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SC Introduction

PreFEED

* The required number of theoretical stages and the reflux ratio of a distillation
column can be determined using the Fenske equation (Tips to Scale-up &
Design #1009), the Underwood equation (Tips to Scale-up & Design #1011),
the Gilliland correlation or the Brown-Martin correlation.

* In order to calculate the diameter of a continuous distillation column and to
study energy savings, the vapor-liquid composition and temperature
distributions in the column are required, but they cannot be obtained by
calculation using the above equations.

* In this study, we will introduce a sequential step calculation method using
the Thiele-Geddes method, which is one of the shortcut distillation
calculation methods.
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>< Thiele-Geddes Method

» Sequential Calculation Method:

(@ Set the number of rectifying section stages and the number of stripping
section stages in advance, and assume a temperature for each stage (input an
initial value) to determine the vapor-liquid equilibrium ratios (K,).

@ Calculate the compositions in the column sequentially from the top of the
column and the bottom of the column, and determine the distillate
composition (X; p) and the bottom liquid composition (x; ), and the

composition of all stages from the vapor-liquid equilibrium relationship when
the feed stage is reached.

@ Correct the temperatures of each stage so that the sum of the compositions is
1.

Nowadays, it is possible to easily obtain a convergent solution by using the Excel
solver, or equation solver software and the like, but the above mentioned
calculation appeared to be too complicated when first announced in 1933, and it
: : ) . .
seems it was not widely applied before a long time ().
*1: “Taseibun-Kei no Jouryu” in Japanese: “Multi-Component Distillation”, Reprinted new version, Separation

Technology Series 7, Mitsuho Hirata, Hiroshi Sagara
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Mass balance and vapor-liquid relationship for distillation column rectifying section:

Overhead Vapor V _ R
Vapor Composition y; ; V - L + D ® Balance

_ equations
Vovin=LX,,+DXp «.. @ | ™

- N K = Yin e ® Equilibrium
) in = . .
T 1" Stage |'p flux Liquid L Distillate D b X. relationship
. Liquid Liquid L.n
Liquid "'1 Composition Composition Yin : Composition of Component i Rising from
Somposmo Xix Xip Rectifying Section Stage n
2L X;.1: Liquid Composition of Component i Descending
from Rectifying Section Stage n-1
X;p : Overhead Composition of Component i
Eq. 4 is obtained by rearrangin g Bq.2 K, : Vapor-Liquid Equilibrium Ratio of Component i
) o ’ at Stage n
and substituting Eq. 1 V  : Overhead Vapor Flow Rate [kmol/h]
L :Reflux Flow Rate [kmol/h]
y L X V- L D : Distillate Flow Rate [kmol/h]
_i,n —_ — i’n_l . . . . . .
x VX + V Dividing both sides of Eq. 3 by x1,D gives Eq. 5
i.D i.D
L (X _ Xi,n . 1 yi,n
= — In-1 - 1 + 1 [ @ —_ K * == @
o V { Xip Xip in XD 4
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Thiele-Geddes Method Equation Derivation 2

Mass balance and vapor-liquid relationship for distillation column stripping section:

Vapor
Composition yi,n’ V " Ly W I @
=L - Balance
T nth Stage Returned Vapor V’ t,
Vapor Composition y; y V ', y — LV. X _ W - X @ cquatons
in+l' — i,n' iw **"°¢
l Yin+1 © Vapor Compogition of Component i Rising from
. J/ Stripping Section Stage

X, : Liquid Composition of Component i Descending
from Stripping Section Stage n

Column Bottom

olumn 2 Bottoms W V> : Returned Vapor Flow Rate [kmol/h]
i}qu{i L Liquid L’ : Column Bottom Liquid Flow Rate [kmol/h]
Cg];;ositi onx . Composition x; W : Bottoms Flow Rate [kmol/h]

Egs. 8 and 9 can be obtained by modifying the equations in the same way
as the rectifying section

Xi,n' — \L yi,n+1' —11+1 I
Xw L'\ Xiw In other words, if x; pand x;
are determined, the
Yin K; Xi ® composition of each stage can
X — ML X be calculated.
iW iw
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Thiele-Geddes Method Equation Derivation 3

Ratio of distillate composition (x;,) to bottoms composition (X; y):
If the feed is a boiling point liquid (V/F = 0), the composition (y; ;) below the lowermost
stage of the rectifying section (the feed stage) and the composition (y; ,.;-) of the stage
above the uppermost stage of the stripping section (the feed stage) are the same.
— A Yin+1 - Vapor Composition of Component i Below
yi,nfl' - yi,n+1 1 the Bottom Stage of the Rectifying Section

Yinr : Yapor Composition of Component i Above
the Top Stage of the Stripping Section

Eq 11 is obtained by multiplying both sides of Eq. 10 by the ratio of the compositions at the
top and the bottom of the column (x; 1,/ X; y)

With this, the ratio of the compositions x;, D and x;, W can be calculated.

Xi,D _ yi,n—l / yi,n+1
Xi,W Xi,W Xi,D

Solutions for R&D to Design 6




SC Thiele-Geddes Method Equation Derivation 4

PreFEED

Distillate composition (x;,) and bottoms composition (X; y):
Consider the mass balance equations around the entire column

F=D+W e @ Total balance
F Xip = D- Xi p +W - Xiw e ® equations

Substituting Eq. 12 into Eq. 13 and rearranging gives Eq. 14

1= F “XiF
D-Xip+(F—=D) Xy
X = F 'Xi,F ‘Xi,D _ F 'Xi,F
" Dxp+(F-D)-Xy D+(F-D)Xy/Xo
F/D- Xir Xir
“1+(F/D=1)-Xy /X5 D/F+(I1-D/F) X /%o
. Xi,F
0 T D E (1= D/F) (% /%50
Eq. 15 is obtained by making the same rearrangement for the bottoms composition (X; y,)
X, = Xir
M TWF (=W (%) v ®
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The equations obtained with the calculation procedure are organized as follows:
D Give the number of theoretical stages of the rectifying and stripping sections, and the
top and bottom temperatures.

@ From the investigated conditions, calculate the flow rate ratios by calculating the vapor
and liquid flow rates in the rectifying and stripping sections.

@ Assume the temperatures in the distillation column and obtain the vapor-liquid
equilibrium ratios at these temperatures. For an ideal solution, according to Raoult’s law,
the vapor-liquid equilibrium ratios can be obtained by the following equation.

Ki = Yi P_io P,% : Saturated Vapor Pressure of Component i [kPaA]
' Xi o P P : Distillation Column Operating Pressure [kPaA]

@ Calculate the ratios of the vapor phase compositions and the liquid phase compositions
to the distillate composition (x1,D) in the rectifying section.
yi,n L X

in-1 X',
=—| ——-1[+1 = -
Xip V| Xp Xipo  Kin Xop
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® Calculate the ratios of the vapor phase compositions and the liquid phase compositions
to the bottoms composition (X; ) in the stripping section.

Xi,n' :\i. yi,n+1' _1 +1 yi,n' — Kl e Xi,n'
Xiw L'\ Xiw Xiw Xiw

® Calculate the ratio of the distillate composition (x; ,) and the bottoms composition (X: ).
p 1,D p 1,W

Xi,D — yi,n—l / yi,n+1
Xi,W Xi,W Xi,D

@ Calculate the distillation composition (x;p) and the bottoms composition (X; y).
= X . = Xi F
" D/F+(-D/F) (X /xp) T W/ (-W/F)- (x5 /%)
Calculate the composition of each stage and find the sum of the compositions.

@ Find the temperature at which the sum of compositions becomes 1 in all stages by
convergence calculation.
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Calculations are carried out using an Excel solver on a four component hydrocarbon
mixture. In this study, in order to simplify the calculations, the vapor-liquid equilibrium
ratios (K;) were determined by Raoult’s law (the saturation vapor pressure uses the
extended Antoine equation).

Also, the column is assumed to have an equimolar flow.

GOLUMN
Feed condition: Liquid at boiling point
C3 5 kmol/h
n-C4 40 kmol/h
n-C5 30 kmol/h [ovHo |—o)>
n-C6 25 kmol/h
o—[FEm) >

Distillation column:

Distillate flow rate: 45 kmol/h

Reflux ratio: 4

Number of theoretical stages: 10 stages EMl—o>
Pressure: 700 kPaA

I Solutions for R&D to Design | 1 0
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Step.1 (Number of Theoretical Stages and Flow Ratio

Calculation Specifications)
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Ihhg#whdp # rqghirgv
Ihhgi#faz Sthvvih
Udvwh N Ydsrufudfulrg
“p rak nSdD
gF 6 8 :33 3
g 7 73
gF 8 63
gl 9 58
Wrwlo 433
+#4 5 hvhup Igdwlr g #E Ivwiaiwir g roxp gif ragMirgv
WrddDxp ehu Qxp ehuiri Qxp ehuiri
Whp shudwkih Suhvvxuh G Tvimivh# dvh . R Wkhrihvifdo | Wkhrihwifdo
C S dD “np rk: Uhiox { #7 duir rJithr?.hw]fdo Uhed] 4 VeissTy]
Vwdjhv Vdjhv Vdjhv

Wrs 8717 :33 78 7 43 7 8
Erwp 45414 :33
. sMazfddrddxedeq

Uhfuli| gj#hfvirg Vwilssgj #hfwirg Iaz #dvwhiyduvirv

Okxbiaz Ydsruffaz Oktxbi#az Ydsruflaz
Udwhib Udvh#y Udvhip* Uduhily * ox YD* GZ zx
“hp rak “hp rak “hp rek “hp rek
4;3 558 5;3 558 31 31;37 3178 3188

* The calculation is carried out with a total of 10 stages in which the feed stage is added to the 4 stages of the
rectifying section and 5 stages of the stripping section.

* Feed conditions: Vapor fraction = 0 indicates a liquid in which the components are preheated to the boiling point. In
these conditions, the following calculation holds: Liquid flow rate in the stripping section (L") = Liquid flow rate in
the rectifying section (L) + Feed flow rate (F).

* Since the equimolar conditions are assumed in the column, the flow rate of the rectifying section can be obtained by

the following equations:

Rectifying section liquid flow rate (L) = Distillate flow rate (D) X Reflux ratio (R)

[E Rectifying section vapor flow rate (V) = DX (1 + R) 11
>< Step.2 (Temperature Assumption in Column, K Value
PreFEED Calculation)
F rgghgvhul Uhfvli| gj #hfwirq Thhg#vdjh Vwisslyj #Whfwirg Uherhu
Wkhruhwif do
\idihig 4 5 6 7 8 9 < 43
Whp shudwuh 8717 931797 99185: :518<4 : ;1988 ;71:4; <31:;5 <91;78 43513< 43;1:6 4481369 45414
qF 6 519<6 61388 61785 61; ;9 7168< 71; :6 81764 91369 919<4 :Ib<< ;1496 ;1;9
qF 7 3L<7 3k56 419; 4155; 41738 41934 41;49 51385 543 518<4 51;<: 6155<
gqF 8 31593 344 3¥9; 3167 3183; 3B8<4 31;7 3L;: 3k35 4B5< 4H19< 41656
qF 9 3B<3 3444 3468 3496 34<8 31565 35:7 31655 3%:8 31769 31836 38:;
* The initial values of temperatures inside the column are Temperature €]
assigned to have a linear distribution between the temperatures SN R
1
at the top and the bottom of the column.
. . 2 o
* The K values are obtained from Raoult’s law using the vapor _
f h component 3 o) O Calculated Temperatures in Column
pressure of eac .
8 3 g a on g g 4
Note: Since this system is a pressurized system, it is necessary to | ©
consider the non-ideality of the vapor phase in order to make 3 ©
calculations more accurate. £ ° ©
£ ©
g 8 O
yi  Pi° :
Ki=—=— 2 o
Xi P " o
.0 B G 1 e}
In(Pi%)=A+——+D - T+E-In(T)+F-T
T+C 2 o
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>C Reference: Vapor-Liquid Equilibrium Ratio (K))
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Table 63 Theoretical Vapor-Liquid Equilibrium Ratios K for z,=0.27
Wed g ==0.27 AT RN EER K

p 'C"I EII"E (3] 1:.4| :;’Sllﬁhﬂ UIS @ ot :J{ h!:lﬁll'.lll'_,\l 15 TI.B u {IJ & lllllﬂﬂ lﬂ‘ "
%i ; T HHH ; = m puTe| p | 0o [ o2 | oot | o0 [ 008 | o1 [ o2 | o4 | 05 [ o8 [ 1o | z0
i I T 1 —_— A _— - B
i, - HH— T st 0@ | m4 | 1o0| 05w 0zs| 00| 0180 | 0.1% | o0 | oden| 00| oom 0045 | 0.08
. N T T T T s 062 | 18.0 | 149 0.7%| 0410 0296 0.2 | 0.9 | 0.110 | 00743 | 0.0650 | 0.0640 | 0.065 | 0.0685
B < 1 T i - 064 | 158 | 2.2 Liz | 06| 04| 030 | 0.200 | 0150 | 0002 | 0.0880| 0.0675| 0.080 | 0.08%0
t < i t T e 0.66 | 13.8 | 343 | 159 | 0.850 0583 0467 | 0.3 | 0.206 | 0138 | 0.8 | O.0M | 0113 | 0.1
e NS 1 [l o6 |me| 4| 215 110 | 0.70| 0600 | 04% | 0255 | 0180 | 0.152 ‘ 0.5 | 0145 | 0.4
. | [ N e 07 | 103 | 565 | 285 | 143 | 100 | 0.7 | 0640 | 0360 | 020 | 0095 | 008 | 0180 | 0.8
| [ 111 072 | 88| 7.5 | 360 | 187 | 120 | 0980 | 0.840 | 0.455 | 0281 | 0.239 | 0.27 | 020 | 0.2%0
48, —— - i 0.7 | 76 | 0.2 4.55 240 | 162 Lo | Lo 0.560 | 0.341 | 0.28 | 0.2M | 0284 | 0.2
?1; <, T T i 4 0.7 | 6.5 | 114 5.70 288 | 200 | 148 1.26 0.6 | 0408 | 0.350 | 031 | 033 | o032
Bl /)&’b : - ——1 1 - E:ﬂ 0.78 5.5 | 4.0 7.00 35 | 241 | 180 1.4 0,535 0,480 0414 | 037 | 0.354 0.370
51t = . - w |
%, T T 1 | | o | . w0 | |
o %, I 1 i 0.8 | 47 | 167 850 | 425 | 280 215 | L0 | LD | 060 | 0480 | 0435 | 0.2 | 0a2
e %”o, ' | | | 0 0.8 | 3.0 | 5.0 12.8 643 | 407 | 3.3 2,70 1.43 0.820 | 0660 | 0.600 | 0.581 | 0.5%
1 — S T 5 0 | 17| %0 | 19 B0 | 583 | 480 | AT | L8 | L15 | 0660 | 076 | 0720 | 0.680
n - . - 200 0.9 0.7 | 470 2.4 e | 7.8 6.30 4.80 2.5 1.48 1.07 0.95 | 0853 0.831
180, \\ | NG i 11 IARRIHYY 100 | 00 | 620 | 0 | 150 | 100 | T | 607 | 3E | LE2 | L@ | LK | L0 | 0.5
» \\ \\\\\\\ L] | | 5!‘0 L0 | -0.8 | 9.5 | 455 | 26 | 153 | 16 910 | 4.65 | 2.58 LB | LA 1.5 1.00
sy N e T i 120 | -1.3 |13 .0 | 30 | 8 | 64 | 133 690 | 365 | 250 | 200 | 167 | LIS
x idoch \‘i' NN \\ 1 b 130 | -16 | 184 0.0 4.0 w5 | 21 17.9 0.3 1.9 3.5 2.62 2.1 140
A N \ \ INEAYLN T . . .
f?\s\\\ ol 4 ] 1 I 11 s 140 | =17 |22 18 57.0 w2 | M8 <N 1.8 630 | 413 3.3 280 | LE7
“N:g\\\\_\\\\ \ % ! 11 as 150 | =18 |35 150 21 | 40 | %0 | @0 | W6 | sW | 4l | m | 200
RO ;fk\‘f\ NN S e l 11La 160 | -1 [ @0 | s 80 | 590 | 47 |58 |14 | 93 | 65 | 500 | 400 | 2.3
I SR NN N \\\\R L T L7 | ~2.05 | 445 220 107 720 | 535 | 40.3 0.5 10.9 7.60 5.80 470 | 268
| 1S Yo \\ Q ‘\ | ; SN | ] _f 1.80 | —2.20 | 517 254 126 £4.0 625 | 46.3 23.9 124 8.62 6.58 5,36 3.03
53 | ‘a@\t\ \\\\ \:\ ] | L9 | -2.3 |50 20 | %5 | O |7 | A2 | WO 9.60 | 7.® | 600 | 33
13 1 = .
AN il Ly 200 |-24 |6 | 30 | 17 mw | w0 (w0 [0 (k6 | ws | 806 | 60 | 3m
§"t \_{\ % ;&\B&\ ~C — ;,5 ] & OHE0.TUAOEED KOHE  KafKis=100-tm
;;_ 1 ‘\b“ﬁ ‘\""'-“—:—- T &% Calculation of K when the value of z, is different than 0.27
o IS N \ \\'\\ L "
[ N *--'-..__- i |
NN % A table of K-value estimations based on reduced critical
" t A T iy i T table ot K-value estimations based on reduced critical states
" T NS N SN NI L e : : 0
T T TR NSNS T (derived from Tr and Pr) is shown. About 60% of the
. ! o s . _
= === i hydrocarbons are said to be concentrated around Zc = 0.27,
¥ 1 I i P14 Lse . . .
B i N s which seems to be particularly effective for hydrocarbon-
| LT 1 1] '[ | [T, E
] cms 1
om 062 03 O 006 coM [ [} cﬁts [3 h'l LI b 40 80 ﬂ,'ﬂ 1] based letureS'

# fl.!l Efy  Reduced Critical Pressure Pr . . .
“Kagaku Hannou, Kougaku II Neturikigaku” in Japanese: “Chemical

RoE TERPEEL K (20.27) Reaction Engineering II Thermodynamics” P. 404-409, Maruzen (1964)
Fig. 252 Vapor-Liquid Equilibrium Ratios K (z,=0.27)
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SC Step.3 (Composition Ratio, x;p, x;y Calculation)

PreFEED
”PUZ;M {vde Ex(e {adc [s4e {s4c leqe {6c [74e {7c [14e {14e
qF 6 4133 4133 3165: 31795 3467 3163: 3B:< 315596 3393 3157; 3184
qE 7 4133 4133 41;6 4199 3k<< 3k<< 31;47 3184 31938 319;7 3175
g 8 41333 4133 61554 51::9 : 1874 91566 4716:7 441B<< 5617< 4;196< 641888,
gqF 9 4133 4133 <133; 173 871;73 7718:5 5:31757 549186< 443<T<: jiili<; 6;581:53
F aria
P X 1z 4z {43z |43z {<Az <Az {i4z |4z {:4z |4z {994z |94z {14z |14z
qF 6 ;Xk;9 :74; 9317; 7;1;84 6941773 5<31973 4<771:47 4895146 <767168: :8;416:9] 744::B<:| 663;;k68| 4945781337
a7 6155< 5Ll:<4 ;B 919<8| 4:167; 471469 65198 59T76; 87158; 761:<9 :<1B7< 97K4< 4351995
qF 8 41656 41593 417:6 4%;3 41753 4166 ; 4153: 4199 3k4; 3k67 3196<| 31:43 374<
g 9 318:; 31994 366 31797 31535 3168< 31468 3%638 3B<; 35:8 31:8 3158: 31393
{cAz
aF 6 97<6:8Xk7|
qF 7 483133:747
g 8 31557, 995
g 9 9L:4; :H®B8
{c {z
qF 6 31444 31333
qE 7 31 ;5 3B39
g 8 3145 31869
gqF 9 31333 3188

* The rectifying section is calculated from the top of the column and the stripping section is calculated
from the bottom using the equations derived from the Thiele-Geddes method.
* By this, each composition of the distillate and bottoms can be determined at the assumed temperature.
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SC

Step.4 (Stage per Stage Composition Calculation, Minimization

PreFEED of Objective Function)
Frp srviirg {c {4 {5 {6 {7 {8 {9 {: {; {< {43 {z
qF 6 31444 3169 3148 3B3< 3B3: 3139 31334 31333 31333 3133 3133 3133
q®F 7 31 ;5 3k88 31 ;4 31L4: 31867 36:: 3158 31488 33,6 3B6< 3149 31339
g 8 3145 3B6< 3B<4 34:6 35:; 3%;3 31833 31958 31:49 3L:6< 319:8 31869
qF 9 3133 31333 3135 3B3; 3B67 344: 3458 346; 3496 31544 31633 31788
Wrwdo 4138 4163 3k;; 3k3; 31;85 31 :< 3% ;7 3k4d< 3k96 3k;< 3k<4 3k<9
Huru B1B38 BB63 3145 3B<5 317; 31454 3449 334 3B6: 31344 3B3< 3137
Frp srvhirg |4 |5 |6 |7 |8 E B | I< |43
qF 6 31444 31384 3B67 3B5< 3B5; 3133 3135 3133 3133 3133
qE 7 3% ;5 3k73 31 ;4 31:83 31936 3179; 3%4< 31<5 3435 3B7;
qF 8 31345 31866 3B:8 3474 31557 375 3T<5 31979 31:94 3L ;<
g 9 3133 3133 31334 3B3: 3B5: 3167 3178 31394 3B<5 31484
Wrvdo 4138 4158 3k<4 3k5: 3% ;6 31;84 31%8: 3133 3k87 3k;
Huru B1338 B1B58 3B3< 3B:6 344: 3K7< 3176 3433 3179 3146
Vxp #i
Vtxdihviri
Hurw
. . 4l Solver P et x
* Calculate the vapor and liquid compositions olverarameters
of each stage.
. R . X Set Objective: SEST6 +
* An objective function is set so that sum of the
. . To: O Max ® Min (O Value Of: 0
compositions of each stage is 1, and a least
: . : Changing Variable Cells:
squares calculation using the temperature in f’c e -
the column as the operation variable is
. Subject to the Constraints:
performed by using the Excel solver. ras
. . 2 9 9
L] = - . - .
Objective function =% (1-x; ,)* + Z(1-y; ,)
Note that x; , includes x; p and x; y.
I Solutions for R&D to Design | 1 5
SC Calculation Results
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Frp srviirg {c {4 {5 {6 {7 {8 {9 : { {< {43 {z
aF 6 3144 3169 31348 3343 3B3; 31339 3B34 3133 3333 3333 3333 3333
qEF 7 313 3k6; 3k4<| 3474 319<6 317;8 3%¥6; 3M<<| 3436 3B7; 3153 3B3:
qF 8 3B3; 3159 31398| 3176 3159; 36<6 3167 3198<] 3165 3175 39:< 31B6<
qF 9 3B33 31333 31334 3139 364 344: 3U5: 3474 31498 31543 31633 31788
Wrwlo 3k<< 4133 41333 41333 41333 41333 4133 4133 41333 41333 3k<< 41333
Huru 31334 3B33 3133 3133 3133 3133 3133 3133 3133 3133 3334 3133
Frp srvidrg |4 |5 |6 |7 |8 [El |: | < |43
gF 6 3144 31384 3368 3363 3B5; 3B3; 3135 3333 3133 3333
qF 7 313 3k5: 3k44 3L7< 31:64 31935 3T74<]| 3579 3459 3B8;
qF 8 3B3; 3155 31386 3149 31549 3%8: 3166 319;; 31L;3 3L:<4
g 9 3133 31333 31334 3138 3158 31367 3B7: 31398 3B<7 31484
Wrwlo 3k<< 41333 41333 41333 41333 4133 4133 41333 41333 41333
Huru 3134 3133 3133 3133 3333 3133 3133 3333 3133 3333

* A comparison with the results of the

Number of Theoretical Stages

Temperature [°C]

70 80 90 100 110 120 130

—— Calculated Temperatures in Column
O Process simulator

Number of Theoretical Stages

Column Liquid Composition

0 01 02 03 04 05 06 07 08 09 1
8 2 §

—— C3 Calc. Results

n-C4 Calc. Results

——n-C5 Calc. Results

n-C6 Calc. Results
< Simulator €3
O Simulator C4
©  Simulator CS

A Simulator C6

general-purpose simulator was
carried out (the simulator calculation
also applied Raoult’s law).

It was confirmed that the
compositions and the temperatures
match well.

It can be seen that the assumption of
equimolar flow is valid, since the
biggest difference between the
results of Excel and the simulator is
whether equimolar flow can be
assumed.

16
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Reference: Impact of K Values

* Thiele-Geddes method K value calculation: Column Liquid Composition
Raoult’s laW 0 01 02 03 04 05 06 07 08 09 1
1 A
Ki _ X _ P_.O 2 A
Xi P W 31
&
* K value calculation of general purpose a !
SlmUIator: % ’ —— (3 Calc. Results
Peng-Robinson equation of state 8% n-Ca Calc. Results
yi ¢L % 7 n-C5 Calc. Results
Ki = = g 8 n-C6 Calc. Results
Xi @V § 9 C3 Peng-Rob.

10 n-C4 Peng-Rob.

o,V : Fugacity Coefficient of Component i in the
Vapor Phase
o;" : Fugacity Coefficient of Component i in the 12

n-C5 Peng-Rob.
11

> o O ¢

n-C6 Peng-Rob.

Liquid Phase

A comparison was done with the results when using the Peng-Robinson equation of state for
calculation of the general purpose simulator. When the K values in the simulator are
determined by the Peng-Robinson method, there is a difference with the results calculated by
the Thiele-Geddes method since the non-ideality on the vapor phase side is taken into account.

I Solutions for R&D to Design | 1 7
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¢ Thiele-Geddes method K value calculation: Column Liquid Composition
Peng-RObinson equation of state . 0 01 02 03 04 05 06 07 08 09 1
A o

(Using the calculated values of the simulator)

. & 4
* K value calculation of general purpose g
. . g °
Slmulator'. . B 6 ——— (3 Calc. Results
Peng-Robinson equation of state E Ty A
=7
. L S n-C5 Calc. Results
|
Ki= L = ¢— g 8 n-C6 Calc. Results
Xi ¢V § 9 © €3 Peng-Rob.

10 n-C4 Peng-Rob.

n-C5 Peng-Rob.
11

> o 0O

n-C6 Peng-Rob.

12

The comparison with the results calculated by replacing the K values used for the calculation
of the Thiele-Geddes method with the values obtained by the simulator is shown. The results of
the general-purpose simulator and Thiele-Geddes method extensively agree.

It can be seen that the K values are important to determine the correct compositions and
temperatures in the column.
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SC Conclusion
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In this document, we derived the equations of the Thiele-Geddes method, which
is a sequential calculation method.

The Thiele-Geddes method uses the number of theoretical stages and the reflux
ratio, and allows finding, without giving distillate and bottoms compositions, the
internal column temperatures and compositions that are required for further
calculating the diameter and energy saving measures of a continuous distillation
column.

The calculation requires the vapor-liquid equilibrium ratios (K,), and the K
values have a considerable effect on the calculation accuracy. Therefore,
measures must be taken when this method is applied to systems other than ideal
solutions or systems in which the K values are generalized as a function of
reduced critical points or temperature.

In addition, since the column calculation is done assuming equimolar flow, it is
necessary to verify the impact of this assumption when applying this method to
systems with highly non-ideal liquids.
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