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Answer all questions
Question (1) (10 marks)

Determination of Km and vaa Initial rates of an enzyme catalyzed reaction for various substrate concentration are

1.
listed in Table 7 B .
5. mob/L TAax10” [ 9.5x107 ] 5.2x107 1032107 [ 4.9x10° 1.06<10° [ 5.1x10°
v, mol/(L.min.) » 10° L1177 173 125 106 80 67 43
(a) Evaluate vy and Ky by a Lineweaver-Burk plot.
(by Using an Edie-Holstee plot evaluate v and K.
2. Batch enzymic reaction. An enzyme with a Ky, of Ix 107 M was assayed using an initial substrate concentration of 3~

10-° M. after 2 minutes. 5 percent of the substrate was converted. When will substrate will be converted 80%7

Question (2) (20 marks)
Consider 2 0.5 L unstirred aerated chiemostat with 10 offices mounted in the bottom. If each is 1 mm in diameter
and has an airflow rate of $ mL/min, what specific cell growth rate will be maintained if oxygen is limiting?
Neglect breakup and coalescence and assume the medium is sufficiently dilute for it to behave tike pure water,

I

r2

Solubility of Os at 25°C = 1.26 mmol/i

Uy = 0.5 ™ Ke=01mM o0=72% g =980
- -4 _4 _ ~5em’ o ig-2 9
Hygas = 2x 10 J D=05%x10 5 i Hiiq = 10 ams
pgas:]-«qu/LHL:locrn YO/X:1 g4ee le.()gce{is/l,
g 0

Determine ky for the following
Liguid volume = 10 L
Turbine impeller diameter =10 cm
Vessel diameter 50 cm
Average bubble diameter =2 mm
Speed (rpm) =200
Air-medium binary diffusion coefficient =0.5 x 10~ em?/s
Air flowrate =2L/min
Medium density = 1.2 g/em’
Medium viscosity = 0.01 g/{cm.s)

Question (3) (20 marks)
Data from an unseeded domestic wastewater BOD Test are 5.0 ml of wastewater in a 300-ml bottle, initial DO ol 7.8
mg/L, and five-day DO equal to 4.3 mg/L. Compute

I

2

The BOD, and

b. The ultimate BO, assuming a k-rate of 0.10 per day.

i

A seeded BOD test is lo be conducted on meat-processing wastewater. Calculate the BOD value for industrial
wastewater if the initial DO in both seed and sample bottle is 8.5 mg/L. and the five-day DO’s are 4.5 mg/l. and 3.5
mw/L. for the seed test bottle and seeded wastewater sample respectively, if a sample of 2 ml wastewaler is utilized in
300 ml BOD test bottle and 10 ml seeded wastewater containing 1 ml seed.
Calculate COD of a sample of water if 20 mL of the sample consumed [.6 ml of 0.25 N potassium dichromate
solution
In COD test, 100 ml of FAS was consumed to neutralize a retluxed blank, whereas 25 ml where consumed 1o
neutralize the refluxed sample, iFFAS was 0.1 N, calculate the COD of 25 ml sample.
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Question (4) (20 marks)

1. Show with the aim of neat sketch
a.  Typical gram-negative bacterium (E. coli).
b, Cell-division cvele of a typical yeast
c. Replication of a virulent bacteriophage
d. Relationships between input agitation intensity and resultant gas transfer rate

2. Discuss briefly
a.  Oxygen transport resistance
b, Gas transfer through gas-liquid free surfaces plays a major role in oxygen supply and COz removal from

animal cell cultures.

c. The probability of bubble coalescence depends on the properties of the gas- liquid interface

3. What are the factors
a, Responsible for the thickness of the mass-transfer resistance zone near bubble and droplet surfaces
b. That interact to delermine the size of bubbles in bioreactors
¢. Influencing the total microbial oxygen demand

Supplementary

1
6da

No break up; Doz(mf

Break up; D,=4.27d

Determination of mass transfer coefficient k,
1

A |
Free falling Forced convection
I . 1 l
Single bubble {Laminer) Bubble swarn for turbulent areated system
102<Re<10™ <D, Sh=0.135¢}/?Re3/*
Sh=0.39Gr3Sc!/3 Sh=0.31Ra'/?

D>D,

Re<1 Sh=0.42Gr/35c1/2
Re=2+0.6Re!/?SC/3

For HC or gas oil
Sh=2+0.31Ral/?

s -
o = of }‘92 Kﬁzklu { Xitmax
| — 4 N
1-- Yozil*kla’/xﬂ.max
€

Yo kpa'(cf — o) = Krmax g1
2

r\lf//, Ly =
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Answer the ?ollawi’nj 5 C]LLGST!"CFT}S — -
. It is required o dfsséalve COPSEF S(:(‘rchol}n 5 m Hz250y
Confai7ing 0- Cus 1o produce Cul :
(i) Prove aﬁqipigwr caqr{',l fmﬁgbe_ dissolved v deaetifed acid
Cwithout dissolved 02> but Can be diSSolv‘e(/ N CLeI’oLTeJ acid
( cemtaining dissclved oxygen) with 02_, reduction (,‘2(7?’+2Hf+29;H20)
(i) iF dhe Corresion Curremt demsity is 001 A/cm2 5 Caledlate
the daily rate of CuSO4 Production if the active orea of
‘the Ccpprer ScrapP 1S 5000 OmM o Show how Legpp Cam be
deﬁ’e\’fm{’ned ex Peh'mem*a“j ’
(WD suggest twe differemt methods for I Creasing 4he
Yate of Cufioq P‘VOJLLC;HQTI in -the veactor:
Datar @) of Culeu'=-0.38V;€) f 0, |H0=~123y
AN.wt.of copper= 623 aX

2 Gf\/e FeaSems Q:oi" the PO“C!WI"Hj .=

(1) in Scwe emviron ments Sacrificial Cathedic pretection Cannet

protect immersed Steel stractures and impressed Current Cathodic

protection Should be used o ?I’af&cj the structure . |

(i) Substances such as ZnCl, 5 Na NG, amd NQSPOQ
inhibf‘i‘ CoYrosiom .

Qif) thoujh fmeTa!S SuChq/o Ni and Zn ‘ie abave Hz in the
e:m.S they Can be deposited From aquegus solutions.

() Salts such as fe Cly and  CuCl, are highly corrosive .

3. In a Process of M Plc{‘ﬁnj of a Stee|l Sheet (area_:zgg
(/m2> From « $c|u‘h0ﬂ Co'n*aim"nﬂ 0-25M Z’n504 (PH:‘.’;5)
Using a soluble Zn amode a Current densi')tj of 0-05A/
wasused = (iyif L is I"(if-]uireol ta o’ePoS{ffa.. Zn layer of
thickness 0.1 mm calculate the required +Hime:

(i caleulate the emergy ConsumptHian un K-Wh/h& ,



—_—
(i) Show how +o impreve the emergy efficiency of the Process,
})__c_},ia_;l deﬂsiJr}j ¢t zinc =F14 8/0773 » Current eFficienc of

Zn depesition= F57 » At wt. of Zn= 6531 =g.5V,
ch‘iﬁode: 012V .3 IR drop = 0:25V '(ed)ox °F7'ﬂ|1?"+;05?76\/
L For a buried Steel piveline Catrying Cresh water -

U) Wrﬁ'e the celis l’eSPo'nSib\e Lor (erema,f amof ‘eererna|

Corresiam amd Write the Cell reactions.
Q_D Show how “he Pipe\ine Can be Pro’re(ffed ajai’ns‘t(ﬁorrcsian
both nternally amd externally . |
Qi]) £ dhe mass Frams fer CaeP{ichent of o'iSSolvea’ 02 J”:pusfgn
Cyom the Selation bulk Yo “+he Wrernq\ wall is 5)("0'3 Cm /s
Ca\(‘.u\o[lf& ‘H\e_ era OP CaYtosSion OC ‘HIC tmmner WG.” n 'm’rn/g amJ
Calculate -the CoYrosion allowance if the lifetime of +b¢
pipeline is 20 Year-
data: Solubility of c"r‘SSo’VEr) 02 im watel — % PPm
ok 25°%. .
~oteel density =F. 9 g-/(fm
At wis: Fe =54 5 () =I¢

5. Write Shorl motes an:—

(i) €rnsion — Corrosion and how 1o avoid b .

(i) Crevice Corrosion amd how To aveid it .

i) electrochemical Passivity and b use im ProtecTing métalic
structures a-fjam‘St Carrasion . CC’[

(WD Painting as a tool for Corrosion prevention.

N-B . Assume reasomably ang iSSIS deta

55" 5
A 7
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Answer all questions

L. Put fruae or false:
i Wwater is an almost universal solvent

i 1.0 indicates that i s the combination of two volumes of oxygen and one
vaelume of hvdrogen,

) Water purification suisiacton For mumcipal ases is frequently wholly suired

for iy industing! processes.
vy Modern combined units Tor Clarification provide all steps tir one upit
v The pare alum contsins 13300 ALO:
i) Fepvie chlorde s wodely emploved for sewage reatment.

viliberne sebfaie congidant dees not require 1he addition o hydraed fime o

conplote e reiction
v Sodiom alumingie Fas anoacel character

icWhen g beds of carhon are cmplosed for dechiorination. revencraion

process s reauired

sobinre soda softening s applivd teosater contaismng non-carhonate pardness.
< 3 o

siythe selabilite of Cot Oy incicases with incrense ol temiperature,

sin lime soflening, presence of magnesium carbonase or sodivn bicarboaate
reslts i the reduction of the solubiioy of Cal O,

sitn hot e sottening. the precipitated caleim: and magnesiom have bigher
sodubilities,

e softening, significant silica reduction can be achieved.

vl b
suilnien exchange soflening, the fons are removed i cquivalent amounts,

svidReponorion of fon eschange materials by soa water 15 practical for sial!

mstallanios,



H. Complete the fellowing siatements:
Dhard water is ebtained irom arcas where o of Lo iy abundan.
iy Carbosaie hardness at one time Bdontiticd as 0 Tlardness, sepresents

bicorbonates of oo o and. .o

1) Caustic soda s knows toattack steet resulling in the charactenistie aacking

B A L

P testing can e de data on Lo c o oand

vioPhe raie ol seithng of sobid porticlos wowater deponads upon

and
viy AL (SO0 YOO IOy : S S
ving o 2 NaAdGs 2 C0s o 31RO e

i) As the wmperature 15 iowered. the dosage of cheneal Tor ceagaintion st

be oo
i) Powdered activated cirbon ts uzsed wheo Lo e I thas process the

cllivienay b5 And the capital costis o
¥) Nuhe) s P2 CarOt b
iy MUl NeeR SR R

Nin) Sodium chiorde and ool poiassiun chlorde 1s used nmegeneration of cation
cexchanue matenals because oo and

xiii)  Uhe wems which influence the salt consumed i recencration ot ion
cxchange materials depend apon 0 sad

sivi Backwashimg of jon exchange materials is done w0 o



I Write short notes on the following:
arSodium suiide 45 an oxyveen Seavenger in steam generation systems,
MNcuiralizing inhibiors w control alter boiler section corrosion

Chemistry of deposit lormation i sfeam gonerating sy steni,

V.
wilor the removal ol calcium hardness by e sotiening. what lime dosage

Courity o 77% Cat) s required Lo treat water containing 8O mpd . calerim?

JLoas CaCor, will be oeated winh the
Dietermine the Inne

by Waier with alkaliniiy of 22 mig
fme-alum cozgulation. Alum dosage 3s 99 mp 2 L

dosage needed o resct with atun.

VooWriewe briefly on the following:

ar LVTA as antiscobant  in steam soneridine syslesns,

133

1

b Fiteot of carbon dioxide. hydrocen suifide and chlorins on the degree of

corrosion of stecl fn cooling sater systoms.

ey Eflect of temperatre on the extent of cocraslon m conling water svstems.
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Answer the following questions:

1-Consider a liquid flow system consisting of a seated tank with nencondensible gas above the
quid as shewn in Fig. L. Devive an unsteady -state model relating the ligquid level h to the input
flow rate q;. You may make the following assumptions:

(i) The operation of the systent is independent ol the aibient pressure Pa.
(k) The gas obeys the ideal gas law. A constant amount of moles of zas are present ig the
tan.

(itty  The operation is fsothermal,

(iv)  the flow through the vabve is given byv: (= ¢

R, o L I
a P ’ {Q1: 20 points)

[

PR

aer - A
Figuve 1: The sealed tank in Problem [

2- A gravity-fiew tank systam is shown in Figure2. Let 1 be the length of the exit line and
its eross-sectional arca be Ay, The vertical, eylindrical tank has a cross-sectional arcs
of Aok Assuming turbulent flow conditions, write a model to deseribe how the level of
the tank varies with time. For turbulent flow conditions, the frictional force will he
propottional to the square of the velocity and the length of the pipe (¥rictional foree =
Kila’).

ta ‘ m? 3 (Q2: 15 points)

T

5 .
ey

-

\\::_}—‘:""""_——-—-»m s s s b __,,v_,.,_.:'w F

A

Figure 2: Graviry-Flow tank in Problem 2

1ol 2



3- Write the compousnt continuity equations for a perfeetly mived batch reactor (NO
INFLOW OR OUTFLOW) with first-order isothermal reactions in the two cases outhited
below:

(1) Simultaneous reactions
(QQ3: 20 points)

. Ko
A8 Bang A —=>(C
(1) Reversible reaction

At

5B (rate constant for the forward reaction is K; and

for the backward reaction s K;y)
STATE all assuantions.

4- Starting with the interval ja,, by} given below, use the bisection method to find AN
INTERVAL OF WIBTH 0.05 that coutains a solution of the given equation,

TN ) - .
exp(x)-2-x=0 [-2.4, -1.6] (Q4: 20 points)

5- The equation given below results Irom an energy balance in a slab with heat generation
(¢g). - .
S {0)3: 20 puints)
hd' T =g Qs 20p
{a) What do you need to do te be able to solve this second order equation using
Fuler's method?

YOU ARE REQUIRED TO GIVE A SHORT ANSWER DESCRIBING THE
STEPS

(h) Use Euter's method (h=0.1) to find x;, y; and xz, v to the svstem of differential

cquiitions:

dx/dt = 3x-v dv/dt = dx-¥ with xy=2 and yy=3

6- The Redlich-Kwong equation of state is given by:

R a {Q6: 10 points)

P 2 _

(V=) V(Y bT

It is required to find the molar volume of u gas using this cquation ay a delined
pressure P and temperature T.
{a and b are known constanis.)

(a) Kxplain briefly how you can solve this equation numerically,
Choose one {only one) methiod.

YOU ARE NOT REQUIRED TO SOLVE THE EQUATION!
Just propose a method and give a short and CLEAR apswer,

(¢} Propose a method to deterntine vour initial guess.
(d) When will vou end your iterration. .

2 a2 P’ |
{‘ “ I (/// \
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Answer the Following Questions:

Question -1.

A benzene-iniuene mixtare at its bubble point containing 30 mol % benzene is to he continLoasly
reetified at atmospheric pressure to produce o distillate containing 5 % benzene. Ninely five
soereent ol the benzene in the Teed must be recovered, with a partial re-botler and total condenser,

culculate:
¢ Minimum reflux ratio.
e The moles of bottom product (B) and its composition (X g), using a reflux ratio of twice
the miinimum.
e I'he aumber of the actual slates i the overail efficicney s 60 %
e The minimuim number ot plates.
o The compositicn of vanor leaving the third plate from the top

Equilibrium data in niole fraction benzene af 101.3 ki

Ty Toar T 037 | oSt [ oed | o2 o079 0-8@4_“0-9}_. 090 | 098 |
o o2 o3 0 va oS ) oae | our oS s Tess

(Jucsiion -2

A torward feed double effect evaporator is led with 2.5 kg /s of o liquor containing 15 % solid to
b concentrate to 55 % solid. The operating pressure tn the second effect is 18 KN/’ The boiling
point rise of the concentrated liquor i the sccond ceffect is 6 K. The ovarall beat transer
coefficients it the first and second ellezcts are 1.8 and 0.63 LW/m® K, Determine:

]

-]

The boiling point of the solution in the first and the sccond effect.
Sieam consumption i it is assunsed to loss only its latent heat
The rate of evaporation in the first and the second cftect

The concentration of the liguor from the fivst effect

The overail steamn economy

The heat transfer arca in each el el

The saturation temperature of water ( boiling point) at 18 kKN/m? s 331 K

Steam tempezrature 15 412 K

Specific heat capacity for atl solutions is 4.2 k. K

Feed temperature is 300 K

The latent heat of vaporization in the first and the second effect are 2280 and 2320 k/kg
respectively while for steam it atent heat may be taken us 2200 Id/eg,.

T TR N R S —. U O SO T O ——— A ——— T I A —— N WETSARLAY My 53 SH N AR 7]



Question -3
1000 kg/h of 26 wi % ethylene glycol (A} in — water (C) solution is to be extracted at 25 °C in a
two countercurrent stages with pure furfural (8) to obtain a raffinate containing 5 vt % sthylene

glycol.

Using the equilibrium diagram shown in Figure |, determine:

The minimum flow rate of solvent (S ™).

The flow rates and the compositions of the extract leaving the fist stage (E;) and the
raffinare leaving the finaf stage (R, if' S e — 5 96 § M,

The number of ideal stages in the column

Question -4

State whether the following statenients are true or false

The number of theoretical stages in liquid-liquid extraction increases as the solule

I
concentration in the final raffinate decreasces.

2. The capital cost of the backward feed multi-eifect cvaporators is higher than that of
forward feed units.

3. For distillation of a cold liquid feed, the number of plates i the rectifying section is lower
than that in the stripping section

4. The nunber of stages in liquid-liguid extraction increases as the solute concentration in
ihe {inal raffinate increases.

5. In multi-effect evaporators, the pressure in the last effect is higher than that in the first
effect.

6. In the distiliation operation, the slope of the g-line for sawrated huid iv positive value
while for sub-cooeled liquid is negaive value.

7 n the liguid-liquid extraction process, cach phase is consists of three componeals if the
carrier and the extractive solvent is partially miscible.

8. The composition of vapor leavirg the top of the distillation column cquals the compostlion
of the reflux stream f complete condensation takes place in the top condenser.

0. The minimum number of plates in a binary system distiilation is highly afleded vy the
thermal conditions of the feed.

). The slope of the top operating fine is a. its minimum value at the conditizn T naximune
reilux,

Question -5

« [xplain the different facters that affect stcam consumption in eveporaiors

« State the main factors affecting ¢vaporator selection and the main problems »rising during
evaporation '

o State the conditions under which liquid-iiquid extraction 1s used and give three
applications to the process

o With the aid of simplc sketch, ~ompare between forward and backward feed multi-effect

cvaporator unit

2

o<
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{wt. % Glycoh)

- Water-Ethylene Glycol-Furfural at 25°C
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Liquid-liquid cquilibrium phasc diagram for the water-cthyiene glycol-furfurit system
at 25°C. )
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