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Abstract

The drying constants and diffusion coefficient of Korean tea-leaves during hot air drying were
determined with respect to different drying temperatures, plucking times, heating methods, and
rolling conditions. Higher drying temperature, later plucking time, and repeated rolling contributed
to increasing the drying constant of tea-leaves, which means faster drying. The drying constant
was determined to be high in the samples heated several times before drying. The average drying
constants were calculated as 0.356, 0.425, and 0.477/hr for the sample of the 1st, 2nd, and 3rd tea—
leaves ; 0.403, 0.418, and 0.438/hr for natural, steamed, and roasted tea-leaves, respectively. The
diffusion coefficient of moisture in tea-leaves was affected by width and diameter of the samples,
temperatures and rolling frequency. The average values of moisture diffusion coefficient were 1.162 X
108, 1.986 X 10°m?/hr for natural, steamed, and roasted tea—leaves ; 7.00X 10”7 and 1.130X 10 'm%/hr
for leaves and stems, respectively. Activation energies of diffusion were calculated as 9.50, 9.48,
and 9.51kcal/mol for steamed and roasted tea-leaves ; 10.33 and 8.67 kcal/mol for leaves and stems,

respectively.
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Fig. 1. Schematic diagram of experimental system.
LC : Load cell, S : Sample, AM : Amplifier,’
AD : Analog digital converter, C : Computer,
M : Monitor, D : Disk driver, Pr : Printer,
F : Fan, DT : Dry-bulb thermocouple, R: Relay,
T : Thermometer, WT : Wet-bulb thermocouple
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Fig. 2. Flow chart for data acquisition program.
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Table 1. Comparison of drying constants on plucking
time and heating method in tea-leaves

Drying constant(hr™)

Materials 1st 2nd 3rd
Leaves Sterns Leaves Stems  Leaves Stems
Natural 0506 0194 0511 0178 0811 0.216
Steamed 0401 0312 0555 0394 0499 0348
Roasted 0419 0303 0477 0436 0.637 0.353

Drying temperature : 50°C
1st, 2nd and 3rd : Plucking time (May, July and September)
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Table 2. Effect of rolling time on drying constant in
tea-leaves

Drying constant(hr™)

20 min

Materials 0 min 40 min
Leaves Stems Leaves Stems Leaves Stemns

st
Steamed 0401 0312 0774 0474 1.037 0.628
Roasted 0419 0303 0644 0688 0662 0.781
2nd
Steamed 0555 0394 0927 0.683 0942 1117
Roasted 0477 0436 0962 0750 1.047 0.891
3rd
Steamed 0499 0348 0.828 0602 - -
Roasted 0637 0.353 1340 1.062 - -

Drying temperature : 50°C
1st, 2nd and 3rd : Plucking time(May, July and September)
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Fig. 3. Drying constants of leaves(a) and stems(b) in
1st tea-leaves at different drying temperature.
1st @ First plucking(May).

(O: Steamed tea-leaves, X:Roasted tea-leaves
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Table 3. Comparison of moisture diffusion coefficient
on plucking time and heating method in tea-

leaves
Diffusion coefficient(m?hr x 105)
Materials Ist 2nd 3rd
Leaves Stems Leaves Stems Leaves Stems
Natural 0191 2358 0397 1667 0336 2.020
Steamed 0.151 3813 0261 3.687 0207 3258
Roasted 0.158 3703 0225 4085 0264 3310

Drying temperature : 50°C
1st, 2nd and 3rd : Plucking time(May, July and September)

Table 4. Comparison of moisture diffusion coefficient
on rolling time in steaming tea-leaves

Rolling Diffusion coefficient(m’/hr x 10%)
time 1st 2nd 3rd
(min) Leaves Stems Leaves Stems Leaves Stems
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Table 5. Comparison of average diffusion coefficient
on leaves and stems of 1st and 2nd tea-leaves

0 0151 3813 0261 3687 0207 3258
20 0202 5790 0435 6401 0316 5646
40 0390 7676 0442 10462

Drying temperature : 50°C
1st, 2nd and 3rd : Plucking time(May, July and September)

Diffusion coefficient(m®hr x 10°)
30°C 50°C 70°C 90°C
Leaves 0.023 0.230 0.781 1.766
Stems 0.168 3.219 13.260 28.540

Materials
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Fig. 5. Relationship of diffusion coefficient to temper-
ature in leaves(a) and stems(b) in 1st tea-
leaves.

1st : First plucking(May)
(O Natural tea-leaves, X: Steamed tea-leaves,
A Roasted tea-leaves
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Table 6. Activation energy for diffusion in tea-leaves

Activation energy (kcal/mol)

Materials 1st 2nd
Leaves Stems Leaves Stems
Natural 10.46 871 10.20 862
Steamed 10.42 8.78 10.12 861
Roasted 10.47 867 10.28 861

Ist and 2nd : Plucking time(May and July)
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Fig. 6. Relationship of diffusion coefficient to temper-
ature in leaves(a) and stems(b) in 2nd tea-
leaves.

2nd : Second plucking(July)
(Or Natural tea-leaves, X:Steamed tea-leaves,
A Roasted tea-leaves
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