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Self-Test — What Have You Learned?
1. Which equation is used in arriving at the design equation for a batch reactor?

@ G_l = V*rj b. dN,f'dl =) @ lﬂ) = i*J-—FI'] d E= mcz
2. What assumptions are made when modeling an ideal tubular reactér? > P&
Steady sate and no radial variations c. Gas flow and steady state
b. Plug flow and liquid systems d. That the reactor will photograph well

3. What does the mole balance for a CSTR become if r,=-kG?
a. G=(F-F)V e @_V =(Fo- FYIK*C)
b. too complicated d. V=(Fp-F)k

4. What is the name for any chemical compound or element with a given identity?
a. Ion b. Atom c. Alfred @Chemi(__:gl species

SR N ——

5. Which of the following is a combination type reaction?
a. 53 left: 37 right: S left &> A+B >¢C c. A, 24 d A-B

6. What happens during a combination reaction?
a. A molecule breaks down into smaller molecules
b. You get a burger, fries and a soft drink
@ Two or molecules combine
d. " Species’ molecular configuration changes only

7. What happens during a decomposition reaction?
a. Species’ molecular configuration changes only

b. A molecule rots
¢. Two molecules combine to give one molecule

@ A molecule breaks down into smaller molecules

8. What assumption is made when studying an IDEAL CSTR?

a. Innocent until proven guilty (&> Perfect mixing
b. Adiabatic operation d. Constant volume
9. Which of the following reactors usually have the easiest temperature control?
a. Blue reactors CSTRs ¢. Tubular reactors d. Batch reactors

Cot femp. kol e T
10. A packed bed reactor is also known as a fluidized bed reactor, = © TR 6% 4

—

a. Onlym using an alias b. Depends on the catalystused c. True @ Always false

11. What type of mathematical equation is used to express the rate law?

a. lrreversible equation ¢. Unsolvable equation

b. Differential equation j @ Algebraic equation
12. What are the dimensions of!c in the equation —r, =k C,?

a. moles’/volume’/time c. three

b. time/mole/volume @ 1/time
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What is Wrong with This Solution?

Problem
The irreversible liquid phase secomnd onder reaction 24 ~s B (ky =0.03 dm? /molss) 15

carried out in a CSTR. The entering ¢ oventration of A, Cao, 18 ;_I"\.T and.the exit LOHCC“"&“U” of A,
Ca 15 0.1 M. The entering and exting volumetric How rate, Qo is constant at 3 dm /s,

Gl =2 M

C Aot = o} M

What 1s the L.OITC‘\P\"IIL“H\‘ reactorn volume?
Solution

Lm 2 molfgm3

\{U“ s ii”‘i‘
K\M.. e !

{

o
A2 > Ca= 0.1 molfdm?
————

I3 - Y
N 2%
Mole Balance V= Fap ~Fy
e,
Rate Law w2 s kci (2“‘1 order)

Combine v=Ta=F
Ay

3 dm'’ .2 molA_6 mol A

Fag=v,Can =
A0T Voan p did &
3dm’ 0.1 molA 03 molA
Fo=v,Ca= . -—
A oA 3 de 5
mol

= (6- 03) ~ 5.7dm’

dm’ (" s X

0.03 A pe i
mol es Dwt'{q;-

What is wrong w:th tlus solution?

l ‘ vq_ a2 - \q :J < : : ,A,._m o T ..,_"i---—“—"‘—" vici ."v"f At
” —— -— ] : .
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Self-Test — What Have You Learned?

> _..fp - | kcn o

L

= e :kc.l}

L. The rate law

(3) s a differential equation T ®

(b) relates reaction rate and concentration of reacting species @ E

() sonly validinthe US. T (B

{d) is a function of temperature; @ F

& and s, ,  conc. L atadlas he ars

2. The rate of formation of species A is per unit volume is

@ @ F

®-n T ©

(c) the rate of generation of species A per unit volume (T) &

@rs T ®

(e) none of the above T (B

3. Consider the reaction
& A3>B, -
0 dsogyp 0 HFomation ek
At a particular time, t, the rate of formation of B in the reaction,@, is lm
Which of the following are true? e

(3a) The rate of disappearance of B is -1() moles/dm**min. T
(b) The rate of formation of A 1s-10 mole/dm>*min.

(c) The rate of disappearance of A is 10 moles/dm**min. - i
(d) ra=-10 moles/dm**min i

() -ra = 10 moles/dm’ *min &

(f) -rs =-10 moles/dm**min T

(8) Some of the above

ENAIl of the above

(i) None of the above



Q2: For the reaction

A->B

Nao, ;
Calculate the time to reduce the number of moles by a factor of 10 (N, = =7°) in a batch reactor

p—

—

for the above reaction with -ra = kC, when k = 0.046 min™ M s o INAG

,Q&
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Q1: Consider the reaction

A +2B->3C
&

in which therate of disappearance of A is 5 moles/of A per dm® per second at the start of the
- o ——. D

reaction.At the start of the reaction:

(a)

(b) What is the rate of formation of B?
4 re - "‘0 mol /p'm 3.5
(c) What is the rate of formation of C?
e =415 mol loln 3¢
(d) What is the rate of disappearance of C?
w =15 wmol dm® S
(e) What is the rate of formation of A, ra?
g = =% wol Zolm?. <
(f) What is -rs?  raje o_ﬁ- oLlSwpr—C‘ .

What is -ry? 5

mof Am3. <

—-rg = @] “'-(/Jma's




_ c A i“",;;}- - //x/yb
sy cal k10N foe ".lfcg?cﬂ h% Lo A 4htx)
V= '
C 7o

Levenspiel Plots in Terms of Cafversion. " e ) S 8

b 8o Jal

For reactions in which the rate depends only on the concentration o L\} = Ve —Ta
of one species [i.e., =13 = f(C,)], it is usually convenient to Remembering that T = L8 Equation (6) can be rewritten aB’}
report —7, as a function of concentration rather than conversjop. 5 CA.
We can rewrite the design equation for a plug-flow reactor ¢5%& V ACa
[Equation (1)] in terms of the concentration, C,, rather than in L " . _( — (A
terms of conversion for the special case when@% Plese (a
Equation (7) is a form of the design equation for constant volumetric
X dXx ' flow rate v, that may prove more useful in determining the space time
V =Fy fo ~Fa “{;_% =N 1 asasior Yol foi feaction rates that depend only oihg_ Sy

i concentration of one species.
Fao = voCyo (2)  comcentration of one specie

Now write X in terms of enteri iti : . : :
ng moWe, Figure 1 shows a typical curve of the reciprocal reaction rate as a

Fr_:f‘f pnd Eﬁ : < NN (+<J function of concentration for an isothermal reaction carried out at
= s . - Ca (62‘; ) constant volume. For reaction orders greater than zero, the rate
s X x X = ) decreases as concentration decreases. The area under the curve gives
) f 7 @99_% _ ! ; the space time necessary to reduce the concentration of A from C4q to
For the special case when v = v,, plugging Equation (2) into s
Equation (3), we get
q (3), we g g ORURP S
s }/} Fal. = Mﬂ v L
X=FRoam e W v e
. e Ca o r=oran=j_r*.a
whenX =0,C, = G = -—-~——: " E e S -
iy - when?l’:X,CA—"—‘CA . \:E_.-/
Differentiating Equation (4) yields ~l& F -]
Chs X = Ca, - Ca ) d_Ca '
- D= (A7 e i SR 5 £
Coodyx = 3 Ca.
ol o —~C¥LH/Q:ﬂb

i ox = T : ) | V4 ]
And substituting in Equation (1): G - WQ;Q__\__—;"__,‘:?_":;_,:_
Figure 1 Determining the space time, T. —

Cote
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Self-Test
| System A : ‘ System B '
&) pre )4
Lx  Ala
)Xz 5
Syshm .
VAT , dﬁb él_ S ik
= “(\' “ (c) CLM Uc){urvc
[- 3] J -

Cur ), ane :;\j@;:; ; £ r a«%
7 - Csfem .
LU J;@yﬂd(’tv-b tfs
=y 4

perbs]
Xl - 0 Xl —\\) X2 = 08
(d)
Fup

X, =065 X;=08

X1=065 X,=038
Q1. Which system is most efficient for an intgrm_ediate conversion of (0.3)7 &

Q2. Which system is most efficient for an intermediate conversion of (0.65)? A

Q3. Which system makes th&EIESIJJSﬂ_Qf the reactor vol _rl)ﬂl e., least “wasted” volume)? /ﬁ)
dscrike [ csrr Plowed B) PFE

Wil-h  ntermeding:
CW,{QI].UT) 04 ..
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e g@»@s&w@rmmm A + B > C described by the data in the mbic dedow 1= 0 be carmied out at 10
mm-‘ == 0L The feed }._0}_\12}_1}1;41%4& 41% B, and 13% mert and *’%cvmaz 2 rate of Nnai s. {Po
-ry (TR gymm)ﬂ 0.2 0.0167 000433 00086 | 0.00304
DEGCICN ST L 0.4 ({07 " 0.9
< . 3 o = :—2-
@ What is the volume of a smglcmm mﬁ;mmé
L B Lﬁu X' - K1) @q) e .%qu = 55 X wndts
- 0 0azgég T
fhk&.\.
L owot Voo 9] Lo fos Lt | W
. | 0 oo 156 =14 3Bpoo0 m?
®) What is the volume of a single fubular %or necessaryto achieve 60% conversion?
¥-o | ,,'B;_?. - ___!_____ . S’-‘éd = Sen = ©W-2 kL
- *+0. 9
- -‘.- - - __.L v SO = s 3:99 29
Xoswed o :_i_ gy = 238929
_ —L D k) .
-*:.: r.w&‘-' — % = 6. couss o ]2.2‘?5 -C? - 1-3 ‘2.‘3n$0'§
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A 400-L CSTR and a IOO-L PFR are available to process | OLof feed per second. The feed contains

41% A, 41% B, and 18% i inert. The 1rrevers:b]eLga5_@ reaction A + B = C i is to be carried out at

10 atm and 227 °C. The rate of reaction in mol/(L.min) is given below as a function of conversion:

| 1 0.2 0.0167 0.00488 0.00286 0.00204 ]
| X 0.0 0.1 0.4 0.7 0.9 |
foves b  RT = PV =n R
o w What is the maximum conversion that can be achieved with these two reactors connected i mp
series? S 4;; - C“)‘E = _Ig
Cp,_.,.:: GL“ ('0 ‘:"h"‘\ :5.' l\ol/l }_‘ ﬂ'?:
a- 08206 abm . L .L(ar;uqu) E | Ehu P
mol- ke e
1[—5‘ = O.}%’j—} !“i‘“‘ S 6] mols = & mil/onin . K= V'i_—-:; :\f“J"vaL
(b) What would be the overall conversion if two 400-L CSTRs were connected in se:___i_c_s for the
same feed and operatmg coniltlons; 5 o & 195 /o é_o0a7 "‘fgoo )

T oy b
Yoo L Yool = = s |
X,fa-?' @{XL 5 @ _'% = /1550 ebfo 5- 03?)(537“)

What would be the overall conversion if two 400-1. CSTRs were connected in parallel with = 264
| ,,, M{ half of the feed gomg to each reactor? Y - JFa4 K&K

P B e N
- 052 ’ S 1 _
:y&'[ 21}_\ #lIT s
‘ e L ’,h Lo\ Sy om
q?_ __ -l ¥ e wfl  be  inuas<.

(d) If the total pressure were reduced by a factor of 10, would Wincrease, decrease,

r X
or remain the same?  (onbinlous SYyem
Fv s -FKT
= the  Conversion
T T —-1>_r1‘_j>v£1/; L7 By fuaiwe

bl MR : 5
(e) Plot the rate of reaction and conversion as a function of PFR volum

~ Dr. Linda Al-Hmoud
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Identity (1) #: _ p/c 2.0/ identity (2) #: .

b .
Using the data in the table below, calculate the activation energy for the first order decomposition of

benzene diazonium chloride to give chlorobenzgng and nitrogen: it
< > A7

fo(Tap
| %\./ _ g
“7 (kf“! Ul(k,ﬂﬂ,.qn —d—*:, *. il fﬂ()lfl{”d&*‘é
k(s 0. 00043 0.00103 000180 | 0.00355 0.00717
,.T(K? | 313.0 3190 | 3230 | 3280 333.0
T Lol S SR 1 .
i ‘-3 ; u._;.o— '._? i.- --------.- J - S - —5 - 2 it i .-_g., - S-SR - —— — -?
[P a8 Y y ; Se 14 wo 2.1y ] 3.05‘ cipdl 3«10 J
: YR N7 T ol L i = 1
o \1/1-\__3\‘__;0;«(53 I .
R T AT T
a g 2.16 - J.io 8 :
el Q | (20) ~diplézl
2.0 -7 be 3.06 ) -5-% A) N o =
5 ot Sy (14 torer sepr 1y Slss =
(J i e M = ] iﬁm.-w‘mn E-” e
5 Y e
LS~ Noloe= - _
[‘P" - __¥ .-_%3_ K é :_S il‘e o —cf\lm\x.\_.‘\()rlt
8 | g B
-3, — i
-4 75 7 3 j ; : ._%_-_.;_ 1 ALl
5],?_(, A l'q e AR % : =% E L e
F-i-u N e b _;__‘:__ ‘j _____________
-14:- -& - Cigls AL ) IENEF AR EE T
& Jﬁ : A { i | {
5 A SN S P 1 o e S U S AL B fon
q R - - ;’: i o 1-— '"""*_'"";"“"‘:t““'“';“"'é“" L T ?__l__;f < W0
o l o e _,%_,___.’3_._..._! 01 — 3 - S ’ . ‘__: #r—;t—ﬁ::’ki -,.-___.,__ . ‘. (R = I. -

8 i TR R E B R % Ay

E - 'lL{ X—g 3,% e f oty e R | ‘
—— | A NE RN AR NN
g,us'?qcktr/!f NENEENERENE NN SR
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Pop Quiz # 1 (Chapter 3)

- g
NAMB! ottt ad | 25 ID® R
Constder the following elementary reactions X
. ¥ i f: w S A b
Lo =h for: # e 3

; k
U I S (1)

; K, Hy\\ dge 1%
Z) A===d=p]) In I (3()\ L s
\ (4) Ed

]

4) AR 37

-

_ . Tk o L FEMPA I o,
CH Al - - i , ¥ F
=Y = & TF, & s "i'

1) Which reaction is virtually lcmpemtureljugcmiﬁ@? (1) 2y (3 @
> e

. ; r» Same S
2) Which reactions have the same activation energy? 4 AND 2.

3) Which reaction will dominate (i.e. take place the fastest) at

—l—= /

A\l T T
(a) low lémf::fulfu'cs? (b) moderate temperatures?
m @ ¢ @ @ @ o @
: Wrooerztz
\ ‘ ) Temperstirs
X 1 ! ; i
: = b A 5
e L Y ¢
k| Ne S| vy o :
. NNk Y7
SN e e Ink i i ’
i N Lew ey > W G
MK bAfaspes | % g o R U .
SR L kg>ky sad B agla b
T Low 42“ Xom i \
b1 /Y\T Temreratue (‘: ﬁ;ge of i
an AT et I
4) Label 2 intersecting points and complete the following sentences-
O us 41~ At point __#1 ___, reaction 4; and reaction 3 will have the

yﬁ—-{&ﬁ:
\r-—'j" same rate of reaction at a given temperature,
P S

~A-Cen  2- At point P , reaction .__i_ and

reaction Y will have the same rate

of reaction at a given temperature. e

A
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in-Class Assessment # 3 {Chapter 3)

Partner (1) Name: __ ¢ . J o F | i, Partner (2) Name:

Identity (2) &:

Production of Nitric acid

oxidation of ammonia.

I. What is the total entering concentration?
What is the entering concentration of ammonia?

N
bad B
V }

Express Pr as a function of X.

0. 8‘5 40‘ 3
[o 0345 [o6357]
Fhe
% ‘_&/ 0 2

SLamaHiry o Cr ot

- o =
DCTOS @Tp’;

@ C'F\’u = t)p‘" CT’Q

0.9 wot/bL

4. Write the combined rate law solely in terms of the meotas
3(a) and 3(b) above.Essume the reaction is first order in both mxm%m the specific reaction

e,i”iﬁxn 4NH; + 50, = 4NO + 6H,0
The feed consists of 15 mol%)ammonia in @inat 8.2 atm and 227 °C.

TR T “'S&.—

R L '___'_/__.-._—_—v-'\.__‘/—"—
rate at the given condition is 5000 L/(mol. min). k
o -

Pe= CRT
C o s-0%80¢
B2 ok » ~
& { 114 *m?)
C = o \q&R
™ 4
C ¥Ys.28

Set up a stoichiometric table with ammonia as vour basis of calculation. :
a. Express C; for all species as functions of conversion for a_&%@—yﬁmzﬁ reactor,

et

=~ JJ‘& B

b. Express P; and C; for all species as functions of conversion for a\8ow ’“.a.fzcnrm (A" comt.

a0t (608) & 661 = A

~Fates and rare law I‘L"ﬁﬂ)ﬁﬂ\ for
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Niric acid is made commercially from nitric oxide. Nitric oxide is produced by thy g 'b‘ﬁﬁ )
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Partner (1) Name: SsuS5) o . Partner (2) Name: S s s
identity (1) #: identity (2) #:
P3-114 etric tabl

Set up a(stmchlometrh, abj‘fur the each of the following reactions and express the

concentration of each species in the reaction as a function uf conversion evajuatmg

constants (e.g. £. ©). Then, assume the reaction follows an (.lcmenwrv rate }aw and_i&me
the reaction rate so]eiv as a function of conversion, i.¢., -ra = f(X).

————
o —————

(c) For the isothermal, isobaric, catalytic|gas-phasq oxidation

on— cantrort Vo lume

N

N\

_ X
C.H,+40, —— CH,—CH.

~PAIO Lymitang reaGuak
the {feed entersla PBR at 6 atm and 260°L and is &#6toichiometric mixture bf only oxvegen
_and ethylene. s S 5 #,;i_v _ I3
o, fe-
1O Ly g, - e e
9o ‘/)ff’[sﬂ . Cz P/q_n__‘l 2 — Ol OcHs AT A
4o, Ve D Tut  tom  Stchiomemre

O Staich,. <cable U ek
Jen e
Lo spmbol  Fd il

Ffa.
C’-#\ﬁ i ’ T
S Y [ﬁn(és*z*‘
2 Iéo-z 1;109& = "‘9"
O
e —+ -(;%X -Cﬁo X
et c Feontd
Q;'-——Jg— ! Sy
Ta N e SR R t \
T T e L T (- % A4y
% C-p) = C_:__ﬂ__ﬂ_M.L, é &
2. (’ = g) = —'}L
Cc, = Cﬁ“
(MESJI.IHChFJ\lcnI Reaction Engineering | = ICA # 11 (Chapter 3) -~ Dr. Linda Al-Hmoud
- .. k Cﬂ (_n o - . é_
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Calculate the equilibrium »un&lxmn\md concentralions for each of the following

S - TEAGHONE. e

(a) The fliquid- P-’hd‘f‘@!mcnou
covr i/ UO/W'L; A+B e &£ ‘{l’?/@«/‘ffé((
)

with CAQ =Cpo= 2 mol/dm” and K¢ = 10 dm /mol

prr——

(:Au = 4.{9

Vo

. at eGuilihpi , ;
BT W g,

s ELCH S = H A,
I'.r.

G- G ()] e S

C4 - &O(QE—X) -~ s -1 @@

{CB e (0 Ba & Al r-o.§l o4 el
.
C;q, (Be +x)

Cee =

ﬂon—-a;nsf— = 3C
Vo lumne . @ 2> revers bole

carried out in a flow reactor with no pressure drop_—,qu.Eg.A ente'.s at a temperature

of 400 K and 10 atm. At this temperature, K¢ = 0.25(dm*/mol)>.

— —

e B lCs = ccf) Cpoo G R ()1 ata)

@RS 0.0% 20( arr-t

ke e 3
GGl 1) el
= [/ —x i = BTPAS wmlll
€ = Bé\i‘&
C = CA#M) s Oero @ w3 & :('l\(l)
(e Tt wvikes P =9
'7[(—:(_-, =0

= 3Ca X
[+ €.

-/p =

A ey m/)'}""u-n—-.

3
Ca (1<) _ (5 CreXe)

[t dXe ,é((/-ﬂl)(é]”
7o (6.205/)( /—o05%) - 0.06 mel/|
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Partner (1) Name: ___ 5 > g—*), 4}; Partner (2) Name:

identity (1) #: Identity (2) £:

P4-13 Comspound A undergoes a reversible isomerization reaction. A = B ower 2

eT 2 SuppoTied
metz. cztalyst Under pertinent conditions, A and B are liquid. miscible. ané of mearly identical

n@';:g__'.:jh:-_- equilibrium constant for the reaction (in concentration units) s 5.8 fored-bed

\Zotterma) flow reactor in which back mixing is negligible (i.e. plug Sow). = feed of pore A
ENAATEDES 2 net conversion to B of 55%. The reaction is eiemem ;:-.f-gg;:. wenticzl Bow
Te2Cior 21 the same temperature is placed downstream from the first, what overall comversion
of & would you expect if: -

$Z/ The rzactors are directly connected in series? (Ans: X = Q.745)
({5 The products from the first reactor are separated by appropriate processing and only the
~mcomverted Als fed to the second reactor? B )

e }15

(S0

Solution (2): Follow the algorithm step-by-step:

O~ Drzw 2 skewch of the problem and write down all given information- K- X, coud oy o
e M X2 0.5% —

=4  w JFE.0 w B X-2

R = -
O e, - ? -
P T = =l wols cmeped at foint @
o e };:a( i -ﬂ‘rgf YA e )
- VWi bala uation. Remember, the mol
i ixrdzm nce equatio ¢ balance depends on e
- b A

Aeer ¥

i

2- Wirite the rate law. Ask yourself: is it elementary or does it follow elementary rate law?
i k st

i

|
L

sl /; o ﬁé & ¢ lem €-r"~-f"“;l

3- Do the stoichiometry (i.e. write the concentration of species appeari @ the rate law in
EMB

terms of conversion). Ask yourself again: Is i r gas phase’ w moe?
La 5
; » 5 Ve tYea MNe $
N F 4 o - f . 8 .
~— = 4;:: (‘, f)_‘ ( A o ( } i )
- V5, it
e Wb, e . ‘_‘;“'

ﬁ.u!:-u
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il i?w oy \.\'i'-cp" 5 t.)3lB?NE. This means putting the concentrations in step f?) back in the rate
kaw (), and substituting this rate law, which is now in terms of conversion, in the mole balance
yOR Wiote in (1), B

i
- ) - o= S
[ <1 = *\\. ﬂ A PERCUTE S j; Qg(f\ . ¥
= il o )
L { i =
j. : 5 { aw :
A X . 2 p
. — P . M
L F A T e~ i % f s {
# U “'Fh - f "‘/ f it J
~ / - i
T b K'
3.

o’

S R T
\ ol iy /;. \._

——

I 472X,

tc
S — /. 172 X _._.;h.__,._.,
A( *|;?)J ﬁ“ l.. Y xl

” 2
Swbvikube X 0.55 and Ak, 5p (1- HT2X) - jelF2
- . |

e Rt
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In-Class Assessment # 15 (Chapter 4)

s

Identity (1) #: Identity (2) #:

e

(r.f'f)f Jolunt
The elementary(liquid- phasg\reactlonLj B - C)is to be carried out in a ﬁSﬂ

Riwith three

] mEEIE § The mixing patterns in the CSTR are such that it is modeled as thmekgua! bl"t‘d—q\l

CSTRs in series. Species A 'andBrare fed in separate lmes to the CSTR, which is initially filled
With ineff material. Each CSTR is 200 dm? and the volumetric flow to the first reactor is 10

) ( m‘w ")L\

dm3/min of A amlo dm3/min of B. L
2 (n Cg,,?,———gf—“—(‘

gzil B = kGa (1

A. What is the conversion of A?

)

<>
=S %inln
<>

200 dm? 200 Ju? 300 dm 3

B. If the three tanks were connected in parallel with A and B split equally among the three

reactors, what will be the conversion of A? ,c

P Q&Mﬂs

Additional Information

. /e =
Cag = Céo = 2.0 mol/dm? » S
k = 0.025 dm3/mol/min oint Cho — s

?O l-i'l‘ lfmh\

Céo &
Mges =¥ Ngo =10 Cj"‘:'_iﬁ i Fou
3 A _'F-'-u Ve
\}o - |O+l0-—f2@ 0"“ AH‘I B
G = D - (Cad ) Vae)
- Ve 3
Mo Ngun Na. /i V.
o
Oﬁo g .I:-B"',... e @“ 10 me ‘/ﬂ?n S | mo] /Jﬂ\ Sd (br
Ve vt SR a/mf/n._,,-..,
_MJL%LM“ ors in geries &\) s
X.”, —_ ( \ < —_ﬂ_‘_r:i:- - .0 a8 Elm‘ » -’.ml\ ’l-{q:-_\
= @ﬁ-—-—"—"_' aolmin uj" : )
(/’f I)d) \.BCD ,—\_._.____&______ _:{;{HQ
B Do -0 25 |
| =
S S I = W ‘ qugg =X s
%
(f.f;‘) »b (/'/Jt_.) '{,0. {}\.d(j "\i*‘-"’\'
@rds B tz‘\'[
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Partner (1) Name: Saw) o & 1.4 Partner (2) Name: il
Partner (1) ID # : Partner (2) ID # :

The elementary isomerization reactlon[A - B)is carried ou&isothermallg at 20 atmin a
fluidized C CSTR containing 100 ) kg of catalyst, where 50% conversion is achieved.

— S e
WwJ \

Po =20 atm
Fao

+la “‘;”J‘SN‘ 100 Kg

CsTR
X=05
L W= - _>Pg 20 atm

It is_proposed to replace the CSTR with a packed bed _reactor
csT R i @

PeR = pg=20am Oog il Po = 10.3tm
Fao OO

X=7?

The entering pressure was 20 atm and the exit pressure was found to be 10 atm.

A. What would be the conversion in the(PE@ﬁ there were NO pressure drop?
Hint 1: What information can you obtain from the CSTR?

What will be the conversion in the new PBR with pressure drop?
Hint 2: How do you calculate the pressure drop parameter, a?

=]

©
i f D. Suppo Id ch i
Plot the conversion as a function o ppose you could choose another pipe

G- pwer assume everything diameter to hold the same amount of
@ else is unchanged. Why does the X- catalyst. Would you choose a larger or
dp curve look the way it does? smaller pipe diameter, or would you use
mass koo for ( fike bod the current pipe diameter? Explain.

X
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@mﬁ’ laco
LA kiCa
@ &U‘dlbbe}ry_:
Ca = Cﬂa('—x)j/ T s e = (-4
EHQ):JMO ‘ o N—

A ? ISQy}\ermf

@ (}_)mblhe
_..rﬁ::.kcﬁ#(l"X)
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Partner (1) Name: Oy oy Partner (2) Name:
Partner (1) ID #: Partner (2) ID # :
What four things are wrong with this membrane reactor
solution?
A-> 4P **"-
The W elementary reaction >
-‘.‘ZA-&@-%:ZCH""' o J/ M(—-) %
Uteriym )Cua.a_% ‘w*y 3 Cm_04d1101 1_‘3 #éo‘ 5
il 3 - i g - 0.9
T el IOF A [———J

Sy S SE "’,\’ =5 Fao—mmm —-(L__)——r weep gas (et 99«4)

olor [ fousr rate— /FJ 7 take (@ e &
w.[d {\JJCB,J& (})J/ L}) - (qs

\ , b ? } e (AJ Lﬂ‘p

is carried out in a:membrane reactoihnﬁu'hnch there is pressure dro mth(_ 0. 019 kg F) An equai molar
feed of{&and inerts [I) enter the reactor and only species|B|can exit th_g__membrane Plot the conversion

“of A down the membrane reactor containing 50 kg of catal st. The specific reaction rate |5KI<A =2.5]
dm®/mol/kg/s, and the mass transfer coefﬁ_gvﬁ)entikc =15 dmm

Proposed Solution

= Differential equations

ok bafance 1 d(Fa)/d(W)=ra o

for cacin Z—d(Fb)l d{W) = rb-Rb ihats woor i e A sohib
CbrWPUr\w'Q' 3 d(FC)/d'(W) =‘rc / xist

£ Explicit equations =
EI X (IR = Fa+FotF +Fz 1

2 k-a - 2.5 M TOED

3 Co=04 &

4 alpha=0.019

g 72 :
dn o B Tr X(5)y = (1-alphatW)p0.5 L
TR g g Cl,

7 Ca=Co*Fa*y/R
3 Uk
s~ C okl (B =kt
ek 5 )
@J[a_'fbfz ;
Wre=-13 “ oot
k=15 v .

000+ T S0 200 Y
1/ b T T T T

, (0905421) Chemical Reaction Engineering | - ICA # 17 (Chapter 4) - Dr. Linda Al-Hmoud




ok ‘{ ';' 3
L e 7
(@lakv e foibt
" -
Q £
T - _{_@ g ]
e 3 "_':");
- r o s
(B = B S

. R
' Sl - Y
_sai Gog S
- #
cb g-‘t.f‘/l Oha ' P

o O
,/_[:":.o';_- ~
()
= Wdiad =0

e w(b} = 5p "_'_f

¥ 7



School of Engineering
Chemical Engineering Department

(0905421) Chemical Reaction Engineering | In-Class Assessment # 18 (Chapter 5)
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The reaction A - B is carried out in a constant volume batch reactor. Determine the
reaction order and specific reaction rate from the following data.

: . | = S _, |
t (min) 0 {10 | 20 30 Eon) | © fio ] 20 %0
CA(mol/dm®) | 1| 0.6 | 04 | 0.3 |4 (Ca) |0 pom |- 12
@ —Acﬂ/bt 00‘4 [ 0.01 ] OIO[ e SIS PU—
- "‘LCﬂ /db 052 IOCM a-6i5 “ "’06 - {{(ﬁ/Jt 805 'eed (o cig o0g
P — f o = ———— e —— . — ____?____ r f =
Low Lo dCp A+ {{n(——dO,&-}E -299] 35| -4 -84
v.
ok |=-3 bkeoloyqy
f'/’_o&Cf\ﬁ a(.‘_. 5,‘\}?:: - = -_f +4, 7 = D]
di == —= S 4 olas \_,V/
A
I: ///
‘. .//
!.i /,/ 0( = &ﬂ'(& ‘, *:_ i d;
\ L | i T
'1 // ¥ | f -l | -oft b= I-n'; e =2 N
g .t (EA) L:-J
|
-~ nCa
oF %
0.082 J
0.05 .g 2
e,
o
o.04 —“‘-“'J““.‘i_ —p 3
= e |
A ., 0 ¥ a—
. a.c_;.:ﬂ’ al -
0.02 R
N L
g.013 -e':lr-» \'
0.0\ : -
o (?&IE
o e 20 3o (&)

(0905421) Chemical Reaction Engineering | - ICA # 18 [Chapter §) - Dr. Linda AlHmoud




T e A MR W e

2. Numerical differentiation formulas

Time (min) 1 ) s Iy I Is

Concentration (mol/dm?) l Can. Ty’ Ga Ca  Lar  Cig

The three-point differentiation formulas’

Initial point:

(f_{_(;j} i —3Cp t4Ca ~ Caz
| o

dr 2] ,
Wl 0é od : - oY k
dCe] | ol q(o:6) s
k At /it 2008 |

dC
Interior points: (———'3 =oR f[(CA{:'-I-l} CA{:-—I))]

| d ! I 2 ;t:} ?«u uﬂl) =)
el m om0 7 lrermedies Zod foirt ey
! kQD(_ 4’*5 gq\t.&i_ él_fj), 70_)_1 w L e
06 R4 o3 o (éi—);a-w . —a0¥
Last pont: [—J;&) = EA-?[CM 4)CA4+3CA5]
3) A &) .~ q(o-U)+3(03) __qoos
ot <2 (g_jf_ e 2(\0)
Ay Areas equal for both
At 37 sides of the histogram
— \
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T
T B
t
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Partner (1) Name: (5 ud ) dbey...... Partner (2) Name:
Partner (1) ID #: AUSZLA6 Partner (2) 1D #:

reaction of methanol and triphenyl takes place in a batch reactor at 25°C

cnrou+(r:gh(u -+ (CoH)3COCHy + HCI

e e T
For an equal molar feed, lh(. fo!luwmg concentration-time data was obtained for!methanol y . B
&
e i TSR S .= kk-ﬂ s
-- > e 7 (W) 0 0278 1389 278 833 16.66
©) " Catmolldm®y 0.1 095 0816 0707 050 037 =L C*Ca
(4 r— ...-'..E’

The following concentration-time data was carried out for an ..mow
of 0.01 mol/dm’, and an initial triphenyl of F0.1 mol/dm’:

Copo =0:0) it B
" M_ﬁlg)d — l G 3 2 8. A - P Aot
(_::/4,;01— O = ‘r (,,:(molldm) 01 2000847 0. (}(J‘??S 0.00526 0.00357 c};‘ff;ﬁ‘-/bé
£ = LT = :
L/Betermme the rate law and r. rameters,
_—-{ﬂ - .43 ‘;ti
"
> o - £ : v
CleP Rt
t i""—‘( A /r £
i N
" -3 |.6
N, K12 %10 7 e A
N %
B o A =0” "
/ '
| 5 lf:\\
| : _: P
! / 0. &35! ede
i Nk .
lo A 06 I!
6.4 i ¥ 4
| . 2 fat-tin 2
* t
P2 oY B 94 5. & ! 10
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P5-10 The gas-phase decomposition 4 - B + 2¢ is carried out in a censtant volume batch

reactor. Runs 1 through S were carried out at 100 °C. while run 6 was carried out at ] 10 °C
(a) From the data in the table, determine thy reaction orgjer}a naﬁpeciﬁc reaction rate

(b) What is thd\a_!c;iya,tjpp_;jl_\‘_gwi;;}i for this reaction? & )
j -
[ | initial Concentration, Coa | Half-Life.t e
' i + £172 | ol
a-.{’ 1 00250 3l e - -
20t A= g TS YAt 3.68 L4
e | e (.].'l?_l.',‘,':__ ?'? ~ ¥ = . i
8 0.010 98 2 g -
¥ 3 e = il ) dam
| L = 5, SO 0-£3
CRLET T B E i
£ —1 6 0.023 2.0 SR Mo
o !{’tqjﬁ ol s '3‘_2, 5 _: o - Y é.,r];c
Vel o 2 ) 2
al“'___’f'_"c
: &> Sippe = _H "' ‘u — S I
- »./' < 2 | ‘._':‘-"1“,1
A> 1‘_;\ Wpe = | -oX
w) | =X
o “-Z’J ord er ﬂ"!‘ fxn, (-2'4", "’r&’_ }
o~
f -
In }-‘1/2 = An ’J o | () [!_]’ o :
_ 1 | ree A henus 9
(8499) = Ly 2'.1 (-)(-3.€8) | L./k - £ (J— ._ J_)
¥ L o ) — e T
k(1) ! VK / L ; ?;
9, %3) dmd/ mel: min o \ ’0‘_2): =F At
e | 1493 %.31y 398 383

i K | E . #5:5183 T fou

— K: 0.5 b (E‘)

5 o

v 1 ' 1 ' vy v - J e ——
P R S ¥ et i 0 ]
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P6-12 The fullowin;{l_iquid--ph:n:#@, reactions were carried out in a CSTR at 325 K.

A S A 4 "«L‘..I nlid klACA qu = 7.0 ml’n_‘j
& A

204 A~ D) fap = kopCall kyp = 3.0 L7 [(mol?. min)

4% 3¢ — > IF rie = kseColCe ksg = 2.0 L/(mol. min)

The congentrations measured inside the reactor were m CB =0.93 C( =051 L aridd
(f p = 0.049ll in mol /L. ]

(a) What are Fiar P2y and ry,?

fehealoCpl [ D8=s
r'x.ﬂ‘ - {.EP._
o | 5

(on-- e |

(b) WBdt darc r;u, r)lh ﬁnd r;n

] o __|
[FiBeo |

(c) What are ry, ric, and ryc?

e - K ca]

&-.c » 2l kme_QJ
[re--B e

(d) What are ryp, ryp, and ryp?

/

f,,D~ kz ( Ccl
o g ho )




(¢) What are nes 1, and EE?
T

( (GE =0 J P

[ ek )

() What are the net rates of fqrmation of A, ?i’ C, D, and E?

o
=

rﬁ,"ﬂ- = E'—Cﬂ' - 3%_. kL.CﬂQ'z 'k3('_DCC
; 3

ko Ch G 7= 1 )y Cole

(Prnu ==

L ne = k'3CD C

(2) entering volumetric flow rate is and, the entering concentration of (A is
What is the CSTR reactor volume?
Paft/:(h), (), (j) are HOMEWORK! (Solve them using POLYMATH or MATLAB)
v = ‘Fﬂo-—‘FF\ - tﬁ«:*cﬂ)ﬂ,
F:2 . FO0 L/min s = - s

% el & Oy ) ol

i
b ol
VesTR =7 i s B
C. . 65 mal/L a2
~(3 -0:t) o0
i g iR ioils 36 NfeED
(7)(?" o

Coan s bheds ALHmoud
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P
The desired ‘u;wﬁ@wmnm A+B it*@,{ R =1 0C,Cy- 7

K g
IS accompaniad by the unwanted side reaction A+B —2(5'5-1- U Ts = L QCA C

a. From the standpoint of favorable product distribution, order the contacting schemes shown below e
from the most to the least desirable. - Ca - C

=

©) E@%”
| Cu. Cp bort ngh | Ca. Ca both low Cy high Cy low
e Cg batt g 2 Cg both lo A Lgm

b. For 902, \\I"\ erswoa of pure A and pure B, both of which is fed from a stream oF

g Fe

concentration, what milbcthc c[\era xneldo @/CR, and Cs ina (Ao

ik Hij plug flow reactor; FER )
law Ca

l"'n‘ = S5 eawd /& ‘- Lhe =i VL X:‘L i &C‘aug 4‘6

\_‘_ LY - ‘

_[5
o melt pCa:Bell-Ca L o

Lo = S 2o

a0 e | Fd:

o]
?
g &
f



(’\0&5 work -ﬁ._(g\)

®

IS med /L

— CA: = 30w/l Che w
——e CBo’ : A0 mol/L] Coo = Iy wod /L

xﬂ o o'q QCfLame. A \Jﬂ‘v.mv hﬂ"" i€ ’*-'2:’
Cﬂ = CAo (/ '-—X)
o0 (/_ 0.7)
T g e
[:(‘_ﬂ - 4 mof/L = Cyp

@ PER: (Fly floo reo Clor )
cvecall ‘éc‘ild of R:

1.4 e B
ke T iR i T

-

) el T o-1
Lio-Fa  aXCa-22Ca ol 9 7.
4 D mole  talance
’ dfa _ g
AV
T R . edCn
Av= “’H‘- 0.4 o5 19 L3 23 \
-GGy -G -G -G \

1
‘
\
A

i

JU - A-'él = d;ﬁ_ﬂ L é—é %
— re rs
L__.-—--»A-——-——"'—”_——-—__

IneeJ & know C,;:p" \
bk o phda SR G (G R b

5 re rR -(Cﬂl‘t. C;g) Cnll; gf(.“_(“):' Qﬁ"’x
A "T"Cﬂ b
[+ Gq > f = o
A s C- i ’
1".’1‘_‘6—“&)—-'@ » Co - A (w0)
1+ Ca P4t /

| Ch. » bl  we'fl
o . ]



' P {)ﬁ’ 7
Caise  gho Shack . Kre P U Sl
— [~ Ualé

Cae s e Gai

Al M TS

C}_ s 7"? nu.://

e
e t——

@ mixed rea crorr (CSTR):

D mole dalunce
\f ‘rﬁo- F—R,.. E;
w.::s(ao-o.») s 5 G G-CG . _ijo-1 .
Chx Ca s (I+ Ca) I+ |

S -4 i)

Cpo = Ca + Co+ &
- | + 4.5 + Cs

0
F Gy =5l

@ poral mdler Flov rare

B < OIE"O‘ ﬁ/L
5 VL Cﬂ o i g" = __L,‘_):.Q_O)"__ i tq maf
: e el B 3 Ob’abd | +0.0S . c
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| _gtream
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P6-6 Consider the following system ot]hvusn@_‘ hasglreactions:

S cane = kyC112 ki = 0.004 (mol/L)Y/? /min
A — R | rry = kZCA k2= 0.3 min’!
s ty = kyCi ky=0.25 L/(mol.min)

@ is the desired product, and X and Y are foul pollutants that are expensive to get rid o l‘ld of. The
given si milc reaction rates are at 27 °C. The reaction system is to be operated at 27 °C and 4
)

atm nters the system at a volumetric flow rate of o

(a) Sketch the instantaneous selectivities (Swx, Swr, and Spxr =15/ (1x + 7)) as a function of
the concentration of A. Ca.

(b) Consider a series of reactors. What should be the volume of the first reactor?

(c) What are the effluent concentrations of A, B, X, and Y from the first reactor?
(d) What is the conversion of A in  the first reactor? -

(e) 1£99% conversion of A is desired, what reaction scheme and reactor sxzes should you yse

to ma:umlzc Szar?

(f) Suppose thakE, = 20,000 cal/'mol N2 = 10,000 cal/moly and(Es = 30,000 cal/mol>
mem W nu!d you rmouunu\d Lr a single CSTR with a space glmmf 10 minutes and

an entering concentration of A of 0.1 mol/L? T Q 7
‘ \_ﬂ\}_, 0, ) k = ¥ _

N gl R e i
& K W3

& s X L

g5 S
,}8.‘/)« - e - - - k»—; (_A ‘ in &£ - ‘\lwﬁl i

Cm |




s phage
ﬂ = by d : (_L r)< = k* CQU'L J:{ = 0.004 (rr:u:}l/l,)ﬁJ i
A ‘_:,mr\e .
A S kz Cﬂ k—’l= 0.3 min"
£ [ E o ky = 0.25 L/mol min
Be £
DOE’O L/rb}n
( 0.
B S8 iie CnaY g
oy k, CHOS £ ¢.o0Y -
Sf?’/d rB k? Cﬁ b _O_é_ Cﬂﬁ '2 C*'
g g = . A
'Lg C«ﬁ 0.25
Shdy — TR dCa &
g k G’y kcn? :
I \—Li"aln g%nr-g
;- aprimum .
& Ss/g \ Se.fw !
/X g :
Ca Ca Cn
S o o g Geo
® b . e
¥
= e Gk (a4 Y i O, He CsTR shoudd
= l’-,.o:'s_{: k’- ﬁ”* L3Cﬂ él' '&p Wﬁ?’ﬁ exi— one.

Ca”

R
e e

V = yo (___Oq_f___-——- o (Oto-s *__) = ,4{“,’ CAG:—f_ < 04D
—14 Fca' ik, G b(a RT  mol

7 e
o (6162 ~ & oY)
& a. 7
\.,__\(().UOLI )( 0.091) 5+(0.-3)(0.Q\-1X Q. 1'5)(0.0‘4)




o How Fnd o
o ' e ‘T‘M“L_W Qa,/xg '
b, " kz Ca &
}C 0.5 .
'\ '+ Ca + Ls Co
\ Wg;\,
ol (s
lkn ol Py 89 ) o (0 5k, Cﬁ . g Lkg Ca
l‘ ﬂ 4— ) s ot
= A .
M Y )((;ECM %" 4 025 Gr*) - (0.3)G (os vo00M Ca
& H O..@ =p mex- Selechyy - 10 + .4/0 26y C

‘i

VCST£= Fa - s \’= B V- ry‘p’/::
- £ G
g, G A T-_&
s k. Cﬂcﬂ‘s tk; Cﬂ g
7= La Cx - (G-2)6wn)(00u )

C(;, (9.2)( 15 Y(o-00)™

Cx = 00074 mol ,,
a0 #) Ve
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k: Ca
@)= Co’
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L o i
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X"" CRO‘Q = .Q;M" 004 2, - 0. 98
Cho 0‘-/61. l




o

& CSTR fowed by g PR chulbd b wed.

req, uired. X = o4
b for ok AT o Rl T
I =1z
(JV =(-Fﬂo J,){
o 094
e __._I-_)_‘)Cﬂa s fd/x

ki’ kitie ks Ca* s

o gk
/ ’(MM—@B}(ON’)*'/(OM)

Ospme 1 Othermal  obant  operation

and we  fnow M /
plo- v/

A LGRS
$C:A = Cﬂ-a ('I. —"X)qu £ CH .62
Jx

/ 162 e
v (/O)(C\ ) f[ouobl) Cﬂ (I X)+(0 )(, gzrl )(J-{-(OQS\MCQ) (i—x

oli( 1= -
"

§¥\§

o /ﬂ&//m%m ———



(0905421) Chemical Reaction Engineering |

Partner (1) Name:

i . _ﬁs&-; £5

In-Class Assessment # 24 (Chapter 8)

Partner (2) Name:

L1
-

—

Partner (1) ID &:

Partner (2) 1D #:

Examgle PBR with Heat “Exchange gg and

ment Iy reverss Ci0
The ele nentary reves =3Chon

N TD "'p‘-:':-

temperaugﬁ.u—_. We wa
“Write a Polymath pmgramto plotXand T

!'Pressurt, l)rw)

e reactionA + B < (:' carried out in a PBR with constant coolant

i

rmine both the conversion and temperature_nmﬁles

vsw

PUATTY  fa25 kealfmol

Fap=5 mol/s! £ AHy, = <20 kealfmol
cookert. » [ g
FBD“ F‘u lE - dﬂ\ﬁ @310 K
rextonmatme ./ i ef* e o *, % , ¢ = 0.004——ee @
R=F.. —*J) el% v’ ¢® o 04 %y kg‘mul»s
—1
L=ask] TT—>\ J Ke = 1000@303 K
Concontic Pive o = 0.0002/ kg
W= 2500 kg
Cp, =Cp. =Cp =20 calfmol[K
Cp =40 calfmol/K
Ua cal
o — =05 =%
T, =35 K
v ————
Solution:
1) Mole Balance: g
. L& 0
o 5 e =5 melf
2) Rate Law:
_.rn - k(CRCg‘- %’)
ko boop (£ L)  Kae cosd dnP s
T, = 310 K
meol-
k. _ bHgx (—'—-— ~ )) Xy (OO0
il k:a. ex : 52
R 1= 3

::C‘QQC"'K} '7"':3-"
T
(D6=-¥)
CB.S C’;*U e
& cak y L

‘b‘Hl)t = 2 00(55\1/}“.-’}

imcq._ﬁl Lo

Dy ovad
T DPow G oG

k£ X (0905421) Gmmcal Reaction Engineering |- ICA ¥ 24 (Chapter 8)- Dr. Linda Al-Hmoud
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(P8-3|CSTR\with Heat Etfect

The endothermug{iqum ph‘l-.q,)vh-muntmy reactionl A + B -.__zg(vexeﬁds substantially to

completion in a single steam-jacketed, continuous. turred reactor. From the following data,
calculate the steady state reactor temperature

e & e e

R';‘ i-ﬂr 54, s /¥ i 4';"‘ < e anll:
Reactor volume: 125 gal

Steam jacket area; 10ft"  [Agaztor s«haﬂMr 25hp

Jacket steam 150 psig (365.9 °F saturation temperature)
Overall heat-transfer coefficient of jacket, U: 150 Btu/ hft*. *¢

Heat of reaction, AHj, = +20,000 Btu/Ib mol of A (independent of temperature] = Cpz o

| Component / g c |
Feed (Ibmol/hr) 10.0 10.0 o |
| Feed temperature (‘F) 20 20 Y]
Specific heat (Btu/lb mol. F) | 51.0 440 475 |
Molecular weight | 128 54 222 | .
Density (Ib/ft’) 1 630 | 672 550 | : }\‘
LB - 7)) +3OCpi (T- T2) ' )
XEB = ik g
e AHﬂy f &mc-7 | /0 : ‘y
Bub thers s s [ + [eases 28
: a3 i A L i
Q = Un i 2 T'J o lbrol/h
S - shetr work) |+ T-20)
Lol > (g peglepion—B0-Sh f%—( o/ T
J - 6355 brr / ho 70iCpr Cpa+(1) 8 \
,&@25 L" | 95 Ba
pe oft h‘\c %‘J% l . k. ST
& [ h(r T )0 o) )
P G '%:" BJ’W\..
ro X 1 Coabia (At ' =a >
S i e Lt g
e f'“ﬂ = k Cn C,B “ﬁ: CXTJO Efu /'J. f}.‘ e |
I - = ‘tCP' !ﬂ """XJ "
Cb = C-ﬂ‘(, ...)()

- ‘“L--J-!
Ci>» Cdo(""’x} k“ “" exp (2’(1‘ _r.!

CP J it Pd, ST b
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\_P_B_g} The elementary irreversible organic[liquid- th?i; reaction A + B = C is carried out
“adiabatically in a flow reactor. An equal molar feed in A and B enters at 27°C and the volumetric

flow rate is 2dm3/sand Cyy = 0.1 kmol/m3. [ C A

o -_)* L7 ;:_? o) .r"{vrdil ll -I\:_l_‘.'": z &.71 Jli"L i:_"
Additional :Créf?rmatton s ot g ela :
W referente “Tenp.
HZ(273 K) = —20 kcal /mol Cp, = %,_3 =15 cal/(mol.K) @: 0.01 L/(mol.s) at 300 K
Hg(273 K) = —15 kcal/mol Cp, = 30 cal/(mol.K) (Ey= 10,000 cal/mol
Hc(273 K) _41 kCﬂf/mOE Vo= _,i/ T J L ;]
Y= T
(a) Calculate the PFRJand CSTR Jolumes necessary to achlevemconversron What are the reasons for the
differences?
FoT R 2= Lad e Note: You can use Simpson’sgrule”{f numerical
C ' A
—_— integration is needed:
Xs
Joid 7 3h
g i ff(—ﬂdx: 'B—[fo +3fi+3f2 + f3]
chmentry  A+B >C ]
Qaél‘.mba-&fc _— _ fio= X3 ;Xo
59: Eﬂ' o. 85
k 0 f E
‘IC . 29% =300 wl W THO = ,
i b oof(E (L L)zl
%o 2 dntf
Coo = o1 Jrel /W7 y acp= Cpc - Cpg— Cra
= o-l *Pf/"z'mg " éé = ‘5 A [5 =0
e "'"’Q\KLW 1= Te+ ey X
@ #e . Z6iCp
dx 5 = -
mok  balance * V= Foe Alge = He HS_”Q
g = it Kal /sl
abe lew 1 =y = k CaCe 2 800 bk sl
LE/ L= —L/ T ot S0 K. SEA 4 S
)1/5 kl WF(%(T 7 S ZTF-"*QM{’S 1_5-!("’*/15)

L, = o -6l L/Ml'; @ ‘T,.:;ook

| conkii - Cliw Chslr=X) o
| T - 2o + 200 X
Ca. CpelBar UnX) {.H___,_M_*__f." " |
= CpoC1-%) 4 -4 Gt x) (N 3 wos?
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Crobhermit ?' T

(b) What is the maximunﬂ;ﬂ"’ temperaturglone could have so that the boiling point of the liguid (550 €} would

not be exceeded even for complete conversion? f. o

e T L
= T + 200X T 2¢0 Kk
B 1
|
3314
&
(d) Calculate the conversion that can be achieved in one 500-dm’ CSTR andin two 250-dm’ CSTRs in series.
)C:: ?. :w &1 i : ——
YT b\‘) Econd f erv
Vo HeX o
Eal(-x)" Vit b
Ja
~ K = c"?
k,wf( —Q-(J— —L) (
‘ v = 333 L
o-of Wm‘ 3&0

%X -9
BT Lveest
F_O’mll ¥= 0. 921
\], = 2507 /ﬁo-@ — [ Vv = waq L

X = O-?Qg Yz 93 i
l o < V=116
Eu (xz“ﬁm ) X -
250 7 V2 kcﬂ (f s X SRSORR s
~ = 280 y. M= @ e
X 'aqqg P \/L.. - ]O)LfL
2 ;
¥ qg —» Vi, €06k ; 2
2w O
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Partner (1) Name: Copdudl iy Partner (2) Name:

Identity (2) i

R(T), G(T) cal/mol

The first-order irreversibje exothermic liquid-phase

reaction A= B is to be carried out in a jacketed Hent capucity of the inert: 30 cal/mol.°C
CSTR. Species A and an inert I are fed to the reactor |t 100 min

in equilmolar amounts. The molar feed rate of A is Heat capacity of A and B: 20 cal/mol.°C
80 mol/min. The related G(T)-R(T) and ignition- Aty = = 7500 ¢al/mol

extinction curve are shown below. UA = BOOO cal/min.”C

(1) What is the extinction and ignition temperatures | K = 6,610 " min " at 350 K
of this system?

15 = 40 keal/mol K
Ambient temperature, Ty = X(MJK

T(extinction) = L 90 ° A] T (ignition) = fgo“t. s 11
8000

Additional information:

7000

Ignition-Extinction Curve

6000

5000

4000

3000

2000

1000

S L Bt e

| 1 &
" » 40

]
40 50 60 70 80 90 100 110 120 130 80 @) 100 (--1.19>°120 140 150
T (°C) T (C)

(b) Mark point@on the ignition-extinction curve back on G(T)-R(T) curve.
Is this a locally stable steady state point? Why? AJO . /b5 440AF N e Abiody s St

an Un- stable . becaus b ot rebern o 16 Jf there s a Gmp. ﬂJs—(
(c) What is the reactor temperature for a feed temperature of 150 °C?

=
IR ¢ |

1
(d) For the reactor to operate at a ' 'ig_ hcqn_vl*{sﬁfjﬁ the feed fluid must be preheated (o at least
130 °C. Explain this statement.

(¢) Suppose that the fluid is now heated to 140 °C and then cooled to 120 °C, where it remains.
What will be the reactor temperature and conversion?

(0905421) Chemical Reaction Engineering | = ICA # 26 (Chapter 8) - Dr, Linda Al-Hmoud
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V8- 1.{'1 he reaction A + B & C + D is carried out[adiabaticallyin a series of staged
FoR @£ packed-bed reactors ‘with(inter-stage cooling. /The Towest temperature to which the
reactant stream may be cooled is 27 °C. The feed is equal molarin A and B and | the

catal\_gt weight in each reactor is sufficient to 0 achieve 99.9% of the Eq.ulhhr&m
conversion. The feed d enters at 27 °C. If four reactors and three coolers are available,

what conversign inay be achleyed? LT = 29+232 = gk
Additional information: Xe = 6.949

AHg, = —30,000 cal/mol A Cp, = Cpg=Cpg = Cpy= 25 cal/mol. K
K. (50°C) = 50,000 FM, =10 mol A/min

Solution:

@ Prepare a plot ofle'guilibrium conversio§ as a function of temperature.

*.‘ + 6.29

0.1

0

ot
@ Use the M ﬁalance equ'mon to find the relation betwecn{jand@

A £

0 — “200)+ (-}

T=Ty+—=—— =300+ w‘”‘““‘L 300 + m}(j’b (T?.‘ff_’_)h,j‘rg

24 i (PI (‘." + Fy %‘l e

@ Draw the line that represents the first reactor on the equilibrium plnl X =0 =X 30O §

(It’s a straight line that passes through the 2 points (. )EU 0) 05) ywos D T & ;-

From the plot below, we see thuthT;()—.f‘)_) and{l'y =
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(® Draw the first cooler line, it’s a horizontal line from the first reactorﬂ}ﬂ_tgmpe:a@.‘miQO_K-

1

500 550 600

300 350 400 450 500 550 500
T(K)
at represents the second reactor on the equilibrium plot; it's parallel to the
first reactor starts from the point (300, 0.29).
You can also draw it by using the adiabatic equation T = 300 + 600X but after
remembering that this equation is originally (T — 300) = 600(X — 0), so now it can be |
used after being modified tof (T, —300) = 600(X, — X,)] |

= (It’s a straight line that passes through the Z points: [300, 0.29) and LQO()! 0.79)

From the plot below, we see that{Xz = 0.53) and(Tz = 445 K))
> @Wo-30) =600 (% -0:29) b x=c39
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