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A methodofmeasuringfoamingvolumeisdescribedandinvestigated
to establishthecriticalfactorsin itsoperation.Dataon foaming
volumesandfoamstabilitiesaregivenfora seriesofhydrocarbonsand
fora rangeof concentrationsofaqueousethylene-glycolsolutions.

It isshownthattheamountoffoamformeddependson themachinery
of itsproductionaswellas onpropertiesoftheliquid;whereasthe
stabilityof thefoamproduced,withinspecifiedmechanicallimitations,
isprimarilya functionoftheliquid. .-

INTRODUCTION

b a seriesofrecentpapers(references1, 2,=d 3) the detefi-
nationofthestabilityof foamshasbeenanalyzedandshownto depend
ona complexofsubsidiaryeffects,eachofwhichi~luen~estheme=-
uredresultinanunpredictableway. Theaveragelifetlmeofgasinthe
foamisfoundto dependonliquidviscosity,Mxnitingfoamdensityl,
bubblesize,andfosmheight;thedrainage=te ofliquidfromthefoam
dependsonbulkandsurfaceviscosities,bubblesize,andratead Mnner
ofbubblecoalescence.Itthereforebecome6a question,ifthemeasured
stabilityofa foemcanbe sofreedfromtheinfluenceof uncontrollable
factorsasto reflecttrulyan intrinsicpropertyoftheliquid.Attempte
to answerthisquestiongraduallyhaveincreasedthenu?iberof experimen-
talprecautionsonmethodsofmeasuringfoamstabilities,as thecomplex
of subsidiaryfactorshasbeenrevealed.Thesefactorsareoftwotypes.

lLimitingfoamdensity,densityofa fullydrainedfoam,isobtained
byplottingthechangingweightofa foamthatisbeingallowedto drain
dividedby thecorrespondingvolumes(thatis,themeandensityfrom
timetotime)againstthevolumeofliquidremaini~inthefoam,and

.<- extrapolatingto zerovolumeofliquid.l?hlsisthefinaldensityat
whichthelastremainingfilmsbreak,sadhencemaybe regardedas the
foamdensityatwhichthefilmsbecomeunstable.

>*



.

2 NACATN No.1153zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c

Somearethemselvesintrinsicpropertiesoftheliquid,suchasbulkvis-
cosity,surfaceviscosity,theminimumthicknessofliquidfilmbefore
fib rupt~e,liquiddensity,andsoforth.As theyarepropertiesper-
manentlyassociatedwiththeliquid,theirinfluenceonthefoamstabil-
ity,whileitmaybe traced,isnotan externalorfortuitouscircum-
stancebut1scharacteristicoftheliquidandshouldbe allowedto opcn?-
atefreelyonthefoamstability.

Thereareotherfactorswhichaffectfoamstabilitybutareinde-
pendentoftheliquiditself.It Istherecognitionofthesefactors,
theisolatingoftheirspecificeffectonstability,andtheirccntrolin
methodsoffoammeaswementthatistheobjectofthe.present-yaper.

Ithasbeenpointedout(referencek)thateaseoffoamformation,
foamingvolume,andthestabilityof thefoamthatisformedareproper-
tiesthatdonotnecess~ilyhaveanydirectrelation.Mostwriterson
thesubJecthaveconfinedtheirattentionto themeasurementofatabil-
i.ty. ‘I’helimitations& thisviewpointhavebaenreferzedtorecentlyIn
a paperby GrayandStone(reference5),who~phas~zethatfoamstabll. #
itymeasurementsshouldbe takenipcon@.n@ionwithmeasurementsof foam
density.It iseasilyrecognizedthatinitialfoamdensities,asmeasured
by GrayzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand Stone,alsomeasureamountsoffoamformedIncaseswhere the 6

samestartingvolumesofliquidareused,undertheirstatedcond~tions
wherenoneoftheair escapes.

Thepresentpaperadduceafurthereviden~eto showtherelation%e-
tweenfoamstabilityandfoamvolumeaxdtodeterminetheconditions
underwhichfoaminessmaybe accounteda propertyonlyofthe–liq–ul—d,
independentof thefortuitousmechanicalconditionsattendanton-its
production. .

Thisinvestigation,conductedatStanfordUniversity,wassponsored.
by andconductedwiththefinancialassistanceoftheNatior~lAdvisory
CommitteeforAeronautics. .

METEODS

I’oamstabili.ties.-Thebubblingmethodat elevatedtemperatures,
usinga porousballorsinteredg@ss plate,hasalreadybeenreport-d
(reference1). Themethodcommcmlyusedatrocmtemperatureswithvis-
coueliquids,suchaalubricating’oils,c’bnsistsinproduciqthefoam
bybeatingandobserv~ngtherateof collapseofa specifiedinitial
amountoffoamina graduatedcyllnder.Bothmethodsalreadyhavebeen
describedendcompared(reference1).

?-

-*-
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Foamingvolumes.-Theaveragespecificgravityof lubricatingoils
is0.88;inorderto obta~ LOOcubiccent~tersi+ iSconvenientto
Weigh,out88 gr~ ofgil~~ the~~er cOntainerofa ccnmlercial
electricmixerwithtworevo~~ whipsas inan eggbeater.Thissenrple
is stirredfornotlessthan3 minutesat thetopspeedoftheinstru-
ment. After.stirring,thewhipsareremvedand15 secondsafterbeating
exactly10Qcubiccent~tersofthefo~ istr~sferredto a graduated
cylinderofwinchtheweighta~eadyhasbeendetermined.Thecylinder
=d itscontentsareweighed,thedflferencebeingtheweightof100
cubiccentimetersoffoam. As 100cubiccentimetersofoilweighs&3
@aM6, theweightof100cubiccentimetersoffca.mwillbe lessthan88
@SMs; thedifferenceisdueto thelossofoildlsplace~by theair.
Thisdifference~weight c~.be convefiedtothecorrespondingvolumeOf
airinthefoamby dividingby the~ecificgravityoftheliqu2d..The
resultthusobtainedistheperter@.ageofairentrapyedinthefoams.+
wherealltheliquidhasteentransformedintofcmmofuniformdensity,
canbemanipulated~thematic~~ tomeasuretheemountof foamthatcan
be formedundertheconditionsofthetest.

INVESTIGATIONOFTBEMETHOIIUSEDTQOBSERVZFO-GT’OLUMES

FollowingtheQ.irectionsspecifiedpreviouslyandat a temperature
of 25* 1°C, valuesfora certainoil,selectedas standard,rangefrcm
51.1to 51.7cubiccentimeters of air per100cubiacentimetersof total
Oilandfoam. Variationsi.nthespecificationsofthemethodwerestud-
iedunderthefollowingheads:

(a)Variationofthelengthoftimeofbeating

(b)Variationoftheinterval

(c)Variationinthedepthof
volumeofsan@e)

(d)Variationinthespeedof

elapsedafterbeating,beforepouring

immersionoftheblades(i.e.,initial

beating

(e)Variationinthedegreeofpreviousaeraticnoftheoilsample

Allth~setestswereperfozmedonthesameoil,at temperaturesof
25* 1 C, endtheresultsaregivenintableI.

#-
TableI reveals the factors importantforreprod.ucti@nofres~ts

by thistest.WithlubricatingoilsamplesofviscositySAE60,thefoam
● remainshomogeneousafterbeatingatrocmtemperaturefora periodof

greaterthan60seconds;henceslightvariationsinthetimeelapsedbe-
forepmrin~itintothemeasuringcylinderwillnotaffecttheresult.
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VaEiatlonsinthetimeofbeatingat topsFeed(setting10)donot-
affect-thefindlamountofairentrainedintheoil;hencean equilibrium
canbepreeumedtobe establishedinthewhiyplngprocess.At lower
kpeedsofwhipping,thisequilibriumvalueorsteadystateshiftsInthe
directionoftheentrainment.ofmoreairthanat-thehighestspeed.The
differenceInentrainmimtat differentspee~of-whippingIsnotgreat
butneverthelessshowsthatthemorerapidlymovingpartsactuallybreak
up‘thefoamtoa certainextent.Indeed,thedirecttestinwhicha more
voluminousfo~, previousQfo~ed bybubbling,wasbeatenshcwedthat
thevolumewaereducedtothesameequi.libriuvalueorsteadystate.

Thedegreeof xrsion ofthebladesinthesampleisa critical
factor:thegreatertheimmersionthemoreatrthatcanbe entra~pedIn
thefinalfoam.Forthisresscml,thepartofthespecificationthatac-
quiresthegreatestattentionistkeweighi~outof theamounto~sampie
taken.Forthesah.ereason,identicalvesselsshouldbe usedforall.the
whippingteststoensurethesamedegreeofimmersionoftheblades
throughout.

Thistesthasbeenusednotonlyto characterizevariousexlsttig
liquidsbutalsototesttbe”effectofazxtifoamingagents.

REmLTs

In.table11thestabilitiesoffoamsformedby thebeating.method
.-

at roomtemperaturearecomparedwiththem.pountoffoamproducedunder
thesameconditionsfora seriesofoils.Thefoamstabilityisex--
pressedas L

f
(averagellfedfthegasinthefoamin’minutes);the

volumepercenageofairinthefoamisgivenas an indirectexpression
ofthefoamingvolume.‘al thew+mplesareavailablebrandsoflubricat-
ingoil. Oils9 and10 clearlycontainagenm thatprolongthestability
ofthefoam”but‘Aaveno effectonthefoaming:volume. .

Anothertypeofcomparisonwasmadeusingmixturesofwateranri
ethyleneglycol.Itwasfoundthatsolutionsvariedin.theirfoaming
propertieswithdifferentssmplesofethyleneglycol,whichwastherefore
distilledunderreducedpressureas.apreliminarymeasure.Whenpurlfled,
thefoamingvolumeofethyleneglycolinaqueoussolutionsisalways
lowerthanwhenthematerialisuseddirectly.Ethylene@ycol alone,
likeallpureliquids,doesnotfoam

Thefoamingtestswereconductedat 27°C usinga bubble-typefosm
meted(referencel). Eachtestwasmadeatan air–pressureof6.25centi-
metersofmercury,theairbubbledinthroughR Cencogasdiffusingstone
6.ndtheliquidfoameduntilitreacheditsmaxim height.Both.the
heightoffoamandthetimeof itstotalcoJ.lapsew“ereobserved.Figure1

,
—
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showsthevariationoffoamingvolumewithconcentration,8ndfigure2
showsthevariationoffosmstability(timefortotalcoll+pse)withcon-
centmtion.At a’concentrationof20-percentethyleneglycola phenome-
nonwasnotedthatdidnotappearat anyofthe“otherconcentrahns.
Foamingthesamesolutionrepeatedlywithonlya fewminutesinterval’be-
tweeneachtest,restitedina notabledecreaseofthemount offoam
foymed~ AfterthreefosnU~s,a steady.:stateis”reached.Thisconcen:,
trationis”closetothe“optimumfor&mountandstabilityoffoaa”andre-
peatedto’kmingsofa’20-percentsolutionaltertheheightofthemaximum-
ofthecurve,as showninbothfigures2 snd2.

WhenzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfcxuni~ V’OIUTMtests’cmthese’tqolutj.omweremadeby the‘be:&-
ingmethoddescribbtl;:itwasdiscovered.thatno f~_oouldbe fo~dby
beatinqnotevesfortheoptimum20-percen~’~t~lene-@ycolsolu~ion.
Accordi&to thisteststherefore,solutionsofethyleneglycolWouldap-
peartohavenu fetingproperties;whereasbubblingproduces ccgious
foam. ,, ..

.,

DISCUSSION .
,.-,’ ..,, .- .-—

So&Stability ~
.:”,. ,

Staticm6thodsof”tiasuriwfosm.- In static.methods,foamalready
formedIsallowedto drainendbreakundisturbedwhil~itisbeingob-
served.Unitsoffoametability,Lg apd Ll, havebeendefinedyre-
vioti$y(ref8renc8”,j.).’Thebe”unitst@resentthesiveragelifeofgasand
of liquidinthe’foayi’.~hsyare’thereforea true.measureofthestablllty
ofthefoamalthoug~of,co.i+%eby themselvestheyteu nothingoftheex-
tenttowhich’%,heni4asti&Xlstabfii’ty’”dependsonfactoreexternaltothe
foamingliquid.,,;, “ “ ‘ ‘ : .,.

,..

The~the~ttcalfunctionsby.,whichL8 and LL aredefinedare:

Go,’, ,.,
,. .,. 1Lg.— ,t~iL (1)1.,. ,.

,. Vo ‘ “’
,“

,’ .L1=:v+

~~ ,1 ,

t d.v (2)1
d- ,.

., -.._ ___zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
s

%l!heequationsiqreference3 havethelimitsreversed.Theyare
herecorrectlypripted.,

..
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where V and G arethevolunesofliquid
foamat time t, SXK3-V. md Go ~ the
t,=o.
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sndgas,respectively,in the
correspotiingvolumeeat

Theseexpressionsby themselvesprovideno informationaboutthena-
tureofthefunctions.Ithasbeenfoundnecessaryto supplementthem
witha mechanical.modelof a foamintheprocessofrupture.Thismodel
(reference1)leadsto theresultthat Lg isproportlmalto three
factors:theinitialheightofthe foam,tlwviscosityoftheliquid,
anda complexfunctionoftheminimumfilmthiclmessandbubbleelze.
Of thesefactors,thelasttwoarelargelycharacteristicpropertteaof
theliquidbutthefirstoneiswhollyan externalfactorthatcanvary
independentlyoftheliquid.Someexperimentalverificationofthi8
modelhasbeenpublished(reference1);”fufiherverificationIsprovided
by anunpublishedseriesofexperim~tscon@cted–byMr.W.W.Woods.
Thecollayseofequalheightsof~hesamefoamwereobservedintubesof
differentcross-sectionalarea,andthevalues ~f Lg werefoundto be
identical.

Theconclusiontobe drawnfromtheseresultsIsthattherateof
filmrupturedependsprimarilyonthecross-sectionalareaoftheexposed
foam* Thisisinherentalsointheassumptionsonwhichthefoammodel
wasconstructed.Whenfoamstabilityisbased_onmeasurementsofvolume
or height,therefore,constantcross-sectionalareashouldbepreserved
fromonemethodtoanother.

Consideringnowthatthef@m isheldalwaysintubesofthesame
cross-sectionalarea,theeffectofveryingthevolumeoffoamistobe
takenintoaccount.Accordingtothefoammodelo~BradyandRose
(reference1, equation (19)),increasingthevolumeoffoamincreases
thevalueoftheinitialfoamhqightproportionallyand Lg variesac-
cordingly;Lg isthusseentobe an extensivepropertyofa foam,
vaxyingdirectlywiththeamounttaken(heldalwaysintubesofconstant
cro8ssection],

Hereitmustbe recalled thatthefoammodelonwhichtheseconclu-
sionsarebasedcanbe regardedonlyasa firstapproximationtoa real
foam. Inthemodelit issupposed,thattherateatwhichgaeISescaping
fromthefoemisconstant(dG/dtis co~stant).Butit IStiy b par-

ticularcasesthat dG/dt isconstantforstaticfoams.Ithappensto
be soforsomehydrocarbonoils,as canbe seenfromfigures2 and3 of
thepaperbyBradyandRoss(reference1);butfigurek ofthesamepaper
showsan exemplewhere dG/dt variescontinuallyduringthelifetimeof
thezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfoam. In theformercase,byusi~ thefunctionLg/uho, where v
isthekinematicviscosityoftheliquidand & istheinitialfoam
height,a correlationbetweendifferentmethodsandbetweendifferent
determinationsbythessmemethodcouldbe obtainedindependentlyof the
valueof Go h eachexperiment.Butinothersituationsthefunction

-.
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Lg~ k will notoperate,as itdoesintheparticularcaseof constant
dG/dt, to givea foamstabilityunitindependentoftheinitialamou@
offosm.Hencecomparisonsofthesamefoamingliquldby differentfcam-
ingmethods,or”differentliquidsby thesamemethod,shouldalwaysbe ..
madewiththesameinitialvolumesofgasinthefoamwiththeur’+it~ .F
used. Suchcomparisonscannototherwisebe e~ectedtoprovideinforms-
tionrelatlvesolelytotherespectivefo@ng propertiesofthkliquid.
In thisrespec%,foenstabilityislikeallextensivepropertie~o~-iEi%--
ter,whichmustbe referredto a constantamountbeforecomparisonscan
bemadebetweendifferentsubstances;Thebeatingmethtidescribedby
BradyandRoss(reference1)takesaccountofthisby beginningalways
with>0 cubiccentwtersoffou, andso iSa usefulmethodfordirect
comparisonsoffoamstabilities.(Seetable1.)

ThenatureofthefunctionLg %ywhichfoamstabilityisex-
presseddoesnotreadilypermittheuseof temnssuchasSpecificFoam
StabilityorMolarFoamStability,becauseinthegeneralcaseno simple

● relationexistsbe~eenthestabilitiesoffoamcontaining1 moleof gas
andhalftheamountofthesamefoam, Only,whenthegasescapesfrom
thefoamata constantrateisthe~tabllityinthelattercasehalfof

s whatitis intheformer.l .-

lEquAtion[1)c~ bewritten

where m = dG/dt.

t=o

Lg=&
,f

mtdt

“t=T

Fora constantvalueof m,

where m isconstant,m = dG/d.t= -Go/!!?;therefore

..-__=—. —

where,T isthetimerequiredfortotalcollapseofthefoam.
.

Theaveragelengthofttmethatgasstays
by ~. Ifthegasislostat a constantrate,
amountofgaswillhavetwicethestability;if
isthesame,thentwicetherateof10SSofgas
itsfirstvalue.

inthefoamisexyressed
thentwicetheinitial““
theinitialamountofga~
will.reduceLg tohalf
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Thedifficultyoftiterminingfoamstabilityisfurtherfncreaseclby
theinfluencethatithemechanicaldevicesforproducingfoammayhaveon
thecharacteristicofthe.foamproduced.Cases,.,cqnread$lybefound
wherethestabllltyofthefom dependson-the.mode.ofitqformation.In
certainnonaqueousfoamafoxm,edby reducing-the,pVessure,the.foamgini-
tiallyformedaresteible-until:thefilms.arestretchedtoofarb~-further
evacuation,whereupon-theycollapse,.In foti producedby theWII?IWW
method,when.therateofair flowisallowedtovaryout~idecertain pre-
determi~dlimitswhic,hforsomeliquidsmaybe verynarrGw,the.air
escappgrapidlyfromthel,i&uidby”meanso~cbels plgwe.dforcibly
throughthe:foeabytheblastorby lergerbubblep.Rapidbubblingmay
alsocausecoalescenceontheporous glass’’bub’bler,leatifigto such
largerbubbles.Anymechanicalcondi~io~id& le’adsto theproduction
ofla&gebub%leswilldecreaeetheWue of foam stability.Medanical
arrangementsforproducingfosmmust,therefore,firstbe inve~tigated
toascertainiffora givenliquidthe$otiyroduce.d.i6i@yiWi.tallyOR
thesamecharaqter,espkc$ally~i.th”respect-to-ktzeofbubbles,aa that
producedfrom“thesamelj.qui&by ottiermethodsbeforec~&riEon offoam
stabilitiesbydifferentmethodscanbeundertaken.IfveryzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfhie bubbles
areproducedby o~ method(e.g.,beait~),thebubblesMy beallowedto
segregateandooal.esce“toa comparablesizebeforetheme9su&@Wn?_is ._
begun;but ii%very large bubbles are pro@ceditisdoubtYti”-whether
measurementsonsucha foamwillbe foundtoyieldanycorrelation.This,
therefore,isthenatureofthelimi.tatlonimposedby themechkntcalcon-
ditionsoncomparisonsof’stabilitiesoffm.msproducedby differentmeth-
odsorbythesamemethodunderdifferent.conditions.-.

Thespecific~er inwhtchthislimitationbec~s @vldentwill
vaxyfromonemethodtoanotherandmay,insomeinstancee,be relatively
obscure.Withintheframeworkoftheselimitations,me,ver,thestabil-
itiesoffoamsproducedby verydifferentrnechanical”methc&havebeen
showntogivevalues capqbleol?,.ahighde~ee of correlation(reference1).

Dynqmicmethodsofmeasuringfoamstability.-Indynamicmethods,the
foamisobservedwhileitisbalingfomed cm replaced. It isa fiidmen-
talconditionofBikermantsdynemicfoammeter(reference6)andthedy-
namicfoammeterofHoffmannandPeters(reference7)thatan equilibrium
or steadystatebetweenformationandcollapsebe established,wherebythe
volumeoffoamformeddependsonlyonthetworatesofformationandcol-
lapse.Witha constantrateoffo?mmtiondi?lmbbhs-ofd.efi.nitesizeby
injectionofairthecalculationoffoamstabilityIsbasedinthemeasure-
mentofthevolumeof foamformedat thesteadystate.

Thisisborneoutbythepresentidatafor ethyJ.ene-glycolsolutions.
In figure1,therateofairflowisthesameforallthetests.The
maximumhelg.htoffoamIsthereforedirectlypropcwtlqmlto theunito&

,1

,.
foamstability- as definedoriginallyby,Biker’man’(reference6):

,.
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J
9

(4)
d

where V isthevolumeof foam, v
time t, and r istherateofair

Theparallelismbetweenfigures
ofBikermantstit asa unitoffoam

isthevolumeofa~rinjectedin
flow(r= v/t).

land 2 shm?stheessentialvalidity
stabilityprovidedtherate ofbub-

blingiskeptsuftablyuniform.Althoughthemeasurementsreferto the
emountoffosmproduced,theybeara generalresemblanceto directobser-
vationsoffoamstability,measuredby tketinefortotalcollapseofthe
foam.Figure1 isessentially,derivedfroma dynemicfosm-etability
methodendfigure2 froma staticfoam-stabilitymethod.Otherexamples
ofgeneralagreementbetweentheresultsof staticanddynamicfoemmeas-
urementshavebeenpublished(reference1). Theyareallillustrations
ofa proportionalitybetweenfoamingvol~ endfo~ stability..

* h thebubblingmethods,staticordynamic,resultsshouldremain
reproduciblewithvaryingratesofairflow~allotherthingsbe’-
equal, only as long as an increaseInairflowproducesno effectother

b thana correspondingincreaseintherateofbubbleformation.As’soofi
as italsocausesenyc-e inthebubblesizeorfoamdensity,the
resultsfor foamstabilityarealtered.Form.nyliquidstherangein
vsriationinpe~ssibleratesofairflowIsnarrawandratesofflow
outsidetheselimitswillproduceconflictingresulte.Thecriticiemof
thedynamicfoammeterbyHazlehurstandNeville(reference8),on the
grOUndsthatdifferentratesofairflowcaused.thefoamstabilitiesof
theirsolutionstofallindifferentorders,pointsouta genericweak-
nessofthisinstrument,whichcanbe overcomeonlyby a preliminaryin-
vestigationto discoverthoseratesof air flow thataffectonlytherate
offoamformationwithoutchan@ngthesizedistribut-ionofthebubbles.
Someofthisdifficultymaybe removedbyusinga seriesof inlettub6s
ofknowndiemeterfortheinjectionofairintotheliquid,as hasbeen
doneby Ostwaldandl.lischke(reference9).

Themeasuredfosmstabilitydependsona complexoffactors,some
ofthemdeterminedby conditionsexternalto thefoamandscmeby innate
propertiesoftheliquidortheliquidfilms.Thesefactorsmustbe
investigatedforeachmethodto determinetheirorigin,so thatthose
arisingfromexternalmechanicalconditionscanbe keptconstantanda
comparisonoffoamstabilitiesmadeto
differencesexistingintheproperties

J

AmountofFosm,or.

It isapparentfromtable11that

dependasmuckaspossibleon
of.thefoamingliquids.

FoamingVOIUIUe

theamountoffoam~roducedisnot —..
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relatedto
a3Jygreat
offoauas

thevalues obtainedforfoamstability.Oils
foamstabilitiesproduce,approximately,only
oilsof’averagestability.

withexception-
thesameamount

Theamountoffoamproducedisa functionofthemethodbywhichIt
isformed.Thatethylen&qlycolsolutions producedno foamon-beating,
althoughcape,bleofformingvoluminousfoamwhenairisbubbledthrough
them,showsinthisextremecasethatthecondithnsimpoeedbytheme-
chanicalmethodcancauseprofoundvar~tionsin theireffect.Yetkt
islogical,onco~lderationofhowa volumeoffoamisproduced,that
theamountoffoam,orroamingvolume,shoulddependalsoonthestabil-
ityofthefilmsatthetimethefoamismade. Whythendotheexperl-
rcentalresults(tableIT)‘showno rel.ation-tetween foamingvolumeand
foamstabillty?

Iftherateoffilmrupture,asmeasuredby dG/dt,getsprogres-
sivelylessduringthelifet@eofa staticfoam,as isoftenfoundto
be thecase,thenthemeasuredvalueof Lg wilJnotbe rel@ed_tothe
initialrateoffilmrupturebuttoanaveragedrate;forby equatim
(2)thesymbolm, designatingdG/dt,remainsundertheintegralun-
lessitisconstantwithvariationoftime.

Buttheamunt offoamformed,thefoamingvolume,doesnotdeperdi
on an averaged rateoffilmruptureconsideredoverthewhole>ifetime
ofthefosm;itdependsonlyontherateoffilmrupturewhichoperates
duringtheformationofthefo~. Ifthatrateremainsconstantthere-
after,as itdoesinthosestaticfoamsfromwhichthegasescape~lin-
earlywithtime,thenfoamingvolumesandfoamstabilitieswillbe found
to havea simpleproportionality.Otherexamplesoffm.msthatmaintain
a constantrateoffilmrupttiearegivenby alldynamicfoamsatthe
stageofequilibrium,butequation(2)refersonlyto staticfoams;so
thesameargumentdoesnotapplyinallitsterms.‘Nevertheless,by
virtue oftheconstantrateoffilmruptureduringequilibriumofdynamic
foams,iftheairflowandothermechanicalconditionsarekeptconstant,
thefoamingvolumemaybereadto ind.i.catedynamicfoamstability,as
suggestedbyBikerman(reference6).

Inmanystaticfoams,however,therateoffilmrupturechanges
markedlyasthefoamages.Theratemaybe slowedbytheaccumulation
of stabilizingmaterialthatfallsontheremainingliquid.filmsfrom
allthefilmsthathavecollapsedabovethem.Diseolvedsubstances,such
as soaps,saponin,oralbumens,thatmakeverystableliquidfilms,char-
acteristicallyproducefoamsofthisdescription.Thesmut offoamand
thefoamstabilityhem haveno simplepropofi~tirelation(cf.table
II). Oncethecomplete-decaycurveofthefoamhasbeendeterminedex-
perimentallytheexistingrelationcanbe obtainedfromthedata,butit
couldnothavebeenpredicted.

--
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Theamountof
(suchas viscosity,

U.

foamformeddependsoncertainaualltiesofthelim.zid
density,smd;tabilltyoffreslil.yformedfilms)a%

Onthemchmicn Cmditioniof,itq~roauctidn.For-theliquidsof“table
II,themechanicalconditionsoffoemproduction’werek6@ consketiand
tinedensityandtheviscosities.werealsoaboutthesame,butthestatic
foamstabili%feswerevastlydifferent.,Asthefoamingvolume”wasfound
tohe nearly constantandunrelatedto theultimatestabilityofthefoam
formsd,itMy be’inferredtha,ttheinitialrateoffilmrupture,or the
etabiiityofa freshlyformedfilm,isltkewi8eindependentof the$ta-
bilitythatitwillass- onagingandisessentiallyconstantfokall
theoilgwhetherornotfo~ stabil~z~g~ents arepresent.Certain
otheragentsthatarefoundcapableofr,ed~cingtbefoqming,volumedo so
by affectingthestabilityoffrestiyformedfilms.. . .

,“
For”inorecompleteinformationonthechardcterofanyfoen,both

thefoamstabilityandthefo~ng volumemustbe d.etezmined;Sincethe
value of the fetingVOLU’ vmj-e~ with themethodusedtoprcducethe
foam,it isdesirableto duplicateorhavecotiitionslikethoseof”the

. gn?actical.problemwhenspecifyingthelaboratorytest. A foamhigagent
oranantifoemingagent’canoperateto~ify eitherorbothofthetwo
characteristicsof,thefoem,rstabllityand:&m&t. It 36fre@eiitly -.) thecasethatagentsmosteffectiveinreduc& the”ainountofa-foamto
a smallreeid~e,alsosta,b’ilize”thi,sresidualfoap. Otheragentsre-
duceor increase%he,foamstability,w$thoutalter= the~o~t offoam”
thatisfomqed.

.. .....--,.,....,.. .,.:,..,. . . ,....
....:>-;,. ..” ,. ....., .,: :

Stanfordkiversity,
... .. - --.,.-

StanfordLhivedslty;Chifo~ia~Se~tember””Z4~~945;’’”’-
.,.”.,’.’ ...,,. ,... ,...’. ,.,,.
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TABLEI.-”VA&ATIONS”INSPECIFICATIONSOFBEATINGMETHOD
—.

Descriptionoftreatment
I

FoemingVOh.U&e Comnent
(percent”airinfoam)

Treatmentas specifiedintext ‘ ~ 51.5. 1Control
/

Beatenatfullspeed(10)for30
minutes,insteadof3 minutes 51.3 “No difference

Foemmeasuredimmediatelyafter
beating, instead of 15 seconds

after 51.1 No difference

Foammeasured60 secondsafter
beating,insteadof15 seconds
after 51.4 No difference

Oilturnedto foambybubbling
for24hoursbeforetesting

Taking 76 grams of oil instead
of 88grams

Taldng144gramsofoilinstead
of88grams

Beatenathalfspeed{5)for3
minutesinsteadoffullspeed
.(10)

Beatenat lowspeed(2)for15
minutes,insteadoffullspeed
(10)for3 minutes

I
No difference

4’7.9

54.7zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

55.2

54.6

Lower value

Highervalue

Highervalue

Highervalue
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TABLEIl.- COMPARISONOFFOAMSTABILITYAND

FOAMINGVOLUMEFORA 6ERIESOFOILS

(Foamsproducedhy thebeatingmethodatroomtemperature)[

oil

1-L.

2

3

4

3

6

7

8

9

10
——

Foamstability,Lg

(rein)

18.5

22.3 ‘

i?7.3

31.2

51.5

65.5

79.2

103.6

2056;o

4920.0

FoamingVOh.11110
(~ercent air in foam]

41.9 I

52.6

49.7

28.7

49.3

52.0

51.3

55*9

50.6

45.3

.
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Yigure l.- v~iatlmof foaming volume ~lth oomentr!btion
of ath~lene glycol in water.
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Figure a.- Variation ofzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfoyn stabilitywith conomtration
of ethylene glyool in water.
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