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VOLTOLIZATION
Dro G. W. Nederbragt

Fremes R705-2717
' Abstraét

This is a serles of progrsss reports by Dr. G. W. Nederbragt
of imsterdsm covering the months of July through Novembsr, 1942, md
March, 1943, The reports glve the results of en investigation relating
to the menufzcture of some finished voltol oils under various conditions
with reference to apparatus, current density, stc., and a study of the
difforences betmeen these voltol oils end Freitel finished voltol oil.

. The lubricating oils which are menufactured by the nolymerize-
tion of cracked distillates heve, in addition to meny favoreble properties,
_the disadventege. that they form carbon in the motor. It is knmown thot
the deposition of carbon in the cylinders can bs lergely provented by
‘the addition of voltolized rape oil, which keeps the carbon formed in
“finely divided condition. However, use of woltol 0il introducss a new
difficulty, nemely, the increased tendency of the piston ringe to stick.
In en investigation of this difficulty by Rhenenla, there were indice-
tions of & correlation bstween the tendency of the pilston rings to stick
end certain properties of the voltolization oroducts.

It was noted in the investigstion of various Freitel finished
voltol oils thot ths portion of this voltolisation product which was in--
soluble in butenone at 0 C showed fairly largs difforences in properties,
such as coneistency, viscosity, stec. This insoluble part consists
principally of highly polymerized compounds, vhich, zccording to the
investigations of Rhenenis, are probebly dirsctly responsible for the
sticking of the pistén rings. From the quentdty emd eonsisteney of
this insoluble pert, it should be possible to estimete the extent of

sticking of the piston rings.

Since it 1s to be sxpected thet the conditions under which

the voltolization is effscted will have a greet influence upon the homo-
gemelty of the. polymerization product, the seme ruw materiel which is used
in the factory ct Freital should be used in the voltolization aprarstus
in Amsterdem for voltolisation under verious conditions end for comp.rison
of the properties of the part which is insoluble in btutenone with those
of the Freital Pinished oll. Eventually the influence of the epparatus,
such a8 covered or bars electrodes, current density, etc. could be

ascertained in this way.

, The leboratory voltolization epparstus used in Amsterdem is
1llustrated in Figure 18,842-A3, Freme 2707, The four voltol tubss,
in which the woltolization is effected in the silemnt gas digcharge, ars
mounted upon & eupport freme with 90° separstions between them ond with

their axes equidistent from end parallel to the exis of the shaft
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about which the freme is rotated in en oil bath. These voltol tubes,

of which one is shown in cross-section in the figure, ore made of glass,

On the inside pert e coating of thin copper foil is pressed against the
glass, which is counected with ths high voltage terminel of e trensformer.

A second gheet of copper foil is wound on the outside of the wltol tube and
grounded through en ammeter. Since the tubes rotate cbout the centrel
sheft during the voltolization, slidihg contacts ars necessury for the
electrical connections. On the high voltsgo side, there is only one §liding
contact so that the four voltol tubes are maintained at the seme voltegs;

on the low voltage side, thers are four sliding contacts so that the .
current through each of the four tubes can be measured., The current

passes through the glass as a displacement current, then es a discherge
through the ges md oil, and finelly as a displacement current through the
second glass wall of the voltol tube. As a result of the rototion of the
tubes, the walls ere regularly rinsed by the oil subjected to voliolization,
vhich £i1ls each tube about one-third full, Otherwise, over-polymerization
would soon occur in places in the tubes. The woltol tubes cre connectsd

by means of copper tubes with a hole bored into the axis of the central
shafi, to vhich a suiteble sealed rotary connection is made so thct the
tubes may be evacuated. In this line, a solenoid valve, controlled electrical~-
1y by means of a mercury filled monomster, vhich wes provided with suitable
electrical contacts, pormitted control of the pressurs in the dischergs
tubes at eny desired value. The oil bath in which the tubes wers immersed
was orovided with suitable temperature control. _

A moderate frequency generator, built for ZKVA ot 7800 cycles
per second, made it possible to pass a discherge of moderate frequency
through the voltol tubes, ths frequency of which could be varied from
3000 to 9000 cycles per second by regulation of the direct current motor
used to drive the gemeretor. .

Dr. Nederbragt obtained from Rihenemia a rape oil and a minersl
oil for the leboratory preparation of finished voltol oil, and also &
semple of Freitel finished woltol oil with & viacosity of 868 SUB at
212 F for comparison. Letsr five other semples of rape oil wers obtalned.
From the raw materisl mentioned first, a small emount of finished voltol
oil ves mede by & process which devietes in verious respects from the
Fruital process, In the apparatus in Amsterdem the electrodes wers covered with
insulating material, {.e., glass, whersas in Freitel the process wes operat~
od with bare electrodes. As a result of the higher frequency, 7500 cycles
per second (Ameterdam) as contrasted with 600 cyeles per gecond (Freitel), a
greater current denslty could bs used, Finally, the entire emount of
mineral oil wes added ot once to the semi-voltol oil in the leboratory
procedure, whereas it was added in gmell increments in the Freital menufacture
ing process. in atbempt was mrde to determine differences between the
finished voltol oil preperad by this method of edding the oil and the finished
Freitel oil by determining the part which is incoluble in methylethylketone



at 0 Oy according to ths proceduré of Rhenenie.

The preparation of a emell quantity of Amst-rdem finished
voltol oil, end seperction of this product, a8 well cs sepuretion of a
finished Freitel voltol oil into a pert which is goluble end another pert
which is ingoluble in methylethylketons at O C wns described. Detodls of
the preparation and separation, ae well as propsrties of steriing muterials,
internediate products, final products, and fractions sepersted were specified
in the report for August, 1942, From these tests, it wes concluded thrt the
percentages of the insoluble constituento determined by the separation
procedure uged were not sufficiently roproducible. Ths seattaring in the
results was of the seme magnitude as the diffsrences hetween the Froltel
end Amstordem finished voltol oils. .

In e subsequent oxperiment, a larger quentity of Amsterdam finished
voltol oil was prepared end a new separation w!th methylethylketons at
0 C in triplicote guve a setisfactory result after suiteble modification of
the procedure. Details of this preparation end sepuration, end the percent-
ages end properties of various frections separated from the Freitel end
Amsterdem finished voltol oils are specified in the report for Septembor,
1942. From these results, it was concluded thet the percentage which is in~
soluble in methylethylketone differs eignificently for Freital end Amsterdem
finished voltol oils, amounting to 23.0 per cent by weight for the former
end 34,4 por cent by weight for tho letter. Also, the product in both caser
had different propertics: ths insoluble part of the Amstordem voliol oil
was viscous snd ropy, vhereas thet of the Freitel finished woltol oil wes
mors gumlike. According to the experience of Rhenenis, as Professor Zerbe
indiceted, this difference accompanies a different behavior in experiments on
sticking of the piston ringss the gummy product hed a greator tendency
to cause sticking. The menufecturing procedurs used was difforent in the
folloving respects: bare electrodes were used in Freitel whereas glaso covered
clectrodes wore used in Ansterdamy secondly, & lower frequency ¢nd current
density was used in Freital then in fmsterdem; end finally, in Freitel the
minersl oil wes added in emell increments to the semi-voltol oil during the
final voltolization, whersas in Amsterdsm, ail the minarel oil was £8ded at
onco to the semi-voltol oil prior to the finsl voltolization, It remains :
to be determined which of these factors causes the difference betwsen the Freitel
end Amsterdam voltol oils. ‘

The portions of the Freitel as well as the Amsterdem finished
voltol olls which were insoluble in metbylethylkstone end which wers obtained
4n the extreotions in tripldcate were combined end served &s material for the
moleculer weight determination, olementary emelysis, end determination of the
gpeoific refraction. These determinations were meds by Dro Jo Jo Loendertsa,
The molecular welght detorminations were mede by the boiling point msthod,
ueing benzene as well as methylethylketone as the solvent. Gecause of the
practically complete insolubllity of the Freltel product in both solvents,
oven with prolonged heating, it was not possible to determine the moleoular
welght of this material. The solubility of the imasterdem product in both
solvents was graster. However, with methylethylketone the moleculer weight
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deternination wes not very satiefactory beceuse of the rather low
solubility of the Amsterdsm product in the solveat, end beceuse of

the excessive tendency of the solvent to foem end suporhect, Therefore,
from this determination it could only be stated thut the moleculsr '
welght 1is of the order of megnitude of 2000 to §000. With tho use of benzeme
as the solvent, similar difficuliies were encountered, -although to s much
smeller degree; 2000 to 3000 was found for the moleculor weight with it.
The specific refraction of the insoluble extraction product of ths
Freital finished voltol oil was not determined because of the difficulty
of determining the spscific welght of this product. ‘The rosults obteined
for these methylethylketone-insoluble frnctions eres

Freltsl Finished Amstordam Finished -

Yoltol Oz_l,; . Voltol 041 -
of? 1.4905  1.4985
P - 0.9891
n2~1.1 - | 0,3109
nf¢2 - d

Tho elementary enalyses wore made in ean apperatus for use vith sulfur- end
nitrogen--free products. A prelininary determination of the sulfur content
of both products indicated a sulfur content of 0,14 per cent in the
Freital product snd 0,11 per cent in the Amsterdem product, The results
of the elementary analyses ars as followss

\

Freitol Product  Amgterdem Product;

¢ 79,89 - 7977 80,76 - 80,87
i 12,08 - 12,08 12,07 - 12,06
100 - (C & B) 8,08 « 8,20 7,17 « 7,07

In the product from the Amstordem finished voltol oil thors is
less oxygen, which mey explaln a stronger copolymerization with ths minerel
oil., This stronger copolymerization of the minersl oil may possibly be
explained by the fact that in the propuration of the Amstordam finished
voltol oil ell the minoral oll was added at once to the semi-voltol oil.
Plens were made to examine this point by comparison of Freitel end smster-
dsm finished voltol oils, vhich wore to be prepered by mixing the rape
oil and mineral oil before effecting ths voltolization, snd not adding
eny mineral oil during the voltoligation es was previously done. A&n Amster-
dam finished voltol oil was subsequently prepared in this way and extracted
vith methylethylketone, Arrengsments were made with Professor Zerbs of
Rhenania to produge & comparable oil at the plent at Freital from the same
base stocks, vhich were to be mixed before the voltolization wes sterted,
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sie subseeuent renort, wais wodified Frollel fnished
never received from Professor barbe,

Acoonding He %
velbor oil ves
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Tbe difterent Yianjighad vo] tal oils wire cownered with o ozet
to thelr slvlge eupporbing offeet. It was f’i:{"'t itoned o use Vl 21l
s sludge, Eswevar, tho rate of ssttling of Shell o bon
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eerboa black =
blaak in dovitle or triple Shell lubricetinz oil vas ol significrrily
influgieed v the additlon o8 fipished volinl oil, Pubsequently, @ zludgs
obbuined by cenbrifuging used uotor ¢il wes uza2d instecd of the ¢ ~hon
blank, Teles sludge was added to triple Shell ar mixfurses ¢f slnels Shell
or double Shell lubrie: Lino oiLg eontzining finiched m)lm.L oil, wiich
were selecled in such a wey taat they hed vhe seme viscosity as tripls
Shsll lubricetive o1l av £5 ¢, The sludge content of a sempls of onch
mixiure weo, detornined imisdiabely after ”ddl(‘: won of fthe sludgs,  bamoles
of %0 ce of each ln gradusted cylindsrs wars then placed in o themmoztax
ab 5 3. &fter 48 hours, ttip sludge comtent of the voper 10 ce from

eash gredu:te was dabnmi.)nd, This sludpe eonient wes deterained by
fluering the oil through filter puger, washing fhe puper wich nephiheg,
end f.ual_n welghing, each debamination being mede in uupJJt,utc,‘L e
resukis of these degermineotions sea tzbur:sed in the report wr lieveiy,
(1o, 14 ves dedeneined Yk nhs sludge supporting effects off the ¥ .~o1{ rd
and Aa3terden fintsaed vodtbtol ilz were appue wmstu.ly equal; x,m..t of a
satplz of the Arctecdam £1

,qmd voitol ol n"Op el Ly udcmﬂ thz m;i,n:'rn;i’.-
0il. to the rope cil befors woltollzetion, wes nerrly us gract

, It wne stobed th:d tae elsctricul. enorpy exiwnded ~nd tbe lencgih
of sima requirsd foc the srepacation was grestor 1 the wineral oll wes
addad to the pape oll bafoc. voltolization ther wes the cres when winsr L il
was added to tie vade oil in iieremeants duving the course of the scluwolinn
tion,
It was not debornna’ vhether thn less gy insoluble = 13 of

the rinighed voltold cil ra: u’ v eaua:d decrases:d cticking of fhe ni,ton

25 wes assunad oy mmais, Future work wes olanned but wov 3pred-d.
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