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## 4870263021  : MAJOR CHEMICAL ENGINEERING
KEY WORD: ETHANOL / DISTILLATION / SIMULATION / ALCOHOL f AZEOTROPIC MIXTURE

Jessada Boonnumpa : EFFECTS OF ALCOHOLS ON PROPERTIES OF THE
AZEOTROPIC MIXTURE OF ETHANOL AND WATER. THESIS ADVISOR : ASSOC.
PROF. DEACHA CHATSIRIWECH , Ph.D., 151 pp.

Determination procedure of ternary azeotropes has been proposed based on
cenventional liquid activity coefficient models, i.e. NRTL, UNIQUAC, and UNIFAC, together with
vapour-liquid and vapour-liquid-liquid equilibria. Influence of another alcohol on ethanol-water
azeotrope has been investigated. Ethanol separation process has been modeled with 3
distillation columns according to extractive distillation with ethylene glycol. Afterwards, the
process has been modified as 2 columns with side-streams. Both process models have been
employed for investigating effects of various alcohols on ethanol purity produced. Finally, the
minimum energy requirement of the process has been estimated. Ternary azeotropes can be
predicted with UNIFAC-VLE, NRTL-VLE and NRTL-VLLE. UNIFAC-VLE can predict more
precisely than the others. With 3-column and 2-column processes, high purity ethanol, above
99.4%, can be produced by adding methanol instead of ethylene glycol. The processes require
methanol to ethanol ratio of at least 1.56, Ethanol can be recovered more than 98%. However,
methanol has losed by 0.03% and 0.06% for 3-column, and 2-column processes, respectively.
The minimum total energy requirement has become 63.5 and 44.4 MJ/kg ethanol for 3-column
and 2-column processes, respectively. In addition, ethylene imine and propylene imine can also
be used for both processes. Although the processes have required less imines energy than

methanal for similar separation, they have been losed greater than methanol.
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- FUAUDUATDIAILUY AL DAL

AMSAIUIEDALILNILUAUMINAULENET AR5z nou Aol 35 Ueq  Fenske-
Underwood-Gilliland : FUG Lﬂumiﬁmamﬁamﬁmm%umufm@amawaﬂé’u AU
voameileu wazdadiumsilounay G'f;qeijgu@aumﬂéfmﬁmuﬂamm (Light key : i) tag
T1I1UN (Heavy key : j) ﬁﬂzﬁmgmmﬂaaﬂmﬂﬁ’uﬁ@u ﬁmam{imauﬂfumuauﬂamqmyﬁ

ﬁflﬂﬁijﬂ (Minimum Theoretical Stages : N_. ) f28aUNITUDY Fenske AIAUNT 3-7

min

WL € (TR [ FRUCT) R — 5
loga, |

Annumdadiutloundutioonga (Minimum Reflux Ratio : R_) A10eUN13V04

min-

Y
Underwood 9471

1— q = ZLXFI ______ (3-8)
o —0
V
= F = 1-F o o (3-9)
d = F

) Lhl ot ¥l 1 d VIO 16VND) - (3-10)
min i ai_g
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Total condenser

Yo | Rectifying section
! |
e b B | I
AN/
! 2

Vil 1| X Stripping section
Yo X;

Total reboiler

i v v H k4
31N 3.4 vaaaduaeuaugamelunenau fannzeundunue

Y
ﬁmmmﬁmau%’umuﬁmamq (Actual Theoretical Stages : N) gf’JEJﬁiJﬂ”lﬁJ’fN
Gilliland Tagmsmvuasidaaiunisileunaunldass (Actual Reflux : R) dodaaiung
v Ay A 45 . £ o Y 1
ﬂamauwuaﬂmqﬂ (Minimum Reflux Ratio : R ;) FamruA iNa iy 1.3-1.5 1w R..

AIENNT 3-11 wae 3-12

X = R-Rw. (3-11)
R+1

V N—-Nyn h 1—exp(1+54'4x j(X—lj ______ (3-12)
N+1 11+117.2X \ X°°

E4
HaanniusAIIad uHlIvesmetoudgauMs Ve Kirkbride f4aums (3-13)
o [ { M) v .
u,azﬂmmwamuﬁi%’“luwaﬂauﬁ'waumsmgsﬂywawm (Energy Balance Equation) 1an
=* o 1 Ayy o o dy Y 9 o o 9 an
dahmn ldnnmsduamsnaunendesdu 1l 1 lumsmuiamsndutendlredIsmsuuy

G%}U“]?I@u Lﬁﬂﬁ1§@]i1ﬂﬁulﬁa uazﬁ’ﬂdaummudamﬁﬁaaﬂumnﬂaﬂuazﬁuﬂlmmﬂé’u

0.206

2
Ne _ || Zir | Xe (B] ------ (3-13)
X D

Z|Z
Py

s Zi e i.D
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E4 9
fumiatuneuaugavesastlon (N,) vzlismegluduneuaugaves Rectifying
9

section (N R) 1ag Stripping section (N s) A9

N =Ng +1+ Ng wee N =N-N, - (3-14)

1.0 T T TTTTT 11T

| s 1 ol i

N~ """.n'lin
N4+

g Van Winkle and Todd [16]

o Gilliland data points [13, 14]
== Iolokanov Eq. for lina [17]
& Brown-Martin data [15]

0.01 Y ] T e ™ (TN I I O I
0.01 0.1 1.0
F“!?rnin

R+1

51 3.5 uamspuduiusYoIaNMS (3-11) uaz (3-12) Tuaun1sved Gilliland
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MUUALAZAIUIN
lvudnsow
Smamsmui

Tiasafunfimua

v
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v

ﬁwmmﬁmammmﬂﬁau U ANNAUVDIIDNAY

)

9 v
s uIuTuasuaNgan Ny Biosiga

v

Auadsuna1siuind Light key #ag#1inn1 Heavy key

NNAULINAIND DN

v

Annadadiutoundutiosiga

v

9 ¥
fMuduiuduneuaugas iefmuadadiuiloundu

mnnndadrutleunduiosinan

v

9
furudumisiuneuaugavesaiotlou

v

o o ~q 9 4 1 9y 9
mmmwawmﬂﬂmmmmuuuuuazwmm

v

4
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AU Bubble-point

W30 dew-point
AU Adiabatic flash

AUNIT Fenske

AN Underwood

auNIT Gilliland

AUN1T Kirkbride

AUMTAANAIU

a o o M ¢ A 9 9 aa
51N 3.6 LAUAIMTAIUIUMTNAULEN AT HAWBIAL TNV BIAUAIEIT FUG

Y
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3.6 M3$180INITUIUMINEY

MyaeInszIIUMsNaUIInaIsHateefszney  TudEmsfuIm Wiesians
nszUIuMsnauRa e 1¥aeuiuaes$aeluns$1aeanszuIuMINaY tazfuINMYD
ﬁmaumﬂﬁumiﬁa%’wﬁyuLﬁa{immﬂﬁzmumﬁﬂﬁl’u“luussiazsﬁyuﬂauﬁuﬂammﬂizmumﬁ
naumenansiateenlsznoy  dmiuaunisilflunssiasenszuiumsnaunenasate
aaftlszneuiy szneudae AuMIfNaNIa (Material balance : M) eumIaugasznIavle
(Phase Equilibrium relation : E) Nf)3 WNAYAIN A (Sum of mole fraction : S) LAXAUNITAAR
WA (Energy balance : H) Gl,umiazsﬁyumuau@a n&NANI T T Ia0Y
ﬁmaamawaﬂﬁu éiumijasﬁumuﬁuﬂammmaﬂam%’wdwaﬂgu wazdadumstloundui
1923991735 MIR IO AUILIAI0TEU0S  Fenske-Underwood-Gilliland  910111439151Ha970
FEmssnnaoonuuun sz andunIFlumsdnaude lutuneums a0z umms

ﬂﬁul!ﬂﬂﬁﬁﬂﬁ”m@ﬂﬁﬂizﬂ@ﬂ

\/. Liquid from
! Stage above

A
L,
Vapor
Side stream
| N————t
W, - 2
i -1
H \ xi H Lj—l
Ti Ti -1
P -
Feed ] Heat transfer
> Stage j >
FJ A Q]
Vi )(I : (+) if from stage
Zi,J' 1 & (-) if to stage
He, ij+1 L
Te, Tia T
P P P. Liquid
Fi s ! Side stream
V.
j+1
U i

Vapor from Y
Stage below
Lj

'
= .

M k4 v
30 3.7 uaaaiumeuangan j imsunszuIuMINAY
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WN—l Y LN—2 R i
FN—l Stage N-1 %\/\/%QN71
WN VN LN—l L N

=N StageN |2 > Qy

A 2 A g A o
5‘1]1’] 3.8 uﬁmmumuﬁuaam 1 awumuﬁu@aw N Gluﬂixmumiﬂau

Y

o 1" o o J 1 :/‘
- AUMIAANIN (mmufmmimmummumimﬂﬂﬁzﬂauﬁlmmamumuﬁuﬂa)

M, =LoXa+ViaYiutFz, - +U)x, =V, +W)y, =0  — (3-15)
- gumsaugaszuNala @uuaumamidusinuasesndszneulunaa
v
TUADUANAA)
Ei,j =Y _Ki,jxi,j =0 (3-16)

- ngaauardu e Guuaumsmnutuaouauga)
3 3-17
(Sy)j:;yi’j—l.O:O """ (3-17)
i=:

C
s), =>x,-1.0=0 (3-18)
i=1
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k4
- ANMIRANAINY FNIUAUMIMNVIUNDUAUAA)

Hy=Lh  +V h  +Fh —(L +U)h -V, +W)h, -Q =0 — (3-19)

j+1

qUNITAUNITAANIA ﬁiJﬂ']ﬁﬁiJﬂﬁﬁ%ﬁ'j'NLWﬁ ﬂ@]ﬁ')iﬂﬁ‘l&ldﬂuiﬂﬁ HAZaUNIINa
Y { g § o o J 1 qa:
WA ﬁﬁ%ﬁ\iﬁu!ﬁ@éﬂﬁﬂ'E'Nﬂ'ig‘U’Juﬂ'l'iﬂﬁullﬁlﬂﬁTiﬁﬁﬂﬁlfNﬂﬂigﬂ@UiuLma%ﬂlu@l@ua’Nﬂa
dyd v o Jo 1 g a Y ] . . = 1 o
unJuﬂamﬁuwuﬁﬂmmullmﬂummu (Nonlinear algebraic equation) HIgINUNNITATUIN
A o 1 dy =2 9 v Aad A o o ~
INDHININDUUDITUNITIUATIY WAV IAYITNIIOU 9 TumsiuramainouvesdunIsy
4 4 o o d @ v ] .
ﬁ%}N%HLWA@fﬂiil”lai’Nﬂi%']J’Jl!ﬂ'liﬂauuflﬂﬁ”liﬂﬁ'lﬂﬂﬂﬂﬂizﬂ@ll f7981%1  Bubble point
method, Tridiagonal matrix algorithm, Simultaneous correction procedure L181% Inside-out method
I a o o 4 0 . I~
Wudu IFMsMuIsnmIMaey Simultancous correction procedure 4@i& Inside-out method il
ax dq ¥ o o ax 0 . .
M lglUsunsusimeinszuaumsnad 1aea5n151IAIM0Y  Simultancous  correction
Y axda A o [ 1 aady o o
procedure Wuasniaassnm lumsanamiaey  sadluisns lumsarvumaaey
' an o ¥ I ax [ A d I ad o A
FINITMIHIRNOY Inside-out method (UUITMITHIAMOUNST tazudTMsmmmeuny
Uszanimmngalumsmmaenyedaumsaumsqgayria aumsaugassnnane ngIm
[ £4 ] '
eIl HaauMIRANAINIUNAINAW1asINTTUIUMINAULENE151 52 NO
¢ ¢ = & A ° Aq U o w 0
ulﬁiﬂiﬂWﬁU@u‘ﬁaWﬂ@\‘]ﬂﬂigﬂﬂﬂ vduasmemmeaoun lmiusrdunsnluldsunsuiiang

v v
AFLUIUNMTNAY 1ABIZUDNAII IUT18aZ0eAMmNIZITNTHIAINBD Inside-out method 11115

3.6.1 IEM3MUIMHIAINGY Inside-out method
an o o . QI ax o A < A v
AWMIANUIUNIAADY Inside-out method (TUITMIMIANOUNNANNIGTIFI 1ITUAU
Taemsadwaumsnldlumsiiassnszuiumsnau Falszneudie aunisgania (Material
balance : M) auM3aufasenIunld (Phase Equilibrium relation : E) ng3duanaiulua
Y
(Sum of mole fraction : S) uamumiaawﬁwm (Energy balance : H) Glmmaz%’umuﬁm@a

Y
Tagi3enaunIsNIBUAIY aluMIIUY (MESH equations)

- msmmuadu site 15 1um s muIne1u (nner-loop calculation)

o, =K Ik, = (3-20)
Sy =Ky, vy, (3-21)
R =1+uU;/, . (3-22)

R, =l+W v, (3-23)
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unuamdanlsnmuualuaums (3-15) 83 3-19) 0214
- gumsaugaszu N
Vi, =, S i=1toC, j=1toN - (3-24)

o ' o o J 1 c?/‘
- AUMIAANIN (mmufmmimmummumﬁmﬂﬂﬁzﬂauﬁlmmazﬂuumuﬁuﬂa)

Ii,j—l_(RLj +ai,jSD,jR/j)|i,j +(ai,j+1sb,j+1)|i,j+l:_fi,j’ i =1to C, j=1toN
------ (3-25)
- ANUMINANAINY
H, = th R, L+ h,j R,V = hLHLJ._1 - h\,MVj+1 - hFj F,-Q, =0, j=1to N
------ (3-26)

- Complex thermodynamic models
[ o { o - o
Complex thermodynamic models Lﬂmmumamﬁmmmﬁugmmmgmumaqum
o J @ 1 1
wwamam“luﬂqu Equations of State #39814%Y Soave Redlich Kwong 401¢ Peng Robinson
= o s ' ), 1 . o v
Lﬂuﬁ’u L!ﬁ%LL‘U‘U%1ﬁ@iﬂ1ﬂ@mﬁWﬁﬁ1ﬁ@]iiuﬂQN Liquid Activity €29813%% NRTL,
[ 9 o ' dy Y = J
UNIQUAC uag UNIFAC 10 uau IﬂﬂLL‘U‘UﬂTﬁfNH’TﬁWHﬁ]gcl‘]fﬂWﬂQ‘V]‘ﬂNQﬂH’i’WﬁﬁWﬁﬁ‘i‘UﬁN

Approximate thermodynamic models 1aun

KoKl Ty o~ (3-27)
ISTTRCAMATE A\ (3-28)
h,=h,P.Txy (3-29)

- Approximate thermodynamic models
A1 K

. . | o Aq v o a J
Approximate thermodynamic model nJumeumammﬁlﬂumimmmqmﬁguLmax

Y
%’umuauﬂa HAZAIUIUAIVDY Snj Tagiszanam ij NTUNMT (3-30)

K, =exp(A -B/T) (3-30)
A=InK, +B/T) (3-31)
(K Ky ) e (3-32)

11
Tl T2
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dwisvesnaun hilsvowwaulugaunda Ky, Usznaldanaums (3-33)
a _ ((DiL /(Div)j ______ (3_33)
iji K

b,

MK : Al a; ; AMIUNNANMS (3-20)
AueuIiall
Uszinunneiatlvesle uazveauralrnnaums (3-34) uaz (3-35)
H, =c,-dmEST I/ fg, (3-34)
H, =¢ - fi(TJ' -T*) (3-35)

1 [ d' o Y 1 ] 1
HUYLHA : ﬂ'IL@TIﬁ‘]J"U?N]l@ uazmaqmmmmmm"lﬂagiuwu3&1 ABUIA
A ay = 1 o o
T* A0 PUUNNUONOI LAZA ¢, d, ellag FATUIUIINNITATUIUN

U

UDN (Outer-loop calculation)

am o o < 9 o 3 Y
ATNITIAUIUNIANOU Inside-out method ﬂizﬂﬂumﬂmimuam 3 YUNADU "I,ﬂll,ﬂ
MIMUUAAUTUAY (Initialization Procedure) msduaueluy (Inner-loop calculation) tQ1$ NS

AUIUNUDD (Outer-loop calculation)

3

A

MESH
(Inner loop)

equations

K, h parameters

Approximate

XY, T,V,L
(Outer loop)

thermodynamic

models

K.h,,h,

Complex

thermodynamic

A

models

510 3.9 iwudsmM A IaMA e UR187F Inside-out method
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3.6.1.1 MIMHUANUINAY (Initialization Procedure)
AounazmsmuInnly  uazdnnauen  desimsmuuanisuduldnudn
9 1 =1 091’ o [ dy
ulsluszuv 1éun X >y, TV uaz L TasHTUADUMTAIUIM AT
Y Y
1) mstmuamsuduasuduaa danzvesdoton dumusiuasuauAaUDIEY
ilou nazanudumeluvonau
o o 1 c?/‘ a Y] A o
2) mImruaRMUITuABUAURARYBIEINARN N NAIPDNATUY 9B ENA Y
o A S B oA o
3)  MIHINUAANTUAUYDIAIIHANN AUNNAIDNAIUTIVDIIDNAY

4) msvszuam V, uag L Tagaunis (3-36)

i
L=Vt XU -Wo)=Ve o T (3-36)

5) malsznudiguugioanenazfunonau szanaguvginnesdlszneuves
aefloy  Tasguvigloeanenaudmineungileduss  uazgamgiifuvendufiuim
UMV UNAIDUR?

6) mafmudadinvedle uazvesrnarvesmetlouiidrgrendu o fumistuaey
aunavesaeflen Tasldgavgh nazarudumaenilunendy

7). msUszuaa K 1ag h ¥93n1saiuasasuen tazlssuium A.B.a b .
C d]_, e f]_, KJ_ uag | VYB3 Approximate thermodynamic models mﬂﬁmzﬂﬁﬁ'u@l’uﬁ

Y v v
dszanaludunoun 1-6 uazl¥a1naiues Complex thermodynamic models

8) ﬂ”liﬁ”li!’Jil!?ﬂl'lL??J{g])u"ll@Q SD]_, RL tag R/ ANNFAUNIT (3-21), (3-22) L (3-23)
i i i

3.6.1.2 MmNy (Inner-loop calculation)
o o & Y Y Ay , o M
mssnalusutudeldmn lanmsssuramveamasiuanauen luduaou
v Y ' F v
MIAUIUN 7 1HazANIHUAN TANTUABUMIAHUAAUTUAY (Initialization Procedure)
o [E-% 4
9) MIAUINADATINT THaveIvoUNA) ) YOIEINNIAUIZNOTNINANMST (3-25)
Tael¥35mMsmdiaew Tridiagonal matrix algorithm
o % 4
10) MIAUIUATATING liavod'le v, YoIA1INNOIRLTENOUIINANNT (3-24)
11) MIAUIUMTATING lavodle v, HazdnI1N3 lHaveIvoanad L, v

dmFuannesndszneuainaums (3-37) uag (3-38)

C

Vv, = iZ:l:vm. ------ (3-37)
C

L= (3-38)

1]
i=1
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Y Y v
12) MIAMUIUAYUHYUVDITUADUANAA T, nanuaa v Tagisuanmsaiudanm
k4 ]
X, NNTAUMT (3-39) NAUUAIUIUA Ky, Al anaums (3-40) o lUdauan T,

Y k4
M IndvostunouauganInua 1NN (3-41)
I

O — (3-39)
1)
L
T e (3-40)
Kej=c——
Z(ai,jxi,j)
i=1
- (3-41)
bOA=InK

4 ] v
WA : 1INAITAIUIDIUD IV UABUN 11 Lim%:ulﬁmvi s T, NaoAnded

fuaumsqaNla Lazaumsauaasz il uids hideandesiuaunsaandinu

13) m3dendalsnlFlumssiuiaelu (nner-loop calculation) laun Ing,, 10
] ' Y
AuMs (3-42) uazdualsdu q Taelydenludese 11
Y A o 1 o A A ] o AHq ¥ Yy 9
- HiimssmuamINaINUNAeeNNIATEIAIDLUY taznaanui lFuAnTedy

a2 lifidudsn 18 um ey (nner-loop calculation) 1A

Ing,, = In(K, V,/L) . - (3-42)

- tiimsdmuemdadutleund (L/ D) tazéasinis lnavewdasusidumne
(B)veAMaiuy H, 18z H, 9Inaums (3-26) wiidulsilFlumsdnnmnly
(Inner-loop calculation) Lﬁ'll 1aun D, e D,
D= L<(L/DN, =0 . e (3-43)
pf2 13-B Y oY1el9 19007 — (3-44)

A Aa o PR 9

Y Y o A o Aq Y °
- DIUAAAN mwmaaﬂmumwmmﬂau%zumuﬂmiﬂumsmmmN“lu

i Q' 9 1
(Inner-loop calculation) s 1dun |n(UJ_ /Li) Iag |n(\/\/j /Vj)

14) msfinaneriailvedle uazveuralrnnaums (3-34) uag (3-35)
15) MMM H , D,, D, 1Az Q, :Inaums (3-26), (3-43) uaz (3-44) sn3um Q
waz Q, TAwmnnm H, naz H  muddy

16) N3ATUIN Jacobian Matrix G115 Partial derivative VY03 H,. D,. D, 1z Q,
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o Y o . Yax
17) MmymurumandsveamsauInaaly (nner-loop calculation) IaaldIsnsves
Newton-Raphson
18) MsmudumausIvinnaums (3-45) tleaaal Sum of square

XED = X0 pax® (3-45)

Aa 1 v Y ~ A vy 9 = vy vy
19) NMINIITUIAT Sum of square 'Nuf]ﬁlLWEl\TWﬂ‘l’Tﬁ@lliJ ﬂ']u@ﬂLWENW@LLa'JGI}ﬁGU'IiJul‘]J
o . 19 o 19 = Y o o c?xl A
ATUIUINUDN (Outer-loop calculation) Lmﬂ’lﬂﬂulilu@ElLWENW@lWﬂﬁUllﬂﬂWu']ﬂ!’ﬂWﬂelluﬂf]uﬂ
= & = o o
15 N UUADUN 18 F10NTDU
a % c?/‘ d' = 09.: d‘
20) mswaTandls x RV I VAT A Tuduaoun 15 pevunoun 19 lag
o z A = oi/' A A o Y v A o J o A o 4
NITATUIUIINVUADUN 9 DIVUABUN 12 LW@ﬂﬁUl!ﬂﬁ?L!ﬂiﬂﬂ\iﬂﬁT} ﬂ1§ﬂ1u’3ﬂllW@ﬂﬁUllﬂ
o S 2 g A o Ay v . . v
dulseziaTedunsoilanivesdiuisilann Approximate thermodynamic models §9AAADI
[ 1 @ { 3 1 % { [~ 1
AuAveed3n 18910 Complex thermodynamic models taz 1¥a1vesdandlsn 1d lafuan

151 ﬁ} u“lu NTATUIUINUDN (Outer-loop calculation)

3.6.1.3 MIAMUINIIUDN (Outer-loop calculation)
o 1 Q) = 4 oy ) % U Y .
21) MIRUIUMMTIZNITUANS tazAaneuIialan Complex thermodynamic model
= ~ @ 1 Ao Y c?/‘ A Y A Y A Y 11 Ao Y
L“lJiEJ’UL‘V]EJ‘Uﬂ‘UﬂWﬂﬂWH’JﬂlVlﬂ%']ﬂ“lJuﬁfJUﬂ 20 ﬂ"l‘JJﬂﬂﬂ'd!,ﬂENﬂullﬁﬂQ?WﬂWﬂﬂ1u3mhlﬂi]1ﬂﬂ1ﬁ
A1y (Inner-loop calculation) grinvidmen uama1n 1d bilndiResiuazdosdu
Y v
A luduaoui 22
22) Msdszinaar K #ag h v93msaIuIsiisuen (Outer-loop calculation) 310
Approximate thermodynamic models RN ETER TATRR Complex thermodynamic models
Y v
NNTUADUN 7
o 1 A o I A g c?;’ A
23) MIAIUIUA S, R, M2 R, morh 1 uausuduluduneun 8

v v v v v
24) M3RMIN U (Inner-loop calculation) F19NTOVINVUABUN 9 DITVUABUTN 20
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water Acrylonitrile

1 70.6
0.143 0.857
water Allyl acetate

2 83.0
0.167 0.833
water Allyl cyanide

3 89.4
0.340 0.660
water Benzene

4 69.4
0.089 0.911
water 1-Butanol

5 93.0
0.445 0.555
water Butyl acetate

6 90.7
0.271 0.729
water Butyl acrylate

7 94.3
0.380 0.620
water Butyl aniline

8 99.8
0.944 0.056
water Butyl butyrate

9 97.9
0.530 0.470
water Butyl chloride

10 68.0
0.070 0.930
water Butyronitrile

11 88.7
0.325 0.675
water Carbon disulfide

12 43.6
0.020 0.980
water Carbon tetrachloride

13 66.8
0.041 0.959
water Chloroform

14 56.3
0.030 0.970
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water Cyclohexane

15 69.8
0.085 0.915
water Cyclopentanone

16 93.5
0.420 0.580
water Diisobutyl ketone

17 97.0
0.519 0.481
water Diisobutylene

18 82.0
0.120 0.880
water Dipropyl ketone

19 94.3
0.405 0.595
water Epichlorohydrin

20 88.5
0.260 0.740
water Ethyl acetate

21 70.4
0.081 0.919
water Ethyl acrylate

22 81.0
0.151 0.849
water N-Ethyl aniline

23 99.2
0.839 0.161
water 2-Ethyl hexanol

24 99.1
0.800 0.200
water N-Heptane

25 79.2
0:129 0:871
water Hexanoic acid

26 99.9
0.921 0.079
water N-Hexanol

27 97.8
0.672 0.328
water Hexyl acetate

28 97.4
0.610 0.390
water Isobutyl alcohol

29 89.7
0.300 0.700
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water Isophorone
30 99.5
0.839 0.161
water Isopropyl acetate
31 75.9
0.111 0.889
water Isopropyl benzene
32 95.0
0.438 0.562
water Isopropyl chloride
33 35.0
0.010 0.990
water Isopropyl ether
34 62.2
0.046 0.954
water Mesityl oxide
35 91.8
0.347 0.653
water Methylene chloride
36 38.8
0.010 0.990
water N-Nonane
37 95.0
0.398 0.602
water Paraldehyde
38 90.8
0.252 0.748
water N-Pentane
39 34.6
0.014 0.986
water 3-Pentanol
40 91.5
0.350 0:650
Methanol Acetone
41 55.5
0.120 0.880
Methanol Acrylonitrile
42 61.4
0.613 0.387
Methanol Benzene
43 58.3
0.395 0.605
Methanol 1-Bromobutane
44 63.7
0.590 0.410
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Methanol 2-Bromobutane
45 61.5
0.415 0.585
Methanol Methyl acetate
46 53.8
0.187 0.813
Methanol Ethyl acetate
47 62.3
0.440 0.560
Methanol Carbon tetrachloride
48 55.7
0.206 0.794
Methanol Chloroform
49 53.5
0.130 0.870
Methanol Ethyl formate
50 51.0
0.160 0.840
Ethanol Benzene
51 68.3
0.324 0.676
Ethanol 1-Bromobutane
52 75.0
0.430 0.570
Ethanol 2-Bromobutane
53 72.5
0.330 0.670
Ethanol Chloroform
54 59.4
0.070 0.930
Ethanol N-Pentane
55 34.3
0.050 0.950
Ethanol N-Hexane
56 58.6
0.210 0.790
Ethanol N-Heptane
57 70.9
0.490 0.510
Ethanol N-Octane
58 77.0
0.780 0.220
N-Propanol Acetal
59 92.4
0.370 0.630
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N-Propanol Benzene
60 77.1
0.169 0.831
N-Propanol Water
61 87.7
0.717 0.283
N-Propanol N-Hexane
62 65.7
0.040 0.960
N-Propanol Butyl formate
63 93.2
0.400 0.600
N-Propanol 3-Pentanone
64 96.0
0.630 0.370
N-Propanol Propyl acetate
65 94.2
0.400 0.600
N-Butanol Acetal
66 101.0
0.130 0.870
N-Butanol Butyl formate
67 105.8
0.236 0.764
N-Butanol Cyclohexane
68 79.8
0.100 0.900
N-Butanol N-Heptane
69 93.3
0.180 0.820
N-Butanol 3-Hexanone
70 117.2
0.800 0:200
N-Butanol N-Octane
71 110.2
0.500 0.500
Isoamyl Alcohol Butyl acetate
72 125.9
0.175 0.825
Isoamyl Alcohol N-Octane
73 120.0
0.350 0.650
Isoamyl Alcohol N-Heptane
4 97.7
0.070 0.930
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N-Hexanol Styrene
75 144.0
0.230 0.770
N-Hexanol Propylbenzene
76 152.5
0.450 0.550
N-Heptanol Camphene
77 171.7
0.100 0.900
N-Heptanol Phenetole
78 169.0
0.280 0.720
Ethylene glycol Ethyl benzoate
79 186.1
0.465 0.535
N-Octanol D-limonene
80 177.5
0.080 0.920
Ethanol Acrylonitrile
81 70.8
0.401 0.590
Ethanol Ethyl sulfide
82 72.6
0.560 0.440
Ethanol Cyclopentane
83 44.7
0.075 0.925
Ethanol Fluorobenzene
84 70.0
0.750 0.250
Ethanol Propyl ether
85 74.4
0.440 0.560
Ethanol Toluene
86 76.7
0.680 0.320
Ethanol Water
87 78.15
0.956 0.044
Ethanol Cyclohexane
88 64.8
0.292 0.708
Methanol N-octane
89 62.75
0.675 0.325
Methanol N-nonane
90 64.1
0.834 0.166
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Methanol Acetone Cyclohexane
1 51.1
0.160 0.435 0.405
Methanol Acetone Methyl acetate
2 53.7
0.174 0.058 0.768
Methanol Carbon Disulfide Bromoethane
3 33.9
0.100 0.400 0.500
Methanol Carbon Disulfide Methylal
4 35.6
0.070 0.550 0.380
Methanol Chloroform Acetone
5 47.0
0.230 0.470 0.300
Methanol Methyl acetate Cyclohexane
6 50.8
0.178 0.486 0.336
Methanol Methyl acetate N-Hexane
7 45.0
0.140 0.270 0.590
Methanol Water Methyl chloroacetate
8 67.9
0.812 0.053 0.135
Methanol Water Chloroform
9 52.6
0.150 0.040 0.810
Ethanol Water Acetal
10 77.8
0.276 0.114 0.610
Ethanol Water Benzene
11 64.9
0.185 0.074 0.741
Ethanol Water 1-Bromopropane
12 60.0
0.120 0.050 0.830
Ethanol Water 2-Bromopropane
13 433
0.040 0.010 0.950
Ethanol Water Carbon Disulfide
14 41.3
0.950 0.016 0.034
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Ethanol Water Chloroform
15 55.4
0.040 0.035 0.925
Ethanol Water Cyclohexene
16 64.1
0.200 0.070 0.730
Ethanol Water 1,2-Dichloroethane
17 66.7
0.170 0.050 0.780
Ethanol Water Methylal
18 73.2
0.177 0.128 0.695
Ethanol Water Ethyl acetate
19 70.2
0.084 0.090 0.826
Ethanol Water Trichloroethylene
20 67.0
0.161 0.055 0.784
Ethanol Water Triethylamine
21 74.7
0.130 0.090 0.780
Ethanol Water Cis-1,2-Dichloroethylene
22 53.8
0.067 0.029 0.905
Ethanol Water Trans-1,2-Dichloroethylene
23 44.4
0.044 0.011 0.945
Ethanol Water Ethylene chloride
24 66.7
0.170 0.050 0.780
Ethanol Water Cyclohexane
25 62.1
0.170 0.070 0.760
Ethanol Water Acetonitrile
26 72.9
0.550 0.010 0.440
Ethanol Water Methyl ethyl ketone
27 73.2
0.140 0.110 0.750
Ethanol Water Carbon tetrachloride
28 61.8
0.097 0.043 0.860
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Ethanol Water Toluene
29 74.4
0.370 0.120 0.510
Ethanol Water N-hexane
30 56.0
0.120 0.030 0.850
Ethanol Water N-heptane
31 68.8
0.330 0.610 0.060
N-Propanol Water Carbon tetrachloride
32 65.4
0.110 0.050 0.840
N-Propanol Water 1,3-Cyclohexadiene
33 67.8
0.120 0.090 0.790
N-Propanol Water Cyclohexane
34 66.6
0.100 0.085 0.815
N-Propanol Water Cyclohexene
35 63.2
0.115 0.090 0.795
N-Propanol Water Nitromethane
36 82.3
0.266 0.175 0.559
N-Propanol Water 3-Pentanone
37 81.2
0.200 0.200 0.600
N-Propanol Water Propyl acetate
38 82.2
0.195 0.210 0.595
N-Propanol Water Trichloroethylene
39 71.6
0.120 0.070 0.810
N-Propanol Water Propyl acetate
40 82.2
0.195 0.210 0.595
N-Propanol Water Propyl chloroacetate
41 88.6
0.582 0.253 0.165
N-Propanol Water Propyl ether
42 74.8
0.202 0.117 0.681
N-Propanol Water Propyl formate
43 70.8
0.050 0.130 0.820
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N-Propanol Water Benzene
44 68.5
0.090 0.086 0.824
N-Propanol Water Diethyl ketone
45 81.2
0.200 0.200 0.600
Iso-Propanol Water Benzene
46 66.5
0.187 0.075 0.738
Iso-Propanol Water Cyclohexane
47 64.8
0.185 0.075 0.740
liso-Propanol Water Cyclohexene
48 61.1
0.215 0.075 0.710
Iso-Propanol Water Nitromethane
49 78.0
0.620 0.060 0.320
Iso-Propanol Water Toluene
50 76.3
0.382 0.131 0.487
Iso-Propanol Water Ethyl butyl ether
51 73.4
0.219 0.104 0.677
Iso-Propanol Water Ethylene dichloride
52 69.7
0.190 0.077 0.733
Iso-Propanol Water Isopropyl acetate
53 75.5
0.130 0.110 0.760
Iso-Propanol Water Isopropyl ether
54 61.6
0.073 0.047 0.880
Iso-Propanol Water Methyl ethyl ketone
55 73.4
0.010 0:110 0.880
N-Butanol Water Butyl acetate
56 89.4
0.274 0.373 0.353
N-Butanol Water Butyl formate
57 83.6
0.100 0.213 0.687
N-Butanol Water Carbon tetrachloride
58 64.7
0.119 0.031 0.850
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o ¥oms / dadiu Tavuraiinavoinauyafonndi QUUYUNINAUDINAY
aaun ¢ & 4 o
aweenlseneu AAAIN (°C)
Iso-Butanol Water Isobutyl acetate
59 86.8
0.231 0.304 0.465
Iso-Butanol Water Isobutyl formate
60 80.2
0.067 0.173 0.760
Ter-Butanol Water Benzene
61 67.3
0.214 0.081 0.705
Ter-Butanol Water Cyclohexane
62 65.0
0.210 0.080 0.710
Isoamyl Alcohol Water Isoamyl acetate
63 93.6
0.312 0.448 0.240
Isoamyl Alcohol Water Isoamyl formate
64 89.8
0.196 0.324 0.480
Allyl Alcohol Water Benzene
65 68.2
0.091 0.086 0.823
Allyl Alcohol Water Carbon tetrachloride
66 65.2
0.110 0.050 0.840
Allyl Alcohol Water Cyclohexane
67 66.2
0.110 0.080 0.810
Allyl Alcohol Water Cyclohexene
68 68.0
0.110 0:085 0:805
Allyl Alcohol Water Hexane
69 59.7
0.050 0.050 0:900
Allyl"Alcohol Water Trichloroethylene
70 71.6
0.087 0.066 0.847
Benzene Water Acetonitrile
71 66.0
0.685 0.082 0.233
Acetone Water Chloroform
72 60.4
0.384 0.040 0.576
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.4 ¥od1s / dadinlasurainaveinauafonndd gUNYUNINAVDINAY
aaun y ” 4 o
TueInlsenoy YALADAAIN o
Benzene Water Methyl ethyl ketone
73 68.2
0.651 0.088 0.261
Methyl ethyl ketone Water Carbon tetrachloride
74 65.7
0.222 0.030 0.748
Methyl ethyl ketone Water Cyclohexane
75 63.6
0.600 0.050 0.350
Methanol Acetone N-Haxane
76 47.0
0.146 0.308 0.596
Methanol Methyl acetate Cyclohexane
77 50.8
0.178 0.486 0.336
Methanol Methyl acetate N-Haxane
78 47.4
0.146 0.368 0.486
Ethanol Benzene Cyclohexane
79 64.7
0.296 0.128 0.576
Iso-Propanol Benzene Cyclohexane
80 69.1
0.311 0.150 0.539
N-Propanol Benzene Cyclohexane
81 73.81
0.155 0.304 0.542
p-Dioxane Iso-Butanol Toluene
82 101.8
0.443 0.267 0.300
N-Butanol Pyridine Toluene
83 108.7
0.119 0.207 0.674
N-Butanol Benzene Cyclohexane
84 77.42
0.004 0.480 0:480
Iso-Butanol Benzene Cyclohexane
85 77.2
0.432 0.470 0.098
Pyridine Isoamyl alcohol Toluene
86 110.79
0.086 0.041 0.873
Phenol Aniline N-Tridecane
87 184.45
0.335 0.485 0.180
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Ethanol mass fraction at the Bottom of Recovery Column (S/E = 0.06) Ethanol mass fraction at the Bottom of Recovery Column (S/E = 0.11)
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Ethanol mass fraction at the Top of Recovery Column (S/E = 0.22)

Ethanol mass fraction at the Top of Recovery Column (S/E = 0.45)
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Ethanol mass fraction at the Top of Recovery Column (S/E = 0.22) Ethanol mass fraction at the Top of Recovery Column (S/E = 0.45)
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Ethanol mass fraction at the Top of Extractive Column with Propanol

Ethanol mass fraction at the Top of Extractive Column with 2-Butanol
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Ethanol mass fraction at the Top of Extractive Column with N-Heptanol Ethanol mass fraction at the Top of Extractive Column with N-Octanol
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Ethanol mass fraction at the Bottom of Recovery Column (S/E = 0.22)

Ethanol mass fraction at the Bottom of Recovery Column (S/E = 0.45)
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Ethanol mass fraction at the Top of Extractive Column with Ethylene Glycol Ethanol mass fraction at the Top of Extractive Column with Glycerol
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Tower profile of Extractive column (S/F = 1.34) Methanol
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Tower profile of Extractive column (S/F = 1.56) Methanol
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Tower profile of Extractive column (S/E = 1.56) N-Propanol
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Tower profile of Extractive column (S/E = 1.56) N-Octanol
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Tower profile of Extractive column (S/E = 1.56) Glycerol
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Ethanol Composition at the Bottom of Recovery Column (S/E = 0.22)

Ethanol Composition at the Bottom of Recovery Column (S/E = 0.45)
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Ethanol Composition at the Bottom of Recovery Column (S/E = 0.22) Ethanol Composition at the Bottom of Recovery Column (S/E = 0.45)
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Ethanol Composition at the Bottom of Recovery Column (S/E = 0.45)

Ethanol Composition at the Bottom of Recovery Column (S/E = 0.67)
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Ethanol Composition at the Bottom of Recovery Column (S/E = 0.22)

Ethanol Composition at the Bottom of Recovery Column (S/E = 0.45)
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Ethanol Composition at the Bottom of Recovery Column (S/E = 0.22) Ethanol Composition at the Bottom of Recovery Column (S/E = 0.45)
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Tower profile of Distillation column (S/E = 0.89) Methanol
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Tower profile of Distillation column (S/E = 0.67) Ethyleneimine
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Tower profile of Distillation column (S/E = 0.67) Propyleneimine
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Tower profile of Distillation column (S/E = 1.56) Iso-Propanol
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Tower profile of Distillation column (S/E = 1.56) 2-Butanol
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wt fraction

Tower profile of Distillation column (S/E = 1.56) N-Pentanol
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Tower profile of Distillation column (S/E = 1.56) N-Hexanol

1.00

0.90

0.80

0.70

0.60

0.50

0.40

0.30

0.20

0.10

0.00

= == - Temperature (oC)
—— Ethanol wt fraction
—=— Water wt fraction

—a—— N-Hexanol wt fraction

120

+ 100

T 80

T 60

1 40

T 20

1 3 5 7 9 11 13 15 17 19 21 23

Stage number

Temperature (°C)

‘IJ‘?I 4.20 tadad U laguIavouenIUoa lﬂ Hag Laﬂmuaacluﬁaﬂamamu@a

u@iazsﬁuﬂauauﬂa Tagldvonau 3 vio

144



wt fraction

Tower profile of Distillation column (S/E = 1.56) N-Heptanol
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Tower profile of Distillation column (S/E = 1.56) N-Nonanol
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Tower profile of Distillation column (S/E = 1.56) N-Decanol
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Tower profile of Distillation column (S/E = 1.56) Ethylene glycol
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Tower profile of Distillation column (S/E = 1.56) Glycerol
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