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Problem 1 (10%)
Each sub-question is 2 % in score.

The TTx-y diagra of acetione in chloroform is given above.

1. What is e boiling point of chloroform?
(A) C

@) 9°C

(C) 611 C

(D) .2 C

(E) 64.1 °C

2. What is the boiling point of acetone?
(A)56.1°C
9 C
(C) 611 C
(D) 62.2°C
( 64.1C

3. What is bubble point of a mixture of containing 70 /7 of ace ne?

(A)% .1 C
9 C
(C)6U C
(D) .2°C
64.1 C
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4. What is dew point of a mixture of containing 70% of acetone?
(A) % .1 C
(B) 59.9 °C
(C) 61.1 C
(D) 2
64.1 C

5. What is aeotropic point of a mixture acetone?
(A) 56.1°C
( 9°C
(C) 61.1°C
(D) 62.2°C
64.1 C

Problem 2 (I(m
Each sub-questionis2 % i score.

Proionic,icid
o|.C
0.4 0.6 10
W. fraction of solvent Solvent

The l;emary lig d-liquid equH rium diagram of water-n-propionic acid and three
solvents MIBK, MBK MIPK are given above
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6. Whatis e solubility of water MIBK in water?
(A)-0.01
~0
(C)-0.9
(D) -0.98
(E) -0.5

7. What is e solubility of water in MBK in water?
(A) '~0.01

(B)-0.8

(C)-0.9

(D) -0.98

(E)-0.5

t Whatis e solubility of water in MIPK?
(A)-0.01
~0.8
(C)-0.9
(D) -0.98
0.5

9. Whatis eso bility of MIPK in water?
(A) -0.01

(B)-0.8

(C)-0.9

(D) -0.98

(E) -0.5

10. Which of the following is true?
(A) A mixture containing 20%water/20%PropionicAci-é/60%MIBK is a two-pha
liquid
(B) A mixture containing 20%water/20%PropiomcAcid/60%]VIB is a two-phase
liquid
(C) A mixture containing 20%water/20%PropionicAcid 0%MIPK is a two-pha
liquid
(D) None of above

CAIll of ove
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Problems (8%)
Each sub-question is 2 % in score.

Co sider the following Leve spiel plot

11. The equil rium conversion is
(A) Xe<0.6
( X 038
(C) Xe>0.8

(D) Cannot 1 from the information give .

12. The ow rate to an 8 dm] CSTR QO espondmg above Figure where 80 /
conversion is achieved is

(A) Fao= .8 mol/s

(B) Fac=1 mol/s

(C) Fao=1mol/s

(D) CannotteU from the information given.

13. If the conversion achieved in a single 8 dm] CST is 80%0Owhat would e
conversion be if the ow is equally divided into to two CST s in paraUel with first

reactor having volume of4 dm] each (same total volum
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8 dm X Q8 4dm 4dm
The lreactor volume is QO stant at 8 dm]. The QO versio for the two reactors in
parallel is
(A) X>0.8
(B) X<0.8
(C) X=10.8

(D) Cantitell from I:he informatio  iven

14. If e conversion achieved i a single 8 dm3 CSTR is 80/ what woul the
conversion be iftwo CST s are connected in series with first react:or having a volume

of approximately 3.0 dm3 and t;he seco d reactor having a volume of 0.6 dm3.

The QO version for e two reactorsi series is
(A) X>0.8

(B) X< 0.8

(C) X=0.28

(D) Can’t 1 from I:he information give
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Problem 4 (12%)
Each sub-questio is 4% in ore.
15. The reaction A 2C takes place in an unsteady CST . The feed is only A and

B in equimolar proportions. Which of the following set of equations gives the correct
mole balances on A, B and C. Species A and B Species A and B are disappearing and
Species C is being formed

A 0 - --
f -5a— -
12 frAdV =
& - & + 1= )
& - & + =
(C) &0- & + = )
4 - & + =)

fc+]"\0 =0
(D) F.O0-FA-fradVv =4)

& -& -A =
—fc+/Vc =
16. Consider e gas-phase elementary reactio R 2S which takes place in a PF

in which  and mert | are fed. If e e liering QO cenlxatio of is cut by a factor of 5
while maintaini a QO stante ten gvolumetric flow rate DOChow will the GO version
change?

(A)X wo ’tchange

(B) X will increase

(C) X will decrease

(D) Can ot LeUfrom e information iven.
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17. The liquid phase reactio A + B->3C follows a elementary rate law and is carried

out in a constant volume batch reactor with stoichiometric feed. For a batch reaction

time of one hour t:he QO versio is 50°/ . If the same reaction is carried out in a PF at
e same temperature in which there is o pressure droplfor e same space time of one

hour would e QO version be

(A) X>50%

(B) X<507/

(C) X =50%

(D) Insufficie tinformation to answer definitively
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Problem 5 (10%)
Co sider a weU-insulated and rigid QO tainer induding two compartments A and B
filled with ideal gas as show below. A thin metallic pisto betwee Compartment A
and B is initially held in place by a latch. After e latch is removed, epi on moves
until the pressure the temperature of the two compartments reach equilibrium. Please
determine:
(a) the distance the pisto moved
(b) final temperature (3

Ofmal pressure
WeiMnsulald wall Latch

Ncrtes:
1. Before removing e ia h[OCompartment A is 1 m long at 20 bar and 250 DC

2. Before removing e latchCOCompartment B is 5 m long at 10 bar and 700 DQ
3. The cross-sectio al area of Zhecon ineris 0.5 m2

4. ldeal gas heat capacity Qu

5. Assunle the thickness of pistx) is negligible

Problem 6 = 0%)

A heat exchanger is used  cool hot n usin coolin water as shown below. Please

demonstrate whether the heat transfer process is reversible or irreversible by calculating
e entropy change.

HO t

i>..
crc 150"C
aak Wa ra
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1. Oil flow rate: 5 kg/min
2. Oil heat capacity:2.5 kd/p 10
3. Water flowrate: 10 kg/min

4. Water heat capacity: 4.2 kJ/(kg-K)

Problem 7 go%)

eactant A decompo s by three simultaneous reactio s i a CST form three
productsCbne that is desired B[and two that are u desiredX and Y- These gas-phase
reactio s alo g with the appropriate rate laws(are called the ~ w4onzcreactions.

(i) A X rx= fci = 0.0001 (zero order)
(i) A Brs==(0.0015 53)*Q rstorder) ’
A A Y, fy 3 008 *Cj (second order)

Please calculate e CST acl:or volume at would maximize the instantaneous
selectivity of species B for an e terin QO centratio of species A of 0.4 M and a
volumetric flow rate of 2.0 dnvs.

Problem 8 (10%)

The gas-phase reactions: 3A 2B + C was carried out hi a QO st;ant volume batch
reactor, fifio was the time ecessary forthe co ce tratio of/Uo fell to I/1O ofitsi itial
Co ce tration. uni through 4 were carried out at 80 C. Please determi e the reaction
order.

Run 1 2 3 4
Initial concentration 0.090 0.150 0.245 0.41
in) 109.2 40.2 14.8 5.4

Problem 9 (10%)
In chemical processes, the choice of reactor a importa t task to maximize
productivity and selectivity. The commo types of reactio s ca be categorized as
follows:
Single reactions:
Feed->Product; r= kCY¥ead

Multiple ~reactions in parallel produci g byproducts:

Feed Product; r\ = hC™¥ead

Feed->Byproduct;n = hC"Feed

Mixed parallel and series reactio s in series produci  byproducts:
Feed->Product; n = KCv¥ed
Product Byproduct; = CA/v
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(a) For asingle reaction, v/hich type ofireactor is ot pireferred and why?
) For multipk Kactio s in parallel producin byproductsCwhich type of ireactor is
preferred? (Please discuss berth the case of a.>a]arid a»<ai) 5%)

(c) For multiple reaction in series producin byproducts™ which type of ireador is

preferred? (3.5%)

ProblOmOqO%)
For the llowmg reaction:
A+B C+D

Experimental atawas coiiecte usin abatch reac rat 60 °C with puire A a d B feed.

ase onthe best tti  results, aseco dor er model (withaspect A) fbrtitle rward

ctio a first order model (with r pect "o C) for the reverse reaction is QO eluded
with:
=0.002688 m3‘kmoi-Lmirri
fca= 0.004644 min%

For a plant producing 10 s ofpro ct C per day[talculate the .volume irequhred by a
CST operatingat60 0. Assume no product is recycled the reactor a d rtie reaction
feed in a equimolar mixture of A and B (8.33 kmoi'm-3}. Also, assume title jeact;or
conversion to be 95 % ofthe equilibrium conversion.
(@) Based on e kinetic paramebrs a d in rmatio provided what: is eq librium
conversion? (2J%J 1
(b) What is the size ofthe CST if 10txmsofCis beproduce per day (the molecular
weight of C is 88.1 g/mol) with a ed cOOcentratiod of 8.33 kmol-m-3of pure A aCld
pure B. fS%)J
(c) If e productio of 10 sof Cper day is becarried outi PF [Owhat woul
be the required ntio time? s e volume of ttie PF greater or smaller "than tihe

CSTR 12.5%j'



