Korean Chem. Eng. Res., Vol. 49, No. 3, June, 2011, pp. 306-313

MBS 95t 2alHd YISERE| Hof
AQn| - RUYAl - = F - FleM

gy sshy ekt
305-764 tZF9A] F35 S5 220814

(2010 109 299 A=, 2010 112 23 A

Control of Reactive Dividing Wall Column for the Recovery of Lactic Acid
Yumi Choi, Daesik Woo, Hoon Cho and Myungwan Han'

Department of Chemical Engineering, Chungnam National University, 220 Gung-dong, Yuseong-gu, Daejeon 305-764, Korea
(Received 29 October 2010; accepted 23 November 2010)

2 <%

ou, Bl Ak (biodegradable
D} SHAIRE 2l wde) Al Ak
weH g Wk SHE ol8sko] niFed 24l
kg5 o]8sko] thA] Zlake.

Zak(lactic acidy> 23, oJokE, 3lgtekE 5o AR 2A wo] ALg-H 1
polymer)?] Z&] 2 Hpolylactic acid)®) QA8FX] HL AlgHFo] Z7lala
H3 2 At 2] Bl A oA et olE S55h] f1al
ZALS: of| AE| 238} HELof 930 3|uMdo] 9l BRI A7 & ‘Cﬂfﬂ'

¢
Nl
o

\“J
rXI

A= 7 \_—8 o=
= Agslel, Arsh 39 AT A A%l RS FeuY MEREY] FEYE 2Ale], of
B vhgo R APTAEE PIsn 4 AoAIES] e vlwsc

Abstract — Lactic acid is widely used in the food, chemical and pharmaceutical industries, and there is an increasing
demand for lactic acid as the raw material of polylactic acid, which is a biodegradable polymer. The presence of high
boilers and non volatility of lactic acid makes the separation of lactic acid very difficult job. Esterification of lactic acid
with methanol followed by hydrolysis of the separated methyl lactate was employed for the recovery of lactic acid.
Reactive dividing wall column was proposed for the simultaneous reaction and separation. The intensified process poses
a challenging control problem. Dynamic characteristics of the proposed process were examined and control systems
were proposed to get a stable control performance for a disturbance in feed. Control performances of the proposed con-
trol systems were compared.
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Table 2. Configuration of proposed design structure

variables unit value
total stages 23
prefrationator 10
main column 23
feed dilute 12
alcohol 21

reaction zone prefrationator 13~20
Table 1. Composition of lactic acid feedstocks[5] main column 9~15
feed designation(nominal) temperature
feed component 20 wt% 50 Wt% 88 Wi% (prefrationator) top °C 96.3
L, wt% (mol %) 23 (5.6) 46 (15.2) 58 (43.5) bottom °C 174
L, 3(0.5) 22(9.2) (main column) top °C 64.2
L, 6(1.8) bottom °C 104.6
L, 2(0.4) pressure bar 1
H,O 77 (94.4) 51(84.3) 12 (45.1) pressure drop bar 0.001
Monomer equivalent feed flow rate dilute kmol/hr 10
concentration(M) alcohol kmol/hr 5.637
i |
Main column M"OI Methano
Main column
Prefractionat
. retractionator f_'
Prefractionator ===
Lactic acid feed n
Vapor flow Ml
Water — ! E
= — oK Water
Lactic acid feed Kt : E
Recovery of -
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Recovery of
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Fig. 1. Schematic diagram of the proposed reactive dividing wall column for the recovery of lactic acid.
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Fig. 2. Effect of (a) reboiler heat duty and (b) reflux ratio in main column.

] wellA] Hkgo] dofupl wrk. uhebA dEs
o] o] AES A& 5 =S ek 4 o
ﬂV*O] A8 grom thE Al sl Hojel o] 5
T U D‘rﬂ %%% k= Aol 1o}, whebA, HES-

Tl tisiA = vheAl kar FEel7elA ) A
cgaour EHTHH Rste]] w2 7Rl wke-
3}1*1‘3& °L°}E°LE} i SrellA Aml7)9] Ak
g Stk Ap71e] dE H&o’g

RHES ok Wi B shjoln, A

=

3 oS

il aAals=

olulAo Oi

=211

r°"

1o
=
=
==

§1‘TFH]L HP?Q HES- ol SIAZ

Ao = FAAT R Hgrolt). 2
gk HAZE Qe HA o] ghnl e el o)
o} Fig. 2(ay= T AlREEo] QAT Adstelld] FEel71elM e A
H|7] o] ZlEel] whe- el Al Gl thai vehisl
. ZHHW de S/VETS 7l g ST 180 kW
oPFHEE A= A & ¢ 3tk o] Ak ghnlvt sh
o] 71418} AA| fo] S7kete] el ago] TRl whe Aol
Fig. 2(b)= EH]ell uh2 71 el ike- 85 vehid), e

Q1= Wgro|m
ofu=] AHe}

[e) 1 ==
= T___‘7)q\0
=B

L

>
T
=
T T
=y

J

o TEE
719114 ZH‘ﬂ | FEE 180 kWE ILGAIR - SRS S7MAIRE
o] B7hefc} ol 4 ool o] 58] sk
= At ol = AMI7] o] A7 AeollA FhnlE W
el Z1AfSell sof ol Risteted, Rkg-Eo]
ol o] o] A4 02 5-5o] TR

_'

oJek=

weba] A7) A==

<2 AR Rl 8

ol 3 o8 fAISIA A7) et 2
LSS 52 Aol Zlo] Agalt),

/\EE
™ L=

3. HlofAl 24

7zt

2ol 54

EI:

AQHR §3:& ofulite)7| 9} )] 2 Lol e
1% A3 9iek. wEgt ek BAlel Aolp] )
& P17 ofgih, mebd, 2 5] 2 el

giArCH

ﬂ _IN
rﬁ, it 03

T

st Alek 49 AR &5 Alo] Phs AAselct. 7 wel
st & Zz2ge | g 30 YERNISIT). oAulitg] 7oA 3~5%,
9~10%F FAA 2% W37} Hshe, = 2] 7] A= 6~9%t,

Korean Chem. Eng. Res., Vol. 49, No. 3, June, 2011

(a) (b)

Stage
Stage

100

120

140

T T T T
T

60 70 &0 90 100 110
160

180

t C
Ternperature {°C) Temperature (°C)

Fig. 3. Temperature profiles: (a) prefractionator; (b) main column.
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Fig. 5. Variation of temperature profile for +10% feed flow distur-
bance: (a) temperature control of tray 9(TC9); (b) tempera-
ture control of tray 4(TC4).

Fig. 4. Proposed control structures for prefractionator : (a) temper-
ature control of tray 9(TC9); (b) ratio control+temperature
control of tray 9(TC9); (c) temperature control of tray 4(TC4);
(d) Ratio control + temperature control of tray 4(TC4).

1= AA] E] =
Yield esterification = AMREe}7lol 8% MLA 1)
U2 FHEE LA

Fig. 5 495} 0718 212} Aolgi& o) ge] &% =203 et
Ok 98 BHE R TS 10% YEL WS FAL W, 0 Fig 6@ 92 £ AolEE ulel Asjolck. Fig. solA] 9wk
S 2% AT A% WY 0% medo] PPyl TeAdn A L% ARl @ B B A Lt Aot 2 54 ok 2 B
o7k ek Ak 4TS L3 AYE B Wol Asks AR Atk W] 99k 1 AjRS W olAE =5 kg o]
B £ LR e A HR1E 5 ook Fig 6= 7 7F #4924 2 5 Itk Fig 60y 9%k ulgAlol 2 ] 3
of Alof o] iste] AR BHEQ) A4 5 GRS HEWE 2 S oS Aol F9urh o] FobglAuk of 6%0] 4

o

o ol B 23} HhE 52 A|ofE KojF of7]ellA ol e =3} e expF EARE e = 4 Sl Fig. 6(c) 49, Fig. 5(d)

NS RS A (1) o) efulEel 2 B Akt e = avkn) 0 gAI0lZ ) BE Agolth T A4S BT ejek el
Z1elA A3 == vl eo| EQ] v 2 A4St of] tiial] eNBlZ8} Hhe- 5o kel & AA=E 218 & 5= k.
1.6 15
() ] (b)
LR A
c c
5 1.2 S
a 4
E_ 1.0 ﬁ
a 5 po
h=] -
08 - o
& ENTH
0.6 07 -
—— 1% Dilve feed owrake —— H0% DINE Bedfiow rate
... - 10% Dilve ®ed fiow @t 05 4 worenes - 10% DINE BedTbw @k
0.4 0s T T T T
o 2 ‘ 6 8 10 M M H M N o
Time ¢hr) Time (hr)

+10% Diule Teed 1owrake
cenems = 0% Dlluke ®ed Tiowrale

+10% Dllule #ed 1owrak
weeee = 10% Dluke ®ed Towrale

YE Kot Es e ification
Yield of Esterfication

o5 T T T T 0.6
o 2 + ] 8 i0 o 2 . 6 8 1o

Tme @09 Time (hr)

Fig. 6. Closed-loop yield response in prefractionator: (a) temperature control of tray9(TC9); (b) ratio control + temperature control of
tray9(TC9); (c) temperature control of tray4(TC4); (d) ratio control + temperature control of tray(TC4).
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Fig. 13. Proposed control structure.
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a : Activity

E,. :Activation energy for the esterification reaction[k] mol™']

E,, :Activation energy for the hydrolysis reaction[kJ mol™]

k,, : Pre-exponential factor for the esterification reaction[mol kg ™! h™!]

k;o : Pre-exponential factor for the hydrolysis reaction[mol kg™ h™]

n, :Lactic acid number

W, : Weight of catalyst[g]

r : Rate of reaction[mol g™ min~']

R :Gas constant[k] mol™! K]

T  :Temperature[K]

t : Time[min]

X :Conversion
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