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Q1

Q2

(a) There are five (5) general classification of separation techniques in chemical

(b)

(a)

(b)

plant.
(1) List all of them.
(5 marks)
(i)  Explain and give one example for each of them.
(10 marks)

Most processes for production high energy content gas or gasoline from
coal include some types of gasification step to make hydrogen or synthesis
gas. Pressure gasification is preferred because of its greater yield of
methane and higher rate of gasification. Given that a 50 kg test run of gas
averages 10.0% Hz, 40.0% CHa, 30.0% CO and 20.0% COa. Calculate:

6)) The mole fraction for each component.

(8 marks)
(ii)  The average molecular weight of the mixture

(2 marks)

One hundred kilograms per minute of a mixture containing 60% oil and
40% water by mass are fed into a settling tank that operates at a steady
state. Two products streams emerge from the settler, the top one contains
pure oil, and the bottom one is 90% water by mass.

i Draw a diagram for this process.

(4 marks)
il. Determine the flowrate for the two product streams.

(6 marks)

In a distillation column, a liquid hydrocarbon containing 20% ethane (C2),
40% propane (C3) and 40% butane (C4) is to be fractionated into
essentially pure components as shown in the Figure Q2 (b). By referring
to that figure, calculate the value of E, A, P, B and the composition of C2,
C3 and C4 at A.

(15 marks)

WISIAA QHOM ITHIS HARIHAHE AUW

B
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Q3

Q4

Ethylene glycol (HOCH>CH;0H), used as an antifreeze, is produced by reacting
ethylene oxide (C2H4O) with water (H20). A side reaction produce an undesirable
dimer (HOCH2CH,OCH2CH,0H). The reactor feed is 100 mol/s ethylene oxide
and 100 mol/s water.

(a)

(b)

(c)

()

(b)

CHO+H,0O — HOCH:CH20H
HOCH,CH,0H + CobH4O — HOCH2CH>OCH2CH20H

Draw a diagram for this process.
(4 marks)

Derive the expression for the product stream component flow rates in
terms of the two extents of reaction, £ and £, .

(4 marks)

If the fractional conversion of ethylene oxide (C2H40) is 0.9 and the
fractional yield for ethylene glycol (HOCH2CH20OH) is 0.45, calculate the
reactor outlet composition and determine the selectivity of ethylene glycol
(HOCH2CH>0H) relative to dimer (HOCH2CH2OCH2CH20H).

(17 marks)
Define the term below:
(1) Energy.
(ii)  Kinetic energy.
(iii)  Potential energy.
(iv)  Internal energy.
(8 marks)

The cracking process of ethane (C2Hs) to form ethylene (C2Ha) is shown
below:

N
CHg (v) ———  CoHa (v) + Ha2 () AH, =+136.95
kJ/mol

300 mol/s of ethane (C2Hg) vapor is fed to the reactor at the temperature
400°C and a conversion 60% of C>Hg is achieved. The product gas
emerges at 100°C.  (Assume reference temperature is 400°C).

(1) Prepare the inlet-outlet enthalpy table.

(4 marks)
(i)  Find the required heat cooling rate.
(13 marks)
— END OF QUESTION -
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Ethanol Fraction Propane Fraction
Ekg/h Pkg/h
C290.0% —» C20.0%
C39.0% C399.0%
C410% C41.0%
" Separator > Separator
Feed
100 kg/h Akg/h
C220.0% C2=?"%
C3 40.0% 3= ;/ Bottom
C440.0% skt - » Bkg/h
C20.0%
C384%
C491.6%
FIGURE Q2 (b)

UINIARA CHOM ITHIE HARIHANZ AUW
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List of Formula

Water density = 1000 kg.m™

Molecular weight, O = 16 g/mol, H =1 g/mol, N = 14 g/mol, C = 12 g/mol
101,325 Pa =760 mmHg

1 m®=1000 L

1kl/s=1kW

R (gas constant) = 0.08206 L.atm/ mol.K

Q=mC,:(TI,-T)
AII"\]R =ZV, X I,"\IR (product)—Zv, x Hr (reactant)

A A
Q = Znnm Hnul —an Hin

A A A
sznm” H ou —Znin Hm+§Hr
T,
[C,dr =[a*107°+b*107°T ~c*10°T* +d*10™°T°dT
h

. _ moles in — moles out
fractional conversion =

moles in

AH = nAH

VEFIRA GHOM ITMIE MAR HAMZ AU
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List of Physical Property Tables

SG AH(T=)/ AR, (To)*
Compound Formula Mol Wt (20°/4%) ey kJ/mol T("Cy klmol I.(K)/
Chloroform CHCl; 119.39 1489 —63.7 —_ 61.0 536.0
Copper Cu 6354 892 1083 13.01 2595 304.6 —
Cupric CuS0: 15961  3.606'" Decomposes = 600°C
sulfate
Cyclohexane  CeHn 8416 0779 6.7 2677 80.7 301 5537
Cyclopentane  CsHie 7013 0.745 —934 0.609 493 2730 5118
n-Decane CroHn 14228 0730 —299 — 1738 — 619.0
Diethyl ether  (C:H:;»0 7412 0.708* —1163 7.30 346 26.05 467
Ethane C:Hs 30.07 — —1833 2859 —886 1472 3054
Ethyl acetate  C4HsO2 88.10 0.901 —838 — 77.0 — 523.1
Ethyl alcohol ~ C:H;OH 4607 0.789 —1146 5.021 78.5 3858 5163
(Ethanol)
Ethyl benzene CsHie 106.16  0.867 —04.67 9.163 136.2 3508 619.7
Ethyl bromude  C:H:Br 10898 1460 —119.1 — 382 — 504
Ethyl chlonde  C:HsCl 6452 0903 —1383 4452 131 247 4604
3-Ethyl CsHis 11422 0717 — — 1185 3427 567.0
hexane
Ethylene C:Hs4 28.05 — —169.2 3350 —1037 1354 283.1
Ethylene C:Hs0: 62.07 1.113¥ —13 11.23 1972 569 —
glycol
n-Heptane C-Hjs 10020 0684 —80.59 1403 98.43 3169 5402
n-Hexane CsHs 86.17 0639 —9532 13.03 68.7 28.85 5079
Hydrogen H: 2016 — —259.19 0.12 —252.76 0.904 333
Hvdrogen HBr 8092 — 86 — —67 — —
bronude
Hydrogen HCl1 3647 — —1142 1.99 —85.0 16.1 3246
chlonde
Hydrogen HCN 27.03 — 14 —_ 26 — —
cyande
Hydrogen HF 200 — 83 — 20 — 503.2
fluonide

MISINA OHOM (TS HARIIHAMR RUM

G 1Bye Y
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Form 1: Cp[kJ/(mol-*C)] or [kJ/(mol K)] =a + bT + T + dr?
Form 2: CpkJ/(mol-*C)] or [kJ/(mol-K)] = a + bT + ¢T3

Example: (Cplacswancs) = 0.07196 +(20.10 x 10~%)T — (12.78 x 10—5)T +(34.76 x 10—3)T 3, where Tisin °C.
Note: The formulas for gases are strictly applicable at pressures low enough for the ideal gas equation of state to apply.

Range
Mol. Temp. (Units
Compound Formula Wt  State Form Unit ax10° bx10° cx10° dx10?  ofT)
Cumene CsHn 120.19 g 1 *C 1392 53.76 —39.79 120.5 0-1200
(Isopropyl benzene)
Cyclohexane CeHn 8416 g 1 *C 94140 4962 —31.90 80.63 0-1200
Cyclopentane CsHio 7013 g 1 *C 7339 3918 —2554 68.66 0-1200
Ethane C:Hs 3007 g 1 °C 4937 1392 —35.816 7.280 0-1200
Ethyl alcohol C:H;OH 4607 1 1 °C 1031 0
(Ethanol) 1 1 °C 1588 100
g 1 *C 6134 1572 —8.749 19.83 0-1200
Ethylene CH+ 2805 g 1 *C #4075 1147 —6.891 17.66 0-1200
Ferric oxide Fex03 159.70 c 2 K 1034 6711  —17.72x10% — 273-1097
Formaldehyde CH:0 30.03 g 1 *C 3428 4268 0.0000 —8.694 0-1200
Helium He 400 g 1 *C 208 0-1200
n-Hexane CeHis 86.17 1 1 *C 2163 20-100
g 1 °C 13744 4085 —2392 57.66 0-1200
Hydrogen H: 2016 ¢ 1 *C 2884 0.00765 03288 —08698  0-1500
Hydrogen bronude HBr 80.92 g 1 °C 2010 —00227 0.9887 —4.858 0-1200
Hydrogen chloride HC1 3647 g 1 °C 013 —01341 09715 —4.335 0-1200
Hydrogen cyanide HCN 27.03 g 1 *C 353 2908 1.092 0-1200
Hydrogen sulfide H.S 3408 g 1 °C 3351 1.547 0.3012 —3292 0-1500
Magnesium chlonde  MgCl 95.23 c 1 K 724 1358 273-991
Magnesium oxide MgO 40.32 c 2 K 4544 05008  —8732x10% 273-2073
Methane CH4 16.04 g 1 °C 3431 5469 0.3661 —11.00 0-1200
g 1 K 19.87 5.0 1.268 —1100 2731500
V3RA OHOM ITWig HARIMAHE AUM
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