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Table 1.5 The main PRTR object
metal cutting fluid

material which has been used for

Chemical substance

Effect in the metal cutting Fluid

2-Aminoethanol

Rust prevention
pH adjustment

Emulsification

Boron and the compounds

Rust prevention

Antibacteria
Polyoxyethylene nonylphenol Emulsification
Polyoxyethylene alkylene ether Emulsification
(C12~C15)
Molybdenum and the compounds Lubrication
Dicyclohexylamine Antibacteria
Antimold

Decanoic acid

Rust prevention
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Formulation) | EWIHRBEELZZIZ LI HETHD. KER) 1L, &BEiC
& Lok aiEil (RE) 7258502 & T, KEBIED 280 LS
B, WIS EBIEIZIN > TRATIRET D728, KOEOFEY L DEHBIS
MEZD., ZOBETITL-T, @REOHEPEELZNE, MieaiEfr, KT
LHIETHD.

PUTICAME TR =, B EGRE D ORI Tk & LT IME#T R L F— |
DH R R

AWFFETHWE BT L X —] DFRTT

BT ELEX =L, Yo7 TaFLoR s ESFEHERS.

KREEMEA BRI TIMA], FRlom~vy a > OEAIFKERR TRl O 2R i 12 R i
PERIDNFAE LT R B VIRBEETIFET D, 2D X 5 RBEBICR VT, WiEE 7L =
A EDREES yso EAKET I =T A EDOREES ysw ED3EL LTH
(DI RTEBRTXLE—D Z2EXRTD. WL TAI =0 2 EDORERET] v so
ERET NI =T L EORERT) y swlZBEHEREST 2 Z LILTERWA, RO X
IMFGETHELH N TED.

X 2.10(a), X 2.10(b)IZRTLIIC, —EEOFREIEEAZEHT HKOKH
BRI % ywa, —EEORNEIEHAIZEA T 2EMOREIR)Z voa, K 2.10(a) D
REENORE SN DA 00, X 2.10(b) DIREENDIRE SN DEEfMAE 0w &
L, —EEOREIEHAIZEGT2EME T VI =T 28 FICH FLERE, BX
O~ EBEOREFEERZEETHKEE T VI =T 508 EICH F LIIREEZ A E
L7z%fy, SRR O$0 50IER(©2), G)Ttkansd. DIk (©@), B) xR
AT D EERT LD T4 TRIZLENTED.
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D= vy so— vy sw (1)

v sa= vy so+ yoa-* cosfo (2)
ysa=yswt ywa-*cosOw (3)
D= vywa+cosw— yoa-*cosfo (4)

KW »robnd ko, B XX —D I EEOREFEEAZ2EHT KD
KIAHES) v wa, —EREOFEIENERZ EHT 2 EMOEKEET] v oa, BLU 4. 2,
X 4.3 DR SIESNDHEMA 0o, 0w ZHAWTHEETE 5. Lo HETHE
BEoREmB LORmFEEROFEICH L TR@ 2V TERZ L —2KD 5
ZEMNTED.
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Yoa Surfactant
Y
Oil

Y sa Y so Workpiece

Fig. 2.10(a) Oil droplet containing surfactant
on workpiece surface

rwa Surfactant
-/

Water
Ow
¥ sa Y sw Workpiece

Fig. 2.10(b) Water droplet containing surfactant
on workpiece surface
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2.3 ABRTHVW=KBEEENIHA OYIETEL

2.3.1 TEEN

(1) &) &%

IRy L ORI T H71) Db WT, RIKRORmEZ /ML
Eo&9%. Zohn IRmiKE THY, ZOHOREIN Ltk 7208l
ZUIREMEHT 5.

(2) K19 ) ORIE

[Fri 2R w7 O HIE]

* Wilhelmy £ (7L — ME)

7 L— FBNRIEORTICHND &, RIENR T L— MR L TR ERS. 2ok
X, 7L — bOREPBICH > CEEEADITEZHE, T — FEERTICEIEIAL O &
TLHNBME<. 2o AL EHARY, KERDEZNEST S (XM 2.11).

AWFFETIE, 55 BEOBEMT X)L X —FIIZHERER B OREID, &b
F7eFRE mEESOREEY Th b7 L — MEEZ AW,

N R D t

2L

P(ov &5 )=

mg(FL— F&E&E)+L vy rcos O (FHENHKRFM) —shp g(FL— bFEN)

m:7V—FE&E, L:7V—FEHEE, 0: 7L — &K MA,
h:bdei®ES, g \HMHEE, y  ZF@WEDH, s : 7L — FWrmE

Fig. 2.11 Wilhelmy £ (7L — F{E) XD £@ENDHE
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FT A XA (V)

WEFELTI 720D T 4 A—A1EIF 50 FREAMNOEKRLTEY, 4T
b JIS Bikk (K2241) “icHBlSTND. UL, BEMETRTL, #&
RPE(E DN C X 227 EORER & 2723, ABFFEICE T 2 KRN ORE T
Hrpinoie.

[Ehy 2R 7) O RIE]

- I EE

THEVEITAKERD D DWW EKFERED 2BIGIZITTW D, AMED 2 OF O
MO ZERE T EE5G (K 2.12)  KHOEI N ZDORIKORETEI LD bR
L o EEITHRIAIIIE T 5. Lo, JFREMICIREHEN % T4 250
RERDEZWET D 2 & THMREEANDMETE LY, WHORESEZM, £HE
Ny, BHMEELY g &35 LI TFOBRIKD LD 2o,

Mg=2 n vy r

LovL, FEBEEICITEEIZEE T LARWT 8RS 120, 20N E24EL
RS, MIEEF2EE L CERTILUTO L RIBICER TE S.

v=Mg F/ r

Fig. 2.12 {WWEEICX2HREEDE
ARWFFEDH 3 5, 554 FEO /LA CBEOFRE IR ORIEICIE, BIREEID

HIE N FTREZRTE L2 A=, HIEEE I IR 7 =4 R A miEEAR O 5
K FEHIE NS FIHEZ: DVS—2000 (YTS #H8L) % FHu /-,
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(3) ARWF7ETHW R EE TORMmE S JIEEE
FFE - YTS -4
DVS-2000 (H&hFmak/), Fmmik/dEZEE)

ME=~=v b A AR & TEIRAKRY PRI

FE
@) - FHIFRImIRS) - RisR IO HBYEIE D A EE
@ AL AR L 7= E = = M X AR AR O s T GE 2% T RE
@ U Ik 7 =AU MR EIEMEA 0 ks R E
@4 e C S 1R 7 E 3
@ AR - PNERIE S « FREEMT ORE 3 EH 2 BRI EE L-
@ BEIZ5 m1UT
@:EHT I E - WA Al oD F BhHIE A3 PR

Z DOOBIREESOBEEE L LTE, 7 L— MBI < WRER A, 7
R~ — VAR AR O F i ak R E i L7 s (KX b - Rae v TR)
RERH L. FRIORE E & b, Wi~ mho T KRN 2 (B RER ] )
VWY, Wilhelmy EIZ L2 EMREED LD @, LUz WEIZSH 5.
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2.3.2 A
(1) gfiksg & 03

WK Z BEAREREICH T 5 &, WIKIZE L0 >ERmEHI T 2Y, UTDX
57236 (k) MKV Lo (X 2.13).

YL
YSs H Y SL h

yS C [EROFRmES
yL SRR OFRmES)
y SL s [EMR & RIR O g )

Fig. 2.13 Y o un g ®x %8 < X

yS =vyL -COSO + ySL - -« - (%)

ZoR (%) & [Young DR WLV, Z OWEIM OB & BRI & DR
FE0 & [Hefilf) Luvo.

FEEfilfg ) 13 Tt 2R TIREL LTI E THEBMThM T, Hb
HEERESBICBWT, REHMETEE LTHRASh TNV A.

(2) b DR E
[ R iy £ 1 i ]
- 0/235

Pl OREIL, —MENC 0 /2 IERHWLINTWD. 0 /2 1E1E, WK O LA b
METARZRESEMR O, BERREICRT 2 A E b 2R 5 (X 2. 14).

0/2 KL, WHPERO—HTHDZ LExAiHEE LTWDH®, BEHOREL K
WTE LR THET 5. AFFROEMADHES ZD [0 /215 2.
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WU INERTFERIZH O ARE T, O EH LY
0 =201 2HEY IO,

Fig. 2.14 0 /2512 X %8 AH &

T OMIZ b, JIET W OIRIESS B /Y, HIRICE DR TRl ORMEER D 5.

- PR

i O WG OEEZIR 2 O —E & RE L, HoHbzazRD, HOER & EMRT
YA Al L LTRD 5.

0 /2 YEIFHLD 3A A TZHRTG ONE & 1 S D DR 2 3T 5728, R 5 8efif 13
RO L 725703, HEE, EAINCHEMAZRO L ZENTE 520, [H
AREORBIZLY, ERALADHEICIZS SERH 55 EIARRINETIETHS.

=TT 4T 4T

W OEBIRDEM 73 o—H2 234 IEL, fEESNXEN (7
AT 4 TR OFTXRTOBRNERE A > TR/ LT 4 v T 4 7 %(T.
COHEICEY, BHELIIBHONRT A =X EREL, WA DR E
Ko T 2 BT 5.

BERE T, WEIRE LTEABPREINTWDER, ZOMREEN T 4 v T
AT DRERE T DL, BN 7 4T 4 7 DI BN E 0 %< OEEEFIH
LTWB7), b2 n/haLl 5.
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(ARl 2 ]

ATEOBANA X, WEAER L THIEL TWD 2 &3 T, H00 FEnk e
(ZEL, HEVEMDBRWGE, HDWIETNE, —ERHICKIT DAL TH
WE, ETOYAMRT—2 L%,

L LER& 700K 88, Bl 2 IT@BA0WeH O L 9 72, RIR & RO S 2B T
L5 aaBET D ERDBRT — I PRONRNGERD D,

WO R mE < TEIRg] Z20R00 (RitEERlg & R EMmA 2 R>) 2 Il
— F 57—, RETIEHEA TETWD.

N AL DI ERICR Y, R~ OEBR LA IS TE 57290,
i (EEfihss) ORRZILZET 5 Z ENRHITR>TE TS,

LU, shasefh s oflE ik a2 7.

- iEIE GRRIRFZEAE)

RATTE Dk A8 OINE 2 EHERINTAT O HETH D, BERERITRWVD, 1 BRI
DR TOMB L Z BB D 1T E L THR-> THHENZ . RIS O
RILAE S BIC BT 5.

- YL AT

BAREICHE L Z, O EE20, WVNAALTEY 352 LT, iEO R
DETEE, %IRRT 2 & & offitfg (RnEEAhA & %IREAA) Z2HET 2 HETH D
(X 2.15). ¥R/ WAEES, EEREOE) —IORENRRKE L, REORY v 72
T4 vV BGR ET, TR LRI B RN ERZ N WD EERN
5.

<L E>

(N>

Fig. 2.15 HE9E /7 UHEIEIC & 2 B iAW) E
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- WBIRTE (ERWKE)

R e e 7o [ RSB 28T TR 2 18 & 5 51k,

il D B ORE TG B2, HEROEERICRT2 Eo T &) (&)
REOT—HER/DHIENTED (X2.16) .

Oa : pitEA

O0r :1&iEAMA

« 1A
ffHFETZRNVX— : E= mgsin a /2nr

v AR, mo HERER, g ENEE

Fig. 2.16 B EIC L D il AHlE
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(3) AMFZENZ VT I E 21
BERE i Fn S R R A Y
DM-701 (H Bl /451 Drop Master > U — X)

| ﬂg

.

R
ORI AL E

@uifgd H Bhill e — NIZ LV il BLIS#aR LIRIE 23 AT RE.
@HE B Z RN LRENTE, WED U TIVH A LFIRPATRE.
QUET—Z D7 7 74k, BEZ(EOBBROBERS, HADA6E.
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2.3.3 ¢ (€—4%) i

(1) B—HESr &%
T, FTHEM, ﬁﬁﬂkbf@ﬁﬁ%w PEA ED7=8, R 8l BRI AT
I TWA ., RO s BEMOIREL LT, P—XENMNMERREZNETDHZ &

FEHERFRECTH 5.
P—2EMIE, 7 Iy 7 X, IR, @o1 A5 I1LE, BEFoHET T,
7 4 IV DREHCIRERE O R O MR, TSR BRI STV D
B — 2B, ERANRBENDS iﬁ@ﬁﬁﬁ%®$fﬁ%ﬁﬁﬁ%®f%@
ﬁkm% BRIRE, WMEEMNRE, TR TORBMEHRICERL, Eiooio
IZH BB 52 5.

(2) FBR _Hg L ¥ — B @
B—2EM LWV ERIL, EXKEPCEXREORHOBETELTLHDTHD.
22T, ¥7, EX_HEHBEZHHTS.

KR & B D ER E 7RI O R 1L, FERlO%E ZREEMEHTND.
ZOEMI L DE L, WRI» S5 DA F 2 A Fv) Zol&wE, &£
HHEERICA A R A (BREHE) 2T 5. XM2.171%, REDIEICHEL T
WAHGEDER[R_HEOMIE L, MIGT DEMOOA LR R LIEDTHS.

B RMEEFEDOA A 34D, HERO KGN BTz @< oo TR L=
& KOT%6®&UK%L%@0TV6®T JEHESR R &S, ERO
KEZHBIT HEMEREENM (¢,) , FLIETEEEME WD, ZOXA A DA
ﬁ@aﬁﬁ*%iﬁi FEDOES (¢ HDELTHRT. « UL, (BMORE SN
ROLEMITHR LT REREEELHZ 5.

WP ETEE 72 A A, B ZAEA A MR ETEVERIC SN A A BT D &,
CHNUDEAER SRS L CREBME RSB LS ®5D.

FoO BRI CR M ICHHE LR XA A oL D%, =27 /v (Stern)
mE=E9. Vi?‘/l/‘/ﬁk-{ﬁﬁﬁﬁaﬁ@@%)@%“/:?/l/‘/)% (Stern layer) &
SV, YaT VBT AEMNME Y 2T VBN () EFER® . ¢ IR EE
ﬁ%ﬁywﬁﬁﬂﬁﬁwﬁéLiofﬁkbp%ékiofﬂ¢ﬁﬂ¢okﬁﬂﬁ
FILRLGELHD.

ERUKEN 2 ECHERMEIND CEMIE, X0 EI5IMIlo “BoE” (0 mE
EHE9) TOBENMNMTHDIN, %< O)%/Er\d)a = { EpPlEhTws. vaT v
VAL G 5 OIMUNTITIZHENL (¢) PEET DD, ¢IET7V—A Ay (M A%
FEni, A 4 1fizi) |ZPoisson BoltzmannpAi A {HET D&, WOLHIREEND
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A AT T DRFNDETEERIND.

A*¢p =—1/¢,¢ Zzen exp (—zedp kT ) ---(1)

ZZTe, &e, FEETOFERLBEEOLFHERE, £ e BLUVAITER
F & & Boltzmann EHMAFT.

KD ITFBI RS T CORRELS Z ENTE, FIZIXRmBERmoSLE, 77
TAF N —F— A ¢ =d"¢/dx* LS, 1FBEOHERE O T,
A1) D2FEFHC LV RADBRDEND.

¢ =2kT/ zeln {(1+ vy exp (—kx)/(1—7y exp (—kx))) --(2)
v = {exp (ze ¢ d/2kT) —1}  {exp (ze¢ d/2kT) + 1} -+ (3)
=72 L, k=4v (2n nz*e*) / (¢ ,¢ kT)---(4)

ZIZTo, 1 Ex=0 (2T UHE) TOBMERT.
WE, ¢, =25 mV ZWMIZT/NSRe s HOLR, ze¢ ; K kT L7720, Zhvk
Debye + HuckelJT Bl & FECR, Ri(2) 1Tk D L 5 IZffilsb S v 5.

o =¢ 4, exp (kx )---(5)
N(5)ICLDE, x=k 'TPIH ;D¢ /e EFTHETHDT,
k EER_EEOREI Y, 44 UREKDOILNY OHZZHANWS. KX (2)

b REMEICR A DD, x BDRELRDE ¢ ITRNTVFREBEEENCED T2 2 &
VIAY SVIRLS!
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(3) BB D

WM B R HE Al - REIS, SMB LY BB EA RIS AT
MUT8E, BEREIEEIE L T 0T, WRANCERAREET 5 & REch- T
WEDMPELS.

R N TR RET 5 &, EHRIRE TN T IRICTIER T 2 BX ) Lkt
NEEI0 GhRE e b, SEHERP O EMEEZ o & TIUXEX L0 E
LY, EEIRETIIRMES (n dPo/dx®) 80 E5->TWD (ST HALR)

o E=n (d*u/dx*)---(6)

Z 2T u 1 IAE UKL E W OMXIEE, bbb EXIKEBBEE TH S.
Z Of%RIZPoisson ORXAMAL, B L%, Wild%a2 BlIfEST 5 &R0
YR

V="C(cq,e./n) ¢ E - (7)
L7 -> T, BXUKBBEIE u =V/E X

u =(e,¢e./n) C -+ (8)
TRIND.

ZZT o 3KEEERT. F£7X(8) T, FEEM, & EM (L) &
HZThD.

Z O3 FSmoluchowski DINEFHTHL, KBIK HOHEN TV D ESIKEN DT
5. Smoluchowski DFUT AR 2 KR L CTENNLTZD, i+ (a) NEX _HE
BORES (1/ k) IZHKREW, a>l k (Ezidca) 1), BRIRKLFICEHT
XHENY TR, FROKRE MBI FIZHEZD.

SO, fEEDOIRORE R FIZHEATE L Z L2225 D TR THMH 72 L
=25, £<1225° ¢ kY (e, =78.5, n=0.89 mPa) Ti, #(8) ZifIZfEV>
TRAZEES.

¢ =12.8u (mV) ---(9)
2T, uDHENMZun Vs emTH 2 TWA.

AN(9NICLEDEL um V' s em®DIKENEE L CBEALOME 12.8 mV IZxIET H
NS,
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HEHRIIEL BB AN LT 7T e —F I Tn5.

OB ES D CHEMMIERT 2 L& 2 5515 T, Smoluchowski 2
O AR & WO, S>F 0 /NIRRT (o) £ EREPEWVEBIR, a <
I/k (EFl2ldka € 1), THEHATESAT, Huckel ORXEFEHIILTWNS.

u=2 e¢4,¢e, ¢ /3 n ---(10)

£(10) 225° C OAKH (e, =78.5, 1 =0.89 mPa) (Z#fH L, WM< &%k
2155,

¢ =19.2 (mV) ---(11)

72720, uDEfIZym V' s ' emTHZ 5.

Huckel ®iE, Smoluchowski D (8) & [FIAE, K1 DH£E (a) ITHAFE L 7RV,
Smoluchowski D& D &, 2/3DNFRONTND & ZHNRERD. bbb,
Huckel DEIFR A W5 LRI U u (2% L, Smoluchowski FUZ X AMED1.5 5D
R

Z DX JEIZK L THenry 3R D K 5125 2 7=. Smoluchowskiz\ TIIhi 1 DAFLEIC
LB LHOEOT A (BHIFFIICTEATIIEA L THD) BNEE SN THDD,
Hucke l AU TIIHIF- 3R NZ/INE <, ZOIHEIZ L DM BLOEALBELR S LT
5.

TDOEBLEOTELE ka D E UTEEIZEY - 7= D3 Henry® Td 5. Henry
L B, BLIEif L LI R Z20KkE T 2 O TldZe <, A F 2L > TR
MATWDIRFT 2B 720 DORR (BEDR) 2 bBEICANT, kAzH .

u=(e,e./ n) C £ (ka) ---(12)

B%cr (ka) ZHenry 125X & FEOY, R DHFIEIZ K DMTELDOEADES N
#L, ka—0 Tf = 2/3 &7V Henry=UiZHuckel OHUT72 5.

Wi, ka0 TiEr = 1& 725 TSmoluchowski k720, Z OMBR TIIAMBE
GINGEAEICEATND.

F77, ka OPFHEOEIZDOWTIXX2. 18 [TRTLH R E 5.

ERVKENVEENE & (BN OBIMRICIZE EMEN —2Fk > T b,

AU, REME OESISEIHG Tl CARWERTIZIR T, SMNBEY T EHEN
I L CIERMRTIR D T2, R FIZHOBBX[NDPERT IR THS. ZDHLY
PN IBCEINEE A (D 729, F T Wiersema * Loeb « Overbeek (WL - 0) |2k »
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T, Y Ea—Z L DEMEMITIENRA SN, TDH S 5IZ, 0 Brien « White
Ko TEAEfRAT D72 D, LVEN-T' vl T LR BEINT. Z07Fe T A
2 X BRERERO B &2 X2, 19 1R d. 72721, HEEUE & Bz 1 3IEn R
TAb L7o kB L & (B TR TER SN D.

U,=B nze / 2 e¢,¢, kT')-u 7=2zel / kT ---(13)

LLEDOH & DR REENT L EROLHITRD.
(i) A0 mV LUTDO v A FROBLKIKETIE, BEAMRIIER T

5.
(i) ka » 1 £721% ka < 1 ZiidcdT5zav0A4 FRTIE, RO EX
7R,

(i) 1< ka<100 TEB—ZEBNMNT5S mV Ul RZRO u 1TEEMREIC
KELEEIN, v DENS CEBMNEZ R DONRREEC/RS. Db
(c) DFfFTMITHEE T REREHEZD.

(4) BRIKENEIC L DY —F BALORIE
BRIKENEIXIRRNIC —EDERES 2 00T, £ OBHNEIKET Dk 1 0O@EE
wEHIEST S, kBN DRI BEMEL T TR TE AT, NHRTEREEC IR
B Chi - OVkBl A2 BB T 5 2 LN TE D,

B, # LWERIKERBENE ORI ERINS R 2 IZBE SN THND. Ry 7T —%)
RZ2FHT 2 HECHEEERP FIER ENEDOHITHD. ZnbDHFEEZHWS &,
WEHRD CBALOEDIENNT, CEMODAMAICEATAERGDL LN T S.
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xka=0
7 »
100
°r 0.1
50
5F
B4 20 1
5| 10
2}
1 -
O i 1 L L i ] 1
0 1 2 3 4 5 6 7 8
Z
B offtmh Uy &8 Z 13 2heh,
3nze 7o zed

E™ 2¢e.£0kT “ kT

TEZRENZERICILL ikEEE & E -y Bz
R~

Fig. 2.19 « afliZx 9 2EXIKBBENE &  EALAOBHR
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(5) ARMFFENZ T I E 2

AR -

HIEIH H
SR
EaRE
I E D

KEE RS R

ELS—8000 (pH #A hL—3 a3 > v A7 Lff)
CEAL,  RIfR

L—HW— Ky 77—k

He-Ne L' —#%— 10 mW

74 Moy N HNEFEEE

P—XEN  ;-100~100 mV
ERBEE 5 -10x10%~10x10" cm®s + V
Kt ;3 nm™3 pm
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3.1 #&

BIE, 7AI=ULEHEDIZE A ENKY-L Z& (Draw and wall Ironing ;
LUF, DI &F29) MLk vEEINTWAD. TR bMBICH bikrn-eRE3R
ALY (Drawing) TN X W A~ IR L, T OMIHE %2 L Z & (Wall Ironing)
T CHL BT 5 2 & CHEHRIRMER STV 5.

Z® DI MITTFETIEFEMR (Sheet metal blank) &AM (Die) & DBEXAS
X ZBHIET D201, KEO DI M THFAVN™MER SN TND.

TAI =g AEHEA O DI ITHAIE LTIE, TAI =T AREEEZE LT
W ENLEWEIEER RO 5 A T2, B AT ViliZiil e Liz=~v/1i 3
VAL TOMTHFD DR FICHNSERTWS.

—, SEHHOEMTICHWS NS Z Enb, FRCEmWEEVE - AN R < K
DHENDEHCRY, mEICRD T AU DREMERKNLFE (Food and Drug
Administration ; AN FDA L E09) B U A NMIFLE SN 7=WE O B THl il %
W T 52 MM E L 7> TE T2,

Z ZCAFETIT FDA B U A 2B E L2, fAeMicER, »oRLHA DI
INT % FEBT 5 THHIOTRRE e 5 NTBHF 21T 9. ARFETIX FDA #1K& U X FEd#k
WEDOHNLRY, I BARKICEY @EEtEEEs 2 &2 B0 E L2l
KBTI - AR L, ZTOREER, 7 =0 ACEHMEIZ) L TENZKR Y L
FtE a2 BB L0 THET 5.

3.2 &t - WEHICEA-EBZERAL DI MIHmFIORR
3.2.1 tEYmZzEEAICAL= DI oI imHFl

BIEBHICHW LTS DI I TIMA TN TH 5 G A7 /LA FDA #l
UZRMLEZRoTHWD, ZZTETIFEBMICONVTHRFTL I L& L.

& Z AT DI ANThA] & SERLOME D B 72 2N Tl & U CREEESIEITIER] 23 %
F oD, KEMECIHIMANL b ICHmE EMICHW TS, 22 THRIRT 5D
FRERHE A TR O DI I TilmAl & KA SR Al O TR i 217 - 7=

ZOfER, 3. LITRT L 92 DI N LlAME AR ICIZBAFICHAR T & 72 (K3.1
(a)) 23, KEMECIHIMAZ DI AN THhAlIE LTHWS &, Finn (3.1 (b)) O
ey (3.1 (e)) EWVo=RENRAE LT, 20X 5 IZHWiH Tid DI I TRFD
BN+ THDLZ ERbnoT.

Z 2 TCHBT AT VI L 7P 2 5, 220 FDA #ikk U 2 M itdim e
ThHMEW, BEARMCIEEREME SR E Lz~ by g %A 7O DI LA
ZPAFE L7z, £ L T2 OMLihH 4 fpHE RIS CEEMM L7 & 25, AT A
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TVl FHIC W2 1R DT AN THAl S IFIXRIE O T EZ S5 Z &N TE
N, SN HEOMEIZT 7 v 7 ARy b EMEND BUVENNBIER I,

Z OIHIVIFE SN TR OB K 0 4fg L, REMIEES T v JHICE ML= b D
EBEZLNTRY WO R L 0 b EE S 7B A 72 DT N TImA o
PAR N ME & 7p o7z,

Good appearance Broken appearance Not drawn

Fig. 3.1 Deep drawn cup in using of DI cutting fluid
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3.22 RYZLFLUYYa—)LEEBICAL=DI MIwmHA

FDA #it& Zfi7= L, 2 o X 0 S HEWEIZEL, S O A7 7 U 7 HIC
LEND KBS FTHAEIRI T ALY a—LEERICHWS Z L e L
oo RBEMIRY T AL 7Y a—EZHWDSINTHANL Y VT VE A T 5
g, JISHEClZ=~v Ly a 247 (ML) AR ONBAHL AR T
RISy 80 mass %Ll EE SNTEY, YLTNAEAT (A2 ) L3RR
B EEH 700 LB TR S 30 mass %LA b, FEIRS) 40 mN/m A & S 4L
TV,

INVTINHEAL TOMLTHFNTT~ Y g v 2 A4 TOMTIHANZ A, « WENE
5y, MEHEDR L, « 22 2 MERE, - (FEREORBEL VST ORREAT
L., LT A= LOMTIZEBNCIE— KIS, YVITNAEZAL T~y
3 ZA T OMLAIOIZ S BEREEITHEDEm O DBRAET DL EI2XY
RIEM AL T D72, BWEEZ LV IHITE@EL T\ D9,

LTEWoTRIT AR LT a—aile Lie Y VT & A 7Ll %
DIMTIZHEMA T 272011, ZOMEEEL XV ET2 2 ERNETHD.

3.3 ShNICKIBEEEREZBME LD MIHFORES LUK
3.3.1 YIITNEA TImAEIDEEERL
VIVTIE A TN LIMBI O E & O 57O, BB T VD ) —LT I
WEINIMT 5 Z LB IAToND. BHRIXK 3.2 DL 5 ET VLY &E
RIS LIMEEIEAE S, REHNBZWVEEEHITEDL I ENTES. Ll
DI ML D X 9 IZAKTHRL THERT2HEICH RSO S OEHEER SO D
MNEIDERBTHS. —F, SRMBOM LIRS TIREEIEZ &0 57201,
INTMANZ & TR E BRI LI O ER 2@ 2 FIEDRRAVWLND Z L3 b 5.
2T, 29 L HEESED, MEE &0 2EROH IR - T A0 ) —
VTR UM DL MTANCEIL, EoicEnE Ik s 2 LTI E
DIEVIER (X3.3) Z2REIEEVEEIEELSGD 2 L2 HIcEE L.
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Surface of metal

Die

lubricant

Chemical adsorption model of fatty acid
DI

Fig. 3.2

blank

Sheet metal

Blank holder

Micelle

Fig. 3.3 Conceptual model of lubrication with micelle of fatty acid
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3.3.2 =HIIHEICET BB ORE

el « 7k ) —NT U WOI v AERICER L, BVEE, Tk ) —LT
IVBLORIT ALY a— v (H), K THRERC L 720 T AR /E Y
L.

NENR & U IR EE D B 7 2R FH 72 STEEDNEIR, 3 7B 7" U Vg (R
FE8, AT CA-A LFET), U U UM (R&FEE 12, LLF LA-A &itd) BXUA
LA VR (RFEE18, LAF OL-A L50d) MWz, TAh/—AT I /AZiE Y
=X /=TI (BLF, TEA £5E9), KBTI RY ey 7y a—iu (4
%ww,uTHmkﬁﬁ)%%m,%%%:mAﬁmzlﬁ:1@%wm?ﬁﬂ%
ERLL7-. = L CHRIMIRE 2 C 2B b s bRk toREENEZHEL, Itk
JVIERCIRIEZ R L7z, 7V X =0 AECBHE I o DI I TIMAN LR & 2. 5~5 %12
HIRLCHERA SN D=8, IBIABEIEE & LT 0.005~0.1 mol/L O#iPHZ H.OMIFR
ELT-.

4 3.4 ([2FmaE S (YIS #L84 DVS-2000 Z#fEH) OWERERZRT. CA-A @ TEA
HEIINERIEIREE 0. 0056~0. 1 mol/L O#FHDOEKmTE/NLEm < I BAZTER L TV
VY. ZAUIE CA-A @ TEA HEIFRBEN 8 L V7 SV ERR TE ehotalzd b
EBEZHND. —J7, LA-A O TEA SEIINENIETR B 0. 005 mol/L TlERmEN A E < 2
VBT L TR, BEIERIEEE 0. 01~0. 1 mol/L O#PFHDE H K HITIEL 2
TV ETER LT 5. OL-A ¢ TEA H¥ii% DI N T oo 32466 _E o g ABRIE FE 0. 005
~0. 1 mol/L OHiPH CREIE/NIEL I BAEEAL TS

DI MNTHAIE LCTILPPG 235 E LCIRIMLTERY, T2 TIECA-A D TEAHE S
RWERmIRNZ R LIz, LU PPG DA Z BN L 7alBHI I\ T b KMk /1 2ME W
ZEND, ThARIEBAEKETRT DO THLINIFIAATHS.

WAZNEMARAEREIZ 0 X BV RRISE W S B SV IBIABRIREE 0. 1 mol/L 128\
TR O D R DWW TR 21TV, < BAVBARL & OFEIIZ DWW THRES
T5.
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Surface tension mN/m

—@- CA-A-TEA salt
—- LA-A-TEA salt
—A— OL-A-TEA salt

(0]
o

(o))
o

N
o

-O- CA-A-TEA salt + PPG
-5 LA-A-TEA salt + PPG
—— OL-A-TEA salt + PPG
> PPG

—

N
o

0

0.000 0025 0050 0.075 0.100
Fatty acid molar concentration mol/L

Fig. 3.4 Surface tension of soluble lubricant
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3.3.3 EEEIFEOFE

HIEI ORISR A 251, 8T D DI I LabHelel (FR3.1) Z/FR L, ZoiHiEks
PaR—Ib « T« 7 b— NEEERARE (Fheidtk Ut SZ-FT-93B) %
FWTEHIE L7z (X 3.5). FEEEEEFERER CldA—/1c SUJ2 (B2 3 mm) %, &F
T — MR OEEEREZ LS W7 /LI =7 A A1050 (18 mm - 28 mm - t 1
mm) Z VY, AR 5 N, BEhERE 5 mm, [Fl#ERE 200 rpm & LT, WIRE A 20
+2°CICHIE L CiTo 72, 7288, S FED DI AN TimAIEE KL BE IXIKIR 20 °C T,
FXTO0.4 Pars (BALKERE) ThHoTz.

FEAMARS SR & U CERB R ORI L 2K 3. 6 1ZR 7. RN H0M1D X 51T, /b
X IR BB FRpE 9 D N TiAREE (No. 2, 3, 5, 6) (X, PPGIRINOA EE L (3B
72 <, ThbbikORTES &I,

Z L CHEMfEE LT LA-A R OL-A Z VD Z & TIREEZ I T D2 &b,
THEPER EIC S BB IER AR TH D 2 & 3 HEH X iz,
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Table 3.1

Lubricants tested for friction and wear

Fatty acid
mol/L TEA mol/L | PPG mol/L
No.l1 CA-A 0.01 0.05 —
No.2 LA-A 0.01 0.05 —
No.3 OL-A 0.01 0.05 —
No.4 CA-A 0.01 0.05 0.01
No.5 LA-A 0.01 0.05 0.01
No.6 OL-A 0.01 0.05 0.01
No.7 - 0.05 —
No.8 — — 0.01
<E§ Water bath
E Heater
DI lubricant ﬂ
Fig. 3.5 Experimental setup of ball on plate friction test
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Friction coefficient

0 100 200 300

Time s
(a) Lubricants containing fatty acid and TEA

1.2
No.7
/ No.5
1.0 ¢ T No.4 [ |
08 | No.8

Friction coefficient

0 100 200 300
Time s

(b) Lubricants containing fatty acid, TEA and PPG

Fig.3.6 Changes of friction coefficients with time
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3.3.4 &Y IO

TR =0 AREHER O D - L Z & M THMANIFEKY & LIE 0o TRICHND
AU, FRCER D RFOEEENEE L SN, T2 TRICEMTEWINTRENS S
ARV RBEEIT- 7. SWBRICIT BBV TR 0 R (T h—8) 2 A (K
3.7), R32IRTHRMEV TRV RBREZIT -T2, 708, 77 > 7 I = A3004H19
1%, EBRICHEHEICHOWLILD Al-Mn ROMETH D, XA &N FOfREICD
WCIEEMAB LR CEICHRE LY. £ LS 2 oW TIE 3 K#ER L &+
7o, REBRANCTOX A, NUF, LI HEzEL, ~%% o CThIELE. 7
TUTIZONTH TONFH LT TR L.

ZLTMLHAZ, LSzl mrLToiEL, FokicrT 707
ERELL. DT 77O B2 Inl i F Lz, &0 RBRIE 5 Ak LTI,
NI O LA O R EEAT > 72

SN TaAIEeE e UCIdandi & ¢ & [FIRRIS, IBRGER, TEA, PPG & L TR DA L,
ZI S DF VIR & G5 © TEA : PPG=0. 01 mol/L : 0. 05 mol/L : 0. 01 mol/L & L
7o Z L CTARHI TR OW CEEIICRTTT 27201, REFSCHEDO R 5
7t 10 FEFE O RGN 4 3R L7z,

RS R AR 3.3 TR, 22 Tl L TR Y 24T 72 5 fEH o [ < 5
TEIEA TR L=, Ny F o 7 % LI=®PHS BAFIOR Y 217 2 725 &R L
TS0, HEIOBEER O R &R, 700 VBB bRFBEEO/NS WV
WEE CIXREIEN TE R ol ZO LTV ITHOWTHENEE - TVl /) — T
RUHOIBENAEOABD TEETHD Z ENHLMNTRY, REFN 18 L L0
LA VEEPFHIBEN TS Z ERbho T,
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Sheet metal blank  pije

Blank holder Punch

Blank holder

Fig. 3.7 Experimental setup of DI test
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Table 3.2 DI test conditions

Sheet metal blank A3004H19

¢ 70 mm —t 0.3 mm

Die SKDI11, Cr-coating

¢ 40.3 mm, Corner radius 6 mm
Punch SKDI11

¢ 40.0 mm, Corner radius 2 mm

Clearance between die and punch 0.15 mm
Drawing speed 1.0 mm/s
Punch stroke 40 mm

Table 3.3 Success ratio in DI drawing test

Type of fatty Blank holding force kN
peid Num. of Carbon i 0 s
Caprylic (CA-A) 8 0/5 0/5 0/5
Iso-nonanoic 9 0/5 0/5 0/5
Neo-decanoic 10 0/5 0/5 0/5
Undecanoic 11 0/5 0/5 0/5
Lauric (LA-A) 12 3/5 3/5 0/5
Myristic 14 5/5 5/5 1/5
Palmitic 16 5/5 5/5 2/5
Stearic 18 5/5 5/5 2/5
Oleic (OL-A) 18 5/5 5/5 5/5
Recinolec 18 5/5 5/5 5/5
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3.4 BA% DI T ;EF D45 EEE
3.4.1 BAFDI MImFIDEAS & VEEREH

AIEICBI D/EREZH &1, BIEEE LTH LA V% v 7z DI N TiMA D5
W (F3.4) ZBAF L. RIRIZITFDA BUE Y 2 MIGRH I TWOIWEDOE S
oLz, Wb FDA K ZE L CW\WD. ZZTHLA VEBOEARITHONT
IFLLTFDO L IWCRIE LT, v A VBEAR LD DL Z L TR EDLZ &0
Ezohb.

L LA LA VR EORERGR G 2 A 2 IaWIE 2 R I 10 wt %L EASN
T5HE, BL2Z1EHTHRARIET Ty 7 ARy FBRBELLTRD., £ T3 4D
MERIT K DN ChA 2 A8, v A VBB AL 10wt %, 20 wt %& L7 Nl
FNZDNT b Rt 21T - 7.

FBRM TR OERMEEZRFTT 572012, RO~y a2 147D DI
N GEIT AT AT Vi) & VTV Z A 7O DI INTimFA] (FDA B ARt
&) L HEGHE AT o772, T L TCOFROMIMA & b 3 %R L, &0 BRic
gt 7=,

BAZE DI NI RHL O 3 %A B 1 O 45 55 /LI EE IXNE NGBS : TEA: PPG=0. 005
mol/L : 0.030 mol/L : 0.006 mol/L &725. 723, NRHiET bbb A LA VRO
F£0.005 mol/L MIFLATHX 3. 4R L2k 2B ZEA LTS,

INTHAIOREREM & L TiE, 3.3. 4 Bi Tl X7V ARBRIZ L VT o7, 22
VEETEEEZT Te <, OB S OMIEEIREE S 72 o B X 7 T v FOFAEIREE
IZOWTHRHE L 7.

3

o

gl
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Table 3.4 Developed DI lubricant

Component wt % FDA list No.

Oleic acid (OL-A) 5 175,176,177
Triethanolamine (TEA) 15 175,176,177,178
Polypropylene glycol (PPG) 20 173,175,177,178
Antibacterial amine 2 178
Surfactant 10 172,173,176,177,178
Water 48

3.4.2 EER#HER

F 3 BITHERZ, LS 27712 kN TR o 72RO H OMIEEmIRAE A [X] 3. 8 |27
T ZNENLDLND DI, TR Lz DI I TimANL, BAET TITHWS
NTWATIROM TIMFNC e, F%LL EORRERMEZ R L. £, Ao VBB
GRS wthDRRIEIE 10 wt%, 20 wthDa LREETh 7. B, T LA
REZETDHLET T v 7 ARy NORESLKN, FIREZEMEOLL7: EoNT %
RELISA DR BEANAE TR AR50, b wthlE L TWSHEEZLND.
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Table 3.5 Success ratio and appearance of side wall in DI test
Blank holding force kN
Type of lubricant
10 12 15
5/5 5/5 5/5
Developed lubricant
Good Good Good
5/5 5/5 0/5
Commercial emulsion lubricant
Good Good -
5/5 5/5 0/5
Commercial soluble lubricant
Scratch Scratch -

Sample

Surface appearance

Developed lubricant

<>

10mm
Commercial emulsion
lubicant

<>

10mm
Commercial soluble

Scrach
lubricant

<>

10mm

Fig. 3.8 Appearance of drawn can
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3.5 #&

TN =T APRHEORE TR THA SN LKV -LZE (D) I TilAl O %L 4
P - fEtEom Ea BRI, FDA BUAR U 2 LR E O A THEGE L 72 T 2 B
L. T UTHRIER - 7T 7 — 7 IO X BVBRICAE B LR 21T - 72
A, RO XS 7k a2 T

(1) RE) I 2 B W T A 2 W5 & e Sz OREmIZ B WG
WAL L, HOMEWECIIBENS D Z LN bhoTz.

(2)  FDABUE Y A RFEEMEOHRMNDLR 0, FlEmO B2 S2 2 L2 BN
(2, JENGER « Tl ) — T 2 UM A EAR LI TLIMA &2 B L.

(3)  JEWiEE - Tk =T R NI A EERT D 2L TEN BB
20 2 EATE, Mk DI ANTTHMA & b LT, K@/ I Fr
PAEFEETHZENTE,
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4.1 #
5% 3 B TIL FDA BikE U R M &BfE L2t faEmIcEN, ORI DI NT
Z FEH T I TIMFIOBIRICIENEE « TVl ) —T 2 0 v AR E vz,
H 3T L2 DI TMANL, Y7 %A 7O DI INLiFITH Y, g
BRSO D=0, BIGEE « TAD ) —AT IO I BARICER L, BEEEE
B LUK FHEDIC DN TEHMI 21T - 7-.
ZTDFER, BIER - 70 ) =T I NI vV BT D Z & TENTZEE
BERAE SN, KVENREROINTANEZERTE D2 ERHALNTR -0,
ARETILFDA A Y 2 MEdEE OAHN LR, Fl2IBABKICIZ, T
HHRITNLF L7 U a—LOkmEibicL b, SiEEEEEGs 22 NE L
INTA e Uiz, Z2ORE%, 7 =0 AFCEHEIZ ) L TEEILZ 0 I TR
A9 5 DI N LMAIOEREEZH SN LD THET 5.

4.2 RUYFPLFLUT)a—LZAWVDI mIHFOFBEERL

HEWGRE « TV ) — LT 2 SRR Y 7% Lo 7 a— LD KIIE T TOIREE
AHEATE 2MMED 1 >THAREENICER LTz,

NENR « 7 v ) — T L USRI O T b bRBKIC L > TI®E
FRIEE N R D, GRAEE - TV ) — VT R UHEIN R BV ERTERT D IR CITAHE
R OSET, RO T VX AT RO LBUKIEE LI, IR L L
TNT =T I TSN D BKIEZRBIZ L TR 5 2 & TRERID
KFT2 (IK4.1(). B - Tvh ) —NT 2 UHO B AR EEESTO
KR, T7eb b, [ROBEBRBOFHL & BHRHEER H 2 2 L ITBLCH T -
T3 (3.5, ¥3.6(a) ©.

—J7, RYTNAF L7 ) a— )V dKEKET CR—a0FHIC~T v 7 24K E o
Te BRI &, BEURIT e o 7o BUKIEE 2 BT 5. £ LT, K48 LA O Fi i T,
BROK S 2 S AR, BUKIEER 2 WA L ClREYI 5 2 & CREENEZE TS E2
(¥ 4.1()). WY TIAFL T Y a— WL HREENDIKT AR EELRE D
Bt lcBI LT, MBI A BN o728, 2 BABARIC X 0 IR EEE (R 4k % #E R
Licd b A Viga AV TAlcs v T, RY 7 AF L7 ) a— L azRnd
52 TIRWEBREN S BT S (X3.6() @,
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Hydrophilic group

Hydrophobic group
]
)
M
Micelle F /\.

(a) Micelle formation by aggregation of fatty acid

and alkanolamine in water

Part of hydrophilic group

Part of hydrophobic group

‘}% vt
S

(b) The polymer polypropylene glycol in water

Fig. 4.1 Conceptual model of soluble-type lubricants

87



TOZLEED, RYTIFL T Y a—LHEMEWEEELRE O RGO Y Rk
B L2 5O TIE R, RUTAXRL Y a— ISR - TVl ) —A T
IUHRESRBREMMICEATLFR Yy U7 L LTEINTND EHERI L 7.

ZIT, RITNVF L7 ) a—vafwts 22 8T, Btk 70/ —v
TIVEASREREICANEAT L U T IREZRIAIE, ¥ 1L Loz
I ENTZT T DO MEERED D Z LI LA RO M EAFTICERL
7z.

4.3 FBRAEE - ZNA/ — LTI UBERYTZILELUT ) a—ILOKY i
4.3.1 &Y

TR =y AREHERAOKY - L ZE M THMANLFRY &E L2 TRICHND
A, FRCERD RFOEEENEE L SN, T2 TRICEMTEWINTTRERS S
O A R EIT STz,

AREBRC X B IR R 0 AR (T h—o ) ZH (K3.7), £ 3.2 1T T
SO TR D RBR AT o2, B, 7T IV A3004H19 (X, FEESICHOEHE
WCHWHILD Al-Mn Z2OME TH 5.

B A LR F ORI EIZOWTIRFERAE & R CEIciE L@,

F LW ZNZONTIL 3 KEER (LS. HBRENCTOX A, T, L
DX ZHEMEL, ~FH U THAELZ. 7707100 THTFoONFH &7
B hTHE L., ZLTHLMAIZ, FFLOMSZIC 1ol @ FLTOIRL,
ZTOLIZT I 7 E2FRE L., SBIZT7 7702 Ial{i F L. KU EBRITS
[El3dEfeE L CATVY, DN D 8 A7 0 A a1 TRl G SR 1 d0dtfe L ik Y 217> 72 5
FORIEZ SR CE BT L7z, Ny F o 7 & fE L= #HS BAFICKY %
ITRTGMEERL TV,

4.3.2 RYFILFLIUSY)a—)LIZEB LERY BHEOFE

TR - TVl ) — T 2 D I BN S IR BB SR D R &R
DEFMEICKRES BT H &, £, B E LTI b A VBB Y Rtk
ERETH L ERE L (£3.3) .
ZZTIbLRLHROMEDR EOTOIZHKME L THW R T AF LT 2
—UZOWT, KV FEICRE LT,

INTHAREHZ X FEOEZR S 3 BHORY e L7 a—L (&
700 g/mol, 1000 g/mol, 2000 g/mol, LLFZ#LE4L PPG700, PPG1000, PPG2000 X
FLY) RV E 72, PPG2000 [IIKA~DOEMREE MR &, AKEEHEIHEH A
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TEIMEHEN = TF LA XA REZEALILHEDR I~ THLHAY =F
LAY A R=—R) a4y A Fo7ry 7R ~<— (4575 1800 g/mol,
HEL T LU AR A R =F LA $¥ 4 K=1:9, LLFPw61 &£389)
EHbEGHELE. RUTAFL U7 a—LKRROFKME LT ESE2H L
TWHZETHD (FA41).

IMTIMAFBEHZ AW AR TR Lo 70 a— @ 1 SRR OZ AT PPGT00,
PPG1000, PPG2000, Pw—61, ZiLZFh 42°C, 21°C, 14°C, 24°CTdH 5. MMLHHNIZL,
REWIER I3 A LA Ul (BLF OL-A L5289, TA ) — AT I X =% ) —
AT 2y (LR TEA E52F) & vy, OL-A : TEA=0.01 mol/L : 0.05 mol/L {27V
TIX L 7Y a—)LEZEI 10000 ppm ML=, RU T ALFL 7 a—)L
@ 10000 ppm }% PPG1000 D& A 0.01 mol/L & HEJEEME TR & L=, EE
OIMTIHAFEHZ Blank & L TRV T AF L7 a—nLaEEr0HE0%EMZ,
321N T R TR RBR AT 2.

ARG R A2 R 42107 T, BHORY 7L 7Y a—)LE&E £ Blank T
IR0 BEEME T L7, F£72, PPGI000 LV HZ2EOEWE D, T7RbHAK~DHE
FREEDS RS DI S0 KK T L7z,

PPG1000 LV HEAIMEL, KADEMELEHMEL Y PPG2000 75 PPG1000 LV Hi#Z D
BEMENET, KT L72BERICOWTIE, PPG2000 AS/KICIAME L RV REETH -
TelzdXx U7 & LTl enote, b LIE, VAT ) =T I
Hoo 2 vIVER A PPG2000 28 HE L, 2 A EMIREEZ 2L S 7720 L HEHI L C
W5,

ZOZEND, RHOBEIZLY, KO FENZLT D Z &R bhoTo. T HIT,
ARED v E VT DI N TMmAIOFEH & L CiE PPG1000 238 LT\ 5 Z &
Nhnoi-.
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Table 4.1 Polyalkylene glycols tested.

Type Molecular weight g/mol Clouding point °C
PPG700 700 42
PPG1000 1000 21
PPG2000 2000 14
Pw-61 1900 24

Table 4.2  Success ratios for polyalkylene glycols tested
for drawing capability

Blank holding force kN

Polyalkylene glycol

10 12 15
Blank 5/5 2/5 0/5
PPG700 5/5 5/5 0/5
PPG1000 5/5 5/5 5/5
PPG2000 5/5 5/5 3/5
Pw-61 5/5 5/5 0/5
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4.4 BA% DI M0 ;EF D45 EEE
4.4.1 BAFDI ImFIDOEAS & VEEREH

AIEICBIT DHERNG, FHITTHBLIIENRE LTA LA U, R T¥
L7 ) a— Ui PPG1000 % FV 7= DI I TiMAI DR (3 3.4) 28k S DI L
(I LTV D Z e otz [AZITIEFDA Bk U 2 MCEEH SN TWHWE D
Frbift Lz, W FDA B 2 LT 5.

BAZE DI NI D 3 %A BRHE T DA Rl o€ VIR 1% OL-A : TEA : PPG1000=
0.005 mol/L : 0.030 mol/L : 0.006 mol/L &7¢5%. 723, OL-A ®IESE 0.005 mol/L
DEETHRWERmENZ L, JIBALEZFEKLTNSD.

INTHAIOREREM & L TIE, 4.4 1B TR RBRIC IV To72. 22
TERTEREZ T T <, B S 7o OMIBEEIRRE ST b b2 7 T » F O3 AR
IZOWTHRHE L 7.

3

o

gl

4.4.2 ZEEREFR

3.5 ITHERZ, LIS 27112 kN TR IR O OMIEEmERAE 2 [X] 3. 8 |78
T. I 605 K DI, FCITBZE Lz DI INTANL, BAET TITHWS
NTWATIROM TIMANZ A, F%EL ORI EZ R LT, £72, OL-A DEA
5 wthDIEPEIL 10 wtk, 20 wteDG L REERTH 72, 72k, OL-AREZ S <
THLETT oI ARy N ORAD D5, FUREEEDS{b: E O THERE
USNDTREAENELRLTLRD10, 5 wthhlE L TWAEEZLND.
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4.5 &

T =T AEHEORE TR THEHA I KY-LZE DD LHlors
PE - fAEPEO ) A HAGIZ, FDA KR U 2 b ECHEWE o H TRESE L 720 T & B
FLiz. T LRI - Tk ) — AT 2O I B AERMRE EHORY Tk L
7Y a—VZE B LRI EIT o TR, ko X9 it a7,

(1) FDA #i& U A NEL#E O AN G720, ElomWEERFEEZEL 2 L 2B
Wz, TElE - T ) — AT I UBERI T AR LT a— L EEA L
TN LAl 2 BR%E L7z,

(2) NENiEE « Tvh ) =T oD vV E TR EENiRE « Tl ) —T
RVBOT T 7 REA~AOF Y VT L LTHBIZARY T ALY a—
V& AW DL I TMANIEN KLY FEz b D2 Enbho Tz,

(3)  MRMiEEICA VA R, KA Fre LY a— (4% 1000
g/mol) % FAWZBIFRESIEH I DI INTihAl & e L <, LvENKDY
MR 2 EB S 5 Z LR TE .
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FoOBIF, B AR S5 CHE(C W), Vol.74, No740 (2008),
pp. 978-983.

RKigdE, #BEHEFLE, PSR ER, TAI=UAERD - LITEE
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AN C, FRARER, FRARS N, BRI =, T A I=UADIED
B U AR, B4, Vol.41, No.1 (1991), pp.18-24.
s X, tHIE, MEEE, TArI=vADIHEOREERIE
FETHKLY ML &ME0RE, EABSEER, Vol.32, No.3
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F5E BRI —DRICEIIEHEBEKEZAN-
Kzt € B I hFIDRF
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5.1 #&

TV = MM OFERAR, MTANRTZEIZIE S THWD0, HmT o8 E L
TLEAOBEEEMTHANCZL 2T VI = AMZEOLDODOBENFET HND. FF
(AR, INMEDERE 2 v TN SI2B W TR ICERT 2 T EAHE A K X 72 R
LT TND. & 2 CEEMREDRS TEV DLC (Diamond-Like Carbon) % T.H.(Z
a—F 4 T HEEY ORLHE AW TWAD, TEFHBRITRIIV AL T
LEW, LB OERITI 2 DITIEE S T 7eu,

TN =T LTG0, ORIV TEA~OEELERZ LT <,
INEMEREME T LT . 2 2 CTBUE, RURMEEEZGS 2 2 BRI, 7T
2= U AM O TMAN T EMICIEI A W=~ vy g v Z A T ORI
THADRBBIHEH A TWS. S HIZMEEELZ R LS 570012, HHFER, VU
VRIBERSORE N, = ATV RIEE W78 E Ot _EFIOUSINA SRS O N T Al
TIHATON TN 5.

Lo L, BBERMIEANLS A A X UFEDIRK E 720, U 2 R FN TSR
EERE( L, IO 2T VREEWITESIERNK SR L 25k E AT D
E, BEAMMPEBRO TEWeE WO MEEZALTND.

—J, TAI =0 LMIIEEEETH D057 V8 U MK (pH 8. 5~10.5)
THIER LTV, RIS, KEMEA RN TmANTMEAE - iR a2 a9 2 5
BRI S /AT, WEFT VI IMICT LT AVH ) —AT I U ERIMLT
W5, 20D, BREEME LT, FEOREMESY VRBIOERROBEY
EOOZRBERIML TS, L LT D ) =T 2 LTV =7 ADE AR
ThHoHIET TR, BARKLUHEGAMME T H L7, B, HF/IREFRE, FF/IRT
LV OKEEBRMTHAONELZI TN,

ZZTCARETIE, 7 =0 AMOINTHRE, FRCMEEMER EZ B0 E LK
kBN TRl DRSS - B AT 5. AETIE, ENIEEEEZEBT 5720
12, BT RLXF—DEZ HOERY AN, BHBOT VI =7 AMERTE~OF)
IREN - R A BT ICE R LT,

ZORER, TN =0 LMK L CHIHESEMEIZE, ORI RT VI =0 LB
BUHEEZHL, SDOICRE~OEEIZGEUE U 72 FEEE 56 R O /KA 8N Tl % B
FELI-OTHRETS.
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5.2 =LA - MIERRZEFIA L -MIsF0®E
5.2.1 ExiEA v THERIC & A& O

TNAI=T LMOMTIZEBNTEWINEEEZERIN Db D& LTH v 7N
THR®H5H. TOHRTHRIS, NMMREOERE X » 7 1T TN TIHA O MREZE M h R
Wb, & 2 C/MRIZEE S » T T L 0 INTTMA OREEZ T 5 Z &
L.

I (MA) DEEEH v TRERICIE, il = Z (PR
Vertical Center Nexus 410A) Z T, #£5.1 OFRMETITo72. 22 TH v 7
TERMIZBN TG B 0 BRMHEEMEICRS B L 52X 5 Z E BT
L. Glofn0RE, BRI OWLEMR Y OWENRNHRE D EREE 0~100 % TH
L7Z2bDThD. BIZITE v 7HREORE FTRENFE CHEIE5 o B0 R
100 % & 72 %, %, SloBE00 R 90 WEEIZRE SN TWDNREFDL| - H
Y HEIL119 % THDH. AMTEMFTIEHREEMEICERT 5% » 7 (X 5. 1)
MFAE LT, BETRECTHEASATWAHBONTIHAITIX 10 RETIZH v
THENPNBAETHILONIEEAETHS.

FHETEE TH HMHAE X T HEPHEE I T TE 50z L, 10 b L
U 16 R E TRkl L7z, BRI AEME 2 Rl 3 2 72012 3 [|fTVy, 1~5 9%, 5~9
7, 10 RO 3 BEREREAG S L <X 1~5 7, 5~9 U, 10~14 X, >15 RO 4 Ep&
FHliE L7, £ L TEERELDOZIE CTCOMEELSEIL, RUFRINEEENE LN
HEZEZBND 2 FEEOMTIMANZ SV TRHMEi 21T - 7.
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Table 5.1 Conditions of tapping test

Workpiece material AC4C
Tapping M4.0x0.7
Tool
after Drilling 3.6 mm
Co high-speed steel
Peripheral speed 5.0 m/min.
Feed rate 0.7 mm/revolution
Depth 7.0 mm non-perforation

Fig. 5.1 Aluminium adhesion for tap and the broken tool
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5.2.2 SELEEERWEZTILI = LAMIkA

AR E VAR D — LD EITImAI Y 251, IeABRIC L D0 T
EHRBTHZ & CMMEEZmD D Z L a Rt L.

EEIZRY T XL 7Y a— vz iy, JBVilE - 7 v ) —uT U
(BARENZIZA LA VB N =& 7 — L7 3 U8) 2N L= Ll A fEsL L,
5.1 O TN TEREZIT- 72,

ZORER, I~5 R TH vy ZIIFHE LT LEW, MASEAR S THDLZ ENnb
Moz, ZTOZENEIvAEEEFA LZEEDRIIKY — L& T8 k&
REDW Y MR ER I ND I TITIIZVENE VD, THHAEMEZ ML E SN D /IMED
MRl v 7ML TEIAT2THL Z EHA L.

5.2.3 HEMRZERW:-7ILI =D LAMIHE

— I, KA RN A CliASE 2 @ 572012, =<y a Y NOlE

PHIA LR E LTS 2 FIENRZE T 6 5.
ZZTCx=vavay (R 1~10 mm) [ I~vA 7~z (R4 1 um U
T) IZHARMEEMEICENTBY, TOBEMITR FAEBRREI WD EEZ LT
L. TR0 b, FFENPRKEWITERESEZMGET 204 TE EHHI & oIz &
ICHEHETE D, ERTENP/REWVIEE TSV a URREE & 720 HIEZ AL L
KT NI LR ERHERHI STV 5.

UL, MEROERZ 720 TilAlZ HWTER 1 & FRERO/DME M) DfsiES ~ 70
TEITolE 2 A, MAEMEELT L LR FROKE S EMBEN W & &2 RN
L7z
Z 2T, PiRORE INMEETEICR EEL 52 2K FTIEnwZ &, 7720
LI OB TIEEWIHAEE 2SS Z LR TE RN L 2R T D701, 9
Mz =4 RORmIEERCHAL LR F RO KR E 72 (K 3mm) =~ /Ly a U0
THMAEER L, R5.1 OFMET/IMRIRE S v TR B AT o 72,

Z DR, 1~5 R THZ vy 73 L, MR Z RN U7 BEEh R L Wit E
Pa BB L SND/IMEDERE Y » TINTCIER 0 Thd 2 Ehbiolz.
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5.3 IEMEEDSEMBEAICER LEMEEEOR L

5.3.1 ZI =) LRE~DIEHEOE T HRIEH EORE

AN AR T T 2 AR KIEMEA BN I A CIISE® il O & T+ 53 2R R &
PERG DR WA, SRR 2 7 /U LEW), WERZ &8 STy
RRZmD DL EMThbivsd. £z, KEESBEMN THAICBNTHEREY v 7T
RN=Y 7 ) =~ L E D@ WA E RS GBI T, BB 27 v
fbaNIREER Bicg2hcdhn D 0Oz LRmbNTWD.

Z 2 TR BN TR OMESEEZ R LS5 HiEE LT, #ElMTchr 7T
VR =0 AMEREICIEI A R L U TR 2 A8 - 56755 2 & a8
IZERB L.

5.3.2 BHRIRILX—IZ& HHIERALEEHD O

TNy a YRR OGN ARKEPEBR L 2R LT VI =0 AMREITRET
LHRe DI, T7Rb LMK OEEE L TER= VX —2 o2 L &
Lz, BT RLX—E, Yo7« Ta71olW iyt 3&F8EHEND.

KEEMEA BRI TIMA, FRlom~ /vy a > OEAIFKERIR TRl O 2R i 12 SR i
PEFIDTFE L2 2 B VIREETIEET D, 20X ) RREBICBWT, e 71 =
A EDREES yso EAKET I =T A EDOREES ysw ED3EL LTH
(I RTEBRTRLE—D ZEHTDH. ML T VI =T LM EDORMEET v so
ERET NI =T LM EDORERT) y swlZBEHEREST 2 Z LILTERWVA, RO K
IMAETHRMBHZ ENTES.

5.2, ¥ 5.3 T LI IC—EEORIEERZZHT DKOEKMEES) % v wa,
—E RO FETEAZ G AT D EMOREIES % v oa, [X5.2 DIREENHRIE S 1L
LA % 0o, X 5.3 DRENDLIRESNHHEMMAZ 0w & L, —E&EO R iGN
HaEasaTHRKME 7V I =0 20 EICHH T LI2IREE, B X0 E &0 R miE Al
EEAT LKA T VI =0 L6 BRI T LR ERARE LE, Rk o8
DEWIER©), G TEREINS. RDIZXQ), @) FRAT D L@ FKLF—D
@) TRT LN TES.
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D= vy so— vy sw (1)

v sa= vy so+ yoa-* cosfo (2)
ysa=yswt ywa-*cosOw (3)
D= ywa+*cosw— yoa-*cosfo (4)

KW »robnd ko, B XX —D I EEOREFEEAZ2EHT KD
KIAHES) v wa, —EREOFEIENERZ EHT 2 EMOEKEET] v oa, BLU 4. 2,
X 4.3 DR SIESNDHEMA 0o, 0w ZHAWTHEETE 5. Lo HETHE
BEoREmB LORmFEEROFEICH L TR@ 2V TERZ L —2KD 5
ZEMNTED.
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Yoa Surfactant
Y
Oil

Y sa Y so Workpiece

Fig. 5.2 Oil droplet containing surfactant
on workpiece surface

rwa Surfactant
-/

Water
Ow
¥ sa Y sw Workpiece

Fig. 5.3 Water droplet containing surfactant
on workpiece surface
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5.3.3 BAOREEMHDERIRILF—
RETEERNZIZ T VXL —T VT VX LA S8 A RN (R-A0), Al A
VAR — bk (R-Ar-S03Na), # L CHEMBEDOA LA VBN = ) — LT I
5 (OL-A-TEA) Z 7=, #imicid 7 7 2 85im (40 ‘COERREEE S 8 mm*/S)
AW, RBEIT VX — |3 —RRIREE TR T 2 NN H 5728, FLmls
PEARI & LTl 2 vIiE ks L <IEmB L, B—7KERIC TE HREZ SR LT-

(3% 5.2).

[FIRIZ T D EAhA 1L 5 BB ORER IR THSH. F7- Blank & IXFEIEMERZ 5
BLREWEATHY, KESFEMMENZNORMEIRS), il o @R R —
2B U 7e . I R o5 A SRR mETEPER] 2500 ppm, S2471H 10000 ppm & L7z,

5210005 LI, RmiEHAIOREN R 5 L BT VX — RN

D2 LR ST,
Table 5.2 Replacement energy of various surfactants
Surface Replacement
Type of surfactants ] Contact angle
tension energy
mN/m 0° 1077 J/em?
HLB ywa yoa Ow 0o D
Blank — 73.0 | 32.1 | 93.4 7.1 -36.2
10 33.1 | 32.5 | 53.6 6.1 -12.7
R-AO
14 38.3 | 34.0 | 48.2 | 24.9 -5.3
R-Ar-SO3Na — 37.2 | 33.6 | 40.0 11.8 -4.4
OL-A-TEA — 30.0 | 32.8 | 11.2 | 21.0 -1.2
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5.3.4 BRIRNF—2ZELETILI =) LHMRE~NDISHHEE
DEA LBEEMSE

BT L= MEWE S =~ Ly a VR OEEMIN T L S =T AR
TAKREHER LR DRAET 2RIDE, TbbMBEIRENI RSN EEZ LR
5. T CETEBC RV —EEBE LT VI =0 ARE~DNENIEE O & it
WAL ORERETT 2729, FmmiEtAls LCRBEETH Y EfR= L X —0
P72 R-A0 O HLB 10 & 14 Z#/E®L L 7=. HLB (Hydrophile-Lipophile Balance)
ElE, BRI EBMEDONT U AZTRTETH L. kb —RIEH SN TS 7Y
74 YDOHBEHWD ERYV =F L7 a—nABIOSM7 va— il ) =4
VR FETEMEARIOBAMET 720 B HIB XL FO X S IZFHE S 5.

J = R iE A O HLB
= BRIy D 55+ F/ FmiE VA O 7 E X 100/5
=BUKILE R/ CRIMAEE &+ BUKILE &) X100/5
=HUKIEDEE% X 1/5

EXEHWD &, BKEDORWWRT T 4 DX 972 b DI, HLB 0, BT
THMEOLR WA =F Lo 7 ) a—1DXH7b Ok HLB 20 2720, /=4
FAIEIEMER O HLB 1% 0~20 OMIZH D Z L2 5. OO T =4 2 FUriE Al
RHEMFEEIZ DU TIE B 72 HLB OFHE G IEN e\, £ Z THLB 8 2&{k4 % & #uk
PEPBURIC LT 5 Z LIZER LT, EEOHDOAAFERIZ L > THB ZkET D
FlEEZHRMA L.

T L TCHXIHENRE LCTA LA B (OL-A) % 5000 ppm FRAIL TH 5.1 D5
TG Y v TRR AT 72, £72, LA VEEEF OIS ~DR) B2 R
DIEOITH VA VREEAH LRWINLANS SO TRl L7z, £ 5.3 IZHRES »
TREIZH W TIAI O/ L fisiE 2~ TR OFE RO A RT. FARNPG,
LI O I R S THA SIS TS L WA DO TR <, SEMlm A7 E T 5 805
2, 3 RbbA LA VBPITEENRIZRELSHFLGLTWDL I Ebrol.

FoEHT LT —DOKV R-A0 @ HLB 10 S i M 2 F 7= i Tih#1 1% HLB
14 OFEIEMEAZ W72 THAI L 0 SIEETEICEN D 2 & B R I,

7B, oMo REEMA] R-Ar-S03Na, OL-A-TEA Z ¥R L7Z@E T XL X —0
WAL, A LA VEROFEI) D BT, 1~5 XN TH vy 7THHE L.

VLEOFER LY, SuilH OREERIZ X 2886 EoEIER & LT 6.4 12R
TEORETNEBZDIENTED.
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DX, BRI RAX—EEEL, T = AMBERICEED M A TA L L
THENGER 2 BT« a5 F1EDS, A4 BN TIm#| o fiies & M m _E o
DTHETHDHLZ R bhoT-.

Table 5.3  Effect of fatty acid and replacement energy in tapping test

Component
} . Success
Mineral oil R-AO ppm OL-A
of tapping
ppm HLB 10 HLB 14 ppm
10000 2500 | —— | ——— 1~5 (2,2,3)
10000 | ——— 2500 | ———— 1~5 (2,2,2)
10000 2500 | ——— 5000 >10 (10, 10, 10)
10000 | ——— 2000 500 5~9 (7,7,9)
Fatty acid
Workpiece
Fig. 5.4 Conceptual model of lubrication with fatty acid

in mineral oil

104



5.4 MHBEEMDE oL 5MLDZEE
541 THBEBUADTILH/ LT IODOEE

W OKEVESBINTIMANZ L, HVEG « BigEr & L THW LD NI 2 7K

IR S D702, BRIEOT VG ) —LT I UREMENTnWAb., ZZTh.3
RGeS Lf:fl’ﬁ’f(ﬁ%’i@ﬁﬂhjﬂii CRBWTIE, TAH =TI h ) LA T
v, TRV DAL AT EIINENIEE E AT L, KBTI S A WEIC K
DIFAEHEHIRMETLTCLE > RNRH 5.

F VLA »E (OL-A) 5000 ppm CHERE L7 TiAl (32 5.4 D Blank) (27 v
J—=NTIvELT pka OERRDHE /)X /) —NLT I (MEA) &RV /) —)L
T U(TEN), 7 vh Vage LKER{E Y 7 L (KOH) &2 ZLE A LA 2 (OL-A)
D 2 fFE/NERINLTINTMA 2 /FR U, $E 2 v 752 50 L7z,

ZDFER, NENER LR ATERR T D H F A4 i OEINTMEEE2E LR T &
LI Enbnrole (Fb.4). ZOMEEEDIK T ORKITEI R, T7hbbAF
REEST D Z L X BKISIER TR OB L B2 HID . NENERS A A i
UK B S 4L 5 & SR TR DI EE MR ™3 5.

*@*&%%ﬁ?ék IZ5% 5.4 @ Blank (2 MEA, TEA, KOH % # - Z ik 4 (21

LESEEZHE Lz (45.5).
ﬁ%ﬁ/@%TE#tzé_om ERURE DN R < 72 0 IEIIEE D KB ~D 5y
BoAMEEE S 7z, £z, TEA OFINE%E 2600 ppm, 5300 ppm, 10600 ppm (E/LEk
OL-A : TEA=5:1, 1:1, 1:2) L&fbIHinEs v 7R REBEZITV, MHEEME &
BndsZ L xR L (£5.4).
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Table 5.4

Influence of cation in tapping test

M.W. | ratio of mol addition
Type of cation conc. Success of tapping
g/mol |cation /OL-A ppm
Blank - - - >10 (10,10,10)
KOH 56 2/1 2000 1~5(2,3,2)
MEA 61 2/1 2200 1~5(2,3,3)
2/1 10600 1~5(2,3,3)
TEA 149 1/1 5300 1~5(5,4,5)
1/5 2600 5~9 (8,9,8)
400
-1 350
300
1 250 g
9
1200 4
1150 *
71 100
- 50
0

Fig. 5.5

0.0005 0.001 0.0015 0.002 0.0025 0.003
Additive cations concentration mol/L

Influence of cation on electric conductivity
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5.4.2 THBEME~NDEIRBROBEEOEZE

I AR AE S D AENIEE DEWIC K DA AL L3 2 720102, §549H 10000
ppm, AEIEMER] (R-0A, HLB 10) 2500 ppm (23 5.5 (278 L7ZEEER L OV 25
LG % 5000 ppm WO L 72N LA A ER L, &5 v 7 lBre I L 7.

HERABERIZIZ A 7V Vg (CA-A), 70U U (LA-A), F v A B (0L-A), U
J A UIEEMEE IR 32 RI-A-4), = AT UAbLEWIESEFE (CA-0IL), R~V A
Foa—)L7uRrT R AT (TMP-C10) BXOA LA U ig=TF Lo AT )L
(OLA-Et) Z M-,

HRid 2 v TRBROMER, 4 LA VEELL EORFES 18 LLEORIIRE NS A ST
BENTWD Z Eboole. ZAUIBMIBED T L F VER R WDIE EEEIREDME T
THEHEEZOLND.

—J7, WA BRI E L TRAMO T AT ALEIEE] > #020 ROEWE 5.1 OFR
BRI TR NE LT, THAFMEICB W TIRRRICS D Z EnbroTz.

ZHUT= AT IOVHEN VIR F UOVIRIZ R, YR~ DOWE RS D Z LI
LoeEZBND.

Table 5.5 Influence of type of fatty acid and ester compound in tapping

test
Type of fatty acid )
Success of tapping
and ester compound
CA-A 1~5(2,2,3)
LA-A 1~5(3,3,4)
Fatty acid
OL-A 10~14 (12,14,13)
RI-A-4 >15 (15,15,15)
CA-OIL 1~5(2,2,2)
Ester compound TMP-C10 1~5(3,3,4)
OL-A-Et 1~5(2,2,2)
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5.5 MEEMEICEBNSKBEEENT HAIORMSE

A E COMBEZBEIL, MEEMEICEND T VI =0 L BN TMAZ B Lz,
BT, et E L&D D DICHEYI T/ < 40 COERFEE A 8 mm®/S
DUEE /T 7 4> (P-8) 10000 ppm & AV 7=, JEIAEEIZIL RI-A-4 5000 ppm %,
FETEMEANCITESR RV X — %2 F[E L R-A0, HLB 10 2500 ppm % H\ 7z.

HE WA D IMIE T 25 OB AT ST LT VD ) =T 2 U B I OEKT LV H
Uy OKEE(E T Y O A, KEE(ETFT MY O A EI3IEEA L L.

ZORER, ARBAFMTIMANX 16 RELE ST AIEE & 72 BN - MAEEE R L
72 (F5.5). ¥z, TAI=UAMOBRFRERLTNVE ) —AVT IV EEER
W, BTV =0 LMK L TENEBRMEZ R T Z LR TE 5.

Z Z TR TIMANCHIEE, 72 BB LA T VI =0 AR & 24 B
M, YHR{EL, REREZEIZELE (X5.6).

FIRART LI, BRI —UROLNT, RUREERELHETLZ LN bho
7o, FREFEMTHMANIIEERZ CTH D 2 &0 DKL ATEBICLENRLD L2 5.

-El.-!l-

A2017  A5052  A6063  A7075  AS5052
Commercial
lubricant

Fig. 5.6  Prevention of rust ability for various aluminium
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5.6 & &5

TV =0 SRR UIMES A I N D N T A OB 2 B i9s, Eifo gL
—NRAZ LD 2 B & U2 IRIAE N « B8 B L TRET 21T - T2 iR,
RD &9 Ieiiam z2 1R

(1)

(2)

(3)

(4)

(5)

TEAZ D N TAZB W T RO H > 72 2 v & AW Lih#lRs L OTE
EWEHIMFIC 2 EOME G TE 5 B 2 DL D MR 2 AV 720 T
K (RiFROKERTwLTar) ONTREL, MR (M) DOliEES v
TN L CIEMEE RN R+ Th b Z &b oT-.

BT XL —NREZE L, S AR & U CHRNIEE 2 gAML m iz
ffe 52 & T, MEEELE LM ETHZ N TEE.

MHEAENER EIIIEB A A TH Y, Bk E L OIRERK 8L ED D
DONEVIEDRENZ ERbIroTz. o, = AT IULEMITAENTE LY
b M AE MBS L THEBERMEN 2 &b Tz,

BT RV —2BE L, SWmE ks LRI 2 M5e3 2 HiEIck
WTC, TN =T I URT NV BRI ED T A UL, KEMED
WARTER L, i ORI O e & 2 D S 5 - oitia g4 KT
SH T

BT L X — 2D BT L DRI ALE 2 W7 i tmsix, 7l 2 —v
TIVBLOTAN Y ERIFEHTHESN, MEEEICENDZT TR
<, TV =0 LB, BEARLER AR & @8 2 I THmA & e o 7.
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6.1 #% El
VAR, A DS T b BREAMEHA~DOBRILAE £ Y, RAKREEMAD S kia:
A ~ORBF D~ AN L TEA TN D V.

—J7, A==V 7ITOSETIE, BREAMKBOZERICH LT, EELEOR
TIRWINEN 22 B E IR OAOKEMEIAI B, Rt TEz. Lanl, E6R58
BRI, RS2 EDPSE LU A MK A 28T & 2 KR HEHAN 2V T,
Z O AFNIARD TLRNORBIRTH 5. FriZ, BETESHE) fmilin e E o0&
PE/ R OIEE I TAZZ A S 2 B~ X OVERER(LI A F 72 58 ] BIIA N
A== 7N LTI T A OO, 3 KO0 < FoEREMEDINT6E
ICRELSHELZRIETHY, T ORMEICENR D RKEEIMA O H S WEZE

mchHn O W,

SR ULAZ NI R — = 7 INTIE, EESRXEHODS —or—=r7nT ©
R BI85 &AM OB RICZB W TRV L IRE DA RN DD
HMLToH D72, IMLIMANIIE O & EPER LI L 72 5.

T, BHEYLAANEA—=2 7N T TN TRICRAET 200 < TR —=
THEPTRULAL R B KO SICEELE 52 5720, 20810 < TRECHEE
L2 TiE7e 572200,

Z ZCARETIE, AKBEMEmAI O & U T (EME, W), 810 <9
DVHFEIEN D KBS S FORY T AT L 7Y a—LZER L, TOMER
FEBRERFEREIES KON TRFICH AT 200 < T ORREMEIC RIT T2 %2 7T MR
FHL, Bkt —= v ZFI R R Lo THIET 5.

6.2 KiFMR—=1 T mEOERERREICET HRE

BRI TIA AN A — =2 Z N TAZ A 2 AN 18 O M & A 23 20 5
757, Hil e UCHENE & MHEVWEICEBN 2 KB ER D T Ch DRI 7 rx L
7Y a—nERNLZ L L.

EMIRY T F o7 ) a— a2 0 2ENT IS A2 fED Y VT A 7
DHEEND., RN NSA2 O Y VTN AT, NISAl O~ /Ly a XA
FHF L0 b IERIEICEN, N T RO S DTN, BEIROHEH BHIE
(2 XD BEEEAMERSS 2 2 PO ER DO SIZB N THENL TV D

AREICBWTE, RV TAFL ) a—LOFEMETHLTF L F X0 A K,
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T LA xY A RREDT ARV A XY A N ZAOFEFHDIRR & Z DI~
At SHICEHGKISEHETLZ LIk, 2onTE, &N, SEiETE6E
B L OBEHERAFE 2 L, RO 5 M A FR LT,

6.2.1 FLTUEREFSARICK S

FTRED R 5 S O BEEREERERFE 2 T A U REREE (L e 2B BALSO,
6.1) I2XVEMLZ. T FE—Z2IIHAER (P10 mmX 14 mm) @ SUJ2,
U 721X SUR O @ JEEBEANLEZ o, AfF RV 271X 5 Nem, JERFFIE 1
e Lz, 2 L CGRERRTI OEEZNE UBEERZHH L.
REMECIAIBFENRANCE R S d — iR ) 7L 7 ) a—Loh &
1% 1000~3000 g/mol T&H V), T D4FFEDENT LV EFE 2 & OB O58RE )
AT 5. £, RUTAFL 7Y a—uk, 2800 FOEE CIIKICHEEL,
2L EORE TIIKICIEME LWHE, % D IKIERICIKE L CTEB A~ AN
AT DM & .
ZZTEMTHLIRITAF L 7Y a— i, EBREOMEIZEEE 5 2 5597
TREGB~OWENICEEL 52X 5ERICER L, 15 AL %R L7z RABRICH
WEARY TR L7 ) a— L ORREE, EBEOM TRHIITMFFETIZ 30 wt%
BHL, TNES %IHRLUTHERTDHEEX 1.5 wt%KkiEikE L. $£7z, #BR
BRAAREOIREIL 202 CICHRE L7z, £ L CREBRiROB 2 EEL, RY 7%
L7 a—ZiE 1.5 wt% /KR O Z 708 20 CLLED & O %3N L 7=,

F 6.1 [ITRBRICH W 15 FEHORBRIKOA R Y TLF Lo 7 a—Ldsy1-1,
1.5 %/KIRIH D ERB L OERER & U CERERL T, $72, R Polymer2 &
Polymer 5 DF L7 Uitk DT A P E— A %X 6.2 IZ/RT.

h
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Test piece Unit wrench

Rotary ring Load

Fluid

Fig. 6.1 Experimental setup of Timken friction wear test

—> [—>

10mm 10mm

(a) Polymer 2 (b) Polymer 5

Fig. 6.2 Test pieces after Timken wear tests
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Table 6.1 Specifications of tested polyalkylene glycol,
and the results of Timken friction wear tests
M.W. Clouding point | Weight of wear
g/mol |of 1.5 % aq C mg
Polymer 1 700 24 4.0
Polymer 2 1000 20 5.2
Polymer 3 1100 39 3.0
Polymer 4 1000 >70 3.0
Polymer 5 2000 20 0.8
Polymer 6 2000 24 3.0
Polymer 7 2500 32 2.0
Polymer 8 2900 22 1.7
Polymer 9 3000 34 3.0
Polymer 10 3000 52 3.2
Polymer 11 3500 26 3.0
Polymer 12 3500 82 4.2
Polymer 13 4000 42 3.5
Polymer 14 4600 75 3.5
Polymer 15 90000 75 2.7
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72 6.1, X 6.1 0050005 K 912, ZA 20 °C, 2>245 153 2000 g/mol @ Polymer
S5ICBWTEBREENR DR BIFRFERERY, ZAnEheE LTRETHD Z
ENbNhoT. 29 LTEMBEREMEOE WL, T A ME—R LU 7 L OB ST H~
DRV T XL 7Y a— Lo ER X O SN EBEOMRE & HERMED
ERIZERT I EZEZOLND.

—RIZAVIR Y T XL 7Y a— TR R EOIRESARE T CIEEmEE L,
BBASOWFEMERM LT 5. 22T, BRBEWVIEERSOEEMENE L, WAlD
AR EMEILWN B3 2528, FRpICHSTE~O R E LR T L, A s 3R
5.

—F, BRMETEDL S DOIEIARIKDOE)—MERTT, RV 7 AFL 7 ) a—
NOGEEEZSIEE I L, SR ~OMEREIIREET TS, Ler-T, @E
ODMTEG THOOLNFHREOEE TR 7TLF Lo 7Y a—LngwmRigo¥)
—MEE BIAFICR D, OB E~OMEGELZ NS E 5720121, 20 CHED
EREATLIRITAFLZ ) a—ARELTNDEEEZLND.

KRETOTF L CBEEEBEFRFABRICKE T, RiREE2REGbET2522CE L
558 D Polymer 6 DEEFERESC 35°CE2°C & L7358 @ Polymer 9 DEEFERIT & 1220
+2 COLEDERERED30mMg LITEALLRIUEBRERTH-T-. Z0Z LiE, RV
TIVF LT 3 — LoKESHE O B EERERA MY, Bl & AP OWAIR O BIR D 7T
WES>TNDLOTIEARL, BREVOIMWEIZHKL, ARG TORY 7 rx L
7Y a— T DEB~OWEEICL > TIRED LD EEZLND.

£, BEIIDFEOREVWRI T AF L) a— a2 HNWDZ LT, &
JEMER K OMHEVME 26 T 2BR A 155 2 &3 TE 553, 4315 3000 g/mol LI LD
RITNAXL 7 ) a—n bR ~~BEOMMENE L b7, A ET
DI/ PEMETF L, BEEEMIT LZEEZXDND. 295 LEBE» L ARRIC
BWTIE, &A20 C, 438 2000 g/mol DR Y TIF L7 U a—izfuni
Polymer 5 23 & BAFRMHEREME AR LI BEADND.
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6.2.2 R—I-F2 - TL— FEEERRRICLIERETICH TS

SREIYIA BN R — = Z N LTI T A E W EADERT 5720, @fifEz
RETEDLR— - F v -7 U— MRBREFEM L, Bk, DF Y BRLO Bl
RIEA DOFEGHI & TEMERE N SBEMT 202 SHRE LV mAm CHEL
7-.

T, FArUoRBRTEREDOR B Z > 7-R 1 O Polymer 2 & b7
72> 72 Polymer 5, 38 X O O OH ] OEERER % 7~ L 72 Polymer 6 & £ #UE HU A
ICH W KRR — =2 ZhAI P2, PS B L OP6 #3ELT- (£6.2).

R—/b « F e T b— MR I RB R At T ARFT TYPE3S (X
6.3) &MY, P2, PSEBLUP6 D 10 %/KEHK I L OHH D 7 O IZ TR D A KM
A2 REAG L7, SIS AW TR O R AR AN, Ay Rz ikme L,
WARRLY (A= AT V) 10 %, Fidsr 1 %Ll FOMTH Y, HRiFsE %5
B, W 087 gem® (15 C), K5E 9.5mm’s (40 °C), 5k 160 ‘CLLE (4
Biik b, 55 4 JEfEREE 3 A MSE) @ JIS K2241 N1 FlAH Y & & A7z,

AERTIL, A—/IZ SUI2 (EAE 3mm), @87 L — MIiE SK-5 (18 mm X 28 mm
Xtl mm) Z VY, AfifE 800 N, fAE - 5 mm, [BIHR%L 200 rpm & LT, #&KiR
202 CICHHEE L CTiTo 7z, WBREFRIIZ S o & L, BEEMREL, BEFERES, R—
VOIRE FRBIOMM S 25 L7z, 728, R—/LOIRE ERIIR — VI EEXT
AEMSELZLICKVIEL, BB THRD 20 CTHH0 EAS2RDT.

ZORER, FIEiOF LT R CTEEEOR SV 72D > 72 Polymer 5 & V2K
BNEAR — = 7 Al PS IXTHAR DA KEEMEIA & BB A, BRRRS, milsic
BWTIERIEOMREEZ L, BELAEZIVIHTE L2 nbhroTe (R 6.3,
6.4).

63 OEMSOEIE, K64 R LY U IREBERIED L TAAD 4 82 NE
N HARIFENCIERS 1.0 mm THIE LT, TOFEHMEZTLEHE L. £/, X4 O
LS AR T Y o ZREEREIR 0> 500 5 O mEifl = #iff 4~ L7z,
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Table 6.2

Components of ball on plate tested lubricants

P2 P5 P6
Water 30 wt%
Alkanolamine 20 wt%
Rust preventing agent 1 wt%
Antibacterial amine 2 wt%
Intermediate fatty acid 12 wt%
Others 5 wt%
2 30 wt% --- ---
Polymer 5 --- 30 wt% ---
6 --- --- 30 wt%
1 -
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3
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4
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Fig. 6.3 Experimental setup of ball on plate friction test
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Table 6.3

Results of ball on plate test

Commercial
P2 P5 P6 undiluted
lubricant
Friction coefficient 013 1 008 | 0.12 0.08
Depth of abrasion 008 | 008 | 0.10 0.10
mm
Surface roughness Ra 47 1.0 4.4 1.0
pm
Temperaturiglse 299 | 16.2 | 30.6 24.38

120



Surface Surface roughness

appearance profile

]

P2
10% aq

P5
10 % aq

P6
10% aq

Commercial
undiluted
fluid

Fig. 6.4 Surface appearance and roughness of test
pieces after ball on plate tests
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A PS5 & Al P2 OB Tk, ESANTIER UHE 00 T EOEWIC X 5
DFRFE & MR 2 iR L7z,

F£72, WH PS LAl P6 DT, 5 FEBIZIEF UHAEOZ2EDOEWVIZE D
BROE R ~D R Y ~ By OUETE e L7z,

A PS5 &l U T P2 130 FES/NEWNWZ & TR Y ~ HE OIIBEORE &
HERFEN 0 Tl ol B b5,

—J7, WHI PS5 & el U 7= HAl P6 132 03 B\ T2 82 RO HIZ AR U ~ 5l 23 JRTE
fELIZ KR ED o Throle B Z b A.

A P2, P6 ILE bITINOOHENLIMEEMNEL +ICRETE T, BEERED
ERLm I OB EAEL, EHICZEOEEBETHREN LA LEEEZONS.

—J5, A PS 1T O AKIETEAI & ol U CEEBRAREL, BEFERES, WX

JEF LT, BE EFZREMEIT LI ENTERL. ZTKDEER
DI D LEBADIZIE 2 ETH Y, FEFITEEV IS WO THY, Z0Z Li3E
BHERPUM 2 DTOIREETIX, W EIED ST CRIETEA DS A KR E AN B
TEY, BERIZLI2BRBEDRTZMH TE L2 2R L TWnD.

Z 9 LBl G, Polymer 5 % B W7o AKEEMEIM A PS IXRIEI O F A5 R
BREEFERBR D Polymer 5 OFER & [FAEEIZ, @ffE FIZHBWTH B2 MIERENE % R
LizéBEZ DD,
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6.3 KBFEHER—=2TmEDOYY < FHEREICET S5

62T, ETHEMEARDIRY T AT LY a—/LoiMiEtE, MOk
FEICE B L, RN ~& &b Lz, BEEEAZANEA—=2 7 LTI, 919 <
TR —= o TIRPCUNAAR R E L 5.2 5720, WMANITEEHEICEN D 72
FTh<, B FoENBRERTbLROOND.

# 63 T/RLEL DS, MAIPS 2 V5 Z & THIORKAEME A & [F5 DK
FEBAREMG DT, ZAUTIAI O BERERHE (REMECTHEMWE) DMEIL TV D D2
2B, U0 TOREEDRESEELRILIELEEZOND.

ZZTET, K63 HDHWAIP2, PSIBLVP6 D 5 %/KEWKIZEIY < FUZHALT
7RIS 45 um LLTF O8KKY 99.9 % (Foyeize TSR 2 1 wt%iRilL T, &
H—Z T 1ML, 3 00 FEZOSK O BURIEZ IS L THZ. T ORER,
Al P2 128 WX, G0 < L MAIFRIRIK & O7 CHBELS, IRRE ISR 1T
b, BEET AN RGN, 2L SR E OBAEN A P2 IR W TIEIAR
+3THY, SHMERIEFICENZ ERbh o,

KR — =2 ZWMANIK THR L AT L7290, 7—F 2 FOEMTITKE
7%, DT TS DTN T & D A KEEMEA] & g3 2 L 810 < F ok
345, 20D, FmiEHATcHLRY ~OMEEAFHAL, TEHETEAEE
MO DLMENRD D .

F iz, AKREENHF O TR 5 DHE L2 W O%A 1L, et < FoE
RBERECTH B M2 B BT 2 MBI 0D, AREHC B 3K & 72 5 KIEME R
— =V THBIOBEIITEE T HILERD D,

N0z E XY, 910 < FOEREMEZIFNE & B EIGIEOBLE D G E &Y
ZRHMET 2 2 & & LTz,
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6.3.1 ¥V < FDimn Tl

A=t T L — FRBRICHW-&E 7L — b SK-5(18 mm X28 mm Xtl mm)
LECIAI P2, P5 B I UNP6 D 5%KIRIED 5 Rtk DBl % i TR o REfilf4 1 E
e (B Fn A2k NS 8 Drop master 700) W THIE L7=. ZOfER, WAl
P2, P5, P6 Ol I34 4, 34.1° , 20.8° , 245 L7¢0, PSIIAKEMER—=
B O TIEL, WIERR bW ERbarols (F4).

AL AW T2 AR A OB 1 5° LR Thote. 411X, FHS5SETH
S LT AKIE MR — =2 7 A PSHE OJIERE RS HbE TR L.

6.3.2 91U < S OEfEEFE

%I P2, P5 35 L TUNP6 D 5 Y% /KIEHRIZ FEEIRIE 45 um O % 0.1 wi% i L T,

CBALEMEL, 810 < FOB/AEMEZ L L 72

CEBEALHNE 2 VX B A AR BN BGELANE S (RKIRE Rl ELS-8000) %

LAY miimo_ﬁﬁtﬁ_P2P5P6®c BALITA %, -9.5mV, -13.5mV,
-13.0mV EERVVE L 720, BRI K D0 HIMEICIIRE BV R RN LD
Motz (£ 64). LLEOGHMRBROR SN G, WA 2380 < FEREMEICRIE
TREIZOWNWT, KOEIIIEZLND.

T, BATAHIRIVOER, D TEBIORIvEMHKT L7V TAD
HIEC T X LB, T ay 7R PO =y FOBNREIZEY, hFIZ LI
B0 < FOmNESCHAAEETRE S B2 D, Al P2, PSEBIUP6 O ¢ EMITW
Thb/hEL, REBRERRD LI END, ZROLHAICBWTL, T <Fo
AT EEOR BT D722 LN bho T,

— 07, YRR, HElA O b KD o 7oAl PS5 1E, 6.2.2 i Tl 72 K H 1T,
BN BEREEAER RS L OME P & &2 B 2 .

ZDOZEND, I P5SITEY < FADTFEAMEICEN, FERIZBWTEL LY
KT T HRIONTHBTELLLEEZILND.

(A PS (B MRV DIRBEMEIC BN TR Y, #AAS~L 0L O
AlafiaTx 5.
INHOZ EITEY, WH PSR ETEHSZGEONTCEB X OND.
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Table 6.4 Results of contact angle and { potential value

P2 P5 P6 | PSHF
5%aq | 5%aq | 5%aq | 5%aq

Contact angle degree 34.1 20.8 24.5 18.8
¢ potential value mV 9.5 -13.5 -13.0 | -10.0
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6.4 R—=> 8% A= RED S
6.4.1 "—=2JMIRKERAZE

AT £ TOMGETT, AKREMER—= 7] P5 1ETHTIR O A ARG AN A5 6D T x
W, ThRb b EN BB AR L, U0 PoBEICLENRD Z Db
Nz,

% 6.2 TEOBEBEEFEEEIC X DT MER X OV OMERE & 6.3 o) <
FTOSEIEDOKTTIE, SRHIYIHARNE R —= 2 Z M TAZE T 5 A KREEMEHRHA Ok
EHALDHEEZEL DI LD 2 DOEF % /71T THet L7z,

LxL723 B, FEEOBAERIZIT 2RI TIC X o CTlmRIc 38k
T 50 < FTORREMHITOWNTITFE TG L, BEMEZMRGEL 2T UL 570,

FIT, BB —=2 7 (S B ERERTRL, R s A B —=
2 CMH-200-N-S )z i CHRIEIA BN AR — = > 7 I TR 21TV, (A PS5
DOIMLHREE L ThR—= 7tk X OTRFUNA & 2 78 L 7.

—WRIZAHR—= Z L TIE, A2 TAEMIZHS L TARRHEIC L > TH DL —E
JEATH LY Thnt (BEAX) MLTL2EER—=T7Z28HALT0HH, K
B CIIE TR L ORI AR Z2mEEAL ST (R T vy v 7E—2 2V,
XY=y VHERICED A N — VI EREROYIALRE G 2 5 ) ~OiE A
ZRRET LT,

72, KBEOWHHGLEALANE A —=2 7T T, mEERL & HERBE ORI
BRI, BEFAZEFLCBRARELELY L (FRLy v 7%) ot
R DS R KRR 2 R RFRIMERE C& DA EEROBENMEL SN D 720,
CBN A &€ L7z,

# 6.5 LU 6.5 128 —= 2 ZiRA DAk & FERT R — = 7O 27~
BHBRMLEMEZTLLTOEY Th 5.

A= 7RI EIABNE R —= 7, FRERAGUIALE () 1%, 0.1~04
um/stroke, TAEMRFFIZ 70 —T7 0 7Y AR— G, 72Xy T4 (20) 1,
20° , A= ZHWE (V) X, 40m/min, A—/— K7L E (a) (X, 10 mm.
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Table 6.5

Specifications of the honing stone

Honing stone

Metal-bonded CBN stone

Abrasive grain CBN
Grain size dg um 35.0 (#400)
Grade M
Concentration 50

Bond material

MBA4 (Tough)

Dimension of stone mm

2.5X2.5X30 - 4 pieces

Main spindle head

Horne

i x

Honing stone

Workpiece

[~
=

= 1 ,;H?Clamp lever

L

Workpiece holder

1“—~Workpiece Fixture

Recorder I

Tool dynamometer

Fig. 6.5

Diagrammatical view of experimental

honing machine
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R—=r 7O T BT Fql X, M2 BT HRB R (%
AT —tH F AT —Type9272) 2k V0, F7=, oL WhHAZ GG Fpl
I, EOUNAERENICHIA TN EBX DIk IEO Lz, 22 TEn
INEIEMZFHESE LT OICHERE ) TH Y, BEAREICLEELHEX D, —T,
oy INIREA 2 LIRS ONTTH Y, WHIMSCEA Dz bAzi 23RN L
Y, TRBRKREVEHEEEZSLESES. 2L UE RTmHE S, ftdEm
FARBIESRIC L D HIE L.

AT 6.6 mm 2D /) X)L %& VT, 4L/min & 2 FENEORHE L=, #REIBIC
1%, SK-3 OFEAIUVEER LEH (B 71— A X 830 F2FE), L 16~20 mm, #M% 40
mm, £ 30mm AW, KA KLy 71E, WAGO0K AT ¢ v 7 A % R
THEICTR—=0 7 Rk v T 72,

6.4.2 R—=2JMIfHFEOFTED

FRAE LKA — =2 77 PS5 DIREE 5 % & TR DA KES A 2 VT,
YA N A —=2 7N TEREZIT - 7-.

Xl 6.6(a)lZ PS5 i FHIRFD E53 77, (b0 T1ORIERE R %2 ~7 .

LEEE D 72 D TR D ARKIEMEMA] (ref. undiluted) DT — & & [6—7 7 7 NIZFL#
L. £EMFICE, ThEhoRATALEYEZ 1 TRLE,

[FX 750035 £ 912, PS5 IZUIAAFR R O PHN O A YA & ] 0.2 pm/stroke
T TIHEWR—= ZH$i L fa 72, Lo L, ULAGRFAT OfSA ULA L& /]
0.3 pm/stroke TIFANLTHIZIH LW S (BaaE) 2ABAEL, A—=r7HIoa
BRI L - TR TARE L 22 5 RIEBH IS B & 7o 7.

A= ZHEPTA G O A ERmICE, BRICE > THESERERALNS.
ZAVTRRRI SIS L, RRKL 0 E X AL DFEAH] & TR 24 8 i & 4
CTorlREEDR B 2 bivs.

INHDOBBRERBT H7-01iE, MEtELm LS, U0 < FAERERGITT
HEEHIZEOP NS BAFICL, BRI H7- 0 OUHIRIIZ /NS < T2 2 LA
EEZLND.

¥, K6ITiE, S5 ETHE LIzKEMEAR—=2 71| PSHF 5@ ghA N
HA—= 7 TEROFER L HHOEOR L.
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300 ‘ ‘
—/x—P5
250 | —O—P5SHF
—l ref. undiluted
200
Z
= 150 \
&)
100
50
0
0 0.1 0.2 0.3 0.4 0.5

/| umystroke

(a) Principal force of water-soluble fluid P5 and PSHF

300 \
—/—P5
250 (— —O—P5HF A
—I—ref. undiluted
200
Z
= 150
[
100
50 T
0
0 0.1 0.2 0.3 0.4 0.5

/1 ym/stroke

(b) Thrust force of water-soluble fluid P5 and PSHF
Fig.6.6 Honing force and limit on depth of cut of
water-soluble fluid P5 and P5HF

129



6.5 SEIBEREZAVER—=CINIHtEORL

DML DM b, T72b b THOERE & ULAZRFRATIT T O
== TRPIO R ZfRET 272018, mfRBMIBOT VT ) — 7 I O
BARREFMPT 2L L LT,

ZOLEIBABRENND Z & T, RERNDEET S, A & #HIE ORHE
~ORFEME D OND. S HITEBREOK T LY A—= 7 iio—E DK
WS IR CE 5O

REAKEIICOIRETHIERIEVEEL OB TR LELINLD DMRE
R TH D, T =F R REIEEAITH D EMBBEOIRED mE 5 & Rmk i
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Fig.6.7 Surface tension of fatty acid and alkanolamine salt
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Fig.6.8 Surface roughness for concentration of fluid PSHF
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