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ALCL h temperature -of:

: ‘polyfier,: ithe,availabl
rac ked;:distznlate. Tne amount’ of A1Clj3 .
54 'rrom 5% ‘to:1% using. the waste catalyst

‘Por the Tirst ‘stage of. the: polyn;orization ‘of the
oradked 'distillate-of waxes.: The: temperature. of ...
deoglorination -of .the-cruds; polymer was kept at 100-.
150°C o’ produce;a.low pour point oll; .and- the: avail- ‘

abie traction, .of.the’ craoked distillate was from the

E v—the polymerization )
_product. of. the: craokad waX, 1 the ‘product  was: extract-
red with X,5: VOLE phenol-creaol ‘mixture ‘and.the  -.
'uscoaity ratio’ 1n ‘the Britigh Air Ministry oxidation
,'re:g ,was: deoraaud from 2,07 :for:the. original ,ou r.o ;

i ) : .
. amount . of ‘elementary sulphur,.or both, to the oracked’
.distillate during the polmrization the stability of
the product wss consideradbly. mprovoé ‘that is,tHe .
‘yilooaity ratic of-the-produots was 1.,2-1.5 and no. -
.undeairablo orfece wan obaervod in the engmo test.

47 The dlended’ produot. of synthetic aero—ong!no oil
with 10-20% of natural oil such as Texaco Airplane oil
‘#120 or_the acid.treated distillats of Sella, Milli
or . Niizu orude oil, had good oxidation stability, the
viaoont.y ratio being of the order of 1. 3-1.6.

5. ' The oracked distillate of paraffin wox was poly=-
.merized with the residual. oil of NIIZJ or Miri orude
. 041 or its refined o0il, snd the product had good oxi-

dation aubnny. with a viscosity ratio of l..5-1 6.

B ‘Studies wers conduoted on the anomg of the
“oyude Barisol-wsx obtained from.the Barisol-dewaxing
plant,.but insufficient results wero.obtained bhefore

ebo teraization of the war,

2

Induurm ununatun of u:o-oulu oll from pareffin wax has besn in

pOL._ A M in Bouth Sorneo. The

-’,n's:ﬁ%xc vy “f’uﬁa was I‘ﬁexrox in regard to exidation stebilfty and it

‘ s8sy to. .hprcn m- property.  GUtudles on thls provlea, therefors
: nu‘:onduom rm 1‘) to 1944, - ,m other band the supply of pnmrnn'

3 ~atudiss were sade.ob the preparation Of asro-eangine
-nr.‘ ia ‘ordes to utiliza the by-producst of Japanese Berisol-
These investigations: Rave’ bun ;0arried on aince ulmn. 1943,




Xi3g(N)g 'RESTRICTED

II.

ENCLOSURE{B) 70

DETAffED msscnmzou s

Cracked Wax'to,

Invest-i ations’ on the Conditions o "'Pol mer

l. When the waatp,-*cgtalyst was lused sduring-the: irat stage ‘ot pol.yq
merization of oracked:wax, the amount. of: evrﬁlc «-necegsary for the "
polymerization was deoreased “fTom 5% -t0 1%,  and: e reaction‘temper-
ature’ of. polymerization vnas easny—kepmconstant. o o

2., When tha dechlor;lnacion temperature or the crude polymer waa
kept within the range from 100°C ‘to 150°C, it .was-found that:the

“pour -point. of the product was. about 5°C° lower than that of: the pro-
duct dechlorinated at’ hi@er t:emperaturos (200 C,or over). :

3. Yor the produotion of the agro-ensino oil,'

,‘the entire rx-acuon
.of cracked wax boiling belaw '3007C can be uud. :

B. Inveat%getions on the Solvent Rerinig or the Polp_aorizacion Produot.
_of Craciked ) s

The synthetio aero-engine .0il- proparod by polymeriging a: rraotion of
cracked distillate of paraffin wax bdoiling f 60YC to 300 C.was extrect-
od with a mixture of phenol-snd cresol (60 : - by ‘volume)
at 4L0OC for 1 hour, and tho :uulca shovn in ‘roblo iano vor‘ obtained.

Ffrom these atudies, it was raeognizod that the. opumn azmount of solvent’

to improve the oxidation stability was 150% and the viscoaity ratio by
the British Air Ministry Oxidation Test was loworod from 2,07 to 1.43.

c. Investigations on the asation or Craokod Wax.with Aromatic
C ounds or uxr s . - . B R

1. Investigations on Condensation or racked llx l!.t tio
c 8, rection rom pars
wax was condensed with several aromatic oon,onndn. -M t.h Tesults
are tabulated in Table IX(B)1O.

Froa these results it osn be conoluded zme by .condens ths oracked
distillate with aromatis comspounds, the oxidstion stadility of syn-
:hone u:o-cnsino ont 1s oonndonuy npnnd. e i

Y
woxes with oluonnry oulp ur, the rnul.u ahoun in. ‘.l'ablo m(s):.o
~“mare obtained. These results showed that the addition of elementary
sulphur.wes.-very.effootive. 4n.-iaproving-the oxidaticn. stability of.
the {rodueu. Based on tg-u Tesults, a oracked distillate: fraocticn
boiling from lgooc t0 200°C was polynerized with 5% of elemeatary

.sulphur 8t 150°C. Lo %ozs i
r.hu lymorization :{rodoot the orecked distililate uutuﬁn
xu m;g was_polynerized. under the ssme conditions. shomn in Table

‘rb- xﬂuln obulnod arc ginn xn nuo :vmm

¢ 03 31 . . “ 1 ; p 3 ' - .
8 ens on eho oud-uon -nbun. ot t.ho roauu ‘e :
ux bo{ung 609 to 300% wag omon:od gn-iou lmnn -ot‘
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RESTRICTED: X:38(N)-8

ults’ ;‘:-ih_'QWn"'fin" ‘ jzgéble

5 found that:the olymerization of ‘the ocracked’ wax with o
phur-and: naphthalene yielded:.an ~excellent -aero-engine
viscosity:ratio of 1.14.. "These’iresults: suggested the:

superior:lubricating olles "o

ymerization Produst of Cracked Wax with Elemern-
a.  Corrosion Test. The polymerized product centifining 0.1%
sulphuT was tested in respect to its corrosion to copper plate,.
and no corrosion was observed. . : . ’

b, ' ‘The wear and oarrying‘_na.{mnity_nt_the ‘polymerization pro-
duct containing 0.1% -sulphur {G 120 S) was compared with that
of the synthetic lubricant prepared from paraffin wax at the
Naval Fuel Depot at Balikpapan (G 120 B} on'a Timken Machine.
‘The results are given in Tablse VI(B)10,.and it was found that
the  sulphur contaiping polymerized 01l had the higher logd
oarrying capacity. . -

e TIWWLEEQIM» Teat of G 120 S for
20 ‘hours in e mono-cylinder test ongine, "Kinsei A0 ‘Type"
showed this oil stable to oxidation and no undesirable charac-
teristics were noted. . -

D. Investigation of Blends of Natural Lubricating 0il with the Synthe=-

- tic Polymerization Product of Crao ax

A synthetioc lubricsat produced in the Naval Fusl Depot at Balikpapan was
blended with several natural refined lubricants and teated for stability.
The results are given in Table VII(B)10, and it was observed that upon

vlending with natursl lubricant, the stabllity of the product was suffi-
ciently improved.

\ -

on

E, Investigation of the Polymerization of Oracked Wax with Topped Crude

A ra'lct.ion of the orascked distillate of paraffin wax doiling froa 60°C to
300°C was zglmnud with seversl topped orude oils, The results are
tadulated Table VIII{B)10 and an interesting observation is thst the

addition of an unrefined topped orude oil to the polymerization process
-produced a stadle aero-engine oil. .

: ) Ore 30) =W

Berisol-¥ax, obtained from the Barisol-dewaxing ﬁ.nt st the Third Kavsl
Fuel Depot, was themslly orscked under wvarious ladorsto conditions,
_ud_m,‘gmportlu of the orsoked distillate werXe compa with those of
P ’mrmn':tu*ot Barisol-Wax sod the sweated pareffin wex are
- given. 48 e IX{B}10, : ‘ :

2, ' Theso waxes wore thernally-orecked with & charging velooity of

about 150 ga/br through & oilfcs tude of the follow dinsasions
peated in an clectric furnsce:
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SNCLOSURE: (B) 10

Inner di'ahe,t.'erhfbdr-,éthe" ‘siltea-tubes 20mm o
:Length ‘of 'the silica'tube in‘the‘furnace;:5

i

8omn .

35 " 'The- results cbtained-are shown:.in:Table X(B)10, It was ‘ob-" . -
served that:-in:the .case of: the.Barisol-wax the.amount. of:coke depo- -
'sited in the cracking tube was extremely large, -the color of oracked.
distillate quickly changed from:1ight: yellow. to.dark brown, and- a-:- .-

..daxk brown deposit formed on standing. . These phencmena may.depend .
‘on the presence of diolefins in the cracked distillate and the pre- ..
‘vention of thé formation of di-olefins will be necessary.in preparing
aero-engine oils from the crackad distillate of Barisol-wax by any
means.  Such a method is now unknown. .- -.-. ... . .0

III. CONCLUSIONS

A. ; In respect to the operating conditions for synthesizing an aero-
engine oil from paraffin wax, studies were-conducted and the foIlowing
results were obtained:. L . L : -
1. By using the waste AlCl, at the beginning of the polymerizing
step of the oracked wax, the’amount of AlClj raquired was reduced
from 5% to 1%. - o . .

2. The optimum dechlorination temperature ‘of the orude polymer for
* producing a lubricant having a lower pour point was in the rangs of

100°C to 150°C. , : Ce o
3. For the preparation of an aerc-engine oil, the entire fraction
of oracked wax boiling under 300°C.could be used,

V B. By extraction of the polymsrizatioen produot of oracked wax at 40°C
with 1.5 volumes of the mixed solvent consisting of 4L0% phenol and 60%
cro;ol, the viscosity ratio of the raffinate could be lowered from 2.07
to 1.43. .

c. By condensation of the oracked wax with aromatic ocmpounds, i.e.
benzone, naphthalons and anthracene, the viscosity ratio of the produot
using the British Air Kinistry Oxidation Test was lowered froa 2.2 to 1.3.

Polyzmerizing the cracked wax with 0.1-0.5% of elementary sulphur, a
suporior aero-engine oil was obtainéd, having a viscosity ratio of 1l.3.
When bdoth elementary sulphur and naphthalene were used in the polymeriza-

:122 process, the viscosity ratio of the produot was further lowered to

D. By blending a natursl lubricant with the polymerization product of
:n.lcx;okod paraffin wax the viscosity rstio of the product was lowered
O leJe S

K. The sddition of topped orude oil during the polnoduuo; rocess
lomered 3ha vingoaity retio of the producte.to 1.5, .. ... ... .. p__

?. In the thomal oracking of Barisol-max, the deposition of coke in
the ormoking tude was exoassive, and the content of diolefins in the
cracked distillsete wap high, Unless thess two conditions are prevented,
a satisfactory oil cannot de made from Barisol-wax. There is no knowa

. method for socoaplishing these results. . !
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Ncwsmes igize

" rable ()10 o
(0F [ THE |
. -solvent - | Y1e1d of | ~:'vis, in* | ‘Vis. ‘Conrad” | Acta Saponi~- | Todine | Pour | Viscosity.
(vol.% to | raffinate S.U.8; || ments | i fieatdon | pt. : I
-erude 1 s at, 1T at - index cnrban -Value | Value : | Value® 1 .Ratio
polymer) | (%) " | 200°F | 220°F IO R N R RSO )
T 100 j1274| 15 | 12| o412 | 008 | 018 | 20.5°| 16 | 2.0
50 85 1,268 | 127 | 14 | 0,403 | o.08 | 0.7 | .20.5°] -16 2,06
100 B2 |12 19 | m3.] o3| o008 | o0a0 |-20.2 [-25 | 1.9
150 - 8 1322 | 121 | 14 | o,30 | o.08 0.13 2a,2-|.-1 | 143
200 72 1.367 | 123 | ‘14 | o.308 | 0. 016 | 201 | -3 ) 1%
250 77 13283 127 | 16 | 0.8 | 0.9 0.18 23.9 | -13 1.57
300 2 1357] 229 | 18| o032 | 006 | o020 | 222 | -1 1.61
. Table II(B)m .
morcm:mxmmcmnmmormnmmmc COMPOUNDS
dmount of rsw material polymerized (%) Cond 'n-Polymerization | Viscosity
ratio of
Cracked Amount | Temp, | Time the
distillate | Naphthalens | Bensens | Anthracens | of AlC14 (°c) | (nr) product
- 200 - - - 5 50 10 2,08
8090 2010 - 1 - T s g | 10 | 125
70 15 15 - s o 10 1.26
85 5 5 5 s _ | 8 10 2130

' * fadble m(B)lo
POLNMIRIZATION OF CRACKRD OISTIILXAYR OF WAXES WITH ELRGNTKT SULPHUR

Ancunt of | Condition of Molymerisation | Viscosity in 8,0,8, .

sulpbur Yisconlty | Yiseoaity

added dmount of | T T Lo ot at Renarke

(ve.$) acly (1) ) (sr) | 100% N7 | lndex Ttio

0,03 s L) 10 | &b.8 ' BT 122 ). .20

0.2 s » 10 | 63,6 8.3 bt} .7

1.0 K] " | 10 |ema 90,6 1 .08 satper

on=
-2,0 H 0 w |2 106,0 b5 1.6 tant of pro-
N doel wan 0,18

L " 0 16 |1 - 16,3 ]  108,2 1,92

0,03 3 4 8 1 1M, 1%, s L7

k1]
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: 'POLYMERIZATION O‘F» ‘A, CRACKED' DISTILIATE OF: ¥
T R THE SULPHUR CON’I‘AINING POLYMER 9

| amount of | Condition of Polymerisation | Viscosity in §,0.S,"| Viscosity' | I
submaterial [ -7 —————— — SR T
added Amount of | Temp. | -Time |~ “lat. - - &b’ ::i|": Index-+

(wt.8) f 816357(%) 7|~ (%)= | =*(hr)- |-2009F. | - 2RQOF | 1

2 | 57 | s 8 | ast | ws o} 1307 | 1330
Table-V{B)10
GGNDENSATION OF THE CRACKED VIAX VITH mmtmmr .
o SUI.'PEUR AI!D NAPHTFALENE ”

Aount of Amount of | Condition of Condensation®| Vj.uoaity in 8.0 .S, | Viscoaity viléooity
naphthalens | - sulphur - |- ~ BT BT
added “added Temp, - Tine - at at - index “ratio

(wt.%) (wt.%) (°c {hr) 1oo°r 1 -
10 none 50 10 1 o1ss7 |, 1.6 ] o0 | 148
10 0.1 50 10 142 122.1 mo- | 1.25
10 0.5 50 10 179 138,0 108 1.6
1 0.1 L) - 10 2078 163.7 13.8 1.60
2 0.1 80 10 u21 120.4 109.3 1.41
5 0.1 80 10 1%8 115.9 106.5 1.9
10 0.1 80 10 1526 124,2 108 L
h.ncuns!ml,(n)u-nd

ETS

- T e i _ ECURET Sy TR = = *"uih—d-. w ”m
septas | Y| Ier | Taim | etaitm | Gl
cwon | e | M 3 | om [ 180
61203 L1 - O N N F X B EEa -
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ENCLOSURE (B)36

B E1IE

Visc'oa\i‘t‘iy" in’ 'Viaéosiﬁy : V:ls‘c(.:.'s‘:lfy
.U. . N B BN T :
G L - 210%F index ‘ratio
" Base o011 '(G 120 B) - 118.6 946 2.2
95% G 120 B} 5% Texaco Adrplans £120 - 9.3 | 942 1.75
'90% G 120 B10% Texaco. Airplans #120 114.3 ©94.1 1,62
85% G.120 B+15% Texnco Airplans £120° 119.3 94.1 1.48
‘soz G 120  B-h20% Texaco Airplans #120 119.3 94.5 1.31 .

90% G120 B4-10%.K 120 K ( uced in © 119.5- 93.5 1.48
" the Third Navel Fuel Dapot - - : :

80%, G140 B20% Texaco Airplane !so S 129.7 © 104.8 1.38
'60% G 140 B 408 Texaco, Airplane £100 1206 102,9 1.8
90% G 140 B+30% of acid trested Seris oil 127.1 95.2 1.8
90% G 140 B+10% of acid treated R4 oll 113.1 95,6 1.62
908 G 140 B410% of acid trested Miimu oil 126.2 9.4 1.5%

® 411 por osuts are voluss por cents.
Tahle VIII(B)10
POLTMSAIZATION OF THE CRACYXED WAX WITH
THT TOPFED CIUDE OIL
Amount of Tines Viscosity | Viscosity | Viscosity

“ crode oil added in 8,0.3.

R . (tr) at indax rmtio

20% roaidus over 200°0 of 10 b B2 ) 107 1,587

¥iizu crude o) .

:m of a0id treated residus 10 w7 100 1.48
i OWRT. 2000 of Milsg envle ot L S

10% of restdus ovor 200°C of 3 ns -’ o7 3.62

2ilL erude ol >

. "Xn all caoss, {

srature, 80, and 54 uely

133

vﬂ. vare used,




X-38(N)-8.

BHCLOSURE 150

: Tablo IX(B)10: - .-
PROPEBTIES OF: ~BKRIS()];-!!IX' AND- 'I’HB
: SWEATED PABA?PIN WAX E

3 Samples -\ -1 Crude Barisol—;az -Pure Paraffin Waf
" pensity (0%) b eaar | oum
Flash point (%¢) - - 2017 .-
Ash (%) e 0,013 - - | e
Melting point; (°C) . _ T 475 . 52,5
Conradson's carbon (%) - - 066 - 0.09
* Wax content by Holde's method (%) 30 . .88
Tabls X(B)10

CRACKING OF BARISOL-WAX

No. of Exp. 1 ’ 2 3
Sanmples Barisol-wax Barisol-wax g"“;‘:n
Cracking teaporature (°C) 550C . 500°C 550°C
Yield of cracked distillate 55 50 30
boiling below 300°C : - . .
dzount of coke deposited in 0.2 0,05 trace

the ailics tube

Properties of the Crwkod

Distillate
D.;wlty(dlf) 0.80 - o R
| —Iodine yalue Ca 150 - -
quickly changed quickly changed alght

Color . ... from light yellow 1 from light wyellow i = .

) 2o datk brown o dark brown yollow
Deponil doponit formed on deponit formed en nooe

standing standing .
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