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chloro — olefins , chlorine —

acid chlorides, chlor-
ine — substituted heterocycles %] ¢lch, 1%
A4 Aoz Fad Jh2e o deY 7
%% 7= alkyl 5} jakyl'chlorides o] £},

b alkyl chlorides & A cl3l Zoj Alof] 2j3l
4#A  Orefinic hydrocarbon 3} hydrogen chlor-
ides 2] P Aeiql EFE, o5 &9 t— butyl

chloride 2} 33 Atef 9l  isobutene, isopropyl

8. A3+ Organic chlorides oil £8 3}2] u}-2-4

%Reaction C-Cl bond dissociation
energy, KJ/mole

Compound (a)

Benzyl chioride 51 291
t-Butyl chloride 49 329
t-Pentyl chloride 47 ——

Cyclohexy! chloride 30 335
Chlorinated paraffin(51%Cl) 25 ———
sec-Butyl chloride 23 334
Carbon tetrachloride 15 306
n-Butyl chloride 15 339
n--Hexyl chloride 9 ———
Chlorobenzene 0 371

(a) oil-&°% 100gr =} Chlorine 0.015gr 9=}

(gram-atom)

chlorides 9} 333 ¢l propylene % ethyl chloride
9} 48 ql ethylene o= Fallxivh o]s] Zw)A
22X 87| (glass wool )o]} Nickel, cobalt
9} cadmium chlorides ¢ EgEo] A &=}, &
chloride ZolAlo] 9jal] 2]3k= At olefin
o] AjAd| ol Fo] Molxm A2 = T+ A
s Z43 HCIE 4kgojet. MOULD[6]%

organo chloride #3HE &8¢l A ( iron )7}——?’—
7 64 7F5<k 473k (200C) = 714% % oil
aL inorgano chloride & ¥A3sl9 w2 2
l; Aol we} T8l A Ak L o]
uk-3-Alel] o3t Asbe R =stalEe] HCIA|
A A 2

ol

Aot @ o rulru o
53
i
T
,
ole
o

H&4 5 veb =4 "l zEskA|
benzyl chloride ¢} t — butyl chlorlde oﬂ o g}
— Cl Z3AE2] o]+ ub-goll 2a) 717 4
= AR} Aolst o A}
A5}y secondary chloride 2] Abdl) A ub-&-4A] &
—CI AgeldAzel o g 2EDL v
of., el dubdoz C— Cl Agelxs
reactive benzyl chloride of] o) &t 3}3-x 0 7 23l
A<l chlorobenzene 3} 8] alol] A JE}A 3} A 3}
o g4 WEA Fapshok

Prutton [ 7 ] 5-& A 7}5( iron powder )7} 9+
23 gl #ol A G A Sol g ol &
o] o wahel Aol ATseh 18 1€
sholl o3t g.ofo] el vhehh glch,

= primary chloride

MO 23 O oo
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39, Organic chloride®] Oil &} ol gl ¥}-< =} pentachlorodiphenyl o] 4| w}3F=  ring — carbon
o -3 o] A Aghxl d49 uwkgAo] hexachlor-
| L
Additive Tempers- % of Clin % of Cl in sd- oethane o]} benzyl chloride X% non — ring
ature, deg. additive de- ditive decomp- carbon ¢ 8 AgH 49 vdkgA R} H&L 2
K composed to osed in the pre- 3=
HCl in abs- sence of Fe =3 5}rt.
ence of Fe
to to iron total . . L =
HCI chlor 5. HA SEE . RE I FHEB
ide
Chlorinated paraffin wax 473 0.5 - e 2.5 A Bl3rEe st Fx 9S4 Are) §
Chlorinated paraffin wax 523 2.4 4364 107 o &4 i}ﬂ 4T VP 54 Bweh &
Chlorinated diphenyl ether 523 0.2 - 0.040.02 0.06 2 HAES] Asatoldl At 2AAql AT =
S 9B gl 102 Mould [ 6 )5 284

XEA R L5 15859 3T Ol oY
[}

ol 3 Chlorineo] o doizl 4— ball A|F =g 24 wlE 61T A2
AT .

FA5t Tt EokEE AR AT Aotk

1500
% 10)organochloric 3Hg-8ol o3t 4-ball A3 2l5
Additi Wear/load index, W a
723 K 1tive kg?:;‘ oad naex dlae:lie'tz(;’r
mm (b)

g 1000 None 14.4 0.77
- n-Hexadecyl chloride 16.2 0.64
f_ n-Butyl chloride 17.8 0.70
- Chlorobenzene 22.5 0.73
:lo 1, 4-Dichlorobenzene 25.8 0.74
olo 500 Carbon tetrachloride 29.9 0.65
= 733K n-Hexyl chloride 30.4 0.75

T 3 1, 4-Dichlorobutane 3L5 0.73
- 713K sec-Octyl chloride 3L.6 0.74
Cyclohexyl chloride 34.4 0.69
OO 0 20 sec-Butyl chloride 35.9 0.73
NETE Chlorinated paraffin (51%Cl) 37.8 0.60
b -Butyl chloride 46.1 0.74
29 of 2y u} o3} dasgse|weygy  F
3. Al & Fezel e Benzyl chloride 46.6 0.66
1, 3:1% Benzyl chloride. 2:1 % Hexachlorethane. t-Pentyl chloride 59.8 0.70
4:1 % Chlorinated paraffin. 5:1 % Pentachlorodi-
phenyl. a:Carrier oil without additive. (a)1500rpm : A) 32 o] 5}5-ol) 4 602 Z-oF 4] & &
(b) 1500rpm : 15kg SHEol A 1412054 A A,
. ¥ & chlori % & = 2 715k
dAx]el% Paraffin wax 288 d49 £4& @Al chlorine 0.53% % A7t 2 A7t

2231w Ao AxE 473k v 523k Y A9 o
Walm 523kl 4 oS @43 vebdel oh 2 @} 2 Asbe 33 TE2RE o2 &) A
3] 0 2 &2 chlorinated dipheny lether ¢} 72 v} 5] ThES RodFc) 25 209 F93d A4
gZ 3l 0 8 uir}ts] ZAgFEl chlorine 8] Ballo &= 4l n — hexadecyl (16.2kg)3 n — hexyl (30.
dgpg 34 Fahsch 3k)®) BH2/81% A% Aolzh n — hexyl chlor-

22138 Sakurai [8 }Eo] &l odelxl zt& &  ide 9} t — butyl chloride (46. 1kg )9} ko] 2} w

A Aol s AT Ao HSH  £¢L & 4 alvh 13 primary )oh 33H( tertiary

o A3 C—Clag 439 Jabg velgeh ) alkyl chlorides & 7kl &ak sfololl B2 ol
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b Hed o4 diez d3a + gt
22} wkz] 270 2] primary aliphatic chlorides o)
al ok7k 2ol 7b 918 ol = Auidel Ak
primary 9} chlorides &=  secondary
chlorides B v} ®  &xldoe]ar  tertiary alkyl
chlorides ¢} benzyl chlorides ubg x| £3}u},
v} B84 WA= organic chlorides & 72
o 3}3HA w84 2}o) 2] Al = shebd Fxol T
109 wE /8% A R 08 Eud T2
o 15k SHEIA 147 AR Sherd T
%% organic chlorides 2] 3} db-L2)o]d
B3k 1040]dl 4 Kol olulgle WAE
1=
A—ball A& AL
o] Dorison [ 9 )%
ary octyl chloride

aromatic

®2odr o 5

s she aael B3
£ n — octyl chloride ¢} terti-
4— methyl —4— chlorohep-
Ahgste] o 7319 oh.
5 Jars wohusl skl AL 22
21022 R 2 A3k T4 2Re] 5}
do] & t— octyl chloride 7} n —
octyl chloride B.r} o] £& oty AAel= 714
sk Al shedeh G Sl A Wl shE abgel
o zpol 7t gleh

I £109] 15kg sl A3t vk Aslg Ay
@ 4 9o} Yebst3( applied load Jo| F2s

tane & A2 white oil &

»
o
.

(3)
|

Scar Diameter, mm (u}-
o
|

o
(¢ ]
T

50 100 150 200
Applied Load, kg (5]%)
1% 4. octyl chlorides o] H3&t 4-ball A& A& =}
8.52%t-Octyl chloride:2 seconds — A. 10 seconds
————— . 8.48% n-Octyl chloride:2 seconds —[].
10 seconds ------ . Both chlorides: 2 seconds —o.
Both chlorides:2 seconds and .10 seconds ‘- Data
by Dorinson

o of

Z7la| = e A 7bAl 24 primary chloride 2 X
A o) spReke] ZHazw Frtell A £
MRk mFARA 7S 2%edl A 1022 F/4]7)H
Ak o7 wp2Ao](mild wear — severe wear )
g s es FAA sofshd 4—ball =
o AAANAY Aske whE8E Atucl dF
e

u}zt &) 7kol] 2 Aola Ao g ar}st=ZA o]
vk 2 Al A2 T5] o},

L.

6. QIBHEIE : SiEIN uISH
MIIH| =

19 SHEe FUHAAEA T A% W 4§
A ool 97l AFHl e AYETA 2 FHH
As] grlh 2ed 1§ T 53] 45t 8
sl 07 Ty o] 5L F 2 phosphoric acid
v} E].¢.914( thiophosphoric acid )¢]
och. ol¥ MeldE & T4 4

of  sgselgle  qle EEEae oRw
dithophosphates ¢} 10| A H FE3l+ ob5 &
ol 4 AFeAch oW Aeld FHFanA st
phosphorus oxyacid esters &] 47}x] F8 e 7}
F114] #MAjE]e] Qch. phosphoric 3 phosphor-
ous acid = A 7}x| $7]9} F+& 5 neutral tries-

5=
poza Ak

ter, monoacidic diester ¢} diacidic monoester
o FHE TR I 47 o slsE B3t
o ook

2 11. phosphorus oxyacid derivatives & TZ4

i
Phosphate esters (RO} ,P=0, (RO),P-OH, RO-E(OH)Z
(]
o] o
1] i
Phosphite esters (RO)JP, (RO)ZP-H, RO—P{H
OH
0 OR ¢ OR O OH
N/ W/ /
Phosphonate esters R-P R-P R-P
\
OR OH OH
[ R O
\/ \/
Phosphinate esters P-OR P-OH
R/ /




iR i e

£7191¢ A 7}A| ( organophosphorus additive )
2 Agste §@slw A Tl Qd Ao g
siuto] e,
phosphorus oxyacids 2] estersof| A-&3F ¢+ 9=
WA EL FARNL FEE 4+ ok L shbe
B4 FEEAo] T BN HLOD ester olaf 7}
dAddl A F -
RO —~ PO -« (OR ).+ Fe — Fe -

+R* R°,
ol ol = Fhvb= ATl A 5719 A=l
A2l w7
RO—-PO - (OR ).+ H.0O—-HO — PO - (OR
):+ ROH

o|ct. o]} acid phosphate diester = A F w3}

OPO - (OR ).

REEEE IS E RS

o] ZAof

Organic moiesters
s T2 F Avk @ ke TA
o carbonium — ion intermediate R *Z2Y.Ej
orefin &, free radical R° 2 %¢¥¢] dimer R + R

gbEe] ¥ Aeolch sl sl &S] A4
A7) 53] ROH ot} 22} 3 A&
2= AsH Bl 2L 19 AT U=
AE #&7l= vl aryl phos-
phates o] {3 284 o Hallo] ozt Jio
434 £4& Rol alkyl group Yl PO — R
AA7t 47 Eedehe ol 24 2AE weoz
3tch. Gamrath [10)5-& 2— ethylhexyl diphenyl
phosphate 7} 2— ethyl —1— hexene 3}
diphenyl phosphate & o R3] 5l cle 2} 2o ksl
ql-gav} gleh. Triphenyl phosphate & 3 742
oF gl AFell A 473k (200C) 2 7F 319 &)
el Wahs glgdeh wbek 9 Fals} o] Fof
et ol &5 = H4E3-E biphenyl & Aolr}.
w2l4] neutral phosphate ester 2] # 7}A] zHg-0]
d 3 dlRdEel sl o] Fefxicied  alkyl
phosphates = aryl phosphates B¢t} v & 3l2 o
Roleh.

oL £elE o gabinlol FAlE A2
Aol EgA4e] o] BA A Yojok shenl 4
A2 ZAgAolzted deh EAA vekgle
organophosphates ¢} 19} Iedx 3}gEd| o3t

e
£
N
X
iJ
o N
o

$¥12. Akyl ¥ Aryl phosphate®] 4-ball A&

37t

Ester ‘Wear/load  Initial Wear scar diameter, enlb).
index, kg (8)  sejzure —— ——

load, kg 30min  45min 60min

Tri-n-butyl phosphate  13.8 40 0.39 0.42 0.4‘7

Tricresyl phosphate 1.1 40 0.25 0.27 0.28

Di-n-butyl phosphate - - 0.37 0.39 0.43

Base oif | 10.4 30 02500 - 0.76

0.124% P in white oil(16.21 cs/37.8 C). (a} 60 second runs at 1500 rpm.
(b) 15kg load at 1500 rpm. (¢) 20 minutes.

A A 2] 84 woE 4— ball A& 25 o]
2o} 37 W&ol Aol Wakseh

Forbes [11]5-& alkyl ester tri—n— butyl
phosphate 9} aryl ester tricresyl phosphate o]
& Ag A v wats g wEstgch E12E acid
ester di — n — butyl phosphate o] =% n}®x}8
o} FAl o] &L wlmE Aolvh wER /3T Al
9} %7] §3(Seizure )55l 4 tributyl phos-
phate 9} tricresyl phosphate #}o]ell = 43 A<l
zko] 7k 913 base oiloll wia) HsHA| 7 £ 2
Qo) ozt o hg ol e FeNAL HIE
A2 Bu3 tricresyl phosphate o] o F& 4
29 zk=r}. di —n — butyl phosphate ol =3t
ztg= acid esters & ZpEal2Fg-o]
phosphate ester 2] W w}® zhgol] A et 7
sk 9z3kx %ech 2 di4l Bieber [12]5
& preparative chromatography (4 %4} 7])ell
2ls] Abel4 tricresyl phosphate 24-8
Aug Helsied ¥el e tricresyl phosphate ol
o] ARL HoF g—ball APE F A3 25
o 7o) Wl vk A&o] AAWE DA,
olw] Beiber 5-o] &&folA 0.051% 1o 4
HalcheA-& 150 AT A EFEo o
W 71 E SRR Ay 4 e

neutral

acidic

A}e1 8- tricresyl phosphate & 53 &3 o] o}
s HHiHgog Cresyl — phenyl esters ¢ &3}

2 sojdrh. 94 Beiber & 0.3% 7}22] di-
aryl acid phosphate o] 9Jol] B+&E2 0.3% 7}k
diaryl chlorophosphate 7} £3%l-& H o Fgic},

A+l & tricresyl phosphate o] 452 Solgl:
Chlorine (d £)o] H7FA Aslol] B39 715
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1 1T I T 1 T 1
s_ lo e . Oi /_/—‘
}- os F Mineral - ~
o — -
3 08 - _/./
. — =
504 =" L
P Reference —
] ~ Lubricant — ]
£02f 7 :
- ertz Ciameter
ol | L1
01‘ 2 4 6 810 20 406080
Load, kg
1.9 5. tricresyl phosphate & # 7}A)

Z+- 2ol 4 acidic AE2

4-ball A]F 2.2 620rpm ol A v}E &) E 3
rpm. Reference lubricant:0.065% tricresyl phos-
<0.02 Mole-%
acidic constituent in tricresyl phosphate ®. 0.1%

R

phate in rust-inhibited mineral oil.

Mole-% acidic constituent in tricresyl phosphate o.
0.3 Mole-% acidic constituent in tricresyl phosph-
ate A,

E£13. 4-ball A4 De-acidified %

tricresyl phosphate?] ¥

untreated

% Additive in white oil Wear scar diameter, mn
10kg  15kg 20kg  25kg

1% Untreated TCP" 0.20 - 032 Scuff

1% De-acidified TCP 021 - 0.3  Scuff

0.1% Untreated TCP 0.25  0.30 Scuff

0.1% De-acidified TCP 0.25 0.28 Scuff

0.01% Untreated TCP Scuff -

0.01% De-acidified TCP | Scuff -

% Dry argon®] 9t oA 1200rpm &2 15%F¢ AFF,
*Untreated TCP : 0,038%Mole®| dicresyl phosphate.

A% olt}, Sanin [13]%52 phosphorus v} chlor-
ine g X3t §-7153HE0] 4— ball F9HA] g ol 4
T2 s g o vRE A&AFvia B as)
ek,
ester 2t} diethyl ( trichloromethyl ) phosphate
7t 40kgHE o FAZoheRAS 2AGe o
7% Z 3+ dicresyl chlorophasphate 742 acid
chloride 24 7w g 5 9lt},

Goldblatt [14] 52 silica gel & &3 AlE ol
9z} acidic £.9d¢] <=l neutral tricresyl phos-
“ phate & mbEw A shRole Fate] s

#7] 3 seizure )3}5-< unchlorinated

acid

2 14. Phosphate$} Phosphite triesters?]
A7k 2 wim

Additive %P Wear scar diameter, mm Scuff load, kg
Wetair Dryargon Wet air Dry argon
None 0 0.49 0.32 30 30
phosphates
Allyl 0.43 0.38 0.33 60 70
Buty! 0.35 0.3 0.33 60 50
Phenyl 0.39 0.3 0.30 60 50
Cresyl 0.25 0.3 0.29 70 60
Phospites
Allyl 0.47 0.30 0.32 60 60
Butyl 0.38 0.41 0.42 60 45
Phenyl 0.31 0.3 0.28 60 45

*White 0il(35.8cp at25C). 4-ball AIEE 1200rpm o 4
1587 & 289,

phosphate &} v s}glv}l. FubfAl
us 9] FEE 15~30M BER I ¥ A LT
o] ok mbok A9 whadFo] FAbslvia £of
ol 4 phosphorus & 50% & A AZduE FE3)
@}, neutral tricresyl phosphate = S0l 4 A)
A= 2] ¢tori vl acid phosphate & 257} A
2 golsjolgieh. the AWel4 light white oil
of] silica — gel 2] ] 5] tricresyl phosphate &] A
7HA) 2+8-8- 27| k=l tricresyl phosphate &} u] L
32 3 AE F13 AAEGIch olw] A
& Abaol 75719 §3FE wkx ek dry argon F
H 716l A A A sk et

CAEAT | FEV AR FEellA A<k

tricresyl phosphate ¢} deacidified tricresyl phos-
phatec 4= T3 + §lvh SEol wE A
ol ¥b-3-& HIHAIY dgke] Y& Folele AE
ok, o A4 acidic He) 44FE
2+( adsorption ) B.c} ¢3]# wipRHE 3 2 A HES-
2 4— ball A]& o] 4 Organophosphate esters 7}
Ao A 5E Avkn AEAE + Aok
Dorinson [15]-& & ul=2Atel] ( mild wear )of|
A neutral 3+ acid phosphate esters ¢l triphenyl
phosphate ¢} diphenyl phosphate o] =3F 3 7}#)|
488 s dske Wy o2 pin — on — disk A1 ¥
& we %59 s 2élel ol gatgic. o
S} Aol AAY R A HASHA &5
phosphorus ¢] ek 9 Aol 2fs) 23] A
FERE4 0.0021%F=}2

lo oo

triphenyl .
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E15. Dialkyl phosphites 2} dialkyl
phosphates ¢ e} R 28w 1

Additive Initial seizure load, Var scar
load, kg (a) dimeter, mm
mm
Diethyl phosphite 225 0.70
Diethyl phosphate 160 0.43
Dibutyl phosphite 135 0.64
Dibutyl phosphate 85 0.42
Di {2-ethylhexyl) phosphite 125 0.36
Di {2-ethylhexyl) phosphate 80 0.29
Dilaury! phosphite 130 0.32
Dilauryl phosphate 80 0.32

%100gr white oild]l p 0.04Mole S 415

(a) 4-ball X] & : ZH8}E4l 4 1500rpm 2.8 6027}
nhaA ¢

(b) 4-ballA) & : 15kg -5l A 6027 oA E,

phosphate - ¥ 3Fg} white oil o8 0 244 Stick
— slip (e} ¥23}=] E3tu}at)elake ulabx)l( rider )
7b A disk Zrdel] wpARE Al 2bghe) bS] o) x| o
L5 7F 0.423em,/ s Gl 74=] Al Lot 2L R
¢} diphenyl phosphate 7} ¢ 9lE white oil 9]
749 A disk ol 4 stick — slip @ Ate] Zx
hxnk - £ ol AE T Abeld Wl o] A
o} 4— ballvf® 9 scuffing (F-8 £43 =}
w)gAe] Aol Ypsow
smooth sliding ¢ 2 A3}== npatul s oz Aw
2 4 e, Fe £59] zy|upA| 4 stick —
slip & & triphenyl phosphate g4 0. &2 -§3tx]
73-%- whabx}( rider )7+ 30.48cm,” s ol Al 30453k
opaHgES 0.017~0. 212em/ s 2 vh4] vpabsle op
Al Y-St stick — slip 3 4HE lol A}
o] AgL 22—-24TC 59} AHFE 25—-35% <)
A%l A A sk

ofoll 4] A gt =< nlabsgd AL acid esters o

o] €+ neutral phosphate esters 2] 3}3k4] 5314 1}

stick — slip 3}

o z)3kte},  30.48cm, s & ©vPAENS  triphenyl
phosphate | wpatE4] WHsle FL  Fwzl

triphenyl phosphate £}2] A& ul-2o] v} o] 7] 5
A FF7)d 2 g sheEalol 23t AR Adusl

+ seh,
tl2 phosphorus oxyacids (8] AbAA4F)o 2%
esters = phosphites, phosphonates % phos-

phinates ¢} phosphate esters & w|X3}e] =},
phosphites & %& Uxrh(7l 2408 42 c}E
T%5 7}A)d] 23l phosphites & 48] FE3}
o]
phosphorus & phosphates of] 4] 2} - 7+¢] 57} (pen-
tavalent )o|r}. phosphonates ¢} phqsphinates%
XA ElA phosphorus bonding & z+3 ulwd)
phosphate estersol| 4 7|18 odsl= elA& -4k
49l Feolch

Neutral phosphates ¢} phosphites ¢ #7}A] o
hof] wjdt A A gl ¥ E Goldblatt [14] = 4—
ball Agdel 4 wzd %& sFor s
2 A Bl AAsAEh S8 BAGA L
£ 9gl( phosphates )& 7| f( base oil)d] wu]al
10kg3tzo 4% 22 A= vpxef F4E R
Zr}, =gy dry argon o] dsi A& & Ao] st
et
Tributyl triallyl o] v}
phosphite ¥t} £z e JaE HoFI =
phosphites ¢} 2 o|7} gtk EZE HsH=
Aol A 71#4 Aes MAAA
Dry argonol| 4 tributyl =} triphenyl phosphites
Loobzl EabE AW 2 WHE F2 Tk F
7] 2-80|} Valence state ¢ @3kl dia A= 2
22 WEg4 gk = o8 A oildl4  phos-
phorus 2Fe] Aojell Mdt FFFL olwl sfet.

dhelel] Davey [16]& 6ol A AT AH
=0 3}5o| A 4— ball A1&%F A3 neutral phos-
phate 2} phosphite esters 2] H7}Al #-goll £
@ Apol A2 WA Ak,
7+ A g 3}Fo 4 phosphate esters o] |3t n} 2 %}
Z(g)& A3 vtE Y= §2H( seizure ¥ o] o
A7 A EEu ester group o AR Faksk
gl 28} tributyl phosphite & H A= &
Aol vnd =7 F 799 1.0~1.5%
72wyt Srbgellwet wpEst s 74t
2 2ol 5% AN FEEslE dake) W)
7 92 ¢igich. Forbes [17]%5-& dialkyl phos-
phites 7} A+-2-3}= dialkyl phosphates %t} W]
2+ u}2A) ( antiseizure agents )24 v Z3A <]
S E159p7e) WAt Acidic dialkyl phos-
phates % phosphites & Z7] §ztst5 2| of gkl

phosphonates 2} phosphinates o} 4]

phosphite & triphenyl

scuffing

-8 -
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$16. Dialkyl phosphites® #7}A] =&

Phosphite ester Molal i Wear/load Initial seizure = Wear scar
concentration index, kg (2) load, kg (a) om {b)
Base oil 0 10.4 0 0.72
Diethyl 0.001 16.0 45 0.52
0.010 4.6 70 0.57
0.040 76.0 2% 0.70
Dibutyl 0.001 13.5 40 0.43
0.010 238 70 0.4
0.040 50.2 15 0.64
Di (2-ethylhexyl ). 0.001 116 35 0.67
0.010 19.7 55 0.40
0.040 40.9 125 0.36
Dilauryl . 0.001 135 40 0.69
0.010 333 100 0.32
0.040 46.5 130 0.32
Distearyl 0.001 13.4 40 0.73
0.010 27.8 80 0.35
0.040 5L9 145 0.29
Dicyclohexyl 0.01 41 40 -
0.010 18.1 50 -
0.040 3.4 %5 0.31

(8 4ball AF 1 A #Fol4 1500rpm 02 6025 AU
b} 4-ball AF 15k sHFolA 1500rpm ©2 607 AFF

o
o

Wear Scar Diameter ,mm

14 6.

1:Tributyl phosphate, 120kg. 2:Tricresyl phosp-

hate,

4:Tributyl phosphate, 100kg. 5:Trixylenyl phosphate,
120kg.

% Additive
# 7}A| £ 4 phosphate2} phosphite

triesters 2] »|a

7]+ solvent-refined mineral oil.
1500 rpm ol 4 60Z 7k},

120kg. 3:Tricresyl phosphate, 100kg.

6:Trixylenyl phosphate, 100kg. 7:Tributyl

phosphite, 140kg. 8:Tributyl phosphite, 120kg.
9:Tributyl phosphite, 100kg.

)3t Forbes ] o] 79} neutral triestersol] =%t
Davey 9| ¥ 3t5ell A2 A1@ Azl A2 3]
qeh. 22lv Forbes [17]0] AR @& sh5ol
A9 6087k rlEAlE A e ol FL dAE e
dialkyl phosphites 7} dialkyl phosphates ®.t} i
o} R 2} (v k)& dilauryl o] 4 =
zto] 71 A9 gleh
Forbes [17]¢] o7& dialkyl phosphites ¢] 3}
Aol 3t &2 ¥ ukg, 4— ball bench
testofl o3 §3 H7HA] Ll At EFAAA
o] @3+ WLolcl. 1664 white oil of] H 7}A
2 Yo] 4— ballAE3 Az vlE 35R 4
57 Hertz load )9} 27 §2t5150] F 5o =}
e} AAAog o3y F3 53] FE7F0.01~0.
04 molar (0.031~0.124 %P )& Z7}& af of 3Fo]
A uA-L BodFel, 2v] §2RsFL AA E
Aslrlole B9 71Fo]l Ak ukE T
Alge Mdd ez a4 2ald 2 Aol
A5 shet.
403k (130T Yol A tetradecane o] 0.025 molar
dialkyl phosphate ledE 412 88 1gr2 A
AR A& A7 Asprh 27 AAH ] ATk
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e}, dibutyl phosphite 9} di (2— ethylhexyl )
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honates 2] W} -§2H( seizure )&-& A= 4—
ball A1 A 3}-5 B3 7 v} ek F 71F9 27
+3t5l50] 69kgql HEH 100g rell  dibutyl
methylphosphonate 1} dibutyl butylphosphonate

o
3
T

Wear Scor Diameter, mm
]
|

040
, 8
0 798 { ]
10 15 20 25 30

pK, of Parent Acid

198 §3Hs14 24 organic phosphates,
phosphonates®} phinates 2| ®|%
1500rpm, 15kgdt%, 6047 obit4] &
(100gm white oil £°8¢ll 4 moles ¥ 7} & 7})

Neutral esters o. Acids or acid esters A, l:in-
Butyl di-n-butylphosphinate. 1’ :Di-n-hexylphosphinic
acid. la:Di-n-octylphosphinic acid. 2:Di-n-butyl-n-
hexylphosphonate. 3:Di-n-butyl phenylphosphonate.
4:Tri-n-butylphosphate. 4’ :Di-n-butyl phosphate.
5:Diethyl benzylphosponate. 6:Diethyl o-nitrophenyl-
7’ :Di(2-ethylhexyl) phosphate. 8 :
9:Tricresyl phosphate.

phosphonate.
8’ :Dilauryl phosphate.
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AA Ao wmstolet. o] 23t Aberel] I X
Pka 2 4] ) A4
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o R ohEAEA LUse] Tl o] ek
ol  AsAl Lo 24 phosphonates &}
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