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Abstract— The drying of crushed oil palm fronds was studied in a fluidized bed dryer assisted with mechanical agitation at different
inlet air temperature, superficial air velocity, bed loading and agitation speed. The drying kinetics of the fibers under various drying
conditions could be described by a single characteristic drying curve. A combined exponential and power law model is proposed to
represent the characteristic drying curve which described both the increasing rate and the falling rate periods. The proposed model is
also tested for drying kinetics of oil palm empty fruit bunch from previous researcher. It was found that the characteristic curve for
both oil palm fronds and empty fruit bunch fibers has similar shape and that the proposed model is acceptable for describing the
complete drying characteristics of the fibers.
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Drying of oil palm fibers is difficult to be realized in a
I. INTRODUCTION fluidized bed dryer due to the elongated shape of the
particles and their fibrous nature. These fibers entangled

Oil palm (Elaeis guineensis) is one of the most important o
b ( g ) P each other and as a result prevented fluidization of the bed.

agricultural crops in Malaysia. The oil palm plantation in the : . .
country is the highest among other crops, which coversAeration of the bed in the fluidized bed would form large

about 4.3 million hectares or 13% of the total land area in crack and plug flow as reported by Puspasari et al (2013).
year 2007 and 4.48 milion hectares in year 2008 They applied mechanical agitation to assist the fluidization
(Department of Statistics Malaysia, 2010). Besides the of :[Ibhe oil palm flbefrs.h istic drvi cDA) h

economic products of vegetable oil, the oil palm tree also e concept of characteristic drying curve (CDC) has

generates massive amounts of wastes such as empty fruReen successfully applied to describe the drying behavior of
bunch, trunk, shell and fronds. Kelly-Yong et al, 2007 many materials ranged from edible to non-edible materials

ted that h hect f oil pal lantati d such as _bananas (Baini and. Langris_h, 2007), prickly pear
repore a’ each neciare of off paim plantation pro uces(Lahsasm et al, 2004), sardines (Djendoubi et al, 2009),

10.88 tons of oil palm fronds on the average, which means'~
P g olive leaves (Nourhene et al, 2008), rosemary leaves

approximately 46 thousand tons was obtained in the year, . .
2887_)(' y . W ! I y (Timoumi and Zagrouba, 2005), sweet pepper (Pal et al,

2008), spirulina (Desmorieux and Decaen, 2005) and
gﬂckeliferous laterite ores (Pickels, 2003). The drying
characteristic of oil palm fibers from the oil palm empty fruit

With tremendous amount of oil palm fronds produced by
a plantation each year, it has great potential to be utilized a

biomass and source of industrial fibers. The fibers can be ; ;
used as industrial fibers in various products such as fiberbunCh (EFB) has been studied by Hasibuan and Daud (2007).

boards, mattresses and cushions, thermoplastic fillers, papeTh_e drying rate curve for oil pglm EFB ina throggh dryin_g

and animal feed meal. If wet chopped oil palm frond is using super_heated steam drying progressed with an initial

exposed to the atmosphere, it degrades easily within a da;peatmg period and a fglh.ng rate p_enod. No constant rate
eriod was observed. Similar behavior was also observed by

due to fungal attack and turns brown to black and emit a foulP ;
odor. It is therefore essential that the drying of oil paim Chen and Douglas (1997) for through drying of paper,

fronds is done quickly to bring the moisture content to about "EVertheless, the constant rate period appeared at low drying

10% wet basis (Supranto et al, 1999; Yun et al, 2013). intensity.
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This work investigates the characteristics drying curve of s

oil palm fibers from crushed oil palm fronds. A new model 5
for the complete drying characteristics is proposed and fitted ‘ i
with experimental data. The proposed model is also 1o0em

compared with experimental drying kinetics data for oil
palm empty fruit bunch fibers from the work of Hasibuan
and Daud (2007) available in the literature.

N _!'-x
stem =
Il. EQUIPMENT, MATERIALS AND METHODS s/& i)
A. Equipment _\)

Fig. 1 shows the schematic diagram of the experimental Fig. 2 Shape and size of agitator
apparatus used in this study. Air is supplied by an air blower
and passed through an electric heater with temperature
control. Air flow rate is measured using a compact hot wire B. Materials
anemometer (Model Testo 425). The air enters the stainless Wet oil palm fronds used in this study were obtained from
steel plenum chamber and then passes through the distributaBangi, Selangor, Malaysia. After removing the leaves, the
plate. The distributor plate is made from stainless steel of 1loil palm fronds was then cut into small pieces (40 mm) and
mm thickness with 2-mm holes resulting in 19% open area.ran through a mechanical crusher (Cheso Cresher Model
It is covered with a cloth to prevent the particles from falling LCT 10 HP). Fig. 3 shows photograph of the crushed oil
down into the plenum chamber. The cylindrical column is palm fronds.
made of acrylic with a height of 72 cm and internal diameter
of 14.4 cm. At the top of the column, a bag filter is used to
separate fines from the discharge gas.

Mechanical agitation is generated by an electric motor (70
watts) with a rotating speed varying from 100 to 2000 rpm.
The agitator consists of four impellers mounted on a 1 cm
diameter stainless steel shaft. The type of impeller used is
pitched blade turbine having an angle of 30° with horizontal.
The total blade length is 12 cm and it is 0.15 cm thick. The
detail of the agitator is shown in Fig. 2.

Fig. 3 Photograph of crushed oil palm fronds

C. Experimental Method
L —{ In this work, the Dc_esign of Experiments of Tagu_chi
e ¥y T method was used which allows the effects of various

- parameters to be simultaneously determined effectively and
-4 efficiently. By using Taguchi method, the number of

L . . :
experiments is less compared to the Full Factorial method of
design of experiments. A total of 9 experiments were carried
out according to the L-9 array of Taguchi method. It consists

on

of four factors and three levels for each factor as shown in
Table 1. For each experiment, the wet crushed oil palm
fronds were charged into the top of the column and the
drying experiment was started at predetermined inlet air
Fig. 1. Schematic diagram of agitated bed dryer: 1. Air blower, 2. Heater temperature, inlet air velo_C|ty, bed loading and §g|tat|on
3. I5Ieﬁum chamber, 4. Distributor plate, 5. Coluhr{, 6. Impelle’r, 7 Shaft,’ speed. The data_‘ on the moisture Content of the particles were
8. Agitator motor, 9. Bag filter, 10. Water manometer collected by taking a sample of approximately 1 g from the
bed every two minutes. The sample was weighed and placed
in an oven set at 105 °C for moisture content determination.

IS
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TABLE |

EXPERIMENTAL DESIGN

m=1
Taking logs on both sides:

Factor and Level

Experiment Designati
# on T u B N
(°C) _(mis) (9) (rpm)

1 1111 50 0.6 200 300
2 1222 50 0.8 250 400
3 1333 50 1.0 300 500
4 2123 60 0.6 250 500
5 2231 60 0.8 300 300
6 2312 60 1.0 200 400
7 3132 80 0.6 300 400
8 3213 80 0.8 200 500
9 3321 80 1.0 250 300

D. Characteristic Drying Curve

The concept of characteristic drying curve (CDC) first rate data for oil palm frond f?bers, the following
proposed by van Meel (1958) and cited in Keey (1978) characteristic equation was obtained:

consists of normalizing the moisture content and the drying

rate. The curve is obtained by plotting f agaibswhere f is
the normalized drying rate arilis the normalized moisture
content defined as

Inf=Ina+nlnyu— ky’ (5)

Hence there are two drying regimes: the increasing drying
rate with decreasing moisture content, known as the
increasing rate period, and the decreasing drying rate with
decreasing moisture content, known as the falling rate period.
If the dimensionless moisture contemtapproaches zero, n
is more dominant. In other words at dryer conditions,
hindered internal diffusion is dominant. Conversely, if the
dimensionless moisture conteptapproaches 1, m is more
dominant. In other words at wetter conditions, variation of
diffusion with position is dominant (Puspasari et al, 2012).

I1l. RESULTSAND DISCUSSION

All paragraphs must be indented. All paragraphs must be
justified, i.e. both left-justified and right-justified.

The drying rates of crushed oil palm fronds at various
drying conditions are shown in Fig. 4. The drying rates were
then normalized and presented in Fig. 5. As shown in Fig. 5,
the curves are close together indicating that the effect of
different drying conditions is small over the range tested in
this work. By fitting Eqn. (4) with the experimental drying

f =199, exp(—1.13,1% (6)

with correlation coefficient r = 0.9681 and standard error Sr
= 0.0865 which shows a good fit to the experimental data.

{%} 030
f= Tx (1) : 032123
E} 0.25 1 A a4 A 2312
- 2 020 - X . . o A3132
_ = - . 43213
— X XE“. (2) §. 0.15 i: . 01333
Xr_-r - Xeq 5 0.10 a® ‘&Oﬁ)&!&ﬂg‘ éé‘uﬂ :_fi
The initial drying period is usually short and neglected in ) X X X e %, Op Ty -

. . . . P 0.05 A Ead I:t <3311
the drying model. However, in this work, since the initial x & it
period took almost one-third of the total drying process, it 0.00 . . . .
should be incorporated in the drying model to well describe 00 05 10 15 20 25 30 35

the complete drying characteristics. Therefore, the moisture
content is then normalized to the initial moisture content as
suggested by Daud et al. (2000) in Egn. (3) to describe the
whole drying process.

X—X

X, —Xeg

A combined exponential and power law function is

proposed as shown in Eqn. (4) to represent the relationshif
between drying rate and moisture content. Similar concept
was formerly proposed by Puspasari et al (2012) when
developing the composite drying model.

f = ap"exp(—ku™ 4)

where the values of n and m are given by
n<1

22

HOH

A{g water/g dry material)

Fig. 4. Drying rate curve of crushed oil palm fronds
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Fig. 5. Characteristic drying curve of crushed oil palm fronds

The CDC method also could be applied to describe theB
drying kinetics of oil palm empty fruit bunch. It was f
observed that the shapes of the drying curves for oil palmN
empty fruit bunch in superheated steam do not significantly ,
differ with temperature over the range studied (steam
temperatures of between 115 — 170 °C and steam velocitiesc‘r
from 0.35 — 0.49 m/s). A characteristic curve seems tot
appear for the oil palm empty fruit bunch fibers. On the T
contrary, Langrish (2008) found that for the drying of sugar |,
beet fibers from the work of Pronyk et al. (2004), the
characteristic drying curve was only observed in hot air andX

an km

Equation parameters
Bed loading, g
Normalized drying rate, -
Agitation speed, rpm
Correlation coefficient
Standard error

Drying time, min
Temperature, °C
Velocity, m/s

Moisture content (dry basis), g water/g dry material

not in superheated steam. Since the shape of the drying rat8ymbol:

curve for oil palm empty fruit bunch is similar with that of @,

Normalized moisture content, -

oil palm fronds, the drying data from Hasibuan and Daud Subscripts:

(2007) for through drying of oil palm empty fruit bunch
fibers could be fitted to Eqn. (4). The characteristic drying €q

curve is shown in Fig. 6 with the following equation: cr
(0]
f =125 exp(—2.39,1%18 )
10 oo oo o (1]
o
08
[2]
06
& [3]
=
04
—CDC [4]
02
O Expenment
00 + T O
0.0 02 04 06 08 10 [5]
ui-) 6]
Fig. 6. Characteristic drying curve of empty fruit bunch
[71

This composite drying model can only be applied when
the drying curve exhibits no constant rate period. If the
drying progresses with the existence of constant rate perioo[s]
as in the drying of orange peel (Tasirin et al, 2013; Tasirin et g
al, 2014), the composite drying model can be applied by
normalizing the moisture content and the drying rate with
the respect to the critical moisture. [10

IV. CONCLUSIONS [11]

The fluidized bed drying of crushed oil palm fronds has [12]
been investigated. The drying rate curve exhibits an
increasing rate period followed with a falling rate period. It
was found that a single characteristic drying curve exists for

. X ; . [13]
the drying of oil palm fronds under various drying
conditions. Similar characteristic was also found for the [14]
drying of oil palm empty fruit bunch. A model which is
combination of exponential and power law function was [15
proposed to represent the complete drying characteristics o 16]
the fibers. The values of the parameters for oil palm fronds
are a =199, n=0.79, k =1.13, m = 1.96, whereas for oil
palm empty fruit bunch are a = 1.25, n = 0.90, k = 2.39, and[!”]
m =16.18.

(18]
NOMENCLATURE
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Critical
Initial
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