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Sunscreen Formulation and Testing
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Abstract 

The author reviews SPF 
testing methods and 
sunscreen components 
(actives, active solvents, 
water-resistance agents 
and emulsifi ers) that 
assist the formulator in 
the art and science of 
sunscreen formulation.

Michael Caswell, Ph.D. 
C.B. Fleet and Central Virginia Community College, Lynchburg, VA USA

Sunscreen formulation is both an art and a science. Sun

  screens appear to be simply an emulsion system with sun-

screen actives included in the formulation. However, this is far 

from reality. Even a formulator experienced in the development 

of emulsion systems will experience a myriad of diffi culties 

during sunscreen formulation. This review will be successful if 

the reader understands that sunscreen formulation is complex 

and is best left to the experienced artist. 

Formulation greatly infl uences the effi cacy of the sunscreen 

actives. Effi cacy of a sunscreen is defi ned as its ability to protect 

the skin against ultraviolet-induced burning, or Sun Protection 

Factor. The SPF is infl uenced by the type of sunscreen active(s), 

by the emulsion’s oil phase, by the emulsion water phase, by the 

emulsifi cation process, and perhaps by other factors. Because 

sunscreen effi cacy is defi ned by its SPF, the task of the formula-

tor is to create a formulation with the highest SPF, at the lowest 

cost, and with highly favorable cosmetic properties.

This article reviews many of the tools available to the sunscreen 

formulator: sunscreen actives, formulation types, formulation 

characteristics and in vivo testing methodology. 

Interaction Between Skin and UV Radiation

The skin: Skin is composed of two bands of defi ned tissue 

separated by a thin membrane. The dermis is the inner band. 

The epidermis, the outer band, is composed of four layers, 

stratum basale, stratum spinosum, stratum granulosum and 

stratum corneum. 

The stratum corneum is the outer-most layer of the epider-

mis and is evident to the naked eye. It is about 20 cell layers 

thick, with no viable cells and no blood supply. The stratum 

corneum provides a protective barrier, called the acid mantle 

or horny layer, that keeps moisture inside the body and the 

environment outside. The stratum corneum provides some 

protection against UV radiation and can alter itself to provide 

additional protection.

UV radiation: Ultraviolet radiation 

is composed of UVC (200-290 nm), UVB 

(290-320 nm) and UVA (320-400 nm). 

Our atmosphere blocks UVC, so only 

UVB and UVA reach the surface of the 

earth. Generally, UVB penetrates only into 

the epidermis, while UVA penetrates all the 

way to the dermis. While both UVA and 

UVB cause skin changes, UVB is about 

50 to 100 times more energetic than UVA 

at inducing these changes. UVB radiation 

is more energetic than UVA radiation at 

inducing erythema, melanogenesis, DNA 

damage and squamous cell carcinoma.

Interaction between UV and skin: 

UV radiation that impinges on the surface 

of the skin can be refl ected back toward 

the environment, can be absorbed by 

substances on the surface of the stratum 

corneum or can continue deeper into the 

skin. The physics of ultraviolet radiation 

is reviewed elsewhere.1 The stratum cor-

neum thickens as it adapts to UV exposure, 

so it can absorb more UV.

Interaction between UV and sun-

screen actives: Theoretically, sunscreen 

actives could perform their task of reduc-

ing or preventing UV-induced burning in 

one of three ways. One way (chemical) 

would be to absorb the UV radiation to 

prevent the radiation from damaging 

viable tissue. A second way (physical) 

would be to refl ect the UV radiation. 

The third way (biological) would be to 

reduce infl ammation either by blocking 

the biological infl ammatory response or 

by enhancing biological repair. A few 

sunscreen actives may operate in more 

than one way.

Editor’s note: This article is adapted from Michael Caswell’s piece entitled 
“Sunscreen Formulations and Tanning Formulations,” which appears as 
Chapter 4 in Volume 2 of the third edition of The Chemistry and Manufacture 
of Cosmetics. 
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While a chemical or physical sunscreen 

active must stay on the stratum corneum 

to be effective, a biological sunscreen 

active would have to reach the viable 

tissues to be effective. 

A chemical sunscreen active is believed 

to protect the viable tissues by absorbing 

the UV radiation and transforming it into 

less damaging radiation such as heat or 

light. Chemical sunscreen actives might 

also generate free radicals in response to 

UV radiation. Regardless of the mecha-

nism, chemical sunscreen actives should 

absorb the UV radiation before it can 

reach the viable tissues. For this to occur, 

the sunscreen active must maintain a high 

concentration in the stratum corneum for 

several hours.

SPF Testing

SPF is not well understood by the 

public, or even within the sunscreen 

profession. SPF is a ratio of the ability 

of a person to burn with the sunscreen 

relative to his ability to burn without 

the sunscreen. Thus, if a person burns 

in 10 minutes without the sunscreen, 

but does not burn until 150 minutes 

with the sunscreen, then the SPF of the 

sunscreen is 150/10 = 15. Consequently, 

the better a sunscreen protects the user’s 

skin against sunburn, the higher the SPF. 

The goal of the formulator is to develop 

the highest SPF possible using the least 

amount of sunscreen actives, because 

the sunscreen actives are expensive and 

may be irritating.

Requirements for higher SPF increase 

the diffi culty for the formulator to generate 

a safe, effi cacious and pleasant product. Generally, higher SPF 

values protect better because SPF is a measure of sunscreen’s 

effi cacy. As shown in Figure 1, a SPF 2 sunscreen will block 

50% of the sunburn response. 

The role of very high SPF values (SPF > 30) may be unclear 

to the consumer. An SPF 25 blocks 96% of the sunburn response, 

while an SPF 50 only blocks 2% more, or 98% of the total sun-

burn response. Very high SPF products are more expensive, 

may be more irritating to the consumer’s skin and eyes and 

may offer little extra protection for the average consumer. Very 

sun-sensitive individuals may benefi t from the extra protection, 

however, suggesting that a market niche exists. 

In the recent Final Monograph on sunscreens, the US Food 

and Drug Administration (FDA) established the upper limit for 

SPF at 30+.2 Any product offering a SPF greater than 30 can only 

exhibit 30+ on the label unless FDA approval is obtained.

SPF test: The SPF test approved by the FDA in its Final 

Monograph defi nes the only method to determine the SPF of a 

sunscreen.2 The procedure is simply to determine the Minimal 

Erythema Dose (MED) on at least 20 but not more than 25 quali-

fi ed subjects. The MED is that amount of ultraviolet radiation 

required to produce the fi rst perceptible redness reaction with 

clearly defi ned borders at 22 to 24 hours after irradiation. 

To determine the MED, a series of 5 exposures of increasing 

energy is administered to the subject’s unprotected skin. Each 

exposure is 25% greater than the previous exposure. At 22 to 

24 hours after exposure, a trained grader other than the person 

who conducted the irradiation or who applied the sunscreen 

evaluates the redness of each exposure site. The MED on 

unprotected skin, or MED
US

, is used to calculate the radiation 

exposures for the sunscreen-protected site.

To determine the MED in the presence of the sunscreen, 

MED
PS
, the fi rst step is to apply the sunscreen to the subject’s 

skin, usually the back. After a wait of at least 15 minutes for 

the sunscreen to dry, the treated area is exposed to seven 

geometrically increasing doses of radiation. The geometric 

progression is dependent on the predicted SPF of the sun-

Figure 1. SPF effi cacy versus UV absorbance

Table 1. Geometric progression of irradiation exposures 

SPF Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7

<8 0.64X 0.80X 0.90X 1.00X 1.10X 1.25X 1.56X

8 - 15 0.69X 0.83X 0.91X 1.00X 1.09X 1.20X 1.44X

>15 0.76X 0.87X 0.93X 1.00X 1.07X 1.15X 1.32X

Table 2. Product category designation of sunscreens

SPF PCD

30+ high

12-30 moderate

2-12 minimal
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screen, as shown in Table 1, where X 

is the product of the expected SPF and 

the subject’s MED.

The MED
PS
 is the lowest dose of radia-

tion that produces the fi rst perceptible red-

ness reaction with clearly defi ned borders 

of the exposure site at 22 to 24 hours after 

exposure. The SPF value is the ratio of the 

energy required to produce the MED
PS
 to 

that required to produce the MED
US

. Based 

on its SPF, the sunscreen is placed in one 

of three product category designations, or 

PCD, as shown in Table 2. Any product 

with a SPF below 2 should not be labeled 

as a sunscreen drug product.2

Water-resistant or very-water-

resistant test: To determine the water 

resistance of a sunscreen formulation, 

you must fi rst subject the skin with the 

sunscreen test material to repeated ex-

posures to fresh water. Fresh water in 

an indoor pool, whirlpool, or Jacuzzia 

is maintained at 23° to 32°C for the test. 

The sunscreen is applied to the skin and 

allowed to dry. 

The subject enters the water and en-

gages in moderate activity for 20 minutes. 

The subject exits the water to rest for 20 

minutes, being careful to avoid rubbing off 

the sunscreen. For a water-resistant claim, 

the 20 minutes in the fresh water while 

engaging in moderate activity is repeated 

once more, for a total of 40 minutes in 

the water. For a very water-resistant claim, 

the 20 minutes in the fresh water while 

engaging in moderate activity is repeated 

three more times, for a total of 80 minutes 

in the water. Each 20-minute segment in 

the water is followed by a 20-minute rest 

period out of the water. 

Following the water immersion pro-

cedure, the sunscreen sites are allowed 

to air dry. Then the SPF of the sunscreen 

is determined in a manner identical to 

that described above under SPF test. 

The SPF of the sunscreen determined 

after 40 total minutes of water expo-

sure is the SPF placed on the label of 

a water-resistant sunscreen. The SPF of 

the sunscreen determined after 80 total 

minutes of water exposure is the SPF 

placed on the label of a very water-

resistant sunscreen.

One controversy in water-resistant sunscreens is whether 

water resistant is the same as sweat resistant. In essence, the 

debate is whether water coming from outside the skin acts 

identically to water coming from inside the skin in disrupting 

sunscreen effi cacy. In the 1993 Tentative Final Monograph,3 

the FDA ruled that because the water-resistant test was more 

stringent than the sweat-resistant test, any product that passed 

the water-resistant or very-water-resistant test could also make 

the claim of sweat resistant.

Recommended approach for testing: The target for the 

novice sunscreen formulator is to develop a sunscreen that will 

meet the customer’s SPF requirements. General principles to 

meet those requirements will be discussed later. After a few years 

of formulating sunscreens to meet SPF values, the experienced 

sunscreen formulator can then begin to formulate sunscreens 

with improved cosmetic properties. The experienced formulator 

remembers that SPF formulations must meet the requirements 

of the tests fi rst and meet consumer requirements second.

Methods exist for clinical testing labs to obtain high SPF 

values and stay within the FDA testing guidelines. For example, 

COLIPA has greater defi ned values for the emission spectrum of 

solar simulators than the FDA’s Final Monograph. When testing 

a sunscreen for the US market, the solar simulator must only 

emit between 290 nm and 400 nm with a spectrum similar to 

sunlight at sea level from the sun at a zenith angle of 10°. A 

solar simulator can have an increased amount of UVB that then 

generates a higher SPF relative to the COLIPA-certifi ed solar 

simulator. Using solar simulators with higher amounts of UVB 

relative to UVA will increase the SPF of sunscreen products 

containing UVB sunscreen actives.

UVA protection testing: Currently, there is no FDA-accepted 

method to test for UVA protection. Developing an accepted 

method is diffi cult because of the inability to easily detect 

any acute changes in skin resulting from non-erythemal UVA 

radiation (340-400 nm). Sunburn satisfi es the requirements for 

UVB radiation and for erythemal UVA radiation. However, for 

non-erythemal UVA radiation, no easy method exists to detect 

changes. It seems that we may be attempting to provide pro-

tection from UV radiation that causes only minimal changes in 

skin biochemistry.

Sunscreen Actives

The FDA has published a Final Monograph which details 

the sunscreen actives that can be used in OTC sunscreens in 

the US.2 This Final Monograph incorporates the two additional 

actives that were added after the Tentative Final Monograph 

was published.4,5 A list of these sunscreen actives appears in 

Table 3 with additional pertinent information. Many suppliers of 

these sunscreen actives can be found in different source books, 

such as the International Cosmetic Ingredient Dictionary and 

Handbook.6 To obtain additional information, you need only 

ask one or more of the suppliers. 

The Final Monograph includes only maximum concentrations 

of sunscreen actives when used alone and in combination with 

other sunscreen actives. The sunscreen active concentrations 

allowed by the Final Monograph are shown in Table 3.

a Jacuzzi is a registered trademark of Jacuzzi 
Inc., Walnut Creek, CA.
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Sunscreens are safe and effective 

for the prevention of sunburn as de-

termined by the SPF test. Ultraviolet 

radiation triggers many biological 

events, including acute, delayed and 

chronic skin effects in addition to 

sunburn. Animal and human studies 

indicated that sunscreens prevent these 

biological events. The risk of allergic 

contact dermatitis or of photoallergic 

contact dermatitis due to sunscreen 

actives is low.7 Gasparro, Mitchnick 

and Nash published a thorough review 

on sunscreen safety in 1998.8

To formulate a high SPF sunscreen, 

one must fi rst block much of the UVB, so 

in selecting sunscreen actives, you must 

fi rst choose a UVB blocking active. For 

many years, Padimate O was the UVB 

sunscreen active of choice because it 

was very effective, inexpensive and rela-

tively easy to formulate. Recently, octyl 

methoxycinnamate has become more 

popular with experienced formulators 

owing to concern about increased photo-

sensitization with Padimate O relative to 

octyl methoxycinnamate and to increased 

stinging with Padimate O. Although the 

former concern appears to be unfounded,7 

the public now looks for sunscreens that 

are “PABA free.”

Titanium dioxide and zinc oxide are two new important 

sunscreen actives for the formulator. Each of these metal oxides 

displays absorbing properties throughout much of the UVB 

and UVA spectrum. These actives can impart high SPF values 

at relatively low concentrations, provide for broad-spectrum 

protection, and are relatively inexpensive. The diffi culty in 

formulating with titanium dioxide or zinc oxide is creating a 

product with acceptable consumer qualities. Recent research 

by Kobo Products and by Sunsmart has advanced the formu-

lation possibilities of these two sunscreen actives.

Sunscreen Active Solvents

Once the formulator has decided which sunscreen active(s) 

to use in the formulation, the next step is to choose a solvent or 

solvents to solubilize those sunscreen actives. The solvents allow 

the sunscreen actives to emulsify and may have additional effects 

on the orientation of the sunscreen actives after the actives are 

applied to the skin. Some of these solvents, such as butyloctyl 

salicylate,b may actually stabilize some sunscreen actives against 

photodegradation.9-11 Rassat and colleagues published a list of 

solvents for the newest sunscreen active, avobenzone.12

For the inexperienced sunscreen formulator, benzoate esters 

are perhaps the best starting point. Formulations using C12-15 

alkyl ben zoates are shown in Formulas 2 and 8. A common sol-

vent for the sunscreen active avobenzone is butyloctyl salicylate. 

Some selected sunscreen solvents are shown in Table 4. 

The more experienced formulator can examine the use of 

unique co-solvent systems such as the combinations of the 

Table 3. FDA-accepted sunscreen actives

INCI Max.  Protection  Selected  

Name Conc. Range  Trade Name(s) Supplier(s)

PABA 15% UVB PABA Rona

Avobenzone 3% UVA Parsol 1789 Roche

Cinoxate 3%  None None

Dioxybenzone 3% UVA Benzophenone-8 American Cyanamid

Homosalate 15% UVB HMS Rona

Menthyl anthranilate 5% UVA Neo Heliopan MA Haarmann & Reimer

Octocrylene 10% UVB/UVA Excalol 597 ISP Van Dyke

Octyl methoxycinnamate 7.50% UVB Parsol MCX Roche

     Escalol 557 ISP Van Dyk

Octyl salicylate 5% UVB Escalol 587 ISP Van Dyk

Oxybenzone 6% UVA Neo Heliopan BB Haarmann & Reimer

Padimate O 8% UVB Escalol 507 ISP Van Dyk

Phenylbenzimidazole 

   sulfonic acid 4% UVB Eusolex 232 Rona

   Parsol HS Roche

Sulisobenzone 10%  UMS 40 BASF

Titanium dioxide 25% UVB/UVA  Kobo

Trolamine salicylate 12% UVB None None

Zinc oxide 25% UVB/UVA  Kobo

    Sunsmart

b Butyloctyl salicylate is marketed as HallBrite BHB, which is a trademark 
owned by The C.P. Hall Company, Chicago, IL.
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alkyl benzoates with iso propanol. Suppliers are now making 

new sunscreen solvent blends available, such as hexyldecyl 

benzoate with butyloctyl benzoate and C12-15 alkyl benzoate, 

stearyl ether benzoate and dipropylene glycol dibenzoate. 

The subject of sunscreen solvents is a very active area of 

research within the R&D programs of raw material suppliers 

as well as of sunscreen formulators. Much useful information 

on the issue of solvency should be available from experienced 

sun-care formulators during the next several years.

Inorganic Sunscreen Active Dispersions

Inorganic sunscreen actives, titanium dioxide and zinc oxide, 

present formulation diffi culties unlike those of organic sunscreen 

actives. Inorganic sunscreen actives must have a small particle 

size to avoid the “whitening” effect, a particle size large enough 

to absorb UV radiation,13 and proper wetting and dispersion to 

avoid agglomeration. The optimum particle size for titanium 

dioxide seems to be about 15-20 nm, while that for zinc oxide 

appears to be slightly larger, 15-35 nm. These sizes are best for 

avoiding the “whitening effect” while maintaining strong UVB 

and UVA absorption.

Proper wetting and dispersion of the inorganic sunscreen 

will prevent agglomeration and precipitation in the formula. 

Some advances have been made by treating or coating the 

particles to improve dispersion and stability. For example, 

Schlossman patented the treatment of titanium dioxide with 

isopropyl titanium triisostearate.14 This treated material has 

greater dispersability and minimizes aggregation.

Agents Imparting Water Resistance

Agents imparting water resistance 

are materials that protect the sunscreen 

active from being removed easily with 

water. This is an important characteristic 

for sunscreens that will be used at the 

beach or swimming pools, or during 

times of high physical activity. Under 

these conditions, the sunscreen should 

be able to avoid any loss of effi cacy from 

the aqueous environment. Sweating or 

swimming will cause a loss of activity 

from a sunscreen product without water 

resistance. With these agents, the sun-

screen actives are not lost to an aqueous 

environment.

The fi rst waterproof sunscreen was 

developed by Johnson & Johnson in 1977. 

Coppertone quickly followed with a water-

resistant product using a polyanhydride 

resin, PA-18, as the agent imparting water 

resistance. PA-18 has several characteris-

tics that make it ideal for imparting water 

resistance in sunscreens. First, it imparts 

water resistance to the sunscreen; it’s 

effective. Second, it is very inexpensive. 

Third, it is safe topically as evidenced by 

years of successful use. Unfortunately, 

PA-18 is under patent until 2002.15 

Several other agents can be used to 

impart water resistance to sunscreen 

formulations. These are generally based 

on fi lm forming characteristics or on 

hydrophobic barrier characteristics. A 

listing of selected water-resistant agents 

appears in Table 5. 

One important note for the formulator 

using a fi lm former is to use the lowest 

possible concentration of emulsifi er. The 

emulsifi cation system dries on the skin 

with the waterproofi ng agents. If too 

much emulsifi er exists, then the addition 

of water can cause the waterproofi ng 

agent to re-emulsify and wash off. This 

would allow the sunscreen active to wash 

off as well.

Sunscreen actives cause irritation to 

the eyes. When a waterproof sunscreen 

enters the eye, the waterproofi ng agents 

adhere to the mucus membrane of the 

eye. This holds the sunscreen actives 

in place, causing severe and prolonged 

irritation. Therefore, this author suggests 

that waterproof sunscreen products never 

be tested for eye irritation. Alternatively, 

Table 4. Selected solvents for organic sunscreen actives

Alkyl salicylate Isostearyl benzoate

Butyloctyl salicylate Isotridecyl isononanoate

C12-15 Alkyl benzoate Isotridecyl isononanoate

C12-15 Triethoxy alkyl benzoate Methyl gluceth-20 benzoate

Cocoglycerides Octyldodecyl benzoate

Dipropylene glycol benzoate Poloxamer 105 benzoate

Isocetyl salicylate Poloxamer 182 dibenzoate

Isodecyl isononanoate PPG-15 stearyl ether benzoate

Isodecyl salicylate Tridecyl salicylate

Isononyl isononanoate

Table 5. Selected agents imparting water resistance

Film formers

PVP hexadecene copolymer

PVP eicosene copolymer

Tricontanyl PVP 

Acrylates/C10-30 alkyl acrylate crosspolymer  

Acrylates/t-octylpropenamide copolymer

Hydrophobic barrier formers

Cetyl dimethicone

Maleated soybean oil
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Formula 1. Sunscreen Lotion (SPF 30) (ISP Van Dyk)

A Water (aqua) 50.40% wt

 Xanthan gum 1.00

B Glyceryl stearate (and) laureth-23 6.00

 PEG-20 stearate 3.00

 Cetyl lactate 3.00

 C12-15 alkyl lactate 1.00

 Myristyl myristate 4.00

 Octyl methoxycinnamate 7.50

 Benzophenone-3 3.00

 Octyl salicylate 3.00

 Propylene glycol 6.00

C Titanium dioxide, ultra fi ne 5.00

 Isocetyl stearoyl stearate 3.00

 Maleated soybean oil 3.00

D Preservative 1.00

E Fragrance (parfum) 0.10

   100.00

Procedure: Mix C with a roller mill. Disperse A with high speed mixing. Heat 

to 75°C. Heat B to 80°C and add C. Add BC to A. Mix with homogenizer 

for 15 minutes. Mix while cooling to 40°C with a sweep blade. Add D and 

then E. Mix while cooling to 25°C.

Formula 2. Sunscreen Lotion with Avobenzone (SPF 26) (C.P. 
Hall Company)

A Octyl methoxycinnamate 7.50% wt

 Oxybenzone 3.50

 Avobenzone 3.00

 Octyl salicylate 5.00

 Butyloctyl salicylate 5.00

 Hexyldecyl benzoate and butyloctyl benzoate 5.00

B Tocopheryl acetate 0.20

 Sorbitan oleate 0.40

 PVP/eicosene copolymer 0.75

 Dimethicone copolyol 0.20

 Silica 0.40

 Acrylates/C10-30 alkyl acrylates crosspolymer 0.30

C Water (aqua) qs

 Disodium EDTA 0.10

 Carbomer 0.20

D Butylene glycol 2.00

 Preservative qs

 Panthenol and propylene glycol 0.50

 Hydroxypropyl methylcellulose 0.20

E Triethanolamine 0.50

  100.00

Procedure: Mix A until dissolved. Add B to A and heat to 50-55°C. Mix C. 

Add D to C and heat to 50-55°C. With vortex stirring, add AB to CD and 

stir for 30 min. Cool while stirring. Adjust viscosity with disodium EDTA.

the product without the waterproofi ng 

agents in the formula might be tested in 

an eye-stinging assay.

Emulsifi ers for Sunscreen Products

The choice of an emulsifi er for a sun-

screen product is dependent on many vari-

ables including the infl uence of emollients 

on sunscreen performance (spreadability, 

water resistance and penetration), your ex-

isting internal technology and knowledge 

base and manufacturing capabilities. The 

choice of emulsifi er affects the absorp-

tion spectrum of the sunscreen actives, 

penetration of the sunscreen actives, the 

spreading of the actives and the adher-

ence of the actives to the skin.

A relationship appears to exist between 

the thickness of the fi lm, the spreadabil-

ity of the product and the effi cacy of a 

sunscreen. This should not be surprising 

because sunscreen actives are, for the 

most part, planar molecules; orientation 

is important. If the sunscreen active is 

positioned properly on the skin, then its 

ability to absorb UV radiation is maxi-

mized. A thicker layer of sunscreen may 

result in better orientation.

The spreadability and surface tension 

are important and have been important 

for sunscreen formulators. Usually, creams 

have a higher SPF than corresponding 

lotions. However, with research, lotions 

can match creams for SPF values. Any 

sunscreen emulsifi cation system should 

not be able to oxidize on the skin. Dahms 

suggests that PEG emulsifi cation systems 

can undergo auto-oxidation, resulting in 

an incompatibility between the sunscreen 

product and the skin.16

If spreadability is too great, then the 

sunscreen product will spread over the 

skin into the eyes of the user. Sport type 

sunscreen products are designed to hold 

the sunscreen actives in place so they 

do not spread. These formulations are 

designed for customers with an active 

lifestyle. The fi rst product of this class 

was marketed by Coppertone under the 

name Coppertone Sport. Since its creation, 

several similar “sport” type formulations 

have been developed.

Because the majority of raw material 

costs for a sunscreen are for the sunscreen 

actives, the formulator must develop 



58/Allured’s Cosmetics & Toiletries® magazine    Vol. 116, No. 9/September 2001 

Formula 3. Waterproof Sunscreen Formula (SPF 14) 
(Kobo Products)

A Cetyl dimethicone 3.00% wt

 Cyclomethicone 7.50

 Isononyl isononanoate 6.00

 Methyl glucose sesquistearate 0.50

 Dioctyl malate 2.00

 Polyglyceryl-4 isostearate (and) cetyl dimethicone 

   copolyol (and) hexyl laurate 5.00

B Micronized zinc oxide (and) isononyl isononanoate 

   (and) hexaglyceryl polyricinolate (and) isopropyl 

   titanium triisostearate 21.33

C Water (aqua) 51.07

 Sodium chloride 0.50

 C10 polycarbamyl polyglycol ester 2.50

 Preservative 0.60

   100.00

Procedure: Heat A to 75°C and cool to 65°C with propeller. At 65°C, add B 

to A under homogenizer. With propeller mixing, add premixed C to AB. 

Cool to 30°C.

products with high SPF values and low 

concentrations of sunscreen actives. Re-

cently, several companies have developed 

materials referred to as SPF boosters or 

enhancers. These raw materials attempt to 

increase the SPF of a formulation without 

increasing sunscreen actives. These SPF 

boosters or enhancers should be evaluated 

carefully because they are not universally 

effective. They may enhance the SPF of 

one particular type of formulation, but 

not of another.

Sunscreen products are available in 

many different types of formulations to 

appeal to a wide variety of customers. 

Formulas 1 through 5 illustrate various 

types of creams, lotions, gels, sprays 

and sticks, but these are not inclusive. 

The talented formulator will branch from 

accepted formulation types to create a 

unique product.

Reproduction of all or part of this article in English or any 
other language is 
strictly prohibited.
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Formula 5. Sunscreen Spray

A C12-15 alkyl benzoate 10.00% wt

 Octyl methoxycinnamate 7.50

 Octyl salicylate 4.00

B Isododecane 73.50

 Isohexadecane 5.00

C Fragrance (parfum) qs

  100.00

Procedure: Mix A. Add B and continue mixing. Add C.
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Formula 4. SPF 15 Lip Balm (Protameen Chemicals)

A Isostearyl linoleate 10.00% wt

 Caprylic/capric triglyceride 60.20

 Octyl methoxycinnamate 7.00

 Benzophenone-3 3.00

 Propylparaben 0.10

 C30-40 alkyl methicone 4.00

 Ozokerite wax, white 5.00

 Petrolatum 10.00

B Fragrance (parfum) 0.70

  100.00

Procedure: Heat A to 80°C, mixing until uniform. Cool to 65°C. Add B. Pour 

into suitable container.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 212
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 212
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.25
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (IPC Print Services, Inc. Please use these settings with Acrobat 7. These settings should work well for every type of job; B/W, Color or Spot Color. We will be happy to customize settings for your needs - please contact Pre-press Helpdesk at \(888\) 563 3220 or prepress_helpdesk@ipcjci.com)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [792.000 1224.000]
>> setpagedevice




