Inkro duchon:

~ Seperabion processes ae, defincd oS those operations whith transform o mixfwe o subskances
o two or mue poducks  Which dtker from edth dther i wmposition.

- The, main 30ql s Sgperdtion  ploceseS 15 ?\JriFy SouFion
b Ouse diffefen Sronso b o Speciey o conveckion ok spesies
= Mosk  separafion Processes involve  kbferential omsport

— Sppgpahion  includes:

~ Enrichmeny- ~ (onentrafion
PU('\'P(CU\HOV\ - Rﬂ[—"lm‘{\‘_))
— |%olakion

= Sibetanes ale tend o unix togebher naturally 4 Spon fanenusly
= Al natrd! processes  fake plave  fo intrease the entfopy | of fun domneis A the unvese

— To separafe  the mivtaea info produdks —> 60()9\3 fhe ecbuivalenl' o Er\ﬁr\jj (heat or work )
Seond Law ok Thetmo dynomics

Y Pae of Separation i qemed by s romster | Rate - Conkrolled  Separation )
% Ortent of oepararion i Limited by tvermodgremics  (Equitipriom - ghuged separattion)

= Yporation Tevhniques -
— Stpaiekion by phage, Ureation
= Separabion by phase  addibon
= Opatakion by boarfier
= Separation by o aqen’
~ Sepaation by edemal Fe\d of gadient



. &{Jﬁfqi‘]ol{\ b\j P\\ase, (reakion
b6 Owapration  (mostly soid & 119014 Yeparaion )

Erferiny St (ligid) % by adding Energy Uneaty !
- Phag, Uepfion oF \apor

———

Feed N Phase
creation

L

Flash vaporization by pressure

L reduction e.g. Desalination

Densfranm:  (onentfated ||'fLuiA <lution

T

> Ex: Disrillation
- Downghream- |(7Ulldr J:Md.llon _by phase creation:

- Boiler : provides heak  fguis = \apor

- Condensor: emoe heak from upstream  vapor

liqud
- Trays With  Woltd fo allow  Yaer ‘o move fo upstieam, el
euer\«) troy allows confath behueen “%i{ \egor phokey VIL
“ Flash onit comgosiFion ot €verY oy Saip

is different fo ackive  separation
- ReHlog ill desieed  porily
- Heak s fue SeParqug qsenl’ Tlifjh\' Cormponen)

(Energy-separating agent)

D Heik eqiivalen: fo bolting Temp oF heaWy  (omponent

s Ex: Dryig ) Exeporation | Grystallization , Desubimation

ESA
(Energy-separating agent)

%é Condenser
L

Reflux

Rectifying section

Stripping section

Reboiler
ESA L

J: hec\\ry (pMponen'-

5 bx: HumidiFieation
-Sirgle, Srep  SepardionS  afe rafe = mulfiple  Sgparafions
- Cooling Towers: Difeck Confuck  heal @xthunger
- Spmying hok water, naforad dieth or lorced  dreft do Gntad waber Y aic
b wajer droplefs  (Bvaporate) (lakes heat from inner pof - of Ywe doplgh ) to ool Fhe

Temp- £

¥ Pec formante, depends oh  Sufrounding ondiFions.

A
f i Cooling tower

T =R




- Sepiatin by phase qddibion
L Ex- I'\']/u'\d— Liuid Exfradrion

L‘ EX‘ LCQUA'\Y}j Ui“[,- lid ofadon)  ,  Fom F\'cuhoml'ibv\

Ly €% Alosee prion 1 Nlipping

\

L Asorplion:  Solvenk gelective to gos B % dlvent = downgfream

«—— MSA (L)

Inerks G undesiced - upshream

(use oF dignificunt amont of <ovenl)

e

\

L ? SVT'\PP"ﬂj" Desired  produck i taken Fom ligud ko Upgrenm

Undegired  tnko  downslream

e MSA (V)
T.

Ly Ex: Extackive  disilation Do amplicated )

3 - Jepmfion by barrier
L fye Revefse  osmosis | Dlalysis

ly Ex: Microkiltration , Ulkmfil fration , Rervepomaion

Y- Beparation by colid agenl-
b € Aksorphion , Catomatogiaphy , Ton €ithong



5- Separafion by tihernal Fell or gpadient
W Ex: Thermal diffusion LThermal gadient)

Ly Ex € lC(MOd[ﬂ\gsis [E\f’.orric;«k Force Field % mem brane 1



Letrur, 1+ Distilabion - Basics 5 Thenny

I rrodut-ion:

> Dishillation is a method of  Sepaakion of componenfs from @ ligaid mixtue  which depnds on the
diffefences  in bo'lli@ ponfs ot the indivisual Components & diskibuions  befween ligoid & Jas prase
> Different bo‘u\\vg point  Ohetracterisrics depending on the concentrations of twe components

— Dishillakion deperds on e vapor presuie chamckerishios ok Iibl,uiJ mixtores

— Napor Pressure S UreAted ?7 §°W'U\‘S hegt as the Sep/quﬂvg qzaanlf [ncw prases d\FFer
from Fre original by theic heak entent )

¥ Use Steam a$ a heat Source when water is clEddy o park o} the midure .

% \ery eneryy infensive  teomigie |, eopecially when the felrive Volarility of the womponent is T

= Carried ook in mulki mj Coymns | Packed olumns  with eHicieny srrudrore & pqc/l/(\'v:f)

b more efficient due to more surfae aren o inveradrions

Convept oF Equiliboriom

Ya“' Y. Yat ¥YB=19
A PVODM’TVopor B8
* Foilibrivm shage  concepl : the siteams lecting 4 sride ate in €qpiliriom - b
A B
= liggid moleswled o, ConFinually \aporiZing while, Vopor molewtes € conkinu\ly PLiquia® T iquia
Xp* Xpg Xp+ xB=l,o

wnd{)nsif\j
= when ot in eqilibrim ; the li7/ufé S the opr can be al dbteent Pressures Y Tempera kures
Y ke pygent in different mole frackions .

o At @W lipivm  the Temperature , fresure, Y Fraction o the fuo phased  Lease, o Unanje

ner msS Hanster =0
-
4 P> Xy £ YA # Y

O\
3BP E ,\(EP ‘, Ye, # %8
L P ankine, UL
2% =1
24 =\

|



¢ ln phase abui\i)orluml the e ab which g <peces s Vaprizing s Juk equal fo the gate ok
which {5 condensing > Thefe Js no Charge I Lemposition [ the compositions vt iy 9 vagor e nok ejoq\ )
=ik the (ompositions were 4wl | no ppuration could be alived n ony eq0\ibrium  process

L
//lv = M Chemical potenial

Two - omponenl system , Mistuie b Two Misgble.  Liguds

/ * more Volafile Lomponent =
/ L e " i
apour pressure | o é\@(& comfprear P _ irer gabutation Pressure
=

S 0 y “mofe, volakile,”

cangorent B - lower Roiing Point
! .- 0% 100%
id composition | "
liquid A
100% 0%
liquid B
PyaPr= Py ab gven  Composition
VLE: Raoyld's law
ot
\lj. ? = 'X] ‘P
‘ W,
\lugor o h9id Compositjon

(,oqujh’otx
5.\ P - Pkl Pressure oF speoies
— Ppplied 4o \LE | 4 difectly  resols from the cnterien for equilibriom under the Sgecit] Gruomshances :

— \apor Phse s an ideal  gas

~ l0id phase is an (38 Solution



o The firsk asUMPYioN  MmenS fnak  Raoculf's Law cun appy only for low to modemic  Plesiies
e |t cn have opproximare \alidiby only when te specdes Hak omprimise the sys ale chemicaully Swalar

o \dea\ Solutiop hehavior 1S often agprovimated by lquid Praser where in the molewlar spedes afe nof

to ditferen in Size quc, d the Some themicnl nakure .

To (alwate  molg, fradion
l,
P=- %n Pasq" + (\=%p ) P;q
K Ragult’y Law  Stavey fhat the vapof presuie o« componeny in a mixfure ok a gqiven {emperature,
is Q\'\cw}\j ProPnr\'ioml to its mole tradtion in Fhe hc,/uid mix fure ,“1 i C}}uql fo the produch o ks

mole frackion in the ligud mixkue 4 the vapr presuee oF kne  pure @mporent oF fat Temper Hire

¥ IF we e a binary mixfore oF A 4 B Jthen we o writy Raould's Law for botn Companenty |
Mé'u\3 Yne 6"Vﬂ’\l'ionS —>  Uinvenien) relfions hip elween fhe )i‘ﬂl,uio\ mole, Frwﬁonsz[ the total P.
BPP = Ya quL

Sal

ijF = X@FB
P g P o (mxad) P

y - Xp Ph%
[y
Yo 2 4 (=) P

= KX
L ¥
PM
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Reodlts Law
q‘&\\mb e,

7 Solcooled : nside only
70 ! : \por
e p
60 -+ . \
0 0.2 0.4 0.6 0.8 1
x1,yl
tie ling = ioFnermal
Ideal Binary Solution line

~ N4 AN OO 1.

YD limikation b Paoult’s Law 15 Yhat it o be applied only to Spteier ot Known vapor pressufe

> Ybritio : to be ot afempefature below its crikio\ Tempergture,-



\aprr  Precsure,

> \ogor  Pressue 1S fhe flessure aerted by rhe lapor , when  dyamic cq/vi\'\brium between the =P %\-\CL extts
> Napor  Presyre Urenges il temperat ure (invrense )

> Ditfernt Supstances hawe difteren) vopr piesores

= \opor plessre o be ciltolafed by Ankaing Equation or Clasis - Clapeyron Equation

I Pt My, | : £
- - Vap.{ { -l 1 Clavsivs - Clapeyron €9
? R T

\

Thssuning  Bh, i3 independent ot temperarfe

I P™ - A- R Antione [
X (epsonbly qood oer @ moderate fanje ot Jemperatured

¥ Dpgsn' b o very wehl nesr the Cri¥ien) poin

Bidling / Bobbie poink TH"' femarature o} which bhe ang lig, molewle has enough Kinetic erefgy fo
buge, fom fhe $rface of the, ligpid Mo gus proct
Kinefic E“C‘T/j follows  Rolrumeann diskribyfion : moltiu leg with niner then ot KE con sH\l
£3C0pR bomn the socfate of T <Th by evaporation
Okurated ligoid: Ligtid of if's boiling / Dubble poink

Dew point Ty - ’re"\Perthm 1 which the ¥y Vep molewolt. ke enough Kinekic. eneryy fo cndensare
Sho(ated vapor \apor al g clew poink

Vagor pressore:  preurt, o whida the Vapor G liguid Phaces de in eygilibfiom of a gien {emperahre

Kiotrope - & conskanl loiling ridtore  mixtufe that belawes as o Single Lomponent



Volgti li ij

o liquids wikh H9h vapr Dleswes are sald Yo e Volhile
° Vapor pressure 1S & Maure ot V0|°1|’i|f+j

* \olahile ligods have low  boling prak

P far fel Pressuet
)

\olaty \\‘\j =

Xa 5 mole frockion

R\, Volaki) #j

¢ Relative \lo\O\H\ilr\Lj dpg & felakive volhliby o A with respeck fo B in khe biex(y - Syskem

- \'\\0% dpg = the 6€Po\ro\¥'\on 1S eablr fo ool

d\N?; - }/A/X;\ - Y / X
Jo / xq Ci=yp ) /L1 -xa)

Y Ralvio between tgnt ] hevy (omnporen):

y P = % pst >y X P!
A Pﬂ
Sal-
Y= e Py
s
‘*Mg - Png} - Pa /XH
PBSG\I— PB / XB
3‘\ - Apg Xp X ?Az Farkal P of- mofC wolakile

FRENEBH® Componen
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bk lrge > sepur

Pryse, Dieram

A (s o funkion oF  Tewmpemtore

fakion

- 6‘6?‘1(0(“0“ is c\([’ﬂioull'

abion is LAY

=k n tharge

’rhrou\j houl 4he  (olumn

’%Brfl\\'r\j pink of Fhe mixfure dependS on the felatie amountS o b tuw tomponenys  present

105
100
95
90

85

Temp C

75
Bubble point

curve
65

60

80- 1

70 A

Methanol Water VLE (T-x-y)
— Dew

De

Superheated vapor

@

e

,Oo/y

Subcooled liquid
+ t +

T 1 t
00 01 02 03 04 05 06 07 08 09 10
Xa, Ya (Meth)

W point curve
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Bbble. point =~ Dmwgint oo pure wmpnenks only
‘ea
ixtures 100 T
ange,
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85+ Isotherm } anrilgizg
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P Jguids have a Doling puink ; mixtures haet o niling @nge



Temp C

Methanol Water VLE (T-x-y) |~ Subble

e = The felafive. amovnts of Ligud | vapor, Y Feed are:
’A“’/UIQL 2 F_V 5 55 - 30 = b5
Feed LV - 15
Vapr . FL - 20-15 = 3750
feed LV 59 -19

00 01 02 03 04 05 06 07 08 09 10
Xa, Ya (Meth)

Boiling point (°C)

Vapour - bo iniea the Conventrotion ot lignt Component A
M T 4) s hihes poriky of A
Ts;(s)‘(s) & Jeatigg with o Lguis mixtre o ompistion X« Frero
Fe Uqu/'dc(,u wrie of- tnecukive dishiabions |, Pore f is  oblined n khe
fve linal  digh Ve, PUe B is obtained in ¥he Hinal ves dve.




ATeotropes

An autolfopy i3 fofmed when thne [iguid Y Vapor  cempositions afe, Ythe game
separation Ly convent ion| distillation i mt pssible

Dew poink G bubble poink e the  Some ab the amlrope

Usually occurs af & Parfiular molt frackon | oukside this pink Separation js  pssible
(i have, o minimum or maxjmum  oi Iig poinl- Lenf 1o P

Urargny e plessute can be the solution - Exbrathe  Diskillation

¥ kteotrope (tonstent hoiling mictures ) -
7 f\ botling \iguid b this composition  produces a vapor of- tracty the Same compostion

7 No separalbion is poside Io\j diski\etkion al- azcoktopic composition  Diagrum

Positive
Temperature-Minimum Azeotrope Pressure-Maximum Azeotrope
Mixture of Chloroform and Methanol AZeOtrOpe Mixture of Chloroform and Methanol
34
o " . Constant Pressure 14| |Constant Temperature Azeol
329 Pure boiling point P=101.325 kPa T=298.15 K ; | inee0tope
e ¥ of Methanol » Liquid only )
337 Liquid composition
L . Boiling point curve
336 \/anar , Pure boiling point o 9P
Vapor only of Chloroform
335 " A% 5
=334 -
=) . T h
333 Vapor composition g2 P
£a3 Dew point curve g . Pure boiling point
3 H
£ 331 g of Chloroform
=330 &2 X Vapor only
329 2 Vapor composition
328 Dew point curve
297 Liq_u_id composition 18
Boiling point curve f " .
326 SIS Pure boiling point
. Liquid only  Azeotrope of Methanol
324 14
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Pure Mole Fraction Chioroform [mol/mol] Pure Pure Mole Fraction Chloroform [mol/mol] Pure
Methanol Chioroform Methanol Chioroform
——
N iv
Temperature-Maximum Azeotrope egat e Pressure-Minimum Azeotrope
Mixture of Water and Formic Acid AZeotrO pe Mixture of Water and Formic Acid
384
Constant Pressure Azeotrope 581 | Constant Temperature Pure boiling point
383{|P=101.325 kPa / 56| T=298.15K (25 °C) of Formic Acid "%
54
38211 Vapor composition &5
31| |Dew point curve "
380 48
=370 S Liquid composition
% &4 Boiling point curve
S318 Liquid composition =242
- Boiling point curve z 4 ~
237 2
% E 38
e 361 | Pure boiling point
375 3.41 | of Water
324«
374 o 3
73 . Pure boiling point 28 Vapor composition
RPure boiling point of Formic acid 26 ? Dew point curve
372 ]| "of Water
24 Azeotrope
371 22
0 01 02 03 04 05 06 07 08 09 _1 0 01 02 03 04 05 06 07 08 09 1
Pure Mole Fraction Formic Acid [mol/mol] Pure Pure Mole Fraction Formic Acid [mol/imol] Pure
Water Formic Acid Water Formic Acid



Boiling point (°C)

Boiling point (°C)

Negative  DNiakion  From Raoolt’s Law

5) aF M vopor Wy Phe Same (NC a8 Liguid
FR(@ o %, frdkional  dighidakion teads to pule & in Vepor prese &
| i | i e an  0eofropic mixture residut

i | : i at 4" Fadional - dioiletion Jexds fo pure. B in \epr prese
| on cacope mive s

¥ oEMY Y




leckure, 2 Flash Digk llafion

Inho Quchion.:
= The WSic @giemenl for the sepuration ot the,  componenits by diskilakion s fwak the
Composition o the wipor  be difterent fom tac Lomposition o} Yhe ligd  with which HF is al QZOU.‘\I\brI'UM
at the boling poink of e Liguid.
- n E\mpomhon CEx: golupion ot Y woifer ), the water i \aporized ook the Sy s ot
— The puess ot absrphion differs from diskilhion | one o tne wmponents in sksorplion i
cssentially  soluble n the  Liuid prase ( Ex: Alsorbion o+ Ammonia From air by water) , whefe ac s

ooly be, in e water - Ammonia - Solukion -
le Two  mevwods o Dighlakion :

- The figk mMethod of  dishiletion olves the produckion ok o wapor by bolling the Lir;/o'\c\ mwdure Yo
be Sepraled in a Sngle Sage § fwwering Y condensing fhe Vapofs

A Liguid > allowed o refurn b tne Sigle- Slege  ohill to tonfatk the rising Vapors.

= Dol vl ffachon | [y Equilibiivmor Flagh distiation, timple baydn or diHelenyia)
dghillatbon | & Smple Seam  distillabion

]- The Selond method o dishillation involves the rekurning of a porkion vk the (ondeisalt, o bhe SK
—The Voprs rie, Thiogh a ijes ob LS Or oS 1 Y b of fhe cndensae flowS downwards
Jr\/\rou@\r\w\e/ series of Sfaged or tmds wonker wfrtv\HU fo the Vaprs
= fradriorel  dish\akion , dklation wikh a @fluc, or  reckitication



Singie - Otage Cquilibrivm  Contak

°© A sle Sfage  process o be defired a5 one in Whith Ywo diffeent pses are bought ko WFivare
oMok with  ohother ¢ fhen sepamted

. D)mvyj ontadk = infimate Miking ool Y ne various (omponent diffuse T e distribule, Faomselves between the
fwo  prases

* b mixing fimg 1§ long enough , the componefs ate tsetially aF @pilibriom n tee fwo phees after  Separation
51 fne  process is Gomsidied o Sigle e,tpuilib({um Shge.

Lw IV‘ LtV = bo + Ve
| Equilibrium stage | ok = n
L, l IV: ¥ podud SHeamp > Walid For Raoolk's law
- VLE o aoolt's baw £ YL, (Bl sveams) = Eolbriom abtr miying 4
- 0LE - fenerys Law Sobhcient fime
> LLE : Diskribubion fatkor

o for a by mihie o A 9B, b sensble heab Cffedks afe small Y tue latenk hetts oF bbb Gompoonds
ae te sme L Gongront molar over flow)
- When | molg of A cwondepses, | mole oA B mys)- Veporize
- The botal wolar Fow V, will equa) the fotal molar Flow V3
- The fofql molar Flew L, = Ly
> When CMO ip valid | wmr)osfh'ons in deams \, 3 L, Can be sowed Srom mayerial |alanves Y aLu‘u\‘.\omm Cxn-

[ Enerw hlnce s ot r‘e7/u'|fed

overal  Material  Ralance :

Vot le =V L In=puk
Opesies  Balunve. -

32\/1 +Nlo = 4V + XL,



¥ The compesifions ol the Streems \tIA\/irj the pvoress (_51 ) x‘) are  (elted \oj fwe, qui\'\arium diskribu ki

relakion
y, = ¥(x;)

230
A vapor at the dew point and 200 kPa containing a mole fraction of 0.40 benzene (1) and
0.60 toluene (2) and 100 kmol total is brought into contact with 110 kmol of a liquid at the
boiling point containing a mole fraction of 0.30 benzene and 0.70 toluene. The two streams
are contacted in a single stage. and the outlet streams leave in equilibrium with each other.
Assume constant molar overflow. calculate the amounts and compositions of the exit
streams.

Data: Vapor pressure, P, data: In Psat =4 — B/(T+ C). where Pt is in kPa and T'is in K.

Compound A B C
Benzene (1) 14.1603 2948.78 —44.5633
Toluene (2) 14.2515 324238 —47.1806
V- oo
= {00 Kmol J/
L= )0 Kmol| Xg: 0% j‘B - oY

Y = 01 EjT > 0b \[Vl TLO

n

* bor emo s = Lo S % V\ =\p = /00 Kmo)|

Yolo+ Yo = Xl +9VY
05 (o) + oYyllon) = X, Cliod + y Cloo )

t3 = l\bx\ —+ IOO\J
Reafforse. fo find T o= 0-+% - llx, < Opertin] line O’Loqhor\

sar

Raoult’s law on 13 j,P =y P

141603 — 2945 F5 ‘S

4 (wo0) = ¥, [ex? ETIEET

Raoult's law on T (,l—\‘j y(2o0) = (1=%) {CX? 42515 -2212.3%
| T _ Y47.1%0b

y 204419 X,= 0-LlbY



Frpilibriom, or feoh  Dighlafion

% Flaoh dishilation —~ong ok the Simplest Separakion  prezesses
> A pesoriced Peed e i\\i pose |, o pesed tatasy o toting Nalve (nozzle (i rey be
ed thiough o hieser smebives to pre-heat e Feed ) Comecktd Fo 4tk or dum el diom
> After bag presed ’(\r\rovjb\ the wailve /nozle | the foed emers the Yk Cwhase presute (s low
ths dhefe 1s a svbskanhial prssue drop in e feed dham , @atsing the beed fo pit tlly vapoize
= \oor 1S alwed fo (ome fo ¢goiibriom wilh the kgud 7 separation

Vapor |;
N v Igh)r component

y (light key)
H, (vapor enthalpy)

Heater

to PIESOMie,
bhe feed U pump

QH valve . pe-mister

Flash drum
Flash = quick vaporization

ek F g ¥ Regult's L4w
Feed sdb g in equilibrium
= Te g
Flow rate: F P,
Light key fraction: z h, : enthalpy
T1, P1 o
5] IL.|qUId ‘/\ﬂNv Lomponent
X (light key)

h, (lig enthalpy)

Papom < P,c“& %o Yhe more volakile Component encipsreds 7/u'd&\y
¥ Heater 15 plaved alber toe pump , rather Ywan before, b ko avoid (,av\\tq\fiov\ 57 demac,
fo L. pump (fofraion o \apor Wpoies )

The owral mapefial Balene = L4V
Species Balanoe 2.k = xl+4v
Eﬂﬁ(j\lj Ba\ance. hpg t Qe = hLL thW



12000

A vep
line.

/,l/_ - U"—Z-‘ = Hv_ (HF+ QFE;S\A> ;E: 8000
v Y= h - He + Qtesh i
L ( i T ) ; 6000 4
% 4000
= F-L+V E
TF= xL4YV o,
zlo+2v= xL +yV :
zL—xL fﬂ\/—EV
“Lix-2) = V(-2
L (x-2) = (y-2)
\%
_L 2 &1'17/ j;z—_\:_ X\ ‘\‘_F_—a
v X_Z AV, vV

¥ lngar ¢4 o XY diagam

¢ To determing  the amounk vd- Du (o to determine the size oF the header ) ; an cnergy  Balonce
woond Yhe  heater s perfoimed.
th i Q\-\ = »\FF

Degrees, ol freedom
F- (-P+1

Binery Floh  Digrillation

ope(thg ling Ectuqhvn j; = —% X + oz

F- L+v
L = F-v e uX(—kF%'\




* ! —'} Fadkion 01— twe feed that \upolisSed

£
Fag -
¥ L =9 hackion ot fe Feed  fuar femain Jiguid
C
5> L depends on He enthalpy o the lguid feed | the entralies o ap g Ienving
the  sepamafor o< } <
\
_L* = E -\ = - ’E = |- j\'
N \ v I
F
= j‘;\ X\ + _L él\
Y ] 7
Slepe Inrercepl
Rlbernaively V- F-L
L. L .~ .9
v F_L l/p - olr—l
F.E -
) F-L | - L/,: |- 9

. cl’\ Y\' \—¥/\
. Ty

Stopt. ny{roepr

L] Meterial Batnce opefating Line  Equations
> The merseckion ok he &ulibriom ling & tve cperaling Jiné

is the ponk wher the Sytem feades egpilibrum.
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We are

separating a mixture of methanol and water in a flash drum at 1

atm pressure. Equilibrium data are shown in the figure.

a)

Feed is 50 mol% methanol, and 40% of the feed is vaporized. What are
the vapor and liquid mole fractions and flow rates? Feed rate is 100 kg
moles/hr.

Repeat part A for a feed rate of 1500 kg moles/hr.

If the feed is 30% methanol and we desire a liquid product that is 20 mol%
methanol, what V/F must be used? For a feed rate of 1,000 Ibmoles/hr,
find product flow rates and compositions.

We are operating the flash drum so the that the liquid mole fraction is 45%
methanol. L = 1500 kg moles/hr, and V/F = 0.2. What must the flow rate
and composition of the feed be?

Find the dimensions of a vertical flash drum for part C.

a) Z= 05 methan |
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b= [00Kgmoles / hr
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}\F (with indey Diverker ) = 12+ dp
2 + \/ZA,\)

he Cwitho lek Diverter) -
Stept: Seleck hold up time from table to Galcolate. hollup Volume

Vs Ty 0

-
e

Dlep 6 Oeleck Sge, hime fom fhe lable fo Culwlatt Surge, Volume,
Vo Ts Qo

\‘\5 3 \]5
/R/Zl Dy*

Step 4: Selek e low ligoid lerel fme fom the table

Low Liquid Level Height
Vessel Vertical .
3 Horizontal
Diameter | < 300 psia|> 300 psia
h L ft in in in
<4 15 6 9
6 15 6 10
8 15 6 b
10 6 6 12
12 6 6 13
18 6 6 15

Skeplo: Calbulaie Hy

Ry = hvt he £ Hg By + Ay * e

Liquid Holdup and Surge Times

5 Holdup Time Surge Time
Services = =
min min
Unit Feed Drum 10 5
Separators
1. Feed to Column 5 3
2. Feed to other drum or tankage
a. With pump or through exchanger 5 2
b. Without pump 2 1,
3. Feed to fired heater 10 3
Reflux or Product Accumulator
1. Reflux only 3 2
2. Reflux and product 3+ 2+
Column Bottoms
1. Feed to another column 5 2
2. Feed to other drum or tankage
a. With pump or through exchanger 5 2
b. Without Pump Z 1
3. Feed to fired heater 5to08 2to4
Correction Factors
Personnel Factor Factor
Experienced 2 Well Instrumented 1,
Trained 12 Standard Instrumented 12
Inexperienced 1.5 Poorly instrumented 1.5

b Will be zero for no misk €liminabor




Olep N: (heok Jometry

33 =X5
Table 7. L/D ratio guidelines.
Vessel operating pressure, psig o )
g Fif b L <3 iese Vpw
250 < P < 500 3.0-40 b
500 < P 40-60

L 75 - loritonyal Drom
D

A vertical flash drum is to flash a liquid feed of 1500 Ibmol/h that is 40 mol% n-hexane
and 60 mol% n-octane at 101.3 kPa (1 atm). We wish to produce a vapor that is 60
mol% n-hexane. Solution of the flash equations with equilibrium data gives x, = 0.19,

Tdrum = 378K, and V/F = 0.51. What size flash drum is required? Assume ideal gas and
ideal mixtures for liquid.

py = 0.659 g/mL and p, = 0.703 g/mL at 20°C.
MWy = 86.17 and MW, = 114.22.

gmol  y ed
Xl’\ 2, DIOI XD - D%\

\L < 69)\
C

6\'€P\5 J{V:&\u_f\_/_

Wv Cf\_

W, : L(mw ) = (3%) [O-\qﬁﬁb'ﬁ)f b.%\tl(b\\zz)3 > %0034.917% 1b/h
\//; - 0-6\ F: \600 \brhb\ /|ﬂ \f‘- 7@6 \\OYV\ol /J’\
Vil = F L= 735 hmol (1

-

Wy= VLAWY = FhS | ob (5bT)+ 0qlMI2) ] = 74903 lo/h

P (el wix fsumbon) L = X Xeo 2 0 ¢ 0B = a9yl
v L Ju Jo 0659 003
JC et goo Assombion ) 5, - PMW, /RS = (11:39) /L0575 (37B) ° 314X S

JIml
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Size a vertical separator with a mist eliminator pad to separate the following mixture .

W, =145600 Ib,/h (p, = 4.01 ft3/lb,.) b, / 1+ P2 415+ WA
= = 3 3
W, =46100 Ib,/h (p, = 38.83 ft3/Ib;,) Ibn, /|4 s = Ao,
\“‘[_}— - psia

The operating pressure is 975 psig and the holdup and surge are to be 10 min and 5 min

respectively. Use a design temperature of 650°F .
Gt k

- Yo (bD W - o'\ol
2Ky = 043
O\ < K&VUYV\ '< 0\56
Yo 7 S 5900 -kt oU-00% |n P

f-oUb-0.0051n (49-F3) = 02713

> .2 —0-000\ [JP—\oo)
06— 0000\ CWAT ~00) —~ 02005

= K&Pﬁh

K= imin = \/\(TI%I) = 0 hl 5

5. Uggrpm = V\\Si;f\r - 0.2bl5 m;:-o\ = o3 Fy /s
4

Uv= 675 Uperm = 6 F5 (oFF) = 055 b

Y. D\ID 2 W = ‘ Y (10.0%) - YUFFE &~ abf
Uy

7 (0-5%)

|

Qu- W . M5b00 = 10,09 F3/
3y H-ol y2boo
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Allerabie e of Thy  Diagram
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Total % Partial  Condensors

|- Toi'ql Condensor = All Safurqted qubr\s at e fop of the, distilgfion column are ondemsed info o - h;.
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whd thSy
m e
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D =
b Beflox tio Diskllate. flow ke

L- Partial Londensor: flcks as ong plate with Y in eguilibrom with op phte wndensate ko
al-
yP- P

<L’\ij—_XD

¥ Prtial Condegsor Y Reloiler = Equlibriom sfage
# Toral Gndtnsor — not Equilibviim  Stage. Vi = Dtlp - Maleral Balane
jD ?’( Ko - Eftu'\\'lbf'l O



Reboilefs:

|- Infernal Reboier:
Tupukr  heat exthanger biilt info Yhe botromof the fower provides farge surface afem
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Mclabe Thitle  Method

* A mahematical - graphionl  mefod For determining Yhe mumber of  Fheoehol s o Stoges neated for

a given separdtion of 4 binary - mixfure
Aasumphons %( 6impliﬁcwHon5 ;

1) Conshont molorr enthalfies oF vaporization (lakent heat )
1) Hear oipriity Changes 4 heak of mixing ate neglgable ompred b the heak o Waporzabion (Lideal bBhaviour
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3) The Condensor Yy Reboiler ofe well insuldfed o thal- heak lisses o bre. envitonmenk ae negliyalble -
1) (nsanl Plesute
- (ongiunl Molar over How
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* A mixture of Acetic Acid and Acetic Anydride containing 40 mol % Acetic Acid
is to be separated by distillation. The top product is to be 90 mol % Acetic Acid

and the bottom product 10 mol % Acetic Acid.

* The feed is heated to its boiling point. The vapour is condensed but not cooled
and some is returned at a reflux ratio of 3 kmol/kmol product.

» Carry out a mass balance on this column
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Activity — Operating lines

» A mixture of Acetic Acid and Acetic Anydride containing 40 mol % Acetic Acid is to be X (; 2 Q- L‘ HCC{’ c ﬁc,[ é,
separated by distillation. The top product is to be 90 mol % Acetic Acid and the bottom
product 10 mol % Acetic Acid.

Y

Yp = 6-9
The feed is heated to its boiling point. The vapour is condensed but not cooled and some is D
returned at a reflux ratio of 3 kmol/kmol product.

e > D\
» Determine the operating lines for the rectifying and stripping sections and draw them on an @’
equilibrium curve.

» To help you: Q\ = 5

o  Start with the rectifying line — it is easy — just use the reflux ratio.
o Stipping line is harder — we don’t know the boilup rate needed. So...

o Determine B and D from an overall mass balance

o Use D and R to give L for rectifying section (L,))

o Use L and D to give V for rectifying section

o L for stripping section (L', ) comes from F and L,,

o Vis the same for both sections as feed enters as liquid

o Use L', and B and V to give stripping operating line
Ervicking ling y= R v b
R4t R+

T 3y ¢ %‘[’I_ 5——0-1—6)({'0-22%

Strigpiny e y. b oy- B
v’ v

overal RAlance. F- Dt A o= DB
OomPoYWf\J' \(FL = XpD + \(gB 0-YLlD) = 01D + o 13

R = b5
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lethie 4 Amlysis of Binary Digtilation Mclabe Triele Gisphical Mefinod

— The Mclabe “Thigle, Method — Agumes:
- Condyan} mola | uerf low

- NO heat  (0sses flom  (olumn.

= Not Sifable if
- Rerthwe volekilitly <13 or 75
- Retuy Rario < 1\ Ry
- More. than 25 $hegrehionl Stagus needed

¥ To tnert from Heoretica &qu to number of phtes = Dividg bj the plte eFFic'ltn(»j

Py (1Y -

Rectification of a Benzene - Toluene Mixture

A liquid mixture of benzene - toluene is to be distilled in a fractionating tower at
101.3 kPa pressure. The feed of 100 kg mol/h is liquid, containing 45 mol % benzene
and 55 mol % toluene, and enters at 327.6 K. A distillate containing 95 mol %
benzene and 5 mol % toluene and a bottoms containing 10 mol % benzene and 90
mol % toluene are to be obtained. The reflux ratio is 4:1. The average heat capacity of
the feed is 159 klJ/kg mol.K and the average latent heat 32099 kJ/kg mol).
Equilibrium data for this system are given in Table 11.1-1. Calculate the kg moles per
hour distillate, kg moles per hour bottoms, and the number of theoretical trays needed.

*b.p of the feed =366.7 K

Bp of fed = 266K 7 Fukring T = LT = Bubnled

overell  Palance F= BtD 00 = R+D
%P = XBr XD 045(100) = o1 B + 995 D

D= 563 Kkymol /h
D= 4l.1 K3mol /h
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A distillation column operating at 1 atm is to be designed for separating an ethanol-water
mixture. The feed is 20 mole% ethanol and the feed flow rate is 1000 kg-mole/hr of saturated
liquid. A distillate composition of 80 mole% ethanol and a bottoms composition of not more than

2 mole% ethanol are desired. The reflux ratio is 5/3.

F= D+ Joob = D+
XFP = Dt kg B 0:2(lpooYy = 0§ D rodl ¥
D= 730-F%
3= 76923
Ehr\'c/h'(\ operafing  fine. S R“ Y+ X
SpiEn T R
j 2 5/5 X + o-4
5/5 +1 5/5 +|
y: 0:62hH T 03
7/—||'mﬂ 1- | Ctab ligud ) > verkion ing

Equilibrium Curve for Ethanol-Water System at 1 atm
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Four hundred and fifty lbmol/h (204 kmol/h) of a mixture of 60 mol% benzene (LK)
and 40 mol% toluene (HK) is to be separated into a liquid distillate and a liquid bottoms
product of 95 mol% and 5 mol% benzene, respectively. The feed enters the column with
a molar percent vaporization equal to the distillate-to-feed ratio. Use the McCabe—
Thiele method to compute, at 1 atm (101.3 kPa): (a) N_;;,, (b) R,;;,,, and (¢) number of
equilibrium stages N, for R/R ., = 1.3, and the optimal feed-stage location.
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//Total Cost

Operating Cost

Optimum  Rellux Rafio

Annual Cost
Min Reflux Ratio

‘Optip@im Retlux Raio

.| Captial/Fixed

© TR Vol = Lhggar Vol cash Con

T T T T
1.0 12 14 1.6 1.8 2.0

TR T D = Tvowme T length T Opitdl ook
* MR Mt odhanjur > TRaling /londensafion @ (apial Lovk

¥ CA\?'\\"«\ 4 opem%'wg (odrs  (ompine o Ve a loka) (02 , 1wak is minimized bfj
R = 2 Yo I'5 LRmm)

¥ fe R OiNveases twe slope agroaches |, Moe MV iy Tetuted to the golumn

> e material s removtd a5 diskillate ) MploVing - Separation

A distillation column receives a feed that is 40 mole % n-pentane and 60 mole % n-hexane.

Feed flow rate is 2.500 Ibmol/hr and feed temperature is 30°C. The column is at 1 atm. A YF B O'L[

distillate that is 97 mole % n-pentane is desired. A total condenser is used. Reflux is a

saturated liquid. The external reflux ratio is Ly/D = 3. Bottoms from the partial reboiler is 98 F-- 0

mole % n-hexane. Find D, B. Og. Oc. and the number of equilibrium stages.

Determine the minimum number of equilibrium trays and the minimum reflux ratio. Yo = o9 _F Per\l‘ﬂnf/
Data: Vapor pressure, P, data: In Psat = 4 — B/(T + C). where P52t is in kPa and 7 is in K.

Compound A B C Breat hl
n-pentane (1) 13.9778 25546 —36.2529 D - Lo 7
n-hexane (2) 14.0568 2825.42 —42.7089 ) /D )

Y,g : 0% Hf/xqflf/

Heat of evaporation for n-pentane, Acs = 11.369 Btw/Ibmol. Cpr 5 = 39.7 Btu/lbmol-°F
Heat of evaporation for n-hexane, Acs = 13.572 Btw/lbmol. Cyp cs = 51.7 Btw/Ibmol-°F

XR=0'07 penfene

) Mefa] otlane, F=D1tB 2900 = DB
XeE = xpD + X8 o-4 (250) = 097 D+ o0l B
D> 1000 |bmol /hr
B= 1900 |mol /h¢

Enriolnir\\j OPemh"'ﬂj lin¢, g R w + Kb

j: > x + ot

j: 019x% + 00915
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- Exviching Column  Diskiltion

= Ehr\d&xvﬁ lovers afe comehimes Wwed | where the feed enters the Lotom ob fhe fower as a Vagor.
- The owerhead prodck — produced n Sme manner as in Conplete Frackination owee (ridn in MVC 4]
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A liquid mixture containing 10 mol % n-heptane and 90 mol % n-octane is fed at its boiling
point to the top of a stripping tower at 101.32 kPa. Figure E4.4-5 depicts a stripping tower
where the feed stream is the saturated liquid and the distillate stream is the saturated vapor.
There is no #¢hedes-ss condenser in a stripping tower. The bottoms are to contain 98 mol %
n-octane. For every 3 mol of feed. 2 mol of vapor is withdrawn as product. Calculate the
composition of the vapor and the number of theoretical plates required. The equilibrium data

are given below L
F :% N = D ':2
Yo =0 \{ Xp
Material Balane b - D +13 :Pl\ . ] suk vap
91 ki
5 = Z t \3 B = \ ‘L
¥ F - Y D+xgB
A (3) = 2) + o002(!
0 5.(2) +o0z(1)
jD S O“"
" B =\
Ofippiny  opevaling line g _L__ X — @Xg R
?J e ‘j ‘j v 2% g ouang = o-9%
L:F (_mf “7—) j - i X - % o2 q-line (sat. liquid)
0.25 + NO. of theoretical
\/: D (6(4\— \PlP) plates = 4
fj = G- 0.0l E 015 /
05 o 3 =1.5x-0.01

i : : :
0 0.02 004 006 0.08 0.1 012 0.14 0.16
x, =0.02 X_heptane
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A distillation column operating at 1 atm is to be designed for separating an methanol-water

mixture. The feed is a two phase mixture with 50 mole% methanol with 50 % vaporized. A

distillate composition of 95 mole% ethanol and a bottoms composition of not more than 5 mole%

ethanol are desired. The reflux ratio is 2. Open steam (direct steam) is used instead of a reboiler.

Determine the number of ideal stages required to accomplish this separation.
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distillation column receives two feeds: (i) 200 kmol/h, 80% liquid and 20% vapour, with 42.86
mole% methanol on the average; (ii) 100 kmol/h, saturated liquid, with 17.65 mole% methanol.
The top product must have a purity of 96.1 mole% and the bottoms must not have more than
3.1 mole% of the alcohol. A liquid side stream having 66.67 mole% methanol is to be withdrawn
at a rate of 35 kmol/h. The reflux is returned to the top tray as a saturated liquid at a reflux
ratio of 2.0. (a) Determine the equations of the operating lines. (b) Find the number of ideal trays
required for the separation. (c) Identify the feed trays and also the tray from which the side
stream should be withdrawn. Vapour-liquid equilibrium data at the operating pressure of 1 atm
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Devise an enthalpy-concentration diagram for the Benzene-Toluene system at 760 mm
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A feed (at its saturated liquid condition) containing 42 mole percent heptane and 58
percent ethyl benzene is fed to a distillation column. A reflux ratio of 2.5 is maintained.

The overhead product is 97 percent heptane and the bottoms 1 percent heptane. Assume X F -0 Y L > h £ 5229 A
that a total condenser is used. The column is to operate at 1 atm.

The enthalpy-concentration diagram for the heptane-ethyl benzene system at 760 mm R-2.G
Hg is shown. Find:

Xp=o0lf g7

a. The number of theoretical stages and the optimum feed stage for the given reflux
ratio

Ay 2 ool SR

b. Minimum reflux ratio L/D.
c.  Minimum equilibrium stages at total reflux. F - 491 37’ kW\n\ / %r
d. Condenser duty feeding 10,000 1b of feed/hr, Btu/hr.

e. Reboiler duty, Btu/hr.
i
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0 °° 02 0404, 06 08 4 ¥1
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Equilibrium Stage Contact/or CO,-Air-Water
A gas mixture at 1.0 atm pressure abs containing air and CO, is contacted in a
single-stage mixer continuously with pure water at 293 K. The two exit gas and
liquid streams reach equilibrium. The inlet gas flow rate is 100 kg mol/h, with a
mole fraction of CO, of y,,= 0.20. The liquid flow rate entering is 300 kg mol
water/h. Calculate the amounts and compositions of the two outlet phases.
Assume that water does not vaporize to the gas phase.
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It is desired to absorb 90% of the acetone in a gas containing 1.0 mol %
acetone in air in a countercurrent stage tower. The total inlet gas flow to the
tower is 30.0 kg mol/h, and the total inlet pure water flow to be used to absorb
the acetone is 90 kg mol H,0O/h. The process is to operate isothermally at 300 K
and a total pressure of 101.3 kPa. The equilibrium relation for the acetone (A) in
the gas-liquid is y,=2.53x,. Determine the number of theoretical stages
required for this separation. L - %0
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It is desired to absorb ammonia from air gas using fresh water
solvent in a continuous counter-current stage tower. The air contains
6 mol% NH;. Degree of separation required is 99% of entering NH,.

Given
* Inlet gas flow rate =128 kg air / h
* Fresh water solvent total inlet flow = 188 kg H,0/h

* You need to find ammonia-water equilibrium data from
references.

* Note: you need to convert mass values to moles

Determine the number of theoretical stages required for this

separation.
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* We wish to design a stripping column to remove carbon dioxide from water. This is "]

done by heating the water and passing it countercurrent to a nitrogen stream in a l'i_) bets
staged stripper. Operation is isothermal and isobaric at 60°C and 1 atm pressure. The
water contains 9.2 x 10°® mole frac CO, and flows at 100,000 Ib/hr. Nitrogen (N,) en-
ters the column as pure nitrogen and flows at 2500 ft3/ hr. Nitrogen is at 1 atm and 60°C.,
We desire an outlet water concentration that is 2 x 107" mole frac CO,,. Ignore nitrogen
solubility in water and ignore the volatility of the water. Equilibrium data are in Table

12-1. Use a Murphree vapor efficiency of 40%. Find outlet vapor composition and
number of real stages needed.
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We wish to strip SO, from water using air at 20C. The inlet air is pure. The
outlet water contains 0.0001 mole fraction SO,, while the inlet water contains
0.0011 mole fraction SO,. Operation is at 865 mmHg and L/V = 0.9%(L/V)
Assume Hy, = 2.76 feet and that the Henry’s law constant is 22,500
mmHg/mole frac SO.,.
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ledort, B liquid - liguie ExFraction
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organic phase

S (Ether + Org.)
e Aorg 5-m,
An organic molecule with distribution coefficient (or partition coefficient) of 10 Ko ”
between ether and water, and 150 mL of ether will be used to extract 5.0 g of
such organic molecule from 100 mL of water. - i
(Water + Org.)
aqueous phase
5-m
KD:lD z ‘60 W]:O'l\\j
N
log
Amoon - 0?‘ DY‘@qn\c_ n E\'\r\f){‘ L 5-0.2) ~ Lf(oalj
Extvackion efficeny 469 xlo0) = 9337
5
Example 2
Same amount of ether (150 mL) is used to extract the same organic from 100
mL water but in three portions, each with 50 mL of ether.
5-m
cyle 1 0 - 50 W 5wy, (00
50 m
L.
(00
500 - LOM = S500 M
m= 0.%33
Bwount n Bxfralt pese = 5 - 0% = Yl
efficiency = 41b /5 = $3-3% 4
[dc\e’ 2. (0 - 083 - M o=~ 0%-m x oo
__ %0 %o m
I
loo 500m = $3 - oM
M= oY
Amount in €xfack pase :  5- olt = U.5b
thigeny = UL - 9F.0 )
S
e 3- o OH-m 50 m = 1Y -lbom
50
M ) NVXS
{00
Pmount in Extrack @ 5-00z2 = 4%

ekbicienwy Lt_%i - 996
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The distribution ratio for iodine between water and carbon disulfide is 650.

Calculate the concentration of |, remaining in the aqueous phase after 50.0 mL
of 0.10 M |, in water is shaken with 10.0 mL of CS,.

m:= 0 (01) = Smmol 4 loding

5_
ko = 650 \Om M = 0.038 mmol
M
%0
tne oF  hding  in water 0:03% < 00001 Mm
5Y0)
W CSy2 - 5-003% = Yagb

S lom L

I(Ds&

water 50m\L

Refbinute,




Typical LLE Equilibrium Curve
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Ideal Stages for countercurment operation(insaluble solvents)
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Extraction of isopropyl alcohol (IPA)
from toluene to water

Thirty thousand kg/hr of a ternary
mixture of: isopropyl alcohol (IPA)
X,=19 weight percent, toluene x,_41
weight percent, and water x; = 40
weight percent are fed into a
decanter operating at 25°C.

the figure gives the LLE data for the
system. Determine the compositions
and flow rates of the two liquid
streams leaving the decanter.

LomposiHion s ¢
B 74 4 waler
157 P

31 Tolene

———
-— e - S -

| e e o] o —p— = _
0 20 40
uene Xy (% water) water
. Sopvent-
CANNTVY

R~ 724 Weo
4 /- PR
B4 folent,

Clow Ratres ©

Overal Ba\ance M= 1R 20000 = F+4R
Umponent Banee Yam M = jﬁﬁ 1 p & 20000 (0-4) = € Cot4) v+ R(op-02)
(aker )
F- 15923 .3 ey /i
k= IHlbb. b Kky/h
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5 Magimum  dolvent

[A]

In mixer-settler extraction unit, 250 kg of feed which contains 24 wt% solute (A)
76 wt% carrier(C) is mixed with pure 100 kg solvent (S).

1) Find the overall composition of mixture at equilibrium using:

a) The phase diagram given below

b) Mass balances

2) Find the amounts and compositions of raffinate and extract phases.

The phase diagram is given on the next slide.

X =0.17 h
e 20'254 90 10 e
— ———— Tie line
xs’M 029 80 20 Operating line
Equilibrium curve
YVap =0.33 60 A /p>t40 )’:F_,:q 158;%
v! = N point 50 xg.c = 0.76
Ve =0.06 v!"\ ‘ XF.s = 0.00
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fs:t 108 ;g ’ * A == Y, \" o '
o T C=X =R\ Xg g = 0.08
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P 90 70 60 50 40 30 20 10 “
Frd = m e B+ 4 S 7 M
50+ 100 = M 0250290)+ O = Ypp (320)
m=355p Xﬁm‘: o\t
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dolure Rtwwrj

Miriman Solwent :
Xep ° 0-b%
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ol R+o% b = o7 (350)
R= 243.u3
)
fe1- olCMaUT ) = 5947
014 ( 250)
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Example

Cross-current mixer-settler extraction units are used for extraction process of
250 kg of feed which contains 24 wt% solute (A) and 76 wt% carrier(C). Each
stage is supplied with pure 100 kg solvent (S). Find the minimum number of
stages required to achieve at least 85% solute recovery. Find the
corresponding overall solute concentration in the extract.

F’- 190 5:-100
5> 0:2Y Yas =0
Kpe, = OFb

(Solute)
A

90 10
————Tie line

Operatir
— Equilibri

Va2 AVAVAVA
AANNLSARISANS
TN AN

90 80 70 60 50 40 30 20 10

C (Carrier)

overall  Balance F1S=m 260 t lop = M M= 25b Ky
(owponeht Pt xmﬁy’ﬁaz K 024(ZD)+ 0 = Xpy,(500) Xpp = OUF
E+R = ™ E+R = 350
Ype £ * Xerl = XamM 0:33E+ o\ &= o.\F (B0)
K\ = ZI‘PD%-?' )(3

C = \ob- 22 ke



Bhac 2 overll Ralnce RS =My 243-37 +lb0 = 34357

Lomgorenk xngﬁl+3m&—_ )(ﬁMLMZ ol(243:33) + B = xmzw& 37
Oy LR =M Po+ Ry = 343.3%
Lormponen aﬁEE 4l = Xamd) ol £y ¢ 00U Ry = 007\ (BUR.3F)
.- 15206
Ro- (41-3
Jlute Rewwery = § o \- 00HUSY %14 7 Repiea
0-24 (240)
Overll Solute Concent (ation > 55“ B 0:22,105-52) + o\l (\62-6b) = o2
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Zounter-current graphical solution: 2 units

Feed Solvent
F=250kg S =100kg
XFA=024 x54=0.0
XF.Cc = 0.76 XsCc = 0.0
xgps =000 xs55=1.0

What is y, g4 when the x, g, = 0.05

Fed:m 150 +100 = 350
0:24(290) +0 = Xy 390D Xam> 0-\F

(Solute) M s on the line that connects Rzand E1

Note: the line connecting Exto Rzis
90 10 not a tie line (from lever rule).

80 20 Yag1 =0.38
But Exin equilibrium with R1

60 £ A (N30 Recall F=F +A
50 F is on the line that connects Ezand A
R:=S+A

Rzis on the line that connects S and A

AN
N

(N

5
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Example. Consider a system for which you have been given the ternary ; K S- 2%
diagram . A = solute, S = solvent (100% pure), C = carrier. In a counter-current F' 12 /b l@ r
extraction process, the feed, F enters at 112 kg/hr with composition of 25 wt%

solute and 75 wt% carrier. The solvent flow rate is 28 kg/hr. Yag = 0 ZB jﬂé O
a. Find the number of theoretical stages required to achieve solute <

concentration in raffinate of 2.5 wt% (at most). Xcg= OF
b. Calculate the overall recovery and solute concentration of the extract

stream.

c. Plot solute concentrations in the extract and raffinate streams versus
stages number.

Ft5: M eF 550 = KoM
2+ 5= 140 022(112) +0 = *am (140D Xam = 02
r b sliges
E 4 R = ILID 0-Ud E\ + 0025 R/v 8 026 tqo)

[z 5334 kylur

Jol- 00s($k15) = 92.24
025 (11L)

- €-p
Iy - 65t = 5% |,
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Example Q F:\UO kj/h c

An inlet water solution of 100 kg/h containing 0.01 wt fraction nicotine (A) in

water is stripped with kerosene stream of 200 kg/h containing 0.0005 wt fraction =00l \

nicotine in a countercurrent stage tower. The water and kerosene are

essentially immiscible in each other. It is desired to reduce the concentration of

exit water to 0.0010 wt fraction nicotine. Determine.

a. Number of the theoretical stages needed.

b. The minimum solvent rate.

The equilibrium data are as follows:
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