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ABSTRACT

An apparatus to determine simultaneously,
vapor=liquid equilibrium and enthalpy concentration
data, was designed, constructed, and tested with an
ethanol-water mlxture. The design 1s one which attempts
to remove the sources of error which are present in
the usual type of equilibrium still,

The operation of the apparatus 1s quite
flexible. Data may be obtained relatively quickly
for various types of binary and ternary systems at

desired pressures.

Difficultles were encountered in the de=
termination of data because of the reaction of the
ethanol-water mixture on the rubber that was present

{n the system., An apparatus which is made entirely of

glass was therefore designeds
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INTRODUCTION AND LITERATURE REVIEW

Many types of apparatus have been bullt for the
determination of vapor=liquid equilibrium and enthalpy
concentration data. Latent neats have been determined
by calorimetric measurements with good accuracy but a
satisfactory investligation of the accuracy of the various
experimental methods of determining equilibrium deta has
not been made, There 1s quite a dlscrepancy when data
for the same systems are compared, even when comparing
investligations employing essentially the same technlqueo.

Common methods that have been used for obtain-

ing equilibrium data are:

1) Circulation method,(l’z’s)

2) Bomb method.(4’5)

3) Dynamic flow method.(6’7)

4) Dew and bolling point method.(e'g'lo)

(11,12,13)
(14,15,16,17,18)

5) Dynamic distillation methode
6) Continuous dlstillation methode
The most c¢ommon sources of error in the above

methods are?

1) Not having true equilibrium between vapor
and liqulde
2) Difficulty in withdrawing semples without

disturbing equilibrium conditionse

3) Diffioultles in analysise

2e




The apparatus discussed in this report was
designed to attempt to elimlnate the above errors in-
volved in the determination of equilibrium data, and to

obtain this data gimultaneously with latent heats of

condensation.

The problem of obtaining true equilibrium in

the system was approached by using ean indlrect procedure

to obtain the usual X, ¥ data, The system does not have

to come to equilibrium but only to a steady state con=-

dition where all temperatures, Dressures, and compositions,

are constant with time at any portion of the systems

Steady state for a run may be obtained in from 1/2 to 1

hour.

The problem of the disturbance of steady state
due to the withdrawal of a sample for anglysis has been

eliminated, Only a sample of the condensate is needed

for analysis and thls may be obtained after all other

necessary data has peen taken at steady state conditlonse

The system othanol-water was used for pre-

11minary work. Data for thls system was obtained but did

not agree with the values in the 1iterature, It was found

that the neoprene used in the construction of the apparatus

was dissolving in the alcohol and becauseé of this a design

ed in this reporte

of an all glass-apparatus 1s includ

Se
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THEORY OF OPERATION

The apparatus 1s shown in Figure I. A critical

point in the operation of the apparatus 1s to free 1t

fprom noncondensible gases, a8 will be explained laters

Agsume that the system 1s free from noncondensibles,

and consider the liguid In the flask (1), The 1liquid
1s boiling and the vapors rise through the heated tube
(5)s These vapors become superheated and travel from

the flask to the adaptor (6). A portion of the adaptor
gerves as & heat leak and some of the vapors will con-

dense and run back down the sides of the superheater,

Here they are revaporized and sent back to the heat

leak, This process 1s continually repeated, It should

be noted that there 1s no 1iquid returning to the flask,

since fractlionatlon can not be tolerated.
Since the vapor 1s condensing in the adaptor

1t should be a saturated vepor and 1ts temperature at

760 mm pressure 1s the dew point of the vapor. A check

for possible superheat 1s made by observing the droplet

of 1iquid in (6). If the droplet does not dlsappear &as

the vapor passes over 1t the vapor 1s saturated, BY

econtrolling the heat addition in the superheater,

saturated vapor may be otained.

The vapor enters the condenser (7) at 1ts dew

ed 1iquid at 1ts bubble polnt.

point and leaves as saturat

4.




No subcooling occurs in the condenser becéuse the pressure
{s maintained at 760 mm and there are no ﬁoncondensibles
present 1n the system, The pressure 13 maintalned con=
stant by the pressure regulator (16).

Low water rates are used In the condenger. At
1ow rates the difference in temperature between the cooling
water and the fluid in the condenser is small, and any
tendency for pressure reduction and subcooling due to &
temperature driving force 1s negligible, The water enters
the condenser at room temperature and leaves at essentlially
the dew polnt of the vapor. This large temperature change
reduces the error in calculating the heat of condensation.

The 1iquid leaving the condenger passes through
a flow meter (11), where 1ts rate is measureds The llquld
1s then recycled to the bollers

The system 1s operated continuously in the above
manner until steady state conditions are reacheds

The condensate has & composition equal to the
vapor entering the condenser, A sample of the condensate
1s obtained at (10) and enalyzed. Since the bubble and
dew points at thls composition are known, two points on
a temperature-composition diagraem may be plotted, From
data at various compositions an entire temperaturew
composition curve may be plottede

An energy balance 1s made around the condenser
end the heat of condensation of the alcohol=water mixture

1g determined at this composition.

Se




OPERATING PROCEDURE

1, The system 18 evacuated as completely as possible

with a vacuum pump. The system 1s then heated to

approximately 70°C under vacuum to eliminate adsorbed

vepors in the flask and superheaters,
2e The cooling water rate 1s get at approximately
f from the

2 ¢¢ per minute and the system is cut of

vacuum pump.

3o 1 pint of absolute alcohol 1is fed into the

voller. The internal heating circult 1s turned on and

the pressure 1s allowed to bulld up to 760 mme

4, At this time a check on the bubble and dew point

of the absolute alcohol usually shows the pubble point

to be lower than the dew point, Thls 1g due to the

presence of noncondensibles. Purging therefore is

necessary. The system 1s purged with an aspirator

until the bubble and dew points are equal.,

5 The voltage applied to the internal heater is

regulated for the most rapld time cyele of the relaye

B By controlling the heat input of the supeér-

neater and internal nheating coll steady state conditlons

may be obtained within 30«60 minutes.

To At steady state, f1ow rates and temperatures

are recorded and & semple of condensate is withdrawn.

must be analyzed {mmediately to avoid any

The sample



1088 of volatile material. Collecting the sample in

a previously cooled oontainer reduces the tendeney

for some of the volatile constituent to vaporize from
the container during withdrawal,
8, 200 ml of distilled water are added to the

gystem to charge the composition in the boiler. The

water should be bolled prior to introduction te

eliminate any dissolved alr.

9. Additional data may now be obtained by re=

peating Steps 5=9 ¢




DESCRIPTION OF PROPOSED APPARATUS

The following deseription of the proposed
apparatus differs from that originally used only in the

substitution of ground glass jolnts where rubber was

previously useds.

All lengths of the glass parts that make up the
apparatus are nominally sized because of the difficulty
in meking glass apparatus to exact specification. The
gystem should be made and put together one section at
a time to insure an air-tight system,

The ground glass jolnts which are specifled

glso specify the slze of tubing to be used., All glass

18 Pyrex.
(1) Oone 5 liter 3 neck flask, with ¥ 24/40 ground

glass joints. Glass hooks should be added to the

flask,
(2) Two adaptors, The main joint of each being

a male ® 24/40 joint which flts into the external
arms of the five liter flask. The top Jolnt 1s a

® 10/30 female, The slde arms are different on each
One is a ® 10/30 female, and the other a

adaptor.

12/5 socket joint. Glass hooks are placed as shown

on the diagram,

(3) Two glass tubes with ¥ 10/30 male joints.

A wire lead 1s sealed in the tube as shown on the
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diagram, This lead 1s used for the internal heater.

(4) One 200 ml dropping funnel with a B 10/30
male joint, The funnel must be less then 4 inches
in diameter.

(5) One 24 inch condenser wired with nicrome
wire, Sauerisen adhesive cement 1s used to hold the
wire in place. Male and female § 24/40 joints are
on elther end as are the glass hooks shown in the

diagram.

(6) (a) One stralght tube with @ 24/40 joints and
glass hookse

(6) (b) One adaptor. This may be made from the usual

f type ¥ 24/40 adaptor since the required angle 1s

ready made. Additlons are glass hooks and an
indentation which 1s blown to serve as a liquid
trap. A thermometer well 3/8 inch in dlemeter 1s
inserted that the bottom of the well should be
approximately 3/4 of the way into the main tubes
Care must be taken when inserting the well, that

no reduction in diameter occurs. This can therefore

be used as elther a thermometer or a thermocouple
well., When in use mercury 1s used to £111 a small
portion of the well as explained on page 11,

(7) one 24 inch condenser with 24/40 joints.

No additions except glass hooks are necessarye




One adaptor, consisting of a straight tube with

o § 24/40 female jolnt, 3 side arms and a thermometer

well. The upper arm has a 12/5 socket Joint and the

bottom arm has a 12/5 ball joint. The other arm 18

7 mm tubing fltted with a stopcock, The thermometer

well 1s 3/8 inch disameter tubing that extends Into

the indentation blown into the main tube. This well

1s also filled approximately with 1/4 inch of mercury

when in operation.

(9) One stralght tube with one 12/5 ball and one

12/5 socket jolnt.

(10) This plece may be made entirely from a 3 way

stopcock, Additlons are & 12/5 socket and a B

male joint. A 3/8" thermometer well 1s {nserted 1n

the blown indentation.

(11) one Fischer and Porter O2F 1/8-12-5 flow meter
with a B ground glass jolntse

(12) One 90 degree bend with a 12/5 ball joint and
a B male jointe.

(13) One stralght tube with two 12/5 ball jointse
see (13)%,

(13)%* A Teflon tube epproximately 1-1/2 inches long

1s inserted in (13). This enables adjustments to be

made in fitting the apparatus together.
(14«16)- The pressure regulator was made of two & inch

glass funnels which were attached by a wooden clampe
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Between the funnels was a neoprene diaphragm on o ne
gide of which was a layer of 1 lnch of mercury. The
rise and fall of the mercury as the pressure on tihe
diaphragm changed, opened and closed an electric
circult through a small relay. This relay in turn,

controlled the flow of current through the internal

heating coil,
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CONTROLS AND ACCESSORIES

A 55 gallon constent temperature tank and a 5
gallon constant head tenk were used to provide cooling
water for the condenser, A 1/50 H.P. centrifugal pump,
pumped the water from the storage tank to the constant
nead tenk. From there the water was gravity fed at &
controlled rate through the condensers

The intermittent internal heater was made of
coiled nicrome wire. The potentlal across the wire was
gset to obtain the most sensitive pressure balance. The
heater was controlled by the pressure sensing element.

The external heater was a 600 watt Clas Coe

heating mantle.

Temperature messurements were made with 1/1000

inch diameter copper constantan thermocoupless The small

diameter was used to prevent hest leaks: by conductlon

through the lead to the surroundings. The addition of
s small amount of mercury in the well increased the

gensitivity of the temperature measurements greatlye

The thermocouples were protected from the mercury with

a coating of Glyptel resin,
A Leeds and Northrup 8662 potentiometer was

used for the thermocouple measurements. These measure=

)
ments were preclse o Osl Co
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A Beckman thermometer was used at the inlet to
: - - , i the water side of the condenser, This provided a check
on the effect of variatlons in room temperature on the
' 4 . : . inlet temperature of the coollng water,
] : Anglyses of compositions were made with a
Bausch and Lomb 33-45-56 and T-46648 refractometers.
The latter anslysis was precise to : 0.5 percent concen=
tration ethanol.
The insulation on the apparatus consisted of
! magnesia, asbestos rope, and glass wool. Glass wool was

used for the portions of the apparatus requiring periodic

i A inspectione,

s
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DIFFICULTIES ENCOUNTERED IN PRELIMINARY OPERATION

Extreme care must be taken to gvold the presence
of noncondensibles in the system or erratic data will re-
sult. They may be detected by the large emount of sub-
cooling of the condensate. This will occur if even & small
amount of noncondensibles are present. Any liquid edded
to the system must be boiled to free 1t from dissolved
alre.

The system should be made entirely of glass
except for the Teflon joint (13*)., The original apparatus
had a number of neoprene joints, It was found that the
neoprene was dissolving into the alc ohol.

The pressure regulator previously described was
not sufficlently sensitive to pressure changes. Additional
work on this part of the apparatus should be carried out.

Compositions were determined by refractive
This method was used because of the ease and

index.

rapldity of enalysis, If more accurate work is desired

another method should be employed.

20,



EXPERIMENTAL DATA

Curves of temperature and heats of condensation

versus composition were plotted from the data glven in
Refs, (20,21,22).
As was explained previously the rubber used

in the apparatus had an sppreciable solubllity in the

Poor agreement resulted when these

ethanol-water system.

data were compared to the literature.

Two methods for obtalning data were useds The
first was to determine the entire curve contlnuously in
a single day., This method allowed impuritles to bulld
up in the system and the data showed a marked deviation
with time.,
The other method used was to accumulate data
at one concentration, then discontinue operation for
cleaning, This method gave better results for the first
few points, but as the water concentration was increased
the temperature in the system became high enough to
cause epprecisble solublllty of the impurities in a
relatively short time. The results for high water te

alcohol ratios were therefore poor alsoe
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ADDITIONAL SUGGEDTIONS

The predblem of edtaining a suitadle pressure
sensing instrument has not been selved, Suggested improve

ments on the method deserided ia this repert aret

(1) The soquisition of a semsitive end reproducible
dlephragn, that sonld replase nesprens.

() A mereury mansmeter type of devise desorided
on page 18 of referense 20,

(3) A magnsmm wire strain gage instrument
desoribed in refarence %8,

A method of obtaining self regulatiomn o f pressure
mey be possibdle by meking scme changes in the apparatus
presently used, A small boller with am internal hester
that protrudes ahove the surfase of the liquid could be
used to replace the one in the proposed design, If a
large hold up of eondemsate were i{nserporated in the

epparatus between the sondenser and flow meter a s teadier
recysle rate into the boiler wuld be obtained slthough
the beil up rate in the system veried, If variations ia
uuwnuhmopt-uommlndofm
mnmmuownym-mornma
being eveperated weuld chenge in direstions that weuld
tend to return to the original eperating eenditiens,
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