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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 C3, six Cit one C4-CS, four C5, one hot-acid dimer, one hot-acid trimer, and one cold-acid 

trimer), five hydrofluoric-acid alkylates (one C3, one C3-C4, one C;, one 04-C5, and one Cs), 

and 8 hydrocodimers. The analyse were made utilizing analytical distillations performed at 

high efficiency with high reflux ratio, together with accurately meas urcd values of boiling 

point (obtained during the distillation) and of refractivc index of the fractions of distillate. 

Also included in this report i a summary of the results of the s ubseq uent spectrographic 
analyses, with respect to individual componcnts, of one of the C4 alkylatcs by six different 

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

I. Introduction 

As part of its war research program, the Ameri
can Petroleum Institute R esearch 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 ational 
Advisory Committee for Aeronautics, to deter
mine the hydrocarbon components in a number of 
representative alkylate and hydrocodimers.3 

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

' Presented at tbe annual meeting of tbe American Petroleum Institute, 
before tbe Division of R efining, at Chicago, l1linois, November 12, 1946. 

1 This in vesti gation was performed at tbe ational Bureau of Standards 
as part of the work of the American Petroleum Institute Researcb Project 6 
on tbe Analysis, Purification, and Properties of H ydrocarbons. 

, Researcb Associate on t he American Petroleum Institute Research Proj· 
ect 6 at tbe National Bureau of Standards. 

3 In tbis report, the term "alkyl ate" is used, in conformity witb industrial 
practice, to designate tbose mi xtmes of brancbed-cbain paraffin bydrocarbons 
produced by tbe additi on of olefins to paraffins. In particular, a propylene 
(or C,) alkylate is one produced from materials tbat are largely propylene in 
tbe olefin stock and largely butanes in the paraffin stock; a butene (or e,) 
alkylate is one produceo from materials tbat are largely butenes in tbe olefin 
stock and butanes in the paraffin stock; a pentene (or C,) alkylate is one pro· 
duced from materials that are largely pen tones in tbe olefin stock and butanes 
in tbe paraffin stock; a dimer alkyl ate is one produced from materials that 
are largely octenes in tbe olefin stock and butanes in the paraffin stock; 
and a trimer alkylate is one produced from materials tbat are largely dodec
enes in tbe olefin stock and butanes in tbe paraffin stock. Similarly, in 
conformity with industrial paractice, tbe term "bydrocodimer" is used to 
designate tbose mixtures of brancbed-cbain paraffin hydrocarbons (largely 
octanes) produced by the hydrogenation of a "codimer" (largely octenes) 
tbat bas been produced by tbe codimerization of butenes. 
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mel's, including samples of sulfurie-a.cid alkylates, 
hydrofluoric-acid allcylates, sulfuric-acid hydro
codimers, and phosphoric-acid hydrocodimers. 

The correlation of the composition of these alicy
lates and hydrocodimer with the conditions of 
manufacture on the one hand, and with the proper
ties of the product on the other, is made IJ1 an
other report by Gould and Field [1] 4 

II. Samples Analyzed 

The 28 different alkylates and hyclrocodimers for 
which analyses are given in this report arc 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 proper ties 
of the samples, the character of the "feed" stocks, 
etc. are given in the pa.per by Gould and Field [1] . 5 

III. Procedure 

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

, Figm es in brackets indicate the literatmo references at tbe eud of tbis 
paper. 

, Tbe tables and figures are at tbe end of tbis paper. 
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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 
alkvlates and hydrocodimers reported here may 
be ~imply illustrated by following through one of 
the samples, as follows: 

A volume of 5,500 ml of a C4 All\:ylate (H2S0 4), 

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/hI'. 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, nD, at 25° C, of each of 
the fractions of distillate was mcasured 6 to 
± 0.0001 with NBS Standard Sample of 2,2,4-
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.7 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 

' 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 hydroca,rbon 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 horizon tal 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 " fiats". ) 

The appropriate break point between two ad
joining fiats is that point at which th e distillate 
has a composition that corresponds substantially 
to equal amounts of the material of the two fiats. 
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 fiat represents 
substantially one compound (as, for example, 
compound A in one flat and compound B in the 
succeeding fiat), the appropriate break point in the 
curve of boiling point versus volume is at tha,t 
volumc where thc 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 : 

(1) 

In eq 1, P A and P B represent the vapor pressures 
of pure A and pure B, respectively, at the sought
for temperature tM , 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 encomltered 
in this investigation. The sought-for tempera
ture, tM , will always be less than the average of 
tA and tB. The difference between tM and the 
average of tA and tB becomes insignificant as tB 

approaches tA , and, when f A and tB 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 a sumed to be the same as 
the break point for equal volumes, within the 
significance of the prE'sent data. 

'Whenever the material on either or both fiats 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 
components 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 loca tion of the temperature 
of the break point become less certain, the greater 
the difference in temperature between the two 
flats, the uncertainty of the location of th e break 
point in terms of volume of distillate is little 
affected because of the fact tha t, as the difference 
in the two tempera tures increases, the break 
between the two fla ts becomes sharper and there is 
a much more rapid change of tempei'ature with 
volume. 

] ' 01' the curve of refractive index Vel' us volume, 
when two adjoining fla ts represent single com
ponents, A and B , respec tively , the break poin t is 
located at tha t point a t which , when a vertical line 
is erected, the area bounded by the vertical line, 
the refractive index curve to the left of the ver tical 
line, and a horizontal extension (to the right) of 
the refractive index fla t for compound A , is equal 
to the area bounded by t he verticallinc, thc rcfrac
tive index curve to the right of the vertical line, 
and a horizontal extension (to the left) of th e 
refractive index flat for compound B. This pro
cedure assumes the refractive indices to be additivp 
with volume on mixing, which assumption will 
not introduce any significant error for the mixtures 
of paraffin hydrocarbons encountercd in this 
invcstigation. 

When one or both of the flats represent two or 
more componen ts, the same procedure is followed, 
with the understanding tha t the rcfractive 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 poi.n t on the curve of refrac
tive index versus volumc, within their respective 
limits of unccrtainty. (In the present investiga
t ion, appropriate correction was made, as neces
sary, for the volume of liquid hold-up in thc line 
between th e thermometer and the receiver , in 
order to have the values of boiling point and re
frac tive index apply exactly to the same part of 
th e dis tilla te. 
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The next s tep was to cs timate the relative 
amounts of the individual components when two 
or three resolvable compound occur in one fla t . 
When there are only two possible components in 
one flat , the relative amounts of the two compo
nents can be calculated from the mean valuc of 
the boiling point on the flat and the known values 
of the boiling points of the two pure compound 
(at the given pres sur c) , according to rela tions 

xc+ xD= l (2) 
and 

XcPc+ XnP n= P M, (3) 

where Xc and Xn are the mole fractions of the 
two components 0 and D, and Pc, Pn, and PM are 
the vapor pressures, respectively, of pure 0, pure 
D, and the mL\:ture at the given t emperature, t. 
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 r efractive 
indices of the two pure compounds, according to 
cq 2 and the relation 

xcnc+ Xnnn = nlil' (4) 

where nc, nD, and nM are the refractive indices, 
respectively, of pure 0, pure D, and the mixture. 
These two values of the relative amounts should 
be in accord within their respective limits of 
uncer tainty .8 However, wh en Pc is nearly equal 
to P B, and nc is nearly equal to nD, the r elative 
amounts of the two compounds cannot be deter
mined from these properties. 

When a given flat r epresents three components, 
A, B , and 0 , the relative amounts of the three 
components may be estimated from the following 
three simultaneous equations: 

(5) 

(6) 

(7) 

• T be uncertaiuty in t be value of tbo relative amounts of the two compo
nents in one flat determined from tbe curve of refractive index versus volume 
is given by the relation 

In tbis equation, nD-nC is t be difference in the refracti ve indices of pure C 
and pure D, Xc is tbe mole fraction of tbe material whicb is component C, 
XD (or i -xc) is tbe mole fraction of t he material wbich is component D, and 
cr1J e , UnD, and un,V. are the uncertainties in the values of rerract ive indices of 
pure C, pure D , and tbe mixture, respccti vely. 

Tbe correspond ing uncertainty for the case of tbe curve of bo ili ng point ver
sus volume is obtained by substituting vapor pressure or temperat ure for re
fractiva index) ,l. tbe foregoing equat ion. 
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In these equations, XA, XB, and Xc are the fractions 
of A, B, and 0, respectively; nA, n B, no, and nM are 
the refractive indices of A, B , 0, and the mixture, 
respectively; and PA , P B , Pc, and PM are the 
vapor pressures of A, B, 0, and the mixture, 
respectively, at the temperature on the fiat . 
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 fiat 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 fiats 
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 fiat. 

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 [3J. 

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 all,:ylate ana
lyzed as sample 27 were determin ed as follows: 

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

(2) From fiats with one major component, with 
one or more minor components at the beginning 
or end of the fiat : 2-Methylpentane; 2,4-
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 fiat: 2,5-dimethylhexane plus 2,4-
dimethylhexane. 

(4) As minor components 
beginning or end of a fiat : 
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occurring at the 
3-Methylpentane; 

2,2-dimethylpentane; 2,2,3-trimethylbutane; 2-
methylhexane; 3-mcthylhexane; 2,2-dimcthyl
llCxane; 2,2,3-trin1ethylpcntane; 2,3-dimethyl
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 additionaJ infOlmation 
concerning the analytical distillation of the 
28 samples} 

Tables 3 to 7 give the composition, with respect 
to individual components, of the matel'iul 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, heptane , 
octanes, and nonanes, 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 a.lky
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 buLene alkylate analyzed as sample 27. 
The approximately 5 liters of distillate, collected 
as 272 fraetions, was blended inLo 50 lots, as shown 
by the horizontal row ot numbers near the middle 
of figure 19. From each of these 50 lots 8 sam-, 
pIes of 4 ml each were sealed in glass ampoules. 
The material remaining in each of the 50 lots 
was also scaled in 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 th3 
;nethods 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
etel' ; analysis reported June 22, 1945. So cony
Vacuum Laboratories, Paulesboro, N. J.; with 
infrared spectrometer; analysis r eported 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 
I June 20, 1946. 

The spectrographic analyses reported by the 
seyeral 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 pre ented m 
this report , the following observa Lions may be 
made: 

In relative amount among the heptanes, octanes, 
and nonanes, the heptanes are largest in the 
propylene alkylates, the nonams are lfu'gest in 
~he pentene alkylates, and the octanes are largo t 
III 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 no t too dissimilar structure may b(' 
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
hexancs and the individual trimethylpentanes 
can be appreciably altered by changes in the con
ditions of manufactllre, as shown in the r eport 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 hyclrocodimers, the 
heptanes present in large r elative amount are 
2,4-dimethylpentane and 2,3-climethylpentane, 
with 2,2-dimethylpentane, 2-methylhexane, and 
3-methylhexane in small amount, and the other 
heptanes being substantially absent. 

In the a.lkylates, the octanes present in large 
rela tive amount are 2,2,4-trimethylpentane, 2,3,4-
trimothylpentane, and 2,3 ,3-trimethylpentane, 
with 2,5-climethylhexane, 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-dimethylhexan e, 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 2,3 ,5-trl
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 2,2,3-trimethylpentane , 
more 2,3,4-trimethylpentane, less 2,3,3-trimethyl
pentane, and more 3,4-dimethylhexane, and in 
relative amount among the hept.anes, more 2,3-
dimethylpentane and less 2,4-dimethylpentane. 

The dimer and trimer alkylates, for the p['oduc
tion of which [1] the olefin chargmg stocks were 
largely Cs and C 12 olefins, respectiyely, have com
positions that are not greatly different from the 
regular butene aJkylates. 

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 C3 alkylate; 2,3-
dimcthylpentane from C3 alkylatej 2,2,4-trimethyl
pentane from C. alkylate; 2,2,3-trimethylpentane 
from hydrocodimer (hot-acid) j 2,3,4-trimethyl
pentane from hydrocodimel' (phosphoric acid); 
2,3,3-trimethylpelltalle from C4 alkylate; 2,2,5-
trimethylhexane from C5 alkylate; 2,3,5-trimethyl
hexane from C5 alkv1ate. 

Grateful acknowledgement is made to the Stand
ard Oil Co. (Ind.), Shell Oil Co., Standard Oil 
D evelopment 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 r eport. 
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TABLE I. - List of Ihe 28 alkylales and hydrocodimer.s 

APIRe
search 

Project 6 
sampleNo. 

L ____ __ 

2 ------
L ______ 

7 ______ _ 

9 ___ __ __ 

Sample 

C. Alkylate (H 2S 0 4) __ 

_ ____ do ____ ____ __ ______ _ 

Hydrocodimer (solid 
phosphoric acid). 

C, alkylate (H2S04)._ 

C4 Alkylate (H 2S0,) __ 

------ --------
Standard Oil Co. Oct. 31, 1942 

of New Jersey. 
rl'exas Co ___ _____ __ Nov. 10,1942 
Standard Oil Co Dec. ]9,1942 

(Indiana). 
Standard Oil Co. May 22, 1943 

of New Jersey. 
Atlantic Refining Nov. 30,1943 

Co. 
10 ___ ___ ____ _ do _____ _______________ __ do _________ ____ Dec. 18, 1943 
11. ____ _ C,-C, a lk y l ate _____ do ______ ____ __ _ D ec. 11,1943 

(H 2S0,). 
12 ______ C, alkylate(H ,S O.) ________ do _____ __ ___ ___ Dec. 6,1943 
13 ______ C. alkylatc (HFL ____ Sinclair Refining Nov. 30, 1943 

Co. 
14 __ __ __ C, alkylate (HF) __ __ ____ ___ do __________ ___ Dec. 6,1943 
15 ______ C.-C,alkylate(HF) ________ do _______ __ ___ _ Dec. 18, 1943 
16 ____ __ C,-C.alkylate (HF) __ _____ do __ _________ __ Apr. 29,19H 
Ii _ _ ____ C, alkylate (HFL __ __ ____ _ do _____________ Dec. 11, 1943 
20 ______ C, alkyl ate (H 2S0,) ___ Shell Oil Co _____ __ Apr. 22,1944 
21. _____ Trimer (hot acid) alky- __ ___ do ___________ __ May 6,1944 

late (H 2S0.). 
22 ____ __ C, alkylate (H2S0.) ______ __ do ___________ __ May 13, 1944 
23 _______ ____ do __________ _______ _____ do _______ ______ May 20,1944 

24 ______ C,alkylate(H2S04) ___ Standard Oil Co. Nov. 30,1943 
01 Ohio. 

2'- __________ do ______ ___ __ __ __ __ Standard Oil Co. Oct . 15,19H 

33 ______ H ydrocodimer (phos-
phori c acid ). 

34. _____ Dimer (hot acid) alky-
late (H,SO,) . 

35 ______ Hydrocodimer (hot-
acid). 

36 ____ __ Hydrocodimer (Law-
renceville). 

37. _____ Hydrocodimer 
(Tnlsa). 

4L _____ IIyd rocodimer (Lima 
6) . 

42 ______ Hydrocodimer (Lima 
7) . 

43 ______ Trimer (cold acid) 
alkylate (H ,SO,). 

44 _____ _ 
Hydrocodimer (H SO-

1684). 

01 New Jersey, 
Louisiana Divi-
sion. 

Standard Oil Co. Oct . 31,194-1 
01 New Jersey. 

Shell Oil Co _______ Oct. 15.1944 

__ ___ do _____________ JaIl. 31,1945 

T exas Co __________ May 15,1945 

_ ____ do __ ___________ May 31,1945 

Standard Oil Co. June 15,1945 
of Ohio. 

____ _ do __ ___________ Sept. 15,1945 

Pure Oil Co ____ ___ June 15,1945 

T ri mpell , Ltd _____ June 30, 1945 
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Sample 
No. 

10 

12 

14 

15 

16 

17 

20 

2 1 

22 

23 

24 

27 

35 

36 

4 1 

42 

44 

Tab le 2 - InformaTion on The onalyt icoi dishiiallon of 20 alkylaTes and 8 hydrocodlmers. 

C4 Alkylote (HZ SO,, ) 

C" Alky!ale (HZ SO ,, ) 

Hydfocodimer (5011(1 phosphOriC ac id ) 

C!i Al kylo le (HZSO,, ) 

C" Alky late (Hz SO,,) 

C" Alkyla le (HZ 50,,1 

C" - C, Alkylale (Hz SO ,, ) 

C, Alkylote (Hz SO,, ) 

C" Alkylale (HF) 

C, AlkyloTe (HF) 

C" - C!i Alkylale (HF ) 

c3 - c" Alkylote (HF ) 

C3 Al kylal e (HF ) 

C3 Alkylole (HZ SO,, ) 

TmTlef (hoT acid ) AlkylaTe (Hz SO,,) 

C!i AlkylaTe (Hz SO,, ) 

C!i Alky lale (HZ SO,, ) 

C" Alkyl ClTe (Hz SO,,) 

C" Alkylale (Hz SO,, ) 

Hydrocodimef (phosphoric acid) 

Dlmer (hOI aCid) Alkylale (HZ SO,, ) 

Hydrocodimer (lawrenceville) 

Hydrocodimer (Tulsa ) 

Hydrocodime r (limo 6) 

HydfocOdime r (limo 7) 

Trimer (cold aC id ) Alkyla le (HZ SO,, ) 

Hydrocod imer (HSO - 168 4 j 

DisTII ~no 

column 

numbera 

"""", 
of 

tl'\ear
el lcol 
plales 

(approxJ 

Ret(u ~ 

ralia 

( appro~. ) 

110 120/1 

110 120/1 

110 120/ 1 

110 12011 

110 120/1 

HO 120/1 

110 120/1 

tiD 120/1 

110 120/1 

110 120/1 

100 120/1 

100 120/1 

100 120 /1 

100 120/1 

100 120/1 

100 120/ 1 

100 120/ 1 

100 120/1 

200 150/1 

100 120/1 

100 120/1 

100 120/1 

100 120/1 

100 120/1 

100 12011 

100 130/1 

100 130/1 

100 130/1 

Distillation 

Role of 
COlleCTion 

of 
distillate 

ml/hOur 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

4.7 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.3 

2.3 

2.3 

Volume 

of 

choroe 

ml 

2600 

2590 

2600 

2600 

2600 

2600 

2600 

2595 

2600 

2565 

Volume 
of 

each 
frac llon 

m l 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

1600 7.5 

1790 7.5 

1625 7.5 

18 00 7.5 

1760 7.5 

1790 7.5 

1790 7.5 

1600 7.5 

5500 19 

1800 7.5 

2000 7.5 

1800 7.5 

2000 7.5 

2000 7.5 

2000 7.5 

2000 9.2 

1970 9.2 

2370 9.2 

Total 
time 

of 
distill 

aT IOn 

houfS 

510 

510 

575 

530 

600 

550 

600 

575 

575 

530 

695 

670 

620 ' 

670 

740 

740 

790 

620 

1100 

740 

770 

700 

B60 

990 

B90 

910 

B90 

1100 

ResulTS 
plaited 

" 119(''fe 

10 

12 

14 

15 

16 

17 

IB 

19 

20 

21 

22 

23 

24 

25 

26 

27 

2B 

Q See reference 2. Col umn H was The same as column 9 e.-;cepl thaI the lenOlh of the reCfifyinO sec lion 
2.71 meters (10 7 inches), Columns P and a were similar to columns 2 and 3 , 

Analyses of Alkylates and Hydrocodimers 
740279- 47--7 

AnalYSI S 
91ven 

'" table 

543 
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Tobie 3 - Analyses of 111'0 propylene olkylotes ond one mixed propylene-bl.llene olkylole 

Companerlls 

Boiling 
pOint 

I aim. 

c, 
Atkylole (Hz 50 4 ) 

Sample 20 
see figure 15) 

c, 
Alkylole (HF) 
Sample 17 

{see figure 14) 

C3 - C4 
Alkylele (HF) 
Sample 16 

(see fioure 13) 

°c Percentage by volume (obcve penlones) 

2,3-Dlmelhylbutone 
2-Melhylpenlone 
3-Methylpenlone 

2,2- Dlmelhylpel'llane 
2,4-Q;melhylpeorone 

2,3- Dlmethylpel'llone 
2-Melhylhexone 
3-Melhylhexone 

2,2,4-Trlmelhylpenlane 

Olefins 

Toluerle 

2,5-Dlmelnylhexane 
2,4-Dlmetllylhexone 
2,2,3-Trlmethylpentone 

2,3,4-Tnmethylpentone 
2,3,3-Tnmetllylpenlone 
2,3- DlmelllylheJlone 

Isoporoffins 

2,2,5- Trimethylhuone 

Isononones 

2,3,5-Trimetllylllexone 
Aromatics 

Isononones 
AromatiCS 

Isoporofl ins 

Isoporolfins 

Isoporolf lns 

Isoporofflns 

Isoporoffins 

Isoporoilins 

Totol 

58.0 
60.3 
63. 3 

79.2 
80. 5 

89.8 
90.1 
92.0 

99.2 

99-109 

110.6 

109.1 
109. 4 
109.8 

113.5 
114 .8 
115.6 

11 5.6- 124.1 

124.1 

126-143 

131 .4 
125-133 

133-1 43 
133- 149 

143- 151 

)143 

151-160 

3.50 ± 1.0 l 
1.7 ± 0. 9 5.3 t. I,D 

0." t. 0.1 

1. 1 ± 1.1 ) 
26 .2b± 1.5 27.3 ±0.5 

36.1 ± 1. 1 )38.4±0.5 
} 2 .3 ± 1,1 

7.8 ± 0.5 

2.5C ± O.S } 3.3 ± O.S 

0 .8 ± 0.5 

2.5 .t. 1.0 } 
~:~d; ~:~ 6.9 ± 1.0 

1.4 ± 0.7 

0.8 ± 0.5 

2,2 ± 1.0 

1.5 ± 0 .7 

)160 5.1 ± O.S 

160-175 

>175 

100.0 

a May includ@ smoi: omounl of 2,2-dlmet hylbutol'le. 
b May include small amount of 2,2 ,3- tr imetllylbutone. 

2.9 0 ± 0.6 ) 
1.4 ± 0 .5 5.0 to.S 
0 .7 ± 0 .4 

O.S ± O.S ) 90 0 5 
IS .2b± O.S I. ± , 

21 .1 ± 1.0 )22.4±o.5 
} 1.3 ± 1. 0 

16.3 ± 0 .5 ) 
16.5±a.5 

0.2 ± 0,1 

4.0C± 1.0 l 5,1 ± 1.0 
1,1 .t. 0.6 

3.4 ± 1.5 ) 
~:;d! ~:; 8.2 ± 1.5 

4 .5 ± 1.5 

2.4 ± 0,5 

3.3 ± 1.0 

2.2 ± 0.8 

7.7 ± 1.5 

3,7 ±. 1.0 

100.0 

lA°t. 0.7 } 
) 

2.3 t o.5 
0,9 ± 0.5 

~:~bi ~:~ } 4.9±0.5 

4.5 ± 1.0 ) 
} 0.8 ± 0.5 5.3.t.0.8 

30.04± 1.0 

C.06 ± 0.02 

9,I C ± 2.0 } IIAt. 1,2 
2.3 ± 1.2 

6.7 ± 2.0 17.5±2.0 
6.8 ± 2.0 ) 

4 .0 d± ?--O 

1.3 ± 0.7 

8.2 .t. 1.5 

I.S3 ± I,D ) 1.9± 1.0 
0.07 ± 0 .04 

1,53±0.9 ) 1,6±0.9 
0.07 ± 0.04 

15.5 ± 0.9 

100.0 

C May Include a small amount of 2,2-dimelhylhexone. 
d May include a small amount of 3,4-dimelhylhexone. 
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Components 

2,2 -Dlmelhylbutone 
2,3-Dtme1hylbutone 
2-Melhylpentone 
3- Melhylpentone 

2,2-Dlmethylpentane 
2,4- Dlmelhylpento ne 
2,2,3- Tflmelhylbulone 

2,3 -Dlmethylpenlone 
2-Methylhexone 
3 - Melhylhexone 

2,2,4- Tr lmelhylpentone 

~ Unsaturated M 

2,2- Dlmethylhexane 
2,5- Dlmelhylhe ;w: one 
2,4- DimethylheAone 
2,2,3 - Tri methyl pentane 

2 ,3,4 - Trlmethylpentone 
2,3,3- Tnmethylpentone 
2 ,3 - Dimelhy lhe xone 
3 ,4 - Dimelhylhe;w:one 

lsoporoff lns 

2,2,5-Tnmelhyl hexone 

Isoporoff ms 

2,3,5- Trlmelhylhe;w:one 

Higher boiling . moteflal 

Isoporo ffins 

Isononones 

I~:;;:>o rof f ms 

Isoporafflns 

Isoparofflns 

Isoporofflns 

Tota l 

a May Include a 
b May Indude 
c May Include 

BOllmg C. 
pOint Alky late (Hz S04 ) 

01 Sample I 
I aIm. (see figure I) 

°c 

49.7 06 ± 0 .4 } 
58.0 5.5 ± 1.0 88±05 
60.3 1.8 ± 0.8 . . 
63.3 0.9 ± 0.6 

79.2 
80.5 3 .6~ 0 .5 
8 0.9 

89.8 2.2 ± 1.1 } 
90.1 3.1 ± 0.5 
92.0 } 0 .9 ± 0.5 

99.2 30.1 ± 0.6 

100-109 

106.8 
109 .1 

} 8.ld ± 1.2 } 109.4 9.9 ± 1.0 
109.8 1.8 ± 0.8 

11 3.5 9.3 ± 1. 2 } 
114.8 14.5 ± 1.2 27.5 ± 1.5 
11 5.6 3.7 " ± 1.2 
117.7 

>115.6 

124. 1 12.7 ± 0.8 

>124 .1 

131.4 1.9 ± 0 .6 

>131 .4 2.4 ± 0.5 

126-1 4 2 

132-143 

142-160 

>143 

160-180 

>180 

--
100.0 

small amount of 2,2- dime thyl bu tane 
small ornounr of 2,2- dlmethylpenfane 
smoll amount of 2 ,2,3- tflmethylb'.Jtane 

~ . ...f'Y 

-
Table 4 -Analyses 01 seven bu tene alkylates 

C. C. C. C. 
Alkylate (H2 SO4 ) Alkylate (H 2 SO4 ) Alkylole (H 2 SO4 ) Alkylate (Hz 504) 

Somple 2 Sample 9 Sample 10 Sample 24 
(see figure 2) (see figure 5) (see figure 6) (see f igure 18) 

Percentage by volume (above pentanes) 

0 .5, ± 0.03 } 
8 .1 ± 0 .6 125 ±o 5 6.5°±0.5 } 7.00 ± 0 .9 } 

} 8.3 ±O.S 9.4 ±0.5 3.2 ± 0.6 , 
1.8 ±0.5 } 2.4 ± 0 .9 0.7 ± 0.5 

0 .7 ± 0.4 } 62 ±05 
5.5 c ±0.S . 

0.5 ± 0.3 } 
4 .2c ± 1.0 4.7 ± 1.0 

0.8 ± 0.5 } 
3.9c ± 1.0 4 .7 ± 1.0 

3.4 ± 0 .8 } 
} ;.1 ±0.6 

f.7 ± 0.8 

2.1 ± 0.5 } 
} 2.8 ± 0.5 

0.7 ± 0 .4 

2.5 ± 0.5 } 
} 3.0 ±0.5 

0.5 ± 0 .3 

22.4 ± 0.6 25.9 ± 0.5 26.8 ± 0.5 

0.05 ± 0.03 

} 7.9 d ± 1.0 } } 10.3d ± 1.2 } }8.3d ±I .0} 
12 .2 ± 1.0 9.6 ± 1.0 9.9 ± 1.0 

1.9 ± 0.8 1.7 ± 1.0 1.6 ± 0 .8 

15 .3 ± 2.0 } 16.4 ± 2.0 } 19.2 ± 2 .0 } 
10.4 ± 2.0 29.1 ± 1.5 12 .1 ± 2.0 32.7 ± 1.5 14.9 ± 2.0 36.4 ± 1.5 
3.4 " ± 2.0 4.2 e ± 1.5 2.3 e ± 1.2 

8.8 ± 0.8 4.9 ± 1.0 6.3 ± 1.5 

1.9 ± 0 .6 

1.7 ± 0.5 

2.3 ± 0.5 2.0 ± 0.7 

2.9 ± 0.5 

1.5 ± 0.5 

3.8 ± 1.0 

2.1 ± 1.0 
-- -- --
100.0 100.0 100.0 

d May Include 
e May Include 

small amoun t o f 2.2-dlme thylhel(one 
small amount of 3, 4 - dimethv lhelCo ne. 

} 2 .1 0 ± 0.5 

} 1. l c ± 0.5 

} 1.0 ± 0.5 

35.5 ± 0 .5 

} 3.4 d ± 1.0 } 
5.4 ± 1.0 

2.0 ± 1.0 

24.0 ± 2.0 } 
25.2 ± 2 .0 51.6 ± 1.5 

2 .4e ± 1.5 

3.3 ± 0.5 

--
100.0 

--

C. C. 
Alkylate (H 2 504 ) Alkylote (HF) 

Sample 27 Sample 13 
(see f!<Jure 19) (see figure 9) 

5.20 ± 0 .9 
} 6.8 ±0.5 } 2.1 0 ± 0.5 1.2 ± 0 .6 

0 .4 ± 02 

0 .2 ± 02 
} 4.1 ±0.5 , 

} 2 .6c ± 0 .5 3.7 ± 1.0 
0.2 ± 0 .2 

} 2.6 ± 0.7 

0 .3 ± 0.2 
} 2.9 ±0.5 } 1.9 ±0.5 

26.7 t 1.0 4 1.7 ± 0.5 

0.3 ± 0.2 

} 8.8 ± 1.0 } '3.4 d ± 1.2} } 7.2 ± 1.5 
16.3± 1.1 

1.3 ± 0.7 2.9 ± 1.2 

14.3 ± 2.0 } 9.4 ± 2.0 } 
13.5 ± 2.0 10.0 ± 2.0 25.6 ± 1.5 
3.3 ± 1.5 31.5 ± 1.5 6 .2 e ± 2.0 
0 .4 ±0.3 

4 .9 ± 1.0 3.4 ± 1.0 

6.4 ±0.5 

1.0 ±0.5 

0.5 ± 0.3 

2.5 ± 1.0 

3.0 ± 1.5 

7.3 ± 1.5 

-- --
100.0 100.0 
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Tobie 5 - Analyses of 

BOiling C, C, 
pomt Alkylole (H 2 SO 4 ) Alkylole (Hz 504) 

of Sample 7 Sample 12 
Components I aim (see figure 4) (see figure 6) 

°c 

Cyclopentone 49.3 0.5 ± 0.3 } 0.7 to.4 
2,2-Dlmefhylbutone 49.7 0 .2 ±O.I 

2 ,3- Dimefhylbutone 58.0 2.6a ± 0.8 } 2.7 ± 0 .5 } 
2 - Melhylpenlone 60.3 2.1 ±0.8 58±05 2.0 t 0.5 5.8 ±0.5 
3-Methylpentone 63.3 1.1 ± 0.5 1.1 ±0.5 
Olefin! 58-73 O.OO± 0.005 

2,2- Dlmelhylpenlane 79.2 } I.Sb± 0.8 } 2.1 b ± 0.5 
2,4 - Dlmefhylpenlane 80.5 

2,3- Dlmelhylpenrane 89.8 
} 1.7 ± 0.8 } 2- Melhylhexane 90. 1 1.7 ± 0.5 

3- Methy lhe.llone n.o 

2,2,4 - Trime lhyJpenlone 99 .2 13.1 ± 0.8 } 13.1 ±0.8 12.4 ± 0.5 
Ole fins 73-100 O.OO± 0.005 

2,5-Dimelhylhexone. 109.1 
} 4.3' ± 2.0 } } 4/ ± 1.0 } 2 ,4-OImethylhe.llone 109.4 5.2 ± 2'<) I 4.8 ± 1.0 

2,2,3 - Trimethylpenlone 109.8 0. 9 .± 0.5 0.7 ± 0.5 

2,3,4-Trimelhylpentone 
I 

113.5 6.6 ± 2.0 } 4.2 ± 2.0 } 
2 ,3,3- Trimefhylpenfone 114.8 4 .5 ± 2.0 7.0 d ± 2.0 11.4 ±. 1,5 

2,3- Oimelhylhexone 115.6 I.Id ± 0.5 12.2 ±2.5 0.2 ± 0.2 
Ole fins 112- 125 0.04+ 0.02 

2,2,S-Trimelhylheltone 12 4.1 34.2 ± 1.0 35.5 t 2.0 

2,3,5-Trirnethylhexone 131.4 6.6 ± 1.0 8.8 ± 2.0 

Iso paraffins >131.4 

Isononones 132-144 4.4 ± I,D 5.2 ± 1.0 

Isoporoffins 144 - 151 5.6 ± 1.0 

Isoporaffins 
}144- 168 

8 .9 ± 1.0 } 
Olefins 0.05 ± 0.03 9.0 ± 1.0 

Isoparoffins 151-160 3.7 ± 0 .5 

lsoporoffins )160 2.3 ± 0.5 

Isoporaff ins 
} 168- 189 3.1 ± LO } 

Glefins 0.04± 0 .02 3.1 ± 1.0 

Isoporoffins } >189 2.8 ± 0.5 } 29 0 .5 
Olefins 0.05± 0.03 . ± 

-- --
Tolol 100.0 100.0 

~ 

a May Include small amoun t of 2,2-dimethylbutone . 
b May Include small amount of 2 ,2 ,3- trimethylbutone 

five penlene olkyloles ond Iwo mixed bulene ' penlene olkylales 

C, C, C, 
Alkylole (H 2 504 ) Alkylo le (H 2 SO 4) Alkylole (HF) 

Sample 22 Sample 23 Sample 14 
(see f igure 16) (see figure I 7) (see figure 14 ) 

Percentage by volume (above pen lanes) 

0.5 t O.~ } 0 .6 ±0 .2 
0 .1 ±O.I 

} 3.20 t 1.0 
2.1 ± 0.8 } 

} 1.6 a ±0.5 1.8 ± 0 .9 4.3 ±0.9 
0.4 ±O,3 

} 1.5b ±0.8 } 1.7 b± 0,5 } l.4b ± 0.5 

} 0 .9 ± 0.5 
1.0 ±0.5 } 

} 0.5 ± 0.3 
1.5 ±0.5 } 1.9 ± 0.5 

2 1.7 ± 1,0 17.2 ± 0.5 242 ± 0.5 

} 3.7' ± 1.2 } } 3.9'± 1.0 } } 3.9'±1.0 } 
4.4 ± I,D 4.7 ± I,D 4.6 ± 1.0 

0.7 t 0.4 0.8 ±0.5 0 .7 ± 0 .4 

9 .4 ± 2.0 } 6.4 ± 1.5 } 5 .4 ± 1.5 } 
9.5 d ± 2.0 19,8 t 1,0 7.1 ± 1.5 14 ,4 ± 1.5 42 d ± 1.5 10.8 ± 1.5 
0.9 t 0.5 O.9d ± 0.4 1.2 ± 0.6 

29.5 ± 1.0 

6.5 ± 1.3 

12.5 ± 1.0 

--
100.0 

c Moy Include 
d May Include 

29.4 ± 1.5 29.3 ± 1.5 

5,6 ± 1.8 5.5 ± 1.5 

5.2 ± 2.0 6.2 ± 1.0 

3.6 ± 1.5 2.9 ± 1.0 

22 ± 1.1 5.0 ± 1.0 

9.4 ± 1. 5 6.6 ± 1.0 

-- --
100.0 100.0 

small amount of 2,2 - d,methylhexone. 
small amount of 3,4 - dimethylhexone . 

---1.1-n -""--

C4 -C5 C4 -C5 
Alkyto le (HF) Atkylote (HF) 
Sample 15 Sample II 

(see figure It ) (see figure 7) 

0 .3 ± 0.1 } 0 .6 ±0.3 
0.3 to.2 

} 1.5 a ±.0.5 
2.8 t 0.5 } 
1.4 ±.0.5 4.7 ±0.5 

0.5 ± 0.2 

} I.Sb± 0.5 } 2.3b ± 0.5 

} 1.7 ± 0.5 
} 1. 1 ±0.5} 1.9±0.5 

0 .8 ± 0.4 

33.3 ± 0.5 20.1 ± 0.5 

}to .1' ± 1.0 } } 5.3' ± I.O} 12 .2 ± 1.0 6.t ± 1.0 
2.1 ± I,D 0 .8 ±0.5 

7.1 ± 1.5 } 11.6 ± 1.5 } 
8.1 ± 1.5 19.7 ± 1.5 10.2 ± 1.5 23.5± 1.5 
4.5d ± 2.0 l.7 d ±0.8 

13.4 ± 1.5 24 .0 ± 1.5 

2.7 ± 1.0 5,B ± 1,5 

4.7 ± 1.0 3.5 ± 0.8 

1.5 ± 0.5 3.0 ± 0 .8 

1.2 ±0.5 1.3 ± 0.5 

6.3 ± 0.5 3.2 ±. 0 .5 

-- --
100.0 100.0 



Components 

2,3-Dimethylbutone 
2-Methylpentone 
3 - Methylpentane 

2,2- Dimethylpentone 
2,4 -Dimethyl pentane 

2,3- Dimethylpentone 
2-Methylhexone 
3-Methylhexone 

2,2,4-Trimethylpent one 

2,5- Dimethy lhexone 
2,4 -Dimethylhexone 
2,2,3-T rimethylpentone 

2,3,4-Trimethylpentone 
2,3,3-T rimethylpentone 
2,3-Dimethylhexone 
3,4-Dimethylhexane 

2,2,5- Trimethylhexone 

Isononones 

Isoporaff ins 

Isoporoff ins 

Isoporo f fins 

Isopo roff ins 

Isoparaff ins 

Isoporof fins 

Isoporaff ins 

Total 

a May include 
b May include 

Table 6 -Analyses of three "dimer" and "trimer" alkylates 

Boi ling Dimer (hot acid) Trimer (hot acid) Trimer (cold acid) 
poin t Alkylote (H2 S04) Alkylote (H2 504) Alkylote (H2 504) 

01 Sample 34 Som!>e 2 1 Som!>e 43 
I atm. (see figure 21) (see figure 15) (see figure 27) 

°c Percentage by volume (above pentone s) 

5B.0 3.4 o± 0.9 } 
60.3 1.1 ± 0 .5 4.9 ±0.5 
63.3 0.4 ± 0.2 

79.2 0 .3 ± 0.2 } 2.9 ±0.5 80.5 2.6 b± 0.8 

89.8 } 90.1 1.4 ± 0.5 
92.0 

99.2 35.6 ± 1.0 

109.1 } 7.2c± 1.8 } 109.4 9.0 ± 1.5 
109.8 1.8 ± 1.2 

113.5 15.7 ± 2.0 } 
114.8 16.9 d ± 2.0 3504 ± 2.0 
115.6 2.8 ± 104 
117.7 

124.1 2.4 ± 0.8 

127-143 0.6 ± 0.4 

143-151 

143-160 1.1 ± 0.6 

147-152 

151-160 

>152 

160-175 1.8 ± 0.8 

>175 4.9 ± 0.8 
- --
100.0 

sma ll amount of 2.2 -dimethylbutone. 
small amount of 2,2,3-trimethylbufane. 

4.20± 1.0 } 6.6o± 0.8 } } 5.9 ±0.5 1.3 ±0.7 8.4 ±0.6 
1.7 ±0.9 0.5 ± 0.3 

0.\±0.3 } 4 .9 ±0.5 
0.5 ± 0.3 } 5.0 ±0.5 4.6 ± 0.8 4.5 b± 0 .7 

} 2.6 ± 0.8 } } 3.2 ±0.8 } 
2.9 ±<l.5 3.6±0.5 

0 .3 ± 0. 1 0.4 ±0.2 

30.5 ± 0.5 31.4 ± 0.7 

} 8.4 c ±: 1.5 } 10.9 ± 1.0 } 8.3c ± 1.5} 9.4 ± 1.0 
2 .5 ± 1.0 1.1 ± 0.6 

10.4 ± 2.0 } 14.9 
± 2.0 } 11.9d ±:2.0 24.6 ±2.0 12.5 : 6:~ 3D.0± 1.5 2.3 ± 1. 1 1.9 

0.7 ± 0 .4 

4.4 ± 1.5 3.4 ± 1.0 

1.6 ±0.8 1.1 ±0.6 

0.6 ± 0.4 

2.3 ± 1.0 

004 ± 0 04 

5.4 ± 0.5 

1.5 ± 1.0 

11 .8 ± 2.5 
--- ---
100.0 100.0 

C May include a smal l amount of 2,2-dimethylhexane. 
d May include 0 small amount of 3,4-dimefhylhexone. 
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________ --,----=-__ ,--_--,--:_-,---__ --r_---,---:----,-__ --, __ c-Tc-'b~le 7- Anolyses 01 eight hyd'oCOd,mers 

Boollng Hydrocodtmer Hydrocod,rne. HydfOcodlmer HydroeOOlmer Hyd.ocodlmer Hydrocodlme. HydrOCOOlmer Hydrocodimel 
point (hoi acid) (solid phosphorIC-acid) (phosphoric-acid) (LawrenceYllle) (Tulsa) (Limo 6) (Lmo 1) (HSO-1684 ) 

01 Sample 35 Sample 4 Sample 33 Sample 36 Sample 37 Sample 41 Sample 4 2 Sample 44 
Components I aim. ('See l'gUfe 22) (see log~e 3) (see logure 2Q (See figure 23) (see fgure 24) (see fl9ure 25) (see 19ure 26) (see lK}lKe 28) 

Cyclopenlone 
2.2-0mlelhylbulone 
2,3-Dtmethylbulane 
2-Melhylpenlone 
3-Melhylpenlone 
n-Helone 
Melhylcyclapentone 
Benzene 
Heplones 

2,2-Q,me lhylpenlone 
2,4-DlITlelhylpenlor>e 

2,3-Drnelhylpenlone 
2-Melhylhexone 
3-Melhylhe).0fle 

OIe'ms 

Ole fms 

Oleflos 

2,2,4-Trlmerhylpenrone 

OlellOs 

Toluene 
2,2-0Imethyt"iexone 
2,5-0lmethylhelone 
2,4-o.merhylhe.one 
2,2,3-TnmelhylpenIOf"\e 

OIeflOs 

Ole f,ns 

OIeflfls 

Olefms 
Ole'ms 

Ole/Ins 

Olefms 

2,3,4-TrlfTleth ylpenlone 
2,3,3- Trime lhylpenlOf"le 
2,3-0Imel hylhexone 
Olef ms 

OIefns 

Isopora/fms 
Ole fms 

OleflOs 
Ole/lOS 

3,4 -Olme rhylhe. ane 

Isoporafflns 
Oleflns 
Olefms 
Isononones 
Isooonones 
Isononones 
Isononones 
lsooonones 
Qle fins 
Isoporaffins 

Aromatics 
Isoporaf fms 
Aromatics 
Isaporofllns 
Isoporafflns 
Isoporofllns 
Jsoporoffms 

TOlol 

'c 

49.3 
49.7 
58.0 
60.3 
63.3 
68.7 
71.8 

80.1 
79-92 

79;2 
80.5 

89E 
"30.1 
92.0 

>90 

90-99 

36-99 

99.2 

99-110 

110.6 
lOGE 
109. 1 
109.4 
109.8 

>49 

49-1t0 

1t0-1I4 

1I0-It3 4 
1134-1147 

110-140 

>110 

113 .5 
114.8 
115.6 

114-120 

)0:] 1.2 to.5 I 

35.4 t 1.0 

0.6 ± 0.3 

} 0.7 ± 05 

} 1.2b t 0.5 

1.1 ±OA} 
} 0.4 ± 0.3 

0.2 to.! 

9.9 ± 0.8 

1.5 t 0 .3 

0.10 ± 0.05 1.6 ±.0.7 
0.10 to.05 } 

} 1.4 ± 0.7 

1.5 ±0.51 10.9 b±0.5 

12.1 ± LO 

Percentage by volume (above penlones) 

} 0.8 ± 0.4 

Q2' ± 0.1 1 
} :,: ::~ 

0.030t OJ) 

3.0 ±0.81} 0.5 ± 0.3 

LOb ± 0.6 } 3.6 b ±0.B } 0.6 b ± 0.3 

1.7c ± 0.8 
} 

15.0 .t 15) 
1.2 ± 0.8 16.2 t.O.S 

IACt 0.7 

6.6 t. 1.0 7.2 ± 1.5 11.2 ± 1.5 

} 05 ± 0.3 

} 0.7 b ± 0.4 

1.3 5 t 0.7 } 

} O.IS ± 0.1 

52 ± 1.0 

1.5 to] 

} 0.8 ±03 

} 2.4 b ±0.5 

7.4 C ±0.6 

0.1 to.Os 

0.1 ± 0.05 

27.4 ± 1.0 

0.6 ± 0.3 

4.0 ± 1.5 I 1.2 ± 0.6 } I 2.7 ± 1.4 } I 2.3 ± 1.0 

} 0.9 ± 0.7} } 6.7 ± 2.0 17.1 ±2.0 } 2.9 ± 1.7 17.4 ± 1.5 } 4.8 ± 2.0 } 
26.9t2.0 15.4 .t 2.0 

26.0 ± 2.0 92 ± 3.0 11.8 ± 2.7 10.6 ± 2.5 

O.05°t 0.03} 
1.8 ± 1.0 2.1 

} 2.4 + 1.2 12.8 ± 1.51 } IE 

8.5 ± 1.5 14.8 

± I.o} 
t 1.2 18.7± 1.5 

± 2.0 

I.S.0.9 } 10.9,,0.5} 
} 7.4 ±. ,.5 10.2 ± 1.5 } 2.2 ± 1.1 11.0 ± 1.5 

10.0 t 2.0 7.9 ± 1.5 

0.8 ± 0.4 

19.0 ± 2.0} 
7.0d ± 1.5 27.4:t2.0 
1.4 ± 0.7 

0.3 ± 0 .1 
0.4 ± 0.1 

43.9 ± 2.0 } 143.4 ± 4.3 } 
8.6 d ± 2.0 56.1 ±4.0 15.0 d ± 3.0 62.7 ± 2.0 
5.6 ± 3.0 4.3 ± 2.1 

0 .05.t 0.03 

0.1 ± 0 .0 5 0 .06 ± 0.04 0.2 ± 0.1 

0.2 to.1 

0.1 t 0.05 

43.9 ± 2.0 34.9 ± 2.5 392 ± 3.0 37.3 ± 2.5 2B.3 ± 2.0 

0.09 ± 0.05 I 0.2 ± 0.1 

6.1 ±2.0}56.5±2.01 52 t ,.5}44.9±2.01 7.2 ± 2.o}50.7±2.0 4.6 ± 1.s}49.3±2.01 3.1 t 1.0 } 33.3 ± 1.5 
6.5 ± 2.0 4.B ± 1,5 4.3 :t 1.5 7.4 ± 2.0 1.9 ± 1.0 

0 .6 ± 0.3 

114-1156 I 0.6 ± 0.3 

>115.6 
>115.6 

1147-1155 
1155-117 

117.7 

117~12O 

117-120 
>120 

120-132 
122-127 
127-135 
122 - 135 
122-144 

>132 
)132 

135-140 
136-145 

>135 
)140 

"'0 
145-165 
165-1778 
>177.8 

~:: := g:~} 3.1 ±O.8 

100.0 

5.3 t 1.0 

0.4 ± 0.1 
0 .6 ± 0.2 

2.g e to.9 

1.9 t 1.0 
0.4 ± 0.1 

2.0 .t 1.0 

2.9 .t 0.9 

0.2 ± 0.1 
3.6 t 0.6 

2.6 ± 0.8 

7.1 ± 0.8 

100.0 I 100.0 I 100.0 

5.3e t 1.5 4.6 e t 1.5 

2.4 ± 1.2 I 2.4 1: 12 

0.05~ O.o3} 4.55 t o.e I 0.07 ± 0.03} 3.2 ± 1.0 
4.5 :to.8 3.131:. 1.0 

6.5 .t O.B 

100.0 I 100.0 

3.g e ± 1.5 

1.7 .t 0.8 
2.6 1: 1.2 

~:~8! ~:~4} 3.9 .t 1.2 

~:g7! ~:g4} 1t.1 ± 1.0 

l.I e ± 0.6 

0 .9 ± 0.4 

2.6 to.B 

1.3 .i.0.6 
2 .9 ±0.9 
7.3 ± 0.6 

100.0 1100.0 

a Hydrocodme r apporen!ly conlommaled, as ..... l l h naphlho 
b Moy Include 0 smoll omounl of 2,2,3- lI lmelhylbulone d May Include 0 small amount 01 3,4 - dlmelhylhnane 
c May IOclude 0 small amounl of melhylhexones e Moy IIlclude some Olhel ocrone-:. 

,.i.... ------.....r-



Tobie 

Sample 
No. 

20 

17 

16 

I 

2 

9 

10 

2 4 

2 7 

13 

15 

II 

7 

12 

22 

2 3 

14 

34 

2 1 

43 

35 

4 

33 

36 

37 

41 

42 

44 

TAIl L8 S. - Compan:son of the analysis of the octanes in the 
butene alkylate, sample 24, by sevemllaboratories 

[Values arc percentage by volu me (above pentanes)] 

API Stand ard Shell Oil Hcsearch Oil Co. Co. Components Project 6 (Ind .) (F ebruary (November (Ju ly 29, 
30, 1943) 1943) 22, 1944) 

---
2,2, 4-Trimelbyj pentane ___ 35. 5 ± 0.5 35. 8 35. 1 
2, 5-Dimethy lbexane ________ ___ 

} 5. 4 2,4- Dimethylbexa ne __________ ± 1.0 6. 9 4.8 
2,2, 3-Trimeth ylpcutane _______ 
2,3, 4-Trimcth y lpentane. ______ 24. 0 ±2. 0 24. 1 25. 5 
2,3, 3-Trimcth ylpentane _______ 25. 2 ±2.0 25. 2 25.5 
2. 3-Dimethy lhexane __ -------- 2. 4 ± 1. 5 1.1 ----

9- Rela tive amounts of hexones, heplones, octanes , ond nonones ond higher paraffin S, 
20 ol kylo te s ond 8 hydracod Imer s. 

Nonones 
plus 

Hexones Heptones Oc tanes Higher 
Molenol Paraffins 

Re lative amount by volume 

C, Alkylote (H 2 SO4) 5.3 6 5.7 18 .0 11.0 

C, Alkylo te (HF) 5.0 4 1. 5 29 .7 23.8 

C3- C4 Alkylale (H F) 2.3 10 .2 60.3 27.2 

C, Alkylole (H 2 SO4 ) 8.8 6.7 67.5 17.0 

C, Alkylale (H 2 SO4 ) 12.6 1.3 63.7 12.4 

C, Alkylel. (H2 S04) 8 .3 7.5 68.2 16.0 

C, Alkylote (H 2 SO4 ) 9 .4 7.7 73.1 9.8 

C, Alkylote (H2 SO4 ) 2.1 2 .1 92 .5 3.3 

C4 Al kylote (H2 SO4 ) 6.8 7.0 67.0 19.2 

C, Alkylole (HF) 2.1 4.5 83.6 9.8 

C4 -Cs Alkylole (HF ) 1.5 3.5 65.2 29.8 

C4 -CS Alkylo le (H2 SO4) 5.0 4 .2 49.9 4 0 .9 

C5 Al kylote (H2 SO4 ) 5.8 3.5 30.6 60 .1 

C5 Alky lole (H2 SO4 ) 6.0 3.8 28.7 6 1.5 

C5 Alkylote (H2 SO4 ) 3.2 2 .4 4 5.9 4 8.5 

Co Alkylale (H2 SO,) 4 .4 3.2 36.5 55.9 

C5 Alkylore (HF) 1.6 3.3 39.6 55.5 

Dimer (hoI ocid) Alkylole (H2 504 ) 4 .9 4.3 80.0 10.8 

Trimer (hal acid) Alkylote (H2 504 ) 5.9 7 .8 66.0 20.3 

Trimer (cold ocid) Alkylote (H2S04 ) 8.4 8.6 70.8 12.2 

Hydrocodimer (hoI acid) 0.2 1.0 95.8 3.0 

Hydrocodimer (solid phosphoric acid) 0 .7 2.8 90.7 5.8 

Hydrocadimer (phosphoric ocid) 1.5 0 .9 92.3 5 .3 

Hydrocodimer (Lowrenceville) 0.8 2 .7 83.9 12.6 

Hydrocodimer (Tulso) 2.6 19.9 70.6 6.9 

Hydrocodimer (Limo 6) 0.5 2 .0 85.5 12.0 

Hydrocodimer (Limo 7 ) 0.5 3.2 78.1 19.2 

Hydrocodimer (HSO 1684) 0.8 10.1 74.6 14.5 

Analyses of Alkylates and Hydrocodirners 

in 

Total 

100.0 

100 .0 

100 .0 

100.0 

100.0 

100.0 

100 .0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 
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Tobie 10 - Relative amount of 2,3- dimelhylbulane ;n Ihe hexane fraction of 15 alkylotes. 

2 ,2-Oime thyl butane 
plus 

Sample 
2,3-Dimelhylbu lane 2 - Methylpentane Total 

Material plus 
No. 3-Melhylpentane 

Relative amount by volume 

20 C, Alkylote (H 2 SO.) 66.0 34.0 100 

17 C, Alkylote (HF) 58.0 42.0 100 

16 C3 -C4 Alkylote (HF) 60 .9 39.1 100 

I C. Alkylote (H 2SO. ) 62.5 37.5 100 

2 C. Alkylote (H 2 SO. ) 64.5 35.5 100 

9 C. Alkylole (H2 SO.) 78.3 21.7 100 

10 C. Alkylole (H2 SO.) 74.5 25.5 100 

27 C. Alkylole (H2 SO. ) 7 6.5 23.5 100 

II C. -Cs Alkylote (H2 SO. ) 56.0 44.0 100 

7 Cs Alkylote (H 2 SO. ) 44.8 55.2 100 

12 Cs Alkylote (H 2 SO.) 45.0 55.0 100 

23 Cs Alkylote (H2 SO.) 47.7 52.3 100 

34 Oimer (hot acid) Alkylote (H2 S0• ) 69.4 30.6 100 

21 Trimer (hot ocid) Alkylote (H2 SO.) 71.2 28.8 100 

43 Trimer (cold acid) Alkylote (H2 SO.) . 78.6 21 .4 100 

Average 64±10 36 ± 10 100 
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Table 11 - Relative amounts of Ih. heptanes in 20 olky lafes ond 7 hydrocodlme rs. 
-

2,2- 2,4 - 2,3- 2-Methylhexa ne 

Sample 
Dim.lhyl - Dim.lhyl- Dimethyl- plus Ta fo l 

Malerial pentane pentane pentane 3 - Methylhexone 
No. 

Relative amount by volume 

20 C~ Alkylol. (H 2 SO,) 1.7 39.9 54 .9 3.5 100.0 

17 C ~ Alky lol. (HF) 1.9 44.0 51.0 3.1 100.0 

16 C~ -C , Alkylo te (HF) 6.9 41.2 44. 1 7.8 100.0 

I C. Alky lol' (H 2 SO.) - 53.7 32.9 13.4 100.0 

2 C. Alky lol. (H 2 SO. ) 6.2 48.7 30 .1 15.0 100.0 

9 C, Alkylol. (H2 SO. ) 6.7 56.0 28.0 9.3 100 .0 

10 C. Alkylale (H2 SO. ) 10.4 50.6 32.5 6.5 100.0 

24 C. Alky lol. (H2 SO.) 52.4 47.6 100 .0 

27 C. Alkylol' (H 2 SO.) 2.9 I 52.9 37.1 
I 

4.3 97 .2 0 

13 C. Alkylol' (HF ) 57.8 4 2.2 100.0 

I 
15 C, -C5 Alky lale (HF ) 51 .4 48.6 100 .0 

II C. -C5 (H 2 SO. ) ~4.8 26.2 
I 

19.0 100 .0 

7 C5 Alkylo te (H2 SO.) 51.4 48.6 100.0 

12 C5 Alkylol' (H2 SO. ) 55.3 44.7 100.0 

22 C5 Alkylol. (H 2 SO,) 62.5 37.5 100.0 

23 C5 Alkylol. (H2 SO. ) 53.1 31.3 I 15.6 100.0 

14 C5 Alkylol. (HF) 4 2.4 57.6 100.0 
I 

34 Dimer (hoi aCid) Alkylol. (H 2 SO. ) 7.0 60.5 32.5 100.0 

21 Tr imer (hoi ocid) Alkylol ' (H 2 SO. ) 3.8 59.0 33.3 3.9 100.0 

43 Trimer (cold aCid) Alkylol. (H2 SO. ) 5.8 52 .3 37.2 4.7 100.0 

4 Hydrocodimer (solid phosphoric acid) 4 4.4 4 0 .8 14 .8 100.0 

33 Hydrocadimer (phosphoric acid) 6.7 93.3 100.0 
I 

36 Hydrocodimer (Lawrenceville) 37.0 6 3.0 100.0 

37 Hydrocodimer (Tuslo) 18.2 75.7 I 6.1 100.0 

41 Hydrocadimer (Limo 6) 30.0 70.0 100.0 

4 2 Hydrocodimer (Limo 7) 3 1. 8 61. 4 I 6.8 100.0 

44 Hydrocodimer (HSO 1684 ) 2~5 7~.5 100.0 

a Conlaine d also some 2,2 ,3 - trimelhylbutone; re lat ive amount 2.8 . 
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Tobie 12 - Relative amounts of Ihe octanes '" 20 olKyloles mod 8 hydrocodimers 

2,5-
Dlmelhyl-

2,2,4- 2,2- heKone 2,2,3- 2,3,4- 2,3,3- 2,3- 3,4 -

Samp le 
Trimelhyl- Dimelhyl- ~"' Trirnelhyl- Trlmethyl- Trimelhyl- Dlmelhyl- o.melhyl- Tolal 

No. Mote r iol pentone hexone 2,4- pentone pentone pentane hexane he llone 
Dimethyl-

hexane 

Relative amoool by volume 

20 C, Alkylale (Hz 504 ) 43.3 13.9 4.4 13.9 17.8 6.7 100,0 

17 C, Alkylote (HF) 55.! 13.5 3.7 11.5 13.2 3.0 IOOD 

16 G3 - G4 Alkylote (HF) 49.9 15.1 3.8 11.3 11 ,1 6.6 2:20 100.0 

I C, Alkylole (HZ 504) 4 4.5 12.0 2.7 13.8 21.5 5.5 100.0 

2 C. Alkylale (Hz 504 ) 35.2 16.2 3.0 24 .0 16~ 5.3 100.0 

9 C. Alkylote (Hz 504 ) 38.0 11.6 2.5 24.0 17.7 6.2 100 ,0 

10 C, Alkylote (HZ 504 ) 36.7 11.3 2. 2 26.3 20.4 3.1 100.0 

2 4 C, AJkylole (Hz 504 ) 38.4 3 .7 2.2 25.9 27.2 2.6 100.0 

27 C. Alkylole (Hz 504) 39.9 0 .4 10.S 1.9 2 1.3 20.2 4.9 0 .6 100.0 

13 C. Alkylale (HF) 49.9 16.0 3.5 11.2 12.0 7.4 100.0 

15 C4 -CS Alkylote (HF) 51.1 15.5 3.2 10.9 12.4 6.9 100.0 

' 11 C4 - CS Alkylote (Hz 504) 40.5 10.7 1.6 23.3 20.5 3.4 100.0 

7 co. Alkylote (Hz 504) 43.0 14.1 2.9 21.6 14.8 3.6 100.0 

12 C5 Alkylole (HZ 50 4) 43.4 14.3 2.4 14.7 2 4.5 0 .7 100.0 

22 C5 Alkylate (Hz 504 ) 47.3 8.1 1.5 20.5 20.7 1.9 100.0 

23 C5 Alkylole (Hz 504) 4 7.4 10.7 2.2 17.6 19.6 2.5 100.0 

14 C5 Al ky late (Hf) 61 . 1 9.9 1.8 13.6 10.6 3.0 100.0 

34 Dimer (hot acid) Alkyla te (Hz 504) 44.5 9.0 2.3 

I 

19.6 2 1.1 3.5 100.0 

21 Trimer (hot ocid) Alkylale (HZ 504 ) 46.2 12.7 3.8 15.8 18.0 3.5 100.0 

43 Tr imer (cold ac id) Alkyla!e (HZ 504) 44.4 1l.7 1.5 21.0 17,7 2.7 1.0 0 100.0 

35 Hydrocodimer (hal acid) 37.7 4.3 1.0 27.7 20.3 7.5 1.5 b 100.0 

4 Hydrocodimer (solid phosphoric acid) 11.4 1.4 7.7 10.6 50.4 9.9 6.4 2.2 a 100.0 

33 Hydrocodimer (phosphoric acid) 13.1 2.9 3. 1 12.8 47.1 16.3 4.7 b 100.0 

36 Hydrocodimer (Lawrence ville) 7.9 2.8 5.7 12.7 52.4 7.3 7.7 3.5 0 100.0 

37 Hydrocodime r (Tulsa) 10.3 2.6 3.5 12.1 49.7 7.4 6 .B 7.6 a 100.0 

41 Hydrocodimer (Limo 6) 13.1 2.5 

I 
2.1 17.4 46.0 8.5 5.0 5.4 a 100.0 

4 2 Hydrocodime r (limo 7) 6.7 2.3 9.6 12.9 48.1 5.9 9.5 5.0 a 100.0 

44 Hydrocodimer (H50 1684 ) 37.6 1.2 I 3.0 10.9 38.9 4.3 2.6 1.5 a 100.0 

o May Include some other oc tanes. b Same 3,4-dlme1hylhexone not included. 

Table 13 - Re lat ive amounts of Iwo nanones (lnme lhyIhexones) ;0 II olkylotes 

2,2,5- 2,3,5-

5ample Tnmelhyl - Trrmelhyl - TOlo l 

No. Motenal hexane hexane 

Relat ive amount by volume 

16 C3 -C4 Alkylote (HF) 81.8 18.2 100 

I C. Alkylale (Hz 504 ) 87.0 13.0 100 

2 C4 Alkylate (Hz 5°4) B2.2 17.8 100 

27 C. Alkylate (Hz 50 4 ) 83.0 17.0 100 

15 C4 - cs Alkylo le (HF) 83.2 16.8 100 

" ~ - C5 Alkylate (H2SO4 ) BO.5 19.5 100 

7 C. Al kylote (HZ S04 ) 83.8 16 .2 100 

12 C. Alkyiale (H2 504) 80.1 19.9 100 

22 C. Alkylol e (Hz 504 ) 81.9 18.1 100 

23 C. Alkylale (Hz S04) 84.0 16.0 100 

14 C. Alkylate (HF) 84,2 15.8 100 

Average 82.9 ± 1.5 17.1 ± 1. 5 100 
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Table J4-Summory of Ihe results of Ihe cooperative analyses of Ihe butene alkylate, Som!>e 27. 

Boiling APIRP6 Sid. Oil Dev. Atlantic Soc. - Vac. Sun Oil U.O.P. Phillips 
Point (Oct . 15, 19 44 ) (Jon. 2,1945) (June 22,194 5) (July 25, 194 5) (Ocl. 8,1945) (April 24,1946) (June 20,1946) 

01 (Infrared ) (Moss) (Infrored) (Roman) (I nfrored) (Infra red) Components I atm. 

°c Percentage by volume of Ihe lota l alkylole 

Isobutone - 11.7 

1 J 

0 .0 3 

n-Butane - 0.5 0 .34 0 .31 0 .25 0 .37 

Neapentane 9.5 0.06 0 .07 0.09 
8 .3 ± 0.5 8.2 

tsopentone 27.9 8.02 
0 

8.00 b 8 .20 c 8.00 d 

n- Pentane 36.1 0.6 ± 0 .3 0.4 0 .35 0 .40 0 .43 0 .46 

2,2 - Dimethylbutane 49.7 0 .0 0.0 0.0 0.00 0.02 0.0 

2,3- Dimethylbulone 58.0 4 .7 ± 

"l 
4.4 4 .84 4.82 4.72 4.76 

2-Melhylpenlane 60.3 1.1 ± 0 .5 6.2 ± 0.5 1. 2 1.02 1.00 0.98 1.00 

3-Melhyl penlane 63.3 0 .4 ± 0 .2 1.1 0 .42 0 .43 0 .46 0.45 

2,2 - Dimethylpen tone 7 9.2 0 .2 "'} 0.0 
e 0 .00 0.00 0.02 

2,4 - Dimethylpentone 80.5 3.4 ± 0 .9 3.8 ± 0.5 3.4 3.55 3.4 9 3.4 f 3.56 3.50 

2,2,3- Tr imelhylbulane 80 .9 0.2 ± 0 .2 0 .2 
e 0 .20 0 .27 0.28 0.25 

2,3 - Di methylpentane 89.8 2 .3 ± 

") 
204 2.32 2.71 2.6 2.44 2.25 

2- Methylhexone 90.1 
} 0.3 

2.6 ± 0.5 0.1 0 . 18 0 .0 7 } 0 .10 0 .16 
± 0.2 0.2 

3-Methylhexane 92.0 0 .2 0 .15 0.04 0 .06 0 . 13 , 
2,2,4 - Trimethylpentane 99.2 24.3 ± 0 .9 24 .6 

} 24 .4 
24.28 24 .1 24.40 24.41 

2,2 - Dimethylhexane 106.8 0 .2 ± 

"1 
0 .0 0.05 

I 
0 .10 0.08 

2,5-Dimethylhex ane 109.1 } 4.3 4.48 4.37 7.6 4.46 4.43 
6.6 ± 104 8.0 ± 0 .9 

2,4-Dim ethylhexane 10904 3.0 2.70 2.70 2.76 2.83 

2,2 ,3-Trime thylpentone 109.8 1.2 ± 0.6 1.3 1.21 1.02 1. 1 1.34 1.2 1 

2,3,4-Trimefhylpentane 113.5 13.0 

"'J 
12.0 12.4 12.73 12.5 12.38 12.62 

2,3,3- Trimethyl pentane 11 4.8 12.3 ± 1.8 12.7 12.3 f 12.64 12.7 12.49 12.25 
28.7 ± 1.4 

} 2,3- Dime thylhexone 115.6 3.0 ± 1.4 3. 1 3.0 f 2.49 2.56 2.84 
3.3 

3,4-Dimethylhexane 117.7 0. 4 ± 0 .3 0 .2 0.63 0 .73 0 .52 

2,2,5-Tr imethylhexane 124.1 4.5 ± 0.9 4.56 4.0 1 4.25 4.28 

2,3,5- Tr imethylhexane 13 1. 4 0 .9 ± 0.5 

Higher -boiling lsoparaffins >131 .4 12.1 ± 0.5 
---

Tolal 100.0 

d Trace of 2-methy l- l- butene. a 0 .0 9 percent of pentenes olso found . 
b .0.08 percent of pen'enes olso foun d. 
c 0 . 0 3 pe rcent of olefins also found. 

e The sum of 2,2-dimethy lpentane and 2,2,3-trimethylbulane reported to be 0.25 percent. 
f Corrected for a small amount of this component occurr ing in adjacent lots not analyzed by this 

laboratory. 
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FIGU R E 27.--Resu/ts of the analytical distillation of tri mer (cold-acid) alkyl ate (H2S0 4), sample 43. 
D eta ils are given in ta ble 6. 
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F I GUR E 28.-Resulls of the analytical distillation oj hydrocodimer (H SO- 1684), sampLe 44. 
D etails are given in table 7. 

W AS HINGTON, Sep tember 16, 1946. 
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