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L
CC.,AP.SCN OF METHODS OF EVALUATING CORROSION QUALITIES OF OILS
T r, iHE I1'-2 and PZ7 INSTRUMENTS

firticle by N. V. Gorbacheva, D. M. Aronov and T. I. Lavrent'-
yeva; Voscow, Scientific Research Institute of Automotive Trans-
joitation. Operations and Technological Properties and Use of
Automotive Oils, Lubricants and Special Fuels, Russlan, No6,
1970, pp 2Ol-2fg/

The anticorrosion quality of oils is one of its most impor-
tant operational qualities because it determines to a considera-
ble degree the corrosion and wear of engine parts. The corro-
sion qualities of oils are usually evaluated by the unit losses
of the weight of the lead plates (grams per square meter) when
the oil is oxidized in the Pinkevich instrument (GOST 5162-49),
the bK-2 instrumitnt NAMI foentral Scientific Research Institute
of Automobiles and Automobile Engines] (GOST 8245-56) or the
P.' instrument (GOST 13300-67). To compare the most widely used
methods of evaluating the corrosion qualities of oils, the NIIAT
/ttate Scientific Research Institute of Automotive Transporta-
tion/piade laboratory tests on a number of oils with and without
additives on the DK-2 instrument and the P77 instrument.

The oil oxidation conditions in these two methods differ
r•reatly with temperature, time of test, intensity of mixing,
the presence of a catalyzer, and the amount of air supplied.
"Therefore, the speed and extent of the oxidation and the oxi-
dizing polymerization of oil should also differ greatly.

The tests in the DK-2 method were r4- -q+ 1400C for 25 hours
and with an 0.02% catalyzer, copper naj. th-n;i,..

The tests in the PZZ method were Iade for two hours at 1500C
for oils without additives and at 200 C for oils with additives;
velocity of oil circulation, 125 liters per hour and amount of
iir supplied, 50 liters per hour.

: .". -c'-, "-1't f7-72



The comparative results for various oils with and without
add-itives (Table 1) show that the methods considered differ con-
Siderably not only in the absolute values of the evaluated cor-

-rosion,but also in the evaluation of the various oils.

Thus, for the majority of-oils there is observed a consid-
erably greater unit loss in the weight of the lead plates under
DK-2 conditions than under PZ7 conditions. Only two oils are
exceptions and they contain antioxidizing DF-11 additive for
which both methods give a similar evaluation. It may be seen
from Table 1 that on the DK-2 instrument, oils without additives
are evalkiated about the same as the majority of oils with addi-
tives, except that the presence of the DF-11 additive reduces
Sharply the corrosive qualities of oils.

In the PZZ instrument, on the contrary, oils without addi-
tives are considerably more corrosive than oils withl oils with

DF-11 differ little from oils with other additives.

To clarify the possible causes of the variations uncovered
in evaluating oil Dy the DK-2 and PZz methods, changes in other
quality indicators of oils occurring in their process of oxida-
tion in the DK-2 and PZz were investigated. For this purpose,
samples of oil after oxidation were analyzed for the following:
kinematic viscosity at 1000C, accumulation of oxidation prod-
ucts (total content of impurities) and the hydrogen indicator.

Table 2 shows the results of investigations of four samples
of oils. In order to obtain more reliable results, each indi-
cator is the average of not less than four independent tests.

The data in Table 2 indicates that along with the large
spread in the evaluation of the corrosion qualities of the oils
by the DK-2 and P77 methods, there are also considerable differ-
ences in the extent of oil oxidation.

As an example, we will consider AS-8 oil with the 3.5% VNII
NP-360 additive. The corrosion for this oils was 115 grams per
square meter in the DK-2 instrument and 0.3 grams per square
meter in- the P77. The oxi,,dation process in the PZZ, as shown
by the data, occurs more intensively than in the DK-2 instru-
ment. Thus, for oxidation in the PZZ, the kinematic viscosity
increases 2.1 centistokes, the content of contaminants (oxida-
tion products) increases to 1.0%, and the hydrogen indicator
decreases by 5.4 units. The oxidation of the same oil in the
DK-2 instrument increases the viscosity only 0.06 centistokes,
the content of contaminants increases 0.23%, and the hydrogen
indicator decreases by 2.5 units.

-2-
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Table I
SPeC).Ib-TaT OUCNKN aHIMKOPpOZNOHbl3 CsOiCTOg Miacej

i. M*C.IS C 11pl'CaAustil no Me~oly flo "e'"0*

%!jcao AC.6 baxmimeo c npHcaAxoA
31. AA3I131.8y 131 1.35

klacao AC.6 6aKmgcoe c npxcaicoA
@2,6% 130K. 1.4% C5.-3. 1.2%

S'i •'21 136 1.6
MjC_.o AC.6 SocTo,•ioe c npI.aC3KoNA
1 )3% CK-II, 1,26,.40.-1 1.1 0.2

I LMa:con AC,6 BOCTO'4Ic C npic ol'xOA
R3,5% ACK. 1,2% AO .11 2,8 3.0

AC.8 soctOo'4e c npmcutioh
3").3 % Btil 3-Hirl.360 115 0,3,7'ýt Mj.10ca ,C.8 eocto411oe 6t3 npMC2A•,!

" 7 ' AK.30 6aNxticoe & 16.) 53,7
AC-I0 X c npnca.ioA 162 33,5

S5%o AH31-Hl.8y 37'0 22.0
"\acao AC-10 8OCMHOLe c npmcaAko0U,% B1III111-111.360- 1539 0

10 .acao AC.9.5 nocTouoe C npHCaSKoA
i.n.22K 26 10.0

Translator's Notes AzNII ZAzerbaydzhan Scientific Research Petro-
leum Institute imeni V. V. Kuybyshevj.
•ItKhP [rInstitute of Petrochemical ProcesseQ7
VNlI NP /All- Union Scientific Research Institute of the Petro-
elum Indus cry, /
Keyt 1 -- Results of evaluation of anticorrosion qua7 itiee of
oils; 2 -- number; 3 -- oils with additives; 4 -- corrvL'ion,
grams per square meters 5 -- DK-2 methods; 6 -- PZZ method:
7 -- AS-6 Baku oil, with 5% AzNII-8u additive; 8 -- AS-6 Baku

with 2.6% BFKt, 1.4% SB-3 and 1.2% INKhP-21 additive;
9 -- AS-6 Eastern oil with 3% SK-11, 1.2% DF-11 additive;
10 -- AS-6 Eastern oil with 3.5% ASK, 1.2% DF-11 additive;
11 -- AS-8 Eastern oil with 3.5% VNII NP-360 additives
14 -- DS-8 Eastern oil without additives 13 -- XK-10 Baku oil
without additive; 14 -- AS-10 Baku oil with 5% AzNII-8u addi-
tive; 15 -- AS-1O Eastern oil with 3.5% VNII NP-360 additive;
16 -- AS-9.5 Eastern oil with IP-22K additive.

The same difference in the nature of the change in the
quality indicators of the oil when oxiiized in the DK-2 and Pzz
instruments is observed also for other iamples of oils. Thus,
the extent of oxidation of the AS-6 oil with 5% AzNII-8u addi-
tive is shown in the P77 instrument by an increase in viscosity
of 2.6 centistokes, an increase in total contaminants of 2.2%,
and a decrease in the hydrogen indicator by 5 units, while in
the CK-? these are 0.18 centistokes, 0.174% and 1.9 units re-

"" 3



Table 2

G HSmeNCrHe ,.oKa3ale ie 0 MaceA nocAe om09CAC• IW u npt6opax RK-2 w 1133

I KpCTI, 1ip " 111 C. r, / CC ".
1

V. CI DI 4. A(. I Zu..1c

- T I 1,- (.acc.l + ,I I• I( :,, 9. 2,1 O l -l2tl 2, t0 '.9 :|:( T,,I ii 70"' I~
$ I 'M.I(XII9A .>8 nIIwTo'IIIV C 3.3% 1K.2 .I I :i 5.9 0,1 O .NA) 0,4 7S' 0.225 9.8 7.31 2.• 6

111 -II + I1.3( ,133 7 1, 17, 1..4 !.1 . V )71 0I 94 1 '.S ..s .. f;
CII42 M•,v'.i' A(:,(6 sai.ihoc 2. 6 I AK-2 136 7, 2, 0,16 0,4 0.790 0.21. 1.9 7,2'$ 8.9

6l0K + 1,4% CII.3 + ..I I ~ 16 7.1 9.2 2.1 0,0 I9 ',IS.J :36 .:s

Q~ý I aa AC.6 RlOCTO-1110C c .3% JIll{2 1.1 61.9 7, N, 0.25 0.481 O.YAI 0.01101 7. 1 f) 2' 0.8,

(:K*I + 1. 2% )10*11 n133 0,2 6,9 8,1 1,2 0.484 1,097 0 613 7.1 4i:5 2.6

CO4 M.'cam AC.6 (IMIIIckoe c 5% At(*2 31 3 7,1 7,211 0.8 a ,741 0:7301 0:1711 9:45 7,5 1 .IA
A il 1111 1.Sy 1133 1 ., 7,1 9,9 2,8 0, .16 2.7M3 2,1771 9.,15 4.3S 5..07

Keys I -- Change in oil indicators after oxidation in the DK-2

and PZZ instruments; 2 -- number; 3 -- oil samples; 4 -- test
method; 5 -- corrosion, grams per square meter; 6 -- kinematic
viscosity at 1000 C, centistokel 7 -- impurity content, %;
8 -- hydrogen pH indicator; 9 -- before oxidation; 10 -- after

oxidation; 11 -- increase in viscosity; 12 -- reduction in the
pH; 13 -- AS-8 Eastern oil with 3.5% VNII NP-360; 14 -- AS-6
Baku oil with 2.6% BFK+1.4% SB-3÷1.2% INKhP-21; 15 -- AS-6
Eastern oil with 3% SK-11÷1.2% DF-11; 16 -- AS-6 Baku oil with
5% AzNII-8ut 17 -- increase in contamination; 18 -- DK-2;
19 -- 77.

Thus, in comparing the results of the corrosion evalua-
tion and the analyses of oils in the DK-2 and PZZ instruments,
it follows that there is a greater corrosion of the control
plates with considerably less oxidation of oils in the DK-2 in-

strument than in the PZZ.

The suggestion may be made that the difference in the ex-
tent of oxidation may be the cause of the differences observed
in the loss of the lead plates. The accumulation of a large
amount of oil oxidation products in the PZZ instrument leads to
the formation of tar films on the surface of the lead plates
which prevent corrosion processes, The appearance of the lead
plates after oil oxidation confirms this because the plates are
covered with a film varying in color from yellow to brown.

the The additional effect of tar films on the evaluation of

the corrosion qualities of oil can be confirmed by the following
data.

-4-
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Table 3

Il) I'ely.l aM, oa 11.Olcra.le,.II KOpPOJlH cmeiero it perv.epuponairoro m,tcna AC-8 c 3A,O'. IIH III'H11.360
s npu6ope .K-2

*-._ . li,1, llllI1 f [ •: Il&. * l ,1 ' 5 " Iv l l.E0 ,IIC :IjOAAIC. !I . igf i. , :
... . . | 1 .. " 'ii ,,1 .K,,CT.(,. ilv4 '

Key, IVOI omi. ofthe I _oi _

6 -iemtc isoit 0ctsk "C7 -- MmprSt ponten,%

Q 3.ve. --- 0-8 ra oi ; t 3 2P -6 0 1

KeyTal 1 R hw esults of thoetrination of the orrosion-o
suetoffresh and regenerated AS-8 oil witha 3.5% VNII-NP-3oith

3 adinstrument; 2 --cormr;o 4f -- lengthof

teast hours;r 5eter amont of foresh onil,1 grams per square mtr

meeTeohroxidation; indiaors (hange in viscosity;,3- rs ol 4- e
dctainan; conen -n- p8comrca of ils weinh 3.5are vNP30addied

veyltl.Table 3 as shows rslso oxidation inata forK- i0nd-
strumenso fresoh ands reenrabotthed Ase oiawthr af 3.5xidaion,
36 sadditive. Tn corrosionws obsredf the reenraesd oil wans 3.6
l a smalisqureaseer and toe fregeerte oil, 115 greamso persur

cotame iffernte stecniea contentanpH of theoisben comparenrids
ver litle. Teeeabled 3als wsihfows roxidationvet fisor t1e eand2
plates fter btoisera Foursaottesaentr of oxidation,

a Thar jeum ts oitedeennain corrosion wa bevdin tefsholando-8
oly withmal inceas in th-60adiie regenerdtdfrom.the reasngfor
thes dicrftefoerenesins the consdeal content iofetarsa comonds
fin the fregneateoion whcffr protective films on oi dtion lead-

Th edplates afewsvra eors of oxidation. oee wt r

oilm whith acould not NP30adiie removed fromzie n therenginea

increase in the weight of the plates from 0.6 to 1.2 milligrams
rather than a decrease in wei=.ht.
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An analysis of the results of several oil samples when
oxidized in the DK-2 and Pzz instruments makes it possible to
compare the corrosion qualities of oils with the change in other
indicators and compare the two methods for evaluating the cor-
rosion properties of the oils.

For the four oil samples shown in Table 2, curves were
plotted on Fig. 1 for the relationships between the changes in
the viscosity, increase in contaminants and the pH at the end
of oxidation in each instrument, and the value of the corrosion
indicator by the DK-2 and the PZZ methods. The numbers on the
chart are the numbers of the oils in Table 2.

In spite of the limited test data, it is possible to
note the presence of general, almost linear, relationships be-
tween the considered indicators and the value of the corrosion•.
In both methods, the increase in corrosion is related to the
rise in viscosity and contaminants although for oxidation in
the DX-2 instrument, the viscosity and the contaminants in-
crease very little, while in the PZZ instrument they increase
considerably.

The relationship between the pH and the amount of corro-
sion is.of a different nature. In the PZZ instrument, as could
be expected, oils with a smaller pH are very corrosive, while

*, an inverse relationship is observed in the DK-2. In both dia-
grams, the investigated oils are located in a similar sequence.
The reson for the anomalous relationship between the pH indi-
cator and the amount of corrosion in the DK-2 instrument remains
unexplained.

In Fig. 2, an attempt was made to check the correlation
between similar oil indicators obtained when oxidized in both

Sinstruments. The solic! line in each of the four diagrams cor-
responds to the full coincidence of oil indicators in both me-
thods. With the exception of the corrosion indicator which has
a scale for the DK-2 one-fifth of that for the PZZ, the scales
for all other indicators are the same and the line of coinci-
dence of the evaluations has a 450 angle. Broken lines connect
test points for the corrosion indicator for ten oil samples
(Table 1) andfor four samples,(see Table 2) for other indica-
tors.

Thus, there is a netarly linekiir relationship in both me-
thods for all indicators, The corrosion causes a greater loss
by two-three orders of magnitude in the weight of the plates in
the DK-2 method while for the other indicators (increase in vis-
cosity, increase in contaminants and reduction in p1), the P7Z
method causes greater changes approximately 7, 12 and four times
respectively.

-6-
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Fig. 1 -- nincresetw nat corrosionn tadicatand the extent of oil oxidation indicator in DK-2 (a) and the

Soxidation; 3 -increase in cnaint %; 4 -croin

grams per square meteri 5 -- A Pr.

The comparison shows that the DK-2 method causes a more
intensive corrosion of the plates but, at the same time, doesnot cause an essentially smaller change in the other oil oxida-

tion indicators.

The data cited concerns oils with additives shown in
Tables 1 and 2. Oils without additives have a certain anomaly
which follows from the correlation diagram of the corrosion
indicator where two points corresponding to these oils lie
considerably below the curve for oils with additives.

The oil oxidation obtained in the two instruments makes
it possible to trace the general relationship between the basic
oil oxidation indicators. Fig. 3 shows the test relationship
between the increase in viscosity, the -increase in contaminants
and the value of the pH at the end of oxidation, and between
the increase in contaminants and the increase in viscosity.
Each point corresponds to an average value of four independent
determinations.

-7-
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Fig. 2. Diagram of correlation between similar oil evaluation
indicators when oxidized in the DK-2 and PzZ instruments,
a -- corrosion, b -- change in viscosity; c -- contaminant
accumulation; d -- change in pH.
Key: I -- oxidized in DK-2j 24-- oxidized in PZZ; 3 -- corro-
sion, grams per square meter; -- increase in contaminants, %;
5 -- increase in viscosity, centistokes; 6 -- decrease in the
pH.

The diagrams in Fig. 3 make it possible to state that
there is an essential relationship between the considered oil
oxidation indicators which is independent of the type of oil and
the method of oxidation. It will be possible to establish the
types of these relationships when further data is accumulated,

Conclusions

On the basis of comparing the results of the determina-
tion of oil corrosion by the two methods using copper naphthen-
ate as a catalyst in the DK-2 instrument, and the analyses of
oil samples taken after the determination of corrosion in the

FTD-.!!(-2 3- 1007-72
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film of oxidation products on the surface of the plates which
prevents further corrosion of the plates.

4. The considered methods for the determination of cor-
rosion do not give an objective evaluation of anticorrosion
qualities.

5. The conclusions drawn confirm the necessity for im-
proving the considered methods or of developing new methods
for evaluating anticorrosion qualities of oils which would re-
flect their actual qualities exhibited under actual car engine
operating conditions and making it possible to evaluate the ac-
tieal operating anticorrosion qualities of oils.
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