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x¥ CM?'EWG. hultiphase Systems

# Chem,cal e.nainccr'.‘- often separate Cbm?ohen+§ oF wixtures
bg_ i”d‘rbp'uloing_ﬁ Phase C,I«anag for at least one C‘.’H?Q"\e"""
of the wmixture s Q,XQWV?\,CS':

« Distilation = T+ is V-L o?end-’mm . Its prnciple IS
based on bo't\in%_ ?oivr\- o"v-f-Ff-rence'-ATb

Extraction ° I+ is L-L O?m-l-icm- Tie ?ﬁnci?lc s
based on miscibility of liquids.

Crystallization: Tt 15 S—L OPeration . Tts prinaiple is
b‘IS'CJ on 'pfcea'm.j_ 'Pdwd" Gh'[-r-erta(.\', le‘.

Apl;oy-?-\-'.cm P T (¢ g=L operation. TS pPAnciple 1S
based ow tThe ability of liquwd weleCules to
be attached on solWd suwtaces .

Leac.h;ng\ 1 T+ igl -1 opevatidn - THs ‘?Y'\nca?\c s
based on m‘.sc.'-bl\:%3 of Chemianls S RTCSench
WA 5::\:0!&) w Fhe \u\u{J solVents.

Ab_f.u?-\-':ov\: T4+ s V-L opevation - Tts Qr‘w\c'\?kt s
based on Sc\ub'.\"-\ri of Napers m b quidd
solvents.

Dryjng_, humid;pioﬂ;m, olehwm eli & Cation ,..... e+C .
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x 1o a'cs'»sn Sepacakion processes , we need o know how Spedies
chstribube themselNes belween whases at €uilibrium, .

X Single Component phase Qquilibria
X ’PMSC. Dli"jmms of TPre Gnvripnhevd' "

® pT Phas e dagiu, R ‘T‘_____._”________._

P

I PT phase diagrom ¥
— G+ mest— T and v.,a S'ma.\q; pwre Substance exists as
a SL‘:\\G[) llq%—ud Qv 6&5 :

- Alow} VL equilibrium Cuyve!:

- P is Galled \la.l?-ov- Pressure ‘P*m— ?V, ov Saturution,
. Soq
Yressure 5 P .

T is Known as beil: ?o‘;rd' O-£ l;qu'tJ )—rb ; O D(Cu)
(Pbi"‘*' of V‘VPO\:- ,T‘;& ,or COMMQR ?0'\\'-\'\";_‘_(:0”* \"‘?Or'

= Along SL eqnilibrium Curve t T is Known s melking o fusion
&"V(\"j -rhﬂ)_l_'t“j- Ov ‘pme'ﬁinav '?Q.V\*- ,-T—g_ "
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...Alcmg‘ SV %u:libriuw\ Curve : T s Knewwn as sublimation
%vaom-}m, e

% The Values of T and P o+ which substance exists os
Sebd, liquid and 5olid is Kuosn &S rigle poink.

P Phase O“*am: al
PE

ﬁlchwid-cj l.*1u'.,J Cutve
———

¢ P ) Ps:d' : Su.bCookJ Phase C‘:ALB‘('%’
I P P 1 Supecheateo Phase Y
or A

T V= Vol ||| Sabwabed] [laud
V= {’v ! Seabuwated Vépac
Ve {J < (J,, s | Sabiates] bi quindd — Vapey Wi Xtu'C.
% For saturakced wixdure ) we define qsmla-l--n.
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* ‘iuﬂlh“’ s radis ﬁ-r— nass (hu-lc.s) ef- Veapor +o ms(wle) ot
+otal hﬂqugf —Vopoy wixhuwe: X = _V.‘_"._.

= hw
Vieey = Vot Vi 8- Vogor
M
I
But V= l L—-iqvf.cp
& Vi
» IS
= V""w:”vt/v-i-":.\/;_
SDEV'-&(i-M} b} h'lo-l-.\,{ s
[N ~ A
V.'.".' K Vv + .‘1"_. VL
L PRI
Mgy & hga (B0 | oy g Ly | g L

L TR Wbl

| = X + o =>V\l. =‘-X
Mod My

A A
Nowa & | |V = x Wy 0 (=1x ) v

A

[ L) N A
o-| X= V-VL _ V_v
v\J"{jL OL\;

Ex: Suppase +hat You haie a Closed +ank which Gadams VL mixhwe
of Pure Component at equilibium - IS i+ Passible that +he
Content- 3l| bemwme h-alu;d b}haﬁ-‘nv} Process ?

Yes .. See ?U—-oliqamm-_

N
Tap|T, ‘O
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% Kemerber +hat Yo Qun
. Condense Vapor VAR I"‘i"“d bg\"l_i or P 4 _
- CopVery Gas +s liquud b%_TJ- wafg_ (see pT v'iﬁamm-a)_ |
- Evaporate Lnuief 4o Varpo- bg_ T o Py
- Freeze fiquid b«a T o P&

%% Estimation ef- Vagor (Satuvation) Pressuwee : PY, Pﬁi i

P* |
— Vopor Pressuce 15 fwachion o~ V1 as T A4 P*T

: 1
' (T) 1l

-  Vapor Prrsswe is aksdube Prasswre
- N9 Presswee s ?\ruj_g.'.cql '?vh?w—’l‘}of-‘{"kc\vgulet

* me#-kac!swp- estiwation: .
@ Claus'.us_ChPe.'avbn Qc‘ S A\ ?*z :__A\_-\:—*_ B
RTT
wa heve ;
A\:\\, : lalewt hewk of Vaparizalion +eo Vaporize 1 gmel of- Iu‘s{.l
(sectde B-1)
T abscluhe +¢-»?W-Im-c_ ‘W KelWin or RawnkKine.
B ! Constat— hhok Varies From one Substance 3o Gmetior.
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@ Artoine’s equation : Tt is Emdin: ol (expor'.muahl) eq-

Iog_?* o | L1
m(e)+C
whre  PT is in mmbla omd T is in'C
Values of the Constants s A, B, and C ore Givein in Hable
By for ofibferet Componeschs - |

(3} Cox Chapt

10,000 =,

p——— m o = pp— = =
6,000 — e e = - +
4,000 "I*".—"—‘j' .__ ek _.*__‘ et
2,000 | e L
' ® Critical points | [ ol i

1,000 _.________J___ e o ety

600 |-~ r

400 T

200§ e e

8

Vapor pressure, p* (Ibyfin.?)

25 30 75 100 150 200 250 300 350 400 500 60O 8OO
Temperature (°F)

Figure 6.1-4 Cox chart vapor pressure plots. (From A. S. Foust et al., Principles of Unit Operations, Wiley, New York,
1960, p. 550.)

@ Steaw, 4ubles 0s +table B.2.
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xx The Gibbs Phase rule :

'fur-modgrmv;c Dedme of freeclonn (F) for a Sysiera at
e1u'.li brium 1S

9

= Z‘i‘C—-P —~h Zo
C: #H of chemical Species
P H oFf Phases
i H of jndept. Clewr. reachows.
= #okidersive vadables +hak have 4o e sw.c;-ﬁ'.‘oq

iwle.‘?&ﬁdevv"'j_&nal +hen e other ntensive M“d"““
Variables Gy be calc»dle,

pl

Ex Suppese. that- You Ffind in the lc.bomkfj a Vessel
which has VL mixture. - Someone +eold You et

i 15 amixbwe o hen-reactive Componenhs-is it
Possible 4o have this Sidualion, ?

F = 2+C—p —r = 24+C~-22-0 > ©

~
C 20 . veitishnet Pasyrible . There mustbe at least
two reactions, r=2, to have a mixture of two components or more




. Mohammad Al-Shannag | -:;CI
56 X VAPov-_..Liq.m‘a{ Syg-k.w\ of Pure COMPonl‘ <

ot epmlibium ;P =-‘P*- (T)

In othe~ words: b_o.'.liua\ OCCurs wWhew +he o?m_l-ivcx Presswe.
Guals He Vepor pressurc of He hquid of

Fz2tc-p-v =2¢1=-2 ~0 =[] NEEE
“This means Heak at +his situation ; You Coan 5?‘5(‘;&3-

jusl- one .lvrl'C«v\_S'rVe "Pvg?m-l'la (leo-«blt] Olruj 'do\.a Cany 'H'eu\
Calctated el otlp g

EX : If ljou Woulc‘ ke 4o have. 4 mixdwe O-Y- \V 0»-0
L of waler of T = 60°C - whak i's +he Presswme
and Specitic melaw Volumes of V el L.

'F::. M = 6o |is _S?c.C'\‘[-vt-l +ew 50..4
Camn  Caulcuhsde +he ofters .-
P = p*(es) = ---

1= 607G md +he Calcuwhed .



Dr. Mohammad Al-Shannag | 30

ak Gas - li?u‘rcl SYdein : with one (ZovJen.‘mHe._com?omw{—

5(3 ALy — Waker -V;."_ +-V;b
Sysdenn (wet aiv)

H'Z.n

at equlibrivm ¢

— The _gqs-p?ka,ge, s Sq'l"urq-l-caﬁ with +he Vapor .

- The Vapor in the gas = phase. 15 referred 4o as Sﬁrl'v\ﬂdﬂp
V*?ov-.

- Eguilibiuwm = Saturation

= E?u'.l.'br'mw\ Condition s ?ow-l-ia{ Pressure ot +he Vorpay-
Cin e gas-Phase must a‘\w‘ +he Vapor Pressurt o-+le

l&quiaf ot +he Systew temperatire :

I . "
| Ll da L § L = Wadee n +ie above
F: =| 4 F = % (T) exanple.
Y; ! wele dmction o} Gudensable Component in +he gas-phas
?;1 ?N“h‘bl Presswe ¢ = z z g2l =zl | &
+= = 2+C_.P__r = |2t 22«0 =2

= Yo Camn S?c.c}-l’-j_ Jusk e inlensive Papertics
Ex . Spcc:f-g Y; ane P ool Calculede Ty
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— Tk Po=Yp Al oY vaow in He 9as phase
s less +ha/n |+5 Sﬂ'l"‘lm"‘:ﬁm Owmouwt"

oo SH_’?_w\neldl'J V"’PQV' _

—a Saturation re.fau—.s +o On gas-— V‘vfcw* Coumnbi mations

whi \ﬁ(\’\um\olr\‘\é; vedevs ,Spg.c,p[:.cﬂll.j_-l-o am (aw-.-w‘ukr) |
S:j.S-an

# Relahive Saburation (Relabive humidily ) :

B orih,. | = 4P * loo 7
v (T)

relative hum;ol.""} of 4oy mean s +hat 'Hn-c._ ?ar"r‘fl resswe

of Wakcr Vapor equals ©:4 of Fhe Vapor pressuwve of
weater ok Syder, T

* Molal satuvatlion (\’\O\ql il J:ﬂ) :

SWI O hm s P\’ l‘d‘

—
—

?H?\' l_ﬂ\'

woles &-r- U‘\‘Pcar'

—
-

* Absolute Saburation (Absolke bumidiby )
Sa lav ol = mass of vaeee | L | B Nk
mass ok dny gus (- )“‘*’*M gs
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b3 HuH'_;Com'Ponon-f- Gﬂs—L:'?u.'.o/ Sg,.S-l-CMS'.

= Mixtures in gas and f:qml Phascs -

[Gars wixdrare -
=D Genexd Case s 1 k
gl’ja""— JyN
Gas =ligurd Sysicm ad

i eﬂr.:l:br'.um wWith Some

T and P

L‘qua‘a[ i Xdure
Xis Rz poens Xp

N Species

at equkibium: G Y;P = FiX PUT)  i=hz, N
W here : o B -Fugaci-l-} Coefficient of Species ¢

Y; ¢ mole Pmction of species L \n gas phuse

P ¢ total Presswee

4. ! Qd-iv;-lj Coeldli cent of Species

Xi ¢ wele fraction of Species \ 1 liquid phwse
??  Napor (-“d'wukw\ TIESS ure ot Species Vak T
~ The above gas-liqual equlibinm relation Shew Wiew Species

s distibated between twe phases ok equ libimm.

~ TThere are diifere.ch Frermaduranic madels to estimatc fugaciy
omd ac.-h‘u.‘.#-—s Coelficients.

. If qas 'Phqsf, < \dﬂﬂ.l = ¢i = \o =12, -2 )N

- 18 Nquid Dhase s idead =B Wi =Vle iz Vhzie,p
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— when ideul Gus ? cee the vules of Q,erf;l«- =1
- when ided l-flt—ueﬂ .Sblu*ln‘QMS?
— Molecules are Similar in welecular weights.

—~ Molecules l‘\AVC. Siva lar mtermale cul o inhﬁ’dd-i‘ou.t.
- X; —l.o ddilute selution.

Ex : Benze "Toluene solution

IL idead gas and lic(u"d’ Phases: ¥, =1 , G =1 ¥=2l2,)N
and

P xl (—r-) u RQO;&H'.’S law i} t=02, == N

- In +his Course we Gonsider ideal gas anl liquco( phases.
-F: 2tC—r-PT¥ (Y"—'O : hbreachou,s-)

Ex: If You have \t«?m-_l:qu'J wiXHare. |
F=24c-2—-0=C = N
Thus , You Cam .Tee.iﬁ N iniemsive pope-tes ool Fhen You
Con Calculdte all ether guamtities GF equalibiaana.
— Let ws chiscuss sowe -l-tj?e.S' of Calcwlations -
A- Bubble p° CGalcuakians
B~ Dew P Calculabions
C- Bubdble T Calculadions
PD- Dew T Qalculakions.




Dr. Mohammad Al-Shannag : 3"! .

A- Bubble P Calculakiong

Given . X;_/Xz poperd XN LN
c quleﬁk H _ﬁ]!ﬂ;) "')ﬂﬂ-) P

H of nuknewns = N4l
H of equations = Nl s 2y =1l e. |
= Y, P= X PLT) | 4 2
I+ Com be solved 42 p = X2 pY (1) 43
ﬂ',,P = Xp P,,"’u) €q. N
How 2

4P = X PF (D
Take Sum: IH;P 3 ZX.‘??LT)
pXy: = X P (T)

Zﬂu"——l
=3 e= llx o)
T hesa 'F'ind!:
[’:I: = ""?’:‘LT)A Pxlhg ot A0
i _'

B. Dews P Caltwlation :
Givewr 2 Yo May- 24, 5 T
Calawlate & X1y X2, -2 Xu) P
How +o Solye : %P = X; ?*: CT) | =3, W
Divide by RIAT) thew ke the sum
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'ﬂ ! f x'.
P )

—_—
—_—

t=h 2,0 AN

PMT)

‘P:

20

Y, P
P (T)

P CT)

= {:‘)2/

ey N

C. Bubble T caltulakiong -

Given ¢ XiuXwy=e) Xuy P
Caledade s MYy 5089, T

y:p= X P(T)

BS

S u:p= L RH(T) D

P =D () e n

Su\lic ""‘h\'S V'um\.m Wo'o\-\ "I"b Ob""l'w\T +I~¢ -c;no( .

|l selve 4o oot

T

L
g Mpl=| XWRICW |l
?
D. Dm_r Caltulatton : Give.‘. Eﬂ,;ﬂ-.., o=+ 2 ypl L
Cohtmhsde 1+ X, yXr, ~s X T
Y. P — X: =1 = ‘3
Then .E-'.nc( v = 1% 4 \"-"\3'3; L]
{ ?“(‘r)
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¥t Other wmethods to velate X: wrin Y; at equilibrivm ¢

= V“?""‘-Li‘]w'o( El]ui‘;bfuum (VL[—,) yahic | method o
g ) CAMJ dhistvi bukion Goelfs Cienk wedned o K-value
wethod : |
\di = K Xy ‘_:--l)’-J‘"JN
Ky 15 +he VLE vatio. or a thsbribution Coelf. or
K- value et SpecCies o that Canm be found at

handbooks o some T and v

Notve Hhat ki = ??(T)
P
Thus K} is +he yubio of the Vagor pressue of
ch‘w..; L 4o +1~¢. +0+¢\,( Pressuwe -

AN Hcmﬁj',s. law : Y. Pl= | Xi| Wi (T) i=h2, N

where W: Vs +re Hmnj'.s Cons+anrt Lo SQe.CAc_S-\ oad T
\ .S?:C\-L‘C Salveh,

b Honrués lao s gen«\ﬂg valid for dlwde coldions
ot Seecies 2l fdel X; —>o

Ex: ai d‘._s.sa\ue.ﬂ in Waler
— See ‘?e.w:]’s Chem cal Ehainu:-s Han bock .
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3F
% QMP'MCQ‘ \’BP"&SGH‘]‘I\'HOI—\ of V&fmr—h’ﬁu;a’ ep.’libriuw\ -pcw—
b.;nnrg_ Sysicm .
EX’. Benzene — —l_q.\uence, 955-{-:9.4 :

leA  Bewzewe be Con--lg;,.,_m—l— i
_roluc—ch_ be Golv\?nmvd- p

¥ T-Xy phase cliaqram P= 1 atm

To,2

-

- wsle '&M‘L.'ow e+ benwzene
Yp = @(T)

Yy p=2¥ P (T)
P=Ix P (T)
=X\ ¥ (r)
Xa PR

x| N *

wele frmchion of benmene
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Ex e

32

An equimslar liquid mixtwre of benzcne(B) and Toluende (T)
Is 4o be distilled in o Gutiamans chicki\ation unit operak

| ok M‘é shate - The mixture is Fed fo the diskilation
unit od vatke of 20 Kimel[ W+ The Vapor Bhase |s n
€qun i bl Wik \ic\u'..q Phase ol tenperature qs5c and
Pressure. 1 ohwa (absolute) .

Fund $he Hows vores and Compsitvon of Hhe ouechesd
and +he bettom ?vuluc‘l— Shreams .

M
—>
dg mel B wmel
Vapor: B4T ‘-g wol T [wma |
NENEUT >
e T TR L bk
pee Liguiol. B8+ T 1 atm

65 wmolT [/ mel

V'I:.

Xg mlB'_:-nl
\-:(5 walT| wel
Basis ¢ 20 Kol [h 6f +he feed

DOF = 4-2_2 =0 vV Go ahed
0"\1;‘:\;, xb’ﬂﬂ ‘_J

B amd T

mele balance

ot her £1M4.'on : VLE relations:
Yp P = X3 ‘P.; T - @
‘l'jT'P XT P KT\ =3

(1-4g) p =0~ Xa)? (7) - @
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Lo Dad—«'FOr- V&Fov Pressurc Calenlutions -
From Fable B.4 , pick Up +he Gomsturts A, B, el C

S MS-‘ha_ Avtoine eq. :

For- Té'bttnc:.'. A =6-‘75'3o5 B=l24¢6.332

C= 2|14.6932
= log E:'(-r)_—_ A- ® _ 605305 — 1346.73 3
TCre) ¢ S a5 +214.692

43 g‘f(q 567G ) = 41622 ity

For bemacne = T=A5C 15 et within Fhe yange +o
use Amtome 2. The rmmqe for Bi(lu-s5-89).
Thus Aook fon arether mekhad.
let ms use CoX Chawt -F’rﬁ_. bl-4 :
T=asc =0.8)(As) 132 = 203"F
af T= 203°F ; ’P; = 23 Py =23 b

iz

< 23 \b‘f- ‘ FEo MMF}Q
i \\q.eq Vop

w2

_oAeply Raowlbs law for B omd T
B 4, P=Xe®f = (Yp)(Geo) =(Xg )(\\8a.q) -

= 5—3 = L5656 Xg ---"@
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B - X—,-'P_]f

9r(F6s) = X1 (417¢%%)

L T0T40) ) [T

Solve ﬂm@mJ @ To obvteim: X‘B:' 63293
55 = 6622

—» Now q??\} wole culan Species balances :

B wele balance (O-S)(lc-) = (0-622) W, -\-@-3‘1":!- \;\-r.“@

Total wele bolance ) 26 — {4.‘ % \;\_,_ _..®

solve @ns @ ol @ 4o obtain: WMi=9.1¢€ K |h
V.\z:lc-%'-lkh-llh

Some chstussion:. Vet the the given Tuwperatuwre = A5
1 belows e bo;\xﬁ}w A Ywre —To\wwv\cc (\\06‘210\& '\ﬁkm\
ond @above +he -bo%\.wa vk o Duvre Benz (8eo:1% Q'l"wh)

Whodk van\\ Wz en W e tb?m'lr‘wob—v_. Vo [\ess Aham | Fle.
bo’\\;..wb ’?b:w‘r o} benzene ov obove ‘e bo'.\'.m} (Qe;m-\ of-
Toluc-nCC ¢
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Ak Belling point elevation and #egaznz_ Point olepressia,

*x %O'tll‘-\a_ Pﬁn“l" ele vation . solvendt in solution at Qg'wcu Presswre. ba.ls
M‘. lm'alqg’ ‘I'C,"Po/q,-‘-w-c +h¢.m &'&S ?Wﬂ SQ‘VCU\*‘ d.'{‘ +I\-€, S‘lmﬂ W.

EX: The bo‘,l-,.,‘a_ pont of salinc waler s greades +han +Hhat of pwe
Weder ok +he Same q?uul-h% PreSSwe. .

%* F::z-;v-&_ Point dopression 1 Selved n Selubon at 4 given Prsswe
Freezes ot lower tenpenduce. than oloes Prie Selieh ab e Save
Pressure . |
Ex: The -Pv".z-.o} pot of Saline wiler s lower Han tiak
of Puwve Walr ot He sane o?enck.—ok Pressuve. [ hus Sali-
15 used o melt Show r-.?;dl?.\

Wkg. ? Phase a&«dmm adeal | MLE velatio.n explain This
bck‘ﬂ-f'aov- ’

PT— diagracn VIE Ireladiofa

Vlhm

f
i Waler
X.<1 salt

Ut €quilibriama {‘"‘““.D .
= *
ha P, T (T
= P = xHa.o Pﬁ“(‘l‘)
%
i
Hig her "r'“"o
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Ha
— o dlute soludions ( X—sa ; whee X js solube male Drnchron *

The bo'.h»\%_ 9_&-&- Gk—\lﬂﬂh,ov\ }ATb ) Com be o*lc‘*lﬂ"uﬂ “‘.‘ﬂ <1 18

where @ T, - bc'.'..g__ eo;w+ m‘i Pure Sclvent-
1g. | - -nga;n?(uu-;-e&) TPord o Pure solvewdt
Dty i lkenh heak of- Vegrizakion of Pwre salvent
ML | Tadobdk ekl f | Soasipre || Phote] aliakd

R ! tniversd GuS QLwsha A~

Xz Iwulc -r\'n.c.’c-nvx of- Saluic
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¥* X Sohd -.L'lql-liJ E’fqifibf:um slas-kms 4
Ex: C*'HS“‘Q“EW, ‘D.aw; p; \'\c'l"J D}-O!sof‘?"-iém, A E'LC. i

* Sul“b-‘\;_\"a— L waXimuam amount of 50\.J Substance that Cauy
be dissolved in a Soccified dmount of lzqulcf

ﬂ.Jr EH; ‘;Eﬂﬂx} ~

—cF Gqulibtiuma ; the solubian must be Scﬂ-uwc(-tco PNCIIN
Scs\.'t.ﬂ Salute .

Ex: Selubilidy of- Ag_\log, v Wk

ok 2o°C . 2223 Muos
loo 3~Wm‘-&r-

sk | {on/%C) & q;zg_kg.luo:s
loog_waov‘

- T has Suhab'-\i\\r-s_ \nlreases '\nCmeAs'm«L_W.

— The p!ﬂur!: €.5-| on +he next Paqe shaws How So\ubi\ﬂd
of Sowe 'moraq.-.'.c_ Schute 5 | 1h | wader is Affected ‘-'3_

'\'&u?m{»\re, =

ki 9‘-”?%4&.4—01( Soluton © tThe Concesmtyedtion of solute \n
Solutson S hi%heq- Hawn "LLQ- 'eﬂ\m'\\'\bﬂnm Nalu e (Sb‘ub\k‘\'\é)

— Sce W’a's 0"\&.«{(“.‘ a’?am:—k Mbﬁﬁk ""D?‘Ck Mf’ solub'tlﬂg
Values.
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250

| = NaCl ]
200~ | —emkNO; | Tl
| = =+ Nay304 i

oy

150

100 |

Solubility (g/100 g H,0)

50 }——— " mucscaegE—oos

0 20 40 60 80 100
Temperature (°C)

Figure 6.5-1 Solubilities of inorganic solutes.

EX : one hunodred -faFl-lj_ k-'logmms of a Sld-urakj Sdubion of
A}No; at [0o°C is Cooled +o 20°C ,+kor~¢.b3_-porm;wa‘
A%NO?. Cr-us-l-qls ; Wwhich are. -p:\krgoq from Fhe Yemauima\
Solubron The wet L\ier Gake, which Cowtams 8o/ selid
Crygtals add 207, Sa-l'w“wkpﬂ solutian Béq\mn.ss, Tasses
o a Olv'-}&— in which +he Y’e.miv\’\-\}ww\w \S \M‘:nr'.uaﬂ.
Calculade -

(1) The awowdt of recovered dry Crysals and +he.
Tercent mce\:onng—re.ld-lv:. = A%Nog in tlhe Lecd.

(2) The cmount of- waler Fhat waast- be remaved ™
+e O'Mgi_n‘z’ S'\q'l-c,

feed Crn Sha\liRe—

leo °C
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Let us use solubils Aata Since e LJ Seludian, 1s S‘«M‘l‘t_ﬂ
oA loo®C and alse the LMer cake , fivtvade, ond tie ouklet
‘F?Dw\ Cnd_i-\ﬂ.“;‘a-v— have WA QG-W .Sa‘.u\'l‘i% o4 Z.c:éc ]

ﬁﬁh\ubni*\} .OA" 'ged "'&w?uirlm ‘, T=loo °C ] | 4 b

452 k4 Agvaz =£>

'-DO l%‘ Hg_o

Xoguos  the feed = 45 _ a5z _qos k3 Agues
loo vas2  \ogz Kﬁ_sﬁmao“

and Xipo v the -Fuoo =l-0.90 5 = 0.eq3g K}qu] k'-é sdudion
Sdubilidy ok Tz 207t 222 ke Aglvoz

xp%w,-_., n salubion o F fller Oke , FiMyade and Hhe ovdtle - Prom
Crystallizer = S e — 222 _ o.€39 ‘ﬁ— AgNez

2aztloe 22 Kg selukion
“JXH:.Q = 1- ©.6£23q =°3U ¥4 Hao | h}s.ol“;,,..“

Now \et s drmo o1 Comgletehy lakeled Flow Chart -

T TR
°-905 b’-h“l L ™ Agues Orysials M3 K Agles sol
Kzl- e - Agips el o 63q kg Mz
o-oqy5 K’- za 5639 &MUD
Pk e M_s ra“:.-w) f?—
lea™C k’} o -\ &Eﬁ: o -3l E'L—Kﬂu .
M ‘Dna Lok My Filler Cake
kg AgNes 0.2 K4 AqNoz Orysiad
-l - o-Z ‘ﬂ”ﬁ} Seol.

°-€8q Kg_&aua;.lk%sa\.
©:30 Ky Hae | kg gal.
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Qlebal Analys: s of DoF for He w\o.\e.. Process |

* The Pracess has 3 units onmed 2. Covmgonewt s ore invale
v tach unit which means Hhak We Caw wWrite 2. eqns.
on each unit =
The total A [ €4uns. Hok Can be Weitren = '2-0(3__: [

lx-#;-e—f?unkmwucm'ﬂa.?vam.s-_-; s

The Podom Cw be sdved

— You Cunm Welle mass balances ow Crystallize— Since
Here e 2 Unknowws (W, and ma) aadl 2 Species walh
balamee & Can be .wiHm(D°¥ =Q) but the Gwowi=S
Wiy ond Wz One et N‘\uiriﬁ v Tle Prablews < The qureﬂ
Amount s ore Mg ond mg hat are rc‘.ad-cj +o CJ'I'lﬁw--
B on tHhe Scams of- 0"“"\"0«- There owe. 3 Unknowoms
(Mu‘;Ms ) o Mg) D».J 2 Sns. Con be Witdon thus
'FGY' ‘Dvmd-q.r- Potr nes = d=z2= \.

- 1F you dake a Combinapion of tnysallizer ond $ilker, e
WiKhasns ore My ad My (we do vist wind MM\
tnd Wz Since ‘\"-uﬁ cwe wside HWs Cowivedion 3 ond
He Mol @qps owve 2. DoF dov gngitablizec x1 fller
=0 = SteA Wi s Chavce -

# Voo wass balance abouk %sk\\iwm‘o D:\dey ¢

(o:045)(156) = (o -'bl\) Mz + (ﬂ'z-)(o-'sn)wq

% todal wass balance abouk Cryslallias- ond Pilder
V50 = maz o my
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Solve these o Sns. 4 {-’.J .
VV\_} = 2Q kﬂ_ﬁiblﬂ.“'ﬁa“ .
VV\(.t 130 ka_su.lwhou + Crns-h.Lﬁ

= Nos 4o fud g ad g You Oun opply_balances
on +he Whele ?mgc,_s._s_(W:?-—‘i“ -;..-q.) or 6n the

drqer(Def = 2-2 ==)

—Let us q??lz_ balances on e Whele Prvucess -
__A}Nos masS  balamce (\So)(o Clois‘) = Mg -g-(lm-_,,)(o qu)

»(50)(e4s5) = me +(26D(0-€39) = Wi = 122 K Crysals

-a;»'l'k.; ucow"..ﬁ Ao vnche e’-L A"LNOB —=\2=2 k?,
and He ?WO&«A- Y‘ecouar\,& \s __..\7‘7' = 0.%94

GROEPIGDY
= 29.97%

tolal hwss balawce : | lS6= 20 4+ Wig + "My

A\ = (20 + \22 & Ms—

2 wms = % K Hio Yewaved as  vagse in Hae

dryec
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Ex: As aquecus potassiam nihmie (KNos) Selubian Qon-k:u'm;..}
6o wt/. KNoz at ‘Boec s -PGJ 1o a Coo|i-\&_Cl‘HJ4-‘|H_|'w
“in which the k"‘pero&we. i |veduc el || TibtC.

(Q) ID&*‘"'M'MQ. the ‘l‘tv-fm ori-'w\a‘\(.l,. +he Solution
Yeaches Saturvatio,.

(b) The ?&-Con'l'ﬂﬂt_ of +he ’Eo‘lﬁqSSi_:‘lm nibrede in e -peup
Hod Lorms C’ry.ers .

(@) The feed Cancerhuecion Cam be Cdvr\lw“'t.oo +o a
Salute /sc.lvewl" Yf\‘l'iéw as Solmbl‘;'\"a Value :

loo b ot 1DGJ SOL\J‘iom Gvitasns - 668 KNOQ

Yo 3- Hy o
= 60 9 Koz s |9 KNoz L |5'°_._§-_KN°.3
qog_H:Lo g-H:..b loo %—Hz_o

Now us3ng_ -l-’xa. 6-5-| , the Satuwation +“"?M"”"”°-
ot +this Salubien Is Fy4 C.

(b) The compleicly labeled Floschart is. : L
soludion Vlo‘c_“‘

"M, Sblw"ium’
X Kg_l(ubg,[
-F:J Crysiallizen l-X kJa-Hub/ Eg:
Pasis ! leo K}_Salw}m*
oS Kol Crystals
o.4 kg.Ha.n-(
%OQC K" g, kg_KND'}u)
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PDOF | = |32 =zl | v|we [Heed rore  information:

Nake Safe Assunghion: the Soldion leaves +le Ongsialdizer
is s«hmkj at  Hol'C | _
5¢-lub'\\."l\a of KNoz W wakev- oh U46°C Qan bo.'?k.be.ﬂ
up Howm ﬁiﬁ_ure. 6.5 -1.

ut Liooc 4 €3 \Cg_k!vo} $

leo Kﬁ_Hq_o
63 3
Xves = —— = \65 =o3gg KgKbes
o0 +83 3> \‘G.l_s. asluko.,

Mdwa Dok = 2-2 =o

Hio mass ba‘q'\cc:

(c""l) Uoo) = (I— X)\v\‘ = Ho =(l"°'33€)1~‘\|
=2 M = 65.1 K

Todal mass balance .

lbo = 651 + ma2 =D M2 = 349 K KNos Crysials
Thus He Pex cent of kNo?, n e feed 4ot Crysiallizes

Le |
24-9

=a-5e% |15 15k.2 7/
(Loo)(o-ﬁ)
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X Liqu:‘/- Lifu.'l eykﬂibﬁ'um Systems :

Ex: Extection Process

o I+ is bq.suaf on m.‘sdbl\H—z_ be:hav._e-»\ lfcIu.'a[.r-

e TF You have a solubion of | let+ us say , A and B Species
and You liKe to extract some of A Lo +his solubion. You
must Hnel sSome solvewt S such that A (s wmiscibile ja it
while B s not.

Af B salukhon E"*"‘\“k"' RQF{;’ nad
UPPer~ Phasc A+ warn ssh?

iR fusaeRay ARRAN

EX-}‘M =% ¢ Soluenwt S
S +A Connter— Current extraction

For Li.‘wd—liquicf Systems 4s exhuchon, Olistribution Coelficient
or Partikon Yahio (s ligad e describe. The Phasc eque\ibriq .

]

DVishibution Coellicient ;5 K = _\El_‘___
x.:
wWhere (15 the Species disﬂ'\bwi-ev! bebweewy, o \'-c‘v;.cﬂ
Phases
Y. 1 wuass frackion of Species | in tle Uppen qund
Phase
Xi+ mass fraction of Species | 1n the lower \::\a..ﬂ
Phese




Bl

Dr. Mohammad Al-Shannag
Ex: 2ooCm? of acetone — Water mixture that Cowtains lo Wt/
acetone 15 mixed with Hoo Cm3 of Chloyoform ot 25 0.
Since acetone 15 miscible 1w Chlergfaram while water (o
not two liqu-'af Phasecs are focvaeal cuod ’H'-cé(_ ,Q“moe.cp +o
Settle . What Percentage of aCedone Is extracted from
water o Chloysfornm 2 tHhe ol siibution Goeff. of acetone =053 |

This 1S extractron Proess |

le+ us Oltha-‘-f_ AC:."'Onc A) Water ' W Chloraform: C

M "ML ] uppe~ ,Pm pqpﬁina‘-c =
o-lgAlg oy - om, F A
o-qgwl = A Mz g w
200 Cim? Lowerghasr | 17T ]
Sol vent s ) AN Ex+tract >
oo Cm 3 "\"\3 g, A
H CO—CM.Y(C"'A‘ ﬁ)(“'ﬂC‘l‘*Qn M"‘"{_ MH 3 c

Basis of Galeulakion: No Ony Stream has O Amoawk to take
i* as basis. let us sce if the given inforwakion fermits
us +o Calcwlate an amownt ofF a streams

Since the fezol Stream hag Volume ol alss the salved
Streama We Cawn ek “p densities 4o Calowhsde amn Avmouwnt

+roms table B.\, the dongies of Pure SuwbsStunces are
as follows:
Sp = oH42 glcm3
Sc =1-489 9l cm3

Sm = loas Cdl('.'«w\3
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The feed hqg'\@:z.oo Cm 3
MF- = Sg'V'g
3;_ Is +he dens:-ha of Reed mixbure which Can be Calmk-d-enq
-me\ (Sce. GLWF'S ):

Se

SA Sw
- o-les & 0.4 [l Cwnd
o -1q2 l.oon 3
= g-p . = ©-9314 1—’ Cim2
l-o2¢&

oo mp = Sp-\f}_ = (c: -Cl'-l-‘-i)(?.oo) = las g_\

also +lhe 2olvend Volume is '\fs = Yoo Cm3 , +he Solvent
t's Chlavoborm , +Hhaus »

wmi¢= Sc Ve = (i-H%q)(H':m) = 5496 3

Se DBasis: 1‘1'5'3_ of -?-\:f_sﬂ Saukiay

—— We have dist bubon Coetliciont

DOF e "1—3_1 s ¢:£- o\cd-one:

K = 0.5\ = 'ﬂﬁ i MIJCMI*‘W}__ )

of A —
‘L A,c,s A m3(maemy)
M, mz = o BRl
m,, my

The Vo Slema Cann be SG\O&CR

C B | Mg = my %‘Mq:hﬁ;:tsqeg_
‘_—__-_-'_--—-__

W ME ¢ (0:2)(mE) = ma N ma=(c2)(1a5) = *s-5g]
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Total MB .

ME £ Mg = W, Tz 4 Mz T my
S Mty = ""V‘f_ + Mg =M —mny

= 145 4+ 59¢ - I135.5 - 54¢

e g | = s | 4L [

Other 4. Dishibubion Coelficionk of acetone <.

K=osu = _m/0mam)
M3 [ (my+™y)
osel = illm +889 o

m;}(m;a—sqs)
Sole qu,;. @ el @ +o obtaj

h1,

2.3 g_ A in Rﬂ“in‘\"‘ﬁ Stream
ms = 6.2 3 A Extract shveawm

The ?orCeMJ—qac of acetone ex-lﬁ-cl-eﬂp (s= 16-8

ol ANRIRY 9 P g
©-1)(\43)

= i3kl 7
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Ex : An indusifial Corpany has aselction of A and B Components.
The Company_is iferestesl to produce fron, this selubion an
ovneunt of A of high ity . Tt s founol that the bo'.um}
Pomts of pwe A and Pwe B ure very Clased +o eacls other.
ot the Same e the pr\?qv\j‘ has Some SolVemt whese )Do'\'l'\na
Point 15 much greater Hhan eitier e A o B . Iu addition
Cormponent B 15 wmmiscible e £ alile LA 35 maiceiide il ¥
Propasc o Separaho., 9\’1"1{‘1311_ 4o acheiwve this tarqet whch
s Niadhaded i a flaschad
For Such Situation i+ s ?ropqsu( +o use st extraction
fallowet l-.nj_ distillabion ob +he extracl Stream :

Jeel . A+B i RQMni-ti
A+p S+ A
cd
Gt o
Solveni < 5 Ex4ract
f S +A Distil[ation

Column

s+h

Yliclv\ .\n S






