

G) membrane Reactor *Swept
-

=r A = up- R =

2 . - VA = rB = RB = KC CB

S . - ra = k[CA-



4 . CA = Go CB = Go G = Go
Fi = FA + fB

5. combine -> polymath .



3) 1. VasiR=
2 .

- VA = KCA

3. CA = CAO(1-X)

4. V
.

= FAO X

k(Ao(1 -X) i
[K =*y

= 067



1 Upfr = Fand"
2. - rA =-KCA

3 . CA = CAO( -X)

V = car
Ek = in (1-x) %

0 . 67 = In (1-x)X = 0 . 486

-> if it was in second order

VISTR = CAOTo X

IKE
↓ Lao2(1-x(2

ColK= 2

[K = 1 . /

VPfR =

Lo2"ax
CAok (1-X)S GEx : 082

-> PFR is in second order.

D)



1 mole Balance CSTR V= FAO X

- rA

2 - rA = k (C)-
3. CA = (0(1 - X)

CB = CaoX

4 .
- ra = k ((o( -x)"- ]

Z =

V= Fo X

KCA [11-X"-

v= 1000937856mS = 378s-

3785 =20. 4 z = 2902 Jm3

[11-0 · 4)2-

Ko = kexp( * ) (to - )

2 : V = alterchange



K = 0 - 0015 min" 88f

loft long I inch ID

P= 132psig 260%

FB = 100016/h

Ver = Fo E = 25000 16/mole

X = 0 .9

2- TA = KCA

CA = (Ao( - X) = Co(l-X) 2 = 0

(1 + 2x)

-

rA = k Cao(1 -

X)

3. Arrheniors Law K = 0 . 001 explosi
K = 5360min = 32

4.combine -A = K (Ao(l-X)

0 . 9

V=

-> find Far

fig : 1000mole = 17 . 24 Ibmdea

FB = FAOX

17 . 2 = Fo (0 .9) Fao-19 . 1 Ibmose/n

-> findO

Co-/meRo
132 psig + 14 .

69 = 146 . 69 psia



5. Evaluate V = 19 . 1 - In (1 - 0 . 9)

3219 (0 . 0189)

V = 0 . 72 ftS

V=D he

0.72 = (42)"lONt Me = 13 . 2 E14 tobes





↑ - ↳B

Al 1 . W = FoX
- VA

2 . - ra = kCp2

3. CA = CA0(1 - X) * noDp in CSTR 3 = YpoS =
-

Ye
(1+ 2X) S = k - 1 = -

Yao = (

4. W = FaoX (1 +Ex)2 = CAorox (1 +2x[

KCAo2(1-X)2 KCAo
*
(1 - x)2

-> to find No

K CAw

PfR : 1. :
2. -VA = KCA2

3. Ca = Cro (1 -x) y =
(1 + 2x)Po

4 . Ly :

- +x

2ydy = - d(1 +2x)dW

6. =
KLA* (1-X) C-CHEXAN - 2yay]

>

cAot (1 +EX)
"



us solve by Polymath = 0
.7 * = 1 - 043 Kg

W = Vo X(1 + EX)"

KCAu (1 -x)2

1XX=0

B) GL4 DOPL Turbulent

G2= G ,

d : G2T Doc = 2 DPI

Dp Ac Pp2

n =4(a)(
22 = x

,L (i):



w = SOKy

X= 0 . 5

Po = 20 atm

A)·
CSTR PfR PfR CSTR

-> PFR downstream (less wasted Volume)

B)

-> &
>

->

Reactor D 1 w = E
2- - rA = KLA

3. CA : Croll-X) 20
,

no DP

(1 + 2x)

CA = CAo (1 -

X)

4 . W = Fro X

k(no(l -x)



Al T g = (1 - aw)"

= 11-aw)" E = (1 - 240)) "

2 = 0 . 064 kgt

as sw = farra
- Va = Khaz

Ca = CAo(l -X) = (1-GW)2
Pr

- ra = k(ao (1 -x)(1 - aw)

18

ow=x((1-aw)

! 11-dW)dW:Fi



A)2 = 0 = -aw)

- = (1 - a(60)' < = 0 . 0107ngt

B) 1 . FAOLX = -

2 - rn' = KCACB

3. CA=
2 = 0

C = CAO,Y

4 Fo = coc-Xy

S .

L : y : (1 -
dw)"

-> :KLC-
FodX = KCAo(1-X*

(1-2W) the

Y ox

· 11-x

= I can n



# K (w-

*=
2 (60-0 .010716]

X =
0 . 449

c) Turbulent AcT2 Dod3

Acc = 2Ac Dpz= Do,

du = < ./(
an : d((3) : 4 =

4
, 10007)

= 0004 I

-Il-aust ↑ = (1 - 0 .004(60)) * P =
8. 72 atm

c) higher conversion are to lower pressure drop

↓ DP v TEX



CH . 6

A + B - C + D + C2T

↓. Mole Balance

#A
= A

B : FBO +A

Floz:co2
V

= V

= DV

2. Relative Rates - ra =
- Vi = v = rp =

co2

3. Rate of Reaction - NA = KCACB

4. Parameters :

X=N

Nao = Vo Cas

V = Vo + Not



CH . 8

W

D

W

Spir = Tn ==
Ka

=> CSTR

Pritruz kn + kzc

-> to find max Ca ↓SAN = 0 = knCki +KsCA-UA2k3

(k , + k3 (A2)"

0 = Kikz + K2ksCA2-LkzksCA2

0 = K
,kz- K2kzCA2

kikz = kzk3(a2 Ca2=

ca=
Ca= = 0. 112

-> Use may cone to maximize selectivity

Spr = 0 .0015(0 . 112) - 0 . 84

0 . 0001 + 0 . 008 (0 . 112)"



CA0 = 0. 4

-> Volume V = CaoVo-CAVo Ca = 0 . 11 Z

- VA

0 . 4- 0. 112

-
- ra = k : + kzCA + 43 (A2

E = 0 . 4-0. 112
= 782

0 . 0001 + 0 . 0015 (0 . 112) + 0 . 008 (0 -112)2

V = [V

V = 782 (2) = 1564dm3

->Temperature Spr:-n

-

expe)
E-EL = 100 20, 000

- 15000 = 0 -
No temp effectso

-> Conversion

X = CCA =

04-o
= 0



3) to increase selectivity 3 conversionEadd PFR after CSTR/ conversion gradually increases)
Ca = 0 . 1)2

CAo = 0 . 4

↳ -
FY

-> >

X = 0 . 72

SB/ = 0 .
84 =

-> to find Fig > mole Balance on LSTR

O - (B + rBV = 0

LBV = rBV

=
= 0001510 : 11

CB = 0. 1313

C = E
0 1313 = E /B = 0 . 26 into PER



A- B ki

B - ( kz

Al V= Vo (lig-batch)

1) Mole Balances = = ra

= = r

= = r

2) Rates

Rate Law ra
,

=
- K

,
CA

rBI =
- K2 CB

Relative Rates = rBI =
- TA

= re r( = - VBz

Net Rates rA = -KICA ,

rB = rBI + VB2 = K , CA - KICBL

3) Combine &A =

=-Ki A
In = -KCAt

CA = Caoexp( - k
,
t)



BB : KICAl-K

+B = K
,
C

-> Integrating Factor

If : exp)a20t : evat

↓( elt) = Ki Caoelk2-kilt
It

at t = 0 CB = 0 = Let

& = ku

= Ko jek-ekt

at1=0(c = 0 [k -e - k , c - ek))

13) Optimum yield

CB= jekt - it

= 0:(

- k ,
ekt + keek = 0



↳ekt-

-hzt + Inkz = - k
, E + Ink ,

In +142t) = -kit

In
= t max

k2 - ki

↳ substitute in CA

Ca = Cao exp-ki)In

↳ substitute in CB

=
↳=

tmax. Mos = 30

at +max CA = Coekit

Ca = 220
. S(3 05)

= 0 .44 mol/6m3

=
CB = 1 : 07 mol/m3



C = CA0-CA- ↳B

2 - 0 . 44 - 1 . 08 = 0
.
49mol/6m3

2) Selectivity overall

= = 2

Yield Overall *
B:may

=

0 . 69



1) mole Balance A Fao-FatrAV = 0

CAoVo-CAWo trAU = 0

CAo-CA + rAT = 0

B - CBVotiBV = o

- CB + rBE = 0

LC + it = 0

2) Rates

Rate Law -

rai = K
, CA

- rBz = kz (B

Relative Rates # -Bi =
- VA

= F Vcz =
- PB2

Net Rates NA = -Ai
= KILA

rB=Bl + rB2 = KICA-KzCB



3) combine A- CA :

t

Be - CB + K , CA - KzcB)T= 0

=CLIkit

1 + k , I + kzt + Kikzt"

Ce - G + Kz(bt = 0

C = KzK , Caot
(1 +kzt)(1 + k ,1)

b) optimum concentration of B

B = 0 = KICAO(1 + kit +Ul +KKE) - KICAOT (4 , + kz + 24
,kzt)

21 + Kit + K2t + 2 kikzt)2

KICAO +Kit + Kinzt + MIKzCaot-KiCr-KirYol-2KiNzCArt = o

KICAO-K , 2kzCAOT" = 0

KICAO = K,2 K2CAOI

I=Ca

Ykz Co

T = F
max Kikz



= Ki Cao Mika

+ka It kin

Evaluation

[max :Mos = No n

CA=t

= is no

= 0 .
78 mol/6m3

C = 0 . 5 (2) No = 0 .75 mol/6m3

(1 + 0 .2) (1 + 0 .Stol

Cc = CAo-La - Lis

2 - 0 . 78 - 0 . 75 = 0 .47mol/6m3

conversion

X =A = 2 = 0 . 6

overall selectivity x=

Overall yield TB :=7

- 0 . 614



Fao = 10mol/min

Vo = 100 dms/min

w = 1000kg

1 = 0 , 0019k5

Co = 0 . Z

1) Mole Balance GA=r = w = 1000 ky

Fo = 10mol/min

= u = FBO = 10mol/min

2) Rates

rate Laws -ri = KIA CACB2 Kin = 100

-r = Ke La? (a3 kz = 1500

Relative Rates Fi Vis = 2A ric = -ria

== ria-E5i ris-Iris

Net Rates Va = ria +RA

rA = - K . CA (B2 - E3kz (* (c

rB = Hi

rB = -2 KICACB

r = ric + ric

rc = K , CALB" - K2CA23

r = zen



3) Stoichiometry (Gas)

(a = Gol
Go = 0 . 2

CB = Gr (f) (E) Fio = 20mol/min

2 = Go (i) (f)

( = Go ()()

Fi = FA + FB + fc + Fi

: 2 = 0 . 0019

5xp = E it wood



Mole Balance Laoto - Cato +raV = f (CA)

CBOTO - CBro + BV = f <(B)

- Gro + rV = J(x)

- Cro + -DV = J. ((p)

Rates -> same as last ex

Selectivity Sitd
↳ to prevent sup from going to infinity

when Fp = o

-> Define parameters



Chill

-> DHO at 25% are : Hi = -11
, 020 cal/molNH3

HNz = o

Ho He = 0

SHRY = ( -11
, 020) - S(0) - 10)

&Hpx (298) = - 22
, 040 cal/mol N2 reacted

↳> Indicates that the reaction is exothermic

-> Cp at 150 LHz = 6 . 992 cal/moltz · K

CPNz = 6 .984 cal/mol N2 . K

[PNHs
= 8 . 92 cal/mol NHS · K

D(p = 1(8 .92) - 376 .992) - (6 . 984)

↑ Cp = -10 . 12 cal/mol N2 reacted

* Hexn(T) = DHRxn(TR) + D2p(T-Ta)

DHaxn (423) =
- 22 , 040 + - 10 . 12 (423-298)

D Hrxn = - 23
,

305 cal/mol N2



PFR
,
Adiabatic

k = 31
. 1 b

+
at T = 360k

Tin = 330K

Al X = 8 .7 Fio : 163kmol/ A B

90% A

10 % I

1) Mole Balance *

2) Rate Law - ra = k[(A - -]

3) Stoichiometry CA = CA0(1 - X(

(B = CAO X

4) Energy Balance

/Adiabatic -> Check DCp = 141-14) = 0

T = To+

3) Evaluate v =

Col-x)-



FAO = 0 . 9 (FiO) Flo = 0 . 1 (1b3) = 16 . 3

0 .911635 = 146 . 7 =

T = 330 + - (- 6900)X

1(1413 + (9) (161)

T = 330 + 43 . 4X

at X = 0 . 7 T = 330 + 43 - 4 (0 .7)

T= 360 . 38 k

- k = 31 . 1 exp[la -03)] = 31 . 82

-> k = 3 . 03exp30)] = 25

e
- va = k((Ao - x)-

ma = kCno((1 - x) - =]
- ra = k(Ao[1 - (1 + Ec)xe] Xe = F

- ra = 31 . 82 (9. 3) (1 - (1 + =5)0 .77
Xe = E = 074

- TA = 6 . 2

->r =
7

= 23

↳ to find Volume carry out a table for to &
numericnation



13) mole BalanceCSTR V=

-m = k((A - ]

k = k
, exp[ * ( + - F))

k = k
, exp((t - +)]

CA = CAO(1 -X)

LB = Car X

T= 330 + 43 .4X

-> T = 330 + 43 . 4(0.4) = 347 .
36

ek = 31 . 1exp[] = 14 . 02

- kc = 3 . 03exp[6)] = 2 .73

- ma = 14021933(11- 04) - 2) = 59 . 12

V=X = 146. 7 (0 . 4) = Im

59 . 12



DRate Law-ra = k[Ca-
equilibrium - r = c ka=

es stoichiometry CA = Cao(l -x)

CB = CaoX

4) combine k= kc =

Fe

-

ra = kCo(x -x) - E
- va = k(no)1-x)

Xe = Fik
-> Calculate Equilibrium constantc

1. ACp = 50-50 = 0

2 Altran = - 60
, 000 - - 40

, 000 = - 20, 000

3 . kc = 100
, 000exp[



=
100

, 000exp

-> Calculate Xe at every T

3)Energy Balan

Toeven

-> Plot

The Intersection of Xenergy Balanc Y Xequilibrium

X = 0 . 42 e Adiabatic equilibrium Conversion -

-----

T= 465 -> Adiabatic equilibrium temp

!

BS Vsim=F*e
X = 0 .920 . 42) = 0 .378



T= To +
- DHrxn X

Edi (pi

T = (98 + - 1 - 20 , 000) (0 . 38) = 452k

58

k = 10
+exp() = 0

kc = 100 , 000 exp( (2)] = 10

X= = 0 . S

V = 5(0 . 38) = 24 . 3

0 . 322 (1-8



X= 1

V = 125gal

A = 10f + 2

p = 150 Psig

U = 150 Br/n-ft2 of

ws = 25 up

DHrxn = 20
,
000

WS = 63525 Btr/n

OH = 1

OB = 1

Energy Balance CCSTR with heat Exchange

Xe = ((T-ial) + EdicpiCT-Tol -L
- Altrxn w

= (in (T - 365 .
9)) + ((((x) + 1(44)))5 - 80) - (6)

- 20
, 000

T= 1990f



X = 0 .
85

Cao = 0.1Kmol/m3

Vo = 26m3/S

sperrame i = vFAr

2.- ra = KCA (B k = k
,exp((t - F))

k = 0 . dexp((g + 1)
3. (A = CAo(1 - X)

7. Egrimolar
( = CA0(1 -X)

4. EV = Fro

k
. exp(E(t - F))(Ao (1 - x)2

5. check DCp = 30-15-15 = 0 - simplified

T = To + - Pltron (X) ZOiCpi = CPA + LPB

& Di (pi IS + 15 = Jocal/molin

->
- DHrxn = -41 -(- 15) - (-20) = - bkcal/mol-k

T = 300 +
- 1 -

6)/k 1 MxK) ,00am 30 Cul

T = 300 + 200 X



~explo
V=Koox (0 . 154)

2 10 : 154) : 308 . 3 dm3

0 . 0 (0 . 1)

CSTR volume : = F
V = 0. 1 (2) (0 .85)

0 . 0 expla (sozoosgs) 1012(1-085ch

V= 182 dm3

13) Toot = 550

Do not exceed X = 1

T= To + 200X

550 = To + 200(1) To = 3 .50K

D) one 500Lm3 (STR

v=

fop() - 300x)) (A0221 -x)

500 =
0 . 1 (2) X

00 explo los)) (012x -x

X = 0 . 922



- 2 2506mS ISTR

-
6 d Ex

V= 250
V= 250

-> for Xi

250 = 2(X)

oo exp(Lotzoox) 20141-x

X = 0 . 88

efor X2 250 = 2(X2-X1)

ad exp( Lo-zoox)) 10.13 (1-x232

xz = 0 .97



A +B2(

:
2. -m = [CAC-

k= k
, exp(( +- ) k1 = 0 - 01 T

,
= 300

kn = kexp(( - ) K21 = 10 T1 = 450

5- CA = CAo(l - X)

(B = CAo(l - x)

C = CAoX

Ye:

4 . T = To + -Ahren X T = 300 + 200X

20 : Spi

B) = -> constant Ta

= ADHran-WaLT-Tal - Alp= 0

Fao ([Oi (pi + D(pX(



#
= MDHrxn-VACT-Tal DHrxn = 6000

fao (20i(pi) va = 20 A = 10

20i(pi = 30

Ta = 450

1) Co-current

= Mc = 509

CPc = 1



1. Mole Balanc =
2. Rate Law - r = kac- )

k = k
, exp() + ==) k1 = 0 . 004 T1 = 310

E = 25000

k = kexp((F-F)) K = 1000 Ti = 303

&Hixn = - 20, 000

3.Stoichiometry =
Cao== = 01 mol

E = Syno S = 1 + 1 1 = - 3 = - 1
Sao: = =

CB = CAO(OB-X) I OB:
1 + 2X

4 :A



4. Pressure =-x
2 = 0 . 0002

I:

Po = FR Fio : 15 Vo = So

R = 0 . 08206 L. atm/mol- K

To- 326k

4. Heat :
ALp = 20 - 20 - 20 = -20

2 i Cpi = CPA + CPB + CPF

20 + 20 +10 = So

Altrxn = - 20 ,
000

= Ta= 325k

at W= 0 X = 0 T = 326 y =

W(f) = 2500

↳ final condition



Vo = 20fm3/s

Po = 10 atm To = 450k

A) 1 . Mole Balance # Vo = 20dm3/s

2. Rate Law - r = KCA k = k
,
exp( = ) + - E))

k1 = 0 . 133 E = 31400 +
=

= 450

3. stoichiometry C = Cao
=Yp(8) = 1(1 - 1 +1) = 1 To = 450k

4. Energy Balance T = To+ [Oi(pi = 40

Adiabatic Va : 0 &Hrxn = - 40+
-50 -

- 76

Alp = 0 = - 20 , 000

T= 450 + - ( - 20 ,000) (X)

40

T = 450 + 500X

w = FAo wX

-> findw at X = 0 .
8

Kicaotosttobox



W =Lso+grox))
0 .8

W = 20 ! (1 + X) (450+500X)

0 . 133 (450)
C - X) exp(50+soox)(

W = 0 . 3341 (129 . 007)

W = 43 . 13 kg < 50 (catalyst max in PFR)

B) WasiR

W = Fro X

-A

W = CAoVo X (1 + 4x) (450 + 500X)

Cao(l-X) To k
. exp*(500x)

W = 20 (0 ·8) (1 + 0 .8) (450 + 500 (0 .8))

11-0 .8) (450) (0 . 133) explai=+500x))

W = 39 - 39 kg



Ta = So°

⑨

↑ same equations as 8-8

= BHn)--

FAo/20i Cpi + DCpX(

B) co-current

-tal n =02 = 600 T

Ta Tac

T
counter-current

-(Ta-T) To : q at Exit was

micCpa Ta =323

Tao = 438 . 8

C) WESTR

XmB= T=
Fas

xCT-TaS]OiCiCT-ia XuB =X



&

T=1100k

Po = zatm

2)When O is low -> keeps temp down -> Favors endothermic reactions

1) maximum is at even lower O because the reaction is now exothermic (no advantage to adding inverts

&) lowering the temp]



Vasir = Im3 T = 300

Vo = 0 -Sm3/min Ca = 1000mol/m3

-othermal ,

equimor
00

Adiabatically -> T = 350

X = 0 . 4

isothermal T= To

A) Energy Balance

:
ACp = 60-35-25 = 0

-XCDH

->Find Altren from Adiabatic

Q = 0 W= 0 Alp = 0 -x (a) = Evici(T -To

- 10 .4) (BHrxn) = 1 (25) + 1 (35) (350 - 300)

DHixn =
- 7500 k5/mol

-> -X(DH] =

Q - 10 . 2) ( - 7500) = 0 Q = - 750, 000 K5/min

1000 X 0 . S



B) ↳ X = 0 . 4 G Xz=? Energy Balance
= % -

A - (x2-X) DHryn = EOiCpiCT-TO

V = Im3 V= Im3

UA = 4kJ/min . K

Tao = 350K

1 Mole Balance V=(x-x

2. RateLaw - ra = KCACB k = k
, exp((F - F))

3

stoichiomerry CH = Cro(l -X)
Je equimolar

(B = (Ao(l - X)

4 . combine -

rA = k CAo2(1-X)2

V = FAo(X2-X , L

k(A02(1 -Xz)2

-> to find K from first Reactor 1 . Mole Balance V-x ,
Clsothermal 5 Adiabatic (

K = Fau Xi
V Caod(1 - X, 32

1. bothermal Reactor X = 0 . 2 T = 300

k=o Vo XI

~ Ca* (1 -X ,
12 Slo = ISO

2. Adiabatic Reactor X= 0 . 4 T = 350

k = 0 . 3(0 . 4) = 5 .55x10 4

1(1000) (1-0 . 4)2



-> Armenius Law K(350) = k(300) explo -sol

5 .55x10" = 156x10" expl*50-ol]

E = 2665 . 13

1 = CA00o (X2 - X1)

5.55x10"exp(1265 . 13 (350 - #1) CA* (1-X2)2

1 = 0 . 5(1000) (X2-0 . 4)

3 .55x10" exp(2263 . 13 (550 - #1] (1000 (1-X , 12

↳ polymath solution X = 0 . 423

2) second Reactor PFR

6.
V= 1m3

X2=?

PFR ->

Va= 10

Ta = 300k

X2

1 Mole Balance = av = fa
= "

same as last ex

Energy Balance = rADHryn-VaCT-T

Far (E0iCpi (



To = 300

1 , 2 ,-s /-->

1 Energy Balance (Adiabatic

T = To+
T = 300 +

- ( - 30 ,000) X

25 + 25

T = 300 + 600X

cooler line
&

&

Reactor line

38 Yo



Reactor &

T = 300 + 600X

T = 300 +600% . 1) + = 360

T = 300 + 600 /0 . 2) T = 420 X = 0 . 3

T = 300 + 600 (0 . 3) T= 480

Reactor & T = 300 + 600 (0 .3) (T2 - 300) = 600 (X- 0)

: all 4 Reactors

X, = 0 .29 T1 = 475

X2 = 0 . 53 T2 = 445

X 3 = 0 .74 Tz = 420

Xy = 0 . 4 T4 = 400

-> to find Wat the reactor (A + X , , T,

1 W

=
2 .

- ra = k(CAL-E] k = k
,exp()+ - +]

kc = kpexp() - F)]

3. Stoichiometry CA = Cao(l -x)

(B = (AO) 1 - x
, )

Cc = CAOX
,

<D = CAOXI

S

i
/

all reactors



30 . 4 at 500K

Reaction 1 A(p = 2 (30) - 30 - 30 = 0

Reaction 2 D(p = 90 - 30 - ((30) = 0

Energy Balance = Erij Attran-VaLT-Ta)

& Fi <pi

-> At maximum ==(DHtrxnic)+RCHrcp-VaCT-
0 = ric (DHrynic) + rep (DHrncp) - VaCT-Ta)

-> solve for ric 0 = r, > (50000) + 0 .4(0 . 2) (0 .S)(5000) - 10(500 - 329)

r
, c

= 0 . 039



ric = kCALB

0 . 039 = K (0 . 1) (0. 2) k = 1 . 95 at 500K

k(500) = k(400) exp (E(0 Gool(

En = 7628 R = 1 . 989

f = 15 ,
172



E) T= 107 = from plot

-> ConV : v= F
2 .

-rA = KCA k = k
, exp((+ - F))

3. CA = Cao(l-X( K = 6 .6x10explicit

4. V= FAo X k = 0 . 6188

k2Ao(1 - x)

V= CAoVo X

Ko (1-x

= 100
-x)

** 0 .98



Ch . 12

A= B

A) co-current :

- from last example fao = 0 .9(163)=
= 14 . 67 kmoIt

↓ Mole Balance =

2 Rate Law - ra = k(c- k = k
, exp((+ - F)]

kc = k , exp((t - F)]
s stoichiometry CA = Choll -X)

CB = CAoX

4. combine - ra = Kcao)1 - (1 + ]X]

Xe=



5. Energy Balanc (co-currentcorne
Analysis : Reactor temp goes through a maximum

Reactant concentrations are high - high reaction rate

Temp 9 conr + as ↑V , Xew as Tt

Reaction Rate becomes very small approaching equilibrium

When T & Ta are essentially equal , there is no longer a temp

driving force to cool the reactor

13) counter-current

: same as before

!

S-Energy Balance [counter-current

=
Gress for Ta at V = 0 so T = Fa

↳ at V= S Lend) (final Value Tal

Near the enterance, Ta is higher thanT

Reaction generates hear cursing T to become higher than Ta

Xe reaches minimum near the enterance [X cannot increase above Xe]

-> Reactants are cooled3 reactor Tot allowing X9 Xe to increase

Higher exit- X & X2 in counter-current than in

co-current



C) Constant Ta

S. Energy Balance A&Hr-UCT
Ta

Ra

when coolant flow rate is sufficiently larget Ta is constant

if the reactor volume is sufficiently large- T will approach Ta

lowest exit temp -> highest Xe

D) Adiabatic operation

Va = 0 DCp = 0 =UltrynVaLT
i

Due to no cooling , Temp will keep increasing (Exo]

until equilibrium is reached at X = Xe = 0 . 365 &T = 384

Xe decreases because T increases until (X = Xe(

There is no change in T at this point -> reaction rate

is zero

lowest X



A + B +C

1 . Mole Balance =

2. Rate Law - ra = KGA

- ra = exp(34 - 34 -3) La

3. Stoichiometry In- 2 =

Yao S

Gas Phase , no DP 8: 1 +1 - 1 = 1

G = 121 = 1

4. Combine - ra = 8 . 2x10" exp(-3) Co



5. Energy Balance

is co-current =V

actA

6. Evaluation of parameters : (mole Balance (

- Fao = 7850 x l = 1535 km/h = 0 . 0370s

135 . 33
= 0 . 135 Knol/h

--

1000 tube

-> Cho=atm/kkm = 0 . 0188 Km/m = 188mol in

- Vo : =002 = 2x103 m3/s = 1 dmb/s

(Energy Balance

BHrxa = - 74 . 81 + - 61 . 09 - C - 216 . 67) = 80 . 74 Kj/mol

A (p = 71 - 83 + 163 = - 95/molk

(Heat Exchange (

a = G = 0026s = 150m
-

U = 110515m2 ·K x 150m = 165006/Sm2 K



Case 1 : Adiabatic

Va = 0 DCp = r =(pi)

=

cuse 2 : Constant Ta =

= rADHrn-VaLT-Ta

Fo (EPicpi + DCpX(

case 3 : co-current

FVLTS

:

Ease 4 : counter-current

FVLTS

Gress
for Tall



Ex 12 - 3

12-4


