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Fig. 1. Drying characteristics of ventilator.
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Plate 1. Equilibration chamber.
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1. boiler

3. control valve

5. control circuit
7. Hg manometer
9. sample

. valve
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. vacuum pump
. hybrid recorder
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2. electric valve
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6.
8.

10.
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14.
16.
18.

On/OA valve

light sensor

"U" gauge
equilibration chamber
strain gauge
cold trap
¢-¢ thermo-couples
electric heater

Fig. 2. Schematic diagram of experimental apparatus.
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Fig. 3. Vacuum characteristics of equilibration Fig. 4. Up thrust due to air at different
chamber. pressure.
Table 1. Vacuum characteristic data of
equilibration chamber g
Time Pressure 45
(min) (mm Hg)
£ 35 b
63 225 g
74 175 § 25 |
91 115 =
102 80 15 b
120 50
139 35 05 |
160 20 0 1 1 i i 1 1
170 18 0 0.4 0.8 1.2 1.6 2.0 2.4
198 11
296 8 Load (g)
;gg g Fig. 5. Calibration curve of “U” gauge.
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“U” Gauge calibration data

130

x 1000

Micro strain
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3. AEHE ()
(HEBORIE 0.00

— R & O RBORIEAKSFHEFAND P 369.68
Tk, R6WRT 7Y *MAEL (B 210mm, H 523.10
% 117mm ¢, WEKHREE 150mm, 5 2 SH) o
BRAVOIE, IOFBIEA N EEIESTHD, 1113.73
FROBEF & FIF5 2 LIt X OIER, B D L0 ﬁ?gié
BERMEDEE2 LRI RENTHE, ZORBRT 1565.28
E30mm CEOBEKBENYEL, EHOEY 1715.25
(25mm Hg & 0F 406mm Hg, ik 328 1 & g%ﬂ
3450 s RURENC DWTRIERTT> /2. K&k 2081.00
10g ki —135°C—24 BERIFESIE I S DRE L, RN %%ﬁ

RKIZ 10K DWW T EDHEREL Y VLT,

0.0
696.0
985.6

1553.6
1827.6
2105.6
2385.6
2674.6
2960.6
3237.6
3521.6
3795.6
4054.6
4211.6
4308.6
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Fig. 6. Vessel No. 1. The vessel used for
moisture gradient test.

Plate 2. Vessel No. 1, the vessel used for
moisture gradient test.
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Table 3. Conditions for moisture gradient
determination trial

Pressure T M. C. o
(mm Hg)  (C) (%d. by Crack %
406 20 17.73 5
25 20 15.55 4

%5, AEM3mm Hg @B L EZ A THREAO R
i, BEEWASE S, B, ZOLERATHNFER
#15kg/cm’ TH B, REENCEL L IS TESR
NNTREAL, L, BEMICEIEE NG, ZoKk
KEDF U I7RER0 I THEITH-Sha Lt
%5, WEIRSY > 7 NOENPHEDORME R L
B R B L L, 24 BRI % ©fT o 7.
(2)BEBORE
BEXOBRES I 2L —yar 2750 8E
BT AREHEEEFTLEND L, FITHE
B 2RAEEFRACRTEE, ENRETTITo .
ZOWREIZIIK T RTRE2 (EE230mmé, 7
FAFAvIEAYy N (Ay¥a2mm), BEE3IE
) BAwLh, 100g A OEBIC OV TRIGRAER
»rbhl, AIEFREIEBFRBROBS LIZEALR

Table 4. Air conditions used to collect sorption
data for thin layer adsorption trial

Temperature Pressure
C) (mm Hg)

3 5

8 7

20 15

30 27

30 16

30 7

sample

Fig. 7. Vessel No. 2. The vessel used for
one seed layer absorption test.
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Plate 3. Vessel No. 2, the vessel used for
one seed layer adsorption test.
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Table 5. Pressure and initial moisture combina
tions used in the test of grain damage
due to low pressure

M. C. Pressure
(%d. b.) (mm Hg)
3 40 130 200 380
16.9 * * * * *
14.8 * * * * *
13.2 * * * * *
T

d R(4)D¥7 =% (I/h)

f iR D»Z A—5 (K)
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Table 6. Sorption data based on total weight for
polished rice at 406mm Hg pressure

Time (hours)

Time (min) M. C. (%d. b))
0 17.78
30 17.95
60 18.15
91 18.35
109 18.41
169 18.58
229 18.72
259 18.77
319 18.88
349 18.93
409 19.03
439 19.07
499 19.16
529 19.19
589 19.25
619 19.27
679 19.32
709 19.34
769 19.39
799 19.41
859 19.45
889 19.47
949 19.51
979 19.52
1039 19.56
1069 19.58
1129 19.61
1159 19.63
1219 19.67
1249 19.68
1309 19.71
1339 19.73
1399 19.74
1429 19.74
21
~ 20
g
g 19 | oooOcanoooooooooooo
§ b o © o0
2wl
17 1 1 L L
0 5 10 15 20 25

Fig. 8. Moisture adsorption characteristics based
on total weight at 20°C and 25mm Hg

pressure.

Table 7. Sorption data based on total weight for
polished rice at 25mm Hg pressure

Time (min) M. C. (%d. b))
0 17.74
15 18.72
30 19.22
90 18.78
150 18.81
210 18.86
270 18.86
330 18.90
390 18.92
450 18.94
510 18.98
570 18.98
630 18.99
690 18.98
750 18.99
810 19.01
870 19.01
930 19.04
990 19.04
1050 19.07
1110 19.10
1170 19.11
1230 19.14
1290 19.16
1350 19.16
1410 19.10
1440 19.16
21
L L
g’/ . R o © o o © (-]
ot .
20 18 'Do
17 A i i 1
0 5 10 15 20 2
Time (hours)

Fig. 9. Moisture adsorption characteristics based
on total weight at 20°C and 406mm Hg

pressure.

DT, TOHKOBESEEFMET 2 ERELLTH(2),
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Fig. 10.
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Depth (mm)

Moisture content variation along
the sample profile after 24 hours

of adsorption.

Table 8. Moisture content Variation after 24
hours along the sample profile at

25 and 406mm

Hg pressure

Mean depth Pressure (mm Hg)
(mm) 25 406
15 18.23 21.22
45 17.75 19.32
75 17.73 18.62
105 17.63 18.36
135 18.05 18.28

32

Moisture content (%d.b.)

Fig. 11.

Sorption curve

15 20 25 30
Time (h)

for the air tempera-

ture of 20°C and absolute pressure
of 15mm Hg for 16.14%d.b. initial
moisture polished rice.

e

Moeisture ratio( i)

T T T T

Time (h)

Fig. 12. Relationship of moisture ratio with
time for 16.14%d. b. initial moisture
polished rice at 20°C and 15mm Hg
pressure.

Moisture content (%d.b.)

Time (h)

Fig. 13. Sorption curves for the air tempera-
ture of 30°C under different pres-
sure.
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Table 9. Initial moisture content (M), sorption coefficient (¢) of Equation 1, equilibrium moisture
content (M,) calculated by non-linear least squares method, standard error of the estimate
and mean relative percentage deviation (P) under each temperature/relative humidity

condition

T=30C P=27mm Hg

M,(%d. b) k(=1/h) M, (%d. b) S. E. P
15.1991 .3666 22.2185 A1672 1.6899
14.6245 1162 28.0518 .24851 9102
16.8753 .3599 21.6372 .31758 1.1203
T=30C P=16mm Hg

My (%d. b) k(—1/h) M, (%d. b) S. E. P
10.1683 .3396 9.9839 .0204 .1578
14.6099 .0039 21.4455 .05098 .263
16.67 4717 15.7086 .04527 .2193
T=30C P=7mm Hg

My(%d. b) k(—1/h) M. (%d. b) S. E. P
10.2051 1269 9.5803 .02294 1799
14.857 .6928 12.1867 21227 1.4363
16.9903 .699 13.0111 .30125 1.763
T=20°C P=15mm Hg

M, (%d. b) k(—1/h) M. (%d. b) S. E. P
10.4783 3122 18.4403 .48691 2.3926
14.4527 1681 25.8449 .21297 774
16.144 .0922 29.3511 15306 .5197
T=8C P=7mm Hg

My(%d. b) k(—1/h) M.(%d. b) S. E. P
10.1698 1003 27.8169 .20011 7776
14.9402 .0804 28.4609 .18804 7222
16.9107 .0713 29.0175 .07898 2785
T=3C P=5mm Hg

M, (%d. b) k(—1/h) M. (%d. b) S. E. P
14.7389 .0854 28.5086 .20194 7269
14.7227 0444 35.4604 .32893 1.2147
10.9017 .0926 27.5238 .1665 7041
16.1415 .0969 27.0462 .30499 1.1349

EEEIZWINT 5. A2 ER3CRUS8CORE
BB ER2 L UBMTRFHCELZ L, 0L
WRESRETHE BERIEL/NE L, BECEIEKR
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Arrhenius HOBEEREEEHO I L 8K 15 » 51
Fahtr, CITRINCHEOKREOA LA (4)
D5 A —Fd, FRUBHEES F. 2BET 5,
4, IREN
EWINBORENRABR T, BEIZ L EHCERAS

HEsnk:, BCREOVUENSS L, %R
BB TiEb T ors s ROEREINSREL 2,
D& S CIRENOETHEACLREIBIROTHE
AEZEIDARE S Bio7, Rz, K16 ixFHE 3
mm Hg, 20°C OFIERERTH 55, EHDEWIT &
ZEESEECRATVS, EHORERIVEEL
KN T 27 H I 17~5 20 2 EF7 40, 130, 200
R U 380mm Hg 1 817 3 [REINEORERELETT.
zhns DO S RENOBRIZFIRO X 5 CEN &
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100
- 80 | O Mo=16.9%d.b.
s ® 0 Mo=14.8%d.b.
g T e & My=13.2%d.b.
: i w
i @
=
20
(1] 1 1
0 20 40 60
13 L L L L . Time (minute)
0 N 10 15 20 25 30
Time (k) Fig. 17. Grain damage of polished rice at
Fig. 14. Sorption curves at different 20°C and 40mm Hg Pressure.
temprature.
1
= 100
£
; x 80 0 Mo=16.9%d.b.
8 4 0 My=14.8%d.b.
€ £ o0 & Mo=13.2%d.b.
3 01 §
=]
S T
B @
]
20
I n 1 s 1 0 I 1
3.09 3.19 3.29 3.39 3.49 3.59 369 x10-* ] 10 20 30 40
Time (minute)
1/T (K-)
Fig. 15. Arrhenius plot for sorption of Fig. 18. Grain damage of polished rice at
polished rice. 20°C and 130mm Hg Pressure.
100 100
® 80 0 Me=16.9%d.b. 80 | 0 Me=16.9%d.b.
g o M,=14.8%d.b. 1\° o M,=14.8%d.b.
5 60 4 Mg=13.2%d.b. A & Mo=13.2%d.b.
& o
g @ & wt
@
20 20 F
0 ' 1 4 0 L 1 1 1 1 !
6 8 10 0 20 40 60 80 100 120
Time (minute) Time (minute)
Fig. 16. Grain damage of polished rice at Fig. 19. Grain damage of polished rice at
20°C and 3mm Hg Pressure. 20°C and 200mm Hg Pressure.
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o My=16.9%d.b.
o M,=148%d.b.
& Mp=13.2%d.b.

Surface crack %
3
T

i
[ 20 40 60 80 100 120

Time (minute)

Fig. 20. Grain damage of polished rice at
20°C and 380mm Hg Pressure.

0 M;=16.9%d.b.
o M,=14.8%d.b.
4 My=13.2%d.b.

Middle crack %

0 20 40 60 80 100 120

Time (minute}

Fig. 21. Grain damage at 20°C and 40mm
Hg pressure with the introduction
of steam.
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sz,
SHOBELLTIE, Fl2IF3°C B THENE
0 ~100% i XAEKERE TH 35 5.682mm Hg D
EhLpHE, hE2BER(AETILDCREE
2 v NOBEHMEER 2 BREOK L v H{F & KB~
0 A—% (HHERE 0.5mm Hg) »5 & D EBED S
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Summary

Driving force for moisture transfer can be conceptually increased by maintaining head space at
very high or very low vapour pressures. Under sub atmospheric pressures the sorption resistance
due to interstitial air is low. Using this concept, the adsorption and desorption properties for
polished rice have been measured under reduced pressure for theoretical interpretation of the process
which can be used in commercial moisture adjusters to get even sorption of batch and to get rid of
costly agitation. Data were collected for thick and one seed layers under different pressure
conditions. In the thick layer trial, higher uniformity of sorption was found at lower total pressure
conditions. One seed layer sorption trial was conducted for the determination of sorption coefficient

“k” of the first falling rate moisture transfer equation for different temperature conditions.
Predicted values of moisture were found to be in good agreement with observed data. Grain
damage due to low pressure was investigated for different initial moisture polished rice, under 3, 40,
130, 200 and 380mm Hg pressure. Higher moisture polished rice was more liable to crack under
reduced pressure. In the same trial the effect of head space humidity on seed damage was
investigated introducing steam under pressure of 1.5kg/cm? into the equilibration chamber.
According to the results cracks were all middle cracks and also high in low initial moisture polished
rice.



