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The spray characteristics of aerosol
products vary from wet, streamy
sprays to very fine sprays, depending
upon the application for which the
aerosol was designed. Wet or coarse
sprays are desirable for residual prod-
ucts such as residual insecticides.
while sprays with a fine particle size
are necessary for space aerosols, such
as room deodorants. The type of spray
produced by an aerosol product is one
of its most important properties.

The aerosol chemist has a wide
variety of propellants, propellant
blends, and solvents available for the
formulation of aerosol products. Some-
times this profusion of propellants
and solvents presents a problem to
the formulator who must attempt to
achieve the desired spray character-
istics while keeping in mind such
factors as pressure, compatibility,
flammability, and cost. Quite often,
for various reasons, it is desirable to
replace the original propellant that
was used in an aerosol product with
a different propellant, while maintain-
ing the original spray properties of
the aerosol.

Up to the present time there has
been no simple method for comparing
the spray properties of an aerosol
product that has been formulated
with different propellants. A method
for determining the particle size dis-
tribution of space insecticides has
been published (Reference 1), but
this procedure is applicable only for
products formulated with high-boil-
ing solvents, such as deodorized kero-
sene. In addition, the method is time
consuming and requires expensive
equipment.

A comparatively simple method has
been developed for comparing the
spray characteristics of an aerosol
product when the concentrate has
been formulated either with different
propellants or with different concen-
trations of the same propellant. One
of the most practical applications of
the method is that it may be used to
determine what concentrations of dif-
ferent propellants will produce about
the same sprayv properties. The method
is useful for products formulated

either with high-boiling solvents such
as kerosene or odorless mineral spirits,
or lower boiling solvents, such as
ethyl alcohol. Data which illustrate
this method for evaluating the spray
characteristics of aeroso] products are
given in the present paper and the
potential applications and limitations
of the method are discussed.

General Discussion
The method presented in this
paper for comparing the
spray characteristics of aerosol prod-
ucts is based upon a modification and
extension of the “Tentative Method
for Determining Pickup Efficiencyv of
Residual Aerosol Insecticides”, which
was adopted by the Scientific Com-
mittee of the Aerosol Division of the
CSMA (Reference 2). The tentative
method for determining pickup effi-
ciencies was developed originally to
evaluate the efficiencies of residual
insecticides as far as deposition on a
target was concerned. Although the
amount of product that is deposited
by a residual insecticide depends
upon the particle size, an actual par-
ticle size measurement of the products
is considered to be impractical and
difficult (Reference 3). The pickup
eficiency, which is defined as the
percentage of the low volatile com-
ponents that are deposited on a sur-
face, is a function of the particle size
and is much easier to determine.
The assumption upon which the
present method for comparison of
spray properties of aerosol products
is based is that within certain limits,
different propellants appear to give
approximately the same sprav char-
acteristics with the same solvent when
the propellant.’solvent ratios are ad
justed so that the pickup efficiencies
are the same. The basic assumption
includes not only residual aerosol
products but also other aerosol
products with much finer sprays. As
an example, it was determined that
mixtures of 729% “Freon-127/289,
odorless mineral spirits and 87%
“Freon - 12”/“Freon - 117 (50/50)/
139, odorless mineral spirits both
had pickup efficiencies of 60%. Both
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TasLE 1

Propellant/Odorless Mineral Spirits
Mixtures With Pickup Efficiencies
of 709,

Propellant/OMS
Propellant Ratio (wt %)
“Freon-12” 63/37
“Freon-12"/“Freon-11"
(70/30) 71/29
“Freon-12"/“Freon-11"
(50/50) §1/19

The pickup efficiencies of a

variety of propellant/solvent
mixtures were determined using the
propellants and solvents previously
mentioned. The data were first plotted
as curves which illustrate the effect of
a variation in the propellant/solvent
ratio upon pickup efficiency. The data
for the various propellant/solvent com-
binations are illustrated in the follow-
ing figures:

“Freon-12"/“Freon-11"/Odorless Mineral Spirits
“Freon-12"/“Freon-114"/Odorless Mineral Spirits

“Freon-12”/“Freon-11"/Ethyl Alcohol ........ ... ...
“Freon-12”/“Freon-114"/Ethyl Alcohol

These curves are useful for deter-
mining the compositions of various
propellant/solvent mixtures that have
the same pickup efficiency. Thus, in
Figure 1, a dotted line has been drawn
through the curves at a pickup effi-
ciencv of 709,. From Figure 1 it can
be determined that the various propel-

“F-12"/"F-14"
(15/85)

...... Figure 1

Figure 4

Figure 7

.............. Figure 10
lant.‘odorless mineral spirits (oms)

mixtures that have a pickup efficiency
of 70% have the compositions indi-
cated above.

The three propellant odorless min-
eral spirits mixtures shown in Table 1
should all have approximately the
same spray characteristics if the basic

Voriation of Pick-Up Efficiency

With Composition of “Freon-12"/
“Freon-114"/Odoriess Mineral

Figure 5

“F-12%/
“F-1a"
(40/60)

Spirits Mixtures

Odoriess
%, Mineral

A_ﬂ Spmu

Pich~Up Efficiency (%)

assumption that mixtures with the

same pickup efficiencies have the

same spray properties is true.

The curves possibly could be extra-
polated to zero percent pickup with
zern percent solvent present. The
curves were not drawn with less than
109, solvent, however, because the
variations in pickup efficiency with
less than 10¢, solvent present were
too large and the results were not
reproducible.

B. Variation of Pickup Efficiency
With Composition of Propellant/
Solvent Mixtures
The data from Figures 1. 4. 7 and

10 were transferred to triangular co-
ordinate charts to illustrate the varia-
tion in pickup efficiency with a varia-
tion in the composition of the propel-
{ant ‘solvent blends. The triangular
coordinate charts are particularly use-
ful in obtaining the pickup efficiency
of propellant,/solvent combinations
that were not tested experimentally.
These daia can be obtained by draw-
ing a line from the base line for the
particular propellant mixture in quest-
tion through the solvent apex. For
example, the pickup efficiencies of a
“Freon-12”/“Freon-11" (60/40) blend
with various concentrations of odor-
less mineral spirits were not deter-
mined experimentally but could be
obtained from Figure 2 as indicated
by the dotted line.

The mixtures that are illustrated on
the triangular coordinate charts and
the corresponding figure numbers are
as follows:

e
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“Freon-12"/“Freon-11"/Odorless

Mineral Spirits ...... Figure 2
“Freon-12",“Freon-114",/Odorless

Mineral Spirits . ..... Figure 5
“Freon-12"."“Freon-11" /Ethvl

Alcohol . ... oL Figure 8
“Freon-12" “Freon-114"/Ethy]

Aleohol ... L. Figure 11

C. Relationship Between Pressure,
Pickup Efficiency and Propellant/
Solvent Ratio

Pl'eSSUl'eS were determined on a
variety of propellant ‘solvent blends
so that the relationship between pres-
sure. pickup efficiency and propel-
lant -solvent ratio could be estab-
lished. The samples were prepared
by cold filling and pressure measure-
ments were carried out with a pre-
presurized gage on duplicate samples

prepared without dip tubes. The data

were plotted with the pressure as a
function of the propellant/solvent
ratio with the pickup efficiencies
shown by contour lines. The various
propellant/solvent mixtures and the
corresponding figure numbers are as
follows:

“Freon-12"/“Freon-11"/Odorless Mineral Spirits
“Freon-12"/“Freon-114"/Odorless Mineral Spirits
“Freon-11"/Ethvl Alcohol
“Freon-12"/*“Freon-114"/Ethv]l Alcohol

“Freon-127/

The data illustrated on these fig-
ures make it possible to select a mix-
ture which will give u desired pickup
efficiency at a specified pressure.
D. Relationship Between Pickup Effi-

ciencies and Sprav Characteristics

In order to check the basic assump-
tion that within certain limits. propel-
lant solvent mixtures with the same
pickup efficiencies had about the same
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spray characteristics, various propel-
lant/odorless mineral spirits and pro-
pellant “ethv] alcohol mixtures having
the same pickup efficiencies were pre-
pared and the sprays were judged

visually.

Figure
Figure
Figure
Figure 1

b O Oy LI

The results obtained with odorless
mineral spirits as the solvent are listed
in Table III und the results with ethyvl
alcohol as the solvent are given in
Table II. As a general rule, the pro-
pellant odorless mineral spirits mix-
tures with the sume pickup efficiencies
had about the same sprav character-
istics and the sume was true with the
propeliant. ethv]l alcohol mixtures.

E. Limitations of the Method

As the proportion of propellant in
the propellant. solvent mixtures is de-
creased, the spravs become coarser
and the pickup efficiency increases
until a maximum pickup efficiency is
reached. The maximum pickup effi-
ciency obtained with the propellant/’
odorless mineral spirits combinations
was about 85¢,. That obtained with
propellant‘ethyl alcohol mixtures was
slightly over 60¢,. Once the maxi-
mum pickup efficiency was reached,
decreasing the proportion of propel-
lant still wltered the spray properties
but not the pickup efliciency. There-
tore. the method of matching sprav
properties by using pickup efliciencies
is not effective after the maximum
pickup efficiency has been reached.
Fortunately, this limitation excludes

TasrLe IT {Cont.)

Lelationship Between Spray Characteristics and Pickup “Freon-12"/"Freon-11" T4/26 40 Medium
Elficiencies—Propellant/Ethyl Alcohol Mixtures (50/50) to fine
) ) “Freon-12"/“Freon-114" 67/33 40 Medium
Pr ogglalnt/ (40/60) to fine
y “Freon-12” 76/2 i
Alcohol  Pickup Type Freon-12 76/24 40 Me(zimm
Propellant Ratio  Efficiencv of Spray to fine
“Freon-12" 46/54 60 Medium
“Freon-12" 73727 2 v fine, w - »
reon 3/27 0 d:\iysprl?lev Freon-12"/“Freon-11 61/39 60 Medium
“Freon-12"/“Freon-11" 89/11 20 Very fine, " (50/5())" .
(30/50) dry sprav Freon-127/“Freon-11 79/21 60 Medium
“Freon-12"/“Freon-114" 78/22 20 Very fine, (30/70)
(40/60) dry spray “Freon-12"/“Freon-114" 55/45 60 Medium
“Freon-12"/“Freon-114"  86/14 20 Very fine, (40/60)
(15/85) dry spray “Freon-12"/“Freon-114" 66/36 60 Medium
“Freon-12” 59/41 40 Medium (15/85)
to fine “Freon-114" 79/21 60 Medium
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mostly products which have very wet
to streamy sprays.

The data in Table IV illustrate the
variation in pickup efliciency and
spray characteristics with a change in
the “Freon-12"/odorless mineral
spirits ratio. The maximum pickup
efficiency is reached when the “Freon-
12" concentration is reduced to about
409%,. Decreasing the proportion of
“Freon-12” below 409 changes the
spray properties but not the pickup
efficiency. Similar data obtained with
ethyl alcohol as the solvent are shown
in Table V. Maximum pickup effi-
ciency was again reached when the
“Freon-12” concentration was re-
duced to about 409, in the mixture.

As previously mentioned, at con-
centrations of the solvent below 107,
in the mixtures, the experimental error
in determining the pickup efficiencies
was too large for the method to be
applicable. The method appears to be
useful for formulations in which the
solvent concentrations range from
about 10% to the point where maxi-
mum pickup efficiency is reached.
The latter point is a function of the
particular propellant and solvent that
are used.

Comments:
The present procedure for
matching the spray . proper-
ties of aerosol products is not intended

TaeLe III

Relationship Between Spray Characteristics and Pickup
Efficiencies—Propellant/ Odorless Mineral Spirits Mixtures

Figure 8

AT

Vvananon of Pickup Efficiency
With Composniior of "F-12%"F-1"/
Etnyl Alcone| Mixiures

(30770) sl

a2

{50/50)

to be considered as a precise method
for indicating compositions having
the same particle size distribution.
However, the method does appear to
indicate the relative proportions of
the various propellants which will
give sprays with the same general
visual appearance.

A limited number of tests were
carried out using various valves. As

20 30 40 50

60 Pickup Efficiency (%)

would be expected, the pickup effi-
ciencies were found to be a function
of the type of valve used. Therefore,
the method can also be used to indi-
cate what effect a variation in valves
has upon the spray characteristics of
a formulation.

The data in this report were ob-
tained with mixtures of the “Freon”
propellants  with

odorless  mineral

TasLe IV

Sprav Characteristics and Pickup Efficiencies
As a Function of the “Freon-127/Odorless

Mineral Spirits Ratio

Propellant/  Pickup Tvpe — - -
Propellant OMS Ratio Efficiency of Spray Freon-127, OMS P“C.k“P Type
Ratio Efficiency of Spray

“Freon-12" 84/16 40 Very fine - - ,
“Freon-12"/“Freon-114" 89/11 40 Very fine ?4 /16 40 \/gry fine

(40/60) 7228 60 Fine
“Freon-12” 79/28 60 Fine 52/48 80 Medium
“Freon-12”/“Freon-11" 87/13 60 Fine 40/60 85 Coarse

(50/50) 30/70 85 Broken Stream
“Freon-12”/“Freon-114"  79/21 60 Fine 2080 85 Stream

(40/60)
“Freon-12”/“Freon-114”  88/12 60 Fine Tame V

(15/85) Spray Characteristics and Pickup Efficiencies
“Freon-12” 52/48 80 Medium As a Function of the “Freon-12”/Ethyl Alcohol Ratio
“F;;gr/l-slo‘_;”/“}?reon- 117 72/28 80 Medium “Freon-12"/Ethyl Pickup Type

’ Alcohol Rati Eficienc of Spray
“Freon-12"/“Freon-11"  87/13 80  Medium conol Fatio Y pray

(30/70) 73/27 20 Very fine
“Freon-12"/“Freon-114" 64/36 80 Medium 59/41 40 Medium to fine

(40/60) 46/54 60 Medium
“Freon-12"/“Freon-114" 75/25 80 Medium 40/60 66 : Wet

(15/85) 30/70 63 Wet
“Freon-114" 85/15 80 Medium 20/ 80 64 Partial Stream

o,
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spirits and ethyl alcohol. The results
should be applicable to most aerosol
formulations prepared with these sol-
vents. If similar data are desired for
an aerosol concentrate containing
other solvents, it might be possible
to estimate the pickup efficiencies
from the present data by using the
boiling points of the solvents in the
aeroso} concentrates as a guide.

There are other applications in
which the determination of pickup
efficiencies might be of considerable
assistance. For example, the change
in spray characteristics of a formula-
tion during complete discharge of the
package could be detected by deter-
mining the pickup efliciencies of the
products at intervals during discharge.

Summary

An empirical method for

evaluating the spray charac-
teristics of aerosol products has been
developed. The method provides a
general indication of the relative pro-
portions of different propellants that
will produce the same spray proper-
ties. It also shows the effect of vary-
ing the propellant concentration upon
spray properties. The assumption
upon which the method is based is
that the sprav properties of aeroscls
formulated with different propellants
but the same concentrate, are about
the same at the same pickup efficien-
cies. This assumption appears to be
valid within certain limitations.

Data are presented for a series of
“Freon” propellant/odorless mineral
spirits and “Freon” propellant/ethyl
alcohol mixtures which illustrate the
method of matching and comparing
spray characteristics using the pickup
efficiency method.
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E. I. DU PONT DE NEMOURS & CO. (INC.)
“FREON” PRODUCTS DIVISION
WILMINGTON, DELAWARE 19898

FOR FURTHER INFORMATION

Please contact one of the following offices:

701 Welch Road ~ Wilmington, Delaware 19898
Palo Alto, California 94304 or Phone: 774-4410
Phone: 326-2840 (Area Code 302)

(Area Code 415;

The information contained herein is based on technical data and tests which we believe
to be reliable and is intended for use by persons having technical skill, at their own discretion
and risk. Since conditions of use are outside of Du Pont’s control, we can assume no liability
for results obtained or damages incurred through the application of the data presented.

Publication of the information in this bulletin should not be understood as permission or
recommendation for the use of “"Freon’’ compounds in violation of any patents.
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