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2%9. Di-n-butyl 2} diisobutyl Zinc dithiop-
hosphates 2] <3 F-3i.

(a} Zinc di-n-buiyl dithiophosphate. (b) Zinc diisobu

tyl dithiophosphate. Three hours reaction at temper

ature indicated. 1 : Di-n-butyl sulfide.2 . n-Butyl

mercaptan. 3 . Butene. 4 . Hydrogen sulfide.5 :

isoButyl mercaptan. 6 . Dibutyl sulfide. 7 : Residue.
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F18. Zinc phosphorodithicate esters?] 4-ball
A% Ak

Ester group Initial seizure wear scar
load, kg (2) at 70 kg, mm
Base oil 55 2.26
n-propyi 90 0.38
n-Butyl 70 1.83
isoButyl. 75 -
isoButyl/Pentyl (b) 75 0.38
n-Octyl 65 1.7
2-Ethylhexyl 65 2.07
2,2, 4-Trimethylpentyl (c) 55 1.80
isoPropyl 105 ——
sec- Butyl 80 0.38
1, 3- Dimethylbutyl (c) 70 2.08
1-Methylheptyl (¢) 65 1.90
isoPropyl/1-methylheptyl (b} 85 0.37
2-Ethythexyl/cresyl(b) 70 1.78
C, — C,, paraffinic/cresyl (b) 85 0.37
isoPropyl/p-octylphenyl (b) 75 0. 40
2-Ethylhexyl/p-octylphenyl (b) 70 1.85
p-Octylphenyl 75 0.40

Blends in mineral oil made up to contain 0.056 %P. (a1
minute at each load step. (b) Mixed ester groups. (¢c)Secondary

alcohols.
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1910, Dialkyl dithiophosphates & @ 74A Loy FLo] &
9] Og@cl:.
Four-ball wear test at 15kg load, 1500 rpm. Additive

furnishes 4 mmoles P per 100 gms white oil solution.a :

Bi(III).b:Sn(IT).c:Sb(ITI).d:Ph(II).e

Ag{I).f:Fe(II11).g:Ni(IT).h:Cd(II).k:Zn(LIT).
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Propyiene or H,S,
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10—10 ,ho 9 { 8h
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1311, Metal dialkyl dithiophosphates?] o ot & A3} np2 4
e A,

(1) Wear of copper pin against steel disk:distance-dependent

volume-rate, 8 kg load, 10 cm/s, 366 K, 5 hours, Additives:zinc

dialkyl dithiophosphates in n-hexadecane,0.04 % P. a:

:2, 2-Dimethylpropyl. b:n-Propyl. c: Ethyl. d:1, 2, 2- Trimethy-

-7 -
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Ipropyl. e:l,3-Dimethylbutyltf:isoPropyl. (2) Wear of copper
pin against 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: Corresponding
disulfide. (3}Wear of steel pin against steel disk:distance-

dependent volume-rate. Metal salts of diisobutyl dithiophosphate.

Silver 2] 7 9-E o 9] Z5}3 H; S1} Propylene
o] J4-&3 rlder (mFA=}) o] v} g3} diisopr-
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1'C3H70 S S O-i- C3H7
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V4 |
| o ] CH
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I
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7\ - Y o
s’ o 0 ) s o
2 (CH,) CH-SH —» (§i43)2c11-s—ctl(c1|3)2 + S
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f+3toll 2|3l phosphorus oxyacids 24 -§%
= ester & T-ZollA A4Z A H o2 24
2 Aol @a 4= Sahin(13)56l s o
—755 2] butyl ester & o} F= vk 100g = 0.06
+ 552 Oilo] A7AE ¥-& g4o] 600rpm

ol 4 4 —ballZo}s 3o yﬂ7}5]o«1r,} 3202
dlemes) 488 ¥ uky, SAaAgdz A
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#20. #7A) ZH8-oll 4] Thiophosphite 2}
Thiophosphate o] +23 $-3-9] o3k

Ester Seizure transition, kg
(C/H, 0),P 9w
(C.H, §),POC,H, 108
(C i S)s P 93
(C,H,0),P=0 102
(C H, 0); P=S 82
C.H, SP=5-(0C,H,), 78
C/H, S), P=S-0C, H, 72
(CH, S); P=S 68
Base oil 68

Additives:0. 006mole in 100 grams base oil. Four-ball
test at 600 rpm.

phosphites += #7}A] 2H&-ol] 4 thiophosphites
o 2 cfEx $e A0 Jrhdeh %A
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9% 9] od4 7} Chlorinated diphenyl etherel] ¢

3 g— Hebd A4 Ao B3] Esled

o] A2 Bt AsAlF ALA = Ao 5HF

A 7% 9 ub-gg F2ds}l W2 o7 2&Ec)
29 128 A Azehe g2 58

£ 7+ di-t-octyl disulfide #} t-octyl chloride

o] g &E 2ol gk £ 24 Dorison(15) ] &
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Applied Load, kg

2312, t-octyl chloride &} di-t-Octyl disulfided] & A 9l
7HA] A4
Four-ball test:10 seconds at 1750rpm. Additives in white oil
and wear/load index:A.9.1%Di-t-octyl disulfide,2.08% S
48.0kg. B.8.52%t-Octyl chloride, 2.05% Cl:51.9kg. C.4.55%
Di-t-octyl disulfide +4.53% t-octyl chloride,1.06% S,
1.00% Cl:81.0 kg. D.9.1% Di-t-octyl disulfide +8.52%
t-octyl chloride,2.1% S,2.0%Cl:112.1 kg.
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dl%at AL FlAAE 1357 4-ball4]
& o]-&3te Mould[30] Sol A4k (&
213t7). &7 &35 F ofuigl wo] SlA
u} v}R /3}Z-X|+= dibenzyl disulfide 2}
Chlorinated paraffin-& &3§st 4% 73t
32 JLHE HelEh A s
2 6 A7k 473K (200C) °ﬂ/ﬂ A7H5-9

£x4oﬂg]z‘sﬂ ZALE o) olu] 7l Sl =
7HEE Bl AlHES ]-rr—ﬂilP 4ol o 3l

o
e 1o fE of
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} benzyl chlorlde 9 % st "4:1} di-t-
nonyl polysulfide 2] 4}
dibenzyl disulfide2} 4+-3-Ad el °§T3‘J=% o] 2] 2|

O}‘—r/]_

221. Z3ts} Organosulfur ¢} Organochlorine
HA71A 9] 4 -ball £ 3.

Additive (conc. S or Cl) (a) Wear/load Intitial seizure
index, kg load, kg

Di-t-nonyl polysulfide (0. 030) 52,0 75
Dibenzy! disulfide (0. 030) 48.8 70
Benzyl chloride (0. 030) 56.7 65
Chlorinated paraffin(b) (0. 030) 47.7 85
Di-t-nonyl polysulfide (0.015) 78.3 80
*benzyl chloride (0. 015)

Di-t-nonyl polysulfide (0. 015) 56.3 85
+chlorinated paraffin (0. 015)

Dibenzyl disulfide (0.015) 64.8 80
*benzyl chloride (0.015)

Dibenzyl disulfide (0. 015) 45.3 80

+chlorinated paraffin (0. 015)

(a) Gram-atoms per 100 grams of white oil solution. (b) 51%

chlorine.

22 Organosulfur 2} Organochlorine shaHE
o] Whe] 2hata g4,

Additive (conc. S or Cl) (a) % of Element reacted
Sulfur Chlorine

Benzyl chloride (0. 015) = 51

Chlorinated paraffin(b) (0. 015) . 25

Di-t-nonyl polysulfide (0. 015) 3l

Dibenzyl disulfide (0.015) 17

Di-t-nonyl polysulfide (0. 015) 44 62

*benzyl chloride (0. 015)

Di-t-nonyl polysulfide (0. 015) 69 28

*chlorinated paraffin (0. 015)

Dibenzyl disulfide (0. 015) 17 51

+benzyl chloride (0. 015)

Dibenzyi disulfide (0.015) 25 23

+ chlorinated paraffin (0. 015)

a) Gram-atoms per 100 grams of white oil solution.
(b} 51% chlorine.



HiE e &R

Chlorine &41%-¢] g}sta abo4 2 2o}, =
2201 4) B}ekA uk-g-Al 9] 2lgE £219] 4-ballX]
3 v A wT-E B FAnl 21364 2o
Z #5331 Mould(30) Eo] o1& A3}l A
HoFArcel 44 o Zsloh
Organochlorine 3} Organosulfur3}3tg 7
1

QR BUEY AR Eo Yy A
j=}

X\:l =
s

de ot 2o ok ro

£ 2 ¥AlR Folrhle o
gol T Bk HPA S TA ER
W9lek 2L Aol F& o} Aol rkolek
Ao e Tejd BAEL Lol Aais ek
F£E 2o A 4+ vk weA
A% shahd wieke® ohgs) e T2

% e A% o8t 2o B FoleolE
& o2 4 o)

CH, (CH,)n-S-(CH,)m, CH, + CH,
(CH, )mCl

ek

RCH, SCI
FZ= Sulfiny/ chlorideo]lm 22X oZ
2 4 9l 3)eA qk2-A L alkyl sulfides}
alkyl chloride ¢ Z3}% k343 2hxds] iz
v} wlabzbx] 2 Davey [31]) o] &l ml=

9] +2235 trichlorothioacetals-& sulfur bond-
ing & Feljoll 4 7| LA ] Zpolwll el wixdt £
£ 7+ alkyl sulfide &} alkyl chloride?| &=
FEabe vlad 5 gich
8 — 2. Phosphorus (2]) 3} Chlorine (14) ¢]
EZ AL
Areksl wh 2hssk o 23R ASMAE
48 gt Bl AA =l oldl e T
Ao ofz) ¢} 7+ Phosphate ester?] 3 4]d

3 Ao FA e,

fo N oo

=

0 OC,Hg
8/
C1,4C- (CHy) ,0-P(

OC,H

275

o] Aell A= AT+ FE Sanin(32) 5ol 24l
ATH Gt AaE Q19 FEA9 Y ob
I Al ester TF9| 7l alkyl group?| Eoji}
Phosphatesol] 4] Phosphorus o] o2 = alkyl
wollA WA sel A7bA) 2H8-9) rhe 4-ball
SoHA13E 600rpmoll A A AjFk &4 =t
E e AoAE &4 E2R sl e
AARsk #2308 wedch TZ A WeE
Phosphate esters, thiophosphate esters (thiolic
7} thionic sulfur) ¢} phosphonates& X33}
Chlorine (d4) o] d#j+ g -CCL Y ¥

Zh=rth

o

1%23. Phosphorus esters & H7}A] 28] 4]
Chlorine 2] 722 <3k

Additive formula Seizure
tran-
sition, kg

Phosphate esters

(CH, ), CH(CH, ), OPO- (OC, H; ), 150

Cl, CCH, OPO- (0OC, H; ), 200

C1,CCH, OPO- (OC/H,) 2 225

Cl, C(CH, ), 0PO- (OC, H; ), 230

C1,C(CH,),0P0- (OC,H, ), 225

T hiophosphate esters (thiolic)

C,H,, SPO- (0C, H; ), 150

G, H,, SPO- (OC, H; ), 140

Cl, C(CH,),SPO- (OC, H; ), 200

CL C(CH,),SPO-(0OC, H,), 210

Cl, C(CH,),SPO- (OCH(CH, ), ), 200

Thiophosphate esters (thionic)

C, H; OPS- (OC, K, ), 140

C.H,0PS-(0C,H;), 120

Cl, CCH, OPS- (OC, H;), 200

C}, C(CH,),OPS: (OC, H;), 170

Phosphonate esters

CH, PO- (OC, H,), 138

CH, PO- (OC, H,,)s. 130

Cl; CPO-(0C, K, ), 190

CH, PO- (OCH, CCl,), e (a)

CH, PO- (O(CH, ), CCl;), 190-300 (b)

Cl, CPO- (OCH, CCl,), * 140-300(b)

_11__
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Thiolo-thionic ester
Cl, C(CH, ), SPS+(OC, H, ),

130

Base oil , 80

a) No seizure transition up to 300 kg. (b) No seizure transition:
gradual increase of wear in load range shown. Additive:0. 06

mole per 100 grams oil. Four-ball test at 600 rpm.

0, O —diethyl - S~ (W—trichloroamyl) Phosph-
orodithioate S A ¢35} ester 594 Chlorine
o] EA vl A3t esters®| A7bA] gL T
A|A Fr}. Lozovoi [18) %52 Phosphonate est-
ers C; H; PO- (0OC,H;),, C,H;PO- (OCH, CCl,),
9} C¢H,PO-(OCH,CH,Cl), ¢ A =lu|mel|4
%< monochlorinated 728 —-CH,Cl2 3}&
7o) A8 Ao|slEL ZE7FA)7)+=w] trichlorinated
TZx¢ -CCLebrbabrbx 9] F3b7l S8 B
AFeh E AolF ufEE Zr4s)7E BEG
a3= CH; PO (OC,H) (OCH,CH, Cl) 4|4
vebdE B o] F9lch

8-3. 23 ™7 Al24 Sulfur 2} FattyEsters.
Dorison[33) & AbadAlell A 713 = 9514 AF
£-5= B3 "A7A%E 4] Sulfurized fatty
EA9] s z35leta ArbA 2HL7Ee) FAS b2
gichk z}stx{z] 5 ethenoid fatty estersi= 23
A QR0 200 39g Bk 2 shie
Falaje] o] Ak dEoR A -Zol| F43)
fatty ester ojz} 3}l HE Elﬁ}x{i]i‘_ =
AL AdFFe] E4Eo] Ik 2y 33
el g xppak Ao Txelld bt FadA
&+ 03 sk AREA g OPﬁF/PE l"—aﬂ of
drie Aol A&

h=}

27154 Y 4
o

Dorinson (33]-& Methyl W- undecenoate«] 3t
el sl JAE o) ohEah e 43S 450
% T YeS HFola B ashgich
;e
CH3OOC(CH2)8 ? Sn ?(CH2)8COOCH3
H H

olef n& 1o} 203 B3} 7]
fide v} disulfideo] = 7ol (a) 7]
EA, (b) carboxylic moieties ¢} (¢
2e] 4 A el
n-aliphatic hydrocarbon ¢ & &2 % % 9]
A TFE 2AbA e S AL A5 S
HFz ool & HslA] 2H8-C Carboxylate
ester&} sulfide structure & o2 =o gl o]
$ B F7
methyl undecylenate & Y-e] ester/sulfide4] 3
£ 22 A9 stglem o] Fx 24 Organo sulfide
-ester & AISEL §-3F A 2] ZH2o] methyl

-2 monosul-
A <l (fatty) ¢

() f713 T2

213 4 Dorinson - sulfurized

undecylenate 2 22| 5 3AER 3} 2+8-¢ B
Folch 29136 goksl gt wpaa S 7
3}A17]l 2 E Pin-on-diskn}= A &3k Ao)z n}
TgolA gEtee] Eske vehiel Ao
2L 2o nhR §0](0. 276~1. 724 Gpa ¥ $] v ol 4

A waA —,—7¥7_,Lf5¥) 1. 724 Gpa o} 21 o]#}ell4
FEFbol ke vhE£S SokAv)e Hal
3h5o]ck.

-
)
|

Base Oil

S
O
I

Depth-Wear Rate,nm/s
N
o]
T

05

1O 1.5

Contact Pressure, GPa

28913, ot A7 24 sulfurized fatty ester
2] o33k

Pin and disk wear test at 85.85cm/s with hardened steel.

I: Sulfurized methyl undecylenate,1.22% S in lubricant.

I1: Sulfurized methyl undecylenate fraction,1.00% S in

lubricant. III: Synthetic 1, 20-dicarbomethoxy-9, 12-dimethyl-10,

11-dithiaeicosane, 1.13% S in lubricant.

_12__



Depth-Weor Rate,nm/s

80 I T Scuff T -
60— |

40—

20—

o L

i h 9 & &

Organosulfide-ester %4 organosulfur 4

Bl ester AR Bz 2828 gzt di-sec-disulf-

ide4} methyl laurate & Oj'—]"ﬂ ek 1 A3
2% 149 I3 OFHo2 Fojxxn Ad23
o] §HAFE 7] di-sec-octyl disulfide g2
3852922 7] (base oil) & vfRTF A3 w
st olud M FIE HAFA Ferh

Methyl laurate = *&ot® 1, 379Gpa 7}%] v}
Bgo FIE v I Follg otRE A
ths] Zr)sla whab s Algk vl 2 4 go]

2kl

05 o) 5
Contact Pressure, GPa

214, FoF H7HA =4 Organosulfides
fatty esters?] Ab% 24,
Pin and disk wear test at 85.85cm/s with hardened steel.
I:Di-sec-octyl disulfide,1.17% S in lubricant. II:Methyl
laurate, 8.8% in lubricant. I11:Di-sec-octyl disulfide (17
mmoles/100gm) *methyl laurate (33 mmoles/100 gyi),1.06%
S*7.2% ester in lubricant. [V:Base oil.V: Synthetic 1,20-
dicarbomethoxy-9, 12-dimethyl-10, 11-dithiaeicosane (18 mmoles/
100gm).

e} di-sec-octyl disulfide v} methyl laurate
7 A esterel lgr 4718 fH g2 4

AR AT FEAGN S FL whE g
AN
ester-disulfide 8] F7}# 7|5<

L2 AolatEg F7HA ok

Py
T2

TR 2E

A4 A 713 E3E 9] 45°] Synthetic

B3 ArbA e ERE2 ASRHE opviek 4
o]
~

5 LR stk WA 5L S4ux
A2 2ol Ak Aol ke 4Relels) &2
2 Wokmeh W) £3Ael s RS 4
44 Sl AYHE A% By 4
Ashe a3-go] Al gAol= A o
£ Fe A 2A A B AT WE

gtk

A7bA 715S AAIE A o A ek A
ZpA 7} mpE B FA s A
75t ohE A7HAlG] ojs o Al
. 9leh Spikes(34) 52 22{3F Eaboll  oiEl
F5Eagr j15 A E AlAEIch 11 1529
I 2 28 old] £ 7 slol]l n-hexadecane 2]
Lol o 2B §® 2 F )5 dibenzyl disulfide

o] Fato] B L RAF). L= 383K (110C)

o4 2H0Kj/mole ¢ EA o1 x| 2 318} uk-Sofl
A= o|sb Eaigeh 18 152 9] A8 I+

Q100
Ng {a) s
g 0o7sf~ 203
w
@ s
£ oosol- £02
3 | @
[ Q
8 0025/~ g o
e o
@ 0 1 I RO NUUE S R |
280 320 360 400 280 320 360 400 440 480

Temperature , degrees K

1415, Dibenzyl disulfide & Z71A] 2H8-of] 4
B2,

‘a) Adsorption on stainless steel. 'b) Friction of stainless

steel. I: Dibenzyl disulfide only in n-hexadecane. I1: Dibenzyl

disulfide plus n-octadecylamine. III: Dibenzyl disulfide plus

calcium salt of petroleum sulfonate.

100gr &} 0. 036mole 2] n-octadecylamines} 0. 0033

mole ¢] disulfide & zt+= -2q}4 dibenzyl
disulfide o] Ffel] s 2 ojrl. . Disulfide
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FAL 3o L5ol4 e olaHoAxnt A
o] & o]&bol| 4 & amin /l Aol 2 Bozp7) wef 2l
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Sulfide 2] Zd o] 0.8Wt— % 2| dibenzyl
disulfide &} 3| 18739 293 —433K ¢] L5 9]
o] AAA disulfide?] §2-8 723 ofAlgrch
FRAQYsH wpAA R $e S22 vhAa B
o] Azlyl 18 15boljA BgFTh AR L
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oAel A9 X0 =g vpAbe] ulg-& w
403 -473K 2] &5 WA vpEA|7) 7Hz}y)
Yol xl = ﬁoko ;g]_zz}-z_—} o2 ure | T; ]_}o]
%72 A9 ®ch Octadecylamine o] & 5_5"—
Calcium petroleum sulfonate 0}1/]—7} -
% A S AHE2e) 333K olahel 4 v
A7 2A] o] =R F25 amine o)}
sulfonate 7} W epaBstoll 7]ojgte] - sich
=7t F7-ddl=e}l amine o] &3tEm &%
Sulfide 4k-3-HF-o] AA3 FA R A2e 5+ ¢
+ 99 4 grkd whRe ksl
FEG BF ool Balt £ =y o
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(e]

e
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o
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uld o] ZE sl S Ar e 85 ehabs g
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