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1. If doubt exists as to the interpretation of any question, please submit
with your answer a clear statement of any assumption(s) you make. [f
possible, please underline or enclose any such statement in a box.

2. This is an OPEN BOOK EXAM. You may bring to this exam

> the official designated textbook by Fogler — any edition — annotated in
margins, etc. as desired. No loose notes allowed.
> your own unit conversion tables and/or mathematical tables such

as a CRC Handbook.

> a non-communicating, programmable electronic calculator using a
small operating guide. Please write the name and model of your
calculator on the first inside left-hand sheet of the exam workbook.

3. Graph paper will be provided.

4. Any four questions constitute a complete paper and, unless you
indicate otherwise, only the first four answers as they appear in your
answer booklet will be marked. -

5. Each question is worth 20 points. Marking schemes are provided in
brackets after each question.

6. Technical content is the key ingredient in your answers. However, no
credit will be given for deriving rate expressions, or standard
formulas that are available in the textbook. Clear writing is essential,
particufarly when explanations are required.

7. It will help the examiner if you could cite the origin of significant
formula used — e.g., Fogler, eq. (3-44).

Marking Scheme — Four questions comprise a complete exam.

20 points
20 points
20 points — a) 10 points, b) 10 points
20 points
20 points
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Ethyl acetate (CH3COOC;,Hs5) is to be manufactured by the esterification of
acetic acid (CH3COOH) with ethanol (C;HsOH) in an isothermal batch

reactor as shown below:
CH;COOH (A) + C,HsOH (B) = CH;COOC,Hs (C) + H,0 (D)

A production rate of 10,000 kg/day of ethyl acetate is required. The
reactor will be charged with a mixture containing 500 kg/m® ethanol, 250
kg/m3 acetic acid, the remainder being water, and very small quantity of
hydrochloric acid as a catalyst. The density of this mixture is 1045 kg/m®,

which will be assumed constant throughout the reaction. The reaction is
reversible with a rate equation given by

ra = ks Ca Cg — ki Cc Cp

At the operating temperature of 100 °C, the rate constants have the

following values:
ki = 8 x 10°® m®kmol.s
k. = 2.7 x 10°® m*/kmol.s

The reaction mixture will be discharged when the conversion of acetic acid
is 30%. A time of 30 minutes is required for discharging, cleaning, and

recharging. Determine the volume of reactor required.
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The second order aqueous reaction
AR S

is run in a large tank reactor (V = 6 m3) and for an equimolar food stream
(Cag = Cgo) conversion of reactants is 60%. Unfortunately, agitation in the
reactor is rather inadequate and tracer tests of the flow within the reactor

give the flow model shown below which includes a 4 m?> dead zone:

B
=

S s

L

What size of mixed flow reactor will equal the performance of the unit shown?
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Calculations show that a plug flow reactor would give 99.9% conversion of
reactant, which is in aqueous solution. However, the reactor has a

residence time distribution as shown in the figure below:

oy

d

a? = = __for a symmetrical triangular distribution

#, 24 \

£, min

“° ”

The variance for a symmetrical triangle with base “a

rotating about its

centre of gravity is given by o? = a%/24

(a) If Cap = 1000, what outlet concentration can we expect in the reactor

for a first order reaction?

(b) Repeat part (a) using the tanks-in-series model.
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Laboratory experiments on an irreversible, homogeneous gas-phase reaction
2A +B > 2C

have shown the reaction rate constant to be 1 x 10° L¥mol*.s at 500 °C. Analysis

of isothermal data from this reaction has indicated that a rate expression of the

form
= 2
—Ip = kCACB

provides an adequate representation for the data at 500 °C and 1 atm total
pressure. Calculate the volume of an isothermal, isobaric plug-glow reactor that
would be required to process 6 L/s of a feed gas containing 25% A, 25 % B, and

50% inerts by volume for a fractional conversion of 90% of component A.
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Kinetic experiments on the solid catalyzed reaction
A -2 3R

are conducted at 8 atm and 700 °C in a mixed reactor 960 cm® in volume
and containing 1 gram of catalyst of diameter d, = 3 mm. Feed consisting
of pure A is introduced at various rates into the reactor and the partial

pressure of A in the exit stream is measured for each feed rate as shown

below:

Volumetric Feed Rate, Vy Partial Pressure
PA,out/PA,in

(in liters per hour)

100 0.8
22 0.5
4 0.2
1 0.1
0.6 0.05

Find a rate equation to represent the rate of reaction on catalyst of this

size.

04-Chem-A4, May 2015



(652) (852) (252) (zs2) (162) (Lv2) (Ly2) (ev2) (rv2) (tg2) | co'sez | voiez | vozez | (L22)
ON PW w4 s 10 Ag wo wy nd dN n ed ylL OV | sepiunoe,,
ZoL 1oL 00} 66 86 16 96 56 v6 £6 26 16 06 68
wnsqoN WRIA3|3PU3W wnila 4 Wnusaisuig wniujoyed wnigxseg wnun) wnidiawy WNIUOIN| 4 EZ_CB«QNZ wniuesy Wriuoeot 4 wnuoyy NSy
vOELL | €6'89L | 9TLOL | €69l | 06291 | €685l | STISL | Z64GL | og0st | (vl | vzevi | 1eovL | Zvowl | LeesL
aA wi 13 OH Aa ql PO n3g ws Wwd PN id 9D B | sopiueyuel,
oL 69 89 29 99 59 ¥9 £9 z9 19 09 69 85 15
WNIQIBRA wniey ] wniqi3 WnLoH wnisoidsAq wnIgiv wntuljopes) wnidoing wriewesg WNIRaWo Y wniwApoaN wniwApoaseld wnuay wnueyje
(¥62) (&¥62) (£62) (g82) (682) (¥82) (582) (082) (182) (8L2) (0L2) (2L2) (L22) (892) (292) (292) (922) (€22
onn | snn | ynn | dnn | bna | I | ud 6y s@ W | sH | yg | Bs qaa I 1 i ey 14
8Li Ll 9Ll SLL 2 gLl AR} A oLt 501 801 101 901 soL v0L goL | ¢0L-68 88 8
wnsounun wnidasunun wnixayunun wnijusdunun wnipenbunun winnun wnoiuiedo) wniuabuscy wnipeiswieq wnuauusiy umisseH wnhyog wniblogess waiugng wriplopayinyg|  wniduame wnipey winiaues 4
(zzz) | (o012 (602) | 86780z | 0T'L0Z | 8L40Z | 6500 | /6'96L | BOSEL | 2z26l | €206L | Lz'98L | ¥9'€8L | G608l | 6¥'8LL | L6¥LL €eiEL | 1e2EL
uy w od g qd iL BH ny 1d Af SO o M el JH nT % egqg $O
98 58 8 €8 8 12 08 6L 8z L 9L sz vL €2 zL L 045 8§ 55
uopey SUIBISY wniuojod wnwsig peaT wnijjey s E:uhwi PlOS uinugeld winp| WnwsQ wnivaly Cu«wwczh wneue [ wniver wnnaum wnieg wnisag
6z'1€L | 06921 | 092zzL | 9Llzy | 1L8bL | 28viL | ivELL | s87200 | eveor | LezoL | 20101 | (g6) ¥6'6 1626 | zZ'16 | Le'se 9.8 | Ivse
ax i 91 qas ug uj pPd By Pd Uy ny o1 O aN 1Z A EE) qy
¥s €5 zs 1S 0s 6 8 2 ov (12 v £b v (%% ov 8¢ 8¢ g
uouayx auipo] wnunis | Auownuy up waiput wniwped BAIg wnipefeq Wnpouy wnyayiny WNNBUYS3 | wnuspaAioi wriqolN wmuooIy WIRLTA wnnuoRs wnipigny
09'€8 066 96'8. 26V 192, | 2,69 | 6£S8 S5'es 69'85 €6'8G | 6865 | v6vs | 002S | ¥60S | 8siv | 95t 80°0v | 016
&) igd oS sY 99 B9 uz no IN 00 94 U 10 A L 38 €D M
9 ¢ ve £ z¢ X o 62 8z 2z {:Y4 [:74 ¥z £z r 44 1z 0z 8k
uoydAay aunuQsg WHUa(ag olasly WnILBWISY wnijjes oz Jsddo O%OIN YeqoD uoJ| asaueBuey WRIWOND Wn{pEUBA wnuey ) Wwnipuess wnisjed WNISSBIod
t4) i oL 6 8 L 9 S ¥ €
G6'6S S'se 1072 1608 6082 | 8692 levz | 6622
1y 19 S d IS v B | eN
81 it 9 51 7 gl 4 Ll
uoBiy AULOIYD Injng snioydsoyqd uodIIg wnurunty wnisaubey wnipog
8102 0061 0094 LO¥l 10zt Lg oL 106 ¥6'9
eN E| o] N 0 g ssep ‘Bay —=> 6G°00¢ sose6 ojqoN [ | °g 7
oL 6 8 l 9 S susboreH | | v €
uoaN 3unon|4 uaBAXO uabomN uoqses uolog m Sjej3WuUoN wniliag wmyy
—I— <—1—|oquiAg (rmaw-was) spojeson ||
00y Ll Sl Sl vl 4% sigpow sag0 || 4 LO'L
aH # OILO}Y > o w S[ejaw uosues | H
. ; il < s|ejou ypea suljeyly | | .
w5y NOIBIN swleu jusws|3 sieow ey || oy
8L !

SjusWa[ a4} JO 9|qe] Olpolidg oy




w |
|
__
1
1
. |
_.
|
_
| b m __ | I _
- |
| |
|| |
1 ._ T ._
|
h 1
“ _
m
1
ﬁ "
[ | -




