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‘Trenslation
SUMMARY
Investigations by Boessken end 8tnurmen have cateblished that 28€9
the pate of oxidation of wnsaturated hydrocarboms with peracetic acid
depends strongly on the hydrocarbon structure. The l-olefins, which are

the most valuable polymerization components in cracked distillates, are
_ cheracterigzed by en especielly gmall reactivity toward peracetic acid.

The present investigetion edvances the work done by the above-
nemed investigators by the dotermination of oxidation-rate constents. for
a number of pure olefing, The experinentel work and the preparation of
peracetic ecid are deseribod in this report. '

The data obtained for purs olefins were used in an iuvestigation
of the mixturss of wmsatarated compounds present in cracked distillates.
The course of each oxidation was depicted by a so-called oxidetion curvej
the pogeibdlity of numericel characterization of this curve was ascertained,

Oxidetion curves were obtained for a numbsr of diffsrent types of
cracked distillates (Belik Papan, Dubbs, B8.0.P., Rhenenie) aund for fractions
of these distillates, Tae results led to the following conclusionss

1. The structure of the olefins in cracked distillates is in- 2570
dicated by the oxidation curve obtained by the peracetlc :
acid method. Various cracked distillates can bs especially
well compared with respect to the content of l-olefins,

2, Comparisom of various Rhenemla cracked distillates indicates
that the oxidation curve does not provide an wmob§ectionable
eriterion of the quality of the distillate as & rav materigl
for polymerization, '
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I, Introduetion

Vapor-phase cracking of paraffin produces so-called eracked
dietillates, which serve es raw materiel for preparation of synthetic
lubricating oil by polymerization. These cracksd distillates consist
. mostly of wmsaturated hydrocarbons boiling betwsen 0. G, and 500 C.,
corresponding to moleoular weights botween about £0 and about 250.
With respect to the structure of the wnsaturated bydrocarboms, it is

known that by fer the best ere ths unbranched l-olefins and that the
next best are the unbranched 2- and 3-olefine.

In addition, depending upon the cracking feed and ths crack-
ing conditions, thers are present some olefins and diolefins of bremch--
ed md cyclic structuress also, some arometic hydrocerbons, chiefly
bengene derivatives.

Investigations by Sulliven (1), Eoch end Hilbereth (2) and
Zom (3) bave established that l~olefins, without branching et the
double bond, give mach better yleld and quelity of lubricating oil
on polymerigation than do the unbranched 2- and 3-olefins, whereas
oyoclic olefins and olefins with branching near the double bond sre
generally inforior feeds for polymerization. In condequence, the great
differences in suitability of cracked dlstillates from various sources,
for polymerisation to lubricating oil, are to bs attributed to differences
in the oontent of wnsaturated hydrocarbons of good, less good, end poor
structures. Howover, such differences do not accomnt for every variatiom

{A) F. %, &ullivan, Jr., V. Voorhees, A, W, Necley end R, V. Shenklend,
Ind, &lg. m@o, g__p 604 (1951).
2) H. Koch and ¥. Hilberath, Bremstoffchem,, 23, 67 (1942).
3) Zorm, Schrifton der deutschen Akademie ffir Imftfahrtforschmg
(Pnblioaticns of ths Gormen Acadewy for Asroneutical Research), 9, 7L(19%0).
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in polymerisation, for it is possible that smell emownts of catalyst
polsons may be of declsive influence. Nevortheless, the primary cop- 2378
dition for obtaining good rosults is a high content of normal l-olefinsp

congsquently, it is important to heve available a mothod for determiniag -
thie group of compomnds. 8o far as is knowm, such a method has not been
deseribed in the l:lterahxre. '

Sach 2 method - should meet, the following recmireaentm

1. The vesults should meke possible & reliablo estimate of the
content of normal l-olafins in comparison with other typea of
wsaturated eompounds.

2, The methed should be simple smd rapid.

Oomparison of tho chemical znd physical properties of normal
l-olefins with those of other monoolsfins indicated that the possibility
of finding a good basis for such a method was not great. The presencs
of diolefins and of aromatic hydrocarbons was unfavorable, and the large
range of molecular weights was a big obstacle. If narrow fractions were
to beo obtained to overcome these difficulties, the mothod would bs too
canbersoms in practice.

From the analytical viewpoint, the most favorable possibility
appsared in the differences found by Bosscken and Stowrmen (4,5,6)
in the rate of oxidation of various olefing by peracetic acid. %he
values compiled in Table I illustrate their findings for the rats of
omidation of pure olefing,

: : Zable T
: - ] QOxidation rate constent
Hydrocarbon Type (25.8 0), X x 105

* 1-Pentene . C=C~ ) 4.3 : '
1-Hexene 8 4,9
1.Heptens n 5.5

_ 2-Butene ~0=0- 93
2-Pentone ..o n 04
2-Hexeno ® 99
S-Hoxene u 129
2-Hothylpropene c=¢< v 92
2-Hethyl-f-butene ~0=0< 880

8 ) 2374
These data demonstrate that ths notmal l-olefing hsve u

mach smaller rate of oxidation then the normel 2- and 3-olefins. Also,
they show thet increase in the nuzbsr of alkyl groups a2t ths double -

4) J. Stuurman, Diss. Delft (1926).
B) J. Boesekem and J. Stuurmen, Proc. Aced. Sci. Amsteordum, 39, 2 (1936).
(6) I Boescken end §. Stuurman, Rece Trav, Chim,, 58, 1054 (1957).
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bond is acoompanied by & marked increese in the rote of oxidation.
 Finelly, they indicate thet the rato for each particular olefin

type 18 only slightly affected by the moleculer welght. These relative-

1y favorable indicetions suggested an investigetion of the poesibility

of deternining the typs of unsaturated compounds in cracked distillates

by measuring the rate of oxidation.

- I Qggaﬁ,og»meMmtev.-wlth:&x‘.e«ngm 8

1. The purpose of meking experiments with purs olefins wes trofold:
to develop the proper oxidation technique and to inorssse the available
data for the behavior of particuler typss of unsatureted hydrocerbons
in oxidetion with peracetic acld. . R

2. The invostliguted hydrocarbons were synthosized by Dr. G. Verberg,
partly for addition to the laboratory’s collection of hydrocarbons end
partly for the oxidation experiments. They wers purified before use by
caroful fractionation in a column of about 20 theoretical pletss. The
2. and B-olefins were mixtures of cis- end trens-isomers. From the ,
resuits obtained by Stuurmen, it was already known thet stereolsomeriem
hed apperently no greet influence on the rate of oxidetion. The investige-
tion of distillete Practions conteining verious storeoisomers did not seem
—to require separation of the cis- end trans-isomers.

8. Preparation of tho peracstic acid was by substentielly tho method
given by Stuurmens To a mixture of hydrogen peroxide having 2 concentra-
tion of zbout 45 psr cent end 5 weight por cent of concentrated sulfurie
gold in & round-bottomed flask was added enough acetic anhydride in smell
portions to react completely with the water end the hydrogen peroxide,
according to tho following equations: '

320 ‘s‘- (CHSGO)ZO ---—:~) 20“50003 R 2375
" HgDp % (CHg00) ;0 ~mnmend Gl 4000 § CH,COOOR

After each addition of acetic anhydride, the reaction mixture wes
‘thoroughly agitated. The temperature was continually observed; it wes not
peruitted to exceed 80 C., by regulating the rate of addition of acetic
enhydride, Cooling the flask with ice water made possible a satisfectorily
rapid rate of addition. :

Aftor 311 of the acetic anhydride had been ndded, the reaction .mix-
ture was allowed to come to room temperature and was tested for the presence
‘of acetyl peroxide (Caution{ Danger of exploston{), by adding 1 ml. of the
reaction mixturs to a gless-stoppered Erlenmeyer flask containing & asolution
of potassium iodide acidified with gulfuric acid. The following recctions

" occurred:
CH4CO00H § ZHI m&% I, § CHOOH § Hd
(cdg000),, & PHT ~BI9%3 T, ¢ 2CH;C00H
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' Accordingly, titration with 0.1 N thiosulfete in presence of
stprch determined the peracetic acid, end further titration of the :
fzfter-bluing” determined the acetyl peroxide. The amount of thiosulfate
required to titrate the afterbluing formed in an hour must not be more then
8 per cent of the amount required in the first titration. By the prepara.
tive method used; & lower afterbluing was alweys obtained, " -

The peracetic scld -was then vacuum-distilled in an all-glass
apnaratus. The pressure was so regulated that the distillation tempera.
ture wes 25-35 C. Higher pressures were attended by denger of explosion,
whereas much lower pressures mede condensation of the distillate difficult,
In order to retain the acetyl peroxide in the residue, the distillation
gshould not be carried too far, but should be discontinued eg soon ss the
volume hes decreased to a £ifth of the orlginzl wvolume, and the residue
should not be worked up further.

The distillate thus obtad.ned contains about 20 ) per cent peracetic
aeid end decomposes only very slowlyo

4, Tho oxidation experiments were mede also according to the method 2576
developed by Stuurmen. ALl eXperiments were carried out et 25 C in glacial
acetic acid as a dilution medium. The glacial acetic acid could conteain only
little water, to avoid decreasing the sclubility of hydrocarbons in the :
reaction mixture. Furthermore, a blank experiment had to be made to ascer-
tain the absence of oxidizable impurities. By fractionel distillation of
chemieally pure glacial acetic acid, a product was always obtzined that
satisfied these requirements.

The concentrations of the peracetic acid and the olefins were mede
as nearly equal ag possible and were alweys about 0,05 mols per liter.

: The det;armination of rate constants for the oxidation was as
follows:

- A weighed emount of olerin wes added to about 475 ml. of glecial
acetic acid in a 500-nl, volumetric flask, which was plzced in a thormostat.
After the contents had come to temperature, 10 ml. of peoracetic acid solu-
tion was added, and the flask was rapidly filled to the mark with glacial
acetic acid. The mixture was quickly made homogeneous by sheking, and the
first 50-ml. sample for titration was withdrerm. As the initial moment for
the reaction was teken the moment when the pipette conteining the perscetic
acid solution being added became half emptied..

. At predetermined times additionsl 50-ml. semples were withdrewn
end wers added %o Erlemmeyer flasks conisining potassium lodide solution acid-
ified with glacial acetic acid. The liberated ifodine was titreted with
thiosulfate in the presence of added sterch solution, As the reaction time
for the sample was teken the moment when the pipette became half emptied.

The initial concentration of the peracetic acid was not generally
determined separately, but was found by extrepolation. The amounts of thio-
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sulfate required for the first three titrations were plotted against the

" t4me; however, for fast rsuctions, 1t was better-to plot the reeiprocels of
the amounts of thiosulfate used. Almost strsight lines, which ecould be

resdily éxtrapdlatsd to’ t = 0y were obtained., .

The oxidation rate constents were calculatnd by the general eque-
tion for a bimolecular reaction: 2377

Kt = -lnbfe=)
: a-b a(b-x

in wh:lch t = time in minutes "
a = initial concmtration of peracetic acid in molaes ver liter
bs ® L olefin " n " L

Inasmuch as almost equivalént concentrations of the reactents wers
used, it wes adventageous to use the following aporoximate equation:

PR PR |

_ c~X ¢
in which ¢ = (s § b)/2.

5. The reosults of ths oxidation expsriments are summarized in Table 1.
They demonstrate the very strong influence of the structure of the olefin

on the rate of oxidation with peracetic acid. The rate constents found for
l-heptcne, 1,5-hexadiene and cyclohexene agree very well with the values given
by Stuuma;zo The value for 3-heptens is lower then thst found by Stuurman.

Table II
Oxidation rate congtant
Hydrocarbon _ Structural Formula (25 C.), K x10
1-Heptene  C0-C-C-C-C-C 5.6
2-Heptene G--C=C-0~C~-C-C s 02,3
3-Heptene C~0-C=0-C=-C-C . 94,3
1-Getadecene™ c=C-(C)15-C -3¢
1,5-Hexadiene ' C=C-C~C-C=C 8
2, 3~Dimethyl-l-butene c¢C
c=t-4-c 85,9
2, 3-Dimethyl-2-butene Y
’ C»Z-b«c 10500
| O
Cyclohexeane - ¢ % 128.6
6 ¢
\vd ;
C

Etiyleyclowl-pentene ¢ e - 3000
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These data showed thst the normal l-olefins are eharacterized 2873

by en emceedingly small reactivity toward peracstic acld, whereas the
normel olefins with more centrally loczted double bonds are considerably
more rapidly oxidized, with no grezt difforence being appareat between
2~ =ad 5~olefins. Intreduction of alkyl groups mesr the double bond
incroeses the oxldation rate markedly. The oxidation rate constent for
l-octedecene could not be Getermined with high accuracy Beceuse of the
low solubility of this olefin in glacial acetic ceid; nevertheless, the

result was in complete harmony with the supposition that the molecular weight
has 1little influence on the reuctivity. From the value obteined for 1,5«
hezadiens, the oxidation of this type of diolefin proceeds as for the nommal
l-clefins. o rats constents for cyclohexene end for cyclopentene {Stuure
mans K x 10° =.195) show that cycloolefins, even in the absence of side
chaing, ars rapidly oxidized.

The so-called oxidation curves are very helpful in indicating
the course of the oxldation for different types of structursa. These curves
show the concentration of peracetic acid in the reaction mixture, expressed
in nl. of 0.1 B thiosulfete used for 50 mk. of reaction mixturs, as 2 funetion
of time; see Figure l.. These eurves serve also for comparison with the results .
of the next-desorihed exper:lments, with eracked distillates of wvariouws kinds. )

111, Oxldation Rxperiments with Gracked Distillates

1. Qeoeral remarks follow on perucetic acld oxidati on of olefin mix-
tures, such es those nresent. in cracked ditill-tes.

The oxidalion curves for pure olefins of a given initiel concentra-
tion of the reactants form a family of curvss thut pass through the sese
point only at t = 0. With the help of the above-given eguation for a bi-
molecular reaction, en oxidation curve can be readily constructed for any
value of the rete constant.  For & mizture of compounds baving the game R370
oxidation-rate constents, the oxidation carve epproximates those for the
jadividnal compownds. For a mixture of compounds having different ozide-
tion-rate constents, the course of the reaction is less cleer, inasuw.i
ag the highly resctive components are completely converted in a short time,
end the course of the reaction in its later steges is determined by the come
pounds with réetively emall oxidetion-rate constants; consequently, the oxidatlon
curve diverges from the curves for the pure compounds, and 1ts shape depends
on the relative amounts end the E~values of the unsaturated compounds present.

Among the unsaturated compounds forming the major part of a cracked
gasoline there is a great variety of structurs types, which mems a great
pproad in the reactivity toward peracetic acid. For estimating the kind and
~ the smomnt of etructure types from the oxidatlon curve, 1t is fortmmate thot
" the differences in structure types lead to considerable stepwise changes in
the oxidation rate constent end that the especielly interssting normel l-olefins
form & distinet group having extremely low reactivity.

Inacmuch as differences in polymerization behavior mey be traced to
difforences in kind and amount of the structure types present, especielly
the content of normal l-olefins, thess might be correlated with the form of



Report 567-46

the oxidation curve. The possibllitvy of characterizing the shape of the
oxddation curve by numbere will be discussed later in section 5. Pre-
liminarily may be.considered the relationship of the shape of the oxidation
curve to the properties of the cracked gasoline.

26 Detormination of oxidation curves for cracked gasolines was under
the conditions used in the oxidation experiments with pure hydrocarbons, in
order to have a good basis for comparing results. That is; the oxidations -
were carried out in glacial acetic acid at 25 C. In order to simulzte having
almost equal concentrations of olefin &mnd peracetic acid (about 0,05 mole
per liter); the smount of crackad gasoline, which contsined saturated hydro-
carbons, saromatlc hydrocarbons, diolefins; etec., as well as monoolefins, was
so selected that the content of olefinic double bonds was equivalent to the £330
peracetic acid. The content of olefinic double bonds wes determined by
tho McIlhiney bromine-number method. It wes reelized that the desired gosld
was only epvroiimated, inesmuch as the MeIlhiney method hes several sources
of error, eapecially the fact that the double bonds of conjugated dlolefing do
not resct quantitatively with bromine. It would have been ideel to utilize the
van Westen hydrogen-number method (7), but this method requires a difficult
and time-consuming technique. Inasmuch as it was likely thnt smell amounts
of sulfur and oxygen compounds present in the cracked gosolines rescted with
peracetic acid and that the titration of peracid in the reaction mixture was
likewise attended by an error owing to the rather strong afterbluing, the
MeIlhiney method appeared sppropriate. For ordinary cracked gesolines, the
errors introduced by the use of this method and by the presence of oxidizable
nonhydrocarbon compounds were not expected to be so large as to disturb the
general course of the oxldation.

)

3. Comparigon of oxidation curves for several different types of crach.
ed gasoline was made, using the 90.-100 C. fractions obteained with a column of
20 theoretical plates from the folloming cracked gasolines: «

a, Belik Papan cracked distillate. Inesmuch as crocked distillates
) of this type ars cheracterized by e high content of normal 1-
clefins, the 20-100 C. fracticn sheuld be chiefly l-heptene.

b. Dubbs cracked distillate. Considsrable amounts of 2- and 35~
olefing could be expected, and also some c¢ycloolefins; howsver,
becanse the nature of the raw material cracked was not known,
nothing about the letter could be pradicted.

.(:‘o U.0.P. catalytically cracked distillate. Inesmuch s the crack-
ing catalyst has a strong isomeriamg activity, a consideresble
emount of brenched 2- wnd 3-olefins would be expscted.

The oxidation curves presented in Flgure 1 indicrte the influence 2261
~ of the structure of the unsaturated compound on the shape of the curve. Con-
parison with the curves of Figure 2 indicates that Balik Papan cracked
distillate approximates a pure l-olefin, although it doubtless contains slso

(7) H. A, van Westen, Diss. Delft (1931).
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compounds of higher reactivity. Dubbs cracked distillate contains large
amomts of roactive olefins. The rapid decline at ths beginning of the
curve is o be attributed to the presence of normal 2- or 3-olefins or
cycloolefins with side cheins, After ebout & hours, the rate of oxid=tion
becones far less then that for normel 2- or 3-olefins, indicating definite-
ly that this cracked distillate contains also & considerable amount of
normal l-olefin. The catelytically cracked distillate, as was expected,

is much more repldly oxidized than 15 the Dubbs gosoline.

4, g_:g.ggtiog. experiments with Rhenenis eracked distilletes.

First wers obteined oxidation curves for some fractions from Rhenanla

crackad distillate V 1118, which were isoleted with a colum of 22 theoretical
pletes. The distillation curves for gasolines preparsd by vepor-phese crack-’
ing of paraffin elweys had more or less distinct plateaus beceuse of the
relative abundence of normel olefins (especislly the l-olefins). In the
transitional reglons between these ploteaus, olefins with side chains or

with cyclic structure appeared predominant. In conssquence, an attempt

nes made during the fractionation to separzte the plateau frections from

the transitional-region fractions, in the expectation that the former

would differ from the latter in a much smaller rate of oxidation with

~ peracetic acid. Comparison of the fractionation curve (Figure 3) with

the oxidation curve (Figure 4) shows that this expectation wee fulfilled.

The initial very rapid reaction rate for Fractions 3 and b shows the pre-
sence of highly reactive components in the cracked distillate, Thus, from
the standpoint of polymerization, the undesireble components had been con-
centrated in the transitional-reglon fractions. C .

Comparative experiments were also made with Rhenania cracked 2382
distillates V 1168, V 1189, V 1190, end V 1191, According o Prof. Zerbe's
dete, V 1190 had showm very unsatisfactory polymerization proverties; the
other cracked distillates hed given good polymerization results. The oxide-
tion eurves-of Figure 5 ylelded no explanation of the divergmnt behavior
of V 1190, The oxidation curve for this materiel falls practically on that
for the good cracked distillste V 1189, end its differences from the curves
for the other cracked distillates cennot be considered importent. (It should
Le noted that ‘he scale forthe verticel axia is twice-zs large as for the
earlier figures.) ' .

Inagmuch as the Rhenania products did not heve ldentical contents
of wolatile components nor identical cnd points, the oxidations were repented
for the 75-150 C. fractions obtained by fractionation of the cracked distillates
in & columa of 12 theoreticel plates.

The oxidation curves for these fractions, in Figure 6, show a gome-
vhat lerger spread then those for the total cracked distillates. Although
¥ 1190 again showed the highest reactivity, V 1183 hnd the smallest oxide-
tion ratae. , .

From the oxidation experiments it cen be concluded that cracked
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- digtillate V 1180 has a somewhat higher content of undesired components

then the other Rhenania products., The difference in the oxidation curves,
however, is so small as scarcely to account for the grest differemnce in .
polymerization behavior. From the curves, 1t epoears that the rasotivity of
a Rhenanie product is alweys greater than thet of a Balik Papen eracked
distillate. : o

Further investigation, using fractions obtained with a column
of 100 theoreticel platss, revealed no differences with regerd to sither
oxidation behiavior or physical properties that indicated eny considerable
deviation in the composition of ¥ 1180. It appesrs thet tho expeptional
polymerization behevior of V 1180 should be attributed to the presence of
a amell amount of some catalyst polson. An oxidation curve obviously does
not help In dotecting such a poison, especielly if it rsacts rapidly with
peracetic ecid, : _

) 5, Characterization of the form of the oxidation curve of a cracked 2785
distillats, as by dietinguishing numbers, would be very helpful in practical
application of the peracetic acld method. For this purpose, it would be
desirable to work as fer as possible with a particular initisl conecentration

of 0,06 mole per liter. -For ascertaining the course of the curve, one

could give the concentration of peracetic acid (expressed in ml, of 0,1 N
thiosulfate required for 50 ml. of reaction mixture) at a number of agreed-

upon times. - .

: ' Theoroticelly, characterization according to the contents of &
fixed number of structure types would be satlsfactory. in attempt along this
line might be realized in the following mamner: Although the unsaturated com-
pounds present in cracked distillates are imperfectly known as to tyve end as
to reactivity with peracetic acid, they cen be preliminarily classifiod
into three classes; ,

a, Slightl r ctive ounds, including l-olefins with no brenches
near the double bond, :

b. Moderately reactive compounds, including 2- and 3-olefins
without branching at the double bond, l-olefins with branch-

4ng near the double bond, end cycloolefins without aliphetic

side chains., !

c. Stropsly resctive gompounds, including 2- eud 3-oiefins with
branching at the double bond and cycloolefins with aliphatic
slde chains. ,

If for each of these classes a medisn value is taken for the oxide-
tion rato constant, such as K x 105 @ 5, 100, and 2000, oxidation curves could
be calculsted for all possible mixtures of the three corresponding hypotheticel
components. By comperison of en actuel oxldation curve with the series of -
calculated ones, & classificetion of the cracked distillate would be readily
possible. HOwever, the celeulation of the theoretical curves would involve
a system of simultaneous equetions that could not be solved exaotly, so thet
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the working up of the duta would require mch tine,

. Of courge, it would ba poseible to detormine the series of curves
through oxidation experiments vith temury mixturss of components having
the necessary resctivities, but in view of the laboratory?s unfovoreble
potagsiun lodide situation and of the foct thut the oxidation curve for a
Rhenania cracked distillate is no oritorion of its polymerization quelity,
such & development is bsing left undone. 2384
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