X - s 3
E U - . - il =
s [ r 1 S8 - 3
! F % - .
b I - k& 38 o
2 ¥ . & . A &
LE N A = o LS - -
3
S
r 3 F
fow L
B H
< = -
i 1y
. ¥
ped
=
(L ., > i
) » -
- I g
-l [
. &
= ¥
LS
- Y
|
"
.y
T
h o
v .
E. :
- 5
- - - - -




 DRTAROMA i
AGRICUETURAL ¢ o IANICAL, (OLLEGE

LIBR AR Y
OCT =27 1939
A STUDY OF THE SEPARATION OF PETROLEUM

INTO FRACTIONS AND THEIR IDENTIFICATION
BY ULTRA-VIOLET ABSORPTION

By
JOHN MITACEK
Bachelor of Science
Oklahoma Agricultural and Mechanical College
Stillwater, Oklahoma
1934 and 1938

Submitted to the Department of Chemical Engineering
Oklahoms Agricultural and Mechanical College
In Partial Fulfﬂ]:mnt_ of the Regquirements
For the: d'a'g'r:u" of:
. MASTER OF SCIENCE - = i
s



ORTATOMA

LGRICULTURAL & bt IANICAL cortese

LIBRARY
0CT =7 1939

APPROVEDs

(Dot Gt

In Charge of Thesis

Mﬁ%@%:

In Charge of Thesis

__Ssngﬁli.AL;:;::izgggs
. Heed N
of of Chemical mimr 1]3‘

Dean of The Graduste School

P

119408



TAELE OF CONTENTS

Chapter

Acknowledgement

Introduction

Literature on Fractionating Columns

Apparatus

Materials

Procedure

Experimental Results

Discussion

Summary

Bibliography

Page

iv

15

18

22

27

37

38

iii



ACKNOWLEDGMENT

The author wished to express his sincere appreciation for the
constructive criticism and valuable advice which was so generously
given by Dr. Paul Arthur, Dr. €, L. Nickolls, and Dr, Otis C.
Dermer.,

He also wishes to express his gratitude to the Engineering Ex-
perimenting Station, the Chemical Engineering and Chemistry Depart-
ments of Oklahoms Agricultural amnd Mechanical College for the re=-
search assistantship making this work possible.

He is further indebted to Harold M. Smith of the Bureau of
Mines Station at Bartlesville, Oklahoma, for the samples of crude

0il used in this research.

iv



A STUDY OF THE SEPARATION OF PETROLEUM
INTO FRACTIONS AND THEIR IDENTIFICATION
BY ULTRA-VIOLET ABSORPTION

INTRODUCTION

In recent years there has developed an inereasing need for a
means of identifying individual components of petroleum. The refinery
engineer would like to and should know more about the composition of
his produect. Certain treating processes can be studied more thorough-
ly if a means of identifying individual components can be developed.
Petroleum contains many compounds other than those in fuel and lubri-
cants which may be of great wvalue, but not much progress can be made
in thet direction until the identification of those compounds can be
simplified.

As there never has been a satisfactory method for analyzing
petroleum from the standpoint of rapidly determining its detailed
composition, the Engineering Experimenting Station decided to sponsor
the study of the ultra-violet absorption spectra of petroleum with
the purpose of establishing a method for determining at least certain
constituents of petroleum fractions. In accordance with the plen
adopted, equipment was to be designed from the standpoint of making
it possible to run analyses in as short a time as possible without
loss of accuracy.

Although there is some data available on ultra-violet absorp-
tion spectra for some of the compounds found in petroleum, due to the

disagreement in published results it was decided the absorption spec=-



trum would be redetermined for every compound for which snalytiecal
methods were to be developed. Each compound was to be prepared more
than one way in order to remove any possibility that impurities might
lead to inacouraoies in determining the absorption spectrum of the
pure compound.

This particular research problem deals with the qualitative an-
alysis of some of the aromatic hydrocarbons found in Mid-Continent
petroleuﬁx, and the methods and apparatus used. Only those aromatic
hydrocarbons having boiling points below 150° C. were to be consider-
ed because more work has been done on the identification of these
hydrocarbons by different methods, end the possibilities of correlat-
ing results and thoroughly testing the spectroscopic methods were
greater,

Since paraffins and cyclo-paraffins do not give selective ab-
sorption down as far as 2000 R (6), it was realized from the first
that ultra-violet absorption methods could not be readily applied to
such compounds. This apparent weakmess in the propocsed procedurse,
however, was offset by the faet that sueh compounds could not inter-
fere with the analysis for other compounds--- a distinct advantage-
over most other analytical methods. Nitrogen, sulfur and oxygen
compounds and the aromatiec hydrocarbons, however, absorb in the reg-
jon 3500 £ to 1900 R. All of these types of compounds have been re-
 ported as present in Mid-Continent petroleums (7). |

In order to prevent the spreading of effort over too great a
territory, it was decided to restriet the present investigation to
a few of those aromatic hydrocerbons having boiling points below

150° ¢. which have been identified in petroleum from different parts



of the world. These are benzene (1, 12, 23, 29, 41, 49), toluene (12,
23, 29, 41, 49), ethylbenzene (41, 49), o=, m~-, and p-xylene (49),
o= and p-xylene (41), and m=xyleme (23, 29).

The absorption spectra of the compounds listed above are given
in Table I.

Some work in this direction was done by earlier workers. GCex
and Vlex (19) found that certain absorption bande of gasoline samples
they were examining weakened during the various stages of refinement.
Cole (8) observed that the ultra-violet absorption spectra of samples
of different crude oils were very much alike ard none of them gave
much evidence of selectivity. He found that the spectra obtained
with different gasolines, though very sharp and distinctive, were too
complex to permit analysis in terms of the components which produced
them until mueh more was known about the spectra of the pure compo-
nents. Cole further concluded that in order for the ultra-violet ab=-
sorption spectra of crude oil to be used successfully, the petroleum
must be separated into fractions and the fractions eamalyzed. It
seemed best also to follow a similar procedure in regard to gasoline,

8ince the method to be used consisted of examining separate dis-
tillation fractions of the petroleum, it was necessary to design a
fractionating column to accomplish this separation sufficiently ace

curate to prevent interference from compounds having similar spectra.



LITERATURE ON

FRACTIONATING COLUMNS

Column

Fenske (47) got as high as 100 theoretical plates with a 20 mm.
column 2.82 meters long. The vaporization rate he used was 1.26
liters per hour and the column was tested under total reflux. With
enother column 51 mm. in diameter and 2.59 meters long (14) he got
45 theoretical plates when the column was tested at a vaporization
rate of 10 liters per hour., Palkin (33) has made a column which can
be operated under vacuum, consisting of a series of glass traps hung
in wire gauze plates giving a small liquid holdup and consequently a
small pressure difference between stillhead and stillpot. Bruun (3)
has developed a corrosion-resistant column which was constructed com-
pletely of glass. He obtained low H, E, T. P. values with this column
which was of the bubble-cap type. Fenske, Tongberg and Quiggle (15)
have found that the degree of separation increased logarithmically,
not linearly, with the number of theoretical plates. Marshall and
Sutherland (28) have compared lagged and unlagged columns operating
at the same distillation rates and they have found that a lagged col~-
umn is 2.4 to 41.5 times as effective as the same column operating
unlagged under the seme conditions., Hill and Perris (20) obtained
an almost adiabatic column by placing a dead air jacket around the
column and a heated air jacket outside of that. Podbielniak (37)
devised a vacuum=jacketed column, using quartz for the inmer tube
and a Pyrex tube as a jacket around the inner tube. With this type
of vacuum jacket there was no breakage due to thermal expansion

or contraction.



TABLE I

e

Compound References Band Mexima Expressed in £

Benzene 44 2338 2347 2381 R391 2433 2492 2553 2614 2688

Benzene 17 1980 2040 2070 2276 2350 2376 2440 2480 2560 2610 2695

Benzene 18 1980 2040 2070 2276 2337 2376 2439 2510 2526 2610 2695

Benzene 43 2040 2070 2276 2350 2880 2437 2485 2520 2560 2613 2700

Benzene 4 1980 2040 2280 2344 2370 2480 2550 2600 2695

Average for Benzene 1980 2040 2070 2278 2337 2347 2375 2436 2483 2523 2555 2612 2694

Toluene 44 2450 2489 2531 2560 2580 2592 2618 2643 2682

Toluene 2l, 25 2425 2440 2452 2458 2470 2494 2506 2526 2532 2665 2585 2598 2624
2660 2684 2704

Average for Toluene 2425 2440 2451 2458 2492 2526 2531 2560 2583 2595 2621 2660 2683
2704

Ethylbenzene 44 2522 2581 2595 2608 2640 2672

O=Xylene 22, 26 2083 2500 2524 26563 2624 2712

M-Xylene 22, 26 2151 2440 2500 2565 2598 2620 2649 2690 2727

P-Xylene 7, 8 2133 2446 2469 2495 2516 2549 2591 2649 2670 2704 2742




Tongberg and Fenske (45) used brass rings 6x6 mm. as packing for
a column 8 feet long and 3/4™ in dismeter. Fenske, Tongberg, Quiggle
and Cryder (16) used a 40-45 foot nickel fractionsting column packed
with one-turn nickel wire helices and obtained values of 100 theoret-
1cai plates. A packing of glass beads coated with carborundum was
used by Midgley (30). Ee found that the efficiency of the column was
increased by using beads coated with ecarborundum rather than using
uncoated beads. Farnum (13) confirmed Midgley's observetions. He
also used lumps of carborundum as the packing material and obtained
& colum having a good throughput. Schicktanz (42) found that a
double jack-chain packing increased the efficiency of the column,
while a single jack-chain was not as efficient. A spiral of no. 20
wire with 6 or 7 turns per inch was used by Podbielniak (36) to pack
2 3.8 mm. column, while Meir, Schicktanz and Rose (25) used a 2 mm.
column packed with no. 8 copper wire spirals. Rose (40) compared the
cclumn efficiency obtained by using single turn wire helices and
spiral packing end he found that the single turn wire helices gave
the smaller H. E. T. P. for the seme operating conditions. Glass
helices were used to pack a column made by Wilson (50) and he found
that & low HE, E, T, P. value could be obbtained with a column packed
with this material.

Peters and Beker (33) used a jacket around which a heater of
resistance wire had been wrapped and circulated hot air through the
jacket. Tongberg, Quiggle and Fenske (47) jacketed a small column
and passed hot vapors from the still around the column itself. They
also used a column arocund which resistance wire was wrapped in sec-

tions, each section being independently controlled.



- 8tillpot Heater
For heating leboratory column stillpots, gas and electric heat-
ers and warious heated baths have been used. Marshall and Sutherland
(28) insulated a 1000 ml. glass stillpot with asbestos and used an
internal eleectric heater. External electric heaters were used more

than internal electric heaters when petroleum was fractionated.

Stillhead

Peters and Baker (34) obtained a better separation with a par-
tial condenser than with a total condenser. With a total condenser
a small holdup of distillate in the reflux regulator decreased the
separation because the liquid holdup blended with the later distile
late before collection. Podbielniak (38) confirmed the work of Peters
and Baker and found that the partial condenser method of regulating
reflux gave good results when the charge in the stillpot was small
while the total condenser method of regulating reflux gave gcod re=-
sults when the charge in the stillpot was large. Leslie and Geniesse

(24) used both types of condensers and obtained satisfactory results.



APPARATUS

After a survey of the literature on fractionating columns has
been completed it wes decided that glass helices would be used for
packing material and that partial condensation would be used for con-
trolling the reflux ratio. Glass helices were favored over other
packing materials becsuse they were easier to clean and were corros-
ion resistant. Partiel condensation was favored over total condensa-
tion because in total condensation there is a blending of components
due to liquid holdup in the proportioning device.

The essential apparatus for the gualitative analysis of petro-
leum fractions by ultra=violet absorption spectra consisted ofs

1. Fractionating columns.

I1. Hydrogen discharge tube.

IIT. Baly tube for an absorption cell.

IV. Iron spark for use in calibrating the absorption spectrum
plates.

V. ©Spectrograph.

V1. Comparator.

I. Fractionating Columns

A. large Frectionating Column.

Stillpot: The stillpot consisted of a 2000 ml. round-bottom
Pyrex flask provided with a side tube. This side tube was used to
sweep nitrogen gas through the flask and colum before any distill=-
ate was collected. The flask was lagged with a one-inch thickness
of 85% megnesia-asbestos as shown in Figure 3. A ¥ 5&/45 Pyrex ground

glass joint was used to conneet the stillpot to the column.



Stillpot Heater: The stillpot heater was made from a box 12 in-

ches square and 6 inches high. The box was filled with powdered mag-
nesia-asbestos, which was moistened with water and moulded to form a
depression shaped to fit the bottom of the stillpot. The heating el-
ement consisted of 25 feet of no. 20 nichrome wire wound into.n spiral
and this in turn wound spirally on the curved surface of the depres-
sion in the magnesia-asbestos. The clearance between the stillpot and
heating element was ona-ﬁalf inch and a 30 ohm rheostat with a current
capacity of 6 amperes was used to contro) the temperature of the
heater.

Column: The column consisted of & 170 om. length of 20 mm.
Pyrex tubing packed with single-turn glass helices. The ratio of the
diameter of the column to the diameter of the packing was 3 to 1.
Lumps of carborundum were used first to pack the column but the col-
unn flooded tooeasily, although the ratio of the diameter of column
to the size of the carborundum lumps was also 3 to 1. The column was
equipped with a Pyrex glass jacket 170 cm,. long and 40 mm., in diame=-
ter. Rubber stoppers were used to support the jacket around the col-
umn, the stoppers acting as shock absorbers as well as serving the
purpose of sealing the space between the jecket and column. This pro-
vided a dead airrspace which aided in insulating the column. The col=-
um was tested at this point and it wes found that no distillate from
substances boiling over 100° C. would come over. Two layers of asbes=
tos paper were therefore wrapped on the outside of the jacket and
then 85 turns of no. 20 nichrome wire spaced three-fourths of an inch
apart, were wound aroung the jacket., A 100 ohm variable rheostat

with a current capacity of 3 amperes was used to control the jacket
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temperature,

A one inech thickness of 85% magnesia-asbestos was then plastered
over the jacket heater, leaving two open spaces 2" in length to serve
as windows to permit observation of the oolgln packing whenever a
fractionation was being performed. Two thermometer wells were in-
serted through the insulating material to permit a determination of
the jacket temperature. These were spaced so that one thermometer
would show the jacket temperature at the top while the othsr would
show the temperature midway between the top and bottom of the column,
Since the turns of wire comprising the heating element were equally
spaced along the jacket, every portion of the jacket was equally
heated,

Stillheads The stillhead was designed as shown in Figure 3. A
layer of asbestos paper and then five turns of hollow tin tubing was
wrapped around the stillhead as shown in Figure 3. Connections were
arranged so that air or water could bs passed through the tin tube
at varying rates of flow, thus eontrolling the reflux ratio. The
stillhead was covered by a one-inch layer‘'of magnesia-asbestos lag-
ging. The insulation on the stillhead was necessary because without
it no distillate could be collected due to the fact that all of the
vapors condensed on the stillhead walls. The proper thickness of the
insulation around the stillhead was determined by the trial and error
method. A thickness wes determined which allowed just enough heat
to be dissipated to permit a reflux ratio of 20 to 1 for the light

hydrocarbon fractions.

B. Small Precision Fractionator.



11

Stillpot Heater: The stillpot heater consisted of a 660 watt

cone-type heating element mounted inside a 4" steel pipe which was
lagged with one inch of magnesia-asbestos. The heater was controlled
by a 50 ohm variable rheostat having a current capacity of & amperes.

Columns The column was designed as shown in Figure 4., It con=
sisted of a 12 mm, tube which was packed with 3 mm. single turn
glass helices. Two tubes were placed concentrically around the col=-
umn, one 19 mm. in diameter and the other 40 mm. The 19 mm,. tube
was silvered on the outside to prevent the loss of heat by radiation
from the column. Rubber spacing and supporting sleeves served to
meke a dead air space between the column and the first tube and at
the same time to support both tubes. The column was packed for a
height of 112 cm.

The column was tested before the jacket heater was placed around
the column. It was determined that a jacket heater was necessary
because no distillate came over under these conditions., Two layers
of asbestos paper were wrapped around the outside of the outer jacket
and then 60 turns of no. 26 nichrome wire were wound around the en=-
tire length of the packed section. Two layers of asbestos paper were
finally wrapped around the jacket heater. A 100 ohm variable rheo=-
stat with a current capacity of 3 amperes was used to control the
jacket temperature. A thermometer was placed at the top of the
packed section between the inner and outer jacket.

Stillhead: The stillhead was designed as shown in Figure 4.
8ix turns of hollow tin tubing were wrapped around the stillhead and
one end was attached to a pipe through which hot air from an air

heater was forced by means of 2 blower. The temperature of the air
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was reguleted by means of & 30 ohm variable rheostat. ‘The column was
tested without lagging around the stillhead and it was found that the
time necessary for the column to reach equilibrium condition was great-
er than the time necessary to run the rest of the distillation. Lag-
ging was then used around the stillhead. The column then reached eg-

uilibrium condition within an hour when lagging was used.

II. Hydrogen Discharge Tube

The hydrogen discharge tube was designed as shown in Figure 2.
The inside of the tube conmecting the electrode chambers was coated
with silver to reduce the atomic hydrogen spectrum, by dissolving sile
ver hydroﬁdc in ammonium hydrm:iﬂb, wetting the inside surface of
the tube with the solution, and passing the tube through a hot flame.

‘ The arrangement of electrodes used in this apparatus gave a mine
imum of tne fogging effect often caused by aluminum dust collecting
on the quartz window. A 5 mm., fused quartz window was cemented to
the discharge tube with pleein cement. Mercury was used in the stop-
cock on the hydrogen inlet side because no stopecock grease could be
used due to the fact that small traces of atopcock grease on the in=-
side of the hydrogen discharge tube would cause undesirable hydrocar-
bon emission lines to show.

The entire discharge tube was cooled by immersion in s water
bath. An A, C, ammeter placed in the primary circuit of the 1 K.V.A.
transformer combination was used to indicate the power at which the
tube was operating. Since the curremt flowing in the secondary cir=-
cuit when the discharge tube was operating varied with the pressure,

it was possible by trial and error to determine the best operating
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conditions using the ammeter in the primary as the indicator.

Two 0.5 K.,V,A, transformers with primaries connected in parallel
and having a combined output of 3200 volts were connected in series
on the secondary side with a 2000 ohm resistor circuit and the dis=-
charge tube. A single switech of the design shown in Figure 1 was
placed in the circuit enabling instantaneous change from the dis-
charge tube circuit to a second circuit in which the secondaries of
the transformers were thrown in series snd connected through enll8000
ohm resistance to the iron spark.

A Cenco Megavac pump was used to evacuate the discharge tube.

A direct current generator supplied the current for generating hydro-
gen gas by the electrolysis of a 15% solution of sodium hydroxide.

The hydrogen was dried by passing it through two baths of cold concen=-
trated sulfuric acid and an 18 inch tower filled with glass wool, A
tower filled with anhydrous calcium oxide was first used in the dry-
ing system but the porous material contained & large amount of ad-
sorbed air end this added to the hydrogen small quantities of air as

an impurity.

1. Absorption Cell
The absorption cel} was constructed similar to a Baly tube with
the exception that brass was used for the ecylinders. The outer cylin~
der was 4" long and had en inside dismeter of 1 1/8". The inside cy~
linder was 4" long and had an outside diameter of 1 7/64™ and an in-
side diemeter of 1 5/16". Fused quartz windows were cemented to the
inside and outside eylinders by a cellulose acetate cement., A scale

attached to the stationary outside tube and & pointer attached to the
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moveble inside cylinder made it possible to set the cell for any des=-

ired thickness up to 2 maximum of 40 mm.

IV, Iron Spark

Two welding rods served as the material for producing the iron
sperk. These rods were mounted in a frame which could be changed in
position to allow the hydrogen arc te be used after the plate was ex-
posed to the iron spark. With this arrangement it was éoniblo to al=-
ways set the iron electrodes to the seme position every time. It was
necessary to operate the iron spark with the two transformers in ser~
ies in the secondary circuit and with an 18000 ohm resistor in series

with the spark.

V. Spectrograph
A Hilger E 37 quartz spectrograph equipped with a 60° Cornu
prism and an internal wavelength scale was used to photograph the ab-

sorption spectra of the pure compounds and of the petroleum fractions.

VI. Comparator
A Gaertner Comparator capable of measurements accurate to plus
. or minus 0.,0001 inch was used for measuring the plates. Using known
lines of the iron comparison speetrum as stendards, the wavelength of
the band maxima were calculated by substituting the measurements ob-

tained in the Hartmenn dispersion formula.
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MATERIALS

Mixed hexanes purified by a modification of the method of Cas=-
tille end Henri (5) were used. The method used consisted of shaking
two liters of the mixed hexanes with one-half pound of 15% fuming sule
furic acid for a 16 hour period, decanting, and repeating until the
acid was not colored when added to the hexane. The hexane was then
washed with distilled water, decanted and shaken for 30 minutes with
a 107 solution of sodium hydroxide. It was then treated witha 1 ¥
solution of alkaline potassium permanganate, decanted, and then treat-
ed with 1 N acid potassium permanganate. The hexane was then decanted
and washed with several portions of distilled water. The hexane was
dried with eanhydrous calcium chloride and the portion boiling between
60-67° C. was used as its transmission ranged down as far as 2150 .

The photographic plates used were Eastman Spectroscopic Plate,
Type 1-0, ﬁltra—wiolet sensitized and backed.

The sample of crude oil was obtained from the Bureau of Mines
Station located at Bartlesville, Oklahoma. It was Semple No. 38160
from Continental 0il Compeny's C.S.0., Hill Well No. 13, Sec. 8, Twp.
25 North, Range 2 East.

Table II shows the compound, method of preparation, index of re-
fraction et 20° C., and boiling point for the compounds prepared as

stsndards;



TABLE II

Nno % 2 s Ol /8 . -
Compound y Method of : of + By Dipping 3 For np @ 20° At
, Freparation | o, .ification s Refractometer i (11) s+ 760 mm.  (11)
Benzene Pyrolysis of Method A 1.50120 1.50123 80,102

Sodium Benzoate

Benzens Merck's C. P. Method A 1.50126 1.50128 80.102
Ethylbenzene Eastman Kodak Method B 1.49556 1.49587 136,150
Ethylbenzene i DR R 1.49571 1.49587 136,150

Clemmensen Red=-
Ethylbenzene uction of Method B 1.49586 1.49587 136.150
Acetophenone

ot
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Purificetion Method A (39)

1. Product frectionally erystallized by allowing one-helf of
the product to crystallize and saving that portion which crystallized.

2. Product once again fractionally crystallized.

3. Product shaken with mercury for fifteen minutes.

4. Decanted and washed with water followed by shaking with cold
concentrated sulfuric acid for zi-hour!.

b. Decanted and repeated shaking with sulfurie acid until there
was no discoloration of the acid,

6. Decanted and washed with a 10% solution of sodium hydroxide
for 2% hours.

7. Decanted and washed with several separate portions of
water,

8. Decanted and again shaken with mercury for fifteen minutes.

9. Decanted and washed with water, then decanted and dried with
anhydrous calecium chloride.

10. Fractionated in a 35-plate fractionating column and the mid-
dle fraction saved.

11l. This middle fraction again fractionally crystallized twice.

12, Produet preserved in ground-glass stoppered bottle and tin
foil placed over stopper to keep dust from colleeting on the stopper

and mouth of the bottle.

Purification Method B (39)
Same as method A except no fractional crystallization was used
and two repeated fractional distillations were substituted for the

repeated fractional crystallization
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PROCEDURE

One liter of crude oil, Sampls ﬁo. 28160, was placed in sn ordin-
ary two liter distilling flask provided with & tube for blowing nitro-
gen gas into the flask, The nitrogen was allowed to sweep through
the flask until distillate started to collect. At this point the vel-
ocity of the vapors rising from the distilling flask wereigreat enough
4o keep air from entering ths flask, Distillate was collected up to
a temperaturs of 200° ¢. Similarly, another liter of crude oil was
topped and the distillates from both were poured into the stillpot of
the large fractionating column.

The stillpot heater and the jacket heater of the large fraction-
ating column were turned on and regulated so that the stillpot heater
wag at a slightly higher temperature than necessary to operate the
column without flooding. The jacket heater was adjusted to give a
column temperaturs of 50° ¢. and cold water was allowed to circulate
through the hollow tin tube located on the stillhead. After two hours
the column flooded and the stillpot heabter was then regulated so that
the vaporization rate was Just sufficient to keep the column just
below the point of flooding. The rate of flow of water through the
tin tubs on the stillhead was regulated so that & reflux ratio of 20
to 1 was obtained and distillate was collected at the rate of 2 cc.
per ninute,

By a2 simple adjustment of the variable rheostat controlling the
jeeket heater it wes possible to pgradually step up the jacket temper-
aturs and still maintain an almost adiabastic column. For instence,
when collecting distillate between 93 and 103° €., the column jacketb

temperature was adjusted to 98° €. and maintained there until it was
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time %o collect a new fraction.

‘Partial condensation was not controlled by rate of flow of watber
through the tin tube onr the stillhead, after the stillhead temperat-
ure had reached 90° ¢. The lagging arcund the stillhead was of sueh
a thickmess, determined by trial and error, thet the hollow tin pipe
absorbed enough heat and dissipated 1t fast encugh to allow just en-
cugh temperature difference between the stillhead walls snd vepors so
thet it was an easy matter to keep the reflux ratio practieally con-
stent at a distilletion rate of 2 cec. per minute. The column was op-
erated until fractions had been collected up to 160° G. The tobal
time %o collect each fracticn wvaried with the gquantity of ecomstitue
ents heving boiling points in thet range, but on an average, it took
two hours to collect emech 10° €. fraction. After a sample had been
collected it was labelled and the absorption spectra taken., It was
found possible to completely analyze one fraction before the next
fraction had been completely collected.

The following procedure wes used in taking the sbsorption spec=-
tra of sach fraction:

Preliminarys: The pressure in the hydrogen discharge tube was ad-

Jjusted by allowing hydrogen to flow in through the inlet stopcoek,
then svacuating until the ammeter pleced in the primary circuit showed
that 5 amperes were flowing through the primsry ecircuit. This was eg-
uivalent to sbout 0.5 ampere flowing through the secondary side. Al-
though by further svacuation it was possible te get 10 amperes flow-
ing through the primary, by trisl md error it was noted that when

the discharge tube was evacuated just so that the ammeter showed §

amperes in the primary, the most intense and continuous spectrum wes
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obtained. At lower pressures the atomic line spectrum of hydrogen be-
came more pronounced. This is much less suitable for abserption work,

particularly when narrow bands are to be observed.

Procedure Time
l. A 2 to 5% solution of the fraction in hexense
was prepared. 120 sec.
2. BSwitch was then changed to place transform-
ers in serises. S ssc.

3. Iron electrodes placed in position for ex-

posing the plate to the iron spark. 15 sec.
4, Plate exposed to iron spark for 4% sec. 45 sse.
5. Scale placed on plate. 20 sec.

6., Iron electrodes removed from this position

and switch changed %o place transformers in parallel.

S1lit height was adjusted to 3 mm. Plate holder was

lowered 3 mm. ' 10 sec.
7. Cell placed in position, filled with pure

hexane to the maximum thickness of 40 mm. and ex~

possed to ultra=-violet light for § sec. Plate holder

then lowered 3 mm. 25 sec.
8. Cell removed from its position, hexane re-

moved, cell plaeced back in position, and plate ex=

poged for & seconds with are through ecell windows

touching. Plate holder then lowered 3 mm. 45 sec,
9. Solution of petroleum fraction in hexane

placed in cell and the following thicknesses used:

0.5, 1, 2, b5, 10, 15, 20, 3G, and 40 mm. Plate ex-
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Procedurs {Cont*d) Tine

posad for 5 seconds for sach thicknsss and plate

holder lowered 3 mm. after each exposure. 150 sec.

10. Plate developed and dried. 60 min,

11. Plate calibrated 30 min.
Total time for sach analysis: Approximately 100 min.

A 5% solution of each fraction below 100° ¢, was exposed for a
maximum time of B seconds to obbain the most satisfactory results.
For those fractions above 100° C. a 2% solution of the fractions in
hexane was wsed, with ths seme meximum exposure.

The gmall fractionsiing column was used in the fraectionation of
the arometie hydrocarbons which were to be used as standards. Since
this colwna was designoed to opsrate at the rate of 10-15 cc. of dis=-
tillate per hour, it was a 1little mere diffieult to adjust. The
mothod used to bring the column to equilibrium was to first have the
stillpot temperaturs high enough so that the vapor velocity in the

jacketsd section was Just enough to cause the colwm to floed. Then

ling the stillpot heater was adjusted so that the column operated

Just below flooding. The jacket temperature was adjusted to e esgual
to the beiling polint of the pure product. The column was designed so
that the stillhead dissipated heat fast encugh to meaintain a reflux
retio of 20 o 1 and a distilletion rate of 10 ¢z, per hour. For com=
pounds boiling above 100° €. it was necessary to blow hot nir through
the hollow tubse on the stillhead. The rate of flow of hot 2ir was sd-
Justed to give the proper temperature gradlent between stillhesad and

column wavors and thereby = constant reflux ratio was maintained.
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EXPERTHEFTAL RESULTS

The large fractiomating column wes tested with e binary mixture
of bengzene and carbon tetrachloride. The mol percent of each compon-
ent was determined with an Abbe refraotometer. The vaporization rate
was determined by operating the stillpot under the same conditions
used when the column mss tested, and ‘he volume of distillate per
unit time wes measuwred. To allow for the return of hot reflux to the
stillpot, an amount of hot liguid having approximetely the same come
position as the distillate and equal in volume to the distillate col-
lected per unit tirme, was returned to the stillpot by meeans of the
side tube of the stillpot.

The vaporisation rate had to be determined by this method because
the column was designed for the purpose of frectionating petroleum and
was not to be used as a column in whieh wvarious operating variables
were to be tested as to their effect upon separation end E, E, T, P.

The small fractionating ecclusn was tested with a binary mixture
of benscne anc carbon tetrachloride. The mol percent of each constite
uent was measured by means of an Abbe refractometer. The reflux ratio
was determined by counting drops from the product line and from the
reflux counter funnel located in the stillhead.

Table IIT gives the results of the test on the large and small
columns.

The sbsorption maxima listed in Tables IV and V were caloulated
with the aid of Hartmamn's dispersion formula:

B
A= Ao+ ) o
where A = wavelength in £ of the band in question, end |, B, and D,



are constants having a particular wvalue for a given plate.

(1) Do *

(2) -

(® Ao =A1-g

(4) A 1, 2, 3 = Wavelength of known lines in the iron
ot spark spectrum.

d, = distance between 1j andlp
dz = distence between }; and } g

d = distance between J] and band in question.

The distance 4 was measured with a Gaertner comparator capable

of measurements to plus or minus 0.0001 inch.
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TABLE III

' T Vaporization §  Product © Reflux & Mol % CCI, onI % CCla1Rel.Vol-3 Wo. 1
Run No, 1 Column 3 Rate : Rate : Ratio 1 In In tatility ¢Theo.*: H,E.T.P.

3 2 oc./min. :+ oc./min., : Distillate n Residue tPlatess om.

1 Large 10 1 10-1 0.890 0.595 1.135 40,5 4,20

2 Large 40 2 20-1 0,900 0.610 1.1286 17.7 9.61

3 Small 3 o 15-1 0,790 0.380 1.135 30,0 3.80

4 Small 6 3 20-1 0.830 0.400 1.138 23.6 4.85

5 Small 1.5 «15 10-1 0,840 0.510 1.136 36.8 3.10

* Number of Theoretical Plates were oaloulated Dy means of the equation of Dodge and Huifman (10).

e



TABLE IV

Compound Yethod of Preparation Band Maxima Expressed in R

Tenzeneg Mereck's ¢, P. 2680 2600 2540 2480 2427 2375 2340

Benzens Pyrolysis of Sodium Benzoate 2677 2598 2537 2480 2430 2377 2340

Average for Benzens 267842 259941 253842 248040 242842 237641 234040
Ethylbenzene Bastman Xodak 2870 2639 2598 2578 2546 2532 2473 2420
Ethylbenzene Friedel-Crafts 2669 2840 2600 2576 2643 2528 2473 2418
Ethylbenzens Clemmenson Reduction 2667 2858 2602 2878 £543 2827 2472 2417

Lversge for Lthylbenzene 266842 203541 200042 257741 254442 252744 247341 2418+2
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TABLE V

d Maxime Expressed in

Of Fraction

39-76° c. 2680 2601 2542 2483 2431 2377

76-93° c. 2678 2601 2542 2485 2428 2379

98-103° ¢, 2683 2671 2657 2637 2620 2609 2577 2554 2544 2536 2525 2479 2463 2423 2414
103-113° ¢. 2678 2615 2599 2587 2565 2537 2480 2435

113-123° ¢, 2736 2718 2678 2645 2613 2595 2583 2546 2483 ‘

123-133° ¢, 2733 2704 2668 2644 26183 2566 2523 2504

135-143° ¢, 2738 2723 2685 2661 2638 2600 2575 2649 2616 2474

143-153° C. 2712 2674 2643 2609 2588

92
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Ia Tables VI to %IV 2 comparison betwsen the sbsorphion maxima
Gotsrmined for fractions 39° €. to 153° C., respectively, and the ab=
sorption maxima for ﬁhe aromatic hydroczrbons are shown. Although
honzene and ethylbenzene ars the only arcmstic hydrocerbons which were
prepared for this ressarch work, the absorpbtion maxima for toluone and
the xylsues are also included. The agreements between the wvanluss of
absorption maxima for benzene aand ethylbenzene as determined in this
research and from ths literature was sebisfactory and therefore it
was assuned that the absorption band maxima date for tolusne and the
xylenss as found in the literabure would suffice to show thet by frac-
ticnation and ultra-viclet absorption spectra, it was possible to id-
enfify thesc consbtituonts found in erude oil.

The sabsorption band spectra for frections boiling up to 123° ¢,
showed btenzens was present. The fact that benzens showad up in all
other fractions was not the fault of the fractiomsting coluun. Benzene
exhibits a vary stroag absorption characteristic and therefore a thouga-
andth of one per cenmt of benzens would probably show up in the absorpe
tion speectra for fractions which contéinsd thet amount or more.

It was the purpose of this reseafmh to show thet while petroleum
mst be fracticomated tc obtain the best ultra-violet absorption dete,
an overlapping of one or two compounds in ths next fraction would not
interfere with the ldentification of constitusnts by ultra-vioclet ab=-
sorption spectra, The results of this rescarch show that while petro-
leum must be fractionated for the purpose of sseparating components
which may be more easily identified, the separation need not be abso=

lutely complete because in this research the separatior was not com-
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plete and ne intesreference due to overlapping of absorption bands was
experisenced.

Benzene was identified in the fraction 39-76¢° C. (Table VII) be=
cause all § absorption bands of that fraction coincided with 6 bands
of the benzenevstandarda Benzene was also identified in fractionm 7€
93% ¢. (Table VIII) when 8 similar comparison was made. The absorption
maxima for fraection 93—1Q5° C. (Table IX) when compared with benzene
and ethylbenzens standards showed benzons and ethylbenzene as consti-
tuents of that freetion. The toluene sbsorption maxima from litersture
data, whon compared with this fraction, showed toluene to be present.

Fraction 103-113° ¢. {Table X) when compared with a benzeme stan-
dard and toluene absorpbion maxima data, showed benzene and toluene
to be present in this fraction. The number of benzeme bands was less
thar in the two previous fraetions. Toluene bands seemed to be the
strongest for this fraction,

Table XI shows thet for fraction 113«123° (. that benzene, tolu-
ene, o=-xylens and p-xylenc were present. Three bands of the benzene
stbandard coipcided with three bqnds of this fraction. One band of
o=xylene had the same wavelength as that band determined for this
fraction., Thrse bands in this fraction wesre identical with three
bands for p=-xylens absorption mexima. Three bands for tolucne when
comparsd to the absorption bands for this fraction showed toluens to
be present. Therefore all bands were accounted for and benzens, tolu-
one, and o- and pe-xylene were present in this fraction.

The‘absorption maxime for fraction 123-133° €. (Taeble XII) when
compared with ethylbenzene, toluens, and m-xylene absorption data,

showed that ethylbenzens, toluens, and m-xylene were preseut in this
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fraction.,
Fraction 133-143° C. (Table XIII) contained ethylbenzene, toluene,
m- and p-xylene. Ethylbenzene bands showed up the strongest.

Fraction 143-153° C. (Table XIV) contained o- and p-xylens.

It may be definitely said that benzene and ethylbenzene were
present in this semple of crude oil. Toluene and the xylenes were
found to be present in this same sample. It was decided that standirds
would be prepared for every compound analyzed and therefore while com=-
parisons were made to show that toluene and the xylenes were present,
these comparisons were made to bring out the fact that the separation
of petroleum into 10° C. fractions was satisfactory from the stand-
point of determining composition by ultra-violet absorption spectra.

The results of this research show that qualitetive analysis may
be run by taking ultra-violet absorption speetra and that it would be
possible to run a quantitative analysis because by using 10° ¢. frac=
tions the absorption spectra so obtained were spread over a wide range
of bands and there was no general absorption.

The time to run a qualitative analysis by fractionation and ultra-
violet absorption analysis was much less than any other method used.
The time to run such an analysis may be reduced by further experimen-
tation along the lines of developing & method for more rapid plate
calibration, a faster plate development, possibly a greater rate of

distillation, and a less precise distillation.



TABLE VI

COMPARISON BETWEEN LITERATURE DATA AND VALUES OBTAINED
FOR ABSORPTION EAND MAXIMA AS DETERMINED IK THIS RESEARCH

:\.. —

Standard Literature Values Standard#* Litsra. Values®

1980 241842
2040 2473+1
2070 | 252744 2522
227842 254441
2540 2337 257741 2561
234743 260042 2595
257641 237545 2608
242842 243648 263941 2640
2480 248343 266842 2672
253842 252343
255545
259941
261242
267842
269446

* Standard values teken from Table IV.

*% Literature values taken from Table I.



TABLE VII
FRACTION 39-76° C.

ABSORPTION MAXIMA EXPRESSED IN £

31

Fraction Benzene Standard
2680 267842
2601 259941
2542 253@:?
2483 2480
2431 242842
2377 237641

TABLE VIII
FRACTION 76-93° C.

ABSORPTION MAXIMA EXPRESSED IN £

Fraction Benzene Standard
2678 267842
2601 259941
2542 253%:?
2485 2480
2428 242%:?
2379 237641




TABLE IX

FRACTION 93-103° C.

ABSORPTION MAXTMA EXPRESSED IN £

32

LT i%hyl-

Fraction Benzene Standard Benzene Toluene
Standard

2683 267842 268341
2671 2668+2
2657 2660
2637 263941
2620 262143
2609 260042
2677 257741
2554 256045
2544 254442
2536 253842 2531
2625 2527+4 2526
2479 2480+0 247341
2463 2458
2423 2428+2 2425
2414 241842
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TABLE X

FRACTION 103-113° ¢.
ABSORPTION MAXIMA EXPRESSED IN £

e e
Fraction Benzene Standard Bcnxe;o Toluene
Standard
2678 267842
2615 262143
2599 2599+1 260042 259543
2587 258343
2565 2560+1
2537 2531
2480 2480 247341
2435 2440




ABSORPTION MAXIMA EXPRES

TABLE XI
FRACTION 113-123° c.

sED 1IN R

Fraction Benzene d Toluene Iyg:m Xylene xyt;m
2736 2742 2727
2718 2712
2678 2 873:_2
2645 263941 2649 2644
2613 262143 2620
2695 259911 250012 2595:3 2598
2583 2583:5
2546 25“:2 2544
2483 2480

Sy
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TABLE XII

FRACTION 123-133° ¢.
ABSORPTION MAXIMA EXPRESSED IN £

Fraction gen;dna Toluene lwg;nn xw{:n. Iy;:ns
2733 2727
2704 2704 2704
2668 266842 2670
2644 283%:} 2649 2649
2613 2620
2566 256045 2563 2665
2525 252744 2524

2504 2500 2500

iy .



TABLE XIII

FRACTION 133-143° ¢.

ABSORPTION MAXIMA EXPRESSED IN £

Benzene

36

Fraction s Toluene xﬁ;m !yf;na xylf;m
2738 2742
2723 2712 2727
2685 2683 2690
2661 2660
2638 263941
2600 260042 259543 2598
2575 2577+1
2549 254442
2516 2524 2516
2474 247341
TABLE XIV
FRACTION 143-153° C.
ABSORPTION MAXIMA EXPRESSED IN R
Fraction x;r::m xme x;:‘:;m

2712 2712

2674 2670

2643 2649 2649

2609

2588 2591
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SUMMARY

1. A review of the literature concerning work done on ultra-
violet absorption of petroleums and petroleum fractions is presented.

2. A review of the literature concerning fractionating columns,
their design, advantages and disadvantages, is presented.

3« Diagrams and descriptions of the apparatus used are given.

4. The materials used in this research are given.

5. The procedure used in rumning an analysis of crude oil is
given.

6. Absorption maxime found for the aromatic hydrocarbons which
were prepared, have been tabulated.

7. The absorption maxima found for every fraction have been
tabulated.

8. The comparisons between frections and the arometic hydrocar-
bons concerning absorption band meaxima have been tabulated.

9. The comparison between the absorption maxima for some of the
hydrocarbons studied as found in the literature and between the maxima
found in this research have been tabulated.

10. The future possibility of using ultra-violet absorption as

a tool for determining composition of erude cils has been suggested.

o
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