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SUMMARY

For many years there has been s growing interest in the phenomena associ-
ated with the application of high frequency sound energy to various systeas.
This maper is a study of ultrasonic emulsification and de-emulsification of a
liquid-liquid system with possible future application to liquid-liquid extrac-
tion operation. Benzene and water were emulsified at a frequenecy of 250 ke
and at various intensities. The emulsion properties were studied with a amicro-
scope and haemacytometer, and attempts were mde to apply photelometry as a
method of concentration analysis. A photelometer calibration curve was pro-
duced which was accurate to within*25% except at sbnormal particle size dis-
tributions., This was sufficiently accurate for the purposes of this study.
Irradiation of benzene-water emulsions was found to produce de-emulsification,
and the rate of de-emulsification was found to increase with increasing in-
tensity. The rat; of particle formation in benzene-water emulsions was found
to increase with increasing intensity of irradiation and with decreasing par-
ticle size., The rate of emulsification expressed as overall concentration was
found to increase with increasing intensity of irradiation. Water was found
to absorb ultrasonic energy approximately twice as readily as benzene, and a
mixture of benzene and water was found to have the ability to absorb ultrasonic
energy at a greater rate than either pure benzene or pure water. The equipment
used was found to be approximately 4.6% efficient in the conversion of elec-
trical energy to ultrasonic energy, and roughly 19.4% of the ultrasonic energy
supplied to the oil bath and test tube was recovered as heat in the irradiated
material in the test tube.

A photographic method of analysis is recommended for future study of
emulsion characteristics, and 2 more exhaustive study of de-emulsification is
also desirable. In order to correct some of the factors which cause
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INTRCDUCTIOR

The general field of ultrasonics has for many ycars been bthe subject of
numerous investigations by scientists who have been primarily interested in
the theoretical aspecis of the phenomena produced by high frequency sound
energy. In more recent years, however, there has been a growing interest on
the part of engineers in the pessible ause of ultrasonic energy as an industrial
tool. Attempts are being made to develop equipment and methods whereby this
form of energy can be made applicable to chemical operaticns in order to enhance
the quality, quantity, and rate of production of the desired product. The
possible application of ultrasonic emergy to liquid-ligquid extraction opera-
tions was the motivating factor in undertaking the present study.

Perhaps it would be wise at this point to define the term "ultrasonic
energy."” Ultrasonic energy is sound energy generated at frequencies above the
maximom audible frequency, which is about 20,000 cycles/sec. The word "super-
sonic," often misused in connection with high frequency sound, refers to the
speed of an object relative to the speed of sound., Sound waves move at approx-
imately 1,100 ft/sec in air at atmospheric pressure and normal temperatures.

An object moving at a greater rate of speed than this 1s said to be moving at
a supersonic veloecity.

.Fru an industrial point of view, perhaps one of the most important
aspects of the use of ultrasonic energy is the effect of this type of energy
upon immiscible liquid systems. Even in the absence of colloidal stabiliszers,
emulsions of great stability have been formed and broken in oil-water and
mercury-water systems by the application of ultrasonic energy of high intensity.
Visuslize for a moment an oil-water countercurrent extraction operation which
utilizes ultrasonic energy to alternately emulsify and de-emulsify the two

phases. The advantage of such an operation over normal extraction operation



is apparent since through emaulsification large amounts of interfacial surface
are produced. Since the application of ultrasonic energy to extraction is a
relatively new idea, quantitative information on emalsion charscteristics, proper
enmulsification and de-emulsification conditions, and the overall efficiency and
practicality of such an opsration is badly needed and certainly must be cobtained
before Lhe industrial possibilities of the ides can be fully realized. The
purpose of this study is :lut. to make a detaliled quantitative investigation of

the entire probles, but rather to secure information on some of the more funda-
wental problems faced in such an investigation and to form a scund basis for
future, more exhaustive work.

Due %o mounting interest in the phenomena associated with altrasonic
irradiation, some work on the fundamental aspects of the problea outlined has
already been done, not to mention a large amount of experimentation not re-
lating directly to the problem under consideration. One factor important in
estimting operational efficiencies is the rate at which ultrasonic energy is
absorbed and converted into waste heat in various liquid media. Alexander’
states gualitatively that high frequency waves are more easily absorbed than
low frequency waves and that at high frequencies energy losses due to absorp-
tion become excessive. Further inforamation on sbsorption phenomena of a
quantitative nature is available in the literature. Also of considerable
valae in ultrasonic research is the developaent of new ecuipment and methods.

It is probable that it is in this phase of the work that the most rapld progress
is being made. Alexander! reports s study of four different types of ultra-
soniec generators with the frequency ranges and the most efficient methods of
application for each type. Carlin’ also presents a fairly extensive discussion
of ultrasonic generators complete with diagrams to aid in construction. Saith
and Stumpfl® investigated ultrasonic generators with emphasis on crystal per-



formance. They found that irradiation intensities vary directly as the acou-
stic resistance of the medium, the square of the applied voltage, and the oper-
ation frequency. The maximum voltage was found to be determined by the breakdown
point of the erystal, The discovery was also made that vibration does not ocecur
aniformly over the face of the crystal. A rather complete study of piescelectric
crystal performance and characteristics is presented by liuon.n l.lhn|9 studied
the focusing action of curved crystals, finding that a much greater intensity

is obtainable close to a curved quartz crystal than from a flat crystal having
the same area and thickness and drawing the same input power.

Some interesting aspects of the study of the phenomena associated with
altrasonic irradiation are the chemical and biological effects of this type of
energy. Harvey® reports the ability of ultrasonics to flocculate coal particles
while Markl2 reports their ability to cause much deeper going changes in
chemical systems. 1t seems that ultrasonics can affect not only interamoclecular
forces of the van der Waals type (1,000-10,000 cal/mol) but are even capable
of disrupting strong chemical bonds (50,000-100,000 cal/mol). The viscosities
of some high polymer solutions decrease upon ultrasonic irradiation but recover
in time after irradiation is stopped, indicating disruption of van der Waals
forces, However, at 300 ke and 10 watts per ca®, molecules having molécular
weights around 100,000 can be chemically degraded so that the viscosity does
not increase with time after irradiation is stopped. Mark? found that gen-
erally about 5 bonds in 1,000 were broken and that this degradation is due to
friction set up between the fluid and the molecule. He also found that
additional external pressure increased markedly the degrading influence of the
ultrasonic field., Burger and Sollner® found that rod or plate-like particles
(mica, gypsum, selenite, steatite, quartz, etc.) can be orientsted with their

longest axis normal to the flux of energy. Concentrated rheopectic suspensions



were solidified, and normally dilatant aixtures were found to lose this property
when exposed to ultrasonic energy. (Dilatant suspensions are those in whieh
the apparent viscosity of the suspension increases with increasing shear stress.
iKxamples of dilatant suspensions are starch in water, mica in water, quicksand,
and beach sand. Rheopectic suspensions are certain thixotropic suspensions
which upon being systematically shaken or tapped will set (increase in apparent
viscosity). Examples of rheopectic suspensions are gypsua in water, bentonite,
and vanadium pentoxide sols.)

Relative to the present investigation, one of the more important phenomena
associated with the application of ultrasonic energy to liquid systems is that
of cavitation. Practieally without exception the authors who have made studies
of the effects of ultrasonic irradiation on immiscible liquid systems have
reported cavitation as an important factor, if not the direct cause of ultra-
sonic emulsification. However, the only detailed study of cavitation found in
the literature was made by Sollner and Bondy.lb Cavitation, the formation and
collapse of small cavities in liquids, can occur as soon as the hydrodynamical
pressure in a liquld is reduced to the vapor pressure. It is not known as
yet whether this condition can occur in an absolutely pure and zas-free liquid.
Cavities hove been observed to form in a streaming liquid. Water allowed Lo
flow through a convergent-divergent Lube turns opague just after the narrowest
constriction if the flow rate exceeds a certain minimum value, and the opacity
continues for some distance downsiream. At the same time, 2 loud hissing noise
is heard which is caused by the collapse of these cavitles as they pass iato

regions of higher pressure or lower temperature. From Bernoculli's equation

P + ﬂe =const,
2g



where P = hydrodynanical pressure
@ =density
v =veloecity
cavitation is seen to be possible, since the velocity may become high enough
to reduce the hydrodynamical pressure to the vapor tension, Roynoldals de-
veloped an equation to calculate the pressure developed during the collapse

of a cavity,
2 3
7 = 33 -1

where P' = the pressure at infinity
(external atmospheric pressure )
R, = initial radius of the cavity

@ = coefficient of compressibility
Pand R = correlated pressure and radias
of the cavity during collapse.
Pressures of thousands of atmospheres may be developed at the moment of the
cavity's collapse, which is evidenced by the erosion effects on a ship's pro-
peller blade (where cavitation occurs). When superheated steam is blown through
a 1 mm i.d. nozzle into an oil-water interface, it condenses with the familiar
rattling sound, forming a highly dispersed emulsion of the oil in water type.
Emulsification ceases when the water becomes too warm to allow rapid steaa
condensation, which indicates that the collapse of cavities causes the emul-
sification. This conclusion is farther substantiated by the fact that no
emulsification oceurs when air instead of steam is blown in at the interface.
When air is added to the steam, reduced emulsification efficiency results,
since air buffers the impact of the collapsing cavities. Very concentrated
emulsions may be produced in this manner, using pure superheated steam and
a sodium oleate solution. Sodium oleate is an emulsion stabilizer.
Kundt and Lohmm describe an interesting experiment which shows the
effect of acoustic waves on liguids., A tube was filled with water wiich had
not been de-gassed but from which even the smallest bubbles had been removed.



Yhen the tube was exposed to ultrasonic irradiation, gas bubbles formed which
continued to grow. The gas bubbles were reabsorbed if the vibrations were
stopped for some time. If the water was carefully de-gassed, turbidity occurred
close to the end of the tube during violent irradiation. This could only be
caused by rupture of the water, The experiment, therefore, shows that acoastic
waves may cause cavitation in de-gassed liquids and gas explusion from gas-
containing liquids., The following facts seem to show thsat cavitation may be
caased by ultrasoniles:
1. Liguids havinz a low boiling point may be made to distill at
room temperature, i.e., the ultrasonic waves lower the boiling
peint by effectively reducing the pressure.
2, Ultrasonics evolve gas from gas-containing liquids.
3. Liguids stretched by Berthelot's method (sealed in a tube and
cooled) disrupt st a higher temperature when exposed to ultra-

sonies.

L. Cavity formation is favored at liquid-liquid interfaces, and
ultrasonics are very active at such interfaces.

Treating immiscible liquid systems with ultrasonic energy under various
conditions has resulted in the followling observations:

In a vacuum the irradiated liquids boiled, but did not emulsify. The
s b on B AR A4 a0t Gelispes, vhish seeme b Andicake BhsS Nie 9ede
lapse of cavities is necessary in the emulsification of oil and water by
altrasonic energy. HNelther would emulsification occur when the liquids
wera de-gassed, which seems to indicate that dissolved gas is an important
factor in ultresonic emulsification. Emalsification wes found to be feable
at very low and very high external pressures and at higher temperatures. 8ince
pressure and temperature variations were found to have such a significant effect
aupon cavitation, it is possible to conclude:

1. Dissolved gases favor oil-water emulsification since they form
gas nuclel which favor cavity formation.



2. AL higher concentrations, dissolved pgases may be unfavorable to
oil-water enmulsification due to a buffering action on cavity
cellapse.

3, Hormsl external oressure favors coll-water enulsifieation since
it is necessary for effiecient cavity collapse.

o Higher external pressure is unfsvorable to cil-water emalsifi-~
cation, since it disturba cavity formatiocn.

5. HKigher temperatures do not fevor oil-water eaulsification since
they cause buffering of cavity collapse,

On the other hand, cavitation was found to have no effect on the formation
6f mercury-water emulsiops altrasoniecally. Emulsification was observed to take
place in a vacuum and at high pressures and temperatures. It was also found
that steanm injected at a mercury-water interface had no emulsifying efifecis,

A theory of mercury-water emulsification by ulbrasonics has been proposed by
Sellner and Boa@y.ié It holds that sasll waber droplets are amechanically
driven into the mercury layer where they combine. The thin mercury fila
arcund each drowlet bursts uwoon droglet combination, forming small drops of a
éercury in water emulsiorn in the mercury phase. These bubhles -hen rise to the
surface where they burst, throwing a fine spray of sercury inte the aqueous
layer. In the absence of dissolved gasss, the asount of mercury dispersed in
the water is very srall and scon settles oub. Uhen gases are present, con-
centrated and much more steble emulsions are ‘'veadily obtained. This phenomsnon
peears irresgeétive of the gas used; therefore, chemieal action may be excluded
a8 the stabilizing process. In the gresence of colloidal stabilizing ageubs,
dissolved gas is not essential ir forming stable mercury-waber eaulsions. The
protective action of gases is not yeb satisfactorily aexplained.

Several investigators have meritioned the coazulative effect of ultrasonie
energy on different types of emulsi@hs, but again Scllner and Bandyl§ present

the most zomplete discusslion of the phenomenon. They term the mechanisa of
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coagulation by ultrasonic energy "radiation pressure.” Radiation pressure is
caused by the diffraction of sound energy by the individual particles. This
drives them to and fro and incresses the rate of spontaneocus coagulation. The
process is termed "orthokinetic coagulation."™ The particles were found to
accumalate at the nodes or anti-nodes wherever stationary waves occurred. The
rate of coagulation was found to depend on these zones of accunulation, since
coagulation is accelerated by higher concentrations of sowd mnergy. In water-
mercury emulsions the locus of coagulation is readily separable from that of
emulsification, since coagulation occurs in the interior of the aqueous layer
while emulsification ocecurs at the bulk interface only. In water-oil systeas,
however, the loci of emulsification and coagulation are the same although zones
of accumulation may still be observed.

Several ways have been found whereby emulsification may be suppressed so
that coagulation mey dominate. Emulsification requires an energy input ex-
ceeding a certain limit, and cosgulation may dominate below this limit, Cavi-
tation, and therefore emulsification, may be prevented by applying high external
pressure or by raising the temperature. Ko study of the effect of frequency
variation upon coagulat ion has bsen reported.

The rate of accamulation of particles at nodes or anti-nodes depends
largely upon the particle size. It proceeds markedly and rapidly with particles
having a diameter of about lu. Nodal accumulation is not observed with particles
of truly colloidal size. In aqueous systems, the less dense particles are
found to accumulate at the nodes, the more dense at the anti-nodes. In one
experiment reported by Sollner and Bondy,ls the lower end of a test tube 50 cm
long and 1 cm wide was exposed to ultrasonic vibrations with a erystal current
of 115 ma, When filled with a 4% toluene (in water) emulsion, more or less
regular whitish zones appeared almost immediately in the lower and middle parts
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of the tabe. If the vibrations were stopped for a moment, large drops which
formed from the accumulsted drops rose toward the surface. During irradistion
these drops were at first retained at the level of their formation, but short-
ly afterwards, upon growing large, they jumped from one zone to the next, thus
gradually forming a coherent layer of toluene on top of the liquid, If the
irradlation was continued for some minutes, the liguid in the lower and middle
parts of the tube became transparent and relatively free of toluene. The top
10-15 cm never became clear. This range was smaller at lower energy inputs,
but there was always an emulsion close to the interface. Substantially the
same results were obtained with an organic liguid heavier than water. The
phenomenon becomes more apparent in Shorter » narrower columns where the effects
of eddy currents are absent. At lower impressed crystal currents (40-50 ma.)
the same resalts were obtained but the reaction occurred mre slowly. At
still lower energy inpats zones of accumulstion and coagulation occurred in

an ordinary test tube with no emulsification,

Considerable !nfom;tim of a qualitative nature and limited information
of a quantitative nature have been furnished by investigators of emulsion
formation. Alexander! reports that 50-60 grams of benzene can be emulsified
per liter of water in two minutes, the concentration failing to increase upon
further irradistion. Clayton,” working at 300 ke with oil-water systeams,
reports immediate emulsification with the emulsion proceeding from the walls
o.f. the containing vessel, With toluens-water systems he found 2 limiting
concentration of 4.2-4.5% by volume, at which. point emulsification and
coagulation counterbalanced each other, It wmas found that this maximum
concentration decreased with time of irradiation due to the supression of
emulsification by de-gassing effects and temperature rise. Daniewski® found

that the rate of formation of water-kerosene emulsions with ultrasonics in the



frequency series 150, 395,1160, 3000, and 9,000 kc increases at constant
frequency as a linear function of the strength of vibration. At constant
intensity, however, the rate of formation was found to decrease with in-
creasing frequency, the maximum being at 150 ke. ¥arinescal® found that the
particle size depends on amplitude and mot frequency, and varkl? reports the
degree of dispersion as mstly moderate with average particle d iameters ranging
from 1 to 20u and surface energies of the order of magnitude of 100 to 1,000
ealories per mole of dispersed substance, lutzl'm-cls,,l“:3 studying benzene and
water systems at 300 ke found that the benzene layer was emulsified first.

With low sound intensities and a water wetted test tube, the emulsion was
found to come slowly off the walls into the benzene layer, while in a per-
fectly dry test tube no emulsification took place unless the intensity was

suf ficient to agitate the bulk interface considerably. When the vibrations of
the glass container were damped out as much as possible, no emulsification
took place even at the interface, Richards concluded that emulsification was
principally due to transverse waves in the glass walls, the characteristics

of which depend on frequency and wall thickness. Freundlich and Gillings’
worked with toluene and water systems at three frequencies, and their prinecipal
findings are recorded in the following teble:
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narsion systeus.
Sollner and Bondyt? found seversl factors which sade reproducible
quantitative data difficalt to obtair in enulsion studises. The thickness of

the valls of the conteining vessel and ths distsnce from the source of ir- -

§5e
15

radiation were found to be importsnt faetors. Ther found the zarticle 5

.
e}

is‘

to depend on the mechanical vibrabiomal energy input, bub they were unadl
to find a dirsct relation bestween this quantity and ithe electrical snargy
supplied to the generator. The nproperties of the emulsions formzd wers found
to vary with temperature, bat during irradistion iscthermsl condibions were
imoossible o maintain due to bhe rapid rise in teammrature cf the irrsdisted
materisal. In snite of those difficulties, however, they ware abls to obbtain
emnlsions whose pronerties were resroducible to within 207, Scme semi-
quantitative data wes token with 2 ce, of cil in 3 cc of 1 KCL to deteramine
the effect of charze. The crystal currmtbt was 110 zs. and the concentrotien
was estlmated from opacity messurements vhich were found to be suffielsnily
accurate, The stability of the emulsion formed vams moderabe, bthe emulsion

concentration being somewhnt smaller after several hours. The droplets had



a tendency to settle out and the viscosity of the solution was found to play
an importeant part in the settling-out process. The data for these runs are

presented in Table I.

TABLE 1
DEGREE OF OPACITY
SUBSTANCE WATER PHASE _OIL PHASE
water-benzene 4444 —+
water-toluene - ++++ +
water-xylene -+ 4+ 4+ <4
water-cyclohexane + 44+ +

Additional data were taken using 3 cc. of toluene and 3 cc. of distilled
water in a glass test tube 1 mm. thick and 15 ma, i.d. The concentration of
the emalsion was calculated from density using a pycnometer, and a fresh test
tubs was used in each run. The rate of emulsification wes found to equal the
rate of coagulation at emulsion concentrations of from 4.2% to 4.5%. With a
erystal caurrent of 80 ma., the maximum emulsion concentration was reached in
3 minutes and with 2 current of 115 ma., the maximum was reached in 30 seconds.
The rate of formation was found to increase strongly with increasing energy
input. The results of these runs are presented in Table II.

TABLE II
DISPERSED PHASE...VOL. £
CRYSTAL

TIME, . MIN, CURRENT, , .MA 50 . 80 115
1/k - - 3.5
1/2 — 1-]- AOs
1 0.0 2.3 3.9
2 7] 3-1 e
3 - ‘ln'l S,
5 0.5 3.9 3.1
10 e . 2.8
15 1.8 L.2 2.9
30 1.8 —_— -—

The degree of dispersion was determined in the following manner: A
amall amount of the emulsion was diluted with 5 to 10 times its volume of a
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2% gelatine solution. A drop of this stabilized emalsion was dried at 50 C
for 30 minutes on an object slide having a cavity. It was then photographed
with a water immersion lens at 1,000 magnificstion; 300 drops were counted

. and measured. The authors state that the mebhod is inaccurate due to a large
variation in particle size, a significant error being caused by the cccasional
appearance of very large particles., Particle size data are presented in

Table III.

TABLE III
TOLUENE-WATER
CRYSTAL W PERCENT OF DISPERSE PHASE
CURRENT-XA TIME-¥in, O-20 é g_z,g_:- 4-6u 6-8u &-10u 10-12u
50 2 2.3 28 36 g 0 o}
50 15 2.3 28 L7 23 0 0
2800 1/2 5.5 30 3 R 24 0
80 3 1.5 25 29 20 25 0
115 1/4 2.3 29 28 33 7.7 0
115 3 2.8 24 25 22 26 0

From their data Sollner and Bondy concladed that short irradiation
periods and small energy inputs favor highly dispersed emulsions of low
concentrations, and that long irradiation pericds and high energy inputs
favor large particle sizes., The addition of a stabilizing colloid tends to
produce a higher degree of dispersion and more rapid dispersion. The in-
dication is, however, that the addition of a stabilizer does not keep the
emalsion from being coagulated by the ultrasonic beanm.
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SCOPE OF STUDY

In order to form a sound besis for future work in ultrascnic emalsifi-
cation and de-emulsification, several aspects of the general problea will un-
dergo investigation in the present study. As will be recalled, Sollner and
Bondyl? determined emalsion concentration from density messurements with a
pycnometer, and estimated concentration from opacity messureaents, but the
balance of the literature failed to reveal s more satisfactory method of
determining small emulsion concentrations. As a resalt, part of the preseat
study will be devoted to finding a convenient method for deteramining emulsion
concentrations, Since photelometry has been fowwi to be highly satisfactary
as a mebthod of chemical analysis, an attempt will be made to apply it to
emulsion concentration determimation., If applicable to emulsions with wide
variations in particle sizes, it is a method of asnalysis that can be used
with simplicity and rapidity,

The meager quantitative data presented in the literature covering the
effects of time and intensity of irradiastion upon particle size and distribu-
tion prbnpted farther investigation of the matter in this study. Information
of this type merits consideration since it indicates the conditions under which
various emulsion characteristics dominate, A microscopic method of analysis
will be used which is more rapid and which in all probability will give much
more consistent results than the method of analysis used by Sollner and Bondy,
who spent considerable time preparing a very small sampls of emalsion for
mieroscopic analysis, providing an excellent cpportunity for the eamulsion
characteristics to vary. By the method to be employed, asbout 3,000 droplets
can be counted and classified according to size, whereas only about 300 were
counted by Scllner and Bondy. The proposed procedure not only lessens the
probability of error due to very large particles, but eliminates the discrepancies
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which doubtless occur in the dilution and drying cperation employed in the
previous study.

An excellent gualitative approach to emulsion destruction has been made
in the literature, but quantitative data in this field are as yet still lack-
ing. This study will, therefore, attempt to throw some light on the efficiency
of ultrasonic irradiation at various intensities as a de-emalsifier. Studies
will be mde of normal settling to be compared with the settling results of
irradiated material to determine the effect of contimued irradiation upon
oll-in-water emulsions.

From a chemical engineering standpoint, efficlency of operation is
always an important consideration. It is not known as yet whether an altra-
sonically controlled counter-current liquid-liquid contact operation would
be industrially feasible, If it can be shown that emulsions can be efficlent-
ly formsd and broken by ultrasonic energy, the result will be of potential
industrial value. It is hoped that the present study will indicate to a
certain extent the practicality of sach an operaticn, and perhaps suggest
methods by which a traly efficient operation can be devised.



EQUIPMENT

The ultrasonic generator used in this study wes designed and built from
war surplus equipment by the staff of the Research and Development Laboratory
of Oklahoma A & M College under the supervision of Professor J. H. Norton,
Generally speaking, the 3 main parts of the generator were the power sapply,
the oscillator, and the power amplifier, The power supply contained two
No. 304 TL tubes and was capable of producing 3,000 watts in one tube and 1,000
watts in the other. A Hartley oscillator wes used in the generator with a
No, 811 tube, and the power amplifier contained two No. 304 TL tubes, one
being employed to neutralize the other. In addition to the tubes, the pri-
mary features of the power amplifier were a tank coil and a condenser used to
resonate the circuit at the oscillator frequency which was 250 ke.

The apparatus w2s arranged as shown schematically in Figure 1 with the
operating conditions manually controlled by dials numbered 2 and 3. Dial
No. 2 regulated the f low of energy from the power suwply to the power ampli-
fier, and dial No. 3 rotated the condenser which resonated the circuit.

Meter No. 1 of Figure No. 1l registered the plate current as D.C. milliamperes
while meter No, 6 indicated the actual current supplied to the crystal holder
as AC milliamperes.

The test tube, number 8 of Figure 1, was a standard 1 inch round bottomed
tube made of pyrex glass, The thickness of the test t ube wall was approxi-
mately 3/64 inch.

The crystal and crystel holder are drawn approximately to scale in Figure 2.
The crystal holder was of the resonant cavity type designed so that the
resonant cavity may be adjusted to the specific erystal in use. However, it
was found that the depth of the resonant cavity did not significantly affect
the height of the column of oil created above the crystal during irradiastion.

i8
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An X cut quartz crystal was used in this study. It was placed in the
erystal holder as shown in Figure 2., The diameter of the crystal was 2 inches,
its thickness 7/16 inch. Each side of the crystal had a thin layer of copper
plated on for better contact with the crystal holder. The diameter of the
copper plates was 1-5/8 inches.

The microscope used contained a small scale built into the eyeplece with
which observed objects could be measured., This scale was calibrated at a
magnification of 44O with a staze micrometer. Ib was found that at this
magnification each scale division was equal to 3.3 microns.

The Cenco Sheard Sanford Photelometer is shown schematically in Figure 3,
where the component parts are briefly explained. It is a product of the
Central Scientific Company. The principal of photelometry is the Bouguer-
Beer Law, which may be expressed as I = I, 107°°} where I_ is the intensity
of the incident light, € the molecular extinction coefficient, and I the
intensity of light transmitted through a solution of concentration ¢ and
thickness 1.° This law applies strictly only for moncchromatic radiation,
and also if the emhltance does not undergo miecuhr change as a result of
absorbing such radiation. It has been found, however, that the above re-
lationship still holds sufficiently well to permit chemical analysis with
high sensitivity and accuracy even when a rather wide spectral band, selected
by mans of a light filter, (G of Figure 3) is used.

Since equipment limitations prevented the production of emulsions in
large quantities, the standard absorption cells furnished with the photelometer
were not ussble and others had to be devised. The two types of absorption
cells used are pictured in Figure 5 along with the cell holders which were
necessary to adapt the cells to the photelometer. Cell type 1 was made by

cementing to a small U-shaped plece of brass, cut from a length of brass
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strip 0,15 em, thick, two pleces of glass plate ground to shape. DeKhotinsky
cement was used. The completed cell has a width of 1.3 em., is 5.3 cm. high,
and has a total thickness of 0.6 cm. When filled with emulsion, the absorbing
thickness is the thickness of the brass strip or 0.15 cm. Cell type 2 is simply
a small vial 1.2 em., in diameter and 3.6 cm.high. The cell holders were made
of lucite blocks, cut to fit the sliding cell holder of the photelometer. The
lucite blocks were cut so that the absorption cells might be inserted in thenm,
and so that light passing through the cells encountered no lucite. The side

of the lucite block which faced the photelometer light source was painted

black which permitted light to pass through the absorption cell only.

LEVY-HAUSSER COUNTING CHAMBER

Pictured in Figure 10 is the L&y-ﬂmucr counting chamber which was
used for emulsion analysis in the present study. The manufacturer is Arthur
H. Thomas, Philadelphia. The important parts of the counting chamber are as
follows:
D--¥atte pre-focusing surfaces
E--Finding lines leading to ruled surfaces
I--Chamber charging inclinss
A-—-Ruled Area
B--Cover 8lip
The chamber is charged by placing a drop of the emulsion at I and allowing
it to be drawn into the ruled chamber by capillary sction. The ruling is the
improved Neubauer Ruling which consists of nine square millimeters, each divided
into 16 squares with the central square millimster divided into 400 small
squares each with an area of 1/400th of a square millimeter. The chamber depth
is 0.1 mm. The number of particles counted is converted tec a volume basis by

the following relation:
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o, of

Farticles x 4000 _
l:ti;ho:aflosso = particles/ua3

sguares counted
Figures 8 and 9 are sketches of the appearance of an emulsion in the
chamber through the microscope. An image such as Figure 8 is seen when the
microscope is focused on the bottom of the chamber while Figure 9 shows how

the top of the same section of the chasber would appear.
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PROCEDURE

A series of runs was made in order to determine if a relationship exists
between emalsion concentration and the quantity of light transmitted through
a photelometer cell filled with emulsion. Both types of photelometer cells
were used., The general procedure for taking data with each type was the same.
Two nearly identical cells of each type were found to be necessary. Before
each series of runs, the two cells of each type were both filled with tap water
and checked against each other in the photelometer to be sure that the gero
concentration reading for both was the same. One cell was left filled with
tap water in order that the zero concentration reading on the photelometer
could be checked from time to time. The other cell contained the emulsion
to be measured. The procedure was as follows:

1. The blood counting chamber, the test tube, and the photelometer
cells were cleaned and dried.

2, Into the test tube were introduced, from a 10 ml graduated cylinder,
7 ee. of H,0 and 5 cc. of benzene.

3. The generator was checked, tuned in, and adjusted to the desired
cutput intensity.

4. The test tube was placed in the oil bath and irradisted for the
desired length of time.

5. The test tube was removed from the bath and allowed to stand for a
specified setting time if this was desired.

6. A sample of emulsion vas drawn from the water layer with a medicine
dropper. Contamination of the sample by the benzene layer was avoided by
bubbling air out of the end of the medicine dropper as it was lowered through
the benzene into the water layer. A drop was placed in the blood counting
chamber and the remainder was placed in the photelometer cell.



7. The photelometer was re-checked with the cell containing tap water,
following which the concentration reading was taken on the emulsion sample.

8. The blood counting chamber was then observed with a microscope at
a magnification of 44O, What was considered to be an adequate number of
squares was observed, and the particles were counted and classified according
to size.

Some of the photelometer calibration data were used for plotting particle
size and distribution versas time and intensity of irradiation. Additional
data to determine these factors were taken, using the same procedure but with
the observation of a larger number of particles to minimize the errors involved,

The procedure for taking normal settling data was as follows:

1. The photelometer cell and test tube were cleaned and dried.

2. Into the test tube were introduced, from a 10 ml graduated cylinder,
7 ce. of Ho0 and 5 ce. of benzene.

3. The test tube was irradiated at a specified intensity for a specified
length of time.

L. The test tube was removed from the oll bath and a sample of emulsion
drawn from the water layer for photelometer analysis.

5. The photelometer cell was cleaned and dried,

6. After the emulsion had been allowed to stand for 8 to 10 minutes,
it was then gently swirled to provide uniform particle distribution, and another
sample drawn for photelometer analysis.

7. Steps 5 and 6 were repeated for various settling times.

The counting and ¢ lassifying procedure was as follows:

1., The microscope was focused on the lower surface of the counting cham-
ber,

2. For the desired number of squares the particles were counted in each



size range beginning with the largest size range visible. For convenience,
a hand counter was employed. When all the visible particles in a particular
size were counted, the counter was reset and the next size range was counted.

3. The microscope was focused on the top of the counting chamber.

4. Step 2 was repecated.

The effect of ultrasonic irradiation upon the rate of settling was de-
termined in the following manner:

1. The photelometer cell and test tube were clsaned and dried,

2. Into the test tube were introduced, from a 10 ml graduated cylinder,
7 ce, of H,0 and 5 ce. of benzene.

3. The test tube was irradiated at a specified intensity for a specified
length of time.

L. The test tube was removed from the oil bath and a sample of emalsion
drawn from the water layer for photelometer analysis.

5. The entire benzene layer was removed from the test tube.

6. The photelometer cell was cleaned and dried.

7. After standing for 7 to 8 minates, the emulsion was irradiated for
two minutes, and a sample was immediately taken for photelometer analysis.

8. Steps 6 and 7 were repeated several times,

When investigating the efficiency of the equipment used in the present
study, three series of runs were made, one with 12 cec, Hy0, and a second with
12 cc, benzene, and the third with 5 ce. benzene and 7 cc. HoU. The procedure
was as follows:

1. The electric stirrer was turned on to keep the oil bath unifora in
temperature, and room temperature was recorded.

2. The generator was checked, tuned, and adjusted to the proper intensity.
The test tube containing the liquid or liquids to be irradiated was placed in
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the oil bath and allowed to coms to teamperature equilibrium,

3. The temperature of the oil bath and liquid in the test tube were
measared and recorded.

k. The thermometers were removed, the generator was turned on, and the
time and intensity of irradiation were recorded.

5. The test tube thermometer was pre-heated to the expected temperature
of the sample in the test tube.

6. After irradiation, the thermometers were replaced and the teamperature
of the test tube was measured after 30 seconds and after 1 minute to determine
the final temperature and the rate of temperature drop off.

7. The temperature of the oil bath was measured after it had become
constant.

The incremental power input to the Power Aaplifier under load was de-
termined in the following manner:

l. The crystal was disconnected and the no load plate current was re-
corded from the d.c. milliameter.

2. The crystal was reconnected and the plate current was again recorded
from the d.c. milllameter.

3. Steps 1 and 2 were carried out at 3 different crystal current levels.



DISCUSSION OF RESULTS

Due to the fact that it will possibly be very useful in future studies
of ultrasonic emulsification and de-emulsification, photelometry is one of the
more important aspects of the present study. Bat for the fact that the par-
ticles which comprise the usual emulsion have such diverse particle sizes,
photelometry would easily provide an accurate method of emulsion concentra-
tion determination. The results of this investigation as presented in
Table IV and Figures 1l and l1-A show that in spite of the particle size dis-
tribution effects, photelometry can be applied with reasonable accauracy to
the determination of emulsion concentrations, There are, however, certain
limitations in its application which must be kept in mind. The curves of
Figures 11 and 11l-A represent experimental runs made using two types of pho-
telometer cells, the principsl difference between them being their thickness.
The two lower curves are the results of determinations on the thicker of the
two caila. In order to determine the effect of particle size distribution upon
photelometry, two general methods of changing this property were used. One
method is based upon a statement made by Sollner and Bondyl® that particle
size distribution will vary with the intensity of irradiastion, the other method
being based on physical considerations which indicate that large particles
will settle out more rapidly than small ones. Emulsions were, therefore, pro-
duced at varying intensities, and some were allowed to settle a period of tiame
after irradiation before being subjected to photelometer and microscopic
analysis. As seen from Figure 11, allowing the emulsions to settle before
snalysis does not have a radical effect upon analysis with the thinner of the
two cells or cell type 1. There is a scattering of points, but most of them
fall well within an error of +25%. However, the effect of a settling period

is seen to be quite pronounced when using the thicker of the two cells or
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cell type 2, Although at a constant settling time, the results are generally
more consistent for cell type 2 than for cell type 1, it 1s seen Lhat for the
same quanbity of light transaitted two emulsions may differ in concentration
by as much as 100% if they are allowed to ssttle for different lengths of time.
Though there is some indication, the data fall to show conclasively that such
a large difference in concentration is due to the settling of large droplets.
Part of the discrepancy may possibly be due to the precipitation of benszene
during the settling prccess. During irradiation, the temperature of the emulsi-
fied material rises considerably, causing the solubility of benzene in water
to incresse. The ccooling which takes place during the five-minute settling
period could conceivably cause the benzene to precipitate in the form of drop-
lets teco fine to be detected in the mieroscopic amlytiﬁl procedure, but
neverthsless effective in reducing the amount of light transaitted by the
emulsion. The possible occurrence of such a phonomencn may be responsible
for the irregular data teken in rans 44 and 45 and listed in Table XI. In
these runs, made under normal settling conditions, the number of particles
in each particle size range is seen to decrease consistently with setiling
time, except those in the smallest size range. The nuuber of particles in the
0-3u diameter range is observed to increase for nsarly an hoar in run 44 and
to increase markedly during the first few minutes in run 45, The particles
observed in this size range were all much smaller than those that normally
appear in this size range and could easily have been precipitated benzene. If,
then, the precipitation of benzene does occcur, additional inaccuracies enter
into the normal settling resulte of Figure 12, since the actual settling rate
would be higher than that indicated by the photelometer readings.
Water-in-benzene emulsions were not studied because they were found very

unstable relative tc benzene-in-wnater emulsions. Preliaminary investigaticns
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indicated that the concentrations of water-in-benzene emulsions were very sensi-
tive to the temperature rise of the benzene during emulsification, and that
agitation is very effective as a means of de-emaulsification in this case. Nor-
mal settling is very rapid, Since the method of analysis used is relatively
slow, the resulting low degree of accuracy did not make such a study of water-
in-benzene emulsions advisable.

Several attempts were made to analyze the more concentrated emulsions
by diluting thea before subjecting them to microscopic and photelometer analysis.
Attempts were made to dilute the emaulsions with plain Lap water, tap water
saturated with benzene, and irradiated tap water, none of which were successful.
Runs AYC-12 and #AYC-12 record a typical attempt to dilute an emulsion before
analysis,

A sample of emulsion was diluted to twice its originsl volume with satu-
rated tap water and the results of the microscopic and photelcmeter analyses
are presented in Table V (Run AYC-12). The results of a microscopic analysis
of the aundiluted emulsion ere presented in Table V (Run #AYC-12). The con-
centration of the diluted emulsion should be half that of the undiluted emulsion,
but this is definitely mot the case. The concentrations of the two samples,
as calculated from the microscopic analysis of each sample, differ by a factor
of 10, indicating that significant chenges in emulsion characteristics occur
during dilution. If the dilation does cause such redical changes in emalsion
properties, doubts arise concerning the accuracy of the method of analysis
used by Sollner and Bondy,l5 who employed a dilution operatioa.

A variation in the intensity of irradiation is also seen to have an effect
on concentration determinations with both cell types. Six runs (64-69) were
made at high intensity to determine the effect on analysis with cell type 1
and three runs were made at low intensity {36-38) to discover any effect on
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determinaticns using cell type 2. Of runs 64 through 69, only runs 64 and

65 are in disagreement with the calibration curve by more than +25%. The great
discrepancy between run 64 and the eslibration curve is shown by the experi-
menta) data te be caused by the presence of very large mrticles having diame-
ters as large as 82.5 microns, The data do not give a plausible explanation
for the large error in run 65.

Experimental runs 36, 37, and 38 gave points falling well above the 5
minute settle curve for cell tyve 2. The data show Lhat the eaulsions produced
in these three runs contained a high percentage of large particles, indicating
that particle size distribution has a pronounced effect upon concentration
determinations using cell type 2. It may be concluded, then, bLhat the use of
cell type 1 gives fairly reliable results when small quantities of large par-
ticles are present. That this is not true for large amounts of large particles
is substantiated by run 44, in which the benzene-water mixture was violently
agitated before emulsification, causing large particles to be present in great
quantities after emulsification. The comparison between the concentration
determined by actual count and the concentration determined from the pho-
telometer reading amd the calibration curve may be seen in Figure 12, The
concentration from actual count is seen to be substantially higher than that
from the ¢alibration curve, especially at the lower settling times, indicating
that large amounts of large particles czuse inaccuracies in analysis with
cell type 1.

As noted previously, a rather laboriocus microscepic procedure was used to
determine eaulsion concentration to be checked against the photelometer. The
emulsions were placed in a blood counting chamber and, at a magnification of
44O, the particles were counted and classified according to size. Suchan
operation involves errors which can significantly affect the results. Certainly
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the movement of the small particles due to convection currents would make it
difficalt not only to classify, but to get an accurate count, especially in
emulsions of hi gh concentration. Counting and classifying a representative
nusber of droplets is necessarily time-consuming and during this tiame interval
changes take place in the emalsion., Droplets of benzene were observed to shrink
as much as 4 or 5 mierons over a 10 minute period. This was probably due to
an increase in temperature from the heat of the microscope illuminating lamp.
These conditions made rapid counting and classifying essential to good re-
salts w ith this msthod of analysis. Since such rapidity of analysis on the
part of the investigator is practically impossible, it is recommended that in
fubture investigations of this type, a method of photographic snalysis be used
whereby the freshly prepered emulsion is permanently recorded as it appears

in the blood counting chanber through the microscope, ard the particles counted
and classified at leisure. In this mamer, not only could the particles be
counted and classified according to size much more accurately tat auch larger
auantities of particles could be quickly ghotographed before their condition
changed. Certain errors in sampling the emulsion and taking the photelometer
reading add to the inaccuracy of the analysis. It was msver quite certain,
for example, that the drop of emulsion placed in the blood counting chaasber
was a representative sample, and that the particle size distribution was not
altered as the drop was drawn by capillary action into the ruled section of

the chamber. The uncertalnty of a representative sample is due largely to

the tendency of the particles to accumulate at the nodes or antinodes wherever
stationary waves occur in t he test tube. The sampling was done with a medicine
dropper and even though the test tube was swirled gently before the sampling,
the uncertainty remains, Momentary fluctuations of the line current were also
observed to produce fluctuations of the light intensity of the light source



in the photelometer. This occcurred in spite of the fact that a constant volt-
age transformer was used. The danger of this condition affecting the resnits
was minimized by standardizing the photelometer with a cell filled with tap
water imsediately before the light transaitted by an emulsion was measured,

A series of runs was made to determine the rate of normal settling and
the rate of de-emulsification, the results of which appear in Tables 1X and
X, and which are plotted in Figures 12 and 13, respectively. The rate of
normal sebttling curves show two significant settlirg characteristics, initial
high settling rate, and an increasing settling rate with increasing concen-
tration. The per cent of benzene in all cases was determined from the cell
type 1 calibration curve of Figare 1l and is of course subject to the errors
inherent in that curve. In addition, the normal sett ling carves are apt to
be inaccarate at very high and very low concentration due to the fact that
some extrapolation of the cslibration curve was necessary. Ixtrapoclations
at lower concentrations can be made with reasonable accuracy since the curves
all reach zerc concentration at a photelometer reading of 100. At higher
concentrations, however, inaccuracies in extrapolations occur since it is not
known precisely over what path the curve rises to infinity. The only ex-
trapolation at higher concentrations was made in run BY¥-49 at a photelometer
reading of 7.5. Since the curve extends to a photelometer reading of 144, the
error in extrapolation probably does not exceed 10%.

The effsct of irradiation upon the rate of settling is shown graphically
in Figure 13 and is seen to be quite pronounced when compared to the norsal
settling curves of Figare 12. In comparing these two sets of curves it may
be generally concluded that irradiating at a specified intensity for a period
of two minutes before each concentration determinatiom as outlined in the pro-

cedure causes the emulsion to settle roughly at doable the rate it woald
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settle normally. As in the case of Figure 12, the concentrations of Figure 13
were determined from the photelometer reading and the cell type 1 calibration
curve of Figure 1ll. The effect of intensity of irradiation on the rate of
settling is also shown to a certain extent in Figure 13. Runs 77, 123, and
125 show the effects of high, low, and medium intensities, respectively, with
the wost effective de-emulsification being obtained with the higher intensity
and the less effective de-emulsification obtained at lower intensities. The
rest of the dats presented follow a similar pattern of more effective de-
emulsification at higher intensities, This is in agreement with the literatwe.
Although the curves of Figure 13 showm conclusively that ultrasonic irradiation
definitely has a de-emulsifying effect on benszene-water emalsions, it un-
fortunately fails to indicate exactly how this phenomenon of de-emulsification
occurs. It cannot be determined from the data whether rapid settling occurs
daring irradiation or in the normal setbtling period immediately following
irradiation. Sollner and Bondyl’ give evidence that rapid settling takes
place after the irradiation period since the large particles formed by ortho-
kinetic coagulation (that due to random contact) canmot settle out rapidly
dae to thelr tendency to collect wherever statiomary waves occur. This, in
all probability, is what has occurred in the runs presented in Figure 13.
However, to substantiate or disprove this conclusion, it is recommended that
additional runs be performed, measuring the comcentration and particle size
distribution of the emulsion immediately before and after irradiation, This
ecould not be done in the present study due to the lack of a rapid counting
and classifying technique.

Figures 14 through 19 show the formation of particles in various size
ranges as a function of intensity and time of irradiastion and Figure 20 shows

overall concentration as a function of intensity and time or irradiation.
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Perhaps the most prominent feature of these results is that the curves for
intensities of 260 ma. and 205 ma. do not seem consistent with the curves for
intensities of 250 ma. and 150 ma. There are a2 number of reasocns for this
inconsistency. During the prelimirary tests of the apparatus the crystal
was placed in the brass and lucite erystal holder described previously.

The performance of the crystal when held in this menner was poor since crystal
vibrat ions were damped considerably by the pressure exerted by the crystal
holder. But of considerably more importance was the continual arcing which
occarred between the screws holding the springs in the lncite plates and the
brass rings contacting the copper plate on the crystal, which could, if not
controlled, conceivably czuse irreparable damage tc the crystal. FPresumably
2 very satisfactory soluticn to the problem was obtained by removing the
lucite plates and allowing the upper brass ring to be held on the crystal
only by gravity. In this msnner not only was the danger of arcing removed,
but the damping effect of the pressure on the crystal was also eliminated.
However, these changes were made at the expense of good consistent contact
between the crystal and the erystal holder. The experimental runs at 250 ma.
and 150 me, were made with the apparatus in this arrangement. As more and
more runs were made, the already bad contact in the erystal holder became
gradually worse until small arcs beltween the brass rings and the crystal
bepan to destroy the copper face of the erystal. In order to restore the
apparatus to usefulness, the lucite plates were replaced. Also, substituted
for the pointed screws which had caused previous ercing were blunted screws.
The springs which fastened the crystal holder together were adjusted so as to
provide good contect, but with not as much damping of the crystal vibrations
as before. The data for 260 ma. and 205 ma. were taken under these con-
ditions. It is unexpected that two sebts of data taken under such dif ferent



operating conditions could be completely consistent with each other.

In relation to each other, the 260 ma. and the 205 ma. carves show an
increasing intensity, while the 250 ma. and 205 ma. curves, although con-
sistent with each other in this respect in some particle size ranges, became
completely inconsistent in other particle size ranges., This condition of the
250 ma. and the 205 ma, carves is in all probability due to the inadequacy
of the data. In some cases the data are so badly scattered as to make Lhe
construction of a representative curve very precaricus. This condition seems
to be the most prevalent in the larger particle size ranges., Although subject
to intensity fluctuations during emaulsification and the other analytical
errors involved in the eonstruection of Figure 11, the dominant reason for the
scattering of the data is to be found in the counting and classifying pro-
cedure, The data show that for runs 50 through 74 a greater effort was amade
to count a representative number of large particles than in the previous rums
where only very few particles were observed. Oenerzlly, between 16 and 32
small squares in the blood counting chasber encompass a representative nua-
ber of small particles, but evidently at least 25 times this many squares
must be counted before the larger particles are adequately represented,

The results of Figure 20 show conelusively that the rate of emulsicn
formation increases with inereasing intensity of irradiation, which is in
complete accord with the literature. It was observed on several occasions
that the emulsion concentration seemed to reach a maximuz and drop slowly with
increasing time of irradiastion: Certain porticns of the datz indicate this
to be the case., However, sufficient data were not taken te jJustify a definite
conclusion. De-gassing and heating effects as the result of continued ir-
radiation have been shown by the litsrature to suppress cavitation and emulsi-
ﬁ.cation.m " These conditions might well have prevailed in this investigation
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since the test tube containing the emulsified material was very close to the
quartz crystal daring irradiation., It is recommended in future work that in
order to eliminate any discrepancies caused by extreme temperature variations,
stirring devices be placed in the oil bath to keep it at a uniform temperature
and that cooling coils be placed around the test tube to prevent the supres-
sion of cavitation due to excessive temperature rise, Extreme care must be
taken in any operation such as the latter to prevent grounding of the crystal
holder, Figures 21-24 are plots of the slopes of the lines of figures 14-19
and are necessarily subject to the same analytical and procedural errors.

The slope lines of figures 21-2/ are drawn through the 260 and 205 ma. points
since the data indicate these to be the more reliable. From these lines it
may be concluded that the rate of particle formation increases with increasing
intensity and with decreasing particle size.

The results of the study of the sbility of varicus media to absorb
ultrascnic irradiation is presented in Table XII snd Figure 25, These re-
sults indicate that the rate of absorption increases with increasing intensity
and that ability of water to absorb ultrascnic irradiation is roughly twice
that of benzene, Renzene-water mixtures are capable of absorbing more ul-
trasonic energy than either pure water or pure benzene. This is possibly
due to the reflection of the energy by the individual particles of the emulsiocn
until it is dissipated as heat, The results of the efficiency determinations
are presented in Table XII as three separate and distinct efficiencies. &
represents the ability of the apparatus to convert electrical energy to
ultrascnic energy and is expressed as the per cent of the power supplied to
the power amplification section of the generator which is applied te the
erystal holder. The electrical power supplied to the crystal holder was de-
termined from the temperature rise of the irradiated material and the oil
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bath surrounding the crystal holder during irradiation. These values are
presented in theAH;+AF; column of Table XII. The incremental electrical
power supplied to the power amplification system of the generator under load
is the product of the incremental plate current supplied to the power ampli-
fier and the plate voltage which is 3,000 volts. The incremental plate caurrent
is the difference between the full load plate current at a given ecrystal cur-
rent value and the no load plate current. These figures are tabulated in
columns 2 and 3 of Table XIV. Coluan Eq of Table XII relates the energy ab-
sorbed in the oil bath and irradiated material to the total energy supplied
to the power amplifier. The values of E; and E5 in Table XII indicate that
tremendous electrical power losses are sustained in the power amplifier. These
losses, for the most psrt, are attributed to the heating of wires and tubes,
and direct losses from the large tank coil to the atmosphere. Due to lack of
the proper equipment, the energy losses in the power supply and oscillator
were not determined, but they can be estimated from the performance data of
similar equipment. In radioc equipment, the highest possible efficiency of
conversion of line energy to radioc frequency energy in the plate circait is
approximately 20%. When another amplifier or an antenna is drawing energy
from the plate circuit, the highest possible coupling efficiency between the
two is approximately 75%. However, data are not available on the performance
of a piezoelectric crystal when coupled to an amplifier. If the performance
of a coupling between an amplifier and a crystal may be compared to the per-
formance of a coupling between an amplifier and an antenna, the highest pos-
sible overall efficiency from the line to the crystal in this study would be
approximately 0.75 x 0.20 x 100 or 15%. The data indicate that most of the
losses occurred in the coupling between the amplifier and the crystal circuit.

Since the efficiency of conversicn of amplifier plate circult energy to
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crystal energy was 4.67, an approximate overall energy efficiency from the
line to the erystal of 1% was obtained in this study. Column E, of Table XII
expresses the per cent of the electrical power supplied to the crystal holder
‘which is recovered as heat in the irradiated msterisl.

In the way of recommendations to improve the efficiency of operation,
one of the major desirable changes ?.a an improvement in the gzenerator. The
results of efficiency determinations indicate that there are considerable power
losses in the power amplification system of the generater. The crystal holder
should also be redesigned. Submitted is a drawing of an improved crystal
holder which might possibly be more efficient than the one now in use.
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CONCLUSIONS

1. Photelometer analysis of emulsion concentration with a thin absorption
ecell is accurate to within £25% except when unusually large amounts of large
particles are present.

2. The method of counting and classifying particles used in this study
is usable but inadequate when trying to obtain truly quantitative data.

3. Irradiation of benzene-water emulsions causes de-emulsification and
the rate of de-emulsification increases with increasing intensity of irradia-
tion.

L. The rete of emulsification (total volume emulsified) increases with
increasing intensity of irradiation.

5. The rate of particle formation in emaulsification incresses with in-
creasing intensity and decreasing particle size.

6. An average of 4.6% of the electrical power supplied tc the power
amplifier is applied to the crystal holder.

7. An average of 197 of the electrical power supplied to the crystal
holder is absorbed by the irradiated material.

8. The rate of absorption of ultrasonic energy in benzene and water
increases with increasing intensity. The ability of water to absorb ultra-
sonic energy is roughly twice that of benzene. A mixture of the two materials

absorbs ultrasonic energy more strongly than eithsr one alone.
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RECOUMENDATIONS

1. The development of a photographic method of counting and classifying
the particles of the emulsion is recommended.

2. A more careful investigation of the rate and mechanism of de-emulsi-
fication is recommended.

3. Adequate temperature control of the irradiated material during
irradiation is recommended.

4. A more efficient crystal holder is recommended.
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NOMENCLATUHE

A - Emnlsifieation runs.

B « De-emulsification runs.

Y - Runs made at 250 ke. (All runs in this study were made at this frequency.)

C - Runs used as calibration data.

# - Analyzed with cell type 1.

## . Agitated before irradistion.

u - Mieron.

No asterisk (*) - Analyzed with cell type 2,

AH) - Energy absorbed by the test tube.

AHy - Energy absorbed by the oil bath.

E) - The per cent of the incremental electrical energy in the power amplifier
plate circuit which is applied to the crystal holder.

Ey - The per cent of the energy supplied to the crystal holder which is absorbed
by the irradiated material.

T - Temperature of the oil bath.

t - Temperature of the irradiated material.

Eq - The per cent of the electrical energy in the power amplifier plate circuit
which is applied to the crystal holder.

A-1



TABLE IV
PHOTELOMETER CALISRATION

RUR NO. TIME OF CRYSTAL SETTLING PHOTELCMETER VOLUME PER CENT BEN-

IRRADIATION  CURRENT TIME READING ZENE CALCULATED FROM
(M18) (M) (MIN) MICROSCOPIC MEASUREMENTS
AYC-1 1 280 15 43.0 0.00812
AYC-2 2 286 5 24.5 0.150
AYC-3 2 280 5 15.0 0.181
AYC- 1 260 5 17.0 0.139
AYC-5 1 250 5 8.0 0.178
AYC-6 1 260 A 26.0 0.104
AYC-7 1 250 5 45.0 0.0967
AYC-R 2 250 5 10.0 0.259
AYC-9 0.5 245 5 40.0 0.087
AYC-10 0.5 245 35 69.0 0.0532
AYC-11 0.5 250 5 51.0 0.130
AYC-12 A 245 5 51.0 0.0564
WMYC-12 A 245 5 - 0.5041
AYC-13 A 250 5 31.0 0.636
AYC-36 4 150 5 53.0 0.154
AYC-37 6 150 5 27.0 0.209
AYC-38 7.5 150 5 36.0 0.137
AYC-30 3 150 1 29.0 0.103
AYC-31 3 150 1 68.0 0.221
AYC-32 5 150 1 14.0 0.4hT7
AYC-33 A 150 1 19.0 0.438
AYC-39 A 150 1 28.0 0.353
AYC-40 3 150 1 25.0 0.396
AYC#-15 k 240 5 25.5 0.646
AYC#-16 b 250 5 32.0 0.532
AYC*-18 3 250 5 3.0 0.628
AYC#®-19 3 250 5 39.0 0.310
AYC#*-20 2.5 250 5 34.0 0.467
AYCH-41 6 150 5 72.0 0.250
AYCH-42 10 150 5 51.0 0.227
AYC¥-43 b 150 5 35.0 0.657

Note: AYC-12 is #AYC-12 diluted to twice its original volume



TABLE 1V Con't
PHOTELOMETER CALIBRATICH

RON NO. TIME OF CRYSTAL SETTLING PHOTELORETER VOLUME PEE CENT BEN-

IERADIATION  CURRENT TIHE READIKRG ZEKE (G&LCIII..I’I'ED FROM
(m) (MA) (MIN ) !I_CRO&SOOP;C MEASUREMENTS)
AYC®.21 é 250 1 13.0 0.780C
AYC®-22 6 250 1 18,0 0.773
AYC®-2L 2 250 1 42,0 O.dde2
AYCH.25 1.5 250 1 65.0 0.297
AYC*-26 1 250 1 82,0 0.143
AYC#*.27 1.5 250 1 69.0 0.163
AYC®.-28 1.75 250 1 48.0 0.757
AYC#*~29 1.5 250 1 66.5 0.470
AYC#-3 5 150 1 L2.5 0.516
AYC®-35 5 150 1 67.5 0.516
AYC#*-6l 0.5 245 1 28.0 0.605
AYC®-65 0.5 240 1 85.0 0.226
AYC*-66 1 275 1 33.0 0.406
AYC*~67 1 255 1 35.5 0.506
AYC*-68 0.75 255 1 61.5 0.257
AYC*-69 0.75 255 1 50.0 0.367



TABLE V
EMULSION CTERISTICS

RUN NO. TIME OF CRYSTAL SETTLING PHOTEL. SQUARZS SIZE OF
IRRAD. GCURRENT _ TIME _ READING O-3u_3-5u 5-7u 7-9u 9~llu _ 11-20u  COUNTED SQUARES

AYC-1 1 min. 280 ma. 15 min. 43.0 9%8 - gt A ¢ L
AYC-2 2 286 5 24,5 973 9 4 - - 143 16 s
AYC-3 2 280 5 19:0 1,858 9 3 - - 1M 2 s
AYC-4 1 260 5 17.0 1,740 37 - & 5 s 32 8
AYC-5 1 260 5 8.0 1,890 52 13 1 2 2 32 s
AYC-6 1 260 6l 26.0 o ke - = £ 16 8
ATe-7 1 250 5 .0 1,00 & - - # - 32 3
AYC-2 2 250 5 10,0 1,081 174 71 7 9 112 40 S
AYC-3 0.5 245 5 A0 LG BN 4 - 3 - 32 s
AYC-10 0.5 245 35 69.0 0 T o~ 3 - - 32 8
AYC-11 0.5 250 5 51,0 1,005 16 4 =2 - 220,13 32 s
AYC-12 & 245 5 L0 LA sl A e - i 38 s
#AYC-12 4 245 5 - 1,896 221 66 25 g 213212 ,20 4 s
AYC-13 4 250 5 31.0 375 107 106 23 k = 16 s
AYC:-15 4 240 5 25.5 899 104 81 9 L. = 12 s
AYCH-16 4 250 5 M0 LA20 86 B 3 .3 12 5
AYC®-17 4 250 5 M5 2,875 M 6 1) - -y 12 8
AYC*-18 3 250 5 32.0 1,123 187 40 1 1 1k 313 12 s
AYC*-19 3 250 5 39,0 787 42 16 - 1 213 12 s
AYC#-20 2.5 250 5 34.0 1,187 155 22 4 4 120 16 S
AYC*-21 6 250 1 13.0 2,821 201 17 1 3 113 12 3
AYC*-22 6 250 L 18.0 1,198 151 26 1 2 18 8 S
AYCH#-23 7 250 1 24.0 63, 94 53 3 - 213,12 g s
AYC#-2l, 2 250 1 42,0 1,843 66 W 1 - 213,19 16 S
AYC*-25 1.5 250 1 65.0 1,941 54 3 - 1 12 16 8
AYC#-26 1 250 1 82.0 o I 2 - 1 113 16 8
AYC*-27 1.5 250 1 69.0 2,31, 20 20 - Y e 32 s
AYC®-28 1,75 250 1 48,0 3,145 31 6 1 2 2132 12 8
AYC®-29 1.5 250 1 66.5 2,338 56 10 2 L 219 112 20 5

v



TABLE V (Cont'd)
EMULSION CHARACTERISTICS

RUN NO. TIME OF CRYSTAL SETTLING PHOTEL. SQUARES SIZE OF

IRRAD, CURRENT _TIME _ READING 0-3a_ _3-5u_ _5-7u_ _7-9u _9-lla _11-20u_ COUNTED SQUARES
AYC-30 3 min. 150 ma. 1 min. 29,0 1,463 24 10 1 . A 32 s
AYC-31 3 150 1 68,0 1,823 14 R e 16 s
AYC-32 5 150 1 14,0 885 45 11 1 el A 6 3
AYC-33 4 150 1 19.0 892 78 18 2 2 112 10 s
AYCH-3l 5 150 1 42,0 2,048 95 o 6 = 0958 14 s
AYC*-35 5 150 1 67,5 590 9 - - - o 8 8
AYC-36 4 150 5 53,0 1,152 36 23 2 2 116 32 S
##AYC-37 6 150 5 27,0 1,405 53 43 3 L 113110 34 s
AYC-38 7.5 150 5 36,0 2,518 6 2 o o~ 32 3
#AYC-39 4 150 1 28,0 1,407 6 6 1 - 10 s
#AYC-L0 3 150 1 25,0 2,587 1 2 1 i e 1312 s
AYCH-41 6 150 5 72,0 2,086 45 L 5 2 1321959 s
AYC*-42 10 150 5 51,0 1,772 68 45 5 2 113 ' 2 s
*ATCH-43 4 15 5 35,0 2,447 83 51 6 s 3116 3 s

Note: Run AYC-12 records an attempt to dilute an emulsion with tap water to twice its original volume.
#AYC-12 records the analysis data on the undiluted emulsion,

(213) when seen in this table indicates two particles, each thirteen microns in diameter.
Squares of size (L) have an area of 1/16 na?,

Squares of size (S) have an area of 1/400 an?,

-V



TABLE VI

RUN NO, AY*- 50 51 _ 52 53 5l 55 56 57 58 59
TIME 0:' IR?RDIATION 1 0.5 1 1 0.5 0.5 2 2 3 3
MIN
CR!ST?L gHRREHT 260 255 260 265 255 260 265 265 265 260
MA
PHOTELOMETER READING 47.0 88.0 75.0 51.0 88.5 84.0 20.0 22,0 19.0 20.0
SETTLING TIME i 1 1 1 1l 1 1 ) 1 ) &
(¥n)
NO. OF PARTICLES
PARTICLE DIAMETER NO, OF y&w llmz EUARES OBSERVED
(MICROXS)

11-20u 36 5 15 16 10 15 36 26 23 16
NO, SQUARES 400 400 400 400 400 400 400 400 400 400
9-1lu 25 2 15 ¥ A 5 ) 3 1 2 2
NO. SQUARES 400 400 400 400 400 400 16 16 16 16
7-9a 3 - 16 13 5 > 4 3 5 6
NO. SQUARES 16 L00 400 4LO0 400 LOO 16 16 16 16
5«Tua 9 - 1 7 5 9 25 29 32 29
NO. SQUARES 16 400 16 16 40O 400 16 16 16 16
3-5u 102 2 37 51 17 13 142 150 170 255
NC. SQJUARES 16 16 16 16 16 16 16 15 16 16
0=3a 3,116 1’799 2'530 2,231 1,5‘09 1’“57 2’286 3.285 2’000 2,2&
NO, SQUARES ) 16 16 16 16 16 16 16 16 16
Remarks:

7ec of H20 and 5ce of benzene used in all runs,
In run 50, the largest particles were in the neighborhood of 30 microns in diameter.
In run 56, the smallest visible particles were about 3 microns in diameter.

oY



TABLE VI Con't
EMULSION CHARACTERISTICS

RUN NO. AY- . (R - TR 63 AYCr-70 _ 7L 72 73 Tl

TIME OF IRRADIATION 0.5 1 07 0.8 2 2 2 4 4

cnrsrgma)mm 290 275 255 250 205 205 205 225 @ 205

PHGTEgAlﬂ?!Tm READING 440 15,0 20,0 43.0 87.0 71.0 &.0 37.5 38.0

SETTLING TIME 1 1 1 1 1 1 1 1 1
(MxN)

NO. OF PARTICLES

NO. OF 1 am® SQUARES OBSERVED
PARTICLE DIAMETER

(MICRONS)
11-20u 7 17 19 5 . - 2 8 12
NO. SQUARES KO 400 400 400 400  4O0 - 400 40O 400
9-1la 2 14 9 2 “ 6 1 12 1
NO. SQUARES LO 400 400 400 400 400 400 400 16
7-9u 1 16 I 3 1 1 2 3 2
NO. SQUARES LOO 400 200 40 40O 400 400 16 16
5-7u 4 2 2 1 4 1 11 4 6
NO. SQUARES 16 16 16 % 4O 16 400 16 16
3-5u 5 37 31 1 3 2 15 48 58
NO. SQUARES 16 16 16 16 400 16 400 16 16
0-3u 2,249 1,860 2,246 1,291 2,049 2,760 3,000 3,686 4,842
NO. SQUARES 16 16 16 16 16 16 16 16 16

L=y



TABLE VII
EMULSION CRARACTERISTICS

RUN BC. AYC*- bl 65 66 67 68 69

TIME OF IRRADIATION 0.5 0.5 1 1 0.75  0.75

cnmu(.méugtm'r 245 245 275 255 255 255

mmg:gm READING 88,0  85.0  33.0  35.5  6L.5 50.0

SETTLING TIME 1 1 1 1 1 1
(iIN)

NO. OF PARTICLES
NO. OF 1/400 mm® SQUARES OBSERVED

PARTICLE DIAMETER

(MICRONS)
20a 182.5 125 127128 22h 223127 122129
20u 1 1 1 o 2 1
192 - - g " — -~
18a - - - - - -
170 - - - 1 " -
16a - - 2 - - -
150 - B pe 1 - =
L % - 1 i : = 1
13a - 2 I8 3 2 5
12a - 1 1 L 1 1
lla - - 2 b § i 1
NO. SQUARES L0 400 120 280 400 400
9-1llu - 2 2 3 3 8
NO. SQUARES 400 400 16 16 430 LOO
7-9a 1 2 2 2 8 11
NO. SQUARES 400 40O 16 16 400 400
5-Tu - 5 9 12 4 16
NO. SQUARES 16 500 16 16 16 16
3-5a 10 YA 76 80 58 ag
aC, TRUXRES 16 16 16 15 16 16
0-31 2,849 1,902 1,971 2,96 1,565 1,966
NO. SQUARES 15 16 16 16 16 16

A-8



TABLE VII1

PARTICLE SIZE DISTRIBUTION VS.
TIME AND INTENSITY OF IRRADIATION

PARTICLE DIA. - MICRONS PARTICLES/ma’

TIME coxc. 2
RUN NO. _0-7u 350 5-7u  _7-%u 9-1lu 11-20u (MIN) MA, FIG, 11

AYC*-21 942,000 67,200 5,680 334 1,000 334 6 250  0.865

AYC#-22 598,000 75,400 13,800 500 1,000 500 6 250 0,792
AYC®-23 317,000 47,000 26,500 1,500 - 1,500 7 250  0.700
AYC*.2L, 462,000 16,500 3,500 250 - 750 2 250  0.450
AYC*-26 250,000 250 500 - 250 250 1 250 0.103
AYC®-27 289,000 2,500 1,250 - 375 - 1.5 250 0.187
AYC%-28 1,050,000 10,350 2,000 334 668 1,735 1.75 250  0.365
AYC*-29 468,000 11,200 2,000 400 800 600 1.5 250 0.205
AYC-30 183,500 3,000 1,250 125 - @ - 150  0.345
AYC-31 456,000 3,500 500 - 250 - 150  0.135
AYC-32 590,000 30,000 7,450 666 - - 150  0.460
AYC-33 357,000 30,800 7,200 800 800 400 150 0.425
AYC#=34, 710,000 27,100 6,870 1,715 - 286 150  0.200
AYC*-35 295,000 4,500 - - - - 150 0.200
AYC®-50 777,000 25,500 2,250 750 250 260  0.375
AYC®.52 625,000 9,250 250 160 150 260 0.150
AYC#-56 573,000 35,500 6,250 1,000 750 265  0.763
AYCH-57 822,000 37,500 7,260 750 250 265 0.733
AYC#-58 500,000 42,500 8,000 1,250 500 265  0.775
AYC%-59 550,000 63,800 7,250 1,500 500 260 0.763

290 0.250
275 0.455
75 255 0.415

5
AYC-61 465,000 9,250 500 160 140
7
S5 250  0.430
5
5

AYC-62 562,000 7,750 500 80 90

360
50
150
160
100
150
360
260
230
160
AYC-60 562,000 1,250 40 10 20 70
170
190
AYC-63 323,000 25 250 30 20 50
20

60

L33

289

90

110

20

20

80

EENNNOOFFMOOCOFOWWNNNNOOMKFOKEWMWUMIE MWW

AYC*-64 712,000 2,500 - 0 - . 245  0.065
AYC®-65 476,000 3,500 50 20 20 y 240  0.085
AYC®-66 492,500 15,000 2,250 500 500 275  0.568
AYC®-57 740,000 20,000 3,000 500 750 255  0.530
4XC*-68 391,000 14,500 1,000 80 30 95 255  0.237
AYC*-69 491,000 22,250 4,000 110 &0 75 255 0.338
AYC®-70 512,000 0 6 ¥ - 205 0.073
AYC®-71 630,000 500 250 110 60 205  0.175
AYCF-72 750,000 150 119 O 10 205  0.103
AYC:-73 918,000 12,000 1,000 750 120 205  0.510
AYC*-7L 1,208,000 14,500 1,500 500 250 120 205  0.500

a - Read from smooth curves of Fig. 1l using Photelometer Reading.



TABLE IX
RATE OF NORMAL SETTLING

RUN NO. TIME OF CRYSTAL SETTLING PHOTELOMETER VOLUME PER VOLUME PER CENT

IRRAD., CURRENT TIME READING ~ CENT BENZENE BENZENE CALC.
(am) (xa) (an) FROM FIG.11"™ PROM MICROSCOPIC

DATA

BY#-4); 5 250 1 18.0 0.860 1.42

18 28,0 0.640 0.762

&7 48,0 0,365 0.631

69 61,0 0.2&2 0.3m
BY#.L5 8 170 1 66,0 0.208
18 77.0 0.135
63 30.0 0.095
BY*-46 5 250 1 52.0 0.317
32 6%.0 0.1£8
38 72.0 0.168
49 77.0 0.135
59 82.0 0.103
69 86.0 0.078
80 93.0 0.037
90 92.0 0.043
100 94.0 0.043
BY®_47 4 210 1 67.5 0.198
15 79.0 . .1
31 3.0 0.095
46 86.0 0.078
63 89.0 0.060
79 93.0 0.037
BY*.48 5 205 3 65.0 0.215
21 Th5 0.152
% 2.5 0,100
52 85.0 0.085
65 86.0 0.078
BY*-L9 8 195 A 7.5 1.30
18 11.5 1.08
32 15.5 0.950
L7 23.5 0.708
63 32.0 0.585
78 39.5 0.480
92 49.5 0.345
107 59,0 0.257

Rote: 7eec of H 0 and 5ce of benzens were irradiated in all runs.

a - Read from smooth curve of Fig, 1l using Photelometer Reading.



EFFECT OF IRRADIATICN ON SETTLING

TABLE X

A-11

EMULSIFICATION SETTLING DE-EMULSIFICATION PHOTEL. CONCEN.
TIME  CRYSTAL CURRENT READING VOL.%

RUN TIME OF
NC. IRRAD. CRYSTAL CURRENT
(MIN) (Y]
BY#*-75 2.0 270
BY#-76 3.0 250
BY*=77 3.0 250
BY#-78 2.5 250
BI*"?? 3 -0 225
BY*=123 4.5 225
BY*-m 10 5 225
BY#*-125 4.0 225

(Iw) (ua)

 § - 63.0
12 250 1.5
25 250 83.0
35 250 97.0

1 - 43.0
13 250 60.0
25 250 755
37 250 88.0

1 - 26.5
11 225 43.5
25 225 69.0
38 225 77.0
50 225 85.0

1 o~ 3805
15 180 63.5
29 180 75.0
41 180 81.0

1- o “5 -0
14 180 64.0
27 180 72.0
39 180 79.5
L9 205 87.5

1 - 25.5
13 180 37.0
25 180 46,0
38 180 57.0
50 180 64.0

1 >3 55 -0
11 180 68.0
23 180 4.0
36 180 79.0
48 180 90.0

1 - 24.0
i3 220 38.0
26 220 57.0
39 220 68.0
51 220 75.0

F1G6. 11*

0.227
0.173
0.097
0.015
0.435
0.250
0.145
0.065
0.665
0.425
0'. la?
0.135
0.085
0.495
0.225
0.148
0.110
0.405
0.220
0.168
0. u9
0.070
0.6&)
0.515
0.392
0.273
0.220
0.290
0.195
0.155
0.122
0.055
0.700
0.500
0.273
0.195
0.150

Note: 7ece of Hy0 and 5cc of benzene were irradiated for several minutes. The
entire layer of bengene was then drawn off and the benzene in water
emulsion allowed to settle with a two minute irradiation period prior
to each concentration reading.

a - Read from smooth curve of Fig. 1l using Photelometer Reading.



TABLE XI
NORMAL SETTLING

RUN NO. bl Ly b bl 45 b5 __ k5 45

TIME OF IRRADIATION (MIN) 5 8

CRYSTAL CUHRENT (MA) 250 170

PHOTELOMETER READING 18.0 28.0 48.0 6L.0 66.0 T7.0 83.0  90.0

SETTLING TIME (MIN) 1 18 47 69 1 18 41 63
NO, OF PARTICLES

NO. OF 1/400 mn® SQUARES OBSERVED

PARTICLE DIAMETER

(MICRONS)
11-20u 2 1 - 1 - - - -
NO. SQUARES 3 16 16 16 1 1 32 1
9-llu 2 8 1 2 - - - -
NO. SQUARES 3 16 16 16 16 16 32 16
7-%a 13 11 1 1 - - - -
NO. SQUARES 8 16 16 16 16 16 32 16
5=Tu 112 84 % 12 2 3 & 2
NO. SQUARES 8 16 16 16 16 16 32 16
3-5u 45 126 37 28 7 3 6 -
NO. SQUARES 8 16 16 16 16 16 32 16
0-3u 545 2,029 k4586 1,958 1,459 2,069 1,994 1,494
NO. SQUARES 8 16 16 16 16 16 32 16

4 4 §



ABSORPTION AND EFFICIENCY RESULTS

TABLE XII

RUN NO. TIME OF CRYSTAL IRRAD.

111

113
114
115
116
117
118
119
120
121

IRRAD,

LuIy)

FFWWRNRN = OEFNNNEFFWWLWWWNNNE e = DTN WWOUN NN

AH AH., AN +AH B :
CUZRENT ATERIAL  © o B B B
(a)
225 12cc HL 69.6 308 378
225 " 61,2 308 3569
225 " 69.6 308 378
225 " 109 770 879
225 " 104 .5 692 797
225 " 100.8 69 793
225 . 117.5 924 1,542
225 " 116.2 924 1,040
225 " 120 1,153 1,273
225 " 120 1,153 1,273
180 " 39.2 231 280
180 " 52.8 308 361
180 " 8.0 692 776
130 " 76.7 539 616
180 " 76.7 846 923
225 |[Teec H,0  96.2 673 789 13.5 12.2 8.6
225 " 103 925 1,028 17.7 10.0 11.1
225 " 92,0 231 323 5.6 28.5 3.5
25 . 79.5 308 388 6.7 20.5 4.2
225 . 127 616 743 6.4 17.0 4.0
225 " 160 633 852 7.4 18.9 4.6
225 " 174 693 867 7.5 19.6 4.7
25 » 179 693 872 5.0 20.4 3.1
225 " 182 693 875 5.0 20.5 3.2
225 " 212 924 1,136 6.5 18.6 4.l
225 ' 225 924 1,149 6.8 19.4 4.1
225 " 211 1,232 1,443 6.2 4.6 3.9
225 " 200 1,232 1,432 6.1 13.9 3.9
225 . 162 616 778 6.7 20.5 4.2
180 . 107 231 338 3.2 314 2.3
180 v 39.0 231 330 3.1 29.8 2.2
180 " 134 616 750 3.5 17.8 2.5
llgg : 124 593 gé'? 3.8 15.2 2.8
1“7 925- 1-’ 1- - 12.2 2-
225 12e¢c benz. 33.8 308 342 Ava.z_.% 19.4 4.
225 - 33.8 308 342
225 . 46 .0 616 662
225 " L2.2 616 658
225 " 55.8 848 904
25 " 45.6 848 894
225 . LB.6 1,155 1,204
225 " 46.5 1,155 1,202
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TABLE XIV

DATA FOR DETERMINATION OF POWER SUPPLIED BY POWER AMPLIFIER

Plate voltage 3,000 volts
CRYSTAL CURRENT NO LOAD PLATE CURRENT FULL LOAD PLATE CURRENT

(AC) (MA) (DC) _ (MA) (pc) __(va)
225 50 185
205 50 182
180 48 172
TABLE XV

D, C. ENERGY IN THE POWER AMPLIFIER PLATE CIRCUIT

CRYSTAL CURRENT (MA)  TIME OF INCREMENTAL ENERCY  TOTAL ENERGY
IRRAD, (MIN) (CAL) (CAL)

225 1 5,840 9525

225 2 11,670 18,5

225 3 17,500 273800 ~ 2+

225 L 23,400 37,100

180 1 55350 7,400

180 2 10,700 14,800

180 3 16,100 22,200

180 A 21,400 29,600

180 5 26,800 37,000

180 6 32,100 Lk 4400

TABLE XVI

DATA FOR CALCULATION OF E,

Weight of oil plus ercck = 4,073 g.
Weight of crock = 2,326 g.
Weight of oil = 1,747 g.

MISCELLANEOUS DATA

Cp of transformer oil at 20°C =0.44 cal/g°C.
Cp of benzene from 6-60°C =0.419 cal/g°C.
Density of benzene =0.872 g/ec.
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SAMPLE CALCULATION

CONCENTRATION CALCULATIUN:

AYC%-21 0 1 2 3 4 5
(2a)- (2,281) x Ez..ls) x (333) x (109 0.00393
(b)) (30)) x '(9%%) x. . % .x. °® 0.0022},
(6u)- (17) =x (113) x " x " 0.000639
(8u)- (1) x (268) x " x " 0.0000829
(10a)- 3 (58 % g ¥ 0.000523
(13u)- (1) =(0,150) x . x » 0.000383
0.007734
0.773% benzene
by volume

Column O = the average particle size of each group into which the particles
were classified except above 10 microns where column 0 represents the actual
particle size.

Column 1 = the number of particles observed in the size group indicated.

Column 2 =the volume of a sphere in cubic microns of diameter indicated in
column O.

Column 3 =the counting chamber factor to convert to particles per cubic
millimeter.

Column 4 = the factor to convert from cubic microns to cubic millimeters.

Column 5 = the concentration expressed as cubic millimeters per cubic
millimeter.

CALCULATION OF PARTICLES PER CUBIC MILLIMETER:

The number of particles per cubic millimeter is the product of the number of

particles cbserved in a particular size group and the counting chamber factor

associated with the number of chamber squares of a particular area observed.

For the smallest squares with an area of 1/A00 mu?, the factor is:
(4,000)/(no. of squares counted)

For the largest squares with an area of 1/16 mu®, the factor is:

(160)/(nv. of squares counted)



Fer run no. AYCx-21:

Nusber of particles (0-3u) in dismeter counted = 2,821
Number of smallest squares counted = 12

Particles /mm? = (2,821) (4,000/12) = 942,000

RATE OF t DROP OFF

This figure was obtained by recording the temperature of the irradiated
material at 30 seconds and at 1 minute after irradiation. Twice the
difference between these two readings is the rate of t drop of per minute.

For Run no. 80 t3g = 33.7°C.
t2 =93.2°C.
At =0.5%C.

Rate of t drop of 1°/Minute.
INCREMENTAL ENERGY POWER AMPLIFIER PLATE CIRCULT

P =V(Ip-1I;) ¢

Where V = plate voltage (volts)
I_=full load plate current (amps) at a given crystal current
12=no load plate current (amps)
t =time of irradiation (min)

For Run no. 100

crystal eurrent =225 ma.

time of irradiation = 2 min.

from Table XIV at 225 ma.
no load plate current = 50 ma.
full load plate current = 185 ma.
plate voltage = 3,000 volts

P =(3,000) (0.185-0.050) (2) = £10 watt min.
(810) (1/1,000) (1/60)(860,445 g. cal./kwh.) =11,5670 g. eal.

The values in Table XV are simply the g. calories/min. calculated by this

method times the time of irradiation at given values of the crystal current.
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TOTAL ENERGY IN POWER AMPLIFIER PLATE CIRCUIT

=v(1y) ¢

For run no. 96

erystal ecurrent = 225 ma,
time of irradiation = 1 min,

From Table XIV at 225 ma.
full load plate current = 185 ma.
plate voltage = 3,000 volts
P = (3,000) (0.185) (1) (1/1,000) (1/60) (860,445)

2;?.& caltlin. A

7)-(2)“‘-“,.

CALCULATION OF ENERGY ABSORBED BY THE IRRADIATED MATERIAL:

= (C N (ae)

For run no. 100

Haterial in test tube = 5cc of benzene
7cc of water

t,=28.4°C

t.l"39.2°

Rate of t drop off = 3.6°/min.

At =10.8°

At corrected for drop off -LI.. o

Cp for benzene = 0.419 cal/g°C

Cp for H,0 = 1.0 eal/g’C

Density of benzene = 0.872 g/ce

Hy=8Cpx At = (7) (1.0) (0.419) (5) (0.872) = (Lb.4)
Hy = 127 cal,

CALCULATICN OF ENERGY ABSCRBED BY THE CIL BATH:

For run no. 100

ht.orhl— transformer oil
Tl t‘i C

= 29.2°%

=0.8° ¢
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CALCULATION OF ENERGY ABSORBED BY THE OIL BATH, cont'd.

Cp for the oil = 0.4k cal/g’C
Weight of the cil = 1747 gz.

Hy = NCp AT = (1747) (0.44) (0.8) =616 cal.

The electrical energy supplied to tae crystal holder is assumed to be comp-
letely converted to heat and is therefore the sum of AH) and AH,.

127+ 616 = 743 cal,

CALCULATION OF EFFICIENCIES:

E; is the efficiency of conversion of incremental energy from the power
supply to energy applied to the crystal holder, and is calculated from fi-
gures in Table XII and XV.

For run no. 107

Crystal current = 225 ma.

Time of irradiation = 4 min,

From Table XII the energy applied to the crystal holder is the
sum of Alll and AH:.

Aﬂl AH, = 1,“3 cal.

From Table XV the incremental energy supplied at 225 ma. for
four minutes is 23,400 cal.

£y = (AH+ Aly)/P = (1,443/23,400) (100) = 6.2%
is the per cent of the electrical energy supplied to the crystal holder
ich is absorbed in the irradiated material. E; is calculated from the
figures of Table XII and is expressed as:
(aHy)/( A+ OHy)

For run no. 107

B, = (211/1,443) (100) = k.6 %



£=20

LT L SN T2
GALobLat iy of ;;3

Eq is the efficlency of conversicn of total ensrgy In the power amplifisr
olate circull %o en f,rg" asplled to the erystal holdsy 2nd is calenlabed
from figures in Tables XII and XV.

For run no. 107

Crystal carrent = 225 ma.

Tims of irradisticn =4 nin,

From Table XIX AF}_*— AH., = 1,443 eal,

From Tsble ¥V the total energy suppliasd ab 225 ma. for four
minutes = 37,100 eal,

'\\'\

Eq = (1,4£3/37,100) (100} = 3.9 &



Figures 28 apd 29 ars the calibration curves for the bwo crystal
current mebors used in Lhe course of this study. Vater nuaber 1l was
unged in rans 1 through 43 at vhich point it was doaazed bspond repair,

Ueber nuriber 2 was used ik all subséquent runs. Both meters were calibrated

'-war °

nith 2 Weston model 70¢ indusbriei Circuit Tester which consists of an am-
mobter coupled with 2 resistance box to vary the current., %he current was ad-
justed to an even scale reading oz the ¢rystal current meter with the resis-
tance knob, and the Weston smumeter reading vias then recorded.

bl

dobh asbers were redioc fregusney melers of the theraccouple type and,

thersefore, independent ©of freauency.
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