PRINCE OF SONGKLA UNIVERSITY
FACULTY OF ENGINEERING

Midterm Examination : Semester i Academic Year : 2006
Date : 19 December 2006 Time : 13.30 - 16.30
Subject : 230 - 432 Chemical Engineering Plant Room : A401
Design
Student Name: .........ooooieiiiiinininen, Code :..coooiiinennn.
Question | Full Marks | Marks Received
Number of questions : 4 1 30
Time : 3 hours 2 25
Total marks : 110 3 30
Books and notes are not allowed 4 25
Calculators and writing in pencil are allowed. Total 110

o . 0 = [ o, Py o -
NATnlunsaauinetusAa dfunnlusiedennasn uasWnnisiEeu 1 aran1sAnEn

1. a) Describe the three business sectors in chemical process industries.

b) What factor or figure would you use to determine the business size of a chemical
company?

c) What factor or figure would you use to determine how active a chemical company is in
research and development of its product and technotogy?

d) Give a list of three names of contractors with opgrating business in chemical process
industries in Thailand. _

e) From the “heuristics” for equipment design, what parameters are used to determine the

operating pressure in a distillation column?



Student Name: ...........ccooooiiiiieenenn, . Code 1o,
f} Explain the heuristic for heat removal in process design which says that “To remove a
highly exothermic heat of reaction, consider the use of excess reactant or an inert

diluent. These affect the distribution of chemicals and should be inserted early in

process synthesis".

( 30 marks )
Answer to Q1.
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Answer to Q1.( continued )



2.

Student Name: .........coovvvviiiiiiniinannns Code :..cccovnennn.
a) The lower flammability limits, LFL values for n-o¢tane and n-nonane are 0.1 and 0.8
percent by volume in air, respectively. If the working environment in your company
contains the mixture of 50 mole percent n-octarie and 50 mole percent n-nonane
excluding air, determine if it is safe when the cancentration of this mixture is 0.9
percent by volume in air.
Note that: LFL iy =C;
> iLFLy
i=1
where LFL, is the lower flammability limits of sdecies i, and y, is the mole fraction of
species i in the vapor, and C is the number of chemical species in the mixture,
excluding air,
b} If you are in a project team which is choosing a new plant site, what would you
consider or lock for on the following two factors?
b.1) Water supply.
b.2) Taxation and legal restrictions.
c) What is the minimum distance a chemical company must be located away from a

school?

d) What is the maximum allowable vertical height of stairs on/at a unit operation in a
chemical company?

e) An excel spreadsheet on next page shows estimation for exit temperature from the
reactor. Stream 3 and 4 are feed and product streams, respectively. T, is inlet
temperature and T, is the outlet temperature at thie reactor for nitric acid process.
Try to understand the cell layout. Write the formula for cell H4.

(25 marks)
Answer to Q2.
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Answer to Q2. (continued)

ererrriiiinariieaannenes Code

P | oe c o | E F & H ' K
Energy balwnce atthe Oridirer File:ENERBALA LS .
2 | Tref(k) = 208 T3(K) = 477 T4 (K} = 11517 o - o
o FEED 3|PROD +4 H =t T3)JH =t Té[H ot I3[HatTé  (KJh)
COMP a b e d

3 [Kmolh)  {(Kmoli) (KiKmol) [(KIKmal)  [(amy

4+ NH3 43 0 232 2383E-02 1.707E-05| -113€E-0% 6880.15 4142205 295546.43 0.00
;‘u =} 821 292 2811 -3630E-06 1.746E-08| -1.06%E-03 5392.23| 23065859 442702.06 519505.69
6 Nz 3067 3086 $1.15|  -1.360E-02 2680E-05| -1.163E-08 s237.52| &647310| 1616522.20 819607045
7 :ND 0 +1.3 2935| -9400E-04 9.7S0E-06| -4.150£-08 5400.20| 2751853 0.00 1138515.22
8 |M2O 0 545 3224 1.924E-03 1.050E-05| -3.600E-09 615218| 32391.61 Q.00 2089259.02
79 : 2355370.69 12241450.38
16 ‘Excthermic Reactionr N Kmelh K& mol Kih

;1~‘ ranl exoht 4130 -226334.00] -93475594.2 M o

12 . rin2 exoht 1.70| -316776.00| -538619.2

13-— ) total exa ht -5866113.4

1: _. th -

15 |ENERGYBALANCE : 'H3 = axo ht+ Hé ‘

;E : H3 - exoht] 12,241 484.09 Kih I
;“?“‘ H+ 12,241,450.38 Kdh ) } "

18 BALANCED ! j
Answer:

Formular forcell H4 is .
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Styrene is produced from toluene and methanoj using a catalyst. Liquid toluene and
methanol in storage tanks (at 30°C, 101 kPa) aﬁe fed to respective vaporizers. The
saturated vapor feed streams of toluene and méthanol are mixed in the
stoichiometric ratio, superheated in an intercha@ger and a fired heater, and then fed
to a catalytic reactor where the following reactidins take place:

C¢H,CH, + CH,0OH — CH,C,H, + H,0 ¥ H,

toluene  methanol  styrene

CeH;CH, + CH,OH —> CH.CH, + H,0

ethylbenzene

The byproduct ethylbenzene by the second r?action is also secld as a commercial

product. Reaction data are shown below.

Inlet Temperature, °C 525
Inlet pressure, kPa 400
Conversion 0.82
Yield 0.72
Reaction rate 190
Conversion = moles teluene reacted/mdfle toluene fed

Yield = moles styrene formed/mol\es toluene reacted
Reaction rate = moles toluene reacted/m”’ reactor volume/min

A process flow diagram is shown on next page.
Net production rate of styrene product is 346.6 krﬁol/hr.

Styrene is produced according to the stoichiomet}y of the reactions.



B2 = reactor B3= separator B4, B5,B6 = distiilation column

Stream Components

Feed methanol, toluene

5 hydrogen

8 methanol, recycle

11 toluene, recycle

12 styrene
13 ethylbenzene, water

Estimate the followings by filling in the table provibed.

Answer to Q3.

( 30 marks)

Required Answers

Value

Feed rate of toluene in stream 2, kmol/hr

Recycle toluene in stream 11, kmol/hr

Fresh feed of toluene in FEED stream, kmol/hr

Ethylbenzene in stream 13, kmol/hr

Hydrogen in stream 5, kmol/hr

Water in stream 13, kmol/hr

3
Reactor volume, m
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Aspen Plus simulation program has been used ito simulate a flash process with

recycle. PFD and result summary of streams are:b shown below and on the following

page. |

a) Describe in details the steps for drawing and@specifying all of information for this
process flow diagram before running the sirniulation.

b) If there is heat removal at the separator, descftribe how you would redraw and

simulate the program.

( 25 marks )

11
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Result Summary Streams Material
2 Streams
3 1 2 3 4 5 [ 7 8
4 Temperature C 35| 65.48087) 65454911 5 5 5 §16.1053215
% 1Pressure bar €.8947573 | 6.8947573 | 6.9947573 | 1.7236933 | 1.7236633 | 1.7236893 | 1.7236893 | €.9947673
E |vapor Frac 0.5918542 1 0.3605944 | 03606379 1 0 0 0 a
7 [Mole Flow kmoldhr 35013144 [ 49701154 | 49701154 | 12981387 | 36.719767| 22.03185| 14 697907 | 14 687907
& |Mass Flow kg/hr 3640.5323| 5671 2678 | 5671.2678 | 594 44437 | 5076.8242 | 304€.0945 | 2030.7297 | 2030.7297
3 {Volume Flow eurn/hr 84 S47696 | 70774165 70.762814 | 168.21636 | 4. 4170815 | 2.6502489| 1.7668326 | 1.7670248
10 iErthalpy  MMkcalhr | 0867415 -1.292107 | -1.292107) -0.34973| -1.062333 D .B3T4{ 0424933 0.424691
11 { Mote Flow kmol/hr
12 . METHA-01 1.413698 | 1.4302965 | 1.4302966 | 41.3858015 | 0.0414943 | 00248966 | 0.0165977 | 0.0165877
13 ¢ ETHAN-01 150847291 1.6268198 | 1.6260198 ) 1.3309635 | 0.2958665] 0.1775133] 01183422 0.1183422
14 : PROPA-M 7.2004471 8.9514235 | 8.9314235 | 4 6040731 | 4.3273485 | 2.5964031 | 1.73093941 1.7309394
151 N-BUT-01 6.7894404 | 9.9516384 | 9.9516384 | 2.0461938| 7.905445| 4.743267| 3.1B62178| 3.162178
16 ISOBU-01 94774504 || 12 883175)12.889175 | 3.6099584 1 9.27392168 | 5.5675301 | 3.7116867 | 3.7116867
17 | HEXACMM 3.9236349| 14.878| 14.5718| 0.0013966 | 14 870407 | 8922244 | 5.9481627 | 5.9481827
2 Streams
3 1 2 3 4 5 5 7 8
4 iMole Frac
§ | METHA-01 0.0403762 | 0.0267779 | 0.0207779| 01069841  0.00143| 0.00143F 000143 0.00113
6 | ETHAMN-01 0.043083 0.032732 0.032732} 01025286 | 0.00B0S71 | 0.00805671 | 0.0080571 | 0.0080571
7 | PROPA-OM 6.2065496 | 0.1797026 | 0.1797025 | 0.3646672 | 0.1178479| 0.1178479] 0.1178479| 0.1178478
a N-BUT-01 0.1939112 | 0.2002235 | 0.2002295 | 04576252 | 0.2152313 [ 0.2152913 | 0.2152913 | 0.2152913
8 | I1SOBU-01 0.2621144 | 0.2693335 | 0.2599335 | 0.2780873 | 0.2527036 | 0.2627036 | 0.2527036 | 02527036
40 HEXAC-01 0.2548653 | 0.2992244 | 0,2992244 | 0.0001076 | 0. 4043701 | 0.4049701 | 0.40439701 | 0.4043701
11 (%22 VAPDR PHASE *#*
12 | Density kgfoum 12.662713 | 13122873 | 13.122925 | 3.5330082
13 {‘viscosity oPf 0.009835€ | 0.00394098 | 000940991 0.00781H9
44 (& LIQUID PHASE **
15 | Denshty kgfoum 1265.9995 | 1141.89625 1141 .83 1149.3617 | 11493617 | 1149.3817 | 1149.2367
16 |Viscosity cP 0.4214099 | 0.3610963 | 0 3611102 0.697724| o0.6ar72e| 0.e977ee| 0.coes7Rn
17 | Surface Tan dynafom 47 628807 | 40.986673 | 40 988224 45 708531 | 45.708531 | 45.708%531 | 45.892342
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