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The aim of the research presented in this article was to investigate separation performance of the air table
when separating a binary mixture of plastics. Separation using the air table, i.e. a dry mechanical process
that grades constituents of the mixture with differences in specific gravity, is employed for separation of the
PVC/PP mixture. Moreover, the performance of the laboratory-scale air table is improved by increasing the
height of riffles laid on the porous deck.
The separation tests in a laboratory-scale air table showed that the total efficiency of the separation is

mainly dependent on superficial velocity of the air, longitudinal vibrating frequency of the deck, end slope,
side slope, and height of riffles. The respective influence of these variables upon the total efficiency of separa-
tion is demonstrated experimentally.
The evaluations of the separation performance for the two-component mixture are made in terms of

grade [%], recovery [%] and total efficiency [%].
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1 INTRODUCTION

Plastic materials are gradually replacing metals as the main component in various
products. The use of plastics by machine, electronic, packaging industries, etc is wide-
spread. According to Japan Plastics Industry Federation [1], in Japan the production
of plastic materials amounted to more than 14.7 million tones in 2000, while the
production of polyvinyl chloride and polypropylene represented 16 and 18% of the
total respectively. This in turn will inevitably increase the amount of plastic waste
without considering recycling. Simple disposal of these waste compounds is wasteful
and can be hazardous. Therefore, recycling is becoming a reasonable solution to the
landfill problem.
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There are many kinds of plastics in wide use today including acrylonitrile-butadiene-
styrene (ABS), polyethylene terephthalate (PET), polyethylene (PE), polycarbonate (PC),
polystyrene (PS), etc. Other common examples are the polyvinyl chloride (PVC) and
polypropylene (PP) used in the packaging of products, vegetable oil bottles, medical
field, etc.
Recently, steel companies in Japan have planned to utilize waste plastics instead of

fine coal for charging into blast furnaces. This leads to the question of the long-term
corrosion in furnace from increasing level of PVC in plastic wastes that can be used for
that purpose. Furthermore, about two thirds of chlorine produced from incineration of
PVC appears as hydrochloric acid in flue gas with the remainder being retained by ash
[2]. Hence, the removal of PVC from other plastics should be carried out in advance.
Plastics separation technology has made good progress in developing different

methods. Flotation [3–6], and sink-float [7,8] separation techniques are well known
wet methods for plastic separation. Moreover, many kinds of plastics have been sepa-
rated with high purity by electrostatic separation using friction mixer with rotary blades
[9], tribo-cyclone [10], fluidized-bed triboelectrification [11], or vibrating feeder and
electrostatic high voltage generator [12]. Additionally, the pneumatic separation, a
dry mechanical process, is another method of separation. Pneumatic separation is
not a recent discovery, as many patents can be found dating back as far as 1850.
They cover early attempts to separate materials of varying specific gravity or different
shape by means of air [13].
Air tables or pneumatic tables [14], more than any other dry gravity concentrator

have found their major applications particularly in food industry as they are originally
developed for seed separation [15]. However, air tables have an important use in treat-
ment of heavy minerals sand deposit [16,17], in cleaning of coal [18–20], in upgrading
of tungsten [21], and in application where the water is at premium [22,23]. Being a
dry method, separation using air table has a clear advantage over wet techniques
because it requires less energy and no chemical pretreatment (such as in the case of
flotation, sink-float separation, etc.). Furthermore, some potential problem associated
with wet separating methods in general, such as treatment of water from the process
for reuse or discharge, the requirement of expensive wetting reagents, and most
importantly, dewatering the mixture after separation can be avoided.
The aim of this contribution is to investigate the performance of separation using

the air table in order to obtain a high efficiency when separating PVC/PP plastic
mixture. Consequently, the performance of the laboratory-scale air table is improved
by adjusting the height of riffles laid on the porous deck.

2 PRINCIPLES OF PNEUMATIC SEPARATION USING AIR TABLE

The air table (manufactured by Triple/S Dynamics, Inc.; model No. V-135E) is mainly
comprised of a hopper, a vibrating feeder, a porous deck powered by an eccentric drive
to impart the longitudinal vibration and an electric fan located below the porous deck
to generate the upward air flow at a controlled value of superficial velocity. A sketch
of the experimental apparatus is shown in Fig. 1. A collecting bin is arranged alongside
the discharge end of the separator (Fig. 1). It consists of two compartments separated
by a splitter being positioned by preliminary visual assessments.
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A flat trapezoidal deck constructed of wood and porous material is fitted with a per-
forated plate with circular openings (Opening area¼ 11.8%) and with a series of riffles,
4.5mm in height, arranged in parallel to the direction of the longitudinal vibration. The
size of the openings, 0.06mm, is smaller than the size of the smallest particle in the
mixture, disallowing particle falling through. The deck can be adjusted in transverse
and longitudinal inclination. Thus, it can be tilted from the inlet end to the discharge
end, i.e. ‘‘side slope’’, and from side to side, i.e. ‘‘end slope’’, (Fig. 2). Controllers,
mounted near the deck, allowed adjusting of the end slope of the deck, side slope, longi-
tudinal vibration frequency and superficial velocity of the air (Fig. 1). Not shown in Fig. 1
is a truncated pyramid-shaped hood of trapezoidal base, 0.14m in height, suspended
0.25m above the porous deck. The hood is employed to prevent the initial decrease
of airflow close to the sides of the deck.
In an air table as well as in a fluidized bed or jig, the bed of particles is lifted by a fluid

flow. Therefore, the movement of particle in an air table is similar to the movement of
particle in a fluidized bed or jig.
When the superficial air velocity is zero, the particle weight is entirely supported by the

deck. However, when the air is forced through the porous deck of the air table and the
bed of particles, the bed expansion eventually occurs when the superficial velocity of
the air reaches a so-called minimum fluidizing value. At this point the weight of the
bed of particles is fully supported by the drag force produced by the air [24]. The super-
ficial velocity of air at minimum fluidizing conditions, umf, for coarse particles is
expressed as follows [25]:

umf ¼
�

dp � �g

� �
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FIGURE 1 Schematic design of the laboratory-scale air table.
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Refering to Eq. (1), it can be noted that the minimum fluidizing velocity depends on the
size of particle, its density, density of air and air absolute viscosity.
To avoid the carryover of particles from the bed, the superficial velocity of air should

be kept between the minimum fluidizing velocity, umf, and terminal velocity of the
particles, ut [25]. In 1989, Haider et al. [26], presented the following Eq. (2) for direct
evaluation of the terminal velocity of the particles, ut:

ut ¼ u
�
t

�ð�s � �gÞg

�2g

" #1=3
ð2Þ

where u�t is defined as a dimensionless air velocity and calculated as follows:

u�t ¼
18

ðd�p Þ
2
þ
2:335� 1:744�s
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Accordingly, u�t (Eq. (3)) depends on d
�
p , a dimensionless particle size that is calculated

by the Eq. (4):

d �
p ¼ dp

�gð�s � �gÞg

�2

 �1=3
ð4Þ

It can be noted that u�t (Eq. (3)) is also related to a one-parameter measure called
sphericity, �s, defined as the ratio of the surface area of a sphere of volume equal to
that of the particle, to the surface area of the particle [25,27]. Thus,

�s ¼
surface area of sphere

surface area of particle

 �
of same volume

ð5Þ

From the above definition of sphericity, it transpires that �s ¼ 1 for spheres and
0 < �s < 1 for other particle shapes.

FIGURE 2 Schematic diagram illustrating the principle of separation by air table.
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3 EXPERIMENTAL

3.1 Materials

The experiments are carried out using 50/50% artificial mixtures of polyvinyl chloride
(PVC) and polypropylene (PP). Initially, the components of the mixture are chopped
into flakes with a shredder provided by Nissui Kako Co. LTD of Japan (Nissui
Scutter, type : SA-22), and classified by their size using conventional sieving. Plastic
flakes of irregular shapes and approximately �3.36þ 2.38mm in size (� 6þ 8mesh) are
used throughout the experiment. The shape of the plastic flakes can be seen in Fig. 3
showing the photographs of the �3.36þ 2.38mm size fraction. The difference in color
between plastic types allowed easy hand-sorting and analysis of the collected fractions.
Table I tabulates each plastic component with its physical properties. Flake diameter

is determined by screen analysis, whereas density, �s, is measured using pycnometer and
ethanol (density of 790 kg/m3) as the relative substance.
The experiments are performed in a ‘‘batch mode’’ of operation with the apparatus

shown in Figs. 1 and 2. During each test, a plastic sample from the same source is used.
The mass of the processed samples was approximately 0.20 kg.

3.2 Experimental Procedure

In operation, initially the particles of similar size are discharged from a hopper and
then fed by a vibrating feeder onto the deck, creating a uniform bed of material over

FIGURE 3 Plastic components of the artificial mixture.

TABLE I Properties of the plastic components of the investigated mixture

Polymer type Size of flakes [mm] Density, �s [kg/m
3] Colour

PVC � 3.36 þ2.38 1370 Colourless
PP � 3.36 þ2.38 910 Yellow
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the deck surface. The eccentric drive vibrates the deck in a side-to-side motion, along
the direction of riffles, at a frequency from 0.09 to 13.33 s�1 (typically, about 6.21 to
12.55 s�1) with corresponding stroke length of 4.5mm. Simultaneously, an electric
fan blows air upward through the porous decks at a superficial velocity of from 1 to
4m/s (Fig. 2). The longitudinal vibrating frequency of the deck and its stroke length
are measured by a laser type displacement sensor (Type: Keyence LB Series), whereas
the superficial velocity of air is controlled by the electric voltage input of the electric fan
and is measured using an anemometer (Sibata, Windman I SA-62).
The longitudinal vibration and airflow spreads and lifts the entire material bed on the

surface of the deck; then, as the material bed falls, it is expanded and fluidized. The
material stratified according to specific gravity, causing the ‘‘heavier particles’’ to
settle on the deck and contact its surface, while the ‘‘lighter particles’’ to float on top
of the ‘‘heavier particles’’. As the eccentric drive vibrates the deck using a slow forward
stroke and a rapid return, the ‘‘heavier particles’’ move along the deck between the
riffles up the end slope towards the higher side (Fig. 2) Subsequently, the ‘‘heavier
particles’’ are flowed off the deck through the higher side, which channels them down-
ward to the discharge end, and are dropped into the right-hand compartment
of collecting bin (Figs. 1 and 2). On the other hand, the ‘‘lighter particles’’, which
remain fluidized, drift downhill in the direction of the deck’s inclination due to gravita-
tional pull and are discharged at the deck’s lower end or overflow the riffles and drop
into the left-hand compartment of the collecting bin (Figs. 1 and 2).

3.3 Evaluations of the Separation Performance

At the end of each experiment, the individual separated fractions are collected and
weighed. Then, the evaluations of the separation performance for the two-component
mixture are made in terms of the grade [%] and the recovery [%]. These terms are
defined as follows:

GradeA ¼
Mass of material A in the collected fraction

Total mass of the collected fraction
� 100% ð6Þ

RecoveryA ¼
Mass of material A in the collected fraction

Total Mass of material A in feed stream
� 100% ð7Þ

where ‘‘A’’ denotes one of the components of the mixture.
Because of inconvenience and difficulty in using two measures of the separation

performance (i.e. grade and recovery), and in order to adequately define the perform-
ance of the separator, some efforts have been directed towards the development of
a single-value parameter supposing that the separator, produces only two output
streams [28,29]. In 1957, Rietema [30], recommended that the total efficiency, E [%],
of the separation process can be obtained from:

E ¼

����� Weight of product A in stream 1

Weight of product A in feed
�
Weight of product B in stream 1

Weight of product B in feed

������ 100%

ð8Þ
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or

E ¼

�����Weight of product A in stream 2

Weight of product A in feed
�

Weight of product B in stream 2

Weight of product B in feed

������ 100%

ð9Þ

where ‘‘A’’ or ‘‘B’’ denotes one of the components of the mixture.
Moreover, in 1979, Worrel et al. [31], expressed the total efficiency as follows:

E ¼

 
Weight of product A in stream 1

Weight of product A in feed

!
�

 
Weight of product B in stream 2

Weight of product B in feed

!
� 100%

ð10Þ

In this work, Eq. (10), which relies on the mass balance between the incoming and
exiting fractions, is used for the calculation of the total efficiency.

4 EXPERIMENTAL RESULTS AND DISCUSSIONS

Although the separation using air table seems simple, there are many variables affect-
ing its performance. Therefore the study of performance of the air table and its
optimization is not an easy task. A set of experiments is concerned with developing an
understanding of the influence of varying superficial velocities of the air, longitudinal
vibrating frequency, end slope, side slope or height of riffles respectively. Consequently,
the respective effect of these variables upon the separation efficiency is demonstrated
experimentally.
During each run, a splitter cuts the product stream at the discharge end producing

only two fractions. Thus, part of the product stream, i.e. ‘‘lighter fraction’’, is allowed
to report into the left-hand compartment of the collecting bin, while the remaining part
i.e. ‘‘heavier fraction’’ is channeled into the right-hand compartment (Figs. 1 and 2).

4.1 The Influence of the Superficial Air Velocity

In this series of tests the superficial air velocity is the variable and ranges from 1.1 to
2.8m/s. The other variables of the operations are kept constant at the following

TABLE II Separation results of PP from PVC. Superficial air velocity the variable (Experimental conditions:
PVC/PP mixture (50/50%); flake size¼� 3.36þ 2.38mm; longitudinal vibrating frequency¼ 11.95 s�1; end
slope¼ 4.5	; side slope¼ 2.5	; height of riffles¼ 7mm)

Test no. Superficial
air velocity

[m/s]

PP fraction
left-hand compartment

PVC fraction
right-hand compartment

Grade [%] Recovery [%] Grade [%] Recovery [%]

83 1.1 96.91 7.81 45.83 94.21
112 1.4 99.05 56.33 88.09 94.43
110 1.8 95.84 96.70 99.90 97.70
79 2.2 95.25 96.57 94.01 69.46
80 2.5 79.72 97.97 94.60 31.28
81 2.8 68.21 98.82 91.84 12.00
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values: longitudinal vibrating frequency of the deck, 11.95 s�1; end slope, 4.5	; side slope,
2.5	; height of riffles, 7mm. Table II gives the numerical results of the tests.
Data plotted in Fig. 4 demonstrate that variation of superficial velocity of air influ-

ences noticeably the total efficiency of separation. The higher the velocity of air, the
higher is the recovery of PP flakes and the lower is the recovery of PVC ones, as more
PVC flakes are suspended above the deck and discharged at the left-hand compartment
of collecting bin contaminating the PP fraction (Table II). It is importance to note that
the velocity of air higher than 3m/s tends to raise all the flakes off the deck, destroying
any stratification effect and makes the separation of the mixture an extremely difficult
task. On the contrary, the lower the velocity of air, the higher is the recovery of PVC
flakes and the higher is the grade of PP ones (Table II). However, superficial air velocity
less than 1m/s causes the bed of plastic flakes to be sluggish and to accumulate at the
higher end of the deck.
Referring to the data illustrated in Fig. 4, the highest separation efficiency is achieved

at the superficial air velocity of 1.8m/s. In addition, the experimental results suggest
that the best separating conditions are provided when the superficial air velocity is
higher than the velocity of air required for minimum fluidizing conditions of ‘‘heavier
flakes’’. This can be calculated using Eq. (1).

4.2 The Influence of the Longitudinal Vibrating Frequency of the Deck

The influence of varying the longitudinal vibrating frequency of the deck on the total
efficiency of separations is studied by ranging the longitudinal vibrating frequency
from 6.21 to 12.55 s�1, with the corresponding stroke length of 4.5mm. The other
operating variables are maintained at the following constant values: superficial air
velocity, 1.8m/s; end slope, 4.5	; side slope, 2.5	; height of riffles, 7mm. Values of
the total efficiency corresponding to the separation at various vibrating frequencies
shown in Fig. 5 are listed in Table III.

FIGURE 4 Total separation efficiency of PVC/PP mixture (50/50%), showing the effect of superficial air
velocity (Experimental conditions: flake size¼� 3.36þ 2.38mm; longitudinal vibrating frequency¼ 11.95 s�1;
end slope¼ 4.5	; side slope¼ 2.5	; height of riffles¼ 7mm).
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Considering the results, no separation is observed at the longitudinal vibrating
frequency of less than 7.05 s�1, as the PVC flakes in contact with the deck shift towards
the lower side and discharge to the left-hand compartment (Table III and Fig. 5).
Moreover, an increase in vibrating frequency tends to direct the PVC flakes, closest
to the deck, towards the higher side of the deck. However, when the vibrating frequency
is higher than 11.95 s�1 no improvement on total efficiency of separation is observed
(Fig. 5). This is due to the fact that at higher frequencies the jump heights of the
flakes in contact with the deck is increased. This in turn causes that more PVC
flakes overflow the riffles and contaminate the collected light fraction of PP. The
data tabulated in Table III demonstrate that the influence of the vibrating frequency
on the recovery of PP flakes is irrelevant, as those flakes are not in direct contact
with the surface of the deck, due to the fluidizing effect of the upward airflow. It can
be concluded that the longitudinal vibrating frequency of the deck has a pronounced

FIGURE 5 Total separation efficiency of PVC/PP mixture (50/50%), showing the effect of longitudinal
vibration frequency of deck (Experimental conditions; flake size¼� 3.36þ 2.38mm; superficial air
velocity¼ 1.8m/s; end slope¼ 4.5	; side slope¼ 2.5	; height of riffles¼ 7mm).

TABLE III Separation results of PP from PVC. Longitudinal vibrating frequency the variable
(Experimental conditions: PVC/PP mixture (50/50%); flake size¼� 3.36þ 2.38mm; superficial air
velocity¼ 1.8m/s; end slope¼ 4.5	; side slope¼ 2.5	; height of riffles¼ 7mm)

Test no. Vibrating
frequency
[s�1]

PP fraction
left-hand compartment

PVC fraction
right-hand compartment

Grade [%] Recovery [%] Grade [%] Recovery [%]

91 6.21 68.69 88.12 32.29 1.86
90 7.05 93.40 86.87 50.42 5.15
89 8.15 94.84 88.97 74.95 25.04
88 8.97 96.83 91.97 77.01 35.11
87 10.12 96.82 92.16 84.15 37.67
86 11.16 96.99 94.13 92.22 55.07
110 11.95 95.84 96.70 99.90 97.70
108 12.55 87.03 97.51 98.90 72.58
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influence on the total efficiency of separation. Referring to the results, the highest total
efficiency is achieved at a vibrating frequency of 11.95 s�1 (Fig. 5).

4.3 The Influence of the Slope of the Deck (End Slope and Side Slope)

The effect of the end slope (Fig. 2) studied over a range of 2.5–5	, with other variables
held constant at the following values: superficial air velocity, 1.8m/s; longitudinal vib-
rating frequency of the deck, 11.95 s�1; slide slope 2.5 degrees, [	]; height of riffles, 7mm.
Table IV shows the summary of experimental results of the tests. An end slope higher

than 4.5	 decreases the grade of the collected PP, as more PVC flakes are directed
towards the lower side of the deck and discharged at the left-hand compartment of
collecting bin contaminating the PP fraction (Table IV). On the contrary, the lower
the end slope, the higher is the recovery of PVC flakes (Table IV), as more flakes are
directed towards the higher side of the deck (Fig. 2). However, an end slope lower

FIGURE 6 Total separation efficiency of PVC/PP mixture (50/50%), showing the effect of end slope
(Experimental conditions: flake size¼� 3.36þ 2.38mm; superficial air velocity¼ 1.8m/s; longitudinal vibra-
tion frequency¼ 11.95 s�1; side slope¼ 2.5	; height of riffles¼ 7mm).

TABLE IV Separation results of PP from PVC. End slope the variable (Experimental conditions: PVC/PP
mixture (50/50%); flake size¼�3.36þ 2.38mm; superficial air velocity¼ 1.8m/s; longitudinal vibration
frequency¼ 11.95 s�1; side slope¼ 2.5	; height of riffles¼ 7mm)

Test no. End slope
[	]

PP fraction
left-hand compartment

PVC fraction
right-hand compartment

Grade [%] Recovery [%] Grade [%] Recovery [%]

112 2.5 96.95 64.22 80.59 98.59
113 3.0 97.13 70.92 93.61 98.04
114 3.5 96.41 72.17 93.15 98.00
111 4.0 96.70 87.77 98.11 97.91
110 4.5 95.84 96.70 99.90 97.70
115 5.0 87.48 99.63 99.74 57.16
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than 3.5	 causes the plastic flakes settled on the deck to be accumulated at the higher
end of the deck and destroyed the separation process. Generally, changes in end
slope indicate that the end slope affects, to a large extent, the direction of travel of
the flakes in contact with the deck surface. Figure 6 depicts a plot of the total efficiency
against the end slope of the deck (i.e. PVC). It shows that the highest efficiency is
achieved when the end slope is set at 4.5	.
Subsequently, Table V and Fig. 7 present the experimental results from a series of

tests in which the side slope is varied from 1.9 to 8.5	, while the other variables are
kept constant at the following values: superficial air velocity, 1.8m/s; longitudinal
vibration frequency of the deck, 11.95 s�1; end slope, 4.5	; height of riffles, 7mm.

FIGURE 7 Total separation efficiency of PVC/PP mixture (50/50%), showing the effect of side slope
(Experimental conditions: flake size¼� 3.36þ 2.38mm; superficial air velocity¼ 1.8m/s; longitudinal vibra-
tion frequency¼ 11.95 s�1; side slope¼ 4.5	; height of riffles¼ 7mm).

TABLE V Separation results of PP from PVC. Side slope the variable (Experimental conditions: PVC/PP
mixture (50/50%); flake size¼�3.36þ 2.38mm; superficial air velocity¼ 1.8m/s; longitudinal vibration
frequency¼ 11.95 s�1; end slope¼ 4.5	; height of riffles¼ 7mm)

Test no. Side slope
[	]

PP fraction
left-hand compartment

PVC fraction
right-hand compartment

Grade [%] Recovery [%] Grade [%] Recovery [%]

54 1.9 88.68 95.15 93.60 68.55
98 2.3 90.46 95.22 94.69 71.61
110 2.5 95.84 96.70 99.90 97.70
99 3.5 80.18 97.98 95.50 44.63
100 4.5 72.94 98.87 96.18 20.28
101 5.0 71.40 98.36 96.91 8.31
102 6.0 71.71 98.21 97.14 8.23
103 7.0 68.50 99.65 97.44 8.12
104 8.0 66.74 98.73 97.88 7.92
105 8.5 64.69 99.48 97.98 7.66
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Considering the results, a very steep side slope resulted in a decrease of the total
efficiency of separation (Fig. 7). This was due to the fact, that an increase in the side
slope tended to decrease the residence time of plastic flakes on the deck and discharge
more PVC flakes to the left-hand compartment of the collecting bin con-
taminating the light fraction of PP (Table V). Reduction of the side slope, conversely,
enhanced the separation by increasing the residence time of plastic flakes on the deck.
However, a side slope lower than 2.5	 made the sliding or rolling motion of flakes dif-
ficult and worsened the total efficiency of separation (Fig. 7). Therefore, side slope
should be set to the minimum, at which it is possible to obtain good distribution of
material on the deck of the air table. The experimental results suggested that a side
slope of 2.5	 is appropriate for achieving the highest separation efficiency (Fig. 7).
The surface plot and distribution of the contour lines of the variation in total separa-

tion efficiency as a function of the end slope and side slope are shown in Fig. 8. These
are three-dimensional representations of the experimental data that are displayed with
combination of ‘end slope’, ‘side slope’ and ‘total separation efficiency’ values.
Contours define the lines of constant ‘total separation efficiency’ or, in other words,
the lines of constant value of total efficiency, across the extent of the end slope and
side slope values.

FIGURE 8 Surface plot (at the bottom) and contour lines (at the top) of variation of total efficiency as
function of end slope and side slope of the deck (Experimental conditions: PVC/PP mixture (50/50%); flake
size¼� 3.36þ 2.38mm; superficial air velocity¼ 1.8m/s; longitudinal vibration frequency¼ 11.95 s�1; height
of riffles¼ 7mm).
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The results plotted in Fig. 8 interpret graphically the data depicted in Figs. 6 and 7,
demonstrating that changes in the side slope and particularly in the end slope have
a pronounced influence on the total separation efficiency of PVC/PP mixture.
Moreover, it can clearly be seen that the total efficiency reaches its peak, while the
end slope and side slope are set up at 4.5	 and 2.5	 respectively (Fig. 8).

4.4 The Influence of The Height of The Riffles

The last studied variable is a construction parameter of the design, namely the height
of the riffles. Hence, the porous deck is fitted with riffles of 4.5, 7.0 or 10.0mm
height respectively, and the experiments are carried out at superficial air velocity of
1.8m/s; longitudinal vibrating frequency of 11.95 s�1; end slope, 4.5	; side slope, 2.5	.
The ways in which the separation results of PP from PVC are affected as the height of

riffles is varied are recorded in Table VI. The variation of the total separation efficiency
of PVC/PP mixture with changes of the height of riffles is shown in Fig. 9. It is

FIGURE 9 Total separation efficiency of PVC/PP mixture (50/50%), showing the effect of height of riffles
(Experimental conditions: flake size¼� 3.36þ 2.38mm; superficial air velocity¼ 1.8m/s; longitudinal vibrat-
ing frequency of the deck¼ 11.95 s�1; end slope¼ 4.5	; side slope¼ 25	).

TABLE VI Separation results of PP from PVC. Height of riffles the variable (Experimental conditions:
PVC/PP mixture (50/50%); flake size¼� 3.36þ 2.38mm; superficial air velocity¼ 1.8m/s; longitudinal
vibrating frequency¼ 11.95 s�1; end slope¼ 4.5	; side slope¼ 2.5	)

Test no. Height of
riffles
[mm]

PP fraction
left-hand compartment

PVC fraction
right-hand compartment

Grade [%] Recovery [%] Grade [%] Recovery [%]

106 4.5 83.85 85.12 73.47 53.75
110 7.0 95.84 96.70 99.90 97.70
107 10.0 97.49 91.42 97.09 97.06
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apparent from examination of Table VI and Fig. 9 that the deck with riffles of 7.0mm
high ensures higher total efficiency than the one with riffles of 4.5mm high. This is
due to the fact that riffles of 7.0mm height are suitable to retain more ‘‘heavier
flakes’’, PVC, on the deck, thus insuring their movement towards the higher side and
at the same time prevent them from reporting to the left-hand compartment of the col-
lecting bin (Fig. 2). However, at the given experimental conditions, riffles higher than
7.0mm (i.e. 10.0mm) retain also the ‘‘lighter flakes’’, i.e. PP. In turn, the total efficiency
decreases as the recovery of PP fraction and grade of PVC fraction also decrease
respectively (Table VI, Fig. 9). Considering the results, riffles 7.0mm high are suitable
to be employed for separation of this specific plastic mixture (Table VI, Fig. 9).
Finally, Table VII summarizes the optimized operating parameters of the air table

and the separation results based on numerous tests for separation of the PVC/PP
mixture. Once again, it is important to state that only two fractions were produced
from the discharged product stream of air table. If a middling, i.e. a third fraction, is
collected and re-cycled, a considerable improvement in separation results will result.

5 CONCLUSIONS

The objective of this contribution was to investigate the separation performance of the
air table when separating a mixture (i.e. PVC/PP plastic mixture) with difference in
specific gravity of its components, which are otherwise of the similar size and shape.
Evaluations of the separation performance are made in terms of the total efficiency,
grade, and recovery.
Our results have indicated the importance of a careful control of the following

operating variables, in order to obtain satisfactory performance of the air table when
separating PVC/PP mixture.

1. The superficial air velocity, since appropriate velocity lifted the ‘‘lighter flakes’’, PP,
up on whereas the ‘‘heavier flakes’’, PVC, remained settled on the deck. Better
separation efficiency of a PVC/PP mixture can be obtained at superficial air velocity
higher than the minimum fluidizing velocity of its lighter component.

2. The longitudinal vibrating frequency of the deck, since sufficient increase in the
vibrating frequency tended to direct the ‘‘heavier flakes’’ that are closest to the
deck, to the higher side of the deck.

TABLE VII Optimized operating parameters of air table and experimental
results based on numerous tests for separation of PVC/PP plastic mixture

Plastic mixture PVC/PP (50/50%)
Flake size [mm] � 3.36 þ 2.38
Superficial air velocity [m/s] 1.8
Longitudinal vibrating frequency of the deck [s�1] 11.95
End slope [	] 4.5
Side slope [	] 2.5
Height of riffles [mm] 7.0
Total efficiency of separation [%] 94.46
Grade of PVC [%] 99.90
Grade of PP [%] 95.84
Recovery of PVC [%] 97.70
Recovery of PP [%] 96.70
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3. The end slope, since the observed changes in the end slope indicated that it affected,
to a large extent, the direction of travel of the flakes in contact with the deck surface.

4. The side slope, since changes in the side slope affected the residence time of the
material on the deck.

5. The height of riffles, since the riffles of appropriate height are suitable to retain the
‘‘heavier flakes’’ on the deck, thus insuring their movement towards the higher side.
The performance of the laboratory-scale air table is improved by increasing the
height of riffles laid on the porous deck from 4.5 to 7mm.

Finally, taking into consideration the results of this article, the PVC/PP mixture can
selectively be separated using the air table. Based on numerous tests for separation of
PVC/PP mixture the optimized operating parameters of the air table are as follows:
superficial air velocity of 1.8m/s; longitudinal vibrating frequency of 11.95 s�1; end
slope, 4.5	; side slope, 2.5	; and riffles, 7mm in height. Products of PVC and PP
with a grade of 99.90 and 95.84% respectively have been achieved with recoveries
higher than 96.70%. The total efficiency of separation was 94.46%.

NOMENCLATURE

dp ¼ diameter of particle based on screen analysis [m]

d �
p ¼ a measure of particle size [dimensionless]

E ¼ total efficiency of separation [%]

g ¼ acceleration due to gravity [m/s2]; g¼ 9.81m/s2

umf ¼ superficial velocity of air at minimum fluidizing conditions [m/s]

ut ¼ terminal velocity of the particle [m/s]

u�t ¼ a measure of terminal velocity [dimensionless]

� ¼ absolute viscosity of air [Pa s]; �¼ 1.8� 10�5 Pa s

�g ¼ density of air [kg/m3]; �g¼ 1.29 kg/m3

�PP ¼ density of PP flake [kg/m3]

�PVC ¼ density of PVC flake [kg/m3]

�s ¼ density of particle [kg/m3]

�s ¼ sphericity of particle [dimensionless]
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