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Learning objectives

* Understand the general principles behind which
distillation works.

 Become capable of designing and analyzing
flash distillation with respect to (w.r.t.) operating
conditions.

* Analyze how feed condition, and reflux ratios
affect the operation of continuous distillation.



Today’s outline

* Introduction
v" Definition, process, and example
v Two types

* Principles of stage processes
v Terminology
v Material balances
v Number of ideal stages
v Absorption factor method for calculating # of ideal stages



21.1 Introduction

 Definition
v’ Itis a process that separates the components of a liquid mixture by
selective boiling and condensation.

« Examples
v’ Separation of water from sea water Froducts Made froma Barrol of
L _ Crude Oil (Gallons)
v" Distillation of crude oil (2011)
v" Alcohol distillation R
v Production of sugar from coconut (eatng gl —1 g

Heavy Fuel Oil

(Residual) — 1 \ :
Liquefied Pl
Petroleum Gases S

(LPG) — 2

Gasoline — 1
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21.1 Introduction

* It exploits the differences in volatility of the mixture’s
components.

v' The composition in vapor is different from the composition in liquid.

Condenser
Step 78C | @ Reflux
2 1 Cooling water out Cooling water Drum
’ ' (LT) )
Evaporating & I | Vapour condenses Reflux < 2
condensing g~ in the condenser T Q
ethanol e mamme ] Pump
5 — Overhead product
Fure ethanol vapaur e . « M > (yD)
=5 L e " £ ’
Waterand | , ) g ) (F)
ethanal | | 11} % — < Feed
solution : / =
Cooling waterin = § g i
b % | /[\
=+ V2
Heat
| | Ethangl Reboiler
- .\.,_ L g
T T Steam
I' 1

Condensate

Bottoms liquid Bottoms product (xB)

4 Upflowing vapor
Downflowing liquid



21.1 Introduction

* Two different types exist w.r.t. the reflux rate.
v" Flash vs continuous with reflux

D
/- Condenser
~—> Heat out
L Froth Liquid
iReﬂwsf M | l’
Feed —_— Ceaast ._.—.?_ —————
Overhead
Co product 1
VaporT iLiquid:: Vapor
A .....
Y .
B
) Reboiler
Heat in \ Bottom product
(a] (b)
FIGURE 20.1

(a) Reboiler with fractionating column: A, reboiler; B, heating element; C, column;
D, condenser. (b) Detail of sieve plate.



21.2 Flash distillation

 Hypothetical equipment schematic
v material balance eqgn.?

Vapor fo
e _ condenser

f mole
Yp

heating «=+-., T
///:/"/.gfy':/// Pdmp o
S 1| @ @ Equilibrium
C e nae R
[ e :
A
« HC /
€ :
Feed ¢
/ mole
X ﬂ P a %/qu/d
CHZI\- g (/-f)mole
X
8

v flash: partial vaporization that occurs when a saturated liquid stream
undergoes a reduction in pressure (why?)



21.2 Material balance

* For 1 mol of 2-component mixture
xp =fyp+ (1 —f)xp

v relative volatility, a,z = z“eg“" = 5—‘,“ (egn. 21.2)
Be/*Be B

where e represents equilibrium conditions for A or B;

v What would a,5 equal to for ideal mixtures?
v a is nearly constant over the T-range typical to distillation

v eqn. 21.2 can be rearranged into y=f(x) for component A:

ax
1+(a—1)x

y:



21.2 Energy balance

* For 1 mol of 2-component mixture
Hp = f Hy, + (1 — f)Hy

Ex. 21.1 A mixture of 50 mol% benzene and toluene is subjected to flash
distillation at a separator pressure of 1 atm. The incoming liquid is heated
to a temperature that will cause 40% to flash. (In-class)

(a) Calculate x;, y; in the flows leaving the column.

(b) What is the required feed temperature? ::S’Y'\
£ ool I T
a5 = 2.45, s SN
Cp,benzene = 33 #‘;lgc’ Cp,toluene =40 mf)clllgc g 383 . -
AHyqpp = 7,360 gC:llol’ AHyapr = 7,960 gczlol ;(53
65

0 02 04 06 08 10
CONCENTRATION, MOLE FRACTION
BENZENE 10



Construction News In association with www.TradeArabia.com

Doosan wins $422m Saudi desalination plant contract
01-04-2017

Leading South Korean group Doosan Heavy Industries & Construction Company said
it has secured a 470 billion won ($422.05 million) construction contract for a
seawater reverse osmosis desalination (SWRO) plant in Saudi Arabia.

The contract for building the nation’s largest SWRO plant in Shuaibah, 110 km south
of Jeddah, on the coast of Red Sea, was awarded by Saudi Arabia's Saline Water
Conversion Corporation (SWCC), reported Business Korea.

As per the deal, Doosan Heavy will complete the construction of the plant as the
engineering, procurement, and construction (EPC) contractor.

Once the facility is completed, it will process 400,000 tonnes of sea water into fresh water a day, to meet the requirements of 1.3 million people, and
supply it to western Saudi Arabia.

With the latest deal, the Korean group has re-entered the Saudi Arabian seawater desalination market after five long years, stated the report.

The company had last worked on the desalination plant project at Ras Al Khair in 2010 and Yanbu seawater desalination plant Phase Three deal in
2012, it added.
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21.3 Continuous w/ reflux

[t can be used to
separate molecules
with comparable
volatility.

 Continuous is far
more common than
the batch mode.
(why?)

[l

o. ill.
i , Typical Downcomer Clamped
| | m I to Downcomer Bar.

L]

0 ] s
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{1 -":“. S ] ’c :

il = Y Typical Bubble Cap,’Set-on' Riser
S and "Snap-in" Frog Assembly.

Weir and Seal Plate,

i <<, Access Manhole Including Davit
- ; and Cover Plate.

oAl AR ,Ih',f‘

Typical Platform and Ladder.

Accumulator Tray Complete with
Center Stack and Drawoff Box.

T E NG T C 2N Drawoff Nozzle.
7 SN F NS

S *‘-’f" ‘W Tray Support Ring.
SINFEAN £F gl Perforated Shower Tray.
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=
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Hl ‘ Inspection Hatch in Tower Skirt.
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21.3 Boiling point diagram

* [A] iIncreases as you reach the top of the column.
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21.3 Typical configuration

. T . I l/::r,aahr
erman Ogy - i Condenser .
v’ feed plate :
v’ rectifying section ] | Acumieror 0]
v stripping section (includes y = __c__; -
y L.oafer
the feed plate) S " ¢ H—co¢
. H:: ',:_5,_ 3 worer
v’ reboiler B[S 3 Dye;ﬁead
. o | reffux proguct
v’ weir o &
v’ condenser 3
/ Feed
v' accumulator Plate
1 IS
v reflux SR Vopor |
s ‘é < Heborler 8
v" product cooler o == F_L «— Stear
e L it l Condensote
> frapo
[
- | l Sorfomns
- caoter (s
Sotloms
Feed product
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21.3 Material balance

« Overall material balance for a 2-component system

vF=D+B

v' For component A,
Fxp=Dxp+ B x

_xxp o B _

v Eliminating D or B gives,
D
F

Xp—XB F Xp—XpB

__ XD—XF

Control
surface

-

Control
surface

Condenser
P G G Gv S Me e dmm e G e ) Ger) ) G DR e S G e ————‘——'-i
> 1 I
q I = “— Heat out q,
o |
Vy, [
Ya Y 1
I
( I : Accumulator
l
Y : Overhead
" - { . product
n Reflux : D
Xp
Vn+'[ I'G :
Y X ]
m &
I }/mH
S BP0 21 . ) O P
mm+ 1 { I
v, Reboiler !
i
Yb L« Heat in q
|
I
I
I

Bottoms product
B
Xp
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21.3 Operating lines

 Net flow rates can be calculated as follows:

v MB around the condenser: . °_"i'[i"f°_’___,
| |
I | - |
Va - La + D i - a I e : > Heat out g,
| Vi o |
v’ In the upper control volume, | 2 ‘ !
Control ! ( I l Accumulator
VTl+1 — LTL + D surflacel !
: L : Overhead
! 2 _ { . product
v In the lower control volume, L - Rl T
I f n+1 a :
Ly, =Vypsy1 +B et L.._’ﬁ’l__ilnﬂ_____i‘a__________J
[ -
A
« Operating lines can be rewritten: Lo
. i Vins
v" In the upper or lower section, Ir--’&n-l--—bﬁmii] ______________ ¥
Ln XD | v, Reboiler i
Yn+1 = L+ Dxn T L,+D Elely Z L Hadili g
Ym+1 = L — me BLm—B - L f__’ib___v[__________J

Bottoms product
B
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21.3 Reflux ratio

« It facilitates the analysis of the columns:

v’ two ratios are used:
L __V-D L L

Rp=5=—7 and Ry=9=77

v For constant molar overflow (L and V), the op line for the upper is
_ _Fp_ Xp
Ynt1 = g TR

v What if n = D?
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21.3 Effect of feed condition

* Feed condition affects the molar flows:

heat needed to evaporate 1 mol of feed
B at entering conditions
1= molar latent heat of vaporization of feed

Hv: enthalpy at the dew point
_ Hy—Hp _ (Hy—Ho)+Hi—HF) _ 4 , HiL—HF He: enthalpy of feed at the entrance

 Hy—Hg Hy—Hp Hy—Hp H,: enthalpy at the boiling point

v physical meaning of g?

P -

v" which will be which? g=? | i | LY - H

: - || | N

partial vapor Sl | A 'i | —#ﬁ #

cold liquid ﬂl | TU ﬁ 1,57

saturated vapor at dew pt o - i
saturated liquid at bubble pt . v
superheated vapor | t M
: II -..r:l

—1'—{- -—"Il ‘ L —-’: ‘

] L)
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