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Abstract

The objective of ECMS(Environmentally Conscious Manufacturing Systems) is to consider
environmental effects through the entire product life cycle from product development stage to design,
manufacturing, supplying, using and disposing stage. Recently, environment-oriented recycling, reusing
and manufacturing technologies have been researched actively in every engineering fields. In the field
of chemical engineering, HHS(Health Hazard Scores) which classifies and analyzes hazardous materials

in production processes has been presented.

Metal cutting processes also have a lot of harmful factors, and especially hazardous components in
cutting fluids have been known to have a bad effect on workers and working area. However, research

works such as HHS have been little accomplished in metal cutting processes.
In this research, a environmentally conscious machining process is presented by classifying
hazardous components in cutting fluids, by using LCA(Life Cycle Assessments) and HHS method, and

by evaluating environmental effects from cutting fluids.
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<¥ 1>Synthetic Cuttng Fluid¢]

FHRL
wts.
Component CAS # N%;x used
° W)
Triethanolamine 102-71-6 20 0.20

Polyalkylene Glycol | 9038-95-3 | 35 0.35
Tall Oil Fatty Acid | 61790~12-3 | 20 0.20
Boric Acid 100043-35-3( 15 0.15
Benzen 10 0.10

<¥ 2>Emulsion Cutting Fluid¢]
FHRAE

Component CAS # N{,ZX’ wts(.“gsed
Ethanolamine 141-43-5 15 0.15
n-decanoic Acid 26869-20-8| 15 0.15
Aminomethlypropanol | 124-68-5 15 0.15
Heptanoic Acid 111-14-8 15 0.15
water 7732-18-50) 40 0.40
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W 3olth ‘Max, %'= HARFE TSR Y=
9 8]&S JEN I, ‘wts. used(w)'E HAH-E
At A" % F, 7HEAE vERATH

4 By

22 AH LCASY 9

=4 39 9s) 44 ©AE LCAS 33 9
A4 713 2@ Aol 2A% WAE YA
okl dol FUUANMY FRYL U,
WA AN BHe 2t ARE Ag

A7) HE o]t

221 23 2 HAAdA
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<E 3> AR WE Yoo g
Phase matrix

. - Solid
Solid | Liquid | Aerosol |vapor Particles

QOral Toxicity 0.3 0.4 0 0 0.3
Inhaled Toxicity | 0 0 05 0.3 0.2
Eye Irritation 0 0 0.4 04 0.2
Dermal Irritation} 0.2 0.5 0 0 0.3
Carcinogenesis 0 0.3 0.3 0.3 0.1
Reactivity 0 0.5 0.2 0.2 0.1
Flammability 0.1 0.6 0.1 0.1 0.1

Zr Wi 9% a3 HPPH F XA
Hol gleA Aabfe #EsH RFHUEA, FH4Y
Z7A0] 2 MAAH YA net 2 &3 AFst
gelx]7] w2 ol 249 THo Qv AHEA
ZRE FAZFHU $H4 £98 =280 =259 &
A =98 APz AHsr] AHAM HFAW
%9] #1}¢ Analytic Hierarchy Process(AHP)e]
e A <F 4>¢ 2L Matrix7t AAE )

<¥ 4> Mass Flow Prioritization Matrix

o] I E D C R F

0 1 1/5 | 1710 | 1/30 | 1/2 | 1/20 | 1/20
I 5 1 1 1/10 2 /5 1/5
E 10 10 1 1/6 2 1/4 1/3
D 30 1/2 6 1 15 2 3
Cc 2 1/2 1/2 | 1/15 1 1/5 1/8
R 20 5 4 1/2 5 1 1
F 20 5 3 1/3 8 1 1

o] MatrixE& 7]%% Transport Column Vector

F & A% &+ A9 FY 8282 4 (Vs
2o raE Astel M A H A

F; = R, ,i=1,..,k (1)
=1Ri

o714 R iMA 39 rank valueo|th.

1
wv R= ([ x) %3 2e aAg Az
ek ¢ Aol X;E kxk Prioritiztion Matrix
X8 s84Ee|t webA] k=7°] ¥4
matd ¢ BAE o] &8A transport column
vector F& 3lH,
_F = [0.01 0.05 0.07 0.43 0.03 0.21 0.20]7
7b "l
Yo g BAS Film JH, Z wE e
et A2 2o g HHSE 78 4 v
HHSE 3l 48 &3 2.

HHSZ‘!‘ = _I_',L‘ _B,'j '_E (2)
A @eM, He Aas 748289 WA

HHS subscore, _P; & AHalf¢ wWZE I o

2 Phase subscore, F T transport column
vectore] .

29} 7o HHSY B|AE o)&3to] did HH
o] zt W& e o W& HHSE THEUT 29F
Ao e Z FALAEY 53T Aitd B
dglo]e]= RTECS(Registry of Toxic Effects of
Chemical Substances)®] Hlo|HE 7|20z &
zAd 3 vk

WA HAFY 24934 =& HHSY
SubscoreZ T &t}

ol Zt LYSFAAEE FEE FHd <E 1>¢
<E 229 JEd EAE FIA T OHAFY
subscore HE <X 5>94<E 6> JelAch

<¥ 5>Synthetic Cutting Fluid®]

Subscore
Effect(E) Hz

Oral Toxicity(O) 3.6
Inhalation Toxicity(I) 1.85
Eve Irritation(E) 345
Dermal Irritation(D) 2.7
Carcinogenicity(C) 2.45
Reactivity(R) 43
Flammability(F) 2.2

<% 6> Emulsion Cutting Fluid®] Subscore

Effect(E) Hz

Oral Toxicity(O) 2.50
Inhalation Toxicity(I) 2.05
Eye Irritation(E) 3.50
Dermal Irritation(D) 1.90
Carcinogenicity(C) 2.35
Reactivity(R) 4.25
Flammability (F) 3.00

4 (2)E o]83td HHSE F34d <% 7> #
t}, 94714 Pyt Phase Matrix®] 74 842X <
E 4> e 3,

_F = [0.01 0.05 0.07 0.43 0.03 0.21 0.201"
o}, _H;= 9olA 73§ Subscoreo|t}.

<E 7> AAFY WE¥Ho ©hE HHS

Sythetic Emulsion
Cutting Fluid Cutting Fluid
HHS g4 0.25 0.19
HHS jignia 139 0.49
HHS ,..0500 0.41 0.19
HHS 007 0.40 0.39
HHS 54 artictes 0.58 0.28

%o A3 E uigto g T FF9 HARE HAL
Fo AHEEHE W, o= Aol A AFgE ¢
Zo] nXEXE dolr Ut ol & A M, H
At7g e 849 L Fobsr] 8 ESAE A
#FH zAgel JFrvt AL Y A2E YA 2
Aste W]l "Wagd. 283 ¥y F9 syst
Multi Attribute Decision Makingolt}. o] %<&
B JAIEA 2do JFHY 2LES EF
AN F 1, 2 woE ZFFHA JAEA A
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Multi Attribute Decision Making7) ol 291 j
o di¥ oigr 19) HrHXE Sk sm 89 jol o
g g Wz 2e 9 HFHA JAH R;
£ o4& 2o Yyerd 4 glthl4]

R, = 2WS; (3)

o] W& A S8 JHFA WE %A T
st=utrt 7% 838 FAlolyg, o8 d FAE 8
As7] 9 AFAYS H L

AR HrlesE {9 5714 &gz @
th. BE3e §4%ste Huleln 840y, AR
312 grtetE "¢ o2& Synthetic Cutting Fluid
g A3 FAEL S, Emulsion Cutting Fluid&
AL g-3te 3R L EE dAs9Y.

H7 a4 L tetER sEAR HAAE HIY
RTECS(Registry of Toxic Effects of Chemical
Substances)2} dlolg ¢ MSDS (Material Safety
Data Sheet)E #Fzste} oh&zt Zo] 2+ wi&HH
o wel Aoz dniwFe IS VA A
2 Jehdie $4459Y MatrixE FAHNERUT<E
8>

-

<E 8 HAFY WEFE &
<9 Matrix

Solid |Liquid | Aerosol | Vapor ngtlilge
Solid 1 1/5 1/5 1/8 1/6
Liquid 5 1 1/2 1/3 5
Aerosol 5 2 1 1/2 2
Vapor 8 3 2 1 1/10
Solid Particle| 6 1/5 1/2 10 1
zt g5o] Ztzte] wiEH o] it o= =9
4&gg v E AE dotuy] 93l ZF 4o &
Fon 1 Yo 2 Y4B UrE PEe Ags

<E 9> A2t mEFele]l & 75 A Matrix

Solid | Liquid |Aerosol | Vapor Pi:tlilgle
Solid 0.04 0.031 0.048 | 0.010 0.020
Liquid 0.2 0.156 0.119 | 0.028 0.60
Aerosol 0.2 0.313 0.238 | 0.042 0.25
Vapor 0.32 0.469 0.476 | 0.034 0.01
Solid Particle | 0.24 0.031 0.119 | 0.836 0.12

T3 o] PP AT JtFA HHE 4 P9 de
Fgog it 2ol 22 F AN

S 0.0298
L 0.2206
A [=]0.2086
|4 0.2718
S-P 0.2692

olgA MM L& JtFA HHE FoM FE
£3eo] W& HHSY HE&Foz2H 7] &
AHE AHEEE T FoAM EFFF] AL
& AYE 5 Ao

wA Zzte] HA{KE AL FAG He
go] o2 HHSE#S Yetiad <& 10> Zel
Eptot

S

ot

<E 10> A= W&ol ©E HHS

WEye Cutting Fluid HHS %t
i Joe® |03
Liauid Bson(®) 035
Aerosol Emlson 015
e oty | 0
Solid Particles | RYIEHCR) 0%

238 g, 4 wlEEge o2 JEsHE g HHS
ge ALt 2 a4 JHEX dWEHY T€ F
Fgoax <E 11>7 2 HF FHAILS d&
T+ AU

o

=
ol
=3

<E 11 > HHSS} 7H3 A 9E & o &% A4
el HE 8P}

s L
7‘};;' 00298 0.2206 02085 02718 02692 |87 9%

Synthetic(S) | 025 139 041 040 058 0.665
Emulsion(E) | 019 049 019 039 028 | 0335

A \4 S-P

224 WA 7}

2239 gy dAe ARz 4 F Ux9
Synthetic Cutting Fluidg AH&ste dA71E 2o
= Emulsion Cutting Fluid& Al-&3lE H2713d
A g7 dgo) AA velwgd. T ARl dsA
&3 & HHSE T332, 7 wi&g e 7}
ZAE Hoste "atrbge] AMEIHS AFd=
= jor % Emulsion Cutting FluidE At&3ste A
7b&o] HAH e Ado] Hrl

B dFoME &4 Ay s dge

E 7HEX $ye AMgstgnh. WA HHSZHE
28 oj&8l HAZFTFAHANA AR )
8o e o= Fxe FHIEFE vAEAE
Arzstg. o] A27%E H¥ o2 Synthetic Cutting
Fluid& A23t= 447183 Emulsion Cutting
Fluidg AH&3tes Aartsez T 71A digke A
Alg the, Multi Attribute Decision Making7] &
o] &3le] z} ietEol JIFHE R YAES
vwge gz HAHde AYsiyP
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glojA el A8 Ay g Aeheid
(1) 7HE9ag e daH8 dgsi.
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2) 5224
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