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Abstract — Limonene is orange flavored natural material that is mainly contained in mandarine and lemon peels. D-
limonene was extracted from cold-storaged mandarine peel by using Soxhlet extractor at 120 °C for 2 hours with etha-
nol as solvent. Henry constants of d-limonene and impurity were calculated as H;,,=8.55 and H,,,,=0.223 from the result
of HPLC analysis. 4-bed SMB of limonene simulation with 0.46x25 cm columns was conducted by using Aspen chro-
matography program. Then effective condition for purity was found by changing m, and m; values in triangle diagram.
The highest purity was 98.59% at m,=2.57, m,=9.55. For this case, feed, desorbent, extract, and raffinate flow rates were
1 mL/min, 1.19 mL/min, 0.857 mL/min and 1.34 mL/min, respectively. Scale-up simulation was also conducted by increasing
column diameter from 0.46 cm to 1.6 cm for getting the same efficiency. The increased flow rates were 12 mL/min, 14 mL/
min, 10 mL/min, and 16 mL/min for feed, desorbent, extract, and raffinate. It was possible to scale-up with maintaining
same limonene purity because linear isotherms of limonene and impurity were assumed.
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Fig. 1. Structure of d-limonene.
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Fig. 2. Diagrams of : (a) 4-section TMB process, (b) 4-section SMB process.
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Fig. 3. Triangle diagram with four different zones.
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Table 1. Parameters obtained in batch system

Parameter Value
tp of impurities 2.70 min
tz of limonene 18.3 min
Dead time (t;) 2.29 min
Column size 0.46x25 cm
Column volume 4.15 cm’
Porosity 0.55
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Fig. 4. Six simulated points among various values of m, and m; in
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Table 2. Values of m, and m; in triangle diagram

Point No. m, m;
@ 2.57 5.64
@ 257 9.55
® 8.01 831
@ 431 475
® 431 831
® 0.533 8.31

Table 3. Parameters for SMB simulation

Parameter Value

Column diameter 0.46 cm 1.6 cm
Isotherm Linear

Hy,, 8.55

Hyp 0.223

Column length 25 cm

Porosity 0.55

Feed flow rate 1.0 mL/min 12.0 mL/min
Feed concentration 2.00 g/LL

Mass transfer coefficient 100,000/min

3793t} A8 52522 (linear isotherm)S A3 0w 7 9]
I Q3 w752 Table 3] “J2I513ITE Mass transfer coefficient=
10~100000/min %] WellA 10000/min TF9] & W HATRALE 5
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AARAR S 2 A 8] G845 vlwsk] S8l SMBA s A5l th
A 28 856 7 7HE ARTSISITE ARkl %4 2t} [15].

e

Purity [%] : _ Cumea 00 (14)
CL[m,Ext+C[pm,Ext
6 im, Ex. X,
Recovery [%] : SrimenQra 14 (15)
CLim,_/éedeged
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Fig. 8. Concentration histories at extract node; (a) (m,, my) : (4.31,
8.31) at point ® (b) (m,, m;) : (0.533, 8.31) at point ®.
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Table 4. Results of simulation about six points
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Qpeed Quriraet Qrainate Quesorbent At (min) extract node (%) limonene (%)
©) 1.0 1.95 176 271 574 97.14 879
@ 1.0 0.857 1.34 1.19 13.05 98.59 74.4
® 1.0 1.82 27.0 28.0 0.55 89.88 442
@ 1.0 9.56 10.0 18.0 0.83 90.35 55.4
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Table 5. Results compared with two different column size 4-bed SMB at point D and @

Flow rate (mL/min)

Switching time Purity of limonene at Recovery of limonene

PontNo- Qfeed Qextnu't Qmjﬁnme Qdesorbem At (min) extract node (%) (%)
046 (D 1.0 1.95 1.76 2.71 5.74 97.14 87.9
’ @) 1.0 0.857 1.34 1.19 13.1 98.59 74.4
16 (D 12.0 234 21.1 325 5.78 97.14 87.8
’ @) 12.0 10.3 16.1 14.3 13.2 98.58 74.5
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Nomenclatures

C,; : concentration of component i at node j [g/L]

C,; : average concentration of component i at node j [g/L]
H; : Henry constant of i

m; : parameter of i column to control SMB

Q; : flow rate in column i [mL/min]

t, : dead time of column [min]

tg, : retention time of i [min]

At : switching time [min]

€ : void faction of a column
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