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1. Plant Kolom Destilasi
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Gambar 1. Binary distillation column

Tabel 1. Data steady state kolom distilasi metanol —

air [1,3]

Diskripsi Variabel Nilal
Laju umpan (F), mol/meni 45.000
Laju distilat (D), mol/menit 22.500
Laju produk bawah (B), mol/menit 22,500
Komposisi umpan (Xf), fraksi mol methanol |
Komposisi distilat (XD), fraksi mol methanol l
Komposisi produk bawah (XB), fraksi mol 0

methanol
Perbandingan refluks I

Jumlah plate 30
Letak plate umpan 5
Tekanan operasi (atm) |
Beban condensor, 104 kecal/'menit 35
Beban reboiler. 104 kcal/menit 35
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Gambar 2. Struktur kolom destilasi dengan struktur L-V

2. Persamaan dalam Sistem
2.1 Distillation Column

The column contains a total of Ny theoretical trays. The liquid hold up on each tray including the down comer My. The liquid on
each tray is assumed to be perfectly mixed with composition Xy, showing in Figurel, the mathematical formula expressing the
process in the distillation column using rigorous modeling described as follows (Luyben, 1990):

Nth tray

Mass balance:

dM
dt

Component mass balance:

=Lyy—Ly+Vy,—Vy (N

d(MyXy)

7 =LyaXya —Ly Xy +Vy Yy —Valy 2)
Energy balance:
DM k) . g o= B Vi s =Vl 3

dt



2.2 Condenser and reflux drum

The overhead vapor totally condensed in a condenser and flows into the reflux drum, whose heldup of liquid is Mp (moles). The
content of the drum is at its bubble point. Reflux is pumped back to the top tray (NT) of column at a rate L. Overhead distillate
product is removed at a rate D
Mass balance:

dM
d,n =Vir —Lyrn—-D )
Component mass balance :
dfMpX
(+D) =VyrYyr —(Lyr, + D)X, (5)
Energy balance:
dﬁM h )
_‘Z—D =VarH xr —Lypaltnya —Dhp — Q¢ (6)

2.3 Reboiler and base column

At the base of the column, liquid bottoms product is removed at a rate B and with composition Xg. Vapor boil up is generated in
thermosiphon reboiler at rate V. Liquid circulates from the bottom of the column through the tubes in the vertical tube-in shell
reboiler because of the smaller density of the vapor liquid mixture in the reboiler tubes. We will assume that the liquids in the
reboiler and in the base of the column are perfectly mixed together and have the same composition Xp and total holdup Mp
(moles). The composition of the vapor leaving the base of the column and entering tray Ist is yB. It is in equilibrium with the
liquid with composition Xpg.

Mass balance:

d‘:;" =L -V;-B (7)
Component mass balance:

%=L,X, —Vg¥y —BXg (8)
Energy balance:

-‘L‘;‘:—I'll=Lllrl—l’BHﬂ—Bhs+Qx )

Feed tray (N = NF)
A single feed stream is feed as saturated liquid onto the feed tray NF. Feed flow rate is F (mole/hour) and composition Xg (mole
fraction more volatile component).

Mass balance:
dM ,,
d:F =Lypa— Ly + F+ Ve —Vyr (10)
Component mass balance:
diM 5 X pp ) i ” "
*r— = LyraXara —Lar Xar tVara¥ara —VyeYyr +F.Xf an
Energy balance:
dfM b )
% =Lyeahyra —Laphye + Ve Hypy = Ve H e + Fhy (12)

3. Rancang Sistem Kendali NN-IMC dan Blok Diagram
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Ref |- (Xd & Xb)
(Xd & Xb)

Ref = Setpoint F = laju feed
Xd = Fraksi distilat Xf= Fraksi fead
Xb = Fraksi bottom C = Control Variabel

Gambar 3. Diagram blok sistem pengendalian



