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T CINFLUENCE CF FORETGN VAPOQHS O THE CLALELATTION
OF AEROSOLS

1.5 ARTEMOV.

A nunber of works by different suthors have brought us to a good approxination of

wn understanding of the processes which take place in aerosols under straightforward con-

ditions, when these processes are taking place in pure air.

If vapors of foreign substances are present in the air, complications ave introduced
into the processes taking place in the aerosols, complications which so far have not been
studied, in spite of the practical and theoretical importance of the matter.

The following authors have dealt with the question of the influence of foreign vapors
on serosols: E.1.RUMIANTSEYA (1), who investigated the influence of various vapors on
asmonium chloride aerosol; S.S.URAZOVSKI and S.N.KUZMENKO (2}, who investigated the in-
fluence of various vapors on magnesium oxide and ammonium chloride serosols; k.MN.SAMChI.-
VALOV and O. S, KCZHUKOVA (2), who investigsted the inflv nce of various vapors on mercurous
1odide and ammonium chloride serosols; V.I.SAICHUK and O.G.NARSKIKH (4), who investigated
the influence of various oil vapors on aqueous fog; N.N.ANDREYEV and S.G.KIBIRASHTIS (5),
who investigated the influence of various vapors on ammonium chloride aereosols: A.V.SMIRNGY
and V,A.SOINTSEVA (&), who investigated the influence of various vapors on ammonium chloride
serosols and oil-fog; L.V.RADUSHKEVICH and O.K.CHUGUNOVA (7), who repeated some of the ex-
periments with ammonium chloride; T.V.PETRIANOV, M.V.TIKHOMIROY and N.N.TUNITSKI (8}, who
carried out preliminary tests with phenol vepors and Fe,(; aerosols.

Material available on the subject is limited te the researches here enumerated, and

the results obtained by the different authors are in sharp contradiction one with the
other.

For a rapid survey of the contradictions which exist, we give in Fig. 1, rhe results
the work with ammonium chloride aerosol. In the reciangle we list the vapors to the
action of which the aercsol was exposed; the lines and circles with initials indicate the
results obtained by the diiferent authors in their experiments.

().{

Tie existence of contradiccions may be explained by ths fact that with nearly all
tiese authors the method of producing the aerosols was unsatisfactory (high concentration
of aerosol, and the aerosols praduced in the presence of ‘previously prepared’ vapors of
ihe forergn substances). The same may be said of the methods of recording tie changes
which taoh place (sedimentation observetions). Some of the authors permitted errors to be
mitroduced by secondary mixing of the aerosol with the vapor in mmall vessels (7). !n
some cases (4) obvious mistakes were also made in the method of producing the foreign

vupor (production of vapor by evaporating the substence in a chambe. over a heated netul-
lie surface).

The lack of fundamental research on the influence of foreign vapors on the procecses
tukieg place in serosols motivated us to undertake the present work.
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Geoesnris ot tee antouenee o0 oo Booerse veror o the tiocess of Lereal o
ettt wae aeceanary to estabiash conditrors such that o all practical antents

ared atpeen nn processes other than cospnlarion took place 1n the presence of the
Vﬁp” so W apnroxgmated this escential condition by seeing to 1t

Trnat e formation of the arrocnis took place 1n pure air thus excluding the possr
iriisty af the vapor affecting the process of aerrosol-{ormation.
2} That o process of sedimentation of the aerosol was going on at the time when rewlta
sere being observed, this condition was met by having a small initial copcentration
of the acrcsol, and bv valatilizing the fereign substance in a stream of air (4).

{Te cneck that there was no aerosol sedimentation going on during the time when
observations were being made, we used a Nernst-type micro-balance with a sensitivity
of 167%p, which showed no deflection during the = iod of the observations)

3, inhat the means of producing the aeroseols was such as to secure results which could
be exsrtly duplicated.

That the method selected for introducing the forsign vapers into the chamber namely
that of blowing vapor off the surface of & liquid 1nto a closed vessel, excluded all
chances of distorting our results through condensation of the vapor itseif and that
it made 1t possible to introduce with sufficient exactitude the requisite quantity

of vaper 1nio the chamber and to distribute it uniformiy throughout the volume of
the choamber.

4

5) That the aerosal was subjected to mixing only once. 1n a large chamber this rave
the aerresol less chance of settling on the walls of the chamber.
As 1t was discovered (page 5 ) that water vapor had no effect on the coagulation

of the arrosols investigated, we did not undertake to dry the air in the chamber
these sxperaments,

for
All the tests were carried out in a special hermetically senling glass smoke-

chamber one ot yn size. The chamber was mounted on a metal frame and was fitted with a

fan wid mxivaust pipe,

A wncke-proshiicing substances we used:-

» inevat ol fa fraction bouling at 200-2107 C at a pressure of 4 mn)
v Stearve acikd (chemically pure) ,
Hetined paratfin (melting point 507 C, density 0.9).

4
)
3
3

In all rases we produced the aerosels by thermal condensation before feeding into
Chambe

vl teg was prodaced n the @paratus shown n faig. 2

fhe vlectrically heated metal oven 4 was joined to the tee B uirh un wvheogos
The 1ee held a metal pipe 40 em long and 3 ~m n diame ter . wnich vae shoelde
v e by the soreen G ouana cooled with a o stream of cola wate-

e b way equipped s h thees me gl papes (G R In G there v meunied, on oun
Copser ot u s thoa absequent ot o4 odrum o lacare a e s e ey
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cock fitted to tne microhurette allowed the o .-
sired quantity of oil 20 be fed winto the oven,

while the glasy tubs 2 alloved the oil-feed 1o
be cbserved.
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Through pipe E there floved intc the oven
a stream of filtered air heate” to 230° C, at a
speed of 0.2 1/min. In the oven, this air became
saturated with oil vapor. The oil vapor passed
into the tee and in the long pipe was diluted
with @ stream of cold air floving at a speed of
40 l/min. The diluted stream was then super- '
swini alicd, which canged the foroisisn of
acrosal. The aserosol thus produced was led for
@ period of 1.5 minutes into the smoke-chaxber,
. into which she foreign vagors ha reviously
been introduced. In the chamber, iae aerosol
and vapors were mized by seans of the fan for
a period of one minute, ayier which they were
' tested. Thanks to the screen C and the air-cool-
' ing effect in the long pipe, the diluted streax
y did not heat up more than 1.5° when the oven
¥Fig.2. Diagram of apparatus for  teaperature vas 230°. Thus the supersaturction-

producing oil fog. temperature ¢ the vapor practically dud not

change.

In all the tests the temperature of the oven was held at 230° to withwn £ 0.5",
Ij this temperature-control is strictly maintained throughout the period of acrosol-
formation, the method here described of producing oil fogs will produce aerosols shich
can be rigorously duplicated.

&
TN

=

For producing stearic acid aerosol we used the apparatus shown in fig.3.

Pig.3. Diagram of appe .tus for producing stearic
aoid and paraffin aercasols.

An exactly waighed portion of stearic acid was sprinkled with previously roastrea
sand into a hollow in an asbestor stopper, n which a spiral platinua wire vas miunte,
The draun-out end of the glass tube A led through an opening wnto the chanter 4 strean
of filtered air was passed through the tube A at a velocity of 40 l/min The ceruiod
formed in the air-strecm was thus fad into the chamber, into which the fureigi va,er had
C previously been introduced.

T stearic acid was volatilised by heating the spiral wire wiin o electeie current
for a perwod of 1.5 minute, the degree of heating was checked with « v itrcter.

- 3 -




C

) o P S P 0 TN LI PR Y S LAY S

L} .
I Pt e lsn wthy tenzes wa: bhrodpatl rilo the chonner vy

crrow tsrd v dere an o closed vessel (fig.d)

Fig.4. Diegram of spparatus for Fig.5. Diagram of tbe ultra-
producing foreign vapors. microscope set-up.

The apparatus was installed in a thermostatic chamber, in which a constant
temperature was maintained.

The substance of which 1t was desired to have the vapor was placed in vessel A,
by means of the cock K it was admitted into the U-shaped tube until the latter uas
half full. Filtered air was passed through the U-tube ot a velocity of 0.1 - 2 l/min,
carrying off the vapor of the substance from the surface of the liquid and taking it
into the chamber. In order to get the vhole volume of the chamber more completely
saturated with vapor, we also put into the chamber sheete of filter paper soaked uith
the substance, and we painted it onto the chamber walls. In all the tests, the vapor

in the chanber was thoroughly mixed with the fan for a period of 2 minutes before the
introduction of the aerosol.

The ennicentration of vapor in the chomber was determined from the difference n
weight of the apparat:  before and after blowing off the vapor. In our experiments
this concentration varted frow 0.5 mg/m to nearly complete saturation.

He checked Ly the absence of Tyndal’s cone that no aerosol of the foreign vapor
vas formed wn the chamber before the introduction of the test aerosol.

This method permits the desired quantity of foreign vapor to be introduced wito
the chamber with sufficient exactitude.

The aerosol coagulation vas measured by means of a count of particies i a gas-
cell, using an adapted type of ultramicroscope with dark-field illusination (fig.5).
o As Light-source, a 300-vatt moving-picture projector lamp uas used. To et rid
¢} convection in the cell K, the lamp was shielde? from the uliramicroscope set-up
by the werture-screen S and the water-fulter W. The optical system used wgs:

faj condenser E, {b) source of objective D,  (c) microscope M consisting of ocular
arul objectuive.

‘ The concentrution by weight of the aerosol was deterained by weightng a fized
rotume o} uerosol absorbed in a filter.

*

This means the spparstus of Fig. 4. (Tr.)

-4_
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This wethod wiiich we descrive 1s {ree f the erronecus procedures allowed Lo ;o
vious authors. In our experiments 1t was possible to judge the effect of foreiyn vajo-
on just the process of aerosol coagulation elone

The effect of vapors of surface-active substances on the coagulation-curves miit
well, under the conditions of our experiments, depend only on change in the nunber of
effective collisions between the aerosol particles.

We investigated the following systems:

Mineral o1l phenol
Mineral o1l oleic acid
Mineral oil - giycerin
WMincrai ori - wate
Stearic acid -  phenol
Stearic acid - oleic acid
Stearic acid - glycerin
Stearic scid -  water
Parsffin - plenol

Paraffin - oleic acid
Paraffin - glycerin
Paraffin - water

Hefore proceeding to study the above-mentioned systems, we carried out controi-
experiments, with no foreign vapor present.

The data for coagulation in pure air are entered in fig.6 in the form of solid
black dots. The data for cospulation in the presence of foreign vapors are entered in
the form of circlets.

If the vapor exerted an influence on the aerosol coagulation-process, we should ob-
tain two different coapulation-curves on each graph. However our experimental findince
o~ gaven an fig.6, where the abscissa is time and the ordinate 13 particle volume, snow
tiat in all cases both sets of points, those for pure sir as well as those for the
torerin vapor adiaxture  lie on one and the same straight line

In view of the importance of these results 1n the solution of all kinds of jeatian
~e varied the experimental conditions in many wavs and tried many other wavs of 1ntro-

ducing the vapors into the chamber. but the results remmined the sume.

0L the supposition that the influence of a vapor on serosol coamiiation mivht 1o
tive yradually become more intense we carried out long jeried s owithoon! b T
tuese testa the oagulstion of a pure srrosol and of an aeroso] with a vajor wioineere
was followed vy for 2 - 4 hours after volatilization.tut even 1n this Long jerios of
"..e the vapor was not observed to exert any influence on the course of nerosnl ¢
sat1on 1n the systems investigsted by us

RN

Hence, as the most important general result of the shole of “he wite we e oo
nim.ed, the fact emerges that in the systems which we investiguted vajor: of ourfoe-
aciive substances ex~rt no influence on the process of aerosol coapularin ° .o o

v L
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Ihere exists the notion, which ras very hittle toundathon that an owe

may under sore conditions have on o ats suric thirk gaseous envelope, tiings

]
the partiecle by sorbtive forces und rapable of decreasing the cogpulation-spees oo ot
aerosol (1,3,4,5,6,7,9)

: ' .
AP

The notion of the existence of thick stavle pasecus envelopes 1s commoniy 1nva.ed
to explain the more obscure properties of aerosols Our experiments and a number o
other axperimental findings ¢10,1.,12,13,14,15,16.i7) refute this notion

The results of our experiments are i1n agreement with researches carried out .
Brandt (10), who from his observations cn dust particles came to the conclusion that in
the case of these particles too the adsorbed gaseous layers could hardly have a thick-

ness greater than one molecule.

Hrandt's observations demonstrate that the thick gaseous envelopes which are
occasionally formed in serosols must not “e ascribed to stabl= adsorptive forces they

are gaseous layers ! 'Z snly in u temporary fashion by the aerosol, and may be easilv
stripped off.

In good agreement with these ohservations are the researches of Bemi and his
associates (11}, who showed that the poor ubsorption of S&y and #,U, fogs by water.
whei, Lbesa substances are bubbled through 1t, may be explained bv air being mechanic-

ally captured by the particies. Mcrenver these observations are not contradicted by
“el's experiment (12).

Likewise 1n connectior with the reduced density of seroscl particles which lag
Leen Observed (18), there 1s no necd to drag 1n the notion of thick stabie gus-ous er-
verores. Abnormallv small densities of serosol particles mav be explained <irils by tire
Tact thut 1t 1s necessary to determine this quentity from the hydrodvnarnic properties
¢t the particle. Kahlschutzer and Tuscher (13), Whytlaw-Gray and Pattersonil4i huve <iioe-
fiowsw reat deal of experimental meterial that with free-falling aeroso! particies o
yoreus and complex structure excessively low values are obtained for the depeisy o1 ¢

Tariad jes.

Tre rotien ot the exastence of thick stalle gaseous snveiopes o e

X
“apiooao ug variations an small-partacle evaporation phenomens  Wooa
wher 00 0 Sehifer (160 and Nesxtle (170 has shown that in puce e, .

e mraa, dropieta of mercury evaporate in accordance with the cooirar .. - .
Gloevaptation ¢

(har»< i 1 vaper-tension of the particies and onseaguent v 15 T, Kinely .

1

e evapuratior, moan le obsernsed only 1n those ases whers the pagticies (hoane thes

] %}

tier throaed anteraction with the dispersion eedium. bor anstencc the oo

NN
fepLrities o ibe als Uy oactoso. partie lex mav cause o shanee o fhe vy -

Coiesvata ataonsspend af e partic,es In this sence we wust XAl the e
\
;

Cavned Dy GRS and At LTROv Y 0 who stucied the eyajoiation o0 watsr

aimwt ere s of hadropen ann i carboen diovade  n these cvery e e
tron an hvdropen procesded ot a speed of just the order ot e checrers o

Suatet for dropiets of thiv sire whaiie there was o decrese e divg 1o o
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Sve g e de arled antormation thereon 1n o later article

CONCLUSTONS

1 Ve made a dingramatic synopais of results obtained by previous authors on ucroso!l
~tubilization, this showed up certain errors of nethod in their experimental work

We worked out methods of producing aerosals and vapors of various substances for
aposes of studying the effect of foreign vapors on the stabilization ot werosols
{imne rethods are such as to ensure that the results obtained wiil be pro; 'riv dupli-

1

!
f .Ai)}(‘

4 We investipated the coagulation of o1l fog stearic acid snd poraffin aerosois
1. the presence of phenol, oleic acid, glycc.in and water vapor and showed that the
~uexpusation of the said serosols 1n the presence of the said vapors proceeds at the
e speed as in their absence.
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