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For aal\f years there has been a growing interest. in the phenomena associ

ated with the application ot high frequency sound energy to varioas systems. 

This fa per is a study of ultrasonic emulsU'ication and de-elllll.lsification of a 

liquid- liquid system with possible 1't1t11re application to liquid-liquid extrac

t.ion operat.iCll . Benzene and water •re e.llulsified at a frequency of 250 kc 

and at various intensit.ie • The emlsion jI'operties were studied.with er -

scope am hae111&cytaaeter, and attempts were mde t.o appl,y pr..otelometry as a 

.method of concentraticn analysis. A photelometer calibration curve 11as pro

duced which was accurate to within± 25% except at. bnormal particle size dis

tribu.tioos . This as suttici nt.:i., accurate for the purp:>ses of this study. 

Irr11diation of benzene-water ulsions was found to produce de-emulsification, 

and the rate of de-emulsification s found to increase with increasing in

tensity . The rate ot particle format.ion in benzene-wat.er emulsions wa s f ound 

to increase 1tit.h increasing int-ensity of irrad1.ation and with decreasing par

ticle size. The rate or emo.lsi!icat ion expressed as overall concentration as 

found to increase with increasing intensity of irradiation. at.er s found 

to absorb ultrasonic energy approximately twice as readil.Y as benzene, and a 

mixture of benzene and w.a t:er •as found t.o h ~ve the ablli ty to absorb ultrasonic 

energy at. a greater rate than either pure benzene or 1'ure at.er. The equi ent. 

used wa s toWld to be a pproximately 4 . 61:, e!t1c1ect in the conversion of elec

trical energ to ultrasonic energy, nd ro hly 19.4 o-t the 11lt.rasonic energy 

supplied t.o the oil bath and test. tube was recovered as heat in t.he irradiated 

material in the t.est tube. 

A photogra.E,hl.c method of analysis is reconmended tor tuture stuiy or 

e lsion charact.eristica, and a 11Dre exhaustive study of de-emulsification is 

lso desirable . In order to correct some of the fact.ors which ca,u,e 

l 



irre?roducibility in tre axperimenk1l d8ttx, t.hfl t.emperatu.re of the irradiated 

material should be eon trolled. A su~estio..'l tor a nn!"e ef'f icient crystal 

holder is p:rcrnented 5s-s"1 tJrn f'on"'J ot: a di.a gra.'ll. 



I 

The ene l field ot ultr sonics for ny yoora en the subj ct ot 

nwnerollS investigations by o h ve b-en pri ril.y in erested in 

the theoretical as cts of oduced by high freq en~y sound 

energy. In lJlore rec , howcv r, th r h s been a g ing interest on 

the par t of engin r in the po sible a of ultr sonic nergy as an industrial 

t.ool. At.tempts aN bein ade to d velop equi ent and s "Whereby this 

torm ot energy can applle ble to eh lop rat ens in order to enhance 

the quality, quantity, n rt of oductton of the desired product. The 

possible pplic t.1on of ultrasonic nergy to liquid-liqaid extraction oper~

tion.s waa the . otivatin ! ct.or in und rtaking th present stud1. 

Peril ps 1t would be wise at is po nt to define the ter "ult.rasonic 

energy . " Ult.r sonic en r is sound energy generated at frequencies above the 

max1mwn audible frequency , •hich is about 20,000 cycles/see. The ord "super

sonic," oft.en misused in connection •1th high frequency sound, refers to the 

speed of an object relative to the sped o! s.:>und . Sound waves ve at appr~x

imatel1 l , 100 ft/sec in air at at spheric pressure and normal temperatures . 

An object moving at a greater rate ot speed th n this is said to be ving at 

a supel"sonic velocity . 

From an industrial point ot view, perhaps one f the most im.portant 

aspects of the a e of ultrasonic energy is e effect of this t.Y pe ot energy 

upon l.J'JWiscible liquid systeus . ven in the ab enee of colloidal st.abilisers, 

ubions of eat st.ability have been for ed and broken in oil- • t.er and 

rcar1- ater syst s by the application o! 11lt.rasonic energy ot high intensity. 

Vis11alize for a ,a.anent an oil-•at.er countercurrent extraction operation •hich 

utilizes ultr sonic energy to alternately emulsify and de-emulsify the two 

phases. he advantage of such an operat.ion over normal ext.raction operation 



is apparent sinc-e thro C1\t1" e amoant. ot intel"tacial urlace 

ar produo«I . Since the a ppltc t.ia1 of ultra oni.c energy to extr ct1on 1G a 

relati ei, ew id , qWlnt.itative intor tio on ema.lJ:Jion charact.eristics, pro r 

ul 1l1cat1 n -and de-e lsifi~at.ion conditions , n.d the overall e!ficien.c7 and 

ct ea tr ot such operation is dl.y needed and c tainly st be obt ined 

ore indwtt.rial possibilit.iea of the idea can be tull.r re l1$ed. Th 

s o! th s study is not to l0.8.ke • detailed quantU • .at.iv investi at.ion ot 

t.al probl 

fttt.ure , re 

, but rath r to secure Worution on so of t.h 

aced in suc.h an invest.lg t.ion and to !orm sowid basis tor 

u tive work . 

e to a:>Wlt.ing interest. in the pbenoaena associated •1th ultrasonic 

irradiation, eo rk on the !llftdatHntal aspect.a ol the probl out.lined has 

a q. •n done, not to •nt.1 e.n a large amount ot experimentation not re

lating direc.t.i, t.o the problea Qllder conaideration. One tac,or important, 

t.lng o rational etf1eionc1ea is th rate a t whicll ult.ras.onie energ 1B 

absorbed and c nvert.ed into waat.e heat. in variou.a liquid media. Alexanderl 

at q li tat.ively that. high frequency waves ar more eaail.J absot'bed t.ban 

low trequenc1 Yea a d that t hi fre-quenciea energy losse due to bsorp

tlon becg ~cessive. Further intormat..ion on absorpt.ion pbeno ena of a 

quant.it t1ve nature ls available in t.be llt.enture. Alo of eons1de ble 

value in oltr sonic research ls t.he d v~lop::ient. of new eq1.11 

It 1-e prob ble that it, 1s ln this piiase ot the work that. t.be st pld progress 

is eing de . Al nde.rl nport s tudy ot lour different types of ult..r -

sonic generators w1t.h th frequency rang II and h.he most efficient. thods ot 

appllcat.ion tor e Car11n3 also preeent.s a fairly ext.enslv discueslon 

o! ultrasonic generators complete with dia r · t.o aid in const.ruction. Smi.t.h 

st.umpf l.4 inYeetigated ttlt.ra,sonie enent.ora wit.b empbas on ceyst l pel"-
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tor nee. They found ti.bat, irradiation intensities vary direct.11 as the acou

stic resistance of the ll8diW'1, the square of the applied voltag , and the oper-

t1on frequenc • The voltage was tou.nd to be determined b.Y the breakdown 

point of the er st.al. 'l'be discovery w s al.so made that vibration does not occur 

uniformly over the t ce of the eryst.al. A rat.her eomplet. e stu.d,- of piezo lectric 

crystal p r.tormance and char ct.eriatics is pre sent.ed by Mason. 11 Labaw stlldied 

the tocu.sing action of curved cr,.st.als, finding that .much greater intensity 

ls obt ainable close t.o a curved quartz crystal than fro . a fl.at crystal having 

the same area and t hickness and drawing t he same input power . 

Some interesting aspects or the stu(\y or the fbenomena associated with 

ultrasonic irradiation are t.he chemical and biological effects of this type cl 

ener rg . Harve,S reports th ability of ult.rasonics to flocculat.e coal particles 

1'hil rk12 reports their ability t.o cause mu.ch deeper going changes in 

che.cn1.cal systems . It. see.ms ~at ultrasonics can attect not only inte.rooleeular 

torces ot Ute van der Waals type (l, 000-10,000 c 1/ l) but are even capable 

ot disrupting strong chemical bonds (50,000-100,000 cal/ 1) • . The viscosities 

ot some high polym.er solutions decrease upon ultrasonic i diation but recover 

in time after irradiation is stopped, indicating disr1apt.1on of v n der aals 

.forces. However, at 300 kc am lO watts per cm?-, molecules having molecuJ.ar 

wei ts around 100,000 can be che ically degraded so that the viscositJ' does 

not incre se with time aft.er irTadiati n is stopped. rk12 found that gen-. 

erally about 5 bonds in 1,000 were broken and that. this degred tion is due to 

tt"iction set Qp between the fluid nd the oleeule. He also found that 

additional external pressure increased markedly the degr ding intl11ence ot the 

ultr sonic field. Burger and Sollne? tound that rod or plate-like particles 

(mica, gypsWJl, selenite, ste tite, quartz, etc . ) can be orientated with their 

lon est axis normal t.o the flux of ener • Concentrated rheopeetic susf)ensions 



solidified, and nor ll.y dilat nt tures wer found to lose this property 

hen s d to lll.t.rasonic e rgy. (Oil.at.ant sus ensio ar those i • which 

t viscos ty ot the su.sp sion incre es ith Iner sing sher stress. 

of dil nsi n are t. ~h in · t r, c in at.er, quicksand., 

and ch • Rh 0 nei ns r certain thixotropic susp n ions 

upon bing sys\ tic lly il t (incr s in pparent 

viscosity) . les of rh p ctie su in w ter, b tonite, 

• nadiwn pentonde sol • ) 

Rel t veto pre ent investi tion, one or the rtant no men a 

sociate with th ppllc tion of ultr onic nergy t.o l i quid yst is that. 

ot cavit Uon. Pr ct.i lly it.bout xcept.ion the authors o have de studies 

ot the effects ot ultr sonic irr di tion on it: miscible liquid Jst have 

r ported cavitation s factor, if not the dir ct e use of ultr -

~onic 81l11.lls1f1cation. Ho ever, the only detailed study of cavitation towid in 

the lit r ture w s de by ollner nd Bondy .16 C vitaticn, the .tormatian and 

coll.spse of S.lll8ll caYities in liquids, can occur as soon s the hydrodyn ical 

ressu in a liquid is re uc d t.o t.he v por ressure . It is not. kno n as 

yet wh ther thi condition can o ur in an absolutely pur and g. s-fr e liquid . 

Caviti hriv been ob erved to !or in a streaming liquid. •ater llo d to 

tlow thro h convergent-div rgent ube turns opaque jut after the narr west. 

constriction it the flow rate xceeds a certain minimw v lue, nd the opacity 

continues for so, distance down t am.. At the time, a loud hissing noise 

is heard hich is caused by the coll pse of these ca ities s hey p ss into 

regions ot higher pres ure or lower tem.perature. From Bernoalli's equation 

P + PT2 = const. 
2g 
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where P = hydrodyn ical pre ssu.."'e 
~ = density 
v = velocity 

v t tion i s n to be po sible, since the velocity 3 becoin high n ugh 

to reduce the h drodyn ical pr ssure to the vapor t nsion. Reynoldsl8 de

veloped an quation to c lculate t e pressure developed durin the coll ps 

of cavity . 

where P 1 = th ~ ss ure at infinity 
( external atmospheric pressure ) 

R0 = initi l ~ dius of the cavit1 
~ = coat'.ticient of compressibility 

P and R = correlated sure and radius 
ot the cavity du.ring collapse~ -

Pressures ot thous nds of tmospheres 1 b developed at the mo nt. ot the 

c vit1•s collapse, which i evidenced by the erosion ef!ects on a ship's pro

peller blade {where c vitation occurs) . When 11perheat.ed st Jn is bl n through 

a l i.d. nozzle into an oil-water int.erf ce, it. condenses with t.he tam.illar 

rattling sound, tormi.ng a highly dispersed emulsioo of the oil in at.er t y 

olsitication c ses when the ter becomes too r to allow rapid steath 

condensation, which indicates that the collapae ot cavities ca.uses th eaml-

si.tieat.ion. This cone hlsion is further sub tant.iated by the fact that no 

lsi.tication occurs when air in t.ead o! st.ea.11 is blo111n in at. t.he int.er! ee. 

When air is dded to the st , reduced emulsification etfioiency r suits. 

since air butter the impact ot the collapsing cavities. Very concentrated 

lsiona •Y be produced in this manner, using pure s11perh ated stea_m and 

a sodi olee.te solution. Sodium olea t.e is an •11lsion stabilizer. 

Kundt and Lehman l7 describe an in terest.ing experiment mich shows the 

effect. of acoustic waves on liquids. A tu.be was tilled with t.er witch had 

not been de-g2ssed but from which even the smallest. bubbles had been re.moved. 

7 



the ube was expo ed t.o ultraaon e i.rr i tion, g s ubbles to d hieh 

contin e to on. The gas bubbles Yler renb orbed i f th vibratl ns were 

s opped for t. m.e . It the w ter a caref illy de- ssed, turbidity occurred 

close to the en of th tub durin~ violent irr d tio • T cou 1d on]Jr be 

caus d b rupture of t e w ter. be exp rim t, there! re, shoe th t coustic 

aves y c use c .vitation in de-g ssed liquids nd gs explusion from gas-

containin liquids. The toll ing facts se m to s o that c v1tat.lon may be 

c a.sed by ultrasonics: 

1. Liquids havini low bo lin0 point y be de to distill at 
room t perat11re, i.e., the 11ltr sonic waves 1 wer the boiling ,, 
point by e.tfectiv ly reducing the ressure. 

2, Ultrasonics evolve gas from ns-eontaini quids . 

3. Liquids str tcbed by Bert.he lo 's method ( ea led in a tube and 
eooled) disrupt. t. a higher temperature when exposed to ultra
sonics . 

4. Ca ity to tio is favored at liq~id-11 uid intert ces , rxl 
ultrasonics ar very active at such int.er! ces . 

Treating immiscible liquid syste •itb ultrasonic ener under various 

conditions has r ulted in the following observations: 

In vacuum t.he irr diated liquids boiled, but did not emulsify. The 

cavU.1es tor d but did not coll pse, which see.ms to indicate that the col

laps ot cavities 1 nece saey in the emulsification of oil aal " ter by 

alt.rason1c energy • eith would emulsific tion occur when the liquids 

. de-gas ed, which s 1!'.S to indicate that dissolved gas is an i rt.ant 

taetor in ultrasonic l6ificatien. lsification as found t.o be feeble 

t v ry low and v ry high external pr.e .. sures and at higher temperatures . Since 

UN and t.e J:Br&tare vari ticns were found to have such a significant. effect 

upon c vitAt.ion, it is possible to conclude: 

l . Dissolved gases !avor oil- ater e.mulsi!icat.i n since they !oi-m 
gas nuclei which favor ca ity formation. 
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At higher oor:xcentrations, dissolved gases may P'Jl unfavorable t.o 
o.il-water e11t1lsificatior, dut'i to a buffering action on cavity 
collapse. 

3. Nor:ool ~xternal pressure favors oi 1-,'.later e:itulsificat.fon sinee 
it is necessary for effieient cavit,y coll.1,r>se. 

4. Higher external p,ressure is untav'Orable to oil-water emulsifi
cation, since it dist.u:rbs cavity fora1ation. 

;. Higher teraperatures do not favor oil-water e;,1ulsi.tieetion since 
t.hey cause buffering of cavity collapse. 

On the other hand, cavitation v:as found to have no effect on the forioo.t.lon 

ot mercury-water em11lsion.'!I ultrasonically. Emulsification was observed to take 

that steam in.ject.ed at a mercu.ry-wc1t.sr inter.face had no emulsifying effects. 

A theory of m.ercucy-hate!" e;oo.lsification by ultra.sonics has been proposed by 

Sellner and Bond_y. 16 It holds that smll vi1ater droplets are mechanically 

driven into the :;1ercury layer '.;here they combine. The thin ro_13rcury fil.Ja 

r1ercuJ:'y in water emulsion in t.he mercury phase. These rubbles :,hen rise to tbe 

surf ace where they burst, throwing a tine spray cf iuercury into the aqueous 

layer. In the absence of dissolved gases, the amount of .inere.ury dispersed in 

the water is very s.'nal l :and soon settles out. l!ihen gases are present, con-

cent.rated and much more stable eraulsioos are 'readily obtained. 'I'his phenoHenon 

oeenrs irrespective of tho gas used; thc;refore., oh,:&inical action Illa:I be excluded 

as the stabilizing process. In the !;;r0csence of colloidal stabilizing agents, 

dissolved gas is not essen.tial ir torming stable rnereury-water emulsions. f'~e 

protective action ot gases is not yet satisfactorily explained. 

several investigators have merttit.med the coagu.l.ative effect of altrasonie 

t?nergy on ditterent types of emlsio~, but again Sollner and Bondyl5 prese:1t. 

the most ,omplete discussion of the phenomenon. They term t.he mechanism. of 



coagw.at.ion b7 111.traaonic e .nerg)' "radiatiai pressure . a Radiat.icn pressure is 

caued bJ t.he dittr action o:t soand energy b7 the individual. part.i.cles. Thia 

driTes them to and fro arn incrfli aes the rate of spontaneous coagulation. The 

process is t ermed "ort.hokinet.ic coagulation. " The part icles were found to 

aecW1111late at the nodes or anti- nodes wherever stationar1 •ves occurred . The 

rat.e ot coagulation was found to depend on these £ones ot accumulation, since 

coagulation 1s accelerated by higher concentrations of so ergy. In water-

mercury ealtlbions t.he locus of coagula ti.on ia readily separable frOllJ. that ot 

eamlsiticatlon, ince coagulati oo. occurs in the interior of the aqueous layer 

while eau118ifieat100. occurs at t.-he bulk interface only . In ter-oil systems, 

however , the loci of enulsi1'1cation and c oagulation are the same although zones 

ot accumulation lIBY still be observed. 

Seteral ways have been found 1thereb1 eau.tlsification ms,y be suppressed so 

that. coagulation raa.1 dominate . lmu.lsiticatim reqiires an energy input ex

ceeding a certain 11.adt, and coagulation may doininate below this llait . Cavi

tation, and therefore e.mulsitication, may be prevented by applying high external 

presaare or b1 raising the temperature. No stud)' of the ef.tect o! trequency 

variation upon coagulation has been rep;,rted. 

The rate ot accwaulation ot particles at. nodes~ anti-nodes depends 

largely Qpon the particle size. It proceeds markedly and rapidly with particles 

having a diaJneter or about l u. Nodal accW11Ulat.ion la not observed with particles 

of truly colloidal size. In aqueoua systems , the less dense particles are 

found to accwn.11late at the nodes , t.he aore derue at the anti-nodes . In one 

experiment reported by Sollner and Bondy, 15 the lower end ot a test tu e 50 cm 

long and l <=- wide s exposed to ultrasonic vibratiais with a crystal current 

ot 115 • en ti Ued •Uh a I+% toltiene (in ter) emulsion, lllON or less 

regular whitish zones appeared allmst inmedlately in the lower and middle part;s 

10 



ot the tube. If th vibrati ns ere sto p f'or mo ent., l.ar drop which 

formed .fro t ace ul tod ps rose tov rd the urtace. Du.ring irradi tion 

the e drop t-e t. t-i"3t retained at t. e l vel of their f o tim, but. short-

l,y tt.erw ds., upon growing large., they jwnped trom one zone t.o the .rext., thus 

gradua Uy to ng a e erent layer of t.oluone on top of the 1q ui.d. It the 

irradiatloo s continued for so e .minutes., the liquid in the l o"A-er and .middle 

rt.s of th tube beca tra.'lBparent and rel tiv l free of toluene. The top 

10-15 CJZl never beca::JL clear. This range was smaller t l er ener inputs., 

but there was lways an ul i<n clo e to the inter! c • Substantially the 

s e results were obtained ith an or ie liquid h vier t hl!ll'l ter. The 

ph nooienon beco s re p rent in short r., narrower columns vmere the effects 

of eddy currents r absent. At lo r iJapressed cry sta 1 curr t. s ( 40-50 .ma . ) 

the s r su.lts were obtained but the reaction occurred ®re low]3. At 

still lower energy inputs zones of accWnt1lation and coagulation occurred in 

an ordinary test tube ith no 11lsitication. 

Considerable intonn.ation of a qualitative nature and l.iJlllted information 

of quantitative tu.re have been furnished. by investigators of emulsion 

formation . ilexand r 1 r ports that 50-60 grams ot benzene can be emulsified 

per lit.er ot ter 1n two minutes., th cone nt.ration tailing to increase 11pon 

furthe r irradiation. Cl ton ,1• working at 300 kc with oil-• ter s39 tems, 

reports ediat.e «nt.ilsificatJ.on with the emulsim proceeding tro t.he walls 

of th containing v ssel. With t oluene-wat.er syst.em.s he found a l.imiting 

co entr tio ot 4 .2-4.5 by volum , at which point emal i.t'icatioo and 

coagul t.ton co terbe lanced ch other. It was found that thi llfaXi.Jawn 

concentr ticn decreased 1f 1t.b ti:.1e of irradiatiai che · to the supression of 

ulsitication by de-gassing et ects nnd temperature rise . Daniewski 6 !owld 

t t the rate of !or t.ion of ter-keros ne emulsions with al trasonics in the 
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trequ.enc1 cser1e 150, 395,ll6o, 3000, nd 9,000 kc incre ses t. con t t 

freqrumc7 s lin r function o! the !Strength o! vibration. t constant 

int.en ti t1, howver, the rate ot fo t.ion was f o und t..> decrease wl th in

creasing t equenc , th maxi.mu being at. 150 kc. rine!lcalO found t hat t.116 

particle size depems on .inplltude and rot treque cy, and · k12 reports the 

degree ot dispersion as .aostly moderate with avera ~e fa l't.icle d 1 ters ranging 

tro111 l to 20u nd surface energies of the order of gnit.ude of 100 t o l,000 

c lories per ole of dispersed substance. Rlchards,13 studying benzene and 

water systems at 300 kc found that. the benzene laye r was em.ulsU'ied first. 

1th low sound int.ens it1es ard a water wetted test tube , the e1aulsion r. e.e 

t oard to co.'l\e sl.owi, off the lls into the benzene layer, while 1n a per

fectly dry test tube I¥> ewlsU'icatiui took place unless the intensity was 

suf ticient to agitate th e bulk interface cons1de bl,y. When the vibrations ot 

the glaas coot ner were m.ped. out. as IIUCh as possible, no eautlsiticat.ion 

took p c even at t.J\e in tertsce. Richards concluded that •tllsitication was 

princi 11.y dae t'p transverse waves in the gl ss -walls, t.h eharact.eristics 

ot •hie depend on t uency and wall thickness. Freundlich and Gilllngs7 

worked wit h toluene am· water eystems at three treqUBncies , and their principal 

f'1ndings are r corded in the .tollowin table; 
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Degassin.g of 
ltquids 

T•roducthm ::::f 
o/w emulsions 

Co~guhtbn cf 
rli sperse syste.r;is 

OBSERVATIONS Nf ........ . 

214 kc __ ,. ___ 4 ........ s_. _i._::c. ________ :_J_.~,..1 __,,k_c __ 
Vigorous 3.t High intensity The etfect, 
low int.ere ities ne~ded for proceeds 

?r.cdtJCOO by 
indirect irradia-
t i "'"' "'.. l /l r. m"' ,. _ ~-1,..,..v~-:. C,-~2 - ~.,_,, .1-!J_:.,;~i',.c'\.: 

imu:ll L11tensity 

Can ~ r,rodncnd rte st.able 
at high inte.n- e11uils i.:..n 
stty under prc,pec:r prZldm::f)d 
cooditi~s 

At both :frequencie,s effect due 
tc cavlt~Mc:r.i. 

zasll.y :::1beerved Be.st observed 
direct,ly in liquid in s.nokes 
e!t=rte:1s. Cr>~[;ttla~-
tion is __ a limiting 
f ;1ctor in. sc:ue :::'.ls-
.?ersion systems. 

the vells oi the conteini.ng vessel and tha distance fro1.1 L~e soa.?·ee of ir-

quantitative data 7~$ t.ekoo vdth 3 ee. of oil i,,4. 3 ce cf m KCl to deter!i1ine 

accurate. The st.a.bllity of the e.rnulstcn for.md v2s 1ooderate, the emulsicn 
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a tend cy to se tle out nd the viscosity ot the solution if s found to pla,y 

an im ortant part; in the settling-out proees • The d ta !or these run re 

present din Table I . 

SUBSTA ~CE 

water-benzene 
water-tolt1en. 
wa ter-x,y len 
water-cyclohe.xane 

TABLE I 
DEGREE OF OPACITY 

rATER PHASE OIL PHASE 
. 

++++ ++++ ++++ ++++ 

+ 
+ 
+ 
+ 

Addition l data were taken using .3 cc . f tolue."le and 3 cc . ol distilled 

water in a glass t st t11be 1 • thick an:1 15 • i.d. The concentration ot 

the eJta.laion •as calc11lated .troai density tlSing a pycnometer, ni a tresb test 

tttbo w s ased 1n each run. The r t.e ot e; ulsi.t'ication · as found to equal the 

rate ot coa o.latJ.on at. ulsion concentrabions of from 4. 21, to 4 . 5, • With a 

crystal current. of 80 tna., the xitawa emu.lsion concen t.ration was reached in 

3 :nint1t.es and ith current of ll5 · · - s reached in 30 seconds. 

The rate ot tor tion s found t;o increase t rongl.J, with increasing energy 

input. The re ult ot these run a.re pr sented in Table II. 

TABLE II 

DISPERSED P SE ••• VOL. "I> 
CRYSTAL 

E ••• MIN. cur.RENT ••• VA • 50 80 115 

1/4 3.5 
1/2 l.l 4.5 
l o.o 2.3 3.9 
2 3.1 
3 4.1 
5 0. 5 3.9 3.1 
10 2.8 
15 1. 8 4.2 2.7 
30 l . 8 

The degree of dispersion was det:.erm.inecl in the following nner: A 

utall amocmt of the em lsion w s dilu.t.ed with 5 t.o 10 ti s its vol of a 
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2% el tine solution . drop ot this stabilized 
0 

ulsion was dried t 50 C 

for 30 minutes on ing a cavit3. It was th n otogr phed 

1th a t r i sion l s t 1,000 magnifie tion; 300 dr .ere cotm ted 

sur d . Tho author et.ate t at the met.Ix> i s in ccur~te due to large 

var t.ion in rticl, siz , a signi · c nt el."ror bein c used by the occasiona 1 

app aranc ol very l.arg r t icles. Particle size data are esented in 

able III. 

TABLE Ill 

EI HT PERCEUT OF DISP • E PWSE 
211 2-4U 4-6ll ~ 8-lOu. 10-12 

50 3 2.3 28 36 '2 0 0 ., 
50 15 2.3 28 47 23 

800 1/2 5.5 ...,0 21 . 20 24 0 
80 3 1.5 25 29 20 25 .J 

115 l/4 2.3 29 28 33 7.7 0 
115 3 2 .8 24 25 22 26 0 

Fro their d ta ollner n B ndy concladed t hat. sh;:,rt irradiati ft 

periods and small energy inputs f vor hi@lll.v dispersed · ulsions of low 

concent.raticns, and that long irradi tion riods m h1€Ji energy inpt1ts 

t or large particle sizes. The ddition ef stabilizing colloid tends to 

produce a hi gher degree of dis per i and more r pid dispersi n . The in-

dica t.ion is , however , that. the ddition ol a stabillz r does not ep th.e 

1.1lsion f roQ be.i ng coaga 1 t ed by the ultr sonic b .. 
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SCOP , . Q! SI'UDY 

In order t o for sound basis !or t ut.ure •ork in ultr sooic ulsifi-

catio and de-emu.lsificat.ion, several a pects of the general problem will an-

. er o invest.i ation 1n the present study. s ·il.l be recall d, SOllner and 

Bo a,15 deter ned lslon eonc ntrat.ion from. densit.1 me su.r ents with a 

pycnomater, d est ated concentration fro opacity m.es.sure oo.t.s , but the 

lance ot the llt.erat11re tailed to reveal a more satisfactor, met.hod or 

d terminin e 11 11lsion concentr t1ons. As result, rt o! .. e ent; 

study will be devoted to finding a convenient t.net.k>d !or det rmining emulsion 

concentrations . Since fitote1 t:ty b n f o to be highly s t.istaetcr 1 

s at.hod ot che.rtd.c l analyai a, an et. t.ellpt. wi U be d to a ply it to 

emulsic.n concentration de.term tion. It appllc ble to emulsions wit.h ide 

var.tat.ions in particle sizes, 1t. is a method of analy s t. t can be used 

with eimpllclty m rapi lt • 

he mea er qmintit. tiv ta presented in the Ute-rature covering the 

effect. o! t. d int. nsit of di ti.on u on ticle size and distribu-

turther invest! · t. on ot the ir.atter in this study. Information 

of this type erit consideration since U. indicates the ccnditions under which 

v ions e111.ulsion ch ct ristie dOClinat.e . A microscopic met.hod of an lysis 

will be used l'fbich is rore ra id and which in all prob billt ~ll giv ch 

mo e consist. t results than the mt.hod o.t al.yeis used by Sollner and Bondy , 

who spent. considerable 

microscopic lysi, 

char ct.eri stic to var1. 

prepar1n ver1 ll sa.inple o! lsion tor 

oviding an excellent opportum.t1 tor the e lsion 

By the method to b ployed. abo11t J,O(X) droplets 

can be ~anted at:d classl.tied according to size, 1llhereas onl,y about 300 went 

counted by Sollner and ndy. The propose not onl.y le sens the 
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which doubtless occur in t.he dilution and drying operaticn e loyed in t.he 

previous st.oo., • 

.An excellent qualitative p oach to emulsi.on dest.ructim has been de 

in the llt.erature , b11t quanti~at.iYe data in this field are s yet still lack

ing. This at.ndy will, therefore, attempt to throw ao 11 t. on e etficie cy 

of ultrasonic irradiation at various intensliies as a d~ lsifie • Studies 

will be de f nor l 39t,t. ~ to be co d it.h th settl sults 

1.rradiat d material to determine th eftect of cont ed irrac tion upon 

oil- in-w ter emulsions. 

From c e cal en n ering st~ndpoint, ef.fici cy o! op r tion 1 

alway an i port.ant coosider; t.ion. It is ot. known as yet. whet er an ultra

soniea lly cont.rolled co nter-eurrent llqui. -liquid cont.ac t operation would 

be in usiri lly f slbL • It it n be shom that e lsions can be effic1 nt.-

ly for and broken by ltrasonic ener , the result will be of {X)t-«1tial 

industrial value . It 1 hoped th t t.he present _tudy will indie t.e to a 
cert:. in extent the r cticalit of such an operation, and rhap suggest 

thod by ich a truly efficient ope tion n be devised. 
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EQU!Pl[ T 

The ultrasonic genera tor w,ed in this sta:!y as designed and built from 

war surpl11s equipment by the st.aft of the Research and velop.ment Laboratory 

ot Oklah o A & V Col lege under the supervision of Professor J. R. orton. 

Generall1 speaking, the 3 .main parts of the generator were the power su ply, 

the oscillator, and the power ampll!ier . The p01ter su ply contained two 

No. 304 TL tubes and as capable of producing 3.,000 watt.a in one tube and 1,000 

watts in the other. A Hartley oscillator •as used in the generator with a 

No . 811 tube, and the power am.pll!ie.r contained two o . 304 TL tubes, one 

being employed to neutralize the other. In addition to the tubes, the pri

ry te "ures of the power amplifier 111e!"e a tank coil and condenser used to 

resonate the circuit at. the oscillator frequency which was 250 kc. 

The apparatus l'las arranged as shown schematically in Figu.re l with the 

operating conditions manually controlled b1 dials nwl:lbered 2 and 3. Dial 
,-

o . 2 regulated the flow of energy from the power supply to the power ampli-

.tier, and dial No. 3 rotated the condenser which resonated the circuit . 

Meter o . 1 of Figure No. 1 registered the plate current as D.C • .mi.lliam.peres 

wh . le meter o. 6 indicated the act ual current supplied ta the cryst l holder 

as AC milliamperes. 

The test tube, number S of Figure 1, was a standard l inch :round bottomed 

t.ube made ot pyrex glass . The thickness of t.he test tube wall was approxi.-

matel.y 3/641nch. 

The crystal and crystal holder are drawn approximately to seal in Figure 2. 

T e cry tal holder was of the resonant cavity ty e designed so that the 

resonant cavity 1 be adjus ted to the specific crystal in use. However, it 

-was found t hat the depth of the resonant cavity did not signiticantly affect 

the height of the column of oil created above the crystal during irradiation. 
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FIGURE 1 

. M OF APP A_RA_TlTS DIAGRA -.. -



KEY TO FIGURE l 

• PLATE CURRENT TE. (DC MILU MP •S) . 

2. DIAL TO RmULATE TH mERGY SUPPLY 'fO THE rov!ER A LIFIER. 

) . DI L TO RF.SONATE THE CIECUIT. 

4 . GENERA.TOR CONTAI ING SUPPLY, PO· ER LIFL!; .. , D OSCIL TOR. 

5. WOE T COIL. 

6. CRISTAL CtJIUm!T METER. 

1. TEST TUBE CONTAINING IRRADIATED TERIAL. 

8. CROCK CONTAINI ·a OIL BATH. 

9. QUARTZ CRYSTAL. 

10. LUCITE PLATES. 

11. UPPtR AND WWER BRASS RINGS. 

12. BRASS BAS OF CRYSTAL HOWER. 

13. TRANSFORYER OIL • 
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FIGURE 2 

DIAGRAM OF CRYS'l'AL HOLDER 

DRA1:m APPROXIKATELY TO SCALE -
' 

LUCITE 

TO 

' 

SPRINGS FOR MAINTAINING 
COMPRE_SSION CON'.rACT OF BRASS 
RINGS TO CRYSTAL 

OPEN CAVITY (OIL FILLED) 
_.--STE8L STABILIZING RODS 

~ J FACES 
/ ____- [ COPP ER PLATED CRYSTAL 

- UPPER 
BRASS RINJ. 

- QUARTZ 
CRYSTAL 

-- BRASS 
CRYSTAL 
HOLDER 

--LOWER BRASS 
RING 

RESONANT 
. CAVITY 

BRASS ·BAS (AIR FILLED) 



An I cut quartz eryst.al w.as used in this stud1. It was placed 1n the 

crystal holder as shown in Figure 2. The diameter of the crystal as 2 inches, 

its thickness 7/16 inch. ch side of the crystal had a thin layer ot copper 

plated on tor better contact wit.h the crystal holder. The diameter of the 

copper plates as l-5/S 1.nches. 

The microscope used contained a small scale built into the eyepiece with 

which observed objects coald be aeasured. This scale was calibrated at a 

magnification ot 440 with a eta e cu.cro11et.er. It. as found t.hat at t.his 

.magnification each scale division was equal to 3.,3 microns. 

The Cenco Sheard Sanford Photelometer is shown schematical 3 in Figure 3, 

where the component parts are briefl,y explained. It is product. or the 

Central. Scientific Company. The principal of photelo et.ry is the uguer-

Beer Law, which may be expres as I = I 0 10-E:el where I 0 is the intensity 

ot the incident light, E: the molecular ext.inet.ion eoef ticient, and I the 

intensity ot light transmitted throa.gb sol~tion of concentration e and 

thickness l. 5 This law applies strictly only for monochromatic radiation, 

and also it the substance does not undergo molecular change as a resu t of 

absorbing such radiation. It has been found, however, that the above re

lationship still holds su!ficia~tly •ell to permit chemical analysis with 

high sensitivit1 and accuracy even when a rather wide spectral band , elected 

by , ans of a light filter, (G of Figure 3) is used. 

Since equipment limitations prevented the product.ion o emu sions in 

large quant.lt1es, th• standard a_bsorption eels turnished with the phot l~t.er 

were not usable and others had to be devised. The two types of bsorption 

cells used are pictured in igure 5 along with the cell holders which were 

necessary to adapt the eel la to the phot.elomet er . Cell t.y l -was de by 

cementin t.o a small U-shaped piece of brass, cut !ro a length of brass 
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A C D E F H 

A- Constant voltage transformer 

B- Step dow·n t:,ansi'ormel"' 

C- Lir;ht source 

D- Iris Dj 2-pru·am 

E- Lens 

F- Absorption ce:l 

G- Li,:;ht filter 

H- Photoelectric cell 
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strip . • 15 cm. t hick, t wo pi ces ot glass plate rou d to sh pe. DeKhotinsky 

ce nt was used. The completed cell .has a width of 1.3 cm. , is 5.3 cm. high, 

and has total thickness of 0 .6 c • hen filled •it,h emuusion, th absorbing 

thickness is the thickness of the brass strip or 0 . 15 cm. Cell t1. 2 is siaply 

a all vial 1. 2 cm. in diameter and 3.6 c.m.b.igh . The cell holders were taade 

ot lucite blocks, cat to fit the sliding cell holder of the photelo.llleter. The 

lacit blocks were cut o that the sbsorp~ion cells ght be insert ed in them, 

m so that light p ssing through t.be cells encountered no lucite. The side 

ot the lrieite block which taced the pbotelometer light source as painted 

b ~k ~hich per itted light to pass through th bsorption cell on!J'. 

LEVY- HAUSSSR COUNTING CHAMBER 

Pictured in Figare 10 is the LeYy-Rausser counting chamber which ~as 

used for e ulsion analysis ir1 the pr esent st ady . The manu!acturer is Arthur 

R. Tho s, Philadelphia. The important parts of the counting chamber are as 

tollo11s: 

D- - atte pre- tccu ing surfaces 

- Finding lines leading to ruled surfaces 

!--Chamber charging inclines 

A-Ruled Area 

B-Cover Slip 

The chamber is charged by placing a drop of t.he em.ul.sion at. I nd allowing 

it to be dra11n into the ruled chamber by capillary action . The ruling is the 

improved Neu.ba11er Ruling which consists of ni ne square millimeters, each divided 

into 16 uares with th central square millimeter divided into 4CX) mall 

squar s ch wit:,b n area of l/400t.h of a :square millimeter. The c :.nber depth 

is 0. 1 mm. The number of rticles counted is converted to volume basis b 

the following relation: 
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LB'rI-IiAUSS.!:'..R COUNTIN<r CHAifiBE.R 

FIGURE 8 

D E A B A E D 

FIJ-UHE 10 

~·r:}uRE 9 

I 



Mo. ot 
Particles x 4000 
No . ot smallest. 
squares counted 

part.icles/ mm'.3 

Figura 8 and 9 are sketches of th appearanc0 ot n e.mul ion in the 

chruo.ber t, hrough the zucrosco e . .n image such as Figure 8 is se when t he 

crosc pe is .focus d on the bott o! the chamber · hile Figu 1 

t:.h top of the s a e section of t.h chamber would appe r . 
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PROCEDURE 

A series of rUM was made in order to determine it a relationship exists 

between emulsicn concentration and the quantl ty of light transmitted through 

a photelomet.er cell fi lied with emulsion. Both types of photelometer cells 

were WJed. The general procedure for taking d.at.a wit.h each type was the same. 

Two nearly identical cells ot each t.ype • ere found to be necessary . Before 

each series ot runs, the two cells ot each type were both tilled with tap water 

and checked against each other in the ph.otelometer· t.o be sure that the zero 

concentration reading tor both was the same. One cell was left filled with 

tap water in order that the zero concent.rat.1.cn reading on the photelometer 

could be checked from. time to time . The other cell contained the e 11lsion 

to be aeasured . The procedare •as as follows: 

l. The blood counting chamber, the t.est tube, and the photelomet.er 

cells were cleaned and dried . 

2 . Into the test tube 1tere introduced, !rom a 10 ml graduated cylinder, 

7 ec. ot H2o and 5 cc. of benzene. 

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

oa.tput int.enslty. 

4. The test tube was placed in the oil bath and irrndi.at.ed tor the 

desired length c,f time. 

5. The test. tube w s remved from the bat.h and allowed to stand !or a 

specified setting ti.me i! this v,as desired . 

6. A 8U1.ple of em.ulsion .as drawn from the water layer with a medicine 

dropper . Contamination of t.he saaple by the benzene la1er was avoided by 

bubbling air out of the end of the Jnedicine dropper ae it was lowered throtigh 

the benzene into the water layer. A drop 'Was placed in t.he blood counting 

chamber and the remainder s placed in the phot.elometer cell . 
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7 . The photelo.meter was re-checked with the cell containing tap water, 

following 11 b1eh the concentration reading 'W s ta en on the emulsion sample . 

8 . The blood counting chaJDber was t.ben observed with a microscope at 

a magnification or 440. What was con8idered to be an adequate number ot 

squares waa observed, and the particles were counted and classified according 

to size . 

Some of the photelometer ealibrat.ion dat.a were used tor plotting rticle 

size and distribution versas time and intensity of irradiat ion. Additional 
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d ta to determine these factors ore taken, using the sau procedure but with 

the observation of a larger nwnber of particles to minimize the error& involved. 

The procedure for taking normal settling data was as follows: 

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

2. Into the test tube were introduced , from a 10 ml graduated cylinder, 

7 cc . of Ht) and 5 cc. o.t' benzene . 

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

length of titae. 

4 . The test. tube w s re ved from. the oil bath and a sample of e ulsion 

drawn trom the water layer for photelomet.er analysis . 

5 . The photelo et.er cell was cleaned and dried. 

6. After the e lsion bad been allowed t.o stand for 8 to 10 minutes, 

it was then gently swirled to provide uniform particle distribution, and another 

sample drawn tor photelom.eter analy51s . 

ber. 

7. St.~ps 5 and 6 were repeated for variau, sett.ling times . 

The counting and c la.asit71ng procedure was as follows: 

l . ·The microscope was tocased on the lower surface ot the counting cham-

2 . For the desired number of squares the particles 11ere counted in each 



size range beglnnin with the lar est size ra ge vi ible . For convenience, 

a hand counter was loyed. en all the visible part.toles in particular 

size were counted, Uie counter was reset and the next size r nge was ewnt.ed. 

:,. The micro cope .as tocused on the top of the eountin_g chamber • 

• Step 2 w s r&p t.ed . 

The etf et. ot ultr sonic irradiation upon the rate of sett.ling was de

ter.mined in t.he t ollowing manner: 

l. The phot.elo.m.eter cell and test t11be were cleaned an:! dried. 

2. lnt.o t e t. st t.u.b ~ere introduced, from. a 10 al gradu ted cyl.1.nd r , 

7 cc. ot Hf> and 5 cc. ot benzene . 

3. The test tube 111 s irradiated at a specified intensity tor a spec.ttled 

l ngth or ti e. 

4. The test tube as removed from the oil bath and a S&lllple of emulsion 

dr awn tro the .at.er la,yer tor pbot.elooiet.or anai.,sia . 

5. The ent.ire benzene layer ttas re.moved .fl"Om. the test tube. 

6 . The photelometer cell was cleaned and dried. 

7. ft.er tanding tor 7 t.o 8 mi.nut.es, the 11lslai s irradiated tor 

o ali.nates, and a s ple w s immediat.el.r taken tor otelo et.er analysis . 

8 . Ste 6 and 7 11ere repeated. several t.1. es. 

en investigating t.tu, efficiency of the eqa1.pmmt 11sed in the pr sent 

study, three series ot rans •re !!18.de, one with 12 cc . H2o, and a secom with 

l2 cc . benzene, nd t.he third with 5 cc . benzene and 7 cc . n2o. The proeednre 

1tas as follows: 

l . The eleetr-ie st.irrer ·,:a turned on to keep t.he oil bath uni.for 1n 

t perature, and roo temperature s recorded ~ 

2 . The generator -was checked, tuned , and adjusted to the proper lntensit1. 

T t st tube containing the liquid or liquids to be irradiated was placed in 
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the oil bat.h and allow d to co to t perato.r quillbriwn. 

3. The teaperat.w-e ot the oil bath and liquid in the t st. tube ere 

!I.! sur d and recorded. 

4. e t hermometers were removed, the generator was t.urned on, and the 

ti and intensit.1 ol irradiation were recorded . 

5. The t.est tube t.heraioJAeter was pre-heated t.o the expected temperature 

ot th aupl.e in the test tttbe . 

6 . Attar irradiation, t he t.her.mometers were replaced and t.he temperature 

of the t.est tube was asured after 30 seconds and after l .minate to determine 

t-he final teaiperat.are and the rat.e ot t perature drop oft . 

7. The temperature of the oil bath was aieasured af'ter it bad become 

constant. 

The incremental o r input to the Power Amplifier under l oad was de

termined 1n the f oll:> 1ng manner: 

l. Th cr7sta was disconnect d a.o.d the no lo d plat.e current •as r -

corded from the d.c. milliameter . 

2. The crystal was reconnected and the plate airre1t was again rec rded 

from. the d .c. millluet.er. 

3. St.eps l and 2 were carried out at '.3 different.. crystal current levels. 
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DISCU"' I ON Q.. RESULTS 

Dlie to the t, ct. that. it will possibl.J' be very useful in future st.a.dies 

ot ultrasonic emulsitication and de-em.ulsUication, otelometry 13 one o! the 

more iraport.ant apect.s ot the present study. But tor the fact that t.he par

ticles which coeprise the usual emulsion have sci.ch diverse particle size , 

photelo t.ry would e sily provide an aecur te method ot •ulsion concent.ra

tion deterad.nat.lon. The rost1lt.a ot t hla investigation s presented in 

T ble iv and Figures 11 and ll-A show that 1n spite ot the particle size dis-

tribat.1on effects, phot.elometr1 can be applied with reascn ble aceurac1 t.o 

the determination o! e11tulsion concentrations . There are, however, cert. 1n 

ll.m1t.at.ionas in its a pplication which must be kept in aind. The curves ot 

Figures ll and ll-A represent experimental ru.ns made using two types of pho-

t. lo eter cells, the pr incipal di.tference bet.ween t.b being their t.hickneas. 

'l'he t110 lo er curves ar t.he result.s or deterndnation, on the thicker of tbt 

t•o cells. In order to determine the effect ot particle size distribution upon 

phot.elometr , two general llet.hods of changing this pro;>erty were used. One 

bod is based upon a statement. made by Sollner and B0nd1l5 that particle 
. 

size distribution will vary with the int.ensit., ot irradiation, the other method 

being b sed on physical consideratlona which indicate that large particles 

will settle out. l"e rapidly t.han small ones . Enw.l.sions were, there.tore, pro

duced at Yar7lng intenait.iea., am. some were all.owed to settle a period of ti.me 

after irradiation before being aubjeet.od to photeloJnet.er and microscopic 

ana}3sia. Aa seen from Fipre 11, allowing the eJAU.laiona to settle before 

lJ'ei• does not have a radical ettect. o.pon analysis w itb th t.hinner of the 

t o cells or cell t pe 1. There is .a ecattor1ng ot points., but. mo t ot. them 

tall well wit.hin an error of ± 25j . However, the effect ot a sett.ling period 

ls seen to be quite pronounced when using the tbicke-r ot the two cells or 
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eell t.ype 2. Alt.b::>u,gb. at constant settling time, the results are g nerall1 

aore consisten tor cell t..,pe 2 t.hsn tor cell type 1, it is seen that for the 

sue q nt.1.t1 ot ll ht. t.r~"\s tted two alsionc; ay di.!fer 1n concent.rati n 

by s u.dl s 100% lt the1 ar allowed to ttle tor different length8 of time . 

Though ther is e indic t.ion, the ta tail to show ccnel.llsivel.3 that uch 

1 large di!terence in concentr tion is due to the eet.t ling or large drop.lets . 

Part oft.he discrepancy y possibly be due to the precipitation of benzene 

do.ring the ttling process~ Daring irr diation, the temperature of the emulsi

fied ateria 1 rises considerably, caue1ng the solubility of benzene in water 

to incr s • The cool which takes place during the tive-minate settli g 

pe:r-iod coald conceivably cause the benzene to precipitate in t.h form of drop

let-a too fin to b etect. d in the microscopic analytic-al proce.da.re, but 

nevertheless ftective in reducing t.b:e amount ot light tran ,nitted b1 t.he 

ulsion . T(l po sibl occurrence of such a phono enon may be responsible 

tor the irregular d ta taken in runs 44 and 45 and listed in Table n . In 

these runs, e under nor l sett.ling conditJ.ons , the nwnber ot particles 

1n each particle sl.ze range is seen to deer se consi tently with s tt.ling 

tiae, except. those in the s llest. size range. The nlWlber ot particles 1n. th 

0-)u diaseter range ia ob erved t;o inc:r-ease tor marly an b:>ur 1n run 44 and 

to incre se rkedly duri the 11r st t inut.ea in run 45 . The particles 

observed in ,.is ize r nge were a 11 uch small r than those th t. normU, 

appear i n this size range and could s!ly have been precipit ted benzene. If, 

then, th precipit. tion o! beru~en does occur , add1t1 nal inaecur ele ent.er 

1nt.o the no 1 U,li.ng result!! or Figure 12, since t.he actual set.tling rat. 

would be higher t.han th t indic ted by the phot.elometer readin • 

at r - in-b nzene e.au.ils1ons re not stlK!ied because th :y were 1'ound Yery 

unstable relative to benz ne-in-;,; at.er emulsions . Preliminary investigations 

37 



indicated that the concentr tions ot w ter-in-benzene emulsions were very sensi

tiYe t.o th t perature rl or the benie during emulsitic tion., and t.mt 

agitation is very effectiv as ean o! de- emulsificati~n in this case. -0r-

mal settling is very rapid. Since the J.l thod ot ana lysls u ed is relati ve)J 

slo ., t r salting low degree of a ... curacy did not k such tudy ot"' t r-

in-benz ne lsions dviaable. 

Sever l attempts wer made to analyze th oore concentrated e:au.lsions 

3 

by diluting the betore subjecting the t.o croscopie a d anal. sis. 

Atte pts were ade dilute the e•lsions 1th plain ap t.er, p ater 

saturated 111th benzene, nd ir.radi t.ed tap w t.er., none of which were suceesistul. 

Rams AYC-12 and* YC-12 record a ty ical at.t.e pt to dila.t.e 

ana~eis. 

ul ion ore 

A sample of e ls ion wa diluted t.o twice its original vol i t.h s tu

rated t.ap • t.er aJXl the stilts o! e croscopic and . ot l m.et r nal.ys 

are pre ent.ed in Table V (Run AYC-12) . The resalts of a .microscopic nalysis 

ot t.be ondilut.ed emulsion r& pre ent d in Tab e V {Run AYC-12) . The con-

centration of the diluted emlsion should be half that. of th undiluted ls ion, 

but. this is definitely rot the ease. Th concentrations or t.he t . pl , 

as ealculat. d rro.m the croseopic analysis ot eh le, di!fer by a factor 

ot 10, indie tin that. igniticant changes 1n enulslon cb act ist.ics oeclll' 

dw-ing dilution. If t.he d ilati ck>es c s su radieal ch es in lsi n 

properties, doubts arise nceming t:be accuracy of the thod ot anat,si 

aaed by Sollner and Bondy,15 who em.plo1 d a dilution o ati • 

A varia t.ion 1n th in sit7 ot ir di tion 1 lso to ha an ett ct 

on eo.acentr; tion d terunations wi t.b. both cell type • Six run ( 64-69) were 

de at h h int.ens1ty to det mine the elf ct o nalysi 1 cell t.ype l 

and three rUC18 were at intensity (36-38) to discove.r any effect on 
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deter ticns using cell type 2. £ run 64 through 69, only runs 64- and 

65 are in disagreement with the calibrat.ion curve by re than +.25 • e great 

cy et. -een run 64 nd t.be calibration curve is sh n b the experi-

en l dat.a to be eeu ed '3 the presence of very large f rticles h ving diame

ters a large as 82.5 mie ons. Tie data do not give plausible explanati n 

for t.he large error i ~ run 65 . 

Exp i ntal runs 36, 37, and 38 av,e points falling well ab e the 5 

1W111t.e set. tl c rve tor e 11 type 2 . Th~ dat.a how th t. t. e ulsions produced 

in t.h e t.hre r s co t.ained a high . re e of lar_ge particl , indicating 

that particle size di t.ribut.ion has a p1•onoa.nced ett et 11pon concentration 

deter inations usir1g cell type 2 . It m.ay be concluded, t.h«i, the the use of 

cell type l ivee fairly reliable r~ults when small quantities of large par

ticles are resent . T. t t his i not. true for l r e am.Ot.lnts o large particles 

is sllbst.antlat d by run 44, in which the benzene-water mixtare was violentl.Y 

agit tad befor e,nu1siticati~1 c . using large particle to be preaent. in great 

quantt~ies after o ul3ification. The comparison between the concentration 

det r ned by act. l count nd the concentration determined r"' the o-

telo ter reading arx:l the c l1br tion cune may be seen in Figu.re 12. The 

coneent,rat.ion tro •c a.al count 1 seen to be s bstantial y higb_er than that 

tro the cs.Ubr Uon oa.rve, es cislly at. the lower settling times, indie ting 

t.h t large unt.s or large particles c a.use inaccuracies in analysis with 

coll ty 1. 

40 

As not.ed previoosly, a rat.her laborious icroscopic procedure was used to 

determine u.leion concent,ration t.o be checked a ainst the pbotelometer. he 

e.a1:11lsiona were placed in a blood count.in chMber and, at a magnification ot 

440, he particles ere counted and. claseifi d according to eize. Such an 

operation involves errors wt.lich can signiticant.l.y affect the r esul~s . .Certainly 



the -ve ent of the 11 part1c les due to convection e:urr t.s o uld e 1t. 

dltficu.U. not only to classify, but to get an accurate count.., es eciall.3 in 

emulsion ot high centration. Cou.nting a.nd classifying a r-epresentat.1Te 

n r of aroplet is nece ril.y t· -consuming and during t.hls t e interval 

ch ,_i, take place in the l.sion. Oro let ot nzene • re ob erved to shrink 

as eh as 4 or 5 micron over a 10 minute period . This was probably due t.o 

an increase in te perature from the heat ot th .aieroscope illwninatu g la.mp. 

These eomition p!d counting n ela.ssltying essential to goai re

sults" it,h t.his th:>d ot anal7s1s. Sine such r apidity of alysis on th 

part. ol the inYast.1 tor is p ctic lly Lnpossib le, it is reeOlll.tllended that. in 

tu\.u.re invest!. tions ot this t.y , thod or photographic analysis be used 

whereby t.he tres ly pre red lslon is perl18nent.ly recorded it. appears 

1n t.he blood counting ch mer through the croscofX', an:l t , l'tiele~ counted 

and cussi!1ed at leisure . In this ma.mer, not cnl1 could the particles be 

counted and cl ssit ed according to size auch more accurately wt t1eh l rgc

quantit1es ot particles could be quickly rnotographed before t elr condition 

changed. Certain rrors in sa aipling the em.uls ion and ta king the Jii_otelometer 

reading add t.o the inaccar c ot the analysis. It was mver quite certain, 

for example, th t the drop of e ulsion placed in t:.he blood counting chaaber 

was a represent.ative s , ple., end tihat the particle. size distribution s not 

altered as the drop was dr,awn by capillary ctl n i nto t.he ra.l se-et.ion o! 

e ch&ttber . 'The uncertainty of a representative sample ta due largely to 

the t.endenc1 of t.be particl to aecu.malat.e at. the nodes or antinodes wherever 

statl onar1 waves occur 1n t he t. est tube . Th a mpllng 'AS don • it.b a dicine 

dropper and even though the t.est. t-uba was swirled gently before the supUng, 

th uncertaint1 remains. entaey tlact. tions ot the llne car rent. w er-e also 

observed to produce tluctu. t.i.ons ot the light intensit.1 ot the light. source 
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in the otelo This occurred in spite of the fact th t. eons tan t vo 1 t-

age transto r as used. The ang l" o! t; cm ition ffectin t he r e~ w. ts 

" a llli.tlUlized by stand rdizing the pboteloll'leter with cell filled with t ap 

water i diatei, be.fore the light trans:zd.tted by an emulsion •a.s m.ea:sured~ 

A series of runs was ade to determine the rate of normal settling and 

t he r te or de-e111ulsitication, the results f hich appear in Tables lX and 

X, and • hich are plott ed in Figures 12 and 1.3, respectively. The rate ol 

norc.al settling curves show t o slgnlt1cant sett.li~ characteristics, initial 

high set.t.ling rate, and an increasing settling r at. 1tit.h increasing concan

t.rat.lon . The per c t of benzene in all c ses was det.erm.ined !ro the cell 

type l calibr tion curve or ignre ll and is ot co uree sobje ct to t he errors 

inherent. in that curve. In addition, the normal sett ling c rv re apt t.o 

be inaccurate at very high and ver, l eo~eotration due to the tact that 

so e extrapolation of the· c librat.ion curve w s necessary . Extrapolations 

at lo 1- concent.rat.ions n b m de wi t.h reaso ble accur cy since the curv 

11 :reGch zerc- concent.r t.ionat a photelometer reading of 100. At. higher 

concentrations, however, 1naccur cies in extrapolations occur since it. is not 

known ecioely over what tl the curve rises to infinity. The onl1 ex

t rapolation at hi ar c cricenti-ati~ns · a ade in run BY*-49 at a Ji}otelomet.er 

r ding ot 1.5. Since the curve ext.ends to photelometer r ding o.r 14, t.re 

error in extr polation prob bly does ot exceed 10%. 

The effect. of irr diation upon the rate of settling is shown grat")hicall.3 

in igare 13 and is a n t.o be quite pronounced "1en co.m.ptred .to the net" l 

settling curves of igar 12 . In co iaring these two set s of curves it 1 

be e-ner lly conclad d t t irr diating at specified intensity for a per iod 

ot two minates be.tol'e each eo.oosntr t.ion detemination s out.lined in t.b.e pro

cedure causee the culsion to settle roughly at double the rate it oul.d 
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a ttle norm. Uy. As in the c e of igure 12, the concent.r tion of Figure l.3 

11ere determined fro.-n the photelomet r re ding and the cell ty .i:s 1 callbratien 

curve ot i re l • he effect. of intensi y o_ irradiation on the .rate of 

t Un 1s l o tJhon n to a eert.ain extent in Fi.go. 13. liuns 7l, 123, and 

1.25 ho · the e.ttects of high, lmt., and '1edi inte slt.ies, re pect.ively, with 

t.he 111>st. ettect.bre de-e lsi1'1cat1on being obtain d ith the higher intensity 

and the less e.ffecUve de-em.t1laificat.lon obtained at. lo"Yer intensiti • The 

r st. ot h data presented tollow a simlar pattern ot ore effective de

emulslticat.ion at higher int nsities. This i o 1n agr mt with. the literati.re. 

Alt.hough the c urv s of Figure 1.3 show cone lu.si.vel1 that u ltrasoo.ic in"adiati n 

detinUely has a de-emulsifJi.ng ef feet. on beczen at.er emulsicns, it un

fortunately tails to indicate exactly how this phenomenon or de-e lsi icat.1 

occ11rs . It cannot be determined from the data 111hether r id sett.ling occurs 

during irr diation or in the nor.ml settling eriod immediately tollowing 

iJTad1atia'l . Solln and Bono.vl5 give evidence that. rapid settling t. 'es 

place after the lrradi t.ion perioo since th large rticl s !or.n d by ort.ho-

ldnet.lc coagulation (that due to random contact.) cannot. set.tle out. r pidly 

due to their tendency to collect. :wherever tat.ionary viaves occur. This, in 

all pro .illt.y, is what has occu.rred 1n th r11ns presented in Fi w-e lJ. 

However, to s ntiate or disprove this conclusion, it u reco med that. 

additional rttns be perfor d, suring the corcentration and partic1 size 

di tribution ot t.he emulsion immediately be!or and after 1rradiatim. This 

could not be done in the present study dtte to th lack of rapid counting 

and classitying technique. 

Figures 14 through 19 show the fo tion of particles ln various siz 

ranges as fWlCtion of intensity and ti£11e ot 1r d1ation and Figure 20 sh ws 

overall cone trat.ion s s function of intensity and ti e or irradiation. 
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Perhaps the ost. proaineo t, tar or t se ult is that the curves tor 

intensiti s of 260 ma • • nd 205 • do t the curves tar 

int iti s of 250 • 150 T ere re r ot r esons !er this 

inconsistency. a.ring the prell.r rary t. sti, of the appar tus e ceyet l 

w s ~laced in the b ss d lucit.e c s l bolder d scrib d previously. 

Th perfor nee or the crys l when h.eld i , this nner was r since crystal 

vibrations ere d nped ecnsider bl.,y by t. he preaear exert d b the cryst.a l 

holder . t ot cons d ra'bly r i port. nee was the continual rcing h1ch 

cret hold the prings in the 1.ucit.e lates nd t,re. 

br ss I' co ct.ing the copper plat. on the crystal, which could, if not 

co trolled, conceiY bly ca e irre ble ge t.o the cry t l . res bly 

., ry . ti tact.cry soluti t.o the probl~ 11 obtai. d by re · oving the 

lu.cit.e plates nd llowin the, up r br · ss ring to held on t..'1e crystal 

only by r v t. • In t.his nn r oot onl was th~ d nzer of arcing r oved, 

but t..he !feet o th pr ur on the cry tal lso elimi ted. 

How var, thes changes ere mad at exp of d consistent. cont.act 

bet een the erys l and the c The ex rimental runs at 250 

and 150 • ere made i th th ppar tu in thi rr t . A more and 

.mor runs were aade, t.h a lr dy bad cont.act i U .! er.rs ta 1 holder bee e 

gr duall.J or e until ss ll res bet.ween th b "' r gs nd t.he crystal 

be n to d etroy the co er ! ce o.r the eryst 1. In or d to rest.ore the 

ppar tus to u e.ru .. s , the eite . lates were replaced . lso, s1.1bstit ted 

tor th inted scr s ch had c used previous cing wer blunted scr e . 

The springs which t stened the cry t. l hold r t.ogeth were adju ted o a to 

provide good eon ti. ct, but t . o.t. as ucb da 1.ng of the er,stal v.ibr tions 

beto • The ta tor 260 d 205 • re taken and r th se con-

diUons . It is unexpected t.h t two s of data t under Stlch dif terent 
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ra · g con tions could be c:i µlet 1 consiste t llit ch ott- r. 

In r tion to ac othe , the 260 • and the 205 a. curves sh:> an 

tncr sin intensity, • ile the 250 ma. 

tent with ch ther in th s re~peet in s:> e particle $ja,e ranges, e 

plete inconsistent in ott r p rtiole size rang s. Thi co 1dition of the 

250 in • nd t e 205 ma. curv tis in all pro bility d e Ii<> the in dequacy 

of the ta . In s . c s he ta are so dly se ttered as t:.o ke t. e 

c n tructio r a ~pre!! t. v car e ver p c rious. Tr.is condl t t 011 see:ns 

t,o st prev lent in the 18.r er rticle size ran es. lthough subject 

to int.en 1. 1 !luctua io durin, e.mo.l~if ieation d the ot.her a...-1al.ytical 

rrors in·olv d n the construet.o ot Figure 11, the do ant re son !or the 

e tt rln of t dst is to be found in the counting and classifying o-

c ,dur • he t sh th t for runs 50 through 74 greater effort s ru de 

to cou."lt l!l re?rese1tati e number of lar e particl than in the pre ious runs 

wh r only very te r rticle were observed. er.ierallp, betw en 16 and 32 

s ll s uares in the blood eount.ing cha.. er eneornr s~ a r resent.a ti ve 

b r of 11 p rticles, but. evid ntly at least 25 ti:nes this ny s res 

mu t be counted before the l rger rticles e adequately re esvnted. 

The results of Fi ure 20 s: .ow eonelusi l.Y t .i'.t the of ulsion 

o t.ion incr ses with er "sin intensity of ir diati n , which is in 

co plete accord llith the lier tur. It a obs ~v don sev r l occa ions 

t t the emulsion concent.r tion se med to re~ch a 

i er sin t ot irr di tior1. Cert in pcrticns of the data indicate this 

to e t be case . Ho e•er, suf'fieient data er no t t aken to jQstify ad !'nite 

co lusi on . De-g si ~ni ting ef!ects as the result of continued ir-

iatio have been sho n b th lit.s tu~ to ui;,, ress vit -ticn and emu si-

r c t.ion . 16 · Th se condit.i:ms mi ht well -2v evailed in this invest.igat.ion 
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ince the test tub cont ini. the emulsified terial was very close to the 

quartz cr1st l daring irradiation. It. is r coMended in future -wor t.hat in 

oder to· eliminate any discrepancies caus~d by extreme temper tu.re variations, 

stirring devlces be laced in the oil b th to keep it at a uniform temperature 

nd th t co~ling coils b placed around the test tu e ~o prevent the supres

sion ot c vitation due to exc sive temper ture rise. Extreme care must be 

t ken in an, o ration such as the latter to prevent grounding of the cr1st l 

holder. Figures 21-24 e plots of the sloi)es of the lines ot figures 14-19 

and r neces arily subject t.o the same analJ,t.lcal and rocedural errors . 

Th slope lines or fl ures 21-24 re r wn through the 260 and 205 ma. points 

since the d ta indicete thes to be the or reliable. Fro.111 thes Un s it. 

1 b c~nclu d that th rate of pa~ticl to tion increa es ith increasing 

inten it and with deer asing particle size. 

The results of t he study of the billty of varioos media t.o absorb 

ultr sonic irra tion is presented in Table XII and Figure. 25. Th sere

sults indi te that the rate of bsorption increases 1th increasing intensity 

and · at b lity of 'ii t.er to bsorb ultrasonic irrad tion is roughly twic 

tJ<iat o be 2e nze e- ter ixtures are capable ot absorbing more u -

tr son c ener than eit.h..,r por at.er or pare benzene. This is possibly 

due to the reflection of the nergy by the individual particles of the o ul icn 

until it is dis ipated as heat. The .results of the etfieiency determinations 

re presented in Table I as three separate and distinct effici ncies . ' l 

repr sents the b1lity ot the apparatus to convert electrical energy t 

ultr sonic energy and is expr ssed as the per cent. of the power supplied to 

the power runplification sect.ion ot the gen at.or ~hich is applied to the 

crystal holder. The electrical power supplied t.o the crystal hold r as de

termined tr the te.•per ture rise of the irr di ted aterial and the oil 
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bath surrounding the crystal holder during irradiation. These values are 

presented in theL\H1+~H2 column of Table XII. The incremental electrical 

power supplied to the power amplification system of the generator under load 

ie the product ot the incremental plat.e current supplied to the power ampli

fier and the plate volt.age whi.ch is .3,000 volts. The increment.al plate C"urrent 

is the difference between the t11ll load pl.ate carrent at a given crystal cur

rent. v lae and the no load plate cw-rent. These figures are tabulated in 

columns 2 and 3 ot Table nv. Column E3 of Table XII relates t.he energy ab

sorbed in t.b oil bath and 1ITad1ated terial to the tot.al energy s11pplled 

to the power amplitier. The values of B1 and E3 in Table lll indic te that 

tremendous electrical power losses are sustained in the power amplifier. These 

losses, tor the most part, are attributed to the heating of wires and tabes, 

and direct losses tro the large tank coll to t.he atmsphere. Due to lack of 

the proper eqt1ipment, the energy losses in tbe power supply and oscillator 

were not determined, but they can be estimated from the performance data or 
sillilar equipment. In radio equipment, the highest possible efficiency ot 

conversion of line energy to radio frequency energy in the plate circuit is 

approximately 2<:1$. When anotber amplifier or an antenna is drawing energy 

from the plate ci.reuit., t.he highest po sible coupling ef1'icienc1 between the 

t110 is approximately 75%. However, data are not available on the performance 

ot a piezoelectric eryst l 111.hen coupled to an ampllti.er. It Ula performance 

ot a coupling between an m.pllfier and a cryst l may be c mpared to the per

formance ot a coupling bet1teen n amplifier and an antenna, the highest. pos

sible over 11 ef ficlency .t'rom. the line to the crystal in this study would be 

approxi.utely 0.75 x 0.20 x 100 or 15%. The data indicate that most ot the 

losses occurred in the coupling between. t.he plifier and t.he crystal circuit. 

Since the efficiency of conversion of amplifier plate circuit energy to 
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cr1et.al energy was 4.6 , an approxia te ov r 11 energy etflcienc,1 frc, t.he 

line to the cr,st.al ot 1.% was obtained 1n this stud1. Column ~ ot Table XII 

expresses the per cent of the lectrical power supplied. to the crystal hold r 

w ch 1s recovered as heat i n the irradiated material. 

In the a.y ot r com:nendations to 1.Jnprove the etticieney ot oper t.ion, 

one ot the jor desirable changes 1a an i rovem nt. in the enerat.or . The 

results ot e!tieiency determinations indicate t. t there re considerable power 

losses in the power upllticat.ion ste ot the ene~ t i". The cr3stal holder 

should also be redesigned. Su.bm.itted is dr wing ot an ialprov d crystal 

holder which might. possibly be more et.fieient than the one now in use . 
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l~ Photelomet.er analysis of emulsion. concentration with a thin absorption 

cell le accurate to within ± 25% except when anusually large amounts of large 

particles are present . 

2. The ,nethod ot coanting and classifying particles used in this study 

is usable but inadequate when tr1ing to obtain t r uly quantitative data . 

3. I rradiation of benzene-water emuls ions causes de-emulsification and 

t he rate of de-emulsification increases with increasi ng i ntensity of irradia

tion. 

4. The rate ot etlUllsitication (total volwne emulsified) increases with 

increasin i ntensity of irradiation. 

5. The rate ot particle tor. tion in emulsification increases with in

creas ing intensity and decreasing particle size. 

6. An average of 4.6% of the electrical power supplied to the power 

pl1tier is a pplied to t.he crystal holder. 

7. An average of 19% of the electrical power suoplied t.o the crystal 

holder le absorbed by the irradiated mat.erial. 

8. The rate of absorption ot ultrasonic energy i n benzene and water 

ncreases with incr sing intensit7. The abi lity ot ~ater t.o absorb ultra

sonic energy is roughly t,wice that of benzene . A mixture of the two materials 

absorbs ultrasonic energy more strongly than either one alone . 
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1. The deYe lo t. of hot.ographic met dot counting and classifying 

the particles of t.he einu.la.ion is recoDmended. 

2 . A. more car~ul investigation ot the rate and m.echanisai ot de- e.mulsi-

tica ion i reco ded. 

3. !deqa.a.t-e t.emperat re control or the irradiated terial during 

irr diation is recommended. 

4. A ore efficient crystal holder is reco ended . 
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NO 

A - Eaull.siti tion runs. 

B - Ila- ulsific tion r a. 

l - s made at 250 kc • . (All runs in this study er ade at this frequency.) 

C - Rans u.sed as calibration dat • . 

* - Analyzed with cell t.y l. 

** - Agitated befor lrr di.a: t.ion. 

u - 1 cron. 

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

6 H1 - Energy absorbed b1 the test tube. 

6 H2 - Ellergy absorbed by the oil bath. 

E1 - The per cent of t.he incremental electrical energy in the ,power ampll!ier 

plate circuit which is applied to the cryst l holder. 

~ - The per cent. o! the energy supplied to the cryst.a l holder 11hich is bsorbed 

b7 the irradiated material. 

T - Tel!lperature of the oil bath . 

t - Teaaperatu.re or the irradiated !ll&t.erial. 

E) - The per cent ot the electrical energy in the power amplifier pl.ate circuit 

which is applied to the crystal holder. 
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TABLE IV 

PHOTELOKETER CALIBRATION 

R ro. TI OF CRYSTAL ?HOTELOMEl'ER 
IRRADIATION CURBfil:T RE.DI ·1G 

( ) ( A) 

AYC-l l 280 15 43.0 0 . 00812 
AYC-2 2 2 5 24. 5 . 150 
AYC-3 2 280 5 19.0 0 . 181 
AYC-4 l 260 5 17.0 0. 139 
AIC-5 l 260 5 s.o 0.178 
AYC-6 1 260 64 26.0 0 . 104 
AYC-7 1 250 5 45 .0 0.0967 
AYC- ~ 2 250 5 10 .0 0 .259 
AYC-9 0.5 245 t;; 40.0 0 .087 ,,. 
AYC-10 0 . 5 245 35 69 .0 0 .0532 
AYC- 11 0.5 250 5 51. 0 0. 190 
AYC-12 4 245 5 51.0 0 .0564 

~YC-12 4 245 5 0. 5041 
AYC-13 4 250 5 Jl .O o.636 

C-36 4 150 5 53. 0 o. i54 
A C-37 6 150 5 27. 0 . 209 
AYC-38 7.5 150 5 :,6.o 0.137 

AYC-.30 3 150 1 29 .0 0. 103 
AYC-Jl 3 150 1 68 . 0 . 221 
AYC-32 5 150 1 14 .0 0.447 
AYC-33 4 150 l 19.0 0.438 
AYC-39 4 150 1 28.0 0 . 353 
AYC-40 3 150 l 25. 0 0 . 396 

AYC*- 15 4 240 5 25 .5 .646 
A C*- 16 4 250 5 32.0 0. 532 
AYC*-17 4 250 5 29. 5 0.733 
AYC*- 18 3 250 ; .32 .0 0 .62s 
AYC,- 19 3 250 5 39 . 0 0. 310 
AYC*-20 2.5 250 5 34.0 0.467 
AYC*-41 6 150 5 72 .0 0 . 250 
AYC*-42 10 150 5 51.0 0.227 
AYC*-43 4 150 5 .35 .0 0.657 

Note: AYC- 12 is *AYC-12 diluted to t1tice it.s origina 1 volume 



-.3 

RU o. SETTLING PHOTELO ETER VOLU E PE .. CENT BEN-
I I i! READU'G Z lE (CALCUUTi;, FR01' 

(W:N) UI.CROSCOPIC 1'EASt1RIDIENTS) 

A C*-21 6 250 l 13.0 0.78C 
YC*-22 6 250 l • 0.773 

A C*-23 7 250 l 24.0 0.792 
AYC*- 24 2 250 l 42.0 . 442 
AY0~-25 l . 5 250 l 65 .0 0.297 
AYC*- 26 l 250 l s2.o 0 . 143 
AYC*-21 1. 5 250 1 69 .0 . 0 .163 
AYC~-2$ 1.75 250 l 48.0 0.757 
AYC*-29 1.5 250 l 66. 5 0.470 
AYC*- 34 ; 150 l 42 .. 5 . 516 
tC*-35 5 150 l 67. 5 0. 51.6 

AYC*-64 0 . 5 245 l 88.0 o.605 
y -65 0. 5 240 l 85. 0 0 .226 

AYC*-66 l 275 l 33.0 0 .406 
AYC*-67 1 255 l 35. 5 0. 506 
AYC*-68 0.75 255 l 61. 5 0.257 
AIC*-69 0.75 255 l 50. 0 o.36? 



TABLE V 

EMULSION CHARACTERISTICS 

RUN NO . TIME OF CRYSTAL SETTLING PHOTEL. SQUARZS 
IRRAD. CURRENT TIME READING 0-~ ,l::2s ~ 7-9u 2~llu ll-20u COUNTED 

AYC-1 l tnln. 200 ma. 15 min. 43 .0 968 - l - - e L 
AIC-2 2 286 5 24. 5 973 9 4 - - 11.3 16 s 
AYC- 3 2 280 5 19.0 1, 855 29 J - - 115 24 s 
.AY0-4 l 260 5 17. 0 l,740 37 - 4 3 ;12 32 s 
AYC-5 l 260 5 s.o l ,890 52 13 l 2 32 s 
,!C- 6 l 260 64 26 . 0 839 4 - - l - 16 s 
YC-7 l 250 5 45 .0 1,800 6 - - - - 32 s 

AYC-q 2 250 5 10. 0 1,081 174 71 7 9 112 40 s 
:YC-9 0. 5 245 5 40.0 1,011 21 4 - 3 - 32 

AYC-10 0. 5 245 35 69 .0 897 7 - l - - 32 s 
YO-ll 0 . 5 250 5 51.0 1.,005 16 4 2 - 220 113 32 s 

AYC-12 4 245 $ 51.0 1,080 - - - - 21.3 212 120 
32 s 

*AYC-12 4 245 5 - 1, 896 221 66 25 8 .32 s 
AYC- 1.3 4 250 5 31. 0 375 107 106 23 4 - 16 s 
AYC~· -15 4 240 5 25 .5 899 104 81 •;, l 

112 
12 s 

AYC*-16 4 250 5 32.0 1,420 86 39 3 2 12 s 
A.YC·it-17 4 250 5 29 .5 2,875 270 6 l - 1l4 113 

12 s 
YC·*-18 3 250 5 32. 0 1,123 187 40 l l l2 s 

AYC*-19 3 250 5 39 .0 787 42 16 - l 21:3 12 · s 
AYC*- 20 2. 5 250 5 34.0 1,187 155 22 4 4 120 16 (/' 

.:> 

AYC*-21 6 250 l 13.0 2,821 201 17 l 3 113 l2 ' S 
AYG*-22 6 250 l 18. 0 1,198 151 26 l 2 113 8 s 
.IC*-2.3 7 250 l 24.0 634 94 53 3 - 213 112 8 s 

AIC*-24 2 250 l 42 . 0 1,843 66 l.4 l - '213 119 16 s 
AYC*-25 l.5 250 l 6; .o l,941 54 3 - l 112 16 s 
AYC*-26 l 250 l 82. 0 909 l 2 - l 113 16 s 
AYC*-27 l.5 250 l 69 .0 2,314 20 20 - .3 

213 216 
.32 s 

AYC""-28 1. 75 250 l 48. 0 3,145 31 6 l 2 12 s 
AYC~-29 1.5 250 1 66. 5 2,338 56 10 2 4 219 112 20 s 

!.. 



TABLE V (Cont'd) 

RUM NO. Tllra OF CRYSTAL SETTLING PHOTEL. SQUAJ~S SIZE OF 
! RRAD. CURRE'lT TIME READING 0-1!!_ J.::~U 5-r/u z-2u 2-llu ll-20u OOUNTED &iUARES 

' 

AYC-30 3 tnin. 150 111a. l &in. 29.0 1,463 24 10 l - - .32 s 
AYC-31 3 150 l 68. 0 1,823 14 2 - l - 16 s 
AYC- 32 ; 150 l 14 .• 0 885 45 ll l - - 6 s 
AYC- 33 4 150 l 19.0 89) 78 18 2 2 112 10 s 
AYC41·- 34 5 150 l 42·. 0 2,048 95 24 6 - 116 l4 s 
.YC*-35 5 150 l 67.5 590 9 - - - 116 

8 s 
AYC-36 4 150 5 53.0 l,152 36 23 2 2 32 s 

**AYC-37 6 150 5 27 .0 l,405 53 43 9 4 113 111 36 s 
AYC-38 7.5 150 5 36~0 2,518 6 2 - - - 32 s 

**AYC-39 4 150 l 28. 0 1, 407 6 6 l - - 10 s 
**A.YC-40 3 150 l 25,0 2,587 l 2 l l - 12 s 

YC*-41 6 150 5 72. 0 2,086 45 44 5 2 1121.1911:\a s 
YC*-42 10 150 5 51. 0 1,772 68 45 5 2 113 . 32 s 

ff•AYC*-43 4 150 5 .35 .0 2,~47 83 · 51 6 5 · 113 116 16 s 

Note: Run A.YC-12 records an attempt to dilute an emulsioo with tap water to twice its original volu.u. 

*AYC-12 records the analysis data on the undiluted e11ulHion. 

(213) 1then seen 1n this table indicates two p•rt.icles , each thirteen microns in diameter. 

Squares of size (L) have an area ot 1/16 m..~2. 

Squares ot si:l.e (S) have an area of l/400 - 2 

t 
V, 



TABLE Il_ 

RUN NO. AY*- 50 51 52 53 54 55 56 57 58 --22 
TIME OF IRRADIATION l 0.5 1 l 0.5 0. 5 2 2 3 3 

(VIN) 
CRYSTAL CURRENT 260 255 260 265 255 260 265 265 265 260 

(MA) 
PHOTELOfflER READIHO 47.0 88. 0 75.0 51. 0 se.; 84.0 20.0 22.0 19. 0 20. 0 

SETTLING TIME l l 1 l l l l l l l 
{MA) 

NO. OF PARTICLES 

PARTICLE DIAMETER NO . OF 1/400 1'JJ,<n2 SQUARES OBSERVED 
(MICRONS) 

ll-20u 36 5 15 16 10 15 36 26 23 16 
MO . S~UARES 400 400 400 400 400 400 400 400 400 400 
9-llu 25 2. 15 14 5 6 3 l 2 2 
NO. SQUARES 400 400 1.00 400 400 400 16 16 16 16 
7-9u J - 16 13 5 5 4 3 5 6 
NO . SQUARES 16 400 ·400 400 400 400 16 16 16 16 
5-7u 9 - l 7 5 9 25 29 32 29 
NO . SQUARES 16 400 16 16 400 , .. oo J.6 16 16 16 
3-5u 102 2 37 51 17 13 142 150 170 255 
NO. S~UARES 16 16 16 16 16 16 16 16 16 16 
0-3u 3, 116 1,799 2,500 2,231 1,549 l ,447 2,2e6 3, 285 2,000 2,200 
:o . SQUARES 16 16 16 16 16 16 16 16 16 16 

Reurks: 
7cc of H20 and 5cc ot benzene used in all runs . 
In run 50, the largest particles were int.he neighborhood of .30 microns in diameter . 
In run 56, the smallest 'fisible particles were about 3 microns in diameter. 

"' 



RUN NO . AY- 60 61 

TIME OF IRRADIATION 0.5 l 
(VIN) 

CRYSTAL CURRENT 290 275 
( MA ) 

PHOTELOMETER READING 44.0 15.0 

SETTLING TIME l l 
(HIN) 

PARTICLE DIAMEI'ER 
(MICRONS) 

ll-20u 7 17 
NO. SQUARES 400 400 
9-llu 2 14 
NO. SQUARES 400 400 
7-911 l 16 
NO . SQUARES 400 400 
5-711 4 2 
NO . SQUARES 16 16 
3-511 ~ 37 
NO . SQUARES 16 16 
0-3u 2,249 1,860 
NO . S~UARES 16 16 

TABLE VI Con•t. 

m.uJLSivN CHARACTERISTICS 

62 63 AYC*-70 71 72 

0 .75 0. 5 2 2 2 

255 250 205, 205 205 

20.0 43.0 87 .0 71.0 82.0 

l l 1 l l 

NO . OF PARTlCLES 

NO . OF 1/400 mrn2 S~UARES OBSERVED 

19 5 2 - 2 
400 400 400 400 400 

9 2 - 6 l 
400 400 400 400 400 

4 3 l 11 2 
200 4 :'X) 400 400 400 

2 l 4 l ll 
16 16 400 16 400 ,1 l 3 2 15 
16 16 400 16 400 

2,246 1,291 2,049 2,760 3.,000 
16 16 16 16 16 

~ 

4 

205 

17.5 

l 

8 
400 

12 
400 

3 
16 
4 

16 
48 
16 

3,686 
. 16 

74 

4 

2v; 

38.0 

l 

12 
400 

l 
16 

16 
6 

.16 
;s 
16 

4,842 
16 

> 
I 

-..J 
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'1' LE VII 

EUULSION CHARACTERISTICS 

RU ro. !IC*- 64 65 f:I, 67 68 69 
TIME OF IRRADIATION 0.5 o.,s l l 0.75 0. 75 

(m) 
CRYSTAL CU T 245 240 275 255 25.5 255 

( ) 
PHOTELO ETER RMl>I"G 88.0 85 .0 33.0 35 . 5 61. ; 50 .0 

SETTLI G TIME l 1 l l l 1 
( ) 

NO. OF PARTICLES 

NO. OF 18,00 ~ SQUARES OBSERVED 
PARTICLE DIAJ!ffl'ER 

( CRONS) 
182.5 125 127128 224 223i27 122129 20u 

20u 1 1 l 2 l 
19u 
8u 

17u l 
l6u 2 
15u l 
~A. ,. l l l l 
l;lu 2 4 3 2 5 
l2u 1 l 4 l l 
llf.l 2 l l l 
NO. SQUARES 400 4:-0 120 280 400 400 
9- llu 2 2 3 3 8 
NO. S~U!RES 400 400 16 16 400 400 
7-9u l 2 2 2 e 11 
o. 400 400 16 16 400 400 

5-7u 5 9 12 4 16 
NO. UARES 16 40() 16 16 16 16 
3-511 10 14 76 80 5-8 89 
C '. . ~~ARES 16 16 16 16 16 16 
0-)u. 2, 9 l,903 l,971 2, 96.6 1,565 1,966 
NO. SQUARES 16 16 16 16 16 16 
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TABLE VIII 

PARTICLE DIA. - \ ICRO S 

TI cc, c.a. 
RUN o. 0-3u :3-5u 5-?u 7-9u 9-llu ll-20u ( 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 l,000 500 6 250 0.792 
AYC*- 23 317,000 47,(X)Q 26,500 l,500 - 1, 500 7 250 0 .700 

YC*-24 462,000 16,500 3, 500 250 750 2 250 0.450 
AYC*-25 485, 0;X> 13,500 750 250 250 1.5 250 0. 215 
AYC*- 26 250, 000 250 500 250 250 l 250 0. 103 
AYC*-27 289,000 2,500 1, 250 375 l.5 250 0. 187 
AYC*-28 1,050,000 10,350 2,000 334 668 l ., 335 l .75 250 0. 365 
AYC*-29 468,000 11,200 2,000 400 800 600 1.5 250 0 . 205 
lYC-30 l.83, 500 3,00:) 1,250 125 3 150 0.345 
AYC-31 456, 000 3,500 500 250 3 150 0 . 135 
AYC- 32 590,000 30, 000 7,450 666 5 150 0.460 
AYC-33 357,000 J0,800 7, 200 800 800 l+OO 4 150 0.425 
AYC*- 34 710,000 27,100 6, 870 1,715 286 5 150 0 . 200 
AYC*- 35 295,000 4,500 5 150 0 . 200 
AYC*-50 777, 000 25, 500 2,250 750 250 J60 l 260 0. 375 
AYC*- 51 450, 000 500 20 50 0 • .5 25.5 0.065 
AYC*- 52 625;000 9, 250 250 160 150 150 l 260 o. 50 
AYC*- 53 558,000 12,750 l,750 130 1.40 · 160 l 265 0. 327 
AYC*- 54 387, 500 4,250 50 50 50 100 0.5 255 0.063 
AYC - 55 362,500 3, 250 90 50 60 150 0.5 260 .09() 
AYC*- 56 573,000 .35,500 6,250 l,000 750 360 2 265 0.763 
AY~ -57 822,000 3'7, 500 7, 260 750 250 260 2 265 0.733 
YC*-58 500,000 42,500 8,000 1,250 500 230 3 265 0 . 775 

AYC*-59 550,000 63,800 7,250 1,500 500 160 3 260 0.763 
A C-60 562,000 l,250 40 10 20 70 0. 5 290 · 0 . 250 
AYC-6i 465;000 9, 250 500 160 140 170 l 275 0 . 455 
AYC-62 562, 000 7,750 500 80 90 190 0.75 255 0 . 415 
AYC-63 32), 000 2.50 250 JO 20 50 0. 5 250 0.430 
A C*- 64 712,000 2, 500 10 20 0. 5 245 0.065 

Ye -65 476,000 3, 500 50 20 20 60 0.5 240 0. 085 
AYC*-46 4,92,500 19, ro 2,250 50:) 500 433 l 275 0 . 568 
AYC*-67 740, 000 20,.000 3,000 500 750 289 l 255 0. 530 
b.!G*- 68 391,000 l.4, 500 1,000 8~ 30 90 0.75 255 0 . 237 
AYC*.-.69 491;000 22, 250 4, 000 llO 80 110 0.75 255 0 . '.338 
AIC*- 70 512)000 30 40 lO 20 2 205 0.073 
AYC -71 690,000 500 250 110 60 2 205 0 . 175 
AYC~ -?2 750, 000 150 I') lO 20 2 205 0 . 10) 

YC"'-73 91a.ooo 12 ,ooo 1.,000 750 120 80 4 205 0. 510 
AYC*-74 1,208,000 U., 500 1,500 500 250 120 4 205 0 . 500 

oth curve of Fig. 11 using otel.ometer Reading. 
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TABLE II 

BA . orulAL SETTlIN 

• TIME O C ?STAL PHOTEl.0 · P · PER CENT 
IRMO. CtJRREfi T lWD G EiiZ& E BENZ CALC. 

( ~ ) ('•A) FRO' FIG. lla FRO MICR SCOPIC 
D TA 

BY·-44 250 1 lS.O 0 . 86o 1.42 
18 28.0 o.6i.a 0.762 
47 48.0 0. 365 0.631 
69 61. 0 0.-242 0. 370 

BY*-45 170 l 66 .o 0 . 208 
18 77 .0 0. 135 
41 83 .0 0.097 
63 9(). 0 0.095 

BY*-46 250 l 52.0 O. )l? 
32 69 .0 O. l e 
38 72.0 0 . 168 
49 '71.0 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 
B -47 4 210 l 67 . 5 0 . 198 

15 79.0 0 . 122 
31 83.0 0.095 
46 86.0 0.07s 
63 89.0 0 .060 
79 93 .0 O.O'J7 

*-48 5 205 3 65.0 0.215 
21 74. 5 0. 152 
~ 82 . 5 0. 100 
52 85 .0 0 . ;)S, 
65 86.o 0.078 

*-49 8 195 4 7.5 1.30 
18 11. 5 1.08 
:32 l,5 .5 0.9;0 
47 23.5 0 . 708 
63 32.0 0.585 
78 31 . 5 0.480 
92 49. 5 0. 345 

107 59.0 0. 257 

ote: 7cc ol H20 and 5cc of b nzer.e were irr diated in ll runs. 

- Rea fro .mooth curve sf Fig. ll us b1g Phot. lo &er R ding • 
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TAB X 

SETTLING 

RUN TI OF mQLSIFICATION D Ul.SIFIOATIO ct PHOTEL. CONCEN. 
. o. IRRAD • C YSTAL COBJm-1T CRY ST cum: , READ G VOL.% 

{ ) ( ) {UA) FIG. 114 

BY*-75 2.0 270 l 63.0 0.227 
12 240 71. 5 0.17) 
25 2.50 83 .0 0.097 
35 250 97.0 0.01; 

BY*-76 3.0 250 l 4).0 0.435 
13 250 60.0 0. 250 
25 250 75 . 5 0 . 145 
37 250 88.0 0.065 

BY*-77 3.0 250 l 26. 5 0. 665 
ll 225 4:, .5 0.425 
25 225 69.0 O. l87 
38 225 77 .0 0. 135 
50 225 8,5 . 0 0 .085 

BY"'-78 2.5 2.50 l 38.5 0.495 
15 l80 63. 5 0 .225 
29 180 7.5 . 0 0.148 
41 180 81.0 0.110 

BYa- 79 3.0 225 l 45 .0 0 .405 
14 180 64 .0 0 . 220 
27 180 72. 0 0. 168 
39 180 79. 5 0 .119 
49 205 87.5 0. 070 

B1~- 123 4.5 225 l 25 .5 o.6so 
13 180 11 .0 0 . 515 
25 180 46. 0 0. 392 
38 1.80 57. 0 0.273 
50 180 64.0 0 . 220 

BY*-124 1.5 225 l 55 .0 0 .290 
ll 180 68.0 0 .195 
23 180 74 .0 0.155 
36 1.00 79 .0 0 .122 
48 180 90.0 0.055 

ay;,_125 4.0 225 l 24.0 0 .700 
13 220 .)8 . 0 0.500 
26 220 57 .0 0.273 
39 220 68.0 0.195 
51 220 75 .0 0.150 

tiC)t,e: 7cc of H~ and 5cc of b · z ne were irradiated tor sev ral minute:, . The 
entire layer of benzene was t hen drawn off and the benzene in water 
:no.lsion allo ed t.o settle with a two minute irr diation period prior 

to eaeh concentration reading. 

a-R d fro slDOOth curve of Fig. 11 using Photelo t. r Reading. 



RUN NO. 

TIME OP IRRADIA'tION (MIIa) 

CRYSTAL CUH~ T ( llA) 

SETTLING TIME (W:N) 

PARTICLE DIAMETER 
(MICRONS) 

ll-20u 
NO . sr~UARES 
9-lla 
O. S~UARES 

7-9u 
NO. SQUARES 
5-?u 
NO . SQUARES 
3-5u 
NO . SQUARES 
0-31.1 
NO . S~UARES 

44 
5 

250 

18. 0 

l 

TABLE ll 

NORUAL SETTLINg 

44 44 

28. C) 48.0 

18 47 

NO. OF PARTICLES -

44 45 

170 

61.0 66.o 

69 l 

NO . oP 1L400 1Ml2 sguARBS OBSERVED 

2 l - l 
8 16 16 16 16 
2 a 1 2 
a 16 16 16 16 

13 ll l l 
8 16 16 16 16 

112 84 36 12 2 
8 16 16 l.6 16 

145 126 J7 28 7 
8 16 16 16 16 

545 2, 029 4,566 1,958 1,459 
8 16 16 16 16 

45 --lt2 

77.0 s.3.0 

18 41 

16 .32 

16 32 

16 .32 
J 8 

16 32 
3 6 

16 32 
2,069 l , 994 

16 32 

_--1ti_ 

90~ 

63 

16 

1.6 

16 
2 

16 

16 
1,494 

16 

> 
I 

~ 
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TABLE nr 

AB SOR, 

ON ~ Hl .6.J.!2 A Hi+A 2 ·1 E 2 ) 

---
l 225 12cc Hi) 69. 6 .308 378 

81 l 225 It 61. 2 3 369 
82 l 225 69.6 30a 378 
83 2 225 109 770 879 
84 2 225 " 104.5 692 797 
85 2 225 H 100 . a 692 793 
86 3 225 fl 17.5 924 l,942 
87 3 22S 1.16.2 924 1,040 
88 4 225 It l20 1,153 1,273 
89 4 225 n 120 l,153 l ,273 
90 2 1 0 " 39.2 231 280 
91 2 lSO It 52.8 308 361 
92 4 1.80 84.0 692 ?76 
93 4 130 76.7 539 616 
94 6 "'O " 76.7 846 923 
95 l 225 CTcc b nz. 58.2 308 J66 6.J 15 .8 4.0 
96 1 ·.225 7cc H2o 96 .2 693 7S9 lJ. 5 l2.2 8.6 
97 1 225 103 925 1, 028 17. 7 lO .O ll .• l 
98 l 225 ti 92.0 2.31 3.23 5.6 2 . 5 3.5 
99 l 225 ., 

79.5 308 .388 6.7 20.5 4.2 
100 2 225 " 1.27 616 743 6 .4 l? .O 4.0 
101 2 225 It 160 693 853 7.4 18.9 4.6 
102 2 225 " 174 613 867 7.5 19.6 4.7 
103 3 225 " 179 693 872 5.0 20 .4 3.1 
104 3 225 ft 182 693 875 5.0 20. 5 3.2 
105 3 225 It 212 .924 1, 136 6. 5 18.6 4.1 
106 3 225 ft 225 924 l,149 6 .8 19.4 4. 1 
107 4 . 225 " 211 1,232 1,443 6 . 2 14. 6 3.9 
108 4 225 " 200 1,232 1,432 6.1 l J .9 3.9 
109 2 225 n 162 616 778 6. 7 20. 5 4.2 
110 2 180 107 231 338 3. 2 31.4 2.3 
111 2 180 n 99 .0 231 330 3.1 29 .8 2. 2 
112 4 180 134 616 750 .3. 5 17.8 2.5 
113 4 180 ,, 

124 ' 93 817 3. a 15.2 2.8 
114 6 180 fl U7 924 1,061 H 12.9 2. 5 
115 l 225 12cc benz. 33.e . 308 .342 ve. . 5 19.4 U 
116 l 225 It 33.8 308 342 
117 2 225 ff 4/J.0 616 662 
118 2 225 42 .2 616 65S 
119 ) 225 55 .8 84B 904 
120 3 225 IJ 45.6 848 694 
121 4 225 t1 48.6 l,155 l,204 
1.22 4 225 n 46. 5 1,155 1.,202 
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- ~ 

- ......... ~ . i ~ - 2: Q ...-a fl;- - 0 • . ~ 
C'Q ,.,. H:e!e._ ...._, 'O f-i ... r.r.. . r.c.. ;~ a, c.,: H fl.fa.. 0 0 • :::,,.- 00 :.:: io • f,o4 • • • mf~~ . rL t;.) {l) 0 c.: ..;) c.> 

§ '.:) !'<1 0 0 H 0 (J)~t: 0 

~ ~ 
,...~ N ?.~ N ~ 

~ tQt:! 41( :s 15 n:: »- · ~ <] - --
l. 225 28. 4 3J.2 28. 4 28. 4 .• 8 0.4 1.2ml. l l . O 28.4 

Bl l 225 28. 9 34.0 29.0 29.4 4. l 0.4 H~ l 1.0 28.4 
82 l 225 29.6 34.4 29.7 30. l 4.8 0.4 If l L.O 28.4 
83 i 225 29.9 37.0 30.0 31.0 7.1 1.0 " l 2.0 28.4 

2 225 :u.1 37.8 31. 0 31.9 6.7 0.9 •It l 2. 0 26.4 
2 225 31. 'l 38. l 31.7 )2.6 6.4 0.9 ft l 2. 0 28. 4 
3 225 26.9 34,. 7 26. 28.0 7.8 1. 2 l 2. 0 27.5 

8? 3 225 27. 5 35.2 Z'/ . 5 28.7 7.7 1. 2 tt l 2.0 27 . 5 
~ 4 225 28. 5 36.5 2 . 5 30.0 s.o 1. 5 lt l 2.0 26.0 
9 4 225 29.9 T/ . 9 29. 9 31 .4 8.0 l .5 If l 2. 0 28 .0 

90 2 180 30.9 34.0 31 .0 )1.3 ) . l 0 • .3 (I l l .O 28. 7 
91 2 1.80 31.0 34.4 31. 1 31.5 J.4 0.4 n l 1.0 29 .0 
92 4 l80 31.0 36.0 31. 1 32.0 5.0 0.9 ff l 2.0 29. ) 
93 4 180 31. 5 36.2 31.6 32.3 4.. 8 0.7 n l l .6 29.0 
91.. · & 180 31.7 36.7 31.7 32.8 s.o l.l l 1.4 27.5 
95 l 225 2;., )0.7 25.4 25.8 .5 .4 0.4 ,ntt l l . 2 25.5 
96 l 22; 25 .6 34.5 25. 6 26. 5 8.9 .9 benz l 2.0 25.S 
97 l 225 25.7 35.0 25.? 26. 9 9.3 l.2 '1JUl. l 2.6 25.7 
98 l 22.5 'Z/ . 7 35.7 27.7 2 .o 8.0 0.3 H20 l 2. 4 2:{ .0 
99 l 22~ 28.0 3;.o 28. 0 28 .. 4 ? .C'J 0.4 ft l 2. 0 27.5 

100 2 225 28.4 39.2 28.4 2 • 10.8 o.s fl l J .6 27 .5 
101 2 225 29. l 42.8 29.l :;J.O l:3.7 ? ft l 4.4 27.6 
102 2 225 3(). 0 4;.2 30.0 30. 9 15.2 0.9 " l 4.4 27.9 
10.3 :; 225 25 .0 39.8 2.5 .0 25.9 u .s 0. 9 " l 5.4 22.0 
104 :; 225 25.9 41.9 · 25.9 26.8 16.0 0.9 .. l 4.6 22. 5 
105 .) 225 23. s 43. l 2). 8 25.l 19. ; l . 2 0 l 5.0 21.0 
106 3 225 24.8 44. 2 24.8 26.0 19.4 l.2 1 6.o 21.7 
107 4 225 26. 4 44. 8 26 . 4 28 . 0 18.4 l .6 l 5.4 22. 0 
108 4 22S 27. 3 44.7 27.3 28.9 .., .. 4 1.6 l 5.2 22 O 
109 2 225 28. 0 41. 4 28 . 0 28. 13.4 0.8 If l 4.9 ~ 6 
110 2 180 28 .0 37 • .3 28 . 0 28.3 9. 3 0 .3 it l 2.8 22. 9 
lll 2 180 21.s )6. 8 27.8 28.l 9.0 o.:; " l 2.2 2). 2 
112 4 180 'Z'/ . 7 J9.2 27.7 2a . 5 1.1 . 5 e.a " l :3. 6 23.0 
113 ,. 180 28. 0 38.9 28.0 2 .9 lO. o.g " l ) .2 23. 
114 6 l80 28. 5 40. 0 28 .5 29. 7 u .; 1. 2 0 l 4.0 23.7 
115 l 225 22 .0 26. 7 22 . 0 22~4 4.? 0.4 12ml l 3.0 23:.0 
116 l 225 22. 7 27 .. ". 22 .1 23.l 4.$ 0.4 benz l . 3. 2 2.3 . 3 
117 2 225 23.1 )0. 1 23. l 23. 9 6. 0 . 8 It l 3.6 2.3. 9 
118 2 225 24. 0 30. 4 24. 0 24. 8 6. '.). 8 " l 3.2 24.2 
119 3 225 24.9 32. 4 24. 9 26. 0 7.5 1.1 " l 5.2 24.8 
120 3 225 26.0 33.0 26 .0 27. l 7.0 1. 1 ,. 1 3.4 26 . 9 
121 4 225 27.0 34. 5 27.0 28. 5 7 .. 5 1 .. 5 ft 1 3.6 26. 5 
l 2 4 225 28.2 3;.6 2 2 29.7 7.4 1.5 " l 3.2 26 . 6 



TABLE nv 

DATA FOR DETERMINATION OF POWER SUPPLIED BY POlER AMPLIFIER 

Plate voltage 3, 000 volts 

CRYSTAL CURRENT NO WAD PLATE CURRENT FULL LOAD PLATE CURRENT 
(AC) ( ) 

225 
205 
180 

__ (_DC_._) (MA) 

50 
50 
48 

TABLE XV 

(DC) (MA) 

185 
182 
172 

D, C. ENERGY IN THE POWER AMPUFIER PLATE CIRCUIT 

CRYSTAL CURRENT (MA) TIME OF I NCREf AL ENERGY TOTAL ENERGY 
IRRAD. (MIN) (CAL} (CAL) 

225 1 5, 840 , 9, 25 19~~ 

225 2 11,670 · I-8, 500 
225 3 17,500 2 ,soo -~"" 
225 4 23,400 / 37, 100 
180 l 5,350 
180 2 10,700 
180 3 16,100 
180 4 21,400 
180 5 26,800 
180 6 32,100 

TABLE XVI 

DATA FOR CALCULATION OF E2 

WEIGHT Q! OIL BATH 

Weight of oil plus crock -= 4,073 g. 
Weight of crock = 2 1 326 g. 
We.S.ght of oil = 1,747 g. 

MISCELLANFDUS DATA 

Cp ot transformer oil at 20°c :E 0 . 44 cal/g°C. 
Cp ot benzene from 6-60°C = 0 . 419 cal/g°C. 
Density or benz ne = 0 . 872 g/cc. 

7, 400 
14,800 
22, 200 
29, 600 
37, 000 
44, 400 
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SAMPLE CALCULATION 

CO CPJlTRATIO CALCULATION: 

AYC~- 21 0 l 2 3 4 5 

(211)- (2,281) X (4.18) X (333) X 10-9) 0.00393 
(4u)- (201) X (:,3.5) X ·If X ll 0 .00224 
(6u)- (17) X (113) X " X 11 0.000639 
{8u)- (1) X (268) X u ·n 0.0000829 

(l0t1)- {J) X (523) X fl X II 0 . 000523 
(13u)- ( l) x(l,]50) X X fl 0.00028l 

0.007734 
0.773% benzene 

by VO lWDe 

Col O = the average particle size ot each group into which the ptrticles 
were lAssltied except above 10 .microns wb! re column O represents the a.ctual 
particle size. 

Colu.'IU'\ l = the number of particles observed in the size group indicated. 

Colu.11n = the volwne ot a sphere in cubic microns of diam.et.er indicated in 
column O. 

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

Col 4 = the tact.or to convert from cubic microns to cubic millimeters. 

Col.wan 5 = the concentration expressed as cubic millimeters p r cubic 
mi lllme t.er. · 

ER: 

The number ot particles per cubic millimeter is the product. ot the· number o! 
part.1cles observed in a particular size groa.p and t.he counting chamber factor 
ssociat.ed ith th~ nwnber of chamber squares of a particular area observed. 

For the smallest. squares wit.h an area of 1/400 2, th fact.or is: 

(~,OC )/(no . of squares counted) 

For the larg st square it.h an ar a of 1/16 mrr?, the f ctcr is: 

(160)/(nu . of squares counted) 

-16 



For run no . AYCi' - 21: 

Number ot t>articles (0- .3u) in diameter counted = 2 , 821 
er o smallest squares counted = 12 

articles i 3 = (2, 821) (4, 000/12) = 942 1000 

tAT OF t DROP OFF 

hie .figure was obtained b3 r cording the t.e!lper ture ot the irradi ted 
terial at JO seconds nd t. l .minute a:t't.er irradiation. Twice t he 

dift ence between these two re dings is tne rat oft dr op of per minute . 

or Run no . 60 t.30 = 33.7°c. 
t.2 = 33.2°c • 

.At =o.5°c. 
Rat.e ot t drop o! 1 ° /llinate . 

? = V(I2 - 1 1) t 

here V = plate volt.a e ( volts) 
I = full lo d plate ct:UTent ( ps) at a given crystal curr t 
12= no lo d plate current (amps) 
t = time of. irradi tion (min) 

For Run no . 100 

crystal current = 225 
time of irradiation = 2 min . 
fro Table nv at 225 

no load plate current = 50 a . 
full load plate current = 185 ma . 
pl te voltage = 3,000 volts 

P = (3, 000) (0. 185-0. 050) (2) = 810 tt. min . 
(810) (l/1,000) (l/60)(860,445 g. cal. /kwh . ) = ll, 670 g. cl. 

Th values in Table are simply the g . calories/min . calculated by this 
et.hod t.imes tt,e t.im ot irradiation at iven v lues of t.he crystal current. . 
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TOTAL ENERGY I POWER AllPUFIER PLi\TE CIRCUIT 

For run no. 96 

cr1st.al current = 225 ma . 
time or irradiation = 1 min. 

ro 'l'able XIV at 225 aa. 
full loa p t.e current = l85 u. 
plat.e voltage = 3,000 volts 

P = (J,000) (0.185) (1) (l/1;000) {l/60) (860,44~) 

- :9#50: cal/min. ~ 

'7;9~," 

CALCOLATIO OF EN:raGY ABSORBED BY THE IiRADIATED MATERIAL: 

For r un no . 100 

Katerial in test. t.ube = 5cc ot benzene · 
7cc of water 

t1= 2s.4°c 
t2 = 39.2°C 
Rat e oft drop otf = J.6°/nu.n • 
.At = lo.a0 c 
A t correcte-d tor drop ort = 1.4..4 °c 
Cp tor benzene = 0 . 419 cal/ g°C 
Cp for H2o = l . O cal/g°C 
D sity of benzene = 0.872 g/cc 

Rl = N Cp x Llt = ( 7) (1.0) (0. 419) (5) (0. 872) = (14 . 4) 
Hi = 127 cal. 

CALCULATIO . OF F..NEHGY ABSC D BY THE OIL aA'l'P.: 

For run no . 100 

aterial-0 transtormer oil 
T1 = 28.4 C 
T2:_ = 29 •. 2°c 
E r = 0 . 8° C 
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CALCULATION OF ENERGY ABSORBED BY Tl!E OIL BATH1 cont'd . 

Cp tor the oil = 0.44 cal/g°C 
Wei ght ot th oil = 1747 g. 

H2 = NCp .6.T = (1747) (0. 44) (0. 8) = 616 cal. 

The electric l energy supplied to the cryst l hold r is as d to be CODlp
l tel convert to h t and is t. erefore the swn of ..6H1 and Cl82• 

127 + 616 = 743 cal. 

CALCULATION OF 

E1 is t ef.tici ncy ot conversion ot incremental energy from. the power 
supply to n rgy applied t o the cryst l holder, and i s ealcul ted from :fi
gures in T ble XII and XV . 

or run no . 107 

Crystal curr nt = 225 • 
TLine of irradiation = 4 min . 
From Table I the energy applied t.o the crystal holder is th 
s ot A H 1 and AH2 • 
6 H1 ..t:.H2 = 1,443 cal. 
From T bie XV th incre ent al energy supplied at. 225 • !or 
tour minutes is 23,400 cal. 

""2 is the ;>er cent. of the electrical energy supplied to the crystal holder 
wnich is sorb din the irradiated teri l . 82 is calculated fro the 
figure of Table III and is express d as: 

or run no. 107 

E2 = (2ll/l,44J) ( 100) = 14. 6 % 
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E3 is the ef'fi(?ieney of eo.over.sic~1 of. tot.al ·energy in the ;,owor Mplifis
plate circuit. t.o energy applied t"" thCI crystal holden· a,.nd is calculated 
from figures i.n Tables llI and XV. 

For run no. 107 

C~tal eurrent = 225 .r.m.. 
Tim.e of irradi~tion = 4 .min. 
From Table XII AE1 * aH2 = l,ll43 cal. 
From Table XV the total energy su.ppliad at 225 t?la. for four 
minut.es = "37,100 cal. 

E3 = (l,4!~3/37,100) (100) = 2•2 'I, 
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Figures 28 and 29 are the calibration curves tor the two crystal 

current met.:;.;rs used in t.he coarse of t.hl.s study. k:eter number l was 

'.l~t.er m.'u,1ber 2 was used in all subsequ.en& runs. Both meters were calibrated 

met.er eotlpled with a resistance box tfi vary the current.. The current was ad

justed t.o an even scale reading on the crystal current met.er wit.h the resis-

tance knob, and the Weston ammeter reading Y1as -uum :reeo-rded. 

therefore, independent. of trequen-ey. 
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