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PREFACE

The composition of finished lubricating oils produced at the
Kansas City Refinery of Phillips Petroleum Company has been investigated.
The method used was structural group analysis, This method enables the
composition of an oil fraction to be expressed in terms of ring content
and the distribution of carbon with reference to aromatie, naphthenic
and paraffinic hydrocarbon types. The oils subjected to the analysis
were as follows:

l., Finished SAE 10 stock
2, Finished SAE 20 stock
3. "Special extract oil" - An oil rejected

from the phenolic extract of 20 stock

by the addition of water.
4o Finished SAE 50 stock
5. Finished SAE 250 stock
6. An extra heavy finished oil (590 SUS @ 210°F)

Each of these oils except the SAE 10 stock and the "special extract
0il" was fractionated by molecular distillation, The SAE 250 stock was
also fractionated by solvent extraction with both phenol and propane.

The molecular distillation fractions of this stock were further
fractionated by silica gel chromatography,

Several samples of finished oils were prepared from a raw West Texas
20 stock and represent varying degrees of solvent refining.

All the above fractions of oils were analyzed to determine pertinent
physical properties and their structual characteristics caleculated,

The author wishes to express appreciation to the Phillips Petroleum
Company for permission to publish this paper and to Dr. W. N. Axe of
Phillips Petroleum Company for his helpful comments and constructive

criticisms,
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I, INTRODUCTION

During the past 30 years considerable progress has been made
toward elucidation of the composition of petroleum hydrocarbons dis-
tilling below the lubricating oil range. With the development of new
techniques of separation and analysis, work of this nature is being
extended into the heavy oil range by most petroleum laboratories and
certain universities, It would appear to be a truiasm that the more that
is known about the composition of petroleum, the more progress is made
toward conversion of petroleum to useful products. Thus, in the field
of light hydrocarbons, where the knowledge of composition is most firm-
ly established, conversion and separation techniques have developed
phenomenally. In this respect, progress in lube oil refining has been
something less than sensational with no new developments during the
last decade or so.

Considering the present state of affairs in the field of petroleum
lubricants refining, a basic objective of the present work was to gain
some knowledge about the constitution of refined lubricating oils pro-
duced at the Kansas City Refinery of Phillips Petroleum Company, There
are at least two points of interest in this plant that could render its
lube stocks constitutionally different from the products of other
plants, Thus, lube stocks heavier than SAE 20 are prepared by propane
fractionation, namely: SAE 50 and a fraction having a nominal viscosity
of about 205 SUS @ 210°F referred to in this report as SAE 250 stock.
The crude supply to the lube plant comprises a blend of West Texas and

a typical Mid-continent oil. The former lube crude is of interest



because of its high natural viscosity index, low wax content coupled
with physical properties indicative of a low grade lube stock.

A secondary objective, but one which has received major attention
in this work, was the examination of the extremely viscous lube stocks,
Because of viscosity considerations these so-called bright stocks have
limited usefulness as lubricants as such and are primarily used as blend-
ing stocks with oils of lower viscosity. In addition to providing ob-
viously viscous protection against high cylinder and bearing temperatures,
bright stocks have a salutary effect on oxidation stability. Constitu-
tional studies may throw some light on this subject. In many refineries
and Kansas City particularly oils of high viscosity (ca 600 SUS @ 210’?)
are currently being disposed of as asphaltic products., Constitutional
studies here may be useful in up-grading potential fractions as lubri-
cants or chemical raw materials,

While the lube refining art has been substantially static, service
requirements for lubricants have progressed rapidly in recent years, Ful-
fillment of modern performance standards has been by the additive route
which in turn poses problems that may ultimately be explained by a more
thorough knowledge of constitution of base oils. For example the response
of a given base oil to a given additive is at present unpredictable, This
in effect means that conventional parameters such as viscosity, viscosity
index, VGC and the like do not adequately characterize the lubricant from
a chemical standpoint.

The experimental approach used in this work involved application of
the n-d-m method of ring analysis to commercially prepared plant oils
as well as to laboratory fractions of plant oils, Fractionation tech-

niques employed were: molecular distillation, propane fractionation,



phenol extraction and silica gel chromatography.r No effort was made to
achieve exhaustive fractionation in this work, but rather reliance was
placed on ring analysis data to indicate the type of separation and the

general trend in chemical composition of the various fractions,



ITI. THE STRUCTURE OF LUBRICATING OILS

The Complex Structure of Oils

The portion of petroleum commonly called the lubricating oil
fraction is of extremely complex character, Numerous investigators in
the past have reported work concerning the constitution of lubricating
oils, None of this work however has led to the isclation of a single
pure compound. Up to the early 1930's, results of various types of
analyses of lube oils were reported by means of empirical formulas,

Mabery(9,10)

obtained high boiling fractions of Pennsylvania, Canada,
and California oils and found them to have empirical formmlas ranging
from about C, Hpp to about CpHy,_g, the proportion of hydrogen decreas-

ing with rise in boiling point. Later Mabery (11,12) fractionated, by
extraction, various crude oil residues not volatile at 300°C and 30
millimeters of mercury pressure, He obtained some fractions very low in
hydrogen (anQn-zo) and reported molecular weights as high as 1700,

smith(17)

subjected topped, dewaxed, and steam distilled crude oil to
successive extractions with acetone and determined the physical proper-
ties of the fractions. He found that the fractions poorer in hydrogen
were more soluble as were those of low molecular weight., Molecular
weights varied from 300 to 900 and empirical formulas from C Hy o to
Cpflon-ge

A great deal of work has been done in the last twenty years at the
Bureau of Standards under API Project 6 (Director: F. D. Rossini)., A
part of this project was concerned with the chemical constitution of the
lube fraction of a mid-continent (Ponca City) petroleum, This oil was

separated into a great number of fractions by distillation, extraction,
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adsorption, and crystallization. Several of these fractions were anal-
vzed completely with respect to both size and type of molecules present,
Rossini points out that, in terms of significant amounts, every hydro-
carbon in the dewaxed and deasphalted fractions contains one or more
naphthene rings, This is to say that there are no purely paraffinic
hydrocarbons in these portions,

Kapff, Bowman, and Icnqq (8) carried out an extensive investigation
of a Pennsylvania lube oil stock. Fractionation was effected by dis-
tillation and extraction. The physical properties of the fractions and
their chemical constitution as calculated by Waterman's method are re-
ported, This work again brings out the complexity of the molecules in
the lube oil range, All the fractions contained paraffinic, naphthenie,
and aromatic carbon atoms,

The investigations of the chemical constitution of lube oils reported
to date indicate the apparent hopelessness of splitting the heavier petrol-
eum fractions into individual components, Since the identification of
pure compounds in lube oil fractions is practically impossible, the next
best method of expressing composition is in terms of aromatic rings,
naphthene rings, and peraffin chains, Several methods for this type of
analysis have been developed, a few of which are mentioned in the follow-

ing section,



III. METHODS OF DETERMINATION OF STRUCTURE

One of the basic ideas underlying structural group analysis is the
conception of an oil molecule being complex in structure and hence complex
in properties, Heavy hydrocarbon molecules may contain (frequently do
contain) aromatic as well as naphthenic rings and paraffinic side chains.
This is reflected in their physical and chemical properties, For in-
stance, the viscosity and viscosity index of such hydrocarbons will to
a large extent be determined by the relative quantity of each structural
element, The same is trude for the behavior of these hydrocarbons in
physical separation processes such as solvent extraction and adsorptive
percolation. Since these complex molecules cannot be described as
either aromatics, naphthenes, or paraffins it is logical that their
composition should be expressed in terms of structural fragments, A
complete structural analysis consists of the following data:

Mean total No. of rings per molecule
Ry Mean No, of aromatic rings per molecule
Ry Mean No, of naphthenic rings per molecule
%gR Percentage of total carbon in ring structure
%CA Percentage of total carbon in aromatic ring structure

%GH Percentage of total carbon in naphthenic ring structure
#Cp Percentage of total carbon in paraffinic structure

This section on "Methods of Determination of Structure"” is taken
in part from the book "Aspects of the Constitution of Mineral 0ils" by
K. van Nes and H. A, van Hasten(ls). The nomenclature used by those

authors has also been employed in this report.

A, The Direct Method
The most fundamental structural group analysis is that made with

the "Direct Method®, This method is based on molecular weight deter-



mination and ultimate analysis of the oil fractions before and after
hydrogenation. This allows the direct determination of Ry and #C, with-
out employing any correlations between physical constants and chemical
composition., This procedure serves as a basis for all existing methods

of structural group analysis, The precision of the direct method is as

follows:
TABLE I
PRECISION OF THE DIRECT METHQOD (2)
#Cy + 1,0 Ry # 0,04
oy x 1.7 Ry % 0,07
#Cp % 1.3 Rp + 0,05

Because of the fundamental importance of the direct method it is
discussed herewith in some detail, The method consists of determina-
tion of the number of rings, Rp, and percentage of carbon in aromatic
structure, %C,, by means of ultimate analysis and molecular weight de-
termination before and after hydrogenation. This procedure must be
supplemented by the assumptions (1) that olefins are absent and (2)
that a mean ring type describes the ring structure,

Upon straight hydrogenation of an olefin-free oil fraction, the in-
crease in hydrogen content is an exact measure of the total amount of
aromatic carbon atoms present. Each aromatic carbon atom takes up one
hydrogen atom, Assume that the empirical formula of the hypothetical
"mean molecule®™ of the original oil fraction is Gcﬂh and after hydro-
genation C Hy'., These formulas are derived from ultimate analysis and
molecular weight determination before and after hydrogenation, Then
h' =h hydrogen atoms are taken up per molecule, which equals the number
of aromatic carbon atoms per molecule in the original oil fraction.

Thus for the percentage carbon atoms in aromatic structure we have:



%, = B==B (100) (1)

Now let C = % carbon and H= % hydrogen and assume that no foreign atoms
are present, Then C=100-H

MH 1
Sincec=I2H—g-i-,hlm,andh'-m where M is the mean

molecular weight and the prime indicates the hydrogenated state, it fol-
lows that:

VHY MH
%Gas %J:é- (100) H{100-H) (2)

This formula holds good only in the ideal case when the oil does not
contain foreign elements and when no cracking or ring opening takes place
during hydrogenation,

Now let us assume a hydrocarbon with h hydrogen atoms and ¢ carbon
atoms having the formula C.H,. If the molecule is a paraffin (non-
cyclic and saturated) we know that:

h=2c+2
A hydrogen deficiency in the absence of unsaturated bonds can only be
caused by the presence of rings, Now the deficiency in hydrogen is de-
fined as the factor 2p so that

h=2¢c+2=2p (3)
For the molecular weight we may write generally:

’ M = 12,010c + 1,008h (4)

and for the percentage hydrogen (H) in the compound:

H = 1,008n 230 (5)

After eliminating ¢ and h from (3), (4), and (5) we find for the hydro-
gen content of the compound:

H= 1437 - 172,6 B (6)
This relation is not only applicable to the hydrogen content of indi-

vidual hydrocarbons but also holds good for the hypothetical "mean



molecule” of a mixture of hydrocarbons, as encountered in oil fractions.
For a saturated hydrocarbon the hydrogen content is an exact measure
of the number of rings, because each ring involves a reduction by two
hydrogen atoms, This is true regardless of the number of caron atoms
per ring, and whether or not the rings are condensed, For any saturated
hydrocarbon with the overall formula C H, containing Ry rings, the rela-
tion, h= 2¢ + 2 = 2 RN’ holds good because each rfng closure gives rise
to the loss of two hydrogen atoms, This means that p in equation (3)
equals Ry, so that equation (6) can be rewritten to give equation (7).
H= 14,37 - 172,6 R_%‘.l (7)

As the hydrogenated sample is supposed to consist of only satur-
ated hydrocarbons, we can calculate the mean number of niphthene rings
(Ry) present in the hypothetical "mean molecule" of the hydrogenated
0il fraction from equation (7). Thus the exact mean number of naph-
thene rings per molecule in the hydrogenated oil can be found from the
average molecular weight (M') and the percentage hydrogen (H') in the
hydrogenated oil fraction, This ring number is the sum of the mean num-
ber of aromatic and naphthene rings per molecule in the original oil
fraction which can be expressed as Rp, the mean total number of rings.
Rewriting the above formula (7) we have:

By 1+ MLl =) (8)

The above procedure is a fairly simple and exact way of deter-
mining the percentage of carbon in aromatic rings (%C,) and the mean
total number of rings per molecule (RT)' From these two data the
analysis of an oil sample may be deduced, namely:

(a) Determination of carbon distribution (%#C,, #Cy, and #Cp).

Conversion of ring number (Rp) into percentage carbon in



ring structure (%GR) requires an assumption on the type of
rings present: condensed or non-condensed, and the number
of carbon atoms in a naphthene ring.

(b) Determination of ring content (Rp, Ry, and Ry). Conversion
of the percentage carbon in ring structure into the mean
number of aromatic rings per molecule (R,) also requires an
assumption on the type of rings present, in particular as
regards the extent to which rings are condensed,

10

The choice of the kata-condensed six-membered rings as a basis for

calculation, although somewhat arbitrary, is the most obvious as long
as methods affording a better insight into the real character of the
rings are lacking. The supposition seems reasonable as the kata-
condensed six-membered rings can be seen as average in mixtures con-
taining different types of polycyclic series, The assumption essen-
tially means that two groups of molecules are supposed to counter-
balance each other, that is the molecules with more and the molecules
with less than the number of ring carbon atoms in corresponding mole-
cules having condensed six-membered rings. Thus, concerning the
aromatic molecules the assumption means that peri-condensed molecules
(containing fewer carbon atoms per ring) and polyeyclic non-condensed
molecules (containing on an average more carbon atoms per molecule)
are supposed to counterbalance each other,

Let ue distinguish "substantial" rings, which contain six carbon
atoms per ring, and "additional" condensed rings, which are supposed
to contribute four carbon atoms per ring. We define R as the average
total number of rings per molecule and RS as the average number of
substantial rings per molecule. If an individual hydrocarbon contains

only six-membered kata-condensed or non-condensed rings the number of
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ring carbon atoms pef molecule R is given by the equation:
I
: °R=4R+2RS

The percentage of carbon in ring structure, %CR, can be found from the

equation:
| _ 100 (/R + 2Rg) _ 2R + R
#Cy = : = 240200 E_(iﬁé'-'lﬁ (9)

where ¢ is the number of carbon atoms per molecule, For mixtures

(such as oil fractions) we start from the two cases where Rg follows
directly from R, In the case of mixtures of non-cyclic and mono-cyclic
hydrocarbons we may state: R § 1 and RS.= R. In the case of mixtureg
of eyclic compounds (provided that in each of the polycyclic components
all ringﬁ are kata-condensed to each other) we may state R @ 1 and
Rg= 1, For these two cases equation (9) is transformed intos

IrrR & 1 R=g; U §188-H)

IfR » 1 R = %0 lz,isbg'-u(o)g_m - 1/2

The above relations hold good for both haphthene and aromatic rings,

(10)

Moreover, they hay also be applied to mixtures containing these two
types of rings in kata-condensed six-membered arrangement side by side,

Thus, for the mean number of aromatic rings per molecule, Ry, we haves

forR £ 1 Ry = %0 Lot

forR > 1 Ry = %G, Mzé%%%éﬂl -1/2

(11)

The value of the mean number of naphthene rings, Ry, can now be
calculated from the relation
Rp = By + By
The values of the percentage of carbon in naphthenic ring struc-
ture, #Cy, and the percentage of carbon in paraffinic structure, %Cp,

calculated from the following relationss



12

%p = #Cx + #Cy
and

#p = 100 - %Cp

‘The ideal case described above is not wholly realized in practice

because some cracking may teke place during hydrogenation and because
experimental errors are involved in the measurement of H, H', M, and
M!., These errors may find expression in a decrease of the mean number
of ecarbon atoms on hydrogenation (¢'> ¢), so that the inerease in hy-
drogen content is notbreflected by an increase in molecular weight as
required by the following equation:

M'-M = (h'-h) 1,008 = MIH!-MH (12)
100

A relatively simple correction in the formulas is possible by assuming
that the molecular weight decrease during hydrogenation is caused by

splitting off CH2 groups, Instead of equation (1) we get in that cases

%0, = ihi:hl_i_gﬁglzgl (100) (13)

Thus, formulas (2) and (11) for the calculation of #, and Ry respec-
tively may be corrected by replacing

MVH! - MH . MIH! = ME . GIM'-CM
MUH! = MH _sip -2
T.008 " 1.008 12,01

An additional correction is necessary because of the presence of
a small percentage of‘foreign elements in the original oil fraction,
Errors due to the presence of these forelgn elements are suitably sup-
pressed by measuring, as well as H and H', the percentage carbon be-

fore hydrogenation € and after hydrogenation C!,

B. The Waterman Analysis

The "Waterman ring analysis" was one of the first of the simpli-

fied methods (19’20). Thig method requires only the determination of
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moleéular weight, aniline point, and specific refraction. The structur-
al group analysis is arrived at through the use of experimentally de-

rived correlations and the determined properties,

€. The n-d-n Method

The ®*ne-d-m" method of étructural group analysis is one of the most
recent devélopments. The method is completely described and discussed
by van Nes and van Westen in their book "Aspects of the Constitution
of Mineral Oils”(ls). This method requires the determination of refrac-
tive index (n), density (d), and molecular weight (m). The carbon dis-
tributioﬁ and‘ring content are calculated directly from these constants
by tﬁé use of formulas or nomographs, The n-d-m method waé selected
for use in this investigation for two reasons, (1) the relative ease of
obtaining the necessary data, and (2) demonstrated reliability when
checked against the so-called "direct method", The oils used in the
development of this method were obtained from five crude sources:
1, Borneo -~ aromatic naphtheniec
2+ Venezuela - medium grade
3. Oklahoma - Nowata

4e Caucasian - paraffinic
5.. Pennsylvania = paraffinie

Thirty-four oil samples were carefully prepared and subjected to the
rigorous direct method, The moleéular weights of these samples ranged
from 194 upwards, This provided correlation data for the rapid n-d-m
method, The method has been validated for solvent extracted samples,

distillation samples, thermal diffusion samples, and mixtures of widely

variable crudes,



- TABLE II
DEVIATION OF n-d-m (70°C) DATA FROM THE "DIRECT_METHOD“ DéIé(lg)
%y + 1.2 By & 0,05
#Cp and #Cp, 3 1.7 Rr £ 0,11
TABIE ITI
REPRODUCIBILITY OF THE n-d-m weHoD 18

%€y = 0.8 Ry = 0,06
N = 1.8 RN - 0014
%Cp and #p = 1.6 Rp = 0,12

The validity of the method has been proved(ls) for oil fractions
with up to 75 per cent carbon in ring structure, insofar as the per-
centage of carbon in aromatie structure does not exceed 1,5 times that
in naphthenic ring structure. The validity has also been proved for
0oil fractions containing up to four rings per molecule with not more
than half of them aromatie, Application to paraffin waxes gives ac-
curate results, As far as is known the method is also suitable for
application to residual oils. The method can also be used for samples
containing up té 2 per cent sulfur, 0.5 per cent nitrogen, and 0,5
per cent oxygen.,

The effect of these elementé has been neglecte& in this work,
Available data, shown in:Table IV, show them to be present in less than

vcritical amounts in the finished oils.

TABLE IV

SULFUR, NITROGEN, AND OXYGEN CCNTENTS OF SOME OILS

STOCK % 8 % N % 0
SAE 50 0,15 0,01 | -
SAE 250 0425 0,05 0,27

Extra hesvy 0,28 0415



IV. THE CONSTITUTION OF KANSAS CITY OILS

A, General Influence of Refining Procedure:

The refining procedure used to prepare a series of finished lubrif A
cating oils from topped crude has an effect on the éonstitution of these
oils, At the Kansas City Refinery the following procedure is employed
to obtain the various grades of oil from topped erude: Topped crude is
charged to a vacuum distillation unit and the gas oil, raw SAE 10, and
raw SAE 20 stocks are removed as overhead product, This overhead prod-
uct is charged to a second vacuum distillation unit and the gas oil re=
moved as overhead product, the raw SAE 10 removed as a side stream, and
the raw SAE 20 as the bottoms product, The bottoms from the first
vacuum distillation unit are designated as Vacuum Reduced Crude and
contéin raw SAE 50, raw SAE 250, raw oil heavier than SAE 250, and
asphalt, These hottoms are subjected to two successive counter-current
extractions with liguid propane, Raw SAE 50 is obtained as overhead
product from the first extraction and raw SAE 250 is obtained as over=
head product from the second extraction. The bottoms (propane insolu-
bles) from the seeond exﬁraction are made up of heavy oil and asphalt.
The raw SAE 10, 20, 50 and 250 oils are each extracted with phenol in
a counter-current column to improve viscosity index and color stabil-
ity. These phenol extracted raffinates are theﬁ each solvent dewaxed
by use of liquid propane, These dewaxed oils are called finished oils
and the term "SAE®™ has been applied to them in this report. "SAE" as
used in this report does not refer to commercial blended oils.

The extra heavy oil (heavier than SAE 250) which is included in

this report was prepared at the Lube 0il Pilot Plant in Bartlesville

15
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fng“the bottoms»from_the sﬁgpn@vpropang extrac?ipn of VaguumuReducedr
' Crude gﬁ the Kapsas»City Refinery.v Progessing consisted of the follow-
ipg: propané extraction yielding raw extra heavy oil as overhead prodf
uct_and asphalt as the bottoms; phenol extractién of the raw éxtra heavy
oil; and solvent (methyl isobutyl ketone) dewaxing of the raffinate from
the phenol column, This dewaxed oil is called finished extra heavy oil,

The above mentioned refining processes effect separations in the
following ways:
Vacuum Digtillation

Separation by vacuum distillation takes place according to volatil-
ity, 4 narrow boiling fraction may contain compounds having a wide
variety of molecular weights. In a given fraction the higher molecular
weight molecules will be of & paraffinic nature and the lower molecular
weight molecules will be of a more aromatlc character, Thus, the re-
fining procedure causes the raw oil fractions to be in order of increas~
ing volatility, gas oil, SAE 10 stock, and SAE 20 stock, Other proper-
ties of these oils that in general increase along with volatility ares
viscosity, molecular weight, and specific gravity.

Propane Fractionation
(15)

Evidence has been presented indicating that propane fraction-
ation separates with respeet to both molecular weight and molecular
type and>that the sharpest separation is with respect to viscosity.
Propane tends to be selective for pargffinic molecules of low molecular
weight, However, if aromatic molecules of lower molecular weight are
preségt they will also dissolve in the propane., Thus, it would be ex-
pected that of the three stocks obtained by propane fractionation of

vacuun reduced crude the raw SAE 50 would have the lowest molecular

welght, the lowest viscosity, and would be the most paraffinic., The
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aromatic molecules will tend to be found in the raw SAE 250 and even
more so in the raw extra heavy stock.
Phenol Extraction

Thevfunction of phenol extraction of the raw oil stocks is to
improve their quality by removing the low viscosity index aromatic con-
stituents.\ These constituents are selectively dissolved by phenol under
_proper conditions, This separation is also influenced somewhat by
molecular weight as after the low molecular weight aromatics have been
dissolved, some of the lower molecular weight paraffins will begin to
dissolve along with higher molecular weight aromatics., The selectivity
of phenol also decreases somevwhat as the molecular weight of the oil
stock increases.
Solvent Dewaxing

The dewaxing process effects removal of high melting constituents
to a degree such that the pour point of the dewaxed oil is about 0O°F,
The wax removed is of a highly paraffinic nature, This slack wax how-
ever.is not oil free and may contain as much as 20 per cent or more of

0il which is essentially the same as the dewaxed oil.

B. General Influence of Crude Source:

The various grades of finished oils produced at the Kansas City
Refinery have been subjected to structural group analysis, An important
point which should be kept in mind is that these oil gamples were not
all taken from the Lube FPlant at the same time and therefore are not all
deriﬁed from the same crude mixture, The following table shows these

differences of crude source,
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TABLE

CRUDE_MIXTURES FROM WHICH THE LUBE STOCKS

o _ Crude Mixture, % Vol,
Lube Stock - Mid Continent "A®™ Mid Continent "B" West Texas

SAE 20 (#2) =~ 50 ' 50 0
BSpecial extract oil" 50 50 0
SAE 20 (#1) 27 27 L6
SAE 50 27 27 46
Extra Heavy , 25 25% 50
SAE 10 20 20% 60
SAE 250 (4) 20 20# 60
SAE 250 (B) 20 20% 60
SAE 250 (C) 20 20% 60

‘ # Mid Continent "C®
These data show that the SAE 20 (#2) and the "special extract oil" are
from a substantially different erude mixture than the other stocks., Ana-
1ytical data on the SAE 20 (#2) and the "special extract oil® (see Table
ViI) show the latter to contain about three times the amount of aromatie
carbon as SAE 20 (#2).,  The "special extract oil" contains less paraffiniec
carbon and about the same amount of naphthenic carbon., This "special
extract oil" represents about 30 per cent of the oil contained in the
phenolic extract solution obtained by phenol extraction of raw SAE 20
stock. It is evident that the extract oil is mmch moré aromatic than the
SAE 20 étoék, and that phenol acts as a selective solvent primarily for
aromatic molecules, _

A comparison of SAE 20 (#1) and SAE 20 (#2) (see Table VII) shows
that the former has a higher density, viscosity-gravity constant, and
refractive index, but that both have about the same viscosity index. This
Would?indicate that SAE 20 (#1) has a higher percentage of ring ecarbon,
The structural group analysis is in agreement with this conclusion, This
ﬁeans that the addition of Ellenberger topped crude to the Kansas City

Lube Plant charge stock caused an increase in the aromaticity of finished
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SAE 20.st9gk.(and probably the other sto¢ks_as.qe};),iilr . o
The transition from an all Mid Continent erude blend (1:1 Mid Conti-
nent "A" - ﬁid Continent "B") to an all West Texas‘crﬁdg is reflected in
the abridged ring-analysis data given in Table VI for finished 20 atocks,
IABLE VI

EFFECT OF FINISHED 20 STOCK OF BLENDING

WEST TEXAS CRUDE WITH MID CONTINENT CRUDE

% West Texas VI¥* of
in‘Crude finished

_Migtwre  20stock Ry Ry By o & Ky Kp
0 97 1494 0425 1469 340 75 26,5 66,0

46 96 2.00 0443 1,57 36,0 10,1 25,9 64,0

100 91 2s30 0.94 1,36 35,0 17.8 17,2 65,0
100 104 2,06 0,57 1,49 31,9 1l.,1 20,8 68,1

% Kinematic Viscosity Index, ASTM Designation D 567-41 (reference 1)

Further study of thg‘dgta‘cogtained in Table VII shows that as oil
viscosity increases, the molecular weight and the mean number of rings
per molecule (RT) also ihcrease. The percentage of carbon in ring struc-
ture (%Cg) follows a soﬁéwhat difference pattern, It is essentially eon-
stant at about 35 per cent for the distillate oils (SAE 10 and SAE 20),
drops to 26 per cent for the SAE,5O stock, increases to about 30 per Eent
for the SAE 250 stock and to 34 per cent for the extra heavy oil, The
percentage of aromatic ecarbon (%QA) also follows this pattern. This means
that the SAE 50 stock isnthefmostﬂparaffinic 0il produced at the Kansas
City Lube Flant.

Bowman(s) fractionated a Pennsylvania lube stock (comparable to topped
crude) by distillafion and’ reported resﬁlté.of the followiﬁg nature: As
the molecular weight (ahdiviscosity) increases, the percentage ofbcarbon
in ring structure (%Qa)fdecreases slightly and the percentage of aromatie

carbon (%G, ) increases.:“This difference between the pattern of (%QA) for
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@he_Kansgs Qity oils and the Pbpnsylvania oil is probably a result of the
propane fractionatiqn prchss employed in refining the Kansas.City oils,
Propane exhibits some selectivity as to molecular typg_wbile distillation
sgpgrgtesmby vqlatility. This would cause an SAEV5O stock prepared by pro-
pane frgctignat@on pf 8 distillation_residue to be more paraffinic than an

SAE 50 stock prepared entirely by distillation.

G, Molecular Distillation and Structural Analygsis:
~ The following finished oils were each separated into three approx-
imately equal fractions by molecular distillation: SAE 20 (#1), SAE 50,
SAE 250 (&), and the “extra heavy" oil, Laboratory inspection data and
the structural group analysis were determined on each fraction, These data
are presented in TABLE VIII, It should be mentioned here that molecular
distillation does not separate with respeet to volatility as in all other
distillation procedures but separates with regpeet to the ratio of the
vapor pressure to the square root of the molecular weight. The separation
is not sharp since no reflux can be applied to the apparatus., The informa-
tion contained in Table VIII points to the following;conﬁluaions:
(1)1 As was previously noted, the 20 stock (#1) has a.higher
 percentage of carbon in ring structure, %QR, than do the
heavier oils:f This may be attributed-to fhe presence of
West Texas crude which is more aromatic than the Mid Continent
crudes and also contains less bright stock.
(2) As the viscosity of the finished oils increases, the oils
become more heterogeneous with respect to molecular weight,
viscosity, viscosity index, and the mean number of rings
per molacule (Rp). In other words the lighter oils are

more closely cut fractions than the heavy oils,
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There is appreciable overlepping of many of the properties of
the Qi} freetiops. This is particularly true in the case

of viscosity and moleeuler_yeight,

It appears that the deleterious effect of aromatics on

viscosity index is decreased as the molecule becomes larger

while the percentage of carbon in aromatic structure (#Cy)-

remains constant,

The molecular still was also utilized to separate SAE 250 (4) into

ten approximately equal fractions and the "extra heavy" stock into eleven

approximately equal fractions. The distillation of SAE 250 (A) was car-

ried out to investigate the structural effects resulting from propane

fractionation and to obtain a series of fractions for further fractiona-

tion, The "extra heavy" oil was distilled to obtain information for the

first time on the congtitution of a bright stock beyond the range of

ordinary commercial oils, Table IX presents inspection data and struc-

tural group analyses on the fractions resulting from these distillations,

A study of these data reveals scme interesting points.

(1)

(2)

Molecular distillation of the Mextra heavy" oil proved that oil
having & molecular weight above 1000 can be distilled with the
molecular still, |

The most striking difference in the properties of these two
sets of fraetiohs is in the specific gravity and refractive
index. For fhe fractions of SAE 250 stock, the values of

both properties increase for each succeeding distillate

portion and reach & maximum in the residue, (This is also

- true for fractions of SAE 20 and SAE 50 stocks.) However,

for the fractions of M"extra heavy" oil, the values of both

properties decrease for each succeeding distillate pertion
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and reach a minimuﬁ in the residue. The specific gravities and
refractive indices of both residues are very nearly the same,
The results of the structural group analysis are in agreement
with.the above difference, For the fractions of 250 stock, the
increase of specific gravity and refractive index is associated

with a small increase in %GA which is accentuated by a decrease

~in #0g. For the fractions of heavy stock the decrease of

specific gravity and refractive index is in agreement with the
notable decrease in %QA and slight increase of %Cy.

This difference is qﬁite possibly a result of a refining
procedure in that these stocks are prepared by successive
propane fractionations. For both the SAE 50 and SAE 250 raw
stock separations the propane tends to reject some aromatics,
For the "extra.heavy 0il" separation however, an oil is being
separated from ahbasphalt rather than from an oil, Under these
conditioné all of the oil molecules dissolve in the propane
including those aromatics which were not soluble during the

50 and 250 stock separations, Phenol treatment is not too

efficient because of the high molecular weight of the oil

| and thus, phenol does not remove as large a proportion of

aromatics from the heavy és it would from a light oil,
Molecular distillation then separates mainly by vapor pressures
(and to a lesser extent by molecular weight) which causes the
fractions of ﬁhe heavy stock to become progressively poorer in

aromatics,

The two sets of fractions showed considerable overlap of

viscosity, viscosity index, and molecular weight. The fractions

of heavy stock covered a broader range of viscosity index than
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did thpse of the 250 stock. These data are in agreement
with the higher aromaticity of the heavy stock.

(4) 1t 15 not possible to determine from ﬁhese data whether
viscosity index is a function of the percentage of carbon in
ring structure or the percentage of som# fype of ring carbon,

D, Structural Analysig of SAE 250 Stock After Fractionation by Molecular
Distillation and Silica Gel Adsorption:

The ten fractions of 250>stock obtained by molecular distillation
were each further fractionated by silica gel. Physical properties and
structural group analyses were determined on each fraction. Complete data
on these ffactiona are reported in Table X. Portions of these data are
presented graephically in the following Figures:
Figure 1 = RT vs Welght percentage distilled or eluted
Figure 2 - %0g and #C, vs Weight percentage distilled or eluted
Figure 3 - V,I, vs Welght percentage distilled or eluted
Figure 4 = Molecular Weight vs Welght percentage distilled or
| eluted

Data from Table IX on the molecular distillation fractions are also in-

, ‘cluded in_the above Figures. 4 study of these data leads to the follow-

ing generalizations:

| (i) Molecular distillation of SAE 250 stock effected no separation

with respect to molecular type (see Figures 1, 2 and 3). A
Vfairly good separation was effected with respect to molecular
weight until about 50 per cent of the oil was distilled. Beyond
the 50 per cent point the fractions began to exhibit.consider-
ablé overlap., It should be mentioned that the first six frac-
tions were each obtained with one pass through the molecular

#till while the last three overhead fractions each required two
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passee.v The_first'five diétillate fractions were each essen-
tially homogenous with réspect to molecular weight except that
each contained about 15 per éent of low molecular weight highly
 aromatic material (see Figures 1, 2, 3, and 4). In each case
this material is found in the fraction following the one it
belongs in according to molecular weight, This apparent
anomaly can be explained by the well known fact that aromatic
hydrocarbons have lower vapor pressuresvthan paraffinic or
naphthenic hydrocarbons of the same molecular weight,

(2) 8ilica gel separates aromatics from paraffins and naphthenes
in the low molecular weight range only slightly better than
in the high molscular weight range, In no case was a sharp
separation effected, Thlis can be aseribed to the complexity
of the molecules (see Figure 2). |

(3) Confirming faéts well known in iight hydrocarbon separations,
silica gel differentiates very little between paraffins and
naphthenes in heavy lube stocks and does not separate with
:respect to molecﬁlar‘ﬁeight'(see Table X and Figure 4).

(4) A high concentration of aromatic earbon in high molecular
weight fractions does not result in such low viscosity indices
as does'a high concentration of aromatic carbon in low molecu-

lar weight fractions (see Figures 2 and 3).

| E.  Solvent Exbraction of SAE 250 Stock:

Finished SAE 250 stock was also separated into.three fractions by
solvent extraction, Two solvents were employed (phenol and propane) in
order t§ obtain different types of separation., Propane fractionation
yielded fractions represénting 30 per cent, 33.4 per cent, and 36.6
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per cén;_ngSAE 250 stock (B). Phenol extraction ylelded fractions
?epresenting 30 per cept, 22,2 per cent and 47.8 per cent of SAE 250
gtock'(c). Operating conditions for these extraction runs are presented
iq Tgble XI and XII, Tablé XIII contains laboratory inspection date and
structural group analyses on the fractions obtained by extraction with
propane. Table XIV presents similar data on the fractions obtained by
extraction with phenol.. Pertinent datavfrom the two latter tables are
presented graphically in Figﬁre 5. Figure 5 also shows compérable data
from Table VIII on fractions of 250 stock obtained by molecular distilla-
tion.» The date shown in Figure 5 allows a comparison to bé made as to
how the three methods of separation'fﬁnction on finished 250 stock. The
results of this comparison are given below: |
(1) Liquid propane exhibits selective solvent power for compounds
having the following characteristics: low Rp, Ry, molecular
weight, specific gravity, and viscosity, Since the percéntages
of the various types of carbon in the fractions do not vary
notablj, it is indicated that propane tends to separate mainly
by molecular weight and to a lesser degree by molecular type.
(2). Anhydrous phenol exhibits selective solvent power for compounds
having the folloﬁing characteristics: high #C,, Ry, specific
gravity and low molecular weight and viscosity index. Since
the fractions vary widely in aromatic carbon content and vis-
cogity index, it is indicated that phenol tends to separate
mainly with respeet to molecular type and to a lesser degree
by molecular weight. It would be expected that as an oil becomes
more homogenous as to molecular type, the molecular weights of
the components will affect the separation to a great degree,

(3) The materials distilling most readily by molecular distillation



o

oL,

wr. o VTN 0 7
Th MOLECULAR DISTILLATION | 1.
: PHENOL EXTRACTION -4-it-|-F
600 .. PROPANE EXTRACTI :
5 | DATA FROM TABLES[|"|{ 17|+
I, XUEL AND X1V - §
093 1 -
», - [
o oM T
I iEsacsl NEaER

FIG, !5

' | COMPARISON OF ssmnmmis METHODS
5 ‘USED TO FRACTIONATE .
FINISHED: 250 STOCK .

'V.l-
s
AT
20r. X
K Tl L = s, AT T
oo L TR EIS X scas BN NARRARNRS
[ ‘ 2 ©

. .VEIGH‘I’ PERCENTAGE DISTILLED OR EXTRACTED



31

'exhibit the following characteristics: ;owﬂmolecular weight,}
specific.grgvity, viscosity, viscqsity index, RT? RA?,RN’_%CA’
and high #p, and #y. This indicates that molecular distilla-
tion separates both with respect to moleecular weight and molecu-
lar type. The apparent separation as to type is the result of
the strong effect of vapor pressure on the separation, For any
fraction the effect of vapor pressure causes the low molecular
weight portion to be made up mainly of aromatics., 4s a result
the fractions are not so homogeneous with respect to molecular

weight as they might be otherwlse,

F. Effect of the Phenol Extraction Process on Finlghed 0ils

The process of phenol extraction was further investigated by extract-
ing a raw West Texas SAE 20 stock at several solvent to oil ratios, Lab-
oratory inspection data and structural group analyses were determined on
the raw SAE 20 stock, the dewaxed raw stock (0°F pour point) and each of
the raffinétes (dewaxed of O°F pour point). The nominal solvent to oil
ratios employed were 1,5, 2,0, 2.5, aﬁd 3¢5, All data concerning these
runs and analyses of the products are presented in Table XV, Figure 6
shows a graphical representation of the relations of ring content, carbon
distribution, yield, and viscosity index with solvent to oil ratio.

The data contained in Table.XV and Figure 6 show the effect on the
 structure of finished oil caused by increasing the severity of the solvent
extraction process. Increased depth of extraction results im an oil
havingia higher viscosity index, higher percentages of both paraffinic
and naphthenic carbon and a lower content of aromatic carbon, The yield,
of coufse, decreases as the solvent to oil ratio is increased and appar-

¥
ently has not reasched a minimum at the highest ratio employed, The other
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propertigs mentioneq appear to{have rgached égsentigily constgnt Valu.gﬂesw~
gt_thes365 to 1 ratio, This in effect means that above the 3.5 to 1 ratio
phenol is no 1onger selective as to molecular type, Thus further extrac-
tion would yleld a product having essentially the same properties as that
produced at 3.5 to 1 ratio except the yleld would be lower, The molecular
weight of the finished oll showed only slight increases as a result of
increased depth of eitraction. ‘

The above remarks indicate that phenol separates primarily with re-
gpect to molecular type. To be more specific it 1s a solvent for the more
aromatic molecules, It appears to exhibit little affinity for the naph-

thenic structures,



V. SUMMARY

The composition of finished lubricating olls recently produced at the
Kansas City Refinery has been investigated., The method used was structur-
al group analysis, This method enables the composition of an oil fraction
to be expressed in terms of ring content and the distribution of carbon‘
with reference to aromatic, naphthenic and paraffinie hydrocarbon types.
The oils subjected to the analysis were as follows:

1, Finished SAE 10 stock

2. Finished SAE 20 stock

3. "Special extract oill" - An oil rejected from the phenolic
extract of 20 stock by the addition of water.

be Finished SAE 50 stock

5 Finished SAE 25 stock

6. An extra heavy finished oil (490 SUS at 210°F)

Bach of these olls except the SAE 10 stock and the “special extract
0il™ was fractionated by molecular distillation, The SAE 250 stock was
also fractionated by solvent extraction with both phenol and propane,

The molecular distillation fractions of this stock were further fraction-
ated by adsorption on silica gel.

Several samples of finished oil were prepared from raw West Texas
20 stock and represent varying degrees of solvent refining.

Al1l the above fractions of oils were analyzed to determine perti-
nent physical properties and structural characteristics., From these
data the following abridged conclusions concerning the structure of fin-
ished oils and the methods of separation were reached:

l. The addition of West Texas crude to the Kansag City Plant

charge stock caused an increase in the aromaticity of finished SAE

20 stock. It is to be expected that the other stocks were affected

in a like manner,

34



f 35

é, The regular fipished oils produced at the Kaﬁsgs.Qity Refinery
are, in order of increasing paraffinigity: SAE 250 stock, SAE 20
Qtock, SAE 10 stock, and SAE 50 stock. The 590-second cil was less
paraffinic than the SAE 250 stock,

3. Molecular distillations of the finished oils show that the
ﬁeavief the grade of oil, the more heterogenous are its components
with respectbto molecular weight, viscosity, viscosity index, and
ﬁhe mean number of rings per molecule, This is partly a result of
the natural complexity of heavy oils and partly caused by the refin-
ing procedures.

le It appears that the deleterious effect of aromatics on viscos-
ity index diminishes as the molecule becomes larger, with the per-
centage of carbon in aromatic structure remaining constant,

5.> The extra heavy (590 SUS @ 210°F) oil showed a notable differ-
ence from other stocks in that the low molecular weight fractions
of‘the heavy oil were much more aromatic than the high molecular
weight fractions. This apparent anomaly is attributed to the var-
ious propane fractions employed to obtain this heavy stock.

6. While the generalization that aromatic hydrocarbons are the
major contributors to low viscosity index is undoubtedly valid,
this work definitely shows that there is no direct correlation be-
tween the absolute value of aromatic carbon content and V.I, thus,
West Texas oil with the same V,I, and paraffinic carbon content as
éiMid Continent oil was found to have approximately twice the
;}omatic carbon content,

7o Silica gel separates aromatics from haphthenes and paraffins
in the low molecular weight range only slightly better than in the

high molecular weight range, In no case was a sharp separation
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éffectgd,

8. Propsne fractionation of finished 250 stock effects a separation
mainly according to molecular weight and to a lesser degree by molecu-
lar type.

9. Phenol extraction of finished 250 stock effects a separation

mainly acéording to'molecular type and to a lesser degree by molecu-

'_iar weight,

10. The main effect on finished 20 stock of increasing the depth of

phenol extraction is to increase the viscosity index and decrease the

aromatic carbon content with an attendant decrease if yield, Increas-
ing the depth of extraction beyond a certain point results in only
véry slight structural changes although the decrease in yield re-
mains appreciable,

The n~d-m method of structural group snalysis provides & tool which
can be utilized to study separations processes when applied to petroleum,
Investigations of this nature shpuld result In a better understanding of
the separations processes and of this complex mixture of hydrocarbons we
call pétroléum. Needless to say, as more becomes known about the com-
positién of petroleum fractione and separations processes, these proceséea
'will operate more efficiehtly and economically., More work of this nature
concerning the structural group analysis of heavy hydroecarbong ig needed.,
Better correlations of physical properties might then be possible and
indeed it may be possible to correlate particular structures with vis-
cosity.index, response tq-a_particular additive, or the behavior of the

0il in an automotive engine,
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NOMENCLATURE

c Number of carbon atoms per molecule

¢! ‘ Number of carbon atoms per molecule after hydrogenation
¢ % Percentage carbon in molecule |
0!' ; Percentage carbon in molecule after hydrogenﬁtion
CR | | Number of ring carbon etoms per meclecule
%05 | Pbrcontage.of totel carbon in ring structure
#Cp Percentage of total carbon in aromatic ring etructure
%Cx Percentage of totel carbon in naphthenle ring structure
, %Gé | Pergentage of total carbon'in paraffinic structure
d j Density
| Number of hydrogen atoms per molecule
ht Number of hydrogen atome per molecule after hydrogenation
H ~ Percentage hydrogen in molecule
H! Percentage hydrogen in molecule after hydrogenation
myM Molecular weight
Mt i Molecular weight after hydrogenation
n | Refractive index
Bpy R Mean total number of rings per molecule
Ry Mean number of aromatic rings per molecule
Ry | Mean number of naphthenic rings per‘moleeule
RS’ Average number-of substantial rings per molecule
R.I. Refractive index
SUS . Saybolt Universal Seconds
Vis. | Viscosity :
VoI, Kinematic viscosity index

V.G.C.. Viscosity-Gravity Constant
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A. MATRRTALS

|
I
i
I
\
|
|
I
|
!
|
|

Lube Oil Frections -

1. Finighed SAE 10 stock - This oil was obtained at the Kansas City
Plant‘from a mixed crude containing 20 per cent Mid Continent "AW, 20
per cént Mid éontinent:“B",‘and 60 per cent West Texas, Finished 10 stock
wag obtained from the crude mixture in the following manner: Distillation
at atmospheric pressure was employed to remove that portion of the crude
lighter than gas oil, From this bottoms product (topped crude) the gas
oil, raw 10 stock, and raw 20 stock were distilled under reduced pressure,
The bdttoms product is called vacuum reduced crude, The overhead product
was again subjected to vacuum distillation removing gas oil as overhead
product, raw 10.stoek as a side stream, and leaving the raw 20 stock as
bottoms. The raw 10 stock was then solvent refined by solvent extraction
with phenol and subsequent solvent dewaxing (to O°F pour.point) with
liquid propéne.

2. Einighed SAE 20 stock #1 - This oil was obtained at the Kansas
City Lube Plant frém_a mixed c¢rude made up of 27 per cent Mid Continent
"AM, 27 per cent Mid Gontinent "B", and 46 per cent West Texas, The fin=-
ished 20 stock was obtaiﬁed_froﬁ the crude in thebmanner described above
(see finished SAE 10 stock).

3. Finished SAE 20 stock #2 ~ This oil was obtained at the Kansas
City Lube FPlant from a mixed crude cohtaining 50 per cent Mid Continent
nAw an& 50 per cent Mid Continent "B, Its refining was essentially the
same aé "finished SAE 20 stock #1.

Loe Speclal Extract 0il - This is oll that was rejected from the

phenolic extract of 20 stock by the addition of water. The oil was then

,ZD _
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dewax%d to O°F pour point, This product represents”abgut>30_perwqent”of
the tétal oil.contained in the éxtract golution, The phenolic extrach
repre;ents essentially the extract obtained during the refining of fin-
ished 20 stock #2. Additional processing was done at the Lube 0il Pilot
Plant;in Bartlesville,

5. Finighed SAE 50 stock - This oil was obtained at the Kansas City

Lube Plant from & mixed crude containing 27 per cent Mid Continent "AY,
27 per cent Mid Continent "B" and 46 per cent West Texas, Vacuum reduced
grude‘was obtained from this mixture in the manner described under SAE 10
stock, Raw 50 stock was obtained as overhead product by fractionation of
the vacuum reduced crude with liguid propane., This raw 50 stock was re-
fined by solvent extraction with phenol and subsequent solvent dewaxing
with iiquid propane,

6. Finished SAE 250 Stocks (4), (B), and (C) - These oils were ob-

tained at the Kansas Clty Lube Plant from_a mixed crude consisting of

20 per cent Mid Continent "A", 20 per cent Mid Continent "G", and 60

per cent W@st»Texas. Raw 250 stock was obtained from the bottoms product
cf thé 50 stoc# séparatiOn by.prépané ffacfionation of that bottoms prod-
uct.‘ Raw 250 stock vas the overhead product and was refined by solvent
extraction with. phenol and solvent dewaxing with propane, _

7. Extra Heavy 0i1 (590 SUS at 210 F) ~ This 0il is from a mixed
crude containing 25 per cent Mid Continent "A", 25 per cent Mid Continent
neh and 50 per cent West Texas, It was produced from the bottoms product
resul#ing £ om the propane fractionation ylelding 250 stock as overhead
' produét. This bottoms product was obtained from the Kansas City Flant
and tﬁe following refining was done at the Lube Oil Pilot Plant in

Bartlésville. The bottoms product was propane fractionated yielding the

heavy oil as overhead product, This raw heavy 6i1 was refined by solvent
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extra%tion with phenol and subsequent solvent dewaxing with methyl

“
isobufyl ketone,

- 8, Raw West Texas 20 Stock - 4 sample of West Texas Crude obtained
.- from the Sheli pipeline at Yalé, Oklahoma was processed at_the Philtex
Equriment Station in December, 1951, The crude was subjected to three
flash:d;stillations. vThé firat, at atmosphéric pressure, removed light
producte; the second, at reduced pressure, removed the remaining light
ends énd the 10 stock fraction; the third, at reduced pressure, removed
the raw 20 stock as overhead product, |
Adsorbgnt

1, Silica gel - Activated silica gel, mesh size through 200.

| 25 pound cans from Davidson Chemical Corp.

Selvents
l, Benzene and Methanol - Bakers Analyzéd, meets ACS specifica-
tions, 5 lb. bottles,
2. n-Pentane - Phillips Petroleum Compeny, C. P, grade, 55 gallon.
drum, | o
5.‘ Propane - Phillips Petroieum Company.
4e  Phenol - Dow Chemical Co,, 450 pound drums,

5. Methyl Isobutyl Ketone - Shell 55 gallon drums, commercial grade.



'} B, APPARATUS

Molecular Distillation

K CMS-5 Centrifugal Cyclic Batch Molecular Still madé by the Vacuum
Equipﬁeﬁt Divislon of Distillation Produets Inc., Rochester, New York was
R used. Thié.still had capaclty for a one liter charge and wasvcapable of

operating at pressures down to one‘micron.
Silica Gel Fractionation |

A two liter glass burette having & nominal inside diameter of two
inches was used as a column,
Propene Fractionation

This equipment consisted of supply tanks, charge pumps, preheaters
for oil and propane, the fractionation column, flow meters for propane
streams, and miscellaneous heaters and control instruments. All vessels
andvpiping were fabricated from stainless steel and were tegted with 1000
- pounds per_séuare inch of water pressure, The column was & vertical
‘tower 25 feet tall and 3 inches insgide diameter equipped with sampling
 valves at various points, The'column contained horizontal half baffles
staggered 2 inches épart. The bottom 3 feét of the column was contained
in a constant'températurebwater bath, while the remainder was electrical-
1y heated, Cil wasbintroduéed into the column about the middle and pro-
pane ab§ut,3i»feet above the bottom., The interface was maintained about
2 fee£ from the bottom of the column. This was accomplished by a control
instrﬁment actuated by specific gravity differences at the interface,
This @evice operated a motor valve in the bottoms product line, The max-
imum %low rates possible were about 14 gallons.per hour of liguid propane

and 2,5 gallons per hour of oil,

43



; : == . . B
This equipment consisted of supply tanks, charge pumps, preheaters
R el e PP 3 ETSS : bl

for oil and ph@ﬂol,»the extraction column, and miscellaneous heaters and
control instruments., The column was fabricated of glass and was 8 feet‘
high; 2 inches‘inside diameter, and was equipped with a epinning band %o
obtain more efficient contacting., Temperature control was effected by
encloesing the cblumn in a heated box. The interface was maintained about
10 inches from the bottom by an instrument actuated by differences in con-
ductivity 6f the two phases in the c§lumn. Thie instrument controlled a
motor valve in the bottoms product line., 011 was fed to the column just
above the interface and phenol about 3 inches from the top of the column,
Feed iates to the column were of the order of 0,75 gallons per hour of

- Oil. :




C. SEPARATIONS PROCEDURES

Molecular Distillation

Nine molecular distillations were made with the centrifugal type
molec;lar still, The following distillations were performed: finished
SAE 20,:SAEv50, SAE 250, and extra heavy oll were each cut into three
fractions of approximately equal size; four batches of finished SAE 250
stock were cut into nominal 10 per cent fractions and the corresponding
fractions blended together; one. batch of extra heavy oil was cut into
elevep fractions of approximately equal size,

To perform a distillation, the still was charged with about 900 ml
of oil and the pressure reduced to about 20 microns. The rotor was
heated to about 130 C and the oil completely cycled over the rotor, This
degassed the oil, The rotor temperature was then raised until overhead
wag produced nf the desired rate, The rate at which overhead product
evolvéd was determined by the rotor temperature and the feed rate to the
rotor, A complete pass was then made ylelding an overhead cut of about
lOﬁPe: gegt.__Thgﬂrofor temperature was raised and the cycle repeated,
This was continued until the desired number éf fractions had been obtained
or uniil the pressure rose above about 25 microﬁs indicating incipient
eracking,

'?o>obtain the three fractions of SAE 20 stock it was necessary to
make %wo complete passes to obtain each of the two overhead fractions.
The tﬁ& passes made for each fraction were both made at the same condi-
tions?of temperature and pumping rate, The same was true for the separa-
tion bf SAE 50 stock into three fractions. For the separation of 250 stock

into three fractions, three passes were necessary to obtain the first
. | 45
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fraction, and five passes to obtain the second overhead fraction, The
separation of extra heavy oil into eleven nominally equal cuts was ac-
complished by making only one pass for each of the first eight fractions,
two for the ninth, and four for the tenth overhead fraction.
Silica Gel Fractionation

Each of the ten fractions of SAE 250 stock was fractionated into five
or six cuts by adsorptive percolation through silica gel. Columns of gel
two inches in diameter and thirty four inches high were used, each column
containing approximately two and one half pounds of gel., The procedure
was essentially the same for all runs, 200 ml of pentane were added to
the column to wet the gel. About 300 g. of oil were mixed with an equal
volume of pentane (to reduce viscosity) and this mixture was added to the
top of the column. When all this had passed into the silica gel addition-
al pentane was added until the effluent from the bottom of the column was
essentially oil free, Benzene was then added until the benzene effluent
was essentially oil free. Finally methyl alcohol was added to desorb the
last of the oil, The effluent from the bottom of the column was collected
in a number of fractions, the solvents removed by heating and laboratory
test data obtained on the oil contained in each fraction,

e Fractionation

Finished SAE 250 stock (B) was fractionated into three parts with
propane in the pilot plant column. Two runs were made; the first (H32)
taking about 30 per cent of the 250 stock overhead and the second (H33)
taking about 50 per cent overhead of the bottoms from the first run.
The column temperature and propane to oil ratio were adjusted so as to
give the desired yields for each run (see Table XI),
Phenol E tio

Finished SAE 250 stock (C) was separated into three parts with



anhydrous pbenol in the pilot plant colwm, WTV9 runs were made; the first
(A-39Q).%ak;ng about 70 per cent of the 250 stock overhead and the second
(4-391)7£aking‘abqut'69 per cent overhesd of the overhead from the first
run, The column temperatures and.phemol to oil ratio were adjusted so as
to giveﬂfhe desired ylelds for each run (see Table XII). |
'Rag;west_Texns 20 stock was also solvent extracted to several V.I.
levels with aqﬁeous phen¢l (2.5‘pef cent water), These raffinates and the
rav stock itself were dewaxed to approximately O°F pour point and thus,
represent finished 20 stocks of different V.I, levels (see Table XV).
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D. SUMMARY OF THE PROCEDURE FOR THE n—d-m METHOD

(FRQM REFERENCE (18))

Procedure

Refractive index (n), density (d), and molecular weight (m) of the
0il sample are determined first, Density and refractive index must be
determined at the same temperature, Since a large number of the samples
were very viscous and others showed separation of paraffin wax at 20° C,
a temperature of 70°C was selected., Refractive indices were obtained
with an Abbe refractometer and the results reported to four decimal places.
Densities were determined at 70°C using pycnometers, These results were
also reported to four decimal places. Molecular weights were determined
by the ebullioscopic method using benzene as the solvent, Molecular
weights determined in this menner are accurate to ¥ 2 per cent or better.

From these data the percentage carbon in aromatic structure (%C,)
and the mean number of rings (aromatic + naphthenic) per molecule (Ry)
are calculated by means of simple equations., The percentage of cyclic
carbon (#p) and the mean number of aromatic rings per molecule can be
calculated by similar equations, In these latter equations the assump-
tion is incorporated that all rings are six membered and condensed (if
polyeyelie) in such a way that each additional ring adds four carbon atoms.
The percentages of carbon in paraffinic and naphthenic structures (%Cp
and #Cy) and the mean number of naphthene rings per molecule (Ry) are
obtained by difference,

Regarding the formulas used the following can be noted, Calculations
are made by means of simple relations between the molecular weight M, the

factor A d which is the difference between the density of the sample itself
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and the density of the limiting normal paraffin, (this hypothetical
normal paraffin has an»infinite number of CH2 groups and is in the liquid
sfate§ and fina}ly the factor A n which means the same differeﬁce for”the
refractive iﬁdex. For the limiting paraffin the following constants have
been chosen:
" an = 1,4600 4’ = 0,8280

In deriving the formylas it was found that twd different equations were
nece#sary for each magnltude because it was not possible to give one‘suf-
ficiently sccurate equation for the entire range, Most probably this is
caused by the fact that the mean number of carbon atoms per ring decreases
whengthe number of rings increases, For each quantitj two equations are
giveh, the first for the "low range", the second for "high range" values,
Calculation of Carbon Distribution and Ring Contest

Only the formulas utilizing measurements at 70°C are presented here:
.for thpse ?eqpiring measurements at 20°C the reader is referred to refer-
ence (18) page 340.

 For observed vaiues of density and refractive index at 70°C the

factors X and ¥ are calculated by means of ﬁhe following equationss

X = 2,42 (a7 - 1,4600) = (" - 0.8280)

| Y= (370 - 0,8280) - 1,11 (n70 - 1.4600)
Carbon distribution:

_ The percentage aromatic carbon %CA is calculated from X and the

moleéulaf weight by means of one of the following equations:

if X is positive:s #C, = 410X + 3%%9

if X is negative: %0, = 720X + 3-6&6-9-
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The percentage cyclic (aromatic + ‘naphthenic) carbon %Cp can be
-]
v calculated from ¥ and the molecular weight'

50

o ‘ 1f Y is positn.ve. %cR- 75y - 33 + ..liQ.
o i : = S 12100
if Y is negative: %GR.. 1400Y - 35 + ==

Where S is the sulfur content 1in weight per cent.
fThe percentage naphthenic carbon %GN and the percentage psraffinic
carbon are calculated as follows:
%GP & 100 - %CR

Ring Content
‘The mean number of aromatic rings per molecule Ry is calculated from

X and the molecular weight by means of one of the following equations:
| if X is positive: Ry = 0,41 + 0,055 MX
if X is negative: Ry = 0,41 + 0,080 MX
lexe mean total number of rings (aromatic + naphthenic) per molecule
Rp can be ealculated from ¥ and the molecular weight:
if Y is positive: Rp= l.55 ¥ 0,146 M (Y-0,0058)
if Y is nega'tive; Rp = 1.55 + 0,180 M (¥-0,0058)
The mean number of naphthene rings per molecule R‘N is found by

difference as follows:

%‘All data on carbon distribution and ring content in this report were

calculated from nomographic forms of the above formulas,



+ Estimated.
#* 0l re od from
#a4  Viscosity-grav
Pres-
sure
—FPrection _  microms
20 Stoek 1)
1 17
2 1.5
Btas
Charge
(50 Stock)
1 8
2 2.5
Btms
Char,
(250, Stock (A))
1 7
2 1.5
Btms
Charge
(Heayy oll)
1 1.5
2 2.4
Btms

100°F Vis  210°F Vis Sp, Or. V.0,C.*=* Densjty R.I Nol.

i St a2k Nidke ., S
123.7 .30 99 L8603 .79 0.8200 1.4537 357 1.57 0.10
3524 55,20 96 .88l .81 0.8453 1.4679 390% 2,00 0.43
33k 5,73 97 .872, 800 0,835 1.4617 390 1.94 0.25
1340 W79 W00 ,B80 0.9053 1.5062 410 3,10 1.22
1329 1005 93 .e855 .82 0.8499 1.4TI0 647 2.68 0.38
278 205.5 935 .9094  .822 0.87hk 1.4840 TI5 3.62 0.89
4206 207,696 ,9095 . 0.8745 1.4845 T1% 3,72 0.95
4158 2085 96  ,9079 .820 0.8728 14844 Tl 343 1.00

590 90  ,9380  .BLS 0.9032 0.5040 9§12 510 2.00
mznmutaomngnurumtmmmuoﬁm

tep of MidS Via ¥ia 6,0 ty R.I m
-mp o o - ks .

i - S W mﬁ: _m*;r_ LY

100 50.0 352,k 55,20 9% .8811 1.4679 390 2,00 0.43
120 32.5 16,2 208.7 46.77 95 L8782 .B15 .BA21 1.M6SL 350 1.95 0.33
WO 3.4 A9.2 k. 5463 96+ .8800 811 LALLO 1.4675 350 1,91 0.43

3.1 82,9 B34 68,82 94 8853 LB11 LBA9S 1.4707 536 2.27 0.5

100 50.0 1329 1015 93 .8855 .802 .8499 1.A710 647 2.68 0.58
166 32,7 16.3 64T 69.23 90 .8824 .806 L8469 1.4668 514 2,40 2,28
194 32,8 49.1 1227  96.45 92 .8838 .800 .BA78 1.469) 695 2.52 0,54

3.5 82,7 368 17,3 94 L8925 .80 8573 1.4738 797 3.1k 0.5

100 50,0 4278  205.5 93.5 .909h .822 .87Ah 1.ABLO 715 3.62 0.89
196 33,3 16,6 1369 9.6 87 .9013 .82 .8s6) u'm 600 2,98 0.69
238 3.5 50.5 4278 1945 90 ,5088 822 L8736 1,433 700 3.56 0,83

32.2 83.9 16670 S04 94 9159 .817 .8809  1.AB90 1040 k.65 1.39

100 50.0 27050 590 90 .9380 .BAS .9032 1,5040 912 5.10 2.00
25 3.6 15.8 610 9507 9160 1,5040 658 4,25 1.93
278 N6 AT 8% 9367 .9020 1,5031 975 5.30 2,00

3,8 8.6 102¢ 9272 48923 1.4956 1326 6,30 1.9

#* Estimated from data in Table IX.
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3.26
3.10
2.32
1.3

33.0
25.9
25
19.5

2.2
20,6
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" TABLE 1%

‘MOLECULAR DYSYILLATION OF 250 AND EXTRA HEAVY STOCKS INTO
TEN_FRACTIONS AND DATA ON THE FRACTIONS ‘

"100°F  210°F

Vis

Vie
Su3 3U8

4278 205,5
800  75.40

© 1369 99.60

1923 121.5
2703 149.0
3673 180.9

5091 222,9 .

6898. :275,5
352

Sp, Gr,
¥ - 80/60F
93.5 . 509
87 8983 -
87 .90
88 . J50AL
8 9062
90 +9085
9 . .9103
93.5 - 9121
9% - 5128
98,5 ,9188

w5208
90 +9380
.29 9612
19 9563
68 983
N T
83.5 9404
8 98
87,5 9336
955 w1
103 . .9260
19 528

¥.0,.
aor

1822
825
82

824,
823

819.
816

U5

.813

Dl .
Col.or' 'uy R. 1. Mol,-
Jeh, 70°% —20°%

_".h

Above 8' (8744 1.4840 715
2172

N

1/2

7

- Above

Above

Above

£
R4
by

+8630' 1.4763 524
<8645 1,4783 ' 588

8689 1,4804 - 633
8712 1.4820 684

+8734 1.4833 718

8753 1.4845 1783

«8771 1.4857 854
8778°1,4867 927
8805 1.4881 1019

.88%9 1,494 1281

49032 1,5040 - 912

L9272 15238 5L
49215 1,584

29135 1,5120
.9091 1.5087
9054 1,5066
9020 1,5030 899.
«8988°1,5010

8911 1 4956 1202

e 1.1.913 135

* ASN dniyuuon ] 155-65? (rdoronoo 1)

52

5,03

5,33

5,70
6,60

186"

1.9

-1.90
1.72.

B Y
32

3,80
4.88-

33:0
30,0

28,0
26.3

16,2

TRY

12,3
9.5

16,8

159
18

2.8

41,0

70,0
72.0

73.7



‘ TABLE X :
SILICA O LATION OF FRACTIONS OF SAE 2 A VD pIst AND DATA ON_THE FRACTIONS

s, U .
Dist g0l Based op m‘ﬁ! i’“ Based op SAE 2;3 . o : . o .
Cut Cut B un 100 Fvin 220 Fvie Color R, 1, Dengity Vol,
No, - Mo, ", % W, W, W, : sus Sus W NPA - 70°¢ 20°¢ ",
1 1 28,1 Lkl 2,8, L2 497.1 bha79 1045 0 14609 0395 53
1 Fl 2,2 393 2,2 3.96 618,2 . - 68,94 © 9% o 1.4658 .8486 527
1 .3 1.4 59.0 1,76 5,96 - 6750 7.16 92 - L4694 18528 522
1 b 18, 77.0 1.89 778 83,40 71 11/2 1.4865 - +8769 524
1 5 13.7 930 1.38 9kl 6720 163.1 7 1.5252 49396 476
2 ! A2 156 331 075 793.7 81,20 02,5 0 1.4637 +8L37 594
2 2 16,8 . 39.6 1.78 14,30 w2 5 [ 14678 +BlBGH 592#
2 3 W) 55 1.49 15,93 128 92,83 9 . 1 1.4728 J8576¢ s8a% -
2 b 23.2 M 2.6 17,91 1627 10,2 2. 1.4E50 8772 . 584 -
2. s W7 92,6 1, 19,92 12270 20,2 25 8 1.5262 9358 535%
3 1 2%.0 1.0 2,92 22,16 978.5 92.13 04 0 14628 «8l24 640%
3 2 27,0 39.5 3.02 25,13 0 98,93 99 0 - . LT BLYT™ 638w
3 3. 17.0 61,5 190 27,59 1707 Su60 9.5 . 112 1.4787 .8660% 633%
3 b4 13.2 76,6 1.48 - - 29,28 - ne 1537 W 2- 1.4943 .8886% 625w
3 5 16,8 96 1.88 . 30,9 16500 2979 » Avove 8 1,520 - 9316 575+
4 1 3.2 156 2,66 33.23 e 09,3+ 104# 0 1,463 +8453 687
c b 2 16,7 39,5 - 1.2 35.27 1720% 122,14 98 1 1.4707 8552 694
4 3 12,3 Sha 1.04 36,50 2250w 139,2% . 9w 11/2 1.4780 .8646 692
b4 b 20,7 70,6 1.76 37.90 3275 162,1¢ g5¢ 2 1.4863 8764 680
4 5 19.1 - 90.4 1.62 39.59 - 214,80% 365% 4o Above 8 1.5210 19280 613
5 1 o238 10 2,37 41,58 1735 <. 130,8¢ 08 - e 1.4650 8462 7304
5 2 S22 3 2, 43,84 2290w U7,2¢ 99 11/2 1.4720 8566 725+
5 3 178 53.6 © 1,80 - 45,8 3170 © 1.6 9w 2 1.k802 . ,8686¢ N7
5 b 19.8 724 . 2,0 - W] - hb5Ow 203, 4% e 312 1.4889 .6812¢ 705%
5 . 5 LS R T S W 4961 . 36500% 507% 55 Above 8 1,5222 9296 663%
6 1 2,6 U2 2,2 51,60 210 150,53 106 e 1,4653 16469 B820%
6 2 .5 29,8 L2 532 2870 7.7 100.5 1 1,708 #8550 793%
é -3 21,0 47,6 2,06 " 55,16 3760 196.0 97 2)/2 31,4778 18653% 782%
6 " 2.2 689 2,08 57.23 6040 22,5 £9 31/2 1,4897 .8827 772%
¢ .5 20,7 896 2,03 59.28 44900 597 62,5 - Above 8 1.5210 9283 T2
7 1 16,6 g, 162 6111 2750% 180,7% 107+ 1- L.4656 +BLB5 920%
7 .2 16,2 - 2.7 1.59 62,m 390% - 199.7% 103+ 11/2 1,4708 BS54 870%
T 3 18,7 42l 1.84 6b.b3 - _bTiow 232,199 21/2 . 14780 8653 860%
7 b 25,5 44,2 2,50 66,60 10L50¢ - 283 . 9l ) . L4872 .8788% 850%
7 1 2.9 88 2,25 68,97 61780% 753 70% Above 8 . 1,5199 9273 785%
8 ! 14,8 T 1.h6 70,83 3670% 29,1 107 1- 1,4660 BLTh 1026
8 2 12,5, 2.0 1,22 7217 4,60 242, 105+ 11/2 1.4708 18560 990
8 -3 b 3k.6 lobhy 73.50 . S720% - 272, 102 3- 1.4752 8641 955
8 b 1.3 578 3.06 75.78 8310% 326+ gew ke 1,840 +8753 920
8 8 8 86,6 2,62 78,59 - '81000% 927% i Atove 8 1,5182 9250 843
9 1 28.0 140 2,80 81,30 5520 - T 290 o 107.8 2- 1,469 - - .8529 1105#
~9 2 W2 351 - 12 8.1 8940 368 103.5 b 1.4788 48675 1050%
9 3 13,2 8.8 1.32 84,78 10500 397 102 5 1.4817 48715 1020%
9 Db 19.3 65,1 1.93 v 1520 1465 98.5 1,4893 ,8828 9%
9 i 12,, 80,9 1.2 87.99 123000 1234 83 Above 8 1.5187 +9270 955%
9 8 12,9 93,5 1.29 89,25 215500 1685 7 Above 8 1517 49302 eg5*
Btas Sl 2,8 10,9 2,20 91,10 00 436 109.5 2- 14692 8528 1239
Btas 2 13,6, 29.h . . 1.5 92,87 15200 558" 107,5 41/2 L7l 18656 124, 5%
Btma 3 15,2 43.8 . 1,37 9,32 17730 602 106,5 1,4805 «8695% 1253
Btos " 1.8 56,5 -9 95.60 LLLOOH 919 © 0 7100,5%  Above 8 - '1.4943 L8900 1235
Btms 2 A1 70,9 173 97,06 292000% 2138 i 90% Above 8 1,5167 9231 1219

Btas 20,5 8947 2,08 98:96 542000% 2595 80% Above 8 1,510 © 09302 1213

i' Obtained by interpeclation
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|
0 mas g
PAOPANE FRACTIONATION OF 250 ST0CK (X-366)
' CPERATING CONDITIONS
Ban Ko , ' . B 32 | . E®
Charge Stodk v . 250 Stook K 32 Bottons
Top Coluan temp,, P o . : 186 : ‘ 19
011 feed temp., P ) e . 162
Propans. feed teap,, ¥ ’ . mn ' T
Bottam colum texp., 7 ' o mn ‘ 155
Colum pressurs, peig. . ) 650 : 650
011 charge rate, grh 60 7 S o , S e 1610
Propans to 011 retio, vol, - . _ 8.4 7.79
Tield based on 250 stock , .
w. % chp : : © a0 : 33
™. % bbas - : o : S 6
ANHYTROUS PHENOL FRACTIONATION OF 250 STOCK (X-182)
| - o .
' Run No, I . ‘ 43%0 o ’ 09
.Charge stock - S } s2 ' . 4390 - ohp
' Top colwm tempy, P Cot o o s
Ba colum tesp,, ¥ - : : 00 . ~ o
01 charge rate, gh 6OF : S C o _ . ST oy
Fhenol. o o1l retdo, vol R ' 36 _ . 51
| Yie1d bace on 250 stosk S
. % ohp , e o C e

M., § btas ' : oo C T 2



Mid £ 100°F Vis 210°F Vie
i e i

—Fractdon M. § W,
Charge (250 Stock B) 100,0 50.0

Primary (H32) ohp 30.0

15.0

Primary (H32) btes 70.0 65.0
Secondary (H33) ohp kxRN

Secondary (M33) btms 36,6

+ Estimated

BL.7

4206
1404
N
3538
1502

207.6

97 .89k
95 9161
95 9065
9 9251

813
825
820
831

z .0 C. Density l_.!h

£745  L.4845 TIS* 372
8590 1.4747 650 2,91 0.56

«B715  1.4820
«8902  1.4920

Ex-
trac-
Phenol tion
to 041 TYield
—Sample  Ratjo  Yol.X
Raw 20 Mt[
Dewaxed raw stock 0 100
Extr, and dewax,
raw stock 1.49 80.9
Extr, and dewax,
rew .08 T3
Extr, and dewax,
rew stock 2,46  71.8
Extr, and dewax,
raw atock .62  63.)
Slack wax® from
dewaxing of
raw stock - -

$biechs
96 9079
82,5 .92%9
101 8999
92 9138
104.5 8937

820
842
810
828
.800

8728 1.LBL4
+8910

8645 1.4788
8788 1.4870

8583  1.4750

* Melting point = 125°F

*  Estimated

X Stock
Yol.¥ Yol.¥
- 100
88,5 6.5
7.0 63.2
782 513
w2 5.3
5.7 8.0
ns 1.

Vie Sp. . «0,C.

w o’
52, - 8983 836
55,04 91 9040 NN E
5$3.73 104 .BBA9 818
53,36 108 879 .810
53.2 109 A +B808
53.39 10 8752 805
w76 - 857 787

ﬁ R.I,

48630 1.4835
8688 1.4863

48493 1.4718
«BA34 1,4673
+BU12 1.4660
+8393 1,5655

8214 1.4584

M

g%

§
ssggeht

ka2

0.95

3.66 0.80
1.38

.M
2,35

2,86
2.9

2,43

z‘”

2.8 31.6
2,60 23.1

oS B

3.0
2.8

30.0
n.0

29.0

2,27 334

26,0

10.4
7.5

9.0
1.8

1.0

16.4

8.1 17.9
10.6
al a 16 i,

e L N

425 2,08
31 2,30

Wb 2,06
453 2,00

451 1.94

LO0=*],20

0.91

0.9 1.

0.57
0.43
0.40
0,36

0.5

117

.36
1.49
1.56

1,56
1.58

0,75

3. !
35.0

n.9
30.8
29,0
20,0

4.7

17.5
17.8

n.a
9.1
8.5
8.0

10.1

2B

20,6 69.0
2.3 n.2

21,0 70.0
19.2 65.0

18.0
16,7

2.0

Roh b B 5 B 5
3.43 1,00
372 1,45
3.38 0.80
3.80 0,9
3.28 0,68

7.0
66.9 -
Th'0
68,4
7.9

B 3

16,0
17.2

20.8

a.7
20,5
22,0

U.b

66,5
65.0

68,1
69.2
.o
70.0

75.3
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