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c. Aerosol Spray Pattern Testing Devices.
i. DuPont apparatus with rotating cut-out sector over pick-up surface.
Surface modifications include:
(a) Glass plate coated with magnesium
oxide; photographed. (Dixon)
(b)

Paper disc coated with talc-plus-dye;
photographed. (Root)

(c)

Absorbent paper, with dye added to
test can. (Gunn-Smith & Platt)
Paper treated with phenolphthalein or
thymolphthalein; photographed.
(Johnsen).

(d)

ii. Calibrated glass plate held flat. Sprayed
from a fixed distance, such as seven inches.
For starch dispersions and detergent sprays.
d. Particle Size Testing Devices.
i. Battelle Institute "Cascade Impactor".
ii. Malvern ST-1200 Analyser; Malvern
Instrument Company.
iii. BAMA Method. Draft finalized in 1969.
iv. World Health Organization
Method;
"WHO Research Series No. 125, 1957, 28.
e. Delivery Rate Determinatin.
i. CSMA Method. (No special equipment).
See "Aerosol Guide". Seventh Edition.
1981.
ii. Sun Tube Method. Drawing & Part No.
B-1261.
iii. General Kinetics Apparatus GK-66-DR.
5245.00.
Figure 8. Valve Delivery Rate Tester
Apparatus custom built for Peterson/Puritan, Inc., accurate to four
significant figures. It consists of a solenoid-operated can holder/
actuator, stop clock measuring to ± 0.001 second, solid state relay
and operating push button switch.

iv. Peterson/Puritan, Inc. Apparatus. Precision ±0.0006 gram/second. See Figure 8.
f. Density Determination.
i. CSMA Hydrometer Method. See "Aerosol
Guide". Seventh Edition. 1981.
ii. CSMA
Pychnometer
Method.
See
"Aerosol Guide". Seventh Edition. 1981,
53.
iii. Graduated Pressure Tube Method.
g. Device for Determining the "A-D" Dimension
for Valve Dip Tube Depth. See ' 'Aerosol Guide"
Seventh Edition, 1981.
h. Device for Charging "Sepro Cans" and "Miraflo" cans.
i. Device for Determining Air Content in Aerosol
Cans.
i. Zahm-Nagel Apparatus. For carbon dioxide
packs, only.
ii. Perchlorethylene Absorbtion Tube apparatus. For fluorocarbons and hydrocarbons
only.
iii. Gas Chromatograph, with special pressure
valve.
j. Adaptors for Connecting Pressure Gauges and
Charging Devices to Valves.
Some testing devices are highly specific and are used
on only one or two aerosol products. Such an apparatus
is the Drag Tester, used to determine the slickness of
textiles treated with starch or fabric finish sprays. A
motorized pulley arrangement is used to pull a heated
iron at 44 inches (1.12 m) per minute over freshly
treated cloth. A coil spring attached to the iron gives the
force necessary to overcome the frictional resistance of
the cloth/iron interface. By adding certain silicones or
other lubricants to the starch, readings as low as 14g can
be obtained.
Laboratory Techniques
An experienced aerosol formulator always makes test
units and samples in ways that reflect the production
situation. One of the more important production limitations, for instance, is air removal from the filled container. Although refrigeration filling provides 90 to
95% air removal, this production method is costly,
cumbersome and fast disappearing. Other ways to
remove air involve vacuum crimping, sparging and

purging, none of which is particularly effective. An
average vacuum crimper — either an independent
unit, or a segment of an " under-the-cap" gasser — will
pull only about a 16 " Hg0 vacuum under all head space
conditions. This amounts to about 54% air removal.
With volatile products, even as little as a 10 " Hg0 vacuum may cause boiling, making it necessary to fall back
to a lower figure. For water-based products with head
space volumes not exceeding about 200 ml, vacuums
up to 20 " Hg0 (67% air removal) can be attained.
Vacuum crimping equipment is not generally available for aluminum tubes, glass bottles or plastic bottles.
In this case, air removal is done by means of purging. A
condensable gas, such as P-12, is poured into the opening of containers just before the valve is attached. The
gas stream may be measured or continuous, and in
some cases liquid propellent is dripped into the container, where it volatilizes on contact with the concentrate. Purging ranges from 15% to 65% in effectiveness, under the usual production conditions. Liquid
purging is more effective than gas purging. Sparging,
where nitrogen or a similar inert gas is forced into the
liquid under pressure, separating as it is filled into aerosol cans, is another form of purging. It is rarely better
than 5 to 10% effective in removing air, and therefore is
always used in conjunction with vacuum crimping or
purging. Sparging serves to replace a minor portion of
oxygen in the head space with nitrogen, in addition to
displacing most dissolved oxygen from the concentrate,
and has no effect upon the final can pressure.
Perhaps the maximum amount of air removal on a
production basis was accomplished during the filling of
an acidic fruit juice concentrate where the presence of
oxygen exerted a dramatic can corrosion effect. Testing
showed that Organosol lined cans of good quality were
stable up to one year if oxygen removal was better than
85 %. A combination of 23 " Hg0 vacuum crimping,

carbon dioxide purging and nitrogen sparging was
used. As a result 87 to 92% of the original air was
removed, judging from remaining oxygen. ZahmNagel results showed 15 to 20% non-condensables
(oxygen plus nitrogen). Calculations showed the mixture was about 12% oxygen.
The reason for production difficulties in achieving
high performance vacuum crimps lies in the fact that
the process of air removal becomes less efficient as more
and more air is removed. More dwell time is required to
provide a 23 " Hg0 vacuum crimp than an 18 " Hg0 one,
for instance. This is shown in Table I.
The 29.92 " Hg0 vacuum listed in the table is theoretical, since this would require a 100% efficient pump
of infinite size. The 25.00" Hg0 vacuum is a practical
upper limit for most industrial pumps. The figures for
degree of evacuation would decrease if any sealing leaks
were present near the container.
In the laboratory, vacuum crimps of up to 25 " Hg0
can be obtained readily, and in certain instances, all the
way to 29 " Hg0. Purging can be done with air removals
of 95 to 99%. Under these conditions, cans made in the
laboratory will have lower pressures, lower delivery
rates, a slightly coarser particle size and generally less
corrosion than corresponding production units. As a
secondary effect, they will give better results in any
Flame Propagation or Closed Drum flammability tests.
Since laboratory samples must represent production
units, care must be taken to leave the proper amount of
air. For vacuum crimping, this can be done by use of a
throttling valve on the vacuum pump system. An
accurate can pressure, compared against pressures of
99% purged and atmospherically crimped cans, should
give a measure of air removal to within about ± 10%.
The pressure increase due to air is generally between 13
and 21 psi. The higher figure is obtained when sizeable
propellent volumes are pressure loaded into aerosol
cans.

TABLE 1
Crimping Efficiency as a Function of Air
Volume of Air
Removed From
Can with 100 ml.
Head Space

O ml.
5OmI.
10OmI.
200 ml.
300 ml.
400 ml.
500 ml.

Percentage
of Original
Air Remaining
in Can
100
60.5
36.7
13.4
4.9
1.8
0.65

Withdrawal

0

At 29.92" Hg Vacuum

At 25.00" Hg0 Vacuum

% of Air
Removed

Degree of
Evacuation

% of Air
Removed

Degree of
Evacuation

O
39.5
63.3
86.6
95.1
98.2
99.35

O" Hg0
12" Hg0
19" Hg0
25" Hg0
28.5" Hg0
29.4" Hg0
29.7" Hg0

O
32.9
52.7
72.3
79.4
82.0
83.0

O" Hg0
10" Hg00
16" Hg
22" Hg0
23.7" Hg0
24.5" Hg0
24.8" Hg

Most laboratories maintain two sets of gauges for
taking the pressure of aerosols. The so-called "Inspector's Gauge", costing about $56.00, is accurate to
about ±0.5 psi. Most laboratories maintain a small
stock of these gauges in the popular 60 psi and 160 psi
dials, using them only where the work at hand requires
such accuracy. They are used as "Master Gauges'', for
checking the accuracy of the less expensive, routine
gauges which cost from about $5.00 to $20.00. These
gauges are accurate to about ± 3 % of the dial face
range. Careful handling and use of pressure gauges is a
requirement for good laboratory practice.
The pressure of an aerosol can be determined via a
number of procedures, depending upon the accuracy
desired. The usual method is to bring the container to a
fixed reference temperature (7O0F or 13O0F in the
United States, and 770F or 1310F in Europe) and
attach a pressure gauge to the valve. By actuating the
valve the pressure is obtained. The units of measurement are pounds per square inch — gauge (psig) in the
United States, and kilograms per square centimeter
(kg/cm2) or kPa in Europe. A convenient cross reference is that 100 psig is almost exactly 7.00 kg/cm2 or
689.5 kPa.
Every so often pressure data is given in terms of
pounds per square inch — absolute (psia). These figures are obtained by adding the atmospheric pressure to
the pressure gauge reading, in order to obtain the container pressure in reference to absolute vacuum condi-
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Figure 9. Graph of Air in Liquid and Vapor Phases
Distribution of air between P-12/11 (50:50) liquid and vapor phases
as a function of percentage by volume of liquid.

tions. The average atmospheric pressure at sea level is
14.7 psi (103 kPa) whereas, within about 200 miles of
Chicago it averages 14.3 psi (98.6 kPa) due to the prevailing altitude of about 750 feet. An aerosol can with
an absolute pressure of 50 psia would provide a reading
of 35.3 psig (243 kPa) in New York City and 35.7 psig
(246 kPa) in Danville, Illinois, provided barometric
readings were at their average levels. During stormy
weather both gauge readings could drop as much as 0.5
psi (3.45 kPa). These considerations show the advantages of the psia scale where accurate results must be
presented.
It is almost impossible to prepare aerosols where the
increase in pressure due to air is insignificant. CFC
propellents carry dissolved air in amounts sufficient to
elevate their pressure by 0.5 to 5.0 psi (3.45 to 34.5
kPa). In those rare instances when extremely accurate
work is necessary, much of the dissolved air can be
removed by allowing the pure propellent liquids to boil
gently in a glass separately funnel with a four foot (1.22
m) long piece of glass tubing corked into the top. After
about a third of the liquid has boiled off, the propellent
can be poured into aerosol cans through the bottom outlet of the funnel.
Depending largely upon the method of preparation,
the partial pressure of air in aerosol dispensers will vary
between about 0.5 to 22.5 psig (3.45 to 155 kPa). The
higher pressures are produced when the container is
crimped atmospherically and then pressure loaded with
a considerable volume of propellent. This is particularly
important for low-pressure formulas in plain glass aerosols, where the pressure due to air may even exceed the
gauge pressure of the propellent.
When air is present in an aerosol container part of it
remains in the head space and the rest dissolves in the
liquid phase. The distribution ratio between the liquid
and vapor phases is constant at equilibrium and is
independent of the amount of air present. The ratio is
determined by the volume fill in the container, the solubility of air in the liquid phase and the temperature of
the dispenser. The distribution of air between liquid
P-12/11 (50:50) and the head space above it can be seen
in Figure 9.
From the graph it is evident that the available air is
divided evenly between the liquid and vapor phases
when the container is 65 volume per cent filled. If an
empty can is crimped atmospherically and then pressure loaded to a 65 volume per cent fill with P-12/11
(50:50), then one half of the original air will remain in

the 35 volume per cent head space, under 7O0F conditions. From the formula:
F! x Original Air Pressure (psia) = Final Air Pressure (psia)
F2
Fi = Fraction of original air in head space
¥2 = Fraction of original head space
the air pressure can be determined as:
^- x 14.7 psia = 21.0 psia (145 kPa-abs.)
35%
If, in the same example, the propellent is filled to 75
volume per cent, then 62 % of the air will dissolve in the
liquid phase and the air pressure in the head space
works out to be 22.4 psia (154 kPa-abs.). If the air were
to be insoluble in the liquid phase, as would be the case
for mercury and a few other substances, the pressure of
air in the 25 volume per cent head space would become
58.8 psia (405 kPa-abs.).
Taking the pressure of an essentially air-free aerosol
package is a simple matter, and almost any kind of a
gauge system can be used. A non-prepressurized gauge
will give the same result as a prepressurized one. But
when the aerosol contains a fair amount of air, accurate
pressures can be achieved only with prepressurized
gauges. In this case a gauge is used which is fitted with a
toggle valve and aerosol can valve adapter. The adapter
is connected to an aerosol can of P-12 or other suitable
propellent and the toggle valve opened to allow pressure
to enter the Bourdon tube of the gauge. The valve is
closed and the unit disconnected. Generally, the pressure of the sample aerosol container is known within
reasonable limits. The toggle valve is cracked to allow
slow escape of propellent vapor from the gauge until the
upper limit of the probable pressure range of the sample
unit is reached. The gauge system is then connected to
the sample unit and the toggle valve opened. A more
perfect pressure equilibrium is sometimes reached if the
sample unit is shaken or jolted with the gauge open to it.
This simple method is the one used most commonly in
nearly all aerosol laboratories. Significant errors do not
arise unless the maximum sample pressure is badly
misjudged, or unless a large gauge system is used to
check the pressure of a small sample unit with high air
content.
An alternate method, which has achieved some
prominence is one in which three consecutive readings
are taken on the same aerosol can, using non-prepres-

surrized equipment. The true pressure of the sample is
referred to as the "0th" pressure reading, obtained by
backward extrapolation of the results. For instance, if
the readings are 28, 27 and 26 psig, the original sample
pressure is considered to be 29 psig. This method is
more cumbersome than the prepressurized gauge
method just described.
One of the surest ways to harm a pressure gauge
(short of dropping it) is to allow various aerosol residues
to collect in the Bourdon tube so that its motion is distorted. Prepressurizing helps, but it is good practice to
flush out gauge sysems using special aerosols containing
either water or methylene chloride under pressure.
Flushing should be done after every test or test series in
order to prevent drying or corrosion. A seldom used
alternate approach is to outfit the gauge with a protective diaphragm. These devices are fairly costly, running
about $30.00, and are also bulky, with typical dimensions of 2 " x 2 " x 2 ". Diaphragm distortion can make
gauge zero points tend to drift. Like the gauge, the protector unit must be flushed clean, or residues may build
up around the diaphragm which will cause distortion of
the pressure readings.
Another primary measurement taken on aerosol
cans is the valve delivery rate. In prescribed limits, it
provides assurance that the product has about the right
pressure, viscosity and density; and that the orifices of
the valve are about the right size. Since delivery rates
are affected by so many variables, the largest being the
tolerance of valve orifice diameters, it is quite common
for them to vary within a range of ± 15% from the target value. Since entrapped air increases the pressure,
aerosols with significant amounts of air start out with
higher delivery rates than normal. The delivery rate
decreases moderately as the can is used up, unless the
valve is of the vapor-tap variety. In this case, the delivery rate decreases rapidly, since the air is discharged
directly from the head space, and more air boils slowly
out of the solution to replace it.
The delivery rate of air-free aerosols will also
decrease as the container is used up, but very slowly,
perhaps unnoticeably in many instances. This is due to
propellent fractionation, which takes place when any

propellent is dissolved in a concentrate or in additional
propellent. The more volatile propellent goes into the
expanding head space preferentially, causing a pressure
decrease. The delivery rate of an essentially full can of
P-12/11 (50:50) will decrease about 8% from beginning to end. Air-free cans of pure, single propellents, or
of such propellents over a concentrate in which they are
immiscible, will give constant pressure readings and
delivery rates throughout the life of the container.
Most delivery rates are taken very informally. The
container is temperature equilibrated to 7O0F (8O0F for
insecticides) weighed, sprayed for exactly ten seconds
and reweighed. The rate is usually expressed as grams
per second, but some firms prefer grams per minute.
Because of the large variations in delivery rate, it is generally pointless to determine individual readings with
any better than the accuracy of ± 1 % or so, which this
method provides. Various mechanical devices are
available, but they are rarely used. They depress the
valve button magnetically and measure seconds with an
electrical timer connected to the solenoid. In at least one
instance, such a device demonstrated a precision
of ± 0.0006 gram per second. It served as a research tool
for determination of high kinematic viscosities, extent
of product/valve interactions and effect of varying force
direction on valve button.
Delivery rates can be a problem where three-phase
systems, dispersions of solids and certain emulsion systems are involved. The first two tend to settle out, generally causing the delivery rate to increase from second
to second. Some emulsions tend to hold gas bubbles in
solution if shaken, causing a reduction in apparent
delivery rate.
The ten second delivery time is preferred over others.
For one thing, it corresponds more closely to the average time of a consumer use. Also, at less than ten seconds, the accuracy of the time check is impaired. At
longer than ten seconds, such things as product settling,
cooling of the formula (especially with vapor tap units)
and warming of the formula (from warm air, or from
grasping the container) all act to create aberrations
which affect accuracy adversely.
Prior to taking pressures, delivery rates, flammability studies or other measurements, the container
must be equilibrated to a fixed temperature, usually
7O0F (21.10C). An error of I 0 F (0.550C) can easily
cause errors of from 0.6 to 5.0% in pressure and delivery rate determinations. The larger errors are found
with lower pressure formulations. The time required to

bring the aerosol dispenser to the desired temperature is
a function of a large number of factors:
a. Magnitude of temperature change required.
Longer times are needed for larger adjustments.
b. Specific heat of the formula. Compositions with
high specific heats, such as water-based types,
change temperature more slowly.
c. Viscosity of the formula. Compositions with
higher viscosities resist heating or cooling, due to
poor convection.
d. Shape of the container. Compositions in squat
cans change temperature more slowly than those
in slim cans.
e. Size of the container. Larger cans change temperature more sluggishly than smaller ones.
f. Type of container:
i. Metal cans conduct heat better than glass.
Glass conducts better than plastic-coated
glass.
ii. Compartmented cans conduct heat very
slowly, due to the insulating effect of the
plastic bag and (especially) the exo-space
between can and bag. "Sepro" cans change
temperature more slowly than "Powr-flo"
dispensers, since the bag is thicker, has less
contact with the can wall and surrounds the
product completely, except for the valve
cup.
iii. Co-dispensing dispensers take longer to heat
or cool, since the plastic bag or bottle serves
to insulate the Phase II inner solution.
g. Fill in the container. A half-empty can will equilibrate faster than a full one.
h. Agitation. An agitated can will equilibrate much
more rapidly than a still can. Cans in agitated
water baths equilibrate somewhat faster than cans
held under quiet conditions.
Aerosols are temperature equilibrated in several
ways. Reference temperatures of 7O0F (21.10C) and
13O0F (54.40C) are those used most commonly for taking pressures, but the 7O0F (21.10C) figure is used for
nearly all other standard tests. Two levels of accuracy
have been established informally: routine and research.
The routine procedures are used where only moderately accurate pressures or other test results are
required. All methods use water as the heat transfer

medium, and in every case the final temperature of the
water should be used as the reference temperature. The
following procedures apply to low viscosity aerosols in
standard metal cans:
a. Routine procedures.
i. Swirl cans in at least twenty times their
weight of water for 5 to 10 minutes.
ii. Immerse cans in at least twenty times their
weight of water for 15 to 30 minutes.
b. Research procedures.
i. Immerse cans in a circulating or agitated
constant temperature bath for 30 to 60
minutes.
ii. Immerse cans in at least forty times their
weight of water in an insulated tank for 60 to
90 minutes.
For glass aerosols, use twice the suggested time
periods. For plastic-coated glass aerosols, use three
times the proposed times. For "Sepro" cans, use at
least twelve hour immersion times. For formulas which
contain carbon dioxide or nitrous oxide, cool the can to
at least 25°F( -140C) below the reference temperature
before immersion. Shake occasionally during equilibration to help excess gas escape from the liquid phase.
Where pressures, delivery rates and certain other determinations are involved, test results can be converted to
7O0F (21.10C) conditions by applying experimentally
derived correction factors.
Storage tests represent an important phase of nearly
all product evaluation programs. If an established product is revised in some minor fashion, such as a change in
the percentages of inert ingredients or the substitution
of a new perfume oil, storage testing can be abbreviated
or even eliminated. However, on occasion, revisions
which appeared to be minor have brought about disastrous consequences. Typical examples are:
a. The addition of 10 ppm of tartrazine dye to an
emulsion of kerosene and water caused so much
corrosion, that the product was withdrawn.
b. The replacement of 4% isobutane with P-12
caused can perforations in an aerosol oven cleaner
within three months.
c. The use of 96v% ethanol in place of anhydrous
ethanol reduced the shelf life of a line of hair
sprays from several years to nine months.
d. The replacement of a neoprene gasket with a
buna gasket in a "female" valve caused a routine

window cleaner to exhibit ' 'blow-by" in two
weeks.
e. The addition of sodium omadine to an aqueous
dispersion at a level as low as 0.01 % caused severe
lead solder reactions and formation of precipitated
crystals that plugged valves.
From this it follows that, if there is any doubt whatever
about the effect of a change in the formula or dispenser,
adequate storage testing should be undertaken.
Over 99% of all aerosol storage tests are conducted at
either room temperature or 10O0F (37.80C). (Room
temperature is generally considered to fall within 680F
to 770F or 20° to 250C.) There is now general agreement that finished aerosols will be stored at temperatures between about 680F to 10O0F (20 to 380C), during most of their inventory and service life. Short exposures down to 320F (O0C) and up to 13O0F (54.40C)
seem to have no effect upon most products. Feezing
affects most starches and a few other aerosol waterbased products, and the effects of such exposures should
be looked at in the case of such items. A few marketers
like to use UO 0 F (43.30C) storage, and one can company checks test cans for a month at 13O0F (54.40C).
The value of testing at temperatures over 10O0F
(37.80C) is certainly questionable; quite often test
results are obtained which are very misleading. Cyclic
testing has been used, but it is time consuming to transfer cans from 13O0F to 4O0F (54.4° to 4.40C) and back
again every two days or so. This procedure is rarely
used except under special circumstances, such as accelerated testing of crimped seals thought to be defective.
Storage results obtained at temperatures between
12O0F and 13O0F (48.9° to 54.40C) can often be subject
to gross misinterpretation when attempts are made to
relate such data to more reasonable storage conditions.
Consider these four examples:
a. A bug killer containing about 99% petroleum distillate, pressurized with carbon dioxide gave
excellent storage results at 13O0F (54.40C) but
caused rapid can perforation at room temperature. Analysis showed a moisture content of about
160 ppm of water. At lower temperatures, the
water came out of solution and formed a few small
droplets which were saturated with carbon dioxide and were therefore relatively acidic. In the
absence of inhibitor or can linings, the droplets
bored holes through the can. At 13O0F (54.40C)
the corrosive action was so diffuse as to become
negligible.

b. Sodium lauryl sulfate in certain dispersions
attacks tinplate far more vigorously at room temperature than at 13O0F (54.40C). This led to serious field problems in at least two instances.
c. Perfumes, sensitive pharmaceuticals and other
chemicals can degrade rather quickly at 13O0F
(54.40C), but are stable almost indefinitely at
7O0F (21.10C).
d. Plastic bottles leak by permeation at rates which
are exponential with temperature. Leakage will
increase by a factor of up to 250 times when
uncoated Celcon bottles are raised from 750F to
12O0F (23.9° to 48.90C), depending on content.
The examples cited illustrate the folly of using high
temperature storage unless such storage tests are integrated into a balanced testing program which includes a
preponderance of storage at room temperature and
10O0F (37.80C).
The skilled aerosol chemist will usually glean a lot
more data from storage tests than merely information
concerning compatibility. The following should be collected, especially since the added time requirement is
minimal:
a. Live Storage Testing

i. Rate of weight loss between actuation times,
ii. Delivery rate for every actuation.
iii. Visual examination of spray pattern for
abnormalities.
iv. Can retentions.
v. Misc. effects, such as staining of the can
dome, etc.

b. Dead Storage Testing

i. Cumulative weight loss, extending out until
container sacrifice.
ii. Pressure of containers about to be sacrificed.
iii. Delivery rate of dispensers about to be
sacrificed.
iv. pH value of units about to be examined.
v. Examination of formula for containers
about to be sacrificed.
(Color, odor, sediment, trace metals, phase
separation rate, etc.)
vi. Examination of container for signs of
incompatibility.
Most laboratories test from 6 to 12 containers per
variable. Variables include a formula change, valve
change, storage temperature [usually two: R.T. and
10O0F (37.80C)] and storage position (normally two:
upright and inverted). For a given dispenser and formula, 24 to 48 units are tested. Some chemists prefer to
make either 5 or 10 dispensers per variable, storing
them in six-pack or twelve-pack cases where the extra
space is used to contain bottles of concentrate and/or
empty sealed cans, to be used as controls at the time
when evaluations are to be made. Storage is generally
for one year. Two year studies are sometimes made,
but this is a very long time to have to wait in order to
approve a product for container compatibility. The can
companies almost never offer can warranties for periods
longer than one year.
Changes in the concentrate can sometimes provide a
more sensitive measure of can corrosion than direct

TABLE II
Increase of Metal Ion Concentrations in a Starch Formulation Packed in
202 x 406 Lined Cans Up to One Year at 7O0F and 10O0F (21.10C and 37.80C).
CAN SPECIFICATIONS
CONCENTRATION OF LEAD, TIN AND IRON PRESENT (IN PPM. OF CONC.)
INITIAL

Analyses for lead and iron are accurate to ±0.05 ppm.
Analyses for tin are accurate to +.0.5 ppm.

3 MONTHS

5 MONTHS

6 MONTHS

12 MONTHS

examination of the container itself. Development of
buff colors indicates solution of iron. Increases in pH
may signify that metal is going into solution, with metal
ions replacing hydrogen ions. Differences in emulsion
stability, odor, solid residues and so forth also give clues
to indicate corrosion. Direct determinations of iron, tin
and lead are sometimes made. The data in Table II
show metal ion build ups for a typical aerosol starch
when tested in four can variables:
The results of this analytical study show:
a. A single lining is adequate; double linings affording no further protection.
b. Use of a side seam stripe reduces lead and tin corrosion by about 50%.
c. Iron concentration grows to about 0.6 to 0.8 ppm
and levels off.
d. The rate of tin corrosion is about ten times as fast
with 2/98 solder as with pure tin solder.
e. The metal corrosion rate is roughly 50% faster at
10O0F (37.80C) than at 7O0F (21.10C).
f. The amount of tin which goes into solution does so
at an increasing rate for non-striped cans, reaching 5 to 10 ppm at one year. This may cause
organoleptic problems.

known performance with similar products. The tolerance is determined by taking the square root of the sum
of the squares of the individual machine tolerances. For
instance, if the two-sigma tolerances for filler and gasser
are established as ± 3.0 g each, the total two-sigma tolerance will be ±4.2 g. (Not ±6.0 g.)
Dead storage weight loss figures are usually presented in terms of g per year, or ounces per year. They
can be applied in this form if the marketer considers
that better than 90% of the product will move off the
retail shelf within one year. If the product is a fast seller,
slow seller or seasonal seller, different dead storage
times will have to be considered. An insecticide produced during February will be sold within eight months
if it moves well in the market; otherwise it may take up
to twenty months (two selling seasons) before being
sold. A greater overage must be added to slow moving
products to make sure the State Inspectors will not find
lightweight cans and institute seizure proceedings.
In many cases, a marketer may establish a minimum
overage in order to provide a small cushion of safety to
further insure against field problems. This is sometimes
referred to as a contingency overfill, and helps to compensate for such things as:
a. Time filler or gasser may be out of control before
detection and correction.

The product was commercialized as Code 1060,
which uses a single lined 0.25# ETP can, striped and
2/98 soldered. After about 15 months of field experience there have been almost no problems. (It has now
been revised to a welded side seam can.)
The weight loss figures determined during storage
can be used to determine the extent to which the aerosol
container should be overfilled; that is, the amount of fill
over the labeled net weight. This figure is derived from
a consideration of at least four factors:

b. Bicyclic control pattern of most fillers and gassers.
(Cycle over drift.)
c. Imperfection of statistical treatment of variable
factors.
d. Effect of unforseeable storage conditions upon
weight loss.
i. Unusually long storage,
ii. Unusually hot storage.

a. Can Retention (Average Experimental Figure,
less Test Allowance if any)

e. Difference in rate of average weight loss between
laboratory results and various production lots.

b. Filling Machine Tolerlance (Two-Sigma Basis)
c. Weight Loss in Dead Storage (Two-sigma Basis)
d. Contingency Overfill Average (To Account for
Exceptionally Long or Hot Storage, etc.)

As an example, consider the rather unusual insecticide formula for a flying insect killer on page 430.

Can retention is usually only a few grams, and if a
test allowance is subtracted the factor gets down to only
a gram or two. Viscous products would be an exception. The two-sigma filling machine tolerance should
be determined on the basis of the machines destined to
fill and gas the product, with figures based upon their

Suitable test packs were prepared for upright and
inverted storage at 750F and 10O0F, using ARCo. valve
variables identical except for choice of gasket material.
In addition, 24 cans of each valve were prepared and
tested for live storage performance on a two-day cycle
basis. The results of the 750F (23.90C) weight loss storage tests are recorded in Tables III, IV and V.

TABLE III
Flying Insect Killer. Weight Loss After Actuation — Buna-N Gasket
(Losses shown in grams)
Can No.
1
.
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
Average

2

0

Two days
8
3
.2184
.2154
.2149
.2285
.2566
.2443
.2217
.1924
.3141
.1952
.1924
.1852
.2198
.1705
.1607
.1769
.2155
.1945
.2028
.2347
.2221
.2049
.1847
.2114

Two days
.1871
.1804
.2380
.2459
.2138
.2487
.2381
.2276
.2093
.3053
.1959
.1937
.1880
.2107
.1805
.1689
.1597
.2155
.1916
.2038
.2330
.2370
.2069
.2119
.2121

Two days
.2072
.1547
.2155
.2093
.2023
.2258
.2030
.2020
.1919
.3007
.1755
.1856
.1822
.1843
.1807
.1596
.1725
.2015
.1769
.1801
.2195
.2173
.1915
.1862
.1969

Total 6 days
.6026
.5535
.6689
.6701
.6446
.7311
.6854
.6513
.5936
.9200
.5666
.5717
.5554
.6148
.5317
.4892
.5091
.6325
.5630
.5867
.6872
.6764
.6033
.5828
.6205

Loss/Year*
36^6
33.6
40.6
40.7
39.1
44.4
41.6
39.5
36.0
55.9
34.4
34.7
33.7
37.3
32.3
29.7
30.9
38.4
34.2
35.6
41.7
41.1
36.6
35.4
37.7

TABLE IV
Flying Insect Killer. Weight Loss After Actuation — Neoprene Gasket
(Losses shown in grams.)

Can
Two
Two
Two
Two
Two
Two
No.
Days
Days
Days
Days
Days
Days
1
.1745
.1691
.1712
.1698
.1176
.1710
2
.2076
.2105
.2033
.2267
.1835
.1875
3
.1946
.1740
.0751
.1670
.1260
.1825
4
.1769
.1795
.1552
.1703
.0934
.1868
5
.2065
.1858
.2028
.1858
.2143
.1954
6
.1674
.2254
.2220
.2365
.2129
.1832
7
.2112
.2217
.2063
.2203
.2113
.2310
8
.1605
.1460
.1358
.1386
.0924
.1471
9
.2248
.2330
.2195
.2264
.2159
.2356
10
.2200
.1844
.1633
.1784
.1147
.1808
11
.1950
.1243
.1981
.2279
.2050
.2215
12
.2412
.2385
.2087
.2121
.2126
.2215
13
.1969
.1848
.1705
.1607
.0918
.1619
14
.2289
.2268
.2279
.2371
.2260
.2306
15
.1582
.1615
.1517
.1517
.0853
.2535
16
.1968
.2178
.1872
.2114
.1836
.1785
17
.2042
.1930
.1823
.1786
.1258
.1829
18
.2877
.2007
.2083
.2213
.2051
.2347
19
.2091
.2059
.1969
.1912
.1190
.2036
20
.1898
.1729
.1784
.1668
.0932
.1617
21
.1915
.1709
.1450
.1444
.1225
.1397
22
.2196
.2227
.2065
.2129
.1420
.2159
23
.2261
.2417
.2318
.2345
.2115
.2321
£4
.1868
.1802
.1644
.1593
.1145
.1885
Average
.2036
.1905
.1841
.1929
.1550
.1970
*Highly extrapolated values. Used to show magnetude in more familiar frame of reference; e.g. gms./yr.

Total
12
Days
.9732
1.2191
.9191
.9621
1.1906
1.2474
1.3018
.9204
1.3552
1.0466
1.1718
1.3345
.9666
1.3773
.9619
1.1753
1.0668
1.3578
1.1257
.9628
.9140
1.2196
1.3777
.9337
1.1267

Loss/
Year*
29.5
37.0
27.9
29.2
36.1
37.9
39.5
24.9
41.1
31.8
35.6
40.5
29.3
41.8
29.2
35.7
32.4
41.2
34.2
29.2
27,7
37.0
41.8
30.2
34.25

0.51%
0.24%
0.05%
0.15%
15.80%
63.25%
20.00%

The contingency overfill was set at 2.0 g by the marketer. It was also decided that the product would have a
maximum life of 20 months in channels of trade. The
total overage is derived from the sum of the individual
overages, plus the combined two-sigma tolerances:

Formula 3
Flying Insect Killer
Vapona Insecticide; 99% Tech.
SBP-1382 Insecticide; 85% Tech.
Epichlorohydrin
Perfume
1,1,1-Trichloroethane
Methylene Chloride
Propellent Blend A70
5Ov % Isobutane A31
50v% Propane A108

OT = RNET + SAV. + C + VFTOL.2 + GTOL.2 + SroL.2

The terms may then be filled in from the Flying
Insect Killer example, using a twenty month
maximum dead storage plan. The individual factors become:

Tables III and IV are informational only. They do
not relate to the factors used to determine product overage. However, examination of the Buna-N valve gaskets following live storage showed that they had swelled
and become softened to such an extent that the sharp
corner of the stem orifice cut into many of them, tearing
bits of rubber from the inner surface. This did not occur
in the case of neoprene due to the toughness of the
swelled elastomer. As a result of this finding, the BunaN gaskets were eliminated from further consideration.
Can retention was found to vary between 3.2 and 4.6
g, on four cans tested. The average was taken as 3.9g.
The tolerance in the concentrate filler was considered
to be ± 3.1 g on a two-sigma basis, from results with a
related product. The tolerance for the *'Under-theCap" gasser is stipulated as ± 2.0 ml by the manufacturer, when 550 ml cylinders are used. This converts
to ± 1.1 g of A70 propellent.
TABLEV
Weight Loss Storage Tests
Weight Loss (Grams/year)
Buna-N Valve Gasket
Can
Number

Upright
Storage

Inverted
Storage

T.

TTi

iaa

2.
3.
4.
5.
6.
7.
8.
9.
10.

9.8

14.1
14.4
15.8
13.0
10.9
15.5
13.8
14.7
15.1

Average:
Range:
Deviation (2 O^)

12.8
13.2

9.0
12.4
14.1
12.7
10.0
13.6

Neoprene Valve Gasket
Upright
Storage

TSJ
14.0
15.2
11.7

9.7
15.1
13.2

9.6
12.8
11.1

11.5

14.4

12.7

5.1

5.4

5.6

±3.4

Inverted
Storage

iTi
17.7
13.1
15.5
11.8
14.3
18.0
15.2
11.3
16.1

14.7
6.7
±4.1

RNET
RNET
!VNET
RNET
FTOL.
FTOL.
GTOL.
GTOL.
SAV.
SAV.
SAV.
C

= Net Can Retention
- Average Retention — Test Allowance
=
^ • ^~~^ • 5
-0.4g.
= Concentrate Filler Tolerance
- ±3.1 grams.
- Propellent Gasser Tolerance
- ±l-lg.
= Dead Storage Weight Loss for the
stipulated time period.
= 13.7 ±4.1 g per year x 1.67
- 22.8 ± 6.8 g.
-2.Og.

so that the total overage is given by:
OT =0.4 +22.8 + 2.0 4- V3.12 + l.l 2 +6.82
OT =25.2 + A/57JT
OT= 32.8 g.
Using the same contingency, similar calculations can
be used to show that an overfill of only 15.8 g is needed
for an eight month dead storage time. Conversely, a
20.Og overfill equates to a storage time of 11.1 months.
An average of about 5% of the cans will be found
slightly underweight if tested by the standard wet tare
method at the end of the respective time periods. This is
not sufficient cause for seizure by regulatory
authorities.
Product Use Tests
It is not enough to design an aerosol that has good
economics and the proper physical attributes of pressure, delivery rate, spray pattern, storage stability and
so forth. It must also perform well. A window cleaner
must clean without streaking and a room deodorant
must provide a pleasing fragrance without nasal irritation. In many cases product testing can be a complicated business, requiring a good deal of special
equipment.

For hair spray product testing, the following methods
are suggested:
a. Film Hardness (Sward Rocker Method).
Films cast on a glass plate at 50% RH and 7O0F to
8O0F (21.1° to 26.70C) are examined for hardness
at 1, 2, 3 and 4 hours. Satisfactory values are those
in the 18 to 28 range.
b. Drying Time.
Product is sprayed five seconds on standard glass
plate. Drying time is rated as the time when the
film becomes dry to the touch. Most products are
between 3.5 to 5.0 minutes. Shorter times are
better.
c. Film Clarity.
Product is sprayed to make an even film on glass.
After ten minutes for complete drying, examine
for clarity. Repeat at one hour.
d. High Humidity Curl Retention.
Two gram swatches of 12 " (305 mm) Remi, Blue
String, European brown hair, (De Meo Bros., 39
West 28th St., NYC.) are washed, well sprayed,
curled and held at 14O0F (6O0C) for 30 minutes
and then overnight at 50% RH and room temperature. Remove holding clip, so curl spirals
downward. Attach to retention board and measure increase in length every 30 minutes at 90%
RH and 7O0F (21.10C) for a period of three
hours. Mean Per Cent Curl Retention should be
about 30.0% over the test period, as determined
by:

b. Wet Cloth Drag Test.
Subjective evaluation of ease of wet ironing phase.
Iron should not stick, stretch or bind on cloth.
c. Scorch Test.
Pass iron, preheated to 30O0F (15O0C), across
cloth ten times. Compare cloth to standards rated
O to 10 for degree of yellowing or tanning.
d. Ironing Odor.
Rate odors arising during ironing, as, "Formalin
Type", "Burnt", "Overly Sweet", "Pleasant",
etc.
e. Handle Test.
Subjective evaluation of cloth feel after ironing.
Consider scratchiness, abrasive character,
smooth, full, slick, stiff, limber, wrinkle ease, etc.
f. Brightener Test.
Place square of ironed cloth in ultraviolet viewbox. Examine for presence and evenness of
brightener under long wavelength ultraviolet
light.
g. Sole Plate Test.
Iron a 24 " x 24 " (610 x 610 mm) section of cloth
previously dipped into the starch concentrate and
wrung out until an equal weight of concentrate
remains. Examine the sole plate for presence of
starch adhesion.
h. Flaking Test.
Proceed as in the sole plate test, but examine the

Curl Retention (%) = L(fully extended)-L(after exposure)

JQQ

L(fully extended)-L(before exposure)
e. Combing Test.
A subjective evaluation of adhesion, flaking,
snarling, gloss and general effect on combing
characteristics of aerosol hair sprays on hair.
For specific testing of spray starch and fabric finishes
we suggest these methods:
a. Dry Cloth Drag Test.
Attach spring scale of about 100 gram capacity to
standard iron. Spray and iron test fabric until dry.
Attach string to scale and draw iron across fabric
mechanically at about 44 inches (1.12 m) per
minute, noting tension. Reading should be 15 to
20 g on 100% cotton.

ironed cloth for detachable flakes of dried starch,
as well as glossy spots. Use dark colored cotton.
i. Soak-In Test.
Spray test fabric until fully covered. Iron. Watch
for rate of foam die-away. Iron should not push
foam across to any extent.
Furniture polishes are tested by comparison with
controls, since this method gives the best results. The
test substrate is cleaned with mineral spirits, divided,
and the two or more sections polished, using one or two
applications depending on the surface. Evaluation is
begun five minutes after the last application. The
following properties are rated on a scale of O to 5, with 5
considered excellent:

a. Ease of Rub-up to Maximum Gloss. (Made during applications.)
b. Gloss. (Evaluated as depth of gloss.)
c. Uniformity. (Examine for streaks, dry spots and
general uniformity.)
d. Film Clarity. (Look for clearness and sharpness of
reflections.)
e. Smear and Mar Resistance. (Check for smear or
oiliness by making an 44 S" with finger. Check for
mar by hitting surface a glancing blow with the
knuckles. Note degree of film damage.)

filler in obtaining new business. To the marketer it
means more profits, and often an expansion in sales
volume.
More money can be saved by revisions of formulas
than by manipulations on cans and valves. Typical
areas for study include:
a. Replacement of high-priced perfume oils with less
expensive ones.
b. Replacement of high-priced solvents, oils, extenders or diluents with less costly counterparts.

f. Film Healing. (Observe length of time for smear
and mar to disappear.)

c. Addition of water to ethanol or isopropanol formulas as a partial replacement for the alcohol
while still retaining compatibility.

g. Rebuffability. (Observe ease and completeness of
repairability when smears and mars are buffed
with polishing cloth.)

d. Substitution of hydrocarbon propellents for
fluorocarbon types whenever possible, and within
limits dictated by flammability considerations.

h. Cleaning. (Check removal of old polish and common soils, as beverage stains.)

e. Use of lowest cost hydrocarbons, instead of
isobutane.

i. Water Spotting. (Wait two hours after application. Allow penny-sized water drops to remain on
surface 5, 15, 30 and 60 minutes. Blot off. Check
for presence and degree of film damage.)

f. Replacement of costly active ingredients with less
expensive ones.

j. Gloss Retention. (Compare degree of gloss of new
and old wax films.)
k. Dust attraction. (Compare dust accumulation
against control up to one week.)
Personal deodorants, after-bath body sprays and
similar products are tested as follows:
a. Antibacterial Efficacy. (Several standard microbiological tests may be used.)
b. Feel of Skin After Spraying. (Not wet or excessively oily.)
c. Chill Factor. (Use Chilling Effects Machine, developed by Allied Chemical Corporation, to measure
relative drop in surface temperature on spraying.)
d. Odor. (Fragrance, level and duration. Possible
nasal irritation.)
For new aerosol items, special methods must be
worked out. Whenever possible, the test method should
bear a relation to consumer use conditions.

Product Economics
The aerosol formulator fights a constant battle to
minimize the cost of his product, or to reduce the cost of
an existing product. This is a potent tool for the contract

Most aerosol products now on the market can be rendered less expensive through the effects of a concerted
research program. Quite often a single-lined can may
be used instead of a double-lined container, or the lining on a valve cup may be eliminated by the addition of
a trace of vapor-phase inhibitor to the formula. Sometimes the use of good vacuum crimping can reduce the
corrosion potential of the formula to the point where
less expensive packaging can be used.
Every aerosol product category can be considered to
have an optimum perfume cost, based on the price of
the fragrance and the amount used. For disinfectant/deodorant sprays a $6.00 fragrance, used at about
0.10%, is best for fluorocarbon types, while a $5.00 oil,
used at about 0.16%, appears best for hydrocarbon
varieties. Up to about 0.25% of $5.00 to $7.00 perfume
seems preferred for shaving creams, unless some special
odor significance appears in the product advertising.
An aerosol cologne will carry about 3 to 5% of a $12.00
fragrance. There are no hard and fast rules, of course,
but if excessive perfume costs make a product less competitive, a lower priced perfume should be considered.
The increasing scarcity of isopropyl myristate has
now escalated the cost of this lipophilic carrier to well
over $1.00 per pound. Isopropyl palmitate, and other
esters have been recommended as replacements.
Water may be added to various colognes, disinfectant/deodorants and other products to reduce costs. In

some cases increases in product acceptability have
resulted. The extra water is often needed to stay safely
inside flammability limits. Perhaps the greatest potential for cost reduction is in the area of substituting
hydrocarbon propellents for fluorocarbons. Nearly all
U.S.A. antiperspirants used about 90% of approximately P-12/11 (35:65) until about 1977. By replacing
this with hydrocarbon A31 at 75 to 80% a huge reduction in propellent cost was effected. Similarly, hair
sprays are on the world market with 30 to 50% fluorocarbon propellent. The average U.S.A. hair spray now
contains 20 to 25% hydrocarbon propellent — about
A36.
The effects of the increasing differences in price are
being felt during 1982, and so it would be wise to start
programs to determine the effect of replacing isobutane
with blends such as 16 v% propane and 84 v%
n-butane. Similarly, A46 might be replaced with a mixture of about 34% propane and 66 v% n-butane.
Extensive work on pressure, delivery rate, particle size,
spray patterns and vapor-tape partitionment will have
to be done in order to authenticate the new blends.
Finally, the replacement of costly active materials
provides an interesting area for cost reduction.

Recently a fabric finish was reformulated to use "Technical Grade" CMC materials instead of the more
expensive "Standard Grade". The only significant difference was in salt content. In another instance, a series
of insecticides was reformulated to use the synthetic
pyrethroid SBP-1382 at 0.20% as a replacement for
0.20% pyrethrins plus 1.00% piperonyl butoxide. The
synthetic product was less costly than the pyrethrins,
and required no synergist. The final factor in achieving
maximum product economics is one often neglected
during product development. The aerosol must be
designed for production under high speed conditions.
Any deviation adds cost. Special attributes, such as
oversized valve buttons, aluminum cans, or multi-stage
filling requirements, will always increase production
costs by making the line run more slowly or by requiring additional people to accommodate the increased
packaging requirements.
By keeping all these factors in mind, the aerosol
chemist should be able to develop aerosols with good
consumer acceptance and good economics. Such products, will have the maximum chance for survival in
today's competitive markets.

Specialized Equipment for Aerosol Testing
Reed Valve Torque Tester
This device, which measures the amount of force
required to twist or rotate a valve cup on the bead of the
can to which it has been crimped, consists of a handwheel that holds a collet, a tee-bar wrench to lock the
collet on the hub, and an adaptor connecting the handwheel to a torque wrench. The equipment is supplied
packed in a box, with a set of collets. It is used to detect
poor crimps which might not be apparent on the basis of
depth and diameter measurements. The device can be
used on glass bottles as well as on metal cans. Available
from W.H. Reed Co., Punta Gorda, FL at a price
ranging from $459 to $629 depending on number and
type of collets included.
Pressure Burettes
Figure 10. Reed
Pressure Burette

Figure 1OA. Burette by
Aerosol Lab. Equip. Corp.

These devices are useful for a number of types of
studies around the aerosol research and developmental
laboratory: experimental filling of aerosol packs; exam-

ination of pressurized liquid systems; measurement of
density, vapor pressure, etc.; determination of viscosity, surface tension, miscibility boundaries, etc. The
burette handles a wide range of container sizes from 5
ml glass bottles to 20 oz (590 ml) 9 " (229 mm) tall cans.
It accommodates two sizes of tubes: the 240 ml tube
graduated in ml, or a 60 ml tube with 0.2 ml divisions.
Available from W.H. Reed Co., Punta Gorda, FL at a
price of $829 for the basic unit. The Reed burette is
shown as Figure 10 on page 434. A burette by Aerosol
Laboratory Equipment Corp., Walton, N.Y. is shown
in Figure 1OA page 434. The pressure filling burette is
equipped with gas handling system and aerosol valve
adapter, mounted on a stand. The 50 ml glass burette
(within a Lucite protective cylinder) is charged with
liquid propellent. The natural pressure is sometimes
augmented by "topping off" with nitrogen, to facilitate
flow. Alternately, the aerosol can and contents may be
cooled. The adapter is connected to the can. The increase in gross weight is noted, since this is more precise
than volumetric measurements off the burette scale.
Several gassings and weighings may be needed to come
to the exact desired propellent weight addition.
Hydrostatic Bursting Unit for Aerosol Cans
Specialized equipment for applying hydrostatic pressure to aerosol cans to determine susceptibility of the
container to bursting or distortion is available. The unit
is equipped with a pressure gauge measuring up to
1,000 psi, and has a needle type can piercing coupler.
Universal fitting valve caps are supplied. The device
should be useful in testing the new anti-bursting, pressure-relief containers such as American Can
Company's RVR container. All of them could be
tested by the device as it is supplied, but the valve types
would require the addition of a side-piercing ring.
Available from Aerosol Laboratory Equipment Corp.,
Walton, NY.

clamps hold the steel plate to the side of the can. The
can is punctured by threading a "Fitzall" Can-O-Gas
puncturing valve through the plate and into the can.
The gasket on the valve provides the necessary seal.
An alternate device, which is not quite as strong, can
be made by bending the prongs on the clamps furnished
with the Fitzall valve to a horizontal plane. The two
opposed prongs are then pressed into contact with the
can by two Aero-Seal M22 hose clamps. The can is
punctured by threading the puncturing valve through
the can clamps in the normal manner.
Valve Thickness Gauge (CS-IOO-70)
A gauge for measuring the combined thickness of the
valve cup and the flowed-in compound in an aerosol
valve is available through the Chemical Specialties
Mfrs. Assn., 1001 Connecticut Ave. NW, Washington, DC 20036.
Aerosol Decrimper
A Decrimper unit is offerd which makes it possible to
readily remove the valve from an aerosol container and
recover the contents for re-use. The container can then
be refilled and resealed if desired. The unit is capable of
pulling the valves from 800-900 cans per hour, or
inserting new valves in 400-500 cans or bottles per
hour. Supplied by Aerosol Laboratory Equipment
Corp., Walton, NY.

Can Puncturing Device
A simple, inexpensive can puncturing device has
been developed by the Freon Products Division of E.I.
duPont de Nemours & Co. Inc., Wilmington, DE. It is
small, easy to assemble, and the can to be punctured
can be positioned in the equipment in the most convenient way. Cost is between $5.50 and $8.50 to make.
In assembling the device, a piece of 1 " x 2 " x !4 "
steel is drilled and tapped for 1A " NPT straight thread
in the center of a 1 " x 2 " face. Two Aero-Seal M44 hose

Figure 11. Aerosol One-Inch (25.4 mm) Valve DeCrimper, Showing a Second Adapter and Collet

Figure 12.
Precisionaire
Valve Tester
Apparatus made by Sheffield
Division of Bendix Corporation. Model B60103063.
Measures air flow through a
valve under fixed pressures
by means of an air-float ball
in a calibrated one foot (305
mm) glass tube.

den, Germany. It is also useful in checking valve performance. The device measures such characteristics as
spray pattern, spray rate, angle of spray cone, droplet
size, quality of dose, functional control, and degree of
evacuation. It can be pre-set to spray the contents of a
container at selected time intervals, with spraying and
pause periods being set on two relays. The standard
unit is fitted with an actuating plunger for vertically
actuated valves, and special plungers can be installed to
actuate tilt-type valves. Where it is desired to carry out
tests on a number of aerosol packs at one time, it is possible to connect several of the spray devices so they can
be actuated by a single control unit. The unit is sold by
Aerosol Service AG, Switzerland.

Valve Delivery Rate Tester
This device measures air flow through a valve under
fixed air pressure conditions. The valve is attached to
the device for testing. Made by The Sheffield Corp. (A
Division of Bendix Corp.) Dayton, Ohio, this piece of
testing equipment is called The Sheffield "Compact"
Precisionaire.

Figure 14. Spring
Force Tester

Aerosol Spray Test Apparatus
Equipment for determining the spray characteristics
and other properties of aerosol products has been
developed by Haarmann & Reimer GmbH, HolzminSpring Force Tester for Aerosol Valves
An instrument is offered for measuring the force
and/or travel required to actuate an aerosol valve. It is
useful in checking incoming valves received by the filling plant. It measures, not only the strength of the valve
itself, but also the force required to actuate it, including
spring pressure and the sealing effect of the gasket. It
also measures the travel required to open the valve.
Excessively low measurements will warn of the possibility of leakage, while valves that require a great deal of
effort to actuate may cause difficulty in use. Supplied by
Aerosol Service, Switzerland, at a price of about $652.
Device for Measuring Crimping Force

Figure 13. Aerosol Spray Testing Apparatus

A dynamometer is offered for measuring the force
exerted on the top an aerosol container when the valve
is crimped on. The device is useful for checking when
leakers of undetermined origin occur. By its use it is
possible to determine if the cause of leaking may be
insufficient force applied during crimping. The device
measures the actual load applied to the gasket during
crimping. A standard spring is held in a stationary

base, with a movable pan above the spring. A gauge
measures the length of the spring, reading the amount
by which this length is diminished during crimping of
the valve. The value is read on the gauge in millimeters,
which can be translated into kilograms of pressure
applied to the can by referring to a conversion table.
This equipment was developed in Italy by F.D.G.
Aerosol Filling Equipment Co., Bologna, Italy. Available in the U.S.A. from Aerosol Laboratory Equipment Corp., Walton, NY.

opening downward. A punch is then lowered onto the
inside of the curled neck and pressure applied similar to
that which would be applied during crimping, causing
the curl to deform. After the strain has become stabil-

Figure 15. Can
Curl Meter

Meter for Checking Mechanical
Stability of Aerosol Can Curl
Because the stability of the curl of an aerosol container is an important factor in obtaining a tight seal of
the package, a device has been developed for measuring
mechanical stability of the curl. The sawed-off upper
portion of an aero can is placed in the stand, with the

ized, the impingement distance is measured by a meter.
The unit is sold by Aerosol Service AG, Switzerland.
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