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I. INTRCDUCTION

An important phese of engirnsering is quality control of a pros
cess, end in quality control, analytical chemistry is the main tool
used to produce snswers. Mony instruments are invanted and developed
to snalyze samples vhose results control s process, an example in the
petroleun i’eﬁning indnstry wes the need for a spacial apparatus to
analyze for the composition of a mixture of low molecular weight
hydrocarvens. There are two methods of analyzing for composition,
(1) separate the material into its component substances and measure
the quantity of each, or (2) devise a test for each component which
is independent of the other coamponents in the mixture and is dependent
on the amcunt of substance in the mixtwre.

The method of analysis depends on the physical and chemical pro=
perties of the components and on the phase of the sample. The most
difficult phase to handle is the gaseous phase becsuse of ils unre=
strained volume. The most comon method of measuring & quantity of
gas is to measure the pressure and temperature of a definite volume.
Physical properties measured to determine composition are spectral
properties, dielsctric constant, mase, and thermal conductivity.
Methods of separating ges mixtures into their components are gbsorpe
tion, adsorption, diffusion, distillation, and chemical properties.
The gas mixtures most difficult to separate ere those whose components
ere chemically similar. Until recently the only known technigue for

gseparating chemically similar componenis of gas mixtures was to
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liquify the gases and separate the components by fractional distillae
tion. Most gases condense at very low temperature, therefore to
separate gas mixtures by fracticnal distillation it is necessary to
maintain a low temperature in the apparatus. Low temperstures are
achieved by such coolants as liquid air, liquid carbon dioxide, or
the expansion of refrigerants such as freous.

The techuique of low temperature fractional distillation of gas
mixtures wes originated about 19b0. Today the fractioiz:al distillation
apparatus most used is the Podblelniak. Podbielniak(l ! developed his
sppearatus for the petroleunm industry whose refineries needed z method
to analyze mixtures of low boiling hydrocarbons in order to control
the processing of crude oil to gasoline. The Podblelnisk low temperae-
ture fractional distillation gpparatus separates mixtures of low boil=
ing hydrocarbons by rectification at atmospheric pressure; ccllects
the fractions in evacuated containers; and determines the quantity of
each fraction by measuring the pressure of & constant volume at a
constant temperature. The present Podbielndizk models are instrumented
tc automaticaelly control the analysis of a sample added to the column.
The difficulties in designing a Podblelniak apparatus are the insula-
tion of the column, the precise control of the separation, and the
measuring and recording of the quantities of the fractiouns.

The purpose of this thesis was to reconstruct a Model L Podbielniak
Fractional Distillation Apparatus to provide equipment sultable for the

study of batch multicomponent distillation. The apparatus will also



serve as an analytical instrument. The equipment was inatrumented

to asutomatically control the distillation, but an operator is needed

to select fractions and insure the proper functioning of the controls.
Samples of hydrocarbon mixtures of known composition were an=-

alyzed to prove the guccessful operation of the reconstructed

apperatus.
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II. LITERATURE REVIEW

This review is presented in four parts, (1) the history of low
teuperature fractional distillation, (2) the theory of differential
distillation, (3) the description of low temperature fractional dise
tillation apperatus, and (%) other means of analyzing mixtures of

chemically similar gases.

Histog

The history of the development of low temperature fractionation
is described in chronologicel order and classified according to the
developreris.

Original Uses of Low Temperature Distillation. In 1884 Olszewski

originate.d the seperation of gas mixtures when he purified ethylene;
shortly afterwards Kuenen purified ethane, and Dewar separated Eelium
from "Bath Gas" by low tempersture distillation. In 1901 Travers(27)
published his book on the physical properties of gases, in which he
described the separa.tich of the rare gases of air by repeated simple
batch distillation at low temperature and pressure.

(2)
Analytical Distillation. In 1915 Burrell and Robertson used

fractionel distillation for the first time as an analytical tool to
obtain the composition of a natural gas sample. The gas samples were
separated into individuel hydrocarbons or into binery fractions which

were then analyzed by slow combustion. The only need for low tempera=-



ture distillation was the analyses of mixtures of low molecular weight

(26)
hydrocarbons in the petroleum industry. In 1926, Shepherd attempted

to use an improved Burrel type apparetus to determine the gasoline con-
tent of natural gas, but the apparatus was not suitable for routine use.

(9)
Analytlical Rectification. Podbielnisk in 1925 originated a

low temperature rectification column for analytically separating low

(N
molecular weight hydrocarbon mixtures. Frey and Yant used a packed

colurm to separate a sanple of the four carbon atom fraction of the
gaseouz hydrocarbons obtained from the carbonization of coal. In 1929,
DuVis( ) developed a spiral column to incresse the number of theoreti-
cal plates in the column, but the spiral drastically reduced the
capacity of the colamn.

(10, 11, 12)
Practical Analytical Methods. In 1928, Podbielmdak

presented a precise and practical method of analyzing mixbtures of low
(13)
boiling hydrocarbons. In 1929, Podbielniak described the theory

and epparatus for low temperature fractionil distillation analysis.
Improvements. In 1931, Podbielniak(l ‘ reported a revised methed
of gas analysis. He described the apparatus, the procedure, the cal=
culations, and the accuracy of the results. In 1933, he(l5) reported,
(1) the relative efficiencies of fractional distillation colums,
(2) the effects of distillation rate, reflux ratio, and hold-up in
the column, (3) the thermal insulation of columms, and (u)6 the
types, size, and shapes of packings used. Also Podbielniak(1 ) pub=
lished a paper on aubomatic controls for low temperature fractional

distillation apparatus.
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Podbielniak formed a company which manmufactures and marketis
(17, 18, 19)
analytical distillation apparatus. He and his company
have reported many advancements in enalytical distillation in the
literatwre and in many irstruction menuals issued by the company.
The development of analytical fractional distilletion from a teche
nique to a science must be largely attributed to the work of W. J.

Podbielniak.

Theory

The purpose of the following section is to acquaint the reader
with the theories of batch distillation which are found in the
literature. Fractional distillation is defined as the separation of
twe or more volastile components of a liquid by veporization, caused
by the addition of heat, condensing the vapors in such a way that
fractions of varying boiling points are obtained, and repeating the
above process until the desired separstion is obtained. Maess trans-
fer is accomplished because the vepors of a mixture in equilibrium
with 1ts liquid have a different composition than the composition of
the liguid. 1In continuous distillation the composition at any loca=
tion in the still remsins constant, but in differential distillation
the composition of the more volatile component at any location in the
still decreases as time increases. Fractional distillation analyses

are obtained by differential or batch rectification in a column.



Differential Distilletion. 7The theory of dfszirential distillae
20
tion begins with an equation derived by Rayleigh from a differen=

tisl material balance, assuming (1) no rectificaticn, (2) no hold-up,
and (3) a total condenser. Rayleigh's equation is not spplicable to
a packed column because rectification and hold-up occcewr in the columm.

Rayleigh's differential equation is,

-y aW = =4 (Wx) (1)
and the integrated form of the équaticn is,
x
W dx
mg=f
oo ) ¥-x (2)
X0

where:
W = weight of the liquid in the kettle at any instant.
We = W at time zero.
x = weight fraction of the more volatile liquid component
in the kettle at any instant.
Xo = X at time zero.
welght fraction of the more volatile component in the

«
i

vapor in equilibrium with the liquid in the kettle at
any instent.
For certsin types of packings hold-up is negligible and disre=-
gerded in deriving a representative equation. Bogart(l) derived an
equati?;:)for batch rectification which is solved by using the McCabe=

Thiele diegram to obtain the concentration of a component in the

distillate as a function of the concentration of the component in the
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still pot; then the reciprocal of the difference of the above concen=
trations is plotted sgainst the concentration in the still pot and the
greph is integrated to yield a relationship between the concentration
in the still pot and the quantity of distillate.

Bogart's differential equation is:
(;p - xf) dx

P=-N z;;—:jzﬁg " (3)

wvhere:

Me = total number of moles in the kettle at the start of
the distillation.

P = rate of product withdrawal.

X = mole fraction of the more wvolstlle component in the
liguid in the kettle at any time.

Xp = mole fraction of the more volatile component in the
liquid at the start of the distillation.

*p = mole fraction of the more volatile component in the
distillete at any time.

8 = time.

Also, Bogart's equation can be integrated to yield the time of

distillation,.

Mf(ﬁ,-xf)xf dx

gt" o
v % (1 - 0fv) (xp - x)

(%)



where :
0 = molar rete of liquid product returned to the column.
V = molar rate of vepors leaving the colum.
Xy = mole fraction of the more volatile component in the

liquid in the kettles at the end of the distillation.

8¢ = total time of distillation.
Another equation for batch rectification was derived by Rose and
Welshan(EZ). Their equation was derived to establish maximum sharp-
ness of separation, and minimum number of pletes. Rose's equation

combined the integrated form of the Rayleigh equation with the Fenske

equation. Fenske's equation is,

i 5 B e
l-y El-x (5)

and Rose's equation is,

lnL=7;HJ.::_I[i'nx-an1n(l-X)]+c (6)

vwhere:
X = mole fraction of the more volatile component in the
still when total moles in the still are L.
¥y = mole fraction of the more volatile component in the
vapor n plates above the still,

g = vapor pressure ratio of the two components.

o]
it

number of theoretical plates.

C = constant of integreticn.

E = aB = overall fractionating factor.
L

= total moles in still at any time.
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Rose emphasized the important variable, overall fractionating
factor, for it determined whether meximum sharpness of separation wes
best obteined by increasing the reflux ratio or by increasing the
number of plates in the column. For a given distillstion the per cent
of total charge distilled was plotied against the oversll fractionating
factor; then for any separation desired the value of the factor was
read from the graph and the number of theoretical plates were cale

culated using the definition of overall fractionating factor. Also

(22)
Rose et., al. nave derived equations for the case when hold-up is
not negligible.
xP g (a” -1) 1
L=K -
[l -X)P + l] (7)

(1 -x)p+d nln @ (
where :

H = total moles of hold-up of all components in the column
proper (exclusive of hold=-up in the condenser).

n = equivalent number of theoretical plates in the column.

x - mole fraction more volatile component in the still pot
wken I meoles remain in the still pot.

L = total moles in pot at any time.

K = integration constant.

Q@ = vapor pressure ratio of the two components, assumed to

be constant over range involved in any given distillation.

1
=
P gl -1



Reflux Ratio. The reflux ratio is the ratio of the quantity of

overhead vapors returned to the columm as a liquid to the quantity of
distillate product removed. By returning enriched liquid to the columm
the overhead vapors become more concentrated in the more volatile com=-
penent. The larger the reflux ratic the shaxrper the separation.
Analytical fractionations are run at very high reflux ratios(le).

When all overhead product is returned to the columm, it is said to be
operating at total reflux., Total reflux(21) is one limiting condition.
The other limiting condition is the minimum reflux ratio necessary to
obtaln the desired separation and recovery when the columm contains

an infinite number of plates. Reflux ratic is an important economic
variable when distilling lerge quantities, but in analytical distilla-
tion reflux ratio(gs) is only a varisble for obtaining sharp separa-
tions. The limiting factors in analytical distillation are, the
packing, the size of the sample, and the time of distillation.

The Height Equivalent to a Theoretical Plate. Column packings

sre rated by the height of packing equivalent to a theoretical plate
which is determined experimentally.

Sample Size. Sample size is determined experimentally. The
quantity of sample is a balance between the time for distillation

and the accuracy of the analysis.

Time of Distillation. For a given column and sample size the time

for distillation or the maximum rate of distillation is determined by
(15, 17)
the desired sharpness of separation. Podbielniak reports a
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gtandard test to determine maximum flow retes at which fleooding
occurg. Standard tests are used so that different column designs
can be compared.

Hold=-up. Hold-up is a factor which occurs only in differentiel
distillation. Hold-up is the quantity of material needad to wet the
packing and £il1l the column. For each column hold-up is a congtant
depending on the columm dimensions, the packing, and the design of
the reflux charber. Although hold-up is a constsnt for each column,
the ratio of hold-up to gquantity in the still pot varies with the time
of distillation and the sample size, and this ratio is an important

(18, 23) (3)

variable . Colburn reports hold-up is sometimes beneficial
(22) (28)

in obtaining sharpness of separation, bu% Rose and Podbieliniak

report hold-up to be detrimental to sharp separations of components

in analytical fractionations. Later Rose(gj) reports the effect of

hold-up is a function of the reflux ratio. At low reflux ratios hold=-

up causes an increased sharpness of separation, but at high reflux

ratios hold-up causes decreased sharpuness of separation.

Multicomponent Mixtures. Multicomponent mixtures are ssmples

containing more than two components. The equations of Rayleigh,
Bogart, and Rose, already discussed, are for binary mixtures. The
same ideas ere applied to derive equations for multicomponent mix-
tures, but & series of simultaneous eguations result and their solu-
tions become too laborious for routing use. The use of the equations

(21)
for multicomponent mixtures are described by Robinson and Gilliland

.
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Assumptions. 8Since the purpose of fractional digtillation
analysis is to separate the mixtures into its individual compouents,
one can assume that at any time the separation is essentially between
& binary mixture and all less volatile components can be neglected.
The gbove assumption ig acceptable vwhen analyzing a mixture of low
boiling ]nym:'oca:z"t)onﬁ(:L ). Any two components that have a relative
volatility near unity will behave as one component in the above method
of analysis. The calculations can be evaluated at total reflux be-
cause the column is operated at very high reflux ratios, and distillate
is withdrawn at a very slow rate. The theory for low temperature
analytical distillation is used for improving column efficiency and

sutomatic control of the distillation.

Meratus

Since Podbielniak's work represents all important recent advance-
ments in low temperature analytical fractionating apperatus, a summery
of his publications comprises this section of the litereiure review.
The spparstus is described in three sections, (1) the column,

(2) the distillate receiving system, and (3) the controls.

Colums. The columns are discussed as (1) original models,
and (2) Ji.x}x-;ﬁz)'ovements of columns to yield the modern column. Fod-
bielniak's original colurm was & 3.8 millimeter inside diameter,
pyrex tube, 77 centimeters in length, with one end connected to a 60

milliliter pyrex sample bulb. See Figure 1. The tube, excluding the
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bulb, was sealed in a silvered vacuum jacketed pyrex cylinder which
also conteined the reflux chanmber. A spiral stainless steel wire of
uniform cross-section was inserted from the sample bulb to the reflux
chamber; as the only packing used in the column. The reflux chauber
was concentric polished metal cylinders that fitted around the tube
and between the vacuum jacket., 8See Figure 1. A resistance wire was
wrapped around the sample bulb to supply heat to the columm,
(15, 17, 18)

Podbielniak reported the following lmprovements on
his distillation colums: (1) the tube was separated from the vacuum
Jacket to prevent breakasge, and to allow interchangeable tubes
(Figure 2); (2) the sample bulb was not sealed to the pyrex tube,
but was connected by ground glass joints (Pigure 3); (3) the reflux
chamber wes redesigned to allow air to circulate through the reflux
chamber and along the length of the column, and this gir flow stabi=
lized the temperature gradient up through the colummn; (&) a veriety
of packings were tested and the Heli-Grid type (Figure U4) was developed
to provide columng equivalent of 75 to 100 theoretical plates;

(5) the vacuum jackets were improved by including s flexible pyrex
bellows in the innsr tube of the jacket, and the bellows reduced ths
strain of the inner tube from 1800 pounds to 35 pounds (Figure 5);
and (6) a cartridge heater was inserted into a well in the semple
bulb to replace the external heater. Present columns contain all the
improvements discovered over a period of twenty years. Figure 6 is a

detailed drawing of a modern columnm.
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(1%)
The Receivipng Bystem. The distillate receiving systenm

collected the distillate in the vepor phase at room temperature and
the distillation pressure. The receiving system consisted of one
gallon or learger glass bottles of known volume enclosed in a constant
temperature water bath. The bottles were connected to a gless manie-
fold by copper tubing. The column also was connected by copper tubing
to the manifold (Figure 7) which controlled the vapor flow to the con-
trols valves and to any receiving bottle.

Controls. The controls are discussed in three sections, (1) tem-
perature, (2) pressure, and (3) flow. The measuring and controlling
mesns ere discussed in each section. B8ince controls vary for different
distillation ranges, only conitrols for low temperature fractionating
apparatus are repogted. Figure 8 illustrates the automatic control
of Padbielniak's(l ‘ apparatus.

Terperature. The temperature of the vapor leaving the
columns indicated the coggonent boiling at the distillation
presswre. Podbielniak(l reported using a copperw-constantan
thermocouple as & temperature sensing element in the reflux
chaxber. The thermocouple was connected to a recording poten-
tiometer which produced the distillation diasgram. The temperature
was controlled by maintaining & constant pregssure in the columm.
An improvement to temperature control by Pc&bielniak(l7’ 19) was
the addition of & controlled air stream flowing along the length

of the tube and through the reflux chamber. The air stream
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Glass Manifold.

Figure 7.



Figure 8. Diagram Of Automatic Recorder And Control
Apparatus.

ycdbiolniak, W Je: Apparatus And Methods For ?meiae
Fractional-Distillation Analysis, Ind. Eng. Chem.
Anel. Ed., 5, 174% (1933).



stabllized the thermal gradient along the column and reduced the
temperature lag in the reflux chauber,

A thermal conductivity cell for indicetion of the component
being distilled replaced the thermocouple because the cell elimi-
nated erroneous indications due to superccooling in the reflux
chamber. Since the thermal conductivity cell was used in con=-
Junction with a potentiometer, the supplementery controls npeeded
no modifications.

Presgure. The pressure in the column was measured by an
open, mercury filled manometer which also controlled the flow of
coolant to the reflux chanber and the position of the distillation
shut-0ff valve. Heat was added to the sample bulb to meintain &
constant pressure in the column. Methane through n-butans was
distilled at atmospheric presswure and five carbon atom hydro-
carbons and heavier hydrocarbons were distilled at partial vacuum.

Flow. Flow was the most difficult varisble to control. The
flow was measured by & closed manometer which measured the rise
in pressure in the distillate receiving bottles. A closed manoe-
meter was used to eliminate the variance in atmospheric pressure.
The closed end of the manometer was connected to a compensating
bottle of large volume to decrease the effect of compression in
the closed side of the manometer. The height of the mercury in
the compenseting manometer controlled the rolling of the potentio=-

meter strip chart. The motion of the chart along with the motion
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of tempersbure recording produced the distillation disgrams. 8Ses
Figure 9. The flow wag contrelled by twe velves, the distillae
tion shut-off valve and the rate valve. The shul-off valve was
closed 1f the distillation pressure was oo low and prevented
vegpor from leaving the column. The shut-off valve opened when
the pressure in the column became equal to the distillation
pressure. The distillation rate valve, which controlled the flow
rate of distillate, was a needle valve positioned by a mechanical
lever. See Figure 8, page 23. The rate velve opened as the
pressure in the compensating mancmeter increased, and the rate
valve closed as Ehe temperature of the exiti vapor increased.

Schneider(a ‘ introduced a hydraulic system for opening and
closing the shut-off valve and the rate valve. The hydraulic
system eliminated the mechanical linkages previously used; there-
by increasing the life of the apparatus.

A detailed description of the theory and operation of auto=
matic control for s model L low temperature fractional distilla-

tion apperatus is located in Appendix I.

Substitute Analyses

There sre two alternate methods of analyzing & mixture of
chemically similar gases. They are mass spectrometry, and vapor phase
chromatography. Both of the methods are recent developments which are

replacing analytical fractionsl distillation.
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(6)
Mess Spectrometry. The maas spectrometer is an instrument

which measures and separates geses by lonizing the gas molecules and
passing the ions through a megnetiec field. The force exerted on the
ion is determined by ite charge to mass ratio, for example, & single
positively charged methyl ion and 2 double positive charged ethyl ion
are separated as one compounent and measured at the same focusing band.
Since onme substance, like normal butare, can produce 24 different
positive ions of which some are identical to iomns from other sube
stances, in the mixture, the evaluation of the asunalysis is very come
plicated; but due to the large number of bands available for readings,
& systen of simultaneous equations can uniquely represent an analysis.
A computer is needed to evaluate the dats.

(8, 5)
Vapor Phase Chromatogrephy. Vapor phase chromatography is

differential sorption of a mobil vapor or gaseous phase by a fixed
liquid or solid phase. The sample in the veapor phase enters a column
and is eluted through the column by an inert gas, preferably helium,
The components in & sample leave the column as pure compounents ine-
versely propoxrtional to their selective sorptivity. The emerging
components are measured by a thermal conductivity cell and recorded
-on a strip chart potentiometer.

The vapor phase chromatography method of analysis has the lowest
cepltal investment, is the easiest equipment to maintain, and operate,
snd produces the answers in less time than other methois. Vapor phase

chromatography is not as precise ags analytical fractional distillation
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or mass spectrometry; but as equipment and procedure improve, the
method promises to be more precise. Veapor phase chromatogrephy is

already replacing other methods of gas analysis.



III. EXPERIMENTAL

The experimental section is written in seven parts which are
classified as follows:

(1) Purpose of Reconstruction,

(2) Plan for Reconstruction,

(3) Materials,

(4+) Apparatus,

(5) Procedure,

(6) Data and Results, and

(7) Sample Calculations.

Purpose of Reconstruction

The purpcose of this investigation was to reconstruct a Model L
Podbielniak Fractionsl Distillation Apparatus to provide equipment
suitable for the study of batch multicomponent distillation. The
apperatus can also serve as an analytical instrument for determining
the percentage of low molecular weight hydrocarbons in mixtures.

Known hydrocarbon samples were analyzed to prove the successful

. operation of the reconstructed equipment. No attempt was made to
convert this Model L spparatus to a modern Podbielniak ffactionating
apparatus, because all the main components, the column, the instrument,
and the controls would have to be replaced, and the cost of the re=-

placement would be as much as the cost of a new model. Another reason
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for not converting to a modern fractional distillation apparatus was
that other methods of analyzing mixtures of chemically similsar geses
are quicker and more economical; therefore one must remember this

thesis is the construction of a Model L Podbielniak Fractional Dis-
tillation Apparatus. The equipment was given to the Missourl School
of Mines and Metallurgy by the Socony Mobil 0Oil Refinery in East St.

Louis, Illinois.

Plan for Reconstiruction

The plan for reconstruction was to evaluate the initial condition
of the gpparstus, to plan a work schedule for reconstruction of the
equipnment, to calibrate the compoments, and to test the apparatus with
known samples of hydrocarbon mixtures.

Evalustion of Apparatus. The equipment needed to be completely

rehabllitated. All iron parts were ccated with rust. The insulation
on the connecting wires was brittle and upon disassembly it would
crumble leaving the bare wire exposed. The apparatus had collected
dust for nine years before reconsiruction started. The operation of
the apparatus was the author's primary objective; therefore the

| evaluation began by classifying the apparatus into three categories,
(1) parts that needed cleaning, (2) perts that needed repairing,
and (3) perts that needed replacement, or additional non-existing

parts.
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Reconsgtruction Schedule. The first job was to locate the com=-

panies selling the meterials and parts requiring purchasing. For each
item to be purchased letters were sent to three companies stating the
gpecifications and quantity of the items, and requesting cost and date
of delivery information. Next, the location of the epparatus was
chosen, After locating the apparatus cleaning reagents were selected,
and new parts were designed. Finally parts vere cleaned, repaired,
and built in the order they were needed for recoanstruction of tha
apparatus. New ltems were purchased as quickly as possible.

Calibration. The recelving bottles were calibrated by filling
them with tep weter at 25 °C. The precision of the calibration was
0.1 per cent. The volumes of the receiving bottles are tsbulated
in Table II.

The copper-constanan thermocouple in conjunction with the Rrown
recording potentiometer was calibrated at two temperatures, zero
degrees centigrade and =79 °C. Zero degree temperature was obtained
by an ice bath, and =79 °C was obtained by the sublimation of dry ice.
The precision of the temperature range was 2 °C over an 81 degree
range, which was within an acceptable limit.

Testing. Hydrocarbon samples of known composition containing Cy
to Cs compounds were anelyzed to determine the limitstions of the
apparatus. Also accurate analyses would prove the successful recon=-

struction of the spparatus.
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Msteriels

The following materisls were used for the reconstruction or
operation of the spparatus. All specifications necessary to use
or purchase the materials are listed. The quantity, the specifica-
tions, thg swpplier, and the use of the material are listed.

Alcohol, Ethyl. USP, absolute grade, 200 proof, serial RNo.

32843, Quantity - one liter. Manufactured by Industrial Chemical
Company, Tuscola, Illinois. Used to fill column at end of distillation.
Alunina. Activated, technical grade, 10 mesh; quantity - one
pound. Obtained from Cenco Company, Chicago, Illinois. Used to dry

air for the controls on the spparatus.

Epoxy Resin. Steelcote's Epo-Lux 150. Quantity - one quart,
with catalyst. BSupplier - Plastic Parts and Sales, St. Louls,
Missouri. Used as a vacuum sealing material around menifold connece
tions.

Hydrocarbon Samples. Specification: C; through Cq mixtures of

hydrocarbons of known composition. Obtained from Socony Mobil 0il
Refipery, East St. Louis, Illinois. Used to test the reconstruction
of the apparatus.

Liquid Nitrogen. Purity 95 per cent. Obtained from Socony Mobil

0il Refinery, Bast St. Louis, Illinois. Liquid nitrogen storage con-

tainer was supplied by Socony Mobil. Used as reflux coolant.
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Lupersol DDM. Quantity-four liquid ounces. Supplier - Plastic
Parts and Sales, St. Louis, Missouri. Used as catalyst for polyester
plastic resin.

Mercury. Distilled. Quantity - ten pounds. Supplier - Fisher
Scientific, St. Louls, Missouri. Used as menometer fluid.

Polyester Resin. Selection No. 5119. Quantity - 1/2 gellon.

Supplier - Plastic Parts and Sales, St. louls, Missouri. Used to
water proof the plywood wvater bath, and also as a vacuum sealing
materisl for the manifold connections.

Stopcock Grease. Spectro-Vac, type II, batch 303. Low vapor

pressure. Quantity = 2 ounces. Supplier - Robert R. Austin, Ph.D.

Pasadens, California. Used as vacuum sealing material for stopcocks.

Apparatus

The model L Podbielniak fractionsl distillating apparatus de=-
scribed in this section consisted of the column, the distillate re-
ceiving system, the manifold, the controls, the alr supply and control,
the vacuum pump, the sample apparatus, and the accessories. The main
parts of the spparatus are described in the following paragraphs.

The assembled parts are described and supplemented with illustrations.

Colum. The pyrex column dimensions were 3.8 millimeters inside
diameter and 120 centimeters in length. A single coil stainless steel
wire extended 105 centimeters from the sample bulb to the reflux cham=-

ber of the column and was the only packing used. One end of the column
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was connected to a 15 milliliter pyrex sample bulb which was connected
by a U=tube to a three way stopcock. See Pigure 10, The column was
separate from the insulating jacket. The pyrex vacuum Jjacket countaine
ing & polished metal radiation shield surrounded the pyrex colum and
the reflux chamber, but did not suwrround the sample bulb. See Figure 5,
Case 1, page 19. The reflux chamber was the same type as shown in
Figure 2, page 16. The heater for the column wes added by the author.
He wrapped an 85 ohms nichrome wire coil 7/32 of an inch in diameter
sround the sample bulb. The column is part of the original equipment.

Receiving System. The author built the distillate receiving

system., 8ix, four liter empty chemicel reagent bottles were used as
receiving containers. Copper tubing, 3/32 outside diameter, was passed
through corks that stoppered the bottles, and the corks and tubing were
sealed gas tight with polyester resin. A water bath of 3/h inch, five
ply, plywood, inside dimensions 22 inches long, 15 inches wide, and 16
inches high was bullt and painted with four coats of polyester plastic
resin. A plastic coated shelf contalning six three inch diameter
holes was supported by the bottles, and faatened in place by four
plastic coated adjusteble blocks of wood bolted in each upper corner
. %o the side of the box by quaerter inch bolts fastened with wing nuts.
See Figure 11. The shelf fastened the bottles in place by resisting
the bouyant forces.

The manifold was constructed of ten glass stopcocks interconnected

with glass tubing. The stopcocks were assigned letters and all ports



Figure 10. Column Stopcock.



Water Bath.

Figure 1l.
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leaving the manifold were assigned numbers to facilitate the descrip-
tion of the procedure. See Figure 12, page 38. The manifold was
connected as shown in Table I, page 39.

Controls. The author used the same control system as described
in Appendix I.

Asgenbly., All parts were bolted on the panel board or frame of
the apparatus except the water bath containing the receiving bottles
and the vacuum pump. See Figures 13 and 14. The parts were connected
with copper tubing by soldering or sealing with polyester plastic resin
coated with Epo-Lux flexible film to inswre vacuum tight seals. Remove
able connections, such as the connections to the thermos bottle, were
made with rubber tubing.

Flow Diegram. A schematic flow diagram (Figure 15) shows the

connection of the vapor lines.

Wiring Disgram. A wiring diagran (Figure 16) shows the electrical

connections for the controls.

Procedure

Before operating the apparatus one should be thoroughly familiar

| with the parts, their locations, the flow diagram, the electrical
disgrams, and the procedure. A service manual for the Brown Recorder,
flow end wiring diagrams, and a copy of the procedure should be located
with the apparatus. Experience in operating the epparatus was necessaxry
before efficient operation and accurate, reproducible results were ob-

talned.



38

Stopcocks

s,/

N

G H
—(0) (&)

F J
@ =G

E X
(@) (@i

| A
@ NG,

D
4

|- Capital Letters Indicate
Stopcocks and Numbers
Indicate Exit Ports

2- All Stopcocks except A
Have Rear Exit Port

C
| (5
Rear Exit Port
6

DEPARTMENT OF CHEMICAL ENGINEERING
MISSOURI SCHOOL OF MINES & METALLURGY
ROLLA, MISSOURK

Schematic Flow Diagram
of The Manifold

SCALE: None  DAte CASE NO:58
prRawN BY: R.B.4 5//2/c¢ mE  N0:490
CHECKED BY: Zg20  5/,3 /58 FIGURENO: |2
APPROVED BY: ZA€  &5//3 /5p SHEET NO:|




.

TABLE I

Flow Comnections to The Manifold

Port Connected to Stopcock

1 Distillation Column
Distillation Shut-0ff Velve
Column Mancmeter

Open

Vacuun Purp

Open

Open

Rate Valve

@ ~ oO0w FoWwo®
> » O Q U v w w

9, 10, 11, 12 Receiving Bottles 3, 2, 1, E;, P, Gy, and H
and 4 respectively respectively
13 Compensating Manometer J




Figure 13. Front View of The Reconstructed Apparatus.
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Figure 14. Back View of The Reconstructed Apparatus.
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Figure 15. Schematic Flow Diagram.
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Symbols

O Gear Connections

O signal Lights
[J signal Buzzer
D Relay

O Main Switch

A Bearings

[\ Bushing

[————1 Terminal
Strip

L1 | Terminal
Connector

[ﬁh Solenoid Valve

6 Conductor Cable

4 Cond:ctor Cable

2 C.onc_iucfor Wire

| Conductor Wire

Letters
CR Check Reflux
DRV Distn. Rate Valve
DS Distn. Shut- Off
DSS Distn. Shut-Off Solenoid
DSV Distn. Shut- Off Valve
FltoS Fuses
- Ful. Fulcrum
M |  Column Manometer
M 2 Compensating Manometer
P Potentiometer
PR Press. Rise
PRD Press. Rise DriVe
RE Re-evacuate
Tt. Transformer
TR Temp. Rise
TRD Temp. Rise Drive

T Tangentor
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Preparation for Start-Up. In preparing for start-up the procedure

was as follows.

Evecuating the System. The procedure was as follows,

(1) The vacuum purp was turned on;
(2) stopcock C (See Figure 12, page 38) wes opened to connect
the vecuwm purp through port 5 to stopcock A which was opened to
the receiving bottles and compensating manometer through stope-
cocks E, F, G and J. Stopcock H remsined closed and bottle 4
(Figure 11) was not evacuated;
(3) When the compensating menometer was evacuated, stopcock C
wes opened to stopcock B which was opened to all its ports and
enabled the columm, the column manometer, rate, and distillation
shut-off valves to be evacusted;
(&) Bottles 1 and 2 were removed from the system by closing
stopcocks F and G. |

Check for lesks. If a leak occwxrred as indicated by a drop

in mercury level ih the column msnometer, each part of the system
connected to the manifold was evacuated separately in connection
with the column manometer and tested as mentioned above. The
part of the system that leaked was pressurized (by a rubber
squeeze~bulb connected to the column's sample bulb) and each
Joint in that part of the system was tested with & sosp solution.

All leaks were sealed before operating the apperatus.
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Column Cooling. The column wes cooled by immersing the

sample bulb in liquid nitrogen contained in the Dewar flask as
shown in Figure 17, and by cooling the reflux chamber by manual
actuation of the reflux control.

Stendardization of Potentiometer. The switch lever on the

slidewire was moved to the extreme left "Bal.™ position with the
thumb, and with the index finger the knurled disc above the switch
wes turned until the step of the galvonometer step table indicated
by a Black arrow contacted the galvonometer pointer. The mechani-
cal zero was also checked. While the motor ran, the switch on
the slidewire was pushed to the center "Zero" position, and the
zero adjusting screw on the front of the galvonometer was turned,
s0 that the step of the galvonometer step table indicated by the
Black arrow contacts the galvonometer pointer. The potentiometer
should be standardized before each analysia.

Check Water Bath. The water bath should be checked to in-

sure that the water level remains above the shelf level. Loss

of water by evaporation had to be replaced. The thermometer in
the water should be read and the tempersture recorded on the strip
chart. The temperature should also be recorded at the end of an
snalysis. The author found no variation in water témperatura
during a run.

Adjust Starting Pressure in Receiving Bottles. The follow=-

ing procedure was carried out in numerical sequence,
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Sample Bulb Cooling.

Figwe 17.
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(1) The wing bolt in the contact rod carriage was loosened and
the carriage was lowered to the lowest possible position;

(2) The main electrical switch was turned on;

(3) The wing bolt on the sleeve connecting the chart sheft to
the drive shait was loossned to prevent chart travel; |

(4) Air wes admitted slowly into bottle 3 and the compensating
manometer (by turning stopcock 4 to connect bottle 4 with stop-
cocks E end J) until the mercury in the compensating manometer
contacted the contact rod;

(5) stopcock H was closed and the chert drive motor raised the
contact rod until the electrical circuit through the mercury was
broken;

(6) After the starting pressure was adjusted the wing boli
loosened in "step 3" above was tightened. And now, any additional
rise in pressure in the receiving system was recorded on the
strip chart.

Sample Precautions. A few precautions were followed to insure

that the sample entered into the colum represented the sample in the
saxple container. One should remewber that the samples were stored as
- liquids under pressure, and the vapors in equilibriua with the liquid
were g different composition; therefore if a conteiner lesked, the
sample was being fractionated, and its composition changed. A sample
was always withdrawn from the bottom of its containper becsuse the
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liguid was a more representative sample than the vepor in equilibrium
with the liquid.

Sarmple Entrance. Since the samples were stored at high pressure

(over 200 pounds per square inch) direct entrance of the sample into
the column would breek the sample bulb's connecting U-tuba. The
sample pressure wes reduced by expanding the liquid sample into the
saumple entrance apparatus; then transferred from the entrance bottle
into the column. A detailed sample entrance procedure is included
in Appendix II.

Start-Up. The following steps were performed in numerical
sequence,

(1) The Powerstat dial was rotated to position "h"., The
ammeter read 0.6 amperes;

(2) The Dewer flask was lowered slowly until the pressure
in the columm mancmeter rose at the rate of one centimeter per
minute;

(3) The main electrical switch on the panel board waes
turned to the on position;

(%) The potentiometer switch was turned to the on position;

(5) The air supply valve was rotated 1/8 of a turn;

(6) The air pressure regulator valve was set, éo that the
pressure gauge read ten pounds per square inch;

(7) The reflux cooling needle valve was positioned, so that

the pressure in the column manometer would drop five millimeters
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of mercury when the mapual reflux button switch was closed for
an instant;

(8) The distillation shut-off contact wire in the columm
menoneter was positioned to contact the mercury when the dige
tillation pressure reached 760 millimeters of mercury; |

(9) ‘The manifold stopcocks were in the correct position from
entering the sample, so that total reflux occurred in the column;

(10) after total refluxing the sample for twenty minutes,
rotete stopcock A of the manifold, so that port 8 was connected
to stopcocks E and J;

(11) After “"step 10" the controls automatically distilled

the ssmple.

Automatic Operation of the Apparatus. During the operation of
the apparatus all explanatory remorks were written on the distillation
diagrem, apd these remarks were used later to interpret the diegram.

The automatic operation of the apparatus is described by Pode
bielniak in the literature, which is included in Appendix I. Modifi-
cations to Podbielniak's procedure are described in the following
paéasraphs-

Reflux Cooling Control. Reflux cooling was accomplished by

blowing liquid nitrogen into the reflux chamber in intermittent
puffs. Liquid nitrogen was stored in a thermos botile and was
forced by ailr pressure into the reflux chamber. A solenoid

operated valve controlled the flow of air to the thermos bottle.
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The solenoid was actuated by using the mercury in the column
mancmeter as a switch; as described in Appendix I. A needle
valve in series with the solenoid valve regulated the pressure
to the thermos bottle. Three, 1/16 inch diameter holes were
drilled into the copper tubing connecting the thermos bottle
and the solenoid valve to provide a release for back pressure
developed by the evaporation of liquid nitrogen. Without the
leak holes the flow of liquid nitrogen to the reflux chamber
could not be controlled.

Column Heater Control. The heat input to the column was

controlled by varying the voltage across the heater circuit,

See Figure 19. The heat input was measured by an ammeter assu-
ing constant voltage across the circuit. A knife switch connected
the ammeter in series or parallel with the column heater resist=-
ance. A 45 ohm rheostat was used as & parallel resistor, that
enabled the accurate measurement of the amperage at high and low
heat input,.

Increase Heat Ipput. The operation of the reflux cooling

control produced a particular sound which was repeated about once
s minute when the solenoid valve was actuated. The absence of
the sound indicated the reflux cooling control wes not being
actuated which was caused by a low distillation pressure. A drop
in distillation pressure was due to insufficient heat input. The

Powerstat dial was increased one division to correet the trouble.



Distillation Shut=0ff Control. The distillation shut-off

valve was closed by expanding the bellows with air. When the
distillation valve closed the rubber tubing which enclosed the
valve stem was compressed. When the air flow to the bellows
stopped the rubber tubing expanded collapsing the bellows by
forcing the air through the brass fitting connecting the bellows
to the copper tubing, and opening the distillation shut-off
valve. The air flow to the bellows was controlled by s
solenoid valve which was actuated through & relay by the contact
wire in the column manometer; as described in Appendix I.

Re~evacuation. The receiving bottle and the column manometer

vere re-evacuated when the pressure in the compensating manometer
approached 300 millimeters of mercury. The procedure for re-gvacua=
tion was performed in numericel sequence,

(1) Stopcock A was rotated to close port 8 and to connect
stopcocks E and J to C. When port 8 was closed the column was
at total reflux;

(2) Receiving bottle 3 and the compensating manometer were
evacuated by rotating stopeock C, so that it connected to stop-
cock A.

(3) stopcock C was closed after evacuating the receiving
system;

(4) The "Adjust Sterting Pressure in Receiving Bottles"

procedure was repeated;



(5) stopcock A was rotated to the originel position before
re-~evacuation.

Reduce Pressure. The distillation pressure was reduced to lower

the boiling points of the components being distilled. If the boiling
point of a component was below room temperatuwre, the component would
not condense after it left the column. The distillation pressure was
reduced when pure normal butane began to leave the coluum which was ine
dicated by the temperature of zero degrees centigrade on the strip
chart. 7The reason for reducing the pressure at normal butane rather
than a 05 hydrocarbon was to facilitate the location of the cut point
of the C5 compounds.

The procedure for reducing the pressure was performed in numerical
sequence,

(1) stopcock A was rotated 45 degrees so that the column
was at total reflux;

(2) The Powerstat dial was rotated to the off position;

(3) The Dewar flask around the sample bulb was raised slowly
until the mercury in the column manometer began dropping;

(k) The contact wires in the column manometer were lowered
as fast as the mercury dropped until the distillation shuteoff
wire was positioned so that it contacted the mercury when the
distillation pressure was 300 millimeters of mercwry;

(5) Before the distillation wes continued ethanol was added

to the sample bulb, as explained in Appendix II;
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(6) The Powerstat was rotated to position "6";

(7) The Dewar flask was lowered slowly until the pressure
in the column mancmeter rose at the rate of one centimeter per
minute;

(8) The column was totally refluxed for ten minutes;

(9) stopcock A wss rotated 45 degrees back to its original
position before reducing the pressure.

Shut-Down of A@paraxus. The analysis was completed when the tem=

perature recorded on the potentiometer strip chart reached 30 degrees
centigrade. The shut down of the apparatus was performed in numerical
sequence,
(1) The Powerstat dial was rotated to the off position;
(2) fThe main electrical switch was pushed to the off position;
(3) The ethanol was removed from the column as described in
Appendix II;
(4) The thermos bottle was disconnected from the reflux
chamber;
(5) The air supply valve was closed;

(6) The vacuum pump was switched off.
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Data and Results

All the data, from which the resulis are calculated, are recorded
on the distillation diagram produced by the recording potentiometer.
The operator determined the cut point between fractions and calculated
the results. Also the data from the callbration of the receiving
bottles are tabulated in Table II.

Production of Distillation Diagram. The reconstructed apparatus

produces the data in the form of a diagrem (Figure 18) drawn by the
equipment duwring the anelysis. The vertical lines are produced by

the roll of the sitrip chart, and the horizontal lines are drawn by

the motion of the pen. The distillation rate was recorded by a second
pen that produced a horizontal pip every 90 seconds. The vertical
distance between the pips representis the amount of distillate product

per 90 seconds.

Determination of the Cut Point. The method of determining the
cut point was obteined frow Socony Mobil 0il Refinery. The method is
illustrated on Figure 18. A rectangle is constructed to enclose the
portion of the curve which is not vertical, and the inversection of
the diagonal of the rectangle and the distillation curve 1s the cut

lpoint. One assumes that all materilal distilled above the cut point
ig the higher boiling component, and that all materisal below the cut
point is the lower boiling component. This method was experimentally
found to be precise. The chart travel was read directly in milli=-

meters from the distillaticn diagram and tabulated in Table III.
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TABLE II

Calibration of Receiving Bottles

Volume, ml
. Bottle
Wumber
Bottle Lines M Total

1 399k 15 L5 Losk

2 3990 16 Is kos1

3 3994 1k L5 Lo53

) 3995 16 45 Lo56

5b 3926 15 L5 3986

6 3980 15 4sg hoko

a. Available Gas Volume in Compensating Manometer.

b. not in use.



Figure 18, Distillation Diagrem.



Analyses of Samples
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TABLE III

Chaxrt Travel, Composition
Mole ¢
Fraction
Test 1 Test 2 Test 1 Test 2 S.A.2
Sample 1
Cs 96 269 36,9 36.8 28.5
Cq 150 4o 57T 60.6 70.9
Cs 14 19 5.4 2.6 0.6
Total 260 730 100.0 100.0 100.0
Sample 2
Cz 103 56 13.0 10.3 11.5
Cs 270 161 34,1 20.6 32.4
Ca 350 24k i1 k9 kg4
Total T4 sll 100.1 100.1 -100.0

2. S.A. refers to the mass spectroscopy analyses obtained
from Socony Mobil 0il Refinery.
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Sample Calculation

Composition of fraction = Chart Travel of Fraction

Total Chart Travel

Example: Sample 2, Test 2.
Composition of Cgz Fraction = %% x 100 = 29.6%,

x 100.



IV. DISCUSSION

The discussion is divided into (1) discussion of the apperatus,
(2) discussion of the procedure, (3) discussion of the data and

the results, (4) limitetions, ard (5) recommendations.

Discussion of the Apparatus

The apperatus is discussed in the same order as it was descrived
in the experimental section.

Column. The column 18 very fragile where the sample bulb is
connected to the three wey stopcock by meens of a gless U-tube. Any
time the stopcock is rotated the force exerted is multiplied through
the U=-tube which acts as a lever arm. The stopcock cannot be rigidly
fixed; for then the thermal stresses would break the U-tube connection
to the sample bulb. A solution to the above problem is shown in
Figure 6, page 20. The senple bulb is enclosed in the vacuum jacket
and the stopcocks are comnnected to eliminate the U-tube. The single
coiled wire packing is not efficient enough to obtain sharp separations
in a reasonsble time required for a test. The column packing is rated
by Podbielniak(l7) et two inches per theoretical plate; while the new
Heli-Grid packings are rated at four tenths of an inch per theoretical
plate st total reflux of 200 ml per hour. Since the distillation tubes

are remcvable from the vacuum jacket, tubes with different packings
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could be constructed to replace the prasent tube. An efficient packe
ing would greatly reduce the time for an analysis.

Recelving System. The recelving system, consisting of éix, four

liter glass bottles contained in & water bath, was designed to collect
a complete sample in separate fractions so that re-evacustion need not
occur during a test. Since the volume of the bottles vary, only No. 3
bottle was used because a constant relation between the chart travel
and quantity of distillabé in the receiving bottle was desired. One
bottle was used to increase the response to the increase in pressure
in the receiving system. Since only No. é_and the compensating bottles
were used, the size of the recei&ing systen and the water bath could
be reduced. A water bath smaller than the existing bath could be
located under the potentiometer, and this location is preferred be=-
cause additional working area would be available in the rear of the
apparatus.

The author had no need for a toppler pump to remove the distile
late from the receiving bottles for further analyses. If one wishes
to withdraw distillate for additional analyses, he can connect an
evacuated container to port 7 of the manifold and direct the flow of
the distillate into the container by correctly positioning stopcock
A. The purpose for additional analyses would be to determine the
amount of impurities in each fraction.

Reflux CoolingVCOntrol. The automatic reflux cooling control

did not function satisfactorily during the analysis of the first
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sample., A screw clamp was used to close the rubber tubing conmecting
the solenold and the copper tubing which connected to the thermos
bottle. The flow of air to the thermos bottle and the flow of liquid
nitrogen to the reflux chamber were regulated by closing the screw
clamp. The setting of the clamp was critical, and either too much or
too little liquid nitrogen was forced into the reflux chamber. The
difficulty was that the air pressure in the thermos bottle could not
be regulated by the clamp; hence the flow of liquid nitrogen to the
reflux charber was practically uncontrolled. The reflux cooling cone
trol was rebuilt. A stainless steel needle valve was inserted in the
air line bvefore the solenold valve, and the solencid valve wag con=-
pected directly to the copper tubing, which connected to the thermos
bottle, by brass ferrule type fittings. The needle valve regulsated
the air preassure to the thermos bottle and the sutomatically cperated
golenoid valve controlled the flow of air to the thermos which forced
liquid nitrogen into the reflux chamber. The flow of liquid nitrogen
was controlled within precise limits over a wide range of flow by
regulating the needle valve. No difficulties with the reflux cooling
control were experienced after the needle valve was installed.

Distillation S8hut-Off Control. The reconstruction of the distil-

lation shut-off control was delayed because a suitsble bellows necessary

to pneumatically actuate the shut-off valve could not be purchased.
Bellows msnufacturers were contacted, but they replied that they could

not supply the bellows. The instrument companies contacted replied
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they could supply & precisely constructed bellows at the price of 30
dollars. The author finally thought of using a bellows from san autoe
mobile's thermostat for temperature regulation. The bellowé from the
thermostat was mcdified, tested, and found to operate satisfactory.
The time for sutomatically closing the distillation shut-off valve is
less than a second, but the time required for the valve to open is
less then five seconds. The delay in opening the valve is caused by
the slow leaking of air through the brass fittings connecting the
bellows to the copper tubing air supply line. Since the time delay
in opening the valve is not detrimental to the distillation, no
attempt was made to change the control.

Distillation Rate Control. The distillation rate control did not

function effectively. The malft;nctioning was not caused by the come
ponents of the rate control. The cause was the slow response of the
potentiometer which was due to either the improper location of the
thermocouple or a mechanical difficulty in the potentiometer. Positione
ing of the thermocouple in the columm ie very important. If the thermo-
couple contacts the column well, the heat capacity of the wall prevents
a quick response to a change of temperature.

The galvanometer pointer sticks againat the step table frame, and
occasionally is not positioned by an unbalanced circuit caused by a
temperature change in the reflux chamber. The step teble is worn and

needs replacement.
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Heater Control. The heat input 1s easily manually varied by

positioning the Powerstat dial, and is accurately messured by the
emmeter, but only an unknown portion of the heat generated in the
heater coll is transferred to the liquid in the column. By relocating
the sample bulb in the vacuum jacket and by inserting a cartridge type
- heating element into the column, the heet input into the columm is

mere significant because less heat is lost to the surroundings.

Discussion of The Procedure

The author's procedure was determined from his experience with
the apperetus and from the procedure reported by Podbielniak(lh).
The limited operating experience by the author prohibits him from
commenting about the procedure, but his difficulties in operating the
epperatus are discussed to caution future operators.

Sarple Entrance. The difficulty in transferring the sample from

its container into the entrance bottle is caused by the high vapor
pressure in the sample container. The needle valve of the sample
container can only be opened very little, or else the high pressure
blows off the neoprene tubing comnecting the entrance bottle to the
container, and the sample is lost. Also, if the valve of the sample
container is opened too much, the sample will emerge as a liquid, and
fractionate along the length of the neoprene tubing. The neoprene

© tubing also ‘aﬂsor‘ns some of the liquid hydrocarbons causing the vapors

in the entrance bottle not to be a representative sample. The
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difficulty could be eliminated by connecting the sample container
directly to a lerge metal bomb with pipe, and by expanding the semple
into the bomd to reduce its pressure. No difficulties were experienced
while transferring the ssmple from the entrance botile into the column.

Column Flooding. When the apparatus is functioning correctly,

the operator has little to do after the sample is added to the columj
therefore the chances of making en operating mistake are few. The

most common misteke is to flood the column. The cause of coiumn flood=
ing is excessive heat input which is manually controlled by positioning
the Powerstat dial. When the cqlumn floods liquid is trapped in the
reflux chamrber. The vapor pressure of the entrapped liquid is high
enough to actuate the reflux cooling control, which then cools the
reflux chamber and supercools the entrapped liquid. The supercooled
liquid does not boil and the distillate flow to the receiving bottle
ceases. Column flooding is detected by the sound emitted by the
repetitive actuation of the reflux cooling control, and is confirmed
by seeing through the peep holes in the radiation shield the liquid
flowing down the column. When the column is functioning correctly

no liquid is seen by looking through the peep holes.

Pressure Reduction. The first procedure for reducing the column

pressure was to force the contact wires in the column manometer into
the mercury until the reflux cooling control was actuated. If the
 contact wires were pushed down the column manometer too fast, the

repetitive reflux cooling supercooled the reflux chamber. A long
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period was necessery to warm the supercooled reflux charber by the
condensation of vapors rising through the colurn. During this time
no product was leaving the column, and the time for a test was ine
creased. The present procedure for reduction of the columm pressure
eliminated the above difficulty.

Ethanol Entrance. After the pressure was reduced ethanol was

added to the column. Air was admitted to the column along with the
ethenol for sample two, test two. The entrance of ethanol to the
colum is & technique which is developed by practicing, and the author's
inefficient technique caused the addition of air into the columm. If
the vacuum were epplied to the éolumn‘s three way stopcock by connect=
ing port 6 of the manifold to the top part of the colwm stopcock, the
suction of ethanol into the column's stopcock could be controlled
easier than when the vacuum is applied with a rubber squeeze bulb, and

air would not bve sdmitted to the columm.

Discussion of The Data and The Results

The data are read from the strip chart and are tabulated in
numerical form. The interpretation of the strip chart is discussed
in the following paragraphs along with the analyses of sanples one

and two.

Diagram Interpretation. The interpretation of the distillation

disgram is dependent upon the experience of the operator. During the

analyses many operating errors are indicated on the distillation



diagram, if they occur; and the followlng information which is later
helpful in interpreting the diagram is written on the strip chart by
the operator; (1) a sharp drop in temperature indicates fiooding of
the column, unless the distillation pressure is reduced; (2) A sharp
drop in temperature csused by reducing the distillation pressure is
written on the strip chart to distingulsh the temperature drop from
the error above; (3) when the distillation curve has a large negative
slope, the temperature in the reflux chamber is slowly decreé.sing due
to a drop in distillation pressure, ceused by insufficient heat input;
{4) additional data such as, the barometric pressure, the differential
pressure on the column mnometei s the position of the Powerstat dial,
the time of ree-evacuating the recelving system, and the water bath
temperature are written on the strip chart.

Sample 1. Two tests of sample one were made. The first test was
made to prove that the apparstus functioned properly. The sanple size
was about one gaseous liter at room conditions. The second test was
made to confirm the operational procedure used in the first test, and
to compeare the time of distillation between the tests with the size of
the samples analyzed. The sample size of the second test was about
2.7 gaseous liters at room conditions. The analysis of the first
sample required close attention by the operator because the reflux
cooling control occasionally functioned improperly. Before snalyzing
the second sample the reflux cooling control was improved to its

present design by the addition of the needle valve.
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The results of the first sauple varied more than expected from
the results determined st Socony Mobil 0il Refinery. The variance
was discussed with Socony's analyst and the conclusion reached was
that improper sampling at the Refinery caused the excessive variance.

Sample 2. After the reflux cooling control was re-designed, the
control functioned correctly, and the existing procedure; as described
in the experimental section, was used. Again two tests of sample two
were made., The first test proved the apparatus and procedurs were
correct. The sample size wes about 2.5 gaseous liters at room condie
tions. The sample size of the second test was varied to asbout 1.7
gaseous liters to determine its effect on the time required for
analysis. Sample siges were estimated from the volume they occupied
in the sample entrance spparstus which was calibrated in liters. No
attempt was made to determine the exact sample size. The second sample
contained hydyocarbons from C; through Cs 80 that the operating limits
of the equipment could be spacified for future samples. Due to super-
cooling of the reflux chamber when the distillation pressure was re-
duced, the time of the analysis was increased by an hour. Information
comparing the size of the sample and the time for analysis would be
incorrect because every test had many time delays caused by an inex-
perienced operator.

Analysis of Error. The results of sample two check within three

per cent with the Socony analysis except for ope value. The mole per

cent of the 05 fraction tor the first test was low because high heat
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input flooded the columm. When the column was flooded, a small
quantity of liquid pentene remaining in the column was held up in the
reflux chamber, and the ethanol vapors reaching the mermcéuple
measured a high temperatuwre indicating the end of the analysis. The
mole per cent of the C, fraction in the secord test was high. The
exrratic distillation curve indicates faulty operation of the equipment.
The cause of the erratic conditions was undetermined.

Other operating errors were recorded on the distillatioix disgrame
See Figure 18, page 56. The first error hsppened when the distillation
pressure was reduced. The reflux chamber was supercooled by exceasive
reflux cooling. The low temperature on the distilletion disgram in-
dicetes this error. The pext error was located at the portion of the
curve marked "Bxclude"”, and was caused by introducing eir into the
colum along with the ethenol. The last error indicated by the dis-
tillation curve was insufficient reflux cooling which caused an in-
crease in the bolling point temperature due to an increase in distilla-
tion pressure. Adjusting the needle valve controlling the air pressure
to the thermos bottle corrected the insufficient reflux cooling. An
evaeluation of the precision of the analysis would be meaningless be-
cause of the many different operating errors caused by the inexperience

of the operator.
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Limitetions

The limitations of the apparatus were not completely quantitative-
ly determined, but the author will preaqnt a qualitative statement
about the limitations.

Samples. Samples containing C; through 05 hydrocarbons can be
analyzed with the present apparatus. Samples containing C¢ hydroe-
carbons cannot be introduced into the column accurately because the
C¢ components condense in the entrance bottles.

Sharpness of Separation. In a reasonable time the apparatus can

only accurately separate hydrocarbon compounds whose boiling points
differ by ten degrees centigrade. If autometic control of the analysis
is used, the accurate separation is limited to fractions containing
very high percentage of compounds with the same number of carbon atoms.
The autometic control is limited by the slow response of the potentio-
meter.

Time of the Analysis. The time required for an asnalysis varied

between four to eight hours depending on the sample size and the
number of fractions in & sample. The smallest sample (one liter of
gaseous sample) required four hours, when automatic control was used,
and would require more time if a sharper separation was desired. A
sample consisting of 2.5 gaseous liters at room conditions required
s8ix hours to anslyze when automatic control was used and no time con-

suming operating errors were made.
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Accuracy. The accuracy of the analysis is dependent upon the
8ize of sample analyzed. The accuracy of an analysis was within three
per cent of the known regult. The significance of the accuracy obe

tained is restricted due to the few results upon which it is based.

Recommendstions

The recommendations are divided into two groups: (1) improve-
ments and (2) future uses of the apperatus.

'@rbvements in the Apperatus. The response of the potentiometer

should be improved. The galvonometer pointer of the potentiometer
sticks sgainst the step table frame, and occasionally is not pcsitioned
by an unbalanced circuit caused by a temperature change. The step
table i8 also worn and needs replacement along with the galvonometer
coil to which the pointer is attached. Partis for the Brown mechanical
potentiometer are difficult to purchase because the company no longer
manufactures spare parts; therefore a new recording potentiometer would
be required. The author cannot Justify the expense of a new instrument
for the existing sapparatus.

A stainless steel rod 1/8 of an inch in outside diameter and four
feet in length should be obtained to replace the contact rod in the
conpensating manometer. A longer rod would eliminate the "AdJjust
Starting Pressure in Receiving Bottles” procedure, and stainless steel

would prevent rusting.
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Future Use of the Apparatus. The time of analysis prohibits the

use of the equipment in a laboratory experiment, but the apparatus
could be used in a special problem course. 8ubjects for in#estigations
ere determination of the accuracy and precision of analyses for a
definite range of hydrocarbons, evaluation of columm packings, and
determination of an exact optimum sample size. One vwho attempts to
design a problem for the use of the equipment should remember the long
time required for & test. The apparatus is difficult to operate fre=-
quently in a school because of the difficulties in obtaining samples

and liquid nitrogen.
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V. CONCLUSION

The reconstructed Podbielniak model I low tempersture fractionsl
distillation apparatus automatically separates mixtures of Cy to Cs
hydrocarbon compounds into fractions containing a very high percentage
of compounds with the same nmumber of carbon atoms, and quantitatively
measuwres the mole per cent of each fraction in the mixture to within
three per cent of the spectrometric analysis recelved from Socony

Mobil 01l Refinery.



The purpose of this project was to reconstruct a Podbielniak
model 1 anslytical distillation spparatus donated to the school by
the Socony Mobil 0il Refinery, East St. Louis, Illinois.

The initiel condition of the apparatus was evaluated and s plan
for reconstruction was established. The equipment was reconstructed,
the necessary components were calibrated, and the operation of the
reconstructed spperatus was tested with known hydrocerbon samples.
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