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2- High tension
3- Electro-Static
4- Turboelectric separator
5- Dielectrophoresis
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Fig.1. (a) High stress, (b) Electro-static, (c) Sliding isolators and (d) Dielectrophoresis
(C: Conductive, N: Non-conductive, P: Polarization, NP: Non-polarization) (Fricke, 1977)
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1- Load cell
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Fig.2. Schematic apparatus of friction force measuring device. 1) Uniform linear motion machine 2) High voltage

source 3) Voltage wires connected to the electric field plates 4) Friction surface, Teflon container and test samples 5)
Plastic yarn 6) Load cell 7) Computer 8) Moving table
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Fig.3. An example of force-displacement graph, obtained by the dynamic friction measuring device, during the
measurement. Steep and constant part of the force is specified.
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Table 1- Results of analysis of variance of the dynamic friction coefficient

Ol et e Olayo ggome (o3l an s Olaype (iSke ¥
Source of variations Sum of squares df Mean square

Moisture (A)"”" Cagbo, 0.00565 2 0.00282 4.899
Pistachio kind (B)”" &ty s 0.11884 1 0.11884 206.102
Surface (C) ™ Sl paw 0.88769 2 0.44384 769.741
Electric field (D) ™" S o 0.30147 2 0.15073 261.412
Speed ()" aaw ¢S sy 0.10257 2 0.05129 88.943
AxB" 0.7193 2 03596 62.371
AxC™ 0.76281 4 0.1907 330.727
AxD" 0.01698 4 0.00424 7.361
AxE” 0.2867 4 0.00717 12.431
BxC™ 0.09839 2 0.04919 85.313
BxD" 0.00410 2 0.00205 3.553
cxD™ 0.04074 4 0.01018 17.662
CxE™ 0.01916 4 0.00479 8.306
A*B*C” 0.0981 4 0.02452 42.531
AxBxD" 0.0084 4 0.0021 3.643
BxCxD" 0.00021 4 0.00005 091
BXCxE" 0.00558 4 0.00139 2.419
CxDxE’ 0.02670 8 0.00334 5.789
Error s 0.18682 324 0.00058
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*Significant at 5% level, ** Significant at 1% level, Non-significant data ignored.
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Fig.4. The relationship between the intensity of the electric field in terms of volts and dynamic friction coefficient on

galvanized iron surface of filled split, filled non-split pistachio in moisture content of m1=8, m2=14 and m3=24 %. (a)
Speed of 1300 mm per minute, (b) Speed of 2500 per minuteand (c) Speed of 3300 mm per minute
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Fig.5. The relationship between the intensity of the electric field in terms of volts and dynamic coefficient of friction on

aluminum surface of filled splits and filled non-splits pistachios at m1=8, m2=14 and m3=24 percent moisture content.
a) Speed of 1300 mm per minute b) Speed of 2500 per minute c) Speed of 3300 mm per minute



VWY g (Solind STaiol o b 9 (S bl 9 iSU1 ltgo 51 (ouwy 2

0.60
& (a) (b) (©)
S 055
E e ®
g 0.45 ~#- Filled non-splits
. 2 —__-____/ 4~ Filled splits m2
= 040 —= Filled non-splits
Q0 / . Filled splits m3
. E 0.35 g Filled non-splits
._________—-o-——___. .-\/
E 0.30
el —_—
O 0.25
0.20 A
0 4000 7000 0 4000 7000 l\'_O 4000 7000

Electric field power (V)
o (Sl gdaws 59y g bty 9 M3 Sty (Suolisd SBasl Cops 5 g ey (oS lige ©a5 G alal, =1 JSW
sy (€ 4B 53 o oo YO+ + s yus (b 4By )3 o Lo VYoo oy (3 o> M3=24 s m2=14 m1=8 slacusb, > SawY

48> 3> yo Jus VY
Fig.6. The relationship between the intensity of the electric field in terms of volts and dynamic coefficient of friction on
rubber surface of filled splits and filled non-splits pistachios at m1=8, m2=14 and m3=24 percent moisture content.
a) Speed of 1300 mm per minute b) Speed of 2500 per minute ¢) Speed of 3300 mm per minute
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Table 2- Dynamic friction coefficients of filled splits and filled non-splits nuts in moisture content of 8, 14 and 24% in
cases of maximum difference in each moisture levels

S Kol maw Cugb, 8% 14% 24%
Ol Jy 7000 Jy 7000 Jy 4000
Electric field (V)
e 2500 mm min? 1300 mm min" 1300 mm min’’
Speed
3PS ool ok 0.46 0.448 0.445
Galvanized iron Filled splits nuts Py
e el 0.542 0.392 0.382
Filled non-splits nuts 4
s
b a2 15.12 14.28 16.49
Difference %
Ol Js 7000 Js 7000 Js 7000
Electric field (V)
e 2500mm min”' 2500 mm min' 2500 mm min™'
Speed
i s
paces) ok 0.385 0.43 0.281
Aluminum Filled splits nuts Py
e el 0.471 0.354 0.363
Filled non-splits nuts 4
s
S a2 18.25 21.6 22.58
Difference %
ol Js 7000 Js 7000 Js 7000
Electric field V
e 1300 mm min' 1300 mm min? 1300 mm min’!
Speed
. NI
Sy ot 0.324 0.435 0.445
Rubber Filled splits nuts Py
e el 0.419 0.534 0.567
Filled non-splits nuts 4
S oy 22.67 18.53 21.5

Difference %
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Introduction: Separation and grading of agricultural products from the production to supply, has notable
importance. The separation can be done based on physical, electrical, magnetic, optical properties and etc. It is
necessary for any development of new systems to study enough on the properties and behavior of agricultural
products.

Some characteristics for separation are size (length, width and thickness), hardness, shape, density, surface
roughness, color, speed limit, aerodynamic properties, electrical conductivity, elasticity and coefficient of static
friction point.

So far, the friction properties of agricultural products used in the separating process, but the effect of
electrostatic charging on static and dynamic coefficients of friction for separation had little attention. The aim of
this study was to find out the interactions between electrostatic and friction properties to find a way to separate
products that separation is not possible with conventional methods or not sufficiently accurate. In this paper, the
separation of close and smiley pistachios by electrostatic charging was investigated.

Materials and Methods: Kallehghoochi pistachio cultivar has the top rank in production in Iran. Therefore,
it was used as a sample.

The experimental design that used in this study, had moisture content at three levels (24.2, 14.5 and 8.1
percent), electric field intensity at three levels (zero, 4000 and 7000 V), speed of movement on the surface at
three levels (1300, 2500 and 3300 mm per minute), friction surface (galvanized sheet iron, aluminum and flat
rubber) and pistachio type at two levels (filled splits and closed) that was measured and analyzed in completely
randomized factorial design.

A friction measuring device (built in Ferdowsi University of Mashhad) used to measure the friction force. It
has a removable table that can move in two directions with adjustable speed. The test sample put into the vessel
with internal dimensions of 300 x 150 x 25 mm and with wall thickness of 5 mm placed on trolleys. In the
bottom of the container a separate aluminum plate was installed as the negative pole of the electric field. The
friction plates as a positive pole placed on top of the sample. There were no contact between friction plates and
walls of vessel (samples were about 2 to 3 mm higher from the edges of wall).

Frictional force changes due to movement of table, measured and recorded by an accurate load cell. From
force-displacement curves, the coefficient of dynamic friction and static coefficient of friction calculated. In
general, according to the experimental design, 486 tests were performed.

Results and Discussion: According to the results of statistical analysis, there is significant interaction affect
between pistachios type and electrical field, as well as, the interaction between electrical field and speed, on
dynamic coefficient of friction. It means two pistachio types can be separated by electrical charging.

Different physical properties of surface of filled non-splits pistachio nuts (such as corners and edges) and
filled splits ones, caused differences in the distribution of electric charge and as a result, its interaction with the
electric field were significant.

Changes in dynamic coefficient of friction according to the electric field intensity at different levels of
moisture content and speed on the friction surfaces of iron, aluminum and rubber, was drawn in Fig.4, 5 and 6,
respectively. These figures reflected the reduction of dynamic coefficient of friction by increasing the movement
speed of table.

According to Fig.7, increasing the intensity of the electric field increases the dynamic coefficient of friction.
Because this leads to build the opposition charge on samples and galvanized iron sheets, and with increase of
electrical field, these charges will rise.

Fig.9 shows different trends of variation of dynamic coefficient of friction against moisture on rubber
surface. This chart shows the higher coefficient of friction of filled non-splits samples than filled splits in all
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cases and shows an increasing trend with increasing humidity.

Conclusions: Table 2 presents the dynamic coefficients of friction in different states on different levels of
moisture content. According to this table, the maximum difference was achieved in moisture content of 8%
(which is close to the product storage moisture) in rubber surface with field strength of 7000 V and 1300 mm per
minute speed. On 14 percent moisture content, the maximum difference was achieved on aluminum surface by
2500 millimeter per minute speed and 7000 V field strength. By the results, on 24 percent moisture content (the
moisture close to peeling process) the maximum difference between filled non-splits and filled splits pistachios
friction was achieved on aluminum surface, 7000 V electric field strength and 2500 millimeter per minute table
speed.

Thus, to have a separation system, the aluminum surface, 7000 V electric field strength and adjustable speed
between 1300 to 2500 mm per minute is recommended.

Keywords: Dynamic friction coefficient, Electric field, Friction surface, Pistachio



