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paddy

ABTRACT: The main objective of this work was to study the effect of drying temperatures on physical qualities
of rice in terms of head rice yield, whiteness and hardness. Two varieties of long grain paddy (/ndica rice) used in
the experiments were Suphanburi | and Pathumthani 1 with amylose content of 27% and 15-17.8%, respectively.
The batch drying experiments were set up at an airflow rate of 2.5 m/s and a bed depth of 9.5 cmn. Paddy was dried
from an average initial moisture contents of 25.6-33% dry basis (d.b.) to 22% d.b. using hot air temperatures
between 40 and 150°C. After drying, the paddy was tempered and followed by ventilation with ambient air until
its final moisture content was reduced to 16.3% d.b. The results have shown that whiteness and head rice yield for
paddy conlaining any moisture content level up o 33% d.b. when subjected to be dried at temperatures below 80°
C insignificantly changes from that of the reference sample, which was dried by the ambient air ventilation.
Drying at lemperature above 100°C provides relatively higher head rice yield and the slightly more yellow around
the surface of white rice. The texture analysis was concluded that the hardness of rice with high amylose content
and [ow amylose content were not significant effected by drying air temperature ranging between 40°C and 150°
C at paddy meisture content of 18% d.b. after fluidized bed drying. The experimental results implied most of the
physical properties of rice were not changed by drying temperature except the yellowing of rice. The yellowness
of rice depended on the non-enzymatic reaction during drying. For the cooking quality, the sensory evaluation of

cooked rice afler drying still be acceptable comparing to reference rice (p<0.05).

1. Introduction

The management of highly moist paddy under the tropical climate is an extremely serious problem
because the high humid air condition in tropical region can encourage the excessive mould growth and the
yellowing of grain. To aveid the deterioration of paddy, a rapid drying technique such as fluidization technique is
often used. The fluidized bed dryer type has the advantages of high drying capacity and uniform grain moisture
distribution.

Driscoll and Adamczak (1) reported that high moisture content of paddy must be reduced to 22% d.b.
within 24 hours to prevent substantial losses. They also stated that the fluidized bed dryer gave better economy,

gentlle grain handling and shorter drying time, comparing to the LSU dryer. Sutherland and Ghaly (2) studied the
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fluidized bed drying of paddy using temperatures of 40-90°C 10 reduce the moisture content from of 28.2%-35%
d.b. 10 20.5%-23.5% d.b., respectively. They found that head rice yield between 58-61% was obtained for
reducing the moisture content of 28.2% dry basis to 20.5% d.b. For reducing the moisture content of 35% d.b. to
the moisture content of 23.5% d.b. at temperatures of 60-90°C, the head rice yield was in a range of 55-58%.
According to these results, there was an insignificant relationship between head rice yield and drying temperature.
Satayaprasert and Vanishserwatana (3) studied fluidized bed drying of com at temperatures of 60-90°C using air
velocities of 2.7-4.2m/s and bed depths of 3-12 ¢m. The results indicated that drying rale could be expressed by a
logarithmic equation, which was virtually implied the moisture transport to be controlled by internal diffusion.
Soponronnarit and Prachayawarakorn (4) contributed to the research and development on fluidized bed drying.
They concluded that the drying air temperature and the final moisture content was the greatest effect on paddy
quality. They recommended that the drying temperature should not be higher than 1 15°C and the final moisture
content of paddy after drying should not be lower than 24-25% d.b.

Quality indexes which are used as an important criterion for evaluating the quality of rice are the rice
yellowing (or whiteness) and head rice. Many researchers have studiec on yellowness or whiteness [Quilco (5);
Gras and Bason (6); Soponronnarit et al. {7) and Yap et al. (8)]. Gras and Bason {6) reported that the loss of the
nutritive value of rice was occurred when the rice had an intense yellowness. Moreover, the accumulation of
fungal metabolites mignt be expected to produce typically the distinctly yellowed individual rice kernel while the
non-enzymic browning might cause the overall change in hue {Quiteo (5)].

Due to the operation at high drying air temperature for the commercial fluidized bed paddy dryer, the head
rice yield and whiteness must be maintained and accepted for markets. Thus, the tempering process, which was
recommended by many researchers [Steffe et al. (9); Zhang and Litchfield {10) and Soponronnarit et al. (11)], was
used for tempering paddy after fluidized bed drying. Soponronnarit et al. (11) suggested to temper the grain
between each drying pass because during the tempering period, the moisture profile in rice kemnel equalizes
through moisture diffusion and this equalization would decrease the stress, caused by moisture gradient within the
kernel. Thus, the head rice yield after the next drying pass could be maintained. Poomsa-ad et al. (12)
recommended that in drying paddy at high temperature by fluidization technique, it should not be removed the
waler content lower than 22.5% d.b. in a single stage drying, corresponding to the grain lemperature lower than
100°C, with subsequent tempering for 30min. This condition can maintain high head rice yield. Therefore, the
main objective of this work is to study the effect of drying temperatures, ranging 0f40-l500C, on physical quality

of rice in terms of head rice yield, whiteness and hardness,

2. Materials and Methods
2.1 Materials
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The twao varieties of long grain rough rice (Suphanburi 1 and Pathumthani 1) provided by the National
Rice Research Institute [NRRI(Thailand)], were rewetled, mixed and kept in a cold storage at a temperature range
of 3-7°C for a week. The locat varietics Suphanburi | and Pathumthani 1 contain amylose contents of 27% and
15-17%, respectively. The desired initial moisture content of rewetted paddy was about 25-33 % d.b. Before
starting the experiments, paddy was placed in the outside uniil grain temperature was close o ambient
lernperalure.

FIGURE | shows a schematic diagram of batch fluidized bed dryer. The dryer comprises of a cylinder-
shaped drying chamber, a 12 kW electric heating unit and a backward curve-blade centrifugal fan driven by a 1.5
kW motor. The drying air temperature was controlled by a PID contreller with an accuracy of +1°C. A
mechanical variable speed unit was used for regulating air Tow rate, A constant air velocity of 2.5 m/s was sel up

and the bed depth was 9.5 cm.

2.2 Methods

FIGURE 2 shows a schematic diagram of drying system used in this work. The desired final moisture
content after {luidized bed drying was about 22.0% d.b. Tempering process was then used for grain relaxation
(The second step was shown in FIGURE 2). In this stage, the {luidized paddy would be put into a glass bottle and
kept in an oven at the same lemperature as the grain temperature. After the tempering time of 30 minutes as
recommended by Poomsa-ad et al. (12), the paddy was ventilated suddenly with a constant ambient airflow rate of
1.5 m/s until its moisture content reached 16.3% d.b. The inlet air temperature and grain temperature after drying
were measured by K-typed thermocouples connected to a data logger with an aceuracy of 11°C. The wet paddy
at moisture contents 0f 25-33% d.b. were dried at the drying temperatures of 40, 50, 60, 70, 80, 90, 100, 110, 120,
130, 140 and 150°C. The determination of paddy moisture content was followed by the AOAC 1984 standard
method [AOAC (13}].

2.3 Quality of rice analysis

To reduce the stress inside kernel, the paddy afler drying was kept in a complete scal plastic bag at room
temperature for 2 weeks before testing physical properties. The properties of the paddy in terms of head rice yield,

whiteness and hardness were analyzed.
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Cleaned rough rice sample {dry and control) with a mass of 125 g. was passed twice through a rubber roll
testing husker and the resulting brown rice was whitened for 45 min. Each sample was repeated twice and average
head rice yield was represented. The relative head rice yield referred to the ratio of head yield abtained from the

above-mentioned process to that obtained from the control one (dry by ambient air).

(b) Whiteness of rice

The rice whiteness was measured by a Satake milling meter by the light reflected at the surface of rice

kemel before measuring the whiteness meler was calibrated with a standard pure white barium oxide having a

value of 86%.

(¢) Hardness of rice

Texture analysis was determined in terms of hardness using a bench-top Texture analyzer model TA-XT2i
(Stable Micro Systems Ltd.). The milled rice samples were cooked and tested individually at 20 min intervals. A
30 g. portion of each dry-milled head rice sample was put in aluminum cylindrical cup (diameter of 7 cm. and
height of 7 cm.} and rice sample was rinsed and strained to remove excess water, and distilled water was added in
amount equal to 1:1.5 ratio of rice to water by weight. Rice samples were presoaked at room temperature for 10
minutes and then cooked in an automaiic rice cooker with a capacity of 3 L. After cooking cycle was completed,
the cooked rice was coniinue (o keep for 10-15 min in the cooker and then the sample was taken out and cooled
down 1o room temperature for 1 h. The cooked rice sample was taken from the middle of cup (~50 ¢. £ 0.1 g.} and
placed 1 em. height from the base of the extrusion plate.

The initial height of the compression probe (Ottawa cell) was set at 120 mm. The pretest speed of probe
was 1.5 mm/s. The test speed for compression was 0.5 mm/s and the post test speed was 10 mmy/s. The maximum
force required for compression cooked rice 1o $0% of initial portion height 10mm as indicated hardness of cooked
rice. In the other words, the hardness was the height of the force peak on the first compression. The value was

expressed in kilogram unit.
1. Resuits and Discussion

3.1 Moisture content and grain_temperature during fluidized bed drying

The average grain temperatures was in between 35°C and 75°C for corresponding inlet air temperatures
of 40-90°C and between of 83°C and 89°C for corresponding inlet air temperatures of 100°C to 150°C. These

grain temperatures were used for setting-up temperature for tempering sectiorn.
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Table 1 shows the drying time 10 obtain the final moisture content of 22.041.3% d.b. for initial moisture

content of 32.5% d.b. was longer than those for initial moisture contents of 28.2% and 25.0% d.b.
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Table | Experimental results of moisture content of paddy and average drying time of two paddy varieties

Inlet air temperature initial moisture Average Average final moisture content
content drying time (% dry basis)

(°0) (% dry basis} (min) Suphanburi | Pathumthani |
40 25.0 23.0 120 126
282 6.0 224 2i8
325 580 223 224
50 25.0 13.0 20.2 209
282 20.0 22.6 21.7
325 30.0 2.6 226
60 25.0 7.0 224 205
28.2 11.0 223 224
325 210 21.7 223
70 25.0 5.0 20.1 209
28.2 8.2 22.6 221
325 14.6 215 2.6
20 25.0 13 20.8 218
282 53 226 2.7
325 9.2 21.5 227
90 25.0 2.0 229 21.2
282 33 22.6 229
325 6.1 21.8 227
100 25.0 1.5 220 212
282 e 218 229
325 4.4 218 22.0
110 5.0 1.3 22.0 214
28.2 24 215 229
32.5 34 22.1 217
120 5.0 1.3 20.5 214
28.2 2.0 229 233
325 3.1 23.0 23.0
130 5.0 L.t 20.5 AN
28.2 1.4 227 233
325 25 2.5 227
140 25.0 1.0 0.5 214
28.2 I.2 224 227
325 2.3 218 127
150 25.0 0.4 21.2 22.6
28.2 1.1 223 229
32.5 2.0 2.0 123
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3.2 Physical quality
(a) Head rice yield

FIGURE 3 () shows the influence of drying temperature on the head rice yield at three moisture levels of
Suphanburi | variety. The average percentage of head rice yield for control rice was about 44. Drying al
temperature below 80°C provides the relative head rice yield for the samples ai 33% d.b. 1s not higher than the
other two samples. This means that low drying temperature ranging from 40°C and 80°C does not affect the grain
kernel 10 be gelatinized. The gelatinization lemperature for Suphanburi 1 variety is 74°Ct3°C. For high drying
temperature from L00°C and 150°C provides the relative head rice yield 105 and 115. Such a better quality 15 a
resull of partial gelatinization occurring inside the grain kernels during the course of drying at high temperature.
When the gelatinization is being formed inside the grains, the slarch granules are swelled and at the same time, the
protein is decomposed and penetrates through the void spaces amongst the granules, thus providing the stronger
adhesive forces between them. Conscquently, the kernels are capable of withstanding the abrasive force while
being milled.

For Pathurnthani 1 rice variety as shown in FIGURE 3 {b), the percentage of head rice yield of control rice
samples was about 50 except for the initial moisture corntent 32.5% d.b. showing a value of 45.3. The relative head
rice yield of the initial moisture content of 32.5% d.b. is higher than that obrained from the samples al initial
moisture contents of 25.0 and 28.8% dry basis at any drying temperature comparing o the head rice vield of

Suphanburi 1 after drying, these head rice yield were relalively higher.
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FIGURE 3 Effect of inlet air temperature on relative head rice yield: Initial moisture contents of 25-33% d.b.

and final moisture content of fluidized bed dried paddy of 22.0+1.3% d.b,
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(b) Rice whileness

FIGURE 4 shows the effect ol inlet air temperature on rice whiteness for two rice varieties, Suphanburi
tand Palkumthani |. For the initial moiswre contents of 32.5% dry basis, the whileness decrcased when the drying
temperature increased. This is because of non-enzymatic reaction causing the yellewing of rice kernel. For the
initial moisture content lower than 28.8% dry basis, it was found that the drying temperature had insignificant
effect on the whiteness of rice kernel. However, throughout these experiments, the valucs of rice whilencss are
still accepted for the commercials propose.

57

Whiteness

40 50 060 70 B0 90 100 111G 120 130 140 i50
Inlet air temperatute C)

*  Pathumthani | Min 25.0%db. {conwol 43.5)
—%— Pathumthani 1 Min 28.8%db. (control 43.7)
—a— Pathurnthani 1 Min 32.5%db. (controi 43.5)
—0— Suphanburi 1 Min 25.0%¢b. (control 49.9)
—C— Suphanburi 1 Min 28.8%db. (control 49.7)
—o— Sephanburi 1 Min 32.5%db. (conool 49.9)

FIGURE 4 Effect of inlet air temperature on rice whileness for Suphanburi 1 and Pathumthani }:
the initial moisture contents of 25-33% dry basis : final moisture content of paddy

after fluidized bed drying of 22.041.3% d.b.

(¢} Hardness of rice

For the hardness values of control rice and dried rice of two paddy varieties are shown in Table 2. The
hardness value afler drying was slightly increased. The hardness value of control rice was 19.12 + [ 36 kg for
Pathumthani 1 and 35.63 £ 3.17 kg for Suphanburi | rice. The hardness values of two paddy varieties increased
when the initial moisture content and drying temperature increased. Firstly, the tightly packed with starch granules

from loss of water metecules in starch and pencirating of spherical shaped protein body in starch granules causes
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increasing hardness of rice. This effect normally occurs on ageing of stored rice [Zhout et al. (14)] and drying by
high temperature {imprasit and Noomhorm (15)]. Therefore, both low temperature drying (30°C-90°C) and high
temperature drying (100°C-150°C) of this experiment also are affected by this phenomenon. Sccondly, partial
gelatinization during high temperature drying affects to hardness values of rice. For gelatinization effect, the rice
kernel has been panial gelatinized so its starch was more strenglh and hardness value trends o be higher than rice
using tow drying temperature. Trends of gelatinization increasing will be predominated if paddy is high initial
moisture content and dried by temperature over gelatinized temperature of grain. For this work, the gelatinization
temperature of Suphanburi 1 variety and Pathumthani 1 variety is about 74°C and 70°C, respectively. From the
results as shown in Table 2, it indicates that at higher initial moisture content of paddy (32.5% d.b.), the hardness

values of rice is harder than those of lower initial moisture content.

Table 2. Values of hardness afier drying at different inlet air temperatures and initial moisture contents:

Suphanburi 1 and Pathumthani 1

Inlet air temperature Initial moisture content Hardness {(kg)

°a) (% dry basis) Pathumthani | Suphanburi 1

Control rice 250 17.23 33.23

28.2 19.77 33.57

325 20.37 40.09

40 250 19.17 35.61

28.2 19.77 36.50

32.5 2037 33.23

60 25.0 18.92 36.31

282 20.57 38.89

32.5 2176 39.70

90 25.0 19.86 34.92

282 19.16 3932

325 22.54 34.34

(B]¢] 250 20.76 34.28

28.2 21.48 31.22

325 21.89 38.38

13G 25.0 20.62 35.79

28.2 20.56 34.35

325 22.19 36.30

150 250 20.57 35.72

282 15.06 33.1%

325 21.56 39.01
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3.3 Eating Quality

FIGURES 8(a-) show the cooking quality of rice before and afler drying in vanous drying lemperature.
The quality of cook rice is evaluated in terms of the aroma, tenderness, cohesivencss, whiteness and glossiness of
the cooked rice using a scoring scale of 1-9. For Pathumthani 1 variety had aroma slightly high than Suphanturi |
variely. The tenderness, cohesiveness, whileness and glossiness, Pathumthani | variety had difference clearly from
a Suphacburi | varicty. However the whilencss and glossiness Suphanburi | variety are higher than those of
quality for Pathumthani | variety.

The quality of cooked rice, Suphanburi | variety, on the tenderness, cohesiveness had decrease (score
lower than 5) while inlet air lemperature and initial moisture contents increase. This is because at high intet air
temperature, grain with high temperatures and high moisture conlent can be partial gelatinized among starch
granules. This phenomenon accelerates grain getting age. The result is showed that the physical quality in term of
hardness is depended on drying time, grain temperature, tempering time and ventilation process. Thus
Pathumthani 1 variety with low amylose conlent so iendemess, cohesiveness higher than Suphanburi 1 variety.

The whiteness of cook rice is decreased at high inlet air temperature and high mitial moisture contents.
This is according 1o milling test and the whiteness of cook rice for Pathumthani | variety is lower than Suphanburi
1 variety. This is because of its nature of rice variety especially Pathumthani 1 was a cream color grain.

The quality of cook rice for Pathumthani | variety are acceptable except at high moisture contenl level
with inlet air temperature 100°C-140°C having score lower than 5. The result is concluded thal the cooking
quality between dried rice and reference one are nol much different while the high inlel air lemperature and high
initial moislure contents cause effect to the aroma value. However, the minor variations of data may be occurred

cither the panelists or the rice washing and rinsing stage before cooking.
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—&— MinPathumthani | 25.0%db.(reference aroma=7.11)
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—a&— Min Pathumthani 1 32.5%4db (reference aroma=6.45)

—0— Min Suphanbu ril 25.0%db {refrence aroma=5.78 )
—{3— Min Suplianburi | 28.8%db . (reference aromu=5.49)

—— Min Suphanburil 32.5%db.(rekrence aronm=5.68}

Tenderness
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—— Min Suphanbun 1 32.5%db (reErence tenderness=3.25)

8(b) Tendemess for Pathumthani | and Suphanburi 1
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8 (d) Whiteness for Pathumthani 1 and Suphanburi |
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FIGURE 8 Effect of inlet air temperature on eating quality of coak rice for Suphanburi | rice
and Pathumthani 1 rice: the average initial moisture contents of 25-33% dry basis

- an average final moisture content of 22.04+1.2% dry basis.
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4. CONCLUSIONS

Head rice vicld of long grain paddy containing the higher moisture content of 25% d.b. when dried at
termperature below 80°C does not show a significant enhancement or a rapid decline, along with the whiteness to
be invariably maintained, comparing to these qualities of the contvol rice sample. However, al temperature above
100°C, the recovery of head rice yield can be made particularly for the initial moisture content of 32,5% dry basis
whereas the color of white rice has a pale yellow but it is still in the preferentially acceptable value.

For the hardness vatue, it is depended on the initial moisture content of paddy and drying temperature

while the sensory lasie is not notable effected by drying temperature except the aroma test.
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Abstract : The objective of this study is to develop a heat transfer mathematical model for paddy in a fluidized
bed dryer for predicting inside grain temperature distribution, mean temperature of grain and air temperature at
various position inside fluidized bed dryer. From the prediction result of grain temperature distribution, it is found
that the temperature approaches 10 the inlet air temperature after 60 seconds. By comparing (o the experimental
result, it 1s found that both results have a similar pattem of grain temperaturce distribution but 8 — 10 OC higher for
the case of simulation. This is due to the assumption that there is no moisture evaperation from gratn during heat
[ranlsl'er.
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Abstract : The present work involves the experimental study to investigate the basic feature of air-rice husk flow
behavicr as well 'as the measurements of air velocity are also conducted in a cyclone-fluidized bed combustor
{CFBC) cold model which is essential for proper design and operation of combustor. The results shown that a
combination phenomena of vortex and fluidization flow were simultaneously developed, The vortex ring functions
as ap air nozzle which facilitates the swirling motion and hence enhancing tangential air velocity. This created the
suspensicn layer of rice husk between the vortex ring which could substantially reduce the elutriation of solid. The
circulation flow is aggressive at near the wall duc to the reverse flow of air which is beneficial for solid
combustion. The vortex ring and spouted bed feature developed at the bottom of CFBC induced the fluidization in
the next above zoncs without using any inert materals mixed in to the bed.
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Abstract

The fluidised ped grain dryer is now fully commercialized in several counines. 18 potential is
greal especially for high moislure grains such as paddy, parboiled rice, maize and soybean. lls drying
rale 15 very fast as compared to conventional grain dryers. Consequently, the size of drying unil 15 very
compacl relative 10 its capacily. [15 energy consumption is relatively low whife grain quality 1s maintained.
In this paper, the research and development effart on fluidised bed grain drying especially in Thaland 1s
described, starting with an expenmental batch dryer and culminaling with a commercial continuous-flow

dryer.
1. Introduction

It has been suggesled that igh moisture paddy shouid be dried quickly (o approximately 23%
maislure content (dry basis'} then subjected to ambient air drying in storage (Soponronnari et al. 1994;
Driscoll and Srzednicki 1991). Following two-stage drying. cosl and produc!t quality appear 0 be
oplimised. Ouring the first slage. fluidised bed dnying s an alternative to conventonal hot-air drying s
advantages are: (1) umform product moisiure content, and thus high drying air lemperature ¢an be
employed but with less overdried grain; (2} high drying capacity dug 10 beller heat and mass transfer; (3)
a much smaller drying chamber and thus a significantly lower initial cosl: and {4) significant spin-off in
terms of increasing head nce yield and potenual for producing agfng nce.

Sutherland and Ghaly (1992) were probabiy the first resaarch groun who mvestigated feasbilily
of using fluigisaion technigue for paddy drying. Japanese researcher may have conducted similar

research work before. Experimental resulls reported by Sutherland and Ghaly {(1992) showed thal head

!
Unless olnerwise stated, the moisiure contents (111 ¢ ) quoted in this paper are dry basis.



yield was 58-61% when paddy was dried from 28.2 1o 20.5% but was 15-24% when the final moisiure
contenl was 19%. Tumambing and Driscoll (1993} found that drying rale was zflected by drying arr
temperature and bed thickness under experimental conditions as foliows: drying ait temperature of 40-
100°C; bed thickness of 5-20 cm and air velocily of 1.5-2.5 m/s. They alse developed a mathemalical
model for conlinuous fluidised bed paddy dryer.

Soponronnarit and Prachayawarakorn (1924) have reviewed the research an_d developmenl
work on fluidised bed drying of grain, and conducted both experimental afd simulation studies on batch
fluidised bed drying of paddy. Soponronnarit et al. (1996a} described the developmenl of a cross-flow
fluidised bed paddy dryer with a capacily of 200 kg/hour (Fig.1). ;éxperimental results showed that final
moisture conlent of paddy should not te lower than 23% if quality in terms of both whileness and head
yield were to be maintained. Drying air temperature was 115°C. Simulation resulls indicateg that the
appropriate operating parameters should be as follows: air speed, 2.3 m/s; bed thickness, 10 cm: and
fraction of air recycled of 0.8. With these conditions, energy consumplion was close o the minimum,

white grying capacily was near maximal. In this study, moisture of paddy was reduced from 30 10 24%.

I

|
Paddy out, M, :
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Figure 1 Control volumes of continuous cross-flow liuicised bed Gryng system: 4 grain low: € 7 airflow: T.

1emperature; W. humgity ralio; M. grain - moisture conlent; Q. heat: CV. control volume.



Following the success of the development of the cross-flow fluidised bed paddy dryer, Rice
Engineering Supply Ca. Lid., a privale company in Thailand, showed inlerest in collaborating in the
development of a prototype with 8 capacity of approximately 1 t/hour {Soponronnarit et al. 1995). The
prololype is shown diagrammatically in Figure 2. # comprises a drying section. a 7.5 kW backward
curved blade centrifugal fan, a diesel uel-cil burner, and a cyclone. The bed length. wigth and height of
the grying section are 1.7, 0.3 and 1.2 m, respectively. The depth of the paddy bed is controlied by a
weir. Paddy is ted in and out by rotary feeders. in operation. hot afr {temperature conirolled by
Ihermostat) is blown inta the drying section through a perforated steel sheet floor. The air and grain flows
are perpéndicular o each other. A small portion of the air leaving the drying chamber is vented (¢ the
atmosphere, while the remainder, after cleaning in a cyclone, is recycled to the dryer, mixed with ambient
air and reheating to the desired temperalure, respectively. The feed rate of paddy can be varied from
less than 1 Vhour 1o more thar 1.5 Yhour. More detail is given in Yapha (1994). Experimental resulls
showed that the unit operaled efficiently and yielded high product quailily in terms of head yield andg
whiteness. In reducing the moisture content from 45 to 24% using air lemperature of 1{)0-120°C. fraction
of air recycled of 0.66, specific airiow rate of 0.05 kg/s-kg dry matter, superficial air velocity of 3.2 m/s,
and bed depth of 0.1 m, total primary energy consumption was 2.32 MJ/kg of water evaporated, of which
0.35 was primary energy from eleclricity (eleclrical energy multiplied by 2.6) and 1.79 was primary

energy in terms of heal energy.



4 gmbieair  B-drybulb 9 - wet bulb

Figure 2 Diagram of fluidised bed paddy dryer.

As a resull of the success of the protolype, commercial fluidised bed paddy dryers with
capacities of 5, 10 and 20 t/hour as shown in Figure 3 are now available. Mare than 200 unils have been
sold since the beginning of 1995. The {luidised bed dryer is mainly composed of @ drying chamber. a
backward curved blade centrifugal fan, a burner using diesel ail or fuel cil for heating air. and a cyclone
or a cyclo-fan. Commercial cyclonic rice husk furnace is now avaiable commercrally. More than 100 unis
have been sold since the beginning of 1999.

Operation of the commercial fluidised bed paddy dryer 1 similar (o the prolotype excepl thal a

smail portion of exhaust ar 15 venied 10 the almosphere afler being cleaned by the cyclone.



1 Rotary Feeder, Inlet

2. Rotary Feeder, Qutlet

EN Bumer

4 Backward Curved Blade
Centrifugal Fan

Combustion 3 Drying Chamber
Chamber 6. Exhaust Air
7. Air Recycled
8. Cyclone
9-15. (Position Of Temperasure Measurement)

Figure 3 Commercial fluidised bed paddy dryer.

2. Performance Of Fluidised-Bed Paddy Dryer

2.1 Minimum fluidised bed velocity

sroin W esocomenial resulls repored by Scponronnant and Prachayuwarakorn (19443, the

mimimum flurdised bed velocity for paddy s approximalely 1.6 m/s and increases with moislure conlent.

The relationship belwaen pressure drop across lhe paddy bed and bed velocily is presented in Figure 4.
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Figure 4 Relationship between bed pressure drop and bed velocity at different bed depihs in fluidised bed

pacdy dryer.

For maize, the minimum fividised bed velocity increases with moisiure content. It varies from 1.5
101.8 mfs as reported by Soponronnarit et al. (1997a,b). For soybean, Soponronnarit et ab. (2000)
reponed that the minimum fluidised bed velocily is 1.8 m/s and varies slightly and inversely with moisture

conlent.
2.2 Experimental resuits from commercial fluidised bed grain dryers

Experimental results from commercial fluidised bed paddy dryers with ¢apacilies of 2.5-5 vh
and 5-10 t/h are summarized in Table 1 (Saponronnarit el al., 19960). Paddy guality in terms of head
yield and whiteness are all acceptable as compared 1o paddy dried by ambient air (reference) which is
éxpected to obtain highest quality. Considering energy consumplion, it is relatively low as compared to
conventional hot air dryers, excepl a case with low inlet paddy moisture contenl. It is generally
recommended 1o gry paddy from high moislure level 10 a moisture content of approximately 23% n order
lo maintain paddy gualily. However, it is possible to dry paddy 1o a lower moisture level if tempenng

process follows the fluidised bed drying. In addition. as compared o ambient air drying, head yield can



he increased if proper drying condilions are provided. The effects of bolh lempering and drying on
paddy quality will be presenled in the next section.

Experimental results of maize drying in a commercial fluidised bed dryer are presented in Table
2. Al high moisture level of maize, i.e. inlet and exil moisture contents higher than 28% and 19%.
respectively, energy consumption is relatively low. The quality in terms of breakage and siress cracks is
relatively good and commercially acceptable provided that the exit moisture conlent of maize is not less

than 16.7%.

Experiment of soybean drying in a2 commercial fluidised bed dryer was conducled (Wangji et al..
1997). The operating parameters are as follows: drying capacity of 2.9 Uh, air flow rale of 3.3 kg/s. bed
velocity of 2.9 m/s, bed height of 0.15 m, residence time of 2.35 minutes, fraclion of air recycled of 0.83
and inlet drying air temperatures of 110-140°C. Moislure content of soybean was reduced from 25.3,
29.7. 33.7 and 39.3% to 20.2, 22.0. 22.8 and 23.4%. respectively. Average primary energy consumplion
of which the majority is from heat energy is 4.62 MJ/kg water evaporated. Average stress cracks afler
drying is about 12% higher than that before drying. More insight of qualily resuils obtained from Iab-
scale fludised bed soytean drying were reported by Sopcnronnarit et al. {2000). The fiuidised bed
drying was found lo reduce the level of urease aclivity which is an indirect measure of trypsin inhibilor,
with 120°C being the minimum required to reduce the urease aclivily to an acceptable level (ApH less
than 0.3}, Increased air temperatures caused increased cracking and breakage, with temperalure below
140°C giving an acceplable level for animal feed industry in Thailand (Breakage less than 3%). The

prolein level was nol significantly reduced in this temperature range. Delails are available in Table 3.

Table 1 Performance test results of commercizl fiuidised bed paddy dryers.

Test nos.
1 2 3 4
Tesling resulls

Drying air lemperalure (°C} 115 16 120 130 150
Drying air recycted (%) 69 69 69 69 53
Inlel moisture content of paddy )

220 26.0 28.7 30.6 27.0
(% dry basis)
Qutlet moisture content of paddy

201 22.5 225 23.0 214
(% dry basis)
Qutlel paddy temperalure (°C) 54.0 52.0 54.0 57.0 63.0




Electrical energy consumed
0.83 0.43 0.26 0.21 0.15
{MJfkg-water evap.)
Thermal energy consumed
7.80 3.13 2.57 2.21 3.90
(MJ/kg-water evap.)
Head rice yietd (%)
- dried in fluidised bed dryer 53.2 54.3 53.9 57.0 48.1
- dried by ambienl air 57.4 57.2 53.9 5.0 56.2
(reference)
Rice whiteness
- dried in fuidised bed dryer 40.3 40.7 40.0 43.7 36.8
- dried by ambient air 44.4 442 401 43.8 426
{reference)
Testing hours 50 350 46.0 51.0 29.0
Drying capacity (tons/h) 95° 8.5° 95° 85" 4.8°

Remarks: a = Dryer with capacity of 2.5 - 5.0 tons/h

b = Dryer with capacity of 5.0 — 10.0 tons/h

Table 2 Performance tesl results of commercial fluidised bed maize dryer.

Test nos.

Testing resulls

Drying air temperature (°C) 130" [ 130° | 140" | 150 150" | 180" | 170° | 175°

Drying air recycled (%) 84 78 78 78 84 78 84 84

Inlet moisture content of maize
22.2 38.3 327 282 186 | 403 211 228

(% dry basis}

Qutlet moisture content of
19.1 30.8 27.2 19.2 16.7 26.3 14.2 18.2

maize (% dry basis)

QOutlet maize temperature (°C) 68 68 74 - 74 - 97 a6
Electrical energy consumed

1.25 0.60 0.49 0.41 205 | 0.32 - 0.88
{MJ/kg-waler evap.)
Thermal energy consumed

15.21 6.67 6.48 550 | 27.83| 472 - 15.68

(MJ/kg-waler evap.)




Breakage (% by mass)

- dried in FBD 1.91 - 1.81 2.82 1.34
- dried by ambient air 1.04 - 1.72 2.44 1.55
{reference)
Siress cracks (% by mass)
- dried in FBD 0.59 - 1.03 3269 | 3.34
- dried by ambient zir 0.19 - 0.5¢ 062 | 0.79
(reference)
‘g Hur;ler value
- dried in FBD 11.42 | 11.26 | 1456 | 11.74 | 1113 | 12.09 8.10 6.93
- dried by ambient air 10.24 | 10.85 | 12.85 | 10.63 884 | 10.80 7.66 7.69
(reference)
‘b Hunter vaiue
- dried in FBD 2452 | 2385 | 27.21 | 2655 | 2391|2583 | 2161 | 20.23
- dned by ambient air 2284 | 22.88 | 28.27 | 2546 | 22.10| 28.85 | 19.86 | 19.52
(reference)
Testling hours 2 6 10 7 2 4 5 7
Drying capacity (tons/h) 1.8 2.0 3.0 | 20 18 | 1.8 1.6 18

Remarks: FBD = Fluidised bed oryer

a = 17 cm bed depth

b = 19 ¢m bed depth

¢ = 22 cm bed depih




Table 3 Protein solubility in 0.2% KCH and urease activity of high initial moisture soybean dried in

fluidised beg dryer.

T M, M, Protein Urease activity | Protein solubility
(°c) | (%d.b) | (%db) (%) (ApH) (%)
140 335 233 40.76 0.67 86.14
130 321 22.0 39.75 080 ., 86.76
120 335 24.0 40.53 0.83 88.96
140 335 14.4 40.14 0.10 81.78
130 321 12.2 40.67 0.11 81.70
120 33.5 12.8 41.33 0.11 82.43
Initial values 41.45-41.67 1.89-2.04 89.94 -90.07

Remarks: T = Temperature, (OC-]‘
M, = Initial moisture content, % dry basis

M, = Final maisture content, % dry basis

2.3 Effects of drying, tempering and ambient air ventifation on moisture reduction and quality of paddy

Soponrennarit el al. {1999) investigated in a laboratory how to manage moist paddy by three
processes in senes, i.e., fluidised bed drying, tempering and ambient air venlilation. Experimenta!l resulls
show that afler the three processes, moisture content is reduced from 33% 1o 16.5% within approximalely
53 minutes. During the first process, a fluidised bed dryer with inlet air temperature of 150°C was used to
reduce the morsture content of paddy down 10 18.5% within 3 minutes. Then the paddy was lempered for
30 minutes Finally, it was cooled by ambient air (lemperature and relative humidity of 30°C and 55-60%.
respectively with air velocity of 0.15 m/s) for 20 minutes. Quatity of paddy in terms of head rice yielg and
.whiteness is acceptable.

Poomsa-ad et al. (2002} experimentally and mathematically confirmed 1hat the tempering period
of 35 minutes is recommended for the two-stage fiuidised bed drying. The drying rate during the second '
stage drying can be improved considerably. This is due lo the redistribution ol moisture in the grain
kerne!. The simulation result shows thal the moisture is almost uniform after 35 minule tempering. It
shouid be noted that the recommended lempering period is very much shorter compared to other

researches. This is mainly due to significantly higher drying temperature employed in the fluidised bed



drying which results in higher grain temperature and thus causes fasier moisture diffusion during

tempering in case of the fluidised bed drying.
3. Spin-Off From Fluidised Bed Paddy Drying

Soponronnarit el al. {1998) conducted paddy crying using fluidisation technigue and paddy
tempering following drying in a faboralery and found a significant spin-off. -Head yield increases higher
lhan 50% when paddy is dried by fluidisalion technique with inlet drying ;ir temperalure of 140-150°C
and milial moisture content of paddy of 29.9 - 44.9%. As initial moisture contenl increases, head rice
yield increases. Final moisiure contents of paddy that can increase head yield 10 a maximum value are in
a range of 23.4 - 28.2%. It is believed that gelalinization especially at the surface of rice kernel 15 the
main factor for increasing head yield. Tempering of paddy after drying can maintain head yield as
compared to that without tempering. Rice whileness of dried paddy is mostly accepted provided thal
lempering temperature is nol higher than 60°C. For consumer acceptance, lested rice without
tempering is not significantly different from that dried by ambient air, while lested rice with lempering,

alter being cooked, has higher bad smell and lower whiteness. However. this may be solved by

reducing tempering time down 10 30 minutes.
4. Conclusion

Fluidised bed grain drying has been developed for almost 9 years in Thailand. The firsl fluidised
bed paddy dryer was first commercialized in Thaitand in 1995. Il is probabiy the firsl commerciai
conlinuous fluidised bed dryer for paddy drying. Since then, more than 200 commercial unils with
capaciies of 5, 10 and 20 tons/hour have been sold in Thailand, Cambodia. French Guyana, Indonesia.
Laos, Malaysia, Mexico, Myanmar, the Phiippines and Taiwan.

A basic sludy including drying kinelics and factors affecting grain quality. moisiure reduction
rale and energy consumption was conducled for paddy. maize and soybean. Imponant resuils are
presenled in this paper. The performance of commercial fluidised bed grain dryer was also invesugaled
and presented. Finally, a complele mathematical model for the fluidised Ded grain drying system
ini luding & senies of drying, tempering and subsequent diying was denved.

In conclusion, the fluidised bed paddy dryer 1s competilive with convenlional hot air dryers

eLaily al high moisture level, i.e. low energy consumption, low cosl and acceplable paddy qualily.
importanl operaling paramelers are : drying air lemperalure of 140 - 150°C, fraction of air recycled of

0.#. aw velocity around 2 0 - 2.3 m/s and bed thickness of 10 - 15 cm. Under proper conditions such as



high initial moisture content of paddy (higher than 30%) and high air temperature (140 - 150°C). head
yield can be increased up to 50% compared to ambient air drying. For consumer acceplance, tested rice
with fluidised bed drying is not significantly different from that drieg by ambient air.

For other grains. the fluidised bed dryer has a great polential for commercialization. Many units
have been used in parboiled rice mills, a few for maize and soybean industries. Experimentat resulls
obtained from commercial fluidised bed dryers showed good performance and good product quality with
a significant spin-off that urease activity in soybean kernel could be retiuced to an acceptable level

required by animal feed industry.
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