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ABSTRACT: Fine particles from motor vehicle exhaust emissions become a major problem for the
environment and human health. This burden requires a new technology of filtering system with high
efficiency. However, the filtering system for motorcycle exhaust is still limited. Thus, we developed a new
filtration system using coco fibers mixed to tapioca glues with the variation ratio such as 50:50 (Filter 1);
60:40 (Filter 2); 70:30 (Filter 3); and 80:20 (Filter 4). The efficiency is calculated by the ratio of the fine
particle concentration in the exhaust emission before and after passing through the filter. The fine particle
concentration was measured using a Digital Dust Monitor (Kanomax, Model 3443) when the motorcycle was
operating in the idle condition. The fine particle concentration was measured for twenty sampling time. The
filter efficiency was tested using three different motorcycles (M1, M2, and M3). The result showed that the
filter efficiency was found between 12% and 33% depending on the filter thickness, density, and composition
of the coco fiber and the glue.
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1. INTRODUCTION surfaces [4]. Long-term exposure to fine particles
was associated with the blood pressure alteration
The population of a motor vehicle in the world [5]. Many epidemiologic studies have been
has been increasing from year to year. Some conducted to investigate the pulmonary responses
factors that influence the growth rate of motor to the exposure to fine particles in a mice model
vehicles are the increased population and [6]. The previous studies have confirmed that fine
economic growth [1]. The growth rate of motor particles have an association with coronary artery
vehicles was also related to the urbanization [2]. disease [7]. They can induce oxidative stress and
From many kinds of motor vehicles, the to cause inflammatory cytokines gene expression
motorcycle is widely used as the common vehicle and secretion [8].
due to its high efficiency, low fuel consumption, Several studies have been conducted to
long durability, and easy of use. Thus, the motor improve the filtration technology in the motor
vehicle population growth can be linked to the vehicle exhaust system. A diesel particulate filter
emission of motor vehicles (particulate matter and (DPF) of the heavy-duty diesel trucks has been
gaseous emissions) that influence the air quality investigated recently [9]. The previous study
level. confirmed the latest filtration technology using an
Particulate matter (PM) is a key component of electrostatic force to reduce the concentrations of
air pollution in which the motorcycle is one of the ionic ultrafine particles [10]. Even, the thermal
sources. Thus, PMs become a major problem for energy generated from the motorcycle muffler has
the environment. The size of PMs ranges from been utilized to reduce the concentration of fine
nanometers (submicron) to microns in the diameter particles [11].
size. Generally, they are classified into PMo; In other sides, the data about a porosity-based
(ultrafine particles), PMys (fine particles), and filter developed from the coconut fiber has not
PM g (coarse particles). been available. Meanwhile, the reference of the
Especially for the particulate matters with the biomass particulate filter for the motorcycle
diameter less than 2.5 um, PM35 consists of major exhaust system is still limited. In this study, four
and minor elements, inorganic ions, elemental variations of biomass fine particle filters were
carbons, and some organic compounds [3]. The tested in a laboratory test bench. The study
accumulation concentrations of PMjs in the included three motorcycle samples in different
ambient air, whether the indoor or outdoor manufacturers and engine types that selected
environment, may affect ecological balance and randomly. This research aimed to provide detail
does have an impact on human health. In an indoor information about the performance of the
environment, fine particle toxicity was influenced particulate filter in reducing the concentrations of
by its deposition wvelocity onto human body fine particles emitted by motorcycle, including the
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factors that related to the filter efficiency.
2. MATERIALS AND METHODS
2.1 Motorcycle Samples

The study included three different motorcycle
samples preferred randomly in Malang, East Java,
Indonesia. The description of the vehicle samples
is presented in Table 1. The names of the
motorcycle samples are replaced by the letter code
of M1-M3.

Table 1 Motorcycle samples classification

Motor Engine Capacity Model
Samples (cm?) Years
M1 150 2013
M2 150 2013
M3 150 2013

Note: Each motorcycle sample was purchased
from a random user in a standard engine condition
(4-stroke engine, manual transmission) with the
same gasoline type and octane number.

2.2 Fine Particle Filters

The coco fibers were purchased from the local
market around Brawijaya University, Malang,
Indonesia. The coco fibers were chopped up and
naturally air-dried to reduce the moisture content.
When the fibers were dry (moisture content <
15%), the coconut fibers were ground to become
the fine-grained powder. The powder was mixed
with the tapioca glue in four different variation
ratios to generate four different filters: F1, F2, F3,
and F4. The filter cake was mixed with the dilution
water. When it came blended, it was pressed on a
metal screen with constant pressure to generate a
filter sheet with the specific thickness (Table 2).
The filter sheet was naturally air-dried.

Table 2 Specifications of the fine particle filters

Parameter F1 F2 F3 F4

Coco Fiber:  50:50 60:40 70:30 80:20
Glue (Ratio)

Diameter [cm] 7.620 7.620 7.620 7.620
Thickness 0.154 0.178 0.205 0.241
[cm]

Density 0.232 0.215 0.201 0.195
[g/cm?]

Dilution Water 500 500 500 500
[cm’]
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2.3 Fine Particle Concentration Measurement

Particle measurement was conducted at the
Laboratory of Air Quality and Astro Imaging
Physics Department, Brawijaya University,
Malang, Indonesia. The measurement was
conducted in an indoor room (laboratory test
bench), with constant room temperature and fine
particle concentration during ambient monitoring
(Tampient = 27°C — 28°C). The location of the
measurement was also greater than 1000 m from
the nearest public roadway. The particle
measurement set-up  (filter test bench) is
represented in Fig.1.

Motorcycle Muffler

. Anemomaster
Filter

Digital
Dust
Monitor

Thermometer

Thermometer

Fig.1 Schematic of the bench-scale fine particle
filters test system

Each filter was installed individually on the
outlet of the motorcycle muffler using a filter
converter kit (diameter: 76.2 mm). The motorcycle
engine was turned on for 1 minute for warming up
the process, with a constant condition (idling state
at 1000 RPM). A Digital Dust Monitor (Kanomax
Inc., Model 3443) was used to measure the fine
particles concentration. The pressure drop of the
exhaust flow rate after treatment (vou) Wwas
monitored by an Anemomaster (Kanomax Inc.,
Model AO031). The inlet (Tiy) and outlet
temperatures (Tq) were measured with digital
thermometers. The ambient temperature (T ambient),
relative humidity, and gaseous emissions (CO and
COy) were reported from a Q-Trak (TSI, Model
8554). These measurements were conducted before
(Cin) and after (Cou) applying the filter to the
motorcycle muffler in every 10 seconds as the
interval time of the measurement. All
measurements were repeated three times.

2.4 Statistical Analysis

The recorded fine particle concentrations were
analyzed using Eq. (1) to determine the filter
efficiency (Ef) [10].

Ef = [(Cin - Cou) / (Cin)] X 100% )
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The filter efficiency was interpreted as the
mean * SD (standard deviation) from all
motorcycle samples (n = 3, M1, M2, and M3). The
differences between the two groups (for examples
F1 and F2, F1-F3, F1-F4, F2-F3, and so on) were
determined using a Student’s t-test. p-values of
less than 0.05 were considered to be statistically
significant [6].

The associations between the filter thickness vs
filter efficiency, filter thickness vs pressure drop,
and filter density vs pressure drop were interpreted
by linear regression analysis, in which R? > 0.80
was considered as significantly correlated. The
statistical analysis was carried out using Microsoft
Excel 2016.

3. RESULTS
3.1 Fine Particles Concentration

In order to understand the filtration behavior on
the fine particles reduction, the concentrations of
fine particles were measured before and after
applying the filter (Table 3). Fig.2 shows the
effects of the installed filters with a constant
condition. Compared to the fine particles
concentration before using a filter (Cin), all filters
could decrease the concentrations of fine particle
emissions (p < 0.05).

Table 3 Mean fine particle concentrations

Filter Concentrations (x10° mg/m®)
Samples M1 M2 M3

Cin

F1 22.85 24.60 23.70

F2 21.15 23.60 23.95

F3 18.10 24.75 24.45

F4 15.95 26.45 28.00
COUI

F1 20.15 20.75 20.55

F2 17.65 18.85 19.65

F3 13.65 17.80 17.50

F4 10.75 17.90 19.10

Note: All measurements were conducted in an
indoor room. The values represent the means of
each measurement result.

3.2 Filter Efficiency

Filtration test was conducted to determine the
filter efficiency in reducing fine particles. Fig.3
below represents the filter performances (mean +
SD, for all motorcycle samples, n = 3), as
calculated using Eq. (1).
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Figure 3 shows the efficiency of the four
different filters with the different thickness level.
Based on the filter thickness, F4 had the highest
efficiency when applied in M1 (33%), whereas the
lowest efficiency was obtained at F1 applied in M1
(12%). The similar results were found in M2 and
M3. In the sample of M2, F1, F2, F3, and F4
generated 16%, 20%, 28%, and 32% of the filter
efficiencies, respectively.

Similarly, F1 and F2 generated 13% and 18%
of the filter efficiencies when applied in M3. On
the other hands, the efficiencies of the filters F3
and F4 in M3 were 28% and 32%, whereas the F4
generated the highest efficiency. The value was
significantly higher than the efficiency of F1 (up to
19% higher). Among the three different
motorcycle samples, F4 has the highest efficiency.
This result was consistent with the result obtained
from the previous study [12].
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Fig.2 Fine particle concentrations of FO (Ci,) and
Cou from Filter 1 (F1) - Filter 4 (F4) for all
motorcycle samples: (A) M1; (B) M2; and (C) M3
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Fig.3 Fine particle concentrations of FO (Ci,) and
Cou from Filter 1 (F1) - Filter 4 (F4) for all
motorcycle samples: (A) M1; (B) M2; and (C) M3

4. DISCUSSION

Figure 3 depicts the mean efficiency, in which
the filter efficiency is influenced by the
thicknesses of the filters. This tendency is proven
in this study, as the thickness variation of the filter
was investigated to determine the efficiency.
According to the results, the increase in the filter
thickness has better ability in reducing fine
particles showing to the higher efficiency. In order
to get a better understanding, Fig.4 below
interprets the correlation between the filter
thickness and the filter efficiency.
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Fig.4 The correlation between filter thickness and
filter efficiency

Based on Fig.4, the linear regression analysis
shows an extreme positive correlation between the
filter thickness and the filter efficiency, since the
R? value is 0.98 (=1). The correlation is interpreted
as a linear function with the approximation
equation y = 22.27x — 20.56. This trendline
indicates that there is a strong correlation between
the filter thickness and the filter efficiency.
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The different efficiency level Ef of the filters
might be related to the filter porosity. In this state,
the porosities across the substrate of the coconut
fibers might influence the filter efficiency. As
confirmed in the previous study, the porosity
distribution of the filter, including the pore size
distribution, can represent the performance of a
particulate filter [13]. The porosity level of a filter
has a correlation with the filter thickness and
density.

According to the results, F4 had the highest
filter efficiency. Interestingly, the thickness of F4
was the highest, 0.24 cm. In contrast, the density
of the filter F4 was only 0.195 g/cm?®. Although F4
was the thickest filter, F4 had the lowest density
level. These results indicated that F4 had the most
porosity level due to their lowest density level.

As shown in Table 2, F4 is the thickest filter
(0.36 — 0.87 mm thicker than other filters) with the
lowest porosity level. Thus, as expected F4 has the
highest efficiency level, related to the filter
thickness. As the thickest filter, F4 might have
more fibroin content due to its high coco fiber ratio
(80%). The coco fiber ratio of F4 was up to 10%
higher than F3, F2, and F1. These different coco
fiber ratio might influence the porosity of the
filters since the fluid flow through porous media is
related to the media porosity [14]. Since the filter
density is not only the influencer factor, the filter
efficiency is much more influenced by the filter
thickness.

The density and porosity might indicate the
existence of pressure drop that reflected filter
performance [15]. As interpreted below (Fig.5), we
had measured the level of pressure drop related to
the flow rate of the emission [16-17]. The results
showed that F1 had the most pressure drop (58%).
Meanwhile, the lowest pressure drop level was
referred to F4, as the most porous filter (22%).
Based on the flow rate measurements of the outlet,
the values of vo,t was 0.09 m/s, 0.10 m/s, 0.11 m/s,
and 0.16 m/s for F1, F2, F3, and F4 respectively.
In other sides, the vi» was 0.21 m/s. There was no
difference between Ti, and Tq.

These results reflect the correlation (linear
regression functions) between the filter density —
filter thickness and pressure drop, together with the
filter performance Ef. The thickness of the fibrous
media structures influences the permeability and
the airflow [18]. The more porous filter had more
tapioca glue. The more concentration of coco fiber
increased the filter efficiency, together with the
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decreasing amount of the pressure drop. These
results indicated that the thickest filter F4, with the
highest coco fiber ratio, could decrease the finest
particles concentration though it had the lowest
density level.
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Fig.5 a). Filter thickness vs pressure drop (R? =
0.89), and b). Filter density vs pressure drop (R? =
0.66)

5. CONCLUSIONS

We have developed the filter using coco fibers
for motorcycle fine particles. In all motorcycle
samples (M1-M3), the fine particles concentrations
before using a filter (Cin) were 15.95 x 1073 to
28.00 x 10 mg/m®. Compared to the fine particles
concentration before using a filter (Cin), all filters
could decrease the concentrations of fine particle
emissions. The concentrations of fine particles
after being filtered (Cout) were 10.75 x 1073 to
20.75 x 10 mg/m®. The filters could decrease fine
particle concentrations with the efficiency in the
range of 12% to 33% depending on the filter
thickness, density, and the composition ratio
between coco fibers and tapioca glue. These results
indicated that the thickest filter F4, with the
highest coco fiber ratio, could decrease the finest
particles concentration though it had the lowest
density level.
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