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A 7T.ST ON -HRE MOTOR LUBRICATING.-OIL
ADDITIVES -- 701, 711, AND 711A*

.Communi st China-

Zollowing is the translation of an article

b'v Chang PanF..-cl.ien (172R F-3" 6190) and
danr A1-k'ang (3769 5940 1660), of the

Ministry of Petroleum Industry's Refinery
ti. 7, in Jan-liao .H!seh-pao ('Acta Pocalia

Sinica', or ournal of uels), Vol. 4, ?•o. 2,
pp. 140-156, April 1959, Shanghai]

Abstract

Three different additives -- 701, 711, and 711A --

of barium salt of alkyl-phenol type for motor lubricating
oil have been s:9nthesizedo and their effects on the per-
formance of riotor lubricants produced from the Soviet-
produced Second Baku Crude-1,o. 15 (for motor vehicles) and
Yumen Crude-flo. 10 (for motor vehicles), have been Investi-
gated. tioir viscosity-tenperature characterietioc, their
lubricity and anti-corrosive properties, their anti-oxida.
tion and detnrrent properties have been evaluated. The
motor lubricants with the above three additives added have
also been tested on a single-c-linder Rasoline engwine. For
purposes of comparison, Soviet-proohiced diesel lubricant
DP-14 and additive (,tuRsan) -- A:WII-TsIATNI1.,l (Azer-
bayr(1hamsk17 ?tauehno-issl,)ov~tvl'n.-y in.ntitut--.4sentral,.-

nYy MAucno-laslsdovitel'nvrw In.tttut Avtqtslonnra.h topliv
I masel-1 - Azerba-dzhan icinntific Rosearch Institute and
Central 3ctentific Res-,Rrch Instttutn of Aviation fuels and 0
Lubricants-l) have been solected for parallel runs.

Test results indicate that additive 701 •mproves the --

special characteristics of the viscosity-to.Verature of the
lubricating oil sliChtly, tut additives 711 and 711A pro.
dues a som.ewhat unfavorable effect. Additive 711A showethe

SReceived 15 October 1958.



best results on lubricity improvement, Also, as regards
anti-eorrosiveness * additive 711A producos signficant re-
sults with the No. 10 motor oil of Yuman origin* All three
additives .. 7010 711,, and 711A .. show good anti-oxidation
properties below 25011 C,, but deteriorate rapidly at higher
temperatiures, such that the additive effect becomes almost
nil under the oxidation conditions present at 3000 C. For
detergent effeotq additive 711A improves the Second Baku
Crude..No, 15 from grad. 6 to grade 1 on the model-engine
test.

Preliminary engine tests of motor lubricants son-
taining additive 711A .. on a single-cylinder gasoline
engine .- prove that loes acid In formedp viscosity is
lowered, loes deposit Is found on the pistons anid rings,
anid less corrosion Is observedo

During the last twenty years, salts of carboxylic
acid su3.fonic acid and alkyl -phenols have been u&sed ex-
tenslvely as additivesi,jr Improving the perforunme of
motor lubricating oils Most of these types of addi-
tives have lessened the effects of oxidation on lubricat-
Ing oils (anti-oxidation), * rduced corrosion - especi~aly
In the corrosion of non,-ferrous metals and their alloys -
(anti-corrosion), and also reduced carbon deposits on var..
bus parts of the engine (detergency, or deflocculant pro-

paty Among these additives# the barium salts of alkyl.-
p anl have beon extensively adopted by industry.

Ini order to Improve the qualrity of our lubricants
aid to produce motor lubricants for high.-speed diesel
engines adequate to meet the needs of socialist construc-
tion, we have studied a" produced additivet.V tb improved
motor lubricant operational characteristics lo Three
kinds of more effective additives -.- designated as 701, 731,
and 711A .. were produced on a trial.-run basis In 1957.
701 is barium salt of sulfonated alkyl-phonol; 711 Is sin-
other type af barium salt of sulfonated alkyl-phrowl; 712A
is sikyl-phenol barium salt.

In order to determine Whether or' not these three
ty *a of additives are capable of Improving the performance
of mtor lubricants,, we have carried out laboratory expor..
Iments with the assistance of the Institute of Petrolesm -.

Acadmia Sinica .. In an effort to determine their effects
on the viscooltT-tomperature indices, lubricity, ant ia or-

roolns ntlýwdatln adedtergent properties, St cetera,
of the lubricants. CoMprehensive evaluation tests have also
beem undertaken on a ?ype-1103 singloecylinder engine using
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Li
samrles with and without the additives*

Por the oomparison, a Soviet-produced additive
the AnNII-TaIATIIL-I -- and a diesel oil motor 1,,m.eant

•&•t-so aiave been evaluate.,

we3nrM11otR1 flata

1* Physical and chemical properties of motor lubri-
cants under evaluation. The basic samples under evaluation
were selected and rmanfactured by Refinery No. 7 from the
specially-processed Second Baku Crude-No. 15 and Yvaun
Crude-No. 10. The am•not of additive contained In both
samples was approximately 3%.

The physical and cheadcal properties of the original
lubricants -- with and without the additives -- are repro.
duced in Table I (see pages 4 and 5).

It will be noted from the data in Table I that the
propertles of Second Baku Crude-No. 15, after the addition
of additives 711A, 711. 701, or As)IU-TuIATNIM-l, meet the
specific requireements of the Soviet diesel lubricant DP-14
(OST 5304-54). If only additive 711A is added, then the
solidifying point Is not up to specifications.

Yumon Crud.-No. 10 meets all the specifications of
Soviet diesel lubricant DP-ll (OOST 5304.54) after the addi-
tion of the above-mentioned additives, except in respect to
the solidifying point, viscosity and viscosity ratio.

It is also noted from those results that both addi.
tives 701 and AzhaI-TsIATI•-l ve similar effects in
respect to lowering the solldifying point, while neither
711 nor 711A has such offects, On the contrary, the
solldifyinr point of the oil as&le was raised by 2.40 af.
ter the ndditlon of additive 71fA. This is related primar-
ily to the length of the alkiyl group in the molecule of the
additive.

2. Viscosity-tatVerature characteristics of motor
lubricants under evaluation. In speakine of the properties
of lubricants, the particular characteristics of vicosity.
teaerature f'om an Ir-portnt criteria. Viscositv-tesMera.
ture factors dotefrine wheth-r or not the lubriownt can be
quIokl7 oonvoye4 to the friction points or to the surfaoes
when the engine Is startod at a low tffperature. It also
indicates whother or not an adequAte oil level can be main.
tained in the MCh-tenLfpratiare region between the piston
rings aMn tWe cylinder wall. It Is obvlr.aa that these fa"-
tors are directly related to engine wear,

Plaure 1 sliows the vT'Sosity-.ts-perature curves
rnrging from 100 to 1.50 0 -. for Seco.d Baku Crude-No. 15
ane Olesel lubricAnt PT-14, with ard Without additives 711A,



Luabricant Sawl.

DF-14/ftaindard
(OOST 5304..4) .1. Sfl , Q ý

Seoond Ba) 0* ,

Crude.No,15

Same# With 3% ~ .b. 0~ 41 0 M.~

(003T 53"4.64) *

YioCru4e.-Noo1O v i 110

* Requarament for ash content for D?-14,
0.12 whom additiVe ARXII.TaXATEM-l. Is
DP.~1, &It* not less than 0.12.

** fquirevsent for &old content for DP..14,
0.22 when addItive AaWII..TslAUI)M1 is
rDp-ii. not loes than 0.90.
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711, 701, or Az I1I-Ts 2.;-. Figure 2 illustrates the
viscosity-temperature crrves for Yumen Crude-No. 10, with
and without the above additives. It can be seen from
Figure I that the viscosities of each of the oils are
basically the same when the temperature is over 1000.
However, viscosities of lubricants in which have been added
additives 712 and 711A, tend to increase when the tempera.
ture drops. Similar effects are noted In Figure 2. There..
fore, it is necessary to stUdy further the extent of the

S1. Second Baku Crude. No . 15 ,
Without Additive;

A 2. Second Ba~u Crude-No. 15,qw. J~•ith 3"S"-711A; ;o1
• \" [a 3* Second Bale'u Crude-1';. 5

W/ith 3%-AzX11I-TslAT"1'IM.';0 4. Second Baku Crude-No. 15,

,~\ with 3"4.701;
A A 5. Second Baku Crude-No, 15,

"0 With 3%-701;
*e. DJ-14,

> -4

"4,,',

44

ITI

?1gurn 1. Viscriatty-Temaratun-e

Curves of 3ocond Baku Crude-Ko.
15 -- With "d -;Jithout Additives.

effects of additives 711 and 711A as they relate to the
lubrlent fluidity at low temporatures, fluidity at do.
limiting tateratures, and At the lowest temperature in
starting an *M•ine cold*

It has been foqind that both Soviet additives 701 and
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A0JI-.TsIA7HIM-1 slightly improve the viscosity-teMpera-
turoe properties of the lubricants.

x 1. Yuman Crude-No. 10,
Nk xWi•Wthout Additive;

Z' & 2. Yuman~ Crude-No, 10,,
S7With 3%-713A;
N0 o * Yuemn Crude.-No. 10,

With 3- aEI--TsIATKIl-1;
\ 0 4. Yumen Crude-No. 10,

4 ", With 3%•-701;
• .. A 5. Yumen Crmde-No. 10,
On
0 With 3-711.

>\

0,

Ate
4t4

Temperature (°C.)
Figure 2. ViskositT-Tepersturo

Curves of Yumen Crude 011.-o.
10 -- With and Without AdditIves.

3. Lubricity .. or lubricating properties -- of
motor lubricants under evaluation. Tests were carried out
with Second BSaku Cruie.1o. 15 -- with and without additives
-- and with diesel labrcsz'.t DP-.14, using a four-ball fne-.
t1o and wear ochine. Test conditions were as follows:

sAxIrtm sreod (ball): 1500 rpm
Ball dtaneters 1/2 inch
Test period: 60 seconds
Lubrc•ant tep. 1

'hefore test: Room teom.



The total loads sarried on disrupture of the lubri-
cant oil films are tabulated in Table 2.

Table 2.
I . Tota1 Load on Wer -In Dia-

lubricant Sample Disrupture of meter on Film
_______________ Baku lig..d -No.ptr' 15

S_-90 ,0.42
- 7-9 0.41

•--w - W " W n .. - ., • •-•oI70 04

A4AsMI-TsIATNIM-1 72 0 44DP-14 ..... 0-- • ... •_,'... . . 0.1a : '

7igure 3 shows the relationship between the total
load and the ball wear .- in diameter. It can be seen from
Figure 3 and Table 2 that all the additives are capable of
increasing the oil film strength. Amng the additives, the
additive 711A inereases the oil film strength to the great-
set extent -- an increase of 25 kg, over the load carried
by the -rude saMle without the addition of an additive*
This figure exJoed. even the oil film strength of the
dlesel lUb-Icant DP.14*

1. Second Baku Crude.

.: 2 Seeond Baku Crude.
With 3%.711A;

S3. ond Baku Crude,4.with 3%.7115

/5. Second Baku Crude.

~ With a%.701.0

Total Ball Load (kg.)

V1gw. 3# Total Load-all Wear
(in diameter) Curves.

Furtherwore, it is oshown by Figure 3 that the vear

S. e • •. ese• •e



THIS

PAGE

IS

MISSING

IN

ORIGINAL

DOCUMENT



The results of the corrosion tests indicate that the
No. 15 Motor Oil itself -- produced from the Second Baku
Crude -- has good anti-corrosion properties. The addition
of either the 701, 711, or 711A additives, though, slight-
ly increases its corrosiveness. However, when AzNII-TsIAT.
NIM-I is added, a negative value is 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 diesel lubricant DP-14.

The corrosion resulting from the No* 10 Motor Oil
-- produced from the Yumen Crude -- reaches 69 g./m"z. This
is considerably lessened after the addition of either 711A
or AzNII-TsIATNIU-I (see Table 3), and far exceeds the re-
quirements of DP-ll (GOST 5304-54). Although corrosion is
also lowered by the addition of 701 and 711, the oil -- on
the whole -- however, does not meet the specifications of
DP-11.

In comparing these additives, it can be concluded
that both AzNII-TsIATNIM-I and 712A possess good anti-
corrosion properties, while additives 701 and 711 are less
effective. This is especially obvious when either one of
these additives is added to Yumen Crude-No. 10, in which
case the resulting lubricant is rendered unfit for diesel
engines. Therefore, the sulfonation conditions during the
manufacture of these additives should be improved in order
to raise their anti-corrosion properties.

S 'ilarly, the above conclusion can be drawn from
Figures 4 and 5 -- plotted according to data tabulated in
Table 4 -- on page 11,

It is noteworthy that the total corrosion of the lead
sheet over a 50-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-TsIATTIJ4.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, the film residue was probably
rinsed off when the metal sheet was withdrawn and washed
with benzene before weighing. 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-ox1dation property is poorer in the AzNII.

10
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Test Period (hrs.• Tint Period (hrs.)

F1 gure 4. Figure 5.

1. Second Blaku Cr'ado-. 1. Yurnen Crude-No. !0O;
flo. 15; •. Samo, With 5,%-V10;

2. Same, With 3•-711A; 3. Same, •Ith $•-711;

3. Same, With 3%-'7Mi; 4. Same, With S%-AsNjII-

4. Swne , With t.3701; TaIATNIK.-1;
S. Samf, # .1ith 34.-AzNII- 5, Same* With 3%m-711A.

TsIATN'- .1 ;
6. DP-14,

Table 4. Results oll Corros9on Test Deter-
mined Ever7 5 flours (Binkovitoh).

lubi cant Ccrro slyepess

F hnur Intervals

Lubricant 3armle

SgM.',q KA -:,., o

SAM%- -V.
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TsIATNIM-I than it is in tho additive 711A. When it is

incapable of forming a protective film on the metal sur-

face, the metal comes into contact with the more exten-

sively oxidized lubricant. hmus, its 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-No. 15 .. without additives -- have been unsatisfac-
tory and were obtained with great difficulties using the
Binkovitoh instruments.

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

a) Oxidation test under thin oil-layer conditions.
The oxidation characteristics test with thin oil-layers is
designed to evaluate the complex changes of the oil -- on
the surface of the metal -- under the effects of air and
high temperatures. This experimept was intended to ex-
plain the possible changes and activity of the lubricant
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 stability of lubricants at high tempers-
tures,

According to Pabock, oxidation stability at high
temperatures might Indicate the lubricity in the engine
ring-belt area on judging tho extent of ring-bel14•
charring or lacquer deposits on the engine parts 0. Re-
sults of Pabook's exporimonts also confirmed the fact that
oxidation stability at hir tegatures is definitely re-
lated to piston ring stickinessl In the engine. This
rilationship has also btion confirmed in our studies.

The oxidation stnbllity properties of various lubri-
cants at temperatures of >300v, 7500, 2700, and 303O, were
determniovd and the results are shown in Table 5, and in
?1rmtres 6 and 7 (sev poae 1.).

Th'ev results rl'dicsto that add'tive 711A is effec-
tive In combsating oxidati'n In ccnditions under 2500,
whetheir added to 3ecrnd Baku Cr'ide-No. 15 or to Yumen Crude-
No. 10. Its anti-oxidatlon charactoristics, however,, quick-
17 deteriorate as soon as the tmVperature rises, until its
effects become almost nil at 3000. 3Since it is canmon in
diesel enginet for the ring-belt area to reach a tempera-
ture of 300o P3, 4), the stability of 711A at high tempera-
tures should be Improved.

Additiv 711, on the other hand, displays a compara-
tively better oxidation stability at temperatures above
2500.

Among these additives, the anti-oxidation properties

12
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,• 1. Second Baku Crude-No.
S' I 15;

-, j *?. Sane, With 3%-711A;
3. Same, With 3%-711;
4. Same, With 3%-701;

V V) 5. Same, With 3%-AzNII-
E-4 TsIATNIM-1;

'I--

Jxidation Temp.
(°C.)

F0 igur e 6.

1. Yuren Crude-No. 010;

2, Same, With 35*-711A; e•
3. Same, With 3%-711;
4. Same, With 3%,-701; • I

5. Same, With 3,;-AzNl- :. • - ,
TsIATNI-I-1,

Oxidation Temp.
(oC.)

Figure 7.
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of AzNII-TaIATNIM-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 high-speed diesel lubricants .. DP-14
and DP-l1 -- at 2500, 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, anong others by He E. Tchernoskoff, that
oxidation proceedf1Iith the formation of acids, resins,
asphalt materials 5 . In other words, acidity, viacosi
et cetera, of the lubricants increase as oxidation pro-
gresses. Our laboratory experiments on thick oil-layers
were oondAicted under the following oxidation conditions:

Amount of test sample: 40 ml.
Oxidation temperature: 2000
Rate of Aeration (input): 15 lit./bro
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 011-Iayer Oxidation Test.

Oo 0

Lubricant Sample,.

'.x 15 ' 20. 11 0. " • ... ... ..
,15.5: 6A •50 AL40 2-.370 1.0.43 S.O.W

soft, yqw -120. 16.#3 83 49 'AjvAk 2.0t.'l t.!,A 5.00

11.w8 3---d 1U1.,: 215.0 14.71 24.98 0.-0E 2.010 U.,: 56 8.39

P,, • - 2A ! ' 40.6m ' 14.,-6 -2V. 0.0.28 2.O.21f0O.."1 06 4.02

9A 1 .4 :216.3J 14.S8 N1. 91 ht i" J 2.710 1.1W8 83V7
9-). 1 1 8 .0" 18.79 0. o0 2.44 0.607 1.09

""100 11 1%11t 13.12 17.07 AW rA. . J.78 0. s8 2. 5.

14



Judging by the changos in viscosity and residual
carbon values -- before and after oxidation (see Table 6)
-- it is found that additive 711A possesses relatively
good anti-oxidation properties. 711A, however, with re-
spect to acidity -- 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 AzNII-
TaIATNIM-l, compared with our additives, is poorer in ei-
ther viscosity, acidity, or amount of residual carbon.

Table 7. Binkovitch M.ethod of
Acidity Determination After

Oxidation.
Acidity Value

Sample (mg. K0H&. oi
Second Baku Crude-No. 15 0.66
Same, With 34-711A 0.06
Same, With 3%-711 0.70
Same, With 3%-701 0.65
Same, "With 3%-AzNII-

TsIATNINI-I 0.57
DP-14 0.8e
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%-AsNII-

TsIATNIlM-. 0.46

The acidity 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
oil-layer oxidation test, except that the temperature of
oxidation and the degree of oxygen contact are mauch more
moderate than those described above. The data described
in Table 7 shows that 711A is an effective anti-oxidant in
keeping the acidity of the sarqple 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 temperatures, additive 711A maintains its excel-
lent anti-oxidation properties. Such am explanation 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

15



have been proposed to texplain the detergency mechanism --
defluocculant property -- of additives, from whence have
arisen numerous methods for the determination of this
property Amonjg these, the results obtained by the P.3 B.
Method (GOST 5726-51) -- proposed by K. K. Pabook .. are
closer to those obtained from actual engine performance(3).

Figure 3. Photograph of Pis-
tons After P.3 B. Test.

S.... > .'W -, 1. DP-14 Diesel iaubricant;
-, Second Baku Crude.No. 15,

3. Second Baku 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 Petroleum, Academia Sinica, However, comparison tests
only on Second Baeu Crude-1,o. 15 -- with and without the
additive 711A -- and on diesel lubricant DP-14, were con-
dtelted -- due to mechanical difficulties.

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

Figure 8 shows tlhe test results for the three sam-
plea. Detergency properties of Second Baku Crude-No. 15 --
without additives -- were the poorest @lassified as grade
6 by evaluation). This conclusion agrees with the results
obtafnld by Nilchilcy in a similar study of this same lubri-cant• 7 J.

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

7. Comprehensive evaluation of the general proper.
ties of motor lubricants as deternined by tests conducted
on a Type-1103 single-cylinder engine. Low-powered single-
cylinder engines have been used extensively in the evalua-
tion of motor lubricant performance.

The Type-1103 single-cylinder gasoline engine is
manufactured by Liu-chou 1.Iachinery, Kwangui (Province).

The main purpose of such tests is to compare the

16



respective vwear-rcducinPT properties, anti-oxidation, aniti-

corrosion, carbon dero03t roduction properties, detergen-
cy, et ctora, of the various motor lubricants in engine
test rins. The test method Which utilizes this type of
engine in the ovaluation of motor lubricant performance was
treated in a special report vl:ich also discussed its abili-
ty to be reproduced aid its recurrent nature 0'.

In evaluatin; the corresponding properties of die-
sel lubricants in tl-oir performance on a single-cylinder
gasoline engine, rigid test conditions were adopted and
the operatirg conditions described by G. H. J. Siremons(9),
in the evaluation of diAsel engine motor lubricants on a
similar type of engine were studied before the conditions
described below were put forth. The conditions adopted by
Fan Yu (5400 3358) and Tan- Hu-Z-hsin (8096 7703 6580), in
their evaluation of aviation lubricating oils using 0
Trpe-ll03 single-cylinder ongine, were also comparedtl0),

The principal operatin- conditions employed in our
tests wcro as follows:

Test period: 80 hours
Engine load: 1.5 0.] hp
TmVp. of water for cooling,

inlet : 95-3050
outlet: 120-l250

Engine speed (rpmi): 150 20 rpm
Temp. of lubricant: 100-1050
Air temp. - inlet: 30 10

Thie lubricated surface was exajdned every 10 hours,
and fresh lubricant was added.

jamples drawn after testing for 40 hours, and those
taken at the e-nd of the test were analyzed for their iron
ccntent and for physical and chemical properties.

Determinations were also made of the amount of car-
bon deposit on the top of the piston, the amount of lacquer-
like material deposited on the piston, stickiness and wear
on the piston rings, et cetera, after the tegt,

The fuel used in the test vias straight distillation
gasoline from Yumen Crude-No. 10 -- without the addition of
lead.

In order to deter.iine, or prove, that the results
obtained in testing the various oil samples -- useing the
santo engine -- were comparable, tests were repeated --

starting with the first sampe -- after the tests on the
entire series of samples v'as completed. If the results of
the first test can be duplicated in the second test, then
it can be shown that the mechanical variations of the en-
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gine are not great. Thus, it was round that these results
could be closely duplicated.

Table 8 shows the test sequence of the samples.
Tests were undertaken with both Second Baku Crude-No. 15
and Yuman Crude-No. 10. The tests conducted with Yumen
Crude-No 10, however, in order to prolong the life of the
engine, were only run in conjunction with the additive
711A .- with and without the additive.

Table R. Test Sequence of
Lubricant Samples.

Test Sequence Lubricant Sample

Run No. 1 Second Baku Crude-No. 15
" 2 Same, With 35-711A
" 3 Same, With AzNII-TsIATNII-l

" " 4 Swie,, With 3%-711
" N5 Same, With 3A.701
" " 6 DP.14
"N 7 Second Baku Crude-No. 15
"N " 8 Yumen Crude-No. 10

" "9 -,9Same. With 3%-711A

Table 9 (see page 19) is a tabulated analysis of the
results of samples before and after 40 hours and 80 hours,
respectively, from tests conducted on the single-cylinder
engine*

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

It is readily seen that a"ong these additives, 711A
possesses the best oxidation-inhibiting property which,
however, is short-lived since its oxidation stability 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 effective..
ly resist carbonaceous materials, n carbon is taken to
represent piston deposit index. Its value is equal to the
gram.-weight of carbon derosit on the top of the piston.

The detergency characteristic of the sample, nolean,
is expressed by the algebraic sum of n*lacquer, which grade
number is determined by the color of the lacquer film on
the piston, and nring, the piston ring stickiness index:

SRHeFer to (8) for details concerning definitions and methods

of evaluating these indices.
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Table 9. Anal;,sis of Results of Lubricant
Samples After Tests on Single-

Cylinder Engine,
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.I 1. Second Baknu Crude-No.
15;

2, Samos With 3%.711A;
2. Sameith 5%.711;

I'D 4. Sameo With 3%-701;
"0 5. Same, With 3%5AzNII-

0 6. DP-14.

o 'to - "6

0.

411

Engine Test Period
(hours)

Figure 9. Acidity of
Lubricant Samples Aft ar

Engine Test.

0 €.

bD~ 0,4-

I. Yumen Crude-No. 10;
2,. Same, With t-7l1A. 03

.40

Engine Test Period
(hours)

Figure 10. Acidity of
Lubricant Samples After

Engine Test.
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00 1111 1. Yumen Crude-No. 10;
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Engine Test Period
(hours)

Figure 11. Viscosity of
Lubricant Sample After

Engine Te3t.

1. Second Baju Crude-Noe 0

15;
2. Same, With 3•-7Ol . A; .

5. Same, With 3,-;z711;
•.•,,,.,r,,..•, ,. ,,.//-:'

4, Samea With 3%7-701;1
6. DS-14, 0..
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In4S,," 41b
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Figure 12. Viscosity of

Lubricant Samples After
FWine Test.
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nolean nl~acquer nringo

1. Second Ba!~u Crude-No. 15;
2. Same, With 3-71IA
3. Same, With 3%-711;
4 4, Same* With 3%-701;

40ý5. Same# With 3%umAzNU1-TsIAT-W"I WIM-1;
dot 6* DP-14

E 7. Yumen Crude-No. 10;
8. Same, With 3%.7l1A,

o •ngine Test Period
(hours)

Figure 13. l1gh Temperature Oxidation
Stability of Lubricant Sample After

Engine Test.

The lacquer film is broken down into seven grades,
according to the shade of the film on the piston* Briefly,
pistons which are void of lacquer films are graded as 0O
those with films of darkest shade are classified as grade

In determining the ntston ring stickiness index,
r1frln, nri 0 in the case of mobile rings, nring 0.5
for stickCy ifrs,, and for rings under seizure,• is
calculated according to the following formula:

angle in deFroes of portion of ring under
nringo - 390 . ... ..eizure +0.5

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

Table 10 (see paWe 23) shows the test results for
carbon dispersion properties and detergency of various oil
samplese

The results shown in Table 10 indicate that additive
711A possesses the best detergent (or defluocculant)
properties. Detergency of Second Bakcu Crude-Noe 15 after
the addition of this additive is superior to that of die-
sel lubricant DP-14,

Figures 14-17 (see pnivo 24) are photographs of
cylinders, showing all four sides, taken after engine tests
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Figure 14. Left-side Figure 15. Revolved 900
of Piston Surface. Clockwise From Original

Position*

Figure 16, Revolved Figure 17. Revolved 2700
1800 Clockwise Fror Clochkwise From Original

Orl ginal. Position.

Legend: 1. Second Baknu Crude-Nlo. 15;
2. Saxio, With 3%-711A;
3. DP-14;
4. Socond Ba:-u Crude-1b. 15, With 3-;A zlI;I-Ts IA TIIM-I;
50 Same, W,19ith 3;-701;60 Same,, W'ith a;f-11
7. Yumen Grude.No. 10, With 3%-711A;
8. Yumen Crude-No, 10.
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with various lubricant samples.
AzNII-TsIATIIhM-l is an excellent additive as re-

gards carb9n dispersion. This point was also mentioned by

Eilchiky( 7 ). Among the three additives prepared by us,

711A is the best in this property.
On the other hand, however, it was found that carbon

accumulation increased when additive 711A was added to

Yumen Crude-No. 10.
It was observed that under similar operating condi-

tiorns, the carbon deposited by various samples differed
not only rIn weight, but in thickness also.

The anti-corrosion and wear-reduction properties of
a sample were evaluated by determining the average slope
from the wear curves obtained by plotting the decrease in
weight of the pist6n 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 demon-
strated by the rate of increase of metallic content in the
tost sample during the course of its actual operation.
During the period of lubrication, such metallic substances
cannot be differentiated according to their causes --
whether attributed by corrosion or wear -- since these two
factors occur simultaneously in the course of the opera-
tion. Therefore, the anti-coirosion and wear-reduction
properties of a lubricant can be evaluated only together.

The average slope of wear curves is expressed }[ron,
and the weight-loss of the piston rinp is represented Dy

KrIinp. Kring is the wear rate of one piston ring per unit
of tire, and is calculatc.d according to the following equa-
tion:

al-•ebraic sum of weight-loss of three piston rings
KrgI 5 x 8 r

Therefore, Its unit is rng./ring-hour.
Table 11 (sec page 26) tabulates the wear data of

piston rings and the iron content in samples. Kiron here
is calculated according to Pigure 18 (see page 26).

Among these additives, the anti-corrosion and wear-
reduction properties of additive 711A are the most out.
standing, followed, successively, by 711, 701, and, finally,
AzNII-TsIAT.'IW-1, which are all similar.

Conclusion

1. Additive 711A possesses good detergent proper-
ties. When 35% of this additive is added either to Second
Baku Crude-No. 15 or to Yunen Crude-No. 10, piston rings
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are kept free fron stickiness and the amount of lacquer-
like material on the cylinder is reduced. Below 2500,
anti-oxidation property is maintained and acidity and
viscosity of the crankcase oil is prevented from increas-
ing excessively. As far as its detergent and anti-oxida-
tion properties are concerned, additive 711A is superior
to 711, 701, and AzNII-TsIATNTI1.-I. On adding 3% to the
Second Baku Crude-No. 15, the resultant lubricant exceeds
the specifications of Soviet diesel lubricant DP-14
(GOST 5304-54) in the above-mentioned properties, and its
test results are better than those derived from the diesel
lubricant DP-14.

2. Additive 711A easily loses its anti-oxidation
properties under drastic oxidation conditions or at temper-
atures above 2700.' lubricants with additive 711A lose
their effectiveness mach more rapidly than those with the
additives 701, 711, or AzNII-TsIATNIIM-i. Therefore, when
additive 711A is added to diesel motor lubricants, tests
with diesel engines and field tests with tractors should
be carried out. On the other hand, further studies should
be undertaken to determine optimum amounts to be added to
lubricants and to establish a process for its production in
order to iiprove its stability at high temperatures.

3. It has been discoverea 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 raised by 2-40 as compared with
those without additive.

4. The Soviet diesel oil additive AzNII-TsIATNIM-I1
is effective in carbonaceous material dispersion, but lacks
detergency properties. 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 their performance tests, the piston rings easily
become sticky, large amounts of lacquer-like material are
formed, and engine wear is increased* 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 periode 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. Additive 711 is second only to 711A in its pro.
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parties of detergency, anti-corrosion, wear-reduction, et
cetera.

7. Recently, Puchkov, et cetera, have claimed that
oxidation stability 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-

Pollowing is the translation of an article
by Li Ch'en-Hsiang (2621 3819 4382), of
Fu-la-erh-chi Plant No. 33, in Jan-liao
Hsaleh-pao ('Acta Focalia Sinica', or the
Journal of Fuels,, Vol. 4, No. 2, pp. 181-
184, April 1959-.1

Based on sound economic and transportation factors,
Pa-la-erh-chl Plant No. 33 has been conducting experiments
with the gasification of brown coal (low-grade coal from
Li-cha-lai-no-erhs, 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 is a preliminary report of the re-
sults.

I. Gas-producer Design

The gas-producers are of the 3AD-13-Model, suitable
for bituminous coal gasification. Among the special
characteristics 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 schematti design of the gas-producer.

II. Comparative Characteristics of Natural Coals

Originally, it was planned to use bituminous coal --
from Lao-hutvai (lit., "Old Tiger Terrace"), of Fu-shun.
Some of the special points of Lao-hu-ttails 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 special charac-
teristics of the low-grade Cha-lai-no-erh brown coal are
a high moisture content, 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.

III, OQerating Conditions

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

1. Lower temperature in gasifying zone;
2. lower gas-exit temperature;
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 minutes and an oxidation zone from dark to bright
red; the period for brown coal is 3-5 minutes, and the
oxidation zone is from light to dark red.

B. The best gas outlet temperature of brown coal
is about 2000; considering other factors, the recommended
range is 200°-300&o

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

Do From practice, the saturation temperature of
intake-air ranges from 580-650 is established. This keeps
the oxidation temperature level at approximately 11000.
12000. 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 not be any appreciable difference
between the flame in the center and that which is at the
circumference. This should be kept within 100-150 nm.

F. The percentage of C02 in gas produced from brown
coal is higher, the CO percentage is lower, due to a lower
gasification zone temperature and a thinner coal-layer, and
a higher saturation temperature, QOIl50O Kcal/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 gasifying rate should be accompanied by
a rise in the air-input temperature in order to obtain
normal operation.

B. Under normal furnace operating conditions -- as
indicated in Table 3 -- the pressure drop versus the flow
rate is 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 is not easy to unload. This is especially so when
the ash-tray is not rotating and during the warm-up period.
See Table 7. Note that variation of ash levels resulted
from manual 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 is considerable, and the
ash layers have to be shifted downward manually. For in-
stance, in the second shifting, the Ko. 7 port has 700 mm.
of ash,, while the No. 1 port has 300 rmn., the No. 3 port
has 250 mm., and the No. 5 port has 400 mm. When the shift
was completed, a slight manual agitation reduced the No. 7
port ash level to 300 mm. Then, the radial force in the
center pushes the ash outward 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.
1. 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 cir-
cumference, the differential is greater with higher rate
and higher pressure. .So, when normal gasification products
decrease, the coal layers in the center mst 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 height in the center drops to under 50 mm, As soon
as the fulrrace is operated under normal draft conditions.,
the flane would become normal,

E, Actual experimental data and material balance.
Analysis of experinental data is tabulated in Figures 9-11,
Table 12 is material balance data,

Conclusion

This experiment concluded that it is possible to
gasify coal of a comparatively low-grade Vype with lower
mechanical strength and heat stability I, a conventional
gasifier designed for bet[Iter grade coals, 'I"he higher con-
tent of moist-ure of the brown coal results In a lower gas
output tenperature and less tar content in the gas, Less
ash is produceds and the non-pellet-forming and non-solid.
forminr, charReterlstles of the brown coal greatl-, reduce
manual work requirements, Thus, it is possible to increase
production. The fact that viscous particles are not formed
in the processs plus the low gasifring temperatures great.
ly reduces the flow velocity in the gasifier, thus redue-
I rg entrainment,

7liese results support the use of locally-available
low-grade coal for gasifications thus conservin13, valuable
bituminous coal for use as a raw material In the chemical
industry* This experiment also proves that the use of
brown coals instead of bituninous coals ir. gasification 10does not require conplicated modification in the gasifier*
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Figure 1. Cross-Sectional View of
Soviet 3AD-13-Model Gas Producer.

ho,1
0

Ai; Rate(toO/hr.)
Figure 2, Air Rate vs. Pressure Drop.
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No. I Port No. 5 Port

Ah Ze Coal Zone
Ash Zon.Zon* '------Flamle Zone

Figure 3. Cross-Sectional View
of Coal Distribution.

Prox =Mte nal sis___
IMoisture A -Ash Volatil- Fixed

Contetit it Carbon
VA C&

"Blituminous Coal 3.09 8.91 41.81 50.08
JBrown Coal 19.17 6.20 49.69 44.11

Ash Melting P!oi Hygroscopic
ti tj I Ms Property

Bitu•innous Coal 1350 1400 11450 _ot apparent
Brown coal 11i50 1245 1330 -hig.

Table I. Coal Characteristics

Air Sat'd Air Production'
SCorng3t~lop er ature Ca acity

MID GvTo Coal

Units .e coal
Bituminous Coal 2-2,1 5
Brown Coal 1.2--1.6 58-65 2,9

arb onin Ah Tar IDus-tWate•

155 33.05 4.66 7T.061
<20 7,00 2.14 -

Table 2. Gasifying Conditions



1_ Heat
ultilmate Aalysis Content

Carbon lHydro- Oxygen Nitro- ulfumHgh Low
gen SenHI, 10 v' , 'A

79.77 6.49 ; V0.IO83 2.1 O.el-- 513
66.43 7.11 24.52 1.56 0.28 984 4831

AdhesiveI Mechanical
Propert Strength Remark

weak strong
none asily broken W355-40;,

before expo
sure to air

Gasifying Gasifying: Air Gas
F~fielency Rate R Rate Rate

3.1-.3 ~'300 4500 -,6500
2.0•. ~,400 4000 -066500
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"Port Number 1 2 1 3 1 4 15 1 6 1 7 8
Ist Day 0-" hr . 200 350 500 200 700o 0 0 -3 -

8-16 hr. WARM-UP (Forced Draft
16-24 hr. for two hrs.

nd Day 0-8 hr. -- Same as Above.
8-16 hr -- Same as Above.16-24 hr -- Same as Above. --

3rd Day 0.8 hr, 250 -- 150 -

8-16 hr 200 50 450 550 100 300 000
16-24 hr. 800 800 450 600 200 250 40 850

4th Day 0-8 hr. 800 8001200 850 100 900 75 900
. 8-16 hr. o000 950 950,600 850 500 600_850

Table 7, Ash-Layer Height Variation
at Circumference (mn.).

Fort Number 1 2 1 3 4 5 7
Center "(Fr.) 100 0 0 1501 50 200 100 20q•i.,quma-rece '.•.) 80 80 ;200"Bb50. IU00 900 [7.-)0 _.

ticmf~ence 3 2

Table 8. Ash Distribution On
Ist Shift-4th Day,

, , ,'jc.(, 'l, 3•." ., e l / •

Table 9. Analysis of Coal-gas Composition (%)*

KPaý-over I 44m45155.55
iAsh j 761_31323.8J

Table 10. Combustible j"atter in Ash and Carry-over (%).



Air Saturation Air Gas Steam
ate Tem. Pressure Temp. Consumption Efficience

- ~K 25 ____tOoc._ I u!. 0C. 0c Ke Coal K- ,,F.00i ,5,5 _..... 28 0.20=. J....... 2._4 j

Air Gasirins
lco nsum-pt on Rate

1.4 359

Table 1i. Optimum Conditions.

S' I t N A-
. ).l. m. 0.49;# o.o':n o.1?:•7 o.ouo[ oCeoJ]I 0o~.~oo o.ho•

•1 t. • : t,.0'.:I: o.1R•# -... -_0o .ti8

S -- Air I -. u4o.-I 1 7 - -378. 7344

-rdTAlrL 0. 4054 0.O€'7, 0.,(v1 -t...,3 0.0021 0.0,-20

!!1. • __Q• . K r-1..•A5.41 , o,, -

p 1ý v)ii -. 07 0. 4,5,R
o. O.:0 1 0.0004 0.0011 (4., fJl --- 0.1(X4 0. (-4

. -0.010'-" 0. Wax 0,.0290 0.u -- 3 (. ("Aw.-

As% 0.014 i 1~ '0 (r, 64

r*fvaps -0.0114 oi - .VM

Table 12. lMaterial Balance.

10 ,144 "EQ"4 D


