the quality of paddy before drying. It should have a function similar to dryer, but the capability of moisture
reduction should be lower along with the lower consumption of energy. -

Several rescarchers develop mathematical models and attempt to investigate the optimum of the
machinery systems for grain harvesting, handling, drying and storage. In 1972, Carpenter and Brooker (3)
proposed a model which determined the minimum cost of harvesting, drying and slorage for corn operations of
various sizes. The model provided a means of determining and evaluating the effect of the size and type of
equipment used in the system by simulating the operation of alternative machine systems on computer. Murala et
al. (4) studied the dehumidification of paddy using silica gel The results were shown that the silica gel
dehumidifier for cereal grains at normal temperature was technically feasible. The application of silica gel for-
grain drying is an interesting technique for the pretreatment system because the method s simple and provides low
input encrgy.

This section describes the drying technique for moisture deduction of paddy by fluidization technique
developed by Soponronnarit and Prachayawarakorn (5). The advantages of this technique are as follows: rapid
drying, compact dryer size and uniform final moisture content. Moreover, the head rice yield and whiteness can be
maintained. By this approach, high moisture content of paddy should not be reduced lower than 16.3% dry basis
by a single stage drying approach. Several researchers [Soponronnarit et al. (6), Steffe et al. (7), Zhang and
Litchfield (8)] suggested that paddy should be dried by several drying stages in which tempering treatment is in
between each drying stage in order to impreve drying rate and maintain head rice yield. This treatment is
traditionally used in drying process at rice milling factories.

The aims of this work are to investigate the paddy drying process on field experience at a rice merchant
and the pretreatment systems for moist paddy using silica gel and ambient air. The physical quality in terms of

head rice yield and whileness will be reported and discussed.

1.2 Materials and Methods
{2) Materials
1.2.1 Drying process

In this study, the fresh paddy was dried by a 20 ton/h continuous fluidized bed dryer, with subsequent
tempering in a conditioning unit, and dried again by a LSU dryer in the last step as shown in Figure 1. The paddy
samples were collected for determining moisture content in each drying unit. The moisture content was tested al
site by a Kett moisture meter (model J999) and a single kernel moisture meter {model MC CTR-200E). The grain
temperature, drying air lempcraluré and ambient air conditions were measured by K-Wped thermocoupie

connected 1o a Yogokawa data logger with an accuracy ofiIOC. To compare with the quick test method, the exact
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moisture content of paddy was determined by a hot air oven at temperature of 103°C for 72 hours [ACAC, (9)].

The methad of head rice yield determination was followed the guideline of USDA method [USDA, (10)]. -

1.2.1.1 The Fluidized bed dryer

The fluidized bed drying system is comprised of a rectangular shaped drying chamber with a dimension of
1.2x4.8x1 .Omj, a backward curved-blade centrifugal fan driven by an electric motor, and a rice husk furnace. The
drying air temperature was controlled by a PID controller with an accuracy of +1°C. The air flow rate was
controlied by a damper at the inlet air duct of the fluidized bed dryer. The schematic diagram of the dryer is shown
in Figure 1{no.5). Initial moisture content of paddy was collected at the hopper (no.4 in Figure 1). For dried paddy,

il was taken from the bucket conveyer (no. 11 in Figure 1) before conveying to the conditiening unit.

1.2.1.2 Conditioning unit

The position no.6 in Figure | is presentad as the conditioning urit. The function of this unit is to temper the
dried paddy after fluidization. Tempering time was about 30 to 40 minutes. During this period, the moisture inside
paddy kemels transports to the exterior surface, but it does not evaporate to the environment. This process can

reduce stresses inside kernel.

1.2.1.3 LSU dryer
After tempering, paddy was conveyed by a bucket conveyer 1o the LSU dryer for reducing moisture
conlent to the desired value of 14% wet basis. Finally, the dried paddy was conveyed to a storage area. The

storage room was equipped with air ventilation ducts under floor for ventilating heat in the bulk.

1.2.2 Pre-treatment of wet paddy

In this experiment, the paddy was stored into 3 plastic bags with a capacity of 500 kg per bag as shown in
Figure 2. In the first bag, the paddy was ventilated by ambient air. In the second bag, the paddy was dried by
desiccant silica gel dryer and the last one was referred as the reference unit with no any equipment facility. The

experiment was repeated in triplicate.

() Methods

For the drying pro.cess as shown in Figure 1, paddy samples were collected in cach stage. For pretreaiment
of wet paddy, paddy samples were also taken from each bag. During the experiments, infet air, moisture conient,
bed temperature and outlet air were recorded. The bed temperatures and dry bulb temperatures were measured by
K-typed thermocouple, which was continuously monitored by a Yogokawa data logger with an accuracy of +
0.1°C. The relative humidity was determined by the dry and wet bulb temperatures. The Figure 2 illustrates the

schematic diagram of the pretreatment of {resh paddy.
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O Blower Positions & .
Silica gel ions for measuring -
\ g : temperature . Depth from
the surface level(D)

P : , =" Distance from center(L)
1.0m ' !
Tank no.1 Tank ne.2 ’ Tank no.3
(Blower) (Desiceant silica gel 10 kg) (Contro! bag)

Figure 2 Schematic diagram of pretreatment systems for paddy

For Tank no,1, paddy was dried by ambient air using a 0.75kW motor 1o drive a fan, For Tank no.2, the
paddy was dried by desiccant silica gel. The silica gel with a mass of 10 kg was used as an adsorbent agent to
adsorb the water in the paddy and the last tank was not equipped with any device (Tank no.3 as the control unit).
The samples were collected at each time interval to check head rice yield, whiteness and moisture content. The
head rice yield was determined in triplicate by dehusking a 125g sample of rough rice. The brown rice was then
milled in a milling machine and the head rice was separated from the broken rice using a rice separator. The head
rice yield is the ratio of the head rice weight to the original weight of rough rice. Rice whiteness value was

determined in triplicate using a SATAKE color meter.

1.3 Resufts and discussion

1.3.1 Moisture distribution during drying process

The fresh paddy kernels were collected in a heap installed in front of the bucket conveyor (no.1 in Figure
1). They were stored for 3 to S hours before drying. At the position no.1, the temperature and refative humidity in
the grain bulk at the bed depth of paddy 1.0m from the surface levet were in a range of 40 10 50°C and 90 to 95%,
respectively. This result indicates that the condition in the bulk stimutates the yeilowing of rice kemels if the delay
of drying in the process, at least 3 to 4 days, occurs,

Figure 3 shows the comparison of experimental moisture content measured by single moisture meter and
hot air oven method, indicating that the single moisture meter measuring the moisture content of paddy higher

than the hot air oven approximately 2-3% wel basis. In Figure 4, the average initial moisture content at fluidized
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bed dryer inlet, measured by the oven method, was 18.3% wet basis and the standard deviation of inlet moisture
content, examined by the single moisture meler, was in a range of 1.9-3.3% wet basis implying th;: small deviation
of moisture content at inlet. This moisture level is practically rather safe even though the drying is postponed for a
week.

The moisture content of paddy leaving from the fluidized bed dryer varied in a range of 15.0 to 16.0%
wel basis along with the standard deviation of 1.1-3.5%wet basis. From the standard deviation point of view, the
deviation of motsture content between inlet and outlet lied in the same range, indicating the flow of grains in the

dryer closed to plug type.
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Figure 3 Comparison of moisture content measured by a SHIZUOKA single grain moisture meter

and Oven standard method (AQAC, 1984)
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Figure 4 Evolution of moisture content of paddy during drying in different units at Khung Li Chan
Rice Merchant: Average initial moisture content 18.3%wet basis
The final moisture content after LSU was in a range of 12.5 to 13.0% wet basis and the standard deviation
was about 1.0-1.8% wet basis. This moisture level ensures that it is safe for a long term storage without

deterioration of grain quality [Soponronnarit et al. (11}].

1.3.2 Pre-treatment of paddy using different technigues

The temperatures at different locations of the three tanks are shown in Figure 5. The ambient air
temperature was about 30°C. At the beginning, the average ternperature of paddy in each tank was 40°C since the
paddy kernels in the tanks were kept at least 12 hours without air ventilation and thus heat can be liberated from
the wet paddy by its respiration. During the ventilation, the drop in temperature from 42-43 10 23°C in Tank no.1
was in the first 15 minutes of operating time as shown in Figure5(a) and the consequent temperature at each level
was remarkably lower in Tank no.l than in Tanks no.2 and 3 as shown in Figure 5(b). Afler the elapsed time of 27
hours, the temperatures in the Tanks no.2 and 3 slightly increased from the beginning and were in between 40 and
50°C.

As shown in Figure 5(a), temperature in Tank no.i for ecach depth was slightly lower than the ambient

temperature, with the lowest one at the radius 0.2m and depth 0.6m (Radius and Depth account for the distance
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from the center of tank and from the surface level of the {ank, respectively). Figure 5{(b) shows the temperature
profile in Tank no.2 and Tank no.3. According to the change in temperature for these tanks, it cleﬁrly indicates that
the pretrealment by ambient air ventilation can reduce the risk of the yellowing of paddy.

An average initial moisture content of paddy in Experiment no. 2 was about 22.813.5%wet basis. The
moisture content of paddy al the surface level in Tanks no.2 and 3 as shown in Figure 6 is reduced by natura) air
{no forced air) whilst the moisture content in Tank | is reduced by forcing air blown through the paddy bulk,

enabling 1o remave the moisture content slightly faster tham in Tank no.2 and Tank no.3.
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Figure 5 Temperature change in each position during pretreatment by different techniques

[Experiment no.3]

(Yowb)

Tank 1 : Blower TSa _h
1 Tank 2 : Desicant silica gel .
16 - Tank 3 : Control paddy

Moilshure content
=

Dryng tmme(h)

O  Surface(Tanki) ~ - &~ -~ Surface(Tank2) -+ @ -- Surface(Tank3)

Figure 6 Evolution of moisture content of paddy at the surface level for 3 tanks:M, 22.8%wet basis (standard

deviation 3.5%wet basis) [Experiment no.2}

Figures 7 and 8 show the moisture content of paddy at the depths of 0.2m and 0.6m, respectively. The
moisture content of paddy at each bed depth was reduced faster in Tank no.1 than in Tanks no.2 and 3, with the
lowest drying rate being of Tank no. 3. The average final moisture content throughout the bed height in Tank no.1
was 1 7% wet basis whilst it was still higher than 20% wet basis in the desiccant silica gel tank, of which the value
was almost the same as that at the beginning. This indicated the small amount of the water 1o be adsorbed by the

silica gel.
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Figure 7 Evolution of moisture content of paddy at the bed depth of 0.2m from surface tevel: M, 22.8%wet basis
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Figure 8 Evolution of moisture content of paddy at the bed depth of 0.6m from surface level: M, 22.8%wel basis

{standard deviation 3.5%wet basis) [Experiment no.2]
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1.3.3 Head rice yield and rice whiteness

Table 1 shows the head rice yield during pretreatment. The head rice yields were slightly lower at the
bed depths of 0.2 and 0.4m for all tanks than at the surface. This might be affected by the combination of the
accurnulation of heat from the grain respiration and the moisture removal towards the development of stress on
rice kernels.

Table 2 represents the value of rice whiteness during pretreatment. An average initial moisture content of
paddy used for testing the paddy quality was about 18.5% wet basis and average initial whiteness of rice for all
tanks was 36.940.7. During treatment for 27 hours, the rice whiteness obtained from the silica gel and control
tanks has the same value as that of rice in Tank no.1. The rice whiteness at the end oblained from all tanks is still
acceplable.

From this study, it shows that the paddy at initial moisture content of 18.5% wet basis does nat
deteriorale within 2 days even though therc is no any equipment for treating the wet paddy. However, when the
initial moisture content is approximate 22-25% wet basts, the yellowing of rice can occur easily within 2-3 days if
the grains cannot be dried to the safe level. To prevent the occurrence of yellowness, the pretreatment system

using ambient air would be a suitable way.

Table 1. Head rice yield during treatment by different methods

(Initial moisture content, M, =18.5% wet basis (Experiment no.2))

Time Head rice yield at various depths and levels in each paddy bins
(h) TANK I (Blower) TANK 2 TANK 3
(Desiccant silica gel ) {Control unit)
surface [L20 |L20 |40 |L40  lsurface [L20 |L20 |L40 |LA4O surface (D20 (D40 |D60
D20 |D&C D20 (D60 D20 D60 D20 D60

0 60.9 57.7 |58.4 |[57.7 |584 (599 |58.4 [5%92 (584 (59.2 599 |57.8 |58.4 |584
2.5 60.7 58.7 |55.9 |583 |58.4 |593 [543 [58.7 |543 |38.7 60.1 62.3 (593 |58.6
24 61.2 58.8 |60.1 |58.8 [60.0 |60.3 529 (57.7 |57.1 |58.9 60.4 58.6 |56.1 |56.2
27 60.6 61.7 [60.4 [59.0 |59.7 |[57.9 574 |57.6 |58.6 |55.2 649 |59.7 |37.1 |[585
Average [60.9 593 (587 |S8.5 |589 |586 |55.8 |58.6 |57.1 |58.0 61.3 59.6 |[57.7 |57.9

Note : L = radius from the center of tank, m

D = bed depth from the surface level, m
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Table 2 The valuc of rice whiteness during treatment by different methods

[initial moisture content, M, 18.5%wet basis {Experiment no.2)]

Time Whileness at varicus bed depth in each paddy tank
(h} TANK TANK 2 TANK 3
surface [L20  |L20 |L40 [L40Q |surface|L20 |L20 L40 |L40 surface |D20  |D40 D60_
D20 |D&0 D20 |D60 D20 |Dé0 |D20 |D6O

0 3712 36.8 (37.2 |36.8 |37.2 (382 (37.0 (372 |37.0 |372 [358 353 364 |370
25 37.2 36.6 |37.2 |372 |36.0 (386 (368 364 |353 |372 [376 |358 |37.2 (370
24 34.1 37.0 |36.0 |354 |356 |364 366 (364 |357 [38.0 353 (354 (372 |36.1
27 37.8 349 |36.8 (366 (362 |364 (343 364 |362 (358 |366 353 (354 |360
Average [36.6 363 [36.8 (365 |363 374 (362 |366 (360 |37.1 363 |355 (366 3_6.7

Note : L = radius from the center of tank, m

1.4 Conclusions

D = bed depth from the surface level, m

The following conclusions could be drawn:

The moisture distributions leaving from fluidized bed dryer, conditioning unit and LSU dryer were

almost uniform,

The air ventilation system for pretreatment of wet paddy can reduce accumulation of heat in the grain

bulk and prevent the deterioration from heat liberation of grain.

The desiceant silica gel drying technigue was not suitable for treating the wet paddy.
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ABSTRACT : Characteristic properties of parboiled rice in a superheated-steam fluidised-bed dryer have been
investivated. The operating conditions were carried oul al the initial moisture contents of 41-42.5% dry basis,
three bed heights of 10, 12.5 and 15 ¢m, superhealed steam temperatures of 150-1 70°C with a constan pressure of
106.1 kPa and a fixed superficial velocity of 3.1 mv/s. The experimental results were shown that the inlet
temperature had much more effect on removal of moisture content than the bed height. For the paddy quality, the
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52%). The color of rice whiteness becomes darker and the infct temperature significantly affects white belly.

In addition, higher temperature provided the lower values of peak viscosity, breakdown viscosity and setback
viscosily were also found under high temperalure.
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ABSTRACT: This study was to compare fluidized bed paddy drying using hot arir with that using
superheated steam. The study was emphasized on physical properties, i.e. head rice yield, whiteness, and
percentage of white belly. Paddy was prepared by soaking in water with initial temperature of 80°C for 3 and 4
hours. After that it was dried in conditions (for both drying media) of drying temperature of lSOUC, bed depth of
10 cm and velocity of 1.3 and 1.5 times of minimum fluidized velocity. The experimental resulls showed that
there was condensation occurred during early drying state of superheated steam. This made mosture confent of

paddy dried by superheated steam higher than those dried by het air. Drying witlh superheated steam also resulied
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in sharp increase in paddy temperature. Both parameters were suitable conditions for gelatinization, making paddy
dried by superheated steam have higher head rice yield than those dried by hot air. However, whiteness of paddy
dried by superheated steam was lower than those dried by hot air. Percentage of white belly of paddy dried by

bath drying media decreased with drying time. White belly of 1-5% was achieved after drying time of 2-3

minutes.

Keywords: Condensation, Dehydration, Quality, Superheated steam,
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Abstract: The objective of this research was to study the drying of paddy using pulsed fluidized bed dryer without air
recirculation. The testing conditions were drying air temperature in the range of 144 °C to 154 °C, bed height in the
range of 11.6 cm to 12.3 cm, and air velocity in the range of 1.6 m/s to 1.8 m/s. The result showed that puised fluidized
bed dryer can reduced the moisture content of paddy from 29% d.b. to 24% dry-basis while the paddy qualities were
still acceptable. It was found that the cost was approximately (.53 Baht/kg-water evaporalion, respectively. The
specific heat and electrical consumption were in the range of 6.23 to 9.37 MJ/ kg-walter evaporation and 0.18 to 0.25
MJ/ kg-water evaporation, respectively. Its diying rate and specific heat consumption were the same as conventional

fluidized bed dryer, however, its specific electrical consumption was lower.

Keywords: Fluidization / grain / pulse
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Abstract: Parboiled paddy process cansists of sieeping paddy in water at 80°C for 8 hr and steaming
under 11 bar, steam pressure for 31 minutes, and then drying. The drying system consists of sun
drying, fluidized bed dryer, tempering and ventilation, LSU dryer. The cyclonic husk furnace was used
as thermal energy source for drying. This research aims to study the energy consumption of parboiled
paddy production plant. The results of energy usage showed that the production of parbeiled paddy
required thermal energy of 651.45 — 732.14 MJ/ton and electrical energy of 5.16 — 6.08 kWh/ton. The
drying process, of which the specific thermal and electrical energy consumption are 385.71 MJ/ton
(5.67 MJ/kg water evaporation) and 5.16 kWh/ton (0.086 kWh/kg water evaperation), respectively, is
the most energy consumable process. Total cost of the drying process is about 68.22 Baht/ton of
parboiled paddy.

Keywords : Dehydration / Fluidization / Parboiled rice
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