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.rubbc. were oonduom froam Apr

X538(N)<8

solv nitsiand the ‘oleoular weight';~ Lot na-
3 ‘of the extracts were etermined*—-’l‘he—-
5 ) atura :frubbervoonaisted of:

y o It was 1m bssible to ‘obtain an aero-engine . oil
‘from Tubber by: thermal oracking: or oatalytio craok-
-4n| with: acid olay. o : ;

By oo-po].ymerizatio
or natural rubber with 2.5 volums ‘or more of: oraoked
wax in-the’ preaenco* of 5$ A1Cl3"at 100G, a- desirable
il btained

By the high vpréuure hyd the pa.- 3
‘of ‘pule’oreps rubbér in: parafrfinio hydroourbon 80l
wentin-the preunoe“or“niokel ‘oatalysts.a desirable
aero—snglne oil m ob alnod.

b i

Natural rubber was one of the most iuportant. hydrocarbon sources availa-

-ble to Ji . It aﬂoued possible to prepare an aero-engine oil if the
. rubber. coulu oo

4 be broken into stable compounds having an average

molecular weight of about 1,000, 'In connection’ with this problem studies

on the composition of pale orepe rubber, the o0-polymerization of the

oracked rubber with oracked wax, and the high pressure hydrooracking of
L, 1943 to August, 190.

“’m‘nbhrm cut“.l.nto memuhr eces,~2tm X-2mm-X lOom
and ¢xtraoted in an atmoaphere of nit gy a sam.e spparatus *
mmmm,timmgbm apd _dansans in

mm. tu mneu m ‘4ies0)

removing the- ved in pure
“beanets with a“coosentration of 1. .3 uﬁu 1r mol
wre. mm by Staudinger's uﬁl ¢ souler “m“

isr



X-38(N):8.

B..

The molecular :weight:was ce By o & formulas:

vi;s‘onsit.y (1n seol- i
: -»by Ostwald's visoometer.

’ c_ gm or rubber hydrooarbon dissolved An. l liter ‘ot -
solvent.

1’ = degree or polymerization.
molecular weight.

L= 3 B x 10"*--111 the oaso or unrerinad rubber.(z)

n t.he ase or oatone aoluble rubbor(”

= 1.7 x 10"’*——5.11 ‘the -case of othy.l etggr insolub].e and
. bonzeno soluble ‘rubber

{:ﬁ:o valuo nas neuured by \uijs' mathod addins 35$ exceas of.
°.

2. ‘Results:

The results obtained are tsbulatel in 'rable I(B)15. The ronowlng
conolusions were derived frod these resulta: :

a. The -ubntanoo extracted. by acetone.had high oxygen coa-

tent, low molecular weight high iodine._value, and consis~
ted u:r fg,inom mt-tor ox' lnpuriuu oonuinlns-oxyson coa-
pounds.

b, The mlt'anob'oxtrtotoc by .aloohol had low carbon content,
high oxygea-content, very ssall. ‘molecular welight. and odl.no
ue, and was. pruud xo bc co-pond of: uocmu :

o. The lubutnou oxtruetod by ho-octuo,“othﬂ. nt.bcr ‘and-
bon?no had tho sase slementary composition. and lodine: value
as upnno.

Q. ¥roteins were not extrsoted by these “solvents. end the

= grsatar-rart-of-thea-remsined-in- -residus.of.sxtraction,
nd on.the nitrogen . oontent, .the total: cgmt of pwonu
pd.. oropo rubm was mluoa to be 2

bale orepe rubber was dissolved in & volumes of Sanga Sangs gas o,



1y

polymerized 11y
without: ;the use’ of: ‘acid: clay.

acid olay cataiyst

b. ,'I'h‘e'moleouler weight deoreased by deyolymerization to
‘about 1,000, dut: the product was very volatile and highly
un&aturated ana oould not: be used as a hish olaas lubrioating
"D ol ;

C. Po]. mer zation or t.he Cracked Diati Piié "cr‘o' e hubb'er

A fraction oi' oraokeﬂ distinm‘.e or pale orope rubbor boiling rrom 10000
+0- 3000C . was first washed 3 times with one volume of 10% caustic soda
‘jsolmzion and” then ‘with water. '‘The treated ‘0il was: polymerized in the
‘presence 'of AlCly or acid olay.” Results obtained are given in Table
/IV(B)15 and it .whs observed that the products. prepared by this method had
& very low, viscosity !.n.dox and iere unauituble ror ‘use as hi.gh class
:=1ubrioat1ns ons..-,h EASSE Ui

'rhe formation of J.cm vnconity index ou.a was uaumod to be due to. the
.existence  of oyclic compounds such as limonene in the raw. material of:
‘the’ polymerization. 'The isoprene fraction, therefors, was discnlod off--
and ‘was’ polymerized. The results are shown in Table V(B)15. -

Froa theu cxperinonts the tollowing facts wore reoognizcd.
: ~l. ."A good lubricant can be- obtainod by polymerization of the iso-
prono gsotion of the cracked distillate of pale crepe rubber at
about .

2. A highor viscosity index oll was obtained by the polymorization
in the prosence of SaCl,s : .

3. Yurther studies are necessary ror the preparation or an excel-
i hnt uro-cnaino ou by tku nuthod.

Pale pe Rubber

umr‘n-}mnrlmma n Wax

0 improv the viscosity index and the vxuouey nuo(arnhh ALr Minis-
m Oxmzlon 'ru\‘.), ‘the oracked distillate of pale Orepe rubber was
{o with the oracked Gistillate of paraffin wax, and’tha.re-
ults are ahm in mm vI(B)1s, v

~u~m'nnt—;m-u¢1n ‘01)-o0uld=be- obuhnd ~Trom-tho. . arsoked 4istil-

late of oropo rudder dy. co-polne:xuu with 2.5-4 volumes of the
orsoked diastiliate of pacerfin wax, This amethod w do suitadle for
; uro-ouno ou froa rubddber u\d paraffia wax.




‘products;t
atability X
“rubber. in ‘an’ auf.oolave without solvent-f

tabulated infﬂTable-Vgl(B)lS were obtal

Be The" higher. the tamperature,a.nd f. e ‘long . -
aotion, the ‘greater. ‘the- content of the lower. moleoular weight.
components, : "The viscosity of the product’ 1nore&sed “sharply '
by ‘topping ‘to 1500C, ‘but the flash point. was low, - However, .
the viadosity. of. the Qroduct ‘Gould not. b determined .after.
-making the British Air Ministry: Oxidation Tést,’; stnoe the 1n‘
orease or viaooaity vd.th oxidation was:too. 1arge ]

. i‘he MoS3 ‘catalyst-was- ~less’ etrebtive Toxr hydrooraokins
tm the Ni- atllynt. I G

Tho top ruidue “of. t.ho p:oduot ‘had: a 1ow. rluh point
‘a hiah lcoaity. ‘These reaults may be due to the forma-
1on of low molecular voishb~0mpounda aixed with thoao of
higg molecular’ \night, aue’ to the non-un!.rom oraoking of’
Tudbber, . .

The nyd.rooraouns or palo orepe rubbor wit.h 2 purts of" miou.-
_sslvents at Vhrjous temperatures was studioed and the runlu shown

in Table VIII(B)1S5 were oburvod. D gt
~¥rom these, ruulu. the rononlu aonoluuon: w bo udr

The optimua conditicas for the hydroorack  rubber -
. vith 2 a of . solvent were aturs.of:. uaq ruotlon
hours,: -The: aho:tor p tm the 0. oxida-

: uon -ubuny

YR, [ m “found” du&nb). to use &
mww an ou ot nood uuuuon stad.

‘vaa stntied 654 $he Femnt

‘givea "in Table
The following unauuu,_-w be: dn:m




‘one part’ of, rubbe o A
ormed umler
viscosity:

-int b product as determinea
elationshi to'.the:viscosity index, as’
II(B)J.S'“’and IX(B)15:: To. obtain a vis-
er. of:aromatic nucleli: in a.
X +To- accomplish: this, it is ne-
eat’ under 3c00C,: .using-a:short time of’ reaction.
Rubber with Parts of Various ;

’The er yec r='yarious types or solvents such as decalin as a naph-
“thenisc: compound,*dodecane- asva:pure: paraffinic’ hydrocarbon, and .
the various light olils were’ investigated, and the results shown in

Table X(B)1S5: were obtal
'aions may-be nade fr

5'. T

ned (See;_-f.ll;:ble XYoo 'rhe rollowins conclu—

a In the case of paraffinic. hydrocurbons, hydrocracking '
was’ dltﬂoult ‘but-the reaction product had ‘a low iodine " :
value. without: daoteninc ‘the: viscosity- index at reaction tem-
: tures above:350°C:: that is, a hly tablo luhrioatius
"ou ‘was: :prepared\by»uams this aolvant. 5 R U

'b. ' In tho case of the naphthcnic aolvent, t.ha uacoalty s.n-
dm:or,tho ruction product was: very ‘low,.. -~

"c" Th.. M@or tno oontont. or parartinlc components 1n the -
solvent, the higher the viscosity index and the better the
oxiduuon stabnuy of t.ho produst.

-

mg‘”w ‘of Paste of Pale Crepe Rubber

ror continuous operauon of hydrooraoking in a pilot plant, it is
necessary: to.dissolve- the rubber in a solvent to make a rubber
paste. A pale orepe rubber was dissolved in a solvent at 1700C for
5—3 hours. and the hydrooracked product wis compared with that ob-

.'r,:blo n B)1S apd it was observed that this troatment

t.h- previous trumnt- (kp. llo. 31

direot hydrocracking. The results obtained aro .h;n ixsx“
ol
eod o product of:lower. viscosity index and better -ubfucy than

‘and 'th ruu.l.u shown .in. mm hedd

muu- and’ noko lhuc rnbbcr wore dissolved i rhohcr
W to-2500C

; “‘ay*bo -rawnt-

Tubber at )00°0 in the
-a-high. ounmu POOY -

- -of mhm:um:uurodmu\nt
~than that: R ptruhbor.mtvo-t.at racking £
: )uuul ofleu dmuon puuu en 012 good. aubuuy tn-

cLEE




Gonditions’
’ror 5-8 houra.

FACLOSTRE {85,

. Catu¥st‘ 'Reduged nicke "‘catalg;t,r"'dﬁétbtin‘g}-ér};ésﬁbf’

‘N40, 30$

8.

plast shown in Figure

iatomaoeous eart

13 the pilot. pme'.
20 parta ot palo oro_po

x'ubber were. diuo):ud :-100 pu-ts of
Fischer oil boiling froam 200°C t0:2500C:at- 17o°c for:8 -hours. -
This paste was hydrooracked in the continuous hydrosrsoking pnot

1(B ls,under the ronovins oondluonv

Catalyst: Niokel catu.yst, oonunting of 65% of mo. ‘308 of
. diatomaceous earth and % of . srtphito. mvlou.uy re-
duced 1n the rouotton ayundor.

ioount of caw.yn.:

3 liter of catalyst. 1n both tho mouou nd

prehoating: oynna.u.

Prouun ot rncuoa.

.rupoueun or prchuunc oyuna-r
'oxpchoau
Froa these results: it was 'red

droanokhs_ tn cxmhoat lo.

The results of these

zoo n/o-ﬁ

suasarized’in Teble XIIT(B)1S.
Ahat the; ooauthna OL-RPe- -
'nuu oonunm were




SENCLOSURE(BJ15

“/the product ot experiment;No. 7.
80 has.;the £6lYowing: properties::
N gine 0il.::

‘Viscosity Ratio:
‘Conradson®a. Garbon .

III. CONCLUSIOHS

It was’ 6&8&79&*6&_%&{@3&;&@5” fdi;ns'i'st';e’d of. '[olfmers of isoprene having
‘varlous: degrees .of: olymerization. o

Thethermuy hepoly&éiflzsﬁ*ﬁi‘oidﬁfzor patural rubber in a solvent is an oil
having a:moleculsr:welght of .about 1,000, high volatility, and a highly un-
ga;gateg;pature.ﬂ which is not.suitable for -use as a first class sero-engine
ubrlcant. B '

A comparatively good: lubricating oll was obtained by the polymerization of
the jsoprens:fraction of.the ‘oraoked distillate of natural rubber. - To pre-
pare. a-high quality aero-engine -oll by this method, however;-further:inves-
tigation-is necessarys. ’ ' '

An'exo'élléht'a‘é;b-‘ciﬁéi'xz;oﬂ was obtained by the ce-polymerization of the
crackea distillate of rubber with 2.5 to'4. volumes of the oracked distillate
of paraffin wax. S ' ' SRR

A good aero-engine oil was ‘obtalned by. the hydrocracking of nutural rubber
paste with paraffinic -hydxjonarbons in a continuous hydrocracking pilot plant.

Note: No plant using these processes was built for producing lubricating
oil for practical use, . . ‘

There were plantj (NIPPOM 04l Co..and Tea Fuel Oil Co. 6td.) in Japan, how-
evor, which, during the war, theraally depolymerized natural rubber added

this produst in a conceantration of 10% to mineral 61l for use in autoxmodbiles.
However, this type of product had poor oxidation stabllity.

- - - D W e e e - e e - W W S W W e

(1)..H.'8, Staudioger: Bexr. 63, 222, 1930
H. S. Staudinger:'Xoll ""7’&-{47“"" 1930
2) V. A, Caspari: J. Chem. 800. on, b& 2139, 1914
3) (L),(5) "E. 8. Staudinger:: J. Pract. .y 26, 1940
6) %.'A. Casparii J. Ches. 8go. Londoa, 103, 235, 1010
7) R. Pumsrer & H. Mledel: - Ber., §0, y 1927
The Analysis of Bubber P.23, efo.
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X-38(N)-8:

~'Table’ VI(B)lS
co-pm.mmunor: OF THE CRACKED, nxsmum oy PAIE" cnm

5 mmummmmmmumwrmm

'Inanaauuuaulptms‘na; (n)

Mo, of Bxp.i i
Cracked Distillate of Pale
L Crepe Bubber. (mvzsmc) (x)
Conditions —
T wm.unm Pu-lf-‘;» .
of 2in wax (150~-250 c) (‘)
" 'Reactdcn | Temparature (°C) -
© | e (Br) ’
Yield of Product (X)
) | Iodine Value
Propertiss | Density (20/A°C) - 0.
Viscoed! " at 100°F . g8 1,92 | yom’ 206
of (s.u.s.g’ — = e 22
. _at 20°°7 ¢a.8 | 1076 | 99.0 1061
Product | Viscowity Index: 38 {lewaa o] 10607 204.3 -
| visooeity ‘matto B B X Gl B A P
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X238(N)2g:

'ENCLOSURE (B) 45

| Rooarks -  noo-paste paste - | 16X of spindle

#Reaction conditicns weres Temp., 300°C; -
v 'T4ne, ‘15 hr; Solvent, 5 parts of light
oi) froa scrubber; catalyst, nickal

‘203
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