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Ungelled mineral oil

Anhydrous bases for spray-on suntan preparations are fre-
quently used due to their innate water resistance and
moisturization. These benefits can be enhanced with thick-
ened anhydrous bases; however, these

materials have historically exhibited insta-
bility and poor sprayability. This article
will discuss a novel thickening technolo-
gy that enables gelled anhydrous products
to be delivered via a pump spray, while
maintaining body, suspension or emulsion
stability, and an acceptable spray pattern.
Since their development, persohal care
and household products that use trigger
spray systems™ have become very popu-
| lar with consumers in the US. Consum-
ers—attracted by their functionality and
ease of use—are very likely to buy and
use these products. While many products
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Gelled mineral oil

sold in trigger sprayers are water-based
(e.g., hard-surface cleaners), some emulsions and anhy-
drous products (such as suntan oils) are also available.
One of the most attractive features of some of these prod-
ucts is their clarity, which is not surprising, since a clear
product in a clear bottle implies purity and cleanliness

(no residug).

Manual trigger sprays consist of only a
few parts.! The spray bottle head has a
trigger lever, which activates a small
pump. Attached to the pump is a plastic
tube that draws the fluid from the bottle.
The small fluid pump contains a moving
element, such as a piston inside a cylin-
der along with a spring. To operate the
pump, one pulls the trigger back, pushing
the piston into the cylinder. The moving
piston compresses the spring so that when
the trigger is released, the piston is pushed
back out of the cylinder. These two strokes
represent the pump cycle: the upstroke is

drawing the fluid into the pump (trigger release) and the
downstrgke (trigger pull) is forcing the fluid out.

Anhydrous Products

Anhydrous materials probably do not make up a signifi-
cant percentage of trigger spray product formulations. An-
hydrous fluids used in spray trigger products often are
mineral oil-based, due to their low cost and ready avail-
ability. Mineral oil with a viscosity of 70 SUS at 100° F
is frequently used for anhydrous personal care and sun
care products, such as baby oils and tanning oils. In gen-
eral, the finished products also have a low viscosity, be-
low 100 SUS at 100° F. Higher viscosity oils are not rec-
ommended in these applications, since they tend to give
a "heavy"” feel on the skin.

For low viscosity anhydrous products, the types of trig-
ger spray systems currently in use can deliver an excel-
lent spray pattern; however, two major difficulties must
be overcome:

* When sprayed on a non-horizontal surface, a low vis-
cosity liquid will drip, spill, or run down the surface. This
leads to a poor coverage, wasting of the product, and
low effectiveness in use.

e As of October 25, 2002, the Consumer Product Safe-
ty Commission requires child-resistant (CR) packaging for
certain products that contain low viscosity hydrocarbons.
The requirement applies to certain prepackaged non-emul-
sion type liquid household chemical products, including
drugs and cosmetics, that contain at least 10% by weight
of hydrocarbon and have a viscosity of less than 100 SUS
at 100° F?

Gel Products

Penreco has developed a patented technology for a se-

“Editor's Note: Although Penreco approaches the topic of gelled anhydrous
products from the standpoint of trigger spray systems, the company
has indicated that the technology could also be utilized with pump and
aerosol systems.
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ries of gelled anhydrous liquids under the regis-

tered name of Versagel® for use in personal care.

A second line of gelled oils to be used in house-

hold and |&! products have been developed un-

der the Synergel® trade name. The Versagel® and

Synergel® products are sparkling clear, thermal-

ly reversible, anhydrous polymeric gels which can

be created in an almost unlimited range of viscosities
for each type of product.

Mineral oil is generally considered a Newtonian fluid,

which means that the oil's viscosity does not change

when shear stress is applied. By comparison, the

Versagel® and Synergel® products have vis-
coelastic, non-Newtonian properties. While most
of these gels are shear thickening (rheopectic/
dilatent) products, shear thinning (thixotropic/
pseudoplastic) gels can be created by rigorous
control of the polymer system.

Pseudoplastic materials instantaneously de-
crease in viscosity with an increase in shear rate
(e.g., flow) and are therefore easier to pump and
mix. They are also shear thinning; and they ex-
hibit an instantaneous but temporary loss of vis-
cosity with shear. The loss of viscosity with shear
is often a consequence of high molecular weight
molecules (such as polymers) being untangled and

Gelled isopropyl palmitate

oriented by the flow. Generally, this behavior in-
creases with concentration of the high molecular weight
material, a particularly important feature for spray appli-
cations. Thus, low viscosity gels can be dispensed through
a trigger spray nozzle due to their shear thinning proper-
ties. The gel will drop in viscosity as it passes through
the spray trigger (shear stress) and rebuild viscosity when
the stress ceases. For an application such as suntan oil,
this shear thinning property will minimize drips
and spills, while preventing the oil gel from
spreading too far during application.

Another advantage is that a spray gel product
will not require a child-resistant closure when the
gel has a viscosity greater than 100 SUS at 100° F.
This is particularly important since the mineral oil
that is the major component of the gel has a vis-
cosity lower than 100 SUS at 100° F. In addition,
the gels will have a similar skin-feel as the oils
from which they are made.

Finally, it is important to note that the suspen-
sion properties and emulsion stabilizing effects of
gelled oils will be noticeably improved when com-
pared to the corresponding ungelled oils.

Spray Patterns of Gels Compared
to Mineral QOils

Spray pattern analyses have been conducted for gelled
mineral oil versus ungelled mineral oil, where both prod-
ucts have the same viscosity. For example, a gel with a
viscosity of 250 SUS at 100° F was compared with a
mineral oil with the same viscosity. Since the polymer
gellants increase the viscosity of mineral oil, an oil with
a viscosity less than 250 SUS was gelled up to a viscos-
ity of 250 SUS.

Figure 1 shows the spray pattern of the ungelled min-
eral oil, while Figure 2 shows the spray pattern of the
gelled mineral oil. There is a noticeable difference be-
tween the two spray patterns—the gel has a greater
spreadability as a result of its ability to thin when sheared
by the spray trigger mechanism. The ungelled oil does
not thin when sheared, resulting in a spray pattern of
less area.

Rheological measurements of the gel shown in Figure
2 indicate a 14% decrease in viscosity as the shear rate
increases from 10 sec! to 100 sec-l. This is shown in
Figure 3.

A second spray pattern experiment was conducted on
a hydrocarbon gel, which has a viscosity of 600 SUS at
100° F (Figure 4) compared to a mineral oil with a vis-
cosity of 600 SUS at 100° F (Figure 5). As expected, the
gel had a better spray pattern.

In sunscreen formulations, especially those formulat-
ed solely with chemical sunscreen active ingredients,
solubility and polarity are very important. For these for-
mulas, hydrocarbons are used only in limited amounts.
Instead, long chain esters are often used as oil-phase
emollients and moisturizers. Gelling these types of es-
ters can minimize the dripping of these products as well.

Figure 6 shows the spray pattern of a gelled isopropyl
palmitate.

Conclusion

With trigger spray products gaining in popularity in per-
sonal care and household applications, using improved in-
gredients is becoming more important to both formula-
tors and consumers. Pseudoplastic gels have great po-
tential in spray trigger products because of their ability
to drop in viscosity when shear stress is applied. seray
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