a— b —DOHREEER S 02 RT3
RS TE OB BIRBIE 1L o TC

REAERBEREETER
HE BT, B8 E7, M

Measurements of Dried Layer Transport Properties During
Freeze-Drying of Coffee Solutions

Yasuyuki SAGARA, Yoshiyuki TOSHIMA, Akira HOSOKAWA

Faculty of Agriculture, University of Tokyo
Yayoi, Bunkyo-ku, Tokyo 113

ERRVCERARS i E 285 iR

9



B R BRI 443k (Japanese Journal of Freezing and Drying), Vol. 28, 30~34, 1982.

d— b — DTSR o 21TBIT5
H2 18 8 OB BREEE T OV T

REUREE AR TR
MR R, W8 FET, AL B

Measurements of Dried Layer Transport Properties During
Freeze-Drying of Coffee Solutions

Yasuyuki SAGARA, Yoshiyuki TOSHIMA, Akira HOSOKAWA

Faculty of Agriculture, University of Tokyo
Yayoi, Bunkyo-ku, Tokyo 113

Experiments were conducted to determine the transport properties of the dried layer
using a radiant heating upon the sample surface. The samples of 6-30% coffee solution
were freeze-dried in a dish of 70. 5mm in diameter and 25 mm in height at constant sur-
face temperatures ranging from 20 to 55°C under about 10-95 Pa total pressure range,
the usual operating condition of commercial freeze-dryer.

Thermal conductivities and permeabilities of the dried layer were determined by
applying the drying data to a model based on heat and mass transport in the sample.

Thermal conductivities had a tendency to decrease as the sample concentration was
increassed, and there was no definite effect of the dried layer temperature on thermal
conductivity. Permeability decresced with increasing the sample concentration and it
increased as the dried layer temperature increased. These transport properties were
not affected by the pressure of water vapor in the dried layer under ‘experimental con-
ditions. From these results it may be concluded that transport properties depend mainly
on concentration of sample tested and the concentration was one of the most important
factors which affected the structure as well as transport properties of the dried layer.
The relationships between transport properties and controlling factors were discussed

in connection with the freezing and freeze-drying operations of the sample.
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Fig. 1. Freeze-drying model for transport
property analysis.
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Table 1. Drying conditions for the coffee samples.

Sample Vapor Total Condenser Heater Drying
Sample temperature pressure pressure temp. temp. time
No. (O] (Pa) (Pa) (4(®)) 49 (hr)

T, T, Do br* Praz Pmin T Thrmaz Tamin t

1 41.4 33.0 15.1 27.9 36.5 25.2 41.6 196 59 65.0
2 20.1 30.6 14.9 35.9 38.9 23.1 42.6 145 23 80.0
3 30.1 30.8 13.3 35.5 31.9 23.3 42.1 - - 74.0
4 39.9 30.8 15.6 35.3 33.3 25.5 43.2 206 53 63.5
5 41.2 31.8 9.2 31.9 60.0 18.1 46.9 196 72 66.5
6 49.6 32.0 15.3 31.1 94.7 25.5 42.1 267 64 59.0
7 19.7 29.4 15.1 40.8 32.4 26.8 41.0 196 33 61.0
8 29.7 29.3 17.2 41.3 43.6 25.5 40.5 206 48 55.0
9 40.5 28.1 15.1 46.5 30.0 23.6 40.4 214 64 51.5
10 49.4 26.8 17.6 52.9 36.3 28.4 38.8 252 76 46.5
11 20.7 24.0 10.0 70.4 26.1 11.9 49.6 167 49 58.0
12 30.6 26.5 16.1 54.9 30.9 24.0 41.8 220 45 51.5
13 40.4 25.3 11.3 61.9 48.1 18.1 40.4 208 50 49.0
14 52.8 23.2 12.5 76.5 41.6 19.7 42.4 272 103 39.5
15 20.2 24.8 11.6 65.1 25.5 18.4 41.1 186 32 45.5
16 30.1 24.0 14.8 70.3 31.9 20.7 40.9 213 48 41.0
17 39.2 23.8 13.9 71.7 38.5 23.1 37.1 - - 36.0
18 37.8 21.0 16.5 94.3 33.6 21.9 39.8 189 84 35.0
19 50.2 23.2 18.5 76.1 37.7 28.9 39.5 288 86 33.0

* Calculated from the interface temperature, Ty.

Table 2. Physical properies of initial and dried samples.

Solid Mass Moisture Density
Sample concen- (kg) content (kg/m3)
No. tration x 1078 (% w.b.) x 103
(% w.b.) initial dry solid water intial  dry initial dry ice
¢ m, mq ms Moy W, W 0o 2 ot
1 2.4 96.97 2.44 2.36 94.61 97.6 3.3 0.99 0.03 0.969
2 6.3 97.67 6.30 6.11 91.56 93.7 3.0 1.00 0.06 0.936
3 6.0 100.12 6.20 6.05 94.07 94.0 2.4 1.03 0.06 0.962
4 6.0 98.75 6.08 5.94 92.81 94.0 2.4 1.01 0.06 0.950
5 6.6 100.67 6.86 6.68 93.99 93.4 2.7 1.03 0.07 0.961
6 6.2 98.75 6.30 6.16 92.59 93.8 2.2 1.01 0.06 0.947
7 12.8 100.27 13.20 12.82 87.45 87.2 2.9 1.03 0.14 0.892
8 12.8 100.53 13.21 12.85 87.68 87.2 2.7 1.03 0.14 0.89%
9 12.7 100.30 13.02 12.76 87.54 87.3 3.0 1.03 0.13 0.894
10 12.7 101.25 13.05 12.83 88.42 87.3 1.7 1.04 0.13 0.904
11 20.3 106.06 22.04 21.48 84.58 79.8 2.5 1.09 0.23 0.861
12 19.2 102.00 20.12 19.62 82.38 80.8 2.5 1.05 0.21 0.839
13 19.5 105.12 20.98 20.48 84.64 80.5 2.4 1.08 0.21 0.862
14 19.4 104.30 20.46 20.26 84.04 80.6 1.0 1.07 0.21 0.859
15 27.7 104.94 30.16 29.01 75.93 72.4 3.8 1.08 0.31 0.766
16 30.1 103.93 32.06 31.23 72.70 70.0 2.6 1.06 0.33 0.736
17 29.9 104.82 32.20 31.35 73.47 70.1 2.6 1.07 0.33 0.744
18 28.9 110.33 32.36 31.85 78.48 71.1 1.6 1.13 0.33 0.799
19 30.1 106.60 32.89 32.10 74.50 69.9 2.4 1.09 0.34 0.755
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