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Of Mass Transfer separation Operations
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¢ The type depends on the way different phases are contacted:
alow miscibilhy (CRUR T \,u»\:._h_,l,‘, \ 5 Gl phase 1

1. mmcﬁnmsu‘ul \.—U_)h o U"°L‘>¥\ \)Lud..a_u.; fQSJ‘DU" 3—M_Q..:$L~J

sl (_\_)'Lsg_gLe direct conkacl >LD:)
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(@ -Most widely used and most important
(3@ - Depends on the fact that the contacted phases, consisting of several
components, are initially not at equilibrium. The system tends to reach

equilibrium as a result of a slow process of diffusion between the two phases. ]
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- Drying: not all components are present in the two phases.

-Adsorption (or desorption): Diffusion takes place from
gas phase to solid phase or vice versa. — acleva be d
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[*lthese operations involve different phases:

/ effusion-microporous membrane
permeation - non—porous m« nbrane.
Gas/Liquid - permeation processes (non-porous membranes)

- Liquid | Liquid: Dialysis - membrane permeable to solvent
and dissolved substance.

Electro dialysis - electromotive force is used to assist the diffusion

process.

se osmosis (R/0) - desalination of water.
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3 Factors to be considered in the selection of a separation process.
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@ - Physical properties of the materials to be separated. > e _‘; L yas
@ -+ Cost of process to be used (fixed or operating). (S/Ly=00 )
@ - Knowledge of design and availability of data for design. =T

« Operability (Simplicity, ease of maintenance.) e gLl fﬂ*")‘
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Dalton’s Law of Partial Pressures;

The total pressure exerted by a gaseous mixture is equal to the sum of the partial pressures
of the components t in the mixture:
ponents present in the mixture n, BT +Na2RT 4eso
C A & >/' ¢ N
P P,
Amag "l!slm‘ n Z E (M 40z + °=2 )
52 b,";{"" Y s N jotal

ko

The total volume occupied by a gaseous mixture is equal to the sum of the pure component -
volumes.

k\i,'_,&. & Vapor pressure:
ig, 3 = \u,;“
Sain Oy _._,} A vapor is a gas below its critical point. Vapor pressure is the pressure at which the liquid
\A_\_h s\ and vapor phases of a pure substance may exist at equilibrium at a certain temperature.
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| nj: SINE) o Saf Vap slals
It is the temperature at which the vapor pressure of a pure liquid becomes equal to
the external pressure. W e

Patm Ml v b @

A gaseous mixture in contact with a pure liquid is said to be saturated when the
partial pressure of the liquid vapor in the mixture is equal to the vapor pressure of
the liquid at a certain temperature. The vapor and liquid are at equilibrium. - L6 0.‘5’,"
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Number of phas&s :

Number of degrees of freedom (vanance)

Number of Intensive properties (independent variables)
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=500 PURCHS I N the boiling point of any mixture of two immiscible liquids is less

than the boiling point of either of the two liquids.
»% bL:llall 45,5 uny e 2. Boiling point of all possible mixtures of two immiscible liquids is the

mix g dh

Pr - Pp’ X Pn_,b same (no change in vapor pressure with composition).
3. At any boiling point, the vapor composition remains constant and
\Jud L‘)-\.L) l, d_,_,.ﬂ_j oy T, " Lﬁ
LQ)' o Lu b‘ is independent of overall liquid composition. Lis juas UL
e,.P J\W vap 3\ g Comp. 5‘u35J Glls
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QJA - J'_ads Isle :
R X i » Sometimes equilibrium data can be calculated from binary
AL -Ul:_ﬂg\ u-e.;:: e mixtures data. L-)_u.n.b ltjhi— wn_ut_.._n_o
5cmp Gsasdl :'-4504;! jvess heayy Akt WJ

Q.naf3 S x ')
- S fQ.naJ,oLv.u DARL mi g_ﬂ_n..l
ol>a2se e 25 Eor mylti-componént systems, equilibrium data is represented by means of

MW-‘?J °3"‘ distribution coefficients.
w;\.anO/ Ges

i \FAm 3 3 [0/, 5 Foranycomponent i

534 .3\ L“ ‘A.\...o'l
\-J_fb-n.n
mol€ volatile For ideal solutions at moderate pres«ures,@st, It
i e Ll Ll S > ek
lew O\ L L B M
' , i . B (AT VE S SN PR VN TR L SR [
- Yi P/ K Presure | comp A psalig

N C o\ peo T\ WY

It is also customary to choose a convenient reference componen meé
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~ Effectively it is a concurrent operation. If the stage were ideal, the exit streams would be
at equilibrium.
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Equilibrium solute transfer
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Material balances for each stage are the same as for a single stage.
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v i
—= with W, and W, being the liquid and vapor

L
flow rates in weight units per hour (e.g., lh/hr). The constants are

Z (Blackwell, 1984):

A = 1877478007 @' = —0.18707 44085 = -0.0010148518
Bi= 08145804507 M = ~0.0145228667

Step 2. Using the known vapor rate, V, convert Uy into 2 horizon-
tal area. The vapor flow rate, V, in Ib moles/hr is

) : : ll;,,,m("’)( 3600 s ) A ) pv(_l_l_)_!LL

1b moles
W hr & L Ihm
MW,,,W,(

mole
ul Solving [ mole Aow rate per hr
drothilig "M vq 2 Plow v ey
v(MwW,)  vef (3-52)
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Figure 3-6. Measurements for vertical flash drum.
T.he .hcight. of the center of the feed line above the maximum level of
the Ilglnd pool, hy, should be 12 jme plus one-half the diameter of the
feed line. The minimum distance for this free space is 18 in.
The depth of the diquid pool hy,, can be determined from the desired
surge volume, V_ 4
Furyce
— Vieurge (3-54)
aD%/4
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nbers are connected together as shown in the diagram.

-+ mixture of methanol

Boﬁama"pressure The feed to the first drum is a binary m:
and wawt havmg 55 mole% methanol. Feed flow rate is mﬁ@g‘-‘mﬁiﬁsﬂm The
' nd drum operates with a vapor »f 0.7 and the liquid product is 25

i nm%anol Equilibrium diagrams are given.
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There are three methods used in distillation, each offering a varying degree of J sF23¢ o Jau Wy

separation: Yo feed e lie Ol G2 | g ¥ HalL Lat > UMl ShagC
4) . ‘- Lol s o - - .- 1 . - = -

S J‘??&\én’,n,\ludbt b e WA Ud a5 Sllae

) - Flash or equilibrium distillatfon ~ . . e g .
- Differential distillation S0 O e s Uil ¢ P Jyk #s N 21>
oo b OIS e o

Cel3's & 180 o2 oV :
R A T Qe L
degree of separation. It isthe & :
dustry. It is a multistage

to vapor with the feed

@ - Continuous Fractionation

L (mve) el s Y stage  Js o

% Fractionation is the most important as it offers a greater
most widely used unit operation process in the chemical in
counter-current operation, where the liquid flows counter current
introduced at some intermediate point. Some of the vapor is condensed (mainly 1vc)
and some of the liquid is vaporized (mainly mvc). This partial condensation and
vaporization continuously enriches the vapor phase with the mvc, with the net result of

a better separation.
4 The operation takes place in a vertical cyl

GW& divided into compartments by a series of perforated _

pl ich permit the flow of vapor. Wf o ok asks diameter

4 ions: ;}‘S}S@d JL_Q\;)J'.J\S\_dt’SyI J\u',\}‘\‘w“rjsl
ke et m
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L+ adbuio \ o . ~
B i LW DSV Sy e
indrical pressure vessel called_djstillation 3R o)

Feed 21 G o &
@ - Top section above the feed point called absorption, enriching, or rectifying section N
@ - Bottom section below the feed point called exhausting or stripping section. _] - R
Peed 1 =5 &
g The feed is i continuously into the fractionator where it is eventually split into
Nl s, two products. One removed from the top of the column richer than the feed in the mve :

ﬁ“’" tal\'&. (called distillats. top product, OVernsals RS ct, or light product); the other product/__v)‘-.k'nw’n
fhe column weaker in the mvc (called bottom product, mv €

The purities of the products depend on the liquid/gas
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~ Vapors rising from the meMm some
he liguid is returned to the fop of th column. 'I'lrns liquid is called reflux. The ratio

4 of reflux to distillate is tio.
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‘ TWO types of problems may be encountered with any equipment, in this
s &n - cadistillation column:
Liaiie ot S S e

Lk O e
W \ &
>l & (o' Design Problem _railtg fating e 'Q‘—-,AT e,
'uu.g.\ L.u o L Cj ¢
Simulation Problem A~ w"c:"“ Lo, lal 5 Lo s e L
L . duy, N Ls LV
L“" miX L ¢ © Design Problem: Desired separation is set and column is designed Lo oLy
= SCP <Uess that will achieve this separation s
colomp S,
sep  dew @ Simulation Problem: Column is already built and the procedure
! should predict how much separation can be achieved for a given feed.
KLl (o Ly feed s
LoV 2 L6 For both problems we usually specify: Bl G s L s ers
4 - . : ‘ l! > s
L’._y ,f“:h s> e Column pressure, (sets equilibrium data) >yn5o g;:l:ig\ :,P ::',
ol > e Feed composition Peed 3y 5 40 o e,
g o, wp o e Feed flow rate. By iz L
o LS K2 @ Feed temperature and pressure (or enthalpy or quality — state of the
9‘ \_nw \.ALD feed Lf and Vf)_/) ) mm_.,. a;

Chemical beat. & Reflux temperature or enthalpy (usually saturated liquid)
(Simulation Problem).

<< Other variables which must be set for adequate specification.
2158 € Forg binary system the most usual specifications and the resultm§ G s L.-Yl

. L" 1> calculated variables are: =ayCiis L__,{“ s AT
\_B>A:Lu < . — Z

e, Specifications alculated variable
‘\rm“.‘ gme Desien: D, BiO: QB, N : feed locatlon
desian 1gn p

J - Xp.Xs (mvce) Column Diameter.
- R (Lg/D)
Simulation:

- Np, feed location
- column diameter
- Reboiler size (gives max vapor)

and
- XD and XB M?Ra B: D3 Qc, QR

or
- R, xp (or Xg) ::, xs (or xp ),B.D.

or -
- xp (or Xg), V=V max R, xp (or xD)iS, D
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- Simplifying assumptions: e o

g vOLL A LS, l-. ‘Constant molal overflows: valid |f'(over range of temperature
e by Shy’ &+ and Pressure):
I @Jh b u} o
Gt overfliow % Molar heats of vaporization of both species of the binary
vap Jstigq xn Lis system are equal o
sech on k_s! s LG » Heats of mixing, stage heat losses and sensible heat changes= ..Lf’ “ - =% mL; fj

of both liquid and vapour are negligible = )L" L ”\f
This assumption indicates that every mole of condensing vapour MLs @ fons
vaporizes exactly ONE mole of liquid.

This means that on molal basis in each section of a column; LV k»-&d

i —7 ‘.ﬂuu-' “'N‘
Molesof Liquid = - \
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Moles of Vapor = = 2 op lin ¢
=L, =V
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R o . ' 1 3 = . . - - .I-’ UI‘\_‘-
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Rectifying Section: Yn-1= ;Xn + w(/ﬂ

. A I 27 g > nc'_ ﬂOw Jawn.
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Distillation:

Gl (A Used when:
Lk oA, he required operating capacity is very small : L e
sk o . ‘)i Batch equipment offer more operating flexibility [fmns]—s O\ feed s L Avc.
et i u;:\ub osle feed oL quali "j
) 1—|.|g - . e . . R \;‘;)\k—’/“’)d’"o P L_—’t"j”&’ y__c“i
ot A—— ) Tt doydl ) Vs yis
ch e~ Definitions It is the limit of a multistage flash process in which n—w and y—’O [differential
NS NN

- e ST 5
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- k "T_L" In practice this is impossible to achieve and can only be approximated:
D * " AANANNANAAN
P QnasdS = 7 s condcmc‘r > =050 %L‘»g_-:b vap i
bakch —_— -‘i /g , d‘sbﬂcle D)P'f“ﬁ’ -
A sh il pot LyRineSlad e X‘B':So
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u;‘=-' PUs B vap S12L0
WA (wy Peed JLW
N p FCyu Msdesfioperationy ST sl
Y liq, . e
P ¥ Still pot is initially charged with feed [Charge] heat >

5"’-” g » Heat is supplied at a constant rate, and the charge is boiled -

Vapors are withdrawn immediately and collected in cuts
Sl

> The first cut will be richest in mve -

: ‘5""“;*“ > Operation is unsteady — product composition changes with time
5 ,;” 9\ #e 3 Atany instant, the vapor leaving the still pot is assumed thc in gquilibr

3 . liquid in the pot (residuc) — Yo in equilibrium with
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Binary Mixtures: },hcmu'cal [xn
A 5N 131
General: Rate of material = Rate of Material - Rate of Material S'" L‘” q"’ %
Accumulation ch N, ouT com. > 3'"'
(accumulahoﬂ) Total — = 0/’ D : D dlstlllate flow rate mole/hr BED oo
__—7 (eub) Unso ),5._»() X g
=gl t-é‘!— = s per G B axe
: " N
-“d&\-@-nna:» & 5Ls &~ Component (mvc): Lxw ¥ i xpD - dxy.W =CXp Dd R
koS S W i \@n-!
. g
‘_—}WSJL\.LS‘M 5\E o) dJw
g Substitute: dxy,. W = yp.dW ( voral on
slsl 4l £ e . :
- *\-_;;‘ Differentiate: xwdW + Wdxy = yp.dW
Rearrange: Wdxy = yp.dW — xydW
e
w aw X dxw =
fw e = f # —W__ Differential Mass Balance Equation T>® 5kl
o=F W XWo=ZE (,YD"xW) A~ TN N~ = i
MR e L L)l Qb
T gl |l e & : : e
T [Raylelgh Equatlonj JLra 2
7 s « N > \_-ux':a
Cdimemsion 1ex) W,: moles of charge of composition xy,, = Zr - 5‘:@;\;{_—# L‘,.-,__\_,t <
W: moles of residue of composition Xy _ \;._,_(l S et
Bepemciimits aud intceiate: el
UL e & P ﬂ-a—u °
’ i -~ F Wo=2r  dxy, _)"’
~ g l _— -
‘;‘"&‘)\-&\&u},’mk—; "W J;w o — xw)

A QLG In order to integrate the right hand side, the equilibrium relation between y, andxy, must be

(1] ‘Constant equilibrium constant (close boiling mixtures)

#® y=kx ; k>1

pruso o & F 1z,
1\5"“)-“ ML— K lnw= k_lln—
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If k varies slightly with composition, an average value can be used in the concentration range.

® Local equilibrium constant: y = k’x 4.c

VoL o5 C Aok Sl ngu & Slope - inhercept 5
l—, = K x+¢
pF el o e ig’:.‘laj, g
W1 \xyk =D+ c £~ | 5
A:DE_“S-"\);\.& K)‘*-'R'J\-_Sm‘j — 5
¢ OSSR I e X ZE
2] Use of average relative volatility:
SWlhoe By © :
A\)LG:' o Vb e a>1 - \doP,
J\,y.gy(&_,yma 1+ xy(a—1) e
- - —~ —ﬂ)>
o F (% dxyy
In— = f : )

w Xy (m—l) 9 8.\(7”

Lallaas U s i___ 1 [ZF(l—xw) [(1"xw)]
< In In (=2, +In _(I—Zp)

\A’J‘L"'ujuul w ar—=1 )\L‘)B"‘
. i 5P This eql;:non canlbc rcarranzged to give: 5 /3 f“’( \: )QJ~ ’\) .
— = S w: =l Wl L xln () - )
e —1[]“( )+ (;1 zp))+( Dinm—75 > 7o
F_ 1 Zy (1-xw) /5’
Inz> _llln( W)+al =z \}\98”))
(1—xW)
a— 11n— In{—
@=ingg = i (G2) + e G35
| (FZF) 5 alnF(l—ZF)
5 Wxy) W(1 - xy)

18] Graphical Integration:

, vs Xx
Plot e W
PN l
7 :
? ¥ In (W) = area under the curve between Z; and
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Malticomponent Mixtures (ideal solutions):

The equations used for binary mixtures can be used for each component in the mixture:

- . La
For any component i with reference component j: (R P RETPY)
l (FZ,:,F) l (sz.F) Ed—bru_tb)
n = @a;;in (cF . comp d
W xiw AW xjw P\
¢ ( mve) =2
e i=1
A erage com, "i\\r-i
. h -
Lo gan
: o "5 The total amount of vapor (distillate) is not in equilibrium with the residue

© yod¥> 3 Overall vapor composition (composited distillate composition, average composition) is

s obtained from material balance as follows:

QU 4 b, 3 .
P ILL; FZyz = D (J&',D)Avemge + Wxiw
D=F-W
FZip = (F=W)(¥ib) pyerage T W Xiw
_ F Zi,F = Wxi‘w

(vio ‘average:”  (F —W)
ofps AT oar \g;\..a_z‘)‘)

ciu.t 0;—13\», us Z}‘-D 3

\\q, N

z> \.i:uk—"ds maletial balane Jsmo*




ET: Ex. Comparison of Flash distillation and Differential distillation:

A ligid containing 50 mole% Benzene (A), 25 mole % Toluene (B) and 25 mole % O-Xylene.

a The liquid is flash vaporized at | atm and 100°C. What is the fraction vaporized ) ?
And what is the vapor composition?

' Uﬂdﬂ' the same pressure and with the same (1)), the liquid is to be differentially
distilled. Calculate the distillate and residue compositions.

‘ P Flash 1=0.325 | Differential distillation
Component | Zi mm:lg i@ yiD Xiw a W{ Xiw
: el (100°C)
A |os50] 1370 | 0.715 | 0397 |2.49 0.748 [0.38)
B 025| 550 0198 | 0274 |1.00 |08 [€:283
C 025] 220 0.087 | 0329 0364 |o.0od! |0:-3%

. 1.000 [ 1.000 2 1.000 | 1.000

Basis: 'F =100 moles — D=325moles and W=67.5moles

: 100+0.5 100+0.25
For A: —— | =249 ln( ) :
]n (67.5*XA,W) 67.5*XB‘W Ja-B J,jU
\.JY Saby
100+ 0.25 100 *0. 25 vw >
e In(Z22) = 0.3640n (G
67.5* xcw : )/ ‘u-b »30_.9
By e

*IAW G xpw Sp xcw = 1.000

Pt _-,aLnJL— e
Solve Simultaneously. : s _y;') e Yl
(8519) avl
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conlaner 2 fQ.L:’U S}Qje By J,A&GJ%*IB\‘{ cont . PfacHd\oHon‘:“'-_“?mJ i ’
1350 5 Uaxe A 30 vap Ol s Wl tasg Wi 3ad i leis wls CYlind +ol2
Continuous Fractionation (Reetiﬁcatior}); A - b
X" . (RN PV TRt PR S
3 “_’J“ -’i*“dl « Fractionation Process: S i AN
A VSR (A

asls® sep M .—JCJ(CC Y .‘.‘,6“)& Fractionation s, 21 diskinabion

There are three methods used in distillation, each offering a W&Qf Jshage v s |;1 5
Lt s w feed )H’«_};LQ—%GW\Q\_,;%U Vv O\ oLk ﬁ,_.,w' Shaqe
NI W \ ' ST e o) e, - s

@ - Flash or equilibrium di;ﬁﬁat E{h 5 V_’” P T e LI Gt alams Sl
@ - Differential distillation _UJ‘:“"" O e el als ¢ pn O3 JLL s Hg s
@ - Continuous Fractionation (e\3'\3 &-146) mib Yyl 585 L 0 Gl pals 0
CCmVe) UL s oy Shagt je oy il WV OB, y 2l ) Sty s

3 Fractionation is the most important as it offers a greater degree of separation. It isthe 2~ :

most widely used unit operation process in the chemical industry. It is a multistage

counter-current operation, where the liquid flows counter current to vapor with the feed

introduced at some intermediate point. Some of the vapor is condensed (mainly Ivc)

and some of the liquid is vaporized (mainly mve). This partial condensation and

vaporization continuously enriches the vapor phase with the mve, with the net result of

a better separation. < e
P a "»AM r——\;_(:

3 The operation takes place in a vertical cylindrical pressure vessel (calle dj tnat'on T o Y

wa_tj@gor), divided into compartments by a series of perforated _ :
platés which permit the upward flow of vapor. Tb&ﬁ_gvvm\tw\rl,si\s/@f =3 b 3als diameter

: S I A Lo -
Bred o, O TR SRR S C Ge d Ik Lozl 131, 965ig0 1 el e w6 S
) . : - : WO vty
@' - Top section above the feed point called absorption, enriching, or rectifying sectlo::lj & i

@ - Bottom section below the feed point called exhausting or stripping section.
Peed 1 o3 o
The feed is introduced continuously into the fractionator where it is eventually split into
two products. One removed from the top of the column richer than the feed in the mvc

v e
I Jhl (om;_\ led disti ton product. overheads produgt, or light product); the other product /___73‘:&»» 1
) withdrawn from the bottom of the column weaker in the mvc (called bottom Eroduct, mv <
colomn 31 sl e Wct). The purities of the products depend on the liquid/gas
A LY EE Guos Peed oS5 gal> & Suohee

MV LLL ratio and the number of stages pas - n
. |U S \
¥l s U&ugsens v oL U'?/.U:—(_'D L

B, rakfo 11 <ome cases, multiple feeds and side ¢ ayailable. Some distillation columns 5

colom 115> consist of the top section only and they are called rectification columns. - ‘s‘de sheams
shagqes ' 250 ("3_-_:141 e.l_,',)
LBJ : Vapors rising from the top are WM)&#&W}[ and some

PR of the liquid is returned to the fop of the column. This liquid is called reflux. The ratio
gl Mo ofetixiodiaiiae is called reflux ratio or someties-extorual ratio.
JgeycSee  The liquid at the bottom is either heated by a coil placed at the base of the-eolumn ¢
fw-fl.s ‘997 by an external rebojles; the more volatile material returns as vapor to the colun

Inside the tower liquids and vapors are always at their bubble points 2
s€p loos, W respectively. Their flow rates are not constant along the column.
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Two. types of problems may be encountered with any equipment, in this
; ca distillation column:

e \ois ANANAAAA AN e
1.~ L @=0 "\ AT
i \;ts""e— ® DesignProblem i g (atng nio & To  aim

w2 L2 fe¢ Simulation Problem -7 D s W,las 5 o gus design
. s deign 3 o Ls  Llods
Lf’. miX U !-(_D DesignProbleni: Desired separation is set and column is designed """ Oy
Lo sep _SWeas that will achieve this separation 5 San

colomn s % ¥

ulation Problem: Column is already built and the procedure
should predict how much separation can be achieved for a given feed.

F el G . Ly  feed L
Lotav 2 L6 For both problems we usually specify: G g L 5 N

S Ldises u
Ol—j @ds as @ Column pressure, (sets equilibrium data) i e

b T R AN SRR Y
L Cal o & Feed composition Pecd 31 5 & 5 C e
{4 31, vp Jb @ Feed flow rate. b e T

\,h&mdls r

Feed temperature and pressure (or enthalpy or quality — state of the
’| 2Ulo g_,.L_ua 5 Ao

W‘A'—n feed Lrand Vo). »  Guauins 51

Chemical e af @ Reflux temperature or enthalpy (usually saturated liquid)
(Simulation Problem).

4 Other variables which must be set for adequate specification.

dos2 1518 ©  For a binary system the most usual specifications and the resultm% G s LJ-V\

5 l...-n +> calculated variables are: .51 5 L\....Ql B PRI SRR

desian ‘Design: D, B, QC,QB, N,,, feed locatlon
J - Xp X (mvc) Column Diameter.
- R(Lg/D)

- Np, feed location
- column diameter
- Reboiler size (gives max vapor)

and
- XD and XB ""?R, B: D:; QC:
or e
- R, xp(or xg) ~~3 Xg (01 Xp ),B.D,Q¢,Q
or :
- xp (or xp), V=V max ~3 R, xg(or xp)pB. D
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a

L Y W O S —— L =
. - C‘Q ~onstant molal overflows: valid if (over range of temperature
)}s\j—?c ?w stage & and Pressure):
. "\,\_\ bbJ'u t‘u C.\_,D o

O - ' ‘ et

> PGVRY. f_"ow ) > Molar heats of vaporization of both species of the binary

Yag Astiq m Las system are equal

e i . = .. > < .
sechion (1 s GG » Heats of mixing, stage heat losses and sensible heat changes» ** tJ’Lf’mu;

of both liquid and vapour are negligible i

. GLBL L s s
This assumption indicates that every mole of condensing vapour <ty ®  gaxs L
vaporizes exactly ONE mole of liquid.

This means that on molal basis in each section of a column; ¥ 5.
Qs Y
Molesof Liquid . L e a
= constatnt ; Ln=L, Vn=V andlL, &" :
Moles of Vapor = = 20p line
=L, szv bothom 2V "'of A

- - - - . b : e ; Q
v A This results in a straight line operating line for each section.  f&s e U5=\-
sl g Geeas L Lo o |
OLk U3 column . 2. Distillation takes place at constant pressure (small variations of siep . 00 )

A ! v Tty
e pressure inside the column) 24— Gl inleccpt 0000
_\__‘,»DL_.J.I C_\IJL:'g_qu‘; S;afhml Yo 134

Alogofai e 21 bl solut on
Hor e L, : : e : :
ke .x:':“ X Consider the following case for the distillation of a binary mixture:
equi corve AS ‘Given Information:
(TR S
Ny oL s 151
eiui condition

F, Z, Xp ,Xg, R, Pcotumn
Feed, Distillate, Bottoms product and reflux are saturated liquids at
their bubble points. -y

Requireds Np and Feed location.
Sl»aJ ¢ I sas g3
tray ids feed o
(v Apd
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- o Equilibrium data give relations between liquid and vapour
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o |
Vit e
L)“F4
L.:::} ;)lel ¥
‘e Use column balances to calculatcmv - overall b N Gule
s, balance condemcr
B :-F .Z..f_.__’(i i Lp-RD fL=L 4 F R v LI E
Xp - Xn 3\3._,,.&«‘ '
B (F-D) ocr B =0(ZF ol 9:D(R+1) @=Vs ¥l
Xp - 7 ||%u5d9>5#
s, vap G
. Startingwitspeciﬁcation, ﬁnd...d‘.’l?.... from ...prmh@..hn& ..... vap uS ;_L'»
= B . a”iﬂ
- Yo 0 %o xmgwesbEp o 104~ P
e —:;‘-:5 U"'L_SLD (omposrhbn
Ao bl « X X
R ) [l \4_.3. 5“0 ¢
wWsoLE u‘—‘l-'- | J Prom (Bpal)
Conf Vo Y u&) b P4 f? Xp
i Fmd..X.Pp..from.....‘} ...... data
'Ll"' vap MLy % ﬁ(ﬂ ) & Jrongr SN T%’ ccl,m
Lvp = Ap = e - #
tig st.,.,ms.. P T P e WP Ut X J»P o 3
\J‘_,..!.I m(_\ 15 5 i +ncmb o ¥olas ol AP
Mp < A Slaju = fe Repeat for stage . /Uf—.f Cunve u-al_,w curve  Us P*"J"" equi o
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Short Cut Methods:
In the design of distillation columns, it is important to know two very important hrm’\/il_nfg
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Those two conditions may be estimated by short cut methods which can then be used to obtain
reasonable approximations of the actual operating conditions based on them.
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This condition occurs for infinite number of stages. The following equation can be developed
based on material and equilibrium relations:
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Minimum Number of Plates: ‘enske’s Method

This situation occurs under conditions of total reflux where the operating lines coincide with the
45° line. The following equation can be developed based on material and equilibrium ions:
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Notes:

1. Nmin does not depend on feed composition. It depends on the degree of separation of the

> mj Ic two key components I and j and their relative volatilities.
5}03 ¢ 2. A single stage separation corresponds to Nmin +1 = |
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Gas absorption
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i ns in terms of mole ratios and on solute free basis:
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-y)G (1-y) (pt—P) " partial pressure of carrier
g A
Y Gi= 14Y ¥ G
mole / time/ unit cross sectional area 8
_ Ls:= Flow of liquid (carrier) mole / time/ unit cross sectional area
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x := solute mole fraction
X := solute mole ratio = solute / solvent
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For a fixed degree of separation, as A increases above unity, the number of plates decreases
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CONTINUOUS CONTACT EQUIPMENT — PACKED TOWERS:
Main features:

- Fluids are in continuous contact in their path through the column.
- Liquid and gas compositions change continuously.
=\ \Bﬁ M «® Operating line describes compositions of liquid and gas phases in all sections,
pasing
steams  Packed tower versus plate columns

a) Advantages of packed towers:

comtruckonsy ue L Generally are smaller in size and are less expensive for small diameters (2-3m).
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HETP: height of packing such that the liquid leaving the bottom of the section is in
equilibrium with the gas leaving the top of the section.
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S: total effective interfacial surface for mass transfer per unit cross section (dimensionless)
Z: Packed volume OR packed height for a tower of unit cross section (Dimension L)

= volume of packing per unit cross section

a: Specific interfacial area = surface per unit cross section / packed volume (Dimension L")
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In terms of local coefficients, in the general case the flux of component A (N,,) is:
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Dilute solutions obeying Henry’s law applies:
Tray Towers:

s Shaw \3-

: Dalton’s law: p = y p,
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Where m is a constant (equi equation )

¥ This is a straight line equation using mole fractions
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