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Time:3hr  Full Marks : 100

' PHARMACEUTICALENGINEERIN G -11

(Answer any five guestions taking at least two questlens from each. group. )

GR—‘O’U-P A

QLA distillation column operating at 1 atm is- to be designed for separatmg an ethanol-water

"229

“mixture. The feed is 20 mole% ethanol and the feed flow rate is 1000 kg-mole/hr of saturated_
_hquld(q"“l) A d1st111ate composition of 80 mole% cthanol and a bottoms composition of 2
“mole%- ethanol are desned The reﬂux ratio is 5/3. Relatwe velatlhty of Ethanol (78 4°C), CLEW is. -

_ '-(1) Detenmne dis , -’i:lew rates i Lg«melefhr (11) Beterrmne the total number of
ideal stages including rebi iler required to achieve separation, and' number: of plates to be
“installed in’ rectifying and strzppmg section. To ‘which plate must the feed be introduced?

- Calculate N . Calculate effieiency of column if actual number .of plates is 20, Calculate

- minimum reflux. (i) lraw a neat ﬁgure ef the 1eleal column as per ﬂ‘llS problem, _wnh

e apprepnate labels.

o (b)lraw a bmlmg pemt dlagr o

_Equ-rh‘l’aﬁn—tifn‘-data for. ethanel—water system atl atm pressure

x -0 0.019 0.0966 0.2337 0.5079 0.6763-0.8943 0.95

oy 0 017 o'.-4-37s 0.5445 0.6564 0.75.8-5" 0.8943 0.95

- : Q2 (a) Wiite en ﬂash dlstillatlen operatten Wlth a neat dlagram of 1ts set up and related equatlons

of benzene—toluene w1th the: fellewmg data:

Te-mp.Ca 5 MO-I"'@@GHGI}':O, i uid 1 .'olfﬁ‘acti,en of benzene in vg,por 1
Cp%0 | 0sst e
S 95 | 0411 . BT 9632
[ 100 0258 0 | 0.456
105 0.13 0.26
{1106 |0 9

A mlxture of 50 mole percent benzene and toluene is subjected to flash dlstlllatlen at a separater pressure
of 1 atmosphere . ‘The-incomiig liguid is hieated to a temperature that causes 40 peroent of the feed to

. flash. The temperature in the separator' is assumed to be 95° C (relatwe volatlhty is 2.45) and boiling point
" ofthe feed is 92°C.




(2) What are the composmons of the. vapor and: hqmd 1eavmg the ﬂash chamb er‘7(b) What is the requ1red_ o
feed temperature? - R . s , o

Data for benzene 7&“73’60 cai/gm male, Cp"?@ cal/mml C

for toluene 7r796® calf'gm mole Cp—40 cal/mol C
Malf-ks 100

' _ Q3 (a)Derwe the expressions for lxqmd hquld extractaon by Cross current and Counter gurrert mode: of
operation by mass balarice; and sh@w the related graphmal ﬁgures requrred to selve extractmn problems '
using these expressmns : : o -

(b) 1 kg aqueous solutlon of pyrldme contammg mass ﬁ'actlon (0 24) of pyrldlne is'to be

punﬁed by extractmg with a solvent ( chlerobenzene 300 gm) mna cross current extractron

comp.b'siti'or_i.

Equﬂlbnum data Y? is kg of pyrldme per kg of chlorobenzene X 1s is kg ef pyrzdme per kg of '_ _
water ' : _ : . '

(40 326)1  1 s

R
Marks 10410 -
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ANSWER ANY FIVE QUESTIONS TAKING ATLEAST TWO FROM EACH GROUP
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- (Use gr-aphrpaper .andzpsychomemc chart as required)

a. A continuous counter current dryer is used to dry 500 kg dry solid/h containing 0.04
- kg total moisture/kg dry solid to a value of 0.0017 kg total moisture/kg dry solid. The
grantlar solid enters at 20°C and leaves at 70°C. The heating medium is air which enters
~ at90°C, hasa humidity.of 0,016 kg H20/kg dry air and leaves at 32.8°C. Calculate the
-air. ﬂowrate and the outlpthum:dity, assummg the heat losses from the dryer to be 9200
' ,leen The constant he capacny of the dry solid = 1; 465 KJ/kg
The value of latent heat of water at 0°C = 2600 Kl/kg . [8]

b Itis ‘desiréd to dbsort’ 90% of acetons ’oy water from a mixtire of acétone and rutrogen
containing 2% of the component in a counter current tray tower. Total gas input is 35
kmol/lir and water enters the tower at a rate of 85 kmol/hr. The tower operates at 30°C
~and 1 atm. THe equilibrivi relation is ¥=2.2% X, Determine tlie number of ideal stages
_necessary for the separatlon usmg (a) graphical method as well as (b) Kremser analysis
method. - - [10%

e. Deriv mbert’s, B er--;s and Beer-Lambert’s law. . [02]

]

a. Two. alrstreams are. mlxed steadlly The specific humidity, the relative humidity, the

- dry—bulb temperatu' g€ _'_d=the volume ﬂow rate of the mixture are to be determined.

-
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b. A test tube, > cm in diameter and 20 cm long, has 0.5 gm camphor (C1oH160) in it.
How long will it take for camphor to disappear? The pressure is- atmosphenc and

e -temperature is 20°C. The sublimation pressure of camphor at this temperature is 100

mm Hg; dlffuswlty of camphor ¢ can be estmlated by using Fulier § Equatzon'
10133 x10°7 7175 [1

_Pr(Zv)”3+(Z WP M Mg o
weights of A and B, respectlvely and ZVA ~200m/s } ng ~18.1mls. | 51

. Derive the expression for drymg time. Write short note in Tray dryer Rotary dryer. [S] -

a, SoluteA is to be absorbed from a bmary mlxture containmg 8 % of 4 with solvent Bin
a packed tower. Based on flooding calculation, a tower diameter of 2 m is selected.
Total gas flow tate is 70 kmol/k The exit ga tust not contain 0. 4% of soliite 4. Solute

free liquid B’ étters ‘from’ ‘the top of the' tower at 30 kmol/h, The gas-phase and liquid
phase- mass transfer coefficiénts based on mole ratic ‘unit ar k=
and ky =2 kmol/m®h (47). The equilibrium line Equatic is 70.8X. ‘Specific interfacial
area of gas-liquid contact () is- 75 m*m® (i) Calsulate packitig he‘rg‘nt'requued for the
desired separation. (ii) For 98.5% solute 4 removal, what % mcrease m packed height

is needed?: (‘iii) htenﬁme siopes of*operéfiﬁ' 3 i‘i‘ ineaclicase. -~ [10]

b. e il o (3]
A simple U-tube. can be. used to determine. | A il g
the specific gravity “s * of. liquids which
are denser than water by the. arrangement o
shown below. Derive.an expression for
“s” in terms. of_hl,,_hz,.ha_ and ha.

Figu : _
c. A wet solid-0f 30% moisture is to be dried to 0.6% moisture in a tray drier. A laboratory
test shows that:it requires 12 h to reduce the moisture content of the same solid to 3%.

The critical moisture content is 8% and the equilibriumesitoisture is 0.2%. The falling

tate of drying is linear in the free moisture content, .Calcu-lateﬁfphc-dry.ing time of the
solid if the drying conditions similar to those:in the laboratory tests are maintained. All
mdistures are expressed as per cent of “bone dry” mass of the solid.

[5]

. ] m*ss; where T in K; P in bar, Ma, Mg are molecular -

5kmol/m’h (4X%)



‘2. MEOH (A) is'séparated from aq TG illatioii.” At a section of ‘column,
vapor phase coft 8'mole frae “aid d phase has 0.55 tole fraction,
Temperature of the- sect:on is 80°C- and total pressure is 1 atm. throughout 1 mm thick
vapor film. If molar latent heat of vaper:zatlon of MeOH is 8585.5 K Cal/K-mol and
that of water (B) is 10040 K Cal7K -mol at the given temperature Calculate MeOH and
water vapor flux. Given. I mole fraction of MeOH in liquid is 0.55, equilibrium vapor
will be 0,795, Vapor hase-diffusivity of MeOH, DAB—I 696x10°* 2/5

b. Hydmchlenc aci igh a ]

m¥s. Calculate
_ solutlons atp‘

. - 1-3600 kg/m3) manometer
at tap p.osmon 1s 242 mm. _Calculate the ﬂow rate in 1/s
d.. Write short note:on the: follongs '

| [8+6+3+3=20]
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