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      Reser6o pfi hidrokarnona lubrikanta oieo por magino interne brulada,

      sintezita el grasa oleo kiel kruda materialo, speciale pri plibonigo de

                   la firmeco kaj pri gia gango en motoroj.-

                          meesumev de gearte W.

    tx    Gis nun estis penita multaj resev6oj pri sintezo de hidrokarbona lubrikanta o!eo

                                                       Apor magino interne brulada de pezaja servado. Speciale in Japanujo metodoj de

sintezo de la oleo uzanta diversaj grasaj oleoj kiel krudaj materialoj estis konsiderita

kiel plej grava kaj proponata. La unue sukcesata estis la rnetodo de Prof. J.

Nagai kaj la aiftoro de Tokio Imperiala Universitato, la unua de kiuj komencis la res-･

er6on tiel frue kiel 1932, kaj ilia studo (unua patento pri 'tio 6i metodo : Japanuja

patento Nr. 114, 485; kaj sekve multaj patentitaj) progresis al la rimarkinde granda

industria fabriko, ldo estis la unua de la multaj sintezantaj fabril<oj de aeromotor-

oleo el grasaj oleoj.

    Kial studo skribita tie 6i uzis la produkton sintezita per la metodo, la aUtoro

volas citi la proceson de la sintezo. Kvankam patentita metodo uzis sajoleo, bale-

noleo, sardinoleo, kaj tiel plu kial krudaj materialoj, li reser6is pri sinteza oleo el

balenoleo. En la komenco, balenoleo estas hidrogenigita gis la iodonombro farigas

al 6irkatt 90. La duonhardita grasa oleo sekve hidroligita en grasa acido kaj glice-

rinol la unua de kioj estas distilita 6e 40% per tla efektiva l<olono. I<un alta vakuo

La disti!oresta3o estas varmigita 6e la temperaturo de 315"C en la daUro de 25 horoj,

resultante la vaTmpolimerigitan, visl<ozan kaj malpalan oleon. Opi aldonis la aktivan

argilon en la kiamaniere obtenitan oleon, 1<io estas varmigit a lai"i la speciale determ-

inita varrniganta 1<urbo g,is ia temperaturo de 400eC dum a irl<att 150 a" plu minutoj.

Tra la proceso de reakcio oni obtenas la hidrol<arbonan oleon, kio estas la sintezita

oleo uzita de la aittoro por la plia resereo. La aUtora raporto estas tio, 1<io en-

havas resereojn pri firmecoplibonigon de kiamaniere sintezita oleo kaj pri fizil<ofiemil<a

gango de la firmecoplibonigita produl<to en magino interne brulada de pezafia servado.

    Studo pri sinteza oleo povus ne mall<unigi el tio pri firmeco de la oleo. Oleo

kio estis sintezita per ia metodo havas preskaif fil<sitajn 1<arakteroin. Se 1<arakteroj

estus sufi6a iam por unu magino, gi igus malsufi6a estonte 14ti la progreso de maSino.

Kvankam sinteza hidrocarbona oleo el balenoleo si mem havas viskec oindel<son

de 105-110, gia firmeco por varmo l<aj ol<sigeno estas malsufi6a al oleo de altrapida

interne brulada rnaSino. La atttoro penis plibonigi Ia oleon en la celo de uzo en

aeromotoro, uzante diversajn metodojn. Tra en tuta raporto, la adtoro akceptis Ja
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 metodo de Brituja Ministraro de Aeronatito (British Air Ministry)''por determi,no de

 lubrikantaoleo. ' ' '''
    Unue, hidrogenigo de sinteza oleo estis tre efektiva. Grado de hiclrogenigo

estis'simple konk]udita per gia iodonombro. Firmecoj de hidrogenigitaj oleoj gis

diversaj gradoj de satureco estis diversaj kaj ne simpla. Hidrogenigo sole ne povis

produkti sufi6e firmeca oleo (Viskecorilato VR<2.0, l<arbonpliigo I<P<1.0%), 6ar

por malaltigo de viskecorilato malpli''ol 2.0, iod nombro de 6hidrogenigita oleo deVus

esti 5'----- 3, kaj 6ar por malaltigo de carbonplig'o malpli ol 1.0%, tio devus esti malpli

ol 3. Tiuj 6i kondi6oj resultis maleblecon obteni oleon, l<io havis VR<2.0 l<aj KP<

1.0% samtempe.

    Sekve, la atitoro ser6is aliajn metodojn por plibonigi la firmeco. Tio estis se'r-

6ado de aldonajoj al la forthidrogenigita sinteza oleo kio estis pli firma l<aj pli pala

ol originala sinteza oleo. Estis penita eirkati 30 aldonafioj, inter l<ioj organikaj

kombina;oj de stano aif fosforo 1<aj mineralaj oleoj per specialan rafinadon havis

bonegan efekton, kio estis, probable, utila.

    Antati 6io la atttoro penis klarigi la efekton de rafinita l<ruda oleo, kio estis

estimata kial la plej praktika, kaj li elelektis la oleo de Niicu de Niigata Prefektujo.

Multai diverse rafinitaj oleoj per la metodoj tia kiel sulfuracido-, alkalo-, arg'ilo-,

 kaj Selektorafinadoj kaj distiladoj. Nombro de aldonafioj tian]aniere obtenitaj estis

 20, kioj estis sekve aldonita al la baza oleo kun propreco sl<ribita pli poste (de nun

 simple nomita NH-120) 6e 5, 10 l<aj l5% de pezo. 60 diversaj oksigenigprovoleoj,

 kioj recevos oksigenigon, estis obtenita. La.,baza oleo, al l<io aldonaioleoj estis al-

 donita, havis sekvan preprecon : Specifa pezo 6e 150C : O.8944, visl<eco 6e 1000F

 lati Saybolt-sekundoj : 1435, tio 6e 2100F : 119.3, viskecoindekso laif Dean l<aj

Davis : 107,5, saponigonombro : O.20, acidonombro : O.02, Conradosofia karbono :

 O.084%, verSopunkto -13.5----O.5"C, iodonombro : 5.3, anilinopunl<to : 125.50C, rif-

.rakta indekso 6e 20'C : 1.4920:･Post la oksigenigo--viskeco 6e 100"F : 2712,

 viskeco-indekso : 103.9, Conradsona 1<arbono 1.006%, acidonombro : 6.0, volati-

 ligokvanto : 2.4-%, viskecoriiat6 6e IOO"F : 1.70, karbonpliigo : O.920%

    Preskati tutaj aldonaioleoj havis rimarkindan efekton, memkomprene kun diversaj

 gradoj. La plej efekta estis obtenita tra la plej simpla rafinado, t. e. per sulfura-

 cido kaj argilo-rafinadoj sekvante de distiladoj. La plej granda et'ekto estis obtenita

                                                                  t per ra'finado uzanta 20-25% de forta sulfuracido. Tro profunda rafinado proqul<tis

 plu malbone efektiva aldonajo. Efekto de aldonl<vanto estis, anl<aU, diversa. En

 mUltaj okazoj, kvanto inter 5---10% donis plu fortan efekton kun kelkaj esceptoj.

 La plej bona resulto per aldonajo estis: V'R 1.2--1.3, CI O'5. Devas memori,

 l<e oleo konsistanta el NH-120 l<aj la aldonajoleo havas pgo precon, l<io estas plu

 bone ol ambaU komponantoj.
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    Anl<att la Seria l<ruda oleo estis provita kun sama ideo. Kvankam la iesultato

estis plu malbone ol la supre, la rafinita oleO de Seria havis ebleco uzi I<iel unu

diluilo de aitklasa lubrikanta oleo. Ideo de uzo de plu malbona oleo l<ial diluilo

sen grave malboniganta efel<to al la baza oleo havis rimarkindan ravecon, 6ar per .

tiu 6i plu multe da altklasa oleo estus produl<tita uZante tie malaltt<lasan oleon

kion devus, alie, uzi l<ial oleo de basa l<valito. Oleo, 1<ia propreco estas nesufi6a

por uzi kiel altklasa lubrikanta oleo, sed malproksime plu bone ol, ekzemple, Seria

oleo skribita supre, eble estus uzita kiel aldona3o, kio havas efektojn de diluilo kaj

firmecoplibonigaSo 1<aj povas esti aldonita en granda kvanto. En la celo de elfino

de tiu ei ideo, la aatoro elelel<tis oleojn nomatajn City Services, Phillips l<aj Gulf

Pride, kaj penis 1<larigi ilia effektojn de dil"ilo kaj aldonajo. La miksitaj oleoj mon-

tris bonan firmecon en laifIarga rango de mikskvanto de aldonajoleo. Devas esti

notita, ke, kvankam la tri aldna3oleoj povas esti aldonita en grandan 1<vanto, la

grado de plibonigo de firmeco estas plu malgranda ol la grado per Niicu oleo, 1<io

estas plu malbona ol la tri en gia propreco kiel lubrikanta oleo kaj ne povas esti

aldonita en granda kvanto,

    Ankaif la baza oieo NH-120 povas esti efektita per sinteza aldonajo. La '

aiftoro trovis, 1<e tetra'fenilstano kaj tributilfosfjto havas rimarkindan et'ekton, kaj

resereis detale. La tetraienilstano estas malfacile solvebla en la baza oleo, g'ia
                                            AO'Ol% aldonkvanto montrante grandan efekton. Gi mallevas rimarkinde viskecon,

vlskecorilaton, Conradsonan karbonon, karbonpliigon, acidnombron kaj elvaporigperdon

post oksigenigo. Mallevo de viskecoindel<so, kio estis observita dum oksigenigo de

baza oleo, malgrandigas kaj acidnombro, kio estas tiel granda kiel 6 en orjginala baza.

oleo anl<aa rnallevjgAas. Koeficiento de frotado havas rilaton kun acidnombro au fi-

rmeco de oleo. Preskaif samaj, kun kell<aj differencoj, estis montrita de oleo, 1<io

enhavis la tributilfosfiton. ･
    Observo, ke aldonaSoleo rafinita el natura kruda oleo kaf. sinteza aldonajo tia t

kiel tetrafenilstanb havas grandan plibonigantan efekton al firmeco, alkondukas al

uitu ideo de kunhelpa uzo de ambaif aldonajoj. La aiftoro aldonis al Nl -120

alclonafioleon nomatan TK (rafinita per H,S04 kaj argilo) 6e O, 2,5, 5, 10 l<aj 15%

I<aj la tetrafenilstanon 6e O, O.Ol, O.05, 1<aj O.IQ%. La resultato estis tre belega

kial atendita. La plej firrneca miksita oleo, kio konsistas el 5% de aldonaioleo, O.1%

        'de tetrafenilstano kaj baza oieo NH-120, havas viskecoritaton de 6irkaif 1.15 l<aj

l<arbonpliig'on de 6irkaif OL21%, ambaif 1<iaj valoroj estas la plej bona iam obtenita

de la aUtoro. Observitaj resultatoj,. 1<aj filatoj inter aliaj estis detale deskutita,

ss



Synhetic lubricating oil le.t,,

-

                                CHAPTER I

                 Xmprovement of stabi].ity of synthe'tie oils,

     In this chapter, a preliminary study on the improvement of stability of Iubricating

  oils synthesized by the method which.may be referred to later ls described.

     In order to determine stability of synthesized oils, the method of "The British

 Air Ministry" was employed throughout this work, because of its simplicity, good

  reproducibility and satisfactory correlation to engine performance., The apparatus

 and practice were slightly changed.

     At tirst the stability of synthesized oils which were hydrogenated to various

 grades of uTisaturation was determined. The hydroger}ated oils' were proven to be

 more stable. Improvement of carbon increase (CCI) and viscosity ratio were not

 always paralle] to ,the decrease in unsaturation by hydrogenation. By means of
                  L hydrogenation, the properties of products approach to the specit'ications of aircraft

 lubricating oils (namely : CCI<1.0%, VR< 2).

     But, hydrogenation only, could not produce oils which might completely satisfy

 the above specifications because the point of saturation of hydrogenated oil, where

 the smallest carbon increase was given, did not coincide with the point where the

 ,lowest viscosity ratio was obtained. Proper values of both factors could not be

 available at the same time,

     By means of addition of various stability improvers, the author tried to impr-

 oved hydrogenated oijs of which unsaturation was made as small as po$sibJe. Some

. additive agents, especially, compounds of tin or phosphorus were proved to be pow-

 erful.

             X-X. Apparatu,sford.e'teirininationofs'La,big,Xtts}',

     The reasons why the author accepted the method of the British Air Mii]istry

 for determination of stability of oils synthesized by him were based briefly, on the

 simplicity of its apparatus and practice, short period of determination, good repro-

 ducibility and reasonable correlation to engine performance. The essentials of the

 method may be found in: ' '
     Air Ministry General Specification for Mineral Lubricating Oil$ 1936. DTD 109.

 and the details in: .  '     The British Air Ministry Oxidation Test for Lubricationg Oils, F.M. Garner,
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                '    C. I. Kelley, J. I.. Taylor ; VNTorld Petroleurr} Congress, London 1933, 2,

    The author used apparatus employing the same prtnciples but with soine

modifications. The sketch is illustrated in Fig.'I--1.

    A. Gaede-pump for air blower almost without pulsation;

    B, Air filter; C.Air washer with conc. NaOff;

    D. Air washer with conc. H2 SO,i;

' E.Airfilterwithsodalimeandcottonfibers;

    F. Flowmeter with accuracy better than 1%;

    G. Oil bath with large controllable heater (J)and small controlable one

        (L);

    H. Test tube, 25.4- mm i. d., containing oil sample;

     I. Thermometer; J.Gas burner:

    K. Temperattire regulator made of "Telex" glass, containing mercury, with

        the ability of regulation of temperature within O.1"C at 200'C.;

     L. Small electric heater with "Slidac" similar to "Variac"; and M. Relay.

    The upper ground end of the Telex (similar to Pyrex) test tube is fitted with

ground glass stopper with gas--inlet and outlet pipes of the dimension described in

Air Ministry General Specification for Mineral Lubricating Oils (see Fig. I-1).

Sample oil is tal<en into test tube by weight of 36.0 g. instead of volume, because

of uncertainty of the latter in the case of viscous oils, such as aero oils. The

temperature of bath is maintaind accurately at 200±O.10C. throug.hout the test.

Volume o'f air for oxidation : 15 1 /h. Test period : 6h and 6h., second 6 h. test

on the next day. After oxidation, the test tube is cooled, its outside washed and

the tube weighed, The weight difference before and after the oxidation, "Quantity

of volatilization", a term which is not correct but accepted here for the sal<e of

simplicty, 'is calculated and made a kind of measure of stability. For determining

carbon residue, the author prefers Conradson's method to Ramsbottom's, though the

latter is accepted in the original specification, and he neglects discordahce between

the two methods which may be found ior the same sample oil. In this paper, the

auther gives a name "Conradson Carbon Increase" (abbreviation:CCI) for the dif,f-

 erence of Conradson carbons before and after the test, and another name "Vis-

 cosity Ratio" (Abbreviation : VR) for the ratio of viscosities ordinari+ly at 1000F.

 (also at another temperature) after and before the test. Acid numbers after the

 test were in some cases determined, . ･'



Synthetic lubricating eil }5

   , ig･

･Q l
 N
mwn-nrvny7Trimim:.sgevmu=ig xrv-t

.9 .Q <
.

v.'

s
A

l･.i'

l,'

,,}'l

¥t-1

S'i-ll,･

g-{g

'

, ptm":.-.,

f'

l,

,,I
'-

E,

l dv ve
.t ---r-di-.`

li,,,.

qM
t

t
:E/･11i

t

g
,K

g
P'/l'il'IE!.ill･

':fi'i/'

t. M
"

J

l ,'Or
'

J･'

s

8
:.

i. /l El:1

g..tt

.t

l
r,

't

'

i`l tt

'

k:' i,t.'I/IE "{i :
'

'

'

gii-･
r -

.;
.-

R
:-"

She
//ll-Si/ll/ l

l' N

:
r･ g '

I

x
.'

t--t

.El,lll/i;i

zaf- i" ' .

l･ll 1..lt.l{･11
.---

='Z--'

imfgth.-tmp .m smmt

L B M--rh.JHmHV S-TV-alH- E

meEY"-

･/1//'･/:Itl:.-･lt:'･l

･--va
C D

tt

.ttt/

'

K
' '

'

J･.
1'
' t.

in .t t- t- t 'xpa- I

lt

-- E-- ! 'fif"eeV/iittmswhmu-mvwts!=mffe-sanTpt
lsc

L. e
q

Y"
k"

'

kl

.tt

- ntt "--{
"an mewee:pt;･ pt--ff

.t t

e "deal thT.

epm = p +=k--f= .s 1
g

Z f
trm- wn t .

pa /M ... ttt tt.-
ee/ ttt tttt v utpm -vt-lt

/ -!!E:-, /-= z
.an-1 / -= l-11 /H?,

mL r
:-.i.,sh mu- men

.

t- +t /1 Jt dptTk
-laEf:if

-!rLb
..t -t. .t

Jt

]-

..../- --.-Hp
/ N

nd

' pt

FMn as / ,(}
/ -:tL: - ---- /
/ - ...tt..tt.

i
'

L '/ t-MT" --pm / l

-. ･----.n
℃""if` '/ ig

' Mnr '

ij7 ----1 'P ...- 1
4mermL 3

=pimy
-

N
"-mp-anfimot-.hm-wupt-

,

newimny
..ut.-pm
:Eiiin

: i

)

Q---S)L-?stL-
/t

(
tpm

ecffe:M

Ett7

'

' :
'tt

･< c thLlhrde= rct'

ll･:lgIi

rrf.v
-

.Js.
J

F,

hF"- .fi
'
`- -

.

l
･I

`

l

'i'''''
L.

Fig 1-1 Apparatus for Determinaitori of Stability



                                               '

l6 Y'anosuke lNABA
            X-2, Xmpro'vennesxto£s'tabi'li'tybymeaxxsof
                       high-pressure hych'ogenatioxx,

  ' The sample oii for this study is synthesized froiin whale oil. The synthesis

is as follows. Wh'ale oil, raf'finated by NaOH so!ution and active clay, is hydrog-

enated or hardened by ･the usuahnethod to iodine number of ca. 90. Then the

semi-hardened oil is hydrolyzed into fatty acid and glycerine, the former being

distilled to .the point where distillate amounts to 40%, The residue is heated at

a temperature of 3150C. for 25 hours in glass-lined iron vessel. To the polYmeri-

sed and thicl<ened oil, actlve clay is added in the quantity of 30% by,weight and

stirred vigorously. The mixture. is heated rapidly to 250eC., then to 360--ts--400eC.

in ca. 90 min. Thus oxygen or radicals which contatin oxygen split out of the

polymerized eil and hydrocarbon oil remains. The hydrocarbon is, then, extracted

by suitable solvent, separated from the clay by fil'tration or centrifuging, and ob-

tained in the state of viscous oil by means of vaporization of the solveiit. 'The

author denominates this as the "synthetic oil".

    The lubrlcating oils synthesized by the rn.ethod described above have viscosities

and viscosity indices, which belong to high class 'oils for high speed internal,com-

bustion engines or aircaft motors. The stability against oxldation and higlk temp-

erature, however, does not satisfy the requirements. Viscosity ratio being 3,5,

carbon increase 3.5%, iodine number 30-50, the synthesized oil can no't be used

in high speed engines. Tlie oil is brownish red or red in color and dark gr.een or

bluish green in fluorescence. The synthetic oi･l, wlaen cempletely hydrogenated,

changes color yellow to pale yellow or almost colorless and fluorescence green to

weal< violet. Of course various grades may exist between them according to the

grade of hydrogenation. At about the point where iodine number ot the oil is 20,

it is red and transparent and has bluish green fluoresc'ence. As iodine number decre-

ases owing to hydrogenation, red color fades gradually. The oil becomes yellow,

pale and then almoet colorless.' As the oil becomes colorless, its fluorescence gains

color of weak bluish violet or weak violet. Here the iodine number is less than

5-7, With advance of hydrogenation, the oil gains faint fishy odor, which is quite

different from natural petroleum oil.

    flydrogenation results in decrease in iodine number. The real quantity of

hydrogen consumed, however, does not concord with the calculated quantity from

the decrease in iodine nuiinber. This is natural, for unsaturation may exist in both

hydrocarbon ring and side chain, the sole unsaturation of which the iodine number

indicates. The author did not confirm whether the grade of saturation by hydro-

genation proceeds in parallel or not.

fi
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The synthetic oil is hydrogenated tmder pressure at 50---･200 l<g/cm2 and tempera-

ture at about 250"-#-･3000C. By various combinations, namely pressure, temperature

and duration of the reaction, samplGs of various grades of unsaturation, in other

'words, samples of various iodine numbers were obtained. Iodine number of starting

material is 33.6, that of'samples thus obtained 15, 13, 12, ･------------ 1, and so on.

In progress of hydrogeneation, the viscosity of oil decreases acording to production

of light hydrocarbon oil. As results of oxidation test may be disturbed by the

randorn value of viscosity, the author fixed the value of viscosity as S2io ==- 120 (S2io

means viscosity in Saybolt Universal Second at 210eF) by distilling hydrogenated

crude sample to suitable ext.ent.

    The synthesized, hydrogenated and topped oil is the sample for the test of

oxidation or stability. The method and apparatus have been already described in

section I-1. The detail of experiments is shown in Table 1-1, the feature

of change in Fig. I-- 2.

 '
muwr um. Table1- LlnvVarktlon.ofstalzilitybymeansofhydrogenuation -

No, of experiment

Viscosity

before

the test

 after
  ?--------

Sf,oo

SLi tO

VI

SIoe

Viscosi&'ratio

Iodine value

OT-
l81
OT-
23

l654 F.430

l21.2 ll6.0

105.il    105,3
5015    3060

OT-
 1

1633

127.0

106.0

3229

OT-
21
1

 1717

 130.5
l
 I05.4

 3550

OT-
55

l
i
E

l551

121,4

104.0

2,631

OT-
40

1562

2･ 499

OT-
77

l'

!

l

i,gsl 'i6sl

lb.O 12.tl

1477

2762

3 03

33 6

cc%

2.14

is.E-

beforethetestI 4.16

aftern i'8.02

CCI 3.86
Acid number ll.7

O.61

2.71

2.10

6.21

o.4s[

   l
2.20

1.75

6,84

O.52

2.31

1.79

 i.7ei i.66i' i.s7

 e:/i.gi.7.!z.{.lr.f.:tF

i

      O.22          O.28i ,.6F

          1.41
I          1.13

F

5.29
l

i
- I, 3.7

   '

OT-
78
OT-
91

l408

?.7ZOT.

1623

3i73

'"2' lllli

    l
.?-.251

 O.23

 1.00

 e,77

o'r-
86

1.97

5.93

O.>5

1.15

O.90

1550

3131

2,02

1e49

O.07

O.76

O.69

O'ILi-

83

4.0 3.5

1673

4584

2p74

1,04

O,06

O.56

O.50

s.6 1 s.7

                             .. ........... ......hmTenvtnn
1) Viscpsity ratio (VR)----------VR ol original oil is 3.03, which is r'elatively low

    for usual synthetic oils of this sort. As iodine number decreases to the

    point of IN (Iodine humber) 10, the curve simply goes lower. At IN = 7.8,

    minirnum of VR may be found, where VR == 1.6. With further decrease

    in IN, VR steeply .rises higher especially under IV == 2, the curve being

    almost vertical. The curve inclicates that it consists of 3 parts, namely,

    first part, till IV =: 7.8 ; second, IV == 2 -8; third IV< 2. It is suggested

    that behavior of hydrogenation may be different at each region and optimal

    iodine number where VR is t;he best or the lowest may exist.

2) Conradson' carbon (CC)---------As IN lowers, CC simply decreases. At IV-
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       1, CC may be lower than O.1%.

    3). Conradson carbon after the test (CC)･----------The value of non-hydrogenated

       oil is very high, i, e, higher than 8.0%. It cannot be used for high speed

       internal combustion engines. At about 7 of IN, CC approaches to ca. 1,5

       %. The lower the IN, the lower the CC.

    4) Conradson carbon increase (CCI)---------- Almost straight line. As unsatura-

       'tion decreases, CCI simply decreases.

    5) Acid number (AN)---------- As IN decreases, AN at first simply decreases. At

       IN ---- 5 the curve reaches to the lowest part then it rises higher,

    6) The fact that non-hydrogenated original oil shows very high AN, and com-

        pletely hydrogEnated one also high AN, suggestp that the cause of easiness

       of introduction of oxygen may be in correlation with that of growth of

       VR. But exactly speaking, IN where VR indicates rninimum valUe, does

       not coincide with IN where AN indicates minimUm.

    The author believes that in this study viscesity ratio must receive most inten-

sive interest and that it rnust be one of the most jmportant factors which correlate

with lacquer formation and ring-sticking in internal combution engincs, If it be

wished to obtain an oil, which has such properties as : VR< 2.0, CCI < 1.0%, CC

< 2.0%, hydrogenation can not produce it. Because,

       forVR<2.0, INmust-bebetween5---3,
       for CCI<J.O%, IN must be Iower than 3,

       for CC < 2.0%, IN must be lower than 7,

Accordingly, it is impossible to find a point where all the conditions may be satis-

fied at the same time. Further the fact that better oil such as VR<1.5 and CCI

< O,5 in near future may be wanted, requires another method to improve it.

    It is concluded in respect to hydrogenation of synthetic oil that:

    1) VR, CCI, CC-----------are highly improved. .
    2) An iodine number that satisfies every condition at the same time can not

    3) ･If VR<1.5 and CCI<O.5are wanted, another way to improve must be

        searched for.

            X---3. Wrelimixittrystuctyoneffec'tofactditives,

    A$ it was concluded that highly stable oil can not be obtained by hydrogen--

ation only, the author tried to use various additives which were supposed to have

effect on improvement of stability. It has been learned by him that the effect of

additives on original synthetic oil is very feeble and the blended oil can not be used
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in high speed engines. In the present study, an attempt was made to find the

effect of various additives to oil hydrogenated to a point where iodine number is,

under 5. Several of the additives tried exhibited excellent results.

    The basic oil which was used for experiments on the addition of stability im-

provers was an oll which was synthesized by the method described above and hyd-

rogenated at 100kg/cm2 on 300"lt-310"C. fer 5h. Its properties and constants

are:

       viscosity at 100eF. (SUS) 1623, viscosity at 2100F. 127,

                 1･       viscosity index (Dean & Davis) 106,

       viscosityat1000F.af'tertheoxidationtest3229, .
                        '
        viscosity ratio (IOOOF.) 1.98, Conradson carbon O.45%,

        Conradson carbon after the oxidation test 2.68%,

       Carbon increase 2.23%, acid number after the test 6.84, iodine number 12.

    With this oil, about 30 additives were triEd, among which several agents showed

excellent effect, but others almost no effect. Two or three additives which were

effective might･ be available for practical use. The quantity of additives was O,1%

throughoutthetests.InTableI-2theseresultsareshown. '
    Additives used may be classified as:

       (1) inhibitorofrubber, (2) oilsolubledyestuff,

       (3) compound which has -OH gr --NH2 group, '

        (4) organic compound of tin or phosphorus,

        (5) minera! oil raffinated by peculiar way.

Organic tin compounds, phosphorus compound and specially refined mineral oils
                                                              ,exhibited remarkable effect. The compounds and mineral oils were never used as

additives for hydrogenated synthetic oil. Especially, it should be noted that, though

TK3 or Pn in themselves were not stable for oxygen and temperature, notable ef-

fect appeared when added in small quantity to hydrogenated oil.

    The test conditions of British Air Ministry Method are very severe 'for usual

oil and additive. At low test tenzperature as in the InFliana M,ethod considerable

effect iinay be found by a number of additives which nevertheriess, can not exhibit

favorable effect at such temperature as in the British Air Ministry test. For ex-

ample, naphthol, though it may be an effective stability improver when tested by

the Indiana method, has defective action when tested in aRother study.

                                                       .    In conclusion, among 30 additives which were tested in these preliminary ex-

periments, several remarkably effective additives were found. '
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Table 1-2
  "uop=Lrm ''

       additive

s`VGB''

monobenzyl-p-aminophenol

p--hyclroxyphenol-morpholine

ethyl fluid

dibenzyl aniline

ethyl 1)enzyi aniiine
     s-
o--nitro anjsole

"Ther'moflex"

salicyl aidehyde

phenyl hydrazine

a-naphthol

B-naphthol

tetraphenyl tin

tetranaphthyl tin

tin naphthenate

iubr'icating

 Effect of

oil

additives

=rw-tn-um"ts-ww･ua
 effect

   ×

  -F

  +

   -+-

   ×

   -t

  ++
  ++

 ++

2i

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15
i

effcet

 ×

 +

 x

 ×

 ×

 ×

++
++
++

additive

16

ll.7

]s

19

20

21

22

23

24

25

26

27

28

29

30

"Baygal C"

`tStabilite"･

`'Oil Red G"

"Sudan Blacl<ti

"Spirit Fast Blue"

2-oxy lepidine

anthraquinone

pyrogallic acid

carbazole

2--anilino lepidine

original synthetic oil

.indole

tributyl phosphite

TKr,

Pn

Where

++ :
TK, :

Pn :

× : no effect, -: lowering effect, + : positive effect,

excellenteffect,in" ":coramercialname,

a commercial mineral oil followed by special raffination,

a residual oil of Nitsu crude raffinited.

'

ag
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                              CHAPTER II

             ecffect of ref,inect ywii'tsu erude oil a.s an addi-i;ive,

    As reported in the previous section, it was found that specially z'efined and topped

petroleurri oil exhibited remarkable stabiljzing effect on the hydrogenated synthetic

oil. The author considered this way of improvement would be easigr and more

practical, and attempted to find details more clearly on the raffination of crude pet--

roleum oil suitable for stiabilizer. The crude oil of Niitsu, Niigata-Prefecture was

selected for this purpose because of its abundance in lubricant fraction among Ja-

panese oils and because of the absence of paraffin wax.

    As the first step, suitable grades of raffination by rneans of sulfuric acid,

                                                                         'alkali and clay vvrere checked on the crude oil. It was found comparatively easy

to refine. Twenty samples were preparcd by vatious methods, conabination of them

and variation of degree of raffination. Refining was carried out by the use of sul-

furic acid, alkali, clay, solvent and distillation. These samples were added to hy-

drogenated synthetic oil to concentrations of 5, 10 and 15% by weight. if'hese oils

with additive were tested as described above in Chapter I.

        XX-a, Wreparationofaddi'tivesfromrwiitsucrudeoil,

    Among Japanese crude oils, not only quantity but also quality of the crude oil

of Niitsu, Niigata--PrefGctm"e js 1<nown to be superior. From the crude oil it is

possible to produce lubricating oil of. comparatively high quality (of course the

comparison is jimited in Japan) and of low content of wax. A sample refined at

                                Table 2-1
       ge t
                                      l Niitsuoil I

'sb'e'cili,'EFae'ity I o･gtio
  mafterrefiningby96%I{gSO,4:l O,908

yieldofrefinedoil,weight% 47%
temperatureriseduringrefining 20-38℃.
foil･lllrablli//}Ya21ivCelaXiatyre,ated 5% relativelyeasy

                    ]O moreeasy
                    l5 ,a!mostthesame

                    20 sani,e

* For comparlson.

Toyolf g.wr oil"

    o.g46""-

    O.915

     5,O%

   2,O-44oC.

   slow

   easy

   easy

   eesy
       imdi

c
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random (though of course by the usual way) gave remarkable effect on stability of

hydrogenated synthetic oil as described in I-3. These were reasons why the

author undertook to prepare additives from Niitsu crude oil by means of various ways

of refining and to find the best condition from among them. The properties of the

crude oil received by him were as in Table 2-1.

    Oils thus refined were treated by washing with warm water. Grade of sepa-

ration of oil and water, and acid number after washing with water 3 times are

listed in Table 2-2

Table 2-2
pt･ ･mm

Niitsu oil

percentage of clay separation l
5

10

l5

20

emulsifies,

emulsifies,

emulsifies,

e"

separates very slowly

separates relativeiy well

separates well

acid number

O.09

O.054

O.038

O.022
J

,

Toyokawa oil

5

10

15

2e

emulsifies, poor separation

emulsifies, relatively poor

emulsifies, .relstively good

   "

separatlon

separatlon

O.062

O,037

O.27

    Through these data, it is

and clay refining, though the

fluence of Hp. S04 by quantity

clear

yield

is as

that washing

of refined oil

follows.

with water can be used after

may be extremely Iow. The

acid

 in-

ne

Table 2-3

crude oil

Niitsu

Toyokawa

96%
%,
H2S04
by vol.

I
l %･

]o

15

20

loss
by vol.

41

42

47

en;=tta' mpndent4wuam

10

20

30

45

48

54

sludge

semi-soiid, oily

   ll

   "･

solid

semi-solid,

   "

movable

properties of oil

low viscosity,
fluorescent.

    "

    "

"

ll

"

    From these data, it is

% H2S04 and followed by

easily. The same crude oil

is filtrable. But the same

                        =c
seen that the Niitsu crude oil raffinated by 10% of 96

all<ali washing produces emulsion and does not separate

 refined by 10% of 96% H,S04 and 10% of active clay

followed by alkali refining produces emulsion and does
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not separate easily. It may not be practical to refine the crude oil by sulfuric

acid followed by alkali treating. In acid oil.produced by stilfuric acid refining, how-

ever, there may be suspended a small quantity of sludge which can not be forced

to separate by means of gravity or centrifugal force, but can be separated through

filter by means of raffination by active clay. Further it fnay be possible to refine

the crude by solvent. The author refined the crude using ,-the following raffination

separatelyorincombinationorinanysuccesion. ･･ ' ･

                Tab.tnleav2-4. AdditivesPrePai'ed.b.scY..avV.a.:i.O-i..S..:Ln.fitwl.imaOdS'mumnmm rmua mu

H2S04

refining

active-
 clay
 treat,

topping

'fil'g.",j

refining

 wt. % of
  H2S04
 yield of
  acid oil

fi "t-,ttof''

  clay
 yield of
f ref. oil

HN- I
.4
.-
i l

lo

73

15

63

HN-
f.lt?.

Io

73

15

63

E

E
l
l

HN-
5-1

15

68

15

60

HN-
5--2

15

68

g

vol. % of
distillate

yield of
 residue...

'Wt, % of

 Hgs04
yield of
acid eil

51e5

32

'I

l5

60

51.5

32

 10

23.3

ss.,I

26.2

58e4

26.2

 IO

21.3

20

17.4

}{N-
6-1

20

62'

l5

54

HN-I
.Sr2.l ..

20

62

HN-- Ii

7-i l

25

60

HN-
7-2

1

 active
 tCrieaaYt･

 H2S04

refin lnF.

 active
 tCrlea,'¥t･

    '     ttttttt'alkali

t.........................

topping

 actlve
 clay
 treat.

  Vis.

-- --

 wt.'%' of 1''III･'

  clay j
 yield of
       .1 . H.-A .1.  ref, oil

'wt.%oi l
  H2SO,
 yield of
  acid oil

['LWt. IIZ'-61-"

i clay
 yield of
 ref. oil

,IIyl'-Z"liF.'-d-Otli' I/I.

 vol.%of
 olistillate

  yield of
  residue

 wt. % of
 yi,ciday.f

 residue. ...
  S2{o !115.5

  vi F2?:6i

 ･･mh-･, -

2'O

20.7

l''

I
i

I

62.0

22.6

E

I

I.

I

HN-
8-1

 ....

H,N-,- l
   I..

HN-l
 iO I
HN-
 1].

 15

 54

62.0

22.6

 10

19.6

20

15.8

,, l

53 ii

62.5 62

21.6 21

    l8,9

zg

   l
.ltt.ttt.tt..t.t.t.t..

15

53

 .5

 o6

10

I

20

15.8

!

l
[
I
l

   ,

50'

50

20

2],6

   l

50

50

20"

21.6

io x 2,i

62,9 ,

'[

I

I

I

121.4

-6.9

10×2

62.9

HN-
 12

l

20

16.6

20

l3.cl
 i

20

17.7 l
.l.

ioxE

62.9

93.7

-O.84
J

'

    li

iog,2 lii23.e

    1
 5.4 l- 5.6

t

i
L
I

I
ttttittttt t ttttttt

1

I
I
I
l.

43.;.Z.

66.5

15.3

-ww-" ･

    l
115,4 1]23.5
 s.7 1, 6.o

    i
 ' '' ''th--imnazww

112,2

 4.2

    ii

    I

- - -I------

g',.3 k14,s

16,7 3.2

･ , su-liww---.

145.9

= 5.3

[ 43p7

' (s6.5

 15.3

 10

 14.2

,'4-,Jg'

10.3

   tttI 43.7
    tttttttt ttt(''ts6'' 1'1

1.P-:`i

 20

 13.0

140.7

  7



Table 2-5.

Synthetic Iubricating

 Additives prepared

oil

by various methods

25

H2S04
refinig

 clay

treat.

topplng

proper

-ties

wt. % of Hfl S04

yielcl of acid oil

wt. % of

wt. %of

 clay

ref. oil

vol. % of

wt. % of

distillate

residue

HN -4-3

10

73

15

63

HN -5-3

15

68

15

60

66

22

.5

e7

66.5

20.0

HN -6-3

20

62

15

54

S21O

VI

Slecto E yield after lst Sort:K

" " after 2ncl sortA

242.7

7.0

66.5

18.6

197.5

-9.0

7.6

l54.6

-1.5

  8.S

HN -7-3
t

25

60

15

53

HN -S--2

20

8

20

54

66.5

18.1

l42.3

 O.84

9.3

66.5

17.0

 191.7

-11

7.95

HN -S-5

proper--

  ties

 clay

treat.

proper-

 tieS

S2tO

VI

wt. % of

wt. % ef

clay

ref. oil

S2tO

VI

147.1

 59.5

132.6

 48,4

IL,2,6

 49,1

-

t.

121.4

 54.2

20'

68

20

54

66.5

19.0

186.5

-7

4.1

l･

l

"-j

137.9

 53.0

124:2

 79.2

 10

  3.47

123.7

 79.9

     * "Selecto" refining of

        in 2 cycles followeq

     A "Selecto'i refining of

        in 5 cycles followed

               Table 2-6.

ua=ualitttmiaz= avfi . --

'-":'1'

  Ht,S04 refining-(1)

           nm･ Ist sort consists of extraction by the solvent (oil l : solvent l,)

bytoppingofthesolvent.,. ,.
by2ntdopSpOi;tg CoOfntShiSetSsoOiveenXtlraCtiOn by the solvent (oil 1:solvent 1)

                  '                       '         '            ,
   Preparation of additives from residual oil, (1)

                   ]-mav '･ ･m

H2.SO 4' refining-( 2)

wt. % of the
          i
yield of acid

acid

oil, %

wt, % of tl]e

yield of acid

i

acid

oil, %

clay treatment
wt. % of clay

yield of refined oil, %

NKrl

,

10

48.7

10

36,5

20

30

    .topplng
vol.

yield

%
 of

of distiilate

 residue, %

                             Sleoolo

                             S2ioOFViscosity

                               VI
 ""-mu' ' '-MuawwmumuSU -muZma-urll-T;L

NK-2

10

48.7

IO

36.5

20

30

5

29

                    2,64
                     '
                      I05.4

                       18

'=fk"twtinv4/'zav-um-un-::;";tt' 'wua"'-

   3.527

     122.0

      19

n.t'ha=':'-.t"'xu'=vaz;uzaatu
ff
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Table 2-7.

     Yanosuke INABA

Preparation of additives from hesidual oil. (2)

f

NK-5
llfi===M!ua!tT.

dilution

H2S04 ref.

alkall ref.

topping of

kerosene

topplng
 under
vacuum

clay treat.

topping of

1<erosene

'toppmg
under
vacuum

Properties

raw oil I : lcerosene 1

wt. % H2S04

followed by water washing

steam distillation

yield of residue, wt, %

vol. %

yield of

of distillate

 residue, wt. %
Wt, % of clay

steam clistillation

yield of residue, wt. %

vol.

yield

%
 of

of distillate

 residue, wt. %

Flash

   SlOO

   S2IO

   VI
point (oc)

+

20

+

+

53

NK-6

+

20

+

+

53

IO

46.7

NK-3
l

+

20

+

 -pt
NK-4

  +

20

+

1

l
f IO

+
58

l
1

1

2e084

  95.2

  23

3,716

 123.7

  15.2

 220

1,987

  91.7

  18

10

+
58

12

50

3,466

 118.4･

  13

  -

    1. Sulfuric acid refining, quantity of the agid variable,

    2. Active clay refining, quantity of clay variable,

    3. "Selecto" refining, quantity of the solvent variable,

    4. Alkali refining, definite quantity,

    5. Di$tiliation.

    Through these processes, refined oil samples with viscosity of

were obtained by means of proper topping.

                                  Table 2-8
                                 en

120 sus

]

at 210oF.

percentag9

    initial

of distillate 1 temp. of distmation 1 SV1O

point

]o%
20

30

4o

50

60

1
I
I
1

[ 'ts
really

7o"c

128

144

158

170

183

209

+
t
F
:

t
E

I

32.9

34.8

37.6

43.2

The crude oil used here was from Kanatsu in the Niitsu oil fieid, That
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is also a Niitsu crude oil. Thus 20 raffinates available for lubricant additives were

obtained. Sample'number of additive, detail of raffination for each and its yield

are listed in Tables 2 --4 and 2-5. Specific gravity of the Kanatsu oil was

17.850 B6. Fractional distillation at 5.5mm Hg showed the following features :

    Further, a heavy oil obtained by means of steam distillation as residual oi]

from Kanatsu oil was used for the preparation of additive, the properties being as

follows : specific gravity, 130 B6 ; flash point, 212' ; viscosity, 309 Redwood sec-

ond at 1000C. The residual oil as it is and diluted 1<erosene were refined as above.

Five samples vKrere obtained (Table 2 -- 6 and 2 - 7).

    The base oil, to which additives prepared as above were added, was called

NH-120, in which "N" meant first letter of the narne of Dr. Nagai (inventor otthe

method of synthesis of hydrocarbon lubricating oil from fatty oils and the director

of research for the author), H hydrogenated, and 120 Saybolt viscosity at 2100F.

Its properties were as followes :

                               Table 2-9
                   specific gravit;y at 150C, O.8944 ; StooeF, 1435 ;

                   S2iooir, 119.3 ; viscosity index, le7.5 ;

                   saponification number, O.20 ; acid number, O.02 ;

                   Conradson carbon, O.084% ; pour point, --13.5"C ;
                  "                   iodine number, 5.3 ; aniline point, 125.50C ;

                   refractive index, nBU 1.4g20 ;

                   after oxidhtion, SioomF, 2,712 ; viscosity index, 103.9 ;

                   Conradsoncarbon,l.006%'acidnumber,7.9; "
                   volatility loss, 2.4% ;

                   viscosity ratio at ]OOeF ].70 ; carbon increase O.92%,

                       XY-2 rcffeetofadditive,

    In the tables 2-4t--2-7 are listed samples used as additives which were

treated by processes as follows :

    1. Additives refined by means of sulfuric acid, clay and distillation, the quan-

       tity of the former only, varied.

       HN-4p-1, HNww5-1, HN-glh1, HN-7'Thl.
    2. Additives refined as above and once more by sulfuric acid and clay, qua-
       ntities of 6oth reagents being fixed.

       HN-4-2, HN-5-2, HN-6-2, HN-7T2.
    3. Additives distilled and refined by sulfuric acid once, further by clay.

       HN-8-1, HN-8-2.
    '
    4. Addjtives refined by sulfuric acid twice, further by alkali, distillation or

       clay, etc.

       HN-10, HN-11, HN-12.
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    5. Some of additives in 1. further refined by Sblecto.

       HN-4-3, HN-6-5, HN-7-3.
    6. 0ther additive refined by Selecto.

    7. Residual oil of siteam distillation, further refined by sulfuric acid, active

       clay and distillation.

       NK--1, NK-2.
    8. Residual oil of steam distillation, further diluted and refjned as in 7.

       NK--3, NK-4, NK-5, NK--6.
    To the base oil, i. e., NH-120, each additive described above was added to

the arriount of 5, 10 and 15% by weight. Mixtures thus obtained were oxidized by

the method of the British Air Ministry somewhat modified by the author. After

oxidation, test tubes containing test oils were cooled and various constants and num-

bers tal<en, together with those of unoxidized starting samples, as follows :

    S2io, Siao, both before and after the test, viscosity indices, viscosity ratio, pour

    point, Conradson carbon before and after the test, carbon increase, volatility

    loss, acid number after the test.

The results thus obtained arel listed in Table'2-10.

           XX-3, meelationbetweenrefinin'gtreatmentanct'

                          effe'ct of adctition, (1)

    It is natura] that there may be variations to some extent in viscosity of addi-

tives prepared from Niitsu oil, though an effort was made to secure uniformity of

viscosity. As a reasonable re$u.lt, yiscosit,y of blended oil is not definite. Because

of low viscosity index of additive, that of blended oil falls accordingly.

    As will be seen in Table 2-10, the effect on stability is remarkable. Almos't

every additive exhibits improving effect, though the optirnal point of action may

vary. Effect of addition is shown for each additive in Fig. 2-1----4. Abbrevi-

ations mean as follows : VI, viscosity index ; VR, viscosity ratio ; CC, Conradson

carbon before the test ; CC ; that after the test ; CCI, Conradson carbon increase,

that is, CCI ==CC--CC. Indices which must be noticed seriously are VR, CC and

    In reference to Table 2-10 and figures 2 --1-lt- 4, the effect of additives

on CCI and VR and courses of refining for them are graphed in Fig. 2-5 for

the purpose of clear understanding.

    1) CCI for blended oils is for the most part lower than non-blended NH-120.

       When we classify Class A as additives able to lower CCI to O.5%, Class
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Table 2-IO. EffeJt of additives･continued.
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Table 2-10. Effect of additives, continued.
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Table 2-10. EffeJt of additives, continued.
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       Synthetic lubricating oil

Teble2-10. Effectofadditives,continued.
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   B as th6se able to lower it to O,6t--L"O,7% and Class C as those which

   give CCI higher than base oil, the following list can be arranged :

Class A : HN-4-2 (H2SO,i 10%,clay 15%,topping, kSQi 10%,ciay 20%)

          HN-7---1 (H,SO, 25%, clay 15%, topping)

          HN-10(H,SO,`20%2,alkali,topping) .
          HN-11 (H,S04 20% 2, alkali, toppjng, clay 10%)

          HN-12 (H,SO,i 20% 2, alkali, topping, clay 20%)

Class B : HN-5-1 (H,.SO,i 15, clay l5%, topping)

          HN--5--2 (H,,SQt 15%,･clay 15%, topping; H,SO,i 10%,clay 20%)

          HN-6-1 (}I,S04 20%, clay 15%, topping)

Class C : HN-4-1 (H,S04 10%, clay 15%, topping)

          IIN--･6-2 (}[[,S04 20%,clay 15%, topping, H,SQi 10%,clay 20%)

          HN-7-2 (H,,SO,i 25%, clay 15%, topping, H,SQ, 10%)

          llN-8--1(topping,H,,SO.i20%2,clay20%), $
   It is clear that sulfuric acid has Temarkable influence on' the stabiftzing

   effect of additive. The pyoblem m.ay be dis,cussed later in detail.



34 Yanosul{e lNA]s,N
    2) On VR the effect of additives is recognized more remarkably. Additives

        which have excellent ef'fect give VR 1.2----l.3, the Iarger part of them

        between 1.2･-1.4. U,nder 15% of addition, the blended oil does not show,

        lower VR than base oil. The fact indipates great influences of additives

        on VR of blended oils. If we divide these additives under Class A' whose

       blended oil has VR l.4, Class B' those which give VR 1.4 -qaj- 1.5 and Cla$s

        C'overl.5,theymaybeclassifiedas: ' ,
    Class C'----------includes only' Class C for CCI,

    Class B'-----------HN-7--2.

    Class A'----------all other additives, .
          '
       Among those of Class A', HN--7-1, HN-10t-NN･12 (all class A of CCI),

        HN-5--1, HN--6--I (C!ass B)are superior.
        Variation of quantity of each additive produces variation of CCI, VR br

        other indices with speciai feature of curve. As for VR, for example, the

        curve changes with quantity of additive (up to 15% of additives) :

       a. Curve of VR simply declines and has no minimurr} point.

        b. Curve of VR initially decljnes sharply, then it run.s almost horlzontally.･

       c. CurveofVRhasminimumpoint. ･ ･
                                                            '       d. Curv.e of VR has mininavrn point then rises and runs almost horizon-

          tally.

Four types as above may be observed not only in curves of VR but also in that

of CCI, though types c and d may bc ifound in the latter for the ,most part and con-

sequently the curves of VR and of CCI do not always exhibit the sairte type. If

a curve has type a, large quantity of additives may be allowed so far as other

properties do not make the blend inferior. In such cases as these, additives are

generally inferior in quality, as, for example, in aircraft lubricating oil, they may

be regarded as blending materials or extenders instead of stability agents.

    In Table 2-11, are included all the additives used, their process of refining,

their yields, types of curves of VR, lowest VR, percentage of addition for mini-

mum value of VR, CCI for minirnum value of VR, types of curves of CCI, lowest

CCI, percentage of addition for minimum values of CCI, VR for minimum value of

CCI, and .9.C- for minimum value of CC.I, obtained from the curves of Fig. 2--1-tha-

4. Line under certain Figures means that t;hey belong to class VR =- 1.5 and CCI ="-

O.5 Among these, the following values must be noticed.

               Additive %ofadditive VR CCI
              HN-7-1 15 1.20 O.4i9･
              HN--10 15 ･                                             lo18                                                      O.44

                                        '              HN--6L-3 ,                                   15                                             1.19                                                     , O,46
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             XX--es, xe,e}.ationbetweenrefining'treatment

                       anct effect egr additSon, (2}

   Infiuences of individual refining processes must be more clearly understood.

Quantity of sulfuric acid, number of times of trGatment, and other points will be

Influence of quantity of sulfuric acid ------------ -

1. Sulfuric acid treatment one time.

    The process of refining is as foilows :

        sulfuric acid treatment->c}ay refining-topping.

In the elay refining, the amount of clay is always 15%, tcmperature of treatment,

1500C. and its period 30 min. Only the quantity of sulfuric acid is variable. The

results are shown in Table 2-11. The yield of refined oii amounts to 21 -ny-- 22g6

by increasing the quantity oi sulfuric acid to 25%. Vjscosity indices are all under

zero except HN--7-1 where sulfuric acid has LEcn uscd to 25%. Results of

oxidation test for blended oils with those additives are listed once more in Table

2 - 12.

    Effects of 'quantity of refii}cd oil are illustiated in Fig. 2-1. Curves of VR

decline at first sharply, with quantity of sul{uric acid, then. at over 15% of additi-

on, become almost horjzontal and near one another, VR being under 1.3. Curves

of CCI exhibit distinctly the characteristics of sulturic acid refizi.ing. Curve for oil

blended With the additive refincd by sulfuric acid of 25% is in iowest posltion

among 4 curves, showing IargEst jnflucnce ori CCI and that a ]arge amount of ad-

dition has no deleterious effect. Oils with agdjtivEs rctincd Ly a smaller amount of

sulfuric acid are inferior as to their action.

                   Table '2-12. InfluenceofquantityofH2SO,i

  op"cttim. .Hli.nvMme. . ..- ..'.. ..vmve.... . nv                        '1                                             , HN-5-1                                                       HN-6-l                                      HN-4--1                                             [. .
      acid '"w''t.-%"6fH',IJgo'4' io

     refining                                         73                yield of refined oil, %

                                        .t t.-.-..      '                wtL%of clay 15      clay
     treatment.yie4-o-f-Ietit}.e".d."g.ii,g6' 63

                vol.%ofdistillate 51.5
     toppmg
              ....zlf l.El .o.f.resid.ue. 32

                 Sglo 115.5     vlscoSlty vl -22.6
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    Effects of quantity of sulfuric acid are iilustrated in Fig. 2-1. Curves for

VR are sornewhat complicated. Substantially, the rnere the quantity ot the acid,

the lower the curves with points ot inflection, which are found between 15i-if-･20%

of ff2SO,i quantity'. Position of curves under 15% of the acid are irregular. Cur-

ves for CCI go Iower with increase in quantity of the acid. CCI for the blend

which contains larger quantity of additive is higher the curve showing larger incli-

nation for the acid quantity.

                     Table2-13 Influenceofsulfuricacid .pt ,

             v
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       * : the'base oil NH-].20 without additives.

2. Double treatment by sulfuric acid.

    The process of refining is as follows:

   , sulfuricacidtreatMent-)claytreatrnent-topping-->

       sulfuric acid ,treatment-clay treatment. ,

In this case, arnount of sulfuric acid was varied only for the lirst treatment, that

for the second treatment being constant, viz., 10%. For the first g,reatment clay

was used to the amount of i5% ai]d that for the second was 20%. Yield of refjned

oils and theit properties are listed jn Table 2-14 and behaviors of their blended

oils in Table 2･- 15. CCI and VR plotted by quantity of additive and those plot-

ted by quantity of sulfuric acid are illusrated in Fig 2-3 and 2-'4 respectively.

It must be noted that curves of CCI plotted by quantity of addition of improvers

                                              ;
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are grouped into two types, that is, curves for biended oil of additives treated by

20 and 25% of sulfuric acid for the first treatment are far apart from the others,

being in far higher position. In other words, additives treated by a large amount

of sulfuric acid (for the first treatment over 2e%, for 'the second IO%, that is tog-

ether over 30%.) are very inferior in action as improvers. T-hey eyen cause dete-

rioration when added over IO% to the base oil. On the other hand additives

treated by sulfuric acid by 10･-15% for the first treatment (in toto 20t--25%) behave

profitably, that is, decrease CCI distinctly. Curves for VR behave similarly to these

for CCI. These facts suggest that a kind of inhibitors or essential part of additives

'naturally contained in crucle oil may be repaoved by excess t: eatment of sulfuric

acid and a boundary may exist in the effects of an amounts between 25 and 30%

of total sulfuric acid. Curves plotted by sulfuric acid quantity sharply rise between

15 and 20% (or totally 25 and 30%) of sulfuric acid. Cirrves for VR and CCI are

similar. Additives refined by 10 and 15% of sulfuric acid give VR 1.3--ta-1.4 when

added to the amount of 5%, and lower than :,3 when added in larger quantity.

'Ajso they provide oils of CCI of O.5-O.6. Contrary to these, additives refined by

20 to 25% of sulfuric acid (or 'in toto 25 rw 30%) give VR over 1.54 and CCI over

O.8.

                      Table2-14. Preparationofadditives '
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Table 2- 15. Effect of additives
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Comparison of }IuS04 refining.
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                                                   ec
   As for simple treatment by sulfuric acid, the effect upon blened oil by addi-

tives as expressed by VR and CCI was most exceJlent in･the･ case of refining by

25% of the acid, next by 20%. As for double treatment by the acid, the most

excellent result was obtained in the case of refining by 20 ancl 25%, the fo'rmer
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being somewhat superior. Additive refined once by 20% of the acid was a little

superior compared with that refined twice by 10%' and 10%. In Table 2-16 as

directly comparable cases, additives refined simply and separately by 20 and 25%

of the acid are shown, yield of additives by simple treatment of the acid are better

than that of double tre4tment, total quantity of the acid being the same, thus 22.6

% for the fofmer, 20.7% for the latter, in the case of 20% of sulfuric acid. As

simpler treatment results in higher yield and excellency in action, there's no ques-

tion which rnethod should be adopted,

4. Effect of sulfuric acid quantity and of extraction by "Selecto". '

    Process of preparation is as follows:

             sulfuric acid refining-clay treatment-topping-extraction.

Quantities at ail stages are definite except that of sulfuric acid refining, in which

the amount of the acid is varied from 10 to 25%. Yield by each stbp and prope--

rties of additives thus obtained are listed in Table 2-17.

                   Table2-17, Yieldandpropertiesofraffinate.

        I, vaurmt Mkt-

,

sulfuricacid wt.%ofHfiS04

treatment yield(forcrudeoil)

claytreat- wt.%ofclay
ment yield(forcrudeoil)
topping %oftopping
           residue (for crude oil)

yield of raffinate by Selecto %

properties' toppedoil S

of oils VI
           raffinate S
           bySelecto Vl

HN--4-3

 10

73

15

63

66.5 .

22,7

 7.0

242.7

147.1

59.5

H N-5-3 HN'm6-3
1
H N-7-3

 15

 68

 15

 60

 66.5

 20.0

  tl.6

197.5

- 9.0

132.6

 48.4

  20

 62
. 1.5

 54
 66.5

  18.6

  8.8
 15ti,6

- 1.5

 ]22.6

 49.1

l '25

60

15

53

66.5

].8.1

 9,O
142.3

 O,84

121,4

54.2

Several characters may be recognized from the table. 1) Yield of residue falls as

quantity of the acid increases, 2) Yields of oils extracted by Selecto increase as

amount of the acid increases, 3) Viscosity indices of extracted oils are high, but

a generaiization regarding the amount of the acid can not be drawn. Actions of

additives thus obtained are summarized in Tabie 2-18. Though no obvious func-

tional relation can be deduced, VR declines as amount of addition grovyi's. By adding

to the amount of 10%, VR is in the range of 1.25t-1.3, 10% addition exhibiting

largest effect. Also,in CCI, the features of the effect are roughly similar to those

in VR..

    From these results, it may be concluded that oil extracted by the solvent would

be able to be added i.n larger quantity,. though the upper limit of quantity of the

"
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acid would be 20%, and that the yield of extractecl. oils would not be over 10%,

though it would be 22---30% when the acid is used once followed by no more

extraction. Further it is pointed out that additives produced by extraction as is

described here do not always exhibit higher performance than additives obtained

by simple treatment of sulfnric acid followed by no more extraction. It is naturai

that one would select the ]atter course of refining in pi'actical utilisation.

5. Additivesproducedfromheavyoil. .
                                                 '    The heavy oil was a bottom of a Niitsu oil, the gravity being 130 B.,", flash

point 2Z20C, viscosity 309 R (leOOC). The course of refining, yield, properties of

additive thus obtained and eff'iect of addition are shown in Table 2-19.

                       Teble 2-i8.. {ction o{. agditlveE. .

l･ HN-4-3 1 HN.6-3

          1
I

5%

]e%

S2tO

'V-I

 VR
CCI%
 S21O

 VI
 VR
CCI%

l20,6

105.7

 1.3LtO

 O.563

121.5

105.2

 l.278

 O,552

119.3,

]e5.2

 1,402

 Oe582

120,6

]04,7

 1.260

 O.553

HN-7-3

percent of

addition of

 additive

15%

9.21o I

 V R'

CCI%

122.4

102.8

 1.246

 O.614

120,6

106.6

L

E
i

'

l
l

120.6

103.9

 le180

 O.281

 l.4]5

 O.615

120.6

105.2

 1 281
' o14se

120.6

104,4

 1.334

 O.653

                                                                         '                            '' tmutmo
    Two additives by the direct sulfuric acid refining of the heavy oil, 4 additives by

dilution with kerosene followed by the acid refining were obtained. Their effects

of their action are comparatively large. At 5･--･10% of addition optimum points

are generally found. It is likely that aclditives treated after dilution by kerosene

are more active than those withont dilution, tbr example, in a case of addition o'f

10%, VR of the fonineT was 1.32, 1,28, l.25 and of the latter 1.31, :.35.

    ･ . ecozeX'asion,
    What is the best for practical use may be deduced from the results described

above. The additive whjch is capable of producing a blended oil having lowest VR,

CCI and CC, and producible by the simplest course of refining and with highest

yield is the most desirable. Results obtained hitherto show that some of the addi-

tives reiiined by the course-----sulfuric acid refining, clay treating and topping-------

e
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                                           '  umtitug'' ma.ww-lt ''." ' ' ".                                                        '                                   ,
and that those refined by the course- -sulfuric acid refining, alkali refining, clay tre--

atment and topping-------- are comparable in performance and the most powerful. The

latter' is more effective than the t'ormer, whose course of treatment is distinctiy

simpler. In the course of aikali refining persistent emulsion is likely to b6 prod-

uced, and the yield ot' oil naturally declines. Overall yield of additives by the sim-

pler way may amount to 19-n-23%, though that by the course inciuding all<aii

refining comes to about 13･-･15%,

 , In conclusion, it is possible to obtain poviTerfuI additives for the syntheti6 oil

NH-120 by means of relatively simple course, such as sulfuric acid refining whose

quantity is within the range of 20---25%, treating by 20% of clay and topping to

the viscosity of S2tokv.120. These additives may produce blended oils, whose VR:-'..

                                                                  e

 1]9.4

 l04.0

   ].25

   O.50

 119.8

 1O1..'7

   lo24

   O.60
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                                   CHAPTER III

                                                         '
･ scffect of a.d.ditives of xet'ined. Seria oiZ a.nd
                             severaX eommereiaX oi.1,s,

 ･ Inthepreviouschapter,thebehaviorofNiitsuoilrefinedbymeansofa
     relatively simple.process was observed in respect to its stabilising action upon the ,

     synthetic lubricating oil NH-120. The most part of the additives refined by varioup

     means behaved as powerful improvers. As they were further recognized as diluents

     of the synthe'tic oil, it might be deduced that the amount of production of viscous

     oil of high quality could be increased by the amount of addition of the refined oil.

     But from another point of vigw, the Niitsu crude oil is the most important source

     of lubricating oil, whose'shortage would seriously disturb home supply. This re-

     quired a substitute'for Niitsu oil as additive. That is one reason why the author

     undertook to study Seria and other commercial oils.

   ,         Treatment of Seria crude oil was almost the same as that of Niitsu oil. Effects

     of addition were tested on1lended oils which contained additives to the sameam-

     ount, that is, 10%. Generally speaking, the effects of them were far inferior to

     the efiect of Niitsu oil, sometimGs even causing deterioration. If it was permitted

     that VR and CCI of blended oil ;night be large enough within the limits of a spe-

     cification (that is VR < 2.0, CCI < 1.0%), the re'fined oil could be used in relatively

 t large amount, being recognized rather as a diluent. LoweSt VR attained in this

     study was about 1.4, at the best and lowest CCI about O.7%. '
        The idea that improving the properties of synthetic oil and increasing jts quan･-

     tity by means of dilution with refined crude or commercial oils which are not of

     high performance, rnay be reasonable from the stanqpoint of enhancing production

     of home supply of high quantity lube and of reclaiming low quality Iubes. For the

     Purpose of utilizing Niitsu oil and commercial oils as extenders for high quality

     oils, several experiments were carried out with satisfactory results to a certain

     extent.

                      XXX-:-1, e me,efined oi], from. Seria crv,de,

         It is well known that Borneo crude oil has been used as raw rnaterial for lub--

  , ricating' oil because of its poor content of light fraction, though it is not suitable

     for manufacturing good lubricating oil on account of its extremely low viscosity

     jndex. It may be unfavorable for use as a lubrjcant for high speed internal com--
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bustion engines. In order to produce oil of high quality out ot' the oil, the following

means may be considered:

    1. Reforming tlie chemical structure of the' oil in order that it inight be made

       suitable for high dtity purpose.

    2. Biending it with oil of high performance.

    3. Blending it with fatty oil of high viseosity index.

No's 1 and 3 are out of consideration in the author's researches, only 2 coming to

the front. The aim is to see whether Seria oil (a sort of Borneo oi"l) rnight be used

as a substitute for Niitsu oil as studied in the preceding chapter.･

'Preparation of addi!ives.

    Serla crude oil topped or not was refined by means of treatments such as sul-

furic acid, active clay or all<ali or their combinations, being topped to the viscosit,y

0f S2io'vv120 at the end,

Crude oj.i---- (received on 9 May, 1943') from the Toa Petroleurn Co.)

    disti!lation test (sample ll.) .
' initia15% 10 15 20 25 30
            81eC 226 239 251 263 274 278
The following points were observed :

    1) In the case of treating the crude by conc. sulfuric acid.-- Most part

        of sludge settled relatively easily, leaving small amount of it flnely and

        persistently dispersed in acid oil. Black acid oil followed by clay treating

        revealed difficulty of filtratjon. Finished oil was dark. Increasing sulfuric

        acid quantity･made oil darker. '
    2) In the case o'E treating the crude by dil. sulfuric acid.---Settling of sludge

        produced was slower than in 1. Sludge dispersed in acid oil was in sm-

       'all quantity. Coloring of finished oil was a little better.

    3) Alkali treatment o'f acid oil from the crude oil was comparatively easier

        than that of acid oil from heavy oil of the crude, the latter forming per-

        sistent emulsion.

.Samples prepared were classified into 4 groups, froin the standpoint of:

    a. effect of amount of sulfuric acid (10, 15, 20%)

    b. effect of amount of clay when quantity of the acid was held constant,

       <10,15,20%) ･ ･･,
    c. effect of alkali treatment when quantity of the acid varied, and

    d. effect of concentration of sulfuric acid (80, 85, 90, 98%).

 Preparative method and yield for these groups are shown in Table 3--1-q-3. Yield

 of oil refined by sulfuric acid amounts to 89r----91%, that of fjnal product successively

 retined and topped to S,,e :120 to about 30t--4･O% bottom, the yield being higher
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than that of Niitsu oil. Owing to its high yield it is sufficient to refine a smaller

quantity of the crude for a definite amount of the base oil. Together with eleven

samples thus prepared, two more safiiples, viz., HSe---120 and HSe-160 were

blended to the base oil in aL definite arnount, that is, 10%. These HSe-120

and HSe-160 mean #120 and #160 oils respectively, both of which are obtained

by topping HSe--2 to a suitable grade. HSe-R means residuai oil of HSe--10

topped under vacuum of 1.0mmHg as far as possible.

                        Tab!e3-1, RafiningofSeriacrudeoil
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Table3-3. RetiningofSeriacrudeoil.
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                                                  '                         t.              XXX---2, rcffeetefadditivest'romSeriaoil.

                                                              ttt t                                 ,
    Additives prepared from Seria oil as described in the precedipg section were

blended to NH-120, a hydrogenated synthetic oil, to which some detailed reference

was made in Chapter I. '10% of the additives was used throughout tests. Results

obtained are shown in 'I]able 3-4 and in Fig 3-1---- 2.

(1) Effect of amount of sulfuric acid. The course was as follows:

        sulfuric acid refining-.clay treatment-topping.

Amount of clay used here was definitely 15%, while that of the acid was varled.

The behavior ･is as shown in Fig 3-1-(I). In proportion as amount o'fi acid

increased, VR decreased, as 1.65, 1.63 and 1,60; CCI also decreased as O,83, O.77

                                                 '

(2) Effect of amount of clay. The course of refining is the same as above.

Amount of clay vNras varied as 10, 15 and 20%, while that of stilfuric acid was kept

constant. The behavior is shown in Fig 3-1-(II), in which both VR and CCI

areatthelowestfor15%clay,otherwisetheyincrease. '''･''
                                                                    tt(3) Effect of alkali treatnr!ent.- The course of refining is as follows:

        sulfuric acid refining--->all<ali refining-->topping.

    Four peTcent caustic soda concentration was used in 10%, after refinjng by

sulfuric acid, amount of which varied as 10, I15, and 20%. This course may be

compared to (I), The behavior is shown in Fig3-1--(III). The smallestamo---

unt, viz., 10%, of sulfuric acid produces the lowest VR and CCI, that is VR==1.47,
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Table 3-4. Effect of additives prepared from S" eria oil.
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TFble 3-tl. " Eifect of additives prepared from Seriaoil, continued.
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(4) Effect of concentration of sulfuric acid.---The course of refining is the same

as .in (I). Here was used sulfuric acid of various concentrations as 80, 85, 90 and

98%, the amount added being 20% throughout.

The behavior is illustrated in Fig 3-1--(IV). Both VR and CCI are the lowest'

                                                                        tin the case o'f concentTation of 80%, tha't is VR = 1.51, CCI = O.68. It may be

concluded that concentrated acid would produce less effective additive.

    From (1), (2) and (4), it may be deduced that when the amount of clay is

fixed constant at 15%, over 10% of 98% su}furic acid and the acid of 80% in

concentration might be the most suitable, and that when sulfuric acid used is 1,5%

in amount 15% of clay is suitable. In conclusion, treatrnent by 20% of 80% H,

S04 and 15% clay produced the best additive, the blend of which gave VR = 1.51,

CCI=O.68 and CC==O.88. The data might not be called as exce]lent, though there

might be some allowance for VR < 2.0 and CCI <1.0. In case of another way of

raffination including alkali treatm.ent better results were gained, such as VR= 1.47,

CCI･--O.68 and CC==O.85.

             --- -
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 . FurtheradditivesHSe--120,HSe--160andHSe-RwereaddedtoNH-120
  in various quantities, and tested to see how the stability of b]ends was influenced

  according to quantity of addition. '

  Results are shown in Table 3-4 and Fig 3-2-- (I), (II) and (III).

                                                A
     ' meXX----3, rcffeetofactditionofeommereialminexaZoils,

      In I-3 a commercial mineral oil (TK) was found to have remarkable effect

   to improve stability of NH-120. In the preceeding Chapter and III-2 some mi-

   neral oil fraction which may be regarded 'as lubricating oi] with suitable viscosity

   were used as effective addition agent to improve stability with satisfactory results

   in many cases. Here the author reached a point in his studies where he had to

   see if other commercial ]ubricating oils easily available were effective as above.

      He selected several oils such as Gulf-Pride, City Services and Phillips which

   were of comparatively high quality but out of specification (VI>100, CCI<1.0, CC

   <2,O), and PNHe, a #120, lube from Niitsu oil which was inferior in various points.

   Their properties are shown in Table 3- 5, including that of base･oil NH-120.

   The reasons why the former 3 oils were selected are that at the beginning of the

   Great War II the Army and Navy of' Japan stocked large arnounts of the oils for

   the purpose of use in high-duty air craft engines, without satisfactory results bec-

   ause of their slight inferiority in viscosity index and stability as might be seen in

   the Table. The author also beiieved them to be available for additives or more st-

  di rictly speal<ing, diluents for hydrogenated synthetic oil NH-120 in order to produce

   larger amounts.of aero oil with sufficiently high performance.

      These Iubricants were added to base oil to the arnount of O.5, le, i5, 25, 50

  and 100%, with subsequent tests for stability. The largen'ange of addition was to
       .
  see not only t'he effect to improve stability but also the effect as the diiuent.

      Results obtained including that of PNiic are shown in Table 3-6-3-7, and

' illustrated in Fig3----3-eh-3-6. ' '
      Three oils except PN/Hc and NH-120 had similar properties, such as viscosity

   at 210eF (ca. 26 cst), viscosity index (ca. 80), CC (O.47t---O.86%), VR (1.54･-1.60)

   and CCI (1.63-1.95). These were infefior in viscosity index and carbon increase,

   frequently producing deterioration and ring-sticking in engine service.

      (1) City Services---Adding 37% and 73% of it produces blended oil of 100

           VI and 90 VI respectively. Pefmitting VI up to 90, blending ratio may

           be thus :･NH-120 1 to City Services 3. VR is the lowest (that' is 1.40)

           at35%addition,CCIbeingthelowestat15%addition. '
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Table 3-5.

 Yanosul<e iNAi{A

Properties of basei oil and additives,
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 5.99
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   (2) Phillips･ AImostsimilarto(I). ForVI100and90ofblendedoil36%

        and 74% may be sufficient. The lowest VR (1.43) and CCI are obtained

        by30%addition. ' -'
   (3) Gulf-Pride Resemblesclosely(1)and(2). TheiowestVR(1.34)and
        CCI (O.6) are obtained by 30% and 15% additions respectivelyl

   (4) Niitsu oil, PN}rc ･Effect of additidn differs remarkably from oilsabove
        described. CC increases approximately linearly with increas'ing in addition. By

        addition of 50% 'and 100% CC values are ca. 1% and 2.1% respe-
                                                                      la
      ' ctively. The lowest .C.-C. (O.77%) and CCI (O.6%) are observed at 5%

        addition, 3.5% CC (very large) at 50% addition, the lowest VR <1.26) at

        5-op-･1O% addition. Contrary to the case with other commercial oi]s used

        previously, the range of effective addition is far narrower, but with' dist-

        inct influences.

   These four oils may be recognized as stability improvers and diluents. In '

Table 3-8 are shown lirnits of addition to NE[--l20 oil within various supposed

specifications, for instance, VI=90 and VI==100. In order to obtain 100 VI blended

oil, City Services may be added to the arriount of 37%, Phil]ips 36%, Gulf Pride

36%. and PN}ic 19%, for 90 VI blended oil, the former three to the arhount raii-

ging 71r--77%, the latter 37%. PN}ic,'when aclded to the extent of maximum

quantity to obtain 90 VI or 100 VI blended oil, produces oii inferior in stability

and out of specification for stability. With correct addition, however, P 'ir,: may

give blended oil of the lowest VR among all additives discussed here,
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Table 3-7. Effect oi` Gulf Pride and PNHc.
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  Synthetic lubricating oil
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                              CHAPTER IV
                           '

                  rcffeet of synthetie stability improverg.

    There are many published reports upon a great many additives of all sorts of

chemical structure'to improve stabijity of various oils. But it is in many cases not

entirely clear whether they might be effective, why they should have effect on

stabi!ty, ior what lubricants they might be available with greatest effect or under

what conditions they might act. The present author found a few agents suitable

for stabilizer of NH-120 after almost groping his way through his studies with

slight confidence. They were mineral oil refined by some way, organic tin and

organic phosphorus compounds, which offer leads for studies on various aspects of'

actlon.

" Amongorganictincompounds,tetraphenyltinobtainablewitheasebysynthe-

sis was selected for the purpose of further detailed research. The additive exhibited

remarl<able effect, which was somewhat different in comparison with additive ob-

tained from mineral oil. Imagining that the tin compound might fill up a gap left

by minerai oil additive, the author attempted by cooperation of both agents with

considerable success. Cooperation of both additives resulted in larger effect than

separate use.

    Among organic phosphorus compound, as one of the simplest, tributyl phosphite

WaS 6:edev)gityh greCnCdeSSbetfOorSeOr::deXatfetll:' oxidation test the friction coefticient WaS

determined. More oxidation--resistant oil gave higher coefficient.

                                       .                                                         '          ' XV-k, wwffectoftetraphenyltin ･
    Patents which claim tetraphenyl tin as a stability improver for lubricating oil

and studies on its effect are found. For jnstance Dr. B. Yamaguchi stated that it

has remarl<able influence on some coinmercial lubricating oils. No observation on

synthetic hydrocarbon oil has been reported.

         ' fxi
                         V
Tetraphenyi tin <[ITneI>-siua<.."I"1->

                         /×
                   . Ij ･ (228.6-229.6C)MW427.1
                         v



                            Synthetic lul]}ricating oil C}].

exhibited great effect on NH-l2Q as already mentioned in preliminary study.

We must distinguish between the significances in a case when an additive decre--

ased VR which was originally large, for instance 5 to 2.5, and that in another case

when an additive decreased VR which was originally small, for instance 2 to 1.3,

though apparent effect of the former might be larger than that of the latter, if

indicated in VR difference. For oil which is superior in quality, a srn.ailer diffe-

rence in VR, has greater significance for practical purpose. Tetraphenyl tir} has

remarkable influence oR high quality oil.

    The additive is an organic tin compound, which may produce ash when burned

jn internal cumbustion engine. The amount of ash derived fi'om it may be as follows.

Molecular weight of the additive is 427.1 and that of tin 118.7, whose cotent in

the compound is 27.9%. When an engine of 1000I!p is used and its consumption

of lublicating oil is supposed to be 5g/Iip. h., 5kg of oil may be consumed per one

hour. If the additive is"added to amount of O.02%, it may be 1g in weight for 5kg

lube, whose Sn content is only O.28g. If the engine is 7-cylindered, Sn weight per

cylinder is on]y O.04g. Eight g: tin or 10.2g of the oxide for one cylinder may

be deposited after 200 hir. service. The amount of deposit, supposing that ali of

it may appear in engine, is about 10g which may be comparable to the usual amount

of engine deposit. It may be concluded that the additive would have practical sig-

nificance.

    As tetraph'enyl tin is with difficulty soluble in mineral oil, specially in NH--120,

its crystal is pulverized extremely finely in an agate mortar, and ' added to the base

oil on agitating vigorously and heating at about 500C. More than O.1% may bct

scarcely soluble. In an experiment where O.20% of the compound was added, whi--

te turbidity was observed. Results in a series of experiments are shown in Table

4-1 and illustrated in Fig. 4-1, various properties being plotted by quantity ot'

addition of the improver. ･
    After oxidation test, no sludge formation and no considerable change of odor

were observed. Addition of the additive resulted in insignificant variation of viscosity

and slight decrease in viscosity index. For instance, base oil which had 108.4 VI,

exhibited 103.4 VI after test, difference being' as large as 5.0 and blended oil which

6ontained O.Ol% of the additive and had 108.6 VI showed 107.8 VI after test, difference

being as small as O.8. Difference in viscosify index (abbreviated as VI dif. in

Fig 4-1) dropped sharply by addition of the additive as little in quantity as O.Ol

%, then continued almost without change by further addition. Though Conradson

carbon before test tended to increase slightly owing to increase in addition amou/ t

of the additive, carbon df oxidized oil decreased sharply by addition of O.Ol% addi-

tive, being minimum in the neighborheod of the addition quantity, then increasing
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                         '
cpnsiderably. That is, by addition of O.Ol %, carbon fell to O.58% from O.88%

which belonged to base oil. then rose to O.79% for O.2% addition. Curve for CCI

behaved as that of CC. Lowest CCI was as small as O.5%. It must be noticed

that the additive was able to decrease VR considerably. By addition of only O.Ol%

VR fell as much as to 1.31 from 1.89 which belonged to the base oil. By further

addition the decrease continued slightly. Feature of,variation of curve of VR diffe--

red remarkably f. rom that of CCI. It is interesting to observe the acid number

variation. Acid nurnber$ for base oil and blended oils before test were 6.0 from

which AN decreased to 4.74 by O.Ol% addition, then continued to decrease conside-

rablywithincreaseofaddition. ･ '
                                  '                                                  '                      Table 4･-1. Effectoftetraplienyltin.
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       ce TPT is an abbreviation of tetraphenyltin.

    Addition of an'improVer able to mal<e oxidation--resistance revealed many-sided

effects, that is, decreasing CCI, VR, VI ditference or acid nurnber Which did not

always behave sirpilarly, displaying peculiar features, by which the inner mechanism

                                       -                                '
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of the inhibiting action of the additive might be suggested.

    The author thought that VR might have intimate correlation to engine perfor-･

mance of lubricating oil, particularly to deterioration, lacquer or varnish forrp4,tiorr

and ring-sticl<ing. Then he tried in Fjg 4--2 to plot VR to other factors, such

as CCI, VI and AN after the test. Blended oil of high VR exhibited low VI ,and

high AV after test, though the latter behaved in some what different feature, that

is, it decreased very slightly with decreasing VR, from about 2to 1.3 and then dis-

tinctly decreased with slight decrease jn VR. CCI also decreasdd with decrease in

VR , increasing, however, with decrease in VR from 1.3 to lower value, that is,

CCI had a minimum point after which it rose. These facts suggest that the cquses '

of CCI and VR might be different.

Oiliness of oxidized oil,

    In engine, a lubricating oll which has used for a rather long period is said to

behave more favorably for bEarings than k'esh one. 'Ihough it rr),ay bc doubtful

to what extent'its favorability might be expressed quantitatively, it should be con-

sidered' as natural. Bacause,,it is rcasonable that a Folar substance such as oxide,

ketone, aldehyde or acid might be produced during serVice and that they might act

as oiliness agent. It is interesting to ascertain what influence on friction coefficient

might exist in the oxidation of oil containjng stability improver.

    Friction coefficients were deteimined by means of an apparatus named "T-

Pendulum tYpe oiliness tester"et improved by assistant professor N. Soda of the

Aeronautical Research Institute of Tokyo Imp. University (now Research Institute

of Science and Technology). '
Results obtained are shown in Table 4--- 2 and ' Fig. 4--- 4re 5,

              u Table4-2. Coefficientoffrictionofoxidizedoiis.

  additive, wt, %

friction before
              test
coefk lafter

    difference

O T-IOOI

o

  O.183
1
l... 9:.] io

  o.o73

oT-loo2loT-loo3
       1

O T-!OOI

oeol l oeos I oelo'

b.l77       On154

O,121       O.129

       o.o2sO.056

O T-]O05

O.20

Oe'l52       O.152

O.135       O.141

O.O17 O,Oll

                                                           '
As indicated by the table and figures, the following facts are deduced:

(1) Before oxidation test, as the arnotmt of the addjtive increases, the coefficjen't

              '                                             '
   ac Report No. 27 of 7th Special Committee of Aspociation for Promotion of Science of Japan,

AUgUSt 1941).
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                       '                 '     of frjction f decreases slightly, its change for over O.05% additiOn being very

    ./    '''feeble.''TetraPhenyl tin acts as an oiliness agent with weak effect. ''

(2) After oxidatjon test,'as 'the amount of the additive l'ncreases,'the coefficient

     f becomes iarger. In other words, oil which is stable, that is, which has low

     VR ancl CCI, owing to,higher conYent of the additive exhibits higher f; oil

     which is more unstable showing lower f. Base oil whose coefficient f is O.183

     possesses f of O.11 after oxidation test. Sample oil which contains O.1% of

     ghe additive and having f of O.152 gives oxidized oil of f O.135 wbichis higher

     than that of oxidized base oil.
                                                             k7
(3) The fact that more difficultly oxidizable oil has higher coefficient of friction

     means 'that such oil hae less oiliness. One, of the factors which are concerned

     jn such phenomenon js thought to be the acjd number or active group ･- COOH.

     of oil molecule. Figure 4-3 illustrates this characteristic to some extent.

     It is eyident that oxidized'oil of larger acid pumber exhibits lower f, that is,,

     larger content of active carboxyl group results in higher degrEe of oiliness.

     It must be noticed tbat f--AN curve, if extrapolated to small acid number region,

     for example that, of base oil, hits ncarly the point of f which belongs to fresh

     base oil.

                 XV-2, scA't'ee'tot'trib'ttty).phosphite,

          tt/ .t la
    A patent on phosphites as lubricant stabilizer was tirst claimed by Moran, Evers

anb Fuller in 1936. Some of important literatures on this subject is as follows:

    1.Moran,Evers,Fuller;SoconyVac.OilCo.,U.S.P.2,058,343 ･
           Triphenyl phosphite and other aryl phosphites

    2. Weinrich, Gulf Res. & Dev.'Co., u.S.P., 2,IOI, 632,

           Tributyl phosphite

    3. Standard Oil Dev. Co., E.P., 465, 825.

    4,.' Fenskel Stevenson, Larson, HerbolSheirr].ers, Kock : !ndustrial and Engin--

                    .t  ' eefingChemistry,1941,l}L3,516, '･ ' ' ･･-'
   The'aixthor als'o found one of these phosphites to be excellently aetive as stated

in Chap. Ii Tributyl phosphite tc'sted in detail as a stability agent was presented

by the Kyowa Chernic'al 'Laboratry. It is a co]orless oily liquid. Sd far as this

additive was concetncdl'it produced oxidizdd 6il'Which was superiot in physical

propertis btit separated a sniall arriount of sludge. SeParatioti of sludge might de-

pend up6ti whether the additive itself would create sludge or would produce oxidized

Which cbtild dissolve''no mere slttdge. Tke author could not distinguisli which,'it

is,i'without further' study, but supposed the Iatter' to be'right becaUse of pale color
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of oxidized oil.. ,                          tt                                           '    The agent, easily soluble in base oil clearly, was added tQ the amount of O.1

--mv2.0%.Resultsofd,eterminationaretabulatedinTable4----3. ,

                Table.'4-3. Stabilizingeffectof-tribu[ylphosphite.
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O.334

3.3
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Changeinproperties. . , ･
   ･Tributyl phosphite depresses viscosity of blended oil linearly with amount of

addition owing to its low viscosity, On the contrary the viscosity index increases,

because of Sts apparent elevation in case of mixing .high viscosity liquid and far

                                                         '
    The viscosity of oxidized oil is lower for lower content of ,the additive as in

the case of tetraphenyl tin,･ although at over O,5% content the curve of VI level off.

Difference in VI is the snaallest for ca. O,5% content of the additive, Larger dif--

ference for larger content of the additive suggets, that the additive might evapor-

ate partially .in the course of oxidation test, Yiscosity ratio decreases steeply with

increase in arriount of additive until about O.5% addition where it is 1.29, then
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increases slowly. Prior to oxidation Conradson carbon increases with increase of

quantity of additive. After oxidation, the ctn've is somewhat irregular. The curve

for carbon increase is analogotis to that of Conradson carbon, yet it falls conside--

rably 'for over O.2% addition. With increasing quantity of additive there is consi-

derable decrease in acid number, whose ctirve consists of two almost straight parts.

As cornpared with tetraphenyl tin, the additive prod"ces oxidized oil of lower acid

number. This fact may probably be attributable to the character of tributyl pho-

sphite which would retard -COOff-group-formation jn lubricant molecule.

oiliness of 6xidized oil .
                              '    As was stated in previous section, cQefficient of friction was'determined for oils

prior to and after the test. Results are shown in Table4-4, Figs 4-7(I)and

4-7(fi ). Friction coefficient is considerably reduced by tributylpho$phite. Itmust

be noted that coefficient of oil whi.ch contains over O.5% of the additive is less than

                                                           tl-                                                         tt                  Table 4-4. Frictiencoefficientoiblendedoil's .' ･
        anasmur g=zama.g-il=qanmathmaa,"vsca uruatatiumwuuaIpm"ngma' es 'flisanMsmuma

N

wt. % of additive

f prior te oxidatio'n

f post oxidation

loTnooiIoT-ioo6
OT-1007

o

O.l83

O.110

oe16

Oe149

O.119   l

i

O T-1008

l

o.2o

O.143

O.ll7I

O,50

O.122

O.122

OT-100'9

1.e6

O.l19

O.127

E

O T-1010'

2.00

O.106

o,132

o.i22, whgnvichmpzaLsubeiolwwtgzas=mut:"the additi:e itseif. in spite of decreasing of the coefficient

with increasing amount of the additive in case of nonoxidjzed oil, it increases with

increasing additive amount and the tvifo curves interscct at about O.5% addition

(Fig 4-7). In comparing with tetraphenyl tin, lower coe'fficient is obtained for

the same,acid number, lror example in ･case of acid numl]er 2, f 6f the tin compound

and the phosphorus compound being about O.141 and O.124 fespectively. Inters-

ection of the two curves for t,he additive (Fig 4- 7) suggests tl'iat although tributyl

phosphite would have remarkable lovij'ering effect fo'r coefficieiit of friction of fresh

oil, it might probably evaporate to a considerable extent･during oxidation test.

                                                        tt                                          '            xv-3, evooperativeeffee'tofraffinased.mi4.er,trkz,

                   oiX and synthe'eie stabili:ty imaprover, ･

    It was ascertained that for hydrogenated synthetic 120 SSU oil which might

be used for aircraft engine oil,Niitsu oil or other natural mineral oils which had

been subjected to s'pecial raffination would exhibit remarl<able-stability-improving

effect and some synthetic agent such as tetraphenyl tin would have analogous po-･

werful effect. But speaking in detail, iowest viscQsity ratio was about 1.3 in case

of mineral oii refined by easy way andi about 1.2 in caSe of tetraphenyl tin, lowest
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CCI beiRg 'also ･an analogous feature. There is remarl<able distinction of effect

between the two additives, which suggests that they might act in different manners

or protect differerit parts of the oil molecule. These observations led to an attempt

to acertain the cooperative utilisation of both additives.

    To the base oil NH--120, mineral oil 'named TK3 was added to the arnount of

2.5---15% and at the same time tetraphenyl tin, abbreviated TPT, was added to

the amout of O.Oltdkig-O.l%. Properties of NH-120 and TK, are given in the follo--

wing table. These blended oils were tested in the same way as described above.

Viscosity in centistokes at 100eF, l<inematic viscosity index, and Conradson carbon

both before and after the test, acid number after oxidation, viscosity ratio and

carbon increase were determined for each sample. AII data are given in Table

4 - 5. Referring to the table and following figures, characters of cooperating action

of both additives will be discussed. In the following figures, Mo, Mp.fi, ------------, Mis

mean blended oils which contain TK3 to the amount of O, 2.5,･- ----------, 15% respecti--

                                        '

1)Viscosityanclviscosityindex. Viscositiesat100"Fofblehdedoilsditfercon-

siderably one from another. Viscosities after oxidation whjch vary to a laige extent

will be discussed later. There are remarl<abie differences befween oils before and

after oxidation and among variously blended oils.

    Viscosity indices of blended oil viThich contain various 'quantities of TK3 appear

to rise slightly with increase in quantity of TPT. The indiee$ of added ojls which

contain various quantities of TPT reveal almost linear fail wlth increase in quantity

ofTK3(Fig4-8). '
    Curves of viscosjty indices of oxidized blended oils whieh contain various qu-

antities of TK3, when plotted by quantity of TPT, behave similarly;that is, gathe-

ring in narrow range and falling from about 108 -q-j109 to about 103"e-104 with

increase of amount of TK3, except that of oxidized oils'which contain no TPT,

rising from about 103 to I06 which is maxjmum for TKg content o'f 5-6%, then

falling to about 103.
    Although oils which contain TK3 solely or TPT solely, certainly exhibit visco-

sity index depression after oxidaton, blended oil which contains over 5% of TK3

and cooperatively TPT shows VI elevation to some extent. Remarl<able distlnction

between blended oils, which contain TPT and whieh do not, rnay suggest that these two

.additives would inhibit oxidation of different parts in oil molecules, or act to cause

different grades of oxidation.

2) Viscosity ratio. Curves of VR for various contents of TK3 plotted by TPT

quantity are shown in Fig 4L-r9. All curves are of analogous type, sharply falling

by small addition of TPT, for example for addition of O.1% TPT, then going almost



Table 4-5. Cobperation of two additives of different types.
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Table 4-5. Cooperation of two additives of different type, continued,
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parailelly, that is, with slightest effect of addition. Curve for M, is in highest,

position, which means that the limit of action of TPT only is inferior to blended

oil which contains some TK3. Curves of M,,s, Ms, and Mt, are in the lowest position

and far apart from the curves of M,, which means excellent cooperative action of

both additives. Curve for Mts, which contains 15% of TK3 is in higher position

compared with the curves of M,.s, Ms and M,e. In other words, in the case of the

same content of TPT, blended oils which contain more than 10% of TK3 are less

stable than those which contain less TK3.

    Curves for VR for various contents of TPT plotted by TK3 quantity are illus-
                                                                        ttrated in Fig 4---10, which reveal clearly the effect of TK3. VR-curves of added

oil which contains more than O.Ol% of TPT plot nearly together and are side by

side suceessively, except that which contains no TPT, in which case the position

of the curve is far apart from the others and VR falls acutely with aqdition of TK3

until 2.5% of the additive, then rises slightly and decrea$es gradually. An astonishing

coopel'ative effect may be recognized from the figure, in which blended oils which

contain about O.10% o'f TPT and 5nN･10% of TK3 exhibit the most remarkable

result. Summarising excellent data, the optirnal quantity of TK3 for various amo--

unt of TPT is as foilows:

   .･ TPT% O O.Ol                                    O.05 O.10

        TK,% 2.0 2.5 5 6
        VR 1.33 1.21                                    1･16 1.15

or,expressingitinotherway,when /

        TK:ionly, VRreachestoabout1.34

        TPToniy, VR aboutl.26
and TK3+TPTtogether,VRreaches/tillabout1.15.

3) Acid number. As acid number of sample oil before oxidation is'always less

than O.1, it does not become a subject of discussion. Characteristic rise is observed

                                                                  .a'fter oxidation, being shown in Fig 4-11 and 4-12.
    In the former figure, are shown curves of acid number for biended oils which'

contain variousiy fixed percentages of TK3. All curves drop with increase in TPT

addition, and they do not cross with each other Curve for Mo is in the highest

position, then the curves for Mis, Mjo, Ms and M,.s come successively lower. In

other words, the curve for M2.s is in the lowest position which means that blended

oils which contain 2.5%: of TK3 and have some added TPT are inhibited to the
largest extent. Curves of blended oils of higher content of TK3 are' between those

of M2.s and Me. In Fig. 4---12 are indicated curves for acid number plotted by

TK, content for added oils which contain variously fixed percentages of TPT.

Features of curves are considerably complicated. The most characteristic is the
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curve for added. oils which contain no TPT. Owing to addition of TK3 the curve

falls steeply until about 2.5% content of TKa (acid number being from 6 to 3.6),

with increase in its content rising up to.about 5%, then with its further inc'rease

going almost flat (acid number from 4.8 to 5.l). Curves for added oils which

contain over O.Ol% of TPT are to some extent, analogous with the curve just

mentioned with the lowest parts ot' curves of Iesser depths. Curve for oil of O.10

% of TPT is in the iowest level, which means inhibition of the highest degree.

Considering that acid number might b.e a measure for oxidation of oil and oil of

lower acjd nurnber might mean higher inhibited oil, improved oil which contains

O.10% of TPT and 2.5% of TK, is the most inhibited and is a product of the

highest agreement with the author's puprose. Acid number for M?,s:

        TPT% ,O.OO O.Ol O.05 O.IQ
                                    '
      'acidnumber 2.6' .1,8. 1.2 O.9
    'that of base oll being as'  high as 6.

 '                                                                     '
4) Conradson's carbon after oxidation. Carbons after oxidation for oils which con

tqin variously fixed percentages of TK3 decrease in general with jncrease in TPT

content, except that for Mo, which falls at first to about O.58% of carbon withO.Ol%

of TPT, then rises with its increase. Curve for Ms is in the lowest level. In case

of acid number the most inhibited condition is found for 2.5% of TKB content;

here in case of Conradson's carbon the most excellent condition is observed for 5%

of TK:} content (Fig4--13). .
    Carbons for oils which contain variously fixed percentages of TPT, when plot

ted by TK:; percentage, have minimum points, which are located between 2 and

5% of TK3. Curve for O% TPT is in the highest level and far apart from the

other three curves, two of which are in the lowest position and almost coincide

with each other. The lowest value of them is about O;47%, which might be con-

sidered said as very excellent (Fig 4-14).'

                                                                    '                                                         '                                                tt
5) Conradson's carbon increase. A group of curves of cambon increases for oils

which contain variously fixed, perentages of TK3, when plotted by TPT percentage,

is analogous to curves of Conradson's carbons after oxdation, the order, however,

being some what changed, that is, M, being in the highest level and considerably

apart from the others, theft M)s, .M,.s, Mio and M,s successively, the last of which

is remarkably far under the other three. Curves for･ TK3-containing oils are almost

parallel to the abscissa for' TPT-conterit over ca. O.el%. This character indicates

very slight effect of further addition. Most excellent value･fbr CCI is as low as

about O.22%, while CCI for the base oil is about O.8% (Fig 4--15).

    An extremely peculjar feature of the group of curves of CCI for added'oils

plotted by TKi percentage may be observed, as jndicated in Fig. 4-16. The curve

                        e
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for ble'nded oils containing no TPT is in far higher :level than the other three, its

form being considerabJy different. Its lowest value of CCI is about O.62% for

addition of about 6 t-ek-8% of TK3, while that of base oil is about O.8%.

Carbon increases for oils containing TPT are far lower, their curves being V--shaped

and gathering within a narrow range. Mjnimum values are found around 5 % add-

                                                                     tt
                                                                        '                             '
6) Relation between Conradson's carbon after oxidation and its increase. Gene-

rally speaking, oils of high Conradson's carbon content after test exhibit also higlz

                                                     ,increase in carbon almost parallely. But low carbon increase rnay be observed in
either case that some kind of sample oils would hhve low carbons after and before

oxjdation resulting jn low CCI and others would have relatively hjgher carbons after

and before oxidation resulting also in low CCI, the former being preferred in

practice. Such a state of affairs may be observed jn Fig 4-17, where all CCI

a,nd CC obtained in experiments described in this chapter are plotted. Addition of

improvers generally brings the location of CCI and CC nearer to the origin of axis,

except several points which move bacl<ward with further addition. In the upper

right corner, is located a group of Mo, Mi.s----------------and Mis, whose character tells

us that by means of simple addition of TKs, CCI falls at first, leaving CC without

remarkable ghange and that then "CC. increases, leaving CCI without remarkable

change. In every case, addition of TPT dccreases CCI and CC approximately along

                                                            ･T450 line to a large extent. Some of them (for instance, Mo to which･TPT is added)

change their directions bacl<ward. Mb with further addition of O.05%,of TPT and

M,.s with further addition of O.10% of TPT are in the lowest left corner, which

means most desirable feature of inhibitzion, CC and CCI of both being around O.47

and around O.23 respectively. It must be noticed that Ms with further addition

of O.10% of TPT wotild give considerably higher CCI leaving CC unchanged. '

7) Relation between viscosity ratio and carbon increase. Considering behavior of

lubricating oil in internal coiinbustion engine, there are preferred lower viscesity

ratio, lower carbon increase and lower carbon, especially lower value;of the former

two, It is very convenient to plot VR on ordinate and CCI on aPscissa for the

purpose of prediction of performance of lube oil in engine, Such is given in Fig

4･ - 18.

    In the highest rjght corner is located a point denoted as 1 and a line denoted

as M, (or Mv, 1 as an abbreviation), which is a measure of stability of the base

oil. As points are conn.ected with full line in case of addition of TPT for TK3-

containing base, oil, the line makes us appreciate the effect of the aMount of TPT

on stability. Such five lines represent effective addition of TPT for M,, M2,s, Ms,

Mi, and Mis respectively. Out of the five lines that of Mo-reveals a peculiar 'fea-
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ture in comparlson with the other four curves, the former standing acutely and the

others rather parallel to the axis of CCI. Line of M,, i. e. that of the base oil

indicates that 0.01% addition of TPT would depress either VR or CCI to large ex-

tent, and further addition would yie!d rather small effect. Moreover, addition over

O.05% results in larger CCI. All the points belonging to Mu are outsideofarectang-

ular area confined by the line (CCI=-O.5) a!id the line (VR =l.5), values of both of

which are recognized to have to be characters of suPerior quality Zube and to be

adopted as a specification in near fu'ture. Four points belonging to M,, are

all out of the area, while all the points belonging to other than Me are within it,

except their starting samples, i.e M2,s, Ms, Mio and M,s. All the TK{rblended oils

are prolongedly subjected to the effect of TPT resulting in highly inhibited oil whose

CCI and VR are thrown deeply within the area. Moreover it is extraordinarily

interesting that by means of first addition of O.Ol% TPT, with extreme clearness,

and by its fu]rther addition, with less distinctness, all the four starting oils (TK3-

blended oil) produce lines alinost pa]rallel to each other, which incline far less than

that of Mo. This condition means that addition of TPT results chie±ly in larger
depression of CCI than that of VR.

    With the addition of TPT, points fo!' Ms run to iar left corner, considerably

apart from the other three series. Although VR of 1'PT-added Ms have similar

value with other series, CCI valucs are far distant, showing far less valu6s. With

O.1% of TPT, Ms produces inhibited oil whose CCI is as small as O,23 and VR as smail

as 1.16, the values being the most striking data the author ever obtained. Its CC

is as sma]l as O.47 and AN is l.5. '
    From these data, it may be stated that the base oil by the addition of TPT

only or TK3 only, could not produce, or might with great difficulty produce oil

with CCI less than O.5% and VR Iess than 1,5, and optimum amotmt of TK3 rnight

be around 5% and that of TPT O.1% or more.

8) Relation between acid number and viscosity ratio.

    There may be close relation between VR and acid component of oxidized pro-

duct. The base oil has the largest VR (l.89) and the largest AN (6.0). Similarly

as was shown in previous paragraphs, only a series belonging to M, exhibits a

curve quite different frorn others, which crowd, into a comparatively small region

(Fig. 4---19).

Generally speaking, AN decreases with decrease in VR. Although addition of TPT

decreases AN acutely, blended oil wit,h Iess ainount of refined rnineral oil exhibits

lower AN. Points belonging to Ms,s m.ake a curve far lower than the others.

Curves for Ms, Mio and Mis are located in higher positions successively. This me-

ans, for a' fixed value of VR, AN for M2,s is Iower than that for Mis. For

instance, if value for VR be taken as 1.3, then AN for a ser.ies of M2.s is 2.5, that
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 for a series of Mis is 4.5. These facts may suggest some of the mechanisms of

 inhibition of each sort of improvers.

                                Conlc],usions

     The prbsent paper describes resuits of research on the improvement of stability

 of synthetic hydrocarbon lubricatirig oil from. whale oil.

 (1) It was possible to improve stablity of the synthetic oil to a remaikable extent

 by means of hydrogenation, but that process only was insufficient to produce high

Kperformance aircraft lubricating oil･

 (2) Addition of a few kinds of stability improvers to the hydroge,nated synthetic

 oil proved to produce hjghly stable oil. One of the most effective improvers was

 a specially raffinated petroleum oil, others being some organo-tin and organo-phosphorus

 compounds.

 (3) Niitsu crude oil, which was relatively abundant in Japan, was raffinated in

 various ways; it was added in various amounts to the hydrogenated synthetic oil

 and yielded remarkable improvement of stability in many cases. Through compar-

 atively simple raffination poweful additives were obtained.

 (4) In similar ways, Seria crude was tested, but was tound to be less eifective

 than the tormer. The raffinate was, however, assumed to be useful as a filler or

 diiuentforhighperformanceoil. , ..
 (5) Some commej'cial mobile oils, which can not be used for aeroengines owing to
                                      ' a sorr}ewhat low VI, were tested to dilute the high performance oil, Results were

 satisfactory.

 (6) The influences of tetraphenyl tin, which was highly effective among synthetic

 additives, were tested in detail with favorable results.

 (7) The influences of tributyl phosbhite, which was another effective additive,

.were also tested in detail with satisfaction.

 (8) Cooperative effect of natural additive (raffinate of Niitsu oil) and synthetic
 additive (tetraphenyl tin) was studield precisely. More satisiactory results than by

 any one component of additives were obtained.
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