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ENCLOSURS (B)1:

Extensive: studies have been oarried-out :in regard itg the .‘chemical -composition -
-of :lubri:cating : oils:derived fTom petroleum oils. () - The results of these
studiesshow that lubricating oils are, ‘in general cemposed largely of ‘oylic’
bydrogarbons’ expressed as CnHan_2;: c"&%g— ‘‘eto. The relation between the .
‘structure and:the v,isi:d'sﬁ? .of: hydrooar oﬁs has also been studied, but mainly
for alipliatic’ compounds.iel &= o0 o i . e o

Practically nothing’ is krown concerning the relation or. ring structure to the
viscosity and other properties or oyclic compounds.- [P
‘Thus, the author 'intended to conduct a’ systematic—survey of the relationship
between the-structures and the lubricating properties of oylic compounds in
order:to synthesize better lubricating oils. . Various hydro-aromatic .hydro-
genated bezene, diphenyl, 1,3 - or 1,4 --diphenyl bezene, naphthalene,
anthracene;,  phenanthrene, dcenaphthene and pyrense, by the reduction of
corresponding aromatic compounds at high temperatures and pressures in the
presence of reduced nickel. . . :

The ‘chemical -stability of: hydroaromatic compounds was discussed from the point’
of view of their reduction mechanism. The physioal properties such as boiling
point; specific gravity, speoific and moleoular refraction and viscosity of )
these compounds were determined,.and the relation Mmen the molegular volume
and visocity, ‘and molecular structure were: surveyed. {3 : :

With these results, a new method for the synthesis of superios lubricants has
been proposed. .. ’ . ; ‘ ,

II. THE CHEMICAL STABILITY OF HYDROAROMATIC OOMPUUNDS gﬂ' FROM THE STAND-

The aromatic hydrooarbons which were uawa in the experiment were benzens,
1iphenyl, 1,3 ~ or 1,4 - diphenyl benzens, paphthlens, anthraoens, phenanthrone
wonaphthens and pyrene, and they were all found to.be ohemiocally jure; thelr
physical constants are shown in Table I(B}l. These compounds were coapletely
or pertislly reduced by hydrogen at high pressure in the presence of reduced
nioke), the reaction products being purified b - distillation or recrystalliza-
tion, and fdentified by elementary and chezical analysis.

The conditions and results of redusticn are shown in Table IXI(B)l. Ia the case
of the reduotion of benzeno, diphenyl and diphenyl beanzene, the reaction took
placa easily at about goooc. and completely hydrogensted oompounds ware formed
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(1) ©. Engler, Das Irdol, Bd. I, 8. )82-)87; 0. Y. Nabery, J. Amer.
Chea. 8o00., 30 (1908}, 992; 3. Ind, Eng, Chem., 5 (1953, 1233}
A*E. Dansten, J. Inst. Potr. Teoh., & (1918), 191; 7 (1921), 417;
Chenm. lln.'xnf. 28 (1923), 289; M. Bostuschew, Erdol u. Teer, 7

1931), 159, 198, 2v5; A Sachv & U. R. Wirabiez, Xrdvl u. Teer, 9
1933)° 170" 187 203, 2203 B. 7. K r & C. K. Willingham, J. Ind.
- -Pag, Chemvs 28 (1936), 1452.- SRR R

(2) ¥. R. Wiggins, J. Inst. Petr. ‘Teoh., 22 (1936) Z. B. L. Xvens
| 3. 1nst. Petr. Tech., 261 (1938), 38, 3005 _’o" Y

(3) Dr. I. KAGEHIRA, Tbe Report of Imperial Maval Fuel Depot, Ko. 128
2°1938. ’ po Inpe . pot, '
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quentitatively. . Hydrogenatjon: of diphenyl at 2509C. and the. Testriction of the
absorption of hydrogen to- three ‘mols, however, resulted in:the formation of o
phenyloychohexane, .owing,  perhaps to the catalytic.oxidation:of the: di- -
cgchohexyl formed directly from-diphenyl:- o

"¢ CHyy~ CgHa, .—CeHs = Cofly”

Analogous phenomena were observed in the case of hydrogenation of diphenyl-
benzene which was reduced to-the hexa-hydro or the dodecahydro compound by .
‘restrioting Tihre absorption of hydrogen at 140 = 1800C. - However, 'in: the reduc-
tion of diphenylbenzene, it was observed that the meta isomer was- partially
reduced easily, while the para isomer was not. i
Nephthalene, on reduction at 200°c,., ylelded tetra-hydro-naphthalene whioh .
was converted into a decahydro compound at 160°c. In the reductipn.of-
phenanthrene, the tetrahydro compound was formed at 170°c. and was reduced to. .
the gggahydro compound at 180°c., which was converted into a perhydro compound
at 160 o. - R j : o Pl

Anthracene, on the other hand, bebfived 'dirrorently from pho‘nanthrene in the
reduction.. It was’reduced to the perhydro oompound in one reaction step,
while by restricting the sbsorption of hydrogen, it could be"p_artically ‘reduced.

In the reduction of acenaplithens at 200 ¢ a decahydro compound was' formed. .
The hydrogenation at higher temperatures (270°C), however, produced tetrshydro-
acenaphthene due to the reverse reaction -which occurs in the decahydro compound
and which is favoured by high temperature. The hydrogenation of pyrene was - °
the most difficult of thess hydrocarbons. A hexshydro ccmpound was first -
formed at 300°c and the hexahydro compound was reduced to the decahydro com-
pound at 170°c, which was by further catalytic reduotion at 240 ¢. converted
into perhydro-pyrens. , :

As will be seen from the previous observations, aromatio hydrocarbons may be
divided into two groups from the roint of view of catalytic reduction. Soe
can be reduced completely by one experimental condition as was noticed in the
caso of benzens, diphenyl or 4iphenylbenzens, but in the case of the other
group to which naphthalens, phenanthrene, anthracene, acenaphthene and- pyrense
belong, complete reduction can de achieved only through two or more reaction
steps, with changes in the experimontal conditions especially in the reaotion
temperature. ‘

.In the case of the reduction of anthracens or acenaphthene, however, the
completely roduced compounds were, obtained in ope step with changes in the
exporimental condition, but the redustion wvalooity diffored markedly froa that
of diphenyl. Analogous phenomona wore also a“? in the comparison Of the
reduction o benzene to that of linolic aoid. _ Thua, these faote indicate
that anthracene Or acenaphthens are compounds of a urin to whioh diphonyl
4008 not b.xong. - . - e s e e o R AR N S R .

reduation of benzese to that of linolio aoid.(4) Thus, tnose faots indioate
that anthraceno or sceanphtheso are ocoapounds of"a"coriesio which diphenyl -
does not dolong. : . .

Neaoction Aifferences in the reduotion of iuomers 18 notéworthy. ?or oXomple,
1a the cage of diphenyl bénzene, it s sore dirricult to rodude the para

»

(4) 8. KOMATSU, Dull. Chea. 8o0c., Japan, 56 (1935).
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‘isomsr.to-the partially hydrogenated. compound ‘than the méte isomer. ‘These:
‘differences-in-reaction were:also-abserved:in-the .reduction-of ‘anthracene and
‘Phenanthrene;:in the -former., -benzene rings-are combined in the pura position
and. in -thé.latter in the meta ‘position.s . : < 7. S Ll

If the pertial reduction of the sbove-mentioned compounds can be attributed- :
to-the ununiform distribution of ‘energy in the molecule, it may be considered :
that the molecule, in which the energy distributlon is uniform, will -be com-
plétely hydrogenated in one easy reaction.step. —= - - : R

In view of these considerations, it may be.predicted that the hydro-aromatic
compounds, -obtained by hydrogenation, will behuve differently towards oxida-
tion, the inverse -reaction of reduction. Thus, a hydro-aromatic- compound,
derived from an arometic molecule in which the‘'distribution of emergy is _
“~upuniform, would sustain easily partlal .oxidation, while a.compound-derived
from an aromatic molecule in which the distribution of energy -is.uniforam
would -be difficult to -oxide. . T ST ' ) :

The lattér compouns, therefore, would be well suited for 2 lubricaeting oil.
1In other words, it may be claimed that a compound which is to be suitable as
a lubricating oil consists of such molecules as thooe in which the distrivu-
tion of .energy is uniform, such as ‘perhydro-diphenyl or diphenylbenzeno.

These principles show that some partially hydrogenated ‘compounds-would also

be useful as lubricating olls, sunce the partially hydrogenated compound may
be considered to be in the same energy state as the completely hydrogenated

product. of diphenyl benzene. - '

IIT. MOLECUL:R VOLUME OF HYDROAROMATIC COMPOUND

In view of the hydrogenation reaction, hydroaromatic compounds have been
classfied into two groups: ’

Ao Hydro co=pounds of benzene, diphonyl and 1,3 - or 1,4 - diphenyl
benzene, - -

B. Bydro compounds of nanphthalene, antbracene, ph,enunthrene, ncénnﬁb-
thone and pyroneo.

Also, differonces betwoen para and mota isomors hayrc boon observoed.

These differences may be considerod in light of their molocular voluzes. A3
shown in Tadle III(B)2, in the capse of the first group, the difference of
aolecular volume betweon the nelghbouring saturated compounds decreases with
tho inorease of soleoular wolght, while this dirfforence incresses in the caso
of thu sacond group. B T :

The orffect on the moloouler volume of a donzchw rlng whica is obourved b, -
comparing the 20leouler. . voluses of saturated ciwmpounds with those of partianlly
hydrogshated coapounds, 1o also shown to deenvane with an inoreasoe in =0lccular
weizht in tho case of the firat group dbut is searly constant in the cnse of
the . pecond. group, .as shown in Tebds IVIBIL . oo

The effeot on the molecular volu=e of the naphthalene ring 1is slmost conatant
{n overy cade of ths pecond sroup. This analogous L0 the eIfeol ol the
venzene ring-(ses Tadle¥(B)l.

A3 shown in Tadle VI(B)l the difference of =oleoular volune Yetween pare and
peta ioomers could not bo practically “obaerved.

¥
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IV.. VISCOSITY-OF HYDROARMOMATIC HYDROCARBONS
Dunstan and Wilson(5} proposed in viscosity formular for a liquid as follows:
log = (I?B).X {M-A) in which . .is- the Vviscosity of the liquid, M is the
molecular weight, A is a specific constant depending on the perticular series
to which the 1liguid belonzs, and B is a-geperal‘constant, e 7

By applying the viscositles of benzene solutions of ‘the hydroaromatic com-

pounds us?g)in this experiment to ISHIKAWA'S viscosity formulnr for binary
mixtures, L -

“ kzaz
- TKey

(TZT  Tke82) Zm
L EEL

in which 1, 2 and .axe:viscositidﬁ“or benzene, hydroaromario compound
and their mixtures respectively, 1s the molar fraction of the liquiq, k1
and k3 are the characteristic "field constants” of- benzene and the aydroaro-
matic compound, and a) and a2 are the degrees of association of benzene and
.the hydromatic compound, respectively, the author determined the degrees of
associntion and concluded that the viscosity of a ligquid depends not only on
the molecular weight and molecular assooiation_?n? may also depend on another
factor namely on the structure of the rolecule.l7) -

A. Effect of Ring Form.

Comparing the viscosities of saturated coapounds of the two groups
olassified according to reduction mechanisa and change of molecular
volume, the effect of ring fora on viscosity is considered, the viscosity
being cozpured with the ratio of the viscosity difference to the =zole-
cular weisht difference. .

Tho difference of viscosity ratio between cyclohoxane and dioyclchexyl

{s 0.u3, ana botween dicyclohexyl and porhydro-1,3-diphonyl benzens is
0.83. In the onso of the second group, the 4ifferonce betweon oyclohexano
and decahydronaphthalene is 0.0L, butwesn docahydronaphthalens and
perhydro-anthracens 0.11, betweon deoahydronaphthanlene and decahydro~-
aconsphtheneV.13 and betwven decahydroacenaphthone and perhydro-pyrono
0.32. Tho compounds of -the firat group show a Such reater inorease of
visoosity wit:s increase of molocular weight thun 4o theses Or tho soocond
group. The results are shown in Tablo V1I(B)1

Annlogous resulta were obtalined 16 cuipi.ring the viacoalty of O.IM

vensone solutionas of these compounds in the Ses¢ manner, as shown in
~Table YITI(BIL,

e e e mm e — e —m - - - s =

{5} A. K. Dunstan & R. ¥, ®llson, J. Chea. Bod., 9 (3907) §0.
(6) T. ISUIKAAA, Bull. Ches. 300., Japan, 4 (1929), 288.

(7) 1. EASEMINA, the Heport of Inperisl Naval Yusl Dupot, Mo. 97,
Auguat, 1935.
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B Effect of Benzene Ring:

X-38(N)-8"

‘Tr iview. of .thése résults; ‘from 'the’ standpoint of’ viyspds'i,ty‘,'ﬂ it may vpé_ .

concliuded’ that~ compounds’ of “the’ homolcgous series 'to which perhydro=. .-
diphenyl or diphenylbernzene belong, are -the' wmost suitable and:that such
a compound”as -perhydro-pyrene. will'be also useful as lubricating oils."

In the first group, to which hydro-diphenyl _or .~diphenylbenzene velongs,
the viscosities: of -the. saturated compounds are greater than the unsatu="""
rated in which the molecules have a benzene ring, while in the second
group, with one exception, the uhsaturated compound is more viscous than -
the corresponding saturated compound {see Table IX(B)1) However, in

" benzene solutions, the unsaturated compounds are more viscous than the

saturated campounds ‘In .every__..case_(_SeeTTﬂhle_XL.
C. - Effest of Naphthaleme Ring. '

The compounds which. héve-néphthnlene'ring are crystalline at- ordinery
temperatures, so their viscosities in benzene solution were compared.

"As may be seen in Table XI,the ru_fi:io of the viscosity of an unsaturated
. compound in which the molecule has a naphthalene ring to that of the

corresponding saturated compound is almost the same in each case.

"The difference between the effect on viscbsity of the naphthalene ring

and the benzene ring may be determined frosx the results shown in Tables
X{B)1 and XI{B)l; the naphthelene ring increases the viscosity more

than the benzene ring. - :

Tnis fact suggests that compounds in which the molecule has a na hthalene
ring, such us hexahydro-pyrene, will be useful as lubricating oils. ‘

D. Effect of Isomerization -

The effact on viscosity of i3omerization cay be observed by coaparing
hydro-l,4 - to the corresponding hydro -1,3- diphenylbenzens or hydro-
anthracene to the corresponding hydrophonanthrene (S:e Table XII(B).

-The p.ra soapound is 2ore viscous than the eta oompound. Therefore,

the compounds in which the cyclohoxane rings cocbine in the para poai-
tion, whould bo more useful g6 lubricating olls. :

SYRTHESI3 OF LUBRICATING OILS

A systexzatic investigation of the relation or molegular atruoture to the
chezical stadbility and the viscosity of hydroaroaatio ocompounds hus sugyostoed
that saturated cospounds in which the moleculea consist of cyolohexane rings
coxbined by single Londs {n tho para position, such as perhydro-l,4 =-diphonyl-

- bonzone, will haove the best charastoristios <Y use in the 3
‘lubrlcnhns oila. 4 yathosls of

If the relation beiwuwen the viscosities of oyalohexane, diaoyolohoxyl and

pornyaro-1,3-diphonylvenione {5 extonded.-to bigher ocmpounds of ths oame

series, tne viacoaity or dioyolohuxyl-dioyclohexyl ( P'-c N*g-c&no-cbﬂﬁ)
)

would be in the onder of 20-)0 polse at 25.0. (Joe tadle
of L9 projer range for aerc ludricating oils.

vii{Bj)l, watoh

It 13 gemerally recognised that the ohanse Of viscosity with tespersture of
pararrine hydrecarvons i the lomat of all types of hydrocarvons. lHeade,
a oyelic caapuund wiich has o long paratfinle oheln alght be exdbedted Lo be
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‘of the br'opé.r viscosity and be less‘jauscéft'ible;:tob change:inivis
-changing temperature. . . .l . . ool TRt :

The author's surveys, therefore, suggest a new ‘method of ‘synthesizing’ L
lubricating oils ‘to be used for automobiles or ae:o-engines;iwﬁér,e- coustancy
of. viscosity with varying temperatures ‘and high oxidation: stability are " .
required. .- - T ) e NSRRI e
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