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PURPOSE AND SUMHMARY OF THE EEXAWINATION,

In the report No. 9026 it is chown thet there is 2 clesr 23482
connection between the ",0.P. characterizedion factor® and the aromatic,
nephthene and paraffin contents of petroleun frections of the ges and
lubricating oil type. A preliminery comparison (equaiion) still baced
on 'date for the commosition of the oils obtzined by the applicstion of the
ring enelysls in accordence with the Sundry Methods Book E 18 hes slready
boen worked out in seme. PFurthermore, storting from the dote for individual
hydrocarbons, a sscond comparison was set up which led to somewmhat diffevent
results than the i‘irst mentioned method bascd on oil drte.

In the meantime, however, in connection with the examinutmn

" .for the revision of Method E 18, there have become known more accurete

d2te concerning tha composition of the oils; thoss datz hove been used in
the following in ordsr to impart to the comparison -~ which exoresses the
connection betwesn the chrracterization factor snd the comoosition - a
more definite form. :

GONCLUSTONS

The revised comparison (equation) for the connect.ion betwesn
the characterization factor K and the composition reads

K= 0086911{:010601\“”;01326? (1)

(A, N end P represent herein the percentagns of the C-atoms which are contair-
ed in the aromatics, naphthene and pureffin structure).

The results obtained from this compsrison (equation) were sat-
isfactory; for the 42 oils of different typs and moleculor weight the
values which were computed for the charncterization fsetor by the use of
the Equation (1) znd the accurats composition figures deviated in the rverags
(with the same reference numbers) only 0,07 from- the Btrue® cheracterize-

tion factor (grevtest deviation 0.20).
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If one does not have accurate data concerning the composition
tut only conceming the results of the ring snelysis in accordemce with
Method E 18, it will often be possible to use Comparison (esuation) (1)
without difficulty, even though the agreement between the K-values com-
puted on basis of E 18 sud the true K-velues in tho case of ths 42
kinds of oil which were exsmined was on on average somewhet leas sat.
isfactory (mean deviation 0010 greatest deviation 0,83), 2323

On basis of B 18 there were obteined for the nehydrogenated
oils somewhat better results when applying the equation already ueed '
for oils in the Report NOo 9026, nemely:

K = 0,0955 4 { 0.1010 K ¢ 0.1%2 P (?)

For hydrogenated oils this comparison (equation), however,
gives definitely less satisfactory results then the comparison (1).

Furthermore it appesrs thet the comparison (egquation) appoar-
ing in the Rsport No. 9026 on basls of data of individual hydrocarbons,
namelys ‘ .

K = 0.0967 4 & 0.1094 N [ 01280 P (7)

when applied to pstroleum frections did not satisfy, either when using
the composition in accordence with Method E 18 or when using the accurate
corposition,

For practical purposes one may, independent of the method
for determination of the composition, frequently bo setisfied with
the approximats comparison (equetion) obteined by rcunding off:

K <0,086 A¢0,106NF {0.152P (5)
The results are shown completely in Tébles I AandIB.

THTRODUCTION

In the first Roport on the zbove subject (No. 9026) thers 2334
was shovn emong other things that for petroleum fractions thers exists
a direct connection between the "U.0,P.-characterization factor" end
the chemical composition. The characterizaticn factor K can be com--
puted for the non-hydrogenatesd oils with reasonable accuracy from the
aromatic, naphthene and paraffin content with the use of equation:

K = 0,0935 A § 0.1010 K & 0,152 P
(A, N and P represent the percentages of the totel number of C-atoms
present, which are contained in the aromati.cs, naphthene end paraffin
structure, respectively).

. This compal_'ison ves of a preliminary cheracter; in connection
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- with 'the derdvation, use was mede of da‘té of oils, the composition of
which had been determined with the use of the not very esccurate ring
enelysis mothod in accordence with the Sundry Methods Book, Method.E 18,

" In the mesntime, in comnection with the exsminetion earried
out for the revision of the Method E 18, the composition of these oils
has been determined in a more accurate menner. The dutn obtnined are
now used in order to impert to the comparison concerning the connecticn
between K end the composition a more definite form. ,

CARRYTNG OUT OF THE EXAMINATION
l; -1.“11__ e 0ils used, their gharacterization factors end thelr comnosgy,gn 8.

The date which were used for the rovision of the above mentioned
connection between K and the composition ell refer to the oils mentioned
in Table II of the Report No. 9026, nemely, to the oils to which refer-
ence has elready been had in the data contained in the temporery com-
parison appearing in the Report No. 8026. All the products mentioned
in Table II of the said report have been used exeept the four net :

- hydrogenated Miri-fractions end the hydrogsnated B VII oils, the accurats
composition of which cennot yet be determined for the present. The
olls uged cover a wide field both with respect to type end comnosition
end with respect to their boiling point.

1t 1s clear that the velues for Ky, which have been mentioned
in Report No. 0926 for these oils, emm be teken over in this comnection
without eny difficulty (K ¢ iz the K-velue which, in accordencs with
the definition of the charicterization fsctor, 1s computed directly from
the average or mean boiling point and the specific gravity of the oils),

The improved determination of the "ring" composition requires 2335
some explenation. The aromatics-conteining oil, the composition of
wiaich had to be detemmined, were completely hydrogenated for this purpose s
which means that the aromatics prosent were converted in the correspmnd-
iIng saturated ring systems. The part of the C-atoms which was contoined
in the products after hydrogenation in the naphthene ring structure
could be derived from ths mein molecular formula of the saturated oilsp
the latter was computed from the results of the accurate determination
of the moleculer weight end the H- and C-content of these products, In
order to stats these results in percenteges of the totel number of C-atoms
present, some assumptions had to bs made concerning the tyve of the
naphthene rings present (See for particulars Report No. 9228 which dis-
cusses the revised ring snalysis methods for saturated oils).

In order to detemnine the number of C-atoms which was present
prior to the hydrogenation in the eromatics structures, there was deter-
mined, in addition to the sald moleculer formule after hydrogenation,
also the formula prior to hydrogenation (by accurste detemmination of
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the molecular weight and the H. and Cecontent prior to the hydrogenation).
The incresse which the number of H-atoms shows in the formula on acecount
of the hydrogenation (when the numbsr of C-atoms remein equel) is squel
to the numbser of C-atoms in the aromatics struéture in the original oil.

This ("accurste") method for the determinztion of the com- 233¢
position of the oils will be discussed in grocter deteil dn the report
which is now being preparsd conceming the ring anelysis method for oils
containing avomatics. For the results of the determinations, reference may
be had to Teble I (the figures for the aromatics, nephthene and peraffin
content are mentioned in connection with the computetion to bo made in
this connection in tenths of L per cent which, however, does not mesn thod
this aceuracy is obtalned completely). ‘

2. The computetion of the formale for the connection between K and the
composition., ,

When reovising the formula for the connection between K and ths
comoosition, we sterted, the same as in Report No. 8026, in nrincinle,
from the genersl eguation - :

K=xAdyhésPe

in %his connection 4t is therefore assumed thet each one of
the percentages ¢ in eromatics (and nephthene and pareffin respectively)
structure - supplies the sems contribution to the velue of K, independent
of other structure influences or of the molecular weight; this contribution
is for the C-atoms in ths aromatics structure x, for those in the naphthene
structurs y and for those in the paraffin structure z.

In Report No. 9026 we besed ourselves exclusively on the data
for non-hydroganeted oils. In connection with the obteining of the equation,
the availeble dete for the hydrogenated oils wers not used. For each one
of the non-hydrogenated oils the experimentelly deiiermined values for K,
A, N and P were entered in tho generel equation; in ordsr to obtain from
the thus produced large numbsr of equetions, which ere pertly practicelly
jdentical in pert, the desired number of 3, these equations were seporated
into three groups in accordence with thelr agreement with sach other., For
cach one of the groups, by the addition of sl equations of the group in qusstiion,
there was obtained an average equation; in this menner there were obinined three
equations from which the thres unknovr %, y end z could ba arrived at without
grect difficulty. In this manner there wes obtained a formule for the con-
nectlon between X &nd the composition which, for oils containing aromsiics,
appesr to be sufficiently satisfactory. TFor the hydrogenation oils it -
appeared, however, that the agresment was much less satisfuctory.

Inesmuch as it was obvious that efforts should be mede to give to
the definite equation a character which could be aspolied 28 ganerelly os
possible, the revision which was now made was based on the deta of ths non--
hydrogenated and the hydrogenated oils togethor. In the first place there -
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was celeuleted, with the assistsnce of the availsble dete for K end the
accurate composition of the hydrogeneted products, the contribution to
K/o2er cent C in the naphthens and paraffin structure; in other words
the velues of y and 5 in the general formula which, in the cazse of the
saturated oils (A ~ 0), has tcken the forn of

KE=yN§zP.

In connection with the computation of y tnd z the method of 2337
the smallest squeres was used. For this purpose thers were availeble
for us the dzte of the 9 oils of Tzble I B (Ses 2lso Fig. 1).

By entering the values found for y emd z and of ths K-, A-,
. N~ &nd P~ results for the non-hydrogenoted olls of Table I A in the
- general equation mentioned on page 3, it was possibls to obtain for easch
one of these olls the value of x. The mem of these individuel verlues
for the contribution to E/psr cent C in the aromatics structure wes.
accepted as the definite value for x. (It wes logical in this connection
" to apply to the oils with higher aromatics-content a greater weight than
to the oils with low arometics flgures; as a matior of fact, however,
this resulted in practically the same value for x es the common mean with
equal weight for ell oils). ‘

It is clear that this revised computation method could elso
be applied when using the compositlon-in accordsnce with B 18; for the sele
of completeness this was done.

RESULTS

For the connection between the accurete composition and K, the
following equation was found in the mennor described ebove:

© £ 20,0360 A 0.,1080 § & 0,1326 P (1)

In comparison we mention here once more the equation obtained
in Report No. 9026 for non-hydrogenated oils for the connection between
the ring composition in accordance with Method £ 18 and K:

K 20,0935 4 § 01000 N § 0,1512 P (2)

In Report Fo. 9026 thers is moreover shown enother equation on
basis of data for some individual hydrocerbons; we are reproducing szme here:

K = 0,0267 A ¢ 0.1094 ¥ § 0.1280 P (3)

The equation (comparicon) for the comnection batwesn the ring com-
position in accordence with E 18 end K obtained in accordance with the
anended computetion method, in connection with which the hydrogeneted es well
as the non-hydrogenated oils were used, readss:
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K = 0,0832 A § 0,106l N § 04518 p (4)

For judging of the usefulness end for the mutusl comparison 2338
of these formules, they were now applied in reverse for the computetion of
K from the composition of the oils (used for the obtaining of some) in
Tebles I A end I B. The velues computed in this manner for K heve elwnys
been compsred vith the true K (Kipy) ~

First of 211l K is in this manner computed with the definite
equation (1) end the accurete composition (Ej ,, see Columas 6 end 7 in
- Tgbles I A end I B). Altogether the agrosment between Ky , and Ky, 18 vory
setisfectory. This applies both for the non-hydrogensted snd for the ,
hydrogenated oils, Deviations of >0.1 appeur rarely; the average devia- .
tion in the case of equal reference numbers is 0.07 while the grestest
deviation is 0.20.

Much less favorszble are the results if K is computed with tae
equation (3) based on the individual hydrocarbons end the aceurcts composition
(Ks_n, goo colums 8 and 9 in Tables I A end I B). The differences emount
in"mdny csses to more then 0.1 ~ 0.2 (meen 0,16; greatest deviation 0.49).
The equation (1) based on the oll data, thersfors, is more satisfectory then
the equation (3) based on the data of the individual hydrocerbons. Similer
results wo also find in Report No. 8026 when using the comnmosition in
accordence with the E 18 method,

Considering that the data of the accurate composition in practical
operation will give rise to difficulties, while the date in accordance with
the method E 18 can be applied, there were furthermore carried out various

- computations spplying the composition E 18, '

In the first place in Tables I A and I B, Colwms 10 end 11, 23739
there were copled the values whieh are computed in the Report No. 8026 for
K with the equation (2) appearing in seme end the composition in accordsnce
with the E 18 method (Ko g 15). For the non-hydrogenated olls 1t appears
that the combinatlon of the equation.(?) with the compositdon in sccordencs
with E-18, 18 on an aversge not inferlor to the combimetion of Equation (1)
with the accurcte composition. Howevar, the eltuation is less favorsble for
the hydrogenated oils in comrection with which Ky ., clearly deserves pre.
ference over X, p 18- : .

However, it would be most attractive if equation (1), in addition
to the accurate composition could also be combined without great difficulty
with the composition in accordsnce with E 18, The results of the composition
of K. with equation (1) and E 18 composition (Ey g 18) 1s shown 4n Columns
12 .~ 13 of Tables I & and I B. The dd.fference]K ot~ Ky - B 18 is, on an
average, 0.10 the greatest deviation being 0,33, Un an averags Ky _EB1e
is somevhat inferior to Ky , elthough K, g g gives in meny cases vory
satisfactory results. The most disagreeable %%ctors ers the deviations en-
countored in connection with the first %wo Pemne~ and Bilik fractions.
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Comperad with the results in accordance with Kp .. E 18, |
Kl . E is somewkat inforior to the non-hydrogensted o:!.ls; however,
it 1s considerably better for the hydrogenated oils. .

Tinglly thers follows in Columns 14 end 15 of Tables

I A and I B the comparison between Kjne and the K. velues, computed
with the E 18 compositlon and the equaiion (4) s . B 13i revised
on basis of the E 18 composition. As could be expected on basis of
the change in the derivation,Kg .. E 1g vas clearly more satisfsctory
for the hydrogenated olls than Ko .. E 18 (end spproximately equal

to K3.p)< For the non-hydrogenated oils, however, Ky _ g J.8 is in
the average clearly inferior with respect to Ky . Eige Ka . B3
connection with these products, also does not offnr any decided agu
vantage over Ky | g 18

Altogethor, therefore, in comnection with the use of accurate
date for the composition, the squation {1) should undoubtedly be
given the orefereace. Also when using the composition in accordance
with Hothod B 18 4% will be possible in mest cases to epply the sa2id
equation without eny difficul byo Somewnet more accurate results may
be sometimes expected when wsing the B 18 compositions for ths non-
hydrogenated oils when applying equation (2); for hydrogenated oils,
however, equatiin (1) is frequently betier then eguation: {2). “

In view of the fluctnations waich occur in the coefficients
vy ¥ and z celculated in different manners, one is inclined to round
ssme off to three decimals instead of four decimels ag ic done in
equations (1) to (4). Also the carryiap out of the computations is
made more simple in this wey. .

Also taldng into consideration the compositions in accordance
th the method E 18, we arrive, phen rounding off the coefficlents
in equation (1), at the equations , :

K7 0,086 A§ 0,106 H & 0,152 P (5) 2240

Same supplles, bo th vhen applying the accura"co compoﬁbions
as well as the composi’rion figures in accordance with E 18, results
for K; whichyin by far the greatest number of casss, are accurste to an
extent of about $0.1. (Th8 differences betwsen K end Kg _ .y Tespeci-
ively K gv_cen be dirsdily ewpiained by the égf ns showing the
differences il PRy paedfy | g in Tables I A end I B, by adding of
40,04 to £0,06.). S 7

For practical purposes one cen therefors be satisfled in generzl
wlth the use of these spproximate simple equations independently of the
nmethod of detemination of the composition.

LABDRATORY
N. ¥ DE BATAJLPSCHL. PETROLEUM MAATSCHAPPIJ
J. . Leendertse
H. Kuik

l

Ansterdem, July 3, 1944 - Initiels



8,
8.
4.
5’.‘,

8.

7.

8o

%
10.

1.

12,

~

13,

14,

15.-

(x)

Report 567-46

TABLE I B -~ HYDROGENATED OILS

Accurate composition. - | . : 2341
% C 4n the nephthene structure. '

% © in the peraffin structure. v
Kkpt. from xkpt and cveoeo (oOMO @m 11legible).
Eyn in accordence with equation (1) with accurate composition.
Difference - Columns & § - 8. ‘

Kg nin accordmee with equation (3) with accurate composition.

Difference — Columng & 3 - 8,

Eo..pigdn accordance with eimation (2 with 0ld composition
from E 18 (x).

Difference ~ Colums & 5 - 10,

K] . B8 in accordance with egquation {1) with old composition
from E 18 (x).
D;fférence -~ (olums &5 ~ 12

Ky . E 3g I eccordamee with equation (4) with old composition
from E 18 (x).

pifforence - Colums &5 « 14,

Besed on the preliminary dsterminations for H K (with molecular
weights determined by the eryoscopic methods.)
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TABLE I A - NON-HYDROGENATED OILS
! ' 2742
a. Computation of the characterization factor K with the comparisons. -
1. ‘Rovised comparigon.
2. Preliminary comperison from Report 9026.
5. Comperieon based on the data for individual hydrocerbons.
4, Comparison on basis of B 18 compositions revised method of computations.
5. Table I-A non-hydrogenated olls. » |
8. Column Rumber.
7. Description.
8. Accurate composi.t:lon.
9., % C in aromatic structure.
| 10, % C in naphthens structure.
11, %Cin peraffin stracture.
12 Ky, (1llegible)
13, Ky, in sccordence with (1) with accurate composi tion.
14, Differemce ~ Columns &5-C. - - _
+, 16, Kg,in accordanée with (8) with accurate composition.
18. Difference - Columns ab-8.
17. Ky _pqgin accordance with (2) with old composition from E 18 (%).
18. Difference - Columsa 5-10. |
19. K3 . g 1g in accordence with (1) with old composition from E 18 (x).
20, Difference - Colums aS-12. '
2l. K, . g 15 1o accordance with (4) with old compasition from E 18 (x).
22, Difference - Columns ab-i4.
23, (x) Based.on‘preliminary ascortainments of HK (with determination
of the molecular welght by the cryoscopic method. . -

Translation asubmitted by the Standerd 0il Development Company's
Film Study Group.
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BRTWERS THE CHARACT TTON. FACTOR

CORNECTION BETWERN THE CHARACTERIZATION FACTOR
&ND_THE ACCORATE RING .COMPOSLTION OF COMPLETELY
“BYDROGENATED OILS.
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