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QUESTION ONE
(a) Explain the following in terms of the gas-liquid reactions:
I. gas film resistance
. bulk liquid resistance

lii.  behaviour in the liquid film

IV. locating the resistance to reaction. [4]
(b) i. What is meant by fluid-fluid reactions? [2]
Ii. Give an industrial example of a fluid-fluid reaction. [1]

Iii. State three reasons why such reactions are made to take place? [3]

(c) Gaseous ammonia (A) is to be absorbed and reacts with nitric acid (B) as follows:
A(l—g) + B(l) —»R(l), r4= kC,4 Cp in a packed column

I. Determine the behavior in the liquid film (pseudo first-order reaction,

instantaneous, second-order reaction, physical transport. [5]

ii. Describe the following characteristics of the kinetics: location of the major

resistance (gas film, liquid film, main body of liquid. [6]
i11. Calculate the rate of the reaction [2]
Given that:

pa = 100 Pa and Cg = 100 mol/m?3 liquid
k =108 m3/mol?.h

kaga = 0.01 mol/h.m? of reactor. Pa

a = 20 m?/m? of reactor

kaa = 20 m2 liquid / (mreactor h)
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Ha =1 (Pa m2 liquid)/mol
fi=0.098 m3liquid/m? reactor

gﬂﬁ“l - @m = ].D_{" IT]EJ"h]

(a) What is the role of the Hatta’s modulus, My in fluid-fluid reactions? [2]

QUESTION TWO
(b) State any five factors to consider in selecting a contactor. [5]
(c) State the type of contactor for the following situations:
I. When My is large,

Il. if My is very small [2]
(d) For reactions which occur in the film, the phase distribution coefficient H can
suggest whether the gas-phase resistance is likely to be important or not.

'%dgAz ) : i, 2P
Fag Fa

(gJas film C liquid film

Copy and complete Table 1

Table 1
Gas solubility | Hasmall or large Rate controlling | Type of contacto
factor r
Slightly soluble
gases

Highly soluble

gases
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[6]
(e) An engineering process is planned to remove 80 % of reactant present in a gas
stream by absorption in water. Find the volume of the tower for a countercurrent
absorption operation.
Given the following data:
Fy = 9000 mol/h at m =10°Pa
Pa=1000 Pa, pacut = 100 Pa
Fi =90000 mpl/h, kaga = 0.36 mol /hm3.Pa
kara = 72/h, Cy=50000 mol/h

Ha = 2.0 Pam®/mol, k =0 m3mol h [12]
QUESTION THREE

(@) i. What is roll of enhancement factor in fluid-fluid reactions? [2]

1. What is maximum and minimum value of E? [2]

(b) Ilustrate the shrinking core model in fluid-particle reactions. [8]

(c) State the five successive steps in the shrinking core model. [5]

(d) Spherical solid particles containing B are roasted isothermally in an oven with gas
of constant composition. Solids are converted to a firm nonflaking product
according to the SCM as follows:

A(s) + B(g) — R(g) + 5(5), Ca=0.01 kmol/m3 pg = 20 kmol/m?

From the following conversion data (by chemical analysis) or core size

data (by slicing and measuring) determine the rate controlling mechanism

for the transformation of solid.

dp, mm XB ¢, min
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1 1 200

1.5 1 450
[6]
(e) State two limitations of the shrinking core model [2]
QUESTION FOUR
(a) State three factors controlling the design of a fluid-solid reactor. [3]

(b) Give two example of two industrial reactors for solids and gas both in plug flow
[2]
(c) Explain the following terms

I. ash diffusion control,

Ii. gas diffusion control

Iii. chemical reaction control [3]

(d) The equations (1.1) and (1.2) show how the unreacted core shrinks with time in

gas film control systems of solid-fluid reactions.

PB (T , t

~22 " r2dr, = bk,Cy, [ dr

R?Jp ¢ 8748 I (1.1)
“secal (3
T 3bk,C,, R (1.2)
Define each symbol these equations. [6]

(e) A feed consisting: 25% of 25-pm-radius particles

30% of 50-pm-radius particles
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25% of 100-pm-radius particles

is to be fed continuously in a thin layer onto a moving grate crosscurrent to a flow

of reactant gas. For the planned operating conditions, the time required for

complete conversion is 5, 10, and 20 min for the three sizes of particles. Find the

conversion of solids on the grate for a residence time of 8 min in the reactor.

[5]

(f) Name the three types of contacting patterns in gas-solid operation and give an

example of such an industrial contactor which shows each of the stated

contacting patterns.

END OF EXAMINATION
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LIST OF FORMULAE

Fluid-fluid overall reaction equation:

_ri{rﬂ —

+ +
kagd — kaaE  kCyf,
gas film ligquid film liquid bulk
resistance resistance resistance

If E; = 5 Mg we then have
pseudo first order reaction by
the A interface in which case —

Enhancement factor for fluid-fluid reactions as a function of My and E;:

A

E &= My FReaction
More precisealy zone
Mgy —1 approaches
E = M”{ 1— } - ... | interface

2E e

1000

Mo reaction

im L film

all reaction
aCours im bulk £

All reaction occurs
om L film.

no p!er'-er_ration

af A into L bulk.

instantaneocus reaction at a plane

an the L film in which case
E = E;

hMore precisely:

EA(E—1)

E=Eg—"—— =+ ..

Mgy

Fast second

arder reaction in
L filrm

£
S5E; > My = —

100 |-— S T T 1LO0 5
E —

1O | -
i y £ _ 1., PaCefa
AT £ B i
Ee 1 /_ A

r_\:g_ﬂ
1.0 ' paal N
[ § 1.0 10 (\ 100 1000
o M
My = _%.EE.E_‘ If E, < % then we hawe
(¥

Fluid-fluid reactor design:

For any two points in an absorber:
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- C
Pax—"Pm= FgCT( A~ Car)
Volume of a contactor:
V= a _Fﬁ JF'Az dPA _ JCM dCA
r“ C.i'_ k1 pA] "" - CT _r“;:n
N Fg .[PA2 dpa a F, jc,q,jg dC
w KAgﬂ PaPa—Prn  CrKymlCy, C;_ Ca

gas in equilibrium
with liquid C,, 0r | |basis

pA=HACA L:

coefficient on gas basis

H
A o1 0A

KAg khg kﬁj

coefficient on liquid

1 1

+ —

Kar Hpkpg kpy

Fluid-particle reactor design:

liquid in equilibrium
with gas p,, or

C;=PA3HA|

Conversion-Time Expressions for Various Shapes of Particles, Shrinking-Core Model

Film Diffusion Controls Ash Diffusion Controls

Reaction Controls

Flat plate r_ Xa 1_ X, 1 X,
1 T T T
Xy=1-7
. L L2 Pl
3 = half thickness | 7= —"8 __Pa =P
s bkyCas 2b%,Cy, BK"Cpy
‘E [ t I
N Cylinder L Lo Xy + (1 - Xg) In(1 — X) f-1-a-xn
2 xe-(E) | ’
é . R 1'=-£ ‘.r=—JﬂBR:r 1-=—p"R
g 2bk,Cy, 4b%,Cy, bk"Cpg
=]
S
Sphere Lox, Lo1-30-x0%+20 - Xp) Loq - xm
ry T T T
X lﬁ(ﬁ) . Lo PR Lo R
3bk,Chry 6b%,Ch, bk"Cy
Small particle T=1-(1- Xy L-1-a-xm
2 Stokes regime Not applicable
= 2
2 = R = PRy
“ 2b9C,, bk"C,
¥
3 Large particle | £=1— (1 - Xy) Le1-(1- Xy
g . :
=l

(u = constant)

Not applicable

R%rz
7= (const) ——
Chs

R

T bK'Cy,
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Conversion-Time Expressions for Various Shapes of Particles, Shrinking-Core Model

Film Diffusion Controls Ash Diffusion Controls

Reaction Controls

Flat platel 1 Xa 1 Xi 1 X,
T T T
Xy=1-7
o . L ppl? Pl
R L = half thickness | 7= 2 r= =P
g bk,Cpg 269,C,, bk"C,,
=
‘; Cylinder =X, Lo Xy + (1= Xy) In(1 — X;) =1-(1- X2
- | ’
g B E 7=-—an f=—pBR2 =—ﬂ|3R
g 2bk,Cp, 4b%,Cy, DK"Cy,
&)
Sphere Lox, Lo 2301 = X2 +2(1 - Xy) Log—(1-xyn
r\? T T T
XB— 1 "(ﬁ) e pBR e pBRZ _ R
3bk,C,, 6b%,C,, bk"C,,
Small particle 17= 1= (1= Xg)*? 1T =1—(1 - Xg)"»
% Stokes regime Not applicable
2
‘:é.. T= pBRo T= "’BRD
S 2b9C,, bK™Cyg
¥
3 Large particle | £ =1 (1 - X;)"? Te1-(1- X"
5 (u = constant) Not applicable
- ( l) R%rz _ pﬂR
T = (consl CM = bk"C,\g

Mean conversion of the solids leaving a plug flow reactor:

_ B F(R.
1 — Xy =R(E=}[1 _XB(R;')]%

Chemical reaction controls:
o\
1-X Ri ={1-—E
[ B( )] T( .R,)
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