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CHRMICAL ENGINEERING' LT, COMDR.
: T

Research Period: 1338 = 1945

.

The results of resesrches on ufacturing: imported spe-
oisl _greases and: other greases for :spetial uses led to
the oconclusion that these speclal greases oould: be mads
by using the proper:metallic soaps and’ heating-theam
together with suitable refined mineral lubricating oils.

I. INTRODUCTION.

Special high class lubricating greases for aviation engines and its suxiliary
parts, i.e, magneto grease, controllable-pitch propeller grease and rocker
arm grease, were chiefrly imported from U.S.A., and in Japan, there was prac-
tically no research on these . greases. The authors, therefore, carried on
rosearches on the components and methods of manufacture for these greases
from 1938 to 1943 and obtained various onos. ' .

In 1943 a special rust-proof grease was neoded for the framework of the aero-
torpedo engine, and another grease was neceded as a better anticorrosive
material ror the interior of the compressed air chambers of the aero-torpedo
because of the lack of satisfactory onas at that time. Rosearch led to
success in establishing a suitadble method of manufaoture.

In 194k a séa water-proof grease for subzarines was investigated and a
superior one was developed and found very satisfactory by practical test,
particularly in regard to resistance to reaoval by water washing.

Yn-1944-the-uuthors-carried-these researchos to the pilot plant stage and
asnufactursd thess greasos which had beon studied in the laboratory,

1I.  DETATIED DRICRIPTION - .
A._ andaytios) Mathots ags Tests
Muthbonury tuuan clessiricd under two headings and wore
carried out in the. following menner.
4, Torcent witer. . viessssieesAl B0 T, W DF5 - )0
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.b. 5 Corrosion ‘test:l {
‘sheet copper abouf /2 4in

test tube, ough ‘of the: sample’ to be'
‘gtrip completely.w ‘Maintain: for:3.hours, ‘at 100 G
copper: strip.with sulfur-free. benzene - and’ compar
-gimilar strip of. rreshly polished copper.: Discolorat:ion or
pit.ting mdicatea corrosion.

o. Saponirioation valne........A. S..T. M, D9k =28"

d. : Percent n'ee alkali
and free aoid...............A. S. T. M, D128-27.

2. _O_ualitz'l'est R R o
a. Grease analynis.............A. S. T. 1.!‘.31}1.28-27‘
b.” Porcent f1116rs....s+eeiceseA. S. T. M. D128-27
c.. iPoroenc d.noral [ 5 POUFRRIRAY W ’S,.' T. l(; D128-27
4. Mineral o1l tost-...........A.‘s_; T. M. D128-27
ver f"u. D128-27
i Di28-27
s. ‘Total mixed fatty acids.....A. 5. T. M. 0128-27 :

e. .. ru-omt -onp.

. 'nnd of W............‘.-.A;":

Physical lnbontory tutl m ve sunu-ly ohuiﬂod.

1. Control Tu't.

a. Consistency test at 25%C...A, 8..T. M. D217-33T
D. Dropping Poift....eeeeeeessssocUbbolohde method
0. Saybolt viscosity

2.  Quality Test

Stability to heat: 20 to 25 ga of grease were heated to 100 to
105°C and held at thut f.upo:aem-o for 3 hours. The specifi-
cation 1s that arter 24 bours .t.uuuos a0 oil: anmna separate.

Experiments) Resulte
1. Fn%'nr an asro-motor magnet un “"Bosoh”
!huo O greass ol from U.S5.A. Wos ge0e . Analysis

eate showed the maln o nioa was 20,8% of stearic nﬂ
mxo s0id sodium soap and 68.9% 1ow visoosity refined ludri-

““u ou h"m a ' .o Of L).Z 8. U, ag at A ".o m“. 1090

As a result of the cpcxmu for nlmowﬂ.u ;rnu or uu un
pr:mcy an the "Bosch Magneto grease”, two t.rm sanples were
Bage.
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{
arabls 1n ganeral' properties to "Bosch greasa" and~
very - suitable for magnetos: by~engine f.ssts at the :
leronautical -Depo :

X y oognized ‘Chat’ groasos made rrom sodium
scearate ‘and sodium 0ledte-soaps-heated together with turbine oil
‘are:of Tibrous’ texture, ’l‘herefore, they are not suitable for high’
speed ball—bearing greases. - ; =

‘rho uge . or the sodium soap or caator oil- plus milling ‘Led to success
in' obtnin;x_xg a suitable smooth texture as possesaed by "Bosch

‘l!exb ample’ No. 3, Table II(B)36 was’ mde rrom 22, 3% or ‘the soda

soay-of:castor.oil wit, h_an_excess of -Aoda’ (1.33 times the theorete
iical:'saponification value) heated together with:68.7% of refriger-
‘ating machine 0il at: the temperature of 2309C." This grease was
quicl:ly ooolod to- provent tho srsase trom orystallizing out. soap.

m anlple poasesaed ‘a hisher drop 'ins poinﬂ and a better heat .
‘stablility than eny.other samples:’ The data’ for "Bosoh grea.se" and
throo mplos are ahovn in the. ‘ruble II(B)B 25

2. . COntrollsbla-Pitoh Pro uer Greass. Up to 19!.0 "Ilobuo
Grease” Wo. 2, produced by g%mi'ﬂ Vaouun 01l Co., was used for
controuuble-pitoh opeller. Analysis of this greass indicated a
sition of 7.57% of aluminum soaps of palmitio, stearic and
o:l.e o aoid, -and 89,73% of high viscosity refined mineral oil (vis.
‘of 131.5 8. U. S. at 210°F, vis. index 69). As the result of
experiments on mnraoturug a grease equal to this "Mobile Grease™
Ko. 2, the grout sample was made by mixing 6.48% of aluminum
stearate, 0.72% of aluminum oleate, 0.80% of lead oleate, 0.L0%
of glyocerine and 91.6% of mineral lubricating ofl (vis. 5. U. S.

- at 210°F 133.4, vis. index 87.5) at the teaparature of 150°C, It
was oonfirmed by testu on coeffioient of friotion, and engine tests
at the First Naval Aeronautical Depot that this sample of grease
was as appliocabdble to oontronnno-pltoh propellers as "Mobile
Groass™ No 2. - The data for Standard Vaouum 01l Co. Nobile Urease
.No..2-and experimentol grease are shown in Tadle YII(B)36. Doter-
umltton of cmlohnt of rrlotion.

m Kinetic cocﬂ‘icienn of rrictloa of tup.l.o greascs wore dotere

"RINTEE W VUT1oUS tPRrEtures Dy moans of & Bonrin’ Typo Testing

:x tus desoribed in detail in the report. "Studies on the
nlvu of the Submarine Diesel {ne ludriocant™ by Eng. Capt. .
I mmm\mcnu.m._ « Comdr. W, HIRATA.

&um&&s .risw. of the tsst -apparatus 4z abowa in Yigurs 1{B}}6.
The diameter of the teat ohaft was Jom, and the length of the line
.6f ocontaot was 20m.

m ‘Sest-ploce and the test abaft wers polhhed with O4 mry paper
J with well refinod gasoline. pe

40!



Farious:rubbing:spee

‘and frictional Tesistance divided:by:load
‘which the:coefficlient ofifrigction.of mo
"I‘ha plots ‘of he data’ 2

From these data. 1t ‘was’ shown t:.experimental ‘greas:
{ng lead "gleate matched . Standnrd.fVacuum Mobile grease:Nos
Lubrioating valuo.

Experimantal grenses teated for: determination or oerﬁoient"ot
rriotion ‘had oompoaitiona ‘and- prop J@ ho

3. Rooker ‘Atm Grease., “Up.to 1941 78uper; Gear:
U.S.4. By the Vacuum 0il:Co. was used as: ‘aviation:rooks
greases, -Analysis-of this: greass’ skowed-the: fpllc'ing
Lok% of caloium ‘soap of: stoaric and oleit acid 95 7%
. luhrioating oil (vis. 8

u tho ruult. 2. ‘exper
prepared. by the: rol.lo ,
of -sodiun-stearate;:0,70% of glycer
lubricating oil’ (v 8. Se v. Soat
heated together-at:-the-temperature.of: 150"0 This iexper. :
grease was analogous in" ‘generel: properties and was:indicated to:be

as serviceadle as "Super Gear Lubricant™ by the. .engine: tntl ‘at’the,
First Navel. Aaronnuuoal Dopo:.

Sample No. 2, Table IV(B)36 consisted of 3.0% of sodium stearate,

of aodiun oleate, 1l. o$ of calofum stearate, 1.0% of calcium-
oleate, 0.u% of gl:ocr e and 91.2% of huvy refined . lubrloattng
oil ( vle. 8. U. at » 95, vis. index 67); was made %o :
poasess a good ntor-proot oh:rnctor and' by lnsino tost it m
proved to 31“ good service.

Cupuitiou and. perties. o.t " Lubricaat" nd two .
ses in ? ble: m .

amuontn mun are. m

stearats, 0.21% of. ulolu stears
sero-torpedo (vis.: .,U. 8. at: 210"

oxtlon and. mml mpm 8 m shown in’
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_Steario acid 6l. : >ubl
.Caustde soda’ 9.:'.%}""[3‘”““0“1“ }-;’E::g:;o.moe

Aluminus sulpbate

X:3BUr)-8

3 p;eiﬁ oxof:
avy-cylinder:oll. was:us
‘anticorrosive-compound: from’y]

antifreezing’ character. : :

f the following grease was prepared, applied
tosts and proved to be excellent, having very: good
qntj,@oxj:oa;ypt' p?.'opertie_é o o '

‘Aluninus stesrate (12%), 0.36%.0f caloium stearate, and 87.64% of
y%%gder lubricating oll wers heated together.at a temperature of .
150°C.: i ’ o

Tn ‘sach ‘0ase. the: grease was milled three to four times-in a Toll
type mill,  Composition and general propertles of this grease are
shown:;in Table:VI(B)36.

6. . :Bea Water Proof Greases Anti-Corrosive and Anti-Wash).
Water Proof .Creases to.be used. for.the mac 8-gun ‘moun on R
submarines:were studied and-the -following experimental greases No. 1
‘to:No, 6.were:prepared .and -subjected .to practical tests at the
‘Yokosuka Naval Arsenal, . == 5 --oo.oonio oo : Co

Sea -

Their. compositions are shown:in Table VII(B)36, sample No. 5, ‘which .
.consisted.of.13% of.aluminun stearate and 87% of heavy lubricating
011, was most suitable by the laboratory and practical tests. -The
fooupt“;%gggg and general properties of the greass are shown in Table

7. . Summary of I.aborvnto-x; -Data. The results of researches are
.suzmarized k Table IXIB);S and X(B)36, whioh show the best
conditions for the preparation of each groase.

_Detailed Description of Pilot Plant

1. .m_u‘r!.gt.;on of Pilot Plant ‘o;ootg‘ﬂb;ug; 1944)
“as . Main equippept. This is Bhown in Table XI(B)36.

b. 7Zlow sheets of pllot plant. These are shown in Plate
;(3)3?- .

o. ‘Procesd flow sheets of pllot units

_Ereparation of Metalllo Soaps

28,68 |

‘Dehvdrat : (o Alusinus
- Dehydration 3 Stoarate

403
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Oleic acld 61.8%)
caustic soda ;

Aluminum.sulphate::

L Dehydration [—— ey LR NG

0Oleis mold 19.08 [ ——— Toniie ], - -
Caustic soda 7-% Saponifrisation | décomposition

Lead acetate — - T
L | Detiyaration| - S ‘012:2
‘Stesric - Oleioc | —— —
}——-) "].| Double Sy
CAinticigod. ;e Is‘wuﬁ“t_“nj_) dcco-position‘ o
Calofua chloride — . : l
—>|Dehydration |- - — cdggz
) . ufaoct Greaseg
Castor oil 19.2% |saponitication}

S g g B ey B

at 2N éu- .




torpedo  87. 6l.$

[Saponification:

{Compounding
Glyoerino at 150 --16o°c K
Hedvy 1ubr5.oating T — : :
041" 9o_.7;s : S
; " Reoker
> . Arm
Grease
Sya :”v"" ’
“ ] sturato 6-108* Controllable
ﬂ.&ningn :leate 8.33; Comooumain ] PrOpz’]'_l ::
. ‘oleate . npounding - h
gﬁyoerli:ngr 1 ,tmo.m at 130.- 150°¢ [——————)  Grease
avy ubrioca e —
u 1.6“ .
Al : . i ) .
B . nuratct Z.gg tgq:.g'ormo
Caloium stearate .0, 4 unding . | . Franpe-
Lubricating oil 3] at 130 = 156°6 -2 Tgork of Asre-
‘ for aero- : —— - Torpedo
torpedo 92, ’
_Aluminus ,
stearate 12,00% - :
Caloium atearate 0.36% Compounding
Lubricating oil st 130 - 150°C |
‘for asro- -

_.—_,ur

Antiocorrosives -
for the Interior

Proot Grease

403
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:b. Physical and ‘chemigal ;properties of . products;:inter-
mediatas, and raw materlala ‘of reed stooka.

N (l) oy

veas .Pb( c,
»chem;cauy

cuoiur oﬂlori:‘le;

Glycerino......... %

12)  Lubdrioating’ om'h see’ ‘rab.lc m(z)ss

(3)  Soap. stooks:~ gee Table xv(n)36.

(u) Intoxmdlatea.  80¢ 'l‘ablc m(3)36.

(5) Products: see mm IVII(B)36 »
D. of Dnn n Pilot Plant, ‘Smmry of data u pilot plant
and coapuioon of general properties of cases. obtunod pnot plant
and hbonmy are shown in 'hblo mn(s

‘l'hno data m-ovod that the mnn mutnotux-od u tho uot pup hau
vm nearly the same propmioo as thou mpu'od .ln J,u ratory.

III. CONOLUSIONS

The results of runroh on. the mmnm or uwm gmu. l.o. MNagneto
uuui Controllable-Pitoh Propeller greass, Roocker Arm grease and other -

special grease-for:the Framework of Asro-Torpedo, Antiocorrosives for-the -
" Interior of Compressed Alr Chamder of-Asro-Tor -and-Sea-Nater-Proof - greass
were successful in estadlishing a lu.l.ub.lo -for. the preparation of ueh
_ grease,
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