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Abstract:
The purpose of this thesis was to determine if non-aromatic hydrocarbons could be separated from
aromatic hydrocarbons in the xylene range by employing the principles of azeotropic distillation and
entraining agents. The hydrocarbons were contained in the 128 degree Centigrade to 132 degree
Centigrade fraction of reformed gasoline.

The major part of the experimental apparatus consisted of a glass rectification column, glass still pot,
ceramic electric heater, and a Corad condensing head. The column was composed of three glass
cylinders arranged concentrically 5 the inner cylinder was packed with Fenske rings and connected to
the still pot and Corad head.

Nine different systems were investigated using liquids representing the first three hydrogen bond
classes of compounds. The liquids used had active oxygen groups or active amine groups or both. The
nine liquids employed were 2-pentanol, N-methyl morpholine, morpholine, propylene diamine,
dioxan-water, methyl cellosolve, isobutyl alcohol, dimethyl-isopropanolamine, and butyl acetate.
Azeotropic distillations were made upon each system and samples of distillate were collected and
initially analyzed by refractive index.

The morpholine, propylene diamine, and methyl cellosolve systems were successful in producing the
desired aromatic-non-aromatic hydrocarbon separation. The compositions of the
entrainer-non-aromatic azeotropes in the three systems were 60.0 weight percent morpholine 1.0
weight percent propylene diamine, and 53.8 weight percent methyl cellosolve. The final products of the
three systems were 96.95 weight percent, 95.6 weight percent, and 98.5 weight percent pure aromatic
hydrocarbons for morpholine, propylene diamine, and methyl cellosolve systems, respectively. Final
analysis of samples of the aromatic-rich product of the three systems was made by gas
chromatography.

Relative volatilities were computed for each of the three systems which produced the desired
separation. These volatilities were calculated assuming a distillate composition of 99.5 weight percent
non-aromatic and 0.5 weight percent aromatic hydrocarbons. The methyl cellosolve, propylene
diamine, and morpholine systems had relative volatilities of 1.252, 1.229, and 1.209 respectively.
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ABSTRACT

The purpose of this thesis was to determine if non-aromatic hydro
carbons could be separated from aromatic hydrocarbons in the xylene range 
by employing the principles of azeotropic.distillation and entraining 
agents. The hydrocarbons were contained in the 128 degree Centigrade to 
132 degree Centigrade fraction of reformed gasoline.

The major part of the experimental apparatus consisted of a glass 
rectification column,-. glass still pot, .ceramic electric heaterand-a 
Corad condensing head. The column was composed, of three glass cylinders 
arranged concentrically 5 the inner cylinder was packed with Penske rings 
and connected to the still pot and Corad head.

Nine different systems were investigated using liquids representing 
the first three hydrogen bond classes of compounds. The liquids used had 
active oxygen groups or active amine groups or bolth. The nine liquids 
employed were 2-pentanol, N-methyI morpholine, morpholine, propylene 
diamine, dioxan-water, methyl cellosolve, isobutyl alcohol, dimethyl- 
isopropanolamine, and butyl acetate. Azeotropic distillations were made 
upon each system and samples' of distillate.were collected and initially 
analyzed by refractive index.

The morpholine  ̂propylene.diamine, and methyl cellosolve systems were 
successful in producing the desired aromatic-non-aromatic hydrocarbon sep
aration. • The compositions of the entrainer-non-aromatic azeotropes in. the 
three systems were 60.0 weight percent morpholiney $1.0 weight percent 
propylene diamine■, and. 53.8 weight percent methyl cellosolve. The final 
products of the three systems were 96.95 weight percent, 95■6 weight per
cent, and 98.5 weight percent pure aromatic hydrocarbons for .morpholine,. 
propylene diamine, and methyl cellosolve systems, respectively. .Final 
analysis of samples of the aromatic-rich product of the three systems was 
made by gas chromatography.

Relative volatilities were 'computed.for each of the three.systems 
which produced the desired separation. These volatilities were calculated 
assuming a distillate composition of 99.5 weight percent non-aromatic and
0.5 weight percent aromatic.hydrocarbons. The methyl cellosolve, propylene 
diamine,. and .morpholine systems had .relative volatilities of 1.252, 1.229, 
and 1.209 respectively.
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■ I INTRODUCTION

• Distillation of liquids was practiced.as early as 200 A.D. In the 

third century A.D. ,and subsequently, the principles of distillation were 

recorded by alchemists. • The field of distillation has become very exten

sive and includes a good deal of theory.

The theory is based on laws of physical chemistry relative to the 

vapor pressures of the liquids involved. A term analogous to distillation 

is boiling since the most fundamental principles of distilling cannot be 

fulfilled unless vapor.is produced. The boiling process is very common 

in chemistry and engineering. In order for a .liquid, to boil it must be 

superheated. The degree of superheat depends on several factors. Three 

of the most important are the purity of the liquid? the presence of

nucleii and the condition of.the vessel walls (8).

Generally, .distillation may be .defined as the condensation and sep

arate collection of evolved .vapor (21). • Many groups and mixtures of com

pounds cannot be separated by ordinary distillation. ■Evolved vapor.may 

he collected and found to have the same composition as the liquid.

Researchers then began looking for ways to separate these mixtures which

could not be separated by ordinary distillation.

The original use of the term 'azeotrope1 is credited to Wade and 
Merriman in experiments conducted in 1$11. They used the term in ref

erence to a mixture which could be evaporated to dryness without changing 

its composition. As more experimental work was done in ensuing.decades, 

hypotheses concerning azeotropic principles were theorized and proven.
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First, we should define the term azeotrope and other words connected 

with it, Webster (22) tells us that an azeotrope is a liquid mixture 

which displays a minimum or maximum boiling point. Funk and, Wagnalls (7) 

say that an azeotrope is a mixture of.liquids which has a constant boiling 

point at a specified concentration. According to Bergz et. al.,. (2) 

azeotropic is the term applied to distillations or rectifications which 

involve the formation of a constant-boiling mixture.

The occurrence of azeotropism .is based on the presence or existence 

of a deviation from ideality. The components in an azeotrope have 

different volatilities and the deviation from ideality must be adequate 

to overcome this difference. The occurrence or formation of an azeotrope 

is also a function.of the temperature differences between the components.

It is stated by Bergf et. al., (3) that in. azeotropy the composition of 

the distillate -varies with the boiling-point difference between the 

components.

We should now return to the subject of ideality in order to under

stand it more thoroughly. Raoult's.law is sometimes accepted as the only 

condition for ideality. • His law presents a linear function between the 

yapor pressure.of the .mixture and the molar composition. Although Raoult1S 

law is necessary for ideality, it is not an adequate condition alone.

Also, in an ideal solution, the volume and internal energy remain constant, 

no heat is assimilated or evolved, and there is no change .in the average 

interaction between molecules. Deviations from Raoult1S law occur when
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the molecular combinations or Interaction between like molecules is 

different from that between unlike molecules (18). Since dissimilarity 

between molecular.species causes azeotropes to form, azeotropism bbtweenn 

like materials is seldom observed. .Calingaert (4) states that no report 

is known of a case of azeotropism between isomers. A constant-boiling 

mixture, analogous to an azeotrppe, will tend to exist between two 

constituents when their vapor pressure differences are small at a given 

temperature.

• There are two types of azeotropes. They are minimum- and maximum- 

boiling azeotropes...Azeotropes which exist as one liquid phase are 

homogeneous and those which, exist as two or.more liquid phases are 

heterogeneous. Homogeneous azeotropes may be minimum- or maximum- 

hoiling.mixtures (19)> but all reported heterogeneous azeotropes are 
minimum-boiling mixtures. This investigation is concerned only with 

minimum-boiling .azeotropes.

Homogeneous, minimum-boiling mixtures are sometimes called 'positive 

homoazeotropes' because of the positive deviations from Raoult's law 

exhibited by the mixture. Hildebrand (12) stated that a minimum-H)oiling 

azeotrope is possible when the two components have nearly equal vapor 

pressures.

The 'heteroazeotrope' is also 'positive' and is characterized by - 

very large deviations from Raoultfls law. The solubility of the compounds 

becomes very low .and two or more immiscible or partially miscible liquid
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phases exist5 although miscibility is not a function of Raoult1s law.

In azeotropic distillation, as stated earlier, a liquid not normally 

present in the mixture, is added to effect the separation. This occurs by 

increasing the relative volatility of one of the components with respect 

to the other. ■ However>• relative volatility alone is not a dependable 

criteria for the evaluation, of azeotropic systems. The added component 

may be called an azeotrope formery a carrier, an entrainer, or a solvent.

■ Throughout this thesis, ,the term 1entrainer1 or entraining agent will be 
used.

Azeotropic distillation has found wide application in the petroleum 

industry because of azedtrppescoruclosebboilapgmmixturesuwhibhfform between 

certain hydrocarbons, It is impossible to separate these components from 

each other by simple distillation. A third constituent, or entraining 

agent, .must be added to brealC-the Azeotrope;.- :>u

A substantial assist in the selection of entrainers could be 

obtained by a correlation of the deviations from ideality for various 

mixtures. Berg, et.;al. , (2) have given a list of desirable properties 

.entrainers should possess for the suitable separations of close-boiling 

hydrocarbon mixtures:

I. ■ Boil within a limited range (O0C . to 50°C.) of the hydro
carbon which It is desired to separate.

,2. Form, .on mixing with the hydrocarbon, a large positive 
deviation from Raoult1s law,.to give a minimum azeotrope 
with, one or more of the hydrocarbon, types in the mixture.
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3. Be soluble In the hydrocarbon at the distillation 
temperature and for some degrees below it.

4. Be easily separated from the hydrocarbonswith which it 
forms an azeotrope.

5. Be inexpensive and readily obtainable.

6. Be stable at the distillation temperature.

7. 'Be non-reactive with the hydrocarbon or the column 
material.

Obviously there are many variables in azeotropic distillation and 

this type of rectification may notf in all cases, yield the separation 

that the experimenter wants to obtain. Berg* et.al.* (3) state that 

azeotropic distillation*.per. s e is not always capable of improving the 

jpprity obtainable by straight rectification.

- One of the.more important variables is reflux ratio. If an azeotropic 

system yields a certain purity of product at a given reflux ratio, it may 

not yield the same purity at another. Indeed, the purity may decrease 

drastically as the reflux ratio is reduced. This does not mean*.however* 

that there is a limiting reflux ratio* but more likely an optimum, ratio.

A selective entrainer Is one which azeotropes.with one of the com- 

p.onents of a .mixture.while leaving the other component alone. ■This could 

he applied to the investigation performed, for.this thesis. -Here a selec

tive entrainer would .be one which azeotropes with the non-aromatic hydro

carbons while leaving the aromatic compounds.alone, or one which azeotropes 

with the aromatic hydrocarbons while leaving the non-aromatic compounds
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untouched. The properties of a selective entrainer are no»different from 

those of an ordinary entrainer and consequently if an entrainer is found 

to have selective properties it must be obtained by trial and error.

Over the past decade many processes have been introduced for the 

separation of aromatic and non-aromatic hydrocarbons . Two of these,- 

the Udex extraction process and the SO'̂ -wash oil double-extraction 

process, have found wide application. Their main advantage lies in their 

extractive capability on a wide boiling range feedstock. Both processes 

can be utilized for the extraction of toluene and the xylenes.

The xylenes, meta-y para-, and Ortho7, have found increasing use in 

industry.for manufacturing other chemicals. Their inherent molecular shape 

provides fairly good chemical activity. The xylenes are presently found 

in abundant quantities in reformed gasoline used as an additive in straight 

gasoline to raise the octane rating. Very little work has been done in .the 

past on the separation of these xylenes from the reformate using azeotropic 

■distillation.. The technical literature lacks.scope in this field and more 

comprehensive data are.needed.

The research done for this thesis was concerned with the investigation 

of separating the non-aromatic hydrocarbons from the aromatic hydrocarbons 

in the xylene fraction, of reformed gasoline employing the principles of 

azeotropic distillatiqn.



II RESEARCH OBJECTIVES

The main.objective of the. research done for this thesis w$s to 

collect and evaluate data for several azeotropic systems for separating 

the xylenes from like-boiling non-aromatic hydrocarbons. The hydrocarbons 

were to be separated,by an entraining agent in each system. The following 

was attempted:

1., To obtain an effective separation of non-aromatic 
hydrocarbons from the aromatic hydrocarbons in the 
xylene fraction.

2. ■ To .measure the purity of the separated, aromatics.

3. To compute the relative volatility of the successful 
entrainer systems.

4.. To establish the azeotropic compositions relative to 
the non-aromatic hydrocarbons for each entraining agent.



Ill EXPERIMENTAL CONSIDERATIONS

A , Equipment

The following equipment was used in this investigation: a precision 

rectification column, round bottom glass, distillation flasks, a Corad 

condensing head, glass stem mercury thermometers,, a water-cooled 

graduated receiver, sample bottles, an Ohaus type triple-beam balance, 

separatory funnels■, a Valentine refractometer, a Sargent constant- 

temperature water bath, ceramic- and cloth-lined electric heaters, 

Powerstats, and a small distillation flask and condenser.

The precision column was constructed of three concentric glass 

cylinders, held together by asbestos tape and glue. ■ The inside 

cylinder contained one-eighth inch steel helice packing, .commonly 

known as Penske rings. A cone shaped, metal lattice connected to the 

bottom of this cylinder held the randomly packed rings in place. A 

mercury thermometer was attached to the outside"of the inner cylinder 

by rings of wire, The middle cylinder was wound with Nichrome wire in 

the form of a helix. This wire was connected to an outlet plug which, 

.when attached to a Powerstat, provided heat to the column. The outside 

cylinder provided added insulation for preventing heat flow to the air 

•and also protected the Nichrome wire. The diameter of the inner 

cylinder was 27 mm. and the column had an overall.outside diameter 
of 63.5 millimeters. The column was 121.3 centimeters in height and 

the packed, section measured 110.3,centimeters.

A diagram of the precision rectification column is shown in Figure I.



The drawing, shows the glass column, still -pot, .heater, and Corad con

densing head. The three glass cylinders which constituted the column 

are drawn with heavy lines since all the cylinders-':'c:an be seen, All 

lines on. Figure I are drawn to an exact scale  ̂I inch = 10 inches.

The type of packed column used in this investigation is used 

widely in chemical laboratories and in industry in genaral. Knapp (17) 
states that the use of packed.columns for continuous contacting of 

vapors and liquids is well established in the chemical industry.

The Corad precision condensing head.was attached to the top of the 

inner cylinder by a standard 29/4-2 tapered, ground glass joint. The 

head contained .spou^ts3for reflux ratios of 2.5:1 # 5:1# 10:1# 20:1# and 
50:1, A second mercupy thermometer was inserted into the head through 

a side arm and was fitted- into a tapered joint. Changes in the boil-up 

rate does not affect the reflux ratio and precise reflux ratios.can be 

obtained when a -Corad head is employed for condensing the vapor. The main 

disadvantage is that the experimenter is limited to the several reflux 

ratios. ■The-thermometer inserted into the top of the Corad head, measured 

the temperature of the vapor. The bottom half of the Corad head contained 

a thermowell through which a thermocouple was inserted to measure the 

temperature of the rising vapor. The thermocouple was connected to 

a Brown Electronik indicatormanufactured by Minneapolis-Honeywell Co.

The indicator had a range of O0F,. to 600°F. -This type of temperature 

measurement was done as a check on the thermometer in the top half, of the
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Corad head. The thermocouple was used throughout the experiment as the 

thermowell is more protected from radiation losses than is the thermo

meter.

The round bottom flasks used were made of glass and were connected 

to the bottom of the inner cylinder of the column by a standard 25/35 
ground glass ball joint. Ball joints are used on the bottom of the 

columns so easy separation can be made after operating at high tem

peratures. Taper joints, such as the one connecting the Corad head 

to the inner cylinder y are used so the condenser will not wobble and 

also because there are no excessive temperatures in this region. The 

flasks had capacities -.of one t w o ,  and three liters. The two and three 

liter flasks were used during runs made with differentpentraining agents. 

The one liter flask was equipped with a side arm so that samples of the 

boiling liquid could be obtained. This flask was used.when data were 

collected fpr computing the relative volatilities of the systems.

• The overhead product taken from the Corad head was allowed to 

drop into a water-jacketed receiver so that the. liquid would be cool 

when removed. The cooled liquid was placed in two-ounce glass bottles. 

These bottles hade been, .pre-weighed and all .samples taken from the 

column were weighed in these containers.

The samples were weighed on an Chaus-type triple-beam balance.

The.balance was accurate in measuring through, the first decimal place. 

This means the scale could easily and effectively differentiate between
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25.6 grams and 25.7 grams. The balance was constructed of stainless 

steel and was equipped with weights to measure as high as 1110 grams.

Samples from the columns were analyzed by refractive index.

These indices were obtained from a Valentine precision refractometer 

Of the glass-prism .type. Water was circulated behind the prisms to 

maintain them at constant temperature because refractive index varies 

with temperature. The water was syphoned from a Sargent water bath 

which was maintained at 20 degrees Centigrade by a thermostat. The 

thermostat was connected to a metal box which contained the switches 

that controlled the three heating; elements and the operation of the 

pump. All.readings from the refractometer were taken at 20 > 0.5°C.

The heaters for the distillation columns were of two types. One 

was constructed of ceramic material with Nichrome wire mounted, on a 

ceramic base. This type was used for the azeotropic distillations 

because of the ease with which .it was controlled and also the fast 

response to an increase or decrease of voltage throughput from the 

Powerstat. The second type of heater was a Glas-Col, cloth-lined 

mantle consisting of ^wp sections y. a top part and. a bottom part.

Each section contained heating elements and these sections.were 

connected by a heavy zipper. This type of heater was used for distil

ling the gasoline reformate.

The P-owerstats were small autotransformers manufactured by the 

Superior Electric Company. ■The ma&mum inputcwas 7-1/2 amperes at H O
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volts .and .the output ranged.from O t o  IJO volts. These Powerstats were 

used to adjust the flow of heat.to the heaters below the.columns .and 

the Nichrome.wire winding on the middle cylinder.of the column. The 

heat to the center cylinder -keeps the .column operating under adiabatic 

conditions.

■A small distillation flask (250 milliliter):, and water cooled con

denser were used, to complete the purification of. the entraining .agents. 

This system was used..to.recover the .remainder, of the entrainer after the 

light ends had, been removed.in a precision rectification, column. It was 

employed because the system had no holdup and a chaser was not.needed.

Separatory funnels ranging in size from 250 milliliters to, 1000 

milliliters were used to separate the-azeotropes. The entraining agents 

were water soluble and were washed away; in these funnels.

• Analysis.of final products and other constituents was.made on an 

Aerograph gas chromatograph manufactured by.Wilkens .Instrument and 

Research,.Inc. The column packing in the ,chromatograph was. 1-chloro- 

naphthalene absorbed.on a d d  .washed^ JO-60 .mesh Chromosorb P . The 

operating temperature was JO0C . and. the helium flow.rate was between 

•125 and 175 milliliters.per minute. The data recorder attached to the 

Aerograph, instrument was manufactured by Minneapolis-Honeywell.. •The 

chromatograph,-was very effective in making the desired .separations 

between aromatic-and non^aromatic hydrocarbons.
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B. Chemical Compounds

The entraining agents involved in this investigation were all 

chemical compounds. The compounds, their chemical formulas,.basis 

of selection, and material .sources are given in this section.

• The liquid.most fundamental to this investigation was the gasoline 

reformate. The reformate had a wide boiling .range, about l40°C., and 

contained many different types of aromatic and non-aromatic hydrocarbons. 

The Humble Oil refinery in Billings, Montana supplied 20 gallons of their 

reformed gasoline for use in this experimentation. ■ The reformate was >. 

characterized by a high flammability- and a yellow-green fluorescent color.

After the initial rectification of the reformate, the xylene fraction 

was found to be the most abundant as Figure 2 shows. This four degree 

fraction constituted nearly 12 percent of the total. Its boiling point 

ranged from 128°C..to 132°C. at 640 millimeters pressure. After this 

determination, compounds were selected as entraining agents under the 

following criteria:

1. Boiling point should be IOO0C . to 130°C.-at 640 mm. pressure.

2. They should have active oxygen atoms or groups, e.g..esters, 
aldehydes, .ketones , alcohols, etc.

3. They should be miscible or at least very soluble in water.

Many compounds, fitting the prescribed criteria, were ordered and 

received from industrial.firms. It would be superfluous to list-all 

these chemicals here. - The following is ,a list of the compounds used 

in this investigation with their formulas:

v
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I. 2-Pentanol Ch 3Ch 2CH2CHOHCH3
2. N-Methyl Morpholine CH2CFiOCH2CH2NCH3
3. Morpholine CH2CH2WHCH2Ch 2O
4. Propylene Diamine CH3CH(NH2)CH2(NH2)
.5- 1,4 - Dioxan CH2CH2OCH2CH2O ' -I I
6. Methyl Cellosolve CH3OCH2CH2OH

7- Isobutyl Alcohol .(CH3) 2CHCH20H
8 . Dimethyl is opropanolamine (CH3)3NCH2Ch (OH)CH
9- Butyl Acetate CH3COQt(iCH2) 3CH3

All the above compounds were obtained from Union Carbide Chemicals Co., 

South Charleston, West Virginia.

Table XXVII gives the corrected literature values (9) and the experi

mental values for the boiling points, the refractive indices from the 

literature (9) and experimental determinations, and the water solubilities 
of the compounds.

During distillation the vapor readily moves up through the packing 

to the condenser. • However, .as the mixture is expelled from the still 

pot, the distillation decreases. Also, a problem in batch distillation 

is the holdup of the column. • This phenomena occurs in all packed 

columns and is defined as the amount of liquid and vapor in the column 

while it is in operation. The holdup of the column used in this 

investigation was approximately 50 milliliters. Holdup affects results 

in three ways. Two of these are inertial .effects and improve the •
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separation; the thirp is a depletion effect and causes lower distillate 

compositions. Johnson (15) states that the two inertial effects may be 

designated as the total reflux start-up effect, and the unsteady state 

inertia effect. The effects are not independent of one another and the 

results of any particular batch distillation are determined by the 

relative magnitudes of those factors. Consequently, the effects 

should be minimized if their elimination cannot be accomplished.

In order to force this liquid holdup out of the column, a 'chaser1 
was employed. This compound boiled about 50°C. above the upper end of 

the xylene fraction and was relatively inactive. The chemical chosen 

was tetrahydronaphthalene, commonly known as tetralin.

C. Methods of Analysis

Three methods of analysis were used in this investigation. The 

refractometer was used to measure refractive indices of various samples. 

These were compared, to indices given in the literature. The gasoline 

reformate consisted of aromatic and non-aromatic hydrocarbons but the 

relative percentages of these groups were not known. The refractive 

index of the xylene fraction was measured and recorded. The only 

aromatics present were ethylbenzene and meta-, para-, and ortho-xylene. 

An average refractive index was calculated for these and thereby the 

index, of the aromatic portion of the fraction was realized. On this 

basis the percentages of non-arqmatie and aromatic hydrocarbons in the 

original reformate were calculated.
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The refractometer was also used to measure the indices of the

J'
purified entraining agents and the non-aromatic hydrocarbons in the 

azeotrope, .the latter after the entrainer had been washed away with 

water. After the azeotropic distillation with one of the entraining 

agents was completed, the refractive index of the aromatic product was 

measured. Since an average index for the xylenes and ethylbenzene 

had been calculated, the relative purity of the final product was 

obtained by comparison of the refractive indices.

The refractometer readings were obtained at a constant temperature - 

20=fc0.3°C. However, .the refractive index was not linear with temperature 

over a wide range. Consequently the readings obtained were only 

approximations, but fairly accurate.

• Precise'observations were obtained by injecting two-microliter 

samples into a gas chromatograph. This was done with original reformate 

samples and final aromatic products. This instrument was capable of 

splitting the non-aromatic and aromatic groups. The recording device 

drew curves which showed the presence of several non-aromatic.compounds 

and the four aromatics which were present in' the xylene fraction.

Analysis of these curves was made and precise percentages of constituents 

were computed.

■ The gas chromatographic method is becoming accepted throughout 

industry and is readily adaptable to analyses of azeotropic systems. 

Haskin (11) states that because azeotropes do not interfere, gas
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chromatography is readily adapted to the analysis of mixtures involved 

in studies of the composition of azeotropes by analytical.distillation.

The initial analysis of the azeotropes formed during this investi

gation was done by water washing. The entire azeotrope, which consisted 

of the entraining agent and non-aromatic hydrocarbons, was washed several 

times with large quantities of water to remove the entrainer. This 

.operation was done in a separatory funnel. After the separation was 

made, the non-aromatic compounds (insoluble in water) were weighed and 

the azeotropic composition was computed. The .refractive index of the 

non-aromatic compounds was measured and used in ensuing purity calcula

tions .

D. Experimental Procedure

The initial step in this investigation was to determine the presence 

or absence of plateaus or constant-boiling mixtures. This was accomplished 

by distilling a one liter change in the precision rectification column.

Ten milliliter samples were removed at JO:I.reflux ratio and analyzed.

Their initial and final boiling points were recorded along with their 

refractive indices. These samples, from the one liter.charge of gasoline 

.reformate, provided the data for Figure 2. Figure 2 has an abscissa of 

Weight Percent Distilled and ordinates of Boiling .Point in degrees.Centi

grade and Refractive Index. Analysis of the curve of Figure 2 showed that 

about twelve percent of the qne liter charge of reformed gasoline boiled 

between 128°C. and .132°C. at 640.mm. pressure. This was the xylene
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fraction which was used throughout the investigation.

Any batch distillation may be divided.into two steps (15). The 

first of these was preparation for removal of distillate. This involved 

applying heat to the still pot and the column to initiate vaporization.

The packing.in the column should be as wet as possible since the efficient 

utilization of the packing is dependent upon effective wetting,character

istics (10). This was accomplished by.'flooding' the column packing 

before each distillation. For every liquid flow rate, there is a certain 

gas velocity which causes the column to fill with liquid (20). This is 

called the flooding velocity. When flooding occurs, liquid fills the 

column and the flow of .the liquid film downward through the packing is 

reduced. Some gas or vapor bubbles are forced up the column and form-a 

pressure drop sufficient to hold the liquid in the column. Dell (6) 
states that on the assumption that a proportion of the voids are devoted 

entirely to liquid flow and the remainder to gas flow, the resistance to 

flow comes entirely from.the friction of the phases with the packing. The 

second step in the distillation is the actual removal of condensed vapor 

from the condenser.

Nine entrainers were studied in this investigation. The procedure, 

with each was the same. The entrainer was distilled to remove light ends 

which were present. Its boiling point and refractive index was recorded.. 

Measured amounts of the xylene fraction and entrainer were .mixed, a chaser 

added, and this mixture attached to the packed.column. Heat was applied
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and the mixture distilled. After flooding occurred the heat flow was 

decreased and the column allowed to attain equilibrium. Samples of the 

distillate were removed at a reflux ratio of 10:1. The vapor temperature 

rose rapidly at first and then remained constant as the azeotrope was 

withdrawn. If the temperature did not attain steady state but continued 

to increase, no azeotrope formed and that particular entrainer was 

discarded.

The azeotropic samples removed at 10:1 .reflux ratio were weighed 

and washed with water. After the entrainer was separated, the pure 

non-aromatic hydrocarbons were weighed and a refractive index measured. 

The azeotropic composition was calculated and, with the refractive 

indices of the xylene fraction and final distillation product, the 

percent purity of the product was calculated. A small-amount of en

trainer was added initially to establish the azeotropic composition 

so -one or two additional runs were necessary to find the right amount 

of entrainer to add. Enoughtentrainer was.added to pull .out the non

aromatic hydrocarbons in the second and third trials. If too much 

was added, the non-aromatics would have been removed, but the entrainer 

would also have azeotroped with the aromatic compounds, It was the 

purpose of this investigation to remove only the non-aromatic hydro

carbons .

After the initial run was made and calculations performed, the 

samples were recharged to the column and more entrainer added. This
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was done so that a new charge was not required after every run and thereby 

the supply of chemical compounds was conserved.

Each sample of condensed vapor removed from the column was weighed 

and the vapor temperature recorded. These data were plotted on graphs 

(Figures 3 - 2 7 )  of Boiling Point in degrees Centigrade versus Weight 

Percent Distilled. The curves had two plateaus and a mid-fraction. A 

reflux ratio of 3:1 .or 10;I was used on the plateaus and 30:1 on the.mid- 
fraction.

The azeotropic composition was determined for each run. Entrainer 

was added in sufficient quantities to remove all the non-aromatic hydro

carbons, and the refractive index of the final aromatic product was 

measured. When this index approached or equalled that of the xylene 

mixture, ethylbenzene, meta-, para-, and ortho-xylene, the rectification 

was considered complete and successful. The final aromatic product was 

set aside for later analysis .'in the gas chromatograph.

Examples of the types of calculations made are contained in the 

SAMPLE CALCULATIONS section of this thesis. Examples are presented for 

one of the successful entrainers and..one of the unsuccessful entrainers.

Separate runs were made with the three successful.entrainers, 

propylene diamine, morpholine, and methyl ceLchosolve, to determine 

relative volatilities of the systems. A charge was made adhering to 

the established azeotropic composition. The charge was distilled and
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the column flooded -and then allowed to operate at total .reflux for about 

two hours to attain equilibrium. The Fenske equation used in making the 

calculations had the restriction that the column be operated, at total 

reflux. This was impossible if samples of distillate and boiling liquid 

were to be obtained, from, the column and the still pot. Small samples 

were taken so that the condition of total reflux was nearly attained.

A five milliliter sample was extracted from the still pot by means 

of a side arm with a .stop cock attachment. A five milliliter sample pf 

distillate was removed from the Corad head. These were removed in rapid 

succession so that the column would remain in equilibrium. Both samples 

were washed to remove the entrainer and the remaining hydrocarbon analyzed 

on the gas chromatograph. This procedure was.followed for each entrainer 

and sample .calculations appear in another section of this report.



IV DISCUSSION .OP RESULTS

The sample of gasoline reformate obtained from the Humble Oil 

.refinery in Billings, Montana was rectified and the data are tabulated 

in Table I. All samples of .distillate were removed from the Corad head 

at a reflux ratio of 30:1. This was done to insure precise rectification 

of the reformate charge in the still pot. Figure 2 is a plot of the data 

of Table I and has an abscissa of Volume Percent Distilled and ordinates 

of Boiling Point in degrees Centigrade and Refractive Index. The upper 

curve on the .plot shows the presence of two mixtures which boil -at 

approximately.constant temperatures. One boils at about 127°C. and 

extends from 35 Volume Percent Distilled to 38 Volume Percent Distilled, 
and the second mixture boils at about 129°C. and extends from 38 to 45 
Volume Percent Distilled, The refractive index for the entire 12$ 

Distilled fraction increases from 1.4436 to a maximum of 1.4600 and then 

begins to decrease slightly. The boiling point curve is uniform in that 

its slope is positive at all points except on the two plateaus., where the 

slope is zero. The refractive index curve.is characterized by a .slope 

which oscillates from positive to negative and back to positive several 

.times.

The rectification was continued beyond the second plateau at 129°C. 

to try to find additional plateaus. None were found between 129°C.f. and 

.153°C. After careful.examination of Figure 2, the,fraction boiling 

between 1280C . and 132°C. was chosen as the one <bn which to begin tests 

with different entraining .agents because this fraction contains the
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xylenes .

The first entrainer selected was 2-pentanol.. Its boiling .point, 

refractive index and water solubility are given in Table XXVII. Samples 

of 2-pentanol and the 128°C. to 132°C. fraction were weighed and charged 

to the column. The liquid mixture was distilled and an overhead sample 

removed. Two hundred and two grams of the hydrocarbon fraction and 2.5 

grams of 2-pentanol were charged originally. The overhead sample col-r 

leered weighed 31-85 grams. This mixture contained non-aromatic hydro

carbons and 2-pentanol. The sample was repeatedly washed with water 

to remove the entrainer. After washing, the pure non-aromatic compounds 

were weighed and a refractive index, measured. The azeotropic composition, 

given in Table XXIX, was ,calculated and on this basis and .using .differences 

in refractive indices more entrainer was added to the original charge. A 

sample of this, type of calculation is given in the SAMPLE -CALCULATIONS 

section of this thesis.

The new mixture of the hydrocarbon fraction and 2rpentanol was .. 

rectified and distillate samples collected. These samples provided the 

data for Table II and Figure 3- The refractive index of the sample taken 

from the column at 132°C . was 1.4726. The pure aromatic compounds in the 

128°C. to 132°C. fraction, meta-xylene, para-xylene,,ortho-xylene, and 

ethylbenzene, have a combined .refractive index .of approximately 1.4960.

When the refractive index.of the 132°C. sample approaches or equals that 

of the pure aromatics, the entrainer was considered successful in producing
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the desired separation between non-aromatic and aromatic hydrocarbons.

The data in Table II and Figure 5 show that the aromatic-rich overhead 

sample at 132°C. still contained a high percentage of non-aromatic 

hydrocarbons.

A new charge, consisting of 200 grams hydrocarbon fraction and 2.50 

grams 2—pentanol, was rectified and distillate samples collected. The 

data obtained are tabulated.in Table III and plotted in Figure 4. The 

abscissa o n  Figure 4 is Weight Percent Distilled and the ordinates are 

Boiling Point in degrees Centigrade and Refractive Index. The boiling 

point curve is characterized by a rapidly decreasing,'elope at the outset 

of the distillation. The rise in temperature was caused by the presence 

of light ends in the entrainer and hydrocarbon fraction. Soon after 

the rectification began, the 2-pentanol—non-aromatic azeotrope was formed 
and distillate samples were removed .from the column. This azeotrope is 

represented by the lower plateau.of the boiling point curve of Figure 4.

As the rectification approached .the .mid-fraction,, where the slope of the 

curve increased .rapidly, the reflux .ratio was increased from 10:1 to 50:1 ' 
This was.done to assure precise fractionation after exhausting the azeot 

trope. The mid-fraction constituted approximately ten percent by.weight 

of the total charge.

James (15) states that it is.common practice to vary the reflux 

ratio to higher values to maintain the purity of the product as the 

light component content of the charge is depleted.
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The refractive index of the aromatic-rich sample boiling at 132°C. 

in Trial.2 was 1.4821. This is better than Trial I but still not near 

the 1.4960 required for the pure aromatic hydrocarbons.

The charge for Trial 3, consisting of 200 grams hydrocarbon fraction 

and 220 grams 2-pentanol, #as rectified and distillate samples collected. 

These provided the data for Table IV and Figure 5• The mid-fraction of 

the boiling point curve in Figure 5 did not appear even though about JOft 
of- the charge had been distilled. The 2-pentanol-non-aromatic azeotrope 

should have exhausted before this point and leads to the belief that the 

2-pentanol must be azeotroping with the aromatic compounds after azeo- 

troping with the non-aromatic compounds. This is.most likely happening 

consecutively with respect to the non-aromatic azeotrope. Therefore the 

2-pentanol cannot make the desired separation and this entrainer will .be 

discarded.

The next entrainer chosen was N-methyI morpholine. Its boiling 

point, refractive index and water solubility are tabulated in Table XXVII. 

Two hundred grams of the hydrocarbon fraction and 26.9 grams of the 
entrainer were weighed and mixed. The liquid was rectified in the pre

cision column and a distillate sample removed for analysis. The temp.- 

erature of the supposed azeotrope.coming from the column increased from 

107°C. to 114.5°C. The pure entrainer boils at IQS0C . and the azeotrope 
must boil below this figure. -Consequently, the N-methyl .morpholine did 

not form an azeotrope and .this entrainer was .discarded.
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Propylene diamine was selected as the next entrainer. Its boiling 

point, refractive index and water solubility are tabulated in Table X X V I I .  
Two hundred grams of the hydrocarbon fraction and 26.6 grams propylene 

diamine were charged to the still pot and rectified. A distillate sample 

of 11.0 grams was removed from the column and washed with water. After 

washing,..the pure non-aromatic hydrocarbons were weighed and a refractive 

index measured. This index was the same as that for the pure non-aromatic 

compounds in the 2-pentanol trials. The azeotropic composition, given in 

Table XXIX, was calculated and using this composition and the differences 

in refractive indices.of the pure non-aromatic compounds, the pure aromatic 

compounds and the original reformate, more entrainer was added to the 

original charge.

The propylene diamine formed a two-phase azeotrope with the non

aromatic hydrocarbons and facilitated handling of this constant-boiling 

mixture, The 11.0 gram sample (two-phase) of distillate was separated 

into its phases before washing. The refractive..index, .of..'the ..UQn^aromatic3 
rich phase was measured before and after washing. These indices.were • . 

identical which meant that the propylene diamine and non-aromatic compounds 

were almost completely insoluble.

The charge for Trial .1, consisting of 200 grams of the hydrocarbon 

fraction and 99 grams of propylene diamine, was rectified and samples of • 

distillate .collected. These provided the data for Table V and Figure 6.
The boiling point curve .of Figure 6 has - about the same characteristic
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shape as the curves for 2-pentanol. The refractive index of the aromatic- 

rich sample boiling at 132°C. was I .4900. This was excellent for the first 

trial since the pure aromatic has an index of about 1.4960.

The samples forming the lower and upper plateaus of Figure 6 were 

removed at a 10-: I reflux ratio and the mid-fraction at 30:1. This pro

cedure was followed throughout this investigation.

A second trial was made using,an additional amount of the diamine 

with the same amount of the hydrocarbon fraction. The charge, consisting 

of 200 grams hydrocarbon fraction and I50 grams propylene diamine, was 
rectified and distillate-samples removed. The amount of the diamine in 

Trial 2. was determined by differences in the refractive indices of the 

pure aromatic compounds, the aromatic-rich sample, and the non-aromatic 

hydrocarbons. The data for Trial 2 are tabulated in Table VI and plotted 

in. Figure 7• The boiling point curve was similar to its predecessor in- 

Trial I and the refractive index of the aromatic-rich sample boiling at 

132°C„ was very high - I.4983. However, between 50 and 7° weight percent 

distilled the boiling point increased four degrees and began to level off 

before the main part of the mid-fraction evolved. This was caused by an 

azeotrope between propylene diamine and the aromatic hydrocarbons.

The refractive index of the aromatic-rich sample was high because 

the last few samples were removed from a smaller, simple distilling flask 

instead of the precision column. This was warranted because the liquid 

was nearly exhausted from the still pot but 50 milliliters remained in
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the column packing.,as holdup. This situation was resolved by obtaining 

a suitable chaser to force the mixture to the Corad head. The compound 

chosen was tetrahydronaphthalene, commonly known as tetralin.

Since an azeotrope formed between the propylene diamine and the 

aromatic compounds, another trial was made using less entrainer. The 

charge for Trial 3, consisting of 200 grams hydrocarbon fraction, 119 

grams propylene diamine, and 100 grams tetralin, was rectified and 
samples.obtained. These data are tabulated in Table VII and plotted 

in Figure 8 . The boiling point curve was again similar to its predecessors 

but the boiling point increase between $0 and rJO weight percent distilled, 

which occurred in Trial 2, was not present. The refractive index of the 

final sample was exactly 1.4960, eqpial to that.of the pure aromatic hydro

carbons . Since there was no evidence of an azeotrope between propylene 

diamine and the aromatic compounds and because the refractive index of the 

final sample equalled that of the standard, the entrainer was considered 

successful in producing the desired separation.

The ptext entrainer selected was morpholine. Its boiling, point,

.refractive index and water solubility are given in Table XXVII. Two 

hundred grams of the hydrocarbon fraction and 25 grams of morpholine 
were charged to the still pot and .rectified. An overhead sample of 

27.30 grams.was collected and washed with water. After washing, the 

pure non-aromatic hydrocarbons were weighed and a refractive index 

measured. Once again this index was the same as that for the pure.non-
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aromatic compounds from the 2-pentanol and propylene diamine trials.
The azeotropic composition, given in Table XXIX, was calculated and on this 

basis and with the differences in refractive indices of the pure aromatic 

hydrocarbons, the pure .non-aromatic hydrocarbons and the original fraction, 

the amount of en.tra.iner needed to effect the separation was computed.

The charge for Trial I, consisting of 200 grams hydrocarbon fraction; 

and 145 grams morpholine was rectified and equilibrium attained. Distil

late samples were collected and provided the data for Table VIII and these 

data are plotted in Figure 9• The boiling point curve of Figure 9 was 

similar to the others and the refractiye index of the final aromatic-rich 

sample was excellent -.1.4955- On the basis of the differences in refrac

tive indices of the pure aromatic and pure .non-aromatic hydrocarbons and 

the aromatic-rich sample,, the additional amount of morpholine .needed to 

raise the refractive index of the final sample to 1.4960 was computed.

The change for the second trial with morpholine, consisting of 200 

grams of the hydrocarbon fraction and .151 grams of morpholine,,,.was recti
fied and distillate samples removed. These data are tabulated in Table IX 

and plotted in Figure 10. The boiling point curve had the usual.character

istic shape but the refractive index . of the final sample was too Iow- 

1,4908. .The rectification was not too accurate because the final samples 

wereobtained.from a. simple distilling flask and not from the precision 

column. A -suitable chaser had not been found before this time but, like 

the propylene diamine trial, tetralin was.used for the third trial. The 

tetralin was not used earlier in the .morpholine trials because runs made
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with morpholine and propylene diamine were not consecutive but simul

taneous in different columns.

The charge for the third trial, consisting of 200 grams of the 

hydrocarbon fraction, 151 grams of morpholinef and 100 grams of tetralin, 

was rectified and distillate samples collected. These provided the data 

in Table X and Figure 11. The boiling point ctirve was smooth and precise 

and the refractive index of the final sample was 1.4946, indicatingjan 

■aromatic purity of about 98.4 ■ percent'. There was no evidence of an azeo

trope between morpholine and the aromatic hydrocarbons, and because the 

final product was very pure the entrainer was considered to have been 

successful .in producing the desired separation.

During each trial with this entrainer., some.of the morpholine-non- 

aromatic azeotrope was washed with water to separate the two constituents. 

Each result gave the same azeotropic composition, 60 wt.$ morpholine and 

40 wt.$ non-aromatic, and the same refractive index for the pure.non- 

aromatic compounds - 1.4100.

The next entrainer selected was 1,4-dioxan. This.compound azeotropes 

with water and the charge to the column contained dioxan and water.in 

azeotropic proportions instead of dioxan alone. The boiling ,point and 

refractive index of the dioxan-water azeotrope are given in Table XXVII. 

The azeotrope consists of.82. w t d i o x a n  and 18 wt.$ water. The charge 

to the still pot for Trial .1, consisting of 200 grams of the hydrocarbon 

fraction, 100 grams tetralin,,82 grams dioxan and 18 grams water, was
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rectifled and distillate samples collected. These samples provided 

the data for Table XI and Figure 12. The boiling point curve had the 

characteristic flat-S shape but the refractive index of the final sample 

was low - 1.4630...

The first three samples were washed with water and the pure non- 

aromatic hydrocarbons were weighed and a refractive index measured. The 

refractive index was 1,4100 and the computed azeotropic composition,- given 

in Table XXIX, was 77•6 wt,$ dioxan-water and 22.4 wt.$ non-aromatic.
Using this composition andGdifferences in refractive indices between the 

pure aromatic and non—aromatic hydrocarbons and the original hydrocarbon 

fraction as the basis, the amount of entrainer required for Trial 2 was 

246 grams.dioxan and $4 grams of water.

The charge for the second trial,.. consisting of 200 grams 'of the 

hydrocarbon fraction, 100 grams tetralin, and 300 grams dioxan-water, 
was rectified and.distillates samples collected. These provided the 

data for Table XII and Figure 13. The.boiling point curve was somewhat 

similar to its predecessors but had three plateaus instead of two. . The 

lower plateau was the dioxan-water azeotrope and the upper plateau was the 

aromatic-rich portion. A refractive index of a sample of the middle 

plateau revealed that it was nearly ppre dioxan, about 99 percent pure.
If- too much entrainer had been added and if it was selective for the non

aromatic compounds only., that plateau should have been 82$ dioxan and l8$ 
water by weight. .The first 'if1 cannot be true because the refractive ..



index of the final sample of Trial 2. was still low - 1.488$. The second 

1 if1 may be true but can't account for the presence of the middle plateau.

The amount of water in the dioxan-water azeotrope was increased to 

20 wt . % .from the.original l8 wt.$ because the water has apparently ex
hausted before the dioxan in the azeotrope with the non-aromatic hydro

carbons , Based on.the azeotropic composition and the differences in the 

refractive indices of the pure aromatic and non-aromatic compounds and 

the final sample of Trial 2, a new charge was made.

The charge.for Trial 3, consisting of 200 grams of the hydrocarbon 

fraction, 100 grams tetralin,■ 88 grams of water and 352 grams of dioxan, 
was rectified and brought to equilibrium. Samples of the distillate were 

collected from the Corad head and these provided the data for Table XIII 

and the curves of Figure 14. The .boiling point curve was fairly flat and 

extended to 86% distilled. The .mid-fraction and upper plateau should 

have been present but weren't,. After analysis of this data, the-dioxan- 

water entrainer was.discarded. Many months would be required'to test this 

entrainer thoroughly, especially if the composition of the dioxan-water 

azeotrope was changed often.

A new.sample of the gasoline reformate from the Humble Oil refinery 

in Billings, Montana was fractionated to obtain additional quantities of 

the 1280C. to 1320C., fraction. The refractive index was 1.4480 compared 

to 1.4550 for the previously separated hydrocarbon fraction. This is 

explained by variations in the distilling temperature caused by slight

-32-
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pressure- changes and -different thermometer readings.

The next entrainer•selected was methyl cellosolve or 2-methoxy 

ethanol. Methyl cellosolve contains an ether group and is soluble 

in less polar hydrocarbons. The entrainer also has a terminal hydroxyl 

group which makes the compound tend to associate by hydrogen bonding. 

Kieffer (16) states that as a consequence of the hydrogen bonding and 

ether group mixtures of methyl cellosolve and a hydrocarbon exhibit 

positive deviations from Raoult's law.

The boiling point, refractive index and water solubility of methyl 

cellosolve are tabulated in Table XXVII. Two hundred grams of the hydro

carbon fraction, 100-grams of tetralin, and 76.-5 grams of methyl cellosolve 
were charged to the still pot and rectified. A distillate sample of 152.1 

grams::was:.-removed; .ahd\:washdd::with: water. .'.After-..washingytthe"pureimon- 

aromatic hydrocarbons were weighed and a refractive index measured. The 

index was slightly lower than previously measured; it was 1.4090,. This 

was the result of using the new 1280C. to 132°C.ffraction whose composition 
may not have been identical to that of the first fraction used -with the 

other entraining agents. The methyl cellosolve-non-aromatic azeotrope was 

two-phase like.the azeotrope between propylene diamine and the non^.ar.omatic 

hydrocarbons and the solubility experiments are discussed later. The azeo

tropic composition,i_.given in Table XXXX, was computed and with this comp

osition and differences in refractive indices of the hydrocarbon fraction 

and pure compounds., the amount of methyl cellosolve required to .make the
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desired separation was computed. This was added to the original .charge, 

and the new chargey consisting of 200 grams of the hydrocarbon fraction, 
100 grams of tetralin and 115 grams.of methyl cellosolve was rectified 
and distillate samples collected. These provided the data for Table XIV 

and Figure 15. The boiling point curve was similar to the others and 

the refractive index .of the final aromatic-rich sample was excellent - 

1.4929. Because the refractive index was below the desired .1,4960,.more 

entrainer was required". The amount needed was computed by differences 

in refractive indices .of the pure aromatic and .non-aromatic hydrocarbons 

and the final aromatic-rich sample/

. The charge for T.rial._’2, consisting of 200 grams of the hydrocarbon 

fraction,.100 grams .of tetralin, and .131.5 grams methyl cellosolve, was 

.rectified and brought to equilibrium. Samples of distillate were cbl- . 

Iected and these provided the.data for Table XV and Figure 16. The 

refractive index of the final sample was I .4965 which is 100 percent pure 
aromatic compared to the standard set at the beginning, but the.mid

fraction was too large. .It extended from about 55$ distilled to 80$ 

■distilled. This was' much larger than the usual 10$ which had occurred 

in- previous trials with this and other entrainers. This phenomena was 

also observed in Figure rJ and was remedied by repeating the distillation 

using a smaller quantity of the^ehtrhiner.

The charge for Trial,3 * consisting of 200 grams of the hydrocarbon 

fraction,.100 grams tetralin, and 120 grams methyl cellosolve, was
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data for Table XVI and Figure I J . T h e  refractive index of the final 

sample was 1.4950 yielding.an aromatic purity of 98.8 percent. The 

boiling point curve of Figure 17 was smooth ahd precise and there was 
no evidence of an azeotrope between methyl cellosolve and the aromatic 

compounds. On this basis and because the final aromatic-rich sample 

was very pure, the entrainer was considered successful in producing 

the desired separation between aromatic and non-aromatic hydrocarbons.

The azeotropic composition was determined for each trial and was

55.8 w t m e t h y l  cellosolve and .46.2.wtnon-aromatic, As stated 

earlier, the azeotrope was two-phase and a solubility study was conducted. 

Methyl cellosolve was dropped from a burette into a beaker.containing.25 

milliliters of pure non-aromatic hydrocarbons. The cellosolve was added 

to the beaker in droplets until the two-phase separation appeared. These 

volumes;yielded a solubility of I part methyl cellosolve in 18,54 parts of 
non-aromatic hydrocarbons. The procedure was reversed and pure non-aromatic 

was dropped into a beaker containing 25 milliliters of methyl cellosolve 

in droplets until the two-phase separation appeared. These volumes yielded 

a solubility of I -part non-aromatic in 5-75 parts methyl cellosolve.

The next entrainer chosen was isobutyl alcohol. Its boiling point, 

refractive index and.water solubility are given in Table XXVII. Two 

hundred grams of the hydrocarbon fraction,v. 100 grams tetralin, and 100 
grams of isobutyl alcohol were charged to the column and rectified.
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Distillate samples were collected providing the data for Table^XYII and 

Figure 18. The .boiling point curve was similar to the others but the 

refractive index of the final sample was low - 1.4600. The first five 

samples were washed with water to.remove the entrainer. The remaining 

pure non-aromatic was.weighed, and azeotropic composition computed and 

the refractive index measured. The azeotropic composition, 7 5  by 

weight isobutyl alcohol and 24.8% by weight non-aromatic compounds, is 

given in Table XXIX and the refractive index of the pure.non-aromatic 

hydrocarbons, 1.4090, is given in Table XXVIII.

.On the basis of differences of refractive indices.of the pure 

aromatic and non-aromatic hydrocarbons and the final sample of Trial I, 

and the azeotropic composition a new charge was.prepared.

The charge.for Trial 2, consisting of 200 grams of the hydrocarbon 

fraction, 100 grams tetralin, and 258 grams of isobutyl alcohol,.was 
rectified and distillate samples collected. These provided the data 

for Table XVIII and Figure 19. The boiling point curve was smooth hut 

the refractive index of the final sample was too low - 1.4700. The first 

seyen samples were washed and the azeotropic composition, given in Table 

XXIX, was calculated. The composition was the same as that computed 

during Trial I. On the basis of this composition and.differences in 

refractive indices, a new charge was prepared.

The charge for Trial 3, consisting.of 200 grams ..of the hydrocarbon 

fraction, 100 grams tetralin and 352 .grams isobutyl alcohol, was rectified
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and brought to equilibrium. Distillate samples were collected and 

provided the data for Table XIX and Figure 20. The lower plateau 

of the boiling point curve was very long. This was attributed to the 

fact that the azeotropic composition relative to the non-aromatic 

compounds was'..low. '..This meant that large quantities of entrainer had 

to be used td remove the non-aromatic hydrocarbons. Although the 

boiling point curve was precise, the refractive index of the final 

sample was 1.4815. This was still.far below the desired level and 

further tests with this entrainer were not made. .The reason for 

this action was that the stoichiometrical .requirements of the azeo

tropic composition were met in Trial 3 and the entrainer still failed 

to make an adequate separation.

The next entrainer chosen was dimethyl isopropanolamine. Its 

boiling point,, refractive index and water solubility are given in.

Table XXVTI. One hundred fifty grams of the hydrocarbon fraction,

75 grams of tetralin and 90.35 grams of dimethyl isopropanolamine were 
charged to the still pot and rectified. Distillate samples were col

lected and provided the data for Table XX and Figure 21. The boiling 

point curve had the usual flat-S shape but the refractive index was very 

low,- 1.4651.

More entrainer ■ was added, without making any computationsand the 

charge for Trial 2 y.consisting of 150 grams of the hydrocarbon fraction, 

.7^ .grams tetralin and 130-5 grams dimethyl isopropanolamine, was rectified
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Distillate samples collected provided the data for Table XXI and Figure 22. 

The boiling point curve was precise again but the refractive index remained 

low.at 1.4651+. -The-first four distillate samples were washed with water. 

The pure non-aromatic hydrocarbons were weighed and a refractive index 

measured. The azeotropic composition^ .given in Table XXIX, was computed 

and resulted-.in a.mixture of 70.2 weight percent dimethyl lsopropanolamine 
and 29.8 weight percent non-aromatic compounds. The refractive index 

of the pure .non-a^omatic compounds was higher than for.other trials - 

1.4200. On the bagis of refractive index differences between the final 

sample of Trial 2,f. the pure aromatic and non-aromatic hydrocarbons.^ and 

the azeotropic composition, a new charge was prepared.

The charge for Trial 3., consisting of 8.0 grams of the hydrocarbon 

•fraction,.50 grams tetralin, and 103 grams dimethyl lsopropanolamine, was 
rectified. Distillate samples were dollected and provided the data.for 

Table XXlI and Figure 23. The boiling point curve was similar to the 

others in shape but ■ the refrac.tive index was higher;. it had increased to .. 

I..4754. .Howeverthis was still far below the desired level of I.496O.
On the basis of the azeotropic composition and refractive index differences 

a new..charge was prepared.

■ The charge to the still pot for Trial 4,, consisting of 80 grams of 

the hydrocarbon fraction, 50 grams of tetralin, and .133 grams of dimethyl 

lsopropanolamine,. was rectified -and distillate samples collected. These 

provided the data for Table XXIII. and Figure 24. The boiling point curve

v ; i , ; . ' . b . . L  ' I,- . • : '■ ’■ . , /  :
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was smooth and precise but the refractive index of the final sample was 

lower than in Trial 3,. even though more entrainer hs.pL been added. More 

dimethyl isopropanolamine had been added than was. justified by the azeo

tropic . compostion and the refractive index continued low..■Therefore 

further trials with this entrainer were not made.

The next entrainer selected was butyl acetate. Its boiling point,, 

refractive index and water solubility are given in Table XXVII. One 

hundred fifty grams of the hydrocarbon fraction, 75 grams of tetralin, 
and 100 grams pf butyl acetate were charged for Trial I and rectified. 

Distillate samples collected provided the data for Table XXIV and Figure 

25. The refractive index.of the final sample of distillate was low at 

1.4632.

More entrainer was added y without making calculations, and the charge 
for Trial 2,. consisting of 150 grams of the hydrocarbon fraction, 75 grams 

of tetralin, and 328 grams of butyl acetate, was rectified. Distillate 

samples were collected- and provided the data for Table XXV and Figure 26. 

The.boiling point curve of Figure 26 was somewhat similar to the others 

presented in this discussion. The distillation ceased after the tempera.?.. 

ture had risen to.128°C . .This was caused by the addition of too .much 

entrainer. The water solubility of butyl acetate is very low - 5 grams 

per liter of water - and consequently the samples could not be washed with

out great volumes.of water and a.considerable amount of time. The azeo

tropic composition^ given in Table XXIX was estimated by refractive index..
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Differences in refractive indices of the pure non-aromatic hydrocarbons, 
the pure entrainer and the azeotrope gave an azeotropic composition of

62.8 percent butyl acetate and 37•2 percent non-aromatic hydrocarbons.
On this basis a new.charge was prepared.

The charge for Trial 3, consisting of 277 grams of the hydrocarbon 

fraction  ̂ 100 grams of tetralin, and 350 grams of butyl acetate.was 
rectified. Distillate samples collected provided the data in Table XXVI 

and Figure .27. ■The boiling point curve had a smooth shape but the 

refractive index of.the.final sample remained low at 1.4631. Further 

trials with .butyl acetate were not attempted because the refractive 

index measurements did not justify continued study.

Pertinent data for each of the nine entraining agents are tabulated 

in Table XXVII. The literature values for the refractive indicesy cor

rected boiling points, and water solubilities were obtained, from the 

HANDBOOK OF CHEMISTRY AND PHYSICS (9). The.boiling points given in the 

HANDBOOK .were at 760.millimeters pressure and each was corrected to 640 
millimeters pressure b y  using an equation and plot of Values of (|> versus 

Boiling Point in degrees Centigrade at standard pressure. Because the 

pressure varied slightly during the experimental trials> the .observed 

boiling points were used, as a.basis.for azeotropic boiling,points. They 

were probably more accurate than the corrected .values from the literature.

Each fehtrainer was rectified, in .â precision columnLbefore use as an 

azeotrope former. .This rectification removed light ends and provided the
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exper!mental boiling points and .refractive indices.

The data in Table XXVIII for the pure aromatic and non-aromatic 

hydrocarbons were obtained in.a .similar manner to those in Table XXVII.

The boiling points were corrected using the same equation and plot as 

before and refractive indices were taken from the pages of the HANDBOOK.

A boiling point range was given for the non-aromatic hydrocarbons 

because the.only data.available for.those compounds were that they 

existed between 128°C;- and.l32°C. It was not the purpose.of objective 

of this research to determine each non-aromatic constituent-; in the four 

degree fraction. The refractive index.of the non-aromatic hydrocarbons 

was found experimentally by washing the entrainer from the non-aroma tic ;- 

entrainer azeotrope and placing the pure.non-aromatics in a refractometer.

The azeotropic compositions for each entrainer-non-aromatic system 

are ..tabulated .in Table XXIX. Sample calculations appear in another 

section of this thesis. The compositions are given in both weight percent 

and volume percent entrainer.

.The compositions-of the final products and initial reformate fraction 

were determined in two .manners - by gas chromatography and refractive (. index. 

A sample of each final product of the successful entrainers,.morpholine, 

propylene - diamine., and methyl cellosolve, a sample of the initial hydro1-;.. 

carbon fraction and a sample of a known mixture of the pure aromatic 

.constituents of the fraction were run through a gas chromatograph 

instrument. The results of the known mixture of ethylbenzene,.meta-xylene.,
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par a-xylene , and ortho-xylene are shown pn Figure 28. This was done to 

define a time scale so that on future chromatograms each aromatic peak 

would he immediately identifiable as a particular component. Reading 

from right to left,- the peaks of Figure 28 are ethylbenzeney para-, and 
meta-xylene and ortho-xylene. Meta- and para-xylene boil so close 

together that It is. difficult for the chromatograph to make a distinct 

separation. The heights of each peak were determined by the amount of 

the particular component in the known sample.

The chromatograph analysis of the 1280C . to 132°C. fraction is 

shown on Figure 29, The first three peaks are.non-aromatic compounds ■ 

and the time' interlude between the last non-aromatic peak and the first 

aromatic peak' (ethylbenzene) was twelve minutes. This chromatogram was 

tbaced on high grade paper, cut into sections and weighed.on.a precision 

balance. The composition of the hydrocarbon fraction in weight percent 

and volume percent is tabulated in Table XXX.

The chromatogram of the final sample of Trial 3 .employing methyl 

celchpsolve as the entraining agent is shown on Figure 30. The analysis 

was handled.in the same manner as that for the 128°C. to 132*0..fraction 
a.nd the resulting composition is given in Table XXX.

The chromatogram -of the final sample of Trial 3 employing morpholine 

as the entraining,agent is shown on Figure 31. Proceeding with a.similar 

analysis the composition was computed and appearsIin..Table XXX..

The. chromatogram of the final sample of Trial 3 employing.propylene
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diamine as the entraining agent is shown on Figure 32. The results of 

the analysis are also giyen in Table XXX.

The curves of Figures 31 and 32 are similar. They both display two 

non-aromatic and two aromatic peaks, but Figure 32 shows more ortho-xylene 

than Figure 31. The temperature range of the hydrocarbon fraction .used 

with propylene diamine must, have been slightly higher than that of the 

fraction used with.the morpholine. This explains the presence of more 

ortho-xylene because it is the highest boiling aromatic compound- present 

in the fraction. The temperature range difference is explained by pressure 

differences on the particular day when the 128°C. to 132°C. fraction was 

cut from the reformate.

The hydrocarbon fraction used with methyl cellosolve had a lower 

temperature range than the other. Figure 30 shows the presence of ethyl

benzene in the final sample but this compound dops not exist in Figures 

3.1 and..32. "

Reference to Table XXVIII shows that the ethylbenzene is the lowest 

boiling aromatic in the fraction followed by para-xylene, meta-xylene and 

ortho-xylene. When the temperature range of thelfraetion was low, as with 

that used with methyl cellosolve the final analysis shows a predominance 

of the lowest boiling constituents - ethylbenzenef.meta-xylene and para- 

xylene. But when the temperature range .of the fraction was higher,, as 

With that used, with propylene diamine and.morpholine, the analysis shows 

a greater percentage .of ortho-xylene.
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Approximate compositions were also obtained for the 128°C. to 132°C.

.fraction and the final samples of methyl cellosolve Trial 3, propylene 

diamine Trial 3 s and morpholine Trial 3 by.differences in refractive 

indices between the pure non-aromatic and pure aromatic hydrocarbons, 

the hydrocarbon fraction and the sample. These data are presented in 

Table XXXI. The percentages are higher but not as accurate as those 

obtained by analysis of the chromatograms, because .refractive index is 

not linear with temperature. These are estimations, not true values.

Runs were made to determine the relative volatility, alpha (0Cl), 
for the systems where the entraining agents were successful in producing 

the desired separation between aromatic and non-aromatic hydrocarbons.

. The Fenske equation, was used to.make the calculations. This equation 

has the restriction of total reflux but this is impossible if samples 

are to be collected from the column. The samples, of distillate and 

.residue removed from, the column were small.so that the condition of 

total reflux was nearly attained.

Based on the column charge foh each of the successful entrainers for 

Trial 3 (refer to Tables 7, 10,.and 16), mixtures of 150 milliliters 

propylene.diamine^hydrocarbon fraction, morpholine-hydrocarbon .fraction, 

and methyl cellosolve-hydrocarbon fraction were prepared. These were 

rectified and the column allowed to operate at total reflux for about 

two hours . Five milliliter samples of diatillate/.and .residue, were then 

collected from the Corad head and the still pot. These were washed with
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water to.remove the entraining agent and then run through the gas chromat

ograph .

The chromatograms were analyzed as before by tracing on high grade 

paper, cutting them into sections and weighing each section on a precision 

balance. Figures 33y 54,, and 55 are the chromatograms for the methyl 

cellosolve distillatey propylene diamine distillate, and morpholine 

distillate. These show that no aromatic compounds exist in the overhead 

product, only non-aromatic hydrocarbons and the entrainer. .The comp

ositions of the distillate products were.computed in.weight percent.and 

volume percent and are tabulated in Table XXXII.

Analysis of the chromatograms of each residue sample, yielded the 

compositions presented, in Table XXXIII. .Figures 56, 57? and .58 are the 
chromatograms for the methyl cellosolve residue, propylene diamine.residue 

and the morpholine residue. The curves are very similar because another 

128°C. to 152°C. hydrocarbon fraction was cut from the original reformate 

just before these runs were.made. All three contain peaks for the four 

aromatic hydrocarbons and several non-aromatic hydrocarbons.

The relative volatility as defined.in the Fenske equation cannot be 

used when one of the.constituents in the- distillate or residue is missing. 

None of the distillate samples analyzed previously contained aromatic 

compounds. Therefore to use the equation the distillate was assumed to 

•contain 99^ by weight non-aromatic and 1 %  by weight aromatic compounds. 

Average molecular weights were computed for the distillate and residue and
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relatiye volatilities calculated. The calculations were repeated using 

an overhead composition of 99-5$ by weight non-aromatic hydrocarbons and
0.,5$ by weight aromatic hydrocarbons. The data obtained from these runs 

are tabulated in Table XXXIV.

Relative volatility is the volatility - of one constituent divided by 

that of another. The volatility of a component is the partial pressure 

of the component divided by its mol fraction. The relative volatility of 

a system then is.a ratio of these terms. The relative volatility of a 

system may rise or fall with an increase in temperature depending on the 

nature of the components y and this volatility is used as a parameter 

in the design of distillation columns.

This thesis is not concerned.with the theory underlying relative 

volatility. Numbers were computed for the three successful entrainers 

so that anyone who wished to carry out this type of azeotropic separation 

on a large scale could apply them to the design of a column.

Calculations were not shown in this section because a Separate part 

of this thesis was devoted to actual.manipulation of numbers. The SAMPLE 

CALCULATIONS section contains one ore more examples of each type of 

computation made during Analysis of the.data.



V SUMMARY AHD CONCLUSIONS

The research done for this thesis involved the study of azeotropic 

systems in precisey packed rectification columns. The columns were con

structed of glass and packed with Fenske rings. A Corad condensing head 

was used to condense distillate which rose through the packing.

A hydrocarbon fraction boiling between 1280C . and 132°C. at 640 

millimeters pressure was cut from a sample of reformed gasoline. This 

fraction was composed of about 52 weight percent aromatic compounds and 
48 weight percent non-aromatic compounds. x

Experiments were run with.nine entraining agents to determine if any 
were capable of separating the .non-aromatic hydrocarbons from the aromatic 

hydrocarbons in this fraction. Three proved, to be successful,.morpholiney 

.propylene -diamine and .methyl cellosolve. The propylene diamine system 

gave a final product which was 95-6 weight percent pure aromatic hydro
carbons and the azeotropic composition between propylene diamine and the 

non-aromatic compounds it removed was 51.0 weight percent propylene 
diamine. The morpholine system, provided a final product which was 96.95 

weight percent pure aromatic and the azeotropic composition of the 

morpholine-non-aromatic system was 60.0 weight percent-morpholine. The 

methyl cellosolye system gave a final product which was 98-5 weight percent 
pure aromatic compounds and the azeotropic composition of the methyl 

cellosolve-non-aromatic system was 53.8 weight percent methyl cellosolve.

Analysis of final aromatic-rich samples by gas.chromatography provided



the percent composition with relation to all non-aromatic hydrocarbons and

each aromatic hydrocarbon. The analysis showed the presence of ethy.Ir..

benzene x meta-xyleney para-xylene, and ortho-xylene as the aromatic com

pounds in the 128°C . to 132°C,. fraction. The meta- and para-xylene 

combination had the highest percentage in nearly every case. .The 

chromatograph could not distinguish clearly between meta- and para- 

xylene because of the small difference in .their boiling points (0.7°C.) 

and because of adsorption characteristics.

Relative volatilities were calculated.for the three successful 

entrainers at two levels. These levels were 9 9 - 0  weight percent non

aromatic in the distillate and 9 9  - 5 weight percent non-aromatic in 
the distillate. The.methyl cellosolve system had the highest relative 

volatilities, 1.219 at 9 9  percent and 1.252.at 9 9 - 9  percent. The 

morpholine system had the lowest relative volatilities, I.I78 at 9 9  
percent and 1.209 at 9-9>5 percent.

The following conclusions may be made from the research work:

1. The main objective of separating the non-aromatic 

hydrocarbons from the aromatic hydrocarbons was achieved.

2. Three of the nine entrainers tested were successful in 

producing the desired separation.

3. The separations made by the morpholine, propylene diamine, 

and.methyl cellosolve systems were so precise that no 

aromatics existed in the distillatej these values ( 9 9 - 0  
and 9 9 - 9  weight percent non-aromatic in the distillate)

-47-
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were assumed for use in the Fenske equation.

4. Analysis by gas chromatography gave precise values for 

system compositions.

5. The refractive index method for estimating compositions

was.fairly accurate.



VI SAMPLE CALCULATIONS

.The following is the calculation made to find the composition of the 

original reformate fraction boiling between 128°C. and 132°C.:
Refractive Index of pure aromatic 
Refractive Index of pure non-aromatic 
Refractive Index of fraction

= 1.4960
= 1.4100
= 1.4550

1.4960 
- 1.4100

0.0860
1.4550
1.4100
0.0450

450Bto (100$) = 52.5$ aromatic
47.5$ non-aromatic

For the computation of azeotropic compositions, Sample I of
V 1 . 1 ) • 'I . • A. . • *
morpholine Trial I will be used as the example:

Weight of Morph.-N.A..azeotrope before water washing 
Weight of pure non-aromatic after water washing

Weight morpholine

= 27.50 gms.
= I Q .90 gms . 
= 16.40 gms.

10.90 gms. 
27.50 gms. (100$) = 40$ non-aromatic60$ morpholine

16-40 gms. , 1.505 parts morpholine = azeotroplc rati0
10.90 gms. x I part non-aromatic

Amount of morpholine needed to remove all non-aromatic hydrocarbons: 

47.5$ (200 gm. charge) = 95 gms. non-aromatic originally 

95 gms. (I.505 parts morpholine) = 143 gms. morpholine needed.

For Calculation of weight percent distilledSample I of morpholine Trial I 

is the example:

Column Charge: = 200 grams hydrocarbon fraction
145 grams morpholine__________
545 grams total

Weight of Sample I = 27-50 grams
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5'4'5"'b§"^ 8̂ " (100#) = 7-9 weight percent distilled

For the analysis.of final aromatic-rich samples by refractive index,

Sample 15 of morpholine Trial 3 will be the example:

Refractive Index of pure aromatic compounds 
Refractive Index of pure non-aromatic compounds 
Refractive Index of the aromatic-rich sample

1.4960 1.4960
- 1.4946 - 1.4100

0.0014 0.0060

1.4960
1.4100
1.4946

FScT (100$) 1.62# non-aromatic 
98.38# aromatic

For calculation of composition by gas chromatography analysis using 

128f-C. to 132°C. fraction as the example:

Weight of traced.chromatograms:

13.0 mgs. ortho-xylene 
16.4 mgs. ethylbenzene
39-6 mgs. meta- & ppra-xylene
56.0 mgs, non-aromatic 

125.0 mgs. total

(\00fo) = 10.4 weight percent ortho-xylene

16.4
125

(100#) = 13.5 weight percent ethylbenzene

.5.9:1 (100#)
125

31.5 weight percent meta- & para-xylene

56.0
125

(100#) 44.7 weight percent non-aromatics-

Molecular weight of non-aromatic compounds 
Molecular weight of aromatic compounds

100
106
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13
ToZ
16.4
ToT

39.6
ToeT

56.0
100

= 0.122 mols ortho-xylene

= 0.155 moles ethylbenzene

= 0.373 mols raeta- & para-xylene

= .0.560 mols non-aromatic 
1.210 mols total

0.122
1.210

0.155
1.210
0 ■ 373
1.210
0.560
1.210

(100#) = 9.8 mol percent

(100#) = 12.8 mol percent

(100#) = 31.1 mol percent

(100#) = 46.3 mol percent

ortho-xylene 

ethylbenzene 

meta- & para-xylene 

non-aromatics

Calculation of correction of literature boiling points (Ref, 9 , pp. 2119-
2120)

t (273.1 +t) (2.8808 - log f»)
+  0.15(.2T.««0b - log P)

where P = pressure = 640 millimeters 
t = unknown temperature 
(h;- parameter

For 2-pentanol:.Boiling Point = 119•3°C. at 760.mm. pressure

119.3 -  t

t =

_ (273.1 ft) (2.8808 ~ 2.8060)■ 6.17 + 0.15 (2.Baob - 2.0060)

115°c. at 115°C (j) = 6.15

t = 6.15
0 7 (115) = .114.4° C.
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Calculation of Relative Volatility using methyl cellosolve as the 

example:

n-1 ^da (xWb)
Ydb ^waT

where
n

ha
b

relative volatility 
number of theoretical plates 
mol fraction in distillate 
mol fraction in residue 
more volatile .component 
less volatile component

For methyl cellosolve, assuming 99 weight percent npn-aromatic in the

distillate:

Average molecular weight of distillate = 45% (100) = 45.0
55% ((76) = 41t8

' 9 5 3

Average molecular weight of residue = 14.80% (IQO) = 14.8
55.95% (106) = 59.3
29.25% ( 76) = 22.2

96.3

n-1 99.0 55-95HO" 106 TTo .44.05io5 9573-

25 = 139.2

1.219
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TABLE .I

RESULTS OF INITIAL RECTIFICATION OF GASOLINE REFORMATE

Column Charge: .1000 milliliters gasoline reformate

Sample Volume Vapor Temperature Volume Percent Refractive
Number ' (ml) Initial 0C Final Distilled Index

I .10 30 40 I 1.3634
2 .10 40 51 2 1.3721
3 ’ IP 51 58 3 1.3811
4 10 58 62.5 4 1.3886
5 10 62.5 67 5 1.3969
6 10 67 74.5 6 1.4002
7 10 74.5 82 7 1.3992
8 10 82 85 8 1.3965
9  ' 10 85 87 9 1.3968

..-,10 10 87 8 9 . 5 10 1.4000
Il 10 8 9 .5 92 .5 11 1.4072
12 10 92.5 96 12 1.4210
13 10 96 99 13 1.4376
14 10 99 101 14 1.4477
15 10 101 102 15 .1:4481
16 10 102 103 16 1.4420
17 10 103 105 17 1.4330
■ 18 10 105 108 18 1.4205
■19 10 .108 109 19 1.4121
20 .10 .109 110.5 20 .1.4064
21 10 110.5 . 111.5 21 1.4049
22 10 111.5 112.5 22 1.4049
23 10 112 .5 114 23 1.4055
24 10 .114 115.5 24 1.4069
25 10 115.5 116.5 25 1.4084
26 10 116.5 118 26 1.4107
27 10 118 H 9 27 1.4144
28 10 119 1.21 28 1.4196

.29 10 121 122.5 29 1.4259
30 .10 122.5- .124 30 .1.4322
31 10 124 124.5 31 1.4367
. 32 ,10 124.5 125.5 32 1.4405
33 10 125.5 126 33 • 1.4436
34 10 .126 126:5 34 1.4463
35 10 126.5 126 .5 35 1.4484
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table I (con't)

Sample Volume Vapor Temperature Volume Percent Refractive
Number (ml) Initial 0C Final Distilled Index

36 10 126.5 126.5 36 1.4492
37 10 126.5 127 37 1.4519
3.8 10 127 127.5 38 1.4548
39 10 127.5 128.5 39 1.4575
40 10 128.5 128.5 40 1.4584
41 10 .128 .5 128.5 41 1.4600
42 10 128.5 128.5 42 1.4602
43 10 128.5 .129 43 1.4602
44 10 .129 129 44 1.4602
45 10 129 129 .5 45 1.4591

. .46 10 129.5 130 46 1.4580
4? 10 130 130.5 47 1.4556
48 10. 130 .5 131 48 1.4540
49 10 131 131.5 49 1.4519
50 10 .131.5 132 50 1.4501
51 10 132 133 51 1.4429
52 10 133 134 52 1.4418
53 10 134 135 53 1.4386
54 10 135 136 54 1.4550
55 10 136 137.5 55 1.4314
56 10 137.5 139 56 1.4282
57 10 139 140.5 57 1.4269
58 10 . .140.5 141.5 58 1.4265
59 . 10 141.5 142.5 59 1.4275
60 10 142.5 144 60 1.4295
6i 10 144 145-5 6l 1.4392
62 10 145.5 147 62 1.4378
63 10 147 148 63 .1.4415
64 10 148 148.5 64 1.4453
65 10 148.5 149 . . 65 1.4482
66 •10 149 149.5 66 1.4506
67 10 149.5 150 67 1.4550
68 10 150 151 68 1.4552
69 10 151 152 69 1.4574
70 10 152 .152.5 70 .1.4589
Tl 10 152.5 153 ' 71 • 1.4604
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t a b l e II

RESULTS OF AZEOTROPIC RUNS WITH 2-PENTANOL - TRIAL I

Column Charge: .202 .grams hydrocarbon fraction 
215 grams 2-pentanol

Sample Weight
Number (grams)

"Vapor Temperature 
Initial 0C Final

Weight Percent 
Distilled

I 31.8 106.5 H O 7.5
2 ' 39 .6 H O 112 18.4
3 41.5 112 112 26.4
4 44.8 112 113 36.8
5 42.4 113 113. ■ 4 6 .9
6 23 .9 113 113.5 52.5
7 8.1 113.5 118 54.3
8 2.3 118 125.5 55.0
9 3.2 125.5 .130 55.5
10 7-7 130 132 57-4
11 25 .2 132 132 63 ,2

Refractive Index of 11 = 1.4726
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table H i

RESULTS OP AZEOTROPIC RUNS WITH 2-PENTANOL - TRIAL .2

Column Charge: 202 grams hydrocarbon fraction
250 grams 2-pentanol

Sample Weight Vapor Temperature Weight Percent
Number (grams) Initial 0C Final Distilled

I 41.8 H O 112.. 9.5
2 40.8 112 112.5 18.5
5 42.8 112.5 112.5 27.8
4 45,2 112.5 112.5 57.8
5 44.1 112.5 115 47.5
6 47.4 115 115 58.0
7 24.5 115 118 65.5
.8 11.6 118 151.5 66.0
9 14.0 151.5 152 69.0
10 8 . 3 152 152 71.1

Refractive Index of 10 = 1.4821
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RESULTS OF AZEOTROPIC.RUNS WITH 2—PENTANOL TRIAL

t a b l e IV

Column Charge: 200 grams hydrocarbon fraction
220 grams.2-pentanol

.Sample Weight Vapor Temperature Weight Percent
Number (grams). Initial °C Final Distilled

. I. 43,0 108 111 10.5
2 39-7 111 -111.5 19.7
.3 40.8 111.5 112.5 34.3
4 40.6 112.5 112.5 41.3
5 43.2 112.5 113 53.9
6. 40,7 113 113 63.6
7 26.5 113 113.5 69.5
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TABLE .V

RESULTS OF AZEOTROPIC RUNS WITH PROPYLENE DIAMINE - TRIAL I

Column Charge: .200 grams hydrocarbon fraction 
99 grams propylene diamine

Sample Weight
Number (grams)

Vapor Temperature 
Initial °C Final

Weight Percent 
Distilled

I • 11.0 99 105 3.7
2 24.5 105 108 12.0
5 50.4 108 109 22.2
4 39.8 109 109.5 35.5
5 41.0 109-5 HO. 49 .3
6 26.1 H O Ill 58.0
7 12.0 111 114.5 62.0
8 5.6 114.5 121 , 65.9
9 3 .9 121 128 65.1
10 5.6 128 131 67.O
11 9.2 131 132 70.0
12 45.4 132 132 84 .6
13 39.8 132 132 97.0

Refractive- Indices of 11 = 1.4858
.1:2 = 1.4901
13 = 1.4895



- 60-

t a b l e VI

RESULTS OP- AZEOTROPIC RUNS WITH PROPYLENE DIAMINE - TRIAL 2

Column C h a r g e 200 grams hydrocarbon fraction
150 grams propylene diamine

Sample Weight Vapor 'Iemperature Weight Percent
Number (grams) Initial °C Final Distilled

- I. 36.0 98 107 10.2
2 52.6 107 109 25.2
3 4 9 ,0 109 109 39.2
4 46.6 109 - HO. 52.5
5. 29.4 110 112.5 60.6

v6 12.2 112.5 113 64.3
7 21.5 113 115 70.5
8 4.6 ’ 115 119 72.0
9 2.8 119 123.5 72.8
10 7.8 123.5 129.5 74.0
11 53.6 129.5 132 89 .2
12 28.3 132 132 98.0

Refractive Indices of 10 = 1.4874-
11 = 1.4980
12 = 1.4983
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t a b l e VII

RESULTS OF AZEOTROPIC RUNS WITH PROPYLENE DIAMINE -TRIAL 5

Column Charge: 200 grams hydrocarbon fraction
119 grams propylene diamine

Sample Weight Vapor Temperature Weight Percent
Number (grams) Initial ° C Final Distilled

I 4 5 . 5 98 108 14.3
2 46 .8 108 IO8.5 29 .6
3 44.4 108.5 109 4 3 .5
4 ' 43.1 109 109.5 57.0
5 10.3 109.5 111.5 60.4
6 8.5 111.5 113.5 62.9
7 4.1 113.5 116 64.3
8 • 3.9 116 121 65.5
9 5.5 121 128 67.2
10 8 . 6 128 130 69.8
11 18.7 130 131.5 75 .6
12 30.1 131.5 .132 85 .0
13 ■ 13.6 132 132 89 .5
14 2 0 .1 132 132 95.5
15 7.7 132 132 98.0

Refractive Indices of 12 = 1.4910
13 = 1.4924 ■
14 =. I.4945
15 = 1.4960

\
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TABLE .VIII

RESULTS OF AZEOTROPIC RUNS WITH MORPHOLINE ,- TRIAL .1

Column Charge: 200 grams hydrocarbon fraction 
145 grams morpholine

9
10

1.4928
1.4935

ample Weight Vapor Temperature Weight Percent
amber (grams) Initial 0C Final Distilled

I 27.3 113.5 115 7.9
2 29-4 115 117, 16.3
3 37 ,5 117 117 27.2
4 41.6 117 .118 39.7
5 40.7 118 118.5 51.0
6 36 .2 118.5 120 61.3
7 ■ 29 .7 . 120 128.5 70.0
8 7.6 128.5 131.5 72 .3
9 8.9 131.5 132 74 „8
10 .48,4 .132 132 88.8
11 25.6 132 132 96.7

Refractive Indices of 8 = 1.4885
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Column Charge: .200 grams hydrocarbon fraction 
151 grams morpholine

t a b l e IX

RESULTS OF AZEOTROPIC RUNS WITH MORPHOLINE - TRIAL 2

Sample ... ... Weight Vapor Temperature Weight Percent
Number (grams) Initial °C Final Distilled

I 41.9 115 .116 11.9
2 47.5 116 116.5 25.4
5 47.7 116.5 117 39.1
4 46.2 117 . 118 52.2
5 24.6 118 119 -59.1
6 8.2 119 119 61.5
7 .47.7 119 129.5 75 .0
.8 41.4 . 129 .5 131.5 8 6 .6
9 ' 29 .3 131.5 132 95-4

Refractive Index of 9 .= 1.4908
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TABLE X

RESULTS OE AZEOTROPIC RUNS WITH MORPHOLINE - TRIAL 3

Column Charge: 200 grams hydrocarbon fraction
151 grams morpholine 
100 grams tetrahydronaphthalene

Sample
Number

Weight Vapor Temperature
(grams) Initial °C Final

Weight Percent 
Distilled

I 43.6 ■108.5 116 12.1
2 46.0 . 116 117 25.6
3. 47.5 117 117 39.1
4 4 6 . 9 117 117.5 52.5
5 42.6 H7.5 119.5 64.5
6 . 11..8 H9.5 121 68.0
7 8 . 6 121 123 70 .5
8 6.4 123 125 72.2
9 7.9 . 125 129 74.4
10 5-2 .129 130 76.0
11 7.3 130 131.5 78 ,0
12 16.9 131.5 132 83 .0
13 17.I .132 132 &7.7
14 16.6 132 132. 92.5
15 1 9 .5  ' 132 132 98.0

Refractive Indices of 12 = 1.4902
.13 = 1.4925
14 =.1.4925
15 = 1.4946
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t a b l e XI

RESULTS OP AZEOTROPIC RUNS WITH DIOXAN-WATER - TRIAL I

Column Charge: .200 grams hydrocarbon fraction 
82 grams dioxan 
18 grams water
100 grams tetrahydronaphthalene

Sample Weight Vapor Temperature Weight Percent
Number (grams) Initial °C .Final Distilled

I 49,1 79 .5 80 16.4
2 50.4 80 80 35.2
5 12.9 80 92 57.4
4 14.8 92 109 4 2 ,5
5 3.7 109 1,25' 4 5 .5
6 9 ,3 125 150 47.0

Refractive Index of 6. ?= 1 .4659
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t a b l e .XII

RESULTS OF AZEOTROPIC RUNS WITH DIOXAN-WATER - TRIAL 2

Column Charge: 200 grams hydrocarbon fraction
246 grams dioxan 
54 grams water
100 grams tetrahydronaphthalene

Sample Weight Vapor ‘Temperature Weight Percent
Number (grams) Initial °C Final Distilled

I 112.4 80 80 24.7
2 51.1 80 80 32.7
3 53.0 80 .80 •43.4
4 - 50 ..I 80 80 53.5
5 55.0 80 80 64.3
6 12.4 80 -  8 3 .5 67,0
7 3.0 8 3 .5 99.5. 67.4
8 5 .3  . .89 .5 .94 68,5
9 18 .9 94 94 72.0
10 ..11 „2 94 102 74.2
11 3-5 102 111.5 75-0
'12 4.1 111.5 126 75-8
13 6 .0 126 130 77.0
14 8 ,8 130 • 131 79-0
•15 48.5 131 1,32 88 .0
16 25.4 132 ■ 132 93 .5

Refractive Indices .of 14 = 1.4769
15 F 1-4815
16 = 1.4885
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RESULTS OF AZEOTROPIC RUNS WITH DIOXAN-WATER - TRIAL 3

t a b l e XIII

Column Charge: 70.I grams hydrocarbon fraction
123.5 grams dioxan
30.8 grams water
100.0 grams tetrahydronaphthalene

Sample Weight Vapor Temperature Weight Percent
Number (grams) Initial 0C Final Distilled

I 56.7 80 80 25.2
2 57-5 80 81 50.9
3 '3,5 81 81 65.6
4 4 0 .3 81 82 83 .5
5 5-5 82 82 t 86 .1

DISTILLATION CEASED
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TABLE XIV

RESULTS OF AZEOTROPIC RUNS WITH METHYL.CELLOSOLVE - TRIAL I

Column Charge: 200 grams hydrocarbon fraction
115 grams methyl cellosolve 
100 grams -tetrahydronaphthalene

Sample Weight Vapor Temperature Weight Percent
Number (grams) Initial a C Final Distilled

I ' 49.4 103 108 15.7
2 47.6 108 108 31-2
3 51.2 108 108 47.0
,4 47.0 108 109 62.0
5 16.6 109 111 $ 7 .1
6 10.4 111 .117 . 7 0 - 6
7 3.0 •117 . 125 71.5
8 4.0 125 130 ' 72-9
9 9 .2 13P 131 75.7
10 4 8 .4 . 131 132 91.2
11 .14.9 132 132 95,5

Refractive Indices of 10 = 1.4927
11 = 1.4929
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TABLE XV

RESULTS OF AZEOTROPIC RUNS WITH METHYL.CELLOSOLVE - TRIAL .2

Column Charge: .200 grams hydrocarbon fraction
131.5 grams methyl cellosolve 
100 grams tetrahydronaphthalene

Sample
Number

Weight Vapor Temperature
(grams) Initial 0C Final

Weight Percent 
Distilled

I 48.1 99 108 14.5
2 46.3 108 108 28 .5
3 56.0 108 108 39-4
4 ' 51.3 108 109 54.5
5 30.9 109 110.5 72.6
6 20.2 110.5 115 79 .0
7 2 .9 115 123 ■ 79.4
8 5.9 123 131 81 .8
9 15.1 .131 -132 86 .3
10 17.1 132 132 91.0
ll .12.3 132 .132 . 95.1

Refractive Indices of 8 = 1.4859
9 = 1.4950
10 = .1.4964
11 = 1.4965
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TABLE XVI

.RESULTS QP AZEOTROPIC RUNS WITH METHYL CELLOSOLVE.- TRIAL.3

' Column Charge; .200 grams hydrocarbon fraction 
120 grams methyl cellosolve 
100 grams tetrahydronaphthalene

Sample Weight Vapor Temperature Weight Percent
Number (grams) Initial 0C Final Bistilled

I 41.4 98 107 12.9
2 4 9 .9  . 107 108 28 .5
3 46.8 108 109 41.1
4 44.2 109 < 109 57-0
5 23 .7 109 110.5 64.5
6 25.4 110.5 113 72.3
7 .4.2 113 120 73 .5
8 5-9 120 130 75 .5
9 7.7 130 -131 78.0
.10 14.0 131 .132 82 .3
11 24.5 132 132 90.0
12 12.0- 132 132 95.3

Refractive Indices of 9■= 1.4930
10 = 1.4950
11 = 1.4950
12 = 1.4950

/



-71-

t a b l e XVII

RESULTS OF AZEOTROPIC RUNS WITH ISOBUTYL ALCOHOL - TRIAL I

Column Charge: .200 grams hydrocarbon fraction 
100 grams isobutyl alcohol 

■ 100 grams tetrahydronaphthalene

Sample Weight Vapor Temperature Weight Percent
Number (grams) Initial *C Final Distilled

I 37-1 87 100 -12.4
.2 45.3. 100 101 27.4
3 40.8 101 .102 41.0
.4 18,6 102 102- 47.3
5 3.0 102 103 48.4
6 5 A 103 105 50.1
7 5.5 105 122 52.0
.8 14,9 122 130 57.0
9 12.6 130 130 61.1

Refractive Index of 9 = 1.4600
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table XVIII

RESULT'S OF AZEOTROPIC RUN'S WITH ISOBUTYL ALCOHOL -  TRIAL .2

Column Charge: 200 grams hydrocarbon fraction
258 grams isobutyl alcohol 
100 grams tetrahydronaphthalene

Sample
Humber

Weight 
(grams)

Vapor Temperature 
Initial 0C Final.

Weight Percent 
Distilled

I 47.0 87 ■ 101 10.2
2 48.3 101 101 20...8
5 4 6 . 6 101 101 31.0
,4 4 7 .6 - 101 .101 41.4
5 ■48.9 101 101 52.0
6 47.3 101 101 62.2
7 46 .8 101 ■ 101.5 72.5
8 17.6 101.5 109 76.6
9 9.3 109 130 78 .5
10 2 3 .5 .130 • 131 8 3 .5
Il 9.0 .131 132 95 .5

Befractive Indices of 10 =
11 =

1.4700
1.4700
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t a b l e .XIX

'RESULTS OP AZEOTROPIC RUNS WITH ISOBUTYL ALCOHOL - TRIAL 3

Column Charge: .200 grams hydrocarbon fraction
352 grams isobutyl alcohol
100 grams tetrahydronaphthaIene

Sample Weight Vapor Temperature Weight Percent
Number .(grams). Initial °C Final Distilled

I 47.0 91 101 8,5
2 48.2 .101 101 17.3
3 49,7 101 101 26.3
4 • 46.2 101 101 34.7
5 48.1 101 101 43 W
J 6 48.5 101 101 52.0
7 46.7 101 .101 60.5
8 48.4 101 101 69.5
9 49.7 101 101 79.3
10 19,8 101 101 82.0
11 9.3 IQI- 114 83 .5
12 12.3 114 130 87.4
13 21.1 130 130 8 9 .5
14 ' 7.0 130 132 90.5

Refractive Indices of 13 •= 1 .4788
14 = 1.4815
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TABLE XX

RESULTS OF AZEOTROPIC RUNS WITH DIMETHYLISOPROPANOLAMINE - TRIAL I

Column Charge: 150.0 grams hydrocarbon .fraction
90.4 grams dimethylisopropanolamine
75.0 grams tefcrahydronaphthalene

Sample Weight Vapor Temperature Weight Percent
Number (grams) Initial .0C Final Distilled.

.1 47.9 106 118 19 .6
2 46.8 .118 118 39.4
■ 3 35.6 118 120 ■ . 54.1.
4 7.7 120 125 57.4
5 3-5 125 128 58,9
6 6.1 128 13Q 61.1
7 13.8 130 131 67.P.8 7.4 131 131 70.2

Refractive Indices of 7 = 1.4622
8 = 1.4651
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t a b l e XXI

RESULTS OF AZEOTROPIC RUNS WITH DIMETHYLISOPROPANOLAMINE - TRIAL 2

Column Charge; 150.0 grams hydrocarbon fraction
150.5 grams dimethylisopropanolamine
75.O grams tetrahydrohaphthalene

Sample Weight Vapor Temperature Weight Percent
Number (grams) Initial 0C Final, Distilled

I 44,9 106 118 16.0
2 49.7 118 118 55.8
5 48.4 118 118 51.0
4 40.5 118 120 65.5
5 12.4 120 128 69.7
6 4.0 128 150 71.4
7 10.8 150 -152. 75.0

of 6 = 1.4625 
7 = 1.4654

Refractive Indices
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RESULTS OF AZEOTROPIC RUNS WITH DIMETHYLISOPROPANOLAMINE - TRIAL 3

TABLE XXII

Column ChargeL 80 grams hydrocarbon fraction
103 grams dimethylisopropanolamine 
. 50 grams tetrahydronaphthalene

Sample Weight LVapor Temperature Weight Percent
Number (grams) Initial °C Final Distilled

I 48.7 H O 119 26.6
2 44.8 119 120 51.0
3 38.7 120 120 ■ 72.1
4 11.8 120 130 78 .7
5 12.9 130 132 8 5 .5

Refractive Index of 5 = I.475^
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t a b l e .XXIII

RESULTS OF AZEOTROPIC RUNS WITH DIMETHYLISOPROPANOLAMINETRIAL 4

Column Charge: 80 grams hydrocarbon fraction
133 grams.dimethylisopropanolamine 
50 grams tetrahydronaphthalene

Sample Weight Vapor Temperature Weight Percent
Number (grams) Initial 00Q Final Distilled

I 49 .9 H O 119 23.4
2 50 .6 119 120 ■ .47.2
3 48.5 .120 ,120 70.5
4 10.2 120 -122 74.8
5 9.5 122 130) 79.1
6 9.3 130 132 83 .9

Refractive Indices of 5 = 1.4716
6f:= 1.4743



-78-

RESULTS OF AZEOTROPIC RUNS WITH BUTYL ACETATE - TRIAL I

TABLE XXIV .

Column Charge: 150 grams hydrocarbon fraction
100 grams butyl acetate 
75 grams t e trahydronaph thaIene

Sample Weight IVapor Temperature Weight Percent
Number (grams) Initial 0C Final Distilled

I 49.5 H O 120 • 19.8
2 4 9 .6 120 121 39.6
3 26.2 121 .121 50.3
4 17.3 121 • 130 57.0
5 42.3 130 132 74.0

Refractive Indices ,'of 4 = 1.4632
5 = 1.4632
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RESULTS, .OF AZEOTROPIC RUNS WITH BUTYL ACETATE

TABLE ,XXV

Column Charge: .150 grams hydrocarbon.fraction 
328 grams butyl acetate 
75 grams tetrahydronaphthalene

Sample Weight Vapor Temperature
Number .(grams) Initial .0C FinaL

■ I 30.1 H O 120
2 51.8 120 121
3 51.6 121 121
.4 52/0 121 .121
5 53.7 121 121
6 '54.0 121 121
7 34.2 121 121
8, 51.4 121 .128

TRIAL .2,

Weight Percent 
Distilled

10.5 
.21,3 
32,1
43.9
54.4
65.9
73.0
82.7

DISTILLATION CEASED



-No 

t a b l e .XXVI

RESULTS- .OF AZEOTROPIC RUNS WITH BUTYL ACETATE TRIALJ

Column Charge> 277 grams hydrocarbon fraction
350 grams butyl acetate 
100 grams tetrahydronaphthalene

Sample Weight Vapor Temperature Weight Percent
Number (grams) Initial .'0C Final Distilled

I .48.7 H Q 118 7.8
2 51..3 118 119 15.9
3 52.2 .119 120 24.3
4 50.8 120 120 32.4
5 52.7 120 120 40.6
6 53.2 120 120 _ .49.4
7 52.3 120 120 57-5
8 52 .5 120 121 65.7
9 17.4 121 121 68.8
10 51.9 121 131 77.0
11 50.8 131 132 85 .0
12 50.4 132 132 93.0
13 13.5 132 132 95.4

Refractive Indices of 11 = ,1.4611
12 = 1.4644
13 = 1.4631
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TABLE .XXHI

Entraining
Agent

Boiling Point °C 
Experiment Lit. .(3)

2-Pentanol -113 114- A

N-Methyl
.Morpholine ip8 109 .5

Propylene
Diamine 113 112 A

Morpholine 121 121.7
Dioxan-Water 8p 8 2 .7

Methyl
.Gellosolye n8. 119 .5

Isobiityl
Alcohol .102 103 .7

Dimethyliso-
propanolamine 120 119.5
Butyl Acetate 121 122 .2

Refractive InGex• 
Experiment Lit.. (9)

Water
Solubility

1.4Q81 1.4053 52 gm./lit.

1.4354 ' Infinite

1,4484 --— -- Infinite

.1.4556. Infinite

. I„4067 -,--- 'Inifnite

1.4032 ‘ — ,--- . Infinite

1.3962 I..3968 .Infinite

.1.4190 — r Infinite

1.3949 1.3951 5 ,gm./lit.
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TABLE XXYIII

DATA FOR FURE AROMATIC AND NON-AROMATIC HYDROCARBONS

Pure
Compound

Boiling Point aC 
Literature (9.)

Refractive
Index

Ethylbenzene 130.4 1.4983

Para-xylene 132.6. 1.4958

Meta-xylene 1>3..3 1,4972

Ortho-xylene 139.6 1,5055

Mon-Aromatic ^ 1.4100*
1.4090*

*Experimental Observations
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.Az eo trop ic com posi tions

TABLE XXIX

System.
Weight Percent 

Entrainer
Volume Percent 

Entrainer

2-Pentanol-
Non-Aromatlc 68.6 71.5

N-Methyl Morpholine— 
Non-Aromatlc NO AZEOTROPE

.Propylene Diamine- 
Non-Aromatic 51.0 58.5

Morpholine-
Non-Aromatic 60.0 63.)

Dioxan-Water'-
Non-Aromatic 77.6 84.5

Methyl Cellosolye^ 
Non-Aromatic 5).8 60.5

Isobatyl Alcohol- 
Non-Aromatic 75.2 80.9
Dimethylis ©prop anp. Iamine- 
Non-Aromatic 79.2 6-5 ...2

.Butyl Aeefcate- 
Non-Aromatic 62.8 59.3
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table .xxx

COMPOSITION OF FINAL PRODUCTS AND INITIAL 
. REFORMATE ,BY GAS .CHROMATOGRAPH ANALYSIS

128 qO..- 132° C. 
.Traction.

Methyl 
Cellosolye 
Sample 11 
Trial. .3

Morpholine 
Sample 15 
Trial 3

Propylene 
Diamine 
Sample I5 
Trial 3

Weight Percent 
Ortho-xylene 10.4 19,4 .§2.4 2,413.

Weight Percent 
Meta— & Para-xylene 31.5 72.4 44,5.5 71.3

Weight Percent 
Ethylbenzene 13.4 ■ 6., 7 .0.0 . 0.0

Weight Percent 
Npn-Aromatic 4 9 .7 .1.5 3 .05 4.4

Volume Percent 
Ortho-xylene , 9.8 1-9,4 §2.3. 2 4 ,2

Yolume Percent 
Meta- & Para-xylene 31.1' 72,4 44,5 71-2

Volume Percent- 
Ethylbenzene 12.8 6.7 0.0 0.0

Yolvune Percent 
Non-r-Aromatic 4 6 .3 1,5 4., 6.'

.Weight. Percent 
Total Aromatic 55 .3 .98.5 96.. 9^ 95 .6  '

Volume Percent, 
Total Aromatic 53.7 98.5 96.8 95.4
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t a b l e XXXI

COMPOSITION, OF FINAL PRODUCTS AND INITIAL 
REFORMATE BY REFRACTIVE INDEX .ANALYSIS

Sample Percent Aromatic Percent Noil-Aromatic

128°C. to 132°C.
fraction 52.5 47.5
Methyl Cellosolye 
Sample 11, Trial 5 98.84 1.16
Morpholine 
Sample 15, Trial 5 98,38 1.62
Propylene Diamine 
Sample 15, Trial 3 ' 100.0 0.00
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TABLE .XXXII

COMPOSITIONS OF DISTILLATE SAMPLES FOR RELATIVE VOLATILITY DETERMINATIONS

Methyl Cellosolve Morpholine Propylene Diamine

Weight Percent 
Aromatic 0.0 0.0 0.0
Weight Percent 
Non-Aromatic 45.9 50.0 .40.5

Weight Percent 
Entrainer 54.1 50.0 59.5

Volume Percent 
Aromatic 0-0 0.0 .0.0

Volume Percent 
Non-Aromatic 39.1 42.0 37.0
Volume Percent 
Entrainer 60.9 58,0 6.3.0
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table XXXIIl

COMPOSITION;.OF RESIDUE SAMPLES FOR RELATIVE VOLATILITY DETERMINATIONS

Methyl Cellosolve Morpholine Propylene Diamine

Weight Percent
Ortho-xylene 10,4 7.1 6.7

Weight Percent 
Meta- & Para-xylene 36.3 2 8 . Q 23 .5

Weight Percent 
Ethylbenzene 9-3 7.8 5-2

Weight Percent 
Non-Aromatic 14. & 22.4 19 J

Weight Percent 
Entrainer 29.2 34.7 45.3

Volume Percent 
Ortho-xylene 9-3 5,6 6^3

Volume Percent 
Meta- & Para-xylene 32.2 24.4 21 .2

Volume Percent 
Ethylbenzene 8.4 6.8 4.6

Volume Percent 
Non-rAromatlc 13yB 20.4 18 .4

Vplyme Percent 
Entrainer. 3.6,3 42 .8 4 9 .5

Weight Percent 
Total Aromatic 56.0 42 ,9 35,.4

Volume Percent 
Total Aromatic 4 9 .9 36.8 32 .1



-88-

RELATIVE VOLATILITY DATA

T A B L E  X X X I V

Methyl Cellosolve Mprpholine Propylene Diamine

Assumed distillate of 99 weight percent non--aromatic

Average 'distillate 
molecular weight 86.8 - 85 .7 92.3

Average residue 
molecular weight 96.3 93.5. 96.3

■Relative Volatility 1.219 1.178 1.196. '

Assumed distillate of 99-5 weight percent non-aromatic

Average distillate 
molecular weight 86.8 85.7 92.3

Average residue 
molecular weight 96 .3 93 .5 96.3

Relative Volatility 1.252 1.209 1.229
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Pigure I. Diagram of the Apparatus
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Figure 2 Initial Rectification of Gasoline Reformate
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215 gms. 2-pentanol
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Figure 3. Azeotropic Run With 2-Pentanol - Trial I
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Figure 4 Azeotropic Run With 2-Pentanol - Trial 2
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Figure 5- Azeotropic Run With 2-Pentanol - Trial 3
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Figure 6. Azeotropic Run With Propylene Diamine - Trial I
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Figure rJ. Azeotropic Run With Propylene Diamine - Trial 2
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Figure 8. Azeotropic Run With Propylene Diamine - Trial 3
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Figure 9- Azeotropic Run With Morpholine - Trial I
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Figure 10. Azeotropic Run With Morpholine - Trial 2

Re
fr

ac
ti

ve
 I

nd
ex



Bo
il

in
g 

Po
in

t
Charge : 200 gms. hydrocarbon fraction

151 gms. morpholine 
100 gms. tetralin

Weight Percent Distilled

Figure 11. Azeotropic Run With Morpholine - Trial 5
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Figure 12 Azeotropic Run With Dioxan-Water - Trial I
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Figure 13. Azeotropic Run With Dioxan-Water - Trial 2

Re
fr

ac
ti

ve
 I

nd
ex



B
o

il
in

g
 

P
o

in
t

O
90

80

70

Charge: 70.1 gms. hydrocarbon fraction
123.5 gms. dioxan 
30.8 gms. water 
100.0 gms. tetralin

e
RR = 10:1

■9----®

I
10 20 30 40 50 60 70 80 90

W e ig h t  P e r c e n t  D i s t i l l e d

Figure 14. Azeotropic Run With Dloxan-Water - Trial 3
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Figure 15. Azeotropic Run With Methyl Cellosolve - Trial I
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Figure 16 Azeotropic Run With Methyl Cellosolve - Trial 2
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Figure Y J . Azeotropic Run With Methyl Cellosolve - Trial 3
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Figure 18 Azeotropic Run With Isobutyl Alcohol - Trial I
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Figure I9 Azeotropic Run With Isobutyl Alcohol - Trial 2
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Figure 20 Azeotropic Run With Isobutyl Alcohol - Trial 3
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Figure 21. Azeotropic Run With Dimethylisopropanolamine - Trial I
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Figure 22. Azeotropic Run With Dimethylisopropanolamine - Trial 2
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Figure 23. Azeotropic Run With Dimethylisopropanolamine - Trial 3
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Figure 24. Azeotropic Run With Dlmethylisopropanolamine - Trial 4
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Figure 25- Azeotropic Run With Butyl Acetate - Trial I
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Figure 26. Azeotropic Run With Butyl Acetate - Trial 2
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Figure 27• Azeotropic Run With Butyl Acetate - Trial 3
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Figure 28. Chromatogram of Known Aromatic Mixture
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Figure 29. Chromatogram of 128 0C. to 132 °C. hydrocarbon fraction

no
n-

ar
om

at
ic



or
th

o-
xy

le
ne

-118-

Figure 30. Chromatogram of Sample 11, Methyl Cellosolve - Trial 3
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Figure 51 - Chromatogram of Sample 15, Morpholine - Trial 5
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Plgure 32. Chromatogram of Sample 15» Propylene Diamine - Trial 3



- 1 2 1 -

A

\

Figure >3. Chromatogram of Methyl Cellosolve Distillate
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Figure 35. Chromatogram of Morpholine System Distillate
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Figure 36. Chromatogram of Methyl Cellosolve System Residue



-125-

Figure 37• Chromatogram of Propylene Diamine System Residue
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Figure 38. Chromatogram of Morpholine System Residue
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