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This paper presents the results of work by the American Petroleum Institute Research
Project 6 on the analyses, with respect to individual hydrocarbon components, of 28 differ-
ent alkylates and hydrocodimers. The samples reported include 15 sulfuric-acid alkylates
(one Cs, six Cy, one C4-Cj5, four Cj;, one hot-acid dimer, one hot-acid trimer, and one cold-acid
trimer), five hydrofluoric-acid alkylates (one Cj;, one C;-Cy, one Cy, one Ci-C;, and one Cp),
and 8 hydrocodimers. The analyses were made utilizing analytical distillations performed at
high efficiency with high reflux ratio, together with accurately measured values of boiling
point (obtained during the distillation) and of refractive index of the fractions of distillate.

Also included in this report is a summary of the results of the subsequent spectrographic

analyses, with respect to individual components, of one of the Cy alkylates by six different

laboratories, involving one Raman, one mass, and four infrared spectrometers.

I. Introduction

As part of its war research program, the Ameri-
can Petroleum Institute Research Project 6 at the
National Bureau of Standards was called upon, by
the Technical Advisory Committee of the Petro-
leum Industry War Council and the National
Advisory Committee for Aeronautics, to deter-
mine the hydrocarbon components in a number of
representative alkylates and hydrocodimers.®

This report presents the results of the analyses,
with respect to individual hydrocarbon compo-
nents, of 28 different alkylates and hydrocodi-

*Presented at the annual meeting of the American Petroleum Institute,
before the Division of Refining, at Chicago, Illinois, November 12, 1946.

1 This investigation was performed at the National Bureau of Standards
as part of the work of the American Petroleum Institute Research Project 6
on the Analysis, Purification, and Properties of Hydrocarbons.

2 Research Associate on the American Petroleum Institute Research Proj-
ect 6 at the National Bureau of Standards.

3 In this report, the term “alkylate’ is used, in conformity with industrial
practice, to designate those mixtures of branched-chain paraffin hydrocarbons
produced by the addition of olefins to paraffins. In particular, a propylene
(or Cy) alkylate is one produced from materials that are largely propylene in
the olefin stock and largely butanes in the paraffin stock; a butene (or C4)
alkylate is one produced from materials that are largely butenes in the olefin
stock and butanes in the paraffin stock; a pentene (or Cs) alkylate is one pro-
duced from materials that are largely pentenes in the olefin stock and butanes
in the paraffin stock; a dimer alkylate is one produced from materials that
are largely octenes in the olefin stock and butanes in the paraffin stock;
and a trimer alkylate is one produced from materials that are largely dodec-
enes in the olefin stock and butanes in the paraffin stock. Similarly, in
conformity with industrial paractice, the term ‘‘hydrocodimer’ is used to
designate those mixtures of branched-chain paraffin hydrocarbons (largely
octanes) produced by the hydrogenation of a “‘codimer” (largely octenes)
that has been produced by the codimerization of butenes.
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mers, including samples of sulfuric-acid alkylates,
hydrofluoric-acid alkylates, sulfuric-acid hydro-
codimers, and phosphoric-acid hydrocodimers.

The correlation of the composition of these alky-
lates and hydrocodimers with the conditions of
manufacture on the one hand, and with the proper-
ties of the product on the other, is made in an-
other report by Gould and Field [1] *

II. Samples Analyzed

The 28 different alkylates and hydrocodimers for
which analyses are given in this report are listed
in table 1,° which gives the API Research Project
6 sample number, the name of the sample, the
maker of the material, and the date on which
the original report of analysis of the material was
issued. Additional identification and properties
of the samples, the character of the “feed’” stocks,
ete. are given in the paper by Gould and Field [1]. 2

III. Procedure

The analyses were made by performing extended
analytical distillations at high efficiency with high
reflux ratio and utilizing accurately measured
values of boiling points (to +0.01 deg C), obtained

4 Figures in brackets indicate the literature references at the end of this

paper.
5 The tables and figures are at the end of this paper.



during the distillations, and values of refractive
index (to +£0.0001) obtained on the fractions of
distillate after the distillation.

Complete details of the assembly, testing, and
operation of the distilling columns used in this
work are given in another report [2].

The procedure followed in the analyses of the
alkylates and hydrocodimers reported here may
be simply illustrated by following through one of
the samples, as follows:

A volume of 5,500 ml of a C, Alkylate (H.SOy,),
sample 27, was placed in still 4 on April 3, 1944.
The distillation was continued until May 18,
1944, approximately 1,100 hr, with distillate being
removed at the rate of 4.7 ml/hr. At each hour
during the distillation (which corresponds to each
4.7 ml of distillate), the temperature of the liquid-
vapor equilibrium in the head of the column was
recorded to the nearest 0.01 deg C, and the incre-
ment in the volume of distillate was measured.
The distillation yielded 272 fractions of distillate,
each about 19 ml in volume.

The refractive index, np, at 25° C, of each of
the fractions of distillate was measured ® to
+0.0001 with NBS Standard Sample of 2,24-
trimethylpentane as a reference substance, on
Valentine refractometers, Abbe type, graduated
directly to 0.0001.

Plots of the boiling point, and of the refractive
index of the fractions of distillate, as a function
of the volume of distillate, were made on an
expanded scale, with 1 mm on the horizontal scale
equivalent to 5 ml in volume of the distillate, and
with 1 mm on the vertical scale equivalent to
0.2 deg C in boiling point or to 0.0001 in refractive
index. A reproduction of these plots for sample
27 is given in figure 19.

From its manner of preparation, the butene
alkylate was known to be substantially all a
mixture of paraffin hydrocarbons. The olefin
content was checked by determining the bromine
number, with pure, olefin-free “isooctane” as a
reference.” The presence of possible small amounts
of aromatic hydrocarbons, as well as olefin hydro-
carbons, was checked by searching for abnormali-
ties in the curve of refractive index versus volume,
especially at or near the “break points”. Where
found in significant amount, allowance for the

6 Edith M. Pauls, laboratory assistant on the API Research Project 6
performed most of these measurements.

7 The bromine numbers were determined under the supervision of R. C.
Hardy, of the Bureau’s Section on Lubricants and Liquid Fuels.
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olefin or aromatic hydrocarbon was appropriately
made in the reduction of the data from the curve
of refractive index versus volume.

The next step in the reduction of the data was
to determine the appropriate break points be-
tween adjoining horizontal or nearly horizontal
parts of the curves of boiling point versus volume
and refractive index versus volume. (For con-
venience, these parts of the distillation curve will
be called “flats’.)

The appropriate break pomt between two ad-
joining flats is that point at which the distillate
has a composition that corresponds substantially
to equal amounts of the material of the two flats.
The break points can be determined easily in terms
of equal volumes of material in the case of the
curve of refractive index, and in terms of equi-
molal amounts in the case of the curve of boiling
point. Actually, however, the difference be-
tween equal volumes and equimolal amounts is
not significant in connection with the location of
the break points in the present investigation.

In the simple case where each flat represents
substantially one compound (as, for example,
compound A in one flat and compound B in the
succeeding flat), the appropriate break point in the
curve of boiling point versus volume is at that
volume where the distillate is, in mole fraction,
0.5 A and 0.5 B, which point is located as being at
the temperature determined by the following
relation:

0.5 P44-0.5Pz=P. (1)

Ineq 1, P4 and Py represent the vapor pressures
of pure A and pure B, respectively, at the sought-
for temperature t,, and P is the total pressure at
which the distillation is performed. This ideal
relation holds sufficiently well for the mixtures of
branched-chain paraffin hydrocarbons encountered
in this investigation. The sought-for tempera-
ture, t,, will always be less than the average of
ty and fz. The difference between ¢,; and the
average of £, and 7z becomes insignificant as iz
approaches t4, and, when ¢, and #; differ only by a
few degrees, the break point may be located mid-
way in temperature between the two flats without
significant error. The break point obtained for
equimolal amounts is assumed to be the same as
the break point for equal volumes, within the
significance of the present data.

Whenever the material on either or both flats is
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composed of two or more components, the break
point is located as outlined above, except that the
temperatures on each of the two flats are taken as
measured and considered to be the average for the
compouents on the given flats, and further, the
changes of the boiling point with pressure are taken
as an average of those for the possible components.

Actually, while the location of the temperature
of the break point becomes less certain, the greater
the difference in temperature between the two
flats, the uncertainty of the location of the break
point in terms of volume of distillate is little
affected because of the fact that, as the difference
in the two temperatures increases, the break
between the two flats becomes sharper and there is
a much more rapid change of temperature with
volume.

For the curve of refractive index versus volume,
when two adjoining flats represent single com-
ponents, A and B, respectively, the break point is
located at that point at which, when a vertical line
is erected, the area bounded by the vertical line,
the refractive index curve to the left of the vertical
line, and a horizontal extension (to the right) of
the refractive index flat for compound A, is equal
to the area bounded by the vertical line, the refrac-
tive index curve to the right of the vertical line,
and a horizontal extension (to the left) of the
refractive index flat for compound B. This pro-
cedure assumes the refractive indices to be additive
with volume on mixing, which assumption will
not introduce any significant error for the mixtures
of paraffin hydrocarbons encountered in this
investigation.

When one or both of the flats represent two or
more components, the same procedure is followed,
with the understanding that the refractive index
flat represents the mean refractive index for the
two or more components in each case.

If the data are exact and have been correctly
reduced, the break points on the curve of boiling
point versus volume will be located at the same
volume as the break point on the curve of refrac-
tive index versus volume, within their respective
limits of uncertainty. (In the present investiga-
tion, appropriate correction was made, as neces-
sary, for the volume of liquid hold-up in the line
between the thermometer and the receiver, in
order to have the values of boiling point and re-
fractive index apply exactly to the same part of
the distillate.
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The next step was to estimate the relative
amounts of the individual components when two
or three resolvable compounds occur in one flat.
When there are only two possible components in
one flat, the relative amounts of the two compo-
nents can be calculated from the mean value of
the boiling point on the flat and the known values
of the boiling points of the two pure compounds
(at the given pressure), according to relations

‘Ic‘{‘.l'[) ==l (2)
and

rePe+apPp= I)M, (3)

where zo and z, are the mole fractions of the
two components O and D), and Pg, P, and P, are
the vapor pressures, respectively, of pure C; pure
D, and the mixture at the given temperature, .
An independent value for the relative amounts of
the two components can likewise be calculated
from the mean value of the refractive index on
the flat and the known values of the refractive
indices of the two pure compounds, according to
eq 2 and the relation

TNe—+Tphp="Ty, (4)

where n¢, np, and n, are the refractive indices,
respectively, of pure €, pure ), and the mixture.
These two values of the relative amounts should
be in accord within their respective limits of
uncertainty.® However, when P is nearly equal
to Py, and n¢ is nearly equal to np, the relative
amounts of the two compounds cannot be deter-
mined from these properties.

When a given flat represents three components,
A, B, and O, the relative amounts of the three
components may be estimated from the following
three simultaneous equations:

Za+2pt+2c=1 (5)
Np==TaN a1+ Tplp+TcNe (6)
Py=—24Ps+2pPp+xcPc. (7)

e

8 The uncertainty in the value of the relative amounts of the two compo-
nents in one flat determined from the curve of refractive index versus volume
is given by the relation

azc=[1/(np—nc)] [zﬁazn.q +I% a*np+tainyll/a.

In this equation, np—nc is the difference in the refractive indices of pure C
and pure D, z¢ is the mole fraction of the material which is component C,
zp (or 1—z¢) is the mole fraction of the material which is component D, and
ong, onp, and ony are the uncertainties in the values of refractive indices of
pure C, pure D, and the mixture, respectively.

The corresponding uncertainty for the case of the curve of boiling point ver-
sus volume is obtained by substituting vapor pressure or temperature for re-
fractive index:in‘the foregoing equation.
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In these equations, x4, 5, and z. are the fractions
of A, B,and C,respectively;ny, ng, 1., and n, are
the refractive indices of A, B, €, and the mixture,
respectively; and P4, Py, Pc, and P, are the
vapor pressures of A, B, C, and the mixture,
respectively, at the temperature on the flat.
Whenever the value of a given property is nearly
the same for two of the components, it will not
be possible to determine the relative amounts of
these two components, but only their sum, from
the above relations.

When a given flat represents more than three
components, it is not possible to calculate the
amounts of the individual components without
measuring an additional property which has suf-
ficiently different values for the several com-
ponents.

In the case of minor components appearing
near the beginning or the end of one of the flats
in the curve of boiling point versus volume, the
amount of such components can be calculated
from the curve of refractive index versus volume
when these minor components differ sufficiently
in refractive index from the main component of
the given flat.

The values of refractive indices, and of boiling
points at various pressures, for the pure paraffin
hydrocarbons involved in this investigation were
taken from the tables of the API Research Proj-
ect 44 [3].

Following the above procedure, and referring to
the curves of boiling point versus volume and
refractive index versus volume in figure 19, the
various components of the butene alkylate ana-
lyzed as sample 27 were determined as follows:

(1) From flats with one component: Material
(largely m-butaue) lower-boiling than isopentane;
isopentane; n-pentane; 2,3-dimethylbutane; 2,2 4-
trimethylpentane; 2,34-trimethylpentane; 2,2 5-
trimethylhexane; 2,3,5-trimethylhexane.

(2) From flats with one major component, with
one or more minor components at the beginning
or end of the flat: 2-Methylpentane; 24-
dimethylpentane; 2,3-dimethylpentane; 2,3,3-tri-
methylpentane.

(3) From flats with two major components, with
one or two minor components at the beginning or
end of the flat: 2,5-dimethylhexane plus 24-
dimethylhexane.

(4) As minor components occurring at the
beginning or end of a flat: 3-Methylpentane;
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2,2 3-trimethylbutane; 2-
2 2-dimethyl-
2, 3-dimethyl-

2,2-dimethylpentane;
nmethylhexane; 3-methylhexane;
hexane; 2,2 3-trimethylpentane;
hexane; 3,4-dimethylhexane.

Table 2 summarizes the important details
concerning the analytical distillation of each of the
28 samples.

IV. Analyses of 28 Alkylates and
Hydrocodimers

Figures 1 to 28, inclusive, show graphically
the results of the analytical distillations of the 28
samples listed in table 1. These illustrations
show, as a function of the volume of distillate, and
of the percentage by volume of distillate, the
boiling point of the distillate and its refractive
index. Table 2 gives some additional information
concerning the analytical distillation of the
28 samples.

Tables 3 to 7 give the composition, with respect
to individual components, of the material above
pentanes, for each of the 28 samples, as follows:
Table 3, two propylene alkylates and one mixed
propylene-butene alkylate; table 4, seven butene
alkylates; table 5, five pentene alkylates and two
mixed butene-pentene alkylates; table 6, one
“dimer” alkylate and two “trimer’” alkylates;
table 7, eight hydrocodimers.

The butene alkylate analyzed by the API Re-
search Project 6 as sample 24 was also analyzed
in part by several other laboratories. Table 8
gives a comparison of the analysis of this butene
alkylate by the following laboratories: API Re-
search Project 6, by the method described in this
report; Standard Oil Co. (Indiana), by analytical
distillation and physical properties of the distil-
late; Shell Oil Co., by analytical distillation and
physical properties of distillate, plus infrared for
2,3 4-trimethylpentane and 2,3,3-trimethylpen-
tane.

The values given in tables 9 to 13 have been
calculated from the values given in tables 3 to 7.
For the 20 alkylates and 8 hydrocodimers, table
9 gives the relative amounts of hexanes, heptanes,
octanes, and mnonanes, and higher paraffins.
Tables 10, 11, 12, and 13 give, for the 28 samples,
the relative amounts of some individual branched-
chain hexanes, heptanes, octanes, and nonanes,
respectively.
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V. Results of Cooperative Spectrographic
Analysis of an Alkylate

In order to obtain comparative data on the
spectrographic analysis of a representative alky-
late with the spectrometers then being brought
into use by the laboratories of the petroleum
industry, and also to see how such analyses might
compare with analyses made by the method of
extended analytical distillation (plus boiling point
and refractive index) as described in this report,
one of the alkylates analyzed in the present work
was prepared for subsequent spectrographic anal-
ysis by several different laboratories.

The alkylate selected for this cooperative analy-
sis was the butene alkylate analyzed as sample 27.
The approximately 5 liters of distillate, collected
as 272 fractions, was blended into 5¢ lots, as shown
by the horizontal row ot numbers near the middle
of figure 19. From each of these 50 lots, 8 sam-
ples of 4 ml each were sealed in glass ampoules.
The material remaining in each of the 50 lots
was also sealed i glass ampoules for retaining.
One set of 50 samples was sent to each of the
laboratories for spectographic analysis. The labo-
ratories participating in the cooperative specto-
graphic analysis of sample 27, together with the
methods used, and the date of reporting the analy-
sis, are as follows: Standard Oil Development
Co., Elizabeth, N. J.; with infrared spectrometer;
analysis reported January 2, 1945. Atlantic Re-
fining Co., Philadelphia, Pa.; with mass spectrom-
eter; analysis reported June 22, 1945. Socony-
Vacuum Laboratories, Paulesboro, N. J.; with
infrared spectrometer; analysis reported July 25,
1945. Sun Oil Co., Norwood, Pa.; with Raman
spectrometer; analysis reported October 8, 1945.
Universal Oil Products Co., Riverside, Ill.; with
infrared spectrometer; analysis reported April 24,
1946. Phillips Petroleum Co., Bartlesville, Okla.;
with infrared spectrometer; analysis reported
June 20, 1946.

The spectrographic analyses reported by the
several cooperating laboratories are summarized
in table 14. The results indicate good agreement
not only among the laboratories using the same
type of spectrometer (infrared), but also among
those using different types of spectrometers (mass,
Raman, infrared). Further, the results from the
spectrographic analyses are in good accord with
the analysis of sample 27 from the present work.
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VI. Discussion

In connection with the analyses presented in
this report, the following observations may be
made:

In relative amount among the heptanes, octanes,
and nonanes, the heptanes are largest in the
propylene alkylates, the nonanes are largest in
the pentene alkylates, and the octanes are largest
in the butene alkylates and the dimer and trimer
alkylates.

The various paraffin hydrocarbon isomers are
produced in relative amounts that do not, in a
broad sense, correspond to thermodynamic equi-
librium, although in some cases, two or three
isomers of not too dissimilar structure may be
found in relative amounts corresponding approxi-
mately to thermodynamic equilibrium [4, 5].
This observation is apparent from the fact that
the relative amounts of the individual dimethyl-
hexanes and the individual trimethylpentanes
can be appreciably altered by changes in the con-
ditions of manufacture, as shown in the report by
Gould and Field [1].

In the 15 alkylates having appreciable amounts
of hexanes, the amount of 2 3-dimethylbutane
was, on the average, 64 +10 percent of the total
hexanes.

In both the alkylates and hydrocodimers, the
heptanes present in large relative amount are
2 4-dimethylpentane and 2,3-dimethylpentane,
with 2 2-dimethylpentane, 2-methylhexane, and
3-methylhexane in small amount, and the other
heptanes being substantially absent.

In the alkylates, the octanes present in large
relative amount are 2,2 4-trimethylpentane, 2,3,4-
trimethylpentane, and 2,3,3-trimethylpentane,
with 2 5-dimethylhexane, 2 4-dimethylhexane, and
2 3-dimethylhexane in small amount and the
other octanes being substantially absent.

In the hydrocodimers, excluding the hot-acid
hydrocodimer, sample 35, the octane present in
largest relative amount is 2,3,4-trimethylpentane,
with 2,2 4-trimethylpentane, 2,2 3-trimethylpen-
tane, and 2,3,3-trimethylpentane in smaller
amount, 2,2-dimethylhexane, 2, 5-dimethylhexane,
2,4-dimethylhexane, 2,3-dimethylhexane, and 3,4-
dimethylhexane in still smaller amount, and the
other octanes substantially absent.

In the 11 alkylates having appreciable amounts
of nonanes, the relative amounts of the two
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trimethylhexanes present in large amount were
substantially constant, being 82.9 +1.5 for 2,2,5-
trimethylhexane and 17.1 +1.5 for 23 5-tri-
methylhexane.

The hydrocodimers, excluding the hot-acid
hydrocodimer, sample 35, differ from the alkylates
in usually having in relative amount, among the
octanes, less 2,2 4-trimethylpentane, more 2,2-
dimethylhexane, more 22 3-trimethylpentane,
more 2,3,4-trimethylpentane, less 2,3 3-trimethyl-
pentane, and more 34-dimethylhexane, and in
relative amount among the heptanes, more 2,3-
dimethylpentane and less 2 4-dimethylpentane.

The dimer and trimer alkylates, for the produc-
tion of which [1] the olefin charging stocks were
largely Cg and C,; olefins, respectively, have com-
positions that are not greatly different from the
regular butene alkylates.

Eight different highly branched paraffin hydro-
carbons can be obtained, in a purity of about 90
mole percent or better, by efficient distillation
(equivalent to 100 or more theoretical plates) of
appropriate alkylates or hydrocodimers, as fol-
lows: 2,4-Dimethylpentane from C; alkylate; 2,3-
dimethylpentane from C; alkylate; 2,2 4-trimethyl-
pentane from C, alkylate; 2,2,3-trimethylpentane
from hydrocodimer (hot-acid); 2,3,4-trimethyl-
pentane from hydrocodimer (phosphoric acid);
2,3,3-trimethylpentane from C, alkylate; 2,2,5-
trimethylhexane from C; alkylate; 2,3,5-trimethyl-
hexane from C; alkylate.

Grateful acknowledgement is made to the Stand-
ard Oil Co. (Ind.), Shell Oil Co., Standard Oil
Development Co., Atlantic Refining Co., Socony-
Vacuum Laboratories, Sun Oil Co., Universal Oil
Products Co., and the Phillips Petroleum Co. for
permission to include in this report the results of
analyses made by their respective laboratories,
as indicated in sections IV and V of this report.

VII. References

[1] D. W. Gould and H. W. Field, Proc. Am. Petroleum
Inst. 27 (111), (1946).

{2] C. B. Willingham and F. D. Rossini, J. Research NBS
37, 15 (1946) RP1724.

542

[3] American Petroleum Institute Research Project 44 at
the National Bureau of Standards.

3a,

4a.

Boiling point,

dt/dP,

density, and freezing point.
[4] ¥. D. Rossini, E. J. Prosen, and K. S. Pitzer, J. Re-
search NBS 27, 529 (1941) RP1440.
[56] E. J. Prosen, K. S. Pitzer, and F. D. Rossini, J. Re-
search NBS 34, 255 (1945) RP1641.

refractive

Tables 1la, 2a,
index,

TaBLe 1.—List of the 28 alkylates and hydrocodimers

APIRe- | ‘ i
Ie. Y ]
Sokete| S | e | Dysetn
sample No. |
1. __\ Oy Alkylate (H:805)__| Standard Oil Co. | Oct. 31,1942
| of New Jersey.
2. ,,‘ ,,,,, do ... __ | Texas Co__________ Nov. 10, 1942
4 Hydrocodimer (solid | Standard Oil Co | Dec. 19, 1942
phosphoric acid). (Indiana). |
7o C; alkylate (H2SOy4)__| Standard Oil Co. | May 22,1943 |
of New Jersey.
[* IR Cy Alkylate (H2SO4) __| Atlantic Refining | Nov. 30,1943 |
10 SR « [ T Dec. 18,1343
11 | C+Cs alkylate | _| Dec. 11,1943 |
(H2S800). | '
W C; alkylate (H2SO4) | 6,1943
13 | Cyalkylate (HF)______ 30, 1943
Cs alkylate (HF)______ 6,1943
_| C4-Csalkylate (HF)__ 18, 1943
C;-Cyalkylate (HF) __ 29, 1944
C; alkylate (HF)______ 11, 1943
Cs alkylate (H280q) . 22,1944
_| Trimer (hot acid) alky- 6,1944 |
late (H2804). E
O e Cs alkylate (H2SOy) | ____ do.__ ... May 13,1944
b S I do.. . __|.___. do...__________ May 20,1944
24 . Cqalkylate (H2S04)__ _ | Standard Oil Co. | Nov. 30,1943
of Ohio.
27 _ . . do____ . Standard Oil Co. | Oct. 15,1944
of New Jersey,
Louisiana Divi-
sion.
33_-as Hydrocodimer (phos- | Standard Oil Co. | Oct. 31,1944 |
phorie acid). of New Jersey.
34______| Dimer (hot acid) alky-| Shell Oil Co_______ Oct. 15,1944
late (HaSOy).
852053 Hydrocodimer (hot- | ____ do_ Jan. 31,1945
acid).
36t Hydrocodimer (Law- | Texas Co. ... May 15,1945
renceville).
37 - Hydrocodimer |_____ do .. ___ May 31,1945
(Tulsa).
41 Hydrocodimer (Lima | Standard Oil Co. | June 15, 1945
6). of Ohio.
4O SNONSE Hydrocodimer (Lima |_____ do__-_______- Sept. 15, 1945
D
43 . Trimer (cold acid) | Pure Oil Co_______ June 15,1945
alkylate (H3SOq).
44 . Hydrocodimer (HSO- | Trimpell, Ltd_____ June 30,1945 |
1684).
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Toble 2 — Information on the analytical distillation of 20 olkylates and 8 hydrocodimers.
Distillation

Number Total Analysis

o ||, | vt |t of | veume | otne| | remt | i
3 column | yical ratio of of each of in 'a‘r;e

number® | piotes | (9PPTOX) | gistiiote | NOrGe | fraction | HSMIT | figure
lﬂPDfDl)a ation
ml/hour ml ml hours
| Cq4 Alkylate (HpSO4) H 110 12071 ) 2600 15 510 | 4
2 Cq Alkylote (H2S04) H 110 120/1 5 2590 15 510 2 4
4 Hydrocodimer (solid phosphoric acid) H 1o 120/1 5 2600 15 575 3 7
7 Cs Alkylote (HSO4) H 1o 12071 5 2600 15 530 4 5
9 Cq4 Alkylate (Hp SO4) H 10 12071 5 2600 15 600 5 4
10 Cq Alkylate (Hp SO4) H w | 12071 5 2600 15 550 6 4
i Cq4—Cs Alkylate (HzSO4) H 1o 12071 5 2600 15 600 7 5
12 Cs Alkylate (Hp SO4) H no 12071 5 2595 15 575 8 5
13 Cq Alkylate (HF) H 1o 12071 5 2600 15 575 9 4
14 Cs Alkylte (HF) H 1o 120/1 S 2565 15 530 10 )
15 C4=Cs Alkylate (HF) Q 100 12071 2.5 1600 7.5 695 " 5
16 C3—Cq Alkylate (HF) 2 100 12071 2,5 1790 7.5 670 12 3
17 Cy Alkylote (HF) 15 100 12071 25 1625 7.5 620" 13 3
20 C3 Alkylote (Hp SOg4) 2 100 12071 25 1800 7.5 670 14 E
21 Trimer (hot acid) Alkylate (Hp SO4) 3 100 12071 25 1760 7.5 740 15 6
22 Cg Alkylate (Hp SO4) 2 100 12071 25 1790 7.5 740 16 5
23 Cg Alkylate (Hp SO4) 3 100 120/1 25 1790 7.5 790 7 5
24 Cq Alkylate (Hp SOg) 12 100 12071 2.5 1600 75 620 18 a4
27 Cq4 Alkylate (Hp SO4) 4 200 15071 a7 5500 19 1100 19 4
33 Hydrocodimer (phosphoric acid) 2 100 12071 25 1800 7.5 740 20 7
34 Dimer (hot acid) Alkylate (Hp SOg4) 2 100 12071 29 2000 7.5 770 21 6
35 Hydrocodimer (hot acid) 3 100 | 12071 25 1800 7.5 700 o2 7
36 Hydrocodimer (Lawrenceville ) 3 100 12071 25 2000 7.5 860 23 7
37 Hydrocodimer (Tulsa) 2 100 12071 2.5 2000 7.5 990 24 7
41 Hydrocodimer (Lima 6) 2 100 12071 25 2000 7.5 890 25 7
42 Hydrocodimer  (Lima 7) 2 100 | 13071 2.3 2000 | 9.2 910 26 7
43 Trimer (cold acid) Alkylate (HzSOq) 2 100 13071 23 1970 9,2 890 27 6
44 Hydrocodimer (HSO-1684) 3 100 13071 23 2370 92 1100 28 7
OSee reference 2. Column H was the same os column O except that the length of the rectifying section was
2.7 meters (IO7 inches). Columns P and Q were similar to columns 2 and 3,
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Toble 3 - Analyses of two propylene alkylates ond one mixed propylene-butene alkylate
Boiling C3 Cz C3-Cq
point Alkylate (H, SO4) Alkylate (HF) Alkylate (HF)
ot Sample 20 Sample 17 Somple 16
Components |_atm. (see _figure 15) (see  figure 14) (see figure 13)
20 Percentage by volume (above pentanes)
2,3- Dimethylbutane 58.0 358810 2.9+ 0.6 114°£ 0.7 | 23105
2-Methylpentane 60.3 1.7 £0.9 } 53£1.0 1.4 £0.5 } 50£05 } 0.9 £0.5 L
3-Methylpentane 63.3 0.1 £0.1 0.7 +0.4
2,2-Dimethyipentane 79.2 [N } 0.8 +0.8 0.7, £0.7 }
2,4 Dimefthylpentane 80.5 26.20% 115 273205 18208 [ 9005 42b% 10 [ 49105
2,3~ Dimethylpentane 89.8 360 11 \3g44+05 211 £ 1.0 204405 45 £ 1.0 | 53408
2=Methylhexane 90.1 2.3 £ LI } 1.3 £ 1.0 } 0.8 +£0.5
3-Methylhexane 92.0
2,2,4-Trimethylpentane 99.2 78 0.5 163 £05 30.04% 1.0
165 £05
Olefins 99-109 02 tol
Toluene 110.6 0.06+ 0.02
2,5=Dimetylhexane 109.1 } 2.5°+ 08 } 4.0%% 10 2.¢ £ 2,0
2,4—Dimethylhexane 109.4 3.3+08 } 51 1O 1.4% 1.2
2,2,3~Trimethylpentane 109.8 08 +0.5 LI 06 2302
2,3,4-Trimethylpentane 113.5 2.5W=N1.0 34 £ 15 6.8 +20
2,3,3-Trimethylpentane 114.8 32 + 1.0 ) 69%1.0 3.9 + 15 [ 82%15 67 +2.0 I7.5£20
2,3~ Dimethylhexane 115.6 .29+ 0.6 09905 4.0% 2.0
Isoparaffins 115.6-124.1 13 £0.7
2,2,5~ Trimethylhexane 124.1 1.4 £07 45 t 15 82 + 15
Isononanes 126-143 0.8 0.5 24 £05
2,3,5- Trimethylhexane 131.4 183% 1.0 } 194 1.0
Aromatics 125-133 0.07 + 0.04
Isononanes 133-143 1.53 1 0.9 } 1.6£0.9
Aromatics 133-149 0.07 £+ 0.04
Isoparaffins 143-151 2.2 + 1.0 33 * 1.0
Isoparaffins >143 155 0.9
Isoparaffins 151-160 5 0.7 22 0.8
Isoparaffins >160 5. 108
Isoparaffins 160-175 77 £ 15
soparaffins >175 37 £ 1.0
Total 100.0 100.0 100.0
OMay include o smaii omourt of 2,2-dimethylbutane, CMoy include o small amount of 2,2-dimethylhexane.
Moy include o smoll omount of 2,2 3-trimethylbutane, dMuy include o smoll omount of 3,4 —dimethylhexane,
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Table 4 —Analyses of seven butene alkylates
Boiling Cq Cq Cq Cq Cq Cq (%
point Alkylate (Hp SO4) Alkylote  (Hp SO4) Alkylate (Hp SO4) Alkylate (H, SO4) Alkylate (Hp SO4) Alkylate  (H , SO,4) Alkylate (HF)
c at Sample | Sample 2 Sample 9 Sample 10 Sample 24 Sample 27 Sample 13
ORpaoents I atm. (see figure 1) (see fiqure 2) (see figure 5) (see figure 6) (see figure 18) (see  figure 19) (see figure 9)
°¢ Percentage by volume (above pentanes)
2,2—-Dimethylbutane 497 06 +04 0.55 + 0.03
2,3—Dimethylbutane 58.0 55 £ 10 { oo 0e 81 £06 | . 00 65%+ 05 7.0%+ 0.9 52%+ 09
2—Methylpentane 60.3 1.8 £08 : . 3201 0.6 s G REG 8.3 £0.5 B0 258 94 +05 ZISEE0S 1.2 +0.6 (68%05 295 0.5
3—Methylpentane 63.3 0906 0.7 £ 05 5 ) 0.4 £02
2,2—Dimethylpentane 79.2 0.7 + 0.4 } 05 +03 08 +05 ¢ 02 +02 o
2.4 Dimethylpentane 80.5 36%+ 05 55¢+ 05 J 82+05|  g5cy o [ 4TEIO| 390y o f 4TELO | LIEL0S5 S I ) G | e ss
2,2,3-Trimethylbutane 80.9 0.2 +0.2
2,3-Dimethylpentane 89.8 22 + Il } 3.4 £08 2. +05 25 £ 05 26 10,7
2—Methylhexane 90.1 3. 05 5.1 +06 28105 36105 1.0 £ 05 2.9+05 1.9 +05
3— Methylhexane 92.0 } 0.9 * 05 OB 07 +04 D03 0.3 +0.2
2,2,4-Trimethylpentane 99.2 30.1 + 0.6 22.4 + 0.6 23195 £:05 26.8 + 0.5 35.5 0.5 26.7 1.0 417 +0.5
"Unsaturated " 100-109 005 £ 0.03
2,2 Dimethylhexane 106.8 03 +0.2
2,5— Dimethylhexane 109.1 } d } d } d } d d } } d
o 8.1 N2 103%+ 1.2 7.95+ 1.0 83%% 1.0 34t 10 T = L) 8.8t I.O 134%+ 1.2
cimbielbyliesane 109.4 99+ 1.0 122 +10 96+1.0 99+ 10 } 5.4 £1.0 163 £ 1.1
2,2,3—Trimethylpentane 109.8 1.8 + 0.8 {19108 {7l 3 o) 16 £ 08 20 * 1.0 L3 +£0.7 2.9 £ 2
2,3,4—Trimethylpentane 113.5 OS2 15,3 £ 2.0 16.4 +£2.0 192 + 2.0 240 +20 1430 12,0, 9.4 + 20
2,3,3—Trimethylpentane 114.8 1450 £L2 12 7.5 £ L5 104 +2.0 (29. %15 2 WEEI2 OS2 7S 149-+.2.0 pr364£15 | 262 +20 p51.6 £15] 135 %20 5415 100 £20 p256% 15
2,3-Dimethylhexane 115.6 e (142 34%+ 20 4.2%+ |5 238+ 12 24%+ 15 33 + 15 s 6.28+20
3,4-Dimethylhexane nur.7 04 +0.3
Isoparaffins >115.6 330105
2,2,5—Trimethylhexane 124.1 127 £ 08 88 + 08 49 £ 10 GRS 49 £ 1O 34 £1.0
Isoparaffins >i24.1 6. 9005
2,3,5-Trimethylhexane 131.4 1.9 £ 0.6 1.9 £ 06 1.0 £05
Higher boiling material >34 245405 1505
Isoparatfins 126—142 23 0.5 20 07
Isononanes 132-143 0.5 £03
Icsparaffins 142-160 29 +0.5 (28 A (1)
Isoparaffins 2143 L5 05
Isoparaffins 160-180 38 t 10 SONENIS
isoparaffins >180 21 £ 10 73 15
Total 100.0 100.0 100.0 1000 100.0 100.0 100.0

9May include o small amount of 2,2~ dimethylbutane d Moy include o small amount of 2,2-dimethylhexane

bMay include o small amount of 2,2—dimethylpentane ©Moay include o small omount of 3,4—dimethylhexane

€May include o small omount of 2,2,3—trimethylbutane
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Table 5— Analyses of five pentene alkylates ond two mixed butene-pentene alkylates
Boiling Cs Cs Cs Gs, (e1y Cs4—Cs Cq—Cs
point Alkylate (Hp SO4) Alkylate (H, SOg4) Alkylate (H, SOg) Alkylate (Hp SO4) Alkylate (HF ) Alkylate (HF) Alkylate (HF)
of Sample 7 Sample 12 Sample 22 Sample Sample 14 Sample 15 Sample |1
Components | atm (see figure 4) (see figure 8) (see figure 16) (see figure 17) (see figure 14) (see figure 11) (see figure 7)
*c Percentage by volume (above pentanes)
Cyclopentane 49.3 05 +03 107404 05 £02 } 0.6 0.2 03 +0.J } 0.6 403
2,2-Dimethylbutane 49.7 0.2 0ol 0.1 0.1 0.3 0.2
2,3~ Dimethylbutane 58.0 2.6°+ 0.8 205 i 21 +0.8 a ) A 28 +05
2" Methylpentane 60.3 2.1 +08 58405 20 £0.5 [ 58105 it (1o 18 +0.9 4.3 +0.9 (e ()i (I5EEN65 1.4 +0.5 { 4.7%0.5
3—Methylpentane 63.3 1.l +£0.5 1IN E 0.5 0.4 £0.3 QD02
Olefins 58-73 0.010+ 0.005
2,2~ Dimethylpentane 79.2 } 8%+ 0.8 2.2 t o5 152 £08 } 1.7+ 05 } 1424 05 8%+ 05 } 23+ 05
2,4—Dimethylpentane 80.5
2,3— Dimethylpentane 89.8 108 0.5 LI £05
2~ Methylhexane 90.1 17 £08 17 +05 09 +05 0 a0 15 £05 1.9 £05 .7 +05 } A 1.910.5
3—Methylhexane 92.0 " . i °
2,2,4—Trimethylpentane 9852 13.1 +£0.8 13.1 +08 124 £ 05 21,7 £ 1.0 17284 05 242 £ 0.5 333 £05 20.1 £ 0.5
Olefins 73-100 0.00+ 0.005
2,5—Dimethylhexane 109.1 } c } - } ¢ } c ) c c c
2,4—Dimethylhexane 109.4 SRS }5.2 sl Jf SR O e I S L } aaxio ) 3O oy o SO Lo o[ SO E 0N k0 337 O o 0
2,2,3—Trimethylpentane 109.8 0984105 0.7 £05 0.7 t0.4 08 05 0.7 +04 21 =10 0.8 £05
2,3,4-Trimethylpentane 1135 660 12.0 42 20 94 20 64 £ 1.5 54 & 15 IGIRERS 16 £ LS
2,3,3—Trimethylpentane 4.8 4.5 2.0 122425 7.0 £ 2.0 Ha £ 1.5 S.5WE120 198 t 1.0 il == LG 144 £ 15 42 + 1.5 ) 108 £ 15 8.1 x L5 ISR 10,20 N5y 23.5 L 15
2,3~ Dimethylhexane 115.6 .19+ 05 S 029+02 0.99+ 05 0.99+ 0.4 129+ 06 459+ 20 .79+ 0.8
Olefins 112-125 0.04+ 0.02
2,2,5—Trimethylhexane 124.1 342 £ 1.0 3558 £E2:0 295 & 1.0 294 * 1.5 29I3ERS 134 £ 15 240 = 1.5
2,3,5—Trimethylhexane 131.4 66 t 1.0 88 + 20 6.5 £ 1.3 5.6 + 1.8 Loy = S ragd = ol 58 £ 15
Isoparaffins >131.4 12:50 £ 010
Isononanes 132—-144 44 + 1.0 52 + 1.0 52 120 6.2 £ 1.0 4.7 £ 1.0 3.5 £08
Isoparaffins 144—151 56 t 1.0 3.8 1+ LS 2.9 % .0 SIS 3.0 £ 0.8
Isoparaffins _ 89 t 1.0
Olefins }‘4" 168 | 005+ 0.03 } 9.0+ 10
Isoparaffins 151-160 3.7 £05 22 £ 11 50 %+ 1.0 1.2 £0.5 1.3 +£0.5
Isoparaffins >160 23005 94 +1.5 6680170 6.3 0.5 32105
Isoparaffins _ 31 + 1.0
Olefins }‘68 1891 0.04x 0.02 } Hl 2
Isoparaffins 2.8 + 0.5
Olefins } B 0.05+ 0.03 } e 0
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
O May include small amount  of 2,2—dimethylbutane. CMay include a small amount of 2,2 - dimethylhexane.
b May include small amount of 2,2,3—trimethylbutane "Moy include a small amount of 3,4 dimethylhexane,




Table 6-Analyses of three “dimer" and “trimer" alkylates
Boiling Dimer (hot  acid) Trimer (hot acid) Trimer (cold acid)
point Alkylate (Hp SO4) Alkylate (Hp SO4) Alkylate (H, SO4)
at Sample 34 Sample 21 Sample 43
Components | atm. (see figure 21) see figure 15) (see figure 27)
“& Percentage by volume (above pentanes)
2,3-Dimethylbutane 58.0 349+ 0.9 42%+ 10 6.6%+ 0.8
2-Methylpentane 60.3 Il £0.5 p 49105 59+05| 1.3 +07 ¢ 84106
3—Methylpentane 63.3 0.4 +02 1.7 £0.9 05 +03
2,2—Dimethylpentane 79.2 03 +0.2 } 03 +03 0.5 +03 }
j 2 4—Dimethylpentane 805 26b1 08 J 29%05| 4gbiog [ 4905 ,45byo7 f 5005
| 2,3~ Dimethylpentane 89.8 } 2.6 +0.8 } 2ot0s5|1 32 E08 L Lo .
2-Methylhexane 90.1 1.4 05 .9 +0. } .6 £0.
3—Methylhexane 92.0 } O SR 0.4. +£02
2,2,4—Trimethylpentane 9812 356 x 1O 3058105 31.4 £07
2,5-Dimethylhexane 109.1 c o } e
2,4-Dimethylhexane 109.4 } T2+ '-8} 90 £ 15 } 8.45L 1.5 } 109 +10| J 83" % '-5} 94+ 10
2,2,3—Trimethylpentane 109.8 LBRENI2 25010 Il £0.6
2,3,4-Trimethylpentane 113.5 I8t 2.0 10.4 + 20 149 + 2.0
2,3,3—Trimethylpentane 114.8 16.9 * 2.0 7354 £2.0 19 +£2.0 (24.6 £20( 125 +2Q 300+ 15
2,3~ Dimethylhexane 115.6 289+ 1.4 239+ 1,1 1.9 +0.9 etk
3,4-Dimethylhexane nz.7 07 04
2,2 5—Trimethylhexane . 124.1 24 + 0.8 44 + 1.5 34 = 10
Isononanes 127-143 06 + 04 16 +0.8 LI +0.6
Isoparaffins 143-151 06 *+0.4
Isoparaffins 143-160 I.I £ 06
Isoparaffins 147—152 2,310
Isoparaffins 151—160 04 04
Isoparaffins 2152 54 05
Isoparoffins 160—175 18 £ 0.8 1.5 £ 1O
| Isoparaffins >I75 49 +0.8 1.8 +25
Total 100.0 100.0 100.0
9 May include a small omount of 2,2—dimethylbutane. €May include o small omount of 2 2-dimethylhexane.
May include o small amount of 22 3—trimethylbutane. May include o small omount of 3 4-dimethylhexane.
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Table 7-Analyses of eight

hydrocodimers

Boiing Hydrocodimer o Hydrocodimer Hydrocodimer Hydrocodimer
point (hot acid) (sohd —acid) ) (Lawrenceville) (Tulsa) (Lima 6) (Lima 7) (HSO-1684)
ot Sample 35 Somple 4 Sample 33 Sample 36 Sample 37 Sample 41 Sample 42 Sample 44
Components I otm. (see figure 22) (see figure (see fiqure 20) (ee figure 23) (see fiqure 24) (see fiqure 25) (see figure 26) (see figure 28)
“ Percentage by volume (above penfanes)
Gyclopentane 493 0.10 +0.05 029+ 0l
2,2-Dimethylbutane 497 0.10 0.0
2,3~ Dimethylbutane 580 [ EET
2-Methylpentane 603 0.2 o0l 07 $05 14 07 08 t04 26 +08 4 50 olp05 £03 05 £03 0.8 £03
3-Methylpentane 633 O
n-Hexane 687
Methylcyclopentane 718 12 405 02° £ Ol
Benzene 80.1 003% 001
Heptanes 79-92 10 £05
2,2-Dimethylpentane 79:2 } i } e } by } b } Bevma } B
e o 12b £ 05 .00+ 0.6 360+ 08 06°+ 03 0.7%+ 0. 24b+05
0.9%+ 05 c c c
2,3-Dimethylpentane 898 LI +04 15 £05 - t* 1.7+ 08 150 £ 1.5 eeon 1.4 0.7 135 £ 0.7 15 £07 74% 0.6
2-Methylhexane 301 i - ” o
3—Methylhexane 920 04 03 12 +0.8 O.s £ O.1
Olefins >90 0l 005
Olefins 90-99 o4 10.05
Olefins 36-99 02 to.
2,2,4-Trimethylpentane 99.2 354 + 10 99 t08 120 £ 10 66 t 1O 72 £ LS 12 x 15 52 % 10 274 t 1.0
Olefins 99-110 06 t03 15 £03 06 £0.3
Toluene 110.6 005% 0.03]
2,2-Dimethylhexane 106.8 40 % 1.5 12 +06 27 = 14 23 £ 10 1.8 £ 1.0 21 =10 18 +£09 0.9 £0.5
Lom Ovmi Se il 09 07 } 67 £20 ) 71 £20| 929 + 1.7 374415 ) 48 + 20 24 +12 (281511 g 4 12 Yie7r15| P74 £ 05 plu2E15[h 22 £ 11 IOEIS
2,4-Dimethylhexane 109.4 26.9£2.0 154 £2.0
22,3~ Trimethylpentane 109.8 260 + 20 92 +30 8 +2.7 106 *2.5 85 + 15 148 20 100 + 20 79 £ 15
Olefins >a9 0.05 £ 0.03
Olefins 49-110 0.1 + 0.0g 0.08 £ 0.04 02 00
Olefins. 110-114 0.8 + 04 0.2 20
Olefins 110-13 4 0.3 0.
Olefins 13.4-1147 0.4 £ 0.
Olefins 110-140 0.1 % 0.0g
Olefins 10 0.09+ 0.05 02 +o.
2,3,4-Trimethylpentane 113.5 190 +20 439 +20 434 143 439 +20 349 125 392 + 30 373 +25 83 + 20
2,3,3~Trimethylpentane 1na.s 70 .% 15 274120 86 + 2.0 (581 $4.0 |5.0dd‘. 30 62.7 £ 20 6.1 * 2.0 (565 £20 52 t 1.5 0 44.9 £2.0] 7.2 £ 20 (507 2.0 46 t 15 2493120 3.1 £ 10 333 15
23 Dimethylhexane 115.6 1491 07 5691 30 439% 2. 65 £ 20 48 £ 15 43 15 74 120 1.9 £ 10
Olefins 114-120 0.6 +£0.3
Olefins 114-1156 | 0.6 +03 )
Isoparaffins >115.6 29 + o.e} 53 t 1.0
Olefins 5.6 (e chl) o et
Olefins 114.7-1155 0.4 0.
Olefins 115.5-117 0.6 +02
3,4-Dimethylhexane nr.r 2.9%£0.9 53+ 15 46%+ 15 39%+ 15 118 £ 06
Isoparaffins 17-120 19 £ 1.0
Olefins 117-120 , 0.4 to.I
Olefins 5120 0.9 £0.4
Isononanes 120-132 20 £ 10
Isononanes 122-127 1.7 £ 08
Isononanes 127-135 26 t 1.2
Isononanes 122- 135 29 +09 24 %12 24 + 12
Isononanes 122-144 26 08
Olefins >132 02 to.
1soparaffins 2132 36 £0.6
Isononanes. 135-140 26 +08
Aromatics 136-145 0.05% ons} 0.07% 0.03 008+ 0.04}
Isoparaffins 135 A Fe ) G R e R e T i e
Aromatics >140 0.0 0'04} 1.1 4 10|
Isoparaffins %40 71 +08 65 + 0.8 10 + 1.0 . -
1soparatfins 145-165 13 £06
Isoparaffins 165-1778 29 £09
Isoparaffins 778 73 £06
Total 1000 1000 100.0 1000 100.0 100.0 1000 100.0

with naphtha

o g i , O
b Moy include o small omount of 2,2,3-trimethylbutane

© Moy include o

small

amount  of

methylhexanes

4 May include a

small

amount  of 3,4~ dimethylhexane
€ Moy include some other octanes.




Tarve 8.—Comparison of the analysis of the octanes in the
butene alkylate, sample 2/, by several laboratories

[Values are percentage by volume (above pentanes)]

Components

2,2,4-Trimethylpentane ____
2, 5-Dimethylhexane .. _____
2,4-Dimethylhexane___________
2,2, 3-Trimethylpentane. _
2, 3,4-Trimethylpentane ______
2, 3, 3-Trimethylpentane. __.___
2, 3-Dimethylhexane ... __.___

API Standard She o
Research 0il Co. M]w,o'l
Project 6 (Ind.) AP e S

(November | (July 29, (gs hl';ﬁr)"
30, 1943) 1943 ’

35.5 £0.5 35.8 35.1
5.4 £1.0 6.9 4.8

24.0 2.0 24.1 25.5

25.2 +2.0 25.2 25.5
2.4 £1.5 1.1 -

Table 9—Relative amounts of hexanes, heptanes, octanes, and nonanes and higher paraffins, in
20 alkylates ond 8 hydrocodimers.
Nonanes
Hexanes Heptanes Octanes HiDQI:Zr Total
Savr‘v‘\gle Material Paraffins
Relative omount by volume

20 C3 Alkylate (H, SO4) 5.3 65.7 18.0 1.0 100.0
17 Cy  Alkylate (HF) 50 41.5 29.7 23.8 100.0
16 C3— G4 Alkylate (HF) 23 10.2 60.3 272 100.0
| C4 Alkylate (Hp SO4) 8.8 6.7 67.5 17.0 100.0
2 Ca Alkylate (Hp SO4) 12.6 13 63.7 2.4 100.0
9 Cq4 Alkylate (Hp SO4) 8.3 75 68.2 16.0 100.0
10 Cq4 Alkylate (Hp SO4) 9.4 77 73. 9.8 100.0
24 Cq Alkylate (Hp SO4) 2. ) 92.5 33 100.0
27 Cq  Alkylate (Hp SOg) 68 7.0 67.0 19.2 100.0
I3 Cq4  Alkylate (HF) 2.1 45 83.6 9.8 100.0
15 G4 —Cs Alkylate (HF) 1.5 3.5 65.2 29.8 100.0
1 C4 —Cs Alkylate (Hp SO4) 5.0 4.2 49.9 40.9 100.0
7 Cs Alkylate (Hp SO4) 58 3.5 30.6 60.1 100.0
12 Cs Alkylate (Hp SO4) 6.0 3.8 28.7 615 100.0
22 Cs Alkylate (Hp SO4) 32 24 45.9 48.5 100.0
23 Cs Alkylate (Hp SO4) 44 5.2, 36.5 55.9 100.0
14 Cg  Alkylate (HF) 1.6 33 396 55.5 1000
34 Dimer (hot acid) Alkylate (Hp SO4) 4.9 4.3 80.0 10.8 100.0
21 Trimer (hot acid) Alkylate (Hp SOg4) 029 7.8 66.0 203 100.0
43 Trimer (cold ocid) Alkylate (HpSOg4) 8.4 8.6 70.8 12.2 100.0
35 Hydrocodimer  (hot acid) 0.2 1.0 95.8 3.0 100.0
4 Hydrocodi (solid ic acid) 0.7 2.8 90.7 5.8 100.0
33 Hydrocodimer (phosphoric acid) 1i5; 0.9 92.3 5.3 100.0
36 Hydrocodimer (Lawrenceville) 0.8 L 83.9 2.6 100.0
37 Hydrocodimer (Tulsa) 26 19.9 70.6 6.9 100.0
41 Hydrocodimer (Lima 6) 05 2.0 85.5 12.0 100.0
42 Hydrocodimer (Lima 7) 0.5 3.2 78.1 19.2 100.0
44 Hydrocodimer (HSO 1684) 0.8 10.1 74.6 14.5 100.0
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Toble 10— Relative amount of 2 3-dimethylbutane in the hexane fraction of 15 alkylates.

2,2-Dimethylbutane
plus

Sample — 2,3~Dimethylb 2-M 6|;s Total

No. 3-Methylpentane

Relative amount by volume

20 C3 Alkylate (H, SO4) 66.0 34,0 100
17 Cy Alkylui-e (HF) 58.0 42.0 100
16 C3—C4 Alkylate (HF) 60.9 3911 100
1 C4 Alkylate (HpS0,) 62.5 35 100
2 Cq  Alkylate (HpSO, ) 64.5 35,5 100
9 Cq Alkylate (Hp SO4) 783 21.7 100
10 C4 Alkylate (Hp SO4) 74.5 2515 100
27 C4 Alkylate (Hp SO4) 76.5 23.5 100
1 C4 —Cs Alkylate (HyS0,4) 56.0 44.0 100
7 Cs  Alkylate (Hp, SO,) 44.8 55.2 100
2 Cs Alkylate (Hp SO4) 450 55.0 100
23 Cs Alkylate (Hp SO4) 477 52.3 100
34 Dimer (hot acid) Alkylate (H2S0g4) 69.4 30.6 100
21 Trimer (hot acid) Alkylate (Hp SO4) 7k 28.8 100
43 Trimer (cold aocid) Alkylate (Hp SOg4) - 78.6 2.4 100
Average 64110 36x10 100
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Toble |I— Relative amounts of the heptanes in 20 olkylotes and 7 hydrocodimers.
2ho= 2.4= P 2-Methylhexane
Dimethy 1= Dimethyl— Dimethy|— plus Total
5“32'9 Material pentane pentane pentane 3~ Methylhexane
Relative amount by volume
20 Cz Alkylote (Hp SOg4) alf 59591 54.9 i) 100.0
17 C3 Alkylote (HF) ) 44.0 51.0 3.1 100.0
16 C3—Cq4 Alkylote (HF) 6.9 41.2 44.| 78 100.0
| C4 Alkylote (Hp SO4) = 53.7 32.9 13.4 100.0
2 Cq4 Alkylate (Hp SO4) 6.2 48.7 30.1 150 100.0
) C4 Alkylate  (H, SO,) 6.7 56.0 28.0 o135 100.0
10 Caq Alkylate (Hp SO4) 10.4 50.6 32.5 6.5 100.0
24 C4 Alkylate  (Hp SO4) 52.4 47.6 100.0
27 C4 Alkylote  (Hp SO4) 2.9 52.9 37. 43 97.2°
13 C4 Alkylate (P-;F) 57.8 42.2 100.0
o) C4—Cs Alkylate (HF) 51.4 48|.6 100.0
1 C4—Cg (HpSO4) 54.8 26.2 19.0 100.0
7 Cg Alkylate (H;S04) 51.4 48.6 100.0
12 Cs Alkylote  (Hp SO4) 5513 447 100.0
22 Cs Alkylate (Hp SO4) 625 37.5 100.0
25 Cs Alkylate (Hz SOg) 53.1 318 15.6 100.0
14 Cs Alkylate (HF) 42.4 57.6 100.0
34 Dimer (hot ocid) Alkylate (Hz SO4) 7.0 60.5 32'.5 100.0
21 Trimer (hot acid) Alkylate (HpSOg4) 3.8 59.0 353 3.9 100.0
43 Trimer (cold acid) Alkylate (Hp SOg4) 5.8 52.3 e 4.7 100.0
4 Hydrocodimer (solid phosphoric acid) 44 4 40.8 14.8 100.0
33 Hydrocodimer (phosphoric  acid) 6.7 933 100.0
36 Hydrocodimer (Lawrenceville) SiA0) 63'.0 100.0
37 Hydrocodimer  (Tusla) 18.2 75.7 6.l 100.0
4| Hydrocodimer (Lima ©) 30.0 70.0 100.0
42 Hydrocodimer (Lima 7) 31.8 61.4 6.8 100.0
44 Hydrocodimer (HSO 1684) 2‘1.5 75!.5 100.0

9Contained  also

some 2,2,3-trimethylbutane;

relative amount 2.8.
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Table 12— Relative amounts of the octanes in 20 alkylotes and 8 hydrocodimers
2,5-
Dimethyl—
22,4~ 2,2- hexane 2,23~ 23,4- 2,33~ 2,3- 3,8-
Sample Trimethyl= | Dimethyl— plus Trimethyl— | Trimethyl— | Trimethyl— | Dimethyl— | Dimethyli— Total
No. Material pentane hexane . rfe';;;l _ pentane pentane pentane hexane hexane
hexane
Relative amount by volume
20 C3  Alkylate (Hp SO4) 433 139 4.4 13.9 17.8 6.7 100.0
17 C3  Alkylate (HF) 551 13.5 37 1.5 132 30 1000
i6 C3 —C4 Alkylate (HF) 499 15.1 38 13 K] 6.6 2128 100.0
I Cq4  Alkylate (Hp SOq) 445 120 27 13.8 215 5.5 100.0
2 Cq Alkylate (Hp SO4) 35.2 162 3.0 24.0 163 53 100.0
) Cq Alkylate (Hz SO4) 38.0 16 25 240 177 6.2 100.0
10 Cq Alkylate (Hp SOs) 36.7 1.3 2:2 26.3 204 31 100.0
24 Cq Alkylate (Hp SO4) 3ea ST 2.2 25,9 27.2 26 100.0
27 Cq4 Alkylate (Hp SO4) 39.9 0.4 108 1.9 213 20.2 4.9 0.6 100.0
13 Cq Alkylate (HF) 49.9 16.0 3.5 1.2 120 74 100.0
15 Cq4 —Cg Alkylate (HF) 5.1 15.5 3.2 10.9 124 6.9 100.0
T Cq4 —Cs Alkylate (H, SO4) 40.5 10.7 1.6 233 20.5 34 100.0
7 Cs Alkylate  (Hp SO4) 43.0 14.1 2.9 21.6 14.8 3.6 100.0
12 Cs Alkylate (Hz SO4) 43.4 143 2.4 14.7 245 0.7 100.0
22 Cs Alkylate (Hp SO4) 473 8. 1.5 20.5 20.7 ‘ 1.9 100.0
28 Cs Alkylate (Hz SO4) 474 10.7 22 17.6 196 25 100.0
14 Cs Alkylate (HF) 61.1 9.9 1.8 136 106 3.0 100.0
34 Dimer (hot acid) Alkylate (Hp SOg4) 445 9.0 23 19.6 21 35 100.0
21 Trimer (hot acid) Alkylate (Hp SO4) 46.2 2.7 3.8 15.8 18.0 3.5 100.0
43 Trimer (cold acid) Alkylate (Hp SO4) 44.4 .7 1.5 21.0 7.7 2.7 1.0° 1000
35 Hydrocodimer (hot acid) 377 4.3 1.0 200 203 75! 1.5 b 100.0
4 Hydrocodimer (solid phosphoric acid) 1.4 1.4 izl 10.6 50.4 9.9 6.4 2ol 1000
33 Hydrocodimer  (phosphoric acid) 13.1 2:9) 3. 12.8 47.1 163 4.7 b 100.0
36 Hydrocodimer (Lawrenceville ) ) 2.8 5.7 12.7 52.4 73 77 350 100.0
37 Hydrocodimer (Tulsa) 10.3 2.6 35 12.1 49.7 7.4 6.8 76° 100.0
41 Hydrocodimer (Lima 6) 13.1 2.5 21 7.4 46.0 8.5 5.0 540 100.0
42 Hydrocodimer (Lima 7) 6.7 23 9.6 12:9/ 48.1 59 25 509 100.0
44 Hydrocodimer (HSO 1684) 37.6 1.2 ’ 30 10.9 38.9 43 2.6 1559 100.0
9 May include some other octanes. bsome 3,4—dimethylhexane not included.
Table |13 —Relative omounts of two nonanes (trimethylhexanes) in Il alkylates
2,2,5- 23,55
Sample Trimethyl— Trimethyl— Total
No. Material hexane hexane
Relotive amount by volume
16 C3—Cq Alkyiate (HF) 81.8 18.2 100
l Ca Alkylate (Hp SO4) 87.0 : 13.0 100
2 C4 Alkylate (Hz SOg4) 82.2 17.8 100
27 Cq4 Alkylate (Hp SO4) 83.0 17.0 100
15 Cq—Cs Alkylate (HF) 83.2 16.8 100
" Cq —Cs Alkylate (HzSO4) 80.5 19.5 100
7 Cs Alkylate (Hp SO4) 83.8 16.2 100
12 Cs Alkylate (Hp SO4) 80.1 19.9 100
22 Cs Alkylate (Hp SO4) 81.9 18.1 100
23 Cs Alkylate (HpSO4) 84.0 16.0 100
14 Cs Alkylate (HF) 84.2 15.8 100
Average 829115 170 £ 1.5 100
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Toble 14-Summary of the results of the cooperative analyses of the butene alkylate, Sample 27.
Boiling APIRP6 Std. Oil Dev. Atlantic Soc. - Vac. Sun Oil UiOP: Phillips
Point (Oct. 15,1944) (Wan. 2,1945) |(une 22, 1945) |(July 25, 1945)|(Oct. 8, 1945)|(April 24,1946)|(June 20,1946)
Components | g:m (Infrared) (Mass) (Infrared) (Raman) (Infrared) (Infrared)
2c Percentage by volume of the total alkylate

Isobutane =17 0.03
n—Butane -0.5 0.34 0.3l 0125 0.37
Neopentane 915 0.06 0.07 0.09

8,3 % 05 8.2
Isopentane 21! 8.02 . 8.00 B 8.20 G 8.00 d
n—Pentane 36.1 0.6 £ 03 0.4 0.35 0.40 043 0.46
2,2—Dimethylbutane 49.7 0.0 0.0 0.0 0.00 0.02 0.0
2,3-Dimethylbutane 58.0 4.7 £ 0.8 4.4 4.84 4.82 4.72 4,76
2—Methylpentane 60.3 Il £ 05 62 £ 05 1.2 1.02 1,00 0.98 1.00
3-Methylpentane 63.3 (o)2) &1 (6} k] 0.42 0.43 0.46 0.45
2,2-Dimethylpentane 79.2 0.2 + 0.2 0.0 < 0.00 0.00 0.02
2,4-Dimethylpentane 80.5 3:48 2009 S 805 3.4 3.55 3.49 3.4f 3.56 3.50
2,2,3—Trimethylbutane 80.9 0.2 £ 02 0.2 € 0.20 0.27 0.28 0.25
2,3-Dimethylpentane 89.8 2.3 £10.6 24 232 Ay 2.6 2.44 2.25
2—Methylhexane 90.1 26 £ 05 0.l 0.18 0.07 0.10 0.16

038202 0.2 Y
3-Methylhexane 920 0.2 0.15 0.04 0.06 0.13
2,2,4—Trimethylpentane 992 A2 ROS 246 } 24.28 24.1 24.40 24.4|

24.4
o 3y

2,2-Dimethylhexane 106.8 O 2NER0L2 0.0 0.05 0.10 0.08
2,5-Dimethylhexane 109.1 43 4.48 4.37 7.6 4.46 4.43

6.6 + 14/ 80 £ 0.9
2,4-Dimethylhexane 109.4 3.0 2.70 2.70 2,76 2.83
2,2,3—Trimethylpentane 109.8 1.2 £ 0.6 1.3 1t2] 1.02 1.1 1.34 152}
2,3,4—Trimethylpentane 113.5 13.0 & I.B\ 12.0 12.4 1273 12,5 12.38 12.62
2,3,3—Trimethylpentane 114.8 [2:38 2 1.8 12.7 I2.3f 1264 12.7 12.49 12.25

28.7 = 1.4
2,3-Dimethylhexane 115.6 SIONENITS 3.1 3.0f 249 2.56 2.84
35
3,4—Dimethylhexane 7.7 0.4 + 03 0.2 0.63 0.73 0.52
2,2,5—Trimethylhexane 124.1 45 + 0.9 4.56 4.0f 4.25 4.28
2,3,5—Trimethylhexane 131.4 OZIRERO S
Higher -boiling Isoparaffins >131.4 12.15 £ 0.5
L Total 100.0
g 0.09 percent of pentenes also found. d Trace of 2-methyl-I-butene.
0.08 percent of pentenes also found. € The sum of 2,2-dimethylpentane aond 2,2,3-trimethylbutane reported to be 0.25 percent.
€ 0.03 percent of olefins also found. f Corrected for a small amount of this component occurring in adjacent lots not analyzed by this

laboratory.
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Details are given in table 4.

F1GUure 1.—Results of the analytical distillation of C, alkylate (H,S0Oy), sample 1.
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Ficure 3.—Results of the analytical distillation of hydrocodimer (solid phosphoric-acid), sample .
The upper part of the figure gives the amounts of olefins from determinations of bromine numbers, and the shaded area gives the increment in refractive index caused by the presence of small

amounts of olefins and smaller amounts of aromatics in this material, Details are given in table 7,
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Fiaure 4.—Results of the analytical distillation of Cs alkylate (H,S0y), sample 7,

Details are given in table 5.
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Fi1GURrE 5.—Results of the analytical distillation of Cy alkylate (H,SOy), sample 9.
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Fi1GUrE 8.—Results of the analytical distillation of Cj alkylate (H,SOy), sample 12.

Details are given in table 5.
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Fraure 9.— Results of the analytical distillation of Cy alkylate (HFE), sample 13.

Details are given in table 4.
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Ficure 11.—Results of the analytical distillation of C«-Cj alkylate (HF), sample 15.
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Fioure 12.— Results of the analytical distillation of C;-Cy alkylate (HF), sample 16.

Details are given in table 3.
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FraurEe 14.— Results of the analytical distillation of Cs alkylate (H,S0y), sample 20.
Details are given in table 3.
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Fraure 15.—Results of the analytical distillation of trimer (hot-acid) alkylate (H,SOy), sample 21.

Details are given in table 6.
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Fiaure 16.— Results of the analytical distillation of C; alkylate (H;S0y), sample 22.

Details are given in table 5.
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Ficure 17.—Results of the analytical distillation of Cs alkylate (H,S80y), sample 23.

Details are given in table 5.
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Ficure 18.—Results of the analytical distillation of Cy alkylate (H.SOy), sample 2.

Details are given in table 4.
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Ficure 19.— Results of the analytical distillation of Cy alkylate (H,S0y), sample 27.

Details are given in table 4.
total reflux before resumption of withdrawal of distillate.

572

Near 3,500 ml, the lapse in the boiling-roint curve was caused by a brief halting of the distillation, with the still being placed on
The dip in the refractive-index curve at this point reflects the effect of the additional reflux.
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20.— Results of the analytical distillation of hydrocodimer (phosphoric acid), sample 33.
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Details are given in table 6.
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Ficure 23.—Results of the analytical distillation of hydrocodimer (Lawrenceville), sample 36.

Details are given in table 7.
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Firaure 25.—Results of the analytical distillation of hydrocodimer (Lima 6), sample /1.

Details are given in table 7.

578 Journal of Research



PERCENTAGE BY VOLUME

0 10 20 30 40 50 60 70 80 90 !
220']||]lllll T T ] l T T 7 T = 144
8 % 1
= s
210} =k F 4
w > Pr3
| wo a
Jx o
o« = a
200}~ )E T a3 =
LR :
g e
- 1] p
190 g g w 8 .
P et Y s e w W <
= < & & 2 2 03 )
o180l ~ % w a a > 5 1> 42 o
T w Y z 3 5 w i} z %
L2 w ~ = = T 5 5 g e
B Y > s i B P | Zz S
0 < g i w i = > »no
E 170 o X & o = = = E 23 L ) -
wZ b o o w w
LE% Y A 2 £ = X <
Bt T “ § 2 B e
© 160w , k o s ] " o " S0 T a1
e S s o g o SESe ST
- Z 5 Y HHAD Y 003 il LT e T W L L R VOLUME
X2z § D o P Y 0 TS S A I R TR T i 1995 ML x
150FELz W o L o 1 by [ : 1
: ozt § (1\‘ (T T i | Ve S
53# E e ex e o | | — o R TRt o R a
a 140 *mN-E Al 140 <
%OE = | x -
]
- EEE.EE | No
an S| ]
130 _‘&J:‘/\' SR
> Wi
73+] M I x ik 139 >
= l "—_n/o -
= 4 b 2
1o |-{* A ) .
)——0:
w o/—o S
' <
’:_"00,( J HYDROCODIMER (LIMA 7) 1138 o
A
4 f SAMPLE NO. 42 =
sof| ¢ | Feer
w &
a / o«
=
API RESEARCH PROJECT 6
w 80 © B Py —137
i EmeEs el RE R COMEQUNDSS NATIONAL BUREAU OF STANDARDS
Al e e AR AN eae SEPTEMBER 15, 1945 4
AND AROMATICS
60l L L L I I il L ] ! I I el L =l ' . 1.36
0 200 300 600 800 1000 1200 1300 1600 1800
VOLUME IN ML
Firaure 26.—Results of the analytical distillation of hydrocodimer (Lima 7), sample /2.
Details are given in table 7.

Analyses of Alkylates and Hydrocodimers

579



N ) G2 1v X3aN| IAILOVH 43 Y S
0
¥ 3 g 2 8 5 8 8 ® 5
I ! T | T T T T T T T T T @
S w s
o S O
o il [ W o ' R
— SNI144VY¥VdOSI Riols )
e %] N s
s RS aratl 2 el
«SINV.Ld3IH w o © x & o i
-TAHLIWIEL, AR AL =2 3 < D]
S3NVNONOST 1 = S A 52 @ a. S |
o INVXIHIAHLIWINL -6'2'2 H ¥ ° w g = <
@1 3NVX3HIAHLIWIO-Y'E, S S~ oN% = ~
INVXIHTAHLIWIA-E2 ] s & o £ =5
3 & 3 ~ [e}
! 5 04 —
b 4 a .
w2 S
2. < W w e o)
o] INVINIdAHLIWNLEE'2 - waz -
=
| (9] g =
w a > Q
x > -~
—_ 5 S
3 ~
O & m > {
Au\nw. 1ine m M 7
< e |
2 % )
INVLNIdTAHLIWINL-H'E'2 w S
P S
° s
i << i
= o s
LAY A= Ge m PRt
o INVINITAHLINIYI-E'22 2 e o x & %
@ iy It 2}t %R
w =
= mz<xu:¢:E2_o.v.NW <C '~ .S
o INVXIHTAHLIWIO-G'2 . S |
[e] 5% 1 —~ O o
> : R B2 o- &
it : :
o
fo! S < w S F
= = S
w O a i P ke
B NS
3 ¢ 3 |
| o o =
S = =) a o s
ol o z o ,/m
N W Lo o 2 S
INVINIdTAHLIWINL'2'2 o =
L a » S
a = - = d
o = o o
[} w <
o 4 4 S
o . b 2 =
L2} 1 12} .
=) 2 iy
a S,
s e
LSS %
INVXIHTAHLIN-€ ANV -2 5 e = 2 & =
INVLNIAIAHLIWIO-€2 ;ﬁx 2 R s % |
< R S Fg. ] S & |
INVINIATAHLIWIA-+'2 - /ﬂ H @ z : | ,
3NVLNIAIAHLIWIA-2'2 i DR L o ’ o :
ANVINSETAHLIW-C R o . ey R
INVLNIdTAHLIW-2 -~ \ =
q] =
ANVLNETAHLIWIO-€'2 m _v S [
| s E | B Sk
| e s S A < E
| , ! J = g
X =
ﬁ s ONITIO8 ¥3MOT + 3NVLN3JOSI ‘ | )
| 5
o el Lvieitys Ve p ] fitrmui o S ol A | {SAEN s o e e e e R U [ e e o 5
o o o o (=1
m m % m m < W m m.lv m % © m © w m»v m ~ = m
(BbH ww gz, v digE) oS NI JYNLVY3IdWI L A 0 ,




0 10 20 30 40 50 60 70 80 20 100
200 [ TTTTTTTTTT T T o T T 1 T ]
- PERCENTAGE BY VOLUME a =
200~ 3 z {144
o e Qo
3 0w w z
z < &
(e « w
190 |- oW g g e
[ L e
o3
180 28 a3
™!
1 =)
170 H w
= g g g woy @
3 Sy & z Zz¢%
160 [~ vy = o £ % 23 a2
£ ¥z 2 s TP T
E < E w -3 e J %52 a
x a = o, -] z
- w3 e w TR @
o 150 # 2 3 2 EE 1
~ g9 E z z Yo
~ L g é e " i £ 2z
F o 3 < n O 2]
] el = g ¥ g 2 1 " n ! e *
- z a 2 - z o oiom
< - g w = e n 1 ol ol bl
s % x iy e ———_— o2
o 130 E g im oo 9 x o
o w 2z 0| e
- = a [ Zi - Ny
i1 p | = o
120f-, ¢ X < w 1140 -
<] = o B BP No
o |Hce w ¢ o H S TOTAL «
3 ==r 2 C ! H | o— JOLUME
Q
2% W W ok
I8 2 " :
5 ~ | I w
3 =]
100~ = 139 z
I -3
W w
« 90 ¥ HYDROCODIMER (HSO 1684) ot
> L SAMPLE NO.44 poe
&
« 80} -1'38 o
L3 a2 <
G L4
. M ¥
2 0 BP 1y APl RESEARCH PROJECT 6 :
< PR OF PURE COMPOUNDS NATIONAL BUREAU OF STANDARDS
. 60 ' JUNE 30,1945 . il
------------ CONTAINS OLEFINS
soll- ]
40 ! Il | I L 1 I 1 | Il 1 | 1 | du_h_lu
!ﬁ 400 €00 Eléo 1600 R 55 T i)

Details are given in table 7.

WasHINGTON, September 16, 1946.
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Ficure 28.—Results of the analytical distillation of hydrocodimer (HSO-1684), sample /4.
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