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Chapter 11
ADDITIVES FOF OILS

The simplest and least expens-.ve way to improve the opera-
tlonal properties of retroleum and synthetic oils in various ap-
plications 1s to add speclal additives to them. In many cases,

this approach 1s not only the closest at hand, but also the only
one possibple.

011 additives are classified on the hasis of their abllity to
improve some given property of the olls. The following types of
additives are distinguished: 1) viscosity additives, whicn in-
crease the visceosities of olls and improve their viscosity-tem-
perature properties; 2) depressor additives, which depress oil
pour points; 3) antioxidant additives, which increase the stabil-
ity of the oils to the oxidizing action of atmospheric air; 4)
anticorrosion additives, which lower the corrosive aggressiveness
of the oils; 5) antiwear additives, which improve the lubricating
properties of olls and protect the rubbing parts of engines and
mechanisms from wear; 6) antifoam additives, which lower the sur-
face tension of oils and thereby nrevent formation of foam in
them; 7) detergent additives, which prevent the formation of vari-
ous deposits, such as carbon, varnish or sludge, on engine parts;
8) multipurpose additives, which have the ability to modify two or
more oil operational preoperties Ln the desired direction simul-
taneously. '

When it 1is necessary to improve the operational properties of
olls as regards not one, but several indices, several additives
are used in 1t. It is the combination of these additives that con-
fers the desired properties on the oll.

1. VISCOSITY ADDITIVES

A variety of pulymer products are used as viscosity additives.
Polyisobutylene, polymethacrylates, and vinyl-ether polymers nave
come into practical use, as, to a lesser degree, have polyalkyl-
styrenes and cop.oiymers: hydrocarbon (for example, the copolymer
of iscbutyiene and isocamylenes - octol), derivatives of methacrylic
acid and nitrogen-containing monomers and & number of others. Cer~
tain polymer additives, together with their ability to improve the
viscosity properties of oils, also have depressor or detergent
properties, or both together.

Polyisobutylene

Polyisob.itylenes with molecular weights of 15,000-20,000 are
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used as viscosity additives.

The main chain of polylsobutylene 1s

CH. ' CH.
—-é-—CH.—- '-—-CH,--
A,

In the foviet Union, polyisobutylenes are produced in accord-
ance with Ministry of the Chemical Industry Technical Specifica-
tions (TY MXN) 1761-54. Abroad, polyisobutylene-based additives
are manufactured under the names Opanol and Exanol. For conven-
ience in use, polyisobutylene is produced in the USA in the form
of a 20-30% solution in medium-weight mineral cil. This solution
has come to be known as Paratone.

Polymethacrylates

The main chain of the polymethacrylate macromolecule is

‘CH,CH,  CH, CH,

U Sl S il o
ok doo ond buo
i d 55
U O O

where R is an aliphatic radical with 4 to 22 carbons.

The properties and effectiveness of the polymers as additives
dapend on the size and structure of the radical R. Polymers with
radicals containing from 12 to 18 carbons are most effective; such

polymers have depressor properties in addition to their viscosity
propertics.

Two tyres of polymethacrylates are produced in the Soviet
Un.on: V (viscosity) and D (depressor).

Vinipols

Polymers of vinyl-n " utyl ether, or Vinipols, are used as
viscosity additives primariiy for hydraulic flulds.

The main chain of the Vinipol macromolecule is
—~CH~CH-CH,—~CH~
H,
The Vinipols used as viscosity additives have molecular

weights of 9000-12,000. Below we present the properties of one
specimen of Vinipol with a molecular weight »f $300:

Density pf%....covii ittt 0.932

Refractive index n;)' ................. 1.4588

Conventional viscosity at 100°C, °VC. 312

Flash point (open crucible), °C...... 21C
FTD-HT-23-347-66 - 664 -
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Commerclal specimens of the polymers have Lrcad fractional
composition (Fig. 11.1). For erxample, polyisobut:': .> .1ith an ave
erage molecular weight of 27,000, separated by tne aasorption
method into narrow molecular-weight fractions, contains only about
30% of hydrocarbons with molecular weights of 25,000-30,000; the
remaining 70% of the components have molecular weights froin 5000
to 50,000. A similar picture is also observed for cther polymers
(Table 11.1).
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Flg. 11.1. Fractional distribution in adsorptica separation: a)
polyisobutylene with m.w. of 27,000; b) polyisobutylene with m.w.
of 17,000; o) on activated cunasccoal; @) on silica gel;c ) frac-
tional sedimentation. A) Content of fracticns, %; B) M.w. x 10°?%,
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Fig. 11.2. Viscosity change of 20% poly!sobutylene solution (m.w.
30,000) in MK-8 oil in the mechanical destruction process at var-
ious shear stresses [U4]. The figures on the lines indicate shear
stress in dynes/cm?. 1) Viscosity at 20°C, poises; 2) time, h.
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TABLE 11.1

Fractional Compcsition of Commercial &
‘mens of Polyisobutylene and Vinipol [1

geci-

B
1 NonmmsoByranen CpeRHEro MURSNYZADNOTO Bo0A IN Buxnnos € e
27000 17000
. . | souspwange | WONSKFARD-
CORPMANNS :3:"-’- N pms | touxmus, % | 3w se
Sparmmn, . »ec 5mmmu. 200 dpasme.
2 Jépanaun % Jepaxgn 2 3
0,66 50090 0,53 29000 44,10 20000
1,32 45000 0,77 27500 16,7 14800
14 42000 6,00 26000 ) 5,45 12000
28 44000 8,50 22600 148 9500
3,74 3900x 2,73 22300 11,83 9000
3 38000 2, 20400 10,06 sS40t
3,8 35600 28,40 20000 6,29 3500
,05 84000 .80 18000
7,37 33500 8, 16800
8, 33000 11,5 16000
20,95 30000 4,20 15500
5,49 25300 2,43 14700
58 22700 4.86 12350
6,02 18500 10,90 10000
13,00 13800 10,90 8000
15,42 11000
5clnl o
MOsexyZRD-
. 27300 16300 14300

1) Polyisobutylene with average molecular

weight of
Content of fraction, ¥

12,000

un F _(OVN V)
~ SN

TABLE 11.2

Molecular weight of fraction
Vinipol with average molecular welght of

Weighted average molecular weight.

"hickening Ability of Various Polymer Addi-
tives Used 'n AS-6 011 (after R.Sh. Kullyev)
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D) Viscosity index G) Vinipol
E) Polyisobutylene H) 0i1 without add?!-
F) Polymetbhacrylate tive.

Polymer additives differ in their ability to thicken oils
(Table 11.2): polyisobutylene takes first place, surpassing poly-
methacrylates and Vinipols. However, oils prepared by thlickening
a base with polymethacrylates are conslderably superior as re-

gards viscosity-temperature properties %o lls thickened with
other polymers.

The thickening tendency cf pol;mers depends on their concen-
traticn in the oil (Table 11.3) and on their molecular weights
(Tables 11.4 and 11.5). All pclyner viscosity additives are suu-
Jeet to destruccion on heating or severe mechanical disturbances,
with the result that their thickening ability declines (Tables
11.6 and 11.8 and Figs. i1.2 and 11.3, a and b). The higher the
molecular weight of the polymer, the more liable 1t is to destruc-
tion. Polymethacvylates and Vinipols are more susceptible to de-
struction than polyfznbutyienes. The extent of destruction also
depends on the concentration of the polymer in the oil and the
duration of the mechanical or therma’ disfturbance. The only pos-
sible way to counter mechanicsl destiuction is to use polymers of
relatively low molecular weight (3000-50C0) to thicker the oil.
Additives are umed in the oil tc prevent thermal descyuction of

the polymers. Usualliy, antioxidant additives serve this purpose
(Table 11.7 and Plg. 11.4).
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Fig. 11.3. Se.%ruction of 5% polymer solutions in turbine oil 22
(L) in oxygen (&) a = air {b) at 150°C [5]: 1) Vinipol (m.w.
12,000); 2) same + 2f 1.~ naphthenate; 3) polymethacrylate (m.w.
12,000); L) same + 2% irc. -+ iphthenate; 5) polyisobutylene (m.w.

20,000); §) same ¢ 2% ircn napr-heinate. A) Solution viscosity, §
of initiai, B) heating time, h.
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TABLE 11.3

Influence of Polyisobutylene on 0il Viscos-
ity (after Ye.G. Semenido)

B
W BasnacTs (3 o) aps
ml.-‘r age . . Ao ¢
s TRNENG 15¢*C s0*C 100°C "'ec foe°C 1 4
T —
% C "praneah D esrass D wroste
0 8s 124 74 55 105 A
2 T4 288 163 105 240 {
4 132 58.5 3.t 201 30.4 —
[ ) 22 N3 481 330 519 48
s M2 150 747 .2 928 76

A) Concentration of m.w. 20,000 polyisobu-
tylene in oil, %

B) Vis:osity (cSt) at

C) Industrial 12 (spindle 2)

D) Avtol ...

3
/Z
&j
£
J N
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Fig. 11.0. Change in viscoaities of thickened oils with various
additives during heating [6]): 1) transformer oil ¢+ 10% Vinipol
(150°C); 2) sewe ¢ 0.5% -hzdroxydiphenylauune; 3) transformer
oil + 10% Vip.ipol (200°Cg; ) same + 0.5% p-hydroxydiphenylamine;
5) transformer oil ¢ 10% polymethacrylate 7200°C); 6) same + 1%
p-hydroxydiphenylamine; 7) spindle oil 4 10%¥ Vinipol (150°C); 8)
same + 0.5% p-hydroxydiphenylamine; 9) sp‘ndle oil + 105 Vinipol
(200°C); 10) zame ¢+ 1% g-hydroxydiphenylanlne; 11) synthetic oil
36/1 + 10% Vinipol (150°C); 12) same ¢ 0.5% p-hydroxydiphenyl-
amine; 13) synthetic otl 36/1 ¢ 10% Vinipol (200¢C); 18) same +
+ 0.5% p-hydroxydiphenylamine; 15) synthetic oil 36/1 + 10¥ poly-
methacrylate (150°C); 16) same ¢ 1% p-hydroxydiphenslamine; 17)
synthetic ofl 36/1 + 10% polymethacrylate (200°C); 103) same + 1%
p-hydroxydiphenylamine. A) Oil viscosity, ¥ of initial; B) heating
time, h.
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TABLE 11.4

Influence «of Polyisobutylene Molecular Weight
on 011 Viscosity (after N.G. Puchkov)

" A B BasxocTs nacas (3 eom) mpa 39° C upe ol 3enne
90¢ BoANNIGOY-
THANS .
0% 1% n ”n
6007 18 154 1 207
15000 193 134 %2 Mo
23000 13 209 T ) -

A) Moliecular weight of polyisooutylene
B) 011 viscosity (cSt) at 50°C on addition
' of ... of polyisobutylere.

TABLE 11.5

* Influence of Polymer Mclecular Weight on Viscosity-Temperature
- Properties of 0ils with Light Base [2]

ﬁ 1 Tessncp t 5 Brakacrs (s eem) ape . 7  Deswesn (3 ne) g

: - Otne-

5 2 %_“mluuuoo:um :;:;

= ERIAREC AT Breidgd S % ° - S o

' PR32 3) 3228 SRERERER
" Moasmsobyrasva | 30000 | &1 | 757 | 24s] 1085 1200 154|183 [ 130 390 |120] 31 | st {2 | o35

; 20000 | 53 | 7.88 | 9.12] 10.60] 4260| 15.4{183 | 763] 417 | w47 38 | 108 | 316 | 1258

« 10006 | 82 | 7.65|8.90] 10.56| 1235] 152} 183 | 81.4] 243 | 168] &8 | 162 | &30 | 2510

s000 | 120 | 7.70 | 8.88| 10.54] 1262] 15.1{183 | 5i.9{ 48y | 382| o8 | 218 | 60

5 s n 18000 | 6.6 | 820! 945} 10.70] 1260| 153{183 | *.3| 252 | e8] 20

5 T | om0 | 97 | £20 | 0381 1090/ 1220! 152|183 | 35| 328 | saal 23 f.: ] g

. 1o Mscasma ocmosa | — | — | 100 ) s8] 298] 24 20 varl ] s | -] ol 2ol ml ms

{

%

% 1) Polymer 5) Ratio

] \ 2) Name 7) Viscosity /poises) at

: 3) Molecular weight 8) Polyisobutylene

; ) Quantity in oll, % 9) Polymethacrylate

5 ' 5) Viscosity (cSt) at 10) 0411 base.
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mABLE 11.6

Influence of Polymr.r Molecular Wzight on Thermel Destruction (af-
ter Ye.G. Semenido)
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15«!' 138 | 798
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#11CB ic the oil vliscosity stability index in £ (the viacosities of
the oils after 2 hr of heating are compared with the initial vis-

cosities).

1) Polymer molecular weight

¢) Initial viscosity of 5%
solutions of polyaers
(eSt) at 100°C

TABLE 11.7

h pr
e S S

Change in oil viscosity
(eSt) and NC8 index® dur-
ing depolymerization at

‘4 hours

Polyisobutylene

Vinipol.

Influence of Anticxidant Additives® on Depolymerizaticn Stability
of 5% Polyisobutylene Solution in Turbine 011 2]

225 adaitive.
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1)
2)

4)
5)

6)
1)

8

10)
11)

“ 12)

Characteristics of addi-
tives

Type

Composition

Formula

011 viscosity at 100°C,
eSt

Initisl

After heating at 200°C
for

6 hours

Viscosity stebility index
Topanol-A
2,%-4imethyl-6-tert-bu~
tylphenol

tert

TABLE 11.8

L o I N S R ST S
W m—~ W W
S e st e e e

20)

22)
23)

Topanol-0
l-methyl-2,6-di-tert-bu-
tylphenol

Topanol-M
N,N'-di-geo-tutyl-p-
phenylenediamine

FCh-16

Product of refining Che-
remkhovo coals

Retarder preparation
Product from dry distilla-
tion of beechwood
Wood-tar antioxidant
Product of dry distilla-
tion of wood

011 without additive.

Change in Viscosity of Thickened 0ils as a
Result of Mechanical Destruction of Polymer
av 20°C in K.I. Klimov's Rotary Tester [3]

Basnocts (3 com) B3PS BPUOKMETN  SOITH
T

1
Cocras weoan ?‘3
[ 30 Mun | 130 mam | 300 aem
LTvp&noc 22+ 5% uoxnesSyrsrema
5K ZOI“ND% ......... 1148 . ] a3 43
opocu-}- Tore me poxmmacly-
.............. 1153 s () 415

Composition of oil
Minutes

of 20,000

wn & O
- e Wt

g

ene.
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Viscosity (cSt, after test time of
Turbine 22 + 5% polyiscbutylene with m.w.

Kerosenr + 208 of the same polyisobutyl-

P RS AT S i




3 ’“{}[;i-;- :.~r . ""7-:"}':1;‘:2‘?‘4,’#‘ ““\é,.

TABLE 11.9
Properties of Voltols (after Yu.A. Pinkevich)
1 ) 2 Gopaattse somvroneld

Tloxeserens
A 3 8 L »
5 ﬁpﬂnﬂ uomcwyaspunk nec . . . . 678 1] 988
o Hozmos ameno . . . ........ 82 )] LA
7 Nuoswoers @ . . . . ... .... 0874 0,587 0283
Baxocrs, ecm:
Gups 50°C . ......... 88 4150 1211
» 100°C. .. ........ 148 740 208
1) Index 6) lodine number
2) Voltol specimen 7) Density
3) B 8) Viscosity, cSt
4) ¢ 9) At.
5) Average molecular
welght

Oils with viscosity additives (m.w. 15,000-25,000 polyisobu-
tylene) AKZp-G and szp-lo are produced in the Soviet Union (All-

Union State Standard [AUSS] (foCT) 1862-60). These are automotive
0oils used chiefly in the middle belt of the country.

Small quantities of voltols (Table 11.9), which are obtained
by subjacting paraffin and petrcleum, vegetable, and animal olls
and mixtures thereof to high-volitage discharges (saveral thousani
volts), are used abroad as viscosity additives.

2. DEPRESSOR ADDITIVES

The dopressor additives now in practical use include alkyl-
naphthalenes, alkylphenol derivatives, esters of alkylphenols and
phthalie ecid, and certain polymethacrylates. The alkylnaphtha-
lenes include the AzNII (AUSS 8253.57) and Paraflow (USA) depres-
sor additives. The alkyl chains of these acditives contain 22-24
carbont .

Below we 1list the propertiss of the AgzNII depressor:

Depression on addition of 0.1% of additive to AK-15

01l with pour point not sbove -5°C, in °C, not below 10
Ash, 5, not above........ciovnvennen Ceeeeeeenenans cens 0.2
Coking capacity, %, not above............ cesnae Cresaes 3.5
Nechanical impurities, %, ot abeve.........c... Cevene 0.1%
Water-soluble acids and alkalles..... teeaen ceressernae None
Water......... cess e cednrraneveseat ettt osanane e sann "

The Paraflow additive has the following properties:

Pour point, °C.....iiiiiiiinnnnns et seeerraceneneans 15-20
Coking capacity, K. .. ... iiinininnssnonacsssonsonnns 3.2-5.8
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ASh. z............ . R R R I I R N R N A A N B B I RN N N R N N R Y 005‘100
Elementary composition, r ¥
S 8 0 8 5 & 0 S ¥ S 0T 06 08 WKV e O 9o * 0 ¢ & 0 5 2 0 8 08 B B9 0B e N2 ¥ 87.0
o 12.0
Deneity at 20°C, g/cm vetereesresressssersvesesssvssse 0.905-0,925
Kinematic viscosity at 100°C, eS8 ... ieiiiriinnrncenas 85-140
MOleOular Weight.........o................-n.......a.. 800*900

Th;se additives are usually employed in concentrations of
0.5-1.0

The alkylphenol derivatives include the additive AgNII-
?séngﬁyl ( AsMAN-T{#ATHM4 ), which has the following properties (AUSS
189~

Kinematic viscosity at 100°C, c8t..ecvvveeeeee. 32-60
Acid number, mg of KCH to 1 g of additive, no

mere thAN. .. iceirveesrsotesrivocnesvassossscsons 0.5
Mechanical impurities,! %, not above........... 0.15
Including those dissolved in water, £, not

BDOVE ., . .. ittt sesarviorsssasosasratssnsnansana 0.10
Water, $, not abovVe.....cveivevencnnanrsvnnceres 0.2
ABN, &ttt rtiaronreoaosasssasnsssssennses 4.0-5.5
Barium, %, not below.....ccovivveavonnsiosocssnae 2.0
shlf“r, z-.......... LI R N B AE S A I 2 K B O R AC S Y I BRI N I 300‘“.5
Chlorine, %, Not BbOVe. .. cvvvsrorencoscscnnnnae 2.0
Pinkevich corroaion of MT-16 base oil with 3%

additive on txpa S-1 or S~2 steel sheet (AUSS

3778-56), g/m*, not AbOVe......vccvennnncnans 6
PZV detergent properties of base oil MI-16 with

3% additive, peints, not above....cvivvecanrs 3

A typlcal formula of the additive is
O0—Bs—Q

n@s@a (R = Cu—Cod

ASRRI-LIaTIN-t 48 a multipurpose additive (it exhibits anticor-
rosion, detergent and depressor properties). Recently, i% has been
used only as a depressor additive. It is produced in sccordance
with AUSS 7189.54,

The esters of alkylphenols with phthalic acid (Ssntopure)
are alsc used as depressor &dditives.

The type formula of Santopure {s

1
Ofij_:”’\:/\‘: ' oeaew




According to N.A. Ragozin, one Santopurs <pecimen had the
following properties:

Density at 15°C, g/em’......c00veuve.. 0.898
Kinematic viscosity at 100°C, cSt..... 35.4
POH!‘pOiﬂt, OCIo.ttocol.lo..oloo'.oo-l "12
Coking capacity, ...cvovevvevecasesee L.¥
Acid number, mg of KOH to 1 g..vv0v... 0.02

Among the polymethacrylates (see viscosity additives), poly-
methacrylate D exhibits depressor properties.

Depressor additives adjust the pour points of oils when they
are affected by formation of a paraffin crystal lattice. Hence the
effectiveness of these additives i1s conspicuous only in paraffin-
base oils that contain dissolved solid pareffinic hydrocarbons
(Table 11.10). Depressor additives do not influence the cloud
points of the oils (see Table 11.10). Santopure is more effective
than Paraflow (Table 11.11). Use of the Santopure additive is e:-
peciaily advantageous when tiie olls have high paraffin contents.

TABLE 11.10
Effectiveness of Paraflow Depressor [7]

" aa ] LONYTROREN
Aaame B s . C “?.
€ suconwx MARDEN .. -1 —4
g Tou+l%e:-nm, . mm o -1 -39
F C umncmmirgun coepmasses mapajuse -17 —18
E Tomn+1% mapadooy . . . . . ... .. e -2
G Acjamroporo ocmomunt ¢ ecrecrsemmod
uganolt revseperypoll ncrumsns . . -3 - ]

A) 011

B) Cloud point, °C

C) Pour point, °C

D) With high paraffin content

E) Same + 1% Paraflow

F) With minimum paraffin content

G) Asphalt base with natural low pour point.

TABLE 11.1)

Comparative Effectiveness of Santopure and
Pavaflow [8])

20t som afonmmans
Mepu—pe § B YT NP

J
|

"1
|
i

y ¥ 3 waverrs | mpetony

Bett |»
444+
s88.
-

1) 041
2) Solid hydrocarbon content in cil, %
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Santopure
Paraflow
Aviation

TABLE 11.12

Influence of Depresscor Additives on Pour
Points of 041 Fractions (after A.M. Kuliyev,
R.Sh. Kuliyev, M.I. Aliyev)

Depressor content in ci*, %
Effect when oil contains acditive
8) Transformer
9) Industrial

10) Spindle.

ﬂwxnm

f
panf,
.

NMannoc7s
sé

2

1 Huneuars-
wonan

MINVCTS
spa $0° C,
[- - 3

Te 0™

b f\ nmi-_,l____.
1 e ——
oxmol ¢
e i£ﬂ§E4 e

}

300-320
320—340
340--380
360380

400420
420440

480480

30320 |

320-40
340360
360380
380--400
400—420
420 440
440480
460—480

O R~ WY It N
' e St N N N el N S

i
1

¢ Gaaaxazmcxan wacasnsan med.»

9

08716
0.8814
0.390¢
0.8924
08974
0.9029
05103
0.0164
09147

—45
-3
-2
—40
.t
-2
~29
-1

-

bruttibde

Bazazamcran vameszan sshm

0,9007
09192
0.9224
09240
0.9200
09337
0.5368
0.9434
0.9447

Fraction boiling range, °C
Density
Kinematic viscosity at 50°C, cSt
Pour point, °C
Initial fraction
With 0.3% AzNII-TsIATIM-1
wWith 0.3% AzNII depressor
Balakhany cily crude
Balakhany heavy crude.

ksboks

-5
—~i4

bhhied

-5
-8
-8

bbbk

--43 .
-8
-2
-1
—~48

Residual cils containing solid ceresin hydrocarbons {(which
have a crystal structure differing frcn that of paraffin) are
rather unresponsive to depressor additives. Lowever, Santopure is
slightly more effective than Paraflow even in this case.

Distiliate ci) fractions are more responcive

Lo denressor ad-

ditives than arc the residual producta. However, their responsive-
ness decreases with increasing bolling point (Table 11.12).
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TABLE 11.13

Properties of Alkylated Hydrocarbons with

Various Side Chains

(9]

PR

]

3
Koxs-
WOTHO

EPEOAIRS,

E

i

LB 2 B t ] -t o

Y
®wreMm~o e
- g

»
p -

Additive
Foraula
Amount of sdditive, %
Pour-point depression of
ﬁK-IS oil with additive,
c
Monoheptylbensol
Diheptylbensol
Triheptylbensgol
Monncetylbenzol
Dicetyldherzol
Tricetylbentol
Nonoalkylbenzol (garar~
finic alkyl chain
Dialkylbenzol (paraffinic
alkyl chain)
Nonoheptylnaphthalene

{
(i

03

035

03

05

03

0.4
o, | %
GEhh | &
26':“ “w 05
%: &go 05
1 t 05
E& Lo 0s
—CieH, 02
(CreHah—Croll, (X}

14)
15)
16)
17)

18)
19)
20)
21)
22)
23)
24%)
25)

26)
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Diheptylnaphthalene
Monocetylnaphthalene
Dicetylnaphthalene
Dialkylnaphthalene (paraf-
finic alkyl chain)
Monocetylanthracene
Dicetylanthracene
Nonoheptyltetralin
Diheptyltetralin
Triheptyltetralin
Monocetyltetralin
Dicetyltetralin
Dialkylphenanthrene (par-
affinic alkyl chain)

AEZNII degrasaor (refinery-
prepared).
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TABLE 11.1i4

Influence of Polymethacrylate D Concentra-
tion on Pour Point and Viscosity of Selec--
tively Refined 01ls (7]

1 B m‘"—’ Teumegsrype
¢ 50°C | 100°G | 3
L A ... 1287 in ~-25
A + penpeccop 1370 | 3m —4b
. S 14,58 ~44
5 8 05% . . ... 2028 | 84t 47
) B+ nenpeccop: 2040 | s -5
+o.2.<,x ...... 20,85 543 ~2%
0S0% . ....... N -3 .
A 015% . ....... 21,75 5.5 -3
1,0 . ........ 102 m -8
g B 20 ... ...... 2035 513 -~
JFARRTEERREEE 095 | 3 —»
+0.2..J§ ’ ....... 2.n SM <
05% .. . ..... 2247 53 |
015% . .. ... .. 48 s ~48
106 ... ......
1) o011 5) B
2) Viscosity (cSt) 6) B + depresscr
at 7) Vv
3) Pour point, °C 8) V + depressor.
k) A + depressor

TABLE '..15

Propert:es of Polymethacrrlate D and AzZNII-
TsIATIM-1 Additive (according to All-Unicn
Sciertific Research Institute for the Fetro-
leam Industry [AUSRI PI] (8HMM HN))

Tummparyps meruissus (a °C)
Q i D  swm mcancery apReta:i

:““' B Cl;- ) -—-xmt-u ';

! ; oien|ennfosenfiren]
GACES . ... ... 47000 | —2] — j-o| -] -W] —
H Rweravaarnoe (vi3Tcem) | 17000 | 40} —17] -3 -33| 38| ~i8
TACS (w;&tem) . .. .| 15000 | ~20 | -2 -] -8 -] ~
JRcx ... .. ... 17000 | -7 ! ~ | —40] 41| ~M] -

v e
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TABLE 11.15 (continued)

i p'::?gguuu m-ﬂi”

-

i

i‘»

- s
§m
)

——

im

R o[etenjoasx]oeen] i) 1%
K ncty ........ 38| - | -] ] -~ | -
ﬁ 300—400° C 24000 | ~14] ~ | -] - | -~ | ~14
Toms ........ U0 | -0} ~ | -] —~ ] - | -20
. TR w.c- N a g -’”6 - —g — - .ﬁ
Tome ........ 200 ) <20} —~ | -0} — - | —i0
430500 C 24000 | 5 | —~ |~ - [ - | -
E w0 ........ 17000 | —~18 ) — | — | — | ~19] —
O Tasa MC20 ..... 17000 | -3 | -~ | -13| -2} -35| —
B Tewm ........ 17000 | ~¢]| — | —186] — | =17 ~

80118 from mixture of eastern sulfur-con-
taining crudes.

A)
B)

o11¢

Conventiocnal molecular weight of voly-
metnacrylate

Pour point of initial oil, °C

Pour point (°C) after introduction of
additives

Polymethacrylate

ASNII-TsIATINK-1

AS-9.5

Distillate (vies = 6.4 cSt)

AS-5 (vise = 9.4 cSt)

Is=20

1S8-12 M) Same
300-5300°C frac- N) MS-20
tion 0) Type MS-2¢C.
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TABLE 11,16

Compatibility of Polymsthaerylate (Depressor)
with Multipurpose Additives when lUsed in In-
rdustrial 011 20 (2]

2,1 [1 [

: l . il? i'?

» 3% BHRMA HO-300 . .| 03§ --2¢ 33

sTems .. ....... oA | -4 o

P . e e o -9 ~4£3

E ‘.’v c&! ...... - "'a —“

7 4.5% MHR ¥]1-22 02 | ~7 —-358
SToww . ........ 04 | -2

0 4% AsHMHS . . .. 2| -2 -3

$Tows . .. ...... 04 | —-32 ~18

* 3% u’HATHI-m ...l 04 | ~%2 ~3

18 3% A 30 +1% ~ ~3

G4 L. ..., 02 [ ~ii S ol

®The structure and composition of the [¥-11
and D7?-1 additives are given in Table 1. 1.
For the depressor additives AzNII and Ag:i'Il-
TsIATIM-1, see page ... and Table 11.13; for
additive MNI IP-22, sce page 1089; VNII N¢.
360, page 1087; AzNII-6, page S$B-3,
pege and TsIATIN-339, page 1086.

1) Multipurpose additive?®

2) Polymethacrylate content, §
3) Pour point, °C
k) 3% VNII NP-360 11) 3.5% DP-11
5) Same 12) 3.5% DP-1
§) 7.5% SB-3 13) 0.4%5 AzNII de-~
7) §.5% MNI IP-22 pressor
8) 4% AzNII-8 18) 35 AzZNII-TsIATIM-1
9) 3% TsIATIM-339 15) 3% VNII NP-360 +
10) 3% TsIATIM-335 + + 1% AsNII-
+ 1% Dr-11 TsIATIN.1
16) 011 without addi--
tive.

Depresszors are not elfsctive with parsffin-free tarry crudes
{(such &s heavy Bglakhary). The effectiveness of depressor addi-
cives depende besically ~n the langth of the alkyl side chains on
the aroxatic rings. The lunger the side chains, the more effactive
the additive., Compounds in which two alkyl radicals with norsal
structure, containing 28 cardbons each, xre attached to the aro-
matis ring are moat »ffcctive (Tadble 11.13).

Usually, rsthor small quantitiea of the depresscr additives
are all that is needed to depress the pour points of the clils. In
the case, for example, of polymeihacrylats D, the optisum concen-
tration is 0.25% (Table 11.18). A further increase in the additive
concentraticn in the oll has practically no effect on its peur
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point. Polymethacrylates D with molecular weights around 17,000
are particularly effective (Table 11.15). Ad?Aition of 0.25% of
this additive to the oils is more effective then 1% of AzNII-
TsIAT[M~1 additive.

However, polymethacrylate D has one important shortcoming -
it has poor compatibility with many multipurpose additives. Its
addition to oils containing multinurpose additives 1is frequently
less effcctive than addition to the pure base oil (Table 11.16).

3. ANTIOXIDANT ADDITIVES

Antioxidant additives are classified on the basis of their
nature and the mechanism of their &cticn as a function of oil
dorking conditions and compcsition.

TABLE 11.17

Inflvonce of Antioxidants on Oxidation of
White 011 at 130°C [10] ‘

ls{ v ‘,.
1 2 1 2
Cospamsve [ Coppuptntng CSewpayn
e 2
. i3
A Gumsnao-| CHNC | —10% vJinpensa | KH=CNHCH), | 10
S »-Toxywgen | CH ;Y 3 p-l'hh-mh § 4N EY ]
¢ 23 aun-(cuﬁfﬁﬁghq-oa praaewmi | €, ,sq&ku Y
™ resscax
?  Xssssns Col N --03 [rnuc-n- C,H,NHCR, 43
: ol |8 P Iy
3 0 la- 8§ 45
I: Toariss (C":Ceﬂoﬂ 0 ;WE:H B 3
' . .
Qe CHMNH—-NH,| © Geunaa-3a- ) xc.‘%ﬁ CH, 110
11 Teapers- | CH4OH) | ©
oo nm:r CHH-NHCH 138
13 Oucsanzan| (CONHCM),{ © adER 22

*The minus sign indicatea that addition
shortens the induction time, i.e., the com-
pound accelerates cxidation of the onil.

1) Compound 12) Hydroguinone

2) Pormula 13) Oxanilide

3) Retardation of oxidation 18) Diphenylguanidine

by 0.01% of additive, hr 15) 8-Naphthylamine

A} Phenylisocyanide 16) Ethyl-a-naphthylamine
) p-Toluidine 17) MNethyl-a-naphthylamine
€) 2,3-Xylidine 14} e-Naphthylamine

7) Quinoline 19) p-Aminophenol

8) Biphenyl 20) Diphenylamine

9) Aniline 21) Phenyl-a-naphthylamine
10) Tolidire 22) Diphenylhydrazine.
11) Phenylhyd=azine
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Antioxidant adiitives (or, as they are frequently called, an-
tioxidants) whose mechanism is based or. .heir ability to forn oxi-
dative chalns are used for relatively deeply refined oils used at
temperatures not above 100-120°C., Tncgse antioxidents include com-
pounds of an aminic or phenolic nature, e.g., phkenyl-a-naphthyl-
umine (Neozon-a), p-dihydroxydiphenylamine, 2,6-di--tert-butyl-4-
methylnhenol (Ionol), certsin nitrogen, su’fur, and phosphorus
compounds, and others. Perahydroxydiphenylamine, phenyl-a-naph-
thylamine and others are added to deep-refines oils (turbine and
transformer oils, MK-8 jet-engine oil, etc.) in amounts of 0.01-
0.02%, and Ionol in amcunts of 0.2-0.7%. Such additives are mos:.
effective when used .n unstable white oils (vaseline, medical),
from which the natu=~al anticxidants have been extracted during re-
fining (Tables 11.17-11.21). Some antioxidants are capable of low-
ering the oxidizability of these oils by tens or even hundreds of
times (see Table 11.21). Addition of antioxidants to turbine and
transformer oils 18 siso quite effective; the stability of the
0ils 1is scveral times higher (Tables 11.22-11.24).

Screered phenols have acquired particular importance in re-
cent years as antioxidant additives (Table 11.25). They dissolve
well in the oiis and are not precipitated from them at low tem-
peratures. The additive 2,6-di1-tert-butyl-d-methylphernol, which
is known as Ionol here and in the USA, as Topanol-0 in England,
and as Kerobit in the FRG, has come into practical use.

High antioxidant activity is alsoc found in the bia-phenols
and their sulfur derivatives (Table 11.26).

Anticxidant additives may &1so be highly effective wher the
oxidat’'un process is catalyzed by oxidaticvn accelerators: the
netals u_ Pe, Mn or their sa;ts (Table 11.27).

K.I. Ivancv et al. classify oxidation inhidbitor: into three
groups in accordance with the age cf the oxidation process at
which they are most active (Table 11.28). The edditives of the
different groups behave differently with respect te hyvdrocarbon
and percxide radicals (Figs. 1.5 and 11.6). Taus, group I anti-
oxidants are effective only when introduced inte the oll before
the end of tne induction per'2d, thosc of group 1) when added
either 1. the initlal stage or in the process of active develop-
ment of the oxidatinsn process. Group III antloxidants &are capable
cf retarding oxidation when fntroduced ianto the uvil during the

induction phase or during the asutocatalytic stage 1f oxidation
has not progressed too far.

It has been shown that mixtures of antioxidan®. alditives from
different groups have the highest activity. The phenowenon in
which a mixture of additives is fouand to be more effective than
each additive taken alone in the same zoncentration 13 known as
"synergism” (Tables 71.29 and 11.30 and Figs. 11.7-11.9).

Woriking from the mechanism of the antioxidant effect, R.A.
Lipshteyn, A.Ya. Mikhel’'son and Ye.R. Shtern classified a numder

of the best-known »dditives by a xinetioc approach that they de-
veloped themselves (Table 11.31).
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TABLE 11.18

Influence of Varlious Phenols on Oxidation of
~ Medical 0il riil

I 5*3' i1} Séihé

-
L 1.

fiupons- -
TOXRM: OH 1¢
04% OH Caemma) 24] 02 | 46 | 18] Mecao wyrave,
’ / 0 ocaIxa mev 11
1% 15 | 1.9[Cxean| 18 | 18] Yepzuik emo-
aucrwk ocason 12
3% 14 1 18] 03 | 21| 24 To ww 3
1 on »
1 » Duapoxn- !\
»OR:
0.4% l 244 [ 3.7] 147 1214 [384]| Ocavwa mer1 s
{ ; Careau} 04] 04 1,7 | 18| Bosemenxul ¢ .
E % |/ 10 vepaui ocanax
3% ' » 0] 04 221 23 Toms 1)
1 7Pesopunx ?'{ )
0.4% \ 48 | 54| 34 | 88 !122{ Hramasuremsl 8
wdE ocaRoxR
1% 09 121 03 17 1 29 ‘iopll:l ol 9 12
Ancrield ocanox.
. % OB | 44 ] 18] 12 | 28] 40] Tome 13
" 1sMnporaz- | OH
AOR: } ol 3
N~/ _
oot r’ 182 |33.4) 140 | 165 |305 ’
0.4% 27 | 49] 25 | 43 | &3 »
5 X/ \oH 12 | 12} 03 | 29 | 32| Yepuudt name- 20
- pnuml OCAROR
21 O®aopo- OH
rapIEm:

: I
0.1% 2 86 |407] 179 | 119 [298] Tome 19
3% 248 | 506| 170 | 475 |345 ’

KO~ X oH '

E ‘ 25-%1;’9:‘081 fﬁ\ A8 o5 | os| 03 | 15 |982] Ccamxamer 13
: 1% ’l 08 | 12| 13 | 14| 27| Bareenmup 2
N A WON 191 30) 24 32 38 Toct e, 28
A omei cuoan- 2
24 6?:?:!- ctuf ocanon ‘

305 17571 245 205 ]450! Ocugma mer 18

} oA

Note Oxidation by oxygen in Butkov "bomb"
at 150°C and pressure of 15 atm for 3 h.
Weight of oil taken: § g.

1} Additive g) Pyrocatechol
2) Formulsa 16} Traces
}  Acid number, mg of XOH to 11) 011 cloudy, no sediment
2 lg 12) Black gummy sediment
¥ 4) Sapenification number, mg 13) Same
of KOH to 1 g 14) Hydroquinone
%)  Ac¢cid products, X 15) No sediment
6) Condensatlon products, §% 16) Suspended black sedinent
7) Total cxidation products, 17) Resorcinol
g 18) Smali amourt of sediment
8) Remarks 19) Pyrogallol
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20)

21)
22)

Black sediment in svs- 23) Suspended sediment
pension 24) 011 without additive
Phloroglucinol 25) Dark gummy sediment.
B-Naphthol
TABLE 11.19
Influence of Amines on Oxidation of Medical
o41% [11]
x&r !l):ﬂ 5 6
2 noe | ommne | Swemen | Nponywrn
Tlpncanxa Sopuyss | v ROl | meXom | TN | e w
wfe sl
]
T Awmama: NH,
0.4% | 85 | 43 2.4 el
1% 388 740 238 58
3% \] 25 25 18 83
5% ( ). 18 18 14 53
10% 08 - 09 27
8 p-Hadruzamuan: A\ NH,
0.1% 83 8.7 85 108 !
i w8 8| |
5% v [9Ceems | 14 | 84
10% ’ » 07 L 2 !
10 Macao Ges npmcam 450 830 09 187 !

#0xidation conditions similar to those indi-
cated in Table 11.18.

1) Additive
Formula
Acid number, mg of KOH to 1 g
Saponification number, mg of KOH to 1 g
Acid products, ¥

Condensation products, %
Aniline

f-Naphthylamine

O3 MW S0 N
N el N Wt S

9) Traces
10) 011 without
tive.

addi-

[ e




TABLE 11.20

Influence of Nitrogen-Containing Heterocy-
6lics on Oxidation of Medical 011% [11]

K&r 4 > 6
i 2 n0e sote Haoms | Dpoxywm
m Ot oL,
Ipmonzne 'EE?& e KO | Speqpme, —-4
T Nupmaxs:
04y 520 - 234 i 1]
1% 8.7 ws - 3.7 284
3 410 70 r(f-) 23
48.4 90.4 2.9 283
468 /¥ ) 2.7 284
8 Xzmoamm:
; N »
|| @0 | 84 | B0 | 23
NnF| 480 —_ 175 188
9 Macxo e pa- 452 830 %9 15.7

#0xidation conditions similar to those indi-
cated in Table 11.18.

1) Additive
2) Formula
3) Acid number, mg of KOH to 1 g

i) Saponification number, mg of KOH to 1 g
5) Acid products, %

6) Condensation products, ¥

7) Pyridine 9) 011 without addi-
8) Quinoline tive.

TABLE 11.21

Antioxidation Properties of Phosphites and
Aminophencl Compounds [11]

1 2 > H

IIpucanna Coparyas SMEAOTENS s § nege
~ul° cer
mie

? 001%  m-oxcaashaaxa-
e

........ GHNRCH,OH oo ¢ RHer | ¢ Hen
* 0.0iX rpabymadocimrs (C.H,0) P :ﬁ: b I
11 Macao S spscams .
1)  Additive 7) 0.201% p-hydroxydiphenyl-
2) Formula amine
3)  AUSS 981-55 oxidizability 8) No
4) Aecid number, mg of KOH to g) 0.01% tributyl phosphite
lg 10) 0.01% triphenyl phostphite
5) Sediment 11) 011 without additive
6) Water-soluble acids 12) Yes.
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TABLE 1l.22

Influence of Sulfur Compounds on Autooxida-
~ tion of Commercial Turbine 0il [11]

. T
: ; compes- | TP RIS
Npeasm Sopuyae s | wemen |
ST
mie
o0 ? Hor
! Reteiaraten e | 2| 8|8
’ mﬂu?nwnhu | o ﬁﬂ &g ig=~
’ Lo Antemaxcyndex CHAEM | 0% | o9 [~
T . 11 nnnu?nquﬂhu (GoHpelnSs gga ggg o
L xg.m#n:uﬂmnhn .«U&h& gg &g ﬁ:
i ;»m+:.m Cull,SH & g:g vl.u
15 o-DennanrnmpranTaR HC—-CR-8H o 054 0
k s &J& 010 o8 nn
14 a-leunxrsoden 0Nt 0.1 o
. i Clc..u. 030 | 68 | O
: 17 Teawrpen . 001 640 |9 Her
¥ ' . ( 080 ;| Ot ’
? ) 8 Macxo 63 npocainm ) (X ] o
i
ke 1)  Additive 10) Dibenzyl sulfide
. 2) Pormula 11) Dinonyl disulfide
¥ 3) cContent of sulfur com- 12) Diphenyl disulfide
i pound, £ 13) Traces
] §)  AUSS 981-55 stability 18) Thio-f-naphthol
§ 5)  Acid number, mg of KOH to 15) a-Phenvlethyl mercaptan
iy lg 15) a-Decylthicphene
?‘ 6) Sediment, % 17) Thianthrene
3 7)  Dinonyl sulfide 18) 041 without additive.
E 8) None
? . 9) Diphenyl sulfide
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TABLE 11.23

Influence of Sulfonylamide Compounds on Auto-

~oxidation of Oils [12]

]
. . P g e
Omeanenml spory™e ::::: —— :. .
: e
S| (o
T Macxo qL}VE! 031 | 0064]% Bars
’T'O.Cgl-::l %l.ll L))
i i Il o
2TPOAR N%
12 m (;-u-cmz ;"la _’o.l 003 | 0013 ’
sz {cyas{mnmma) Ln :
10 004§ n-oxcmamjomns- qnjﬁﬂﬁibu 010 |ooss]
16 Typlummoe uscao 22 (N) 042 j04%]
(n. «. 0,48 2s KOH ma § 9)
185 To w4 : )
18 0,03% oy 020
16 0,01% n-oncxefesns- 0% !01%0k B
ama

Product oxtidized
Additive formula
Oxidigability (AUSS
981-55)

Acid number, mg of KOH to
lg

Sediment, £
Water-soluble acids
Turbine oil 30 (UT) with-
out additive (acid number
0.018 mg of XOH %o 1.g)
Yes

Same + additive

0.02% sodium o-sulfonyl-
aminobenzoate (sulfan-
throl)
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No

0.02% 2-p-aminobenzolsulf-
amidopyridine (sulfidine)
0.01% p-hydroxydiphenyl-
amine

Turbine oil 22 (L), in use
(acid number 0.15 mg of
KOH to 1 g)

Same + additive

0.02% sulfidine

Traces

0.01% p-hydroxydiphenyl-
amine,




TABLE 11.24

Influence of Antioxidants on S.ability of
Oils by VTI Method {13]

-t e —

1]
2 3 Rasnowes
|
Nossuper
Ouncinessll mporywr m"i’& -, g = KO8

S Texnoeparyps oxmcaonas {20°C

¢ Macao MK-§ Ges mpucaznn, oSpasen { - 00 oM
7 To nm-eun
o As Hé . . ... ... 050 0018 088
1 "m oooooooooooo . “w & w
10 n-Oxczandoussavms . .. ... i 008 ]
1 u@nm«-hm......l 008 0013 L 0
s Tommeparypi oxmcaenns §80°C
‘ : ¥am MK-8 Ges npmcaxnm, vipesy | - 104 :J
F o H
o AsHHA-th . . ...... .. o4 03t 08
I o3 034 ]
iy 2 oS 00 04
g 2 07 247 03
e e e 10 018 o4
< 9 Homox ... .... . Y] 104 )
] ¥auo MK-a&unpla:um ofpasen 3 - 240 9
H 0 M9 - HPRCARNS
¥ | a2 |
T |
¥ 3 Mosex . 008 0.9 18
:; » . X ] 100 %
[
§ $ Touneparypa ¢xmcaonana 1N°C
? ¢ Macao lkahnpmn olpasen 3 - 330 “
7 To ms-:- fpacaxns:
12 AsHH B 008 1.90 20
L 2. 04 158 200
? Howoa . . . .......... 008 2% 0
B e 04 0 0
13 %fao:lﬂ ............ - ¥ 0
7 M HUDBCAXES . . ., . . .. ..
1¢ mmi-n ........... os 04l oM
s Momes . .. .......... 0s o 1234

Note. AZNII-11 additive is a product of
formaldehyde condensation of the alkylphenol
obtained by alkylation of phenol in frac-
tions (100-180°C) of the thermal-cracking
distillate of paraffin and ures.

AZNII-11f additive 13 a product of conden-
sation of industrial alkylphencl with fur-
furamide MCRLOMCRHIAORCONK], where R = C,.

p—— L T e A
. -

1)  Product oxidized 8) AsNIl-l1lf

2) Amount of additive, % 9) 1lonol

3) Amount of sediment, f 10) p-Hydroxydiphenylamine

§) Acid number, mg of KOH to 11) ;henyl-o-nuphthylouim
1g 12) AsNII-1

5) Oxidation temperature ... 13) MKX-6 oil.

6) MX-8 oil without additive,
specimen ...

7) Same + additive
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TABLE 11.25
Antioxidant Properties of Various Alkylphe-

nols [14] )
nﬁhu- oorayen EEh::f
‘ 3 *
L Gemoa . CH,0H n
5 Kpwes : CH,CH,O08 n
6 3,4-Komaemen (CHYYCoH 08 n -
. : ' OH
'Tmtgarnnf-umﬁwnb erCJk-’ 1%
oH
92Jﬁn-n&&~n-4rt %aauﬁa—)\-am ﬁb.
= o= |
~ ' CH,
OH

v - l 0
11 &Merna-3,6-xn-mpem-Oy- mpem-C H, —~C Hysipom "
ruademss

« o OR
12 -91an-3.0-x8-nprm-Gyres- np]ig-c.l!, e
m ’ B
oH
10 10
13 &~Byaa-d.bxn-mpon-y- | mpem-C,H, CHompom 5%
M, N
1h Nezagmse weane . n ,
1)  Additive 9) 2,4-Dimethyl-6-tert-butyl-
2) Formula phenol
3) Oxidation induction peri- 10) tert
od, h 11) H-Methyl-2,6-d1-tert-du-
§) Phenol tylphenol
5) Cresol 12) A-Ethyl-2,6-di-tert-butyl-
6) 2,8-Xylenol henol
7) 2,A-Dimethyl-6-sea-butyl-~ 13} Rd-n-Butyl-2,6-di-tert-bu-
phenol tylphenol
8) oo 15} Original oil.
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TABLE 11.26

Effectiveness of Antioxidant Additives of the Soreened-Phenol Type
(15] (AUSS 981-55 Oxidatior)

|

1 2 ‘f r' |,
' "nee- 1 vy
v . 1] E i
) . | e
; 10 OR oH 10 u
g 9 ziﬁhﬂzn‘ur&n&&&nr mpom-CoHy, 08 | 057 [Cainf 0013
%
¢ .
, L 10 o oH 10
za?nnuumﬂnihsab G? 680 | 007|086 090
pes)
CHy/
.10 0
13 18 10
Lqﬂ:::r:g::rd- npen-Co By, 03 |08 ) Her | 008 | G2i4
: 14 Tpasspopumropuos wscse ] = [eee | ase|esu| asu
i 88 spanercx mejred ' )
g 1) Additive
£ 2) Pormula
4 3) Additive concentration, §
: 4) Acid number, mg of KOH to 1 g
; 5) Sediment, £
1 6) Low-molecular acids, §
7) Nonvolatile
8) Volatile
9) 2,2-Disulfide-die-(4,6-di-tart-butyl-3-methylphenol)
10) tert
11) Traces
' 1) 2,?=Methylene-d{e~(8,6-di-tert-dutyl-3-methylphenocl)
13) 2,b-Di-tert-butyl-d-methylphenol (Ionol)
18) Transformer oil from sulfur-containing crudes.
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TABLE 11.27

Resuits of Simultanecus aAction of Retarders
and Accelerators on Oxidation of lydrocar-

‘bons {16]
m‘ Oveemmend
-1 3 ! sesmmwrye |  SROUAS
b -""'“-‘-'L"? m ll-\‘l:‘ a.g
wenmmpwe |
¢ Symatemses ~ |7 Crespar wamn 5 -
'.15- Is Axvpanms fﬁﬁ- o 15
Gl |2
S T |- Il
e L.z Sl B I
EPUEEARERD0~ (
Tonms ,
'o'g:'- ,' rm * Tom w0 N

828 of the oxidation retarder was added.

1) Hydrocarbon

2) Oxidation retarder®

3) Oxidation accelerator

§) Rate of oxygen absorption in 1 h, ml of
Oz to 1 ml of hydrocarbon

5) Ratio of unretarded to retarded reaction
rates

) Ethyl bBéngene

) Copper stearate

) Same

) Anthracene

) Iron stearate

) l-Methyl-l8-isopropylcyclohexane.

W’”ﬁm -




S ek o

O gty

M O TSGR P A5 ¢

Scheme of Inhibitor Mechanisms [18]

) 2 T
Hawsine ssamn
NW Enwaenus, tm - mﬂ un.
3 2“-
R +R. R +AH —~o RE+A. (oasceiuat
AN . lnhﬁnl-—oll+4w¢ﬂ-u-‘
—+ ROOH -— B. | ROOM4AZN —s m’m
R xpyr;e
& anvyesENe
Ty el
SLAPOCTPRBMLED
R. 40, —s HoO, 80, +AgH —+ BOOH + A - yytmesurdmmt
-32'.*;" —> ROOR+R- | R0OH 4 AN —o Crofummd wpesyure
RO, + AyE o ROON4 A. g 480,
Y
¢ Sninnand
spenyuy

1) Initial stages of uninhibited autooxida-
tion of hydrocartons (RHM) in 1iquid phase

2) Changes introduced by retarders (AH) of
groups I, II and IIX

3) Initiution

6) Stable products

4) Pnd other active 7) Propagation of
radicals chains
5) (Inaetive radi- 8) And so forth.

cal)
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TABLE 1 .
Claseification of A tioxidant Additives (according to K.I. Ivanov)
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i el Bl 1

Afoansoucs mld > o |,
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| e | Oy a
B Ve | metmcca, | om | ]
' ] i _'o-l:\n/n
&,
- 1 ¢ e-Hajreasees NH, o0

|

§ 55 s
oneenderays?
B slicreysr ¢ RO,

o

3
Awyane

§ ¢ 555
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TABLE 11.28 (continued)

e |t o ’ !i
! L
B ' o '-".-!C}-O\:- 003
L"-ﬂ-h- 0.10
A CO/:‘ ot
13 3 ‘.E:[:T;ﬂ. ag;
' z t;s.m_ n.u-d 00%0 “i‘ .
e [ | O O O % ;
| oS | |HE
ozmpmer | 2O | ]
| o0 0 1
e (0] = |

Y sAmsofeuss "“"2:/\ il
p ¢ Rasrns-e-ansme-
- m«n-p 0o
om CH

i

OH o

Mis e Clty~ | -Colt apen ot

b 0 =

&'. LV -]

rn Cinptessass M—f-—c—ﬂ. o
‘\./'

#1) Kinetics of oxidatlion process; 2) rctarder introduced into oil
before start of reaction; 3) same, during its autocatalytic phase;
k) same, after reaching constant rate.
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17)

i8)
19)
20)
21)
22)

8

Group 23) p-Aminophenol
Schene of influence on 24) Hydrequincne
Kinetlics of oxidation 25) Di~(Y-aminodiphenyl disul-
process® fide)
Retarders 26) p-tert-Butylphenol
Formula 27) tenrt
Retarder concentration, % 28) Benzidine
Influence on thermal de- 23) Actively promotes decompo-
vomposition of hyéroper- sition
oxides 30) Reacts with RO;-
Interaction with free 31) c¢-lolidine
radicals R: and RC»- 32) B-Naphthylamine
Degree of oxidation 33) B-Naphthol
Oxidation time 34) m-Phenylenediamine
Diphenylamine 35) Diphenyl-p-phenylenedi-
Phenyl-B-naphthylamine amine
p-Hydroxydiphenylamine 36) Phenyl-oa-naphthylamine
p-Hydroxypheny1-8-naph- 37) Di-a-naphthyl-p-phenylene-~
thylamine diamine
Methylaniline 38) Di-B-naphthyl-p-phenylene-
Dimethylaniline diarine
Antipyrine 39) o-Aminophenol
No effect on hydroperox- 40) Diethyl-o-aminophenol
ide composition 41) Resorcinol
Reacts with R- 42) 2,6-Di-tert-butyl-U-meth-
a-Naphthylamine yiphenol
a=-Naphthol 43) Pyramidone
p-Phenylenediamine 44) Moderate promotlon of de-
Diethyl-p-phenylenedi- composition
amine 45) Reacts with R. and RO;-.
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Fig. 11.5. Influence of hyurocarbon radicals on oxidation of oils
and effectiveness of antiozidants of the various groups [17]: 1)
uninhibited oil; 2) uninhibited oll containing scurce of .CHy rad-
icals; 3) oll containing antioxidant and source of -CHy radicals.

A) Acid number, mg of KOH to 1 g; B) group ..

h.

EER vy Bi
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Fig. 11.6. Influence of peroxide radicals on oxidation of oils and -
effectiveness of antioxidant additives of the various groups [17]: @
1) uninhibited oil; 2) uninhibited oil c¢ontaining source of RO;-
radicals; 3) oil contalning antioxidant and source of ROz: radi-
c;ls. }I)\) Acid number, mg of KOH to 1 g; B) group ... retarder; C)
time, h,

TABLE 11.29

Influence of Group I Antioxidants and Their
Mixtures on Stability of Transformer 0il
from Balakhany Oily Crude [1_8]

s ot S e e

"1 Aesomsme o SRR e
ARBORROCTS

T 'no-,om
obman | P T

el

{ ’ 6 1T

| raadeume POPNYRa 18‘ 9 1 ‘12

: u

comepmanns & uacas, %

0,015 [ 0.4610,04 | 0,002 | 0.003
002 {0,47]004] 0003 | 5.003

13 n-Oxcuandennx- HOC,H NHC.H,
1k oo.::;-p-nlrru- Cy,H,NHC,H,
AMERN )

"1 oots
0018 {0.43]004 | 0.008 | 000

~ 038}0,12] 0003 | 0,002

15 n-Oxcraudenns- -
ama - pommx-p-

17 Mlcl?: Ges npocan- -
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l Antioxidant 11) Nonvolatile acids, mg of
I
4

1)
2)  AUSS 981-55 stability of KOH to 1 g

oil 12) Volatile acids, mg of KOH
3) Name tolg
k) Pormula 13) p-Hydroxydiphenylamine
5) Group in ciassification 14) Phenyl-f-naphthylamine
6) Content in oil, % 15) p-Hydroxydiphenylamine +
7) General pnenyl-B-naphthylamine
8) Acid number of oil, mg of 16) Mixture

KOH to 1 g 17) 011 without additive.

i!' 9) Sediment, %

10) Tendency to form water-

soluble acids at start of
aging

Duczrodwoe macao

TINOE WIEAO,
KOH md 72

AU
e

G konuenmpayun npucadex, mac. %

Pig. 11.7. Action of mixtures of antioxidants from various groups

i on stability of commercial transformer oill made from Buzovna crude
[13]. A) Acid number, mg of KOH to 1 g; B) VII-8; C) phenyl-f-
naphthylamine; D) initial oil; E) B-naphthol; F) benzidine; G) ad-
ditive concentration, % by mass.

S .l DrHcrotwos maceo___ ' .
b B .
T x C. - . :
O g s °L .
: s § .83 /4 G G
tadf 8 |s 5 |
S |¥nd n EE 74 2 | %
| Y oot 2sh Bl | SESr 2 § x¥l| 72
' Q A YA 2 DOAAK %
: S | YA&H A | SERASK sl 3 S
S |8 B | Bk 2 L8] [&
a 0 1 A4
S W Bz 00T 1A 420 60 | G a7 amam,%
g 401 aw w0y

J Kowyewmpayus npucadox, mac. %

Filg. 11.8. Action of mixtures of antioxidants from the same group
on stability of commercial transformer oil obtained from Buzowna
crude [18]. A) Acid number, mg of KOH to 1 g; B) phenyl-g-naph-

‘ thylamine; C) p-hydroxydiphenylamine; D) initial oil; E) B-naph~

i thol; F) Ionol; G) a-napnthylamine; H) benzidine; I) VTI-8; J) ad-

ditive concentration, % by mass,
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Fig. 11.9. Action of antioxidant mixtures on stability of electri-
cal oils from various origins [18): o1l 1 is a turbine oil from
Balakhany oily crude; oil 2 1s a transformer oil from Emba oily
crudes; oil 2 is transformer oil from Buzovna crude; experimental
0il 4 1= 2 transformer oil from Tuymazy crude (S = 0.7%). A) Acid
number, mg of KOH to 1 g; B) commercial oil 1; C) p-hydroxydi-
phenylamine; D) VTI-8; Es phenyl-f-naphthylamine; F) a-naphthyl-
amine; G) experimental oil; H) additive concentration, £ by mass.
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19
20
1
21

26

1
22
1)

19

14

[
17?
20

TABLE 11.30

Influence of Group I and II Antioxidants and
Their Mixtures on Stability of Electrical
011s [18]

1 Asrwomscamevess . |¢ Cmoaasuccrs mecm
no FOCT 90108
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CIRENACTS
7 x olpasosa-

HERD PoRe-

L4 5 NEWNS

ov\penan

e
filkl
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conmen, %
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THIANERR
Oncnnge 0T {0008
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Antioxidant

Name

Formula

Group in classification
Content in o11, §

AUSS 98)1-55 stability of
oil

General

Acid number, mg of KOH to
1

g
Sediment, %
Tendency to form water-
soluble acids at start of
aging
Nonvolatile acids, mg of
KOH to 1
Volatile acids, mg of KOH
tol g
Turbine o4l (commercial,
from Balakhany oilly crude)

14)
15)
16)
17)

18)
19)
20)

21)
22)
23)

2k)
25)

26)

- 699 _

p-Hydroxydiphenylaminu
VTI-8

Mixture
p-Hydroxydiphenylamine +

+ VTI-8

None

011 without additive
Transformer oil (commer-
cial, from Emba 0ily crudes)
Phenyl-B-naphthylanine
a-Naphthylemine
p-Hydroxydiphenylanine +

+ a-naphthylamine
Phenyl-ﬂ-naphthylanine +

+ a-naphthylamine
Transformer o1l (from Tuy
mazy crude; sulfur content
0.7%)

Transformer o11 (from Tuy -~
mazy crude; sulfur content
0.5%)

a-Naphthol
p-Hydroxydiphenylamdne +

+ a-naphthol.

e
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b

16

18

20

21

213

TABLE 11.31

Classificati »n of Antilox!ldant Additives

1

3

Coofioras BpuCanon

Mpecaana Oopfnun . s
ANrROEpYORING | ACRKTEARDYOOING ucu&vm
]
oH
2,8-J{u-mpem-GyTna-4-ue- '"P""'(CH')‘(."\//'\/C(CI")"’"’?'"' Onem cuasume B:tynﬂym Caabue
Tuadenon (momon)
N/
éu.
11 9 13
Anrpamnaosar (o-amMmmoGen- 4 \i—NH. Cxabue  |Owomn cxasmwme Cuxnuue
soliMan) xrcaoTA (useExa me-
OOH yerokunsan)
2AVAE
N/ \/ 10 1S 10
8-OxcaxnuoaANH é)" N Orcyreraymr To me Orcyreraywr
n-OxcuunderEnamun IIO-Q—NH-—(/ S | - Orcyteraywor o me
- 9 1S 19
(.:,-‘llulba.l;noumbonm- HN—Q />—8-S-Q-NH, Ovomsy camuue To »ee (@ xs:::!y::o .
YRnan)
CHm=N-~-CH,~CHNH,
:: 11 9 10
CaTHUSNIANOHITRAG N HAMNH N —OH Caalue Owens cuzsmme] Orcyrersywor
10 17 19
Huxornnosasn -INPEARE- ' Orcyrcreynr Canywe Craamme
xnp%ononn) lsgwogl //\/ CooH (nmenxa ycrolt-
wrean)
(W
Br
/'\/
| 15 9 1o
AN
2 2 5,7-}(m6pOm-B-oXCRXNEOANN B N To me Ovwems crasmae Orcyrcrnymr
H
Mxpammaon (CH.).N-—C-('!—-CH. 0‘21: caabue d&m‘ym -
N—CH, -
N/
N
é‘"l
1) Additive 8) tert
2) Formula 9) Very strong
3) Properties of additive 10) None
4) Inhibiting 11) Weak
5) Deactivating 12) Anthranilic (o-aminoben-
6) Passivating zolc) acid
7) 2,6-Di-tert-butyl-U- 13) Strong (unstable film)
methylphenol (Ionol) 14) 8-Hydroxyquinoline
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Same
p-~Hydroxydiphenylamine
Strong
§,4'-Dlaminodiphenyld:
sulfide

Strong (stable film)

TABLE 11.32

20)
21)

22)

23
24%)

Salicylidene ethylenedi-
amine '
Nicotinic (B-pyridinecar-
boxylic) acid
5,7-Dibromo-8-hydroxyquin-
oline

Pyramidone

Very weak.

Influence of Tributyl Phosphite
(C4Hg0) sP on Oxidizability of 0Oils in

Thin Film at

1

Oxncanenufl opoxywy

4 MK-22 cypaxamcxoe
MK-22 noccopexoe .

MK-22 maxar-30pcxoe
To we 0,59 spnlymn

RS R N W ]

1) Product ox

To »e+40,5% tpuGym;@'oe.bﬁ
To we 0,50 1palyrnadocdmra

250°C [12]
3
mm JIanoolpescan-
o Tamon DR | e e X
2 12
56 0
..... 24 - 18
30 3
..... 14 1
adochara 45 0

idized

2) Papok thermal stability at 250°C,

min

3) Varnish formation (at 250°C, 30

min), %

4) MK-22, Surakhany
5) Same + 0.5% tributyl phosphite

6) MK-22 Doss

or

7) MK-22 Makat-Yur.

TABLE 11.33

Influence of Tributyl Phosphite (CyHeO)sP on
Oxidizability of Residual Oils in Thin Film
at Various Temperatures (11

1
Onneanenuft OpoxynT

2  JNanceGpesosanne Ne Thon (» %)

240°C | 230°C | 200°C ] 270°C | 300 C

3 MK-22 cypaxamcxoe . . .

“To we+4-0,5% rpnbyrnadocidmra

S MK-20 ¢y
4 To e 40,

Product oxidized

Papok varnish formation

(%) in 30 min at
MK-22 Surakhany

AXANO-KADPAYY XYPCKRO®
fg; 1pubyrnsdoodara

« e o e

ONeN

9Y: PN

2 17
21 4 b~ 3
18 19 b1

4) Same + 0.5% tributyl phos-
phite
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TABLE 11.34

Influence of Various Antioxidant Additives
on Oxidizability of MT-16 01l in Thin Film
(after K.K. Papok and B.S. Zuseva)

an——

TMprcanra manse | craguai | "N% S anoct-
nmumm"gg.' ﬂ&g& asose-
] MU " % s
¢ BHUH HII-353 1 23 0 15
(vdnp anmanxnndenonamruodocdop- 3 65 0 04
Hofl XmCNOTM) L] 87 0 03
7 AH-22x 1 40 0 0s
(nefiTpazbmaR  KajabmNeBAR  COAB 3 82 0 03
nusdnpaurnodocdopuolt xncnorw na 5 88 0 03
OCHOMe OcepMenHoro anknadenona) .
8 HI-18% 1 52 0 05
(docdopocepnexnme vopneww, weil- 3 86 0 03
TPAANIOBARHNG OXHCHIO XAJTLINN) 5 92 2 , 03
9 no-14 1 28 2 10
(amaaxaagnraodocdar mumxa) 3 8 0 08
5 64 0 04
-1 i 29 2 10
(ananxnainrnodochar Gapna) 3 60 0 04
5 60 0 0A
11 AsHHH-10 1 40 0 (13 ]
(npolyKT KoHieWcanmmW cynabdna- 3 68 0 03
aaxuademona W XJAOPARTIIPNIR s 80 0 03
anxnngnund)oc(bopnoﬁ KECAOTM) ) .
1 2 Macno Gea npmeannx - 18 16 19
1) Additive
2) Additive content, %
3) Thermal-oxidation stability at 260°C, min
4) varnish formation (at 250°C, 30 min), %
5) Varnish-formation coefficlent
6) VNII NP-353 (ester of dialkylphenoldini-
t rophosphoric acid)
7) AN-22k (neutral calcium salt of dlester-

dithiophosphoric acid based on suvlfuret-
.ed alkylphenol) - .

8) NG-183a (phosphorous-sulfuretted terpenes
neutralized by calcium oxide)

9) DF-11 (zinc dialkyldithiophosphate)

10) DF-1 (barium dialkyldithiophosphate)

11) AzZNII-10 (condensation product of alkyl-
phenol sulfide and acid chloride of alkyl-
phenylphosphoric acid) )

12) 011 without additive.
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TABLE 11,35

Influence of Antioxidant Additives on Oxi-
dizability of MI-16 011l Containing SB-~3 Sul-
fonate Detergent Additive [7]

2 Tepuo~ | yranoos.
OxAcn nn:l oponyKe ”Csﬁl;- 0:36:-::- "‘,‘ R-'"
K Re NOARNE 2anoos-
e T l’o‘a:g pasosamme
s xun | ® s

M MT-16-+6,5% CB-3 .
¢ :-f;osapn:) +. '6 .. .(c.wfb?o. 0,00 18 s 20
7 To wo--nprcanxa:

g BHMH HN-353 . ....... 35 92 0 03

9 AH-22K v v o v ee e 3.5 72 0 04
10 JP-1838 . . o 0 v e 3.5 95 0 03
11 AsHII40 . . . . . ... ... 1 as 56 0 oS
1) Product oxidized

2) Additive content, %

3) Thermal-oxidation stability at 260°C, min
4) Varnish formation (at 250°C, 30 min), %
5) Coefficient of varnish formation

6) 011 MT-16 + 6.5% SB-3 (barium sulfonate)
7; Same + additive

8) VNII NP-353 10) NG-183a

9) AN-22k 11) AzNII-10.

Effective antioxidant additives for insulating oils are 2,6-
dl-te¢rt-butyl-4-methylphenol, disalicylidene ethylenediamine and
disalicylidene propylenediamine, p~hydroxydiphenylamine, anthra-
nilic ac¢id, pyramidone and other products.

In the case of motor olls, which work at higher temperatures,
the additives are compounds of another type, whose mechanism i3
based for the most part on "passivatlion" of the catalytic activity
of metals. Suech antioxidants form adsorption films (passivators)
on metal surfaces or deactivate metals dissolved in the oil (de-
activators).

Esters of phosphoric [sic] acid, the phosphites, lower the
oxidizability of motor oils (Table 11.32). However, their activity
is limited to temperatures below 250°C (Table 11.33).

Dialkyldithiophosphates, phosphorus-sulfuretted terpenes and
other compounds have high stabilizing activity in motor oils
(Table 11.34). Zine dialkyldithiophosphate (DF-11) and barium di-
alkyldithiophosphate (DF-1) have come into widespread use.

When additives with different functions are added to olls,
1t 1s often necessary to deal with an effect in which an additive
that improves some operational properties 1s detrimental to
others, notably the oxidation stability of the oll. For example,
sulfonate detergent additives usually lower the stability of oils.
Addition of antioxidant additives of the type indicated (dialkyl-
dithiophosphates) are found to be quite effective even in this
case (Table 11.35).
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4. ANTICORROSION ADDITIVES

For the moat part, the anticorrosion additives are organic
compounds that contain sulfur or phosphorus or both of these ele-
ments. The action of these compounds is based on their ability to
fore & film on the surface of a metal, which protects the metal
from destruction (corrosion) by aggressive products that are
formsd in the oil during oxidation or enter it from the outside,
for oxample, together with fuel-corbustion products.

TABLE 11.36
Physicochemical Properties of Phosphites [19]
e . — : —
1 2 Teume , Tewasp: e &
oy nu pm. om.) bl o
D
? Tyeoumasmasfoctar | (CH.ONP| S5—88 | - - | -
o Trabyrnadocdmr (CHONP | 0091 (1) | 0825 | 14320
Y TpaSyraarncdocher | (CHSWP | — lun—ssa(1)| 10121 | 150
1) Additive
2) Pormula
3) Melting point, °C
) Bo%ling point, °C (residual pressure, mmn
Hg
5) Density
6) Refractive index
7) Trioctadecyl phosphite
8) Tributyl phosphite
9) Tributyl thiophosphite.
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TABLE 11.37

Anticorrosion Properties of Organic Dithio-
phosphates [12]

W&m
L . e
Tpweanna Goparyna 1 t
. 4 ooTaTeN- -
oo 000+ 'a.“
-~
6 JImsev1agnrAOreKcaBoLm- {1(CHg)sCeH,0),P8,) 20 53. V]
tnodochar nEAKa . !
7 lamobyrnagenxnmraodoc- |  {[(CHH)CoHiOLP8y)Zn | 48 38 {
$ar ymaxa i
o Numobyrnadennxzaraopoc- | {[{C;He)iGHiOLPSs)eAl | 22 30 )
dar amounans
9 Huorobyrnadenzanmruodoc- |  ([(CeHy)sCoHaO0)sP8s)sCa 52 63 i
dar xanpnua d
1 0 Jlarepnmmeonnzruodochar [(C1eH1y0)sP8s)5A1 10 14
© amoMmERS .
1 1 Amounnzesaf COMe AMTHO- — 134 218
¢ncdopralt xucaoTd, nony- — ’
vegnan e 6aze axmbarmse-
cunx conpron (Cyy~Cyo)
1 2 NmnoeraarnodocdaT amo- [(C1eH;0)sHSs)sAl - ¥
MUBAR
1 3 Macao fes npncagnm . - 740 528
Note. 1% of additives used in the oll.
Additive 9) Calcium diisobutylphenyl-
Formula dithiophosphate
Pinkevich corrcsion (on 10) Aluminum diterpineoldi-
copper-lead plate), g/m? thiophosphate
Emba residual oil 11) Aluminum salt of dithio-
Baku Avtol 10 phosphoric acid obtained
Zinc dimethylcyclohexanol- from aliphatic alcohols
dithiophosphate (Ci1e=C20
Zinc diisobutylphenyldi- 12) Aluminum dipinenedithio-
thiophosphate phosphate

Aluminum diisobutylphenyl- 13) 01l without additive.
dithliophosphate
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Fig. 11.10. Influence of phosphites on corrosiveness »f oil [12]:
1) residual oil from Emba crudes; same + additive: 2) 0.5% tri-
butylphosphite; 3) 0.5% triisoamylphosphite; 4) 0.5% tricyclo-~
hexylphosphite; 5) 0.5% triphenylphosphite; 6) 0.9% tricresylphos-
phlite; 7) 0.5% ¢ "i-a-naphthylphosphite; 8) 0.5% tri-B-naphthyl-
phosphite. A) Corrcsion, g/m?*; B) time, h.

Phcsphites, sulfldes, thiophosphates of varlous metals, and
certaln selenium derivatives are use. (in amcunts of 1-2%) as an-
ticorroslion addlitives.

As is the case with certain other additives, thelr additicn
to olls becomes particularly important when eigines are operated
n sulfur-containing fuel. The S0, and SOs3 prcduced by combustion
of the sulfur compounds present .n the fuel get into the oil sys-
tem and accumulate in the o1l in the form of H,;S0s and H,;S04.
which inc¢rease the corrosive aggressiveness of olls particularly
sharply.

Esters of phosph-—2us acld (phosphites) are effective anti-
corrosion additives. “le 11.36 lists properttes of certain phos-
phites and thiophosphites, while Fig. 11.10 shows their effective-
ness as anticorroslcn additlives. The zine, barium, calcium and
other dialkyldithiophosphates thai are used as anticorrosion addi-
tives to olls are capable of reducing the corrosive aggressiveness
of petroleum oils by many tines (Tables 11.37 and 11.38 and Figs.
11.11 and 11.12).

Organic compounds containing sulfur and certain sulfuretted
products are also used as anticorrosion additives (Tables 11.39
and 11.40).

There are literature reports tc the effect that organic se-
lenium derivatives have anticorros'on properties superior to those
of the analogous sulfur derivatives (Table 11.41). The organic de-

rivatives of selenium are also highly effective ant.oxidant addi-
tives.

The formation of protective films on metal surfaces profects
the metals from belng eaten away, or, in the case of an alloy,
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Fig. 11.11. Influence of dlalkyldithiophosphates of metals on cor-
rosiveness of oil [23]: 1) oil MT-16; same + additive: 2) 3% DF-1;
3) 3% DF-2; 4) 3% DF-5; 5) 3% DF-8; 6) 3% DF-0; 7) 3% DF-10; 8) 3%
DF-11; 9) 3% DF-12; 10) 3% Lubrisol 1060 11) 3% TsI PIM-339 A)
Corrosion at 140°Cc, g/m?; B) timeé, h.
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. Fig. 11.12. Anticorrosion properties of equimolecular solutions of
' metal dialkyldithicphosphates in MT-16 oil as functions of oxida-
- tion time [21]: 1) oil MT-16; same + additive: 2) 3% DF-1; 3)

: . 2.6% DF-2; 4) 2.8% DF-5; 5) 1.4% DFP-8; 6) 1.4% DF-9; 7) 1.2% DF-
10; 8) 1. 2% DF-11; 9) 1.5% DF-12; 10) 0.7% Lubrisol-1060. A' Cor-
rosion at 140°C, g/m ; B) {ime, B
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TABLE 11.38

Anticorrosion Properties of Certain Thiophos-

phate Compounds [20]

e WA
1 2 Yy (52
Hpmeazma ®opuryas oyl
Tnu),
4 Ju-n-pennaaaraodochar Gapus [{C1oHy; 0)sP8,).Ba 09
5 Jis-n-oxraenminarsodocdar  Ga-
paa

€ Jim-(2-reoraaynienun)aaraodocdar
Gapua

? Jll-n-nennamwt BEKeAN
8 Jin-w-oxrapenmanarodocar mm-
noas

9 nxbmenumowr (nm-
cyasgun) :

10 Jix-s-oxrazenmadocdar Garas
11 Macao MC-2{ sufemcxoe Ges mpm-
cazxR

Note. 1.5% by weight
used in the oll.

Additive

Formula

Pinkevich corrosion (on
lead plate), g/m?

Barium di-n-decylthiophos-
phate

Barium di-n-octadecyldi-
thiophosphate

Barium di-(2-heptylun-
decyl)dithiophosphate

TABLE 11.39

[(C14HpyO)sPS4}sBa 17

c‘ll{n\ .
[(c.u /cncx{,o).Ps,],m 54

[(C;oH5, 0)sPS; 14N 10
[(CasH,5;0)sP8,JsNi 38 ‘

{(C1sH1,0),P84)y 43

. [(C14H,;0)5P0,),Ba 1307

- 460

of the additives was

7)
8)
9)
10)
11)

Nickel dl-n-decyldithio-
phcsphate

Nickel di-n-octadecyldi-
thiophosphate
Dioctadecyldithiophocphate
(disulfide)

Barium di-n-octadecylphos-
phate

Emba MS-20 o0il without ad-
ditive.

Influence of Certain Sulfuretted Products on
Corrosiveness of Mineral 0ils [22]

1

Ko)
o lumn-

. 3 CaofloTaa MacaEa toSHe

Ty OKECRIAENA
Oxmcanennit npoxywr mno-cnn- T
. nosof nowey-
nmcnue). NOe TMCAD,| OCAROK, Pomivr
2 o [ EOH 1, % |y
? llnc'm.nnmnoe Gea mpmcagxm . . . 54,00 099 | 062 385
8 To me-| npncanka:
9 ocepHenmO® MaCI0 . . , . . 242 0,75 0.23 as2
10 metnnopullt admp onemmomol
KHCHOTH . . . . . . . .. 3408 1,03 0.41 500
11 oceprenEu MerroBNMA stbnp )
onenaoBof KICAOTH . 240 0.95 035 33¢
12 Ocrarounoe ez npmcanke . 16.80 0.59 0,003 108
13 To :we+ nopacaaxa:
1% ocepmenmoe Maco . . . . . . 1,70 - 0.02 142
1's smernaosuk apnp pnomEoxesok
KNCAOTM . o . - o v 4 4 32,08 2,50 0,08 42
16 ocepremaN® MeTHAOBHE SmD
pannaORcROR KmeroTw . 0,97 1,20 0.44 032

Note.
tion of 0.5%.
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Additive used in the o1l in concentra-




Product oxidized

Pinkevich corrosion (on copper-lead plate), g/m?
Properties of oll after oxidation
Acld number, mg of KOH to 1 g
Sediment, %

Coking capacity, %

Distillate without additive

Samz + additive

Sulfuretted oil

Methyl oleate

Sulfuretted methyl oleate
Residual without additive

Same + addjitive

Sulfuretted oil

Methyl recinoleate

16) Sulfuretted methyl recinoleate.

O\ O~ O &= o -~
Nl Nl el o Ml N N N s

-t

e
Ul =W
Nt” Nt N t? st

from leaching out of specific components of the alloy (Table
11.42). Here, compounds that form strong, thin films on metals
have the most effective anticorrosion properties.

Sulfur or phosphorus in the additive molecule may not pene-
trate into the interior of the metal (Fig. 11.13a). If the active
component of the additive penetrates deep into the metal, the ad-
ditive becomes ineffective (Fig. 11.13b).

Together with anticorrosion adéitives whose function is to
reduce the corrosiveness of oils during use (basically in motor
0olls) and antioxidant additives, which also lower the corrosive
aggressiveness of oills, since they reduce the accumulation of cor-
raosively aggressive oxidation products, there are also anticorro-
sion additives that protect metals from rust under exposure to
water (rust inhibitors) and additives that are capable of confer-
ring preservative properties on running c!ls. Rccommended rust in-
hibitors are unsaturated fatty acids and hydroxy acids and thelr
esters (Table 11.43), as well as salts of petioleum sulfo aclds,
oxidized petrolatum, and others. Nitrogen-containing organic com-
pounds such as dicyclohexylamine nitrite, are vigorous rust in-
hibitors. Nitrated olls (neutralized with slaked lime) and certain
other products (Table 11.44) have recently been recommended as
rust Inhibltors.

A classification of additives used in olls to improve their
anticorrcsion properties is given in Table 11.45.
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TABLE 11.40
Influence of

Sulfur Compounds on Oxidizabil-
ity and Corrosive Properties of 011 [23]

I~ =
N N

= = \0 m~3 O\
= O s

N N

Oxncaenne ;IO TIanxesnwy
1 b M
IIpucaxna Oop)uyn KnclorNGe >
s KOH HIU
nats
6 Cymdaau:
7 anHomnacymsdna o3 043 1.1
8 jamoxraienuacyashmn f,,) 035 102
9 nudennacymonn § 0.42 15.9
10 nuroamacya (CH C. ALS) 0.36 208
11 anGemamroympun (C.H cné,s 046 200
12 annuraorexcnacymrsdun (b. 1) 0,31 9.4
13 annnkronenrnacyas la (C‘}f 046 182
1% MIKNOTeKCNIONANCY C.H ‘-S—C,.H,, 044 66
1 5 noKoneMTRANENNACYN -—S-C,. u 0.29 150
16 {nnmemmcym«bln % 8- 0.53 43.2
17 dennannxaonentaacyasdun H’—S-— 0.35 343
18 ANANOKTOreXCAACY ALY H.-—S—C.H" 0.50 28,7
19 Merna-a-Hadrnncynndun C‘H —S-— 10Hy 038 248
2 0 TpnTROJOPMANLAETHA 2S)s 0,49 5.6
21 Ji ;L::J::X;’Z?: on (CattueSe 0,66 165
2 3 andensnauncynsdun .).§ 0.43 160
2 4 antoamagucyn (CH.C.H.) N 046 218
2 § annarAorekcmAnNcyrohua n 0A5 15.5
2 6 ADOIIKAOUEHTHAQNCYA ((C.l}l{.).S. 8% :g})
27 neya
. 3';:;';’?&,.‘2’.,:;“’ s c.%.s:fﬁ. 0.40 145
2 9 Torepommxan:
3 0 Jennarnoden C.,H 0,50 508
s 1 terpadennntnoden (C.X 044 440
7\/’
32 tRANTpen l\ L 0.52 145
8”
s Mepxanramu:
4 3 4 N-JenniIMepranTanm CyoHyySH 0.52 432
3 s dennaornavoprauTan C.Pll.C. {,SH 0.64 12,5
3 ¢ MNKNOTEKCANTHOR C,H,,SH 0.47 28.4
T :
7 3 :oqr::x?::poaon CcH,C,H SH 0.60 320
39 TNo-a-nadroa C,,li,Sl{ 0.35 48
4o mo-ﬂ-uniron CyoH,SH 0.41 1.9
4 1 AuTnopescpuns C,H((SH), 0.42 8.2
4 2 Macao Ges npucsnxx 0.60 460
Note. 0.5% of the sulfur compounds was added
to the oll.
Additive 12) Dicyclohexyl sulfide
Formula 13) Dicyclopentyl sulfide
Pinkevich oxidation 14) Dicycloheryldecyl sulfide
Acid number, mg of KOH to 15) Cyclopentyldecyl sulfide
lg 16) Phenyldecy! sulfide
Corrosion, g/m? 17) Phenylcyclopentyl sulfide
Sulfides 18) Phenylcyclohexyl sulfide
Dinonyl sulfide 19) Methyl-a-naphthyl sulfide
Dioctadecyl sulfide 20) Trithioformaldehyde
Diphenyl sulfide 21) Di- and polysulfides
Ditolyl sulfide 22) Dinonyl disulfide
Dibenzyl sulfide 23) Diphenyl disulfide
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24) Divolyl disulfide , 34) n-Decyl mercaptan
25) Dicyclohexyl disulfide 35) Pheny{ethyl mzrcaptan
26) Dicyclopentyl disulfide 36) Cyclohexanethiol

27) Diethyl trisulfide 37) Thiophenols

28) Phenylethyl disulfide 38) p-Thiocresol

29) Heterocyclics 39) Thio-a-naphthol

30) Decylthiophene. - 40) Thio-B8-naphthol

31) Tetraphenylthiophene 41) Dithioresorecinol

32) Thianthrene 42) 011 without additive.

33) Merceptans

V-

TABLE 11.41

Anticorrosion and Antioxidant Properties of Sulfur- and Selenium-
Contalining Compounds [9]

.;tm : quw':“ »e A3HEN, g J
vy (na sonn- °
GRAOTRNNAX), ~AKR-10 IMMARLNCS H
A B c o/x b G MmeNo i:.
Tipucanya Gopuym S TEl r IE *‘T at
ii §= ! ag gg ;gs g!
af Ii i Ii !i
K Jingemnncynndun CeHy~8—C,H, 61| 57 | 11 106 | 10 | 108 | 41
L Judpennacenen ' CH,—8o—C/H; 9! 104 17 | 110] 27 | 219 | 50
M Hmoxcmandemmacynsdun HOC,H~8—~C,H,OH 1| 3| 10 9 | 48 | 185 | 47
N  Nimoxcmangemmacenen HOC H~8e—CHO0H ' o] 6 | 13 || 11 |220] @
0 A ne N cetty—se—c i O 0 | 18] 188
MnerRARNONCHANGeERACK SN —Sa~ —_ -— -_—
B cicua/s ’ ' H'\cunn -
ndo ' e -c.u.{n of o u| 7|20 |m|
Nuaaxuanuoxcunpennacenen R=CHy—8Se- R
‘Ho” OH .
Q Tpuxpeanacoacnodoodur (CH,CeH 0)PSe +26| — | — | — | 238 | 220 &S
R Tpunpesnaruofochar o (CH,CoH 0),P8 H|l -] =1]=-
: S Hoxoamos wacwo - . sl 4] e 88 13 | 18 | &
A) Additive K) Diphenyl sulfide
B) Formula L) Diphenylselenium
C) Pinkevich corrosion (on M) Dihydroxydiphenyl sulfide
lead plates), g/m? N) Dihydroxydiphenylselenium
D) On diesel oil 0) Dicetyldihydroxyphenylse-
E) On industrial 50 lenium )
F) AzNII stability, minutes P) Dialkyldioxydiphenylse-
G) Diesel oil ‘ Clenium . ‘
H) Induction period Q) Tricresyl selenophosphite
I) Time for absorption of 20 R) Tricresyl thiophosphite
ml of oxygen 8). Original oil.

J) Thermal stabllity (Papok)
in mixture with MK-22
oil, minutes

2



4)

5)
6)

7)

TABLE 11.42
Layer Analysis of Copper-Lead Alloy; Results

of Microscopic Examination
Corrosion Test [23]

and Pinkevich

i 2 ?u&‘ -u::'u- ng:m 20
Opecamma Sopuym 0.02 s [ SRS | 8 e
(oochas- | sanpo- )
suasm), | OvoacH), g
bl “ s

¢« Jlepsas rpyoma npscagox—suNM

nadron H SH
z Eor;x%mm c% ﬁ(Slg.
9 JIesornacymdug
1 0 Tpurnobopuaannernn

usanme camnra a0 10%
00 - 1.92 '

32 - 810
100 0,013 11.44
100 0012

1 1 QINNAITRAMEPRADTAN
12 Bropax rpy‘nnn UPERCAROX—DHK

1 3 imsTRATpNCYA (CsHa)eSs
(R | CE
1 s Jlnmomnazncy. (CoH,yp) 84
1s . -

Ocepmenzos nacao

8485
10,0 0012 1284

KBanmae caEROE o 20%

174 0.003 9.97
18.0 ] 16,04
19,1 0,009 16,50
200 0,011 333

17 Tpetna rpynna nplcl}l()l—lﬂlllllll‘lo csEEga o 0%

(CeHy)s8

1 sfindennacymndun

204 | 0040 15.90

19 - YeTBepram rpynna NPRCAJOX—BHNMUBARNG CBNNAA

ao 50%
2 0n-Troxpesoa CH C.H H 32 - 31,90
2 1v-Jenaarroden 37.2 - 56,80
2 z'l‘nnrpu 45.9 0,040 1473
N/
2 Merpadenanrnoden (C.H.).C.H.S 48,9 0,057 400
24 flnrasn rpynna opPHCAZOK—BHMHBAHES OBNERA

casume 50%

25 JinGenzuncyasgua l (CeHyCH,),S

26 Macao Ges mpmcanxu

Additive 8)
Formula 9)
leaching of lead in 0.02- 10)
mm lsyer (layer analysis), 11)
% 12)
Depth of leaching out of

lead (under microscope),

mm 13)
Pinkevich corrosion (on 14)
copper-lead plate), g/m? 15)
First group of additives - 16)
up to 10% of lead leached 17)

out
Thio~-B-naphthol
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564 ‘ 0,083 l 20,10
72, - 85.20
Dithioresorcinol

Dinonyl sulfide
Trithloformaldehyde
Phenylethyl mercaptean
Second group of additives -
up to 20% of lead leached
out

Diethyl trisulfide

Diphenyl disulfide

I'inonyl disulfide
Sulfuretted oil

Third group of additives -
up to 30% of lead leached
out
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18) Diphenyl sulfide 23) Tetraphenylthiophene

19) PFcurth group of addi- 24) Fifth group of additives -
tives — up to 50% of lead over 50% cf lead leached
leached out out

20) p-Thiocresol 25) Dibenzyl sulfide

21) n-Decylthiophene 26) 01l without additive.

22) Thianthrene

7

42

Ehorm
Tyt ey
T AT,

Fig. 11.13. Influence of sulfur-containing additives on penetra-
tion of sulfur into metal [23]: 8) effective additives; b) inef-
fective additives. A) Sulfur content in copper-lead alloy after
corrosion test, %; B) thio-B-naphthol; C) diphenyl disulfide; D)
trithioformaldehyde; E) depth of layer, mm; F) thianthrene; G) a-
decylthiophene; H) tetraphenylthipphene; I) p-thiocresol.

TABLE 11.43

Influence of Corrosion Inhibitors on Rusting
(in Humidity Chamber) of Steel Specimens Pre-
served with Turbine 011 30 [24]

. 2 !‘gm m =uu¢
1 Corapms- | 3 wOCTR, §
m;”.. 98P TR O HON-
), 8 raasno 5
6 Hetpaaeasuiie WEPOME XRCNOTM 03 7 10
poa - 10 n 28
T d3dapu RenpaneALINI MEPENI RECROY 05 72 3
v Obep P 10 lg »
8 Creapruosan xEcRoTA 05 [1viS aen 12
1D 12«08 aun n”
10 Mernnosni »dmp creapumosod xmexorm 05 ¢ 73
. 10 {4+ xun 72
11 Cuecs »dupos creapnxosof Xmcxors & me- 03 7 n
nponsa ANX MEPEMX NECEOY 10 ] L]
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A= W
St P P

1)
3)
)
5)
6)

Additive 7) Esters of unsaturated

Additive content, % fatty acids

Time t¢ appearance of 8) Stearic acid

surface corrosion, hours 9) 1h 15 min

Vertical 10) Methyl stearate
Horizontal 11) Mixture of stearates and

esters of unsaturated
fatty acids.

Unsaturated fatty acids

TABLE 11.44
Properties of Certain Rust Inhibitors [25]
[ 3
[ s Bpeun n(m-m
2 s Tepmo- ' cr. 48
. dpyed 'armv! N2 FOPPOIEE )
20 uoh'rr M” wérn-
Npucazna apueam,| (o N13B), | €78 TREMOCTS 7 R
% Seamm m‘,?‘ N (88 %), | » mamepe
1we°C, % amamno- | ma rpewmne
: Ll CTH ODN | mACSO— BORA
40/26°C
8 HI-104° 5 0—05 2 26 2 1
10 MHHM-52° ¢ 5 ) {8 n 20 18
11 KT ove 5 3 ] 54 1% 14
R 2 Temnag
DOR0CA B&
TpanRge
. pazasas
13 Harposaxmoe 5 4 10 22 16 14
MaCRO )
1% AKOP-f oree 5 0.5—1 10 85 13 14
: 2 1.5—2 10 60 5 2
10 0 8 .31 28 -
13 0 8 88 0 >0
20 0—-0.5 ) 95 >0 -
25 005 ] 95 >0 -
1% Macao AC-t4 - 4.5 21 12 1 1
6cs upncaixm

2NG-104 18 a calcium sulfonate obtained
by sulforating MS-20 oil.
##MNI-5 1s an additive based on oxidized
petrolatum.
#88KSK 1s a calcium sulfonate concentrate
obtained by sulfonation of AS-6 oil.
#82#AKOR-1 is an additive based on nitrated

oil.
Additive 7) In humidity chamber at
Additive content, % bo/20°cC
Detergent properties 8) At oil-water interface
(PZV), points §) NG-104®
Thermal~-oxidation stabil- 10) MNI-5%®
ity at 250°C, min 11) KSK#%4#
Dispersing effect!i  ns- 12) Dark band at interface
De (96 h), % 13) Nitrated oil
Time to appearance - - ». 14) AKOR-1%us#
rosior (tested or . 15) DS-11 o011 without addi-
stael), days tive.
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oil, nitrated oll

Calcium sulfonate
from AS-6 oil and
nitrated oil
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TABLE 11.45
Classification of Additives Used 1 '
rosion Properties [26] n Oils to Improve Their Anticor-
Additive Range of addi- Additive types Purpose and mech-
tive applica- anism of action
tion ,
Antioxi- Oils: trans- Organlc amines To prevent forma-
dant former, tur- (diphenylamine, tion of corrosive
bine, indus- p-hydroxydi- substances on ox-
trial, work- phenylamine), idation of oil by
ing at tem- screened phenols retarding forma-
peratures be- (Ionol, 2,2-meth- tion of hydroper-
- low 150°C ylene-big~-6~tert- oxides, terminat-
(butyl-l4-methyl- ing autooxidat?.
phenol), disul- chain, destroying
fides (b,6-d1- hydroperoxides,
tert-butyl-3- etc.
methylphenol di-
sulfide), etc.
Antloxi- Motor olls Sulfuretted ter- Protection of in-
dant-anti- (Avtols and penes; olefinic ternal engine
“corrosion diesel oils), hydrocarbons, parts (nonfer-

: drive~line sulfides and di- rous-alloy bear-
and hypoid sulfides. Organic ings, etc.) from
olls phosphites; di- corrosion and

thiophosphates. wear by suppress-~
Products of reac- ing oxidation of
tion of pentava- o1l and creating
lent phosphorus protective ad-
with terpenes or sorption film on
with olefinic hy- metal surfaces
drocarbons. Al-
kylphencl addi-
tives. Sulfonate
\ . _ additives
Anticorro- Liquid pre- Oxidized petro- Corrosion protec-
sion addi-~ servative lu- latum, oxidized tion of external
tives — bricants and petrolatum ex- and internal
low-solu~ greases tract (MNI-5), parts of mecha-
bility oxidized ceresin, nisms and engines
corrosion dibutylphthalate, by formation of
. inhibitors salts of dicyclo- protective ad-
(rust in- hexylamine, lano- sorption films
hibitors) 1lin, calecium sul-
fonate from AS-6

" Running and'pfé-

servative olls

.that protect in-

ternal engine
parts for several
years

Cigts



TABLE 11.45 (continued)

Additive

Range of addi-
tive applica-
tion

Additive types

Purpose and mech-
anism of act.on

Water-sol-
uble cor-
rosion in-
hibitors
(rust in-
hibitors)

Same

5. ANTINEAR ADDITIVES

Sodium nitrite,
dicyclohexylammo-~
nium nitrite,
Lexamethylenedi-
amine chromate,
mercaptobenzo-
thiazole, sodium
benzoate, mono-~
ethanoiamine, and
others

Preservative oils
and lubricants

for extemnal cor-
rosion protection

011 additives that improve lubricating properties (friction
conditions) can be classified on the basis of type of action into
three basic groups: 1) antifriction; 2) antiwear and 3) antiscor-

ing.

G

l -
‘ b
- £ -
\'1‘, 5, }
— R E
~ * L-‘
-
a“"“
ad— ~H M
1
I
X X e onew %) M B0

3 [NAEND OMNG UINOCT NG NUNIRLS WEPEE, FN
2/

B oceder nezpyone, x

Pig. 11.14, Influence of chloroalkanes an antissar properties of
0oi1 {27]. Additive concentratton in o0il & =mzl> to 100 g of oil
(0.8-1.9%). 1) o4l without additive; sams *+ additive: 2)

CHI(CH:);CH:CI; 3) CH)(CH:)QCH;Cl f?u mmolc, or 3.2:);

b) CClsy;

5) CC1,CH CHaCl; 6) CTI,(CH;Y CH3C1l; 7) CC1;(CH;)sCHyCY; 8)
CC1,PO(OC\Hy)2; &} eiastic-deformation line; b) wear in dry fric-
tion. 8) Diameter of worn spot on lower balls, mm; B) axial load,

kg.
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Flg. 11.15. Influence of methylphosphonic acid derivatives con-~
taining the CCls group on antiwear properties of oil [27]. Addi-
tive concentration in oil 6 mmolie to 100 g of oil (1.3-4%): 1) oil
without additive; same + additive: 2) CHsPO(OC4Hg)2; 3)

" C1CH2PO(OC4Hg)2; U4) CCL4PO(OC2Hs)2; 5) CClsPO(OC4Hs)2; 6)
CC1lsPO(0OCgHs)2; 7) CClsPO[N(CHy)C1eHs7]2; a) elastic deformation
line; b) wear in dry friction. A) Diamete" of worn spot on lower
balls, mm; B) axial load, kg

Antifriction additives must also lower and stabilize coeffi-
cients of friction, antiwear additives must not permit progressive
wear of surfaces under moderate and heavy loads, and antlscoring
additives must ralise the selzure load and buffer the seilzing proc-
ess by reducing surface destruction and friction.

The following types of compounds, in pure form or in mix-
tures, are used as additives to reduce friction and wear and pre-
vent selzure:

1) animal and vegetable fats or fatty acids;

2) organic sulfur compounds (sulfuretited products,. xanthogen-
ates, etc.);

3) organic chlorine comp-unds (Sovol — pentachlorobiphenyl);

4).ofganic compounds of phosphorus (tricresyl phosphate) and
other Group V elements;

5) various compounds of metals {lead soaps, oxide and sulfide
compounds of molybdenum, sulfur compounds of tungsten, organic.
compounds of zinc, colloidal iron, etc.);

6) compounds containing several active elements in a single
molecule (sulfur, chlorine, phosphorus, etc.). :

- 717 -
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The additives are injected into the o0il in quantities of 3-5%
and move.

Organic compounds containing chlorine, pkosphorus, or sulfur
have come into extensive use in recent years (Tables 11.46-11.49,

Fig. 11.14).

'The most effective approach is to combine several active ele-
ments into a single additive: chlorine and phosphorus (see Tables
11.47 and 11.48 and Figs. 11.15 and 11.16), phospnorus and sulfur
(Fig. 11.17), chlorine and sulfur (Fig. 11.18). The same effect
can be obtained not cnly by introducing several active elements
inty the molecule of one compound, bt also by combining various
compounds, each of which contalns one or another active element

(M™ables 11.50 and 11.51). A characterization of antiwear additives

developed in the Soviet Union and abroad is glven in Table 11.52.

Additives whose action 1s directed toward neutralization of
the detrimental influence »>f products that promote corrosive wear
of metallic surfaces are aiso utilized. These include aclds that
may form in the oil during »peration, perhaps from sulfur gases
(SO2 and SOs) that enter the oll from the combustion chambers when
engines are orerated on sulfur-containing fuels.

Alkylphenolates, sulfide alkylphenolates and otheﬁ compounds

‘are used as additives to neutralize the effect of these harmful

agents and thus reduce corrosive wear (Fig. 11.19). Figure 11.20
shows wear of engine parts as a function of sulfur content in the
fuel and additive concentration in the oil.

3
i 1 /

§ Z; bl 2| ¢
£
i
§ A
§ éﬂ ;'/ - LA — )
g a’ T J -4
pSsEmEh ,
3 ai da AR
,§ » Zo T L L

8 =
A

£
G.

& Y 0 o m 50 20 2% 0
B gcefan naspysxa, «

Fig. 11.16. Influence of chloroalkyl phosphites on antiwear prop-
erties of o1l [27]. Additive concentration in oil 6 mmole to 100 g
of oil (1.0-3.4%): 1) oil without additive; same + additive: 2)
(CH3CH20) sP; 3) (C1CH2CH20)sP; U4) CCLsCHOP(OCH2CHs)2; 5)
(CC13CH20)sP; 6) [CC1sC(CHy)20)sP. a) Elastic deformation line;

-.718 -

IR

prp—




b) wear in Ary friction. A) Diameter of worn spct on lower balls,
mm; B) axial load, kg.

TA3LE 11.46
Properties of Certain Chloroalkanes Used as

Antiwear Additives [27]

- Roaddn-
1 o2 || T | T | ompma
304 16
T 1.4.4,3-Terpa- | CCl,CH,CH,Cl 4546 14576 | 1.4823 | 7802
X0pnponaR (10; ‘
8 1.4,1,5-Terpa- | CCl(CH,);,CH,C1 | 67—68 13470 | 14873 | 8781
KAOpHmeRTAH (2)
9 7-Xnoprentan | CH(CH,),CH,Cl 37(:'39 08825 | 14240 | 2639
10 1,4,4,7-Tetpa- | CCly(CH,)CH,Cl | 80—89 | 12603 | 14838 | 50,68
X0pienTan (2}

1) Additive 7) 1,1,1,3-Tetrachloropropane
2) Formula 8) 1,1,1,5-Tetrachloropentane
3) Boiling point, °C (resid- 9) T7-<Chloroheptane

ual pressure in mm Hg) 10) 1,1,1,7-Tetrachloroheptane.
b)Y  Density
5) Refractive index
6) Chlorine content

S JUTMEImMP NAMNE USNOCA KA NUNEWLE WAPAT, ret

JO 40 50 60 70 809010 50w 200
* B Ocofon maepysxa, o& /

Fig. 11.17. Influence of organophosphorus additives on antiwear
properties of naphthenoparaffinic fraction of oil MS-20 [29]. 3%
of additive used: 0) naphthenoparaffinic fraction; =zame + addi-
tive: 1) tri-n-butyl phosphite; 2) tri-n-butyl phosphate; 3) tri-
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n-butyl dithiophoaphite; U4) tri-n-butyl trithiophosphite; 5) tri-
n=butyl thiophosphite; 6) tri-n-butyl dithlophosphate; 7) tri-n-
butyl trithiophosphate; 8) tri-n-butyl tetrathiophosphate; a)
elastic deformation line; b) region of wear in dry friction. A)
Diameter of worn spot on lower balls, mm; B) axial load, kg.

110~
y

ok

rd
L BEEEARRR
0 2 & 6§ 8 10 8 68 4 2 0
B Codspmanue npucador, %

Fig. 11.18. Generalized wear index [GWI] (Onu) as a function of
sulfur and chlorine additive contents in DS-14 oll [30]: I) chlo-
rine additives; II) sulfur-chlorine additives; III) sulfur addi-
tives; 1) Sovol; 2) chlorinated paraffin; 3) hexachloroethane; 4)
dibenzyl disulfide; 5) LZ-6/9; 6) sulfuretted terpenes; 7) di-
benzyl sulfide + chlorinated paraffin; 8) LZ-6/9 + chlorinated
paratfin; 9) LZ-6/9 + Sovol; 10) LZ-6/9 + hexachloroethane; 11)
hexachloroe-1ane + sulfuretted terpenes; 12) chlorinated paraffin
+ sulfuretted terpenes. A) GWI; B) additive content, %.
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Bpers sppexmulvod
wedampanuiayuu,¥
~ @& 8

b3
L

Gé 08 12 15 &

B Codesmcanue bapus § wnacen B
Fig. 11.19. Influence cf additive concentration in AS5-9.5 oil on
decrease in corrosive wear [32]: o) VNII NP-350 additive; x) VNII

NP-360 additive; o) TsIATIM-339 additive. A) Time of effective
neutralization, hours; B) barium conter : in oil, %.
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TABLE 11.47

Properties of Certain Derivatives of Methyle

%goiphonic Acld Used as Antiwear Additives
7

l . ) Teunepe- 5 RW
Tipwcanxa ' Sopuym Lol | T "m
. %“l ‘::. 3 Jﬂl1 Q. | s

7 Nmerunosnf CClan(Oc,Ha). - '88-89' 1,360 | 14645

8 [ubyranosuR |  CH,PO(OC.H,) — | s—85 | 00700 | 14251

10

11

12

np TPRXAO
Nl‘b“p ¢oc¢£‘
mosoRk xmexoru

i
Kacnots

Onbyraaosui CICH,PO(OCH;)s - 112113 | 1.0832 | 14420
swjup xx0p- . : '
MerBadocimne-
p0% wmoroTH

Inbyrcaonsd | CClLPO@OH,) —  |124—125] 12285 | 14500
agmpy TpAXAOP-

serindocdnmo-
ol xocaoTH

Ragernncpuit CCl;PO(OC H,)y 66.5-67.0f — - -

afup rpuxaOp-

motitidocdrHO
polt KuenoTH

nu(mfﬂ’l- CC],PO[N(CH,]C“H,«,], |53'o"5315r - - -
onranennia-

aMi1a)Tpixaop- .

uernadochnano-
soll ¥ncnorm ‘

Additive

Formula

Melting point, °C

Boiling point, °C (at 2 mm Hg)
Density

Refractive index

Diethyl ester of trichloromethylphosphonic
acid

Dibutyl ester of methylphosphonic acid
Dibutyl ester of chlorcmethylphosphonic
acld

10) Dibutyl ester of trichloromethylphosphonic
acid

11) Diphenyl ester of trichloromethylphos-
phonlc acid

12) Di(methyloctadecylamide)trichloromethyl-
phosphonic acid.
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TABLE 11.48

Prop2rties of Certain Chloroalkyl Phosphites Used as Antiwear Ad-
ditives [27]

- ——————sd s i o b e s o e o e s mean R v R e B o iali i ibd.

1. b S | Kooponr | 7
3 Teunopa
1 2 Teupeparyps umnm% % n% Wﬁ?’
. DOpsongms | Dopxyse ) (m%:gggmm i. wAckma | xacoa,
K pm. om. "o
. Tpxeraagoodmr  (CHCH,G)P -, 490500 (125 00085 | 14125 | —
Tpa(zxoparex)foohur (CICH,CH,0),P - 11201150 (2.8) | 18443 | 14818 | 3047
Tmraurpsxaopwraajocar | (CCICHOPOCH), | — B40~B45 (3) | 12024 | 14588 | 3947
Tpa(rprzaopraa)pochur (CC14CH,0),P - 16301650 (5) | 18485 15182 | 6808
© Teu(rprxaopSyraajboodur | [CCHCICHNOLP . | 3.5—445 - - | — | w0
1) Additive
2) PFormuls
3) Melting point, °2
4) Boiling point, °C (at residual pressure of ..., mm Hg)
5) Density
6) Refractive index
7) Chlorine content
8) Triethyl phosphite
9) Tri(chlorcethyl) phosphite
10) Diethyltrichloroethyl phosphite
11) Tri(trichloroethyl) phosphite
12) Tri(trichlorobutyl) phosphite.
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Additive

Formula

Composition of additive

Pour point, °C

Density, g/cm®

Viscosity (cSt) at

Content of ..., % by mass

Sulfur

Chlorine '
Critical load F,, kg (four-ball machine)

Worn-spot diameter, mm

Lz". )

Ethylene-big-ethyl xanthcgenate

; (Crystallizes)

¥ 15) Ethylene-bis-ethylpropyl xanthogenate .
; 16) Below

. 17) Ethylene-bis-butyl xanthogenate

NIl =W -

who- OW o=
el el P et N e sl S N i st N N ot

T
el ol o
=

y 18) £fso- A .
i 18) Ethylene-bis-isobutyl xanthogenate
! 20) Ethylene-bis-1soamyl xanthogenate
21) Ethylene-bis-xanthogenate of C7-Ce alcohols
22) Ethylene-bis-i1sopropyl xanthogenate (crys-
talline)
23) Ethylene-bis-isobutyl xanthogenate (crys-
talline)
¢24) Dibutyl xanthol
25) Diisocamyl xanthol.
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TABLE 11.50

Comparative Antiscoring Prorerties of Commercial and Experimental
Additives in DS-14 011 [30] (ChShM-3 Four-Ball Machine, AUSS 9490~

60 Test)
o s noNKTRARE
) 2 [ R» RS [T
Lipwoamsa Sopuym Bassense ! AKTRINMNE i & npecawol
s mpucase | 9
. omn|Pug | Pos
s N13:8/9 (CHRE~8~CHy), Druses-6ac-byrmancamrorensr | 8 S8 mr 113 504
10 BaK . | (GE0C—8), 1 1Bo-sTRANCANTOrORAT s | wxs |68 |its] 14
: 12
%i3-19 (us0-CyH;,0C—8~CH,), ér’nu-&c-nunmno— 8 33% 8 76 126 447
g remr 2% Cl
12 ' :
J13-23 (u00-CoH,0C~8~CHy)y l;nu-ho- . 8 | 427%8 |73 [100| 447
ROaNTOTONEY? 0,5% Cl
N3-20 (wlvfcnl',.OC—-Sr-CH.-cﬂ.).D 15 JlNEo0aMBaNCARTOND 10 20%8 | 63 {126] 388
N3-24 . {Cei,0C-8—~CH,—CH, Jnbyrsancanross 10 03In8 |62 [126] 316
{CoHiy i Hy—CHy)O 14 , 6.292‘01
1 7 Ocepuone (RCOOCH,—CH,—8), § 28% 8 54 1400} 224
ng;mm 18 p.p’'-Meprarrrosrnnosud 10 1988 (48| %0 a8
C oj=p
o 3«2 21 - ;ﬁ . !
1 9 HAMH-T-122 CasHyiCl ne CoHyClyy sopaporamaull mapedun 10 g&g 50 | 89} 310
28 AsHHU.9 - ‘ 2 »Xaopsposanmaz mag™a 8| 90%Cl |68 | 79/ 388
2 s Texcaxaop. CeCls - $ 40%Cl |8 [100] 285
mman ' .
2c - Coson | - GeHe—GeHCl W CH—CCl, | Cuscs mipa- m oamazsop- | 8 | sxca |41 | #0] 224
z9 Xaoped-40 CCLIPO(OCH,), ’grmnm sjmp TpazmOp- 2 MUNCl (88 (f58] 8
wiraxdochrnossl xwesorn oy P
LB xé'x:ptgmg 12 {ume-C R, Q) PCHCC, 3 2 Anmosuzaceud spup ] ::.: gl S0B 198 W7
} ¢ 1 ¢ ¢ y
npngwu OCH, ! & smonoT™
29 Xaopad-15 CICH PO(OC Hy)y 1 3 Byrusosud sfuy wewo- | 5&.5& %l ® 0
HEAROTM ' : '
8 J1-8/8 4+ - - ] 11.7% 8 1907 &7
+ mitﬂao- C.15% Mo q
ROBAR CERD 'e .
1s 800 - OcraroummA smcrpeny, 0 1048 |4 (100] 251
ofpaloTanuni navECpUBETEN 3.4 P
3
LI T - l!m-ecmm ) 3088 [ jt13] 3R
ARERIuTE RPIDALRE
NOBOE, an- .
. asTsupaners Joefepou
a - , . 8 @ |itp] 00
] 3-30 m soxyvenml ] m H
v0 Kexoames Msene - - na Wi in
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Results of tests of oil with alditive
«LZ—... ’

Nt st N Nt N’ N Nt Nl N at®

Additive

Formula

Name

Recommended concentration in oil, %
Content of active elements in additive

awI

ggﬁylene-bia-butyl xanthogenate
Bis-ethyl xanthogenate

180~

Ethylene-bis-isoamyl xanthogenate

Ethylene-bie~isopropyl xanthogenate

Diisoamyl xanthol

Dibutyl xanthol ’ )

MDS sulfuretted terpenes

B8,R'-Mercaptoethyl ester

NAMI-T-122

Prom

To

Chlorinated paraffin

AzNII-9

Chlorinated naphtha

Hexachloroethane

Sovol

Ana

Mixture of tetra- and pentachlorodiphenyl

Chloref-...

Butyl ester of trichloromethylphosphonic acid
Chlorine-phosphorus additive

Diisoamyl ester of trichloroacetoxyethylphocphonic acid
Butyl ester of monochloromethylphosphonic acid

L-56/9 + molybdenum blue

EPFO '

Residual extract treated with phosphorus pentasulfide
SP-2

Bottoms from distillation of alkylate for Ionol additive,
treated with phosphorus p2ntasulfide

Dithiophosphate cobtained by treating alkylpnencl with phos-
phorus pentasulfide
Original oil.
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TABLE 11.51

Characterization of Antiscoring Additives Containiing Seversl Ac-
tive Elements, and Test Results for DS-14 0il with the Additives

£30) _ . ——
L | r———
unlm Oo:-m - Ureana g 617y "=§ﬁ
» npnean " s
b il h oR| Py | P00

10 NMpugeans, 6020y MAMES AP X §0cdoP

11 Xnoped-40 | CCHPOIOCMH,) xum*.m ” gl 2100 83 | 130 | 88

1 113 o HONOZEOpUSTERULdn-
Xnoped-1 8 CH,CIPO(OC He)e RByreacsudt shup I'C‘l&? ] 1AS (1] 154 | 800
I1vNpresans, cogopmamue copy n §oefep

1 $a3¢0 118 ! 10 - ] 1ed ]
Ocrevounut seovpany, cbpuloranmul an- ’1&"' ) 4 2
1 7692 - l'me«.mr-w [ -~ 1 113 | 882
s m pabererane -n-.- um
%30 - 2 saywmdll synsn ofps- %8 ] - 1 1g | 300
2¢ % INTRpNSTE §00- nr
22 nDlulll. SOROPMANEG CSDY, TROP R 40Py, RAC) R $oe oy
23 rems; 1t ‘2f¢ fe(rperncpremma s5.0% C1 o1 | x| 190 | 0at
108, L80p- {CCICe Myl 2[0 Jeyandun ‘a' ,
15 remoazanp - zr'n-u ANMSARARRISTYINGATON T Je3s] mal 14 |09
o
R Nunme (o s0dd. 13 €3) l{;ﬁ?ﬂ
! 21 Mpasasnn, sonepmanuo uoanlaonnoopy
28 - - 14
'm-m I Ry [ LIB | 830 ] tas | 347
DOSER ORNY

#Tests run by method of AUSS 9490-60.

1) aiuitive

2) Pormula

3) Main

4) Active-element contents in addi*ive

5) Test results for oll with additives

6) Amount of additive, § by mass

7) Corraosion of steel, g/m

8) Tests on ChShM-3 rour-ba‘l machine®

9) GWI

10) Additives containing :hlorine end phosphcrus
11) Chloref-...
12) Butyl ester of trichloromethylphosphonic acid

' 13) butyl ester of monochlorciz.hylphosphonic acid

lh% Additives containing sulfur and phcsphorus

15) EPO

16) Residual extract treated with pheschorus pentssulfics
17) SF-2

18 3ottoms “rom d4istillation or alkylate Tor Ionol addit ve,
treated with phosphorus pentasulfide

19) 3% S. Phosphorus not determined

20) LZ-30

21) Dithiophosphate obtaiiied by treating alkylphenol with pios-
phorus pentasulfide

22) Additives containing sulfur, chlorine and sulfur, chlcrine
and phosphorus

23) Hexachiore sulfide

St SO
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10
12
10
13
15
16

Characteristics of Domestic and Foreilgn Antiwear Additives [31]
o, ) DRSS |
” 1 K
o o — A R R R )
5OTeN0OTRONRNMS npRC&AKN
93-2 7 YepamuEMe MOPORMYN 28 -— 12 - 5—10
935 l; 3yGuarue neponasm (sa moxzwowe-| 7.5 27 - - 5
ERVM rEDONJNME)
0T+ 9To mo 18 | 38 - - 5
713-6/9 ’ 39—40 | Chonu | — - 5
Cyasgox ’ 8 558 - - 4
713-309 . 96 | 038 | 108 | - 5 i
Xaoped-40 IncunEe nepeasvs - M 10 - 2 |
Cympox x [LO-14 9 '{'4; »e 8,86 M8 | 19 2.27. 7
Ho-14 Pasamuuoe masnawemme, 3 T0M wnca® | 5,55 - & 538 0.5—30
FEZPABANTYOCKNS CHOTOMM N PRAPOAN-
NENAACIES DOpAANN
Ao * S To nw 4 | - | 1 - 35 .

18

-8Ls ewneg Oy

M [\C N \G R\
o~ O\ &
Nt o s S ot

TABLE 11.52

Di-(trichloroheptyl) sulfide
Hexachloro sulfide and DF-11
Samg,)in mixture with zinc dialkyl dithiophosphate (see Table
12.63
Additives contalning molybdenum and sulfur
LZ~6/9 and molybdenum blue.
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20

22

26

Ik

36

L]

.0

b2

L3
L)

4
1 2 3 mn.l ARTEBRMX imm Pewomenny-
’ GMAR KoM
Hpuocaans OGas0ra DpRMENORRR n.u'rpaun
8 (v} [ 4 ¢ ] » NtNe, %
186 3apybomuue nprcanxs
19 Qupna oJT06pusoss
Aurnamon-48 7Yepeagnue nepeganx 1.7 150 1.2 - . 2
Auraamon-70 R 1 Trmonpnue mepenaxm no CS-2758 4.9 21,7 033 - 9
Anmm;)on-?i axn Aurna-| 9To e 16—17,5 | 168—18 | 2.0—838 | 3.4—248 10
Moa-94
Anraamon-82 p 38y6qamo nepeneun MIL-1-2105 10.5 248 0.3 - 10
AnraaMon-83 9To e 525 28 033 - 8—-9
Avurnamos-85 » 87 .| 190 02 - 875
Anraamon-88 48 200 0.3 — 9
Auraanoxn-93 p "Mucno ceprm GL-4 g rwmowmmux| 160 18,5 30 30 95
nepepau no MIL-L 2105A ' g
Anrnanon-50 53y6vaTiie DOpeNRUN N . CMASOWNO-| — 49 - - 2-17
OXNARIAPIGES IKEANOCTE Ras olpa-
GoyXR Meraxaa
Aurnamoa-40 2To me —_ ~40 - - 10
Auraano-31 » 25 | 02 - - 03—3
Arraamon-35 ’ 10 23 - - 1~12
Arrnanoy-36 » 18 2.5 - - 1-—-10
Aurnanon-32 ) 46 - - - 0,5-5
JInGprsoar1060 7 Mosopue B TPAR .aitca. TM® ‘Ma-1 185 - 80 83 08—~25
| o ) it
Jlobpazoa-1360 g To e 15 | -1 016 | OTF % *
Jinbpraon-880 4? 'l‘ypt‘nm x rwzplmum:o aa-}. 0,58 133 - - L
' Q'ﬁMpdha-wd LI SC erxuponzpemu. wougnoors .ama A,| 35 - 185 190 1T 5§
NG .
JToGpraon-243 s \Cnparswaedume MacHa 9.25 - - - 20—-10
JnGpusoa-245 s Munycrpreanaue uacaa 100 - - - 1-3
3 3 Quprs sioncaxmor "
. - ]
Cauronopn-22, RI 3 s3y6uaTie mepemaum, B TOM wmenme| 12 i0.5 33 35 6.5—15
IROORANNE
Camromomz-23, RI | oTo » 133 140 41 37 | 10-15
Canrononn-32 . 8., 280 8 - 8.5
Canrononn-33 . 8, 260 0,55 - 6,75
Canromony-44 % 12.! 2715 ) 1.6 10 .
Moxrorap-E ) 40 ; 3032 1.8 20 5510
‘ |
37 Qupus eindxed K%
-
hapanoma-109 Is 2HznycTpansnMe Macaa l 10 | 03 ! 02 l - ‘ -
3 Pupus 13m0 asSpunenms ' :
- N
CL-xounexrpar oe Il WI'unoNRMe nepenann | 47 ‘ 43 ‘ - ‘ - ‘ -
w1 Oupus sKepausasy
' R
Azsda-xa0p-33 L s3yGuarns meperawm - n - - 10
vy Gupua «Babume anuaun ynd cobagebpuns
i [T enee ¥To me - 18 s - 0,8~14
AR | ™, |z |88z |as

PRt g S

" TABLE 11.52 (continued)

%*Barium content 4.2%.

##Barium content 14%.
##8PH0 contend 7.5%
seamytpcgen content 0.5%.
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1) Additive 26) Lubrisol-...
2) Range of application 27) Motor and drive train oils
3) Content of active elements 28) % by volume
in additive, % 29) Turbine and hydraulic oils
) Recommended additive con- 30) Hydraulic drives, fluids
centration in o1l, % cf type A, suffix A
5) Domestic additives 31) Hydraulic oils
6) EZ-... 32) Industrial oils
7) WVorm drives 33) Monsanto
8) Gear drives (except for 34) Santopoid-~...
hypoid types) 35) Gear drives, including hy-.
9) Same ‘ poid
10) L2Z-... 36) Montogear-B
11) Traces 7) Indahey K°
12) Sul'fol 38) Parapold-1¢9
13) Chloref-40 39) Elco Lubricant
14) Hypecld drives 40) CL concentrate®*#
15) Sul'fol and DF-11 1) Carlisle
: 16) DF-... 42) Alpha-Chlor-33
i 17) Multipurpose, e.g., hy- 43) Badische Anilin- und Soda-
i draulic systems and fluid fabrik
é drives LY4) Bayer I-GL##a#
: 18) Foreign additives 45) Bayer-LE.
. 19) Lubrisol
20) Anglamol-..,
21) Hypoid drives according
to CS-2758
22) Anglamol-71 or Anglamol-91l
23) Gear drives, MIL-L-2105
} 24) Series GL-4 o0il fc- hy-
i poid drives according to
| ' MIL-L-2105A
; 25) Gear drives and cutting
g fiulds for metals
fre =
A fa‘t__ —
I 38 42
Ly
T e
..l | L p
Sy § AT [ g
1 L g
si : i
Sh"u LT R

Fig. 11.20. Wear of YaAZ-204% engine parts as a function cf sulfur
content in fuel and additive concentration in oii [33]: I) top
compression rings; II) upper belt of cylinder sleeves; III) second
belt cof cylinder sleeves; (1) o1l + 5% ToIATIN-339 additiveé a) oil
+ 3% TsIATIM-339 additive. A) Weight worn off ring<, mg; B) cv1i -
der-sl;eve diametral wear (by crescert method), um; C) sulfur con-
tent, 3%.
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6. DETERGENT AND MULTIPURPOSE ADDITIVES

Detergent additives are those whose use 1in the olil keeps en-
gine parts clean, 1.e., ensures that metal surfaces in contact
with the 01} will remain free of carbon deposits in the form of
varnish and sludge.

Soaps of nephthenlc or sulfo aclids or phenolates are used as
detergent additives. The metals 1in the soaps or phenolates are
usually Ba and Ca, and less often Zn, Al, and Mg. In some cases,
the metal is introduced into the additive in a quantity substan-
tlally exceeding the stoichliometrically possible amount by forma-
tion of higher complexes, such as (RArS0,)s ~ Ca.Ca0-.Ca{0H)s. Such comn-
plexes have excess alkalinity and can neutralize fuel combustion
products and acid products that form in the oil.

Detergent additives are used 1n olls in amounts of 1-3 to 5-
10%, and sometimes more. Most of them are introduced simultaneously
with other additives, chiefly antioxidant, anticorrosion and anti-
foam additives.

The mechanism by which detergent additives act 1s based on
their ability:

to hold ingoluble oxidation products (formed in the oil) and
soots (which get into the oil from outside) in a finely dispersed
state, preventing aggregation and sedimentation of these particles
frem the o1l and their settling on engine parts;

to disperse large particles that have already formed and con-
vert them to fine suspensions;

to neutralize aggressive acid products (basically those
formed during combustion of sulfur-containing fuel) and delay the
accumulation of insoluble soaps in the o01l;

to render oxidation products soluble and absorb them, both at
the time of their formation and in later stages of the oxidative
polymerization process by the action of additive micelles present
in the o0il in the form of a colloidal suspension.

Not infrequently, detergent additives are also carriers of
cther major operational properties oi the oilis: anticorrosion,
rust-preventive, etc. In such cases, they may be classed as multi-
purpose additives,.

Multipurpose additives are those which are capable of improv-
ing several operational prcperties cf the oils. This 1s usually
orought about by introducing various functional groups, which are
responsible for the versatility of the additive, into a single
compound.

.3 an example, we might cite the asulfuretted barium alkyl-
pnenate examined above, which exhibits anticorrosion and antioxi-
dant properties simultaneously by virtue cf its content cf sulfide
sulfur, dete~gent properties by virtue of the barium phenolate
group, and, 1f R is a macromolecular alkyl radical («Cis-Cas),
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TABLE 11.53
Properties of Sulfonate Additives [26]

| 2 Npmcans —
N Toxasatenn -
. 5 cB-y [erMC'R |SHI03 | BI04
¢ Buemunt lﬁ ........ 7Yepman |8 Yepmam wemo- |9 oaras
. rycran ABIIKEAR MACCH | DPOSpAYNAS
WMHAROST . MEAROCTS
1o BmaxoCTh Xnmemarnvecxas mpm ’
100°C, cem . .. ..... 16,77 713 9713 208
11 aonmocn. % (cymdarean) T4 250 o7 16
12 3oxbBOCTS, & . . . ... .. 6.0 WD - 9
19 Ifeaoynocts, x¢ KOH na i 'R
1% no ?KO-IQ‘I‘MOII’ 181 88 99 66.4
15 mno 6pomdenca cneuy . 118 127 154 100
16 L{ser NPA, napxm: i
17 Ges pasbasmenms . . , . . 8 8 8 354 *
16 pasbasienme 1:30 » Oenm-
SBHO . . . . . . . ... 8 8 8 0
19 pnaﬁaueue 1:60 » Gen- .
BMHO® o . . . .. 0 . . s 3 $ 4 0
1) Index 11) Ash, % (sulfates)
2) Additive 12) Ash %
3) SB-3 13, Alkalinity [sic], mg of
L) PMS'Ya KOH to 1 g
5) NG-102 14) Phenolphthalein indicator
6) External appearance 15) Bromphenol blue indicator
7) Thick black liquid 16) NPA color, grade
8) Immobile black mass 17) Undiluted
9) Transparent yellow liquid 18) 1:30 dilution in gasoline
10) Kinematic viscosity at 19) 1:60 dilution in gasoline.
100°C, ¢St

then depressor propertlies as well.

Metal dialkyl dithiophosphates are also to be included among
the multipurpose additives. For example, barium dialkyl dithio-
phosphate |(H0);F5S]),Ba has anticorrosion, antioxidant, antiwear and
detergent properties.

In many cases, however, it 15 more convenient to introduce

several additives with different functions into the oil, rather
than a.single compound containing all of the necessary runctional
groups; in some cases, the latter i1s simply impossible.

Combination of additives to form mixes is more convenient.

Mixes of several multipurpose additives or of multipurpose
with single-purpose additives are frequently compounded. It must
be remembered, however, that single-purpose additives are practi-
cally nonexiatent, since all additives influence several proper-
ties of oils (to a greater or lesser degree).

Tables 11.53-11.60 present data characterizing metal-sulfo-
nate-type additives, their influence on the physicochemical and
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operational properties of motor oils, and the influence of metal~
sulfonate composition on effectiveness.

Metal sulfonates are effectlive detergents; they lower the
stablility of olls to oxidation and have 1little influence on the

corrosive properties of the cils; in the presence of a large num-
ber of rcarbons in the alkyl side chains, sulfonates may exhibit

depressor properties. To obtain oils with high detergent, antioxi-
dant and anticorrosion properties, it is expedient to combine
metal sulfonates with antioxidant and anticorrosion additives.

TABLE 11.54

Comparative Laboratory Tests of Olls with
Sulfonate Additives [26]

1 2 Tipneanwx

Towasrexn 3INC'A |4 CB-3 P HI-103 | AI-104

& RajxocTh KuuemaThgeckas nps 400° C,
cem:

RO oxmeemnA . . . . . . o .| 21,0 19,8 24,8 19,0 !
nO0C7e OKOCACHTA o .+ o, « & 40 37 68 3 :
9 Mowmne croilcrea no nan 2% cyn—
¢omara 8 JIC-14, 6 . n5—-4 | 0~05 | 00,5 | 0—0,8

1 0 TepumooxnenrersHan cn6n.'1uocn o
anox. 10% cyavdonara s AC-11, ; .
............. 28 20 26 32
11 Hoppoanx go [InExernty (xcmn\- :
HOR Ha CBUEOOBOR DRACTRRKE) . :
10% cyavpomara B JQC-i1, c/x 9.4 4,2 8,8 33 !
12 Mcpuragns 8 npnbo e R-2, 10% C
cymporara B MC-20. xncaonoo
qaeno, xe KOH ma i '
1370 okncreanx . . . .‘. e vl —~042%) —0,23%} —0,44°*| —0,48°
1 41070 OKNCAGBNMA . . ' o » & 5.4 3.4 8,0 . 1,8
15 Ocagor poce okucteHuA (HepacTao-
pinme 8 Gemange), ¥ . . . . . . 0.58 0.58 0683 | 0005
1 ¢ Norepa macow wezmolt myscrmmxn, ¢ | 0,0046 | 0,0035 | 0,0045 | 0,0022

*The minus sign indicates that the oill had
alkaline reaction before oxidation.

Index

Additive

PMS'Ya

SB-3

NG-102

Kinematic viscosaity at 100°C, cSt

Before oxidation

After oxidation

PZV detergent properties, 2% sulfonate in

DS-11, points

Papok stability to thermal oxidation, 10%

sulfonate in DS-l11l, min

11) Pinkevich corrosion (lead-plate test), 10%
sulfonate in DS-11, g/m?

12) Teats in DK-2 instrument 10 sulfonate
in M3-.20: acid number, mg of KOH to 1 g

13) Be®ore oxidation

14 After oxidation

15) Sediment efter oxjidation (gasoline-insol-
able), %

16) Loss of mass by copper plate, g.

[
St s” gt s Y et S Nt St NV’
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TABLE 11.55

Petroleum Products
[26]

as Raw Materials for Production of Sulfonates

Raw material

Molecu-
lar
welght

Type of sulfo-
nates obtalned

Basic application

Kerosenes, gas
olils, cracked
paraffins, MVP
oil, light in-
dustrial oils

AS-6 o0il, seiec-
tive-refining
extracts

0ils AS-9.5;
DS-8, DS-11,
Ms"ao, etcc

TABLE 11.56

170-300

350-370

400-600

Sadium salts,
= 7e1 ~301luble
sulfonates

Sodlum salts,
water-oll-soluble
sulfonates

Calcium salts,
oil-soluble sul-
fonates

Salts of alil met-
als — oll-soluble
sulfonates

Wetving, degreas-
ing and detergent
properties, Da-
emulsifiers.
Foaming agents

Oil-in-water
emulsiflers, base
for production of
Emulsols

Rust inhibitors,
anticorrosion ad-
ditives for fuels
and olls

Detergent-dis-
persing additives
to motor oils

Influence of Number of Carbons in Alkyl Side Chains of Sulfo Acic
Salts on Their Effectiveness [34]

Note. Additive content in oil 1% by mass.

- 134 -

3 Crafnmaxoyts :’n AsHNH, | - Koppoens .’no Oeumesavy
i T - aun (0 w)
g xyer Goparym o 1138, s uj; nwsmu n»dhn
: =!lwﬂl ™ a0 KUR | sasow,
[ smie [
10 Macao mmaycrpmans- - 584 5 178 0.24 oM
moe 50 :
11 To me+4npucazme:
Gapmesan  comy:
12 usc-ONTRAR (Coty—CaoHe =80y ) &5 ] 7 - »
TORRBCYR»-
$oxnchom l
13 wapomnuansd | (CigHyy—CraHy—80g),B0 1] ] [ ] 06 b /)
TeXEMCY
xucaoTM
1 ewwranader | (CuHu—Cull—8000e | 20-28 || 7 o, 043 wan
o™ 7
15 wererpancena: | (Colq—CroBy—80pPe | 1320 . » am an
sejreanncym- .
oxmeaoru )
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1)  Product 9)

2) Hypothetical empirical
formula 10)

2)  PZV detergent properties, 11)
points

4)  AzNII stability, minutes 12)

5) Induction period

6) Time to absorb 20 ml of 13)
oxygen

7)  Pinkevich corrosion (50 14)
hours)

8) Acid number, mg of KOH to 15)
lg

TABLE 11.57

Corrosion of lead plate,
g/m?

Industrial cll 50

Same + ac¢2t‘.vra;: harium
salts
i8o-octyinaphthalenesulfo-~
acid
i18o-dodecylnaphthalenesul-
foacid
tso-cetylnaphthalenesulfo-
acld
ieo-tetracosylnaphthalene-
sulfoacid.

~ Influence of Nature of Metal on Effectiveness of Sulfoacids [34)

Npoeayxe

Oranmunocs o N Koppossa g0 Nnn-

10 Macxo manycrpuansmoe 50

11 To ae--npnucanxa;

12

13

14

1s

16

17

XAXLORCBAR  cOAb  Wso-neTHAGeN-
soxcyasdonncaoT

CTPOMONORAR oAb uio-neTRAGE-
BORACY ALY INNCBOTM

SANNOBMAN COAM uo-m:-
cyasponncaor

xolaxstozan ooRs wie-mprsalen-
0ACY SHCRECAOTM .
WAL  COXM  wes-NpTRASNOR-
cyavjorvenorm

(Cretige~CoH —80y)sCa
(CuH~CH,—80,),Ba
(Caell w—CoH—80,)p5¢
(CraHog—CoH—80g)yPD
(Crlln—GH—80Co
(Crubln—CoH—80.)Ca

s [ AsHRN, sun nesuey (30 «)
Moo 5 Y [ 9
oo N38, spas KRCAY- ROPPOER
Samsu L] lu«l zo SEsCTRE-
sopoen | smose- | xe KOl -,
pem mis Py
5~5.5 ] 175 0.21 5034
35—40 3 028 31
30 ] ® o 200
3.5~40 7 ot o 4245
30 ] 103 LY 842
a3 1] 145 am H“MAT
o | o |0 | om | wa

Note. Adddiive content in o1l 1% by mass.

1)
2)

Product 8)
Hypothetical empirical

formula 9)
PZV detergent properties, 10)
points 11)
AgNII stebility, minutes 12)
Induction period

Time to absord 20 ml of 13)
oxygen

Pinkevich corrosion {50 1k)
hours)
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Acid number, mg of KOH to
lg

Lead-plate corrosion, g/m’
Industrial oil 50

Same ¢+ additives

Calcium salt of fteo-cetyl-
benrolsuifoacid

Barium salt of {eo-cetyl-
benzolsulfoacid

Strontium salt of f{eo-~
cetyldbenzolsulfoacid




15) Lead salt of Zso-cetyl- 17) Copper salt of Zso-cetyl-

benzolsulfoacid benzolsulfoacid.
16) Cobalt salt of iso-cetyl-

benzolsulfoacid
TABLE 11.58

Influence of Type of Aromatic Rin% and Functicnal Groups on Ef-
fectiveness of Sulfoacid Salts [34]

. ' Crauxwnoems | , Ko n
AsHHH, | Tne
. . 3 ;un lm (so ¥)
1 nmmmzmwm o . X *’ s ’
Hpoaywr dopuyas coas ﬂl. 3 i-
Sanaanm !E g
4
1 B i 551
o|sodw
10 Macno nuzycrpmassmos 50 - 5—in8| S5 475 1 0215034
11 To¢ e+ nprcagxa:
12  xaauouepan coxs uso-nermabemzoxcyasdoxme- (C,.H.—-C.H.—SO,).C: 3.5—40 L) 64 | 026 |43.34
AOTH
13 Gapnomas coas uso-nerxalemzoacyasdoracaors H,—80 30 61 49 | 0336200
16 RassIpesan coxs uso-meTHARAGTaANNC/AMDO- c,.ﬂ.—c,.r!.—so .Ca 35 7| 88 | 02v 2248
KHCROTH
15  Gapuesas coas we-neTuAmadraruncyxaPoxne-| (Cy Hu—Cioily—SO,)Ba | 20—-28]| 7 | 62 | 043 [5507
noTM .
16 xaxsumesax coxs uso-meTRATeTPAINECYERPO-| (C,oHag—CioHig—S80,),Ca 40 7| 8 | 0374284
KNCAOTM
17 Gapmesanm coas uss-"WTRATOTPAANNCYALPORNG- | (CyyHog~CyoH;4—380,),Ba s 5 5 | oAl {5833
AOT™™ .
' 10 NAAUNEBAR COXL x3o-IeTRIgeNOACYyARONNC- HIC..H.—C.H.(OH)-SO.).Q 40 3 | 219 | 020 163.00
‘; moTM
f 19 G coas use-Nprnadensacydorncaory OH 33 0 | % | 038 (7172
: 20 -?;:.m cOA NSS-DWTRAMONGXAODSensOA- lm 30-38] 7] 7| 0N[4
' cyasporucaoT .
21 dapwensen cORd  5so-sOTRANENOZRCPENR0S- | (CyHuy—CH Ll ~80),Ba 8 S| ] 00T
CymdonncaoT

Note. Additive conteni in oil 1% by mase.

1) Procduct
‘ 2) Hypotietical empirical formula

PZV de ergent pronerties, points
AZNIT scability, minutes
Induction period
Time to sbsord 22 ml of oxygen
Pinkvvich corrosion (RO hours)
Acid mum.--x, 14 of ROH to 1 g
lead-pl2te corrosion, g/m?
Industrial oill S0
Same + add‘tives
Calcium salt of iso-cezylbenzolsulfcacid
Barium salt of tso-cetylbenzolsulfoaci?
Calcium salt of fec-cetylnaphthalenesulfoacid
Barium salt o) ftso-cetylnaphthalenesulfoacid
Calcium salt of ftsc-cetyltetralinsulfcacld
Barium sslt of {so-cetyltetralinsulfcacid
Calcium salt of teo-cetylphenolaulfoas...d
Barium salt of {so-cetylphenolsulfcacid
Calcium salt of teo-cety® ‘~morhlorobenzolsulfoacid
Barium salt of {so-cet . = :-hlorobenzolsulfoacid.

o N S St Nt st

N N\ et Pt ot Yot b ot Pk b ot pod
P OO W~ AW arw N OO Co~3 OOV W
N Nt st Vs v ! Nt s et etV St o hd

- {30 -

TRV VI SR

. eman o e




TABLE 11.59
Influence of Sulfoacid Salts on Pour Point of AK-15 011 [34] ;

f A B CH P v

Dpoaywe w.\:;rm WRIEDIUSHAR """.'E""" v:“g:
. : . - G
E Macao AK-15 o & ~3 20 ~5 -
H To we +npncagna: ' :
I Gapnesan coun wse-neTnademsocyasdoxucaotd (CiaHpg—CoH —-30,)4Ba Or —4 0 ~8 1

J  mazsumenss coas axxmabexeoscyRsdoRECROTM (CagH 39—~Cy i ;—~80,)Ca Or 30 5o —23 17
(nnuupo-’un Gexs0ns ZEOPEPONSARMN
napadumon »

K Gepuesan com aaxnatensorcy IMIOXRCIOTH {Cae g —Celiy—~80,),B Or ~20 no 23 17
;a“%mu)‘
pa

L &:::-u COND U0-DRTRAREHTOARRCY AMHORNO- (N3s Hag—Cieil;—50y)sBa Or —3 no —8 0
H

M xamumosr  comn  KeeTOTPAROSIABATARNN- (CoaH g —Crolig—80¢)eCa Or 33 20 --al {7

CYAMHORRZ SO )
N Gopesas cofs wse-TOTPAROSEARADTARECYAN- {CosHg—CisH—80)yBa Or -0 a0 —~% 17
XNCROTM ER
O Sapmeias coxs we-neraademoscyasdoxncaons | (CyHu—CoHOF~-80,)8e Or-4imé 1

(CuBu—CyHCl—800Ba | Or-dm~4 | 1

P &‘csunn COXD NIO-DITREMONOZI0PIOIONCTAD-

l

Note. Additive content in oil 1% by mass.

A)  Preoduct

B) Hypothetical empirical fcrmula

C) Pour point, °C

D) Pour-point depregssion, °C

E) AK-15 011

P) From

G) To

H) Same + additives

1) Barium salt of i{eo-cetylbenctosulfoacid

J)} Calcium salt of alkyibenzolsulfoacid (alkylation of benzol
by chlcrinated paraffin)

K) Barium salt of alkylbenzolsulfoacid (alkylation of benzul by
chlorinat~d paraffirn)

L) Sartum sait of {so-cetylnaphthalenesulfoacid

M) Calcium salt of {so-tetracosylnrphthalesnesulfoacid

N) Barium salt of tfso-tetracosylnaphthalenesulfoacid

0) Berium salt of fso-cetylphenolsulfoscid

P) Barium salt of {eo-cetylmonochlorobentzolsulfoacid.
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TABLE 11.60

Results of Laboratory Tests on 0i{ls with
Varicus Sulfonate Additives [34]

2 2 3 X . (u-..:-fo:)?)
Sory. | Mewmze
Hpexrsy vores, | CoTAD, | i we | i | eseadraes
Ganrwt ] %
“ i ol -
3 JweaLB0C MACEO 94? - 5~-84 209 oH f 18
9 ‘l‘om-i-l BCLKR:
5% Cs8-8 . .... 048 | 1015 5 053 298
8% CB-3 .. ... 087 | 8510 23 o 8
0% CB-3 .. . .. 0,7¢ © 05 28 oM 58
11 10% opecem CB-3 12
(amamexzn coms)| 027 05 |[Orcyrcrame| 0£27. | 132
ox hlica ... .| 115 [o5—1] Yome | oms | oo
s Mo ... | ost [os-10] 63 |am | o
16 Amesssos macao AC-4
(vocToumoe cupss) . . - 4550 123 (" 18
17 Tbl-+§¥nmnn: A
0% CB3 . .. .. 0.76 05 18 op12 | 308
10% ‘ll’"c'” ... 124 0s 13 oS an
159 ug'-:oz co.. om 05 %9 o V)
1) Product 10) SB-3
2) Ash, § : 11) 10% cf SB-3 additive (cal-
3) PZV detergent properties, cium salt)
points 12) None
y) Pinkevich corrosion (on 13) 10% PMS'Ya
lead plates), g/m? 14) Same
5) VTI oxidation (14 hours 15) 15% NG-104
at 160°C) 16) DS-11 diesel oil (eastern
6) Amount of sediment, % crude)
7)  Acid number, mg of KOH to 17) Same + additives
lg 18) 10% PMS-19
8) [S-11 diesel o1l (Baku 19) 15% NG-102.
erude)
Q) Same 4 additivas

Tables 11.61-11.67 set forth the properties of dialkyl di-
thiophosphate derivatives used as multipurpose additives. These
additives are effective antioxidation, anticorrosion ani antiwear
agents. A number of additives of this type alsoc have effective de-
tergent and deemulsifying properties. In combinaticn with sulfo-
nate additives, metal dialkyl dithiophosphates are used to prepare
0ils with high operational properties.

The properties of a number of ccmmercial multipurpose addi-
tives of the sulfuretted-alkylphenoclate type, formaldehyde-con-
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dengation alkylphenol additives, and others are given in Tables

11.58-11.75. Tables 11.74 and 11.75 indicate the effectiveness of
these additives.

TABLE 11.61

Structure of Technical Additives of the Di-
alkyl Dithiophosphate Type [35]

Cocres (méawe- |
A B c wuill), mag. %
a Gepurs EJF G
a i1 g i l
H Ro-1 {{RO)PSS]Ba; R Cypy—Cyy 1.36“?- 42011831340
A0-2 [(RO);P88},Ba; R=Cy—Cy 1% 454019814
en—ccnor- o ose
A®-12] ]| CH,—(CH,),~CH~CH,0 |,P3S),Ba 845 |790{229] —
AD-5 [(RO)PSS}yZs; R mCq—Cy, 1:&— 180]1.93(3.87
i e
i X CH,-(CH,).—CHO].PSS o 25 |418{334|em
- cno)
Ao CH,~(CH,),~CH-CHO },FsS),2a 7125 [390|38¢]8.18
Ao {CH,-—\'CH.).-(‘IHO] P8S2aSSP[X ], * 6603 :5.00]4.00 | 040
CH, }»
D14 [CH,~(CH.).—-¢':H-CH,0} PSSInSSP{X),* | seu3 |s28]450]0ss
CoH, s
- ® X - OCH,CHICH,.
A) Additive E) Metal
B) Pormula F)} Phosphorus
C) Mclecular weight G) Sulfur
(calculated) H) DP-...
D) Composition (found),

$ by mass

Table 11.76 presents the properties of additives of a highly
promising type (ash-free multipurpose), representing copolymers of
nethacrylates with certain nitrogen-containing compounds.

Copolymers of lauryl methacrylate and 2-diethylaminoethyl
methacrylate typify these compounds:

Ch, CH,
) t
B o ce oG CHy—
i
0=t deo
! !
(1) CH,
i {
n N,

|
HCy—~N—CH,




1)
2)
3)
&)
)
5)
7)
8)

.
Pt €0 \D
[ O

TABLE 11.62
influvence of Metal Dial'yi Dithiophosphate

Additives on Properties of DS-8 011 [35]
- ] 12
' Momses * ﬁﬂﬁgﬂT mﬁLunn Kpurrwernsa
mf ! ‘::lm‘" o aPOIRS a'pysm P,
(ywecromy- | < (n 8/:%) npa A "Lm
AN 2eTO- BCTMTARES el m’-"‘
1 Axwa) o macaoM ey~
Npaxyst . ® ’;i{. 1.!’ ovass IIX-9,
o 3 .‘ H
et ol SNOMNNRRE
JURLIGE o 6| Bl |
13 Macxo Ge3 A— 035 | 22 | 22 | 037 19 15.2 “
BRENCAA N 15
1 4To we+ ars-
CARRA:
154! 25 , 048 0] 09 24 8 79 .80
-2 4000 | 0 (|8 | 2 0 - 18
-12 30 | 028 4 - 42 66 -— 194
-5 30 1020 12 | 49 | 109 a0 20 22
ﬂ@-& 40 (020 ] 18 | 47 | 135 .} vh 142
-9 25 | 008 18 38 | 115 6 6.0 14
AP-10 SO |15 | 16 | 44 ! 112 a3 13 125
LO-14 30 |0410 | 18 i 538 83 5¢ (¥ ] 138

Nof;. Dialkyl dithiophosphate content in oil
3.5%.

Product

PZV detergent properties (upgraded method)

Points

Amount of varnish deposits, g

Deemulsification (amount cf nonseparating emulsion), %
NAM% corrosive aggressiveness (g/m‘) 1n test with oil
DS-

Mt-.16 (Emba)

Oxidation stability :

Papok thermal-oxidation stability, minutes

Content of tars in o'l after PZV, §

Critical load Prs kg {four-ball nachine, steel ShKh-2 balls,

diameter i2.7 mm. Relative =lip apeed ¢.25 m/s)
011 without andditive ' o

Sare v additlves

pr-1.
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TABLE 11.63

Intfluence of Technical Dialkyl Dithio-
phosphates on Detergent Properties
and Corrosiveness of Aviation Oils

(36]
? " | 230name caotieran | &
1 Do 1138, Ganaw ROSTS e
Tipwcagna . (o
Me-2z | mege | B3N
5 Batosod mpc®0 . . . . . . .. 40 435 80
¢ To me-}-nprcanma:
7 MaANRAINTH 16apun | 2530 | 0510 2
$ LMAARRAANTH T RARM-
WA . . .. h . e e e 35 2025 83
s maxnaurmopocder  xm- :
AR ., .. ... 45 20 0.7
10  umaasaxawrnodocher wean 33 43 455

Note. Content of dialkyl dithiophos-
phates in o1l 1.5%.

Additive 6) Same + additives

PZV detergent properties, 7) Barium dialkyl dithiophos-

points phate

MS-20 8) Calcium dialkyl dithio~

Corrosiveness of MS-20 phosphate

oil (according to AUSS G) Nickel dialkyl dithiophos-

5162-49), g/m* phate

Base oil 10) Copper dialkyl dithiophos-
phate,

TABLE 11.64

Detergent and Corrosion Properties of 0Oila
as Punctions of DF-1 Additive Concentration

[36]
xmm&ummm KW&!JSG’MM-“L
1
Raase i‘ « apaceanet " tuguna
3' 0% | i | o o ;s IR R L)
;ﬁc-m(rpu- s - 12-2%505-4] 33 | 48! — | 12] 4B
"eBCHOe)
Mkn {438 - (35| 2 [as-sos] - |28|eajar
Tamenwe (] § x&~+:&- 2 {1 lassrjnces
mfrucEny
wdrel)
011 5) Corrosion (AUSS 5162-49),
PZV detergent properties, g/m?
points 6) MS-20 (Qrosnyy)
Without additive 7) Diesel (from Emba crudes).

With additive




TABLE 11.65

Influence of Length of Hydrocarbon Radical
on Deemulsifying Properties of Nickel and
Barium Dialkyl Dithiophosphates [37]

1 2 3
Dpacatm Sopuyas ‘ .“‘“m""’
» Ju-x-Byma; T NAKSAA ]
8 Jm-x-emm t ERNSZN -]
¢ [B-u-oXTRMNOEAART: T NURORS &0
L4 T Od 12
L nragenmansrzofoodar Gapus 0

Ncte. Additive content in oil (All-10) 1.5%;
deemulsifying ability of additives determined
by centrifuging mixture of oill with 1% sludge
(from oil filter of automotive engine) and

; distilled water for 30 min.

1) Additive 6) Nickel di-n-octadecyl di-
2) Formula thiophosphate
3) Amount of emulsion, % 7) Barium di-n-decyl dithio-
4) Nickel di-n-butyl dithio- phosphate

phosphate 8) Barium di-n-octadecyl di-
5) Nickel di-n-decyl dithio- thiophosphate.

phosphate

TABLE 11.66

Influence of Metals in Organophosphorus Com-
pounds on Their Deemulsifying Properties [37)

' Koswwecyno * %)
1 2 nche PosMEAR
Npesaye @opurme 3 Bveenms, e
) i 13 »
» Jlesaxsaznrnogoc- {{RO), PSS} Ba 0] 0 9 o
!w
H nu.!:nmvm [(RO),PES},Ca S>> N n
$at mansman
s Jsanxunsaraches- {{ROLPSS}Ia n i 13 10
v m:;:ﬁm (CullaONPSS—88P (OC, Hyl| M - ] » M

Note. Dialkyl dithiophosphates obtained from
technical macromolecular alcohois; additive
content in oil (D-~11) 1.5%; deemulsifying
ability determined after 30-min test of oll

on PV machine in acccrdance with AUSS 5726-53.

1) Additive 4) Barium dialkyl dithiophos-
2) Formula phate
3) Amount of emulsion (in %) 5) Calcium dialkyi dithio-
siter centrifuging for phosphate
. minutes &) Zinc dialkyl dithiophosphate

7) Disulfidethiophosphate.
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TABLE 11.67

Influence of Structure of Barium Dlalkyl Di-
thiophosphates on Their Deemul

s 2593 sifying Prop-
erties
4 : . 2 = 3
: . . Serryem owymianm, %
. ;
S ey
[ 7/ o‘cn'-
nmaj:ra==r- ag\"'/o_th. 13
: ] ot

Nl -Gty

Note. Test conditions for additives similar
to those indicated for Table 11.65%.

1)  ARdditive
Fermula

4) Barium di-n-doeyl dithiophos-
Amount of emulsion, ¥

phate .
5) Bartum disulfidedioctyl-
phenyil dithiophosphate.

——————

i A

SR

e e m:;ﬁW
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TABLE 11.68

Physicochemical Proper-
ties of AzNII-5 and
AZNII-T Additives

T 1 1) Index
Donssarems AEEN-§ | ASMER-? 2) AgNII-...
‘ 3) Density
3 Naotsecn of* 108 4) Kinematic viscosity at 100°C,
v B - 5) gS’t i1t, °C
SIWOCYE  NESMATES our poin '
moa mpe 107G ez | e 6) Ash, % ’
s Twm secTu- ’g; Sulfur, £ ;
- Coking capacity
: Cope, !”A'.’.‘. _— ::; ?_‘Q 9) Pinkevich corroglon of indus-
¢ Koncpowocrs, 1011 - trial oil 50 with 3% additive,
s Romm':_ g/1ct
“aénm 10) Detergent properties of indus-
;I"‘& Toma, | 0—s trial oil 50 with 3% additive
19 Mowmus casdorsa wa- by PZV method, points.
[ ]
rol)csxn?'cu-
= 0o .
o] IR P
TABLE 11.69
Physicochemical
Properties of BFK-1
Additive
lz Index
1 2 2) Norm
Flosssareo Topen 3) Density
4) Xinematic visccsity at 100°C, cSt
. 5) Molecular weight
3 Naermocr: ¢ : . . | 1019 6) Flash point (open crucible), °C
" Bmwocrs XummeaTR- 7) Ash, %
wcmas opa 400° C, 8) Pinkevich corrosiorn of D-11 oil with
s Memsyamped soc. | | ‘W0 5% additive, g/m!
¢ Twmepery;s BeaNm- 9) Detergent properties of D-11 oil with
puud O ool PPN 5% additive, by PZV method, points.
? Jommoene, § . .. |40
' Koppores »v [amme-
sty wetms A0
:l.-!“. ...... 2-3
] coodeves 2
e Rt ¢ By

ay NIB, Gexzw [C3—18

The amount of nitrogen-containing monomer in the copolymer
is usually 5-10%. It 1s also possible to use other polymeric mono-
ners based on derivatives of pyridine and certain amines.
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TABLE 11.70 f

Physicochemical Properties of TsIATIM-339 é
Additive ;
1 2 2 2 3
Tlomssavenn Hopm loMasarens Hopan F 1
3 BaNders  xENOMATEWS- 1 2] Boxa, %, me Goaes . ., L X ]
cxan apx 100° C, cem, 1 3| Baronos saczo MT-30 i
newewte ., ... .. 15 ¢ 3% npacazns.
& Co see, %: x0 s,
e xa0pa. me Goses t‘)'.; 1 Sxommme _ esoficras 1
$ |
Yok 4~55 so N3B, Gasaw,
§ Peaxans spucauen . . . jsillcaoymas mloses .. ... R ¥
n el‘::uu%éna' .mm s mm :'mm » .: 1?
[} v i
&, xobosee ., . ... 0.43 1 e . ... ... l Buepms-
; sast
1) Index 10) Ash, %, nc less than
. 2) Norm 11) Mechanical impurities, £,
3) Kinematic viscosity at no more than
‘ 100°C, cS8t, not less than 12) Water, %, no more than
4, Contents, % 13) MT-16 base 01l with 3% ad-
5) Barium, no less than ditive
6) Chlorine, no irore than 14) Corrosion, g/m?, not above ;
7)  Sulfur 15) PZV detergent properties, :
8) Reaction points, not abowe¢ \
9)  Alkalire 16) Test for solubility of ad-
ditive in oil
17) Passes. 1
TABLE 11.71
Physicochemizal Properties of VNII NP-360
Additive and its Compcnents
! Roemsoumre "N
Hessssrers °
U S sl TS,
$ Bumsn REEGMATEW-
. e WPS ;.2‘6. an 0—-0 -3 -0
Tl L. - 24-18 Ars-18
S W .. .. ... - 13-4 3—_—3
3 Sopun .. ... . . 103128 -
. 1o Sempsers. % . . ... 1—18 -4 1558
11 Copa, X . .. .. ... - $0--88 1430
11 Mazagm echme spieeen,
%, o deane . . . .. o X o
1Y Bem ... ... ... 120veyversn
2 Composition of VNII NP-360 additive: 2 parts
by weight of VNII NP-35§ and 5 parts by
weight of VNII NP-350.
1) Index ) VNII NP-360 additive®
2) Components 5) Kinematic viscodity at ,
3)  VNII NP-... 100°C, <8t g
- 745 -




6) Contents, % 11) Sulfur, %

7) Phosphorus 12) Mechanical impurities, %,
8) Zinc no more than

9) Barium 13, Water

0) Ash, ¥ 14) None.

TABLE 11.72

Paysicochemical Properties of VNII NP-370
and VNII NP-371 Additives

1 2

Devasaress PERE ED-370 u-nzncn
Dlmmmwn
. “‘o'-‘. 20--% 208
* CweaRs .. .. ... ... .. 2-34 o
7mn~d 108—038
OO . ... ... ... $0reyrersne
10 nu(qnm ....... 1-74%
1) Index 5) Contents, %
2) VNII NP-... 6) tal
3) Kinematic viscosity at 7) Mechanical impurities
100°C, cSt 8) \Water
§) Alkulinity (sic; neutrali- 9) None
gation number?], mg of 10) Ash (sulfate).
KOH to 1 g
TABLE 11.73 E
Physicochemical Properties of MNI IP- '
F 22k Additive
) Ry : . -
Dhesusreny g
’ 9 Bmawocns xmusmntaescess spe 16°C . am . . . . | W28 ‘
s Caoppmame, 9. B0 weete:
S BRARMIME . . . .. .. ... ae e :s.
7 Samamens. R il u
N
H' ’0".% N.mboame . ... ... V)
1 ml:ol-ot.sﬁm »
W' ...........
1 2 yemaae -tlll.ﬁu..u.lun ]
1
M, WS MIBE® . . ... eoeoe s e s e o
1 v myrepuse s 3 am, %, = fsam -
pefios fpasane . u
EPUTEIEAR L ]
v Pmn Cow— .. ... ... b
1)  Index k) Contents, %, not below
2) Norm 5) Calcium
3) Kinematic viscosity at 6) Phosphorus
100°C, cSt 7)  Ash, §
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8)
9)

10}

11;
12)

13)

Sulfur, %, not below 14)
Mechanical impurities, §,

not above 15)
MT-16 base o1l with 4.5%

additive 16)
Corrosion, g/m?, not above

PZV detergent properties, 17)

points, not above
Papok thermal-oxidation
stabllity, min, not below

TABLE 11,74

Operational Properties of MI-16 NKZ 01l with
Additives [38])

Motor vaporizability in

30 min, %, not above

30-min working fraction,

%, not below

Varnish formation in 30
min, %, not above

Critical 30-min varnishing
temperature, °C, not below.

A OO Q= N B N
o N o e o S oo N st st St N Nt et

St b s

et et
(W TN

1 2

!i

] Mmm“ "
muspomotTy, ¥ . . . . ..

pobonsa Ppuxmxs, % 4

sam, % . ... ... 2

ofpasosamms, C . . . .. s
crainzy~

mocry opa 20 °C, aam . . M

aaxosul  ocravex upa 280 °C, % 4

xosddunnenr 13

% ... .. 80
17 TNepaxence o8 BCONTARNG BO
rcug. ........
19 SOparcsamme ms Dopmme wWpRGTe
asma, %
e . ... ... 8
a2« .......... 100
moppoans 38 10, ofab . . . . 18

Index

011 without additive
041 with additives
3% TsIATIN-339

6% VNII NP-360

4.5% MI IP-22k
Motor properties
Vaporizability, %
Working fraction, %
Varnish, %

va ls s .
188
o L 4 o
3 ® "
0 ° o
26 ne m
» Q n
B -] %
09 L) oA
-~ M-I.J 03—1.0
¥} 1.9 ¥
3 » »
90 N 0
e ] 0

Critical varnish-formation temperature, °C
Stability to thermal oxidation at 260°C,

min

Varnish residue at 260°C, %
Varmish-formation coefficient
PZV detergent properties, points
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: 16) Tendency to form carbon deposits, %

‘ 17) Primary motor test by GSM-20 method

18) PFormation of black varnish on pistcn, %
19) After ... hours ,

20) Corrosion in 10 hours, g/m?.

TABLE 11.75

Laboratory Evaluation of Import and Domestic
0ils with Additives [39]

m St cu b~ v N

? e | s [ |
| 1 *® tg T ‘
E Noam ¥ emme e
L 8 e
| HIES
9 : 3
s Dpeunansace ESSO-0W/30 . . . . . 0271 20| ¢ |Swyere| B
|
1 0 Mocae
¥ e DR oz1|1s| s| n | @
i 12 THEM-33 4 AG3 . . . .. 052|101 8 2 4
1? BRs® . ........ 048 30| s | 3 | ®
B Ay ... ... o s 8 b - | “u
Copuali is
1s Kactpome3® . .. ... ...... 10 | 18] 10 [Seryure-] W
P .
! l‘ ..l-!-i“‘ ..... SR 0,6 161 90 l‘?- >
B giatl gl |8
jy mace | AR I 3 I AT E ]
B3 ... ... o8 | O 132 |+ & b+ 4
L ¢ o T 14 | 0 10 (Suyue] B
-
23 Cepurll
IS Pogyer® ... ... ...... 3210 ] 1 ]
1e 13 n&%‘w ....... 010 : 13 "
24 TMCR + BERR RIS © . © |13 | 0 icam| 13 | o
2¢ Ceopnsalill H -
2 % ......... a0 | o 0 - :
e RCH1 4 . S, 2 l0 ° s
1) 011 and additives 18) Serles I
2) Ash, % 15) Castrol-30
3) PZV detergent properties, 16) Shell X-100
points 17) Same
d) Oxidizadility in DK-2 18) DS-11 + additives
S) Sediment, § 19) 1pP-22
6) Kinematic viscosity at 20} PNS'Ya
100°C, cSt 21) SB-3
7) ‘Thermal stsdbility, min 22) N0-102
8) BEaso-20M/30 premium 23) Series II
9) Thickens 28) PRimula-30
10) AS~9.5 + additives 25) DS-11 oil ¢ additives
11) TeIATIN-339 26) PNS'Ya ¢ VNII NP-353
12) TeIATIN-339 + AFB 27) Traces
13) VNII NP-... 28) Series III
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29) Mobilgard 593 30) DS-11 + Santolube-311.

TABLE 11.76

Physicochemical Properties of Certain LOA
(DuPont Catalogue)

3
Dovssdvenn LOA-384 1O0A-308
2 Neomoengl ................. 0s0 s
} Bmxocrs XuscMaTEwCmR, tem
snpa@98°C . ... ... ... ... 20 e
» 18°C .. ... 13080 58006
’ s lan:z:'?: ................ 1 10
7 BOCOSAMSMMERE . . . . . . ..o 0 e e i 13
? BCTMBOERE . . . .. ... ..o e s :’l ~8
$ Ygcap osumesns,  KOHm o . . . . . .. l{
10 oo ¢
1)  Index 7) Piame point
2) Density - 8) Pour point
3} Kinematic viscosity, cSt 9) Saponification number, mg
4§) At of XOH to 1 g
5) Temperatures, °C 10) Ash, §.
&) PFlash point

Su.h compounds, which have thickening and detergent (dispers-
ing) properties simultansously, are produced abrocad under the

designations LOA-564, LOA-565 (DuPont), OLOA-1200 (Orobis), and
others.

7. ANTIFOAM ADDITVIVES

Silicon-organic compounds: polymeth; 1l siloaane (PMS-200A),
pelydimethyl siloxane, polyethyl silcxane and others are used as
antifoam additives (Table 11.77). The amounts of the additives
used in the oils range from 0.002-0.005%8. The mechanism of the ac-
tion of antifoam sdditives 1s based orn their depression of the
oil'as surface tension. The result 1s that air discolved in the oil
can be eliminated nmure easily witheout the formation cf a heavy
foam. Recently, antifcam additivee have been noming into uae to-

gether with detergent additives, since the latter usually promote
foaming of the oilsa.

Sone of the silicon-organic compounds with antifoasming prep-
erties are also canable of i{nfluencing other physicochemical and
operaticnal properties of oils.

Polysiloxener lower saturstion vapor pressure and hence the
vaporicadbility of olls (the flash points of oils with polysilcxane
ere consideradly higher than those o the pure oils). During oxi-
dation, smaller amounts of tarry and acidic products are formed in
a dody of oil containing polysiloxsne, and the oxidation induction
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TABLE 11.77

Action of Silicones as Antifoam Additives
for O1l1s [40]

d

1 2 s ~“‘.W~'(‘ﬂ)'
Maene | TummpeiEpe e T v
8 NN, STRAGR- BOORPORES- oyramm-
s Naxyerpa- 00 74 . ) 7%
amase » 03 3 bS] »
2 | 2 2l
03 Her S Her sHer
oo " 2 o
Ny} 03 2 10 10
10 SHer 3 2
1 1 Typlaxmoe 00 13 13 15
% 0s $ U $
15 SHer % Ber SHer
09 $ $ §
100 i O SHer 9 Hov SHor

Note. 0il delivered into cylinder with test
oll at 33 liters/h.

1) o1l

2) 011 temperature, °C
Amount of additive in o1l
Volume of foam formed (cm
tion of additive into oil
Ethyl siloxane

3)  §
§)

5)

gg Isopropyl siloxane

8)

9)

‘) on introduc-

Butyl siloxane

Industrial 50 10) Avtol 10
None 11) Turbdbine.
wr
2 N
D
] &
it

C Tomaepazypa, €

Fig. 11.21. Influence of polyslloxane additive on vaporizadility,
working fraction, and varnish-forming tendency of M3-20 o1l during
its oxidation on chromium-plated evaporators [81]: 1) M5-20, 2)
KS-20 ¢ 0.002% polysiloxane (molecular weight 8835). A) Vaporiza-
biiity, £; B) min; C) temperature, °C; D) varnish formation, %.
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time increases. In thin-film oxidation, the .aporizability of the
oil is also reduced, varnish formation is slower, and hence the
working fraction of the 51l increases (Fig. 11.21). In the pres-
ence of polysiloxanas, oils run off hot metal surfaces more slowly
and the varnish films formed are less adhesive. Polysiloxanes arc
also highly effective when used in additive mixas: they improve
the thermal-oxidation stability of the oil and its detergent prop-
erties (Tables 11.78 and 11.79). The mechanism of the many-zided
action of polysiloxanes is cbvicusly related to their adscrption
on the oil-air and cil-metal interfaces and their ability to form
a thermochemically stable surface layer that prevents diffusion of
oxygen into the oil and weakens the catalytic action of the metal
surface. This conception is quite consistent with the high surface

activity of siloxanes, which has made it possible to use them as
antifoam additives.

The slower oxidation of oils with siloxane additives not onl-
reduces the amount of oxidation products formed, but also changee
the nature of these products. For exampie, the varmish contained
considerably larger amounts of products of the initial oxidation
stage (tars) and less of the deep-condensation products (as-
phaltenes); this helps reduce piston-ring burning, since as-

phaltenes and hydroxy acids are the most harmful components of the
varnish films.

TABLF 11.78

Influence of Methyl Polysiloxane cn Deter-
gent Potential and Thermal-Oxidation Stabil-
ity of DS-11 011 [42]

1 Tepisenpy [

r
Spemree =y oo
e .
: 84: ................... » °
BN eaencancasoneana . . . . . . . » '
008 % » e e e e e 7 3
1 B e e e e e e % |
7 6.53 BOK . ... .. ... .. 4 »n
. 363 BOK 4 0.005% mersasoxncaroncens ] ®
s 109 BOK 4 1% BHMN HDV S8 . . . . . 100 “
1o 10% BOK 4 1% BMNN 111-33) 4 0,000% . »
11 1% FOR FANARD . ... .. n »
11 0% SOK 4 1N AR-2x 4 0,005% merma- 108 ®
11 10% BOK 4 1% AsHRN-10 . . . . . .. - ®
2 10% BOK 4 19 AsHNR-10 4 0,005% me
TRIYOANCRROMEAMS . . . . . . . - . . . 120 ®0
1) Product 8) 6.5% BFK + 0.005% methyl
2) Thermal oxidation atabil- polysiloxane
ity at 250°C, =in 9) 10X BFK + 1% YNII NP-353
3) Detergent potential at 10) 10% BFK + 1% VNII NP-353 ¢+
250°c, % 0.205% methyl polysiloxane
L DS-11 11) 10% BFY + 1% AN-22k
5) DS-11 ¢ additives 12) 10% BFK + 1% AN-22k ¢
6) 0.002% methyl polysiloxane 0.005% methyl polysiloxane
7) 6.5% BFK 13) 10% BPX ¢ 1% AzNII-10

18) 10% BPK ¢+ 1% AzNII-10 ¢+
0.905% methyl poilys!loxane.
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TABLE 11.79

Influence of Temperature on Effectivenecse of
Methyl Polysiioxane [42]

2 GarnI00Ts (o wa) pm | SYCOCEE DoTeRENaR ( %)
1
Ryegywr o : olelelele]e
SR AR ARIR AR EERE
s JC-14405% BOK ., .| 712 47 % |28 X b i} % |25
s NC-11465% BOK+4
. +0,005% rwvexmozm-
CHIOKCANA . ., . . . 104 7Y 85 {44 8 ® ae |28
1) Product §) DS-11 + 6.53 BRFK
2) Thermal oxidation stabil- 5) DS-11 + 6.5% BI'K + 0.005%
ity (min. at methyl polysiloxane.

3) Detergent potential (%)

€. RECEPTIVENESS OF CILS TO ADDITIVE

The receptiveness of olls to additives depends to a major
degree on the chemical composition of the oils, i.e., on the na-

TABLE 11.80

" ture of the crude from wi.lch the oil was prepared and on the depth

Influence of Additives on Thermal Oxidation
Stability of MT-16 Oils from Variocus Origins

b
2 Maono
Caoeen ¢3pmeornx
1 3 ™ [ el
0 poynr scem- | mmprod- ? [
cnoe
MTS . ... ..... M 2 5 v

s To ms - mpmcagma:

Lo 5% LBATHMYN . . .|
11 4ow MERHA:x . .| @
12 6% BHHH HG-M0 ..| %

]
&

| epaer
w0t | TR | wymus | mu2
%
»
[ 3
7 7

2Es

s
N
”

Noto. Thermal oxidation stability determined

at 260°cC.

1) Precduct

2) 011

3) Emba

4) Zhirnovsk

5) Kera-Chukhur-
Surakhany

6) Mixture of sul-
fur-containing
crud2s

7) NUNPZ [HN3 = refineryl
8) NK2Z

9) Same + additives

10) 3% TsIATIM-339

11) 4.5% MNI IP-22k

12) 6% VNII NP~-360.
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and method of refining. Hence the effectiveness of adiitives must
be established separately for each type of oil. An additive that
1s effective for oils from nonsulfurous Baku crudes may be 1nef-
fective for oils made from sulfur-containing crudes, and vice
versa., The chemical compositiori of the base oil is particularly
important in selecting antioxidant additives. Such additives as
p-hydroxy diphenylamine, phenyl-a-naphthylamine, and others are
most effective in deep-re¢fined oils that contain a small per-
centage of aromatic and tarry components. This 1s because the
tarry products passivate the action of antioxidants of this type.
Por depressor adaditives, the nature and concentration of solid hy-
drocarbons &gnd the content of tarry substances 1s essential, while
fractional compusition is important for viscosity additives. The
same applies to multifunctional and mixed additives. Oils that
have been quite thoroughly refined are usually more responsive to
additives. However, a sufficlently effective additive mix gives
good (equivalent) results when it is added to oils with various
refining depths. The necessary degree of refining of the oil or

‘the optimum chemical composition of the base oi1ls must be estab-

lished empirically in each speciflc case as a function of the na-
ture of the raw material (Table 11.80) and the effectiveness of
the additives (Tables 11,81 and 1

1 Qan
dhowid @IU LAsVE] .

Table 11.83 presents data characterizing the responsiveness
of oils with various chemical and fractional compositions to de-
tergent and mulitipurpose additives; the Jistillate olls are more
receptive to detergent additives than are the residual oils. Whan
the additive has pronounced entioxidant properties (additive DP-1),
addition of residual oil to the distillate component increases the
effectiveness of such acdditives sharply (Tsble 1i.81) because of
the responsiveness of aromatic hydrocarbons present in the residu-

al o1l (primarily medium and heavy ones) to additives that have an
antioxidant effect (Table 11.82).

TABLE 11.81

Influence of Additives on Detergent and Anti-
oxidant Properties of Distillate and Com-
pounded DS-8 011 [44]

ANSIES MMASR Nrene
oyl
1 2 rosxm [13B * [] ? PR
nmem | KRCATTROS p
Tpoxyer wmoto, | comepuags | MRS PO
3 » xs KOR | nye cuon, | PATTORW
Saar [ neie % *¢
wecm bm'
’ gnc-s ARcTarnETEoe . . . .| 45~8 058 088 9.4 047
10 me 4 DpRTAANS:
11 ”é BOK ..... .. 28 0.10 o8 8.7 04
12 a.% 4 ... ... 4 0.50 .44 4 o487 -
) c-:k 8. ... ... 3 020 | 1716 | 43 | oo
XOMTIAYRINPORAR-
- Rl s S , ..... 44 033 0AS 64 03¢
1 0 1'Do »ee -4 3pncaaxe:
11 S BOK .. .. ... 28 0.10 080 'S 3 08
12 304 A1 .... .. 225 015 3.} 33 0s
LY 4% CBS ... .. .. 3 0.20 b3 164 048

*Test conaucted by upgraded method.
#8Desorption of tars frem silica gel by alco-~
hol-benzc¢l mixture after washing columns with
benzol.
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CO~3 W &t N P
et N N ot Nt N S

#8#8011 dissolved in "Galosha" gasoline.
BeadMixture of 86% distillate and 14§ resid-

ual oils.

Froduct

Varnish formation on pis-
ton of PZV machine®
Points

g

Analysis of oil after
test

Acid number, mg of KOH to
1l g of o1l

Tar content, S%#

TABLE 11.82

Influence of Additives
Stability of Fractions
drocarbon 0ils [44]

8) Content of insoluble resi-
due, SHa
9) ps-3 aistillate
10) Same 4+ additives

11) 3% BFK
12) 3.5% DP-1
13) 4% SB-3

14) DS-8 compounded#¥ss,

on Theirmal Oxidation
of DS-8 and MS-20 Hy-

3 Tepmoouscawremaan cralsmmosrs
1 ope 250° C, aum
e |3 poK |6 30% |
3% BOK |6 AI% |4 cB4

s ﬁn“ AMCTRERRTNO® . . . . . . . . 18 21 S 18

] dremo-n ” 8 10 15 8
10 Opamuis sDOMITNSSCRRE  YTadBoX0-

};suin.. ........... :: 18 gg g
CPOXMM® . . . . . e e

13 qmmeane . . . - ... .0 . i 35 63 M

1 CuodM . . o ¢ oo v 0 v 0o v o v 15 18 28 28

18 MC20 . ... .0 000 v v v v 4 48 104 M

9 Hadreno-napadawosss dpangua . . 24 19 2 21
10 OQpaxufin aPOMATEWCRRX YTASLOAO-

»

11 gerxne . ....... % 2 43 40

l2cpoanme . . ... ....... 54 83 122 85

R 3 T 87 Y] <] 58

Product 9) Naphthenoparaffinic frac-

Thermal oxidation atabil-
ity at 250°C, min

Without additive

With additives

3% BFK

3 . 5’ DF"l

kg sSB-3

DS-8 diatillate
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10) Aromatiec hydrocarbons
fraction

11) Light

12) Medium

13) Heavy

14) Tars

15) MS-20.
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TABLE 11.83

Receptiveness of Various Oils to TsIATIM-339
and VNII NP-360 Additives [“5]

! ' 2 ‘
el ol o
’ nxmum»mm? HN3, ouu—lm . '
. JBmOE L
‘ G %ﬂ 339”-#1% AsHUR- llﬂ:‘.ﬂ(ﬂ-l .o ”2._.-‘
, _oﬂ‘x B HIT. i 0% >
A e R
S 3% U m-m+m AHER-UBATEM-§ . . . 31-38
§ 6 BHHM HII-30 ... .. .. 0. 0060000 3
] lnuo )lcfu" ................... 4
" :
3 Aznuunmm-a c f e  §
N o’é ‘én nnd‘ ......... o is
9 mmur-um ........... e s e e é
" m
.&Am-“-}-i% MH“H-HMMI v e ¥-15
¢ sx BHAN HO-280 e | 3

—

*Test run by upgraded method.
#5704 distiliate component + 30f% residual

component.
*R825¢ distillate component + 75% residual
component.
1) 011 6) 6% VNII NP-360
2) Varnish formed on PZV- 7) NU NPZ residual component
machine piston, points?® refined with 2008 phenol
3) NU NPZ distillate compo- 8) DS-11 oil®®
nent refined with 220% 9) MT-16 oilltes,
phenol

4) Same + additives
5) 3% TsIATIM-339 + 1%
AZNII-TsIATIM-1

9. DEPLETION OF ADDITIVES

When an engine runs on an oil containing & detergert (or mul-
tipurpose) additive, a decrease in the concentration of additive
in the o011 is cbserved, and its effectiveness diminishes (the ad-
ditive is depleted). Lowering of detzrgent-additive contents in
the oil may be caused by:

2) direct adsorption of the additive onto the filtering ele-
ments of oll filters;

b) removal, by oil-filter elements or centrifuges, of otl-
insoluble contaminating products tcTether with additive adsorded
on them;

¢) interaction between the acdditive and the surfaces of en-
gine parts lubricated by the oil.
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Fig. 11.22. Change in metal content of additives in DS-8 o1l -
ing operation of ZIL-164 engine [46]. Additives used: 1) gt dur
TsIATIM-339 + 1f AgNII-TsIATIM-1; 2) 3.5% DP-1; 3) 4.5% VNII NP-

32&; :;i2:5:IHNI IP-22K. A) Additive content, §; B) Engine run-

]
Fig. 11.23. Influence of sulfur con-
tent in fuel on depletion of TsIATIM-
339 additive from o1l (YaAZ-204 en-
- \ gine) [33]. Sulfur in fuel: 1) 0.2%;
a . 2) 0.5%; 3) 1.0%; 4) 1.3%5. A) Additive
o content, %£; B) oil operating time, h.
LAF
A¥ .
Ve

W

Flg. 11.23%. Change in Darium content in oil az a functicn of fre-
quency of replenishnent of additive in oil [47]) (additive replen-
fshed at one-hour intervals): 1; before replenishment; 2) after
repienisheent of additive. A) Amount of additive added; B) bartum
soatert, § of original quantity ir oil; C) additive replenishment
pvekram; D) engine running time, hours.
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The rate of loss of additive from the ol. is determined to a
substantial degree by engine-testing conditions. “uring the first

hours of engine operation, additives are remcved from the oil with
particular rapidity (Fig. 11.22).

When oll is cleaned by centrifuging, smaller amounts of addi-
tives are extracted from it, as a rule, than when the oil is
passed through fine filters.

An increased sulfur content in the fuel results in a sharp
decrease in oil additive concentration (#ig. 11.23). The quality

of the additive also has substantial influence on the rate at
which it is lost from the oil.

When the additive concentration in the oil is increased (or
replenished) (Fig. 11.24), more of i{ is lost from the oil. At the
same time, the rate of additive los: (expressed as a percentage of
the initial amount) 18 independent cf the initial additive concen-
tration in the oil. Since the effectiveress of a detergent addi-
tive in the o0il 1s determined by its content in the o1l and by the
accumulation of contaminating products in it, the decisive element
in determining the effectiveness of the additive at a given time
during the test will be the racio characterizing the contents of
additive and contaminating prrducts in the oil at that time.

As the depletion tendency of detergent additives becomes
stroager, the ratio of the tmount of additive metal in the oil to
the amount of contaminating products will decrease.
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1Sand and other abrasive substances are not permitted
among the mechanical impurities.

Transliterated Symbols

x = k = kriticheakiy = critical

Kp = kr = kriticheskiy = critical

cs ™ 8V = gvaryvaniye = aseizure
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Chapter 12
LUBRICANTS

The assortment of lubricants prepared by the petroleum indus-
try and enterprises of the Ministry of Railrosds contains mors than
100 names; a list c¢f theae lubricants and their principal charac-
teristics is presented in Table 12.29 (see p. 818). Included among
them are certain lubricating oils {(for example, clock and instru-
ment) but not special instrument iubricants and special purpose
lubricants prepared in small amounts in experimental plants or 1in
certain instrument buildirng enterprises for their own needs.

1. CLASSIFICATION OF LUBRICANTS

Lubricants can be classgified according to various character-
istics:

1) aggregate state — liquid, semiliquid, plastic, solid (pow-
ders, films, coating);

2) colloid stiructure — sols, true gels, pseudogela, emulsions,
suspensions (pastes);

3) chemical characteristics - basic, weakly b.aic, neutral,
weakly acild, acid;

4) melting point — low-melting, average-neltin;, high-melting
(for plastic and solid lubricants);

5) the lubricants' behavior toward water (the chief external

reagent) — water-resistant (hydrophobic) and nonuater-resintant
(hydrophilic);

6) type of oil tase - prepa&ed in mineral o%ils, in silicones
or other synthetic coils, in mixtures of silicones and mineral oils;

7) type of thickening agent {principal) — hydrocarbdon, iupcn—
aceous, pigmented, silica gel, bentonitic, prepared in ures Jeriv-

atives, polymeric (thicknened with high polymers, eaters ard thelr
derivatives);

8) by type of filler — graphite, molybdenite; mica, metallo-
protector, mixed;

9) by metallic base of the soap (saponaceous lubricants) -
sodium, calcium, lithium, zinc, barium, aluminum, lead, mtc., ludb-
ricants in mized soaps containing scays of several metals - todium-
calcium, lithium-lead, etc. alsc belong here;
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10) by purpose — protective (conservation, preservative), an-
tifriction, antifriction-preservative, friction, sealing, techno-
logical, cleaning, etc.;

11) by temperature conditions of use — low-temperature (arctic),
high-temperature, tropical, universal (providing for operation of
friction joints in a wide range of tewperat. es?;

12) by areas of use - aviation, autorotive, railraod, marine,
artillery, instrument, industrial, textile, cable, pump, gas con-
tainer, metallurgic, rctary, etc.

In this handbook lubricants are divided into groups acccrdirg
to the last sriterion, — by areas of use, and groips of protective
plastic and 1iquid preservative (protective) lubricants are distin-
guished.

2. PRINCIPAL PROPERTIES OF LUBRICANTS
Texture and Structure of Lubricants

Lubricating greases are a special class of lubricating mater-
ials whose properties differ consideradly from the properties of
lubricating »ils. Lubricating greases are prepared by the intro-~
duction into lubricating olls of finely dispersed thickening agents
which fulfil) two functions: 1) they confine the liquid component
(lubricating o0il), forming a stable structural skeleton in it; 2)
they impart to the dispersion it< inherent properties which deter-
mine the ludbricant's sphere of a _.lication, grade and quality.

The external appearance ¢f lubricants is determined by their
color and texture - rough structure; lubricants are conventionally
divided into granular, fiirous and smooth according to texture.
Granular lubricants are agglomerates of "granules” of irregular or
more or less regular shape with dimensions from several tenths of
a millimeter to 1-2 mm. Thes2 lubricants do not form a smooth uni-
form layer (especially large-grain ludbricants) when they are smear-
ed on metallic surfaces or on glass.

Fibrous lubricants vwhen applied to glass or to & metal with a
glass rod extend beyond it, sometimes forming long thin fibers;
when teated on the fingers they form a "whisker,” stretching into
fine threads which break upon a comparatively great separation of
the fingers. The longer the whisker, the more stickiness the fib-
rous lubricant possesses. Lubricants containing rubber are capable
of atr~'ching into threads several decimsters long. The texture of
{idbrous lubricants 1s caused by the formation of strings and ribers
of microscopic and sometimes larger cross section.

Smooth lubricants upon examination with the naked eye and low
magnification in an optical microscope seem uniform; they usually
form a small whisker. The smooth texture imparts a pleasant exter-
nal appesarance tc >~ lubricants; they are deposited better (smooth-
er layer) on the surfaces being lubricated, they lubricate bearings
and other friction joints detter, promoting their normal operation
under more difficult conditions. A smooth texture 1s often one of
the principal requirements for a lubricart and is included in the

- 762 -

TR R

A SN Wt < e e b




specifications. Lubricants wit' a granular texture frequently are
additionally rubbed through -~ollers or in various homogenizers to
impart a smooth texture to them. Usually in this cese their rechan-
ical stab!lity increases, syneresis 1is decreased, etc. Smooth lub-
rications pass through narrow tubes more freely and fill lubrica-~
tors better; they contain fewer air bubbles and protect metals

against corrosion better than granular and fibrous lubricants with
the same properties.

The internal structure of lubricants and most of their physi--
cochemical propertiea are determined by their fine structure. The
structures of various lubricants photographed at a magnification of
10 thousand times under an electron microscope are presented in
Fig. 12.1. The structural skeletor of lubricating greases consists

of fibers, strings, flakes and other particles of dilferent sizen
and shapes.

e B & h
Fig. 12.1. The structure of commercial lubricants. a) Patty greasc
US-2: b) synthetic grease USs-2; ¢) fatty konstalin; d) fatty ludb-
ricant I-13; e) lubricant TsIATIM-201; ) aluminum stearate irn al-
uminum lutricant; g) ceresin brand B0; h) lubricesnt 27sKP.

The structural skeleton of a fatty grease (see Fig. 12.1, a)
consigcs of twisted string and thread-like particles of a calcium
soap of fatty acids (cleic, stearic, palmitic and others) which
make up cottcaseed oil. The capacity to twist intc draids is poo-
sessed by calcium soap in a ludricant containing statilizaiiern
water whose removal leads tc "untwisting™ cf the particles and ioss
of the mechanical strength and cclloidal stability ol the lubricant.
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The structur:l skeleton of a synthetic grease (Fig. 12.1, b)
consists of lamellar crystalline aggregates of average size, ir-
regularly arranged in layers with large spaces between them fllled
with oll, However, the structure of synthetic greases can be dis-
tinguished depending on the fractions of synthetlce fatty aclds
which were uced in producing the lubricant, and on the technology
of the lubricant's preparation.

The structure of konstalin (sodium lubricant) is shown in
Fig. 12.1, ¢ and the structure of sodlum-calcium lubricant 1-13 in
Fig. 12.1, d. The structural skeleton of these lubricants conslsts
of long strings; some of them are twisted into bundles which are
larger in lubricant 1-13 which also has a more expressed granular
texture,

,} The structural skeleton of a lubrizant thickened with lithium
stearate (Fig. 12.1, e) consists of needles and strings, irregular-
1 ly interwoven and f{crming a dense network.

The particles of soap in aluminum lJubricants when examined in
an. electron microscope seem very fine and do not have a definite
; shape (Fig. 12.1, f). They evidently focrm unstable polymeric chains
i vhich disintegrate during preparation of specimens for examination
in the electron microscope.

The structure of lubricants itickened with solid hydrocarbons
(ceresins, paraffins) differs from the structure of saponaceous
lubricants. The solid hydrocarhons avre crystallized under labora-
tory conditlcens from light solvents and certain fractions of miner-
al olls in the form of orthorhomtic o. hexagonal multistage pyra-
midal erystals (Fig. 12.1, g). The longitudinal and cross-sectional
dimensions of these crystals considerably exceed their thickness.
Each layer which forms a plate of such a crystal consists of densely |
packed hydrocarbon molecules; the thickness of a layer is one mole-
cule,

During the preparation of a hydrocarbon lubricant, growth of
the crystals 1is hampered because of the high concentration of
thickneing agent in the oll, therefore, the structural skeleton of
the lubricant undergoes breakage; as a result it consists of shape-
less amorpnous flake: and asgregates of them (Fig. 12.1, h). How-
ever, the basic structure of hydrocarbon crvstals is retained in
commercial lubricants. '

The chemical ecmposition of the olls has very little effect on

7 tne shape and size of the particles forming the structure (skeleton)

of lubricating greases. Soap particles of the same chemical compo-
sition 1n lubricants can differ cornsiderably in shape and size
depending on the crystallizaticn conditions, additional heat treat-
nent, viscesity of the oil and certaln other factors. The greater
the viscosity of an oll, the longer the crystals; this 1is connected
with the fact that the already formed string-1like particles grow
smaller the higher the rate of formation of "seeds" of new soap
crystals. However, in the case of very high oll viscosities, the
formation of strings does not occur, but a finely granular mass is
obtalned.
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A 1list of the principal methods of determining lubrication
constants and of verifying the quality of lubricating materials is

presented in Table 12.1.
The Stability of Lubricants

Lubricants are designred for specific conditions of work and
for different periods of storage during which they should not

change thelr operating properties.

The more stable a Jubricant,

the less 1t changes its chemlical and physical properties, the longer
these periods, the more reliably i1t provides for the operation of
mechanisms and machines and protects metals agalnst corrosion. At
the present time fixed guarantee periods of working in mechanisms,
sometimes very long (8-10 years and more) are required of many lub-
ricants. In this case the lubricants must retain their initial pro-
perties and qualitative indices not only in the container (Jjar,

can, barrel) but aiso after being applied to working surfaces, in a
thin layer, during the action of oxygen of the air, the elevated
temperatures of the troples and severe frosts of an arctic climate

on them.

TABLE 12.1

Principal Methods of Determining the Constants and Testing the

Qualities of Lubricating Materials

GOST or T2 method

Method of determining the

drop point of lubricants (GOST

6793-53)

Method of determining the
solidification point of oils
anrd dark petroleum products
(GCST 1533-42)

Method of determining the
ignition and flash point of
oills and dark petroleum pro-
ducts 1n an open crucible
(GOST 4233-48)

Method of determining the
flash point of petroleum pro-
ducts 1n a closed crucible
(GOST 6356-52)

Brief description of method or
testing procedure

The temperature (in °C is re-
corded at which the first drop
of the test lubricant falls dur-
ing its gradual heating 1n a
Ubbelode apparatus consisting of
a thermomenter in a unit with a
case and small cup

The temperature (in °C) 1s de-
termined at which the test 1i-
quld product loses its mobility;
the test 1s conducted in a test
tube

The temperature (in °C) at
which the petroleum product heat-
ed - 1r. an open crucible according
to GOST 1369-42 ignites when a
flame 1is applied to it 1s record-
ed

The temperature (in °C) at
which the vapors of a petroleum
product heated in a clcsed cruci-
ble in a GOST 1421-53 apparatus
form a mixture wlth the surround-
ing air which ignites upon appli-
cation of a flame is determlned
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GOST cr TS method

Method of determining lubri-
cants' tendency toward slip-
ping (GOST 6037-51)

Method of determining the
capacity of a lubricant to
retaln a continuous layer on
the surface of a metal (GOST
6953-54)

Method of determining the
penetration of lubricating
greases (GOST 5346-50)

Method of testing petroleum
bitumens (GOST 2400-51)

Klimov's method of deter-
mining the maximum strength
of lubricating greases (GOST
7143-54)

The MINKhil GP method of de-
termining the maximum strength
of lubricating greases* in a
MNI-2 apparatus

Brief description of method or
testing procedure

The capacity of a 2 mm thick
layer of lubricant not to slip
and not to flow off at a given
temperature from a smooth verti-
cal metal surface 1is established.
The temperature at which slip-
ping does not occur (or slipping
begins) 1s also determined

The amount cf lubricant which
remains on the surface of a metal
in the form of a continuous lay-
er at a specific temperature
(usually 60°C) in the course of
a given time 1s determined; it
1s expressed in mg/cm?

The depth of submersion of a
standard cone of a GOST 2440-42
penetrometer in the test lubri-
cant in 5 s is determined and
is expressed in degrees (units
of penetration) registered by
the arrow on the scale of the
penetrometer's dial which cor-
responds to tenths of a milli-
meter; the method characterizes
the conslstency of lubricants

The depth of penetration of
the needle of an instrument - a
penetrometer (GOST 1440-42) in
5 8 1s determined; it 1s used
for determining the solidity of
ceresins and paraffins; it 1is
expressed in degrees which cor-
resnond to the depth of the
needle's penetration in tenths
of a millimeter

The maximum strength of lubri-
cating greases 1s determined
from the pressure which at a
glven temperature produces a
shift in the lubricant in the
capillary of a K-2 plastometer;
the maximum strength is expres-
sed in gf/cm?

The pressure necessary for pro-
ducing a shift of a ribbed plate
in the lubricant is determined;
the maximum strength is express-
ed in gf/cm?
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GOST or TS method

Method of determining the
kinematic viscosity of pe-
troleum products (GOST 33-
53)

Method of determining the
conventional viscosity of
petroleum products (GOST
6258-52)

Method of determining the
viscosity of lubricating
greases (GOST 7163-63)

Method of determining the
viscosity and ultimate strength
with a plastoviscosimeter
(GOST $127-59)

Method of determining the
colloidal stability of lubri-
cating greases (GOST 7142-54)

Method of determining the
syneresis of lubricating
greases (GOST 2633-48)

Brief description of method or
testing procedure

The time for the passage of a
petroleum product through the
capillaries of Pinkevich (or
Volarovich) viscosimeters at a
given temperature 1is determined;
it is expressed in stokes (St)
or centistokes (eSt)

The conventional viscosity of
petroleum products is determined
in a viscosimeter (GOST 1532-54);
1t 1s used for liquid petrole-
products which prnduce & contin-
uous stream Auring the entire
test, but whove viscosity i1is im-
possible to determine by GOST
33-53; the viscoslity 1s expressed
in arbitrary degrees (°VC)

The viscosity of lubricants is
determined with the help of the
AKV-2 automatic capillary visco-
simeter at a given temperature;
it 1s e2xpressed 1n polses =~

The resistance shown by a lub-
ricant which i1s in the gap be-
tween the core and body of the
apparatus upon rotation of the
sores 1s determined. The viscosi-
ty and the maximum strength are
determined in a PVR-1 plastovisco-
Simeter; the viscosity is ex-
pressed in polses and 1s related
to a specific rate of deformation
expressed in s !

The amount of oll (in %) which
is pressed from the lubricant in
a KSA apparatus at room tempera-
ture is determined; the method
is intended for determining the
tendency of a lubricant to give
off oi1l during storage

The amount of the liquid phase
(in %) which is given off from a
lubricant in a specific time as
a result of structural changes in
its colloidal system i5 deter-
mined; the method ic bacsed on
the use of the accelerating ef-
fect of the mechanical treatment
of a lubricant, increased temper-
ature and capillary forces
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GOST or TS method

Tekhratsne 't method of de-
termining the content of mechan-
1cal impurities in lubricating
greases (GOST 1036-50)

Method of determining the
content of mechanical impuri-
ties in lubricating greases
using acid decomposition (GOST
6479-53)

Method of determining the
content of mechanical impuri-
ties in petroleum products
(GOST 6370-52)

The method of determining the
content of mechanical contamin-
ants in lubricants with the help
of a counting chamber (GOST
9270-59)

Method of determining the
content of frze bases and free
organlic acids in lubricating
greases (GOST 6707-57)

Method of determining water
soluble acids and bases in
petroleum products (GOST 6307-
60)

Brief description of method or
testing procedure

The amount of substances in-
soluble in an alcohol-benzene
mixture and hot distilled water
is determined in lubricants by
extraction of the lubricant with
an alcohol-benzene mixture and
treatment of the residue on the
filter with hot distilled water;
it 1s expressed in %

The content in the lubricants
of substances which are insolu-~
ble in petroleum ether, hydro-
chloric acid, alcohol-benzene
mixture and distilled water 1is
d.termined; it 1s expressed in &

The content in a petroleum pro-
duct of mechanical impurities
retained on the filter during
filtration of the petroleum pro-
duct or its benzene or gasoline
solution 1i1s determined by the
gravimetric method; 1t 1is ex-
pressed in %

The determination is carried
out by counting the number of
particles of mechanical contam-
inants on a special slide

The content of free bases and
free organic acilds 1is determined
in lubricants thickened with
soaps; the firee base content is
expressed in converting to NaOH
in %; the free acid content by
the acld number in mg of KOH
per g, or in % in converting to
oleic acid

The presence of water soluble
acids and bases in liquid petrol-
eum products is determined quali-
tatively by their extraction with
distilled water and by establish-
ing the reaction of the aqueous
axtract with the indicators
methyl orange and phenophthalein
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GOST or TS method

Method of determining
the acid number in oils (QOST
5985-59)

Method of determining the re-
sistance of lubricants against
oxidation (QGOST 5734-62)

MINKh1GP method of determin-
ing the chemical stability of
lubricants

Method of determining the
water content of lubricating
greases (GOST 1044-4]1)

Qualitative method of deter-
mining water (GOST 1548-42)

Method of determining ash
content (GOST 1461-59)

Brief description of method or
testing procedure

The determination is based on
the extraction of organic acids
from the oil with boiling ethyl
alcohol and their titration
with an alcoholic solution of
potassium hydroxide. The acid
number is expressed in mg of
KOH per g or oil

The resistance of lubricating
greases against oxidation 1s
evaluated from the amount of or-
ganic acids formed upon heating
a lubricant which has been ap-
plied in a thin layer to a cop-
per plate which serves as a
catalyst. The evaluation is car-
ried out from the change in the
acid number of the lubricant and
is expressed as the difference
in acid numbers of the lubricant
before and after oxidation in
mg of KOH per g of lubricant

The degree of oxidation of the
lubricant after irradiation with
a quartz lamp at a given temper-
ature (usually about 5u°C) and
in the course of a given time
(16 or 32 h) is determined. The
evaluation 1s carried from the
ct.ange in the lubricant's acid
number and is expressed as the
difference 1in the lubricant's
acid numbers before and after
oxidation in mg of KOH per g of
lubricant

Water 1s removed from a lubri-
cating grease mixture with "Ga-
losh's" gasoline in a GOST 1594-
59 apparatus and its content is
expressed in %

The presence of small amouts
of water in lubricants i{s deter-
mined qualitatively (from crepi-
tation upon heating in a test
tube)

A weighed sample of the test
petroleum product 1s evaporated
with the help of a wick from 8
benzene filter and the solid
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GOST or TS method

Method of determining the
sulfur content in heavy petrol-
eum products by combustion in
a bomb (GOST 3877-49)

VTI method of determinlng
sulfur content (GOST 1431-64)

Fast method of determining
the corrosive effect of lubri-
cating greases on metals (GOST
5757-51)

Method of testing lubrirating
greases for corrosion of metal-
lic plates (GOST 1037-41)

Method of determining the pro-
tective properties of lubricat-
ing greases (GOST 4699-53)

Fast method of determining
the protective properties of
lubricating greases (QOST 2926-
bs5)

Brief description of method or
testing procedure

(cont'd)

residue 1s calcined until the
mass is constant; the ash con-
tent is expressed in %

A weighed sample of the petro-
leum product is combusted in a
calorimetric bomb and then the
amount of SO¥ ions found in the
distilled water with which the
bomt was washed 1s determined;
precipitation is carried out by
barium chloride; the sulfur con-
tent is expressed in §

A welghed sample of the pro-
duct 1s combusted in a crucible
with a mixture of manganese per-
oxide and soda and sulfur is
determined in the form of barium
sulfate

The change in the surface of
metallic (polished steel, copper,
brass or bronze) plates sub-
merged for 3 h in the test lub-
ricant heated to 100°C 1s re-
corded visually

The change in the color of
metallic (copper, steel or brass)
plates as a result of corrosion
from the action of the lubricant
at 15-20°C for a fixed time is
recorded visually

The corrosion defects of metal
plates (steel, copper, brass or
bronze) covered with the lubri-
cating greases and kept in a
humid environment are visually
determined

The capacity of the lubricants
to protect metals from corrosion
when moisture condenses on them
13 determined; it is expressed
by the number of cycles which a
sample of the lubricunt endures

¥rudy MINKhi GP[Trans. of the Moscow Institute of the Petlrochemi-
cal and Gas Industry], No. 32, Gostoptekhizdat [State Scientific
and Technical 01l and Mineral-Fuel Press]), 1960, p. 11,
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Physical Stability

Lubricants should not change their colloidal and structural-
mechanical properties (colloidal stability, evaporability and
thermal stability) from the effect of temperature, stresses and
other physical factors. Physical stability depends to a large de-
gree .1 the combination of chemical and physicel transformations
in lubricants.

Colloidal Stabllity

A lubricant should not give off oil during storage in a con-
tainer or on luoricated surfaces. This property is due to the
structure of the lubricant and its chemical nature and depends on
the properties of the thickening agent and oil, their proporticr-
the presence of water, additives and impurities in the lubricant,
the dispersion and crystallization conditions and on all the fac-
tors on which structure formation depends. It depends primarily on
the completeness of the structural skeleton, the shape, size and
degree of uniformity of the lubricant's s ructural particles.

The colloidal stability of lubricants !s only partly connected
with syneresis and therefere these properties cannot be identified.
The higher the thickening capacity of a thickening agent and the
more there is of it in a lubricant, the better the liquid phase is
bound in it. Hydrocarbton lubricants — homogeneous fusions of min-
eral oils with solid hydrocarbons (ceresin and paraffin) distrib-
uted in lubricants in the form of thin monomolecular layers, crys-
tals (see Fig. 12.1, g) — are distinguished by high colloidal sta-
bility during storage. Lubricants thickened with soaps are less
stable since the structural skeleton is not as dense and the crys-
talline lattic of the soaps ras a considerably smaller oll capacity
than the crystalline lattice of hydrocarbons; there 1s relatively
more mechanically retained oil in the skeleton of socaps and it 1s
more poorly retained. Moreover, soapy lubricants are more sucject
to aging processes 383 a result of which there are structural
changes and the liberation of oil associated with them.

Weakly basic lubricants are more stable than weakly acid ones.
Proper heat treatment (exposure at a specific temperature) of a
lubricant during its c¢crystallization can considerably increase its
col_oidal stability. The treatment of a lubricant on rollers, in
homogenizers and other grinding machines leads as a rule to des-
truction of the structural skeleton of the lubricants and to the
liberation of part of the oll. Lubricants with a low e¢3lloidal
stabllity (for example, TsIATIM-201) are packed in 8 amall contain-
er in order to avoid large separation of the liquid phase.

The separation of oll is accelerated from the effect of stres-
ses (its own weight, applied pressure, centrifugal forces, etc.)
and a change in temperature.
tvaporability

When & lubricant 1s ured under high temperature conditions
and it is changed infrequertly or the friction joint is generally
lubricated once during its assembly, the evaporability of lubricants
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is of great importance. High evaporability can have a negative
effect on the protective properties of the lubricant layer during
long storage of products covered with it, especially in a hot clim-
ate. In optical instruments lubricants are not replaced for ten
years, and from evaporation of the liquid phase of the lubricants
: vapors of petroleum products can condense on the optical glass and
form condensation deposits which put the instruments cut of com-
mision. Some lubricants work in a vacuum where evaporation takes
place especlally intensively. In the absence of air movement eva-
porability 1s retarded and in a closed air-tight space (for example,
in metal cans and containers) evaporation practically does not
occur.

During the evaporation of 01l lubricants decrepitate, crusts
appear on the surface of the layer; from heavy evaporation, only
soaps remain whicl form dry, sometimes crumbling layers which do
not possess protective and anti-friction properties. The evapora-
tion of o0il from low-temperature lubricants impairs their frost-
resistance; dried lubricants do not provide operation of mechan-
isms at low temperatures.

The evaporability of lubricants depends on the fractional
composition of the oil which enters into their composition. Lubri-
cants prepared in MVP oil dry up considerably more —apidly, those
prepared in industrial oils 12 and 20 more slowly and those pre-
pared in heavy aviation olls MS-14, MS-20, MK-22 and others even
more slowly.

The quantitative evaluation of the evaporability of lubricants
is based on measurement of the loss of mass of a lubricant sample
kept under strictly determined conditions for a specific time. The
temperature conditions should be as close as possible to those in
which the lubricant 1s used. The temperature is increased to 50-
100°C to accelerate the testing. A method which i1s a variation of
the determination of the evaporability of oils by GOST 9556660
is sufficiently accurate. Other methods are also used: the keeping
of lubricant press cakes on pleces of glass under a sclux lamp,
determination of evaporability in an air current and others.

Water Resistance

This property has great importance hoth for protective and
for anti-friction lubricants, especially for those which are used
in products stored or operated in the open air in countries with a
tropical humid climate. Lubricants should not be washed off with
water, should not form an emulsion with it, dissclve in water and
change its anti-friction and protective properties in interacting
with water.

Easily washed off lubricants should not de used for covering
the outer surfaces of preducts which during transportation, stor-
-age and use are not protected from rain, snow and other atmospheric

- precipitations falling directly on them;, they should not be used in
marine and river vessels.
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Fig. 12.2. Water esrosion capacity of lubricants at a temperature
of 31°C. 1) Zrosion capacity, %; 2) time, min; 3) TSIATIM-201;
4) MS-70; 5) US-2; 6) GOI-54; 7) TsTATIM-205; 8) AMS-3; 9) PVK;
10) SKhK.

Water resistance depends on the chemical and physical proper-
ties of the lubricant, on their viscous and other mechanical char,-
acteristics, the temperature of the lubricant and of the wash
water. The temperature of rainwater rarely exceeds 25-3G°C. There-
fore lubricants are frequently tested for water resistance at
these temperatures. The curves of the water erosion capacity of
some commercial lubricants at 31°C are presented in Pig. 12.2.
Lubricant 1-13 which contains a sodium (water soluble) soap is
washed off most quickly of ali. Lubricant TsIATIM-201 is also
washed off rapidly because of its low mechanical properties. The
group of lubricants containing hydrophovlc socaps and having greater
stability of the layer (MS-70, fattv grease, GCI-SH) occupy a mid-
dle position in ercosion capacity. The hydrocarbon lubricants
SKhK, PVK, TsIATIM-205 are the most resistant; the aluminum marine
lubricant AMS-3 is part of this group.

Data on water resistance obtained in the laboratory hrave
proved to be correct under conditions of practical use of the lub-
ricants.

Slipping

The slipping of lubricating (plastic) greases, in contrast to
liquid or mclten plastic lubricants takes place at temperatures
which are considersbly lower than their meiting point {(drop point).
Por example, gun lubtricant has a drecp point of 52-56°C, while the
slipping temperature is 32-36°C; the drop point of lubricant GOI-
54 (GOST 3276-5&) i3 above £0°7, while it slipped at 80°C. Slip~
ping is of great practical importance especlally for those lubri-
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cants which are used for prrtection against corrosion of large
metal products which are heated in the sunshine sometimes tc com-
paratively high tenmperatures,

On vertical surfaces covered with lubricant, slipping 1is
usually manifested immediately. Pissures and cracks in the layer
appear which rapidly enlarge and the whole layer or a large part
of it is shifted and slides down, exposing the surface of the
metal on which a thin layer of the liquid clly base of the lubri-
cant remains.

The slipping temperature depends on many factors: the compo-
sition and method of cooling the lubricant, the presence of air
bubbles in it, the thickness of the layer, treatment of the lub-
ricated surface ané even on the metal on which it is applied.
Slipping is a result of boundary syncresis — an increase in the
conoentration of the 1liquid phase near the surface of the metal.
Slippirg of the ludbricant layer along a smooth surface takes place
even in the presence of a very thin layer of 1iquid which has
aseparated out on the surface of the metal. The thicker the layer,
the lower the temperature at which it slips. Additives - oxidized
petroleum products (MNI-3, MNI-7) increase the temperature of
slipping of hydrocarbcon lubricants (gun, GOI-54). The preparation
of the new protective lubricants PVK, GOI-54). The preparatiun of
the new protective lubricants PVK, GOI-54p, SKhK and others whose
slipping point 1s close to the drop point is based on this. The
=14pping point 1s determined by GOST 6037-51 with certain refine-
ments.

Hygroscopicity
This property 1s evaluated from the amount of water absorbed

under specific conditions. The increases in weight of lubricant
samples (in %) in a humid atnosphere in 16 h are presented below:

TsIATIM-221 . . . . . . . . . T.1

Fatty Grease . . . . . . . . . 3.29
TsIATIM-201 . . . . . . . . . 0.16
Gun v e e e e e o .. 0.07
TsIATIM-205 . . . . . . . . . 0.01

Among water resistant luiricants calcium lubricants are most
j hygroscopic, lithium are less hygroscopic and hydrocarbon lubri-
' cants absorb even less moisture.

Chemical Stability

The chemical stability of lubiricants depends mainly on the
ability of their components to int2ract with oxygen of the air. If
2 lubricant during operation comes 1intc contact with some cther
chemically active substances (acids, bases, solvents, etc.), 1ts
chemical stability depends on whether it does or does nct react
with thenm. :

Products which have an acid reaction are accumulatee in a
lubricant as a resylt of comdbining with oxygen, and its acld rum-
ber incregses.
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Hydrocarbon lubricants as a rule oxidize slowly: in 7 years
when stored in cans their acid number increases by 0.1-0.3 mg of
KOHd per g, and in equipment — by 0.6-0.8 mg of KOH per g

Soapy lubricants are oxidized considerably faster; fatty
grease, for example, 1is weakly alkaline at first, in 7 yezrs in
a container it acquires an acid number of 0.8-1. é mg of KOH per g, .
and in wheel hubs — 1.9-7.9. The acid number of fatty konstaliin .
can reach 10-45 mg of KOH per g in this time. Certain lubricants
are oxidized especially rapidly. Procducts which cause the corros-
ion of metals =2nd which change the stru¢cture of a lubricant are
accumulated in a lubricant arter con-iderable oxidation leads to
the destruction of the structural sk-leton of soapy lubricants, a
change in the resistzice of the diffusion of vapors of corrosive-
aggressive substances (water), etc. Those lubricants in which
chemical changes do not have a noticeable ¢ffect on operating
properties during the entire time of storage {usually counted in
years) or in friction joints are considered as chemically stable.
The most rigid requirements for chemicel stability are made of
lutricants which are used in important mechanisms where a change
in tne lubricant (or its replenishment) 1s impossible or is great-
ly hampered and the operating conditions are rather rigid.

The oxidation of lubricants takes place especially actively
at elevated temperatures and pressure, in the presence of catalysts,
from the effect of ultraviolet and solar radiation as well as
atomie radiation. The majority of scaps are catalysts of oxidation.
Metals, especially, nonferrous, and their oxides also promote the
oxidation of lubricants which are in contact with them. Glycerin,
alcohols, free fatty acids and oxidized petrcleum products accel-
erate cxidation in a majority of cases. The presence of moisture
reduces the induction period of the oxidatior.

Aromatic hydrocarbons which form during the oxidaticn of
phenol type compounds, some suifur compounds and aromacic amines,
on the other hand, inhibit oxidation prcces<es. Diphenylamine, p-
oxyGiphenylamine, a-naphthol and other in’ "tors cf oxidatlon are
intrcduced int. lubricants as antloxidizi g auditives,

Several methods are used to determine the chemiezl stability
of lubricants. For example, chemical stabljity {3 determined in an
{ncudbator at 120°C according to GCST 573&-62. Methods have Leer
developed in which oxidat!on 1s carried out under the ulir-aviclet
radlation c¢f a quartz iamp. The evaluation {3 made from the change
in tne lubricant's acid nucher and from cther criteria (change in
oxygen pressure in a Khi-4 appsratus).

Radiation Resistance

Per products which are used in special ejulpment where they
may be sublected to a-, B- and y-radiation (from the -lecay of
radicactive elements) as well as to the effect of electrotiz, pro- l

tens and neutrons formed during the splitting of atoms, radiatiua

resistance is =f great importance. The wide use of atomﬂc anergy

for peaceful purposes has rurthered the atuly of the radiation Q
resistance of lubricants.
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From the erfect of the great energies »f lonizing radiation
which activate molecules of a lubricating material, rupture of
thelr chemical bornds takes place. Hew compounds whose struecture
and properties differ from those of the original compounds are ob-
tained frcem the interaction of the free radicals which have formed
among themselves or with other activated molecules. Polymerization
and oxidation reactions usually take place from which volatile pro-
ducts c¢f low molecular weight are forred. Mineral and synthetic
olls darken after 1lrradiation, become morez viscous and from the
absorption of large doses of radiation even gelatinize or solidify.
The same thing occurs in lubricating greases with an clly base. In
the initial stage of irradiation the structural skeleton of soapy
lubricants 1s destroyad and the lubricants become soft. Later,
-aring the gelatinization of tnae liquld phase, the lubricants hard-
er. and become brittle. The prrofoundness of the changes depends on
the dose of absorted radiaticn ard the chemical composition of the
lubricant. Sigrnificant changes 1n the properties of a majority of
lubricants begin to appear at an absorbed radiation dose of 1-10°®
rad. However, lubricants have been developed which are 5-7 times
more resistant [12].

- After irradiation Zubricance acquire induced radioactivity,
whose magnitude depends on the presence of sulfur, phosphorus, a
metallic scap radizal and other faciors. Antioxidants deteriorate
rapidly in lubricants upon irradiation and become ineffective.

The radjtation reslstance of lubricants in a working state from in-
tensive agitation in bearings, reducing gears and other mechanisms
is corngiderably lower than in a state of rest [12].

Yield Point

This property which 1s also ca..ed the yleld cstress or strength
defines the actual boundary line hetween a state of rest and the
plastic flow of a lubricant. In practice it serves different pur-
peses and 1s expressed in gi/cm?.

TABLE 12.2
Strength Deteri. 2d in K-2 Plastometer

1 2 Ir :uea mpoanocru (I'/emt) opx
Cuasxa N
’ 80°C 50°C 20°C
3.Coamaon cuHTeTHYeCKmit: )
¥Ced ..o 0 0,9-4,3 1,3—-1.8
SVYCe-2 .. v v v vt e e e ] 0,5--3 2-4
6 YC¢ — aBTuMOBLABbEAA . . . . 0 1.5—~4,5 3-8
7.Coangon swirponoit ¥VC-2 . . . . . 0 23,5 f—~b
¢ Romcraanm .xmpoBok . . . . .. . 1-2,5 3--6 5 -10
9413 wupoBaAr . . . .. .. ... 0,5—-2,5 1,5—4,5 3-8
10 {-13¢ (cinTerndeckas) . . . . . . 12 2,0—2,5 4—8
140 AH3-2 .. ..., .. ... 0,7-1,5 1,7—1,5 2,5—4,%
12 QUHATHM-200 .. .. .. .... 1-2 2—-4 4—6
13 K50 . . . .0 00000 1,0—-4.5 3—-4 45
1 JUMATHM-229 . ... ... ... 71,0 22,5 2-2,5
15 DMATHM-224¢ . . ... ... .. 1,0 1,8 3,0

1) Lubricant; 2) strength (gf/cm?) at; 3) synthetic greuase; 4) uss-
1; 5) USs-2; 6) USs — automotive; 7) US-2 fatty grease; 8) fatty
konstalin; 9) fatty 1-13; 10) 1-13s (synthetic); 11) YaNS-2; 12)
TsIATIM-201; 13) NK-50; 14) TsIATIM-221; 1 ) TsIATIM-221s.
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Being a true physlcal characteristic of the degree of consls-
tency of lubricants, 1t makes 1t possible to distinguish lubricants
by grades more objectively and validly than by the penetration in-
dex. It 1s possible to judge the content of thickening agent in a
lubricant and its thickening capacity by it. The temperature at
which the yield point becomes equal to zero 1s the true transition
point of a lubricating grease from a plastic to a ligquid state. It
characterizes mcre validly the limits of a lubricant's use than an
empirical ‘ndex -~ the drop point.

The yield points of some commercial lubricants determined in

a K-2 plastometer according to GOST 7143-54 are presented in Table
12.2.

The PVR-1 rotating plastoviscosimeter (GOST 9127-59) is anct..
standardized instrument for determining the yield point (strength)
of lubricants. The absoclute values of strength cbtained on this in-

strument differ from the corresponding values obtained in the K-2
apparatus.

Residual Shear Stress

The residual shear stress 1s a property which expresses the
thickness and consistency of lubricants and 1s determined accord-
ing to GOST 6407-52 with the help of a penetrometer. The greatest
submersion depth of a cone in a lubricant is measured with a mi-~
crometer. The residual shear stress 1s expressed in gf/cm?.

Viscosity Properties of Lubricants

The ability of lubricants to show resistance to movement 1n
flowing is called viscosity, or internal friction. The viscosity
of lubricants depends on the rate of deformation and therefore
even at a constant temperature it cannot be expressed by a con-
stant value similarly to the viscosity of olls. The viscosity of
a lubricant at a constant temperature and a variable rate of de-
rormation is called the effective viscosity and 1is denoted by

o L 4
UHEE

D

where t 1s the temperature in °C, D is the mean rate of deforma-
tion in s~ ! and 1 1s the shear strength in dyn/cm?.

The 1intensity of the change in viscosity with a change in
the rate of deformation of shearing determines the viscosity-rate
characteristic (VSKh} of lubricants, and with a change 1in temper-
ature — the viscosity-temperature characteristic (VTKh).

The effective viscosity 1s determined with the help of the
AKV-2 automatic viscosimeter, as well as with the simplified AKV-
4 viscosimeter. The effective viscosities of some commercial lu-
bricents determlined at different temperature in the AKV-2 lnstru-
ment [8] are presented in Table 12.3 and the values of the effect-
ive viscositles of three lubricants determined in the PVR-1 rota-
tin% viscosimeter according t» GOST 9127-59 are given in Table
12.4,

- 717 -




The indices which characterize the viscosity properties of
lubricating greases are of great practlical importance. The capa-
city of lubricants to be pumped through plpes, grease ducts and
other communications into friction joints with the help of variocus
filling devices (presses, lubricating values, etc.) depends on the
viscosity properties. The expenditure of energy on the operation
of mechanisms and on the movement of the lubricant itself is also
determined by the viscosity of a lubricating material. Here, the
dependence of the vlscosity on the temperature and the rate of
deformation plays a large role. With ar 1ncrease in the rate of
deformation, the power expended on meoving the lubricant or on the
operation of mechanisms increases much more slowly than in the use
of oll.

TABLE 12.3

Effective Viscosity of Commercial Lubricants
Determined in AKV-2 Apparatus

BaskocTs (B ns) PN FPaAERTe CKOPOCTX
1 2 '
Crasra RedopMaqun {0 cex—! @ TeMnOPATYDO
80°C| 20°C o°C —15°C | -50°C
3 Connnon cnETermyeckmik:
b YCesd o . . . ... .. -- |400—600] 1000— | 3000— —_
1800 5000
5 ¥Ce-2 o . ... ... - 400— |*1000— | 2000— -
1000 5000 15000
6 Commaoxn xmposolk ¥C-2 . . .| — 800— | 1500— | 3000— -
. 1200 2500 4500
7 Roncranmm »mposok . . . . . — | 1000— | 3000— | 8000— -
2000 5000 12000
8 443 wmpoBam ., ., . . .. .. - 1000— | 3000— | 8000— -
2000 5000 10000
3448¢ L L. L. L. ... - 800— 1500— | 10000— -
1500 3200 20000
10 AH3-2 . ... ... L. - 800— | 1400— — -
1500 2000 12 000
11 IIMATIIM-24 .. .. .. .. —_ 700— 1000— | 4500— | 9000—
1000 1500 2500 11 000
12HK50 . . . . ........ 1400— | 4000~ |12000— [2500C—] —
500 5000 15000 | 30000
12 NMATHM-224 . ... .. .. 1086- 200—400 [ 600-~700| 1300—~ | 6000—
. 2 1700 8000
1w UHATHM-228c . . . . .. .. - 400 - ' — 10000

1) wubricant; 2) viscosity (in poises) at a gradient of the defor-
mation rate of 10 s~ ! and a temperature of; 3) synthetic grease;
L) USs-1; 5) USs-2; 6) fatty grease US-2; 7) fatty konstalin;

8) fatty 1-13; 9) 1-13s; 10) YaNZ-2; 11) TsIATIM-201; 12) NK-50;
13) TsIATIM-221; 14) TsIATIM-221s.

The viscous resistance of lubricants increases with a de-
crease in temperature. The temperature at which its internal fric-
tion lncreases so much that the power of the drive mechanism be-
comes Insufficient to bring the mechanism into motionrn or for out-
put into the necessary circuit is usually taken as the lower limit
of the use of a lubricating grease.
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TABLE 12.4

Effective Viscosity of Commercial Lubricants
Determined in PVR-1 Apparatus

1 «2] 3 Bnaxocrs, ns 1 ) 2 3 BAixoors, me
9 k “_ s 6 4 g v b )
HIEEERRREIR AR AR
s o & | o«
2 | sg 5 B 2
HEIRRRIERE i :
7 % - & 1 &
50 10| 210 149.0 3.3 0 10 76.2 832
252 08 11,5 1.8 252 21,0 -~ 47.4
1250 06 10,0 - 1250 11.5 — 30.0
20 10| 736 — 424 | —5 10 113
501 197 51.0 15,8 S0 50.8 N
. 252 7,2 334 9.7 252 406 1K
1250 5.9 18,0 — 1250 283 =

1) Temperature, °C; 2) gradient of deformation rate. s !; 3) vis-
cosity, polses; 4) TsIATIM-201; 5) fatty grease US-2; 6) fatty 1-13.

sl

Lubricating greases in the working temperature range change
their viscosity to a considerably smalier degree than the oils in
which they are prepared. Thanks to good viscosity-temperature and
viscosity-rate properties, lubricating greases are used where

great changes in temperature and rate conditions of the operation
of mechanisms occcur.

Thixotropy

Thixotropy is tne ability of dispersed syctems to liquefy :
under the influence of a mechanical effect and tc congcal agaln :
after 1ts cessation. The thixotropic properties or lubricating
greases are manifested in a decrease 1in strength or viscous re-
slstance during a mechanical effect and in thelr recovery after
cessatinn of this effect.

Soap-0il systems obtained from a melt (that is, the overwhelm-
. ing majority of saponaceous lubricanrts) have two structures which
differ fundamentally in properties:

. 1) a friable condensation (crystallization) structure which
ls formed after cooling of the melt which 1s not restored after
mechanical treatment;

2) a reversible thixotropic (dispersed) structure whose for-
mation 1s possible under isothermlc conditions.

During cooling of the melt when the thickening agent (soap)
dispersed in the o1l begins to form a crystalline structure, two i
processes take place simultaneously: the growth of the crystals
and the coupling of the crystalline particles among themselves;
from a mechanical effect rupture of the bonds between individual
dispersed particles {(for example, fibers, strings) and breaking
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down of the particles themselves into small particles (shorter
fibers and strings) takes place in the condensation structure.

Thixotropic structure formation is a spontaneous process
which takes place under 1sothermic conditions; the thixotropilc
bonds are reversible, they are restored as a result of the dis-
persed partlicles (fibers, strings) approaching the distance of
the effect of intramolecular forces from thermal movement in a
liquid medlum without thermal treatment.

Commercial lubricating greases have condensation and thixo-
tropic structures. After decantation from the digesters, the
overwhelming majority of saponacecus lubricants have a condensa-
tion structure. During homogenization of lubricants by mechanical
treatment on rollers, 1n special homogenlizers and other grinding
machines, some of the condensation structures of the elements is
destroyed, the lubricant becomes softer, more plastic and smoother.
Later, in the absence of a mechanical effect, only thixotropic
bonds are fcrmed between individual particles. But after homogen-
lzation, some of the condensation structure 1s retained in the
lubricants, which with each subsequent mechanical treatment (for
example, during work of the lubricant in a bearing) becomes more
and more decomposed. This must be taken into consideration when
using lubricants in friction joints. In order that the lubricant
work for a long time without considerable change, be well retained
in bearings, not thrown off and not run out at high speeds, it
must have when packed a sufficiently completely decomposed conden-
sation structure which changes little during further mechanical
treatment and high thixotropic properties.

The bulk of solid lubricating greases do not change into a
liquid state no matter how intensive and prolonged the mechanical
effect. Their thixotropic conversions are manifested outwardly
in a change in the strength of the structure: a decrease durlng
mechanical action and recovery after its cessation.

The following patterns are observed durlng the destruction of
lubricants from a mechanical effect:

a) during each specific mechanical effect, first an intensive
decreace in the strength of the structural skeleton takes place,
then its relatively slow decrease and, finally, an equilibrium
state 1s reached;

b) the final strength of a lubricant with a destroyed struc-
ture depends on the intensity of the mechanical effect and for
lubricants which do not contain surface active substances, 1t de-~
creases with an increase 1n the mechanical effect. The majority of
commerc?al lubricants tnlckened with the soaps of natural fets be-
haves in thils way;

¢) if a lubricant contains surface active sibs anccs, a higher
equllibrium strength can correspond to a greater Intersity »f mech-
anical action.

Lubricants can be divided into three groupc depending
thixotroplc recovery:
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l. Completely thixotropic lubricants whose structure is re-
stored in the shortest time. For example, fatty grease whose

strength 1s practically completely restored after 2 h of rest be-
longs among them,

2. Lubricants develcping thixotropic "fatigue" which are re-
stored slowly at first and then, after a comparatively long time,
intensively. Synthetlic greases which contain surface active sub-
stances, for example, belong among them.

3. Thixolablile lubricants which are restored very weakly or
are not restored at all after cessatlion of the mechanical effect.

3. RAW MATERIAL FOR THE PRODUCTION N7 LUBRICANTS AND ADDITIVES
FOR LUBRICANTS

The following serve as the prinecipal :aw material for the
production of lubricating greases for different purposes:

1) mineral (petroleum) oils of different viscosities and de-
grees of purity;

2) hydrocarbon thickening agents (petrolatums, ceresins, par-
affine);

3) soaps of fatty acids isolated from natural fats and natural
fats themselves of animal and plant origin;

4) soaps of synthetic fatty acids;

5) various products of chemical syntnesis (silico-organic 1i-
quids, complex esters, dyes, etc.).

In addition, additives which improve individual propertiles or
several different properties (multifunctional) as well as oxidation

inhibitors, corrosion inhibitors and other components are intro-
duced into lubricants.

Mineral 0ils

Mlineral oils with various viscosity characterlistics usually
not containing additives are used to prepare lubricating greases
(Table 12.5). In addition mixtures of various oils and oils from
light petroleum products (kerosene, T-1 fuel oil, ete.), different

substitutes manufactured according to MRTU and VTU and others are
used.

The still residues of instrument olls, some heavy paraffin
and ozocerite distillates, etec., are used for preparing non-
crucial lubricants. Silico-organic liquids (silicone oils), com-
plex esters and other products of chemical synthesis are used in
the preparation of instrument and special lubricants.
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TABLE 12.5
0ils Used in the Production of Lubricating

Greases
3 [
Teuneparypa, *C Bnnoin KENEY.ATH-
)
1 2 ICIMNINE, ? 9 9. 10
Maozo rocr | Bemwwe : '
THALIE IR
8
41 IIRT
27 .
1 1Asmanmonnoe MC-14 . . . . {1013—49| — | 200 | —30 | 100 | He memes
27
! 2Apuanwonnoe MC-20 . . . . | 1013—49] — | 225 | —48 | 100 | He ;ano
‘ 27 %
1 3Apmammonnoe MK-22 . . . |1013—49| — | 230 | —14 | 100 | He :;IOO
. 2.7
1%AKa-40 . ... .. ... 1862--86| 200 { — | —25| 100 e r;uo
27
1SAK-45. . . ... .. ... 1862—-601 220 | — | —5 | 100 | He r;nu
. 6BazenmmoBoe MeinnmuEcKoe |3164—52) — | 185 | — 50 28—-36
1 7Beperemnoe AY . . . . .. 1642~-50{ 163 | —~ | —45| 50 12—-14

! sHARycTpEANBHOS ANH BHCO-
KOCKOPOCTHMX MOXAHNINOB

JI (penocar) . . . . ... 1840—-5¢1 — | 112 | —25| O
1 9WaayerprasbEoe 42 . . . . [1707—54| 165 — | —30]| 50 1014
1 sHmaycrpmansBoe 20 . . . . |1707—51| 170} — | —20] 50 1723
1 9Mmnycrpmansmos 20B . . . [2855—51} 170 | — | —15| s0 | 47—23
1 SHBpycrpransmoe 30 . . . . [1707—-51| 180 | — | —1¥| 50 21-23
1 9UagycrpaansHoe 45 . . . . |1707—51| 180 | — | —10]| S50 38--52
‘1 9Ymnycrpraaseos 50 . . . . {1707—51[200| — | —20{ 50 | 42-58
200cepoe I . . .. ... .. 610—48 {135 ~—~ | —15] 50 | 36—52

2 2 lffapdiomepuod . . . . . . . 4225—54(160| — | — | 50| 46—24

2 2[lpn€-proe MBIT . . . . . 180554} — | 120 | —60} S0 | 63—-83
2 3ITpaHCKHCCHONHO® &BTOTPaK-

TOPHO® JeTHee (HNrpoa) 542—50 1 180 | — —5 | 100 2 39—32
2 4TpaBcpopmaropsoe . . . . [ 982—56 | 135| — { —45] 50 | He g%neo
2 sI{nannaaponoe {1 (merkoe) 184154245 — | +5 | 100 9—13
2 6llmamaaposoe TAKENO® 52

(pamep) . . . . ... .. 6411—52) 310 | — | —5 | 100 464

1) 0il; 2) GOST; 3) temperature, °C; 4) flash points, not below;
5) in open crucible; 6) in closed cruclble; 7) pour polints, not
above; 8) kinematic viscosity; 9) temperature, °C; 10) cSt; 11)
MS-14 aviation; 12) MS-20 aviation; 13) MK-22 aviation; 14) AKp-
10; 15) Ak-15; 16) medical vasellne; 17) AU axle; 18) industrial
for high-speed mechanisms L (velosite), 19) industrial; 20) axle
L; 21) perfumery; 22) MVP instrument; 23) transmission summer au-
tomotive (nigrol); 24) transformer; 25) cylinder 1l (I}ght); 26)
heavy cylinder 52 (lubricating oll for steam engine cylinders);
27) not less than; 28) not more than.
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Hydrocarbon Thickening Agents of Lubricants

Protective lubricants - gun, PVK, SKhK, technlcai vaseline
and others are prepared by thickening petroleum olls with solid
hydrocarbon products — ceresins, paraffins and petreciatums.

Petrolatums

Petrolatums are mixtures (fusions) of petroleum ceresins and
paraffins with residual petroleum oils. They are marked according
to method of purification of the olls from which they are 1solated
during deparaffinization (Table 12.6): PK - sulfate purification,

PS — selective and PSs - selective purification from sulfur
petroleums,

Petrolatums of different composltions are obtained in diile:
ent plants. Close in physical constants, they are differentiated by
chemical composition and thickening capacity. Petrolatums contain
different amounts of oll and solid components. The residual oils

contained in them have different viscosity characteristics (Table
12.7).

TABLE 12.6
Requirements for Petrolatum Quality (GOST
4096-62)
N 2 Hopus no mMapxam
[Morasarenn
3ok v nc 5 mée
- SHmer ... .. ... .. 7 Ceerno-wopaunesuk
8 Tewt~patypa kaonepaiesma, °C, me
HOA® . . . . o s 4 o« e e 55 55 55
9 Teummeparypa BcOWmKR, °C, He REXKO 250 240 230
1 0 Kncaotuoe wncno, xe KOH nma 1 s, I
Re Goneo . . . . . . . e e e s 0.4 0.1 0.4
1 1 Bo1opacToopmibie KECTOTH B MEN0YR 1 20TcyTeTBRS
13Cepa, %. o Gonee . . . . . . ... 1+ He mopmupyerca | 06
1} s Cogepwanne demona . . . . . . .. xl"; HOpME: 12 QOrcyrcrene
yerca
1 6 Mexammvecxme npumecn **, %, me Bo-
AC® . . v v e e e e 0,04 0,03 0.04
17Bona, %. B0 Go0ne0 . . . . . . . . . 10 ‘ 18 Cnexu
19 Heawrtame xoppunpyomero  aed-
CTBIIA UAa CTaNbHWX M MEINHX OXa- |29
crupkax ne 'OCT 5757—5¢ . . . Buizepvunaior. Jlonyckaerca 1ame-
weuie gnera MCQHLX DAACTEHOR
~ B nobeikanocrs

¥Petrolatum PSs which is supplied for produc-
tion of petroleum lubricants and fuslons must
have a viscosity of not less than 16 cSt at
70°C; that supplied for wood drying must have
a flash point of not lower than 200°C and can
contain no more than 0.66% mechanical impuri-
ties.

##Sand and other abrasi.e mechanical impurities
are not permitted.

1) Properties; 2) standard specifications by brand; 3) PK; 4) PS;
5) PSs*; ©6) color; 7) light brown; 8) drop point, °C, not below;
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9) flash point, °C, not below; 10) acid number, mg of KOH per g,
not above; 1l) water soluble acids and bases; 12) absent; 13) sul-
fur, %, no more than; 14) not standardized; 15) phenol content; 16)
mechanical impurities*®* %, not above; 17 water, %, not above;

18) traces; 19) testing of corrosive effect on steel and copper
plates according to GOST 5757-51; 20) pass. A change in the color
of copper plates and iridescence is permitted.

TABLE 12.7

The Composition and Principal Properties of
Some Brands of Petrolatum

1 3o WCone e | 7 ! ® pmsxocns
. TYNG, % 8 ancas (» am)
E 2 ~ t}’ -
£n Sason-marorcanrem Eg N L i
o
| i) ilg)s
1 g 1 ! 2| &
s IIC 40 'posmewcxnik 61 | 35 | 84 645 - | 203
11 NK 1}2Boarorpancxni " 38 605 735 — 165
1 3 TIC 1jw HoBo- Y rucxuik 684 76| 90.1 655 08| 1477
13 NCel SHonoxyigumencnl o6-| 615] 234]| 689 855 - 16.7
pasen
i3 TICc 16 To me, olpasen 2 625| 37 | 585| 6658 - | 123
L ]

1) Quality according to GOST 4096-62); 2) manufacturing plant; 3)
drop point, °C; 4) content in petrolatum, %; 5) of oll; 6) of solid
products; 7) drop point of solid products, °C; 8) viscosity of oil
(4n cSt) at; 9) PS; 10) Groznyy; 11) PK; 12) Volgograd; 13) PSs;
14) Novo-Ufa; 15) Novokuybyshevsk sample 1; 16) same, sample 2.

TABLE 12.8
Group Chemical Composition ci retrolatums
y 0
. §§ 3 4 Ppmoclgl x.?-’xzucul eﬁ:::d?:.-
£ nom, %
g ] 2 2 £]1S spomarmwe- ——e e
3280R-B3TOTOBNTENS -4 g crwe 9 gl 1{ 142
g3 R iy |; s § &4
. By | 2%
!; §‘5 a H B 2| &
2 H El &3 | & F| 83258 ﬁ
23 &3 28| & | E | 8 |8z |2
13 HC 1|«I'poanencxei 695 8331 987 [ 33 | 22 28| 7125
1 s [1K 1|eBoarorpaicxnk 735 | 83 - | 8 4 28 "
1 M1Ce 1]®Hovo- Ydumcxnit 655 97| — | 55 | 28 | 24 76
1 7NCe '[9HonoxyidGumoncxnl 6551 903 416 257 1.73| 0 e

1) Quality according to GOST 4096-%52; 2) manufacturing plant; 3)
drcp pcint of ollless part, °C; %) group chemical composition, %;

5) napthene-paraffin; 6) aromat:., 7) light; 8) heavy; 9) resins;
10) reaction with carbamid~ ¥ .} forming complex; 12) not form-

ing complex; 13) PS; 14) ¢~ vy 15) PK; 16) Volgograd; 17) PSs;
18) Novo-Ufa; 19) Novokuyb: S
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Petrolatums differ :onslderabiy in oil content (from 7 to
38%) and 1in drop poin“ which depends chiefly on the drop point of
the solid hydrocarbons contained in trem (see Table 22.7).

The group chemical composition of petrolatums is presented in
Table 12.8.

Ceresins

Ceresins are obtalined from the digestion and purification of
ozocerite or a "paraffin plug" as well as from the deolling of
petrolatum. They are widely used in technology mainly as a compon-
ent of hydrocarbon and certaln saponaceous lubricants as well as
of varlous cements and packing materlals. Since ceresins are con-
tained in petrolatums they naturally are a part of all petrolatum
lubricants (CKhK, technical vaseline), although they are not spe-
clally introduced into them.

Commerclal ceresin is a wax-like uniform white or light yellow
. material without noticeable mechanical incluslions with a character-
istic fine-grained cross-section. Upon examination in a polariza-
tion microscope, ceresins are composed of needle-llke c¢rystals, in
en electron microscope (X 10,000-13,000) it is seen that they are
an aggregation of regular rhomboid pyramids and each layer of these
pyramids is made up of one row of molecules (see Fig. 12.1, g).

Ceresins 1isolated from petroleums and ozocerites of different
orlgins are 1 complex mixture primarily of naphthe.ie hydrocarbons
which belong among mono-, di- and tricyclic compounds with straight
and branched slde chains. The amount of aromatic hydrocarbcns in
ceresins isolated from ozocerites 1s small (3-5%) since commercial

ceresin is obtalned by sulfate purification during which aromatic
hydrocarbons are removed.

Commercial ceresins of different origin (Table 12.9) manufac-
tured by industry differ considerably amornig themselves 1in phys.cal
properties, hydroccarbon content of different group composition and
in structure. In addition to the ceresins presented in Table 12.9,

"a high-melting ceresin of grades 85 and 87 (with a drop point of

no lower than 85 and 87°C, respectively) is prepared for speclal
high quality lubricants. I¢ 1. produced by extraction (extraction
ceresin) or vacuum distillation (vacuum ceresin of part of the low-
beiling 'ydrocarbons contained in ceresin of grades 75 or 80.

Extraction ceresin of grade 87 has a considerably greater
thickening capacity than vacuum ceresin of the same grade.

Ceresins alsc ditfer in dependence con sites of the raw meter-
tal. For exumple, ceresin prepare!l from czoucerite from the Shor-Su
deposit 1s called shorsinsk and that from czocerites of the Boris-
lavsxly deposit - borirslavsi,

Ceresin is also prepared from a paraffin olug deposited on
the walls of pipes through which petroleum passces and in vessels
in wnich petroleum rich in paraffin and ceresin 1s stored. Gros-

nyy ceresin of three grades, 67, 75 and 80 has been produced ac-
cording to TS 293-4g.
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TASLE 12.9

The Quality of Ceresins Used for Preparing
Lubricating Greases (Standards)

s Taytam
2 ﬂ-:uﬂu woe mrmy N-JL-
1 rocr apa 34°C
MWapns neporens v | Ve i KON = 15,
. 0 EEmS ue Gomse
346001,
»e Sones
¢ Hopoons roct
5716k 240867 5 30 0,29
$7 msavut 9 5 % 0.28
67 meavut 9 67 . (] 0,28
75 mearuf 9 75 18 0,28
80 mearnekt ¢ 11 ) 16 08
10 TY 20348
y 8 8 35 0,28
73 75 25 0,28
80 20 0,28
i 2 Canvermuecand TOCT
7658 —58
9% v 16 0,20
] 23 16 0,20
100 $00 18 0,20
1 3 Kospescaropanl 100 16 0,05
1 5 las xocsermwecxsx e
acdk 15BTY 67 - 028
ltn—a

1) Brand of ceresln; 2) GOST or TS; 3) drop point, °C not below;
4) penetration de?th of needle at 25°C and a stress of 100 gf ac-
cording to GOST 2400-51, not more than; 5} acid number, mg of KOH
per g, not more than; 6) ceresin; 7) GOST; 8) white; 9) yellow;
10) Groznyy; 11) TS 293-49; 12) synthetic; 13) condenser; 1Y4)

for cosmetic purpcses; 15) VTU.

Synthetic ceresins obtained as a side product in the produc-
tion of gasolines from carbon meonouxide and hydrogen are sometimes
added to natural ceresins to increase their melting point. Low-
melting ceresin 67 1is used in the cosmetic industry.

Paraffins

Paraffins obtained from petroleum as a special precduct are
hardly used in lubricating greases but are oxidized for the pur-
pose of preparing synthetic fatty acids (see p. 796) or are used
for otner purposes. They are part of petrolatums and are contained
in all petrolatum lubricants. The principal properties of commer-
cial paraffins (GOST 784-53) ard of synthetlc paraffin {(¥Ty NP
471-54) are presented in Table 12.10, and the properiies cf petro-
leum paraffin used for synthesis (oxidation) zre given in Table
12.11.

Fats and Fatty Acids
Both free fatty acids and those bound in the form of glycerin

esters, mainly natural fats, are used in the production of sapona-
ceous luprisating greases. However, in the USSR the use cf natural
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fats and the fatty aclids obtained from them has almost completely
ceased in the last ten yezrs as a result cf the development of

the petrochemicai industry which prcduces lucricants from synthetlc
fatty acids. Natural fats and the fatty aclids (>talned from them
are used in comparatively small amounts for preparing low-tonnage
lubricants which have not yet been replaced by lubricants from
synthetic products or which there 1is no special need to replace.
For example, technical stearin, castor and cottonseed oil, olelc
acid, hydrogenated fat obtained from plant oils as well as various
waste products from the digestion of fats in the food industry arec
still used for preparing certain lubricants.

Of the plant oils, cottonseed and castor oils are the most im-
portant, but sunflower o0il and others can also be used.

TABLE 12.10
The Properties of Commercial Petroleum Paraffins

2 Dapadunu
LA .- ) [ .
»| oMM RNg cante
3 2::““ o Wapus .(m a-':‘
A 1 ] 1 s r I C R
1 1 12
? Buecuantt 3nx fgﬂllﬂ KPRCTRANWTECRAN imu Coetao-
neccs EPECTARES- |  weNvam
secxss | xpncvass
sacra WCHAS
13 13 maces
Ilo crexay | [lo cremay
N1 N2 5
1 - l[ser, xx, 5o xesce 250 | 250 | 45 45 3 ROPME- -
16 Yerofensocrs anere: e ? o
»elTeer DA paccess-
DOM  ANCBEOM  CBETY ) ’ 5
» Tesespe, a5z . . .| 7 ? 4 4 »PuR- -7
prerce
V7 TemmeparyPa RAKISRRS .
‘C.oe mmes . . . .} 84 LV 3t 50 42 -
1+ Cosepranme Macxa, %,
e Soase . . .. .. 66 [ of | 18 | 23 L0 M

Ncte. Pararfins should not contain water oo}
acids and tases as well as mechanical lmpuritl
and water.

i) Properties; 2) paraffins; 3) technical highly purified brands;
4) technical purified brands; 5) C; 6) I; 7) unpurified (match);

8) synthetic; 3) external appearance; 10) white crystailine mass;
il) yellow crystalline mass; 12) light-yellox crystalline mass;

13) from glass; l4) color, mm, not less than; 15) not standardized;
i6) color stablitty: do2s not vellc+ in scattered daylight for,
days; 17) melting point °C, not telcw; 18) o1l content, £, not more
than.
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TABLE 12.11
Properties of Paraffin Used in Petrochgmical

Synthesis
1 Morusateun 2 HopuM
3Boeumm Rz . . ... ... ... YKpocraanagecxkas wacca  Gesoro
uan Genoro co cuerxa ;ReITOBATAIM
. OTTEHKOM IIBOTA
58amex . . ..., .0 6§ OTCyTCTBI® ~™TETAARD REIDAKOHAN-
I 3anaXa OPOIYKTOB pasNOKERIN
. pvapajnaa
7 ilser, oupexcaacMuil co crexnom N 2,
am, pge Gonee . . ... ..... 70
8 TonmepaTypa unasnenes, *C . . . . 5254
9 Conepikanne yacaa, %, me Goace . . 23
10 Tempepatypa BeOMmKU (B 3aKPHTOM
T8rae), °C, e muke . . . . . . . 160
1 1 Mexanuseckue npiecy, BOJIOPACTBO-
MMule KACAOTH I meNOA, & TAKHO
1 12Qrcyre:ame
13Cecpa, %, meGoaee . . . . ... .. 0,05
1“Bora . ... .. .. e e e 1 SCneaxs

1) Propertles; 2) s andard specifications; 3) external zppearance;
4) white crystalline mass or white with slight yellowish tinge; 5)
smell; 6) absence of clearly expressed smell of paraffin deccrposl-
tion products; 7) color determined with glass No. 2, mm, no more
than; 8) melting point, °C; 9) oil content, %, no more than; 10)
flash point (in closed crucible), °C, not below; 11) mechanical
impurities, water soluble acids and bases as well as phenol; 12)
absent; 13) sulfur, %, no more than; 14) water; 15) traces.

Cottoneeed oil is obtained from cotton seeds. It consists
mainly of unsaturated fatty acids, but can contain up to 25% sat-
urated fatty acids. Its density is 0.918-0.932 and its pour point
is about 3°C. Industry manufactures a refined oil used mainly for
food purposes as well as an unrefined oil. Both these types of
oil can be of the highest, first and second grades which differ in
acid numbers (GOST 1128-55). The acid number of unrefined oil of
the highest grade is no more than 4, of the first grade — no more
than 7 and of the second — no more than 14 mg of KOH per g. The
saponification number is 190-200, the flash point is not below
225°C; the lodine number is 101-116. The content of unsaponifiable
substances should not be more than 0.1-0.2%.

Cottonseed oll, like sunflower oil is easlly hydrogenated to
obtain a hydrogenated fat.

Sunflower oil is obtalned from sunflower seeds by pressing or
extraction. Devending on the method of treatment, it 1s divided in-
to three types: refined, hydrated and unrefined; refined oll can be
neutralized and deodorized and neutralized and undeodorized; hydra-
ted o1l is divided into first &nd second grades dependling on the
quality indices; unrefined oil is divided into three grades - high-~
est, first and second. All types and grade of oll, except second
grade, obtalned by pressing as well as by extraction, but neutral-
ized and deodorized are used for food purposes. The other grades
of o1l are used for technical purposes. Sunflower oll consists of
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unsaturated fatty acids: linoleic (up to 65%) and oleic (up to
30-40%), and 1t contalns up to 10% saturated fatty acids.

It has the following basic propertles:

Density, g/cm® 0.927-0.920
Pour point, °C about -17°C
Flash point, °C, not below 225
Saporification number,

mg KOH per g . 185-194

Acid number, mg KOH per g,
not more than

higheet grade 1.5

first " 2.25

second " 6.0
Iodine number 110-144

Castor oil 1s mainly used for prepuring lubricants 1-13 (fat-
ty) and 1-LZ, as wall as varlous gascline-resistant and oil-resist-
ant lubricants. It can serve as a base for the production of sodium
and potassium soaps or is added to lubricants 1a the form of an ad-
ditive t» increase tne lubricatirg and other performunce proper-
ties. It 1s obtained from castor plant seeds. It consists malinly of
glycerides ot ricinoleic acid; it dissolves well in_aromatic hy-
drocarbons (benzene, toluene) and ethyl alcohol, but is poorly sol-
uble in gasoline at low temperatures. Its soiuoility in gasoline
Increases with an increase in temperature. For example, at 0°C
3-4% of the oil dissolves in gascline, whiie at 20°C, 10-12%. Gas-
oline dissolves well in castor oil: at 0°C up to 35%, and at 20°C
up to 47-50% (according to Panyutin and Rappoport). Up to 25% cas-
tor oll dissolves in mineral {petroleum) oils rich in arcmatic
hydr scarbons, while not more thar. 0.5-1.0% dissolves in oils with
a paraffin base. No more than 1% castor oll dissolves in well puri-
fied aviation oils. The solubllity of castor oll increases with an

increase in the temperature and viscosity of mineral oll, Depending

on the method of treatment unrefined and refined technical castor
0ll 1s produced (Table 12.12).

The splitting off of ricinoleic acids cccurs during the oxida-
tion of castor oll and saturated aldehyde enantone and unsaturated
undecylenlc acld Cy1;:H2402 as well as normal valeric aciu, dicar-
boxyllec acids, etc. are formed. The oxldation product has a speci-
fic viscosity of 9.0-9.5 at 100°C, an acid number of not more than
20 mg of KOH per g, and a pour point cf no higher than 20°C. It is
used in gasoline-resistant lubricating greases: pump, No. 54, BU
and others since it is comparatively a difficult soluble in gas-
oline, ligroin, petroleum olls as well as in water.

Rapeseed, soybean, palm (coconut) and olive oils whose tech-
nical indices are presented in Table 12.13 can also be used in the
production of lubricants.

Animal fate — beef, horse, pig, sperm whale and others are
used as raw material for the production of saponaceous lubricating
greases. Sperm whale fat is used as a softening agent in munition
lubricants. The composition and technical indices of animal fats
are presented in Table 12.14. Sperm whale fat 1s separated into

- 789 -

. IR T
BT T RS L ty insk

|
|




AT S T S USRE TEE

cavity (sperm) fat ovtained trom the head of the whals and body
fat. To improve the quality of marine animal fat, it 1s subjected
to hydrogenation or sulfuring. Sulfured sperm whale fat 1s used in
lubricant TsIATIM-203 intended for work at hlgh loads.

TABLE 12.12

Quality of Technical Csstor Oils According to
GCST 6757-53

1 2 Padurn)pOBARLOS 5
Horasarenn , Hepadua-
-t copr 2-# copr
3 4
¢ llmotmocTs, sfen® ., . . . ... .. 00470970 -
7 YenonmeR BAKOCTH, HO MONOO:
sapnS0°C ... ...t v . 172 - -
? W’c ........... 3|z - -
9 Temaepaiypa scmnmuxx, °C:
310 B BAKPAITOM THIE® . . . . . . . 240
11 B OTXPHTOM THIAS, HO MePee . . 275
1 2 Temnepatypa 3acTwBammx, °C . . . . —160 - -
1 3 Kacnorroe wncno, x¢ KOH ma 1 9,
meGomeo . . . . ... ... 16 3.0 50
14 Hoguoe sumcac (Do DOA3O-PIYTEOMY
MOTONY) .+ c o o ¢ o o s oo o v s 82—88
15 Yncao ommnenna. xs KOH ma 4 » 176—188
3 6 Heomm.1qemuie Bemectsa, %, He Gonee 10
17 Pactropruocts B pABROM  00naMe . .
96%-moro armnoacro.compra . . . |20 1 8llonaar .
13 MunepazbHHe Kac« o) B Zea0ux . . | Orcyrcreme | 2 1 Cxenm
2 2 MexaRITeCKde NpEeCH . . . . . . 2 ¢ OrcyTcTBHO —
2 3 QOrcrodt mo mecy, %, Je Gomee . . . 20 QrcyreTRES 02
24 ggusnocn, %, me Srnmes . % " 5o o 0,008 - -
2 5 Boxa m Jterysme BemaicTsa, %, He
A® . e e s e e s u s e 0.25 0.25 03
|

1) Properties; 2) refined; 3) 18t grade; 4) 2nd grade; 5) unre-
fined; 6) density, g/cm®; 7) specific viscosity, not less than;
8) at; 9) flast point, °C; 10) in closed crucible; 11) in open
crucible, not less than; 12) pour point, °C; 13) acid number, mg
KOH per g, not more than; 1l4) iodine number (by iodine-mercury
method); 15) saponification number, mg KOH per g; 16) unsaponifi-
able substances, %, not more than; 17) solubility in equal volume
of 96% ethyl alcohol; 18) complete; 13) mineral acids and bases;
20) absent; 21) traces; 22) mechanical impurities; 23) residue by
weight, %, not more than; 24) ash content, %, not more than; 25)
water and volatile substances, %, not more than.

Stearic aetd CH3(CH2)16CO0OH 1s a saturated organic acid of
the fatty series with a normal structure; mol. wt. 1s 284.U47; den-

sity about 0.92 g/cm® (0.85 at 70°C), m.p. 69.3°C; b.p. 360°C

(with decomposition) or 291°C at 100 =m Hg column. Solubility: in
100 parts by weight of water — 0.03 part by weight at 25°C; in 100
parts by weight of ethyl alcohol - 2.2 parts by weight at 0°C; in
100 parts of weilght of ethyl ether — 6 parts by weight at 0°C; in
chloroform — complete. Together with other fatty acids (palmitic
oleic), it 1is part of natural fats in the form of glycerln esters.
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TABLE 12.13
Quality of Plant 0ils

1 l 2 Macay
Noxasarens T 1 3 CR
neasnosoe | cypennde coeioe OnUAKINOS
7 Tinormocts npm  45°C, .
L “. oooooooo 0092""0|925 019““'0193’ ﬂ.922-—°-m om‘.om
8 Bmaxocre upm 50°C, ccm - - 5074792 84
9 [Toxa3aToias HpeaoOMAs
ape 20°C . ..., . 1‘.'4‘5535-—‘ 1AT 14721 1474—1478] 14661474
10 TewmmepstyPa  sacTHB&~ 2 e 27
e, °C . ..., .| 28-28 - rgr —:g Or 0 no -8
& - .
11 KEchoTHO® WNCNC, X8 2 5
FKOHmBa le .. ... 2—-10 He sume 8| 4.8-80 0260
12 Ypero  oMuueHNm, M
. KOHm {s..,..| 250264 | 468~—18 189195 ! 185200
32 Honmne wmexo . . , . . 8—~10 94—115 120—141 73--80
14Temp,°C ... .... 3647 - 1428 17217
15 Cocran, Mae, %:
. 1 ¢ Heouunaemse xucaoTM 02--10 |2 700 1,8 ¢.5—2,0 0.5-30
17 Creapuucean . . . .| 20-85 |27 o2 45—173 33-70
1  UAABMETEEOBAN ., 3247 40—45 2569 10158
19 MBpECTRHOSA® . , . 1—4:5 - 0404 -
, , 2 7(mo 111)
20 ONERHOBAR . . . . . 395 15--32 B2 8488
21 jumomemam . . . . . 5—-14 15—21 5157 4—14
22 puronenoBmax . . . - 2700 10 ] —
23 opymoBam . . ... - 385 - -
2 4 ZAYDEHOBAR ., . . . £5--51 - - -
¥A% Loe°c.
¥¥%7y 20°C.

1) Indices; 2) oil; 3) palm; U4) rapeseed; 5) soybean; 6) olive;

7) density at 15°C, g/cm?; 8) viscosity at 50°C, e¢St; 9) index

of refraction at 20°C; 10) pour point, °C; 11) acid number, mg

KOH per g; 12) saponification number, mg KOH per g; 13) lodine
number; 1l4) titer, °C; 15) composition, % by mass; 16) unsaponi-
fiable acids; 17) stearic; 18) palmitic; 19) myristic; 20) oleic;
21) lincleic; 22) linolenic; 23) erucic; 24) lauric; 25) not above;
26) from; 27) to.
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TABLE 12.14
Quality of Animal Fats

- 2 3 4 S HKumaorosuit
IToxasarenn ’ Tosmwmut | Commof | Komexat
noncer- i
¢ Hos | T md
8 Mnoreocre mpu 15° C, #/cad| 0,925— | 0,915~ | 0.946— roms- l0%1«').!0
0,953 0,948 0,922 089 030
9 Basxocts upu 45°C, ecm| 303 25 ¢ - — —_
10 ITokasaTeap  mpenoMAeHEA
npr 46°C. . . . . . . .| 1454— | 1.458— - 1454— | 1.464°
1,458 1,461 1458
12 Temueparypa 3acTHBaHASN, .
L S 30-38 | 22—32 | 2237 1 7-15 | 15-20
13Tamp, °C . . . ... ... 38--48 - - |, -9 RONO
(no 18) {1 110
1 4 Kneaornoe wreno, xs KOR 239 2
A P ~ |‘Ho6o-| — | fe 6o- | 3.4—40
aee 2,2 aee 2—3 :
15 Yncmo ouwnenan, x¢ KOH
Eaie . ........ 190~200 | 193—203 | 163—200 | 120—450] 132—163
15 Hoppoo wmesio . . . . . . 32—47 | 42—66 | 71—86 | 62—93 | §5~123
) 7 AngTamemoe umczo . . . .| 27--86 Ao 2,8 - — Oxoxo 11
1 8 CocTan, Mac. %: 28 : 11
19 Heouwaneuse . . . . .| Mo 1,0 ‘oﬂa?o — | 32—45 | 25—30
20 Kacaors 3
2 1¢TeapnmoBaA . . .| 24—29 | 8—16 7 20 &m
2 2mansMnTHEOBAR . . | 27—20 | 24—32 29 8,0 6,0
2 3MnpacruBoBaR . . .| 2—25 |- Do 1,0 - 140 50
(o 8) .
2 yaaypuroran , . . . |28~ l(:)o;lo - 6.0 10
il 8
2 Somemmoman . . . .| 4349 | I—44 [ 55 | R 17 1o 37
2 6agHOdeERN . . . .| 2-5 an 7 = -
2 7AROONEHOBAR . . . 0.2——0.6F 008 z - L -
¥R 20°C.
#RAt 50°C.

1) Indices; 2) beef; 3) pig; Y4) horse; 5) sperm whale; 6) cavity;
7) body; 8) density at 15°C, g/em®; 9) viscosity at U45°C, cSt;
10) refractive index at 40°C; 11) about; 12) pour point, °C; 13)
titer, ©C; 14) acid number, mg KOH per g; 15) saponificaticn num-
ber, mg KOk per g; 16) iodine number; 17} acetyl number; 18) com-
position, % by mass; 19) unsaponifiable; 20) acids; 21) stearic;
22) palmitic; 23) myristic; 24) lauric; 25) oleiec; 26) linolele;
27) lenolenic; 28) up to; 29) not more than; 30) traces.

Stearin - technical stearic acid — contains an admixture of
palrltic, oxystearic and isoleic acids. A seml-transparent solid
mass of white or yellowish color, it 1s fatty to the tcuch. It 1s
obtained from a mixture of fatty acids which form in the splitting
of animal fats and plant olls by distillation and pressing. Stear-
in 18 manufactured as 1) two grades of distilled; each grade is
produced as pressed and unpressed (the latter 1is manufactured from
plant oils) and 2) undistilled. First grade distilled stearin
saould be white, 2nd grade can be whi%te or slightly yellowish, dis-
tilled stearin in a melted state should be completely transparent.
Undistilled stearin is brown, in melted form it is turbld. Stearin
is produced in the form of slabs, blocks and plates.
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TABLE 12.15

Requiremen%ts for tie Quality o Stesric Acld
by GOST 6484-53

2 Creapam zncrsanrnposammnt ’
! 1.8 copr 24 oopr sworn-
TMoxssarens 3 - o & posan-
n5 ns T ”nE’ na
PoSeo- (4 pecto- [ o
sanupdt angu”ﬁ? 'l’llllﬂ aanzut
8 TeMUGPATYPA  3ACTMNBAREN,
°C,me HEO . . . . .. 52 & ) 52 52
9 Ynmeno cuwaenux, &8 KOH
Bais .. .... ... 200--212 | 108—212 | 200—212 | 196—212| 194—208
1 0 Kncaoraoo ameno, xs KOH
madis ......... 198210 | 168—210] 108—210 | 198—210| 182--198
11 MpuepansENe XNCAOTM X
MeXaJHICCKEe DPEMOCE, 1307cyreTame
12 Hoanoe wmcan, me Goaes 18 | 28 | 82 32
1 4 Helttpameuid »xup, % =me
GoRoe . . . . eo4es . 130scyTeTane 80
1 5 Heouunseunle Bomectna, %.
po Gonee . . ...... 02 0.2 04 04 08
16 3oarmocrs, %, Be Gomee| 0,02 002 002 002 0,02
17 Boma,i%, ne oee . . . .| 02 0.2 02 02 62

1) Indices; 2) distilled stearin; 3) 1lst grade; 4) 2nd grade; 5)
pressed; 6) unpressed; 7) undistilled stearin; 8) pour point, °C,
not below; 9) saponification numter, mg KOH per g: 10) acid number,
mg KOH per g; 11) mineral acids and mechanical impuritiles; 12) in-
dine number, not more than; 13) absent; 14) neutral fat, % not more
than; 15) unsaponifiasble substances, %, not more than; 16) ash con-
tent, %, not more than; 17) water, %, not more than.

Distilled stearin 1s used in the production of lubricsating
greases of high quality including lithiuin, aluminum, Zead and
others, as well as in the soap making, textile, paper, and rubber
industries; undistilled stearin is used in the metal working in-

dustry. The technical requirements for technical stearic acid are
presented ir. Table 12.15.

12-0zyetearic acid CHy{(CHz)sCHOH(CH2)10COOH 1is formed as the
result of the hydrogenation of castor oil (ricinoleic acid) with
subsequent saponi..cation of the hydrogenated product and decc
position of the soap obtained with acid. Oxystearic acid 1s 1esolia-
ted from the obtained mixture of fatty aclids by distillation. This
product 1is alsu known under the name of "oleowax A." Its pour
point 1s not below 85°C, acid number is not more than 1.2 mg of
KOE per g, 1odine number 1s not .aore than 17.

Technical hydrogenateld fat (VIU RSFSR 739-63) is the product
of the hydrogenation of platn oils during which the glycerlides of
unsaturated acids (for example, oleic) change into glycerides of
saturated acids and the liquid prcducts are converted into solids.
Its pour point is 40-54°C, acid number 5-9 mg KOH per g, 1odine
number 31-65. Hylrogenated fat 1s widely used in the production of
various saponaceous lubricants to obtain sodium, calcium and other
saponaceous thickening agents.
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TABLE 12.16

Requirements for the Quality of Oleic Acld by
GOST 7580-55

B

1 2 Mapra
TNowxasavenn
A B s B

4 Texnspatypa sactHpasma, °C, Be my-
M L e 10 16 84
5 TeunepaTyPa JacTHPABNR &' OX9~

ngn, coiepraniero 20 0% =madre-

HORHX Kitch0T, %, Mo saupe . . ., 12 - ~
¢ Toamneparypa caMOpaaorpesaEka *, *C, ' : :

He Ooxnee: 8 - 18

700 mcredenam 1 : 100 100 Ho wopuz-

. pyercs
’ 1,5 S, 102 102 ay:rc

9 Honwce ameato . . . . ... .... 80—90 80—105 ﬁo RopuE-

7]
10 Yncas ounizeuma, n¢ KOH ma f ¢ | 485—200 185—200 il’; 240
11 Kucaoruoe wmcao, X2 KOH wma 49 | 485~200 | $85-200 lg'!o MoHee
! ' 175 .
12 iKupume XumenoTH B G03noaEcM Tpo- :
AyKTo, %, HO Meme® , . . . . . . - 95 7]
13 Cymma wupEmx # 15% Badremosux ' '
xucaor » Geamonnon mpoayxre, %,

HO MORO® . . . . o o o ¢ i o s o o5 - -
14 HeoMunemEME B HEOMHINEMMS BEIp-

ctsa, %, me.Gonee . . . . .. .. 35 35 - 685
15 3omwnocts, %, me Gogxee . . . . . . 04 ol 02
16 Mamepanvume Kmcao™@ . . . . . . . 20 Orcyrcrame !

1730,11.%,:060:00.._...'... 0S5 I 05 l 0S5

¥Self-heating temperature is standardized only
for olein used in the textile industry.

1) Indices; 2) brand; 3) C; 4) pour point, °C, not above; 5) pour
point for olein containing up to 10% naphthenic acid, %, not above;
6§) self-heating temperature,® °C, not more than; 7) in the course
of 1 hy 8) h; 9) 10odine number; 10) seponification number, mg KOH .
per g; 11) acid number, mg KOH per g; 12) fatty acids 1a anhydrous S
product, %, not less than; 13) sum of fatty and.35% naphthenic ~
acids in anhydrous product, %, not less than; 14) unsaponified and
unsaponifiable substances, %, not more than; 15) ash content, ¥,

not more than; 16) minersl acids; 17) water, %, not more than; 18)

not standardized; 19) not less than; 20) absent.

" O0late acid CH3(CH;) CH=CH(CH;)»COOH 1s an unsaturated mono-
basic fatty acid; in the form of glycerides 1t 1s part of many 1li-
quid and solid fats: linseed, olive, cottonseed, almond, sunflower,
coconut (palm) oils, lard, etc. Oleic acid iz isolated frcm the
mixture of acids obtained from saponification of fats in the form
of its lead salt, soluble in ether. The melting point of the acid
is about 14°C, the boiling point 1s 223°C at 10 mm Hg column, the ;
density is 0.898 z/cm® at 14°C. The specifications for the guality ?
of technical oleic acid (olein) are presentad in Table 12.16.

Technical olein is subdivided according to method of produc-

tion into pressed, obtained after crystallization of a mixture of
fatty acids and the remcval of solid fatty acids from them by press-
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ing in hydraullic presses and unpressed, produced mainly from fatty
acids of plant cils without thelr separation by cr’stallization
and subsequent pressing. In addition, technical olein can be dis-
tilled and undistilled (saponificate)., Accordlng to qualitative
characteristies, independently of the method of preparation, three
brands of technical clein are produced: A, B and C, Brand C olein
in the form of undistilled fatty aclids of cottonseed and sunflower

olls, as well as distilled fatty scids of coriander oil is supplied

only to enterprises of the tire industry. Brand A olein intended
for the textile industry contains up to 15%, and for the mining in-
dustry up to 10% distilled napnthenic acids which must be taken in-
to account in using olein in the production of lubricants.

The color of distilled olein of all brands is from yellow to
light brown, the color of undistilled brand C olein is from yellow
to dark brown. Melted anhydrous olein of brands A and B is trar..
parent, Olein should not have an unpleasant smell.

Waxy products — are mixtures of various waxes which in turn
are mixtures of esters of high molecular weight fatty acids and
monoatomic higher alcohols of various origin. Among them are bees-
wex, wcol wax (fatty) and montan wax. Montan wax has received the
greatest dlstribution as saponifiable raw material for the prepar-
ation of heat- and moisture-~-resistant lubricants, chilefly lithium

and aluminum. It goes into some lubricants as a thickening compon-
ent without saponification.

Montan wax is the product of the distillation or extraction of
bituminous brown coels with organic sclvenrnts. It contains free and
bound (in the form of esters) montanic and carboceric acids with
considerable admixtures of resins and other compounds. Montan wax
1s widely used abroad and is beginning to te used here as unsaponi-

flable and saponifiable raw materlial for the preparation of lubri-
cating greases.

Beeswax 1s secreted in the form of very fine flakes by the
wax glands of the bee. Technical beeswax is ocbtained from old and
worthless honeycombs, scraps of unrefined beeswax, waxy growthsz on
beehlves, etc. There are mixed beehlive waxes (the highest gquality),
pressed, obtained by machine pressing of waxy raw material and ex-
tractive, extracted with gasoline {rom the waste products of wax
refineries. Beeswax contains T70-T4% complex esters of monoatomic
alcohols and fatty acids, 14-15% free fatty acids and 12-15% satur-
ated hydrocarbons. It is distinguished by high resistance to oxi-
dation. It 1is used in certain lubricants and waxy compounds.

Wool wax is obtalned by washing sheep's wool with scapy water
or organic solvents. In crude form it has a dark brown color and
&n unpleasant smell. Purified and dehydrated wool wax it known
under the name of lanolin; it has a yellowish color and a slight
odor; it is capable of binding up to 300% vater; it is stadble

during prolonged storaze (does not turn rancid) and contains
cholesterol and its isomers.

The principal inaices of the quality of wax products are pre-
sented in Table 12.17.
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TABLE 12.17
Principal Indices nf Wax Products
3 4 Bocx mepomwol
nonu:m:x Holmzn--ocu nm S ‘
s capod smu'-..
MacrrocTs, sfext . . . | 80xor0 0.96-- 093~ -
0890 * 0g7 % 094
3Temnopatypa mnasseans,
% e e e e 78.80 6267 33-39 85—37
1 OKucao7soe swmcac, M
KOHeate.,.... - 18~22 10—14 1—-2
1 1Yncno ommzenns, X
KOHre is .. ... 80—105 87107 |2 3o 148 85100
1 2Moneoe wmeo . . . . . 1019 711 2224 15—18
WAt 100°C.
##pt 20°C.

1) Indices; 2) montan wax; 3) beeawax; 4) wool wax; 5) crude; 6)
' purified lanolin; 7) density, g/cm®; 8) about; 9) melting point,

°C; 10) acid number, mg KOH per g; 1l1) saponification number,

mg KOH per g; 12) ilodine number;: 13) up to.

Synthetie fatty aside [SPAJ(CXK) are obtailned by oxidation of
paraffin and are widely used for the preparation c¢f bulk lubri-
cants which are full-valued substitutes for lubricants prepared
from natural fats. Synthetic USs greases and UTs konstalins,
YaNA-2 lubricant and many others have almost completely displaced
fatty greases and konstalins which are still widely used abroad
from che USSR assortment of lubricants.

Industrial processes of the production of SFA include two
steps: oxidation of paraffin with air for up to 20 h in column
type reactors at 120-140°C in the presence of a catalyst (usually
XMnO,, MnO,;, etc.) and the isnlation of the specific product from
the reaction mixture, which are crude technical fatty acids, and
after distillation — heat-refined fatty acids of specific group
ecmpositian.

Oxidized paraffin contains a mixture of acids of spproximately
the following composition (in &):

Formic . . wup to 1l C¢~C¢ . . . . . 0.7-0.8
Acetic . . up to 0.7 Cy-Cs .. . . 2.7-2.8
Propionic up to 0.4 Cie-Cse. - . . - 18-20

Butyric. . up to 0.4 Acids above C, up to 5

Low moiecular welght acids are removed from the product by
washing out with hot ~water. The fatty acids are sapor fled with
ca cined and caustic 3oda and the scap is separated .rom the unox-
1dized pavaffin whicn is again oxidized. The soaps which have been
freed from unoxidized psaraffin and the buik of the secondary oxy-
gen-containing procducts are treated with sulfurlc acid and washed
with water; crude SFA and a solution of sodium sulfate are ob-
tained by thia treatment.
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TABLE i2.18
Technical Indices of Synthetlc Fatty Aclds of .
Certain Plants
. 2 < .
Opentppriet w3, | BSERR
1 Deam é y
Honsevess : ot |, :a ;
1 3 3 ‘ 1 3 :E
¢ Cpeaund monexyaspand nsc | 317 300 | 420 | 508 | 487 | <40 ;i
¢ Teuneparype  uasszenus, .
.Q T T I A I I “ ” w “ “ w
? Basxoers npm  70°C, éem | 16,4 [ 20,4 | 22,0]13264 | 19,7 (1900] 15,4
s Incao oscusenns, m¢ KOH !
mis . ... ... 458 106 | 168 ) 143 | 474 | i8¢ 176 .
s Knezormoe wmcno, me NOH i
. ais .. ... X0 05) 118 | 102 ] 87 | &3 | 102 | 14 ‘
0 dgupmos emcx0, X2
Bmis ... 705] 68 | 68} 56 ! s8 | M a8 }
Tl FYTE FEH B DS PP PP T
‘. . o » * & [ 1] ¥
12 Aqernasmos wmeao . . .| 22,9 | 40,0 | 25,0 [ 20,0 | 46,0 | 1691 <17
13 KapSommmagos wmezo . . . (25,7 1271 ]123,5 /835119212491 4
1s Honnoe smexo . . . . .. — 148119 | 40|20 23! =
15 Hosounnesuie, Mse. % . . [ 38,5128,01285130,0]%0]200; 3,0
1t Kecaorw mopuazmoro 17 17
crpoenns, Mae. % . . .| 120 [Caeam] — [ 13,0 | Cae- | 12,0 -
o
1 ¢ [Ipoayarn, mepacrsopmeie
3 nerpoaefizon  spmpe,
uee. % ... ... 34891664171 77 498 66
19 Ofman copa, unc. % . . {043(0423! — 012049 ] — 0,18 ’

1) Indices; 2) Orenburg NMZ, samples; 3) Leningrad NM7, samples; i
Yaroslavskiy NMZ; 5) average molecular weight; 6) nelting point, ‘

vC; 7) viscosity at 70°C, cSt; 8) saponification number, mg KOH per

g; 9) acid number, mg KOH per g; 10) ester number, ng XOH per g;

11) ratio of acid number to eater number; 12) acetyl number; 135

carbonyl number; 14) iodine number; 15) unsaponifiable, £ by mass;

16) acids of normal structure, § by mass; 17) traces; 18) products

insoluble in petroleum ether, { by mass; 19) total sulfur, ¥ by

mags.

The technical indices of crude SFA prepared4 in the Orenburg,
Leningrad and Yaroslavsk ":iroleum-01l Plant® are pres-nted in
Table 12.18. Their content of unsaponifiadble substances, mainly
unoxidized paraffin, reaches 30-30f%. Crude SFA are fra:tionated
under vacuum. Fractions of acids with carbon atoms (-umoering
Cs~Ce, C2-Co, C10-Cie, C17-C22. C14~C2e, etc. are usually separa-~
ted. 30-r8ll2d stil]l resic ues are the residual product of the
fractioral distillation. The gualitative characteristi s of SFA
from the Shebekinskiy Combine are presented in Table 1..19.

QOST 9675-62 is =onfirmed on SPA fraction C,,-C; .. intended
specially for the prcaoucstion of lubricants (SFAS) (Tadb'e 12.20).

Two grides of these frtiy acids hgve deen estadblirned:
SFAS-R for the production of high-meliing lubricants -3 SFAS-A
for the %ﬁgductica of average-melting iubricants. Howevar GCS3T
9622-57 A are stil® heing widely used for the product' -~ of
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synthetic detergents, They are not full-valued raw material for
the production of lubricating greases.
TABLE 12.19

Technical Indices of Synthetic Fatty A:ids
from the Shebekinskly " .mbine

T 5
3 4 KyGomst
1 M

—-—— e | o | qpemem | e

=

¢ Cpunanit monexynspsmidi pe¢ . . .| 880 242 345 842

7 Temgeparypa namsiemms, °C . ., . 43 27 Y] 48
8 Basxocrs npm 70°C, cem . . . . .| 42,8 7.8 17,8 4,7
9 Yneno ommnemnn, xe¢ KOH ma 29| 240,0 254,9 1844 147,3
10 Kncnoraoe amcao, x¢ KOH ma {o| 235,7 249,7 l&f 110,0
52 | 8 8.3

11 3duopuoe ymeno, u¢ KOH mats . 4,8
1 2 OTH0meRIIe KECACTHOrO WACAA X bEp-

HOMY 4 o o o o o o o o o o o o 48 85,8 3
13 ANETHNSHOD YHCAO . . . « » o+ o o 24,0 10,7 12,8 18,8
14 Rap6omnapEoe wmcio ., . . . . . 7.8 8,7 10,0 1,0
15 HORAOO HCHAO . « & o « + o « o & 8.2 6,5 9,8 19,4
16 Heomunsommo, Mac. % . . . . . . 6,0 3.6 42 30.0
17 KucioT®  HOPMAJIbHOT0  CTPOOEESR,
nuac. L 10,0 55,6 200 0
1 8 TIlpoayKTH, HEPACTBOPHWHE B NOTPO-
!.)neimou admpe, uag. o .. "'P° 0.26 0.0 00 110
19 O6mas cepa, MaC. % . o « « « « + & 0.23 o4 0.20 23
¥At 100°C.

1) Indices; 2) crude SFA; 3) C;0-Cy¢ fraction; U4) Cy7-Ca¢ frac-

tion, %) still residues, Cao and above; 6) average molecular welight;

7) nelting point, °C; 8) viscosity at 70°C, eSt; 9) saponification
number, mg KOH per g; 10) acid number, mg KOH per g; 11) ester num-
ver, mg KOH per g; 12) ratio of acid number to ester number; 13)
acetyl number; 14) carbonyl number; 15) iodine number; 16) unsapon-
i1fiablc, % by mass; 17) acids of normal structure, ¥ by mass;

18) products insoluble in petroleum ether, % by mass; 19) total
sulfur, ¥ by mass.

TABLE 12.20

Technical Indices of GOST 9975-62 Synthetic
Fatty Aclds

1 2 3
TIonasarers CIKKG-T CIRKG-C
4 BaermBnR BEX . . . 4 000 0. e s [Iponyxr roepnofk xomcncrenmam
OT XPEMODOIO N0 CBOTAO-NBATOIO
. npeTe
¢ Kacmormoe wucuo, x¢ KOH ma { o 195—3% 180—240
7 9%upace wacno, X0 KOH ma { o, ® .
6ORO® . . ¢ . v .t h e e [ ] go
8 Mormod wzcno, me Gozee . . . . . . 12 i3
9 Heoxmizmesue, %, wo Soxes . . . . & . OZI

10 Boxa, %, moBoxes . . ... ....

1) Indices; 2) SFAS-H; 3) 8FAS-A; U4) external appearance; 5) pro-
duct of solid consistency from a cream to a light yellow color; 6)
acid number, mg KOH per g; 7) ester number, mg KOH per g; 8) iodine
number, not more than; 9? unsaponifiables, £, not more than; 10)

water, ¥, not more than.
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TABLE 12.21

Technical Indices of GOST 8522-57 Synthetic
Fatty Acids
noulunn c.-d. Sr=Cy c..i N
lo 5 .
S Buemmufiamyg ........ m, wmag uacisum- | 1N o
MR Crax mEzXOCTS, Geo- | 20 20 MasesOpEr

RROTALE MAR CXOTRR

moff xomcECTER-

MOATOBATAN 0N, OT COOTAO-
ROPETERS0IO RO
TENEO-ROPEINS-
3010 QPOTR
6 Ruc:m!oo uncro, x¢ KOH m
............ 420500 | 870—410 |7 He ammee 400
8 Shpxoo wncxo, »» KOH m :
1o, z0 0o ....... 1 ) 40
9 opawe Kncaord, %, me Gcase - - ]
10 Heomuasmewye, %, me Geau - 1 -
11 Boza, %, ue Goaes . . 5 15 0.8
12 BolopacTnopmase xmewoiM . - - 13 Orcyvoram

1) Indices; 2) C,o and above; 3) external appearance; 4) transpar-
ent oily 1iquid, colorless or slightly yellowish; 5) product of
solid to pasty consistency, from light brown to dark brown in color;
6) acid number, mg KOH per g; 7) not less than; 8) ester number,

mg KOH per g; 9) fa**y acids, %, not more than; 1l0) unsaponifiabies,
£, not more than, .. water, %, not more than; 12) water scluble
acids; 13) abcent.

Sozps of Fatty Acids

Soaps of fatty aclds are the principal thickening component
of the majority of saponaceous lubricants used in the mos¢ diverse
fristion Joints, as well as of protective and packing lubricants.
They are salts of higher fatty acids and various metals, as well as
of naphthenic and resin acids. Sodium, lithium, potassium, calcium,
varium, aluminum, zinc, lead, magnesium and certain cther soaps of
steeric, olelc, oxystearic, ricinoleic, naphthenlic and other acids,
as well as mixtures of them and mixtures with glyccrides which are
formed during the sapcnification of plant oils and animal fats are
used in the production of lubricants or are obtained in the prepara-
tion process itself.

Sodium soaps of stearic and other acids are widely used for
the preparation of many lubricating greases (for example, konstal-
ins, ZhD-1 railroad lubricauts, ZhB, lubricants 1-13 and others).
They have a high melting point and therefore can be used at higher
temperatures than many other lubricants. But all sodium soaps are
water soluble and therefore lubricants prepared from them must not
come 1nto contact wit: water during use.

Sodium etearate CysHygCOONa is & product with m.w. 306.55,

. softening point of 180-185°C; 1t has an ash content of 4%.5-12.5%;

it is 10% soluble in water at 100°C. Ready-made sodium stearate
for the preparation of lubricanta is not manufactired, but is pre-
pared by sapcnification of fatas and fatty acids during the produ~
tion of a lubricant.
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Potasaium stearate C17HssCOOK '~ a product with m.w. 322.55,
with m.p. of 132°C; it is 10% soluble in water 100°C, 0.43% in
alcohol in the cold and 10% at 66°C. It 1s pert of LZ-188 1lubri-
cant.

Zithium stearate C;7H3sCOOL1 1s a white powder wlith m.w. 290.
47, with m.p. of ~200°C. The technical product contains adiniatures
of lithium oleate and palmitate, as well as carbonates, free fatty
acids and water (not more than 1%). It has low solubility in water.
During the production of bulk lithium lubricants (TsIATIM-201,
TsIATIM-202 and others), lithium soap i1s obtained during prepara-
tion of the lubricant by saponification of fatty acids with l1lith-
ium hydroxide (industry produces lithium monohydrate LiOH<H,0).
Ready-made lithium soap will find wlder use with the transition fo
a contlnuous process of the preparation of lithium lubricants.

Caloitum etearate (C17H3s5C00)2C3 1s a product with m.w. 607.0,
softening point of 145-150°C; it has an ash content of 9-10% and

- 1s practically insoluble in water. It is still not produced in

ready-made form in the USSR. It is obtained by the saponification
of fatty aclds and fats with caleium hydroxide Ca(OH),. It disper-
ses well in olls in the presence of water of crystallization,
forming a characteristic structure (see Fig. 12.1, a).

Magnesium stearate (Cy17H3sC00).Mg is a product with m.w. 590,
softening point of 145°C; its ash content 1s 8.9%. It is beginning
to be used as a structure modifier of certaln domestic¢ and foreign
lubricants.

Lead Stearate (Ci7HysCO0)2Pb is a product with m.w. 774 It is

obtained by a double exchange reaction hetween sodium 3o0ap and lead

acetate ("sugar of lead") in water solution with subsequent separa-
tion of the lead soap from the sodium acetate solution by washing
the soap until the bichromate reaction is negative. Repeated cen-
trifugation or washing the lecad so2p on linen stretciied on a frame
is used. The washed socap 1s first dehydrated by hesting to 90°C,
then the water is completely removed by evaporation at 100-120°C,

" after which the socap 1s heated to 13C-140°C and fused together. It

is poured into molds for cocling. The sollcd pleces of congealed
soap are used for thickening PRGS and other lubricants. Lead soap
is a good structure modifier of l.thium soaps and increases the
anti-friction and anti-abrasinn propert’es cf lubricants. It has
a m.p. of about 116°C.

Three aluminum soaps (aluminur stearates) ure formed from
the saponification of atearic acid with aluminum alum: aluminum
monostearate (C,7HysCO0)AL{OH), m.w. 2W4L.5, containing about 6%
Al20,4; aluminum distearate (C,sH;sCO0)2A1(OH) m.w. 611, contalning
8.5-9% AX;0,; aluminum crisearale (Ji17hysC00,34) m.w. 850, contain-
ing up to 15% Al:04. Aluminum monostearate is most chemically
stable, aluminum tristearate which dissoclates readily is the least
stable. In this case, stearic ac’d vwhici causes the ccrrcsion of
non-ferrous alloys precipitates out. Therefsre, 8 snap wh'ch cor-
responds to aluminum distearate is used in lubricantr.

Z2ine 3tearate (C,;3H3sC00)32n 1s a white powder with m.w. 631,
softening point of 1i2-117°C; it bas an ash content of 15%. It
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is the zinc salt of stearlic acid with an admixture of the zinc
salts of palmitic and oleic acids. It 1s obtained by double de-
composition of sodium salts of stearic acid with zinc chloride. It
is used in some lubricating greases, but has a low thickening
capzclty. It 1s produced according tc the technical specifications
MPPT-16-53. It is also used in the cosmetic industry and in the
production c¢cf phonograph records.

Barium stearate (C,,Hys5C00),Ba is a product with m.w. 703 and
a softening point of 160°C. It is not produced in ready-made form,
but 1t 1s obtained in the preparation of barium lubricants during
the production of No. 9, MS-70 and other lubricants.

Copper naphthenate 1s the copper salt of naphthenic acids. It
1s a green viscous sticky mass. The product contains not less than
9% copper, not more than 5% water and no more than 0.2% mechanical
impurities; traces of sulfates soluble in water are permitted.
Water soluble copper salts must be absent and the reaction of an
aqueous extract neutral. It 1s produced by the chemlcal industry
and 1s used as an antiseptic for the treatment of power cables
and as an additive in certain lubrican.s (PRGS).

Graphites

Graphites are wldely used in lubricants as fillers and anti-
friction additives. Natural graphite 1s a mineral consisting of
natural carbon; it 1s encountered in the form of plates and solid
masses. The graphite content of industrial ores varies withkin
broad limits. Pyrite, mica and chromite can be contained among the
impurities. Pencil, crystalline (silver), graphite P, elementary
and cryptocrystalline (amorphous) graphites are produced. Cnly
graphite P 1s used in the preparation of lubricants — a steel-gray
powder (GOST 8295-57), a concentrate obtained by the concentracion
of graphite ore. Two grades are produced: A and B. Depending on
the deposits, the folleowing designatiocns of the grades produced

have been establlished: PB-A — Botogol'skly grade A; PB-B Botogol'-

- skly grade B; PZ-A — Zaval'yevskly grade A and PZ-B Zaval'yevskiy

grade B; PT-A and PT-B — Tayginskly grades A and B. The product
must contain (in % by mass):

Grade A Grade B

Carbon, not less than 92 90
Ash, not more than 7 9
Volatile substances,

not more than 1 1
Sulfur, pot more than 0.2 0.2
Moisture, not more than 1 1

Graphite should not contain granules of quartz or the graph-
ite of another deposit; the reaction of a water extract should be
neutral; it passes completely through a 0.200 mm sieve; the resi-
due on a 0.160 mm sieve does not exceed 1.5% for graphite of both
grades.

Dry colloidal graphite preparation (QOST 5:61-50) 1s a highly
d:spersed low ash artificial graphite (thermographite). It 1s pro-
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duced in three grades: S-1 from graphite with particles up to 4 um
in size; S-2 from graphite with particles up to 15 um 1n size and
8=33 — up to 30 um.

Some standards for colloldal graphite preparations are pre-
sented in Table 12.22.

TABLE 12.22
Technical Standards For Colloidal Graphite Pre-

parations
1 2 Mapxs
Toxasaresn
3 C-i “ c" 5
630ME0CTh, %, me Goxes . . . . . . 1.5 2 25
7BemecTBa B 80J18, HepACTBOPBMMO
» conanok xuciore, B nepecteTe aa
mpemapatr, %, me Goxes . . . . . . 08 10 3
80cratox, %, Ke Goaee: 1 lio
9 Ha cure 0,063 x» . . . . ... 1105 05 ROpMNDYeTCR
» 007 ax ....... | He gopumpyercs [ ]
1oBoma, %, o Gomoe . . . . . .. .. 05 05 08

1) Indices; 2) grades; 3) S-1; 4) S-2; 5) S-3; 6) ash content, ¥,
not more than; 7) substances in the ash insoluble in hydrochloric
acid, on conversion to the preparation, %, not more than; 8) resi-
dues, %, not more than; 9) on 0.063 mm sieve; 10) water, %, not
more than; 11) not standardized.

TABLE 12.23

Technical Requirements for the Quaiity of 0Oily
Colloldal Graphlte Preparations

1 2 Mapxa
Mousravans
3 Mn y MG . M
’(Jon.epmaino rpadura, %, B¢ Memee 24 24 2-38

¢30ma » cyxou rpagmre, %, me Gozes 1.5 18 ]
7BempcTea B 30X, FMOPACTROPNMMS }
» conmuol kxumchors, B LEPECTITE
ma cyxolk rpadwr, %, me Goxes . . 08 08 1
80crarox ma cure 0,083 xm, %, me '

oo . . . . ... 04 04 [$He wopumpyercs
10Bota, %, me Gones . ... .... 8} 0.4 Ot

1) Indices; 2) grade; 3) MP; 4) MS; 5) graphite content, %, not
less than; 6) ash in dry graphite, %, not more than; 7) substances
in the ash insoluble in hydrochloric acid, on cocnversion to dry
graphite, %, not more than; 8) residues on 0.063 mm sieve, %, not
more than; 9) not standardiged; 10) water, £, not more than,

The preparation should pass the test for abrrsive properties;
when ground between two plates of window glass for 10-15 s, there
should not be scratches on the glass,
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O1ly colloidal graphite preparation (GOST 5262-50) is & con-
centrated suspension of highly dlspersed artificial graphite
(thermographite) in mineral oil stabilized with petroleum resins.
The product's properties depend on the type of mineral oil (avia-
tion, turbine, industrial, etc.) and the quality of the thermo-
graphite used fcr preparing the preparations.

An olly colloidal graphite preparation of three grades is
produced: MP from a calcined S-1 preparation, MS from a dried S-1
preparation and M from preparation S-2. The drop in the concen-
tration of graphite in the suspension after standing for 1 h (con-
tent of 6 um particles) is no more than 30% for grade MP and 14%
for grade MS, The decrease in the graphite concentration of grade
M after standig for 10 min is not more than 14%.

The technical requirements for the quality of oily colloilal
graphite preparations are presented in Table 12.23.

Aqueous colloidal graphite preparations are also manufactured:
grades K-1, K-2, K-3 and K-4 from natural graphite according to
GOST 5613-50; type V — a stable suspensionr of highly dispersed
thermographite in water (stabilized with complex statiliger V) ac-
cording to GOST 5245-50, used as a lubricant in the extraction of
threads of high-melting metals (molybdenum, tungsten and others)
and for other purposes; KGVS colloidal graphite preparation - a
water suspension of highly cdispersed graphite stabilized with a
solution of sterilized agar-agar; preparation RP — for elementary
particle counters; SEG colloidal graphite preparation -~ in an SBS-
1 lac base for absorbent coating; ELPV colloidal graphite prepara-
tionn for conductive coatings.

Nolybdenum dieulfide MoS: (natural) is widely used in lubri-
cants as a component which improves anti-friction and anti-abrasion
properties. It can be used for lubricants which operate in increas-

ed humidity and 2 high vacuum Tt is not oxidiszed in alr gt teom-
peratures up to 400°Z and from the effect of nuclear radiation. It
is used in the form of a highly purified@ powder with a high degree
of milling, it should not contain more than 2% impurities with abra-
sive particles. Natural molybdenite 1is subjected to pulverization
in vibrational :1lls or jet mills, as well as in homogenizers and
apparatus using ultrasound. In the latter case particles 1-7 um

ir size are obtained. After pulverization in the c¢ther apparatus,
larger particles are obtained (40-100 um). The coefficient of fric-
tion of MoS; slippage is 0.05-0.10, that is, two times less than
that of graphite.

MoS: is used in many new lubricants.

Additives

To improve the protestive, anti-abrasion and many other pro-
perties of preservative lubricants, various additives and oxida-
tion inhibitors are used, including oxidized petroleum products
(oxidized petrolatum, MNI additives), nitrated oils, nitrated
petrolatum and nitrated oxidized petrolatum, caicium and sodium
sulfonates, amines and certaln waxes.
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Oxidised petrolatum is obtalned by oxidation of pecroiztum in
an alr column in the presence of a catalyst — potassium permangan-
ate at 140-160°C. Oxldized petrolatum must satisfy the requirements
presented in Table 12.24.

TABLE 12.24

Requirements  for the Quality of Oxidized Petro-
latum According to MRTU 12N No. 64--63

« ' 2
Hoxasarenn I Ropuu
SBuemmlt zmx . ..... ....... !bnnopomml npogyxr smexolt
' ROHCHCTOHNEN, TOMNO-KOPNY-
HOBOTO NBeTa
s Kncaornoe uncno, me KO Ba 4 &, 50 Menre 85
& Yncao ouuaenna, xs KOH Ba 1 s, e pRXo 140
7 OTuomenIe UNCNA OMHACHUR X KHCJAOTHOMY
ancay, e Soaee . . . . .. ... .. . 8,0
8 Pecteopanocty » yalit-campnre (1:1) . . . Monsan
1 ¢ Moctroporrne praowenma . . . . . . . . . 11He .'xonxcllm
12Bona, %, me Gones . . . ... ..... 0

1) Indices; 2) standards; 3) external appearance; 4) uniform pro-
duct of viscous consistency, of dark brown color; 5) acid number,
mg KOH per g, not less than; 6) saponification number, mg KOH per
g, not above; 7) ratio of saponification number tc acld number, not
more than; 8) solubility in white spirit (1:1); 9) complete; 10)
secondary inclusions; 11) not permitted; 12) water, %, not more
than.

TABLE 12.25

Requirements for the Quality of MNI-3 and MNI-7
Additives According to GOST 10584-63

1 2 Tpacagme
Hoxasarean
3 MBER) b MEN-Y
sBeemwsh nmp . ... ... .. .. ¢ Oasopoxmuid 7 Oamopomui
: sxaxnd opoxykr | amaxsd apoxyxr
KOPERTSROIO CHOTRO-BRITOTO
: naeTe T
s Touneparypa mapaenaiesss, °C, m t-
< J e 4 a0
s Kncoormoe wncao, as KOH ma t » 2030 -7
10 Yucno onimenns, xs KOH ma § ¢ 80—80 120140
1 1 Covpuasse op . “RT0R, BEPRCTROPE-
MME B Derpoel-:r sdmpe, %, m ,
Gomee .. ............ vt -—
1 € Moxauwenckns NpRMXE. %. N0 Comee ot
10D . .. e e e . 1% Cosgme

1) Indices; 2) additives; 3) MNI-3; L) MNI-7; S) external appear-
ance; 6) uniform viscous product of brown color; 7) uniform vis-
cous product of light yellow color; 8) drpp point, °C, not below;
9) acid number, mg KOH per g; 10) saponification number, mg KOH
per g; 11) content of products insoluble in p.troleum ether, %,
not more thar; 12) mechanicai impurities, ¢, not niore than; 13)
water; li) traces.
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Oxidized petrolatum 1s used as an additivefwhich improves
'protective (against corrosion) properties in NG-203, NG-204, K-15,
K~17 and other lubricants.

MNI additives are produced in three p.ades: MNi-3, MNI-5 and
MNI-7., MNI-3 additives are oxidized petrolatum of grade PK which
catisfies the requirements presented in Table 1cz.25.

Additive MNI-3, in contrast to oxidized petrolatum, which is
prepared according to TU NF 585-56, has a smaller acid number and
saponification number. It is used both direcztly in the form of an
additivg in SKhK, Rzh and other lubricants ard for preparing addi-
tive MNI-5,

MNI-? additive 1s oxidized grade 75 ceresin from the Borislav-
skiy or Shorsinskiy deposit. It is used in PVK (gun), GOI-5kp and
other lubricants.

Additive MNI-5 (Table 12.26) 1is obtained by extraction from
additive MNI-3 of high molecular welght esters and acids which are
the active component of this product. The extraction 1s carried
out with light oil (velosite type) which satisfies specific re-
quirements.

TABLE 12.26

Requiresments for Quality of Additive MNI-5 Ac-
cording to GOST 10584-63

1
‘Boemzmt amx . .. ... ... .. ﬁununmmnqu»
SPATEAR NMAXNOLTS
ROPEEISOY
‘ pera
simcaoTnoe wmeso, xs KOH m { o 518 7 Ne IOCT
500059
¢ REARRATOPOM
) PenoagransEnc
e ,_ P
R
9 e ke o«xzr-.
! 1Mexanmweckne upmecy, %, me Gome |
1 2lfcunranne crabamsocTy s Bxwpmuzoeer i..-npuun
. SO0 SRARIAS-
i aEA 2
-0
1 S{iconviranns ut mopposmm . . . . . . : Samppmimert |1 ¢ Ha e
H BESCYRENAS

1) Indices; 2) standard; 3) comment; &) external appearance; 95)
oily transparent liquid of brown color; 6) acid number mg XOH per
g; 7) according to GOST 5985-59 with phenolphthalein indicator;

) content of products insoluble in petroleum ether, %, not more
than; 9) water; 10) absent; 11) mechanical impurities, £, nct more
than; 12) test of sdditive stability; 13) passes; 14) in centri-
fuge after cooling to a temperature of —40°C; 15) testing for
corrosion; 1§) on copper plates.
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The content of active components x;, which are determined from
the ratio of the acid number of additive MNI-5 (K;) to the acid
number of the original MNI-3 additive (K,), 1s indicated on the
record attached to the additive.

8;-{:-.{“

The amount of additive to be added to the oil (lubricant) is cal-
culated f.,om the content of active components.

Additiv 7.5 18 used in AGM and Gm-50I hydraulic oils, 1i-
quid gun libricant and other petroleum products; it imparts high
anti-corrosion (even when water enters the product) and anti-abra-
sion properties to them.

Caloium sulfonate (average molecular weight) in the form of a
concentrate (additive XSK) 1is used in NG-203 protective lubricants.
It is obtained by sulfonation of high molecular weight mineral
oils (for example, AS-€) with oleum, gaseous sulfur anhydride and
sulfur annydride in liquid sulfur anhydride with subsequent treat-
ment with a solution of unslaked lime.

Sodium sulfonate 18 a water and oil soluble product obtained
by neutralization of acid sulfonated AS-6 o1l with sodium hydrox-
ide. Solutions containing 10-25% of the active substance in cil
are used. It is used as an additive to YaNZ-2 lubricant.

Nitrated oil 1s a product obtained by the treatment of mineral

'011s with nitric acid with subsequent rieutralization with unslaked

lime. It 13 used in the prcduction of liquid preservative lubri-
cants NG-204 and NG-204u. It consists of varicus nitrogen compounds,
chiefly of the aromatic serles dissolved in dearomatized oil. It
serves as an inhibitor of the corrosion of ferrous and some non-
ferrous metals [7].

Trieinanoiamine N{CHaCHaCOH)y i35 & cclerlace, transnarent (opal.
eccence s permitved), viscous, hygroscopic liquid with a d@nsity
of 1.100-1.124 at 20°C; it is obtaired by reaction of an ammcnia
39lution with ethylene oxide. It iz used as an anticorrosion addi-
tive to 0ils aud lubricants (for example to SP-3 luhricant). The
b.p. of tricthanoplamine i1s 277-279°C (at 150 mm Hg column), m.p.
-21°C. It mixes with water and alcohol; it is soluble in chloro-
fo=m; it 1< tlightly soluble in ether, benzen~ and ligroin. It 1is
a strona bLase,

Diphenylamine (CqHg)aNH 1s produced in three grades: 1st grade
- flne crystals of light gray ur light yellow color; 2nd grade -
lumellae or crystals of light gray or yellow color; 3rd grade —
lamellae of yellow!sh to dark drown color. It is used as an anti-
oxidizing additive to oils and lubricants (only 1lst grade). Its
solidification point is 52.6°C.

Paraozydiphenylamine C¢HsNHC<H\OH is a solid fused mass of
from light gray to gray color; it 18 obtained dy the condensation
of aniline with hydroquinone. It 1as used as antioxidizing additive
in gasolines, oil3 ~ .. . utricants (for example, PRGS, in the A3M
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0il). The m.p. 1s 69-74°C.

Phthalooyanin (copper complex) is a light blue organic pig-
ment. It 1s used as a thickening agent in lubricant No. 158 and
in some other instrument “ubriceants which work at high temperatures
(up to 150°C) and high speeds (up to 10,000 r/min). The copper
phthalocyanin nolecule has a highly symmetrical structure and is
very stable; this product can be sublimated in a vacuum at a tem-
perature ¢f up to 500°C without deccmposition and is hardly oxi-
dized in air at temperatures up tc 350°C.

Phthalocyanin lubricants retain their structure for a long
time under severe operating conditions, they are water resistant
and have good colloidal stebility; however, at eleveated tempera-
tures they are inclined to solidify [6].

4. PROPERTIES AND USE OF VARIOUS LUBRICANTS
Protective Plastic Lubricants (No. 1-9, Teble 12.29)

The principal purpose of protective lubricants is to protect
metallic products against corrosion (mainly atmospheric). However,
most of these lubricants also posses anti-friction properties and
are used in frictior Jjoints, providing operation of mechanisms with-
in a specific temperature range.

Lubricants such as gun, technical vaseline, rP-95/5 (protec-
tive compoutid), GOI-54, ant{corrosion ZhE have been used for neny
decades. These lubricants are fusions of various hvdrocarbons and
consist of mirieral oils, petrolatums, ceresin< and paraffins. Al-
most all these lubricants contain small amcunts of alkall and
therefore they have a weakly alkaline reacticn. Their acid number
18 strictly confined to the upper limit (ususily, not above .3 mg
KOH per g).

The protective properties of this gzroup cof lubricants hava
been thoroughly tested during storage of various metal product:
under the most diverse conditions. 1f trey are properly appliad to
the clean surfaces of metal products in a layer 0.5-2 mm thick,
they can protect these surfaces from corrosion up to 5-7 years.

The o0ld protective lubricants — gun, PP-95/5, 00I-5& ani
tech..ical vaseline - protect all the principal metals and alioys
against atmospheric corsosicn and do not react with them or with
metallic, phccphate and oxide coatings and mest paint and varnish
coatings. However, these lubricants have a low slipping tempera-
ture (30-40°C) and therefore cannot bes uled for protecting pro-
ducts against corrosion whi.h are stored and transported in a hot
climate and especially in the tropics.

Recently the production of sceveral new protective lubricants
has begur: PVK, Sx>X, GOI-SUp. These lubricants consist of petrol-
eum oils, petrclatum. ceresin &nd the multifunctional additive
MNI-3 or MNi-7 (GOST iiL_94-563). One of the principal properties
whichk characterize the qua..t* and protective properties o these
lubricants is 3 large acid num:ar (0.5-1.0 mg of KOH pe~ g), 3ince
it in " z2tes the presence of an acditive in them.
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The new lubricants possess better protective properties than
the old. Their principal aivantage is a high temperature of slip-
ping. These lubricants either do not slip a% all up to threir melt-
ing points or slip at a temperature 12-15°C higher than the corres-
ponding lubricant without an MNI additive.

The new protective lubricants can be used for protecting metal
products against corrosion during sto;age and transportation in a
hot climate. Lubricant GOI-Sidp (1like lubricant GOI-54) cannot be
recommended for these conditions since in the warm time of year it
gets dry and decrepitates, It is used at temperatues from 40 to
+35°C, but orly in friction joints with amall specific loads and
low speeds.

The conditions under which protective lubricants can protect
against corrosion are presented in Table 12.27 and the periods
during which the lubricants protect against corrcosion are given in
Table 12.28. They require some refinement since the new ) Sricants
have found wide uae only in the past 3-& yeart and experie.ce in
their use is still being accumudated.

Improvement in packing, the uae of improved packaging and new
water resistanrt packing materials, air conditioning and drying
lengthen the storage period of lubricants while deterioration of
the storage conditions shorten them.

During prolonged storage of products the new lubricants can be
replaced 1.5-2 times more infrequently than the old. In a warm cli-
mate the old lubricants have to be replaced 4-6 times more frequent-
ly than the new ones.

I% is recommended that the following lubricants be used to
protect products against corrosicn:

1) lubricant ?VK ir place of gun lubricant;

2) lubricant PVK in plece of technical vaseiine or iubricant
SKhK for products stored in the open air for 1-2 years;

3) lubricant SKhK or PVK in place cf lubricant PP-95/5, ex-
cept for cases specially stipulated in the technical documents;

§) ludbricant GCI-S58p instead of lubricant GOI-5&,
Liquid Anti-Corrosion Lubricants (NKo. 10-20, Yadle 12.29)

Liquid protective ludbricants are simpler to apply and are
more easily removed than plastic ludbricants. Many protective lub-
bricants do not have to be removed 8t all ~vhich is especially im-
portant during temporary shutting down of motors, compressors,
variocus capacitances, etc. If they have goo! protective properties
they can be applied in very thin layers. But they can only be used
for the protection of inner surfaces of motors, machines, mechan-
iam 8 1 capacitances as wnrlil as of those products which are addi-
tionally wrepped w!th pa-~hment or cther thick paper, packed in
tight containers and stored under conditions which will prevent
the direct eniry of water, anow, etc., since many of these lubri-
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cants are comparatively easily washed off by precipitation and
quickly dry up after which they lose their protective properties.

The o0ld liquid protective lubricants such as marine MP (GOST
4700-49), protective SP-1 (GCS'T 4807-U49) and SP-2 (GOST 56-51) have
been remcved from preiuction and replaced by improved lubricants.
Munition lubricant (GOST 3045-51) — then old liquid lubricant for
weapons has been almoat completely replaced by RZh liquid munition
lubricant (GOST 6811-61). Lubricant RZh protects metals well
againet corrosion and therefore ic used for protecting a weapon
ag3inst rusting during brief storage in military subunits and dur-
ing marches; it 1s also us2d for cleaning gun bores and other wea-
pon mechanisms after firing. It is necessary tc replace this lubri-
cant in & weapon in military subunits not less than once a wee€k.

It provides normal operation of all types of weapows at any temper-
atures (fron -50 to +U40°C).

Lub: 'cant RZh can also be used in other mechanisms where a
lubricant of very low viscosity which penetrates well into narrow
gpuces 1s required. Mechanisms do not have to be dismantied to re-
Dlce 2t; it is sufficient to introcduce & few drops of the lubri-
cant which quickly spread aicng the metal and penetrate into all
the narrowest slits ol friction Jjoints.

TABLE 12.28

Periods of Protection of Produ~ts Against Cor-
rosion Which Have Been Protected with Certailn
Lubricants and Stored Under Different Conditicns
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Notss: 1. Approximate periods; will be refined
as data is accumudated. _

2. All lubricants are not resistant to molds.

3. The symbol — (dash) denotes that the use of
the lubrieant under the given conditions is no%
recommended. ' , . .

4. Lubricants marked with an asterisk are uered
only for proteniing internal components and sur-
faces. o :

i} Eaicrnal storage conditions; 2) brand of protective 1ubricaht;

~3) 8KhK; &) PV¥; S) technical vaseline; 6) PP-95/5; 7) GOI-%4p,;
8) petroleum gas-203; 9) C¥; 10) NG~205' and NG-208u; 11} K-17%;
12) in continental USSR - middle belt, northern countries and

sountries with temperate climate; 13) in heated storehouses; 14)
without packing; 15) in containers; 16) in unheated storehouses;
17) under a shed; 18) on open platforms; 19) under meritime con-
ditiona; 20) i{n places with dynamic air drylng without pe ~Aing;
21) in heated storehouses; 22} in unheatad storehouses; 23} uader
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sheds and covers; 24) on open decks under covers; 25) on open decks
without covering; 26) in dry warm climate (including the tropics);
27) under a shed or tarpaulin; 28) on open platform; 29) in humid
tropical climate; 30) under sheds, tarpaulins; 31) on open plat-
forms.

Several liquid protective luoricants from the Neftegaz plant
have received rather wide use for protecting the most diverse
metallic products against corrosion: motors, spare parts, instru-
ments, etc. Neftegaz-203 lubricants (No. 12-14, Table 12.29) are
gradually being replaced by Neftegaz-204 lubricants (No. 15 and 16,
Table 12.29) which arc cheaper and possess better protective pro-
pertice, espeically water resistance.

The liquid protective lubricants K-15 and K17 (No. 17 and 18,
Table 12.29) are used in limited amounts for protecting the inner
housings of diesel engines stored in seaside regions against cor-
rosion. The motors protected with them can be stored for several
years without replacing the lubricant and started up after storage
without delay.

Cable Lubricants [No. 21-24, Table 12.29)

Lubricants w»ich havec been specially deslgned for lubricating
steel lines (cabies) helong to the protective lubricant group and
at the same time are antifriction lubricants since they must pro-
vide for prolonged work of curved lines with friction between the
individual steel wires and between the cable itself and the cylin-
ders of the winches. Thelr work takes place under very complex con-
ditions, frequently under the influence of corrosive-aggressive
agents — atmospheric precipitates, subsurface and shaft waters,
dust, sand, etc.

Four special cable lubricants which differ in composition and
properties are manufactured. Gun lubricant, technical vaseline and
other lubricents are also used for lubricating cables. To protect
the hemp strands of certaln cahles against rotting, they are lubri-
cated with NMZ-3 iubricant which ccntains an antiseptic — copper
naphthenate. The graphite in lubricant IK imparts good lubricating
properties to it and prevents premature deterioration or the steel
wire of cables.

Genaral Purpose and fLutcwotive Anti-Friction Lubricants [No. 25-42,
Table 12.29]

The greatest quantity of lubricants 1s used in sutomobiles,
tractors and agricultural machines. Oreases, konstalins, lubricants
1-13, 1-13s YaNZ-2 gnd others which are sometimes interded for
only one certain mechanism and for machines of only certain types
are used in the friction joints of these and many other machines.

Greases comprise approximately 75% of the total output of plas-
tic lubricating materials. They are water resistant and therefore
can be used in high'ly humid conditions and even in direct contact
with water. Greases pirotect lubricated surfaces well against cor-
rosion from moisture and impurities which are usual for machines
which operate on dusty and dirty roads, in working the ground and
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under other severe conditions. But the protective properties of
greases are retained nc more than 1l-2 years since during this time
they are oxidized and dry up. For the protection of mechanisms for
long periods, besrings which operate in greases have to be lubri-
cated with hydrocarbon protective lubricants (for example, PVK

lubricant). It is imposeible to heat greases to temperatures close

to their melting points (70-75°C) since they lose water and decom-
pose, and are irreversibly destroyed.

Synthetic greases (GOST 4366-64) of two grades (No. 25 and 26,
Table 12.29) are produced: press-grease S and grease S (USs-auto-
mobile lubricant). They differ in content of calcium soaps of syn-
thetic fatty acids, but have sinilar properties, although grease S
is more heat resistant. Most lubricating grease is produced under
the label ol press-grease S which corresponds to the grade of
USs-2 grease manufactured according tu the above noted GOST 4366-56.

Broad fractions of technical fatty acids and still residues
from the production of refined synthetic fatty acids, as well as
mineral oils from petrcleums of different origin ﬁlfﬁ"?itﬁbi“ﬁ?ﬁiﬂ'
viscosity characteristics are used for the preparation of press-
grease S, therefore the greases produced in different plants differ
considerably in their propertiea although they satisfy the GOST re-
quirements.

Patty greases (GOST 1033-51) are produced in very small amounts
(No. 27, 28 and 25, Table 12.29). cCottonseed oil, as tell as sun-
flower and certain other plant oils have chiefly been used for their
preparation. At the present time, they have been practically entire-
ly replaced by synthetic greases whizh are not inferior to them in
lubtricating and protective properties.

Konstaline are high-melting lubricants. They are used for lub-
ricating ball and roller bearings which work at elevated tempera-
tures. Like greases, they were previously prepared from natural fats
(fatty konstalins UT-1 and UT-Z?, while at the present time they are
prepared from synthetic fatty acicds (synthetic konstalins UTs-1 and
UTs-2). All konstalins are sodium lubricants and therefcre are not
water resistant; they cannot be used under conditions of high hu-
midity and in contact with water; their protective properties are
low.

Type 1-13 calcium-sodium ludbricants are widely used in the
roller bearings of automobiles, electric motors, rallroad cars and
cther equipment. Among them are fatty lubricant 1-13 and ite im-
proved modification - lubricant l-13s (lubricant 1-L2Z) which is
&lso prepared from netural fats, and lubricant l-13s prepared from
goaps cf synthetic fatty acide and its improved version — lubricant
YaNZ-2. Ail these lunricants have poor water resistance, dbut can

operate at considersbly higher temperatures than grectses.

Narrowly specislized ludricants find use in automcdbile ;oller
bearings as well as in the friction joints of other machin.»a:
1ithium lubricent LZ-3)1 (for the squeete bearing of a clutch), a
special lubricant for vacuum and pneumatic windshield wipers made
from & zinc-aluminum alioy, a avd.um ludbricant for the ball dear-
ings of sutomotive electrical equipment and the more up-to-day
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phthalocyanin lubricant No. 158 used in the generators of the
Moskvich and Volga automobiies and also of combines.

Graphite lubricant USs-A prepared from the calcium soap of
synthetic fatty acids is widely used for lubricating rough fric-
tion surfaces (springs, cables of clumsy heavily loaded gears, etc.).

Industrial Lubricants [No. 43-51, Table 12.29]

Special industrial lubricants are used for lubricating the
bearings and other friction joints of metallurgical equipment
(rolling mills, the belts of agglomeration machines, cranes, the
cranes of open-hearth, convertor and other metallurgical plants,
the mechanisms of hot mills, etc.): calcium-sodium lubricants IPl-
L (summer) and IP1-3 (winter), sodium lubricant for rolling mills
(lubricant IP-2) prepared from soaps of oxidized petrolatum and
automotive transmission oil which 1s very thick, metallurgical
lubricant No. 10 containing a large amount of calcium soaps and
therefore less heat resistant than lubricants IP-1 and IP-2 and
high-temperature sodium lubricant No. 137.

The new LZ-142 lubricant for lubricating the sheets during
cold rolling of steel and other alloys can be placed in the same
group; it 1s atriethyleneglycolic ester of synthetic fatty acids
and 1s a complete substitute for imported oils - palm, castor and
others wnich are still used for the same purposes.

The following narrowly specialized lubricants produced in a
limited amount belong among industrial lubricants: sodium textile
IT (used for lubricating tortional raceways), aluminum rotation
IR (for lubricating the bearings of rotation machines) anrd Red's
lubricant.

Special Lubricants [No. 52-57, Table 12.29]

In aviation, in addition to general purpose lubricants, spe-
clalized NK-50 lubricants (airplane motor high-melting ST} pre-
pared from sodium scaps and containing graphite which increases
its lubricating properties, especially at high temperatures and
lubricant No. 9 for lubricating mechanisms which are subjected
to sharp changes in temperature and humidity during flight under
various meteorological conditions and at different altitudes which
is also used for protecting steel products with metallic and chem-
ical coatings four brief periods are used.

The marine lubricants AMS-1 and AMS-3 possess high sticki-
ness, are little eroded by water and protect well against corro-
sion from the effect of atmospheric precipitates and sea water;
they are used in friction joints of certain ship mechanisms, but
only at temperatures above 0°C. Lubricant AMS-1 is soft ard aticky,
while /M5-3 is thicker and has a higher drop point.

Lubricant NS-70 resists erosion by water well and therefore
is used for lubi.icating mechanisms which operate on the decks of
ships and are subjected to the constant action of waves; it can-
not be used at temperatures above 60°C. During prolonged storage
of lubricated productes under atmospheric conditions, it protects
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them poorly against corrosion since it dries up and decrepitates
and also causes copper alloys to turn green and darken.

Lubricant PRGS has limited use in heavily loaded high-speed
reducing gears, providing for their start-up at temperatures up
to —=50°C and preventing abrasion; lubricant spattered on the walls
of the reductor’s houcsing runs off from them.

Railroad Lubricants [No. 58-76, Table 12.29]

Railraod lubricants are used in the friction jcints of loco-
motives, steam engines, electric locomotives, diesel locomotives
and railroad cars. It is produced accordirg to MPS technical spe-
cifications. These lubricants can be divided into several groups.

1. Solid b~iquet lubricants containing up to 40% thickening
agent, usuall; sodium soap (ZhD-1, ZhD-lp, ZhD-2 and ZhD-2p). They
are similar in external appearance to iiousehold soap and are ap-
plied in the form of bars of specifi~ shape to 2lotted and bush
bearings where they are p-essed by torings to the axle journals.

2. Plastic greases, sinilar in composition and properties to
ordinary genersal purpcse saponaceous lubricants: ZhK, Zhg, Metro
of grades M-i and M-2 and others, including lubricant 1-LZ (gun
lubricant 1-13) containing an oxidation iphibitor (0.3% ciphonyla-
mine) which prolongs the periods of the lubricant's service sav-
eral times in comparison with lubricant 1-13.

3. Narrowly specialized lubricants: sulfured summer and win-
ter lubricant for traction :lectric motors of locomotives, graph-
ite anti-accident coach lubricant, graphite ZhR for lubricating
rails, ZhT (4a) for the automatic dbrakes of rolling stock, dry
graphite-coumarone SGS-0 (basic) and its "solutior” in a solven:
for the contact plates of locomotive pantographs, two formulas of
greasing lubricants PS-12 and two formulas of PU-40 and graphite
lubricant GMS for the supplying of steady electrical conductance
in rail joints. ZhE anticorrosion lubricant (No. 7, Table 12.29)
has also been uzed for protecting the carrier cables of electri-
fied railraods agein-: corrosion.

Instrument Lubricants [No. 77-90, Table 12.29]

Only the major instrument lubricants which have obtaired wide
distribution and which are produced by the petroleum industry are
presented here. Many instrument lubricants are prepared by vari-
ous enterprises, organizations and institutes for narrowly special-
ized purposes on special order; they are used in small amounts.

Instrument lubricants can be divided into several subgroups,
each of which consists of a series of ludbricants which are similar
in composition and properties. The lubricants of the individual
subgroups are used chiefly in some apecific branch of instrument
making, but can also be used in allied fields.

Lubricants of the TsKP series (2TsKP, 3TsKP and A4TsKP) as well
as of the SK series (25K and 4SK) are widely used in enterprises of
the opticsl-mechanical industry and in organizations which repair
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optical instruments. The lubricants within a series differ in con-
tent of the principal thickening agent (ceresin) and oil. Lubri-
cant 2TsKP is the softest, while UT3KP is the thickest of the TskKP
series. Lubricant 2SK 18 also a soft grease, while USK is a very
thick mastic used as a cement in sealing the caps of optical instru-
rmients. All these lubricants provide for the operation and storage

of ogtical instruments within a rather narrow temperature range
(240°C) which does not satisfy the requirements of present-day in-
strument making. Optical instruments must operate normally in frosts
down to -20°C and not get out of order when working in a warm cli-
mate where they are often heated to 70-80°C in the sunlight. There-
fore, a search is being conducted lor more improved lubricants fcr
optical instruments.

Graphite lubricants of series G which are mixtures of series
T~KP lubricants with colloidal graphite in various proportions are
used for lubricating heavily loaded joints of optical instruments.

Lubricants of series 0KB-122, four plastic and five 1liquid,
which are usually called instrument oils are very common. All these
lubricants contain as the 011 base mixtures of silicone liquids and
highly purified petroleum oils. Thanks to the high content of sil-
ico-organic liquids which possess low pour points and a sloping
viscosity curve, the lubricants ol series OKB-122 provide for the
operation of the mechanisms of diverse instruments at very low
temperatures (to -T0°C) and also can be usad at comparatively high
temperatures (up to 60-120°C). However, these lubricants cannot be
used in the joints of optical insctruments which have optical (glass)
components since silicon liquids are inclined toward creeping on
metallic and glass surfaces and lubricants prepared from them form
deposits on the optical components.

Of the large number of instrument lubricants developed by
VNII NP, only the lubricants TsIATIM-201, TsIATIM-202, TsIATIM-203
and TsIATIM-221 which are more common and are prepared by the

petroleum industry in considerable amounts are presented in Table
12.29.

Lubricant TsIATIM-2C]1 was the first lithium lubricant pro-
duced. It has found use in the most diverse fields of technology
thanks to its water resistance, high chemical stability and wide
range of temperatures in which it provides for the operation of
mechanisms. Its shortcomings must be taken into account in using
this lubricant: low collodial stability (it gives off oil), com-
paratively low anti-fristions properties (it cannot be used in
heavily loaded joints), rapid drying anc¢ poor resistarce to water
erosion. 011 is given off from it during storage in a large con-
tainer (cans); therefore it is packaged in beakers with a capacity
of atout 1 kg.

The lithium lubricants TsIATIN-202 and TSsIATIN-203 are used
in friction jJoints with high-reversidle roller bearings and with
large specific loads, at higher temperatures and in increased
humidity since they have better anti-friction and anti-abrasion
properties than ludbricant TsIATIM-201.

The calcium lubricant TSsIATIM-221, in spite of the fact that
- 816 -
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it does not possess high water resistance, protects lubricated
surfaces rather well against corvosion and is stable during pro-
longed stoi1age of lubricated mechanisms; it is often used in con-
necting metallic and rubber components. Insufficiently good anti-
abrasion properties do not permit its use in heavily loaded fric-
tion joints.

Kermetic Sealing Lubricants [No. 91-107, Table 12.29]

Special hermetic sealing and packing lubricants and greases
are used to fill narrow slits and chinks in the hermetic sealing
of instrument to provide for operation and prolonged sealing of
various cranes, bolts, vacuum apparatus and instruments. They are
divided according to purpose, type and chemical composition of
the La3se and binder ani according to the filler which plays & large
role in their capacity tov nermetically seal apparatus, especially
under large pressures.

The base and binder determine the resistance of the lubricant
to the medium with which it comes into contact and the reliability
of operation of movable joints at different temperatures.

- et e

A hyd.ocarbon vacuum lubricant (No. 91, Table 12.29) is used
to hermetically seal laboratory instruments; it is alsc used under
production conditions. It contains 15% naturel rubber, thersfore
its structure is distinguished by a thread-like character and
great stickiness. N

The new lubricant L2-188 is used for hermetically sealing the
stopcocks of various pipe lines through which natural or industrial
gas is transported under great pressure at temperatures from 20 to
130°C; lubricant BU is used for sealing gascline pipes and gaso-
line pumps. Instrument and liner lubricants as well as pump lubri-
cant which is very resistant to the action of petroleu=z products
and alcohol-glycerine liquids have been used for a long time.

Packing lubricants have been desveloped: No. 15, 1, 2, 3, &, §
and 54 for gas cocks, threaded joints and others (No. 98-106, Ta-
ble 12.29). They have limited use and are prepared on apecial or-
der of the consumers.

Vatelines and Leathar Lubricants [No. 108-1i1, Table 12.29]

Vgsgiines are produced according to GOST 3582-52 and MRTU 12N
No. 116-64,

The former are used for medical purposes and in prenaring
creams, pastec and ointments. They are also used in the t.xtile in-
dustry.

Vaselines manufactured according to MRTU 12N No. 116-6% are
used for medical purposes in agriculture.

Lubricants for leather are used in preparing a fatty mixture

for the impregnation of leather procducts as well s= for proteccing
metal parts agains{ corrosion.
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Instrument Lubricating 011s

OKB~122 instrument lubricating oils are mixtures of silico-
organic liquids and mineral oils of a high degree of purity. They
are used for lubricating instrument bearings and friction joints
which operate et low temperatures and for the preparation of low-
;emgeraguge‘OKB-lzz instrument oils. Five grades are produced (see

able 12.30,.

TABLE 12.30
Properties - » trument Oils

‘ . 2 lggn.. ~
e | |

HEN°C.am ..... 114 | 1—14 | -2 Lu-:u -3
SURERE

S Tewsmperypa — (»
OYNPUTN TEFES), »
] T- ..... ce .. 100 150 m 1Y, ] %
Coume ...... -8 -0 -0 -7 -7
7 Kmecaoraoe wetae, »e KOH
mio, mfome . ... 02 ol 0" 023
sBemm ........... sOreyrernyor

1) Properties; 2) grades of oil; 3) density pi%; 8) xinematic vis-
cosity at 50°C, c¢St; 5) flash point {in open crucible), °C, not
below; 6) pour point, °C, not above; 7) acid number, mg KOK per g,
not more than; 8) water; 9) absent.

Ofls and Ludricants for Clockwerks

Special oils and lubricants are used for lubricsting clock-
works and instruments alnalogous to them. The principal lubricating
0ils and thelr properties are presented in Table 12.31. The oils
MPB-12, MZF-6, MTs-3 anc¢ MChM-5 are used ror clockworks operating
under ord!nary conditicns; for mechanisms which operate in the
open air a* iow tempergtures the oils MN-30, MN-AS and "-€0 are
used. Por clocks 2esigned for operation in countries with a
tropiceal climate, the oviia RChT-3 and MPT-2 wnieh cantain an anti-
septic which prevents the development in them of the spores of
various fungcus organisms and microorgan.sms (bacteria) sre used.
These olls sre tested for moisture recis*an~e and chemical stabil-
ity by the method set forth in GOST 7934-56.
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TABLE 12.33

Epilams - Liquidc for Treating Components of Clock Mechanilsme to
Frevent Spreading of Lubricating Oils (VTU NIIChaspirom)

Properties Grades
EN-3 EN-Us EN-58

External appearance, color Mobile trans- Mobile transparent yel-
parent color- 1low or light brown li-
lese liquid quid

Fractional composition:
97% distilled at tempera-
ture, °C, not above 100 80 8¢

Acid number, mg KOH per g 0.06-0.10 0.06-0.10 0.06-0.10

Refractive index at 20°C,
no above 1.3890 1.3700 1.4590

Test on strel polished Complete evaporation of liquid;
plate Blight white deposit remains at site
of evaporated drop

Test for corrosive agres-
siveness on eteel and brass
plates , three days at room

Traces of corrosion absent

tempersture
Water soluble acids and bases Absent
Mechanical impurities and water Absent

.The principal properties of clock and instrument lubricating
greases, general purpose RS-1 and PS-4 and RST-3 for instrument
and clock mechaniasms intended fcr operation in countries with a
tropical climate are preswnted in Table 12.32; the latter contains
an antiseptic additive.

The colloidal lubricants KS-20, XS-22 and K38-25 are designed
for lubricating mechanisms in which great abrasion of the friction
components is pcssible. They all contain about i5% of finely
ground molybdenum disulfide which decreases fricticn and abrasion
of the friction components.

The quality indexes of epllams — ligquids used for treating
the components of instruments and ¢lock mechanisms to prevent
spreading of the oils and lubricants from the friction joints are
presented in Table 12.33.

§. THE CONPATIBILITY OF LUBRICANTS OF DIFFERENT COMPOSITION

The compatibility of lubricants is of great practical impor-
tance asince during the operation and storage of mechines snd meeh-
anisms it !s frequently necessary tc scolve the problem of the pos-
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sibility of replacing one iubricant by another, while it 1s not
always possible to remcve the first without complete dismantling
of the Jjoint, which can lead t¢ impairment of normai operation

and even damage to the article. Moreover, the dismantling and as-
sembly of complex modern machines and instruments is expensive and
requires the expenditure cf skilled labor, whereas replacement of
the lubricant without dismantling joints and mechaniams of amachines

usually is not difficult and can be performed by the people who
operate them,

Hydrocarbon lubricants almost without exception can be coal-
esced and combined in unmelted form; mixtures of them do not sep-
arate upon cooling. The mixing of such lubricants as gun, technical
vaseline, PVK, SKhK, etc., as well &s the gddition to them of an
additional amount of thickening agents (which is sometimee prac-
ticed for the purpose of increasing the drop polnt, increasing tue
thickness, eliminating slipping, etc.), although it is possible,
is not recommended. The formulas of ludricants PVK, SKhK and 80I-5ip
have been well developed and tzsied; tnere is no need to add more
ceresin or oxidized petroleum products to them. It is sometimes
expedient to mix gun lubricant with PVK lubricancs, fusing them in
equal amounts, for example. if it 1s necessary to use the avail-
able store of gun lubricant and the mixture will be usmed to protect
articles against ccrrosion which are stcred in an ares with a mod-
erate or cold climate where tnere is no danger of slipping of the
layer at temperatures above 45°C.

when hydrocarbon lubricants prepared in different plants fyrom
different raw material are mixed the mixtures which are formed can
have decreased qualitative indices. It 1s particularly dangerous
to use such mixtures for preserving articles for prolonged storage
since the mixed lubricant layer can decrepitate, peel off the
covered metal and slide. This sometimes occurs due to undesirable
recrystallization of solid hydrocarbons in the mixture and reduc-
tion of the volume of the lubricant during recrystallization of
its components. Parafiin should not be added to hydrocardon lubri-
cants since 1t imparts to the mixture & tendency to decrepitate,

especlally at a low temperature. All such mixtures should be test-
ed before uze.

Lubricant GOI-54p (GOI-S4; szhould not be mixed with gun and
PVK and SKhX lubricants since in this cass it loves its low tenm-
perature preperties.

However, not all miztures of hydrocarton lubricants have de-
creased properties. For example, a mixture cf 1 pert by weight of
gun lubricant and 1} part by weight of rifle lubricant (GOST 304%.
51) is recommended for preserving rifles during prclonged atorasge.
Mixtures of gun lubricant or PVK lubricant with AU axle oil awe
used in the operation of ship mechanisms. A mixture of 308 AU
sxle o4l and 708 PVK lubricant posaesses good provective properties.

The overwhelning majority of hydrccarbon lubdricants are not

‘compatible with saponaceous lubricants; as a rule, they dsaage
‘saponacecus lubricantg, coinsiderably changing their characteristics.

The mixing of various grades of greases and of fatty grease

- 883 -
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with synthetic is entirely possible and does not lead to any

"deviations in the operation of the lubricated friction joints.

By nixing calcium and lithium lubricants, products with inter-
mediate properties ave obtained. A mixture of grease with lubri-
cant TsIATIM-201 has a minimum tensile strength at a content of

75% grease in the mixture, However, it is entirely possible to mix
greases with lithium lubricants. This makes it possible to replace
greases having a low melting point and comparetively poor low-
temperature properties with lithium lubricants which possess con-
siderably better high and low-temperature properties. It is possible
to carry 2ut this replacement without dismantling the joints.

From mixing greases with konstalin, mixtures with poorer pro-
perties than those of the original lubricants are obtained.

The viscosity characteristics of mixtures of sodium and lith-
ium lubricants changes monotonically with a change in composition.
The addition of a8 small amount of konstalin to lubricant TsIATIM-
201 l=+ads to an increase in the tensile strength, while the other
proyartise change only slightly.

The mixing of monotypic lubricants, as well as of fresh and
depleted Jubricants is entirely permissibie¢. The combining of non-
monotypic lubricants, each of which separately can provide normal
operating conditions, for example, of rolling bearings, is not
permissible and can lead to breakdown due to flowing out and cast-
ing off of the lubricant mixture from the effect of mechanical de-
formation. Mixtures of lubricants 1-13 and 1-13s, TsIATIM-201 and
1-13, US~2 and 1-138s behave in this way. Loss of efficiency of the
indicated nonmonotypic lubricants after their combing causes a
sharp deterioration in the initial mechanical characteristics (ten-
sile strength, effective viscosity, thixotropic properties) and an
almost irraversible loss of plasticity from the effect of the
mechanical Jdeformation.

When & lubricant is added to roller and ball bearings, its
mixing with the old lubricant even during intensive operation oc-
curs very slowly. Therefore, it ir necessary as far as possidble to

take measures to displace the old lubricant from the friction joint
by pumping and cther methods.
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Transliterated Symbols

I'OCT.GOST = Gosudarstvennyy obshchesoyuznyy standart =
All-Union State Scandard

TY = TU = technicheskiy usloviya = technical specifi-
tations

MiHXUIrn = Moskovukiy instit.. neftekhimicheskoy 1
gazovoy promyshlennosti = Moscow institute of
the Petrochemical and Gas Industry

BT = Vsesoyuznyy Teplotekhnicheskiy Institut = All-
Union Heat Institute

IMATUM = TsIATIM = Tsentral'nyy nauchno-issledovatel'-
31iy institut aviatsionnykh topliv i1 masel =
Central Scientific Research institute of Avia-
tion Fuels and Lubricants

MPTY = MRTU = mezhresyblikanskiy usloviva = provisional
technical specifications

BHMM HIl = VNII NP = Vsesoyuznyy sauchno-iasledcvatel'skly
institut po pererabotke nefti 1 gaza i polu-
cheniyu iskusstvennogo zhidkogo topliva = All-
Union Scientific Research Institute of Oil and
Gas Prcaessing and Production of Artificilal
Liquiad i'uel

MNC = MPS = Mini:ntcratvo putey soobshcheniya = Ministry
of Railroaus

M3 = MZ = maslo gim. e « winter oil
BY = VU = vyazkost' uslovnaya = convertional viscosity
HI1 NP = Nafte produkty = netroleum products

PTY = RTU = Respublikans.iye lekhnicheaskive Usloviya =
Republican Technical Speciffcations

PCOCP « RSPSR = Rossiyskaya Sovetskxya Federativnaya
Sotsialisticheskaya Respublina = Rus-
slan Soviet Federated Socialist Repub-
lie

HAWacnpou e NIIChasprom = Nauchno-issledovatel'skiy

institut chasovoy promyshlennosti -
Scientific Research Institute of the
Watch Industry
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