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2,3-Dimethylpentane and 2-Methylhexane as a Test Mix-
ture for Evaluating Highly Efficient Fractionating Columns®
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A test mivture eonsiating of 2,3-dimesthylpantane end 2-methylhexane wes prepared

and ita ealative volatility datermiced by a frantional distillation method.

Thiz test miztura

was comparsd, experimentally and theorgtically, with another teat mixtara sommonly used
for eveluating highly efclent fractionating eolumns,

1. Introduction

The development, of more highly efficient fraction-
afing columns has resulted in a greater need of test
mixiures with lowar relative volatilities than the onea
commonly used in evaluating stills. The choice of
compopents for auch a test mixturs is further imited
to those which form ideal solutions and diffar con-
giderably from one another in a specific Phﬂ’ﬂiﬁ&l
propercy, sich as refractive index, by which the
composition of mixtures of the components may
be determined. The 2.24-trimethylpentane and
n-heptana  combination, with & normal boiling
point difference of 0.812 °C, is an excellent test
mixture for evaluating fractionating colimns of
medium efficiency. The separation of these com-
ponents becomes suiliciently complete with frac-
tionating columns of greatly increaszed efficiency, 2o
that tha number of theoratical plates, caloulated b
the Fenelke equation [1],! becomes sensitive to am
analytical errors.

Two isomers of heptane were selected for the
comaponants of s test mixture which might Hulbil
the requirements for evalusting very hiilhl:-,T offi-
cient fractionating columns. They are 2,3-dimethyl-
pentane and 2~met.hnyihﬂme, with normal hoiling
points [2] of 80.784 °C and 90.052 °C, respactively,
s difference of 0.268 °C. The refractive in
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 A-trimethylpentans and s-heptane.

2. Experimental Procedure

2.1, Apparatus

A rapdom-packed still having & column 25 mm in
diameter and 300 em in E:figit was used in this
work., This wacuum-jaclceted column was packed
with chromel spirals (Helipak) and further insulated
with aluminuim-covered glfﬂsa wool.
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Alzo uzed waz a precision-packed still similar to
the Podbielniak Heligrid type, but having & packiog
made of precision wounj(ip platioum wira, ‘This
vacuum-jacketed column was 25 mm in diameter
?f 100 cm in height and further insulated with

umjnum-mverefﬂlglass wool,

A differentizl refractometer with g votating cell
bloclk and vernier ava Iiece. was used to determine
mixtura eomposition.

gaa chromatograph, Perkin-
Elmer Model 154, eqti.]igped with a hydrogen flame
ionization detestor and & “pm“ia colamn  with
squalena substrate, wes used for determining the
prasence of other imomers in each of the test mixture
componenia.

2.2, Matarials

Tha components for the n-haptane—=2.2 4-trime-
thylpentane test mixture wera obtained from Phillips
Petroleun Company. ‘They were distilled and
redistilled in the 300-cm random-packed stil until
all traces of impurities detectable by analysis with
the gas chrﬂmﬂ,tugdmph and the differentisl refractom-
eter weara ramovead.

Of the two components of the 2,3-dimethylpen-
tans—2-methylhezana test mixtuce, oaly the 2.3-
dimethylpentans was obtainable in better than 90
mole percent purity from commersizl sottrces.
This material a]gu contained about 5 mole percent
of the second component in the test mixtura, 2-
meathylhexane, which did not have to be removad,
A distillation with the 300 em wtill removed all of
the other impurities which wera detectable with
the gas chromsatograph.

Commarcial grade ischeptans, obiainabla from
Fhillips Pettolenm Company, was the only com-
mercial source of 2-methylhexane. Thiz material
containad both of the desired components of the
test mizture, but in amounts of less than 20 mole
percent of each. The presence of considarabla
amonnte of close-hoiling naphthenas in the com-
mercial material was responsible for the difficulty
in obtaining & test mixture from this material,

Several 4,000 ml charges of isoheptanes ware
distillad with the 300-em random-packed still. With
the nid of the gpas chromatograph, the fractions
having a high concentration of the desired two
isomers were selected; these were combined and




redistilled. Only the fractions from this sscond
distillation, which contained lessz than 2 percent
naphthenes by chromatographic analysis, wers
combined for an attempt to u?urif}r 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 neid,
The fractions for which their respective ehromuto-
gmms showed only two peaks, representing the

egired ipomers, were combined and percolated
through silica gel to remove any remaining trace
of toethylamine, DIy repeating this distillation
Et‘ocedure, 706 ml of 2,3-dimethylpentane—-2-methyi-

exane test mixture, containing shout 70 mole
percent of 2-methyihexane, wus obtained from 10
gallons of commercial isoheptanes.

Triethylamine was found to be more effective in
removing traces of naphthenes than some of the
other uzeotrope formers that were tried, but com-
plete removal was unsnecessful when more than 2

ercent of naphthenes was still present in the
1Bohepianes after the second distillation.

The guantity of 2,3-dimethylpentane-—2-methyvl-
hexane test muxture obiained by azeotropic distil-
Iation was sufficient for efficiency tests and relative
volatility determinstion with the 100 ¢m preeizion
packed still, but was insufficient for use in the 300-
can still baving a greater hold-up in the columm.
Fortunately, a liter of synthetically prepared 2-
methylhexane waz obtained from the Chemistry
Deapartment of the Ohio State University, Becanse
this material was of very hich purity, further dis-
tillation was not necessary.

2.3. Calibration of Differential Refractometer

The determination of the composition of the test
mixtures by gus chromatography was not possible
becauge neither of the mixtures would separate
completely, and the resulting peak areas could not
be caleulated with sufficient aceuracy. The deter-
mination of composition by refractive index measure-
ments, more precigely sceomplished with s differ-
ential refractometer, was found to be the most

edient method of analvais.

ince the chanhga in refractive index with change
in composition of a test mixture 15 not entirely a
linenr relationship, it was Decessary to calibrata the
differential refractometer reading sgainst a scrics of
known compositions of the constituents for both test
mixtures. gt&ndﬂrd samples were used for this pur-

e, and the best equation of the curve was ealen-
ated by the method of least squares. Tha results,
expressed as the difference between the refractive
index of the mixture snd one of their constituents,
are a8 follows:

For 2,2 4-trimethylpentane and n-heptane A=ri{2,
2, d-trimethylpentane}—-ri {mixture) =0.0030z
J-0.0008x * whara ri ig the refractive index and » is
the mole fraciion of n-heptana.

For 2 3-dimethylpentane and 2-methylheaxane A=
rifmixture)—ri{2-methylhexane) =0.0073z —0.00022°
where 2 is the mole fraction of 2,3-dimethylhexana.
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2.4. Relative Valatility 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 wvalue caleuluted from wapor pres-
sure data. Iy 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 & value of
10240 [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-em glill was charged with 700 ml of
the 2.24-trimethylpentane—n-heptane test mix-
ture and preflocoded. Twenty-four hours later sum-
ples were taken of the distillate and of the returnin
material entering the still pot. The differenti
refractometer and the calibeation equation for this
test mixture wera used to determine the composi-
tion of the samples. The number of theoretical
pates » given in table 1 was caleulated by means
of the Fenske aquation [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.
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The same procedure was employed with 700 ml of
the 2,3=litnethylpentatic—2-methylhexane test mix-
ture. Tha same still was used under as nearly the
saIne o eral.inﬁ conditions aa possible, and samples
wera taken and smalyzed in & similar manmer. Thae
relative wolatility o of this test mixture was calou-
lated by the Fengke cquation rearrsnged into the

following form: log = log (2/1~2)(1—y/y) where

x o 3 are the mole fractions of 2,3-dimethylpentane
in the sgamples talien Trom the distillate and material
returming to the still pot, respectively. The avernge
of the three determinations {table 2) iz in good agree-
ment with the value calculated {from the vapor pres-
gure data [2,6] of 2, 3-dimethy plentane and 2-methyl-
hexane at the temperature corresponding to the mean
valug of their noruel boiling pointa.  The value thua
obtained should not be regardad as an absolute valua
for the relative volatility for this tecst mixture, but



ns a sufficiently approxmation to show some
of the meritg of this test mixture from hoth cxperi-
mental and theoretical considerations.
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25, Efficiency Test Buny

Efficiency test runs were performed, using the
300-cin  rendom-packed still, with both the 2,3.4-
trimethylpentane—n-heptane and the 2,3-dimethyl-
pentane—2-methylhexane test mixteres, For each
run, the still vaporizer was cherged with 1,800 ml
of one of the miztures and preflooded. While
opernting at total reflux, sainples of 2 ml each were
taken of the distillate and the returning material
at 24-hr intervalz for w period of 7 days, During
a run the raie of vaporization was controlled by o
thermisior-actnated control device [7]. The eom-

ition of the samples was determined with the

ifferential refractometer which was calibrated with
known compositions of the two test mixtures. The
nmumber of equivalent theoretical plutes was caleu-
lated from the composition of the samples of the
distillate and material returning to the vaporizer
ky means of the Fenske equation. The wvalues
1.024 [4] for the relative volatility of 2,2 4-trimethyl-
pentane—n-hepluve test mixture and 1.0079 for the
2,3-dimethylpentane-—2-methylhexane test mixture
wars usad in theas caleulationa.

A stondard devistion, oy of 16 scale divisions or
0.000013 refractive index units, was determined
with both test mixtures with the differential refrac-
tometer. By substituting the ealibration equaiions
for each test mixture into the standard propagution
of error formula, equations for the standard deviation
in terms of mole fraction were derived. For the
2,2 4-trimethylpentane—n-heptane test mixtura the
equations were  g,=o/((LO030-0.0016c)  and
o= o {0.00304+0.001643. For the 2 3-dimethyl-
pentane—2-methylhexape test Inixture the aguations
wera lf_g=ﬂ'|_-1|f 00073 —0.0004z) and =/ (0.0073—
0.00043), o following equation was used o calcu-
late the standard deviation, s, in terms of the
nunbear of theoretical plates:

= {a} Ha) ]

For both teat mixtures, z and ¥ are the molo fractiona
of the lower boiling constituents in saumples taken
frotn the top and bottom of the still respectively;
#: and g, are the standard deviations of 2 and ¥
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rezpectively.  The latter equation was derived from
the Fenske equation and the standard propagation
of error formuly in which the eorrelation coefhicient is
ZEro.

Data on an efficiency run for each teat mixtura,
including the standard deviations in terma of mole
fraction and nunber of theoretical plates are given
i table 3. These stundacd deviations were propa-
guted entirely from analytical errors involved in
reading the differential refractometer. Errors in-
volved in taking boll-up rates and other errors
peculiar to still operation, which are extremely
difficult to deterinine, were entirely excluded in any
of the caleulptions, The date given in table 3
should not be interpreied as an actual evaluation
of the atill at a definite boil-up rate, but as an
indication of the effect an analytical error has on
the caleulated onumber of theoretical plates for the
two test mixtores, For this reason, actual boil-up
ratea were not included in the duts.
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3. Dizcussion

Az shown in table 3, n small ereor in reading the
differential refrastometer corresponds to a much
greater error in the caleulated number of theoretical
plates when the 2,2 4-trimethylpentane—n-heptane
tost mixtyere is used for cvaluating s highly efbcient
fractionating column thoan when tha 2 3-dimethy!-

entane—2-methylhexane teat mixture is used. Thi
igher arror oceurs because the difference in boiling
oints of 2,2 4-trimethylpentane and n-heptane is
arge cnough to result in such complete 2eparation
that the calenlated number of theoretical plates is
reatly affected by anelytical errors. go, the
ifference in thair refractive indices is eonsiderabl
lese than that of 2, 3-dimethylpentans wnd 2-methyl-
hexane, resulting in o lower analytical precision.

In order to make & praphicsl somparison of the
corresponding =, due to analyiical errors over a wide
range of theoretical plates n for both test mixtures,
a cominon basiz or condition was necessary. It hus




hean pointed out [6] that the effect of random analyti-
cal arrors on w is least when the mole fraction of the
material refurning to the vaporizer y i3 equal to
f1—z}, where z is the mole %?e.ct.iun of the lower
boilling conetituent in the distillate. This ia suill-
ciently correct onmly when the magnitudes of the
probable analytical errors of ¥ sod ¥ are npproxi-
mately uaf With this optimum condition
iumed,aﬂm Fensks equation can be written as

2 log {x{1—1)
p=—— "
log o

and the standard propagation of error formula as

g E'-"":+Fr1-z:]*
" el —z) o a)

By calculating z for a series of » valies and substi-
tuting these values into the propageation of ervor
formouls, o series of -, values was obtamed. The
oy and 7,5 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, o, of 16 scale division or 0.000013 refractive
index units, The ealeulpted o, valuee are plotted
againet theoretical plates in figure 1 for both test
mixtures. These curves show that, under ihe im-
poaed condition, the 2,2 4-trimethylpentane—n-hep-
tane test mixbure is more desirable for evaluating
stills developing less than 125 theoretical plates, but
ita desirability repidly diminjehes in evaluating
stille ter than 125 plates. A atill with 500 theoret-
ical plates could be evalusted with the satne stand-
ard gevia.tiun, v, when the 2,3-dimethylpentane—
2-methylhexane test mixture is nsed as when a 225-
plate etill ja evaluated with the 2.2 4-trmethylpen-
tane—-n-heptana teat mixture.

Only the snalytical errors in reading the dif-
ferenfinl refractomater wate consideted in detcrinin-
ing the curves in figure 1; the other factors would
have appreximately the same effect on both test
mixtures, when the stills are operatad under the
same conditions.

The 23-dimethylpentane—2-tnethylpentane test
mixture has the sdventage of having a very low
relative volatility and a ]mﬁf difference in refraciive
index of its components which greatly extends its
usefulness in evaluating more highly efficient stilla.
A disadvantage in using this tesi mixture is the
increased cost involved in the preparation and
purification of its components over other readily
obtainable test mixtures, Sioce it is possibla to
use B given volume of test mixture repeatedly for
evaluati & number of fractionating columns,
this initial cost may not scriously hamper its desir-
whility as a test mixture, especially in evaluat.incﬁ‘
very ijghly efficient fractionating columns in whi
the scparation of components of othar test mixturas
bacomesa too great for precisa analysis.
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mixtorss and the srmdbtinn ghaf =i —z},
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