T2 A/AS 33y 44
T2 &3S WA

STAE¥L ns 2 M &
A7t 17d 2as F42 d KriagdEHR A SAsd

HE ol AH7bAY &3 7R wgd w §87F H
dge AARNoZ dAFsE AL e Bysu qg=

gt e s el st dAd &8HE] FzudE
AW REIIZ2 o

B OSEE e wg

HAA A &M 7R F23} FRE H1FdA RSn RS #
7132 RS f71%el A gl IFE Fo A (pri-
mary, secondary , tertiary) 2 Aol 7lsslch T o ZAE
of 98 monosulfide & disulfide,polysulfide 522 FZHr}

% 5%

A
o
rII.
oo
oX
Mo
Ho

g g 8o AL FAHeE H A
g Ay wreAdes A3 &g duxE o d¥nd Y ®Z29 2
I 115 kj /mole oA} 335kj/mole 7} 2] HE E o] gitt

g selol o FHFel FLY vEAES FeIode FHel #F
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3% 2% shd AuAel uF m2 4
gk mad AsE Ag Al ddAEe
4irg AgHoz AAZ ol

3
A8 wgse A AdHAw wsgel wmy =W Py

1S &3 AHelth 3ol Hol FTEso] FeS FL Fe§, B

H
23 §71%e wgd Wy = GE AFE DA FEA 9

g Aoz urgEY FAd I Rel aF 1A AAFHAC

B FAFEEIEE HMAY &

A AMAY & A3 FHgdd o FxY JFFFH & H A
A AAY JisaHyg BAe AR gA dFHA ¥3 F2EF
& HMA dged AFHUCH B A7 tFEES 4-ball,
Timken. Falex $22 HAHJD a8y HEF 4HE o
FalA & 4 ol Pin-on disk FXE ol&3te AV B
55 #%9 HuA FLAN FF AFe A% g2 M4 Di-
t-octyl disulfide?’} Di-n-octyl disulfide Bt} ©f ZEHolxut
Al wre-Ade] Wl Bk A k. old Wid Age As EZR9
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HEZ ox) olE2ozm Mdo]

fet
F8H WA Agel ¥ A¥Y ¥ BAZT 4-ballz Qe
A9t Eeol AMA=UT ol

27}

oA @g wR/3F AFfe

g Rd sdel AgE Aoy #71%e ¥ Aol 1y
29 w2 F =Ee Aonz foiXy E T AAtAG

ol g we sFoldel Adete YAFHA @

42 T HRA we
4 d¢EE I H7AR A 23Ad Jdn Qe Ab& 5 3
Ak olx dAFHo & RAL  alkyl chlorides, aryl chlorides,
chloro-olefins, chlorine~substituted fatty acids,acid chlori-

des, chlorine substituted heterocycles Soln] 71&Hogw HFg

oL

A2 alkyla® aryl chlorides o]t}

W& BT A weRAE Muldsed @ A7 Z3
E8ol glm 200TellA 62 wrgd ek  C-ClAF 7%
T weERd wpsAd 0 @ AR Qs mE ogs

FollAl @4 HIHA oil £ d E3 wd AR/ F9

SZ7b e RoM dx &4l F wrgol wHanm g2
Fxoz s ZAFgE chlorineHsolxs Hol AFL =z @
vt 2¥3S g@AaAdgEed 9dt HuA wrS Aol i C- Cl

2% A3 dF& 2RAdEW 971AM  ring-carbonol Y ZA



gdd 949 dHkg Aol non-ring carbon o2 AFH P29 ul

$4RY e ¢ + U

d4 3BEL AW wsAR HA g% B 2y 2
FE 42 A2 @%3: Mould 5ol & 4-ball A WA}
100 AA Ak

2 Azt sy 72E wgez @ AR 4w d=d o

Z]  primary 9+ aromatic, chlorides’} secondary ¥t} 9 &}

&

Holx tertiarly & benzyl I8 2 g} H 8 oA JERG

g8 weq =

rr

TE R109 wE/sF Aot #AY
15 kg4 1A wtrAdERE ooyt de BAZ ok =
a4y vebd Ao ofstd &8 uwpg 4ol &  t-octyl
chloride 7} n-octyl chloride Rtt o & I ¢HAaE 7}
43 dAsY we HFoldE 2 FAelrt Yt @ArINE=

2 Aol m@s H7A wod © £gol ¥ oz mad

LA BFEC AR wsa HoA B
AN FFEL IFAHNAEZAN 2 48 D Fgd B gz @

] ged 2 F o

ojt

FHole SuER FR AT 3% pho-
sphoric acid 1} thiophosphoric acid & HEx =olth

HE #7108 FAAEZ A48 s " mHd  An
Ao gl deok ok g

g & F oy &¥ A EoME o= Hol A=A g

§ se steRd WU

He
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43 FHE 5 o

ety Fg&Ae e ol2A A =aglel ©&sd 4-ball AR
g APgHoz wadt Hi12e dd FR A A4F A
ogM Fo FFoAE tricresyl phosphate’} © F& AF

7} seizure 3tF& ¥ xol7b gltk Bieber 7b &3F A

tjo

& tricresyl phosphate ol acidic HAEE Y& A% =&

¢

o we um @Axgol wAA o] 4ol ow sdE & A

H

lo

2 2 % 99

132 1light white oil ol silica-gel 3 &]J¥ tricresyl ph-

B

osphate ] H7HA H&& g < & A} ¥ I Aot

o] W A9 F£ZF719 JFE AAEZ Y8 dry argon AH
A AP Aoz Ay o FFS A9 R Tk
acidic 23] AAdE dFRode ulzwm AH wkgel o3

organophosphate esters 7} #7714 71%5S zZ2e AR HES
ARtk phosphates ¢ phosphites ¢ H7FA o gk 2 FH
H wart ®Fi159 286 AA"HA Jth A AF A

phosphate ester T} phosphite 7} w22t &o] ©] JZHHolth
¥ 168 white oil ol phosphites &l H}AE Ho HESF #A
#2 sxo we FF¥E F2 0.01~0.04 molar(0.031 ~
0.124 %) 2 7182 w gl =A vk phosphites 9}

o} a8 7ol A =Hel gtk o7]

lo
L
2
AT
i~
ojo
e
oy
o

7}

(0

Hu

sAel stehitgol Yolue Ro2 UEyTh £

R
rr
ok
_Q‘_',
i)

g Hol dilauryl! 2 distearyl phosphites & £ oA A5
X7l w Feolth
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Ut e F8 dHiasE

A71HE <ol dast I F¥HY YA ¥n gE F8 9
253 E¥Y 498 49 2A% oE F A% Faw A

< dithiophosphoric acid diesters 2 go2 M Agdzxes 4
g A&"rch °olE2 383 ERT 4 o=ZE  phosphorodithi-
oic acid & O.O-diester & 902 FAdcth &A= pho-

sphorodithioate ester 7} 24 g9 ez g™t

zinc 92 AdFo2 dy s8H dAlle 43 LAA=zZ »E
2 A7 e gl &Y ALHGI AFHo W wEsmo]

¥ 172 Di-n-butyl 3} Diisobutyl Zinc phosphorodithioates
o d ¥ HAHEZ B AE ANEY 2FIE Tz o
Fol EHY AANEY Lxo WE HPH BIE RAgZT
s}et3 @Ml Baumgaten & dialkyl dithiophosphate 9] 3
FH FFHE 2d EAZF AuwE 4P olzyol Ew A
Zinc%t F&7}9 AIZnBL o2 Farel g dolym  EX
25 ¥ #FY dithiophoposphate 7} ¥ 339 dHelg @A
b #del JAHeR FHHER T dol g B gE R
o2 dYsich

#18<& 4 -ball A¥712 Jayneel s dolx ARE HY
T 9714  Ester Group o 543 w®E A sole]l  olw
AARA A= 8ok olgH oAl Ao YL A YolE F

F7F ZAAYR FF LY (carrier oil) ol &x7 =T}
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28102 FF o2 FFSE YA Aeloh = 1y 11
E &aMEo wig nlEg& ZHEEZHN  Silver g9 ASES ez
8t31 HsSY propylene ® 3AE3 riderd o2 &3 diiso-
propyl dithiophosphates oAl &2 A& slolol AU =
A7 ¥4k

o we mmge 2 Polen JéH sl waU

8-1 #&F34 Ha=2 9 BIH4E HoHA.

prutton©] chlorinated paraffin wax 2% 3%9 & 49
dibenzyl disulfide 284 0.5%2 33 &Z{E= hypoid
gear Agol Eda o5 £¥d A A

zd ek ot 92 Ae® AEel ARH s W W

gk 24812 = di-t-octyl

Ao

o

disylfide & t-octyl chloride o @&zl =3 AHolu}
2 %9 fEgoly 2% diae AF Holzb 80~ 100492
gFodlA dodud 1%/, 1% D2 &3¢ 130k o=

SR 2% FE¥H 2%° dat 50048 FE7tA o
\\

1%{&;?{]1\15 dibenzyl disulfide 2% chlorinated paraffin

S & AL A3 FF AARE o= AR HAF

E22/1 stetE wredd AgE Eod vxd A=
B
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8-2 U7 dx9 JFF H7HA
:L%‘,Z“g?‘)ﬂ/\‘]s’} o]l ester ZEA chlorine & ester I
AA AeE EHAA FE A ¢ 4
o] monochlorinated #2& - CH,CIZ& 3l #Hol &

B3 F & F7HA71+=d  trichlorinated F+%gl 2CCl.%

d
-

Z7bA Y a7 &S BRAET

3-3 #3 Fatty Esters
&7 Fatty Esters o EZ8& 2913 , 149 o2
A AR HYE 9o FFoe dge] AW mo FE

A= A AHd A7 gle A2 vgyd

2¢ AAAE 45 FL W oldzk g4 ss Axsig A
B4 me 24 @42 odd e Rl tg HEd 9
sl ags=H uUoizst W AR pAHsE Aol U &
ol AF wRET  AY AnE g Add odd A

ez olgxd gde wA %o
AL Asel dAfE Ae W R b obF Ewo)
FHste A2 FR40l o 2@ te WAAA 28 oA

o 2ol o

it
N

2P 15 (a)&= dibenzyl disulfide o F&o A3 DBAZS H A

F{

t} n-octaclecylame o] EFd 2% disulfided FAL

A

S ex oA AAHAYT Hol 2% o]lAdr amin o Fi}

(8
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1XYW F7hH7l Al uhd Age ZANE  amin oy
sulfinate 7} 333 ~ 440k s}ololA nl&FF7te] glel  Hrur}
LEZ7l s gFol nAx E5W  sulfide o] =150
mpzel Holhg & & UTH(2FI5b ).

1. Ff7% doA gRe 2

Structure type Structure Structure type Structure
Elemental sulfur (Sa) S-S Thiocacid (o}
/N i
s 5 -c
§ s \
N/ SH
§-8
S
"
Mercaptan (thiol) RSH -C
\
OH
Monosultide RSR
Disulfide RSSR Thioketone >C=§
Polysulfide RSS SR
x =01, 2,3

2, o8 fo18 2R Adtsie oA

Bond tructural type Disscciation energy,
kJ/mole
et Elemental sulfur 117-147
Sg

RSS—SSR Dimethyl tetrasulfide 151
RS—SR Disulfides 280-289
R—SR Alkyl monosulfides 293-306
iso-C3H7——SCH3 sec-Alkyl monosulfides 280

t-C g™ SCH4 t-Alkyl monosulfides 272
CHJCH-CH—-SCH3 Vinyl methyl sulfides 218
CGHSS--CH3 Phenyl methyl sulfide 251
CgHgCH S —CH, Benzyl methyl sulfide 213
R—SH Alkyl mercaptans 289-310
iso-C3H7——SH sec-Alkyl mercaptans 297
t~CAK9-—SH t-Alkyl mercaptans 289
CHyCH=CH—SH Vinyl mercaptans 218
(O—-scny Phenyl methyl sulfide 338
CgHgCHy——SCoHg Benzyl ethyl sulfide 222

_20_



A3 el A Ro182) shetil g4

Sulfide % Reacted | Sultide % Reacted
Di-n-butyl disulfide 8.5 Dibenzyl disulfide 37.5
Diphenyl disulfide 8,5 Di-t-nonyl polysulfide 771
Di-t-bucyl disulfide 37.5 Elemental sulfur 63.0

Additive furnishes 0.348 wt-% sulfur

at 173 K (200 C).

R4 M42Az A Eust RS G

to the solution. Reaction: 3 hours

Sulfide Temperature, Products
deg. K
Dibenzyl disulfide 403 Dibenzyl monosulfide
423 Dibenzyl monosulfide,
toluene, (Fe-S) (a)
Dibenzyl monosulfide 423 Toluene, (Fe-S)
443 Toluene, bibenzyl, (Fe-S}
Di-t-butyl disulfide 423 1sobutene, isobutane,
t-butyl mercaptan, (Fe-S)
Di-n-butyl disulfide 423 n-Butyl mercaptan,
Cy hydrocarbons, (Fe-S}
443 Di-n-butyl monosulfide,
n-butyl! mercaptan,
C4 hydrocarbons, (Fe-S)
Di-n-octyl disulfide 423, 443 n-Octyl mercaptan,
n-octane, (Fe-5)
Diphenyl disulfide 403, 423 Thiophenol

(a) FeS or FeS, or a mixture.

”
(<]
-7

-1
T

Squore of Reacton Layer Thickness, i0% nm?

o
Tine , mimuies

2yg-1 294 (Hot-wire) 7l&el) 218t & 2pp ¥ 2|
WHEEEY

1:0.75% Elemental sulfur in white oil, 763 K.

2 : Didodecy! disulfide, 1% S; diphenyt disulfide,
1% S;
4 :0. 75% Elemental sulfur in white oil, 703 K.
5 0.75%FElemental sulfur in white oil, 633 K.

-21_
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E5, v}lR %o 43t A7} Disulfide o] #.9)

Lubricant Contact Wear rate, Wear rate
pressure, MPa nm/s ratio
AISI 1141 steel, rubbing speed 25.4 cm/s
9% Di-t-octyl disulfide 896 223 1.00
9% Di-n-octyl disultide 896 607 2.70
White oil 896 678 3.02
Hardened AISI 1095 steel, rubbing speed 65.0 cm/s
23% Di-t-octyl disulfide 2861 4813 1.0
23% Di-n-octyl disulfide 2861 9195 191
23% Di-t-octyl disulfide 2586 406 1.0
23% Di-n-octyl disulfide 2586 8128 20.0
Wear is measured by the increase in the radius of the scar on the
end of a conically-tipped pin.
E6. #7184 21¢-Tol oAg} 4 -balt Y Az}
Additive Hear/load Wear scar
index, kg (a} diameter, mm (b)
None 4.4 0.77
Di-n-butyl disulfide 21.4 0.79
D?phenyl disultide 24.2 0.59
Di-t-butyl disulfide 31.2 0.61
Dibenzyl disulfide 40.6 0.34
Di-t-nonyl polysulfide 41,7 0.75
Elemental sulfur 56.4¢ 0.90
(a) 1500 rpm; 60 seconds at each load in the procedure, (b) 1500 rpm;

one hour 15

lubricant.

at kg load.

R7, R218° 4 -ball 41§29} wlw

Additive

furnishes 0.48% sulfur to the

Sulfide

Relative ranking,

EP test

Wear test scar

(a) diameter, mm (b)

Diallyl disulfide
Dibenzyl disulfide
Di-t-butyl disulfide
Dibenzyl monosulfide
Di-n-butyl disulfide
Diphenyl disulfide
Di-n-butyl monosulfide

WAV e W -

T LI

T
3
/

Wear Scar Diometer, mm

1 i

1
280 360

1
200
Lood, kg

1H-2 4 -ball Ao 4 RG] wF N 5
“Extreme-pressure” procedure: 60 seconds at 1500
rpm. Additives furnished 1, 19% sulfur to the ibricant
a: Base qil. 1: Di-n-butyl silfide. 2: Diphen vt disulfide
3: Di-n-buty! disulfide. 4: Dibenzyl ailfide. §: Di-n-butyl
disulfidn. 6: Dibenzv! disnlfid, 7: Diallyl disnlifide.

- 2 2 -

eaction  C-C! bond dissaciation
encrgy, Kl/male

Benzyl chloride 51 29t
1-Butvl chloride 49 329
t-Pentvl chloride {7 -

Cyclohexyl chjaride ) 135
Chlarimated paraffin (51%Cl) 25 -
sec-Buty! chlaridé 23 334
Carbon tetrachloride 15 306
n-Butyl chioride 15 339
n--Hexy! chloride 9 -

Chlorehenzene 0 371

(a) oil §-°% 100gr & Chlorine 0.015gr %} 2}

{(gram-atom}



H9, Organic chloride @] Oil 8ol A8} W3-

AXH
Additive Tempers- % of Clin % of Ci in ad-
sture, deg. additive de- ditive decomp-
K composed 1o osed in the pre-
HClin abs- nemce of Fe
enceof Fe
to to iron totsl
HCI chtor
ide
Chtorinated paraffin wax 473 0.8 - e .5
Chiorinated paraffin wax 523 1.4 43 84 107
Chorinated dighenyl ether 523 0.2 0.0 0.2 0.06

[}
n
HIAS LEE 15EF A Thad sl 06 8

ol 3°Ib Chlorireol &,

10 'organochloric 344 B ol o3k 4-ball 4|} 28

Additive Wear/load index, Wear scar
kgta) iameter,
wn (b}
None 14.4 Q.77
n-Hexadeey! chloride 16.2 0.64
n-Buny} chloride 17.8 0.70
Chlorobenzene 2.5 0.73
1. 4-Dichlorobenzene 25.8 0.74
Carhon tetrachioride 29.9 0.65
n-Hexyvt chioride 0.4 0.75
1. 4-Dichlorobuiane 3.5 0.73
sec-Ociyl chloride 316 0.74
Cyclohexyt chloride 4.4 0.69
sec-Butyl chioride 35.9 0.73
Chlarinated parallin{5{%CH a8 0.60
t-Butvt chioride 46.1 0.74
Benzy! rhioride 1.6 .66
1-Pentyl chloride 52.8 0.70

(a)1500rpm © 41§} oh 3} Foll 4 60 % %t 21514}

(b)

1500rpm @ I5kg 8HF-ell 4} 14 7h-5qk A} #qh
% F4HRoll chlorine 0.53% & /182 ys}gh

1300 T3K £ 733K
683K
oY Tk
1000 4
£ R
¥
o
*
o 300
e 7335x
_______ ]
- 713 K
/”
[o] ‘A 1 1
0 0 20
A2k,

1, 3:19% Benzy! chloride. 2: 1% Hexachlorethane.
4:1% Chlorinated paraffin. 5:1 % Pentachlorodi-
phenyl. a:Carrier oil without additive.

o5

20

Scai Diameted , inm i o
3 o
1

o 1 1 1
50 100 150 200

Applied Lood, kg (5} 5)
1Y 4. octyl chlorides ol & 4-ball £ §] A=}
8.52%t-Octyl chloride:2 seconds ~&A. 10 seconds
o=+~ 8.48% n-Octyl chloride:2 seconds~[].
10 seconds ------ . Both chlorides: 2 seconds -o.
Eoth chlorides:2 seconds and ,10 seconds -+ Data
by Dorinson

¥ 11. phosphorus oxvacid derivatives 2| % 4}

Phosphate estecs luc),v-o. (no)z::«ou, no-n(w)2
o
o ©
Phosphite esters (IOJJP, (loizg»u, no-:!m
\OH
(i OR O OR O OM

Phosphonate esters R-pP R-P R-P

R O R O
N

Phosphinate esters P-OR P-OM
/

¥R 2 #7l

1§ 9) odubshel Holq),
TrRA%e

r
1§ 9
| RE 42chE 5 24

H12. Ayl ¥ Aryl phosphate?] 4-ball Al ¥
R

Enter Weer/losd  Initial Wear scor dismeter, aalb)

index, kg 8! seizure
Wmin _ dSmin  GOmin

Tei n-butyl phosphate 138 w om se o
Tricresyl phosphate 11 © 0x  om o2
Di-n-butyl phosphate - - ey 0m  om
Base oil 104 v 0Bw - om

0.0A4% P in white oil{1621 ¢3/72.8 C). 19 80 secord runs u1 1500 rpm.
4 15kg Josd at 1500 rpm. 16} 20 minutes,



$13. 4-ball A #ell 4 De-acidified ¥ untreated #.14. Phosphate$t Phosphite triesters?|

tricresyl phosphate ] v Aoha ot wiw
% Additive in white oil Wear scar dismeter. s Additive %P Wear scar diameter, s Scuff Yoad, kg
10kg kg 20k 25k Wetsir  Dryargon Wet sir Dry argon
1% Untrested TCP 020 - 032 Seu N;"-h 0 040X kL »
1% De-acidified TCP 021 - 0.3 Sculf phosrhates
0.1% Untcented TCP {0.55 0.3 Scui A Do T .
0.1% De-acidified TCP  [0.25 0.8 Sculf Phem! 109 035 0% 6 oy
0.01% Unireated TCP Scuff - Cresyt 0.5 0.% 0.29 7 60
0.01% De-acidified TCP Scuff - Phespites
Ally! 047 0.3 0.32 60 50
* Dry argono] = Telld 1200rpm 2.8 15¢ < AHY, Butyt 038 0.4l 0.42 0 &
*Unireated TCP : 0.038%Mole®] dicresyl phosphate. Pheoyl [0.31 035 0.8 L L]

#White oil(35.8cp a1257). 4-tall 4414 [200rpm o 4
1594 ¢ e

T LR L I' T T T
E. 10 |- . e
Eosl Mierol 08— ]
§ 06 —_— -
! -/_/ 4
304 " T
& Reference L
; ~ Lubricant L
0.2 4 /-‘/ 7 H#15. Dialkyl phosphites 91 diakyl
__—"Hertz Ciometer phosphates 2] o} % 2}.8-9] 5
ol et 1yl 1 1
1 2 4 6 810 20 40 60 80 Additive Ilnhliw‘l( seizure lr\ad.(\i\‘ﬂr sear
oad, kg (a} imeter,
Lood, kg ‘ .n"b) -
7 s, tricresyl phosphate 2] 4] 7h4 gm:wl plml‘:‘“s s 0.7
iethyl phosphate 160 n43
2t 2 i B0 a3 ’
+-8 1 acidic 44 -2 38k, Dibutyl phosphite 135 0.64
4-ball A1 H 2.2 620rpm o} 4 v} w4 3 g Dibuml plesphate 85 0.42
rpm. Reference lubricant:0. 065% tricresyl phos- Di 2-ethylhexvl} phosphite 125 0.36
phate in rusi-inhibited mineral oil. <0.02 Mole-% Di (2-ethvthexyt) phosphase 80 0.29
acidic constituent in tricresy) phosphate o . 0. 1% Ditauey} phosphite 130 0.32
Mole-% acidie constituent in tricresyl phosphate o. Dilauryl phosphate 80 0.32
0.3 Mole-% acidic constitent in tricresyl ph -
ate 4. eovl phosoh %100k white oilell p 0.0IMole & 41 &
(a) 4-ball 4131 1 2 8bEol 4 1500rpm 2.7 60+ 7
obat A g
T T T T — (b) 4-ball 4| & ¢ 15kg &+ 31 4] 60%-7F =p <) 4,
R
£ 30} ,
A 2
E H
v
g 20
3
s OF n 100 LA SR BN R B
F ]
s s 80 -
0 1 1 1 1 1 H
1 2 3 4 5 3 —l
% Additive e 80:
g 6. Wb 24 phosphate g} phosphite 3 “w i
triesters o] u) 5t ; Stearyl
714+ solvent-refined mineral oil. § 20 Loury} .
1500 rpm ofl 4| 604 7ia} Ak, ¢
1:Tributy! phosphate, 120kg. 2:Tricresyl phosp- ° 16 20 24
hate, 120kg. 3:Tricresyl phosphate, 100kg. Teat Durotion hrs
4:Tributyl phosphate, 100kg. 5:Trixylenyl phosphate, 2% 7. HA7d Hat dialkyl phosphites ©)

120kg. 6:Trixylenyl phosphate, 100kg. 7:Tributyl
phosphite, 140kg. 8:Tributy! phosphite, 12Ckg.
9: Tributyl phosphite, 100kg.

KR 2 Ll 8
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.16, Diakyl phosphites®] 3 7p4 =t &

. Molel Wear/load  Initial <eizaze  Wear scar E-
Phosphite ester (L oniration  inder. g ) oad b 10w B 3 080
Base o o [N » X3 §
Diethyt o.001 160 L] 0.52 0.80]
0.0 Us n 05 '§
o000 %0 ) .7 040
Dibmirt 0001 1S 10 043 ;
o0m as n on
0000 w2 15 o5l 0.30
Difz-etbyhenst] 0004 wh 5 061 pk, of Parent Acid
0.010 07! 85 LR
0.0 s w 0% Y8 H AR 4 organic phosphates,
Diksury! o.m ns “ (-] phosphonates9} phinates ¢} w)a,
0.010 n3 o 03 1500rpm, 15kg3}F, 6057k} 4) &
oom ws LW o {100gm white oil £
m white oil &1l 4 moles 4 7}# Y »
Distears) 0. n L [ X ¥ ) gl b A
0.00 ns L 03 Neutral esters o. Acids or acid esters A, 1:n-
0.00 sL9 us [ -] Butyl di-n-butylphosphinate. 1’ : Di-n- hexylphosphinic
Dicyclohenyl 0on 1 Y - acid. la:Di-n-octylphosphinic acid. 2:Di-n-butyl-n-
a0 L%} 50 - hexylphasphonate. 3:Di-n-butyl phenylphosphonate.
8.00 i % L) | 4:Tri-n-butylphosphate, 4’ :Di-n-butyl phosphate.
W ebal A4 AT 1m0 8 TS Yy 5;D'e:hyl bcnv;)‘vlgvs‘;ona‘:e.“ Gzlll';eth},:l o—hmlrov;wnyl-
hosphonate. 1 Dif2- el S te. &':
B 4bed A1 S5 [0 0% G2 A8 plosp yhexyl) phosphate

8’ :Dilauryl phosphate. 9:Tricresyl phosphate.

217 Di-n-butyl 7} Diisobutyl Zinc phosphorod-
ithioates 2] <3 H& 44 &.

it18. Zinc phosphorodithioate esters$] 4-bali

Di-n-buty! Diisobutyl 2] % 2 7}
Di-n-butyl sulfide Diisobutyt sulfide
n-Butyl mercaptan Di-t-butyl sulfide Ester group Initisl seizure  wear scar
Butene-1 1-Butyl isobutyl sulfide load, kg :a) 2t 70 kg, mm
Butene-2 isoButyl mercaptan Base oil 55 2.1’6‘4
Hydrogen Sulfide isoButene n-propyi %0 0.38
Non-volatile residve Hydrogen sulfide n-Buty} 70 183
Non-volatile residue . . isoButyl s T
%453 523K 14 3 <13 5aF slodstale. isoButyl/Pentyl (bt [ 0.38
n-Octyl [ Ln
2-Ethylhexyl & .97
2,2, 4-Trimethylpenty! (e} 55 1.80
= isoPropyl 105 -
-] & sec- Butyl 80 0.38
- g 125-ta) g (L8 S 1,3 Dimethylbutyl e n 2.08
§ e 100 _ ),._ 3 400 g 1-Methylheptyl te) 65 1.9
a S o073k 1 8 ] 80 g isoPropyl/1-methylheptyl ib) 8 0o
§§ 1] 14 Jeo = 2-Ethylhexyl/cresyl) n 1.7
§ % 0.50} 1 4 ] 40 i Cq - C,v paraffinic/cresy! (b 5] 0.%7
. ’_./g’—'-i { s -
§ % 025 r% 1 | T‘: f)o % isoPropyl/p-octylphenyt th) 'l 0.1
£ 456 475 500 525 450 475 500525 2- Ethythexyl/p-octylphenyl thi 0 1.85
Temperature, degrees Kelvin p-Octylpheny! 5 0.4
1489, Di-n-butyl 2} diisobutyl Zinc dithiop-
hosphates 2] o B, Blends in mineral ofl made up to contain 0.056 %}, 'a) 1
(M Zinc di-n-buiyl dithiophosphate. (h Zing diisobu minute at each load step. bl Mixed ester groups. (c)Secondary

. N alcohols.
tyl dithiophosphate. Three hours reaction at temper

ature indicated. 1 : Di-n-butyl sulfide. 2 : n-Butyl
mercaptan. 3 . Butene. 4 © Hyvdrogen sullide.$ :

isoButyl mercaptan. 6 | Dibutyl sulfide. 7  Residue.
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oask :— NM:::IYIM"M - JPP 3120. ¥7bAl ARl 4 Thiophosphite o}

080+ T " Thiophosphate ¢ 7 2% 441 8] of4).

075 - o -7 Ester Seizure transition, kg
¢ 070} ] (C/H,0), P %

E », q -

5 0soF [ (C, K, 8), POC, H, 108

£ ossf (€. S), P ®

3 4s0 (C,K 0}, P=0 102

; (C,H,0),P-5 82
0.45 - -

; e C,H, SP=S-{0C,H,), 78
040 - $ (C.H, ), P=S5-0C,H, 7
035+ . 9 (C,H,S),P=S 68
0.30 = N Base oil 68
L B e

30 45 60

Rubbing Time . minules Additives:0.006mole in 100 grams base oil. Four-ball
ubbing Time,

test at 600 rpm.

2310, Dialky) dithiophosphates ¢| W7bsl *t@al4 4ol &
o 4.
Four-ball wear test at 15kg load, 1500 rpm. Additive
furnishes 4 mmoles P per 100 gms white oil solution. a:
Bi(ITI) b:Sn(I1).c:SbiiI1)d:Pbil])e:
Ag(I). I Fel1 1 1).g:Ni{[ [).h:CA(II).k:Zn(I ).

ns 33 108 10'8—(3)

5;3.0 ™ 0 D“ u

;3 3 25 10-2 1073, & x

- Propyiene g Fropylene

£ 20 o0 i ] 1 107 o 8h

108 1075 107% 103107 1004102 102 107 107*1073 102 107

HaS Formation, Propyiene or H,S, Propylene or H,S,
moles /mole/ min moles/mole /min moles/mole /min

131 Metal dialkyl dithiophosphates ¢} o of Yt vy g
LE TN

(1) Wear of copper pin against steel disk:distance-dependent
volume-rate, 8 kg load, 10 em/s, 366 K, 5 hours. Additives:zine
diatky! dithiophosphates in n-hexadecane, 0.04 % P, a:
:2,2-Dimethylpropyl. b:n-Propyl. c: Ethyl. d:1,2, 2-Trimethy-
Ipropyl. e:1,3- Dimethytbutyl f:isoPropyl. (2) Wear of copper
pin ageinst steel disk:distance- dependent volume-rate. Metal
salts of diisobutyl dithiophosphate. g:pb. h: Ag. k:Cd m: Cu.

n:Zn.p:Free diisobutyl dithiophosphoric acid r:Corr di

L4

disul fide, (3Wear of steel pin against steel disk:distance-

dependent volume-rate. Metal salts of diisobuty! dithiophosphate.
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Scor Diameter ,

o] 1 I | ]
100 200 300 400 500

Applied Load, kg

LY12, t-octyl chloride 9} di-t-Octyl disulfide®| 3 # Mal 4
HE NE N
Four-ball test:10 seconds st 1750rpm. Additives in white oil
and wear/load ndex: A.9.1%Dit-octyl disulfide,2.08% S:
48.0kg. B.8.52%t-Octyl chloride, 2,05% Cl:51.9kx. C.4.55%
Di-t-octyl disulfide +4.53% t-octyl chloride,1.06% S,
1.00% C1:81.0 kg. D.9.1% Di-t-octyl disulfide +8.52%
t-octrl chloride, 2.1% S,2.0%Cl:112.1 ke.

[
Q
1

Base OW

>
Q
I

Depth-Wear Rate,nm/s
N
o
T

il
0S5 [Xe] 15 20

Contact Pressure, GPa

L3, Feb HohMl 24 sulfurized fatty ester
o] adsk

>
Pin and disk wear test at 85. 85cm/s with hardened steel.

E: Sulturized methyl urdecylenate,1.22% S in lubricant.
1:Sulfurized methyl undecylenste fraction, 1.00% S in
lubricant. [11: Synthetic 1,20 dicarbome thoxy-9, 12-dimethyt-10,
11 -dithiseicosane, 1. 13% S in lubricant.

80

60

a0+

Degth-Wear Rate am/s

03 70 is 20
Contac! Pressure, GPa

2314, St Y9084 Organosulfides 2}
fatty esters®) 4% g,
Pin and disk wear test at 85.85cm/s with hardened steel.
[:Di- sec-octyl disvifide,1.17% S in lubricant. H:Methyl
lourate, 8.8% in lubricant. IH: Di- sec-octyl disulfide (17
mmoles/100gm} * methy! laurate (33 mmoles/100 ), 1.06%
$°7.2% ester in lubricant. IV: Base oil. V: Synthetie 1, 20-
dicarbomethoxy-9, 12- dimethyl-10, 11-dithiaeicosane {18 mmoles/
100gm).

F21. #4351 Organosulfur 2} Organochlorine
U7} o] 4 -ball <4l

Additive {conc. Sor Cl) 10} Wear/load  Intitial seizure
index, kg Toad, kg

Di-t-nonyl polysulfide (0. 030) 52.0 i)
Dibenzyl disulfide (0. 030} 48.8 L
Benzyl chloride {0.030) 56.7 65
Chlorinated paraffin:t (0. 030) 7.7 85
Di-1-nonyl polysullide {0.015) 78.3 80
*benzyl chloride {0.015)

Di-t-nony}  polysulfide (0. 015) 56.3 8
*chlorinated paraffin(0.015)

Dibenzyl disulfide (0. 015} 64.8 80
*benzyt chioride {0. 015)

Dibenzy! disullide (0.015) 45.3 0

“¢hlorinated pacaitin(0.015)

ta) Gram-ntoms per 100 grama of white oil solution. b1 51%

chlorine.

rganosulfur 9} Organochlorine *} %1%
o} sz e} 3pabal upga,

Additive (cone, S or Ci)a) % of Element reacted

Sullur Chlorine
Benzyl chloride (0. 015) - 31
Chlorinated paraffin b (0. 015) . bo
Di-t-nonyl polysulfide (0. 015) 3
Dibenzyl disulfide (0. 015) 17
Di-t-nonyl polysulfide (0. 015) “ £2
*benzyl chloride (0. 015)
Di- t-nonyl  polysulfide (0. 015} 69 8
*chlorinated paralfin{0.015)
Dibenzyl disullide (0. 015) 17 51
*benzyl chloride (0.015}
Dibenzyi disulfide (0. 015) % 23

* chiorinated paeaffin{0. 015)

(s} Gram-atoms per 100 grams of white oi} solution.
bt 51% chiorine.

0100 T 1
~5 o) 5
< 0078 goy
g o Eo
- -
¥ o050 go.z
a :
8 0025 H 30
i 213
» i1

i ] __1
280 320 380 400 280 R0 360 400 940 480
Temperoture, degrees K

[ 2315, Dibensy! disulfide &1 47441 "} &l 4]
RES D

‘a) Adsorption on stainless steel. b} Friction of stainless
steel. 1:Dibenzyl disvlfide only in n-hexadecane. 11: Dibenzyl
disulfide plus n-octadecylamine. 111:Dibenzy! disulfide pius
calcium saft of petroleum sulfonate.



