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A T=ST ON THR:E WOTOR LUBRICATING-OIL
ADDITIVES -- 701, 711, AND 711Ax

«Corrmuni st China.

[Following 1s the translation of an article
by Chans, Panp-chien (1728 A364 £190) and
dang YU-k'ang (37€9 5940 1660), of the
Ministry of Petroleum Industry's Refinery
o, 7, in Jan-1iso Rg%ah-gao ‘Acta Pocalia
Sinica', or Journal o els), Vi}. 4, Fo. 2,

PpPe 1402156, April 1939, Shanghai

Abstract

Three dlfferent adiitives -- 701, 711, and 71IA -~
of barium salt of alkyl-phenol type for motor lubricating
011 have beon s'mthesized, and their affects on the per-
formancoe of notor lubricants produced from the Soviet.
produced Sscond Baku Crude-jNo, 15 (for motor vehicles) and
Yumen Crude-lio, 10 (for motor vehicles), have been invest!-
gated, Tholr viscosity-temperature characteristics, their
lubricity and anti-corrosive proporties, their anti-oxida-
tion and detorpant properties have been evaluated, The
motor lubricants with the above threo additives added have
also been tested on A singla.cvliinder gasoline enrine, For
purposes of comparison, Soviet.proticed diesel lubricant
DP-14 and additive (Russian) -- AzNII.TesIATNI{'-1 (Agzer-
bavdzhanskis Mauechno-isslodovatal'nr-y inatitut..Tsentral'.
nyy Mauerno-issladovatel'nrr Institut Aviatsionnvkh topliv
1 maselel -= Azerdavdzhan 3Sciontific Rasaarch Institute and
Central 3clentific Res-arch Institute of Aviation Puels and
Lubricants-1l) have baen selacted for parallel runs.

Test rasults indicate that additive 7C1 improves the
special characteristics of the viscosity.termperature of the
lubricating oil slightly, tut additives 711 and 711A pro-

duce a sorewhat unfavorable effect, Additive 711A showsthe
» Received 15 Uctober 1958,




best results on ludbricity improvement. Also, as regarda
anti-corrosiveness, additive 711A produces significant re-

sults with the ¥o. 10 motor o1l of Yumen origin, All three
additives -~ 701, 71%, and 711A -~ show good anti.oxidation
properties below 250° C, but deteriorate rapidly at higher
temperatures, such that the additive effect becomes almost p
nil under the oxidation conditions present at 300° C, For
detergent effect, additive 711A improves the Second Baku

Crude-No. 15 from grade 6 to grade 1 on the model-engine

tesat,

Preliminary engine tests of motor lubricants oon-
taining additive 711A -- on a single-cylinder gasoline
engine -. prove that less acid 1s formed, viscosity 1is
lowered, less deposit is found on the pistons and rings,
and less corrosion is observed.

introduotion

During the last twenty years, salts of ocarboxylie
aeid, sulfonic acid and tlkZ';phenoln have been used ex-
tensively as additives i?r roving the performance of
motor lubricating o11s! Most of these types of addi.
tives have lessened the effects of oxidation on lubricat.
ing oils (anti-oxidation), reduced corrosion ~-- especially
in the corrosion of non-ferrous metals and their alloys --
(anti-corrosion), and also reduced carbon deposits on var-
ious parts of the engine (detergency, or deflocculant pro.
perty). Among these additives, the barium salts of alkyl.
phenols have deen extensively adopted by industry.

In order to improve the quality of our lubricants
and to produce motor ludricants for high.speed diesel
engines adequate to meet the needs of soclalist conatrue-
tion, we have studied and produced cddttivot ’1th improved
motor lubricant operational characteristics e o Three *
kinds of more effective additives -- desigmated as 701, 711,
and 71lA .. were produced on a triasl-run dasis in 1987,

701 18 bdarium salt of sulfonated alkyl-phenol; 711 is an-. )
other type of barium salt of sulfomated alkyl-phenol; 711A
i1s alkyl-phenol barium salt,
In order to determine whether or not theae three
gzpoa of additives are capable of improving the performance
motor lubdbricants, we have carried ocut ladoratory expers
iments with the assistance of the Institute of Petroleunm --
Academia Sinica -- in an effort to determine their effecte
on the viscosity-temperature indices, ludricity, anti.cor.
rosion, anti dation and detergent properties, et ceters,
of the lubricants. Comprehensive evaluation tests have also
been undertaken on a Type-1103 single-cylinder engine using
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samrles with and witacut the additives,

Por the comparison, a Soviet.produced additive .
the AzNII-TaIATlIi{-]l -~ and a diesel o1) motor Yuhrisant -.
Diel4 .. »nis0 nave been svaluateld,

Experimenta) Data

1, Physical and chemical properties of motor lubdbri-
cants under evaluation, The basic aamples under evaluation
were selacted and mamifactured by Refinery No, 7 from the
speclally-processed Second Balu Crude-No. 15 and Yumen
Crude-No, 10, The amount of additive contained in both
samples was approximately ¥%.

The physical and chemical properties of the original
lubricants -- with and without the additives -. are repro-
duced in Table 1 (s2e pages 4 and 5),

It will be noted from the data in Table 1 that the
properties of Second Baku Crude-No, 15, aftaer the addition
of additives 711A, 711, 701, or AsNII.TsIATNIM.]l, meet the
specific requirements of the Soviet diesel ludbricant DP-.14
(GOST 5304.54), If only additive 711A is added, then the
9011d41fying point 1is not up to specifications,

Yumen Crude~lNo, 10 meets all the specifications of
Soviet diesel lubdricant DP.ll (GOST 5304.54) after the addi-
tion of the above-mentioned additives, except in respect to
the #0lidifying point, viscosity and wviscosity ratio,

It {8 also noted fron those rasults that dboth addi.
tives 701 and AZNMII-TsIAT!IK-1 have similar effects in
respect to lowering the s0lidifying point, while neither
711 nor 711A has such offects, On the contrary, the
s011d1fyins point of the o1l sarple was raised by 2.4° af.
ter the addition of additive 711A, This is related primar.
11y to the length of the alkyl group in the moleculs of the
additive,

2, Viscosity.tempsrature characteristics of motor
ludbricants under svaluation, In speaking of the properties
of lubricants, the particular characteristics of viacosity-
terperature form an irportant critoria, Viscosity-tempera-
ture factors dotarmine whathar or not the ludbrieant can be
quickly convoyed to the friction points or to thie surfaces
when the engine 1s startod at a low temperature., It also
indicates whather or not an adejuate oil level can be main-
tained in tie hichetermparature region betwren the plston
rings and the erlinder wall, It {8 obviria that these fac-
tors are directly related to engine wear,

Flgure 1 shows the viscosity-teperature curves -
ranging from 10° to 150° -. for Second Baku Crude-No, 15
arnd diesel lubricant DF.l4, with ard without sdditives 711A,
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711, 701, or AzRIi.TsiaT li.l, PFigure 2 illustrates the
viscosity-temperature curves for Yumen Crude-No, 10, with
and without the above additives, It can be seen from
Pigure 1 that the viscosities of each of the olls are
basically the same whon the temperature is over 100°,
However, viscosities of lubricants in which have been added
additives 711 and 711A, tend to increase when the tempera-
ture drops, 3imilar effects are noted in Figure 2, There-
Tore, it is necessary to studv further the extent of the

% l, Second Balu Crude-lNc, 15,
Without Additive;

A 2, 3Second Bawxu Crude-Xo, 15,
dith 3571173
O 3. Second Balu Crude-lo, 15,
‘ With 33AzNII.TsIATIIE.);
" \ O 4. Second Baku Crude-No, 15,
» N with 3%-701;
B~ a{\\{ A 5, Second Bau Crude-MNo, 15.
Qa { ®ith 38-711;
2% | v ® 6. DP-1l4,
™ g ..51 *
0w & v
7% 3 t
© »r wy
(& o .
5 or ;
! .
1
ey :
B i
g |
A

R S r T

Terosratiras (©2,)
Pigure 1, Viscnaity-Termerature
Curves of 3econd Baku Crude-Ko.
15 -~ Nith and Without Additives,

effocts of additives 711 and 71lA as theyj rclate to the
lubricant flujdity at low temporatures, fluidity at de-
limiting terperatures, and at the lowest temperature in
starting an engine ceold,

It has deen found that both Soviet additives 701 and




ASNII-TsIATNINM-1 slightly improve the viscosity-tempera-

ture properties of the lubricants,
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Yumen Crude-No, 10,
¥ithout Additive;

Yumen Crude-No, 10,

with 3%-711A;

Yumen Crude-No, 10,

®ith 38-ASKII-TeIATNIM-1;
Yunen Crude-No, 10,

With 3%8-701;

Yumen Crude-No, 10,

with 3%-711,

Pigure 2, Viscosity-Temperature
Curves of Yumen Crude 01{l-No,
10 ==~ With and Without Additives,

3., Llubricity -~ or ludricating properties -. of

motor ludbricants under evaluation,

Tests were carried out

with Second Baicu Cruie-No, 15 =« with and without additives
~e and with diesel ludricant DFP-14, using a four-ball fric-
tion and wear machine., Tast conditions were as follows:

Maxirun speed (ball):

Ball diameter:

Test period:

Ludbricant temp,,
hefore test:

1500 rpm
1/2 ineh
80 soconds

Room temp,




The total loads earried on disrupture of the lubri.
cant 01l films are tabulated in Table 2,

Table 2.
ota ad on|Wear Ir. Dia-
Iaubricant Sample Disrupture of imeter on Milm

63 0029

90 0,42

R 0,41

76 0ed2

72 0,44 i
i 0,43

Pigure 3 shows the relationship between the total
10ad4 and the ball wear -- in diameter, It can be seen from
Pigure 3 and Table 2 that all the additives are capadle of
increasing the oil film strength. Among the additives, the
additive 711A increases the oil film strength to the great-
ost extent «. an increase of 2% kg. over the load carried
by the crude sample without the addition of an additive,
This figure eoxceeds even the oi] film strength of the
dlesel ludricant DP.l4,

f"¢§"~ l. Second Baku Crude-
-4 Y f,zv Ko, 18;
. Py 2., Second Baku Crude,
BN 'g With 3X-711A;
’ ‘x 3. Second Baku Crude,
e . z with 3%.711;
+ 4. Second Baku Crude,
f With AsNII-TsIATHIN.];
} S, Second Baicu Crude,
N b with 3%.701;
& da DP-14,
t

Ball ®ear . Diameater
{om, )

Prer

- .|
an " lt - ALY m LT R Y Y

Total Ball foad (kg.)

Pigare 3, Total Load-Ball Wear
(in diameter) Curveas,

Purthermore, it is ghown by FPigure 3 that the wear
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The results of the corrosion tests indicate that the
No, 15 Motor 01l itself -~ produced from the Second Baku
Crude -~ has good anti-corrosion properties, The addition
of either the 701, 711, or 711lA additives, though, slight-
ly increases its corronsiveness, However, when AzNII-TsIAT-
NIkl is added, a negative value 1s obtained in the cor-
rosion test, Since this additive is capable of forming a
strong, firm protective film on the metal surface, the
negative value actually represents the weight of this film,

The anti-corrosion properties of Second Baku Crude-
either with or without the above additives -- far exceeds
that of the dlesel lubricant DP-1l4,

The corrosion resulting from the No, 10 Motor 011l
-~ produced from the Yumen Crude -- reaches 69 g,/m<, This
is considerably lessened after the addition of either 711A
or AzNII-TSIATNIM-1 (see Table 3), and far exceeds the re-
quirements of DP-1l (GOST 5304-54), Although corrosion is
also lowered by the addition of 701 and 711, the 0il -~ on
the whole -~ however, does not meet the specifications of
DP-11,

In comparing these additives, it can be concluded
that both AzNII-TSIATNINM~1 and 711A possess good anti-
corrosion properties, while additives 701 and 711 are less
effective, This i1s especially obvious when either one of
these additives 1s added to Yumen Crude-No, 10, in which
case the resulting lubricant is rendered unfit for diesel
engines, Therefore, the sulfonation conditions during the
mamufacture of these additives should be improved in order
to raise their anti-corrosion properties.

3’ adlarly, the above conclusion can be drawn from
Flpures 4 and 5 «- plotted according to data tabulated in
Table 4 -- on page 11,

It i3 noteworthy that the total corrosion of the lead
sheet over a SO=hour testing period -- during which time the
corrosion was checked once every five hours -- was generally
greater than that determined only once at the end of the
50-hour period (see Tables 3 and 4). It may also be noted
here that the amount of corrosion in the case of additive
AZNII-TsIATHNIM-]l is greater than those with 711A,

Conceivably, a firm protective film was not formed
on the metal surface within five hours (in the course of
the corrosion test); thus, tne film residue was probably
rinsed off when the metal sheet was withdrawn and washed
with benzene before weizhing. Consequently, during the
next five-hour test period, the metal surface came into
direct contact with the oxidized lubricant and, thereby,
the corrosion was increased,

The anti-oxidation propsrty is poorer in the AzNIl-

10
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No. 15;
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TeIATNIM-1 than it 13 in tho additive 711A, W#hen it 1=
incapable of forming a protective film on the metal sur-
face, the metal comes into contact with the more exten-
sively oxidized lubricant, Thus, 1ts anti-corrosion pro=-
perty is poorer than that of 711A,

It should be pointed out that results of parallel
runs in determining corrosion properties of Second Baku
Crude-Ko, 15 ~- without additives -- have been unsatisfac-
tory and were obtained with great difficulties using the
Binkovitch instruments,

5, Anti-oxidation properties of motor lubricants
under evaluation.

a) Oxidation tenst under thin oll-layer conditions,
The oxidation characteristics test with thin oil-layers 1is
desizned to evaluate the complex changes of the oll -- on
the surface of the metal ~- under the effects of air and
high temperatures, This experiment was intended to ex-
plain the possidble changes and activity of the Ianbricant
in the ring-belt area or other high-temperature regions of
the engine., We adopted -- for our tests - the method
proposed by K. K. Pabock (GOST 4953-49) for the determina-
tion of oxidation stsbility of lubricants at high tempera-
tures,

According to Pabock, oxidation stabllity at high
temperatures might indicate the lubricity in the engine
ring-belt arsa on judging thso extent of ring-bol? ’roa
charring or lacquer deposits on the énglne parts 4), Re-
sults ol Pabook's experiments also confirmed the fact that
oxidatlion stability at hign tem?gsaturea is definitely re-
latod to plston ring atickiness in the engine, This
ralationsnip has also buon confirmed in our studies,

The oxidation atnbllity propertiea of various lubri.
cants at temperatures of 2302, 250°, 270°, and 300°, were
determinad and the results are shown in Table 5 and in
Pirures 6 and 7 (ses paze 13),

Thase results 'ndiceate that addltive 711A is effec-
tive in combating oxidatisn in ccnditions under 2500,
whethnar added to 3ecnrd Baku Cride<No, 15 or to Yumen Crude-
No. 10, Its antli.oxidatlion charactoristics, however, quick-
1y detariorate as soon as the tsarmperature rises, until 1ts
effects becom2 almost nll at 300°, 3Since it is common in
diesel engino? for the ring-belt area to reach a tempera-
ture of 300° (3, 4), the stability of 711A at high tempera-
tures should be improved,

Additiv~ 711, on the otner hand, diaplays s compara-
té;gly better oxidation stability at terperatures above
2507,

Among these additives, the anti.oxidation properties

12
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of AsNII-TsIATNIM-1 is the most deficient,

The oxidation stability characteristics of both
Second Baku Crude-No, 15 and Yumen Crude~No, 10 satisfy
the requirements of hirh.speed diesel lubricants -- DP.l4
and DP=11 -- at 250°, even without additives, and far ex-
ceed these specifications after the addition of additives,

b) Oxidation test under thick oil-.layer conditions,
Crankcase oil oxidation falls under this category, It has
been pointed, among others by H. E. Tchernoskoff, that
oxidation proceedtsjith the formation of acids, resins, 1
asphalt materials « In other words, acidity, viscosi
et cetera, of the lubricants lncrease as oxidation pro-
gresses, Our laboratory expseriments on thick oil-layers
weoere conducted under the following oxidation conditions:

Amount of test sample: 40 ml.
Oxidation temperature: 200°

Rate of Aeration (input): 15 1it,/hr,
Oxidation period: 12 hours (in

two runs})

Table 6 shows the viscosity, acidity, and the amount
of residual coke for the sample before and after oxidation.,

Table 6, Viscosity, Acidity, Residual
Carbon of Samples Before and After the
Thick Oil-layer Oxidation Teat,

Iubricant Sample — - “‘ Ty T o T T T

$ma;ma;.:)'*‘;~r”" 0 16T 2614 0.059 168 0.8 A.na
Samg, Wik 3% ~THA s 1981, 15.6% 22,50 ..Nmn 2.370 1.0 s.ow

W 3% -m , 120.8 ¢ 16.63 ‘| 83 49 ‘Augam  2.070 U4 5.00
Sang, Ve 3%~ ol D0t 2150 0 14,71 0 24088, 0.005 0 2,010 v.c0b ; B.eD

Save, S0t 3% - A BiAr ' w2406 | 1496 6.2 0.028 " 2.5%0 0.617 |
DP-M Werd | 95 i 2165 0 14.48 ; 20.91 Awelx 2710 1158 i 3.47
©ep.t ! 1388 18.62 JR.TP . 0.083 2.4  O.W7 1.08

- ‘o : i ' .
“ang» Couog-Pe. - 100.9 | 138.3 g 18.12  17.07 Auwbes- .78  0.xTw | 2.88

|_Sasga Wi 3% A :
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Judging by tha changes in viscoslty and residual
carbon values -- before and aftor oxidation (see Table 6)
~= it is found that additive 711A possesses relatively
good anti-oxidation properties, 7114, howaver, with re-
spect to acldity -- before and after oxidation -. displays
very poor anti-oxidation properties; whereas, both 711 and
701 arc superior in this respect,

The anti-oxidation properties of additive AgNII-
TsIATNIM=1, compared with our additives, 1s poorer in el-
ther viscosity, acidity, or amount of residual cardbon,

Table 7, Binkovitch llethod of
Acidity Determination After

Oxidation,
: Acidity Value
Sample {mg, XOH/g, oil)|
ISecond Baku Crude-No, 15 0.66
Same, With 33-711A 0.06
Same, With 3%-711 0.70
Same, With 3%.701 0,65
Same, With 3%-AzNII-
TSIATHIN-1 0.57
DP.14 0.8€
Yumen Crude-No, 10 0,28
Same, With 3#%-711A 0,09
Same, With 3%-711 0.49
Same, With 3%-701 0.48
Same, With 3%-AzNII- !
TSIATNIli-1 0,46

The acldity values of the samples -- after subjec-
tion to the Binkovitch corrosion test -~ are tabulated in
Table 7 (above), This technique is also a type of thick
oll-layer oxidation test, except that the temperature of
oxidation and the degree of oxygen contact are rmich more
moderate than those doascribed above, The data descoribed
in Table 7 shows that 711A is an effective anti.oxidant in
keeping the aclidity of the sarple at a low lever after oxi-
dation, This observation does not contradict the results
tabulated in Table 6, It does, however, explain the fact
that under high temperatures and vigorous reaction condi-
tions additive 711A is easily consumed, On the other hand,
at lower terperatures, additive 711A maintains its excel-
lent antl.oxidation properties, Such an erxplanation is in
accord with the high«temperature oxidation stability data
(Table 4) obtained by the Pabock method.

6, Detergency (defluocculant property) of motor
lubricant samples under evaluation. Various hypotheses
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have been proposed to c¢xplaln the deterpency mechanism --
defluocculant property -- of additives, from whence have
arisen numerous methods for the detsrmination of this
property. Among these, the results obtained by the P.3 B.
Method (GOST 5726.51) =« proposed by K. K. Pabook - ar?
closer to those obtained from actual engine performance 5).

Figure 3, Fhotograph of Pis-
tons After P,3 B, Test.
v ST EES.T .1, DP-14 Diesel Lubricant;
SO %% 2. Second Baku Crude-No, 15,
Nith 3%-711A;
3. Second Balku Crude-No, 15,
Without Additive,

We have conducted tests on detergency characteris-
tics by using the P.3 B, equipment built by the Institute
of Petroleoum, Academia Sinica, However, comparison tests
only on Second Bawu Crude-lo, 15 -- with and without the
additive 711A -~ and on diesel ludbricant DP.14, were con-
ducted -- due to mechanical difficulties,

Conditions of the standard test method (GOST 5726-
51)(6) were adopted, except that the encine speed was al-
tered to 1500 rpm,

Fipure 3 snows th:e tost results for the three sam-
ples. Deateorgency propertiecs of Second Baku Crude-No, 15 -
without additives -- were the poorest @lassified as grade
6 by evaluation), This conclusion agrees with the results
obta%ngd by Nilchiky in a similar study of this same lubri-
cant\7),

However, its detergency can be increased to grade 1
after the addition of additive 711A, Detorgency of diesel
Jubricant DP-14 was also found to be grade 1, -

7. Comprehensive evaluation of the general proper
ties of motor lubricants as determined by tests conducted
on a Type-1103 single-cylinder engine, Lowepowered single-
cylinder enrines have been used extensively in the evalua-
tion of nmotor lubricant performance,

The Type~1103 single-cylinder ggsoline engine is
mayufactured by Liu-chou iHachinery, Kwangsi (Province),

The main purpose of such tests 1a to compare the
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respective vear-reducing properties, anti-oxidation, antla-
corrosion, carbon devosit reduction properties, detergen-
¢y, et cctora, of the various motor lubricants in engine
teet runs, The teat method which utilizes this type of
engine in the ovaluation of motor lubricant performance was
treated in a special report which also discu?g?d its abili-
ty to be reproduced and its recurront nature .

In evaluatin-s the corresponding properties of die-
sel lubricants in treir performance on a single-cylinder
gasoline engine, rigsid test conditions were adopted an?
tho operatirg conditions described by G. He Jo Sirmons 9),
in the evaluation of diesel engine motor lubricants on a
similar tvpe of engine were studied before the conditions
described below were put forth, The conditions adopted by
FPan Yu (5400 3558) and Tangz Hung-hsin (08096 7703 6580), in
their evaluation of aviation lubricating oils using ?
Tvpe-1103 sinpgle<cylinder ongine, were also compared 10),

The principal operatins conditions emploved in our
tests wern as follows:

Test period: 80 hours
Engine load: 1.5 0.1 hp
Tomp, cf water for cooling,
inlet : 95-105°
outlet: 120.125°

Engine speed (rpn): 150 20 rpm
Tomp, of lubricant: 100-105°
Alr tomp, - inlet: 30 1°

The lubricated surface was examined svery 10 hours,
and fresh lubricant was added,

Sariples drawn after testing for 40 hours, and those
taken at the end of the test were analyzed for their iron
centent and for physical and chemical proporties,

Deterriinations were also made of the amount of cara
bon deposit on the top of the piston, thc amcunt of lacquer-
like materlial deposited on the piston, stickiness and wear
on the piston rings, et cetera, after the test,

The fuel used in the test was straight distillation
gesoline from Yumen Crude-lo, 10 -- without the addition of
lead,

In order to ‘deterrine, or nrove, that the results
obtained in testing the various oll samples - useing the
same engine - were comparable, tests were repeatod -
starting with the first sample -- after tlie tests on the
entire series of samples was completed, If the results of
the first tost can be duplicated in the second test, then
i1t can be shown that the mechanical variations of the en-
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ne are not great, Thus, it was found that these results

could be closely duplicated,
Table 8 shows the tast sequence of the samples,

Tasts were undertaken with both Second Balu Crude-No, 15
and Yumen Crude-No, 10, The tests conducted with Yumen
Crude-No, 10, however, in order to prolong the life of the
engine, ware only run in conjunction with the additive
71)JA -- with and without the additive,

Table 8, Test Sequence of
Lubricant Samples,

Teat Sequence / Lubricant Sample

Second Balu Crude-lo, 15
Same, With 3%-711A

Same, With AzNII-TsIATNIM.]
Same, With 35-711

Same, With 37-701

DP-14

Second Baxu Crude-~No, 15
Yumen Crude-No, 10

Same, ¥With 3%-711A

Run No.
n "
"
"
"
"
n

I =T g3 2z

O DTN OGN0

Table 9 (see paze 19) 1s a tabulated analysis of the
results of samples before and after 40 hours and 80 hours,
respectively, from testa conducted on the single~cylinder
) NOe

net Pigures 9 and 10 (see page 20) show the changes of
the samples in their viascositiss; changes in acidity in
the test runs are shown in Figures 11 and 12 (see page 21),

It 1s readily sean that among these additives, 711A
possesses the best oxidation-inhibiting property which,
however, is short-lived since 1ts oxidation stabllity at
high temperatures deteriorates rapidly as its period of
application lengthens, as shown in Figure 13 (see page 22).

In evaluating the ability of lubricants to effectivew
1y resist carbonaceous nmaterials, n carbon 1s taken to
ropresent piston deposit index, 1Its value 1s equal to the
gram.woight of carbon derosit on the top of the piston,

The detergency charactsristic of the sample, ngjeans
is expressed by the algebraic sum of n#jgcquer, which grade
mummber is determined by the color of the lacquer film on
the piston, and Npings the piston ring stickiness index:

# Rel'er to (8) Tor details concerning definitions and methods
of evaluating these indices,
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Table 9,

Analvsis of Results of Lubricant

Samples After Tests on Singlo-
Crlinder Engine,
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l, Second Balu Crude-No,
15;

2, Same, With 3%.711A;
3, Same, With 3%.711;

4, Same, ¥With 3%.701;

S, Same, With 3%-AzNII-

TsIATHIK.];
6, DP-14,

44 L1
Engine Test Perlod
(hours)
Pigure 9. Acldity of
Lubricant Samples Aftar

Engine Test,
u.T-
:? A
°
o
1, Yumen Crude-No, 10; £
2, Same, With 3#-711A, ° 9
0
8

h 40 8o
Engine Test Period
(hours)

Figure 10, Acldity of
Lubricant Samples After
Engine Test,
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: M l, Yumen Crude-No, 10;
o, Same, With 33.711A,

e
<
L e e e e

W -:; B 1V
Engine Test Perliod
(hours)
Figure 11, Viscosity of

Iubricant Sarmple After
Engine Test.

50V C, Dynamic Viscosity
(Centistokes)

l. igcond Baj-u Crude-No.
) ]

2, Same, With 332-711A;
3, Same, With 35-711;

4, Same, With 3%.701;

S. Same, With 3%-AzMIl-

TsIATNIN.1;
6. DP-14.

e)

50° C., Dynamic viscosity
(Centistovas

Engine Test Periocd
(bours)

Pigure 12, Viscosity of
Iaubricant Samples After
Fngine Test,
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4] 91 LR

Enpine Test Period
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Pigure 13, High Temperature Oxidation

Stability of ILubriocant Sample After
Engine Test,

K ;
[ ] \ ]
a “*\\ ¢ . les Second Bau Crude-No, 15;
o-é su f- ‘\/\\‘ . 2, Same, YWith 3%-711A;
& s o ' 3, Seme, With 3%-711;
25 ke < ' 4, Same, With 3%-701;
g N2 | 5, Same, With 3%-AzNII-TsIAT-
R e
&g . TSg. | 6, DP-14
g ﬁ;t-o\\(‘ | 7. Yumen Crude-No, 10;
55 " T 8, Same, With 3%-71lA,
--O*g
feo 2
3
s
)
o

The lacquer film is broken down into seven grades,
sccording to the shade of the film on the piston, Briefly,
pistons which are void of lacquer films are graded as O,
those with fi{lms of darkest shade ars classified as prade
Be

In determining the niston ring stickiness index,
Drings Nri O in the case of mobile rings, Dping 0.5
for sticky rings, and for rings under selzure, nping 1is
calculated according to the followins formula:

anrle in derroes of portion of ring under

5750 _aeizure 40,5

The piston ring stickiness index of a piston is
equal to the algebraic sum of three rings,

Table 10 (seo page 23) shows the test results for
cardbon dispersion properties and detergency of various oil
samples,

The resuits shown in Table 10 indicate that additive
711A possesses the best detergent (or defluocculant)
propertiss. Detergency of Second Baku Crude-io, 15 after
the addition of this additive 1is superior to that of die-
sel lubricant DP-.1l4,

Pigures 14-17 (soe parc 24) are photographs of
cylinders, showing all four sides, taken after engine tests

Dping™=
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Figure 14, Lart-side Figure 15, Revolved 90°
of Piston Surface, Clockwise From Original
Yositiocn,

ot
Fipure 16, Revolved Figure 17, Revolved 270°
180° Clockwise Fron Clocltwise From Original
Orisinal, rosition,
Legond: 1, Second Bamu Crude-No, 15;
e 3ame, dith 3%-711A;
3. DP-14,
4, Socond Baku Crude-No, 15, with Som
AzZNII-TsIATKINA1;
5¢ Same, With 35-701,
64 Sme’ with 3/3-711’
7. Yumen Crude-No, 10, With 3%~711A;
8, Yumen Crude-No, 10,
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with various lubricant sarples,

AZNII-TSIATHIK~1 is an excellent additive as re-
gards carbon dispersion. This point was also mentioned by
Rilchikyf7?. Among the three additives prepared by us,
711A is the best in this property.

On the other hand, howsever, it was found that carbon
accurmlation increased when additive 711A was added to
Yumen Crude-No, 10,

It was obsarved that under similar operating condi-

tans, the carbon deposited by various samples differed
not only in weight, but in thickness also,

The anti-corrosion and wear-reduction properties of
a sample were evaluated by determining the average alope
from the wear curves cbtained by plotting the decrease in
weight of tha piston ring, before and after the test, and
the iron content of the sample, The effectiveness of these
two properties of any motor lubricant is directly demen-
strated by the rate of increase of metallic content In the
toest sample during the course of its actual operation,
During the period of lubrication, such metallic substances
cannot be differentiated according to their causes --
vhether attributed by corrosicn or wear -~ 3ince these two
factors occur simltaneously in the course of the orera-
tion., Therefore, the anti.corrosion and wear-reduction
properties of a lubricant can be evaluated only together,

The average slops of wear curves 1s exnressed Kinons
and the welght-loss of the niston ring 1s represented by
Kpinpe Kping 18 the wear rate of one niston ring per unit
of tirme, and 13 calculatcd according to the follewing equa-
tion:

alzebralc sum of welght-loss of threa piston rings

Kring=

3 x 3G hoiirs

Therefore, its unit is mg,/ring-hour,

Table 11 (sec pame 26) tabulates the wear data of
viston rings and the iron contont in samples, Kipon here
1s calculated according to Figure 18 (see page 2%3.

Among these addltives, the antl.corrosion and wear-
reduction propertlies of additive 711A arre the most out-

standing, followed, successively, by 711, 701, and, finally,
AzZNII-TsIATNIii=1, which are all similar,

Conclusion
l. Additive 71li nossessas pgood deterpent proper-

ties, Wwhen 3% of this additive 1s added either to Second
Baiu Cmide~No. 15 or to Yumen Crude-No. 10, piston rings
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are kept free from stickiness and the amount of lacquers
1ike material on ths cylinder 1s reduced. Below 250°,
anti-oxidation property is maintained and acldity and
viscosity of the crankcase oll is prevented from increas-
ing excessively., As far as 1lts detergent and anti-oxida-
tion properties are concerned, additive 71lA 1is superior
to 711, 701, and AzNII-TsIATNIl=1l, On adding 3% to the
Second Baku Crude-No. 15, the resultant lubricant exceeds
the specifications of Soviet dlesel lubricant DP-l4

(GOST 5304-54) in the sbove-mentioned properties, and its
test results are better than those derived from the dlesel
lubricant DP-14,

2. Additive T1lA easily loses 1its antieoxldation
properties under drastic oxidation conditions or at temper-
atures above 270°, Iubricants with additive 711A lose
their effectiveness much more rapidly than those with the
additives 701, 711, or AzZNII-TsIATNIM-1. Therefore, when
additive 711A is added to dlesel motor lubricants, tests
with diesel engines and field tests with tractors should
be carried out, On the other hand, furtner studles should
be undertaken to determine optimum amounts to be added to
Jubricants and to establish a process for its production in
order to limprove its stability at high temperatures,

3, It has beon discovered that the addition of 3%
of additive 711A to either Second Baku Crude-No. 15 or to
Yumen Crude~No, 10, appear to exert an adverse effect on
their fluidity at low temperatures, Their solidifying
points are found to have ralsed by 2«4° as compared with
those without additive,

4, The Soviet dlesel oil additive AgNII-TsIATNIM.l
is effective in carbonaceous material dispersion, but lacks
detergency propertises. It has been found that the additive
effects of 701 and AzNII-TsIATNIM~l are generally similar,

5 The detergent properties of Second Baku Crude-
No, 15 or Yumen Crude~No, 10, after having been treated
with solvents, but without the addition of additives, are
poor, In thelir performance tests, the piston rings easily
become sticky, large amounts of lacquer-like material are
formed, and engine wear 1is inereased, Consequently, the
addition of additive 711A is imperative, not only in pro-
longing engine life, but also in retaining the effective-
ness of motor lubricants over an extended period, Thus, it
is concluded: engine lubricants for automobiles should
also be blended with additive 711A in order to improve the
effectiveness of lubricants and to prolong the engine life
of the automobile, ’

6. Additlve 711 1s second only to 711A in its pro-

27




perties of detergency, anti-corrosion, wear-reduction, et
etera

° .7. Recently, Puchkov, et cetera, have claimed that
oxidation stabillty of lubricants at high temperatures -~
as proposed by Pabock ~- lacks unity with those conditions
observed in actual performance(ll), However, we are of the
opinion that the proposed explanation and the properties
observed in actual performance definitely can be correlated,
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GASIFICATION OF BROWN COAL IN THE GAS
PRODUCER OF GENERAL CONSTRUCTION:¢

-Communist China-

/[Following is the translation of an article
by Ii Ch'en-Hsiang (2621 3819 4382), of
Fu-la-erh-¢hi Plant No, 33, in Jan-liao
Hatieh-pao ('Acta Focalla Sinical, or the
Journal of Fueli},'Vol. 4, No. 2, pp. 181
184, April 1959,

Based on sound economic and transportation factors,
FPu.la-erh-chi Plant No, 33 has been conducting experiments
with the gasification of brown coal {low.grade coal from
Li-cha~lai-no-erh, Manchuria) in conventional gas producers
designed to use bituminous coal. Success finally came af-
ter many trials, and the experience would have great sig-
nificance to all the gas-producer plants across the whole
nation, The following 1s a preliminary report of the re-
sults,.

I, Gas-producer Design

The gas-producers are of the 3AD.l3.Model, suitable
for bituminous coal gasification. Among the specilal
characteristies of the gas-producer are automatic coal in.
put, automatic ash removal, automatic rotary ash-tray, and
automatic coal distributor. The steam jacket generates
steam for use in humidification and air intake, Figure 1
shows the schematic design of the gas-producer,

11, Comparative Characteristics of Natural Coals
Originally, it was planned to use bituminous'cpal -

from Lao-hu<ttal (1it,, "0ld Tiger Terrace"), of Fu-shun,
Some of the special points of Lao.hu-ttai's coal are a low

moisture content, a more uniform size, high thermal stabili-
# Received 10 August 1958,
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ty, and a high melting point of ash. The speclal charac-
teristics of the low-grade Cha-lal-no-erh brown coal are
a high moisture eontent, less uniformity (in size), they
are highly hygroscopic, they possess an inferior heat
stability, and they have a low melting point of ash, The
comparative characteristics of the two are tabulated in
Table 2,

I1I, Operating Conditions

Compared to bituminous coals, the principal dif-
ferences in using brown coals are:

1, Lower temperature in gasifying zone;
2. lower gas-exit termperature;

3. higher air intake and temperature;
4, shallower coal-layer.

These are all due to the characteristics of the
brown coal mentioned in the previous paragraph. The oper-
ating conditions of Fu-shun bituminous coal and Cha-lai-no-
erh brown coal are tabulated in Tables 2-4,

A, The Fu-shun coal flame has a burning period of
1.,5-2,5 mimites and an oxidation zone from dark to dbright
red; the period for brown coal 1s 3-5 minutes, and the
oxidation zZone is from light to dark red.

B, The best gas outlet temperature of brown coal
is about 200°; considering other factors, the recormmended
range is 200°.300°,

C. The coal-gas outlet pressure is determined by
safety requirements and water-seal characteristics.

D, Prom practice, the saturation temperature of
intake-air ranges from 58°.65° 13 established. This keeps
the oxidation temperature level at aporoximately 1100°
1200°, After four minutes of glowing, a bright red color
is detectable, This guarantees that the ash will not be
solidified in the furnace,

E, There should nst be any appreciable difference
between the flame in the center and that which is at the
c¢ircunference, This should be kept within 100~150 mm,

Fe. The percentage of CO, in gas produced from brown
coal 18 higher, the CO percentage is lower, due to a lower
gasification zone temperature and a thinner coal-layer, and

& higher saturation temperature, Qu>1500 Keal/m®, This
conforms with coal-gas standards,

IV, Analysis of Characteristics of Brown Coal Gasification

A. Principal furnace and experimental stages and
conditions (see Table 5), From Table 5, it is evident that
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an increase in the gasifving rats should be accompanied by
a rise in the air-input temperature in order to obtain
normal operatlion.

B, Under normal furnace operating conditions -. as
indicated 1n Table 3 -~ the pressure drop versus the flow
rate 1s as tabulated in Table 6, and as plotted in Figure
2.

C. Ash characteristics of brown coal:

1. The ashes are finer and these are no
large lumps, The finer ash packs tighter in the ash-tray,
thus it 1s not easy to unload. This is especially so when
the ash-tray 1s not rotating and during the warm-up period,
See Table 7, Note that variation of ash levels resulted
from mamal agitation,

2. In insufficient ash removal or uneven
combustion there were small unburned pellets in the ash,
These pellets were hard, with occasional air bubbles on
the surface,

3¢ Brown coal has a lower ash content,
Friction between ash particles 1: considerable, and the
ash layers have to be shifted downward mamally, For in-
stance, in the second shifting, the Ko, 7 port has 700 mm,
of ash, vhile the No. 1 port has 300 mm,, the No, 3 port
has 250 mm,, and the No. 5 port has 400 nm, When the shift
was cormpleted, a slight mamual agitation reduced the No, 7
port ash level to 300 mm, Then, the radial force in the
center pushes the ash ocutward and there is no problem in
ash removal, provided that no pellets form in the ash,

This difference in the ease of ash removal between the
center and the circumference is graphed in Table 8 for the
first shifting of the fourth day, Figure shows a side-
view of Ports No, 1 through No. 5,

D. Analysis of draft distribution and flame strength,

l. A particular characteristic of the D-Type
gas-producer is its uniformity of air distribution. Ac-
cording to the Soviet Academy of Science, the air rate is
still slightly higher at the center than it is at the c¢ir-
cumference, the differential is greater with higher rate
and higher pressure. . 3o, when normal gasification products
decrease, the coal layers in the center mist be thicker and
the degree of thickness should gradually decrease towards
the circumference, forming a bell-shaped conformation, in
order to insure even gasification over the entire furnace.

2. In natural draft conditions during the
period of warm-up, the uneven draft distribution is not
apparent, If the coal-layer is thick in the center, there
will be higher gasifying rate at the circumference because
of the lower flow resistence in the circumference, The
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flame heipght in the center drops to under 50 mm, A48 soon
as the furrace 1s operated under normal draft conditions,
the flame would bacome normal,

B, Actual experimental data and materlal balance,
Analysis of experimental data 1s tabulated in Figures 9-11,
Table 12 1s material balance data,

Conclusion

This experiment concluded that it is possible to
zasify coal of a comparatively low-grade type with lower
mechanical strength and heat stabllity 1 a conventional
gasifier designed for better grads coals, The hipgher con-
tent of moisture of the brown coal results in a lover gas
output termperature and less tar content in the gas, Less
ash 13 produced, and the non-pellet-formings and non-solide
forming characteristics of the brown coal agreatly reduce
manual work requirements., Thus, it is possible to increase
production., The fact that viscous particles are not formed
in the process, plus tho low gasifving temperature, greste
ly reduces the flow velocity in the gasifier, thus reduc-
irg entrainment,

These results support the use of locally-availlable
low-grade coal for gasification, thus conserving valuable
bituminous coal for use as a raw material in the chemical
industry. This experiment also rroves that the use of
brown coal, lnstead of bituniinous coal, ir gasification,
does not require complicated modification in the gasifier,
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Figure 1.
Soviet 3AD-13-Model Gas Producer,

Cross~Sectional View of
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Figure 2, Alir Rate vs, Pressure Drop.
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Ash Zone :

No. 1 Tort

No, & Port

»

Figure 3, Cross-Sectional View
of Coal Distribution,
Proximate Analvysis
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, Content 1t§ Carbon
_ W S v ct
Bituminous Coal 3.09 8,91 41,81 50,08
Brown Coal 19,17 6,20 49,69 44,11
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Table 1. Coal Characteristics
Sattd Alr roduction}
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Table 2. Gasifying Conditions

3




35

Heat
Ultimate Analysis % Content
Carbon{Hydro-| Oxygen| Nitro SulfwiHTgh [Tow
gen gen e | "
| c H" o" N" S [ Q Qu
TG 77| 640 10,65 | 2010 | 0eB1| == [5137
665,431 7,11 (24,52 1.56 | 0,286984 {4831
Adhesive Mechanical
Propertyl Strength Remark
weak strong ,
none asily broken = 35-40%,
before exXpo-
sure to alr
FGasifying[Gasifying
Efficéencx Rate
m 1 Eg Coal
oal me hr,
P’ . ~30
2.02,5 ~400




g siTeuy 88y °*°p 21Qwyl

0%ST~0091] 03 “mamuﬁqmjvumuc ¥ Slet~bl
0 0SS B°0~T°0|T~5°0 I~0

TR A e ] K

suoijIpuocy Surzeaedy °¢ e1qey

09 [00]3
02 002
08 055
Qg oSy
i3 Do
odnesedg | SAdd],
JeTIng 8evpj3eTINg 8%y

000¢ (009 | 009 [o0eT [ 0st 008 | 0S¢ 1900
2] 0082 | QOF! QOF | 00 001 00E | 00T usod
mﬁ 00¥Z | 000T | 000T ocma ommﬁ .w“wr Aamwr
Ax9 00 0032| 0032 0 0 00 Tumy
PG 007U 9020, 00gd 0091000 1 QL 3L | Qus o0 neureae
[ ¥3J1Q | d0JUeY* oI [Tejue g ox 1] [aequey [*OITy pejue
2wTog( *due ] J6A¥] ATV | JeAw] [8O0) | J0 oﬁcr.ﬂmp JoAw] Y weqT
lowerg]o Jo_3y1eH | Jo 0 o udjey | Jo audyeg




*doaq eanscoxd °FA €38y JITY

*g eTqsy

02 1091 10 0 S9 | 09 | Ajuat [aod( 6Jns86edd
00S¢ | 000€ 10093 10022 ] 00023 | Q09T | *xu/ oul 038y JTV
0091
TomIoN| 00ST 002 09 0S¢ 00S¢
009T
TeWION| 00GT 002 85 00¢ 0008
0091
TeWION |  Q0ST 02 9S 0s2 00s2
J934UI0~J JO
LT3YBTLe ‘TOWION| 00ST 0g2 0s 003 0002
eoueJe JUNIITO 38 JUp
~u1oF 3eTTed IUITIS| OSHT 082 9¥ 003 0002
JoA8T 1809 aeuuiysl
‘uogasnquiod uead | 0gel 0se 14 o) ousSt
0 " T ,ul/ :
gUO3TPUOY lmmuohxl ° o ¢ ..w'
edvuINg *dwey, *dwe J, e38y
B 9985 |3[XF Se8pHjUOTIBINGB wcﬁn_mmaa& e)xvjul Iy
*8038Y UOT3VOTJITRYH JuUeIeITqQ
Jopup Suoj3jpuc) [eucjjzsxedp °g eTquy

37




Port Number

2] 3] 4 [ 51 6

1st Day 0-8 hr,
8«16 hr,
16.24
2nd Day 0«8
8-~16
1624
3rd Day 0«8
8.16
16.24

th Day 08

200

250
200
800
800

8-16

hr[1000

50

950

2 ! O
501 500 {200 700
WARM-UP (Forced D

3

for two hrs.

-~ Same as Above,
-= 3ame as Above,
-~ Same as Abovs.
150
450
450
200
950

550 |100| 300
600 |200| 250
850 {100 900
600 {350 500

80
80

500

-

7

raft

e wa
1000
850
900
850]

- o e

400
750
600

Table 7e

Ash-Layer Height Variation

at Circumference (mm.).

Yort Number

3

2 1o [ 4

Center {(rm,)

00

200 O 1150 50

200

Flrcumference'lmm.T

j210]0]

200 112001501100

900

Table 8,

Agh Distribution On

l1st Shift-4th Dav,

O,

[ 1) (33 g "

Cli,

R TR 1700

“u Kecale /m3

@i

Table 9.

%;f A C
arry-over | 44,45155,5
Ash 76,13[ 23,48

Table 10.

Analysis of Coal-gas Composition (%),

Combustible lattsr in Ash and Carry-over (%),




Air [Saturation Aflr Gas Stean
Rate Temp, | Pressure|Temp, |Consumption|Efficienc
mﬁi o o KE mo
hr, | C, mm, Hg C Kg Coal Kg
35001 . 55 — 255 | 2 %}'205 1. 2.,32 |
Alr Gasifylf
iConsumption Rate
RS %S
Kg nohr
«4 359

Table 1l. Optimum Conditions.

o ;.Wmu_i 0.4958  0.0551 :  0.18a47 , o.uile  0.002l 0.0620 | 0.80%3
<} 2. Moisure | — NS 0.1895 | - - 1 — i p.rus
4 - . i H t
el g, AR - — Gk 1370 - ~ ., 17184
FE’ . Sremr | - 0.0208 Y3 1 - ‘ - -— 0.2038
2 YotAaL 0.405% | 0.0u472 0.1 18886  0.0091 0.0420 3.0
1. Doy Goae ' 0. 453  0.040 (LN 1 B B A 0.0 -, .nen
2. Moisture | S X I Tt T - - _ 0. 4589
b 3.0AM 0.0 . 0001 0.9014 Q. 0001 — 0.0004 ! 0. 0064
2 ye | 00102 | 000 o 0.0M6 00003 - - 0.0402
° S. Asn l 0.0148 : - - - - Lo L C0.0764
t TOTAL V.%o 00802 11001 § s 00021 | 0.0020 4 131
“‘me 40 0114 i 0 — (180 i o ' ] - 0, 12680

Table 12, iaterial Balance,

10,144 WND

3%




