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Instructions : (1) All questions are compulsory.

(2) Answer each next main question on a new page.

(3) Illustrate your answers with neat sketches wherever necessary.

(4) Figures to the right indicate full marks.

(5) Assume suitable data, if necessary.

(6) Use of Non-programmable Electronic Pocket Calculator is
permissible.

(7) Mobile Phone, Pager and any other Electronic Communication
devices are not permissible in Examination Hall.

Marks

1. A) Answer any four. 8
a Givethemathematical expression of idedl gaslaw and explain thetermsinvolved.

b) Writedowntheprincipleinvolvedin solving material balance problemswithout chemical
reaction.

c) StateAmagat’slaw and giveitsmathematical expression.
d) ExplanRaoult'slaw.
€) Define adiabatic reaction and adiabati c reaction temperature.
f) Definethefollowing.
[) converson
i) yidd
B) Answerany two. 12
a) Cdculaethedensty of air at NTP. Air contains 79% N, and 21% O, by volume (Atomic
weight of N = 14, O = 16)
b) Findthepartial pressureof CO, inthegasphaseif mol fraction of CO, is4x 10%and
Henry’slaw constant for CO, inwater is 7x 10% KPa/ molefraction.

©) A sampleof gashavingvolumeof 0.8 m3iscompressedin suchamanner sothat pressure
isincreased by 50%. Theoperationisdonefor afixed massof gasat constant temperature.
Cdculatethefina volumeof gas.
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2. Answerany four.
a) Explainthestepsinvolvedinsolving material balance problemswithout chemical reactions.

b) TheNHs-air mixture containing 0.2 kg NH, per kg air entersinto absorption system where
ammoniaisabsorbed in water. Thegasleaving the systemisfoundto contain 0.004 kg NH4
per kg of air. Find % recovery of ammonia

c) Define
1) limiting component.
i) excesscomponent
d) 100 kg molesof ethanol are charged to dehydrogenation reactor to produce acetal dehyde.

The product stream isfound to contain 45 kg mol es acetal dehyde. Find % conversion of
ethanol.

€) Inproductionof SO,, 100kg molesof SO, and 75kg molesof O, arefedto reactor. Caculate%
excess O, fed.

f) Atwhat rateinkca/hr heat must betransferred toliquid C,H=OH at itsbailing point to generate
100 kg/hr of C,H;OH vapour ?, for C,H;OH =202 kcal/kg.

3. Answerany two.

a) Ethyleneoxideisproduced by the oxidation of ethylene. 100 kg molesethylenearefed tothe
reactor and product isfoundto contain 80 kg moles C,H ,O and 10 kg moles CO,,. Calculate
1) % converson of ethylene
i) %yieldof ethyleneoxide.
b) Itisdesired to have amixed acid containing 42% HNOg, 45% H,SO, and rest water by
weight. Sulfuric acid of 98% isreadily available. Calculate ) strength of HNO, required to
obtain desired acid. b) Weight ratio of con.H,SO, to con. HNO,.

¢) 20,000 kg/hr of solution containing 25% methanol isfed to adistillation column. Digtillateis
found to contain 98% methanol and waste solution from column carries 1% methanol
(by weight). Calculate
1) massflow rateof distillate and bottom products
i) % lossof methanol

4. Answerany two.

a Calculatetheheat of formation of liquid 1-3 butadiene (C,Hg) at 298.15K using following
data
Standard heat of formation of CO, =-393.51 kJmoal
Standard heat of formation of H,O =-285.83 kJmoal
Heat of combustion of C 4sHg=—2520.11 kJmol

b) Tray dryerisfedwith 1000 kg of wet solid containing 15% water. Thedried product contains
99.5% solidsand rest water. Find the % of original water that isremoved inthedryer.

¢) SO,isoxidisedto SO5. If conversionis 70% and air isused 80% in excessover theoretical
requirement, cal culate composition of gasleaving reactor on molebasis.
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5. Answerany two. 16

a) A gasstream containing 65mol % ethaneand 35mol % butaneisfed toacombustion
chamber whereitisoxidised to CO, and H,0. Air issupplied 20% excess of that
theoreticaly required. Cal culate theamount of gasleaving the chamber per 100 kg
gasfed assuming completecombustion.

b) Anevaporator system concentrating aweak liquor from 5% to 50% solids handles
100 kg-solidg/hr. If the same system isto concentrate aweak liquor from 4% to
35%, find the capacity of the systemin termsof solidsthat can be handled per hour
assuming water evaporation capacity to be samein both the cases.

c) Calculatethe changein enthal py between reactants and productsif both are at
25°Candif 5gmol of ethylene oxideisproduced.

1
C,H, (9 + E O, (9) - C2H4O(g)

Compound A H°% inkca/gmoal

C,H, 12.50
C,H,0 —12.58
6. Answerany four. 16

a) Definedtoichiometric equation and stoichiometric coefficient. Explainwith example,

b) Thegroundnut seeds containing 45% oil and 45% solids arefed to expeller, the
cake coming out of expeller isfound to contain 80% solids and 5% oil. Find %
recovery of oil.

¢) Thedilateacid containing 25% H,S0, isconcentrated by commercid gradeH,SO,
containing 98% H,SO, to obtain desired acid containing 65% H,SO,,. Find the
quantitiesof theacidsrequired to make 1000 kg desired acid.

d) A combustion reactor isfed with 50 kgmoles of butane and 35 mol % excess O.,.
Calculatekgmolesof O, fed.

€) Thefeed containing 60 mol %A, 30 mol % B and 10 mol % inertsentersareactor.
The product stream leaving thereactor isfound to contain 2 mol %A.. Thereaction
takingplaceis2A + B — C. Find the % of original A getting converted to C.
f) Define:
) sensblehesat
i) latent hedt.




