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ELEMENTARY PRINCIPLES OF CHEMICAL PROCESS(DTC 1063)
QUESTION 1 -

(a) List out three (3) base unit ‘ (3 marks)
(b) Give three (3) examples of derive unit (Quantity and Unit). (3 marks)
(c) Use the conversion table provided to convert the following:
i. 23 Ibm.ft/min? to its equivalent in kg.cm/s? (2 marks)
ii. An acceleration of 1 cm/s? to its equivalent in km/yr?. (2 marks)
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QUESTION 2

(a) Define the following terms:
i. Mass flow rate
ii. Molar concentration

iii. ppm

(b) Explain the differences between absolute pressure, gauge pressure and
atmospheric pressure.

(c) A mixture is 10.0 mole % ethyl alcohol (C2HsOH), 75.0 mole % ethyl acetate
(C4HgOz2), and 15.0 mole % acetic acid (CH:COOH).

Solve the following
i.  The mass fraction of each compound
ii.  The average molecular weight of the mixture

(2 marks)
(2 marks)
(2 marks)

(6 marks)

(3 marks)
(3 marks)
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QUESTION 3

@ i

.

State the general material balance equation for single unit process
Define the continuous process.
List one (2) example of batch process

Explain the main difference between recycle and bypass stream
Clarify what will happen to mass total and mass fraction when a
stream is recycle.

Draw and label a flow chart that illustrate the process ethanol

purification (separate water) using a distillation column.

(2 marks)
(2 marks)
(2 marks)

(2 marks)
(2 marks)

(3 marks)

(c) Aliquid mixture containing 30.0 mole % benzene (B), 25.0 mole % toluene (T),
and the balance xylene (X) is fed to a distillation column. The bottoms product
contains 98.0 mole % X and no B, and 96.0% of the X in the feed is recovered
in this stream. The overhead product is fed to a second column. The overhead
product from the second column contains 97.0% of the B in the feed to this

column. The composition of this stream is 94.0 mole % B and the balance T.

Draw and label a flowchart of this process.

(3 marks)

Calculate the molar ratio of the benzene at the overhead product of (7 marks)

second column to the feed of the first column.



CONFIDENTIAL

ELEMENTARY PRINCIPLES OF CHEMICAL PROCESS(DTC 1063)

QUESTION 4

(a) Define the following:
i. Kinetic Energy
il. Potential Energy
iii. Internal Energy

(b) i.  State the general energy equation for close system.
i.  Describe the condition for adiabatic and isothermal process.

(c) A horizontal cylinder equipped with a frictionless piston contains 785 cm? of
steam at 400 K and 125 kPa. A total of 83.8 joules of heat is transferred to the
steam, causing the steam temperature to rise and the cylinder volume to
increase. A constant restraining force is maintained on the piston throughout
the expansion, so that the pressure exerted by the piston on the steam remains
constant at 125 kPa.

Calculate
i.  the final cylinder volume
ii. the final temperature

(d) i. By definition, what are C, and C,?
ii. State the phase change of the following process:
a. Vaporization
b. Sublimation

(2 marks)
(2 marks)
(2 marks)

(2 marks)
(4 marks)

(3 marks)
(3 marks)

(2 marks)

2 marké)
(2 marks)
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QUESTION 5
(a) Use the data in Table B.2 to calculate the following:

i.  The heat capacity (Cp) of liquid benzene at 40 °C
ii.  The heat capacity at constant pressure of benzene vapor at 40 °C
iii.  The heat capacity at constant pressure of solid carbon at 40 °C

(b) Define the following terms:
i.  Exothermic process
ii.  Endothermic process
iii.  Heat of formation

(c) i. Give two (2) examples of exothermic and endothermic proceés
ii. Explainthe two (2) methods that can be used for solving energy balance
for reactive process (may use flow chart for explanations).

(d) The standard heats of the following combustion reactions have been
determined experimentally.

1. CoHe +7/202 —p 2 CO2 + 3 H20: AH°H = -1559.8 kJ/mol
2. C+02—— COx AR, = -393.5 kJ/mol
3. Hz2+1/202 — H0: AH°3 = -285.8 kd/mol

Use Hess’s law and the given heats of reaction to determine the standard heat
of the following reaction:

2C+3H; — CsHs

(2 marks)
(2 marks)
(2 marks)

(2 marks)
(2 marks)
(2 marks)

(4 marks)
(3 marks) -

(6 marks)
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APPERNDIX

A. Factor for unit conversion

Quaniity Eqéi?&ient Values

Mass kg = 1000g = 0.001 metric ton = 2.20462 [by, = 3527392 o2
Tibm = 160z = 5% 107" ton = 453.593 ¢ = 0.453593 kg

Length Tm = 100cm = 1000 mm = 10° microns (pm) = 10'* angstroms (A)

= 3937 in. = 32808 ft = 1.0936 yd = (.0006214 mile
1t = 12in, = 1/3yd = 03048 m = 3048 cm

Voleme 1m® = 1000L = 108 cm® = 10° mL
= 353145 ft* = 220.83 imperial gallons = 264.17 gal
= 1056.68 qt
£ = 1728in = 7.4805 gal = 0028317 m?® = 28. 7L
= 28317 e’
Fotrce 1N = lkgm/s® = 10° dynes — 10° goom/s? = 022481 Iby

1Iby = 32174 Ibm-fifsz = 4448 N = 4448 ¥ 1P dmeg
Pressure 1atm = 1.01325 ¥ 10° N/m? (Pa} = 101325 kPa = 1.01325 bar
= 1.01325 X 10° dynesicm?
= 760 mm Hg at 0°C (torr) = 10.333 m H,0 at 4°C
= 14.696 Ibgfin2 (psi) = 339 ft 5,0 a 4°C
= 20921 in. Hg at 0°C
Energy 13 =1Nm = 10" ergs = 10’ dyne'em
‘ = 2778 X 1077 kW-h = 023901 cal
= 017376 ft-Ihy = Q48A % 1074 Bm

Power 1W = 1Jis = 0.23901 calls = 0.7376 fi-Thg/s = 9.486 X 10™% Btu/s
= 1341 X 1072 hp . .

Example: The factor to convert grams to lby, is (%)




Physical Property Tables 635

( panunyuos)

TN ‘SHID poomaldug “ou] ‘[jeH{-2913ua1] jo uoissiwaad
Aq pardepy "1'q 9(qeL, ‘pL61 © ‘UONIPT pi¢ Buriaauibuy [ponuayy) wl suononawy) puv sapdpullg J1sog ‘nejqEuuiy ‘W ‘q woiy ued ui paydepy,

LSEI-€LT L1190 9L bt [ 2 $$'€9 no Jaddop
00Z1-0 £LV'9 L09° T~ L9E'T 09°€g Do I 3 160L e} auuoy)
EYE—ELT 8671  6£€6 3 I [ ¥8€ST Y[DD  9pHO[YIeI}R) UOqIE)
005190 0zTT— 8YSE0 OL1+°0 $6'8C Do I 8 10°'82 (0%} apIXouow uoqle)
00S1-0 Yor'L L88'T— CETY I19¢ Do 1 8 10y 0D 9pIXOIp U0qie)
CLET-ELT 001 X 168p— S60'1 8I'TT b z ° 1071 9) uoqie)
ELII-ELT 00l X 2§ P~ €0°C P8 1P b r4 o 80'9S oed opIxo wnEe)
£LE-9LT $'68 3 I > oL YHO)eD opiIxoIpAy wane)
£€01-€LT — 001 X £L8TT— SLGY vET8 b 4 9 60001 f00®D djeuoques wnpe)
0Z2L-86T — o0l X 99°8— 61'I 79'89 b (4 o ort9 DeD ap1q1ed Wnpie)
00Z1-0 05°0S LTLT- 967 8878 Do 1 3 0195 Bike) auaInqosy
00210 867V Ly ST 88°LC  0£7T6 Do 1 3 Zrss LS o) sueing-u
0021-0 LY6Y 16'81— €10 9V68 Do 1 3 [AN:IS LS e auejnqos|
00Z1-0 LSLL 0Tsz— S6TE 90PL Do 1 3
L99 V€T $9Z1 Do I | T1°8L SH%D suazuag
BTLSLT 081z ) I o) S1ZEl YOSTUHIND - 2iggns wnuownuy
00Z1-0 989'9— 1Zv7°0 ¥$6'CT Si'seg Do i 3 €0°LL ‘HN BluOWwW Yy
0081-€LZ  S96'T— 66LY°0 S961°0 60'8Z b 1 3
00S1-0 S96'1— 161€°0 LYi¥ 0 v6'8C Do 1 3 062 ny
00210 0781 £€0°6— £50°9 £vTy o 1 g $0°9T HD susfh1aoy
00Z1-0 9LVE 8LTI— 01roz  96°1L Do I 3
09-0¢— 981 1Y x4 Do 1 I 808  fHOOD'HD 2U030V
(L30 a0l xp 0T X2 OlXq9 QLOIxp nuy wiof 393€IS . IM B[NULIO] punodwo)
suuf)) durgy, ‘IO
a3uey

"A[dde 0} a1e3s jo uonenbs sed feapr ay) 10§ y3noua mof sainssaid 1e sjqearjdde Apoins o1e sased 107 senUIO) Y 20N

Do UISE I 2004M “ L7 01 X 9LVE) + ¢L(3-01 X 8LZL) — L{;_01 X 0L'0T) + 961L0°0 = ®w*(“5) :apdwwxsy

o7+ 1q+
(LP + (L2 + 19+

il

[(1-1ouw)/3] 10 [(Do-Tow)/ 3]0 17 wiog
[1-1ow)/ Y] 30 [(Do-Tour)/ (3]0 i1 wiog

»Senpede) jesH 7'd dIqEL

sanidedes

183y paiejnges
sajesBajul Apaing
aseqeiep
Auadosg jeaishiyg



