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ABSTRACT

This report is aimed primarily at the weaknesses
of its predecessor, NRL Report No. P-1872 which describes a
method for aromatic analysis by refractive index measurements.
The method described herein is unique in that unsaturated (olefin)
hydrocarbons offer no interference to the aromatic determination.
Allowance is made for the variations in base stocks and aromatic
types among the many aviation fuels, so that up to 30% aromatics
accuracy of + 0.5% may be expected.

The technique involves only two measurements, ie€ssy
the refractive index of the unknown and the refractive index of
the liquid effluent from a column of activated carbon (or, where
unsaturates are not present, silica gel). The entire analysis
requires only four or five minutes and results are reproducible even
among unskilled operators.
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I. INTRODUCTION

(a) Authorization

1. This investigation was conducted under Project Order 91/L3
and especially authorized by Bureau of Aeronautics letter Ler-E-U36-
BES, JJ7Gl, NPll, Serial KNo. 077596 of December 6, 19kl to the Director
of the Naval Research Laboratory.

(b) Statement of Problem

2 The zcute need for a simple accurate analyticel method for
determining aromaticity of aviation gasoline has arisen with the begin-
ning of the current lorld War. Since then, this country, as well as
our Allies, to which American planes are sent have resorted to aromatic-
enriched fuel not only because of the superior rich-mixture characteris-
tics it provides but also because of its greater availability from
foreign refineries. However, since the design of aireraft fuel systems,
gasoline storage and delivery systems, etc. are predicated upon the
aromaticity of the fuel in that system, some measure of aromatic control
must be imposed upon the gasoline used therein.

Many different systems have since been suggested for control
procedure in determining aromaticity. Most of the methods present dis-
advantages either in that they are inaccurate, cumbersome, or are not
adaptable to cover the many types of gasoline available. All known
methods fail in the presence of unsaturated hydrocarbons which fact
entails a separate analysis of the unsaturates (which by any existing
method is itself uncertain) in order to correct the apparent aromatic
value. This is due to the intermediate position the olefins occupy
between the aromatic andmraffin hydrocarbons in all physical properties.
e.g., Solubility in picric acid, refractive index, polarity, specific
dispersion, density, etc., upon which the various analytical procedures

have been based.

(¢) Previous Work done on the Problem

3. NRL Report No. P-1872 which consists of Part I of this
investigation deals with a method based on the refractive index differ-
éntial of the gasoline. While the underlying principle of the method
was proved to be well founded both theoretically and experimentally, its
usefulness was diminished chiefly by the interference of unsaturates.
This report comprises Part II and describes a method which accomplishes
the elimination of the error in determining aromatics due to the presence
of unsaturates in the blend. Besides this very important consideration
‘the following improvements have been made in the technique. 1 - Elimina-
tion of the preliminary (HQSOh) extraction, 2 - Absolute certainty in
obtaining the refractive index of the base stock, 3 - GQuick and simple
conversion of weight percent to volume percent. 1In view of the fact,
however, that the basis of the improved method is the same as the old,
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1 it is believed appropriate, in the interest of clarity and continuity,
to include in this report the theoretical discussion and general descrip-
+ion of the method as outlined in Part I, since in both instances the

same argument applies.

(d) Known Facts Bearing on the Prollem ‘

Lo Refractive index measurements have been widely used by

analysts to determine various constituents of gasoline including its

| aromatic content. It is well known that the refractive index of a given
' paraffinic or naphthenic gasoline increases with the aromaticity, giving
at low aromatic concentrations very nearly a straight line when aromati-
P city is plotted against refractive index. However, because of unpredic-
' table differerices in composition (and therefore refractive index) of the
various base stocks of different gasolines, the refractive index vs.
aromaticity curves, as shown in Plate 1, are from the standpoint of
analytical value, uncertain and even meaningless.

(¢) Theoretical Considerations

54 It is obvious, from a study of Plate 1, that the only pos-
sibility of analysis of a gasoline by its refractive index is to construct
' curve from the base stock of that gasoline with known amounts of arocma-

. tics added, and from the resulting curve find the aromaticity of the
unknown. It would be extremely difficult and time consuming to separate
the aromatics from each sample of gasoline presented for analysis and
construct such a curve from which to read the aromaticity of the unknown
vhole gasoline. An easier and more satisfactory method lies not in the
use of a nA (refractive index vs. aromaticity) curve but a f(n)A (some
funection of refractive index vs. aromaticity) which will be independent
of variations in base stock and thus give the same curve for any gasoline.
The fact that all nA curves are the same general shape at low aromatic
concentrations (i.e., very nearly straight lines) regardless of the com-
position of the base stock simplifies the problem and justifies the
investigation in that direction.

II. DESCRIPTION OF METHOD

6e It is seen from Plate 1 that there are two fundamental
differences between the nA curves of the various base stocks: (1) varia-
tion in displacement from theabscissa axis and (2) variation in slope,

7. . The first of these variations arises from the difference in
refractive index of the various base stocks. That is, a curve resulting
from a series of known aromatic mixtures made from a base stock having
a refractive index of 1.3850 would be closer to the abscissa than one
constructed from a base stock with a refractive index 1.3950, provided,
of course, the same coordinates were used in both cases. This variation
is easily eliminated by plotting the change in refractive index of the
gasoline before and after removal of the aromatic portion against aro-
maticity or (nx - nh) , where ny and np = refractive index of unknown and
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pase stock respectively. Thus, all curves begin at the origin (when
=0, n= 0) and at the same time are independent of any constituent
'in the base stock. Plate II shows the four nA curves of Plate 1 plotted

3 8. It is evident from Plate 2 that nA curves do not

| sccount for the second variation mentioned above, i.e., variation in

" clope, which also accompanies differences in refractive index of the
 pase stocke It is easily seen that as the refractive index rises, the
f rlatter (more horizontal) will be the resulting ni and ani curves; so
| that 25 in the extreme case, when the refractive index of the base

. stock approaches that of the aromatics, the nA and A nA curves become
f porizontal.

3 Fe This variation in slope may be corrected by plotting
i the change in refractive index «\n divided by the greater possible change
Lor IE—JBT where nx equals the refractive index of the unknown and na

. and nﬁ are the indices of the aromatic portion and base stock, respect-
vely. Vhen this is done, it is found that all of the resulting curves
re the same. Plate lj shows the same four curves shown in Plates 1 and 2
lotted using the function mentioned. It is seen that up to LO0% very

| 1ittle deviation is found.

i 10, Thus far, nothing has been said of the nature of the

P aromatic portion and the effect of variations therein on the index of

f the unknown, The individual role played by each of the three principal

| aromatic hydrocarbons, benzene, toluene and the xylenes (found in aviation
fuel) on the refractive index of a given base stock is shown in Plate 3.%
b (Inasmuch as these three hydrocarbons constitute 80 - 100% of the aromatic
# portion of most gasolines they have been choser as the basis of this

¢ study. Others, including ethylbenzene, tertiary butylbenzene, etc., are

L given a superficial consideration in Table II). Up to 257 aromatics any

t of these three hydrocarbons may be determined accurately to + 0.57 simply
§ by reading all values off a mean curve midway between curves 1 and 3 on

£ Plate 3. Thus, as an approximation, a mean curve from Plate 3 may be

# used in the determination of any of the three aromatics mentioned or a
‘nixture of them in any proportion tithout serious error. Inasmuch, there-
) fore, as only one curve is needed for the estimation of aronmaticity of any
f nixture of the three hydrocarbons, the entity na in the formula mentioned

§ above becomes a constant and equal to the refractive index of the aromatic
b blending stock used to produce the mean curve. Thus, the time consuming

' and difficult task of recovering and purifying the aromatics in order to

| Deasure their refractive index becomes unnecessary. It is seen from

§ Plate 3 that the curve for toluene very nearly represents a mean curve,

' and may well be used as such, in which case ng = 1.4922. However, in

£ this work the aromatic blending stock composed of 37.5% xylene, 507 toluene,
f and 12,57 benzene which gave a refractive index = 1.0918 was used and

P vhich value is substituted for na in Plate ).

B e e st Attt

-

.fﬁ similar empirical relationship has been found by lMchirdle, et al, in their
§ dnalysis of paint thinners. (1)

" ¥ -~ The use of cumene (isopropyl benzene) as a blending agent in certain

| @viation gasolines necessitated a consideration of this hydrocarbon in this
. '®Spect. It was found that the cumene curve very nearly superimposes the

- toluene curve and, therefore, no error need be anticipated from the presence
. of that hydrocarbon in the unknovm,

- 3 -




1 11 This function na = mp holds only for percentage aromatics
ﬁﬁyvmight. If volume percentage™,[918-np 1S desired, it can be cbtained
Lprom 2 knowledge of the densities of the unknown and its base stock at
he same temperature at which the refractive indices were measured and
alculated from the formula as shown _

Va - Vx - Vb - 100 - 100 - Wit.
Vx Vx Dx - Db

Vol. % =

100

Dx

yhere Va, Vx, and Vb are volumes of aromatics, unknown and base stock,
' espectively; Dx and Db are densities of unknown and base stock.

- A careful study of the above formula reveals a much

| simpler and equally accurate procedure for conversion of weight percent

§ :o volume percent. If we assume a constant density of the aromatic por-

| tion, then for a given gasoline dx is dependent upon dp making only one

* independent variable in the equation; dp, in turn, is directly proportional
L to ny, SO that by knowing np we can easily find the volume percenﬁ/weight

.~ percent ratio. This relationship is plotted in Plate 13. The possibility
¢ of 2 varying aromatic density, resulting from varying proportions of the

| gifferent aromatic hydrocarbons present cannot be denied but calculations
| show that any error resulting from this assumption is so small that it can
' be neglected. The ratio of weight percent and volume percent of the

| majority of aviation fuels falls around .81 - .83.

E 12, In order to measure np, or the refractive index of the
| base stock of the unknowm, it is evident that the aromatic portion must
f be completely removed from a sample of the gasoline while the paraffinic

E and naphthenic hydrocarbons are left intact. Successful results have

| been reported in the quantitative removal of aromatic hydrocarbons from

" aromatic-paraf fin-naphthene mixtures when the components of such mixtures

| have closely the same vapor pressurcs by percolation of the sample through

" a column of activated silica gel 2). “/hile the method, as reported, is

| successful on binary or ternary mixtures, its adaptation to gasolines re-

{ quires certain modifications. .hen the gasoline is passed through the

| silica gel column, the cel is progressively wetted by gasoline and absorp-

| tion process raises the temperature of the gasoline in that vicinity to a

" noticeable extent. lihen typical aviation gasolines are percolated through

I the silica gel, the temperature of the front of the liquid column will

{ rise above the boiling point of some of the components of the gasoline; €«Ze,
¢ isopentane, b.p. 28° ¢. TInasmuch as these low boiling constituents also

" have 1o refractive indices, the first 2 to 5 ¢cc of filtrate from the column
E will have a high refractive index, apparently due to the removal by frac-

| tional distillation of the lower boiling (and lower refractive) constituents
of the gasoline. Due to this fractionation the index of refraction of this
first portion will be up to .OOL units higher than the true base stock

| resulting in an error in the analysis of 3.0% if this figure were used as Npe
" However, as soon as the wetting process is complete this fractionation

ceases and the next portion of gascline passing through the column provides
the correct refractive index reading for the base stock.

w ol =
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1 Therefore, if sufficient volume of gasolineis

tnhe gels the error in refractive index,_ZQL t% the fractiﬁiziiinfzzgﬁiz_
- f?om the heat of wettigg and adsorption is eliminateds The solution
1o this problem, however, introduces another. It is evident that silica
b1 will eventually become saturated with aromatics SO that further
-gdSOfPtion cannot take flace and effluent gasoline rapidly approaches

Fthe aromaticity of the unknovm. These two facts make it apparent that

the correct refractive index for the base stock can only be measured after |
the fractionated portion has passed and before the arcmatic fraction |[
' ,rrives. This reading is extremely difficult to make if the gasoline

?"ontains over 25% aromatics, since the "hold-up" of gasoline ;n the inter-

| gtices of the gel is approximately equal to the volume of aromatic-freed

ssoline, SO that it becomes extremely hazardous, using the technique H
outlined in Part I, to choose a portion for index measurement free from !
| contamination from one sourceé or the other. In Part I the separation of b

Ehighly aromatic gasolines was accomplished only by a preliminary extrac- |
| tion with 987 sulfuric acid previous to the silica gel percolation in order |
a wide fraction of I

;to:emove ~ost of the aromatic portion and thus provide
the true base stock without contamination from either the fractionated _
- portion or from the arqmatic bearing portion of the effluent gasolines.

3 13. By a slight alteration in technique from the old scheme, not

| only may the refractive index of the base stock be more accurately and ?y
' curely determined, but the preliminary HpSO), extraction becomes unneces- |

f sary even on gasolines containing as high as LO% aromatics. The scheme is |
25 simple as it is effective. If the effluent liquid is allowed to flow i
| directly into the refractometer in 1 cc (or any small arbitrary volume) I
§ portions (by using the apparatus shown in Plate 6) the point at which the .TQ
' refractive index becomes constant, i.e., the refractive index of the base L
t stock free from contaminants is easily observed. The curves shorm in lid

ffﬂate 7 clearly demonstrate thise.

1, It is seen from Table I that silica gel shows no preferential

{ adsorption capacity for any of the common naphthene or paraffin hydrocarbons
P found in the gasoline range, at least insofar as can be detected by the

§ Abbe refractometer. By allowing 2 mixture of naphthenes and aliphatics to

§ percolate through a silica gel column the change in refractive index is

- less than 0.0001 unit. Had any one of the constituents of the mixture

| been removed, wholly or partially, from the mixture, the index of the

| effluent would have changed in a direction governed by the index of the

f selectively removed hydrocarbons. Thus, any change in refractive index |
0f a gasoline (free from unsaturates) when passed through silica gel accord- I
L inz to the condition -outlined above must be solely due to the adsorption and

' removal of aromatics and olefins.

: 15. Silica gel removes the dyes, inhibitors, and the part of the

| lead tetraethyl® from the gasolines. However, when these constituents !
. 2re added back to the extracted gasoline in their original concentrations,

' it is found that they exert no influence (in those concentrations) upon

the refractive index of the gasoline base stock to 0,0001 unit.

' ¥ Extreme caution should be exercised in handling the spent silica gel
and in regenerating it. The adsorbed lead tetraethyl is extremely toxic
and suitable precautions should be exercised to avoid. physical contact

with the used gele

i€ =
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: 16. The silica gel used in this work was Davison Chemical
 gorporation, Baltimore, Maryland, No. 6595258-2000, 28-200 mesh, stabilized
N 650° F, then not in use the gel should be kept in a moisture proof

| container. The used gel may be reactivated by washing several times with
1ot water or steam to remove the hydrocarbons, and then heating at 300° C

ifor 2]y hours.
§ ;1.  METHOD

9 17. (a) Determine the refractive index of the unknown in a ther-
¢ postatically controlled refractometer capable of giving readings accurate
4o 0.0002 refractive index units. (The well-known Abbe type is satisfac-
' torily provided it is standardized at appropriate intervals).

E (b) Arrange the apparatus shown in Plate 6 so that delivery
* rrom the siphon empties into the small channel leading to the split prisms
| of the refractometer. The apparatus should be mounted separately from the
. refractometer in order that the prisms may be wiped dry between readings.

: (c) Add about LO cc of the sample to the reservoir of the
. adsorption tube in the assembly shovm in Plate 6, 6a, 6b, and 6¢c and allow
 the liquid to filter through the column.

: (d) Record the refractive index of each delivery of filtrate
. from the siphon cup.

(e) Using the lowest constant refractive index as that of the

- base stock substitute, the values nx and nb in the formula nx - 1b
" 10ocate the resulting value on the curve shovn in Plate L 1.1918-ny
" (or a similar curve prepared by the analyst from known mixtures) from
. which the weight percentage of aromatics may be read directly.

3 (£) If volume percent is required it may be obtained by
| finding the correct ratio of volume percent/weight percent on the curve
shown in Plate 13 corresponding to the refractive index of the base stock;,

. and multiplying the weight percent by that ratio.

i 18. The work done in this report was carried out at 25° C*.
| The refractometer was thermally controlled by circulating water from a

. bath controlled to + 0.1° C. An Abbe type refractometer with a compensa-
. ting drum accurate To .0001 unit, was used with a small 7.5 watt incandes-
¢ cent lamp as 2 light source. When refractometers without compensating

. drums are used, the Sodium D line is most readily available. Since the

- refractometer used in this work was calibrated for the Nap line, the

| curves given in this report are valid for that wavelength. These condi-
. tions, however, are purely arbitrary and were only chosen for convenience.
. The important consideration is that whatever set of conditions are used to
. construct the curve from knovm mixtures, the same set must prevail when

' using that curve for the analysis of an unknown mixture.

i T ¥ This temperature was used because the high humidity sometimes occurr-

ing in the Washington, D. C. area causes foi

cging of the prisms at 20°C.



VERIFICATION OF HETHOD

19. Tests were run using known samples prepared from aromatic-
7 ase stocks varying in refractive index from 1,3676 to 1.lL2L5. The
" _natic blending stocks used consisted of pure aromatic hydrocarbons
4 mixtures of the hydrocarbons as given in the tables. All aromatic
Lercentages were read off the curve on Plate L, and the results are shwon
£ Table II. Table III shows the results of analyses of several commercial
S1ends of gasolines. The composition of the base stocks and the aromatic

fraction are not knowmn.

DISCUSSION

= 20. It is well known from the classic laws of refraction that
e refractive index of each component of an ideal solution contributes
rectly to the index of the mixture according to the concentration of

ch component, so that if a refractive index-conecentration curve is
otted a straight 1ine will result. It is seen in Plate 1 that the base
stock aromatic solutions are very nearly ideal up to about 307 aromatics
asmuch as the nA curves approximate straight lines. DMNow, if we assume
for the moment that the mixtures dealt with in Plate 1 are ideal at all |
woncentrations, the curves would appear as shown in Plate 5 where the i
~ves have been extended to the 100% aromatic ordinate meeting at the
mmon point na = 1.4918 which is the refractive index of the aromatic
ending stock used in the mixtures. Considering any one of these curves
shovn on Plate 5 we find that if from any point (nx, X) on the curve, a

Hine is extended perpendicularly to the na and np axes that we define two
sinilar triangles A and B From the geometry we see that:

Ny = b — X
(na - np)-(nx - nb) 100 - x

for, on rearranging

(100 - x) (nx - my) = x(ng = M) - x (nx - nb)

__ 100(nx-_-nb)-x(nx—nb)=x(na~nb)—x(nx—nb)
it is seen that the second and fourth terms cancel each other giving j
1 |
ny = np
=g X 100 |
3 il

iWhich is the function derived experimentally.

=

s Actually, the curves shown in Plate 1 do not approach the
Valve 1.1,918 via a straight line. If the curves of Plate 1 are extended
‘along straight lines in the direction of the first two points of each |
turve, it will be found that they converge not at 1.L4918 but at a point !
100 the 100 aromatic ordinate approximately equal to 1.,,700, Now, by
feason of the fact that the curves of Plate 1 are very nearly straight '

lines at low concentrations and that they converge at a point on the g




;10 0% axis when extended, the geometrical argument presented above still

fpolds at low concentrations in the actual case as well as in the

b ineoretical. (It is suggested that the difference between 1.14918 and
fine theoretical value of convergence 1.L4700 is due to either associa-
\Lion or resonance of the aromatic molecules at high concentrations. If
 hese two phenonena played no part at high concentrations, i.e., the

' olutions vere ideal, or even in the pure aromatic hydrocarbon the value
| uld approximate the latter value). ihen this value (na = 1.L700) is
fced in the function BX Z b , the resulting curves shown in Plate L is

a5 predicﬁ{i}d from the geometrical argument. Vhen 1.1L918 is
the curve is somewhat flatter due to the larger factor in

L i1e denominator of the function making BX Z TD not equal to but directly

L roportional to the aromaticity. The va%ue 01E the refractive index of

?'_’:,he blending stock is perhaps less convenient to use but it is easier and

": sore accurately determined.

3 )—!5 © angle
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EyT. ANALYSIS OF AROMATICS IN HYDROCARBON MIXTURES CONTAINING OLEFINS
21, Up to this point the preceding discussion has been confined
a review of the general scheme of the analysis as applied to saturated
ocks only, together with theoretical and experimental proof. By reason
Bof the fact that silica gel removes not only aromatics but also olefins,
‘both being somewhat polar, it is apparent that the function «n is depen-
dent, upon two independent variables, the amount of aromatics present and
: It is obvious then that silica gel is

‘the concentration of olefins. ous
‘unsuitazble as an adsorbent for aromatic analysis when olefins are present.

a 22. If silica gel allowed the olefins to filter through with

fthe rest of the paraffinic-naphthenic base stock, removing only aromatics,
“then obviously the presence of olefins would not interfere and <& n would
‘be dependent only on the aromaticity. The presence of olefins in the

“bese stock could not interfere with the argument presented in the first
ipart of this report since the effect on np of all fractions except the
‘aromatic fraction cancel out in the function » np. Thus, the problem of
‘adapting the method to the analysis of aromatics in the presence of olefins
*reduces itself to finding an adsorbent that removes aromatics only, allow-
Ling olefins, naphthenes and paraffins to pass through unaffected.

4 23, Adsorption of aromatics and olefins by an adsorbent is,
‘apparently, dependent upon two factors; first, the polarity of the aro-
D and second, the surface energy of the adsorbent.

matic or olefinic molecule,
Since aromatic molecules are more polar than olefinic molecules by reason

0f their greater unsaturation, aromatic hydrocarbons are, in general, more
Strongly adsorbed by a given adsorbent. (3

Activated charcoal designated as Special Adsorbent Carbon

.f._ln" has a surface energy sufficient to adsorb aromatics but has very little

affinity for olefins. Thab is, the nmaterial quickly becomes saturated with
0lefins long before arcmatics begin to pass. Plate 8 depicts the comparison

¢ 1. unsaturates in the mixture is projected as about .22% error in the
. aromatic analysis when silica gel is used as the adsorbent.

s B &




| of Si0, and Carbon HAM on a blend containing 727 iscoctane, 8.0/ diiso-

* putylene and 20.0% aromatics® by volume. Here, using the Carbon "A",

' ihe base stock plateau is clearly established and corresponds to the

. refractive jindex of the isooctane-diisobutylene mixture. The only platean
| resulting from the 5102 extraction corresponds to the refractive index of
. .he isooctane alone. Plate 9 shows the course of the carbon extraction

| yhen the blend contains 8.33% of a mixture of pentene-l and penetene-2,

§ poth of which have refractive indices lower than isooctane, causing the

¢ curve to fall to the plateau rather than rise to it as was the case when
" siisobutylene was under consideration.

: 2l Plate 10 compared SiOp and Carbon "A" on the course of
§ the adsorption of an unsaturated mixture, the base stock being a mixture
. of cyclohexane and methyl-cyclohexane. It is evident that naphthenes do
I not interfere with the analysis. :

25. then no unsaturates are present in the fuel, either
' silica gel or the Carbon UAY may be used to extract the aromatics. In
| this case silica gel is the better adsorbent of the two since it has a
Q greater affinity for aromatics. This fact is borne out in Plate R
. view of the decreased activity of Carbon "A" over S8i02, it is necessary
" to dilute highly aromatic samples (greater than 20%4) with some known
. amounts of an aromatic-free base stock in order to obtain a recognizable
\ plateau on the curve, after which the aromaticity of the original sample

. nay be easily calculated.

3 Plate 12 illustrates the base stock plateau of a

~ typical aviation gasoline, with the same aromaticity as that shown in
Plate 11 except that it contains 8.33 olefins. It is interesting and
instructive to compare Plates 11 and 12 with respect to the two adsorbents
. on aromatic gasolines, one containing olefins and the other being olefin-
. free. The excellent result obtained by Carbon "A" in either case is

' contrasted by the marked failure of silica gel to tolerate unsaturates in

i the analysis.

: 26. The procedure for aromatic analysis of gasolines contain-
 ing olefins follows that described in Part III of this report with one
alteration. The silica gel adsorbent is replaced with Special Adsorbent

| Carbon "A" and sieved to 60 - 100 mesh size. In the event the gasoline

. contains aromatics in such quantity that the carbon becomes saturated before
| a constant base stock refractive index is obtainable, the sample must be

. diluted with an aromatic-free paraffinic base stock, isooctane, or some

. other paraffinic hydrocarbon or mixture in the gasoline range. A dilution

| by half cuts the aromaticity of most gasolines to the range suitable for

the capacity of the adsorbent. :

. ¥1.3.2,1 ratio of benzene, toluene, xylene and cumene, respectively.

== S
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TABLE I

Referred from varagraph #15 showing the non-specificity of SiOp gel
in adsorbing typical paraffin and naphthene hydrocarbons.

. gydrocarbon % in Mixture n25
n_hexane s 25 B ?6 o 03?31
iso-octane 30.63 1.3891
' (2,2,L4-trimethyl pentane)
. neo-hexane 2l.28 1.3675
 cyclohexane 12.88 1.4237

- pethyl cyclohexane 6.4 1.4205
i pixture before 51i0p '
. percolation 99.99 1.3858
. pixture after SiOp

| percolation _ 1.3858
. n-heptane 2l : 1.3855
. jso-octane 2L 1.3889
- (2,2,4-trimethyl pentane)

. cyclohexane 2L - Xghady
. triptane (2,2,3-trimethylbutane)28 1,3869
I mixture before Si02

I percolation 100 143959
. mixture after Si0p

.~ percolation 1.3959
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