g . .
I'he University of Jordan
School of Engineering
Chemical Engineering Department

(0905421) Chemical Reaction Engineering | In-Class Assessment # 6 (Chapter 2)
Partner (1) Name: Thosla’n Partner (2) Name:
Identity (1) #: Identity (2) #:
Self-Test
System A System B |

Fan
A J
_,:.q p\)‘)(’l-sbk-?jg\u‘/
== LA
X,=03 X;=08
(4 g
(b) (d) \ O
o) >
Fao A g e
X;=065 X;=08 X;=065 X;,=08
Q1. Which system is most efficient for an intermediate conversion of (0.3)? < © W@
PUAS
NY
Q2. Which system is most efficient for an intermediate conversion of (0.65)? @ QD\\HJ:;Q\

e
Q3. Which system makes the best use of the reactor volume (i.e., least “wasted” volume)? ot T

I e A Ll e
w ”6 C‘@V\\J"Q-%\O\/\ C)
oY e

ce®

(0905421) Chemical Reaction Engineering | - ICA # 6 (Chapter 2) - Dr. Linda Al-Hmoud
Scanned by CamScanner



T T otertaronmy UL JOTAAR
School of [-aninccring
Chemical Engineering Department

(0905421) Chemical Reaction Engineering | In-Class Assessment # 5 (Chapter 2)

Partner (1) Name: Partner (2) Name:

ST~ AN

Identity (1) #:

ldentity (2) #:

A 400-L CSTR and a 100-L. PFR ar

! ¢ available to process
41% A, 41% B, and 18

1.0 L of feed per second. The feed contains
% inert. The irreversible gas-

phase reaction A + B - Cis to be carried out at
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(b) What would be the overall conversion

if two 400-L CSTRs were connected in series for the -
same feed and operating conditions? 1280 X (e% ~om) e ©
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(c) What would be the overall conversion if two 400-1, CSTRs

were connected in parallel with
half of the feed going to each reactor?
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(d) If the total pressure were reduced by a-factor of 10, would the conversion 'ﬂ:rease, decrease,

or remain the same?
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(¢) Plot the rate of reaction and conversion as a function of PFR volume
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The lgas—phase reaction A + B = C described by the data in the table below is to be carried out at 10 Ve =
atm and 227 °C. The feed contains 41% A, 41% B, and 18% inert, and flows at a rate of 1 mghs. tle » ] {
—14 (mol/(L.min)) 0.2 0.0167 0.00488 0.00286 0.00204 2l
X 0.0 0.1 0.4 0.7 0.9 k 2
C STk
(2) What is the volume of a single back-mix reactor necessary to achieve 70% conversion? o4
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(b) What is the volume of a single tubular reactor necessary to achieve 60% conversion?
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Differentiating Equation (4) yields

: = ylAs
co™ cl o= N,
: : 2 _ “\ v = Tcaed ¢
Levenspiel Plots in Terms of Conversion V= ¥ae § —lea (6)
For reactions in which the rate depends only on thé concentration Cpo = N mw. D
ol one species T..n.. —Ty = f(C4)], it is usually convenient to Remembering that T = cH. Equation (6) can be rewritten as: SRy VY
report —7, as a function of concentration rather than conversion. : e
y . . % 3
We can rewrite the design equation for a plug-flow reactor 38 i 0¢A
We can rewrit the desigr | | sy RS < o
“quation (1)] in terms of the concentration, C,, rather than in T = s < , —(a
terms of conversion for the special case when v = Doss. s RN Ca
LSt palon® Equation (7) is a form of the design equation for constant volumetric
Vi=F ._:x. dx A" flow rate v, that may prove more useful in determining the space time
= " - g .
40J0 1, Ao ﬁ len () ( or reactor volume for reaction rates that depend only on the
Fa0 = vgCa0 & ) _>  concentration of one species.
Now write X in terms of entering and exiting molar flow rate, ; . . .
Fa0 and F, : (7 — ol m_mcq.n 1 shows a typical curve of the reciprocal reaction rate as a
| B function of concentration for an isothermal reaction carried out at
Fac- fa - - M\ constant volume. For reaction orders greater than zero, the rate
= Caw e 3) decreases as concentration decreases. The area under the curve gives
; e : : ; the s i i i
For the special case when v = v, plugging Equation (2) into i pace time necessary to reduce the concentration of A .?o_.:,um»m; o
Equation (3), we get e i Al
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M\% 5 z \m\ e pmw Figure 1 Determining the space time, 1.
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Data on the tenebrionid beetle whose bod i
Yy mass .
s 3.3 g show that it can

push a 35-g ball of dung at@.s cm/siat 27 °Cj 13 cm/s at 37
at 40°C. How fast can it push dung at 41 5

°C, and 18 cm/s
°c?

rhenius equation.
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5
At ~n = [¢ QCA = Ce

o = e == -
(' C -l = il 1 1OrC) . . =
akglatc the equilibrium conversion and concentrations for each of the following
réactions, (‘-_—,n‘a\"‘-w“' N g g
(a) The liquid-phase reaction ) :
-— f' a & N ®
A+BgcC > cn

with Cag = Cgo = 2 mol/dm® and K¢ = 10 dm*/mol.

~fa = (Calg - Ce ) oguh b

I ¢

Chiz. e G=X) (0 =V
ea 3.
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(b) The gas-phase reaction
Ao 3C o
o= Pa (T30 P

. : - rature
carried out in a flow reactor with no pressure drop. !’ure A ente:.s ata *Cn;fa \ner
of 400 K and 10 atm. At this temperature, Kc = 0.25(dm”/mol)". st il
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P3-114  Setup a stoichiometric table for the each of the following reactions and CXpress 'h: |
concentration of each species in the reaction as a function of conversion k"“"ludl!:;ﬁj.u rite
constants (e.g. &. @). Then, assume the reaction follows an elementary gate laW:
the reaction rate solely as a function of conversion, i.c., -Ta = /%)

pest
. . qﬁ
(¢) For the isothermal, isobaric, catalytic gas-phase oxidation Lyoic? & o5
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Produclion of Nitric aciqg S )

Nitric acid is made

: commercially from
OXidation of ammo

nitric oxide. Nitri
nia.

C oxide is produced by the gas-phase
$ l\'BZ'o.“ 7(0’-3_5 200
&\ ’
‘ A 4NH; + 50, 5 4np 4+ 6H,0
The feed consists of 15 mojo, amm

HA+58=uc+eb
Onia in air at 8.2 am and 227 °C,

. What is the total entering concentration? =% % <[ Wi =R
2. Whatis the entering concentration of ammonia? I

3. Setupa stoichiometric table wi

a8 Express C; for all specie i I a constant-volume batch reactor.
Express Py as a function of X,

b. Express P, and Ci for all species as functions of conversion for a flow reactor.
4. Write the combined rate law sole

ly in terms of
3(a) and 3(b) above, Assume the reac ion is first order in both reactan

ts, and the specific reaction
1 o4 ened| (
rate at the given condition is 5000 L/(mol.min).

> X
net '
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AR (:;)(o-u x@-(ﬁ Qb,cqz‘:’?%('l'd g
o =" e ‘
6,30 < 1 072 o L 4 grbl‘f-% Aoy 7 \ (o 8Y - %Y)Nﬁ‘o
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jdentity (1) #:

Identity (2) #:

Using the .dm " the ‘ab'f bclow-, calculate the activation energy for the first order decomposition of
penzene diazonium chloride to give chlorobenzene and nitrogen:
(s}

" A ¥ 2 \ub..-_%‘ n:n/ :
Q —-O-
[_k(s) 0.00043 0.00103 0.00180 000355 . | 0.00717
2AK) 313.0 319.0 323.0 328.0 333.0
R 2| -3 PS5 | .98 -e.m\.s.eq\ _y.q4
. 5 o 6T Q0
'y - 0- 009 | 5.0y | © o0loq | 0'007%°
% e
N4 e
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L Identity (2) #:

Identitv (1) #: y ‘ s (’;, Vi Lo

4.4 Tubular Reactors

The differential form of the PFR design equation |
dX
dv

As an example, consider the reaction

FAO

= =Tra

A —— Products

for which the rate law s
—rp=kC,

Gas Phase

For constant-temperature (7 = 7p) and constant-pressure (P = Fy) gas-phase
reactions, the concentration is expressed as a function of conversion:

AT L U (1+EX)  woll +EX) AT+ £X)
and then combining the PFR mole balance. rate law, and stoichiometry

b 4

’ (1 +eX)?
VeF ax
. L kCo(1 - X

From the integral cquations in Appendix A.l. we find that

V=t [25(1 +e) In(l = X)+ X + LELS ""ﬂ (4-17)

k AD Y= X

Using Equation (4-17). a plot of conversion along the length (i.c.. vol-

ume) of the reactor is shown for four different reactions. and values of(€ are

given in Figure 4-7 for the same value of [vy/ACy) to illustrare the effect of
volume change with reaction.
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W et [ A— g[£= s.5] < Question 1
; _ i

]
Find € in each of the 4
] ‘ cases shown in Figure 4-7,
1 where the feed consists of
‘l | bure A,
/” -
¢ !
Y s €
S
0 10 20 30 40 80 €9 70 B0 B0 100 110 120 130 140

vV imh)

Figure 4.7 Conversion 45 a Tunction of distance down the reactor.

We now look al the effect of the chan

gas phase on the relationship between conversion and volume. For constant
\emperature and pressure, Equation (3-45) becomes

g¢ In the number of moles in the

U=04(l +€X) (3-45)

\_et'.s NOW Consider three types of reactions. one in which £ =0 (§ = 0). one in
\_\\uch €<0® < 0). and one i which £> 0 (8 > 0). When there is no change
'n the number of moles with reaction. (e.2.. A - B)§ = 0 and ¢ = 0: then the

fluid moves through the reactor al a constant volumetric flow rale (v = y,) as
the conversion increases,

When there is a decrease in the number of moles (3 < 0. € < 0) in the gas
phase (e.g., 2A — B), the volumetric gas flow rate decreases as the conversion
increases; for example, '

U =pe(l —0.5X)

Consequently, the gas molecules will spend longer in l.he- reactor lhm_z they
would if the flow rate were constant, v = Vo- As a result, this longer residence
time would result in a higher conversion than if the flow were constant at Uy,
On the other hand, if there is an increase in the total number of moles
(6> 0. €>0) in the gas phase (e.g.. A — 2B), then the volumetric flow rate
will increase as the conversion increases: for example, :
l 5z Ue Q\'k‘%ﬁ)

U=Uo(l+x)

and the molecules will spend less time in the reactor than they would if the % /' U_Tw
volumetric fiow rate were constant. As a result of this smaller residence ime ~ “* < ©

in the reactor the conversion will be less than what would result if the mlmm:t‘-w ”J'g geoh
ric flow rate were constant at v, Caqutid e— Qener €T L Te 9,
( Question 2 - After reading the previous 2 pages:
a af’is the relation between € and the conversion X? 94 K &; ab W\ Sawme
(b) In your own words, explain the reason behind this relation. \J o\t .
52
K : meWiy ook
& Eid (S S
- \esS
=5 e

watlavle R0 meleules
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Partner (1) Name: Partner (2) Name:

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

The e|er2_gn§ary liquid-phase reaction A+ B - C is to be carried out in a CSTR with three
impellers. The mixing patterns in the CSTR are such that it is modeled as three equal-sized
CSTRs in series. Species A and B are fed in separate lines to the CSTR, which is initially filled
with inert material. Each CSTR is 200 dm? and the volumetric flow to the first reactor is 10

dm?3/min of A and 10 dm?/min of B.
A

/_%-_c_?__.c_):(orﬁ ¥ /
20

'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?

Additional Information
Cap = Cpo = 2.0 mol/dm?3 \

k-;_a.(j_Z_Sdm3/mo'/min \ =
2. = N 3
ra = IKCACS F AT CRwa)
cp = C Ao O--Y-.)
}C’ﬁ -
C@ . (‘:\D CI(,YJ \Da - ’<CCGO
cge ¢ 5 A . sw25x loXx}
t’ Ao
% Ot 2;

\
X < | - o e
o373\ (o)

- Ottfq

'\J‘ - ‘F/}or‘
’I"A(
goo = 218 %

‘_--'———ﬂ-_ T— |
{asosga'azﬁ () )’ xz0:332
21) Chemical Reaction Engineeringl-lCMllS(Chapter 4) - Dr. Linda Al-Hmoud
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e BamtMany

‘4_-1_3C0mpound A undergoes a reversible isomerization reaction, A & B, over a supporteq I
metal catalyst. Under pertinent conditions, A and B arel_i_q_gid, misciblé, and 05 nearly identical Q
density; the equilibrium constant for the reaction (in concentration units) is 8.Ina fixed-bed pe
isothermal flow reactor in which back mixing is negligible (i.e. plug flow), a feed of pure A _ -
undergoes a nét conve}};ion to B of 55%. The reaction is elementary. If a second, idéﬁ?gl_ flow w =+ §
reactor at the same température is placed downstream from the first, what overall conversion |
muld you expect if:
(@) The reactors are directly connected in series? (Ans.: X = 0.745.)
The products from the first reactor are separated by appropriate processing and only the
unconverted A is fed to the second reactor?

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

a sketch of the problem and write down all given information: K¢, X; and any others.
I‘ 1 | b ALY SS

s )
. .‘. = - (
Z W, =Wz e'\&l\)ow
: the mole bala;ice depends on the reactor type.

Write the mole balance equation. Remember,
.-—'/ <
S W Fa°

=

mllﬁilaw Ask yourself: is it elementary or does it follow elementary rate law?

.
bt «C8" Ty,
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In-Class Assessment # 12 (Chapter 4a) ‘

Name: 2 Ly 2T Ao vt o b Identity #: __o(<yo ®q
B
Q1: The elementary liquid phase reaction A + B = C is carried out in a CSTR. The initial ) «

cor;omh‘atio.ns of A a.nd B in the entering stream are both 2M, and the specific reaction rate is 0.01
- dm“/(mol.min). Assuming a stoichiometric feed (10 mol A/min) to the reactor: Calculate the reactor

volume to achieve 90% conversion. Cra
'.""—" h - _ S ) 7- N § 4 77 A L =,
tio low the algorithm step-by-step:

mation: Cao, Cso, K, Fao, Fio, vo, and X.

P v§°5 \O&

Wy

- % ,5%\‘,‘

urs < it elementary or does it follow elementary rate law?

L
o s

.-' i ing in the rate l¢
concer n of species appearing 1o
e uid or gas phase? Canstant volume
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In-Class Assessment # 12 (Chapter 4)
- L:Lf;_xs

Identity #: _O\45 S 9y

& )
QI: The dememar) ,_El}“d PhﬂSC reaction A + B = C is carried out in a CSTR, The initial J<

concent
rations of A and B in the entering stream are both 2M, and the specific reaction rate is 0.0L

dm*/(mol
: /(mol.min). Assuming a stoichiometric feed (10 mol A/mm) to the reactor: Calculate the reactor
Volume to achieve 90% convcrslon

[

Solution: Follow the algorithm step-by-step:

0- Write down all given information: Cao, Cgo, k, Fao, Fio, vo, and X.

;'\*' 2 M Fa, = 10 molA
¢ = b “mia ]\u S L
TR M R.= 10 moiB I| i
k = O.D';c._*w‘,’ jise I|
|
ol s |
| - 0 /.
I- Write the mole balance equation. Remember, the mole balance depends on the reactor type.
VI TALR Famfaitiiv = @
e ’
g ? Vv Ta-fan 5 fa.x
= -1

2- Write the rate law. Ask yourself: is it elementary or does it follow elementary rate law?

_r‘q - KF\CACB

3- Do the stoichiometry (i.e. write the concentration of species appearing in the rate law in
terms of conversion). Ask yourself again: Is it liguid or gas phase? Constant volume or not?

G Cp 019 Ce s Cp, o+ X

Q! -C ~box) 2 CGa.(1-X) | :
ol (Liguid Phess + ConSient Volwwe)
\

4- Now the last step: COMBINE. This means putting the concentrations in step (3) back in the rate

law (2), and substituting this rate law, which is now in terms of conversion, in the mole balance
you wrote in (1).

—p = ¥ G (1D

V = FA. e X . Vv = Vg
KaG2.Cl-x)* KiCa. (1-)E

(0905421) Chemical Reaction Engineering 1 - ICA # 12 (Chapter 4) —Dr. Linda Al-Hmoud -P 4 g ¢ | 1

.
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d V that will give 90% conversion.

5- Now, solve the equation you got in (4) and fin

Viel L bd

- 53\‘ an "'..ZZ/C,'OD L"

km Cﬁ. CI "’)1

ool x Zy (1-0""‘02

e TS
QA -

‘I_l'

¥
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Q2: The followi
. Ine oas ACH Taant A
' 12 gas phase reaction js first-order in A and zero-order in B:

_ A+B->C

- tisotl and s . ; il :
B in the entering stream thermally and isobarically in a PFR. The initial concentrations of A and

are 2 v i A : :
stoichiometric feed (10 "loti t;(;lfl;Mg_and the specific reaction rate is.0.01/min. Assuming a
90% conversion — = A/min) to the reactor, calculate the reactor volume needed to achieve

. 3( Aa

Solution: Follow the algorithm step-by-step:

0- Write down all given information: Cao, Cgo, k, Fao, Fso, vo, and X.

A = ZM \ 3
: | ~v 3 0 - <
Ce. = M e — =
Kk o\ ) 3 IR
Fa, ~ |10 mol i iy e, SRR
min | sV, T
Vv = ) PD - |

I~ Write the mole balance equation. Remember, the mole balance depends on the reactor type.

!1;‘“! e (V= @ g %) O dta
Lz ] : L,] -+ A = J b

U4ay - ":;x

2- Write the rate law. Ask yourself: is it elementary or does it follow elementary rate law? If not,
\ find the information that allows you to write the correct rate law.

-Ta=Ka.C, Cpg =) -lp=kA Cy

| 3- Do the stoichiometry (i.e. write the concentration of species appearing in the rate law in
terms of conversion). Ask yourself again: Is it liguid or gas phase? Constant volume or not?
Which species is the limiting reactant? If it’s gas phase, is there a temperature change? Is there a

pressure drop? What is the value of yao? 8?€? v | oo
UAa e =
CA = C'F--“‘”/(I-o‘gﬂ g = L =|
¥ - - ¥ - f-DrSV

CR® "-A-("x)/(l-f"h) ¢ * 0n 5
Cc. = Cp, A /@m P\‘\O/’JA’. Nnot Co NSen-\o lume

———

v-2:.SX

4- Now the last step: COMBINE. This means putting the concentrations in step (3) back in the rate
law (2), and substituting this rate law, which is now in terms of conversion, in the mole balance
you wrote in (1). 3

~ i )it A X
~18 ~KaiCp 0 L L dx I
(I-0%x) ST, O fa.
& ” K;\.CA' (l—"\ |
— [
o (-9:5x)dx : ST\

Ks € -x)

(0905421) Chemical Reaction Engineering | - ICA # 12 (Chapter 4) - Dr. Linda Al-Hmoud -+ 3 7 ¢ | 3 1
p—— RS —— S— |
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0% conversion. If you are

. * 9
5. Now, solve the equation you got in (4) and find V that vzg:lg:;zns (o @ V=0, X Z0). |
integ,rating make sure to correctly define the boundary % An example of those integrals is
Useful inte;grals are available in Appendix A in your ten:)tlt;ﬁ' .
shown below. You may need this one to solve your pro :

r(.l_j'_c_x);"‘_;-(l +6) In——— 8
0

1—x 1-x

i ( | = \'\7 A LN
&
a0

) losead) )+ 25

NEE Ve ‘S(l—01gy)av
CV—x )

- o-os)"”‘(.":;?a

., %OO‘G L
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Differential Method
2 Numerical differentiation formulas

Time (min) ‘ Iy h L4 5 Iy Is

Concentration (mol/dm*) ‘Cn Cua Car Cav Car Gy

. . s . - u'asl .
The three-point differentiation form o

-\ ¢ 7 %\

[dCA) = —3C’\0 T 4Cl\' - CA:

Initial point:

dr ) 2A¢
dCA) 1
Interior points: (— = —[(CA(HI)-CAH-I))]
dt " 2At L s
—— 1:}:...:-&- o a\S
dCA) l K o
Last point: [—— = ———[Cy3—4Cx4 +3C ]
dr ), 24t s uxed 4o
3 2 X\o
AC
- ArA Areas equal for both
.3 sides of the histogram
2 |
\\
1
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—
’ Ca(mol/dm?) ) 1 / 0.6

T =hca T 2 v
_— (l‘ et | 42004
o 1 noSel e 3"%

NG —8 ¢
oL \J‘;:,-, /019"\
* 9
» N | —-2°1\ L
'ﬂ ( [\* )(3\ ‘
- |5
-9
NG .
7, 4:°
L
/,-’
ﬁf/f \
v /'/ o
()\OL\- /"
‘lol
0103
ool
o-u&! X
} €

fm e A = - - ae 8 al st a..d
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The oxidation of propene (P) to acrolein (A) was carried out over a Mo-Pr-Bi catalyst [Ind. Eng,
Chem. Res., 26, 1419 (1987)].

CH3CH=CH:+02 » CH=CHCHO-+H:0

It has been proposed to correlate the data using the power law model for the rate law:
= kPg P} - s l} S &

A ~e S A Tacrolein
———— Aw

—
The reaction was carried out in a differential reactor with 0.5 g of catalyst at 623 K. From the data .
below, determine the reaction orders with respect to propene (o) and oxygen () and the specific . .

reaction rate, k.

Fa (mmolh) | 0.21 0.48 0.09 0.39 0.6 0.14 1.44 '.
i g . Pp (atm) 0.1 02 005 03 0.4 0.05 0.5 |
[ ontS [ Pox 01 02 005 001 002 o4 05
O o |
| }Qwhere |
F4=exiting molar flow rate of acrolein, mmol/h VT, 7
Pp = entering partial pressure of propene, atm o |
Po2 = entering partial pressure of Oxygen, atm ‘o, © Ip B
G.\dq \ P % B F a4 |‘
- X = - FR i
| 05 e s kfu Pp B ) o Ry AR SR A L |
Wf %(r‘)~}.»«¥-\' LK*P') t
s t
P %F’ﬂ»«féz_ o« (I, Qug,) o .
S(a - Sl-Pc - U
( o Eﬂ’“ FP 5 "‘*‘fki"' ln
| k Slntk. i
- z \ ol e
5““% SRR D s b kb
X P A
ad i 1 T [ F,
mul gy’
| 1 ’
-
l ineering | - ICA # 9 (Chapter 4) - Dr. Linda Al-Hmoud -
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In-Class Assessment # 19 (Chapter 5)

Partner (2) Name:

Partner (1) Name:
=

Partner (2) ID #:

Partner (1) ID #:
€c=0
P5-10 Th sq decomposition A — B + 2C is carried out in a constant-volume batch
reactor. Runs through 5 were carried out at 100 °C, whll{: run 6 was carried out at 110 °C.
— \(O
Run 1 2 3 4 5 6
Initial Co;:cemranon, Cao(mol/L) 0.025 0.0133 0.010 0.05 0.075 0.025
Half-life] ti (min) 4.1 1.7 98 196 1.3 2.0

</*

@ 3}

O Ale /- D
L‘ Ao —3 > - =¥ S

k @\(0 C -;le\\\ms \W

\\,\'Ca_— E (__,_

N R T, )

(a) From the data in the table, determine the reaction order and specific reaction rate.
(b) What is the activation energy for this reaction?

> S\Q%Q: \" Ok
N\
/@7 .\“\Q‘C&Q*;\v\ QO\ __\
O\: 2
\- . \'
P do® B k- o, £ 5D vooC

.
w“ ' , ~
Pre eSSye

i A2

—_—

F——t—l L]
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