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Introduction - Part 1
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YOUR WAY TC SUCCES!

* Chemical Reaction Engineering (CRE) involves
analyzing gas-phase reactions and their heat
effects.

* This lecture focuses on trends, optimum
conditions, and energy balance considerations in
gas-phase reactions.
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Topics to be Addressed

* - Fundamentals of Gas-Phase Reactions

* - Heat Effects and Adiabatic Operations

* - Reversible Reactions and Temperature Effects

* - Impact of Inerts in Reactant Feed

* - Trends and Optimization in Reactor Performance
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Objectives -

By the end of this lecture, students will be able to:

» - Understand gas-phase reaction trends and heat
effects.

* - Apply energy balance equations to analyze
reactor performance.

* - Assess the impact of inerts and temperature on
conversion.

* - Optimize reactor conditions for reversiole
reactions.
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Introduction
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YOUR WAY T'C SUCCES

» Understanding the role of heat exchange, reversible
reactions, and inert effects is critical for optimizing
gas-phase reactors.

* This session explores theoretical foundations and
practical applications in reactor design.
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User Friendly Equations relate T, X, or F.

el.“l@ll
1. Adiabatic CSTR, PFR, Batch, PBR achieve this:
W, =AC, =0

— ZQiéP,. (T B To)
-DH,,

Y= ZQiéPi (T - ]I))
-DH
T=T + (_AH Rx)X
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T, X, or F,

<
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YOUR WAY TC SUCCESS

2. CSTR with heat exchanger, UA(T,-T) and a
large coolant flow rate:

YAr-r,) )+E®C (T-T,)

F
XEB = = _AH
Rx
Fy —
T
mC
— T
<T9 7% > X
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3. PFR/PBR with heat exchange:
Coolant
Fao /\ Ta <
OO0 00
To |l oo o0oo0
\’ OO0 OO0
OO0 OO0

3A. In terms of conversion, X

Ua
T -7 'AH_ (T
dT pB ( )+ r RX( )

W F,(Y ®.C, +AC X
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User Friendly Equations relai:efchi

3B. In terms of molar flow rates, F,
Y _1)er, A, (T)
dT _ ps

dw > FC,

4. For multiple reactions
P8 (1 _T)+ YK AH,,
dT _ pg

dv > FC,

5. Co-Current Balance

a7, Ua(T -T,)

dv.  mC
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endothermic
reaction

exothermic
reaction

T
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Heat Exchange
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Example: Elementary liquid phase reaction carried out in a PFR
C \ T \ Heat Exchange
a .
/ \ Fluid
10 \ As B

The feed consists of both inerts | and Species A

with the ratio of inerts to the species A being 2 to 1.
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Heat Exchange S—

a) Adiabatic. Plot X, X, T and the rate of disappearance as
a function of VuptoV =40dm3.

b) Constant T,. Plot X, X, T, T, and rate of disappearance of
A when there is a heat loss to the coolant and the
coolant temperature is constant at 300 K for V = 40 dm3.
How do these curves differ from the adiabatic case.
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Heat Exchange

c) Variable T, Co-Current. Plot X, X_, T, T, and rate of e
disappearance of A when there is a heat loss to the — &nieeds
coolant and the coolant temperature varies along the
length of the reactor for V = 40 dm3. The coolant
enters at 300 K. How do these curves differ from
those in the adiabatic case and part (a) and (b)?

d) Variable T, Countercurrent. Plot X, X_, T, T, and rate
of disappearance of A when there is a heat loss to
the coolant and the coolant temperature varies along
the length of the reactor for V = 20 dm?3. The coolant
enters at 300 K. How do these curves differ from
those in the adiabatic case and part (a) and (b)?
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YOUR WAY TC SUCCES!

Example: PBR A< B

5) Parameters

For adiabatic: Ua=0
Constant T: dT, _ 0
dw
Co-current: Equations as is

Counter-current: (;:I_V1\'/.(_1) (orflipT-T toT. -T)
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YOUR WAY TC SUCCESS

dX ,
dW =—1Ia /FAO 1)
W=p,V
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ry=-K CA_& (2)
2) Rate Laws i Ke
E(1 1)
K=K, exp| =| ——= 3
) p_R(Tl T]_ (3)

Kc:KczeXp AHinl_lj (4)
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Reversible Reactions ~

U (
Ham wlae 2

AW
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- (5) Ci=Cao(1-X)p(T/T)
3) Stoichiometry
Note: Nomenclature change (6) CB = CAOXP(JB/T)

for 5th edition p =y FT = FTO
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YOUR WAY TC SUCCESS

5 Fro K ES R T K, (7)—(19)
arameters
AH . 15, Cpor T @4 o
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‘Reversible Reactions -« <
Gas Phase Heat Effects
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Example: PBR A< B
F,
3) Stoichiometry: V= Vo(l"'@X)PT
Gas Phase
(5) CA:FAO(l_X) P 1, :CAO(l_X)P]B
vw(lteX) R T  (1+eX) " T
C,.X T
6 C — AQ 0
(6) € (1+eX)pT
O g
P I'rg P 0
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Gas Phase Heat Effects

Example: PBR A< B

<
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YOUR WAY T

KC — CBe — CAOXepT(')/T
CAe CAO (1_Xe)p]—z)/T
8) X,=
1+K,
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Gas Phase Heat Effects

Example: PBR A< B

Exothermic Case:

Kc \ Xe \
_ T T
Endothermic Case:

___________________ ~1

T T
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Gas Phase Heat Effects
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dT _ (1 (-AHy )-Ua(T - T,)
dv >FC,

> FC, = F,| 2Q,C, +DC,X]

Case 1: Adiabatic and AC.=0

2.0.C,

Additional Parameters (17A) & (17B)
1y, Z®iCPi =Cp, +0,0),
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Reversible Reactions .« <
Gas Phase Heat Effects

<

alaal @] eags

YOUR WAY TC

Case 2: Heat Exchange — Constant T,

Ua
Heat effects: dT (_ rA)(_ AH Rx)_—(T —Ta)

Ly
dw FAOZ 0.Cp,

9)
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Reversible Reactions -« -
Gas Phase Heat Effects

Case 3. Variable T, Co-Current
dT, Ua(T-T,)

V=0 T =T, (@17C)

dV ) rT]CPcooI
Case 4. Variable T, Countercurrent
dT, _ Ua.(Ta -T) Vo0 T =9
dVv mC,

cool

Guess T,atV=0to match T, =T atexit, L.e., V =V,
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Gas Phase Adiabatic

10
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YOUR WAY TC SUCCESS
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Gas Phase Constant Ta

340
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335 - YOUR WAY TC SUCCESS
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Gas Phase Constant Ta

10 v
alasl @] ety
YOUR WAY T'C SUCCESS
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Gas Phase Co-current Heat Exchange

360.0
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YOUR WAY TC SUCCESS
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Gas Phase Co-current Heat Exchange e e i ras
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Endothermic

PFRA_B
1
AN
dv Vg T 1+ K
Xe
X
XeB - Z®iCPi(T_TO)_CPA +0,Cp (T-T)
‘\/XEB T T AR = AL,
(-AHR, )X

T
COLLEGE OF ENGINEERING - ma.snal«\;@? +0;Cp,

abal @] sapks

YOUR WAY TC SUCCESS

ThatUniversiy -coaacts e S



Conversion on temperature

Exothermic AH is negative

Adiabatic Equilibrium temperature (T,4,) and conversion (Xe_g;,)

X
Xeadia< T — TO 4 (_ AH RX )X
CPA
X, =
Tadia T 1+ KC
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YOUR WAY T'C SUCCES

Q.
Fao Faz Fas
T, X T, X3
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YOUR WAY T'C SUCCES

X X
X3 X ZeiCPi (T _To)
/ = —AH
X2 RX
X4 /&
T, T
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1st Order Reversible Adiabatic Endothermic Reaction
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Trends:

Adiabatic

X exothermic X endothermic

T
TO
T _—AHgX
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YOUR WAY TC SUCCESS

PFR Adiabatic

1. Irreversible A — B Liquid Phase, Keep F o Constant
A.First order

dX -1, _kC, | Fy (-X)_k(1-X)_kC,,(1-X)
dv F,, F, v F,, v F.o

Constant density liquid

VU = volumetric flow rate without inert

v =vo(%] =v,(1+0,)

A0

COLLE dX  k(-X)

v ol0) . m—




Endothermic

First Order Irreversible

®;
balk I1SO ﬂ®1
T k ISO 1
% (1+@; )
Vv \Y

B

As inert flow increases the
conversion will increase.
' However as inerts increase,
[ J reactant concentration
decreases, slowing down the

reaction. Therefore there is an
optimal inert flow rate to
®ropr ®; maximize X.

pm— -
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Gas Phase Heat Effects -~ -

Adiabatic:

As T, decreases the conversion X will increase, however the reaction will

progress slower to equilibrium conversion and may not make it in the
volume of reactor that you have.

X X X

o X

T T, T T
Therefore, for exothermic reactions there is an optimum inlet
temperature, where X reaches X, right at the end of V. However, for

endothermic reactions there is no temperature maximum and the X will
continue to increase as T increases.
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YOUR WAY T'C SUCCES

Effect of adding inerts

Adiabatic:
X
®, =
O, =0
T
TO

. (T- TO)[CPA + H,Cp,]
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0,

As 0, increase, T decrease and
ax __ k
dv  v,(H6,)
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1st Order Reversible Endothermic Reaction HE with Constant Ta
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1st Order Reversible Endothermic Reaction HE with Constant Ta
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0s0

0.80

070

060

J.50

0an

0.30

0.20

010

0o . -
] 10 20 30 40 50 7a 80 80 100
W

COLLEGE OF ENGINEERING - dsssiml| a4l&



—@

bl gl sagla

YOUR WAY TC SUCCESS

[

V

Exothermic
(alu il
Y, Y; Y;
Endothermic

T Kc Xe K Xe Xe
[\ I‘\ |\ IK E OR XF‘
X
Vv Vv Vv Vv V V
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Exothermic
TI\/KC|\/ er\/ &V
X
V V V V
Endothermic
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Summary

* |n this lecture, we covered:

* - Trends and optimization strategies for gas-phase
reactions.

- The role of heat effects in reactor performance.

* - Analysis of reversible reactions and temperature
dependencies.

- Impact of inerts on reaction rates and conversion.

* Understanding these principles is essential for
designing efficient and effective reactors.
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