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A Health Hazard and Environmental friendly Machining
of Machining Fluids

Nam Kyung Kim*, Hae Ji Kim’

ABSTRACT

To decrease environmental damage, the development of environmental friendly fluids provides attractive
alternative to the conventional fluids. In this study, the effects of harmful ingredients (Cl, S) contained in the
fluids that used in grinding and cutting processes to influence on the nasal cavities of the white rats were
measured indirectly. Also, the level of the environmental influence in workshops was graded through analyzing
the concentration and chemical ingredients of flying-dust, which generated from the friction and combustion in
the cutting process, that for analyzing how harmful the influence of particles to workers then it could be used
as the basic data for improving the environment. To improve the conventional machining fluid, which can be
harmful on worker's bodies and the environment, the environmental friendly machining method was suggested
through analyzing each lubrication properties of vegetable fluid and used-edible oil as alternative fluid.

As a result, it was known that an emulsion type fluid might be the main cause leading to some respiratory
ailments. Also this paper presents the possibility to use vegetable fluid and used-edible oil as the alternative of

cutting fluids.
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Table 1 Number of neutrophil clusters, eosinophils,
epithelium loss positive cells in the rat

sinus
Normal saline Emulsion type oil
0.9 %) (50 ug/ml)

lday |3day | S5day | 1day | 3day Sday
Neutrophill 4 o515 50 | 150|650 | 975 | 475
clusters
Eosinophils | 1.10 {0.50 | 0.95 | 2.83 | 3.65 2.68
E‘S’;‘hel‘“m 250 |4.00 [3.50| 550 | 7.00 | 6.50

%”

(A) Norm;I cells (B) Experlmentai cells
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(C) Experimental detail cells

Fig. 1 Light photomicrographs of rat intranasal
instilled with normal saline (A)and emulsion

type oil (A and C)

Fig. 2 Eosinophils infiltration in the nasal mucosa
of the rat instilled with emulsion type oil

Fig. 3 Epithelium loss in the nasal mucosa of the
rat instilled emulsion type oil
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717 A ¥EEFA dAE BE=HE 2g9
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Table 2 Outbreak dusty concentration in workshop
{dJ co.)
Sampling weight Mean
Sampling . .
K . discharge | Dust concentration (%)
time Coarse Fine
. . ( £ /min)
particles | particles
Coarse particles
: 0.1309 mg/m (63.2%)
423 min |0.72 mg|0.42 mg|13 2 /min|F ¢ Patticles
: 0.0764 mg/nd (36.8%)
Total concentration
1 0.2073 mg/mi
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Table 4 2 Fig. 79 28 v]AYA GHoM &
Cu Zn 59 F3F4% 229 dH&o] &3, o9
d EAEL 540l 3, dAd FHHH AF

Hol 2 Qxol.

Fig. 4 SEM photographing of coarse particles
boundary (particles size > 1um)

Table 3 Chemical composition of coarse particles
boundary

Elmt |Mg| Al | Si| K |Ca|Fe| Cu| Zn |Total

Element
%) 2.6(26|36|1.9|1.3/5.7|12.1{14.4| 100
0
cps
ilc
60
40
1 o Al lSi
EEX i
8 (e
VK Fe  Cu 7R
[+ Ienansa: T T T T T T v 7
0 2 4 6 8 10

Energy (keV)

Fig. 5 Diagram chemical composition for SEM EDX

(coarse particles)

Fig. 6 SEM photographing of fine particles
boundary (particles size < lym )

Table 4 Chemical composition of fine particles

boundary
Elmt Si Cu Zn Total
Element
22.06 | 46.56 | 31.38 100.0
(%)
cps
ic
801
60
40 Cu
20 ‘
$i' Au Zn
o-r e A Ty
o 2 4 6 8 10
EnergykeVy

Fig. 7 Diagram chemical composition for SEM EDX
(fine particles)
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Velocity
Sensor

T sign output
Torque =
Trensducer )

Insulstion __
materfal

emperature]
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Fluids
Fixed cup

Temperature bath

Refrigerated
irculators

Plotter Fersonal comyutr

Fig. 8 Schematic of Viscotester (Haake VT500)

Table 5 Specifications of SV1 sensor

Sensor System SVi

Sensor No. 5

Inner Cylinder(bob)
Radious R; (mm)
Hight L (mm)

10.1
61.4

Outer Cylinder(cup)

Radious R, (mm) 11.55

Radii Ratio R«/R;
Gap Width (mm)
Sample Volume V (cmr)
Temperature (C)

1.14
1.45
12.0
-30~100

System Factors

f (rpm) 2530
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Fig. 95 AH& &%(25, 50, 100C) £&%9
FEENE £4T Aot xF L AdLEy, y
%L AEE Yz glen, &% 25T dAME
AEARA 2 AAE ARV FEARA B
O =7t 2 A& ¢ 7 3, &5 Al net
2t Al A= zbole WA @t

Fig. 10& Ad&2u7t F7Hge] mebd da
8ol s AFse & AP 1]
=3

Fig. 109] (a)= YA FEol= Fejo|n, Mgt
ES2n7t Frhgel webA AdgEe] APHoz

g H2 &Rt ol T

Fig. 109] (b)E &2 FE2o|=gelo]n,
9 uxQizr FRoE EARlE Ao oby,
2 BAbs 3t B FRol= FHoldg 4
A7} oo AZEHY, EA7F EAAAFTAA o
S AR P& s Aok AN AFTAYY
BAE EAAFAN A2 HFaH, ojg Ze
ARA e A7 BAAZAA s E AT

2 W) WEe) Ausdel BN A% wrh

=

0.26

Viscosity [Pa.s]

120 160

8 200
Shear rate [1/s]

Temperature : 50 !:u
®  Vegetable typs oil

*  Waste soybean type oil
9 Emulsion oil

40.00

80.00 120.00
Shear rate [1/s]

160.00 200.00
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Viscosity [Fas]
o
5
! L

80.00

120.00
Shear rate [1/s]

Fig. 9 Relationship between viscosity and shear rate
of cutting fluids on 25, 50, 100C
(b) Molecular colloid
Fig. 10 Model of colloid particle
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* Accu-lube

Fig. 11 Experimental equipments

Table 6 Experimental conditions

Grinding Method| Down cut in surface grinding

Grinding M/C HWACHEON HGN-64CF

Grinding wheel C80L8V(305 X 127 X 25)(mm)

Wheel speed 30 m/s

Grinding depth 10, 20, 30, 50 ym

5% Emulsion type oil in water

Fluid Vegetable fluids: ITW,LB1000)
Refined used-edible oil
. Depth of cut : 5 /m
Dressing
. Pass : 4 passes
conditions .
Dressing Speed : 1750 rpm
. Al 2024, 6061, 7075
Workpiece

Size : 80L X25W X 10H
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Fig. 12 Variation of surface roughness depending on
depth of cut

.1 —m— Al 2024 Emuision Huid : Fn
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N A~ Al 2024 used-edible oil : Fn
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Fig. 13 Variation of grinding force Fn and Ft
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