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Abstract

Membrane separation technology with polvmeric membranes for the effective separation and energy
conservation has emerged to be a new technology for separation in recent years. In this research,
the reverse osmosis process was applied to the concentration process of clarified apple juices. The
changes of concentration and permeate flux of apple juice in this process were measured at different
membrane characteristics, operating pressures, temperature and flow rate. And the changes of quality
were also measured at different pressures. The prediction model for the permeate flux based on
these data was established. Generally, the osmotic pressure increased as the concentration of the
feed increased in the RO process, which caused a reduction of permeate flux. The changes of permeate
flux were not much dependent on temperature and flow rate, but very much dependent on pressure.
The most effective factor in increased permeate flux was found to be the operating pressure, followed
by temperature and flow rate. The final prediction model for the permeate flux was developed by
the SPSS* computer program. The result showed that recovery of sugar was not affected by processing
pressures, but the percentage recovery of total flavor was increased with increasing pressure.
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Fig. 1. Schematic diagram of R.O. experimental sys-
tem

1. Feed tank 6. Module
2. Prefilter 7. Relief valve
3. Pump 8. Flowmeter
4. Damper 9. Temp. controller
5. Pressure gauge
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Fig. 2. A front view of inner construction in disk type
module
(unit:mm)
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Table 1. The specification of the membrane module

Membrane type Spiral-wounded module

Material Aromdtu p()]\dmldt‘(l I* (,)
Reuommended pH range : 2-11
operating C 1 0-60C
conditions Psi . 0-1000 Psi
Salt rejection 99.1%

Diameter : 1.5
Length . 126

Dimension(inch)

Table 2. The operating conditions of HPLC for sugar
analysis in apple juice

Items Condition

Column Sugar-PAK 1

Column temp. 90C

Detector Model 401 Refractometer

Mobile phase H.,O (deionized)
Flow rate 0.5 m//min
Injection volume 4

Chart speed 0.25 cm/min
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Table 3. The operating conditions of GC for headspace v 10°% ‘ﬁ 20t 30t
volatiles analysis =
[tems Condition S
) s . \d
Lolumn 10% PEG 20M on Chronosorh W 2
3.0mm LD.X3m, glass ® ]
Temp. program 60C (30C /mim)-195¢C (30 min)
Detector FID. o‘#w YR o T 20 #w 18 20
Carrier gas Nitrogen, 30 m//min Concentration (°Brix)
Injection port temp. 210C
Detector temp. 210¢ Fig. 3. Flux as a function of feed concentration, using

Chart speed

0.25 cm/min

Table 4. Coefficient values and R-square for the predic-
tion model of permeate flux on the change of operating
perssure

Flow rate Temperature  Coefficient viaues  R-square

(I//min) (C) A Ay

2 10 0.099 0.114 0.954

20 0.093 0.815 0.966

30 0.096 0.992 0.943

5 10 0.104 0.226 0.992

20 0.102 1.045 0.998

30 0.122 (0,487 0.989
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(flow rate: 5//min)
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F D permeate flux(1l/m*-h)

P ! operating pressure(kgi/cm®)
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Fig. 4. Comparsion between experimental and model
flux values at different pressures
(flow rate: 5//min)
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Fig. 5. Comparsion between experimental and model
flux values at different temperatures
(flow rate: 5//min)

Table 5. Coefficient values and R-square for the predi-
tion model of permeate flux on the change of operating
temperature

Pressure  Flow rate Coefficient values
— —— R-square
(kg/em”) (l/mm) Ay x‘
30 2 0.052 2 65() 0.983
5 0.040 3.147 0.951
40 2 0.047 3.110 0.928
5 0.040 4.047 0.953
50 2 0.052 4.323 0.912
5 0.053 4.867 0.926
60 2 0.046 5.540 0.991
B 0.067 5.930 0.992
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Fig. 6. Comparsion between experimental and model
flux values at different flow rate
(temp.: 20C)
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Table 6. Coefficient values of and R-square for the final
model

L()eltluent values of a model
Ay A, Ay
0.049

—-  R-square

0.102 —0.3838 0.906

Table 7. Recovery percentage of sugar compounds in
concentrated juice using FT-30 composite at 20°C

Pressure Fructose Glucose Sucrose

(kg/em?) (%) (%) (%)
30 93.4 92.5 95.5
40 93.2 92.4 954
50 93.6 92.3 95.7
60 93.4 925 95.6

Table 8. Recovery percentage of flavor compounds in
concentrated juice using FT-30 composite at 20°C

Pressure(kg/cm”) Total flavor volatiles(%)

30 62.6

40 77.2
50 84.3
60 89.7
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