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SECTION A 
Answer all questions 

QUESTIONAl 

• 

a) What is the importance of separation processes in chemical and biochemical industries? [8] 

b) Describe and explain two mechanisms by which material transfer from liquid phase to the solid 

phase in crystallisation. [6] 

c) What is fouling in membrane separation processes, and what methods can be used to prevent 

't? 1 • 

d) Compare and contrast between chemisorption and physisorption 

SECTIONB 

Answer any 3 questions 

QUESTIONBl 

a) Discuss any two mechanisms by for creating supersaturation in crystallization. 

[5] 

[6] 

[5] 

b) Describe how the Ion exchange process occurs. [4] 

c) Acetone(l)-cyclohexane (2) form an azeotrope at 25°C and 262 Torr where x1 = 0.7390. Using 

the van Laar model predict the P-x-y data at 25°C. 

A 
lny1 = 

B 
lny2 = 

[15] 
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QUESTIONB2 

a) You have been tasked with designing a water treatment process for your community. The water 

source has been characterised, and you need to ensure that the treated water meets environmental 

standards for safe consumption and ecological protection. 

Water Characteristics 

The following table summarizes the characteristics of the raw water sourced from the local river: 

Water Characteristic Measured Value Environmental Standard Limit 

pH 6.5 6.5 - 8.5 

Turbidity (NTU) 15 < 5 

Total Dissolved Solids (TDS) (mg!L) 800 < 500 

E. coli (CFU/100 mL) 200 0 

itrate (N03-) (mg/L) 10 < 10 

1. Based on the above characteristics, outline a series of steps necessary for treating this water 

to meet environn1ental standards. 

2. Justify each step in your treatment process and the mechanism of separation and how it 

addresses specific contaminants or characteristics that exceed the environmental limits. 

[10] 

b) State and describe the characteristics desired for adsorbents (5] 

d) Calculate the activity coefficients for methanol(l)-benzene(2) solution at 60°C if XI = 0.6 by 

using the NR TL equation. 
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QUESTIONB3 

a) Why is mass transfer a major factor in separation processes? 
• 

b) Explain how polarization occurs in electrodialysis and reverse osmosis. 

[10] 

[5] 

[8] 

c) In a cooling crystallizer used to crystallise sodium acetate from a salt liquid solution, water 

is also removed by evaporation after cooling at 0°C. The feed is initially saturated at 80°C and 

cooled to 0°C. If we initially dissolve the anhydrous salt in lOOkg/hr of H20, how many crystals 

are collected. [12) 

Table 2: Solubilities of 1 selected compound adapted from Mullin(1972), grams anhydrous 

compound per 1 OOg of water 

Solubility °C 
Stable 

hydrate 
Compound Formula 0 10 20 30 40 60 80 100 0-25°C 
Sodium 
Acetate NaC2H30 2 36.3 40.8 47 54.5 65.5 139 153 170 

QUESTIONB4 

a) What are the disadvantages of using mass separating agents? [5] 

b) Estimate the activity coefficients for the ethanol (1 )-benzene (2) system at 340K and x i = 

0.8 using the UNIQUAC method. 

3 
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lnyf = 
cp . 

ln t 

X· l 

ln yf = qi 1- ln 

cp . ~ 
l [. - X·l · 

l J J 
Xi ~. 

J 

(END OF PAPER) 
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1 
H 

hydrogen 
1,0060 

2 ~ 0.0002 

3 4 
Li Be 

lithium beryllium 
6.94 9.0122 

t 0.06 ±0.0001 

11 12 
Na Mg 

sodium magnes1um 
22.990 24.305 3 t 0.001 • 0.002 

19 20 21 
K Ca Sc 

potassium calcium scandium 
39.098 40.078 44.956 

t 0.001 t 0.004 :t 0.001 

37 38 39 
Rb Sr y 

rubidium strontium yttrium 
85.468 87.62 88.906 
t 0.001 • 0.01 ± 0.001 

55 56 57-71 
Cs Ba 

lanthanolds 
caesium barium 

132.91 137.33 
t 0.01 :t 0.01 

87 88 : 89-103 ': . . ' . 

Fr Ra - r ~ , . -· , 
:..-. l ,;., f' ... - ' 

·~ ··· . . . 
francium radium .. . . _. . ' . ' . . .. ' 

·: .. ~ ; ... .• ' 

(1231 (1261 . . . 
=- ...... ~ . 

INTERNATIONAL UNION OF 
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"" 
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IUPAC Periodic Table of the Elements 

Key: 

atomic number 

Symbol 
name 

oblidge<J standard 
atomie wolght 

4 5 6 7 8 9 10 

22 23 24 25 26 27 28 
Ti v Cr Mn Fe Co Ni 

titanium vanadium chromium manganese iron cobalt nickel 
47,867 50.942 51.996 54.936 55.845 56.933 56.693 
t 0.001 • 0.001 t 0.001 t 0.001 t 0.002 t 0.001 • 0.001 

40 41 42 43 44 45 46 
Zr Nb Mo Tc Ru Rh Pd 

2irconium niobium molybdenum technetium ruthenium rhodium palladium 
91.224 92.906 95.95 101.07 102.91 106.42 

:t 0.002 ~ 0.001 :t 0.01 [97) ±0.02 i 0.01 :t 0.01 

72 73 74 75 76 77 78 
Hf Ta w Re Os lr Pt 

hafnium tantalum tungsten rhenium osmium iridium platinum 
178.49 180.95 183.84 186.21 190.23 192.22 195.08 
t 0.01 • 0.01 1 0.01 ± 0.01 t 0.03 ± 0,01 ±0.02 

104 105 106 107 108 109 110 
Rf Db Sg Bh Hs Mt Ds 

rutherfordium dubnium seaborgium bohrium hassium meitnerium darmstadtium 

!267J 1268) (169) [270) 1269) [2nt (2811 
---------··· 

57 58 59 60 61 62 63 
La Ce Pr Nd Pm Sm Eu 

lanthanum cerium praseodymium neodymium promethium samarium europium 
138.91 140.12 140.91 144.24 150.36 151.S6 
i 0.01 i 0.01 i 0.01 t 0.01 (145] :t 0.02 :t 0.01 

91 

Pa 
horiuif{'~- ~ ~I 
232.04 
sO..Ot P43l 

18 
2 

He 
helium 

13 14 15 16 17 
4,0026 

t 0.0001 

5 6 7 8 9 10 
B c N 0 F Ne 

boron carbon nitrogen oxygen fluorine neon 
10.81 12.011 14.007 15.999 18.998 20.160 

t 0.02 ±0.002 t 0.001 t 0.001 t 0.001 t 0.001 

13 14 15 16 17 18 
AI Si p s Cl Ar 

aluminium silicon phosphorus sulfur chlorine argon 

11 12 26.982 28.085 30.974 32.06 35.45 39.95 
t 0.001 t 0.001 t 0.001 :t 0.02 t 0.01 t 0,16 

29 30 31 32 33 34 35 36 
Cu Zn Ga Ge As Se Br Kr 

copper zinc gall ium germanium arsenic selenium bromine krypton 
63.546 65,38 69.723 72.630 74.922 78.971 79.904 83.798 
• 0.003 ±0.02 t 0.001 10.008 • 0.001 t0.008 • 0.003 t 0.002 

47 48 49 so 51 52 53 54 

Ag Cd In Sn Sb Te I Xe 
silver cadmium indium t in antimony tellurium iodine xenon 
107.87 112.41 114.62 116.71 121.76 127.60 126.90 131 .29 
± 0.01 ± 0.01 ± 0.01 t 0.01 ± 0.01 i 0.03 i 0.01 ± 0,01 ! 

' 79 80 81 82 83 84 85 86 ' 

Au Hg Tl Pb Bi Po At Rn i 

gold mercury thallium lead bismuth polonium astatine radon 
196.97 200.59 204.38 207.2 208.98 
± 0,01 t 0.01 t 0.01 t 1.1 10.01 [2091 (210) [2221 ' 

111 11 2 113 114 115 11 6 117 118 
Rg Cn Nh Fl Me Lv Ts Og 

roentgenium copemicium nihonium Oerovium moscovium livermorium tennessine oganesson 

(1821 [2851 [286) 12901 (290) [2931 12941 (294) 
- - -- -·-· - -- - - ---- -------- ---- --

64 65 66 67 68 69 70 71 

Gd Tb Dy Ho Er Tm Yb Lu 
gadolinium terbium dysprosium holmium erbium thulium ytterbium lutetium 

157.25 158.93 162.50 164.93 167.26 168.93 173.05 174.97 
:t 0.03 i:0.01 ;t 0.01 *0.01 t 0.01 t 0.01 ;t 0.02 :t 0.01 

J2-C7) P47J (252) 

For notes and updates lo this table, see www.iupoc.org . This version is dared 4 May 2022. 
Copyright © 2022 IUPAC, the International Union of Pure and Applied Chemistry. 
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Table A.lS J-farguleJf van. Laar, Wilson, NRTL and _UNJQUAC parameters for some selected bintuy systems• • 
s Temperature Margules van Laar 

S.No. ystem range (oC) A.12 A21 A B 

1. Acetaldehyde(l)/Benzene(2) 20,80 - 80.10 0.5028 -0.4772 0.5~2 0.0889 
2. Acetaldehyde(l)/Etbano1(2) 5.80 - 62.80 -2.1035 -O.D792 -21.4 12 -0.6377 
3. Acetone(l)/Benzetle(2) 56.18- 80.10 0.5176 03283 0.5337 0.3379 
4. Acetone(l)/Chloroform(2) 57.00- 64.SO -1.0482 -0.6055 - 1.1050 -0.6579 
5. Acctone(l)/Methanol(2) 55.70- 62.80 0.2980 0.7142 0.3624 0.7900 
6. Acetone{l)/2-propanoJ(2) 56.78 - 79.78 0.5136 0.6323 0.5201 0.6319 
7. Acetone(l)!Ibluene(2) 58.71 - 88.28 0.3913 0.5890 0.4184 0.5954 

• 8. 1-Butanol(l)/Benzene(2) 81.00- 109.20 0.7334 1.3305 0.1925 1A530 
9. Carbon disu1fide(l)/Methanol(2) 37.70 - 58.80 .2.5918 1.8151 2.6062 1.8569 

/ 
10. · Carbon tetrachlori~e(l)/Ethanol(2) 63.88 - 74.82 1.6358 1.9486 1.6211 2.0S34 
11. Carb-on tetrachloride(l)/l-propanol(2) 73.10 - 97.16 1.1535 1.9768 1.21!?.... 2.0547 
l2. Chloroform(l)/Methanol(2) 53.50 - 63.00 0.8320 · 1.7365 0.9356 1.8860 
13. Ethanol{l)/Acetic acid(2) 76.80 - 115.80 -0.2389 0.0091 -0.2586 -o.0866 
14. Etbanol(~)JBenzene(2) 67.90 - 76.90 1.8362 1.4717 · 1.8570 1.4785 
15. Ethanol{l)/Etbyl acetate(2) · 7220.- 76.50 0.9417 0.6640 0.9482 0.692.5 
16. Etbanol(l)/2-propanol(2) 78.80- 81.90 0.0382 -0.0510 -0.0080 1066.0345 

Et}Janol(1)/Ibluene(2) 77.00 - .110.60 1.6485 1.5707 1.6506 15102 
• 

~ethanol{~)®niene(2) . · 58.0~ - 70.67 .· 2:1411 -1.7950 2.1623 1.7925 
~ Mcthanol(l)/CUboo tet~achloride,(2) . 55.65 - · 76 .. 10 ·. ·2.3187 1.9027 2.3265 1.9118 
Methanol(1)/Ethanol(2) 65.80- 77.00 . 0.0342 0.0130 0.0415 0.0155 

• 

~-~~.::.•·;;:~~ : . .rr.~o ... .::~."'. Meth~~l(ij!Ethyl acetate(2) , 62.10- 74.80 · i.0178 1.0194 1.0172 1.0200 
Mcthanol(l)(Hexane(2)' 49.90- 6350 2.9377 2.6151 3.0091 2.5961 
Meihanol(l)/2-propanol(2) 67.45 ..-7938 · 0.0122 -0.1767 0.0446 0.0006 
Metbano~{i)fi'oluenc(2) 6358 - 10.25 1.9535 · 2.0385 1.9492 2.0425 

)/011orobenzene(2) 95.90.-117.00 . 1.1172 1.2587 1.1239 ·12S86 
71.70 - ·82.26 1.7688 1.1250 1.8432 ll7l2. 
105.50 - 117.70 0.8533 1.2440 0.8813 1.2749 
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S.No. 

2. 
3. 
4; 
$. 
6. 
7. 
8. 
9. 

10. 
11. 
l2. 
l3. 
14. 
lS. 
16. 
17. 
18. 
19. 
20 .. 

334.9217 
5316.4284 

-'1293.U3() 
-2179.()01)? 

3.5J0.20:S4 
~00.6674 
2'73.0785 

' 1635.1110 
144'.3084 
3676J828 
3133.4394 
S2.94.12Sl 
-680.7241 
- 241.2.287 

-1014.9430 
-1467.0038 
-408 .. 1366 

• 
-226.32.66 
- 195.8914 
-7S8.37l1 
-617.45U 

. -1.32.8089 
-15!58.3433 

-202.7943 

io8"7!892 
l922..1837 

-1420.9114 
&96mn 
U2.8S07 

-420Jr'1SS- ''. ~' 
lOLS.sl$1. 
-397..4319 
-671.3136. 

-UC1.aJW 
511.&110 

2'799.58l'l 
2142.IJ¥.M 
2011.3449 
1922..5~ 
46SUI61S 
5346..9635 
1034.8543 
3Q36.16Ul 
1653.0336 
233UUL 
4684.1004 

l1S.0247 
-447.059'1 
1896.3543 

924.2880 
2.4l4.lS47 
-66S..CD.U 
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57V Cl~eV~iuli!nfJinunitg tlf07nodynumic,r 

T•blc A.I9 liNJ{JUAOCINJfi'AC group vol~mc (RtJ.. fl.''d paftict: W:" (CJ,J ~I1Tat1f..::':....;u'-rs-'_~~-=f-g~ 
Mdill Group $ub ;~roup No. Rr.. Ql: Slunplc Oroup A$SJtDmCDf n n 

...:l=~='-~~O'"'R3 1 0.91JU 0.847! licxu~: 2 CHa. 4 
"'"""2 

•CH2" CIJ2 • l 0.6744 o..s.w 
• ., 1 ~ Cih 1 OH OH 3 0.~:,69 ·o.~s vMetb)' propene: 

. l 
• 

ol 

"ACGlh" 

9 0 000 ... 4 OH3, t C C 4 0.21 S . ..enpeJitane: . 

OH2Q 
'CHO 

11 1.2663 
12 1.0396 o.660 Ethylbc:nzc.nc: 

1 

'Water. 

Phenol:' · 
B11 tanone:­

i.tso· Pelttauoue-3: 

450 l.D8_8 . DimothYI. ether. 
25-~ 0.9183 0.780 Dicthyl ethcr.-

. . 

0.466· Diiaopro.P'II o~~r: ; 
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Table A.l~ 

·=J\f11in Group 

~1 ' 
•.CCI• 

• 

-25 .. ACCl• 

Ct»Jtd. • 
Sub gro_up : 

. CH2b · 

. CHci 
CCl 
Cliz,C~ 

·act , 3 

GCI · . 4. 

A COl 

• 

-26 CH3N01 .... 
•CN02'. .QH2NOi 

. CHN<t>2 : < 

· 29 . ··. · CHsSH 
•cJJ38H~ :. CH:.~Slf 
30'FUrf,iral11 · Furfural 

47 
·2.2364·. U!98 Methane-dlchloro~ 1.0 ~ 

48 2 0606 1.684 Bthano-l,l·Dicbto_ccr. . l CH3, 1 CH ~ 49 
L8Ql6 l.'l48 Propan:~·l.2-didtloro: z. 2: l CCh · 

SO 2.8'700 2 410 Cfilorofnrm: . 10 ~ 
S1 2.~401 2.t~ Smue-l,l,l·ulchloro: 1 CBs1 l 00., 
Sl 3,3900 '·2.910 · Metl~am~-tetra~bloro; · 1 0Ci.4 ; ' 

, Sl 1.1562 0.844 Bcnzene·chloro: $ ACH,'l AC<?l. ' . 
• '54 200Kf 1.868 Nilromcthane: 1 CH~O:a 
·55 1.7818 l .SfiO. Propanc-1-llauo; 1 cij3, 1·CH11 1 CB2NO, 
56 !LSS44 t24g Propan~l.nltro: 2 CHs, 1 CBN<?:z. 
S7 .1.4199 1.104 Bcnun&-aitro: 5 ACH, l ACNOi . 

58 2.0570 1:650 · Carbon disulCtdCi 1 ~ . 

59 . 1.~770 1.676 • · .Metbanethiol:' ' 1 CH3SH . "'n' 
60 1.6510 1.36$ Bthanethiol: l CH3, 1 CR1i:)U 
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ifS . 
~ccJF" COhf 

HCCl2-F 
HCClF 

No. 
86 3.1l,156 

. 87 2.Zl87 
2,6,44 . 

1.916 'ICtra~hloto-1, 

· .Z·dUI u oruetbauc:-
l.l16 DidtloroOuoromelhanc: 
1.416. L·Cbloro-1.2;2,2-tc:tra· 
• .. OuQJoethlne: 

90 1:8174 1.648 1,2-Di'ihlororcrrafluo.ro-
edlane: 

HCC1Fx 91 1.9470 L.828 ChlOl'o<llfluor~methano: 

GC1F3 92 '2;J721 Z.lOO ChlorqtriftuoromcthaJie: 

-~~~~--~~~~~--~~~l~.6~~~3~l.~3~7~6~~~~~~~~~~~~~~ 
46 94 l.4SU 1.248 -~tamid: , . '".a2 
•CON~ CONH.Cl:f:l 95: 2J90S 

CONHCHQ % 1.%31 
CON(CH01)s (),1 23589 

CONGHsCH2 98 a.632>2' 
• 

1AQS4. 

1.796 N-Methylacctamid: 
1.488. N·Blhytacetamid: 
l .4l8 N,N,Dimothxla~tll}nid: · · 

120 "N,N-MctbylethytuetU\ia: . 
N 


