hiinnemRnal nzwvHnamANIN

nsfinanaaligmale - veunas veweniiaulnaneaiusi

Tuszunassesndsznou

STUDY OF YAPOR ~ LIQUID EQUILIBRIUM OF ETHYLENE GLYCOL
AND WATER BINARY SYSTEM

W3 gunINE

WHBIIUNT IS

afev .
95 5/4/7
g5
umnl N Ma bgv13
boLIEA
t'r‘n*inmﬁuu.......S..gg..Q.%sT_ _
B ou T a.f. N TR

=Y d:‘l’n ¥ d' = [ = ar (=)
Wyantnusisfiudumitsvesmsanmamamangasifiyg3mnssumansiuia
v 3anssundl Madvianssuni
d
AR A NI INmIand
o el v v Qt
aothunalulatinszaeundudiganmsaansza

Unrsdnw 2550



msfneangaigmale - veunar veuenhiaulnanaaiiuii

Tuszuvaesesndsznou

LAGE qunsIau

= d X
HIBYIITHNT  HINDEN

Byaniinusisihgauniisvesnsannmuningasifiganininssumansiada
= =3 = = = ]
MUINIAINITHAN MATNTAINSTHAN
A Imnsinmans
aounalulafinszseundudigammsmanszs

Umsfnw 2550



STUDY OF VAPOR - LIQUID EQUILIBRIUM OF ETHYLENE GLYCOL

AND WATER BINARY SYSTEM

MR. CHATREE SOONTORNSNOR
MR. CHAOWARIN HADCHIANG

A REPORT SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
BACHELOR OF ENGINEERING IN CHEMICAL ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG

2007



= o A [ o Y
Syantinumise msiinaunaigninle - veunal veuennau lpansany
kS ¢
Wilussyumesesnilsznoy
Tag (IRIT LR quATIEI
= o =
WBITUNT  HIRRES
o gt o o so o
919130071 weLAT.giml  e1sieud
< = = = o
MAAFIAING TUAY AUSTAINTINAANS

amiumn TuTagwszseumndudmunvisamnizils

7= = a’q’ o = g W 1 £ o
Wgyanitwusi Isunsinsaowidldidudwmilcvesmsfnuaumwangas

Yigamirmnisumanasinga MvIIAINTTIAL

= oY o
ﬂﬂlzﬂﬁﬁuﬂ'ﬁﬂi'ﬁlﬁﬂﬂﬂﬁ'ﬂyi}!’luwuﬁ

...................................................... sz UnITTUNS

ar o o I'd
(WALAT.qTI 8135All)

NIIUNT

as aaa < d
(o.yn¥e 1¥@500¥0 )

BJ"HI ...... qufmﬁnk@f .......... ATTUAIT

(a.f5Aut yssrFaydnual)



USayaniiwutises msdnuauaaigninle - veaval vesewiidulnansadu
g ’
W luszvvaosealsznsy

infny UFINT qUNSITUIE
WU uns  wadsa

AN NS sUA

' o = L4 w e d
915ERAILRNUTYYIUNNT  we a3, gimd 813 TRy
ﬂ?mutmﬁwuﬁ Jenssuenansiudin v daINTINNI
- a = o

MATFIFINTS VAT ANIAINTTUM AT

aanuma Tu Tagnszaundudrnunnisaransziis
ar 1]
unaage

‘lqumnnssumswﬁmwaﬁmﬁmaé’m"uuuuu‘lﬁﬁ'nﬁa (unsaturated polyester resin)
WUIHOAIUUUY (partial condenser) FemmthAlumimuwivendiaunaneafiiuais
rdundugnszuaumsnamiuiilssiniamlunisasumiud, Tnseandfoiinedtnug
augaigninle - veaunad vouoniidw Inanoafuthluszuuastesdsznounivlume
aumivsiiadiednunnzimmzanlunisuenieniidn lnansaduth Tavmseenuuy
qﬂninfms‘nﬂaanfuWﬂ"aﬂw1mawﬂﬂmuu'umnﬁa“lﬁmmzﬁuﬁ”nmi‘nﬂam‘lu
Fowlfiians Taeiisandmvesneninuivilfluesfidnsfunoniumineialy
Tsanugamvnssuilu 1:13 111ﬂ1§uﬁ1miwﬂaaﬂﬂumamﬁ‘vnammaﬁuﬁﬂ51ﬂmn5’ﬁﬂ
ussquasromIuiui 1 daqussy vt Tavliadenudmsazareniiaulnanen
90% TavUSuas dieammpiivesmsarmueniiau lnaneansfiudreeimsifiveisaled
Wedins 1z dadiulaeTuavesmsazameniaylnaneasuiluigninlevowdas
Aumisnnugs ludamvesnsinnaniulfaunismundamanivesgaratininium

dudsgdnsueniiaiinedadiveaoniaulnanealuigmalengungidieg uazly

]
SaeogodAdd

HUU$IRDINNATAMTATUBILIUIADI NG LﬁamﬁﬁfuﬂssFm‘ﬁhanmwumﬂ%’uuﬁ'wa
uns (k,,) L 0.048 Fawuhnissnnanadamaniian indifesturaniinanes
Fofufarniniaunismandamaasinldinnedadiu Tao lunveuonidulnanea
luigmnTlefnnugaang 14 Lta:Lﬁ'aﬁmsmﬁaHanws‘lﬁ"g’ﬁamsqwu'hmﬂfﬁ'ﬁamﬂ;
mWzluT9 0-40% BIHeAILIL Y ATAMUMUILINS I (bulk density) 90.91 A Tansusie

» [
gnuIAsAT ansousnienianlnanea sannini) 1ddfiga



Report Title Study of Vapor ~ Liquid Equilibrium of Ethylene Glycol and
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Abstract

In the unsaturated polyester resin manufacturing has low efficiency partial condenser.
Partial condenser has duty to protect ethylene glycol loss out of process. This project aims to
study vapor liquid equilibrium of ethylene glycol and water binary system in the partial
condenser . This project has reduce size of partial condenser for suitable in labatory by ratio of
partial condenser designed and real partial condenser is 1:13. Experiment by no packing
condenser and have packing, heat 90%(v/v) of ethylene glycol solution. When the temperature of
ethylene glycol solution constant take sample for analysis composition of ethylene glycol. In term
of calculation uses Raout’s law with activity coefficient for prediction mole fraction of ethylene
glycol in vapor phase and temperature . Another model is Van der Waal equation of state for
finding the activity coefficient by uses bainary interaction parameter (k,,) equal 0.048. The
calculation and experimental data have same trend so the result is the mathematic model can
predict composition of ethylene in gas phase in various high of partial condenser, When consider
effect of packing can result that packing 40%high of condenser and bulk density 90.91 kg/mJ

is the most efficiency to separate ethylene glycol from water
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(2471](8 314) F(ﬁi’-i - 1.611%{—”’-3[-}2

53x10° ) mo

] (645.1) s m
b=|=(8.31 = 8.9x10
(8]( )i7.53x10 §) mol

[ ¥
A1990 a b Y9911

a =(%}J(8.314)2(2_(M_= 0-55Pa(i31.)2

209x107 f mo

_ (657 3)

1 m’
= =3.04x107° —
( ]( 12209 ) mol

v { 4 o =3 :
AmaivesgumsanzwIumei Nawevenhau lnansauazihmunsoa pluaag

t 4
a

F‘I‘I‘E‘N‘I"I n.2 ‘Fl'lﬂd?lﬁli'lﬂ'l'iﬁﬂ']'J“"lJﬂ\Iu']u!.ﬂEl‘j’J'lﬁ’JﬁJﬂdlﬂﬂﬂﬁuvlﬂﬂﬂﬂﬂuﬁ AT

a1 a (Pa.msfmolz) b (m3/mol)

nnaulnanoa 1.61 8.90x10"

¥

1 0.55 3.04x10°
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TIAUFALBUA = 376.2 BIAUAATU (K)

~at

nP=yxk (2.15)

¥
o

2 o 4 ] t o 1
a9 snaassazmsfua o dununindudsaeg feil

4 v »
Me1N 1.1 Mdusann fldmmdnduTas Tuavesasazamennan lnansafini

CRF] P(Pa) a(Pam’/mol’) b(m’/mol) k,
wnnaulnanea (1) 101325 1.61 8.90x10°  0.048
1 Q) 101325 0.55 3.04x10°  0.048

Pa-m’

mol - K

R = finehuosiiy = 8.314

-] 1o nﬂ' cl.I - P @ d.”I
At ImAmMlsBuMenTINAT 199 1-1 s waziBuadail
1. 111 ¥, U8 ¥, 10auIsiIunes 187 2.22 finnudu 101,325 Pa

(;,"—j(v, 5)=RT

1

aV,—ab =VRT
(RTW?2 —aV, +ab =0

Vi =a, +a/ —4RTab,

2RT
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_ 1.61+4(1.61) +4(8.314)(376.2)(1.61)8.9x107)

v
! 2(8.314)376.2)

V. =4.00% 10™ m’/mol

V, =a, ++a; —4RTa,b,

2RT

055+ (0.55)? + 4(8.314)376.2)0.55)3.04x10~)
P 2(8.314)376.2)

¥, =1.38 x 10™ m’/mol

2. WA a,, 8T b, PINANNITN 2.24 LA 2.25 AWEIAY

a,, = +/(1.61%0.55)(1 - 0.048) = 0.898 Pa - m® / mol®

_ 8.90x10~ +3.04x10”
2

=5.974x10"°m* / mol

b12

3. 1M Y AT 2.23

4.0x107 ~8.90x10°° b, -2b, 1.61 0.898
Iny, =|In 3 = [t1- 4 1T 4 - Q
1.38x107* =3.04x10 1.38x107" -3.04x10" 4.0x107°RT 1.38x107RT

¥Y,= 1015

v ¥ ] ¥
4. wmnuau ledudiveneniau Inareauaziininaunis 5.4 lasimnsvesauniineil

3197 9.2 AN NYDAVNITODIAIN (antoine equation)

an A B C

wnhau'lnanen (1) 15.7567  4187.46 178.65
1) 16.3872  3885.7 230.17
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n P = (15,7567 - _4_'_57_-5‘6_)1 000 = 2,442.66Pa
103 +178.65

In P = (1 6.3872 - __3§§5‘7_)1000 =112,959.7Pa
103+230.17

3
5. mywimdadau luaveuennau lnansaliniluignaveunaininaunis 5.1

_ PP 101,325-2,442.66

X, = - = =0.105
P — P T 112,959.7 - 2,442.66

6. idwmdsanes ndu Tunuluaums 2.15

WP =yx P*

wr_ (1.015%0.105)2,442.66)
b (101,325)

i =0.00253

- 1w oo Ay o
M9 1.3 Mdadu Ieo luavesmsazarvennau Inanoah 1991AN1TNARILAY

eI nfamans

fnaulasluaves datulneluaves daarulaaluaves
Qg aIazae Msazay T30
e e TI ac ae
(esmuanaea)  eniavlnanea; ennaulnanea; enfianlnanea;
y:xp xle::p ylerp

101.1 0.0014 1.0135 0.042102 0.00093

102.2 0.0016 1.0145 0.079485 0.00186

102.8 0.0020 1.0150 0.096769 0.00233

103.0 0.0028 . 1.0152 0.105275 0.00257
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. dadulasinavesmsazmmenhidulng
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u ARANUH
(oarNTAIHE)
Jgnnusanad Sgninla
110.0 0.202 0.007
116.4 0.387 0.015
124.3 0.441 0.023
124.5 0.447 0.024
126.0 0.518 0.029
128.1 0.574 0.037
129.5 0.589 0.038
130.5 0.612 0.045
131.2 0.635 0.048
135.2 0.711 0.074
136.0 0.717 0.076
138.0 0.759 0.091
142.5 0.784 0.113
149.0 0.822 0.148
158.1 0.871 0.224
167.4 0.898 0.294
178.6 0.935 0.437
184.2 0.966 0.621
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aFanivlunismulInunlsunsy Visual Basic 6.5

Dim N9, M9, 1J

Dim Q9(5), X9(5), D9(5), 09(5), A9(5, 6), C9(5, 6), E9(100), R9(5), PH(5)
Dim G9(100), B9(100, 5), Z9(100), TI(10), YH(5), S9(5), X(100)

Dim gammal{100), Y _cai(100), X1 ¢al(100), X2 cal(100), Y_exp(100)
Dim RT(100), V1(100), V2(100), T(100), P_sat1(100), P_sat2(100)

Dim term1(100), term2(100), term3(100), term4(100)

Dim Sum(100), Err(100)

Sub cal()
Set dataArea = Worksheets("CurveFit").Range{"A1")
'Initial adjustable parameter ; K12
P9(1) = dataArea.Cells(4, 6).Value
'Check data numbers!
Fori=1To 100
If dataArea.Cells(16 + i, 2).Value = "" Then
N9=i-1
Exit For
Else
End If
Next i
Tnput experimental data
Fori=1ToN9%
T = datéArea.Cells(lG +1,3)
Y _exp(i) = dataArea.Cells(16 + i, 4)

Nexti -



Mo =1
Marquardt
End

End Sub

Sub Marquardt()

'M9 = number of parameter, m

'N9 = number of data, n

'P(J) = the jth parameter

'R9(J} = code of jth parameter (= 0; fix := 1; changable}

"U9 = code of printing (=0; print : = 1; not print)

Z9(1)=2: Z9(2) = 0.2: V9 = 0.00001: T9(1) = 0: T9(2) = 0: Z9(4) = 0.0000001
Z9(3) = 0.00000005: F9 = 1.5: Y9(2) = M9 + 1

R9(1)=1:R9(2} =1

R9(3)=1

Fori=1To N9
ES()=0

Next i

Func
S9(1)=0:T92)=T9(2) + 1: T9(4) =0
ForK9=1To N9
S9(1) =S9(1) + E9(K9)* 2

Next K9
For I9=1To M9

T9(4) = T9(4) + Abs(R¥(I9))
" Next19
H T9(4) =0 Then

GoTo A2
End If

46



Ml=1

Set dataArea = Worksheets("CurveFit").Range("A1")
dataArea.Cells(M1 + 1, 17) = S9(1)
dataArea.Cells(M1 + 1, 18) = T9(1)
dataArea.Cells(M1 + 1, 19) = T9(2)
dataArea.Cells(M1 + 1, 20) = P9(1)
dataArea.Cells(M1 + 1, 21) = P9(2)

T9(1)=T9(1) + 1
Z9(1)=2
S9(2) =S9(1)
For]9=1To M9
Q5(19) = P9(J9)
Next J9
ForK9=1ToN9
G9(K9) = E9(K9)
Next K9
ForJ9 =1 To M9
IfR9(J9) <> 0 Then
Y9(1) = (Abs(P9(J9)) + Z9(4)) * Z9(4)
P9(19) = P9(19) + Y9(1)
Func
ForK9=1ToN9
B9(X9, 19) = (E9(K9) - G9(K9)) / Y9(1)
Next K9
P9(19) = Q9(J9)
End If
Next J9
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---------- Changing scale of matrix
For19=1To M9
X9(19) = 0: 09(19) = 1
1f R9(19) <> 0 Then
ForK9=1ToN9
X9(19) = X9(19) + BO(K9, 19) * GHK9)
Next K9
For J9 =19 To M9
A9(19,J9)=0
If R9(J9) <> 0 Then
ForK9=1ToN9
A9(19, J9) = A9(19, 19} + B9(K9, I9) * B9(K9, I9)
Next K9
End If
A9(J9,19) = A9(19, J9)
Next J9
09(19) = Sqr(A9(19, 19))
X9(19) = X9(19) / 0O9(19)
GoTo Al
End If
A9(19,19) =1
ForJ9=19+1 To M9
A9(19,19)=0
A9(19,19) =0
Next J9
Al:
Next I9
ForI9 =1 To M9
For J9 =19 To M9
A9(19, J9) = A9(19, J9) / (09(19) * 09(]9))
A9(J9,19) = A9(19, J9)
Next J9
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Next [9
Z9(5)=0

]

Ad:
ForI9=1To M9
ForJ9=1To M9
C9(19, J9) = A9(19, J9)
Next J9
C9(19, Y9(2)) = -X9(19)
C9(19, 19) = C9(19, 19) + V9
Next I9

Gauss Jordan--—---+------m--ssr-m-

ForI9=1 To M9
HO=19+1
ForJ9 =H9 To Y9(2)
C9(19, 19) = C9(19, 19) / C9(19, 19)
Next J9
ForJ9=1To M9
If19 <> J9 Then
For K9=H9 To Y9(2)
C9(J9, K9) = C9(J9, K9) - C9(I9, K9) * C9(J9, I9)
Next K9
End If
Next J9
Next I9

3

ForI9 = 1 To M9
D9(I9) = C9(19, YO(2)) / OH(I9)
P9(19) = Q9(I9) + D9(I9)

Next I9



Func

T9(2) = T9(2) + 1

S$9(1)=0

Z9(5) =29(5) + 1

ForI9=1To N9
S9(1} = 89(1) + E9(J9) ~ 2

Next J9

Set dataArea = Worksheets("CurveFit").Range("Al")
dataArea.Celis(M1 + 2, 17) = 89(1)
dataArea.Celis(M1 + 2, 18) = T9(1)
dataArea.Cells(M1 + 2, 19) = T9(2)
dataArea.Cells(M1 + 1, 20) = P9(1)
dataArea,Cells(M1 + 1, 21) = P9(2)

If §9(1) < §9(2) Then

! Judgement of convergence

T9(3)=0
For19=1To M9
If Abs(D9(J9)) / (Abs(P(I9)) + Z9(4)) > Z9(3) Then
T9(3)=T9(3) + 1
End If
Next J9
I T9(3) =0 Then
IfN9 - T9(4) > 0 Then
S9(3) = Sqr(S9(1) / (N9 - T9(4)))
A2:
End If
GoTo A5
End If
GoTo Ab
End If

! Increase the value of lampda
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Z9(1)=29(1) * F9
V9 =V9*Z9(1)
Set dataArea = Worksheets("CurveFit").Range("A1")
dataArea.Cells(M1 +1,21)=V9
If V9 > 1000 Then
Forl9=1To M9
P9(I9) = Q9(19)
Next 19
S9(1) = 89(2)
GoTo A2
End If
Mi=Ml1+1
GoTo A4

Ab:

' Decrease the value of lampda

Ml=M1+1
If Z9(5) = 1 Then
V9 =V9 * Z9(2)
GoTo A3
End If
GoTo A3
AS5:
End Sub
Sub Func()
Set dataArea = Worksheets("CurveFit“).Range(“Al")
=1
Do While IJ <= N9
AT:
Set dataArea = Worksheets("CurveFit").Range("Al1")



' Data input
Al = dataArea.Cells(5, 2).Value
B1 = dataArea.Cells(6, 2). Value
C1 = dataArea.Cells(7, 2).Value
A2 = dataArea.Cells(5, 3).Value
B2 = dataArea.Cells(6, 3).Value
C2 = dataArea.Cells(7, 3).Value
RR = dataArea.Cells(8, 2).Value
aal = dataArea.Cells(9, 2).Value
aa2 = dataArea.Cells(9, 3).Value
bbl = dataArea.Cells(10, 2).Value
bb2 = dataArea,Cells(10, 3).Value
P total = dataArea.Cells(12, 2).Value
P satl(1]) = Exp(Al - B1/(T(J) - 273.15 + Cl)) * 1000
P sat2(1J) = Exp(A2 - B2/ (T(1J) - 273.15 + C2)) * 1000

‘Calculation molar volume ; V1 ,V2 for VYDW
RT@T)=RR * T
V1(1J) = (aal + (aal ~ 2 -4 * (RT(1]}) * aal *bb1) ~0.5)/(2 * RT(1J))
V2(I) = (aa2 + (aa2 ~ 2 - 4 * (RT(1)} * aa2 * bb2) ~ 0.5) /(2 * RT(1)))

‘Calculation VDW constant al12&b12 by mixing rule
K12 =P9(1)
aal2 = ((aal * aa2) ~0.5) * {1 - K12)
bbl2 =(bbl + bb2)/2

‘Calculation Activity coefficient :1
term1(1J) = (V1(1J) - bb1) / (V2(1J) - bb2)
term2(LJ) = Log(term1(I1))
term3 (1) = (bb2 - (2 * bb12)) / (V2(1J) - bb2)
termd(I3) = (aal / (V1(IT) * RT()) - 2 * aal2 / (V2(IT) * RT(L)))
gammal(1J) = Exp(term2(1J) + 1 - term3(1J) + term4(1J))
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‘Calculation mole fraction;X_cal

X1_cal(1)) = (P_total - P_sat2(17)) / (P_sat1(17) - P_sat2(1]))

'Calculation mole fraction;Y_cal
Y_cal(1) = X1_cal(IJ) * P_sat1(1J)/ P_total * gammal(1J)
Set dataArea = Worksheets("CurveFit").Range("A1")
dataArea.Cells(IJ + 16, 6).Value = Y _cal(1J)
dataArea.Cells(1J + 16, 8).Value = gammal(1J)
dataArea,Cells(IJ + 16, 7).Value = X1_cal(1])
dataArea.Cells(1J + 16, 10).Value = V1(1J)
dataArea.Cells(I] + 16, 11).Value = V2(II)
dataArea. Cells{4, 7).Value = K12

J=10+1
Loop
Sum(0) =0
Fori=1ToN9
E9() = Y_exp(i) - Y_cal(i)
Set dataArea = Worksheets{"CurveFit").Range("Al")
dataArea.Cells(i + 16, 9) = E9(i)
Err(i) = E9(i) / Y_exp(i)
Err(i) = Abs(Err(i))
Sum(i) = Sum(i - 1) + Err(i)

Next i
Set dataArea = Worksheets("CurveFit").Range("A1")
Add =(100/N9) * Sum(N9)

dataArea.Cells(5, 6).Value = Add

End Sub
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