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2,3-Dimethylpentane and 2-Methylhexane as a Test Mix-
ture for Evaluating Highly Efficient Fractionating Columns*

Edwin C. Kuehner

(October 9, 1962)

A test mixture consisting of 2,3-dimethylpentane and 2-methylhexane was prepared
and its relative volatility determined by a fractional distillation method. This test mixture
was compared, experimentally and theoretically, with another test mixture commonly used
for evaluating highly efficient fractionating columns.

1. Introduction

The development of more highly efficient fraction-
ating columns has resulted in a greater need of test
mixtures with lower relative volatilities than the ones
commonly used in evaluating stills. The choice of
components for such a test mixture is further limited
to those which form ideal solutions and differ con-
siderably from one another in a specific physical
property, such as refractive index, by which the
composition of mixtures of the components may
be determined. The 2,2,4-trimethylpentane and
w-heptane combination, with a normal boiling
point difference of 0.812 °C, is an excellent test
mixture for evaluating fractionating columns of
medium efficiency. The separation of these com-
ponents becomes sufficiently complete with frac-
tionating columns of greatly increased efficiency, so
that the number of theoretical plates, calculated by
the Fenske equation [I],1 becomes sensitive to small
analytical errors.

Two isomers of heptane were selected for the
components of a test mixture which might fulfill
the requirements for evaluating very highly effi-
cient fractionating columns. They are 2,3-dimethyl-
pentane and 2-methylhexane, with normal boiling
points [2] of 89.784 °C and 90.052 °C, respectively,
a difference of 0.268 °C. The refractive index
at 20 °C [2] of 2,3-dimethylpentane is 1.39196, and
that of 2-methylhexane is 1.38485, a difference of
0.00711. This difference in refractive index is
almost twice the difference in refractive index of
2,2,4-trimethylpentane and ^-heptane.

2. Experimental Procedure

2.1. Apparatus

A random-packed still having a column 25 mm in
diameter and 300 cm in height was used in this
work. This vacuum-jacketed column was packed
with chromel spirals (Helipak) and further insulated
with aluminum-covered glass wool.

* A portion of this work was uesd as a partial fulfillment of the requirements
toward a M.S. degree from the American University.

i Figures in brackets indicate the literature references at the end of this paper

Also used was a precision-packed still similar to
the Podbielniak Heligrid type, but having a packing
made of precision wound platinum wire. This
vacuum-jacketed column was 25 mm in diameter
by 100 cm in height and further insulated with
aluminum-covered glass wool.

A differential refractometer with a rotating cell
block and vernier eye piece was used to determine
mixture composition. A gas chromatograph, Perkin-
Elmer Model 154, equipped with a hydrogen flame
ionization detector and a capillary column with
squalene substrate, was used for determining the
presence of other isomers in each of the test mixture
components.

2.2. Materials

The components for the w-heptane—'2,2,4-trime-
thylpentane test mixture were obtained from Phillips
Petroleum Company. They were distilled and
redistilled in the 300-cm random-packed still until
all traces of impurities detectable by analysis with
the gas chromatograph and the differential refractom-
eter were removed.

Of the two components of the 2,3-dimethylpen-
tane—-2-methylhexane test mixture, only the 2,3-
dimethylpentane was obtainable in better than 90
mole percent purity from commercial sources.
This material also contained about 5 mole percent
of the second component in the test mixture, 2-
methylhexane, which did not have to be removed.
A distillation with the 300 cm still removed all of
the other impurities which were detectable with
the gas chromatograph.

Commercial grade isoheptane, obtainable from
Phillips Petroleum Company, was the only com-
mercial source of 2-methylhexane. This material
contained both of the desired components of the
test mixture, but in amounts of less than 20 mole
percent of each. The presence of considerable
amounts of close-boiling naphthenes in the com-
mercial material was responsible for the difficulty
in obtaining a test mixture from this material.

Several 4,000 ml charges of isoheptanes were
distilled with the 300-cm random-packed still. With
the aid of the gas chromatograph, the fractions
having a high concentration of the desired two
isomers were selected; these were combined and
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redistilled. Only the fractions from this second
distillation, which contained less than 2 percent
naphthenes by chromatographic analysis, were
combined for an attempt to purify further by azeo-
tropic distillation. An equal amount of triethyla-
mine was used as the azeotrope former, which was
then separated from each fraction by subsequent
extractions with ice water and dilute mineral acid.
The fractions for which their respective chromato-
grams showed only two peaks, representing the
desired isomers, were combined and percolated
through silica gel to remove any remaining trace
of triethylamine. By repeating this distillation
procedure, 700 ml of 2,3-dimethylpentane—-2-methyl-
hexane test mixture, containing about 70 mole
percent of 2-methylhexane, was obtained from 10
gallons of commercial isoheptanes.

Triethylamine was found to be more effective in
removing traces of naphthenes than some of the
other azeotrope formers that were tried, but com-
plete removal was unsuccessful when more than 2
percent of naphthenes was still present in the
isoheptanes after the second distillation.

The quantity of 2,3-dimethylpentane—2-metbyl-
hexane test mixture obtained by azeotropic distil-
lation was sufficient for efficiency tests and relative
volatility determination with the 100 cm precision
packed still, but was insufficient for use in the 300-
cm still having a greater hold-up in the column.
Fortunately, a liter of synthetically prepared 2-
methylhexane was obtained from the Chemistry
Department of the Ohio State University. Because
this material was of very high purity, further dis-
tillation was not necessary.

2.3. Calibration of Differential Refractometer

The determination of the composition of the test
mixtures by gas chromatography was not possible
because neither of the mixtures would separate
completely, and the resulting peak areas could not
be calculated with sufficient accuracy. The deter-
mination of composition by refractive index measure-
ments, more precisely accomplished with a differ-
ential refractometer, was found to be the most
expedient method of analysis.

Since the change in refractive index with change
in composition of a test mixture is not entirely a
linear relationship, it was necessary to calibrate the
differential refractometer reading against a series of
known compositions of the constituents for both test
mixtures. Standard samples were used for this pur-
pose, and the best equation of the curve was calcu-
lated by the method of least squares. The results,
expressed as the difference between the refractive
index of the mixture and one of their constituents,
are as follows:

For 2,2,4-trimethylpentane and w-heptane A=ri(2,
2, 4-trimethylpentane)—ri (mixture) =0.0030z
+0.000822 where ri is the refractive index and x is
the mole fraction of w-heptane.

For 2,3-dimethylpentane and 2-methylhexane A=
ri (mixture)—ri (2-methylhexane) = 0.0073a;—0.0002a;2
where x is the mole fraction of 2,3-dimethylhexane.

2.4. Relative Volatility Determination

The relative volatility of the 2,3-dimethylpen-
tane—-2-methylhexane test mixture was determined
by the fractional distillation method [3] and com-
pared with the value calculated from vapor pres-
sure data. By this method, the relative volatility of
an unknown test mixture is determined with a still
for which the efficiency was previously determined
with a test mixture of known relative volatility.
For the test mixture of known relative volatility,
2,2,4-trimethylpentane—n-heptane with a value of
1.0240 [4] was used. The 100-cm still was chosen
to avoid exceeding the recommended maximum
separation of 2,2,4-dimethylpentane and n-heptane
[5]. This 100-cm still was charged with 700 ml of
the 2,2,4-trimethylpentane—-^-heptane test mix-
ture and preflooded. Twenty-four hours later sam-
ples were taken of the distillate and of the returning
material entering the still pot. The differential
refractometer and the calibration equation for this
test mixture were used to determine the composi-
tion of the samples. The number of theoretical
plates n given in table 1 was calculated by means
of the Fenske equation [1]. The average of seven
determinations was used later to calculate the rela-
tive volatility of the 2,3-dimethylpentane—2-methyl-
hexane test mixture.

TABLE 1. Efficiency determination of 100 cm precision-packed
still {2,2,4-trimethylpentane—n-heptane test mixture)

Determinations

1
2__ . _
3
4
5
6
7

Average _ __ _

Boil-up
rate

ml/min
20.7
21.2
21.0
20.2
20.4
20.8
20.2

20.6

Mole fraction

Distillate

0.6997
.7052
.6468
.6981
.7271
.7056
.7176

Bottom

0.3508
.3483
.3483
.3642
.3556
.3513
.3642

Number of
theoretical

plates

60.6
62.2
61.3
57.8
65.4
61.7
61.8

61.5

The same procedure was employed with 700 ml of
the 2,3-dimethylpentane—2-methylhexane test mix-
ture. The same still was used under as nearly the
same operating conditions as possible, and samples
were taken and analyzed in a similar manner. The
relative volatility a of this test mixture was calcu-
lated by the Fenske equation rearranged into the

following form: log a=- log (x/l—x)(l—y/y) where
7b

x and y are the mole fractions of 2,3-dimethylpentane
in the samples taken from the distillate and material
returning to the still pot, respectively. The average
of the three determinations (table 2) is in good agree-
ment with the value calculated from the vapor pres-
sure data [2,6] of 2, 3-dimethyplentane and 2-methyl-
hexane at the temperature corresponding to the mean
value of their normal boiling points. The value thus
obtained should not be regarded as an absolute value
for the relative volatility for this test mixture, but
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as a sufficiently good approximation to show some
of the merits of this test mixture from both experi-
mental and theoretical considerations.

TABLE 2.—Relative volatility determination of 2,3-dimethylpen-
tane—2-methylhexane test mixture

Determinations

1.
2
3

Average
Value calculated from va-

por pressure data [2,6]~.

Boil-up
rate

ml/min
20.3
19.9
19.5

19.9

Mole fraction

Distillate

0.5876
.5916
.5880

Bottom

0.4681
.4671
. 4660

Relative
volatility

1.00774
1.00807
1.00790

1.00790

1.00795

2.5. Efficiency Test Runs

Efficiency test runs were performed, using the
300-cm random-packed still, with both the 2,2,4-
trimethylpentane—w-heptane and the 2,3-dimethyl-
pentane—2-methylhexane test mixtures. For each
run, the still vaporizer was charged with 1,800 ml
of one of the mixtures and preflooded. While
operating at total reflux, samples of 2 ml each were
taken of the distillate and the returning material
at 24-hr intervals for a period of 7 days. During
a run the rate of vaporization was controlled by a
thermistor-actuated control device [7]. The com-
position of the samples was determined with the
differential refractometer which was calibrated with
known compositions of the two test mixtures. The
number of equivalent theoretical plates was calcu-
lated from the composition of the samples of the
distillate and material returning to the vaporizer
by means of the Fenske equation. The values
1.024 [4] for the relative volatility of 2,2,4-trimethyl-
pentane—w-heptane test mixture and 1.0079 for the
2,3-dimethylpentane—2-methylhexane test mixture
were used in these calculations.

A standard deviation, aTi of 16 scale divisions or
0.000013 refractive index units, was determined
with both test mixtures with the differential refrac-
tometer. By substituting the calibration equations
for each test mixture into the standard propagation
of error formula, equations for the standard deviation
in terms of mole fraction were derived. For the
2,2,4-trimethylpentane—n-heptane test mixture the
equations were <rx=<rri/ (0.0030+0.0016a;) and
<ry=(rr,/(0.0030+0.0016y). For the 2,3-dimethyl-
pentane—2-methylhexane test mixture the equations
were cr*=(rrl/(0.0073 — 0.0004z) and <xy= aTl/(0.0073 —
0.0004?/). The following equation was used to calcu-
late the standard deviation, <xn, in terms of the
number of theoretical plates:

1 "' V i f ff> V l
y-x)J ^\y{i-y)f JFor both test mixtures, x and y are the mole fractions

of the lower boiling constituents in samples taken
from the top and bottom of the still respectively;
ax and ay are the standard deviations of x and y

respectively. The latter equation was derived from
the Fenske equation and the standard propagation
of error formula in which the correlation coefficient is
zero.

Data on an efficiency run for each test mixture,
including the standard deviations in terms of mole
fraction and number of theoretical plates are given
in table 3. These standard deviations were propa-
gated entirely from analytical errors involved in
reading the differential refractometer. Errors in-
volved in taking boil-up rates and other errors
peculiar to still operation, which are extremely
difficult to determine, were entirely excluded in any
of the calculations. The data given in table 3
should not be interpreted as an actual evaluation
of the still at a definite boil-up rate, but as an
indication of the effect an analytical error has on
the calculated number of theoretical plates for the
two test mixtures. For this reason, actual boil-up
rates were not included in the data.

TABLE 3.—Efficiency test runs on 300 cm random packed
fractionation column

Test mixture

2,2,4 Trimethyl-
pentane—
w-heptane

2,3-Dimethyl-
pentane—
2-methylhexane

Days
after
pre-

flood-
ing

1
2
3
4
5
6
7

1
2
3
4
5
6
7

X

0.9651
.9902
.9938
.9944
.9942
.9944
.9944

.6087

.6760

.6968

.7005

.7023

.7196

.7204

0.0029
.0029
.0029
.0029
.0029
.0029
.0029

.0018

.0018

.0018

.0018

.0018

.0018

.0018

V

0.1844
.1741
.1690
.1640
.1584
.1539
.1490

.2650

.2587

. 2574

.2584

.2574

.2538

.2528

0.0040
.0040
.0040
.0040
.0041
.0041
.0041

.0019

.0019

.0019

.0019

.0019

.0019

.0019

n

202.7
261.5
281.2
284.1
287.3
290.2
291.9

185.8
227.2
240.4
242.0
243.8
256.8
258.0

o n.

12! 5
19. f>
20.3
21.0
22.5
22.5

1.6
1.6
1.7
1.7
1.7
1.7
1.7

» Based on a oy* of 0.000013 refractive index units.

3. Discussion

As shown in table 3, a small error in reading the
differential refractometer corresponds to a much
greater error in the calculated number of theoretical
plates when the 2,2,4-trimethylpentane—w-heptane
test mixture is used for evaluating a highly efficient
fractionating column than when the 2,3-dimethyl-
pentane—2-methylhexane test mixture is used. This
higher error occurs because the difference in boiling
points of 2,2,4-trimethylpentane and ^-heptane is
large enough to result in such complete separation
that the calculated number of theoretical plates is
greatly affected by analytical errors. Also, the
difference in their refractive indices is considerably
less than that of 2,3-dimethylpentane and 2-methyl-
hexane, resulting in a lower analytical precision.

In order to make a graphical comparison of the
corresponding <rn due to analytical errors over a wide
range of theoretical plates n for both test mixtures,
a common basis or condition was necessary. It has
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been pointed out [5] that the effect of random analyti-
cal errors on n is least when the mole fraction of the
material returning to the vaporizer y is equal to
(l—x)} where x is the mole fraction of the lower
boiling constituent in the distillate. This is suffi-
ciently correct only when the magnitudes of the
probable analytical errors of x and y are approxi-
mately equal. With this optimum condition
imposed, the Fenske equation can be written as

2 1og(a/l-a)
log alog a

and the standard propagation of error formula
1

as

(Tn x(l-x)(\na)

By calculating x for a series of n values and substi-
tuting these values into the propagation of error
formula, a series of <rn values was obtained. The
<rx and (T(i _a;) used in the calculation were obtained
by the use of the error formula for the calibration of
the differential refractometer and a standard devia-
tion, <rri, of 16 scale division or 0.000013 refractive
index units. The calculated <rn values are plotted
against theoretical plates in figure 1 for both test
mixtures. These curves show that, under the im-
posed condition, the 2,2,4-trimethylpentane—^-hep-
tane test mixture is more desirable for evaluating
stills developing less than 125 theoretical plates, but
its desirability rapidly diminishes in evaluating
stills greater than 125 plates. A still with 500 theoret-
ical plates could be evaluated with the same stand-
ard deviation, <rn, when the 2,3-dimethylpentane—
2-methylhexane test mixture is used as when a 225-
plate still is evaluated with the 2,2,4-trimethylpen-
tane—^-heptane test mixture.

Only the analytical errors in reading the dif-
ferential refractometer were considered in determin-
ing the curves in figure 1; the other factors would
have approximately the same effect on both test
mixtures, when the stills are operated under the
same conditions.

The 2,3-dimethylpentane—2-methylpentane test
mixture has the advantage of having a very low
relative volatility and a large difference in refractive
index of its components which greatly extends its
usefulness in evaluating more highly efficient stills.
A disadvantage in using this test mixture is the
increased cost involved in the preparation and
purification of its components over other readily
obtainable test mixtures. Since it is possible to
use a given volume of test mixture repeatedly for
evaluating a number of fractionating columns,
this initial cost may not seriously hamper its desir-
ability as a test mixture, especially in evaluating
very highly efficient fractionating columns in which
the separation of components of other test mixtures
becomes too great for precise analysis.
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2,2 ,4 TRIMETHYLPENTANE-
n-HEPTANE

2,3-DIMETHYLPENTANE-2-METHYLHEXANE
I I I

IOO 200 300 400
EQUIVALENT NUMBER OF THEORETICAL PLATES

500

FIGURE 1. Variation of standard deviation in number of
theoretical plates with number of theoretical plates*

Based on a standard deviation of 0.000013 refractive index units for both test
mixtures and the condition that y=(l— x).
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